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A  k in e t ic  s t u d y  o f  t h e  c o n v e r s io n  o f  b e n z o ic  n - b u ty lc a r b o n ic  a n h y d r id e  t o  n - b u t y l  b e n z o a te  ( p a t h  A ) , a n d  to  b e n z o ic  
a n h y d r id e  a n d  d i - n - b u ty l  c a r b o n a te  ( p a t h  B )  h a s  b e e n  m a d e  b y  m e a s u r in g  t h e  r a t e  o f  c a r b o n  d io x id e  e v o lu t io n .  T h e  r e a c 
t io n ,  w h ic h  s h o w s  e r r a t i c  k in e t ic s  i n  t h e  a b s e n c e  o f  a d d e d  c a ta ly s t s ,  is  c a ta ly z e d  b y  I V -m e th y lp ip e r id in e , s o d iu m  m e th o x id e , 
l i t h iu m  f lu o r id e , c h lo r id e  a n d  b r o m id e , d r y  h y d r o g e n  c h lo r id e , d im e th y la n i l in e  h y d r o c h lo r id e ,  a n d  is  n o t  c a ta ly z e d  b y  
l i t h iu m  p e r c h lo r a te ,  b e n z o ic  a c id ,  n - b u t y l  b e n z o a te ,  d i - n - b u ty l  c a r b o n a te ,  b e n z o y l  p e r o x id e , o r  t r i - n - b u ty la m in e .  T h e  
r a t e  ( in  a b s e n c e  o f  a d d e d  c a ta ly s t s )  is  r o u g h ly  t h e  s a m e  in  b u ty l c a r b i to l ,  n - h e x a d e c a n e  a n d  n i t r o b e n z e n e ,  b u t  is  g r e a t ly  
a c c e le ra te d  i n  d im e th y l f o r m a m id e .  T h e  p r o p o r t io n s  o f  p r o d u c t s  ( p a t h s  A  a n d  B ) a r e  n o t  a l t e r e d  b y  c h a n g e s  in  s o lv e n t,  
t e m p e r a tu r e ,  o r  p r e s e n c e  o f  c a ta ly s t s .  T h e  r e s u l t s  a g r e e  w i th  t h e  id e a  t h a t  t h e  p r o d u c t s  a r e  fo rm e d  b y  a  se r ie s  o f  io n ic  c h a in  
r e a c t io n s ,  w h ic h  a r e  i n i t i a t e d  b y  t h e  c a t a ly s t s  a c t in g  a s  n u c le o p h ile s .  O p t ic a l ly  a c t i v e  b e n z o ic  2 - o c ty lc a rb o n ic  a n h y d r id e  
y ie ld s  2 - o c ty l  b e n z o a te  a n d  d io c ty l  c a r b o n a te  i n  re f lu x in g  p y r id in e  w i th  c o m p le te  r e t e n t io n  o f  c o n f ig u ra t io n .

In an earlier paper,3'4 * it was shown that mixed 
carboxylic-carbonic anhydrides yield on heating 
two sets of products: the ester and carbon dioxide 
(path A), and the disproportionation products, 
the symmetrical anhydride, the dialkyl carbonate, 
and carbon dioxide (path B).

A study of the effect of changes in structure of R 
on the proportions of A and B showed that path A 
is favored when the point of attachment of R is a 
secondary carbon, or a primary carbon with heavy 
substitution on the /3-carbon. Both paths A and B 
occurred about equally when the alkyl group
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(1 ) A  p r e l im in a r y  a c c o u n t  o f  t h i s  w o r k  a p p e a r e d  in  
Science, 1 3 0 , 1425  (1 9 5 9 ).

(2 ) N a t io n a l  S c ie n c e  F o u n d a t io n  P r e d o c to r a l  F e l lo w , 
1 9 5 8 -1 9 5 9 .

(3 )  D . S . T a r b e l l  a n d  E .  J .  L o n g o s z , J. Org. Chem., 2 4 , 
7 7 4  (1 9 5 9  .

( 4 )  ( a )  I n  a  p r e v io u s  p a p e r ,  d e a l in g  w i th  t h e  i s o la t io n  
o f  s t a b le  m ix e d  a n h y d r id e s  ( D .  S . T a r b e l l  a n d  N .  A . L e is te r ,  
J. Org. Chem., 2 3 , 114 9  ( l9 5 8 ) )  s e v e ra l  r e fe re n c e s  w e re  
m is s e d , in  a d d i t i o n  t o  th o s e  c i te d ,  d e s c r ib in g  i s o la t io n  o f  
t h i s  t y p e  o f  s t r u c t u r e :  (b )  E .  F i s c h e r  a n d  H .  S t r a u s s ,  Ber., 
4 7 , 3 1 7  ( 1 9 1 4 ) ;  (c ) K .  v .  A u w e rs  a n d  E .  W o l te r ,  Ber., 6 3 , 
4 7 9  (1 9 3 0 ) ;  (d )  J .  E .  L e ff le r , J. Am. Chem. Soc., 7 2 , 67
(1 9 5 0 ) ;  (e) D .  B .  D e n n e y ,  J. Am. Chem. Soc., 7 8 , 5 9 0
(1 9 5 6 ) .

was primary, as in ethyl or butyl. Tertiary amines 
were found to increase the rate of formation, 
but not to alter the proportions, of products. 
Rearrangement of the mixed anhydride from (—)-
2-octanol by heating at 150° without solvent pro
ceeded with complete retention of configuration.6

(5 ) T h e  p o s s ib i l i ty  t h a t  a  m ix e d  a n h y d r id e  w i th  a n  
o p t ic a l ly  a c t iv e  a lk y l  g r o u p  m ig h t  y ie ld  e s t e r  w i th  r e te n t io n  
o f  c o n f ig u ra t io n  o f  t h e  a lk y l  g r o u p  w a s  s u g g e s te d  b y  F .  D . 
G re e n e , J. Am. Chem. Soc., 7 7 , 4 8 7 2  (1 9 5 5 ) , t o  e x p la in  
s o m e  o b s e r v a t io n s  o n  f o r m a t io n  o f  o p t ic a l ly  a c t iv e  a lc o h o l  
f ro m  a c t iv e  m e th y lp h e n y la c e ty l  c h lo r id e  a n d  s o d iu m  
p e ro x id e . Cf. a ls o  P .  D . B a r t l e t t  a n d  F .  D . G re e n e , J. Am. 
Chem. Soc., 7 6 , 1091 (1 9 5 4 ).
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The present paper describes some further stero- 
chemical observations, and reports a kinetic study 
of the rearrangement of benzoic n-butylcarbonic 
anhydride. From the effects of many agents as 
catalysts, or noncatalysts, a fairly definite picture 
of the reaction mechanism emerges.

STEREOCHEM ICAL STUDIES

The decomposition of the mixed anhydride by 
path A, where R is optically active, can be written 
with a formal similarity to the Sri reaction in
volving the chlorosulfite:

O 0
A r C — O — C — O C H ( C H 3) C 6H i3 — >*

I .  A r  =  C 6H 5
I I .  A r  =  2 ,4 ,6 - (C H 3)3C6H 2

O
A r i l — O — C H ( C H 3) C 6H i 3 *

I I I .  A r  =  C 6H s
IV . A r  =  2 ,4 ,6 - (C H 3)3C 6H 2

O
/  \ *

O S  c
| — ^  C l— c  +  s o 2
Cl

In some cases, thionyl chloride and an optically 
active alcohol in absence of pyridine lead to a 
chloride with retained configuration,6 while a 
chloride of inverted configuration is formed in the 
presence of pyridine.6 Later significant studies7’8 * 77 
have shown that the stereochemistry of the decom
position of chlorosulfites is dependent on the 
nature of the solvent; the whole range of results, 
from retention to inversion of configuration, can 
be obtained by varying the solvent.

We have therefore extended our previous ob
servations,8 and have found that, in refluxing 
pyridine, benzoic octylcarbonic anhydride (I) 
was rearranged to the ester (path A) and to dioctyl 
carbonate with complete retention of configuration, 
just as in the absence of pyridine. The correspond
ing mesitoic octylcarbonic anhydride (II) was also 
rearranged (without added solvent) to give octyl 
mesitoate (IV), with complete retention of con
figuration; the ester IV of the same rotation was 
prepared from optically active octyl alcohol and 
mesitoyl chloride. Thus, the stereochemistry of the 
reaction is unchanged by a change from no solvent 
to pyridine, and by an increase of hindrance 
around the carboxyl carbonyl group.

(6 ) S u m m a r ie s  f ro m  t h e  e a r l ie r  l i t e r a tu r e  a r e  g iv e n  b y  
W . A . C o w d re y , E . D .  H u g h e s , C . K .  In g o ld , S . M a s te r -  
m a n ,  a n d  A . D .  S c o t t ,  J. Chem. Soc., 1266  (1 9 3 7 ).

(7 )  E .  S . L e w is  a n d  C . E .  B o o z e r , J. Am. Chem. Soc., 7 4 , 
3 0 8  (1 9 5 2 ) ;  7 5 , 3 1 8 2  (1 9 5 3 ).

(8 )  D .  J .  C r a m , J. Am. Chem. Soc., 7 5 , 33 2  (1 9 5 3 ).

K IN ET IC  STUDIES

The rate of rearrangement of benzoic n-butyl- 
carbonic anhydride (V) was studied, following the 
reaction by measuring the rate of carbon dioxide 
evolution. Studies using dibutyl carbitol (dibutyl 
ether of diethylene glycol) as solvent at 155° showed 
that 70-75% of the theoretical amount of carbon 
dioxide was evolved, just as in the decomposition 
without solvent3; this corresponds to 40-50% of 
n-butyl benzoate (path A), with the remainder 
going to dibutyl carbonate and benzoic anhydride 
(path B).

The kinetic runs showed in some cases a first- 
order reaction, but the numerical values were not 
reproducible, varying from 2 to 13 X 10-4 sec.“ 1, 
at 155.1°; most of the runs, however, did not 
yield linear first-order plots, but showed an in
crease in rate as the reaction proceeded, and also 
showed a lack of reproducibility from one run to 
another.

The possibility that these erratic results were due 
to systematic faults in equipment or technique was 
ruled out by measuring the rate of decomposition of 
benzyl chlorcarbonate in dibutyl carbitol at 155°:

C6H6CH2OCOCl — > C6H5CH,C1 + C02

This reaction gave excellent first-order plots over 
the whole course of the reaction,9 and its rate was 
unaffected by the presence of the reaction products.

The obvious explanation for the increase of rate 
during the reaction—that the products were 
catalyzing the reaction—was shown to be unten
able, as far as the major products were concerned; 
addition of butyl benzoate, dibutyl carbonate, or 
benzoic anhydride to the mixed anhydride V in 
dibutyl carbitol did not affect the rate of decom
position of V. Nevertheless, there was no doubt 
about the autocatalytic effect of something present 
in the reaction mixture. This was demonstrated by 
using the reaction mixture from a completed kinetic 
run as the solvent for a second run; the rate for the 
second run was about ten times faster than the first 
run. Still a third experiment in the same reaction 
mixture gave a rate which was nearly twenty times 
the original rate. These observations were checked 
several times and although the amount of rate in
crease varied, an increase was always observed.

These observations suggested catalysis by trace 
impurities, which were produced in the reaction, 
and which might vary from one run to another in 
pure solvent, even though numerous procedures for 
washing the glass reaction flask and for washing 
the benzoic butylcarbonic anhydride were tried. 
There was no reaction between butyl carbonate 
and benzoic anhydride under the conditions of the 
kinetic runs.

(9 ) K .  B . W ib e r g  a n d  T . M . S h ry n e , J. Am. Chem. Soc.,
7 7 , 2 7 7 4  (1 9 5 5 ), r e p o r te d  g o o d  f i r s t  o r d e r  c o n s t a n t s  f o r  th i s  
r e a c t io n  in  tg lu e n e  a n d  d io x a n e  a t  6 0 - 9 0 ° .
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The effect of various possible catalysts on the 
rate of the reaction was investigated, with the 
results shown in Table I.

T A B L E  I

D ecom position  of B enzoic-h-butylcarbonic Anhydride 
in  D ibu ty l  Ca r b ito l ; 15 5  ±  0 .1 ° .  E ffe c t  of Ad ditives  

on R ate of D ecom position

A d d i t iv e
S o lu 
b i l i t y

M o le
% o f

A d d i t iv e
R e la t i v e

R a te

N  o n e — 1
( n - C 4H 9)sN + 8 1
( « -C 4H 9) ,N + 90 1

Q n—c m
+ 8 8

Q - C H 3 + 19 12

N a O C H ,
0

— 5 15

( C 6H 5— C — 0 ) . + 3 I«
w-ChEL— O H + 30 I»
C 6H 5— c o o h + 4  to  12 p
C 6H 3— C O O N a — 5 T o o  f a s t  to  

m e a s u re
0 6H 3— N ( C H 3!2 + 9 0 i
C 6H s— N ( C H 3)o.H C 1 — 1 .4 20
D r y  H O I + ? T o o  f a s t  to  

m e a s u re
L iC l 2 T o o  f a s t  to  

m e a s u re

“ S o lv e n t  w a s  b u t y l  b e n z o a te .  6 S o lv e n t  w a s  a lso  b u ty l  
b e n z o a te  a n d  n i t ro b e n z e n e .

The very strong catalytic effect of agents like 
sodium methoxide, lithium chloride, sodium ben
zoate, and dimethylaniline hydrochloride, which 
are apparently insoluble in dibutyl carbitol, is 
notable. Equally notable is the lack of catalytic 
activity of tri-n-butylamine, whereas the less 
sterically hindered A-methylpiperidine shows 
strong catalytic effects.

The first-order rate plots for the experiments 
using JV-methylpiperidine and sodium methoxide 
are illustrated in Fig. 1. In these cases, the rate of 
decomposition steadily increased until approxi
mately 50% reaction, then leveled off to follow 
a first-order rate law. The rate in the second 
half of the decomposition was at least two to three 
times the fastest rate observed in pure dibutyl 
carbitol, so it must be due to the presence of the 
bases. Moreover, a curve of this particular shape 
was never obsery-ed in pure solvent. Despite the 
fact that sodium methoxide was insoluble in the 
reaction medium, its influence seems to be similar 
to that of A-methylpiperidine.

Evidently, the catalytic action of the bases was 
greater than that of the by-products that caused 
rate increases in the determinations using pure 
dibutyl carbitol. A small interference from this 
source, however, can be seen from the slight curva
ture toward the completion of the reaction in ex
periments B and C. •

F ig . 1. D e c o m p o s i t io n  o f  b e n z o ic - n - b u tv lc a rb o n ic  a n h y 
d r id e  in  d ib u ty l  c a r b i to l ;  155 ±  0 .1 ° .  E ffe c t  o f b a s e s .  F i r s t -  
o r d e r  r a t e  p lo ts

It was of interest to determine if the kinetic 
results of the very potent catalyst lithium chloride 
were similar to that of the basic substances. A 
measurable rate of decomposition of benzoic-n- 
butylcarbonic anhydride was observed at 115° in 
the presence of trace quantities of lithium chloride, 
and the first-order rate plots are illustrated in 
Figure II. In two experiments, the shape of the 
first-order plot was similar to that from the base 
catalyzed decompositions. With lithium chloride, 
however, the difference in rate between the initial 
and final stages of the decomposition was not as 
great. A run in the presence of lithium perchlorate 
was also made, but even though this salt was 
completely soluble in dibutyl carbitol, only a very 
small acceleration was observed.

F ig .  2 . D e c o m p o s i t io n  o f  b e n z o ic - n - b u ty lc a rb o n ic  a n h y 
d r id e  in  d ib u ty l  c a r b i to l ;  115 ±  0 .1 ° .  E f f e c t  o f l i th iu m  
c h lo r id e . F i r s t - o r d e r  r a t e  p lo ts

A series of rate measurements was also made in 
dibutyl carbitol containing a known quantity of 
hydrogen chloride. The shape of the first-order 
curves obtained from these decompositions at 115°
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resembled the curves from the decomposition in 
pure solvent at 155°. A fairly linear portion was 
obtained from 10 to 50-70% carbon dioxide evolu
tion, then the rate increased to approximately 100% 
its value in the linear portion. The rate of carbon 
dioxide evolution was roughly proportional to the 
hydrogen chloride concentration, although some 
erratic behavior was observed.

The effect of solvents of different polarity on the 
rate of a chemical process often establishes grounds 
for a possible reaction mechanism for that process. 
To this end, a measure of the rate of decomposition 
of benzoic-n-butylcarbonic anhydride at 155° was 
made in nitrobenzene, n-hexadecane, and n-butyl 
benzoate. In none of these solvents did the rate of 
decomposition depart greatly from the slowest 
rate measured in pure dibutyl carbitol. In fact, the 
rate of evolution of carbon dioxide from decompo
sition of the mixed anhydride in nitrobenzene and 
n-hexadecane was remarkably similar to that found 
in dibutyl carbitol. Although the evolution of 
carbon dioxide was faster when butyl benzoate was 
used as the solvent, the rate was still within the 
ranges found in dibutyl carbitol. The faster rate of 
decomposition in butyl benzoate may have been 
due to one of the factors causing the discrepancies in 
the measurements in pure dibutyl carbitol, or it 
may have been due to impurities indigenous to the 
solvent. A less thorough purification of the butyl 
benzoate was made compared to the other solvents 
used.

Although the dielectric constant of dimethyl- 
formamide (DMF) is similar to that of nitroben
zene, decomposition of benzoic-n-butylcarbonic 
anhydride in this solvent was accelerated to a 
great extent.10 Whereas the rate of decomposition 
of the anhydride was too slow to be measurable in 
dibutyl carbitol at 97°, the decompositions in di- 
methylformamide at this temperature were com
plete in sixty to seventy minutes. The first-order 
plots of carbon dioxide evolution vrere not unlike 
the plots derived from reactions conducted in pure 
dibutyl carbitol at 155°.

The course of decomposition of the mixed an
hydride in dimethylformamide was the same as the 
course of decomposition without solvent. The 
yield of carbon dioxide obtained was 75 ±  5%, 
indicating that approximately 50% of the an
hydride decomposed to ester, and 50% to dispro
portionation products. This fact was verified by 
identity of the infrared absorption curve of the 
mixture freed of dimethylformamide with the 
mixture of products resulting from decomposition 
of the anhydride without solvent.

The greater solvating ability of dimethylform
amide provided an opportunity to study the * 82

(1 0 )  T h e  q u a l i t a t i v e  e f fe c t  o f  d im e th y l f o r m a m id e  in  
a c c e le ra t in g  d i s p la c e m e n t  r e a c t io n s  a t  a  s a t u r a t e d  c a r b o n  
is  w e ll k n o w n , a n d  h a s  b e e n  d o c u m e n te d  b y  q u a n t i t a t i v e  
m e a s u r e m e n ts  b y  H . E .  Z a u g g  et al., J. Am. Chem. Soc.,
8 2 , 2 8 9 5 , 2 9 0 3  (1 9 6 0 ).

effect of ionic additives on the stability of the 
mixed anhydride. The salts listed in Table I, 
which were not soluble to any appreciable extent 
in dibutyl carbitol, were soluble in dimethylform
amide, at least in the concentrations studied. The 
relative rates reported in Table II, using various 
soluble additives, afford a comparison of the times 
for 100% decomposition of benzoic-n-butylcar- 
bonic anhydride. The rate accelerations observed 
were probably real, as measurement of the rate of 
decomposition in five separate experiments with 
no catalyst, showed fair agreement.

T A B L E  I I

D ecom position  of B enzoic-w-butylcarbonic An hydride  
in  D im ethylform am ide; 9 7 .5  ± 0 . 1 °

A d d i t iv e M o le  %
R e la t iv e

R a te

N o n e — 1
L iC I 1 .3 3

2 . 7 3 . 5
5 . 2 9

L iB r 3 . 9 3
L iF 3 2
L iC lO i 4 .1 1
( C H 3),N C 1 4 . 5 T o o  f a s t

0
II

C 6H 5— C — C l 3 1
0
II

n - C 4H 9— 0 — C — C l 3 . 7 1
O

C 6H 5— c — O H 3 1
O
IS

C 6H 6— C — O N a 3 T o o  f a s t
0 . 8 T o o  f a s t

< ^ n - c h 3 7 . 4 3

Lithium chloride, as well as lithium bromide, 
and, to a lesser degree, lithium fluoride acted as 
catalysts in the decomposition. As observed in the 
solvent dibutyl carbitol, lithium perchlorate again 
had no effect. Tetramethylammonium chloride 
was found to be a potent catalyst, but organic 
chlorine compounds such as benzoyl chloride and 
n-butyl chlorocarbonate were ineffective.

Whereas benzoic acid had no effect on the de
composition, its sodium salt was an extremely 
active catalyst. Even when less than 1 mole % of 
sodium benzoate was present, the evolution of 
carbon dioxide was too fast to measure; W-methyl- 
piperidine had about the same effect as lithium 
chloride, but had to be present in five times the 
quantity of the latter to produce the same rate.

I t is interesting to note that a first-order plot of 
carbon dioxide evolution in experiments where 
lithium chloride or A-methylpiperidine were used 
in dimethylformamide yielded curves similar to 
those obtained when these reagents were used in 
conjunction with dibutyl carbitol. The rate of
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evolution of carbon dioxide increased until ap
proximately 50% reaction, when it leveled off 
to follow a first-order rate law.

Several decompositions were made in dimethyl- 
formamide using sodium benzoate or sodium ace
tate in small amounts. Because of the speed of the 
reaction, these measurements were made at 75°. 
The initial induction period wras suppressed in 
two cases, although it still appeared in a third.

Several other qualitative observations may be 
mentioned. Benzoic benzylcarbonic anhydride was 
prepared, but it decomposed even at room tem
perature in the absence of added catalysts; the 
products could not be separated by distillation, 
but it was apparent from the infrared spectrum 
that decomposition had followed both paths A and
B.

Benzoic 2-octylcarbonic anhydride appeared to 
decompose more slowly at 155° than the n-butyl 
compound. Decomposition of a crystalline sample 
of p-nitrobenzoic ethylcarbonic anhydride41 in 
dibutyl carbitol at 155° gave a rate ten times 
faster than the fastest rate observed for benzoic 
butylcarbonic anhydride. Recrystallization of this 
sample of mixed anhydride twice more, however, 
reduced the rate to one tenth of the former value; 
the first-order plot was curved in this case also. 
Apparently the p-nitrobenzoic mixed anhydride 
should be purified with great care before conclu
sions are drawn from its behavior.11 Mesitoic 2- 
octylcarbonic anhydride failed to decompose at 
155° at a measurable rate; attempts were made to 
prepare benzoic f-butylcarbonic anhydride from 
phenyl f-butylcarbonate,12 benzoic acid, and tri- 
ethylamine, but none of the desired product was 
obtained. Apparently the benzoate ion is too weak 
a nucleophile to bring about the desired reaction.

0
11 (C2H 5) 3N

C 6H 5O C — 0 — C ( C H 3)3 +  C 6H 6C O O H  ---------->
0  o

C 6H 6O H  +  C e H i - o i - O C ( C H 3)s

Mechanism of mixed anhydride decomposition. 
The formal similarity, already mentioned, between 
the decomposition of the mixed anhydrides, the 
chlorosulfites and the chlorocarbonates is indicated 
below. Recent work7-9 on the latter two types

0 O
1 • 'IC eH sC — O - b C — O R

0 
• II

C l - r S — O R  

O

— O R

(1 1 ) Cf. T .  B .  W in d h o lz ,  J. Org. Chem., 2 3 , 2 0 4 4  (1 9 5 8 ).
(1 2 )  W . M . M c L a m o r e ,  S . Y . P ’a n , a n d  A . B a v le v ,

J  Org. Chem., 2 0 , 1379  (1 9 5 5 ).

makes it clear that they split to ion pairs (Cl- , 
+SOOR or Cl- , +COOR) which then collapse with 
loss of sulfur dioxide or carbon dioxide, and the 
cleavage of the alkyl-oxygen bond. The stereo
chemical consequences when R is optically active 
depend on the nature of the solvent.

There is considerable evidence that this scheme 
does not obtain with the carboxylic carbonic an
hydrides, except possibly in the case of the benzoic 
benzylcarbonic anhydride.3’121 The complete re
tention of configuration, even in the presence of 
pyridine, when R is optically active, the fact that 
the 2-octyl compound decomposes more slowly than 
the n-butyl compound, and that the neopentyl 
compound gives neopentyl benzoate without any 
evidence for skeletal rearrangement of the neo
pentyl group,3 makes it unlikely that alkyl-oxygen 
cleavage does occur, with possible formation of a 
carbonium ion intermediate. The possibility of 
alkyl-oxygen cleavage is now being investigated by 
O18 studies.

The possibility that the decomposition of the 
mixed anhydrides is a free radical reaction is made 
unlikely by the fact that benzoyl peroxide does not 
act as a catalyst, and that the potent catalysts 
discovered in this study are all ionic compounds.

The mechanism for the decomposition of the 
mixed anhydride to ester, involving a cyclic transi
tion state, cannot be ruled out on the basis of our 
stereochemical results, at least in the absence of 
pyridine. The two cyclic transition states VI and 
VII below, involve alkyl-oxygen cleavage and re
tention of configuration.

-Rk0> \ 0II- *1CgHô <Xto>C—0 

V I

9 R
II 4 . \

C e H - C - O ^  yO

l
V I I

A transition state such as VI or VII does not 
explain the much greater tendency for the mixed 
anhydrides with heavy substitution on the /3- 
carbon of the alkyl component to form ester. 
This result, however, can be justified on the basis 
that the heavy substitution inhibits the dispropor
tionation reaction, thus allowing ester formation 
through VI or VII. The same may apply when the 
point of attachment is a secondary carbon atom.

(1 2 a )  T h e  v e r y  r a p id  r a t e  o f  d e c o m p o s i t io n  o f  t h e  b e n z o ic  
b e n z y lc a r b o n ic  a n h y d r id e  m a y  b e  c o r r e la te d  w i th  t h e  o b 
s e r v a t io n  t h a t  t h e  m ix e d  a n h y d r id e s ,  w h ic h  m a y  b e  i n t e r 
m e d ia te s  i n  t h e  io n ic  d e c o m p o s i t io n  o f  p h e n y la c e ty l  p e r 
o x id e s , c a n n o t  b e  i s o la te d  f ro m  b is p h e n y la c e ty l  p e ro x id e  
[P . D .  B a r t l e t t  a n d  J .  E .  L e ff le r , J. Am. Chem. Soc., 7 2 , 
3 0 3 0  (1 9 5 0 )]  o r  f ro m  b is - o - io d o p h e n y la c e ty l  p e ro x id e  
[J . E .  L e ff le r  a n d  A . F .  W ils o n , J. Org. Chem., 25  , 42 4
( I 9 6 0 ) ] .  D e c o m p o s i t io n  o f  4 - m e th o x y - 3 ',5 '- d in i t r o b e n z o y l  
p e r o x id e  a p p a r e n t l y  g iv e s  t h e  m ix e d  a n h y d r id e  3 ,5 - ( 0 2N ) 2-  
C e H jC O O C O O C s IL O C H s  (4 )  a s  a n  u n s t a b le  in te r m e d ia te ,  
w h ic h  f o rm s  t h e  e s t e r  S À d O iN h C s I L C O O C e ïL O C H i (4 ) 
[J . E .  L e ff le r  a n d  C . G . P e t r o p o u lo s ,  J. Am. Chem. Soc., 
7 9 , 3 0 6 8  (1 9 5 7 )] .
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By increasing the polarization of the carboxylic 
carbonyl group, the tendency for the rearrange
ment to occur by the cyclic mechanism of VI 
might be expected to be increased. Indeed, when 
the mixed anhydride was made from a stronger 
acid, such as p-nitrobenzoic11'1" or trifluoroacetic,13 14 
the reaction was reported to proceed predominantly 
to ester. Conversely, when the polarization of the 
carbonyl group is decreased, as it should be in the 
mesitoic carbonic anhydride, there should be a 
reduction in the tendency for ester formation. 
This seems to be the case with mesitoic ethyl- 
carbonic anhydride, which underwent almost ex
clusive disproportionation. On the other hand, 
mesitoic-2-octylcarbonic anhydride exhibited al
most exclusive ester formation, but again, this may 
be due to the constitution of the alkyl group in the 
carbonate portion of the mixed anhydride.

Another possible cyclic transition state for ester 
formation from a carboxylic-carbonic anhydride 
is that represented by structure VIII. This formu
lation involves acyl-oxygen cleavage in the car
bonate portion of the mixed anhydride. This

0 A
c 6h —a  c = o

type of transition state has been proposed in a 
similarly constituted system.14

The cyclic transition states VI, VII, and VIII, 
possible for the decomposition of a carboxylic 
carbonic anhydride, cannot be excluded for the 
mesitoate system on the grounds that the car
bonyl group is sterically unavailable for reaction; 
many examples exist in which similarly hindered 
carbonyl groups do not react intermolecularly, 
but do so intramolecularly, with formation of five 
or six membered rings.15

The postulation of a mechanism involving a 
cyclic transition state for the formation of ester 
from a carboxylic-carbonic anhydride (path A) 
necessarily implies a different mechanism for the 
disproportionation reaction (path B), the formation 
of symmetrical anhydride and carbonate. I t was 
shown that the specific mixtures of products ob
tained in the decomposition of the mixed anhydride 
were not determined by an equilibration process, 
as interconversion of the products did not occur 
under the conditions of the experiments. If the two 
processes under consideration (ester formation, 
path A; disproportionation, path B) occur by dif
ferent mechanisms the ratio of path A to path B 
would be determined by the relative speed of the

(1 3 )  A . E in h o r n ,  Ber., 4 2 , 2 7 7 2  (1 9 0 9 ).
(1 4 )  R .  B o s c h a n ,  J. Am. Chem. Soc., 8 1 , 33 4 1  (1 9 5 9 ).
(1 5 )  R .  C . F u s o n  a n d  Q . F .  S o p e r , J. Org. Chem.., 9 , 193

(1 9 4 4 ) ;  R .  C . F u s o n ,  W . D .  E m m o n s ,  a n d  R .  T u ll ,  J. Org. 
Chem., 1 6 , 6 4 8  (1 9 5 1 ) ;  R .  C . F u s o n  a n d  W . C . H a m m a n n ,  
J. Am. Chem. Soc., 7 4 , 1626  (1 9 5 2 ).

two paths. Alteration in the speed of one path rela
tive to the other should be reflected in a change in 
the product ratios.

Decomposition of the mixed anhydrides in the 
presence of less than 5 mole % of tertiary amine, 
or lithium chloride, however, yielded practically 
the same product ratios as were obtained in the 
absence of these substances, although the reaction 
as a whole was accelerated to a marked degree. The 
temperature at which complete decomposition was 
usually attained within a short time in the presence 
of A-methylpiperidine was as much as 80° lower. 
Also, the temperatures at which decompositions 
were made in the presence of the amines differed by 
about 50°. In no case, however, was the ratio of 
products significantly changed.16

It is very unlikely that a substance accelerating 
the rate of one chemical process would accelerate 
the rate of a competing process to precisely the 
same degree. Yet, it would be necessary to draw 
this conclusion on the basis of two distinct mecha
nisms for the decomposition of the mixed an
hydride, one for path A, and another for path B. 
Furthermore, decomposition of the mixed an
hydride at widely different temperatures should be 
equivalent to altering the relative rates of the two 
paths, as it is unlikely, although possible, that two 
unrelated chemical processes have identical tem
perature coefficient.

If path A occurs by a unimolecular process, in 
which one molecule is involved in the rate de
termining step and path 3  occurs by a bimolecular 
process, in which two molecules are involved in the 
rate determining step, decomposing the mixed 
anhydride in solution should reduce the rate of 
path B to a much greater degree than the rate of 
path A. Hence, a decided increase in the yield of 
ester (path A) should be observed. However, when 
the mixed anhydride was decomposed in a 5% 
solution, by weight, in benzene or toluene, no al
teration in product ratio was observed. In addition, 
the many decompositions of benzoic-n-butylcar- 
bonic anhydride made under a variety of condi
tions, with and without catalysts for the purpose of 
kinetic measurements, never yielded more than 
75 ±  5% carbon dioxide on the basis of the initial 
quantity of mixed anhydride. This indicates that 
the product ratio is immune to changes in concen
tration of anhydride and environment.

Our results indicate, therefore, that decomposi
tion according to both paths A and B proceeds by a 
single rate-determining step. The results are best 
explained by the idea that decomposition of the 
mixed anhydride proceeds through a set of ionic

(1 6 ) I n  a  p a p e r  w h ic h  a p p e a r e d  a f t e r  t h i s  p a p e r  w a s  s u b 
m i t t e d ,  T .  B .  W in d h o lz ,  [ / .  Org. Chem,, 2 5 , 1703  ( I9 6 0 ) ]  
r e p o r t e d  t h a t  so m e  m ix e d  a n h y d r id e s  fo rm  m o r e  e s t e r  a t  
2 0 0 °  t h a n  a t  1 6 0 ° ; h ig h  c o n c e n t r a t io n s  o f b o r o n  t r i f lu o r id e  
e t h e r a t e  f a v o re d  e s te r  f o rm a t io n .  W in d h o lz  p r o p o s e d  a  
c y c lic  t r a n s i t i o n  s t a t e  a n a lo g o u s  t o  V I  fo r  t h e  e s te r  f o rm a 
t io n .
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chain reactions, of which some of the possibilities 
are indicated below.17

Representing a nucleophile, as B : which may be 
uncharged (a tertiary amine) or charged (a halide 
ion, for example), attack on the mixed anhydride 
may take place at the carboxyl carbonyl or the 
carbonate carbonyl.18 In the former case, we can 
have the following, the charge on the structure in 
(1) depending of course on the charged or uncharged

0 0
Il II

C 6H 5— C — O — C — O R  +  B :
o- 0
I I!

C 6H 5— C — 0 — C — O R  (1 )!
B

I

C bH sC — B  +  - O — C — O R

1
C 0 2 +  O R -

state of B:. Attack at the carbonate carbonyl can 
give:

O 0
l! II

C 6H 5— C — 0 — C — O R  +  B :

O
C 6H 5— C — O-

C 6H 5— C

0 O-
-o-A-

I
B

O R

0
II

- C — B

(2)

O
O R - C 6H 6C — O -  +  B — C — O R

The alkoxide ion OR-  generated according to 
(1) and (2) is the chain carrier, because it can 
attack at either carbonyl, as in (3) and (4), to 
generate products.

0
/

The CeH6C—0 , generated in (2) or (4), 
can attack unchanged anhydride at the carboxyl 
carbonyl:

0 0 O
II II - II

C eH s— C — O — C — O R  +  C 6H „ C — O -

1
0  0  0  (5 )

C 6H 6— C — 0 — Cl— C 6H 6 +  - O — Cl— O R

I
C 0 2 +  - O R

0
I!

Attack of CeH6—C—0  at the carbonate carbonyl 
gives no overall change. The formation of ester 
(path A) is due to reaction (3), and the dispropor
tionation reaction (path B) is due to (4) followed 
by (5). Each benzoate ion produced in (4) can dis
appear only by (5), with the formation of an equal 
number of molecules of ROCOOR and (CsHsCO^O. 
The ratio of path A to path B products will be the 
ratio of the rates of attack of OR-  at the carboxyl 
carbonyl (reaction 3) to attack at the carbonate 
carbonyl (reaction 4) (Le., kz/kL). Since we observe 
experimentally that the A/B ratio is not affected 
by dilution, change in temperature or the nature of 
B :, it appears that the rate-determining stage of 
the decomposition is the attack of nucleophile 
B: according to (1) and (2). Presumably reactions 
(3) and (4) are very fast, and the temperature 
dependence of the ratio fc3//c4 is close to unity.

The above discussion has neglected the reactions 
of products containing the catalyst B:, such as:

0 O
Il II

C sH s— C — B  a n d  B — C — O R .

O 0
Il II £3

C 6H 6— C — O — C — O R  +  O R -  —

C 6H 5C — O R  +  0 - — C — O R  — >- C 0 2 +  O R -  (3 )  

O O
Il II *.

C 6H 5C — O — C — O R  +  O R -  — >

O O
Il II

C sH sC — O "  +  R O C — O R  (4 )

(1 7 ) I o n ic  c h a in  r e a c t io n s  h a v e  b e e n  s u g g e s te d  in  o th e r  
c a se s  b y  P .  D .  B a r t l e t t  a n d  H . P .  H e r b r a n d s o n ,  J. Am. 
Chem. Soc., 74, 59 7 1  ( 1 9 5 2 ) ;  cf. W . E .  B is s in g e r ,  F .  E . 
K u n g ,  a n d  C . W . H a m i l to n ,  J. Am. Chem. Soc., 70, 3 9 4 0  
(1 9 4 8 ).

(1 8 )  E v id e n c e  s u p p o r t i n g  t h e  e x is te n c e  o f  i n te r m e d ia te s
a n a lo g o u s  t o  th o s e  b e lo w  is  g iv e n  b y  V . G o ld  a n d  E .  G . 
J e f fe rs o n , J. Chem. Soc., 1409 , 141 6  (1 9 5 3 ), a n d  b y  D . B . 
D e n n e y  a n d  M .  A . G r e e n b a u m , J. Am. Chem. Soc., 79, 
37 0 1  (1 9 5 7 ) . •

These may react with OR~ or CelRCOO-  to re
generate B:, with the termination of a chain by 
using up the chain-carrying species.

C 6H 5— C — B  +  O R “  — >  C 6H ,C — O R  +  :B  (6 )

O
II

B — C — O R  +  O R  -  — B :  +  R O C O O R  (7) 

O O
II II

B — C — O R  +  O 0H 5— C — 0  ~ — >
C 6H 6C O O R  +  C 0 2 +  B :  (8 )

In the supposedly uncatalyzed reaction, it is 
not certain whether there are traces of catalyst 
present, or whether there is a thermal cleavage of 
the anhydride to form ions which can initiate the 
chain reaction.
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EX PER IM EN TA L

Preparation of alkyl chlorocarbonates. A ll t h e  c h lo ro e a r -  
b o n a t e s  u s e d  in  th i s  s t u d y  w e re  p r e p a r e d  b y  t h e  a c t io n  o f 
p h o s g e n e  o n  t h e  r e s p e c t iv e  a lc o h o l. D e ta i l s  o f  t h e  e x p e r i
m e n ta l  p r o c e d u r e  a r e  d e s c r ib e d  in  a  p r e v io u s  p u b l ic a t io n .3

Preparation of carboxylic-carbonic anhydrides. T h e  c a r 
b o x y lic - c a rb o n ic  a n h y d r id e s  n e c e s s a ry  in  t h i s  s t u d y  w e re  
s y n th e s iz e d  f ro m  t h e  r e s p e c t iv e  c a rb o x y lic  a c id  a n d  a lk y l  
c h lo r o c a r b o n a te .  T h e  m e th o d  is d e s c r ib e d  in  d e t a i l  in  a  p r e 
v io u s  p u b l i c a t i o n .3

Rearrangement of optically active benzoic S-octylcarbonic 
anhydride in pyridine. T h e  m ix e d  a n h y d r id e  w a s  g e n e r a te d  in  
t h e  u s u a l  w a y  u s in g  2 - o c ty l  c h lo r o c a r b o n a te  g e n e r a te d  f ro m
2 - o c ta n o l  h a v in g  b .p .  7 5 °  (4  m m .) ,« , 2D5 1 .4 2 3 5 , a 2D5 +
6 .1 9  ±  0 .0 2 °  ( n e a t ,  l =  1 ). T h e  o p t ic a l ly  a c t iv e  b e n z o ic  2- 
o c ty lc a r b o n ic  a n h y d r id e  (8 .0  g ., 0 .0 2 9  m o le )  w a s  p la c e d  in  a
5 0 -m l. r o u n d  b o t to m e d  f la s k  c o n ta in in g  20  m l. o f p y r id in e ,  
w h ic h  h a d  b e e n  p u r if ie d  b y  d is t i l l a t io n  f ro m  b a r iu m  o x id e . 
T h e  m ix tu r e  w a s  h e a t e d  a t  re f lu x  (1 1 3 ° ) ,  d u r in g  w h ic h  t im e  
t h e  c o lo r  o f t h e  s o lu t io n  p ro g re s s iv e ly  c h a n g e d  f ro m  p in k  to  
r e d  t o  b ro w n . A f te r  8  h r .  o f  h e a t in g ,  t h e  m ix tu r e  w a s  c o o led , 
t a k e n  u p  in  e th e r ,  a n d  w a s h e d  w i th  w a te r ,  d i lu te  h y d r o c h lo r ic  
a c id ,  s a t u r a t e d  s o d iu m  b ic a r b o n a te  s o lu t io n ,  a n d  w a te r .  
A f te r  d r y in g  t h e  e th e r  s o lu t io n  o v e r  a n h y d r o u s  s o d iu m  s u l
f a te ,  t h e  e th e r  w a s  r e m o v e d  a t  r e d u c e d  p r e s s u re ,  le a v in g  b e 
h in d  a  d a r k  b r o w n  o il. D i s t i l l a t io n  o f  t h i s  m a te r i a l  y ie ld e d  1 
g. o f  a lm o s t  p u r e  2 -o c ta n o l  w i th  a2D5 +  6 .5 2  ±  0 .0 1 ° , a n d
3 .5  g . o f  a  m ix tu r e  o f  2 - o c ty l  b e n z o a te  a n d  d i- 2 -o c ty l  c a r 
b o n a te ,  b .p .  1 2 2 -1 2 9 °  (1  m m .) ,  « “  1 .4 6 2 8 -1 .4 7 5 3 . T h e  
r e p o r t e d 19 b .p .  f o r  2 - o c ty l  b e n z o a te  is 1 7 1 °  (2 0  m m .) ,  n 3D5
1 .4 8 4 0 . A n  a u th e n t i c  s a m p le  h a d  b .p .  1 1 3 -1 1 6 °  (0 .5  m m .) ,  
» d° 1 .4 8 8 5 . T h e  r e p o r t e d 90 b .p .  fo r  d i- 2 -o c ty l  c a r b o n a te  is 
1 6 8 °  (1 3  m m .) ;  a n  a u th e n t i c  s a m p le  h a d  b .p .  1 1 8 -1 2 3 °  
( 0 .7 -1  m m .) ,  n 2D5 1 .4 2 8 0 . T h e  d a r k  b r o w n  r e s id u e  f ro m  t h e  
d i s t i l l a t io n  y ie ld e d  1 .5  g. o f b e n z o ic  a n h y d r id e  u p o n  r e c r y s 
ta l l i z a t io n .

S a p o n if ic a t io n  o f t h e  m ix tu r e  o f  2 -o c ty l  b e n z o a te  a n d  c a r 
b o n a te  w i th  a lc o h o lic  p o ta s s iu m  h y d r o x id e  y ie ld e d  2 -o c ta n o l  
w i th  b .p .  7 2 - 7 3 °  (8  m m .)  1 .4 2 3 2 , a 2D5 +  6 .1 7  ±  0 .0 1 °  
( n e a t ,  1=1).

Preparation of optically active 2-octyl mesitoate from mesi- 
toyl chloride and ( +)-2-odanol. M e s i to y l  c h lo r id e  (4 .2  g .,
0 .0 2 3  m o le )  a n d  2 - o c ta n o l  (3 .0  g ., 0 .0 2 3  m o le )  w i th  a 2D5 +
6 .1 9  ±  0 .0 2 °  ( n e a t ,  l =  1 ) w e re  p la c e d  in  a  2 5  m l. ,  r o u n d  
b o t to m e d  f la s k  c o n ta in in g  15  m l.  o f  d ry ' p y r id in e .  A f te r  h e a t 
in g  t h e  m ix tu r e  o n  a  s t e a m - b a th  fo r  2  h r . ,  i t  w a s  c o o led , 
t a k e n  u p  in  e th e r  a n d  w a s h e d  s u c c e s s iv e ly  w i th  w a te r ,  d i lu te  
h y d r o c h lo r ic  a c id ,  d i l u t e  s o d iu m  h y d r o x id e ,  a n d  w a te r .  
A f te r  d r y in g  t h e  e th e r  s o lu t io n ,  t h e  s o lv e n t  w a s  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u re  a n d  t h e  n o n v o la t i l e  o il  p u r i f ie d  b y  
f r a c t i o n a t io n  t h r o u g h  a  v a c u u m - ja c k e te d  V ig re u x  c o lu m n  
(1 0 0  X  10  m m .) .  T h e r e  w a s  o b ta in e d  3 .9 3  g. ( 6 2 % )  o f  2 -  
o c ty l  m e s i to a te  h a v in g  b .p .  1 3 9 -1 4 0 °  (0 .5  m m .) ,  ?i2D4 ' 5
1 .4 8 6 9 , a°D5 +  2 4 .0 3  ±  0 .0 2 °  ( n e a t ,  l =  1 ). T h is  c o r r e 
s p o n d e d  w i t h  t h e  p r o p e r t i e s  p r e v io u s ly  r e p o r t e d 3 f o r  a n  
a u t h e n t i c  s a m p le  o f  2 -o c ty l  m e s i to a te .

Rearrangement of optically active mesitoic-2-octylcarbonic 
anhydride. T h e  m ix e d  a n h y d r id e  w a s  g e n e r a te d  f ro m  m e s ito ic  
a c id  a n d  t h e  c h lo r o c a r b o n a te  o f  2 - o c ta n o l ;  t h e  2 - o c ta n o l  h a d  
a 2D5 +  6 .1 9  ±  0 .0 2 °  ( n e a t ,  l = 1 ) . T h e  r e a r r a n g e m e n t  w a s  
c a r r ie d  o u t  i n  t h e  u s u a l  w a y , a n d  y’ie ld e d  m a in ly  2 -o c ty l  
m e s i to a te .  T h e  la s t ,  a n d  m o s t  p u r e  f r a c t io n  h a d  b .p .  1 5 3 -  
1 5 4 °  (1 .5  m m .)  n 2D4 ' 5 1 .4 8 6 9 , a 2Ds +  2 4 .0 1  ±  0 .0 2 °  ( n e a t ,  l 
= 1).

Rearrangement of benzoic benzylcarbonic anhydride. W h e n  
p r e p a r e d  in  t h e  u s u a l  m a n n e r ,  t h i s  a n h y d r id e  d e c o m p o s e d  
w i th  e v o lu t io n  o f  c a r b o n  d io x id e  a t  ro o m  te m p e r a tu r e ,  a n d  
h e a t in g  t o  5 0 °  h a s t e n e d  th i s  d e c o m p o s i t io n . D i s t i l l a t io n  o f  
t h e  r e a r r a n g e m e n t  p r o d u c t  y ie ld e d  f r a c t io n s  b o i l in g  b e tw e e n

(1 9 ) A . J .  H .  H o u s s a  a n d  H . P h i l l ip s ,  J. Chem. Soc., 
2 5 1 0  (1 9 2 9 ).

(2 0 ) H .  H u n te r ,  J. Chem. Soc., 1389  (1 9 2 4 ).

1 2 0 -1 4 0 °  (0 .2  m m .) ,  n 2,5 1 .5 6 1 5  t o  1 .5 6 4 1 . T h e  b .p .  fo r  
b e n z y l  b e n z o a te 21 is  1 8 5 °  (1 5  m m .)  nfi 1 .5 6 8 1 ; d ib e n z y l  
c a r b o n a t e ,21 22 b .p .  2 0 3 °  (1 2  m m .) ;  b e n z o ic  a n h y d r i d e ,23 b .p .  
3 6 0 ° , n d5 1 .5 7 6 7 . T h e  in f r a r e d  a b s o r p t io n  c u r v e  o f  t h e  d is 
t i l l a t e  s h o w e d  t h e  p r e s e n c e  o f  a l l  t h r e e  p r o d u c t s  in  a l l  f r a c 
t io n s ,  w i th  b e n z y l  b e n z o a te  c o n c e n t r a te d  in  t h e  lo w e r  b o i l in g  
f r a c t io n s ,  a n d  d ib e n z y l  c a r b o n a te  a n d  b e n z o ic  a n h y 'd r id e  
c o n c e n t r a t e d  in  t h e  h ig h e r  b o i l in g  f r a c t io n s .

Preparation of phenyl-t-butyl carbonate.. T h is  m ix e d  c a r 
b o n a te  w a s  p r e p a r e d  f ro m  i - b u ty l  a lc o h o l a n d  p h e n y l  c h lo r o 
c a r b o n a te  fo l lo w in g  t h e  m e th o d  o f  M c L a m o r e .12 I t  w a s  n o t  
p u r i f ie d  b y  d is t i l l a t io n ,  a s  t h e  in f r a r e d  a b s o r p t io n  s p e c t r u m  
o f  th i s  c a r b o n a te  h a d  a  s t r o n g  p e a k  a t  5 .6 9  y, b u t  n o  o th e r s  in  
t h i s  re g io n .

Attempted preparation of benzoic-Pbutylcarbonic anhydride. 
P h e n y l - i - b u ty l  c a r b o n a te  (3 .5 5  g ., 0 .0 1 8 3  m o le ) ,  15 m l. o f  
e th e r ,  a n d  0 .5  m l. o f  t r i e th y l a m in e  w e re  p la c e d  in  a  5 0  m l. 
f la s k . B e n z o ic  a c id  (2 .2 3  g ., 0 .0 1 8 3  m o le )  in  10 m l. o f  e th e r  
w a s  s lo w ly  a d d e d  t o  t h i s  m ix tu r e .  A f te r  h e a t in g  t h e  s o lu t io n  
a t  t h e  b o i l in g  p o in t  o f  e th e r  f o r  1 d a y ,  i t  w a s  o b v io u s  f ro m  
t h e  in f r a r e d  a b s o r p t io n  c u r v e  o f  a  s a m p le  o f  t h e  m ix tu r e ,  
t h a t  n o  c h e m ic a l  c h a n g e  h a d  t a k e n  p la c e . S t r ip p in g  t h e  m ix 
t u r e  o f e th e r  a n d  h e a t in g  i t  t o  7 5 °  in  t h e  p r e s e n c e  o f N- 
m e th y lp ip e r id in e  lik e w ise  p r o d u c e d  n o  c h a n g e .

Purification of solvents used in kinetic measurements. A. 
Dibutyl carbitol w a s  p u r c h a s e d  f ro m  C a r b id e  a n d  C a r b o n  
C h e m ic a ls  C o . i t  w a s  v ig o ro u s ly  s h a k e n  w i th  w a te r  t o  ex 
t r a c t  a lc o h o l ic  im p u r i t ie s ,  a l l  o f  w h ic h  w e re  s o lu b le  in  w a te r .  
I t  w a s  t h e n  d r ie d  o v e r  D r ie r i t e ,  a n d  f r a c t io n a l ly  d is t i l le d  
f ro m  s o d iu m  u n d e r  r e d u c e d  p r e s s u re  t h r o u g h  a  V ig re u x  
c o lu m n  (1 5  X  1 in .) .  T h e  m a in  f r a c t io n  b o i le d  a t  1 1 0 -1 1 0 .5 °  
(5  m m .) ,  n 2D5 1 .4 2 1 0 . T h e  r e p o r t e d 24 in d e x  o f r e f r a c t io n  is 
n 2D° 1 .4 2 4 1 .

B . n-Hexadecane w a s  E a s tm a n  K o d a k  p r a c t i c a l  g r a d e . A p 
p r o x im a te ly  5 0 0  g . o f  n - h e x a d e c a n e  w i th  8 0  m l. o f  c o n e d , 
s u lf u r ic  a c id  w a s  h e a t e d  o n  a  s t e a m  b a t h  w i th  v ig o ro u s  
s t i r r in g .  W h e n  t h e  s u lf u r ic  a c id  t u r n e d  d a r k ,  i t  w a s  r e p la c e d  
w i th  f r e s h  a c id . T h is  t r e a t m e n t  w a s  c o n t in u e d  u n t i l  t h e  a c id  
r e m a in e d  c o lo r le s s , a n d  r e q u i r e d  a p p r o x im a te ly  e ig h t  
c h a n g e s . T h e  h e x a d e e a n e  w a s  w a s h e d  th o r o u g h ly  w i th  
w a te r ,  a  s a t u r a t e d  s o lu t io n  o f  s o d iu m  b ic a r b o n a te  a n d  m o r e  
w a te r ,  t h e n  d r ie d  o v e r  s o d iu m  s u l f a te .  F r a c t io n a l  d i s t i l l a t io n  
u n d e r  r e d u c e d  p r e s s u r e  t h r o u g h  a  V ig re u x  c o lu m n  (2 5  X  
2  c m .)  y ie ld e d  c o n s t a n t  b o i l in g  m a te r i a l  w i t h  b .p .  1 1 4 -1 1 5 °  
(1 .5  m m .) ,  n “  1 .4 3 2 0 .

C .  Nitrobenzene w a s  E a s t m a n  K o d a k  w h i t e  la b e l  g r a d e .  
I t  w a s  f u r t h e r  p u r i f ie d  b y  t r e a t m e n t  w i th  p h o s p h o r u s  p e n t -  
o x id e , t h e n  f r a c t io n a l ly  d is t i l le d  u n d e r  r e d u c e d  p r e s s u re .  
T h e  c o n s t a n t  b o i l in g  m a te r ia l  h a d  b .p .  8 0 °  (7  m m .) .

D .  n-Butyl benzoate w a s  E a s tm a n  K o d a k  w h i te  la b e l  g r a d e . 
I t  w a s  p u r i f ie d  b y  d r y in g  o v e r  D r ie r i t e ,  t h e n  f r a c t io n a l ly  
d is t i l l in g  u n d e r  r e d u c e d  p r e s s u re .  T h is  m a te r i a l  h a d  b .p .  
1 1 3 °  (6  m m .) .

E .  N,N-Dimethylformamide w a s  p u r if ie d  b y  t h e  m e th o d  o f  
T h o m a s  a n d  R o c h o w ,25 w h ic h  in v o lv e d  th o r o u g h  d r y in g  
o v e r  D r ie r i t e ,  v ig o ro u s  s h a k in g  w i th  b a r iu m  o x id e , a n d  
f r a c t i o n a l  d is t i l l a t io n  u n d e r  r e d u c e d  p re s s u re .  T h e  m a te r i a l  
o b t a in e d  b y  th i s  t r e a t m e n t  w a s  n e u t r a l  a n d  h a d  b .p .  6 4 °  
(31  m m .) .

Kinetic measurements of the decomposition of benzoic-car
bonic anhydrides. T h e  r e a c t io n  v e s s e l  u s e d  f o r  t h e  k in e t ic  
m e a s u r e m e n ts  w a s  a  5 0 -m l. E r le n m e y e r  f la sk , f i t t e d  w i th  a  
s t a n d a r d  t a p e r  j o i n t  f o r  a t t a c h m e n t  t o  a n  A ll ih n  C o n d e n s e r  
(1 2  X  1 in . )  a n d  a  s to p c o c k  (4  m m . b o re )  f o r  g a in in g  e n t r y  t o

(2 1 ) C . A . K o h n  a n d  W . T r a n to m ,  J. Chem. Soc., 7 5 , 
1155  (1 8 9 9 ).

(2 2 ) C . A . B isc h o ff , Ber., 3 5 , 159 (1 9 0 3 ).
(2 3 ) A . K a u f m a n n  a n d  A . L u te r b a c h e r ,  Ber., 4 2 , 3 4 8 3  

(1 9 0 9 ).
(2 4 )  J .  K o o i, Rec. Trav. Chim., 7 4 , 137 (1 9 5 5 ).
(2 5 )  A . B . T h o m a s  a n d  E .  G . R o c h o w , J. Am. Chem. Soc., 

7 9 , 1843  (1 9 5 7 ^
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t h e  f la sk . T h e  to p  o f t h e  c o n d e n s e r  w a s  a t t a c h e d  t o  a  g a s  
b u r e t  t h r o u g h  a  th r e e - w a y  s to p c o c k  b y  m e a n s  o f  f le x ib le  
r u b b e r  t u b in g .  A ll s to p c o c k s  a n d  jo in t s  w e re  lu b r ic a te d  
w i th  D o w - C o r n in g  s i l ic o n e  g re a s e . T h e  s y s te m  w a s  o f te n  
c h e c k e d  f o r  le a k s  b y  p r e s s u r in g  i t  w i th  c a r b o n  d io x id e , b u t  
a lw a y s  f o u n d  to  b e  s a t i s f a c to r y .

T h e  r e a c t io n  v e s s e l  w a s  c o n s t a n t ly  a g i t a t e d  d u r in g  t h e  
c o u r s e  o f  a  k in e t ic  e x p e r im e n t  b y  a  s h a k in g  d e v ic e  a t t a c h e d  
to  t h e  r e a c t io n  f la sk .

T h e  c o n s t a n t  t e m p e r a t u r e  b a t h  c o n s is te d  o f  a  s ta in le s s  
s te e l  b e a k e r  (9  X  6 .5  in .) ,  f ille d  w i th  F i s h e r  b a t h  w a x , a n d  
in s e r te d  in to  a  m e ta l  c a n  (1 2  X  9 in .) ,  w i th  t h e  s p a c e  b e tw e e n  
t h e  v e s se ls  p a c k e d  w i th  in s u la t in g  m a te r ia l .  T h e  w a x  w a s  
h e a t e d  to  w i th in  1 0 - 2 0 °  o f  t h e  d e s ire d  t e m p e r a tu r e  b y  
m e a n s  o f  a  7 5 0  w a t t  im m e rs io n  h e a t e r .  F i n a l  t e m p e r a tu r e  
c o n t r o l  w a s  m a in t a in e d  b y  m e a n s  o f a  v a p o r  p r e s s u r e  t y p e  
t h e r m o s ta t ,  a t t a c h e d  to  a  1 2 5 - w a t t  k n i f e  b la d e  h e a t e r  
t h r o u g h  a  r e la y .  T h e  s h a k in g  m o t io n  o f  t h e  r e a c t io n  f la s k  in  
t h e  w a x  b a t h  w a s  s u f f ic ie n t  t o  p r o v id e  a d e q u a te  c i r c u la t io n ,  
s in c e  t e m p e r a tu r e  c o n t r o l  t o  w i th in  0 .2 °  c o u ld  g e n e r a l ly  b e  
m a in ta in e d  d u r in g  a n  e x p e r im e n t .

A  k in e t ic  m e a s u r e m e n t  w a s  p re c e d e d  b y  c le a n in g  o f  t h e  
r e a c t io n  f la sk . A t  t h e  b e g in n in g  s ta g e s  o f  t h e  w o rk , s u lfu r ic  
a c id - d i c h r o m a te  w a s  u s e d , b u t  i t  w a s  f o u n d  t h a t  h o t  c a u s t ic  
w a s  e q u iv a le n t  t o  t h e  a c id  w a s h  a s  f a r  a s  t h e  e f fe c t  o n  t h e  
r a t e s  w a s  c o n c e rn e d . I n  e i t h e r  c a s e , t h e  f la s k  w a s  r e p e a te d ly  
r in s e d  w i th  d is t i l le d  w a te r  a n d  a c e to n e ,  a n d  d r ie d  o v e r n ig h t  
a t  1 2 0 ° . G la s s  w o o l w a s  p la c e d  in  t h e  r e a c t io n  f la s k  a n d  t h e  
l a t t e r  in s e r te d  i n to  t h e  c o n s t a n t  t e m p e r a t u r e  b a t h  a n d  
a t t a c h e d  to  t h e  c o n d e n s e r .  T h e  e n t i r e  a p p a r a t u s  w a s  f lu s h e d  
w i th  c a r b o n  d io x id e , w h ic h  w a s  d r ie d  b y  p a s s in g  i t  t h r o u g h

D r ie r i t e .  T h e  s o lv e n t  t o  b e  u s e d  in  t h e  e x p e r im e n t  w a s  
th o r o u g h ly  s a t u r a t e d  w i th  c a r b o n  d io x id e  a t  ro o m  t e m p e r a 
t u r e ,  t h e n  in je c te d  in to  t h e  r e a c t io n  f la sk  b y  m e a n s  o f  a  
s y r in g e . T h e  s h a k e r  w a s  s t a r t e d ,  a n d  t h e  s y s te m  e q u i l i 
b r a t e d  fo r  a p p r o x im a te ly  1 h r .  I n  o r d e r  t o  s t a r t  a  k in e t ic  
m e a s u r e m e n t ,  a  w e ig h e d  s a m p le  o f  t h e  c a rb o x y l ic -c a rb o n ic  
a n h y d r id e  w a s  i n je c te d  in to  t h e  s o lv e n t  in  t h e  r e a c t io n  f la s k  
t h r o u g h  t h e  s to p c o c k ,  t h e  o p e n in g  o f  w h ic h  w a s  p r o te c te d  
f ro m  t h e  a tm o s p h e r e  b y  a  r u b b e r  d ia p h r a g m .  A f te r  t h e  
a d d i t i o n  o f  s a m p le , w h ic h  g e n e r a l ly  to o k  le ss  t h a n  30  se c ., 
t h e  s h a k e r  w a s  s t a r t e d ,  a n d  r e a d in g s  o f  c a r b o n  d io x id e  e v o lu 
t i o n  w e re  t a k e n  a t  a p p r o p r i a t e  t im e  in te r v a l s ,  d e p e n d in g  o n  
t h e  s p e e d  o f  t h e  p a r t i c u l a r  d e c o m p o s i t io n . A  s h ie ld  s u r r o u n d 
in g  th e  g a s  b u r e t  w a s  e f fe c t iv e  in  k e e p in g  i t s  t e m p e r a tu r e  
f a i r ly  c o n s ta n t .  T h e  d e c o m p o s i t io n  w a s  a llo w e d  to  c o n t in u e  
u n t i l  a  c o n s t a n t  v o lu m e  o f  g a s  w a s  e v o lv e d , a n d  th i s  w a s  
t a k e n  a s  V  ° ° . E a c h  v o lu m e  w a s  c o r r e c te d  to  v o lu m e  a t  S T P  
a n d  a  p lo t  o f  lo g  ( V  »  — V ) v e r s u s  t im e  w a s  m a d e .

I n  t h e  c a ta ly z e d  d e c o m p o s i t io n s ,  t h e  c a t a l y s t  w a s  a d d e d  
to  t h e  s o lv e n t  b e fo re  t h e  l a t t e r  w a s  s a t u r a t e d  w i th  c a r b o n  
d io x id e , o r  if  in s o lu b le , i t  w a s  p la c e d  in  t h e  r e a c t io n  f la sk .

W h e n  h y d r o g e n  c h lo r id e  w a s  u s e d  a s  c a t a ly s t ,  a  s m a ll  
q u a n t i t y  w a s  b u b b le d  in to  d ib u ty l  c a r b i to l ,  a n d  i t s  c o n c e n 
t r a t i o n  d e te r m in e d  b y  t i t r a t i o n  w i th  s t a n d a r d  s o d iu m  
h y d r o x id e ,  u s in g  9 5 %  e th a n o l  a s  s o lv e n t .  T h e  e n d - p o in t  w a s  
d e te r m in e d  w i th  a  p H  m e te r .  S o lu t io n s  w i th  a  d e s ire d  c o n 
c e n t r a t i o n  o f  h y d r o g e n  c h lo r id e  w e re  m a d e  u p  b y  d i lu t io n  o f 
t h i s  s to c k  s o lu t io n  w i th  p u r e  d ib u ty l  c a r b i to l ,  a n d  t h e  c o n 
c e n t r a t io n s  -were a lw a y s  c h e c k e d  b y  t i t r a t i o n .

R ochester , N . Y .

[Contribution  from  th e  D epa rtm en t  of C hem istry , R en ssela er  P olytechnic  I n st itu te]

Trifluoroacetonitrile Addition Reactions. I. Ethylene

G . J .  J A N Z  AND J .  J .  S T R A T T A

Received February 24, 1960

I t  is  s h o w n  t h a t  t r i f lu o r o a c e to n i t r i l e  r e a c t s  r e a d i ly  w i th  e th y l e n e  in  t h e  h o m o g e n e o u s  g a s  p h a s e  a t  m o d e r a t e ly  h ig h  t e m 
p e r a tu r e s  ( 3 0 0 c- 5 0 0 ° )  w i th  t h e  f o r m a t io n  o f  4 ,4 ,4 - t r i f lu o r o b u ty r o n i t r i l e  w h e n  t h e  r e a c t a n t s  a r e  m ix e d  in  e q u im o la r  r a t i o  a t  
a tm o s p h e r ic  p r e s s u re .  S o m e  e v id e n c e  fo r  t h e  f o r m a t io n  o f  a n o th e r  p r o d u c t ,  m o s t  l ik e ly  4 ,4 ,4 - t r i f lu o r o c a p r o n i t r i l e  in  s m a lle r  
a m o u n ts  is r e p o r te d .  E q u i l ib r iu m  y ie ld s  o f  4 ,4 ,4 - t r i f lu o r o b u ty r o n i t r i l e  a s  p r e d ic te d  f ro m  th e r m o d y n a m ic s  a r e  a p p a r e n t l y  
r e a d i ly  a t t a i n e d  a t  4 0 0 ° , i.e. th e r m o d y n a m ic  c o n t r o l  c a n  b e  a c h ie v e d .

In the preceding communications in this series 
the reactions of simple dienes with trifluoroaceto
nitrile have been described. The nitrile group 
exhibited dienophilic properties with the facile 
formation of 2-trifluomethyl-substituted pyridines 
at atmospheric pressure and moderately high 
temperatures (350°-520°). The present paper is 
the first in a series describing the results of similar 
studies of the reactions of simple olefins and acety
lenes with trifluoroacetonitrile in this laboratory. 
The thermal addition of trifluoroacetonitrile to 
ethylene, and the thermodynamics of the process 
are reported.

E X PER IM EN TA L

Chemicals. T h e  t r i f lu o r o a c e to n i t r i l e  ( b .p .  — 6 8 ° )  w a s  a  
c o m m e rc ia l  s a m p le  ( C o lu m b ia  O rg a n ic  C h e m ic a ls )  o f  m in i-

(1 )  G . J .  J a n z  a n d  M . A . D e  C r e s c e n te ,  J . Org. Chem. 2 3 , 
7 6 5  (1 9 5 8 ) ;  J .  M . S . J a r v i e ,  W . E .  F i tz g e r a k l ,  a n d  G . J .  
J a n z ,  J. Am. Chem. Soc. 7 8 , 9 7 8  (1 9 5 6 ).

m u m  9 5 %  p u r i t y .  T h e  e th y l e n e  ( b .p .  — 1 0 4 ° )  w a s  a  c o m 
m e r c ia l  C .P .  g r a d e  s a m p le  ( M a th e s o n  C o .) .  P o r t i o n s  o f  b o t h  
c h e m ic a ls  w e re  r e p e a t e d ly  r e d is t i l le d  b y  v a c u u m  t r a n s f e r  
te c h n iq u e s  t o  r e m o v e  d is s o lv e d  a i r  a n d  o t h e r  n o n c o n d e n s a b le  
g a s e s  b e fo re  u s e  i n  t h e  e x p e r im e n ts .

Apparatus and procedure. A  s t a t i c  s y s te m  w a s  u s e d , s in c e  
a n  i n t e r e s t  w a s  t o  e x p lo re  t h e  t h e r m a l  s ta b i l i t i e s  o f  t h e  r e a c 
t a n t s ,  a n d  t h e  p o s s ib i l i ty  o f  th e r m o d y n a m ic  c o n t r o l  fo r  t h e  
a d d i t io n  r e a c t io n .  V a c u u m  t r a n s f e r  t e c h n iq u e s  w e re  u s e d  in  
a n  a l l  g la s s  s y s te m  a s  i l l u s t r a t e d  i n  F ig .  1. P r e d e te r m in e d  
a m o u n t s  o f  t h e  r e a c t a n t s  ( s u f f ic ie n t  t o  g iv e  a  p r e s s u r e  o f  
a b o u t  1 a tm .  in i t i a l l y  a t  t h e  r e a c t io n  t e m p e r a t u r e )  w e re  
t r a n s f e r r e d  f ro m  t h e  a m p o u le s  ( B )  t o  t h e  s to r a g e  t r a p  (A ) . 
T h e  5-1. r e a c t io n  v e s s e l  ( J )  w a s  a t t a c h e d  in  p la c e  o f  o n e  o f  
t h e  a m p o u le s  b y  i t s  s id e  a r m  to  t h e  m a n if o ld ,  e v a c u a te d ,  
f i lle d  w i th  t h e  r e a c t a n t s  f ro m  t h e  t r a p ,  a n d  s e a le d  off w i th  a  
t o r c h  a f t e r  t h e  r e a c t io n  c h a r g e  h a d  b e e n  f ro z e n  ( — 1 9 5 ° )  
i n to  t h e  s m a ll  f in g e r  t y p e  t r a p .  T h e  f la s k  J  w a s  th e n  p o s i
t io n e d  in  t h e  f u r n a c e  a n d  re s e a le d  t o  t h e  v a c u u m  m a n ifo ld  
a s  s h o w n  in  F ig . 1. T h e  r e a c t io n  t e m p e r a t u r e  w a s  m o n i
to r e d  b y  tw o  c h r o m e l-a lu m e l  th e r m o c o u p le s .  O n  c o m p le t io n  
o f  a n  e x p e r im e n t  t h e  c o n te n t s  o f  t h e  f la s k  J  w e re  t r a n s 
f e r r e d  t o  a  c o ld  t r a p  E  ( — 1 9 5 ° )  a n d  J  w a s  r e m o v e d  f ro m  th e  
s y s te m . T h e  n a t u r e  o f  t h e  p r o d u c t  m ix tu r e  in  E  w a s  in v e s t i 
g a te d  b y  th e  c o n v e n t io n a l  te c h n iq u e s  a s  d e s c r ib e d  b e lo w .
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t r a p .  B , I n p u t  a s s e m b h '.  C , C lo s e d -e n d  H g  m a n o m e te r .  
D ,  C a l ib r a t e d  s to r a g e  v o lu m e . E ,  L iq u id  n i t r o g e n  f r e e z e -o u t  
t r a p .  F ,  H e a t in g  t a p e .  G , P e r m a n e n t  m a g n e t .  H , M e ta l -  
in -g la s s  h a m m e r  fo r  b r e a k e r  se a l. I ,  E le c t r i c  f u rn a c e .  J ,  
R e a c t io n  c h a m b e r

RESULTS

Thermal stability of pure reactants. The pyrolysis 
of ethylene is so well-known2 that only a limited 
number of experiments were undertaken to in
vestigate its rate of pyrolysis in the temperature 
range of this investigation (350°-450°). No data 
for trifiuoroacetonitrile were known and a similar 
series of experiments was undertaken, the tempera
ture range being extended to 550°. The results of 
these experiments may be briefly summarized as 
follows. Under the conditions of the experiments—
i.e., degassed samples, clean vessels—no appreciable 
pyrolysis of ethylene was observed at 400° (ethylene 
recovery, 99 mole %) but the presence of methane 
and hydrogen was detected in the products at 
450 °C (ethylene recovery, 75 mole %). For the 
trifiuoroacetonitrile experiments, no traces of 
hexafluoroethane or cyanogen were detected in the 
pyrolysis products even at 550°. The gas chromato
grams indicated that the limited pyrolysis cor
responded to removal of the impurities in the com
mercial trifiuoroacetonitrile (most probably tri- 
fluoroacetic acid or the amide). After twenty hours 
at 550°, 450°, and 400° respectively, 98.5, 99.0, 
and 100 mole % respectively of the initial trifluoro- 
acetonitrile were recovered unchanged.

Addition reaction. The results for a series of ex
periments for equimolar mixtures of trifluoro- 
acetonitrile and ethylene for the temperature range 
350°-450° are summarized in Table I. It is signifi
cant that both reactants are gaseous at room tem
perature so that the liquid product must be at
tributed to an addition reaction or, less probably, 
to a selfpolymerization of one of the reactants. 
The evidence from the thermal stabilities of the 
reactants, and from the exact correspondence of the 
conversions of each reactant at 350° is strong sup-

( 2 )  C . D . H u r d ,  The Pyrolysis of Carbon Compounds, 
C h e m . C a t .  C o ., N e w  Y o r k  (1 9 2 9 ).

port for an addition reaction. The fact that the 
trifiuoroacetonitrile conversion does not exceed 
60% at 400° suggests the possibility of thermo
dynamic control. The correspondingly higher con
versions of ethylene may be understood in the light 
of a more complex process at 400° with the forma
tion of additional products having more than one 
ethylene per mole of trifiuoroacetonitrile as a 
possibility. The significance of the values calculated 
for Kp in the last column of Table I is discussed 
later.

Identification of products. The unchanged tri
fiuoroacetonitrile and ethylene were quantitatively 
analyzed by gas chromatography. The liquids from 
the experiments all at 400° ± 3 °  were combined 
for distillation analysis. The gas chromatograph 
of this mixture indicated two main components, 
one in large excess, being present, and a number 
of minor peaks indicating some components of less 
extensive simultaneous reactions. Distillation in a 
semimicro Podbielniak apparatus separated two 
fractions, one low boiling (b.p. 139°-140°/760 
mm.) and the other higher boiling (b.p. 197°- 
198°/760 mm.) in the approximate "weight ratio of 
8:1 respectively and which, within the limits of 
the technique, composed 90-95% of the unrefined 
liquid mixture.

(i) The lower boiling liquid product was identi
fied as 4,4,4-trifluorobutyronitrile.

Anal. Calcd. for C4H4F3N: H, 3.3; N, 11.4; 
F, 46.3. Found: H, 3.44, 3.48; N, 11.30, 11.07; 
F, 45.55,45.83.

An aliquot was hydrolyzed in methanolic sodium 
hydroxide yielding an acid shown to be 4,4,4- 
trifluorobutyric acid (I. R. spectra, b.p. 162° lit. 
166°).3 The physical properties and infrared 
spectrum for 4,4,4-trifluorobutyronitrile have 
not been reported previously and were ob
served as follows: n2D6, 1.565; d\5, 1.21 g./ml.; 
infrared spectrum (Perkin-Elmer Model 21; sodium 
chloride region) shows clearly that absorption at 
2280 cm.-1 confirms the nitrile group (cf. per- 
fluoronitriles4 2275 ±  cm.-1, it is slightly shifted 
from the 2240-2260 region characteristic of ali
phatic mono- and dinitriles6). Bands at 1309, 1180, 
and 1142 cm.-1 are in accord with the literature 
values,6 1321 ± 9, 1179 ± 7, and 1140 ±  9 cm.-1 
for the symmetrical and antisymmetrical deforma
tion modes of CF3. The bands, 1230-1287 cm.-1 and 
at 3000 cm.-1 are in the regions for C—F and C—H 
stretching modes7 respectively. The infrared spec-

(3 )  E .  T .  M c B e e  et al., J. Am. Chem. Soc. 70, 2 9 1 0
(1 9 4 8 ) ;  7 6 ,3 7 2 2  (1 9 5 4 ).

(4 )  D .  G . W e ib le n , Fluorine Chemistry, V o l. 2 , A c a d e m ie  
P r e s s  I n c . ,  N e w  Y o rk , 1954 .

( 5 )  R .  E . K i s to n  a n d  N . E .  G r if f i th ,  Anal. Chem. 2 4 , 3 3 4
(1 9 5 2 ).

(6 )  R .  R .  R a n d le  a n d  D . M . W h if fe n , J. Chem. Soc. 
1 3 7 1 (1 9 5 5 ) .

( 7 )  L . J .  B e lla m y , The Infrared Spectra of Complex Mole
cules, J o h n  W ile ^  a n d  S o n s , In c . ,  N e w  Y o rk , 1958.



JU LY  1961 TRIFLU O RO A CETO N ITR ILE ADDITION REACTIONS. I 2171

TABLE I
T riflu oro a ceto n itrile-E th y len e  Addition  R eaction

T e m p .
T im e ,

h r .

c 2h 4 C F 3C N
L iq u id “
P r o d u c t
( T o t a l )

(g .)
K p

( e x p t . )
I n

(m o le s )
O u t

(m o le s )
C o n v e rs io n  
(m o le  % )

I n
(m o le s )

O u t
(m o le s )

C o n v e rs io n  
(m o le  % )

34 8 2 0 .3 0 .0 4 9 0 0 .0 4 6 0 6 .1 2 0 .0 4 7 5 0 .0 4 4 6 6 .1 2 0 .3 5 9 0 .0 3
3 6 6 s 8 9 .0 0 .0 4 4 0 — — 0 .0 4 5 5 — — 1 .9 8 0 . 4
3 9 7 2 5 .0 0 .0 4 9 1 0 .0 1 0 5 7 9 .0 0 .0 4 7 5 0 .0 4 4 6 5 0 .1 3 .0 3 0 . 7
3 9 9 2 0 .3 0 .0 4 8 6 0 .0 1 4 5 7 0 .5 0 .0 4 8 1 0 .0 2 3 2 5 1 .6 3 .6 8 1 .0
4 0 0 9 2 .0 0 .0 5 0 1 0 . 0 100 0 .0 5 0 3 0 .0 2 0 5 5 9 .5 3 .4 1 1 .2
401 4 8 .0 0 .0 4 9 6 0 . 0 100 0 .0 4 9 9 0 .0 2 0 6 3 5 8 .5 3 .5 9 1 .3
401 6 7 .5 0 .0 5 0 3 0 . 0 100 0 .0 5 0 3 0 .0 2 3 2 5 4 .2 3 .3 4 0 . 9
49 9 4 6 .2 0 .0 4 .5 1 0 . 0 100 0 .0 4 5 1 0 .0 1 4 9 6 6 .5 3 .6 0 —

“ L iq u id  a t  2 5 °  a n d  1 a tm .  p r e s s u r e . s T r i f lu o r o a c e to n i t r i l e  w a s  p r e p y r o ly z e d  a t  5 5 0 °  fo r  t h i s  e x p e r im e n t .

tram, within the limits of the preceding analysis, 
is in support of the structure 4,4,4-trifluorobutyro- 
nitrile for the addition product (b.p. 140°). An 
NMR spectrogram relative to fluorine showed only 
a triplet, identifying all the fluorine atoms as 
equivalent, in this structure. An alternate struc
ture 2,4,4-trifluorobutyronitrile thus is seen as most 
improbable. Additional support for the structure
4,4,4-trifluorobutyronitrile for this product is seen 
in the NMR spectrum which showed a high 
order splitting for the proton resonance, due to the 
perturbation of the trifluoromethyl and nitrile 
groups in the sample, these groups being quite 
similar in electronegativity. In the alternate struc
ture this would not be expected as the groups 
FCH2 and CF2CN differ considerably in electro
negativity and the protons are no longer all equiva
lent.

(ii) The higher boiling product (b.p. 190°), 
gained in much smaller amounts under the present 
conditions of reaction, has not been investigated 
at present except to note that the infrared spectrum 
showed the frequencies characteristic of CN, 
CF3, and CH2 as in the preceding compound, and 
that the NMR spectrum confirmed that all fluorine 
atoms were equivalent and, in addition, that the 
protons were in a more aliphatic environment,
i.e., less perturbed, in comparison with the results 
for 4,4,4-trifluorobutyronitrile. The results are in 
accord with the identification of this product as 
CF3(CH2)„CN, where n>2. Comparison of the 
boiling point range with those of related aliphatic 
nitriles shows that its boiling point (190°) is as 
would be predicted for n = 4, i.e., 6,6,6-trifluoro- 
capronitrile. The product has not been investi
gated further.

Thermodynamic considerations. In view of the 
experimental results at 400° relative to the con
versions of trifluoroacetonitrile, an estimate of the 
thermodynamics for the simple addition reaction

C F 3C N  +  C 2H 4 =  C F 3C H 2C H 2C N  ( 1 )

seemed of interest to evaluate the yields relative 
to thermodynamic control for the overall process.

The standard free energy change for the reaction 
is readily obtained from the expression:

AFt° = Y  A(F ° -  H„°)t +  AHo° (2)
p - r

where Y  expresses the differences in the sum-
p  —  r

mation function for the products and the reactants, 
and AH0° is evaluated from the relation:

AH„° = -  Y  A(H° -  H„°)298 +  AH°298 ( 3)
p - r

in which AH298 is the heat of reaction at 25° and 
must be known or calculated from heat of forma
tion data. A summary of the necessary thermody
namic data over the temperature range 350°- 
550° is given in Table II. Relative to the estimates 
of data in Table II, it is sufficient to note that the 
thermodynamic functions for 4,4,4 - trifluoro- 
butyronitrile were calculated by the method8 of 
group equations and a knowledge of the data for 
propane,9 n-pentane,9 and trifluoroacetonitrile.10 
The values for the heats of formation for trifluoro
acetonitrile and 4,4,4-trifluorobutyronitrile were 
similarly calculated by the principle of additivity8 
using the values for acetonitrile11 and propane,9 
and «-pentane9 as parents and the recently re
ported12 precise values of 46.5 kcal./mole for the 
difference in the bond energies E(RCF3 — RCH3) 
where R is any hydrocarbon group. The values 
in Table II are reported to more significant figures 
than the data for the parent compounds can justify 
for the sake of internal consistency in the equi
librium calculations. Since AF° is directly propor-

( 8 )  G . J .  J a n z ,  Estimation of Thermodynamic Properties 
of Organic Compounds, A c a d e m ic  P r e s s  I n c . ,  N e w  Y o r k ,
1958.

( 9 )  F .  D . R o s s in i ,  et al., E d . ,  Selected Values of Physical 
and Thermodynamic Properties of Hydrocarbons and Belated 
Compounds, C a rn e g ie  P re s s ,  P i t t s b u r g h ,  P a . ,  1953.

(1 0 )  G . J .  J a n z  a n d  S . C . W a i t ,  J r . ,  J . Chem. Phys. 2 6 , 
1 7 6 6 (1 9 5 7 ) .

(1 1 )  N .  S. K h a r a s c h ,  Bur. Standards J. Research 2 ,  3 5 9
(1 9 2 9 ).

(1 2 )  W . D . G o o d , D .  R .  D o u s lin ,  D .  W . S c o t t ,  A . G e o rg e , 
J .  L . L a c in a ,  J .  P .  D a w s o n , a n d  G . W a d d in g to n ,  J. Phys. 
Chem. 6 3 ,1 1 3 3 ( 1 9 5 9 ) .
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T A B L E  I I

T h e r m o d y n a m i c  D a t a  f o r  P r e d i c t i o n  o f  K p  i n  t h e  T r i f l u o r o a c e t o n i t r i l e - E t h y l e n e  A d d i t i o n  R e a c t i o n

S u b s ta n c e C 2H 4 C F s C N c f 3c h 2c h 2c n E
F u n c t io n T e m p . k c a l . /m o le R e f . k c a l . /m o le R e f . k c a l . /m o le R e f . ( k c a l . /m o le )

A H f°
( F °  -  H o0 ) 

T

2 9 8 . 1 ° K 1 2 .5 0 a - 1 2 6 . 7 b - 1 3 6 . 9 b - 2 2 . 7 0

60 0  ° K 5 0 .7 0 6 9 .1 5 c 8 7 .1 8 b 1 9 .6 0

( H °  -  H „ ° )  

T

8 0 0  ° K 5 4 .1 9 7 4 .5 4 9 6 .1 1 2 6 .1 0

2 9 8 .1 8  4 7 1 2 .6 8 c 1 9 .7 8 b - 1 . 3 7

S ee  r e f .  9. 6 E s t im a te d ,  th i s  w o rk . c S ee  re f . 10.

tional to the absolute temperature, the values over 
the temperature range of the experiments are readily 
gained by interpolation, and from the well known 
expression:

A F °  =  — R T ln K p  (4 )

the following values for equilibrium constant are 
predicted for the formation of trifluorobutyronitrile 
by the trifluoroacetonitrile-ethylene addition re
action :

T  3 5 0 °  4 0 0 °  4 5 0 °
K p ( th e o r . )  4 . S  1 . 2  0 . 4

These are to be compared with the values in Table 
I from the experimental data and the expression:

Kp = r t  c ,c ;  . (5)

where Ci, C2 and C3 are the concentrations (moles/
1) of trifluoroacetonitrile, ethylene and 4,4,4-
trifluorobutyronitrile at equilibrium. For this
purpose it was assumed as a first approximation 
that the liquid was entirely 4,4,4-trifluorobutyro- 
nitrile and that the equilibrium conversion of 
ethylene was equal to that for trifluoroacetonitrile 
as the reactants contribute in this ratio to the forma
tion of the above product. The conversions at 348° 
(Table I) clearly support the latter assumption. 
Comparison shows that thermodynamic control, 
i.e., equilibrium yields, can be attained readily 
at 400°, whereas at 350° the reaction is under 
kinetic control even after reaction times of ninety 
hours. The results should be interpreted qualita
tively rather than quantitatively in view of the 
estimates necessary for the theoretical calculations 
and the assumptions in the treatment of the ex
perimental data. Indirect support for the assump
tion that 4,4,4-trifluorobutyronitrile is in large 
part the only addition product at 350°-400° is 
seen in the close agreement with the theoretically 
predicted Kp values at 400°.

D IS C U S S IO N

The salient results may be briefly restated in 
that it has been shown that trifluoroacetonitrile 
reacts readily with ethylene in the homogeneous 
gas phase at moderately high temperatures (3 0 0 ° -  
5 0 0 °) with the formation of 4,4,4-trifluorobutyro

nitrile as the main product when the reactants are 
mixed in equimolar ratio at atmospheric pressure. 
Some evidence for the formation of another product 
in smaller amounts, i.e., 6,6,6-trifluorocapronitrile 
was noted. Equilibrium yields predicted from 
thermodynamics can apparently be readily at
tained at 400°, i.e., thermodynamic control can be 
achieved. The experiments do not lend themselves 
to kinetic interpretation but some speculation on 
the mechanism is of interest and possible by 
analogy with related addition processes. A close 
correspondence in the reactivities of trifluoro
acetonitrile and cyanogen in the gas phase with 1,3- 
dienes at moderately high temperatures has been 
demonstrated elsewhere.1 That incipient formation 
of free trifluoromethyl radicals may occur from 
trifluoroacetonitrile by simple thermal dissociation 
or a suitable trace catalyst seems probable as 
this is known for cyanogen.13 The reaction may 
thus be understood by a mechanism rather similar 
to the free radical addition of hydrogen bromide to 
olefins,14 i.e.:

C F 3C N  - E  C F 3 +  C N  (6)
C F 3 +  C H 2= C H 2 — >  C F 3— C H 2— C H 2 ( 7 )

C F 3— C H 2— C H 2 +  C F s C N  — >
C F 3— C H 2C H 2— C N  +  C F 3 ( 8 )

with termination steps which need not be de
tailed for the present. The investigations are 
being extended to gain an insight on the nature 
of the reaction mechanism and the possible role of 
trifluoroacetonitrile as a telogen15 as distinct from 
the thermodynamics of the overall process.
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A  n u m b e r  o f (3 ,/3 ,(3 -tria ry lp ro p io n io  a c id s  h a v e  b e e n  p r e p a r e d  a n d  c h a r a c te r iz e d .  T h e i r  s i lv e r  s a l t s  r e a r r a n g e d  u n d e r  H u n s -  
d ie c k e r  r e a c t io n  c o n d i t io n s  t o  s u b s t i t u t e d  a c r y l a t e  e s te r s  i n  p o o r  y ie ld  ( u n d e r  2 0 % )  b u t  in  f a i r  c o n v e r s io n  ( 3 5 - 5 0 % ) .  E v i 
d e n c e  is  p r e s e n te d  t h a t  th e s e  r e a r r a n g e m e n ts  p ro c e e d  via a  f iv e -m e m b e re d  r in g  in t e r m e d ia t e  o f  t h e  A ri-5  ty p e .  T h e  e f fe c t  o f 
c o m p e t i t io n  b e tw e e n  p h e n y l  a n d  s u b s t i t u t e d  p h e n y l  g r o u p s  in  t h e  r e a r r a n g e m e n t  w a s  a ls o  i n v e s t ig a te d .

The rearrangement of /?,/?,/3-triphenylpropionic 
acid under Hunsdieeker reaction conditions was 
reported earlier from this laboratory.1 2 There was 
found a surprising 53% carbon skeletal rearrange
ment3 in addition to a 44% recovery of the original 
acid and 3% bromodecarboxylation, the normally 
expected Hunsdieeker reaction.4 * Migration of a 
phenyl group followed by elimination of the 
elements of hydrogen bromide yielded phenyl 
/3,|6-diphenylacrylate which, in the presence of 
excess bromine, gave largely its a-bromo derivative. 
The overall process, a 1,4-phenyl migration, was 
rationalized as occurring by an intramolecular 
process involving a five- or six-membered ring in
termediate {Arr 5 or Ar2-6 type, respectively6) 
possessing either phenonium ion or free radical 
characteristics, as shown below without specification 
as to the electronic nature of each. The earlier

A n - 5  A lv 6

work indicated the Ari-5 intermediate to be the 
more likely, primarily from steric considerations. 
This instance of intramolecular ester formation by 
rearrangement was the first reported in the litera
ture of the Hunsdieeker reaction, and it was felt 
of interest to investigate this rearrangement further, 
particularly to elucidate the ring size of the inter
mediate, the scope of the reaction, and its condi
tions.

R E S U L T S

The first points, the ring size of the intermediate 
and the scope of the reaction, were determined by 
the placement of a substituent on one (or more)

(1 ) T a k e n  f ro m  t h e  d o c to r a l  d i s s e r ta t io n  o f J a m e s  L . 
F in n e r ty ,  S . J . ,  L o y o la  U n iv e r s i ty ,  F e b r u a r y ,  1960.

(2) P a p e r  I ,  J .  W . W i l t  a n d  D .  D .  O a th o u d t ,  J. Org. 
Chem., 2 3 ,2 1 8  (1 9 5 8 ).

(3 ) R e p e a t e d  a t t e m p t s  h a v e  n o t  d u p l i c a t e d  th i s  h ig h e r  
y ie ld ;  t h e  r e a r r a n g e m e n t  y ie ld  se e m s  u n i f o rm ly  2 0 - 2 3 % , 
t h e  r e c o v e r e d  a c id  5 0 - 7 0 % .

(4) R .  G . J o h n s o n  a n d  R .  K .  I n g h a m ,  Chem. Revs., 56,
2 1 9  (1 9 5 6 ).

of the phenyl groups in the initial acid. Reaction 
by way of the Au-5 spiro ring would keep the sub
stituent in the same position relative to C-l in 
the aromatic ring, while reaction via the Ar2-6 
intermediate would in effect isomerize the substi
tuted aromatic ring. The pathway actually involved 
was easily decided by the isolation and identifica
tion of the phenol obtained by saponification of the 
ester product. The results are given in Table I. 
Other experiments were performed with the tris- 
substituted acids I, XIII, XIV, and XV in order 
to investigate the course of this reaction and the 
effect thereon of changing the various reaction 
conditions. The results of these attempts are listed 
in Table II.

In one reaction series the ester produced was 
isolated and characterized. The choice of the series 
using the tris-p-i-butyl acid (XIV) was occasioned 
by two considerations. First, a tris-substituted acid 
was chosen since the ester mixture likely to result 
would be less complex. Second, an acid that gave a 
fair yield in the process was chosen. Other than the 
parent acid I, vdiich had been already investigated 
only XIV seemed appropriate for this portion of 
the study.

The rearrangement of XIV gave rise to a single 
ester (XVI) that was converted by hydrogenation 
and saponification to /3„8-bis(p-(-butylphenyl)- 
propionic acid (XIX). The latter material was 
identical with that obtained by the hydrogenation 
of authentic /3,/3-bis(p-(-butylphenyl)acrylic acid
(XVIII).6 The ester (XVI) was also saponified to 
the a-bromo acid (XVII).

B n
A n C C I L C O O H  •— >- S i lv e r  s a l t -------- s- A r2C = C B r C O O A recu

X I V  X V I ,  m .p .  1 6 1 -1 6 2 °

2) I o H ~ G ) /  | k o h  ( H o c m c m n o

A n C H d L C O O H  A r 2C = C B r C O O H  +  A rO H
( 100% )

X I X ,  m .p .  2 0 1 -2 0 2 °  X V I I ,  m .p .  1 7 4 -1 7 5 °

Ha(Pd— C) |  E tO H

A r 2C = C H C O O H  
X V I I I ,  m .p . ,  1 9 8 -1 9 9 °

A r  =  p - i - b u ty lp h e n y l

(5 ) R .  H e c k  a n d  S . W in s te in ,  J. Am. Chem. Soc., 7 9 , 3 1 0 5
(1 9 5 7 ).
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T A B L E  I

R ea rrangem ent  o f  M o nosubstituted  /3,/3,|3-Tria rylpro pion ic  A c id s  (Silv er  Salts) 

X — C 6H 4 ( C 6H 5) 2C C H 2C O O  A g

C o d e  fo r  
A c id X

D e c a r b o x y la t io n ,“
%

R e a r r a n g e m e n t ,1’
%

P h e n o l
C o m p o s i t io n 0

I H 3 . 2 2 2 .0 ^ 1.0
I I o - C H 3 5 . 9 9 .5 * 1 0 .3
I I I m -C H a 2 . 8 1 2 .4 * 9 . 5
I V p -C H a 1 0 . 7 ( 5 . 3 K 8 . 7 ( 8 . 0 ) 1 .9
V p - ( C H 3)aC 6 .1  ( 8 .9 ) 7 . 6  ( 6 .6 ) 0 .6 4
V I p - C 6H 6 3 .5 9 —

V I I (C 4H 3) T r a c e  ( 6 .8 ) 71 (T ra c e ) —
V i l i p -C H a O 2 . 2 1 J ,k —

I X p - F 2 . 4 1 2 . 3 * 0 .1 4
X m -C l 5 .3 1 3 .7 * 0 .5 5
X I p - C l 5 . 4 1 1 .7 * 0 .2 9
X I I p - B r 1 0 .4 1 3 .7d 0 .3 5

a M e a s u r e d  a s  c a r b o n  d io x id e  e v o lv e d  ( b a r iu m  c a r b o n a te  p r e c ip i t a t i o n ) .  A n  in d u c t io n  p e r io d  o f  f iv e  t o  t e n  m in u te s  w a s  
a lw a y s  n o t ic e d  p r io r  t o  a n y  g a s  e v o lu t io n .  s M e a s u r e d  a s  t o t a l  p h e n o ls  p r o d u c e d  b y  s a p o n if ic a t io n  o f r e a c t io n  p r o d u c t  
( in f r a r e d  a n d  v .p .c . ) .  * M o le s , r e l a t i v e  t o  p h e n o l ;  f o u n d  a s  fo llo w s : w t . - %  X — C 6H 4O H / w t . - %  C e H sO H  X  m o l. w t .  
C 6H 6O H /m o l .  w t .  X — CeELiOH X  2 . d A v e ra g e  o f  tw o  e x p e r im e n ts .  * A v e ra g e  o f  t h r e e  e x p e r im e n ts .  f  V a lu e s  in  p a r e n th e s e s  
■were o b t a in e d  w h e n  c h lo r in e  w a s  u s e d  in s t e a d  o f  b ro m in e .  a B r o m in a t io n  o f  r e a c t io n  m a te r i a l  m a d e  a n a ly t i c a l  te c h n iq u e s  
in v a l id .  h E x te n s iv e  d e g r a d a t io n  o c c u r r e d . o - N a p h th y ld ip h e n y lc a r b in o l  (m .p . 1 3 3 -1 3 8 ° )  i s o la te d .  1 H y d r o g e n  c h lo r id e  w a s  
e v o lv e d , so  n o  b a r iu m  c a r b o n a te  w a s  p r o d u c e d .  J O n ly  is o la b le  p r o d u c t  w a s  a n  a c id , m .p .  1 7 0 -1 7 1 ° , p r e s u m a b ly  t h e  m o n o 
b r o m o  d e r iv a t iv e  o f  V I I I .  N e u t .  e q u iv .  C a lc d . f o r  C>2H 19B rO a, 4 1 1 . F o u n d :  4 1 8 . Z e ise l t e s t  w a s  p o s i t iv e .  k A  d ic h lo ro  d e r iv a 
t i v e  o f  t h e  in i t i a l  a c id  V I I I ,  p r e s u m a b ly  /3 - (3 ,5 -d ic h lo ro -4 -m e th o x y p h e n y l) - /3 ,0 -d ip h e n y lp ro p io n ic  a c id  w a s  i s o la te d  in  3 3 %  
y ie ld ,  m .p .  ( f ro m  a lc o h o l)  2 0 7 - 2 0 8 ° .  N e u t .  e q u iv .  C a lc d . fo r  C 22H i8C l20 a , 4 0 1 . F o u n d :  400 , 4 0 7 . Anal. C a lc d . :  C , 6 5 .8 6 ; H ,
4 .5 2 . F o u n d :  C , 6 5 .7 7 ; H ,  4 .5 9 . O n ly  t r a c e s  o f  p h e n o ls  f o u n d  o n  s a p o n if ic a t io n  o f  r e a c t io n  p r o d u c t .

T A B L E  I I

R ea rrangem ent  o f  T ris-S ubstituted  /3,/J,/3-Tria rylpro pion ic  Acids (Silv er  Salts)

(X — C 6H 4) 3C C H 2C O O A g

C o d e T im e , S o lv e n t , co2, R e a r r a n g e m e n t ."
o f A c id X T e m p . H r . H a lo g e n % %

I H 2 5 ° 1 w e e k C C l4,B r 2 b 2 1 .7
2 5 - 3 5 ° 2 . 5 C C L ,,B r2 3 . 2 2 2 .3
2 5 - 7 0 ° 2 . 5 C C 14,C12 2 1 6 .2
2 5 ° 12 C 6H 5N 0 2,B r 2 T ra c e 9.9

0 - 2 5 ° 6 C 5H 6N ,B r 2 7 . 6 T r a c e
X I I I p - C H 3 1 5 -4 5 ° 0 .7 5 C C l4 ,C l2 T r a c e 1 -2
X I V p - ( C H 3) 3C 2 5 ° 12 C C l4,B r 2 1 21°

7 7 °
(R e f lu x )

1 .5 C C l4,B r 2 13 7d

- 1 2 - 0 ° 3 . 5 C C f i jB n T ra c e 8d
X V p - C l 2 5 ° 2 C C h jB n 5 0

°  D e te r m in e d  a s  t h e  p o ly b r o m o  d e r iv a t iv e  o f  t h e  p h e n o l  o b t a in e d  f ro m  t h e  r e a c t i o n . 5 N o t  d e t e r m i n e d . * B a s e d  o n  i s o la te d  
e s te r ,  se e  E x p e r im e n ta l .  d B a s e d  o n  p -2 -b u ty lp h e n o l  i s o la te d  u p o n  s a p o n if ic a t io n .

It is of importance that only p-i-butylphenol was 
isolated from the saponification of XVI as obtained 
directly from the reaction, i.e., prior to any purifi
cation. No trace of isomeric phenols was found.

D IS C U S S IO N

The point most clear from the present study is 
that no ortho shift results from this reaction. The 
isolation and/or identification of phenols solely

(6 ) T h is  a c id  a n d  i t s  m e th y l  e s t e r  w e r e  g r a c io u s ly  s u p p l ie d  
b y  P r o f e s s o r  E .  C . K o o y m a n  o f  t h e  U n iv e r s i t y  o f  L e id e n , 
t h e  N e th e r l a n d s .  T h e s e  c o m p o u n d s  w e r e  r e p o r t e d  b y  H . 
B r e e d e r v e ld  a n d  E .  C .  K o o v m a n ,  cf. f o o tn o te  b t o  T a b le
V I .

with the position of the substituent retained was 
achieved in every instance where the reaction 
succeeded. Such a finding eliminates the Ar2-6 
mechanism and affords support for the Arr 5 
mechanism previously put forward.2 All attempts to 
increase aryl migration and the formation of ester 
were unsuccessful, and these experiments only 
indicated the reaction limits. While the complexity 
of these reactions and the low yield of esters ob
tained do not allow the phenol composition values 
to be regarded as meaningful “migration aptitudes,” 
certain features seem worthy of mention. The val
ues cover a relatively narrow range grouped about 
unity (0.1 to 10). Characteristically, radical proc-
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T A B L E  I I I

T r i a r y l m e t h y l m a l o n i c  E s t e r s , P a r e n t  a n d  M o n o s u b s t i t u t e d  

X — C 6H 1(C 6H 5)2C C H ( C O O C 2H 6)2

M .P . C a lc d . F o u n d
X Y ie ld , % O b s . L i t . C  H C H

I I 79 1 3 4 -1 3 5 ° 132-133°®
0-CH :j 72 1 1 2 -1 1 3 ° 1 1 2 - 1 1 3 ° 6
■»i-CHs 83 9 5 - 9 7 ° 9 9 - 1 0 0  °c
p -C H s 72 7 2 - 7 3 ° 7 4 - 7 5 06
p - ( c h 3) 3c 82 1 1 3 -1 1 4 ° 1 0 7 - 1 0 8 o<i
p - F 80 1 2 3 -1 2 4 ° 7 4 .2 7  5 .9 9 7 4 .1 6 5 .9 2
jij-C l 80 9 3 - 9 4 ° 7 1 .4 7  5 .7 7 7 1 .6 1 5 .9 4
p - C l 85 1 1 0 -1 1 1 ° 7 1 .4 7  5 .7 7 7 1 .3 0 5 .5 3
p - B r 78 1 1 0 -1 1 1 ° 6 4 .8 6  5 .2 4 6 5 .1 0 5 .3 2

" G . G . H e n d e r s o n ,  J. Chem. Soc., 5 1 , 2 2 5  (1 8 8 7 ). 6 S e e  R e f .  1 2 a . ‘ S ee  R e f . 12b . d S ee  R e f .  12c. Î
T A B L E  I V j

T r i a r y l m e t h y l m a l o n i c  E s t e r s , T r i s - S u b s t i t u t e d

( X - C 6H 4) 3C C H ( C O O C 2H 6)2

C a lc d . F o u n d
X Y ie ld , % M .P . C H C H

p - C H 3 « 9 4 .5 - 9 5 ° 7 8 .3 5 7 .2 6 7 8 .5 5 7 .1 1
p -C l 76 1 1 4 -1 1 5 ° 6 1 .7 3 4 .5 8 6 1 .4 8 4 .4 9

“ N o t  d e te r m in e d .

esses show limited selectivity wherever evaluated.7 
In addition, the failure of nitrobenzene and pyri
dine (polar solvents resistant to ionic substitution) 
to assist the rearrangement indicated that increased 
solvent polarity did not facilitate the reaction, 
as one might expect were this process ionic. On 
the other hand, the known reactivity of these 
solvents in radical reactions8 rationalizes then- 
deleterious effect on this reaction if it be radical, 
since they could react in some fashion competitively 
with the rearrangement. While such considerations 
cast some doubt on our previous suggestion2 
that this reaction is ionic in nature, no compelling- 
evidence was found in this study one way or the 
other.

The ease of rearrangement of the o-tolyl group in 
this reaction contrasts with the low migration 
ability obtained by McNeer7 for this group in 
triarylmethyl peroxide decompositions. The dif
ference, we feel, is primarily steric. The Wieland 
rearrangement is a 1,2-shift and the o-tolyl group 
usually is poor in such processes,9 presumably be
cause of steric crowding by the group in the transi
tion state. The opposite situation apparently 
exists in this process, where the steric strain in the

(7) R .  M . M c N e e r ,  d i s s e r ta t io n ,  U n iv e r s i t y  o f  C h ic a g o
(1 9 5 3 ). A  r e fe re e  h a s  n o t e d  t h a t  m ig r a t io n  a p t i t u d e s  i n  so m e  
io n ic  p ro c e s s e s , s u c h  a s  t h e  d e a m in a t io n  o f  /3 ,/3 -d ia ry le th y la -  
m in e s , a r e  a ls o  c ro w d e d  v e r y  c lo se  to g e th e r .

(8) D .  R .  A u g o o d  a n d  G . H .  W il l ia m s , Chem. Revs., 5 7 , 
123 (1 9 5 7 ).

(9) T h e  r e a c t io n  o f  o - to ly l  G r ig n a r d  w i th  b e n z i l  is  s u c h  a
c a s e , t h e  p r o d u c t  o b ta in e d  r e s u l t in g  f r o m  m ig r a t io n  of 
p h e n y l  r a t h e r  t h a n  o - to ly l  in  a  b e n z il ic  a c id  t y p e  r e a r r a n g e 
m e n t .  R .  R o g e r  a n d  A . M c G re g o r ,  J. Chem. Soc., 442
(1 9 3 4 ).

spiro intermediate can be shown by models to be 
less when the o-tolyl group migrates.10 Apparently, 
steric features do not account for the curious 
values obtained for the m-and p-tolyl groups. 
p-Tolyl activation in either ionic or radical reac
tions is considerably greater than m-tolyl and the 
found values present an anomaly.

E X P E R IM E N T A L

A ll m e l t in g  p o in t s  w e re  o b t a in e d  o n  a  c a l i b r a t e d  F is h e r -  
J o h n s  b lo c k . I n f r a r e d  s p e c t r a  w e re  o b t a in e d  w i th  a  P e r k in -  
E lm e r  m o d e l  21 I n f r a r e d  S p e c t r o p h o to m e te r ,  u s in g  a  s o d iu m  
c h lo r id e  p r is m . T h e  s p e c t r a  o f a l l  s o l id s  w e re  d e te r m in e d  in  
p o ta s s iu m  b r o m id e  p e l le ts .  T h e  s p e c t r a  o f  a l l  p h e n o ls  w e re  
d e te r m in e d  in  c a r b o n  d is u lf id e  s o lu t io n .11 T h e  u l t r a v io l e t  
s p e c t r a  w e re  f ro m  a  B e c k m a n  m o d e l  D U  in s t r u m e n t ,  
m a n u a l ly  o p e r a te d .  T h e  v a p o r  p h a s e  c h r o m a to g r a m s  w e re  
o b ta in e d  w i th  a  P e r k in - E lm e r  m o d e l  1 5 4 C  V a p o r  F r a c to m -  
e t e r  w i th  h e l iu m  a s  t h e  c a r r ie r  g a s  a n d  o n  a  d i-2 -e th y l-  
h e x y l  s e b a c a te  c o lu m n . A n a ly s e s  w e re  p e r fo r m e d  b y  G a l 
b r a i t h  L a b o r a to r ie s ,  K n o x v il le ,  T e n n .

Triarylmethylmalonic esters. T h e s e  c o m p o u n d s  w e re  s y n 
th e s iz e d  b y  c o u p lin g  t h e  a p p r o p r i a t e  t r i a r y l m e t h y l  c h lo r id e  
w i th  e th o x y m a g n e s io m a lo n ic  e s te r .  T h e  l a t t e r  r e a g e n t  
w a s  p r e p a r e d  f ro m  d ie th y l  m a lo n a te  (2 4 0  g ., 1 .5  m o le s ) , 
m a g n e s iu m  (3 6 .4  g ., 1 .5  g .- a to m s )  a n d  a b s o lu te  e th a n o l  
(3 5 0  m l .) .  S in c e  t h e  r e a c t io n  is  h ig h ly  e x o th e rm ic , t h e  m a g 
n e s iu m  a n d  o n e - th i r d  o f  t h e  m a lo n ic  e s te r - e th a n o l  s o lu t io n  
wre re  p la c e d  in  a  1-1. r e a c t io n  f la s k  e q u ip p e d  w i th  s t i r r e r ,  
c o n d e n s e r  a n d  a d d i t io n  fu n n e l .  A  c r y s t a l  o f  io d in e  a n d  a

(10) S ee  t h e  d i s s e r t a t io n  o f J .  L . F . ,  p p .  3 0 -3 3 .
(11) T h e  s p e c t r a  a n d  v .p .c .  d a t a  f o r  t h e  a p p r o p r i a t e  c o m 

p o u n d s  a r e  c o n ta in e d  in  t h e  d i s s e r t a t io n  o f  J .L .F .
(12) (a ) G . A . H o lm b e r g ,  Acta Acad. Abo. Math, et Phys., 

16, 138  p p .  (1 9 4 8 ). Cf. Chem. Abstr., 45, 5 5 8 c  (1 9 5 1 ). (b )
G . A . H o lm b e r g ,  Acta Acad. Abo. Math, et Phys., 17, 14 
p p .  (1 9 5 0 ). Cf. Chem. Abstr., 46, 6 1 14i (19 5 2 ) (c) G . A . 
H o lm b e rg , Acta Acad. Abo. Math, et Phys., 18, 13 p p .  (1 9 5 2 ).

2 2 8 g  (1 9 5 5 ).

u w u m i f N ï i w  mu
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TABLE V
/3,j3,j3-Triabylpropionic Acids, Parent and  Monosubstituted

X— C6H,(C6H,)2CCH2COOH

Code X Yield, %
M.P. Caled. Found

Obs. Lit. C II C H

I H 64 180-181° 180°»
II o-CHs SI 174-175° 174-1750&
III m-CHs 51 117-118° 118-119°°
IV î)-CH3 80 196-197° 195-19606
V p-(CH3)„C 81 170-171° 165-1670<i
VI p-CeH/ 31 98° 100-101°'
VII (C4H a)e 45 234-235° 236-237°'
VIII p-CH3Oc 66 141-142°5 155-156°' 79.49 6.07 79.66 6.18
IX p-F 50 164-165° 78.73 5.35 79.06 5.56
X TO-C1 31 142-143° 74.88 5.09 75.05 5.02
XI p-Cl 71 192-193° 74.88 5.09 74.70 5.19
XII p-Br 78 180-181° 66.16 4.49 66.12 4.39

° L .  Hellerman, Am. Chem. Soc., 4 9 , 1738 (1927). b See Ref. 12a. ° See Ref. 12b. d See Ref. 12c. ‘ Prepared from triaryl* 
methyl chloride without isolation of malonie ester intermediate. 1 Presumably a polymorph. ^

TABLE VI
/3„6,/3-Triarïxpropionic Acids, Tris-Substituted

(X —Cä JjCCHüCOOH

Code X Yield, %
M.P. Caled. Found

Obs. Lit. C H C H

XIII p-CHs 21® 233-234° 83.69 7.02 83.45 6.90
XIV pACHahC” 58 249-250° 251-25306
XV p-Cl 48' 192-193° 62.16 3.73 62.22 3.74

“ Overall yield from triarylmethyl chloride. h Prepared by reaction of tris-(p-i-butylphenyl)carbinol -with malonie acid 
in acetic anhydride according to the directions of H. Breederveld and E. C. Kooyman, Rec. trav. chim., 7 6 , 297 (1957).' Yield 
of crude acid, of which only a part was purified.

few drops of carbon tetrachloride were added, gentle heating 
was applied until reaction began, and an ice bath was used 
to moderate the initial hydrogen evolution. Stirring was 
begun and controlled addition of the remaining malonie 
ester-ethanol solution was sufficient to maintain reflux. When 
the magnesium was consumed, the excess ethanol was re
moved by vacuum distillation and azeotropic distillation 
with benzene. There remained a solution of the reagent in 
benzene (425 ml.) which was kept in a graduated cylinder 
sealed from the atmosphere, under which condition it was 
stable. In preparing the substituted malonie esters, a ben
zene solution of the halide was added rapidly to an aliquot 
of the organomagnesium reagent. The mixture was stirred 
at reflux for 5 min., then stirred at 25° for 2-3 hr., during 
which time a variety of color changes occurred, ending in a 
pale green solution. After hydrolysis with dilute (10%) 
hydrochloric acid, the benzene layer was separated, washed 
and dried. Removal of the benzene by vacuum distillation 
left the ester which was readily crystallized from 95% 
ethanol. The esters and their properties are listed in Tables 
III and IV. The infrared spectra of these esters showed a 
split ester carbonyl in every case except the tris-p-chloro- 
phenyl example. The separation was about 0.05-0.1 ¡i, 
with the peaks generally at 5.7-5.8 p and 5.8-5.9 p. This 
splitting is interesting, since malonie ester has normal 
carbonyl absorption.13

(},fS,f5-Triarylpropionic acids. In the general procedure, a 
solution, or rapidly stirred emulsion, of the ester, 95% 
ethanol (7-10 ml./g. ester) and an excess of aqueous potas
sium hydroxide (50%, 6 moles/mole ester) was refluxed for 
5 hr. The solution was concentrated under reduced pressure, 
and the potassium salt was dissolved in warm water (1 L).

(13) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, Wiley, New York, 1954, p. 157.

The addition of this solution to dilute (5%), cold hydro
chloric acid (10 moles/mole ester) liberated the free acid. 
Recrystallization was effected from alcohol, although before 
successful crystallization in some of the preparations, the 
crude acid required heating to 200° to complete decarboxyla
tion. Thus, acid II was so treated and the resulting plastic 
material taken up in dilute sodium hydroxide, a small 
amount of residue was removed by filtration, and upon re- 
precipitation with acid a readily recrystallized product was 
obtained. Acid X crystallized slowly and tended to oil out 
first. Also, the limited solubility of acid IV made a hot wash 
with alcohol preferable for purification of large quantities. 
Benzene (with acids III and XI) and benzene-petroleum 
ether (b.p. 30-60°) (with acid V) were successfully employed 
in crystallizations. Acid XIV was obtained best by boiling 
its sodium salt with concentrated hydrochloric acid. The 
analytical sample of acid XIII was material recovered from 
the Hunsdiecker reaction, as a persisting trace of potassium 
salt accompanied the isolation by the above methods. The 
properties of these acids are given in Tables V and VI.

Silver 0,13,13-triarylpropionates. The silver salts were gen
erally prepared by the dropwise addition of an equivalent 
amount of silver nitrate (10% in distilled water) to a hot, 
stirred solution of the sodium salt of the acid (1-5% in 
distilled water, pH adjusted to 7-8 with dilute (1:1) nitric 
acid). The suspension was stirred for 3-4 hr., protected 
from light. The white silver salts were filtered, washed with 
distilled water, and oven-dried at 80° for 48 hr. Ash analyses 
were performed, but the yield data are not corrected for 
the slight lack of purity in some of these salts.

Rearrangement of the silver salts. The reaction of the silver 
salts with bromine was carried out essentially as described 
earlier.2 Ordinarily, no attempt was made to separate the 
esters produced, but rather the esters were saponified directly 
by refluxing an alcoholic (100 ml.) solution of the esters
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with aqueous potassium hydroxide (50%, 5 moles/mole of 
initial silver salt) for 12 hr. In those instances in which 
chlorine was employed, the gas was bubbled slowly into 
the reaction mixture from a desk cylinder. These reactions 
were slower in starting, perhaps due to less intimate contact 
between reactants. Pertinent data are given in Tables I 
and II.14

I s o la t io n  a?id a n a ly s is  o f  the p h e n o ls . Three methods 
were used to obtain the phenols quantitatively from the 
saponifications. Each method involved removal of the solvent 
(alcohol) by distillation, acidification of the phenoxides 
with dilute hydrochloric acid, steam distillation, or codistil
lation with water of the liberated phenols, and, finally, 
extraction of the distillate to obtain the carbon disulfide 
solutions of the phenols for infrared and v.p.c. analysis. 
No detailed examination of the rest of the saponified material 
was done, although the residues were soluble in base and 
gave initial acid (50-70% recovery) upon acidification. 
The identity of this recovered acid was established in all but a 
few runs. The distillations w-ere continued in these isolations 
until negative bromine-water tests were obtained. The 
aqueous distillation residues were also so checked. The 
aqueous solutions of the phenols were then saturated with 
salt and extracted with an organic solvent until the water 
layer gave a negative bromine water test. In one method, 
ether was the extractant. The ethereal extract was dried, 
concentrated, and the ether replaced by carbon disulfide 
via distillation to 45°. In the other methods, the phenol 
solution was made alkaline again and redistilled, followed 
by isolation again as before, in one case by repeated extrac
tion with small volumes of carbon disulfide or, in the other 
and best method, by day-long continuous extraction. Control 
experiments on standard solutions of various phenols, using 
the methods given, indicated isolation yields of better than 
98%, well within the limits of accuracy of this work.

Standard mixtures of the phenols expected from each run 
were prepared and their infrared and v.p.c. characteristics 
determined. Absorbances (log 1/T) were calculated for a 
characteristic peak of each phenol in each standard mixture. 
The ratio of absorbances of the phenols were plotted against 
the wt.% of the phenols, giving excellent linearity in all 
cases. The reaction phenol mixture was then examined in 
the infrared and the ratio of characteristic absorbances 
determined. From the graph, the percentage composition 
was readily evaluated. The same standard-width sample cell 
was used throughout. Vapor phase chromatographic analyses 
were performed by the ratio of areas method, the peaks 
being integrated by both planimeter and half-width tech
niques. The column length was 1 meter, the temperature 
180°.

R e a rr a n g e m e n t o f  /3 ,(!,(3 -lr is(p -bu lyl p h e n y l)  p r o p io n ic  a c id
(XIV), s ilv e r  sa lt. Dry bromine (6.4 g., 0.04 mole) in 
dried carbon tetrachloride (10 ml.) was added in 1 hr. at 
25° to a stirred suspension16 of the silver salt of XIV (purity 
93%, 23 g., 0.04 mole) in carbon tetrachloride (30 ml.), 
employing a nitrogen sweep as before.2 After 30 min., a 
paste resulted. Carbon dioxide evolved was slight (1%). 
After standing overnight, the reaction was worked up as is 
customary,2 giving recovered acid (13.4 g., 71.1%, m.p.
245-247°). A golden semisolid was also obtained which, on 
trituration with alcohol, gave a white solid (4.5 g., 21%) 
which was an ester (hydroxamic acid test) containing bro
mine (Beilstein test). A portion was reorystallized from alco
hol, m.p. 161-162°, and subsequent work indicated this 
material to be p-i-butylphenyl a-bromo-/3,/3-bis(p-i-butyl- 
phenyl) acrylate (XVI).

A n a l .  Calcd. for C33H39Br02: C, 72.39; H, 7.16. Found: C, 
72.85; H, 7.03.

(14) For data on the thirty-odd reactions performed, 
the dissertation of J.L.F. should be consulted.

(15) The silver salts of most of the acids studied were
soluble in carbon tetrachloride; the salt of XIV, however, 
was not. •

The infrared spectrum showed C = 0 (5.7 y , strong), C = C 
(6.05 y , very weak), and an quartet of peaks in the 11.5— 
12 y  region, among others. All features of the spectrum were 
consistent with the proposed structure. The ultraviolet 
spectrum showed a 289 m  ̂ (e 8920) with X̂ ”„ 282.5 n  
(e 8300). Similar spectra were noted for the compounds ob
tained in the earlier study.2

The remainder of the crude ester was saponified and 
worked up to give exclusively p-i-butylphenol (m.p. and 
mixture m.p. 98-99°) as the phenolic component. The acid 
portion was investigated as follows.

a -B r o m o -(S ,fj-b is {p -t-b u ty lp h e n y l)a c ry lic  a c id  (XVII). 
XVI (0.45 g., 0.8 mmole, m.p. 161-162°) was saponified at
130-140° for 3-4 min. with potassium hydroxide (0.6 g.) in 
diethylene glycol (10 ml.). Water (10 ml.) was added to the 
cooled mixture and the flakes of the potassium salt of XVII 
collected. Acidification and steam distillation of the filtrate 
gave p-i-butylphenol (0.12 g., 100%, m.p. 98°). Acidifi
cation of the potassium salt of XVII gave the acid as a white 
solid. Two recrystallizations from water-alcohol gave 
flakes, m.p. 174-175°.

A n a l .  Calcd. for C23H2iBr02: C, 66.51; H, 6.55. Found: 
C, 66.71; H, 6.68.

The infrared spectrum was consistent with this structure. 
The C = 0 absorption was at 5.95 y .

f) ,f3 -B is { p - t-b u ty lp h e n y l)p ro p io n ic  a c id  (XIX). XVI (0.41 
g., 0.75 mmole, m.p. 161-162°) was shaken in a mixture of 
absolute ethanol (50 ml.), sodium hydroxide (0.5 g.) and 
palladium on charcoal (10%, 0.5 g.) under 1 atm. of hydrogen 
for 16 hr. The mixture was neutralized, freed from catalyst, 
and the ethanol evaporated. Extraction with ether followed. 
The ester remaining after removal of the ether was saponified 
as described for ester XVI, giving XIX as a white crystalline 
solid, m.p. 201-202°.

A n a l .  Calcd. for C 23H 3o0 2: C, 81.61; H, 8.93. Found: C, 
81.39; H, 9.03.

The infrared spectrum showed the absence of non-aromatic 
unsaturation, with C=0 (5.8 y , strong), OH (2.8-3.0 y , 
broad), and C— CH3 (7.3 y )  prominent. Authentic XIX was 
prepared by the hydrogenation of acid XVIII (palladium 
on charcoal, 2 atm. hydrogen, 2 hr., quantitative). The acid 
from this source had a m.p. 201-202° and the mixture melt
ing point of this sample and the material from XVI was 
undepressed.

p - (p - t-B u ty lp h e n y I ) - f} -p h e n y la c r y lic  a c id . In the course of 
this work, this acid was synthesized. Since a new inter
mediate was prepared, the synthesis is recorded briefly 
at this time. p-f-Butylbenzophenone was prepared (75.5%,
b.p. 168-170° at 2 mm., lit.16 b.p. 132-134° at 0.1 mm.). 
This ketone and ethyl bromoacetate (8.35 g., 0.05 mole) 
with mossy zinc (3.26 g., 0.05 mole) gave, in a straightfor
ward Reformatsky reaction, ethyl /3-hydroxy-/3-(p-i-butyl- 
phenyl)-/3-phenylpropionate (flakes, m.p. 84°, 4.3 g., 29%,).

A n a l .  Calcd. for C2iH260: C, 77.26; H, 8.03. Found: 
C, 77.33; H, 8.15.

The infrared spectrum possessed an OH peak at 2.9 y 
(sharp, strong). Dehydration and saponification of this 
ester by the method of Fuson17 gave the substituted acrylic 
acid in poor yield (10%, m.p. 171-173°, lit,.18 m.p. 178°).
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The amine of the title has been prepared by a Curtins degradation and isolated as its hydrated hydrochloride and per
chlorate salts. Diazotization of the perchlorate in acetic acid followed by a hydrolytic isolation procedure has given un
rearranged 1-hydroxybicyclo[2.2.1 ]heptan-7-one (as its hydrate) and 4-ketocyclohexanecarboxylic acid. A possible product, 
bicyelo[2.2.0]he.\ane-l-earbo.\ylic acid, has not been obtained.

In connection with other studies in progress in 
this laboratory, it was desired to have a source of
1-substituted bicyclo[2.2.0]hexanes (I).

X

I
A route to such compounds which appeared prom
ising was a ring contraction similar to contractions 
of 1-substituted bicyclo [3.3.1 ]nonan-9-ones which 
have previously been observed.2 A typical example 
is the reaction of l-bromobicyclo[3.3.1]nonan-9-one
(II) with silver nitrate in aqueous ethanol to give 
the acid III and its ethyl ester.2b The possibility of

Br C02H

AgNO.,
--------- ---►
c 2h 5o h  
h 2o

III

analogous ring contractions in the bicyclo [2.2.1]- 
heptane series has been presented by a recently 
announced synthesis of bicyclo [2.2.1 ]heptan-7-one-

COC1 NH2

IV V

1-carbonyl chloride (IV).3 In particular, it appeared 
probable that amine V would be readily obtainable, 
and that diazotization of V would be similar enough 
to the reaction of II with silver nitrate that con
traction to the bicyclic acid (I, X = COOH) might 
occur.

The reaction of IV with activated sodium 
azide in refluxing benzene gave a product charac

(1) Abstracted from the Ph.D. thesis of J. P. Kleiman, 
University of Illinois, 1960.

(2) (a) A. C. Cope and M. E. Synerholm. J. Am. Chem. 
Soc., 72, 5228 (1950); (b) A. C. C'ope and E. S. Graham, 
/ .  Am. Chem. Soc., 73,4702 (1951); (c) A. C. Cope, E. S. 
Graham, and D. J. Marshall, J. Am. Chem. Soc., 76, 6159
(1954).

(3) W. R. Hatchard and A. K. Schneider. J. Am. Chem.
Soc., 79, 6261 (1957).

terized as the isocyanate, VI, by its infrared spec
trum, which showed typical 7-keto carbonyl ab
sorption4 at 1786 cm.-1 and isocyanate absorption5 
at 2240 ranv1

NCO

VI

HNC02CH2C6H5 h n c o 2c h 2c 6h 5

VII

h n c o 2c h 2c 6h 5

VIII

Reaction of sodium azide with IV in acetone- 
water and subsequent reaction of the product 
with benzyl alcohol did not give the expected 
bicyclic ketobenzvl carbamate, VII, but gave the 
dibenzyl carbamate, VIII, of fra?is-l,4-diamino- 
cyclohexane. Its identity was established by analy
sis, infrared spectrum (bands at 3270, 1688, 
1678, and 1550 cm.-1 which probably can be as
signed to the amide group and to the aromatic 
ring; lack of a carbonyl absorption in the 1775 
cm.-1 region) and comparison with the literature 
melting point.6 The great sensitivity of the 7- 
ketobicyclo[2.2.1]heptane system toward nucleo
philic ring opening, when an electronegative sub
stituent is on the bridgehead, had been observed 
previously.3

Reaction of VI with concentrated hydrochloric 
acid gave the hydrated amine hydrochloride, IX, 
rather than the expected V hydrochloride (X). 
The infrared spectrum of IX showed broad ab
sorptions in the 3000-3450 cm.-1 region (OH 
and NH stretching vibrations) but no carbonyl

NH3C1 NHjCI

IX X

(4) (a) C. F. H. Allen and J. A. VanAllan, J. Org. 
Chem., 20, 323 (1955); (b) P. Wilder, Jr., and A. Winston, 
J. Am. Chem. Soc., 78, 868 (1956).

(5) R. N. Jones and C. Sandorfy in A. Weissberger, 
Technique of Organic Chemistry, Vol. IX, Interscience Pub
lishers, Inc., New York, N. Y., 1956, p. 544.

(6) T. Curtii^, J. prakt. Chem., 91, 1 (1915).
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absorption, which was expected near 1775 cm.“ 1 
When IX was heated at 100° at reduced pressure 
over phosphorus pentoxide, compound X was ob
tained, having a strong infrared absorption at 1775 
cm.“1 and a sharp peak at 3370 cm.“1 There was 
no broad absorption in the OH region. When X 
was treated with concentrated hydrochloric acid, 
IX was regenerated, as shown by the identity of 
the infrared spectra. Reaction of IX with acetic 
anhydride in pyridine gave the dehydrated amide 
XI, as shown by elemental analyses and the infra
red spectrum (ketone C = 0  at 1775 cm.“1, N—H 
at 3400 cm.-1, and amide C = 0  at 1665 cm.“1). 
Reaction of IX with aqueous sodium hydroxide 
gave the dihydropyrazine XII as shown by ele-

NHAc

cycloheptanone (XVI) which was characterized 
as its dinitrophenylhydrazone. The NMR spectrum 
of the latter showed signals at 2.58 p.p.m. and 1.64

Cl

XVI

p.p.m. (from water) in a ratio of 8:1, corresponding 
to the methylene and bridgehead hydrogens, respec
tively. The infrared spectrum showed no carbonyl or 
hydroxyl absorptions. Some acidic material was 
also obtained in the aqueous diazotization, but no 
pure substances were isolated from it.

The formations of X III and XVI are not with
out analogy in the deaminations of bridgehead 
amines, which normally proceed without rearrange
ment.7 It was somewhat surprising that the inter
mediate cation XVII apparently opened up to 
give XIX rather than to give the contraction

mental analysis, molecular weight, and absence of 
OH, NH, or C = 0  absorptions in the infrared 
(C=N  appeared at 1697 cm.“1 (medium)). 
Reaction of XII with concentrated hydrochloric 
acid regenerated IX.

Hydrochloride IX was converted to the per
chlorate with silver perchlorate and the perchlorate 
was diazotized with sodium nitrite in glacial 
acetic acid at room temperature. An isolation 
procedure which involved probable saponification 
of any ester products yielded the triol, XIII, and 
the keto acid, XIV, the yields being 38% and 21%, 
respectively. The structure of X III was assigned on

OH C 02H

the basis of its analysis, infrared spectrum (broad 
OH absorption in the 3000-3500 cm.“1 region and 
no carbonyl absorption), reaction with 2,4-dini- 
trophenylhydrazine to form a 2,4-dinitrophenyl- 
hydrazone (C=N  absorption at 1685 cm.“1 and 
broad OH absorption in the infrared), and reaction 
with p-nitrobenzenesulfonyl chloride to give the 
keto p-nitrobenzenesulfonate XV (C = 0  stretch
ing absorption at 1788 cm.“ 1). The acid XIV was 
identified by comparison with an authentic sample.

XV

Diazotization of IX in water gave a 52% yield 
of crude X III and a small amount yf 1-ehlorobi-

XIX

product XVIII expected from the analogies in the 
bicyclo[3.3.1 [nonane system.2 The less favorable 
locus of positive charge in XIX as compared with
XVIII is presumably compensated for by the ex
cessive strain in XVIII. The possibility exists 
that XVIII was actually formed first, and that 
ring opening, leading to XIV, took place under the 
conditions of the reaction or isolation procedure. 
This possibility lacks analogy at present and ap
pears improbable. Another possibility is that some 
nonclassical cation, of which XVII, XVIII, and
XIX are contributing resonance structures, gives 
both types of product observed.

The formation of XIX would be expected to 
lead to the hydroxy acid XX, or its acetate ester 
under the diazotization conditions reported here.

OH NH2

XX XXI

(7) D. E. Applequist and J. D. Roberts, C h em . R e v ., 54, 
1065 (1954).
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An oxidation is required to obtain the observed 
keto acid, XIV. Such oxidation may have been 
caused by some oxidizing species derived from 
nitrous acid in the diazotization reaction mixture, 
or may have been a Meerwein-Ponndorf reduction 
of X III by XX during the basic extraction in the 
isolation procedure. That the oxidation was not 
simply an oxidation of XX by nitrous or perchloric 
acid was shown by diazotization of 4-aminocyclo- 
hexanecarboxylic acid (XXI) as its perchlorate salt 
in acetic acid under the same conditions of reaction 
and isolation to give the hydroxy acid, XX, rather 
than the keto acid, XIV.

E X P E R IM E N T A L 8

Hexahydroterephthaloyl chloride.9 A  m ix tu r e  o f  4 3  g . (0 .2 5  
m o le )  o f  cis- a n d  i r a n s - h e x a h y d r o te r e p h th a l ic  a c id  ( f ro m  
h y d r o g e n a t io n  o f  d im e th y l  t e r e p h t h a l a t e  in  a c e t ic  a c id  o v e r  
p l a t i n u m  o x id e  a t  ro o m  t e m p e r a t u r e  a n d  2 5 0 0  p .s . i . )  a n d  215  
g . o f  t h io n y l  c h lo r id e  w a s  s t i r r e d  a n d  h e a t e d  u n d e r  re f lu x  fo r  
2 4  h r .  T h e  ex cess  t h io n y l  c h lo r id e  w a s  r e m o v e d  in vacuo a n d  
t h e  r e s id u e  w a s  d is t i l le d  t o  g iv e  4 8  g . o f  cis- a n d  in m s -h e x a -  
h y d r o t e r e p h th a lo y l  c h lo r id e , b .p .  8 5 - 9 0 °  (0 .5  m m .) .

Bicyclo[2.2.1]heptan-7-one-l-carbonyl chloride ( I V ) . 3 A  
s o lu t io n  o f  29  g . (0 .2 9  m o le )  o f t r i e th y l a m in e  in  100  m l. o f 
a n h y d r o u s  e th e r  ■was a d d e d  d ro p w is e  o v e r  1  h r .  t o  a  s t i r r e d  
m ix tu r e  o f  5 0  g . (0 .2 4  m o le )  o f  cis- a n d  I r a n s - h e x a h y d r o te r e -  
p h th a lo y l  c h lo r id e  in  5 5 0  m l. o f  e th e r  a t  re f lu x  t e m p e r a tu r e .  
T h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  a n d  s t i r r e d  f o r  a n  a d d i 
t io n a l  20  h r .  T h e  m ix tu r e  w a s  th e n  f i l te r e d  d i r e c t ly  i n to  a  d is 
t i l l a t i o n  f la s k  in  s m a ll  p o r t io n s  in  a n  a p p a r a t u s  d e s ig n e d  to  
e x c lu d e  a i r  a n d  m o is tu r e .  T h e  e th e r  w a s  r e m o v e d  f ro m  e a c h  
p o r t io n  a t  r e d u c e d  p r e s s u re  b e fo re  m o r e  e th e r  m ix tu r e  wra s  
a d d e d .  O n  d is t i l l a t io n  o f  t h e  r e s id u e , 1 8 .8  g ., b .p .  7 8 - 8 2 °  
(0 .5  m m .)  ( r e p o r t e d 10 b .p .  8 6 .5 - 8 8 ° ,  1 m m .)  o f  I V  w a s  o b 
ta in e d .

Reaction of bicyclo[2.2.1]heptan-7-one-l-carbonyl chloride 
with sodium azide in aqueous acetone. T o  a  c o o le d  s t i r r e d  so lu 
t io n  o f  3 .7  g . (0 .0 2 1 4  m o le )  o f  b ic y c lo [ 2 .2 .1 ]h e p ta n e -7 - o n e - l -  
c a r b o n y l  c h lo r id e  in  2 0 0  m l .  o f r e a g e n t - g r a d e  a c e to n e  w a s  
a d d e d  1 .7  g . (0 .0 2 6 2  m o le )  o f  s o d iu m  a z id e  in  4 .8  m l.  o f 
w a te r .  T h e  m ix tu r e  w a s  p o u r e d  in to  3 2  m l. o f  w a te r  a n d  30  
m l. o f b e n z e n e . T h e  b e n z e n e  la y e r  w a s  s e p a r a te d  a n d  a d d e d  
t o  4 0  m l.  o f  b e n z y l  a lc o h o l. T h e  m ix tu r e  w a s  h e a t e d  t o  a  p o t  
t e m p e r a t u r e  o f  7 0 °  a n d  t h e n  t h e  h e a t  s o u r c e  w a s  r e m o v e d . 
N i t r o g e n  e v o lu t io n  p ro c e e d e d  a t  a  s t e a d y  r a t e  a n d  n o  h e a t  
w a s  n e c e s s a ry  t o  k e e p  t h e  r e a c t io n  g o in g . T h e  m ix tu r e  w a s  
h e a t e d  t o  7 5 °  f o r  a  fe w  m in u te s  a f t e r  n i t r o g e n  e v o lu t io n  a p 
p e a r e d  t o  c e a s e . O n  c o o lin g  t h e  r e a c t io n  m ix tu r e ,  1 .59  g .,
m .p .  2 3 9 - 2 4 3 ° ,  o f  a  s o lid  p r e c ip i t a t e d  o u t .  A  p u r e  s a m p le ,
m .p .  2 4 5 - 2 4 7 ° ,  w a s  o b t a in e d  b y  r e c r y s ta l l i z a t io n  f ro m  b e n 
z e n e  a n d  w a s  id e n t i f ie d  a s  t h e  b i s ( b e n z y lc a r b a m a te )  o f  
< ra ra s - l,4 -d ia m in o c y c lo h e x a n e  ( l i t . 6 m .p .  2 4 4 - 2 4 5 ° ) .  I t s  
in f r a r e d  s p e c t r u m  h a d  b a n d s  a t  3 2 7 0  c m . -1 , 168 8  c m .-1 , 1678  
c m . -1 , a n d  1 5 5 0  c m . - 1

( 8 ) M e l t in g  p o in t s  a n d  b o i l in g  p o in t s  a r e  u n c o r r e c te d .  
I n f r a r e d  s p e c t r a  w e re  m e a s u re d  b y  M r .  J a m e s  B r a d e r ,  M r .  
P a u l  M c M a h o n ,  a n d  t h e i r  a s s o c ia te s  u s in g  a  P e r k in - E lm e r  
m o d e l  2 1 B  s p e c t r o p h o to m e te r  w i th  s o d iu m  c h lo r id e  o p t ic s .  
T h e  N M R  s p e c t r a  w e re  m e a s u r e d  b y  M r .  B e n  S h o u ld e r s  
w i th  a  V a r ia n  h ig h  r e s o lu t io n  s p e c t r o m e te r  (m o d e l  V - 
4 3 0 0 B  w i th  s u p e r  s ta b i l iz e r )  a t  4 0  m e . w i th  e x te r n a l  m e th 
y le n e  c h lo r id e  a s  s t a n d a r d .  T h e  s ig n a l  o f  m e th y le n e  c h lo r id e  
w a s  t a k e n  to  b e  a t  —0 .6 5  p .p .m .  f ro m  w a te r .  M ic ro a n a ly s e s  
w e re  d o n e  b y  M r .  J o s e f  N e m e th  a n d  h is  a s s o c ia te s .

( 9 )  R .  M a la c h o w s k i ,  J .  J .  W a s o w s k a , S . Jo z k ie w ic z , 
J .  A d a m ic z k a ,  a n d  G . Z im m e r m a n - P a s t e r r a k ,  her., 7 1 B , 
7 5 9  (1 9 3 8 ) .

( 1 0 )  W . R .  H a t c h a r d ,  p r iv a t e  c o m m u n ic a t io n .

Anal. C a lc d . f o r  C 22H . 6N 20 4: C , 6 9 :0 9 ;  H ,  6 .8 5 ; N ,  7 .3 3 . 
F o u n d :  C , 6 8 .9 2 ; H ,  6 .7 6 ; N ,  7 .3 0 .

E v a p o r a t io n  o f t h e  f i l t r a t e  a t  r e d u c e d  p r e s s u re  g a v e  a n  
a d d i t i o n a l  3 .5  g. o f  m a te r ia l ,  m .p .  2 0 4 - 2 1 4 ° ,  w h ic h  w a s  n o t  
id e n t i f ie d .

7-Ketobicyclo[2.2.1]hept-l-yl isocyanate ( V I ) .  A c t iv a t e d  
s o d iu m  a z id e  w a s  p r e p a r e d  w i th  8 5 %  h y d r a z in e  h y d r a t e . 11 

A  m ix tu r e  o f  1 .0  g . (0 .0 0 5 8  m o le )  o f  b ic v c lo  [2 .2 .1 ] h e p ta n e - 7 -  
o n e -1 -  c a r b o n y l  c h lo r id e , 0 .4 1  g . (0 .0 0 6 3  m o le )  o f  a c t i v a t e d  so 
d iu m  a z id e , a n d  5 0  m l. o f  b e n z e n e  w a s  r e f lu x e d  a n d  s t i r r e d  fo r  
2 2  h r .  T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  f i l te r e d  t o  r e m o v e  
t h e  in o r g a n ic  m a te r i a l .  T h e  b e n z e n e  w a s  r e m o v e d  b y  f re e z e 
d r y in g .  T h e  in f r a r e d  s p e c t r u m  o f  t h e  r e s id u e  i n d i c a t e d  t h e  
p r o d u c t  w a s  7 - k e to b ic y c lo [ 2 .2 .1 ] h e p t - l - y l  i s o c y a n a te  ( a  
c a r b o n y l  b a n d  a t  1786 c m . - 1  a n d  a n  i s o c y a n a te  b a n d  a t  2 2 4 0  
c m . - 1 ). T h e  c r u d e  m a te r i a l  w a s  u s e d  d i r e c t ly  i n  t h e  n e x t  
s te p .

7,7-Dihydroxybicyclo [2.2.1 ] hept-l-ylamine hydrochloride 
( I X ) ;  Procedure A. T h e  c r u d e  i s o c y a n a te  w a s  d is s o lv e d  in  2 5  
m l. o f  b e n z e n e . T o  th i s  w a s  a d d e d  15 m l.  o f  c o n e d , h y d r o 
c h lo r ic  a c id  a n d  t h e  m ix tu r e  w a s  h e a t e d  u n d e r  r e f lu x  fo r  2 .5  
h r .  T h e  c o o le d  l a y e r s  w e re  s e p a r a te d  a n d  th e  b e n z e n e  la y e r  
w a s  w a s h e d  w i th  a  l i t t l e  w a te r .  T h e  w a te r  l a y e r s  w e re  c o m 
b in e d  a n d  t h e  w a te r  w a s  r e m o v e d  a t  r e d u c e d  p r e s s u re .  T h e  
l a s t  t r a c e s  o f  w a te r  w e r e  r e m o v e d  in  a  v a c u u m  d e s ic c a to r  
o v e r  p h o s p h o r u s  p e n to x id e  t o  g iv e  0 .8  g. o f  a  w h i te  so lid . 
I t s  in f r a r e d  s p e c t r u m  h a d  a  w id e  a b s o r p t io n  in  t h e  3 4 5 0 -3 0 0 0  
c m . - 1  r e g io n , m a n y  s m a ll  p e a k s  in  t h e  2 8 0 0 -2 4 0 0  c m . - 1  

r e g io n , a n d  p e a k s  a t  2 0 2 0 , 1625 , 1600 , a n d  1531 c m . - 1

A  s a m p le  w a s  h e a t e d  a t  1 0 0 °  fo r  10 h r .  o v e r  p h o s p h o r u s  
p e n to x id e  a t  r e d u c e d  p r e s s u re  t o  g iv e  a  m a te r ia l  w i th  a  s t r o n g  
c a r b o n y l  a b s o r p t io n  a t  1775  c m . - 1  a n d  a  s h a r p  p e a k  a t  3 3 7 0  
c m . - 1  A d d i t io n  o f  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  t o  t h e  
d r ie d  m a te r i a l  a n d  t h e n  r e m o v a l  o f  t h e  a c id  a t  r e d u c e d  p r e s 
s u r e  a n d  d r y in g  o f  t h e  r e s id u e  o v e r  p h o s p h o r u s  p e n to x id e  
g a v e  b a c k  t h e  o r ig in a l  p r o d u c t  ( I X )  a s  s h o w n  b y  t h e  in 
f r a r e d  s p e c t r u m .  T h e  c a r b o n y l  a b s o r p t io n  w a s  n o  lo n g e r  
p r e s e n t .

Procedure B. T o  a  s o lu t io n  o f  5 g . (0 .0 2 9  m o le )  o f  b ic y c lo -
[ 2 .2 .1 ] h e p ta n e - 7 - o n e - l- c a r b o n y l  c h lo r id e  in  100  m l. 'o f  
b e n z e n e  w a s  a d d e d  2 .0 2  g . (0 .0 3 1 5  m o le )  o f  a c t i v a t e d  s o d iu m  
a z id e . T h e  s t i r r e d  m ix tu r e  w a s  h e a t e d  u n d e r  re f lu x  fo r  20  h r .  
T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  f i l te r e d  d i r e c t ly  i n to  
a n o th e r  r e a c t io n  f la sk . T h e  p r e c ip i t a t e  w a s  w a s h e d  w i th  
a b o u t  5 0  m l. o f  b e n z e n e . T o  t h e  c o m b in e d  b e n z e n e  s o lu t io n s  
w a s  a d d e d  75  m l. o f  c o n e d , h y d r o c h lo r ic  a c id  a n d  t h e  m ix tu r e  
w a s  h e a t e d  u n d e r  re f lu x  fo r  6  h r .  T h e  c o o le d  m ix tu r e  w a s  
s e p a r a te d  a n d  t h e  b e n z e n e  la y e r  w a s  w a s h e d  w i th  w a te r .  
T h e  c o m b in e d  w a te r  la y e r s  w e r e  e v a p o r a t e d  a t  a s p i r a to r  
p r e s s u re  a n d  t h e  f in a l  t r a c e s  o f  w a te r  w e re  r e m o v e d  b y  d r y in g  
o v e r  p h o s p h o r u s  p e n to x id e  in  a  v a c u u m  d e s ic c a to r .  A  t o t a l  
o f  4 .8  g . o f  a m in e  h y d r o c h lo r id e  w a s  o b ta in e d .

8,9-Diazapentacyclo[8.2.2.2.i’'’ 0 .2’10 Oi’s]hexadecadiene-
2,8 ( X I I ) .  T o  a  s o lu t io n  o f  3 .2  g . (0 .0 1 7 8  m o le )  o f  7 ,7 -d i-  
h y d r o x y b ic y c lo [ 2 .2 . 1 ] h e p t - l - y l a m in e  h y d r o c h lo r id e  in  50  
m l.  o f  w a te r  w a s  a d d e d  e n o u g h  1 0 %  s o d iu m  h y d r o x id e  t o  
m a k e  t h e  p H  12. T h e  s o lu t io n  w a s  e x t r a c te d  c o n t in u o u s ly  
w i t h  e t h e r  f o r  1 d a y  to  g iv e  1 .6  g . o f  so lid , m .p .  2 0 4 - 2 0 8 ° .  
I t s  in f r a r e d  s p e c t r u m  h a d  a  b a n d  a t  16 9 7  c m . - 1  a n d  n o  a b 
s o r p t io n  in  t h e  N H  o r  O H  r e g io n  ( 3 5 0 0 -3 0 0 0  c m . -1) .  A n  
a n a l y t i c a l  s a m p le ,  m .p .  2 1 1 .5 - 2 1 2 ° , w a s  p r e p a r e d  b y  r e -  
c r y s ta l l i z a t io n  f ro m  c y c lo h e x a n e -e th e r .  T r e a t m e n t  o f  t h e  
c o n d e n s a t io n  p r o d u c t  w i th  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  
a t  r o o m  t e m p e r a t u r e  f o r  1 0  h r .  a n d  e v a p o r a t io n  o f  t h e  a c id  
g a v e  b a c k  7 ,7 - d ih y d r o x y b ic y c lo [ 2 .2 .1 ] h e p t- l - y la m in e  h y 
d r o c h lo r id e  a s  s h o w n  b y  i d e n t i t y  o f  i t s  in f r a r e d  s p e c t r u m  
w i th  t h a t  o f  a n  a u t h e n t i c  s a m p le .

Anal. C a lc d . f o r  C i4H 18N 2: C , 7 8 .4 6 ; H ,  8 .4 7 ; N , 1 3 .0 7 ; M . 
W ., 2 1 4 . F o u n d :  C , 7 8 .7 8 ; H , 8 .3 8 ; N ,  1 3 .1 8 ; M . W . 2 2 9 .

l-Acetamidobicyclo[2.2J]heptan-7-one ( X I ) .  T o  a  s o lu t io n  
o f  0 .2 2 2 1  g . (0 .0 0 1 2 3  m o le )  o f  7 ,7 - d ih y d ro x y b ic y c lo [ 2 .2 .1 ] -  
h e p t - l - y l a m in e  h y d r o c h lo r id e  in  15 m l. o f  p y r id in e  w a s

(1 1 )  P .  A . S . S m ith ,  Org. Reactions, 3 ,  3 8 2  (1 9 4 6 ).
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a d d e d  0 .4 1 3  g . (0 .0 0 4 0 5  m o le )  o f  a c e t ic  a n h y d r id e .  T h e  r e a c 
t io n  m ix tu r e  w a s  r e f lu x e d  o v e r n ig h t .  I t  w a s  c o o le d  a n d  t h e n  
p o u r e d  o n to  2 5  m l.  o f c o n e d , h y d r o c h lo r ic  a c id  o n  c r a c k e d  ic e . 
T h e  s o lu t io n  v ra s  e x t r a c t e d  c o n t in u o u s ly  w i th  e t h e r  fo r  1 d a y  
to  g iv e  100  m g . o f  a m id e .  S e v e r a l  r e c r y s ta l l i z a t io n s  f ro m  c y 
c lo h e x a n e  g a v e  a n  a n a ly t i c a l  s a m p le ,  m .p .  1 1 5 -1 1 7 ° . I t s  
in f r a r e d  s p e c t r u m  h a d  a  s t r o n g  c a r b o n y l  b a n d  a t  1775  c m . - 1  

a n d  a m id e  b a n d s  a t  3 4 0 0  a n d  1665  c m .-1 .
Anal. C a lc d .  f o r  C 9H 13N O ,:  C , 6 4 .6 5 ; H , 7 .8 4 ; N ,  8 .3 8 . 

F o u n d :  C , 6 4 .6 7 ; H ,  7 .8 9 ; N , 8 .4 7 .
Reaction of 7,7-dihydroxybicyclo[2.2.1]hepl-l-ylamine hy

drochloride with sodium nitrite in water. T o  a  s t i r r e d  s o lu t io n  
o f  4 .8  g. (0 .0 2 6 6  m o le )  o f  7 ,7 - d ih y d r o x y b ic y c lo [ 2 .2 .1 ] h e p t- l -  
y la m in e  h y d r o c h lo r id e  in  50  m l.  o f  2 .5A 1 h y d r o c h lo r ic  a c id  
w a s  a d d e d  a  s o lu t io n  o f  7 .4 4  g . (0 .1 0 8  m o le )  o f  s o d iu m  n i t r i t e  
in  2 5  m l.  o f  w a te r  o v e r  a  3 0 -m in . p e r io d .  T h e  r e a c t io n  m ix 
t u r e  w a s  h e a t e d  u n d e r  r e f lu x  fo r  6  h r . ,  c o o le d , m a d e  b a s ic  
w i th  a q u e o u s  s o d iu m  h y d r o x id e ,  a n d  e x t r a c t e d  c o n t in u o u s ly  
f o r  3 d a y s  w i th  e th e r .  E v a p o r a t io n  o f  t h e  e t h e r  g a v e  2 .5  g . o f 
s o lid  m a te r i a l .  A d d i t io n  o f  w a r m  b e n z e n e  to  t h i s  s o lid  d is 
s o lv e d  0 .5  g . T h e  b e n z e n e  w a s  f i l te r e d  a n d  o n  e v a p o r a t io n  o f  
t h e  f i l t r a t e  a n  o il w a s  o b t a in e d  t h a t  h a d  a  s t r o n g  c a r b o n y l  
b a n d  a t  1775  c m . - 1  A  2 ,4 - d in i t r o p h e n y lh y d r a z o n e  w a s  p r e 
p a r e d  a c c o r d in g  to  t h e  m e th o d  o f  S h r in e r ,  F u s o n ,  a n d  C u r 
t i n . 12 A  y ie ld  o f  5 0 0  m g . o f  c r u d e  m a t e r i a l  w a s  o b ta in e d .  O n  
c h r o m a to g r a p h y  o f  t h i s  m a te r i a l  o n  a c id - w a s h e d  a lu m in a ,  
2 9 0  m g . o f  t h e  2 ,4 - d in i t r o p h e n y lh y d r a z o n e  o f  1 -c h lo ro b i-  
C 3 m lo [2 .2 .1 ]h e p ta n -7 -o n e , m .p .  2 0 7 .5 - 2 0 8 .5 ° ,  w a s  o b ta in e d .  
T h e  N M R  s p e c t r u m  o f  a  s a t u r a t e d  d e u te r o c h lo ro f o r m  s o lu 
t i o n  h a d  s ig n a ls  a t  2 .5 8  a n d  1 .6 4  p .p .m .  r e l a t i v e  t o  w a te r ,  in  
t h e  r a t i o  o f  8 : 1 .

Anal. C a lc d . fo r  C 13H 1SN4O 4C I: C , 4 8 .0 8 ; H , 4 .0 3 ;  N ,  1 7 .2 5 ; 
C l, 1 0 .9 2 . F o u n d :  C , 4 8 .1 8 ; H ,  4 .0 7 ;  N ,  1 6 .8 7 ; C l, 1 1 .1 3 .

T h e  2 .0  g . o f  b e n z e n e - in s o lu b le  m a te r i a l  h a d  a n  in f r a r e d  
s p e c t r u m  q u i t e  s im i la r  t o  t h e  s p e c t r u m  o f  1 ,7 ,7 - t r ih y d r o x y -  
b ic y c lo  [2 .2 .1 ] h e p t a n e  (w id e  O i l  a b s o r p t io n  in  3 5 0 0 -3 0 0 0  
c m . - 1  r e g io n  a n d  p e a k s  a t  9 3 8  a n d  9 6 7  c m .-1 ) .

T h e  r e a c t io n  s o lu t io n  w a s  m a d e  a c id ic  t o  a b o u t  p H  2  w i th  
c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  a n d  e x t r a c t e d  c o n t in u o u s ly  
w i th  e t h e r  fo r  3 d a y s .  E v a p o r a t i o n  o f  t h e  e t h e r  g a v e  1 .6  g . o f  
a n  o r a n g e  o il t h a t  h a d  a  n e u t r a l i z a t i o n  e q u iv a le n t  o f  9 4 . 
N o  p u r e  c o m p o u n d  c o u ld  b e  i s o la te d .  T h e  in f r a r e d  s p e c t r u m  
h a d  b a n d s  a t  17 0 0  c m . - 1  a n d  b r o a d - O H  a b s o r p t io n  f ro m  
3 5 0 0  t o  3 0 0 0  c m . - 1  a n d  2 7 0 0  to  2 6 0 0  c m . - 1

Diazotization of 7,7-dihydroxybicyclo[2.2.1]hept-l-ylamine 
perchlorate in glacial acetic acid. T o  a  s o lu t io n  o f  5 .0  g. 
(0 .0 2 7 8  m o le )  o f  7 ,7 - d ih y d r o x y b ie y c lo [ 2 .2 .1 ] h e p t- l - y la m in e  
h y d r o c h lo r id e  i n  1 0 0  m l. o f  w a te r  w a s  a d d e d  a  s o lu t io n  o f
5 .7 5  g . (0 .0 2 7 8  m o le )  o f  a n h y d r o u s  s i lv e r  p e r c h lo r a te  in  
w a te r .  T h e  m ix tu r e  w a s  f i l te r e d  a n d  t h e  s i lv e r  c h lo r id e  c a k e  
w a s  w a s h e d  w i th  w a te r .  T h e  c o m b in e d  s o lu t io n  a n d  w a s h in g s  
w e re  e v a p o r a t e d  a t  r e d u c e d  p r e s s u r e  a n d  t h e  l a s t  t r a c e s  o f  
wra t e r  wre re  r e m o v e d  b y  d r y in g  in  a  v a c u u m  d e s ic c a to r  o v e r  
p h o s p h o r u s  p e n to x id e .  T h e  y ie ld  w a s  4 .0  g. T o  a  s t i r r e d  
s u s p e n s io n  o f  4 .0  g . (0 .0 1 6 4  m o le )  o f  t h e  a m in e  p e r c h lo r a te  
in  2 0  m l. o f  g la c ia l  a c e t ic  a c id  c o o le d  w i th  a n  ic e  b a t h  w a s  
a d d e d  3 .4 1  g . o f  s o lid  s o d iu m  n i t r i t e  o v e r  a  4 5 -m in . p e r io d . 
T h e  r e a c t io n  m ix tu r e  w a s  p r o t e c t e d  w i th  a  d r y in g  t u b e  ex 
c e p t  d u r in g  t h e  a d d i t i o n  o f  t h e  s o d iu m  n i t r i t e .  T h e  ic e  b a t h  
w a s  r e m o v e d  a n d  t h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  f o r  a n  
a d d i t i o n a l  2 .5  h r . ,  a f t e r  w h ic h  t im e  n o  s o d iu m  n i t r i t e  w a s  
p r e s e n t  ( p o ta s s iu m  io d id e - s ta r c h  p a p e r ) .  T h e  r e a c t io n  m ix 
t u r e  w a s  d i lu t e d  w i th  15 0  m l. o f  w a te r  a n d  w a s  e x t r a c t e d  
w i th  15 0 0  m l. o f  e th e r .  T h e  e t h e r  w a s  d r ie d  o v e r  D r ie r i t e .  
A f te r  r e m o v a l  o f  t h e  e t h e r  a n d  a c e t ic  a c id  a t  r e d u c e d  p r e s 
s u r e ,  t h e  r e s id u e ,  3 .4 3  g ., w a s  d is s o lv e d  in  a q u e o u s  s o d iu m  
h y d r o x id e  t o  p H  1 0  t o  12 a n d  e x t r a c t e d  c o n t in u o u s ly  f o r  3 
d a y s  w i th  e th e r .  T h e  e t h e r  w a s  e v a p o r a t e d  in  a n  a i r  s t r e a m  
t o  g iv e  0 .9  g . o f  s o l id  X I I I ,  m .p .  1 1 4 -1 1 8 ° . A n  a n a ly t i c a l

(1 2 )  R .  L . S h r in e r ,  R .  C . F u s o n ,  a n d  D .  Y . C u r t i n ,  The 
Systematic Identification of Organic Compounds, J o h n  W ile y
&  S o n s , I n c . ,  N e w  Y o r k ,  N . Y ., 1956 , p . 2 1 ^

s a m p le , m .p .  1 2 1 .5 -1 2 2 .5 ° ,  w a s  p r e p a r e d  b y  r e c r y s ta l l i z a 
t i o n  f ro m  a c e to n e .

Anal. C a lc d .  f o r  C ,H 120 3: C , 5 8 .3 1 ; H ,  8 .3 9 . F o u n d :  C , 
5 8 .5 7 ; H ,  8 .5 4 .

I t s  in f r a r e d  s p e c t r u m  h a d  a  b r o a d  — O H  a b s o r p t io n  a t  
3 5 0 0 -3 0 0 0  c m . - 1  a n d  n o  c a r b o n y l  b a n d  in  t h e  1775 c m . - 1  

r e g io n . R e a c t io n  o f  t h e  c o m p o u n d  w i th  2 ,4 - d in i t r o p h e n y l-  
h y d r a z in e  g a v e  a n  im m e d ia te  p r e c ip i t a t e .  A n  a n a ly t ic a l  
s a m p le , r e c r y s ta l l i z e d  f ro m  e th a n o l ,  m e l te d  a t  2 1 6 .5 -  
2 1 7 .5 ° .

Anal. C a lc d . fo r  C ia H u O sN ,:  C , 5 0 .9 7 ; H , 4 .6 1 ; X ,  18 .29 . 
F o u n d :  C , 5 1 .2 7 ; I I ,  4 .3 8 ; N , 17 .97 .

T h e  b a s ic  s o lu t io n  w a s  t h e n  m a d e  a c id ic  w i th  c o n c e n t r a te d  
h y d r o c h lo r ic  a c id  t o  p H  1 o r  2 a n d  e x t r a c t e d  c o n t in u o u s ly  
w i th  e t h e r  fo r  3 d a y s  t o  g iv e  1 .6  g . o f  d a r k  b ro w n  a c id ic  
m a te r ia l  a f t e r  e v a p o r a t io n  o f  t h e  e th e r .  S u b l im a t io n  o f  th i s  
m a te r i a l  a t  7 0 ° , 0 .0 5  m m ., g a v e  0 .5  g . o f  s o lid  X I V  m .p . 
5 6 - 6 3 ° ,  w h ic h , o n  d r y in g  in vacuo, m e l t e d  a t  6 6 - 6 9 ° .  
A n  a n a ly t i c a l  s a m p le , m .p .  7 0 .5 - 7 1 .5 ° ,  w a s  p r e p a r e d  b y  tw o  
m o r e  s u b l im a t io n s .  T h e  a c id  g a v e  a  p r e c i p i t a t e  w i th  2 ,4 -  
d in i t r o p h e n y lh y d r a z in e .  I t  w a s  id e n t i f ie d  (s e e  b e lo w ) a s
4 - k e to c y c lo h e x a n e c a rb o x y l ic  a c id  ( l i t . * & 13 m .p .  6 8 °) .

Anal. C a lc d . fo r  C 7H 10O 3: C , 5 9 .1 2 ; H , 7 .0 9 ; n e u t .  e q u iv .,  
142. F o u n d :  C , 5 8 .8 3  H , 7 .1 8 ; n e u t .  e q u iv . ,  143.

A  s e m ic a rb a z o n e  o f  X I V  w a s  p r e p a r e d  a c c o r d in g  to  
d i r e c t io n s  in  S h r in e r ,  F u s o n ,  a n d  C u r t i n . 14 15 A f te r  s e v e ra l  
r e c r y s ta l l i z a t io n s  f ro m  e th a n o l ,  i t  d e c o m p o s e d  a t  1 9 6 -1 9 7 °  
( l i t . 13 d e c o m p o s i t io n  p o in t ,  a b o u t  2 0 0 °) .

Anal. C a lc d . fo r  C sH i3N 3 0 3: C , 4 8 .2 3 ; H ,  6 .5 7 ; N ,  2 1 .1 0 . 
F o u n d :  C , 4 8 .2 6 ; H , 6 .4 2 ; N ,  2 0 .9 6 .

7-Ketobicyclo [2.2.1] hept-l-yl p-nitrobenzenesulfonate
( X V ) .  A  s o lu t io n  o f  1 .12  g . (0 .0 0 7 8  m o le )  o f  1 ,7 ,7 - t r ih y d r o x y -  
b ic y c lo  [2 .2 .1 ] h e p t a n e  a n d  3 .8 2  g . (0 .0 1 7 2  m o le )  o f  p - n i t r o -  
b e n z e n e s u l f o n y l  c h lo r id e  in  1 0  m l. o f  p y r id in e  w a s  s t i r r e d  a t  
ro o m  t e m p e r a tu r e  f o r  4 5  h r .  T h e  r e a c t io n  m ix tu r e  w a s  th e n  
p o u r e d  o n to  2 0  m l. o f  c o n e d , h y d r o c h lo r ic  a c id  a n d  5 0  g . o f 
c r a c k e d  ic e . T h e  s o lu t io n  w a s  e x t r a c t e d  w i th  2  1. o f  e th e r  
a n d  t h e  e t h e r  s o lu t io n  w a s  d r ie d  o v e r  D r i e r i t e .  A f te r  e v a p o 
r a t i o n  o f  t h e  e t h e r  a n d  r e c r y s ta l l i z a t io n  f ro m  b e n z e n e -  
h e x a n e ,  1 .41  g . o f  e s te r ,  m .p .  1 3 0 -1 3 2 ° , w a s  o b ta in e d .  A n  
a n a ly t i c a l  s a m p le , m .p .  1 3 1 -1 3 2 ° , w a s  p r e p a r e d  b y  s e v e ra l  
r e c r y s ta l l i z a t io n s  f ro m  b e n z e n e -h e x a n e .

Anal. C a lc d . fo r  C i 3H i 3N 0 6S : C , 5 0 .1 5 ; H ,  4 .2 1 . F o u n d :  
C , 5 0 .1 7 ; H , 4 .3 7 .

4-Hydroxycyclohexanecarboxylic acid ( X X ) .  A  m ix tu r e  
o f  60  g. o f  e t h y l  p - h y d r o x y b e n z o a te ,  6 0 0  m l. o f  g la c ia l  a c e t ic  
a c id ,  a n d  1 .0  g . o f  p l a t i n u m  o x id e  w a s  s h a k e n  w i th  h y d r o g e n  
a t  15 0 0  p .s . i .  a t  r o o m  t e m p e r a t u r e  u n t i l  t h e  th e o r e t i c a l  
a m o u n t  o f  h y d r o g e n  w a s  t a k e n  u p .  T h e  r e a c t io n  m ix tu r e  
w a s  f i l te r e d  a n d  t h e  a c e t ic  a c id  w a s  r e m o v e d  a t  r e d u c e d  
p r e s s u re .  T h e  p r o d u c t  s h o w e d  n o  a r o m a t i c  b a n d s  in  t h e  
in f r a r e d  re g io n . T h e  r e a c t io n  m ix tu r e  w a s  d is t i l le d  a t  r e 
d u c e d  p r e s s u r e  t o  g iv e  tw o  p r o d u c ts ,  e t h y l  c y c lo h e x a n e -  
c a r b o x y la te ,  b .p .  6 5 - 6 7 °  (1 0  m m .) ,  1 4 .3  g ., a n d  e th y l  4 -  
h y d r o x y c y c lo h e x a n e c a r b o x y la te ,  b .p .  9 3 - 9 8 °  (0 .3  m m .) ,  17 .4  
g . T h e  e t h y l  4 - h y d ro x y c y c lo h e x a n e c a r b o x y la te  w a s  s a p o n i
f ied  b y  b o i l in g  w i th  1 0 0  m l .  o f  1 0 %  a q u e o u s  s o d iu m  h y 
d ro x id e  fo r  2  h r .  T h e  s o lu t io n  w a s  c o o le d  a n d  m a d e  a c id  t o  
p H  2 w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  m ix tu r e  
w a s  t h e n  e x t r a c te d  c o n t in u o u s ly  w i th  e t h e r  fo r  4  h r .  T h e  e th e r  
w a s  r e m o v e d  b y  a i r  b lo w in g  a n d  t h e  r e s id u e  w a s  r e c r y s t a l 
l iz e d  f ro m  b e n z e n e - e th a n o l - e th e r  t o  g iv e  1 1 .7  g ., m .p .  1 2 0 -  
1 4 2 ° , o f  a  m ix tu r e  o f  cis- a n d  ¿ ra n s -4 -h y d ro x y c y c lo h e x a n e -  
c a r b o x y lic  a c id .

Reaction of 4-carboxycyclohex-l-ylamine perchlorate with 
sodium nitrile in glacial acetic acid. T o  a  s o lu t io n  o f  3 .1  g . 
(0 .0 1 7 2  m o le )  o f  4 - c a r b o x y c y c lo h e x - l - y la m in e  h y d r o c h lo 
r i d e 16 in  5 0  m l. o f  w a t e r  w a s  a d d e d  a  s o lu t io n  o f  3 .5 6  g.

(1 3 )  W . H .  P e r k in ,  J r . ,  J. Chem. Soc., 8 5 , 41 6  (1 9 0 4 ) .
(1 4 )  R e f .  12 , p .  2 1 8 .
(1 5 )  J .  P .  G r e e n s te in  a n d  J .  W y m a n ,  J. Am. Chem. Soc.,

6 C, 2341  (1 9 3 8 ).
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(0 .0 1 7 2  m o le )  o f  s i lv e r  p e r c h lo r a te  in  50  m l. o f  w a te r .  A f te r  
f i l t r a t io n ,  t h e  s o lu t io n  w a s  e v a p o r a t e d  to  n e a r  d r y n e s s  a t  
a s p i r a t o r  p r e s s u r e  a n d  l a s t  t r a c e s  o f  'w a te r  w e re  r e m o v e d  
b y  d r y in g  o v e r  p h o s p h o r u s  p e n to x id e  in  a  v a c u u m  d e s ic c a to r  
to  g iv e  3 .8  g . (0 .0 1 5 6  m o le )  o f 4 - c a r b o x y c y c lo h e x - l - y la m in e  
p e r c h lo r a te .  T o  a  m ix tu r e  o f  3 .8  g . o f  t h e  a m in e  p e r c h lo r a te  
in  2 0  m l.  o f  g la c ia l  a c e t ic  a c id ,  c o o le d  in  a n  ic e  b a t h ,  w as  
a d d e d  3 .2 4  g . ( 0 .0 4 7  m o le )  o f s o d iu m  n i t r i t e  o v e r  a  p e r io d  
o f  a b o u t  3 0  m in . T h e  ic e  b a t h  -was r e m o v e d  a n d  th e  m ix tu r e  
s t i r r e d  f o r  a n  a d d i t i o n a l  6  h r .  T h e  m ix tu r e  w a s  p o u r e d  in to  
2 5 0  m l. o f  w a te r  a n d  e x t r a c t e d  w i th  1 .5  1. o f  e th e r .  A f te r  
e v a p o r a t io n  o f  t h e  e th e r ,  t h e  r e s id u e  g a v e  a  n e g a t iv e  t e s t  
w i th  2 ,4 - d in i t r o p h e n y lh y d r a z in e  r e a g e n t .  A q u e o u s  s o d iu m  
h y d r o x id e  ( 1 0 % )  tv a s  a d d e d  t o  t h e  r e s id u e  u n t i l  t h e  p H  
w a s  12 a n d  t h e  s o lu t io n  w a s  e x t r a c t e d  c o n t in u o u s ly  w i th  
e t h e r  f o r  2  d a y s .  E v a p o r a t io n  o f  t h e  e t h e r  g a v e  n o  r e s id u e . 
A f te r  a c id i f ic a t io n  o f t h e  b a s ic  s o lu t io n  w i th  c o n c e n t r a te d  
h y d r o c h lo r ic  a c id  t o  p H  2 a n d  c o n t in u o u s  e x t r a c t io n  fo r  2 
d a y s  w i t h  e th e r ,  e v a p o r a t io n  o f  t h e  e t h e r  a n d  e x t r a c te d  
a c e t ic  a c id  g a v e  9 0  m g .,  m .p .  1 1 2 -1 2 7 ° , o f  a c id ic  m a te r ia l .  
I t s  in f r a r e d  s p e c t r u m  h a d  b a n d s  a t  3 4 4 0 , 2 6 0 0 , a n d  1705  
c m . -1  a n d  w a s  a lm o s t  id e n t i c a l  w i th  t h e  s p e c t r u m  of a  
m ix tu r e  o f  cis- a n d  i r a » s -4 -h y d r o x y e y c lo h e x a n e c a rb o x y l ic  
a c id .

4-Ketocyclohexcine"arboxylic acid ( X I V ) .  T o  a  s t i r r e d  s u s 

p e n s io n  o f 3 .0  g . (0 .0 2 0 8  m o le )  o f  4 -h y d ro x y c y c lo h e x a n e -  
c a r b o x y lic  a c id  in  10 m l. o f  w a te r  a n d  3 .6  g . o f  s u l f u r ic  a c id  
w a s  a d d e d  4 .2 3  g . (0 .0 1 4 4  m o le )  o f p o ta s s iu m  d ic h r o m a te  in  
s m a ll  p o r t io n s  o v e r  a  1 5 -m in . p e r io d , d u r in g  w h ic h  t i m e  t h e  
t e m p e r a tu r e  ro s e  t o  a b o u t  5 0 ° . A f te r  t h e  a d d i t i o n  w a s  c o m 
p le te ,  t h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  f o r  3  h r .  T h e  s o lu t io n  
w a s  e x t r a c t e d  w i th  1 1. o f  e th e r .  T h e  e t h e r  w a s  d r ie d  o v e r  
s o d iu m  s u l f a te  a n d  t h e n  w a s  e v a p o r a t e d  to  g iv e  2 .3 9  g . o f 
s o lid  m a te r i a l .  S u b l im a t io n  o f 0 .8 6  g . o f  t h i s  m a te r i a l  g a v e  
0 .6 9  g . o f 4 -k e to c y c lo h e x a n e c a rb o x y l ic  a c id ,  m .p .  6 7 - 7 0 ° .  
I t s  in f r a r e d  s p e c t r u m  h a d  a  b a n d  a t  170 5  c m . -1  a n d  b r o a d  
a b s o r p t io n s  f ro m  3 5 0 0 -3 0 0 0  c m . -1  a n d  2 7 0 0 -2 6 0 0  c m . -1  
a n d  w a s  id e n t ic a l  t o  t h e  s p e c t r u m  o f  t h e  a c id  o b t a in e d  f r o m  
d ia z o t iz a t io n  o f  7 ,7 - d ih y d r o x y b ic y c lo [ 2 .2 .1 ] h e p t- l - y la m in e  
p e r c h lo r a te .  A  m ix e d  m e l t in g  p o i n t  w i th  t h e  a c id  o b t a in e d  
f ro m  t h e  d ia z o t iz a t io n  w a s  6 8 - 7 1 ° .
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Bridged P olycyclic  C om pounds. XIV . Free-R adical A d d ition  o f  p -T o lu en e-
su lfon v l C hloride to  Som e N orbornenes1
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F re e - r a d ic a l  a d d i t io n  o f  p - to lu e n e s u l f o n v l  c h lo r id e  t o  n o r b o rn e n e  ( I )  a n d  to  a ld r in  ( I I )  le d  t o  t h e  f o r m a t io n  o f  trans 1 ,2 -  
a d d i t i o n  p r o d u c ts  ( I I I  a n d  IV , re s p e c tiv e !} ')  w i th o u t  s k e le ta l  r e a r r a n g e m e n t  o r  cis-exo a d d i t io n  p r o d u c t s  b e in g  n o te d .
A d d i t io n  t o  n o r b o r n a d ie n e  (V )  g a v e  t h e  r e a r r a n g e d  p r o d u c t  
i n te r m e d ia te s .

The addition of sulfonyl halides to olefins via 
free-radical paths has been noted by several 
groups of investigators.2'3'4 In the course of our 
work on the stereochemistry of addition and of 
rearrangements during additions to bridged poly
cyclic olefins,1 6'6-10 we decided to investigate the

( 1 )  P r e v io u s  p a p e r  in  s e r ie s :  S . J .  C r is to l  a n d  R .  K .  B ly , 
J. Am. Chem. Soc., 8 2 , 6 1 5 5  (1 9 6 0 ).

( 2 )  E . C . L a d d ,  U . S . P a t e n t  2 ,5 2 1 ,0 6 8  ( S e p t .  5 , 1 9 5 0 ) ;
U . S . P a t e n t  2 ,5 7 3 ,5 8 0  ( O c t .  3 0 , 1 9 5 1 ).

( 3 )  M . S . K h a r a s c h  a n d  R .  A . M o s h e r ,  J. Org. Chem., 17 , 
45 3  (1 9 5 2 ) .

( 4 )  P .  S , S k e l l  a n d  R .  C . W o o d w o r th ,  J. Am. Chem. Soc., 
7 7 ,  4 6 3 8  ( 1 9 5 5 ) ;  P .  S . S k e ll  a n d  J .  H .  M c N a m a r a ,  J. Am. 
Chem. Soc., 7 9 , 8 5  (1 9 5 6 ).

( 5 )  S . J .  C r i s to l  a n d  G . D . B r in d e l l ,  J. Am. Chem. Soc., 
76, 5 6 9 9  (1 9 5 4 ) .

( 6 )  S . J .  C r is to l ,  R .  P .  A r g a n b r ig h t ,  G . D .  B r in d e l l ,  a n d  
R .  M . H e i tz ,  J. Am. Chem. Soc., 7 9 , 6 0 3 5  (1 9 5 7 ).

(7 )  S . J .  C r is to l  a n d  R .  P .  A r g a n b r ig h t ,  J. Am. Chem. 
Soc., 7 9 , 6 0 3 9  (1 9 5 7 ) .

( 8 )  S . J .  C r is to l ,  G . D .  B r in d e l l ,  a n d  J .  A . R e e d e r ,  
J. Am. Chem. Soc., 80, 6 3 5  (1 9 5 8 ).

( 9 )  S . J .  C r i s to l  a n d  R .  T. L a L o n d e ,  J. Am. Chem. Soc., 
8 1 , 1 6 5 5  (1 9 5 9 ) .

(1 0 )  S . B .  S o lo w a y  a n d  S . J .  C r is to l ,  J. Org. Chem., 2 5 ,
3 2 7  (1 9 6 0 ) .

V I I .  T h e  r e s u l t s  a r e  d is c u s s e d  in  t e r m s  o f  c la s s ic a l  r a d i c a l

free-radical additions of arenesulfonyl chlorides 
to norbornenes to see whether these followed the 
same general pattern as other free-radical addition 
reactions.

Exclusive exo-cis addition of p-thiocresol to 6- 
chloroaldrin (endo-ea;o-l,2,3,4,6,10,10-heptachloro- 
l,4,4a,5,8,8a-hexahydro-l,4,5,8-dimethanonaphtha- 
lene) has been reported.7 8 9 10 The free-radical addition 
of bromine to various substituted norbornenes 
(and 7-oxa analogs) has also been shown to give 
considerable exo-cis products,11 and ethyl bromo- 
acetate is reported to give exo-cis addition to nor
bornene.12 On the other hand, we have now found 
that p-toluenesulfonyl chloride adds to norbornene
(I) and to aldrin (II) to give the trans addition 
product.

When norbornene (I) was heated at 75-90° with 
p-toluenesulfonyl chloride in the presence of

(1 1 )  J . A . B e rs o n  a n d  R .  S w id le r , J. Am. Chem. Soc., 7 5 ,  
4 3 6 6  ( 1 9 5 3 ) ;  7 6 , 4 0 6 0  (1 9 5 4 ) ;  J . A . B e rs o n , J. Am. Chem. 
Soc., 7 6 , 5 7 4 8  (1 9 5 4 ) .

( 1 2 )  J .  W e in s to c k ,  A b s t r a c t s  o f t h e  1 2 8 th  M e e t in g  o f 
t h e  A m e r ic a n  C h e m ic a l  S o c ie ty ,  M in n e a p o l is ,  M in n . ,  
S e p te m b e r  1955# p .  1 9 - 0 .
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benzoyl peroxide or with ultraviolet irradiation, a 
substantial yield of a 1:1 addition product was 
obtained. The principal component of this product 
was shown to be c.ro-2-p-toluenesulfonjd-endo-3- 
chloronorbornane (III) which has been previously 
prepared and characterized.6 The free-radical na
ture of the reaction was demonstrated by catalysis 
and by inhibition.

Aldrin (II) reacted with p-toluenesulfonyl chlo
ride more slowly than norbornene, but addition 
occurred in twenty-four hours at 155° in the pres
ence of di-feri-butyl peroxide to give the trans 
addition product, endo-3,4,5,6,7,8,9,9-heptaohloro- 
l,2,3,4,4a,5,8,8a-octahydro-e.ro-2-p-toluenesu]fonyl-
1,4,5,8-e.ro-endo-dimethanonaphthalene (IV). a 
product of known structure.6 The yield in this reac
tion was poor, considerable hydrogen chloride evolu
tion being noted, but no other products were iso
lated.

This reaction, like that with norbornene, then, 
is different from those previously noted in that 
trans addition is observed,13 although similar in that 
no rearrangement is observed. It appears in order 
to rationalize the trans addition which occurs 
rather than the cis-exo addition previously noted. 
No explanation involving bridged radical inter
mediates appears tenable, in particular as Skell 
and his colleagues4 have noted that the reactions of 
p-toluenesulfonyl iodide with cis- and trans-2- 
butene are not stereospecific and as we have found 
(vide infra) that p-toluenesulfonyl chloride adds to 
norbornadicne by homoconjugate addition. It 
seems necessary to suggest that the intermediates 
in these radical reactions are classical radicals,7 
and that the direction from which chain transfer 
occurs is controlled by steric factors.

A large steric requirement for the p-toluenesul- 
fonyl group has been postulated by Bordwell and 
Cooper14 * to explain the inertness of chloromethyl 
p-tolyl sulfone to solvolysis, and by Weinstock,

(1 3 )  D .  I .  D a v ie s ,  J. Chem. Soc., 3 6 6 9  (1 9 6 0 )  h a s  r e c e n t ly  
n o te d  trans a d d i t i o n  o f  b r o m o tr ic h lo r o m e th a n e  t o  a ld r in ,  
a n d  N .  A . L e B e l ,  J. Am. Chem. Soc., 8 2 , 62 3  (1 9 6 0 )  h a s  
r e p o r t e d  t h a t  h y d r o g e n  b r o m id e  a d d s  t o  2 -b ro m o n o r -  
b o r n e n e  p r in c ip a l ly  in  t h e  cis-exo f a s h io n , b u t  p a r t l y  trans.

(1 4 )  F .  G . B o rd w e ll  a n d  G . D . C o o p e r ,  J. Am. Chem.
Soc., 7 3 , 5 1 8 4  (1 9 5 1 ) .

Pearson, and Bordwell16 to explain the reduction of
2-p-toluenesulfonylcyclohexanone, and the cor
responding cyclopentanone, with sodium borohy- 
dride to give the as-substituted alcohols. A similar 
explanation can be advanced for the principal 
trans addition observed in the present investigation. 
According to this explanation, the approach of a 
molecule of p-toluenesulfonyl chloride to the 3- 
carbon atom of the intermediate radical is inhibited 
in the exo direction by steric interference from the 
large p-toluenesulfonyl group. Thus the occurrence 
of chain transfer from the endo direction is favored 
sterically.

The addition of p-thiocresol to norbornadiene
(V) has been shown to give a mixture of the prod
ucts of simple 1,2- addition and 1,5-homoconjugate 
addition,6 the ratio of the two modes depending 
upon the rate of chain transfer.8 If p-toluenesul- 
fonyl chloride added in a similar fashion to V, the 
products would be expected to be the trans-1,2- 
addition product VI and one or more of the iso
mers of the homoconjugate addition product VII. 
The addition of the sulfonyl chloride to V gave a 
product that was largely saturated,16 and which 
gave upon recrystallization a 42% yield of a com
pound having properties anticipated for VII. 
This substance was inert to dilute potassium per
manganate in acetone or bromine in carbon tetra
chloride. The nortricyclene ring system is consist
ent with these data, with infrared data and with 
the lack of consistency of properties with the known6 
unsaturated isomer VI. The stereochemistry of the 
product has not yet been demonstrated. The rela
tive completeness of the rearrangement to the 
nortricyclene ring system may be rationalized on 
the basis of the slow chain transfer of the inter
mediate radicals with the sulfonyl chloride allowing 
sufficient time for rearrangement of radical VIII 
to IX.8

(1 5 )  J .  W e in s to c k , R .  G . P e a r s o n ,  a n d  F .  G . B o rd w e ll , 
J. Am. Chem. Soc., 7 8 , 3 4 6 8  (1 9 5 6 ) .

(1 6 )  T h e  c o m p o s it io n  o f t h e  e q u iv a l e n t  p r o d u c t  f ro m  
b e n z e n e s u l f o n y l  c h lo r id e  h a s  b e e n  in v e s t ig a te d  in  th is  
l a b o r a to r y  a n d  w ill b e  r e p o r t e d  l a t e r  (S . J .  C r is to l  a n d  
D . I .  D a v ie s ) .
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E X P E R IM E N T A L

Addition of p-toluenesulfonyl chloride to norhornene. ( a )  
Peroxide-catalyzed reaction. A  m ix tu r e  o f  1 .6 7  g . (1 7 .7 3  
m m o le s )  o f  n o r b o rn e n e  a n d  1 .82  g . ( 9 .5 7  m m o le s )  o f  p - to lu -  
e n e s u lfo n y l  c h lo r id e  ( M a th e s o n ,  r e d is t i l le d ,  m .p .  6 8 - 6 9 ° )  w a s  
p r e p a r e d  in  a  2 0 -m l. f la s k  e q u ip p e d  w i th  a  th e r m o m e te r ,  
re f lu x  c o n d e n s e r ,  a n d  m e c h a n ic a l  s t i r r e r .  T o  th i s  h e te r o g e n e 
o u s  m ix tu r e  w a s  a d d e d  7 9  m g . (0 .5  m m o le )  o f  b e n z o y l  p e r 
o x id e  t o  a c t  a s  a  r a d ic a l - c h a in  in i t i a to r .  T h e  s t i r r e d  m ix tu r e  
w a s  h e a t e d  r a p id ly  t o  1 0 0 ° , b e c o m in g  h o m o g e n e o u s  a t  a b o u t  
7 0 ° .  N o  s p o n ta n e o u s  t e m p e r a tu r e  r is e  a t t r i b u t a b l e  t o  t h e  
h e a t  o f  r e a c t io n  w a s  n o te d .  T h e  t e m p e r a t u r e  w a s  m a in 
t a in e d  a t  8 5 - 9 0 °  fo r  8  h r . ,  a n d  t h e n  t h e  r e a c t io n  m ix tu r e  w a s  
c o o le d  s lo w ly  w i th  s t i r r in g .  I t  so lid if ie d  t o  a  t h i c k  w h ite  
p a s t e  a t  3 2 ° .

T h e  p a s t e  w a s  im m e d ia te ly  d is s o lv e d  in  8 m l. o f  e th y l  
a c e t a t e  a n d  c h r o m a to g r a p h e d  o n  60  g . o f  a lu m in a .  E lu t io n  
w i th  a  s o lu t io n  o f  1 0 %  e th y l  a c e t a t e  in  p e t r o le u m  e th e r  ( b .p .  
6 0 - 8 0 ° )  y ie ld e d  1 .7 3  g . ( 6 4 %  b a s e d  o n  s t a r t i n g  p - to lu e n e 
s u lfo n y l  c h lo r id e )  o f w h i te  s o l id  m a te r i a l  in  t h r e e  f r a c t io n s ,  
t h e  f i r s t  m e l t in g  a t  9 5 - 9 8 ° ,  t h e  s e c o n d  a t  1 0 9 -1 1 2 ° , a n d  t h e  
t h i r d  a t  1 0 0 - 1 0 4 ° .  T w o  r e c r y s ta l l i z a t io n s  o f  t h i s  s o l id  f ro m  
m e th a n o l  g a v e  a  w h i te  so lid , m .p .  1 1 4 -1 1 5 ° .

T h e  m e l t in g  p o in t  o f  t h i s  s o l id  w h e n  m ix e d  w i th  a n  a u t h e n 
t i c  s a m p le 6 o f e x o -2 -p - to lu e n e s u lfo n y l-« n d o -3 -c h lo ro n o r -  
b o r n a n e  ( I I I ,  m .p .  1 1 4 - 1 1 5 ° )  w a s  1 1 4 -1 1 5 ° , s h o w in g  n o  
d e p re s s io n .

(b) Addition initiated by ultraviolet light. A  m ix tu r e  o f  3 .0 0  
g . (3 1 .8  m m o le s )  o f  n o r b o rn e n e  a n d  6 .0 6  g . (3 1 .8  m m o le s )  o f 
p - to lu e n e s u l f o n y l  c h lo r id e  w a s  p r e p a r e d  in  a  1 2 5 -m l. V y c o r  
f la s k  e q u ip p e d  w i th  a  t h e r m o m e te r ,  m a g n e t ic  s t i r r e r ,  
a n d  re f lu x  c o n d e n s e r .  T h e  f la s k  w a s  i r r a d i a t e d  fo r  1 h r .  w i th  
u l t r a v io l e t  l i g h t  f ro m  a  M a z d a  A H -4  la m p  p la c e d  a b o u t  2 
c m . a w a y  f ro m  t h e  f la sk . H e a t  f ro m  t h e  l a m p  w 'as s u f f ic ie n t  to  
m a in t a in  t h e  t e m p e r a t u r e  in s id e  t h e  f la s k  a t  1 2 0 - 1 3 0 ° .  T h e  
r e a c t io n  m ix tu r e  w a s  c o o le d  o v e r n ig h t ,  a n d  t h e  r e s u l t in g  
v is c o u s  o il w a s  s u b je c te d  to  v a c u u m  d i s t i l l a t io n  a t  ro o m  
t e m p e r a t u r e  a n d  0 .2  m m . p re s s u re ,  t o  r e c o v e r  0 .81  g . ( 2 7 % )  
o f  u n c h a n g e d  n o r b o r n e n e  in  a  t r a p  c o o le d  w i th  D r y  I c e -  
is o p r o p y l  a lc o h o l. T h e  f la s k  w a s  h e a te d  u n d e r  v a c u u m  to  
r e m o v e  m o s t  o f  t h e  s t a r t i n g  p - to lu e n e s u l f o n y l  c h lo r id e , w h ic h  
s o lid if ie d  i n  t h e  u p p e r  p a r t  o f  t h e  f la sk . T h e  c r u d e  s o lid  r e 
m a in in g  in  t h e  b o t to m  of t h e  f la s k  w e ig h e d  6 .1 2  g . a n d  m e l te d  
a t  8 5 - 9 7 ° ,  f o r  a  c r u d e  y ie ld  o f  6 7 .5 %  ( 9 2 .5 %  b a s e d  o n  u n 
r e c o v e re d  n o r b o rn e n e ) .  O n e  r e c r y s ta l l i z a t io n  f ro m  m e th a n o l  
g a v e  4 .4 8  g . o f  a  w h i te  s o lid  m e l t in g  a t  1 0 9 -1 1 2 ° , fo r  a  y ie ld  
o f  4 9 .5 %  ( 6 7 .7 %  b a s e d  o n  u n r e c o v e r e d  n o r b o r n e n e ) .  O n e  
m o r e  r e c r y s ta l l i z a t io n  f ro m  m e th a n o l  g a v e  p u r e  I I I ,  m .p .  
1 1 4 -1 1 5 ° .

Proof of free-radical nat ure of addition reaction. A  m ix tu r e  
o f  1 .0 0  g . (1 0 .6  m m o le s )  o f  n o r b o rn e n e  a n d  2 .0 2  g . (1 0 .6  
m m o le s )  o f  p - to lu e n e s u l f o n y l  c h lo r id e  w a s  p r e p a r e d  in  a  
2 0 -m l. f la s k  e q u ip p e d  w i th  a  t h e r m o m e te r  a n d  a  re f lu x  c o n 
d e n s e r .  T h e  t e m p e r a tu r e  o f  t h e  f la s k  w a s  m a in t a in e d  a t  7 5 -  
8 0 °  f o r  17 h r . ,  a f t e r  w h ic h  t h e  f la s k  w a s  c o o le d  t o  r o o m  t e m 
p e r a t u r e  a n d  s u b je c te d  t o  v a c u u m  d i s t i l l a t io n  f o r  1 h r .  a t  
ro o m  t e m p e r a t u r e  a n d  0 .2  m m . p re s s u re ,  d u r in g  w h ic h  t im e  
t h e  u n c h a n g e d  n o r b o r n e n e  w a s  c o l le c te d  in  a  t r a p  c o o le d  in  
D r y  I c e - is o p r o p y l  a lc o h o l .  T h e  t r a p  w a s  p r o t e c t e d  f ro m  
m o is tu r e  b y  a  c a lc iu m  c h lo r id e  d r y in g  tu b e .  T h e  r e c o v e r y  o f 
u n c h a n g e d  n o r b o rn e n e  w a s  0 .3 8  g. ( 3 8 % ) .

A n o th e r  e x p e r im e n t  w a s  c o n d u c te d  u n d e r  e x a c t ly  s im i la r  
c o n d i t io n s ,  e x c e p t  t h a t  16 0  m g . (1 .0  m m o le )  o f  b e n z o y l  
p e r o x id e  w a s  a d d e d  t o  t h e  r e a c t io n  m ix tu r e  b e f o re  h e a t in g .  
I n  t h i s  e x p e r im e n t  t h e  r e c o v e r y  o f  u n c h a n g e d  n o r b o r n e n e  
w a s  0 .1 1  g . ( 1 1 % ) .

W h e n  a  t h i r d  e x p e r im e n t  w a s  c o n d u c te d  u n d e r  t h e  s a m e  
c o n d i t io n s ,  b u t  w i th  211  m g . (1 .0  m m o le )  o f t r in i t r o b e n z e n e  
a d d e d  a n d  n o  p e ro x id e , t h e  r e c o v e r y  o f u n c h a n g e d  n o r b o r 
n e n e  w a s  0 .7 3  g . ( 7 3 % ) .

T h e  c o n d i t io n s  u n d e r  w h ic h  t h e  s t a r t i n g  n o r b o r n e n e  w a s  
r e c o v e r e d  w e re  id e n t ic a l  in  a ll  th r e e  e x p e r im e n ts .

Addition of p-toluenesulfonyl chloride to aldrin. A  m ix tu r e

of 1 .82  g. (5 .0 0  m m o le s )  o f  a ld r in  ( I I ) ,  m .p .  9 9 - 1 0 1 ° ,  9 5 3  
m g . (5 .0 0  m m o le s )  o f p - to lu e n e s u l f o n y l  c h lo r id e , a n d  61  m g . 
(0 .5  m m o le )  o f  d i - ie r l - b u ty l  p e ro x id e  w a s  s e a le d  in to  a  g la s s  
c o m b u s t io n  t u b e  o f 1 0 -m m . in s id e  d ia m e te r .  T h e  t u b e  w as 
h e a t e d  a t  1 5 2 -1 5 5 °  fo r  a  t o t a l  o f  2 4  h r .  T h e  t u b e  w a s  c o o le d  
t o  r o o m  t e m p e r a tu r e  a n d  o p e n e d , a n d  so m e  p o s i t iv e  p r e s s u re  
in s id e  f ro m  h y d r o g e n  c h lo r id e  g a s  w a s  n o te d .  T h e  r e a c t io n  
m ix tu r e  in s id e  t h e  tu b e  w a s  a  b la c k  g la s s y  m a te r ia l .  I t  w a s  
d is s o lv e d  in  g la c ia l  a c e t ic  a c id  a n d  t r e a t e d  tw ic e  w i th  
a c t i v a t e d  c h a r c o a l  ( D a r c o  G -6 0 ) . T h e n  m o s t  o f  t h e  a c e t ic  
a c id  w a s  e v a p o r a t e d  u n d e r  a  j e t  o f  d r y  a i r ,  a n d  t h e  w h i te  
s o lid  w h ic h  s e p a r a te d  w a s  c o l le c te d  o n  a  s in te r e d  g la s s  f i l te r  
fu n n e l .  A f te r  d r y in g ,  t h e  y ie ld  o f  th i s  s o lid  w a s  0 .8 8  g . ( 3 2 % ) ,  
m e l t in g  a t  2 1 5 - 2 4 5 ° .  T w o  r e c r y s ta l l i z a t io n s  f ro m  c a r b o n  
te t r a c h lo r id e  y ie ld e d  0 .3 6  g. ( 1 3 % )  o f  w h i te  s o lid , m .p .  2 6 5 -  
2 6 8 ° . T h e  in f r a r e d  s p e c t r u m  o f  t h i s  m a te r i a l  w a s  id e n t ic a l  
w i th  t h a t  o f  a  k n o w n  s a m p le 8 o f  I V  a n d  a  m ix e d  m e l t in g  
p o in t  w a s  2 6 5 - 2 6 8 ° ,  s h o w in g  n o  d e p re s s io n .

I n  a n o th e r  e x p e r im e n t  in  w h ic h  1 .0 0  g . ( 2 .7 4  m m o le s )  o f  
a ld r in ,  5 2 2  m g . (2 .7 4  m m o le s )  o f  p - to lu e n e s u l f o n y l  c h lo r id e , 
a n d  4 3  m g . (0 .2 7  m m o le )  o f b e n z o y l  p e r o x id e  w a s  h e a t e d  in  
20  m l. o f  r e f lu x in g  c h lo ro b e n z e n e  fo r  2 4  h r . ,  n o  p r o d u c t  w a s  
o b ta in e d .  I n s t e a d ,  0 .9 5  g . ( 9 5 % )  o f  im p u r e  a ld r in  w a s  r e 
c o v e r e d  w h ic h  m e l te d  a t  5 0 - 6 0 ° .  T w o  r o c r y s ta l l iz a t io n s  
r a is e d  t h e  m e l t in g  p o in t  t o  9 5 - 9 8 ° ,  a n d  a  m ix e d  m e l t in g  p o in t  
w i th  p u r e  a ld r in  s h o w e d  n o  d e p re s s io n .

Addition of p-toluenesulfonyl chloride to norbornadiene. 
(a) Peroxide-catalyzed addition. A  m ix tu r e  o f  2 .0 0  g. (2 1 .6  
m m o le s )  o f  n o r b o r n a d ie n e  a n d  2 .0 5  g . (1 0 .8  m m o le s )  o f  p -  
to lu e n e s u lf o n y l  c h lo r id e  w a s  p r e p a r e d  in  a  2 0 -m l. f la s k  
e q u ip p e d  w i th  a  t h e r m o m e te r  a n d  re f lu x  c o n d e n s e r ,  a n d  160  
m g . (1 .0  m m o le )  o f  b e n z o y l  p e ro x id e  w a s  a d d e d .  T h e  f la s k  w as 
h e a t e d  a t  7 5 - 8 2 °  fo r  2 4  h r .  A  w h i te  p a s t e  w a s  o b ta in e d ,  
w h ic h  w a s  d is s o lv e d  in  10  m l. o f  d r y  c h lo ro fo rm  a n d  c h r o 
m a to g r a p h e d  o n  6 0  g . o f  a c t i v a t e d  a lu m in a .  E lu t io n  w i th  
p e t r o le u m  e th e r  ( b .p .  6 0 - 8 0 ° )  y ie ld e d  9 8 8  m g . o f  a  c o lo r le s s  
o il w i th  t h e  o d o r  o f  n o r b o rn a d ie n e .  T h is  m a te r i a l  w a s  n o t  
i n v e s t i g a t e d  f u r t h e r .  A  t o t a l  o f  1 .4 7  g. ( 4 7 % )  o f  w h i te  s o lid  
w a s  e lu te d  in  t h i r t e e n  5 0 -m l. f r a c t io n s  w i th  a  1 0 %  s o lu t io n  
o f  e th y l  a c e t a t e  in  p e t r o le u m  e th e r  ( b .p .  6 0 - 8 0 ° ) .  T h e  m e l t 
in g  p o in t s  o f  th e s e  f r a c t io n s  r a n g e d  f ro m  1 0 0 -1 2 5 °  t o  1 4 6 -  
1 5 2 ° . T h e y  w e re  r e c r y s ta l l i z e d  s e p a r a te ly  t o  g iv e  a  t o t a l  o f 
0 .9 5  g . o f  s o l id  m e l t in g  a t  1 4 8 -1 5 2 °  p lu s  0 .3 3  g. o f  a  s o lid  
m e l t in g  a t  1 5 2 - 1 5 4 ° .  T h e  f r a c t io n s  w e re  c o m b in e d  t o  g iv e  a  
t o t a l  y ie ld  o f  1 .2 8  g. ( 4 2 % )  o f  V I I  w h ic h  m e l te d  a t  1 5 4 -1 5 5 °  
a f t e r  tw o  m o r e  r e c r y s ta l l i z a t io n s  f ro m  m e th a n o l .

Anal. C a lc d .  f o r  C i iH 15C1C>2: C , 5 9 .4 6 ; H ,  5 .3 5 . F o u n d :  
C , 5 9 .4 7 ; H ,  5 .2 8 .

T h e  in f r a r e d  s p e c t r u m  of V I I  s h o w e d  s t r o n g  a b s o r p t io n  
p e a k s  a t  1 1 .8 5 , 12 .2 , a n d  1 2 .4  p. A b s o rp t io n  in  t h i s  r e g io n  is 
c h a r a c te r i s t i c  o f  t h e  n o r t r ic y c le n e  s t r u c t u r e . 17' 18,19 U n f o r tu 
n a t e l y  t h i s  r e g io n  o v e r la p s  t h a t  fo r  para d i s u b s t i t u te d  b e n 
z e n e s .20' 41 A  n u m b e r  o f  c o m p o u n d s  c o n ta in in g  a  p - to ly l  
g r o u p  h a v e  b e e n  e x a m in e d  in  t h i s  l a b o r a to r y ,  a n d  th e s e  c o n 
s i s t e n t ly  a p p e a r  t o  s h o w  a  single s t r o n g  a b s o r p t io n  p e a k  in  
t h e  1 2 .2 - 1 2 .4  p r e g io n  u n le s s  s o m e  o th e r  f u n c t io n  is  p r e s e n t  
w h ic h  c o u ld  b e  r e s p o n s ib le  f o r  a d d i t io n a l  p e a k s .  T h e  in 
f r a r e d  s p e c t r u m  a ls o  s h o w e d  a  s t r o n g  p e a k  a t  8 .7 5  p a n d  a  
s e r ie s  o f  p e a k s  in  t h e  7 .7  p r e g io n , w h ic h  c a n  b e  a t t r i b u t e d  to  
t h e  s u lfo n e  g r o u p .21' 22
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(b) Addition initiated by ultraviolet light. A  s t i r r e d  s o lu t io n  
o f  1 .0 0  g . (1 0 .8  m m o le s )  o f  n o r b o r n a d ie n e  a n d  2 .0 5  g . (1 0 .8  
m m o le s )  o f  p - to lu e n e s u l f o n y l  c h lo r id e  in  5 0  m l.  o f  c y c lo 
h e x a n e  w a s  i r r a d i a t e d  fo r  2 4  h r .  i n  a  V y c o r  f la s k , u s in g  t h e  
u l t r a v io l e t  l i g h t  f ro m  a  M a z d a  A H - 4  la m p .  T h e  c y c lo h e x a n e  
w a s  r e m o v e d  b y  e v a p o r a t io n  a n d  a  p a s t y  r e s id u e  w a s  o b 
ta in e d ,  w h ic h  w a s  c h r o m a to g r a p h e d  o n  60  g . o f  a c t i v a t e d  
a lu m in a .  E lu t io n  w i th  2 0 %  e t h y l  a c e t a t e  in  p e t r o le u m  e th e r  
( b .p .  6 0 - 8 0 ° )  g a v e  a  t o t a l  o f 1 .6 2  g . ( 5 3 .2 % )  o f  a  w h i te  so lid ,
m .p .  1 0 0 - 1 2 5 ° .  T w o  r e c r y s ta l l i z a t io n s  f ro m  m e th a n o l  g a v e  
X  m e l t in g  a t  1 5 1 .5 -1 5 3 .5 ° .

(2 2 )  C . B a r n a r d .  J .  M . F a b ia n ,  a n d  H . P .  K o c h ,  J. Chem. 
Soc., 2 4 4 2  (1 9 4 9 ) . '
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A b s tr a c t io n  o f  h y d r o g e n  ( r a t h e r  t h a n  a d d i t i o n )  is  d e m o n s t r a t e d  a s  a  p r e l im in a r y  s t e p  in  t h e  f o r m a t io n  o f  ¿ -b u ty l  v in y l-  
c y c lo h e x e n y l  p e r o x id e s  f r o m  4 -v in y lc v c lo h e x e n e  w i th  ¿ -b u ty l  h y d r o p e ro x id e  i n  t h e  p r e s e n c e  o f  c o b a l t  io n s .  T h e  o le f in  is 
s h o w n  to  b e  p e r o x id a t e d  m a in ly  in  t h e  6 -p o s i t io n , w i t h  m in o r  p r o p o r t io n s  p e r o x id a t e d  in  t h e  3 - p o s i t io n  a n d  4 -p o s i t io n . 
T h e  r a t i o  o f is o m e rs  is  t a k e n  a s  e v id e n c e  a ls o  f o r  a  s t r o n g  s te r ic  e f fe c t .

S lo w  p h o to ly s is  o f  d i - i - b u ty l  p e r o x id e  i n  4 -v in y lc y c lo h e x e n e  a t  4 0 °  r e s u l t s  i n  t h e  f o r m a t io n  o f  f o u r  t im e s  a s  m u c h  d e h y d r o 
d im e r  a s  a n y  o t h e r  o le f in -d e r iv e d  p r o d u c t ,  s h o w in g  t h a t  t h e  ¿ -b u to x y  r a d ic a l  p r e f e r s  a b s t r a c t i o n  u n d e r  th e s e  c o n d i t io n s .  
I n  c o n t r a s t ,  t h e r e  is  a s  m u c h  ¿ - b u to x y la t io n  a s  d e h y d r o d im e r iz a t io n  o f  t h e  o le f in  w h e n  d i - i - b u ty l  p e r o x id e  is  d e c o m p o s e d  
a t  1 2 0 °  in  4 -v in y lc y c lo h e x e n e  in  t h e  p r e s e n c e  o f  c u p r ic  io n . T h e s e  v a r i a t i o n s  m a y  b e  e x p la in e d  b y  d if fe r e n c e s  in  t h e  n a tu r e
a n d  r e l a t i v e  c o n c e n t r a t io n s  o f  f r e e  r a d ic a l s  p r o d u c e d .

The work described in this paper is a part of a 
continuing study of the reactions of free radicals 
with olefins. The objective of the program is to pro
vide additional information regarding the relative 
reactivity of different types of free radicals with a 
variety of unsaturated compounds, and to deter
mine the point of attack and the nature of the 
products formed. The study is particularly aimed at 
providing information with model compounds which 
relates to free-radical processes involved in poly
merization, in certain cross finking reactions, and in 
both thermal and oxidative degradation of poly
mers.

In hydroperoxide decompositions induced by 
cobalt ions or similar metal ions, the work of the 
late Professor M. S. Kharasch and his colleagues3 
suggested the presence of both peralkoxy and al- 
koxy radicals: for example, in butadiene, i-butyl 
hydroperoxide decomposed to give i-C4H900CH2- 
CH=CHCH2OOt-C4H9 and isomeric peroxide along 
with about one-half equivalent of i-butyl alcohol. 
The roles of these radical species were originally

( 1 )  P r e s e n te d  b e fo re  t h e  D iv is io n  o f  O rg a n ic  C h e m is t r y ,  
1 3 7 th  M e e t in g ,  A m e r ic a n  C h e m ic a l  S o c ie ty ,  C le v e la n d , 
A p r il  1960 .

(2 )  P r e s e n t  a d d r e s s :  R e s e a r c h  D iv is io n , G o o d y e a r  T ir e  
a n d  R u b b e r  C o m p a n y ,  A k ro n , O h io .

( 3 )  M . S . K h a r a s c h ,  P .  P a u s o n ,  a n d  W . N u d e n b e r g ,  
J. Org. Chem., I S , 32 2  (1 9 5 3 ).

misunderstood. It was proposed that peroxidation 
of olefins with a hydroperoxide (Equation 1) 
proceeded by addition of the peroxy radical to the

2  R O O H  +  R 'H  — >- R O O R ' +  R O H  +  H 20  (1 )

double bond, followed by loss of a hydrogen atom 
to give, for example, l-peralkoxyoctene-2 from oc- 
tene-1. However, the untenability of this mecha
nism has recently been acknowledged.4 5 The peroxi
dation of such compounds as cumene and cyclo
hexanone4'6 showed that hydrogen abstraction 
must occur in these cases because an initial addition 
of R 02- was not a reasonable possibility. Reexam
ination of the octene-1 example disclosed the 
presence of 3-peralkoxyoctene-l, certainly a product 
of hydrogen abstraction rather than of peroxy 
radical addition.

We had meanwhile applied the peroxidation 
technique to 4-vinylcyclohexene and independently 
concluded that the reaction must involve initial 
hydrogen abstraction in this case also.

The experimental work reported here involves the 
reaction of i-butoxy and i-butyl peroxy radicals 
with 4-vinylcyclohexene. This olefin provides both

( 4 )  M . S . K h a r a s c h  a n d  A . F o n o ,  J. Org. Chem,., 2 4 , 72  
(1 9 5 9 ).

( 5 )  M . S . K h a r a s c h  a n d  A . F o n o ,  J. Org. Chem., 2 3 , 3 2 4
(1 9 5 8 ).
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F ig . 1. P r o d u c t s  b y  a  h y d r o g e n - a b s t r a c t i o n  m e c h a n is m  in  t h e  ¿ -b u ty l  p e r o x id a t io n  o f 4 -v in y lc y c lo h e x e n e  a n d  s u b s e q u e n t
h y d r o g e n a t io n

vinyl and internal unsaturation together with pos
sible sites for hydrogen abstract from alpha methyl
ene groups. The free radicals were generated by 
decomposition of ¿-butyl hydroperoxide and t- 
butyl peroxide as described later.

DISCUSSION

The ¿-butyl peroxidation was carried out in an 
excess of 4-vinylcyclohexene so as to favor mono
substitution. After the resulting peroxides were 
fully hydrogenated to the corresponding ethyloyclo- 
hexanols, infrared examination and preparation 
of derivatives showed that peroxidation had oc
curred predominantly in the 6-position of 4-vinyl
cyclohexene and that a minor proportion was per 
oxidated in the 3-position as illustrated in Fig. 1. 
These are the two positions alpha to the internal 
double bond. No 1-ethylcyclohexanol was isolated, 
but infrared spectra indicated that a trace quan
tity was present. Therefore, it may also be concluded 
that peroxidation occurred rarely in the 4-position 
of 4-vinylcyclohexene, although this is a tertiary 
carbon and alpha to the vinyl double bond. There 
was no evidence of peroxidation in the 1-position 
of 4-vinylcyclohexene, which might have been ex
pected to occur via resonance stabilization of the 
radical, B, as shown in Fig. 1.

The occurrence of the peroxides I and II in the 
products shows that the first step of the peroxida
tion was hydrogen abstraction rather than ad
dition to a double bond. The isomer ratios indicate 
considerable selectivity in the over-all substitution 
and probably in the hydrogen abstraction.

A likely agent for hydrogen abstraction in 
peroxidation is the alkoxy radical. Using ¿-butyl 
hydroperoxide with cyclohexene and octene-1, 
Kharasch and co-workers obtained at least as 
much ¿-butyl alcohol on a molar basis as peroxide,3 
and the same is true in ¿-butyl peroxidation of 4- 
vinylcyclohexene. While the formation of an equiv

alent amount of ¿-butyl alcohol does not prove 
that the abstraction was performed by ¿-butoxy 
radical, it certainly supports that interpretation.

Farmer and Moore6 showed that cyclohexene 
yielded cyclohexene dehydrodimer when heated 
with di-i-butyl peroxide at 140°, showing that the 
¿-butoxy radical does indeed abstract hydrogen 
from cyclohexene. We find that when a solution of 
di-f-butyl peroxide and 4-vinylcyclohexene at about 
40° under nitrogen is irradiated, (2537 A), at least 
80% of the very small conversion of olefin results 
in the formation of vinylcyclohexene dehydrodimer, 
confirming the ability of ¿-butoxy to abstract hy
drogen from this olefin, and demonstrating its re
luctance to add to either of the double bonds under 
these conditions.

The ¿-butyl peroxidation of 4-vinylcyclohexene 
may be summarized as in Equation 2.

4 5 °-5 5 °
2 ¿-C4H 9O O H  4- C 8H 12-------------

cobalt ions
¿-CiH gO O CsH n +  ¿-C4H 9O H  +  IT O  (2)

If this reaction were to have proceeded by the 
addition of ¿-butyl pcroxy radical to 4-vinylcyclo- 
hexene, a major product would have been an un
saturated peroxide lacking a vinyl group, as the 
addition would have occurred preferentially at the 
vinyl double bond.7 One evidence for hydrogen 
abstraction is therefore the fact that the product, 
was mainly a mixture of doubly unsaturated perox
ides which reduced to ethylcyclohexanols rather 
than to cyclohexylethanol. A second evidence is the 
presence of 2-ethylcyclohcxanol among the reduc
tion products (Fig. 1) which could not have arisen 
from an addition to 4-vinylcyclohexene. Finally, 
addition to the internal double bond followed by 
loss of hydrogen, should have afforded approxi-

( 6 )  E .  H .  F a r m e r  a n d  C . G . M o o re , J. Chem. Soc., 131
(1 9 5 1 ).

( 7 )  M . S . K h a r a s c h  a n d  M . S a g e , J. Org. Chem., 14 , 537
(1 9 4 9 ).



JU LY 1 9 6 1 REACTIONS OF FR E E  RADICALS W ITH  O LEFIN S 2187

F ie .  2.

t-B uO O .

OO£-0u

S u p p o s e d  p r o d u c t s  o f ¿ -b u ty l  p e r o x v  r a d i c a l  a d d e d  t o  th e  i n t e r n a l  d o u b le  b o n d  o f  4 -v in y Ic v c lo h e x e n e

mately equal amounts (after hydrogenation) of
3-ethylcyclohexanol and 4-cthylcyelohexanol, as 
shown in Fig. 2. Actually, the amounts of these 
alcohols were not equal. The 3-ethylcyclohexanols 
accounted for most of the product and no infrared 
peaks characteristic of 4-ethylcyclohexanol were 
observed. By the abstraction route also (Fig. 1) 
both alcohols could be formed but they would not 
be expected to be in equal amount. For these 
reasons, the peroxidation of 4-vinylcyclohexene 
is concluded to proceed via abstraction of hydrogen 
to produce vinylcvelohexenyl radicals. Induced 
decomposition of the hydroperoxide by reaction 
with free radicals would merely produce more R 02- 
which could in turn abstract hydrogen to reform 
the hydroperoxide and a free radical. Consequently, 
the observed vinylcyclohexenyl peroxide may be 
considered to result from a coupling of the appro
priate free radicals:

2  R O O H  ------------- >- R O - +  R O r  +  H 20  (3 )
cobalt ions

R O - +  R 'H  — >- R O H  +  R '-  (4 )

R O s- +  R ' ------- ^  R 0 2R '  (5 )

Kharasch and Fono4-6 have recently postulated 
in detail further reaction steps to account for sub
stitutive peroxidations by the action of alkoxy and 
peralkoxy radicals produced by hydroperoxide 
decomposition induced by ions of metals such as 
cobalt. The substituted product R'OOR is attrib
uted in the later papers to reaction of the metallic 
ion with a hydrogen-bonded complex:

R '-  +  R O O H  — >- R '- H : O O R  (6 )

M e + + +  R ' - H : O O R  >- R 'O O R  +  M e +  +  H  + (7 )

An alternative interpretation is available which 
accounts for the formation of peroxides, ethers, and 
dehydrodimers under varying conditions. In sub
stitutive peroxidations (where both RO- and R 02- 
are present) the peroxide R'OOR could be formed 
by initial abstraction of hydrogen by RO- and

coupling of ROO- with R'- as in reactions 4 and 
5. In alkoxylations with ROOR, (where R 02- is 
absent) ROR' could be formed similarly by coupling 
of RO- with R'- to produce ROR', when the con
centration of RO- is sufficiently large. Where RO- 
is in very small concentration, as in the slow 
photolysis of di-i-butyl peroxide in 4-vinylcyclo
hexene, the coupling of R'- is favored, to give 
R '2, in this case the dehydrodimer of vinyl- 
cyclohexene. The much more rapid, copper-induced 
decomposition of the same mixture at 120° gave 
a mixture of ROR', R '2, and tars:

R O O R  +  R ' H -------- >- R 'o  +  R O R ' +  R O H , e tc .  (8 )
CuCla

The method used to accomplish the alkoxylation 
of 4-vinylcyclohexene was adapted from a prelimi
nary communication of Kharasch and Fono5 on 
radical reactions modified by the presence of copper 
salts. In a more complete recent report,s these 
authors suggest that unstable copper organic 
complexes are intermediates. However, they stress 
that decompositions of peroxides and related 
compounds are appreciably faster when copper 
induced, a circumstance which leads us to suppose 
that concentration effects resulting from different 
rates of radical generation may also play a part in 
the modifications which are observed.

In view of the recent report of Brill8 9 that 4- 
vinylcyclohexene is oxidized primarily (though 
probably not exclusively) to 4-hydroperoxy-4- 
vinylcyclohexene, the selective avoidance of this 
position in peroxidation, and the preferred orienta
tion toward the 6-position, is particularly striking. 
It suggests the operation of a strong steric factor. 
The availability of only one tertiary hydrogen at 
the 4-position as compared to two abstractable 
hydrogens at each of the methylenes in the 3- and

(8 )  M . S . K h a r a s c h  a n d  A . F o n o , J. Org. Chem., 2 4 , 60 6
(1 9 5 9 ).

(9 )  W . F .  B r i l l ,  J. Org. Chem., 2 4 , 2 5 7  (1 9 5 9 ).
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6-positions would favor reaction at these positions 
as observed in our work.

The effect of polar factors should also be con
sidered as alkoxy radicals and peralkoxy radicals 
should be strongly electron-seeking, and this char
acteristic could affect their selectivity.1C The greater 
electronegativity of R 02- would tend to make it 
less selective than RO-. The variations in electron 
density at the carbon-hydrogen bonds of 4-vinyl- 
cyclohexene is probably small, however, and the fact 
that initiation by molecular oxygen and propaga
tion by R 02- gives a different selectivity from that 
of RO- again lends more weight to a steric argu
ment.

It nevertheless seems to us that in understanding 
reactions of alkoxy and peralkoxy radicals, their 
electrophilic nature should be considered. The 
observations of McBay and colleagues11 regarding 
the competitive coupling of radicals are pertinent: 
whether it be because of field repulsion of like sub
stituents or the electron availability at radical sites 
(or both), coupling will tend to occur between the 
unlike radicals. If we may assume that with respect 
to electrophilic character, R 022- > RO- > >  R'-, 
then it is to be expected that in the presence of 
comparable concentrations of all three radicals, 
in systems where other reactions are minimized, 
the major product will be R 02R ' and not ROR' or 
R 'R '. Similarly, ROR' will form when R 02- is 
absent, and R 'R ' when both R 02- and RO- are in 
short supply.

SU M M A RY

Hydrogen abstraction (rather then radical ad
dition) appears to be the initial step leading to the 
formation of peroxides and other substitution 
products in the reactions reported here. The marked 
selectivity in 4-vinylcyclohexene peroxidation may 
be attributed to steric effects. 4-Vinylcyclohexene 
was alkoxylated with di-i-butyl peroxide in the 
presence of a cupric salt, but slow photolysis (in 
the absence of cupric ion) produced only the dehy
drodimer. The difference may be attributed to the 
more rapid generation of radicals occurring in the 
metal-catalyzed decomposition of the peroxide. 
In both alkoxylations and peroxidations it is pro
posed that variations in the relative concentrations 
of the free radicals, together with some contribution 
from polar and steric factors, provide an adequate 
explanation of the observed behavior.

E X P E R IM E N T A L

Reagents. T h e  4 -v in y lc y c lo h e x e n e  w a s  s u p p l ie d  b y  P h i l l ip s  
P e t r o le u m  C o m p a n y ,  p u r e  g r a d e ,  99  m o le  p e r c e n t  m in im u m  
p u r i ty .  I t  w a s  d is t i l le d  a t  r e d u c e d  p r e s s u r e  i n  a  2 0 - p la te  
O ld e r s h a w  c o lu m n  u n d e r  n i t r o g e n ,  w i th in  4 8  h r .  o f  u s e :

(1 0 )  E .  C . K o o y m a n ,  R .  V a n  H e ld e n , a n d  A . F .  B ic k e l,  
Kon. Ned. Akad, Weten, 4 6 , 75  (1 9 5 9 ).

( 1 1 ) H .  C . M c B a y ,  O . T u c k e r ,  a n d  P .  T .  G ro v e s , J. 
Org. Chem., 2 4 , 53 6  (1 9 5 9 ).

» d°, 1 .4 6 3 5 . T h e  ¿ -b u ty l  h y d r o p e ro x id e  w a s  o f  9 9 %  p u r i t y , 12 

o b ta in e d  f ro m  L u c id o l  r e a g e n t  b y  f r a c t i o n a t io n  a t  r e d u c e d  
p r e s s u r e  in  t h e  O ld e r s h a w  c o lu m n . T h e  d i - f - b u ty l  p e r o x id e  
w a s  L u c id o l  r e a g e n t ,  r e d is t i l le d ,  n 2D°, 1 .3 8 7 7 . C o b a l t  n a p h -  
t h e n a t e  w a s  u s e d  in  t h e  fo rm  o f  N u o d e x  c o b a l t  c a t a l y s t  6 %  
c o b a l t .

Reaction of t-butyl hydroperoxide with 4-vinylcyclohexene. 
T h e  r e a c t io n  w a s  c a r r ie d  o u t  a c c o r d in g  t o  t h e  m e th o d  o f 
K h a r a s c h  a n d  c o - w o rk e rs 3' 4 in  e i th e r  o f  tw o  w -ays:

A . T h e  c o b a l t  c a t a l y s t  w a s  a d d e d  a t  in te r v a l s  t o  t h e  m a g 
n e t ic a l ly  s t i r r e d  m ix tu r e ,  f o r  e x a m p le , 0 .8  m o le  o f ¿ -b u ty l 
h y d r o p e ro x id e  in  2 .9  m o le s  4 -v in y lc y c lo h e x e n e  u n d e r  n i t r o 
g e n . T o ta l  c a t a ly s t  c o n c e n t r a t io n  w a s  v a r ie d  f ro m  0 .2  m o le  
p e r c e n t  b a s e d  o n  in i t i a l  h y d r o p e ro x id e ,  t o  2  m o le  p e r c e n t .  
T h e  la r g e r  a m o u n t  o f  c a t a ly s t  le d  t o  a  h ig h e r  p r o p o r t io n  
o f  t a r r y  m a te r ia l ,  a c c o u n t in g  a t  t h e  m a x im u m  fo r  a s  m u c h  
o le f in  a s  w a s  m o n o p e r o x id a te d .  W i th  0 .2  m o le  p e r c e n t  o f 
c a t a ly s t ,  t h e  a m o u n t  o f h ig h e r -b o i l in g  m a te r ia l s  a c c o u n te d  
fo r  le ss  t h a n  6 0 %  a s  m u c h  o le f in  a s  w a s  m o n o p e r o x id a te d .  
T h e  y ie ld  o f ¿ -b u ty l  v in y lc y c lo h e x e n y l  p e ro x id e s  w a s  5 1 - 5 2 %  
in  e i th e r  c a se , b a s e d  o n  in i t i a l  ¿ -b u ty l  h y d r o p e ro x id e .

B . T h e  c o b a l t  c a t a ly s t  (0 .1  m o le  p e r c e n t )  w a s  a d d e d  a l l  a t  
o n c e , b y  c a p s iz in g  t h r o u g h  m a g n e t ic  s t i r r in g  a  f lo a t in g  
g la s s  b o a t  c o n ta in in g  th e  c a ta ly s t ,  u n d e r  a  n i t ro g e n  a tm o s 
p h e re .  T h e  c o n t in u o u s ly  s t i r r e d  r e a c t io n  m ix tu r e ,  f o r  e x a m 
p le , 0 .5 9  m o lt  o f  ¿ -b u ty l  h y d r o p e ro x id e  in  3 .8  m o le s  4 -v in y l 
c y c lo h e x e n e  w a s  t h e n  a llo w e d  to  w a r m  a n d  w a s  m a in t a in e d  
a t  5 0 - 5 5 °  fo r  3 h r .  b y  e x te r n a l  h e a t in g .  I n  th i s  c a s e  t h e  
y ie ld  o f  ¿ -b u ty l  v in y lc y c lo h e x e n y l  p e ro x id e s  w a s  0 .1 6 4  
m o le , 5 6 %  o f  t h e  th e o r e t i c a l  y ie ld  b a s e d  o n  t h e  in i t i a l  
¿ -b u ty l  h y d r o p e ro x id e .  H ig h e r -b o i l in g  a n d  t a r r y  m a te r i a l  
a m o u n te d  t o  7 .9  g ., a c c o u n t in g  f o r  le ss  t h a n  4 0 %  a s  m u c h  
o le f in  a s  w a s  p e r o x id a te d .

I n  e i th e r  m e th o d ,  lo w -b o ilin g  m a te r ia l s  w e re  r e m o v e d  b y  
d is t i l l a t io n  a t  r e d u c e d  p re s s u re .  T h e  ¿ -b u ty l  v in y lc y c lo 
h e x e n y l  p e r o x id e  m ix tu r e  w a s  s e p a r a te d  a n d  p u r if ie d  b y  
v a c u u m  d is t i l l a t io n ;  o r  a l t e r n a t iv e ly ,  t h e  e n t i r e  p e r o x id e  
m ix tu r e  a f t e r  r e m o v a l  o f  lo w -b o ilin g  m a te r ia l s  w a s  h y d r o 
g e n a te d  o v e r  R a n e y  n ic k e l.

Identification of t-hutyl vinylcyclohexenyl peroxides. I n 
f r a r e d  s p e c t r a  s h o w e d  a b s o r p t io n  in d ic a t in g  t h e  r e t e n t i o n  
o f  v in y lc y c lo h e x e n y l  u n s a t u r a t i o n — i.e., v in y l  a n d  cis- 
i n t e r n a l  d o u b le  b o n d s  r e s p e c t iv e ly :  3 .2 5 , 3 .3 0 , 5 .5 , 6 .0 8 ,
1 0 .0 6 , 11 .0 , 1 5 .2 ; 3 .3 0 , 6 .1 , 13 .6  p T h e  p r e s e n c e  o f  t h e  ¿ -b u ty l  
g r o u p  -was i n d ic a te d  p r im a r i ly  b y  t h e  a b s o r p t io n s  a t  7 .2 1 , 
7 .3 3  p; c a r b o n - o x y g e n  b o n d  b y  s t r o n g  a b s o r p t io n  a t  8 .3 6  p. 
A  b a n d  a t  1 1 .4  p w a s  a t t r i b u t e d  t o  O — O  s t r e tc h in g .  P h y s i 
c a l  p r o p e r t i e s  w e re  c o n s is te n t  w i th  a  m ix tu r e  o f  m o n o v in y l -  
c y c lo h e x e n y l  c o m p o u n d s :  b .p .  2 6 - 3 3 °  a t 0 . 0 2  m m ; ra2D°, 1 .4 6 1 -  
1 .4 6 3 ; p u n g e n t  o d o r .

Anal. C a lc d . f o r  C i 2H 2d0 2: C , 7 3 .4 3 ; H ,  1 0 .2 7 ; m o l .  w t . ,  
196. F o u n d 13; C , 7 3 .4 ;  H ,  1 0 .2 ; m o l. w t . ,  15 2  ( R a s t ) .

D e c o m p o s i t io n  is p r e s u m e d  t o  h a v e  lo w e re d  t h e  m o le c u la r  
w e ig h t .  P e r o x id e  f r a c t io n s  b e c a m e  c o n ta m in a t e d ,  o n  s t a n d 
in g , w-ith c o n ju g a te d  k e to n e  (5 .9 3  p) a n d  h y d r o x y l  (2 .9  p) 
p r e s u m e d  t o  b e  ¿ -b u ty l  a lc o h o l.

O v e r  r e d u c e d  p l a t i n u m  o x id e  ( A d a m ’s c a t a l y s t )  in  
e t h a n o l 14 a t  ro o m  t e m p e r a tu r e  a n d  a tm o s p h e r ic  p r e s s u r e  o f 
h y d r o g e n ,  3 .6 2  g . o f  ¿ -b u ty l v in y lc y c lo h e x e n y l  p e ro x id e s  
a b s o rb e d  9 5 9  m l. o f  h y d r o g e n  ( S .T .P . )  o r  2 .3  m o le s  p e r  
m o le  o f p e ro x id e . F r o m  t h e  r e a c t io n  m ix tu r e  b o t h  t - b u ty l  
e th y lc y c lo h e x y l  p e r o x id e  ( 2  g .)  a n d  a  m ix tu r e  o f  e th y lc y c lo -  
h e x a n o ls  ( 0 .6  g .)  w e re  i s o la te d , c o n f irm in g  p a r t i a l  h y d r o g e n a 
t i o n  o f t h e  p e r o x id e  b o n d .  T h e  ¿ -b u ty l e th y lc y c lo h e x y l  
p e r o x id e  ( b o i l in g  4 9 - 5 0 °  a t  0 .7  m m ; ra2D°, 1 .4 4 0 5 )  w a s  i d e n t i 
f ied  b y  i t s  in f r a r e d  s p e c t r u m , a n a ly s is ,  a n d  f u r t h e r  r e d u c t io n .

( 1 2 )  I o d o m e t r ic  a n a ly s is :  V . R .  K o k a t n u r  a n d  M . J e l l in g ,  
J. Am. Chem. Soc., 6 3 , 1432  (1 9 4 1 ).

(1 3 )  E le m e n ta l  a n a ly s e s  a n d  m o le c u la r  w e ig h t  d e t e r 
m in a t io n s  b y  D r s .  W e ile r  a n d  S t r a u s s ,  O x fo rd , E n g la n d .

(1 4 )  R .  P .  L in s te a d ,  J .  A . E lv id g e , a n d  M . W h a lle y , 
A Course in Modern Techniques of Organic Che?nistry, 
B u t t e r w o r t h ’s , L o n d o n , 1955, p . 84 .
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A b s o rp t io n s  d u e  t o  u n s a t u r a t i o n  a re  a b s e n t  in  i t s  s p e c t r u m ;  
t h e  i - b u ty l ,  C — 0  a n d  O — 0  b o n d s  r e m a in .

Anal. C a lc d .  fo r  C ^ H j-iO : C , 7 1 .9 5 ;  H ,  1 2 .0 8 ; m o l. w t .  
2 0 0 . F o u n d 14: C , 7 2 .1 2 ; H ,  1 2 .0 9 ; m o l. w t . ,  236 .

R e d u c e d  b y  a  s o d iu m  d is p e rs io n  in  x y le n e , 15 16 1 .2 5  g . o f 
¿ -b u ty l  e th y lc y c lo h e x y l  p e r o x id e  y ie ld e d  0 .2 5  g . o f  ¿ -b u ty l 
a lc o h o l  a n d  0 .6  g . o f  m ix e d  e th y lc y c lo h e x a n o ls .

O v e r  R a n e y  n ic k e l 16 in  e th a n o l  a t  ro o m  t e m p e r a t u r e  a n d  4  
a t m .  o f h y d r o g e n  in  t h e  P a r r  h y d r o g e n a t io n  a p p a r a tu s ,
2 2 .7  g . o f  ¿ -b u ty l  v in y lc y c lo h e x e n y l  p e r o x id e  p r o d u c e d  a  
p r e s s u re  d r o p  o f  2 8  p .s . i .  U n d e r  th e s e  c o n d i t io n s  t h e  th e o 
r e t i c a l  p r e s s u r e  d r o p  w a s  27  p .s . i .  f o r  3 m o le s  o f  h y d r o g e n  
p e r  m o le  p e ro x id e .

Identification of ethylcyclohexanols. T h e  in d iv id u a l  e th y l 
c y c lo h e x a n o ls  in  f r a c t i o n a l ly  d is t i l l e d  h y d r o g e n a t io n  m ix 
tu r e s  w e re  id e n t i f ie d  t h r o u g h  p r e p a r a t io n  o f a lc o h o l  d e r iv a 
t iv e s  b y  s t a n d a r d  p r o c e d u r e s ,  a n d  b y  in f r a r e d  a n a ly s is .  
A  s im i la r  in f r a r e d  a n a ly s is  o f  a  m ix tu r e  o f  e th y lc y c lo h e x a n o ls  
h a s  b e e n  r e p o r t e d . 17 A u th e n t i c  1 -e th y lc y c lo h e x a n o l  in  
c r y s ta l l in e  f o rm  w a s  s u p p l ie d  b y  D r .  K .  W . S c o t t  o f  G o o d 
y e a r  T i r e  a n d  R u b b e r  C o .;  a u t h e n t i c  2 -e th y lc y c lo l ie x a n o ls  
a n d  3 - e th y lc y c lo h e x a n o ls ,  r e s p e c t iv e ly ,  w e re  p r e p a r e d  b y  
h y d r o g e n a t io n  o f  2 - e th y lp h e n o l  a n d  3 - e th y lp h e n o l  i n  e th a n o l  
o v e r  R a n e y  n ic k e l16 a t  1 5 0 °  in  h y d r o g e n  a t  1 4 0 0  p .s . i . ,  
u n d e r  t h e  d i r e c t io n  o f  D r .  A . P .  A r n o ld  a t  C le v e la n d  I n 
d u s t r i a l  R e s e a r c h ,  I n c .  4 - E th y lc y c lo h e x a n o ls  w e re  p r e p a r e d  
s im i la r ly  f ro m  4 - e th y lp h e n o l  b y  D r .  T .  P .  Y e n  a n d  S . T .  
Q u ig le y  a t  G o o d y e a r  T i r e  a n d  R u b b e r  C o m p a n y .  T h e  h y 
d r o g e n a t io n  m ix tu r e s  w e re  f r a c t i o n a t e d  b y  d i s t i l l a t io n  a t  
r e d u c e d  p r e s s u re s  b u t  t h e  p u r e  is o m e rs  w e re  n o t  g e n e r a l ly  
s e p a r a b le  in  t h i s  m a n n e r .  A ll s e v e n  o f  t h e  is o m e r ic  e th y l 
c y c lo h e x a n o ls  w e re  t h u s  a v a i la b le  p u r e  o r  in  cis-trans 
m ix tu r e s  t o  e n a b le  c o m p a r is o n s  w i th  a u th e n t i c  d e r iv a t iv e s  
a n d  s p e c t r a .  T h e  p u r i ty  o f  e a c h  e th y lp h e n o l  is o m e r , r e d is 
t i l le d  E a s t m a n  O rg a n ic  C h e m ic a ls  4 5 1 4 , P 4 5 2 0 , a n d  P 4 5 0 3 , 
w a s  a s s u r e d  b y  in f r a r e d  e x a m in a t io n .

E th y lc y c lo h e x a n o l  m ix tu r e s  f ro m  t ^ d r o g e n a t i o n  o f  t h e  
p e ro x id e s  w e re  a ls o  o x id iz e d  t o  t h e  c o r r e s p o n d in g  k e to n e s ,  
u s in g  c h ro m ic  a c id . 18 D e r iv a t iv e s  w e re  p r e p a r e d  a n d  i s o la te d :  
c » s -3 -e th y lc y c lo h e x y l p h e n y lu r e t l ia n ,  m .p . ,  1 0 0 ° .

Anal. C a lc d . f o r  C 16H 2iN O :  C , 7 2 .8 ;  H , 8 .5 6 ;  N ,  5 .6 7 ; 
F o u n d 13: C , 7 3 .3 ;  H ,  8 .4 5 ;  N ,  5 .8 0 ;

cis, o r  i r a r a s -^ -E th y lc y c lo h e x y l  n a p h t h y l u r e t h a n ,  m .p . ,  
1 5 3 .5 °  ( r a n g e ,  tw o  d e g re e s ) .

Anal. C a lc d .  f o r  C i 9H 2,N O :  C , 7 6 .7 ;  H ,  7 .8 0 ; N ,  4 .7 1 . 
F o u n d :  C , 7 7 .2 ;  H ,  8 .0 4 ;  N ,  4 .6 2 .

2 ,4 - D in i t r o p h e n y lh y d r a z o n e ,  m .p . ,  1 2 6 °  .
Anal. C a lc d .  f o r  C 14H 18N 4O 4: C ,  5 4 .9 ;  H ,  5 .9 2 ; N ,  18 .2 9 . 

F o u n d :  C , 5 5 .0 ;  H ,  6 .0 5 ;  N ,  18 .1 5 .
3 - E th y lc y c lo h e x a n o n e  s e m ic a rb a z o n e , m .p . ,  1 6 1 .5 ° .
Anal. C a lc d .  f o r  C 9H n O N s : C , 5 8 .9 ;  H ,  9 .3 5 . F o u n d :  C , 

5 8 .5 ;  H ,  9 .2 8 .
I n  e a c h  c a s e  t h e  d e r iv a t iv e  w h e n  m ix e d  w i th  t h e  c o r re 

s p o n d in g  a u t h e n t i c  d e r iv a t iv e  f a i le d  t o  d e p r e s s  t h e  m e l t in g  
p o in t .  ( M e l t i n g  p o in t s  a r e  n o t  c o r r e c te d .)

U s in g  P e r k in - E lm e r  s p e c t r o p h o to m e te r s ,  M o d e l  21 a n d / o r  
M o d e l  137 , in f r a r e d  s p e c t r a  w e re  m a d e  o f  a ll  p e r o x id e  h y d r o 
g e n a t io n  p r o d u c ts ,  w h ic h  w e re  in  a l l  c a s e s  m ix tu r e s  o f  e th y l  
c y c lo h e x a n o ls  im p e r f e c t ly  s e p a r a te d  b y  d i s t i l l a t io n  a n d  
o c c a s s io n a l ly  c o n ta m in a t e d  w i th  e th y lc y c lo h e x a n o n e s  a n d  
¿ -b u ty l  e th y lc y c lo h e x y l  p e ro x id e s .  S e m iq u a n t i t a t i v e  e s t i 
m a te s  w e re  m a d e  o f  t h e  p r o p o r t io n s  o f  e a c h  is o m e r  in  e a c h  
f r a c t io n  b y  s e le c t in g  t h e  p e a k s  h a v in g  a  m in im u m  o f i n t e r 
f e re n c e  f ro m  o t h e r  is o m e rs  a n d  a s s u m in g  B e e r ’s  la w  t o  h o ld .

(1 5 )  N .  A . M ile s  a n d  D . M . S u rg e n o r ,  J. Am. Chem. Soc., 
6 8 , 2 0 5  (1 9 4 6 ).

(1 6 )  H .  A d k in s ,  Reactions of Hydrogen with Organic 
Compounds over Copper-Chromium Oxide and Nickel Cata
lysts, T h e  U n iv e r s i ty  o f  W is c o n s in  P re s s ,  1937 , p .  2 0 .

(1 7 )  J .  H o f fm a n  a n d  C . E .  B o o r d ,  J. Am. Chem. Soc., 7 8 , 
4 9 7 3  (1 9 5 6 ).

( 1 8 )  J .  J .  L a m n e c k  a n d  P .  H .  W ise , J. Am. Chem. Soc.,
7 6 , 5 1 0 8  (1 9 5 4 ).

A s in d ic a te d  in  F ig . 1, c o n s id e ra b le  l a t i t u d e  is  a l lo w e d  f o r  
t h e  e r ro r  in  th i s  p r o c e d u r e .  I n  t h e  c a s e  o f  2 - e th y lc y c lo h e x a n o l  
cis-trans m ix tu r e s , 19 a b s o r p t io n  a t  1 1 .3 7 , 1 1 .8 2 , a n d  1 2 .2  p 
s e rv e d  t o  i n d ic a te  t h e  p r e s e n c e  o f  2 - is o m e rs , b u t  e a c h  o f  th e s e  
p e a k s  o c c u r s  c lo se  t o  a b s o r p t io n s  f o r  3 - is o m e rs , w h ic h  a r e  
t h e  m a jo r  c o m p o n e n ts  i n  th e s e  s o lu t io n s ,  so  t h a t  o u r  a c 
c u r a c y  is  p r o b a b ly  p o o r e s t  fo r  2 -e th y lc y c lo h e x a n o ls .  B a s e d  
o n  t h e  1 1 .8 2  b a n d ,  t h e  p r o p o r t i o n  w a s  e s t im a te d  t o  b e  5 % . 
1 - E th y lc y e lo h e x a n o l  m a y  b e  r e c o g n iz e d  b y  a b s o r p t io n s  a t  
8 .5 7 , 8 .9 0 , 1 0 .5 6 , a n d  1 1 .0 9  p; b a s e d  o n  t h e  a b s o r p t io n  a t  
8 .5 7  p, t h e  c o n c e n t r a t io n  w a s  c a lc u la te d  t o  b e  2 % . trans-3- 
E th y lc y c lo h e x a n o l ,  t h e  lo w -b o ilin g  is o m e r , 18' 20 h a s  c h a r a c 
te r i s t i c  a b s o rp t io n s ,  e .g .,  a t  9 .6 5 , 9 .8 6 , 1 0 .3 3 , 11 .66 . 1 2 .2 7  p; 
c is -3 -e th y lc y c lo h e x a n o l:  9 .0 0 , 9 .5 3 , 1 0 .4 5 , 1 1 .9 2  p. I n  
cis-trans 3 - e th y lc y c lo h e x a n o l  m ix tu r e s  t h e  a b s o rb a n c e -  
c o n c e n t r a t io n  p lo t s  w e re  l in e a r  a t  1 1 .9 2 , 1 2 .2 7  p. u s in g  th e s e ,  
t h e  p r o p o r t io n  o f  c is -3 - e th y lc y c lo h e x a n o l  in  a l l  f r a c t io n s  
o f  o n e  p e r o x id a t io n  r u n  w a s  e s t im a te d  t o  b e  3 1 % ;  trans-3- 
e th y lc y c lo h e x a n o l ,  4 6 % .

4 -E th y lc y c lo h e x a n o ls  h a v e  s t r o n g  o r  m o d e r a t e  a b s o r p 
t io n s  a t  8 .7 4 , 1 0 .1 0 , 1 0 .5 0 , 1 1 .1 5  p, p r o b a b ly  cis; a n d  9 .1 7 , 
9 .5 0 , 1 0 .3 6 , 1 1 .1 5  p, p r o b a b ly  trans. T h e  p e a k s  l e a s t  l ik e ly  
t o  s h o w  in te r f e r e n c e  f ro m  o th e r  c o m p o n e n ts  o f  t h e s e  m ix 
t u r e s  a r e  t h o s e  a t  1 0 .1 0 , 1 0 .5 0 , 1 1 ,1 5  p. I n  u n d i lu t e d ,  h y d r o 
g e n a te d  p r o d u c t  m ix tu r e s  i n  0 .0 2  t o  0 .0 4 5 - m m . in f r a r e d  
ce lls , n o n e  o f  th e s e  a b s o r p t io n s  w a s  d e t e c t e d  u n e q u iv o c a l ly  
i n  a n y  f r a c t io n .  C a r b o n y l  a b s o r p t io n  a t  5 .8 4  p p e r s i s te d  in  
t h e  s p e c t r a  o f  t h e  h y d r o g e n a te d  p r o d u c ts ,  lo w e r -b o i l in g  
f r a c t io n s .  V e r y  s m a ll  a b s o r p t io n s  in  t h e s e  f r a c t io n s  n e a r  
7 .4 5 , 7 .6 2 ,1 0 .3 5 ,  a n d  1 1 .5 5  p w e re  a t t r i b u t e d  t o  3 - e th y lc y c lo -  
h e x a n o n e .

E th y lc y c lo h e x y l  p e ro x id e s  c o n t r ib u te  fe w  d i s t in c t iv e  
a b s o r p t io n s  b u t  t h e  p re s e n c e  o f  p e ro x id e s  is i n d i c a t e d  in  so m e  
r u n s  b y  a  b r o a d  b a n d  a t  1 1 .4  p.

M ix tu r e s  o f  e th y lc y c lo h e x a n o ls  w e re  n o t  f o u n d  t o  b e  
s e p a r a b le  o n  t h e  g a s  c h r o m a to g r a p h ,  u s in g  a  tw o - fo o t  
c o lu m n , s i l ic o n e  g r e a s e  o n  c e li te , F  a n d  M  S c ie n tif ic  C o r p . ,  
M o d e l  1 2 4 . T h e  c a r r ie r  w a s  h e l iu m  g a s  a t  5 0  m l. p e r  m in u te .  
C o lu m n  te m p e r a tu r e s  1 1 5 °  a n d  1 4 0 °  w e re  u s e d .

Photolysis of di-t-butyl peroxide in 4-vinylcyclohexene. 
A  m a g n e t ic a l ly  s t i r r e d  m ix tu r e  o f 3 0 0  g . o f  d i - f - b u ty l  p e r 
o x id e  a n d  180 g . o f  4 -v in y lc y c lo h e x e n e  w a s  i r r a d i a t e d  2 4  h r .  
w i t h  a  q u a r t z - j a c k e t e d  8  w a t t  g e rm ic id a l  l a m p  ( G e n e r a l  
E le c t r i c  G 8 T 5 , 2 5 3 7  A )  p a r t i a l ly  im m e rs e d  in  t h e  s o lu t io n ,  
t h e  e n t i r e  s y s te m  u n d e r  a  n i t r o g e n  a tm o s p h e re .  U n d e r  th e s e  
c o n d i t io n s  t h e  t e m p e r a tu r e  o f  t h e  m ix tu r e  w a s  m a in t a in e d  
b y  t h e  l a m p  a t  3 9 - 4 0 °  w i th o u t  e x te r n a l  h e a t in g  c r  c o o lin g . 
B y  d is t i l l a t io n  o f  t h e  r e a c t io n  m ix tu r e ,  u n d e r  r e d u c e d  p r e s 
s u r e ,  ¿ -b u ty l  a lc o h o l ( a b o u t  3 g .) , a n d  u n c h a n g e d  d i - f - b u ty l  
p e r o x id e  a n d  4 -v in y lc y c lo h e x e n e  w e re  r e m o v e d .  T h e  r e s id u e ,
3 .8  g  , r e p r e s e n t in g  2 .1 %  c o n v e r s io n  o f  t h e  4 -v in y lc y c lo h e x -  
e n e , w a s  a  s l ig h t ly  t a r r y  l iq u id . O f t h i s  v in y lc y c lo h e x e n e -  
d e r iv e d  m a te r ia l ,  3 .0  g . ( 8 0 % ) 21 w a s  s e p a r a te d  b y  d i s t i l l a t io n  
( o n  r e d i s t i l la t io n ,  b o i l in g  a t  5 9 °  a t  0 .1 2  m m .;  n 2D°, 1 .5 1 9 0 ) 
a n d  id e n t i f ie d  a s  v in y lc y c lo h e x e n e  d e h y d r o d im e r .  T h e  in 
f r a r e d  s p e c t r u m  s h o w e d  t h e  p r e s e n c e  o f  p r a c t i c a l l y  a l l  o f 
t h e  a b s o r p t io n s  c h a r a c te r i s t i c  o f  4 - v in y lc y c lo h e x e n e , t h e  
o n ly  m a r k e d  e x c e p t io n  b e in g  t h e  m o d e r a te ly  s t r o n g  4 -  
v in y lc y c lo h e x e n e  p e a k  a t  8 .7 7  p, ( u n a s s ig n e d ) ,  a b s e n t  in  t h e  
d e h y d r o d im e r .  A  s a m p le , 0 .4 6 9 5  g ., a b s o r b e d  191 m l. h y d r o 
g e n  ( S .T .P . ;  4 .0  m o le s  h y d r o g e n  p e r  m o le )  o v e r  A d a m ’s 
c a t a l y s t  a t  o n e  a tm o s p h e re .

Anal. C a lc d .  f o r  C ie H ^ :  C , 8 9 .6 5 ; H ,  1 0 .3 5 . F o u n d 13: 
C , 8 9 .7 2 ; H ,  10 .38 .

t-Butoxylation of 4-vinylcyclohexene with di-t-butyl peroxide.

(1 9 )  J .  E n te l ,  C . H .  R o u f ,  a n d  H .  C . H o w a r d ,  J. Am. 
Chem. Soc., 7 3 , 4 1 5 2  (1 9 5 1 ).

(2 0 )  A s s ig n m e n t  b a s e d  o n  w o r k  w i th  a n a lo g o u s  c o m 
p o u n d s :  E .  L . E lie l ,  R .  G . H a b e r ,  J. Org. Chem., 2 3 , 2041
(1 9 5 8 ) . W . H u c k e l ,  M . M e ie r ,  E .  J o r d a n ,  a n d  W . S e e g e r , 
Ann., 6 1 6 , 46  (1 9 5 8 ).

(2 1 )  T h e  r e m a in in g  2 0 %  w a s  a  h ig h e r -b o i l in g  t a r r y  
m ix tu re .
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A  m a g n e t ic a l ly  s t i r r e d  m ix tu r e  o f  16 5  g . o f 4 -v in y lc y c lo -  
h e x e n e , 36  g . o f  d i - i - b u ty l  p e r o x id e  a n d  0 .3  g . o f  c u p r ic  
c h lo r id e  h y d r a t e  w a s  g e n t ly  r e f lu x e d  5  h r .  u n d e r  n i t ro g e n ,  
t h e  p o t  t e m p e r a t u r e  v a r y in g  f ro m  1 1 5 - 1 2 5 ° .  T h e  r e a c t io n  
v e s s e l  w a s  f i t t e d  w i th  a  s ix - in c h  g la s s -h e l ix -p a c k e d  c o lu m n  
a n d  d is t i l l in g  h e a d  w i th  c o n t r o l le d  ta k e - o f i .  E f f lu e n t  v a p o r s  
w e re  t r a p p e d  a n d  o x y g e n  e x c lu d e d  b y  a  l iq u id -n i t r o g e n  
c o o le d  t r a p  a n d  a  m e r c u r y  c h e c k - v a lv e  w h ic h  a ls o  s e rv e d  to  
m a i n t a i n  t h e  s y s te m  p r e s s u re  s l ig h t ly  a b o v e  a tm o s p h e r ic  
p r e s s u re .  D u r in g  th e  c o u r s e  o f  t h e  r e a c t io n ,  27  g . o f  ¿ -b u ty l  
a lc o h o l  a n d  7 g. o f d i - f - b u ty l  p e r o x id e  w e re  c o l le c te d  a s  
d i s t i l l a te .  A f te r  f i l t r a t i o n  o f  t h e  m ix tu r e  a n d  f r a c t i o n a t io n  
o f  t h e  f i l t r a te ,  a  f u r t h e r  0 .5  g. o f  i - b u ty l  a lc o h o l  w a s  r e c o v e re d  
a n d  2  g. o f d i - i - b u ty l  p e r o x id e ;  110  g . o f  4 -v in y lc y c lo h e x e n e  
w a s  r e c o v e re d . I d e n t i f i c a t io n  o f  p r o d u c t s  w a s  n o t  c o m p le te  
b u t  4  g. o f  ¿ -b u ty l  v in y lc y c lo h e x e n y l  e th e r  (b o i l in g  3 0 °  a t  
0 .2  m m .;  n 1 2D°, 1 .4 6 2 )  a n d  4  g . o f  v in y lc y c lo h e x e n e  d e h y d r o 
d im e r  w e re  i s o la te d . T h e  in f r a r e d  s p e c t r u m  o f  t h e  ¿ -b u ty l 
v in y lc y c lo h e x e n y l  e th e r  c o n ta in s  t h e  m a jo r  o le f in ic  a b s o r p 
t io n s  o f  4 - v in y lc y c lo h e x e n e ;  t h e  a b s o r p t io n s  a t  7 .2 1  a n d  
7 .3 4  ¡ i ,  a s s ig n e d  to  ¿ -b u ty l;  a  s t r o n g  b a n d  a t  8 .4 0  / j l ,  C — O

s tr e t c h in g ;  a n d  a  v e r y  s t r o n g ,  b r o a d  b a n d  a t  9 .4  ¡x, t y p i c a l  o f  
e th e r s .  A  0 .3 6 -g . s a m p le  a b s o rb e d  8 5  m l. h y d r o g e n  ( S .T .P . ;  
2 .0  m o le s  h y d r o g e n  p e r  m o le )  o v e r  A d a m ’s  c a t a l y s t  in  e t h a 
n o l a t  o n e  a tm o s p h e r e  a t  r o o m  te m p e r a tu r e .

Anal. C a lc d . f o r  C i2H 2oO :  C , 7 9 .9 ;  H ,  1 1 .2 ;  m o l. w t . ,  
180 . F o u n d 13: C , 7 8 .4 ;  H , 1 1 .2 ; m o l. w t . ,  192. S u b s e q u e n t  
g a s  c h r o m a to g r a p h ic  a n a ly s is  s h o w e d  t h e  p r e s e n c e  o f  tw o  a s  
y e t  u n re c o g n iz e d  im p u r i t ie s ,  to t a l l i n g  p o s s ib ly  7 %  o f  t h e  
s a m p le .
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T he S tru ctu re  o f  2 ,6 -D ib en zalcycloh exan on e D im er

H E R B E R T  O . H O U S E  a n d  A L F R E D  G . H O R T M A N N
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A  s o lu t io n  o f 2 ,6 -d ib e n z a lc v c lo h e x a n o n e  in  b o i l in g  to lu e n e  is  c o n v e r te d  t o  a n  e q u i l ib r iu m  m ix tu r e  o f t h e  s t a r t i n g  k e to n e  
a n d  i t s  d im e r .  S u b s e q u e n t  t r a n s f o r m a t io n s  h a v e  e s ta b l i s h e d  t h e  s t r u c t u r e  9 fo r  th i s  d im e r .

Solutions of 2,6-dibenzalcyclohexanone (1) in 
boiling acetic anhydride, acetic acid benzene and 
ethanol have been reported1 to yield a colorless 
dimer, m.p. 187-188°. The dimer was reported1 to 
exhibit an ultraviolet maximum at 292 m^ (e 
42,500) with infrared bands at 1695, 1608, 754, and 
697 cm.“1 and to form a dioxime, m.p. 197-198°, 
and a tetrahydro derivative, m.p. 217-218°. 
From these observations, as well as the failure to 
isolate benzoic, acid from a permanganate oxida
tion, the structure II was tentatively suggested for 
this dimer.

As it was not apparent why the reaction condi
tions described should convert the unsaturated 
ketone 1 to structure 2 or to any other dimer 
containing two carbonyl groups,2 the formation and 
constitution of the dimer have been reinvestigated. 
Our attempts to prepare the dimer by refluxing an 
ethanol solution of 1 for 120 hours, a process re
ported to form the dimer in 90% yield, were uni
formly unrewarding. In one instance in which an 
ethanol solution of 17.7 g. of the dimer had been 
refluxed for 121 hours, chromatography of the 
mother liquors remaining after separation of the

( 1 )  ( a )  P .  Y . Y e h , . / .  Taiwan Pharm. Assoc., 5 , 2  (1 9 5 3 ) ;  
( b )  P .  Y . Y e h , C. T .  C h e n , S . Y . R o , a n d  C . H .  W a n g , 
J. Am. Chem. hoc., 77, 3 4 1 5  (1 9 5 5 ).

( 2 )  A l th o u g h  t h e  f o r m a t io n  o f p h o t.o d im e rs  c o n ta in in g  
c y c lo b u ta n e  r in g s  is  w e ll k n o w n  [A . M u s ta f a ,  Chem. Rev.s., 
5 1 , 1 (1 9 5 2 ) ] ,  th e r e  w a s  n o  in d ic a t io n  ( re f .  1 ) t h a t  l ig h t  
w as  r e q u i r e d  to  t r a n s f o r m  t h e  k e to n e  1 to  i t s  d im e r .

starting material afforded 10 mg. of the crude 
dimer, m.p. 184-187°. However, the use of the 
higher-boiling solvents acetic anhydride, bromoben- 
zene and toluene permitted formation of the dimer 
in reasonable yield. Use of boiling toluene with a 
reaction period of two days was found most conven
ient and permitted the isolation of the dimer, m.p. 
192-193° dec., in 21% yield. The dimerization pro
ceeded equally well when the reaction mixture was 
protected from light indicating that the dimeriza
tion was not a photochemical transformation. 
After a solution of the dimer in bromobenzene had 
been refluxed for twenty hours, the pure, mono
meric unsaturated ketone 1 was isolated in 60% 
yield. Solutions of the ketone 1 and the dimer in 
boiling toluene were heated until equilibrium was 
established. In these toluene solutions, containing 
the equivalent of 0.3021/ 2,6-dibenzalcyclohexanone
(1), equilibrium was established when 50-55% of 
the dimer was present.
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The spectra of our product exhibited the features 
previous noted1 with an ultraviolet maximum at 
293 (e 43,500) and infrared absorption at 1685 
cm.-1 but no band in the 3 ¡x region attributable to a 
hydroxyl function. Since the previously reported1 
dimer dioxime, m.p. 197-198°, had been obtained 
in poor yield after a long reaction period and the 
reported analytical values (C, 82.65; H, 6.34) did 
not agree with the values calculated for the molec
ular formula C4oH38N202 (C, 83.01; H, 6.62), we 
were led to consider other structures for this deriv
ative. The reported3'4 reaction of 2,6-dibenzalcyclo- 
hexanone (1) with hydroxy lamine to form a sub
stance C20H22N2O2, m.p. 199-200° dec., suggested 
that the reported1 dimer dioxime may have been 
the substance C20H22N2O2 formed by partial dis
sociation of the dimer to 2,6-dibenzalcyclohexanone
(1) followed by reaction with hydroxylamine. The 
substance C20H22N2O2, which has been formulated 
as 33 or 44, exhibits an ultraviolet maximum at 
267 m̂ i (e 15,500) with broad infrared absorption 
at 3300 cm._: as well as a weak band at 1600 cm.-1 
and, consequently, cannot have either structure 
3 or 4. The close resemblance of the ultraviolet 
spectrum of the substance C2oH22N202 to the spec
trum of 2-benzalcyclohexanone oxime (5), \ ma* 
272 mix (e 15,100), permits the substance C2oH22N202 
to be assigned either structure 6 or 7, structure 6 
being more probable.

7

Reaction of the dimer with hydroxylamine in 
either ethanol or pyridine afforded a product, m.p. 
198-199.5° dec., which proved not to be identical 
with the 2,6-benzalcyclohexanone-hydroxylamine 
product 6, but rather had the composition 
C40H37NO2 corresponding to the monoxime of the 
dimer. This monoxime has an ultraviolet maximum

(3 )  R .  P o g g i  a n d  P .  S a l t in i ,  Gazz. chim. ital., 6 4 , 189 
(1 9 3 4 ).

(4) P .  Dreyfuss, Rend, seminario facolta sci. univ. Cagliari,
4 , 55 (1934); Chern. Zentr., 106 I I ,  46 (1935); Chem. Abstr., 
3 0 , 6340 (1936). •

at 287 m/i (e 31,500) with broad infrared absorption 
at 3350 cm.-1 as well as weak bands at 1640, 1615 
and 1600 cm._1 The infrared spectrum lacks absorp
tion in the 6/u region attributable to a carbonyl func
tion indicating that the dimer is a monocarbonyl 
compound rather than a dicarbonyl compound as 
had previously1 been supposed.

We were unable to duplicate the previously 
reported1 catalytic hydrogenation of an ethanol 
solution of the dimer over platinum to form a 
tetrahydro derivative because of the insolubility 
of the dimer in alcohol. However, hydrogenation of 
an ethyl acetate solution of the dimer over plati
num resulted in a relatively rapid uptake of one 
equivalent of hydrogen followed by a slower ab
sorption of additional hydrogen. As the mixtures 
obtained after absorption of more than one and 
one-half molar equivalents or more proved to be 
extremely complex, subsequent hydrogenation 
reactions were stopped after approximately one and 
one-half equivalents of hydrogen had been ab
sorbed. From a representative experiment of this 
type the materials isolated were the unchanged 
dimer (14.8%), a dihydrodimer A, m.p. 161.5- 
163° (24.5%), a second crystalline form of dihydro
dimer A, m.p. 173.5-175° (6.4%), and a dihydro
dimer B, m.p. 212.5-214° dec. (4.9%). The dihydro
dimer A has infrared absorption at 1720 cm.-1 
with no band in the Six region attributable to a 
hydroxyl function and an ultraviolet maximum at 
293 mix (e 28,500); similarly, the dihydrodimer B 
has a band at 1718 cm.“ 1 in the infrared wnth an 
ultraviolet maximum at 292 m/x (e 23,600).

These data are compatible with the presence of 
the chromophores

C6H6C-=CC—C and C6HBC = C C = 0  
in the dimer and of the chromophores

C6H6C =C C =C  and C6H6CHCHC=0 
in the dihydrodimers A and B.5 Because 
of the similarity in analytical values for the dimer, 
the dihydrodimer, and the tetrahydrodimer, ad
ditional evidence for these assignments was 
obtained by reaction of the dimer with alkaline 
hydrogen peroxide in order to convert the 
unsaturated ketone present in the dimer to an afi- 
epoxy ketone. The resulting epoxide of the dimer 
exhibits infrared absorption at 1725 cm.“ 1 but no 
absorption in the 3 ¡x region attributable to a hy
droxyl group and an ultraviolet maximum at 291 
mix (e 27,800). These data are in accord with the

anticipated transformation: C6H5 C=C —C = 0  —
O |

/ \
c 6h b c—c -c—0 .

I I
The ready thermal equilibration of monomer 1 

and dimer in an inert medium is reasonably ac
commodated only if one supposes that the dimer 
is formed by a redistribution of multiple bonds in 
two molecules of the monomer. Utilizing this
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principle (e.g., 8), only two rational structures 
9 and 10 for the dimer can be drawn which 
contain the necessary functional groups. Either 
structure explains satisfactorily the remaining 
chemical transformations. For example, if the dimer 
has structure 9, the oxime would be 11, the 
epoxide would be 12, and the dihydrodimers A 
and B would be epimers of structure 13.

C A

( I  !

C„Ho

The dimerization of ketones possessing an 
adjacent vinylidene group to form dihydropyran 
derivatives is well known,6 the dimerization of 
methylenecyclohexanone 14 being a typical 
example. However, we are not aware of previous 
examples of this type of dimerization of a,¡3- 
unsaturated ketones such as 1 which do not possess 
a terminal methylene group. However, the Diels- 
Alder reaction of 2-benzacyclohexanone (15)

C 6H 5

(5 )  T h e  u l t r a v io l e t  s p e c t r a  o f  2 - b e n z a lc y c lo h e x a n o n e  
[H . 0 .  H o u s e  a n d  R .  L .  W a s s o n , J. Am. Chem. Soc., 7 8 , 
4 3 9 4  (1 9 5 6 )]  a n d  ¿ r a n s - l - p h e n y l - 1 ,3 - b u ta d ie n e  [E . A . 
B r a u d e ,  E .  R .  H .  J o n e s ,  a n d  E .  S . S te r n ,  J. Chem. Soc., 
1087  (1 9 4 7 ) ;  O . G r u m m it t  a n d  F .  J .  C h r i s to p h ,  J. Am. 
Chem. Soc., 7 3 , 3 4 7 9  (1 9 5 1 )]  h a v e  m a x im a  a t  2 9 0  m p  
(e  1 6 ,2 0 0 )  a n d  2 8 0  m p  (e  2 8 ,3 0 0 ) , r e s p e c t iv e ly .

with ethyl vinyl ether to form the dihydropyran 
16 has been reported.7

Although previous analogies6’7 suggest that the 
dimer should be formulated as structure 9 rather 
than 10, we considered additional evidence to be 
desirable. Accordingly, a solution of the dihydro
dimer A 13 in boiling acetic acid was treated 
with zinc dust in an effort to reductively cleave the 
carbon-oxygen bond alpha to the carbonyl func
tion in structure 13. However, the only com
pounds which could be isolated from this reaction 
were the unchanged dihydrodimer A and the di
hydrodimer B. While these results confirm the 
epimeric nature of the two dihydrodimers, they 
provide no evidence to distinguish between struc
tures 9 and 10 for the dimer. The question has 
been resolved by measuring the NMR spectrum 
of the dimer (Fig. 1). This spectrum (60 me.) ex-

60  me in CDCÜj

2.87 r

F ig .  1. N M R  s p e c t r u m  o f  2 ,6 - d ib e n z a lc y c lo h e x a n o n e  d im e r

hibits a series of partially resolved peaks in the 
region of 2.87 r  (60% of total area) attributable to 
the twenty-two vinyl and aryl protons present in 
the dimer, a series of partially resolved peaks in the 
region 7.12 to 8.58 r (35% of total area) attributable 
to the twelve methylene protons present in the 
dimer, and two doublets (5% of total area, J 
= 9 c.p.s.) located at 6.57 and 6.42 r and at 6.32 
and 6.17 r  attributable to the two benzylic protons 
present in the dimer. The splitting pattern observed 
is consistent with the presence of adjacent CeHsCFI 
groupings as in structure 9 but not with the loca
tion of these groupings as shown in structure 10.

From the mode of formation of the dimer 9, 
its stereo chemistry may be ascertained by the ap
plication of Alder’s rules (represented in structure 
17) as previously discussed,60 as the ultraviolet 
absorption [X^ 232 mp (e 15,600) and 323 mp 
(e 20,200)] of the starting 2,6-dibenzalcyclohexa
none leaves no doubt that the material possesses 
the trans, ¿rans-configuration8 indicated in struc
ture 1. Consequently, the stereochemistry of the 
dimer is represented by structure 18. I t should 
be noted that the magnitude of the coupling con-

( 6 )  F o r  e x a m p le , see  ( a )  C . M a n n ic k ,  Ber., 7 4 , 5 5 7
(1 9 4 1 ) ;  ( b )  H .  F ie s s e lm a n n  a n d  J .  R ib k a ,  Chem. Ber., 8 9 , 
4 0  ( 1 9 5 6 ) ;  ( c )  E .  R o m a n n ,  A . J .  F r e y ,  P .  A . S ta d le r ,  a n d  
A . E s c h e n m o s e r ,  Helv. Chim. Acta, 4 0 , 1 9 0 0  ( 1 9 5 7 ) .

( 7 )  W . S . E m e rs o n ,  G . H .  B i r u m , a n d  R .  I .  L o n g le y , J r . ,  
J. Am. Chem. Soc., 7 5 , 1312  (1 9 5 3 ) .

(8 )  F o r  a  d is c u s s io n  se e  P ,  Y a te s ,  N .  Y o d a ,  W . B r o w n  
a n d  B . M a n n , / .  Am. Chem. Soc., 8 0 , 20 3  ( 1 9 5 8 ) .
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slant (J = 9 c.p.s.) observed in the NMR spectrum 
of the dimer is consistent with the location of the 
two benzylic hydrogen atoms in a trans, diaxial 
conformation9 as shown in structure 18.

Ph

17

18

E X P E R IM E N T A L 10

2,6-Dibenzalcyclohexanone dimer ( 9 ) .  A  s o lu t io n  o f  45  g. 
(0 .1 6  m o le )  o f  2 ,6 -d ib e n z a lc y c lo h e x a n o n e , m .p .  1 1 6 .5 -1 1 8 °  
( l i t . 11 m .p .  1 1 7 - 1 1 8 ° ) ,  \ ma* 2 3 2  m M (« 1 5 ,6 0 0 ) a n d  3 2 3 (m f t  
(e  2 0 ,2 0 0 ) ,12 in  75  m l. o f  to lu e n e  w a s  r e f lu x e d  f o r  72  h r .  a n d  
t h e n  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u re .  T h e  r e s id u a l  
s o lid  w a s  e x t r a c t e d  w i t h  3 5 0  m l. o f  b o i l in g  e th a n o l  t o  le a v e  
th e  c r u d e  d im e r  w h ic h  w a s  r e c r y s ta l l i z e d  f ro m  e th y l  a c e t a t e .  
T h e  d im e r  s e p a r a te d  a s  w h i te ,  c o t to n - l ik e  n e e d le s ,  m .p .
1 9 2 .3 -1 9 3 .3 °  d e c ., y ie ld  9 .5  g . ( 2 1 % ) .  A n  a d d i t io n a l  c r y s t a l 
l iz a t io n  a f fo rd e d  t o  d im e r  a s  w h i te  n e e d le s , m .p .  1 9 4 .3 -1 9 5 °  
d e c . ( l i t . 1 m .p .  1 8 7 - 1 8 8 ° ) ,  w h ic h  e x h ib i t  in f r a r e d  a b s o r p t i o n 13 
a t  1685  c m . -1  ( c o n j .  C = 0 )  w i th  n o  a b s o r p t io n  in  t h e  3 y  
r e g io n  a t t r i b u t a b l e  t o  a  h y d r o x y l  f u n c t io n  a n d  a n  u l t r a v io l e t  
m a x im u m 12 a t  2 9 3  m y  (e  4 3 ,5 0 0 ) .

Anal. C a lc d . fo r  ¿« Iffu iC h : 8 7 .5 6 ; H ,  6 .6 1 ; m o l. w t .  5 4 9 . 
F o u n d :  C , 8 7 .6 9 ; H ,  6 .7 0 ; m o l. w t .  ( R a s t ) ,  528 .

A  s o lu t io n  o f 2 0 0  m g . o f t h e  d im e r  in  15  m l. o f b r o m o b e n -  
z e n e  w a s  r e f lu x e d  f o r  2 0  h r .  a n d  t h e n  c o n c e n t r a t e d  u n d e r  r e 
d u c e d  p r e s s u re .  R e c r y s t a l l i z a t i o n  o f t h e  r e s id u e  f ro m  e th a n o l  
a f fo rd e d  120  m g . ( 6 0 % )  o f  2 ,6 - d ib e n z a lc y c lo h e x a n o n e ,  m .p .
1 1 7 -1 1 8 .5 ° .  T o  s t u d y  t h e  e q u i l i b r a t i o n  o f  t h e  m o n o m e r  a n d  
d im e r  s o lu t io n s  o f  2 .0 7 1 2  g . (0 .0 0 7 5 6  m o le )  o f  t h e  m o n o m e r  
a n d  2 .0 8 6 9  g. (0 .0 0 3 7 9  m o le )  o f  t h e  d im e r  i n  2 5 -m l. p o r t io n s

( 9 )  H .  C o n r o y  in  R .  A . R a p h a e l ,  B . C .  T a y lo r ,  a n d  H .  
W y n b e r g ,  e d .,  Advances in Organic Chemistry, Methods and 
Results, V o l. 2 , I n te r s c ie n c e ,  N e w  Y o r k ,  1 9 6 0 , p p .  2 6 5 - 3 2 8 .

( 1 0 )  A ll m e l t in g  p o in t s  a r e  c o r r e c te d .  T h e  in f r a r e d  s p e c t r a  
w e re  d e te r m in e d  w i t h  e i t h e r  a  B a i r d ,  M o d e l  B , o r  a  P e r k in  
E lm e r  M o d e l  2 1 , i n f r a r e d  r e c o r d in g  s p e c t r o p h o to m e te r  
f i t t e d  w i t h  a  s o d iu m  c h lo r id e  p r is m . T h e  u l t r a v io l e t  
s p e c t r a  w e re  d e te r m in e d  w d th  a  C a r y  r e c o r d in g  s p e c t r o 
p h o to m e te r ,  M o d e l  1 1 M S . T h e  m ic r o a n a ly s e s  w e re  p e r 
f o rm e d  b y  D r .  S . M . N a g y  a n d  h is  a s s o c ia te s  a n d  b y  t h e  
S c a n d in a v ia n  M ic r o a n a ly t ic a l  L a b o r a to r y .  T h e  N M R  s p e c 
t r u m  w a s  d e te r m in e d  in  d e u te r o c h lo ro f o r m  b y  L e R o y  F .  
J o h n s o n  o f  V a r ia n  A s s o c ia te s .

(1 1 )  D .  V o r la n d e r  a n d  K .  K u n z e ,  Ber., 5 9 , 2 0 7 8  (1 9 2 6 ).
(1 2 )  D e te r m in e d  in  e th a n o l  s o lu t io n .
(1 3 )  D e te r m in e d  in  c h lo r o fo r m  s o lu t io n .  ,

o f  to lu e n e  w e re  b o i le d  u n d e r  re f lu x , a l iq u o ts  b e in g  r e m o v e d  
f ro m  t h e  s o lu t io n s  p e r io d ic a l ly  fo r  a n a ly s is  b y  u l t r a v io l e t  
s p e c t ro s c o p y .  A f te r  2 1 3 .5  h r . ,  t h e  s o lu t io n  o r ig in a l ly  c o n 
t a in in g  p u r e  m o n o m e r  c o n ta in e d  5 5 %  of t h e  m o n o m e r  a n d  
t h e  s o lu t io n  o r ig in a l ly  c o n ta in in g  p u r e  d im e r  c o n ta in e d  4 6 %  
o f  t h e  m o n o m e r . E x t r a p o la t i o n  o f t h e  c o m p o s it io n  vs. t im e  
c u r v e s  fo r  t h e  tw o  s o lu t io n s  i n d ic a te d  t h a t  a t  e q u i l ib r iu m  
5 0 - 5 5 %  o f t h e  d im e r  w o u ld  b e  p r e s e n t .

Reaction of 2,6-dibenzalcyclohexanone ( 1 )  with hydroxyl- 
amine. A  s o lu t io n  o f  4 .0  g . (0 .0 1 5  m o le )  o f  2 ,6 -d ib e n z a lc y c lo 
h e x a n o n e , 8 .0  g . (0 .1 2  m o le )  o f  h y d r o x y la m in e  h y d r o c h lo r id e  
a n d  16  g . o f s o d iu m  a c e t a t e  in  a  m ix tu r e  o f 5 5  m l. o f  e th a n o l  
a n d  3 4  m l. o f w a te r  w a s  re f lu x e d  fo r  1 .7 5  h r .  a n d  a llo w e d  t o  
co o l. T h e  c o ld  s o lu t io n  d e p o s i te d  2 .4 4  g . ( 5 4 % )  o f  t h e  c r u d e  d e 
r iv a t iv e ,  m .p .  1 7 7 -1 8 1 .5 °  d e c . R e c r j^ s ta l l iz a t io n  f ro m  e th a n o l  
a f fo rd e d  t h e  p u r e  d e r iv a t iv e  a s  w h i te  n e e d le s , m .p .  1 9 8 .7 -  
1 9 9 .7 °  d e c . ( l i t . 3 m .p .  1 9 9 -2 0 0 ° ) ,  w h ic h  e x h ib i t  in f r a r e d  a b 
s o r p t io n 14 a t  3 3 0 0  c m .-1  ( b r o a d ,  O H  a n d  N H )  w i th  n o  a b 
s o r p t io n  in  t h e  6 y  r e g io n  a t t r i b u t a b l e  t o  a  c a r b o n y l  f u n c t io n  
a n d  a n  u l t r a v io l e t  m a x im u m 12 a t  2 6 7  n p i  (c  1 5 ,5 0 0 ).

Anal. C a lc d . fo r  C 20H 22N 2O 2: C , 7 4 .5 1 ; H , 6 .8 8 ;  N ,  8 .6 9 ; 
m o l. w t . ,  3 2 2 . F o u n d :  C , 7 4 .2 6 ; H , 7 .0 8 ; N ,  8 .5 8 ; m o l. w t .  
( R a s t ) ,  3 1 2 .

F o r  c o m p a r is o n , t h e  oxime of 2-benzalcyclohexanone w a s  
p r e p a r e d .  T h e  p r o d u c t ,  w h ic h  c r y s ta l l iz e d  f ro m  a q u e o u s  
e th a n o l  a s  co lo r le ss  p l a t e s  m e l t in g  a t  1 2 7 -1 2 8 .5 °  ( l i t . 15 m .p . 
1 2 6 .5 ° ) , h a s  in f r a r e d  b a n d s 13 a t  3 6 0 0  c m . -1  (u n a s s o c .  O H ) , 
3 3 0 0  c m .-1  ( a s s o c . O H ) , a n d  16 4 0  c m . -1  ( v e r y  w e a k , C = N )  
w i th  a n  u l t r a v io l e t  m a x im u m 12 a t  2 7 2  m y  (e  1 5 ,1 0 0 ).

Anal. C a lc d . fo r  C 13H 16N O : C , 7 7 .5 8 ; H , 7 .5 1 ; N ,  6 .9 6 . 
F o u n d :  C , 7 7 .4 8 ; H , 7 .4 5 ; N ,  6 .7 1 .

Monoxime of the dimer 9 . A  m ix tu r e  o f  0 .2 7 5  g . (0 .5  
m m o le )  o f t h e  d im e r ,  0 .2 7 8  g . (2 .0  m m o le s )  o f  h y d r o x y l-  
a m in e  h y d r o c h lo r id e ,  a n d  5  m l. o f p y r id in e  w a s  h e a t e d  o n  a  
s t e a m  b a t h  f o r  9 0  m in .  a n d  th e n  c o n c e n t r a te d .  F r a c t io n a l  
c r y s ta l l i z a t io n  o f t h e  c r u d e  p r o d u c t  f ro m  e th a n o l  a n d  a q u e 
o u s  e th a n o l  s e p a r a te d  0 .1 3 7  g . ( 5 0 %  r e c o v e r y )  o f t h e  d im e r  
a n d  0 .5 0  g . ( 1 8 % )  o f  t h e  c r u d e  o x im e , m .p .  1 9 6 .5 -2 0 1 °  d e c . 
T w o  a d d i t io n a l  c r y s ta l l i z a t io n s  f ro m  e t h a n o l - e t h y l  a c e t a t e  
m ix tu r e s  a f fo rd e d  t h e  p u r e  o x im e  a s  w h i te  n e e d le s ,  m .p .  
1 9 8 -1 9 9 .5 °  d e c . T h e  p r o d u c t  h a s  b r o a d  in f r a r e d  a b s o r p t i o n 14 
a t  3 3 5 0  c m .-1  w i th  w e a k  b a n d s  a t  164 0  c m . -1  ( C  =  N )  a n d  
1615  c m . -1  ( c o n j .  C = C )  a n d  n o  a b s o r p t io n  in  t h e  6  y  r e g io n  
a t t r i b u t a b l e  t o  a  c a r b o n y l  f u n c t io n ;  t h e  m a te r i a l  h a s  a n  u l t r a 
v io le t  m a x im u m 12 a t  2 8 7  n p i  (e  3 1 ,5 0 0 ) .

Anal. C a lc d . fo r  C 40H „ N O 2: C , 8 5 .2 2 ; H ,  6 .6 2 . F o u n d  C , 
8 5 .0 5 ; H ,  6 .7 8 .

I n  a n o t h e r  e x p e r im e n t  a  s o lu t io n  o f  0 .5 5 0  (1 .0  m m o le )  o f 
t h e  d im e r  a n d  0 .4 2 0  g . ( 6  m m o le s )  o f  h y d r o x y la m in e  h y d r o 
c h lo r id e  i n  e th a n o l  w a s  re f lu x e d  fo r  2 8  h r .  a n d  t h e n  c o n c e n 
t r a t e d .  A  s e r ie s  o f  f r a c t io n a l  c r y s ta l l i z a t io n s  f ro m  e th a n o l  
s e p a r a te d  8  m g . ( 1 % )  o f  t h e  o x im e , m .p .  1 9 8 .7 -1 9 9 .7 ° ,  w h ic h  
w a s  s h o w n  t o  b e  id e n t ic a l  w i th  t h e  p r e v io u s ly  d e s c r ib e d  d e 
r i v a t iv e  b y  c o m p a r is o n  o f  t h e  in f r a r e d  s p e c t r a  o f  t h e  tw o  
s a m p le s .

Epoxidation of the dimer. T o  a  s o lu t io n  o f  2 .2 2  g . (0 .0 0 4  
m o le )  o f  t h e  d im e r  i n  3 2 0  m l. o f  a c e to n e  w a s  a d d e d  4 .0  m l. 
(0 .0 2 4  m o le )  o f 6N  a q u e o u s  s o d iu m  h y d r o x id e  a n d  6 .0  m l. 
(0 .0 6 3  m o le )  o f 3 0 %  h y d r o g e n  p e r o x id e .  A f te r  t h e  r e s u l t in g  
m ix tu r e  h a d  b e e n  s t i r r e d  a t  ro o m  t e m p e r a t u r e  fo r  3 6  h r . ,  a n  
a d d i t i o n a l  2 .0  m l. (0 .0 2 1  m o le )  o f 3 0 %  h y d r o g e n  p e ro x id e , 
a n d  1 .5  m l. (0 .0 0 9  m o le )  o f  61V a q u e o u s  s o d iu m  h y d r o x id e  
w e re  a d d e d .  S t i r r i n g  w a s  c o n t in u e d  f o r  a  t o t a l  r e a c t io n  t im e  
of 14 4  h r .  a t  w h ic h  t im e  t h e  r e a c t io n  m ix tu r e  w a s  d i lu t e d  
w i th  w a te r  a n d  f i l te r e d  t o  le a v e  2 .0 1 0  g . o f c r u d e  m a te r ia l ,  
m .p .  1 84 r-197°. A  1 .5 5 6 -g . p o r t io n  o f t h i s  r e s id u e  w a s  s u b 
j e c te d  t o  a  s e r ie s  o f  f r a c t i o n a l  c r y s ta l l i z a t io n s  f ro m  e th a n o l  t o  
s e p a r a te  1 .10  g. ( 7 0 %  r e c o v e r y )  o f t h e  u n c h a n g e d  d im e r  a n d  
0 .1 8 6  g . ( 1 1 .6 % )  o f t h e  c r u d e  e p o x id e , m .p .  1 8 2 .5 -1 8 5 .6 ° .  
A d d i t io n a l  r e c r y s ta l l i z a t io n  f ro m  e th a n o l  a f fo rd e d  t h e  p u r e

( 1 4 )  D e te r m in e d  a s  a  N u jo l  m u l l .
(1 5 )  R .  P o g g i  a n d  V . G u a s ta l l a ,  Gazz. chini, ital., 6 1 , 4 0 5  

(1 9 3 1 ) .
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e p o x id e  a s  c o lo r le s s  p la te s ,  m .p .  1 8 5 .6 -1 8 6 .1 ° .  T h e  p r o d u c t  
e x h ib i t s  in f r a r e d  a b s o r p t i o n 13 a t  1725  c m . - 1  ( u n c o n j .  C = 0 )  
w i th  a n  u l t r a v io l e t  m a x im u m 12 a t  291  m /i (e  2 7 ,8 0 0 ) .

Anal. C a lc d . f o r  C ^ H ^ O s :  C , 8 5 .0 7 ; H ,  6 .4 3 . F o u n d :  C , 
8 4 .9 6 ; H , 6 .5 2 .

Catalytic hydrogenation of the dimer. A  s o lu t io n  o f 5 .9 7  g. 
(0 .0 1 0 8  m o le )  o f t h e  d im e r  i n  2 0 0  m l. o f  e th y l  a c e t a t e  w a s  
h y d r o g e n a te d  a t  r o o m  t e m p e r a t u r e  a n d  a tm o s p h e r ic  p r e s 
s u r e  o v e r  t h e  c a t a l y s t  o b ta in e d  f ro m  0 .3 1 5  g. o f p l a t i n u m  
o x id e . T h e  r e a c t io n  w a s  s to p p e d  a f t e r  t h e  a b s o r p t io n  o f 3 5 4  
m l. (1 .5 8  e q u iv . )  o f  h y d r o g e n .  A f te r  t h e  c a t a l y s t  h a d  b e e n  
r e m o v e d  b y  f i l t r a t io n ,  t h e  f i l t r a t e  w a s  c o n c e n t r a t e d  u n d e r  
r e d u c e d  p r e s s u re .  A  c o m b in a t io n  o f f r a c t io n a l  r e c r y s ta l l i z a 
t i o n  f ro m  e th a n o l  a n d  c h r o m a to g r a p h y  o n  M e r c k  a c id -  
w a s h e d  a lu m in a  s e p a r a te d  0 .8 8 7 2  g . ( 1 4 .8 %  r e c o v e r y )  o f  th e  
u n c h a n g e d  d im e r ,  1 .4 6 1 5  g . ( 2 4 .5 % )  o f o n e  c r y s ta l l in e  m o d i
f ic a t io n  o f t h e  d ih y d r o d im e r  A , m .p .  1 5 9 -1 6 2 ° , 0 .3 7 9 6  g. 
( 6 .4 % )  o f a  s e c o n d  c r y s ta l l in e  m o d if ic a tio n  o f t h e  d ih y d r o 
d im e r  A , m .p .  1 7 1 -1 7 2 .5 ° ,  a n d  0 .2 9 1 4  g. ( 4 .9 % )  o f  t h e  d i 
h y d r o d im e r  B , m .p .  2 0 8 -2 1 1 ° .

O n e  p u r e  c r y s ta l l in e  m o d if ic a tio n  o f  t h e  d ih y d r o d im e r  A  
w a s  o b ta in e d  a s  w h i te  n e e d le s , m .p .  1 6 1 .5 -1 6 3 ° , b y  r e c r y s 
t a l l i z a t i o n  f ro m  a n  e th a n o l - e th y l  a c e t a t e  m ix tu re .  T h e  p r o d 
u c t  e x h ib i t s  in f r a r e d  a b s o r p t io n 13 a t  17 2 0  c m . - 1  ( u n c o n j .  
C = 0 )  w i th  n o  a b s o r p t io n  in  t h e  3 p r e g io n  a t t r i b u t a b l e  t o  a  
h y d r o x y l  f u n c t io n ;  t h e  u l t r a v io l e t  s p e c t r u m 12 e x h ib i t s  a  
m a x im u m  a t  29 3  mp (e  2 8 ,5 0 0 ).

Anal. C a lc d . fo r  C ^H sg O j: C , 8 7 .2 3 ; H , 6 .9 6 . F o u n d :  C , 
8 6 .9 1 ; H , 6 .8 7 .

T h e  d ih y d r o d im e r  A  o c c a s io n a l ly  s e p a r a te d  in  a  s e c o n d  
c r y s ta l l in e  m o d if ic a tio n  a s  w h i te  p r is m s , m .p .  1 7 3 .5 - 1 7 5 ° , 
w h ic h  e x h ib i t  t h e  s a m e  in f r a r e d  a n d  u l t r a v io l e t  a b s o r p t io n  a s  
t h e  c r y s ta l l in e  f o rm  m e l t in g  a t  1 6 1 .5 -1 6 3 ° .

Anal. C a lc d . f o r  C 40H 38O 2: C , 8 7 .2 3 ; H ,  6 .9 6 . F o u n d :  C , 
8 6 .9 6 ; H , 6 .9 8 .

T h e  p u r e  d ih y d r o d im e r  B  c r y s ta l l iz e d  f r o m  a n  e t h a n o l -  
e th y l  a c e t a t e  m ix tu r e  a s  co lo r le ss  p r is m s ,  m .p .  212.5-214° 
d e c ., w h ic h  e x h ib i t  i n f r a r e d 13 a b s o r p t io n  a t  1718 c m . “ 1 

( u n c o n j .  C = 0 )  w i th  n o  a b s o r p t io n  in  t h e  3 p r e g io n  a t t r i b u t 
a b le  i n  a  h y d r o x y l  f u n c t io n  a n d  a n  u l t r a v io l e t  m a x im u m 12 

a t  292 m/i (e 23,600).
Anal. C a lc d . f o r  C 4oH 380 2: C , 8 7 .2 3 ; H ,  6 .9 6 . F o u n d :  C , 

8 7 .1 6 ; H ,  6 .8 4 .
Treatment of the dihydrodimer 13 with zinc and acetic acid. 

A  m ix tu r e  o f  0 .8 2 9 2  g . (0 .0 0 1 5  m o le )  of t h e  d ih y d r o d im e r  A , 
m .p . 1 6 1 -1 6 3 ° , a n d  1 .0 7 8  g. (0 .0 1 9  g . - a to m )  o f  z in c  d u s t  in  
2 0  m l. o f  a c e t ic  a c id  w a s  re f lu x e d  w i th  s t i r r in g  fo r  1  h r .  a n d  
th e n  p o u r e d  i n to  c o ld  w a te r  a n d  f i l te r e d . F r a c t io n a l  c r y s t a l 
l i z a t io n  o f  t h e  r e s id u e  f ro m  e t h a n o l - e t h y l  a c e t a t e  m ix tu r e s  
s e p a r a te d  0 .6 2 2 5  g . ( 7 5 %  r e c o v e r y )  o f u n c h a n g e d  d ih y d r o 
d im e r  A  a n d  0 .0 5 5 7  g. ( 6 .7 % )  o f d ih y d r o d im e r  B , m .p .  2 1 1 -  
2 1 3 °  d e c ., id e n t i f ie d  b y  a  m ix e d  m e l t in g - p o in t  d e te r m in a t io n .

C ambridge 39, M ass.
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( — ) - M e n th y l  p - b e n z o y lb e n z o a te ,  a  v in y lo g  o f a n  o p t ic a l ly  a c t i v e  a - k e t o  e s te r  h a s  b e e n  s u b je c te d  t o  t h e  a c t io n  o f  r e d u c in g  
a g e n ts  a n d  G r ig n a rd  r e a g e n ts  t o  se e  if  o p t ic a l  a c t i v i t y  a p p e a r s  a t  t h e  n e w  a s y m m e tr ic  c e n te r  p r o d u c e d  a t  t h e  b e n z o y l  g r o u p  
a f t e r  s u b s e q u e n t  r e m o v a l  o f  t h e  ( — ) - m e n th y l  m o ie ty .  I f  a s y m m e tr ic  i n d u c t io n  o p e r a te s  a s  d o  o r d in a r y  in d u c t iv e  f o rc e s  
t h r o u g h  a n  a r o m a t i c  n u c le u s ,  t h e  u l t i m a t e  p r o d u c t s  o f s u c h  r e a c t io n s  s h o u ld  b e  o p t ic a l ly  a c t iv e .  I f  p u r e ly  s te r ic  e f fe c ts  a r e  
r e s p o n s ib le  f o r  a s y m m e tr ic  s y n th e s i s  t h e  p r o d u c t s  o f  s u c h  r e a c t io n s  s h o u ld  b e  o p t ic a l ly  in a c t iv e .  I n  n o n e  o f  o u r  e x p e r i
m e n t s  w e re  w e  a b le  t o  d e t e c t  o p t ic a l  a c t i v i t y  in  t h e  f in a l  r e a c t io n  p r o d u c ts ,  in d ic a t in g  t h a t  a s y m m e tr ic  i n d u c t io n  if  i t  e x is ts  
is in c a p a b le  o f  t r a n s m is s io n  t h r o u g h  a n  a r o m a t i c  n u c le u s .

Two distinct concepts of the mechanism of 
asymmetric synthesis are to be found in the 
literature. The first, that of “Asymmetric Induc
tion,” based on early suggestions of LeBel1 and 
Erlenmeyer,2 3 was developed in the hands of Kor- 
tum,8 Lowry,4 Ritchie,6 Turner,6 and Phillips7 to 
explain not only McKenzie’s classic asymmetric

(1 )  J .  A . L e B e l, Bull. soc. chim. ( i i i ) ,  8 , 6 13  (1 8 9 2 ).
(2 ) E .  E r le n m e y e r ,  J r . ,  Biochem. Z., 3 5 , 149  (1 9 1 1 ).
(3 ) G . K o r tu m ,  Samml. chem. u. chem.-tech. Vortrage, 

10 (1 9 3 2 ).
(4 )  T .  M . L o w ry  a n d  c o -w o rk e rs , Nature, 113 , 56 5  

(1 9 2 4 ) ;  Bull. soc. chim. ( iv ) ,  3 9 , 2 0 3  (1 9 2 6 ).
(5 )  P .  D . R i tc h ie ,  Asymmetric Synthesis and Asymmetric 

Induction,, O x fo rd  U n iv e r s i ty  P re s s ,  L o n d o n , 1933 . Cf. 
a ls o  J .  K e n y o n  a n d  S . M . P a r t r i d g e ,  J. Chem. Soc., 1313 
(1 9 3 6 ) .

( 6 ) E .  E .  T u r n e r  a n d  M . M . H a r r i s ,  Organic Chemistry, 
p . 6 5 3 , L o n g m a n s ,  G re e n  a n d  C o ., L o n d o n , 1952 .

(7 )  H .  P h i l l ip s ,  J. Chem. Soc., 1 2 7 , 2 5 5 2  (1 9 2 5 ).
( 8 ) A . M c K e n z ie  a n d  c o -w o rk e rs , J. Chem. Soc., 8 5 ,

1249  (1 9 0 4 ) ;  9 5 , 5 4 4  ( 1 9 0 9 ) ;  Biochem. Z., 2 0 8 , 4 5 6  ( 1 9 2 9 ) ;
2 3 1 , 4 1 2  (1 9 3 1 ) ;  2 3 7 , 1 (1 9 3 1 ) ;  2 5 0 , 3 7 6  (1 9 3 2 ) .

syntheses in the a-keto ester series8'9 but also cer
tain mutarotation8'10 and anomalous rotatory dis
persion5’7 phenomena. This concept, in brief, 
postulates the asymmetric polarization of a sym
metrical center in a molecule, under the influence 
of a nearby preexisting center of asymmetry. Such 
polarization is assumed to produce differing quan
tities of two diastereomeric “activated species,” 
which ultimately react chemically to yield unequal 
amounts of diastereomeric products, and which 
are also responsible for anomalous mutarotation or 
rotatory dispersion properties. The second and 
more recent mechanism rationalizing asymmetric 
synthesis is one in which purely steric interactions 
between the symmetrical and asymmetric reactants 
lead to a stereochemically favored reaction path 
and to the ultimate production of unequal amounts

(9 ) E .  E .  T u r n e r  a n d  c o -w o rk e rs , J. Chem. Soc., 3 2 1 9 , 
3 2 2 3 , 3 2 2 7 ( 1 9 5 1 ) .

(1 0 )  E .  E .  T u r n e r  a n d  c o -w o rk e rs , J. Chem. Soc., 5 3 8  
( 1 9 4 1 ) ;  S -1 6 9  ( J 9 4 9 ) .
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of diastereomeric products.11 * 13 14 15 16̂17 While the latter 
steric rationalization appears now generally ac
cepted, there has been little experimental basis 
for a decision as to which of the two conflicting 
hypotheses is correct. We have attempted to 
design a series of semicritical experiments which 
might provide the basis for such a decision.

( —)- Menthyl p-benzoylbenzoate (I,R = ( — )- 
menthyl) constitutes a vinylog of the optically 
active a-keto ester system used by McKenzie in 
his studies on asymmetric synthesis. Reduction of 
I to produce the secondary alcohol II, as well as 
reaction of RMgX with I to give the tertiary alcohol

C 6H 5C O -CO,R*
O H
I *

C 6H 5C H  ( \  /) c o 2r *

I
O H

R
I I I

I I

III involve the introduction of a new asymmetric 
center at the formerly symmetrical benzoyl 
function in I. A true induced asymmetry by the 
( — ) - menthyl moiety of I might, like other inductive 
effects, be reasonably supposed capable of trans
mission through the aromatic nucleus to the 
p-keto group, thus affording unequal quantities of 
the diastereomers of II and III. If, on the other 
hand, such asymmetric syntheses are due to steric 
interactions alone, the separation of the preexisting 
asymmetric center and the reacting keto function 
of I, as well as the linear structure of I, should 
preclude the unequal production of the diastereo
mers of II and III and the appearance of optical 
activity in the products resulting on removal of 
the ( —)-menthyl moiety from II and III.

( — )-menthyi p-benzoylbenzoate (I), prepared 
either by direct esterification or via the correspond
ing chloride, proved to be an oil, and was accord
ingly characterized through its crystalline oxime. 
The action of excess lithium aluminum hydride 
upon I led ultimately to a sample of crystalline 
73-(a-hydroxybenzyl)benz3d alcohol (IV) which

(1 1 )  V . P re lo g  a n d  c o -w o rk e rs , Helv. Chim. Acta, 3 6 , 
3 0 8 , 3 2 0 , 3 2 5 , 117 8  ( 1 9 5 3 ) ;  3 8 , 3 0 3  ( 1 9 5 5 ) ;  3 9 , 1086  (1 9 5 6 ) ;  
Bull. soc. chim., 9 8 7  (1 9 5 6 ).

( 12) W . K ly n e ^  Progress in Stereochemistry, B u t t e r w o r th s  
S c ie n t i f ic  P u b l ic a t io n s ,  L o n d o n , 1954 , p . 198  ff.

(1 3 )  D .  J .  C r a m  a n d  co  w o rk e rs ,  J. Am. Chem. Soc., 
7 4 , 5 8 2 9  ( 1 9 5 2 ) ;  7 5 , 2 2 9 3 , 6 0 0 7  ( 1 9 5 3 ) ;  7 6 , 22  (1 9 5 4 ) .

(1 4 )  B .  M . B e n ja m in ,  H .  J .  S c h a e ffe r , a n d  C . J .  C o llin s , 
J  Am. Chem. Soc., 7 9 , 6 1 6 0  (1 9 5 7 ).

(1 5 )  H .  S . M o s h e r  a n d  E. L a  C o m b e , J. Am. Chem. Soc., 
7 2 , 3 9 9 4 , 49 9 1  (1 9 5 0 ).

(1 6 )  W . v o n  E .  D o e r in g  a n d  R .  W . Y o u n g , J. Am. Chem . 
Soc., 7 2 , 631  (1 9 5 0 ) .

(1 7 )  Cf. a ls o  L . M .  J a c k s o n ,  J .  A . M ills , a n d  J .  S . S h a n n a n ,
J. Am. Chem. Soc., 7 2 , 4 8 1 4  (1 9 5 0 ) ;  A . S t r e i tw ie s e r  a n d  co 
w o rk e rs , J. Am. Chem. Soc., 7 5 , 5 0 1 4  (1 9 5 3 ) ;  7 7 , 1117
(1 9 5 5 ) ;  7 8 , 5 5 9 7  ( 1 9 5 6 ) ;  7 9 , 9 0 3  (1 9 5 7 ) . .
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proved to be optically inactive, indicating the fail
ure of “asymmetric induction” to be transmitted 
through the phenyl nucleus of I. Reduction of I 
with sodium borohydride led smoothly to high 
yields of crystalline ( — )-menthyl p-(a-hydroxy- 
benzyl) benzoate (II). Alkaline or acidic hydrolysis 
of II yielded opticalR inactive, crystalline p-(a- 
hydroxybenzyl) benzoic acid (V). Since direct 
reduction of II with lithium aluminum hydride 
was incomplete due to the formation of an insoluble 
complex, the ester II was converted to its acetate 
and the latter smoothly reduced with lithium alu
minum hydride to produce crystalline p-(a- 
h3rdroxybenzyl)benzyl alcohol (IV). The optical 
inactivity of the latter again indicated that no 
asymmetric induction had been transmitted through 
the phenyl nucleus of ester I during reduction of I.

In order to parallel McKenzie’s successful asym
metric syntheses using Grignard reagents on a-keto 
esters, metb3dmagnesium iodide was allowed to 
react in benzene solvent with ester I. An excellent 
3Úeld of crystalline ( —)-menthyl p-fa-lwdroxy-a- 
methylbenzyl)benzoate (III. R = CH3, R* = 
(— ((.-mentlryl) resulted, which on alkaline hydrolysis 
produced optically inactive p-(a-hydrox3r-a-methyl- 
benzyl)benzoic acid (VI). Reduction of ester III 
with lithium aluminum lyydride yielded a sirupy 
product, presumably p-(a-hydroxy-a-methylben- 
zyl)benz3rl alcohol which, though uncharacterized, 
proved to be opticalty inactive. These data again 
indicate the failure of asymmetric induction to 
be transmitted through the aromatic ring of ester 
I on reaction of its keto group.

As a control to the above experiments we have 
repeated some of the classical asymmetric S3rntheses 
of McKenzie8 under our reaction conditions. The 
action of methylmagnesium iodide on ( — (-menthyl 
phenylglyoxylate led to results comparable to 
those described by earlier workers,8’9’11 while the 
reduction of this ester with lithium aluminum 
hydride or with sodium borohydride gave asym
metric synthesis to the extent of 4 to 12% pre
ponderance of one enantiomer.18

The above experimental evidence clearly indi
cates that asymmetric induction of the sort postu
lated by Ritchie and others, if it indeed exists, is 
incapable of being transmitted across the para 
positions in an aromatic nucleus, and strongly

(1 8 )  V . P re lo g , M . W ilh e lm , a n d  D . B . B r ig h t ,  Helv. 
Chim. Acta, 3 7 , 22 1  (1 9 5 4 ).
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confirms the current assignment of asymmetric 
bias to purely steric interactions.

E X P E R IM E N T A L

( — )-Menthyl phenylglyoxylate w a s  p r e p a r e d  f ro m  p h e n y l -  
g lv o x y lic  a c i d '9 a c c o r d in g  t o  t h e  g e n e r a l  p r o c e d u r e  o f  M c 
K e n z ie ,8 m .p .  7 2 - 7 3 ° ,  M 2d6 -  4 5 .7 °  (c , 4 .8 5 ;  e th a n o l ) .  
I t s  2 ,4 - d in i t r o p h e n y lh y d r a z o n e ,  s h in in g , g o ld e n  p la te le t s ,  
h a d  m .p .  1 6 1 -1 6 2 ° .

Anal. C a lc d . f o r  C 2„H 280 6N 4: C , 6 1 .5 3 ; H .  6 .0 2 . F o u n d :  C , 
6 1 .5 7 ;  H ,  6 .2 9 .

Reaction of melhylniagnesium iodide with ( — )-menlhyl 
phenylglyoxylate. T h e  G r ig n a r d  s o lu t io n ,  p r e p a r e d  f ro m  
m a g n e s iu m  tu r n in g s  (0 .5 8  g .)  a n d  ex cess  m e th y l  io d id e  in  
a n h y d r o u s  e th e r  (5 5  m l.) ,  w a s  a d d e d  d r o p w is e  o v e r  a  p e r io d  
o f  4 5  m in . t o  a  s t i r r e d  s o lu t io n  o f  ( — ) -m e n th y l  p h e n y lg ly o x y 
l a t e  (2 .8 8  g .)  in  e t h e r  (4  m l.) .  T h e  m ix tu r e  w a s  s t i r r e d  f o r  a n  
a d d i t i o n a l  4 5  m in . a n d  a l lo w e d  t o  s t a n d  o v e r n ig h t ,  t h e n  
d e c o m p o s e d  w i th  d i l u t e  s u lf u r ic  a c id  c o n ta in in g  c r u s h e d  ic e . 
T h e  e t h e r  l a y e r  w a s  w a s h e d  tw ic e  w i th  s o d iu m  b is u lf i te  
s o lu t io n  a n d  w i t h  w a te r ,  t h e n  e v a p o r a te d  t o  y ie ld  a  y e llo w  
o il. T h is  w a s  d is s o lv e d  in  6 %  a lc o h o lic  p o ta s s iu m  h y d r o x id e  
s o lu t io n  (3 0  m l .)  a n d  h e a t e d  u n d e r  re f lu x  f o r  1 h r . ,  w h e r e u p o n  
t h e  a lc o h o l  w a s  d is t i l l e d  a n d  w a te r  w a s  a d d e d  t o  t h e  o ily  
r e s id u e . T h e  m e n th o l  so  p r e c ip i t a t e d  w a s  f i l te r e d  a n d  t h e  
f i l t r a t e d  w a s  c la r i f ie d  w i th  N o r i t ,  t h e n  h e a t e d  o n  t h e  s t e a m  
b a t h  t o  r e m o v e  t h e  l a s t  t r a c e s  o f  m e n th o l .  T h e  f i l te r e d  s o lu 
t i o n  w a s  t r e a t e d  w i th  h y d r o c h lo r ic  a c id  (2 0  m l .)  a n d  e x 
t r a c t e d  w i th  e th e r .  T h e  e x t r a c t s  w e re  c la r if ie d  w i th  N o r i t  a n d  
s t r i p p e d  o f  s o lv e n t ,  a f fo r d in g  0 .5  g . ( 3 0 % )  o f  a t r o l a c t i c  a c id , 
m .p .  8 3 -8 .5 , [a ]  d2 — 1 1 .1 °  (c, 5 .0 2 ; e th a n o l ) .  A f te r  o n e  r e 
c r y s ta l l i z a t io n  t h e  a c id  h a d  m .p . 9 0 - 9 1 .5 °  a n d  [a ] 2D2 — 1 1 .6 ° . 
M c K e n z ie 8 r e p o r t s  a  j l e l d  o f  7 9 %  of a n  a c id  h a v in g  [<*)“  
- 9 . 5 ° .

Redu tion of ( — )-menthyl phenylglyoxylate with lithium 
aluminum hydride. T h e  a b o v e  m e n th y l  e s t e r  (5 .0  g .)  in  
a n h y d r o u s  e t h e r  (5 0  m l .)  w a s  a d d e d  d r o p w is e  w i th  s t i r r in g  
t o  a  s lu r r y  o f  l i t h iu m  a lu m in u m  h y d r id e  (1 .4 7  g .)  i n  e th e r  
(5 0  m l .) .  T h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  fo r  a n  a d d i t io n a l  
h o u r  a n d  t h e  c o m p le x  w a s  d e c o m p o s e d  b y  t h e  c a u t io u s  a d 
d i t io n  o f  s a t u r a t e d  a m m o n iu m  c h lo r id e  s o lu t io n .  T h e  e th e r  
l a y e r  w a s  s t r i p p e d  o f  s o lv e n t  a n d  t h e  r e s id u e  s u b je c te d  t o  
s te a m  d i s t i l l a t i o n ,  y ie ld in g  t h e  th e o r e t i c a l  a m o u n t  o f  m e n 
th o l .  T h e  r e s id u e  w a s  s a t u r a t e d  w i th  s o d iu m  c h lo r id e  a n d  
e x t r a c t e d  f o u r  t im e s  w i th  e th e r .  T h e  e x t r a c t  w a s  d r ie d  a n d  
s t r i p p e d  o f  s o lv e n t  t o  y ie ld  7 3 %  o f  p h e n y lg ly c o l ,  m .p .  5 7 -  
6 4 ° , [ a ] 2J  — 3 .2 °  (c, 6 .0 3 ; e th a n o l ) .  T h e  d ib e n z o a te  d e r iv a 
t i v e  o f  t h i s  p r o d u c t  h a d  m .p .  9 3 .5 - 9 5 °  in  g o o d  a g r e e m e n t  
w i th  t h e  v a lu e  r e c o r d e d  in  t h e  l i t e r a tu r e .19 20 P r e lo g 18 o b ta in e d  
f ro m  t h e  s a m e  r e a c t io n  a n  8 5 %  y ie ld  o f  p h e n y lg ly c o l  h a v in g  
[a ]  D — 2 .9 5 ° .

Reduction of { — )-menthyl phenylglyoxylate with sodium 
borohydride. F in e ly  p o w d e re d  s o d iu m  b o r o h y d r id e  (0 .4 2  g .)  
w a s  a d d e d  s lo w ly  w i th  c o o lin g  t o  a  s o lu t io n  o f ( — ) -m e n th y l  
p h e n y lg ly o x y la te  (6  g .)  in  m e th a n o l  (1 0 0  m l.) .  T h e  s o lu t io n  
w a s  a llo w e d  t o  s t a n d  a t  ro o m  t e m p e r a t u r e  f o r  2 .5  h r .  t h e n  
p o u r e d  in to  c o ld  w a te r  (2 5 0  m l .) .  T h e  m i lk y  m ix tu r e  -was 
e x t r a c t e d  f o u r  t im e s  w i th  e th e r ,  a n d  t h e  e x t r a c t s  w e re  d r ie d  
a n d  s t r ip p e d  o f s o lv e n t  in vacuo, a f fo rd in g  5 .5 4  g . ( 9 1 .7 % )  
o f w h i te  s o lid  h a v in g  m .p .  8 2 .5 - 8 4 °  a n d  [£j ] 2dg — 7 5 .8 °  (c, 
6 .0 4 ;  e th a n o l ) .  T h e  p h y s ic a l  p r o p e r t i e s  r e p o r t e d 8' 11 fo r  ( — )- 
m e n th y l  ( ±  ) -m a n d e la te  ( X Y I )  a r e  m .p .  8 5 - 8 6 °  a n d  [ a ] D 
- 7 4 ° .

S in c e  a c id  h y d r o ly s i s  o f  t h e  a b o v e  ( — ) - m e n th y l  m a n d e la t e  
p re c e d e d  w i th  u n s a t i s f a c to r y  r e s u l t s ,  t h e  a b o v e  p r o d u c t  w a s  
s u b je c t e d  t o  f u r t h e r  r e d u c t io n  w i th  l i th iu m  a lu m in u m  h y 
d r id e . T h e  p r o d u c t  (4 .9 4  g .)  f ro m  t h e  a b o v e  s o d iu m  b o ro -

(1 9 )  D .  B . C o r s o n , R .  A . D o d g e , S . A . H a r r i s ,  a n d  R .  K .  
H a z e n ,  Org. Syntheses, C o ll. V o l. I ,  241 (1 9 4 4 ).

(2 0 )  A . P e r r e t  a n d  R .  P e r r o t ,  Helv. Chim. Acta, 2 8 , 5 5 8
(1 9 4 5 ) .

h y d r id e  r e d u c t io n  in  a n h y d r o u s  e th e r  (5 0  m l .)  w a s  a d d e d  
d r o p w is e  t o  a  s t i r r e d ,  s lu r r y  o f  l i th iu m  a lu m in u m  h y d r id e  
(0 .6  g .)  i n  e th e r  (5 0  m l .) .  A f te r  c o m p le t io n  o f  t h e  a d d i t i o n  
t h e  m ix tu r e  w a s  s t i r r e d  fo r  15 m in .,  t h e n  p r o c e s s e d  a s  a b o v e ,  
a f fo rd in g  u l t im a te ly  a  p a le  y e llo w  l iq u id  w h ic h  c r y s ta l l iz e d  
o n  s t a n d in g  in  a  d e s ic c a to r ,  1 .5 2  g. ( 6 4 .7 % ) ,  [ a ] 1© — 2 .6 4 °  
(c , 6 .0 7 ; e th a n o l ) .  T h is  s a m p le  o f  p h e n y lg ly c o l  a f fo rd e d  a  
d ib e n z o a te  h a v in g  m .p .  9 3 .5 - 9 4 °  a f t e r  o n e  r e c r y s ta l l i z a t io n .  
I n  a  d u p l ic a t io n  o f  t h e  a b o v e  e x p e r im e n t  a  s a m p le  o f  p h e n y l 
g ly c o l h a v in g  [ » I d0 — 3 .4 4 °  w a s  o b ta in e d  in  8 1 %  y ie ld .

( — )-Menthyl p-benzoylhenzoate. p -B e n z o y lb e n z o ic  a c id  
(2 7 .4 8  g .) ,  ( — )-m e n th o l  (7 4 .3 9  g .)  a n d  p - to lu e n e s u l f o n ic  
a c id  (c a . 1 g .)  w e re  h e a t e d  o n  t h e  s t e a m  b a t h  f o r  2 .5  d a y s .  
T h e  c r u d e  p r o d u c t  w a s  d is s o lv e d  in  a  1 :1  m ix tu r e  o f  e t h e r  
a n d  b e n z e n e  a n d  t h e  s o lu t io n  w a s  w a s h e d  w e ll w i th  a  s a t u 
r a t e d  s o lu t io n  o f  s o d iu m  c a r b o n a te ,  t h e n  w i th  w a te r .  T h e  s o lu 
t io n  w a s  s t e a m  d is t i l le d  f o r  3 .5  h r . ,  a f t e r  w h ic h  t i m e  t h e  
o d o r  o f  m e n th o l  w a s  s u b s t a n t i a l l y  r e m o v e d . T h e  a q u e o u s  
r e s id u e  w a s  e x t r a c t e d  w i th  b e n z e n e  a n d  t h e  e x t r a c t s  w e re  
d r ie d  a n d  p a s s e d  t h r o u g h  a  c o lu m n  o f  a lu m in a .  T h e  e f f lu a te  
w a s  e v a p o r a t e d  in vacuo t o  y ie ld  2 3 .5  g . ( 5 3 % )  o f  p a le  y e llo w  
s i r u p ,  b .p .  2 0 3 - 2 0 4 °  (1  m m .) ,  [ a ] 2̂  — 5 4 .1 °  (c , 2 .2 4 ;  
e th a n o l ) .  N o  a t t e m p t s  t o  c r y s ta l l iz e  t h i s  e s te r  w e re  su c c e ss 
f u l  a n d  i t  w a s  a c c o r d in g ly  c h a r a c te r iz e d  th r o u g h  i t s  o x im e . 
T h e  l a t t e r  c r y s ta l l iz e d  f ro m  e th a n o l  a s  f e a th e r y ,  c o lo r le s s  
n e e d le s  h a v in g  m .p .  1 6 0 -1 6 1 °  a n d  [ a ] 3D° — 4 9 .2 °  (c, 2 .1 3 ; 
c h lo ro fo rm ) .

Anal. C a lc d . f o r  CsdERgOaN: C , 7 5 .9 6 ; H ,  7 .7 0 ;  N ,  3 .6 9 . 
F o u n d :  C , 7 5 .9 8 , 7 6 .0 4 ;  H ,  7 .6 1 . 7 .7 2 ; N ,  3 .4 8 , 3 .5 3 .

Reduction of ( — fmenthyl p-benzoyibenzoate with lithium 
aluminum hydride. ( — ) - M e n th y l  p - b e n z o y lb e n z o a te  ( 5  g .)  
i n  a n h y d r o u s  e th e r  (6 0  m l .)  w a s  a d d e d  d r o p w is e  o v e r  a  
1 5 -m in . p e r io d  t o  a  s lu r r y  o f  l i th iu m  a lu m in u m  h y d r id e  
(1 .1 7  g .)  in  e th e r  (6 0  m l .) .  T h e  m ix tu r e  w a s  s t i r r e d  f o r  a n  
a d d i t io n a l  3 0  m in .,  t h e n  d e c o m p o s e d  b y  t h e  c a u t io u s  a d 
d i t i o n  o f  ex ce ss  1 5 %  h y d r o c h lo r ic  a c id .  T h e  a q u e o u s  l a y e r  
w a s  s a l t e d  a n d  e x t r a c t e d  w i th  e th e r  a n d  t h e  c o m b in e d  e th e r  
s o lu t io n  w a s  e v a p o r a t e d  a n d  s u b je c te d  t o  s t e a m  d is t i l l a t io n .  
W h e n  t h e  o d o r  o f  m e n th o l  w a s  n o  lo n g e r  a p p a r e n t  t h e  m ix 
t u r e  w a s  c o o le d , t r e a t e d  w i th  s o d iu m  c h lo r id e , a n d  e x t r a c t e d  
f o u r  t im e s  w i th  e th e r .  T h e  e th e r e a l  e x t r a c t  w a s  d r ie d  a n d  
e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u re  le a v in g  3 .3 9  g . ( 1 1 7 .7 %  ) 
o f  y e llo w  s i r u p .  T h is  h ig h  y ie ld  a s  w e ll a s  t h e  lo w  y ie ld  o f 
r e c o v e r e d  m e n th o l  ( 6 7 .3 % )  s u g g e s te d  t h a t  r e d u c t io n  o f  t h e  
s t a r t i n g  m a te r i a l  h a d  b e e n  in c o m p le te .  A c c o r d in g ly  t h e  
s i r u p j1 p r o d u c t  w a s  d is s o lv e d  a g a in  in  e th e r  a n d  i t s  s o lu t io n  
a d d e d  d ro p w is e  t o  a  s lu r r y  o f  l i th iu m  a lu m in u m  I ry d r id e  
(1 .1 7  g .)  o v e r  a  1 .3 -h r . p e r io d . T h e  m ix tu r e  w a s  s t i r r e d  u n d e r  
re f lu x  f o r  a n  a d d i t i o n a l  2 h r .  t h e n  p ro c e s s e d  a s  b e fo re ,  a f 
fo rd in g  a  y e llo w , v is c o u s  o il w h ic h  w a s  o p t ic a l ly  in a c t iv e  in  
c h lo ro fo rm . C r y s ta l l i z a t io n  f ro m  e th a n o l  fo llo w e d  b v  
th r e e  r e c r y s ta l l i z a t io n s  f ro m  b e n z e n e  y ie ld e d  p u r e  p- 
( a - t y d r o x y b e n z y l j b e n z y l  a lc o h o l, m .p .  1 0 3 -1 0 5 ° .

Anal. C a lc d . fo r  C i4H u 0 2: C , 7 8 .4 8 ; I I ,  6 .5 9 . F o u n d :  C , 
7 9 .1 6 ; H ,  6 .8 6 .

Reduction of ( — )-menthyl p-benzoylbenzoate with sodium 
borohydride. T h e  e s te r  (5  g .)  in  e th a n o l  (5 0  m l .)  w a s  a d d e d  
t o  s o d iu m  b o r o h y d r id e  (0 .1 3  g .)  i n  m e th a n o l  (5 0  m l.) .  
T h e  l a t t e r  s o lu t io n  h a d  b e e n  t r e a t e d  w i th  1 0 %  s o d iu m  h y 
d ro x id e  s o lu t io n  u n t i l  a p p r o x im a te ly  p H  9  t o  p r e v e n t  e f
f e rv e s c e n c e . A f te r  3  h r .  t h e  m ix tu r e  w a s  p o u r e d  in to  10% , 
h y d r o c h lo r ic  a c id  (2 0 0  m l .)  a n d  th e  m ilk jr  m ix tu r e  w a s  e x 
t r a c t e d  w i th  e th e r .  T h e  e x t r a c t s  w e re  w a s h e d  w i th  w a te r ,  
d r ie d , a n d  e v a p o r a t e d  in vacuo t o  y ie ld  4 .5 7  g . ( 9 1 % )  o f 
s o lid  h a v in g  m .p .  1 0 3 -1 2 5 °  [ a ] 2D5 — 5 8 .6 °  (c , 2 .2 7 ; e t h a 
n o l) .  F iv e  r e c r y s ta l l i z a t io n s  o f  t h e  p r o d u c t  f ro m  m e th a n o l  
g a v e  p u r e  ( — ) -m e n th y l  p - ( a - h v d r o x v b e n z y l ) b e n z o a te ,  m .p .  
1 4 4 - 1 4 5 ° ,  M 2J  -  4 3 .3 °  (c , 2 .7 ;  e th a n o l ) .

A n a l .  C a lc d . f o r  C 24H 30O 3: C ,  7 8 .6 5 ; H ,  8 .2 5 . F o u n d :  C , 
7 8 .3 9 , 7 8 .2 2 ; H ,  7 .8 9 , 7 .8 7 .

p-(a-Hydroxybenzyl)benzoic acid. T h e  a b o v e  c r u d e  e s te r  
(3 .4 2  g .)  w a s  t r e a t e d  w i th  e th a n o l  (2 5  m l .)  a n d  2 .5 .1 / 
p o ta s s iu m  h y d r o x id e  s o lu t io n  (2 0  m l . ) .  T h e  s o lu t io n  w a s  
h e a t e d  u n d e r  in f lu x  fo r  4  h r . ,  w h e r e u p o n  t h e  e th a n o l  w a s
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r e m o v e d  b y  d i s t i l l a t io n  a n d  t h e  r e s id u e  w a s  e x t r a c t e d  s ix  
t im e s  w i th  2 0 -m l. p o r t io n s  o f  e th e r .  T h e  l a s t  e x t r a c t  w a s  
o p t ic a l ly  in a c t iv e ,  i n d ic a t in g  c o m p le te  r e m o v a l  o f  t h e  
m e n th o l .  T h e  a lk a l in e  s o lu t io n  w a s  a c id if ie d  a n d  t h e  a b u n 
d a n t  p r e c ip i t a t e  w a s  e x t r a c t e d  in to  e th e r .  T h e  e x t r a c t s  w e re  
d r ie d  a n d  s t r i p p e d  o f  s o lv e n t  t o  y ie ld  1 .80  g. ( 8 4 .5 % )  o f  w h i te  
s o lid , m .p . 1 5 3 -1 6 1 ° . T h e  c r u d e  a c id  w a s  o p t ic a l ly  in a c t iv e .  
R e c r y s ta l l iz a t io n  f ro m  d i lu t e  m e th a n o l  r a is e d  t h e  m .p .  t o  
1 6 4 -1 6 5 .5 ° ,  u n c h a n g e d  b y  f u r t h e r  c r y s ta l l i z a t io n .

Anal. C a lc d . fo r  C h H 12O j : C , 7 3 .6 7 ; H ,  5 .3 0 . F o u n d :  C , 
7 3 .3 9 , 7 3 .4 4 ;  H ,  5 .1 3 , 5 .2 3 .

W h e n  a n  a t t e m p t  w a s  m a d e  t o  h y d r o ly z e  t h e  a b o v e  ( — )- 
m e n th y l  p - ( a - h y d r o x y b e n z y l ) b e n z o a te  in  d i l u t e  a c e t ic  
a c id  c o n ta in in g  s u l f u r ic  a c id ,  t h e  c r u d e  a c id ic  p r o d u c t  w a s  
o b t a in e d  in  4 3 .5 %  y ie ld  a n d  p r o v e d  t o  b e  o p t ic a l ly  i n a c t iv e  
in  e th a n o l .

Acetylation and lithium aluminum hydride reduction of 
( — )-menthyl p-{a-hydroxybenzyl)benzoate. C r u d e  ( — ) -m e n -  
t h y l  p - ( a - h y d r o x y b e n z y l ) b e n z o a te  ( 2  g .)  w a s  d is s o lv e d  in  
p y r id in e  (2 0  m l .) .  A c e t ic  a n h y d r id e  (4  m l .)  w a s  a d d e d  a n d  
t h e  s o lu t io n  w a s  h e a t e d  u n d e r  r e f lu x  fo r  8  m in . ,  t h e n  p o u r e d  
o n to  c h o p p e d  ic e . T h e  o i ly  p r o d u c t  w a s  e x t r a c t e d  i n to  e th e r ,  
a n d  t h e  e x t r a c t  w a s  w a s h e d  th o r o u g h ly  w i th  6 TV h y d r o c h lo r ic  
a c id ,  w a te r ,  a n d  s o d iu m  c a r b o n a te  s o lu t io n .  D r y in g  a n d  
s o lv e n t  r e m o v a l  y ie ld e d  1 .8 7  g . ( 8 3 .9 % )  o f  c re a m -c o lo re d  
s i r u p .  T h e  c r u d e  s i r u p y  a c e t a t e  w a s  d is s o lv e d  in  a n h y d r o u s  
e t h e r  (3 0  m l .)  a n d  t h e  s o lu t io n  w a s  a d d e d  d r o p w is e  w i th  
s t i r r in g  to  a  s l u r ^  o f l i th iu m  a lu m in u m  h y d r id e  (0 .5 1  g .)  in  
e th e r  (3 0  m l .) .  A f te r  2  h r .  o f  re f lu x , t h e  m ix tu r e  w a s  h y d r o -  
ty z e d  a n d  p r o c e s s e d  in  t h e  u s u a l  w a y ,  y ie ld in g  0 .9 4  g . ( 9 5 .9 % )  
o f p - ( a - h y d r o x y b e n z y l ) b e n z y l  a lc o h o l w h ic h  c r y s ta l l iz e d  s p o n 
t a n e o u s ly .  T h e  s a m p le  w a s  o p t ic a l ly  in a c t iv e  in  c h lo ro fo rm  
(c , 6 .3 7 )  a n d  s h o w e d  n o  m ix e d  m e l t in g  p o in t  d e p re s s io n  w i th  
t h e  p - ( a - h y d r o x v b e n z y l ) b e n z v l  a lc o h o l  o b t a in e d  b y  t h e  
a b o v e  l i t h iu m  a lu m in u m  h y d r id e  r e d u c t io n  o f  ( — ) -m e n th y l  
p -b e n z o y lb e n z o a te .

The reaction of methylmagnesium iodide with ( — )-menthyl 
p-benzoylbenzoate. M e th y lm a g n e s iu m  io d id e  f ro m  m a g n e s iu m

tu r n in g s  (0 .8 3  g .)  a n d  m e th y l  io d id e  (4 .8 7  g .)  in  a n h y d r o u s  
e th e r  ( 5 0  m l .)  w a s  a d d e d  d r o p w is e  d u r in g  1 h r .  t o  a  s t i r r e d  
s o lu t io n  o f  ( — ) - m e n th y l  p - b e n z o y lb e n z o a te  (1 0  g .)  in  a n 
h y d r o u s  b e n z e n e  (1 0 0  m l .) ,  c a u s in g  g e n t le  r e f lu x in g . A f te r  
a d d i t i o n  t h e  e th e r  c o m p o n e n t  w a s  d is t i l le d  a n d  t h e  r e m a in in g  
b e n z e n e  s o lu t io n  w a s  s t i r r e d  u n d e r  re f lu x  fo r  5 h r . ,  c h il le d  
in  ic e , a n d  t r e a t e d  g r a d u a l ly  w i th  67V h y d r o c h lo r ic  a c id  
(5 0  m l .) .  C u s to m a r y  p ro c e s s in g  y ie ld e d  10 .6  g . ( 1 0 1 % )  o f a n  
a m b e r  s i r u p  w h ic h  so lid if ie d  in  a  v a c u u m  d e s ic c a to r .

A  s a m p le  o f  t h i s  c r u d e  ( — ) -m e n th y l  p - (  « - h y d r o x y -a- 
m e th y lb e n z y l ) b e n z o a te  ( 5  g .)  w a s  d is s o lv e d  in  a n h y d r o u s  
e th e r  a n d  t h e  s o lu t io n  w a s  a d d e d  d ro p w is e  t o  a  s lu r r y  of 
l i t h iu m  a lu m in u m  i ^ d r i d e  (1 .1 1  g .)  in  a n h y d r o u s  e th e r  
o v e r  a  3 0 -m in . p e r io d .  G la s s  b e a d s  -were t h e n  in t r o d u c e d  in to  
t h e  m ix tu r e ,  s t i r r in g  u n d e r  re f lu x  w a s  c o n t in u e d  f o r  a n  
a d d i t i o n a l  5  h r .  a n d  t h e  ex cess  h y d r id e  w a s  d e s t r o y e d  b y  
c a u t io u s  a d d i t io n  o f  w a te r  a n d  67V h y d r o c h lo r ic  a c id .  C u s 
to m a r y  w o r k -u p ,  in c lu d in g  s te a m  d i s t i l l a t io n  fo r  m e n th o l  
r e m o v a l  y ie ld e d  2 .7 2  g . ( 9 0 .7 % )  c a lc u la te d  a s  p - ( a - h y d r o x y -  
a - m e th y lb e n z y l ) b e n z y l  a lc o h o l)  o f  y e l lo w  s i r u p  w h ic h  p r o v e d  
t o  b e  o p t ic a l ly  in a c t iv e  in  e th a n o l  s o lu t io n .

T h e  a b o v e  c r u d e  ( — ) - m e n th y l  p - (  a - h y d r o x y - a - m e th y l -  
b e n z y l ) b e n z o a te  (4 .9 5  g .)  w a s  d is s o lv e d  in  e th a n o l  (4 0  m l.)  
c o n ta in in g  2.57V a q u e o u s  p o ta s s iu m  h y d r o x id e  (2 0  m l .) .  
T h e  m ix tu r e  w a s  r e f lu x e d  f o r  4  h r . ,  t h e  e th a n o l  w a s  d is t i l le d  
a n d  t h e  r e s id u e  w a s  c o o le d  a n d  e x t r a c t e d  th o r o u g h ly  w i th  
e th e r  u n t i l  t h e  e x t r a c t s  w e re  o p t ic a l ly  in a c t iv e ,  in d ica tin g -  
m e n th o l  r e m o v a l .  T h e  a lk a l in e  l a y e r  w a s  a c id if ie d , a t  w h ic h  
p o in t  a  h e a v y  a m b e r  o il s e p a r a te d .  T h is  w a s  e x t r a c te d  in to  
e th e r  a n d  t h e  d r ie d  e x t r a c t s  w e re  e v a p o r a t e d  in vacuo, 
y ie ld in g  2 .5 9  g. ( 8 2 .2 % )  o f  c r e a m -c o lo re d  s o lid  w h ic h  p r o v e d  
o p t ic a l ly  in a c t iv e  in  e th a n o l .  T h e  l a t t e r  w a s  r e c r y s ta l l iz e d  
fo u r  t im e s  f ro m  b e n z e n e  t o  y ie ld  p u r e  p - ( a - h y d r o x y - « -  
m e th y lb e n z y ] )b e n z o ic  a c id , m .p .  1 3 5 -1 3 9 ° .

Anal. C a lc d . fo r  C i6H i40 3: C , 7 4 .3 6 ; H ,  5 .8 3 . F o u n d :  C , 
7 4 .2 2 , 7 4 .1 6 ; H ,  5 .7 1 , 5 .6 0 .

S t a n f o r d , C a i .i f .

[ C o n t r i b u t i o n  f r o m  t h e  C o b b  C h e m i c a l  L a b o r a t o r y , U n i v e r s i t y  o f  V i r g i n i a ]
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E q u i l i b r a t i o n  o f  t h e  is o m e r ic  a 's -2 -d e c a lo ls  in  re f lu x in g  d e c a l in  in  t h e  p r e s e n c e  o f  a p p r o x im a te ly  5 m o le  p e r  c e n t  o f  s o d iu m  
s h o w e d  t h a t  t h e i r  f re e  e n e rg ie s  a r e  a b o u t  e q u a l .  A  r e in v e s t ig a t io n  o f  t h e  e q u i l ib r a t io n  in  t h e  p r e s e n c e  o f  e x c e ss  s o d iu m  
s h o w e d  t h a t  t h e  cis-cis i s o m e r  is  p r e s e n t  in  66  ±  2 %  in  a n  e q u i l ib r a te d  m ix tu r e  r a t h e r  t h a n  t h e  p r e v io u s ly  r e p o r te d  8 0 % . 
T h e  e q u i l ib r ia  w e r e  a p p r o a c h e d  f ro m  b o t h  s id e s  a n d  t h e  is o m e r  r a t io s  d e te r m in e d  b y  in f r a r e d  in t e n s i t y  m e a s u r e m e n ts  a n d
b y  t h e  b in a r y  m e l t in g  p o m t  d ia g r a m  m e th o d .  T h e  r e s u l t s  a r e  b n

The flexibility of the cfs-decalin system permits 
the existence of two interconvertible chair-chair 
conformations, so that in passing from one to the 
other an axial substituent becomes equatorial and 
vice versa. Thus, the situation is similar to that 
existing with cyclohexane derivatives except that 
the cfs-decalins would be expected to have addi-

(1) P r e s e n te d  in  p a r t  a t  t h e  S o u th e a s te r n  R e g io n a l  M e e t
in g  o f  t h e  A m e r ic a n  C h e m ic a l  S o c ie ty  in  R ic h m o n d ,  V a ., 
N o v e m b e r ,  1959 .

(2 ) T a k e n  in  p a r t  f ro m  a  d i s s e r t a t io n  s u b m i t t e d  b y  L . C .
E ll i s  i n  p a r t i a l  f u l f i l lm e n t  o f  t h e  r e q u i r e m e n t s  o f  t h e  d e g re e
o f  D o c to r  o f  P h i lo s o p h y ,  U n iv e r s i ty  o f  V i r ^ i i a ,  1961 .

:f ly  d is c u s s e d  in  t h e  l ig h t  o f  c o n f o r m a t io n a l  a n a ly s is  c o n c e p ts .

tional non-bonded interactions imposed by the sec
ond ring. Present conformational concepts as ap
plied to cfs-decalins seem to hold quite well and 
have aided greatly in stereochemical studies.3

It is possible for the cfs-2-decalols to exist in four 
conformations having the most stable double-chair 
ring system. These are shown in Fig. 1 where la 
and lb represent the two possible conformations of 
cis-cis-2-decalol, and Ha and lib  those for the 
ci s-irans-isomer.4 * 6

(3 ) F o r  e x a m p le , s e e  (a )  W . G . D a u b e n ,  R .  C . T w e i t ,  
a n d  C . M a n n e r s k a n tz ,  J. Am. Chem. Soc., 7 6 , 4 4 2 0  (1 9 5 4 );
(6) J .  A . M ills , J. Chem. Soc., 2 6 0  (1 9 5 3 ).
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Dauben and Pitzer4 5 have advanced the argument 
that of these four conformations, la and lib  should 
have comparable free energies since the interac
tions are similar. However, in the two conforma
tions where the hydroxyl groups are axial, lb can 
be expected to have a higher free energy than Ila 
because the hydroxyl group in the former is in a 
position similar to a skew butane conformation and 
should thus give rise to a steric interaction of larger 
magnitude than the normal H ^-H ®  interference 
found in Ila. The validity of this reasoning is sup
ported by rate studies on esters of the two cis-2- 
decalols6 and by equilibration studies on the iso
meric cfs-5-hydrindanols.7

Furthermore, at equilibrium there should be a 
larger number of molecules in form Ila than lb 
while the populations of forms la and lib  should be 
about equal. The overall effect should give a higher 
concentration of cis-trans-2-decalol (II) over the 
cfs-cfs-isomer (I) in an equilibrated mixture.5

Hückel and Naab8 carried out the equilibration of 
the cfs-2-decalols in refluxing decalin in the presence 
of excess sodium and reported obtaining 80% of the 
m-m-2-decalol and 20% of the cis-trans-[ somer 
when equilibrium was approached from either side. 
These results are in direct contrast to those ex
pected from the conformational principles outlined 
above. Since these authors determined the per-

(4) T h e  n o m e n c la tu r e  fo r  t h e  d e e a lo ls  d e s c r ib e d  in  th is  
p a p e r  fo llo w s  t h a t  p r o p o s e d  b y  W . G . D a u b e n ,  R .  0 .  T w e it ,  
a n d  C . M a n n e r s k a n tz ,  J. Am. Chem. Soc., 7 6 , 4 4 2 0  (1 9 5 4 ). 
C o n f o r m a t io n a l  a s s ig n m e n ts  a r e  m a d e  r e la t iv e  t o  t h e  p o s i
t io n s  o f  t h e  h y d r o g e n  a to m s  a t  C9, C 10 a n d  C 9, C 2. F o r  th e  
e s ta b l i s h m e n t  o f  t h e  c o n f ig u ra t io n s  o f  th e s e  e p im e r ic  d e e a lo ls , 
see  W . G . D a u b e n  a n d  E .  H o e rg e r ,  J. Am. Chem. Soc., 7 3 , 
150 4  (1 9 5 1 ).

(5) W . G . D a u b e n  a n d  K .  S . P i t z e r ,  Steric Effects in Or
ganic Chemistry, M . S . N e w m a n , e d .,  W ile y , N e w  Y o rk , 1956, 
p p . 2 7 -3 0 .

(6 ) R e f .  3 a  a n d  b  a n d  re fe re n c e s  c h e d  th e r e in ;  W . H ü c k e l ,  
Ber., 67  A , 129  (1 9 3 4 ).

(7 ) R e f .  5 , p . 38 , a n d  re fe re n c e s  c i te d  th e r e in .
(8 ) W . H ü c k e l  a n d  H . N a a b ,  Ber., 6 4 , 2 1 3 7  (1 9 3 1 ).

ventages of isomers formed by direct isolation of the 
products and reported no overall yields, a re
examination of this equilibration seemed desirable.

In order to lessen the sources of error, direct 
isolation of the products was avoided in preference 
for an analytical method which would enable a 
direct determination of the isomer ratios in mix
tures.9 Direct infrared analysis was found to give 
acceptable results (well within ±1%) in the range 
of the equilibrated mixtures (Table I).10

T A B L E  I

P ercent « s-cís-2-D ecaloí, in  K nown M ix tu res F R O M
I nfrared I n ten sity  M ea surem ents a t 10.52 A N D  11.03 y

M ix tu r e  A c tu a l ,  % F o u n d ,  % D e v ia t io n , 07/o

1 45 .8 4 7 .0 +  1 .2
2 47 .3 47 .3 0 .0
3 52 .5 53.1 +  0 .6
4 « 5 4 .4 54 .3 - 0 . 1
5" 57.1 5 7 .4 +  0 .3
6“ 60 .5 60 .0 - 0 . 5
7 70 .2 69 .7 - 0 . 5
8 8 0 .7 79.1 - 1 . 6

a C a v i ty  c e lls  u s e d .

In the preparation of the cts-decalols from 2- 
naphthol it was found that hydrogenation using a 
ruthenium oxide catalyst gave better yields than 
previously reported catalytic reduction methods.11'2251 
The equilibrations were carried out using the same 
conditions reported by the previous workers,8 
starting with both the cis-cis- and the cis-tran.s- 
isomers to insure that equilibrium had been reached. 
As these conditions employ an excess of sodium, 
the equilibrated alcohols are undoubtedly com
pletely in the forms of their sodium salts, and under 
the experimental conditions employed, these salts 
were completely miscible in the reaction solvent. 
Actually, it is of just, as great interest here to 
know the free energy difference between the iso
meric free alcohols; therefore, the equilibration 
was also studied using only a few mole percent of 
sodium. It is interesting that the amount of sodium 
affects the position of equilibrium quite markedly 
(Table II). When excess sodium was used the

(9) A n  o b v io u s  m e th o d  o f  ch o ic e  h e r e  is v a p o r  p h a s e  
c h r o m a to g r a p h y .  A t t e m p t s  t o  s e p a r a te  q u a n t i t a t i v e l y  th e  
tw o  is o m e rs  o n  A p ie z o n  L , D o w  C o r n in g  S il ic o n e  G re a s e , 
C a rb o w a x  20  M  a n d  S il ic o n e  G E  S E -3 0  u s in g  c o lu m n s  u p  to  
s ix  a n d  a  h a l f  f e e t  w e re  u n s u c c e s s fu l .  A  m a jo r  p r o b le m  w a s  
th e  d e c o m p o s i t io n  o f t h e  cis-trans-i s o m e r  a t  t h e  t e m p e r a 
tu r e s  (1 4 0 -2 0 0 ° )  r e q u i r e d  fo r  p r a c t i c a l  r e t e n t io n  t im e s .  A t  
h ig h e r  t e m p e r a tu r e s  t h e  cis-cis w a s  a ls o  f o u n d  to  d e c o m p o s e . 
T h e  f e a s ib i l i ty  o f  e m p lo y in g  th i s  a n a ly t i c a l  m e th o d  in  th e  
p r e s e n t  a n d  s im i la r  c a s e s  is  b e in g  e x p lo re d  f u r th e r .

(10) O u ts id e  o f  t h i s  r a n g e  ( a l r e a d y  e v id e n t  in  m ix tu r e s  
1  a n d  8 ) t h e  a c c u ra c } r o f t h e  m e th o d  d im in is h e s  r a p id ly .  
T h is  is  b e c a u s e  t h e  p e a k s  b e c o m e  to o  w e a k  in  i n t e n s i t y  fo r  
a c c u r a t e  c a lc u la t io n s  o r  b e g in  t o  o v e r la p  s e r io u s ly .

(11) D .  M . M u s s e r  a n d  H . A d k in s ,  J. Am. Chem. Soc., 
6 0 , 6 6 4  (1 9 3 8 ). S . G . K u l ik o v ,  Uchenye Zapieki Moskov. 
Gosudarst. Lniv. irn. M.V. Lomonosova N o . 1 3 1 , 101—64
(1 9 5 0 ) [Chem. ¿ibstr., 4 7 , 1 1 7 1 a  (1 9 5 3 )] .
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T A B L E  I I

E q u il ib r a t io n  o p  cts-2 -D e c a l o l s  in  R e f l u x in g  D e c a l in

S t a r t i n g  M a te r i a l  S o lv e n t ,  S o d iu m  R e f lu x  %  cis.cis l s o m e r
R u n I s o m e r G r a m s M o le s M l. G r a m s M o le s T im e ,  H r . a t  E q u i l ib r iu m

1 cis-cis 1 0 .0 0 .0 6 5 160 2 . 4 0 .1 0 4 7 6 4 .5
2 cis-trans 0 .4 5 0 .0 0 2 9 30 0 .2 5 0 .0 1 0 8 8 6 5 .5
3 cis-trans 5 .3 0 .0 3 4 100 2 . 0 0 .0 8 7 8 6 6 .1
4 cis-cis 5 . 0 0 .0 3 2 100 0 .0 4 0 .0 0 1 7 7 5 3 .5
5 cis-cis 5 . 0 0 .0 3 2 100 0 .0 4 0 .0 0 1 7 24 5 4 .2  (5 2 .5 » )
6 cis-trans 2 . 0 0 .0 1 3 50 0 .0 1 6 0 .0 0 0 7 8 5 2 .0

0 N o t  s t e a m  d is t i l l e d  (se e  E x p e r im e n ta l ) .

T A B L E  I I I

Analysis o p  cts-2 -D ecalol M ix tu r es  b y  C onversion  t o  T h e ir  p -N itrobenzoates

M ix tu r e S o u rc e
R e f lu x
T im e »

p - N i t r o b e n z o a te M .P . D ia g r a m I n f r a r e d
%  Y ie ld M . P . 6 %  cis-cis %  d e v ia t io n %  cis-cis %  d e v ia t io n

1 K n o w n :  8 0 . 3 c 93 6 1 . 5 - 9 2 . 0 7 8 .5 - 1 . 8 8 2 .2 +  1 .9
2 K n o w n :  8 1 . 3 C 87 6 1 . 5 - 9 2 . 5 7 9 .5 - 1 . 8 8 3 .5 +  2 .2
3 K n o w n :  6 3 . 3 c 82 6 0 .5 - 8 5 . 5 6 4 .5 +  1 .2
4 K n o w n :  7 0 .0d 7 0 .0 0 . 0
5 E q u i l . :  cis-cise 7 85 6 1 .5 - 8 6 . 5 6 7 .0 6 9 .2
6 E q u i l . :  cis-cise 7 90 6 0 . 0 - 8 6 . 0 6 6 .0 6 8 .8
7 E q u il .  : cis-transe 8 84 5 2 . 5 - 8 4 . 5 6 3 .0 6 8 .6

“ D u r in g  e q u i l ib r a t io n .  6 D e te r m in e d  t o  t h e  n e a r e s t  0 .5 ° .  c A m o u n t  of c i s - a s - i s o m e r .  d A  m ix tu r e  o f t h e  p u r e  e s te r s  c o n 
t a in in g  7 0 .0 %  o f  c i s - m - 2 - d e c a ly l  p - n i t r o b e n z o a te . e S t a r t i n g  i s o m e r .

equilibrated mixtures contained about 66% of the 
m-m-isomer, while the concentrations of the two 
isomers were about equal with the lesser amounts 
of sodium.12’13 The recovery of alcohols was 90- 
95%.

The use of binary melting point diagrams for 
the analysis of isomer mixtures is frequently 
found in the literature and the present work pro
vided an opportunity to compare this technique 
with the infrared method. Accordingly, we pre
pared the p-nitrobenzoates and 3.5-dinitrobenzoates 
of the two cfs-2-decalols and plotted the melting 
point diagrams for these derivatives. The curves 
are shown in Fig. 2, and the data used in Table V. 
Mixtures 1-3 of Table III and 1-2 of Table IV, 
prepared using known amounts of the pure isomers, 
give an indication of the accuracy of the method. 
In the present case, the agreement is good between 
the isomer ratio values for the equilibrated mix-

(12) C o n tr o ls  c o n s is t in g  o f  m ix tu r e s  o f k n o w n  a m o u n ts  
o f t h e  tw o  is o m e rs  w h e n  c a r r ie d  t h r o u g h  t h e  w o r k -u p  p r o 
c e d u r e  u s e d  in  t h e  e q u i l ib r a t io n  r u n s ,  g a v e  p e r c e n ta g e  v a lu e s  
fo r  t h e  cis-eis- is o m e r  w h ic h  w e re  c o n s i s t e n t^ ’ 2 - 4 %  h ig h e r  
t h a n  t h e  t r u e  v a lu e s .  T h is  e r r o r  a r i s e s  b e c a u s e  t h e  cis-trans- 
is o m e r  h a s  a  r e la t iv e ly  h ig h  v a p o r  p r e s s u r e  a n d  th e r e f o r e  a  
s m a ll  a m o u n t  is  u n a v o id a b ly  lo s t  d u r in g  r e m o v a l  o f t h e  
d e c a l in  s o lv e n t .  T h u s ,  t h e  v a lu e s  g iv e n  f o r  R u n s  4 - 6  in  
c o lu m n  9 o f  T a b le  I I  a r e  s e v e ra l  p e r c e n t  to o  h ig h  a n d  a c t u 
a l ly  r e p r e s e n t  a  m a x im u m  v a lu e  r a t h e r  t h a n  th e  t r u e  v a lu e . 
1  h is  is n o t  t h e  c a s e  in  R u n s  1 -3  w h e r e  t h e  a lc o h o ls  a r e  in  
th e  fo rm s  o f  t h e i r  s o d iu m  s a l t s  d u r in g  th e  d e c a l in  r e m o v a l  
(see  E x p e r im e n ta l ) .

(13) E q u i l i b r a t i o n  w i th  a lu m in u m  is o p r o p o x id e  i n  a c e 
to n e - i s o p r o p y l  a lc o h o l  a p p e a r s  t o  g iv e  s t i l l  a  d i f f e r e n t  e q u i 
l ib r iu m  c o n s t a n t .  [W . H iic k e l ,  M . M a ie r ,  E .  J o r d a n ,  a n d  W . 
S e e g e r , Ann., 616, 81  (1 9 5 8 ); p e r s o n a l  o b s e r v a t io n ] .

PERCENT CIS—CIS—2—DECALOL 
DERIVATIVE

F ig .  2 . B in a r y  m e l t in g  p o in t  d ia g r a m s  o f  e fs -2 -d e c a lo l
d e r iv a t iv e s :  ( ----------- ) p - n i t r o b e n z o a te s ;  ( ----------- ) 3 ,5 -d i-
n i t r o b e n z o a te s

tures as determined by the melting point diagram 
method and infrared analysis of the free alcohols.

I t is interesting that although the yield of de
rivative differed somewhat for the various runs 
(column 4 in Tables III and IV), this seemed to 
have little effect on the results. Several bands in the 
infrared spectra of the p-nitrobenzoates were found 
suitable to allow quantitative isomer ratio deter
minations in the p-nitrobenzoate mixtures. How
ever, the best bands were not as well defined as
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T A B L E  IV

Analysis o f  cts-2-D ecalol M ix tu res  b y  C onversion  t o  T h e ir  3 ,5-D in itrobenzoates

R e flu x 3 ,5 - D in i t r o b e n z o a te M .P .  D ia g r a m

M ix tu r e S o u rc e T im e “ Y ie ld , % M .P .5 eis-cis, % D e v ia t io n ,  %

1 K n o w n :  8 3 . 3 c 59 1 2 6 .0 - 1 4 7 .0 8 4 .0 +  0 . 7
2 K n o w n :  6 3 . 3 C 91 1 2 4 .5 - 1 3 6 .0 6 2 .7 - 0 . 5
3 E q u i l . :  cis-cisd 7 71 1 2 7 .5 - 1 3 8 .0 6 6 .5
4 E q u i! . :  cis-cisd 7 81 1 2 6 .5 - 1 3 9 .5 6 8 .0
5 E q u i l . :  ds-cisd 7 6 0 1 2 8 .0 - 1 3 9 .0 6 7 .5
6 E q u i l . :  cis-transd 8 81 1 2 1 .5 - 1 3 7 .5 6 6 .0

“ D u r in g  e q u i l ib r a t io n .  5 D e te r m in e d  t o  n e a r e s t  0 .5 ° .  c A m o u n t  o f  a s - « s - i s o m e r .  d S t a r t i n g  i3 o m er.

T A B L E  V

T h e  M el tin g  P oints o f  M ix tu r es  o f  cis-cis- a n d  cis- 
¿roras-2-DECALYL p -N itrobenzoates  and 3 ,5-D in itr o 

benzoates

p - N i t r o b e n z o a te s  3 ,5 - D in i t r o b e n z o a te s

% cis-cis- M .P . % cis-cis- M.P.
0 .0 0 7 7 . 5 -  7 8 .0 0 .0 0 1 4 9 .5 - 1 5 0 .0

1 1 .2 4 6 2 . 5 -  7 4 .5 8 .9 9 1 2 7 .0 - 1 4 7 .0
2 0 .4 0 6 1 . 5 -  7 1 .0 2 8 .8 2 1 2 5 .5 - 1 3 7 .5
2 8 .6 0 6 1 . 5 -  6 7 .5 2 2 .2 0 1 2 6 .5 - 1 4 0 .5
4 4 .4 4 6 1 . 5 -  7 3 .0 4 3 .6 8 1 2 6 .5 - 1 2 9 .5
5 8 .7 9 6 1 . 5 -  8 2 .5 6 2 .4 6 1 2 6 .5 - 1 3 5 .5
6 8 .9 9 6 1 . 5 -  8 7 .5 6 5 .4 8 1 2 6 .5 - 1 3 7 .5
8 0 .1 9 6 1 . 5 -  9 3 .0 7 0 .6 4 1 2 6 .5 - 1 3 9 .5
8 5 .9 5 6 3 . 0 -  9 5 .5 8 3 .2 6 1 2 6 .5 - 1 4 6 .5

1 0 0 .0 0 9 8 .0 - 1 0 0 .0 8 5 .0 9
1 0 0 .0 0

1 2 6 .5 - 1 4 7 .0
1 5 3 .0 - 1 5 3 .5

those used with the free alcohols and so the per
centages found are slightly less accurate (Table 
III, columns 8 and 9). The spectra of the cis-2- 
decalyl 3,5-dinitrobenzoates were found unsuitable 
for infrared analysis.

D IS C U S S IO N

The data given in Tables II-IV  clearly show that 
when the czs-2-decalols are equilibrated in decalin 
in the presence of excess sodium, the mixture 
contains a decided predominance of the cis-cis- 
isomer (I); whereas when only a few mole percent 
of sodium are used, the two isomers are present 
in approximately equal amount. In the latter case, 
the isomeric alcohols exist almost entirely in the 
free state, and, thus would appear to have approxi
mately equal free energies under the present con
ditions of equilibration. These results are in much 
better agreement with present conformational 
views5 than those reported previously.8

The question as to why the isomeric m-2-deca- 
lols should have approximately equal free energies 
is an intriguing one which cannot be fully answered 
at present. Two possible explanations immediately 
present themselves; namely, that the two forms 
lb and Ha are either present in too small amount to 
have any effect on the equilibrium or that their 
free energies are comparable. On the basis of find
ings concerning free energy differences between 
axial and equatorial hydroxyl groups in substituted

cyclohexanols,14 the contributions of these forms 
would not be expected to be insignificant. How
ever, the two cases are not strictly comparable 
because of additional interring interactions which 
appear in the decalins and which probably cannot 
be neglected.5

Likewise, lb and Ha would not be expected to 
have comparable free energies, as the 0 2—H8 
interatomic distance in lb of 1.7 Á (center to 
center) should give rise to considerable sterie 
interference.15 However, by a slight spreading of 
the valence angles of the hydroxyl containing ring, 
this interference can be largely alleviated with 
apparently little additional strain on the system.16'17 
A similar flattening of one of the rings apparently 
occurs in czs-decalin-2a,3a,-diol.16

With an excess of sodium, the data in Tables
II-IV  indicate an equilibrium ratio consisting of 
66 ±  2% of the czs-czs-isomer. To explain the 
higher stability of the m-czs-isomer it is tempting 
to consider bonding of the type shown in III as 
playing perhaps a minor, but important, role. To 
our knowledge such bonding has never been con
clusively demonstrated, but a similar type of in
teraction has been suggested as an explanation for 
the greater stability of czs-l-hydrindanone over the 
(rcms-isomer.18

Because the free energy difference between the 
isomeric czs-2-decalols is small (approximately 
0.6 kcal. in the case of the sodium salts and much 
smaller for the free alcohols, as calculated from 
the equilibrium constants) intermolecular interac-

(14) F o r  a  le a d  r e fe re n c e , se e  I t .  A . P ic k e r in g  a n d  C . C . 
P r ic e ,  J. Am. Chem. Soc., 8 0 , 4931 (1 9 5 8 ).

(15) T h e  e n e r g y  d if fe r e n c e  b e tw e e n  t h e  d ia x ia l  a n d  d i-  
e q u a to r i a l  c o n f o rm a t io n s  o f  e is -3 - m e th y lc y c lo h e x a n o l  h a s  
b e e n  d e te r m in e d  a s  3 .3  k c a l . / r n o le  f ro m  e s te r i f ic a t io n  r a t e s  
in  p y r id in e  a t  2 5 ° . [E . L . E lie l  a n d  C . A . L u k a c h ,  J. Am. 
Chem. Soc., 7 9 , 5 9 8 6  (1 9 5 7 )] . I f  o n e  a s s u m e s  t h a t  t h e  
e n e r g y  d if fe r e n c e  b e tw e e n  l a  a n d  l b  is  o f  a  c o m p a r a b le  o r d e r  
o f  m a g n i tu d e ,  t h e  c o n c e n t r a t io n  o f  l b  w o u ld  b e  r e d u c e d  
p r a c t i c a l l y  t o  z e ro .

(16) M . E .  A li a n d  L .  N .  O w e n , J. Chem. Soc., 2 1 1 9
(1 9 5 8 ).

(17) L i t t l e  in f o r m a t io n  is  a v a i la b le  f o r  t h e  v a r i a t i o n  o f  
e n e r g y  w i th  b o n d  a n g le  in  a lic y c lic  s y s te m s ;  h o w e v e r ,  i t  is  
p r o b a b ly  q u i te  s m a ll  f o r  m o d e r a te  a n g le  in c r e a s e s ;  see  
R .  P a u n c z  a n d  D . G in s b u r g , Tetrahedron, 9 ,  51 (1 9 6 0 ).

(18) L .  F .  F ie s e r  a n d  M . F ie s e r ,  Organic Chemistry, 3 r d  
e d . ,  D . C . H e a t h  a n d  C o ., B o s to n ,  1956 , p .  3 0 9 ; h o w e v e r ,  
se e  a lso  N .  L . A J lin g e r, J. Org. Chem., 2 1 , 9 1 5  (1 9 5 6 ).
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tions and solvent effects cannot be assumed to be 
negligible. The evaluation of the importance of 
such factors must await additional and preferably 
more accurate equilibration data. Work along these 
lines is in progress and will be presented in a sub
sequent publication.

E X P E R IM E N T A L 19

cis-cis-2-Decalol ( I )  and cis-trans-2-decalol ( I I ) .  A  m ix tu r e  
o f 100  g. (0 .6 9  m o le )  o f  2 - n a p h t h o l , l .  5 g . o f  r u th e n iu m  
o x id e ,20 a n d  e n o u g h  a b s o lu te  e th a n o l  t o  m a k e  a  t o t a l  v o lu m e  
o f  4 0 0  m l. w a s  h y d r o g e n a te d  a t  1 1 6 0 -9 9 5  p .s . i .  w h ile  
s lo w ly  in c r e a s in g  t h e  t e m p e r a t u r e  t o  9 1 ° . A f te r  4  h r .  t h e  
h y d r o g e n  u p t a k e  h a d  c e a s e d . T h e  m ix tu r e  w a s  c o o led , 
f i l te r e d , a n d  t h e  c a t a l y s t  w a s h e d  w e ll w i th  e th a n o l .  A s m u c h  
o f  t h e  e th a n o l  a s  p o s s ib le  w a s  r e m o v e d  f ro m  t h e  f i l t r a t e  b y  
d i s t i l l a t io n  in vacuo a t  2 7 - 3 0 ° ,  a n d  t h e  r e s id u e  d is s o lv e d  in  
e t h e r  a n d  w a s h e d  w i th  d i l u t e  a q u e o u s  s o d iu m  h y d r o x id e .  
R e m o v a l  o f  t h e  e t h e r  l e f t  9 8 .0  g . o f  s e m is o l id  m a te r i a l  w h ic h  
a f t e r  s e v e ra l  r e c r y s ta l l i z a t io n s  f ro m  p e t r o le u m  e t h e r  ( b .p .  
9 0 -1 1 0 ° )  y ie ld e d  5 2 .9  g . (0 .3 4  m o le )  o f  c fs -c is -2 -d e c a Io l, m .p .  
1 0 4 -1 0 4 .5 °  ( l i t . , 21 m .p .  1 0 5 ° ) .

T h e  m o th e r  l iq u o r s  w e re  c o m b in e d  a n d  t h e  s o lv e n t  r e 
m o v e d  in vacuo, l e a v in g  4 4 .8  g . o f  a  s i r u p y  m ix tu r e  o f  
ci-s-cis- a n d  c fs- fra n .s -2 -d e c a lo ls . T h e s e  w e re  c o n v e r te d  t o  t h e  
h y d r o g e n  p h t h a l a t e s 22 b y  r e f lu x in g  fo r  17 h r .  in  150 m l. o f 
d r y  to lu e n e  w i th  7 0 .0  g . (0 .4 7  m o le )  o f  p h th a l i c  a n h y d r id e .  
T h e  to lu e n e  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u re ,  2 0 0  m l. o f 
w a te r  a d d e d  a n d  t h e  m ix tu r e  h e a t e d  a t  8 0 - 8 5 °  fo r  4  h r .  
A f te r  c o o lin g , t h e  s o lid  w a s  s e p a r a te d  b y  f i l t r a t io n ,  d r ie d ,  
a n d  d is s o lv e d  in  c h lo ro fo rm . T h e  s o lu t io n  w a s  r e f i l te r e d , 
a n d  t h e  s o lv e n t  r e m o v e d .  R e p e a t e d  f r a c t i o n a l  c r y s ta l l i z a t io n  
o f  t h e  r e s id u e  f ro m  b e n z e n e - p e t r o le u m  e t h e r  y ie ld e d  3 2 .0  g. 
o f  p u r e  c fs- fra re s -2 -d e c a ly l h y d r o g e n  p h t h l a t e ,  m .p .  1 5 1 -  
1 5 2 °  ( I i t . , 22a m .p . 1 5 3 ° ) , a n d  3 0 .0  g. o f  a  m ix tu r e  o f  cis-trans- 
a n d  c w -c fs -2 -d e c a ly l  h y d r o g e n  p h t h a l a t e .

T h e  3 0 .0  g . o f  h y d r o g e n  p h t h a l a t e  m ix tu r e  w a s  h y d r o ly z e d  
b y  r e f lu x in g  w i th  100  m l. o f  2 5 %  a q u e o u s  s o d iu m  h y d r o x id e  
fo r  3  h r .  A f te r  t h e  s o lu t io n  h a d  c o o le d , t h e  d e c a lo ls  w e re  
e x t r a c t e d  w i th  e t h e r  a n d  d r ie d  o v e r  s o d iu m  s u l f a te .  R e m o v a l  
o f  t h e  s o lv e n t  u n d e r  r e d u c e d  p r e s s u r e  a n d  c r y s ta l l i z a t io n  
o f  t h e  r e s id u e  f ro m  p e t r o le u m  e t h e r  ( b .p .  9 0 -1 1 0 ° )  g a v e  a n  
a d d i t i o n a l  5 .6  g . o f  c fs -c fs -d e c a lo l , m .p . 1 0 3 .5 -1 0 4 .5 ° ,  
m a k in g  t h e  t o t a l  y ie ld  o f  th i s  is o m e r  5 8 .5  g . ( 5 5 % ) .

T h e  s o lv e n t  w a s  r e m o v e d  f ro m  t h e  m o th e r  l iq u o r s  a n d  
t h e  r e s id u e  r e f lu x e d  fo r  4  h r .  w i th  16 .0  g . (0 .1 1  m o le )  o f  
p h t h a l i c  a n h y d r id e  in  35  m l.  o f  d r y  to lu e n e .  W h e n  w o rk e d  
u p  a s  p r e v io u s ly  d e s c r ib e d , t h i s  r e a c t io n  y ie ld e d  a n  a d d i 
t io n a l  4 .4  g . o f  c fs-fr< m s-2 -d eca ly l h y d r o g e n  p h t h a l a t e ,  m .p .
1 5 1 -1 5 2 ° .

T h e  3 6 .4  g . o f  c f s - f ra n s -2 -d e c a ly l  h y d r o g e n  p h t h a l a t e  w a s  
h y d r o ly z e d  b y  r e f lu x in g  o v e r n ig h t  w i th  1 5 .0  g . o f  s o d iu m  
h y d r o x id e  in  15 0  m l. o f  w a te r .  A f te r  c o o lin g , t h e  p r o d u c t  
w a s  e x t r a c t e d  w i th  e t h e r  a n d  d r ie d  o v e r  s o d iu m  s u l f a te .

(19) A ll m e l t in g  p o in t s  a r e  u n c o r r e c te d  e x c e p t  th o s e  c o n 
c e rn e d  w i th  t h e  b in a r y  m e l t in g  p o in t  d ia g r a m s .

(20) A m e r ic a n  P l a t i n u m  W o r k s , N e w a r k ,  N .  J .
(21) W . H u c k e l ,  Ann., 4 4 1 , I ,  15 , 2 8  (1 9 2 5 ).
( 2 2 )  (a ) W . H u c k e l ,  Ann., 4 5 1 , 109  (1 9 2 7 );  (b )  G . T s a t s a s ,

Ann. chim., [1 1 ], 19 , 2 1 7  (1 9 5 4 ).

R e m o v a l  o f  t h e  e t h e r  u n d e r  r e d u c e d  p r e s s u re  l e f t  a  s i r u p y  
r e s id u e  w h ic h  w a s  d is t i l l e d  a t  1 3 0 -1 3 2 °  ( 1 6 -1 7  m m .)  g iv in g
1 8 .0  g . ( 1 7 % )  o f  cis-trans-2 - d e c a lo l .22

Equilibration of the cis-2-decalols with sodium. T h e  fo llo w 
in g  p r o c e d u r e  is  ty p i c a l  o f  t h a t  fo llo w e d  in  c a r d i n g  o u t  t h e  
e q u i l ib r a t io n s .  I n  a l l  r u n s ,  t h e  s o d iu m  s a l t s  o f  t h e  d e c a lo ls  
w e re  c o m p le te ly  s o lu b le  in  t h e  d e c a l in  s o lv e n t  u n d e r  t h e  
c o n d i t io n s  o f  e q u i l ib r a t io n .

A  m ix tu r e  o f  5 .3  g . (0 .0 3 4  m o le )  o f  c f s - f ra n s -2 -d e c a lo l  a n d
2 .0  g . (0 .0 8 7  m o le )  o f  s o d iu m  w a s  r e f lu x e d  in  100  m l. o f 
d r y  d e c a l in  f o r  8  h r .  b y  im m e rs io n  o f  t h e  r e a c t io n  f la s k  in  a  
W o o d s  m e ta l  b a t h  a t  2 3 2 - 2 3 4 ° .8 U p o n  c o o lin g , t h e  ex ce ss  
s o d iu m  w a s  r e m o v e d , a n d  t h e  d e c a l in  -was r e m o v e d  b y  d i s t i l 
l a t i o n  a t  9 0 - 9 3 °  ( 3 3 -3 5  m m .)  u s in g  a  c a p i l l a r y  a t t a c h e d  to  a  
n i t ro g e n  s o u rc e . A  5 0 %  a q u e o u s  e th a n o l  s o lu t io n  w a s  a d d e d  
to  t h e  h o n e y -c o lo re d  r e s id u e  a n d  t h e  m ix tu r e  s te a m  d is 
t i l le d .  T h e  d i s t i l l a t e  w a s  e x t r a c t e d  w i th  e th e r ,  t h e  c o m b in e d  
e t h e r  e x t r a c t s  d r ie d  o v e r  s o d iu m  s u l f a te ,  a n d  a l iq u o ts  
e v a p o r a t e d  to  d r y n e s s  fo r  t h e  in f r a r e d  a n a ly s e s  a n d  th e  
p r e p a r a t io n  o f  d e r iv a t iv e s .

T h e  s o lu t io n  r e m a in in g  in  t h e  s t e a m  d i s t i l l a t io n  f la s k  
w a s  e x t r a c t e d  w i th  e th e r ,  a n d  t h e  e t h e r  t h e n  r e m o v e d , 
le a v in g  a  s m a ll  a m o u n t  o f  o i ly  r e s id u e  w h ic h  s h o w e d  n o  
b a n d s  c h a r a c te r i s t i c  o f  e i t h e r  o f  t h e  d e c a lo ls  in  i t s  in f r a r e d  
s p e c t r u m . T h e  t o t a l  r e c o v e r y  o f  t h e  c f s -2 -d e c a lo ls  w a s  4 .9 5  g . 
( 9 3 % ) .

The cis-2-decalyl p-nitrobenzoates and S,5-dinitrobenzoates 
w e re  p r e p a r e d  b y  t h e  s t a n d a r d  p r o c e d u r e ,23 u s in g  a  1 t o  3 -h r .  
h e a t in g  p e r io d . I n  r e c r y s ta l l i z a t io n  o f  t h e  c r u d e  d e r iv a t iv e s  
f ro m  e th a n o l ,  t h e  m o th e r  l iq u o r s  w e re  t e s te d  b y  in f r a r e d  
a n a ly s is  t o  i n s u r e  t h a t  a l l  o f  t h e  d e s i r e d  p r o d u c t s  h a d  b een  
re c o v e re d .

The cis-2-decalyl p-nitrobenzoale and cis-2-decalyl 3,5- 
dinitrobenzoate binary melting point diagrams s h o w n  in  F ig .  2 
w e re  p r e p a r e d  f ro m  t h e  m e l t in g  p o in t s  o f  m ix tu r e s  c o n ta in in g  
k n o w n  p e r c e n ta g e s  o f  t h e  is o m e r ic  c is -2 -d e c a ly l  d e r iv a t iv e s .  
T h e  m ix tu r e s  w e re  p r e p a r e d  b y  m ix in g  k n o w n  a m o u n t s  o f  
p u r e  e s te r s  w i th  a n  a g a t e  m o r t a r  a n d  p e s t le .  T h e  m e l t in g  
p o in ts  w e re  d e te r m in e d  to  t h e  n e a r e s t  0 .5 °  in  a  H e r s h b e r g  
m e l t in g  p o in t  a p p a r a tu s ,  u s in g  A r t h u r  H .  T h o m a s  to t a l  
im m e rs io n  th e r m o m e te r s .  T h e  t e m p e r a t u r e  a t  w h ic h  t h e  
l a s t  t r a c e  o f  m a te r i a l  m e l te d  w a s  t h e n  p l o t t e d  a g a in s t  t h e  
p e r c e n t  o f  c fs -c fs -2 -d e c a ly l  e s te r .  D a t a  u s e d  c o n s t r u c t in g  
t h e  d ia g r a m s  a r e  s h o w n  in  T a b le  V .

M ix tu r e s  1 -3  o f  T a b le  I I I  a n d  1 - 2  o f  T a b le  I V  w e re  p r e 
p a r e d  u s in g  k n o w n  a m o u n ts  o f  p u r e  d e c a lo ls .  T h e s e  w e re  
t h e n  c o n v e r te d  t o  t h e  p - n i t r o b e n z o a te s  o r  3 ,5 - d in i t r o b c n -  
z o a te s  a n d  t h e i r  c o m p o s it io n s  a n a ly z e d  f ro m  t h e  m e l t in g  
p o in t  d ia g r a m s  ( a n d  in f r a r e d  s p e c t r a  in  t h e  c a s e  o f  t h e  
p - n i t r o b e n z o a te s ) .

Infrared analyses. T h e  in f r a r e d  a n a ly s e s  w e re  m a d e  o n  a  
P e r ld n - E lm e r  m o d e l  21  s p e c t r o p h o to m e te r ,  u s in g  e i t h e r  
0 .0 5 -m m . s o d iu m  c h lo r id e ,  f ix e d - th ic k n e s s ,  m o u n te d  ce lls  o r  
0 .1  m m . T y p e  C  s o d iu m  c h lo r id e  c a v i ty  c e l ls .24 T h e  s e t t in g s  
o n  t h e  in s t r u m e n t  iv e re  a s  fo llo w s : p e n  s p e e d  10 .5 , r e s o lu t io n  
9 .2 7 , i n t e n s i t y  0 .3  a m p s . ,  a u to s u p p r e s s io n  5, r e s p o n s e  1, 
g a in  5 , s p e e d  a p p r o x im a te ly  4  m in . p e r  y. C h lo r o f o rm  w a s  
u s e d  a s  a  s o lv e n t  in  a l l  c a s e s  w i th  a  c o n c e n t r a t io n  o f  2 0 2  n ig . 
o f  s a m p le  p e r  m l. o f  s o lv e n t  f o r  t h e  f r e e  a lc o h o ls  a n d  190  
m g . p e r  m l.  f o r  t h e  p - n i t r o b e n z o a te s .

T h e  p e r c e n ta g e  c o m p o s it io n s  o f  t h e  m ix tu r e s  w e re  c a l
c u la te d  u s in g  t h e  b a s e  l in e  m e th o d  o f  W r ig h t25 a n d  t h e  
e q u a t io n

Cjnc =  At lo g  (I ° / I )mc 
Cm, Ac lo g

w h ic h  is  e a s i ly  d e r iv e d  f ro m  t h e  L a m b e r t - B e e r  L a w .

(23) S . M . M c E lv a in ,  The Characterization of Organic. 
Compounds, r e v is e d  e d .,  T h e  M a c m il la n  C o ., N e w  Y o rk , 
1953 , p . 199.

(2 4 ) C o n n e c t ic u t  I n s t r u m e n t  C o r p o r a t io n ,  W il to n , C o n n .
(2 5 ) N .  W r ig h t ,  Anal. Chem., 1 3 , 1 (1 9 4 1 ).
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Cmc a n d  Cmt a r e  t h e  r e l a t i v e  a m o u n ts  o f cis-cis- a n d  cis- 
f ra n s - is o m e r  in  t h e  m ix tu re ,  r e s p e c tiv e ly .  ( I ° / I ) mc a n d  ( 1 %  
I )mt a r e  t h e  p e a k  h e ig h ts  o f  t h e  cis-cis- a n d  t h e  cis-trans- 
is o m e r , r e s p e c t iv e ly ,  a s  m e a s u r e d  f ro m  t h e  in f r a r e d  s p e c t r u m  
of t h e  m ix tu r e .

A t =  lo g  ( I ° / I ) <  a n d  A c =  lo g  ( I ° / I ) f w h e r e  Ct
= c o n c e n t r a t io n  o f  p u r e  c is - i r a n s - is o m e r , Cc — c o n c e n t r a 
t io n  o f  p u r e  c w -c is - iso m e r , (I°/I)< =  t h e  p e a k  h e ig h t  o f  t h e  
c is - tr a n s - is o m e r  m e a s u r e d  f ro m  t h e  b a s e  l in e , a n d  ( I° / I )c 
=  t h e  p e a k  h e i g h t  o f  t h e  c is -c is - is o m e r. T h u s  A t a n d  A c 
r e p r e s e n t  c o n s t a n t s  w h ic h  a r e  d e te r m in e d  f ro m  t h e  s p e c t r a  
o f  t h e  p u r e  is o m e rs . T h e  p e a k s  f o u n d  b e s t  s u i t e d 25’26 1 fo r  
t h e  in f r a r e d  a n a ly s is  o f  m ix tu r e s  w e re  t h e  fo llo w in g : cis-

(26) J .  J .  H e ig l, M . F .  B e ll, a n d  J .  U . W h i te ,  Anal. Chem., 
1 9 ,2 9 3  (1 9 4 7 ).

cis-, 1 0 .5 2  fi] cis-trans-, 1 1 .0 3  n', c f s - c f s - p -n i t r o b e n z o a te ,  
1 0 .7 4  c is - i i-e m s-p -n itro b e n z o a te , 1 0 .5 4  p.

Preparation of the samples for infrared analysis. T h e  
cis-trans-is o m e r  is  r e la t iv e ly  v o la t i l e  a t  ro o m  t e m p e r a t u r e  
a n d  n o t ic e a b le  a m o u n ts  a r e  lo s t  if  u n s to p p e r e d  s a m p le s  a r e  
e x p o s e d  t o  t h e  a i r  fo r  s e v e ra l  d a y s .  F o r  t h i s  r e a s o n ,  c o n 
s id e ra b le  c a r e  h a d  to  b e  e x e rc ise d  in  p r e p a r in g  s a m p le s  o f  
t h e  f re e  a lc o h o ls  f o r  a n a fy s is .  R e p r o d u c ib le  r e s u l t s  c o u ld  b e  
c o n s i s te n t ly  o b t a in e d  b y  a llo w in g  a n  a l i q u o t  e t h e r  p o r t io n  
o f  t h e  e q u i l i b r a te d  m ix tu r e s  to  e v a p o r a t e  o v e r n ig h t  f ro m  
a n  o p e n , f a r e d  t e s t  t u b e .  T h e  l a s t  t r a c e s  o f  s o lv e n t  w e re  
r e m o v e d  b y  a p p ly in g  v a c u u m  ( w a te r  p u m p )  fo r  s e v e ra l  
m in u te s ,  a n d  e n o u g h  c h lo ro fo rm  w a s  t h e n  a d d e d  to  m a k e  a  
s o lu t io n  o f  t h e  d e s ire d  c o n c e n t r a t io n  fo r  in f r a r e d  a n a ly s is .

P r e p a r a t i o n  o f  t h e  c ts -2 -d e c a ly l  p - n i t r o b e n z o a te  s a m p le s  
r e q u i r e d  n o  s p e c ia l  p r e c a u t io n s .

Charlottesville, Va.

[ C o n t r i b u t i o n  f r o m  t h e  L a b o r a t o r y  o f  O r g a n i c  C h e m i s t r y , T o k y o  I n s t i t u t e  o f  T e c h n o l o g y ]

Studies on the Beckmann Rearrangement. I. Dehydrations of Aldoximes with
Methylketene Diethylaeetal

T E R U A K I  M U K A I Y A M A , K A Z U Y O S H I  T O N O O K A , a n d  K E N J I  I N O U E

R eceived  S e p te m b e r  8 , 1 9 6 0

D e h y d r a t io n s  o f  a ld o x im e s  in to  is o n i t r i le s  o r  n i t r i le s  b y  m e a n s  o f  m e th y lk e t e n e  d ie th y la e e ta l  h a v e  b e e n  s tu d ie d .  A d d i t io n  
c o m p o u n d s  o f  a r o m a tic - s j /n -a ld o x im e s  a n d  m e th y lk e t e n e  d i e th y l a e e t a l  d e c o m p o s e , in  t h e  p re s e n c e  o f a  c a t a ly t i c  a m o u n t  
o f b o ro n  t r i f lu o r id e  a n d  m e r c u r ic  o x id e , in to  c o r r e s p o n d in g  is o n i t r i le s  in  g o o d  y ie ld s .  O n  t h e  o th e r  h a n d ,  a d d u c ts  o f  m e th y l 
k e te n e  d i e th y l a e e t a l  a n d  a ro m a tic -a n tó -a ld o x im e s , a s  w e ll a s  o f  m e th y lk e t e n e  d ie th y la e e ta l  a n d  a n  a l i p h a t i c  a ld o x im e , 
d e c o m p o s e  to  g iv e  c o r r e s p o n d in g  n i t r i l e s  u n d e r  t h e  s a m e  c o n d it io n s .

T h e  d e c o m p o s i t io n  o f a n  a d d u c t  o f  p - to lu - s i/n - a ld o x im e  in  t h e  p re s e n c e  o f  L e w is  a c id s  o th e r  t h a n  b o r o n  t r if lu o r id e ,  o f 
m e r c u r ic  s a l t s  a n d  o f p r o to n ic  a c id  h a s  b e e n  in v e s t ig a te d .  E x c e p t  in  t h e  c a s e  o f  o n e  e q u iv a le n t  o f  z in c  c h lo r id e , h o w e v e r ,  
t h e r e  c a n n o t  b e  f o u n d  a n y  o t h e r  e f fe c t iv e  c a t a ly s t  f o r  t h e  r e a r r a n g e m e n t .  F u r t h e r ,  a n  i n te r m e d ia te ,  p r e s u m a b ly  m e th y l 
k e te n e  m o n o e th y l  m o n o a ld im in o a c e ta l ,  is o b ta in e d  d u r in g  t h e  c o u r s e  o f  d e c o m p o s in g  t h e  a d d u c t  o f p - to lu - s j/a - a ld o x im e .  
T h e  m e c h a n is m  of t h i s  r e a c t io n  c a n  b e  d e s c r ib e d  in  v ie w  o f  th e s e  r e s u l t s .

Dehydration reactions of primary nitroparaffins 
and aldoximes by means of organic reagents have 
been described in preceding papers.1-4 It was shown 
there2 3 ii) that benzaldoxime is dehydrated with a 
ketene acetal in the presence of a catalytic amount 
of boron trifluoride and mercuric oxide to give benzo- 
nitrile and benzisonitrile, both of these dehydrated 
products being nearly equal in amount. The course 
of this reaction involves two stages, namely the 
initial formation of an addition compound (I) of 
an aldoxime and a ketene acetal, and the decompo
sition of the adduct which yields the dehydrated 
products along with an alcohol and a carboxylic 
ester.
R — C H = N O H  +  R C H = C ( O R ) 2 — >

R C H 2C ( O R ) 2 —

1 N = C H R
R C H 2C O O R  +  R O H  +  R C N  +  R — N = C

(1 )  T .  M u k a iy a m a  a n d  T .  H o s h in o , J. Am. Chem. Soc., 
8 2 , 533 9  ( I 9 6 0 ) . '

( 2 )  T . M u k a iv a m a  a n d  T .  H a t a ,  B u ll .  C h em . S o c . o f  
■Japan, 3 3 , 1382  (1 9 6 0 ).

( 3 )  T . M u k a iy a m a  a n d  T .  H a t a ,  B u l l .  C licm . S o c . o f  
J a p a n ,  3 3 , 1712  ( I 9 6 0 ) .

It has been confirmed that the initial formation of 
the adduct (I) is carried out readily in the absence 
of catalysts and it is believed that such catalysts 
as a mixed catalyst of boron trifluoride and mer
curic oxide used in the experiment are effective in 
the decomposition of the adduct.

Since the formation of an isonitrile by the reac
tion is considered to be the simplest model of the 
Beckman rearrangement, the dehydration of vari
ous aldoximes with methylketene diethylaeetal 
has been studied in order to clarify the mechanism 
of this reaction.

The Beckman rearrangement has been demon
strated to occur by the process in which the 
migrating group approaches the migrating ter
minus, the nitrogen atom of oximes, from the side 
trans to the leaving group. Aldoximes exist in two 
forms, syn and anti, in which the hydroxyl group is 
respectively cis or trans to the aldehydic hydrogen. 
In order to know the stereochemical course of this 
reaction, the dehydration of syn- and anif-aldoximes 
with methylketene diethylaeetal was tried first. 
Adducts were prepared from syn- and anti-al

ii) T .  M u k a iy a m a  a n d  T .  H a t a ,  B u ll .  C h em . S o c . o f  
J a p a n ,  3 4 , 9 9  ( ¿ 9 6 1 ) .



JULY 19G1 STUDIES ON THE BECKMANN REARRANGEMENT. I 2203

T A B L E  I

T h e  Yields, P h y s i c a l  P r o p e r t i e s  a n d  A n a l y s e s  f o r  A d d u c t s  o f  A l d o x i m e s  a n d  M e t h y l k e t e n e  D i e t h y l a c e t a l

A ld o x im e
Y ie ld ,

% M .P .
B .P .

(m m .) <
F o r m u la  

o f A d d u c t
A n a ly s e s , %  

C a le d . F o u n d

B e n z -s i/n - 83 1 2 3 ( 4 .8 ) 1 .4 8 9 0 C u H j .N O , c, 6 6 .9 0 C , 6 6 .7 5
H , 8 .4 2 H . 8 .2 5
N , 5 .5 7 N , 5 .7 5

p -T o lu - s p / t - 95 1 2 2 -1 2 3  ( 0 .5 5 ) 1 .4 8 2 5 C 15H 23N 0 3 C , 6 7 .8 9 C . 6 8 .2 9
H , 8 .7 4 I I ,  8 .6 9
N , 5 .2 8 N , 5 .4 9

p - N i t r o - s p n - 52 8 9 - 9 0 .5 C , M O ä c, 5 6 .7 4 C , 5 6 .7 8
H , 6 .8 0 H , 6 .8 1
N , 9 .4 5 N , 9 .6 3

B e n z -unii- 61 1 1 7 - 1 1 8 ( 2 ) 1 .4 8 5 0 C u H j .N O , c, 6 6 .9 0 C , 6 6 .8 9
H , 8 .4 2 H , 8 .3 3

p - T o l u - a n h - 61 1 1 3 ( 0 .4 ) 1 .4 8 6 5 C I6H 23N 0 3 c, 6 7 .8 9 C , 6 8 .1 8
H , 8 .7 4 H . 8 .7 1
N , 5 .2 8 N , 5 .4 0

H e p ta n - 74 1 0 7 - 1 0 8 ( 4 ) 1 .4 3 3 8 C 14H 29N O 3 c, 6 4 .8 2 C , 6 5 .0 6
H , 1 1 .2 7 H , 1 1 .3 7
N , 5 .4 0 N , 5 .6 9

doximes and methylketene diethylacetal. The yields, 
physical properties, analyses, and infrared absorp
tion bands for these adducts are listed in Tables 
I and II. The adducts were subjected to decompo
sition in the presence of a catalytic amount of boron 
trifluoride and mercuric oxide in dry ether. It 
was observed that adducts of si/n-aldoximes de
composed into the corresponding isonitriles in 
yields ranging from 50 to 75% (see Table III). 
On the other hand, adducts of arah'-aldoximes 
decomposed to yield only the corresponding 
nitriles under the same conditions but no isoni- 
triles were obtained. Nitriles and isonitriles thus 
obtained were identified by their boiling points and 
the characteristic infrared absorption bands of 
benzonitrile and benzisonitrile at 4.48 p and 4.72 
ju, p-tolunitrile and p-toluisonitrile at 4.48 m and
4.71 n, respectively.
C H 3C H ,C ( O C ,H 5l  — >

I
O  H
\  /

N = C
\

syn C e lh C H ,
C H 3C 6H 4N = - C  +  C J L O O O C O L  +  C 2H 6O H

C H 3C H .,C (O C .H í,)2 — >

0  C Ä C H j
\  /

N = C

unii H
C H 3C 6H 4C = N  +  C 2H 5C O O C 2H 5 +  C o H sU H

The formation of nitriles along with isonitriles 
by the decomposition of adducts of spn-aldoximes 
as shown in Table III is regarded as resulting from 
the rearrangement of the initially formed isoni
triles during distillation. This is confirmed by the 
fact that, whereas only p-toluisonitrile was obtained 
by decomposing an adduct of p-tolualdoxime and 
distilling it at a lower temperature p-tolunitrile

T A B L E  I I

R e c u r r i n g  B a n d s  i n  I n f r a r e d  S p e c t r a  o f  A d d u c t s  o f  
A l d o x i m e s  a n d  M e t h y l k e t e n e  D i e t h y l a c e t a l

A ld o x im e
8 p

( S ) “
8 m

( M S )
9 m
(S )

10 M
( M )4

B e n z -syn- 8.12 8 .69 9.41 9 .99
p-'l'oly-syn- 8.11 8 .69 9 .4 0 9 .76
p-Nitro-syn- 8 .21e 8 .68e 9 .4 0 e 9 .9 2 e
B e n z -anti- 8.11 8 .70 9 .4 2 9 .8 5 ''

t p -T o lu -a n tó - 8.10 8.71 9 ,4 0 9 76
H e p ta n - 8.10 8.68 9 .4 0 9 .7 8

S tro n g . 4 M e d iu m . c W e a k . d B r o a d .

was obtained in addition if the same decomposi
tion products were distilled at an elevated tem
perature.

Further, it was observed that the decomposition 
of an adduct of an aliphatic aldoxime, heptanal- 
doxime, and methylketene diethylacetal gave 
heptanenitrile alone under the same conditions 
but no isonitrile was obtained. Accordingly, the 
formation of isonitrile by the present type of 
rearrangement seems to be characteristic of aro- 
matic-sz/n-aldoximes in which trans migration of 
the phenyl group is involved in the process. The 
adducts of anh'-aldoximes undergo decomposition 
by trans elimination of proton to yield nitriles.

In general, an aromatic-spn-aldoxime reacts with 
methylketene diethylacetal to form an initial 
adduct, which in turn decomposes to give an 
isonitrile. However, p-anis-spn-aldoxime did not 
react as readily with methylketene diethylacetal 
as the other aromatic aldoximes and, on prolonged 
heating, gave monoetliyl di-p-anisaldimino ortho
propionate instead of the expected adduct. No 
dehydrated product was obtained.

2  O I L O C J L C H -  N ò l i  +  C H 3C H = 0 ( 0 C 2H 5) 2 — >
O I I 3C H 2C 1 O N — C H C c I L O C I L L  +  C f l f iO H

I'
O C 0I I 5
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TAB LE  III

T h e  Decomposition of Adducts of s y n -  and a n ti - Aldoximes and Methylketene Diethylacetal in the P k e s e n c e  
of a Catalytic Amount of Boron Trifluoride and Mercuric Oxide in Dry Ether

Aldoxime

Isonitrile Nitrile
Yield.

% M.P.
B.P.
mm.

Yield,
% M.P.

B.P.
(mm.)

Benz-syn- 50 64(22)° 45 70 (9)s
p-Tolu-syn- 73 20-21 62 (6)c 23 27-28 52 (4)°
p-Nitro-syn- 70 119-120
Benz-anti- 60 95-96(35)
p-Tohi-anti- 80 27-28 60(2)
Heptan- 67 59-60(21)

° The infrared spectrum showed a characteristic absorption peak13 at 4.72 y . b The infrared spectrum showed an absorp
tion peak at 4.48 y . c The infrared spectrum showed an absorption peak at 4.71 y . i  The infrared spectrum showed an ab
sorption peak at 4.48 y .

TAB LE  IV

The Decomposition of an Adduct of p-Tolu-sj/w-aldoxime and Methylketene Diethylacetal in the Presence of
Various Acid Catalysts

Catalyst Amount

Reaction
Time,

Hr.
Yield, % 

Isonitrile Nitrile

Recovered
Adduct,

%

Mercuric acetate 0.01 g. 3 — — 55
Mercuric chloride 0.01 g. 3 — — 47
Mercuric sulfate 0.01 g. 3 — — 57
Mercuric oxide 0.02 g. 3 — — 88
Titanium tetra- 5 drops 3 — 75 —

chloride
Zinc chloride 0.01 g. 3 Trace — 53
Zinc chloride 0.05 g. 14 Trace 60 —
Zinc chloride 1.55 g. 3 20 38 —

Ferric chloride 0.05 g. 3 Trace — 33
Aluminum chloride 0.05 g. 3 — 15 40
Boron trifluoride 3 drops 1 48 38 —
Boron trifluoride 

and mercuric oxide
3 drops
0.01 g.

3 70 25 —

p-Toluenesulfonic 0.05 g. 3 — — 50°
acid

Hydrogen chloride 5 bubbles 3 — 15 40
Hydrogen chloride Saturated •-- — 40 ___ C

Hydrogen bromide 5 bubbles 3 — 23 33
Boric acid 0.01 g. 3 — — 57b

a A  crystalline product, monoethyl dialdoximino orthopropionate, m.p. 111.5-113° was obtained. b Monoethyl dialdox- 
imino orthopropionate was obtained in 30% yield. c p-Tolualdoxime hydrochloride, m.p. 146-150° dec. was obtained in 
60% yield.

As shown above, isonitriles were obtained in 
high yields when the adducts of aromatic-syn- 
aldoximes were decomposed in the presence of a 
catalytic amount of boron trifluoride and mercuric 
oxide. However, only a 30% yield of isonitrile was 
obtained when the adduct of p-tolualdoxime was 
decomposed in the presence of a catalytic amount 
of boron trifluoride and mercuric acetate. In addi
tion, it was found that the decomposition of 
the adduct of p-tolu-syn-aldoxime in the presence 
of a catalytic amount of boron trifluoride alone 
gave p-toluisonitrile in 38% yield along with tarry 
products. On the other hand, when the adduct was 
refluxed in the presence of a catalytic amount of 
mercuric oxide in dry ether, no reaction occurred 
and the adduct was recovered quantitatively.

In order to examine the possibility of using some 
other catalysts than those utilized in the above

experiment, the decomposition of the adduct of 
p-tolu-syn-aldoxime in the presence of similar 
Lewis acids, such as aluminum chloride, titanium 
tetrachloride, zinc chloride and ferric chloride, 
and of mercuric salts, such as mercuric acetate and 
mercuric chloride, has been investigated. The 
results are summarized in Table IV. In view of these 
results, it is concluded that a mixed catalyst of 
boron trifluoride and mercuric oxide is the most 
effective for decomposition of the adduct to form 
p-toluisonitrile.

Besides, it was found that a hygroscopic crystal
line product which readily decomposes on heating 
to give isonitrile was obtained when the adduct of 
p-tolu-syn-aldoxime was treated in the presence of a 
catalytic amount of boron trifluoride in dry ether 
at 10° for three hours. This crystalline product 
decomposed, when refluxed in the presence of a



JU LY  1 9 6 1 STU D IES ON TH E BECKM ANN REARRANGEM ENT. I 2 2 0 5

catalytic amount of boron trifluoride and mercuric 
oxide in dry ether, to give a 60% yield of p-toluiso- 
nitrile, but only a 30% of p-toluisonitrile was ob
tained if the same product was refluxed in dry 
ether with boron trifluoride alone as the catalyst. 
I t is noteworthy that these results are similar to 
those obtained when the adduct of p-tolu-syn- 
aldoxime and methylketene diethylacetal was de
composed under the same conditions as in the 
above mentioned experiments. Accordingly, it is 
reasonable to consider the compound as an inter
mediate in the dehydration reaction. Since this 
was hydrolyzed readily to give oxime, however, 
this compound cannot be analyzed.

It is now established that the intermediate was 
hydrolyzed to give p-tolu-syn-aldoxime in 80% 
yield along with ethyl propionate, and that it 
reacted with p-tolualdoxime to give monoethyl 
dialdoximino orthopropionate in 95% yield.
[Intermediate] +  H20  — >

CH3C6U4CH =N O H  +  C2H5COOC2H6

[Intermediate] +  CH3C6H4 CH =N O H  — >
CÄCXON^CHCÄCHah

O C Ä

[Adduct]

(a)
R C2H5

H" U)—Ç —C2H5

R .

H'

s y n

R .

H '

:C=N-

-C-
I

o c 2h 5

BFjHgO

0 - C - C 2H5 + (BF.j— OC2H5)

o c 2h 5

"No - c = c h - c h 3 + c 2h 5o h  + b f 3
I
o c 2h 5

II

R '
HC=f=N

J ^ c^ ch- cHs

o c 2h 5

b f 3 \
i /O C 2H5\

CH a-CH -C

R-N=CH

— >- C2H5COOC2H5 + R -N =C + BFa 

(b) OC2H5

R \  / 0 - C - C 2H5
k c = N

BF3-HgO

H' 1c 2h 6
anti

R . ,0 - C = C H - C H 3
% C=N - I + C2H5OH

Hz'- OC2H5

R '" ^ .0 ^ -0 = 0 1 1 -0 1 1 3
h >C'v9 = n  \ o c 2h 5

\ I

CH3CHCOOC2H5 + R—C =N  + H+

It may accordingly be said that the intermediate 
is methylketene monoaldoximino monoethylacetal
(II) which has been formed by eliminating one mole 
of ethanol from the adduct. The course of this 
rearrangement can therefore be shown by the fol
lowing scheme.

The intermediate (II) shown in the above scheme 
is considered to be an unstable enol derivative of 
ethyl propionate, which readily decomposes with 
oxygen-nitrogen bond fission to form stable ethyl 
propionate by the shift of an electron pair. I t has 
two pathways of decomposition, namely (a) the 
formation of isonitrile cation by the migration of 
the phenyl group and (b) the formation of nitrile 
by the direct deprotonation of (II), both of which 
take place along with the formation of the stable 
ester. Isonitrile cation produced in the first way 
loses its proton and becomes isonitrile.

The course of the decomposition through the 
two pathways mentioned above seems to be de
termined either by the migratory aptitude of the 
substituents of aldoximino groups or by the kind 
of the catalysts used.

EX PER IM EN TA L

Materials. Methylketene diethylacetal was prepared by 
the method of Walters and McElvain.5 6 Aldoximes used in 
this experiment were prepared from corresponding aldehydes 
and hydroxylamine hydrochloride.6-11

Preparation of the addition compound of benz-syn-aldoxime 
and methylketene diethylacetal. A solution of 4.7 g. (0.038 
mole) of benz-syn-aldoxime® and 5.0 g. (0.038 mole) of 
methylketene diethylacetal in 20 ml. of dry ether was re
fluxed for 4 hr., and the solvent was then distilled. The 
residue was further distilled under reduced pressure and
8.0 g. (83% of theoretical), b.p. 123° (4.8 mm), 1.4890, 
of an addition compound was obtained. The infrared 
spectrum of the adduct showed bands similar to those of an 
orthoester12 at 8.12 y, 8.69 y, 9.41 y, and 9.99 y.

When benz-anif-aldoxime7 p-tolu-syn-aldoxime,8 p-tolu- 
anif-aldoxime,8 and heptanaldoxime11 were used in the 
place of benz-syn-aldoxime in the above experiment, adducts 
corresponding to each of them were obtained. The y ield, 
physical properties, analyses, and infrared absorption bands 
for these adducts are listed in Table I and Table II.

When p-nitro-benz-syn-aldoxime10 was used in the place 
of benz-syn-aldoxime in the above experiment, a crystalline 
product was obtained after the solvent was distilled. It was 
recrystallized from ligroin and 2.2 g. (52%) m.p. 89-90.5°, 
of adduct was obtained.

When p-anis-syn-aldoxime was used in the place of 
benz-syn-aldoxime in the above experiment, p-anis-syn- 
aldoxime was recovered quantitatively. When a solution of
2.5 g. (0.016 mole) of p-anis-syn-aldoxime and 1.96 g.

(5) P. M. Walters and S. M. McElvain, J. Am. Chem. 
Soc., 62, 1482 (1940).

(6) E. Beckmann, Ber., 23, 1684 (1890).
(7) E. Beckmann, Ber., 23, 1685 (1890); Ann., 365, 202 

(1909).
(8, 9) A. Hantzsch, Z. Physik. Chem., 13, 510, 523

(1894).
(10) S. Gabriel and M. Herzberg, Ber., 16, 2000 (1883).
(11) E. W. Bousquest, Org. Syntheses, Coll. Vol. II, 313 

(1943).
(12) S. M. McElvain and R. E. Starn, Jr., J. Am. Chem. 

Soc., 77, 4571 (1955).
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(0.016 mole) of methylketene diethylacetal in 2 0  ml. of dry 
ether was refluxed for 15 hr., and treated in the same man
ner, 2 . 2  g. of monoethyl di-p-anisaldoximino orthopropio
nate, b.p. 122-125° (1 mm.) was obtained.

Anal. Calcd. for C 21H26N 2O5 : C, 65.27; H, 6.78; N, 7.25. 
Found: C, 67.91; H, 7.07; N, 7.51.

Decomposition of the adducts. A solution of 8.0 g. (0.03 
mole) of the adduct of p-tolu-syn-aldoxime and methylketene 
diethylacetal in 2 0  ml. of dry ether was refluxed, in the 
presence of a mixed catalyst of 2  drops of boron trifluoride 
(40% ether solution) and 0.01 g. of mercuric oxide for 3 hr. 
and the solvent was then distilled. The residue was distilled 
further under reduced pressure, and ethanol, 0.5 g. of ethyl 
propionate, 2.5 g. (73%) of p-toluisonitrile, b.p. 52° (4 mm.), 
and 0.8 g. (23%) of p-tolunitrile, b.p. 79-80° ( 6  mm.), were 
obtained. The infrared spectra of p-toluisonitrile and p- 
tolunitrile showed the characteristic bands13 at 4.71 p and 
4.48 p, respectively.

The same reaction mixture, when distilled below 100° 
under reduced pressure, yielded ethanol, ethyl propionate, 
and 1.7 g. (57%) of p-toluisonitrile, b.p. 42-43° (2 mm.).

When adducts of benz-sj/ra-aldoxime and p-nitro-benz- 
sjm-aldoxime with methylketene dieth}'lacetal were used in 
the place of the adduct of p-tolu-sprc-aldoxime and methyl
ketene diethylacetal in the above experiment, corresponding 
isonitriles and nitriles were obtained. The yields and boiling 
points are listed in Table III.

AVhen adducts of benz-anri-aldoxime, p-tolu-anif-aldoxime, 
and heptanaldoxime with methylketene diethylacetal were 
used in the place of the adduct of p-tolu-syu-aldoxime and 
methylketene diethylacetal in the above experiment, ethanol, 
ethyl propionate, and corresponding nitriles were obtained. 
The yields and boing points are listed in Table III.

Decomposition of the adduct of p-lolu-syn-aldoxime and 
methylketene diethylacetal with the other catalysts. A solution 
of 3 g. (0.011 mole) of the adduct in 3 ml. of dry ether was 
refluxed in the presence of 0.05 g. of aluminum chloride for 
3 hr., and the solvent was then distilled. The residue was 
further distilled under reduced pressure and ethanol, 
ethyl propionate, 0.2 g. (15%) of p-tolunitrile, b.p. 79-80° 
( 6  mm.), were obtained, and 1.2 g. (40%) of the adduct was 
recovered.

When other Lewis acids, such as 5 drops of titanium tetra
chloride, 0.01 g. of zinc chloride, or 0.05 g. of ferric chloride, 
protonic acids, such as 5 bubbles of hydrogen chloride, 
hydrogen bromide, 0.01 g. of boric acids, or 0.05 g. of p- 
toluenesulfonic acid, and mercuric salts, such as 0 . 0 1  g. 
of mercuric acetate, 0 . 0 1  g. of mercuric chloride, or 0 . 0 1  g. 
of mercuric sulfate, were used in the place of aluminum chlo

(13) I. Ugi and R. Meyr, Ber., 93, 239 (1960).

ride in the above experiment, ethanol, ethyl propionate, 
and the corresponding nitriles were obtained, or the adduct 
was recovered. The yields are summarized in Table IV.

When one equivalent of zinc chloride (1.55 g.) was used 
in the place of the above catalysts in the above experiments, 
ethanol, ethyl propionate, 0.26 g. (2 0 %) of p-toluisonitrile, 
b.p. 53-54° (4 mm.), and 0.5 g. (38%) of p-tolunitrile, b.p.
58-59° (2 mm.), w-ere obtained.

When a solution of 5 g. (0.019 mole) of the adduct of 
p-tolu-s?/n-aldoxime and methylketene diethylacetal in 
dry ether was saturated with hydrogen chloride, at room 
temperature, 0.8 g. (40%) of p-tolunitrile, b.p. 8 6 ° ( 8  mm.), 
and 2.0 g. (60%) of p-tolualdoxime hydrochloride, 146- 
150° dec., were obtained.
Isolation of the intermediate (II). A  solution of 5.0 g. (0.019 

mole) of the adduct of p-tolu-syn-aldoxime and methyl
ketene diethylacetal in 5 ml. of dry ether was stirred in an 
ice bath in the presence of 1  drop of boron trifluoride (40% 
ether solution) for 3 hr., and the solvent was then distilled 
under reduced pressure at room temperature to yield 4.5 g. 
of a crystalline product.

Thermal decomposition of the intermediate (II). A  crystal cf
4.5 g. of the intermediate (II) was heated at 120° for 5 min. 
or 95° for 30 min. and distilled under reduced pressure. 
Ethyl propionate 1.0 g. (45%), 0.9 g. (41%) of p-toluisoni
trile, b.p. 53-54° (4 mm.), 1.0 g. (40%) of p-tolu-s?///- 
aldoxime, b.p. 89-90° (0.4 mm.), m.p. 78°, 1.0 g. were ob
tained.

Reactions of the intermediate (II). A 0.9-g. sample of the 
intermediate (II) and 0.3 g. of water were mixed and the 
reaction mixture was left standing at room temperature for 
12 hr. A crystalline product was obtained after water and 
ethyl propionate were distilled under reduced pressure. When 
it was recrystallized from ligroin, 0.65 g. (80%) of p-tolu- 
syw-aldoxime, m.p. 78°, was obtained.

Reaction of the intermediate (II), with p-lolu-syn-aldoxime. 
A solution of 4.6 g. (0.019 mole) of the intermediate (II) 
and 2.5 g. (0.019 mole) of p-tolu-spra-aldoxime in 3 ml. of 
dry ether was left standing at room temperature for 5 hr. 
A crystalline product was obtained after the solvent was 
distilled under reduced pressure. It was recrystallized from 
ligroin, and 6.4 g. (95%) of monoethyl di-p-tolualdo.ximino 
orthopropionate, m.p. 111.5-113°, was obtained.

Anal. Calcd. for C 21H26N 2O3 : C, 71.16; H, 7.39; N, 7.90. 
Found: C, 71.00; H, 7.53; N, 7.70.
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Reactions of adamantane, including bromination, chlorination, sulfonation, hydroxymethylation, nitration, and air oxida
tion were investigated. A rather high selectivity for attack in the tertiary position was observed for bromination and nitra
tion. Some selectivity for tertiary substitution was demonstrated in the chlorination reaction when the proper solvent 
was employed. Monochloroadamantane, 1-bromoadamantane, 1-nitroadamantane, 1,3-dinitroadamantane, trinitroadaman- 
tane, 1,3-diaminoadamantane, adamantanone, 1-hydroxyadamantane, 2-aminoadamantane, hydroxymethyladamantane, 
and adamantanesulfonic acid monohydrate were among the compounds prepared in this study'.

REACTIONS OF ADAMANTANE 2 2 0 7

Until recently, very few reactions of adamantane 
were reported in the literature, probably because of 
the unavailability of the hydrocarbon itself. 
In the past, adamantane was obtained in small 
amounts from either petroleum naphtha1 or by 
synthetic methods, the best of which afforded 
over-all yields of only a few per cent. An excellent 
review of the literature on the chemistry of ada
mantane ring systems appeared in 1954.2 Recently, 
a two-step preparation of adamantane from di- 
cyclopentadiene was reported.3 In view of this 
new source of adamantane and an interesting re
port on the bromination and iodination of adaman
tane,4 we were prompted to investigate some reac
tions of this unique hydrocarbon. After the work 
described herein was completed, the preparation 
of certain 2-substituted derivatives of adamantane 
by a hydroxylation process was reported.6

R E S U L T S  A N D  D I S C U S S I O N

The highly symmetrical molecule of adamantane
(I) possesses six secondary carbons and four

I

tertiary (bridgehead) carbons. I t was of interest 
to determine the relative ease of attack at the 
secondary and tertiary positions in various reac
tions. The results reported for the bromination of 
adamantane indicated that the product isolated 
was the tertiary monobromo derivative.4 Recently, 
more evidence including NMR data was offered 
to show that the monobromo derivative was the

(1) S. Landa and V. Machacek, Coll. Czech. Chem. 
Comm., 5, 1 (1933).

(2) H. Stetter, Angew. Chem., 66, 217 (1954).
(3) P. von R. Schleyer, J. Am. Chem. Soc., 79, 3292

(1957).
(4) S. Landa, S. Kriebel, and E. Knobloch, Chem. Lisly, 

48, 61 (1954); Chem. Abstr., 49, 1598 (1955).
(5) P. von R. Schleyer, Abstracts of Papers, Third 

Delaware Valley Regional Meeting, American Chemical 
Society, Philadelphia, Pa., Feb. 25, 1960. ^

bridgehead compound.6 Our work on the bromina
tion of adamantane indicated the same conclusion. 
When the bromination of adamantane was carried 
out in a manner similar to that described by Landa 
and co-workers,4 almost the entire product was 
monobromoadamantane. Vapor chromatography 
showed that only one major product and a trace 
amount (<1%) of a minor product (probably a 
dibromo derivative) of higher retention time were 
present. Resolution of the monobromo peak was 
not realized even at lower column temperatures 
and reduced helium rates. This fact and the sharp 
melting point of the product indicated that a single 
isomer was present. Furthermore, NMR. studies 
indicated that the single isomers obtained was the 
tertiary derivative. Such a high selectivity of attack 
by bromine was previously observed in other bro
mination reactions.7 Bromination of monobromo
adamantane afforded low conversions to a dibromo 
derivative. When the reaction temperature was 
increased from 100° to 125° the attack of bromine 
was less selective as evidenced by the presence of 
additional peaks in the dibromo region of the vapor 
chromatograms.

In contrast to the reaction of bromine, chlorine 
attacked the hydrocarbon in a random manner to 
yield a complex mixture of chloro derivatives. The 
separation of individual isomers was not easily 
accomplished. According to a report of some recent 
work on the photochlorination of 2,3-dimethyl- 
butane, certain aromatic solvents caused an in
creased selectivity for attack at the tertiary posi
tions.8 Even more recently, additional information 
concerning solvent effects in chlorination reactions 
was reported.9'10 Because of the random attack 
observed in the photochlorination of adamantane 
in carbon tetrachloride, other solvents were sub
stituted which were reported to increase the selec

(6) H. Stetter, M. Schwary, and A. Hirschhorn, Ber., 92, 
1629 (1959).

(7) A. V. Grosse and V. N. Ipatieff, J. Org. Chem., 8, 
438 (1943).

(8) G. A. Russell, J. Am. Chem. Soc., 79, 2977 (1957).
(9) (a) J. Am. Chem. Soc., 80, 4987 (1959); (b) J. Am. 

Chem. Soc., 80, 4997 (1958); J. Am. Chem. Soc., 80, 5002
(1958).

(10) C. Walling and M. F. Mayahi, J. Am. Chem. Soc., 
81, 1485 (1959).
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tivity of attack. Indeed, in photochlorination 
experiments identical in every detail except for the 
solvent employed, a change in the product com
position occurred. Carbon tetrachloride, benzene, 
and carbon disulfide were employed as the solvents 
in these experiments. Both monochloroadamantane 
isomers were formed in these reactions, but the 
ratio of these two isomers varied with the solvent 
used. Table I illustrates the ratio change as esti
mated from vapor chromatographic results. Mono- 
chloro isomer A, which had the shortest retention 
time, is believed to be 1-chloroadamantane. After 
isolation and purification, this isomer gave a 
melting point which corresponded to that reported 
for the 1-chloro derivative prepared by an inde
pendent route.6 Also of interest is the fact that 
vapor chromatography showed that no polychlori
nation of adamantane occurred in carbon disulfide 
under the conditions employed and only a very 
minor amount occurred in benzene. However, 
when carbon tetrachloride was employed as sol
vent, a fair amount of polychlorination did occur.

TABLE I
E f f e c t  o f  S o l v e n t  on  R a tio  o f  M o n o c h l o r o a d a m a n t a n e  

I so m er s

Solvent

Monochloro 
Isomer A/ 

Monochloro 
Isomer B

Carbon disulfide 2.10
Benzene 1.17
Carbon tetrachloride 0.63

Thus, the effect of certain solvents in the photo
chlorination of adamantane apparently is to de
crease the activity of the chlorinating species as 
evidenced by the selectivity of attack and the de
crease in polychlorination. These results are in 
agreement with those reported earlier.8-10

A derivative which contained a sulfonic acid 
group was isolated from the reaction of adamantane 
with sulfur dioxide and oxygen according to the 
“Hostapon” process.11 Elemental analysis indicated 
that this compound was the monohydrate of ada
mantane sulfonic acid. Infrared analysis clearly 
showed the presence of a hydrated sulfonic acid 
group. It was not determined whether the sulfonic 
acid was the secondary or tertiary derivative.

The free radical addition of adamantane to 
formaldehyde yielded a product from which hy- 
droxymethyladamantane was isolated.12 Although 
the position of the hydroxymethyl group on the 
adamantane nucleus was not determined, the melt
ing point of our derivative coincides with that

(11) T. B. Brooks, The Chemistry of the Nonbenzenoid 
Hydrocarbons, Reinhold, New York, 1950, p. 190.

(12) A procedure similar to that employed by Fuller and 
Rust with other hydrocarbons was used (G. Fuller and
F. R. Rust, J. Am. Chem. Soc., 80, 6148 (1958)).

reported recently for 1-hydroxymelhyladaman- 
tane.6

It was reported that adamantane is not attacked 
by concentrated nitric acid even under the most 
severe conditions.2 Also in our studies, no nitration 
occurred when adamantane reacted with 20% 
nitric acid at 130° and 500 psi nitrogen pres
sure. The absence of a mutual solvent for the 
reagents probably is the main reason for the failure 
to react.

In an attempt to carry the reaction out under 
more ideal conditions, a mutual solvent was em
ployed. Nitration did occur in carbon tetrachloride 
when adamantane and nitrogen dioxide were sub
jected to 140-160° and 300 p.s.i.ga. nitrogen pres
sure.13 The use of carbon tetrachloride in the 
reaction, however, was not satisfactory, because 
attack on the solvent by reaction intermediates led 
to the formation of chloroadamantane derivatives 
in addition to the nitration products.14 The forma
tion of chloro compounds by such an attack on 
carbon tetrachloride has been reported in other 
reactions.15’16

Glacial acetic acid was a more amenable solvent 
for the nitration reaction. The reaction of adaman
tane and concentrated nitric acid in this medium 
led to nitro compounds as the major products plus 
minor amounts of oxidation products (carbonyl 
and hydroxy derivatives). As in the bromination 
reaction, nitration of adamantane gave a highly 
selective attack in the tertiary positions. If the 
reaction was carried out at 140° and 500 psi 
nitrogen pressure, the major product was 1-nitro- 
adamantane. Further nitration of this product at 
170° and 600 p.s.i.ga. nitrogen pressure yielded
1,3-dinitroadamantane (20% yield from adaman
tane) as the principal product. Reaction tempera
tures above 170° afforded a greater proportion of 
oxidation products, whereas at 100° little or no 
reaction occurred. A trinitroadamantane derivative 
also wras isolated from the reaction mixture.17

Catalytic hydrogenation of 1,3-dinitroadaman
tane to 1,3-diaminoadamantane was essentially 
quantitative. A few derivatives of this diamine (a 
known compound prepared by an independent 
route18) which included the picrate, the dihydro

(13) Reaction also occurred with nitrogen dioxide in 
the absence of a solvent, but under the conditions employed 
(batch reaction), the reaction was difficult to control.

(14) The presence of chloro and chloronitro derivatives 
of adamantane was indicated by qualitative and quantita
tive analyses as well as infrared analysis (a band at 9.70 m 
is characteristic of chloroadamantane).

(15) P. Wilder, Jr., and A. Winston, J. Am. Chem. Soc., 
75, 5370 (1953).

(16) W. G. Dauben and H. Tilles, J. Am. Chem. Soc., 72, 
3183 (1950).

(17) The alkali-insolubility of this trinitro derivative 
and the high selectivity for attack at the tertiary positions 
observed in the nitration reaction suggest that this compound 
is the 1,3,5- isomer.

(18) V. Prelo^ and R. Seiwerth, Ber., 74, 1771 (1941).
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chloride, a carbonate, and the dibenzamide were 
prepared. An agreement of the melting points of our 
derivatives with those of known compounds showed 
that our compound was the 1,3- isomer. A rather 
stable dinitrous acid salt of the diamine also was 
prepared.

Air oxidation of adamantane afforded both ada- 
mantanone and 1-hydroxyadamantane, as well 
as at least one unidentified polysubstituted deriva
tive. The reaction was carried out in a mixture of 
benzene and glacial acetic acid (50/50 vol.%) 
in the presence of cobalt acetate and an organic 
peroxide at 140-145° and 800 p.s.i.ga. air pressure. 
At 100° very little oxidation occurred, while at 
170° the oxidation apparently proceeded too far 
as evidenced by a smaller yield of total oxidate.

A comparison of the air oxidates from two runs, 
identical except for the peroxide used, is given in 
Table II. These results show that larger amounts of 
oxidation products were isolated when di-f-butyl 
peroxide was used as the catalyst. Also, this 
peroxide apparently caused a greater selectivity for 
attack at the tertiary positions as evidenced by the 
increase in the concentration of 1-hydroxyadaman
tane relative to the concentration of adamantanone.

TAB LE  II

A d a m a n t a n e  A i r  O x i d a t e

%  Yield“
Run A 6 Run B'

1-Hydroxyadamantane 8 21.5
Adamantanone 1 0 1 2 . 0

Unknown 6 4.8
Total Oxidate 24 38.3

“ Calculated from vapor chromatography results. b Ben
zoyl peroxide used as catalyst. c Di-i-butyl peroxide used as 
catalyst. d For calculation, the unknown was assumed to he 
a hydroxyadamantanone.

The ketone derivative was catalytically hydro
genated in the presence of ammonia to yield 2- 
aminoadamantane. A mixed melting point of the 
monohydroxyadamantane derivative isolated from 
the air oxidate with 1-hydroxyadamantane pre
pared by the hydrolysis of 1-bromoadamantane 
gave no depression.

In general, the reactions of adamantane indi
cated that attack occurs preferentially at the ter
tiary positions. In the case of a more reactive agent, 
such as a chlorine radical, the attack becomes more 
random. However, when the reactivity of the at
tacking group is moderated in some manner, a 
greater selectivity is realized.

EX PE R IM E N T A L 19 *

Preparation of adamantane. The general procedure as 
outlined by Schleyer was employed in the preparation of

(19) All melting point determinations were made in sealed
capillaries and are uncorrected.

adamantane. 3 Final purification of adamantane was ac
complished by recrystallization from petroleum ether 
(b.p. 60-90°). The pure hydrocarbon melted at 268.5- 
269.5°.

Analysis of compounds. The infrared analyses were made 
on a Perkin-Elmer Model 21 spectrophotometer using 
sodium chloride optics. The vapor-phase chromatography 
was performed on an F & M Scientific Corporation high 
temperature vapor fractometer (Model 17A). The column 
consisted of 5 feet of silicone-on-Celite and temperatures 
are mentioned in the description of the individual experi
ments.

1-Bromoadamantane. Bromination of adamantane was 
carried out in a manner similar to the procedure employed 
by Landa and co-workers. 4  A mixture of 6 . 8  g. (0.05 mole) 
of adamantane and 32.0 g. (0.20 mole) of bromine was 
placed in a glass-lined shaker bomb and heated at 1 0 0 ° for
4.0 hr. at 400 p.s.i.ga. nitrogen pressure. The reaction mix
ture was dissolved in carbon tetrachloride, washed succes
sively by 10% sodium sulfite solution and 5%  sodium bi
carbonate solution, and dried over anhydrous calcium 
chloride. Concentration of the dried solution and sublima
tion of the residue at 15-20 mm. pressure and 80-100° 
afforded 8.3 g. (76% yield) of white solid, m.p. 115-117°. 
Vapor chromatography (temperature 244°) showed that 
only one component was present, discounting trace quan
tities (< 1 %) of another compound (higher retention time}. 
Recrystallization of the product from methanol and subse
quent sublimation yielded the pure compound, m.p. 117.0- 
117.5° (lit . , 8 m.p., 118°).

Anal. Calcd. for CmHisBr: C, 55.82; H, 7.03; Br, 37.1. 
Found: C, 55.32; H, 7.08; Br, 36.8.

Chlorination of adamantane. The photochlorination of 
adamantane was carried out at 25-30° by metering 0.037 
mole of chlorine into a solution of 10.0 g. (0.074 mole) of 
adamantane in 1 0 0  ml. of solvent in the presence of illumi
nation by a 150-watt G.E. flood lamp. The solvents employed 
were carbon tetrachloride, benzene, and carbon disulfide. 
After a short induction period (approximately 2 min.) the 
reaction was initiated as evidenced by the fading of the 
chlorine color and the evolution of hydrogen chloride. 
The reaction mixture was washed by 5%  sodium carbonate 
solution, water, and dried over anhydrous sodium sulfate. 
The product obtained by concentration of the dried solution 
was shown by vapor chromatography (temperature—  
2 0 0 °) to consist mainly of adamantane and the two mono- 
chloroadamantane isomers.

Recrystallization from methanol and sublimation of one 
chlorination product led to the isolation of the monochloro- 
adamantane isomer with the shortest retention time as 
indicated by vapor chromatography. This waxy compound 
melted at 168.5^169.5° (lit . , 6 m.p. for 1-chloroadamantane, 
165°).

Anal. Calcd. for C.oHisCl: C, 70.36; H, 8 .8 6 . Found: C, 
70.45; H, 8.93.

Vapor chromatography of this product, however, showed 
that small amounts of the other monochloro isomer and 
adamantane were still present as minor contaminants.

Adamantane sulfonic acid hydrate. Sulfur dioxide (0.0736 
mole) and oxygen (0.0736 mole) were metered simultaneously 
into a mixture of 5.0 g. (0.0368 mole) of adamantane, 75 ml. 
of acetic anhydride, and 2.0 ml. of 30% hydrogen peroxide 
at 70° for 1.0 hr. During the reaction period the mixture was 
illuminated by a 150-watt G.E. flood lamp. At the end of the 
reaction time, the reaction mixture was cooled and poured 
over 200 g. of ice. Sulfur dioxide was then passed into the 
ice mixture for a few minutes to decompose the intermediate 
peranhydride. The acid solution was filtered to remove
2.9 g. of unchanged adamantane. Concentration of the fil
trate at reduced pressure yielded a pale yellow viscous resi
due (mixture of liquid and solid) which, after drying for 
several days in a vacuum desiccator, weighed 8.1 g. Ethyl 
acetate ( 1 0  ml.) was mixed with this residue, and the re
sulting insoluble white solid was filtered to give 1.25 g. of
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material which melted with decomposition at approximate!}' 
170-175°. Recrystallization from ethyl acetate yielded color
less crystals, m.p. 174.4-175.9° (some decomposition) which, 
when dissolved in water, produced a strongly acidic solution.

Anal. Calcd. for C ioH i30 4S: C, 51.26; H, 7.74. Found: 
C, 50.99; H, 7.78.

The elemental analysis indicated that the compound was 
the monohydrate of adamantane sulfonic acid. Infrared 
analysis supported the elemental analysis of showing evi
dence for the presence of a hydrated sulfonic acid group in 
the pure compound.

The ethyl acetate from -which the sulfonic acid derivative 
was filtered was concentrated, and on standing the residue 
slowly crystallized (presumably additional sulfonic acid 
compound).

Hydroxymethyladamantane. A mixture of 20.4 g. (0.15 
mole) of adamantane, 9.3 g. (0.114 mole of formaldehyde) of 
formalin, 2 . 2 0  g. of di-f-butyl peroxide and 1 2 0  ml. of 
benzene (thiophene-free) "was heated in a stainless steel 
autoclave at 145° and approximately 500 p.s.i.ga. nitrogen 
pressure for 12 hr. The reaction mixture then was dissolved 
in additional benzene and ethyl ether and dried over an
hydrous magnesium sulfate. Concentration of the dried 
solution yielded 19.5 g. of a pale yellow solid, which infrared 
analysis indicated was mainly unchanged adamantane with 
a minor amount of a hydroxy compound and a trace of a 
carbonyl derivative. Vapor chromatography (temperature 
245°) showed that adamantane comprised 87% of the crude 
product while a second compound of higher retention 
time comprised the balance (approximately 1 2 %) of the 
product. Recrystallization of the crude material from 
absolute ethanol effected a separation of a large amount of 
the less soluble adamantane. Concentration of the filtrate 
from this recrystallization, sublimation (100° and 15-20 
mm. pressure) of the residue, and recrystallization of a 
portion of the sublimate from petroleum ether (b.p., 60-90°) 
afforded colorless crystals, m.p. 113.2-114.5° (lit . , 6 m.p. of 
1-hydroxymethyladamantane, 115°).

Anal. Calcd. for CuHisO: C, 79.46; H, 10.91. Found: 
C, 79.50; H, 11.04.

Nitration of adamantane. 1-Nitroadamantane. A mixture of
68.0 g. (0.50 mole) of adamantane and 500 ml. of glacial 
acetic acid was charged to a stirred stainless steel 1 -1 . auto
clave which was pressurized with nitrogen to a total pres
sure of 500 p.s.i.ga. After the mixture was heated to 140°,
90.0 g. (1.0 mole) of coned, nitric acid was introduced into 
the reaction zone by means of a feed pump at a rate of
5-6 ml. per min. When the acid feed was completed, the 
reaction temperature wras maintained at 140° for 15 min., 
after which time the reaction mixture was cooled to room 
temperature and diluted with an excess of water to precipi
tate the products. The filtered solids were slurried with a 
mixture of 100 ml. of methanol, 150 ml. of water, and 17 g. 
of potassium hydroxide for 18.0 hr. at room temperature. 
After dilution with 150 ml. water, the alkali-insoluble ma
terial was extracted by petroleum ether (b.p., 60-90°). 
The petroleum ether extracts were washed by water and 
dried over anhydrous magnesium sulfate. Concentration 
of this solution afforded'a white solid, m.p. 125-144°, which 
weighed 38.0 g. The aqueous alkali solution from which the 
alkali-insoluble material had been extracted was cooled to 
0-3° and neutralized by the dropwise addition of an aqueous 
acetic acid-urea mixture according to the procedure of 
Kornblum and Graham . 20 The alkali-soluble nitro deriva
tive regenerated by this procedure weighed 1.5 g. and melted 
over the range 136-160°. Vapor chromatography (tempera
ture 261°) showed that the alkali-insoluble sample was 
largely mononitroadamantane (72%) with a smaller amount 
of dinitroadamantane as well as a few unidentified com
ponents in minor quantities. The separation of analytically 
pure mononitroadamantane from the other components of

(20) N. Kornblum and G. E. Graham, J. Am. Chem. 
Sor., 73, 4041 (1951).

the alkali-insoluble product was difficult. However, by 
recrystallization from methanol and repeated sublimation 
(80-90° at 15-20 mm.) a pure sample of 1-nitroadamantane, 
a white, waxy compound, m.p. 158.5-159.0°, was obtained. 21  *

Anal. Calcd. for C ioHi5N 02: C, 66.27; H, 8.34; N, 7.73. 
Found: C, 66.22; II, 8.34; N, 7.50.

The infrared spectrum of this compound showed that the 
symmetrical and asymmetrical stretching bands of the 
N 0 2 group are located at 7.32  ̂ and 6.52 n, respectively.

1,3-Dinitroadamanlane. This dinitro derivative, which was 
formed in small amounts under the above conditions, was 
obtained as the major product either by further nitrating the 
above alkali-insoluble product at 170° and 600 psi nitro
gen pressure or by a more facile procedure of nitrating 
adamantane in two steps without isolation of the inter
mediate mononitro derivative. The latter procedure is 
described in the following. A mixture of 90 g. (0.66 mole) of 
adamantane and 500 g. of glacial acetic acid was charged to 
a stirred stainless steel 1 -1 . autoclave and pressurized to 
500 p.s.i.ga. with nitrogen. After heating the contents of 
the autoclave to 140°, 85 ml. of cone, nitric acid (1.32 
moles nitric acid) w-as introduced into the reaction zone by 
means of a feed pump at a rate of 8  ml. per min. At the com
pletion of the acid feed and an additional 1 0 -min. period, 
the pressure was increased to 600 p.s.i.ga. with nitrogen and 
the temperature was increased to 170°. At this point, 43 ml. 
of coned, nitric acid (0 . 6 6  mole nitric acid) was fed into the 
reaction zone as before. After completion of this second acid 
feed, the reaction mixture was maintained at 170° for 10 
min. and then cooled to room temperature. The alkali- 
insoluble and alkali-soluble products were separated as 
described earlier. The white alkali-insoluble product, m.p. 
160-166°, weighed 46 g., and the alkali-soluble product re
generated from its aci-salt weighed 7.8 g. Vapor chromatogra
phy (at 283°) of the alkali-insoluble product indicated the 
following composition.

Identity of 
Component“

% o f
Product

Adamantane 2-3
Mononitroadam antane 16
Unknown 7
Unknown 8

Dinitroadamantane 61°
Unknown 2

Trinitroadamantane 4

“ In order of increasing retention times. b Corresponds to 
a 2 0 % yield from adamantane.

Recrystallization of this alkali-insoluble product from metha
nol afforded a separation of the less soluble dinitro deriva
tive. Sublimation (100° and 15-20 mm.) of pure 1,3-dinitro- 
adamantane, m.p. 213.5-214.0°, yielded long, silky, color
less needles.

Anal. Calcd. for C i0H14N 2O4: C, 53.09; H, 6.24; N, 12.38. 
Found: C, 53.25; H, 6.28; N, 12.38.

The infrared spectrum of this compound placed the nitro 
group absorption bands at 6.48 y and 7.32 y.

Trinitroadamantane. One alkali-insoluble nitration product 
was recrystallized from an excess of methanol in order to 
obtain only the least soluble product. This product was 
extracted by boiling ethyl ether, and the insoluble -white 
solid was recrystallized from a mixture of ethanol, petroleum 
ether (b.p., 90-120°), and chloroform to yield white crystals, 
m.p. 291.0-291.8°.

Anal. Calcd. for C 10H13N 3O6: C, 44.28; H, 4.83; N, 15.49. 
Found: C, 44.50; H, 5.11; N, 15.55.

The positions of the symmetrical and asymmetrical 
stretching nitro bands in the infrared spectrum are 7.31 m 
and 6.47 n, respectively.

(21) Melting point reported for this compound is 173°
[H. Stetter, J. (Mayer et al., Ber., 93, 226 (I960)].
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1 ,3 -D ia m in o n d a m im ta n e . A mixture of 10.2 g. of 1,3- 
dinitroadamantane (m.p. 213.5-214.0°), 175 ml. of absolute 
ethanol, and approximately 20 g. of Raney nickel was hydro
genated in a Parr apparatus at 50-00° and an initial hy
drogen pressure of 50 p.s.i.ga. After 100 min. the theoretical 
amount of hydrogen had been absorbed. Concentration of 
the colorless solution (after filtration to remove catalyst) 
at reduced pressure (15-20 mm.) gave a semisolid residue. 
.After drving in a vacuum desiccator for several days, the 
white solid weighed 11.0 g. (92.4% yield). Due to the hy
groscopic nature of the diamine, a melting point was not 
obtained. Vapor chromatography (at 208°) of the product 
showed that only a single component was present.

When exposed to the atmosphere a sample of the diamine, 
at first, appeared wet as it rapidly absorbed water and carbon 
dioxide, but on standing became a dry solid. Elemental 
analysis indicated that one mole of carbon dioxide and two 
moles of water were absorbed by the diamine.

A n a l .  Calcd. for C ioHi8N2 .c 6 2 . 2  FRO: C, 53.64; H, 9.00. 
Found: C, 53.61; H, 8.95.

1 ,3 - D ia m in o a d a m a n ta n e  d ih yd ro ch lo r id e . The dihydro
chloride was obtained by bubbling dry hydrogen chloride 
into an ether solution of the diamine. The dihydrochloride 
was purified by dissolving in a small amount of water and 
reprecipitating by adding an excess of acetone. On heating 
this compound did not melt, but gradually decomposed 
above 300°, apparently decomposing completely at approxi
mately 430°.22

A n a l .  Calcd. for C 10H 20X 2CI2 : C, 50.25; H, 8.43; N,
11.71. Found: C, 49.58; H, 8.59; N, 11.84.

The picrate of this diamine was prepared according to the 
procedure of Shriner and Fuson. 2 3  The picrate melted and 
decomposed at approximately 300°. This result agrees 
fairly well with the value (290-295°) reported in the litera
ture . 18

D ib e n z a m id e  o f  1 ,8 -d ia m in o a d a m a n ta n e . This derivative 
was prepared by adding benzoyl chloride to a 1 0 % aqueous 
solution of the diamine. ¿After addition of dilute sodium hy
droxide solution, the mixture was stirred for 1.0 hr. The in
soluble spongy mass was separated from the aqueous solu
tion and stirred in petroleum ether (b.p. 60-90°) to yield a 
white crystalline material. Recrystallization of this product 
from absolute ethanol gave colorless crystals, m.p. 246.5-
248.0 (lit . 18 m.p., 248°).

A n a l .  Calcd. for C 24H2 6N2 0 o: C, 76.97: H, 7.00; N, 7.48. 
Found: C, 76.94; H, 6.98; N, 7.27.

1,8 - A d a m a n ty l  d ia m m o n iu m  n i tr i te . A mixture of 4.4 g. 
(0.0265 mole) of 1,3-diaminoadamantane, 0.06 g. of cupric 
chloride, 20 ml. of methanol, and 5 ml. of water was placed 
in a small stainless steel shaker bomb, pressurized by nitric 
oxide to 200-300 p.s.i.ga. and heated at 70° for 3.0 hr. 
The reaction mixture was concentrated to a solid dark resi
due at reduced pressure (15-20 mm.) and last traces of 
water were removed azeotropically with ethanol. Treat
ment of this residue with a mixture of ethanol and ethyl 
ether jdelded a white solid which was filtered and washed 
with a small amount of ethanol. After drying, the white 
solid melted at 158.5-159.5° with some decomposition and 
weighed 1.2 g. (17.4%). Purification was carried out by dis
solving the compound in a minimum of boiling methanol 
and then diluting with an equal volume of boiling acetone 
to precipitate the product. The pure compound melted 
sharply with decomposition at 165.5°.

A n a l .  Calcd. for C 10H20N 4O4 : C, 46.14; FI, 7.75; N, 21.53. 
Found: C, 46.36; H, 7.82; N, 21.28.

The infrared spectrum of this compound confirmed the 
presence of the — XH + 3 group as well as the — ONO “ group.

(22) Prelog reported that this compound did not melt 
below 360°.18

(23) R. L. Shriner and R. C. Fuson, T h e  S y s te m a tic
!  d e n ti f ic a tio n  o f  O rg a n ic  C o m p o u n d s , John Wiley & Sons, 
Inc., New York, 1948, p. 171. a

The presence of ionic nitrite also was indicated by a positive 
Griess test.

The above ammonium nitrite derivative also was obtained 
in 74% yield by the reaction of the diamine dihydrochlo
ride and freshly precipitated silver nitrite according to the 
procedure of Monserrat and Prosper. 24

A i r  o x id a tio n  o f  a d a m a n ta n e . To a 1-1. stirred stainless 
steel autoclave was added 60.0 g. (0.441 mole) of adaman
tane, 0.7 g. of cobalt acetate tetrahydrate, 0.5 g. of di-i- 
butyl peroxide, 150 ml. of glacial acetic acid, and 150 ml. 
of benzene. The system was pressurized with 800 p.s.i.ga. 
air pressure and heated to 140-145° for 4.0 hr. After cooling 
to room temperature the reaction mixture was diluted with 
1250 ml. of water, and the insoluble material was extracted 
by benzene. The benzene extract was washed with water 
and 5% sodium bicarbonate solution, and dried over an
hydrous magnesium sulfate. Concentration of the dried 
benzene solution yielded 46.5 g. of a yellow solid. Infrared 
analysis of this product indicated that carbonyl and hydroxy 
compounds as well as unreacted adamantane were present. 
Vapor chromatography (at 201°) of the oxidate identified 
three of the four components from their retention times. 
The following concentrations were estimated from the vapor 
chromatogram.

Component“
% o f

Oxidate

Adamantane 44
Hydroxyadamantane 31
Adamantanone 17
Unknown 7.5

“ Listed in order of increasing retention time.

Sublimation (80-100° and 15-20 mm.) of the air oxidate 
afforded only a partial separation of the products.

2 ,4 -D in itr o p h e n y lh y d r a zo n e  o f  a d a m a n ta n o n e . This deriv
ative was prepared from a mixture of hydroxyadamantane 
and adamantanone according to a standard procedure. 23  

The compound was purified by recrystallization from a mix
ture of 95% ethyl alcohol and ethyl acetate to yield golden 
yellow silky needles, m.p. 213.5-214.5°.

A n a l .  Calcd. for CisHigNICV. C, 58.17; H, 5.49; N, 16.96. 
Found: C, 58.95; H, 5.47; N, 16.19.

O x im e  o f  a d a m a n ta n o n e . The oxime derivative was pre
pared from a mixture of hydroxyadamantane and adaman
tanone according to Procedure B outlined by Shriner and 
Fuson. 25 Rec.rystallization of the crude oxime from aqueous 
ethyl alcohol gave colorless needles, m.p. 162.8-163.6.

A n a l .  Calcd. for C ioH]5NO: C, 72.69; H, 9.15; X, 8.48. 
Found: C, 72.74; H, 9.11; N, 9.13.

A d a m a n ta n o n e . A sample of the purified oxime (see above) 
was hydrolyzed by heating with 1 0 % hydrochloric acid at 
100° for 2.0 hr. The ketone which separated from solution 
was extracted by ethyl ether and the ether extract was washed 
bv water and 5%  sodium bicarbonate solution, and finally 
was dried over anhydrous magnesium sulfate. Sublimation 
(75-80° at 15-20 mm.) of the residue obtained by concen
tration of the et her solution yielded a white solid, m.p. 224.0- 
225.0°.

A n a l .  Calcd. for C ioHhO: C, 79.95; FI, 9.39. Found: C, 
80.00; H, 8.99.

1-H y d r o x y a d a m a n ta n e . A solution of 6.1 g. of a portion 
of the sublimed air oxidate in 100 ml. of 95% ethyl alcohol 
saturated with ammonia was hydrogenated in the presence 
of 2.0 g. of 5% palladium-on-alumina in a Parr apparatus at 
50-55° and an initial hydrogen pressure of 45 p.s.i.ga.

(24) M. P. Monserrat and F. E. Prosper, F ee. c ien c . a p t. 
{ M a d r id ) , 12, 293 (1958).

(25) R. L. Shriner and R. C. Fuson, T h e  S y s te m a tic  
I d e n t ih c a t io n  o f  O rg a n ic  C o m p o u n d s , John Wiley & Sons, 
Inc., Xew York, 1948, p. 202,
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After the hydrogen absorption ceased, the reaction mixture 
was cooled to room temperature and filtered to remove the 
catalyst. The solid residue obtained by concentration of the 
alcohol solution at reduced pressure was treated with dilute 
hydrochloric acid So separate the amine as its water-soluble 
hydrochloride, and the water-insoluble hydroxy derivative 
was extracted by ethyl ether. After washing the ether extract 
with equal volumes of water and 5%  sodium bicarbonate 
solution and drying over anhydrous magnesium sulfate, 
the solution was concentrated to yield 3.6 g. of white solid. 
Recrystallization of this product from methanol afforded a 
white solid, m.p. 277.0-278.0° (lit.,6 m.p. 282°). Sublimation 
of this material gave colorless needles with no change in 
melting point.

Anal. Calcd. for CioHicO: C, 78.89; H, 10.59. Found: C, 
78.82; H, 10.54.

The hydrolysis of 1-bromoadamantane by reflux.ng with 
dilute aqueous silver nitrate solution afforded a hydroxy- 
adamantane with the same melting point as that obtained 
from the air oxidate derivative. A mixed melting point of 
these two compounds gave no depression.

2-Aminoadamantane hydrochloride. The aqueous hydro
chloride acid solution from which hydroxyadamantane 
was separated (see above) was neutralized in 10% sodium 
hydroxide solution. The free amine which separated was

extracted by ethyl ether and the solution was dried over 
anhydrous magnesium sulfate. Concentration of the solu
tion yielded 0.6 g. of the amine, which on sublimation (75° 
and 15-20 mm.) afforded pure 2-aminoadamantane, m.p.
230.5-236°. (Due to the rapid absorption of water and carbon 
dioxide from the atmosphere, an analytically pure sample of 
the free amine was not obtained.)

The sublimed 2-aminoadamantane was dissolved in ethyl 
ether plus a small amount of ethyl alcohol, and the hydro
chloride derivative was precipitated by passing dry hydro
gen chloride into the solution. Recrystallization of the 
amine hydrochloride from isopropyl alcohol yielded colorless 
needles of 2-aminoadamantane hydrochloride which, on 
heating in a capillary, gradually decomposed over the 
range 300-325°.

Anal. Calcd. for C 10H18NC1: C, 63.99: H, 9.67; N, 7.46. 
Found: C, 64.35; H, 9.59; N, 7.43.

Acknouiedgment. The authors wish to express 
their appreciation to Mr. L. J. Lohr for the inter
pretation of the infrared spectra and the vapor- 
phase chromatographic work.

G i b b s t o w n , N. J.

[ C o n t r i b u t i o n  f r o m  t h e  E v a n s  C h e m i c a l  L a b o r a t o r y  o f  t h e  O h i o  S t a t e  U n i v e r s i t y ]

C ondensed C yclobutane A rom atic C om pou nd s. X IV . N aph tho[b ]cyclob utene:
R eactions o f  th e  A rom atic N u cleu s

M. P. CAVA a n d  R. L. SH IRLEY

Received December 21, 1960

Peracetic acid oxidation of naphtho[ft]cyclobutene (I) gave the quinone l,2-dihydrocyclobuta[6]naphthalene-3,8-dione 
(II). The butadiene adduct (III) of this quinone was reduced to diol IV, which was dehydrated with rearrangement to
9.10-ethanoanthracene. The 3-nitro and 3-amino derivatives of naphtho[6]cyclobutene are described, and the effect of the 
cyclobutene ring upon the chromophores of these compounds is discussed.

The synthesis of the hydrocarbon naphtho[h]- 
cyclobutene (I) was described in a previous paper 
of this series.1 Some transformations of I are now 
described which involve attack upon the naphthal
ene nucleus of this molecule.

The direct oxidation of naphtho [b]cyclobutene 
with peracetic acid occurred readily to give, in 22% 
yield, a single bright yellow neutral compound 
Ci2H80 2. This substance was assigned the structure
l,2-dihydrocyclobuta[b]naphthalene-3,8-dione (II) 
on the basis of the analogous oxidation of 2,3- 
dimethylnaphthalene to 2,3-dimethyl-l,4-naphtho
quinone.2 This assignment was verified by an

O

O
I II

(1) M. P. Cava and R. L. Shirley, J. Am. Chem. Soc., 82, 
654 (1960).

(2) R. T. Arnold and R. Larson, J. Org. Chem., 5, 250
(1940).

interesting series of transformations leading to
9,10-ethanoanthracene.

The new quinone II reacted with butadiene at 
90-100° to give, after ninety minutes, a colorless 
adduct (III), m.p. 92-93°, in 93% yield. In contrast 
to this behavior, 2,3-dimethyl-l ,4-naphthoquinone 
was recovered unchanged after five days under the 
same conditions. The greatly enhanced reactivity 
of quinone II as a dienophile must be attributed to 
the decrease in strain which results by conversion 
of the cyclobutene ring of II to the cyclobutane 
system of the adduct.

The diketone III was reduced smoothly by 
sodium borohydride to a single diol IV, m.p.
205.5-206°, in 79% yield. The configuration as
signed to the diol, on mechanistic grounds, is that 
in which the hydroxyl groups are cis to each other 
as well as to the cyclohexene ring. This stereochemis
try would result from attack of borohydride ion on 
the carbonyls of III from the less hindered cyclo- 
butane side of the molecule.

Diol IV reacted with two equivalents of p- 
toluenesulfonyl chloride in pyridine to give directly, 
in 60% yield^ 9,10-ethanoanthracene (V).3 This
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rearrangement reaction can be explained most 
simply as proceeding via the ditosylate of diol 
IV, by a series of two solvolytic carbonium ion 
shifts, probably concerted in nature as shown below. 
Both the relief of strain resulting from expansion of 
the cyclobutane ring and the aromatization of the 
cyclohexene system provide driving forces for the 
process.

0

Although quinone II reacts normally as a dieno- 
phile in the Diels-Alder reaction, it may also react 
as a diene at elevated temperatures, probably by 
thermal rupture of the cyclobutene ring to generate 
a transient true diene intermediate VI. Thus II 
reacted with JV-phenylmaleimide at 200-220° 
to give A?'-phenyl-9,10-anthraquinone-2,3-dicar- 
boximide (VII) in 14% yield. This anthraquinone 
derivative was identical with a sample prepared 
by the chromic acid oxidation of Af-phenylanthra- 
cene-2,3-dicarboximide.1 The expected initial adduct
(VIII) was not found: probably it was dehydro
genated directly to VII by quinone II, a hypothesis 
consistent with the low yield of VII obtained in 
the reaction.

Careful observation of the melting point be
havior of quinone II revealed that, upon rapid 
heating, it melted at about 185-190° but imme
diately resolidified to a sparingly soluble yellow 
dimer (IX), melting at 255-260° with decomposi
tion. A compound of structure IX would be formed 
by the thermal cleavage of II to diene VI, fol
lowed by a rapid Diels-Alder addition of VI to un
changed quinone II. In support of structure IX, 
the ultraviolet spectrum of the dimer was essen
tially identical to that of an equimolar solution of 
the butadiene adduct III and 2,3-dimethyI-l,4- 
naphthoquinone. The spectral evidence eliminated 
from serious consideration the alternate dimer 
formulation X, which should show ultraviolet

(3) An authentic comparison sample of this hydrocarbon 
was prepared by hydrogenation of 9,10-ethenoanthracene, 
kindly provided by Prof. C. A. Grob. #

absorption quite similar to that of 2,3-dimethyl-
1,4-naphthoquinone alone.

Nitration of naphtho[6]cyclobutene with 70% 
nitric acid gave 3-nitronaphtho [bjcvclobutenc (XI). 
The ultraviolet spectrum of XI exhibited a chromo- 
phore very different from that of 2,3-dimethyl-l- 
nitronaphthalene. Comparison of these spectra 
with the ultraviolet spectrum of 1-nitronaphthal- 
ene4 showed the 2,3-dimethylnaphthalene deriva
tive to be the anomalous member of this series. 
Its spectrum shows a simple naphthalene type 
chromophore, whereas the other two nitro com
pounds possess characteristic spectra similar to 
each other. This apparent anomaly may be ex
plained by steric considerations. In 1-nitronaphtha- 
lene the nitro group can rotate freely and thus can 
resonate with the aromatic naphthalene system. 
The same is true for 3-nitronaphtho[6]cyclobutene, 
the methylene groups being tied back sufficiently 
so as not to interfere with the free rotation of the 
nitro group. In 2,3-dimethyl-l-nitronaphthalene, 
however, the adjacent methyl group prevents the 
nitro group from becoming coplanar with the 
naphthalene ring system and resonance is effec
tively inhibited. Thus, 2,3-dimethyl-l-nitronaph- 
thalene exhibits a naphthalene type chromophore 
rather than a nitronaphthalene type chromophore.

3-Nitronaphtho[&]cyclobutene was reduced cata- 
lytically with palladium on carbon and hydrazine5 
to 3-aminonaphtho[b]cyclobutene (XII). The ultra
violet spectrum of XII is similar to that of 1- 
amino-2,3-dimethylnaphthalene except for small 
differences in the position of the maxima beyond 
300 m/i. These minor changes are attributed to the

(4) H. Mohler, Helv. Chem. Acta, 26, 121 (1943); ultra
violet data were approximated from a spectrum given 
therein.

(5) S. Pietro, Ann. Chim. {Rome), 43, 850 (1955).
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strain provided by the evclobutene ring in XII 
rather than to any steric rotation effects in the 
two compounds.

0

Permanganate oxidation of amine XII gave 
phthalic acid which was isolated as the anhydride. 
This result confirmed the assumption that naph- 
tho[6]eyclobutene was nitrated in the alpha 
position adjacent to the four-membered ring.

EX PER IM EN TA L6 7

l,2-Dihydrocyclobuta[b}naphthalene-3,8-dione (II). To a 
solution of naphtho-[b] cyclobutene (2 . 0  g .) in glacial acetic 
acid (30 ml.) at 50°, was added 30% hydrogen peroxide ( 6  

ml.). The temperature was raised to 80-85° for 5 hr., then 
one half the acetic acid was evaporated in vacuo, water added, 
and the mixture cooled to give orange crystals which were 
filtered, washed well with water and aqueous sodium bicar
bonate (10%), then again with water, and dried. Trituration 
with petroleum ether (b.p. 30-60°) afforded starting material 
(0.29 g.) upon evaporation of the petroleum ether. The 
orange needles, crystallized from acetic acid, gave 0.45 g. 
(2 2 %) of the quinone, m.p. 2 0 0 - 2 1 0 ° dec. (see discussion). 
A benzene solution of the quinone was passed through a 
column of Woelm alumina (neutral, activity I) and the 
solvent evaporated to give the analytical sample as bright 
yellow needles, m.p. 185-190° (rapid heating). Upon very 
slow heating, a thermal transformation product was obtained 
at the melting point. This product melted at 255-260° with 
decomposition.

Anal. Calcd. for CisHaCL: C, 78.25; H, 4.38; mol. wt., 184. 
Found: C, 78.38, 78.47; H, 4.56, 4.33; mol. wt. (isothermal 
distillation in methylene chloride), 191.

Ultraviolet spectrum (ethanol): Amal 232 (log e 4.16), 240 
(4.12), 245, 250 ( 4.14), 265 ( 4.08), 338 ( 3.26), shoulder at 
312 mp.

The ultraviolet spectrum of 2,3-dimethyl-l ,4-naphthoquinone 
(in ethanol) was grossly similar to that of II but showed less 
fine structure: Amax 244 (log « 4.26), 249 (4.27), 264 (4.21), 
270(4.25), 330(3.44).

Thermal treatment of quinone I I .  A solution of quinone II 
(0 . 0 2  g.) in 1 ,2 -bis(2 -methoxy)ethane ( 1  ml.) was heated to 
185-190° in an oil bath overnight (ca. 10 hr.) Upon cooling 
the solution, yellow needles (0.02 g., 100%), m.p. 255-260° 
dec. precipitated. The material was insoluble in benzene, but 
could be crystallized from chloroform. It. was unreactive 
toward bromine and .Y-phenylmaleimide.

Anal. Calcd. for C 2jHi60 i : C, 78.25; H, 4.38; mol. wt., 368. 
Found: H, 4.75, 4.60; C, 78.59, 78.37; 4.75, 4.60; mol. wt. 
(Rast in camphor), 440.

The high value found for the molecular weight probably 
resulted from the limited solubility of the dimer in camphor.

(6 ) Analyses were performed by Galbraith Laboratories, 
Knoxville, Tenn., and Schwarzkopf Microanalytical Labora
tories, Woodside, N. Y . Melting points are uncorrected 
unless stated otherwise.

Ultraviolet spectrum (ethanol): A„,ax 226 (log « 4.54), 246 
(4.42), 308 (3.44), 333 (3.44).

l,4-Dihydro-4a,9a-ethanoanthracene-9,10-dione (III). Quin
one II (0.10 g.), benzene (2 ml.), and excess butadiene (ca.
1.5 ml.) were sealed in a Pyrex tube (ca. 10 ml.) and heated 
on a steam bath for 1.5 hr. Within 1 hr., the solution had 
become almost colorless. The excess butadiene was evap
orated, and the remaining solution was passed through a 
column of alumina, which was eluted with benzene. The 
eluate was evaporated to dryness to give slightly yellow 
crystals of dione III (0.12 g., 93%), m.p. 92-93°. Sublima
tion at 1 1 0 ° ( 1  mm.) gave the analytical sample as white 
needles, m.p. 93.0-93.5° (corr.).

Anal. Calcd. for CielluCfi: C, 80.64; H, 5.92. Found: C, 
80.47; H, 6.11.

Ultraviolet spectrum (ethanol): Xmal 226 (log e 4.53), 251 
(3.94), 299 (3.14).

l,4,9,10-Tetrahydro-4a,9a-ethanoanthracene-9,10-diol (IV). 
To a solution of sodium borohydride (0.08 g.) in water ( 1  

ml.) and methanol ( 1  ml.) was added slowly, at room tem
perature, a solution of dione III (0.20 g.) in methanol (2 
ml.). Small white plates precipitated out almost immediately. 
The mixture wras heated on the steam bath for 10 min., then 
water was added until the solution became cloudy, and the 
mixture was cooled to give diol IV (0.16 g., 79%) as white 
plates, m.p. 205.5-206.0°.

Anal. Calcd. for Ci6HI80 2: C, 79.31; H, 7.49. Found: C, 
79.18; H, 7.52.

9-10-Ethanoanthracene (V). A. Rearrangement of diol IV . 
Diol IV  (0.10 g.), p-toluenesulfonyl chloride (0.30 g.), and 
pyridine (0.7 ml.) -were stirred at 5° for 2 hr. Stirring was 
continued for a total of 5.5 hr. wrhile the temperature was 
slowly increased to 50°. The mixture was diluted with 
hydrochloric acid (sp. gr. 1.19) and poured over ice. The pre
cipitated gum wTas extracted with benzene and chromato
graphed on alumina (neutral Woelm, activity I). A fluores
cent band containing the product was easily followed by 
means of an ultraviolet lamp. The eluate was evaporated to 
dryness to give a slightly yellow residue, m.p. 100-140°. 
Three crystallizations from ethanol gave large white needles 
(0.05 g., 60%), m.p. 142-143°, giving no depression upon 
admixture with authentic ethanoanthracene (see B below). 
The infrared spectrum of the rearranged product was identi
cal to that of the authentic sample.

B. Catalytic hydrogenation of 9,10-ethenoanthmcene. 9,10- 
Ethenoanthracene3 (0.10 g.) absorbed the theoretical amount 
of hydrogen in 1.5 min. using 10% palladium on carbon as 
catalyst and ethanol as solvent. The mixture was filtered and 
the filtrate concentrated and cooled to give large white nee
dles (0.09 g., 94%), m.p. 142-143° (reported:’  142-143°).

N-Phenyl-9,10-anthraquinone-2,3-dicarboximide (V II). 
Method A. A mixture of quinone II (0 18 g.), W-phenylmalei- 
mide (0.20 g.), and l,2-bis(2-methoxy-ethoxy)ethane (3 ml.) 
was heated to 200-220° for 1 hr. and then cooled. The small 
orange needles were filtered and washed with water and 
dried. Crystallization from acetic acid gave the anthraqui- 
none derivative VII (0.05 g., 14%,) m.p. 347-350°, identical 
in melting point, infrared, and ultraviolet spectra to that 
prepared in I I  below.

Anal. Calcd. for C^HnOjis: C, 74.78; H, 3.14; N, 3.96. 
Found: C, 74.90; II, 3.23: N, 4.02.

Ultraviolet spectrum (ethanol): Xmnv 230 (log e 4.57) 258 
(4.66), 332 (3.62).

Method B. To a refluxing solution of AT-phenyl-2,3-an- 
thracenedicarboximide1 (0.07 g.) in acetic acid (ca. 90 ml.) 
wras added 1  drop of a solution of chromic anhydride (0.18 g.) 
in a few drops of water. Almost instantaneously the reaction 
solution turned from orange-red to green. The remaining 
chromic acid solution was added and the refluxing wras con
tinued for 20 min. Some acetic acid (ca. 30 ml.) was removed 
by distillation; then the solution was cooled in the refrigera

(7) C. L. Thomas (Universal Oil Products Co.), U. S. 
Patent 2,406,64^ August 27,1946.
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tor and yellow amorphous material precipitated which was 
filtered and recrystallized from acetic acid to give anthra- 
quinone VII (0.065 g., 85%) m.p. 347-350°, identical in all 
respects to that prepared in A above.

3-Nitronaphtho[b]cyclobutene (XI). Naphtho[6 ]cyclo
butene (1.54 g.) was added slowly with stirring to 70% nitric 
acid (1.53 g.) ccoled by an ice bath to 0°. The reaction mix
ture became dark and viscous, but became lighter as the 
yellow crystalline nitro derivative appeared. After 1 hr., the 
ice bath was removed and the reaction allowed to run its 
course at room temperature for an additional 3 hr. As the 
reaction progressed, stirring became very difficult and more 
nitric acid (ca. 2 ml.) was added. The mixture was nearly a 
solid mass at the end of the reaction. Water was added and 
the crystalline material filtered, washed with 5%  aqueous 
sodium bicarbonate, then water, and dried. Three crystalli
zations from ethanol gave yellow-orange needles (0.80 g., 
40%), m.p. 129.0-130.5°. A fourth recrystallization gave the 
analytical sample, m.p. 131.0-131.5° (corr.).

Anal. Calcd. for C12H9O2N: C, 72.35; H, 4.55; N, 7.03. 
Found: C, 72.24; H, 4.71; N, 6.94.

Ultraviolet spectrum (ethanol): Xmax 244 (log < 3.85) 342 
(3.77).

3-Aminonaphtho[b\cyclobutene (XII). A mixture of 3- 
nitronaphtho[b]cyclobutene (0 . 2 0  g.), 1 0 %, palladium on 
carbon (0.01 g.), excess hydrazine hydrate5 (0.5 ml.), and 
95% ethanol (20 ml.) was refluxed for 1 hr. and filtered hot. 
Water (ca. 20 ml.) was added to the filtrate until it became 
cloudy, and the mixture cooled in the refrigerator. The small 
white needles (0.12 g.) m.p. 91.0-91.5°, were filtered and 
dried. Concentration of the filtrate yielded an additional 0.02 
g. of amine X II (total yield: 82%), which was recrystallized 
from petroleum ether (b.p. 30-60°).

Anal. Calcd. for C i2HuN: C, 85.17; H, 6.55; N, 8.28. 
Found: C, 85.32; H, 6 .6 8 ; N, 8.30.

Ultraviolet spectrum (ethanol) •  ̂m ax  241 (log e 4.42) 311 
(3.66).

Permanganate oxidation of 8-aminonaphtho[b] cyclobutene. 
Two per cent aqueous potassium permanganate solution 
was added drop by drop to a suspension of amine X III (32 
mg.) in water (5 ml.) until the reaction solution remained

pink. The excess permanganate was decomposed by form
aldehyde and the manganese dioxide removed by filtration. 
The slightly yellow solution was passed through a column of 
hydrochloric acid-washed Amberlite IR  120 (washed with 
distilled water until chloride ion test was negative). The acid 
fraction (eluate was tested with Alkacid paper) was collected 
and the water evaporated in vacuo to give a light brown paste 
which was sublimed at atmospheric pressure to give white 
needles ( 1 0  mg.), identified as phthalic anhydride by in
frared analysis. The infrared spectrum showed no trace of 
pyromellitic or succinic anhydrides.

3.3- Dimethyl-l-nitronaphthalene was prepared by the pro
cedure of Willstaedt. 8 After several crystallizations from 
ethanol it melted at 1 1 1 ° (reported8 m.p. 1 1 1 °).

Ultraviolet spectrum (ethanol): Xmax 269 (log e 358), 307 
(3.02), 321 (3.02).

8.3- Dimethyl-l-aminonaphthalene. To a solution of 2,3- 
dimethyl-l-nitronaphthalene (2.0 g.) in 95% ethanol (35 
ml.) was added hydrazine hydrate ( 8  ml.) and 1 0 % palla
dium on carbon (0.15 g.). The mixture was refluxed for 2 hr., 
filtered, and diluted with water until cloudy. Slow evapora
tion of the alcohol at room temperature resulted in the pre
cipitation of pink leaflets (1.62 g., 95%), m.p. 43-50° (re
ported, 8 m.p. 42°). Neither sublimation, distillation (177° 
at 14 min.) nor crystallization from petroleum ether changed 
the melting point. Because of the discrepancy with the re
ported melting point, elemental analyses were carried out.

Anal. Calcd. for C 12H 13N: C, 84.17; H, 7.65; N, 8.18. 
Found: C, 84.33; H, 7.80; N, 8.38.

Ultraviolet spectrum (ethanol): Xm„x 244 (log e 4.47) 320 
(3.63), shoulder at 328 m/x.
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A new route to the synthesis of a variety of methyl-substituted anthracenes is described. o-Dibromobenzene, or its 
homolog, is metallated with butyllithium to give benzyne, or its homolog, which is treated with furan or methyl-substituted 
furans to give l,4-epoxy-l,4-dihydronaphthalenes. The latter, as dienophiles, are condensed with methyl-substituted butar- 
dienes, and the products dehydrated, and then dehydrogenated to produce the methylated anthracenes. These products 
have been used to study the bathochromic effect of the methyl group on the ultraviolet spectrum maxima of anthracene.

When fluorobenzene is treated with phenyllith- 
ium the fluorine atom becomes unusually active 
and is easily replaced by a phenyl group to give, 
after hydrolysis, biphenyl. Wittig3 4 first suggested 
that this reaction probably proceeds via the inter
mediate, benzyne, or dehydrobenzene. Since that

(1) Present address: Calvin College, Grand Rapids, Mich.
(2) This work was done at the University of Heidelberg 

under a National Science Foundation Faculty Fellowship, 
1959-60.

(3) G. Wittig, Naturwissenschaften, 30, 696 (1942).

time many other reactions involving metallation 
of halogenated benzenes have been explained in 
terms of such an intermediate.4“6

One of the best indications that benzyne is 
actually formed, though short-lived, is the fact, 
discovered by Wittig,7 that the product is a dieno-

(4) G. Wittig, Angew. Chem., 69, 245 (1957).
(5) R. Huisgen and J. Sauer, Angew. Chem., 72, 91

(1960).
(6 ) J. D. Roberts, Chem. Soc. Symposia, Bristol, 1958, 

Special Publication No. 12, p. 115.
(7) G. Wittig and L. Pohmer, Ber., 89, 1334 (1956).
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TABLE I

Methyl-Substituted 1,4-Epoxy-1,4-Dihydronaphthalenes

No. R. Í l2 R, R 4

Yield,
% M.P.a Formula

Carbon, % 
Caled. Found

Hydrogen, %  
Caled. Found

1 H H H H 70 565 c 10h 8o
2e CH, H H H 56 Liq.à C „H 10O 83.51 83.55 6.37 6.18
3e CH, CH, H H 45 35-35.5 C 12H,2CK 83.68 83.75 7.02 6.82
4» H H CH, H 54 Liq . * 2625 9 10 11 C „H 10O 83.51 83.09 6.37 6.63
5* H H CH, CH, 55 72.5-73 c 12h 12o 83.68 83.93 7.02 6.89
6 CH, CH, CH, CH, 25 52-52.5 c 14h 16o 83.96 84.01 8.05 8.31

a All melting points in this paper are corrected. 6  Ref. (7). c The 2-methylfuran used was distilled over sodium, b.p. 64°/750 
mm., n2D° 1.4322. d B.p. 57-59°/0.2 mm., n2£  1.5510. e The 2,5-dimethylfuran, ref. (9), was distilled over sodium, b.p. 92- 
93°/750 mm., n2D° 1.4413. ■'’This compound was isomerized with boiling methanolic hydrochloric acid to give 80% 4-methyl- 
1-naphthol, m.p. 82-83°. g The 3,4-dibromotoluene was prepared from p-toluidine by bromination followed by the Sand- 
meyer reaction giving b.p. 58-60°/0.4 mm., n 1.5970. Dauben and Tilles10 report n3£ 1.5822. h B.p. 57-59°/0.2 mm., 
n2D° 1.5510. * The 4,5-dibromo-l,2-dimethylbenzene was prepared by the method of Mills and Nixon, 11 m.p. 8 8 °.

phile and reacts as such with furan and other dienes. 
Such reactions have interesting applications for 
they make possible the synthesis of a variety of 
fused ring systems. Furthermore, the product of 
the reaction with furan, 1,4-epoxy-l,4-dihydro- 
naphthalene, is also a dienophile and reacts in 
turn with other dienes to extend the polycyclic 
system.

The present investigation was concerned with 
the synthesis of methyl-substituted anthracenes. 
Benzyne was condensed with furan or methyl- 
substituted furans to give methyl-substituted 1,4- 
epoxy-l,4-dihydronaphthalenes, of type I. The 
latter were then treated with methyl-substituted 
butadienes and the products, like II, successively 
dehydrated to III and dehydrogenated to give the 
desired methyl-substituted anthracenes, IV. A 
typical series of reactions is as follows:

The preparation of benzyne and its reaction with 
furans was carried out essentially as described 
previously,8 except that o-dibromobenzene was 
added to the butyllithium-furan mixture. The

(8 ) H. Gilman and R. D. Gorsich, J. Am. Chem. Soc., 79,
2625 (1957).

furans used were: furan, 2-methylfuran, 2,5- 
dimethylfuran. The following o-dibromobenzenes 
were used: o-dibromobenzene, 3,4-dibromotoluene, 
and 4,5-dibromo-l,2-dimethylbenzene. The prod
ucts, type I are listed in Table I, all of which are 
new except compound l.7

Compounds of type I were condensed with 
methyl-substituted butadienes in two different 
wa3rs. At first the reaction was accomplished 
without a solvent and under pressure at 150°, 
since the preliminary trials in xylene as solvent 
were not successful. Later, however, the reaction 
was found to proceed equally well in a very small 
amount of xylene at reflux temperature. In either 
case a small amount of hydroquinone was usually 
added to minimize polymerization of the diene. 
The butadienes used were: isoprene, 1,3-dimethyl- 
butadiene, and 2,3-dimethylbutadiene. The prod
ucts of this reaction, type II, are listed in Table II. 
None of these compounds has been reported pre
viously.

Dehydration of the type II compounds was ac
complished most efficiently by adding a little 
concentrated hydrochloric acid to the boiling 
methanolic solution of the compound. The reaction 
is an exothermic one, decidedly so in those instances 
where the epoxy compound contains methyl sub
stituents in the 9 and/or 10 positions. It is likely 
that the initial step in this reaction is the protona
tion of the epoxy oxygen atom, which is facilitated 
by the increased electron charge on this atom con
tributed by the methyl groups on the adjacent 
carbon atoms. The products, type III, are listed

(9) E. Campaigne and W. Foye, J. Org. Chem., 17, 1405
(1952).

(10) W. Dauben and H. Tilles, J. Am. Chem. Soc., 72, 
3185 (1950).

(11) W. Mills^nd I. Nixon, J. Chem. Soc., 2510 (1930).
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TABLE IV

M e t h  y l - S d b s t i t u t e d  A n t h r a c e n e s

No. Method Ri r 2 r 3 R, Rô R'S Rt

Solvent of 
Crystn. Yield M.P. Formula

1 A H GIL H H II H H Pet. ether 35 206-206.5“ CisH]2
2 A H C H S c h 3 H H H H Pet. ether 51 250.5-251i,’<: C 16H14

3 A C H S H c h 3 H H H H Methanol 6 8 79-79.5 A 8 CißH-ii
4 B H c h 3 C H 3 H H CHa H Ethyl

acetate
99 124-124.br CnHi6

5 B H c h 3 CHa H H CHa C H 3 Pet. ether 97 138.3-138.8s CjsHig
6 A H c h 8 CHa C H , H H H Pet. ether 30 249-249.5"'4 c17H16
7 B H c h 3 CHa C H 3 c h 3 H H Ethyl

acetate
97 299-3001 C 18ÎÏ18

8 B H c h 3 CHa CHa CHa CHa CHa Ethyl
acetate

98 223-224*

“ Melting points reported generally vary from 200 to 209°. 6 Fairbourne16 reports m.p. 246°. c Barnett and Marrison17 

report m.p. 252°. d Fieser and Heymann18 report m.p. 78.2-79.6°. e Clemo and Ghatge19 report m.p. 78°. r  Barnett and 
Marrison17 report m.p. 125°. “ Fieser and Webber13 report m.p. 139.4-140.2°. h Morgan and Coulson20 report m.p. 255°. 
1 Carruthers2 1  reports m.p. 244-245°. ’ Carruthers2 1  reports m.p. 292-293°. k Anal. Calcd.: C, 91.55; H, 8.45. Found: C, 
91.26; H, 8.65.

in Table III. Two of these compounds, numbers 
212 and 5,13 have been reported previously.

Dehydrogenation of the 1,4-dihydroanthracenes, 
III, was done in some cases with selenium but the 
yields were generally low. Nearly quantitative 
yields were easily obtained by using chloranil as 
oxidizing agent in xylene as solvent at reflux 
temperature. In order to avoid difficulties in re
moving excess chloranil from the product, care 
should be taken to use no more than the theoretical 
amount of this reagent. Table IV lists the methyl- 
substituted anthracenes, IV, one of which is new, 
namely, 2,3,6,7,9,10-hexamethylanthraeene.

One interesting fact deserves mention. As a rule 
the melting points of the compounds in the fore
going synthesis increase with each step. However, 
there is one exception to this rule, namely, the 
change from 2,3,9,10-tetramethyl-l,4-dihydroan- 
thracene to 2,3,9,10-tetramethylanthracene, in 
which case the melting point drops about 40°. 
These data confirm those published for these two 
compounds.13

Effect of methyl substitution on the ultraviolet 12 13 14 15 16 17 18 19

( 1 2 ) J. Jadot and J. Roussel, Bull. soc. roy. sci. Liège, 23, 
69 (1954).

(13) L. Fieser and T. Webber, J. Am. Chem. Soc., 62, 
1360 (1940).

(14) R. Jones, J. Am. Chem. Soc., 67, 2127 (1945).
(15) R. Jones, Chem. Revs., 41, 353 (1947).
(16) A. Fairbourne, J. Chem. Soc., 1573 (1921).
(17) E. Barnett and F. Marrison, Ber., 64, 535 (1931).
(18) L. Fieser and H. Heymann, J. Am. Chem. Soc., 64, 

376 (1942).
(19) G. Clemo and N. Ghatge, J. Chem. Soc., 1068 

1(956).

spectrum of anthracene. One of the objectives of 
this study was to obtain a variety of substituted 
anthracenes in order to examine the effect of 
methyl-substitution on the positions of the ultra
violet spectrum maxima.

The ultraviolet absorption spectrum of anthra
cene has two rather distinct parts, one with max
ima in the 240-260 mju range (41,670 cm.-1 to 
38,460 cm v1), the other between 290 and 380 mju 
(34,480 and 26,310 cm.-1). It has been suggested14'15 
that these parts are related to different types of 
electronic excitations. On this theory the 240-260 
mu maxima are associated primarily with elec
tronic shifts, and therefore polarization, along the 
horizontal axis, while the 290-380 my maxima are 
related to polarization along the vertical axis of 
the anthracene molecule. The spectra of anthra
cenes containing unsaturated, or conjugatable, 
substituents strongly suggests the plausibility of 
this theory. But even methyl groups, though they 
have a smaller effect, also are reported to show the 
same trend. Jones14'15 has examined the batho- 
chromic shifts due to methyl and other substituents 
in various positions using the data available for 
four such compounds. We have now obtained the 
spectra of the compounds prepared in this study, 
and present herewith additional data on the bath- 
ochromic effect of methyl substituents in anthra
cene.

Table V presents the spectral data for the com
pounds synthesized by the method outlined in

(20) G. Morgan and E. Coulson, J. Chem. Soc., 2551 
(1929).

(2 1 ) W Carriithers, J. Chem. Soc., 603 (1956).
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TABLE V

A b s o r p t i o n  S p e c t r a  D a t a  o n  M e t h y l - S u b s t i t u t e d  A n t h r a c e n e “

Principal Maxima
Compound m ¡i log e reiß log e n\ß log e reiß log e m/i log 6

Anthracene 253 5.48 324 3.54 339 3.83 356 4.02 375 4.01
( A )

2-Methyl A 255 5.48 b 340 3.65 358 3.80 377 3.75
2,3-Dimethyl 257 5.60 326 3.57 341 3.83 358 3.97 378 3.91

A
2,3,6-Tri- 259 5.50 b 342 3.70 360 3.82 379 3.72

methyl A 
2,3,6,7-Tetra- 261 5.64 328 3.53 343 3.73 359 3.85 379 3.73

methyl A 
2,3,9-Tri- 261 5.57 333 3.59 350 3.87 368 4.04 388 3.99

methyl A 
2,3,9,10-Tetra- 265 5.34 342 3.40 359 3.71 379 3.90 400 3.81

methyl A 
2,3,6,7,9,10- 269 5.16 343 3.11 360 3.38 380 3.54 402 3.45

Hexamethyl
A

1,3-Dimethyl 257 5.38 b 344 3.72 360 3.87 381 3.83
A

“ Solvent: cyclohexane. bThese maxima were not distinct enough to permit accurate measurement.

TAB LE  VI

B a t h o c h r o m i c  S h i f t s  i n  t h e  A n t h r a c e n e  S p e c t r u m  D u e  t o  M e t h y l  S u b s t i t u t i o n

Anthracene Spectrum Maxima

257 mg 324 339 356 375
39,520 cm. -1 30,910 29,500 28,090 26,670

Position of
Methyl Groups Bathochromic Shift in cm. 1

2 300 90 160 140
2,3 600 230 180 160 230
2,3,6 910 260 310 280
2,3,6,7 1200 420 350 230 280
2,3,9 1200 880 930 910 390
2,3,9,10 1780 1670 1640 1700 1570
2,3,6,7,9,10 2350 1760 1720 1780 1790
1,3 610 430 310 420

this paper. Only the principal maxima are given 
for comparison with each other. Of the compounds 
listed, only the spectra of 1,3-di-18 and 2,3,9,10- 
tetramethylanthracene13 have been reported.

Table VI shows the bathochromic shifts of the 
principal maxima. The values for the shifts are 
given in wave numbers to facilitate comparison 
with other literature data on such shifts. Examina
tion of these data reveals a number of interesting 
facts which we now discuss briefly.

Methyl substitution has the largest bathochromic 
effect on the shortest intense maximum, 39,520 
cm.-'1 The shift per methyl group is very nearly 
300 cm.“ 1 (2 m/i) and is additive to a remarkable 
degree. On the other hand, a beta methyl group has 
a smaller effect upon the other maxima of longer 
wave length, and, except for the 29,500 cm.-1 
band, there is no semblance of additivity in the 
shifts. Our data on 2-methylanthracene confirm the 
prediction of Peters22 that a te/a-mothyl group 
should cause a bathochromic shift of 2 mg in the

(22) D. Peters, J. Chem. Soc., 046 (1957).

p-band (26,670 cm.-1) of anthracene. His calcula
tions are based upon the assumption that the shift 
is due to conjugation of the methyl group with 
the parent hydrocarbon resulting in a perturbation 
of the molecular orbitals of anthracene.

Methyl substitution in the meso position has a 
very pronounced effect on all the spectral maxima 
of anthracene. In the case of the shortest wave
length band (39,520 cm.“ 1) the frequency shift 
per methyl group is about 600 cm.-1, a value twice 
as great as that due to a feeto-methyl substituent. 
These results agree fairly well with those reported 
for 9-methyl- and 9,10-dimethylanthracene.23 It 
should also be noted that, as in the case of beta 
substitution, meso substitution also causes a shift 
of the shortest wave-length maximum which is 
additive.

With respect to the effect of meso-methyl substi
tution on the longer wave-length maxima, it is 
clear that the bathochromic shifts are much larger

(23) I,. Fieser and J. Hartwell, J. Am. Chem. Soc., 60, 
27)55 (1938).
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and are more consistently so than those caused by 
beta-substitution, and are fairly additive. The 
shift per methyl group of the 375 mp band (p-band) 
agrees well with the theoretical prediction of 
Peters,22 and the uniformly large effect of meso- 
methyl substitution confirms the observations on 
the spectra of 9-methyl- and 9,10-dimethylanthra- 
cene.15

An adequate theoretical explanation of the 
observed shifts is not readily at hand. Most theo
retical treatments of the bathochromic effect of 
alkyl substituents assume the conjugative effect 
to predominate, the methyl group being regarded 
as a modified vinyl group. On this assumption the 
effect of conjugation would be to reduce the energy 
of the excited state, the degree of such reduction 
varying with the number and positions of the 
methyl substituents, and the effect upon the 
different spectral maxima depending upon the 
positions of the substituents, that is, upon the direc
tion of polarization.

There is no doubt a qualitative correspondence 
between the bathochromic shifts due to methyl 
and clearly conjugatable substituents which points 
to such conjugation and polarization along mutually 
perpendicular axes of the molecule. However, as 
Jones15 has observed, alkyl groups in the 9 and/or 
10 positions have a uniformly large effect upon all 
the spectral maxima while unsatura^ed groups in 
these positions have a far more selective effect. 
Our data on the beta-substituted anthracenes also 
show that, although there is a selective batho
chromic effect favoring the shortest wave-length 
maximum, the effect upon the longer wavelength 
maxima cannot be ignored.

In summary, then, our additional data confirm 
the theory that the conjugative effect of methyl 
groups is important, and that, therefore, the posi
tions of these groups account for their selective 
bathochromic effects upon the various spectral 
maxima of anthracene. However, there must be 
other factors also affecting these shifts. The theory 
of Jones16 that the ground state energy is also 
modified by alkyl substituents seems to provide at 
least a qualitative explanation for the general bath
ochromic shifts of all the maxima of the anthracene 
spectrum.

EX PER IM EN TA L

General method for making methyl-substituted 1,4-epoxy-l ,4- 
dihydronaphthalenes. n-Butyllithium in ether, 50 ml. of l.lOM 
solution (0.055 mole) was added to a flask previously evac
uated and then filled with pure nitrogen, and cooled to 
— 70°. Furan, or a methyl-substituted furan, 30 ml., freshly 
distilled, was added below 55° during about 15 min., after 
which there w-as added, during 30 min. at —70° to —55°, a 
solution of 11.8 g. (0.050 mole) o-dibromobenzene, or an 
equivalent amount of its homolog, distilled over phosphorus 
pentoxide, in 20 ml. of dry ether. During this addition, and

for 40 min. more at —70° to —55°, the mixture was stirred 
vigorously. After allowing it to warm to 0°, 100 ml. of water 
was added, the layers separated, the aqueous layer washed 
twice with ether, the washings added to the ether layer and 
washed with water to remove any alkali. After drying over 
potassium carbonate, most of the ether and unused furan 
were recovered by fractionation. The residue was either 
fractionated further, in case the product was a liquid, or 
crystallized from petroleum ether (b.p. 60-80°) in those cases 
where the product was a solid.

Condensation of 1,4-epoxy-l,4-dihydranaphlhalenes with 
dienes. Method A. The epoxy compound, 0.02 mole, the diene, 
0.022 mole, and a few small crystals of hydroquinone were 
sealed in a pressure tube (15-ml. cap.) after flushing out the 
air with dry nitrogen. It was heated over night at 140-150°, 
cooled, and the volatile materials removed in vacuo. The 
crude product was boiled with methanol, and the polymerized 
diene removed by filtration. The product was recovered 
from the filtrate by crystallization, or by distillation in case 
it was a liquid.

Method B. The epoxy compound, 0.02 mole, the diene, 
0.022 mole, and a few small crystals of hydroquinone were 
dissolved in 4 ml. of xylene and heated at reflux temperature 
over night. The volatile materials were removed in vacuo 
and the crude product was extracted with methanol and 
worked up as in method A.

Dehydration of epoxy compounds to form methyl-substituted
1,4-dihydroanthracenes. Methyl-substituted 9,10-epoxy-l,4,- 
4a,9,9a,10-hexahydroanthracene, 0.01 mole, was dissolved in 
60 ml. of methanol. At reflux temperature 6 ml. of coned, 
hydrochloric acid was carefully added through the condenser. 
The mixture was refluxed overnight in most cases, although 
2 hr. were found to be enough for the 9- and/or 10-methyl- 
substituted compounds. In all cases the crystalline product 
precipitated soon after the acid addition. After cooling 
several hours in the refrigerator the product was filtered, 
washed with cold methanol, and dried in vacuo at room tem
perature. In some cases it was pure without further crystal
lization.

Dehydrogenation of methyl-substituted 1,4-dihydroanthra- 
cenes. Method A. Methyl-substituted 1,4-dihydroanthracene, 
0.01 mole, was mixed with 0.01 mole of selenium powder and 
heated in an oil bath for 4 to 8 hr. at 270-300°, or until no 
more hydrogen selenide was evolved. After cooling, the 
product was extracted with petroleum ether or benzene, clari
fied with carbon, evaporated to dryness and recrystallized.

Method B. Methyl-substituted 1,4-dihydroanthracene, 
0.01 mole and 0.01 mole of chloranil were dissolved in 40 ml. 
of dry xylene and heated at reflux temperature for 1 hr. 
After cooling in the refrigerator for 4 to 5 hr., large crystals of 
tetrachloroquinone formed and were removed by filtration. 
The filtrate was purified chromatographically on neutral 
alumina, the product running through the column very 
readily as was evident by observation under ultraviolet 
light. Evaporation of the eluate gave the product in fairly 
pure form. In a few cases recrystallization improved the 
purity a little.
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Synthetic routes were devised which would make possible the preparation of 1,5-hexadiene isotopically labeled in the 
terminal positions or in the central positions. The reaction sequence which would make possible the synthesis of 1,6-labelsd 
diene was: adipyl chloride —*• N,N,N',N'-tetTametb.y\a,imde -*■ 1,6-bisdimethylaminohexane — amine oxide — 1,5-diene. 
For diene labeled in the central positions this sequence would be preceded by: ethylene dibromide —> diethyl adipate —►  
adipyl chloride.

The literature method2 for the preparation of 1,5- 
hexadiene of treating allyl chloride with a metal 
does not lend itself to the synthesis of 1,5-hexadiene 
isotopically labeled in specific positions. For the 
synthesis of 1,6-deuterium-labeled diene an 
adipic acid derivative could be reduced with lithium 
aluminum deuteride, and the unsaturation intro
duced by subsequent transformations. A conceiv
able reaction sequence could be: diethyl adipate ->•
1,6-hexanediol —► 1,6-dibromohexane —► 1,6-di- 
quatemary nitrogen base -*■ 1,5-aiene. The trouble
some step of this sequence would be expected to 
be the last. No example of pyrolysis of an open- 
chain, diquatemary nitrogen base which could 
lead to an isolated diene could be found in the 
literature. Blomquist and co-workers3 have prepared 
successfully bismethylene cyclic compounds by the 
pyrolysis of bifunctional quaternary nitrogen bases. 
These pyrolyses led to the desired conjugated diene, 
and the formation of an isolated diene was im
possible. There are examples4 5 of the pyrolysis of 
unsaturated quaternary nitrogen bases where the 
expected product would be an isolated diene. In 
some instances it was possible to obtain a rather 
poor yield of the isolated diene, but the principal 
product was usually a conjugated diene which was 
formed by isomerization of the isolated diene.

The above-mentioned reaction sequence was 
successful in all steps except the last, and this 
failed miserably. The 1,6-diquatemary nitrogen 
base did not undergo elimination satisfactorily, 
and careful fractional distillation of the pyrolysate 
gave but a 43% yield of hydrocarbon. Of this 
material only 4% was acceptable as 1,5-hexadiene 
on the basis of boiling point and refractive index. 
From physical constants the bulk of the hydro
carbon appeared to be conjugated hexadienes.

(1) On leave from Tufts University, Medford, Mass 
National Science Foundation Science Faculty Fellow, 
1959-1960.

(2) A Turk and H. Chanan, Org. Syntheses, Coll. Vol. 
Ill, 121 (1955).

(3) A. T. Blomquist et al., J. Am. Chem. Soc., 77, 1806
(1955); J. Am. Chem. Soc., 78, 6057 (1956); J. Am. Chem. 
Soc., 79, 3916 (1957).

(4) J. Weinstock, J . Org. Chem., 21, 540 (1956) and refer
ences cited therein.

(5) A. C. Cope and C. L. Bumgardner, J. Am. Chem.
Soc., 79, 960 (1957). .

Cope and Bumgardner6 have been able to con
vert unsaturated tertiary amines to isolated dienes 
by pyrolysis of the corresponding amine oxides, 
and there was no isomerization of the double 
bonds to a conjugated system. The application of 
this reaction for the preparation of 1,6-deuterium- 
labeled-l,5-hexadiene would require the sequence: 
adipyl chloride —► A,lV,A,,A’,-tetramethyl amide 
-*• 1,6-bisdimethylaminohexane -> amine oxide 
—► 1,5-hexadiene. This sequence proved fairly 
successful. The amide was reduced to the amine 
with lithium aluminum hydride in 72% yield and 
the amine was converted through the amine oxide 
to a 55% yield of 1,5-hexadiene. This diene exhib
ited no absorption in the 215-300 m/i region, 
and this indicated the absence of conjugated die»e.

To obtain 1,5-hexadiene isotopically labeled in 
internal positions one could start with 1,2-dibromo- 
ethane which was labeled, and convert tins to 
adipic acid. Such a conversion would involve the 
reaction of the dibromide with malonic ester to 
obtain 1,1,4,4-tetracarbethoxybutane, which could 
be taken to adipic acid. The tetraester has been 
reported in the literature,6 and the yield has always 
been given by the remark that it was low. Cason and 
Allen7 have reported that by controlling the rela
tive amounts of sodium, malonic ester, and 1,3- 
dibromopropane, the reaction could be carried out 
to give mainly the tetracarbethoxy compound or 
mainly the 1,1-dicarbethoxycyclobutane. Applica
tion of their findings to the reaction with 1,2- 
dibromoethane produced no significant amount of 
tetracarbethoxy compound. By taking advantage 
of Perkin’s discovery8 that 1,1-dicarbethoxycyclo
propane would undergo the Michael reaction, it 
was possible to convert 1,2-dibromoethane to diethyl 
adipate in a reasonable yield. One mole of dibromo- 
ethane in an excess of malonic ester was refluxed 
with two moles of sodium ethoxide. A third mole of 
sodium ethoxide was added and the reaction mix
ture again refluxed. The high-boiling residue from 
the reaction mixture was hydrolyzed, decarboxyl-

(6) J. H. Brewster, J. Am. Chem. Soc., 73, 366 (1951) 
and references cited therein.

(7) J. Cason and C. F. Allen, J. Org. Chem., 14, 1036 
(1949).

(8) W. H. Perkin, J. Chem. Soc., 65, 572 (1804).
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ated, and esterified to give a 48% yield of diethyl 
adipate.

It was not possible to convert satisfactorily 
diethyl adipate to AT,N ,N '.jV'-tetramethy 1 adi p- 
amide by treatment of the ester with dimethyl- 
amine. Also, it was not feasible to convert the crude 
adipic acid which was obtained by decarboxylation 
of the butanetetracarboxylic acid to the acid chlo
ride. To convert 1,2-dibromoethane to 1,5-hcxadiene 
the diethyl adipate obtained from the dibromide 
would have to be hydrolyzed and the acid taken to 
the acid chloride. The acid chloride could then be 
carried through the amide and amine oxide to the 
diene.

E X PER IM EN TA L

1,6-Dibromohcranc to diene. A mixture of 132.2 g. (2.24 
moles) of anhydrous trimethylamine, 45 ml. of absolute 
methanol and 00.3 g. (0.247 mole) of 1,6-dibromohexane 
(b.p. 111—112°/8.5 mm.; n2D5 1.5044) was carried through 
the usual Hofmann elimination procedure. Distillation of 
the pyrolysate from hydroquinone in a nitrogen atmosphere 
through a spinning-band column gave the following mate
rials: 0.91 g., b.p. 40.4-58.0°,n2D5 1.3765-1.3967:0.36g.,b.p. 
58.0-58.3°, n“  1.4003; 7.36 g., b.p. 58.3-81.6°,V D3 1.4010- 
1.4539. Total weight of distillate, 8.63 g., 43% yield of 
diene. The 1,5-hexadiene reported below had b.p. 58.4°, 
«'if 1.4005. The literature9 values for the hexadienes are:
1,3-diene, b.p. 73°, ??2D5 1.435; 2,4-diene, b.p. 80°, ?r2D6 1.447;
1,5-diene, b.p. 59.5°, n2Ds 1.4010. From the physical constants 
it *'as clear that this method of preparation gave a mixture 
of hexadienes, and that little 1,5-diene of good purity could 
be isolated.

AT,N,N',N'-TelramethyJadipamide. In a 2 1., three-necked 
flask fitted with a stirrer, ice-cooled reflux condenser and 
inlet tube was placed 70.9 g. (0.387 mole) of adipyl chloride 
(b.p. 103°/4 mm.) and 1 1. of dry ether. The reaction flask 
was cooled in an ice w’ater bath. In a second flask was 
placed 76.8 g. (1.70 moles) of anhydrous dimethylamine, and 
this flask was connected by means of rubber tubing to the 
inlet tube of the three necked flask. The dimethylamine was 
allowed to evaporate into the reaction flask during a period 
of 1.5 hr., and the reaction mixture allowed to stand at room 
temperature for a day.

The reaction mixture was transferred with 200 ml. of water 
rinsings to a beaker, and the mixture stirred until the solid 
dissolved in the water. To this mixture was added with stir
ring 23 ml. of coned, hydrochloric acid. The ether layer was 
separated and extracted with two 100-ml. portions of water. 
The combined aqueous solutions were placed in a continuous 
chloroform extractor. After a 12-hr. extraction the bulk of 
the chloroform was removed from the extract on the steam 
bath. Residual chloroform could be removed from the resi
due only by evaurating the flask to 4 mm. and immersing 
it in a bath at 95°. The residual amide was powdered and 
placed in a vacuum desiccator over phosphorus pentoxide. 
The product, 77.1 g., 99.5% yield, had m.p. 82.8-84.0°. 
For the amide Prelog10 has reported m.p. 85°.

Diethyl adipate was treated with anhydrous dimethylamine 
under various conditions, and to obtain reaction it was neces
sary to heat the reactants in a pressure vessel at 150°. 
The amide obtained in this case was inferior in purity and 
yield to that obtained from adipyl chloride.

(9) F. D. Rossini et al., Selected Values of Physical and 
Thirnioil¡inuiinr Properties of Hydrocarbons and Related 
C o m p o u n d s .  Carnegie Press, Pittsburgh, Pa., 1953, p. 63.

(10) V. Prolog, Collection Czcchoslnv. Chcm. Comm.. 2, 
712 (1930); Chcm. Ahstr., 25, 1218 (1931).

1,6-Bisdiviethylaminohexanc. The procedure was based on 
the suggestions of Micovic and Mihailovic.11 In a 2 1., three 
necked flask fitted with a stirrer, reflux condenser, and drop
ping funnel was placed 18.1 g. (0.477 mole) of lithium alumi
num hydride and 500 ml. of dry ether. This mixture was 
refluxed for 2 hr. A solution of 73.5 g. (0.376 mole) of N.N- 
A7',A” -tetramethyladipamide in 600 ml. of 1,2-dimcthoxy- 
ethane (distilled from lithium aluminum hydride) was added 
to the reaction mixture at such a rate that refluxing was 
maintained. The reaction mixture was refluxed for 1.5 hr. 
after the completion of the addition of the diamide. The 
reaction flask was cooled in an ice water bath, and the ex
cess hydride decomposed by the dropwise addition of 280 ml. 
of saturated sodium sulfate'. The precipitate was collected 
in a Büchner funnel and washed with ether. The combined 
filtrate and washings was shaken in a separatory funnel with 
a solution of 1200 ml. of water and 80 ml. of coned, hydro
chloric acid. The aqueous layer was separated and made 
strongly alkaline with sodium hydroxide. The diamine was 
water soluble but it could be extracted with one 250-ml. and 
five 150-ml. portions of ether. The ether extract was dried 
with sodium hydroxide pellets.

The ether was removed from the solution through a helix- 
packed column, and the residue distilled through a helix- 
packed column (packed portion, 20 mm. o.d. X 110 mm.). 
The diamine, collected in several fractions, weighed 45.5 
g. (72% yield) and had b.p. 104°/16 mm., n2D° 1.4333-1.4337.

1,5-Hcjcadiene. (Cf. Cope and Bumgardner.5) In a flask 
fitted with a stirrer was placed 42.6 g. (0.247 mole) of 1,6- 
bisdimethylaminohexane. The flask was cooled in an ice 
w ater bath, and 158 ml. (containing 1.482 moles of hydrogen 
peroxide) of 30% hydrogen peroxide vras added drop-wise to 
the diamine. The reaction mixture -was homogeneous, and 
was allowed to stand at room temperature for 2 days. At this 
point the reaction mixture did not color phenolphthalein. The 
excess peroxide was destroyed by stirring the reaction 
mixture w-ith platinum black,12 first for 10 hr. with cooling 
and then for 36 hr. at room temperature. The platinum was 
removed by filtration, and the filtrate concentrated with a 
rotary evaporator at a pressure of 12 mm. During the 
evaporation the flask containing the reaction mixture was 
in a bath which was kept at 35°.

For pyrolysis the flask containing the light yellow-colored 
sirup was fitted with a helix-packed column and a capillary 
tube which carried nitrogen. For condensation there was a 
Dry Ice-cooled trap followed by a liquid nitrogen-cooled 
trap. The pyrolysis system wras evacuated to 56 mm., and 
the temperature of the oil bath surrounding the pyrolysis 
flask gradually increased. The material in the flask eventually 
solidified, and did not pyrolyze at a reasonable rate until 
the oil bath reached a temperature of 190°. After 2 hr. at 
190° the pyrolysis flask w as virtually empty. The condensate 
was w'armed, mixed with water, and neutralized with sul
furic acid. The organic layer was separated, washed once 
with water, and placed over freshly heated sodium sulfate.

The organic layer w'as distilled from hydroquinone in a 
nitrogen atmosphere through a spinning-band column. After 
a small low-boiling fraction there were collected several 
fractions of combined weight 11.16 g. (55% yield), b.p.
58.2-58.4°/755 mm., «% 1.4004-1.4007. The literature9 
values for 1,5-hexadiene arc b.p. 59.5°/760 mm., 1.4010. 
The absence of conjugated diene in this product was shown 
by the absence of absorption at 215-300 mp.

1 ,%-Dibromaethane to diethyl adipate. In a 1 1., three nocked 
flask fitted with a stirrer, reflux condenser, and dropping 
funnel were placed 150 ml. of absolute alcohol13 and 7.4 g. 
(0.32 g.-atom) of sodium. After dissolution of the sodium,
153.8 g. (0.96 mole) of diethyl malonate (b.p. 97.4°/16 mm.) 
was added to the flask. The reaction mixture was refluxed,

(11) V. M. Micovic and M. I,. Mihailovic, Org. Chem., 
18,1190 (1053).

(12) R. Fculgcn, Ber., 54, 360 (1921).
(13) R. H. i^anske, ,/. ,1»«.. Chem. Soc., 53, 1101 (1931).
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and 30.1 g. (0.16 mole) of 1,2-dibromoethano (b.p. 130°/ 
762 mm.) was added dropwise during 0.76 hr. The reaction 
mixture was refluxed for an additional hour, and then a 
solution of 3.7 g. (0.16 g.-atom) of sodium in 100 ml. of 
absolute alcohol was added. After refluxing the reaction 
mixture for 4 hr., 185 ml. of alcohol rvas distilled during 1 
hr. from the mixture by warming the reaction flask on the 
steam bath. The residue was cooled and poured into 600 
ml. of ice-cold water. This mixture was extracted -with one 
300-ml. and four 100-ml. portions of ether. The ether extract 
was dried over freshly heated sodium sulfate.

After removal of the drying agent, the ether was removed 
through a helix-packed column. The residue was distilled 
through an 18 mm. o.d. X 165 mm. helix-packed column. 
When the oil bath used to heat the distilling flask reached 
190°, the distillation was interrupted. Distillate weighing
95.0 g., b.p. 84-8679 mm., n1 2D5 1.4117-1.4185, was col
lected, and 36.9 g. of residue remained in the flask. Pertinent 
refractive indexes are: diethyl malonate, n2J  1.4118; 1,1-di- 
carbethoxyeyclopropane, n2D° 1.4331; 1,1,4,4-tetracarbethoxy- 
butane, n2D5 1.4470.

The residue was stirred and refluxed with 50 ml. of coned, 
hydrochloric acid and 100 ml. of water for 4 hr. The mixture 
was filtered, and the filtrate evaporated to dryness in 
vacuo in a rotary evaporator. Water was added to the residue, 
and the solution again evaporated to dryness. The flask 
containing the solid residue was immersed in an oil bath at
180-185° until evolution of gas ceased. The residue was 
refluxed for 24 hr. with 170 ml. of absolute alcohol and 1 
ml. of coned, sulfuric acid. This solution was poured into 
700 ml. of water, and this mixture placed in a continuous 
benzene extractor. The benzene extract was dried over

sodium sulfate, the benzene removed through a helix-packed 
column, and the residue distilled through a 12 mm. o.d. 
X90 mm. helix-packed column to give several fractions (15.6 
g., 48% yield) of diethyl adipate, b.p. 125-126°/9 mm., n2Ds
1.4260-1.4268. Authentic diethyl adipate had n2D5 1.4254.

A second experiment was carried out w'ith the same quan
tities of materials. After the first reflux and before addition 
of the second quantity of sodium ethoxide the reaction 
mixture was poured into water, the mixture extracted with 
ether, and the ether solution distilled. After removal of the 
ether there was obtained 140.8 g., b.p. 86-96°/9 mm., of 
distillate and 9.5 g. of high-boiling residue. This 9.5 g. of 
residue provided that not much tetracarbethoxy compound 
was formed during the first reflux with sodium ethoxide, and 
that the reaction proceeded primarily to give cyclic product. 
The 140.8 g. of distillate was refluxed with a second portion 
of sodium ethoxide, and the reaction mixture worked up as 
described above to obtain the high-boiling residue. The com
bined high-boiling residue was hydrolyzed, decarboxylated, 
and esterified to give a 49% yield of diethyl adipate, b.p. 
12679 mm., n”  1.4259.

1,2-Dibromoethane to adipyl chloride. The reaction was 
carried out as described above to obtain diethyl adi
pate. After the high-boiling residue was hydrolyzed and 
decarboxylated, the residue was refluxed with thionyl chlo
ride. Much solid was formed and only a 25% yield (based on 
dibromide) of adipyl chloride was obtainable. It was clear 
that the preferred w;ay to get the adipic acid from the reac
tion mixture was by esterification.

B erk eley  4, C a lif .

[Co n tribution  from  th e  D epa rtm en t  of C hem istry  of th e  U n iversity  of N orth  C a rolina]

T h e P reparation  and  R eaction  o f  Som e  
S u b stitu ted  B enzotrifluorides

T. C. FRAZIER,1 C. ROBERT W ALTER, J r . , '  a n d  R. L. M cK E E 2

Received August 22, I960

The preparation of several substituted benzotrifluorides is described, and a few reactions of these benzotrifluorides are 
noted.

Ill connection with some other work in these 
laboratories it became of interest to study the 
properties and synthesis of several amino and 
acctamido derivatives of benzotrifluoride having 
an ether function. Accordingly the synthesis of the 
isomers 3-amino-4-ethoxybenzotrifluoride (III) and
5-amino-4-ethoxybenzotrifluoride and their cor
responding acetyl derivatives was undertaken.

4-Chloro-3-nitrobenzotrifluoride (I) was treated 
with ethanolic potassium hydroxide to give 4- 
ethoxy-3-nitrobenzotrifluoride (II), which was con
verted to III by reduction. The corresponding 
acetyl derivative V was formed directly from III 
and by reductive acetylation from II. A similar 
sequence starting from 2-chloro-5-nitrobenzotri- 
fluoride yielded 5-amino-3-ethoxybenzotrifluoride

(1) Present address: Allied Chemical Corp., Nitrogen 
Division, Hopewell, Va.

(2) Present address: Chemistry Department of the Uni
versity of North Carolina, Chapel Hill, N.

and its acetyl derivative, 5-acetamido-2-ethoxyben- 
zotrifluoride. The structure of the intermediate 
nitro compounds II and 2-ethoxy-ü-nitrobenzotri- 
fluoride was demonstrated by hydrolysis to the
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corresponding hydroxy acids IV and 2-hydroxy-5- 
nitrobenzoic acid using 100% sulfuric acid.3

In another procedure 5-acetamido-2-nitrobenzo- 
trifluoride4 5 was reduced to 5-acetamido-2-amino- 
benzotrifluoride, but attempted replacement of 
the 2-amino group with the ethoxide group by 
diazotization followed either by heating or treat
ment with ethanol and copper, resulted only in 
elimination of the amino group to give 3-acetami- 
dobenzotrifluoride. The previously unknown inter
mediate, 5-acetamido-2-aminobenzotrifluoride, was 
hydrolyzed to the known 2,5-diaminobenzotri- 
fluoride.6

In connection with the conversion of 2-chloro-5- 
nitrobenzotrifluoride to 2-ethoxy-5-nitrobenzotri- 
fluoride, the use of sodium ethoxide in ether gave a 
different compound the elemental analysis of which 
corresponded to 4,4'-dinitro-2,2'-bis(trifluoro- 
methyl)diphenyl ether (VI). The use of potassium 
hydroxide in isopropyl alcohol also gave VI. 
Although rigorous structural proof was not carried 
out, the infrared absorption spectrum is consistent 
with this structure.

EX PER IM EN TA L

Materials. 4-Chloro-3-nitrobenzotrifluor.de and 2-chloro-
5-nitrobenzotrifluoride were supplied by the Hooker Chemi
cal Corp.

4-Ethoxy-5-nitrobenzotrifluoride (II). A solution of 22.5 g. 
(0.10 mole) of 4-chloro-3-nitrobenzotrifluoride (I) in absolute 
ethanol (60 cc. total volume) was added during 1  hr. to a 
solution of 300 cc. of absolute ethanol containing 5.6 g. of 
potassium hydroxide. After refluxing 72 hr. the ethanol was 
removed at reduced pressure, and inorganic salts were 
removed by slurrying the residue with ethyl ether and filter
ing. An oily-crystalline slurry was obtained upon evaporation 
of the ether. Purification was effected by dissolving the resi
due in petroleum ether (b.p. 60-90°) and treating with de
colorizing charcoal to give 19.9 g. (84.6%) of light yellow 
crystals II, m.p. 31-32°. An analytical sample of II was pre
pared by recrystallizing from petroleum ether (b.p. 60-90°) 
and distilling under reduced pressure, 110-112°/4 mm. 
giving white crystals, m.p. 30-31°.

Anal. Calcd. "for CsH8F3N 03: C, 45.95; H, 3.43; N, 5.96. 
Found: C, 45.81; H, 3.45; N, 5.94.

8-Amino-4-ethoxybenzotrifluoride (III). Method A. To a 
solution of 7.05 g. (0.03 mole) 4-ethoxy-3-nitrobenzotri- 
fluoride (II) dissolved in a solution of 10 cc. of ethanol and 
30 cc. of coned, hydrochloric acid was added 15.0 g. of mossy 
tin at a rate to give a brisk reaction. The reaction mixture 
was refluxed for 1  hr., then made basic to litmus with sodium 
hydroxide. Steam distillation of the mixture gave 5.5 g. 
(89%) III, m.p. 50.0-52.5°.

Method B. To a mixture of 20.0 g. of iron powder, 3.0 g. 
of ammonium chloride and 300 cc. of water was added

(3) LeFave, G. M., /. Am. Chem. Soc., 71, 4148 (1949).
(4) Jones, R., J. Am. Chem. Soc., 69, 2346 (1947).
(5) Rouche, H., Bull. act. acad. roy. Belg., 13, 346 (1927);

Chem. Abstr., 2 2 , 2149 (1928).

during 30 min. a solution of 20 g. (0.085 mole) of 4-ethoxy-3- 
nitrobenzotrifluoride (II) dissolved in 150 cc. of methanol. 
After refluxing the mixture for 4 hr. a white crystalline 
product was collected by steam distillation. After cooling 
the distillate, filtering and drying, 11.7 g. (67%) III was 
obtained.

An analytical sample was obtained by recry^stallizing 
crude III from petroleum ether (b.p. 60-90°) giving white 
crystals, m.p. 51.4-52.5°.

Anal. Calcd. for C sH ^ N O : C, 52.68; H, 4.91; N, 6.83. 
Found: C, 52.52; H, 4.76; N, 6.87.

4- Hydroxy-3-nitrobenzoic Acid (IV). A mixture of 2.35 g. 
(0.01 mole) of 4-ethoxy-3-nitrobenzotrifluoride (II) and
l . 0  g. of 1 0 0 % sulfuric acid was heated in an oil bath until 
evolution of gas ceased. The reaction mixture was poured on 
ice and the product collected by filtration. Recrystallization 
of the product from water and treating with decolorizing 
charcoal gave 1.2 g. of IV, m.p. 183-185° (lit . , 8 m.p. 184°).

The ethyl ester was prepared by reacting IV with ethanol 
in the presence of concentrated sulfuric acid. Upon recrystal
lization from ethanol-water a yellow solid was obtained,
m. p. 69-70° (lit . , 7 m.p. 69°).

5- Acetamido-4-ethoxybenzolrifluoride (V). Method A. To a 
solution of 7.05 g. (0.03 mole) of 4-ethoxy-3-nitrobenzotri- 
fluoride (II) in 30 cc. of acetic anhydride was added ca. 
25 mg. of platinum oxide and reduction effected in a Parr low 
pressure hydrogenation apparatus at 59 p.s.i.g. The catalyst 
was removed by filtration and the filtrate heated for 30 
min. on a steam cone. Four volumes of ice water were added 
and 3 g. (40%) of V as white crystals was obtained upon 
filtration and drying, m.p. 110-113°.

Method B. To a suspension of 4.98 g. (0.025 mole) of 3- 
amino-4-ethoxybenzotrifluoride (III) and 2 . 1  cc. of coned, 
hydrochloric acid in 100 cc. of water, heated at 50°, was 
added 2.91 g. (0.03 mole) of acetic anhy'dride. Immediately 
thereafter a solution of 3 g. sodium acetate in 20 cc. of water 
was added. On cooling to 0° the product separated and was 
collected by filtration. Recry^stallization from ethanol-water 
gave 4.0 g. (54%) of V ; further recrystallization from ethanol 
water gave white crystals, m.p. 113.5-114.7°.

Anal. Calcd. for C 11H 12F 3NO2 : C, 53.44; H, 4.89; N, 5.65. 
Found: C, 53.23; H, 4.59; N, 5.73.

S-Ethoxy-5-nitrobenzotrifluoride. A solution of 45.10 g. 
(0.20 mole) of 2-chloro-5-nitrobenzotrifluoride in 225 cc. of 
absolute ethanol was added during 1  hr. to a solution of 1 1 . 2  

g. of potassium hydroxide in 250 cc. of absolute ethanol. 
After stirring at room temperature 24 hr. the mixture was 
heated at 50° for 12 hr. followed by 24 hr. of refluxing. In
organic salts were removed by filtration and the filtrate 
concentrated under reduced pressure to ca. 60 cc. Upon 
cooling the solution the crude product separated and was 
collected by filtration. Recrystallization from ethanol- 
ŵ ater gave 19.5 g. (41.5%) of 2-ethoxy-5-nitrobenzotri- 
fluoride, m.p. 47.5-49.5°, b.p. 106-108°/3 mm.

Anal. Calcd. for C 9H8F 3N 03: C, 45.95; Id, 3.43; N, 5.96. 
Found: C, 45.65; H, 3.59; N, 5.86.

5-Amino-S-ethoxybenzotriflv.oride. Method A. Same as 
Method A used for III. The crude product weighed 5.3 g. 
(8 6 %). Recrystallization from 95% ethanol gave 5-amino-3- 
ethoxybenzotrifluoride as a white crystalline solid, m.p. 
55-56°.

Method B. Same as Method B used for III. Quantities of 
reagents used were, 9.0 g. (0.039 mole) of 2-ethoxy-5-nitro- 
benzotrifluoride, 1 0 0  cc. of methanol, 2 0  g. of iron powder, 
3 g. of ammonium chloride, and 100 cc. of water. The crude 
product 5-amino-3-ethoxybenzotrifluoride weighed 5.1 g. 
(67.8%). Recrystallization from 95% ethanol (decolorizing 
charcoal) gave white crystals, m.p. 55.5-56.4°.

Anal. Calcd. for C»H10F3NO: C, 52.68; H, 4,91; N, 6.83. 
Found: C, 52.49; H, 4.84; N, 6.84.

(6 ) Cavili, G. W. K., J. Soc. Chem. Ind., 64, 212 (1945).
(7) Thieme^P., J. fur. Prakt. Chem. (2), 43, 453 (1891).
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S-Hydroxy-B-niirobenzoic acid. Same as procedure used for
IV. There was obtained 1.8 g. of the crude acid. The acid 
was purified by recrystallizing from water {decolorizing char
coal) m.p. 225-229° (lit . , 8 m.p. 227°, 229-230°). The ethyl 
ester prepared as before, was recrystallized from ethanol- 
water, m.p. 96-97° (lit. , 9 m.p. 102°).

5-Acetamido-2~ethoxybenzotrifluoride. Method A. Same as 
Method A, used for V. Recrystallization of the product 
from ethanol-water gave 4.2 g. (57%) of 5-acetamido-2- 
ethoxybenzotrifluoride as white crystals, m.p. 137.5-139.0°.

Method B. Same as Method B, used for V. Recrystalliza
tion of the product from ethanol-water (decolorizing char
coal) gave 4.8 g. (65%) of 5-acetamido-2-ethoxybenzotri- 
fluoride as white crystals, m.p. 138.0-139.0°.

Anal. Calcd. for C 11H12F 3NO2 : C, 53.44; H, 4.89; N, 5.65. 
Found: C, 53.48; H, 4.93; N, 5.67.

B-Acetamido-S-aminobenzotrifluoride. Method A. A solu
tion of 30.0 g. (0.12 mole) of 5-acetamido-2-nitrobenzotri- 
fluoride in 2 0 0  cc. of ethanol was added dropwise during 1  hr. 
to a boiling mixture of 25.0 g. of iron powder, 3.0 g. of am
monium chloride, and 250 cc. of water. After refluxing the 
reaction mixture for 4 hr. the hot mixture was filtered. The 
product was removed from the cooled filtrate by several 
ether extractions. After drying the ether extract over an
hydrous magnesium sulfate the ether was removed by evap
oration giving 15.0 g. (57%) of crude product. Several re- 
crystallizations from benzene gave 5-acetamido-2-aminoben- 
zotrifluoride as white crystals, m.p. 118-119°.

Method B. To a solution of 6.2 g. (0.025 mole) of 5-aceta- 
mido-2-nitrobenzotrifluoride in 50 cc. of methanol ca. 25 
mg. of platinum oxide was added. Reduction was effected 
in a Parr low pressure catalytic hydrogenation apparatus at 
60 p.s.i.g. After removal of the catalyst by filtration, the 
filtrate was evaporated to near dryness. The product was 
purified by reerystallization from benzene giving 4.0 g. 
(76%) of 5-acetamido2-aminobenzotrifluoride as tan crystals 
m.p. 116-118°.

Anal. Calcd. for C 9H 8FsN 20: C, 49.54; H, 4.16; N, 12.85. 
Found: C, 49.29; H, 4.00; N, 13.04.

(8 ) Causse, M. H., Bull. Soc., Chem. Fr., 1 1 , 1188 (1894).
(9) Thieme, P., op. cit., p. 469.

5-Acetamido-2-aminobenzotrifluoride was hydrolyzed in 
the presence of hydrochloric acid. Neutralization of the 
acid solution gave 2,5-diaminobenzotrifluoride, m.p. 55-57°, 
(lit. , 10 m.p. 58°).

Diazotization of 5-acetamido-2-aminobenzotrifluoride, sul
furic acid and sodium nitrite, followed by reduction with cop
per in the presence of ethanol or by heating, gave 3-acetami- 
dobenzotrifluoride, m.p. 103-104° (lit., 11 * 45 m.p. 105°).

4,4'-Dinitro-%,2'-bis(trifluoromethyl)diphenyl ether (VI) 
Method A. A solution of 22.55 g. (0.1 mole) of 2-chloro-5- 
nitrobenzotrifluoride in 50 cc. of absolute ethyl ether was 
added to an etheral suspension of 8.15 g. of sodium ethylate. 
After refluxing the heterogeneous reaction mixture 34 hr. 
8  g. of starting material was recovered by steam distillation. 
The residual mixture from the steam distillation was fil
tered and the solid product recrystallized several times from 
absolute ethanol (decolorizing charcoal) gave 5.5 g. (14%) of 
VI light cream-colored needles, m.p. 140-141°.

Method B. A solution of 22.55 g. (0.1 mole) of 2-chloro-5- 
nitrobenzotrifluoride in 150 cc. of absolute isopropyl alcohol 
was added to a solution of 14.0 g. of potassium hydroxide 
dissolved in 200 cc. of absolute isopropyl alcohol. After 
agitating the solution 4 hr. at room temperature, the mix
ture was refluxed 1 hr. Isopropyl alcohol was removed by 
distillation leaving ca. 1 0 0  cc. of the reaction mixture. 
After removing the inorganic salts by filtration an equal 
volume of ice and water was added to the filtrate. The solid 
product was collected by filtration. Product was purified by 
recrystallization from 95% ethanol giving 4.5 g. (11% ) VI. 
The product had the same melting point as that prepared 
by Method A and there was no depression when the two 
were mixed.

Anal. Calcd. for C,4H6F 6N 20 6: C, 42.44; II, 1.53; N, 7.07. 
Found: C, 42.35; H, 1.56; N, 7.09.

H o p e w e l l , V a .

(10) Rouche, op. cil.
(11) Brown, J. H., Suclding, C. W., and Whalley, W. B., 

J. Chem. Soc., 1949 (Suppl. Issue No. 1), S95-99 (1949).

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , U n i v e r s i t y  o f  M i s s o u r i ]

S u b stitu ted  S tyren es. VI. S yn th eses o f  th e  Isom eric F orm ylstyrenes and
o - and m -V in y lb en zo ic  Acid

W ESLEY J. DALE, LEON STARR, a n d  CHARLES W. STROBEL

Received September SO, 1960

Laboratory methods have been devised for the preparation of 0 -, m-: and p-formylstyrene and for o~ and m-vinylbenzoic 
acid.

In a continuation of studies1 concerning the 
preparation, absorption spectra and reactions of 
substituted styrenes, syntheses were devised for 
the isomeric formylstyrenes and for 0- and m- 
vinylbenzoic acid.

(1) W. J. Dale and C. W. Strobel, J. Am. Chem. Soc., 76, 
6172 (1954); W. J. Dale and G. Buell, J. Org. Chem., 21,
45 (1956); W. J. Dale and H. E. Hennis, J. Am. Chem. 
Soc., 80, 3645 (1958); W. J. Dale and H. E. Hennis, J. Am. 
Chem. Soc., 81, 2143 (1959); W. J. Dale and P. E. Swartzen- 
truber, J. Org. Chem., 24, 955 (1959). •

Wiley and Hobson2 have reported the prepara
tion of p-formylstyrene by the decarboxylation of 
p-formylcinnamic acid. Impure m-formylstyrene 
was obtained by the same method but attempts 
to prepare the ortho isomer by the decarboxylation 
of o-formylcinnamic acid afforded only 1-indanone. 
Morris and co-workers3 have observed that a

(2) R. H. Wiley and P. H. Hobson, J. Am. Chem. Soc., 
71, 2429 (1949).

(3) L. R. Morris, R. A. Mock, C. A. Marshall, and J. H. 
Howe, J. Am. Chem. Soc., 81, 377 (1959).
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Sommelet reaction performed on a mixture of
o- and p-vinylbenzyl chlorides resulted in a mixture 
of o- and p-formylstyrenes.

In the present study, o-formylstyrene was pre
pared from 2,3-dihydroisoquinoline by reaction 
with dimethyl sulfate in sodium hydroxide solution,4 5 
a general method of cleavage employed by Gensler6 
for a variety of o-acylstyrenes.

CH2CH2NCHO

(CHŝSCXi

V ^ N
82%

NaOH
heat

The preparation of 3,4-dihydroisoquinoline in 
low yield by a similar reaction has been reported 
previously.6 However, by using a slight modifi
cation of the method of Snyder and Werber (heating 
at 166° for three hours rather than at 145° for 
an hour and a half), this compound was obtained 
in 82% yield from A%3-phenylethylformamide. 
The extent of formation of o-vinylbenzoic acid 
from the aldehyde during the reaction in strongly 
basic solution was negligible when the reaction 
temperature was maintained below 85°.

o-Formylstyrene was also prepared in this study 
in 66% yield by reaction of the Grignard reagent 
from o-bromostyrene with dimethylformamide in 
tetrahydrofuran solution, a modification of the 
Bouveault reaction for aromatic .aldehydes, as 
described by Smith and Bayliss.7

The para, isomer was obtained in a similar way in 
55% yield from the reaction of p-vinylphenylmag- 
nesium chloride8 with dimethylformamide. The 
reactions of p-vinylphenylmagnesium chloride with 
Af-methylformanilide and with ethyl orthoformate 
were also investigated as possible routes to p- 
formylstyrene. However, the iV-methylformanilide 
was difficult to remove from the impure styrene

(4) The preparation of o-formylstyrene is taken from a 
portion of a thesis submitted by C. W. Strobel in partial 
fulfillment of the requirements for the Ph.D. degree, 
University of Missouri, 1956.

(5) W. J. Gensler, E. M. Healy, I. Onshuus, and A. J. 
Bluhm, J. Am. Chem. Soc., 78, 1713 (1956).

(6) H. R. Snyder and F. X. Werber, J. Am. Chem. Soc., 
72,2962 (1950).'

(7) L. I. Smith and M. Bayliss, J. Org. Chem., 6, 437 
(1941).

(8) J. R. Leebrick and H. E. Ramsden, J. Org. Chem., 23,
935 (1958).

and the product from the reaction with ethyl 
orthoformate, after hydrolysis in acid solution, 
consisted mostly of polymer.

ra-Formylstyrene was prepared in 71% yield 
from m-vinylphenylmagnesium bromide in a man
ner similar to the above preparations for the ortho 
para isomers. I t is noteworthy that the attempted 
preparation of m-vinylphenylmagnesium chloride 
from m-chlorostyrene gave only polymer, whereas 
the Grignard reagent formed satisfactorily from 
p-chlorostyrene. The preparation of the Grignard 
reagent from m-bromostyrene using either dry 
ether or tetrahydrofuran as solvent was successful. 
However, with ether as solvent, the yield of m- 
formylstyrene was lower (52%) than with tetra
hydrofuran as solvent (71%) and there was diffi
culty in initiating the Grignard reaction.

The o- and m-vinylbenzoic acid were obtained in 
94 and 83% yields, respectively, by carbonation 
of the Grignard reagents derived from o- and m- 
bromostyrene.

EX PER IM EN TA L9

3,4-Dihydroisoquinoline. This compound was prepared by 
a modification of the method of Snyder and Werber.6 Into 
a 1-1. round bottomed flask, equipped with a Hershberg 
stirrer, were placed 500 ml. of polyphosphoric acid and 250 
g. (1.68 moles) of iV-/S-phenylethylformamide.10 The mixture 
was warmed to 120° and stirring was begun. The tempera
ture was raised slowly to 166° and maintained at this 
level, with vigorous stirring, for 3 hr. The mixture was then 
poured onto 2 1. of cracked ice and water and stirred until 
all the polyphosphoric acid had dissolved. Sodium hydroxide 
and ice were added alternately to the cold solution until 
it was strongly basic. The mixture was then extracted with 
four 250-ml. portions of ether and the combined extracts 
were dried over sodium sulfate. The solvent was removed 
under reduced pressure and the residue was distilled. There 
was obtained 181 g. (82%) of 3,4-dihydroisoquinoline, b.p. 
69-72° (2 mm.), n2£  1.5910; m.p. of picrate, 179-181°; 
lit.,6 m.p. 176-177°.

o-Formylstyrene from 3,4-dihydroisoquinoline. Into a 2-1. 
round bottomed flask, equipped with a stirrer and condenser, 
were placed 300 g. of sodium hydroxide and 1200 ml. of 
water. Stirring was begun and the temperature was raised to 
70°. Fifty grams (0.382 mole) of 3,4-dihydroisoquinoline 
was added, after which 150 ml. of dimethyl sulfate was 
added slowly, with stirring. The mixture was stirred for 
2 hr. at a temperature of 82-85°. It was then cooled, ex
tracted with three 150-ml. portions of ether, washed five times 
with dilute hydrochloric acid, twice with water, twice with 
saturated sodium carbonate solution, and dried over mag
nesium sulfate. The ether was removed by distillation and 
distillation of the residue yielded 30 g. (60%) of o-formyl
styrene, b.p. 113-115° (18 mm.); n2D° 1.5829.

Anal. Calcd. for CgHsO: C, 81.79; H, 6.10. Found: C, 
81.46; H, 6.04. Semicarbazone, white needles from ethanol; 
m.p. 190-191°.

Anal. Calcd. for C i0HhN3O: C, 63.47; H, 5.86. Found: 
C, 63.13; H, 5.79. 2,4-Dinitrophenylhydrazone, orange 
needles from ethanol; m.p. 197-198°.

Anal. Calcd. for C16H12N,04: C, 57.69; H, 3.87. Found: C, 
57.82; H, 4.00.

(9) All melting points are uncorrected. The carbon and 
hydrogen analyses were performed by Drs. Weiler and 
Strauss of Oxford, England.

(10) H. Dgcker, Ann., 395, 286 (1913).
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o-Formylstyrene from o-bromostyrene. o-Bromostyrene was 
prepared from o-bromophenylmethylearbinol11 by the 
method of Emerson and Lucas, 12 b.p. 60-61° (3 mm.), n2D5 

1.5985; lit . , 13 b.p. 65° (4 mm.), n 2D5 1.5983. The Grignard 
reagent prepared from 18.6 g. (0 . 1  mole) of o-bromostyrene 
and 2.4 g. (0.1 g.-atom) of magnesium turnings in 150 ml. 
of tetrahydrofuran was cooled to 2 0 °; a solution of 6 . 8  g. 
(0.1 mole) of dimethylformamide in 50 ml. of tetrahydro- 
furan was then added dropwise over a 0.5-hr. period. The 
reaction mixture was stirred for 2  hr. after the addition 
was complete and then was allowed to remain overnight 
under a nitrogen atmosphere. The mixture was hydrolyzed 
with saturated ammonium chloride solution, the layers were 
separated and the aqueous layer was extracted twice with 
50-ml. portions of ether. The extracts were combined and 
dried over magnesium sulfate. After removal of the solvent 
under reduced pressure, the residue was distilled; yield, 8 . 8  

g. (6 6 %) of e-formylstyrene, b.p. 70-75° (1 mm.), w2D° 
1.5827.

Preparation of p-Formylstyrene. A solution of 14.6 g. 
(0 . 2  mole) of dimethylformamide in 1 0 0  ml. of dry tetra
hydrofuran was added dropwise over a 1  hr. period to a 
solution of p-vinylphenylmagnesium chloride8 (0 . 2  mole, 
from 27.6 g. p-chlerostyrene and 4.9 g. of magnesium) in 
150 ml. of tetrahydrofuran. The temperature was maintained 
at 2 0 ° during the addition; higher temperatures resulted in 
polymer formation and lower yields. The reaction mixture 
was stirred for 2  hr. and then allowed to remain overnight 
under a nitrogen atmosphere. The product was hydrolyzed 
with saturated ammonium chloride solution and the layers 
were separated. The aqueous layer was extracted three times 
with 50-ml. portions of ether; the extracts were combined and 
dried over magnesium sulfate. The solvent was removed 
under reduced pressure and the residue was distilled. The 
fraction distilling at 75-80° (1 mm.) was collected; yield,
14.4 g. (55%), r% 3 1.5892; lit . , 2 b.p. 92-93° (14 mm.), n2D5 

1.5872.
The 2,4-dinitrophenylhydrazone of p-formylstyrene was 

prepared in the usual manner, m.p. 235-236°.
Anal. Calcd. for C i5H 12N40 4: C, 57.69; H, 3.87. Found: 

C, 57.33; H, 3.93.
Attempts were made to prepare p-formylstyrene from the 

reaction of p-vinylphenylmagnesium chloride with N- 
methylformanilide in dry tetrahydrofuran solution. The 
infrared spectrum of the impure product showed the 
presence of p-formylstyrene and unchanged M-methylform- 
anilide. The mixture could not be separated satisfactorily 
by distillation and the procedure was abandoned.

In another experiment, p-vinylphenylmagnesium chloride 
and ethyl orthoformate in tetrahydrofuran were refluxed for 
1 hr. Hydrolysis of the product with dilute sulfuric acid

(11) C. G. Overberger, J. H. Saunders, R. E. Allen, and 
R. Gander, Org. Syntheses, Coll. Vol. I l l ,  200 (1955).

(12) W. S. Emerson and V. E. Lucas, J. Am. Chem. Soc., 
70, 1180 (1948).

(13) C. S. Marvel and N. S. Moon, J. Am. Chem. Soc ,
62, 47 (1940).

apparently caused polymerization of any p-formylstyrene so 
formed.

Preparation of m-formylslyrene. m-Bromostyrene was pre
pared from m-bromoplienylmethylearbinol11 using the de
hydration method of Emerson and Lucas. 12 Magnesium (5.5 
g., 0.23 g.-atom) was placed in a three necked flask equipped 
with stirrer, reflux condenser, and dropping funnel, m- 
Bromostyrene (36.6 g., 0.2 mole) in 150 ml. dry tetrahydro
furan was then added dropwise, over a period cf 1.5 hr., 
while nitrogen gas was bubbled through the solution; 
the temperature throughout the addition was 65° and this 
temperature was maintained for one-half hour after addition 
was complete. The mixture was stirred for an additional 
hour without heating and then cooled to 20°. While this 
temperature was maintained, a solution of 14.6 g. (0.2 mole) 
of dimethylformamide in 1 0 0  ml. of tetrahydrofuran was 
added dropwise to the Grignard reagent. The reaction mix
ture was stirred for 2  hr. after the addition was complete and 
then was allowed to remain overnight under nitrogen. The 
solution was poured onto cracked ice and hydrolyzed with 
saturated ammonium chloride solution. The layers were 
separated and the aqueous layer was extracted twice with 50- 
ml. portions of ether; the extracts were combined and dried 
over magnesium sulfate. The solvent was removed under 
reduced pressure and the residue was distilled. The fraction 
distilling at 74-78° (1 mm.) was collected; yield, 18.6 g. 
(71%), n"D* 1.5760.

Anal. Calcd. for C 9HsO: C, 81.79; H, 6.1C. Found: 
C, 81.41; H, 6.16. A 2,4-dinitrophenylhydrazone was pre
pared in the usual manner, m.p. 229-230°.

Anal. Calcd. for C 15H 12N 4O4 : C, 57.69; H, 3.87. Found: C, 
57.45; H, 3.57.

m-Vinylbenzoic acid. The Grignard reagent prepared from
18.4 g. (0.1 mole) of m-bromostyrene and 2.4 g. (0.1 g.-atom) 
of magnesium in 1 0 0  ml. of tetrahydrofuran was cooled and 
poured onto crushed dry ice. The product was hydrolyzed 
with dilute hydrochloric acid, the layers were separated and 
the aqueous layer was extracted twice with 50-ml. portions 
of ether. The ether extracts were added to the original organic 
layer which was then stirred into a 2 0 %  sodium hydroxide 
solution. The ether layer was discarded, the aqueous layer 
was filtered to remove polymer and then was acidified with 
dilute hydrochloric acid. The crude acid which separated was 
collected on a filter and recrystallized from a 2 0 % ethanol- 
water solution; yield, 12 g. (83%) m.p. 95-96° (lit., 14 m.p.
95-96°).

Anal. Calcd. for C 9H 80 2: C, 72.96; H, 5.44. Found: C, 73.30; 
H, 5.63.

o-Vinylbenzoic acid. This compound was prepared from o- 
bromostyrene in a manner very similar to the above prepara
tion for the meta isomer; yield (94%), m.p. 94-95°.

Anal. Calcd. for C 9H8C>2 : C, 72.96; H, 5.44. Found: C, 
72.94; H, 5.19.

Columbia, Mo.

(14) R. H. Wiley and P. H. Hobson, J. Polymer Sci., 5, 
483 (1950).
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Using a previously described method, 9-mono- and dimethylphenyl-1,2-benzanthracenes were prepared and catalytically 
cyclodehydrogenated to give a series of new alkyl-substituted 1,2,3,4-dibenzopyrenes.

Recent studies on the environmental and health 
aspects of air pollution have unveiled the fact that 
the organic fraction of air pollutants contains 
polycyclic aromatic hydrocarbons,4 some of them 
known carcinogens, others unknown compounds.6 
This discovery has led some workers to associate 
the presence of polycyclic aromafcc compounds 
in air with the increase in the incidence of lung 
cancer. Shore and Katz5 have pointed out the 
difficulty of identifying small quantities of alkyl 
substituted polynuclear aromatic hydrocarbons 
of unknown structure suspected of being present 
in polluted air. We sought to alleviate this problem 
by preparing some methyl6 derivatives of 1,2,3,4- 
dibenzopyrene, a potent carcinogen discovered 
over twenty years ago7 and a likely air pollutant. 
Only the 7-methyl-8 and 5-phenyl7-l,2,3,4-dibenzo
pyrenes have been prepared previously.

An observation of Vingiello and Borkovec9 
made during a study of the aromatic cyclodehydra
tion of ketones to 9-ary 1-1,2-benzanthracenes (I) 
suggested the possibility of cyelodehydrogenating 
these compounds to 1,2,3,4-dibenzopyrenes (II).

The 9-mono- and dimethylphenyl-1,2-benzanthra
cenes (I) required for this study were synthesized

(1) Presented before the Division of Organic Chemistry 
at the Southeastern Regional Meeting or' the American 
Chemical Society, Birmingham, Ala., November 1960.

(2) This paper has been abstracted from the Doctorate 
thesis presented to the Virginia Polytechnic Institute by 
Walter W. Zajac in 1959.

(3) This investigation was supported in part by a research 
grant (S-73) from the Bureau of State Services (Division 
of Sanitary Engineering Services and Division of Special 
Health Services) of the National Institutes of Health, Public 
Health Service.

(4) J. Thomas, B. Tebbens, M. Mukai, and E. Sanborn, 
Anal. Chem., 29, 1835 (1957).

(5) V. Shore and M. Katz, Anal. Chem., 28, 1399 (1956).
(61 It is known that methyl groups may greatly enhance

the carcinogenic activity of aromatic polynuclear hydro
carbons.

(7) E. Clar, Ber., 63, 112 (1930).
(8) J. Cook and E. Kennaway, Am. J. Cancer, 33, 50

(1938).
(9) F. A. Vingiello and A. Borkovec, J. Am. Chem. Soc.,

77, 4823 (1955). During the purification of the 9-aryl-l,2-
benzanthracenes via column chromatography on alumina 
the following was reported. “ The occurrence of a yellow band 
on the chromatography column, when the eyclization 
product was chromatographed, suggests that a small amount 
of the dibenzopyrene is formed. Presumably the initial 
cyclodehydration reaction is followed by a small amount of 
cyclodehydrogenation.”

I. (a) R = R ' = H
(b) R = 2-CH3, R ' = H
(c) R  = 3 -CH 3, R ' = H
(d) R  = 4 -CH 3, R ' = H
(e) R  = 2-CHs, R ' = 3-CIR
(f) R = 2-CHa, R ' = 4-CHa
(g) R = 2 -CH 3 , R ' = 5 -CH 3

(h) R = 3-CHs, R ' = 4 -CH 3

(i) R = 3-CHj, R ' = 5 -CH 3

II. (a) R = R ' = H
(b) R = 4'-CH,, R ' = H
(c) R = 3'- or l'-CH ,, R ' = H
(dl R = 2'-CH3, R ' = H
(e) R  = 4'-CH3, R ' = 3'-CH3
(f) R  = 4'-CH3, R ' =  2'-CH3
(g) R  = 4'-CH3, R ' = l'-CH ,
(h) R = 3'- or l'-CH ,, R ' = 2'-CH,
(i) R = 3'-CH,, R ' = l'-CH ,

according to the procedure of Vingiello and Bor
kovec.9'10 Of all the benzanthracenes (Ia-Ii) in 
only two cases, namely, Ic and Ih, are the ortho
positions in the phenyl ring different, leading to the 
possibility of two isomeric products being formed 
by the loss of hydrogen. In Chart I the structures 
given for lie  and Ilh  list as the first possibility 
that structure resulting from loss of a hydrogen 
atom in the phenyl ring para to a methyl group in 
preference to loss of a hydrogen ortho to a methyl 
group.

The dehydrogenating activity of aluminum 
chloride has often been used in the preparation of 
highly condensed aromatic hydrocarbons. Un
fortunately, the reaction suffers because the yields 
are often low and isolation of the desired product 
is difficult. However, since Clar and Stewart11 
were able to effect cyclodehydrogenation of 9- 
phenyl-1,2-benzanthracene (la) to 1,2,3,4-dibenzo
pyrene (Ila) with aluminum chloride in boiling 
benzene, although in unspecified yield, the use 
of this reagent appeared to be an attractive ap
proach to the cyclodehydrogenation of the hydro
carbons Ib-Ii. Of the many different reagents

(10) F. A. Vingiello and A. Borkovec, J. Am. Chem. Soc., 
78, 1240 (1956).

(11) E. Clar^and D. Stewart, J. Chem. Soc., 687 (1951).
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studied we found aluminum chloride to be the most 
successful; therefore, its use is described in some 
detail in the experimental section of this paper.

With the exception of 9-(3,4-dimethylphenyl)~
1,2-benzanthracene (Ih), all the 9-(monomethyl- 
and dimethylphenyl)-l,2-benzanthracenes (Ib-Ii) 
can be cyclodehydrogenated to the corresponding 
monomethyl- and dimethyl-1,2,3,4-dibenzopyrenes 
(Ilb-IIi) with aluminum chloride in boiling ben
zene. The yields are low, ranging from 23% to 
2% (see Table I), but typical of those obtained from 
cyclodehydrogenation reactions.

TABLE I

9-(Phenyl)-l,2-
benzanthracenes

(I)

Yield of the 
1,2,3,4-Dibenzopyrenes 

(II)

lb. R = 2-CHs, R ' = H 19% lib  (R = 4'-C H a, R ' = 
H)

Ic. R = 3-CHj, R ' = H 13% lie  (R = 3'-C H s, or 
l'-C H j, R ' = H)

Id. R  = 4-CH,, R ' = H 17% lid  (R =  2'-CH 3, R ' = 
H)

Ie. R  = 2-CHb, R ' = 23% He (R = 4'-C H 3, R ' =
3-CH3 3'-C H s)

If. R  = 2-CHj, R ' = 2% I lf  (R = 4 '-C H s, R ' =
4-CH3 2-C H j)

lg. R = 2-CH3, R ' = 3%  Ilg  (R = 4'-C H „ R ' =
5-CHs l'-CHa)

Ih. R = 3-CHa, R ' = No dibenzopyrene could be
4 -CH 3 isolated

Ii. R  = 3-CHs, R ' = 2%  Ili (R = 3'-C H 3, R ' =
5-CIL l'-C H ,)

A rather large variety of reagents and reaction 
conditions were tried in an attempt to improve the 
yields, but to no avail. The following known re
agents and reaction conditions were tried: alumi
num chloride in boiling carbon disulfide,12 alumi
num chloride in boiling p-cymene,13 aluminum 
chloride-sodium chloride melt.,14 15 anhydrous ferric 
chloride in boiling benzene, anhydrous stannic 
chloride in boiling benzene, anhydrous aluminum 
chloride-anhjidrous stannic chloride in boiling 
benzene,16 phosphorus oxychloride in boiling ben
zene, palladium-charcoal at 350°, palladium-char
coal in boiling p-cymene, and sulfur at 325° 
(5 mm.).

(12) L. Ruzicka and H. Hosli, H elv . C h em . A c ta , 17, 
470 (1934); L. Ruzicka and K. Hoffman, H elv . C h em . 
A c ta , 2 0 , 1155 (1937); L. Ruzicka and E. Morgeli, H elv . 
C h em . A c ta , 19, 377 (1936); L. Ruzicka and Iv. Hoffman, 
H elv  C h em . A c ta , 22, 126 (1939); L. Ruzicka and R. Markus, 
H elv . C h em . A c ta , 23, 385 (1940); J. Cook, C. Ilewett, W. 
Mayeord, and E. Roe, J .  C h e m . S o c ., 1727 (1934); J. Cook 
and C. Heivett, J .  C h e m . S o c ., 365 (1934); J. Cook and C. 
Hewett, J .  C h e m . S o c ., 1098 (1933): Ng. Buu-Hoi, Ng. 
Hoan, and P. Jacquignon, J .  C h em . S o c ., 1381 (1951).

(13) R. Linstead and K. Michaelis, J .  C h em . S o c ., 1134
(1940).

(14) R. Weitzenbock and C. Seer, B e r . ,A 6 ,  1994 (1913);
H. Reimlinger and A. van Overstraeten, C h e m . B e r ., 91, 
2151 (1958).
(15) E. Clar and M. Zander, C h em . B e r ., 1861 (1958).

All the mono- and dimethyl-1,2,3,4-dibenzo
pyrenes (Ilb-IIi) prepared in this investigation, 
crystallize as tiny yellow needles with melting 
points around 200°. They all can be readily sub
limed at low pressures (0.10 mm.). The 1,2,3,4- 
dibenzopyrenes are slightly soluble in ethanol and 
in acetic acid, readily soluble in benzene, in 
toluene, and in xylene, and very soluble in nitro
benzene. In solution the dibenzopyrenes possess 
a brilliant yellow-green fluorescence. The dibenzo
pyrenes dissolve in concentrated sulfuric acid 
imparting a claret color to the solution which 
changes to an olive green color within a minute. 
Picrates of Ila-IId  were prepared and melted as 
follows: Ila, 231-232°; lib , 226-227°; He, 220- 
221°; lid, 217-218°.

The ultraviolet absorption spectra and the visible 
absorption spectra of the dibenzopyrenes were ob
tained using a Perkin-Elmer model 3000 Spectra- 
cord (1-cm., quartz cell) at a concentration of 5 
mg. per liter for the ultraviolet spectra and 10 
mg. per liter as the concentration for the visible 
spectra. The solvent was 95% ethanol. It is well 
established that a bathochromic shift is observed 
most characteristically in the spectra of alkyl 
derivatives of polynuclear aromatic hydrocarbons.16 
The wave-length maxima of the dibenzopyrenes
(II) are recorded in Table II. I t can be seen from 
these data that the expected bathochromic shift 
was observed.

TABLE II

A b s o r p t io n  M a x im a  o f  t h e  1 ,2 ,3 ,4 -D ib e n z o p y f .e n e s  (II) 

Wave Length in m y.

Ila lib lie lid He Ilf II? Hi

240 243 244 244 244 243 243 244
253 254 253 256 256 255 254 253
261 263 263 263 264 263 263 264
271 272 273 272 273 271 271 272
289 28S 289 288 288 287 289 287
301 298 298 297 300 298 30: 299
315 315 314 315 318 312 314 317
330 330 329 329 333 328 329 332
359 360 361 362 358 358 356 356
379 378 378 379 380 379 375 378
401 399 400 399 401 400 399 399

Although incomplete at this time, the carcino
genic activity tests being conducted by Dr. W. F . 
Dunning, Prof. Exper. Pathology, Cancer Research 
Laboratory, University of Miami, on 2'-methyl- 
1, 2,3,4-dibenzopyrene (lid) reveal that this com
pound is a potent carcinogen.

E X PE R IM E N T A L 17' 18' 19

C yc lo d eh yd ro g en a tio n  o f  9 - (4 -m e th y lp h e n y l) - l ,S i-b e n za n th r a 
cene  (Id). A. A lu m in u m  ch lo r id e  a n d  benzene . Six grams of

(16) R. Jones, J .  A m .  C h em . S o c ., 6 7 , 2127 (1945).
(17) All melting points are corrected.
(18) All analyses were carried out by Geller Micro- 

analytical Laboratories, Bardonia, N. Y.
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anhydrous aluminum chloride was added to a solution of
1.0 g. of 9-(4-methylphenyl)-l,2-benzanthracene (Id) in 
GO ml. of anhydrous benzene. The mixture was heated on a 
steam bath for 2 hr. The mixture was allowed to cool to 
room temperature and then decomposed with 100 ml. of a 
10% hydrochloric acid solution. The orange organic layer 
which possessed a brilliant yellow-green fluorescence was 
separated. The aqueous layer was extracted with five 25-ml. 
portions of fresh benzene and the combined benzene ex
tracts were washed twice with water and dried over anhyd. 
magnesium sulfate. The solvent was removed until only 
an oil remained. This oil was dissolved in 5 ml. of benzene 
and chromatographed on a column packed with Fisher’s 
Alumina (80-200 mesh). The first fraction was eluted with 
petroleum ether (b.p. 30-60°) and possessed a blue fluores
cence under ultraviolet radiation (3660 A). Unfortunately 
the time required to remove this band was about 1 week. After 
this fraction was removed, the yellow band which remained on 
the column was eluted with benzene (500 ml. of benzene was 
required to remove this band). Concentration of the benzene 
solution yielded a red oil which was triturated with ca. 20 
drops of ethyl acetate. The expected 2'-methyl-l,2,3,4- 
dibenzopyrene (lid) crystallized as a yellow solid, m.p. 
208-209°; yield, 0.17 g. (17%). The hydrocarbon was recrys
tallized from a benzene-ethanol mixture as tiny yellow 
needles, m.p. 210-211°.

An analytical sample was prepared by sublimation (0.1 
mm.) followed by recrystallization of the sublimate from a 
mixture of benzene and ethanol. The melting point remained 
unchanged.

Anal. Calcd. for C25H16: C, 94.90; H, 5.09. Found: C, 
95.21; H, 5.02.

The other cyclodehydrogenations using aluminum chlo
ride were carried out in a similar fashion. The new dibenzo
pyrenes are listed in Table III together with their respective 
melting points and analytical data.

TABLE III 

N e w  D i b e n z o p y r e n e s

Hydro
carbon M.P.

Carbon, % Hydrogen, %
Calcd. Found Calcd. Found

lib 206-207 94.90 94.90 5.09 4.86
lie 213-214 94.90 94.84 5.09 4.90
lid 210-211 94.90 95.21 5.09 5.02
He 201-202 94.50 94.40 5.49 5.77
Ilf 198-199 94.50 94.78 5.49 4.88
Hg 207-209 94.50 94.75 5.49 4.82
Hi 215-216 94.50 94.85 5.49 4.79

Of the great number of experiments using various reagents 
and reaction conditions which were tried in unsuccessful 
attempts to cyclodehydrogenate the benzanthracenes (I) 
only the following appear worthy of mention. 19

(19) The chromatographic separations were all done on a 
column 18 mm. X 370 mm. wet packed (30-60° petroleum 
ether) with Fisher’s adsorption alumina, 80 200 mesh.

B. Stannic chloride and benzene. Ten grams of anhydrous 
fuming stannic chloride was added to a solution of 1.5 g. 
of 9-(4-methylphenyl)-l,2-benzanthracene (Id) in 150 ml. 
of anhydrous benzene. The mixture was heated on a steam 
bath for 2 hr. and then worked-up in the usual manner. 
There was obtained 1.47 g. of the original hydrocarbon, m.p. 
115-117°, (lit.,9 m.p. 116.5-117.5°).

C. Aluminum chloride-stannic chloride and benzene. 
A mixture of 1.0 g. of 9-(4-methylphenyl)-l,2-benzanthra
cene (Id), 1.0 g. of anhydrous powdered aluminum chlo
ride, 1.0 g. of anhydrous fuming stannic chloride, and 10 ml. 
of anhydrous benzene was heated for 1 hr. The mixture was 
allowed to cool to room temperature and then decomposed 
with 100 ml. of a 10% hydrochloric acid solution and worked- 
up in usual manner. The only material which could be iso
lated from the chromatographic separation was an unpurifi- 
able red solid, m.p. 129-240°. This red solid could not be puri
fied by sublimation under reduced pressure (0.1 mm.). Its 
ultraviolet absorption spectrum indicated an untractable 
mixture of compounds.

D. Palladium-charcoal and p-cymene. In a three-neck 
flask equipped with a stirrer and a water cooled condenser, 
a mixture of 1.0 g. of 9-(4-methylphenyl)-l,2-benzanthracene 
(Id), 3.0 g. of 10% palladium on charcoal, and 50 ml. of 
p-cymene was heated for 39 hr. The mixture was cooled to 
room temperature and then worked-up in the usual manner. 
There -were obtained white plates, yield 0.95 g., m.p. 114— 
116° of the starting hydrocarbon.

E. Aluminum chloride and carbon disulfide. Five grams of 
anhydrous powdered aluminum chloride was added to a 
solution of 0.75 g. of 9-(4-methylphenyl)-l ,2-benzanthracene 
(Id) in 75 ml. of carbon disulfide. The mixture was heated 
on a steam bath for 3 hr. The mixture was cooled to room 
temperature and then decomposed with 100 ml. of a 10% 
hydrochloric acid solution and worked-up in the usual man
ner. Only 0.15 g. of 9-(4-methylphenyl)~l,2-benzanthracene 
(Id) could be isolated and identified.

F. Palladium-charcoal at 350°. In a 100-ml. round bottom 
flask, 2.0 g. of 9-(4-methylphenyl)-l,2-benzanthracene (Id) 
and 3.0 g. of 10% palladium on charcoal were intimately 
mixed. The mixture was then heated in a nitrogen atmos
phere for 6 hr. at 350° (±10°). The mixture was then allowed 
to cool to room temperature and the mixture was extracted 
with 100 ml. of hot benzene and worked-up in the usual 
manner. There was obtained 9-(4-methylphenyl)-l,2-benz
anthracene (Id) 1.19 g. (60%). No other material could be 
isolated and no yellow band corresponding to a 1,2,3,4- 
dibenzopyrene was observed on the chromatographic column.

G. Sodium chloride and aluminum chloride. An intimate 
mixture of 15.0 g. of powdered anhydrous aluminum chloride,
3.0 g. of sodium chloride, and 1.2 g. of 9-(4-methylphenyl)-
1,2-benzanthracene (Id) was placed in a 100-ml. round-bot
tom flask and placed in an oil bath preheated to 100°. 
The temperature of the bath was raised to 145° and the 
mixture was heated at that temperature for 2 hr. The melt 
was poured onto ice water ar.d the resulting gummy mass 
was extracted with 200 ml. of benzene and worked-up in the 
usual manner. There was obtained 0.11 g. (10%) of the 
expected cyclodehydrogenation product, 2'-methyl-l,2,3,4- 
dibenzopyrene (lid), m.p. 205-206°.

B l a c k s b u r g , V a .
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Tetrahydropalmatine (X) and a number of protoherberine alkaloids (X I-X IV ) have been synthesized from 6,7-dimethoxy- 
isoquinoline-l-carboxaldehyde (XVI) and its oxime (XVII) by following the general procedure described earlier. Tetrahvdro- 
coptisine or stylopine (IV) has also been synthesized from 6,7-methylenedioxyisoquinoline-l-carboxaldehyde.

It has been shown3 that tetrahydroberberine (III) 
could be synthesized from 6,7-methylenedioxy- 
isoquinoline-l-carboxaldehyde or its oxime, using 
the methods of quaternization and cyclodehydra
tion developer earlier.4 5 The present communica
tion describes the synthesis of 6,7-dimethoxy- 
isoquinoline-l-aldehyde (XVI) and its use in the 
synthesis of tetrahydropalmatine (X), and some 
related compounds.

I. Ri = R 2 = OCH 3 III 
II. R, -  R 2 = OCIhO IV

V. R, = H, R 2 = R = OCH 3 X 
VI. R, = H, R2 -  R 3 = 0CH20 X I 

VII. Ri -  R 2 = 0CH 20, R 3 = H X II 
VIII. R, = R 2 = OCH 3 , R 3 = H X III 

IX. Ri = R 3 = H, R 2 =■= OCH 3 X IV

XV XVI. Z = O 
X VII. Z = NOH

(1) For the preceding communication of this series, see 
C. K. Bradsher and T. W. G. Solomons, J. Org. Chem., 25, 
191 (1960).

(2) This research was supported by a research grant 
(H-2170) from the National Heart Institute of the National 
Institutes of Health, and was presented before the Inter
national Symposium on the Chemistry of Natural Prod
ucts, Melbourne, Australia. August 16-25, 1960. A pre
liminary communication appeared in Nature, 184, 1943
(1959).'

(3) C. K. Bradsher and N. L. Dut,ta, J. Am. Chem. Soc.,
82,1145 (1960). ,

By following the same procedure, tetrahydrocop- 
tisine (or stylopine IV) has been prepared from 6,7- 
methylenedioxyisoquinoline-l-carboxaldehyde.3

It was found that l-methyl-6,7-dimethoxyiso- 
quinoline, conveniently prepared by the Bischler- 
Napieralski cyclization of homoveratrylaeetamide, 
followed by dehydrogenation,6 could be oxidized to 
the corresponding aldehyde in 35% yield by the 
action of selenium dioxide. When this new alde
hyde was quaternized in the usual way with 2,3- 
dimethoxybenzyl bromide (XV. Ri = H, R2 = 
R3 = OCH8) in the presence of acetonitrile3 and 
the crude salt with cyclized by heating it with 
concentrated hydrochloric acid, the over-all yield 
of the new dehydropalmatine bromide (V. X = 
Br), was only 30%. The yield was raised to 80% 
when the oxime (XVII) of the 6,7-dimethoxyiso- 
quinoline-l-carboxaldehyde (XVI) was used, and 
the quaternization effected in presence of dimethyl- 
formamide. It has also been found that the oxime 
method is superior in the case of synthesis of other 
analogs. The ultraviolet and visible spectra of the 
dehydropalmatine bromide (V. X = Br) thus 
prepared, resembled those of benz-[a]acridizinium 
salts previously prepared.4 Reduction of the new 
salt (V. X = Br) in presence of Adams’ catalyst 
produced (±)-tetrahydropalmatine as the hydro
bromide, and the free base (X) was found to be iden
tical with an authentic sample.6’7'8 Other analogs 
tetrahydropalmatine were obtained by starting 
with the appropriate alkoxybenzyl halides. The 
oxime (XVII) was quaternized with 2,3-methylene- 
dioxybenzyl bromide4 (XV. Rx = H, R2 — R3 = 
OCH2O) and the crude salt was cyclized with hydro
chloric acid, affording the expected dehydro- 
epiberberinium chloride (VI. X = Cl; 65% yield). 
Catalytic hydrogenation of the new salt (VI. X = 
Cl) afforded the tetrahydroepiberberine9-10 (XI.

(4) C. K. Bradsher and J. H. Jones, J. Org. Chem., 23, 
430 (1958).

(5) E. Späth and N. Polgar, Monatsh., 51, 190 (1929).
(6 ) E. Späth and H. Quietenskv, Ber., 58, 2267 (1925); 

E. Späth and E. Mosettig, Ber., 59, 1496 (1926); E. Späth 
and E. Kruba, Monatsh., 50, 341 (1928).

(7) R. D. Haworth. J. B. Koepfii, and W. H. Perkin, 
Jr., J. Chem. Soc., 548 (1927).

(8 ) T. R. Govindachari, S. Radjurai, M. Subramanian,
and N. Viswanthan, J. Chem. Soc., 2943 (1957).
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sinactine) in 50% yield. Buck and Perkin, Jr.,9 10 11 
following a procedure described by Pictet and 
Gams,12 synthesized a new compound, which they 
named tetrahydropseudoepiberberine. This alka
loid can be prepared conveniently by cyclization of 
the quaternary salt obtained from the oxime (XVII) 
and 3,4-methylenedioxybenzyl bromide,1’13 fol
lowed by catalytic reduction of the resulting de- 
hydropseudoepiberberinium chloride (VII. X = 
C l).

In the same way, when veratryl bromide was 
quaternized with the oxime (XVII), and cyclized 
as above, the dehydronorcoralydine chloride (VIII. 
X = Cl) was obtained in 75% yield. On catalytic 
reduction of the salt (VIII. X = Cl), the expected 
(±)-norcoralydine (XIII) hydrochloride14 was 
obtained in 60% yield.

With m-methoxybenzyl bromide and the oxime
(XVII), the 2,3,10-trimethoxybenz[alacridizinium 
chloride (IX. X = Cl) was prepared as above in 
good yield. The catalytic reduction of the salt 
(IX. X = Cl) yielded the expected new alkaloid,
2,3,10-trimethoxydibenzo [a,g]quinolizidine (XIV).

When the oxime of 6,7-methylenedioxyisoquino- 
line-l-carboxaldehyde3 was quaternized with 2,3- 
methylenedioxybenzyl bromide,4 the crude salt 
was found to cyclize easily, producing the expected 
dehydrocoptisine chloride (II. X = Cl) in 85% 
yield. The catalytic reduction of the salt afforded 
tetrahydrocoptisine ((±)-stylopine,9’15’16 IV).

E X PE R IM E N T A L 17

l-Methyl-6,7-dimethoxyisoquinoline. The homoveratryl- 
amine, required for this purpose, was best prepared from
3,4-dimethoxynitrostyrene18 by reduction with lithium- 
aluminum hydride in tetrahydrofuran, an improvement 
over the Soxhlet extraction method using ether.19-20 The

(9) R. D. Haworth and W. H. Perkin, Jr., J. Chem. Soc., 
1769 (1926).

(10) K . Goto and Z. Kitasato, J. Chem. Soc., 1234 (1930).
(11) J. S. Buck and W. H. Perkin, Jr., J. Chem. Soc., 

125,1675(1924).
(12) A. Pictet and A. Gams, Ber., 44, 2480 (1911).
(13) G. M. Robinson and R. Robinson, J. Chem. Soc., 

105, 1456 (1914).
(14) L. E. Craig and D. S. Tarbell, J. Am. Chem. Soc., 

70, 2783 (1948).
(15) E. Spath and P. L. Julian, Ber., 64B, 1131 (1931).
(16) Z. Kitasato, Proc. Imp. Acad. Tokyo, 2, 124 (1926). 

Brit. Chem. Abslr., 1160 (1926).
(17) Except as noted all melting points were determined 

on the Fisher-Johns block and are uncorrected. Infrared 
absorption spectra were determined by the potassium 
bromide plate method using the Perkin-Elmer model 
Infracord Spectrophotometer. All ultraviolet spectra were 
measured in 95% ethanol solution using a Warren Spectra- 
cord spectrophotometer and 1-cm. silica cells. Except as 
noted all analyses were by Drs. Weiler and Strauss, Oxford, 
England.

(18) E. Knoevenagel and L. Walker, Ber., 37, 4506
(1904).

(19) F. A. Ramirez and A. Burger, J. Am. Chem. Soc., 
72, 2797 (19501.

(20) R. I. T. Cromartie and J. Harley-Mason, J. Am.
Chem. Soc., 74,2525(1952).

method is essentially that described earlier21’22 and the yield 
of the amine obtained was up to 85%. For most of our experi
ments we used homoveratrylamine generously donated by 
the Lilly Research Laboratories (Eli Lilly & Co., Indian
apolis, Ind.).

l-Methyl-3,4-dihydro-6,7-dimethox3’isoquinoline, pre
pared by cyclization of the crude homoveratrylacetamide, 
was dehydrogenated by heating 20.5 g. for 2 hr. with 6 g. 
of 10% palladium-on-charcoal catalyst at 175°, and crystal
lizing the product from benzene-petroleum ether (b.p. 
30-60°) as colorless needles, m.p. 112° (lit.,6 m.p. 111-112°); 
yield 15 g. (74%). Purification was effected by passing it 
through a column of alumina, eluting it with benzene.

6,7-Dimelhoxyisoquinoline-l-carboxaIdehyde,23 To a clear 
hot and stirred solution of selenium dioxide (3.5 g.) in diox- 
ane (50 ml.) and water (3 ml.), was added dropwise a solu
tion of l-methyl-6,7-dimethoxyisoquinoline (5 g.) in purified 
dioxane (50 ml.) in the course of 30 min. Within a short time, 
a red precipitate started forming and the whole mixture 
was heated on the steam bath with continuous agitation for 
2 hr., after which the solution was filtered hot from the 
precipitated selenium. The bulk of the dioxane was removed 
by distilling the filtrate, under diminished pressure. The 
residual material was diluted with water, made alkaline 
with sodium hydroxide solution, and exhaustively extracted 
with ether. The dark colored ethereal solution was dried 
(sodium sulfate) and decolorized with Norit. The almost 
colorless solution was filtered and freed from ether and 
dioxane. The residue was crystallized from ethanol. The 
aldehyde was obtained as colorless plates, m.p. 176°; yield
l .  8 g. (35%).

Anal. Calcd. for Ci2H „N 03: C, 66.40; H, 5.07; N, 6.45. 
Found: C, 66.18; H, 5.28; N, 6.S5.

The oxime (XVII) of the aldehyde (XVI), prepared in 
the usual way, crystallized from ethanol as colorless plates,
m. p. 247-248°.

Anal,24 Calcd. for Ci2Hi2N20j: N, 12.06. Found: N, 12.02.
2,3,9,10-Tetramethoxybenz[a]acridizinium bromide 

{dehydropalmatine bromide, V, X  = Br).23 (a) By the alde
hyde method. One gram of aldehyde (XVI) was refluxed for
2 hr. with 1.2 g. of 2,3-dimethoxybenzyl bromide25 in 15 ml. 
of acetonitrile, under a nitrogen atmosphere. The solvent 
was removed under vacuum and the red semisolid residue was 
washed several times with ether. Concentrated hydrochloric 
acid (20 ml.) was then added to the solid which slowly 
went into solution. The solution was heated on the steam 
bath for about 1 hr. The solvent was removed under di
minished pressure, and the residue was crystallized from 
ethanol, producing orange needles, m.p. 250° dec. (in sealed 
tube); yield 0.61 g. (30%). The yield was not improved by 
changing the solvent or the refluxing time.

(b) By the oxime method. The oxime (XVII, 1 g.) was dis
solved in 20 ml. of dimethylformamide by heating on a 
steam bath and 1 g. of 2,3-dimethoxybenzylbromide was 
added to the hot solution. The whole mixture was kept at 
50° for about 1 hr. and then left at the room temperature for
3 days. The quaternary salt was precipitated by adding 
ethyl acetate and dry ether, and the yellow precipitate was 
collected, washed several times with anhydrous ether, and 
dried under vacuum. The crude salt (1.8 g.) was dissolved 
in 30 ml. of coned, hydrochloric acid and heated on the

(21) M. Erne and F. Ramirez, Helv. Chim. Acta, 33, 912 
(1950).

(22) W. J. Gensler and C. M. Samour, J. Am. Chem. 
Soc., 73, 5556 (1951).

(23) A small quantity of this compound was prepared 
earlier by Dr. Dieter Pawellek, working in this laboratory.

(24) Analysis by Galbraith Laboratories, Knoxville, 
Tenn.

(25) C. K. Bradsher and J. H. Jones, J. Am. Chem. Soc., 
79, 6033 (1957).,
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steam bath for 1 hr.26 The acid was distilled and the red 
residue was carefully dried on a porous plate and then crystal
lized from methanol. The product was obtained as orange 
needles, m.p. 250° dec. (in sealed tube); yield, 1.6 g. (80%). 
The analytical sample melted at the same temperature; 
Xmax 246, 285, 328, 355, and 464 m^; min., 268, 306,344, and 
404 my.

Anal. Calcd. for C2iH2o04NBr: C, 58.60; H, 4.65; N, 3.25. 
Found: C, 58.83; H, 4.74; N, 3.26.

The perchlorate formed red needles from methanol, m.p. 
310-312° dec. (sealed tube).

Anal. Calcd. for C2,H2oC1N08: C, 56.20; H, 4.45; N, 3.12. 
Found: C, 55.80; H, 4.60; N, 2.92.

2,8,9,10- T  etramethoxydibenzo [a,j/] quinolizidine (tclra- 
hydropalmaiine, X). A solution containing 0.35 g. of the 
above dchydropalmatine bromide in 150 ml. of methanol, 
was hydrogenated at atmospheric pressure in presence of 
50 mg. of platinum oxide. The solution was filtered from the 
catalyst and the filtrate was concentrated under vacuum, 
affording an almost colorless solid. This was dissolved in 
water, and ammonia was added to precipitate the base, which 
was extracted with ether. The ethereal solution was dried 
(magnesium sulfate) and the ether removed. The residue was 
crystallized twice from dilute methanol (Norit), when the 
(±)-tetrahydropalmatine (X) was obtained as colorless 
prisms, m.p. 147° (lit.,7 m.p. 147°): yield, 152 mg. (53%). 
The base gave no depression of melting point when mixed 
with an authentic sample27 and infrared spectra of the two 
were identical.

Anal. Calcd. for CaHaChN: C, 70.99; H, 7.04; N, 3.94. 
Found: C, 71.08; H, 7.04; N, 4.24.

The hydrochloride, prepared by passing hydrogen chlo
ride into a dry ethereal solution of the base, was crystallized 
from methanol as colorless needles, m.p. 215-216° (lit.,28 
m.p. 215°).

2,3-Dimelhoxy-9,10-methyJenedioxybenz[a\a''ridiziniiim 
chloride (dehydroepiberberinium chloride) (VI. X  = Cl). 
The oxime (XVII, 1 g.) was quaternized in the usual way 
with 2,3-methylenedioxybenzyl bromide25 and the crude 
salt cyclized in concentrated hydrochloric acid. The product 
crystallized from a mixture of methanol and ethanol as 
orange needles, m.p. 275-277° dec. (sealed tube); yield 1.4 
g. (80%); Xmax 248, 275, 327, 358, and 492; min. 262, 304, 
340, and 417 my.

Anal. Calcd. for C2„H16C1NCV2H20: C, 59.18; H, 4.93; 
N, 3.45. Found: C, 58.91; H, 4.63; N, 3.66.

The perchlorate was obtained in the usual way and crystal
lized from dimethylformamide and ethanol as scarlet red 
needles, m.p. 315-316° dec. (sealed tube).

Anal. Calcd. for C20H16C1NOB: C, 55.36; H, 3.69; N, 3.23. 
Found: C, 55.11; H, 3.90; N, 3.16.

2,S-Diinethoxy-9,10-methylenedioxydibenzo[a,g] quinolizi- 
dine(lelrahydroepiberberine, XI). A suspension of 2,3- 
dimethoxy - 9,10 - methylenedioxybenz[a]acridizinium 
chloride (VI. X  = Cl, 500 mg.) in methanol (200 ml.) was 
hydrogenated in presence of platinum oxide catalyst (80 mg.) 
for 24 hr. The crude free base (250 mg., 55%) was crystal
lized twice from ethanol and was obtained as colorless 
prisms, m.p. 167-168° (lit.,8-10 m.p. 169-170°, 168°). A 
minute crystal was dissolved in glacial acetic acid to which a 
drop of concentrated sulphuric acid was added, giving a 
colorless solution which slowly turned violet. Tetrahydro- 
epiberberine shows the same reaction.9'10

Anal. Calcd. for C20H2lNO4: C, 70.78; H, 6.24; N, 4.13. 
Found: C, 70.55; II, 6.16; N, 4.22.

The hydrochloride crystallized from water as colorless 
needles which decomposed at 246°. The melting point could

(26) In subsequent experiments it was found that the 
cyclization time could be shortened to 10-20 min.

(27) We are indebted to Prof. Alfred Burger for the gift 
of this sample.

(28) K. Feist, Arch. Pharm., 245, 586 (1906).

not be raised by further crystallization (lit.10'29 dec, about 
286°; dec. 285-290°).

Anal.» Calcd. for C20H21O4N-HCl: C, 63.91; II, 5.85. 
Found: C, 63.95; H, 5.81.

2,3-Dimethoxy-10,ll-melhylenedioxybenz[a\acridizinium 
chloride (dehydropseudoepiberberinium chloride, VII. X  = 
Cl). The quaternary salt, obtained from the oxime (XVII, 
500 mg.) and 3,4-methyIenedioxybenzyl bromide3'13 in 
dimethylformamide, was cyclized in the usual way. The 
yellow product crystallized from excess methanol as green
ish yellow microneedles, m.p. 278-280 dec. (sealed tube); 
yield 800 mg. (quantitative); Xma* 276, 309, 322, and 413; 
min. 250, 285, 317, and 367 mM.

Anal. Calcd. for C2oHt6ClN04-H20: C, 61.93; H, 4.64; 
N, 3.61. Found: C, 61.57; H, 4.54; N, 3.82.

2,8-Dimethoxy-l 0,1 l-methylenedioxydibenzo\a,g] quinolizi
dine (tetrahydropseudoepiberberine, XII). A suspension of 
the above salt in methanol was hydrogenated and the base 
obtained in the usual way was crystallized from dilute 
methanol as colorless needles, m.p. 160° (lit.,11 m.p. 160- 
161°): yield, 225 mg. (55%).

Anal. Calcd. for C2oH2iN 04: C, 70.78; H, 6.24; N, 4.13. 
Found: C, 70.85; II, 6.37; N. 4.20.

The picrate was prepared the usual way, m.p. 150° dec. 
(lit.,11 m.p. 149-150°).

2,3,10,1 l-Tetramethoxybenz[a]acridizinium chloride 
(dehydronorcoralydine, VIII. X  = Cl). The oxime (XVII, 1 
g.) quaternized easily with veratryl bromide (1 g.) in the 
presence of dimethylformamide (10 ml.) producing stout 
yellow prisms which, on cyclization for 10 min. with con
centrated hydrochloric acid, afforded yellow crystals. These 
crystallized from methanol as fine yellow needles, m.p. 
240-242° dec. (sealed tube); yield, 1.4 g. (75%); Xmax278, 
309, 322, 417; min. 250, 286, 318, and 370 mji.

Anal. Calcd. for C2iH2oC1N04-H20: C, 59.78; H, 5.09; 
N, 3.32. Found: C, 59.61; H, 5.60; N, 3.20.

The perchlorate was prepared in aqueous methanolic solu
tion and was obtained as yellow needles from dimethyl
formamide, m.p. 367-368° dec. (sealed tube).

Anal. Calcd. for C2iH2oC1N08: C, 56.06; H, 4.44; N, 3.11. 
Found: C; 56.25; H, 4.69; N, 3.12.

2,3,10,11-Tetramethoxydibenzo [a,g) quinolizidine{norcor- 
alydine, XIII). The above salt (VIII) was hydrogenated in 
the usual way and the colorless norcoralydine hydrochloride 
thus obtained was crystallized several times from dilute 
methanol as colorless prisms, m.p. 232° dec. (lit.,14'30 m.p.
234-237° dec., 236-237°); yield 60%. The product gave no 
depression when mixed with an authentic sample31 of hydro- 
chloride.

Anal. Calcd. for C21H25N 04IIC1: C, 63.39; II, 6.64; N,
3.83. Found: C, 63.33, 63.11; H, 6.57; 6.73; X, 3.63.

2,S,10-Trimethoxybenz\a]acridizinium chloride (IX. 
X = Cl). m-Methoxybenzylbromide (1.5 g.) was quater- 
nized with the oxime (XVII. 1 g.) in presence of dimethyl
formamide and the quaternary salt was cyclized with con
centrated hydrochloric acid. The yellow precipitate was 
crystallized from a mixture of ethanol and methanol. The 
product was obtained as yellow needles, m.p. 242 dec. 
(sealed tube); yield 1.2 g. (72%); Amnl 277, 312, 332, 435; 
min. 250, 300, 322, and 380 mjii.

Anal. Calcd. for C2oH18C1N03-CH3OH-^H20: C,
62.06; H, 5.66; N, 3.44. Found: C, 62.03; H, 5.94; N, 3.42.

The perchlorate was obtained as greenish yellow needles 
from methanol and ethanol, m.p. 310-311° dec. (sealed tube).

Anal. Calcd. for CmHuCINO,: C, 57.27; H, 4.30; N, 3.34. 
Found: C, 56.95; H, 4.41; N, 3.42.

2,3,10-Trimethoxydibenzo[a,g}quinolizidine (XIV). 
The above acridizinium chloride (IX) was hydrogenated 
with platinum oxide catalyst in methanol. The almost color

(29) W. H. Perkin, Jr., J. Chem. Soc., 113, 492 (1918).
(30) R. H. F. Manske, Can. J. Research, 16B, 81 (1938).
(31) We are indebted to Professor D. S. Tarbell for the 

gift of a sample.of the free base.
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less product thus obtained was crystallized several times 
from dilute methanol (Norit) as colorless prisms, m.p. 214- 
215°; yield 50%.

Anal. Calcd. for C2nII23N 03. HC1-H,0: C, 63.24; H, 6.85; 
N, 3.68. Found: C, 63.21; H, 6.95; N, 3.65.

2,3,9,10-Bismethylenedioxyhenz[a\acridizinivm chloride 
(dehydrocoplisine chloride, II, X  = Cl). A mixture of the 
oxime of 6,7-methylenedioxyisoquinoline 1-earboxaldehyde1 2 3 
(0.9 g.) 2,3-methylenedioxybenzylbromide4 (1 g.) and di- 
methylformamide (15 ml.) was allowed to react in the usual 
way and the quaternary salt was eyclizcd with concentrated 
hydrochloric acid. The red precipitate was collected and 
crystallized from a mixture of ethanol and methanol as 
red needles, decomposing above 300° (sealed tube); yield
1.5 g. (85%); Xmas 248, 317, 356, 490; min. 264, 294,337, 
and 418 mp.

The analytical sample was recrystallized from excess 
methanol, without change in melting point.

Anal. Calcd. for C ,9H12ClN04-3/2 H20: C, 60.00; H, 
3.94. Found: C, 59.69; H, 4.05.

The perchlorate was obtained as red needles from di- 
methylformamidc and methanol, decomposing from 350°.

Anal. Calcd. for C19H12C1N08: C, 54.61; H, 2.87; N, 
3.35. Found: C, 54.50; H, 3.21; N, 3.75.

2,8,9,10-Bismethylenedioxydibenzo[a,g]quinoliaidine (tetra- 
hydrocoptisine, dt=-sty lopine, IV). The above salt (II. X  = 
Cl) was hydrogenated in the usual way and the free base was 
crystallized twice from methanol. The tetrahydrocoptisine 
(XIV) was obtained as colorless needles, m.p. 217-218° dec. 
(lit.,1 is m.p. 219°, 227-228°, 215-216°); yield 50%. 
It w'as found that a solution of the base in glacial acetic acid 
slowly turned green on addition of a drop of concentrated 
sulfuric acid, while the further addition of a drop of dilute 
nitric acid produced a red color. Tetrahydrocoptisine was 
reported to behave similarly.9

Anal.u Calcd. for Ci9H „N 04: C, 70.57; H, 5.30; N, 4.33. 
Found: C, 70.64; H, 5.14; N, 4.56.

D urham , N. C.

[Contribution  No. 656 from  th e  C en tra l  R esearch  D epa rtm en t , E x perim ental  Station , 
E . I. du P ont D e N emours and Co.]

T rim eriza tion  o f  A cetylen es

F. W. HOOVER, O. W. WEBSTER, a n d  C. T. H ANDY

Received December 12, 1960

The trimerization of monovinylacetylene and the cotrimerization of divinylacetylene with acetylene and with methyl- 
acetylene have been effected under mild conditions using triisobutylaluminum/titanium tetrachloride catalyst to give tri- 
vinylbcnzenes and o-divinylbenzencs, respectively.

The thermal trimerization of acetylene to ben
zene was reported almost one hundred years ago 
by Berthelot.1 Since then, such catalysts as metal 
carbonyls,2 triphenylphosphinenickel carbonyl,* 
trialkylchromium,4 diborane-activated silicaalu- 
mina,6 and triisobutylaluminum-titanium tetrachlo
ride6 have been shown to facilitate the trimeriza
tion of acetylenes. Trialkylaluminum-titanium tet
rachloride catalysts are well known for their 
ability to catalyze the polymerization of olefins,7 
and have been used to polymerize 1-hexyne to 
linear conjugated structures.8

Although vinylacetylenes might thus be expected 
to give complex products with trialkylaluminum- 
titanium tetrachloride catalysts, we have found that 
these catalysts promote trimerization of mono
vinylacetylene and cotrimerization of divinylacety-

(1) M. Berthelot, Compt. rend., 62, 905-909 (1866).
(2) W. Hubei and C. Hoogzand, Chem. Ber., 93, 103- 

115 (I960)'.
(3) W. Reppe and W. J. Schweckendick, Liebigs Ann. 

Chem., 560, 104 (1948).
(4) II. H. Zeiss and W. Herwig, J. Am. Chem. Soc., 80, 

2913 (1958).
(5) I. Shapiro and H. G. Weiss, J. Am. Chem,. Soc., 79, 

3294 (1957).
(6) B. Franzus, P. J. Canterino, and R. A. Wickliffe, 

./. Am. Chem. Soc., 81, 1514 (1959).
(7) N. G. Gaylord and FI. F. Mark, Linear and. Stcrco- 

rcgvlar Addition Polymers, Interscience, New York, 1959.
(8) G. Natta, et al., Gazz. chi.m. Hal., 89, 465-94 (1959).

lene with acetylene readily at —10 to 50° to give 
vinylbenzenes in modest to good yields.

At —10°, monovinylacetylene gave a mixture of
1.2.4- and 1,3,5-trivinylbenzenes in 74% yield. 
The yield at 50° was only 10%. The composition 
of this mixture as determined by ultraviolet analy
sis of the hydrogenated products was 90% 1,2,4- 
trivinylbenzene and 10% 1,3,5-trivinylbcnzene. 
Statistically, one would expect a product contain
ing 75% of 1,2,4-trivinylbenzene. 1,3,5-Trivinyl- 
benzene has been prepared by another method,9 
but apparently the 1,2,4-isomer has not been re
ported.

The 1,2,4- and 1,3,5-trivinylbenzenes were sepa
rated by gas chromatography although considerable 
polymerization occurred on the column. The re
tention time of the 1,2,4-isomer was slightly shorter 
than that of the 1,3,5-isomer.

The infrared spectra of 1,3,5-trivinylbenzcne and 
of the mixture of trivinylbenzenes were in general 
those expected for vinylbenzenes. The spectrum of
1.2.4- trivinylbenzene showed a strong band at
11.98 p which was absent in the spectrum of 1,3,5- 
trivinylbenzene. As would be expected, the tri
vinylbenzenes absorb strongly in the ultraviolet, 
X "  246 mp (e = 31,000).

(9) D. T. Mown- and E. L. Ringwald, J . Am. Chem. Soc., 
72,2037 (1950).
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o-Divinylbenzene and dimethyl-o-divinylbenzene 
isomers are readily obtained by cotrimerization of 
divinylacetylene with acetylene and with methyl- 
acetylene, respectively. With acetylene in large 
excess, o-divinylbenzene was obtained in about 30% 
yield based on divinylacetylene. In limited process 
studies, the yields were increased to about 60%
o-divinylbenzene when nearly stoichiometric pro
portions of acetylene were used.10 The cotrimeriza
tion of divinylacetylene and acetylene has also been 
effected with triphenylphosphinenickel tricarbonyl 
and with bis(triphenylphosphine)nickel dicarbonyl. 
With these catalysts the yields were somewhat lower 
and the products were more difficult to purify.

Gas chromatographic analysis of the mixture of 
dimethyl-1,2-divinylbenzenes obtained from methyl 
acetylene and divinylacetylene showed three com
ponents representing approximately 5%, 85%, 
and 10% of the total. The identity of these isomers 
was not established. As 3,5-dimethyl-l,2-divinyl- 
benzene is favored statistically, it would be expected 
to predominate, particularly because it was shown 
that the statistically favorable isomer was the main 
product in the case of the trivinylbenzene synthesis.

EX PER IM EN TA L

Trimerization of vinylacetylene. Vinylacetylene (120 g.), 
scrubbed with 30% aqueous sodium bisulfite and with 20% 
aqueous sodium hydroxide, and dried with calcium chloride 
and anhydrous calcium sulfate, was added to a mixture of 
1000 ml. of toluene, 6.-1 g. of triisobutylaluminum, and 2.0 g. 
of titanium tetrachloride over a period of 75 min. (scrupu
lously dried equipment was used). The temperature was 
maintained at — 10° by cooling. Methanol (400 ml.) was 
added to destroy the catalyst and to precipitate methanol- 
insoluble products. Distillation of the filtrate gave 15 g. 
of recovered monovinylacetylene and 78 g. of trivinvlben- 
zenes,11 b.p. 90° at 5 mm., to2d5 1.6050, corresponding to a 
conversion of 65% and yield of 74%. In a similar run at 
29-52°, the yield was oniy 10%.

Anal. Calcd. for C,2Hi2: C, 92.25; H, 7.75; Hydrogenation 
No. 0.0385; mol. wt. 156. Found: C, 91.72; H, 8.07; Hydro
genation No. 0.0400, 0.0408; mol. wt. 156 (by mass spec
trometry).

Hydrogenation of the trivinylbenzene fraction was car
ried out in ethanol at 33° under atmospheric pressure using 
a platinum oxide catalyst. Ultraviolet analysis of the hydro
genated product indicated that it contained 90% 1,2,4- 
triethylbenzene and 10% 1,3,5-triethylbenzene.

Gas chromatographic analysis of the trivinylbenzene 
isomers was carried out using a 1-m. stainless steel column 
(O.D.-— 0.25 in.) containing polypropylene glycol (20%) 
on Columnpak at 160° with a preheater temperature of 220° 
and a helium flow of 75 ml./min. The chromatogram showed 
a large peak (about 75% of total) at a retention time of 35 
min. and a smaller peak (25%) at 38 min. The 38-min. peak 
was shown to be due to 1,3,5-trivinylbenzene by comparison 
with the chromatogram of an authentic sample.9 Attempts 
to use preparative-scale gas chromatography resulted in 
nearly complete polymerization of the trivin}dbenzenes on 
the column. As polymerization does occur on the column,

(10) We are indebted to Dr. R. W. Keown of E. I. du 
Pont de Nemours & Co. for this information.

(11) F. W. Hoover, U. S. patent 2,951,884, September 6,
1960. .

the quantitative interpretations of the gas chromatographic 
analysis may be subject to considerable error.

The ultraviolet spectrum of the trivinylbenzene fraction 
showed strong absorption in the ultraviolet region, X)/;“s0H 
246 m y  (e 31,000). The infrared absorption spectrum 
showed bands at 3.25 y ,  3.35 y  (unsa.turated carbon-hydro- 
gen bonds), 6.15 y  (conjugated olefinic — C = C — ), 6.30 y  

(aromatic — C = C — ), 10.15 y  and 11.02 y  (CH deformations, 
— C H = C H 2), 11.37 y  (out-of-plane C— H deformation vi
bration in 1,3,5-trivinylbenzene), and 11.98 y  (out-of-plane 
CH deformation vibration in 1,2,4-trivinylbenzene).

The infrared spectrum of an authentic sample3 of 1,3,5- 
trivinylbenzene was very similar except it did not show the 
strong band at 11.98 y .

o-Divinylbenzene. A. Catalyst: Triisobutylaluminum/ti
tanium tetrachloride. To a dry, 1-1. reaction flask equipped 
with a mechanical stirrer, condenser, dropping funnel for 
addition of divinylacetylene (DVA),12 gas addition tube, 
and a thermometer there was added 150 ml. of toluene dried 
over sodium. The reaction system was flushed with nitrogen 
and 10 ml. of triisobutylaluminum and 1 ml. of titanium 
tetrachloride were added in turn by means of a hypodermic 
syringe. The catalyst solution was cooled in ice water and 
acetylene was passed into the system at the rate of 0.8 
mole per hr. A  solution of 16 g. of divinylacetylene in 30 ml. 
of toluene was added over the course of 2 hr. The tempera
ture of the reaction solution was maintained at 15-20° 
by means of a water bath. Methanol (50 ml.) containing a 
trace of M-phenyl-^-naphthylamine to inhibit polymeriza
tion was added. The solution was filtered and the filtrate 
was distilled. o-Divinylbenzene,13 8 g., 30% meld, ?i2Ds 
1.5740, b.p. 52°/3 mm., 3£j”50H 229 mM (e 20,400), was col
lected. The infrared spectrum of this product was identical 
with that of a sample prepared with triphenylphosphine
nickel tricarbonyl as catalyst.

B. Catalyst: Triphenylphosphinenickel tricarbonyl. A 1-1., 
creased, five-necked flask was equipped with a mechanical 
stirrer, condenser, two 500-ml. addition funnels, and a gas 
addition tube. The reaction system was flushed with dry 
oxygen-free nitrogen. Ar,M-Dimethylacetamide, 200 ml., and 
4 g. of calcium carbide were placed in the reaction flask. A 
solution of 30 g. of triphenylphosphinenickel tricarbonyl in 
150 ml. of dimethvlacetamide was placed in one additional 
funnel. A solution of 95 g. of divinylacetylene in 100 ml. of 
MjA-dimethylacetamide (inhibited with 0.5 g. of phenothia- 
zine) was placed in the other addition funnel. A portion of the 
catalyst solution was added to the reaction vessel and acety
lene passed into the mixture at approximately 0.5 mole per 
hr. The temperature of the catalyst solution was gradually 
raised to 95°. At this temperature, the acetylene flow rate 
was increased to 2 moles per hr. The divinylacetylene solu
tion was added dropwise over the course of 5 hr. The tem
perature was maintained at 100-110° by means of a cooling 
bath. Catalyst solution was added as necessary to maintain 
acetylene absorption. The product was distilled and the 
fraction, b.p. 25-60 7 5  fnm., was collected, diluted with pen
tane, and washed with water. The product was then dried 
and distilled through a two-foot spinning-band column. Two 
major fractions were obtained: 1) styrene, 8 g., b.p. 25°/5 
mm., 1.5432, characterized by its infrared spectrum; 2) 
o-divinylbenzene, 34.5 g., 22% yield, b.p. 59-60°/4.5 mm., 
n2D5 1.5740, (lit.14 b.p. 73.5V U  mm., n]j 1.5760, b.p. 73-74°/ 
12 mm., n2D2 1.5759). The infrared spectrum of the product 
showed absorption at 3.23, 3.25, 3.30 (hydrogen attached to 
unsaturated carbon), 6.14 (conjugated carbon-carbon double 
bond), 6.75, 6.88, 7.05 (aromatic ring vibrations), 10.14,

(12) As divinylacetylene readily forms explosive peroxides 
when exposed to air, all reactions with this substance should 
be conducted in an inert atmosphere.

(13) F. W. Hoover, U. S. patent 2,933,541, April 19, 1960.
(14) R. Deluchat, Ann. Chini. (11), 1, 181 (1934); K. 

Fries, H. Bestiari, and W. Klauditz, Ber., 69B, 715 (1936).
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10.95 (vinyl hydrogen), and 13.20 p (four adjacent hydro
gens on an aromatic ring). The NMR spectrum was in 
agreement with the assigned structure, o-divinylbenzene.

Cotrimerization of divinylacetylene and methylacetylene. 
To a dry 500-ml. reactor equipped with a mechanical 
stirrer, condenser, dropping funnel, gas addition tube (open- 
end type extended below liquid level) and a thermometer, 
there was added 200 ml. of toluene dried with calcium hy
dride. Triisobutylaluminum (5 ml.) was added to the 
reactor under nitrogen by means of a hypodermic syringe, 
followed by titanium tetrachloride (1.5 ml ). Methylacety
lene, dried by passing it through a tower containing Drierite, 
was added at the rate of 1.2 moles per hour. Concurrently, 
a solution of 15.6 g. (0.2 mole) of divinylacetylene in 50 ml. 
of toluene was added dropwise over a period of SO min. 
Throughout the reaction, the temperature was maintained 
between 9° and 16° by means of an ice bath. Ten minutes 
after completion of the addition of the divinylacetylene, the 
catalyst was deactivated by addition of 50 ml. of methanol.

On distillation there was obtained 40 g. of a trimethylbenzene 
isomer mixture, b.p. 32°/2 mm., and 9 g. (28% yield) of 
dimethyl-o-divinylbenzene12 isomer mixture, b.p. 50-51°/
0.2 mm., n1 2D5 1.5598 and x£®,0H 228 mM (e 23,200).

Anal. Calcd. for ChHi6: C, 91.14; H, 8.86; mol. wt., 158. 
Found: C, 90.73; H, 9.13; mol. wt., 158 (by mass spec
trometry).

Gas chromatographic analysis of the product using a 1-m. 
Perkin Elmer Column R at 168° (preheat 220°) with a 
helium flow of 75 ml./min. showed three components with 
retention times of 11.7 min., 14.2 min., and 17.2 min., rep
resenting approximately 5%,, 85%, and 10%, respectively, 
of the total. The three isomers were not identified.
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Replacement and Elimination of Bromine in Bromonitrofiuorenones. The 
Preparation of 2,3- and 1,2,3-Substituted Fluorenes and Fluorenones
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Received August 11, 1960

The oxidation by peracetic acid of 2-amino-3-bromofluorene and 2-amino-3-bromofluorenone, and of l,3-dibromo-2- 
fluorenamine furnished the corresponding nitro derivatives. In the nitrobromofluorenones the bromine was readily replaced 
by amino groups in ethanolic ammonia. Ethanolic potassium hydroxide introduced a hydroxyl group into these compounds, 
but in one case elimination of bromine in the 1-position with substitution by hydrogen occurred. Potassium hydroxide 
in pyridine substituted a hydroxyl for a bromine at the 3-, but not at the 1-position in l,3-dibromo-2-nitrofluorenone. 
These replacement reactions led to the facile preparation of a number of new 2,3- and 1,2,3-substituted fluorenones, and 
fluorenes.

The recent description3 of a procedure for the 
oxidation of a primary aromatic amine by peracetic 
acid to the corresponding nitro derivative has 
suggested its use for the purpose of activating halo
gens ortho to the nitro group, thereby permitting 
the selective replacement of the halogen by other 
functional groups. The present paper deals with the 
application of this method to the convenient prep
aration of a number of otherwise difficultly avail
able 2,3- and 1,2,3-substituted fluorene and fluore- 
none derivatives.

Bromination of 2-aminofluofenone by bromine 
afforded the 3-bromo derivative. The use of 
¿erf-butyl bromide in dimethyl sulfoxide4 in addi
tion produced 2-amino-3-bromo-9-fluorenol. Re
duction of 2-amino-3-bromofluorenone by the 
Wolff-Kishner reaction resulted in good yields of
3-bromo-2-fluorenamine, provided that the reaction

(1) National Institutes of Health, Public Health Service, 
Department of Health, Education and Welfare.

(2) Visiting Scientist, National Cancer Institute. On 
leave of absence from Yamaguchi University, Ube, Japan.

(3) W. L. Mosbv and W. L. Berry, Tetrahedron, 5, 93
(1959).

(4) T. L. Fletcher and H. L. Pan, J. Am. Chem. Soc., 78,
4812 (1956). T. L. Fletcher, M. J. Namkung, and H. L. Pan,
Chem. and Ind., 660 (1957).

was performed in the absence of alkali. If alkali 
was added, halogen elimination ensued so that the 
product was 2-fluorenamine.

The action of peracetic acid on the 2-amino-3- 
bromofluorene and 2-amino-3-bromofluorenone 
readily gave the nitro derivatives. In the resulting 
nitrobromofluorenone bromine was easily replaced 
by amino, or by hydroxyl to yield the corresponding
2- nitro-3-amino-9-fluorenone or 2-nitro-3-hydroxy-
9-fluorenone. This latter material served as a good 
source for the otherwise difficultly prepared 2-amino-
3- fluorenol.6 In fact, this aminohydroxyfluorene 
could be made in a single sequence of operations 
directly from 2-nitro-3-bromo-9-fluorenone by first 
treating with alkali under mild conditions, followed 
by addition of hydrazine and raising the tem
perature, thus effecting the Wolff-Kishner reaction. 
This new, short sequence of steps would appear to 
be the procedure of choice for the preparation of
2-amino-3-fluorenol.

Attempts to replace the bromine by fluorine in
2-nitro-3-bromo-9-fluorenone in acetamide as sol
vent gave the expected elimination of bromine, 
but under these conditions fluorine did not enter

(5) E. K. Weisburger and J. H. Weisburger, J. Org. 
Chem., 19, 964 ^1954).
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the molecule. Instead, a hydroxyl group and an 
amino group were introduced, even though the 
reactants had been rigorously dried. The amino 
group possibly resulted from the partial dissocia
tion of acetamide. Indeed, when dimethylsulfoxide 
was used under mild conditions, only the hydroxy 
compound was formed. In none of the many at
tempts could a fluorine-containing compound be 
detected.6 Likewise, although the bromine atom was 
eliminated, there was no evidence for the formation 
of a bifluorene derivative in this reaction.

The authentic bifluorene was prepared in poor 
yield by the action of activated copper on 2-nitro-
3-bromo-9-fluorenone. In this instance as well, 
loss of halogen with production of 2-nitrofluorenone 
was the main reaction. Dehalogenation during the 
Ullmann reaction has been observed by Longo and 
Pirona.7

Peracetic acid likewise smoothly oxidized 1,3- 
dibromo-2-fluorenamine to the nitro derivative. 
Some l,3-dibromo-2-nitro-9-fluorenone was also 
produced. In the latter compound both halogens 
proved susceptible to replacement by amino groups, 
thus yielding a 1,2,3-nitrogen substituted fluore- 
none derivative. On the other hand, refluxing
l,3-dibromo-2-nitrofluorenone with aqueous etha- 
nolic alkali did not give the expected dihydroxy com
pound, but furnished instead 2-nitro-3-hydroxy-9- 
fluorenone. The halogen at the 1-position was 
eliminated under the influence of alkali, just as 
in the case of the Wolff-Kishner reaction of 3- 
bromo-2-aminofluorenone in the presence of po
tassium hydroxide, discussed above. Performance 
of the reaction in pyridine and alkali, however, 
led to the replacement of the bromine at the
3- position only, giving l-bromo-2-nitro-3-hydroxy- 
fluorenone. This compound also lost the halogen 
under the influence of ethanolic alkali.

It was of some interest to investigate whether 
the replacement of halogen by other functions in 
these fluorenones was mediated as a result of acti
vation by the nitro group, or whether the keto 
group played a major role.8 To this end, exchange 
reactions of l,3-dibromo-2-nitrofluorene with etha
nolic ammonia and ethanolic potassium hydroxide 
were performed as described for the fluorenone 
derivative. In the case of ammonia, about 30% of 
the starting material was recovered, and in addi
tion a small amount of l,3-dibromo-3-nitro-9- 
fluorenone was also isolated. Silver bromide equiv
alent to a 13% replacement of halogen was found. 
The potassium hydroxide reaction gave only a 
trace of alkali-soluble product. In addition, a 
number of unidentified substances were observed in

both reactions. All of these exhibited a band in the 
infrared which indicated the presence of a keto 
function, suggesting that the exchange of halogen 
for another substituent occurs only when the keto 
group is present. Apparently the single nitro 
group does not activate an ortho halogen sufficiently 
in the fluorene ring system. Bradley and Williams 
also noted the inertness of 2-nitrofluorene to the 
action of potassium hydroxide in pyridine under 
conditions where 2-nitrofluorenone reacted.6

E X P E R IM E N T A L

The melting points were determined in a capillary tube and 
are not corrected. In a few cases, high melting points were 
taken on a Kofler apparatus. The ultraviolet spectra were 
recorded by Mr. P. H. Grantham on a Cary recording spec
trophotometer as 5 X 10-SM solutions in ethanol and the 
infrared spectra on a Perkin-Elmer spectrophotometer, 
model 21, as solids in potassium bromide disks. We are in
debted to the staff of the NIH Microanalytical Laboratory 
for the analyses.

2-Aminc-3-bromo-9-fluorenone. A. 2-Amino-9-£uorenone 
(12 g.) in 200 ml. acetic acid reacted with 3.16 ml. bromine 
at 20° to yield 2-amino-3-bromo-9-fluorenone (11.9 g., 71%), 
m.p. 210° (from ethanol) (lit.4 m.p. 216°).

B. 2-Amino-9-fluorenone (7.6 g.) in 196 ml. dimethyl sulf
oxide was treated with 4.45 ml. of ¿-butyl bromide at 105° for
l. 5 hr. and poured into water.4 Extraction of the product by 
refluxing benzene gave upon cooling 1.9 g. of brick-red 2- 
amino-3-bromo-9-fluorenone, m.p. 210°. Extraction of the 
benzene-insoluble material with hot IN  hydrochloric acid 
and subsequent neutralization gave 1.5 g. of 2-amino-S- 
bromo-9-jluorenol,w m.p. 198° (raised to 205-206°, from 
ethanol and benzene). Thus, reduction of the keto function in 
a position para- to the entering bromo group was a concomi
tant reaction.

Anal. Calcd. for CiiHioBrNO: G, 56.54; H, 3.65; N, 5.79; 
Br, 28.93. Found: C, 56.80; H, 3.74; N, 5.27; Br, 28.36.

S-Bromo-2-Jluorenamine. A Wolff-Kishner reduction of 5.5 
g. of 2-amino-3-bromo-9-fluorenone, 20 ml. of 85% hydra
zine hydrate, and 40 ml. of diethylene glycol afforded in 2 
hr. 4.8 g. (91%), of 3-bromo-2-fluorenamine, m.p. 137-139° 
(colorless plates from cyclohexane) (lit.4 m.p. 142.5°).

In the presence of potassium hydroxide the only product 
isolated was 2-fluorenamine. Thus, 550 mg. of ketone, 2 ml. 
of hydrazine hydrate, 170 mg. of alkali, and 5 ml. of glycol 
gave 462 mg. of product, m.p. 115°, which was sublimed 
in vacuo and recrystallized from cyclohexane: 185 mg. (51%) 
of 2-fluorenamine, m.p. and mixed m.p. 124° (lit.11 m.p. 
127.5°).

2-Nitro-S-bromofluorene. 3-Bromo-2-fluorenamine (4.2 g.) 
in 60 ml. 40% peracetic acid was refluxed for 10 min. (color 
changes through green to brown) and cooled. The crude prod
uct was sublimed in vacuo at 130° and the sublimate crys
tallized from acetic acid: 2-Nitro-3-bromofluorene (1.6 g., 
35%), m.p. 130-131°. From the sublimation residues and 
the mother liquors 1 g. (20%) of 2-nitro-3-bromofluorenone,
m. p. 250° was isolated. XmlI 260 mp (e = 12,910); 307 (10,- 
180); Xmi„ 239 (8860), 275 (7000).

Anal. Calcd. for CuIIsBrNCk: C, 53.81; H, 2.78. Found: 
C, 54.15; H, 3.07.

(6) We are grateful to Dr. C. G. Finger, Illinois State (9) W. Bradley and F. P. Williams, J. Chem. Soc., 1205 
Geological Survey, Urbana, 111., for valuable discussions (1959).
regarding the introduction of fluorine into aromatic com- (10) Catalytic reduction of 2-amino-3-bromofluorenone 
pounds by exchange reactions. over platinum oxide in ethanol also furnished the fluorenol,

(7) B. Longo and M. Pirona, Gazz. chim. ital, 77, 117 m.p. and mixed m.p. 205°.
(1947) (11) W. E. Kuhn, Org. Syntheses, Coll. Vol. II, 447

(8) P. E. Fanta, Chem. Revs., 38, 139 (1946). (1943).
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2-Nitro-S-bromofluorenone. 2-Amino-3-bromo-9-fluorenone 
(5.05 g.) in 100 ml. of 40% peracetic acid was refluxed for 3 
hr. (color change to dark yellow). A small amount of potas
sium bichromate was added and refluxing ftmtinued briefly 
to give upon cooling 5.3 g. of product, m.p. 254° (m.p. 255- 
257°, from benzene or acetic acid) A™* 260 m^ (t = 36,830); 
Xmin 226(9140).

Anal. Calcd. for CuHeBrNCh: C, 51.34; H, 1.99. Found: 
C, 51.25; H, 2.37.

2-Nitro-3-amino-9-fluorenone. 2-Nitro-3-bromo-9-fluore- 
none (304 mg.) in 70 ml. of absolute ethanol, saturated at 0° 
with ammonia, was heated in a pressure bottle for 24 hr. at 
60° (green solution) to give upon cooling 240 mg. of brownish 
yellow crystals, m.p. 312-313° (m.p. 313-314°, Kofler, from 
benzene) Xmax 236.5 mM (e 11,210); 273 (13,270), 307.5(19,- 
520); 402 (7770); Xmin 244 (7950), 281 (12, 170), 359 (4640).

Anal. Calcd. for Ci3H8N203: C, 65.00; H, 3.36: N, 11.66. 
Found: C, 64.92; H, 3.73; N, 11.40.

A Wolff-Kishner reduction of 312 mg. of this compound in
2.5 ml. of hydrazine hydrate and 5 ml. of diethylene glycol 
produced 122 mg. of 2,3-fluorenediamine, m.p. and mixed 
m.p. 193° (lit.12 m.p. 192°), (from cyclohexane and dilute 
ethanol).

Refluxing 240 mg. of 2-nitro-3-aminofluorenone in 50 ml. 
of acetic anhydride for 7 hr. yielded 210 mg. of N-(2-nitro-9- 
oxo-3-ftuormyl) acetamide, m.p. 187°, after chromatography 
on alumina in benzene and crystallization from ethanol, 
(m.p. 190-191°, from ethanol, or cyclohexane-ethanol), 
Xmax 255 m/i (e 25,790), 303.5 (30,640), 363 (6160); Xmin232 
(12,710), 276.5 (18,600); 347.5 (5840).

Anal. Calcd. for Ci6HioN20 4: C, 63.82; H, 3.57; N, 9.93. 
Found: C, 63.55; H, 3.76; N, 9.65.

2-Nitro-8-hydroxy-9-fluorenone. 2-Nitro-3-bromo-9-fluor- 
enone (912 mg.) in 30 ml. each of ethanol and 2N  potassium 
hydroxide was refluxed for 1 hr. (color change from yellow to 
red). The solution was diluted with water, filtered, and acidi
fied, giving 594 mg. (82%) of product, m.p. 245° [from ben
zene; 247-248° (lit.9 248-249°) from benzene and ethanol]. 
Xm»x 247.5 mM (<• = 28,010); 296.5 (31,920); 357.5 (9170); 
Xmin 266(15,950); 333.5 (7780)

2-Amino-3-fluorenol. A. A Wolff-Kishner reduction of 241 
mg. of 2-nitro-3-hydroxy-9-fluorenone in 2 ml. of hydrazine 
hydrate and 4 ml. of diethylene glycol yielded 180 mg. (91%) 
of 2-amino-3-fluorenol, m.p. and mixed m.p. 211-212° (lit.5
209-210°), from benzene.

B. 2-Nitro-3-bromo-9-fluorenone (304 mg.) and 170 mg. of 
potassium hydroxide in 5 ml. of diethylene glycol was heated 
for 2 hr. on a steam bath. After cooling, 2 ml. of hydrazine 
hydrate was added and a Wolff-Kishner reaction performed:
2-amino-3-fluorenol (187 mg., 95%), m.p. 212-213°.

Reaction of 2-nitro-3-bromo-9-fluorenone with potassium 
fluoride. A. The fluorenone (4.86 g.), 50 g. of dry acetamide 
(sublimed and recrystallized), and 3.6 g. of oven-dried potas
sium fluoride was heated to 170-175° with stirring for 7.5 hr. 
Extraction of the brown product with water, acidification of 
the solution with nitric acid, and addition of silver nitrate 
precipitated 2.67 g. (89%) of silver bromide.

Extraction of the residue with hot sodium bicarbonate and 
acidification gave 0.88 g. of 2-nitro-3-hydroxyfluorenone, 
m.p. 249-250°. The residue was further extracted in a Soxh- 
let apparatus for 11 days with benzene. Extraction of the 
benzene solution with sodium bicarbonate furnished another
0.17 g., m.p. 248°.

Further extraction of the residue writh ethanol for 3 days, 
and concentration of the ethanol solution produced 0.43 g. of 
brownish crystals, m.p. 280-300°, which yielded 0.25 g. of
2-nitro-3-aminofluorenone, m.p. 309-310° (from pyridine). 
The black residue, m.p. > 360°, weighed 2.14 g.13

B. In dimethyl sulfoxide. 2-Nitro-3-bromofluorenone (608 
mg.), 354 mg. of oven-dried potassium fluoride in 50 ml. of 
vacuum-distillsd dimethyl sulfoxide was stirred at 115° for

(12) E. K. Weisburger and J. H. Weisburger, J. Ory. 
Chan., 23, 1103 (1958).

78 hr. and diluted with 200 ml. water to give a yellow precipi
tate (465 mg.), m.p. 238-242°. A chloroform solution of this 
material was extracted with sodium bicarbonate and the 
aqueous layer acidified to give 2-nitro-3-hydroxy-9-fluo- 
renone (401 mg.), m.p. and mixed m.p. 248°. No evidence for 
the 3-fluorine-substituted material was found in the chloro
form layer.

2,2'-Dinitro-3,3'-bifluoren-9-one. 2-Nitro-3-bromofluo- 
rcnone (1.5 g.) in 70 ml. of dry xylene was refluxed for 20 hr. 
with 2 g. of iodine-activated copper powder.14 The solution 
was filtered, and cooled to give a small amount of crystalline 
material, m.p. > 360°. The filtrate was chromatographed on 
alumina. A faster yellow band was extracted with benzene to 
give 2-nitrofluorenone (0.45 g.), m.p. and mixed m.p. 218°. 
A slower brown band extracted with pyridine furnished a 
solid, which was combined with a pyridine extract of the 
copper powder, and the high melting product above to 
give yellow 2,2'-dinitro-3,3'-bifluoren-9-one (69 mg.) m.p. 
>360°, from pyridine. Xraal 270 m/a (e = 35,310); Xmin 
226 (17,340); inflection pt. 360.

Anal. Calcd. for C26HisN206: C, 69.64; H, 2.70; N, 6.25. 
Found: C, 69.00; H, 3.08; N, 6.33.

8,S'-Bis-2,2'-fluorenamine. A Wolff-Kishner reduction of 
896 mg. of dinitrobifluorenone, 150 ml. of diethylene glycol, 
and 60 ml. of hydrazine hydrate produced a gray precipitate. 
Chromatography on alumina in benzene and crystallization 
from ethyl acetate and pyridine left 450 mg. of yellow dia
mine, m.p. 314-316°. Xma* 270 mp (e = 48,360); 367 (26,630); 
389 (23,930); Xm;„ 234 (20,220); 310 (10,010); 380 (22,030).

Anal. Calcd. for C26H20N2: C, 86.63; H, 5.59; N, 7.77. 
Found: C, 87.03; H, 4.66; N, 7.97.

The diacetyl derivative was prepared in benzene wdth acetic 
anhydride as pale yellow crystals, m.p. 284-285°, from ethyl 
acetate. Xm„  277 mM (<, = 36,180); 304 (23,230); Xmi„ 235 
(22,230); 302 (23,230); shoulder 258 m/i.

Anal. Calcd. for C30H24N2O2: C, 81.06; H, 5.44; N, 6.30. 
Found: C, 80.47; H, 5.39; N, 6.33.

1,3-Dibromo-2-nitrofluorene. l,3-Dibromo-2-fluorenamine4 
(13.6 g.) was refluxed for 40 min. in 272 ml. of 40% peracetic 
acid and 120 ml. of acetic acid (color from green to red to 
golden yellow). The reaction was terminated at this point to 
avoid extensive oxidation to the fluorenone. Dilution with 
water gave a product which was chromatographed on alu
mina in benzene to give colorless l,3-dibromo-2-nitrofluorene 
(8.5 g.) m.p. 163° (m.p. 164-165°, from cyclohexane or 
ethanol). This compound is sensitive to light in solution and 
in the solid state, being altered to a violet product. Xmaa 270 
niji (e = 15,760); 297 (7820); 307.5 (6300); Xmin 245(8380); 
295 (7760); 305 (5830).

Anal. Calcd. for CisHiBriNCh: C, 42.31; H, 1.91; Br,
43.31. Found: C, 42.01; H, 2.06; Br, 43.26.

Elution of the alumina column, above, with 10% ethanol, 
in benzene gave 1.15 g. of l,3-dibromo-2-nitrofluorenone, 
m.p. 248° (see below). The fluorene derivative could also be 
separated from the smaller amounts of the fluorenone com
pound by reason of the virtual insolubility of the latter 
compound in cyclohexane.

1,3-Dibromo-2-nitrofluorenone. l,3-Dibromo-2-nitrofluo- 
rene (3.7 g.) and 3 g. of potassium bichromate in 110 ml. of 
acetic acid were refluxed for 5 hr. and poured into water to 
give l,3-dibromo-2- nitrofluorenone (2.8 g., 82%), m.p. 251- 
252°, from benzene. A sample, chromatographed on alumina 
in benzene, was eluted with ethanol from the segment con
taining the yellow band to give material with m.p. 253-254°, 
from benzene and acetic acid. Xmax 269 mu (e ■= 7220); 306 
(550); 321 (400); 335.5 (300); Xmin 233 (1250); 300.5 (460); 
317 (390); 332 (295).

(13) The infrared spectrum of this material was unlike 
that of the bifluorene derivative described below, but 
exhibited instead some of the features of a 2,3-substitutcd 
fluorenone.

(14) E. C. Kleiderer and R. Adams, ./. Am. Chem. Hoc., 
55, 4219 (1933\
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Anal. Calcd. for Ci3H5Br2N0 3: C, 40.76; H, 1.32; N, 3.66; 
Br, 41.73. Found: C, 40.99; H, 1.46; N, 3.39; Br, 41.67.

1,3-Diamino-2-nitrofluorenone. A suspension of 0.57 g. of 
finely powdered l,3-dibromo-2-nitrofluorenone in 90 ml. of 
absolute ethanol was saturated with gaseous ammonia at 
0°, heated in a pressure bottle to 60° for 48 hr. and cooled to 
give orange needles, 0.28 g., m.p. 205° (Kofler block), from 
benzene or ethanol. Xm„  248 mji (e = 15,750); 264 (14,890); 
292 (17,450); 304 (16,010); 355 (22,930); 455.5 (4790); Xmin 
225 (11,070); 255 (14,100); 273.5 (12,880); 301 (15,850); 
330 (9110); 417 (3110).

Anal. Calcd. for C13H9N3O3: C, 61.17; H, 3.56; N, 16.46. 
Found: C, 61.05; H, 3.76; N, 16.37.

The diacetyl derivative, N, N'(2-nitro-9oxo-l,3-fluorerujl- 
ene) bisacelamide, 102 mg., m.p. 325°, was prepared by re
fluxing 100 mg. of the amine for 8 hr. with 10 nil. each of 
acetic acid and acetic anhydride. Chromatography in ben
zene on alumina, and recrystallization from a mixture of 
benzene and ethanol, or from acetic acid gave colorless 
needles, m.p. 328° (Kofler). \ ma* 265.5 m/i (e = 25,970); 
Xmin 235 (14,310).

Anal. Calcd. for Ci7HuN30 5: C. 60.18: H, 3.86; N, 12.38. 
Found: C, 59.75; H, 4.24; N, 12.37.

1,2,8-Triacetylaminofluorene. l,3-Diamino-2-nitro-9-fluo- 
renone (0.8 g.) was subjected to a Wolff-Kishner reaction 
with 24 ml. of hydrazine hydrate and 40 ml. of diethylene 
glycol in a nitrogen atmosphere. Dilution with 100 ml. of 
oxygen-free water gave a precipitate which dissolved in 1W 
hydrochloric acid and reprecipitated by hydrazine hydrate 
yielded 530 mg. of crude 1,2,3-fluorenetriamine, m.p. 204°. 
This somewhat unstable compound was immediately acety- 
lated by acetic anhydride in benzene to give a white triacetyl 
derivative (400 mg.), m.p. 285-287°, from acetic acid and 
benzene. Xm„  217 mK «=34,890), 244 (31,340), 272.5 (23,160); 
Xmin 231 (22,260); 259 (18,270); shoulder 310 mM (7310).

Anal. Calcd. for C19H19N3O3: C, 67.64; H, 5.6S: X, 12.46. 
Found: C, 67.37; H, 5.82; N, 12.41.

Reaction of l,3-dibromo-2-nitro-9-fluorenone with ethanolic 
alkali. A suspension of 497 mg. of l,3-dibromo-2-nitrofluo- 
renone in 70 ml. each of ethanol and 2N  aqueous potassium 
hydroxide was refluxed for 35 hr. giving a red solution, which 
was diluted with water and acidified. The precipitate was dis
solved in alkali (Norit) and reprecipitated with acid to give 
yellow 2-nitro-3-hydroxy-9-fluorenone (284 mg., 01%), m.p. 
and mixed m.p. 247°, from ethanol and benzene.

Anal. Calcd. for Ci3H7N04: C, 64.73; H, 2.93; N, 5.81. 
Found: C, 64.86; H, 3.33; N, 5.36.

l-Bromo-2-nitro-3-hydroxy-9-fluorenone. l,3-Dibromo-2- 
nitrofluorenone (1.1 g.) in 35 ml. each of pyridine and 1JV 
aqueous potassium hydroxide was refluxed for 1 hr. (color 
dark green), poured into water, acidified, and extracted with 
ether. The ether layer was shaken with bicarbonate and the 
aqueous layer acidified to give l-bromo-2-nitro-3-hydroxy- 
fluorenone (0.5 g.), m.p. 257° (raised to 257-258°, from 
benzene, acetic acid, ethanol, and dilute ethanol), positive 
Beilstein test. Xmal 258 m/* (e = 30.630); 263 (30,710); 299 
(31,030); 410 (2900); Xmi„ 228 (12,180); 260 (30,610); 296 
(9800); 387 (2700).

Anal. Calcd. for CY.Il6BrN04: C, 48.77; H, 1.89; Br, 24.97. 
Found: C, 48.99; H, 2.13; Br, 25.67.

Further refluxing of this compound for 5.5 hr. in equal 
volumes of pyridine and 4N  potassium hydroxide resulted in 
the recovery of the starting material. However, when 0.5 g. 
of compound was refluxed for 2 hr. in 25 ml. each of ethanol 
and ON aqueous potassium hydroxide, 346 mg. (92%) of 2- 
nitro-3-hydroxyfluorenone, m.p. and mixed m.p. 248° was 
obtained.

B e t i i e s d a  1 4 , A Id .
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Derivatives of 3-Fluorofluorene by the Pschorr Synthesis
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The reaction of p-fluorophenylmagnesium iodide with 6-oxo-2-methyl-4,5-benz-l,3-oxazine (from acetic anhydride and 
anthranilic acid) gave 2-(4'-fluorobenzoyl)acetanilide, which was hydrolyzed to the amine. A Pschorr reaction on the latter 
afforded 3-fluorofluorenone, which in turn was readily reduced to 3-fluorofluorene. The intermediate aminofluorobenzo- 
phenone was also prepared by a Hofmann reaction on the corresponding amide. A Curtius reaction on o-benzoylbenzoic 
acid in the presence of pyridine yielded moderate amounts of 2-aminobenzophenone, but without pyridine the main product 
was Ar-phenylphthalimide. From the dinitration of 3-fluorofluorene the 2,7-dinitro derivative was obtained in good yield. 
Reduction of this compound by hydrogen sulfide gave a mixture of amines from which 3-fluoro-7-nitro-2-fluorenamine 
was isolated and characterized.

In connection with the preparation of fluorinated 
derivatives of the carcinogen 7V-2-fluorenylacetam- 
ide, a number of approaches to the synthesis of 
the required intermediates, especially 3-fluoro
fluorene, were explored. In a previous publication3 
the preparation of this compound from 3-fluoren- 
amine was described. The present paper deals with 
two other routes giving 3-fluorofluorene frohi com

il)  National Institutes of Health, Public Health Service, 
Department of Health, Education and Welfare.

(2) Visiting Scientist, National Cancer Institute. On 
leave of absence from Yamaguchi University, Ubo. Japan.

(3) K. Suzuki, E. K. Weisbv.rger, and J. II. Weisburger, 
,/. Org. Chem., 24, 1511 (1959).

mercially available starting material. In addition, 
the dinitration of 3-fluorofluorene, and products 
related thereto will be described. Furthermore, 
some observations bearing on the chemistry of 
or//),o-substitilted benzophenones will be discussed.

One method leading to 3-fluorofluorenone con
sisted in the inverse addition of a Grignard reagent 
from p-fluoroiodobenzene to 6-oxo-2-methyl-4,5- 
benz-l,3-oxazine, itself readily available from 
acetic anhydride and anthranilic acid. The product,
2-(4'-fluorobenzoyl)aeetanilide vTas converted to 
the corresponding amine, 2-amino-4,-fluorobenzo- 
phenone, which in turn was subjected to a Pschorr 
reaction with production of 3-fluorofluorenone. This
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compound was reduced in good yield to the fluorene 
derivative by a Wolff-Kishner reaction.

Another path to the intermediate 2-amino-4'- 
iluorobenzophenone involved a Hofmann reaction4 
on 2-(4'-fIuorobenzoyl)benzairiide. This amide was 
prepared from the acid via the ethyl ester. I t could 
not be made via the acid6 chloride, presumably 
because of the predominance of the pseudo form 
of the acid chloride, indicated by an infrared 
peak at 5.58 ¿u.6 In contrast, the acid, ester, and 
amide existed primarily in the normal form, as 
evidenced by the similarity of their infrared peaks

I! II
o  o

Pseudo form Normal form

of 5.90 and 5.97, 5.86 and 5.99, and 5.86 and 6.01 n, 
respectively.

Further evidence for the existence of normal and 
pseudo forms of certain derivatives of o-benzoyl- 
benzoic acid was provided by the attempts to 
obtain 2-amino-4'-fluorobenzophenone from the cor
responding acid by means of a modified Curtius 
reaction, successfully used in a number of other such 
conversions.7 8 Thus, preparation of the azide, via 
the acid chloride, yielded an oil which when de
composed in the presence of acetic anhydride led 
mainly to A-(4'-fluorophenyl)phthaLmide, and also 
gave small amounts of other, not precisely identi
fied materials. Some parallel studies with o- 
benzoylbenzoic acid itself entirely confirmed the 
findings of Bhatt, of Arcus and associates, and of 
Badger et al.s who reported benzoylanthranilic 
acid, 6 - oxo - 2 - phenyl - 4,5 - benzo - 1,3 - oxazine 
and chiefly A-phenylphthalimide as products of the 
Schmidt reaction on this acid. We have observed, 
however, that decomposition of the azide in a 
Curtius reaction in the presence of pyridine also 
led to moderate yields of the expected 2-amino- 
benzophenone, in addition to the above materials.

Another route to 3-fluorofluorene was by way of 
the corresponding diphenylmethane derivatives. 
The crucial intermediate 2-(4,-fluorobenzyl)benzoic 
acid,9 m.p. 124°, was prepared best in two steps 
from the benzophenone derivative: (1) A reduction

(4) K. Suzuki, S. Kajigaeshi, and M. Sano, Ytiki Gosei 
Kagaku Kyokai Shi, 16, 82 (1959).

(5) F. C. Hahn and E. E. Reid, J. Am. Chem. Soc., 46, 
1645 (1924).

(6) W. Graf, E. Girod, E. Schmid, and W. G. Stoll, 
Helv. Chim. Acta, 42, 1085 (1959).

(7) E. K. Weisburger and J. H. Weisburger, J. Org.  
Chem., 23, 1193 (1958).

(8) M. V. Bhatt, Chem. and Ind., 1390 (1956); C. L.
Arcus and M. M. Coombs, J. Chem. Soc., 3698 (1953); 
C. L. Arcus and R. E. Marks, J. Chem. Soc., 1627 (1956);
G. M. Badger, R. T. Howard, and A. Simons, J. Chem. Soc., 
2849 (1952).

to the lactone, 3-(p-fluorophenyl)phthalide, m.p. 
101°, with zinc and ammonia, (2) a reduction of 
this compound with phosphorus and hydrogen 
iodide. The use of the latter step alone on the ben
zophenone derivative yielded the dilactone, and 
only 50% of the desired acid. Likewise, a Wolff- 
Kishner reduction was unsuitable, for ring closure 
with production of l-(2H)-2-(4'-fluorophenyl)- 
phthalazinone was the preponderant reaction 
taking place.

The modified Curtius reaction on 2-(4'-fluoro- 
benzyl) benzoic acid gave excellent yields of the 
expected amine, 2-(4'-fluorobenzyl)aniline, via the 
intermediate acetyl and diacetyl derivatives, in con
trast to the behavior in the benzophenone series. 
However, the Pschorr reaction on this amine af
forded only traces of the fluorene derivatives, 
probably because of steric factors in the diphenyl
methane derivative. Owing to the tetrahedral 
nature of the configuration around the methylene 
carbon, the phenyl rings are not coplanar and ring 
closure is thus not favored. On the other hand, 
benzophenones are coplanar, and ring closure is 
generally facile.10

The dinitration of 3-fluorofluorene, not previously 
studied, hi acetic acid with fuming nitric acid led 
to the 2,7-dinitro derivative, in analogy with the 
reaction of fluorene. A mixture of amines was ob
tained by the action of hydrogen sulfide on this 
compound. The pure compound isolated from this 
reduction was 3-fluoro-7-nitro-2-fluorenamine, as 
proved by the isolation of 3-fluoro-7-nitrofluorene 
upon deamination.

E X P E R IM E N T A L

The melting points were determined in a capillary tube 
and are not corrected. The ultraviolet spectra were recorded 
by Mr. P. H. Grantham on a Cary recording spectropho
tometer as 5 X 10 “6 M  solutions in ethanol and the infrared 
spectra on a Perkin-Elmer spectrophotometer, model 21, as 
solids in potassium bromide disks. We are indebted to the 
staff of the NIH Microanalytical Laboratory for the analyses.

Ethyl 2-(4.'-fluorobenzoyl)benzoate. 2-(4'-Fluorobenzoyl)- 
benzoic acid6 (84.7 g.), m.p. 138-139°, and 3 ml. of coned, 
sulfuric acid in 230 ml. of absolute ethanol was refluxed for 6 
hr. Dilution with water gave 76.5 g. of the ester, m.p. 78-80°, 
from cyclohexane (lit.5 m.p. 80°). Xmal 246.5 m/i (e = 6990); 
Xmin 228 (5600).

Anal. Calcd. for Ci6H13F03: C, 70.58; H, 4.81. Found: C, 
70.48; H, 5.01.

2-{4.'-Fluorobenzoyl)benzamide. Ethyl 2-(4-fluorobenzoyl)- 
benzoate (12.8 g.) in 70 ml. of absolute ethanol, saturated

(9) Hahn and Reid6 reported a m.p. of 148-149° for this 
compound, prepared by reducing the benzophenone deriva
tive with copper sulfate activated zinc dust in aqueous 
ammonium hydroxide or sodium hydroxide. The discrep
ancy in the melting point is not clear. The single analysis 
for fluorine shown by Hahn and Reid for this substance 
exhibits a larger deviation from theoretical (found 7.78%, 
calcd. 8.26%) than any of the other compounds listed in 
their paper. In our hands the use of ethanolic ammonium 
hydroxide and ordinary zinc dust led to the lactone, m.p. 
101° .

(10) D. F. DeTar, Org. Reactions, 9, 409 (1957).
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with ammonia gas at 0°, was heated in a pressure bottle for 
24 hr. at 50°, and the solvent evaporated. The residue ex
tracted with dilute sodium hydroxide gave a recovery of 1.5 
g. of 2-(4'-fluorobenzoyl)benzoic acid. The alkali-insoluble 
part recrystallized from benzene yielded 8.3 g. of the amide, 
m.p. 174° (raised to 177-178°). Xmal 270 mp (e = 1230); 285 
(450) ) ^min 268 (1140); general absorption below 260 mp.

Anal. Calcd. for CmHioFN0 2: C, 69.13; H, 4.14. Found: C, 
69.36; H, 4.22.

2-Amino-4'-fluorobenzophenone. To an ice-cold solution of
0.7 g. of bromine and 1.5 g. of potassium hydroxide in 20 ml. 
of water, 1.09 g. of powdered amide was added slowly with 
stirring. After 2 hr., 2.25 g. of potassium hydroxide in 2.25 
ml. of water was introduced and the mixture was heated at 
100° for 45 min. to give a light yellow amine (0.57 g., 59%), 
m.p. 124-125° (raised to 127-128°), from cyclohexane. Xma, 
234 mM (e = 13,660); 375 (5600).

Anal. Calcd. for C13Hi0FNO: C, 72.69; H, 4.92. Found: C, 
72.40; H, 4.77.

The hydrochloride melted at 187-188° dec. Acetylation 
of the amine in benzene with acetic anhydride gave 2-(4'- 
fiuorobenzoyl)acetamlide, m.p. 98-100°, from methanol, 
identical with the material described below.

S-Fluorofiuorenone. Finely powdered sodium nitrite (1.77 
g.) was stirred into an ice-cold solution of 4.73 g. of the 
amine in 440 ml. of 50% sulfuric acid over 1 hr. After 2-3 hr. 
at 25°, and 0.5 hr. at 100° the mixture was cooled. An ether 
extract was washed with sodium bicarbonate and the ether 
was evaporated. The residue was sublimed in vacuo to give 
yellow 3-fluorofluorenone (3.72 g., 85%) m.p. 124-126° 
(raised to 128-129°), from cyclohexane. Xma* 249 mp (e = 
46,770); 257 ( 65,560); 280 (2700); 290.5(3970); 309(1430); 
Xmi„ 250 (46,140); 272.5 (1740); 286.5 (2380); 305 (1190).

Anal. Calcd. for C13H,FO; C, 78.77; H, 3.56. Found: C, 
79.29; H, 4.09.

Acidification of the bicarbonate extract in some runs gave 
a precipitate of 4’-fluoro-2-hydroxy-8{or 5)-nitrobenzophe- 
none, m.p. 99-100°. This compound presumably is the result 
of the action of excess nitrite on the phenol produced ini
tially. Xmax 250 m/x (« = 14,790); Xmi„ 225 (11,400).

Anal. Calcd. for C13H8FNO,: C, 59.77; H, 3.09; N, 5.36. 
Found: C, 60.30; H, 3.79; N, 5.40.

S-Fluorofiuorene. 3-Fluorofluorenone (3.6 g.) and 11 ml. of 
85% hydrazine hydrate in 25 ml. of diethylene glycol was 
refluxed for 1.5 hr. The condenser was removed until the 
temperature rose to 185°, then refluxing was continued for 2 
hr. The product collected on dilution with water was sub
limed in vacuo and chromatographed on alumina in benzene:
3-Fluorofluorene (2.5 g., 75%), m.p. 80°, from cyclohexane, 
(lit.3 m.p. 77-78°).

2-(4'-Fluorobenzoyl)acetanilide. This method was based on 
that of Lothrop and Goodwin.11 A benzoxazine, m.p. 77-80°, 
was isolated from the reaction of acetic anhydride on an- 
thranilic acid. A filtered Grignard reagent, from 13 g. of p- 
fluoroiodobenzene, 1.52 g. of magnesium, and 35 ml. of ether, 
was dropped into a cold solution of 9.4 g. of the benzoxa
zine in 216 ml. of dry benzene during 1.5 hr., and stirred 1 hr. 
more. After 15 hr. the reaction mixture was decomposed with 
150 ml. of 3N  sulfuric acid, the upper layer washed with 
water, the solvents evaporated, and the product chromato
graphed on alumina in benzene to give colorless needles (8.5 
g., 57%), m.p. 96-97° (raised to 99-101°), from methanol. 
Xma* 235 mp (« = 21,900) ¡324(2400) Xmin 220.5 (15,600), 294 
(1700).

Anal. Calcd. for Ci6H12FN02: C, 70.03; H, 4.70. Found: C, 
70.26; H, 4.93.

Hydrolysis of 0.5 g. of the acetylamino derivative in 1.5 
ml. of 12N  hydrochloric acid and 5 ml. of ethanol, and neu
tralization gave 0.38 g. (90%) of amine, m.p. 124-126° (from

(11) W. C. Lothrop and P. A. Goodwin, J. Am. Chem. 
Soc.., 65, 363 (1943); cf. A. Mustafa, ei al., J. Am. Chem. 
Soc., 77, 1612 (1955); A. Morrison and T. P. C. Mulholland, 
./. Chem. Soc., 2702 (1958); E. D. Bergmann and R. Barshai,
J. Am. Chem. Soc., 81, 5641 (1959). •

ethanol), undepressed by admixture of the amine obtained 
in the Hofmann reaction.

8-(4'-Fluorobenzyl)benzoic acid. A. The following is the 
preferred procedure. 2-(4'-Fluorobenzoyl)benzoic acid (9.7 
g.) in 120 ml. of ethanol and 50 ml. of ammonium hydroxide 
was refluxed for 2 hr. with 25 g. of zinc dust. After removal of 
the zinc and concentration, 8.95 g. of the lactone (4-fluoro- 
phenyl)phthalide, m.p. 100-101°, crystallized. Xmax 264 m/x (« 
= 1240); 270 (1420); 281 (1300); Xmin 248 (500), 267.5(1160), 
278 (1100); general absorption below 230 m/x.

Anal. Calcd. for CuHsFCh: C, 73.68; H, 3.97. Found: C, 
73.67; H, 4.21.

The lactone (8.95 g.) was refluxed for 5 hr. in 80 ml. of 
acetic acid and 15 ml. of hydriodic acid with 3 g. red phos
phorus and diluted with water. Solution in bicarbonate and 
reprecipitation with acid gave 8.6 g. (over-all yield 93%) of 
2-{4'-fluorobenzyl)benzoic acid, m.p. 122-124°, from cyclo
hexane. Xmax266.5 m/x (e = 1940); 273 (2010); Xn ln254 (1250); 
270 (1520); general absorption below 240 m/x.

Anal. Calcd. for CuHnFCk: C, 73.03; H, 4.82. Found: C, 
72.79; H, 5.09.

B. 2-(4'-Fluorobenzoyl)benzoic acid (18 g.) was refluxed in 
100 ml. of acetic acid, 40 ml. of 50% hydroiodic acid, and 1 g. 
of red phosphorus for 9 hr. Dilution with water gave a pre
cipitate extracted with bicarbonate. Acidification produced
8.9 g. (52%) of 2-(4'-fluorobenzyl)benzoic acid, m.p. 123°. 
The portion insoluble in bicarbonate was the dilactone, bis- 
(4-fluorophenyl)phthalide, 7.9 g. m.p. 272-273°, from ben
zene. Xmax 265 mp U = 2920); 269.5 (3100); 277(3400); 284 
(3660); Xmin 255 (2320), 267 (2900), 273 ( 3000), 281 (3300); 
general absorption below 240 m/x.

Anal. Calcd. for CjJLcFiCL: C, 74.00; H, 3.55. Found: C, 
73.60; H, 3.60.

The dilactone was converted in about 50% yield to the 
phthalide derivative, m.p. 100°, by refluxing for 1 hr. in 
ethanolic potassium hydroxide.

l(2H)-4-(4'-Fluorophenyl)phthalazinone. A white precipi
tate increasing with time appeared as 2.4 g. of 2-(4'-fluoro- 
benzoyl)benzoic acid, 11 ml. of hydrazine hydrate, and 25 
ml. of diethylene glycol was refluxed for 1 hr. Dilution with 
water gave 2.4 g. of compound, m.p. 257-264° (raised to 267- 
268.5°), from acetic acid, ethyl acetate, or «-butyl alcohol. 
Xmax 292.5 m/x (7900); Xmi„ 269 (5600).

Anal. Calcd. for Ci4H9FN20: C, 69.99; H, 3.78; N, 11.63. 
Found: C, 69.76; H, 4.00; N, 11.63.

Modified Curtius reaction on 2-{4'-fluorobenzyl)benzoic 
acid. The finely powdered acid, (11.5 g.) stood 18 hr. in 100 
ml. of thionyl chloride at 25°. The excess thionyl chloride 
was distilled in vacuo and traces removed by three further 
codistillations with petroleum ether. Sodium azide (4 g.) in 
4 ml. of water was added to the residual acid chloride, m.p.
36-38°, in 100 ml. of dry acetone at —40°. After 2 hr. the 
mixture was poured into cold water and extracted with 
benzene. The dry (calcium chloride at 5°) benzene layer was 
distilled in vacuo leaving the azide as a light yellow oil.

The oil in 100 ml. of acetic anhydride was heated until gas 
evolution stopped, then poured into ice water. Extraction of 
the product with ether, and evaporation of the solvent 
yielded 10.6 g. (75%) of colorless 2"-(4"'-fluorobenzyl)di- 
acelanilide or 2-diacetylamino-4'-fluorodiphenylmethane, 
m.p. 67-69°, from petroleum ether. X„,„, 260.5 mp (e = 
1220); 266 (1510); 272 (1350); Xmin 247 (800), 262 (1200), 270 
(850).

Anal. Calcd. for CnHi6FN02: C, 71.56; H, 5.65; N, 4.91. 
Found: C, 71.74; H, 5.59; N, 4.80.

The ether-insoluble portion, 2.1 g. (17%), m.p. 152-154°, 
was 2-{4'-fluorobenzyl)acetaniUde, m.p. 155-156°, from ben
zene.

Anal. Calcd. for Ci5H14FNO: C, 74.05; H, 5.80; N, 5.76. 
Found: C, 73.68; H, 5.85; N, 5.87.

Both mono- and diacetylamino derivatives were hydro
lyzed to 2-(4'-fluorobenzyl)aniline, m.p. 56-57°, from cyclo
hexane, in 85-90% yields by refluxing for 1.5 hr. in 12JV
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hydrochloric acid, followed by neutralization. Direct hydroly
sis of the crude mixture of mono- and diacetvl derivatives 
gave an over-all yield of 93% of amine. Xmax 235 mg (e = 
7250); 206.5 (1900); 272.5 (2200); 287 (2280) Xmin 225(6170), 
262 (1500), 269 (1560), 276.5 (1800).

Anal. Oalcd. for CuHuFN: C, 77.58; H, 6.01; N, 6.96. 
Found: C, 77.41; H, 6.16; N, 7.14.

Direct hydrolysis of the azide was not so useful. Thus, the 
azide from 2.3 g. of acid was refluxed for 1 hr. with 12Af 
hydrochloric acid. The acid-soluble product yielded 220 mg. 
(11%) of amine, m.p. 56°. The acid-insoluble material was 
sym -di[2-(4'-fluorobenzyl)phenyl\urea, 0.49 g., m.p. 229-230° 
from benzene. Xma, 247 mg (t = 17,000), 272 (5600); Xml„ 
230 (10,600), 270.5 (5400).

Anal. Oalcd. for C27H22F2N20: C, 75.68; H, 5.18; N, 6.54. 
Found: 0, 76.08; H, 5.50; N, 6.68.

The amine (200 mg.) in 500 ml. of ice-cold 60% sulfuric 
acid was diazotized with 100 mg. of sodium nitrite during
1.5 hr., refluxed 40 min., diluted with water, and extracted 
with benzene. The. benzene solution was washed with liV 
potassium hydroxide, evaporated, and the residue sublimed 
in vacuo giving 10 mg. of 3-fluorofluorene, m.p. 69-71° 
(raised to m.p. and mixed m.p. 74°, from petroleum ether).

Attempted Curtius reaction on 2-{4'-fluorobenzoyl)benzoic 
acid. The acid chloride, from 34.2 g. acid and 100 ml. of 
tbionyl chloride, in 300 ml. cold, dry acetone was treated 
with 11 g. of sodium azide in 30 ml. water. The azide, ex
tracted into cold benzene after dilution with ice water, was 
freed of solvent. After refluxing in 250 ml. of acetic anhy
dride for 3 hr. the solution was poured into water. The oily 
product was dissolved in 250 ml. of hot ethanol and the solu
tion concentrated to give white felt-like 4'-fiuorophenyl- 
phthalimide (11.9 g.), m.p. 180-181.5°, from ethanol.

Anal. Calcd. for CmH8FN02: C, 69.71; H, 3.34. Found: C, 
69.90; H, 3.42.

Modified Curtius reaction on benzoph.enone-2-carboxylic 
acid. The acid chloride, from 22.6 g. of acid and thionyl 
chloride at 25°, reacted in 300 ml. of cold acetone and 10 ml. 
of pyridine with 8 g. of sodium azide in 20 ml. of water. 
The azide was extracted into benzene, freed of solvent in 
vacuo, and refluxed with 150 ml. of acetic anhydride for 1.5 
hr. N-Phenylphthalimide (6 g.) m.p. 199-201°, formed upon 
addition of water.

The filtrate taken to pH 6 with bicarbonate gave an oily 
precipitate, which was dissolved in ether. The solution ex
tracted with bicarbonate and the latter acidified gave 1 g. of 
N-benzoylanthranilic acid, m.p. 185-188°. The ether solution, 
evaporated and the residue chromatographed in benzene on 
alumina, gave 6.7 g. of oily material which -was refluxed for 3 
hr. with equal volumes of 12N  hydrochloric acid and eth
anol. Neutralization and dilution with water gave 4.5 g. of
2-aminobenzophenane, m.p. 102°. 2-Aminobenzophenone 
could not be isolated if pyridine was omitted during the for
mation and decomposition of the azide.

2,7-Dinitro-S-fluorofluorene. Powdered 3-fluorofluorene 
(9.2 g ) was vigorously stirred into 75 ml. of acetic and 75 ml. 
of fuming nitric acid (d = 1.5) over 15 min. The tempera
ture rose to 55°. Upon cooling, 9.0 g. (66%) of yellow 2,7- 
dinitro-3-fiuorofluorene, m.p. 274° (raised to 278-279°), 
from acetic acid, was collected. Xmas 329 mp (e = 24,980); 
Xlnin 255 (3800).

Anal. Calcd. for CnH-jFNAL: C, 56.93; H, 2.57. Found: 
C, 56.63; H, 2.73.

In addition, 93 mg. of 7-nitro-3-fluorofluorene, m.p. and 
mixed m.p. 197° was isolated from the mother liquor.

8-Fhioro-2,7-fluorenediamine. Low-pressure catalytic re
duction of 548 mg. of the dinitro compound over platinum 
oxide in 80 ml. of ethanol gave 310 mg. of diamine, m.p. 178° 
(raised to 181-182°), from cyclohexane. Xmax 293.6 mp (e = 
23,840); 337 (9350); Xmin 247 (2660), 325 (8390).

Anal. Calcd. for Ci3HnFN2: N, 13.08. Found: N, 12.81.
5- Fluoro-7-nitro-2-fluorenamine. A hot suspension of 8.3 

g. of 2,7-dinitro-3-fluorofluorene in 400 ml. of ethanol and 
140 ml. of 15N ammonium hydroxide was treated with hy
drogen sulfide over 160 min. Dilution -with water and re
peated extraction of the resulting precipitate with 2900 ml. 
of 0.51V hydrochloric acid gave 4.6 g. of a crude mixture of 
amines. Orange 3-fluoro-7-nitro-2-fluorenamine (0.9 g.),
m.p. 240° (raised to 242-243°) was obtained after crystal
lization from benzene, and from acetic acid as the acid sul
fate12; Xmax 253 rap (e = 11,350), 390 (18,620); Xmin 227.5 
(6610); 298 (2380).

Anal. Calcd. for Ci3H9FN20 2: C, 63.93; H, 3.71. Found: 
C, 64.07; H, 3.91.

Deamination of this compound (0.66 g.) by 3.8 ml. of 
hypophosphorous acid, after diazotization in 13 ml. of acetic 
acid, 1.4 ml. of water, and 0.5 ml. of sulfuric acid with 0.18 g. 
of sodium nitrite in 0.4 ml. of water, gave a crude product 
(0.62 g.) m.p. 192°. Vacuum sublimation at 160° gave 0.47 g. 
(75%) of 7-nitro-3-fluorofluorene (2-nitro-6-fluorofluorene), 
m.p. and mixed m.p. 197°, from acetic acid. Thus, the amino 
group in the compound, m.p. 243° described above, was in 
the 2- position.

2,7-Dinitro-8-fluoro-9-fluorenone. 2,7-Dinitro-3-fluoro- 
fluorene (5 g.) in 350 ml. of acetic acid was refluxed for 12 
hr. while 57 ml. of red fuming nitric acid was added drop- 
wise. Dilution with water gave 3.8 g. of yellow needles, m.p.
235-236°, from acetic acid. Xmax 281.5 mp (e = 35,020);
325.5 (8300); 340 (8170); Xmin 231.5 (13,450); 319 (7970); 
334 (7550).

Anal. Calcd. for CuHsFNiOs: C, 54.18; H, 1.75; N, 9.72. 
Found: C, 53.93; H, 2.01; N, 9.63.

The same compound was also obtained by addition of 1 
ml. of fuming nitric acid to a cooled solution of 0.9 g. of 7- 
nitro-3-fluorofluorenone in 12 ml. of coned, sulfuric acid. 
After 1 hr. the mixture was poured onto ice to give needles 
(0.6 g.), m.p. and mixed m.p. with the product above, 235- 
236°, from acetic acid.

6- Fluoro-2-am.ino-9-fluorenone. Hydrogen sulfide and 1.2 
g. of 7-nitro-3-fluorofluorenone in 100 ml. of boiling ethanol 
and 60 ml. of ammonium hydroxide for 1 hr. followed by 
extraction of the crude product with dilute hydrochloric 
acid gave 0.52 g. of violet needles, m.p. 200° (raised to 210- 
211°, from benzene). Xmax 277 mp (e = 44,320); 327 (7270); 
Amin 230 (6390); 315 (6740).

Anal. Calcd. for Ci3H8FNO: C, 73.23; H, 3.78; Found: 
C, 73 42; H, 3.99.

B ethesda  14, Md.

(12) J. H. Weisburger and E. K. Weisburger, J. Org. 
Chem., 21,514 (1956).
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New difluorinated derivatives of fluorene are described, particularly 1,7- and 3,7-difluoro-2-acetamidofluorene, for cancer 
research. These are of interest because blocking metabolic hydroxylation sites may lead to more potent carcinogens and to 
metabolic products pertinent to the origin of cancer.

Previously5 we discussed the importance of fluo- 
rinated iV-2-(fluorenyl)acetamides in carcinogenic
ity studies being done by Drs. J. A. and E. C. 
Miller,4 and described preparation of six new mono- 
fluoro-2-acetamidofluorenes3'6'6 We felt that di- 
fluoro-2-acetamidofluorenes, with one fluorine atom 
in the 7-position,7 the major hydroxylation site, 
might have enhanced carcinogenicity. Additionally, 
if the positions ortho to the aeetamido group were to 
be blocked, thus preventing N—OH8 to ring —OH 
migration, the metabolic picture as related to 
carcinogenicity might be clarified.

We synthesized 2-nitro-3,7-difluorofluorene in 
two ways:

By an improved procedure using tetrahydro- 
furan9 6-fluoro-2-fluorenamine6 was diazotized in 
fluoboric acid. Decomposition of the salt in boiling 
xylene gave 2,6-difluorofluorene. Nitration of the 
latter gave a good yield of 2-nitro-3,6-difluoro- 
fluorene which was also obtained from 3-fluoro-2-

(1) This work was supported in part by research grant 
C-1744 from the National Cancer Institute of the U. S. 
Public Health Service.

(2) To whom communications regarding this manuscript 
should be addressed.

(3) T. L. Fletcher, W. H. Wetzel, M. J. Namkung, and
H. L. Pan, J. Am. Chem. Soc., 81, 1092 (1959).

(4) McArdle Memorial Laboratory, The University of 
Wisconsin.

(5) T. L. Fletcher, M. J. Namkung, H. L. Pan, and 
W. H. Wetzel, J. Org. Chem., 25, 996 (I960).

(6) T. L. Fletcher, M. J. Namkung, W. H. Wetzel, and
H. L. Pan, J. Org. Chem., 25, 1342 (1960).

(7) J. A. Milter, R. B. Sandin, E. C. Miller, and H. P. 
Rusch, Cancer Research, 15, 188 (1955).

(8) J. A. Miller, J. W. Cramer, and E. C. Miller, Cancer 
Research, 20, 950 (I960).

(9) T. L. Fletcher and M. J. Namkung, Chem. & Ind.,
179, (1961).

nitro-7-fluorenamine.6 Reduction10 and acetylation 
gave M-2-(3,7-difluorofluorenyl)acetamide.

2-Nitro-l,7-difluorofluorene was prepared by 
Schiemann decomposition of the diazonium salt9 
of l-fluoro-2-nitro-7-fluorenamine.5 Nitration of
1,7-difluorofluorene (from 8-fluoro-2-fluorenamine6) 
gave a mixture which seemed difficult to separate 
by crystallization and chromatography. Its infra
red spectrum, however, showed that the mixture 
was chiefly 2-nitro-l,7-difluorofluorene.

E X PE R IM E N T A L 11

2,6-Difluorofluorene. 6-Fluoro-2-fluorenamine6 (11 g., 
0.055 mole) was dissolved in 100 ml. of tetrahydrofuran9 
(warm) and 200 ml. of 48-50% fluoboric acid was added. A 
white precipitate came out upon cooling. To the cooled mix
ture (0°), an aqueous solution of 4 g. (0.059 mole) of sodium 
nitrite was added dropwise with stirring. After 15 min. (0°), 
the salt was filtered and washed with cold 5% fluoooric acid, 
methanol, and ether and dried, giving 15 g., dec. 120°. 
The diazonium salt was decomposed in boiling xylene. After 
filtration from a small amount of residue, the solvent was 
evaporated and the product was recrystallized from petro
leum ether (b.p. 30-60°), giving 7.1 g. (63% based on the 
amine), m.p. 46-48°. One more recrystallization from petro
leum ether gave an analvtical sample, m.p. 48-49°; Xmax 255 
mM (« 1.48 X 104), 260 (1.49 X 104), 264 (1.47 X 104), 
281 (6.05 X 103), 287 (5.37 X 103), 293 ( 8.2 X 103), 298 
(7.70 X 103), 305 (1.12 X 104); C—F stretching: 8.23 M, 
8.51 m.

Anal. Calcd. for C13H8F2: C, 77.22; H, 3.99; F, 18.79. 
Found: C, 77.22; H, 4.05; F, 18.60.

2-Nitro-3,7-difluorofluorene. (a) To a cooled (0°) mixture 
of 1.5 g. (0.061 mole) of 3-fluoro-2-nitro-7-fluorenamine6 and 
30 ml. of fluoboric acid (50%) and 60 mi. of 85% phosphoric 
acid, a saturated aqueous solution of 0.5 g. (0.072 mole) of 
sodium nitrite was added dropwise with stirring. After stir
ring for 10 min., the diazonium salt was treated as above, 
giving 1.5 g. (73%) of salt, dec. 135-140°. Decomposition of 
the salt in boiling xylene, evaporation of the solvent and re- 
crystallization from alcohol (Darco) gave 0.75 g. (50%, 
based on the amine) of 2-nitro-3,7-difluorofluorene, m.p.

(10) T. L. Fletcher and M. J. Namkung, J . Org. Chem., 
23, 680 (1958).

(11) Melting points were taken on a Fisher-Johns block 
and are corrected to standards. Analyses were done by 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y., 
and Alfred Bernhardt, Mülheim (Ruhr), Germany. Miss 
Barbara Bigley gave us valuable assistance in preparation 
and purification of starting compounds. Ultraviolet spectra 
were obtained on a DK-1 recording spectrophotometer 
(3 X 10~hM  in absolute ethanol for all except acetamido- 
compounds which were 2 X 10-6M). Infrared spectra were 
taken on a Beckman IR-5.
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to alter susceptibility to RS-H saturation of the 
carbon-carbon double bond. These compounds 
are being tested elsewhere for various biological 
properties including tumor inhibition screening.

In this study several A-9-fliiorenyImaleamic 
acids and maleimides were synthesized, starting 
with 9-fluorenamine prepared by zinc dust reduc
tion of fluorenone oxime.4 Trifluoroacetylation gave 
a high yield of .A-9-fluorenyltrifluoroacetamide. 
Schmidt and Sttitzel5 reported that nitration of 
N -9-f]uorenylaceI amidc in boiling nitric acid gave
1,8-dinitrofluorenone, and. Bennett and Noyes6 
nitrated the same compound by means of nitric 
and sulfuric acid mixture obtaining a compound 
designated as l,8-dinitro-9-acetamidofluorene. How
ever, JV-9-fluorenyltrifluoroacetamide when nitrated 
under mild conditions gave good yields of iV-9-(2- 
nitrofluorenyl)trifluoroacetamide. The position of 
the nitro group was established by dichromate 
oxidation to 2-nitrofluorenone.

Acid hydrolysis of IV-9-(2-mtrofluorenyl)trifluoro- 
acetamide gave 2-nitro-9-fluorenamine. Reaction of 
the latter with maleic anhydride gave N-9-(2- 
nitrofluorenyl)maleamic acid which was cyclized 
to the corresponding maleimide in boiling glacial 
acetic acid. Attempts to close the maleamic acid, 
in acetic anhydride in the presence of fused sodium 
acetate, led to a dark purple solid which could not 
be purified by crystallization or by chromatography 
on alumina.

Reduction7 of 2-nitro-9-trifluoroacetamidofluo- 
rene gave the 2-amine which was acetylated. The 
latter compound was hydrolyzed by brief boiling 
in dilute sodium hydroxide solution giving 2- 
acetamido-9-fluorenamine, an unstable compound. 
This amine was also obtained by zinc dust-acetic 
acid reduction of 2-acetamidofiuorenone oxime. 
In neither case were we able to prepare an analyti
cal sample. However, upon crystallization from 
acetone, A-2-(9-isopropylidenaminofluorenyl)acet- 
amide was obtained as shown by microanalyses 
and infrared spectrum.

The above amine reacted with maleic anhydride 
giving an almost quantitative yield of N-9-(2- 
acetamidofluorenyl)maleamic acid. Attempted cy- 
clization in acetic anhydride with fused sodium 
acetate led to a purple solid which decomposed 
upon attempted purification. Closure was effected 
by prolonged refluxing in glacial acetic acid with 
anhydrous sodium acetate. In addition to the 
maleimide, a high-melting white solid was ob
tained.

A-9-Fluorenylmaleamic acid, prepared from the
9-amine, also gave a dark purple intractable solid

(4) C. K. Ingold and C. L. Wilson, J. Chem. Soc., 1493
(1933).

(5) J. Schmidt and H. Stiitzel, Ann., 370, 1 (1909).
(6) C. W. Bennett and W. A. Noyes, J. Am. Chem. 

Soc., 52, 3437 (1930).
(7) T. L. Fletcher and M. J. Namkung, J. Org. Chem.,

23, 680 (1958).

when heated in acetic anhydride with fused sodium 
acetate. The corresponding maleimide was ob
tained by refluxing a mixture of 9-fluorenamine, 
maleic anhydride, and anhydrous sodium acetate 
in glacial acetic acid. This maleimide gave an 
addition compound when treated with N-2-{a- 
thiolnaphthyl) acetamide.

9-Trifluoroacetamido-2-fluorenamine gave N- 
2 - (9 - trifluoroacetamidofluorenyl)maleamic acid, 
which cyclized in the acetic anhydride procedure. 
Upon alkaline hydrolysis, this maleamic acid gave 
the supposed A’-2-(9-aminofluorenyl) maleamic acid 
(not characterized) which was treated with acetic 
anhydride and sodium acetate. A yellow crystalline 
solid resulted which was not the expected 9-aceta- 
midomaleimide. Further characterization has not 
been attempted.

Attempts to prepare 2,9-dimaleimidofluorene 
from 2,9-diaminofluorene6 were not successful. 
With an excess or an equivalent amount of maleic 
anhydride, the diamine gave a compound of un
known structure.

E X P E R IM E N T A L 8

N-9-Fluorenylirifluoroacetamide. To a cooled (10°) mix
ture of 9-aminofluorene hydrochloride (21.8 g., 0.1 mole) and 
pyridine (80 ml.), trifluoroacetie anhydride (23.1 g., 0.11 
mole) was added with stirring over a period of 5 min. The 
reaction mixture was allowed to stand at room temperature 
for 0.5 hr. then heated on a steam bath for 0.25 hr. and 
cooled. After water dilution the precipitated product weighed
23.9 g. (87%), m.p. 251-252.5°. Recrystallizaoion from 
methanol gave an analytical sample, m.p. 252-253° (pre
heated block). X°®s0H : 224 mM (log e 4.40), 232 (4.24), 
268 (4.34), 292 (3.80), 304 (3.59). rN_H 3290, 1550; , 0-o 
1700; rc-F 1180 cm.-1 (broad).

Anal. Calcd. for Ci5H10F3NO: C, 64.98; H, 3.64; N, 5.05. 
Found: C, 65.34; H, 3.69; N, 4.85.

N-9-(%-Nitrofluorenyl)triftuoroacetamide. A mixture of 
nitric acid (d. 1.42) (0.7 ml., ~  0.011 mole) and glacial acetic 
acid (1.5 ml.) was added portionwise (10 min.) tc a stirred 
suspension of A-9-fluorenyltrifluoroacetamide (l.G g., 0.007 
mole) in glacial acetic acid (15 ml.) and coned, sulfuric acid 
(1 ml.) at 75°. The temperature was kept at 75-80° for 
5 min., with stirring, and then allowed to drop to room tem
perature. After water dilution and filtration the crude 
product, 2.2 g. (98%), was recrystallized from methanol- 
benzene giving 1.6 g. (71%), m.p. 234.5-235.5°. Further 
crystallization gave an analytical sample, m.p. 236-237°. 
fn_h 3300, 1550; rc-o 1710; fno, 1345; vc-f 1180 cm.-1 
(broad).

Anal Calcd. for C16H9F3N20 3: C, 55.91; H, 2.82; N, 8.69. 
Found: C, 55.96; H, 2.83; N, 8.78.

Oxidation of N-9-(S-nitrofluormyl)lrifluoroacetamide. A 
mixture of the trifluoroacetamide (0.1 g.), potassium di
chromate (0.3 g.), 9N sulfuric acid (4 ml.), and glacial acetic 
acid (4 ml.) was refluxed for 1 hr. and the reaction mixture 
then diluted with water. There was obtained 0.05 g. (70%)

(8) Melting points were taken on a Fisher-Johns block 
and are corrected to standards. The analyses were done by 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y.;
A. Bernhardt, Mülheim (Ruhr); and W. Manser, Zürich. 
The ultraviolet absorptions were measured with a Beckman 
DK-1 Recording Spectrophotometer. The solutions had 
been prepared immediately before the measurements were 
made. The infrared spectra were run on a Beckman IR-5 
(potassium bromide disk).
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of 2-nitrofluorenone, m.p. and mixture m.p. 225-226°. The 
infrared spectrum of this substance was identical with that 
of authentic 2-nitrofluorenone.

Acid hydrolysis of N-9-(2-nitrofluorenyl)trijluoroacetam- 
ide. The amide (2 g., 0.006 mole) was refluxed for 9 hr. 
in a mixture of coned, hydrochloric acid (8 ml.) and absolute 
ethanol (50 ml.) and the solvent was distilled under reduced 
pressure until crystallization of the amine hydrochloride 
took place. This was filtered, washed with 6N  hydrochloric 
acid, and dried giving 1.55 g. (96%). The product started 
melting with decomposition at 206°, but no definite melting 
point was observed.

N-9-(8-Nitrofluorenyl)maleamic acid. A suspension of 2- 
nitro-9-fluorenamine hydrochloride (0.5 g., 0.002 mole) in 
glacial acetic aeid (20 ml.) and anhydrous sodium acetate 
(0.2 g., 0.002 mole) was heated until most of the amine 
hydrochloride went into solution. The hot mixture was 
then added in one portion to a rapidly stirred solution of 
maleic anhydride (0.3 g., 0.003 mole) in glacial acetic acid 
(5 ml.). After 30 min. of stirring the reaction mixture was 
set aside for 1 hr. then diluted with water. The product
0.55 g. (90%), melted (dec.) at 203-205°. Crystallization 
from acetone gave an analytical sample, m.p. 208.5-209.5° 
dec. x£2s0H: 329 m M (log e 4.23). fn-h 3250, 1550; rc_o 
1710; fn02 1340 cm. - 1

Anal. Calcd. for C17H12N2O5: C, 62.96; H, 3.73; N, 8.64. 
Found: C, 63.30; H, 3.77; N, 8.80.

N-9-(2-Nilrofluorenyl)maleimide. (a) A mixture of N-
9-(2-nitrofluorenyl)maleamie acid (0.5 g.), fused sodium 
acetate (0.1 g.), and acetic anhydride (5 ml.) was heated on 
a steam bath for 15 min. with frequent shaking. The deep 
purple reaction solution was treated with dilute sodium 
carbonate and a resinous solid (0.5 g.) was obtained. At
tempts to purify this solid, both by crystallization and 
chromatography on alumina, were unsuccessful.

(b) Af-9-(2-Nitrofluorenyl)maleamie acid (0.5 g.) was re
fluxed in glacial acetic acid (25 ml.) under an air condenser 
for 7 hr. and the solvent distilled. The residual oil solidified 
upon cooling and was recrystallized from 95% ethanol giving
0.33 g., m.p. 218-223°. Further crystallization from ethanol 
gave an analytical sample, m.p. 242.5-243.5°. A®5."“0": 328 
npi (log e 4.25). vc-o 1715; ><NOi 1340 cm. - 1

Anal. Calcd. for C„H10N2O4: C, 66.66; E, 3.29; N, 9.15. 
Found: C, 66.54; H, 3.59; N, 9.10.

N-9-(2-Aminofluorenyl)trifluoroacetamide. Ar-9-(2-Nitroflu- 
orenyl)trifluoroacetamide (3 g.) was reduced7 in boiling 
95% ethanol (150 ml.) with hydrazine hydrate (100%), 
(1.5 ml.) and Raney nickel, giving 2.6 g. (97%) of the amine, 
m.p. 267-268°.

N-Acetyl derivative: m.p. 297.5-299° dec. Â !J s0H: 224 
m/i (leg € 4.56), 238 (shoulder), 293 (4.43), 304 (shoulder). 
fn-h 3270, 1550; fc-o 1710, 1665; fc_f 1190 cm. -1 (broad).

Anal. Calcd. for C17H13F3N2O2: C, 61.08; H, 3.92; N, 8.38. 
Found: C, 61.20; H, 4.19; N, 8.19.

Hydrolysis of the latter derivative (0.1 g.) by boiling for 
l min. in a mixture of 95% ethanol (1 ml.) and 2% sodium 
hydroxide (4 ml.) gave 2-acetamido-9-fluorenamineidentical 
with the compound prepared by reduction of 2-acetamido- 
fluorenone oxime. Recrystallization of this amine from ace
tone gave the azomethine, described below, obtained from 
the recrystallization of the reduction product of 2-acet.ami- 
dofluorenone oxime.

8-Acetam.idofluorenone oxime. A mixture of hydroxyl- 
amine hydrochloride (9 g., 0.13 mole) and anhydrous sodium 
acetate (13.1 g., 0.16 mole) was dissolved in water (40 ml.). 
To the solution 2-acetamidofluorenone (15.8 g., 0.07 mole) 
and ethanol (100 ml.) were added with stirring. The whole 
was then refluxed for 10 min., cooled, diluted with water, 
and the product filtered, giving 15.3 g. (92%), m.p. 237- 
238.5° dec.

Recrystallization from methanol gave an analytical 
sample, m.p. 238-239° dec.

Anal. Calcd. for Ci5H,2N202-CH30 H: C, 67.60; H, 5.67; 
N, 9.86. Found: C, 68.14; H, 5.76; N, 10.26.

N-8-(9-Aminofluorenyl)aceta/mide. Reduction of the oxime 
(2 g.) in acetic acid-water (12:1) (13 ml.) with zinc dust 
(2.6 g.) at 90-95° (bath) (20 min.) gave 1.9 g. (quant.), 
m.p. 160-163° dec.

Recrystallization from acetone gave N-2-{9-isopropyli- 
denaminofluorenyl)acetamide, m.p. 209-211° dec. The in
frared spectrum (potassium bromide disk, cm.“1) showed no 
absorption corresponding to a primary amino group but 
intense absorption at 2970, 2870 (CH3); 1680 (C=N); 
and 1665 (C = 0  of the ac-etamido group). A^“iOH: 213 
m,u (shoulder), 236 (shoulder), 282 (shoulder), 291 (log 6 4.52), 
306 (shoulder).

Anal. Calcd. for C18HI8N20: C, 77.67; H, 6.52; N, 10.07. 
Found: C, 77.82; H, 6.86; N, 10.06.

N-9-(2-Acetamidofluorenyl)rnaleamic acid. To a stirred 
solution of maleic anhydride (3 g., 0.03 mole) in glacial ace
tic acid (20 ml.), iV-2-(9-aminofluorenyl)acetamide (6.8 g.,
0.03 mole) in glacial acetic acid (60 ml.) was added over a 
period of 20 min. The resulting thin paste was stirred for 
2 hr. then filtered. The product was washed with acetic 
acid and dried on the funnel giving 8.7 g. (95%), m.p. 209.5- 
212° dec. Recrystallization from acetone gave an analytical 
sample, m.p. 213-214° dec. X°“ sOH: 214 mp (log e 4.63), 238 
(shoulder), 282 (shoulder), 292 (4.48), 307 (shoulder). fn_h 
3280, 1550; fc-o 1710, 1667 cm.“1

Anal. Calcd. for C19H16N2O4: C, 67.85; H, 4.80; N, 8.33. 
Found: C, 67.70; H, 4.82; N, 8.44.

N-9-(2-Acetamidofluorenyl)maleimide. The foregoing ma- 
leamic acid (2 g.) was refluxed 22 hr. in glacial acetic acid (50 
ml.) with anhydrous sodium acetate (2 g.). The excess sol
vent was distilled and the residual solid triturated in ice 
water, filtered, and washed with water. When dry the solid 
was extracted with boiling benzene and the extract evaporated 
to an oily solid which was crystallized from acetone. A small 
amount of white solid (m.p. >  280°) of unknown composi
tion was removed. The first crop was recrystallized succes
sively from acetone-water, benzene-cyclohexane (twice), 
and benzene (twice) giving yellowish white prisms, 0.2 g., 
m.p. 221-223°. x£®i0H: 237 mM (shoulder), 281 (log e 4.64), 
291 (4.62). fN-h  3390, 1540; fc-o 1705,1670 cm .'1

Anal. Calcd. for C ^ N A :  C, 71.69; H, 4.43; N, 8.80. 
Found: C, 71.83; H, 4.59; N, 8.80.

N-9-Fluorenylmaleamic acid. 9-Aminofluorene (9.05 g.,
0.05 mole) was dissolved in warm glacial acetic acid (40 
ml.) and added slowly (15 min.) to a stirred solution of 
maleic anhydride (5.5 g., 0.055 mole) in glacial acetic acid 
(20 ml.). After a half hour of stirring the reaction mixture 
was heated on a steam bath for 15 min. and cooled. Upon 
water dilution there was obtained 13.6 g. (98%) of the 
maleamic acid, m.p. 201-203.5° dec. (preheated block). 
xC2Hi°H: 224 m#i (log e 4_49)( 232 (4.33), 268 (4.33), 292
(3.77), 304 (3.62). fn _h 3260, 1540; fC-o 1700 cm.“1
Anal. Calcd. for Ci7HI3N 03: C, 73.11; H, 4.69; N, 5.02. 

Found: C, 73.28; H, 4.99; N, 4.72.
N-9-Fluorenylmaleimide. Maleic anhydride (1.1 g., 0.011 

mole) was added to a mixture of 9-aminofluorene hydro
chloride (2.18 g., 0.01 mole; Aldrich Chemical Co., Mil
waukee, Wis.), glacial acetic acid (23 ml.), and anhydrous 
sodium acetate (0.9 g., 0.011 mole). The whole was shaken 
and refluxed under an air condenser for 2 hr. and cooled. 
After water dilution the gummy solid was recrystallized 
from methanol-water and from benzene-ligroin (d. 0.67-
0.69). A small amount of the maleamic acid was first re
moved by filtration. Evaporation of solvent gave a second 
crop which was recrystallized from methanol-water giving 
lustrous white needles (0.2 g.), m.p. 171-173°. Further 
crystallization from the same solvent gave an analytical 
sample, m.p. 174-175°. X°!”s0H: 224 mp (log e 4.51), 
232 (4.34), 268 (4.28), 279 (shoulder), 293 (3.73), 304 
(3.62). The ultraviolet absorption in cyclohexane was quite 
similar, f o o  1700 cm.-1

Anal. Calcd. for C17H11NO2: C, 78.15; H, 4.24; N, 5.36. 
Found: C, 78.19; H, 4.34; N, 5.55.

N-9-Fluorenyl-a-S- [1'-(H'-acetamidonaphthyl)] mercapto-
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auccinimide. The foregoing maleimide (0.05 g.) was dissolved 
in acetone (3 ml.). To the solution 7V-2-(a-thiolnaphthyl)- 
acetamide (1.1 equivalents) in acetone (3 ml.) was added 
dropwise (5 min.). The reaction solution was stirred for 20 
min. and concentrated to an oil. Methanol was added to the 
oil and the mixture was concentrated until crystallization 
of a white substance took place. After filtration and re
crystallization from acetone-methanol, 0.08 g., m.p. 208- 
209° was obtained. Two recrystallizations from acetone- 
water gave an analytical sample, m.p. 211-212°.

Anal. Calcd. for O2J I 22N2O3S: N, 5.85; S, 6.70. Found: 
N, 5.83; S, 6.56.

N-%-(9-Trifluoroacetamidofluorenyl)maleamic acid. N- 9- 
(2-Aminofluorenyl)trifluoroacetamide (0.2 g., 0.7 mmole) 
reacted with maleic anhydride (0.14 g., 1.4 mmoles) in 
glacial acetic acid (10 ml.) giving a quantitative yield 
(0.27 g.) of the maleamic acid, m.p. 223-225° dec. An 
analytical sample was prepared by stirring the product with 
boiling acetone and filtering, m.p. 225-227° dec. X°!”s0H: 
276 mu (log i 4.14), 319 (4.22). «N- h 3310, 1550; rc-o 
1710; j<c-f 1175 cm.-1 (broad).

Anal. Calcd. for C19H13F3N2O4: C, 58.47; H, 3.36; N, 
7.18. Found: C, 58.54; H, 3.63; N, 714.

N-2-(9-Trijhioroacetamidofluorenyl)maleimide. The above 
maleamic acid (7.8 g.) was cyclized in acetic anhydride 
(30 ml.), in the presence of fused sodium acetate (1.2 g.), 
giving 7.1 g. (96%) of the maleimide, m.p. 255-259°. 
Recrystallization from benzene gave an analytical sample, 
m.p. 262-263°. X°!®s0H 234 m y  (shoulder), 277 (log <= 4.36), 
306 (3.83). rN-H 3330, 1550; rc-o 1730, 1710; fC- f 1180 
cm.-1 (broad).

Anal. Calcd. for CidTdiV^Os: C, 61.30; H, 2.98; N,
7.53. Found: C, 61.44; H, 2.98; N, 7.78.

Attempted preparation of N-2-{9-ac.etamidofluorenyl)-male- 
imide. JV-2-(9-Trifluoroacetamidofluorenyl)maleamic acid 
(4 g.) was dissolved in 1AT sodium hydroxide (50 ml.), heated 
on a steam bath for 3 min., and cooled. A small amount of 
fluffy precipitate was removed. The alkaline solution was 
chilled in ice and acidified to pH 4 with hydrochloric acid. 
The yellow precipitate was filtered, washed once with ice 
water, and dried giving 3.3 g., m.p. 185-190° dec.

The latter compound (1 g.) was mixed with fused sodium 
acetate (0.15 g.) and acetic anhydride (6 ml.) and heated on 
a steam bath, with shaking, for 15 min. and cooled to room 
temperature. The pasty mixture was stirred in 10% sodium 
acetate and the excess acetic anhydride destroyed with 5% 
sodium carbonate. The yellow solid was filtered, washed 
with water, and dried, giving 0.9 g. Recrystallization from 
acetone-benzene-ligroin gave 0.85 g., m.p. 190-192° dec. 
Three recrystallizations from acetone-water gave an ana
lytical sample, m.p. 209-211° (glassy).

Anal. Found: C, 69.19; H, 5.09; N, 8.86.
Attempted preparation of N ,N'-2,9-fluorentdimaleamic 

acid. 2,9-Diaminofiuorene6 (1.96 g., 0.01 mole) in warm 
glacial acetic acid (10 ml.) was added dropwise to a warm 
solution of maleic anhydride (2.94 g., 0.03 mole) in glacial 
acetic acid (15 ml.) over a period of 20 min. The reaction 
mixture was stirred at room temperature for 30 min. then 
heated (steam bath) for 10 min. and cooled. Water dilution 
of the mixture gave 3.8 g. (97.5%) of an acidic substance,' 
m.p. ~  212° dec.

Recrystallization from acetone-methanol gave a sample, 
m.p. 210- 211° dec. (preheated block).

Anal. Found: C, 61.44; H, 4.91; N, 5.68.

Seattle 5, Wash.

[Contribution No. 304 from the Jackson Laboratory, Organic Chemicals Department,
E. I. du Pont de Nemours and Co., I nc.]

m-Dioxanes and Other Cyclic Acetals

CHRISTIAN S. RONDESTVEDT, J r .

Received November 10, 1960

An extensive series of substituted m-dioxanes has been prepared by acetalization of 1,3-glycols. Some 1,3-dioxolanes, 
1,3-oxathianes, and 1,3-dioxolanes have been synthesized for comparison. Differences in the ease of acetalization have been
noted.

The study of catalytic reactions of ra-dioxanes1 
required the preparation of a variety of m-dioxanes 
and related acetals. Although the basic synthetic 
method, direct acid-catalyzed reaction of 1,3- 
diols (or in a few cases, 1,2- or 1,4-diols) with alde
hydes or ketones has long been known, it was neces
sary to develop refinements of this procedure to ob
tain satisfactory yields of certain acetals.

Some unstable aldehydes—e.g., chloroacetalde- 
hyde and malonaldehyde—are marketed as their 
methyl or ethyl acetals. These were conveniently 
converted to the m-dioxanes by interchange with 
the diol in the presence of boron trifluoride or p- 
toluenesulfonic acid. The lower alcohol was distilled 
during the interchange to shift the equilibrium.

Although quantitative kinetic experiments were 
not performed, the qualitative effects of substituents

(1) C. S. Rondestvedt, Jr., and G. J. Mantel], J. Am. 
Chem. Soc., 82, 6419 (1960).

on the rate and equilibria were noted. The aromatic 
aldehydes reacted very rapidly, with simple ali
phatic aldehydes next in line. Ketones seemed to 
react rapidly, but the equilibrium position was less 
favorable. With acetone, very little product was 
formed (infrared) until the water was removed from 
the distillate by drying ft with calcium chloride. 
I t was surprising to find that the cyclopentanone 
ketal (#11)2 was hydrolyzed rapidly by distilled 
water, in which the dissolved carbon dioxide must 
function as the acid catalyst. This was not the case 
with the acetone (#10) and cyclohexanone (#12) 
ketals. These results are in line with the prediction 
from the I-strain principle,3 which teaches that 
reactions in which a ring carbon atom changes from

(2) The arable numerals are those assigned to the acetals 
in the tables.

(3) H. C. Brown, R. 8 . Fletcher, and R. B. Johannessen,
J. Am. Chem. Soc.., 73, 212 (1951).
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tetrahedral (the ketal) to trigonal (the cyclic 
ketone) are energetically more favorable with cyclo- 
pentanone derivatives than with those of cyclo
hexanone.

Chloral was very sluggish in its reaction with 2,2- 
dimethyl-1,3-propanediol, in keeping with the 
accepted mechanism of acétalisation.4 Formation 
of the stabilized carbonium ion intermediate from 
the hemiacetal will be drastically inhibited by the 
powerful electron withdrawal by the chlorine atoms. 
It was necessary to use a considerable amount of 
concentrated sulfuric acid to promote formation 
of acetal #9.

When either component of the acetal contained an 
additional ether oxygen, the reaction was somewhat 
retarded. Though only slight with an aliphatic 
ether (#30, 33), retardation was quite noticeable 
with the more basic oxygen in a tetrahydrofuran 
ring (#27, 29). This effect was probably also 
present with the two compounds containing an 
oxetane ring (#26, 28), but with these two a com
petitive reaction supervened, apparently a 
moderately rapid stoichiometric reaction of the 
acid catalyst with the oxetane ring to destroy the 
catalyst. A considerable quantity of polymeric 
ether was formed from both of these compounds.

m-Dioxanes with two different substituents at 
each of two positions will exist as diastereoisomeric 
racemates.5 In the present work, three acetals 
(#25, 27, and 32) were separated into the diastereo- 
isomers, and one (#5) was demonstrated by vapor- 
phase chromatography to be a mixture of roughly 
equal parts of two isomers. In the other cases where 
stereoisomerism was possible (#24, 30, 31, 35, and 
36), separation was not accomplished by distilla
tion. From conformational analysis, one would 
predict that bulky groups would assume equatorial 
positions in the chair conformation of the pseudo- 
cyclohexane ring. It should be possible to find 
examples in which one isomer predominates strongly 
because of the greatly disparate steric requirements 
of the groups at C-5. That did not appear to be the 
case in the compounds studied in this work, for 
polar effects are probably responsible for the pre
ponderance of the solid isomer of the nitro acetal 
#32.

E X P E R IM E N T A L 6

In most cases, the diols and carbonyl compounds were 
high-grade commercial chemicals, and were used without 
purification after inspection of the infrared spectrum.

(4) E. R. Alexander, Principles oj Ionic Organic Reac
tions, Wiley, New York, 1950, p. 215.

(5) Some previous stereoisomers were isolated by M. 
Senkus, J. Am. Chem. Soc., 65, 1656 (1943) and by authors 
therein cited.

(6) The author is indebted to Wallace Buskirk and 
James Chestnut for efficient and imaginative technical 
assistance. Melting points and boiling points are uncorrected. 
Infrared spectra were obtained with the Perkin Elmer 
Model 21, 221, and “Infracord” Model 137 Spectrophotom
eters.

Procedure for acelalizalion. Approximately equimolar 
quantities of carbonyl compound and diol were placed in a 
flask surmounted by a Dean-Stark moisture trap and a 
reflux condenser. In some cases, an excess of the cheaper 
component was used when it could readily be removed 
during workup. Hexane as an azeotropic solvent (about 
100-150 ml. per mole)7 and 0.5 mole % of p-toluenesulfonie 
acid were added, and the mixture was refluxed, cautiously 
at first until any sudden exothermic reaction was spent, 
until the water evolution had stopped, then for an additional 
half hour. The cooled mixture was shaken with sodium 
bicarbonate solution and with water until the infrared 
spectrum showed no diol. Any acid present in the original 
aldehyde sample was removed by this procedure. After 
drying with potassium carbonate, the product was distilled, 
though in many cases the residue after removal of hexane 
was sufficiently pure for use. The product could sometimes 
be crystallized directly from the hexane solution by con
centration and cooling.

The acetals prepared by this method are listed in Tables I 
to III without comment. Variations from this procedure are 
described below, using the acetal number given in the Tables. 
I t may be noted that many of these cyclic acetals proved 
extraordinarily difficult to burn completely in a standard 
microanalytical train. Ultimately, the acetals were routinely 
burned at higher temperatures.8

Acetal #6. Acrolein reacts with alcohols to form acetals 
of /3-alkoxypropionaldehydes. To minimize this addition to 
the double bond, various tricks have been proposed.9 In 
this work, the azeotroping solvent was petroleum ether 
(b.p. 30-60°) and only 0.003 mole % of p-toluenesulfonic 
acid was used, according to Meyers, Magerlein, and Staff en9s; 
water evolution ceased after 7.5 hr. of reflux.

Acetal #8. Diethyl chloroacetal (Union Carbide Chemi
cals) was refluxed with an equimolar amount of neopentyl 
glycol (2,2-dimethyd-l,3-propanediol, Tennessee Eastman) 
under a fractionating column in the presence of 1 mole-% 
of p-toluenesulfonic acid. Ethanol was collected overhead. 
When most of the ethanol had been removed (about 2 hr.), 
benzene was added and the remaining ethanol was removed 
as the benzene azeotrope. The catalyst was destroyed with 
solid potassium carbonate and the product was distilled.

Acetal §9. Anhydrous chloral (Eastman Kodak) (0.72 
mole) was refluxed with a slight excess of neopentyl glycol in 
hexane solution. p-Toluenesulfonic acid was not effective as 
catalyst. When 25 ml. of coned, sulfuric acid was added, the 
mixture darkened rapidly. The solution was refluxed gently 
for 1 hr. and allowed to stand overnight. The dark, crystal
line mass was dissolved by warming with benzene, trans
ferred to a separatory funnel, and 25 ml. was withdrawn from 
the bottom and discarded. (The mixture was so dark that 
no phase separation was visible.) The upper layer was shaken 
with 40 g. of sodium hydroxide in 600 ml. of ice water which 
lightened the color at once. The benzene layer was washed 
and dried, concentrated to 250 ml., and diluted with an equal 
volume of hexane. The crystalline acetal was recrystallized 
from 1:2 benzene-hexane. The low yield could doubtless be

(7) Occasionally benzene or toluene was used as azeo
tropic solvent, but hexane was preferred because most of 
the diols were so sparingly soluble in it that removal of 
excess diol was readily accomplished by water-washing the 
final solution. In a few cases, sulfuric, hydrochloric, or 
oxalic acid was used as catalyst.

(8) C. A. Rush, S. S. Cruikshank, and E. J. H. Rhodes, 
Mikrochim. Acta, No. 416, 858 (1956).

(9) (a) R. H. Hall and E. S. Stern, J. Chem. Soc., 1955, 
2657; 1954, 3383. (b) J. A. Van Allan, Org. Syntheses, 32, 
5 (1952). (c) D. I. Weisblat, et al., J. Am. Chem. Soc., 75, 
5893 (1953). (d) F. J. Bellinger and T. Bewley, Brit. Pat. 
713,833. (e) J. Habeshaw and C. J. Geach, Brit. Pat. 
715,794 and 702,206. (f) D. G. Thomas, U. S. Pat. 2,691,049. 
(g) D. It. Meyers, B. J. Magerlein, and G. W. Staffen, 
U. S. Pat. 2,678^950 and Brit. Pat. 713,088.
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improved by decreasing the quantity of sulfuric acid, and by 
moderating the temperature.

Acetal §10. The distillate, consisting of benzene, acetone, 
and water, did not separate into two phases. Accordingly, 
the mixture was refluxed into a Soxhlet extractor containing 
a large thimble full of calcium chloride to dehydrate the 
distillate. The calcium chloride was renewed as it became 
exhausted. The catalyst was destroyed with solid potassium 
carbonate before the product was fractionated.

Acetal §11. When the hexane solution was washed with 
bicarbonate and water, the quantity of aqueous layer was 
larger than the volume of water added, and "schlieren” 
were evident at the interface. This suggests a rapid hydrolysis 
of the ketal by neutral water. Although the theoretical 
quantity of water had been removed during the reflux 
period, 16% of cyclopentanone was recovered when the 
organic layer was distilled. Omission of the water wash should 
materially improve the yield.

Acetals §26 and 25a. The alcohol (acetal #24) in 
excess pyridine reacted somewhat exothermically with p- 
toluenesulfonyl chloride added portionwise. The mixture 
was stirred overnight at room temperature, diluted with 
benzene, filtered to remove the theoretical quantity of pyri
dine hydrochloride, and washed thoroughly with water to 
remove the excess pyridine; the benzene was removed by 
distillation, ultimately at 10 mm., pot temperature 140°. 
The residue, which crystallized slowly, amounted to 91% 
yield. I t was crystallized from hexane containing a little 
benzene to yield first the high-melting acetal #25. Con
centration of the mother liquors yielded the impure low- 
melting isomer 25a. In order to recrystallize 25a, it was 
necessary that the hexane-benzene solution be saturated 
at no higher than 35°; then very slow cooling with seeding 
yielded crystalline material. The two isomers are present in 
roughly equal amounts.

Acetal §26. Oxetane-3,3-dimethanol10 and a slight ex
cess of isobutyraldéhyde in benzene reacted rapidly in 
the presence of p-toluenesulfonic acid to liberate about 10% 
of the theoretical water; water evolution then stopped 
abruptly. Several additional portions of p-toluenesulfonic 
acid were added, with repetition of this behavior. Ulti
mately about 90% of the theoretical water was collected. 
The mixture was then processed by the general procedure. 
Some unchanged diol was present in the still residue. 
This peculiar behavior suggests that the oxetane ring is 
slowly cleaved by a stoichiometric reaction with p-toluene- 
sulfonic acid, thus destroying the catalyst.

Acetals §27 and 27a. The acetals were prepared by the 
general procedure from tetrahydrofuran-2,2-dinethanol 
(Quaker Oats Co.) and separated readily by fractional 
distillation. The infrared spectrum of the lower-boiling 
acetal has a wealth of fine structure in the region 6.8-
11.0 ,u absent from that of the higher-boiling isomer. Bands, 
at 11.4 w, 11.6 vw, 12.95 w, and 14.1 fts ir. the former are 
much weaker in the latter, while a strong band at 12.8 p 
in the latter is absent from the former. The two isomers 
were essentially pure by VPC.

Acetal §28. Oxalic acid at room temperature converted 
an equimolar mixture of 3-formyl-3 methyloxetane11 and 
neopentyl glycol in hexane to hemiacetal (infrared). Only 
half of the theoretical water was obtained on prolonged 
refluxing. p-Toluenesulfonic acid promoted loss of a small 
additional amount of water, but it was necessary to add 
several small portions of sulfuric acid to force the reaction 
to completion. A substantial amount of viscous residue re
mained after distillation of the acetal, showing that acid- 
catalyzed polymerization of the oxetane ring had taken place 
to some extent.

Acetal §31. The p-toluenesulfonic acid was not neu
tralized before distillation. A substantial amount of un

fit)) D. B. Pattison, J. Am. Chein. Soc., 79, 3455 (1957).
(11) R. K. Miller, U. S. Pat. 2,923,645.

changed diol12 was recovered, despite nearly complete re
moval of water. The yield of acetal was quantitative 
when allowance was made for unreacted diol.

Acetals §32 and 32a. Although an acetal of this struc
ture has been reported,13 there was no mention of stereoiso
mers; the reported physical constants (m.p. 46°, b.p. 98- 
103 °/0.5 mm. ) did not agree with ours. Our liquid isomer was 
undoubtedly contaminated with other materials; it exhibited 
infrared bands at 9.69, 10.22, 12.46, and 13.0 fivs not in the 
solid acetal, which in turn has bands at 8.10, 11.97, and 13.6 
ft, as well as much stronger absorption at 11.56 and 11.71 ft.

Acetal §33. The isobutoxypivalaldehyde was a roughly dis
tilled pyrolyzate of acetal #4, containing about 25% of un
changed acetal. The contaminants were readily separated 
from acetal #33 by fractionation, and the yield figure given 
in the Table takes these contaminants into account.

Acetal §39. 2,2-Diphenyl-3-hydroxypropanoic acid was 
prepared from diphenylacetic acid by the Ivanov reaction 
and reduced to 2,2-diphcnyl-l,3-propanediol with lithium 
aluminum hydride by the method of Blicke.14 The acetal 
prepared by the general procedure with a slight excess of 
isobutyraldéhyde was contaminated with unchanged diol 
which was difficult to remove by crystallization. The crude 
acetal was dissolved in a minimum quantity of carbon di
sulfide, separated from the insoluble diol, and then recrystal
lized from hexane. Though the yield of crude material was 
high, purification was attended by considerable loss. 
Use of a larger excess of isobutyraldéhyde would very likely 
have given better results.

Acetal §41. A mixture of 625 g. (6 moles) of neopentyl 
glycol, 625 g. (500 ml., 3.23 moles) of 30% aqueous glyoxal 
(Union Carbide Chemicals), 500 ml. of benzene, and 2.2 g. of 
p-toluenesulfonic acid was refluxed while removing the water. 
In 3.5 hr., 300 ml. was removed, and an additional 132 ml. 
distilled in 3 hr. more. Then 300 ml. of benzene was removed 
to pot temperature 127°. An infrared spectrum of the resi
due showed strong OH and medium carbonyl. An additional 
gram of p-toluenesulfonic acid was added and a further 56 
ml. of water was collected in 2 hr. more. The OH and 
carbonyl absorptions wrere much weaker, but still present. 
The volatile materials were removed at 200 mm., pot tem
perature 100°, then 800 ml. of ethyl acetate was added to 
the hot residue. The mixture was chilled rapidly with stir
ring to yield 330 g. of diacetal, m.p. 161-163°. The analyti
cal sample was crystallized twice more from ethyl acetate. 
Recrystallization and processing of the mother liquors 
yielded a total of 422 g. of acetal, 61% yield. The mother 
liquors were distilled, yielding 163 g. of pale yellow liquid,
b.p. 73-108°/mm. The temperature then rose rapidly to 
146°, and a second cut was obtained from 146-200°/l mm., 
150 g., containing a little of the solid acetal. The infrared 
spectrum of the first cut showed a weak OH, a very strong 
carbonyl at 5.75 ft (5.55 ftsh), but only a trace of aldehyde 
CH absorption at 3.7 ft. There were also strong bands at 8.2,
9.0, and 9.7 ft, and a medium band at 12.65 ft doubtless 
resulting from the ?n-dioxane structure. No further effort 
was expended on identifying this liquid fraction. It may con
tain some monoacetal (although the absence of the 3.7 ft

(C H ,) / ' °\cHO 
V ----O '

band argues against this structure), or a glycolate ester of 
some type may be present.

Acetal §42. The starting material was either 1,1,3,3- 
tetraethoxypropane (Union Carbide Chemicals) or
l-methoxy-l,3,3-triethoxypropano (Kay-Fries). Either

(12) 3,3-Dihydro.xymethyl-l-butene from Celanese Corp.
(13) M. S. Newman, B. J. Magerlein, and W. B. Wheats 

ley, J. Am. Chem. Soc., 68, 2112 (1946).
(14) F. F. Blicke and H. Raffelson, J. Am. Chem. Soc., 

74, 1730 (1952). Our product melted at 105.7-106.2°, in 
agreement with these authors.
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acetal reacted smoothly with two equivalents of neopentyl 
glycol in the presence of a little boron fluoride etherate. The 
theoretical quantity of ethanol (or methanol-ethanol mixture) 
was collected by slow distillation through a short column, 
and the residue was distilled directly in an apparatus for 
distilling solids.

Acetal §43. A mixture of 2,5-diethoxytetrahydrofuran 
(Union Carbide Chemicals), two equivalents of neopentyl 
glycol, and a little concentrated hydrochloric acid was 
warmed until homogeneous and allowed to stand overnight. 
The solid product was recrj'stallized from cyclohexane.

Acetal #44- A mixture of 1 mole of 2-ethoxy-3,4- 
dihydro-2-H-pyran (Union Carbide Chemicals), 2 moles of 
neopentyl glycol, and 5 ml. of coned, hydrochloric acid 
warmed spontaneously to about 60°; the clear solution 
rapidly became cloudy. On cooling, the product solidified. 
I t was dissolved in about 1.2 1. of cyclohexane, 31 ml. of 
aqueous layer was separated, and the cyclohexane was dried 
with solid potassium carbonate. The solution was con
centrated and crystal crops were taken.

Acetal §46. Reaction of one mole of trimethylolethane 
(2-hydroxymethyl-2-methyl-l, 3-propanediol) (Heyden-
Newport) and 1.5 moles of acetaldehyde in the presence of 
p-toluenesulfonic acid led only to the monoaeetal #24. 
The monoacetal with p-toluenesulfonic acid and two addi
tional moles of acetaldehyde liberated no more water. 
Finally, one-fourth mole of calcium chloride was added and 
the mixture allowed to stand for 3 days. Distillation then 
yielded the sesquiacetal which still had a weak hydroxyl 
absorption.

Acetals §52, S3, 54■ The acid catalyst was removed be
fore distillation, so that considerable pot residue (linear 
polyacetals) remained. The yields could have been improved 
by distillation in the presence of acid.15

W ilm in g to n  99, D e l .

(15) K. C. Brannock and G. R. Lappin, J. Org. Chem., 
21, 1366 (1956).

[C o n t r ib u t io n  from  t h e  R e se a r c h  L a b o r a t o r ie s  of L e p e t it  S.p.A.]

Reactions with «-Substituted /3-Propiolactones. I.
4,4-Disubstituted 2-Oxazolidinones

Research on Compounds Active on the Central Nervous System. XXIIIla

BRUNO I. R. NICOLAUS, LUIGI MARIANI, GIANGUALBERTO GALLO,lb a n d  EMILIO TESTA

Received October SI, 1960

Several 4-mono- and 4,4-disubstituted 2-oxazolidinones have been prepared by the action of nitrous acid on the sub
stituted /3-hydroxypropionic acid hj'drazides, which were obtained by the action of hydrazine on /3-propiolactones. This 
reaction also proves the constitution of these hj’drazides. The infrared spectra of the 2-oxazolidinones are discussed. The 
reduction of the foregoing hydrazides bjr lithium aluminum hydride in ethylmorpholine leads to amino alcohols under cleavage 
of the N—N bond. Some preliminary pharmacological results are also reported.

During our investigation on compounds active 
on the central nervous system we carried out a new 
and general synthesis of a-substituted /3-propio
lactones.2-4 In fact, if the easily obtained a- 
substituted /3-aminopropionic acids are diazotized, 
/3-propiolactones are obtained in good yield as 
colorless (alkyl derivatives) or greenish-yellow 
(aryl derivatives) fluids (only in a few cases solid 
compounds were obtained), having an itching ac
tion on skin and mucosae.6 /3-Lactones easily 
react with hydrazine hydrate4’6 and substituted 
hydrazines, thus almost generally producing the 
hydrazides of a-substituted /3-hydroxypropionic 
acids.7 The latter compounds, the structure of

(1) (a) Previous paper (noce XXII): E. Testa, L. Fon- 
tanella, and V. Aresi, Ann., in press, (b) Phj'sical Chemical 
Department of Lepetit S.p.A.

(2) E. Testa, L. Fontanella, G. F. Cristiani, and F. Fava, 
Ann., 619, 47 (1958).

(3) E. Testa, L. Fontanella, and L. Mariani, J. Org. 
Chem., 25, 1812 (1960).

(4) E. Testa, L. Fontanella, G. F. Cristiani, and L. Mari
ani, Ann., 639, 166 (1961).

(5) A good review on /3-lactones has been given by 
Zaugg in Org. Reactions, VIII, 305 (1954).

(6) B. F. Goodrich, Brit. Patent 648,886; Chem. Abstr., 
45, 8031 (1951).

which were previously suggested by chemical analy
sis (titration of the radical —CO—N il—NIL, 
acetylation, etc.) and by infrared spectra (typical 
bands of the group •—CO—NH— at 1650 cm.-1),

R\ ,CH2NH2

/  \r /  TTLOH

R-. CO\
; c i  :o 

R( 'c h 2
I

V

.CONH—NH2

h n o 2

N = C = 0 R  / C O - N 3
V /

/ C \
* /  \  ^R i C H 2O H R , C H 2O H

IV III

(7) The research in this field is under investigation. We 
have seen that under special conditions the corresponding 
a-substituted /3-liydrazinepropionic acids may be isolated.
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TABLE I 
R. NH—CO

\
(

/
r 2

/
^ 1
\  1 

C H —()

M.R. or Caled. Found Yield,
Ri Iti Formula B.P. C II N C H N % Lit.

c 2h 5 CTL c ,h 13o2n 1(50-17070.6
mm.

58.71 9.15 9.78 58.41 9.31 9.65 30 —

C6Hó Cr,H5 c 15h 13o2n 178-179° 75.29 5.48 5.85 75.36 5.80 6.12 62.5 21
c 6h 5 OIL C,oH„02N 73-79° 07.78 0 .26 7.91 07.78 6.52 7.92 91 21
c 6h 5 c2h 5 c „h 13o2n 89-81° 69.08 6.85 7,32 69.32 7.01 7.29 88.8 —
c 6h 6 (CILLCH C12H1502N 139-140° 70.22 7.37 6.82 70.4 7.6 7.03 73.9 —
C6He CsIRClL C,c.H,s0 2N 106-107° 75.85 5.97 5.53 76.0 5.99 5.35 02 —
c 6h 5 II CsIROoN 137-139° 66.24 5.56 8.58 66.13 5.71 8.20 40 21
ÌSO-C4H9 II c ,h 13o2n 130-140 7 0 .2  

mm.
58.72 9.15 9.78 58.9 9.31 10.04 2S

show very irregular melting points. Consequently, 
it seemed desirable to gain further evidence for the 
proposed chemical structure.

In fact, by diazotization of II, azide III was 
obtained. I l l  was not isolated, but extracted with 
benzene and by subsequent heating it lost nitrogen 
and isomcrized to the isocyanate IV. This latter 
compound, by intramolecular reaction, gave in good 
yield 4-substituted oxazolidine-2-ones. Thus 
structure II, proposed for the compounds obtained 
by reaction of /3-lactones with hydrazine, is defini
tively demonstrated.

The class of 2-oxazolidinones has already been 
investigated and can be obtained by two general 
methods of synthesis: a) the action of ethyl car
bonate or phosgene on j3-aminoethanol derivatives 
s' 8 9 10'21 and b) diazotization of hydrazidcs of /3-hy- 
droxypropionic acid derivatives.13 14 15 16 17*18’20

Some procedures are suitable for preparation 
of peculiar derivatives.11 **-13'19’22'23 However only a

(8) A. H. Homeycr, U. S. Patent 2,399,118: Chan. 
Ahstr., 40, ’1084 (1946).

(9) S. Friinkel and M. Cornelius, lier., 51, 1662 (1918).
(10) A. II. Homeycr, U. S. Patent 2,437,390; Chcm. 

Abslr., 42, 4613 (1948).
(11) -I. Cason and K. 8. Promit, ./. Am. Chan. Soc., 71, 

1218 (194!)).
(121 A. T. Blomquist, U. ¡8. Patent 2,485,855; Chcm. 

Abslr., 44, 3516 (1950).
(13) W. J. Close, J. Am. Chcm. Hoc., 73, 95 (1951).
(14) E. D. Bergmann, el al., J. Org. Chern., 16, 84 (1951).
(15) H. E. Zimmerman and J. English, J. Am. Chem. 

Soc., 76, 2285 (1954).
(16) D. Shapiro, J. Org. Chem., 15, 1027 (1950).
(17) W. S. ide and It. Baltzly, J. Am. Chem. Soc., 70, 

1084 (1948).
(18) A. E. Ardis, It. Baltzly, and IV. Schoen, ,/. Am. 

Chcm. Soc., 68, 591 (1946).
(19) E. Katchalski and Dov Ben Ishai, J. Org. Chem., 15, 

1067 (1950).
(20) M. S. Newman and A. Kutncr, J. Am. Chcm. Soc., 

73, 4199 (1951).
(21) M. S. Newman and W. M. Edwards, J. Am. Chem. 

Soc., 76, 1840 (1954).
(22) G. Gever, G. O’Keefe, G. Drake, F. Ebetino, J. 

Michels, and K. Hayes, J. Am. Chem. Soc., 77, 2277 (1955).
(23) G. F. Hennion and F. X. O’Shea, J. Org. Chcm., 23,

662 (1958).

few 4,4-disubstituted compounds are known.10’13’21 
Perhaps this is because /3,/3-disubstituted /3-amino- 
ethanol derivatives and «,a-disubstituted /3-hy- 
droxypropionic acid derivatives tire obtained with 
difficulty. Particularly, the esters of the latter com
pounds, as we have already observed,24 do not re
act with hydrazine.

As the synthesis of «-substituted /3-propiolac- 
tones is a general one, the method for preparing
4-mono- and 4,4-disubstituted 2-oxazolidinones, 
which is the object of our present publication, can 
also become of general use. We have prepared eight
2-oxazolidinones by our method. They are listc-cl 
in Table I. Five of them appear to be new, and 
except for two of them, they are crystalline, easily 
recrystallizable white solids.

The infrared spectra of the synthesized oxazoli- 
dine-2-ones were measured using a Perkin-Elmcr 
Model 12 C single beam spectrophotometer fitted 
with a sodium chloride prism. The compounds were 
examined as such when liquid and in a Nujol mull 
when solid. The most typical bands shown by all the 
oxazolidine-2-ones were selected and assigned as 
arising from the vibrations of the chemical bonds of 
the structure. The limits in which fall the fre
quencies of the bands and the vibrations from which 
the bands take origin have been suggested in the 
following way according to Bellamy25: ,‘¡250-
3200 cm.“1 (NH stretching), 1750-1730 cm.-1 (C 
= 0  stretching), 1280-1240 cm.-1 (5-1 C—0 
stretching), 1060-1035 cm.-1 (2-1 C—O stretch
ing).

In connection with this work we submitted some 
hydrazides («,a-diphenyl-, a,«-diethyl-, a-phenyl- 
a-ethyl-/3-hydroxvpropionic acid hydrazides), to 
the action of lithium aluminum hydride. In ether 
and tetrahydrofuran, even after prolonged refluxing, 
no reaction occurred and hydrazides were recovered 
unaltered; in ethylmorpholine at a temperature

(24) R. Fusco and E. Testa, 11 Farmaco (Pavia), Ed. Sc., 
12,828 (1957).

(25) L. K. Bellamy, The Infrared Spectra «f Complex 
Molecules, Metljuen and C'o., London, 1958.
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between 80° and 100° reduction of the carboxylic 
function took place, accompanied by the breaking 
of the N—N bond and the formation of /3,/3-di- 
substituted y-amino alcohols. In the same solvent 
no reaction occurred when the temperature did not 
reach 70°. This behavior of primary hydrazides is 
different from that of secondary and tertiary ones, 
which leads to the corresponding hydrazines, and 
as far as we know, has not yet been described.

The prepared compounds, when subjected to 
broad pharmacological screening, showed some 
activity on the central nervous system. All com
pounds revealed convulsant properties, while 
some of them, at lower dosages, protected mice from 
electroshock seizures. The convulsant activity was 
particularly evident for 4,4-diethyl- 2-oxazoli- 
dinones, thus paralleling the observation made on 
the previously described 5,5-diethyl-tetrahydro-
1,3-oxazine-2,4-dione.

E X P E R IM E N T A L

2-Oxazoliditiones. To a stirred suspension of 0.01 mole of 
hydrazide (II) in 30 ml. of water at 0° a solution of 0.03 
mole of hydrochloric acid in 30 ml. of water was added. 
Some of the resulting hydrochlorides were soluble, others 
were sparingly soluble or insoluble. The solution or suspen
sion of the hydrazide hydrochlorides was diazotized with a 
solution of 0.011 mole of sodium nitrite in 10 ml. of water at 
0-5°. The oil which precipitated during the reaction was 
extracted with benzene and dried over sodium sulfate. 
The clear solution was gently refluxed for 0.5 hr. While 
heating a gas evolution was observed. After concentration 
in vacuo the residue was recrystallized from ligroin, ether- 
petroleum ether, or ethyl acetate-petroleum ether. The two 
oily compounds (Table I. No. 1 and 8) were distilled by Ron- 
co’s technique.26

Redactions with lithium aluminum hydride. 1) y-Amino- 
jS,0-diphenylpropanol. A mixture of 8.5 g. of a,«-diphenyl-

(26) K. Ronco, B. Prijs, and H. Erlenmeyer, Hclv. Chim. 
Acta, 39, 2094 (1957).

,8-hydroxypropionic acid hydrazide, 7 g. of lithium aluminum 
hydride, and 70 ml. of ethylmorpholine was heated for 4 
hr. at 100°. The mixture was cautiously treated with water 
and extracted with ether. After evaporation of the ether 
the residue was reerystallized from isopropyl ether; yield, 
5.1 g.; m.p. 103-105°. After a further recrystallization from 
diluted ethyl alcohol the m.p. reached 105-106°.

Anal. Calcd. for Ci5HnNO: C, 79.26; H, 7.54; N, 6.16. 
Found: C, 79.52; H, 7.64; N, 5.87.

N,O-Diacetyl derivative m.p. 134-136°.
Anal. Calcd. for Ci9H21N03: C, 73.28; H, 6.80; X, 4.50. 

Found: C, 73.10; H, 7.04; N, 4.83.
Picrate, m.p. 213-216°.
Anal. Calcd. for C2iH2oN4Og: N, 12.28. Found: N, 11.93.
2) y-Amino-0-phenyl-p-melhylpropanol. A mixture of

9.7 g. of ff-phenyl-a-methyl-/3-hydroxypropionic acid 
hydrazide, 9.5 g. of lithium aluminum hydride, 150 ml. of 
ethylmorpholine, and 150 ml. of tetrahydrofuran was re
fluxed for 24 hr. and worked up further as described in 1). 
The oily residue was distilled according to Ronco’s tech
nique26; yield, 4.4 g., b.p. 120-128° at 0.6 mm.

Anal. Calcd. for Ci0Hi6NO: C, 72.69; H, 9.15; N, 8.48. 
Found: C, 72.80; H, 9.30; N, 8.63. Acetylation equivalent: 
98.8%.

3) y-Amino-6,6-diethylpropanol. A mixture of 8.0 g. of 
a,a:-diethyl-i3-hydroxypropionic acid hydrazide, 9.5 g. of 
lithium aluminum hydride and 150 ml. of ethylmorpholine 
was heated at 100-110° for 24 hr. and worked up further as 
described in 1). The oily residue was distilled according to 
Ronco’s technique26; jdeld 2.3 g. b.p. 85-87° at 0.6 mm.

Anal. Calcd. for C,H„NO: C, 64.07; II, 13.06; N, 10.68. 
Found: C, 64.08; H, 13.30; N, 10.52. Acetylation equivalent: 
99.1%.
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[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , U n i v e r s i t y  o f  R o c h e s t e r ]
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The hicyclic oxetanes 7-oxabicyclo[4.2.0]octane and 1-oxaspiro[3.5]nonane were prepared by internal nucleophilic dis
placement reactions of the appropriate glycol derivatives. The structure assigned to these compounds is supported by their 
physical properties, as well as by chemical reactions typical of simpler oxetanes, such as acid-catalyzed methanolysis and 
lithium aluminum hydride reduction, which occur predictably by attack on the least substituted carbon.

Among models once considered in connection 
with the antibiotic fumagillin3 were structures 
containing an oxetane unit, attached to a cyclo
hexane ring. The present paper will be concerned

(1) This research was supported in part by Grant E-1138 
of the U. S. Public Health Service.

(2) Abbott Laboratories Fellow, 1959-1960.
(3) D. S. Tarbell et al, J. Am. Chetn. Soc., 82, 1005

(1960). *
✓

with two of these models, 7-oxabicyclo [4.2.0]- 
octane4-5 (I) and 1-oxaspiro[3.5]nonane (II), the 
latter of which has not been reported previously.

(4) (a) The synthesis of this compound was reported in a 
preliminary account to the 136th A. C. S. Meeting, Atlantic 
City, N. J., Sept. 1959, page 67P of the abstract; see also 
Ref. 5. (b) For the results of a similar study, published after 
the submission of this manuscript, see H. B. Henbest and
B. B. Millward, J. Chem. Soc., 3575 (I960).



2256 ROSOW SKY AND TARBELL VOL. 26

I II

The literature dealing with bicyclic oxetanes has 
not been very extensive. Rupe and Klemm4 
claimed to have prepared I by acid-catalyzed 
intramolecular dehydration of 2-hydroxymethyl- 
cyclohexanol, but gave only scant chemical 
proof for their structure. In our hands several 
attempts to effect such cyclizations were unsuccess
ful. An oxetane closely related to II is 2-oxaspiro
[3.5]nonane (III), which was recently reported by 
two groups of investigators.5 6’7 The elusive bridged 
oxetane 6-oxabicyclo[3.1.1]heptane (IV) has thus 
far defied synthesis in at least four laboratories.

XV XVI

Synthesis of oxetanes. The general method fol
lowed by us in the preparation of I and II can be 
represented by equation (1),

OH CH2X 
:B,

I I

0©" C H ^X
-c— c-

I I

o —c h 2
Xe  (1)

where: B is a base and X = — Cl or Bs (p-bromo- 
benzenesulfonate). It has been stated7’8 that chlo- 
rohydrins are precursors of choice in this type or 
internal nucleophilic displacement, and our ex
perience is in accord with this view, as will be seen 
below.

The starting materials for the above cyclizations, 
accessible in a straightforward manner, were 
subjected to the reactions shown in Charts I and II.

The glycol III, previously shown to possess a 
cis configuration11 was converted to monobrosylate 
IV and then to m-2-chloromethylcyclohexanol (V) 
with lithium chloride in ethanol.8 Cyclization to I 
could be accomplished in any of three ways:
1) treatment of IV with potassium fcri-butoxide in 
¿erí-butyl alcohol at 0°,9 2) treatment of IV with 
sodium hydride in ether at reflux temperature, or 3) 
treatment of V with solid potassium hydroxide at 
elevated temperatures, with simultaneous removal

(5) H. Rupe and 0. Klemm, IIciv. Chira. Acta, 21, 1538 
(1938).

(6) S. Searles, Jr., E. F. Lutz, and M. Tamres, J. Am. 
Chem. Soc., 82, 2932 (1960).

(7) E. L. Wittbecker, H. K. Hall, Jr., and T. W. Camp
bell, J. Am. Chem. Soc., 82, 1218 (1960).

(8) M, F. Clarke and L. N. Owen, J. Chem. Soc., 2103, 
2108 (1950).

(9) R. B. Clayton and H. B. Henbest, J. Chem. Soc., 
1982 (1957).

(10) F. V. Brutcher, Jr., and H. J. Cenci, Chem. & Ind., 
1295 (1957).

(11) A. T. Blomquist and J. Wolinsky, J. Am. Chem. Soc.,
79,6025 (1957).

Chart I. Synthesis of 7-oxabicyclo[4.2.0]octane

Chart II. Synthesis of l-oxaspiro[3.5]nonane

of the product from the reaction zone.6’8 Evidence 
of the 1,3-cleavage reaction observed in similar in
stances by other workers9'10’12 was obtained by 
infrared spectroscopy for the reaction of IV with 
potassium hydroxide or sodium methoxide in 
methanol.

For the preparation of II, cyclohexanone was 
treated with ketene in ether, using a catalytic 
amount of boron trifluoride etherate, as described 
by Nazarov and Kuznetsov.13 The resulting ,6- 
lactone was not purified, but was reduced directly

(12) S. Searles, Jr., R. G. Nickerson, and W. K. Witsiepe, 
J. Org. Chem., 24, 1839 (1959).

(13) I. N. Nazarov and N. V. Kuznetsov, J. Gen. Chem.,
U.S.S.B., £>, 754 (1959).

X
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with lithium aluminum hydride to the glycol VII. 
The monobrosylate VIII of this glycol was con
verted to l-(/3-chloroethyl)cyclohexanol (IX) with 
lithium chloride in ethanol,8 and this wyas in 
turn cyclized to II without prior purification by 
heating over potassium hydroxide as above.6’8 
When the related chlorohydrin X, prepared from 
VII by shaking with concentrated hydrochloric 
acid, was heated with potassium hydroxide, how
ever, the product isolated appeared to be an 
unsaturated alcohol XIa or Xlb, or a mixture of the 
two. The monobrosylate VIII, in contrast to IV, 
could not be cyclized with sodium hydride, poly
merization occurring instead.

Physical properties. Oxetanes I and II are highly 
volatile compounds with a characteristic odor and a 
tendency to foam on distillation.14 15 They are readily 
identified by intense absorption bands in the 10 n 
region of the infrared, in accord with the findings of 
Searles, ei a/.6’16 A bathochromic shift has been 
associated6 with strain of the oxetane ring, and so 
the noticeable displacement of the 10 n band of I 
and II relative to trimethylene oxide caused no
surprise. The position of this band, along with other 
physical properties, is shown in Table I, three other 
oxetanes being included for comparison.

TABLE I
P h y s i c a l  P r o p e r t i e s  o f  O x e t a n e s

Compound B.P. riB
Infrared, 

Main Peak

Cn 44.5-45° (9-10 mm.) 1.4625° 10.4 M

C
P- 0 78-79° (34-35 mm.) 1.4520° 10.4 ¡1

0□° 64° (14 mm.)1 1.4602s 1 0 .1 /

M e
j----- 1—M e

■---- O
70° (1 atm.)° 1.3878° 10.4 /3°

M e 
M e----

-0
76-78° (1 atm. )° 1.3956e 1 0 .2 /

° n2,). 6 n2,°, taken from Ref. 6. c Taken from Ref. 7. 
° taken from Ref. 15. e n2D5, taken from Ref. 16.

TABLE II
NMR S p e c t r a  o f  O x e t a n e s

Compound Protons r-values18 Splitting

Cu —CH2—O 
1

5.41,5.1 Quartet, quartet1
-a
a 1 0 6.10 Quartet

rp —CH—CH2 7.35 Multiplet
—CH2—O 5.68 Triplet

Ì— c h 2—c ii2 7.80 Triplet

tv» .{—CH2—0 
i

5.09,5.61 Quartet, quartet
CH3 1—CH—CH2 7.15 Multiplet

relative areas were in harmony with the structures 
I and II. Also included for comparison is the com
pound 2-methyl-l-oxabicyclo [2.2.0 ]hexane, recently 
reported by Srinivasan.lsb

Chemical reactivity. In order to place I on a 
rough reactivity scale a number of its reactions 
were studied. These reactions, shown in Chart III, 
indicate that I probably possesses no unusual 
strain properties relative to simpler oxetanes 
previously studied.19

No reaction Ring opening
Chart III. Reactions of 7-oxybicyclo [4.20] octane

Methanolysis19a’c of I was facile when acid-cata
lyzed, but more difficult in base, although alkaline 
cleavage did occur in a sealed tube at 175°. The 
product could be converted to a six-membered 
cyclic ketone (1710 cm.-1) on oxidation with 
chromic oxide in pyridine or acetone, which readily 
indicated the probable position of the hydroxyl 
group. Furthermore the product was shown, by 
mixed melting point determination on the p- 
nitrobenzoate, to be indentical with m -2-methoxy- 
methylcyclohexanol (VI) obtained earlier (IV 
—► VI, see Chart I). Methanolysis therefore occurs 
by rupture of the CH2—O bond in I. Vapor 
phase chromatography showed the acid-catalyzed 
reaction to be at least 90% selective.30

Oxetanes I and II were further characterized by 
their NMR spectra, which are summarized in 
Table II. Trimethylene oxide itself has been re
ported to have a 7-value17 of 5.4 for the a-CH2 
protons.18a The r-values, splitting patterns, and

(14) See ref. 28 for experimental precautions dictated by 
these physical properties.

(15) G. M. Barrow and S. Searles, Jr., J. Am. Chem. Soc., 
75,1175 (1953).

(16) L. F. Schmoyer and L. C. Case, Nature, 183, 389
(1959).

(17) T-values are based on an arbitrary assignment of 
t = 10.0 for tetramethylsilane. See G. Van Dy ce Tiers, 
J. Phys. Chem., 62,1151 (1958). The r-value for trimethylene 
oxide was computed from the value given in reference 18a, 
in which chemical shifts are expressed in 5-units relative 
to water.

(18) (a) H. S. Gutowsky, R. L. Rutledge, M. Tamres, and
S. Searles, Jr., J. Am. Chem. Soc., 76, 4242 (1954). (b) R. 
Srinivasan, J. Am. Chem. Soc., 82, 775 (1959).

(19) See for example (a) S. Searles, Jr., and C. F. Butler, 
J. Am. Chem. Soc., 76, 56 (1954); (b) S. Searles, Jr., K. A. 
Pollart, and E. F. Lutz, J. Am. Chem. Soc., 79, 948 (1957);
(c) A. W. Adams, et al., J. Chem. Soc., 559 (1959).
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Reductive cleavage with lithium aluminum 
hydrideI9b proceeded smoothly in refluxing ether, 
but not at 0°. The product was shown by mixed 
melting point determination on the p-nitrobenzoate, 
to be identical to cis-2-methylcyclohexanol (XII) 
prepared by another route (IV —*■ XII with lithium 
aluminum hydride, see Chart I). The reaction ap
peared to be at least 90% selective, according to 
gas chromatographic analysis.30 Sodium boro- 
hydride in boiling methanol likewise left the oxide 
ring intact. The reduction of I thus took place in 
predictable fashion, rupture occurring between 
oxygen and the least substituted carbon, as already 
noted by Searles.19b That oxetane I was unaffected 
by sodium borohydride points to the likelihood that 
I is not an intermediate in the reaction IV —*■ VI 
(see Chart I) . On the other hand, it is not possible 
at this time to exclude the possibility that I is an 
intermediate in the reaction IV — XII  (see Chart
I), since Goering and Serres20 obtained the iso
meric bicyclic ether 6-oxabicyclo [3.2.1] octane 
(XIV) by treating the monotosylated X III of 
CTS-3-hydroxymethylcyclohexanol with lithium alu
minum hydride. If I were initially formed from IV 
it would of course be further reduced to XII in the 
presence of excess reagent.

Ç r 0H
LiAlH4-------

o

CH2OTs
XIII XIV

The attack of several other nucleophilic reagents 
on the oxide ring of I was examined. Thus, sodium 
thiosulfate reacts only to a small extent in the color 
reaction employed by Ross21 and by Freeman, 
et al,22 as a qualitative test for cyclic ethers of 
various sizes. In addition it was found that the 
more strongly nucleophilic thiophenoxide and iso
thiocyanate ions caused more extensive ring cleav
age, although no detailed product analyses were 
made.

E X P E R IM E N T A L 23 24 *

cis-2-Hydroxymethylcyclohexanol (III) was prepared from 
methyl salicylate by catalytic hydrogenation over Raney 
nickel at 1800 p.s.i. and 125° in the presence of traces of 
alkali, followed by reduction with lithium aluminum hydride. 
Milder hydrogenating conditions gave more satisfactory 
results in our hands than did those described in the litera
ture. Alternately, cyclohexanone could be converted

(20) H. L. Goering and C. Serres, Jr., J. Am. Chem. Soc., 
74,5908 (1952).

(21) W. C. J. Ross, J. Chem. Soc., 2257 (1950).
(22) G. G. Freeman, et al., J. Chem. Soc., 1105 (1959).
(23) All melting points and boiling points are uncorrected. 

Elemental microanalyses were performed by T. Montzka of 
this laboratory, as well as Microtech, W. Manser, and F. 
Pascher. N. M. R. spectra were taken on a 60 Me Varian 
instrument by Y. Kawazoe. Infrared spectra were taken on a 
Model 21 Perkin-Elmer spectrophotometer.

(24) H. C. Ungnade and F. V. Morriss, J. Am. Chem. Soc.,
70, 1898 (1948),

into IV by the route reported by Smissman and Mode.“ 
The viscous glycol, b.p. 80-83° (0.12-0.15 mm.), crystallized 
slowly and yielded a bis-p-nitrobenzoate, m.p. 132.5-133° 
(lit,.“ m.p. 133.5-.340).

l-(fi-Hydroxyethyl)-cyclohexanol (VII).13 Ketene was bub
bled at a moderate rate for 6 hr. through a solution of 100 
ml. of cyclohexanone and 1 ml. of boron trifluoride etherate 
in 200 ml. of dry ether at —10° to 0°. After washing with 
5% sodium carbonate and rinsing with water, the ether 
solution was dried over magnesium sulfate and evaporated, 
yielding a crude product whose infrared spectrum showed a 
strong d-lactone peak at 5.52 ,u26 and a moderate peak at 5.86 
fj. because of unchanged cyclohexanone. The 0-lactone was 
not purified further, but was reduced directly with excess 
lithium aluminum hydride. After the usual workup and 
distillation, three fractions were obtained: a) 21.0 g. of cyclo- 
hexanol, b.p. 65-75° (0.2-0.3 mm.), n2D5 1.4632, from re
duction of unchanged cyclohexanone; b) 5.4 g. of an inter
mediate fraction, b.p. 75-90° (0.2-0.3 mm.), 1.4645;
and c) 80.1 g. of VII (58% based on initially used cyclohex
anone, 74% after correction for recovered cyclohexanol),
b.p. 90-105° (0.2-0.3 mm.), ra2D5 1.4835 (lit.27 b.p. 112-114° 
(2 mm.), « d® 1.4850). Redistillation gave pure VII, b.p.
82-85° (0.03 mm.), 1.4838.

cis-S-Hydroxymelhylcyclohexanol monobrosylaie (IV) was 
prepared in nearly quantitative yield by the conventional 
method (see for example Refs. 8-10 and 20). The product was 
an oil which crystallized slowly on standing in the refrigera
tor, care being exercised to remove all traces of pyridine. 
Darkening can be averted by avoiding unnecessary heating in 
workup. An analytical sample, m.p. 36-40° (softening at 33° 
was prepared by dissolving a small amount of the crude -waxy 
product in ether, and adding sufficient petroleum ether (b.p. 
30-60°) to cause crystallization upon cooling.

Anal. Calcd. for CisHn0 4Br: C, 44.70; H, 4.87. Found: 
C, 44.87; H, 5.05.

l-{fl-Hydroxyethyl)cydohexanol monobrosylate (VIII) was 
prepared in nearly quantitative yield by the conventional 
method.8-10'20 The oily product tended to darken on stand
ing and was utilized as soon as possible. Although some crys
tals could be formed in the cold they were low melting, and 
no analytical sample was made.

cis-S-Chloromethycyclohexanol (V) was prepared according 
to Clarke and Owen8 by refluxing a solution of IV and lith
ium chloride in 95% ethanol, evaporating the solvent, and 
taking up the product in ether. The chlorohydrin was a 
liquid with a characteristic halogenic odor, and a tendency to 
darken which made itdesirable to use it quickly in the next, 
step. Characterization was accomplished through the crys
talline p-nitrobenzoate, m.p. 45-47°.

Anal. Calcd. for CjJTeOiNCl: C, 56.38; H, 5.38. Found: 
C, 56.18; H, 5.70.

l-(&-Chloroethyl)cyclohexanol (IX) was prepared in nearly 
quantitative yield from VIII with lithium chloride in re
fluxing 95% ethanol.8 The chlorohydrin, possessing the typi
cal halogenic odor, was used without distillation.

l-(0-Hydroxyethyl)cydoliexyl chloride (X) was prepared by 
stirring 10.6 g. (0.0736 mole) of glycol VII with 80 ml. of 
coned, hydrochloric acid for 8 hr. at room temperature, 
diluting with water, extracting with petroleum ether, rinsing 
with saturated sodium bicarbonate solution and water, 
drying over anhydrous magnesium sulfate, and evaporating, 
to obtain 10.6 g. of crude product. Distillation resulted in 
extensive elimination of hydrogen chloride, with recovery of 
only 6.8 g. of product, which turned yellow on standing. In 
subsequent runs the chlorohydrin was subjected to the next,

(25) E. S. Smissman and R. A. Mode, J. Am. Chem. Soc., 
79, 3447 (1957).

(26) L. J. Bellamy, Infrared Spectra of Complex Molecules, 
Wiley, New York, 1958, page 188.

(27) D. Papa, H. F. Ginsberg, and F. J. Villiani, J. Am. 
Chem. Soc., 76, 4441 (1954),

X
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reaction without prior purification. A small purified sample 
of X had 1.4868.

7-Oxabicyclo[4-3.0]octane (I). A. To a solution of 225 g. 
(0.64 mole) of monobrosylate IV in 500 ml. of dry ether in a 
three-necked flask equipped with a stirrer and reflux con
denser were added in small portions 40 g. (0.83 mole) of 
50% sodium hydride-mineral oil dispersion (Metal Hydrides, 
Inc., Beverly, Mass.). Addition was continued occasionally 
over a period of about 2 days with gentle refluxing. Further 
addition caused no visible hydrogen evolution. The dense 
white precipitate of sodium p-bromobenzenesulfonate and 
unchanged sodium hydride was filtered, and the clear yellow 
filtrate was extracted once with 100 ml. of water. After dry
ing over anhydrous sodium sulfate and solvent removal 
through a Vigreux column without suction or excessive heat, 
t.he dark orange solution remaining was distilled.28 After 
a small forerun of solvent the product was collected in 
a receiver, cooled in a Dry Ice/acetone bath. Redistillation 
yielded the analytical sample, b.p. 44.5-45.0° (9-10 mm.), 
n2D5 1.4625 (lit.5 b.p. 54° (11 mm.)). The yield of crude oxe- 
tane I was 35.6 g., or 49%.

Anal. Calcd. for ChH^O: C, 75.00; H, 10.41. Found: C, 
74.53; H, 10.53.

B. To a solution of 4 g. of potassium in 100 ml. of ¿erf- 
butyl alcohol was added 12.2 g. (0.0350 mole) of IV. A dense 
yellow-white precipitate formed rapidly. The mixture was 
allowed to stand in the refrigerator for 12 hr., then warmed 
to room temperature and filtered under suction (cooling the 
suction flask to —10° to minimize evaporative losses.) The 
solid thus obtained was dissolved in water, and the aqueous 
solution was extracted with several portions of ether. The 
combined ether extracts were added to the yellow ¿erf-butyl 
alcohol filtrate, and after filtering off an additional quantity 
of white solid the solution was distilled at atmospheric pres
sure until all the ether and alcohol were removed. The 
semisolid residue was triturated with ether, and the com
bined ether triturates were dried over anhydrous sodium 
sulfate and evaporated at atmospheric, pressure, yielding a 
pale yellow liquid that gave on distillation the desired oxe- 
tane I, b.p. 47-49° (15 mm.). The yield of crude product was
1.85 g., or 47%.

C. A mixture of 3.40 g. (0.0231 mole) of IX and 5 g. of 
powdered (not dried) potassium hydroxide was heated in an 
apparatus suitable for removing product from the reaction 
zone and trapping it in a receiver cooled at —70°. The oil 
bath temperature was gradually increased from 90° to 150° 
after 1 hr., and the volatile products were collected and 
examined. Two phases were present, one of which was water, 
conveniently removed with a little alumina (Woelm, neutral, 
activity I). Distillation yielded the desired oxetane I, whose 
infrared spectrum matched those of previously prepared 
samples. The yield obtained by this procedure, 1.7 g. or 66%, 
was superior to the others described above.

cis-2-Methoxymethylcyclohexanol (VI). A. To 11.5 g. (0.033 
mole) of IV in 100 ml. of absolute methanol were added 3-4 
g. of sodium borohydride by inverse addition. After several 
hours the reaction mixture was cooled and the precipitate of 
fine white crystals was filtered off. The filtrate was evapo
rated, and the residue triturated with several portions of 
ether. The combined ether triturates were dried over anhy
drous sodium sulfate and evaporated, leaving a pale yellow

(28) The high volatility of the oxetanes, in spite of their 
relatively high boiling points necessitated cautious workup. 
Solvent take-off on the rotary evaporator was avoided. 
During vacuum distillation the receivers were cooled at 
— 70° in order to minimize evaporative losses. Precise 
boiling point determinations, especially on small samples, 
were rendered difficult both by the tendency of the oxetanes 
to distill evaporatively, without visible boiling, and by their 
tendency to froth at the boiling temperature. Gas chroma
tography revealed traces of diethyl ether in the product 
even after redistillation. a

liquid with a pleasing odor. Distillation afforded 1.65 g., or 
35%, of colorless product, b.p. 92-95° (12 mm.).

Anal. Calcd. for C8H160 2: C, 66.67; H, 11.11. Found: C, 
66.25; H, 10.80.

A p-nitrobenzoate, m.p. 110.5-112.5°, was prepared.
Anal. Calcd. for Ci5Hi90 5N: C, 61.48; H, 6.49. Found: 

C, 61.34; H, 6.66.
The 3,5-dinitrobenzoate, m.p. 87-88°, was prepared but 

not analyzed.
B.. A solution of 5.0 g. (0.045 mole) of I in 25 ml. of ab

solute methanol containing 2 drops of 95% aqueous sulfuric 
acid was stirred at 35-40° for 30 hr. Most of the methanol 
was distilled off and a small amount of solid sodium bicar
bonate added to neutralize the acid. Distillation through a 
Vigreux column yielded a small forerun of methanol followed 
by 3.8 g. of product (VI), b.p. 92-96° (12-13 mm.), and an 
additional 0.9 g., b.p. 40-44° (0.3-0.4 mm.). The total yield 
was 4.7 g., or 67%, ?i2D5 1.4624.

The p-nitrobenzoate, m.p. 110-112°, was undepressed 
when mixed with the authentic sample prepared above.

cis-2-Methylcyclohexanol (XII). A. A solution of 11.7 g 
of IV in 50 ml. of dry ether was added dropwise to an ice cold 
stirred suspension of 1.5 g. of lithium aluminum hydride in 
50 ml. of dry ether. After 48 hr. and the usual workup there 
was obtained a colorless liquid, which on distillation yielded
2.2 g., or 59%, of the desired product (XII), b.p. 67-69° (17 
mm,).

That X II is the cis isomer was demonstrated by means of 
its infrared spectrum which contained all the bands char
acteristic for this isomer,29 and of a derivative, the p-nitro
benzoate, m.p. 56.5-57° (lit.29 m.p. 55-56°).

B. To a stirred ice cold suspension of 1.15 g. (0.03 mole) 
of lithium aluminum hydride in 50 ml. of dry ether was added 
dropwise a solution of 2.24 g. (0.02 mole) of I in 25 ml. of dry 
ether. After 56 hr. of refluxing, the product was isolated in 
the usual manner and distilled, yielding 1.2 g., or 53%, of 
pure XII, b.p. 67-68° (13 mm.).

The p-nitrobenzoate, m.p. 56-57° (lit.29 m.p. 55-56°), 
was undepressed when mixed with the authentic derivative 
prepared earlier. The 3,5-dinitrobenzoate, m.p. 101-102° 
(lit.29 m.p. 99-100°), was likewise prepared.

Gas chromatographic analysis of the crude reduction 
product showed the reaction to be at least 90% selective.30

l-Oxaspiro[3.6]nonane (II). A mixture of 6.70 g. (0.0411 
mole) of crude IX and 2 g. of 50% sodium hydride-mineral 
oil dispersion were stirred magnetically in just enough ether 
to maintain fluidity. Gas evolution was noticeable. After 1-2 
hr. the reaction mixture was warmed gently to remove the 
solvent. Distillation into a trap cooled in a Dry Ice/acetone 
bath yielded 2.60 g. of volatile material, b.p. 60-70° (22 
mm.), n2D5 1.4520, the bath temperature being raised gradu
ally to 130° during distillation. The brown residue was tri
turated with ether, and the ether solution, treated as above, 
yielded an additional 0.2 g. of product. B.edistillat.on of the 
combined product fractions yielded the desired oxetane II, 
b.p. 78-79° (34-35 mm.), n*D8 1.4521. The total yield before 
redistillation was 2.8 g., or 55%. The analytical sample was 
prepared by a further distillation from metallic sodium.

Anal. Calcd. for C8H120: C, 76.19; H, 11.11. Found: C, 
76.44; H, 11.35.

When VIII was treated with sodium hydride in refluxing 
tetrahydrofuran (it was not possible to dissolve VIII in 
ether) cyclization did not occur, no volatile products aside 
from solvent being isolable. When an intimate mixture of 
VIII and sodium hydride-mineral oil dispersion was warmed

(29) E. Eliel and C. A. Lukach, J. Am. Chem. Soc., 79, 
5986 (1957).

(30) A portion of this work was done by Miss Joanne 
Groves in the course of her undergraduate research, Uni
versity of Rochester, 1960. Gas chromatographic analyses 
were done on a five foot silicone column at a temperature of 
about 75 °i
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gradually with stirring to about 110° in the usual apparatus 
for simultaneous product take-olT, only polymerization took 
place, a trace of water and unidentified, unpleasant smelling 
liquid being recovered from the trap.

When chlorohydrin X was treated with potassium hy
droxide under the conditions used previously,6 only an un

saturated alcohol was isolated, b.p. 105-10G° (20 mm.), 
n u1 2 3 4 1.4807, which could have been either or both of the two 
possible isomers XIa or b. No further effort was made to 
clarify this point, however, since no oxetane was obtained.

R o c h e s t e r  20, N. Y.
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The title compound results from the action of strong organic reducing agents on the 2,4,6-trimethylpyrylium cation. 
It is believed that this is the first example of a bipyran in which the rings are linked by a single bond and the first example 
of an alkyl-substituted, nonfunctional 4H-pyran.

Hafner’s elegant preparation of azulene deriva
tives involves the formation of the seven-membered 
ring by fusion of a five carbon chain from a pyryl- 
ium salt onto the five-mcmbered ring of sodium 
cyclopentadienide.3 It was hoped that substitu
tion of the disodium salt of cyclooctatetraene4 
for the cyclopentadienide would not alter the 
sense of the reaction, so that there would be ob
tained hydrocarbons with fused seven- and eight- 
membered rings and extended conjugated double
bond systems.

The reaction between the disodium salt of cyclo
octatetraene and 2,4,6-trimethylpyrylium perchlo
rate was modeled after Hafner’s method for the 
preparation (ca. 80%) of the purple 4,6,8-trimethyl- 
azulene. The substance isolated (ca. 20%) was 
colorless and proved to have the molecular for
mula ClfiH,20 2. The possibility that the product 
arose from the interaction of one dianion of cyclo
octatetraene (CSHS = ), one trimethylpyrylium cat
ion (CsHnO ’l"), and one hydronium ion (H30 +) 
(during work-up) was eliminated by the observa
tion that other strong reducing agents, sodium di- 
phenylketyl or the sodium anthracene complex, 
also act on the trimethylpyrylium ion to give the 
product (2 and 22% yield, respectively). Thus 
it is 'evident that the product arises from the 
trimethylpyrylium cation by a reductive dimeriza
tion process:

2CsIÎ,10 + -]- 2e~ = C1CH22O2

(1) This research was supported by a Socoip' Mobil Oil 
Co. Grant-in-Aid. Grateful acknowledgement of this support 
is hereby made.

(2) Presented at the A.C.S. Southern California Regional 
Meeting, Dec. 3, I960.

(2) (a) New address: Department of Chemistry, Kansas 
State University, Manhattan, Kansas.

(3) K. Hafner and H. Kaiser, Ann., 6 1 8 ,  140 (1958).
(4) (a) W. Reppe et a l, Ann., 5 6 0 ,  15 (1948); (b) See

T. J. Katz, J. Am. Chem. Soc., 82, 3784, 3785 (1900);
J. Chem. Phys., 32, 1873 (1900) for a description of recent 
evidence about the structure of this dianion and references 
to earlier investigations.

The best preparative method yet found for the 
substance (54% yield) involves the use of the 
potassium salt of cyclooctatetraene with tri
methylpyrylium fluoroborate.

The accumulated evidence shows that the dimer 
has the structure, 2,2',4,4',6,6'-hexamethyl-4,4'- 
bi-4II-pyran (I).

I

The substance is very nonpolar; it is eluted from 
alumina before cyclooctatetraene and before an
thracene. It exhibits only tail absorption in the 
quartz ultraviolet region. Thus there are no 
conjugated double bonds. A perbenzoic acid titra
tion showed the presence of four double bonds. 
A C-met,hyl determination showed the presence of 
at least five methyl groups.

The most instructive single piece of evidence was 
the NMR spectrum which showed three sharp 
singlets at r values of 5.73, 8.25, and 9.10 with 
areas in the approximate ratio 4:12:6, respectively. 
The singlet character of these resonance lines re
quires that no two carbons which bear hydrogen 
be linked directly to each other. The resonance 
occurs at the expected5 * 5 shifts for vinyl hydrogens, 
allylic hydrogens and methyl hydrogens on satu
rated carbon, except that the vinyl hydrogens ab
sorb at somewhat higher field than usual, probably 
because they are well shielded by adjacent methyl 
groups6 and are vinylogous to the oxygen atom.7

During the early stages of the investigation of 
the structure of this dimer, two misleading results 
were obtained which considerably impeded our

(5) G. V. D. Tiers, Minnesota Mining and Manufacturing 
Co. Handy Pocket Guide to Characteristic Nuclear Reso
nance Shielding Values, r, for Hydrogen Bonded to Carbon.

(6) N. F. Chamberlain, Anal. Chem., 31, 50 (1959);
esp. Fig. 4 ami P- 69.

V
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progress toward elucidation of the correct struc
ture. One was the observation of a strong absorp
tion in the infrared at 1705 cm.-1 which we took 
to be indicative of a ketonic function. Secondly, 
catalytic hydrogenation in glacial acetic acid with 
perchloric acid over platinum gave an uptake of 
about three .moles of hydrogen and led to the 
belief that the dimer had three carbon-carbon 
double bonds. (The crude hydrogenation product was 
ketonic, not hydroxylic.)

Closer scrutiny has given evidence that these 
deductions were erroneous. Attempts to obtain 
confirmatory evidence for the ketonic function 
by means of the formation of derivatives (oxime,
2,4-dinitrophenylhydrazone, semicarbazone, a-ben- 
zylidene derivative), oxidation (sodium hypoio- 
dite), and reduction (sodium borohydride and lith
ium aluminum hydride) all failed. The fact that 
I was recovered unchanged from the basic re
action media (the last four cases) indicates clearly 
that there is no ketone function in the molecule. 
Thus we are forced to ascribe the absorption at 
1705 cm.-1 to the enol ether groups of the 4-H-py- 
ran skeleton.

Unfortunately, the literature does not appear to 
record the infrared spectra of any close models. 
However, one can make a rough prediction of the 
enol ether absorption in I if one assumes that the 
effect of substituents in an enol ether absorption is 
parallel to the effect of substituents in an ester 
carbonyl absorption. I t  is known that formates 
absorb near 1723 cm.-1 and acetates near 1740 
cm.-1 and that ethyl acetate absorbs at 1740 cm.-1 
and vinyl acetate at 1776 cm.-18 Thus substitution 
of methyl for hydrogen on the carbonyl raises the 
absorption by 17 cm.-1 and introduction of a double 
bond in the alcohol portion of the ester raises the 
absorption by 36 cm .-1 Under the assumption, and 
since a number of dihydropyrans with hydrogen on 
the 2-position absorb near 1650 cm.-1,7 8 9 * one would 
predict that a 2-methyl-4-H-pyran would absorb 
at 1650 +  17 +  36 = 1703 cm.-1 10

In an effort to obtain a more closely related model 
compound, 2,4,4,6-tetraphenyl-4H-pyran, the only 
nonfunctional uncondensed pyran which appears 
to have been reported,11 was prepared and found to 
absorb at 1675 cm.-1 While there does not seem to 
be a convenient way of estimating the amount of 
lowering of the enol ether absorption frequency by

(7) G. V. D. Tiers, Minnesota Mining and Manufactur
ing Co. N.M.R. Summary, gives the t  value for the cor
responding hydrogen in dihydropyran as 5.46, which is to 
be compared with a value of 4.7 for ordinary disubstituted 
olefins.6 The only other possible type of hydrogen which 
absorbs in this region is that a to an ether oxygen, but all 
mechanistically reasonable products of this sort would show 
multiplet absorption bands.

(8) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, 2nd Ed., New York, 1958, pp. 179-180, 182.

(9) C. W. Smith, D. G. Norton, and S. A. Ballard, J. Am.
Chem. Soc., 73, 5270 (1951); Sadtler Standard Spectra No.
381B, Sadtler Res. Labs., Phila., Pa. •

the phenyl substituents on the basis of spectra 
which appear in the literature, it is clear that an 
alkyl substituted analog will absorb at higher fre
quency than this phenyl substituted model.

While these observations cannot be reasonably 
adduced in direct support of structure I, they do 
at least indicate that I will absorb at higher fre
quency than the available model compounds and 
thus provide permissive evidence for this formu
lation.

An estimation of the number of double bonds by 
means of perbenzoic acid indicated, as mentioned 
above, that there are actually four double bonds in 
the molecule I. Apparently, the misleading results 
from catalytic li3rdrogenation are due to acid 
catalyzed opening of enol ether functions at least 
to some extent to give ketonic compounds which 
resisted further hydrogenation, thus accounting 
for less than theoretical uptake. The crude hydro
genation product does show strong absorption in 
the 1700-1710 cm .-1 region expected for saturated 
ketones. Attempts to effect hydrogenation in 
neutral ethanol or ethyl acetate failed. Attempts 
at the acid hydrolysis of the enol ether groups gave 
intractable, easily polymerized oils which gave 
intractable mixtures of 2,4-dinitrophenylhydra- 
zones. This behavior is not surprising, since the 
anticipated tetraketone would be capable of a 
great variety of intra- and intermolecular conden
sation reactions.

However, when the acid hydrolysis mixtures 
were treated with base while still fairty dilute, it 
was possible to isolate various products which 
appear to have arisen by intramolecular conden
sation reactions. Four such products were isolated 
in the pure state and characterized by means of 
their melting point, analyses, infrared and ultra
violet spectra. Since one can draw over two hun
dred different compounds (counting stereoisomers) 
containing only 5-, 6-, and 7-membered rings which 
could logically arise from the intermediate tetra
ketone via intramolecular aldol reactions, Michael 
additions, ketalizations and the like, we have 
made no attempt to pursue the characterization of 
these substances further.

Attempts to produce other examples of 2,4,4,6- 
tetraalkyl-4H-pyrans by the reaction of trimethyl- 
pyrylium perchlorate with organometallic com-

(10) Schematically, the hypothetical process

results in an increase in carbonyl frequency of 53 cm. 1 
The analogous process

[ \  (1650 cm:1) ---- * f  1
k (T " C H 3

should result in a similar increase in absorption of the double 
bond chromophore: 1650 +  53 = 1703 cm.-1

(11) Peres de Carvalho, Ann. Chim., [11] 4, 449 (1935).
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pounds were unavailing. A reaction between 2,4,6- 
1 riphenylpyrylium perchlorate and the disodium 
salt of cyclooctatetraene gave no product analogous 
to I. Attempts to couple 2,4,6-trimethylpyrylium 
perchlorate by means of inorganic reducing agents 
(cuprous chloride, sodium in liquid ammonia or 
potassium in refluxing tetrahydrofuran) failed.

E X P E R IM E N T A L 12

I  from trimelhylpyrylium perchlorate and disodiocyclooda- 
tetraene. To a well stirred suspension of 3.68 g. of sodium 
sand (0.16 mole) in 200 ml. of freshly dried tetrahydrofuran 
in a 11. flask equipped with a mercury sealed stirrer, reflux 
condenser, addition funnel, and a nitrogen inlet, was added
10.0 ml. of cyclooctatetraene (0.08 mole). The mixture was 
refluxed gently under nitrogen until the sodium had com
pletely dissolved. Two hours usually sufficed; the color of 
the solution was brown, purple, or orange in different runs. 
The mixture was cooled to room temperature and 14.72 g.
( 0.056 mole) of trimethylpyrylium perchlorate13 added. The 
color changed to deep red. Most of the tetrahydrofuran was 
distilled off before the mixture was worked up by the addition 
of water and extraction with petroleum ether. The orange 
extracts were dried, concentrated, and chromatographed on 
alumina. The early pentane fractions were colorless and 
gave colorless crystals, m.p. 113-118°. Later pentane frac
tions were yellow and had a strong odor of cyclooctatetra
ene, but gave rise to additional crystals. Further purifica
tion was effected by solution in hot ethanol followed by slow 
crystallization by removal of the solvent at room tempera
ture, m.p. 120-121.0°. Total yield ca. 20%.

Anal. Calcd. for Ci6H2202: C, 78.01; H, 9.00; mol. wt.,
246.34. Found: C, 78.34, 78.45; H, 8.81, 8.82; mol. wt., 
230 (East). C-methyl: 4.26.

Spectral data: Ultraviolet: tail absorption only:
6300. Infrared: v“ r 3202w, 2930m, 2895m, 2840w, 1705s, 
1660w, 1625w, 1450m, 1430m, 1380s, 1360m, 1330w, 1290s, 
1225s, 1155s, 1080m, 1050m, 1040w, 1025m, 1000m, 965m, 
910m, 895m, 865m, 805s, 675w. In chloroform solution there 
are four absorptions of about equal intensity in the carbonyl 
region: 1705, 1685, 1660, 1645 cm.-1 Similar loss of strong 
singlet in the solid state spectrum and appearance of multiple 
bands in the solution spectrum occurs in the 1225 and 1155 
cm._1 regions.

\ T.M.R.: Two spectra were taken: one in carbon tetra
chloride with tetramethylsilane as internal standard and the 
other with toluene as an external reference. The r  values 
calculated from the former spectrum were 5.73, 8.25, and
9.10 while the areas determined with a planimeter were in 
the ratio 3.2:11.9:6.9 and 4.4:11.7:5.8, respectively. The 
peaks were sharp, symmetrical singlets with widths at their 
half-height corresponding to 2.5, 3.7, and 2.2 c.p.s., respec
tively. Any spin-spin coupling, then, must have J values 
less than about 2.

I  from trimethylpyrylium fiuoroborate and dipotassiocyclo- 
odaletraene. To 200 ml. of freshly dried and distilled tetra
hydrofuran under nitrogen in a 500-ml. flask equipped 
with mercury sealed stirrer, reflux condenser, addition fun
nel, and nitrogen inlet, was added 3.91 g. (0.10 mole) of 
potassium metal followed by 5.75 g. (0.055 mole) of cyclo
octatetraene. A spontaneous exotherm occurred as the 
potassium dissolved and the solution assumed a deep red 
orange color. After external heating for a few minutes the

(12) Spectral determinations were made by Miss Donna 
Karasek on a Perkin-Elmer model 21 and on a Cary model
11. The values reported for the infrared absorptions are 
internally consistent, but have not been corrected for 
machine errors. The microanalyses were done by Miss 
Heather King. Melting points are corrected.

(13) O. Diels and K. Alder, Ber., 60, 716 (1927);

potassium had completely dissolved. The mixture was 
cooled to room temperature and 21.0 g. of trimethylpyrylium 
fluoborate (0.10 mole) in tetrahydrofuran suspension was 
added from the addition funnel. A slight exotherm accom
panied the formation of a white precipitate and lightening of 
the red color. The bulk of the tetrahydrofuran was removed 
by distillation at atmospheric pressure and the residue 
treated with water and petroleum ether (b.p. 60-70°) 
The aqueous layer was extracted with three additional 
portions of petroleum ether, the petroleum ether layers 
combined, dried over magnesium sulfate, and concen
trated in vacuo. The residue was dissolved in 60 ml. of 
hot absolute ethanol and allowed to cool. There crystallized 
5.45 g. (22 mmoles, 44%) of material, m.p. 112-116°, 
after collection and washing with cold 95% ethanol. The 
mother liquor gave additional crystals on dilution with 
water which were recrystallized from absolute ethanol to 
give an additional 1.25 g. (10%), m.p. 110-114°, identical 
with earlier sample by infrared spectrum.

I  from trimethylpyrylium perchlorate and sodium diphenyl- 
ketyl. To 0.92 g. (40 mmoles) of sodium sand in 100 ml. of 
tetrahydrofuran under nitrogen was added 7.28 g. (40 m- 
moles) of benzophenone and the mixture stirred until the 
sodium had dissolved. Then 3.68 g. (14 mmoles) of trimethyl
pyrylium perchlorate was washed in with more dry tetra- 
hy'drofuran. The mixture was stirred and refluxed an hour 
during which time the color changed to brown. Tetrahydro
furan was distilled off, water was added, the mixture was 
extracted with petroleum ether and the extracts dried, con
centrated, and chromatographed as before. The first pentane 
eluate yielded a few mg. (ca. 2%) of I, m.p. 117-119°, 
identical with the earlier sample by mixture melting point 
and infrared spectra.

I from trimethylpyrylium perchlorate and sodioanthracene. 
To 0.70 g. of sodium sand (30 mmoles) in 150 ml. of dry 
tetrahydrofuran was added 5.3 g. (30 mmoles) of anthracene. 
The mixture was stirred and refluxed under nitrogen until 
the sodium had dissolved and a deep blue solution was ob
tained. Trimethyl pyrylium perchlorate (5.2 g., 18 mmoles 
was added in small portions; the color changed to red. After 
20 min. at reflux, most of the tetrahydrofuran was removed 
by distillation and water was added to the residue. The 
solid was boiled with 65 ml. of absolute ethanol and filtered 
while hot. The insoluble material, m.p. 215-217°, was an
thracene. A crop of less pure anthracene, m.p. 200-215°, 
was obtained upon cooling the filtrate. The mother liquor 
was evaporated to dryness in vacuo, taken up in petroleum 
ether and chromatographed on alumina. The first two pen
tane fractions ydelded 0.48 g. (22%) I, m.p. 115-119° and 
108-114°, identical with the earlier sample by mixture 
melting point and infrared spectra.

Perbenzoic acid oxidation of I. A benzene solution of 
perbenzoic acid was prepared according to Braun14 15 using the 
modifications of Kolthoff.16 A 5.03-ml. aliquot of the solu
tion was equivalent to 36.70 ml. of 0.1022Ar sodium thio
sulfate solution. A solution of 0.1001 g. (0.406 mmole) 
of I in 10 ml. of benzene was treated with 5.03 ml. of the 
perbenzoic acid solution and allowed to stand at 25° for 
3 days. Then the excess perbenzoic acid was decomposed 
with a solution of 3 g. of potassium iodide and 5 ml. of 
glacial acetic acid in 50 ml. of water and the liberated 
iodine was found to require 4.92 ml. of the standard thio
sulfate solution. Thus, 3.98 moles of perbenzoic acid had 
reacted with each mole of I.

Catalytic hydrogenation of I. A suspension of 35 mg. of 
platinum oxide in 25 ml. of glacial acetic acid containing 2 
drops of 70%. perchloric aoic was prereduced before 266.1 
mg. (108 mmoles) of I was added. A total of 82.6 ml. of 
hydrogen was absorbed (27.5°, 747 mm.) during about 4.5

(14) G. Braun, Org. Syntheses, Coll. Vol. I, 431
(1941).

(15) I. M1, Kolthoff et al., J. Polymer Sci., 2, 199 (1947)<

X
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hr.; this corresponds to an uptake of 3.06 moles of hydrogen 
per mole of I. A similar experiment in which the perchloric 
acid was omitted, resulted in the uptake of 2.79 moles of 
hydrogen per mole of I during 2 hr. The products were 
inhomogeneous oils with strong absorption in the infrared 
at 1700-1710 em u1

Hydrolysis of I. Two putatively identical hydrolyses were 
performed. A solution of 1.25 g. (5.0 mmoles) of I, 5.0 ml. 
of water, and ten drops of coned, perchloric acid in 25 ml. 
of dioxane was allowed to stand for 3 days. Then 5 ml. of 
10% sodium hydroxide solution was added and the mixture 
heated to reflux for 1 hr. The resulting mixture was poured 
into ether and water, the water layer acidified, extracted an 
additional time with ether, and the combined ether layers 
washed with saturated saline and dried over magnesium 
sulfate. The ether was removed in vacuo, the residue taken 
up in petroleum ether (60-80°), concentrated, and chroma
tographed on activated neutral alumina. From the first 
of the two hydrolyses (done on one-fifth the above scale) 
two crystalline substances were obtained in about ] 1 and 
6% yields, respectively: A, from the pentane eluates, m.p. 
50-60°, a ketone (r™Ir 1690 em u1). Vacuum sublimation 
gave partial separation; the less volatile material formed 
needles m.p. 69.0-69.5°. Ultraviolet: tail absorption only, 
«“?” CiHi0H ~  670. A trace of more volatile material was 
probably compound C, below.

Anal. Calcd. for C, 72.69; H, 9.15. Found: C,
72.60; H, 9.32.

B, from the 1:1 pentane:ether eluates, m.p. 70-85° 
Two recrystallizations from petroleum ether gave plate
lets, m.p. 121-123°, a hydroxy ketone (»£"; 3400, 1697 
cm.-1). Ultraviolet: weak absorption only, e“? C,H,0H ~  
530; «S? C!Hs0H ~  45.

Anal. Calcd. for CiekhnOs: C, 72.69; Id, 9.15. Found: C, 
72.88; H, 9.05.

From the second hydrolysis two different crystalline 
substances were obtained in roughly 10% yield each:

C, from the 4:1 pentane:ether eluates, m.p. 81-82°. 
Vacuum sublimation gave well formed rhombs, m.p. 82.0- 
83.5°, a hydroxy (?) ketone 1690 cm.“1, 3400 (weak- 
wat-er in potassium bromide ?)]. Ultraviolet: tail absorption 
only, ««* C!H‘0H ~  690.

Anal. Calcd. for Cj6H240 3: C, 72.69; H, 0.15. Found: C, 
72.86; H, 9.32.

D, from wet ether eluates, m.p. 80-115°. Sixfold crystal
lization from petroleum ether gave a very poor recovery of 
thick needles, m.p. 140-141°, an unsaturated hvdroxy ketone

1638, 3400 cm.-1). Ultraviolet: k“ ?’ciHt0l: 236 mM 
(« 9500). The behavior on crystallization made it evident 
that the crude material contains at least one other substance 
more soluble in petroleum ether than 1) which has not been 
obtained in a pure state.

Anal. Calcd. for CuHaOs: C, 78.01; H, 9.03. Found: 
C, 77.92; H, 8.95.

Los An geles  24, Ca lif .

[Co ntribution  from  R esearch  L aboratory, U nion C arbide C onsumer  P r o d u c t s  Co ., D ivision  <:f
U nion C arbide  C o rt .]

Chlorination of Aromatic Hydrocarbons by Cupric Chloride. I. Anthracene

JUDITH C. WARE a n d  EARL E. BORCHERT

Received July 1, 1960

A study has been made of the reaction of cupric chloride with anthracene to yield 9-chloro- and 9,10-dichloroanthracenes, 
cuprous chloride and hydrogen chloride. An analogous reaction occurred with cupric bromide. The available evidence is 
consistent with a polar mechanism. A comparison is made of the reactivity of cupric chloride with that of other metal chlo
rides, some of ivhich are known to act as chlorinating agents.

Several metal chlorides, among them ferric 
chloride,1 antimony pentachloride,2 and aluminum 
chloride,3 * can effect chlorination of aromatic hy
drocarbons. Considerable evidence has been ad
duced11* to suggest that the reactions proceed by a 
polar mechanism wherein the metal halide acts as 
an electrophile. It has been found that cupric 
chloride also functions as a chlorinating agent, 
yielding the products to be expected for electro
philic chlorination:

Ar—H +  2 CuCh — ^ Ar—Cl +  2 CuCI +  2 HC1
(1) (a) P. Kovacic and N. O. Brace, J. Am. Chem. Soc., 

76, 5491 (1954) and references cited therein; (1)) P. Kovacic, 
R. W. Stewart, and F. J. Donat, Abstracts of Papers, 
131st Meeting of the American Chemical Society, Miami, 
Fla., April, 1957, p. 71-0.

(2) (a) J. W. Mellor, A Comprehensive Treatise on Inor
ganic and Theoretical Chemistry, Vol. IX, Longmans, 
Green and Co., New York, N. Y. (1929), p. 489; (b) P. 
Kovacic and A. K. Sparks, Abstracts of Papers, 136th 
Meeting of the American Chemical Society, Atlantic City, 
N. J. (September 1959), p. 23-P.

(3) A. Zink?, F. Funke, and N. Lorber, Ber., 60, 577
(1927).

The results of a study of the scope and nature of 
flic reaction are presented here.

R E S U L T S  A N D  D IS C U S S IO N

When a mixture of anthracene and anhydrous 
cupric chloride was heated at 200°, a yellow solid 
rapidly sublimed out of the reaction vessel. Hy
drogen chloride was evolved as well. Investigation 
showed the yellow material to consist of a mixture 
of chloroanthracenes.

The nature of the reaction was explored by fur
ther experiments with anthracene (I), which was 
selected because its chlorination products were 
relatively well characterized and easily separated.
9-Chloroanthracene (II) and 9,10-dichloroanthra- 
cene (III) were isolated. The reaction product was 
treated by removing the solvent, if any, by steam 
distillation, dissolving the salts in hydrochloric 
acid, and extracting the residue with benzene. 
Where a single product was obtained, it was puri
fied by recrystallization and, occasionally, chroma
tography. If a mixture was obtained, its infrared

✓
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TABLE I

Moles 
CuCl2/  

Moles (I) Solvent Temp.
Time,

Hr. Nature of Product
1.0 None 100 0.17 Mixture containing II and III
1.0 Nitrobenzene 100 1.5 Trace, II
2.0 Nitrobenzene 210 3 Mixture containing 96% II and 4% III
6.4 Nitrobenzene 210 24 III (57% yield)
8.4 Nitrobenzene 210 96 III (69% yield)
8.4 Chlorobenzene 132 72 Mixture containing 18% II and 82% III
8.4 Chlorobenzene 132 96 Mixture containing 13% II and 87% III
8.4 Dimethyl

formamide
153 72 Mixture containing 75% II and 25% III

8.0“ Nitrobenzene 210 6 III (57% yield)
“ 0.004 mole anhydrous aluminum chloride was added to 0.01 mole anthracene.

spectrum was analyzed and results expressed as 
mole per cent of II and III. The results are pre
sented in Table I.

I t was found that limitation of the amount of 
cupric chloride did not restrict the reaction to 
monochlorination; rather, a mixture of products 
was obtained. Nitrobenzene was the preferred 
solvent, presumably because of its higher boiling 
point. It may be noted that a reaction took place in 
dimethylformamide, the only solvent used in which 
cupric chloride was soluble. The yield of III in 
this instance was lower than that observed when 
chlorobenzene was used as a solvent, which could 
be attributed to reduced activity of the cupric 
chloride as a result of its interaction with the sol
vent. Cupric chloride is known to complex with 
many oxygen- or nitrogen-containing compounds.4

The nature of the products was confirmed by 
oxidation. When a portion of the chloroanthracene 
mixture from the solid reaction listed in Table I 
was treated with chromic oxide in acetic acid,
9,10-anthraquinone was obtained. I t  would be 
expected that only I, II, or III could yield this 
product.

In separate experiments, nitrobenzene was re
fluxed for several days with both cupric and cuprous 
chlorides. The nitrobenzene was subsequently 
distilled unchanged. Its infrared spectrum was also 
unchanged, suggesting that in neither instance had 
any reaction occurred between the solvent and 
copper halide.

The inference that cuprous chloride was formed in 
the reaction was based upon the fact that when 
water was added to the crude product of a reaction 
run without solvent and most of the organic matter 
extracted with benzene (not all of it would dissolve),

a white solid settled out of the aqueous layer. The 
solid dissolved in concentrated hydrochloric acid. 
Such behavior is characteristic of cuprous chloride. 
When a solvent was used, the cuprous chloride, 
white initially, darkened on standing and gave an 
analysis too high in copper. I t is possible that it 
suffered photodecomposition in the presence of 
hydrogen chloride.5

The reaction product from a solid reaction was 
investigated more closely by chromatography in an 
attempt to discover the nature of any other 
products. The chloroanthracenes were followed by 
anthracene when cyclohexane was the eluant. 
Most of the residual material could then be eluted 
with increasing proportions of benzene and a small 
amount of dark-colored, high-melting solid was 
thus obtained. Its infrared spectrum showed absorp
tion that was in part characteristic of anthraqui- 
none and carbazole, which were known to be trace 
contaminants in the anthracene used. Nothing 
else was identified and there was no indication that 
9,9'-bianthryl, a possible product of a free radical 
reaction, had been formed.

It was then demonstrated that under the same 
conditions, cupric bromide could react with anthra
cene to yield 9-bromoanthracene (IV) and 9,10- 
dibromoanthracene (V). The results are found in 
Table II. Yields were so low that these reactions 
were not studied further.

Br Br

I-

Br
IV V

I t does not seem likely that the cupric chloride 
underwent preliminary dissociation and that chlo
rine was the actual halogenating agent. Equi
librium pressure data, listed in Table III, show that 
the extent of dissociation should not have been 
significant under the conditions used.

(4) Gmelins Handbuch der Anorganischen Chemie, 60B-I, (5) See ref. (4), p. 222, for a discussion of the light sensi-
p. 281 ff. (1958). tivity of CuCl.
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TABLE II
Moles

CuBrs/
Mole

(I) Solvent Temp.
Time,

Hr.
Nature of 
Product

2.0 None 75 0.5 Trace IV and V
4.0 Nitroben- 210 75 V (22% yield)

zene
4.0 Nitroben- 210 96 V (26% yield)

zene

TABLE III
CuCl2“ Temp. 371 411 421

?  (mm.) 1.2 4.0 7.2
CuBr2il Temp. 166.0 180.5 203.5 222.8

P (mm.) 3.1 6.8 22.0 55.4
“ W. Biltz and W. Fischer, .Z. anorg. u. allgem. Chem.,*» .  X J V Y Y * X ' l O A / l l C i j  .  l l lb V I y .  U . U b iyV IlV . \JliV IIO .)

166, 290 (1927). 6 C. C. Jackson, J. Chem. Soc., 99, 1066 
(1911).

The situation with cupric bromide is not so 
clear-cut, since it dissociates at lower temperatures. 
Perhaps the significant amount of bromine present 
at the temperature of refluxing nitrobenzene 
accounted for the low yield of V (26% at best) 
and the difficulty of purifying it. Bromine would 
have been far more reactive than cupric bromide 
and might have induced the tar formation which 
was observed.

Ivovacic and Bracela found that aluminum chlo
ride catalyzed the reaction between chlorobenzene 
and ferric chloride. In the present instance, how
ever, aluminum chloride itself can undergo a 
vigorous reaction with anthracene in the presence 
of nitrobenzene. It has been reported6 that when 
nitrobenzene is added to a 4:1 mixture of alumi
num chloride and anthracene, a carbonaceous 
material is formed. This finding was confirmed 
and even under far more moderate conditions, no 
chlorination would be demonstrated. It was sur
prising, therefore, to find that when aluminum 
chloride was added to the warm reaction mixture 
(anthracene, cupric chloride, nitrobenzene), a 
vigorous reaction ensued and III was formed more 
rapidly and in good yield. The catalytic effect of 
aluminum chloride provides additional evidence in 
support of a polar mechanism for the reaction.

A cursory investigation of the effect of other 
metal chlorides on anthracene in nitrobenzene 
was also undertaken for the sake of comparison. 
Brief contact with antimony pentachloride at 5° 
was sufficient to cause extensive reaction, the 
principal product being III, which was separated 
chromatographically.7

Reaction with ferric chloride was extremely 
vigorous and only by working at 5° was it possible 
to obtain trace amounts of the simple chloroan- 
thracenes II and III. Phosphorus pentachloride 
reacted smoothly at room temperature to form

(6) R. Scholl and C. Seer, Ber., 55, 33^(1922).
(7) J. Kommandeur and J. C. Ware, unpublished work.

y

pure III in 60% yield. Mikhailov and Promyslov, 
working in benzene, obtained only a 54% yield of 
crude III after six days.8

Although the formation of chlorination products 
by stannic chloride at elevated temperatures 
could be demonstrated, the product was chiefly an 
intractable tar. With mercuric chloride, no reac
tion was observed at 100° and 150°, and at 210° 
apparently only tar formation occurred.

There is no way of evaluating the reduction 
potentials of these chlorides under the experimen
tal conditions used. I t does not seem valid to com
pare data obtained in aqueous solution where sol
vation would play a significant role; at the same 
time, insufficient data are available to calculate the 
standard free energy changes in most instances. 
I t is likely also that some of these chlorides interact 
with the nitrobenzene. Black ferric chloride, for 
example, dissolves to form an orange solution, a 
color characteristic of hydrated (i.e., complexed) 
iron (III).

Finally, from a consideration of reduction po
tentials9 in aqueous solution and of standard free 
energies of formation of phosphorus pentachloride 
and mercuric chloride and the assumption that 
large relative differences would still carry over to 
nonaqueous media, a rough grouping in the order 
of oxidizing ability is possible.

Cl2
PC1„ HgCk 
SbCl6 > CuCl2 > AlCh 
FeClj SnClj

The reactivity of these metal halides (and chlo
rine) as aromatic chlorinating agents appears, 
then, to parallel their oxidizing ability. Activity as a 
Friedel-Crafts catalyst appears to offer no partic
ular advantage in this instance.

E X P E R IM E N T A L

Melting points were taken in a heated copper block and 
are uncorrected. Microanalyses were by Huffman Micro- 
analytical Laboratories, Wheatridge, Colo., or Micro-Tech 
Laboratories, Skokie, 111. Infrared spectra were taken by J. 
Schnell and N. Galer.

Materials. Anhydrous cupric chloride was obtained by 
heating the dihydrate in an oven at 110° overnight. The 
brown solid thus obtained was kept in the oven until used. 
The solvents used were Fisher Reagent chemicals. In initial 
experiments, the nitrobenzene was distilled, but it was later 
found that there was no difference in products if it was un
distilled. Eastman Kodak white label anthracene was used.

Infrared spectra were taken on a Perkin-Elmer Model 21 
double beam instrument. Usually only absorption maxima 
at wave lengths greater than 10.00 p are given because they 
proved most useful for purposes of identification.

Inertness of nitrobenzene to cupric and cuprous chloride. 
In two separate experiments, 50 ml. of nitrobenzene was 
refluxed for 72 hr. with 2 g. of cupric or cuprous chloride. 
The mixtures were protected from moisture but not from air.

(8) B. M. Mikhailov and M. Sh. Promyslov, J. Gen. 
Chem. (U.S.S.R.), 20, 338 (1950); Chcm. Abstr., 44, 6408.

(9) N. A. Lange, Handbook of Chemistry, Ninth Edition, 
pp. 1212-1218, 1576-1630 (1956).



226G W ARE AND BORCHERT VOL. 26

After this time, the solid was filtered off and was unchanged 
in appearance. The infrared spectrum of the nitrobenzene 
was unchanged in both instances. The solvent from the 
cupric chloride experiment was distilled unchanged. That 
from the cuprous chloride experiment was treated with 0N 
hydrochloric acid, but no organic material was extracted.

General procedure for the reaction of cupric halide with an 
aromatic hydrocarbon. A. No solvent used. The reactants were 
ground, mixed, and placed in a round-bottom flask which 
was heated with a mantle. The flask was equipped with an 
air condenser, thermometer, and drying tube. Air was not 
excluded. The mixture was stirred from time to time. When 
the reaction was over, an excess of 6N  hydrochloric acid was 
added and the mixture was extracted with benzene. There 
was always some dark-colored material formed that would 
dissolve in neither phase. The benzene extract was treated 
with Norit activated carbon and then the solvent was 
removed by evaporation. If the product was to be chromato
graphed, it was dissolved in cyclohexane; the substrate was 
silica gel. Usually, cyclohexane was used to develop the 
chromatogram as well. Toward the end, increasing propor
tions of benzene -were sometimes needed. It was found 
convenient to equip the chromatographic columns with 
Teflon stopcocks, which require no lubrication.

B. Solvent used. The equipment was the same as in A; a 
stirrer was used as well. The hydrocarbon was dissolved in 
the solvent prior to the addition of copper halide. At the end 
of the reaction, after addition of a few milliliters of concen
trated hydrochloric acid, the solvent was removed by steam 
distillation and the product treated as before.

Action of cupric chloride on anthracene. A. Initial experi
ments. One gram of anthracene and 10 g. of cupric chloride 
was mixed without solvent in a beaker and placed on the hot 
plate (ca. 200°). After a few minutes, a yellow solid began to 
sublime out of the beaker and hydrogen chloride was evolved. 
After about 10 min., the mixture was cooled and extracted 
with benzene; the benzene was removed by evaporation and 
the residual yellow-brown solid chromatographed. First 
eluted was a yellow solid, m.p. 150-100°. After recrystalliza
tion from cyclohexane and then acetone, it melted from 166- 
186°. The infrared spectrum showed it to consist, in part, of
9,10-dicbloroanthracene. Additional absorption at 12.41,
11.88, 11.58, and 10.46 p remains unexplained; it could not 
be attributed to anthracene, 9-chloroanthracene, anthra- 
quinone, or bianthryl and is assumed to be caused by a more 
highly chlorinated anthracene. Later experiments worn 
carried out at lower temperatures in order to reduce the de
gree of chlorination.

B. 9-Chloroanthracene (II). A mixture of 1.78 g. (0.01 
mole) of anthracene and 1.35 g. (0.01 mole) of cupric cldoride 
was heated in 50 ml. of nitrobenzene at 100° for 1.5 hr. 
This product was chromatographed and the first fraction, 
m.p. 92-96°, was recrystallized from cyclohexane and then 
alcohol to give flat yellow plates, m.p. 104.5-105.5° (lit.,10 
m.p. 103°).

Anal. Calcd. for ChHjCI: C, 79.06; H, 4.26. Found: C, 
79.00; H, 4.32.

A portion of the cyclohexane-soluble portion of a similar 
reaction was oxidized with chromic anhydride in glacial 
acetic acid.11 From 0.3 g. of material, 0.21 g. of a quinone, 
m.p. 286°, was obtained. The melting point was undepressed 
by admixture with 9,10-anthraquinone.

C. 9,10-Dichloroanthracene (III). A mixture of 1.78 g. (0.01 
mole) of anthracene and 11.4 g. (0.084 mole) cupric chloride 
was refluxed with nitrobenzene for 96 hr. The product was 
treated with Norit and recrystallized from cyclohexane and 
then alcohol to yield 1.7 g. (69%) of vellow needles, m.p.
209.5-211° (lit.,12 m.p. 209°).

(10) A. G. Perkin, Chem. N., 34, 145 (1876).
(11) C. Marschalk and C. Stumm, Bull. Soc. cliim. 

¡''ranee, 15, 418 (1948).
(12) C. Graebo and G. Liebermaim, Ann., 160, 137

(1871).

Anal. Calcd. for Ci4HsCl2: Cl, 28.7. Found; Cl, 28.1.
Analysis of mixtures II and III was based upon two in

frared absorption maxima at 11.44 and 11.98 p, which were 
found to be characteristic of II. II possessed additional 
maxima at 15.03, 13.85, 12.98, 11.27 and 10.65 p. Absorption 
maxima for III occurred at 14.37, 13.42, and 10.58 p.

Examination of the inorganic product. A mixture of 3.56 
g. (0.02 mole) of anthracene and 0.50 g. (0.0037 mole) eupric 
chloride was placed in ca. 100 ml. of nitrobenzene and stirred 
and refluxed. A white solid appeared rapidly in the reaction 
mixture which, after a few hours, began to darken. When the 
solid was filtered out after 3 days, it was gray in color.

Anal. Calcd. for CuCl: Cu, 64.2. Found: Cu, 67.8.
Action of cupric bromide on anthracene. A. 9,10-Dibromo- 

anthracene (V). A mixture of 2.23 g. (0.01 mole) of cupric 
bromide and 1.78 g. (0.01 mole) of anthracene was heated at 
75° for 30 min. When the product was chromatographed, the 
first fraction consisted of bright yellow needles, m.p. 221- 
223°. They were rechromatographed and the first few frac
tions recrystallized from alcohol, m.p. 221-222° (lit.,13 m.p. 
226°).

Anal. Calcd. for Ci4HsBr2: Br, 47.6. Found: Br, 47.7.
B. 9-Bromoanthracene (IV). When the reaction (A) was 

repeated without solvent, the chromatographic separation 
was not satisfactory and the first fraction had the m.p. 
190-210°. This was rechromatographed and the second frac
tion (0.17 g.) consisted of light yellow needles, m.p. 99-100°. 
After recrystallization from alcohol and cyclohexane, the. 
material melted at 97-101°. The filtrate from the second 
recrystallization, however, deposited tiny needles, which 
were collected and washed with petroleum ether, m.p. 101.5- 
102° (lit.,10 m.p. 100°).

Anal. Calcd. for CI4H9Br: C, 65.39; H, 3.53. Found: C, 
65.26; H, 3.57.

Action of aluminum chloride on anthracene. Two grams of 
anthracene was mixed with 8 g. of aluminum chloride. 
When 25 ml. of nitrobenzene was added, a vigorous reaction 
ensued; the mixture became hot and a black, tarry material 
was formed. After a few minutes, 6N  hydrochloric acid was 
added and the nitrobenzene removed by steam distillation. 
There remained 3.0 g. of black, powdery residue. It did not 
melt below 400° and burned slowly, leaving no ash.

Anal. Found: C, 78.87; H, 3.87; 0, 2.27; N, 3.22; Cl, 9.50.
Reaction of anthracene with phosphorus penlachloride. A 

mixture of 1.78 g. (0.01 mole) of anthracene and 17.0 g. 
(0.082 mole) of phosphorus pentachloride was placed in 50 
ml. of nitrobenzene at room temperature. A yellow-orange 
solution immediately formed. After stirring for 1.5 days, the 
mixture was hydrolyzed with sodium hydroxide and the sol
vent. removed by steam distillation. A yellow-brown solid 
remained. After treatment with Norit and recrystallization 
from cyclohexane, 1.47 g. (60%.) of 9,10-dichloroanthracene, 
m.p. 211°, was obtained.

Anal. Calcd. for CuHsClj: C, 68.04; H, 3.26; Cl, 28.70. 
Found: C, 68.23; H, 3.25; Cl, 28.67.

Reaction of anthracene with ferric chloride. Only tar was 
produced when 1.78 g. (0.08 mole) of anthracene was re
fluxed with 13.04 g. (0.08 mole) of anhydrous ferric chloride 
in 100 ml. of nitrobenzene for 2 days. The same results were 
obtained when such a mixture was heated at 100° or when 
the reaction was run at room temperature. When the com
ponents were held at 5° for 45 min., it was possible to extract 
a small portion of dark brown solid from the product, al
though it was mostly tar. When the extract was chromato
graphed, only a small fraction of it could be eluted with 
cyclohexane. There was insufficient material to be weighed 
accurately. I t was possible to obtain a few infrared spectra, 
however, and from these, it was evident that initially III was 
eluted which was followed by mixtures of II and anthracene. 
The products were not examined further.

(13) I. M. HeUbron and J. S. Heaton, Org. Syntheses, 
Coll. Vol. I, p. 21)7(1941).
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The action of stannic chloride on anthracene. A. A solution of 
1.78 g. (0.01 mole) of anthracene and 20.8 g. (0.08 mole) of 
stannic chloride in 100 ml. of nitrobenzene was heated at 90° 
for 3 hr. The mixture turned red-brown as soon as the stannic 
chloride was added. It was hydrolyzed with sodium hy
droxide solution and organic material was removed as well as 
possible by extraction with benzene. The solvent was re
moved by a steam distillation, during which some of the 
solids distilled also. When the nitrobenzene was removed 
from the distillate by vacuum distillation, 0.12 g. of. pale 
yellow crystals remained. The infrared spectrum showed it 
to be anthracene plus traces of II and III. The residue con
sisted of 1.45 g. of dark brown solid in which the infrared 
spectrum corresponded to that of anthracene and a small 
amount of II.

B. The reaction was repeated under reflux for 24 hr. When 
0N sodium hydroxide was added to the dark brown solution, 
a black tar formed. The mixture did not separate and about 
half of it was steam distilled. Again, the products distilled as 
well. A few milligrams of yellow crystals in the condenser

was judged to be III on the basis of the infrared spectrum. 
The residue was an intractable tar which was not examined 
further.

Reaction of anthracene with mercuric chloride. A mixture of 
1.78 g. (0.01 mole) of mercuric chloride was heated in 100 ml. 
of nitrobenzene at 100° for 24 hr. The solvent was removed 
by steam distillation, and the residue was found to be un
changed anthracene on the basis of its melting point and in
frared spectrum. When the procedure was repeated, heating 
at 150° for 5 days, the anthracene, except for some tar forma
tion, was unchanged. When the components were heated at 
reflux for 5 days, only a “tar,” a high-melting black solid, 
was recovered.
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A study of the products of the reaction of anhydrous cupric chloride with benzene, naphthalene, phenanthrene, anthra
cene, tetracene, and pyrene has shown them to be consistent with those expected from an electrophilic substitution reaction. 
Pervlene formed products which have not as yet been characterized.

In the first paper of this series,1 the halogénation 
of anthracene by anhydrous cupric chloride was 
investigated. It was of interest to learn whether 
the reaction would be of preparative value and its 
scope has been investigated by extension to other 
aromatic systems.

R E S U L T S  A N D  D IS C U S S IO N

The procedures were much the same as those 
described earlier.1 Reaction of the solids seldom 
produced much product and so, usually, the hydro
carbon to be investigated was dissolved in nitro
benzene and treated with an excess of cupric chlo
ride. The products were frequently extremely 
difficult to separate; chromatography was used 
often and with varying success. Reaction mixtures 
wherein either naphthalene or phenanthrene was 
dissolved in nitrobenzene were analyzed by frac
tional distillation. The results of these studies are 
presented in Table I.

It is evident that complex mixtures frequently 
resulted. Such mixtures are often encountered in 
aromatic halogénations and often only the simpler 
balogenated derivatives have been characterized. 
Separations were further complicated by the fact

(1) J. C. Ware and E. E. Borehert, J. Org. Chem., to be
published (1900).

that the chloroaromatics in most cases were more 
soluble than the parent hydrocarbons and often 
differed little among themselves in physical proper
ties.

The sealed-tube reactions were particularly 
useful for the chlorination of the less reactive 
aromatics. Addition reactions, which often compli
cate polychlorinations,2 apparently did not occur, 
or if they did, they were followed by dehydrohalo- 
genation. The preparation of hexachlorobenzene 
by this technique is the only single-step synthesis 
of this compound that has been found. Considerable 
pressure developed during the reactions, however, 
and the tubes often broke. Since no suitable bomb 
was available, the investigation could not be pur
sued.

When a 2:1 mixture of cupric chloride-pervlene 
was heated in nitrobenzene at 100° for seventy-two 
hours, a yellow-orange product was obtained which 
had the proper analysis for dichloroperylene (with 
increasing proportions of cupric chloride and highei 
temperatures, even more complex mixtures wen' 
obtained). The melting range was usually about 
215-245° and on vapor phase chromatography, 
two very poorly resolved peaks appeared. All 
attempts to separate the components by crystalli

te) G. S. Badger, Structures and Reactions of the Aromatic- 
Compounds, University Press, Cambridge, 1954, p. 257.

y
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TABLE I

Hydrocarbon

Moles
CuCl2
Moles

Hydro
carbon Solvent Temp.

Time,
Hr. Nature of Product

Benzene 12.0 None—sealed tube 300 72 Mixture: 1,2,4,5- and 1,2,3,5-tetrachlorobenzenes
Benzene 12.0 None—sealed tube 400 72 Hexachlorobenzene
Naphthalene 7.0 None 100 0.5 ’ None
Naphthalene 6.4 Nitrobenzene 210 72 1-Chloronaphthalene and 1,4-dichloronaph- 

thalene"
Naphthalene 12.0 None—sealed tube 300 72 Unidentified yellow crystals, m.p. 118-128°; anal

ysis approximated that for a tetrachloronaph- 
thalene6

Anthracene 8.4 Nitrobenzene 210 72 9,10-Dichloroanthracenec 
NonePhenanthrene 8.4 Chlorobenzene 132 96

Phenanthrene 4.1 Nitrobenzene 210 168 Some 9,10-dichlorophenanthrenei
Pyrene 1.0 None 100 0.5 Small amount of 3-chloropyrene
Pyrene 16.5 Nitrobenzene 210 72 Mixture: 3,8- and 3,10-dichloropyrenes, small 

amount of 3,5,10-trichloropyrenee
Tetracene 2.0 None 100 1 Some 5,11-dichlorotetracene'2
Tetracene 8.4 Chlorobenzene 132 168 Some Sjll-dichlorotetracene'2
Perylene 2.0 Nitrobenzene 100 72 Dichloroperylene
a Separation from solvent was incomplete. s The tip of the tube broke and the crystals remaining within the tube were 

examined. c From ref. 1. d Part of product was unidentified. e The products were not completely separated—the (only) 
separation (see ref. 13) of these isomers required over 400 melting point determinations.

zation, column chromatography, and sublimation 
have failed. The usual dichlorination product of 
perylene is the 3,9-derivative (A), m.p. 291°.3 A 
small amount of impure 3,10-dichloroperylene (B),

180°, has also been isolated.4

Cl Cl

U k j t
» A f S f l fV 1

A
Cl

B
Cl

It is likely that in the present instance, the same 
products have been obtained although in different 
proportions. The problem is still under investiga
tion.

With the possible exception of perylene, the 
hydrocarbons investigated have yielded the same 
products as those to be expected from an electro
philic chlorination5 (under controlled conditions, 
in the case of reactive hydrocarbons). No evidence 
has been obtained for an addition-elimination reac
tion path. As well as can be judged, the reactivities 
of the aromatic hydrocarbons (perylene, pyrene, 
tetracene > anthracene, phenanthrene > naphtha
lene, benzene) fell in the order which might have

(3) A. Zinke, K. Funke, and N. Lorbes, Ber., 60, 677 
(1927).

(4) A. Zinke, A. Pongratz, and K. Funke, Ber., 58, 330 
(1925).

(5) The Monograph by E. Clar, Aromatische Kohlen- 
wasserstofl'e, Second Edition, Springer-Verlag, Berlin (1952), 
contains sections on all of the polynuclear hydrocarbons 
studied and describes their chlorination products.

been anticipated for an electrophilic substitution.6 
The action of cupric chloride is less vigorous than 
that of chlorine or of the other metal chlorides, 
known to cause nuclear halogenation, which have 
been studied.7 Cupric chloride is easy to handle and 
stoichiometry is easily controlled. For that reason, 
it might be of utility for the chlorination of sensitive 
compounds provided that suitable conditions could 
be found.

E X P E R IM E N T A L

All melting points were taken in a heated copper block and 
are uncorrected. Microanalyses were by Micro-Tech Labora
tories, Skokie, 111., and Huffman Microanalytical Laborato
ries, Denver, Colo. Infrared spectra were determined by J. 
Schnell and N. E. Galer.

Action of cupric chloride on benzene. A. 1,2,4,5- and 1,2,8,5- 
Tetrachlorobenzenes. A mixture of 1.56 g. (0.02 mole) of 
benzene and 32.3 g. (0.24 mole) of cupric chloride was placed 
in a heavy-walled tube'f1/?" I.D. X 11" with wall thickness 
3 mm.). The tube was cooled in liquid nitrogen, evacuated, 
and sealed. An iron pipe with perforated caps screwed on 
each end was used as a shield. The tube was placed in an 
oven at 300° for 72 hr. When it was opened, a considerable 
amount of hydrogen chloride was evolved. The solid, then 
tan colored, was extracted with benzene in a Soxhlet extrac
tor for 2 days. When the benzene had evaporated from the 
extract, white crystals remained, some of which were lost by 
sublimation. These were recrystallized from alcohol-water, 
m.p. 122-138° (lit., m.p. of 1,2,4,5-tetrac.hlorobenzene, 138°,8 
and m.p. of 1,2,3,5-tetrachlorobenzene, 51°9). The in
frared spectrum of the crystals contained maxima at 6.79, 
8.16, and 8.95 fi, characteristic of 1,2,4,5-tetrachlorobenzene, 
and one at 14.43 p, characteristic of 1,2,3,5-tetrachloro
benzene.9

(6) See reference (2), p. 242.
(7) Cf. P. Kovacic and N. O. Brace, J. Am. Chem. Soc., 

76, 5491 (1954).
(8) A. F. Holleman, Rec. trav. chim., 39, 736 (1920).
(9) E. K. Plyler, H. C. Allen, Jr., and E. D. Tidwell, 

J. Research Natl. Bur. Stds., 58, 255 (1957).

V
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B. Hexaclilorobcnzene. The same quantities of materials 
contained in a sealed tube (Vs" I.D. X 22‘/2" and wall 
thickness 3 mm.) were heated at 400° for 72 hr. White needles 
had sublimed onto the walls above the grayish mass of 
cuprous-cupric chloride. The material was extracted as be
fore and on evaporation of the benzene, 4.50 g. of a light 
yellow solid remained. It was treated with Norit and recrys
tallized from cyclohexane to yield white needles, m.p. 221-  
222° (lit.,10 m.p. of hexaclilorobcnzene, 220-227°). The 
yield was 80% and the infrared spectrum agreed with that 
of hexachlorobenzene.8

Anal. Calcd. for C6C16: C, 25.30; Cl, 74.70. Found: C, 
24.88; H, 0.40; Cl, 74.55.

The inorganic product was dried and analyzed. Calcd. for 
CuCl: Cu, 64.2. Found: Cu, 63.0.

Leflore of cupric chloride on naphthalene. A. 1-Chloronaph- 
thalene. A mixture of 3.85 g. (0.03 mole) of naphthalene and
32.3 g. (0.24 mole) of cupric chloride was heated in refluxing 
nitrobenzene for 1 week. The nitrobenzene could not be 
removed by steam distillation because the products distilled 
as well and so the former was removed by distillation through 
a two-foot, helix-packed column. The residue (ca. 10 ml.) 
was then distilled in a spinning band column.

Boiling Pressure, Weight,
Range Mm. G.
59.2 0.6 1.73

44.2-44.5 0.15 2.14
44.5-66.0 0.15 0.31

All of the fractions contained 1-chloronapbthalene contam
inated with nitrobenzene, according to their infrared 
spectra. The 66° distillate contained, in addition, another 
component which absorbed at 10.15, 7.40, and 6.54 p. When
1,4-diehloronaphthalene was added to a portion of the latter 
and the infrared spectrum retaken, there were no new peaks 
observed and the heights of the peaks mentioned were en
hanced. For the analysis, it was estimated that 1,4-dichloro- 
naphthalene constituted one-third of the fraction by weight. 
A quantitative estimate of the amount of 1-chloronaphtha- 
lene present in the three fractions, based upon infrared peak 
height ratios at 2.09 and 9.77 «, was 2.78 g. The minimum 
yield then was 57%.

B. A mixture of 1.28 g. (0.01 mole) of naphthalene and
10.75 g. (0.08 mole) of cupric chloride was heated in a sealed 
tube (22y2" X Vs" I.D.) at 300° for 72 hr. The tip broke 
off the tube sometime during this period, but a quantity of 
yellow crystalline material as well as tan solid remained in 
the tube. The whole was extracted as before with benzene 
and the extract treated with Norit and recrystallized from 
cyclohexane. Yellow crystals, m.p. 11S-12S0, were obtained.

Anal. Calcd. for CioILCL: C, 45.16; II, 1.52; Cl, 53.32. 
Found: C, 43.99; II, 1.91; Cl, 54.17.

The action of cupric chloride on phenanthrene. A mixture of 
5.34 g. (0.03 mole) of phenanthrene and 16.70 g. (0.124 mole) 
of cupric chloride was refluxed in 100 ml. of nitrobenzene for 
1 week. Since previous experiments had shown that steam 
distillation did not separate the solvent from the products,

No.
Boiling
Range

Weight,
g- Nature of Distillate

1 161-164 1.5 Red oil containing some 
white solid

2 164-186 2.1 Yellow-orange solid
3 186 0.8 Orange solid
4 (Benzene-

soluble
residue)

0.6 Dark orange solid

(10) C. Willgerodt and K. Wilcke, Ber., 46, 2752 (1910).

the copper salts were filtered off and the filtrate distilled. 
Most of nitrobenzene was removed at 10 mm. through a two- 
foot, helix-packed column and the residue was distilled at 
0.6 mm. in a spinning band column. Initial fractions con
sisted mostly of nitrobenzene which also contaminated the 
first product fraction.

When solid from No. 1 was crystallized from alcohol, 
white crystals, m.p. 135-150°, were obtained. Neither chro
matography nor further recrystallization would separate the 
mixture.

Anal. Calcd. for C 1 4H 9C I :  C, 79.06; II, 4.27; Cl, 16.67, 
C,«H,CU: C, 68.04; H, 3.25; Cl, 28.70. Found: Cl, 24.38.

Fractions 2 and 3 were combined and chromatographed 
after recrystallization failed to achieve separation. First, 
about 1.5 g. of crystals, m.p. 130-150°, were obtained. They 
were recrystallized from cyclohexane and then from alcohol, 
yielding white needles, m.p. 158-160° (lit.,11 m.p. of 9,10- 
dichlorophenanthrene, 160-161°). The infrared absorption 
spectrum had long wave-length maxima at 14.01, 13.42,
11.10 and 10.27 p.

Anal. Found: C, 67.66; H, 3.51; Cl, 28.92.
Later fractions, again, consisted of oils and solids with 

broad, low melting ranges. Fraction 4 could not be separated 
by recrystallization or chromatography either. The infrared 
spectra of all four fractions contained absorption maxima 
characteristic of 9,10-dichlorophenanthrene.

Action of cupric chloride on pyrene. A. 8-Chloropyrene. A 
mixture of 2.02 g. (0.01 mole) of pyrene and 1.35 g. (0.01 
mole) of cupric chloride was heated without solvent at 100° 
for 0.5 hr. When the product w'as chromatographed, it was 
found to be principally unchanged pyrene. The leading 
fractions, however, contained other materials. The first, 
m.p. 115-120°, was rechromatographed and after some 
higher melting material had been eluted, a quantity of 
crystals, m.p. 119-120°, was obtained. The material was 
assumed to be 3-chloropyrene (lit.,12 m.p. 119°, m.p. of red 
picrate, 177-178°). Recrystallization of the material served 
onlyr to widen its melting range; it gave a red picrate, m.p. 
150-178°.

Anal. Calcd. for C16II9CI: C, 81.19; II, 3.83. Found: C, 
80.60; H, 3.98.

B. 3,5,8-Trichloropyrene; 3,8- and 3,10-dichloropyrenes. 
A mixture of 2.02 g. (6.01 mole) of pyrene and 22.3 g. (0.165 
mole) of cupric chloride was refluxed in 50 ml. of nitrobenzene 
for 3 days. The tarry residue of the steam distillation was ex
tracted with benzene. After treatment with Norit and suc
cessive recrystallizations from benzene (m.p. 175-200°), 
acetic acid (m.p. 197-250°), and toluene, 0.1 g. of buff- 
colored needles, m.p. 247-251°, remained (lit.,13 m.p. of
3,5,10-trichloropyrone, 256-257°). No further purification of 
this material was attempted.

Anal. Calcd. for C16H,C13: C, 62.9; H, 2.3; Cl, 34.8. 
Found: C, 64.2; 11, 2.6; Cl, 33.1.

The rest of the material, about 1.0 g., was ri'crystallized 
from acetic acid, m.p. 162-170°, and the remainder then 
from toluene, m.p. 154-160° (lit.,13 m.p. of 3,8-diehloro- 
pyreno, 194-196°; m.p. of 3,10-dichloropyrene, 154-156°). 
A separation of isomers was not attempted since it was 
found to be exceedingly difficult and time-consuming. The 
crystals obtained from acetic acid were analyzed.

Anal. Calcd. for CieII«Cl2: C, 70.87; H, 2.98; Cl, 26.15. 
Found: C, 70.54; H, 3.23; Cl, 25.69.

Action of cupric chloride on tetracene. 5,11-Dichlorotetra- 
ccne. A mixture of 1.14 g. (0.005 mole) of tetrwene and 1.35 
g. (0.01 mole) of cupric chloride was heated without solvent 
at 100° for 1 hr. Good contact with the tetracene could not 
be achieved because the flaky crystals were not easily broken 
up. When the product was chromatographed, it moved very

(11) J. Schmidt and G. Ladner, Ber., 37, 4402 (1904).
(12) H. Vollman, H. Becker, M. Corell, and H. Streech, 

Ann., 531, 1 (1937).
(13) G. Goldschmiedt and R. Wegscheider, Monat., 4, 

666 (1883).
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slowly; the first material to be eluted consisted of red-orange 
crystals, m.p. 217-221°. Recrystallization twice from methyl 
ethyl ketone afforded brick-red needles, m.p. 218-220° 
(lit.,11 m.p. of 5,11-diehlorotetracene, 220°). When the reac
tion was repeated in refluxing chlorobenzene, an inseparable 
mixture of chlorinated products was obtained.

Anal. Calcd. for CigHioCk: Cl, 23.87. Found: Cl, 24.04.
Action of cupric chloride on perylene. A mixture of 1.26 g. 

(0.005 mole) of perylene and 1.35 g. (0.01 mole) of cupric 
chloride was heated in 25 ml. of nitrobenzene at 100° for 3 
days. A black precipitate which formed during the course of 
the reaction was removed by filtration. It disappeared on 
hydrolysis, j'ielding a yellow-orange organic product and, pre
sumably, copper salts. A small portion of the product, dis
solved in the solvent, had an infrared spectrum essentially 
the same as that obtained from the black precipitate and so 
the two wore combined. No purification could be achieved 
by recrystallization from cyclohexane, benzene, acetone, or

(14) C. Marschalk and C. Stumm, Bull. Soc. Chem. 
France, 15, 418 (1948).

ethyl alcohol. When purification with Norit was attempted, 
the product could not be desorbed even by boiling chloro
benzene and the reaction had to be repeated. The melting 
range was generally about 215-245°. If the material was 
chromatographed on alumina with cyclohexane, it moved 
very slowly, but finally yellow-orange crystals could be ob
tained in which the melting range was about the same as 
before. Infrared absorption maxima occurred at 10.20,
11.37, 12.15, 12.47, 12.75, 13.15, and 14.53 p. Later fractions 
contained perjdene contamination as well. There was ob
tained 1.29 g. of the yellow-orange material. A portion of the 
latter was recrystallized from cvclohexane, m.p. 218-245°.

Anal. Calcd. for CjoH.nCb: C, 74.78; H, 3.14; Cl, 22.08. 
Found: C, 74.84; H, 3.26; Cl, 22.21.

If dichloroperylene had been formed, then 1 mole of 
cupric chloride introduced 1 mole of chlorine instead of 0.5 
mole as experienced previously. On this basis, the yield of 
dichloroperylene was 80%. Oxidation by sulfuric acid 
yielded no distinct product.

C leveland  1, Ohio

[Contribution  from  th e  Ohio  Sta te  U n iversity  R esearch  F oundation]

C onversion o f  T rich lorom eth y l G roups in to  D ieh lorom eth y l G roups14 1

EHRENFRIED KOBER2

Received October 28, 1060

Trichloromethyl-s-triazines and derivatives of trichloroacetic acid can be converled into the corresponding dichloro- 
methyl compounds by means of mercaptans in the presence of tertiary amines; mereaptals are formed as by-products.

In connection with a study on the reactivity of 
trichloromethyl groups attached to the s-triazine 
nucleus we had found that the reaction of trichloro- 
methyl-s-triazines with alcohols in the presence of 
certain tertiary amines led, depending on the reac
tion conditions, to the stepwise replacement of tri
chloromethyl groups by alkoxy groups.3 Further
more, we reported that the reaction of 2,4,6-tris(tri- 
chloromethyl)-s-triazine (I) with water and certain 
tertiary amines resulted in the formation of tertiary 
amine salts of 2-hydroxy-4,6-bis(trichloromethyl)- 
s-triazine.3

It was of interest to know whether the reaction 
of trichloromethyl-s-triazines with mercaptans 
instead of alcohols would proceed in the presence 
of tertiary amines correspondingly and result in the 
formation of alkylthio-s-triazines. I t also appeared 
desirable to determine whether the reaction of I 
with hydrogen sulfide instead of water would lead 
in the presence of tertiary amines, in an analogous 
fashion, to the formation of tertiary amine salts of
2-mercapto-4,6-bis(trichloromcthyl)-s-triazine.

It was surprisingly found that, 2,4,6-tris(tri- 
chloromethyl)-s-triazine (I) reacted with either

(1) This article is based on work performed under Project
116-B of The Ohio State University Research Foundation 
sponsored by the Olin Mathieson Chemical Corporation, 
New York, N. Y.

(2) Olin Mathieson Chemical Corporation, Organics 
Division, New Haven, Conn.

(3) E. K o b e r , Org. Chem., 25, 1728 (1960).
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cthanethiol or 1-butancthiol in the presence of 
triethylamine to give 2,4,0-tris(dichloromethyl)-s- 
triazine (II). This result indicated that the reac
tion of compound I with mercaptans in the presence 
of triethylamine took an entirely different course 
as compared with the reaction of compound I 
with alcohols; instead of being replaced by 
alkylthio groups, the trichloromethyl groups were 
converted into diehloromethyl groups.
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The general usefulness of this conversion for the 
s-triazine series was ascertained when other tri- 
chloromethyl substituted s-triazines were subjected 
to this type of reaction; the corresponding dichloro- 
methyl-s-triazines were obtained in each case. 
Thus, 2-methyl-4,6-bis(trichloromethyl)-s-triazine
(III) was converted into 2-methyl-4,6-bis(dichloro- 
methyl)-s-triazine (IV), 2,4-bismethoxy-6-tri- 
chloromethyl-s-triazine (V) gave 2,4-bismethoxy-
6-dichloromethvl-s-triazine (VI), and 2,4-bis-n- 
butoxy-6-trichloromethyl-s-triazine (VII) afforded
2,4-bis-w-butoxy-6-dichlororaethyl-s-triazine (VIII).

The reaction of compound I with hydrogen sul
fide in the presence of triethylamine again did not 
occur as one might have expected from the corre
sponding reaction of compound I with water and 
triethylamine. Instead, the principal product proved 
to be II, indicating that the reaction with hydrogen 
sulfide proceeded in the same manner as with mer- 
captans.

Extending our studies, we found that derivatives 
of trichloroacetic acid also undergo this type of 
reaction. This was shown by the conversion of 
trichloroacetamide and ethyl trichloroacetate into 
the corresponding dichloro derivatives, dichloro- 
acetamide (IX) and ethyl dichloroacetate (X).

In all cases, including those studies in the s- 
triazine series, the reaction proceeded according 
to the following equation:
R—CC13 +  2 RSH +  R3N —

R—CHC12 +  RSSR +  R3NHCI

If an excess of the tertiary amine was used, part 
of the dichloromethyl compound reacted further 
with excess mercaptan to give the corresponding 
mercaptal:
R—CHC12 +  2 RSH +  2 R3N — >

RCH(SR)2 +  2 RsN-HCl

Thus, the methylmercaptal of the 2-methyl-4- 
dichloromethyl-s-triazine-(6) carboxaldehyde (XI) 
was obtained as a by-product from the reaction of
2-methyl-4,6-bis(trichloromethyl)-.s-triazine (III) 
with methanethiol and triethylamine. In addition,
l,l-bis(methylthio)acetamide (XII) and ethyl 1,1- 
bis(methylthio)acetate (XIII) were isolated along 
with the desired derivatives of dichloroacetic acid 
when trichloroacetamide and ethyl trichloroacetate, 
respectively, reacted with methanethiol in the pres
ence of triethylamine.4

N/ C  N
0 I

C12HC-CV ^C-CH(SCH3)2 

XI
(CH3S),CHCONH2 = XII 
(CH3S)2CHCOOC2H5 = XIII

(4) Sulfur-containing compounds were also formed in 
the other experiments reported here; however, no efforts 
were made to identify these products.

The conversion of trichloromethyl into dichloro
methyl groups by means of mercaptans and ter
tiary amines represents a novel method which, in 
general, is more widely applicable than procedures 
reported previously for this transformation. Its 
limitations are indicated by the observation that 
—in contrast to trichloromethyl substituted 
s-triazines and derivatives of trichloroacetic acid 
—the trichloromethyl group was not affected 
when 2,2,2-trichloroethanol, l,l,l-trichloro-2- 
methyl-2-propanol, chloral hydrate, 1,1,1-trichloro- 
ethane, or benzotrichloride were treated with mer
captans and triethylamine. Apparently, only com
pounds having the trichloromethyl group at
tached to a rather strong electronegative moiety 
are being converted to the corresponding dichloro
methyl compound. However, if the electronegative 
moiety is too strong a electron-withdrawing group 
such as the trichloromethyl group, the reaction will 
not stop after one chlorine atom has been exchanged 
by hydrogen. Thus, hexachloroethane reaced to 
give a mixture of partially chlorinated ethanes 
and ethencs, indicating that pentachloroethane was 
probably formed as an intermediate but under
went further reaction under the conditions em
ployed.

E X P E R IM E N T A L 1'

2,4-Bismethoxy-6-irichloromethyl-s-triazine (V). (a) An
amount of 39 g. of 2,4-dichloro-6-trichloromethyl-s-triazine5 6 
was dissolved, with stirring, in a solution of 6.7 g. of sodium 
in 150 ml. of methanol and kept at 0° for 6 hr. The sodium 
chloride formed was removed by filtration. After removal of 
the methanol from the filtrate by vacuum distillation 
at room temperature, an oily residue was obtained from 
which, upon addition of ether, a solid precipitated. The solid 
was filtered and the ether removed from the filtrate. The 
resulting oily residue was fractionated to give 18.5 g. of
2,4-bismethoxy-6-trichloromethyl-s-triazine (V), b.p. 100- 
103° (0.6 mm.), n™ 1.5228.

Anal. Calcd. for C6H6N3C130 2: C, 27.88; H, 2.34; X, 16.25; 
Cl, 41.15. Found: C, 27.89; H, 2.39; N, 16.14; Cl, 41.41.

When the same reaction was carried out with triethylamine 
instead of sodium as hydrogen scavenger, a mixture of 
products was obtained which could not be separated by 
fractional distillation.

(b) 2,4-Bismethoxy-O-trichloromothyl-s-triazine (V) was 
also obtained by employing the method recently described 
for the preparation of other 2,4-bisalkoxy-6-trichloro- 
methyl-s-triazines.3

An amount of 56 g. of 2,4,6-tris(trichlorom:'thyl)-s- 
triazine (I) reacted with methanol (200 ml.) in the presence 
of triethylamine (48 g.) at room temperature. Tlu desired 
compound V was isolated from the reaction mixture by 
vacuum distillation; b.p. 99-105° (0.6 mm.); a3,,3 1.5222; 
yield: 24.0 g.

Procedures for the conversion of trichloromethyl into di
chloromethyl groups, (a) One mole equivalent of a trichloro
methyl substituted s-triazine (I, III, V, or II) or of a 
derivative of trichloroacetic acid is added, with stirring,

(5) Melting points were determined with the Fisher- 
Johns apparatus; analyses are by Galbraith Mieroanalytical 
Laboratories, Knoxville, Tenn., and by Spang Micro- 
analytical Laboratory, Ann Arbor, Mich.

(6) E. Kolier and Ch. Grundmann, J. Ain. ('hem. Soc., 
81, 3769 (1959).
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to a mixture of a mercaptan (5-20 mole equivalents) and 
triethylamine (1.5-5 mole equivalents) at —20° (if methane- 
thiol is employed) or at 0° (if ethanethiol or 1-butanethiol 
are used). The reaction mixture is allowed to warm to room 
temperature upon stirring. The precipitated triethylamine 
hydrochloride is filtered off and washed with ether or petro
leum ether (b.p. 30-40°). The wash solvent, excess triethyl
amine, and the dialkyl disulfide formed are removed from 
the filtrate by distillation. If the reaction product is volatile, 
the residue is fractionated in vacuo to give the desired di- 
chloromethyl substituted compound (II, IV, VI, VIII, 
or X) and a higher boiling, sulfur-containing material 
(XI and XIII were thus obtained in pure form and identi
fied as mercaptals). If the reaction product is a solid, the 
residue is recrystallized from suitable solvents to isolate 
the diehloromethyl compound (II was isolated in one experi
ment by recrystallization of the residue from ligroin; com
pound IX was purified by dissolving the residue in ether 
and reprecipitation with ligroin, the mercaptal XII was

(7) Ch. Grundmann, G. Weisse, and S. Seide, Ann., 577, 
77 (1952).

(8) A. Pinner and F. Fuchs, Ber., 10, 1066 (1877).
(9) Ch. Grundmann and E. Kober, J. Am. Chem. Soc., 

79, 944 (1957).
(10) J. W. Brühl, Ann., 203, 22 (1880).

contained in the triethylamine hydrochloride filter cake and 
was separated and purified by crystallization from water).

(b) Hydrogen sulfide was passed into a solution of 33 g. 
of 2,4,6-tris(trichloromethyl)-s-triazine (I) and 35.1 g. of 
triethylamine in 200 ml. of ether at 0° for 7 hr. The reaction 
mixture was allowed to stand for 12 hr. at room tempera
ture. Then, 250 ml. of ether were added to the reaction 
mixture, the salts and sulfur formed were removed by fil
tration, and the ether distilled from the filtrate. The resulting 
dark residue was recrystallized from 25 ml. of ligroin. Upon 
cooling to —20°, crystals and an oily product separated 
from the ligroin. The crystals were collected and freed from 
adhering oil by pressing on a clay plate. Thus, £.96 g. cf
2,4,6-tris(diehloromethyl)-s-triazine (II) was isolated.

Compounds prepared according to these procedures are 
listed in Tables I and II. Diehloromethyl compounds for 
which an analysis is not recorded were identified either by a 
mixed melting point or by comparing the boiling point and 
refractive index with an authentic sample.

Acknowledgment. The author is indebted to 
the Olin Mathieson Chemical Corporation for its 
generous support of this work.

188 Sandquist Circle
Hamden, Conn.
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R ed u ction  o f  P h th a lim id es  w ith  S od iu m  B orohydride

ZEN-ICHI HORII, CHUZO IWATA, a n d  YASUM1TSU TAMURA 

Received September 26, 1960

Reduction of phthalimide derivatives with sodium borohydride in methanol results in the formation of 3-hydrcxyphthal- 
imidines (II), or a mixture of II and o-hydroxymethylbenzamides III depending on the amount of reducing agent present- 
The mechanism of this reduction is proposed.

Although it has been known that the imido group 
does not undergo reduction by sodium borohy
dride,1 we have found that A-(6-oxo-5,6,7,8-tetra- 
hydro-l-naphthyl)phthalimide is reduced by sodium 
borohydride in methanol to o-hydroxymethyl-Ar-(f)- 
hydroxy - 5,6,7,8.- tetrahydro - 1 - naphthyl)- 
benzamide. I t would be of interest to establish this 
novel reduction of the phthalimide since sodium 
borohydride has prominent selectivities toward 
various groups on reduction and, thus, this reduc
tion may be expected to serve as a useful prepara
tive method. The present paper describes the reduc
tion of the phthalimide derivatives (Ia-i) shown 
in Fig. 1 with sodium borohydride.

The reduction was carried out by adding a 
methanolic solution of sodium borohydride to a 
suspension of the phthalimide in methanol at 
25-30°, followed by stirring at this temperature 
for seven to ten hours. When two molecular equiv
alents of sodium borohydride was employed, the 
product was the 8-hydroxyphtlialimidine (II) or 
a mixture of II and the o-hydroxymethylbenzam- 
ide (III). Thus, phthalimide (la) and A-methyl-

(1) N. G. Gayloni, Reduction with Complex Metal Hy
drides, Interscience, New York, 1956, p. 629.

I(a-i)

a. R = H
b. R = CH3
c. R = CßHs

CH(OH)

O G
II (a—i)

NR +
^ / C H s O H

^ - '^ C O N H R
Ill(a -h )

e . R = o—CH3- C 6H4
f .  R =p—CH3- C 6H4
g. R = o—CH3O—C6H4-
h. R = p—CH30 —C6Hy
i. R = p— N 02—C6H4

Figure 1

phthalimide (lb) were converted to 3-hydroxy- 
phthalimidine (Ila) and 3-hydroxy-2-methylphthal- 
imidine (lib) in yields of 66% and 56%, respec
tively. Similarly, iV-(p-nitrophenyl)phthalimide (Ii) 
was converted to 3-hydroxy-2-(p-nitrophenyl)- 
phthalimidine (Hi) in 81% yield. Compounds Ila 
and lib  were prepared previously by reduction 
with zinc in sodium hydroxide solution7 8 9 10 2 or with 
magnesium and ammonium chloride in methanol,3

(2) A. Reissert, Ber., 46, 1484 (1913).
(3) A. Dunet and A. Willemart, Bull. soc. chini. France, 

1081 (194S).
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TABLE I
R e d u c t i o n  P r o d u c t s  o f  t h e  P h t h a l t m i d e s  w i t h  NaBH4

R
Reaction
Temp.

Reactionc 
Time,

Hr.

^ v ^ C H ( O H )

G O ™

II

Yield, % 
^ x m o H

GG%ONHR

III

O C >
Method of 
Separation 
of Products

ID 25-30° 7 66 — 3 d

IDT 25-30° 14 - 45 30 d

C IV 25-30° 1 56.3 — 14.3. a

CeHs" 25-30° i 23.5 50 — e

C6HS'‘ 50-53° 5 16 45 15 d , e

c 6h 5» Reflux
(CH3OH)

5 — 40 33 d

C6H65 25-30° 14 — 92 — d

25-30° 7 37 55 — d

o-CH,C6H4“ 25-30° 7 23 66 — d , e

p-c h 3c 6h 4° 25-30° 10 40 37 — e

o-GHsOCTL“ 25-30° 8 27 40 — d , e

p-CHsOCeH," 25-30° 8 18 47 — e

p-NChCJL« 25-30° 8 81 — — d

“ With two molecular equivalents of NaBH4. b With four molecular equivalents of NaBH4. c After completion of the addi
tion of NaBH4. d Products were separated by procedure (i) in the general method.' Products were separated by procedure (ii) 
in the general method. 1 The reduction was carried out using the same procedure as in the reduction of Ic by procedure c.

but this new reduction method with sodium boro- 
hydride offers a more convenient and reproducible 
method for these materials. However, the reductions 
of the other phthalimides investigated gave mix
tures of the 3-hydroxyphthalimidine (II) and the o- 
hydroxymethylbenzamide (III), as indicated in 
Table I.

On the other hand, employment of four molecular 
equivalents of sodium borohydride in the reduc
tion resulted in an increase in yield of III, accom
panied with a simultaneous decrease in yield of
II. Thus, the reduction of la with four moles of 
sodium borohydride gave o-hydroxymethylbenz- 
amide (Ilia) in 45% yield, accompanied with the 
30% yield of phthalide, instead of Ha. The forma
tion of the phthalide, which was also observed to a 
lesser extent during the reduction of la  and lb 
using two moles of sodium borohydride, is ascrib- 
able to hydrolysis of Ilia . In the reduction of N- 
phenylphthalimide (Ic) with the four moles of 
sodium borohydride only o-hydroxymeth3d-./V- 
phenylbenzamide (IIIc) was obtained in 92% yield, 
although the reduction with two moles of sodium 
borohydride gave a mixture of 3-hydroxy-2- 
phenylphthalimidine (lie) (24% yield) and o- 
hydroxymethyl-iV-phenylbenzamide (IIIc) (50% 
yield).4 This reduction provides a new preparative 
method for phthalide, since IIIc was hydrolyzed

(4) On the reduction of Ic with two moles of sodium 
borohydride, raising a reaction temperature up to 50-67° 
did not improve the yields of Tic and IIIc, but prompted 
the formation of phthalide.

with ethanolic sodium hydroxide to yield phthalide 
in quantitative yield.

In view of the results obtained in the reductions 
of Ic or la, it seems reasonable that the first reac
tion of sodium borohydride on the phthalimide
(Ic) produces the phthalimidine (lie), which is 
converted slowly to IIIc with an excess of sodium 
borohydride. This is also supported by the con
version of lie  into IIIc in 96% yield under exactly 
the same reduction conditions.5 It has been ob
served that the reduction of some compounds con
taining the •—N—C—0— grouping, with lithium 
aluminum hydride or sodium borohydride, resulted 
in cleavage of the carbon-nitrogen bond. The reduc
tion of the 7Y-acyl heterocyclic compounds,6 the 
/Y-acyl-.V-sulfonyl compounds,7 the iV-mono or 
dialkyl (or aryl) amides (including the lactam),6’8 
the A^fV-diacyl amines,6’9 etc., with lithium alumi-

(5) The catalytic reduction of lie  over palladium-charcoal 
in dioxane or dioxane-glacial acetic acid at room tempera
ture did not proceed.

(6) N. G. Gaylord, Reduction with Complex Metal Hydride, 
Interscience, New York, 1956, pp. 575-590, 601, 619-622.

(7) A. Mustafa, J. Chetn. Hoc., 2435 (1952); Z. Pravda 
and J. Rudinger, Chem. listy., 48, 1663 (19541.

(8) F. Galinovsky and R. Weiser, Experientia, 6, 377 
(1950); F. Galinovsky, A. Wagner, and R. Weiser, Mh. 
Chem., 82, 551 (1951); D. G. M. Diaper, Can. J. Chem., 29, 
964 (1951); F. Weygand, G. Eberhardt, H. Linden, F. 
Schafer, and I. Eigen, Angew. Chem., 65, 525 (1953); M. 
Davis, J. Chem. Soc., 3981 (1956); H. C. Brown and A. 
Tsukamoto, J. Am. Chem. Soc., 81, 502 (1959).

(9) E. Testa, L. Fontanella, G. F. Cristiani, and L. 
Mariani, Helv, Chim, Ada, 42, 2370 (1959).
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TABLE II
C haracteristics o f  th e  3 -H ydroxyphthalim idines aCII(OH)

' ' n r

co'
Infrared 

Spectrum 
(in Nujol),

—CO—N—It
Recryst. Found, % Caled., % Cm.“1,

R M.P.“ from Formula c H N C H N Amide I
H 179'' h 2o CsH7N02 64.15 4.72 9.35 64.42 4.73 9.39 1698
c h 3 130" c h .c o o c2h 5 c 9h 9n o 2 66.21 5.49 8.66 66.24 5.56 8.58 1672
c 6h 6

1 ^ 171-172'' c h 3c o o c2h 5 ChHuNOo 74.66 5.Ô7 6.15 74.65 4.92 6.22 1689
201 CdLOH—1I20 C,sH„N02 77.54 6.09 5.01 77.39 6.13 5.01 1669

o-CH3—C6H4 192-193 CüHíOH—H20 C15H13N()2 75.30 5.50 5.85 75.30 5.48 5.85
1692
1672

p-CH:,— C6H4 167 C2H5OH—H20 CltH13N02 74.98 5.41 5.93 75.30 5.48 5.85 1664
o-CHs()—CcH4 189-190 c h 3c o o c 2h 6 c 16h 13n o 3 70.67 5.24 5.46 70.58 5.13 5.49 1669
p-CH.,0— CJL 156 c h 3c o o c 2h 6 c 13h 13n o 3 70.64 5.20 5.51 70.58 5.13 5.49 1661

p-n o 2—c «h 4 251-252 CH3COOH C,4H10N2O4 62.33 3.89 10 24 62.22 3.73 10.37
1678
1692

* Uncorrected. b Reported m.p. 178°, A. Dunet and A. Willemart, Compt. rend., 226, 821 (1948). 8 Reported m.p. 129°,
A. Dunet and A. Willemart, Bull. soc. chim. France, 1081 (1948). d Reported m.p. 170°, Bull. soc. chim. France, 1081 (1948).

TABLE III
C haracteristics of th e  o-H ydroxym ethylbenzam ides,

^ \^ C H 2oh

^^'CONHR

Infrared
Spectrum (in 

Nujol), Cm.“1, 
—CONHR

Recryst. Found, % Caled., %
--GvW

Amide Amide
It M.P.° from Formula C H N C H N i IT

H 150—151* CH3C()OC2H5 c 8h 9n o 2 63.55 5.95 9.13 63.56 6.00 9.27 1653 1618
C6H6 144 c2h 6o h c ,4h 13n o 2 74.00 5.50 6.19 73.99 5.77 6.16 1639 1531

Ó O
o-CH3C6H4

193 c2h 6o h CihHi9N02 76.90 6.75 5.06 76.84 6.81 4.98 1637 1527

179 c2h 5o h C,bHi6N 02 74.91 6.45 5.53 74.66 6.27 5.81 1637 1527
p-c h 3c6h 4 173 c 2h 5o h c i6h i6n o 2 74.82 6.23 5.85 74.66 6.27 5.81 1647 1536
0-CH3O—c 6h 4 133 C2HbOH c i5h 16n o 3 70.24 5.76 5.48 70.02 5.88 5.44 1639 1541
p-CILO—C6H4 161-162 c2h 6o h C.bHaNOa 69.99 5.91 5.51 70.02 5.88 5.55 1631 1527

“ Uncorrected, b Reported m.p. 149-150°, J. J. Brown, J. Blair, and G. T. Newbold, J. Chem. Soc., 708 (1955).

uum hydride, lithium diethoxyalumiuohydride, or 
lithium borohydride would be included in this 
type of reaction. Gaylord10 recently reported that 
the reduction of the benztriazol derivatives with lith
ium aluminum hydride or sodium borohydride re
sulted in cleavage of the carbon-nitrogen bond. The 
transformation of lie to IIIc would seem to proceed 
in a similar fashion and, thus the following repre
sentation for the reduction is proposed;

(10) N. G. Gaylord and D. J. Kay, J. Org. Chem., 23, 
1574 (1958). •

The procedure was found t© be suitable for the 
reduction of aliphatic imides, and thus the reduc
tion of ,/V-phenylsuccinimide using four molecular 
equivalents of sodium borohydride yielded y- 
butyrolact-one in 40% yield, together with a small 
amount of y-hydroxy-iV-pheiiylbutyramide.

E X P E R IM E N T A L

Starting materials. The various phthalimide derivatives 
were prepared by refluxing a mixture of appropriate amines 
and phthalic anhydride in glacial acetic acid for 7-15 hr., 
while N-methylphthalimide was obtained by reaction of 
potassium phthalimide with methyl p-toluenesulfonate.11

General method of the reduction. A solution of 2 moles of 
sodium borohydride in methanol (20-25 ml. per 1 g.) was 
added to a suspension of 1 mole of the phthalamide in 90% 
methanol (6-8 ml. per 1 g.) at 25-30° dropwise while stirring 
(20-40 min.). The reaction mixture was stirred for an addi

(11) E. J. Sakellarious, Heh\ Chim, Acta, 29, 1G75
(1946).
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The occurrence of carbon-carbon cleavage during the reduction of benzpinacolone and related ketones by lithium alumi
num hydride in pyridine appears to depend, to some degree, on steric compression in the intermediate alkoxyaluminohy- 
drides, as well as on the stability of the leaving group.

It has previously been observed that reduction of 
certain benzpinacolones with lithium aluminum 
hydride in pyridine results in surprisingly facile 
cleavage reactions, leading to triarylmethanes and 
benzyl alcohol.3 The need for a highly stabilized 
carbanion as leaving group in this reaction, where 
no proton donor is available, is shown by the fail
ure of phenyl benzhydryl ketone to undergo re
ductive cleavage.3 Pyridine, by virtue of its excellent 
coordination properties, liberates the unassociated 
alkoxide ion from the initially formed alkoxyalu- 
minohydride by nucleophilic displacement on 
aluminum.3 The thermal cleavage of metal alkoxides 
to carbonyl compounds (which, in this instance, 
may undergo further reduction) and carbanions 
has been found to proceed most rapidly when the 
oxygen-metal bond is highly ionic,4 thus explaining 
the role of pyridine in the present case. Since those 
alkoxides which cleave during reduction appear to 
suffer considerable steric compression, it appeared 
advisable to investigate the role of steric factors in 
promoting cleavage, in addition to the stability of 
the leaving group and the effect of the solvent.

A classical case of steric acceleration in free 
radical chemistry is the effect of ortho substituents 
on the ease of dissociation of hexaarylethanes into 
triarylmethyl radicals.5 For example, hexa-o- 
tolylethane dissociates more readily than hexa- 
p-tolylethane; also, bis(9-phenyl-9-fluorenyl) dis
sociates less readily than hexaphenylethane, since 
two phenyl rings on each ethane carbon of the for
mer compound are “tied back” and steric compres
sion is partially relieved.5 The cleavage of alkali 
metal salts of the highly branched diisopropyl- 
alkylcarbinols is also accelerated by increasing bulk 
in the primary alkyl group which is cleaved.4a

(1) Taken in part from the B.S. thesis of J. R. Rogo- 
zinski, U. of Buffalo, June 1960.

(2) Participant in a summer research program for high 
school teachers of science in 1960, sponsored by the National 
Science Foundation (Grant G-10957).

(3) P. T. Lansbury, J. Am. Chem. Soc., 83, 429 (1961).
(4) (a) H. D. Zook, J. Marsh, and D. F. Smith, J. Am. 

Chem. Soc., 81, 1617 (1959); (b) D. J. Cram et al., J. Am. 
Chem. Soc., 81, 5740-5790 (1959).

(5) E. S. Gould, Mechanism and Structure in Organic
Chemistry, Holt, Dryden, and Winston, Inc., New York,
N. Y., 1959, p. 676. •

In order to gain information relating to possible 
steric acceleration of reductive cleavage, we have 
prepared two ketones which are isomeric with 
benzpinacolone, namely a-(p-biphenylyl)desoxy- 
benzoin (I) and «-(o-biphenylyl)desoxybenzoin
(II), and studied their behavior toward lithium 
aluminum hydride in pyridine. The cleaved car
banions would all have comparable resonance 
stability, and indeed the anions of 4-benzylbi- 
phenyl and 2-benzylbiphenyl can be generated from 
their conjugate acids under the conditions of re
duction (see below). Also, a-(l-naphthyl)desoxy- 
benzoin (III) was reduced, although the cleaved 
anion would have only nine resonance forms, 
rather than ten as do the other species under con
sideration. Finally, methyl trityl ketone was com
pared with benzpinacolone in order to evaluate the 
effect of a smaller group in opposition to the 
neighboring phenyls of the trityl group.

Ketones I and II underwent normal reduction 
without any evidence of carbanion formation, 
as shown by the complete absence of characteristic 
orange to purple colors attributable to the anions. 
Also, product studies and infrared spectra showed 
that no cleavage products were present. Further
more, it was observed that l,2-diphenyl-2-p- 
biphenylylethanol was not cleaved by hot alcoholic 
sodium hydroxide, under conditions where benz- 
pinacolyl alcohol was converted totriphenylmethane 
and benzaldehyde.6 Reduction of III also gave only 
normal product. Regardless of which diastereomer 
would result in the reduction of these ketones, 
the intermediate alkoxyaluminohydride can achieve 
a conformation in which no aryl group is flanked by 
two aryl groups on the adjacent carbon.

Such nonbonded interaction of large groups, 
evident in the alkoxyaluminohydride from benz
pinacolone (IV), causes considerable stretching and 
weakening of*the carbon-carbon bond and may 
facilitate the^cleavage reaction. Methyl trityl 
ketone (V) when subjected to reductive cleavage 
conditions, gave less than 10% yield of triphenyl- 
methane, whereas IV had given 72% cleavage in 
a parallel experiment.3 This difference can most 
satisfactorily be attributed to steric. factors.7

(6) L. Ellison and J. Kenyon, J. Chem. Soc., 779 (1954).
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Ketones I, II, and III were prepared by the 
stereospecific addition of the appropriate organo- 
lithium compound to dZ-benzoin, yielding the dl- 
erythro-triarylethylene glycols,7 8 followed by pinacol 
rearrangement of the diols. The crude oily carbinols, 
VI and VII, resulting from reduction of I and II 
were shown to be free of ketone and cleavage prod
ucts by infrared spectroscopy. Since I could under
go reduction equally well in either of two preferred 
conformations (assuming equal bulk for phenyl 
and p-biphenylyl),9 it is not surprising that the 
crystallized product exhibited a broad melting 
range, suggesting a mixture of the two diastereo- 
meric racemates. Although the carbinol from II 
could not be obtained in crystalline form, it was 
apparently quite pure dl-threo racemate, as pre
dicted by Cram’s rule.9 This conclusion is based on 
the finding that cyclodehydration of the crude 
carbinol affords pure cts-9,10-diphenyl-9,10-dihy- 
drophenanthrene10 and none of the more stable 
trans isomer. In the dehydration step, the displace
ment of water from the protonated carbinol by

(7) However, the resonance energy of acetaldehyde, 
which is obtained from cleavage of V, is not as great as 
benzaldehyde, from IV, and therefore the carbonyl-forming 
transition state from V may be less stabilized than that from
IV.

(8) D. J. Cram and K. Kopecky, J. Am. Chem. Soc., 81, 
2748 (1959); D. Y. Curtin, E. E. Harris, and E. K. Meislich, 
J. Am. Chem. Soc., 74, 2901 (1952).

(9) D. J. Cram and F. A. Elhafez, J. Am. Chem. Soc., 
74, 5828 (1952).

(10) E. D. Bergmann and Z, Pelchowicz, J. Org. Chem.,
1 0 , 1387 (1954)i

the ideally situated aryl group occurs with inversion 
of configuration, as in the pinacol rearrangement.11 
Apparently, no free long-lived carbonium ion is 
formed, since such an intermediate should lead to 
at least some trans isomer. Moreover, any hydrogen 
or phenyl migration in the intermediate ion, 
prior to alkylation, should lead to 9-phenyl-9- 
benzylfluorene or 9-benzhydrylfluorene, neither of 
which were found in the reaction mixture. A similar 
dehydration of l,2-diphenyl-2-a-naphthylethanol, 
obtained from reduction of the corresponding 
ketone (III), and hence presumably rich in threo 
racemate,9 gave an oily product from which no 
as-l,2-diphenylacenaphthene could be obtained. 
The expected presence of both racemates in this 
alcohol mixture,12 as well as the anticipated diffi
culty in forming the acenaphthene ring may well 
be responsible for the complexity of the dehydra
tion product.

The acidity of triphenylmethane, 2-benzyl- and
4-benzylbiphenyl toward lithium aluminum hy
dride in pyridine is shown by the formation of 
typical highly colored carbanion solutions,13 the 
first being blood red, the second orange, and the 
last deep violet. Since the three above carbanions 
can all be formed under reduction conditions, the 
cleavage of IV, versus normal reduction of I and 
II, appears to depend on steric compression due to 
phenyl-phenyl interaction in the alkoxyalumino-

(11) P. D. Bartlett and It. F. Brown, J. Am. Chem. Soc., 
62, 2927 (1940).

(12) A. McKenzie and W. S. Dennler, J . Chem. Soc., 125, 
2105 (1924). These workers observed a moderate degree of 
stereospecificity in the sodium-alcohol reduction of a- 
naphthylbenzoin oxime, the ratio of diastereomeric products 
being about 4:1.

(13) J. E. Leffler, The Reactive Intermediates of Organic 
Chemistry, Interscience Publishers, Inc., New York, N. Y., 
1956, p. 177.
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hydride ion from IV. When a neighboring phenyl is 
flanked on one side by a hydrogen atom, a small 
rotational adjustment toward the small group 
appears to relieve interference with the large group 
flanking the other side, as shown in conformation 
B for alkoxide VI.

The small amount of cleavage from methyl 
trityl ketone is due to the absence of severe phenyl- 
phenyl interactions in the alkoxide from V, and 
their replacement by the less effective phenyl- 
methyl interactions.

EXPERIMENTAL14

Preparation of a-(p-biphenylyl)hydrobenzoin. A solution of 
?;-lliphenylyllithium was prepared, according to the procedure 
of Gilman and Dunn, 16 from 1.34 g. (0.19 g.-atom) of lith
ium, 20.9 g. (0.089 mole) of p-bromobiphenyl, and 400 ml. 
of anhydrous ether. The gradual addition of 5.30 g. (0.025 
mole) of benzoin led to the appearance of an olive-green 
color. After setting overnight, the reaction mixture was 
hydrolyzed with saturated ammonium chloride solution 
and the resulting ether layer washed with sodium bicarbonate 
solution, dried over sodium sulfate, and subsequently 
evaporated nearly to dryness. The remaining paste was 
stirred with ligroin and the resulting solid filtered and dried. 
This crude material showed no carbonyl absorption in the 
infrared (Nujol mull). Recrystallization from ethanol 
gave three crops of the desired carbinol, totaling 6.55 g. 
(72%) and melting at 205-218°. The analytical sample of 
the alcohol had m.p. 220.5-221.5° (from ethanol).

Anal. Calcd. for C26H220 2: C, 85.2; H, 6.1. Found: C, 
84.4; H, 6.0.

Preparation of a-(p-biphenylyl)desoxybenzoin. Five grams 
of the above glycol was dissolved in 25 ml. of hot acetic 
acid, which contained a few drops of sulfuric acid, and re
fluxed for 5 min. The solution was then cooled, poured into 
ice water, and the white precipitate removed by filtration, 
washed with water, dilute bicarbonate, and dried. This crude 
material was free of glycol, as judged by infrared. Recrystal
lization from ethanol (Norit) gave 2.2 g. of the ketone (I), 
m.p. 146-149°, from which an analytical sample was ob
tained, m.p. 147-149°. The yield of I was 46%, although 
more impure ketone could be isolated from the filtrates.

Anal. Calcd. for C2eH20O: C, 89.6; II, 5.9. Found: C, 89.4; 
H, 5.8.

The ketone showed a strong carbonyl band at 1685 
cm.-1 in its infrared spectrum (Nujo! mull).

Reduction of a-(p-biphenylyl)desoxybenzoin (I) with lithium 
aluminum hydride in pyridine. A half gram of I (1.4 mmoles) 
was dissolved in 10 ml. of dry pyridine and 0.11 g. of lithium 
aluminum hydride (2.9 mmoles) added, whereupon an exo
thermic reaction ensued and a pale green color appeared. 
The reaction mixture was allowed to stand for 3 hr. in a 
stoppered Erlenmeyer flask, then poured into excess 5% 
hydrochloric acid. The acidic slurry was extracted two times 
with ether and the extracts were washed with sodium bi-

(14) Melting points were taken in a “Mel-temp” capillary 
melting point apparatus which was checked with known 
compounds, and are uncorrected. Infrared spectra were 
obtained with a Perkin-Elmer model 21 spectrometer 
equipped with sodium chloride optics. Solids were examined 
as Nujol mulls and oils were smeared between salt plates. 
Elemental analyses were performed by Dr. Alfred Bern
hardt, Max Planck Institute, Mulheim, Germany. The 
technique employed for running lithium aluminum hydride 
reductions in pyridine is essentially the same as that re
ported previously.3

(15) H. Gilman and G. E. Dunn, J. Am. Chem. Soc., 73, 
5078 (1951).

carbonate solution, salt solution, and finally dried over 
magnesium sulfate. Removal of the ether left an oil whose 
infrared spectrum showed strong hydroxyl absorption at 
3600-3300 cm.-1, no absorption in the carbonyl region, 
and no band at 855 cm.-1, where 4-benzylbiphenyl, the 
product which would result from reductive cleavage, displays 
a medium intensity band. The crude product was taken up 
in ethanol, from which several crops of alcohol (VI) melting 
in the range 111-130° were obtained, yield: 0.39 g. (78%). 
For analysis, a sample of VI, containing both diastereomeric 
racemates, was obtained as fluffy crystals, m.p. 125-130° 
(from ethanol).

Anal. Calcd. for C26H22O: C, 89.1; H, 6.3. Found: C, 
89.2; H, 6.3.

Reduction of a-(l-naphthyl)desoxybenzoin (III) with lithium 
aluminum hydride in pyridine. The ketone (III) was pre
pared according to the procedure of McKenzie and Roger,16 
by rearrangement of the pinacol prepared from 1-naphthyl- 
magnesium bromide and benzoin. In our hands, the glycol 
had m.p. 181-183° (from ethanol or benzene) whereas 
McKenzie reported m.p. 205°, and claimed the isolation of a 
180-181° epoxide from acid-catalyzed rearrangement of the 
glycol, in addition to III. Our glycol showed strong hydroxyl 
absorption at 3600-3400 cm.-1 and therefore could not be 
an epoxide.

One half gram of III, m.p. 107-108°, was reduced with 
excess lithium aluminum hydride in pyridine as described 
above for ketone I. The crude oily product showed strong 
hydroxyl absorption (3650-3400 cm.-1) and only a trace of 
ketone at 1685 cm.-1 Trituration with cold ethanol afforded 
0.15 g. (30%) of crystals melting at 108-124° and showing 
an infrared spectrum essentially identical with that of the 
above oil, except that carbonyl absorption was completely 
absent. From this diastereomeric mixture, an analytical 
sample was obtained, m.p. 126-132 (ethanol).

Anal. Calcd. for C24H20O: C, 88.9; H, 6.3. Found: C, 88.9; 
H, 6.2.

A portion of’the oily carbinol from III was refluxed for 
15 min. with glacial acetic acid, containing a small amount 
of p-toluenesulfonic, acid. Cooling and dilution did not give 
any crystalline product.

Preparation of a-(o-biphenylyl)hydrobenzoin. o-Biphenylyl- 
lithium was prepared according to the procedure of Gilman 
and Dunn,16 using 1.34 g. (0.19 g.-atom) of lithium wire, 
20.9 g. (0.088 mole) of 2-bromobiphenyl, and 300 ml. of 
anhydrous ether. Benzoin (5.3 g., 0.025 mole) was added in 
portions to the lithium reagent and the mixture then al
lowed to stand overnight. Work-up of the product followed 
the procedure used for the p-biphenylyl analog (above), 
yielding 6.41 g. of crude glycol, m.p. 145-173°, yield: 57%. 
The first crop of material, m.p. 166-173°, was examined by 
infrared and found to be free of carbonyl absorption. Re
crystallization of this material from ethanol-benzene pro
vided an analytical sample, m.p. 173-174°.

Anal. Calcd. for C26H22O2: C, 85.2; H, 6.1. Found: C, 
85.1; H, 6.0.

The known a-(o-biphenylyl)desoxybenzoin (II) was pre
pared from the above glycol by treatment with iodine- 
acetic acid in the usual manner. Fractional recrystallization 
from ethanol separated the crude product into 9,10-di- 
phenvlphenanthrene, m.p. 234-235° and mixed m.p. 234- 
235°, which results from the slow cyclodehydration of I I17 
and the desired ketone, m.p. 94-98° (reported17 m.p.
98-99°).

Reduction of a-(o-biphenylyl)desoxybentsoin (II) with 
lithium aluminum hydride. One half gram of II (1.4 moles) 
was dissolved in 10 ml. of pyridine and treated with 0.11 
g. (2.9 mmoles) of lithium aluminum hydride. As in the 
reduction of ketones I and III, no bright colors attributable

(16) A. McKenzie and B. Roger, J. Chem Soc., 125y 
853 (1924).

(17) C. K. Bradsher and L. J. Wissow, J. Am. Chem. 
Soc., 68, 1094 (1946).
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to carbanions were noted. Work-up in the usual manner 
gave an oil whose infrared spectrum indicated complete 
reduction of the ketone (no absorption at 1685 cm.-1) 
but which resisted crystallization. Stirring with cold ethanol 
allowed the separation of a few milligrams of 9,10-diphenyl- 
phenanthrene, m.p. 233-235°, which apparently was a 
minor contaminant in II. When further attempts to crystal
lize the oil failed, it was treated with hot acetic acid, which 
contained a small amount of p-tolue'nesulfonic acid. After 
15 min. of reflux, the solution on cooling yielded pure cis- 
!),10-diphenyl-9,10-dihydrophenanthrene, m.p. 109-171°, 
in 70% yield. The reported10 m.p. is 168-169°. The ultra
violet spectrum of this product, taken in ether solution, 
was identical with the reported curve,10 showing 269 
m/i and log e = 4.05.

Further proof of the structure of the dehydration product 
was gained by dehydrogenation to 9,10-diphenylphenan- 
threne. This was accomplished by refluxing the dihydro com
pound (0.2 g.) with an equimolar quantity of Ar-bromosuc- 
cinimide (0.11 g.) in carbon tetrachloride for 2 hr., under con
ditions where the monobromo derivative readily loses hydro
gen bromide.18 The expected amount of succinimide was re
covered bjr filtration of the cooled solution, which was then 
evaporated down on a steam bath. Recrystallization of the 
crude product, m.p. 197-213°, from acetic acid, containing 
a little potassium acetate afforded pure 9,10-diphenvlphenan- 
threne, m.p. 234-236°, weight 0.13 g. The possibility 
that the dihydro compound was the trans isomer was pre
cluded by the lower reported melting point of 130-131°.19

Repetition of the reduction of II, followed by dehydration 
of the crude carbinol, gave ds-9,10-diphenyl-9,10-dihydro- 
phenanthrene as the only isolable product.

Reductive cleavage of methyl trityl ketone. One gram (3.5 
mmoles) of methyl trityl ketone20 in 20 ml. of pyridine was 
treated with 0.20 g. of lithium aluminum hydride, whereupon 
an exothermic reaction ensued and a blood red coloration 
soon developed. After 3 hr., the reaction mixture was 
hydrolyzed and worked up in the usual manner, yielding a 
pale yellow oil whose infrared spectrum showed strong 
hydroxyl absorption in the 3600-3400 cm.-1 region and 
generally resembled that of pure methyltritylcarbinol. 
Chromatography of the oil over alumina yielded an initial 
fraction of crude triphenylmethane (0.10 g.; 12% yield) 
having m.p. 65-79°, which was eluted with benzene. Re
crystallization from methanol afforded 0.06 g. of triphenyl
methane which had m.p. 85-90°. Further elution with ben
zene and then 1:1 benzene-ethanol, gave 0.82 g. (82%) of 
methyltritylcarbinol, m.p. 94-97° (reported21 m.p. 93-95°)

(18) R. A. Barnes, J. Am. Chem. Soc., 70, 145 (1948).
(19) W. Schlenk and E. Bergmann, .4rm., 4 6 3 ,  89 (1928).
(20) Kindly furnished by Professor H. D. Zook.

after combination of the several fractions which had fairly 
sharp melting points in the range 86-98°. A mixed melting 
point of the alcohol with triphenylmethane was strongly 
depressed and the spectra of the two compounds were wholly 
different.

Attempted cleavage of 1,2-diphenyl-ê-biphenylylethanol 
with ethanolic sodium hydroxide. The alcohol (0.15 g.; m.p. 
125-130°) was dissolved in 10 ml. of 95% ethanol and a 
pellet of sodium Irydroxide added. The resulting solution 
was refluxed for 15 min., then diluted with water and al
lowed to cool. Two crops of crystals (0.15 g.) were obtained, 
m.p. 113-116° and 109-112°, which amounted to an es
sentially quantitative recovery of the alcohol. The infrared 
spectrum of the combined crystals was identical with that 
of the starting diastereomeric alcohol mixture. A portion of 
the filtrates was made acidic and tested with 2,4-dinitro- 
phenylhydrazine, resulting in a negative test for benzalde- 
hyde.

Metalation of iriphenylnrethane, 2-benzylbiphenyl, and 4- 
benzylbiphenyl by means of lithium aluminum hydride in 
pyridine.22 When small quantities of triphenylmethane (1.0 
to 2.0 g.) were dissolved in pyridine and ca. two molar equiv
alents of lithium aluminum hydride added, the evolution of 
gas was evident, as well as the appearance of the blood red 
color of triphenylmethide ion.3’13 The resulting carbanion 
solutions were allowed to stand for 1-2 hr. in stoppered 
flasks, then poured onto a crushed Dry-Ice-ether slurry. 
.After evaporation of excess Dry Ice, the mixture was 
hydrolyzed with 5% hydrochloric acid and the ether layer 
separated and extracted with 5% sodium hydroxide. Acidi
fication of the alkaline extract afforded triphenylacetic 
acid, m.p. 255-265° (with prior softening). Yields of the 
acid were as high as 19% using this method of carbonation; 
bubbling carbon dioxide gas into stirred carbanion solutions 
gave decidedly inferior yields.

Several exploratory reactions of 4-benz3dbiphenyl, carried 
out as above, yielded deep purple colored solutions of the 
carbanion. Difficulty was experienced in preparing the 
carboxylic acid, however. The anion of 2-benzylbiphenyl 
was also similarly obtained as a deep orange solution. It 
should be noted that these intense colors constitute convinc
ing evidence for the presence of resonance-stabilized car
banions,13 and their appearance is not confusable with the 
pale orange-green coloration noted when lithium aluminum 
Hydride interacts with pyridine.

B u f f a l o  14, N. Y.

(21) V. Prelog, E. Philbin, E. Watanabe, and M. Wil
helm, Helv. Chim. Acta, 39, 1086 (1956).

(22) Several of these experiments were performed by 
Dr. N. Simmons.
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The preparation of thirty-six 0,0-dialkyl S-(carbamoylalkyl) phosphorodithioates is described. Several new or improved 
synthetic routes are employed, most importantly one utilizing S-carboxymethyl 0,0-dimethyl phosphorodithioate. The 
product of displacement of a phosphorothioate salt on an a-haloamide is shown to have the phosphorothiolate structure.

It has been reported1 that a number of 0,0- 
dialkyl iS-(alkylcarbamoyhnethyl) phosphorodithio
ates (I) exhibit activity as animal systemic insecti
cides.

S O
II II / R '

(RO)jP—SCH2CN<
\R "

I

Work in these laboratories and elsewhere2 has also 
established their utility as contact and systemic 
agents for use against insects and mites infesting 
plants. Many of the 0,0-dimethyl esters I (R = 
CHS) combine high activity with relatively low 
mammalian toxicity. The purpose of this paper is 
to record the synthesis of these and certain other 
members of the carbamoylalkyl phosphorodithio
ate series.

Thirty-six phosphorodithioates were prepared 
and are listed in Tables I and II. Amide nitrogen 
substituents include, among others: alkyl, dialkyl, 
aryl, heterocyclic, acyl, and sulfonyl. In addition, 
some variation was introduced into the phosphorus- 
bound alkoxyls and the alkylene group joining the 
phosphorodithioate and carbamoyl moieties.

Hoegberg and Cassaday8 first prepared com
pounds of this class by the reaction of 0,0-dialkyl 
phosphorodithioate salts with cc-haloamides in 
ketonic solvents. Much of the work reported here 
employed variations on this technique. It was soon 
discovered, however, that in the syntheses of the 
0,0-dimethyl compounds, the method was not 
very satisfactory, owing to the excellent methylat
ing ability of the products, which could success
fully compete with the haloamidcs for the phos
phorodithioate anion:

S O
II II /R '

(CH ,0)2P—s e  +  C1CH2C N< — > I (R = OIL) (1)
x Tl"

s
/R ' I!

')P— SCH2C—N< +  (CHsOhP—SCHs (2) 
CH3CK Ml"

II
II +  I (R = OIL)

o ß i
s o

II

(1) R. Hewitt, A. Brebbia, and E. Waletzky, J. Econ. 
Entomol., 51, 126 (1958). •

✓

The formation of large amounts of 0,0,<S-trimethyl 
phosphorodithioate was characteristic of those 
reactions conducted by the conventional proce
dures.3

An effective means of shortening the synthetic 
route and at the same time avoiding the difficulty 
outlined above was discovered in the preparation 
and subsequent utilization of iS-carboxymethyl 
0,0-dimethylphosphorodithioate (III). This com
pound, which was prepared from the reaction of II

S

(CH30)2P— SCHiCOOH 
III

(potassium salt) with chloroacetic acid, yielded only 
unidentifiable products when attempts were made 
to convert it to amides through the acid chloride. A 
search for milder conditions led to the discovery 
of the following successful route :

III +  [  )>P—<Ci +  (C2H6)aN —

S O
Il II / U1

(CHsO)2P—s c h 2c —0 —P<^ J

R'\  >NHI ///
----->  I (3)

R = Methyl

A simple procedure which has proved valuable in 
the field of peptide synthesis,4 this sequence could 
be carried out under mild conditions in benzene 
solution. I t generally gave yields comparable to 
those obtainable from direct displacement on the 
chloroamides and often afforded products of su
perior purity.

Several other peptide-forming agents were tried 
in the preparation of the carbamoylalkyl phos
phorodithioates, but with generally less success. 
In a variation of the phosphorochloridite method 
above, jS-(i-butylcarbamoylmethyl) 0,0-dimethyl 
phosphorodithioate (XVIII) was obtained impure 
and in low yield by treating III with IV.4’5

(2) W. J. Magee and J. C. Gaines, J. Econ. Entomol., 43, 
281 (1950); E. E. Ivy, Agr. Chem., 8,47 (1953); P. DePietri- 
Tonelli, Ital. Agr., 1956, No. 1.

(3) E. I. Hoegberg and J. T. Cassaday, J. Am. Chem. 
Soc., 73, 557 (1951).

(4) R. W. Young, K. H. Wood, R. J. Joyce, and G. W. 
Anderson, J. Am. Chem. Soc., 78, 2126 (1956).

(5) G. W. Anderson, J. Blodinger, R. W. Young, and 
A. D. Welcher, J. Am. Chem. Soc., 74, 5304 (1952).
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[^)>P—NH—C4H9-i 

IV

The use of dicyclohexylcarbodiimide6 with III and 
cither propylamine or i-butylamine failed to give 
the amides. In a single trial, the carbonic-carboxylic 
anhydride method using ethyl chlorocarbonate7 
did not yield any XII. Though the synthesis of 
peptides via some of the phosphite procedures is 
catalyzed by an equivalent of imidazole,8 no such 
catalysis was detected in the preparation of the 
n-octyl compound (XIX) by the phosphorochlori- 
dite method.

A second means of reducing the consequences of 
reaction (2) was found in the use of a two-phase 
solvent system. In a toluene-water or a chloroform- 
water system, for example, reaction (1) occurs in the 
aqueous phase, while the product is immediately 
extracted into the organic layer as it is produced. 
This method was limited to those haloamides with 
some degree of water solubility, although in some 
cases, e.g., compound XVIII, an unfavorable 
distribution of haloamide between the two phases 
could be overcome by the addition of a third sol
vent, such as methanol or ethanol.

Among those reactions carried out by direct 
displacement of potassium 0,0-dimethyl phos- 
phorodithioate on a haloamide, the effect on yields 
of variation in haloamide reactivity was studied.

R ' O O
I I! II

BrC—CNHC1L C1CH2CH2CNHCH3
I

It
V VI

In the scries of monoalkyl-substituted a-bromo- 
amides, V (R' = H), yields decreased with in
creasing built of R. Thus V (R = CH3) gave a 30% 
yield of phosphorylated product after four hours 
at 50° in methyl isobutyl ketone whereas V (R 
= C2H5) gave a 2% yield under the same conditions, 
and reaction of V (R = i — C3H7) at 80° for fifteen 
hours resulted only in a 75% recovery of bromo- 
amide. The tertiary bromide, V (R = R ' = CH3), 
yielded no identifiable products when treated 
for eight hours with triethylammonium 0,0-di- 
methyl phosphorodithioate in refluxing benzene. 
Compound VI and potassium 0,0-dimethyl phos
phorodithioate in refluxing acetone for 7.5 hours 
resulted in a 53% recovery of chloroamide, a 21% 
recovery of phosphorodithioate salt, and no de
sired product. On the other hand, the correspond
ing /3-bromoamide yielded 43% of product after a 
considerably shorter time in refluxing toluene-water.

(6) J. C. Sheehan and G. P. Hess, J. Am. Chem. Soc., 77, 
1067 (1955).

(7) J. R. Vaughan, Jr., and R. L. Osato, J. Am. Chem. 
Soc., 74, 676 (1952).

(8) G. W. Anderson, A. C. McGregor, and R. W. Young,
J. Org. Chem., 23, 1236 (1958). .

The procedures discussed above were applied to 
the synthesis of phosphorothioates by the reaction 
of potassium 0 ,0 -dimethyl phosphorothioate with 
a-haloamides.

Recently, Mandel’baum, et al.9 have claimed that 
reaction of 0 ,0 -diethyl phosphorothioate salts
(VII) with a-haloamides and esters have given the

_ • O 0 0  '

..(c 2h 6o)J!p—s e  -<— >  (C2h 5o)2p = s _
VII

phosphorothionate form of the product (VIII). 
In one case which we have carefully examined, 
the preparation of IX, spectral data conclusively

S O O

(CiHf.OhP—OR (CH30 )2P—SCH2C NHCH,
VIII IX

show that the product has the thiol structure. 
Thus, the infrared spectrum shows a strong band 
at 1250 cm.-1, which is characteristic of the 
P = 0  group.10 The assignment of the thiol struc
ture was supported by the proton magnetic reso
nance spectrum,11'12-13 taken in deuterochloroform, 
which showed resonance peaks of 2.62 and 2.88 
p.p.m., which have been assigned11 to the CH3OP 
and PSCH2C = 0  moieties respectively from ob
servations of a number of model compounds. They 
have the appropriate intensity ration and appear as 
doublets14 due to spin-coupling with the phosphorus 
nucleus. The splittings correspond to those com
monly observed11 for CH protons linked to phos
phorus through oxygen or sulfur and in this 
compound have the values 16 c.p.s. for the CH3OP 
group and 11 c.p.s. for the CH2SP group. The 
formation of the phosphorothiolate isomer in this 
reaction is consistent with most of the work which 
has been reported on displacements of phosphoro- 
monothioate salts on alkyl halides.3'15

A novel reaction occurred during an attempt at 
preparation of X. The low-melting solid, presum
ably X, that was initially obtained, changed on 
standing to a compound that melted at 170° and 
was water soluble. On the basis of infrared and 
NMR spectral data, it has been assigned the

(9) Ya A. Mandel’baum, N. N. Mel’nikov, and P. G. 
Zaks, Zhur. Obsch. Khim., 29, 283 (1959).

(10) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, John Wiley & Sons, Inc., New York, 1954, p. 258.

(11) J. E. Lancaster, These Laboratories, Personal Com
munication.

(12) S. DuBreuil and R. W. Young, 136th Meeting of 
the American Chemical Society, Atlantic City, N.J., 
Sept. 18, 1959.

(13) NMR spectra were taken with a Varian Associates 
V4300B high resolution spectrometer operating at 40 me. 
Benzene was used as an external standard. All shifts given 
in this paper occur to the high field side of the benzene 
position.

(14) T. Yamasaki, J. Chem. Soc. Japan, Pure Chem. Sect., 
79, 832 (1958).

(15) M. I. Kabachnik and T. A. Mastryukcva, Zhur. 
Obsch. Khim., 25, 1924 (1955) and references cited therein.
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structure of the zwitterion XI, a product of the 
“internal” déméthylation of X (see Experimental).

s o
ii II

(CH,< )) 2P—SCHoC—NH—N ( CH3) 2
X

„ s  0
o x ” ! II

N p — S C H j C N H — N e ( C H s) 3 
o h  3ck

XI

E X P E R IM E N T A L 16- 17

0,0-Dialkyl carbanwylalkyl phosphorodithioates—Method 
A. S-(Isobutylcarbamoyhnethyl) 0,0-dimethyl phosphorodi- 
thioate (XVII). Triethylamine (36 g.. 0.24 mole) in 20 ml. of 
reagent-grade benzene was added portionwise to a stirred 
solution of 0,0-dimethyl hydrogen phosphorodithioate 
(43 g., 0.24 mole of 89% acid) in 50 ml. of benzene while 
maintaining the temperature between 15 and 25°. To this 
was added a solution of 2-chloro-.Y-isobutylacetamide (30 g., 
0.24 mole) in 30 ml. of benzene, after which the reaction 
mixture was stirred at room temperature for 23 hr. The 
triethylamine hydrochloride (25 g., 75%) was removed by 
filtration and the. filtrate was washed with 5% sodium bi
carbonate until the washings were neutral or slightly basic. 
After washing with saturated sodium chloride solution and 
drying over magnesium sulfate, the solvent was removed un
der vacuum to give 48 g. of crude solid. Several recrvstalliza- 
tions from methanol-water and ethanol-water gave 20.5 g. 
(31%) of white crystals, m.p. 68-68.5°. The analytical 
sample (from methanol-water) melted at 68.5-69°.

Method B. S-(Carbamoylmethylcarbamoylmethyl) 0,0-di
methyl phosphorodithioate (XXVI). To a suspension of potas
sium 0,0-dimothyl phosphorodithioate3 (20 g., 0.10 mole of 
salt 98.2% pure by alkaline iodine18 titration) in 50 ml. of 
methyl isobutvl ketone was added JV-carbamoylmethyl-2- 
chloroacetamide (15 g., 0.10 mole)in 50 ml. of methyl isobutyl 
ketone, followed by sodium bicarbonate19 (8.4 g., 0.10 mole). 
The stirred suspension was heated at 50-60° for 5 hr. After 
the insoluble solids were allowed to settle, the solution 
was decanted or filtered and the filtrate washed with 5% 
sodium bicarbonate and saturated brine. Some material 
settled out on cooling20 and was combined with the residue 
remaining after removal of the solvent under vacuum and 
with additional material from acetone extraction of the in
organic salts. Several recrystallizations from ethanol gave
8.5 g. (31%) of white crystalline solid, m.p. 96.5-97°. The 
analytical sample (from ethanol) melted at 97-97.5°.

Method C. 0,0-Dimethyl S-( morpholinocarbonylmcthyl) 
phosphorodithioate (XXXII). A solution of potassium 0,0- 
dimethyl phosphorodithioate3 (20 g. 0.10 mole of 08.2%'* 
material) in 20 ml. of water was added dropwi.se over a. 20- 
min. period to a rapidly stirred refluxing mixture of 4- 
chloroaeetylmorpholine (20 g., 0.12 mole) in 20 ml. of water

(16) Because of the potential toxicity of phosphate esters, 
caution should be exercised when handling them.

(17) Melting points and boiling points are uncorrected. 
Melting points were taken on a Fisher-Johns block.

(18) The iodometric titration described by O. Foss, 
Acta Chem. Scanrl., 1, 8 (1947), for phosphorothioatc salts 
was used. Dr. D. E. Ailrnan of these laboratories has found 
it to be applicable to salts of dimethyl and diethyl phosphoro- 
dithioic acids. In the case of the dithio salts, both sulfur 
atoms are oxidized to sulfate.

(19) The bicarbonate was added to counteract the tend
ency of these reaction mixtures to become acidic.

(20) In most other preparations using this method, the
product did not precipitate, and 1hc methyl isobutyl ketone
solution was dried at this point over magnesium sulfate.

and 40 ml. of toluene. After an additional 5 min. stirring 
under reflux, the layers were separated and the aqueous layer 
extracted with two 10-ml. portions of fresh toluene. The 
combined toluene fractions were washed with 5%, sodium 
bicarbonate and saturated sodium chloride solutions and 
dried over magnesium sulfate. Removal of the solvent, in 
vacuo left a viscous oil, which solidified upon trituration and 
cooling in absolute ether; yield 20.6 g., m.p. 58-61°. Re- 
crystallization from 20 ml. ethanol-35 ml. water gave 17.6 
g. (61%) of a white crystalline solid, m.p. 63-04°.

Method D. 0,0-Dimethyl S-(l-pyrrolidinylcarbonylniethyl) 
phosphorodithioate (XXX). Ethylene phosphorochloridite21 * 
(9.6 g., 0.075 mole) in about 15 ml. of reagent-grade benzene 
was added dropwise to a stirred, cooled solution of S- 
earboxymethyl 0,0-dimethyl phosphorodithioate (16.2 g. 
0.075 mole, see below) and triethylamine (7.6 g., 0.075 
mole) in about 50 ml. of benzene in a flask protected by a 
drying tube. The temperature of the reaction mixture 
was kept below 20° during the addition. After 10 min. 
stirring at room temperature, the triethylamine hydro
chloride (86%) was removed by filtration. Pyrrolidine 
(5.3 g., 0.075 mole) in about 10 ml. of benzene was 
added to the filtrate and the solution was heated under 
reflux for 30 min. The cooled solution was filtered to remove 
a. small amount of white gum which had formed and the 
opalescent filtrate washed with 30 ml. of water followed by 
two 30-ml. portions of 20% potassium bicarbonate. After 
being dried over magnesium sulfate, the solvent was re
moved under vacuum. The residual yellow oil (12 g.) crystal
lized on cooling to a. solid melting at 55-65°. Recrystalliza
tion from 25 ml. of benzene gave 9.4 g., (46%) of white 
crystals, m.p. 68.5-71.5°. The analytical sample (from 
benzene) melted at 70.5-71.5°.

S-(t-Butylcarbamoyhnethyl) 0,0-dimethyl phosphorodithio
ate (XVIII) via the phosphite amide procedure. Ethylene phos
phorochloridite21 (12.7 g.. 0.1 mole) in 10 ml. of benzene was 
added dropwise to a stirred, cooled solution of f-butylamine 
(7.3 g., 0.1 mole) and triethylamine (10.1 g., 0.1 mole) in 
20 ml. of benzene, the temperature being kept below 20°. 
The reaction mixture was stirred at ice temperature for 10 
min. following the addition and at room temperature for an 
additional 5 min. The precipitated triethylamine hydro
chloride (13.5 g., 99%) was filtered off and washed with 
fresh benzene. The filtrate was divided in half, and to 
each half was added 10.8 g. (0.05 mole) of /S-earboxymethyl 
O.O-dimethyl phosphorodithioate in 20 ml. of benzene. 
One portion was heated under reflex for 30 min., the other 
for 1 hr. Each was worked up as in Method D, yielding 4.1 
g. (30%) and 4.9 g. (36%), respectively, of oily solids. The 
30 min. product was slurried in 50 ml. of hexane, cooled in 
a Dry Ice-acetone bath, filtered, and dried. The resultant 
oily solid (3.9 g.) exhibited an infrared spectrum virtually 
identical with that of analytically pure material prepared as 
shown in Table I.

S-Carboxymethyl 0,0-dimethyl phosphorodithioate (III). 
A solution of 117.6 g. (0.6 mole) of potassium 0,0-dimethyl 
phosphorodithioate3 (as 124 g. of material analyzing 95%. 
pure by Foss18 titration) in 118 ml. of water was added over 
a 45-min. period, with efficient stirring, to a refluxing solution 
of 56.7 g. (0.6 mole) of chloroacetic acid in a mixture of 600 
ml. of chloroform and 82 ml. of water. Heating under reflux 
and rapid stirring were continued for an additional 30 min. 
The reaction mixture was cooled to room temperature anil the 
layers separated. The water layer was extracted with three 
75-ml. portions of chloroform and the combined extracts 
and original chloroform layer washed with 40 ml. of water 
and dried over magnesium sulfate. Removal of the solvent 
under vacuum left 105 g. (81%) of an orange-brovm oil, 
which crystallized on cooling. Three recrystallizations from 
60 ml. mixtures of approximately equal volumes of carbon 
tetrachloride and hexane gave 71.1 g. (55%) of white crys-

(21) H. J. Lucas, F. W. Mitchell, Jr., and C. N. Scullv, 
J. Am. Chem. §oc., 72, 5491 (1950).
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talline solid, m.p. 41-M3.50 (98.3% pure by potentiometric 
titration with alkali). The analytical sample, m.p. 42-43°, 
was obtained by chromatography of the crude material on 
unactivated acid-washed alumina (ether elution).

Anal. Calcd. for C4H A P S 2: C, 22.2; H, 4.20; P, 14.3; 
S, 29.7. Found: C, 22.3; H, 4.35; P. 14.0; S, 29.6.

0,0-Dimethyl S-(methylcarbamoylmelhyl) phosphorothioate 
(IX). A solution of potassium 0,0-dimethvl phosphorothio
ate (111 g., 0.6 mole, 97.5% purity) and 2-ehloro-A-methyl- 
acetamide in a chloroform-water system (200 ml. of each 
solvent) was rapidly stirred and heated under reflux for 2 hr. 
The layers were cooled and separated and the water layer 
extracted with two 75-ml. portions of chloroform. The com
bined chloroform fractions were washed with 20 ml. of 20% 
potassium bicarbonate solution and dried over magnesium 
sulfate. Removal of the solvent under vacuum left 75.4 g. of a 
yellow oil. Unchanged chloroamide and 0,0,<S-trimethyl 
phosphorothioate b3r-product were removed on a rotary 
film evaporator at a pressure of 0.4 mm. and bath tempera
ture of 80-85°. There remained 36.9 g. of a yellow oil, which 
was molecularly distilled at 1 micron pressure and a jacket 
temperature of 100-110°. After a fore-run of liquids with low 
refractive index, the product (25.9 g., 20%), a straw-colored 
viscous oil, was collected as three fractions w ith«“  1.4984, 
Eisenlohr-Denbigh molar refraction22 319.5 (Calcd. 314.3).

Anal. Calcd. for C5H,6NO,P8: C, 28.2; H, 5.68; N, 6.57; 
P, 14.5; S, 15.0. Found: C, 28.2; H, 5.65; N, 6.28; P, 14.3; 
S, 15.3.

2-((Mercaptomethoxyphosphinyllhioacetyl)-l ,1,1-trimethyl- 
hydrazonium hydroxide, inner salt (XI). S-Carboxymethyl
O, 0-dimethyl phosphorodithioate (38 g., 0.18 mole), ethyl
ene phosphorochloridite (22.2 g., 0.18 mole), triethylamine 
(17.7 g., 0.18 n.ole), and anht'drous unsymdimethyltrydra- 
zine in a total of 350 ml. of benzene were allowed to react 
according to Method D, with the exception that following 
the addition of the hydrazine to the mixed anhydride the 
reaction mixture was stirred at room temperature for 2.5 
hr. instead of being heated under reflux. A viscous oil (26 g., 
59%) was obtained which had an infrared spectrum compat
ible with the expected hydrazide. Trituration of half the 
product under ether gave a white solid, m.p. 40-48°. On 
standing for several days this material changed to a gummy 
substance. Two recrystallizations from absolute ethanol 
gave 5 g. (23%) of a white solid, m.p. 170° dec.

Anal. Calcd. for C6Hl6N20 3PS;!: C, 27.9; H, 5.85; X, 10.9;
P, 12.0; S, 24.8. Found: C, 27.3, 27.7, 27.6; H, 5.72, 5.98, 5.95; 
N, 11.0, 11.2; P, 12.3, 12.3; S, 24.9.

The zwitterionic structure was assigned on the basis of 
elemental analysis, the high melting point, solubility proper
ties (soluble in water, insoluble in chloroform and benzene), 
and spectral evidence. The carbonyl frequency in the infrared 
was shifted to 1695 cm.-I, which is about 45-50 cm .' 1 higher 
in frequency than the carbonyl bands of the compounds listed 
in Tables I and II and is in the direction to be expected for a 
shift caused by a proximate electron withdrawing group 
•such as quaternary ammonium. The NMR proton spec
trum11'12'13 showed a ratio of 3 nitrogen-bound methyl 
groups to 1 CH3OP group. Methylation of the product with 
methyl iodide gave a solid which, though it melted over a 
wide range and was undoubtedly impure, showed (he charac
teristic doublet.11 of the CH3SP group at 4.20 p.p.m. (split
ting: 16 cps) in the NMR spectrum and was presumably 
mainly the expected methylation product of XI,

o  0
CHAR || ||

>P—SCH2CNHN(CH3)3 i - 
CHaS/

Known haloamides. The majority of the 2-ehloroacetamides 
were prepared from chloroacetyl chloride according to the 
two-phase procedure of Speziale and Hamm23 24 with the use

(22J R. Sayre, J. Am. Chem. Soc., 80, 5436 (1958).
S

of methyl isobutyl ketone instead of ethylene chloride as the 
nonaqueous solvent. The A’-substituents and appropriate 
literature references for the known compounds prepared in 
this manner are as follows: ethyl,21'25■propyl,26 /-propyl,2:1 
butyl,23 /-butyl,26 ¿-butyl,23 allyl,27 phenyi,28 and cyclo
hexyl.23 N-( Chloroacetyl jmorpholine29 and 2-bromo-Ar- 
methylbut.yramide30 were similarly prepared.

The following haloamides were prepared from the corre
sponding haloacyl chlorides by the method described below 
for 3-chloro-A-met hylpropiona mide: 2-chloro-.V,A-dimethyl- 
acetamide,21 2-bromo-A’-meth\ lpropionamide,31'32 2-bromo- 
A'-methylisobutyramide,30'33 and 2-bromo-.V-methyliso- 
valeramide.31 35 The following were made by literature meth
ods: A’-carbamoylmet,liyl-‘2-chloroacet amide,36 A'-p-sulfa-
moylphenyl-2-chloroacetamide,36 A-acetyl-2-chloroacet- 
amide,3'' A-benzoyl-2-chloroaeetamide,31 Al-chloroaretyl-A’'- 
methylurea,38 ethyl chloroacetylearbamate,38 and A-chloro- 
acetylbenzenesulfonamide.39 2-Chloro-A'-me thy ¡acetamide 
and 2-chloro-Ar,A’-diethylacetamide were obtained com
mercially.

A 'etc haloamides. S-Chloro-X-(S-tn'azolyl)aceta.iiide. 3- 
Aminotriazole (33.6 g., 0.4 mole) and chloroacetyl chloride 
(56.3 g., 0.5 mole) were allowed to react according to the 
procedure of Speziale and Hamm23 using methyl isobutyl 
ketone instead of ethylene chloride as the nonaqueous 
solvent. An 89% yield of solid material separated directly 
from the reaction mixture. Recrystallization from aceto
nitrile gave the analytical sample, m.p. 272° dec.

Anal. Calcd. for C.IUClXhO: C, 29.9; H, 3.13; X, 34.9. 
Found: C, 30.1 H, 3.17; X", 35.1.

N-Carhomcthoxymethyl-2-chloroa<etamide. A stirred, cooled 
(10°) slurry of methyl glycinate hydrochloride (25 g., 0.20 
mole) in 300 ml. of anhydrous ether was converted to the 
free base by bubbling in anhydrous ammonia. The precipi
tated ammonium chloride (11 g., 100%) was removed In
filtration and the filtrate stirred and cooled in an ice metha
nol bath while triethylamine (20.2 g., 0.20 mole) was added, 
followed by the addition of chloroacetyl chloride (22.6 g., 
0.20 mole) at such a rate as to keep the temperature be
tween — 8° and —4°. The triethylamine hydrochloride was 
filtered off and washed with ether and chloroform. Evapora
tion of the combined filtrated and wash solutions gave a 
semi-solid mass, which was extracted with 100 ml. of hot

(23) A. J. Speziale and P. C. Hamm, J. Am. Chem. Soc., 
78, 2556 (1956).

(24) W. A. Jacobs and M. Heidelberger, ./. Biel. Chem., 
21, 145 (1915).

(25) Ethylene chloride -water system was used.
(26) M. Backes, Compì, rend., 233, 66 (1951).
(27) C. Harries and I. Peterson, Ber., 43, 135, 1758 

(1910).
(28) H. K. Iwamoto and de C. Farson, ,/. .ln.. Pharm 

Assoc., 35, 50 (1946).
(29) P. Malatesta and (5. Migliaccio, Farmaco (Paria), 

Ed. Sci., 11, 113 (1956).
(30) S. R. Safir, H. Dalalion, W. Fanshawe, K. Cyr.,

R. Lopresti, R. Williams, S. Upham, L. Goldman, and 8. 
Kushncr, Am. Chem. Soc., 77, 4840 (1955).

(31) \V. E. Weaver and W. AI. Whaley, J. Am. Chem. 
Soc., 69, 1144 (1947).

(32) M.p. 43.5—44.5°. Ref. 31 gives m.p. 40°.
(33) M.p. 59-60°. Ref. 30 gives m.p. 53 -55°.
(34) A. Liebrecht, (1er. 261,877; Chem. Zenlr., 84, 395

(1913).
(35) P. Bergell, Z. Physiol. Chem., Hoppe-Seyler's, 97, 

298 (1916).
(36) W. A. Jacobs and M. Heidelberger, J. Am. Chem. 

Soc., 39, 2418(1917).
(37) J. B. Pofya and T. M. Spotswood, Bec. trav. chini., 

67, 927 (1948).
(38) G. Frerichs, Arch. Pharm., 237, 288 ( 1899).
(39) J. von Braun and W. Rudolph, Ber., 67, 1762

(1934).
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ethyl acetate. Removal of the ethyl acetate under vacuum 
and distillation cf the residual brown oil gave 52% of ma
terial boiling at 121-127°/0.1 mm., nJD5 1.4755.

Anal. Calcd. for CtHsCINO,: C, 36.3; H, 4.87; N, 8.46. 
Found: C, 36.3; H, 5.08; N, 8.21.

3-Chloro-K-methylpropionamide. Gaseous methylamine 
(40.0 g., 1.57 moles) was bubbled into a stirred solution of 3- 
chloropropionyl chloride (100 g., 0.787 mole) in 300 ml. of 
ethylene chloride at —15 to —10° for 1.5 hr. The thick white 
slurry was stirred an additional 2 hr. as it warmed to room 
temperature. The methylamine hydrochloride (52.2 g., 
08%) was filtered off and the filtrate evaporated under 
vacuum to yield 100 g. of a yellow solid, m.p. 59-62°. 
Recrystallization from ether gave 86.4 g. (90%) of pale 
yellow crystals, m.p. 62-64°. The analytical sample (from 
ether-hexane) had m.p. 65-65.5°.

Anal. Calcd. for C4H8C1N0: C, 39.5; H, 6.63; Cl, 29.2; 
N, 11.5. Found: C, 39.6; H, 6.68; Cl, 28.9; N, 11.4.

S-Bromo-N-methylpropionamide. The same procedure 
utilized for 3-ehloro-AT-methylpropionamide, with the excep
tion that liquid rather than gaseous methylamine was used, 
gave the 3-bromoamide from 3-bromopropionyl bromide in 
52% yield as a white solid, m.p. 74-75.5°, following two 
recrystallizations from ethyl acetate-hexane. The analytical 
sample (from chloroform-hexane) melted at 78.5-79°.

Anal. Calcd. for C4HsBrNO: C, 28.9; H, 4.86; X, 8.44. 
Found: C, 29.8, 29.9; H, 5.03, 5.08; X, 8.52.

N-Chloroaretylphthalimide. The procedure of Evans and 
Dehn,40 using phthaloyl chloride (101.5 g., 0.5 mole) and 
chloroacetamide (46.8 g., 0.5 mole) in 500 ml. of toluene, 
gave 30 g. (27%) of product, m.p. 170-175°, that settled 
out on cooling. Recrystallization from toluene, followed by 
chloroform, gave 10.2 g. of colorless crvstals, m.p. 180-182°.

Anal. Calcd. for CIOH6C1N03: C, 53.71; H, 2.71; Cl, 15.86; 
N, 6.26. Found: C, 53.38; H, 2.93; Cl, 15.68; N, 6.38.
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(40) T. W. Evans and W. M. Dehn, ./. Am. Chem. Soc.,
51, 3651 (1929).
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A study nf the products of the reaction of methyl methacrylate, isopropyl acrylate, and methyl acrylate with various 
organomagnesium compounds has shown that these reactions follow' a consistent pattern. The products were separated by 
distillation and chromatography on alumina and were identified by analysis, by infrared, ultraviolet and NMR spectros
copy and gas chromatography. In addition to the expected product (V), produced by 1,4- addition of the organomagnesium 
compounds to the unsaturated esters, there were products (VI and XI) produced by a combination of a 1,4- followed by a
1,2- addition of the organomagnesium compound to the unsaturated ester. There were, in addition, two unexpected prod
ucts, the cyclic ketone VIII, resulting from a Dieckmann condensation, and the ketone XII, probably resulting from a com
bination of 1,4- and 1.2- additions followed by a reversal of the 1,2- addition.

Earlier investigators have studied the reaction 
of Grignard reagents with acrylic and methacrylic 
esters.2-4 Various products were reported, but 
rarely was an attempt made to isolate and identify 
all the products. Lebedeva and co-workers* 51 1 2 3 4 re
ported that the reaction of methyl methacrylate 
with ethylmagnesium bromide gave Ic and lie

(1) Presented in part before the Division of Organic 
Chemistry at the 137th Meeting of the American Chemical 
Society, Cleveland, Ohio, April 1960.

(2) (a) E. E. Blaise and C. Courtot, Conipt, rend., 140, 
370 (1905); (b) Iv. A. Ogloblin, Zhur. Obschei Khim., 18, 
2153 (1948).

(3) (a) A. I. Lebedeva and E. D. Vainrub, Zhur. Obschei 
Khim., 22, 1974 (1952); (b) A. I. Lebedeva and E. D. 
Vainrub, Zhur. Obschei Khim., 24, 1207 (1954); (c) A. I. 
Lebedeva, L. A. Gavrilova, and T. B. Serdobintseva, 
Zhur. Obschei Khim., 26, 2436 (1956).

(4) (a) I. N. Nazarov and A. I. Kakhniashvili, Sbornik 
Statei Obschei Khim., 2, 919 (1954) [Chem. Abstr., 49, 
6848 (1955)]; (b) H. Normant and P. Maitte, Bull. soc. 
chim. France, 951 (1956); (c) J. Munch-Petersen, J. Org. 
Chem., 22, 170 (1957); (d) M. B. Green and W. J. Hickin- 
bottom, J. Chem. Soc., 3262 (1957).

and with isopropylmagnesium bromide gave lid. 
With methyl acrylate and ethylmagnesium bro
mide, the products were la, Ha, and Ilia , while 
with isopropyl magnesium bromide and methyl 
acrylate, lib  and Illb  were the products. These data 
are presented in Table I.

CH2=C—C—R'
I

R '
la. R = H; R' = CJL
b. R = H; R ' = CH(CH3)2
c. R = OH3; R ' = C2H5
d. R = CH3; R ' = CH(CII3)2

R IÌ
I !

R'CH2C—  c h 2c h

COOCIL ¿OOCHa

Ila. R = H; R ' = C2H5
b. R = H; R ' = CH(CIIs)2
c. R = CH3; R ' = C2H5
d. R = CH¡; R ' = CH(CHa),
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n ia .  R = C2H5
b. R = C H (C H 3)2

RCH2CH=C—OCHa 

OMgBr
IV

TABLE I
The Reaction of Acrylic Esters with Geignard 

Reagents; Data of Lebedeva and Co-Workers3
Products

Reactants (jar. j£e_

Acrylic Ester

Alkyl-
magnesium
Bromide

binol
I,
%

Ester
II,
%

tone
III,
%

Methyl methacrylate Ethyl 34 12 0
Methyl methacrylate Isopronvl 0 59 0
Methyl acrylate Ethyl 11 27 61
Methyl acrylate Isopropyl 0 80“ 16
“ Plus 4.7 g. unidentified material.

Lebedeva36 postulated that compound III resulted 
from a trimerization of the enolate IV. However, 
compound III is the keto form of a trisubstituted 
phloroglucinol, and although the microanalyses 
and titration data are in accord with the formula
tion, the ultraviolet absorption at 294 mju, which 
Lebedeva attributed to a di-a-substituted ketone, 
is not in agreement with this structural assignment. 
Trimethylphloroglucinol absorbs at 271 and 274 
m/1,6 and further substitution on the alkyl group 
would not be expected to raise the absorption to 
294 mju. Also, in the reaction of methyl acrylate 
with isopropyimagnesium bromide, a calculation 
of the yield of all of the products shows that a greater 
than 100% yield was obtained; therefore, some 
doubt is cast on the assignment of structure.

The primary objectives of this work were to 
establish the nature of the products formed by the 
reaction of methyl methacrylate with dibutyl- 
magnesium, diphenylmagnesium, butylmagnesium 
bromide, and phenylmagnesium bromide as well 
as to determine the relative amounts of these 
products.

D IS C U S S IO N

The reactions were conducted under an atmos
phere of nitrogen by adding the monomer in 
diethyl ether dropwise over a period of three 
hours to the organomagnesium compound in 
ether so that the temperature did not rise above 
5°. The ether-insoluble material was removed by 
filtration, and the soluble portion was dissolved in 
petroleum ether. Any petroleum ether-insoluble 
material was removed by decantation.

The infrared spectra of the petroleum ether- 
soluble residues were very complex showing car

ts) T. W. Compbell and G. M. Coppinger, J. Am. Chem. 
Soc., 73, 2708 (1951). •

*

bonyl maxima attributable to ketone, ester, and 
in some cases, anhydride and lactone. The residues 
were distilled through a 24 "-spinning band column 
at reduced pressure. The results are shown in the 
experimental section. Most of the fractions were 
still mixtures, but several facts could be ascertained 
from the spectra of these mixtures. In the case of 
the reaction of methyl methacrylate with dibutyl- 
magnesium or butylmagnesium bromide, in addi
tion to the maximum at 1740 cm.-1 attributable to 
esters of the type Va, there were maxima at 1715 
and 1712 cm.-1 attributable to saturated ketone, 
at 908 and 1640 cm.-1 attributable to an unsatu
rated hydrocarbon, at 1810 and 1770 cm.-1 attrib
utable to anhydride, and at 1760 cm.-1 attrib
utable to lactone. The spectra of the fractions 
from the reaction of methyl methacrylate with 
diphenylmagnesium and phenylmagnesium bro
mide displayed maxima at 1740 cm.-1 (Vb), 
1665 cm.-1 (benzophenone), 1690 cm.-1 (conju
gated ketone, either VIb or VII), and at 1712 cm.-1 
(saturated ketone). Since it was felt that the 
presence of the phenyl group might be a definite 
aid in determining the nature of the products, 
most of the identification work was done on the 
products of the reaction of methyl methacrylate 
with diphenylmagnesium and phenylmagnesium 
bromide.

Va.
b.
c.
d.
e.

R --

R '
I

c h 2c - -H

lOOR’
R = n -C A ; R ' = R" = CH3 
R = C A ; R ' = R" = CH3 
R = CH(CH3)2; R ' = R" = CH3 
R = C A ; R ' = H; R" = CH(CH3)2 
R = CH(CH3)2; R ' = H; R" = CH3

R '

I y
RCHjCH—C—R 

via. R = ra-CA; R ' = CH3

b. R = C A ; R ' = CH3
c. R = CH(CH3)2; R ' = CH3

d. R = C6HS; R ' = H
e. R = CH(CH3)2; R ' = H

c h 3

CHÿ=C—C—C A  
VII

The saturated ketone, absorbing at 1712 cm.-1, 
could only arise by a Claisen-type condensation, 
since any ketone formed by reaction of diphenyl
magnesium or phenylmagnesium bromide with the 
ester carbonyl would produce a phenyl-substituted 
ketone which should have afcarbonyl' absorption 
lower than 1712 cm.-1 Claisen-type condensations 
induced by Grignard reagents have been reported 
by several investigators.6 In this case, the ketone

(G) M. S. Kharasch and O. Reinmuth, Grignard Reactions 
of Non-Metallic Substances, Prentice-Hall, Inc., New York, 
1954, p. 565.
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could be formed by an intermolecular condensation 
giving rise to an acyclic /3-keto ester, but an acyclic 
ketone with five substituents on the adjacent car
bon atoms7 would be expected to absorb nearer 
1700 cm.-1 Intramolecular condensation would 
give rise to a substituted cyclic d-keto ester8 which 
would be expected to absorb near 1712 cm.“ 1. 
A fraction rich in the ketone adsorbing at 1712 
cm.“ 1 was chromatographed on alumina. The

The benzophenone could arise by reaction of the 
organomagnesium compound with adventitious 
carbon dioxide9; however, the organomagnesium 
compounds were prepared under nitrogen, and the 
reactions were conducted under nitrogen, so this 
reason was ruled out. There existed the possibility 
that the benzophenone might arise as a result of 
the reversal of the addition of a Grignard reagent 
to a ketone.

R ' R ' OMgX
i RoM g:M gX! 1 l

(1) CHi=C—COOR" ------------- >- CH2= C —C—R
I

R

R'

R 2C = 0  +  CH2=C H M g:M gX 2 

IX
R iM g:M sX 2

R '

(2) RCH2CHCOOR"

R ' OMgX

-a- RCH2Ch Ì —R
I

R
Xa. R = 71-C4EU; R ' = R" = CH3 

b. R = C6H5; R ' = R" = CHS

R ' XIa. R = n-C4H„; R ' = CHS
I b. R = C6H5; R ' = CHS

R2C = 0  +  RCH2—CHMg : MgX2 c. R = CH(CH3)2; R ' = H
d. R = C6H5; R ' = H

Xlla. R = »-C4H9
b. R = C6H6
c. R = I-CsHt

infrared spectrum of the fraction eluted by ben
zene exhibited carbonyl maxima of equal intensity 
at 1740 and 1712 cm.-1 The microanalysis was 
consistent with the formula C20H26O5, and the NMR 
spectrum had one peak at 0.65 (5 protons on ben
zene), two methyl ester peaks at 2.94 and 3.10, 
two 2-proton quartets centered at 3.72 and 4.55, 
a 2-proton doublet at 4.14, and two methyl peaks 
at 5.23 (intensity, 6) and 5.45 (intensity, 3) p.p.m. 
from external benzene. Consequently, the ketone 
having maxima at 1740 and 1712 cm.“ 1 is assigned 
the structure methyl 5-benzyl-l,3,5-trimethyl-4- 
oxocyclohexane - 1,3 - dicarboxylate (VUIb). 
It was not possible to prepare a 2,4-dinitrophenyl- 
hydrazone of this material, probably because of 
the hindrance of the four substituents alpha to the 
carbonyl group.

O
R' Il R'

RCH, -COOR"

R' COOR'
Villa. R = n-C4H9; R ' = R" = CH3

b. R = C6H5; R ' = R" = CH3
c. R = CH(CH3)2;R ' = R" = CH3
d. R = C6H5: R ' = H; R" = CH(CH3)2
e. R =  CH(CH3)2; R ' =  H; R" =  CH3

In order to check this possibility, methyl meth- 
acrylate-l-C14 was treated with phenylmagnesium 
bromide. The reaction was conducted and worked 
up as before, and the fraction containing the ben
zophenone was chromatographed on alumina. 
The fraction eluted by 10 and 25% benzene in 
petroleum ether was shown to be an unsaturated 
hydrocarbon. The fraction eluted by 50% benzene 
was the ketone absorbing at 1690 cm.“ 1, and the 
fraction eluted by 75% benzene in petroleum ether 
and by benzene contained the benzophenone. The 
latter was recrystallized from petroleum ether and 
twice sublimed, ■whereupon it melted at 49° both 
alone and on admixture with pure benzophenone. 
I t gave a 2,4-dinitrophenylhydrazone melting at 
242° alone and at 240° on admixture with authentic 
benzophenone-2,4-dinitrophenylhydrazone. The 
specific activities of the methyl methacrylate and 
the benzophenone were identical within experimental 
error, showing that the carbonyl group of the ben
zophenone does come from the carboxyl group of 
the methyl methacrylate.

If the benzophenone arises as shown in equation 
1, it should be possible to isolate propylene or the 
product of the reaction IX with a carbonyl group. 
In an experiment in which the effluent gas from the

(7) P. D. Bartlett and M. Stiles, J. Am. Chem. Soc., 77, 
2806 (1955).

(8) L. J. Bellamy and L. Beeeher, J. Chenu Soc,, 4487
(1954),

(9) H. Gilman and N. B. St. John, Ree. trav. chini., 49, 
1172 (1930); M. Mousseron and R. Granger, Bull. soc. 
chim., [5], 1 3 , 251 (1946); G, Schroeter, Tier., 40, 1584
(1907). •
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reaction was collected, no propylene was found by 
mass spectroscopy, and no evidence for the forma
tion of a vinyl ketone was found; therefore, it is 
believed that the benzophenone arises as shown in 
equation 2. Although there is no direct evidence 
for the presence of XII in the reaction mixture, 
it was possible to identify X in the product mixture 
by direct comparison of infrared maxima, and 
evidence is presented later for the presence of XI 
in addition to the ketone VIb resulting from the 
addition of one phenylmagnesium bromide to X.

The ketone eluted by 50% benzene in petroleum 
ether had a carbonyl maximum at 1690 cm v1, 
melted below 0°, and as pointed out above, could 
have structure VIb or VII. The empirical formula 
of the ketone was Ci6H160  and of its 2,4-dinitro- 
phenylhydrazone was C22H24N4O4. This ketone is 
assigned the structure 2-methyl-l,3-diphenylpro- 
pan-l-one (VIb). Treatment of methyl 2-methyl-
3-phenylpropionate (Xb) with an equivalent of 
phenylmagnesium bromide yielded a hydrocarbon,
1,1,3-triphenylprop-l-ene (Xlb) rather than the 
expected ketone (VIb). The material eluted by 10 
and 25% benzene in petroleum ether had a spec
trum identical with this hydrocarbon and an iden
tical melting point, 65-66°, both alone and on 
admixture. From the infrared spectra of the dis
tillation fractions, it was shown that the remaining 
material was of the type Vb, with n ranging from 
one to 4800.

On the basis of the above evidence, the products 
from the reaction of methyl methacrylate with di- 
butylmagnesium and butylmagnesium bromide 
were reexamined. The spectra indicated that there 
were maxima at 1740 and 1712 c m r1 attributable to 
Va and Villa, at 1715 cm.-1 attributable to Via 
or dibutyl ketone or both, and at 908 and 1635 
cm.-1 attributable to hydrocarbon XIa. There were 
also carbonyl maxima at 1810 and 1770 (anhydride) 
and 1760 (lactone). Unfortunately, chromatog
raphy of these materials on alumina did not 
yield pure fractions, and the material recovered 
from the columns did not display the maxima 
attributed to anhydride and lactone. Since the 
latter could not be identified and since they were 
there in rather small amounts, the nature of the 
lactone and anhydride is still in question. Treatment 
of methyl n-valerate with the Grignard reagent from
2-bromoheptane yielded 5-methylundecan-6-one 
(Via). By comparison of the positions and inten
sities of the gas chromatographic peaks for Via, 
di-n-butyl ketone, and the ketone mixture from the 
reaction products, it was possible to establish the 
identity of the two ketones and their relative 
amounts.

On the basis of the infrared spectra of all these 
distillation fractions, supported by the structural 
identifications from alumina and gas chromatog
raphy, the semiquantitative data on the reactions 
of methyl methacrylate with orga«,omagnesium

0

compounds shown in Table II were obtained; 
however, it must be pointed out that these data 
are only meant to give an order of magnitude and 
are subject to the limitations of the infrared method 
of estimation by comparison of absorbance ratios.10 11 
A series of reactions in which the organomagnesium 
compound was added to the methyl methacrylate 
revealed that much larger amounts of ether-in
soluble and petroleum ether-insoluble polymers 
were obtained. The spectra of the petroleum ether- 
soluble materials were similar to the spectra of the 
products where the methyl methacrylate was added 
to the organomagnesium compound, but because of 
separation difficulties, quantitative data on these 
materials were not obtained.

Because the results obtained with methyl meth
acrylate were at variance with the results reported 
in the literature, a study of the reaction of isopropyl 
acrylate with phenylmagnesium bromide was made 
to determine if the reaction would follow a similar 
course. Distillation of a portion of the product 
resulted in extensive decomposition and was aban
doned. Chromatography of a portion on alumina 
achieved little separation, and only 42% of the 
material was recovered. Although chromatography 
of a portion of the residue on alumina deactivated 
with ethyl acetate12 did not yield pure components, 
sufficient separation was achieved to enable us to 
identify the components of the mixtures by com
parison with pure materials. In addition to the 
infrared maximum at 1735 cm.-1 (Vd), there were 
maxima at 1690 cm.“1, presumed to be VId by 
analogy with the results obtained with methyl 
methacrylate and phenylmagnesium bromide, and 
at 1712, 1650, and 1615 cm.“ 1 (enolizable ¡8-keto 
ester) presumed to be VUId by comparison with 
the data of Leonard and co-workers13 and by 
analogy with the product from the reaction of 
methyl methacrylate and phenylmagnesium bro
mide.

In order to furnish unequivocal proof of the struc
ture of these two ketones, they were synthesized 
and their infrared and ultraviolet spectra were 
compared. The reduction of benzalacetophenone 
with zinc in acetic acid14 gave 1,3-diphenvlpropan-
1-one (VId). The material was purified by chroma
tography on alumina followed by sublimation. 
The infrared spectrum of this material was identical 
with the spectrum of the ketone absorbing at 1690 
cm.“ 1 which was in the reaction mixture from iso
propyl acrylate and phenylmagnesium bromide,

(10) R. N. Jones and C. Sandorfy, Chap. IV in Tech
nique of Organic Chemistry, Vol. IX, Interscienee Publishers, 
Inc., New York, 1956, p. 469.

(11) It. E. Dessv and G. S. Handler, J. Am. Chem. Soc., 
80, 5824 (1958).

(12) A. C. Cope, H. L. Dryden, Jr., and C. F. Howell, 
Org, Syntheses, 37, 73 (1957).

(13) N. J. Leonard, H. S. Gutowsky, N. J. Middleton, 
and E. M. Petersen, J. Am. Chem. Soc., 74, 4070 (1952);

(14) W; Schneidewind, Ber., 21, 1323 (1888).



2292 OW ENS, M YERS, AND ZIMMERMAN VOL. 26

TABLE II
T h e  R e a c t i o n  o f  A c r y l ic  E s t e r s  w i t h  O r g a n o m a g n e s i u m  C o m p o u n d s  

Reactants
Molar ratio
of organo- __________________  Products

Acrylic“
ester

Organomagnesium6
compound

magnesium 
compound6 
to acrylic 

ester

Ester V 
n = 
1,2,3, 

%

Ketone
XII,
%

Ketone
VI,
%

Ketone
VIII,

%

Hydro
carbon

XI,
%

Lac
tone,

%

Anhy
dride,

%

Poly
mer' V 
n >  3,

%
MMA (n-C4H9)2Mg 0.57 5 1 18 22 2 4 6 42
MMA (ra-C,iH9)2Mg: MgBr2 0.57 36 1 19 10 5 5 1 23
MMA (C6Hs)2Mg 0.57 44 8 14 7 1 Trace Trace 26
MMA (C6H5)2Mg 1.05 43 7 16 15 8 Trace Trace 11
MMA (CsH.OäMg : MgBr2 0.57 70 G 5 6 0 Trace Trace 13
IPA (C6H5)2Mg:MgBr2 0.50 50 Trace 3 6 0 0 0 40
MMA (¿-C3H7)2Mg: MgBr2 1.0 42 Trace 20 13 0 7 0 18
MA (¿-CsH7)2Mg : MgBr2 1.0 52 1 22 9 0 0 0 16

» MMA = Methyl methacrylate; IPA = Isopropyl acrylate; MA = Methyl acrylate. 6 In accordance with the evidence 
presented by Dessy and Handler,11 we have adopted the procedure of designating Grignard reagents as R2Mg:MgX2; 
thus, 1 mole of R2Mg: MgX2 is equivalent to 2RMgX. e Includes the ether-insoluble and petroleum-ether-insoluble polymer.

allowing for the maxima of the contaminant Vd. 
The ultraviolet spectrum of VId was identical with 
that of the material in the reaction mixture. 
Isopropyl 5 - benzyl - 4 - oxocyclohexane - 1,3- 
dicarboxylate (VUId) was synthesized by the se
quence of reactions shown below. Malonic ester 
was quantitatively cyanoethylated to give ethyl 
1, l-di(2-cyanoethyl)-methane-l, 1-dicarboxylate by

CH [CH,CH2COOCH(CH3)2]2
Sodium  in

COOCH(CH3)2
XIII

o

COOCH(CH3)2

COOCH(CH3)2
XIV

C 6H 5CH2C1

N a0 C H (C H 3)2

COOCH(CH3)2

C6H5CH2CHCH2CHCH2COOCH(CH3)2 Socilum..lX VUId
J benzene

COOCH(CH3)2
XV

the method of Bruson and Riener.15 The latter was 
simultaneously hydrolyzed and decarboxylated and 
was then converted to the triisopropyl ester (XIII) 
without isolation of the acid. The triester was cy- 
clized by the method of Sengupta16 with sodium in 
benzene.

Openshaw and Rubinson17 observed that the 
addition of an excess of sodium in methanol to a 
solution of methyl 4-oxocyclohexane-l,3-dicarboxy- 
late and methyl 3-chloropropionate in methanol 
containing a small amount of sodium iodide gave 
an 80% yield of methyl heptane-1,3,5,7-tetra-

(15) H. A. Bruson and T. W. Riener, J. Am. Chem. 
Soc., 65, 23 (1943).

(16) P. Sengupta, J. Org. Chem., 18, 249 (1953).
(17) H. T. Openshaw and R. Robinson, J. Chem. Soc., 

912 (1946).

carboxylate which, on cyclization with sodium 
in methanol, gave methyl 5-(2-carbomethoxyethyl)-
4-oxocyclohexane-l,3-diearboxylate in 80% yield. 
Treatment of a solution of isopropyl 4-oxocyclo- 
hexane-l,3-dicarboxylate (XIV), benzyl chloride, 
and sodium iodide in isopropyl alcohol with sodium 
in isopropyl alcohol yielded 67% of isopropyl 5- 
benzylpentane - 1,2,4 - tricarboxylate (XV) whose 
infrared spectrum was virtually identical with that 
of low molecular weight poly (isopropyl acrylate) 
initiated by phenylmagnesium bromide. Cyclization 
of triester XV with sodium in benzene gave a 45% 
yield of isopropyl 5-benzyl-4-oxocyclohexane-l,3-di- 
carboxylate (VUId), whose infrared spectrum was 
identical with that of the ketone having absorption 
maxima at 1712, 1650, and 1615 cm.-1 found in the 
product of the reaction of isopropyl acrylate with 
phenylmagnesium bromide. The cyclic ketone 
VUId exhibited an ultraviolet maximum at 253 m^ 
(enolizable /3-keto ester) and a shoulder at 208 mu 
(phenyl group) but did not obey Beer’s law. 
Bellamy and Beecher9 have observed that the 
intensity of the infrared absorption maximum at 
1642 cm.-1 of ethyl 2-oxocyclohexane-l-carboxylate 
which they attributed to the chelate form, is in
dependent of concentration, and we find that the 
intensities of this absorption in both the ultraviolet 
and infrared spectra do not obey Beer’s law.

From the above data and the data obtained from 
the chromatographic fractions, we were able to 
determine the amounts of the various products 
shown in Table I I ; however, it must be emphasized 
that these are semiquantitative data because of the 
reasons given previously and also because not all 
of the material was recovered from the alumina. 
Rechromatography of fractions resulted in quanti
tative recovery, but chromatography of a polymer- 
containing sample results in a considerable loss of 
material; therefore, it has been assumed that the 
difference between the amount of material charged 
and the amoSnt recovered from the column can be
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considered to be polymer. For these reasons, these 
data are given only to denote an order of magnitude 
and are not to be considered quantitative.

The above results seem to indicate that the reac
tions of isopropyl acrylate and methyl methacrylate 
with phenylmagnesium bromide follow the same 
course and that only the amounts of the products 
differ. However, because of the variance between 
these data and the data of Lebedeva and collabora
tors,3 we have repeated two of their experiments, 
the reaction of methyl acrylate and of methyl 
methacrylate with isopropylmagnesium bromide, 
and analyzed the products by infrared and ultra
violet spectroscopy and by alumina and gas chro
matography. The material obtained from the reac
tion of methyl methacrylate with isopropylmag
nesium bromide was distilled. Infrared analysis 
showed that in addition to the infrared maximum 
at 1740 cm.-1 (Vc), there were maxima at 1715 
cm.-1 (Vic or diisopropyl ketone or both), at 1712 
cm.-1 (VIIIc), and at 1760 cm.-1 (lactone). 
As before, the amounts of the different products 
were determined by infrared analysis of the distil
lation fractions. Analysis by gas chromatography 
revealed that there was no diisopropyl ketone, and 
this result was confirmed by the absence of an 
infrared maximum at 1025 cm.-1 present in the 
spectrum of diisopropyl ketone. The material 
obtained from the reaction of methyl acrylate with 
isopropylmagnesium bromide was chromatographed 
on deactivated alumina. As was the case with 
isopropyl acrylate, the separation was incomplete 
but was sufficient to determine the nature and 
amounts of the products. There were maxima at 
1740 cm.-1, attributable to Ve, at 1718 cm.-1 
attributable to Vie or diisopropyl ketone or both, 
and at 1712, 1665, and 1612 cm.-1 attributable to 
Vllle. The ultraviolet spectra of the fractions con
taining VUIe had a maximum at 252 m/i but lacked 
the shoulder at 208 m/x. Gas chromatographic 
analysis showed the presence of both XVIb and 
diisopropyl ketone, and this fact was confirmed by 
the presence of maxima in the infrared spectra of 
the fractions which were also present in the spec
trum of diisopropyl ketone. No evidence could be 
found for the presence of a trisubstituted phloro- 
glucinol (Illb). The data on the products of these 
reactions are shown in Table II.

C O N C L U S IO N S

From the above data, there emerges a definite, 
consistent pattern as shown schematically below. 
In all of these reactions, the predominant product is 
ester of the type V resulting from successive 1,4- 
additions to the unsaturated ester, and this result 
is not surprising in view of the tendency of a,/3- 
unsaturated esters to undergo conjugate addition 
with Grignard reagents.18 The ketone VI and the hy-

(18) M. S. Kharasch and O. Reinmuth, op. tit., pp.
563-564. •
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drocarbon XI were not unexpected, and the amount 
of these products are reasonable in view of the 
data in the literature. It is interesting to note that 
no products resulting from 1,2- addition of the 
organomagnesium compound to the monomer 
were found. It is surprising that so much polymer 
was produced, especially when these results are 
compared with those of Lebedeva3 and with those 
of Munch-Peterson,4c but these data do agree 
with our observations on the ease of polymeriza
tion of these monomers with Grignard reagents.

The unexpected products were the ketones 
VIII and XII. To our knowledge, this is the first 
example of a Dieckmann cyclization involving a 
Grignard reagent, although Claisen condensations 
have been reported,7 and it is the first example of 
the reversal of the addition a Grignard to a ketone. 
It is possible that this reversal occurs on hydrolysis, 
and it may be a concerted process yielding ketone 
and hydrocarbon directly.19 Reversal of the addi
tion of a carbanion to a ketone during hydrolysis 
has been shown by Hamrick and Hauser.20

E X P E R IM E N T A L 21

Organomagnesium compounds. The di-n-butylmagnesium 
and diphenylmagnesium were prepared from high purity, 
sublimed magnesium and the corresponding organomercury 
compound in ether at reflux under nitrogen by the method of 
Schlenk.22 The Grignard reagents were prepared in ether 
under nitrogen by known techniques.23

Methyl methacrylate-l-Cu. Sodium bisulfite (26 g., 0.25 
mole) in 50 ml. water was stirred and cooled to 10°. To this 
solution was added acetone (14.5 g., 0.25 mole) during about 
1 min., with cooling by an ice water bath. The temperature 
rose to 35°, and the mixture became a thick slush of crystals 
of the acetone-bisulfite addition product. A solution of C14- 
labeled potassium cyanide (0.30 me./mole) (16.3 g., 0.25 
mole) in 25 ml. of water was added during about 5 min. with 
continued external cooling. The crystals dissolved and the
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temperature fell to 25° during the addition. The mixture 
was cooled to 5° and held at this temperature for 30 min. 
The upper oily layer of acetone cyanhydrin was separated 
from the aqueous layer, which was extracted with three 20- 
ml. portions of ether. The original organic layer and ether 
extracts were combined and extracted with two 20-ml. 
portions of saturated sodium bisulfite solution to remove 
unchanged acetone, then with four 20-ml. portions of 
saturated sodium chloride solution to remove traces of 
bisulfite. The ether solution was concentrated by distillation 
at reduced pressure; water was removed azeotropically with 
benzene, and the residue was distilled collecting the product 
at 72-73°/10.5 mm. The yield was 15.51 g. (73.2%). The 
activity was 3.5 pc./g.

Concentrated sulfuric acid (27.6 g., 0.27 mole) and 0.1 g. 
di-d-naphthol were heated to 70° with stirring in a 100-ml. 
flask having a thermometer, dropping funnel and reflux 
condenser. The above acetone cyanhydrin (15.35 g., 0.18 
mole) was added from the dropping funnel during about 10 
min., holding the temperature at 75-85° by external cooling. 
Following the addition the temperature was raised to 140° 
for 30 min. The mixture was cooled to 70° and a mixture of

(19) The referee has suggested that ketone XII could 
arise by a retroaldol reaction of compound XVI to give 
XVII. There was, however, no evidence for the presence 
of XVII, XVIII, or XIX in the reaction mixtures. Since

R'J R ' /O M g X
c h 2 4 " N - c - r

XVI

it was show'n that VI and XI are present, we are inclined 
toward the reverse Grignard reaction postulated above as 
an explanation for the origin of the ketone XII.

(20) P. J. Hamrick, Jr. and C. R. Hauser, J. Am. Cheni. 
Soc., 81, 3144 (1959).

(21) All melting points are corrected. All boiling points 
are uncorrected. The authors are indebted to Miss J. Cronin 
for technical assistance and to Mr. C. W. Nash for the 
microanalyses.

(22) W. Schlenk, Ber., 64, 734 (1931).
(23) M. S. Kharasch and O, Reinmuth) Op. cil., Chaptbf

water and 17.5 g. of methanol was added from the dropping 
funnel. The mixture was heated to reflux and held at reflux 
for 4.5 hr., the temperature falling from 85° to 78.5° during 
this time. Changing to a downward condenser, distillate con
sisting of water, methanol and methyl methacrylate was 
taken off over a range of 70.5-97°, the pot temperature rising 
from 79 to 140°. The crude distillate (33 g.) was washed with 
an equal w'eight of 40% calcium chloride solution to remove 
water and methanol. The organic layer (16 g.) was treated 
again with 40% calcium chloride solution, and the combined 
calcium chloride washes were extracted with ether (3 X 10 
ml.). The combined organic layer and ether extracts w'ero 
dried over anhydrous calcium chloride. The dried ethereal 
solution was concentrated, and the residue was distilled at 
125 mm. pressure through a small column (1 cm. X 16 cm.) 
with copper packing. The product was collected at 51-52°. 
The yield was 6.82 g. (39%), activity 3.3 pc./g. This material 
w'as diluted wuth unlabeled methyl methacrylate so that the 
final activity was 6.7 X 10~3 ,uc./millimole.

Spectra. The infrared spectra were obtained on a Perkin- 
Elmer model 21 double beam recording spectrometer 
equipped with rock salt, optics. The slit program was set at 
927, and the 2.0 to 15.0 p scanning time was 15 min. Capillary 
films between rock salt plates were used except, where noted. 
Identification of the pure products wras accomplished by 
comparison with spectra of samples prepared by alternate 
routes.

The relative amount of each product in a fraction was 
determined from the ratio of the absorption of the carbonyl 
peaks, assuming that the molar absorption coefficients of the 
various carbonyl maxima were the same. While this assump
tion is not strictly valid, this method should serve to deter
mine the order of magnitude of the products and should be 
more accurate for comparison purposes than integrated 
absorption intensities.11 In all cases, selected absorption 
maxima are reported and the letters in parentheses refer to 
strong, medium, and weak intensities.

The ultraviolet spectra were obtained on a Beckman model 
DK-2 recording instrument. The samples were examined as 
solutions in absolute ethanol.

The reaction of methyl methacrylate with organomagnesium 
compounds. The general procedure for the reaction of methyl 
methacrylate with organomagnesium compounds is illus
trated below in the specific directions for the reaction of 
methyl methacrylate with diphenylmagnesium.

The reaction of methyl methacrylate with diphenylmagnesium 
(Expt. 3). To 300 ml. of an ethereal solution containing 0.17 
mole, of diphenylmagnesium in a 1-1., three-necked flask 
equipped with a stirrer, addition funnel, reflux condenser, 
and thermometer was added dropwise with stirring a solution 
of 32 ml. (30 g., 0.3 mole) of methyl methacrylate over a 
period of 3 hr. while the temperature was maintained be
tween 0 and 5° by means of an ice bath. On completion of 
the addition, the mixture was allowed to stir overnight, 
whereupon it was hydrolyzed wfith a solution of 150 ml. of 
coned, hydrochloric acid in 150 ml. of water, the temperature 
being maintained between 0 and 10°. The solid polymer was 
removed by filtration and was washed by stirring in a large 
volume of water for several hours, whereupon it was collected 
by filtration and dried in a vacuum oven for 48 hr. There was 
obtained 3.23 g.

The ether layer was separated, and the aqueous layer was 
extracted with three 150-ml. portions of ether. The combined 
ether layer was -washed with three 150-ml. portions of a 
saturated salt solution. The ether was dried and was re
moved at the water pump. Petroleum ether (b.p. 30-78°) 
(100 ml.) was added to the residue; most of the material dis
solved leaving a semisolid residue. The petroleum ether solu
tion was decanted. After drying ih a vacuum oven for 24 hr.* 
the petroleum ether-insoluble material amounted to 1.54 g.

The petroleum ether was removed in vacuo, and the residue 
was distilled through a 24" vacuum-jacketed spinning band 
column.

Seven frabtiSns were obtained:
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Fraction
Fraction
Number B.P. Mm.

Weight,
G.

Infrared Maxima, 
Om.“1

1 51-68 92 0.50 1740 (s), 1690 (m), 1635 (m)2 84-86 2.7 3.32 1740 (s), 1665 (w)
3 83-99 0.05 6.69 1740 (s), 1690 (s), 1665 (m)
4 99-103 0.05 7.74 1740 (s), 1690 (s)
5 100-104 0.05 4.08 1740 (sì, 1712 (m), 1690 (w)
6

Residue
110-118 0.05 2.38

6.90
1810 (w), 1770 (m), 1740 (sì, 1712 (sì
1810 (w), 1770 (mi, 1740 (sì, 1712 (si, 1690 (w)

The reaction of methyl methacrylate with dibutylmagneshim 
(Expt. 1). The ether-insoluble polymer amounted to 2.12 g., 
and 2.34 g. of the petroleum ether-insoluble polymer was 
obtained. From the distillation there were obtained nine 
fractions:

The reaction of methyl methacrylate with diphenyhnagnesiurn 
(Expt. 4). Three hundred milliliters of an ethereal solution 
containing 0.315 mole of diphenylmagnesium was used. No 
insoluble polymer was obtained. Distillation gave eleven 
fractions.

Fraction
Number B.P. Mm.

Fraction
Weight,

G.
Infrared Maxima, 

Cm.
1 52-63 97 1.36 1740 (si, 1715 (s)
2 76-93 4.95 1.52 1740 (w), 1715 (si
3 46-50 0.10 2.58 1715 (s), 1640 (wl
4 61-66 0.10 1.50 1740 (s), 1715 (si
5 68-72 0.025 1.79 1740 (s), 1712 (si
6 102-116 0.075 8.88 1810 (mi, 1770 (s), 1740 (s), 1712 (si
7 117-120 0.10 3.51 1760 (s), 1740 (si, 1712 (si
8 120-124 0.10 0.92 1810 (w), 1770 (s), 1740 (s), 1712 (si

Residue 3.47 1810 (mi, 1770 (si, 1740 (si, 1712 (s)

The reaction of methyl methacrylate with butyl magnesium Four grams of fraction 9 was chromatographed on a 33-
bromide (Expt. 2). The ether-insoluble polymer amounted mm. bore column packed with three 100-g. portions of alu-
to 2.39 g., and the petroleum ether-insoluble fraction weighed mina separated by 1" glass wool plugs. There was eluted with
0.53 g. 75% benzene in petroleum ether and with pure benzene 0.89

Nine fractions were obtained on distillation g. of material having infrared maxima at 1740 (s) and 1712

Fraction
Fraction Weight, Infrared Maxima,
Number B.P. Mm. G. Cm.“1

1 42-46 100 0.58 1740 (s), 1640 (w)
2 65-66 4.55-4.85 0.67 1740 (si, 1715 (si, 1640 (wl
3 82-98 5.00 3.66 1740 (w), 1715 (s)
4 106-108 4.70 2.55 1715 (s)
5 70-73 0.1-0.05 3.49 1740 (s), 1715 (s)
6 74..5-77 0.05 7.16 1740 (si
7 84-103 0.05 4.28 1740 (s), 1712 (s)
8 116-127 0.10 4.13 1760 (s), 1740 (s), 1712 (s)

Residue 4.14 1760 (s), 1740 (s), 1712 (si

The reaction of methyl methacrylate with phenylmagnesium 
bromide (Expt. 5). There was obtained 1.00 g. of ether-in
soluble polymer and 0.87 g. of petroleum ether-insoluble 
polymer. Distillation gave eight fractions:

(s) cm.“1 This material did not crystallize, and it was not 
possible to prepare a 2,4-dinitrophenylhydrazone.

Anal. Calcd. for CsoHmOs: C, 60.34; H, 7.57. Found: C, 
69.34; H, 7.47.

Fraction
Number B.P. Mm.

Fraction
Weight,

G.
Infrared Maxima, 

Cm.“1

1 100-106 3.90 1 .01 1740 (s)
2 53-59 0.10 0.81 1740 (s)
3 83-91 0.10 2.49 1740 (s), 1665 (s), 1635 (w)
4 94-101 0.025 3.56 1740 (s), 1690 (w), 1665 (m)
5 102-104 0.025 12.40 1740 (s), 1690 (w)
6 104-108 0.025 3.69 1740 (s)
7 112-124 0.10 3.79 1740 (s), 1712 (s)

Residue • 3.90 1810 (w), 1770 (m), 1740 (s), 1712 (m)
0
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Fraction 
N umber B.P. Mm.

Fraction
Weight,

G.
Infrared Maxima, 

Cm.“1

1 47-57 99 0.75 1690 (m), 1665 (m), 1635 (w)
2 75-78 98 4.29 1740 (s), 1690 (m), 1665 im), 1635 (w)
3 87-110 98 1.54 1740 (s), 1665 (m), 1635 (w)
4 107-111 3.50 1.06 1740 (s), 1665 (w)
5 126-136 4.00 0.34 1740 (s), 1712 (m), 1665 is)
6 70-79 0.05 0.93 1750 (w), 1712 (w), 1655 (s), 1635 (w)
7 88-94 0.05 4.03 1740 (s), 1712 (m), 1690 (m), 1665 (s), 1635 (w)
8 98-104 0.10 20.68 1740 (s), 1690 (m)
9 114-118 0.10 6.64 1810 (m), 1770 (m), 1740 (m), 1712 (s)

10
Residue

121-136 0.10 3.22
4.10

1810 (m), 1770 (s), 1740 fs), 1712 (s) 
1810 (s), 1770 (m), 1740 Is), 1712 (s)

The NMR data, determined by Varian Associates, are 
given in the discussion section. This material was assigned 
the structure methyl 5-benzyl-4-oxo-l,3,5-trimethylcyclo- 
hexane-l,3-dicarboxylate (VUIb).

The reaction of methyl methacrylate-l-Cli with phenylmagne- 
sium bromide. No polymer was obtained. Distillation gave 
three fractions and a residue of 24.47 g.: 1. b.p. 48-69° 
(0.5-0.3 mm.), 0.60 g.; 2. 69-72° (0.3-0.25), 1.50 g.; 3. 80- 
122° (0.15 mm.), 7.43 g. Fractions 2 and 3 were combined 
and dissolved in 15 ml. of petroleum ether. The petroleum 
ether solution was placed on a 30-mm. bore column packed 
with five 100-g. portions of alumina separated by 1" plugs of 
glass wool. The material from fractions 7-14 was sublimed

Frac
tion

Num
ber Eluent

Frac
tion

Weight,
G.

Infrared
Maxima,
Cm.-1

7-14 10 and 25% benzene 
in petroleum ether

2.18 1740 (w), 1635 (w), 
910 (m)

17-20 50% benzene in 
petroleum ether

1.62 1740 (w), 1690 (s)

22-28 75% benzene in pet. 
ether and benzene

2.22 1665 (s), 1690 (w)

in vacuo and was shown to have a spectrum identical with 
that of the material obtained from the reaction of phenyl- 
magnesium bromide with methyl 2-methyl-3-phenylpropio- 
nate (vide infra) and the melting point was 65-66° both 
alone and on admixture; therefore it was assigned the 
structure 2-methyl-l,l,3-triphenylprop-l-ene (Xlb).

The material from fractions 17-20 melted below 0° and 
could not be recrystallized. It was dried in a desiccator at 0.1 
mm.

Anal. Calcd. for Ci6Hi60 : C, 85.68; H, 7.19. Found: C, 
85.45; H, 7.07.

A %,4-dinitrophenylhydrazone was prepared, m.p. 136°, 
after three recrystallizations from ethanol-ethyl acetate.

Anal. Calcd. for ChHooN /),: C, 65.34; H, 4.99; N, 13.85. 
Found: C, 65.73; N, 4.80; N, 13.89.

This material was assigned the structure 2-methyl-l,3- 
diphenylpropan-l-one (VIb).

The material from fractions 22-28 was recrystallized once 
from petroleum ether, m.p. 48°. Two subliminations in vacuo 
gave material melting at 49° both alone and on admixture 
with pure benzophenone. The activity was 6.6 X 10 “3 yc./ 
mmole. The 2,4^dinitrophenylhydrazone after three recrystal
lizations from ethanol melted at 242° alone and at 240° on 
admixture with the 2,4-dinitrophenylhydrazone of benzo
phenone.

S-Bromoheptane. Hydrogen bromide gas was passed into 
232 g. (2 moles) of heptanol-2, prepared by the reduction of 
heptanone-2, until the alcohol was saturated. The mixture 
was heated at 83° for 6.5 hr. while a slow stream of hydrogen

bromide was passed through it. On cooling, the reaction 
mixture was diluted with an equal volume of ether, was 
washed with two 250-ml. portions of a 10% aqueous solution 
of sodium carbonate and three 25 0-ml. portions of a saturated 
aqueous solution of sodium chloride. The ether solution was 
dried with anhydrous magnesium sulfate, and the ether was 
removed in vacuo. The residue was distilled through a 30 cm. 
helices-packed column. Two fractions were obtained: 1. b.p. 
75-77° (36 mm.), 13.5 g.; 2. b.p. 77° (37 mm.), 248.8 g., no 
1.4478 (25°) [reported24 b.p. 85 (50 mm.), no 1.4450 (25°)], 
70% yield.

Methyl 2-methylheptanoate (Xa). To 200 ml. of ether and 
15 g. of magnesium metal in a 500 ml., three-necked, steam- 
jacketed flask, equipped with a stirrer, Dry Ice condenser, 
addition funnel, and a stopcock in the bottom attached to a
2-1., 3-necked flask equipped with a stirrer and a Dry Ice 
condenser, was added dropwise a solution of 80 g. (0.45 
mole) of 2-bromoheptane in 80 ml. of ether. On completion 
of the addition, the solution was heated at reflux by means 
of steam for 3 hr., whereupon it was allowed to stand over
night. The ether solution of the Grignard reagent was then 
added during 45 min. through the stopcock in the bottom of 
the flask to a mixture of 100 g. of powdered Dry Ice and 250 
ml. of ether in the lower flask. The mixture was stirred for 
1 hr.; the mixture was hydrolyzed with 75 ml. of coned. 
h}rdrochloric acid in 75 ml. of water. The layers were sepa
rated, and the aqueous portion was extracted with three 150- 
ml. portions of ether. The combined ether layer was washed 
with three 150-ml. portions of a saturated aqueous salt 
solution, was dried with anhydrous magnesium sulfate, and 
the ether was removed in vacuo. Distillation through a 24", 
vacuum-jacketed, spinning band column gave two fractions:
1. 73-101° (0.7 mm.), 7.46 g.; 2. 101-103° (0.7mm.), 25.8 g , 
no 1.4239 (25°), 40% yield.

A solution of 25 g. (0.17 mole) of the above acid, 100 ml. of 
methanol, 600 ml. of benzene, and 1 g. of p-toluenesulfonic 
acid was heated at reflux for 65 hr. The solvent was removed 
in vacuo at room temperature; ether (150 ml.) was added to 
the residue, and the ether solution was washed with two 100- 
ml. portions of a 5% aqueous solution of sodium carbonate 
and three 100-ml. portions of saturated aqueous salt solution. 
The ether was dried and was removed on a water pump. 
The residue was distilled through the spinning band column. 
After a 0.35-g. forerun, the methyl 2-methylheptanoate dis
tilled at 78-80° (21-24 mm.). There was obtained 15.8 g. (56 
%) of material having an infrared maximum at 1740 cm.-1 
This material was shown to be pure by gas chromatography.

6-Methylundecan-5-one (Via). To 200 ml. of ether and 15 
g of magnesium metal in a 500 ml., three-necked, steam- 
jacketed flask, equipped with a stirrer, Dry Ice condenser, 
addition funnel, and a stopcock in the bottom attached to a 
1-1., three-necked flask equipped with a stirrer and a Dry Ice 
condenser, was added dropwise a solution of 80 g. (0.45 mole) 
of 2-bromoheptane in 80 ml. of ether. On completion of the * 54

(24) L. M. Ellis, Jr., and E. E. Reid, J. Am. Chem. Soc.,
54, 1863 (1932). •

%
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addition, the solution was heated at reflux by means of 
steam for 3 hr.,whereupon it was allowed to stand overnight. 
The ether solution of the Grignard reagent was then added 
during 90 min. through the stopcock to a solution of 39 g. 
(0.3 mole) of ethyl n-valerate in 100 ml. of ether. The solution 
was allowed to stir for 1 hr. and was then hydrolyzed with 75
ml. of coned, hydrochloric acid in 75 ml. of water. The ether 
layer was separated; the aqueous portion was extracted with 
three 150-ml. portions of ether; the combined ether layer 
was washed with three 150-ml. portions of saturated sodium 
chloride solution, was dried with anhydrous magnesium sul
fate, and the ether was removed at the water pump. The 
residue was distilled through the spinning band column. 
Three fractions were obtained: 1. b.p. 69-73° (0.75 mm.), 
1.52 g.; 2, 73-76° (0.75-0.80 mm.), 2.05 g.; 3. 76-78° (0.8
mm. ) 4.25 g. Fraction 3 had an infrared maximum at 1715 
cm.-1

rated solution of sodium chloride and was dried. The ether 
was removed in vacuo. Attempted distillation of a 10-g. por
tion of the residue resulted in extensive decomposition in 
the pot and was discontinued. A portion of the residue (10 
g.) was dissolved in 75 ml. of petroleum ether and this solu
tion was placed on a 37-mm. bore column packed with five 
150-g. portions of alumina separated by 1" plugs of glass 
wool. There was eluted by 50% benzene 0.52 g. of material 
having an infrared maximum at 1735 cm.-1; by 10% ether in 
benzene 1.37 g. of the same material; and by 10, 25, 50, 
and 75% methanol in chloroform 2.54 g. of material having 
infrared maxima at 1735 (s) and 1650 (m) cm. -1

A 10-g. portion of the residue was dissolved in a mixture of 
40 ml. of benzene and 60 ml. of petroleum ether, and this 
solution was placed on a 37-mm. bore column packed with 
five 150-g. portions of deactivated12 alumina separated by 
1" plugs of glass wool. The following fractions were obtained:

Fraction
Number Eluent

Fraction 
Weight, G.

Infrared Maxima, 
Cm. -1

6-10 25% benzene in pet. ether 2.12 1735 (s), 1690 (w)
11-15 50% benzene in pet. ether 2.24 1735 (s), 1690 (w)
16-21 75% benzene in pet. ether 1.33 1735 (s), 1690 (w)
22-25 Benzene 0.25 1735 (s), 1690 (m)
26-30 10% ether in benzene 0.31 1735 (s), 1712 (w), 1690 (m), 

1650 (m), 1615 (m)
31-35 25% ether in benzene 0.17] 1735 (s), 1712 (w), 1650 (m),
36-39 75% ether in benzene 0.08 1615 (m)
71-72 Chloroform 1.04J
80-95 10% Methanol in chloroform 0.40 1735 (s)

Attempted, preparation of 2-methyl-l,S-diphenylpropen-l- 
one (VIb). To 28.2 g. (0.i6 mole) of methyl 2-methyl-3- 
phenylpropionate (Xb) in 250 ml. of ether at 0° was added 
dropwise 0.08 mole of phenylmagnesium bromide in 100 ml. 
of ether solution. The mixture was stirred for 4 hr. and was 
allowed to stand overnight. The mixture was hydrolyzed with 
75 ml. of coned, hydrochloric acid in 75 ml. of water. The 
ether was separated, and the acueous portion was extracted 
with three 150-ml. portions of ether. The combined ether 
layer was washed with three '50-ml. portions of aqueous 
saturated salt solution. The ether solution was dried, and 
the ether was removed in vacuo. The residue was distilled 
through the spinning band column. Four fractions were ob
tained: 1. b.p. 30-72° (0.1 mm.), 1.6 g.; 2.72° (0.1 mm.),
10.1 g.; 3. 55° (0.05 mm.), 1.8 g.; 4. 120-138° (0.1-0.15 mm.)
15.2 g. Fraction 2 was starting material; fraction 3 was a 
mixture of fractions 2 and 4; and fraction 4 solidified on 
standing, m.p. 63.5-65°, and exhibited infrared maxima at 
1635 and 910 cm. -1 indicative of an olefinic, aromatic hy
drocarbon. Four grams of fraction 4 was dissolved in 15 ml. 
of petroleum ether and placed on a 19 mm.-bore column 
containing four 20 g. portions of alumina separated by glass 
wool plugs. Five and ten per cent (by volume) benzene in 
petroleum ether solution eluted 3.9 g. of material, m.p. 65- 
66°, having infrared maxima at 1635 and 910 cm.-1.

Anal. Calcd. for C22H20: C, 92.91; H, 7.09. Found: C, 
92.76; H, 7.09. The material was assigned the structure 2- 
methy 1-1,1,3-triphenylprop- l-ene(XIb).

The reaction of isopropyl acrylate vrith phenylmagnesium 
bromide. To 50 ml. of an ether solution containing 0.144 mole 
of phenylmagnesium bromide in a 1-1., three-necked flask 
equipped with a stirrer, addition funnel, reflux condenser, 
and thermometer was added dropwise with stirring a solu
tion of 42.5 ml. (38 g., 0.33 mole) of isopropyl acrylate in 
100 ml. of ether over a period of 90 min. while the tempera
ture was maintained between 0 and 4°. Stirring was con
tinued for 3 hr., and the mixture was hydrolyzed with 150 
ml. of coned, hydrochloric acid in 150 ml. of water. The 
ether was separated, and the aqueous layer was extracted 
with three 100-ml. portions of ether. The combined ether 
solution was washed with three 100-ml. potions of a satu-

0

Fractions 0-25 had a maximum in the ultraviolet at 240 my, 
with a shoulcer at 280 my. Fractions 31-72 had a minimum 
in the ultraviolet at 253 my with a shoulder at 208 my.

1,3-Diphenylpropan-l-one (VId). Benzalacetophenone was 
reduced with zinc in acetic acid by the procedure of Schneide- 
wind.14 The ether-soluble material vsras dissolved in 100 ml. of 
petroleum ether and placed on a 30-mm. bore column packed 
w ith five 100-g. portions of alumina separated by 1" plugs of 
glass wool. The fractions eluted by 10% benzene in petroleum 
ether amounted to 6.33 g. and had an infrared maximum at 
1690 cm.-1 After one sublimation in vacuo the melting point 
was 71-72° ( -eported14 m.p. 72°).

Anal. Calcd. for C15H14O: C, 85.68; H, 6.71. Found: C, 
85.44; H, 6."3.

Ethyl 1,1 -di{2-cyanoethyl )methanc-1,1 -dicarboxylate was 
prepared according to the procedure of Bruson and Riener,15 
m.p. 61.5-62° (reported16 m.p. 62°) after one recrystalliza
tion from ethanol.

Isopropyl pentane-1,3,6-tricarboxylate (XIII). Pentane-
1,3,5-tricarboxylic acid was prepared from the above nitrile 
by the method of Sengupta.16 The crude acid was esterified 
without purification. To the crude acid in a 3-1., two-nocked 
flask, connected to a 30-cm. column packed wfith Cannon 
packing, was added 800 ml. of isopropyl alcohol, 1-1. of ben
zene, and 30 ml. of coned, sulfuric acid. A Barrett-type water 
separator was connected to the top of the column, and the 
mixture was heated at reflux for 30 hr. at which time no 
more water separated. A total of 180 ml. of aqueous phase 
was collected. The solvent was removed in vacuo at room 
temperature. Ether (1.5 1.) was added, and the ether solution 
was washed with three 750-ml. portions of a 10% aqueous 
solution of sodium carbonate which was saturated with 
sodium chloride. The ether solution was then washed with 
three 750-ml. portions of saturated salt solution, was dried, 
and the ether was removed in vacuo. The residue was distilled 
through the spinning band column. The fraction boiling at 
124° (0.2 mm.) was shown to be pure by infrared absorption 
and by gas chromatography. There was obtained 223 g., 70% 
yield based cn the nitrile.

Isopropyl 4-oxocyclohexane-l,S-dicarboxylate (XIV). To 
500 ml. of benzene in a 1-1., three-necked, Morton flask
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equipped with a Labline high speed stirrer, a condenser, and 
an addition funnel was added 9 g. (0.39- g.-atom) of sodium 
metal. The benzene was heated at reflux, and the sodium was 
pulverized with the high speed stirrer. With continued heat
ing and stirring, 0.5 ml. of isopropyl alcohol was added, and
82.5 (0.25 mole) of isopropyl pentane-1,3,5-tricarboxylatc 
was added dropwdse during 90 min. Heating and stirring 
were continued for 6.5 hr., and the mixture was allowed to 
cool to room temperature. A solution of 50 ml. of acetic acid 
in 50 ml. of benzene was added followed by 500 ml. of water. 
The benzene was separated, and the aqueous layer was 
washed with three 50-ml. portions of benzene. The combined 
benzene layer was washed with three 200-ml. portions of 
water saturated with sodium chloride. The benzene solution 
was dried with magnesium sulfate, and the benzene was re
moved in vacuo. The residue was distilled through the spin
ning band column. The fraction boiling at 118-121° (0.45 
mm.) amounted to 50.6 g., 75% yield, and had infrared 
maxima at 1735, 1712, 1655, and 1615 cm.“1 and an ultra
violet maximum at 250 mp (e = 9300).

Anal. Calcd. for C14H22O5: C, 62.20; H, 8.20. Found: C, 
62.05; H, 8.22.

Isopropyl 5-benzyl-4-oxocyclohexane-l,8-dicarboxylale 
(VUId). To a stirred solution of 27 g. (0.1 mole) of isopropyl
4-oxocyclohexane-l,3-dicarboxvlate, 11.5 ml. of benzyl chlo-

dispersed with the high speed stirrer. Isopropyl alcohol (0.5 
ml.) w'as added followed by 25 g. of the above residue drop- 
wise during 90 min. Heating and stirring rvere continued for 6 
hr. The flask was cooled in an ice bath and a solution of 11 ml. 
of acetic acid in 10 ml. of benzene was added, followed by 100 
ml. of water. The toluene was separated; the aqueous layer 
was extracted with two 50-ml. portions of toluene; the com
bined toluene layer was washed with two 100-ml. portions of 
water, and the toluene was dried with anhydrous magnesium 
sulfate. Removal of the toluene in vacuo left 21 g. of residue, 
20 g. of which was dissolved in a mixture of 40 ml. of benzene 
and 40 ml. of petroleum ether. The benzene-ether solution 
was placed on the top of a 19-mm. bore column packed with 
four 20-g. portions of deactivated12 alumina separated by 
glass wool plugs. There was eluted with 50:50 (v:v) benzene- 
petroleum ether 10.6 g. (34% based on isopropyl 4-oxocyclo- 
hexane-l,3-dicarboxylate) of material having infrared 
maxima at 1735, 1712, 1650, 1615, 745, and 705 cm. “1

Anal. Calcd. for C2,H280 5: C, 69.98; H, 7.83. Found: C, 
70.08; H, 7.83. This material had an ultraviolet maximum at 
253 m/i (« = 8160) and a shoulder at 208 nyu.

The reaction of methyl methacrylate with isopropylmagne- 
sium bromide. The procedure of Lebedeva and Vainrub3a was 
repeated exactly. Distillation through the spinning band 
column gave six fractions:

Fraction
Fraction Weight, Infrared Maxima,
Number B.P. Mm. G. Cm.“1

1 92-100 2.25 0.61 1740 (s), 1715 (s)
2 102-114 3.00 1.50 1740 (s), 1715 (s)
3 64.5-67 0.10 1.28 1740 (s), 1715 (w)
4 67-68 0.15 4.22 1740 (s), 1715 (m)
5 66 0.10 0.87 1740 (s), 1712 (s)

Residue 4.22 1760 (m), 1740 (s), 1712 (m)

ride, and 0.25 g. of sodium iodide in 100 ml. of isopropyl al- The reaction of methyl acrylate with isopropylmagncsium
eohol was added a solution of 2.5 g. of sodium metal in 250 bromide. The procedure of Lebedeva and Vainrub3“ was re-
ml. of isopropyl alcohol dropwise over a period of 2 hr. The peated exactlv, except that the material was not distilled
solution was allowed to stand at room temperature for 48 but was placed on a 37-mm. bore column packed with five
hr., whereupon the solvent was removed on a water pump 150-g. portions of deactivated12 alumina separated by 1"
and finally at 0.5 mm. at room temperature. Ether (250 ml.) plugs of glass wool.. The following fractions were obtained:

Fraction
Fraction Weight, Infrared Maxima,
Number Eluent G. Cm.“ 1

5-7 10%, Benzene in pet. ether 0.51 1740 (s), 1718 (s), 1025 (w)
8-16 25%: Benzene in pet. ether 2.15 1740 (s), 1718 (m), 1025 (w)

17-21 50%, Benzene in pet. ether 1.06 1740 (s), 1718 (m), 1025 (w)
22-26 75% Benzene in pet. ether 0.75 1740 (s), 1718 (m)
27-31 Benzene 0.34 1740 (s), 1718 (s), 1665 (w),

1622 (w)
32-37 10% Ether in benzene 0.23 1740 (s), 1718 (s), 1665 (w),

1622 (w)
53-58 Ether 0.47 1740 (s), 1718 (s), 1712 (w),

1665 (m), 1622 (m)
74-79 Chloroform 0.43 1740 (s), 1665 (w), 1622 (w)
80-89 50% Methanol in chloroform 3 .10 1.740 (s)
90-102 Methanol 0.26 1740 (s)

was added, and the solution was washed with three 150-ml. 
portions of water and was dried. On removal of the ether, 
there remained 28 g. of residue having infrared maxima at 
1735, 745, and 705 cm. -1 but lacking the maxima at 1712, 
1655, and 1615 cm.“1 found in the cyclohexanonedicar- 
boxylate.

To 500 ml. of toluene in a 1-1., three-necked, Morton flask 
equipped with a high speed stirrer, reflux condenser, and 
dropping funnel was added 4 g. (0.17 g.-atom) of sodium 
metal. The toluene was heated at reflux, and the sodium was

Fractions 27-29 had a maximum in the ultraviolet at 250 
m/r.
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The reactions of triphenylgermane with a number of organic compounds containing olefinic double bonds, with and 
without activating functional groups, have been studied. It is shown that, in the absence of solvent and catalyst, triphenyl
germane adds to unsaturated carbon bonds. The addition products obtained contained the functional groups unchanged. 
By means of this reaction some new organogermanium compounds containing functional groups were synthesized.

This paper is concerned with the preparation of 
functional group-containing organogermanium com
pounds by means which do not require reactive 
organometallic intermediates or catalyts. As a 
result a series of organogermanium compounds, 
with and without functional groups, were synthe
sized in a simple and direct manner.

In the germanium series the germanium-hydrogen 
bond is expected to be less reactive than the corre- 
ponding tin compounds. This should lead to fewer 
side effects resulting from exchange and reduction 
reactions which are frequently noticed with the 
organotin analog. Fuchs and Gilman2 3 have carried 
out addition reactions with triphenylgermane using 
octene and cyclohexene, with an inert solvent, a 
peroxide catalyst or ultraviolet light. Lesbre and 
co-workers3a'b have investigatesd some addition 
reactions of trialkylgermanes utilizing peroxide 
or platinum catalysts and in this manner succeeded 
in preparing several ¡3- or y-substituted germanium 
compounds. In addition, they indicated that in the 
absence of catalyst, trialkylgermanes were added 
to acrylonitrile, acrylic acid, methyl acrylate, and 
ethyl acrylate. Subsequent work by the same 
authors30 showed that trialkylgermanes react 
quantitatively, in the presence of chloroplatinie 
acid, with acetylenic derivatives, and when phenyl- 
acetylene was used the reaction was possible in the 
absence of catalyst.

We have studied the reaction of triphenylgermane 
with various olefinic and acetylenic compounds in 
order to describe in greater detail the nature of 
this addition reaction. The functional group, when 
presented in the unsaturated molecule, was either 
conjugated with the unsaturated linkage or located 
terminal to it. In this manner, therefore, not only 
the effect of the Ge—II bond upon the functional 
group, but also the possibility of introducing func
tional groups by means of simple addition could be

(1) Research fellow sponsored by the Germanium Re
search Committee.

(2) (a) F. Fuchs and H. Gilman, J. Org. Chem., 22, 
1009 (1957); (b) 23, 911 (1958).

(3) (a) M. Lesbre and J. Satge, Compt. Rend., 247, 471
(1958); (b) P. Mazeroless and M. Lesbre, Compt. Rend., 
248, 2018 (1959).

(3) (c) M. Lesbre and J. Satge, Compt. Rend., 250, 2220
(1960). •

investigated. The following reactions were success
fully completed;

(C6H5)3GeE +  CH2= C H Y ----> (C6H5)3GeCH2CH2Y
where
Y = —C6H5, —OCOCH3, —CN, —c o n h 2,

—COCH„, — CGOCHa, —(CHs)5CH3, —(CH2)2CH2OH

In addition, the expected adducts were obtained 
by adding triphenylgermane to cyclohexene, 2- 
methyl-3-butyn-2-ol, and phenylacetylene.

No reducing properties of the triphenylgermane 
upon the functional groups were observed. Ap
parently, it is not a prerequisite that the unsatura
tion be activated by adjacent functional groupings. 
The results obtained are summarized in Table I.

E X P E R IM E N T A L

The addition reactions summarized in Table I were carried 
out in Schlenk tubes equipped with drying tubes and 
covered at all times by an oxygen-free, inert atmosphere. 
Infrared spectra of all the products were carried out on a 
Perkin-Elmer Infracord to check functional groupings and 
the characteristic absorption band at 1085 cm.-1 for the 
phenylgermanium grouping as previously described.4 * 
Yields are based upon final recrystallized products. Melting 
points were taken with a Roller hot stage. Triphenylgermane 
was prepared by converting germanium tetrachloride to 
tetraphenvlgermanc which in turn was brominated to tri- 
phenylbromogermane. The triphenylbromogermane was 
finally reduced with lithium aluminum hydride.6

TriphenyliS-pheny'ethyDgermane. A mixture of 2.29 g. 
(7.5 mmoles) of triphenylgermane and 0.78 g. (7.5 mmoles) 
o' freshly distilled styrene was heated overnight in an oil 
bath at 120c. The product was recrystallized from acetone 
and then from a methanol-acetone mixture m.p. 145-146°. 
The yield was 1.0 g. (40%).

Anal. Calcd. for CieLGGe: Ge, 17.77. Found: Ge, 17.39.
Triphenyloctylgermane. A mixture of 1.12 g. (10 mmoles) 

of «.-octene and 3.05 g. (10 mmoles) of triphenylgermane was 
heated in an oil bath for 5 days at 110-115°. Hexane was 
added to the reaction mixture which was warmed and 
allowed to cool. The white crystalline plates that precipi
tated were recrystallized from hexane and then from meth
anol, m.p. 62-66°. The yield was 1.2 g. (29%).

Anal. Calcd. for C26H„Ge: C, 74.95; H, 7.74; Ge, 17.42. 
Found: C, 74.54; H, 7.54; Ge, 17.40.

Triphenyhtyrylgermane. A mixture of 1.02 g. (10 mmoles) 
of phenylacetylene and 3.05 g. (10 mmoles) of triphenyl-

(4) J. G. Nolt.es, M. C. Henry, and M. J. Janssen, 
Chem. & Ind. (London), 1959, 298.

(5) O. H. Johnson and D. M. Harris, J. Am. Chem. Soc., 
72, 5566 (1950).
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TABLE I. R e a c t i o n s  o f  T b i p h e n y l g e r m a n e  w i t h  S o m e  U n s a t u r a t e d  C o m p o u n d s

Unsaturated
Compound Adduct M.P.

Styrene (C6H6)3GeCH2CH2C6H6 
Triphenyl( 2-phenylethyl )germane

145-146

ra-Octene (CeHOaGetCHOCH,
Triphenyloctylgermane

64-66“

Phenylacetylene (C6H6)3GeCH=CHC6H6
Triphenylstyrylgermane

146-149

Cyclohexene (C6H6)3GeCH(CH2)4CH2
Triphenylcyclohexylgermane

144-147“

2-Methyl-3-butyn-2-ol (C6Hs)3GeCH=CHC(OH)(CH3)2
Triphenyl( 3-methyl-3-hydroxybuten-l-yl )germane

90.5-91.5

Vinyl acetate ( C6H5)3GeCH2CH2OCOCH3 
Triphenyl(2-acetoxyethyl)germane

62-62.5

Acrylonitrile (C6H5)3GeCH2CH2CN
Triphenyl(2-cyanoethyl)germane

126-129

4-Pentene-l-ol (C6H6)3Ge(CH2)4CH2OH
Triphenyl(5-hydroxypentyl)germane

51-61

Methyl vinyl ketone (C.HshGeCHjCHjCOCH,
Triphenyl(2-acetylethyl)germane

144-146

Acrylamide ( C6H6 )3GeCH2CH2CONH2 
Triphenyl(2-carbamylethyl)germane

176-178

Methyl acrylate ( C6H5)GeCH2CH2COOCH3 
Triphenyl(2-methoxycarbonylethyl)germane

60.5-62.0

“ Fuchs and Gilman2 report the triphenyl-(n-octyl)germane m.p. 72° and the triphenylcyclohexylgermane m.p. 143- 
146°, 147-149.5°.

germane was heated at 135° for 4 days in an oil bath. The 
thick viscous oil was chromatographed through a neutral 
alumina column with hexane. The first fraction to be eluted 
was recrystallized successively from petroleum ether (b.p. 
00-80°), hexane, and finally from ethyl acetate, m.p. 146- 
149°. The yield was 0.5 g. (12%).

Anal. Calcd. for CjeHaGe: C, 76.75; H, 5.46; Ge, 17.85. 
Found: C, 76.76; H, 5.63; Ge, 17.63.

Triphenylcyclohexylgermane. A mixture of 0.82 g. (10 
mmoles) of cyclohexene and 3.05 g. (10 mmoles) of triphenyl- 
germane was heated for 5 days at 60-70° in an oil bath. 
Addition of hexane to the product yielded a white crystalline 
product that was recrystallized successively from methanol, 
cyclohexane, and methanol, m.p. 144-147°. The yield was
1.5 g. (39%).

Anal. Calcd. for C2,H26Ge: C, 74.53; H, 7.03; Ge, 18.77. 
Found: C, 74.61; H, 6.78; Ge, 18.68.

Triphenyl(3-methyl-3-hydroxybuten-l-yl)germane. A mix
ture of 0.84 g. (10 mmoles) of 2-methyl-3-butyn-2-ol and
3.05 g. (10 mmoles) of triphenylgermane was heated 77 hr. at 
50-60° in an oil bath. Hexane added to the product mixture 
yielded a white solid which was recrystallized from butanol 
and then from methanol, m.p. 90.5-91.5°. The yield was 1.81 
g. (49%).

Anal. Calcd. for CiTLiOGe: C, 71.00; H, 6.17; Ge, 18.67. 
Found: C, 70.90; H, 6.27; Ge, 18.82.

Triphenyl(2-acetoxyethyl)germane. A mixture of 0.86 g. 
(10 mmoles) of vinylacetate and 3.05 g. (10 mmoles) of 
triphenylgermane was heated in an oil bath for 6 hr. at 
50-60°. Upon cooling, the mixture solidified. The solid 
product was c^stallized successively from hexane, petroleum 
ether (b.p. 60-80°), and finally from an acetone-water solu
tion, m.p. 62-62.5°. The yield of white crystals was 2.10 g. 
(54%).

Anal. Calcd. for CaHaOjGe: C, 67.64; H, 5.77; Ge, 
18.58. Found: C, 67.75; H, 5.77; Ge, 18.70.

Triphenyl{2-cyanoethyl)germane. A mixture of 0.53 g. 
(10 mmoles) of acrylonitrile and 3.05 g. (10 mmoles) of 
triphenylgermane was heated in an oil bath at 50-60° 
for 6 hr. The solid product was taken up in methanol and 
recrystallized, m.p. 126-129°. The yield was 2.97 g. (83%).

Anal. Calcd. C2iH17NGe: C, 70.57; H, 5.35; Ge, 20.29. 
Found: C, 70.55; H, 5.58; Ge, 20.20.

Triphenyl (5-hydroxy-n-pentyl)germane. A mixture of 
0.86 g. (10 mmoles) of 4 pentene-l-ol and 3.05 g. (10 mmoles) 
of triphenylgermane was heated in an oil bath for 4 hr. at 50°. 
Hexane was added to the cooled product and after warming 
an oil settled out which crystallized upon standing. This 
product was then recrystallized again from hexane, m.p. 
58-61°. The yield was 1.59 g. (41%).

Anal. Calcd. C2>H26OGe: C, 70.69; H, 6.70; Ge, 18.58. 
Found: C, 70.87; H, 7.09; Ge, 18.70.

Triphenyl{2-acetylethyl)germane. A mixture of 0.70 g. 
(10 mmoles) of methyl vinyl ketone and 3.05 g. (10 mmoles) 
of triphenylgermane was heated in an oil bath for 18 hr. 
at 60-70°. Cooling precipitated a mass of white crystals. 
The filtered product was recrystallized first from petroleum 
ether (b.p. 60-80°) and finally from methanol, white rec
tangular plates, m.p. 144-146°. The vield was 2.0 g. (53%).

Anal. Calcd. for CjjHaOGe: C, 70.45; H, 5.91; Ge, 19.37. 
Found: C, 70.30; H, 6.16; Ge, 19.39.

The 2,4-dinitrophenylhydrazone precipitated as yellow 
needles, m.p. 188-192°.

Anal. Calcd. for C^ILJ^LChGe: C, 60.58; IT, 4.71. Found: 
C, 60.15; H, 4.96.

Triphenyl(2-carbamylethyl)germane. A mixture of 0.47 g. 
(10 mmoles) of acrylamide and 3.05 g. (10 mmoles) of tri
phenylgermane was heated in an oil bath for 21 hr. at 50- 
60°. The solid that separated out of the reaction mixture 
was filtered and recrystallizec from dimcthylformamidc- 
watcr and then from acetone-petroleum ether (b.p. 60-80°) 
m.p. 176-178°.

Anal. Calcd. for C2iH2iOGe: C, 67.11; H, 5.59; Ge, 19.32. 
Found: C, 66.96; H, 5.73; Ge, 19.26.

Triphenyl(2-methoxycarbonylethyl)germane. A mixture of 
0.86 g. (10 mmoles) of methyl acrylate and 3.05 g. (10 m- 
moles) of triphenylgermane was heated for 67 hr. at 60-70° 
in an oil bath. After cooling the resulting oil was taken 
up and recrystallized from a methanol-water mixture, 
m.p. 60.5-62.0°. The yield was 1.95 g. (50%).

Anal. Calcd. for CsH^ChGe: C, 67.62; H, 5.67; Ge, 18.58. 
Found: C, 67.35; H, 5.91; Ge, 18.42.
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Diallyltin dibromide was prepared by the reaction of allyl bromide with tin powder in boiling toluene. The catalytic effect 
of mercuric chloride and some organic bases on this reaction was examined and optimum conditions for preparation were 
determined. Allylic rearrangements in this reaction were investigated. The same reaction in boiling water or butanol yielded 
propylene.

In the previous paper1 a direct preparation of di- 
or tribenzyltin chloride using toluene or water 
as a reaction medium, respectively, was reported. 
This reaction is considered to be of a radical na
ture.1’2 In view of their similar behavior as radical 
sources, allyl halides were expected to react with 
t in in somewhat the same way,3 if the high tempera
tures necessary for the initiation of the reaction 
could be reached.1 When a solution of allyl bromide 
in toluene was refluxed for ten hours in the presence 
of tin powder diallyltin dibromide was obtained in 
a 14% yield. Addition of mercuric chloride acceler
ated this reaction to give the tin compound in a 44% 
yield. Search for a suitable catalyst led to the dis
covery that amines such as pyridine, triethylamine, 
dimethylaniline, or morpholine increased the yield 
of diallyltin dibromide to about 70%. Triphenyl- 
phosphine and -arsine also showed slight activities. 
Presumably mercuric chloride activated the tin 
powder by amalgamation, while the amines aided 
polarization of the carbon-bromine bond of allyl 
bromide so as to facilitate radical formation by the 
tin metal.

Triethanolamine did not act as a catalyst but 
inhibited the reaction. Sodium methoxide also in
hibited the reaction.

Although the simultaneous addition of both 
mercuric chloride and an amine in toluene formed a 
curdy precipitate consisting of the addition com
plex,4 * which showed no catalytic effect, preliminary 
t reatment of tin powder with mercuric chloride in 
boiling toluene followed by addition of triethyl
amine led to the production of the allyltin com
pound in a yield of 81.7%.

Presence of water in the reaction medium in
fluenced the results due to the ready hydrolyza- 
bility of allyltin compounds. Under absolutely 
anhydrous conditions, in the absence of catalyst, 
the reaction gave the product in a 2% yield, whereas

(1) K. Sisido, Y. Takeda, and Z. Kinugawa, J. Am. 
Chem. Soc., 83, 538 (1961).

(2) K. Sisido, Y. Udô, and H. Nozaki, J. Am. Chem. Soc., 
82, 434 (I960).

(3) G. J. M. van der Kerk, J. G. A. Luijten, and J. G. 
Noltes, Angew. Chem., 70, 298 (1958).

(4) A. Naumann, Ber., 37, 4609 (1904); K. A. Hofmann
and E. C. Marburg, Ann., 305, 202 (1899)»

use of moistened tin powder1 gave a yield of 14%. 
In a reaction catalyzed by mercuric chloride and 
triethylamine anhydrous toluene as a solvent fur
nished an 81.7% yield, while use of toluene satu
rated with water afforded only a 44% yield.

Recovered tin powder from these preparations 
could not be used again in another run, for it was 
always contaminated with a yellow gum which 
could not be removed by extraction with any sol
vent. This was probably formed by oxidation of an 
insoluble allyltin compound during filtration in air. 
In order to avoid a futile consumption of materials 
the use of tin and halide in a 1:2 molar ratio wras 
examined, but it resulted in a lowering of the yield 
to 37%.

Results of these experiments are summarized in 
Table I.

For the identification of liquid diallyltin dibro
mide, its crystalline pyridine adduct,6 (CHz=

TABLE I
P r e p a r a t i o n  o f  D i a l l y l t i n  D i b r o m i d e '*

Catalyst1’

Reaction
Time,

Hr.

Diallyltin Dibromide' 
Yield

g. %
None 10.0 0.6 2.2
None4 10.0 3.9 14.4
HgCL 8.0 12.0 44.4
C5II5N 4.0 19.0 70.2
(C2H5)3N 4.0 19.1 70.3
C6H6N(CE3)= 4.0 18.9 69.4
Morpholine 4.0 19.0 69.8
(C6HS)3P 4.0 15.8 58.3
(C6H5)3As 4.0 10.7 39.9
N(CH,CH,OH), 4.0 (Recovery of 

materials)
CH8ONa 4.0 (Recovery of 

materials)
HgCV C6H5N 1.5 21.6 79.9
HgCV (CaHalaN 1.5 22.3 81.7
HgCV (C2Hs)aN' 4.0 11.1 40.8
HgCV (CThAN" 4.0 10.1 37.4

“ All reactions except the last one were carried out with 
0.15 mole of allyl bromide and 0.15 mole of tin in 150 ml. of 
refluxing toluene (stored over sodium, unless otherwise 
stated) under a nitrogen atmosphere. b 2-3 millimoles of 
catalyst was used. c Fraction boiling at 77-79°/2 mm. 
d Tin powder containing 2-3% of water was used. • See 
details in Experimental. f  Toluene saturated with water 
was used. 1 0.075 mole of tin powder was used.

0
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CHCH2)2SnBr2-2C6H5N, was utilized. This di- 
pyridino adduct, when dissolved in such a solvent 
as an aromatic or paraffinic hydrocarbon, carbon 
tetrachloride, chloroform, or ethyl acetate dis
sociated into the monpyridino compound, (CH2=  
CHCH2)2SnBr2-C6H6N, which separated as a 
white precipitate. This precipitate dissolved again 
on addition of excess pyridine or such solvents as 
alcohols or dimethylformamide.

Reactions of tin with allylic n-butenyl bromides 
are of interest because of possible allylic rearrange
ments. In the case of Grignard reactions, studies 
on this rearrangement concerned only the final 
products5 6 and the constitution of the intermediary 
organometallic compounds has scarcely been dis
cussed. Recently, Gaudemar7 has claimed, on the 
basis of absorptions at 1615-1645 cm.-1, that all 
of the organomagnesium, aluminum, and zinc 
compounds of crotyl bromide consist exclusively of 
the primary crotyl isomer. Lanpher,8 however, has 
not recognized any absorption in the normal double 
bond stretching region (1620-1680 cm.-1) with 
crotyllithium, -sodium, and -magnesium bromide, 
but found a strong absorption due to a double 
bond stretching frequency at 1500-1560 cm.-1

The reactions of both primary crotyl bromide 
and secondary methylvinylcarbinyl bromide with 
tin were carried out to give dibutenyltin dibromides. 
The products tvere separated by fractional distilla
tion. Two distinctly different fractions were ob
tained from each in yields of 5 and 6% as well as 
67 and 70%, respectively. Each corresponding frac
tion was proved to be the same by comparing the 
infrared spectra and in some cases mixed melting 
point determinations. Because of their instability, 
identification of these compounds could not be 
carried out by chemical methods such as oxida
tive degradation. Two strong absorptions at 915 
and 985 cm.-1 were found in the spectra of the 
lower boiling fraction. Since strong absorptions at 
905 and 985 cm.-1 were also found in diallyltin 
dibromide, these absorptions could be assigned to a 
vinyl group.9 The higher boiling fraction showed a 
strong absorption at 955 cm.-1 which was hardly 
recognized in the former and not in diallyltin di
bromide. The absorptions could be assigned to a 
irans-disubstituted ethylene structure.9 These facts 
indicated that both of the reactions gave the same 
products in the same proportions suggesting exist
ence of an equilibrium. The main fraction con
sisted of dicrotyltin dibromidc and the minor of bis-

(5) K. V. Vijayaraghavan, J. Indian Chen. Soc., 22, 
135 (1945); Chem. Abstr., 40, 2787 (1946).

(6) R. H. DeWolfe and W. G. Young, Chem. Revs., 56, 
753 (1956); M. S. Kharasch and O. Reinmuth, Grignard 
Reactions of Nonmetallic Substances, Prentice-Hall, Inc., 
New York, N. Y., 1954, p. 1133.

(7) M. Gaudemar, Bull. soc. chim. France, 1475 (1958).
(8) E. J. Lanpher, J. Am. Chem. Soc., 79, 5578 (1957).
(9) L. J. Bellamy, The Infrared Spectra of Complex Mole

cules, 2nd ed., Methuen & Co., London, 1958, p. 34.

(methylvinylcarbinyl)tin dibromide. Contamina
tion with crotyl (methylvinylcarbinyl) tin bromide, 
however, was not absolutely excluded. Absorption 
bands arising from the double bond stretching were 
observed in both butenyltin compounds as well as 
in diallyltin dibromide in the 1635-1660 cm.-1 re
gion.

Allyl chloride showed practically no sign of reac
tion on heating with tin under various conditions. 
Due to difficulty in stirring, which must be very 
vigorous1 in these reactions in order to keep the tin 
powder as a suspension, an attempt to use an auto
clave was abandoned. Also allylic dodecenyl chlo
ride10 gave no product, although its higher boiling 
point permitted better contact -with the tin.

Diallyltin dibromide is a pale yellow oil having a 
pungent leek-like odor. I: was comparatively un
stable in air but more stable in a nitrogen atmos
phere. On storing in air for a day or in nitrogen for 
six months it gave a pale yellow jelly, in which the 
characteristic absorptions of a double bond were 
not recognized.

Catalytic hydrogenation of diallyltin dibromide 
was investigated for the purpose of finding a new 
synthetic route to dialkyltin dibromides. All at
tempts made using Raney nickel were unsuccessful.

Diallyltin dibromide and its homologs were 
readily hydrolyzed on shaking with water, forming 
bromide anion and a white curdy precipitate, the 
aqueous part becoming acidic to litmus. Taking 
advantage of this phenomenon, halogen bound to 
tin could easily be determined by a back-titration 
method as described in the Experimental. Volu
metric analyses have recently been applied to the 
determination of acyl groups11 and halogen atoms12 
in organotin compounds.

Attempted preparation of triallyltin bromide by 
the reaction of allyl bromide with dispersed tin 
powder in boiling water or in butanol at 100° 
resulted in the formation of propylene in yields 
of 84 and 67%, respectively. This may be ac
counted for by the decomposition of the allyltin 
compounds by the acids produced by hydrolysis of 
allyl bromide or stannous bromide. The fact that 
diallyltin dibromide, when boiled with hydrochloric 
acid, cleaved with elimination of propylene sup
ports this explanation. This may also be in line 
with the easy cleavage of the allyl group from 
allyltin derivatives by acetic acid as reported 
by Rosenberg et al.n

EXFEIUMENTAL1 4

Analyses of tin in organic compounds. Detection15 and 
determination16 of tin were performed by a method similar

(10) Kindly supplied by Rohm & Haas Company, 
Washington Square, Philadelphia 5, Pa.

(11) H. H. Anderson, J. Org. Chem., 22, 147 (1957);
T. M. Andrews, F. A. Bower, B. R. La.Liberte, and J. C. 
Montermoso, J. Am. Chem. Soc., 80, 4102 Q958).

(12) H. C. Clark and C. J. Willis, J. Am. Chem. Soc., 
82, 1888 (1960 .̂
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to that previously1 described. In the quantitative analysis 
the sample was wetted with a few drops of glacial acetic 
acid in a crucible before the addition of mixed acid.16'17

Analyses of ionic-ally bound halogen. About 0.2 g. of a 
sample was weighed accurately and added to 30 ml. of 
O.liV ethanolic potassium hydroxide solution in an Erlen- 
meyer flask. This was warmed with shaking in a water 
bath at 40° for 20 min. and unconsumed alkali was titrated 
on cooling with 0.1 A7 aqueous hydrochloric acid solution 
using phenolphthalein as an indicator.

Tin powder. Chemically pure tin powder18 or commercial 
tin powder was used after treatment as described in the 
previous paper.1 There was no difference between the two.

Reaction of ally!, bromide with tin in toluene; diallyltin 
dibromide. Results of reactions of allyl bromide with tin in 
the presence of various catalysts are summarized in Table I. 
All reactions and distillations were carried out in a nitro
gen atmosphere. A representative procedure is as follows.

To 17.8 g. (0.15 mole) of tin powder in 150 ml. of toluene 
was added 0.5 g. (0.002 mole) of mercuric chloride and the 
resulting mixture was heated to reflux for 30 min. with stir
ring. After cooling 0.2 g. (0.002 mole) of triethylamine was 
added.

The mixture was again refluxed and to this was added 
dropwise 18.2 g. (0.15 mole) of allyl bromide with efficient 
stirring. After initial depression of the boiling point to 103°, 
the reaction temperature rose gradually, reaching a tempera
ture of 111° in 1.5 hr. When the yield of the product was 
low, the final temperature was lower.

Unchanged tin together with an unidentified amorphous 
solid (10.4 g. in total) were filtered off and the filtrate was 
evaporated under reduced pressure. The residual oil (27.0 
g.) was distilled in vacuo yielding 22.3 g. (81.7%) of diallyl
tin dibromide, b.p. 77-79°/2 mm., df,°0 1.8640, (lit.5 b.p. 
77-79°/2 mm.), infrared absorptions (neat): 3090 (nr), 
2920 (w), 1810 (w), 1635 (vs), 1427 (m), 1395 (nr), 1304 (wj, 
1182 (s), 1100 (m), 1030 (nr), 985 (s), 905 (vs), 760 (s), 
and 740 (w) cm.-1

The product gave correct analyses for tin and bromine.
Diallyltin dibromide gave a pyridine adduct, nr.p. 101- 

103° (see below).
Removal of insoluble by-product from the recovered tin 

using various solvents was unsuccessful. Dimethylfornra- 
mide dissolved the mass only incompletely; the extracted 
material consisted of an infusible organic matter containing 
tin and halogen.

Reaction of crotyl bromide with tin. Pure crotyl bromide,19 
b.p. 44-47°/90 mm., ?(% 1.4788 (lit.19 b.p. 49°/93 mm., n2D5
I. 4795), was prepared by the method of Young et al.n 
from the corresponding alcohol. To a suspension of 17.8 
g. (0.15 mole) of tin powder treated with 0.5 g. (0.002 mole) 
of mercuric, chloride in 150 ml. of toluene was added, in the 
presence of 0.2 g. (0.002 mole) of triethylamine, 20.1 g. 
(0.15 mole) of crotyl bromide following the same procedure 
as the preparation of diallyltin dibromide. After 1.5 hr. 
refluxing 24.3 g. of yellow oil was obtained on removal of 
the solvent. Distillation of this oil in vacuo gave two frac
tions: 1.5 g. (5.0%) of bis(methylvinvlcarbinyl)tin dibro

(13) S. D. Rosenberg, E. Debreczeni, and If. L. Wein
berg, J. Am. Chem. Soc., 81, 972 (1959).

(14) All temperatures are. uncorrected.
(15) H. Gilman and T. N. Goreau, J. Org. Chem., 17, 

1470 (1952).
(16) H. Gilman and 8. D. Rosenberg, J. Am. Chem. Soc., 

75, 3592 (1953).
(17) H. Gilman, B. Hofferth, H. W. Melvin, and G. E. 

Dunn, J. Am. Chem. Soc., 72, 5657 (1950).
(18) Assay: more than 99% Sn, 0.012% Cu, 0.006% 

Fe, 0.03% Pb, 0.031% As, 0.004% Sb, 0.011%, Bi, 0.02% 
Zn.

(19) S. Winstein and W. G. Young, J. Am. Chem. Soc., 
58, 104 (1936); W. G. Young, L. Richards, and J. Azorlosa,
J. Am. Chem. Soc., 61, 3070 (1939). •

mide, b.p. 60-33°/0.20 mm., infrared absorptions (neat): 
3090 (m), 3010 (m), 2970 (vs), 2930 (s), 2660-80 (sh), 
1660 (w), 164C (m), 1520 (m), 1495 (w), 1453 » ,  1425 
(sh), 1380 (vs), 1310 (m), 1260 (s), 1075 (s), 1035 (s), 985 
(vs), 915 (vs), 807 (m), and 745 (s) cm.“1

Anal. Calcd. for C8HMBr2Sn: Sn, 30.54; Br, 41.12. Found: 
Sn, 29.86 Br, 40.79.
and 20.4 g. (70.2%,) of dicrotyltin dibromide, b.p. 104-106°/ 
0.20 mm., m.p. 30-31 °, infrared absorptions (neat): 3020 (s), 
2970 (s), 2930 (s), 2680 (m), 1660 (nr), 1640 (w), 1450 (m), 
1403 (m), 1380 (w), 1370 (w), 1303 (w), 1150 (m), „100 (m), 
1065 (m), 1035 (m), 955 (vs), 790 (m), 765 (m), and 730 
(m) cm.-1,

Anal. Calcd. for G JI14Br2Sn:Sn, 30.54; Br, 41.12. Found: 
Sn, 30.01; Br, 40.94.

Reaction of methylvinylcarbinyl bromide with tin. Pure 
methylvinylcarbinyi bromide19 b.p. 31-34°/93 mm., n”
I. 4610 (lit.19 b.p. 31 °/93 mm., 1.4602) was prepared by 
the method of Young, et al.,19 from the corresponding alcohol, 
and the same procedure was repeated as above using 20.1 g. 
(0.15 mole) of methylvinylcarbinyl bromide irstead of 
crotyl bromide. The products were separated into 1.7 g. 
(6.0%) of bis(methylvinylearbinyl)tin dibromide and 19.5 
g. (67.2%,) of dicrotyltin dibromide and were identified by 
the infrared absorptions, respectively, as well as the mixed 
melting point when the product was crystalline.

Reaction of allyl chloride with- tin in toluene. In 150 ml. of 
toluene 17.8 g. (0.15 mole) of tin powder activated with 0.5 
g. (0.002 mole) of mercuric chloride was caused to react with
II. 5 g. (0.15 mole) of allyl chloride in the presence of 0.2 g. 
(0.002 mole) cf triethylamine. After 40 hr. refluxing, un
changed tin (17.4 g.) was filtered off and the filtrate was 
fractionated to recover 10.7 g. of allyl chloride. Upon distil
lation of 1.1 g. of yellow oil which remained in the still no 
product containing tin was obtained.

Reaction of dodecenyl chloride with tin in toluene. To a 
suspension of 17.8 g. (0.15 mole) of tin powder activated 
with mercuric chloride in 150 ml. of toluene was added
26.1 g. (0.15 male) of “dodeeenyl chloride”10 containing92.5% 
of l-c.hioro-5,5,7,7-tetramethyi-2-octene. After 40 hr. boiling
17.5 g. of tin powder and 25.8 g. of the starting halide were 
recovered.

Reaction of cllyl bromide with tin in water. To a suspen
sion of 17.8 g. ,0.15 mole) of tin powder in 150 ml. of water 
was added dropwise 18.2 g. (0.15 mole) of allyl bromide 
under vigorous stirring over a period of 20 min. with such 
caution that loss of organic halide by steam distillation was 
avoided. Toward the end of addition the mixture became 
grayish and there was observed a vigorous evolution of gas 
which lasted for 15 min. The reaction apparatus had been 
fitted with a reflux condenser from whose upper end was 
connected a tube to two ice-cooled traps each containing 5 
ml. of bromide in order to catch the gas. Resultant oil in 
the traps was freed from bromine, washed with sodium 
carbonate and water. Distillation gave 27.7 g. (84%) of 1,2- 
dibromopropane, b.p. 141-142°, n2D° 1.5191 (lit.13 14 15 16 17 18 19 20 b.p. 139- 
142°, n2o 1.5193), which gave the correct analytical values 
for carbon and hydrogen.

Another run with 17.8 g. (0.15 mole) of tin powder and
18.2 g. (0.15 mole) of allyl bromide using 1-butanol as a 
solvent also gave 22.1 g. (67.4% ) of 1,2-dibromopropane.

Reaction of diallyltin dibromide with aqueous hydrochloric 
acid. To a stirred suspension of 10.3 g. (0.03 mole) of diallyl
tin dibromide in 30 ml. of water was added dropwise 30 ml. 
of (iff aqueous hydrochloric acid and the mixture was boiled 
for 30 min. Gaseous substances evolved was caught by- 
bromine and treated as above to afford 8.7 g. (72.5%) of 1,2- 
dibromopropane.

Pyridine-adduct of diallyltin dibromide. Upon mixing of 5 
g. (0.014 mole) of diallyltin dibromide and 5 g. (0.064 mole)

(20) M. S. Kharasch, J. G. McNab, and M. C. McNab, 
/ .  Am. Chem. Soc., 57, 2743 (1935).

0
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of pyridine there were precipitated crystals which were 
filtered, washed with pyridine, and allowed to stand over 
silica gel for 12 hr. to obtain 3.8 g. (52.8%) of dipyridino 
adduct, m.p. 101-103° (reported m.p. 99°9), which gave the 
correct analysis for tin.

On dissolving the dipyridino adduct in benzene there pre
cipitated a white cloggy mass which could not be recrystal
lized from any solvent, but dissolved in ethanol or pyridine 
forming a clear solution. This monopyridino adduct de
composed on heating over 220°.

Anal. Calcd. for CnHi5Br2NSn: Sn, 26.99. Found; Sn,
26.53.

Attempted hydrogenation of diallyltin dibromide. In a usual 
hydrogenation apparatus a solution of 10.4 g. (0.03 mole) 
of diallyltin dibromide in 100 ml. of absolute ethanol was 
shaken with hydrogen in the presence of about 1 g. of Haney 
nickel (W-221). During 8 hr. of shaking no absorption of gas 
was observed.

The same procedure using Raney nickel (W-621) was also 
unsuccessful.

K y o t o , J a p a n

(21) H. Adkins and H. R. Billica, J. Am. Chem. Soc., 70, 
695 (1948).

[ C o n t r i b u t i o n  f r o m  t h e  R a h w a y  R e s e a r c h  L a b o r a t o r y  o f  t h e  M e t a l  a n d  T h e r m i t  C o r p o r a t i o n  a n d  t h e  
D e p a r t m e n t  o f  C h e m i s t r y , U n i v e r s i t y  o f  N e w  H a m p s h i r e ]

T he P artia l H ydrolysis o f  D ia lk y ltin  D ihalides

A. J. GIBBONS, A. K. SAWYER,' a n d  A. ROSS 

Received November 11, 1960

Some unexpected results obtained during recent work on various organotin compounds have led us to reexamine the 
products obtained by Johnson, Fritz, el at.,1 2 3’* from the reaction of dialkyltin dichlorides with certain amines and alcohols. 
These authors believe their products to be tetraalkyldichloroditins. We have repeated the reaction and closely studied the 
products. I t is demonstrated that the products obtained are actually bis(dialkylchlorotin) oxides.

Hexaalkyl (aryl) ditins have been known for a 
good number of years2 and the tin-tin bond in these 
compounds is widely accepted. The ditins readily 
react with bromine (or other halogens) at room 
temperature and give a metallic silver deposit on 
treatment with alcoholic silver nitrate. They are 
easily prepared by the reaction of the corresponding 
trialkyl (aryl) tin chloride with sodium, either in 
liquid ammonia or in high boiling solvents (1).

(liq. NHj)
(C9H5)3SnCl +  2Na ----------- > (C9H5)3SnNa +  NaCl (1)
(CeHsbSnNa +  (C9II„)3SnCl----=»

(C6H5)3Sn—Sn(CcH6)3 +  NaCl
I

The hexaarylditins (I) are generally solids and are 
oxidatively stable whereas the hexaalkyl ditins 
are generally high boiling liquids of lesser stability.

In 1954, Johnson and Fritz3 reported a new type 
of tin compound, tetrabutyldichloroditin (II), from 
the reaction of an ethanolic solution of dibutyltin 
dichloride with sodium ethoxide (2).

CUI.OH
(C4II9).SnCl2 +  NaOC2H6 —

Cl Cl
I I

(C4H9)2—Sn—Sn—(C4H„)2 +  2NaCl (2) 
II

(1) University of New Hampshire, Durham, N. H.
(2) (a) E. Krause and R. Pohland, Ber., 57, 532 (1924). 

(b) Cf. E. Krause and A. Von Grosse, Die Chemie der 
Metall-Organischen Verbindungen, Gebrüder Born träger, 
Berlin, pp. 356-361 (1937).

(3) O. H. Johnson and H. E. Fritz, J. Org. Chem., 19, 
74 (1954).

(4) O. II. Johnson, H. E. Fritz, D. O. Halvorson, and
R. L. Evans, .1. Am. Chem. Soc., 77, 5857 (1955).

In 1955 the reaction was extended to several dial
kyltin dichlorides and to diphenyltin dichloride.4 * * 82 
I t was also reported that various amines in com
bination with ethanol brought about the same re
action (3).

(C2II1KO
(C4H9)2SnCl2 +  2Et:N +  C2H5O II--------- >-

Cl Cl
I I

(C4II9)2Sn—Sn(C4H9)2 -  2Et3N-HCl (3)

More recently Sawyer and Kuivila6 have reported 
the preparation of similar ditin compounds with 
negative substituents on the tin atoms—e.g., 
tetrabutylditin diacetate, tetraphenylditin diben
zoate. These preparations required the use of al- 
kyltin hydrides to reduce the tin from a valence 
of four to a formal valence of three. These ditin 
products consumed stoichiometric amounts of 
bromine instantaneously.

In attempts to repeat the reaction of Johnson, 
Fritz, Halvorson, and Evans,4 with di-n-butyltin 
dichloride, we have obtained yields of 95%, but. 
the analyses of the products were consistently low 
in tin—e.g., 42.8%, 42.6% as compared with a 
calculated value of 44.2%. These analyses were 
carried out in the Metal and Thermit laboratories 
where the procedure used has proved to be 
extremely reliable for many hundreds of tin com
pounds (see Experimental). The melting points, 
110-112°, were sharp and identical with those ob
tained by Johnson, et al. Further recrystallization 
gave a material melting 1-2° higher but did not 
improve the analysis. Furthermore, this product

(5) A. K. Sawyer and H. G. Kuivila, J .  A m .  C h e m .  S o c . ,
8 2 ,  5958 ( 1 9 6 (^ .
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did not decolorize bromine, whereas tetraalkyl- 
diacyloxyditins are known to take up bromine 
quantitatively.6

In order to identify the reaction product ob
tained, dibutyltin dichloride dissolved in methanol 
was treated with water, precipitating a white solid,
m.p. 105-107°. Recrystallization from acetone 
gave white crystals, m.p. 111-112°, with 42.5% 
tin. This compound gave no depression in melting 
point when mixed with the product from the 
Johnson-Fritz reaction. Indeed, when dibutyltin 
dichloride was stirred with water alone, the insoluble 
material isolated was again identical to the previous 
products melting at 111-112°.

During attempts to prepare tetrabutylditin- 
dichloride from dibutyltin dihydride and dibutyltin 
dichloride, oxygen was bubbled through the mix
ture precipitating the same product as above, m.p.
112-114°.

The product obtained appears to be essentially 
the same material reported as (C4H9)2SnCl2- 
(CiHg^SnO,6 m.p. 109-110°, and of the type dis
cussed in a monograph by Luijten and van der 
Kerk.7 Indeed, a comparison of the melting points 
of a number of products obtained by Johnson, 
Fritz et al, with those of the corresponding com
plexes previously reported, brings out a distinct 
similarity as shown in Table I.

TABLE I
M e l t i n g  P o i n t s  o p  t h e  R e a c t i o n  P r o d u c t s  f r o m  t h e  

D i a l k y l t i n  D i c h l o r i d e - A m i n e - A l c o h o l  R e a c t i o n

R2SnX2
R X

Reported by- 
Johnson, Fritz,3’4 

et al.
Reported as 

R2SnX2-R2SnO
Ethyl Cl 174-176° 176°“
Propyl Cl 120.5-121.5° 124°6
Butyl Cl 111-112° 109-110°“ 

114—115 °d
Butyl Br 102-103° 108°“.“
Phenyl Cl 185-187° 1870/

“ See ref. 7. b P. Pfeiffer and O. Brack, Z. Anorg. U. 
Allgem. Chem., 87, 229-234 (1941). “ See ref. 6. d This work. 
* T. Harada, Sci. Papers Inst. Phys. Chem. Research {Tokyo), 
42, 178-180 (1947) [now J. Sci. Research Inst. {Tokyo)]. 
! B. Aronheim, Ann., 194, 145-175 (1878).

As the melting point of our material is quite 
sharp and the analyses are consistently good, we 
regard the material as a pure compound, bis- 
(dibutylchlorotin) oxide, IV, and propose its 
formation as follows:

Cl

(C4H9)2SnCl2 +  HOH----^  (C4H,)2Sn—OH +  HC1 (4)
III

(6) British Patent 711,564, July 7, 1954; Chem. Abstr., 49, 
14797 (1955).

(7) J. G. A. Luijten and G. J. M. van der Kerk, Investiga
tions in the Field of Organotin Chemistry, Tin Research 
Institute, Fraser Road, Greenford, Middlesex England, p. 
8.

Cl
I

(C4H9)2—Sn—OH +  (G,H9)2SnCl2 — > 
Cl Cl

(C4H9)2Sn—O—Sn(C4II9)2 +  HC1 (5) 
IV

Cl

2(C4H 9)2—Sn—OH ■
Cl Cl

(C4H9)2—Sn—O—Sn(C4H9)2 +  H20  (6) 
IV

The intermediate dibutylchlorotin hydroxide, III,
m.p. 105-107°, can be considered to be a hydrated 
form of IV. It is difficult to purify and characterize 
since it readily loses water to form IV when heated in 
solvents. Evidence for its existence is threefold:
(1) Elementary analysis (see Experimental). (2) 
Molecular weight determination—calcd. for C8Hi9- 
ClOSn: 285.4, Found: 250. 3) Karl Fischer titra
tion: 0.500 moles H20  per mole of III required by 
Equation (6) ; 0.508 moles H20  found.

To demonstrate conclusively that the product of 
the dichlorotin-amine-alcohol reaction is not a 
ditin, the l,l,2,2-tetrabutyl-l,2-dichloroditin (II) 
was successfully synthesized by the treatment of
l,l,2,2-tetrabutyl-l,2-diacetoxyditin with hydro
gen chloride.8 It has a melting point of 25-27°, 
a tin analysis of 44.0% (required—44.2%), and 
consumes 0.994 mole of bromine instantaneously.

TABLE II
R e a c t i o n  P r o d u c t s  o p  D i b u t y l t i n  D i c h l o r i d e

Product M.P.
%
Sn

%
Cl

(C4H!>)2—Sn—Sn(C,H9)2 | Theory 44.22 13.2

Cl Cl
(C4I i9)2— Sn—O—Sn(C4H»)2 1 | Theory 42.95 12.8

1 1 
Cl Cl

(C4H9)2SnCl2 +  N(C2II5)3 
+  C2H6OH

110-112
115-116 43.97 13.06

Johnson, Fritz3-4 44.15 12.85

(C4H9)2SnCl2 -  N(C2H5)3 
+  CjHsOH

111-112 42.6

This work 43.11 12.85

(C4H9) 2SnCl2 -  (C4H9) 2SnO 
(C4H9)2SnCl2 -  H20 
(C4H9)2SnH2 -}- (C4H9)2- 

SnCl2 +  0 2
(C4H9) 2—Sn—3n( C4H9) 2 1 1

112-114
112-113
112-114

25-27

42.5

44.0

—

Cl Cl
Sawyer5

(C4H9)2Sn—Sr(C4H9)2 +  0 2 
1 1

111-113 — —

Cl Cl
Sawyer6

(8) A. K. Sawyer and H. G. Kuivila, soon to be published.
0
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This product is oxidatively unstable, losing about 
6% of its reducing capacity in one day in spite of 
special precautions to keep it away from air. 
When treated with oxygen, this ditin is converted 
quantitatively to IV.

C O N C L U S IO N

All the data available on the products of the di- 
butyltin dichloride reaction are given in Table II. 
On the basis of these results it is concluded that the 
products of Johnson and co-workers are actually 
bis(dialkyl-halotin) oxides (IV), rather than ditin 
compounds as claimed. Furthermore, these oxides 
are very stable compounds, readily formed by 
partial hydrolysis of the disubstituted tin dichlo
rides. That this stability is representative of the 
class of compounds will be shown in further papers.

E X P E R IM E N T A L 9

Dibutylchlorotin hydroxide (III). Dibutyltin dichloride 
(150 g.) was dissolved in 300 ml. of methyl alcohol and 
treated with a large volume of water. A white solid formed 
and was filtered, powdered with a mortar and pestle, 
and reslurried with more water. The solid was again filtered 
and dried under reduced pressure, yielding 132 g. (93%) 
of a white solid, m.p. 105-107°. The infrared spectrum 
showed a small band at 3509 cm.“1

(9) Melting (or decomposition) points are uncorrected. 
Tin analyses were done in duplicate by the method of 
Farnsworth and Pekola. This method has been extremely 
reliable for many hundreds of analyses (M. Farnsworth 
and J. Pekola, Anal. Chem., 31, 410-414 (1959).

Anal. Calcd. for C8H19C10Sn: Sn, 41.75; Cl, 12.47. 
Found: Sn, 40.71; Cl, 12.39.

The molecular weight was determined in chloroform b3r the 
isopiestic method of Barger11 except that the solutions were 
measured gravimetricallv rather than volumetrically.

Anal. Calcd: 285.4; Found: 250. Attempts to recrystallize 
led to dehydration and yielded only compound IV.

Rfs-( dibutylchlorotin) oxide (IV). (a) Using the procedure 
of Johnson, Fritz, et alA4 0.025 mole of dibutyltin dichlo
ride in 50 ml. anhydrous ether reacted with 0.025 mole of 
triethylamine and 20 ml. of absolute ethanol. After removal 
of the amine hydrochloride, 5.27 g. of a white solid, m.p.
111-113°, was obtained. Recrystallization from acetone 
welded 3.37 g., m.p. 112-114°.

Anal. Calcd. for C.eEbcChOSn: Sn, 42.95; Cl, 12.80. 
Found: Sn, 42.6, 43.11; Cl, 13.06, 12.85.

(b) When Compound III was recrystailized from acetone, 
a white solid resulted, m.p. 112-113°, which gave no de
pression in a mixed melting point determination with the 
product from (a).

(c) Dibutyltin dichloride 9 g. (0.03 mole) and 7.5 g. (0.03 
mole) of dibutyltin oxide were melted to a clear solution 
and allowed to cool. The solid, when recrystailized from 
acetone, melted 112-114°.

(d) In the course of another investigation, dibutyltin 
dihydride and dibutyltin dichloride were mixed in equi
molar quantities and oxygen bubbled into the mixture. A 
solid product was obtained which was shown b3- melting 
point and mixture melting point to be identical with the 
product obtained b}̂  the procedure of Johnson and Fritz.4'5 
Rec^stallization from petroleum ether (b.p. 40-60°) 
gave a solid m.p. 112-114°.

Anal. Calcd. for C,6H36Cl2OSn2: Sn, 42.95; Found Sn, 
42.51, 42.44.

R a h w a y ,  N. J.
D u r h a m , N. H.
(10) A. Steyermark, Quantitative Organic Microanalysis,

Blakiston Co., Philadelphia, p. 292 ff. (1951).

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , D u k e  U n w e r s i t y ]
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The ratios of ionization of the o-lrvd rogen versus addition to the carbonyl group of acetophenone by phenylpotassium 
phenylsodium, and phenyllithium were approximately 10:1, 1.5—2:1 and 1:23, respectively. Similar results were obtained 
in certain related reactions. They are interpreted on the basis of the influence of the metallic cation. The 1,2- versus 1.4-
addition of the reagents to benzalacetophenone was studied.

The courses of certain organic reactions with 
strongly basic or nucleophilic anions are known to 
be influenced considerably by the metallic cation 
associated with the anion. Two examples are the 
substitution versus elimination reactions of alkyl

(1) Supported by the Office of Ordnance Research, U. S. 
Army, and by the Office of Naval Research.

(2) A portion of this work was reported at the Philadel
phia meeting of the American Chemical Society, April 1950.

(3) On leave from the University College, Dublin, 
Ireland.

halides with alkali diethylamides or phenylalkalies4 
and the condensation of alkali esters with the car
bonyl group of ketones versus the ionization of their 
«-hydrogen.5 In both examples the lithium reagent 
favors the nucleophilic reaction at the carbon, and 
the sodium reagent the basic attack at the hydrogen.

(4) W. H. Puterbaugh and C. R. Hauser, J. Org. Chem.., 
24,416 (1959).

(5) C. R. Hauser and W. H. Puterbaugh, J. Am. Chem.. 
Soc., 75, 475(^(1953); C. R. Hauser and W. R. Dunnavant, 
J. Org. C h e 25, 1296 (1960),
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TABLE I
R e a c t i o n s  o f  « - H y d r o g e n  C o m p o u n d s  w i t h  O r g a n o m e t a l l i c  R e a g e n t s  F o l l o w e d  b y  C a r b o n a t i c n

Exp.
No.

«-Hydrogen
Compound

Organo
metallic
Pteagent Solvent Temp.

Time,
Hr.

Regenerated 
«-H Compd. 

Yield, %“

Addition 
Product, 
Yield, %

Ratio of Ioniz. 
of a-H to 
Addition

1 Acetophenone CeH5K Isooctane 50 3 54 5 11:1
2 Acetophenone CtH/.K6 * Hexane-octane 50 3 60 6 10:1
3 Acetophenone C..H.NV Heptane 50 3 48 34 1 .4:1
4 Acetophenone CTLXa-' Hexane-octane 50 3 36 24 1.5:1
5 Acetophenone Ce.HsN ad'e Hexane-octane 50 3 43 24 1.8:1
6 Acetophenone C6H5Li Ether 35 0.75 4 91 1:23
7 Acetophenone C6H5MgBr Ether 35 0.75 _/ 90 Low
8 Acetophenone C6H„K Hexane-isooctane 50 3 48 — High
9 Acetophenone C,-,H„Na Hexane-octane 50 3 38 12 3.2:1

10 Ethyl phenylacetate C6H5N ac Heptane 25-30 3 65 4 16:1
11 Ethyl phenylacetate CMsLi Ether 25-35 3 6 70 1:12
12 Phenvlacetonitrile CM.AV Benzene 40 1.5 90 5 18:1
13 Phenvlacetonitrile CM.M1 Ether 35 8 45 9 5:1
14 Phenvlacetonitrile CsHjMgBr Ether 35 5 15 33 1:2
15 Aeetomesitylene CM»Na‘ Heptane 50 3 80 — High
16 Acetomesitylene C6H5Li Ether 35 2 all — High
17 Mesity lacetoni trile CMsNV Benzene 40 1.5 71 5 14:1
18 Mesitylacetonitrile CeHôLi Ether 35 4 ___ ff 80 Low
19 Mesitylacetonitrile C6H5MgBr Ether 35 6 — 78 Low
20 Pheny lacetoni trile CM,Li Ether 35 2 28 — High
21 Phenylacetonitrile CM,Li Benzene 40 3 13 49 1:3.8
22 Mesitylacetonitrile CM,Li Ether 35 6 35 21 1.7:1
23 Mesitylacetonitrile CM,Li Benzene 40 4 14 51 1:3.6

° The regenerated a-hydrogen compounds generally boiled within a range of 2-5°. b The phenylpotassium-potassium 
methoxide reagent also contained a molecular equivalent of potassium chloride. c Reagent prepared by the earlier procedure. 
d Reagent prepared by newer procedure. e The phenvlsodium-sodium chloride reagent also contained sodium methoxide. 
^Xo regenerated acetophenone was isolated but some of the magnesium bromide enolate of the ketone might have been 
formed and then condensed with unchanged ketone to give the aldol product. ■ The reaction product was not carbonated and 
thus regenerated mesitylacetonitrile was not expected.

We have found that, whereas phenyllithium and 
phenylmagnesium bromide add to the carbonyl 
group of acetophenone, phenylsodium, and es
pecially phenylpotassium, react mainly with the 
a-hydrogen of this ketone effecting its ionization 
to form the alkali enolate. These two possible 
courses of reaction are shown in Scheme A, in 
which M represents potassium, sodium, lithium, 
or magnesium bromide.

Scheme A

CTLCOCTb
ChHbM

fCeHshC-OM
I

c h 3
CcHsCOCHA'I +  CM,

j- - c b ,  | co’
acid

C6H5COCHjCOOH -6----CsHsCOCH.COOM

As indicated in Scheme A, the relative extents of 
the two courses of reaction were determined by 
carbonation to convert the alkali enolate to the /3- 
keto acid salt, which was separated from the car- 
binol. The free /3-keto acid was liberated from the 
salt and decarboxylated to regenerate acetophe
none, the yield of which represented the extent of 
ionization of the a-hydrogen. This yield as well 
as that of the carbinol from the addition reaction is 
given in Table I along with those from related reac
tions. Since 10-15% of the acetophenone was

generally recovered in the reactions with the po
tassium and sodium reagents, the conversion yields 
would be correspondingly greater. The extent of 
the a-hydrogen reaction may be slightly higher 
than that indicated since the method did not take 
into account the possible aldol condensation.

Since phenylpotassium was obtained from anisole 
and phenylsodium from chlorobenzene, their prep
arations produced as by-products potassium 
methoxide and sodium chloride, respectively. At
tempts to prepare the former reagent from chloro
benzene and the latter reagent from anisole8 
under similar conditions were unsatisfactory. In 
experiments 2 and 5 of Table I, the phenylpotas
sium-potassium methoxide reagent contained an 
equivalent of potassium chloride, and the phenyl
sodium-sodium chloride reagent an equivalent of 
sodium methoxide (see Experimental). The pres- 
sence of the potassium chloride in the former 
reagent ha I no appreciable effect on the two 
courses of reaction (compare Exps. 1 and 2) but 
that of the sodium methoxide favored slightly the 
a-hydrogen reaction (compare Exps. 3, 4, and 5).

The last column of Table I shows that the ratio 
of ionization of the a-hydrogen of acetophenone to 
reaction at the carbonyl group was approximately 
10:1 with phenylpotassium, 1.5—2:1 with phenyl-

(6) See A. A. Morton and A. E. Brachman, J. Am . Ch<*n.
Soc., 76,2975 (1954).
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sodium and 1:23 with phenyllithium. Since the 
reactions with the potassium and sodium reagents 
were carried out under essentially the same condi
tions (Exps. 2 and 5), the considerable difference 
in the ratio of the two courses of reaction may be 
ascribed to the influence of the metallic cation. 
The great difference in the ratio of the two courses 
of reaction with the sodium and lithium reagents 
may be due not only to the influence of the metallic 
cation but also to the difference in solvents, 
which were an alkane and ether, respectively. 
An indication that the metallic cation is the more 
important factor is the observation that, in the 
related reactions of phenyl- and mesitylacetonitriles 
with butyllithium, the ratio of ionization of the 
a-hydrogen to addition was greater in ether than 
in benzene (Exps. 20-23). Consequently an even 
lower ratio in the two courses of reaction of aceto
phenone with phenyllithium might be expected if 
the solvent were a hydrocarbon instead of ether.

These results may be rationalized on the basis 
of the degree of ionization of the phenylalkalies, 
which should decrease as the metallic cation is 
varied in the order: K > Na > Li. Thus, phenylpo- 
tassium is effectively the strongest base attacking 
mainly the a-hydrogen, and phenyllithium the 
strongest nucleophilic reagent attacking largely 
the carbonyl carbon (indicated in I and II, respec
tively).

H2Cy— H —  CoH5

c6h 5c = o •K"

I

CgH5C 0 
I ^  

CH,
II

Similar results were obtained in several related 
reactions (see Table I). Interestingly, phenyllith
ium effected mainly ionization of the a-hydrogen 
of phenylacetonitrile but the addition reaction 
with mesitylacetonitrile lead to the formation of 
the corresponding ketone (Exps. 13 and 18). 
Phenylsodium, however, effected largely ionization 
of the a-hydrogen of both of these nitriles (Exps. 
12 and 17). The predominant course of reaction of 
mesitylacetonitrile with the sodium and lithium 
reagents is indicated in III and IV, respectively.

c h 3

H>— C6H5- ■ • -Na 

CH*1—
VA

GSMS—Li 

CH3V ')CH2-C= N
c h 3

IV

As might be expected phenylsodium underwent 
the addition reaction with benzaldehyde to form 
benzhydrol. This reagent has previously been 
shown to add to benzophenone to give tri- 
phenylcarbinol.7

(7) S. F. Acrel, Am. Chem. J., 29, 588 (1903).

1,2-Versus 1,4-addition. Earlier workers have- 
shown that benzalacetophenone undergoes mainly
1,2-addition with phenylpotassium, phenylsodium* 
and phenyllithium8-9 in ether but largely 1,4- 
addition with phenylmagnesium bromide.10 These 
two courses of reaction may be represented by 
equation la and lb, respectively.

CfiHiM

o h 6
1
1

- 0 = 0

1,4

C6H6
1,2 I

C6H8CH=CH—C—OM (la)

¿ 6h 6
c 6h 6
I

I---- >■ C6H6CH—C H = C -O M  (lb)
I

C6H6

We have confirmed the predominant 1,2-addition 
with the three former reagents. Whereas the pre
vious reaction with phenylpotassium and phenyl
sodium were carried out in ether,8 we have employed 
appropriate hydrocarbon solvents. The reaction 
mixtures were carbonated to convert the metal 
enolate of the 1,4-addition product to the salt of 
the carboxylic acid which was separated from the 
carbinol. The results, including the earlier ones, 
are summarized in Table II.

TABLE II
1,2- Versus 1,4-Addition of Benzalacetophenone w ith  

Phenylalkalies and Phenylmagnesium Bromide

Metallic
Cation

1,2-Addition 
Yield, %

1,4-Addition 
Yield, %

K 67 (52)“ —

Na 60 (39)“ 14 (3.5)“
Li 75 (69)“ 14 (13)“
MgBr — 946

“ Ref. (8). 6 Ref. (10).

E X PER IM EN TA L11

Potassium and sodium reagents. Phenylpotassium was 
prepared from potassium and anisole12 in an appropriate 
alkane employing a creased flask and high speed stirrer. 
Carbonation of the suspension gave benzoic acid in 55-60% 
yield.

Phenylsodium was prepared in an alkane or in benzene 
from chlorobenzene and commercially dispersed sodium13 
(earlier procedure) or dispersed sodium prepared in this 
laboratory with a high speed stirrer (newer procedure.)14

(8) H. Gilman and R. H. Kirby, J. Am. Chem. Soc., 63, 
2046 (1941).

(9) A. Luttringhaus, Jr., Ber., 67, 1602 (1934).
(10) E. P. Kohler, Am. Chem. J., 38, 511 (1907).
(11) Boiling points and melting points are uncorrected.
(12) A. A. Morton and E. J. Lanpher, J. Org. Chem., 23, 

1638 (1958).
(13) We are indebted to Dr. V. L. Hansley of Electro

chemical Dept., E. I. du Pont de Nemours and Co., Niagara 
Falls, N. Y., and later of U. S. Industrial Chemical Co., Divi
sion of National Distillers, Cincinnati 37, Ohio, for generous 
samples.

(14) See U. S. Industrial Chemical Co., Division of 
National Distillers Production Corp., New York, N. Y.,
Sodium Dispersions, 1957, p. 36.
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Carbonation of the suspension gave practically quantitative 
yields of benzoic acid.

re-Amylpotassium and n-amylsodium were prepared from 
re-amyl chloride and the alkali metal in an alkane.15 An 80% 
yield of the reagent was assumed.15

Lithium and Grignard reagerds. These reagents were 
prepared in ether in the usual mnner and transferred to the 
reaction flask under nitrogen pressure. Butyllithium was 
also prepared in benzene.16

Reactions of a-hydrogen compounds with reagents. (Table
l. ) (A) With phenylpotassium. In Exp. 1 of Table I, the 
phen3dpotassium-potassium methoxide reagent prepared as 
described above was treated directly with acetophenone but, 
in Exp. 2, dry potassium chloride (11.17 g., 0.15 mole) was 
added with stirring to a 0.15 mole preparation of the reagent 
before adding 0.15 mole of the ketone. Experiment 1 is 
described below.

To the stirred reagent (0.2 mole preparation) was added a 
solution of 24.03 g. (0.2 mole) of acetophenone in 50 ml. of 
iso-octane during 20 min., maintaining the temperature at 
about 50°. After stirring for 3 hr. at this temperature, the 
reaction mixture was cooled and poured onto excess Dry 
Ice. When the excess Dry Ice had evaporated some isobutyl 
alcohol was added (to destroy potassium) followed by 200 
ml. of water. After shaking, the two layers were separated. 
The aqueous layer -was extracted three times with ether and 
the extracts were added to the organic layer. The two solu
tions rvere worked up as described below.

The aqueous solution was acidified and heated on the 
steam bath for 1 hr., cooled, and extracted three times 
with ether. The combined ether extracts were washed with 
a saturated solution of sodium bicarbonate, then with water, 
dried over anhydrous magnesium sulfate, and the solvent 
removed. The residual oil was distilled to give 13.0 g. (54%) 
of acetophenone, b.p. 90-92° at 19 mm.; 2,4-dinitrophenyl- 
hydrazone m.p. 248-249°.

The organic solution was washed with water, dried over 
anhydrous magnesium sulfate, and the solvent removed. 
The residual oil was distilled to give 3.05 g. (13%) of aceto
phenone, b.p. 91-94° at 19 mm. The residue was cooled 
and shaken with re-hexane. The mixture was filtered. The 
solid (0.85 g., 2.2%) was crude diphenylmethylcarbinol,
m. p. 75-77° after recrystallization from benzene. It did not 
depress melting point of an authentic sample of the carbinol. 
The re-hexane filtrate was evaporated, and the residual oil 
was distilled to give 1.0 g. (2.8%) of 1,1-diphenjdethylene, 
b.p. 142-147° at 19 mm., lit.17 b.p. 147° at 16 mm. This 
olefin, which resulted from dehydration of the carbinol, 
readily decolorized bromine in carbon tetrachloride; total 
yield of carbinol is estimated to be 5%. A sample of the 
olefin, prepared by dehydration of the carbinol with con
centrated sulfuric acid, boiled at 155-158° at 25 mm., 
lit.18 b.p. 156° at 25 mm.

(B) With phenylsodium. In Exps. 3 and 4 of Table I, the 
phenylsodium-sodium chloride reagent prepared as de
scribed above was treated directly with acetophenone. In 
Exp. 5, methanol (6.4 g., 0.2 mole) was slowly added with 
cooling to a 0.4 mole preparation of phenylsodium to give 
0.2 mole each of phenylsodium and sodium methoxide. 
Acetophenone (0.2 mole) in 50 ml. of re-hexane was then 
added. After stirring at about 50° for 3 hr., the reaction 
mixture was worked up as described for phenylpotassium.

The aqueous solution was acidified and heated on the 
steam bath to give 10.2 g. (43%) of acetophenone, b.p.

(15) A. A. Morton, F. D. Marsh, R. D. Coomles, A. L. 
Jones, S. E. Penner, H. E. Ramsden, V. B. Baker, E. L. 
Little, and R. L. Letsinger, J. Am. Chem. Soc., 72, 3785 
(1950).

(16) H. Gilman, E. A. Zoellner, and W. M. Selby, J. Am. 
Chem. Soc. ,54,1957 (1932).

(17) I. Heilbron, Dictionary of Organic Compounds, Voi. 
II, Oxford University Press, New York, 1953, p. 415.

(18) A. Klages, Ber., 35, 2647 (1902). •

93° at 21 mm.; 2.4-dinitrophenylhydrazone, m.p. 249- 
250°.

The organic solution yielded 5.15 g. of diphenylmethyl
carbinol, m.p. 78-81° (no depression on admixture with 
authentic sample), 1.6 g. of less pure carbinol, m.p. 66-73°, 
and 0.75 g. of 1,1-diphenylethylene, b.p. 115-120° at 11 
mm., re2D5 1.60C, lit.17«1̂  1.610. The total yield o: carbinol 
is estimated to be 24%. Acetophenone (9%) was obtained as 
a forerun.

The reactions of other a-hydrogen compounds with phenyl
sodium (Exps. 10, 12, 15, and 17, Table I) were carried out 
similarly. The product obtained from the organic solution in 
Exp. 10 was distilled to give 1.2 g. of recovered ethyl phenyl- 
acetate and 6.1 g. of higher boiling material which, after a 
week in the refrigerator, deposited 1.7 g. of phenyl benzyl 
ketone, m.p. 56-60° after recrystallization from ligroin (b.p. 
90-120°), lit.1’ m.p. 60°, oxime m.p. 97-98°, lit.19 m.p. 
98°.

The product obtained from the organic solution in Exp. 
12 was added to dilute hydrochloric acid and heated on a 
steam bath for 1-2 hr. (to hydrolyze the ketimine hydrochlo
ride). There was obtained phenyl benzyl ketone m.p. 55°19; 
semicarbazone (recrystallized from methanol), m.p. 146- 
147°, lit.19 m.p. 148°.

The product obtained from the organic solution in 
Experiment 17 yielded 2,4,6-trimethylbenzyl phenyl ketone 
(5%), m.p. 162° (see below).

(C) With arr.ylpotassium and amylsodium. The reaction of 
these reagents with acetophenone (Exps. 8 and 9) was 
carried out as described for phenylpotassium.

The product obtained from the organic layer in Experi
ment 9 was distilled to give recovered acetophenone (14%). 
b.p. 92-95° at 20 mm. (2,4-dinitrophenylhydrazone m.p. 
251-253°) and 2-phenylheptane-2-ol (12%), b.p. 81-82° 
at 0.4 mm., re2D5,5 1.5065, lit.20 b.p. 169° at 50 mm. and 
108° at 0.6 mm., n2D5 1.5028. The infrared spectrum of this 
product was icentical with that of the carbinol (b.p. 80° at 
0.3 mm., re2̂ 1.5042) prepared from re-amylmagnesium 
bromide and acetophenone in ether.

(D) With vhenyllithium and phenylmagnesium bromide. 
Experiment II is described below-. To a stirred solution of 
approximately 0.4 mole of phenyllithium in 500 ml. of ether 
was added 35.8 g. (0.2 mole) of ethyl phenvlacetate in 100 
ml. of ether. The mixture was refluxed 2 hr., cooled, and 
poured onto excess Dry Ice. There was obtained 2.15 g. 
(6%) of regenerated ethyl phenylacetate, b.p. 178-190° 
at 20 mm. (identified by infrared spectrum), and 36.8 g. 
(70%) of 1,1,2-triphenylethanol, m.p. 81-88° and at 87-88° 
after recrystallization from re-hexane. A mixed melting point 
with an authentic sample showed no depression. Also 9.2 g. 
of residual gum was obtained.

Experiments 6, 7, 13, 14, 16, 18, and 19 were carried out 
similarly. In Exps. 6, 7, and 16, slightly more than a 1:1 
mole ratio of reagent to active hydrogen compounds was 
used. In Exps. 13, 14, and 18, a 10-50% excess of the reagent 
was employed The products from Exps. 6, 7, and 16 were 
worked up as described in Exp. 1, and those from Exps. 
13, 14, 18, and 19 as described in Exp. 12. In exps. 18 and
19, there was obtained 2,4,6-trimethylbenzylphenyl ketone, 
m.p. 162°.

Anal. Caleb, for CnHigCkC, 85.67; H, 7.61. Found: C, 
86.06; H, 7.90.

(E) With n-butyllithium. These reactions (Exps. 20-23) 
were carried out essentially as described for Exp. 11, and the 
products were worked up as described for Exp. 12. In Exp.
20, no ketone was isolated under the conditions used and a 
considerable amount of the starting nitrile was recovered. 
In Exp. 21, re-outyl benzyl ketone (49%) was obtained, b.p.

(19) See Ref. 17, p. 12.
(20) W. Ci Davies, R. S. Dixon, and W. J. Jones, J. Chem. 

Soc., 471 (1930); M. Protiva, O. Exner, M. Borovick, and 
J. Pliml, Chen... Listy, 46, 37 (1952).

0
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128-138° at, 13 mm., lit,21 130-1310 at, 12 mm. This experi
ment was repeated at room temperature for 118 hr. to give 
17% of re-butyl benzylketone, 5% of regenerated nitrile, 
and some high boiling residue. In Exp. 23, 2,4,6-trimethyl- 
benzyl re-butyl ketone was obtained, b.p. 142-147° at 7 
mm.; 2,4-dinitrophenylhydrazone (yellow needles), m.p. 
!)0° (recrystallized from ethanol).

Anal. Caled. for CisHojChNi. CjHsOH: N, 14.17. Found:N,
14.03.

Addition of reagents to benzalacetophenone. (Table II). 
These reactions were carried out as described in Exp. 1 
by addition of benzalacetophenone in an appropriate solvent 
to the stirred reagent; the reaction mixtures were carbonated 
and worked up essentially as described for the a-hydrogen 
compounds.

In the experiment with phenylpotassium, no 1,4-addition

(21) D. Ivanov, Hull. Soc. Chan., [5], 4, 682 (1937).

product was isolated. A 67% yield of crude diphenylstyryl 
carbinol was obtained. After recrystallization from ligroin, 
the product melted at 109-111° (lit.9 m.p. 108-111°). 
Some unidentified residue was obtained.

In the experiment with phenylsodium, /3,/3-diphenylpro- 
piophenone, m.p. 94-95° (lit.10 m.p. 96°) was obtained on 
acidifying the aqueous solution and decarboxylating the 
product, Diphenylstyrylcarbinol was isolated from the 
organic solution.

Reaction of phenylsodium with benzaldehyde. This reaction 
was carried out with 0.3 mole of phenylsodium and 0.21 
mole of benzaldehyde in heptane (2 hr. at room temperature, 
1 hr. at 50°). There was obtained 28 g. (72%) of benzhvdrol, 
b.p. 175-180° at 17 mm. The product solidified; after re- 
crystallization from ligroin (b.p. 90-120°), it melted at 
66-67°. A mixed melting point with an authentic sample 
showed no depression.

D u r h a m , N. C.

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , D u k e  U n i v e r s i t y ]

O rtho S u b stitu tio n  R earran gem en t o f  C ertain  3 -S u b stitu ted  and
3 ,5 -D isu b stitu ted  B en zy ltr im eth y la m m o n iu m  Ions  

by Sod iu m  A m id e1

WILLIAM Q. BEARD, Jr., DONALD N. VAN EENAM, a n d  CHARLES R. HAUSER

Received August 5, 1960

The 3-methoxy-, 3-methyl-, and 3-chloro-benzyltrimethylammonium ions underwent the ortho substitution rearrange
ment with sodium amide in liquid ammonia to form mixtures of the two possible types of isomeric amines in yields of 92, 
90, and 16%, respectively. With the first two quaternary ions, rearrangement into the ortho position versus the para position 
occurred in the ratio of 2:1 and 1.2:1, respectively. The 3-bromo and 3-trifluoromethyl quaternary ions failed to yield 
isolable amounts of rearrangement products. The 3,5-dimethoxy- and 3,5-dimethyl-benzyltrimethylammonium ions under
went the rearrangement in 93% yield.

Previous papers2-4 have described the ortho 
substitution rearrangements of several 2- and 4- 
substituted benzyltrimethylammonium ions (Equa
tions 1 and 2, respectively) in which the substit
uents Y were such groups as alkyl, methoxy and 
chlorine.

The present paper describes a similar study of 
certain 3-substituted and 3,5-disubstituted benzyl-

(1) Supported by the National Science Foundation.
(2) S. W. Kantor and C. R. Hauser, J. Am. ('hem. Soc., 

73, 4122(1951).
(3) C. R. Hauser and A. J. Weinheimer, J. Am. Chem. 

Soc., 76, 1264 (1954).
(4) W. Q. Beard, Jr,, and C. R. Hauser, J. Org. Chem., 

2S, 334 (I960),

trimethylammonium ions with sodium amide in 
liquid ammonia. Whereas the rearrangement of a
2- or a 4- substituted benzyltrimethylammonium 
ion can form but a single amine (Equation 1 or 2), 
that of a 3-substituted quaternary ion of Type I 
(such as la) may afford a mixture of isomeric re
arranged amines of Types II and III (such as Ha 
and Ilia). These isomers would arise through re
arrangements into the ortho- and para- positions, 
respectively, relative to the 3-substituent.

la. Y = OCHs
lb. Y = CH, 
le. Y = Cl
ld. Y = Br
le. Y = CFs

lia. Y = OCHs
lib. Y = CH, 
Ile. Y = Cl

llla. Y = OCH,
lllb. Y = c h 3 
Hic. Y = Cl

Actually each of the three quaternary ions Ia-c 
produced a mixture of the possible isomeric amines 
of Types II and III. In Table I are summarized the 
yields of the amine mixtures and the relative pro
portions of t.ke two isomers,
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TABLE I
R e a r r a n g e m e n t  o f  3 -S u b s t i t u t e d  B e n z y d t r im e t h y l -
AMMONIUM I o n s  b y S o d iu m A m id e  in  L iq u id  A m m o n ia

3-Sub-
Amine

Mixture, Proportions of Isomers“
Quat. stituent, Yield Tvpe II Type III
Ion Y % % %
la o c h 3 926 67 (Ha) 33 (Ilia)
lb c h 3 90 54 (lib) 46 (Illb)
Ic Cl 16c — —

a These proportions of isomers were estimated from com
parisons of infrared data (see Experimental). b An 86% 
yield was obtained on stopping the reaction after five 
minutes. c A 5% yield was obtained on stopping the reaction 
after five minutes.

It can be seen from this table that the quater
nary ions Ia-c produced mixtures of the correspond
ing isomeric amines Ila-c and Illa-c  in yields of 92, 
90, and 16%, respectively. These isomers were not 
separated; they were oxidized with permanganate 
to form the known acids IVa-c and Va-c, respec
tively. These acids were readily separated, since 
those of type IV were considerably more soluble 
in water than those of type V. Acid Vc was further 
oxidized and dehydrated to give anhydride VI.

with the mixtures obtained from the rearrange
ments of la and lb, respectively. The relative pro
portions of the two amine mixtures given in Table 
I were determined in this manner (see Experi
mental).

Rearranged amines 11a and lib  were independ
ently synthesized by the condensations of di- 
methylaminomethyl isobutyl ether with the Gri- 
gnard reagents of compounds V ila and Vllb, 
respectively (Equation 3).

1. Mg
-------------------- Ha or lib (3)
2. (CH3)2NCH2

) °(CH3)zCHCH%

Vila. Y = DCHs 
Vllb. Y = 3HS

Compound Vila was prepared from m-cresol by 
a modification of the method of Gibson,6 and com
pound Vllb from commercially available 2,6- 
dimethyl aniline. Although the former method in
volved several steps (Equation 4), the structures 
in all steps had been established by earlier workers.

1. -2H2SQ4
2. (Ch3)so/

NaOH

IVa. Y = OCH3 Va. Y = OCHs
IVb. Y = CH3 Vb. Y = CH3
IVc. Y = Cl Vc. Y = Cl

The amine mixture from quaternary ion la was 
also converted to a mixture of the corresponding 
picrates, which were separated and identified as 
the picrates of amines Ha and Ilia.

The infrared spectra of each of the three amine 
mixtures from quaternary ions Ia-c showed bands 
characteristic of the two isomeric amines of types 
II and III. Thus, the three adjacent aromatic 
hydrogens of amines of type II were indicated in 
each case by a strong band in the region 810-770 
cm.-1, and the two adjacent aromatic hydrogens 
and one isolated aromatic hydrogen of amines of 
type III were indicated in each case by a strong 
band in 860-800 cm.-1 region and a weak band in 
the 900-860 cm.-1 region, respectively.5 Moreover, 
the spectra of the amine mixtures from quaternary 
ions la  and lb showed all of the bands (and no 
others) exhibited by samples of pure amines which 
were independently synthesized as described below. 
By adjusting the relative proportions of pairs of 
isomers it was found that mixtures of pure amines 
Ha and Ilia, in the ratio of about 2:1 and of pure 
amines lib  and Illb  in the ratio of about 1.2:1 
gave infrared spectra that were practically identical

(5) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, 2nd ed., John Wiley & Sons, Inc,, New York, N, Y., 
1958, pi 78-79> •

Vila2. HN02 
Cu2Br2

(4)

Rearranged amines Ilia  and Illb  were in
dependently synthesized from commercially avail
able compounds as represented by equations 5 and 
6, respectively.

Illb (6)

The face that the yield of rearrangement product 
from the chloro quaternary ion Ic was much lower 
than those from the methoxy and methyl quaternary 
ions la and lb under similar conditions (see Table
I) may have been due partly to the occurrence of a

0
(6) G. P, Gibson, J, Chem. Soc,, 123, 1269 (1923),
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side-reaction involving the formation of a benzyne7 
(see Experimental). However, since some of the 
starting quaternary salt was recovered, the ion Ic 
evidently underwent the rearrangement more 
slowly than ions la  and lb.

Unsuccessful attempts were made to obtain the 
rearrangement products from the 3-bromo- and
3-trifluoromethyl quaternary ions, Id and Ie, 
respectively. The former ion evidently underwent 
mainly the benzyne reaction,7 while the latter ion 
produced much tarry material although some of the 
starting quaternary salt Ie was recovered.

Next, consideration will be given to the 3,5- 
disubstituted benzyltrimethylammonium ions 
AHIIa and VUIb, which, in contrast to the 3- 
substituted quaternary ions presented above, may 
undergo the ortho substitution rearrangement 
without forming isomeric mixtures. These quater
nary ions both rearranged in 93% yield to form 
amines IXa and IXb, respectively.

+

Villa. Y = OCH3 IXa. Y = OCH3
VUIb. Y = CH, IXb. Y = CH8

The structure of the product from the rearrange
ment of V illa  was established as IXa by oxidation 
to the known benzoic acid derivative X and by the 
Emde reduction of the methiodide of IXa followed 
by cleavage of the two methyl ether groups to form 
the known dihydroxy compound XI (Scheme A).

T v  KM n04IXa -------- ->
CH30

1. c h 3i

2. N a-H g  
<H20)

XI

The structure of the product from the rearrange
ment of VUIb was established as IXb by an inde
pendent synthesis from a 2-chloroisodurene (Equa
tion 7).

CH3
HN(CH3)2 
-------------->- IXb ( 7 )

DISCUSSION

The predominant rearrangement of la  and lb 
into the 2-position relative to the 3-methoxy or 3- 
methyl substituent rather than into the 4-position 
is of interest. Apparently steric factors are not 
important, a conclusion supported by a considera
tion of molecular models.

The mechanism of the rearrangement has been 
considered2 to involve the SNi' type of displace
ment indicated in XII to form exo-methylene- 
amine (XIII), which undergoes a prototropic change 
to regenerate the aromatic ring. Actually the re
arrangement of the

XII (Y = hydrogen of 
a substituent)

XIII

2,4,6-trimethylbenzyltrimethylammonium ion pro
duces an isolable exo-methyleneamine that cannot 
undergo such a prototropic change.8

This mechanism suggests that the rearrangement 
would be retarded appreciably when Y in XII is 
methoxy or methyl, since such a group should 
increase the electron density at the position where 
the methyl carbanion attacks the ring. However, 
the rearrangement appears to be retarded just 
slightly. Thus the yields of rearranged amines from 
the unsubstituted benzyltrimethylammonium ion 
and the 3-methoxy substituted quaternary ion 
la  were 90% and 86% within one minute and five 
minutes, respectively. Moreover, when an equi
molar mixture of the unsubstituted and the 3,5- 
dimethylsubstituted salts was added to excess of 
the reagent and the reaction stopped in thirty 
seconds, the yield of rearranged amine from the 
former was 59% and that from the latter 49%. 
Even this slight retardation may not be real, since 
the quaternary salts were not entirely in solu
tion.

Mechanism XII might also suggest that the 
rearrangement would be facilitated by a 3-chloro 
substituent as in Ic, but this is apparently not the 
case (see above).

These results may be reconciled with mechanism 
XII if it is assumed that substituents which increase 
the electron density at the point of attack also lower 
the energy of the transition state leading to the 
exo-rnethyleneamine XIII.

EX PER IM EN TA L9

3-Melhoxybenzyltrimethylammonium bromide (la). 3-Meth- 
oxybenzoic acid (110 g., 0.725 mole) was reduced with 38 g.

(7) See J. D. Roberts, H. Simmons, Jr., L. Carlsmith, and
C. Vaughan, J. Am. Chem. Soc., 75, 3290 (1953).

(8) C. R. Hauser and D. N. Van Eenam, J. Am. Chem.
Soc., 76, 1264 (lft54).

«
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(0.95 mole) of 95% pure lithium aluminum hydride10 to 
give 89.7 g. (90%) of 3-methoxybenzyl alcohol, b.p. 129- 
131: at 9 mm.; lit..11 b.p. 129° at 9 mm.

This alcohol (89.3 g., 0.647 mole) was treated with 95 g. 
(0.35 mole) of phosphorus tribromide in 1500 ml. of absolute 
ether overnight. The mixture was hydrolyzed with ice water, 
and the layers separated. The ether layer was washed with 
sodium bicarbonate solution, dried, and distilled to give
116.8 g. (90%) of 3-methoxybenzyl bromide, b.p. 123-124° 
at 13 mm., lit.11 b.p. 123.5° at 13 mm.

A solution of 116.8 g. (0.58 mole) of this bromide in 500
ml. of acetonitrile was cooled in an ice bath and treated 
wdth 51 g. (0.87 mole) of liquid trimethylamine. After stir
ring for several hours, 1500 ml. of dry ether was added to 
precipitate 147 g. (98%) of 3-methoxybenzyltrimethylam- 
monium bromide (la), m.p. 171-171.5°. One recrystalliza
tion from acetonitrile raised the melting point to 172.5- 
173°.

Anal. Calcd. for CnHisBrNO: C, 50.75; H, 6.97; N, 5.38. 
Found: C, 50.65; H, 7.02; N, 5.35.

Rearrangement of bromide la. To a stirred suspension of 
0.22 mole of sodium amide12 in 600 ml. of liquid ammonia 
was added over a period of 10 min. 52.0 g. (0.2 mole) of
3-methoxybenzyltrimethylammonium bromide (la). The 
initial green color changed rapidly to brownish-red. After 
30 min., 11.8 g. (0.22 mole) of ammonium chloride was 
added, and the ammonia was replaced by ether. Inorganic 
salts were removed by filtration, and the ether was evapo
rated. The residue was distilled to give 33.08 g. (92%) of a 
mixture of amines Ha and Ilia , b.p. 108.5-116° at 10.5
mm. , n2D5 1.5135.

Anal. Calcd. for C„H„NO: C, 73.70; H, 9.56; N, 7.81. 
Found: C, 74.01; H, 9.42; N, 8.08.

Treatment of a sample of the amine mixture with excess 
picric acid in 95% ethanol solution gave a picrate mixture 
which was recrystallized slowly from 95% ethanol. The 
resulting two types of crystals were separated mechanically 
and recrystallized to give the picrates of amines Ha and 
Ilia , m.p. 139-140° and 114-115°, respectively. Admixture 
with independently synthesized samples of these picrates 
(see below) did not depress the melting points.

Oxidation of a 2.0-g. sample of the amine mixture -was 
effected by stirring with 3.0 g. of potassium permanganate 
and 2.0 g. of sodium hydroxide in 100 ml. of water at room 
temperature. When the purple color had disappeared, three 
1.0-g. portions of permanganate were added, each after the 
color of the preceding portion had faded. After removing the 
precipitated manganese dioxide by filtration through a 
Super-cell mat, the colorless alkaline solution was acidified 
with concentrated hydrochloric acid to liberate 6-methoxy-
2-methylbenzoic and 4-methoxy-2-methylbenzoic acids, IVa 
and Va, respectively. The latter acid, which precipitated, was 
collected on a funnel and recrystallized from ethanol-water; 
yield, 0.42 g. (23%), m.p. 175-175.5°, lit.13 m.p. 176°. 
The m.p. was not depressed on admixture with acid Va ob
tained from the oxidation of independently synthesized 
amine I lia  (see below).

Acid IVa, which remained in solution, was isolated by 
saturating the hydrochloric acid filtrate with sodium sulfate 
and extracting with ether. The extract was dried, filtered, 
and evaporated. The residue was recrystallized from hex
ane-ethanol to give 0.49 g. (26%) of 6-methoxy-2-methyl- 
benzoie acid (IVa), m.p. 137-138°, lit.14 15 m.p. 139°. The 
melting point was not depressed on admixture with acid

(9) Analyses are by Galbraith Microanalytical Labora
tories, Knoxville, Tenn. All melting points and boiling 
points are uncorrected.

(10) See W. G. Brown, Org. Reactions, VI, 491-492
(1951).

(11) E. Spath, Monatsh., 34, 1998 (1913).
(12) See C. R. Hauser, F. W. Swamer, and J. T. Adams, 

Org. Reactions, VIII, 122 (1954).
(13) C. Schall, Ber., 12, 824 (1879). #

IVa obtained from the oxidation of independently synthe
sized amine Ila  (see below).

Estimation of the composition of the rearrangement product 
of la. The infrared spectrum of a 5% solution of the re
arrangement product of la  in cyclohexane was compared 
with the spectra of two cyclohexane solutions containing a 
total of 5% of independently synthesized amines Ila  and 
Ilia . One of these solutions contained a mixture of Ila  and 
I lia  in a ratio of 7:3 and the other contained a mixture of 
Ila  and I lia  in a ratio of 6:4. The relative intensities of the 
moderate bands at 710 cm.-1 (Ilia) and 700 cm.'-1 (Ila) 
led to a composition estimate for the rearrangement product 
of 67% 6-methoxy-2-methylbenzyldimethylamine (Ila) 
and 33% 4-methoxy-2-methylbenzyldimethylamine (Ilia).

Independent synthesis of amioie Ila. 2-Nitro-m-cresol, 
b.p. 106-108° at 9.5 mm., was prepared in 42% yield from 
69 ml. of m-cresol, 304 ml. of 20% fuming sulfuric acid, and 
28 ml. of fuming nitric acid (sp. gr. 1.5) according to the 
modification of Hodgson and Beard16 17 of the method of 
Gibson.6

2-Nitros-S-methylanisole, m.p. 48-49°, lit.14 m.p 49°, 
was obtained in 93% yield by the treatment of 37.5 g. of 
2-nitro-m-cresol with a sevenfold excess of dimethyl sulfate 
and sodium hydroxide.

2-Amino-S-methylanisole, b.p. 114.5-116.5° at 15 mm., 
lit.,6 b.p. 124-126° at 15 mm., was obtained in 75% yield by 
the reduction of 37.9 g. of 2-nitro-3-methylanisole with iron 
powder in glacial acetic acid.

2-Bromo-8-methylanisole, m.p. 34-36°, lit.16 m.p. 35.5- 
36.5°, was obtained in 86% yield by the Sandmeyer reaction 
on 23.4 g. of 2-amino-3-methylanisole using the sulfuric acid 
procedure.16

6-Methoxy-3-melhylbenzyldimethylamine (Ila) was pre
pared in 61% yield from 9.2 g. (0.0458 mole) of 2-bromo-3- 
methylanisole, 1.22 g. (0.05 g.-atom) of magnesium turnings, 
and 6.65 g. (0.0458 mole) of a-dimethylaminomethyl iso
butyl ether.'L18 The product boiled at 106-108° at 10.5 mm., 
nn2i 1.5140.

Anal. Calcd. for CnH„NO: C, 73.70; H, 9.56; N, 7.81. 
Found: C, 73 51; H, 9.54; N, 7.91.

The picrate (recrystallized from 95% ethanol) melted at 
139-140°.

Anal. Calcd. for C„H2oN40 8: C, 50.00; H, 4.94; N, 13.72. 
Found: C, 50.26; H, 4.73; N, 13.59.

The methiodide, m.p. 153-154°, was prepared from the 
amine and excess methyl iodide in acetonitrile, precipitated 
with ether, and recrystallized from acetonitrile and ether.

Anal. Calcd. for C12H20INO: C, 44.73; H, 6.25; N, 4.35. 
Found: C, 44.66; H, 6.37; N, 4.33.

Oxidation of 2.0 g. of the pure amine Ila  was effected as 
described for the rearrangement product of la  to give the 
water-soluble 2-methyl-6-methoxybenzoic acid (IVa), m.p. 
138° (recrystallized from hexane-ethanol), lit.14 m.p. 139°; 
yield 38%.

Independent synthesis of amine Ilia . 4-Methoxy-2-methyl- 
aniline (0.5 mole) in 175 ml. of 48% hydrobromcc acid and 
125 ml. of wacer was diazotized at 0° with a solution of 35 g. 
of sodium nitrite in 100 ml. of water. The solution was 
poured onto 0.30 mole of freshly prepared cuprous bromide19 * 
in 120 ml. of 48% hydrobromic acid and 60 ml. of water to

(14) P. Q  uit and F. Bolsing, Bull. Soc. chim. France 
[3], 35, 143 (1906).

(15) H. H. Hodgson and H. G. Beard, J. Chem. Soc., 
127, 498 (1925).

(16) A. I. Vogel, Textbook of Practical Organic Chemistry, 
3rd ed., Longmans, Green and Co., New York, N. Y., 
1956, p. 602.

(17) G. M, Robinson and R. Robinson, J. Chem. Soc., 
532 (1923).

(18) See A. T. Stewart and C. R. Hauser, J. Am. Chem. 
Soc., 77, 1098 (1955).

(19) J. L. Hartwell, Org. Syntheses, Coll. Vol. HI, 186
(1955).
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give (steam distilled) 69.75 g. (69%) of 5-methoxy-2- 
methylbromobenzene, b.p. 106-108.5° at 11 mm., lit.20 
b.p. 108.5° at 12 mm.

This halide (0.12 mole) was converted to its Grignard 
reagent, which was treated with 0.78 mole of dimethylamino- 
methyl isobutyl ether to give amine Ilia  (49%,), b.p. 113.5- 
115° at 9.5 mm., n2D5 1.5136.

Anal. Calcd. for CnH17NO: G, 73.70; H, 9.56; N, 7.81. 
Found: C, 73.52; H, 9.63; N, 7.92.

The picrate (recrvstallized from 95% ethanol) melted at 
115-115.5°.

Anal. Calcd. for CnH2oN4Os: C, 50.00; H, 4.94; N, 13.72. 
Found: C, 50.10; H, 4.99; N, 13.60.

The met.hiodide, m.p. 202.5-203°, was prepared from the 
amine and excess methyl iodide in acetonitrile, precipitated 
with ether, and recrystallized twice from acetonitrile-ether.

Anal. Calcd. for CuHsoINO: C, 44.73; H, 6.25; N, 4.35. 
Found: C, 44.62; H, 6.02; N, 4.38.

Oxidation of 2.0 g. of pure amine Ilia  w-as effected as 
described for the rearrangement product of la to give the 
water-insoluble 4-methoxy-2-methylbenzoic acid (Va), m.p. 
174-175° (recrystallized from ethanol-water), lit.13 m.p. 
176°; yield 73%.

3-Methylbenzyltriniethylammonium bromide (lb). This salt, 
m.p. 217-219°, prepared hi 90% yield from 0.2 mole of 
a-bromo-TO-xylene and excess trimethylamine as described for 
la. Recrystallization from acetonitrile raised the m.p. to 
222-223°.

Anal. Calcd. for CnH18BrN: C, 54.10; H, 7.43. N, 5.73. 
Found: C, 54.04; H, 7.57; N, 5.76.

Rearrangement of bromide lb. This rearrangement was 
carried out with 36.6 g. (0.15 mole) of 3-methylbenzyltri- 
methylammonium bromide (lb) in a suspension of 0.30 
mole of sodium amide in 500 ml. of liquid ammonia as 
described for the rearrangement of la. The initial bright green 
color faded in 45-60 seconds, indicating a rapid reaction. 
There was obtained a mixture of 21.86 g. (90%) of amines 
lib  and Illb, b.p. 91.8-93.2° at 12 mm., nZD 1.5077.

Anal. Calcd. for CnH„N: C, 80.92; H, 10.50; N, 8.58. 
Found: C, 80.87; H, 10.52; N, 8.70.

Oxidation of 2.0 g. of the amine mixture was effected as 
described for the rearrangement product of la  to give the 
water-insoluble 2,4-dimethylbenzoic acid (Vb) (28%), m.p.
127.5-128.5°, lit.21 m.p. 128°, mixed m.p. with authentic 
sample, 128-128.5°, and the water-soluble 2,6-dimethyl- 
benzoic acid (IVb) (3% impure). After five recrystalliza
tions from hexane, the latter acid melted at 113.5-114.5°, 
lit.22 m.p. 116°. The melting point was not depressed on 
admixture with the acid obtained from the oxidation of 
independently synthesized amine lib  (see below).

Estimation of the composition, of the rearrangement product 
of lb. The infrared spectrum of a 4% solution of the rear
rangement product of lb in cyclohexane was compared with 
the spectra of two cyclohexane solutions containing a total 
of 4% of independently synthesized amines lib  and III. 
One of these solutions contained a mixture of lib  and Illb. 
in a ratio of 55:45 and the other contained a mixture of 
lib  and Illb  in a ratio of 50:50. The relative intensities of 
the moderate bands at 689 cm.“1 (lib) and 713 cm.“1 (Illb) 
led to a composition estimate for the rearrangement product 
of 54% 2,6-dimethylbenzyldimethylamine (lib) and 46%
2,4-dimethylbenzyldimethylamine (Illb).

Independent synthesis of amine lib. 2,6-Dimethylbromo- 
benzene, b.p. 91-93.54° at 20 nun., /%5 1.5549, lit., 23 b.p. 
98-99° at 20 mm., rrD5 1.5552, was prepared from 2,6- 
dimethylaniline as described by Brown and Grayson.23

(20) R. Pschorr, Ann., 391, 50 (1912).
(21) E. V. Meyer and F. Nabe, J. Prakt. Chem. [2], 82, 

537 (1910).
(22) W. A. Noyes, Am. Chem. J., 20, 813 (1898).
(23) H. C. Brown and M. Grayson, J. Am. Chem. Soc., 

75, 20-24 (1953).

2,6-Dimethylbenzyldimethylamine (lib) was prepared from 
6.55 g. (0.05 mole) of dimethylaminomethyl isobutyl ether,17
11.59 g. (0.0625 mole) of 2,6-dimethylbromobenzene, and
3.04 g. (0.125 g.-atoms) of magnesium turnings18 employing
9.4 g. (0.045 mole) of 1,2-dibromoethane to activate Gri
gnard formation. Distillation of the product gave 5.87 g. 
(72%) of amine lib, b.p. 91-92° at 10.3 mm., 1.5100.

Anal. Calcd. for CnH17N: C, 80.92; H, 10.50; N, 8.58. 
Found: C, 80.70; H, 10.41; N, 8.56.

The met.hiodide, prepared as described for that of Ha, 
melted at 192-193° dec.

Anal. Calcd. for C12H20IN: C, 47.25; H, 6.56; N, 4.59. 
Found: C, 47.07; H, 6.47; N, 4.54.

Oxidation of 1.0 g. of amine lib  w-as effected with 3.0 g. 
of potassium permanganate to give 0.13 g. (14%) of 2,6- 
dimethylbenzoic acid (IVb), m.p. 111-113° and at 114-114.5° 
after another recrystallization from hexane, lit.22 m.p. 
116°.

Independent synthesis of amine Illb . 2,4-Dimethylbenzoic 
acid (0.086 mole) was reduced with lithium aluminum hy
dride10 to give 2,4-dimethylbenzyl alcohol (52%), m.p. 
27-28° (recrystallized from petroleum ether (b.p. 30-60°), 
cooled in Dry Ice), lit.2'1 m.p. 22°.

A solution of 0.45 mole of this alcohol in 50 ml. of dry 
ether was treated 3 hr with 0.023 mole of phosphorus tri
chloride in 10 ml. of dry ether. Water was added, and the 
ethereal layer was washed with sodium bicarbonate solution 
and water. After drying the ethereal solution was evapo
rated and the residue taken up in benzene. The benzene 
solution was added to 4.5 g. (0.10 mole) of cimethylamine in 
50 ml. of benzene, 3 g. more of the amine being bubbled 
through the mixture. After 2 hr., the solution was extracted 
with 2M hydrochloric acid (total 200 ml.) and the extract 
made basic with solid sodium hydroxide. The liberated 
amine was extracted with ether, dried, and distilled to give
2.07 g. (29%) of 2,4-dimethylbenzyldimethylamine (Illb), 
b.p. 91-92° at 10.3 mm., rriD5 1.5040, was obtained.

Anal. Calcd. for CnH17N: C, 80.92; H, 10.50; N, 8.58. 
Found: C, 80.73; H, 10.42; N, 8.56.

The methiodide, prepared as described for that of la, 
melted at 215-216° dec.

Anal. Calcd. for CI2H20IN: C, 47.25; H, 6.56; N, 4.59. 
Found: C, 47.38; H, 6.51; N, 4.72.

3-Chlorobenzyltrimethylammonium bromide (Ic). This salt 
was prepared in 96% yield from 24.7 g. (0.12 mole) of
3-chlorobenzyl bromide and excess trimethylamine by the 
procedure described for la. After one recrystallization from a 
mixture of ethanol, acetonitrile, and ether it melted at 
224-225°.

Anal. Calcd. for C10H45BrClN: C, 45.39; H, 5.71; N, 5.29. 
Found: C, 45.25; H, 5.70; N, 5.24.

Rearrangement of bromide Ic. This rearrangement wvas 
carried out essentially as described for the rearrangement 
of la. The quaternary salt was added as rapidly as possible; 
the reaction period was 1 hr. There was obtained 2.98 g. 
(16%) of a mixture of rearranged amines lie  and IIIc, b.p. 
100-106° at 12 mm., n2D5 1.5233.

Anal. Calcd. for C10H14CIN: C, 65.82; H, 7.68; N, 7.63; 
Cl, 19.30. Found: C, 65.59; H, 7.49; N, 7.72; Cl, 19.14.

Much of the original quaternary salt Ic was recovered 
contaminated with a salt containing an aromatic primary 
amine group as indicated by a positive test on diazotization 
and coupling with «-naphthol. This was supported by an 
infrared spectrum which showed bands for the N-H bond.

In another experiment using inverse addition and a 
reaction period of only 5 min., the mixture of rearranged 
amines was obtained in 5% yield. The recovered salts gave a 
weak positive test for an aromatic primary amine.

Treatment of a small sample of the amine mixture with 
excess picric acid in ethanol produced two types of crystals, 
w'hich were separated mechanically and recrystallized

(24) W. Hin^richsen, Ber., 21, 3085 (1888).
«
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separately from 95% ethanol. The main picrate melted at
165.5-166.5°.

Anal. Calcd. for CieHnCINiOv: C, 46.56; H, 4.14; N, 13.56. 
Found: C, 46.50; H, 4.28; N, 13.50.

The other picrate, obtained in very small amount, melted 
at 152°.

Oxidation of 0.97 g. of the amine mixture with 2.9 g. of 
potassium permanganate gave the water-insoluble 4-chloro- 
2-methylbenzoic acid (Vc) (21%). m.p. 169-171° (recrystal
lized from ethanol-water), lit.25 m.p. 171-172°, and much 
less of the water-soluble 6-ehuoro-2-methvlbenzoic acid 
(IVc), m.p. 100-101° after three recrystallizations from 
hexane, lit.26 m.p. 102°.

Further oxidation of acid Vc (0.2 g.) was effected with 
0.37 g. of potassium permanganate in 10 ml. of water and 
enough 20% sodium hydroxide solution to dissolve the acid. 
After heating on the steam bath until the purple color 
faded, the precipitated manganese dioxide was removed by 
filtration through a Supercell mat. The filtrate was acidified 
with concentrated hydrochloric acid, and the small amount 
(0.03 g.) of unchanged acid Vc was removed by filtration. 
After saturating with sodium sulfate, the filtrate was ex
tracted with several portions of ether. The ethereal solution 
was dried and evaporated to leave 0.19 g. (85%) of 4-chloro- 
phthalic acid, m.p. 152-153°, lit,.27 m.p. 150-150.5°. A small 
sample of this acid was boiled in a test tube and allowed to 
resolidify. The 4-chlorophthalic anhydride (VI) produced 
melted at 97.5-98.5°, lit.27 m.p. 98.5°.

3-Bromobenzyltrimethylammonium iodide (Id). To 49.6 g. 
(0.21 mole) of m-dibromobenzene in 100 ml. of dry ether 
was added gradually 5.34 g. (0.22 g.-atom) of magnesium 
turnings. One hour after refluxing had ceased, 25.8 g. 
(0.197 mole) of dimethylaminomethyl isobutyl ether17 
in an equal volume of dry ether was added. After 20 hr. 
the solution was poured onto 200 g. of ice and 40 ml. of 
coned, hydrochloric acid. The aqueous acid layer was 
separated and made strongly basic with solid sodium 
hydroxide. The resulting mixture was steam distilled, and 
the distillate was extracted with several portions of ether. 
The combined extract was dried and distilled to give 
27.85 g. (66%) of 3-bromobenzyldimethylamine, b.p. 
105-108° at 9.8 mm., m2d3 1.5388.

Anal. Calcd. for C9H12BrN: C, 50.49; H, 5.65; N, 6.54. 
Found28: C, 52.56; H, 6.20; N, 7.04.

This amine (27.42 g., 0.128 mole) was treated 3 hr. with 
35 g. (0.25 mole) of methyl iodide in 125 ml. of acetonitrile. 
Ether was added to precipitate 3-bromobenzvltrimethyl- 
ammonium iodide (Id), m.p. 189-191° after recrystalliza
tion from acetonitrile-ether; yield 45.5 g. (98%). Two more 
recrystallizations from acetonitrile-ether raised the melting 
point to 191.5-192°.

Anal. Calcd. for CioHi5BrIN: C, 33.77; H, 4.25; N, 3.94. 
Found: C, 33.60; H, 4.41; N, 3.74.

Treatment of bromide Id with sodium, amide. To 35.5 g. 
(0.1 mole) of 3-bromobenzyltrimethylammonium bromide
(Id) in 200 ml. of liquid ammonia was added during 15 min. 
a suspension of 0.101 mole of sodium amide in 300 ml. of 
liquid ammonia to produce yellow, orange, and finally dark 
red-brown colors. After 15 min., 5.40 g. (0.101 mole) of 
ammonium chloride wras added and the ammonia replaced 
by ether. No ether-soluble amine was obtained. The ether- 
insoluble material (resinous salts) was diazotized and cou
pled with a-naphthol to give a brilliant water-soluble red 
djre indicating a considerable amount of primary amino 
quaternary salt.

(25) K. von Amvers and L. Harres, Z. physik. Cheiu. [A], 
143, 16 (1929).

(26) J. Kenner and E. Witham, J. Chem. Soc., 119, 
1458 (1921).

(27) W. Mierseh, Ber., 25, 2116 (1892).
(28) This analysis checks closely for an impurity of

about 8.6% of m-bis(dimethylaminomethyl)benzene, which
would arise from the formation of the di-Grignard reagent.

#

8-Trifluoromethylbenzyltrimethylammonium iodide (Ie). 3- 
Trifluoromethylbenzyldimethylamine was obtained from 45.0 
g. (0.20 mole) of /n-bromobenzotrifluoride, 4.86 g. (0.20 
g.-atom) of magnesium turnings, and 18.92 g. (0.148 mole) 
of dimethylaminomethyl isobutyl ether17 *,18; yield 20.4 g. 
(68%), b.p. 10e-107° at 60 mm., » 2D5 1.4453.

Anal. Calcd. for Ci0H12F3N: 6 , 59.09; H, 5.95; N, 6.89. 
Found: C, 58.93; H, 5.73; N, 6.82.

This amine (20.1 g., 0.099 mole) was treated with excess 
methyl iodide as described in the preparation of Id to give
33.2 g. (97%) o: 3-trifluoromethylbenzyltrimethylammonium 
iodide (Ie), m.p. 163-164° and at 163.5-164° after recrystal
lization from acetone-ether.

Anal. Calcd. for C11H15F3IN: C, 38.28; H, 4.35; N, 4.06. 
Found: C, 38.48; H, 4.51; N, 3.87.

Treatment of iodide Ie with sodium amide. This reaction was 
carried out with 13.8 g. (0.04 mole) of Ie and 0.041 mole 
of sodium amice as described for Id. The ether-soluble frac
tion was evaporated leaving a viscous black basic tar from 
which no pure compound was isolated. The ether-insoluble 
salts were triturated in acetonitrile and the mixture filtered. 
Ether was added to the filtrate to precipitate 6.4 g. (46%) of 
recovered quaternary salt Ie, m.p. 159-160°, mixed m.p. 
161-162°.

3,5-Dimethoxybenzyltrimethylammonium chloride (Villa). 
This salt, m.p. 191-192°, vras prepared in 93% yield from
67.5 g. (0.362 mole) of 3,5-dimethoxybenzyl chloride25 
(m.p. 46°) (obtained from 3,5-dimethoxybenzyl alcohol)10 
and excess trinethylamine as described for la. The picrate 
of this hygroscopic quaternary salt was prepared for analy
sis. After three recrystallizations it melted at 159-160°.

Anal. Calcd. for CJ8H22N40 9: C, 49.31; H, 5.06; N, 12.78. 
Found: C, 49.31; H, 4.92; N, 12.76.

Rearrangement of chloride Villa. This reaction was carried 
out with 24.6 g. (0.10 mole) of quaternary salt V illa and 
0.20 mole of sodium amide as described for the rearrangement 
of la  to give 19.6 g. (93%) of 2,4-dimethoxy-6-methylben- 
zyldimethylamine (IXa), b.p. 100-101° at 1.0 mm.
' Anal. Calcd for C12H19N02: C, 68.86; H, 9.15: N, 6.69. 

Found: C, 69.05; H, 9.04; N, 6.63.
The picrate, recrystallized three times from ethanol, 

melted at 142-143°.
Anal. Calcd. for C18H22N40 9; C, 49.31; H, 5.06; N, 12.78. 

Found: C, 49.38; H, 5.16; N, 12.85.
Oxidation of 0.5 g. of amine IXa was effected as indicated 

for amine Ilia  to give 0.2 g. (45%) of crude 2,4-dimethoxy-6- 
methylbenzoic acid (X) which, after one recrystallization 
from aqueous ethanol, melted at 140-141° dec., lit.,80 m.p. 
140 dec.

The methiod'de of IXa was prepared from 43.8 g. (0.209 
mole) of the amine and excess methyl iodide as described for 
Id. Recrystallization from ethanol gave 73 g. (99%) of 2,4- 
dimethoxy-6-methylbenzyItrimethylammonium iodide, m.p. 
p. 169-170° (shrinking and darkening, did not actually 
melt even at 250°). The quaternary picrate, recrystallized 
three times frem water, melted at 172.5-173.5°.

Anal. Calcd for Ci9H,4N40 9: C, 50.44; N, 5.35; N, 12.39. 
Found: C, 50.69; H, 5.31; N, 12.31.

Emde reduction, of the methiodide of IXa wras effected with 
17.55 g. (0.05 mole) of the salt and 210 g. of 5% sodium 
amalgam in water by the Org. Syntheses procedure for the 
preparation o? hemimellitene31 to give 2.86 g. (35%) of
3.5-dimethoxy-o-xvlene, b.p. 117.5-120° at 13 nun., ?r f  
1.5263.

Anal. Calcc. for C10H14O2: C, 72.26;; H, 8.49. Found: 
C, 72.07; H, 8.48.

Ether cleavage of 3,5-dimethoxy-o-xylcne was effected with 
2.0 g. of the compound in 10 ml. of glacial acetic acid

(29) R. Adams, S. MacKenzie, Jr., and S. Leoŵ e, J. Am. 
Chem. Soc., 7C, 664 (1948).

(30) J. Herzig and F. Wenzel, Monatsh., 24, 901 (1904).
(31) W. R. Brascn and C. R. Hauser, Org. Syntheses, 34, 

56 (1954).
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and 10 ml. of 47% hydriodic acid refluxing under an air 
condenser for 2 hr. The solvents were removed under re
duced pressure leaving orange crystals widen were recrystal
lized from water (Norite) to give 3,5-dihydroxy-o-xylene
(XI), m.p. 136°, lit.32 m.p. 136-137° (from water).

8,5-Dimethylbenzyltrimethylammonium bromide (VUIb).
3,5-Dimethylbenzoic acid (30.0 g., 0.2 rr.ole) was added 
slowly to a slurry of 10.0 g. (0.25 mole) of 95% pure 
lithium aluminum hydride in 500 ml. of anhydrous ether. 
The addition required about 1.5 hr. because of the unusually 
vigorous reaction. After 3 hr. of mechanical stirring the 
reaction was worked up by the usual procedure10 to give 
24 g. (88%) of 3,5-dimethylbenzyl alcohol, b.p. 115-117.5° 
at 10 mm., lit.,33 b.p. 218-221.°

This alcohol, 26.7 g. (0.16 mole), was treated with 27.1 
g. (0.10 mole) of phosphorus tribromide in 500 ml. of 
ether. After the usual work-up the product was recrystallized 
once from methanol at —70° to give 31.2 g. (80%) of 3,5- 
dimethylbenzyl bromide, m.p. 37.5-38°, lit.,33 m.p. 37.5-38°.

Quaternary salt VTIIb, m.p. 238.5-239°, was prepared in 
84% yield from 31.2 g. (0.157 mole) of this bromide and 
excess trimethylamine as described for la.

Anal. Calcd. for C12H2tBrN-l/2 H20 34: C 54.01; H, 7.92; 
N, 5.25. Found: C, 54.17, 54.05; H, 8.13, 7.18; N, 5.17, 5.14.

Rearrangement of bromide VUIb. This rearrangement was 
carried out with 30.5 g. (0.114 mole) of quaternary salt 
VUIb and 0.24 mole of sodium amide as described for the 
rearrangement of la  to give 19.6 g. (97%) of 2,4,6-trimethyl- 
benzyldimethylamine (IXb), b.p. 108-109° at 10.5 mm., 
w2d5 1.5109, lit.2 b.p. 112-113° at 13 mm. The picrate melted

(32) 0. Simon, Ann., 329, 305 (1903).
(33) P. Wispek, Ber., 16, 1577 (1883).
(34) The yields of rearranged amine from salt VUIb 

are nevertheless based on the anhydrous salt. The yields 
based on the hydrated form would be about 4% higher.

at 148-149°, lit.2 m.p. 149-150°. The methiodide melted at
195-196°, lit.2 m.p. 196-197° dec.

Independent synthesis of amine IXb. To a solution of 
9.0 g. (0.2 mole) of dimethylamine in 50 ml. of benzene was 
added 9.3 g. (0.0436 mole) of 2,4,6-trimethylbenzyl bromide 
in 25 ml. of benzene. After 1 hr., the mixture was shaken 
with 300 ml. of 2M  hydrochloric acid and the layers sepa
rated. The aqueous phase was made strongly' basic with solid 
sodium hydroxide, cooled, and extracted with ether. The 
ethereal solution was dried, filtered, and evaporated. Vacuum 
distillation yielded 5.68 g. (74%) of 2,4,6-trimethylbenzyl- 
dimethylamine (IXb), b.p. 107-108° at 10 mm., n2DS 1.5109 
(identical with that of the rearrangement product). The 
melting points of its picrate and methiodide were the same 
as those of the rearranged amine and mixed melting points 
were not depressed. In addition the infrared spectra of the 
two samples of amine were identical.

Rearrangement of a mixture of benzyltrimethylammonium 
iodide and 8,5-dimethylbenzyltrimethylammonium bromide 
(VUIb). To a stirred suspension of 0.30 mole of sodium 
amide in 300 ml. of liquid ammonia was added during 1 min. 
a mixture of 25.8 g. (0.10 mole) of 3,5-dimethylbenzyltri- 
methylammonium bromide and 27.7 g. (0.10 mole) of ben
zyltrimethylammonium iodide in 1000 ml. of liquid am
monia. Most of the solid salts had dissolved in the ammonia 
before the addition. After 30 sec., 16 g. (0.3 mole) of am
monium chloride dissolved in liquid ammonia was added 
rapidly. The ammonia was replaced by ether and the mix
ture was filtered. The filtrate was distilled to give 8.72 g. 
(59%) of 2-methylbenzyldimethylamine, b.p. 80-85° at 
14 mm. and 8.73 g. (49%) of 2,4,6-trimethyldimethylamine 
(IXb), b.p. 113-115° at 14 mm. Also a middle cut (2.16 
g.), b.p. 85-113° at 14 mm., was obtained. These two amines 
were identified by comparison of their infrared spectra with 
those of authentic samples.

D u r h a m , N. C.
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Treatment of l,l-diphenyl-2-nitroet,hylene with potassium i-but.oxide gives, in addition to products resulting from beta- 
addition of base, small amounts (up to 10%) of tetraphenylbutatriene II. Employing speclrophotometric techniques, it 
was shown that this reaction does not involve an intermediate carbene. A mechanism for this reaction involving alpha- 
addition of a vinyl carbanion to the nitroolefin is suggested.

In the course of some examinations of the scope 
and mechanism of odp/ia-eliminations from vinyl 
systems (the Fritsch-Buttenberg-Wiechell rear
rangement)3'4 we felt that it would be interesting

(1) Taken in part from the dissertation submitted by 
Charles D. Broaddus to the Graduate Schiol of the Uni
versity of Florida in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy, 1960.

(2) Du Pont Teaching Fellow, 1959-60.
(3) P. Fritsch, Ann., 279, 319 (1894); W. P. Buttenberg, 

Ann., 279, 327 (1894); H. Wiechell, Ann., 279, 337 (1894). 
For a review of this type of reaction see T. L. Jacobs, 
Org. Reactions, V, 1 (1949). More recent references can be 
found in A. A. Bothner-By, J. Am. Chem. Soc., 77, 3293
(1955) and reference 4.

to investigate the reactions of l,l-diphenyl-2- 
nitroethylene with strong base under typical alpha- 
elimination conditions. It was recognized from the 
outset that òeta-addition of base to the nitroolefin6'6 
would certainly compete with alpha-elimination. 
We therefore selected the rather bulky base,

(4) J. F. Pritchard and A. A. Brothner-By, J. Phys. Chem., 
64, 1271 (1960); D. Y. Curtin and E. W. Flynn, J. Am. 
Chem. Soc., 81, 4714 (1959).

(5) The addition of basic reagents to l,l-diphenyl-2- 
nitroethylene is a well known reaction. E.g. see P. Lipp, 
W. Ludicke, N. Kalinkoff, and A. P. Pethoff, Ann., 449, 
15 (1926); M. Konowalow and G. Jatzewitsch, J. Russ. 
Phys. Chem. Ges., 37, 542 in Chem. Zent., 76, II, 824 (1905).

(6) R. Ansclÿitz and E. Romig, Ann., 233, 327 (1886).
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potassium i-butoxide, for our initial investigations. 
I t was found that, in addition to products which 
obviously arose from beta-addition to the nitro- 
olefin, small amounts of 1,1,4,4-tetraphenylbuta- 
triene II were consistently formed.

The formation of tetraphenylbutatriene from 
this reaction was particularly interesting to us in 
view of the recent observations by Hauser and 
Lednicer7 as well as Curtin and Richardson8 
that certain vinyl halides give the dimeric product 
rather than the rearranged acetylene.

However, the characteristic which was common 
to all of these investigations was that the two phenyl 
rings were bonded together in such a way as to 
inhibit rearrangement. In fact, Curtin and Richard
son8 found that when the length of the chain bond
ing the two phenyls together was long enough 
(I. n = 2), again, rearrangement was observed. In 
the case of the nitroolefin, however, the dimeric 
product was formed despite the fact that the two 
phenyls were free to migrate. Furthermore, the 
crude product from this reaction was examined 
with gas chromatography and its was found that no 
detectable amount of diphenylacetylene had been 
formed.

In view of this interesting difference in the course 
of the reaction and in view of the possible theo
retical implications, this reaction was studied in 
some detail. This paper will be confined to the re
action involving the alpha-carbon.

The two mechanisms suggested by both Hauser7 
and Curtin8 for the formation of triene from the sub
stituted methylenefluorenes and related compounds 
certainly appeared to apply to the system under 
investigation. Thus, the reaction could proceed 
via initial formation of the carbene III followed by 
various reaction paths leading to formation of the 
triene (Equation 1) or it could proceed by attack

(7) C. R. Hauser and D. Lednicer, J. Org. Chem., 22, 
1248 (1957).

(8) D. Y. Curtin and W. H. Richardson, J. Am. Chem. 
Soc., 81, 4719 (1959).
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of the vinyl carbanion on the alpha-carbon of 1,1- 
diphenyl-2-nitroethylene9 to give the nitrobuta- 
diene IV. This, in turn, could befa-eliminate to 
give the observed product (Equation 2).
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In the attempt to distinguish between these two 
reaction paths, two approaches were employed. 
First, attempts were made to isolate intermediate 
IV. Isolation of this material followed by elimina
tion under the reaction conditions would exclude 
carbene coupling as the sole source of triene. How
ever, in view of the small proportion of this re
action which proceeded by reaction at the alpha- 
carbon (at most 9.4%) it was not too surprising 
that all attempts to isolate such an intermediate 
failed.

As a second method to distinguish between these 
two reaction paths, attempts were made to capture 
the carbene with an appropriate trapping agent 
and isolate and characterize such a product. 
The trapping agents which were employed were 
cyclohexene and diethylamine. Again all attempts 
failed.

In the course of this study, however, it was ob
served that as long as the conditions of the reaction 
(including the time interval between the prepara-

(9) This type of reaction has been discussed fully by 
Hauser and Lednicer4 and Truce and his co-workers (J. Am. 
Chem. Soc., 78 , 2743, 2748 (1956); 80, 1916,6450(1958).
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tion and use of the base) were held reasonably 
constant, the reaction gave consistent yields of the 
triene which could be determined quite accurately 
by employing spectrophotometric techniques. For 
example, see the first two entries in Table I. 
The yield of triene was therefore determined in the 
presence of various carbene trapping agents. In 
Table I it will be seen that the addition of a large 
excess of either cyclohexene or diethylamine caused 
no detectable change in the amount of triene formed 
(as compared with blanks run at the same time). 
These experiments make the carbene mechanism 
very unlikely for this particular reaction.

TABLE I
1,1,4,4-Tetra ph en y lbu ta trien e  f r o m  th e  R j e a c t io n  o f  

1,1-D iph en y l-2-n itro eth y len e  w ith  P o t a s s i u m  
/ ,-B i j t o x i d e "

Moles of 
Nitroolefin

Moles of 
Reagent 
Added

Reac
tion

Time,
Hours

Nitro
olefin
Unre
acted,

Of /0

Yield
of

Triene,
%

2.2 X 10“' None 2 14 3 .56
2.2 X 10“' None 2 13 3 46

8.8 X 10 “5 N one 0.5 13 2.3
8.8 X 10 “5 1 X 10“2

Cyc.lohexene
0.5 14 2.3

2.2 X 10 4 None 2 14 2.1c
2.2 X 10“4 1 X 10“3 

Diethylamine
2 17 2 I e

2.2 X 1 0 ' None 2 18 4.0
2.2 X 10“4 3.2 X 10“3 

Methyl iodide
2 16 2.2

2.2 X 10“' None 1 5 21 5.4
2.2 X 10-' 3.2 X 10 3 

Methyl iodide
1 .5 18 3.0“

2.2 X 10“' None 12 11 9.4*

“ The reactions were made up to 10 ml. with heptane. 
Unless otherwise stated the potassium ¿-butoxide was added 
as a solution (0.8.1/) in 1 ml. of i-butvl alcohol. b These two 
runs were made under identical conditions for the purpose 
of comparison of triene yields. c The difference in yield 
between these two runs and the first two is typical of the 
differences observed w'hen different batches of base were 
used. It was not determined why this reaction was so 
sensitive to either changes in batch or the length of time a 
single sample was stored before use. This difficulty was 
obviated in individual runs by comparison with blanks. 
d 4 X 10“3 moles of base. '9  X 10“ ' moles of freshly pre
pared dry potassium i-butoxide added to a solution of the 
olefin in heptane.

Finally, it should be mentioned that the forma
tion of a carbanion intermediate was demonstrated 
by effecting the reaction in the presence of a ten
fold excess of methyl iodide, a reagent that should 
be effective as a carbanion trapping agent (Table I) . 
This mixture showed a 40-50% drop in the 
amount of triene formed. In another pair of 
runs, there was included in the reaction mixture 
containing the methyl iodide enough excess potas
sium i-butoxide to completely react with the methyl

iodide and still retain the same mole ratio of 1,1- 
diphenyl-2-nitroethylene to potassium f-butoxide 
as was present in the blank. These conditions gave 
the same 40-50% drop in the amount of triene 
formed.

It is therefore suggested that the most likely path 
for the formation of the four-carbon chain is initial 
formation of the vinyl carbanion followed by alpha- 
addition to the nitroolefin (Equation 2).

There remains unanswered, however, the ques
tion of why the nitroolefin couples to give the triene 
whereas the corresponding halogenated olefin,3'4 
when possible, only rearranges to the corresponding 
diphenylacetylene. Since there is little doubt but 
that both reactions proceed via an anionic inter
mediate4 this difference is particularly striking. 
One obvious contributing factor to this difference 
in reaction routes is the difference in electron den
sity at the alpha-carbon to which the anion must 
couple. This, however, hardly seems to be suf
ficient to explain the difference in reaction routes 
since Curtin and Flynn4 found that the vinyl halide 
anionic species were much too short-lived to expect 
appreciable coupling. For example, it was found 
that the anionic species generated from the reaction 
of l,l-diphenyl-2,2-dibromoethylene underwent 
80% rearrangement to the acetylene in just 30 
seconds at —35°. Furthermore, in contrast to the 
nitroanalog, all attempts to trap the intermediate 
anion failed. Thus, there apparently exists within 
the anions inherent differences in tendencies to re
arrange. One is tempted to conclude that this dif
ference indicates that the afp/ia-elimination from 
vinyl type systems proceeds by migration of a 
phenyl without its electrons and that the nitro 
group retards this migration by dispersing the nega
tive charge of the anion away from the carbon to 
which migration occurs (at least by an inductive 
effect and probably also by rehybridizing the carbon 
and placing the nonbonding electrons into a conju
gated p-orbital). However, it is also possible that 
the alpha-elimination proceeds by migration of the 
phenyl with its electrons with concomitant loss 
of the halide and that the difference in these two 
reactions is simply due to the difference in ease of 
loss of the halide versus the nitro groups. The real 
difference must remain a mystery until further in
vestigations which are under way are completed.

EX PE R IM E N T A L 10

1 ,l-Diphenyl-2-nitroethylene. 1,1-Diphenyl-2-nitroethanol 
was prepared from 1,1-diphenylethylene11 by the method of 
Anschutz and Romig.8 The substituted ethanol was then 
dehydrated by the method of Wittig and Gauss12 to give
l,l-diphenyl-2-nitroethylene, yellow crystals from hexane 
(33%), m.p. 86-87° (lit.6 m.p. 86-87°).

(10) Melting points are uncorrected. Microanalyses were 
done by Galbraith Laboratories.

(11) C. F. H. Allen and S. Converse, Org. Syntheses, 
Coll. Vol. I, 226 (1951).

(12) G. Wittig and W. Gauss, Ber., 80, 372 (1947).
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Authentic 1,1,4-4-Tetraphenylbutatriene Authentic tetra
phenylbutatriene was synthesized from 1,1,4,4-tetraphenyl-
2,3-dihydroxybutyne-2 by the method of Kuhn and Wallen- 
fells,18 m.p. 236-237° (lit.13 m.p. 236.5-237°).

Reaction of 1,1-diphenyl-S-nitroethylene with dry potassium 
t-butoxide. Dry potassium ¿-butoxide was prepared by adding
1- butyl alcohol to a refluxing mixture of potassium in dry 
toluene or xylene. After 2 hr. reflux, the mixture was fil
tered under nitrogen and the residue of potassium i-butoxide 
was washed thoroughly with dry ether. The best yields of 
triene were obtained when this material was used as soon 
after preparation as possible. In a typical run, 1,1-diphenyl-
2- nitroethylene (2.0 g., 8.8 mmoles) was dissolved in 150 
ml. of dry heptane. The system was flushed with dry nitro
gen and heated to reflux. To the refluxing solution was 
added in small portions 2.0 g. (18 mmoles) of dry potassium 
i-butoxide. After each addition, a red color developed in the 
reaction mixture. The mixture was refluxed for 5 hr. after 
completion of the addition. I t  was then filtered, while 
hot, through a Buchner funnel. Upon cooling, the heptane 
filtrate deposited 0.12 g. (7.6%) of yellow crystals, m.p.
236-237°; admixture with authentic 1,1,4,4-tetraphenyl- 
butatriene showed no melting point depression.

Anal. Calcd. for C2sH20: C, 94.37; H. 5.63. Found: C, 
94.12; H, 5.60.

The infrared spectrum was identical with that of authentic 
tetraphenylbutatriene.

Evaporation of the heptane filtrate almost to dryness 
afforded 0.34 g. (17%) of the starting material.

Both the residue from the above filtration of the hot reac
tion mixture and the filtrate (after evaporation to dryness) 
were analyzed for diphenylacetylene. This was effected by 
gas chromatography of samples of each (chloroform ex
tract of the residue) employing a six-foot column of Tide 
at 198° and 15 p.s.i. internal pressure in a Perkin-Elmer

(13) R. Kuhn and K. Wallenfells, Ber., 71, 783 (1938).

model 154-B vapor fractometer. Neither sample showed 
any peak near 7.4 min., the retention time of authentic 
diphenylacetylene.

Quantitative determination of tetraphenylbutatriene and 
unchanged 1,1-diphenyl-ü-nitroethylene. The concentration 
of the triene and unchanged starting material were deter
mined quantitatively by utilizing the Beckman DK-2 
Spectrophotometer. Absorptions at 420 my (triene) and 
360 my (starting material) were employed. Both compounds 
obeyed Beer’s Law and no absorption from products re
sulting from 6e;'a-addition to the nitroolefin appeared at these 
wave lengths. It was therefore possible to analyze the reac
tion products for triene and nitroolefin directly. A typical run 
is given below. The other results are summarized in Table I.

Reaction of 1,1-diphenyl-S-nitroethylene with a t-butyl 
alcohol solution of potassium t-butoxide in the presence of 
cyclohexene. l,l-Diphenyl-2-nitroethylene (0.02 g., 8.8
X 10~6 moles) was dissolved in 8 ml. of dry heptane. To 
this solution was added 1 ml. (1 X 10-2 moles) of cyclo
hexene. The tnree-necked flask was flushed well with dry 
nitrogen and 1.0 ml. of a i-butyl alcohol solution of potassium 
f-butoxide (8.0 X 10-4 moles) was added dropwise by means 
of a syringe. The solution was refluxed, with constant 
agitation, for 30 min. at which time the hot mixture was 
poured into 30 ml. of boiling chloroform. The solution was 
washed twice with 50-ml. portions of saturated salt solu
tion and dried over anhydrous magnesium sulfate. The 
solution was made up to volume with chloroform in a 50-ml. 
volumetric flask followed by dilution with chloroform of 
1:10. The amount of triene and starting material were then 
calculated directly from the ultraviolet spectrum to be 2.3% 
and 14%, respectively.

A blank, differing from the above reaction only in that 
9 ml. of heptane was used as the solvent rather than 8 ml. 
of heptane and 1 ml. of cyclohexene also gave a 2.3% yield 
of triene.
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Aryldiazonium tetrachloroborates and tetrabromoborates were preparec from (1) the corresponding aryldiazonium 
halides and boron trihalides, (2) primary aromatic amines and nitrosonium tetrachloroborate, (3) the reaction of N20rBCl3
and N203-BBr3 with primary aromatic amines.

The first reference to diazonium tetrafluorobo- 
rates is that of Bart1 in 1913 who prepared them by 
treating aromatic diazo compounds with complex 
fluoroboric acids and their salts. Owing to the great 
stability and practical application of the diazonium 
tetrafluoroborates, considerable research has since 
been carried out on these compounds.2 As inter
mediates in the Schiemann reaction, aryldiazonium 
tetrafluoroborates are prepared either by diazotiz- 
ing aromatic primary amines and then treating the 
prepared diazonium compounds with fluoroboric 
acid or fluoborates or by carrying out the diazotiza-

(1) H. Bart, Ger. Patent 281,055 (Oct. 7, 1913) [Chem. 
Abstr., 9, 1830 (1915)].

(2) H. S. Booth and D. R. Martin, “Boron Trifluoride 
and Its Derivatives,” Wiley, New York, 1!H9.

tion directly in aqueous fluoboric acid.3 Wannagat 
and Hohlstein4 5 in an improved method prepared 
aryldiazonium tetrafluoroborates from primary aro
matic amines and nitrosonium tetrafluoroborates. 
No aryldiazonium tetrachloroborates or tetrabro
moborates, however, have been reported previously.

Tetrachlcroborate and tetrabromoborate com
plexes are considerably less well known than the 
corresponding tetrafluoroborates. Muetterties6 ob

(3) G. Balz and G. Schiemann, Ber., 60B, 1186 (1927);
E. Wilke-Dorfurt and G. Balz, Ber., 60, 115 (1927); A. 
Roe, Org. Readions, 193-228 (1949).

(4) U. Wannagat and G. Hohlstein, Chem. Ber., 88, 
1839 (1955).

(5) E. L. Muetterties, J. Am. Chem. Soc., 79, 6563
(1957).
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tained potassium, rubidium, and cesium tetra- 
chloroborates by the interaction of boron trichlo
ride with alkali metal chlorides under pressure and 
high temperatures. Lappert6 prepared pyridinium 
tetrachloroborates and tetrabromoborates from 
the corresponding pyridinium halides and boron 
trihalides. Gerard and Mooney7 have observed that 
the reaction of boron trichloride with certain pri
mary amines proceeds via disproportionation to 
give the tetrachloroborates RNH3-BCU and an 
aminoboron dichloride, RNHBC12, instead of giving 
the expected adduct, RNH2 BCI3. Herbert8 studied 
the halogen exchange between boron trichloride 
and a number of chloride salts using Cl36 as a radio- 
tracer. Both tetramethylammonium chloride and 
tetraethylammonium chloride exchange chloride 
rapidly with liquid boron trichloride. These results 
can be interpreted only on the basis of a mechanism 
which involves the formation of the tetrachloro- 
borate anion. Alkylammonium tetrachloroborates 
and trifluorochloroborates9 were prepared from the 
corresponding alkylammonium halides and boron 
trihalides in liquid hydrogen chloride. The electron 
acceptor properties of boron trichloride have been 
reviewed and findings suggesting the presence of 
the tetrachloroborate ion in some complexes are 
discussed. Infrared bands at 690 and 660 cm.“ 1 
were assigned to this ion.10 The asymmetric stretch
ing vibration of the BBr4_ ion was observed at 593 
cm.-1.11 Recently a comprehensive report on in
frared investigation of tetrachloroborate complexes 
was published.12 Tetrachloroborate complexes gen
erally show a very broad strong band in the 630- 
750 cm.-1 region.

To enable further investigation of the properties 
of organic tetrahaloborate complexes, aryldiazo- 
nium tetrachloro and tetrabromoborates were pre
pared. It was not possible to use the simple methods 
previously reported for the preparation of the aryl- 
diazonium tetrafluoroborates. No aqueous chloro- 
or bromoboric acid exists, neither are their salts 
stable in aqueous solutions. Therefore, the prepara
tion of the diazonium salts could not be effected 
through simple diazotization of the corresponding 
amines, with subsequent addition of the complex 
haloboric acid or its salts.

Nitrosonium tetrachloroborate (NO+BCU“), as 
such, has not been reported in the literature. 
Partington and Whynes13 investigated the nitrosyl 
chloride-boron trichloride addition compounds

(6) M. F. Lappert, Proc. Chem. Soc., 121 (1957).
(7) W. Gerard and E. F. Moonev, Chem. and Ind., 1259

(1958).
(8) R. H. Herbert, J. Am. Chem. Soc., 80, 5080 (1958).
(9) T. C. Waddington and F. Xlanberg, Natunoissen- 

schaflen, 20, 578 (1959).
(10) W. Kynaston and H. S. Turner, Proc. Chem. Soc., 

304 (1958).
(11) T. C. Waddington and J. A. White, Proc. Chem. 

Soc., 1960, 85.
(12) W. Kynaston, B. E. Larcombe, and H. S. Turner,

J. Chem. Soc., 1960, 1772.

and reported that a 1:1 compound NOCI.BCI3 
could be obtained. When formed from equimolar 
quantities of the starting materials, it is a lemon- 
yellow solid, melting in a sealed tube at 26-27° 
forming two liquid layers; the upper clear, reddish, 
the lower, orange or opaque. On heating to 65°, 
the lower layer disappears. This behavior corre
sponds with the phase diagram described by Rooze- 
boom.14 On the melting point curve, the maximum 
corresponding to compound formation, is not 
reached since a completely closed curve (probably 
similar to that of the nicotine-water system) cuts 
the apex and the compound does not melt without 
decomposition. No effort was made to clarify the 
structures of the 1:1 addition compound.

In our investigation of the nitrosyl chloride- 
boron trichloride system, it was found that it is 
possible to prepare a slightly yellow colored addi
tion compound by treating difluorodichloromethane 
(Freon 12) solutions of the components at —50°. 
On evaporation of the solvent and any excess rea
gents at low temperatures in a vacuum system, the 
complex was obtained as a colorless, crystalline 
compound with a decomposition point of 24-25° 
(a considerable vapor pressure showing already at 
20°). Analytical determinations are in accordance 
with a 1:1 composition NOCI BCI3. The compound 
is insoluble in apolaric solvents but dissolves more 
readily in polaric solvents such as nitrobenzene. 
Decomposition at atmospheric pressure takes place 
quantitatively in the absence of moisture according 
to the equilibrium

NOC1-BC1, 5=== NOC1 +  BC'lj

By cooling, the addition complex is reformed, but 
needs further purification because it is yellow in 
color owing to absorbed nitrosyl chloride. Infrared 
investigation of the complex shows an absorption 
peak at 2123 cm.“ 1 which could be assigned as the 
stretching frequency of the NO+ ion. The absorp
tion peak observed in the 1800 cm.“ 1 region 
corresponds to NO in NOC1. From these data the 
solid complex was considered as nitrosonium tetra
chloroborate (XO+BCh“) in equilibrium with its 
components and the oxygen coordinated polarized 
covalent complex

NOCl-BCh ^=±: NO+BClr

Nitrosonium tetrachloroborate, upon reaction 
with primary aromatic amines at temperatures 
between —15 and —5°, gave the corresponding 
aryldiazonium tetrachloroborates

ArNH2 +  NO+ BCh“ — >- ArN„ + B C lr +  H20

The aryldiazonium tetrachloroborates are con
siderably more sensitive to hydrolysis than the

(13) J. R. Partington and A. S. Whynes, J. Chem. Soc., 
1949, 3135.

(14) H. W. B. Roozeboom, “Die heterogenen Gleich- 
gewichte vom Standpunkt der Phasenlehre,” Verlag Friedr. 
Vieweg, Braunschweig, 1919, 2, 175.
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Fig. 1. (A) Phenyldiazonium tetrafluoroborate C6HsN2+BF4_, (B) phenyldiazonium tetrachloroborate C6H5N2+BC14-,
(C) phenyldiazonium tetrabromoborate C6HsN2+BBr4~

corresponding tetrafluoroborates. The equimolar 
amount of water, formed in the diazotization reac
tion, consequently tends to decompose the com
plexes. Therefore, it is necessary to control the 
temperature carefully and to remove the diazonium 
salts as quickly as possible from the reaction mix
ture. Another reason for the need of carefully 
regulating the temperature and not allowing it 
to rise above —5° is related to the thermal decom
position of the nitrosonium tetrachloroborate to 
nitrosyl chloride and boron trichloride. The released 
boron trichloride reacts with aniline to form a 1:1 
addition compound, which, on thermal decomposi
tion, yields triphenyl trichloroborazole.* 61 16

C6H5

Cl—B ^  AB—Cl
3 C6H5NH2 BCJ3 | | + 6 HC1

C6H5~N. -N-C6H5
NET

I
Cl

An alternate way of preparation of aryldiazo- 
nium tetrachloroborates was found by treating 
primary aromatic amines with the 1:1 complex of 
nitrogen trioxide with boron trichloride. This com
plex, which is a crystalline white solid is easily 
formed by mixing at low temperatures dichloro- 
difluoromethane (Freon 12) solutions of nitrogen

(15) R. C. Jones and C. R. Kinney, ./. Am. Chem. Soc.,
61, 1378 (1939).

trioxide and boron trichloride. Its structure in 
analogy with the N2CVBF3 complex isolated and 
investigated by Backman16 is suggested to be

BC13 +  ON :N 02 (CUB -N 0 2) - M F

and acts as a powerful nitrosating agent. The 
corresponding aryldiazonium tetrachloroborates are 
formed in high yields, but are difficult to obtain in 
pure form, because that equimolar amount of water 
formed in the diazotation reaction tends to hydro
lyze the complexes and the products are conse
quently contaminated with boric acid. Boric acid 
contamination is also due to the fact that the N2(V 
BC13 complex is fairly unstable, decomposes slowly 
at room temperature to nitrosyl chloride and boron 
trioxide.

To overcome the difficulty of the decomposing 
action of the water formed in direct diazotation a 
simple method was found for the preparation of 
diazonium tetrachloroborates. When primary aro
matic amines react with nitrosyl chlorides, diazo
nium chlorides are formed.17 The diazonium chlo
rides can be isolated as relatively stable solids and 
handled without difficulty under nonaqueous 
inert solvents such as hydrocarbons. When aryl
diazonium chlorides were treated in a suspension of

(16) G. B. Bachman and T. Hokama, J. Am. Chem. Soc., 
79, 4370 (1957).

(17) Pabst and Girard, Ber., 12 , 365 (1879); Ger. Patent 
6034; Brit. Patent 2811 (1878).
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TABLE I
A r y l d i a z o n i u m  T e t r a c h l o r o b o r a t e s  A r N U B C L -

Ar
Yield,

%
Dec.
Point

Cl %
Calcd. Found

N %
(as N2 in Diazonium Salt) 

Calcd. Found

Phenyl 96 85-87 55.1 54.6 10.9 10.8
o-Tolyl 92 35-37 52.2 51.4 10.3 10.5
p-Tolyl 89 87 52.2 51.9 10.3 10.1
o-Nitrophenyl 91 90-92 46.9 45.8 9.2 9.8
m-Nitrophenyl 83 109 46.9 45.8 9.2 9.6
p-Nitrophenyl 89 101 46.9 46.0 9.2 9.3
m-Bromophenyl 78 33-35 42.1 41.3 8.3 8.5
p-Fluorophenyl 84 106 51.4 50.8 10.2 9.9

carbon tetrachloride and petroleum ether at —15 
to —10° with boron trichloride, the corresponding 
aryldiazonium tetrachloroborates were formed with 
an almost quantitative yield.

ArN2+Cl" +  BC13----ArN2+ BC14-

Properties and yields of the preparation aryl
diazonium tetrachloroborates are summarized in 
Table I. The infrared spectra of the diazonium 
tetrachloroborates resemble those of the aryldia
zonium tetrafluoroborates having a characteristic 
N = N  stretching vibration at 2260 cm."1 and a 
broad band corresponding to the BC14" between 
630 and 750 cm."1

Lappert first proved the existence of the tetra 
bromoborate ion in pyridinium tetrabromoborate.6 
Alkylammonium tetrabromoborates were prepared18 
from alkylammonium bromide and boron tribro
mide in liquid hydrogen bromide. Consequently, 
an attempt was made by us to extend investiga
tions on the preparation of aryldiazonium tetra
bromoborates. Attempts to prepare nitrosonium 
tetrabromoborate from nitrosyl bromide and boron 
tribromide were unsuccessful. Although there is 
proof of complex formation upon mixing the com
ponents in Freon 12 solution, no uniform stable com
pound could be isolated. I t was, therefore, not pos
sible to try the reaction of primary aromatic amines 
with the nitrosonium salt.

Aryldiazonium tetrabromoborates were first suc
cessfully obtained when we reacted primary aro
matic amines with the 1:1 complex of dinitrogen 
trioxide with boron tribromide. The complex, a 
crystalline solid, somewhat brownish in color 
due to possible bromine or nitrosyl bromide con
tamination, is formed in a very exothermic reac
tion when equimolar quantities of nitrogen trioxide 
and boron tribromide are treated in Freon 12 (CC12- 
F2) solution at low temperature. The complex 
decomposes slowly at room temperature to nitrosyl 
bromide and boric oxide. The obtained aryldiazo
nium tetrabromoborates were however not pure and 
contained always boric oxide as contamination, 
formed by hydrolysis through the water formed in

(18) T. C. Waddington and J. A. White, Proc. Chem. 
Sac., 85 (1960).

the diazotation reaction or decomposition of the 
N2C>3-BBr3 complex.

To obtain aryldiazonium tetrabromoborates in 
pure form, an analogous way to the one applied for 
the preparation of aryldiazonium tetrachloroborates 
was found suitable.

Nitrosyl bromide makes it possible to prepare and 
isolate diazonium bromides in a manner similar to 
that used with nitrosyl chloride. Aryldiazonium 
bromides are formed when primary aromatic 
amines react with nitrosyl bromide.

ArNH2 +  NOBr — ArN»+Br~ +  H20

The diazonium bromides can be isolated as relatively 
stable solids and handled without difficulty under 
an inert solvent such as a carbon tetrachloride- 
petroleum ether mixture. When aryldiazonium 
bromides reacted with boron tribromide in a sus
pension of carbon tetrachloride-petroleum ether 
mixture, the corresponding aryldiazonium tetra
bromoborates were formed.

ArN2+Br" +  BBr. — > ArN2 BBr4"

Properties and yields of the aryldiazonium tetra
bromoborates prepared are shown in Table II. 
The infrared spectra of the aryldiazonium tetra
bromoborates resemble those of the diazonium 
tetrafluoroborates and tetrachloroborates. The 
characteristic N = N  stretching vibration is at 2257 
cm."1 Using sodium chloride optics, no characteris
tic band of the BBr4" anion was observed. The 
asymmetric stretching vibration of the anion is to 
be expected in the 590 cm."111 region.

experimental

All operations were carried out with the usual precautions 
to exclude moisture.

Nitrosonium tetrachloroborate. A solution of 6.5 g. (0.1 
mole) nitrosyl chloride in 100 ml. of dichlorodifluoromethane 
(Freon 12) was added to a solution of 11.7 g. (0.1 mole) boron 
trichloride in 100 ml. Freon 12 over a period of 10 min. with 
constant stirring at —50°. An orange colored precipitate 
was formed. The solvent was evaporated and the product 
vacuum dried at —20° to remove any excess of the reagents. 
The yield was 16.2 g. (89%) of colorless, crystalline complex. 
Thermal decomposition of the material took place at 24-25° 
resulting in gaseous nitrosyl chloride and boron trichloride.

Anal. Calcd. for NOBCl4 (132,7): Cl, 77.6; N, 7.7. Found: 
Cl, 76.9; N, 7 6.
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TABLE II

N %

Ar
Yield,

%
Dec.
Point

Br %
Calcd. Found

(as N2 in diazonium salt) 
Calcd. Found

Phenyl 91 82 73.4 72.8 6.4 6.2
p-Tolyl 87 90-91 72.2 71.3 6.2 6.1
o-Nitrophenyl 83 100 66.5 65.8 5.8 5.5
p-Fluorophenyl 92 128-134 70.7 69.8 6.2 6.0

Phenyldiazonium tetrachloroborate from aniline and niiroso- 
nium tetrachloroborate. To a stirred suspension of 20 g. (0.11 
mole) of nitrosonium tetrachloroborate and ISO ml. of tolu
ene maintained at —10° was added a solution of 9.3 g. (0.1 
mole) of aniline in 100 ml. of toluene over a period of 20 min. 
Stirring was continued at —10° for 40 min. The pale yellow 
precipitate was filtered, washed with cold (0°) toluene and 
petroleum ether successively and dried in vacuum at 25° to 
remove solvents and any unchanged nitrosonium tetrachloro
borate. The yield was 91%. Thermal decomposition point: 
84-85°.

Anal. Calcd. for C6HSN2BC14(257.8): Cl, 55.1; N, 10.9. 
Found: Cl, 54.4; N, 10.3.

NiOs-BXz (X = Cl, Br). A solution of 0.1 mole of boron 
trihalide in 100 ml. of difluorodichloromethane (Freon 12) was 
added dropwise to a continuously agitated solution of 7.6 g. 
(0.1 mole) of nitrogen trioxide in 100 ml. Freon 12 at —78°. 
Immediately an off yellow colored precipitate is formed in the 
strongly exothermic reaction. The solvent was then pumped 
off under slightly reduced pressure. A practically colorless 
crystalline complex remained, which based on gravimetric 
determination of the halogen content after h}uirolysis is a 
1:1 N20 3:BX3 complex.

Phenyldiazonium tetrachloro- and tetrabromoborate from 
aniline and NzOi-BXz. To a stirred suspension of 0.12 mole of 
NArBXo complex and 150 ml. of Freon 12 maintained at
— 30° was added a solution of 9.3 g. (0.1 mole) of aniline in 
100 ml. of Freon 12 over a period of 15 min. Stirring was 
continued for another half hour. The pale yellow precipitate 
was then filtered, washed with Freon 12 and dried in vacuum. 
No attempt was made to purify the obtained diazonium 
salts from boric acid impurity. N% for C6H5N2BC14, cal
culated 10.9, found 10.2, for C6H3N2BBr4, calculated 6.4, 
found 5.8.

Anal. Calcd. for C6H6N2BC14:N, 10.9. Found: 10.2. 
Calcd. for C6H5N2BBr4: N, 6.4. Found: 5.8.

Aryldiazonium chlorides. A solution of 9.3 g. (0.1 mole) of 
the corresponding aminobenzene in 50 ml. of chloroform was 
added with stirring to a solution of 9.8 g. (0.15 mole) of 
nitrosyl chloride in 100 ml. of chloroform and 100 ml. of 
petroleum ether at —15 to —18° over a period of 30 min. 
The resulting suspension was filtered, the solid diazonium 
salt washed successively with cold chloroform ( —15 to
— 18°) and petroleum ether, yielding a white amorphous 
material. Aryldiazonium chloride dissolved in the filtrate 
was precipitated by the evaporation of excess nitrosyl chlo
ride, in vacuum, below 0° and was added to the previously 
obtained material after filtering and washing. The salts

could be handled and stored safely in an inert organic solvent 
such as petroleum ether below 0°. Yields, calculated on the 
amounts of amino benzene used, were 72-89%.

Aryldiazonium tetrachloroborates from aryldiazonium chlo
rides and boron trichloride. Boron trichloride (25.3 g., 0.22 
mole) was introduced over a period of 30 min. into a stirred 
suspension of 0.1 mole of the corresponding aryldiazonium 
chloride, 100 ml. of chloroform and 100 ml. of petroleum 
ether maintained at —10 to —18°. Stirring was continued for 
1 hr. while the temperature of the mixture was allowed to 
rise to 20°. The. off-white product was filtered, washed with 
petroleum ether, and dried in vacuum. Data on the aryldia
zonium tetrach.oroborates obtained are given in Table I.

Nitrosyl bromide. A rapid stream of nitric oxide was intro
duced into 40 g. (0.25 mole) bromine at —7 to — 18c for a pe
riod of 1 hr., resulting in a weight increase of 6.8 g. (0.23 mole). 
A fraction of the product boiling between —5 and +  10° was 
removed by distillation and refractionated giving a product 
b.p. —4-2°, which was found by infrared spectroscopy to be 
pure nitrosyl bromide. Yield, calculated on the amount of 
bromine used, was 14.3%.

Aryldiazonium bromides. A solution of 9.3 g. (0.1 mole) of 
the corresponding aniline in 50 ml. of chloroform was added 
to a solution of 16.5 g. of nitrosyl bromide in the mixture of 
100 ml. chloroform and 100 ml. of petroleum ether at —15 
to —18° during a period of 30 min. Excess nitrosyl bromide 
was evaporated from the solution in vacuum at — 5° to 0° 
and the precipitate was removed by filtration and washed 
with cold ( — 18°) petroleum ether. Yields of the obtained 
diazonium bromides were 72-86%.

Aryldiazonium tetrabromoborates. A 30-g. (0.12 mole) 
sample of boron tribromide was added over a period of 30 
min. to a stirred suspension of 0.1 mole aryldiazonium bro
mide, 100 ml. cf chloroform and 100 ml. of petroleum ether 
at —18° to —10°. Stirring was continued for 1 hr. wdiile the 
temperature was allowed to rise to 20°. The pale pink prod
uct was filtered, washed with petroleum ether and dried in 
vacuum. Data on the obtained aryldiazonium tetrabromo
borates are given in Table II.

The infrared spectra were obtained on a Perkin-Elmer 
Model 221 Spectrometer, using sodium chloride optics, as 
Nujol Fuorolube mulls.
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The type of products obtained when chlorine is added to acrylonitrile is dependent upon the presence or absence of hydro
gen chloride during the reaction. The radiation of a tungsten lamp between 3000 and 4000 A is the most effective radiation 
range for catalyzing the addition of chlorine to acrylonitrile.

The literature describing the conditions and 
products for the addition of chlorine to the double 
bond of acrylonitrile presents conflicting data. 
Sumner1 has stated in a patent that chlorine reacts 
with acrylonitrile in the presence of visible light 
and in the absence of oxygen and water to give a 
65 to 79% yield of 2,3-dichloropropionitrile. He 
reports that if solvents were used the desired 
molar amount of chlorine was about one third the 
amount of acrylonitrile present as the use of a 
higher ratio of chlorine favored the formation of 
by-products. Emphasis was placed on the need for 
anhydrous conditions. Yet the effect of a small 
amount of water did not appear to be a sufficient 
reason for the absence of 2,3-dichloropropionitrile 
in the products when the work of D’lanni2 is con
sidered. In his study of the action of chlorine water 
on acrylonitrile, D’lanni obtained a 26% yield of
2,3-dichloropropionitrile as a by-product when 
he added chlorine to a solution of one mole of 
acrylonitrile dissolved in twenty-two moles of water. 
Krzikalla and Flickinger3 have stated that “chlo
rination of acrylonitrile with two atoms of chlorine 
does not yield 2,3-dichloropropionitrile as expected, 
but a mixture of about one hah mole of 3-chloro- 
propionitrile and one half mole of 2,2,3-trichloro- 
propionitrile.” A similar statement was made in a 
patent by Clifford and DTanni.4 5

Brintzinger, Pfannstiel, and Koddebusch6 re
ported a 95% yield of 2,3-dichloropropionitrile and 
100% acrylonitrile conversion when chlorine was 
added in the dark to acrylonitrile (1.04 moles) 
in the presence of pyridine (0.18 mole). This work 
has been repeated in this laboratory but their very 
high yield was not achieved. I t is important in 
this procedure that all of the pyridine be removed by 
the water wash as only trace amounts of pyridine 
hydrochloride causes continuous dehydrohalogena- 
tion of 2,3-dichloropropionitrile to 2-chloroacrylo- 
nitrile during distillation.

Since published reports are conflicting, a detailed 
study of the chlorination of acrylonitrile was under

(1) J. K. Sumner, U. S. Patent 2,390,470 (1945).
(2) J. DTanni, U. S. Patent 2,231,360 (1941).
(3) H. Krzikalla and E. Flickinger, Office of the Publica

tion Board, PB Report 638.
(4) A. M. Clifford and J. D. D’lanni, U. S. Patent 

2,384,889 (1945).
(5) H. Brintzinger, K. Pfannstiel, and H. Koddebusch,

Angew. Chem., A60, 311 (1948).

taken. I t is now evident that the conditions of 
chlorination may be altered to obtain two kinds of 
products: (1) A mixture of 3-chloropropionitrile 
and 2,2,3-trichloropropionitrile, and (2) 2,3-di
chloropropionitrile.

The concentration of hydrogen chloride in the 
chlorination mixture was an important factor in 
determining the nature of the product formed. 
When acrylonitrile was treated with chlorine 
and chlorination was continued after the mixture 
became saturated with hydrogen chloride, the 
product was a mixture of 3-chloropropionitrile and
2.2.3- trichloropropionitrile which on prolonged 
chlorination led to high yields of 2,2,3-trichloro
propionitrile. When the reaction was stopped 
before the solution became saturated with hydrogen 
chloride, the major product was always 2,3-dichloro
propionitrile.

EX PER IM EN TA L

Influence of hydrogen chloride on the reaction. Since the 
reaction proceeds very slowly in the dark, visible light (150- 
watt Sylvania bulb with built-in reflector) was employed as 
specified by Sumner.1

Commercial acrylonitrile that contained 0.5 to 0.7% 
water was used in all experiments.

The experiments were carried out in a cylindrical Pyrex 
reactor that was placed in and against the side of a larger 
Pyrex beaker which contained ice water. A magnetic stirrer 
was used in the reactor. The light source was placed 6 inches 
away from the section where the beaker and reactor touched. 
Chlorine was added to a 200-ml. (3.3 moles) charge of 
acrylonitrile at a rate of 16-18 g./hr. and 8-ml. samples 
were withdrawn at half-hour intervals. These were analyzed 
by infrared spectroscopy by measuring the intensity of the 
band at 11.0 ¡x for 3-chloropropionitrile, 13.3 u for 2,2,3- 
trichloropropionitrile, and 13.6 n for 2,3-dichloropropioni
trile. Several runs were made, and the results of a typical 
run are given in Fig. 1. In each run hydrogen chloride was 
evolved when, or just after, the maximum concentration of
2.3- dichloropropionitrile was reached. The 3-chloropropioni- 
trile appeared at approximately the same time.

If the accumulation of hydrogen chloride is a major factor 
in determining the course of the reaction, the addition of a 
base to neutralize the acid as it forms should make possible 
a higher conversion of acrylonitrile to 2,3-diehloropropioni- 
trile. An experiment was run exactly as before but with 20 
ml. (0.25 mole) of pyridine added to the initial acrylonitrile 
charge. The point of attainment of saturation with hydrogen 
chloride and corresponding appearance of 3-chloropropioni- 
trile and 2,2,3-trichloropropionitrile was delayed by more 
than 2 hr., as shown in Fig. 2.

To determine the effect of hydrogen chloride in a direct 
manner, 11 g. of the gas was added (with cooling) to 200 
ml. of acrylonjtrile in 2 min. This was immediately followed
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HOURS

Fig. 1. Effect of time on distribution of products 
of the reaction of acrylonitrile and chlorine

HOURS

Fig. 2. Effect of time on distribution of prod
ucts of the reaction of chlorine and acrylonitrile 
containing pyridine

by the addition of chlorine at a rate of 16-18 g./hr. in the 
presence of light from the 150-watt lamp. At the end of 30 
min. the major product was 2,2,3-trichloropropionitrile, 
the minor product was 3-chloropropionitrile, and there was 
neither chlorine nor 2,3-dichloropropionitrile present.

In order to establish the effect of hydrogen chloride on 
further chlorination of 2,3-dichloropropionitrile, 6 g. of 
chlorine was dissolved in 200 g. of the compound. This solu
tion was left at room temperature, in the dark, for 4 hr. and 
no reaction was noted. A like sample of 2,3-dichloropropioni
trile was first saturated with hydrogen chloride and then 
chlorine was added (cooling was required immediately). 
In 4 hr. all of the 2,3-dichloropropionitrile was converted to
2.2.3- trichloropropionitrile. These two experiments were 
repeated starting with 3-chloropropionitrile and the results 
were the same.

Fig. 1 indicates that the relative rate of chlorination of
2.3- dichloropropionitrile is much higher than that of 3-chloro
propionitrile. The 3-chloropropionitrile is chlorinated to
2.2.3- trichloropropionitrile but the concentration of the 
intermediate 2,3-dichloropropionitrile is not great enough to 
be detected by infrared spectrometry. Results of chlorinating 
a mixture of equal volumes of 2,3-dichloropropionitrile and
3-chloropropionitrile (mole ratio: 6.7 to 5.4, respectively) 
are plotted in Fig. 3. The reaction mixture was first saturated 
with hydrogen chloride and then chlorine was added at a 
constant rate in the absence of light. During the time (1 
hr.) it took to chlorinate 30% by volume of 2,3-dichloro
propionitrile only 2% of the 3-chloropropionitrile was 
chlorinated.

Identification of the photochemically effective radiation. 
Since the tungsten lamp that was used emitted radiation 
over a broad portion of the spectrum, standard glass radia
tion filters were used to locate the most effective portion of 
the spectrum. A piece of aluminum foil shaped like a funnel 
was used as a means of channeling the light through the 
filter. The 150-watt bulb was placed in the large end of the 
funnel and 6 inches away from the small end where one of

HOURS

Fig. 3. Effect of time on distribution 
of "he products of the reaction between 
chlorine and 2,3-dichloropropionitrile and 
3-caloropropionitrile in the presence of 
hydrogen chloride and the absence of light

the standarc 2" x 2" glass filters was placed. Thus the light 
passed through the filter, Pyrex beaker, and reactor. In 
each run 200 ml. of acrylonitrile was used and chlorine was 
added at a rate of 12-14 g./hr. for 35 min. In all runs there 
was an excess of chlorine. The composition of the sample was 
immediately determined by infrared measurements. The 
results are in Table I. (A small amount6 * of radiation is 
emitted by the tungsten lamp between 2800 and 3100 A 
and no measure of its effectiveness was made.)

TABLE I
E f f e c t  o f  L i g h t  o n  P r o d u c t  D i s t r i b u t i o n

Relative Concentration

Filter No.
Wave

Length12

2,3-
Dichloro-
propio-
nitrile

2,2,3-
Trichloro-

propio-
nitrile

Complete dark
ness

— 5 0

2540s 7500 5 5
3389s 4000 50 5
7380s 3400 65 0
Optical Pyrex 3100 100° 0
° The number indicates the lower limit in angstroms of 

90% of the radiation. s Corning Glass Co. c The conditions 
of this experiment gave the highest concentration (actual 
4% vol.) of 2,3-dichloropropionitrile and this was assigned 
an arbitrary value of 100.

Preparation of 2,3-dichloropropionitrile in a solvent. Three 
moles of chlorine was added in 1 hr. to 3 moles of acrylonitrile 
and 1 g. of hydroquinone dissolved in 500 ml. of carbon tet
rachloride. An ice water bath was used to maintain a 
reaction tempera Lire of 10-25°. The solution was illuminated 
with the lamp placed 4 inches from the reactor. The mixture 
was stirred an additional 0.5 hr. after the addition of chlo
rine was stopped. The carbon tetrachloride was removed by 
distillation at 200 mm. and then the distillation was con
tinued at 7-10 mm. to obtain the product. The yield of 2,3- 
dichloropropionitrile was 75%.

Preparation of 2,3-dichloropropionitrile without a solvent. 
To a solution of 2 g. of hydroquinone in 11.9 moles of 
acrylonitrile was added 150 g. (2.1 moles) of chlorine in 70 
min. The reaction mixture was cooled with an ice water 
bath and illuminated with a 150-watt bulb. The light was 
left on for 20 min. after the addition of chlorine was stopped.

(6) L. R. Roller, Ultraviolet Radiation, John Wiley and
Sons, Inc., New York, N. Y., 1952, p. 101.
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TABLE II
P h y s i c a l  P r o p e r t i e s  o f  t h e  C h l o r o p r o p i o n i t r i l e s

3-Chloro-
propionitrile

2,3-Dichloro-
propionitrile

2,2,3-Trichloro-
propionitrile

B.p. (10 mm.) 59° 58° 47°
B.p. (50 mm.) 93 91 79
B.p. (100 mm.) 110 108 96
dta 1.137 1.327 1.426
n? 1.4360 1.4633

(Literature)
1.4655

B.p. 75-76°/20 mm.9 61 °/13 mm.5 
80725 mm.2 
80-87 736 mm.1

53714 mm.5 
80-81763 mm.8 9 
156-157°/atm.7

Density 1 .1272/2009 1.303/2502
Refractive index re2D° 1.43709 re o6 1.46382 n2D° 1.46777

The reaction mixture was first distilled at 150 mm. and 8.5 
moles of unchanged acrjdonitrile was recovered. Then 1.5 
moles of 2,3-dichloropropionitrile was obtained at 8 mm. 
pressure. The distillation residue appeared to be poly
merized acrylonitrile. The 44% yield of 2,3-dichloropropio
nitrile based on unrecovered acrylonitrile undoubtedly could 
be improved.

Pyridine-catalyzed preparation of H,S-dichloropropionilrile. 
Ten moles of chlorine was added at a rate of 1.5-2.0 moles/hr. 
to a stirred mixture of 10 moles of acrylonitrile and 100 ml. 
(1.24 moles) of pyridine. External cooling was used and the 
reaction was run in the dark. During the first hour a very 
viscous lower layer formed which was difficult to stir. 
This layer gradually disappeared. After all of the chlorine 
had been added, the crude reaction product was washed 
four times with 800-ml. portions of water, dried over cal
cium chloride and distilled at 8-10 mm.; yield of 2,3-dichloro
propionitrile was 69%.

Preparation of %-chloroacrylonitrile. The pyridine-catalyzed 
preparation was repeated but the reaction material was not 
water-washed. It was heated under reflux at 50 mm., the flask 
temperature was not allowed to exceed 90°. The 2-chloro- 
acrylonitrile (b.p. 20°, 50 mm.) which was continuously 
formed was allowed to escape through the condenser and was 
collected in a large Dry Ice trap. The hydrogen chloride 
passed out of the system through a water aspirator as it was 
formed. The material caught in the Dry Ice trap was re
distilled at 150 mm. to give a 60% yield of 2-chloroacrylo- 
nitrile, b.p. 44° (150 mm.), b.p. 88°, (760 mm.), d25 1.088, 
re2D5 1.4284 (lit.7 b.p. 88°, n2„° 1.4294).

Physical properties of the chloropropionitriles. The plrysical 
properties of the three chloropropionitriles prepared in this 
investigation are in Table II. The properties were deter
mined on samples that were 99% pure as shown by vapor 
chromatography. The three chloropropionitriles did not 
form azeotropes with each other. Mixtures of 3-chloropro- 
pionitrile and 2,3-dichloropropionitrile could not be separated 
by distillation owing to the nearness of their boiling points. 
I t is interesting to note that as the number of chlorine 
atoms in the molecule increased, the boiling point de
creased.

DISCUSSION

The cursory use of light filters indicates that the 
most effective wave length for promoting the addi
tion reaction between chlorine and acrylonitrile 
is between approximately 3000 to 4000 A instead 
of the visible region as previously reported.1

(7) L. U. Spence, U. S. Patent 2,385,550 (1945).
(8) J. G. Lichty, U. S. Patent 2,231,838 (1941).
(9) A. Brylants, M. Tits, C. Dieu, and R. Gauthier, 

Bull. soc. chim. Belg., 61, 366-392 (1952).

This presents a combination of opposed factors 
that must be considered when chlorine is added to 
the double bond of acrylonitrile. Without the radia
tion the addition is extremely slow. Radiation at 
about 3100 A accelerates the addition, but it also 
promotes the undesired substitution of hydrogen 
by chlorine. Ultraviolet light is known also to cause 
acrylonitrile polymerization, which in this case is 
detrimental.

The use of pyridine5 as a catalyst is unique be
cause it both catalyzes the addition reaction and 
eliminates the hydrogen chloride. That pyridine 
hydrochloride will effect continuous dehydrohalo- 
genation of 2,3-dichloropropionitrile to give 2- 
chloroacrylonitrile seems unusual; however, Spence7 
points out that a catalytic amount of an aliphatic 
amine hydrohalide will do the same.

When light was used for the reaction catalyst, 
the following scheme is proposed as the reaction 
path:

U V
C b — > 2C1- (1)

CH2=CHCN +  Cl----- > CH2C1CHCN (2)

CELCICHCN +  Cl2 — >- CH2C1CHC1CN +  Cl- (3)

CELC1CHC1CN +  Cl----- ^  CH2C1CC1CN +  HC1 (4)

CH2CICCICN +  CL — > CH2CICCLCN +  Cl- (5) 

CELCICHCN +  HC1 — > CH2C1CH2CN +  Cl- (6)

Step (1) can occur in the presence of ultraviolet 
radiation or blue visible light and is the initiation 
step. The chlorine radical then adds as in steps (2) 
and (3) to give 2,3-dichloropropionitrile. Step (4) 
leads to the formation of hydrogen chloride and 
loss of 2,3-dichloropropionitrile. Step (6) shows how 
as the concentration of hydrogen chloride builds 
up the formation of 3-chloropropionitrile becomes 
appreciable as does 2,2,3-trichloropropionitrile.

The presence of hydrogen chloride was shown to 
catalyze the chlorination of 3-chloropropionitrile 
and 2,3-dichloropropionitrile in the dark. (Kabisch10 
disclosed that acetonitrile saturated with hydrogen 
chloride was chlorinated readily in the dark to

(10) G. Kabisjh, U. S. Patent 2,745,868 (1956),
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trichloroaceionitrile.) These chlorinations may be 
interpreted on an ionic basis as follows:

HC1 +  CH2=CH CN  — CH2C1CH2CN (7)
+ - H  +

OFLOICH2CN +  H + — >- CH2C1CH2C=NH
CIs

GH2C1CH=C=NH — > CH2C1CHC1CN +  HC1 (8)

CHoCICHClCN +  H + — CHSCICHC1C=XH — ^  

GH..C1CC1=C=NH -5 »  CH2C:CC12CN +  HC1 (9)

Step (7) is known to take place in the absence of 
light.11 The rate of step (9) should be greater than

step (8) because the carbonium ion of step (9) 
should eject a proton more readily than the cor
responding carbonium ion of step (8). This is in 
agreement with the observation that the 2,3- 
dichloropropionitrile is chlorinated at a higher rate 
than 3-chloropropionitrile.
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The ozonolysis of the azomethine double bond with ozone-oxygen mixtures has been investigated. Cleavage was the 
principal reaction with azines and Schiff bases. Carbonyl compounds were isolated in reasonably good conversions. These 
reactions were also accompanied by a variety of other products, which are best accounted for by an ozone-initiated autoxida- 
tion as a secondary reaction. Oxanilide, formanilide, and .s-diphenvlurea were isolated from the ozonolysis of JV-cinnamvl- 
ideneaniline. Azobenzene was unexpectedly resistant to ozonolysis.

The literature1 indicates significant differences 
in the ease of ozonolysis of azo and azomethine 
linkages. An unsuccessful attempt in these labora
tories to ozonize azobenzene prompted a further 
investigation of the reaction of azo and azomethine 
compounds with ozone-oxygen mixtures. Azoben
zene was recovered nearly quantitatively on treat
ment with one, four and eight molar equivalents 
of ozone in oxygen mixtures at —40 to 34°. Trace 
amounts of glyoxal and a compound (isolated as 
the 2,4-dinitrophenylhydrazone, m.p. 252-255° 
dec.), possibly salicylaldehyde, were the only 
products isolated from the water-soluble oils 
obtained from these reactions (see table). Azoxy- 
benzene formation was not detected. The ozona
tion reaction is in contrast to the peracetic acid 
oxidation of azobenzenes which yields azoxyben- 
zenes.2 However, it has been stated3 that the 
ozonation of hydrazobenzene yielded azobenzene 
without “noteworthy” formation of other products.

The ozonation of benzalazine, on the other hand, 
resulted in a facile cleavage of the carbon-nitrogen 
double bond. An excellent conversion of benzalde- 
hyde was obtained (see table). This reaction was

(1) The literature is reviewed by (a) P. S. Bailey, Chem. 
Revs., 58, 925 (1958); (b) A. H. Riebel, R. E. Erickson, 
C. J. Ashire, and P. S. Bailey, J. Am. Chem. Soc., 82, 1801 
(1960).

(2) (a) A. Angeli, Atti. accad. Lincei, 19, 794 (1910); 
(b) P. Gagnon and B. T. Newbold, Can. J. Chem., 37, 366 
(1958).

(3) W. Strecker and M. Baltes, Ber., 54^, 2693 (1921).

characterized by the rapid development of a 
blue color, attributed to the formation cf dinitro
gen trioxide, which persisted throughout the oxona- 
tion. It has recently been observed that a blue 
to green color also resulted during the ozonation 
of nitrones, which was shown to be due to the 
formation of nitroso compounds.111

Since this coloration does not result during 
ozonation of Schiff bases, the initial reaction of 
ozone with benzalazine must involve an electro
philic attack on the nitrogen atom of the carbon- 
nitrogen double bond followed by the loss of oxygen

e
c6h .-,c h = n—N=CHC6Hs + : 0 - 6 = 6  —»

. ^ 4  "  ‘

I .. -o,
Cr,H,CH=N-N=CHC(iHs ----v I (1)

©

0
9 © ©

C6H6CH=N— N=CHC6H6 + :0 - 6 = 0  —>

is  i
0X
9JH *

I I 
C Ä C jN -

:Oj ..
Î2

-n = c h c 6h 6

-0 2
©

H
c 6h 5c = o

+

0 = N -N = C H C sHs
(2)
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TABLE I
O z o n a t i o n  o f  A z o  a n d  A z o m e t h i n e  C o m p o u n d s

Compound Moles
Sol

vent0
Ozone,
Moles Temp. Carbonyl

Products4
%

Conv. Other (% Conv.)

Azobenzene 0.05 B 0.06 22-26 — — c .d

0.05 B 0.19 30-34 — — d

0.02 C 0.17 M0 OCH—CHOe — —
Benzalazine 0.1 D 0.1 8-12 CjHsCHO-'' 61.4 N20 /
Cyclohexanone 0.02 D 0.03 — 45 c6h „o 60 N W

ketazine 0.05 A 0.11 -4 0 C6H „04
OCH(CH2),CHO'

36
18.4

Dimethyl adipate (17.2)*

Cinnamalazine 0.05 C 0.1 25 C«HsCHO
C,H6CH=CHCHO

61 “Cinnamal N-formylhydra- 
zone”*; unknown, m.p. 
196.5-197°'

0.59 D XX 15 CeHsCHO 
OHC—CHOe

60.4 Benzoic acid (22.5)“

N-Benzylidene- 0.1 A 0.11 -3 5 CeHsCHO 43 n

aniline 0.05 A 0.05 2-6 CeHsCHO 60
N-Benzylidene-p-

chloroaniline
0.09 D 0.3 -1 8 CjHsCHO 36 p-Chloronitrobenzene (10)°;

‘ ‘4,4'-dichlorooxanilide’ ’v 
1,4-Dinitrobenzene (14)4; 

“4,4'-dinitrooxanilide”r
N-Benzylidene-p-

nitroaniline
0.1 D 0.3 -1 8 CeHsCHO 41

IV-Cinnamylidene-
aniline

0.12 D 0.12 18-21 C,H6CHO
C6HsCH=CHCHOs

60.6 Benzoic acid; nitrobenzene'; 
oxanilide (7.6)“: s-diphenyl- 
urea (28)'

0.13 D 0.24 14-17 C0HtCHO 
C6HsCH=CHCHO 
OHC—CHO4

55.1 Benzoic acid (26.7); oxanilide 
(5.7); oxalic acid (16.8)“ ; 
formanilide (22.3)1

p-Nitroaniline 0.1 D 0.3 9 1,4-Dinitrobenzene (17.9); 
4,4'-dinitroazobenzene 
(21.2)'

“ A = methanol; B = acetic acid; C = chloroform; D = ethyl acetate. 4 Where conversion is not indicated only trace 
amounts of product were isolated. Identification of compounds enclosed in quotations is tentative. c Recovery of azo
benzene was 78-95% in all three experiments. 0 A 2,4-dinitrophenylhydrazone was obtained from the water-soluble oil, 
m.p. 252-255° dec. Anal. Calcd. for CuHnNjOs: C, 52.71; H, 4.31; N, 17.62. Found: C, 52.55; H, 4.33; N, 18.31. Salicyl- 
aldehyde 2,4-dinitrophenylhydrazone has a reported melting point of 254—255° dec. N. R. Campbell, Analyst, 61, 392
(1936). '  Dioxime melted at 169-171°. E. C. Barany, E. A. Braude, and M. Pianka, J. Chem. Soc., 1902 (1949), give m.p. 
179°. Anal. Calcd. for C2H4N2O0: N, 31.85. Found: N, 30.81. -^Distilled at 44—48° (4 mm.); 2,4-dinitrophenylhydrazone, 
m.p. 235-237°. 4 The solution developed a blue-green color, which is characteristic of solutions of N20 3 in nonpolar solvents. 
* Distilled at 36-40° (10 mm.); 2,4-dinitrophenylhydrazone, m.p. and mixed m.p. 162-163°. ‘ Distilled at 96-99° (4 mm.). 
P. E. Verkade, J. Coops, and H. Hartman, Rec. trav. chim., 45, 590 (1926) give b.p. 107° (11 mm.). Infrared spectrum is 
identical with authentic sample. 1 Recovered from aqueous extracts; 2,4-dinitrophenylhydrazone, m.p. 238-240°. R. Pappo,
B. S. Allen, R. V. Lemieux, and W. S. Johnson, J. Orq. Chem.., 21, 478 (1956), give m.p. 241.2-241.6°. k Melted at 150- 
153° dec. Anal. Calcd. for CioHioNjO: N, 16.09. Found: N, 15.98, 15.83. K. v. Auwers and P. Heimke, Ann., 408,208 (1927), 
report m.p. of cinnamvl IV-formylhydrazone as 155-156°. ' Yellow crystals, insoluble in hot methanol, water, dioxane, ethyl 
acetate, benzene, and acetone. Anal. Calcd. for (C6H7N30 )Z: C, 48.00; H, 5.60; N, 33.60. Found: C, 48.54; H, 5.27; N,
32.13, 32.74. m M.p. 121-122°. n The solid residue after removal of benzaldehyde was separated into two fractions: (A) 
soluble in benzene, m.p. 105-110° dec. Anal. C, 68.5; H, 5.6; N, 6.6. (B) benzene insoluble, m.p. 248-253° dec. Anal. C, 
67.0; H, 5.7; N, 7.6. (See Ref. lb, p. 1806.) 0 Melted at 81-83°. Infrared spectrum was identical with authentic specimen. 
v Melted at 289-291°. Infrared spectrum is consistent with this structure. F. D. Chattaway and W. H. Lewis, J. Chem. 
Soc., 89, 158 (1906), report m.p. 288°. 4 M.p. and mixed m.p., 174-175°. r Melting point, 357-359°. M. J. Bornwater, Rec. 
trav. chim., 31, 117 (1912), gives 358-359°. Infrared spectrum is consistent with this structure. s Distilled at 105° (4 mm.);
2,4-dinitrophenylhydrazone, m.p. and mixed m.p., 254-255° dec. (Ref. d.) ‘ Indicated in benzaldehyde distillate by I.R. 
bands at 1530 and 1340 cm.-1 “ Melted at 246.5-248.5°. A. D. Macallum, J. Soc. Chem. Ind., 42, 469T (1923), gives 247- 
248°. Anal. Calcd. for C14H12N2O2: C, 70.00; H, 5.00; N, 11.68. Found: C, 69.44; H, 4.62; N, 11.25, 11.40. Infrared spectrum 
identical with reference standard (Sadtler No. 5856). '  M.p. and mixed m.p., 238-241°. Anal. Calcd. for C,sHuNjO*: C, 
73.59; H, 5.66; N, 13.21. Found: C, 73.65; H, 5.53; N, 13.60. w M.p. 188-189°. x M.p. and mixed m.p., 47-48.5°. Distilled 
at 126-131° (3.5 mm.). O. Schmidt, Ber., 36, 2476 (1903), gives b.p., 166° (13 mm.); m.p., 47°. Infrared spectrum was 
identical with reference standard (Sadtler No. 1031B). v 2,4-Dinitrophenyllrydrazone melted at 320-323° dec. H. J. Lucas 
and W. T. Stewart, J. Am. Chem. Soc., 62, 1794 (1940), report m.p. 323° "dec. '  Melted at 219-220.5°. Mixed m.p. with 
authentic sample was not depressed. O. N. Witt and E. Kopetschini, Ber., 45, 1134 (1912), report m.p. 222-223°.

to give a nitrone-like structure (I). The formation 
of the observed products is explained by a second, 
nucleophilic ozone attacklb on the carbon atom of 
the double bond followed by loss of oxygen (Equa
tion 3).

Repeating the reaction described by Equation

3 on the remaining carbon-nitrogen double bond 
would yield oxides of nitrogen. Formation of the 
trioxide, N20 3, could occur by two alternate routes. 
I t may be formed directly by oxidation of lower 
nitrogen oxides (analogous to the formation of 
nitro compounds from their nitroso precursors111'4),
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or indirectly through the decomposition of dinitro
gen pentoxide,4 5 6 which can arise by the action of 
ozone on dinitrogen tetroxide.6

The alternate possibility of ozone addition to 
the carbon-nitrogen double bond, similar to that 
which occurs on reaction with carbon-carbon 
double bonds, has been examined. In this event, 
phenyl cyanide should be formed, according to the 
sequence :

c6h 6ch= n —n = c h c 6h 5 + o 3 —

03
C6H5CH%-N—N-—CHC,;H-, -  

[HOON] + C6H5C=N

2HN02

NO + N 02 + H20

Phenyl cyanide, however, was not found among 
the products of this reaction. This result is in 
accord with the evidence presented by Bailey,lb 
i.e., only one atom of the ozone molecule is utilized 
during the ozonolysis of Schiff bases and nitrones.

The ozonation of cyclohexanone ketazine in 
ethyl acetate also produced a blue solution; cyclo
hexanone was the only isolable product. However, 
when the ozonation was conducted in methanol, 
no color developed. This result is consistent with 
the behavior of dinitrogen trioxide in polar solvents. 
The isolation of adipaldehyde and dimethyl 
adipate together with cyclohexanone, indicated a 
further ozone-initiated radical oxidation of the cyclo
hexanone by oxygen. The ability of ozone to 
function as a radical initiator in autoxidations, and 
especially with ketones, has been reported.7

In contrast, the ozonation of cinnamalazine did 
not develop a distinctive blue coloration. Presum
ably, the initial ozone reaction involved addition 
to the carbon-carbon double bond. Benzaldehyde 
and benzoic acid resulted from this reaction (Equa
tion 4). A subsequent nucleophilic attack by ozone 
at the carbon atom of the carbon-nitrogen double 
bond of the 'intermediate (II) is then postulated. 
This intermediate might undergo (1) loss of oxygen 
and shift of a proton to yield cinnamal A-formyl- 
hydrazone (Equation 6), or (2) loss of oxygen and 
cleavage of the double bond to give glyoxal and 
cinnamaldéhyde (Equation 7). Actually, trace 
amounts of all three products were isolated.

(4) J. S. Belew and J. T. Person, Chemistry and Industry, 
40, 1246 (1959).

(5) M. Bodenstein, Z. Phys. Chem., 104, 51 (1923).
(6) (a) T. M. Lowry and J. T. Lemon, J. Chem. Soc., 

695; (1935) (b) O. R. Wulf, F. Daniels, and S. Karrer, 
J. Am. Chem. Soc., 44, 2398 (1922); (c) F. Foerester and 
M. Koch, Angew. Chem., 21, 2216 (1908).

(7) (a) C. C. Schubert and R. N. Pease, J. Am. Chem.
Soc., 78, 2044, 5553 (1956); (b) E. Briner, Advances in Chem. 
Ser., 21, 184 (1959).

Nj-N /•© A
ox \ c- c6h 5 

0  7h  
_ o '

+
H

C6H5C = 0  (3)

• • • • e  /h k
R-C H =N -N =C H C H =C H C 6H5 + : '( /  \ )  _

.. .. o 3
R -C H = N -N = C H C h 4 cHC6H6 - >■

. . . .  /  0  © ©
R—CH =N —N = C H C H -0  + O—0 —CHC6H5 (4)

T T  ©

R -  CH=N—N = CHCHOn-Z
+ II -
©

0 . . / - V  
: O O

G H
H

R -C H = N -N — C—C = 0
I

.. .. :0: (5)
Q=0

©

©
R— CH=N—N—cV cH O  —> R C H = N -N -C -C H O

" II
0• . . j o -

0 = 0  i

R— CH=N—NHCHO (6)

r  •• • ■~i [o]
RCH=N—N ----*

+
OHC— C lio

R = C6H5CH=CH- (7)

Ozonation of iV-cinnamylideneaniline was in
vestigated in a further attempt to evaluate the 
differences in the reactivities of exocyclic carbon- 
nitrogen and carbon-carbon double bonds towards 
ozone-oxygen mixtures. Ozonolysis of the carbon- 
carbon double bond was the major reaction, as 
evidenced by the excellent conversions (55-60%) 
of benzaldehyde obtained. The formation of small 
amounts of cinnamaldéhyde and nitrobenzene 
indicated that cleavage of the carbon-nitrogen 
double bond had also taken place. Nitrobenzene 
has previously been isolated from the ozonation of 
benzal nitronelb and from benzophenone nitrone,8

0 9
I

(CeH6)2C =N —C6H6.
®

© H
I

R -  CH=N—N—C-CHO 

;0 :
0 = 0 %

©J
RCHO + N2

Forman ilide (III) was isolated in significant 
amounts from this reaction. The formation of this 
compound must arise from the nucleophilic attack 
of ozone on the carbon atom of the carbon-nitrogen 
double bond of the fragment produced by ozonoly
sis of the carbon-carbon double bond. Shift of a 
proton, followed by loss of oxygen, and subse
quently, of carbon monoxide, yields formanilide 
(Equation 9).

An ozone-initiated autoxidation of formanilide 
(Equation 10) is postulated to account for the

(8) H. Staudinger and K. Mischer, Helv. Chim. Acta, 2, 
554 (1919).
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derivation of oxanilide (V) from this ozonation 
reaction.

© © ..
C6H5C H = C H C H = N -C 6H5 +  : 0 —0 = 0

0,
c6h 5c h 4=c h c h = n c 6h s

l
/ ° ° e % ®

< !! CM +  O ^ C - C H = N - C 6H 5
©> H

(8)

© ffi ..
C6H 5N = C H -C H O  +  : 0 —0 = 0

. . / l
c 6h 5n - ( c - c h o

:0 :

H
C6H 5N—C—CHO 

0
(9)

c 6h 5n h c h o

III

C bH sNHCHO +  0 3 -*■ .OH +  0 2 +  C6H5N H C = 0  (10)

I
C8H 6N H C = 0 9

I
c 6h 5n h c = o

(V)

s-Diphenylurea was obtained from a single ex
periment during the ozonation of iV-cinnamylidene- 
aniline. The formation of this product was not 
confirmed in subsequent experiments, however.

Ozonolysis of the azomethine bond was also ob
served with iV-benzylidene-p-chloroaniline and N- 
benzylidene - p - nitroaniline. p-Chloronitrobenzene 
and 1,4-dinitrobenzene, respectively, were obtained 
(10-14%), together with larger amounts (36-56%) 
of benzaldehyde. Products presumably derived 
from an ozone-initiated cleavage of the carbon- 
nitrogen single bond, be., 4,4'-dichlorooxani]ide 
and 4,4,-dinitrooxanilide, were isolated in trace 
amounts. In agreement with previous investi
gators,113'10 2-phenyloxaziranes were not isolated.

The reaction of p-nitroaniline with an ozone- 
oxygen mixture gave 1,4-dinitrobenzene and trans- 
4,4'-dinitroazobenzene, possibly formed by the 
reaction:
o 2n c 6h 4n h 2 +  o = n c 6h 4n o 2 — >

0 2NC6H4N = N C 6H4N 0 2 (11)

Isolation of analytical samples from the tarry 
reaction product produced by the reaction of ozone-

(9) The author is indebted to the referee for indicating 
this possibility. A mechanism analogous to that proposed by 
Schubert and Pease7“- might also pertain.

(10) W. D. Emmons, J. Am. Chem. Soc., 79, 5739 (1957).

oxygen mixtures with iV-benzylaniline failed. Pre
vious investigators4'11 have noted the decomposi
tion of primary and secondary amines by the action 
of ozone.

EXPERIM ENTAL

Materials. Azobenzene, benzalazine (m.p. 92-93°), and 
cyclohexanone ketazine (m.p. 36-37°) were purchased and 
recrj’stallized before use. iV-Cinnamylideneaniline (m.p. 
109°), cinnamalazine (m.p. 175-176°), iV-benzylideneani- 
line (m.p. 53-54°), AT-benzylidene-p-chloroaniline (m.p. 64- 
66°),12 and IV-benzylidene-p-nitroaniline (m.p. 117-1180)13 
were sjmthesized by known methods.

Apparatus. The reactor was a cylindrical flask of 300 ml. 
capacity with a T/S 45/50 joint at the top. Connections 
for a stirrer, thermometer, and Dry Ice condenser were 
built into a T/S joint which fitted the top of the reactor 
flask. A fritted gas inlet tube entered the reactor at the 
bottom. The ozone source was a Welsbach Model T-3 
ozonator. Oxygen pressure to the ozonator was controlled 
at 8 p.s.i.g. by a Matheson 70A regulator. Oxygen-ozone 
flow rates from the ozonator were usually 0.25-0.35 cfm. 
Ozone concentrations were measured by a Welsbach ozone 
meter, which had previously been standardized by the 
potassium iodide-sodium thiosulfate procedure for deter
mining ozone concentrations.

General procedure. The reactor was charged with 27 g. 
(0.13 mole) of -/V-cinnamylideneanilme dissolved in 150 ml. 
of dry ethyl acetate. The ozonolysis was conducted at 14-17° 
since the anil crystallized from the solution at lower tem
peratures. An oxygen-ozcne mixture, containing 33-34 
mg. ozone/1. of oxygen, was passed through the solution 
until 0.24 mole of ozone had been absorbed. The .yellow solu
tion gradually turned orange; a slight precipitate formed. 
The reaction mixture was flushed with dry nitrogen and 
evaporated at room temperature under reduced pressure to 
about one-third its volume. Ether was added (precipitation 
occurred) and the solution extracted with 100 ml. of 20% 
sodium hydroxide solution. In other experiments a 20% 
sodium sulfite solution was also used. Acidification of the 
aqueous alkaline solution caused precipitation of benzoic 
acid (4.2 g.). Oxalic acid (2.0 g.) was recovered by ether 
extraction of the aqueous acid solution. The residual aqueous 
solution was treated with 2,4-dinitrophenylhydrazine re
agent. A trace of glyoxal bis-2,4-dinitrophenylhydrazone 
was isolated (see Table I).

The original ether-ethyl acetate extracts were dried over 
magnesium sulfate. During evaporation of the solvents under 
reduced pressure, oxanilide (0.8 g.) precipitated. This 
material was filtered from the liquid residues and recrystal
lized from benzene. The filtrate was distilled. Benzaldehyde 
(7.6 g.), cinnamaldehyde (1.0 g.) and a fraction distilling 
at 126-131° (3.5 mm.) were obtained. A portion of the latter 
fraction crystallized. This material (2.7 g.) was recrystallized 
from benzene, and subsequently identified as formanilide.

D ayton 7, Ohio

(11) W. Strecker and H. Thieneman, Ber., 53, 2096 
(1920).

(12) H. D. Law, J. Chem. Soc., 101, 160 (1912).
(13) W. v. Miller, J. Plochl, and G. Rohde, Ber., 25, 

2053 (1895).

«
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A study of the reaction of diazomethane with various Schiff’s bases has been carried out in the hopes of obtaining ethyleni- 
mines; the results were largely negative. The addition of diazomethane to benzalanilines to give 1,2,3-triazolines has been 
investigated with emphasis on the conditions for good yield and on the kinetics. The mechanism of this addition reaction is 
discussed.

INTRODUCTION

The formation of three-membered ring systems 
from the reaction of double bond containing com
pounds and diazomethane derivatives has long been 
known. From certain olefins, a pyrazoline ring may 
be formed first and this may then be pyrolyzed to 
give a cyclopropane.1 It has also been found2 that 
both carbene and dichlorocarbene react with ole
fins to give cyclopropane derivatives. It is also 
known that diazomethane adds to the carbonyl 
group of aldehydes and ketones3 to give an ethylene 
oxide or the higher homologous aldehydes and 
ketones. From the above considerations, the double 
bond in a Schiff’s base might be expected to react 
with diazomethane either directly or indirectly to 
form an ethylenimine; with this in view an investi
gation of the action of diazomethane on Schiff’s 
bases, both aliphatic and aromatic, was undertaken.

The reaction of aliphatic Schiff’s bases with 
diazomethane itself and also with carbenes was 
studied; the carbene was generated either photo- 
lytically or catalytic decomposition of diazomethane 
was effected by use of boron trifluoride etherate.4 5 
In none of the cases studied here was it possible to 
obtain a definite reaction product corresponding to 
an ethylenimine. Also, no ethylenimine was de
tected in a petroleum ether solution of benzalaniline 
and diazomethane which had been exposed to light 
for four and a half hours. This anil, however, 
has been shown6 to add dichlorocarbene (obtained 
from chloroform and sodium methoxide) to give
1,2-diphenyl-3,3-dichloroethylenimine. Dichloro
carbene obtained by the a ction of sodium methoxide 
on hexachloroacetone6 also reacts with benzalani
line to yield the same ethylenimine.

Diazomethane itself reacts with some anils to 
give stable addition products. Mustafa7, who first

(1) Cf. E. P. Kohler and L- L. Steele, J. Am. Chem. Soc., 
41,1093 (1919).

(2) Cf. (a) W. von E. Doering and A. K. Hoffmann, J. 
Am. Chem. Soc., 76, 6163 (1954); (b) P. S. Skell and A. Y. 
Garner, J. Am. Chem. Soc., 78, 3409 (1956).

(3) F. Arndt and B. Eistert, Ber., 61, 1107, 1118 (1928); 
68,196 (1935).

(4) H. Meerwein, Angew. Chem., A60, 78 (1948).
(5) E. K. Fields and J. M. Sandri, Chem. & Ind., 1216

(1959).
(6) P. Iv. Kadaba and J. O. Edwards, J. Org. Chem., 25, 

1431 (1960).
(7) A. Mustafa,J. Chem. Soc., 234 (1949).

noticed the reaction, assigned to the addition prod
uct a 1,2,4-triazoline structure (II) solely on the 
basis of his observation that when heated or 
hydrolysed with acid these compounds decomposed 
with evolution of diazomethane and regeneration 
of I.

R -C H = N —R'
c h 2n 2

\

H
R - C —N -R

/  \  
H,C N

III

H
R - C —X -R '

N c h 2

H
R - C - N - R '

/  \
HX CH

\  /N
II

However, the triazoline addition product was 
later shown to have a 1,2,3-triazoline structure
(III) by Buckley.8 He compared the products 
obtained by Mustafa with those obtained by the 
addition cf phenyl azide to olefins and found them 
to have identical melting points and infrared ab
sorption spectra.

Kinetic studies of the addition reactions of 
diazomethane with various anils have now been 
carried out along with the synthesis of various 
substituted triazolines. It was found that water 
and methanol both catalyze the otherwise slow 
reaction in ether. The solvents used have a con
siderable effect on the yield of the reaction; e.g., 
addition takes place to a greater extent in dioxane 
than in diethyl ether.

Wolff9 and later Alder and Stein10 suggested 
that the thermal decomposition of 1,5-diphenyl-
1,2,3-triazoline yields a mixture of 1,2-diphenyl- 
ethylenimine and the anil of acetophenone. The 
ethylenimine as such was not, however, isolated 
and characterized by these workers. Their con
clusion was based on the observation that the prod
uct obtained by the pyrolysis of the triazoline had 
two nitrogen atoms less than the original compound 
and also that the triazoline was hydrolyzed by 
acid with evolution of nitrogen and formation

(8) G. E. Buckley, J. Chem. Soc., 1850 (1954).
(9) K. L. Wolff, Ann., 394, 68 (1912).
(10) K. Alder and G. Stein, Aim., 501, 1 (1933).
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of an amino alcohol, which could have been 
formed from an ethylenimine intermediate. A 
reinvestigation by us of the pyrolysis of 1,5- 
diphenyl-l,2,3-triazoline failed to give 1,2-diphenyl- 
ethylenimine. Careful fractional crystallization of 
the hydrochlorides obtained by treatment of the 
pyrolysis product with gaseous hydrogen chloride 
in ether solution gave only aniline hydrochloride. 
Thermal decomposition of l-phenyl-5-(o-nitro- 
phenyl)-l,2,3-triazoline in o-diehlorobenzene at 
140-150° also did not yield an ethylenimine. 
The reaction product after acid hydrolysis con
sisted only of aniline, as shown by infrared spectra.

EXPERIMENTAL

Materials. T h e  a n i l s  w e re  s y n th e s is e d  b y  k n o w n  m e th o d s ,  
u s in g  c o n d e n s a t io n  o f  t h e  a p p r o p r i a t e  a ld e h y d e s  w i t h  t h e  
a m in e s .  I n  t h e  c a s e  o f  b e n z a l - p - n i t r o a n i l in e 11 a  m o d if ie d  
m e th o d  w a s  u s e d . T h e  m ix tu r e  o f  p - n i t r o a n i l in e  a n d  b e n z a l-  
d e h y d e  w a s  h e a t e d  a t  1 5 0 -1 6 0 °  fo r  8  h r .  in  t h e  p r e s e n c e  o f  
d r y  n i t r o g e n  in  a n  o p e n  r o u n d - b o t to m  f la s k , a n d  t h e  w a te r  
f o rm e d  in  t h e  r e a c t io n  w a s  a l lo w e d  t o  e v a p o r a t e  co n 
t in u o u s ly .  T h e  w a te r ,  i f  a l lo w e d  to  c o n d e n s e  b a c k  in to  t h e  
r e a c t io n  m ix tu r e ,  c a u s e d  h y d r o ly s is  o f  t h e  a n i l  a n d  a  d e e p  
y e llo w  p r o d u c t  w i th  a  c o n s id e ra b ly  lo w e r  m e l t in g  p o in t  
r e s u l te d ,  f ro m  w h ic h  t h e  p u r e  a n i l  c o u ld  n o t  b e  o b t a in e d  
e v e n  a f t e r  r e p e a t e d  r e c r y s ta l l i z a t io n .  A ll t h e  a n i l s  w e re  
c r y s ta l l iz e d  f ro m  s u i t a b l e  s o lv e n ts  s h o r t l y  b e f o re  u s e  a n d  
a i r  d r ie d .  B e n z a l -p - c h lo r o a n i l in e  w a s  d r ie d  in vacuo a t  4 0 -  
4 5 °  f o r  2  h r .  T h e  o - n i t r o b e n z a ld e h y d e  n e e d e d  in  t h e  p r e p a r a 
t io n  o f  t h e  o - n i t r o b e n z a l - a n i l in e s  w a s  m a d e  b y  o x id a t io n  
o f  o - n i t r o to lu e n e . 12

Syntheses of 1,8,3-triazolines. I n  a  t y p i c a l  r e a c t io n ,  t h e  a n il  
(0 .0 5  m o le )  w a s  d is s o lv e d  in  a n  e t h e r e a l  s o lu t io n  (2 0 0  m l.)  
o f  d ia z o m e th a n e  ( 0 .1  m o le )  ( n o t  d r ie d ) 13 a n d  6  m l .  o f  m e t h 
a n o l  ( r e a g e n t  g ra d e )  a d d e d  a s  c a t a ly s t .  T h e  r e a c t io n  m ix 
t u r e  w a s  t h e n  a l lo w e d  to  s t a n d  in  a  s to p p e r e d  f la s k  a t  ro o m  
t e m p e r a t u r e  fo r  4  d a y s .  A t  t h e  e n d  o f  t h i s  p e r io d , t h e  m a jo r  
p o r t io n  o f  t h e  e t h e r  a n d  u n c h a n g e d  d ia z o m e th a n e  w a s  
r e m o v e d  b y  c a r e f u l  d i s t i l l a t io n .  T h e  r e s id u e  w a s  t h e n  
co o led , a n d  t h e  s p a r in g ly  s o lu b le  t r ia z o l in e  c r y s ta l l i z e d  o u t  
f i r s t  in  p r e fe re n c e  t o  t h e  u n c h a n g e d  a n i l .  T h e  t r ia z o l in e s  
w e re  r e c r y s ta l l i z e d  f ro m  a p p r o p r i a t e  s o lv e n ts  a s  in d ic a te d  
b e lo w . A ll t h e  t r ia z o l in e s  m e l te d  w i th  v ig o r o u s  d e c o m p o s i
t io n ,  e v o lv in g  g a s  a n d  f o rm in g  d e e p  o r a n g e - r e d  m e lts .

W h e n  d io x a n e  w a s  u s e d  a s  s o lv e n t  f o r  t h e  r e a c t io n ,  t h e  
a n i l  w a s  d is s o lv e d  in  d io x a n e  c o n ta in in g  d ia z o m e th a n e  ( n o t  
d r ie d )  a n d ,  a t  t h e  e n d  o f  4  d a y s , t h e  r e a c t io n  m ix tu r e  w a s  
d i lu te d  w i th  w a te r  u n t i l  a  h e a v y  c lo u d in e s s  a p p e a r e d .  I t  
w a s  t h e n  c o o le d  in  ic e , w h e n  t h e  t r ia z o l in e  w a s  t h r o w n  o u t  a s  
a  f in e  c r y s ta l l in e  m a te r i a l .

T h e  c o m p o u n d s  l ,5 - d ip h e n y l- l ,2 ,3 - t r i a z o l in e  a n d  1- 
p h e n y l - 5 - p - c h lo r o p h e n y l - l ,2 ,3 - t r i a z o l in e  a r e  k n o w n  c o m 
p o u n d s 7'8; t h e  m e l t in g  p o in t s  o f  o u r  p r o d u c t s  a g r e e d  w i th  
t h e  l i t e r a tu r e  v a lu e s .  T h e  s ix  t r ia z o l in e s  l i s t e d  b e lo w  w i th  
t h e i r  p r o p e r t i e s  a r e  n e w  c o m p o u n d s .

1-p-N itrophenyl-5-phenyl-l ,2,3-triazohne. P a l e  y e l lo w  g lis
t e n in g  n e e d le - l ik e  c r y s ta l s  f ro m  a c e to n e ;  m .p .  1 5 2 -1 5 3 ° .

Anal. C a lc d . fo r  C i4H i 2N 40 2: C , 6 2 .6 8 ; H ,  4 .4 8 ;  N ,  2 0 .8 9 . 
F o u n d :  C , 6 2 .7 5 ; H , 4 .5 1 ; N , 2 1 .0 9 .

l-Phenyl-5-p-nitrophenyl-l ,2,3-triazolmc. P a l e  y e l lo w  f lu ffy  
n e e d le - l ik e  c r y s ta l s  f ro m  b e n z e n e  o r  f ro m  a c e to n e - p e t r o le u m  
e t h e r  m ix tu r e ;  m .p .  1 3 0 -1 3 0 .5 ° .  T u r n s  o r a n g e  o n  e x p o s u re  t o  
a i r .

(11) W . v .  M i l le r  a n d  J .  P lo c h l ,  Ber., 2 5 , 2 0 2 0  (1 8 9 2 ).
(1 2 ) S . M . T s a n g ,  E .  H .  W o o d  a n d  J .  R .  J o h n s o n ,  Org. 

Syntheses, Coll. Vol. I l l ,  641  (1 9 5 5 ).
(1 3 )  P r e p a r e d  f r o m  n i t r o s o m e th y l  u r e a ;  c / . ,  F .  A r n d t ,  

Org. Syntheses, Coll. Vol. n , 165  (1 9 4 3 ).

Anal. C a lc d . f o r  C H H ^ N iO j:  C , 6 2 .6 8 ; H ,  4 .4 8 ;  N ,  2 0 .8 9 . 
F o u n d :  C , 6 2 .5 5 ; H , 4 .2 9 ; N ,  2 0 .9 3 .

l-Phenyl-5-o-nitrophenyl-l,2,S-triazoline. S to u t ,  y e l lo w  
c r y s ta l s  f ro m  b e n z e n e ;  m .p .  1 4 9 -1 5 0 ° .

Anal. C a lc d . f o r  C I4H 12N 40 2: C , 6 2 .6 8 ; H , 4 .4 8 ; N ,  2 0 .8 9 . 
F o u n d :  C , 6 1 .8 4 ; H , 4 .6 2 ;  N ,  2 1 .0 6 .

l-p-Chlorophenyl-5-phenyl-l,2,3-triazoline. V e r y  p a l e  y e l 
low , s t o u t  h e x a g o n a l  c r y s ta l s  f ro m  e th e r ;  m .p .  1 3 0 -1 3 2 ° .

Anal. C a lc d .  f o r  C u H 12N 3C1: C , 6 5 .2 4 , H , 4 .6 9 ; N ,  1 6 .3 1 ; 
C l, 1 3 .7 6 . F o u n d :  C , 6 4 .1 4 ; H ,  4 .5 9 ; N ,  1 6 .7 1 ; C l, 13 .1 4 .

l-p-Methoxyphenyl-5-o-nitrophenyl-l,2,3-triazoline. B r ig h t  
o ra n g e -y e l lo w  c r y s ta l s  f ro m  a c e to n e ;  m .p .  1 4 0 -1 4 0 .5 ° .

Anal. C a lc d .  f o r  C 16H u N 40 3: C , 6 0 .4 0 ; H ,  4 .7 0 ; N ,  1 8 .7 9 . 
F o u n d :  C , 6 0 .3 6 ; H ,  4 .8 0 ; N ,  18 .8 8 .

1-p-Nitrophenyl-o-p-methoxyphenyl-l,2,3-triazoline. S h in y  
y e llo w  g r i t t y  c r y s ta l s  f ro m  a c e to n e ;  m .p . 1 5 7 -1 5 8 ° .

Anal. C a lc d . f o r  C i5H i 4N 40 3: C , 6 0 .4 0 ; H ,  4 .7 0 ;  N ,  1 8 .7 9 . 
F o u n d :  C , 6 0 .6 6 ; H ,  4 .6 6 ;  N ,  18 .9 9 .

Rate measurements. T h e  k in e t ic  r u n s  w e r e  c a r r ie d  o u t  in  
d io x a n e  s o lu t io n  a t  2 4 .9 5 °  ±  0 .1 0 ° . T h e  r e a c t io n  c o u r s e  w a s  
s tu d ie d  a s  fo llo w s : 1 0 -M I. a l iq u o ts  ( in  d u p l ic a te s )  a t  a p p r o 
p r i a t e  t im e  i n t e r v a l s  w e re  q u e n c h e d  in to  a  m e a s u r e d  v o lu m e  
o f  a  c o ld  s o lu t io n  o f  b e n z o ic  a c id  ( U .S .P .  g r a d e  r e c r y s ta l l iz e d  
fo rm  e th a n o l )  o f  k n o w n  s t r e n g t h  in  d io x a n e .  T h e  d ia z o 
m e th a n e  r e a c te d  r a p id ly  w i th  t h e  b e n z o ic  a c id  a n d  th e r e  
w a s  n o  n e e d  t o  s h a k e  t h e  m ix tu r e  fo r  m o re  t h a n  3  m in . 
T h e  s o lu t io n  w a s  t h e n  d i lu t e d  w i th  100  m l. o f  c o ld  d is t i l le d  
w7a t e r  a n d  t h e  e x c e ss  b e n z o ic  a c id  w a s  t i t r a t e d  w i th  s t a n d a r d  
a lk a l i  u s in g  p h e n o lp h th a le in  a s  in d ic a to r .  T h is  is  e s s e n t ia l ly  
t h e  p r o c e d u r e  u s e d  in  d e te r m in in g  d ia z o m e th a n e  c o n c e n 
t r a t io n s  in  e th e r e a l  s o lu t io n . 13 T h e  s a m e  a m o u n t  (1 0  m l .)  
o f  d io x a n e  w a s  u s e d  f o r  r in s in g  t h e  s id e s  o f  t h e  f la s k  d u r in g  
t i t r a t i o n  in  a l l  t h e  r u n s .  T h e  e n d  p o i n t  o f  t h e  t i t r a t i o n  is  
in d ic a te d  b y  a  d u l l  o ra n g e -y e l lo w  c o lo r  in  t h e  c a s e  o f  a n i ls  
w i th  y e l lo w  c o lo r , a n d  b y  a  p in k  c o lo r  in  t h e  c a s e  o f  c o lo r
le ss  a n i ls .  T h e  a m o u n t  o f  b e n z o ic  a c id  r e a c t in g  w i th  t h e  
d ia z o m e th a n e  c a n  b e  u s e d  to  c a lc u la te  t h e  d ia z o m e th a n e  
c o n c e n t r a t io n  a t  a  g iv e n  t im e .  A t  t h e  e n d  o f  e a c h  r u n ,  
d u p l ic a te  a l iq u o ts  w e re  q u e n c h e d  in  b e n z o ic  a c id ;  o n e  w a s  
t i t r a t e d  im m e d ia te ly  a n d  t h e  o th e r  w a s  a l lo w e d  t o  s t a n d  fo r  
4 0  m in . in  t h e  c o ld  ( 1 0 - 1 5 ° )  a n d  t h e n  t i t r a t e d .  B o th  g a v e  
id e n t ic a l  r e s u l t s ;  t h u s  u n d e r  th e s e  c o n d it io n s ,  n o  h y d r o ly s is  
o f  a n i l  o r  t r ia z o l in e  b y  b e n z o ic  a c id  o c c u r re d .

D io x a n e  ( E a s t m a n  K o d a k ,  w h i te  la b e l)  w a s  l e f t  o v e r n ig h t  
o v e r  p o ta s s iu m  h y d r o x id e  p e l le ts  a n d  t h e n  d is t i l le d ,  b .p .
9 8 - 9 9 ° .  T h e  s a m e  d io x a n e  w a s  u s e d  in  a l l  t h e  k in e t ic  r u n s .  
D ia z o m e th a n e  s o lu t io n  o f  a p p r o x im a te ly  2 %  s t r e n g t h  w a s  
p r e p a r e d  b y  s lo w  d i s t i l l a t io n  o f  a  d i lu te  e t h e r e a l  s o lu t io n  o f  
d ia z o m e th a n e  a n d  c o lle c t in g  t h e  d i s t i l l a te  in  a n  e q u a l  v o lu m e  
o f  d io x a n e . T h e  a m o u n t  o f  d i e th y l  e th e r  p r e s e n t  in  a  r u n  
w a s  t h u s  r e d u c e d  t o  a  m in im u m .

S o lu t io n s  fo r  t h e  r u n s  w e re  p r e p a r e d  b y  d is s o lv in g  w e ig h e d  
a m o u n ts  o f  a n i l  in  8 0  o r  2 3 0  m l. o f  d io x a n e  in  100  o r  2 5 0  m l. 
v o lu m e tr ic  f la sk s , r e s p e c t iv e ly ,  a n d  a l lo w in g  t h e m  to  s t a n d  
a t  2 4 .9 5 °  f o r  1 - 2  h r .  A n  a p p r o x im a te ly  2 %  s o lu t io n  o f  d ia z o 
m e th a n e ,  a ls o  a t  2 4 .9 5 ° , w a s  t h e n  a d d e d  to  t h e  a n i l  s o lu t io n  
a n d  t h e  m ix tu r e  m a d e  u p  to  t o t a l  o f  100 o r  2 5 0  m l. a s  t h e  
c a s e  m a y  b e . T h e  a m o u n t  o f  d ia z o m e th a n e  u s e d  w a s  s u c h

T A B L E  I

R e a c t i o n  o p  D i a z o m e t h a n e  w i t h  B e n z a i ^ p - n i t r o a n i u n e "

[ C H 2N 2P [A n il] 6 h c
0 .0 3 3 8 0 .4 5 1 0 .2 0 4 0 .4 5
0 .0 1 4 1 0 .4 2 9 0 .1 9 8 0 .4 6
0 .0 0 4 8 0 .3 9 9 0 .1 9 3 0 .4 8
0 .0 1 8 6 0 .4 9 6 0 .3 2 7 0 . 6 6 f
0 .0 1 5 4 0 .2 4 8 0 .1 3 9 0 . 5 6
0 .0 0 9 4 0 . 1 1 1 0 .0 7 1 0 . 6 4

“ I n  d io x a n e  a t  2 4 .9 5 ° . b U n i t s  a r e  m o le  l i t e r . - 1  c U n i t s  
a r e  h r . - 1  d U n i t s  a r e  l i t e r  m o le - 1  h r . - 1  6 U s in g  a  d i f f e r e n t  
d io x a n e  s a m p le .

%
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T A B L E  I I

Y i e l d s " a n d  R a t e s '1 f o r  T r i a z o l i n e  F o r m a t i o n

S u b s t i t u e n t

C - P h e n y l  IV -P h e n y l T im e 0 C a ta ly s t 11 Y ie ld , % fc2°

H H 2 4 0 M 1 0 3 . 5  X 1 0 - 2
H p - N 0 2 2 1 ' W 6 4 4 . 5  X 1 0 - 1

4 2 ' W 75
H p - C l 96 M 2 2 6 . 4  X 1 0 -2
II p - C l I , — — — 1 .2  X 1 0 -2
p - N O i H 25 W  o r  M 0 7 . 6  X 1 0 - 2

9 6 M 25
9 6 ' W 4 5

o- N 0 2 H 18 N o n e 5 —

2 1 M  o r  W 2 5
2 1 M  p lu s  W 2 5
9 6 M 5 6

p - C l H 2 4 0 M < 1 0 1 .5  X 1 0 -2

o- N 0 2 p-OCH. 2 1 M  o r  W 7 —
96 M  o r  W 2 0

p - O C H , p - N O , 9 6 ' W 53 —

“ T h e  d a t a  i n  t h e  c o lu m n s  la b e l le d  t im e ,  c a t a l y s t  a n d  y ie ld  a r e  f o r  e x p e r im e n ts  in  d i e th y l  e t h e r  a t  ro o m  t e m p e r a t u r e  t o  t e s t  
f o r  b e s t  s y n th e t i c  c o n d i t io n s .  6 R a t e s  a r e  fo r  d io x a n e  s o lu t io n  a t  2 4 .9 5 ° . 0 T im e  in  h o u r s .  d M  is  m e th a n o l  a n d  W  is  w a te r .  
6 U n i t s  a r e  l i t e r  m o le - 1  h r . - 1  ' I n  d io x a n e  a s  s o lv e n t .

t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  l a t t e r  p e r m i t t e d  a c c u r a t e  
m e a s u re m e n ts  b y  t h e  t i t r a t i o n  p r o c e d u r e  a d o p te d .  T h e  
s t a n d a r d  a lk a l i  s o lu t io n s  u s e d  w e r e  d i lu t e d  ( 0 .0 3 -0 .0 5 N) t o  
p e r m i t  g r e a t e r  a c c u r a c y  in  t h e  e x p e r im e n ta l  p ro c e d u r e .

P s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t s  ki w e re  c a l c u l a t e d  b y  
d iv id in g  t h e  f a c to r  0 .6 9 3  b y  t h e  h a l f - l i f e  o f  t h e  r e a c t io n ;  
t h i s  w a s  o b t a in e d  f ro m  t h e  p l o t  o f  lo g  C H 2N 2 c o n c e n t r a t io n  
a g a in s t  t im e .  T h e  s e c o n d -o r d e r  r a t e  c o n s t a n t s  t 2 w e re  o b 
t a in e d  b y  d iv id in g  t h e  hi v a lu e s  b y  t h e  a n i l  c o n c e n t r a t io n  
w h ic h  w a s  in  l a r g e  e x c e s s . S o m e  d a t a  w h ic h  i l l u s t r a t e  c o n 
c e n t r a t io n s ,  e tc . ,  o f  t h e  k in e t ic  r u n s  a r e  show m  in  T a b le  I .

RESULTS AND DISCUSSION

Ethylenimine synthesis. The initial purpose of 
the present investigation was to find new ways to 
prepare ethylenimines (aziridines). Methods tried 
included: (a) reaction of diazomethane with anils 
under a variety of conditions including boron 
trifluoride catalysis and light activation, (b) 
reaction of aliphatic Schiff’s bases with diehloro- 
carbene, and (c) pyrolysis of the 1,2,3-triazolines 
formed by the direct addition of diazomethane to 
aromatic anils. No ethylenimine was isolated nor 
was any identified (in the liquid product mixtures) 
by either infrared or gas chromatography. I t seems 
safe to conclude that the reaction of diazomethane 
or other carbene-formers with anils to give ethyl- 
enimine shows little promise as a general synthetic 
route. The only exception presently known is the 
formation of l,2-diphenyl-3,3-dichloroethyleni- 
mine.6-6

In view of the nature of the results obtained on 
ethylenimine synthesis, we have merely listed 
general areas of experimentation that were carried 
out. Details may be obtained from the authors as 
to conditions and results; however, publication of 
these details seems to be unwarranted at the present 
time.

Triazoline synthesis. The method of synthesis of 
triazolines was mentioned previously. I t was ob

served during these preparations that the yields 
depended significantly on the reaction time and on 
the substituent groups of the aromatic rings. This 
strongly suggested that the reaction of diazo
methane with a benzalaniline has a rate convenient 
for measurment. In Table II data on yields for 
eight triazolines are presented; among the factors 
studied were solvent, catalyst (water or methanol), 
and time. These results will be discussed after the 
kinetic data are presented.

Kinetics. The results are summarized in the tables. 
In Table I are presented the first and second 
order rate constants for the addition reaction of 
diazomethane with benzal-p-nitroaniline ae 24.95° 
at several different anil concentrations (always in 
excess). The reaction in first order in diazomethane 
concentration as good straight lines were obtained 
when the logarithm of the concentration of diazo
methane was plotted against time; also the rate 
constant is independent of diazomethane concen
tration. The first order rate constants are depend
ent on first power of the anil concentration as seen 
from the data in Table I ; the reaction thus follows 
simple second order kinetics.

The last column of Table II gives the second order 
rate constants for the reaction of diazomethane with 
benzal aniline and five anils having substituents on 
the ¿V-phenyl and C-phenyl groups. Also given for 
comparison are the yields of triazolines obtained 
in the synthetic experiments; the parallelism 
between rate and yield is striking.

These results indicate conclusively that the diazo
methane molecule is acting as a nucleophile in 
attacking the anil for the rate of reaction is in
creased by placing electron-withdrawing groups 
on the benzene rings of the anil and is decreased by 
the presence of electron-releasing groups. The 
results also show that substituents on the Ar-phenyl



- 3 3 4 KADABA AND EDWARDS VOL. 2 6

group of the anil have a large polar effect whereas 
those on the C-phenyl have only a small polar 
effect. But the results do not of themselves indicate 
the site of attack, as either end of the diazomethane 
molecule could conceivably add to the anil in the 
rate step. I t is possible, however, to give a satis
factory answer to this question of site, for several 
pieces of evidence (chemical data and kinetic 
studies) agree with a single mechanistic postulation.

Mechanism. Consider the mechanism

H C H

C H ,N 2
slow

B

B

X
fast w  ^ 7 c ~ n\

H C H  N

V

Y

F ig . 1. P ro p o s e d  r e a c t io n  c o o r d in a te  d ia g r a m  fo r  t h e  r e 
a c t io n  o f a r o m a t ic  S ch iff’s b a s e s  w i th  d ia z o m e th a n e .  L e t 
t e r s  A , B , a n d  C  r e fe r  t o  r e a c t a n t s ,  z w i t te r io n  in t e r m e d ia t e  
a n d  p r o d u c t ,  r e s p e c t iv e ly

0 <H-0 - Ye
H C H

I
n 2

where the reaction is made of two steps, a slow and 
rate-determining step (A -> B) and a subsequent 
rapid ring closure (B —► C). There is a zwitterion 
intermediate B formed in the first step, which step 
is the nucleophilic attack by the carbon in diazo
methane on the double bond carbon of the anil. It is 
pertinent to note here that the carbon of diazo
methane has often been postulated to have nucleo
philic character.8'14 Also, double bonds are usually 
attacked at the position ¡3 to the activating group,16 
which certainly in our case is the iV-phenyl group. 
There is little doubt that it is the carbon-carbon 
bond which is formed in the rate step.

The reaction coordinate diagram may be repre
sented as shown in Fig. 1. The transition state is 
presumably close in energy content to the inter
mediate B, which fact suggests that the Hammond 
postulate16 can be employed in discussion of the 
mechanism. One would, on the basis of this postu
late, expect the transition state to have properties 
similar to the zwitterion intermediate. Some of the 
observations consistent with this are as follows:
(a) The rate is dependent on solvent nature and 
the addition of a little water or methanol has a 
definite accelerating effect on the rate, (b) Electron- 
withdrawing substituents on the A-phenyl have a 
strong effect because of the high electron density 
on the nitrogen attached to this ring. The results 
should be, and are, particularly striking where 
conjugation of the type can occur, (c) The resonance

(14) E .  R .  A le x a n d e r ,  Ionic Organic Reactions, W ile y , 
N ew r Y o rk , 1950 , p .  52 .

(15) E .  S . G o u ld , Mechanism and Structure in Organic 
Chemistry, H e n r y  H o l t ,  N e w  Y o rk , 1959 , p .  393 .

(1 6 ) G . S . H a m m o n d ,  J. Am. Chem. Soc., 7 7 , 3 3 4  (1 9 5 5 ).

between the C-phenyl ring and the double bond is 
broken as the new carbon-carbon bond is formed; 
thus electron-withdrawing substituents on C- 
phenyl should enhance the rate but not to a large 
extent. Such is the observation. The low rate (slower 
than benzalaniline itself) observed in the case of 
p-chlorobenzalaniline is presumably due to meso- 
meric double-bonding of the type which would

result in a lowering of the energy of the ground 
state A.

The observation that a comparatively high yield 
is obtained when the nitro-group on C-phenyl is in 
the ortho position is interesting. One possible ex
planation is that steric inhibition of resonance in 
the ortho case has raised the ground state energy, 
thus decreasing the activation energy. Unfortu
nately it was not possible for us to do any further 
experiments; therefore we were not able to test 
this particular hypothesis or to evaluate activation 
parameters for the addition reaction.

General significance. The mechanism of the addi
tion of diazomethane to anils as postulated here is 
of general significance for certain other reactions 
have related mechanisms. One of these is the 
Michael addition,15 which involves the attack 
of a carbanion on an activated double bond. An
other is the attack of peroxy anions on double 
bonds.17 In each case the site of attack by the 
nucleophile is the carbon which is beta to the acti-

(17) H .  E .  Z im m e r m a n , L . S in g e r , a n d  B . S . T h y a -  
g a r a ja n ,  J. Am. Chem. Soc., 8 1 , 108  (1 9 5 9 ).

«
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vating group. A related mechanism applies for the 
addition of diazomethane and diphenyldiazometh- 
ane to the double bond in maleic and fumaric es
ters18 and maleic anhydride. The same addition 
product is obtained from the two esters and these 
when heated split off nitrogen to yield a trans- 
cyclopropane dicarboxylic acid. However, addition 
of diphenyldiazomethane to maleic anhydride 
yields a pyrazoline from which a m-cyclopropane 
dicarboxylic acid is obtained. These results can be 
explained on the basis of an intermediate zwitterion 
addition product. In the case of the esters, as the 
C=C double bond is converted to a single bond in 
the intermediate, freedom of rotation is achieved 
resulting in identical pyrazolines, whereas in the

(18) Cf. J .  v a n  A lp h e n , Rec. Trav. Chim., 62, 2 1 0  (1 9 4 3 ).

case of the anhydride, no rotational freedom is 
achieved in the intermediate because of its cyclic 
nature. It has also been shown recently chat the 
addition reactions of p-substituted diphenyldiazo
methane to maleic ester and related compounds 
have rates consistent with the diazomethane acting 
as a nucleophile19 and with there being an inter
mediate present in the reaction.
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(19) N .  B . M e h ta ,  R .  E .  B ro o k s , a n d  R .  B a l tz ly ,  A .C .S . 
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T h e  DL-cis a n d  -trans i s o m e rs  o f 2 - p h e n y lc y c lo b u ty la m in e  h a v e  b e e n  s y n th e s iz e d  in  a  s e q u e n c e  o f  r e a c t io n s  in v o lv in g  d l -  
cis- a n d  - i r a n s -2 - p h e n y lc y c lo b u ta n e c a rb o x y l ic  a c id s  a n d  2 -p h e n y lc y c lo b u ta n o n e .  A n  im p r o v e d  r o u te  t o  2 - p h e n y lc y c lo -  
b u t a n e - l , l - d i c a r b o x y l i c  a c id  is  a ls o  r e p o r te d .

The discovery2 of the potent inhibition of mono
amine oxidases3 by 2-phenylcyclopropylamine4 5 
(tranylcypromine) made it of interest to compare 
the effect of ring-homologous phenylcycloalkyl- 
amines on such enzymes. 2-Phenylcyclopentyla- 
mine,6 2-phenylcyclohexylamine,6 and 2-phenylcyc- 
loheptylamine7 have been described in the literature 
and 3-phenylcyclobutylamine has recentfy been 
reported.8 This article describes the synthesis of 
cis- and ¿rans-2-phenylcyclobutylamines.

Since cyclobutanecarboxylic acids have been 
successfully degraded to amines,9 2-phenylcyclo- 
butanecarboxylic acid appeared to be a suitable

1 S m ith ,  K l in e  &  F r e n c h  L a b o r a to r ie s  P o s td o c to r a l  
F e llo w , 1 9 5 9 -6 1 .

( 2 )  R .  E .  T e d e s c h i ,  D .  H .  T e d e s c h i ,  P .  L . A m e s , L . C o o k , 
P .  A . M a t t i s ,  a n d  E .  J .  F e llo w s , Proc. Soc. Exptl. Biol. Med., 
102, 3 8 0  (1 9 5 9 ).

( 3 )  S . S a r k a r ,  R .  B a n e r je e ,  M . S . I s e ,  a n d  E .  A . Z e lle r, 
Helv. Chim. Acta, 4 3 , 4 3 9  ( I9 6 0 ) .

( 4 )  A . B u r g e r  a n d  W . L . Y o s t ,  J. Am. Chern. Soc.., 7 0 , 
2 1 9 8  (1 9 4 8 ).

( 5 )  S ee , fo r  e x a m p le , T .  R .  G o v in d a c h a r i ,  K .  N a g a r a j a n ,
B . R .  P a i ,  a n d  N .  A r u m u g a n ,  J. Chem. Soc., 4 2 8 0  (1 9 5 6 ).

( 6 ) S ee , f o r  e x a m p le , R .  T .  A r n o ld  a n d  P .  N .  R ic h a rd s o n ,  
J. Am. Chem. Soc., 76, 3 6 4 9  (1 9 5 4 ) .

( 7 )  A . B u r g e r ,  C . R .  W a l te r ,  W . B . B e n n e t t ,  a n d  L . B . 
T u r n b u l l ,  Science, 1 1 2 , 3 0 6  (1 9 5 0 ).

( 8 ) A . B u r g e r  a n d  R .  B e n n e t t ,  J. Med. and Pharm. 
Chem.., 2, 6 8 7  (1 9 6 0 ).

(9 )  E .  R .  B u c h m a n n ,  A . O . R e im s , T .  S k e i, a n d  M . J
S c h la t t e r ,  J . Am. Chem. Soc., 64, 2 6 9 6  (1 9 4 2 ).

starting material for our purpose. An oily 2- 
phenylcyclobutanecarboxylic acid,characterized as 
the p-toluidide, has been synthesized by Burger and 
Hofstetter10 by decarboxylation of 2-phenylcyclo- 
butane-1,1-dicarboxylic acid. However, the yields 
both in the lengthy synthesis of this dicarboxylic 
acid and in the decarboxylation were so low that 
they severely limited that sequence for preparative 
purposes. A new and more rewarding synthesis of
2-phenylcyclobutane-l,l-dicarboxylic acid has 
therefore been developed.

Diethyl cinnamylmalonate (I) was prepared by 
the alkylation of diethyl malonate with cinnamyl 
chloride.11 Addition of hydrogen bromide to 
this unsaturated ester gave diethyl (3-bromo-3- 
phenylpropyl)malonate (II) and this was cyclized 
to diethyl 2-phenylcyclobutane-l,l-dicarboxylate
(III) with sodium hydride in tetrahydrofuran. 
Alkaline hydrolysis of III led to 2-phenylcyclo- 
butane-1,1-dicarboxylic acid (IV) in a yield of 80% 
based on I. The compound was identical with that 
previously reported.10

N a+CH CCO sCiinn
C 6H 6C H = C H C H 2C 1 --------------------------------->

H B r
( M U C H -  C H C H 2C H ( C O 2C 2H 0) , -------

I

(1 0 )  A . B i r g e r  a n d  A . H o f s t e t t e r ,  J. Org. Chem., 2 4 , 
1290  (1 9 5 9 ).
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NaH
C 6H 5C H B r ( C H 2)2C H ( C 0 2C 2H 5) 2 --------->

I I

C 6H 5C H — C H ( C 0 2C 2H 6) 2 — >

¿ h 2— c h 2

I I I

C rH s c o 2h

IV

Various conditions for the decarboxylation of the 
dicarboxylic acid (IV) have been examined. The 
most satisfactory methods proved to be those 
involving solvents, rather than the usual thermal 
decarboxylation of the molten malonic acid deriva
tives. Thus, chromatography of the mixture from 
a decarboxylation in refluxing mesitylene yielded 
two isomeric 2-phenylcyclobutanecarboxylic acids, 
the first a crystalline solid, and the second a liquid. 
Ozonization has been employed successfully in the 
configurational determination of 2-phenylcyclo- 
alkanecarboxylic acids, e.g. 2-phenylcyclopropane- 
carboxylic12 and 2-phenylcyclohexanecarboxylic 
acids.13 When applied to the crystalline 2-phenyl
cyclobutanecarboxylic acid, the major product was 
succinic acid, arising from fission of the 1-2 bond in 
the cyclobutane ring. However, there was also 
formed a small amount of cfs-cyclobutane-l,2-di- 
carboxylic acid, demonstrating the cis configuration
(V) of the solid acid. The isomeric oily acid is by in
ference the trans isomer (VI), and this assignment is 
supported by the results of reduction of 2-phenyl- 
cyclobutanone oxime (see below).

In addition to the stereoisorneric 2-phenylcyclo
butanecarboxylic acids, a small amount (< 5%) 
of 5-phenyl-5-valerolactone (VII) was usually 
isolated from the decarboxylation mixture. A 
fourth component of this mixture was cinnamyl- 
acetic acid (VIII). This formed the bulk of the 
reaction product if the molten dicarboxylic acid
(IV) was subjected to prolonged heating, and some 
polymer formation appeared to occur under these 
conditions. These components were practically 
absent if a solvent was used. That the cinnamyl- 
acetic acid did not arise through decomposition of 
the monocarboxylic acid (at least not the cis 
isomer), was shown by heating a sample of the acid
(V) at 170-180° for one hour. The compound re
mained essentially unchanged under these condi
tions.

On the whole, the isolation of the pure (oily) 
irans-2-phenylcyclobutanecarboxylic acid proved

(1 1 )  D . B a r n a r d  a n d  L . B a te m a n ,  J. Chem. Soc., 9 2 6
(1 9 5 0 ) .

(1 2 )  G . W . P e r o ld  a n d  H .  L . D e W a a l ,  Chem. Ber., 8 5 , 
5 7 4  (1 9 5 2 ).

(1 3 )  R .  P .  L in s te a d ,  S . R . D a v is ,  a n d  R .  R .  W h e ts to n e ,  
J. Am. Chem. Soc., 6 4 , 2 0 0 9  (1 9 4 2 ).

quite laborious. As expected, the hindered cis 
acid is eluted first cbromatographically and is easily 
purified by crystallization. In contrast, it is difficult 
to free the oily trans acid from traces of the cis 
isomer even by repeated chromatography. Although 
quantitative estimations are limited because of 
these difficulties, the trans acid appears to be the 
predominant isomer in the decarboxylation mixture, 
and this is confirmed by examination of the 
infrared spectrum of this mixture.14

C 6H 6C H = C H ( C H 2) 2C 0 2H

V I I I

V  I X

Curtius degradation of the stereoisorneric 2- 
phenylcyclobutanecarboxylic acids V and VI 
yielded the corresponding 2-phenylcyclobutyl- 
amines IX and X in good yield. The intermediate 
azides were prepared advantageously from the 
acids by way of mixed ethyl carbonate anhydrides 
rather than from the acyl chlorides.16 This method 
greatly improved preparative expediency although 
it was not needed to avoid the danger of isomeriza
tion of the cis- to the trans-series by way of the 
acid chlorides as is observed in the case of the 2- 
phenylcyclopropanecarboxylic acid.4 In the cold at 
least, m-2-phenylcyclobutanecarboxylic acid is 
not isomerized by thionyl chloride since the two

(1 4 )  M . J u l i a  a n d  A . R o u a u l t 15 c la im e d  t o  h a v e  c y c l iz e d  
e th y l  5 - c h lo ro - 5 - p h e n y lv a le ra te  t o  e th y l  2 -p h e n y lc y c lo -  
b u t a n e c a r b o x y la t e  w h ic h  o n  h y d r o ly s is  g a v e  a  c r y s ta l l in e  
a c id  o f m .p .  9 0 - 9 1 ° .  T h r o u g h  th e  c o u r te s y  o f  P ro f .  J u l i a  w e  
o b ta in e d  a  s a m p le  o f t h i s  a c id  w h ic h  w e  e s ta b l is h e d  t o  b e  
e in n a m y la c e t ic  a c id  b y  m ix tu r e  m e l t in g  p o i n t  w i th  a n  
a u t h e n t i c  s a m p le , a n d  c o m p a r is o n  o f  t h e  i n f r a r e d  s p e c t r a .  
I n  f a c t ,  p r io r  t o  p u b l ic a t io n  o f t h e  p a p e r  b y  J u l i a  a n d  
R o u a u l t  w e  h a d  a t t e m p t e d  to  c y c liz e  e t h y l  5 -b ro m o -5 -  
p h e n y lv a l e r a t e  w i th  p o ta s s iu m  is o b u to x id e  b u t  o b s e rv e d  
o n ly  e t h y l  c in n a m y la c e ta te  a s  a  r e a c t io n  p r o d u c t .

(1 5 )  M . J u l i a  a n d  A . R o u a u l t ,  Bull. soc. chim. France, 
183 3  ( 1 9 5 9 ) ;  Bull. soc. chim. France, 97 9  (1 9 6 0 ) .

(1 6 )  W e  a r e  o b l ig e d  to  D r .  J o s e p h  W e in s to c k  o f  S m i th ,  
K l in e  &  F r e n c h  L a b o r a to r ie s  f o r  s u g g e s t in g  th i s  m o d if ic a 
t io n .  S e e  J .  W e in s to c k , J. Org. Chem., in  p re s s .
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acids, V and VI, give different p-toluidides via the 
acyl chlorides without extensive purification.

A second approach to 2-phenylcyclobutylamines 
started with 2-phenylcyclobutanone oxime (XI) 
which was reduced with sodium and ethanol to 
iraTCS-2-phenylcyclobutylamine, identical with that 
obtained by Curtius degradation of the oily acid
(VI). The reduction of ketones and oximes with 
metal combinations usually gives the thermody
namically more stable product,17'18 and this is in 
accord with the formation of ¿rems-2-phenylcyclo- 
butylamine in this case.19

2-Phenylcyclobutanone (XII) was prepared 
by two routes. 1-Phenylcyclobutene8 (XIII) was 
treated with diborane according to the general 
procedure of Brown21 and the resulting adduct was 
oxidized and hydrolyzed to 2-phenylcyclobutanol 

, (XIV), differing from 1-phenylcyclobutanol pre
viously described.8 A second, somewhat shorter 
and more convenient sequence, utilized the Cur
tius degradation22 of 2-phenylcyclobutane-l,l-di- 
carboxylic acid.

X I I I  X I V  X I I

9 6Hs c o 2h

C 0 2H  Curtius

IV

E X P E R I M E N T A L

A ll m e l t in g  p o in t s  a r e  c o r r e c te d .  M ic r o a n a ly s e s  b y  M r s . 
D o lo re s  E ll is .

Diethyl (3-bromo-3-phenylpropyl)malonate ( I ) .  D r y  h y d r o 
g e n  b r o m id e  w a s  p a s s e d  th r o u g h  d i e th y l  c in n a m y lm a lo n a t e 11 

(2 7 6 .3  g ., 1 .0  m o le )  o v e r  a  p e r io d  o f 2  h r .  T h e  t e m p e r a tu r e  
ro s e  t o  ca. 5 5 °  a n d  w a s  k e p t  b e tw e e n  4 0  a n d  4 5 °  w h e n  t h e  
e x o th e r m ic  r e a c t io n  c e a s e d . T h e  p r o d u c t  w a s  t r e a t e d  w i th  
ic e  w a te r ,  a n d  e x t r a c t e d  w i t h  a  m ix tu r e  o f  b e n z e n e  a n d  e th e r .  
A f te r  w a s h in g  t h e  b e n z e n e  s o lu t io n  w i th  w a te r  a n d  ic e -c o ld

(1 7 )  D .  H .  R .  B a r to n ,  J. Chen. Soc., 1 0 2 7  (1 9 5 3 ) .
(1 8 )  D .  H .  R .  B a r t o n  a n d  C . H .  R o b in s o n ,  J. Chem. Soc., 

3 0 4 5  (1 9 5 4 ) .
(1 9 )  A n y  p o s s ib i l i ty  t h a t  t h e  2 - p h e n y lc y c lo b u ty l  g r o u p  

m ig h t  h a v e  is o m e r iz e d  inter alia t o  2 -p h e n y lc y c lo p ro p y l-  
m e t h y l 20 d u r in g  t h e  C u r t i u s  d e g r a d a t io n  o f t h e  a c id s  V  
o r  V I  w a s  d i s c o u n te d  b y  t h e  p r o p e r t i e s  o f  2 -p h e n y lc y c lo -  
p r o p y lm e th y la m in e  ( h y d r o c h lo r id e ,  m .p .  1 8 7 - 1 8 8 ° )  ( p r i v a t e  
c o m m u n ic a t io n ,  D r .  C h a r le s  L . Z irk le ) .  T h e  h y d r o c h lo r id e  
o f « s - 2 - p h e n y lc y c lo b u ty la m in e  m e l t s  a t  2 2 4 - 2 2 6 °  ( d e c .) ,  
t h a t  o f  t h e  trans i s o m e r  a t  2 1 0 - 2 1 3 °  d e c . (s e e  E x p e r im e n ta l ) .  
L ik e w is e , h y d r o g e n o ly s is  o f t h e  c y c lo b u ta n e  r in g  o f  2 - p h e n y l
c y c lo b u ta n o n e  o x im e  c o u ld  b e  e l im in a te d  f ro m  c o n s id e ra 
t io n , s in c e  t h e  m a te r i a l  e x p e c te d  f ro m  s u c h  a  r e a c t io n  
w o u ld  b e  4 - p h e n y lb u ty la m in e ,  a n d  i t s  h y d r o c h lo r id e  is 
k n o w n  t o  m e l t  a t  1 6 4 .5 -1 6 5 .5 ° .8

(2 0 )  J .  D .  R o b e r t s  a n d  V . C .  C h a m b e rs ,  J. Am. Chem. 
Soc., 7 3 , 5 0 3 0 , 5 0 3 4  (1 9 5 1 ).

(2 1 )  H .  C . B r o w n  a n d  G . Z w e ife l , J. Am. Chem. Soc., 8 1 , 
2 4 7  (1 9 5 9 ).

(2 2 )  T .  C u r t i u s  a n d  G . G r a n d e l ,  J. prakt. Chem., 9 4 , 33 9
(1 9 1 6 ) . -

2 %  s o d iu m  b ic a r b o n a te  s o lu t io n ,  i t  w a s  d r ie d  o v e r  s o d iu m  
s u l f a te  a n d  t h e  s o lv e n t  r e m o v e d  a t  9 0 °  (5 0  m m .) .  T h e  p r o d 
u c t  so  o b ta in e d  w a s  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t io n  in  
t h e  n e x t  s te p ,  a s  d is t i l l a t io n  c a u s e d  d e c o m p o s i t io n .

2-Phenylcyciobutane-l,l-dicarboxylic acid ( I I I ) .  T o  a  s u s 
p e n s io n  o f  s o d iu m  h y d r id e  (4 8 .0  g ., 1 .0  m o le , 5 0 %  in  o il)  in  
t e t r a h y d r o f u r a n  ( 1  1 ., d is t i l le d  f ro m  l i t h iu m  a lu m in u m  h y 
d r id e )  w a s  a d d e d ,  s lo w ly  w i th  s t i r r in g  a n d  c o o lin g , u n d e r  
n i t ro g e n ,  d ie th y l  ( 3 - b r o m o - 3 - p h e n y lp r o p y l ) m a lo n a te  ( 1  

m o le )  i n  t e t r a h y d r o f u r a n  (1 0 0  m l . ), a t  0 - 5 °  o v e r  a  p e r io d  o f  5 0  
m in . I t  is  i m p o r t a n t  t h a t  h y d r o g e n  s t a r t s  t o  e v o lv e  e a r ly ,  
o th e r w is e  t h e  r e a c t io n  b e c o m e s  s u d d e n ly  u n c o n t r o l la b le .  
T h e  m ix tu r e  w a s  a l lo w e d  to  s t a n d  a t  2 0 °  o v e r n ig h t  a n d  
t e t r a h y d r o f u r a n  w a s  d is t i l le d  off o v e r  a  7 5 -m in . p e r io d , u n t i l  
t h e  i n t e r n a l  t e m p e r a tu r e  r e a c h e d  8 0 ° . I c e  w a s  a d d e d  a n d  t h e  
m ix tu r e  d i l u t e d  w i th  w a te r .  A f te r  s e p a r a t i n g  t h e  o rg a n ic  
l a y e r ,  t h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  th r e e  t im e s  w i th  
e th e r  a n d  t h e  c o m b in e d  o r g a n ic  l a y e r s  w e re  w a s h e d  o n ce  
w i th  w a te r .  T h e  s o lv e n t  w a s  r e m o v e d  a n d  t h e  r e s id u e  s a p o n i
f ied  b y  t r e a t m e n t  w i th  re f lu x in g  p o ta s s iu m  h y d r o x id e  so lu 
t i o n  (1 6 8  g ., 3 .0  m o le s  in  5 0 0  m l. o f  5 0 %  e th a n o l )  o v e r  3 h r . 
M o s t  o f  t h e  s o lv e n t  w a s  r e m o v e d  u n d e r  v a c u u m  o n  a  w a te r  
b a t h  a n d  t h e  r e s id u e  w a s  t a k e n  u p  in  w a te r .  T h e  a q u e o u s  
s o lu t io n  w a s  w a s h e d  tw ic e  w i th  e th e r  t o  r e m o v e  t h e  o il  f ro m  
t h e  s o d iu m  h y d r id e ,  a n d  a c id if ie d  w i th  3 7 %  h y d r o c h lo r ic  
a c id  (3 0 0  m l .) .  T h e  o rg a n ic  a c id  w h ic h  s e p a r a te d  w a s  i s o la te d  
b y  e th e r  e x t r a c t io n  a n d  c r y s ta l l iz e d  f ro m  c h lo ro fo rm , y ie ld 
in g  2 - p h e n y lc y c lo b u ta n e - l , l - d ic a r b o x y l ic  a c id  (1 7 3 .7  g ., 
7 9 %  b a s e d  o n  d i e th y l  c in n a m y lm a lo n a te ) ,  m .p .  1 7 3 -1 7 4 ° , 
u n d e p r e s s e d  o n  a d m ix tu r e  w i th  a  s a m p le  p r e p a r e d  b y  B u r g e r  
a n d  H o f s t e t t e r . 10 A  f u r t h e r  1 1 .4  g . o f  m a te r ia l ,  m .p .  1 6 9 -1 7 2 ° , 
w a s  c o l le c te d  f ro m  t h e  m o th e r  l iq u o r .

I n  a  s e p a r a te  r u n ,  p a r t  o f  t h e  c r u d e  d i e th y l  2 -p h e n y lc y c lo -  
b u t a n e - l , l - d i c a r b o x y l a t e  w a s  c o n v e r te d  i n to  t h e  d ih y d r a -  
z id e  b y  re f lu x in g  w i th  a  s o lu t io n  o f  a n h y d r o u s  h y d r a z in e  in  
b u ta n o l .  T h e  e th e r -w a s h e d  p r o d u c t  a f t e r  c r y s ta l l i z a t io n  f ro m  
e th a n o l  m e l te d  a t  1 3 6 -1 3 9 ° .

Anal. C a lc d . f o r  C k H ioN J A :  C , 5 8 .0 4 ; H ,  6 .4 9 ;  N ,  2 2 .5 6 . 
F o u n d :  C ,  5 8 .1 4 ; H ,  6 .6 1 ; N , 2 2 .2 7 .

Decarboxylation of £-phenylcyclobutane-l,l-dicarboxylic 
acid, ( a )  2 - P h e n y lc y c lo b u ta n e - l , l - d ic a r b o x y l ic  a c id  (4 0  g .)  
w a s  h e a t e d  in  a  r e t o r t  a t  1 0  m m . p r e s s u r e  a n d  a  b a t h  t e m 
p e r a t u r e  o f  2 0 5 - 2 1 0 ° .  D is t i l l a t io n  s e t  in  a n d  c e a s e d  a f t e r  15 
m in . T h e  d i s t i l l a te  (2 5 .4  g .)  w a s  d is s o lv e d  in  a  m ix tu r e  o f 
e th e r  (3 0  m l .)  a n d  h e x a n e  (1 7 0  m l . ) ,  d e c a n te d  f ro m  so m e  
in s o lu b le  o il, a n d  c h r o m a to g r a p h e d  th r o u g h  a  53  X  1 45  m m . 
c o lu m n  o f 1 0 0 -m e sh  s i l ic a  g e l. E lu t io n  w a s  c a r r ie d  o u t  w i th  a  
1 5 :8 5  m ix tu r e  o f  e th e r -h e x a n e ,  f r a c t io n s  o f  10 0  m l. e a c h  
b e in g  c o lle c te d .

F r a c t io n s  N o .  4 - 1 2  c o n s is te d  o f  a  m ix tu r e  o f  o il a n d  c r y s 
t a l s  f ro m  w h ic h , b y  t r i t u r a t i o n  w i th  p e n ta n e ,  5 .5  g . o f  cis-
2 -p h e n y lc y c lo fc u ta n e c a rb o x y lic  a c id ,  m .p .  8 4 .5 - 8 5 ° ,  w a s  
o b ta in e d .  R e c h r o m a to g r a p h in g  t h e  o ily  r e s id u e  f ro m  th e s e  
f r a c t io n s  o n  F i s h e r  a lu m in a  ( 8 0 -2 0 0  m e s h )  w i th  a n  a c e t ic  
a c id - h e x a n e  m ix tu r e  ( 2 :9 8 )  y ie ld e d  a n o th e r  1 .8  g . o f  t h e  
s a m e  m a te r ia l .  F o r  a n a ly s is ,  i t  w a s  r e c r y s ta l l i z e d  f ro m  
h e x a n e . C h a r a c t e r i s t i c  in f r a r e d  a b s o r p t io n s  ( in  p o ta s s iu m  
b r o m id e ) :  6 9 7 , 7 3 0 , 7 8 7  c m . - 1

Anal. C a lc d . f o r  C i 2H i 20 2 : C , 7 4 .9 7 ; H ,  6 .8 6 . F o u n d :  C , 
7 4 .8 5 ; H ,  6  60 .

A f te r  s o m e  o ily  m ix e d  m a te r ia l s ,  t h e  l a s t  f r a c t io n s  e lu te d  
w i th  t h e  a c e t ic  a c id - h e x a n e  m ix tu r e  y ie ld e d  2 .5  g . o f  a n  o i ly  
a c id  w h ic h , f r c m  i t s  in f r a r e d  s p e c t r u m  (7 0 0 , 7 5 3  c m . - 1  a s  a  
s m e a r e d  f i lm )  w a s  ju d g e d  t o  b e  p u r e  foxTO S-2-phenylcyclo- 
b u ta n e c a r b o x y l ic  a c id .

F r a c t io n s  N o . 1 7 - 2 2  y ie ld e d  90  m g . o f  a  s o lid  w h ic h , a f t e r  
c r y s ta l l i z a t io n  f ro m  h e x a n e ,  m e l te d  a t  9 0 .5 - 9 1 °  a n d  p r o v e d  
to  b e  c in n a m y la c e t ic  a c id  b y  c o m p a r is o n  o f  m e l t in g  p o in ts ,  
in f r a r e d  s p e c t r a  a n d  m ix tu r e  m e l t in g  p o i n t  w i th  a n  a u th e n t i c  
s a m p le . 23 A f te r  t h e  e lu t io n  o f  c in n a m y la c e t ic  a c id ,  t h e  c o n 
c e n t r a t i o n  o f  e th e r  in  t h e  e lu a n t  w a s  in c r e a s e d  to  5 0 % . S o m e  
o f  t h e  n e x t  f r a c t io n s  c o n ta in e d  u n c h a n g e d  2 -p h e n y lc y c lo -

(2 3 )  E .  E r le n m e y e r  a n d  A . K r e u tz ,  Ber., 3 8 , 3 5 0 3  (1 9 0 5 ).
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b u t a n e - 1 ,1 -d ic a rb o x y lic  a c id ,  b u t  f r a c t io n s  N o .  3 1 - 4 2  
y ie ld e d  5 -p h e n y l-5 - v a le r o la c to n e 24 ( 1 .7 5  g .)  w h ic h  c r y s ta l 
l iz e d  f ro m  p e n ta n e  a s  co lo r le ss  n e e d le s , m .p .  7 3 - 7 5 ° ,  a n d  w a s  
id e n t i f ie d  w i th  a n  a u t h e n t i c  s a m p le  b y  m ix tu r e  m e l t in g  
p o in t  a n d  c o m p a r is o n  o f t h e  in f r a r e d  s p e c t r a .

Anal. C a lc d . f o r  C i2H 120 2: C , 7 4 .9 7 ; H ,  6 .8 6 . F o u n d :  0 ,  
7 4 .8 2 ; H ,  6 .8 7 .

( b )  A  s o lu t io n  o f  2 - p h e n y lc y c lc b u ta n e - l , l - d ic a r b o x y l ic  
a c id  (4 0  g .)  i n  m e s i ty le n e  (1 5 0  m l .)  w a s  r e f lu x e d  f o r  1 .5  h r . ,  
c o o led , a n d  e x t r a c t e d  w i th  7 0  m l. o f  ic e -c o ld  1 5 %  s o d iu m  
h y d r o x id e  s o lu t io n .  A f te r  b e in g  w a s h e d  tw ic e  w i th  e th e r ,  t h e  
a lk a l in e  s o lu t io n  w a s  a c id if ie d  a t  a  t e m p e r a t u r e  b e lo w  1 0 °, 
t h e  o il w h ic h  s e p a r a te d  w a s  e x t r a c te d  w i t h  e th e r  a n d  c h r o 
m a to g r a p h e d  o n  s i l ic a  g e l a s  d e s c r ib e d  u n d e r  ( a ) .  F r a c t io n s  
N o . 4 - 1 3  y ie ld e d  a s -2 - p h e n y lc y c lo b u ta n e c a r b o x y l ic  a c id  
(8 .5  g .)  o n  t r i t u r a t i o n  w i th  p e n ta n e .  R e c h r o m a to g r a p h y  of 
t h e  o ily  p o r t io n  (1 3  g .)  f ro m  f r a c t io n s  N o .  4 - 7  o n  a lu m in a  
u s in g  h e x a n e -4  %  a c e t ic  a c id  g a v e  a n o th e r  1 .2  g . o f  t h e  cis 
is o m e r , a n d  t h e n  6 .4  g . o f  p u r e  f r a n s - 2 -p h e n y lc 3rc lo b u ta n e -  
c a rb o x y lie  a c id .

( c )  W h e n  2 - p h e n y lc y c lo b u ta n e - l , l - d ic a r b o x y l ic  a c id  w a s  
h e a t e d  u n d e r  r e f lu x  fo r  15 m in .  a t  10 m m . p r e s s u re  in  a  
b a t h  o f 1 6 5 - 1 7 0 ° ,  o r  in  6 N  h y d r o c h lo r ic  a c id  fo r  11 h r . ,  a n d  
t h e  r e a c t io n  m ix tu r e s  w e re  w o r k e d  u p  a n d  c h r o m a to g r a p h e d ,  
c in n a m y la c e t ie  a c id  w a s  t h e  o n ly  p u r e  p r o d u c t  w h ic h  c o u ld  
b e  i s o la te d .

Cis- and trans-S-Phenylcyclobutanecarboxy-p-tolmdides. T h e  
r e s p e c t iv e  a c id s  ( 0 .2  g .)  w e re  a llo w e d  t o  r e a c t  w i th  1  m l. of 
t h io n y l  c h lo r id e  a t  2 0 ° o v e r n ig h t ,  u n c h a n g e d  t h io n y l  c h lo 
r id e  w a s  r e m o v e d  a t  2 0 ° u n d e r  r e d u c e d  p r e s s u re ,  a n d  t h e  
c r u d e  a c y l  c h lo r id e s  w e re  t r e a t e d  w i th  a  s o lu t io n  o f 0 .4  g . of 
p - to lu id in e  in  e th e r .  T h e  e th e r  s o lu t io n s  w e re  w a s h e d  w i th  
d i lu te  I ry d ro c h lo r ic  a c id  a n d  w a te r  a n d  e v a p o r a te d .

T h e  c is -p - to lu id id e  c r y s ta l l iz e d  f ro m  a q u e o u s  e th a n o l  o r  
f ro m  b e n z e n e -h e x a n e  a s  n e e d le s , m .p .  1 3 7 -1 3 8 ° .

Anal. C a lc d . fo r  C i8H i 9N O : N , 5 .2 3 . F o u n d :  N ,  5 .5 2 .
T h e  i r a n s - p - to lu id id e  c r y s ta l l iz e d  f ro m  b e n z e n e -h e x a n e , 

m .p . 1 6 2 .5 -1 6 4 .5 ° .
Anal. C a lc d . fo r  C i8H i 9N O : N , 5 .2 3 . F o u n d :  N , 5 .3 6 .
A  m ix tu r e  m e l t in g  p o in t  w i th  a  s a m p le  o f a  2 -p h e n y lc y c lo -  

b u ta n e - c a r b o x y - p - to lu id id e  p r e v io u s ly  d e s c r ib e d 10 g a v e  n o  
d e p re s s io n , a n d  t h e  in f r a r e d  s p e c t r a  o f  t h e  tw o  c o m p o u n d s  
w e re  s u p e r im p o s a b le .

C in n a m y la c e to -p - to lu id id e ,  p r e p a r e d  f ro m  c in n a m y la c e t ie  
a c id  in  t h e  s a m e  f a s h io n , c r y s ta l l iz e d  f ro m  b e n z e n e  a s  p la te s ,  
m .p .1 6 5 .5 -1 6 7 ° .

Anal. C a lc d . f o r  C i8H i 9N O :  N ,  5 .2 8 . F o u n d :  N ,  5 .4 6 .
A  m ix tu r e  m e l t in g  p o in t  w i th  f ra n s -2 - p h e n y lc y c lo b u ta n e -  

c a rb o x y - p - to lu id id e  w a s  1 3 5 -1 4 2 ° .
Ozonization of cis-2-phenylcyclobutanecarboxylic acid. A 

s o lu t io n  o f  1 .23  g. o f  t h e  c is -a c id  i n  25  m l. o f  a c e t ic  a c id  w a s  
o z o n iz e d  fo r  4  h r . ,  t h e n  3 0  m l. o f  10% . h y d r o g e n  p e r o x id e  w a s  
a d d e d ,  a n d  t h e  s o lu t io n  l e f t  a t  2 5 °  o v e r n ig h t .  I t  w a s  e v a p 
o r a t e d  a lm o s t  t o  d r y n e s s  o n  a  w a te r  b a th ,  t h e  r e s id u e  a g a in  
t r e a t e d  w i th  t h r e e  9 -m l. p o r t io n s  o f  1 0 %  h y d r o g e n  p e ro x id e , 
a n d  t h e  s o lu t io n  e v a p o r a te d .  T h e  g u m m y  re s id u e  w a s  d iv id e d  
in to  tw o  p o r t io n s .  O n e  p o r t io n  w a s  b r o u g h t  t o  c r y s ta l l iz a 
t io n  o n  a  p o r o u s  p l a t e ;  t h e  s o lid  w a s  r e c r y s ta l l i z e d  f ro m  
w a te r ,  m .p . 1 8 9 -1 8 9 .5 ° ,  u n d e p r e s s e d  b y  a d m ix tu r e  w i th  su c 
c in ic  a c id  (m .p .  1 8 9 -1 8 9 .5 ° ) .

T h e  o th e r  h a l f  w a s  e x t r a c te d  t h o r o u g h ly  w i th  h o t  b e n z e n e . 
T h e  r e s id u e  f ro m  t h e  b e n z e n e  e x t r a c t s  c o n s is te d  o f  a  m ix tu r e  
o f  o il a n d  c r y s ta l s .  T h e  l a t t e r  w e re  c h a r c o a le d  in  b e n z e n e  
s o lu t io n , a n d  f u rn is h e d  co lo r le ss  m a te r i a l ,  m .p .  1 3 8 .5 - 1 4 0 .5 ° .  
A  m ix tu r e  m e l t in g  p o in t  w i th  a u th e n t ic ,3 m - c y c lo b u ta n e -
1 ,2 -d ic a rb o x y lic  a c id  (m .p .  1 3 9 .5 - 1 4 0 .5 ° )  w a s  u n d e p r e s s e d , 
a n d  t h e  in f r a r e d  s p e c t r a  o f  t h e  tw o  m a te r ia l s  w e re  id e n t ic a l .

(2 4 )  T h e  5 - p h e n y l-5 - v a le r o la c to n e  n e e d e d  fo r  c o m p a r is o n  
w a s  p r e p a r e d  b y  r e d u c t io n  o f 4 - b e n z o y lb u ty r ic  a c id  w i th  
s o d iu m  b o r o h y d r id e .  I t  w a s  v a c u u m  d is t i l le d  a n d  c r y s t a l 
l iz e d  f ro m  h e x a n e  a s  n e e d le s ,  o r  f ro m  e th e r - h e x a n e  a s  
p r is m s ,  m .p . 7 5 - 7 6 ° .  Cf. a ls o  M . J u l i a  a n d  A . R o u a u l t . 15

2-Phenyleyclobutanol. D ib o r a n e ,  g e n e r a te d 21 f ro m  b o r o n  
t r i f l u o r id e - e th e r  c o m p le x  (2 3 .0  g ., 0 .1 6  m o le )  i n  D ig ly m e  
(4 8  m l .)  b y  t h e  a d d i t io n  o f  a  s o lu t io n  o f s o d iu m  b o r o h y d r id e  
(2 .3  g ., 0 .0 6  m o le )  in  D ig ly m e  (6 0  m l .)  w a s  c a r r ie d  b y  a  
s t r e a m  o f n i t r o g e n  in to  a  s o lu t io n  o f 1 - p h e n y lc y c lo b u te n e 8 

(1 5 .4  g ., 11 8  m m o le s )  in  t e t r a h y d r o f u r a n  (3 6  m l .)  a t  0 - 3 °  
o v e r  a  1 -h r . p e r io d . A f te r  a n o th e r  h o u r  a t  2 5 ° , ic e  w a s  a d d e d  
c a u t io u s ly  k e e p in g  t h e  t e m p e r a tu r e  b e lo w  1 0 ° . T h is  w a s  
fo llo w e d  b y  3N  s o d iu m  h y d r o x id e  s o lu t io n  (2 7  m l .)  a n d  th e n ,  
a f t e r  2 0  m in .,  b y  15  m l. o f 3 0 %  h y d r o g e n  p e ro x id e  b e lo w  1 0 ° . 
A f te r  a n o th e r  h o u r  a t  2 5 °  t h e  m ix tu r e  w a s  d i lu t e d  w i th  
w a te r  (9 0  m l .)  a n d  e x t r a c te d  th r e e  t im e s  w i th  e th e r .  T h e  
c o m b in e d  e th e r  e x t r a c t s  w e re  w a s h e d  w i th  w a te r ,  d r ie d  o v e r  
s o d iu m  s u l f a te ,  a n d  f r a c t io n a te d .  T h e  f r a c t i o n  ( 1 4 .4  g ., 
8 2 % )  b o i l in g  a t  7 8 - 8 1 ° /0 .2 7  r a m .,  n 2D5 1 .5 4 8 0  w a s  c o l le c te d .

Anal. C a lc d .  f o r  C io H u O : C , 8 1 .0 4 ; H ,  8 .1 6 . F o u n d :  C , 
8 0 .6 3 ; H , 8 .4 5 .

T h e  phenylurethane d e r iv a t iv e  m e l te d  a t  1 1 8 -1 2 0 ° .
Anal. C a lc d . fo r  C n H n N C h : C , 7 6 .3 8 ; H ,  6 .4 1 ; N ,  5 .2 4 . 

F o u n d :  C , 7 6 .0 9 ; H ,  6 .3 7 ; N ,  5 .5 9 .
2-Phenylcyclobutanone. ( a )  A  s o lu t io n  o f  2 - p h e n y lc y c lo -  

b u t a n e - l , l - d i c a r b o x y l i c  a c id  ( 2 .2 0  g ., 0 .0 1  m o le )  i n  a c e to n e  
(4  m l .)  a n d  w a te r  (5  m l .)  w a s  t r e a t e d  a t  — 5 °  t o  0 °  w i th  
t r ie th y la m in e  ( 2 .4  g ., 2 4  m m o le s )  in  a c e to n e  (2 0  m l . )  fo l
lo w e d  b y  a  s o lu t io n  o f  e th y l  c h lo r o fo r m a te  (2 .6 0  g ., 24  
m m o le s )  in  a c e to n e  (5  m l .)  a s  d e s c r ib e d  a b o v e  f o r  cis-2- 
p h e n y le y c lo b u ta n e c a rb o x y l ic  a c id .  A f te r  c o n v e r s io n  t o  t h e  
a z id e  w i th  s o d iu m  a z id e  (1 .9 6  g ., 0 .0 3  m o le )  in  w a te r  ( 6  m l .)  
t h e  m ix tu r e  w a s  s t i r r e d  a n d  w o r k e d  u p  b y  e t h e r  e x t r a c t io n .  
T h e  d r ie d  e th e r  s o lu t io n  o f  t h e  a z id e  w a s  t h e n  t r e a t e d  w i th  
5 0  m l.  o f  a b s o lu te  e th a n o l .  T h e  e th e r  w a s  f r a c t i o n a t e d  off, 
t h e  e th a n o l ic  s o lu t io n  r e f lu x e d  f o r  2  h r .  a n d  t h e  s o lv e n t  w a s  
r e m o v e d . T h e  r e s id u a l  o r a n g e  o il w a s  t r e a t e d  w i th  5 0  m l.  o f 
2 %  s u lf u r ic  a c id  a n d  s te a m -d is ti l le d ,  y ie ld in g  0 .7  g . ( 4 8 % )  of 
co lo r le ss  so lid , b .p .  1 1 6 ° /7  m m ., m .p .  2 7 ° .

Anal. C a lc d . fo r  C 10H 10O : C , 8 2 .1 6 ; H ,  6 .9 0 . F o u n d :  C , 
8 1 .7 7 ;  H ,  6 .7 3 .

T h e  semicarbazone m e l te d  a t  1 6 4 -1 6 6 ° , a n d  d id  n o t  d e p re s s  
t h e  m e l t in g  p o in t  o f  t h e  s e m ic a rb a z o n e  o b ta in e d  b y  m e th o d
( b ) .

( b )  A  s o lu t io n  o f  2 - p h e n y lc y e lo b u ta n o l  ( 4 .4 5  g ., 0 .0 3  m o le ) ,  
a lu m in u m  t - b u to x id e  (4 .9  g ., 0 .0 2  m o le ) ,  a n d  b e n z o q u in o n e  
(1 6 .2  g ., 0 .1 5  m o le )  in  d r y  to lu e n e  (3 0 0  m l .)  w a s  s t i r r e d  a t
6 0 - 6 5 °  f o r  17  h r . ,  t h e n  1  m l. o f  w a te r  w a s  a d d e d  a n d  t h e  
m ix tu r e  f i l te r e d  th r o u g h  a  C e l i te  p a d .  T h e  f i l t r a t e  w a s  
w a s h e d  w i th  t h r e e  1 0 0 -m l. p o r t io n s  o f  IN  s o d iu m  h y d r o x id e  
s o lu t io n ,  t h e n  w i th  w a te r ,  t h e  s o lv e n t  w a s  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u re  a n d  t h e  r e s id u e  e x t r a c te d  e x h a u s t iv e ly  w i th  
p e t r o le u m  e th e r  ( b .p .  3 0 - 6 0 ° ) .  T h is  s o lv e n t  w a s  r e m o v e d  
a n d  t h e  r e s id u a l  o il  d is t i l le d , y ie ld in g  1 .9  g. o f c o lo r le s s  
m a te r ia l ,  b .p .  6 5 - 6 8 ° / l - 2  m m ., n .2D2 ’ 5 1 .5 4 6 4 . T h is  p r o d u c t  
d id  n o t  a n a ly z e  q u i t e  c o r r e c t ly  b u t  g a v e  a  s o lid  s o d iu m  b i
s u lf i te  a d d u c t  w h ic h  w a s  d e c o m p o s e d  w i th  1 0 %  s o d iu m  c a r 
b o n a te  s o lu t io n .  T h e  k e to n e  r e c o v e r e d  f ro m  t h e  a d d u c t  s o lid i
f ied  w h e n  s e e d e d  w i th  2 - p h e n y lc y c lo b u ta n o n e  o b ta in e d  b y  
m e th o d  ( a ) .

T h e  semicarbazone m e l te d  a t  1 6 3 -1 6 5 ° .
Anal. C a lc d . f o r  C n H i 3N 30 :  C , 6 5 .0 0 ; H ,  6 .4 5 ;  N ,  2 0 .6 8 . 

F o u n d :  C , 6 5 .2 4 ; H ,  6 .5 4 ; N ,  2 0 .4 1 .
T h e  o x im e  w a s  o b ta in e d  b y  re f lu x in g  a  s o lu t io n  o f 2 - 

p h e n y lc y c lo b u ta n o n e  (3 .0  g ., 0 .0 2  m o le ) ,  h y d r o x y la m in e  
h y d r o c h lo r id e  (4 .2  g .) , a n d  p o ta s s iu m  h y d r o x id e  (2 .2  g .)  in  
5 0 %  a q u e o u s  e th a n o l  (3 0  m l .)  f o r  15 h r . ,  r e m o v in g  m o s t  o f 
t h e  s o lv e n t  u n d e r  r e d u c e d  p r e s s u re  a n d  e x t r a c t in g  t h e  r e 
m a in in g  s u s p e n s io n  w i th  e th e r .  A f te r  w a s h in g , d r y in g ,  a n d  
e v a p o r a t in g ,  t h e  e th e r  s o lu t io n  l e f t  2 .7  g . o f  a  t h i c k  o il 
w h ic h  d id  n o t  c r y s ta l l iz e .  T h e  in f r a r e d  s p e c t r u m  s h o w e d  
s t r o n g  a b s o r p t io n  a t  ca. 3 3 0 0  c m . - 1  a n d  m e d iu m  a b s o r p t io n  
a t  ca. 1 6 9 0  c m . - 1  I t  w a s  r e d u c e d  d i r e c t ly  t o  trans-2 - p h e n y l-  
c y c lo b u ty la m in e  a s  d e s c r ib e d  b e lo w  ( m e th o d  b ) .

cis-2-Phenylcyclobutylamine. T o  a  s t i r r e d  s o lu t io n  o f  c is -2 - 
p h e n y lc y c lo b u ta n e c a rb o x y l ic  a c id  (6 .1 6  g ., 3 5  m m o le s )  in  
a c e to n e  (1 5  m l .)  a n d  w a te r  (7 .5  m l .)  w a s  a d d e d ,  a t  — 5 ° , a  
s o lu t io n  o f  t r i ^ h y l a m i n e  (4 .0 5  g ., 5 .5 5  m l. ,  4 0  m m o le s )  in
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a c e to n e  (3 0  m l .)  a n d  th e n  a  s o lu t io n  o f e th y l  c h lo r o fo r m a te  
(4 .3 5  g ., 3 .8 5  m l. ,  4 0  m m o le s )  in  a c e to n e  (1 0  m l.) .  A f te r  
s t i r r in g  t h e  m ix tu r e  a t  — 5 °  to  0 °  fo r  3 0  m in . ,  a  s o lu t io n  o f 
s o d iu m  a z id e  (3 .2 5  g ., 50  m m o le s )  in  w a te r  (2 0  m l .)  w a s  
a d d e d  a n d  s t i r r in g  c o n t in u e d  f o r  a n o th e r  h o u r .  T h e  m ix tu r e  
w a s  p o u r e d  in to  5 0 0  m l. o f ic e -c o ld  s a t u r a t e d  s o d iu m  c h lo 
r id e  s o lu t io n  a n d  2 5 0  m l. o f  ic e  w a te r ,  a n d  e x t r a c t e d  w i th  
f iv e  7 5 -m l. p o r t io n s  o f  e th e r .  T h e  c o m b in e d  e th e r  e x t r a c t s  
w e re  d r ie d  o v e r  c a lc iu m  s u l f a te ,  e v a p o r a t e d  in  a  v a c u u m  a t  
3 0 ° , a n d  t h e  r e s id u a l  a z id e  w a s  d is s o lv e d  in  5 0  m l. o f  to lu e n e . 
T h is  s o lu t io n  w a s  w a r m e d  s lo w ly  t o  1 0 0 °  u n t i l  n i t r o g e n  
e v o lu t io n  c e a s e d , t h e  s o lv e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s 
s u re ,  a n d  th e  r e s id u a l  i s o c y a n a te  re f lu x e d  w i th  1 8 %  h y d r o 
c h lo r ic  a c id  (3 5  m l .)  f o r  12  h r .  T h e  c o o le d  s o lu t io n  w a s  m a d e  
b a s ic  w i th  1 0 %  s o d iu m  h y d r o x id e  s o lu t io n ,  t h e  a m in e  e x 
t r a c t e d  w i t h  e th e r ,  t h e  e t h e r  e x t r a c t s  w e re  d r ie d  o v e r  s o d iu m  
s u l f a te  a n d  e v a p o r a t e d .  T h e  o ily  a m in e  (4 .5 5  g .)  b o i le d  a t  
6 9 ° /0 .8  m m ., 6 8 ° /0 .5 5  m m .,  n 1 2D5 1 .5 4 9 8 . T h e  y ie ld  w a s  4 .1 5  
g. ( 8 1 % ) .

T h e  hydrochloride, p r e p a r e d  in  e th e r ,  c r y s ta l l iz e d  f ro m  
c h lo ro fo rm , m .p .  2 2 4 - 2 2 6 °  ( s e a le d  tu b e ) .

Anal. C a lc d . f o r  C ioH jsN . H C I :  C , 6 5 .3 7 ; H ,  7 .6 8 ; N ,  7 .6 3 ; 
C l, 19 .3 0 . F o u n d :  C , 6 5 .4 2 ; H ,  7 .7 1 ; N ,  7 .9 3 ; C l, 19 .0 7 .

trans-2-Phenylcyclobutylamine. ( a )  T h is  w a s  p r e p a r e d  
f ro m  f r a n s - 2 - p h e n y lc y c lo b u ta n e c a r b o x y l ic  a c id  a s  d e s c r ib e d  
fo r  t h e  cis i s o m e r  a b o v e .  T h e  y ie ld  w a s  6 3 % , b .p .  7 2 ° /0 .5 5

m m ., n 2D5 1 .5 4 6 4 . T h e  hydrochloride w a s  p r e c ip i t a t e d  w i th  
e t h e r e a l  h y d r o g e n  c h lo r id e  a n d  c r y s ta l l iz e d  f ro m  e th a n o l -  
e th e r ,  m .p .  2 1 0 - 2 1 3 °  d ec .

Anal. C a lc d . fo r  C u,H ,3N .H C 1 :  C , 6 5 .3 7 ; H ,  7 .6 8 ; N , 7 .6 3 . 
F o u n d :  C , 6 5 .0 9 ; H ,  7 .5 6 ; N , 7 .7 5 .

T h e  N-benzoyl derivative w a s  p r e p a r e d  b y  t h e  S c h o t te n -  
B a u m a n n  m e th o d  a n d  c r y s ta l l iz e d  f ro m  e th a n o l ,  m .p .  1 6 7 .5 -  
1 6 8 .5 ° .

Anal. C a lc d . f o r  C u H n N O :  N , 5 .5 7 . F o u n d :  N , 5 .6 6 .
( b )  A  s o lu t io n  o f  o i ly  2 - p h e n y lc y c lo b u ta n o n e  o x im e  (1 .6  

g .)  in  a b s o lu te  e th a n o l  (7 0  m l .)  w a s  r e d u c e d  b y  r a p id  a d d i 
t i o n  o f 6  g . o f s o d iu m . A f te r  t h e  m a in  r e a c t io n  h a d  c e a s e d  
(1 5  m in .) ,  t h e  m ix tu r e  w a s  r e f lu x e d  f o r  3 5  m in .,  t h e  s o lv e n t  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u re ,  t h e  r e s id u e  w a s  t r e a t e d  
w i th  w a te r  (7 0  m l .)  a n d  t h e  m ix tu r e  e x t r a c t e d  w i th  e th e r .  
B a s ic  m a te r i a l  w a s  e x t r a c t e d  f ro m  t h e  e t h e r  in to  5 %  h y d r o 
c h lo r ic  a c id ,  th e  a c id  s o lu t io n  w a s h e d  w i th  e th e r ,  m a d e  a lk a 
l in e  w i th  4 0 %  s o d iu m  h y d r o x id e  s o lu t io n ,  a n d  t h e  a m in e  w a s  
e x t r a c t e d  in to  e th e r .  A f te r  d r y in g  o v e r  s o d iu m  s u l f a te  a n d  
r e m o v a l  o f t h e  s o lv e n t ,  a n  o il r e m a in e d ,  t h e  in f r a r e d  s p e c t r u m  
o f  w h ic h  w a s  id e n t ic a l  w i th  t h a t  o f t h e  a m in e  o b ta in e d  b y  
m e th o d  ( a ) .  T h e  h y d r o c h lo r id e  m e l te d  a t  2 1 0 - 2 1 2 °  d e c . a n d  
d id  n o t  d e p r e s s  t h e  m e l t in g  p o in t  o f  t h e  s a l t  f ro m  m e th o d  ( a ) .

A t t e m p t s  t o  r e d u c e  2 - p h e n y lc y c lo b u ta n o n e  o x im e  w i th  
l i t h iu m  a lu m in u m  h y d r id e  o r  c a t a ly t i c a l l y  w e r e  u n s u c c e s s fu l .

C h a r l o t t e s v i l l e , V a .

[ C o n t r i b u t i o n  f r o m  U n i o n  C a r b i d e  R e s e a r c h  I n s t i t u t e  a n d  t h e  L i n d e  Co. R e s e a r c h  L a b o r a t o r y ,
U n i o n  C a r b i d e  C o r p .]

T h e S tru ctu re  o f  D isk ato le1

R I C H A R D  L . H I N M A N 2 a n d  E .  R .  S H U L L 3

F o r m u la  I I I  h a s  b e e n  e s ta b l is h e d  b y  N M R  a s  t h e  c o r r e c t  s t r u c t u r e  o f  d is k a to le .  A  c ro s s e d  d im e r  o f  s k a to le  a n d  2 - m e th y l-  
in d o le  h a s  b e e n  p r e p a r e d  a n d  i t s  s t r u c t u r e  e s ta b l is h e d  a s  V .

It has been known for many years that indole 
forms crystalline dimers4 and trimers5 in acidic 
media, but it is only recently that the structures of 
these products have been established.6 We became 
interested in the indole dimers, particularly in 
diskatole, in the course of studies on the relation
ship of the oxidation of indoles to their regulatory 
function in cellular growth.7’8 *

The structure of skatole dimer has not been 
established. The chemical evidence shows that it 
resembles diindole (I) in having an anilino nitrogen 
and an indole nitrogen, and in undergoing thermal

(1) P r e s e n te d  b e fo re  t h e  O rg a n ic  D iv is io n  o f t h e  A m e r ic a n  
C h e m ic a l  S o c ie ty  a t  t h e  N e w  Y o r k  m e e t in g ,  S e p t .  9 , 1960 .

(2 ) T o  w h o m  in q u ir ie s  s h o u ld  b e  a d d r e s s e d :  U n io n  C a r 
b id e  R e s e a r c h  I n s t i t u t e ,  P .O .  B o x  278 , T a r r y to w n ,  N .Y .

( 3 )  (a ) T h e  L in d e  C o .;  ( b )  d e c e a s e d .
(4) O . S c h m i tz - D u m o n t  a n d  B . N ic o lo ja n n is ,  Ber., 63, 

323  (1 9 3 0 ).
(5) K .  K e l le r ,  Ber., 4 6 , 7 26  (1 9 1 3 ).
(6 ) (a ) G . F .  S m i th ,  Chem. & Ind., 1451 (1 9 5 4 );  (b ) H .  F .  

H o d s o n  a n d  G . F .  S m ith ,  J. Chem. Soc., 3 5 4 4  (1 9 5 7 ); (c) 
W . E . N o la n d  a n d  W . C . K u r y l a ,  J. Org. Chem., 2 5 , 4 8 6
(1960).

(7) P .  F r o s t  a n d  R .  L . H in m a n ,  in  Plant Growth Regula
tion, R .  K le in , e d . ,  I o w a  S t a t e  U n iv e r s i t y  P re s s ,  A m e s , Io w a , 
1961 , p .  205 .

(8 ) S . M . S ieg e l, F .  P o r to ,  a n d  P .  F r o s t ,  Physiol. Plant.,
12 , 72 7  (1 9 5 9 ). •

depolymerization to the monomer.9-11 The most 
recent structure proposed11 for skatole dimer is 
shown in formula II. Since dimer formation in
volves the coupling of a protonated indole nucleus 
with an unprotonated one,12 as shown for the 
formation of diindole (Equation 1), formation of 
structure II would require protonation of pcsition-2

H  H

(9) B . O d d o  a n d  G . B .  C r ip p a ,  Gazz. chim. ital., 5 4 , I ,  
3 3 9  (1924).

(10) B . O d d o  a n d  Q . M in g o ia ,  Gazz. chim. ital., 5 7 , I ,  
4 80  (1 9 2 7 ).

(11) O . S c h m i tz - D u m o n t ,  K .  H a m a n n ,  a n d  K . H . G e lle r , 
Ann., 5 0 4 ,1  (1 9 3 3 ).
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F ig . 1. N M R  s p e c t r u m  a t  6 0  m e . o f  d i s k a to le  in  c a r b o n  t e t r a c h lo r id e .  
S c a le  in  p p m . r e la t iv e  t o  p e a k  a t  lo w e s t  f ie ld

of skatole. We have recently shown, however, that 
protonation of indole and its simple alkyl deriva
tives occurs predominantly at the 3-position in 
solution.12 13

IV

If the 3-position were protonated, two structures 
could be envisioned for skatole dimer. One (III) 
would be formed by attack of the protonated species 
at position-2 of the unprotonated skatole, while 
the other (IV) would be formed by attack at the
3-position. As it has recently been shown14 15 that 
substitution of skatole by large electrophilic species 
generally takes place at the 2-position, structure 
III seemed most probable.

The infrared spectrum of diskatole showed the 
presence of two bands at 2.90 and 2.95 ¡x in the NH 
region, indicating the presence of both anilino and 
indolo NH groups, similar to those reported for the 
dimer of 2-methylindole.ls The ultraviolet spectrum 
showed the typical peaks14of the indole chromophore 
at 228, 285, and 293 m/r. The correct structure must 
therefore contain two NH groups and an indole 
ring. As structure IV contains only one NH group

(1 2 ) T h a t  o n e  in d o le  n u c le u s  m u s t  b e  u n p r o t o n a t e d  f o r  
s u c c e s s fu l  d im e r iz a t io n  is  s h o w n  b y  t h e  i s o la t io n  o f  s k a to le  
f ro m  i t s  s o lu t io n s  in  1 5 -1 8 M  s u lf u r ic  a c id ,  in  w h ic h  p r o 
to n a t i o n  is  c o m p le te .  F r o m  t h e  r e a c t io n  o f  s k a to le  w i th  
d i l u t e  s o lu t io n s  o f  a c id  o n ly  d is k a to le  w a s  i s o la te d .

(13) R .  L .  H in m a n  a n d  J .  L a n g , Tetrahedron Letters, 2 1 , 
12  (1 9 6 0 ).

(1 4 ) W . E .  N o la n d  a n d  D .  N .  R o b in s o n ,  Tetrahedron, 3 , 
6 8  (1 9 5 8 ).

(1 5 )  '*B . W i tk o p  a n d  J .  B .  P a t r i c k ,  J. Am. Chem. Soc., 7 3 ,
7 1 3  (1 9 5 1 ).

and the indolenine chromophore, which generally 
absorbs near 255 myu,16 it was eliminated as a pos
sible structure of diskatole.

The two remaining structures (II and III) which 
differ in the positions of the hydrogens in the re
duced hetero ring, could be distinguished by means 
of proton magnetic resonance. In the 60 me. 
spectrum of diskatole (Fig. 1) the resonance lines 
of the methyl hydrogens are observed as a doublet 
at 5 = +  6.7 and 6.8 ppm. (relative to the peak 
at lowest field strength) and a singlet at +  5.8 
ppm., each of area ~  3. The doublet, which has a 
coupling constant of ~  8 cps. clearly indicates 
that one methyl is bound to a carbon bearing one 
other hydrogen. This structural feature (> CH— 
CH3) is present only in formula III, which is there
fore the correct structure of diskatole.17

The remainder of the spectrum is interpreted as 
follows. The complex multiplet (area ~  8) at 
5 + 1 . 1  ppm. is due to the aromatic ring protons. 
The multiplet at 5 ~  +  5.0 is assigned to the 
hydrogen on the 3-carbon of the reduced hetero 
ring. The resonance of this hydrogen is split by 
coupling with the methyl hydrogens and with the 
proton at the 2-position. The doublet of area ~  1 
at 5 +  5.0 ppm. is due to the hydrogen at the 2- 
position of the reduced ring, split by coupling with 
the hydrogen at the 3-position. The two hydrogens 
attached to nitrogen are accounted for by the 
singlet at 5 = 0 (the indole NH) and the singlet 
at 5 +  4.6 ppm. (the reduced ring NH). The as
signments of the last two peaks were made by 
comparison with the spectra of skatole and indo- 
line in which the reduced ring NH appears at much 
higher field strength than the indole NH. The 
resonance line of the hydrogen bound to nitrogen

(1 6 ) B . W i tk o p  a n d  J .  B .  P a t r i c k ,  J. Am. Chem. Soc., 7 3 , 
2 1 8 8  (1 9 5 1 ).

(1 7 ) I t  h a s  b e e n  r e p o r te d  [W . E .  N o la n d  a n d  C . F .  
H a m m e r ,  J. Org. Chem., 2 5 , 152 5  (1 9 6 0 ), f o o tn o te  17] 
t h a t  t h e  s a m e  s t r u c t u r e  f o r  d i s k a to le  h a s  b e e n  p r o v e d  b y  
d e g r a d a t io n .  N o  d e ta i l s  o f  t h e  w o r k  h a v e  a p p e a r e d .

N o t e  A d d e d  i n  P r o o f : A f te r  th i s  p a p e r  h a d  b e e n
s u b m i t t e d ,  d is k a to le  w a s  s h o w n  b y  c h e m ic a l  d e g r a d a t io n  to  
h a v e  s t r u c t u r e  I I I  ( G . B e r t i ,  A . d a  S e t t im s ,  a n d  D . S e g n in i, 
T e t r a h e d r o n  l e t t e r s ,  2 6 , 1 3 ( 1 9 6 0 ) ) .
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in pyrrole is also observed at very low fields.18 
The presence of two hydrogens bound to nitrogens 
is further evidence against the indolenine structure
(IV), as are the positions of the methyl resonances. 
If IV were correct the methyl resonances should 
appear at about the same field strengths, as both 
methyls are attached to saturated carbons.

The NMR spectra of two other indole dimers 
were also determined. The spectrum of diindole was 
inconclusive, but was in general agreement with the 
known6b structural features of the reduced ring. 
The other indole dimer examined was a “crossed” 
dimer formed by the reaction of skatole and 2- 
methylindole.19’20 The insolubility of this dimer 
made it necessary to determine its NMR spectrum 
in acetone, which absorbs in the same region as the 
methyl groups of the dimer. Despite this inter
ference, a singlet and a doublet which could be 
assigned to the methyl groups were clearly dis
tinguishable in the same regions and with about the 
same separation as the lines due to the two 
methyl groups in the spectrum of diskatole. Only 
two structures (V and VI) can be devised which 
are consistent with the NMR spectrum. Of these 
only structure V accords with the assumption that 
dimerization is initiated by protonation of the 3- 
position of an indole, as in the formation of diska
tole and diindole. (Structures of the indolenine 
type are ruled out because of the indole chromo- 
phore in the ultraviolet and two bands in the NH 
region of the infrared.)

H

In the course of this work we determined the 40 
me. NMR spectra of a number of simple indoles. 
In general our results agree with the 60 me. spectra

(1 8 ) J .  D .  R o b e r ta ,  Nuclear Magnetic Resonance, M c G ra w -  
H ill ,  N e w  Y o rk , 1956 , p .  6 5 . I t  is  in t e r e s t i n g  t h a t  t h e  h y d r o 
g e n  o n  t h e  p y r r o le  n i t r o g e n  o f  d i s k a to le  ( a n d  d iin d o le )  g iv e s  
r is e  t o  f a i r ly  s h a r p  p e a k s  in  c h lo r o fo r m  w h e r e a s  t h e  s p e c t r a  
o f s k a to le  a n d  o t h e r  s im p le  in d o le s  sh o w  v e r y  b r o a d  r e s o 
n a n c e  l in e s  o r  n o n e  a t  a l l .  I t  h a s  b e e n  s u g g e s te d  b y  D r .  E a r l  
W h ip p le  t h a t  t h e  l in e  s h a r p e n in g  in  t h e  d im e r s  m a y  b e  ex 
p la in e d  b y  t h e  in c r e a s e  in  t h e  e f fe c t iv e  v o lu m e  w h ic h  w o u ld  
in c r e a s e  t h e  c o r r e la t io n  t im e  f o r  q u a d r u p o le  r e la x a t io n  o f  t h e  
N 14 s p in  p o la r iz a t io n .

(1 9 ) A l th o u g h  2 - s u b s t i t u t e d  in d o le s ,  s u c h  a s  2 - m e th y l in -  
d o le , d o  n o t  f o rm  d im e r s  b y  t r e a t m e n t  w i th  a c id  [ 0 .  S c h m itz -  
D u m o n t  a n d  K .  H .  G e lle r , Ber., 66 , 7 6 6  (1 9 3 3 )] , i t  s e e m e d  
lik e ly  t h a t  “ c r o s s e d ”  d im e r s  m ig h t  b e  f o rm e d  b y  r e a c t io n  o f  
a  2 - s u b s t i t u t e d  in d o le  w i th  a  p r o to n a t e d  3 - s u b s t i t u t e d  
in d o le .

(20) S h o r t ly  a f t e r  c o m p le t io n  o f  t h i s  w o rk , D r .  W . E .  
N o la n d  in f o rm e d  u s  o f  h is  w o r k  o n  “ c ro s s e d ”  d im e rs ,  in 
c lu d in g  t h e  d im e r  f ro m  s k a to le  a n d  2 - m e th y l in d o le ,  w h ic h  
w a s  n o t  i s o la te d  a s  t h e  f r e e  d im e r  b u t  a s  t h e  m a le y l  d e r iv a 
t iv e .  W e  a r e  i n d e b te d  t o  D r .  N o la n d  f o r  a  c o p y  of t h i s  p a p e r 17 

p r io r  t o  i t s  p u b l ic a t io n .

reported recently.21 In addition to the previously 
reported observations we found evidence of coupling 
between the a- or /3-ring protons and the hydro
gens of alkyl groups at adjacent carbons on the 
hetero ring. Thus, the methyl resonances of skatole 
and of 2-methylindole in chloroform, carbon tetra
chloride, benzene, or acetone, appeared as doublets 
with a coupling constant of ~  1 cps. The resonance 
of the methylene hydrogens of indole-3-acetic acid 
in acetone showed similar splitting. In these cases 
the peaks of the ring protons were more complex 
than would be expected by coupling with the 
hydrogen on the pyrrole nitrogen only. In a 60-mc. 
scan of 1,2-dimethylindole in carbon tetrachloride 
the coupling between the /3-proton and the hydro
gens of the 2-methyl group was 0.7 ±  0.2 cps.22 23 
This splitting affords an additional method21 for 
determining the presence of a proton on an ad
jacent ring carbon.

The major product from the reaction of skatole 
and 2-methylindole was diskatole. Steric effects 
and the relative basicities of the monomers favor 
the formation of this product rather than the 
“crossed” dimer (V). Molecular models show that 
the hindrance about the interannular bond in V 
is much greater than in diskatole. In the dimer
(VII) of 2-methylindole,15 hindrance about 
the interannular bond is so great that the rings are 
essentially locked in place. I t is this effect which 
prevents dimerization, since the first step, proton
ation of 2-methylindole, occurs readily.13,23

H

V I I

The formation of the “crossed” dimer (V) 
requires the reaction of a protonated skatole mole
cule with an unprotonated 2-methylindole. In other 
studies under way in this laboratory we have de
termined that the pKa of 2-methylindole is —0.3 
while that of skatole is —4.3. The more basic 2- 
methylindole would therefore be protonated first, 
making it unavailable for reaction with the 
protonated skatole.24

(2 1 ) L . A . C o h e n , J .  W . D a ly ,  H .  K n y ,  a n d  B . W itk o p ,  
J. Am. Chen. Soc., 82, 2 1 8 4  (1 9 6 0 ).

(22) S p e c t r u m  o b ta in e d  b y  D r .  E a r l  B . W h ip p le  o f  t h e  
U n io n  C a r b id e  R e s e a r c h  I n s t i t u t e .

(23) T h e  p r o p o s e d  s t r u c t u r e  o f t h i s  d im e r  is  b a s e d  o n  th e  
a s s u m p t io n  t h a t  i t  w o u ld  b e  f o rm e d  b y  3 - p r o to n a t io n .  A  
d im e r  o f  2 -m e th y l in d o le  w i th  a  3 - 3 ' i n t e r a n n u l a r  b o n d  h a s  
b e e n  p r e p a r e d  b y  a n  in d i r e c t  r o u t e . 16

(24) A s  N o la n d  h a s  p o in t e d  o u t , 17 2 - m e th y l in d o le  s h o u ld  
b e  m o r e  s u s c e p t ib le  t h a n  s k a to le  t o  a t t a c k  b y  a  p r o to n a t e d  
s k a to le .  I t  m a y  b e  th i s  f a c t  a lo n e  w h ic h  e n a b le s  t h e  r e a c t io n  
to  p r o c e e d  a t  a ll .
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The proof of structure of diskatole and the re
lated work on indole dimerization reported in this 
paper illustrate an important point in indole 
chemistry. Substitution of indoles by electrophilic 
species takes place at the 3-position if that position 
is not occupied. When the 3-position bears a sub
stituent, as in skatole, small electrophilic species 
will still attack the 3-position. Thus, the proton, 
bromonium ion,25 and certain electrophilic oxidiz
ing agents26 attack the 3-position of skatole and its 
derivatives. If the electrophilic species is large, 
such as a protonated indole, or in the cases reported 
by Noland,14 the electrophile may enter the 2-po
sition.

Finally, attention is called to the similarity of 
indoles to simple vinylamines in their mode of 
protonation. The similarity extends to dimerization, 
since a number of typical vinylamines, particularly 
the A2-tetrahydropyridines27a and A2-pyrrolines,27b 
undergo dimerization through intermediates similar 
to those of the protonated indoles.

EX PE R IM E N T A L 23

Diskatole. P r e p a r e d  b y  p a s s in g  d r y  h y d r o g e n  c h lo r id e  
i n to  a  r a p id ly  s t i r r e d  s o lu t io n  o f  s k a to le  in  d r y  t h io p h e n e -  
f re e  b e n z e n e .  T h e  w o r k -u p  w a s  c a r r ie d  o u t  a s  d e s c r ib e d  
p r e v io u s ly , 9 y ie ld in g  s h o r t  w h i te  n e e d le s ,  m .p .  1 2 5 -1 2 7 °  
( r e p o r t e d 9 m .p .  1 2 5 -1 2 7 ° ) .  T h e  s a m p le  u s e d  f o r  s p e c t r a l  
s tu d ie s  h a d  a n  a n a ly s i s  in  c lo se  a g r e e m e n t  w i th  t h e o r y .  
U l t r a v io le t  s p e c t r u m  ( 9 5 %  e t h a n o l ) : Xm„  2 2 8 , 2 8 5 , 2 9 3  m ^ ;  
«max 3 9 ,4 0 0 , 12 ,2 0 0 , 11 ,5 0 0 .

2-{2'-Methylindoyl)-3-methylindoline (“crossed” dimer). 
T h e  r e a c t io n  w a s  c a r r ie d  o u t  u n d e r  t h e  c o n d i t io n s  d e s c r ib e d  25 26 27 28

(25) A . P a tc h o r n ic k ,  W . B . L a w s o n , a n d  B . W itk o p ,  
./ .  Am. Chem. Soc., 8 0 , 4 7 4 8  (1 9 5 8 ).

(26) (a ) B . W itk o p ,  J. Am. Chem. Soc., 7 2 , 23 1 1  (1 9 5 0 );
(b ) K .  F r é t e r ,  J .  A x e lro d , a n d  B . W itk o p ,  J. Am. Chem. 
Soc., 7 9 , 3191  (1 9 5 7 ).

(27) (a ) N .  J .  L e o n a rd  a n d  F .  P .  H a u c k ,  J r . ,  J. Am. Chem. 
Soc., 79 , 5 2 7 9  (1 9 5 7 ); (b ) N .  J .  L e o n a r d  a n d  A . G . C o o k , 
J. Am. Chem. Soc., 8 1 , 5 6 2 7  (1 9 5 9 ).

(28) M e l t in g  p o in t s  a r e  u n c o r r e c te d .  U l t r a v io le t  s p e c t r a  
w e re  d e te r m in e d  w i th  a  B e c k m a n  D K - 2  r e c o r d in g  s p e c t r o 
p h o to m e te r  a n d  in f r a r e d  s p e c t r a  w i th  a  P e r k in - E lm e r  21 
i n s t r u m e n t  e q u ip p e d  w i th  s o d iu m  c h lo r id e  o p t ic s .

fo r  t h e  p r e p a r a t io n  o f  d is k a to le ,  u s in g  0 .0 0 5  m o le  e a c h  o f
2 - m e th y l in d o le  a n d  s k a to le .  A f te r  a b o u t  15 m in . o f  r e a c t io n  
a  r e d  g e la t in o u s  m a s s  w a s  d e p o s i te d  w h ic h  p r e v e n t e d  e f 
f e c t iv e  s t i r r in g .  I n t r o d u c t io n  o f  h y d r o g e n  c h lo r id e  w a s  c o n 
t i n u e d  w i th  o c c a s io n a l  s t i r r in g  f o r  a n  a d d i t i o n a l  4 5  m in . 
T h e  s o lv e n t  w a s  r e m o v e d  b y  d is t i l l a t io n  in vacuo, a n d  t h e  
r e s id u e  w a s  d r ie d  o v e r n ig h t  i n  a  v a c u u m  d e s ic c a to r .  T h e  
r e d  p o w d e r  w h ic h  w a s  o b ta in e d  in  t h i s  w a y  w a s  t r i t u r a t e d  
w i th  h o t  1 0 %  s o d iu m  h y d r o x id e  a n d  e x t r a c t e d  w i t h  b e n z e n e . 
T h e  c o m b in e d  e x t r a c t s  w e re  d r ie d  o v e r  s o d iu m  s u l f a te ,  c o n 
c e n t r a t e d  t o  a b o u t  5 0  m l, a n d  h e a t e d  t o  b o i l in g . n - H e x a n e  
w a s  a d d e d  u n t i l  t h e  h o t  s o lu t io n  w a s  t u r b id ,  w h e n  t h e  
s o lu t io n  w a s  a l lo w e d  t o  co o l t o  r o o m  t e m p e r a t u r e  a n d  w a s  
t h e n  p la c e d  in  t h e  r e f r ig e r a to r  o v e r n ig h t .  T h e  o il  w h ic h  w a s  
d e p o s i te d  p a r t i a l l y  s o lid if ie d  o n  s c r a tc h in g ,  a n d  t h e  w h o le  
m a s s  w a s  f i l te r e d . T h e  s e m is o lid  r e s id u e  w a s  a g a in  s u b je c te d  
t o  t h e  b e n z e n e -h e x a n e  c o n d i t io n s  f o r  c r y s ta l l i z a t io n  a n d  a  
s m a ll  q u a n t i t y  o f  w h i te  p o w d e r ,  m .p . 2 0 9 - 2 1 3 °  d e c . w a s  
o b ta in e d .  R e c r y s ta l l iz a t io n  o f t h i s  m a t e r i a l  f ro m  9 5 %  
e th a n o l  a n d  f in a l ly  f ro m  a b s o lu te  e th a n o l  (2 5  m l.  f o r  0 ,5  g. 
o f  so lid )  p r o d u c e d  a  w h i te  p o w d e r ,  m .p .  2 1 4 - 2 1 5 °  d e c .

Anal. C a lc d . fo r  C 9H 9N :  C , 8 2 .4 0 ; H ,  6 .9 1 ; N ,  10 .6 8 . 
F o u n d :  C , 8 2 .5 2 ; H ,  7 .1 8 ; N ,  10 .7 8 . U l t r a v io le t  s p e c t r u m  
( 9 5 %  e t h a n o l ) : Xma*227, 2 8 5 ,2 9 1 ;  emas 4 8 ,0 0 0 , 1 3 ,5 0 0 , 12 ,500 . 
I n f r a r e d  s p e c t r u m  ( K B r ) :  3 .0 0 , 3 .0 7  y ( N H  b a n d s ) .  T h e  
“ c ro s s e d ”  d im e r  w a s  m u c h  le s s  s o lu b le  in  a l l  s o lv e n ts  t h a n  
d i s k a to le  a n d  d id  n o t  s h o w  t h e  l a t t e r ’s  s e n s i t i v i t y  t o  a i r  a n d  
l ig h t .

T h e  p r in c ip a l  p r o d u c t  f ro m  t h i s  r e a c t io n  w a s  d i s k a to le ,  
i s o la te d  b y  c o n c e n t r a t in g  t h e  v a r io u s  m o th e r  l iq u o r s  f ro m  
t h e  c r y s ta l l i z a t io n s .  S o m e  2 - m e th y l in d o le  w a s  a ls o  r e c o v e r e d . 
A t t e m p t s  t o  im p ro v e  t h e  y ie ld  o f  t h e  “ c ro s s e d ”  d im e r  b y  
u s in g  a  3 :1  m o la r  r a t i o  o f  2 - m e th y l in d o le  t o  s k a to le ,  o r  b y  
a d d in g  a  s o lu t io n  o f  s k a to le  d ro p w is e  t o  t h e  s t i r r e d  s o lu t io n  
o f  2 - m e th y l in d o le  a n d  h y d r o g e n  c h lo r id e  w 'e re  u n s u c c e s s fu l .  
N o  " c r o s s e d ”  d im e r  w a s  o b ta in e d .

NMR studies. T h e  N M R  s p e c t r a  w e re  o b ta in e d  b y  E .  R .  
S h u l l  a t  t h e  L in d e  L a b o r a to r i e s  u s in g  a  V a r ia n  V -4 3 0 0  B  4 0  
m e . h ig h - r e s o lu t io n  N M R  s p e c t r o m e te r  e q u ip p e d  w i th  a  
12 in c h  e l e c t r o m a g n e t  a n d  s u p e r  s ta b i l i z e r .  T h e  N M R  
p a t t e r n s  o f  t h e  c o m p o u n d s  in  s o lu t io n  w e re  in s e r t e d  d u r in g  
c o n t in u o u s  s c a n s  b e tw e e n  t h e  C H O  a n d  C H 3 p e a k s  o f  a c e t 
a ld e h y d e ,  a s  a  m e a n s  o f  a p p r o x im a t in g  t h e  c h e m ic a l  s h i f t s .  
T h e  a r e a s  u n d e r  t h e  N M R  p e a k s  w e r e  o b t a in e d  u s in g  a n  
O t t  p la n im e te r .
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A  se rie s  o f h y d a n to i c  a c id  a m id e s  a n d  5 - s u b s t i tu te d  h y d a n to i c  a c id  e s te r s  a n d  a m id e s  h a s  b e e n  s y n th e s iz e d  a n c  e x a m in e d  
fo r  p h a r m a c o lo g ic a l  e f fe c ts . S e le c te d  c o m p o u n d s  a f fo rd e d  g o o d  a n t i c o n v u l s a n t  a n d  a n t i i n f l a m m a to r y  a c t iv i t y .

Many investigations of substituted hydantoins 
have yielded important pharmacological activity,1 
and other workers2 have evaluated open chain 
analogs of such physiologically active ring systems. 
Herein, such analogs of hydantoin (Table) have 
been examined for pharmacological activity, par
ticularly as anti-inflammatory agents,3 anticon
vulsants,1 and antibacterial agents.4 5

The reaction of ethyl hydantoate with primary 
amines proceeded readily in methanol to give the 
corresponding amides of hydantoic acid (compounds 
46-60), and with a,co-diamines, the diamides6'6 
were obtained (compounds 61-68). While the 
reaction was readily effected with substituted 
alkylamines (compounds 48, 58, 59), it was un
successful with secondary amines (A-methylbenzyl- 
amine), or with amines having substituents on the 
a-carbon atom (d-a-methylphenethylamine, a- 
phenethy famine, isopropylamine, benzhydryl- 
amine).

Bachmann7 found water was an acceptable sol
vent using methylamine, but the sterically hin
dered a-phenethylamine could not be induced to 
react in methanol, in methanol under sodium meth- 
oxide catalysis, or in water. Instead, the reaction

(1 )  ( a )  J .  J .  S p u r lo c k , J. Am. Chem. Soc., 7 5 , 1115
(1 9 5 3 ) ;  ( b )  P .  C . T e a g u e ,  A . R .  B a l le n t in e ,  a n d  G . L . R u s h -  
to n ,  J. Am. Chem. Soc., 7 5 , 3 4 2 9  (1 9 5 3 ) ;  (c )  E .  W a re , 
Chem. Revs., 4 6 , 4 0 3  ( 1 9 5 3 ) ;  ( d )  R .  E .  N i tz ,  W . P e r s c h ,  a n d  
A . S c h m id t ,  Arzneimittel-Forsch., 5 , 3 5 7  (1 9 5 5 ) ;  ( e )  C . L . 
M itc h e ll ,  H .  H . K e a s l in g , a n d  E .  G . G ro s s , J. Am. Pharm. 
A sso c ., Sei. Ed., 4 8 , 122  (1 9 5 9 ) ;  ( f )  W . P e r k o w , Arzneimittel- 
Forsch., 1 0 , 2 8 4  (1 9 6 0 ) ;  ( g )  B .  L u s t ig  a n d  W . P e r s c h ,  Arznei
mittel-Forsch., 4 ,  7 3 3  (1 9 5 4 ) ;  ( h )  G . S t i l le  a n d  I .  B ru n c k o w , 
Arzneimittel-Forsch., 4 ,  7 2 3  ( 1 9 5 4 ) .

( 2 )  ( a )  J .  H .  B i l lm a n  a n d  P .  H .  H id y ,  J. Am. Chem. 
Soc., 65, 7 6 0  ( 1 9 4 3 ) ;  ( b )  S . D .  U p h a m  a n d  O . C . D e r m e r ,  
, / .  Ory. Chem., 22, 7 9 9  (1 9 5 7 ) ;  ( c )  S . L . S h a p i r o ,  I .  M . R o s e ,
F .  C . T e s t a ,  E . R o s k in ,  a n d  L . F r e e d m a n ,  J. Am. Chem. 
Soc., 8 1 , 6 4 9 8  (1 9 5 9 ).

( 3 )  ( a )  L . A . C o h e n  a n d  E .  M . F r y ,  J. Am. Chem. Soc., 
7 8 , 5 8 6 3  (1 9 5 6 ) ;  ( b )  B .  K .  F o r s c h e r  a n d  H .  C . C e c il,  J. 
Dental Research, 3 6 , 9 2 7  (1 9 5 7 ) .

( 4 )  ( a )  R .  L . D e n n is ,  W . J .  P l a n t ,  C . G . S k in n e r ,  G . L . 
S u th e r la n d ,  a n d  W . S h iv e , J . Am. Chem. Soc., 7 7 , 2 3 6 2  
( 1 9 5 5 ) ;  ( b )  E . F ro e l ic h ,  A . F r u e h a n ,  M . J a c k m a n ,  F .  K .  
K ir c h n e r ,  E .  J .  A le x a n d e r ,  a n d  S . A rc h e r ,  J. Am. Chem. Soc., 
7 6 , 3 0 9 9  (1 9 5 4 ).

(5 )  C . L . A g re , C . D in g a ,  a n d  R .  P f la u m , J. Org. Chem., 
2 1 , 561  (1 9 5 6 ) .

( 6 ) O . S to u t l a n d ,  L . H e g le n , a n d  C . L . A g re , J. Org. 
Chem., 24, 8 1 8  (1 9 5 9 ) .

( 7 ) W . E .  B a c h m a n n  a n d  C . E .  M a x w e ll  I I I ,  J. Am.
Chem. Soc., 7 2 , 2 8 8 0  ( 1 9 5 0 ) .

with this amine, as well as with iV-methylbenzyl- 
amine, yielced hydantoin.

With the amines successfully employed, ethyl 
hydantoate is converted and does not cyclize to 
hydantoin. Alternatively, with steric hindrance in 
the amine,8 8 9 10 11 12 13 14-9 c.yclization to hydantoin occurs. It 
was of interest that the benzylamine failed to give 
the corresponding amide when acetonitrile was 
substituted for methanol as the solvent. Aromatic 
amines suen as aniline,10 did not react, nor did 
sodium p-aminobenzoate.11

The reactions of amines with carbethoxymethyl 
isocyanate1"'13 gave the corresponding ethyl a-sub- 
stituted hvdantoates (compounds 1-17). These 
were readily isolable crystalline solids except in the 
instance of the esters from the A-methyldialkyl- 
aminoalkylamines which were obtained as liquids. 
In the reaction with dimethylaminopropylamine, 
a waxy product was obtained which, in the course of 
purification by distillation, cyclized to 3-dimethyl- 
aminopropylhydantoin (I).

The ethyl ¿-substituted hydantoates were con
verted by treatment with ammonia to the hydanto- 
amides (compounds 18-33), and with benzylamine 
to the corresponding (V-benzyl ¿-substituted hy- 
dantoamides (compounds 34-45).

Compound 9 which has an aliphatic and aromatic 
carbethoxy group gave but a single product with 
each amine (compounds 26 and 40) with attack 
presumably involving displacement at the more 
reactive aliphatic ester site.14

( 8 ) S . L . S h a p iro , I .  M . R o s e , a n d  L . F r e e d m a n ,  J. Am. 
Chem. Soc., 80, 6 0 6 5  (1 9 5 8 ).

(9 )  F o r  s im i la r  d e p e n d e n c e  o f s t e r ic  f a c to r s  o n  r e a c t i v i t y  
in  a  r e l a t e d  se r ie s , se e  E .  J .  T a r l t o n ,  S . G e lb lu m , M . A . 
M o s le y , a n d  A . F .  M c K a y ,  J. Org. Chem., 23, 197 3  (1 9 5 8 ) .

(1 0 )  I n  re f. 7 , r e a c t io n  o f a n i l in e  w i th  e th y l  S -n itro -  
h y d a n t o a t e  g a v e  e th y l  5 - p h e n y lh y d a n to a te ,  m .p .  1 0 9 .5 -1 1 0 °  
(s e e  T a b le  I ,  c o m p o u n d  8 ) w i th  n o  a t t a c k  a t  t h e  e s te r  
g ro u p .

(1 1 )  S . L . S h a p iro , I .  M . R o s e , a n d  L .  F r e e d m a n ,  J. Am. 
Chem. Soc., 8 1 , 6 3 2 2  (1 9 5 9 ).

(1 2 )  R .  G . A rn o ld , J .  A . N e ls o n , a n d  J .  „ .  Y e r b a n c ,  
Chem. Revs., 5 7 , 47  (1 9 5 7 ) .

(1 3 )  D .  A  S m i th  a n d  C . C . U n r u h ,  J. Org. Chem., 23, 
3 01  (1 9 5 8 ).

(1 4 )  ( a )  F .. L . H e r b s t ,  J r . ,  a n d  M . E .  J a c o x ,  J. Am. 
Chem. Soc., 7 4 , 3 0 0 4  (1 9 5 2 ) ;  ( b )  C . C . P r ic e  a n d  W . J .  
B e la n g e r ,  J. Am. Chem. Soc., 7 6 , 2 6 8 2  ( 1 9 5 4 ) ;  ( c )  B .  J o n e s  
a n d  J .  G . W a tk in s o n ,  J. Chem. Soc., 4 0 6 4  (1 9 5 8 ) ;  ( d )
H .  M . H u m p h r e y s  a n d  L . P .  H a m m e t t ,  J. Am. Chem. Soc., 
7 8 , 5 21  (1 9 5 6 ) .
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Ammonia or benzylamine gave the desired amides 
with compounds 1 and 2 as well as the unanticipated15 
by-products, 3-hydroxyethylhydantoin and 3-allyl- 
hydantoin, respectively. The diester, compound 
14, similarly reacted gave amides as well as a 
by-product, indicative of cyclization coupled with 
amidation, II.

m  u  u
I f  II II

H N - y N — ( C H 2) 3N H C N H C H 2C N H X

I I

X  =  H
C e lh C H ,

In the anticonvulsant test16 the principal effects 
were noted with the S^-polymethylenebishydanto- 
amides (compounds 61-67). Interestingly, com
pound 61 potentiated metrazole convulsions, where
as compounds 63 and 66 gave 3+  anticonvulsant 
activity. The hexamethylene derivative (compound 
65) gave the peak effect with 4+  activity.

The m-xylylene derivative in this group (com
pound 67) was without anticonvulsant action (as 
was compound 68), but showed good central ner
vous system (CNS) depressant effects17 (LDmin 
= 500 mg./kg.), per cent reduction in activity = 
23% at 20 mg./kg. Compounds 26 and 58 also 
showed good CNS depressant effects.

Good anti-inflammatory activity18 was noted as 
follows: Compound No./LDmin mg./kg./units per 
gram: 55/100/80; 58/> 1000/9; 45/200/22; 53/- 
300/20; 18/750/15; 23/450/10; 57/200/10; 51/- 
1000/7.5. Other compounds with lesser activity 
(< 10 units per gram) were compounds 3, 6-9, 
13, 14, 16, 19, 21, 22 and 30.

Other noteworthy responses were hypotension 
with compounds 39 and 42, hypertension with 
compound 3, ganglionic block with compound 42, 
adrenergic block with compound 48, and broncho- 
dilation with compounds 12 and 27. Antibacterial 
evaluation of selected compounds will be reported 
elsewhere.

The proven hydrogen-bonded cyclic structure 
for biurets19 would suggest consideration of similar 
structures for compounds of this series as typified 
by IV and V.

(1 5 )  L . L .  M c K in n e y ,  U . S . P a t .  2 ,8 2 9 ,1 5 7  ( A p r .  1 , 
1 9 5 8 ), in d ic a te s  t h e  ¿ ¡ -s u b s ti tu te d  h y d a n to i c  a c id  e s te r s  
c y c liz e  t o  h y d a n to in s  u n d e r  t h e  in f lu e n c e  o f  h e a t  o r  a c id , 
w i th  r e v e r s a l  o f  t h i s  r e a c t io n  u n d e r  a lk a l in e  c o n d it io n s .

(1 0 )  F o r  m e th o d  o f  t e s t i n g  se e  S . L . S h a p iro , V . A . 
P a r r in o ,  a n d  L . F r e e d m a n ,  J. Am. Chem. Soc., 8 1 , 3 9 9 0  
(1 9 5 9 ).

(1 7 )  F o r  m e th o d  o f t e s t i n g  se e  S . L . S h a p iro , I .  M . R o s e , 
E .  R o s k in ,  a n d  L . F r e e d m a n ,  J. Am. Chem. Soc., 8 0 , 164 8  
(1 9 5 8 ) .

(1 8 )  F o r  m e th o d  of t e s t i n g  se e  S . L . S h a p i r o ,  H .  S o lo w a 37, 
a n d  L . F r e e d m a n ,  J. Am. Pharm. Assoc., Sci. Ed., 4 6 , 3 33
(1 9 5 7 ) .

( 1 9 )  ( a )  W . 1 ). K u m le r  a n d  C . M . L e e , A m e r ic a n  C h e m i
ca l S o c ie ty ,  C le v e la n d  M e e t in g ,  1900 , p . 3 5 N ; ( b )  I .  C . 
K o g o n , , / .  Am. Chem. Soc., 7 9 , 2 2 5 3  ( 1 9 5 7 ) ;  ( c )  M . X a rd e l l i  
a n d  I .  C h ie r ic i ,  J. Chem. Soc., 195 2  (1 9 0 0 ) .
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p-Chlorobenzylamide of hydantoic acid ( C o m p o u n d  5 6 ) . 
A  s o lu t io n  o f 3 .6 5  g . (0 .0 2 5  m o le )  o f  e th y l  h y d a n t o a t e  a n d  
3 .8 9  g . (0 .0 2 8  m o le )  o f  p - c h lo ro b e n z y la r r . in e  in  3 5  m l. of 
m e th a n o l ,  a f t e r  s t a n d in g  14 d a y s , g a v e  3 .9 9  g . ( 6 6 % ) of 
p r o d u c t ,  m .p .  1 9 5 -1 9 6 ° .

T i t r a t i o n s  in  o th e r  r u n s  w i th  s e le c te d  a m in e s  a n d  e th y l  
h y d a n t o a t e  in d i c a t e d :  c o m p o u n d  4 9 , 6 7 %  r e a c t io n  in  3 d a y s  
a n d  7 7 %  a f t e r  5 d a y s ;  c o m p o u n d  5 0 , 8 2 %  r e a c t io n  a f t e r  9 
d a y s .  I n  g e n e ra l ,  f o r  c o m p o u n d s  4 0 -6 8 , t h e  r e a c t io n  m ix tu r e  
w a s  s to r e d  1 0 -1 5  d a y s  a t  2 0 °  b e fo re  w o rk -u p .

U s in g  3 - b is ( h y d r o x y e th y l ) a m in o p r o p y la m in e ,  t i t r a t i o n  
in d ic a te d  c o m p le te  r e a c t io n  a f t e r  1 2  d a y s  a l th o u g h  n o  p u r e  
c o m p o u n d  w a s  i s o la te d .  S im ila r ly ,  w i th  1 ,2 - p ro p a n e d ia m in e ,  
t i t r a t i o n  in d ic a te d  r e a c t io n  of o n e  e q u iv a le n t  o f a m in o  g r o u p  
w i th  n o  p u r e  c o m p o u n d  is o la te d .

U s in g  a - p h c n e th y la m in e  a s  t h e  r e a c t a n t  a m in e ,  t i t r a t i o n  
in d ic a te d  le s s  t h a n  1 0 %  r e a c t io n  a f t e r  8  d a y s ,  a n d  a f t e r  a n  
8 - h r .  r e f lu x  p e r io d , h y d a n to in  ( 1 9 % )  w a s  i s o la te d ,  m .p . 
2 2 0 ° . T h is  r e a c t io n  f a i le d  w h e n  s im i la r ly  c o n d u c te d  u n d e r  
s o d iu m  m e th o x id e  c a ta ly s is ,  o r  in  w a te r .  T h e  fo llo w in g  
s te r ic a l ly  h in d e r e d  a m in e s  a ls o  f a i le d  t o  g iv e  p r o d u c t s :  d-a- 
m e th y lp h e n e th y la m in e ,  is o p r o p y la m in e , b e n z h y d r y la m in e ,  
a n d  A - m e th y lb e n z y la m in e .

W h e n  a n i l in e  w a s  h e a t e d  w i th  e th y l  h y d a n t o a t e  a t  1 5 0 °  
in  t h e  a b s e n c e  o f s o lv e n t,  a  r a p id  e v o lu t io n  o f a m m o n ia  
i n i t i a t e d ,  a n d  5 0 %  o f r e a c t a n t  e s te r  w a s  r e c o v e r e d .  T h e  u se  
o f  b u t a n o l  a s  a  s o lv e n t  r e s u l te d  in  s im i la r  e v o lu t io n  o f a m 
m o n ia , a n d  6 9 %  re c o v e r y  o f e th y l  h y d a n to a t e .

S o d iu m  p - a m in o b e n z o a te  d id  n o t  r e a c t  a f t e r  8  d a y s  in  
m e th a n o l .

Ethyl 8-p-carbethoxyphenyl hydantoate ( C o m p o u n d  9 ) . A 
s o lu t io n  o f 2 .5  g . (0 .0 1 9  m o le )  o f c a r b e th o x y m e th y l  i s o c y a 
n a t e  in  50  m l. of e th e r  w a s  t r e a t e d  p o r t io n - w is e  w i th  3 .5  g. 
( 0 .0 2 1  m o le )  o f e th y l  p - a m in o b e n z o a te ,  w i th  r a p id  f o r m a t io n  
o f  p r o d u c t ,  5 .3  g. ( 9 3 % ) ,  m .p . 1 3 5 ° .

S-Dimethylaminopropylhydantoin. A  s o lu t io n  o f  9 .7  g. 
(0 .0 8  m o le )  o f c a r b e th o x y m e th y l  i s o c y a n a te  in  1 0 0  m l. of 
e th e r  w a s  m a in t a in e d  a t  0 -2 C °  d u r in g  t h e  a d d i t i o n  o f  8 .4  
g . (0 .0 8  m o le )  o f  d im e th y la m m o p r o p y la m in e .  E v a p o r a t io n  
o f  t h e  e th e r  a f fo rd e d  a  g e la t in o u s  r e s id u e  w h ic h  o n  d i s t i l l a 
t io n ,  b .p .  1 4 6 -1 5 0 °  (0 .2  m m .)  g a v e  1 .65  g . o f a n  o il w h ic h  
c r y s ta l l iz e d .  R e c r y s ta l l iz a t io n  ( e th y l  a c e t a t e - h e x a n e )  a f 
f o rd e d  t h e  p r o d u c t  ( 9 % ) ,  m .p . 8 6 - 8 7 ° .

Anal. C a lc d .  fo r  C « H ,sN ,O s : C , 5 1 .9 ;  I I ,  8 .2 ; X , 2 2 .7 . 
F o u n d :  C , 5 2 .3 ;  H , 8 .2 ;  N ,  2 2 .4 .

N 1-\(.N-Cai-helhoxymethyr)carbamido]-N,-methylpiperazinc 
( C o m p o u n d  13). A  s o lu t io n  o f 9 .7  g. (0 .0 7 5  m o le )  o f  c a r -  
b e th o x j m e t h y l  i s o c y a n a te  in  50  m l. o f e th y l  a c e t a t e  w a s  m a in 
t a in e d  a t  0 °  d u r in g  t h e  a d d i t io n  o f 7 .6 2  g . (0 .0 7 5  m o le )  of 
X - m e th y lp ip e r a z in e .  A f te r  3 d a y s ,  1 .65  g . o f c r y s ta l s  w e re  
s e p a r a te d  (so lid  A ) a n d  t h e  f i l t r a te  c o n c e n t r a t e d  t o  a n  o ily  
r e s id u e  w h ic h  a f t e r  t r i t u r a t i o n  w i th  e th e r  g a v e  0 .6 5  g. (so lid
B ) .  E v a p o r a t io n  o f t h e  e th e r  f i l t r a t e  g a v e  a n  o il w h ic h  w a s  
e x t r a c t e d  r e p e a t e d ly  w i th  h e x a n e  ( t o t a l  1 .2  1.) , a n d  w h ic h  o n  
s t a n d in g  a n d  c le a r in g  w i th  e th y l  a c e t a t e  g a v e  7 .7  g . (4 5 %  ) of 
p r o d u c t ,  m .p .  6 5 - 6 6 ° .

(2 0 )  D e s c r ip t iv e  d a t a  s h o w n  in  t h e  t a b l e  a r e  n o t  r e p r o 
d u c e d  in  t h e  E x p e r im e n ta l .  T y p ic a l  e x a m p le s  o f t h e  s y n 
th e s is  a r e  g iv e m
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S o lid  A , r e c r y s ta l l i z e d  ( e t h y l  a c e t a t e - e t h a n o l )  g a v e  0 .6 5  
g ., m .p .  2 0 7 - 2 0 8 ° ,  id e n t i c a l  w i th  c o m p o u n d  1 7 .21

S o lid  B , r e c r y s ta l l iz e d  ( e t h y l  a c e t a t e - h e x a n e )  g a v e  0 .3 7  
g ., m .p .  1 4 0 -1 4 4 °  o f  u n p r o v e d  s t r u c t u r e 22 w h ic h  f i ts  t h e  
fo l lo w in g  e m p ir ic a l  fo rm u la .

Anal. C a lc d .  f o r  C 9H i6 N 20 5: C , 4 6 .6 ;  H ,  6 .9 ;  N , 12 .1 . 
F o u n d :  C , 4 7 .2 ;  H ,  6 .8 ; N ,  12 .2 .

8-p-Carbethoxyphenylhydantoamide ( C o m p o u n d  2 6 ) . A  
s o lu t io n  o f  2 .4 2  g . ( 0 .0 0 8  m o le )  o f c o m p o u n d  9  in  3 0  m l.  o f  
m e th a n o l  w a s  m a in t a in e d  b e lo w  3 5 °  w h ile  s a t u r a t e d  w i th  
a m m o n ia  a n d  s to p p e r e d .  A f te r  3  d a y s  a t  2 0 ° , 1 .6  g . o f  p r o d 
u c t  s e p a r a te d ,  m .p .  2 0 4 - 2 0 5 ° .  T h e  f i l t r a t e  o n  s t a n d in g  g a v e  
a n  a d d i t i o n a l  0 .3 5  g ., m .p .  2 0 4 - 2 0 5 °  ( t o t a l  y ie ld  9 0 % ) .

N-Benzyl-8-hydroxyethylhydantoamide. A  s o lu t io n  o f 3 .2  
g . (0 .0 1 6  m o le )  o f c o m p o u n d  1  in  2 0  m l. o f m e th a n o l  w a s  
t r e a t e d  w i th  1 .9  g . (0 .0 1 8  m o le )  o f  b e n z y la m in e .  A f te r  3 
d a y s ,  100  m l. o f  e th e r  w a s  a d d e d .  O n  s ta n d in g ,  1 .1 7  g . o f 
c r y s ta l s  w a s  o b ta in e d ,  m .p .  9 0 - 9 5 ° .  T h e  f i l t r a t e  w a s  e v a p 
o r a t e d  a n d  o n  s o lu t io n  in  4 0  m l.  o f  e t h y l  a c e t a t e  a n d  se e d 
in g  y ie ld e d  0 .8  g . o f c r y s ta ls .  R e p e t i t i o n  o f  t h i s  p ro c e s s  g a v e  
0 .3 2  g . o f t h e  a b o v e ,  t o t a l  2 .2 9  g. T h is  w a s  d is s o lv e d  in  a  m ix 
t u r e  o f 3 m l. o f  e th a n o l  a n d  5 5  m l.  o f e t h y l  a c e t a t e .  T h e  
in i t i a l  c ro p  o f  c r y s ta l s  w a s  s e p a r a te d  (0 .2 5  g .) , m .p .  1 3 5 -  
1 4 1 ° , a n d  r e c r y s ta l l iz e d  ( e t h a n o l - e t h y l  a c e t a t e )  t o  g iv e  0 .1  
g . o f  p r o d u c t ,  m .p .  1 4 0 -1 4 1 ° .

Anal. C a lc d . f o r  C i2H „ N 30 3: C , 5 7 .4 ;  H ,  6 .8 ; N ,  1 6 .7 . 
F o u n d :  C , 5 7 .4 ;  H ,  6 .6 ; N ,  17 .1 .

T h e  f i l t r a t e  o n  f u r t h e r  s t a n d in g  g a v e  a  d i f f e r e n t  s o lid  
w h ic h  r e c r y s ta l l i z e d  ( e th a n o l - h e x a n e ) ,  m .p .  1 0 3 .5 -1 0 4 ° , 
p r o v e d  t o  b e  3 - h y d r o x y e th y l l r y d a n to in . 23

Anal. C a lc d . f o r  C 5H 8N 2O 3: C , 4 1 .7 ;  H , 5 .6 . F o u n d :  C , 
4 1 .7 ;  H ,  5 .4 .

8-Hydroxyethylhydantoamide ( C o m p o u n d  18 ). A  s o lu t io n  of 
4 .0  g . (0 .0 2  m o le )  o f c o m p o u n d  1 in  2 0  m l. o f m e th a n o l  w a s  
s a t u r a t e d  w i t h  a m m o n ia .  A f te r  s to r a g e  f o r  3  d a y s  a t  2 0 °  a n d  
s e e d in g , 1 .65  g. o f c r u d e  p r o d u c t  w a s  o b ta in e d .  T h e  f i l t r a t e  
o n  d i lu t io n  w i th  2 0 0  m l. o f e th e r  g a v e  0 .8 5  g. o f c r u d e  3 - 
h y d r o x y e th y lh y d a n to in ,  m .p .  9 0 - 9 6 ° .

N-Benzyl-8-allylhydantoamide ( C o m p o u n d  3 4 ) . A  s o lu t io n  
o f 3 .0  g. (0 .0 1 6  m o le )  o f c o m p o u n d  2  i n  3 0  m l. o f m e th a n o l

(2 1 )  T h is  m a y  h a v e  r e s u l t e d  f ro m  t h e  p r e s e n c e  o f  p ip e r 
a z in e  a s  a n  im p u r i t y  i n  t h e  A - m e th y lp ip e r a z in e .

(2 2 )  E .  F is c h e r ,  Ber., 3 4 , 4 4 0  (1 9 0 1 ) , r e p o r t s  c a r b o n y l-  
d ig ly c in d ie th v l  e s te r ,  m .p .  1 4 6 ° , p r e p a r e d  f ro m  p h o s g e n e  
a n d  g ly c in e  d i e th y l  e s te r .

(2 3 )  A . C . S m ith ,  J r . ,  a n d  C. C . U n r u h ,  J. Org. Cham.,
2 2 , 4 4 2  ( 1 9 5 7 ) ,  r e p o r t  m .p .  9 8 - 1 0 1 ° .

w a s  t r e a t e d  w i th  1 .9 g . (0 .0 1 8  m o le )  o f b e n z y la m in e .  A f te r  3 
d a y s ,  u p o n  s e e d in g  a n d  c o o lin g  a t  1 0 °  f o r  4  h r . ,  0 .9  g . o f p r o d 
u c t  w a s  o b ta in e d ,  m .p . 1 8 6 -1 8 8 ° . C o n c e n t r a t i o n  o f  t h e  
f i l t r a t e  a n d  t r i t u r a t i o n  w i th  e t h y l  a c e t a t e  g a v e  a n  a d d i t io n a l  
0 .6  g . o f  p r o d u c t ,  m .p .  1 8 6 - 1 8 7 ° ;  t o t a l  y ie ld  3 8 % . T h e  e th y l  
a c e t a t e  w a s  r e m o v e d  f ro m  t h e  f i l t r a t e  a n d  t h e  r e s id u e  t r i 
t u r a t e d  w i th  h e x a n e  g a v e  1 .35  g . ( 6 0 % )  o f c r y s ta l s  o f 3 - 
a l l y lh y d a n to in , 24 * 1955 m .p .  7 5 ° ;  r e c r y s ta l l i z e d  ( e t h y l  a c e t a t e -  
h e x a n e )  m .p .  7 8 ° .

Anal. C a lc d . f o r  C 6H s N 20 2: C , 5 1 .4 ;  H , 5 .8 ;  N ,  2 0 .0 . 
F o u n d :  C , 5 0 .8 ;  H ,  5 .8 ;  N ,  2 0 .1 .

U n d e r  s im i la r  c o n d i t io n s ,  e m p lo y in g  a m m o n ia  a n d  c o m 
p o u n d  2 , 8-allyl-hydantoamide ( c o m p o u n d  1 9 ) w a s  o b ta in e d  
in  4 7 %  y ie ld ,  a n d  S-allylhydantoin ( m .p .  7 8 ° )  w a s  o b ta in e d  
in  1 9 %  y ie ld .

S,S'-Trimethylenebishydantoamide ( C o m p o u n d  3 2 ) . A  s o lu 
t i o n  o f 4 .0  g. (0 .0 1 2  m o le )  o f c o m p o u n d  1 4  in  4 5  m l. of 
m e th a n o l  w a s  m a in t a in e d  b e lo w  3 0 °  w h ile  s a t u r a t e d  w i th  
a m m o n ia .  A f te r  2 4  h r . ,  2 .5 7  g . o f  c r y s t a l s  w e re  o b t a in e d  a n d  
d is s o lv e d  in  6 0  m l. o f w a te r ,  y ie ld in g  0 .8  g . ( 2 4 % ) ,  m .p . 
2 2 4 - 2 2 5 ° .  T h e  a q u e o u s  f i l t r a t e  w a s  c o n c e n t r a t e d  t o  10  m l. t o  
g iv e  0 .8 5  g . ( 2 4 % )  o f c r y s ta l s ,  m .p .  1 8 0 - 1 8 4 ° ,  w h ic h  a n a ly s is  
i n d i c a t e d  to  b e  t h e  h y d a n t o i n  I I ,  X  =  H .

Anal. C a lc d . f o r  C 9H i 5N 60 4: C , 4 2 .0 ;  H ,  5 .9 . F o u n d :  C , 
4 1 .5 ;  H ,  6 .2 .

8,bl-Trimethylene(bis-N-benzylhydantoamide). A  s o lu t io n  
o f  3 .3  g . (0 .0 1  m o le )  o f  c o m p o u n d  14  in  3 0  m l. o f  m e th a n o l  
w a s  t r e a t e d  w i th  4 .2 8  g . (0 .0 4  m o le )  o f  b e n z y la m in e .  A f te r  4 
d a y s  t h e  f o rm e d  s o lid  (1 .6  g .)  w a s  s e p a r a te d ,  m .p .  1 6 0 -1 9 0 ° , 
a n d  r e c r y s ta l l iz e d  ( d im e th y l f o r m a m id e )  t o  g iv e  0 .5 2  g. 
( 1 2 % )  o f p r o d u c t ,  m .p . 1 9 5 -2 0 7 ° .

Anal. C a lc d . f o r  C 23H 3oN 6C 4: N ,  1 8 .5 . F o u n d  N ,  18 .1 .
E v a p o r a t io n  o f  t h e  f i l t r a t e  a n d  t r i t u r a t i o n  w i th  e t h e r  g a v e

1 .4  g. o f  w h i te  so lid , r e c r y s ta l l i z e d  f ro m  w a te r  t o  g iv e  0 .7  g. 
( 2 0 % )  of c r y s ta l s  w h ic h  a n a ly s is  i n d ic a te d  to  b e  t h e  h y d a n 
t o in  I I ,  X  =  C 6H 5C H 2— .

Anal. C a lc d . f o r  C i 6H 2iN 50 4: C , 5 5 .3 ;  H , 6 .1 ;  N ,  2 0 .2 . 
F o u n d :  C , 5 5 .3 ;  H ,  5 .6 ;  N ,  2 0 .3 .
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Y o n k e r s  1, N .  Y .

(2 4 )  B e ils te in ,  X X I V ,  p . 2 5 0 , r e p o r t s  m .p .  7 3 ° .

[ C o n t r i b u t i o n  f r o m  t h e  P f i s t e r  C h e m i c a l  W o r k s , I n c .]
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The interconversion of glutamic acid and proline 
in both animal tissues and microorganisms has been 
reviewed by Stetten1 and Vogel.2 This relationship

( 1 ) M . R .  S t e t t e n ,  Amino Acid Metabolism, W . D .  M c 
E lr o y  a n d  H . B . G la s s , e d s ., J o h n s  H o p k in s  P re s s ,  B a l t i 
m o re , M d .,  1 9 5 5 , p . 2 7 7 .

consists essentially of the following series of re
versible transformations: glutamic acid ^  glu- 
tamic-y-semialdehyde A'-pyrroline-5-carboxylic

(2 )  H .  J .  V o g e l, Amino Acid Metabolism, W . D . M c l i l r o y  
a n d  H . B . G la s s , e d s ., J o h n s  H o p k in s  P re s s ,  B a l t im o r e ,  M d .,
1955 , p . 335 .
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acid ;=± proline. Since this sequence seems to be a 
major metabolic pathway for both glutamic acid 
and proline, it was of interest to prepare analogs of 
these compounds and their respective intermediates 
in order to determine whether, by this means, 
metabolic inhibition could be achieved.

It was reported by Ginsburg, Lovett, and Dunn3 4 5 6 7 
that the strain of tuberculosis bacteria, which 
infects humans, has on the average 50% more 
glutamic acid than noninfectious strains. Glutamic 
acid and proline have also been implicated in 
cancer4-7 studies. I t is evident that glutamic acid 
and proline analogs should be of interest in studies 
of these diseases.

Among the structural alterations which can be 
employed for forming antimetabolites is the sub
stitution of a methyl or phenyl ketone for a car
boxyl group. Several successful antimetabolites 
have thus been prepared. Woolley,8 et al. found that 
d-acetylpyridine was a nicotinic acid antagonist. 
Upon replacing the carboxyl group in pantothenic 
acid by a phenyl ketone, Woolley9 and Collyer 
produced a potent pantothenic acid antagonist. 
Employing the same structural alteration, Ditt- 
mer10 reported that a-aminolevulinic acid and 
aspartophenone were aspartic acid antagonists.

The substitution of a methyl group for a hydro
gen atom has also led to successful antagonists. 
Examples of this replacement include a-methyl- 
aspartic acid,11 ethionine,12 methyltryptophans,13’14 15 
and many others.

Scheme I indicates the approach to the prepara
tion of the analogs of each of the intermediates of 
the glutamic acid to proline interconversion.

The synthetic methods with some modifications 
were modeled after the condensation of acrolein 
with ethyl acetamidomalonate by Moe and 
Warner16 and the hydrolysis and hydrogenation 
procedures of Vogel and Davis.16 Methyl vinyl

(3 )  B . G in s b u r g , S . L . L o v e t t ,  a n d  M . S . D u n n ,  Arch. 
Biochem. Biophys., 6 0 , 16 4  (1 9 5 6 ).

(4 )  S . K i t  a n d  J .  A w a p a r a ,  Cancer Research, 1 3 , 6 9 4
(1 9 5 3 ).

(5 )  F .  S . H a m m e t t ,  Proc. Soc. Exptl. Biol. Med., 4 5 , 601
(1 9 4 0 ) .

( 6 ) J .  M . W h i te ,  G . O z a w a , G . A . L . R o s s ,  a n d  E .  W . 
M c H e n r y ,  Cancer Research, 1 4 , 5 0 8  (1 9 5 4 ).

( 7 )  J. R . B e a to n ,  W . J .  M c G a n i ty ,  a n d  E .  W . M c H e n r y ,  
Can. Med. A sso c . J., 6 5 , 2 1 9  (1 9 5 1 ).

( 8 ) D .  W . W o o lle y , F .  M . S t ro n g ,  R .  J .  M a d d e n ,  a n d  C . A . 
E lv e h je m ,  J. Biol. Chem., 1 2 4 , 7 1 5  (1 9 3 8 ).

( 9 )  D .  W . W o o lle y  a n d  M . L . C o lly e r ,  J. Biol. Chem., 
1 5 9 , 2 6 3  (1 9 4 5 ).

(1 0 )  K .  D i t t m e r ,  Antimetabolites, R .  W . M in e r ,  e d ., 
Annals N. Y. Acad. Sci., 5 2 , 127 4  (1 9 5 0 ) .

(1 1 )  E .  R o b e r t s  a n d  P .  F .  H u n t e r ,  Proc. Soc. Exptl. 
Biol. Med., 8 3 , 7 2 0  (1 9 5 3 ) .

(1 2 )  H .  M . D y e r ,  J. Biol. Chem., 1 2 4 , 51 9  (1 9 3 8 ).
(1 3 )  T .  F .  A n d e rs o n , Science, 1 0 1 , 5 6 5  (1 9 4 5 ).
(1 4 )  P .  F i ld e s  a n d  H .  M . R y d o n ,  Brit. J. Exptl. Pathol., 

2 8 , 211  (1 9 4 7 ) .
(1 5 )  O . A . M o e  a n d  D .  T .  W a r n e r ,  J. Am. Chem. Soc., 

7 0 , 2 7 6 3  (1 9 4 8 ) .
(1 6 )  H .  J .  V o g e l a n d  B . D .  D a v is ,  J. Am. Chem. Soc., 7 4 ,

1 09  (1 9 5 2 ) .
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ketone and methyl isopropenyl ketone were con
densed with acetamidomalonate according to the 
conditions of the Michael condensation, and /3- 
bromopropiophenone was condensed with ethyl 
acetamidomalonate in the presence of sodium ethyl
ate, slightly in excess of one molecular proportion. 
When the intermediates were hydrolyzed by 
alkali, malonic acids were obtained which, on de
carboxylation, yielded the corresponding acety- 
lated glutamic acid analogs. These analogs, and 
the ethyl acetamidomalonate condensation prod
ucts, were acid hydrolyzed to yield 2- and 2,3-sub- 
stituted A'-pyrroline-.5-carboxylic acids which, in 
turn, were hydrogenated over Adams’ catalyst at 
three to four atmospheres of hydrogen to 5- and
4,5-substituted prolines.

The substituted prolines, Va-c, the pyrroline,
IV-b and the methyl ketone, Ill-b can exist as 
diastereoisomeric racemates. The stereochemistry of 
these compounds has not been determined.

After completion of this work, the current litera
ture revealed the preparation of ethyl acetamido-3- 
oxobutylmalonate by Sanno17 and its hydrolysis to 
A'-2-methylpyrroline-5-carboxylic acid hydrochlo
ride. The hydrogen of this pyrroline to 5-methyl- 
proline hydrochloride was also reported by 
Sanno18 et al.

( 1 7 )  Y .  S a n n o , Yakugaku Zasshi, 7 8 ,  1113  (1 9 5 8 ) ;  Chem. 
Abstr., 5 3 ,5 2 3 8 ( 1 9 5 9 ) .
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Seven of these compounds, Ill-a and b; IV-a, 
b, and c; and V-a and b were screened for anti- 
tubercular activity in mice by Dr. Crowle18 19 ac
cording to his method, and were found to be in
effective.

All of the malonic acids, glutamic acid analogs, 
pyrrolines, and prolines were screened by the 
Cancer Chemotherapy National Service Center 
against Sarcoma-180, Carcinoma-755, and Leu
kemia-1210 in mice. The results were generally 
negative.

Work with proline requiring mutants of Escheri
chia coli is now in progress and will be reported on 
at a later date.

EX PE R IM E N T A L

Ethyl 2-acetamido-2-carbethoxy-5-oxohexanoate ( I - a ) .  T o  
2 0 0  m l. o f  a b s o lu te  e th a n o l  in  w h ic h  1 .25  g . (0 .0 5 4  g .- a to m )  
o f  s o d iu m  h a d  b e e n  d is s o lv e d , w a s  a d d e d  2 1 7  g . (1 .0  m o le )  o f  
e t h y l  a c e ta m id o m a lo n a te .  K e e p in g  t h e  t e m p e r a t u r e  b e lo w  
2 5 ° , 9 0  g . (1 .2 9  m o le s )  o f  m e th y l  v in y l  k e t o n e 20 w a s  a d d e d  
d r o p w is e  w i th  a g i t a t i o n .  S t i r r in g  w a s  c o n t in u e d  o v e r n ig h t ,  
a n d  t h e n  t h e  s o d iu m  e t h y l a t e  w a s  n e u t r a l i z e d  w i th  g la c ia l  
a c e t ic  a c id  a n d  t h e  c r y s ta l l in e  p r o d u c t  f i l te r e d  a n d  w a s h e d  
w i th  e th e r .  T h e  y ie ld  w a s  2 1 4  g ., m .p .  8 0 - 8 5 ° .  T h e  m o th e r  
l iq u o r  w a s  d i lu te d  w i th  a n  e q u a l  v o lu m e  o f  e t h e r  a n d  co o le d  
in  t h e  f re e z e r  o v e r n ig h t .  A n  a d d i t i o n a l  y ie ld  o f  4 7  g . w a s  
o b ta in e d ,  m .p .  7 6 - 8 5 ° ,  T h e  c o m b in e d  c r u d e  y ie ld  w a s  9 4 % . 
A n  a n a ly t i c a l  s a m p le  w a s  p r e p a r e d  b y  r e c r y s ta l l i z a t io n  f ro m  
w a te r ,  m .p .  8 7 ° , l i t . , 17 m .p .  8 9 - 9 0 ° .

Anal. C a lc d . f o r  C i3H 2i N 0 6: C , 5 4 .3 6 ; H ,  7 .3 2 ; N ,  4 .8 8 . 
F o u n d :  C , 5 4 .8 9 ; H , 7 .2 0 ; N ,  4 .8 7 .

Ethyl 2-acelamido-2-carbethoxy-4-methyl-5-oxohexanoale 
( I - b ) .  T o  180  m l. o f  a b s o lu te  e th a n o l ,  in  w h ic h  1 .25  g. (0 .0 5 4  
g .- a to m )  o f  s o d iu m  h a d  b e e n  d is s o lv e d , w a s  a d d e d  2 1 7  g. 
(1 .0  m o le )  o f  e t h y l  a c e ta m id o m a lo n a te ,  a n d  11 0  g . (1 .2 9  
m o le s )  o f  m e th y l  is o p r o p e n y l  k e to n e 21 w a s  a d d e d  d ro p w is e  
w i th  a g i t a t i o n  a t  1 2 - 1 5 ° .  T h e  m ix tu r e  w a s  s t i r r e d  fo r  4  h r .  
a n d  l e t  s t a n d  o v e r n ig h t .  A f te r  n e u t r a l i z a t i o n  o f  t h e  b a s e  
w i th  g la c ia l  a c e t ic  a c id ,  t h e  a lc o h o l  w a s  r e m o v e d  u n d e r  
v a c u u m , a n d  t h e  r e s id u e  w a s  t a k e n  u p  in  2 0 0  m l. o f  m e t h 
y le n e  c h lo r id e  a n d  w a s h e d  w i th  100  m l. o f  w a te r ,  w h ic h  w a s  
b a c k  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e . U p o n  e v a p o r a t io n  
o f  t h e  m e th y le n e  c h lo r id e , 2 8 2  g . o f  a  s i r u p y  r e s id u e  r e m a in e d ,  
w h ic h  c o u ld  n o t  b e  c r y s ta l l iz e d .  T h e  y ie ld  w a s  9 3 %  a n d  t h e  
p r o d u c t  w a s  s u f f ic ie n t ly  p u r e  fo r  f u r t h e r  w o rk .

Ethyl 2-acetamido-4-benzoyl-%-carbelhoxybutyrate ( I - c ) .  
I n  8 4 0  m l. o f  a b s o lu te  e th a n o l  w a s  d is s o lv e d  2 3 .4  g . (1 .0 2  g .-  
a to m s )  o f  s o d iu m  a n d  2 1 7  g . (1 .0  m o le )  o f  e t h y l  a c e ta m id o 
m a lo n a t e  w a s  a d d e d .  T o  t h e  c le a r  s o lu t io n  w a s  a d d e d ,  d r o p -  
w ise  w i t h  a g i t a t i o n ,  2 1 3  g . ( 1 .0  m o le )  o f  /3 -b ro m o p ro p io -  
p h e n o n e ,  p r e p a r e d  a c c o r d in g  to  F o r e m a n  a n d  M c E I v a in .22 
T h e  m ix tu r e  w a s  a g i t a t e d  a n d  k e p t  u n d e r  r e f lu x  o v e r n ig h t .  
O n  c o o lin g , t h e  s o d iu m  b r o m id e  w a s  f i l te r e d  off a n d  w a s h e d  
w i th  a lc o h o l .  T h e  c o m b in e d  f i l t r a t e s  w e re  e v a p o r a t e d  u n d e r  
v a c u u m  a n d  t h e  r e s id u e  w a s  t a k e n  u p  in  m e th y le n e  c h lo r id e , 
w a s h e d  w i th  w a te r ,  a n d  t h e  m e th y le n e  c h lo r id e  e v a p o r a te d .  
T h e  r e s id u e  w a s  d is s o lv e d  in  i s o p r o p y l  a lc o h o l ,  c o o le d  in  t h e  
f re e z e r , a n d  t h e  c r y s ta l s  w e re  c o l le c te d  a n d  w a s h e d  w i th  
e th e r .  T h e  y ie ld  w a s  26 1  g ., 7 5 % , m .p .  1 1 0 -1 1 2 ° . A n  a n a l y t i 

( 1 8 )  S . T a t s u o k a ,  K .  T a n a k a ,  Y . U e n o , a n d  Y . S a n n o , 
J a p a n .  9 9 7 7  (1 9 5 8 ) , N o v .  1 9 ; Chem. Abstr., 5 4 , 5 6 9 6  (1 9 6 0 ) .

( 1 9 )  A . J .  C ro w le , Tubercle, 3 9 , 41 (1 9 5 8 ).
( 2 0 )  M e th y l  v in y l  k e to n e  w a s  p u r c h a s e d  f ro m  C h a r le s  

P f iz e r  a n d  C o ., I n c . ,  B r o o k ly n ,  N .  Y .
( 2 1 )  M e th y l  i s o p r o p e n y l  k e to n e  w a s  g e n e ro u s ly  s u p p l ie d  

b y  C e la n e s e  C o r p o r a t io n  o f A m e r ic a ,  N e w  Y o r k  16 , N .  Y .
( 2 2 )  E .  L .  F o r e m a n  a n d  S . M . M c E I v a in ,  J . Am. Chem. 

Soc., 62, 1 4 3 5  (1 9 4 0 ) .

c a l  s a m p le  w a s  p r e p a r e d  f ro m  5 0 %  a q u e o u s  i s o p r o p v l  a lc o h o l ,  
m .p .  1 1 3 -1 1 4 ° .

Anal. C a lc d . fo r  C ig lL sN O e : C , 6 1 .8 9 ; H , 6 .5 9 ; N , 4 .0 1 . 
F o u n d :  C , 6 1 .5 5 ; H ,  6 .4 5 ; N , 3 .9 2 .

Acetamido (3-oxobutyl)malonic acid ( I l - a ) .  T o  a  s o lu t io n  o f  
2 0  g. (0 .5  m o le )  o f  s o d iu m  h y d r o x id e  in  2 0 0  m l. o f  w a te r  w a s  
a d d e d  5 7 .4  g . (0 .2  m o le )  o f  e th y l  2 - a e e ta m id o -2 - c a r b e th o x y -  
5 - o x o h e x a n o a te .  T h e  m ix tu r e  w a s  a l lo w e d  to  s t a n d  o v e r n ig h t .  
T h e  s o lu t io n  w a s  t r e a t e d  w i th  d e c o lo r iz in g  c a r t o n  a n d  p a s s e d  
th r o u g h  a  c o lu m n  o f  A m b e r l i te  I R - 1 2 0  ( H +) t o  r e m o v e  t h e  
a lk a l i .  T h e  e lu a t e  w a s  d e c o lo r iz e d  w i th  c h a r c o a l  a n d  
e v a p o r a t e d  u n d e r  v a c u u m  b e lo w  4 0 ° . T h e  c r u d e  y ie ld  w a s  1 7 .7  
g . o f  p r o d u c t ,  6 0 %  m .p .  9 2 - 9 5 °  d e c . A n  a n a l y t i c a l  s a m p le  
w a s  p r e p a r e d  f ro m  is o p r o p y l  a lc o h o l ,  k e e p in g  t h e  t e m p e r a 
t u r e  b e lo w  5 0 ° , m .p .  9 7 - 9 8 °  d e c .

Anal. C a lc d .  f o r  C g H u N O « : C , 4 6 .7 5 ; H , 5 .6 3 ; N ,  6 .0 6 . 
F o u n d :  C , 4 6 .9 7 ; H ,  5 .5 1 ; N , 5 .6 6 .

THs-2-Acetamido-5-oxohexanoic acid ( I l l - a ) .  A  s o lu t io n  w a s  
m a d e  o f  4 6 .2  g . (0 .2  m o le )  o f  t h e  m a lo n ic  a c id  in  w a te r  a n d  
b o i le d  f o r  1 h r .  t i l l  g a s  e v o lu t io n  c e a s e d . T h e  s o lu t io n  w a s  
d e c o lo r iz e d  w i th  c h a r c o a l  a n d  e v a p o r a t e d  t o  d ry n e s s  u n d e r  
v a c u u m .  T h e  s i r u p y  r e s id u e  w a s  t a k e n  u p  in  150  m l. o f  iso 
p r o p y l  a lc o h o l ,  d e c o lo r iz e d  w i th  c h a r c o a l ,  a n d  2 0  m l .  o f 
e t h e r  w a s  a d d e d .  A f t e r  c o o lin g  t o  —2 0 °  w i th  o c c a s io n a l  s t i r 
r in g , t h e  s o lu t io n  w a s  a l lo w e d  t o  r e m a in  in  t h e  f re e z e r  1 - 2  

d a y s .  A  c r u d e  p r o d u c t  w e ig h in g  3 5 .5  g . ( 9 5 %  y ie ld )  w a s  o b 
ta in e d ,  m .p .  9 6 - 9 8 ° .  A n  a n a ly t i c a l  s a m p le  w a s  p r e p a r e d  b y  
r e c r y s ta l l i z a t io n  f ro m  2 :1  m e th a n o l - e th e r ,  m .p .  1 0 2 -1 0 3 ° .

Anal. C a lc d . fo r  C gH jsN C fi: C , 5 1 .3 4 ;  I I ,  -3.95 N , 7 .4 9 . 
F o u n d :  C , 5 1 .6 9 ; H , 7 .1 5 ; N , 7 .4 8 .

Acelamido(2-methyl-3-oxobutyl)malonic acid ( I l - b ) .  T h e  
p r o c e d u r e  w a s  t h e  s a m e  a s  fo r  t h e  p r e v io u s  m a lo n ic  a c id . 
T h e  y ie ld  w a s  5 4 %  a n d  t h e  p r o d u c t  d e c o m p o s e d  a t  1 0 0 -1 0 2 ° . 
A n  a n a ly t i c a l  s a m p le  w a s  p r e p a r e d  f ro m  is o p r o p y l  a lc o h o l, 
w h ic h  m e l te d  w i th  g a s  e v o lu t io n  a t  1 0 6 ° .

Anal. C a lc d . fo r  C ioH i 5N 0 6: C , 4 8 .9 8 ; H ,  6 .1 2 ;  N ,  5 .7 1 . 
F o u n d :  C , 4 9 .1 2 ; H ,  6 .0 1 ; N ,  5 .4 6 .

2-Acelamido-4-methyl-o-oxohexanoic acid ( I l l - b ) .  T h e  p r o 
c e d u r e  w a s  t h e  s a m e  a s  fo r  t h e  p r e v io u s  h e x a n o ic  a c id , a n d  
t h e  y ie ld  w a s  9 2 % . T h e  p r o d u c t  m e l te d  a t  1 1 8 -1 2 2 ° . A n  
a n a ly t i c a l  s a m p le  w a s  p r e p a r e d  f ro m  i s o p r o p y l  a lc o h o l ,  m .p . 
1 2 8 -1 2 9 ° .

Anal. C a lc d . fo r  C 9H 15N O 4: C , 5 3 .7 3 ; H ,  7 .4 6 ; N , 6 .9 7 . 
F o u n d :  C , 5 3 .5 7 ; H ,  7 .6 0 ; N , 7 .1 1 .

Acetamido{2-benzoylethyl)malonic acid ( I V - c ) .  T o  a  
s o lu t io n  o f  2 0  g . (0 .5  m o le )  o f  s o d iu m  h y d r o x id e  in  4 0 0  m l. o f 
5 0 %  e th a n o l  w a s  a d d e d  6 9 .8  g. (0 .2  m o le )  o f  e t h y l  2 -a c e t -  
a m id o - 4 - b e n z o y l - 2 - c a r b e th o x y b u ty r a te .  O n  s t a n d in g  o v e r 
n ig h t ,  t h e  s o d iu m  s a l t  o f  t h e  m a lo n ic  a c id  c r y s ta l l iz e d .  
T h e  p r o d u c t  w a s  b r o u g h t  i n to  s o lu t io n  b y  t h e  a d d i t i o n  o f 
1 0 0 0  m l. o f  w a te r ,  d e c o lo r iz e d  w i t h  c h a r c o a l ,  a n d  a c id if ie d  
w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  m a lo n ic  a c id  w a s  
f i lte r e d  off, w a s h e d  f re e  o f  c h lo r id e , a n d  d r ie d  a t  5 0 ° , m .p .  
1 8 9 -1 9 2 °  w i th  g a s  e v o lu t io n .  T h e  c r u d e  y ie ld  w a s  5 5 .7  g. 
9 5 % . A n  a n a ly t i c a l  s a m p le  w a s  p r e p a r e d  b y  r e c r y s ta l l i z a 
t i o n  f ro m  i s o p r o p y l  a lc o h o l ,  m .p .  1 9 2 - 1 9 3 °  d e c .

Anal. C a lc d . f o r  C h H 1sN 0 6: C , 5 7 .3 3 ; H ,  5 .1 2 ; N ,  4 .7 8 . 
F o u n d :  C , 5 7 .3 1 ; H ,  4 .3 1 ; N ,  4 .4 8 .

T>\s-2-Acetamido-4-benzoylbutyric acid ( I I I - C ) ,  T h e  
d e c a r b o x y la t io n  o f  a c e ta m id o ( 2 - b e n z o 3' l e th y l ) m a lo n ic  a c id  
w a s  c a r r ie d  o u t  b y  b o i l in g  5 8 .6  g . (0 .2  m o le )  in  1000  m l. o f  
w a te r  f o r  2  h r .  T h e  m ix tu r e  w a s  c o o le d  in  t h e  r e f r ig e r a to r  
o v e r n ig h t ,  f i l te r e d , a n d  w a s h e d  w i t h  w a te r .  T h e  y ie ld  o f 
c r u d e  p r o d u c t  w a s  3 8 .5  g ., 7 7 % , m .p .  1 9 5 - 1 9 6 ° .  A n  a n a l y t i 
c a l s a m p le  w a s  p r e p a r e d  f ro m  is o p r o p y l  a lc o h o l ,  m .p .  1 9 5 -  
1 9 6 ° .

Anal. C a lc d . f o r  C 12H 15N 0 4: C , 6 2 .6 5 ; H ,  6 .0 2 ;  N ,  5 .6 2 . 
F o u n d :  C , 6 2 .9 5 ; H ,  6 .0 7 ;  N , 5 .4 8 .

A'-2-Methylpyrroline-5-carboxylic acid hydrochloride 
( I V - a ) .  E ig h ty - s ix  a n d  o n e - t e n th  g r a m s  (0 .3  m o le )  o f  e th y l -  
2 - a c e ta m id o -2 - c a r b e th o x y - 5 -o x o h e x a n o a te  w a s  h e a te d  u n d e r  
re f lu x  w i th  5 0 0  m l. o f  c o n e d , h y d r o c h lo r ic  a c id  o v e r n ig h t .  
T h e  e x c e ss  a c id  w a s  r e m o v e d  u n d e r  v a c u u m  in  a  3 a s h  e v a p 
o r a to r .  T h e  r e s id u e  w a s  t a k e n  u p  in  w a te r ,  d e c o lo r iz e d  w i th
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c h a r c o a l ,  a n d  e v a p o r a t e d  t o  d r y n e s s  i n  t h e  e v a p o r a to r .  
T h e  p r o d u c t  w a s  t a k e n  u p  in  150  m l. o f  m e th a n o l  a n d  c o o le d  
f o r  s e v e ra l  d a y s  in  t h e  f re e z e r .  T h e  c r y s ta l s  w e re  f i l te r e d , 
w a s h e d  w i th  a c e to n e  a n d  d r ie d ,  y ie ld in g  2 9 .8  g . o f  c r u d e  
m a te r ia l ,  6 1 % , m .p .  1 8 6 -1 8 9 °  d e c . A n  a n a ly t i c a l  s a m p le  w a s  
p r e p a r e d  f ro m  1 :1  m e th a n o l  e th e r ,  m .p .  1 8 9 -1 9 0 °  d e c ., 
l i t . , 17 m .p .  1 9 3 °  d ec .

Anal. C a lc d . fo r  C .H 10C 1 N O ,: C , 4 4 .1 7 ; H ,  6 .1 2 : N ,  8 .5 6 . 
F o u n d :  C , 4 3 .9 7 ; Id, 6 .2 9 ;  N ,  8 .4 9 .

5-MethylproUne hydrochloride ( V -a ) .  A  s o lu t io n  o f 1 6 .4  g. 
(0 .1  m o le )  o f  A '- 2 - m e th y lp y r r o l in e -5 - c a r b o x y l ie  a c id  h y d r o 
c h lo r id e  in  15 0  m l. o f  m e th a n o l  w a s  m a d e  a n d  5 0  m g . of 
p l a t i n u m  o x id e  w a s  a d d e d .  T h e  m ix tu r e  w a s  h y d r o g e n a te d  in  
t h e  P a r r  h y d r o g e n a to r  u n d e r  3  a t m .  o f  p r e s s u r e  f o r  0 .5  h r . ,  
a t  w h ic h  t im e  t h e  th e o r e t i c a l  u p t a k e  o f  h y d r o g e n  w a s  c o m 
p le te d .  T h e  c a t a l y s t  w a s  f i lte r e d  off a n d  t h e  s o lv e n t  e v a p o 
r a t e d  u n d e r  a  s t r e a m  o f a i r .  A  q u a n t i t a t i v e  y ie ld  o f 5 - m e th y l-  
p r o l in e  h y d r o c h lo r id e  w a s  o b ta in e d ,  m .p .  1 8 4 -1 8 8 ° . A n  
a n a ly t i c a l  s a m p le  w a s  o b ta in e d  f ro m  m e th a n o l ,  m .p .  1 9 1 -  
1 9 2 ° , l i t . , 19 m .p .  1 8 6 -1 8 7 ° .

Anal. C a lc d . fo r  C 6H 12C 1 N 0 2: C , 4 3 .5 0 ; H , 7 .2 5 ; N ,  8 .4 6 . 
F o u n d :  C , 4 3 .6 6 ; H , 7 .2 7 ; X , 8 .5 0 .

o-Methylproline ( Y l - a ) .  T h e  f re e  a m in o  a c id  w a s  o b ta in e d  
f ro m  t h e  h y d r o c h lo r id e  b y  p a s s in g  a n  a q u e o u s  s o lu t io n  
t h r o u g h  a  c o lu m n  o f  A m b e r l i te  I R - 4 5  in  t h e  a c e t a t e  c jm le . 
T h e  e f f lu e n t  w a s  t a k e n  to  d r y n e s s  u n d e r  v a c u u m  a n d  th e  
r e s id u e  w a s  r e c r v s ta l l i z e d  f ro m  i s o p r o p y l  a lc o h o l, m .p .  1 8 8 -  
1 8 9 ° .

Anal. C a lc d . fo r  C cH h N O » :  C , 5 5 .8 1 ; H , 8 .5 3 : N ,  10 .85 . 
F o u n d :  C , 5 6 .2 2 ; H ,  8 .7 2 ; N ,  10 .60 .

A'-S,3-Dimethylpyrroline-5-carboxylic acid hydrochloride 
( I V - b ) .  T h e  t i t l e  c o m p o u n d  w a s  p r e p a r e d  f ro m  e th y l  2 -  
a c e ta m id o - 2 -c a rb e th o x y - 4 - m e th y l- 5 - o x o h e x a n o a te  in  t h e  
s a m e  m a n n e r  a s  A '-2 - m e th y lp y r r o l in e -5 - c a r b o x y l ic  a c id  
h y d r o c h lo r id e .  T h e  y ie ld  w a s  6 1 % , m .p . 1 4 8 -1 5 0 ° . A n  a n a l y t 
ic a l  s a m p le  w a s  p r e p a r e d  f ro m  m e th a n o l  m ix e d  w i th  e th e r ,  
m .p .  1 5 3 -1 5 4 ° .

Anal. C a lc d . fo r  C7H12CINO2: C , 4 7 .3 2 ; H , 6 .7 6 ;  N ,  7 .8 9 . 
F o u n d :  C , 4 7 .4 5 ; H ,  6 .7 8 ; N ,  8 .0 1 .

4,B-Dimethylproline hydrochloride ( Y -b ) .  T h is  c o m p o u n d  
w a s  p r e p a r e d  b y  h y d r o g e n a t io n  in  t h e  s a m e  m a n n e r  a s  5 - 
m e th y lp r o l in e  h y d r o c h lo r id e .  T h e  y ie ld  w a s  q u a n t i t a t i v e ,  
m .p .  1 2 8 -1 3 0 ° . A n  a n a ly t i c a l  s a m p le  w a s  p r e p a r e d  f ro m  
m e th a n o l ,  m .p .  1 3 1 .5 -1 3 3 .0 ° .

Anal. C a lc d . f o r  C 7H „ C 1 N 0 2: C , 4 6 .9 2 ;  H ,  8 .3 5 ;  N ,  7 .8 0 . 
F o u n d :  C , 4 6 .5 2 ; H , 8 .3 0 ; N ,  7 .9 0 .

4,5-Dimethylproline ( V l - b ) .  T h e  m e th o d  o f  p r e p a r a t io n  
w a s  t h e  s a m e  a s  fo r  5 -m e th v lp r o l in e .  A n  a n a ly t i c a l  s a m p le  
w a s  p r e p a r e d  f ro m  i s o p r o p y l  a lc o h o l, m .p . 1 9 6 .5 -1 9 7 .5 ° .

Anal. C a lc d . f o r  C 7H 13N O »: C , 5 8 .7 4 ; H ,  9 .0 9 ;  N ,  9 .7 9 . 
F o u n d :  C , 5 8 .3 6 ; H , 8 .8 6 ; N , 9 .3 3 .

A '-2-Phenylpyrroline-B-carboxylic acid hydrochloride ( I V -  
c ) . T h e  t i t l e  c o m p o u n d  w a s  p r e p a r e d  f ro m  e t h y l  2 - a c e t -  
a m id o - 4 - b e n z o y l - 2 - c a r b e th o x y b u ty r a te  b y  t h e  s a m e  m e th o d  
a s  A '- 2 - m c th y lp y r r o l in e -5 - c a r b o x y l ic  a c id  h y d r o c h lo r id e .  
T h e  y ie ld  w a s  5 5 % , m .p .  1 6 9 -1 7 3 ° . A n  a n a ly t i c a l  s a m p le  w a s  
p r e p a r e d  f ro m  a  1 :2  m e th a n o l - e th e r  m ix tu r e ,  m .p .  1 7 2 -1 7 3 ° .

Anal. C a lc d . f o r  C „ H 12C 1 N 0 2: C , 5 8 .5 4 ; H , 5 .7 6 ; N ,  6 .2 9 . 
F o u n d :  C , 5 8 .4 3 ; H ,  5 .5 0 ; N ,  6 .2 0 .

o-Phenylproline hydrochloride (V -c ) .  T h e  m e th o d  of p r e p 
a r a t i o n  w a s  t h e  s a m e  a s  fo r  5 - m e th v lp r o l in e  h y d r o c h lo r id e ;  
h o w e v e r ,  t h e  p r o d u c t  c r y s ta l l iz e d  o n ly  o n c e  a f t e r  s t a n d in g  in  
t h e  f re e z e r  f o r  2  y e a r s .  I t  c o u ld  n o t  b e  r e c r y s ta l l i z e d .  T h e  
y ie ld  w a s  6 2 %  a n d  t h e  p r o d u c t  w a s  a n a ly z e d  w i th o u t  f u r t h e r  
p u r i f ic a t io n ,  m .p .  1 1 5 -1 1 7 ° .

Anal. C a lc d . fo r  C u H h C I N 0 2: C , 5 8 .0 2 ; H , 6 .1 5 ; N ,  6 .1 5 . 
F o u n d :  C , 5 8 .3 8 ; H ,  6 .3 7 ; N ,  6 .1 7 .

5-Phenylproline ( V I - c ) .  T h e  m e th o d  o f  p r e p a r a t io n  w a s  th e  
s a m e  a s  fo r  5 - m e th y lp r o l in e .  A n  a n a ly t i c a l  s a m p le  w a s  p r e 
p a r e d  f ro m  i s o p r o p y l  a lc o h o l, m .p .  2 1 3 - 2 1 4 ° .

Anal. C a lc d . f o r  C u H isN O » : C , 6 9 .1 0 ; H , 6 .8 1 ;  N ,  7 .3 3 . 
F o u n d :  C , 6 9 .5 7 ; H , 7 .2 8 ; N , 7 .2 3 .

R i d g e f i e l d , N .  J .

[C o n t r i b u t i o n  f r o m  t h e  R e s e a r c h  L a b o r a t o r i e s , T e n n e s s e e  E a s t m a n  C o ., D i v i s i o n  o f  E a s t m a n  K o d a k  C o  ]
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T h e  r e a c t io n  o f  2 - a m in o p y r id in e  w i th  m e th y l  p r o p io la te  g a v e  n o t  o n ly  t h e  e x p e c te d  2 H - p y r id o [ l ,2 - a ] p y r im id in - 2 - o n e ,  
b u t  a ls o  a  n o n c y c lic  a d d u c t  o f  o n e  m o le  o f t h e  a m in o p y r id in e  a n d  tw o  m o le s  o f  e s te r ,  m e th y l  2 - ( 2 - m e th o x y c a r b o n y lv in y l -  
im in o ) - l ( 2 H ) - p y r id in e a c r y la te .  T h e  v a r io u s  m e th y l -2 - a m in o p y r id in e s  r e a c te d  s im i la r l j ' t o  f o rm  m e t h y l - 2 H - p y r i d o [ l ,2 - a ] -  
p y r im id in - 2 -o n e s . U n e x p e c te d ly ,  6 - m e th y l- 2 - a m in o p y r id in e  g a v e  o n ly  t h i s  t y p e  o f  p r o d u c t .  T h e  o t h e r  m e th y l - 2 - a m in o -  
p y r id in e s  g a v e , in  a d d i t io n ,  h o m o lo g s  o f  t h e  1 :2  a d d u c t  a b o v e  n o te d .  A  1 :1  a d d u c t ,  a  m e th y l  2 - im in o -3 (o r  4 ) - m e th y l -  
l ( 2 H ) - p y r id in e a c r y l a t e ,  c o u ld  a lso  b e  o b ta in e d  in  t h e  r e a c t io n  w i th  3 - m e th y l- 2 - a m in o p y r id in e  a n d  4 - m e th y l- 2 - a m in o -  
p y r id in e

The addition of amines to «„S-acetylenic esters 
has been reported to give /3-amino-a,/3-ethylenic 
esters.1 The addition of 2-aminopyridinos to an 
a,^-acetylenic ester has not been reported. How
ever, this amine adds to methyl acrylate to give not 
only a noncyclic product derived from the amino 
tautomer2 but also a cyclic product derived from the 
imino tautomer of the aminopyridine.2’3 It appeared

(1 )  C . M o u r e u  a n d  I .  L a z e n n a c ,  Bull. Soc. Chim., 3 5 , 
1190  (1 9 0 6 ).

( 2 ) R .  A d a m s  a n d  I .  P a c h tc r ,  J. A ni. Clicm. Soc., 7 4 , 5491
(1 9 5 2 ) .

(3 )  G . R .  L a p p in ,  J. Org. Clicm., 2 3 , 13 5 8  (1 9 5 8 ).

of interest to investigate the effect of the 2-amino
pyridine tautomerism on its addition to an a,¡3- 
acetylenic ester such as methyl propiolate.

By analogy with the reported reaction with 
methyl acrylate, the addition of 2-aminopyridine 
to methyl propiolate might be expected to give two 
products, methyl 2-(2-pyridylamino)acrylate (I. 
R = H) and 2H-pyrido[l,2-a]pyrimidin-2-one 
(II. R = H).

Compounds having both types of structures are 
known. The acid produced by hydrolysis of I,
2-(2-pyridylamino)acrylic acid, can be prepared by 
hydrolysis of diethyl (2-pyridylaminomethylene)
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N  N H C H = C H C O O C H 3

R- % J
+  I

H C = C C O O C H 3

+  I I
h c = c c o o c h 3

malonate,4 while II can be prepared by the reaction 
of 2-aminopyridine with 2-bromoacrylic acid.2

When 2-aminopyridine was mixed with methyl 
propiolate, a violently exothermic reaction oc
curred. The product was a red tar from which no 
identifiable substance could be obtained. However, 
if the reaction was carried out in ether solution at
10- 20° using equimolar quantities of the two 
reactants, a solid product slowly precipitated from 
the solution. Visual examination of this product 
showed that it consisted of a mixture of white 
crystals and orange crystals. These two substances 
could be cleanly separated by continuous ether 
extraction. The white, completely insoluble prod
uct was shown to be 2H-pyrido[l,2-a]pyrimidin-2- 
one (II. R = H) by comparison of its infrared 
spectrum with that of an authentic specimen. 
The slightly soluble, orange, crystalline product,
m.p. 134-135°, had the correct analysis for C«- 
H14N2O4, an adduct of one mole of 2-aminopyridine 
with two moles of methyl propiolate. This type of 
product will hereafter be called a diadduct. The use 
of an excess of 2-aminopyridine did not alter the 
nature of the products obtained.

When this reaction was applied to the various 
methyl-2-aminopyridines, the results were similar. 
All except 6-methyl-2-aminopyridine gave a mix
ture of an ether-insoluble, high-melting, colorless

in 29-63% yield. Only one product was obtained 
with 6-methyl-2-aminopyridine, a 77% ’field of a 
high-melting, ether-insoluble, colorless solid. In 
each case, ether extraction gave a clean separation 
of the two types of products. All of the high- 
melting, insoluble products were shown to be 
methyl - 2H - pyrido[l,2 - a]pyrimidin - 2 - ones 
(II. R = C H 3 )  by analysis and comparison of their 
infrared spectra with that of 2H-pyrido[l,2-a]- 
pyrimidin-2-one. Because 6-methyl-2-amino-pyri- 
dine had previously given only 1,8-naphthyridine 
derivatives in cyclization reactions5 and gave no 
cyclic product with methyl acrylate,3 the high 
yield of 5-methyl-2H-pyrido[l,2-a]pyrimidin-2-one 
was completely unexpected. To further confirm the 
structure of this product, it was subjected to al
kaline hydrolysis. A good yield of 6-methyl-2- 
aminopyridine was obtained, showing that the 
compound did indeed have the pyridopyrimidinone 
structure. The isomeric l,8-naphthyridin-4-ol would 
have survived this hydrolysis unchanged.

Analysis of the colored, lower melting products 
showed that only the one from 5-methyl-2-amino- 
pyridine was a diadduct of the type given by 2- 
aminopyridine. Both 3-methyl-2-aminopyridine and
4-methyl-2-aminopyridine gave a mcnoadduct; 
that is, a 1:1  adduct of the amine and methyl pro
piolate. These monoadducts, however, could be 
converted to diadducts by reaction with more 
methyl propiolate. In the case of 4-methyl-2- 
aminopyridine, using an excess of methyl propiolate 
gave a low yield of monoadduct in the insoluble 
product, but also a higher yield of the more soluble 
diadduct in the ether solution. Neither 2-amino
pyridine nor 5-methyl-2-aminopyridine could be 
made to give a monoadduct, however. It appears 
that the type of adduct formed is largely dependent 
on the relative insolubility of the monoadduct and 
diadduct of a given 2-aminopyridine in ether.
The structures considered for the adducts were

^ N x / N ( C H = C H C O O C H 3) 2

R  ~ 4 r X

I I I

c h = c h c o o c h 3

. n ^ n c h = c h c o o c h 3

V I

product in 7-34% yield and a lower melting yellow 
or orange product which was slightly  ̂ ether-soluble

(4 )  (4. R .  L a p p in ,  . / .  Am. Chem. Soc., 7 1 , 3 2 5 8  (1 9 4 9 ) .
(5 )  G . R .  L a p p in ,  J . Am. Chem. Soc., 70, 3 3 4 8  (1 9 4 8 ).

as follows. If the initial attack was at the amino 
nitrogen, the monoadduct would have the 2-(2- 
pyridylamino)acrylate structure, I. The addition 
of the second mole of methyl propiolate could then
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occur either at the amino nitrogen or the ring ni
trogen to give either III or V. If the initial attack 
occurred at the ring nitrogen, the monoadduct 
would be a 2-imino-l(2H)-pyridineacrylate (IV) 
and the second mole of methyl propiolate could 
react only at the imino nitrogen to give a 2-(2- 
methoxycarbonylvinylimino) - 1(2H) - pyridine- 
acrylate (V). Another, but less likely, structure for 
the monoadduct is VI, which would also give V as 
the diadduct. The fact that the monoadducts and 
diadducts were colored seemed to eliminate I and 
III from consideration. The structure of the mono
adducts was positively established as IV by their 
easy alkaline hydrolysis to ammonia and a methyl-
2-oxo-l(2H) - pyridineacrylic acid (VII). Neither 
I nor VI could give these products.

C H = C H C O O C H 3 C H = C H C O O H

C H 3- ¿ T N H  C H ^ r  +  N „ , t

V I I

With the structure IV established for the mono
adduct, the diadduct could only be V.

Attempts to cyclize the monoadduct to II were 
unsuccessful; therefore, the addition of the 2- 
aminopyridine to methyl propiolate must not be 
stereospecific, but must, rather, produce both the 
cis and trans monoadduct. The cis adduct (IVa) is 
favorably disposed for ring closure and immediately 
closes to II. The trans adduct (IVb) is not favorably 
arranged for ring closure and is isolated as either 
the monoadduct or diadduct.

H \ c ^ C \ c O O C H 3 1
lx N

I V a I V b

The reaction of 2-aminopyridine and the methyl- 
aminopyridines has produced two unexpected and, 
at present, unexplained results. First, 6-methyl-2- 
aminopyridine gave a good yield of pyridopyrimi- 
dinone, although in all previously reported reac
tions of this compound only noncyclic products or
I, 8-naphthyridines have been produced. Second, 
noncyclic, nonresonance-stabilized, imino-form ad
ducts have been isolated for the first time. Previously 
reported 2-aminopyridine derivatives substituted 
on the ring nitrogen have been either a quaternary 
salt such as l-methyl-2-aminopyridinium iodide, 
in which the pyridine ring is in its normal reso
nance-stabilized form rather than the imino form 
or a cyclic derivative of the imino form such as
II.

E X P E R I M E N T A L

Addition of 2-aminopyridine to methyl propiolate. T o  a  
c o ld  s o lu t io n  o f  9 .4  g . (0 .1  m o le )  o f  2 - a m in o p y r id in e  in  5 0

m l. o f  e th e r ,  a  s o lu t io n  o f  8 .4  g . (0 .1  m o le )  o f m e th y l  p r o 
p io l a t e  in  10  m l.  o f  e th e r  w a s  a d d e d .  A  s o lid  p r e c i p i t a t e  
a p p e a r e d  a f t e r  3 0  m in . a n d  a p p e a r e d  to  c o n t in u e  t o  in c r e a s e  
in  a m o u n t  fo r  4 8  h r .  A f te r  t h i s  t im e ,  t h e  p r o d u c t  w a s  co l
l e c te d  b y  f i l t r a t io n  a n d  w a s  th e n  e x t r a c t e d  w i th  d r y  e t h e r  in  
a  S o x h le t  e x t r a c to r  u n t i l  t h e  e f f lu e n t  f ro m  t h e  e x t r a c t io n  w a s  
c o lo r le s s . T h e r e  r e m a in e d  u n d is s o lv e d  3 .4  g . ( 2 4 % )  o f  off- 
w h i te  c r y s ta l s ,  m .p .  2 4 8 - 2 5 0 ° .  T h is  m a te r i a l  w a s  s h o w n  t o  
b e  2 H - p y r id o [ 1,2 - a ] p y r im id in - 2 -o n e  ( I I .  R  =  H )  b y  c o m 
p a r i s o n  o f  i t s  in f r a r e d  s p e c t r u m  w i th  t h a t  o f  a n  a u t h e n t i c  
s p e c im e n .

T h e  e t h e r  s o lu t io n  f ro m  th e  e x t r a c t io n  w a s  e v a p o r a t e d  t o  
d r y n e s s  t o  g iv e  8 .0  g . ( 2 9 % )  o f  y e l lo w -o ra n g e  c r y s t a l s  (V . 
R  =  H ) ,  m .p .  1 3 4 -1 3 5 °  a f t e r  r e c r y s ta l l i z a t io n  f ro m  e t h y l  
a lc o h o l .

Anal. C a le d , f o r  C i3H h N 20 4: C , 5 9 .5 ;  H ,  5 .3 5 ;  N ,  10 .7 . 
F o u n d :  C , 5 9  8 ;  H , 5 .4 7 ; N , 10 .5 .

W h e n  th i s  e x p e r im e n t  w a s  r e p e a te d  u s in g  1 8 .8  g . (0 .2  
m o le )  o f  2 - a m in o p y r id in e  a n d  8 .4  g . (0 .1  m o le )  o f  m e th y l  
p r o p io la te ,  t h e r e  w a s  o b ta in e d  3 .8  g . o f  I I ,  R  =  H , a n d  6 .8  g . 
o f  V , R  =  H .

A  t h i r d  e x p e r im e n t  c a r r ie d  o u t  in  t h e  s a m e  m a n n e r ,  ex 
c e p t  t h a t  9 .4  g . (0 .1  m o le )  o f  2 -a m in o p y r id in e  a n d  1 6 .8  g. 
(0 .2  m o le )  o f  m e th y l  p r o p io la te  w e re  u s e d , g a v e  2 .3  g . o f  
I I ,  R  =  H , a n d  1 0 .5  g . o f  V , R  =  H .

Addition of S-methyl-2-aminopyridine to methyl propiolate. 
T o  a  c o ld  s o lu t io n  o f  1 1 .0  g. (0 .1  m o le )  o f 3 - m e th y l- 2 -  
a m in o p y r id in e  in  5 0  m l.  o f  e th e r ,  a  s o lu t io n  o f  8 .4  g . (0 .1  
m o le )  o f  m e th y l  p r o p io la te  in  10 m l. o f e th e r  w a s  a d d e d .  
T h e  r e a c t io n  w a s  q u i t e  e x o th e r m ic  a n d  c o o lin g  w a s  r e q u i r e d  
t o  p r e v e n t  t h e  s o lu t io n  f ro m  b o ilin g . A f te r  2 4  h r .  a t  5 - 1 0 ° ,  
t h e  p r o d u c t  w a s  c o l le c te d  a n d  e x t r a c t e d  w i th  d r y  e t h e r  i n  a  
S o x h le t  e x t r a c to r ,  a s  in  t h e  r e a c t io n  w i th  2 -a m in o p y r id in e .  
T h e  in s o lu b le ,  w h i te  c r y s ta l l in e  p r o d u c t  ( I I .  R  =  8  — C E R ) 
m .p .  2 2 6 - 2 2 8 ° ,  w e ig h e d  6 .0  g. ( 3 7 % ) .

Anal. C a le d , f o r  C 9I R N 20 :  C , 6 7 .5 ;  H ,  5 .0 0 ; N ,  17 .5 . 
F o u n d :  C , 6 7 .3 ;  H , 5 .1 3 ; N ,  17 .2 .

B y  e v a p o r a t io n  o f  t h e  e th e r  s o lu t io n  th e r e  w a s  o b ta in e d
8 .5  g. ( 4 4 % )  o : IV , R  =  3  — C H 3, a s  g o ld e n  y e l lo w  c r y s ta l s ,  
m .p .  1 1 4 -1 1 5 ° .

Anal. C a le d , fo r  C i0H 12N 2O 2: C , 6 2 .5 ; H ,  6 .2 5 ; N ,  1 4 .5 9 . 
F o u n d :  C , 6 2 .1 ;  H ,  6 .4 4 ; N ,  14 .60 .

Addition of ^-methyl-2-aminopyridine to methyl propiolate. 
T o  a  s o lu t io n  o f  1 1 .0  g . (0 .1  m o le )  o f  4 - m e th y l- 2 - a m in o p y r i -  
d in e  in  2 0 0  m l. o f  e t h e r  w a s  a d d e d  8 .4  g . (0 .1  m o le )  o f  m e th y l  
p r o p io la te .  A f te r  1 w e e k  t h e  p r o d u c t  w a s  c o l le c te d  a n d  ex 
t r a c t e d  a s  b e fo re . T h e r e  w a s  o b ta in e d  1 .1  g . ( 7 % )  o f  I I  
R  =  7  -  C H 3; m .p .  2 5 5 - 2 6 0 °  d e c .

Anal. C a le d , f o r  C 9H 8X 20 :  C , 6 7 .5 ;  H ,  5 .0 0 ; N ,  1 7 .5 . 
F o u n d :  C , 6 7 .4 ;  H , 5 .1 2 ; N ,  17 .3 .

T h e  s o lu b le  p r o d u c t  ( I V .  R  =  4  — C H 3) w a s  o b ta in e d  a s  
g o ld e n  y e l lo w  c r y s t a l s  f ro m  e t h y l  a lc o h o l - e th e r ,  m .p . 1 0 1 -  
1 0 2 ° , w e ig h t ,  1 2 .0  g . ( 6 3 % ) .

Anal. C a le d , f o r  C i0H I2N 2O 2: C , 6 2 .5 ;  H ,  6 .2 5 ; N , 14 .5 9 . 
F o u n d :  C , 6 2 .4 ;  H ,  6 .4 4 ; N ,  14 .3 8 .

W h e n  11 .0  g . (0 .1  m o le )  o f 4 - n ie th y l- 2 - a m in o p y r id in e  w a s  
t r e a t e d  in  e x a c t ly  t h e  s a m e  m a n n e r  w i th  1 6 .8  g . (0 .2  m o le )  
o f  m e th y l  p r o p io la te ,  t h e  in s o lu b le  p r o d u c t  g a v e , a f t e r  
e x t r a c t io n ,  1 .2  g . o f  t h e  p y r id o p y r im id in o n e  ( I I .  R  =  7 
— C H 3) a n d  5 .6  g . o f  t h e  m o n o a d d u c t  ( IV .  R  =  4  — C H 3). 
E v a p o r a t i o n  o f  t h e  f i l t r a t e  f ro m  t h e  r e a c t io n  m ix tu re ,  
fo llo w e d  b y  r e c r y s ta l l i z a t io n  o f  t h e  r e s id u e  f ro m  e th y l  
a lc o h o l ,  g a v e  9 .1  g . o f  p in k i s h  b u f f  c r y s ta l s  ( V . R  =  4  — C F R ) 
m .p .  1 4 0 -1 4 1 ° .

Anal. C a le d , f o r  C i4H 16N 20 , :  C , 6 0 .8 ;  H ,  5 .8 0 ; N ,  10 .1 5 . 
F o u n d :  C , 6 0 .7 ;  H ,  5 .6 3 ; N ,  10 .02 .

Addition of 5-methyl-2-aminopyridine to methyl propiolate. 
A  s o lu t io n  o f  1 1 .0  g . (0 .1  m o le )  o f  5 - m e th y l- 2 - a m in o p y r id in e  
a n d  8 .4  g. (0 .1  m o le )  o f  m e th y l  p r o p io la te  in  50  m l. o f  e th e r  
w a s  h e ld  a t  r o o m  t e m p e r a tu r e  f o r  4  d a y s .  T h e  p r o d u c t  w a s  
c o l le c te d  a n d  e x t r a c t e d  a s  b e fo re .  T h e r e  w a s  o b ta in e d  2 .3  g . 
( 1 5 % )  o f  I I ,  R  =  6  — C I I 3, m .p .  2 2 6 - 2 2 8 ° .

Anal. C a le d , f o r  C 9H 8N 20 :  C , 6 7 .5 ;  H , 5 .0 0 ;  N ,  1 7 .5  
F o u n d :  C , 6 7 .4 ;  H , 5 .0 5 ; N ,  17 .1 .
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T h e r e  w a s  a ls o  o b t a in e d  11 .3  g . ( 4 1 % )  o f V , R  =  5 — C H t , 
a s  y e l lo w  c r y s ta l s ,  m .p .  1 5 2 -1 5 3 ° , a f t e r  r e c r y s ta l l i z a t io n  
f ro m  a lc o h o l.

Anal. C a lc d . f o r  C i 4H 16N ; A :  C , C 0 .8 ; H ,  5 .8 0 ; N ,  10 .1 5 . 
F o u n d :  C , 6 1 .1 ;  H ,  6 .1 0 ; N ,  10 .2 5 .

Addition of 6-methyl-2-aminopyridine to methyl propiolate. 
A  s o lu t io n  o f  1 1 .0  g . (0 .1  m o le )  o f 6 - m e th y l - 6 - a m in o p y r id in e  
a n d  8 .4  g . (0 .1  m o le )  o f  m e th y l  p r o p io la te  in  50  m l. o f  d r y  
e t h e r  w a s  h e ld  a t  r o o m  t e m p e r a t u r e  f o r  5  d a y s .  F i l t r a t i o n  o f 
t h e  m ix tu r e  g a v e  1 2 .3  g . ( 7 7 % )  of I I ,  R  =  5  — C H 3, m .p .
1 9 4 -1 9 5 ° .

Anal. C a lc d . f o r  C „ H 8N 20 :  C , 6 7 .5 ;  H ,  5 .0 0 ; N ,  17 .5 . 
F o u n d :  C , 6 7 .2 ;  H ,  5 .2 1 ; N ,  17 .6 .

T h is  s u b s ta n c e  r a p id ly  a b s o r b e d  w a te r  f ro m  t h e  a i r  t o  g iv e  
a  d i h v d r a t e  w h ic h  d e h y d r a t e d  t o  t h e  a n h y d r o u s  f o rm  w h e n  
h e a t e d  t o  a b o u t  1 5 0 ° .

Anal. C a lc d . f o r  C 9H 12N 2O 3: C , 5 5 .1 ;  H ,  6 .1 0 ; N ,  1 4 .3 0 . 
F o u n d :  C , 5 5 .3 ;  H ,  6 .0 5 : N ,  14 .3 2 .

E v a p o r a t i o n  o f  t h e  f i l t r a t e  f ro m  t h e  i s o la t io n  o f  t h e  a b o v e  
p r o d u c t  g a v e  a  r e d  t a r ,  f ro m  w h ic h  w a s  o b ta in e d  b y  d is t i l l a 
t i o n  1 .3  g . o f r e c o v e r e d  6 - m e th y l- 2 - a m in o p y r id in e .

Hydrolysis of 5-meth.yl-2H-pyrido[1,2-a]pyrimidin~2-one 
( I I .  R  =  5 — CH3 ). T h is  s u b s ta n c e  (4 .8  g ., 0 .0 3  m o le )  
w a s  r e f lu x e d  w i th  1 0  m l .  o f  1 0 %  a q u e o u s  s o d u m  h y d r o x id e  
f o r  10  h r .  A f te r  b e in g  c o o le d , t h e  s o lu t io n  w a s  e x t r a c t e d  w i th  
e t h e r  in  a  c o n t in u o u s  e x t r a c to r .  E v a p o r a t io n  o f  t h e  e x t r a c t  
g a v e  2 .9  g . ( 8 8 % )  o f  6 - m e th y l- 2 - a m in o p y r id in e .

Conversion of monoadduct to diadduct hy reaction with 
methyl propiolate. A  s o lu t io n  o f 1 .9  g . (0 .1 0  m o le )  o f t h e  m o n o 
a d d u c t  ( I V )  a n d  1 .0  g . (0 .1 2  m o le )  o f  m e th y l  p r o p io la te  in  
2 5  m l.  o f  c h lo r o fo r m  a n d  25  m l.  o f  d r y  e th e r  w a s  r e f lu x e d  f o r

4  h r .  T h e  s o lu t io n  w a s  t h e n  e v a p o r a t e d  t o  d r y n e s s  i n  vacuo  
a n d  t h e  r e s id u e  w a s  r e c r y s ta l l iz e d  f ro m  e th y l  a lc o h o l .  I n  
t h i s  w a y  t h e  fo llo w in g  c o m p o u n d s  w e re  o b ta in e d .

M e th y l  2 - (2 - m e th o x y r c r b o n y lv ii iy l im in o ) -4 -n ie tk y lp y r id in e -  
a cry la te  (V . R  =  4  — C 'H 3), T h e  y ie ld  o f  b r ic k  c o lo re d  c r y s ta ls  
m .p .  1 4 0 -1 4 1 ° , w a s  2 .1  g . ( 7 0 % ) .  T h is  c o m p o u n d  w as 
s h o w n  b y  a  m ix tu r e  m e l t in g  p o in t  t o  b e  id e n t ic a l  w i th  th e  
p r o d u c t  p r e v io u s ly  o b ta in e d  f ro m  t h e  r e a c t io n  o f  2  m o le s  of 
m e th y l  p r o p io la te  w i th  1 m o le  o f  4 - m e th y l- 2 - a m in o p y r id in e .

M e th y l  2 -m e ih o x y c a r h o n y lv in y l im in o 'y S -m e th y lp y r id m e -  
a cry la ie  (V . R  =  3  — C H 3). T h e  y ie ld  o f  y e l lo w  c r y s ta ls ,  
m .p .  1 5 1 -1 5 2 ° , w a s  1 .8  g . ( 6 5 % ) .

A n a l .  C a lc d . f o r  C 14I I 16N 2O 4: C , 6 0 .8 ;  H , 5 .8 0 ; N ,  10 .1 5 . 
F o u n d :  C , 6 0 .6 ;  H ,  5 .7 1 : N ,  9 .9 6 .

H y d r o ly s is  o f  IV . R  = S  — C H S. T h r e e  g r a m s  o f  th i s  
a d d u c t  w a s  re f lu x e d  fo r  3 0  m in . w i th  3 0  m l. o f 1 0 %  a q u e o u s  
s o d iu m  h y d r o x id e .  A m m o n ia  w a s  e v o lv e d  d u r in g  th i s  
h e a t in g .  T h e  s o lu t io n  w a s  c o o le d  a n d  a c id if ie d  w i th  d i lu te  
h y d r o c h lo r ic  a c id  t o  g iv e , a f t e r  d r y in g  in  a  v a c u u m  o v e n ,
2 .1  g . ( 7 0 % )  o f  3 - m e th y l- 2 - o x o - l ( 2 H ) - p y r id in e a c r v l ie  a c id , 
m .p .  2 3 8 -2 4 0 ° .

A n a l .  C a lc d . f o r  C 9I I 9N 0 3: C , 6 0 .4 ;  H , 5 .0 3 ; N ,  7 .8 2 . 
F o u n d :  C , 6 0 .3 ;  H ,  5 .1 4 ; N ,  7 .6 5 .

H y d r o ly s is  o f  IV. R =  4  — C H 3. T h is  a d d u c t  w a s  h y 
d r o ly z e d  a s  p r e v io u s ly  d e s c r ib e d  f o r  I V , R  =  3  — C H 3, 
t o  g iv e  a  6 2 %  y ie ld  o f 4 - m e th y l- 2 - o x o - l ( 2 H ) - p y r id in e a c r y l ic  
a c id ,  m .p .  2 2 9 - 2 3 0 ° .

A n a l .  C a lc d . f o r  C 9H , X 0 3: C , 6 0 .4 ;  H , 5 .0 5 ; N ,  7 .8 2 . 
F o u n d :  C , 6 0 .2 ;  H ,  5 .3 0 ; N ,  7 .6 8 .

Kingsport, Tenn.

[Contribution from The Wellcome Research Laboratories]

2 ,4-D iam in o-5-[4 '-flu oro-3 '-h a logen op h en yl]p yrim id m es

R I C H A R D  B A L T Z L Y , L I N D A  W R I G H T  S H E E H A N ,  and A L A N  S T O N E

Received December 7, 1960

T h e  p r e p a r a t io n  o f  2 ,4 - d ia m in o - 6 - a lk y l -5 - [3 ',4 '- d if lu o r o p h e n y l-  a n d  3 '- c h lo r o -4 '- f lu o ro p h e n y l]p 3 w im id in e s  is  d e s c r ib e d . 
T h e  r o u te  fo llo w e d  in v o lv e d  t h e  c h lo r o m é th y la t io n  o f  o - d i f lu o ro b e n z e n e  a n d  o - c h lo ro f lu o ro b e n z e n e  a n d  o r i e n t a t io n  o f  t h e  
p r o d u c t  in  t h e  l a t t e r  c a s e .

The 2,4-diamino-6-alkyl-5- [3',4'-diehlorophenyl] 
pyrimidines1 (I. Ar = 3,4-dichlorophenyl; R = 
alkyl) have appreciable though not spectacular 
activity against Adenocarcinoma 755 in mice. 
The corresponding 3',4'-dibromophenyl derivatives 
were found to be less active. Hence the synthesis of 
3',4'-difluorophenyl and of chlorofluorophenyl ana
logs was indicated.

The general line of synthesis of this type of 
pyrimidine is by the route:

A r C H jC N  — >- A r C H — C N  — >  A r— C — C N  — >  I

O R  R — ( i— O R '

(1) P .  B . R u s s e l l  a n d  G . H .  H i tc h in g s ,  J. Am. Chem. Soc., 
7 3 ,3 7 6 3  (1 9 5 1 ). •

No difficulty was anticipated in following this 
route except for possible lability of fluorine on 
aryl during the first and last steps which require 
strongly alkaline conditions. The necessary starting 
materials, however, were not readily accessible 
and it was necessary to prepare them from avail
able compounds. Since o-chlorofluorobenzene could 
be purchased, the preparation was worked out 
starting with it rather than with the still more 
expensive o-difluorobenzene. Substitution into 0- 
chlorofluorobenzene could give rise to isomers.2 
Ingold and Vass reported that nitration took place 
predominantly para to the fluorine (ratio ca. 
4:1). Since it was desired to avoid a mixture of 
isomers we first attempted a route through a 
Friedel-Crafts reaction (which is known to be 
highly selective). I t  was hoped to convert the 
expected 3-chloro-4-fluoroacetophenone to 3-chloro-
4-fluorophenylacetic acid by the Willgerodt reac
tion and thence obtain the desired nitrile.

(2 ) C . K .  I n g o ld  a n d  C . C . N .  V a ss , J. Chem. Soc., 4 1 7
(1 9 2 8 ).
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The Friedel-Crafts reaction on o-chlorofluoroben
zene gave an acceptable yield of a solid ketone 
and careful examination of mother-liquors (through 
formation of the semicarbazone) afforded no evi
dence of the presence of isomers. A portion of this 
ketone reacted with sodium thiophenolate to give 
t he diphenyl sulfide II the analyses of whose phenyl- 
hydrazone and semicarbazone demonstrate that 
fluorine rather than chlorine had been displaced. 
Since halogen para to the carbonyl ought to be 
somewhat activated, we consider this transforma
tion to be evidence that acetylation had taken 
place para to the fluorine.

C H , C H 3

C O  C O

F  S - C 6H 5

I I

The Willgerodt reaction of 3-chloro-4-fluoroaceto- 
phenone (with morpholine and sulfur) gave a most 
intractable mixture from which (after hydrolysis) 
only a very small quantity (around 2%) of an acid 
melting at 53° could be isolated.

The originally preferred approach having failed, 
recourse was had to the chlorométhylation reac
tion. Since the acid melting at 53° must be the
3-chloro-4-fluorophenyl acetic acid a means of 
identifying isomers would be available if necessary. 
While no example of the use of this reaction on 
orf/io-dihalogenobenzenes was found, the original 
paper of Stephen, Short, and Gladding,3 which 
describes the chlorométhylation of o- and p-nitro- 
toluenes under rather drastic conditions, suggested 
that suitable conditions could be found in this 
case also. Such indeed proved to be the case. When 
dissolved in equal parts of sulfuric and acetic acids 
in the presence of chloromethyl ether and heated 
on the steam-bath chlorofluorobenzyl chloride was 
obtained in 12-33% yield depending on the time of 
heating. When a portion of the acetic acid was 
replaced by acetic anhydride the yield was raised 
to about 50%.

This chloromethyl derivative was smoothly con
verted to a liquid nitrile and a portion of this was 
hydrolyzed (under acid conditions) to a single 
chlorofluorophenyl acetic acid, identical with that 
obtained previously from 3-chloro-4-fluoroaceto- 
phenone.

This method of chlorométhylation gave similar 
yields from o-difluorobenzene from which only one 
isomer would be expected. Further operations by 
the projected route led smoothly to 2,4-diamino-5- 
[3%hloro-4'-fhioropIienyl]-6-methylpyrimidine, 2,-

(3) H .  S te p h e n ,  W . F .  S h o r t ,  a n d  G . G la d d in g ,  J. Chem. 
Soc., 1 1 7 , 5 1 0  (1 9 2 0 ); cf. S . N is h id a .  Repts. Sci. Research 
Inst. {Japan), 2 5 , 39 9  (1 9 4 9 ).

d-diamino-o-fS'jd'-difluorophenylj-G-methyl and
6-ethylpyrimidines. In tests against transplantable 
tumors in mice, all three compounds showed no 
more than trace activity at best.

EX PERIM EN TA L

S-Chloro-^-fluoroacetophenone. I n  100 cc . o f  c a r b o n  b is u lf id e  
w as d is s o lv e d  4 0  g . (0 .3  m o le )  o f o - c h lo ro f lu o ro b e n z e n e . T o  
th i s  w a s  a d d e d  4 5  g . o f  a lu m in u m  c h lo r id e  a n d  g r a d u a l  
a d d i t i o n  of a c e ty l  c h lo r id e  (3 0  g . =  0 .3 2  m o le )  w a s  b e g u n , 
w i th  s t i r r in g .  W h e n  a b o u t  h a l f  o f  t h e  a c e ty l  c h lo r id e  h a d  
b e e n  a d d e d  th e r e  w e re  d e f in i te  s ig n s  o f  r e a c t io n  ( w a rm in g  
a n d  e v o lu t io n  o f  h y d r o g e n  c h lo r id e ) .  T h e  s o lu t io n  w a s  
w a r m e d  t o  g e n t le  r e f lu x  a n d  t h e  r e s t  o f t h e  a c e ty l  c h lo r id e  
w a s  a d d e d  g r a d u a l ly .  A f te r  re f lu x in g  f o r  2  h r .  t h e  r e a c t io n  
m ix tu re  (n o w  in  tw o  la y e r s )  w a s  a l lo w e d  t o  s t a n d  o v e r n ig h t .  
I t  w a s  t h e n  r e f lu x e d  2 h r .  lo n g e r . T h e  u p p e r  l a y e r  w a s  
d e c a n te d  a n d  t h e  tw o  la y e r s  w e re  h y d r o ly z e d  s e p a r a te ly  
w i th  ic e  a n d  h y d r o c h lo r ic  a c id .  T h e  lo w e r  L ayer, t a k e n  in to  
e th e r ,  d r ie d  o v e r  c a lc iu m  c h lo r id e , a n d  e v a p o r a t e d  c o n ta in e d  
30  g . o f o il  (A ) . T h e  u p p e r  la y e r ,  a f t e r  s im i la r  t r e a t m e n t ,  
w as  f o u n d  t o  c o n ta in  13 g. o f o il ( B ) .

F r a c t io n  A  w a s  d is t i l le d  a t  7  m m . p r e s s u re .  A f te r  a  fo re 
r u n  ( 3  g .)  b o i l in g  a r o u n d  5 0 °  t h e r e  w a s  o b ta in e d  a  m a in  
f ra c tio n  (1 9  g .)  b o i l in g  a t  1 0 0 ° . T h is  m a te r i a l  so lid if ie d  a n d  
m e l te d  a b o u t  3 0  °. A f te r  tw o  c r y s ta l l i z a t io n s  f ro m  p e n ta n e  
th e r e  w a s  o b ta in e d  10 .5  g . o f  f la t  p r is m s  m e l t in g  a t  4 1 - 4 2 ° .

Anal. C a lc d . f o r  C 8H 6C 1 F 0 :  C , 5 5 .7 ;  H ,  3 .5 . F o u n d :  C , 
5 5 .9 ;  H ,  3 .9 . T h is  k e to n e  f o rm s  a  p h e n y lh y d r a z o n e ,  m .p . ,  
1 1 6 -1 1 9 ° .

Anal. C a lc d . f o r  C h H i2C 1FN 2: C , 6 4 .0 ;  H ,  4 .6 . F o u n d :  C , 
6 3 .9 ;  H ,  4 .2 . T h e  s e m ic a rb a z o n e  m e l ts  a t  2 1 2 - 2 1 3 .5 ° .

Anal. C a lc d . f o r  C 9H ,C 1 F N ,0 :  C , 4 7 .1 ;  H ,  4 .0 . F o u n d :  
C , 4 7 .2 ;  H ,  3 .7 . B o th  t h e  p h e n y lh y d r a z o n e  a n d  s e m ic a r b a 
z o n e  m e l te d  s o m e w h a t  i r r e g u la r ly ,  a p p a r e n t l y  w i th  d e c o m p o 
s i t io n .

F r a c t io n  B  t o g e th e r  w i th  t h e  f o re - r u n  o f  A  w a s  d is t i l le d  
a t  a tm o s p h e r ic  p r e s s u re ,  10 g . o f  o - c h lo ro f lu o ro b e n z e n e  b e in g  
re c o v e re d . F r o m  t h e  r e s id u e  o f  t h i s  d i s t i l l a t io n  a n d  f ro m  
t h e  m o th e r  l iq u o r s  f ro m  c r y s ta l l i z a t io n  o f  t h e  c r y s ta l l in e  
k e to n e , p h e n y lh y d r a z o n e s  a n d  s e m ic a rb a z o n e s  w e re  p r e 
p a r e d .  T h e  m e l t in g  p o in t s  o f  th e s e  in d ic a te d  p re s e n c e  o f  n o t  
m o re  t h a n  t r a c e s  o f  is o m e r ic  k e to n e .

3-Chloro-4-phenylmercaploaceiophenone. T o  10 cc . o f  a b 
s o lu te  e th a n o l  w a s  a d d e d  2 .2  g . (0 .0 2  m o le )  o f  th io p h e n o l  a n d  
1 g. o f t h e  c r y s ta l l in e  3 - c h lo ro -4 - f lu o ro a c e to p h e n o n e . T h e  
s o lu t io n  w a s  h e a t e d  to  g e n t le  re f lu x  a n d  0 .6  g . (0 .1 1  m o le )  o f 
s o lid  s o d iu m  m e th o x id e  w a s  a d d e d .  T h e  s o lu t io n  w a s  
re f lu x e d  4 .5  h r . ,  c o o le d , d i lu te d  w i th  w a te r ,  a n d  p a r t i t i o n e d  
b e tw e e n  e th e r  a n d  d i lu t e  s o d iu m  h y d r o x id e  s o lu t io n .  T h e  
e th e r e a l  l a y e r  w a s  w a s h e d  a g a in  w i th  a lk a l i ,  t h e n  w i th  w a te r ,  
a n d  d r ie d  o v e r  c a lc iu m  c h lo r id e . E v a p o r a t io n  o f  s o lv e n t  le f t  
a  p a le -c o lo re d  o il t h a t  d id  n o t  c ry s ta l l iz e .  I t  w a s  d is t i l le d  
a t  2 0 - 3 0  m p r e s s u re .  T h e  h ig h e s t- b o i l in g  f r a c t io n  ( f u r n a c e  
t e m p e r a tu r e ,  1 0 0 -1 1 7 ° )  w a s  d is s o lv e d  in  e th e r  a n d  s h a k e n  
w i th  s o d iu m  s u lf id e  s o lu t io n  a n d  a lk a l i  ( t o  r e m o v e  t r a c e s  o f 
d ip h e n y l  d is u lf id e ) . O n  e v a p o r a t io n  o f t h e  e th e r ,  1 g . o f o il 
r e m a in e d .  T h is  c o u ld  n o t  b e  c r y s t a l l i z e d ; i t  w a s  d is s o lv e d  in  
a lc o h o l  a n d  1 g . o f  p h e n y lh y d r a z in e  a n d  1 cc . o f  a c e t ic  a c id  
w e re  a d d e d .  A f te r  w a r m in g  fo r  a n  h o u r ,  c o o lin g  a n d  d i lu t i n g  
w i th  w a te r  a  y e l lo w  o il s e p a r a te d  a n d  s u b s e q u e n t ly  s o lid i
f ied . I t  w a s  r e c r y s ta l l iz e d  f ro m  a q u e o u s  a lc o h o l  f o rm in g  
p a le  y e l lo w  d ia m o n d - s h a p e d  p la te s .  S in c e  th e s e  a p p e a r e d  
t o  b e  s o lv a te d  t h e y  w e re  r e c r y s ta l l iz e d  a g a in  f ro m  e th e r -  
h e x a n e  m ix tu re ,  m .p . ,  1 1 2 ° .

Anal. C a lc d . f o r  C otH i,C 1N2S : C , 6 8 .1 ; H ,  4 .9 . C a lc d . fo r
C .0H 17F N !!S : C , 7 1 .4 ;  H , 5 .1 . F o u n d :  C , 6 7 .9 ;  H , 4 .9 .

A n o th e r  p o r t io n  o f  t h i s  k e to n e  w a s  c o n v e r te d  t o  t h e  se m i
c a r b a z o n e  ( 0 .6  g. f ro m  0 .5  g. o f  o i ly  k e to n e ) .  C o lo r le s s  
c r y s ta l s  f ro m  a lc o h o l, m .p .,  2 0 3 ° .

Anal. C a lc d . f o r  C15H14CIN3OS: C , 5 6 .3 ;  H ,  4 .4 . C a lc d . 
fo r  C « H i4F N , 0 ^  C , 5 9 .4 ;  H ,  4 .7 . F o u n d :  C , 5 6 .5 ;  H ,  4 .9 ,
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Willgerodt reaction with S-chloro-4-fluoroacetophenone. 
T h e  k e to n e  (8 .5  g . 0 .0 5  m o le ) ,  2 .5  g . o f  s u l f u r  a n d  7  g . o f 
m o r p h o lin e  w e re  h e a t e d  t o  re f lu x  f o r  9 .5  h r . ;  20  cc . o f  a lc o h o l 
w as  a d d e d  a n d  t h e  m ix tu r e  w a s  a llo w e d  to  s t a n d  o v e r n ig h t .  
A t t e m p t s  t o  o b t a in  a  c r y s ta l l in e  th io a m id e  b e in g  u n s u c c e s s 
fu l, t h e  e n t i r e  m a te r i a l  w a s  s u b je c te d  t o  h y d r o ly s is  w i th  
1 : 1 : 2  s u lf u r ic  a c i d - w a t e r - a c e t i c  a c id .  T h e  h y d r o ly s a t e  c o n 
t a in e d  m u c h  t a r r y  m a te r i a l  in s o lu b le  in  b e n z e n e , e th e r ,  
a c id ,  a n d  a lk a l i .  B y  e x t r a c t io n  o f t h e  e th e r -b e n z e n e  la y e r s  
w i th  s o d iu m  c a r b o n a te  s o lu t io n  a n d  a c id if ic a t io n  th e r e  
w a s  o b ta in e d  a  s m a ll  a m o u n t  o f  o rg a n ic  a c id . T h is  w a s  d is 
t i l le d  a t  2 0 - 4 0  m p r e s s u r e  a n d  t h e  d i s t i l l a te  wms c r y s ta l l iz e d  
tw ic e  f r o m  e th e r - h e x a n e  m ix tu r e ,  m .p . ,  5 1 - 5 3 ° .

3-Chloro-4-fluorobenzyl chloride. I n  70 cc . o f g la c ia l  a c e t ic  
a c id  w a s  d is s o lv e d  2 6  g . (0 .2  m o le )  o f o -e h lo ro f lu o ro b e n z e n e . 
T o  t h i s  w a s  a d d e d  7 0  cc . o f  c o n e d , s u lfu r ic  a c id , 3 5  cc . of 
c h lo r o m e th y l  e th e r ,  a n d  30  cc . o f  a c e t ic  a n h y d r id e .  T h e  
r e a c t io n  m ix tu r e  w a s  h e a t e d  u n d e r  a  r e f lu x  c o n d e n s e r  f o r  
18 h r .  o n  t h e  s te a m  b a t h .  A t  t h e  s t a r t  th e r e  w a s  so m e  e v o lu 
t io n  o f  g a s  b u t  a t  n o  t im e  w a s  t h e r e  c o n d e n s a t io n  in  t h e  
c o n d e n s e r .  T h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  o n to  ic e  a n d  
p a r t i t i o n e d  b e tw e e n  e th e r  a n d  w a te r .  T h e  e th e r e a l  la y e r  
w as  w a s h e d  th r e e  t im e s  w i th  w a te r ,  o n c e  w i th  s o d iu m  c a r b o n 
a t e  s o lu t io n ,  a n d  o n c e  a g a in  w i th  w a te r .  A f te r  d r y in g  o v e r  
c a lc iu m  c h lo r id e  a n d  e v a p o r a t io n  o f  t h e  e th e r  t h e  r e s id u e  
w as d is t i l le d  in vacuo. T h e r e  w a s  a  s m a ll  f o re - r u n  fo llo w e d  
b y  a  m a in  f r a c t io n  o f  18 g . b o i l in g  a t  8 6 - 9 3 °  a t  7 m m . T h is  
c o r re s p o n d s  t o  a  5 0 %  y ie ld .  W h e n  t h e  a c e t ic  a n h y d r id e  w a s  
o m i t te d  t h e  c o n v e r s io n  w a s  3 3 %  a f t e r  18  h r .  h e a t in g  a n d
1 2 - 1 5 %  a f t e r  3 .5  h r .

F r o m  t h e  d i s t i l l a t i o n  r e s id u e s  w a s  o b ta in e d  a  s o lid  t h a t  
m e l te d  a t  8 5 - 8 7 °  a f t e r  c r y s ta l l i z a t io n  f ro m  p e n ta n e .

Anal. C a lc d . f o r  C i3H 8C12F 2: C , 5 7 .2 ;  H ,  3 .0 . F o u n d :  C , 
5 6 .9 ;  H ,  2 .8 . T h is  is  p r e s u m a b ly  3 ,3 '-d ic h lo ro - 4 ,4 '- d i f lu o r o -  
d ip h e n y lm e th a n e .  I t  w a s  o b v io u s ly  n o t  t h e  o n ly  h ig h e r 
b o i l in g  c o m p o n e n t  o f  t h e  d i s t i l l a t i o n  re s id u e s .

S-Chloro-4-flnorophenylacetonürile. T h i r ty - f o u r  g r a m s  o f 
c r u d e  c h lo r o f lu o r o b e n z y lc h lo r id e  w a s  r e f lu x e d  5 h r .  w i th  20  
g . o f p o ta s s iu m  c y a n id e  in  120  cc . o f  m e th a n o l .  T h e  s o lv e n t  
-was b o i le d  off a n d  t h e  p r o d u c t  -was t a k e n  in to  e th e r ,  w a s h e d  
u n t i l  n e u t r a l ,  d r ie d  o v e r  c a lc iu m  c h lo r id e , a n d  d is t i l le d  a t  
7 m m . p r e s s u re .  T h e r e  w a s  o b ta in e d  17 g . o f  o il  b o i l in g  
f ro m  1 3 0 -1 3 4 ° .

A  1-g . p o r t io n  o f  t h i s  n i t r i l e  w-as h y d r o ly z e d  in  a  m ix tu r e  
o f  5 cc . e a c h  o f  s u lf u r ic  a c id ,  w a te r  a n d  a c e t ic  a c id  (2 2  h r .  
o n  t h e  s t e a m - b a th ) .  T h e  h y d r o ly s is  m ix tu r e  wra s  c o o le d , 
d i lu te d ,  a n d  p a r t i t i o n e d  b e tw e e n  e th e r  a n d  w a te r .  E x t r a c t io n  
o f t h e  e th e r e a l  l a y e r  w i th  s o d iu m  c a r b o n a te  s o lu t io n  fo l
lo w e d  b y  a c id i f ic a t io n  g a v e  a  lo w - m e l tin g  o rg a n ic  a c id .  T h is  
w a s  r e c r y s ta l l i z e d  f r o m  h e x a n e , n e e d le s ,  m .p .,  5 5 - 5 6 ° .  
T h e r e  w a s  n o  d e p r e s s io n  o f  m e l t in g  p o i n t  w h e n  m ix e d  
w i th  t h e  5 3 °  m e l t in g  a c id  o b ta in e d  f ro m  t h e  W il lg e r o d t  
p ro c e d u r e .

Anal. C a lc d . f o r  C 8H 6C 1 F 0 2: C , 5 0 .9 ;  H ,  3 .2 . F o u n d :  
C , 5 1 .1 ;  H ,  2 .9 .

3,4-Difluorophenylacetonitrile. T h e  c h lo r o m é th y la t io n  o f
o -d if lu o ro b e n z e n e  w a s  c o n d u c te d  e s s e n t ia l ly  a s  d e s c r ib e d  
fo r  o -c h lo ro f lu o ro b e n z e n e  a n d  w i th  y ie ld s  o f 4 2 - 4 5 % . O m is 
s io n  o f  t h e  a c e t ic  a n h y d r id e  r e s u l te d  in  2 5 - 3 0 %  y ie ld s .  T h e
3 ,4 - d if lu o ro b e n z y l  c h lo r id e  b o i le d  a t  7 6 - 8 0 °  a t  15 m m . p r e s 
s u r e .  I t  w a s  n o t  p o s s ib le  t o  i s o la te  a  c r y s ta l l in e  te t r a f lu o r o -  
d ip h e n y lm e th a n e  f ro m  t h e  d i s t i l l a t io n  r e s id u e s .

T h e  d i f lu o ro b e n z y l  c h lo r id e  tv a s  c o n v e r te d  t o  t h e  n i t r i l e  
w h ic h  b o ils  a t  1 1 0 -1 2 0 °  a t  13 m m . A  1-g . p o r t io n  w a s  h y d r o 
ly z e d  t o  t h e  a c id  (3 ,4 -d i f lu o ro p h e n y la c e t ic  a c id )  w h ic h  
m e l te d  a t  4 0 - 4 2 °  a f t e r  c r y s ta l l i z a t io n  f ro m  h e x a n e .

Anal. C a lc d . fo r  C 8H f,F 20 2: C , 5 5 .8 ;  H ,  3 .5 . F o u n d :  C , 
5 5 .7 ;  H , 3 .4 .
a-Aryl-p-hydroxycrotononitriles4 (a-aryl-a-acyi-acetonitriles). 

T h e  d ih a lo g e n o p h e n y la c o to n i t r i le s  w 'ere  c o n d e n s e d  w i th  
e th y l  a c e t a t e  o r  e th y l  p r o p io n a t e  ( ca. 3 e q .)  a n d  s o d iu m  
e th o x id e  (1 .5  e q .)  in  a b s o lu te  a lc o h o l  a t  re f lu x  f o r  6 h r .  
e s s e n t ia l ly  a s  d e s c r ib e d  b y  R u s s e l l  a n d  H i tc h in g s .1 T h e  
k e to n i t r i l e s  w e re  o b ta in e d  f a i r ly  p u r e  t h r o u g h  s o lu t io n  in  
a lk a l i  fo llo w e d  b y  a c id if ic a t io n  a n d  w e re  c r y s ta l l iz e d  f ro m  
e th e r - h e x a n e  m ix tu r e  a n d  f ro m  m e th a n o l  fo r  a n a ly s is .

a-\3-Chloro-4-fluorophenyl\-fl-hydroxycrotenonitrile w a s  
o b ta in e d  in  7 2 %  y ie ld ,  a s  c o lo r le s s  n e e d le s ,  m .p . ,  1 3 6 ° , 
f ro m  m e th a n o l .

Anal. C a lc d . f o r  C JOH 7C 1 F N O : C , 5 6 .8 ;  H ,  3 .4  F o u n d :  C , 
5 6 .8 ;  H , 3 .4 .

a-l8,4-Difliiorophenyl\-8-hydrozycrotononilrile w a s  o b ta in e d  
a s  c o lo r le s s  p r is m s  f ro m  m e th a n o l ,  m .p . ,  1 3 7 -1 3 8 ° , y ie ld , 
8 0 % .

Anal. C a lc d . f o r  C kjH 7F 2N O : C , 6 1 .6 ;  H ,  3 .6 . F o u n d :  
C , 6 1 .4 ;  I I ,  3 .4 . T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t ru m  in  9 5 %  
e th a n o l  s h o w e d :  X m ax ., 26 5  my (e  m a x . ,  1 3 ,5 0 0 ) ; X m in .,  
2 3 5  my (e  m in .,  4 ,4 0 0 ) .4

a-[3,4-Difluorophenyl\-f!-hydroxy-A.-a!-pentenonitrile f o rm e d  
c o lo r le s s  p r is m s  f ro m  a q u e o u s  m e th a n o l ,  m .p .  6 7 - 6 9 ° ;  
y ie ld ,  7 1 % .

Anal. C a lc d . f o r  C a H 9F 2N O : C , 6 3 .2 ;  H ,  4 .3 . F o u n d :  C , 
6 3 .3 ;  H ,  4 .6 .

3,4-Diamino-6-alkyl-5-[dihalogenophenyl]pyrimidines. T h e  
h y d r o x y c r o to n o n i t r i le s  w e re  m e th y la t e d  ( t o  t h e  e n o l e th e r s )  
w i th  ex ce ss  d ia z o m e th a n e  in  e th e r  a n d  t h e  e n o l e th e r s ,  w i th 
o u t  i s o la t io n , w e re  c o n d e n s e d  w i th  g u a n id in e  in  a b s o lu te  
e th a n o l  a t  re f lu x  f o r  2 - 3  h r .  T h e  p y r im id in e s  w e re  p u r if ie d  
b j '  r e c r y s ta l l i z a t io n  f ro m  a lc o h o l.

2,4-Diamino-5-{8'-chloro-4'-fluorophenyl\-6-methylpyrimi-
d.ine f o rm e d  c o lo r le s s  n e e d le s , m .p .,  2 9 0 -2 9 1 ° .

Anal. C a lc d . f o r  C n H ,o C lF N 4: C , 5 2 .4 ;  H ,  4 .0 . F o u n d :  
C , 5 2 .1 ;  H ,  4 .3 .

ê,4-Diamino-5-[S' ,4'-difluorophenyl]-6-md.hylpyrimidine 
fo rm e d  c o lo r le s s  p la te le t s ,  m .p . ,  2 8 0 -2 8 1 ° .

Anal. C a lc d . f o r  C n H i0F 2N 4: C , 5 6 .0 ;  H ,  4 .3 ;  N ,  2 3 .8 . 
F o u n d :  C , 5 6 .2 ;  H ,  4 .2 ;  N  ( K je ld a h l ) ,  23 .8 .

2>4-Diamino-5-[8',4l-diftuorophenyll-6-elhylpyrimidine 
f o rm e d  c o lo r le s s  p la te s ,  m .p . ,  2 4 5 -2 4 7 ° .

Anal. C a lc d . f o r  C ,2H 12F 2N 4: C , 5 7 .6 ;  H ,  4 .8 . F o u n d :  C , 
5 7 .4 ;  H ,  4 .7 .
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A  r e in v e s t ig a t io n  o f  t h e  r e a c t io n  o f  2 ,5 - d im e th y lp y r a z in e  i n  c a r b o n  te t r a c h lo r id e  s o lu t io n  w i th  c h lo r in e  u n d e r  u l t r a v io l e t  
l i g h t  r e v e a le d  t h a t  t h e  p r o d u c t  w a s  2 - e h lo ro - 3 ,6 - d im e th y lp y r a z in e  ( I I )  a n d  t h a t  r e c o u r s e  t o  u l t r a v io l e t  t r e a t m e n t  w a s  
u n n e c e s s a r y .  T r e a t m e n t  o f  2 - m e th y lp y r a z in e  w i th  c h lo r in e  a f fo rd e d  a  m ix tu r e  o f  2 - c h lo ro -3 -m e th y l-  ( V I I )  a n d  2 -ch lo ro *  
5 - m e th y lp y r a z in e  ( V I I I ) .  I n  a llo w in g  2 ,6 - d im e th y lp y r a z in e  t o  r e a c t  w i th  c h lo r in e , i t  w a s  f o u n d  t h a t  u l t r a v io l e t  r a d i a t i o n  
w a s  e s s e n t ia l  a n d  t h a t  t h e  p r o d u c t  w a s  a n  u n s t a b le  s id e  c h a in  h a lo g e n a te d  c o m p o u n d ,  2 ,6 - b i s ( a - c h lo r o m e th y l ) p y r a z in e
( X V ) .  A lc o h o ly s is  c o n v e r te d  X V  to  t h e  b is  e t h e r  X V I .  T r e a t in g  2 - m e th y l-  a n d  2 ,5 - d im e th y lp y r a z in e  w i th  o n e  e q u iv a l e n t  
o f  iV -c h lo ro s u c c in im id e  a n d  a  s m a ll  q u a n t i t y  o f  b e n z o y l  p e r o x id e  a f fo rd e d  u n s t a b le  a - c h lo r o m e th y l  d e r iv a t iv e s  V  a n d  X I  
w h ic h  w e r e  c o n v e r te d  t o  t h e  c o r r e s p o n d in g  s id e  c h a in  e th e r s  V I  a n d  X I I .

While a general procedure for preparing 2-chloro- 
pyrazines from the corresponding hydroxypyrazines 
has been described in the literature,4 it however 
seemed of interest to study the direct chlorination 
of various alkylpyrazines. This synthetic approach 
had been examined previously by C. Larson6 who 
reported the preparation of a halogenated com
pound believed to be 2-(a-chloromethyl)-5-methyl- 
pyrazine (V), by treatment of 2,5-dimethylpyra
zine with chlorine gas under the influence of 
ultraviolet radiation. Unexpectedly, however, the 
attempted ammonolysis and hydrolysis of this 
alleged a-chloromethylpyrazine were unsuccessful. 
I t was found, however, that the chlorinated 
compound did react quite readily with sodium 
ethoxide in absolute ethanol to form the cor
responding ether.

In analogy with a-chloromethyl- and a-bromo- 
methylpyridine6-7-8 which are strong lachrymators 
and skin irritants and also slowly polymerize on 
standing, similar properties could be expected from 
chloromethylpyrazines. However, the compound 
reported by Larson5 was found to be quite stable 
and without offensive properties. These facts 
prompted a reinvestigation of the photo chlorina
tion of 2,5-dimethylpyrazine.

Duplication of Larson’s procedure5 was accom
plished by passing chlorine gas through a carbon

( 1 )  P r e s e n te d  b e fo re  t h e  e l e v e n th  M e e t in g  in  M in ia tu r e  
o f t h e  M e t r o p o l i t a n  L o n g  I s l a n d  S u b s e c t io n  o f  t h e  N e w  Y o r k  
S e c t io n , A m e r ic a n  C h e m ic a l  S o c ie ty ,  M a r c h  11 , 1960 .

( 2 )  ( a )  T h e  w o r k  h e r e  r e p o r t e d  is  b a s e d  o n  a  d i s s e r t a t io n  
b y  A lb e r t  H i r s c h b e r g  in  p a r t i a l  fu l f i l lm e n t  o f  t h e  r e q u i r e 
m e n t s  f o r  t h e  d e g re e  o f  D o c to r  o f  P h i lo s o p h y  a t  t h e  P o ly 
te c h n ic  I n s t i t u t e  o f  B r o o k ly n ,  J u n e  1 9 6 0 ; ( b )  D u  P o n t  
T e a c h in g  F e l lo w , 1 9 5 8 -5 9 ;  T e x a c o  R e s e a r c h  F e l lo w , 1 9 5 9 -  
60 .

( 3 )  T o  w h o m  a l l  in q u i r ie s  s h o u ld  b e  a d d r e s s e d .
( 4 )  G . K a r m a s  a n d  P .  E .  S p o e r r i ,  J. Am. Chem. Soc., 

7 4 , 1 5 8 0  (1 9 5 2 ).
( 5 )  C . L a r s o n ,  D o c to r a l  D is s e r t a t i o n ,  P o ly te c h n ic  I n s t i 

t u t e  o f  B r o o k ly n ,  J u n e  1949 .
( 6 )  J .  O v e rh o ff , J .  B o e k e , a n d  A . G o r te r ,  Rec. trav. chim., 

5 5 , 2 9 3  (1 9 3 6 ) .
( 7 )  F .  S o rm  a n d  L . S e d e v y , Collection Czechoslov. Com

mune., 1 3 ,2 8 8  (1 9 4 8 ) .
( 8 )  M . H a s a g a w a ,  Pharm. Bull. (Japan), 1 , 2 9 3  ( 1 9 5 3 ) ;

Chem. Abstr., 4 9 , 8 2 7 5  (1 9 5 4 ) .

tetrachloride solution of 2,5-dimethylpyrazine un
der the influence of ultraviolet radiation. As 
expected, an almost immediate reaction occurred 
with the formation of heavy white precipitate, 
the strongly exothermic reaction causing the sol
vent to boil. The precipitated material, with a 
neutralization equivalent of 169-171 was the hy
drochloride salt I, indicating the addition of chlo
rine to the original molecule. Hydrolysis of I oc
curred readily in water, affording the free halo
genated base as an insoluble oil, the aqueous 
solution becoming quite acidic.

The physical properties and stability of this oil 
indicated that nuclear rather than side chain 
chlorination had occurred and that the product 
was 2-chloro-3,6-dimethylpyrazine (II). The infra
red absorption curves of both II and an authentic 
sample4 were identical. Further verification was 
obtained by preparation of the identical amines as 
well as comparison of the hydrochloride salts of II. 
Finally, the oil by ethanolysis afforded a 62% 
yield of 2-ethoxy-3,6-dimethylpyrazine, whose in
frared spectrum was identical with the ethoxy 
derivative prepared from authentic II. Both curves 
exhibited strong peaks at 1037 and 1172 cm.-1 
which are consistent for a nuclear ether.9-10

( 9 )  L .  J .  B e l la m y , The Infrared Spectra of Complex Mole
cules, J o h n  W ilp y  &  S o n s , I n c . ,  N e w  Y o r k ,  1 9 5 8 , p .  115 .
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It was now apparent that the photochlorination 
of 2,5-dimethylpyrazine was not a free radical 
process since such a reaction course in analogy with 
the photochlorination of alkylbenzenes should 
have led to chlorination on the alkyl side chains.11 
Additional experiments, wherein the chlorination 
readily took place in the dark with comparable 
yields, further demonstrated the nonradical mech
anism of this reaction.

The chlorination of 2,5-dimethylpyrazine was 
now studied under conditions favoring a free radical 
process.12 Accordingly, 2,5-dimethylpyrazine was 
treated with an equivalent of IV-chlorosuccinimide 
(NCS) and a catalytic amount of benzoyl peroxide 
and the resulting mixture was refluxed. This pro
cedure afforded, upon work-up, 70-80% of a crude 
brownish oil, which could not be distilled, and which 
was highly lachrymatory and extremely irritating 
to the skin. Upon standing, the oil slowly poly
merized to a dark brown tacky solid, which still 
retained the unpleasant properties of the original 
oil. I t  was therefore necessary when working with 
this material to use it immediately after the solvent 
had been removed.

The general physical properties of the product led 
us to assume that 2-(a-chloromethyl)-5-methyl- 
pyrazine (V) had been formed. Attempts at pre
paring a picrate as well as a stable hydrochloride 
were unsuccessful. Ethanolysis, however, afforded 
a 27% yield of a stable, pungent oil presumably
2-methyl-5-pyrazinylmethyl ethyl ether (VI). This 
was confirmed by examination of the compound’s 
infrared spectrum which indicated the presence of 
an aliphatic ether grouping due to a strong peak 
at 1122 cm.-19 The elemental analysis indicated 
that this compound was isomeric with the nuclear 
ether III previously prepared. These facts indicated 
that as expected, side chain halogenation had 
occurred and the following reaction scheme could 
be formulated

H 3C

c h 3
NCS

o

N  X H 2C I

(C6H5- C - 0 - ) 2

NaOC2H5

' J
H 3C K  N

V  (8 0 % )

N  .C H 2O C 2H 5
S '

V I  (2 7 % )

A parallel series of chlorinations were carred out 
using 2-methylpyrazine. Passage of chlorine through 
a carbon tetrachloride solution of 2-methylpyrazine, 
even in the dark, afforded a heavy white hydro
chloride having a neutralization equivalent of

(1 0 )  N .  B .  C o l th u p ,  J. Opt. Set. Amer., 4 0 , 3 9 7  (1 9 5 0 ) .
(1 1 )  J .  H in e , Physical Organic Chemistry, M c G ra w -H i l l ,  

1956 , p .  4 3 3 .
(1 2 )  J .  H in e , Physical Organic Chemistry, M c G ra w -H i l l ,

1956 , p .  4 2 9 . •

158-160. Hydrolysis of this hydrochloride in water 
afforded a heavy stable chlorinated oil, insoluble 
in the resulting aqueous acidic solution. Distilla
tion of the oil afforded a 65% yield of stable com
pounds assumed to be a mixture of ring chlorinated 
methylpyrazines (VII and VIII). Repeated dis
tillation having failed to bring about a good separa
tion the oil was subjected to ammonolysis at 200° 
which yielded a solid mixture of amines which on 
fractional crystallization afforded 60% of 2-amino-
3-methylpyrazine (IX) and 5% of 2-amino-5- 
methylpyrazine (X). The identity of both amines 
was demonstrated by comparison with authentic 
amines prepared independently.4

ci2

C l

V I I

N

V I I I

N .

Isf 
I

H C 1

c h 3

c h 3

+  H C1

nh4oh
200 “

The treatment of 2-methylpyrazine with one 
equivalent of JV-chlorosuccinimide using benzoyl 
peroxide as a catalyst afforded a highly unstable 
lachrymatory oil, presumably a-chlorome^hylpyra- 
zine (XI). Ethanolysis of this oil using sodium 
ethoxide afforded a stable compound exhibiting a 
strong aliphatic ether peak at 1121 cm.-1 in the 
infrared.9 In addition, elemental analysis indicated 
the product to be pyrazinylmethyl ethyl ether
(XII). For comparison purposes, the isomeric 
nuclear ether, 2-ethoxy-3-methylpyrazine (XIII), 
was prepared by ethanolysis of VII. The infrared

si) ss
N  N

X I V  X I I  (6 8 % )

VII
NaOC2H5
C2HsOH

L / C H s

^ o c 2h 5

X I I I  (3 3 % )

C
N



2358 H IRSCH B ER G  AND SPO ER RI v o l . 2 0

curve of this material exhibited two strong peaks at 
1038 cm.-1 and 1192 cm.-1, indicative of an aro
matic ether.9’10

While attempts to convert XI into the corre
sponding hydroxymethyl or aminomethyl deriva
tive were unsuccessful, a higher amine derivative 
was obtained, however, by allowing the chloro- 
methyl compound to react with excess n-butyla- 
mine. By this procedure, an oil was isolated whose 
infrared spectrum exhibited a medium peak at 
3200 cm.-1 indicative of a secondary amine.9 
Elemental analysis of both the oil and its phenyl 
isothiocyanate derivative indicated the secondary 
amine was pyrazinylmethyl-re-butylamine (XIV).

Chlorination of 2,6-dimethylpyrazine in carbon 
tetrachloride, in strong contrast to the 2- or 2,5 
isomer, proceeded extremely slowly, as evidenced 
by the small amount of precipitate formed even 
after several hours. Strong illumination with ultra
violet light, on the other hand, apparently acceler
ated the reaction for within twenty minutes a 
heavy white precipitate appeared which surpris
ingly was found to be 2,6-dimethylpyrazine hydro
chloride.

Evaporation of the carbon tetrachloride filtrate 
left a residual, lachrymatory oil, which polymerized 
on standing, and which could not be distilled. 
Ethanolysis of this product afforded a stable 
material exhibiting strong aliphatic ether peaks 
at 1104 cm.-1 and 1122 cm.“ 1 Elemental analysis 
showed the product to be the bis ether XVI, 
and hence that the oil obtained originally was 2,6- 
bis-a-chloromethylpyrazine (XV).

An independent synthesis of XV was accom
plished by treating 2,6-dimethylpyrazine with two 
equivalents of X-chlorosuccinimide and a catalyst 
quantity of benzoyl peroxide in carbon tetra
chloride solution. The unstable, lachrymatory oil ob
tained from this procedure was subjected to ethan
olysis, affording the bis ether XVI.

h 3c ^ n . ^ c h 3

" t f

c i .
c i h 2c%  n  , c h 2c i

hf (60%)

2NCS

N

X V

(C6H5- C - 0 ) 2 (73%) NaOCjHs

C 2H 6O H 2C _ ^ N ^ p C H 2O C 2H 5 

X V I  (40% )

In the absence of detailed mechanistic studies, 
the mechanism of the reaction between chlorine 
and 2-methyl- and 2,5-dime thy 1 pyraz i n e must 
remain a matter of conjecture. While a free radical 
reaction seems to be ruled out, it seems on the other 
hand unlikely that the reaction proceeds via 
electrophilic substitution on the pyrazine nucleus

because of the known resistance of pyrazine and its 
alkyl and aryl derivatives to this type of attack.13 
A possible reaction course might involve an 
addition of chlorine across the azomethine linkage 
of the pyrazine ring followed by a rearrangement 
forming the hydrochloride salt.

The mechanism of the reaction of 2,6-dimethyl
pyrazine with chlorine appears to be a free radical 
process due to its dependence on ultraviolet radia
tion and the formation of a side chain halogenated 
product. This marked contrast to the cases of
2-methyl- and 2,5-dimethylpyrazine is rather 
curious, however, since it is not clear why this 
particular isomer should show such a difference 
in reaction behavior.

Further work on this problem as well as chlorina
tion reactions of other alkyl and arylpyrazines is 
being carried out and will be reported on in due 
course.

EXPERIMENTAL14

A . 2 Chloro-S,6-dimethylpyrazine I I .  I n  5 0 0  m l. o f c a r b o n  
te t r a c h lo r id e  2 0 .0  g . (0 .1 8 5  m o le )  o f 2 ,5 - d im e th y lp y r a z in e  
w a s  d is s o lv e d . C h lo r in e  g a s  w a s  b u b b le d  in  a n d  w i th in  a  few  
m in u te s  t h e  s o lu t io n  s t a r t e d  t o  b o il  a n d  a  v o lu m in o u s  w h i te  
p r e c ip i t a t e  f o rm e d .  T h e  p a s s a g e  o f  c h lo r in e  w a s  c o n t in u e d  
fo r  a n o t h e r  0 .5  h r .  a n d  t h e  p r e c ip i t a t e  w a s  t h e n  c o lle c te d , 
w a s h e d  w i th  tw o  f r e s h  1 0 0 -m l. p o r t io n s  o f  c a r b o n  t e t r a 
c h lo r id e , a n d  d r ie d  in  a  v a c u u m  d e s ic c a to r .  T h e  d r j ’ p o w d e r y  
s o lid  w a s  a d d e d  to  3 0 0  m l. o f  w a te r  w h e r e u p o n  a  h e a v y  o il 
s e p a r a te d  a t  o n c e , a n d  c o lle c te d  a t  t h e  b o t to m  of t h e  f la sk . 
T h is  o i ly  m a te r i a l  w a s  e x t r a c te d  c o m p le te ly  f ro m  t h e  a q u e o u s  
s o lu t io n  w i th  e th e r .  T h e  e th e r  e x t r a c t s  w e re  d r ie d  o v e r  
m a g n e s iu m  s u l f a te  a n d  th e n  c o n c e n t r a t e d  o n  a  s t e a m  b a th .  
T h e  o i ly  r e s id u e  w a s  d is t i l le d  t h r o u g h a 6 - in c h  V ig ro u x  c o lu m n  
t o  y ie ld  16 .0  g . ( 6 1 % )  of 2 -c h Io r o - 3 ,6 -d im e th y lp y r a z in e  ( I I ) ,  
b o i l in g  a t  1 1 2 -1 1 4 °  (7 0  m m .) ,  n 2D5 1 .5 2 4 7 .

B .  Chlorination of methylpyrazine. T h e  p r o c e d u r e  a s  o u t 
l in e d  in  A  w a s  a p p l ie d  t o  2 - m e th y lp y r a z in e  a f fo rd in g  a  6 5 %  
■yield o f  a n  o i ly  m ix tu r e  o f 2 - c h lo ro - 3 - m e th y lp y r a z in e  ( V I I )  
a n d  2 -c h lo ro - 5 - m e th y lp y r a z in e  ( V I I I ) .

C . Ammonolysis of the 2-chloro-S-methylpyrazine ( V I I )  
and 2-chloro-5-melhylpyrazine ( V I I I )  mixture. A  m ix tu r e  of 
2 .5 6  g . (0 .0 2  m o le )  o f  t h e  m ix tu r e  o f t h e  c h lo r in a te d  is o m e rs  
o b t a in e d  f ro m  B  a n d  8 0  m l. o f  2 8 %  a q u e o u s  a m m o n ia  w a s  
h e a t e d  in  a  s ta in le s s  s te e l  a u to c la v e  a t  2 0 0 °  f o r  36  h r .  
T h e  r e s u l t in g  s o lu t io n  w a s  m a d e  s t r o n g ly  b a s ic  w i th  s o d iu m  
h y d r o x id e  a t  0 ° ,  a n d  t h e n  t h o r o u g h ly  e x t r a c t e d  w i th  e th e r .  
T h e  e th e r  e x t r a c t  w a s  d r ie d  o v e r  s o d iu m  s u l f a te  a n d  th e n  
e v a p o r a t e d ,  y ie ld in g  a  s o lid  r e s id u e  w diieh w a s  r e c r y s ta l l iz e d

(1 3 )  I .  J .  K r e m s  a n d  P .  E .  S p o e r r i ,  Chem. Revs., 4 0 , 
3 2 8  (1 9 4 7 ).

(1 4 )  A ll m e l t in g  p o in t s  a r e  c o r r e c te d .  I n f r a r e d  c u r v e s
w e re  t a k e n  u s in g  p o ta s s iu m  b r o m id e  d is k s  o n  a  P e r k in -  
E lm e r  M o d e l  21  r e c o r d in g  in f r a r e d  s p e c t r o p h o to m e te r .  
M ic ro a n a ly s e s  w e re  p e r fo r m e d  b y  S c h w a r z k o p f  L a b o r a to r i e s  
i n  N e w  Y o r k  o r  M . M a n s e r ,  B a s e l , S w i tz e r la n d .  T h e  s y n 
th e s e s  o f  a l l  c h lo r o p y ra z in e s  r e f e r r e d  t o  i n  t h i s  s e c t io n  h a v e  
b e e n  d e s c r ib e d  in  a  p r e v io u s  p u b l ic a t io n  o r  a r e  g iv e n  
b e lo w , «
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T A B L E  I

P y r a z i n y l m e t h y l  E t h y l  E t h e r s

R3\  K  / C H zOC2H5
' nV

rA ì f i t

N %

R i R* r 3 B .P . / M m . nT> t ° Y ie ld ,“ % C a lc d . F o u n d

V I H H H 1 1 0 - 1 1 2 /5 3 1 .4 9 0 9 22 68 2 0 .5 8 2 0 .5 8
X I I H C H 3 H 9 8 - 1 0 4 /2 0 1 .4 8 6 9 28 27 1 8 .4 1 1 8 .5 9

“ Y ie ld s  b a s e d  o n  a s s u m in g  1 0 0 %  p u r i t y  o f  s t a r t i n g  c h lo r o m e th y lp y r a z in e s .

f ro m  e th a n o l  t o  y ie ld  1 .3 0  g . ( 6 0 % )  o f  2 -a m in o -3 - m e th y l -  
p v r a z in e  m e l t in g  a t  1 6 6 - 1 6 7 ° .

'Anal. C a lc d .  fo r  C 6H 7N 3: N ,  3 8 .5 1 . F o u n d :  N ,  3 8 .4 4 .
T h e  e th a n o l  m o th e r  l iq u o r  w a s  e v a p o r a t e d  t o  d r y n e s s  a n d  

th e  r e s id u e  r e c r y s ta l l i z e d  f ro m  b e n z e n e  a f fo rd in g  0 .1 1  g . 
( 5 % )  o f 2 - a m in o - 5 - m e th y lp y r a z in e  m e l t in g  a t  1 1 1 -1 1 2 °  
( l i t . , 15 m .p .  1 1 6 - 1 1 8 ° ) .

Anal. C a lc d . f o r  C 6H 7N 3: N ,  3 8 .5 1 . F o u n d :  N ,  3 8 .1 9 .
1). 2-Amino-S,6-dimethylpyrazine ( I V ) .  T h e  a m m o n o ly s is  

p r o c e d u r e  d e s c r ib e d  in  C  w a s  a p p l ie d  t o  2 .8 4  g . (0 .0 2  m o le )  
o f  2 - c h lo ro - 3 ,6 - d im e th y lp y r a z in e  ( I I ) .  T h e  r e s id u e  w a s  r e -  
c r v s ta l l i z e d  f r o m  b e n z e n e  a f fo r d in g  1 .7 7  g . ( 6 8 % )  of I V  a s  
w h i te  p r is m s  m e l t in g  a t  1 1 1 -1 1 3 °  ( l i t . , 16 17 m .p .  1 1 2 -1 1 3 ° ) .

E .  2-Ethoxy-8,6-dimethylpyrazine ( I I I ) .  T o  150  m l. o f 
a b s o lu te  e th a n o l  wTa s  a d d e d  0 .6 9  g . (0 .0 3  m o le )  o f  s o d iu m  
a n d  1 .4 2  g . (0 .0 1  m o le )  o f  2 - c h lo ro - 3 ,6 - d im e th y lp y r a z in e  
( I I )  d is s o lv e d  in  5 0  m l. o f  a b s o lu te  e th a n o l .  T h e  r e s u l t in g  
m ix tu r e  w a s  a l lo w e d  t o  re f lu x  f o r  10 h r .  d u r in g  w h ic h  t im e  
a  p r e c i p i t a t e  o f s o d iu m  c h lo r id e  f o rm e d .  T h e  m ix tu r e  w a s  
c o o le d , f i l te r e d ,  a n d  t h e  r e s id u e  o f s o d iu m  c h lo r id e  w a s h e d  
w i th  s e v e ra l  p o r t io n s  o f  a b s o lu te  e th a n o l .  T h e  f i l t r a t e  a n d  
w a s h in g s  w e re  c o m b in e d  a n d  2 5  m l. o f  w a te r  a d d e d .  T h e  
r e s u l t in g  s o lu t io n  w a s  c o n c e n t r a t e d  o n  a  w a te r  b a t h  a n d  
t h e  r e s id u a l  o il w a s  t h e n  e x t r a c t e d  c o m p le te ly  f ro m  t h e  
a lk a l in e  a q u e o u s  l iq u o r  -w ith e th e r .  T h e  e th e r  e x t r a c t s  w e re  
d r ie d  o v e r  m a g n e s iu m  s u l f a t e  a n d  c o n c e n t r a t e d  o n  a  w a te r  
b a t h .  T h e  r e s id u a l  o il  w a s  c a r e f u l ly  d is t i l le d  a t  8 6 - 8 8 ° /2 0  
m m . y ie ld in g  2 .8  g . ( 6 2 % )  o f  t h e  e th o x y  c o m p o u n d  I I I ,  
n 20  1 .4 9 3 4 .

Anal. C a lc d .  fo r  C 8H 12N 20 :  C ,  6 3 .1 6 ; H ,  7 .9 5 ; N ,  1 8 .4 1 . 
F o u n d :  C , 6 3 .3 8 ; H ,  8 1 .2 2  N , 18 .1 6 .

F .  2-Ethoxy-3-methylpyrazine ( X I I I ) .  T h e  p r o c e d u r e  a s  
d e s c r ib e d  in  E  w a s  a p p l ie d  t o  1 .2 8  g . (0 .0 1  m o le )  o f  2 -  
c h lo r o -3 - m e th y lp y ra z in e  ( V I I )  a f fo rd in g  0 .4 5  g . ( 3 3 % )  o f 
t h e  e th o x y  c o m p o u n d  X I I I  b o i l in g  a t  8 S - 9 0 ° /4 8  m m .,  n 2De 
1 .4 9 3 8 .

Anal. C a lc d . fo r  C 7H 10N 2O : C , 6 0 .8 6 ;  H ,  7 .3 0 ; N ,  2 0 .2 8 . 
F o u n d :  C , 6 0 .5 7 ; H ,  7 .4 7 ; N ,  2 0 .2 4 .

G . 2-{a-Chloromethylpyrazines (Compounds V  and X I ) .
T w o  2 - ( a - c h io r o m e th y l ) p y r a z in e s  w e re  p r e p a r e d  b y  t h e

r e a c t io n  o f  iV -c h lo ro s u c c in im id e  w i th  a n  e q u im o la r  q u a n t i t y  
o f t h e  c o r r e s p o n d in g  a lk y l  p y r a z in e ,  u s in g  a  c a t a ly t i c  a m o u n t  
o f b e n z o y l  p e ro x id e . T h e s e  a - c h lo r o m e th y l  d e r iv a t iv e s  c o u ld  
n o t  b e  d is t i l l e d  a n d  a r e  u n s t a b le .  T h e y  w e re  th e r e f o r e  u s e d  
im m e d ia te ly  a f t e r  i s o la t io n  a n d  c o n v e r t e d  t o  t h e  c o r re 
s p o n d in g  p y r a z in y lm e th y l  e t h y l  e th e r s  ( p ro c e d u re s  J  a n d  
K ) .  T h e  o b n o x io u s  a n d  to x ic  p r o p e r t i e s  o f  th e s e  c o m 
p o u n d s  m a k e s  i t  im p e r a t iv e  t h a t  t h e y  b e  h a n d le d  w i th  
e x t r e m e  c a u t io n .

I n  2 5 0  m l. o f  c a r b o n  te t r a c h lo r id e  w a s  d is s o lv e d  0 .1 0  m o le  
o f  2 - m e th y l-  o r  2 ,5 - d im e th y lp y r a z in e .  T o  t h e  s o lu t io n  w a s  
a d d e d  13 .0  g . (0 .1 0  m o le )  o f V - c h lo ro s u c c in im id e  a n d  0 .1  
g . o f b e n z o y l  p e ro x id e  a n d  t h e  r e s u l t in g  m ix tu r e  re f lu x e d  
fo r  12 h r . ,  c o o le d  t o  0 ° ,  a n d  c a r e f u l ly  f i l te r e d .  T h e  r e s id u e

(1 5 )  J .  W e ilg a r d , M . T is h le r ,  a n d  A . E .  E r ic k s o n ,  J. Am. 
Chem. Soc., 6 7 , 8 0 2  (1 9 4 5 ) .

(1 6 )  R .  R .  J o in e r  a n d  P .  E .  S p o e r r i ,  J. Am. Chem. Soc.,
6 3 , 1929 (1 9 4 1 ) . •

( m o s t ly  s u c c in im id e )  w a s  w a s h e d  w i th  tw o  5 0 -m l. p o r t io n s  
o f  c a r b o n  t e t r a c h lo r id e .  T h e  w a s h in g s  a n d  f i l t r a t e  w e re  c o m 
b in e d  a n d  e v a p o r a te d  u n d e r  v a c u u m  a t  r o o m  t e m p e r a tu r e .  
T h e  r e s id u a l  o ils  w e re  t h e n  u s e d  im m e d ia te ly  f o r  t h e  p r e p a r a 
t i o n  o f  t h e  c o r re s p o n d in g  e th e r s .  T h e  y ie ld s  c f  th e s e  c r u d e  
o ils  r a n g e d  f ro m  7 0  t o  8 0 %  (a s s u m in g  t h e  o ils  t o  b e  p u r e ) .

H .  2,6-Bis(a-chloromethyl)pyrazine ( X V ) .  1. T o  5 0 0  m l. o f 
c a r b o n  te t r a c h lo r id e  w a s  a d d e d  20  g . (0 .1 8 5  m o le )  o f  2 ,6 -  
d im e th y lp y r a z in e .  C h lo r in e  g a s  w a s  b u b b le d  in  w h ile  t h e  
f la s k  w a s  i r r a d i a t e d  w i th  u l t r a v io l e t  r a d i a t i o n  ( B u r d ic k —  
T y p e  Q A -2 5 0 N ) . A  h e a v y  w h i te  p r e c ip i t a t e  f o rm e d  a lm o s t  
im m e d ia te ly .  T h e  c h lo r in a t io n  a n d  i r r a d i a t i o n  c o n t in u e d  
f o r  2  h r . ,  a f t e r  w h ic h  t im e  t h e  c o n te n t s  o f  t h e  f la s k  w e re  
c a r e f u l ly  f i l te r e d  a n d  t h e  r e s id u e  o f  2 ,6 - d im e th y lp y r a z in e  
h j 'd r o c h lo r id e  w a s  w a s h e d  w i t h  100  m l. o f  f r e s h  c a r b o n  t e t 
r a c h lo r id e .  T h e  f i l t r a t e  a n d  w a s h in g s  w e re  c o m b in e d  a n d  
a llo w e d  to  s t a n d  f o r  2  d a y s  in  a  h o o d  t o  a llo w  t h e  ex cess  
c h lo r in e  t o  e v a p o r a te .  T h e  r e m a in in g  c a r b o n  t e t r a c h lo r id e  
s o lu t io n  w a s  t h e n  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u re  le a v in g  
1 0 .8 2 . g . o f  X V  a s  a  r e s id u a l  l a c h r y m a to r y  o il, w h ic h  w a s  
u s e d  d i r e c t ly  fo r  t h e  p r e p a r a t io n  o f  t h e  c o r r e s p o n d in g  e th e r  
X V I .  A  3 1 %  c o n v e r s io n  t o  t h e  b i s c h lo r o m e th y l  d e r iv a t iv e  
X V  w a s  o b ta in e d ,  b a s e d  o n  10 .3  g . o f  f re e  2 ,6 - d im e th y l 
p y r a z in e  r e c o v e r e d  f ro m  i t s  h y d r o c h lo r id e .  T h e  y ie ld  w a s  
6 0 % , a s s u m in g  t h e  o il t o  b e  p u r e .

2 . T o  2 5 0  m l. o f c a r b o n  te t r a c h lo r id e  w a s  a d d e d  10 g . o f 
(0 .1 0  m o le )  o f  2 ,6 - d im e th y lp y r a z in e .  T o  t h i s  s o lu t io n  w a s  
a d d e d  26  g . (0 .2 0  m o le )  o f  IV -c h lo ro su c c in im id e  a n d  0 .1  g . 
o f  b e n z o y l  p e ro x id e . T h e  m ix tu r e  w a s  r e f lu x e d  f o r  2 4  h r .  
a n d  t h e n  w o rk e d  u p  a s  d e s c r ib e d  in  G .  T h e  y ie ld  w a s  70  
t o  8 0 % .

I .  Pyrazinylniethyl-n-butylamine ( X I V ) .  T o  12 0  m l. o f  
f r e s h ly  d is t i l le d  n - b u ty la m in e  w a s  a d d e d  5 .0  g . (0 .0 3 9  m o le )  
o f  a - c h lo r o m e th y lp y r a z in e  ( X I ) .  T h e  r e s u l t in g  m ix tu r e  w a s  
a llo w e d  t o  re f lu x  fo r  5  h r .  a n d  t h e n  e v a p o r a t e d  u n d e r  r e d u c e d  
p r e s s u re ,  a t  ro o m  te m p e r a tu r e ,  le a v in g  a n  o i ly  r e s id u e  b e h in d . 
T h e  r e s id u e  -was t a k e n  u p  in  e t h e r  y ie ld in g  a  p r e c ip i t a t e  
( b u ty la m in e  h y d r o c h lo r id e )  w h ic h  w a s  f i l te r e d  o ff a n d  
w a s h e d  w i th  f r e s h  e th e r .  T h e  e t h e r  w a s h in g s  a n d  f i l t r a te  
w e re  c o m b in e d , d r ie d  o v e r  s o d iu m  s u l f a te ,  a n d  e v a p o r a te d  
o n  a  w a te r  b a t h .  T h e  r e s id u a l  o il  w a s  d is t i l le d  t h r o u g h  a
6 - in c h  V ig re u x  c o lu m n  a f fo rd in g  4 .8 9  g . ( 6 8 % )  of t h e  se c 
o n d a r y  a m in e  X I V  b o i l in g  a t  7 6 - 7 8 ° /0 .5  m m .,  raaDa 1 .5089 .

Anal. C a lc d . fo r  C 9H i5N 3: C , 6 5 .4 2 ; H , 9 .1 5 ; N ,  2 5 .0 6 . 
F o u n d :  C , 6 5 .1 6 ; H ,  9 .6 1 ; N , 2 5 .4 3 .

A  p h e n y l  i s o th io c y a n a te  d e r iv a t iv e  w a s  p r e p a r e d  a c c o r d 
in g  t o  t h e  p r o c e d u r e  o f S h r in e r ,  F u s o n ,  a n d  C u r t i n , "  
m .p .  9 7 .5 - 9 8 .5 ° .

Anal. C a lc d . fo r  C ic H ^ N iS :  C , 6 3 .9 6 ; H ,  6 .7 1 ;  N ,  1 8 .6 5 ; 
S , 1 0 .6 7 . F o u n d :  C , 6 4 .1 1 ; H ,  6 .9 2 ;  N ,  1 8 .4 0 ; S , 10 " 5 .

J .  2-Pyrazinylmethyl ethyl ethers (Compounds V I  and X I I ) .  
T w o  2 - p y r a z in y k n e th y l  e th y l  e th e r s  ( V I  a n d  X I I )  w e re  
p r e p a r e d  f ro m  t h e  c o r re s p o n d in g  2 - ( a - c h lo r o m e th y l ) p y r a -  
z in e s  ( C o m p o u n d s  V  a n d  X I )  b y  t h e  W il l ia m s o n  s y n th e s is

( 1 7 )  R .  L . S h r in e r ,  R .  C . F u s o n ,  a n d  D . Y . C u r t in ,  
The Systematic Identification of Organic Compounds, J o h n  
W ile y  & S o n s , I n c . ,  N e w  Y o r k ,  1956 , p . 2 2 7 .
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u s in g  a  ZM ex ce ss  o f  s o d iu m  e th o x id e  in  a b s o lu te  e th a n o l  
a s  d e s c r ib e d  in  E .  T h e s e  tw o  e th e r s  a r e  l i s t e d  in  T a b le  I ,  
t o g e th e r  w i th  t h e  p e r t i n e n t  a n a ly t i c a l  a n d  p h y s ic a l  d a t a .

K .  2,6-Bispyrazinylinethyl diethyl ether ( X V I ) .  T h e  p r o 
c e d u r e  w a s  t h e  s a m e  a s  in  E ,  in  w h ic h  7 .0  g . (0 .0 3 6  m o le )  o f
2 ,6 - b is ( o : - c h lo r o m e th y l )p y r a z in e  ( X V )  w a s  a l lo w e d  t o  r e a c t  
w i th  a  ZM ex ce ss  o f  s o d iu m  e th o x id e  in  a b s o lu te  e th a n o l .  
W o r k - u p  a f fo rd e d  2 .8 6  g . ( 3 7 % )  o f  t h e  b is  e th e r  X V I  w h ic h  
b o i le d  a t  1 3 0 -1 3 3  7 2 0  m m ., n 2D5 1 .4 8 9 2 .

Anal. C a lc d . fo r  C w H ieN -A ,: C , 6 1 .2 0 ; H ,  8 .2 2 ; N ,  1 4 .2 8 . 
F o u n d :  C , 6 1 .2 4 ; H ,  8 .2 5 ; N ,  14 .0 0 .
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M e th y l- ,  2 ,5 - d im e th y l - ,  o r  2 ,5 - d ie th y lp y r a z in e ,  w h e n  t r e a t e d  in  c a r b o n  te t r a c h lo r id e  a t  4 0 °  w i th  e x c e s s  c h lo r in e , g a v e  
2 - c h lo ro - 3 - m e th y l- ,  3 - c h lo ro - 2 ,5 - d im e th y l - ,  a n d  3 - c h lo ro - 2 ,5 - d ie th y lp y r a z in e ,  r e s p e c t iv e ly ,  in  g o o d  y ie ld s .  A  n u c le a r  c h lo r i
n a t e d  p r o d u c t  u n d e r  th e s e  m ild  c o n d i t io n s  w a s  u n e x p e c te d .  T h e  c h lo r in e  a to m  o f  t h e  a lk y lc h lo r o p y ra z in e s  w a s  v e r y  r e a c t iv e  
t o w a r d s  n u c le o p h il ic  r e a g e n ts .  R e p la c e m e n t  o f  t h e  h a lo g e n  w a s  r e a d i ly  e f fe c te d  b y  r e a c t io n  o f  t h e  c h lo ro  c o m p o u n d s  w i th  
a lc o h o ls ,  a m m o n ia ,  a l i p h a t i c  a m in e s ,  a n d  a q u e o u s  a lk a l i  t o  g iv e  e th e r s ,  a m in e s ,  a n d  h y d r o x y  d e r iv a t iv e s .

A chlorination study of alkylpyrazines was begun 
initially with the objective of preparing a-chloro- 
methylpyrazine. When methylpyrazine in carbon 
tetrachloride was treated with an excess of ele
mental chlorine at room temperature and with ir
radiation from an incandescent lamp a monochloro 
product was obtained. One might expect a methyl 
substituted chloro derivative to form under these 
conditions but the chemical and physical proper
ties of the product indicated that 2-chloro-3- 
methylpyrazine, a ring substituted compound, had 
formed instead. Light was later found to have no 
effect on the reaction. The reaction was applied to 
the chlorination of 2,5-dimethyl- and 2,5-diethyl
pyrazine and the products were also ring substituted 
alkylchloropyrazines.

In addition to the derivatives of the chloro 
compounds prepared in the course of their identi
fication, several other amino and alkoxy compounds 
were prepared. When 2-chloro-3-methyl- or 3- 
chloro-2,5-dimethylpyrazine was heated in an auto
clave at about 200° with aqueous ammonia, methyl- 
amine, dimethylamine, or ethanolamine the corre
sponding substituted amines were obtained. To 
prepare the pyrazyl ethers from 2-chloro-3-methyl- 
pyrazine the sodium alkoxides were usually 
employed. Later we found that simply refluxing a 
mixture of the chloropyrazine in alcohol with po
tassium hydroxide was sufficient to afford the corre
sponding ethers in good yield. By these methods 
ethers were made from allyl, n-butyl and myristyl 
alcohols and from ethylene glycol. Since ethylene 
glycol is bifunctional both possible ethers were

( 1 )  P r e s e n te d  b e fo re  t h e  D iv is io n  o f O rg a n ic  C h e m is t r y  
a t  t h e  I 3 8 t h  M e e t in g  o f  t h e  A m e r ic a n  C h e m ic a l  S o c ie ty ,  
N e w  Y o r k ,  N .  Y .,  S e p te m b e r ,  1960 .

obtained: the hydroxyethyl ether and the ethylene 
bispyrazyl ether. 3-Chloro-2,5-dimethylpyrazine 
presumably reacts in a similar fashion since the 
corresponding ethyl ether was made in good yield 
from the chloropyrazine, ethanol and potassium 
hydroxide.2

E X PE R IM E N T A L 3

2-Chloro-3-methylpyrazine. T o  5 .4 1 . o f  c a r b o n  te t r a c h lo r id e  
h e a t e d  t o  4 0 °  in  a  12  1. f la s k  e q u ip p e d  w i th  s t i r r e r ,  D r y  I c e -  
a c e to n e  c o n d e n s e r  a n d  d r o p p in g  f u n n e l  w a s  a d d e d  1 4 2  g. 
(2  m o le s )  o f  c h lo r in e  t h r o u g h  a  t u b e  e n d in g  a b o v e  t h e  s u r 
f a c e  o f  t h e  c a r b o n  t e t r a c h lo r id e .  T h is  w a s  fo llo w e d  b y  9 4  g . 
(1  m o le )  o f  m e th y lp y r a z in e  a d d e d  w i th in  5  m in . W a r m in g  
w a s  n e c e s s a ry  t o  m a in t a in  t h e  t e m p e r a tu r e  a t  4 0 °  u n t i l  a n  
e x o th e r m ic  r e a c t io n  to o k  p la c e  a n d  p r e c ip i t a t i o n  o f 2 -c h lo ro -
3 - m e th y lp y r a z in e  h y d r o c h lo r id e  o c c u r r e d . A d d i t io n  of 
r e a c t a n t s  w a s  r e p e a te d  in  t h i s  m a n n e r  ( w i th  c o o lin g  w h e n  
n e c e s s a ry )  e x c e p t  t h a t  t h e  r a t io  o f  c h lo r in e  t o  m e th y lp y r a 
z in e  w a s  a d ju s te d  so  t h a t  f in a l  t o t a l  a m o u n ts ,  93 7  g . (1 3 .2  
m o le s )  o f  c h lo r in e  a n d  112 8  g . (1 2  m o le s )  o f m e th y lp y r a z in e ,  
h a d  b e e n  a d d e d  in  6  h r .

A f te r  s t a n d in g  o v e r n ig h t  t h e  h y d r o c h lo r id e  w a s  r e m o v e d  
b y  f i l t r a t io n  a n d  w a s h e d  w i th  c a r b o n  t e t r a c h lo r id e .  T h e  
f i l te r  c a k e  w a s  s lu r r ie d  w i th  5 0 0  m l. o f  w a te r  a n d  t h e  m ix 
t u r e  w a s  n e u t r a l i z e d  w i th  1 .2  1. o f  3 5 %  a q u e o u s  s o d iu m  
h y d r o x id e  w h ile  t h e  t e m p e r a t u r e  w a s  k e p t  b e lo w  4 0 °  b y  
c o o lin g . T h e  2 -c h lo ro - 3 - m e th y lp y r a z in e  p r e c ip i t a t e d  a s  a n  
o il. I t  w a s  s e p a r a te d  a n d  d is t i l le d . Y ie ld :  1029  g . ( 6 7 % ) ,  b .p .  
5 5 - 6 5  7 1 5  m m ., n2„s 1 .5 2 6 2  ( r e p o r t e d 4 b .p .  9 4 - 9 6  7 0 5  
m m . a n d  n 2DE 1 .5 3 0 2 ) . T h e  c o m p o u n d  w a s  u n r e a c t iv e  t o 
w a r d s  h o t  a lc o h o lic  s i lv e r  n i t r a te .

S-Chloro-2,5-dimethylpyrazine. T h is  c h lo ro  c o m p o u n d  w a s  
p r e p a r e d  f ro m  2 ,5 - d im e th y lp y r a z in e  a s  a b o v e .  Y ie ld :  8 7 % , 
b .p .  6 4 7 1 0  m m .- 6 5 ° / 1 2  m m ., 1 .5 2 3 7  ( r e p o r t e d 4

(2 )  H .  G a in e r ,  M .S . th e s is ,  P o ly te c h n ic  I n s t i t u t e  of 
B r o o k ly n ,  1951 .

( 3 )  A ll m e l t in g  p o in t s  a r e  u n c o r re c te d .
( 4 )  G . K a r m a s  a n d  P .  E .  S p o e r r i ,  J. Am. Chem. Soc., 7 4 ,

1 5 8 0  ( 1 9 5 2 ) .  •
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b .p .  1 1 2 - 1 1 3 ° /7 0  m m ., n 2D6 1 .5 2 4 3 ) . T h e  c o m p o u n d  w a s  
u n r e a c t iv e  to w a r d s  h o t  a lc o h o l ic  s i lv e r  n i t r a t e .

2,5-Diethylpyrazine. T h is  d i a lk y lp y r a z in e  w a s  o b ta in e d 5 
via r e a c t io n  o f  1 ,2 -e p o x y  b u t a n e  a n d  a m m o n ia  t o  g iv e  2 -  
h y d r o x y b u ty la m in e  w 'h ich  w a s  t h e n  s im u l ta n e o u s ly  c o n 
d e n s e d  a n d  d e h y d r o g e n a te d 6 to  y ie ld  f in a l ly  2 ,5 - d ie th y lp y r a -  
z in e , b .p .  1 8 8 - 1 8 9  7 7 6 0  m m ., n 2pG 1 .4 9 0 8  ( b .p .  1 8 5 -1 8 6  7 7 6 7  
m m .)  w a s  r e p o r t e d 7 fo r  2 ,5 - d ie th y lp y r a z in e  p r e p a r e d  b y  
o x id a t io n  o f  t h e  c o n d e n s a t io n  p r o d u c t  o f  l - a m in o - 2 - b u ta -  
n o n e  w i th  m e r c u r ic  c h lo r id e . T h is  s y n th e s is  is  s im i la r  t o  
t h e  se r ie s  o f  r e a c t io n s  r e c e n t ly  r e p o r t e d 8 fo r  t h e  p r e p a r a t io n  
o f  e th y lp y r a z in e .

3-Chloro-2,B-diethylpyrazine. A  s t r e a m  o f  c h lo r in e  w a s  
p a s s e d  o v e r  t h e  s u r f a c e  o f 5 0 0  m l. o f s t i r r e d  c a r b o n  t e t r a 
c h lo r id e  h e a t e d  to  4 0 ° .  W h e n  t h e  s o lv e n t  w a s  s a t u r a t e d  30  
m l. o f  2 ,5 - d ie th y lp y r a z in e  w a s  a d d e d  w i th  s t i r r in g  a n d  t h e  
t e m p e r a tu r e  w a s  m a in t a in e d  a t  4 0 ° .  A f te r  a b o u t  3 0  m in . 
th e  a d d i t i o n  o f r e a g e n ts  w a s  r e p e a t e d  e x c e p t  t h a t  t h e  q u a n 
t i t y  o f  2 ,5 - d ie th y lp y r a z in e  a d d e d  d e p e n d e d  u p o n  t h e  
a m o u n t  o f  c h lo r in e  r e t a in e d  b y  t h e  r e a c t io n  m ix tu r e .  T h e  
m o le  r a t i o  o f c h lo r in e  t o  2 ,5 - d ie th y lp y r a z in e  w a s  2 :1 .  
A f te r  15 m in . e n o u g h  2 ,5 - d ie th y lp y r a z in e  w a s  a d d e d  to  
m a k e  t h e  m o le  r a t i o  o f  c h lo r in e  t o  2 ,5 - d ie th y lp y r a z in e  p r e s 
e n t  in  t h e  r e a c t io n  m ix tu r e  1 .2 7 :1 .  I n  th i s  m a n n e r  w a s  
a d d e d  a  t o t a l  o f  2 0 5 .5  g . (1 .5  m o le s )  o f  2 ,5 - d ie th y lp y r a z in e  
a n d  1 4 0  g . (1 .9  m o le s )  o f  c h lo r in e . T h o u g h  th e  t e m p e r a t u r e  
w a s  c a r e f u l ly  m a in t a in e d  a t  4 0 °  t h r o u g h o u t  m o s t  o f  t h e  r u n  
b y  h e a t in g  o r  c o o lin g , a t  o n e  p o i n t  t h e  t e m p e r a t u r e  ro s e  
s p o n ta n e o u s ly  t o  6 0 °  d e s p i te  e f fo r ts  t o  p r e v e n t  t h e  r is e . 
T h e  h y d r o c h lo r id e  o f  3 - c h lo ro - 2 ,5 - d ie th y lp y r a z in e  d id  n o t  
p r e c ip i t a te .

A  m ix tu r e  o f  17 6  g . o f  s o d iu m  b ic a r b o n a te  a n d  2 5 0  m l. o f 
wra t e r  w a s  a d d e d  w i th  s t i r r in g  a n d  t h e  m ix tu r e  w a s  f i l te r e d . 
T h e  o rg a n ic  l a y e r  w a s  s e p a r a te d ,  d r ie d  o v e r  a n h y d r o u s  
m a g n e s iu m  s u l f a te  a n d  f r a c t io n a l ly  d is t i l le d .  Y ie ld :  1 9 4  g . 
( 7 6 % )  b .p .  81 ° / 5  m m . -  9 1 ° / 6  m m .,  n 2D5 1 .5 1 4 8 .

Anal. C a lc d . f o r  C 8H n C lN 2: C , 5 6 .3 1 ;  H ,  6 .5 0 ;  N ,  1 6 .4 2 . 
F o u n d :  C , 5 6 .6 1 ; H ,  6 .4 2 ;  N ,  1 6 .5 6 .

Z-Hydroxy-3-methylpyrazine, Method A. F o r  c o m p a r is o n  
w i th  t h e  p r o d u c t  o f  M e th o d  B  t h i s  c o m p o u n d  w a s  p r e p a r e d  
f ro m  a la n in e a m id e  a n d  g ly o x a l .4 T h e  m e l t in g  p o i n t  o f  t h e  
m a te r i a l  p r e p a r e d  a c c o r d in g  t o  t h i s  m e th o d  w a s  1 4 9 .5 -  
1 5 0 .5 °  in  a g r e e m e n t  w i t h  t h e  m .p .  1 5 1 -1 5 2 °  r e p o r t e d  
b y  K a r m a s  a n d  S p o e r r i  ( r e p o r t e d 9 m .p .  1 4 0 -1 4 2 °  b y  t h e  
s a m e  m e th o d ) .

Method B. A  h e te r o g e n e o u s  m ix tu r e  o f  3 6 0  g . ( 2 .8  m o le s )  
o f  2 - c h lo ro - 3 - m e th y lp y r a z in e ,  6 0 0  g . o f  p o ta s s iu m  h y d r o x id e ,  
a n d  2 .4 1 . o f  w a te r  w a s  r e f lu x e d  f o r  9 h r .  T h e  r e s u l t a n t  h o m o 
g e n e o u s  s o lu t io n  w a s  c a r e f u l ly  n e u t r a l i z e d  w i th  c o n c e n 
t r a t e d  h y d r o c h lo r ic  a c id  a n d  t h e  w a te r  w a s  r e m o v e d  b y  
w a r m in g  in vacuo. T h e  d r y  r e s id u e  w a s  e x t r a c t e d  w i t h  h o t  
a b s o lu te  a lc o h o l .  A f te r  e v a p o r a t in g  t h e  s o lu t io n  t o  d r y 
n e s s  in vacuo th e  r e s id u e  w a s  r e c r y s ta l l iz e d  s e v e ra l  t im e s  
f ro m  is o p ro p y l  a lc o h o l  a n d  f in a l ly  f ro m  a b s o lu te  a lc o h o l .  
Y ie ld :  1 7 0 .5  g . ( 5 5 % ) ,  m .p .  1 3 8 -1 4 5 ° .

Anal, C a lc d . fo r  C s H e N iO : C ,  5 4 .5 4 ;  H ,  5 .4 9 ;  N ,  2 5 .4 4 . 
F o u n d :  C , 5 4 .6 0 ;  H ,  5 .5 3 ;  N ,  2 5 .3 8 .

A  m ix e d  m e l t in g  p o in t  f ro m  s a m p le s  o b t a in e d  f ro m  b o th  
M e th o d  A  a n d  B  w a s  1 3 9 .5 - 1 4 9 ° .  T h e  c o m p a r a t iv e  in f r a r e d  
s p e c t r a  f o r  b o t h  c o m p o u n d s  w e r e  e s s e n t ia l ly  id e n t ic a l .  A  
s t r o n g  a b s o r p t io n  b a n d  a t  6 p a n d  a  m e d iu m  b a n d  a t  6 .4  p 
in d ic a te d  t h e  p r e s e n c e  o f  a n  a m id e  g r o u p  so  t h a t  t h e  c o m 
p o u n d  p r o b a b ly  e x is ts  i n  t h e  k e to  t a u to m e r ic  f o r m .10 T h e  
h y d r o x y l  a b s o r p t io n  b a n d  is  a b s e n t .

(5 )  T h e s e  p r e p a r a t io n s  w e re  m a d e  b y  W a l t e r  F .  S c h u lz , 
W y a n d o t t e  C h e m ic a ls  C o r p . ,  a n d  E r n e s t  J a u l ,  G e n e r a l  
T i r e  a n d  R u b b e r  C o .

( 6 )  W . K .  L a n g d o n ,  Ü . S . P a t e n t  2 ,8 1 3 ,8 6 9 ,  N o v .  19 , 
1957 .

( 7 )  E .  K o ls h o r n ,  Ber., 3 7 , 2 4 7 4  (1 9 0 4 ) .
( 8 )  H .  G a in e r ,  J. Org. Chem., 2 4 , 69 1  (1 9 5 9 ).
( 9 )  R .  G . J o n e s ,  J. Am. Chem. Soc., 7 1 , 7 8  (1 9 4 9 ).

2,5-DimethylrS-hydroxypyrazine. T h is  d e r iv a t iv e  o f  3 - 
c h lo r o -2 ,5 - d im e th y lp y ra z in e  w a s  m a d e  in  2 9 %  y ie ld  b y  
re f lu x in g  t h e  c h lo ro  c o m p o u n d  w i th  2 0 %  a q u e o u s  p o ta s s iu m  
h y d r o x id e  a c c o r d in g  t o  B a x te r  a n d  S p r in g ,11 m .p .  2 0 6 - 2 0 7 ° ;  
( r e p o r t e d 11 m .p .  2 0 8 - 2 1 0 ° ) .

S-Amino-3-methylpyrazine. A  m ix tu r e  o f  2 4 0  g . (1 .8 7  
m o le s )  o f 2 -c h lo ro - 3 - m e th y lp y r a z in e  a n d  1 1 . o f 3 0 %  a q u e o u s  
a m m o n ia  (1 6  m o le s )  w a s  h e a t e d  in  a n  a u to c la v e  a t  1 8 0 °  
f o r  8  h r .  A  p r e s s u r e  o f  3 9 0  p .s . i .  d e v e lo p e d . T h e  r e a c t io n  
m ix tu r e  w a s  f i l te r e d  to  o b t a in  t h e  p r o d u c t  w h ic h  w a s  w a s h e d  
w i th  a  l i t t l e  a lc o h o l  a n d  r e c r y s ta l l i z e d  f ro m  6 0 0  m l. o f 
a b s o lu te  a lc o h o l .  Y ie ld :  93  g . ( 4 6 % ) ,  m .p .  1 6 5 -1 6 7 ° .

Anal. C a lc d .  f o r  C s fR N j:  C , 5 5 .0 3 ; H ,  6 .4 7 ;  N ,  3 8 .5 1 . 
F o u n d :  C , 5 5 .1 9 ; H ,  6 .4 2 ; N ,  3 8 .7 8 .

3-Amino-2,5-dimethylpyrazine. A  m ix tu r e  o f  10 7  g . (0 .7 5  
m o le )  o f 3 - c h lo ro - 2 ,5 - d im e th y lp y r a z in e  w i th  3 0 0  m l. o f  3 0 %  
a q u e o u s  a m m o n ia  a n d  6 6  g . o f  a n h y d r o u s  a m m o n ia  ( t o t a l  
o f  9 .3  m o le s )  w a s  h e a t e d  a t  1 8 0 °  in  a n  a u to c la v e  f o r  10 h r .  
A  p r e s s u re  o f  5 2 5  p .s . i .  d e v e lo p e d . T h e  s o lv e n ts  w e re  t h e n  
r e m o v e d  b y  e v a p o r a t io n  in vacuo w i th  h e a t in g  a n d  t h e  so lid  
r e s id u e  w a s  e x t r a c t e d  w i th  h o t  b e n z e n e . C o o lin g  t h e  b e n z e n e  
p r e c ip i t a t e d  t h e  p r o d u c t  w h ic h  a f t e r  f i l t r a t i o n  g a v e  66  g. 
o f  3 - a m in o -2 ,5 - d im e th y lp y ra z in e .  R e c r y s t a l l iz a t i c n  o f  t h e  
c r u d e  p r o d u c t  f ro m  3 5 0  m l. o f  b e n z e n e  g a v e  f in a l ly  5 7  g. 
( 6 2 % ) ,  m .p .  1 1 1 -1 1 2 °  ( r e p o r t e d 12 1 1 2 ° , p r e p a r e d  f ro m  
3  -  p h e n y la c e ta m id o  -  2 ,5  -  d im e th y lp y r a z in e ) .  K a r m a s  a n d  
S p o e r r i4 h a v e  r e p o r t e d  t h e  m e th o d  o f  p r e p a r in g  a m in o  d e 
r iv a t iv e s  o f  t h e  c h lo ro  c o m p o u n d s  f ro m  t h e  c o r re s p o n d in g  
a q u e o u s  a m in e s .

T h e  c o r re s p o n d e n c e  o f  t h e  m e l t in g  p o in t s  o f  t h e  h y d r o x y  
a n d  a m in o  c o m p o u n d s  w i th  t h e  m e l t in g  p o in t s  o f  t h e  c o r 
r e s p o n d in g  c o m p o u n d s  r e p o r t e d  in  t h e  l i t e r a tu r e  s e rv e s  a s  a  
p ro o f  o f  s t r u c t u r e  o f  t h e  3 - c h lo ro - 2 ,5 - d im e th y lp y r a z in e .

3-Methyl-S-methylaminopyrazine hydrochloride. A  m ix tu r e  
o f  6 4  g . (0 .5  m o le )  o f  2 -c h lo ro - 3 - m e th y lp y r a z in e  a n d  160 
m l. (2  m o le s )  o f  4 0 %  a q u e o u s  m e th y la m in e  w a s  h e a t e d  in  
a n  a u to c la v e  a t  2 0 0 °  fo r  6 .5  h r .  T h e  a u to c la v e  w a s  c h a r g e d  
w i th  2 0 0  p .s . i .  o f  h y d r o g e n  a n d  60 0  p .s . i .  d e v e lo p e d  w i th  
h e a t in g .  T h e  h o m o g e n e o u s  r e a c t io n  m ix tu r e  w a s  e v a p o r a te d  
in vacuo o n  t h e  s te a m  b a t h  a n d  t h e  s y r u p y  r e s id u e  w a s  
c o n t in u o u s ly  e x t r a c t e d  w i th  e th e r .  A f te r  r e m o v a l  o f  t h e  
s o lv e n t  b y  w a r m in g  in vacuo t h e  r e s id u e  w a s  d is s o lv e d  in  
5 0  m l. o f  a b s o lu te  a lc o h o l a n d  a c id if ie d  w i th  60  m l. o f  8 N  
a lc o h o lic  h y d r o g e n  c h lo r id e . A  l i t t l e  e th e r  w a s  a d d e d  to  
c o m p le te  t h e  p r e c ip i t a t io n  a n d  t h e  p r o d u c t  w a s  f i l te r e d . 
S e v e r a l  r e c r y s ta l l i z a t io n s  f ro m  m e th a n o l - e th e r  m ix tu r e  
g a v e  2 5  g . ( 3 1 % ) ,  m .p .  2 3 6 - 2 4 0 ° .  A  s a m p le  w a s  s u b l im e d  a t  
ca. 1 7 5 ° /7 6 0  m m . fo r  t h e  a n a ly s is .

Anal. C a lc d . f o r  C 6H I0C 1N 3: C , 4 5 .1 4 ;  H ,  6 .3 1 ; N ,  2 6 .3 2 . 
F o u n d :  C , 4 4 .8 9 ;  H ,  6 .0 5 ; N ,  2 5 .9 4 .

2,B-Dimethyl-3-methylammopyrazine hydrochloride. A  m ix 
t u r e  o f  4 9 .5  g. (0 .3 5  m o le )  o f  3 - c h lo ro - 2 ,5 - d im e th y lp y r a z in e  
a n d  1 50  m l. o f  4 0 %  a q u e o u s  m e th y la m in e  (2  m o le s )  w a s  
h e a t e d  in  a n  a u to c la v e  a t  1 9 5 -2 1 0 °  fo r  12 h r .  T h e  a u to c la v e  
w a s  c h a r g e d  w i th  2 0 0  p .s . i .  o f  h y d r o g e n  a n d  70 0  p .s .i .  
d e v e lo p e d  w i th  h e a t in g .  A f te r  r e m o v a l  o f  m o s t  o f t h e  s o lv e n t  
b y  h e a t in g  in vacuo t h e  r e s id u e  w a s  c o n t in u o u s ly  e x t r a c te d  
w i th  e th e r .  T h e  e th e r e a l  e x t r a c t  w a s  d r ie d  o v e r  a n h y d r o u s  
m a g n e s iu m  s u l f a te  a n d  t h e  s o lv e n t  w a s  r e m o v e d  b y  w a r m in g  
in vacuo a n d  g a v e  a  n o n - c ry s ta l l iz in g  o il. T h is  r e s id u e  w a s  
d is s o lv e d  in  a b s o lu te  a lc o h o l  a n d  a c id if ie d  w i th  8N a lc o h o lic  
h y d r o g e n  c h lo r id e . T h e  h y d r o c h lo r id e  p r e c ip i t a t e d ;  t h e  m ix 
t u r e  w a s  c o o le d , t r e a t e d  w i th  e th e r ,  f i l te r e d  a n d  t h e  p r e c ip i 
t a t e  w a s  w a s h e d  w i th  a  1 :1  a lc o h o l  a n d  e th e r  m ix tu r e ,  t h e n  
e th e r  a lo n e . Y ie ld , 1 8 .9  g . ( 2 9 % ) ,  m .p .  2 2 5 - 2 2 6 .5 ° .  S e v e ra l  
r e c r y s ta l l i z a t io n s  f ro m  a b s o lu te  a lc o h o l  r a is e d  t h e  m e l t in g  
p o in t  t o  2 2 8 .5 - 2 2 9 ° .

(1 0 )  A . A lb e r t  a n d  J .  N .  P h i l l ip s ,  J. Chem. Soc., 1294
(1 9 5 6 ).

(1 1 )  R .  A . B a x te r  a n d  F .  S . S p r in g , J. Chem. Soc., 1179
(1 9 4 7 ) .

( 1 2 )  G . T .  N e w b o ld , F .  S . S p r in g , a n d  W . S w e e n e y ,
J. Chem. Soc., 3 0 0  (1 9 4 9 ).
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Anal. C a lc d . fo r  C 7H 12C 1 N 3: C , 4 8 .4 2 ; H ,  6 .9 7 ; N ,  2 4 .2 0 . 
F o u n d :  C , 4 8 .5 1 ; H ,  6 .9 3 ; N ,  2 4 .3 6 .

2-Dimethylamino-3-methylpyrazine hydrochloride. A  m ix 
t u r e  o f  1 2 .8  g. (0 .1  m o le )  o f  2 -c h lo ro - 3 - m e th y lp y r a z in e  a n d  
10 0  m l. (0 .5 5  m o le )  o f  2 5 %  a q u e o u s  d im e th y la m in e  w a s  
h e a t e d  in  a n  a u to c la v e  a t  2 0 0 °  fo r  13 h r .  T h e  a u to c la v e  w a s  
c h a r g e d  w i th  20 0  p .s . i .  o f n i t ro g e n  a n d  5 5 0  p .s . i .  d e v e lo p e d  
w i th  h e a t in g .  M o s t  o f  t h e  s o lv e n t  w a s  r e m o v e d  b y  h e a t in g  
in vacuo a n d  th e  r e s id u e  w a s  c o n t in u o u s ly  e x t r a c t e d  w i t h  
e th e r .  A f te r  r e m o v a l  o f  t h e  e th e r  b y  w a r m in g  in vacuo t h e  
r e s id u e  w a s  d is s o lv e d  in  a  l i t t l e  a b s o lu te  a lc o h o l  a n d  t h e  
s o lu t io n  w a s  a c id if ie d  w i th  a lc o h o lic  h y d r o g e n  c h lo r id e . 
S o m e  e th e r  w a s  a d d e d  to  c o m p le te  t h e  p r e c ip i t a t io n .  T h e  
p r o d u c t  w a s  r e m o v e d  b y  f i l t r a t io n ,  w a s h e d  w i th  a n  a lc o h o l-  
e th e r  m ix tu r e  a n d  r e c r y s ta l l iz e d  f ro m  a n  a lc o h o l- e th e r  m ix 
t u r e .  Y ie ld ;  1 .2  g. ( 7 % ) ,  m .p .  2 2 8 -2 3 0 °  d e c . F o r  t h e  a n a ly s is  
a  s m a ll  s a m p le  w a s  s u b l im e d  a t  ca. 7 0 ° / '3  m m .,  m .p .  2 2 4 -  
2 3 0 °  d e c .

Anal. C a lc d . f o r  C 7H 12C 1N 3: C , 4 8 .4 2 ; H ,  6 .9 7 ; N ,  2 4 .2 0 ; 
C l, 2 0 .4 2 . F o u n d :  C , 4 8 .0 9 ; H , 6 .7 7 ; N ,  2 4 .2 6 ; C l, 2 0 .5 3 .

2.5- Dimethyl-3-dimethylaminopyrazine. A  m ix tu r e  o f
1 0 6 .9  g . (0 .7 5  m o le )  o f  3 - c h lo ro - 2 ,5 - d im e th y lp y r a z in e  a n d  
4 7 5  m l. (4 .2  m o le s )  o f  4 0 %  a q u e o u s  d im e th jd a m in e  w a s  
h e a t e d  in  a n  a u to c la v e  a t  2 0 0 °  fo r  8  h r .  A  p r e s s u re  o f  40 0  
p .s . i .  d e v e lo p e d . T h e  r e a c t io n  m ix tu r e  w a s  d is t i l le d  a n d  t h e  
f r a c t io n  c o l le c te d , b .p .  1 0 0 - 1 0 3 ° /2 0  m m ., w a s  r e d is t i l le d  to  
y ie ld  t h e  p r o d u c t ;  42  g . ( 3 7 % ) ,  b .p .  1 0 0 ° /2 0  m m .,  a n d  
n 2D5 1 .5 3 3 8 .

Anal. C a lc d . fo r  C sH lsN r,: C , 6 3 .5 4 ; H ,  8 .6 7 ; N ,  2 7 .7 9 . 
F o u n d :  C , 6 3 .8 9 ; H ,  8 .7 4 ; N ,  2 7 .5 2 .

2.5- Dimethyl-8-{2-hydroxyethylamino)pyrazine. A  m ix tu r e  
o f 0 .4  m l.  (0 .0 0 3  m o le )  o f  3 - e h lo ro - 2 ,5 - d im e th y lp y r a z in e ,  3 
m l. (0 .0 5  m o le )  o f  e th a n o la m in e  a n d  5 m l. o f w a te r  w as  
h e a t e d  in  a  s e a le d  tu b e  a t  1 8 0 -2 0 0 °  fo r  2 4  h r .  T h e  h o m o 
g e n e o u s  m ix tu r e  w a s  e x t r a c t e d  c o n t in u o u s ly  w i th  e th e r  
a n d  t h e  s o lv e n t  a n d  ex cess  r e a g e n t  w e re  r e m o v e d  b y  h e a t in g  
in vacuo o n  t h e  s t e a m  b a t h .  T h e  c r y s ta l l in e  r e s id u e  w a s  
r e c r y s ta l l iz e d  s e v e ra l  t im e s  f ro m  b e n z e n e . Y ie ld ;  14 0  m g ., 
( 2 8 % ) ,  m .p .  1 1 9 .5 -1 2 0 .5 ° .

A n  in f r a r e d  s p e c t r u m  s h o w e d  b a n d s  a t  2 .9 5  a n d  9 .4 5  p 
w h ic h  is  in d ic a t iv e  o f a  p r im a r y  h y d r o x y l  g r o u p  a n d  th e  
a b s e n c e  o f  a n  e th e r  b a n d  a t  8 .9  p in d ic a te s  t h a t  t h e  p o s s i
b i l i ty  o f  a  3 - (2 - a m in o e th o x y )  s u b s t i t u e n t  c a n  b e  e lim i
n a te d .

Anal. C a lc d . f o r  C 8H i3N 30 :  C , 5 7 .4 6 ;  H ,  7 .8 4 ;  N ,  2 5 .1 3 . 
F o u n d ;  C , 5 7 .6 7 ; H ,  7 .4 6 ; N ,  2 6 .3 3 .

Allyl 2-(3-methylpyrazyl) ether. A  m ix tu r e  o f  30  g . (0 .2 3  
m o le )  o f 2 -c h lo ro - 3 - m e th y lp y r a z in e , 60  m l. (0 .9  m o le )  of 
a l ly l  a lc o h o l, a n d  15  g . (0 .2 3  m o le )  o f p o ta s s iu m  h y d r o x id e  
w a s  re f lu x e d  fo r  15 .5  h r .  T o  t h e  r e a c t io n  m ix tu r e  w a s  a d d e d  
100  m l. o f  p e t r o le u m  e th e r .  T h e  p r e c ip i t a t e d  s a l t  w a s  
r e m o v e d  b y  f i l t r a t io n  a n d  t h e  f i l t r a t e  w a s  f r a c t io n a l ly  d is 
t i l l e d  t o  y ie ld  f in a l ly  t h e  e th e r ;  22  g. ( 6 4 % ) ,  b .p .  6 1 - 6 2 ° ,  
n 2D5 1 .5 0 9 1 .

Anal. C a lc d . fo r  C 8H io N 20 :  C , 6 3 .9 8 ; H ,  6 .7 1 ;  N ,  1 8 .6 5 . 
F o u n d ;  C , 6 3 .9 0 ; H ,  6 .7 1 ; N ,  18 .7 2 .

Butyl 2-(3-methylpyrazyl) ether. A  s o lu t io n  f ro m  4 .6  g. 
(0 .2  g .- a to m )  o f  s o d iu m  a n d  175  m l. o f  1 - b u ta n o l  p r e p a r e d  
b y  h e a t in g  th e  s o lv e n t  a n d  s o d iu m  t o g e th e r  w a s  re f lu x e d  
w i th  2 8  g. (0 .2  m o le )  o f 2 -c h lo ro - 3 - m e th y lp y r a z in e  fo r  45  
m in . T h e  p r e c ip i t a t e d  s a l t  w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  
th e  f i l t r a t e  v ras  f r a c t io n a l ly  d is t i l le d  t o  y ie ld  t h e  p r o d u c t ,  
29  g . ( 8 7 % ) ,  b .p .  9 8 ° / 1 4  m m ., n 2D5 1 .4 8 4 1 .

Anal. C a lc d . f o r  C iH u N iO :  N , 1 6 .8 5  F o u n d :  N ,  17 .0 2 .
Ethylene glycol bis-2-(3-methylpyrazyl) ether and 2-hydroxy- 

ethyl 2-{3-methylpyrazyl) ether. T o  a  s o lu t io n  p r e p a r e d  f ro m
1 3 .3  g . (0 .3 3  m o le )  o f  p o w d e r e d  s o d iu m  h y d r o x id e  a n d  6 2  g. 
(1 .0  m o le )  o f  h o t  e th y le n e  g ly c o l w a s  a d d e d  125  m l. o f  t o lu 
e n e . T h is  m ix tu r e  w a s  r e f lu x e d  1 .5  h r .  w h ile  w a te r  w a s  r e 
m o v e d  a s  a n  a z e o t r o p e  w i th  to lu e n e .  I n  t h i s  m a n n e r ,  6 .5  m l. 
o f  w a te r  w a s  c o l le c te d . T h e  m ix tu r e  w a s  c o o le d  a n d  t r e a t e d  
d ro p w is e  a t  8 5 °  w i th  a  s o lu t io n  o:' 43  g. (0 .3 3  m o le )  o f  2- 
c h lo r o -3 - m e th y lp y ra z in e  in  50  m l. o f  to lu e n e .  A f te r  h e a t in g  
a n  a d d i t io n a l  4 5  m in . a t  1 0 0 °  t h e  m ix tu r e  w a s  co o le d  a n d

f i l te r e d . T h e  f i l t r a t e  w a s  f r a c t io n a l ly  d is t i l l e d  g iv in g  tw o  
f r a c t io n s .  O n e  f r a c t i o n  w a s  a  l iq u id  a n d  c o r r e s p o n d e d  to  2- 
h y d r o x y e th y l  2 - ( 3 - m e th y lp y r a z y l )  e th e r ;  16 g ., b .p .  1 0 0 -  
1 0 6 ° /2  m m .,  ra2D5 1 .5 2 9 7 .

Anal. C a lc d .  f o r  C 7H lnN 20 2: N ,  1 8 .1 7 . F o u n d :  N ,  18 .3 1 .
T h e  s e c o n d  f r a c t io n ,  b .p .  1 5 0 ° /3  m m .,  c r y s ta l l iz e d  in  t h e  

c o n d e n s e r  d u r in g  i t s  d is t i l l a t io n  a n d  a f t e r  r e c r y s ta l l i z a t io n  
f ro m  2 5 %  a q u e o u s  m e th y l  a lc o h o l  h a d  m .p .  8 4 - 8 5 ° .  T h is  
f r a c t io n  w a s  c o n s id e re d  t o  b e  t h e  d i s u b s t i t u te d  e th e r ,  e t h y l 
e n e  g ly c o l b i s - 2 - (3 - m e th y lp y ra z y l)  e th e r .

Anal. C a lc d . f o r  C i2H i4N .i0 2: N ,  2 2 .7 5  F o u n d :  N ,  2 2 .6 3 .
Myristyl 2-(S-methylpyrazyl) ether. A  m ix tu r e  o f  4 5  g. 

(0 .2  m o le )  o f m y r is ty l ,  a lc o h o l, 8  g . (0 .2  m o le )  o f p o w d e r e d  
s o d iu m  h y d r o x id e ,  a n d  100 m l. o f  x y le n e  w a s  r e f lu x e d  w h ile  
r e m o v in g  s o m e  o f  t h e  w a te r  f o rm e d . T o  th i s  m ix tu r e  w a s  
a d d e d  26  g . (0 .2  m o le )  o f  2 -c h lo ro - 3 - m e th y lp y r a z in e  a n d  t h e  
m ix tu r e  w a s  r e f lu x e d  a g a in  fo r  2 .5  h r .  M o s t  o f  t h e  x y le n e  w a s  
t h e n  d is t i l le d , t h e  p r e c ip i t a t e d  s a l t  r e m o v e d  b y  f i l t r a t io n  a n d  
th e  f i l t r a t e  w a s  f r a c t io n a l ly  d is t i l le d . Y ie ld :  41 g . ( 7 0 % ) ,  
b .p .  1 7 5 - 1 7 9 ° /2  m m ., n 2D5 1 .47 7 5 .

Anal. C a lc d . f o r  C i 9H MN 20 :  N ,  9 .1 4 . F o u n d :  N , 9 .2 1 .

DISCUSSION

The method of preparation of alkylmono- 
chloropyrazines in our laboratories makes readily 
available these chloropyrazines and many inter
esting pyrazine compounds derived from them.

2-Chloro-3-methyl- and 3-chloro-2,5-dimethyl- 
pyrazine are known compounds. 3-Chloro-2,5- 
diethylpyrazine was not previously reported. 2- 
Chloro-3-methylpyrazine was first described by 
Karmas and Spoerri4 who prepared it from the re
action between 2-hydroxy-3-methylpyrazine and 
phosphorus oxychloride. There are several synthe
ses of 3-chloro-2,5-dimethylpyrazine previously 
described; they are the reactions of phosphorus 
oxychloride with either diketodimethylpiperazine,11 
the mono-iV-oxide of 2,5-dimethylpyrazine13’14 or 
with 2,5-dimethyl-3-hydroxypyrazine.4 Larson and 
Spoerri more recently described a synthesis of 2- 
chloromethyl-5-methylpyrazine by the reaction 
of 2,5-dimethylpyrazine with chlorine in carbon 
tetrachloride.16

Since these are the conditions in which we ob
tain 3-chloro-2,5-dimethylpyrazine, Larson and 
Spoerri probably obtained the ring substituted 
chloro compound instead of the formulated chloro- 
methyl derivative. Hirschberg and Spoerri16 have 
since prepared authentic a-chloromethylpyrazine 
and 2-chloromethyl-5-methylpyrazine as unstable 
undistillable oils.

Our assignments of structures were based on 
comparisons of derivatives of the chloropyrazines 
with compounds of unequivocal structure as well 
as on physical data. 2-Chloro-3-methylpyrazine was

(1 3 )  G . T .  N ew -b o ld  a n d  F .  S . S p r in g , J. Chem. Soc., 
1183  (1 9 4 7 ).

(1 4 )  B . K le in  a n d  P .  E .  S p o e r r i ,  J. Am. Chem,. Soc., 7 3 , 
2 9 4 9  (1 9 5 1 ).

(1 5 )  C . W . L a r s o n ,  P h .D .  D is s e r ta t io n ,  P o ly t e c h n ic  I n s t ,  
of B r o o k ly n , 1949 .

(1 6 )  A. H i r s c h b e r g ,  P h .D .  D is s e r ta t io n ,  P o ly te c h n ic  I n s t ,  
o f B r o o k ly n ,  1960 .
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hydrolyzed with aqueous alkali to 2-hydroxy-3- 
methylpyrazine.

2-Hydroxv-3-methylpyrazine was also prepared 
from alanineamide and glyoxal4 and was shown to be 
identical with the compound prepared by alkaline 
hydrolysis of 2-chloro-3-methylpyrazine. 2-Hy- 
droxy-3-methylpyrazine probably exists in the 
tautomeric keto form as shown by infrared spectra. 
If the chloro derivative had given hydroxymethyl- 
pyrazine upon hydrolysis then a tautomeric keto 
form would not be possible. These reactions veri
fied that the chlorine atom of the chlorinated pyra- 
zine was therefore a ring substituent and was not 
on the alkyl group.

Both NMR spectroscopy and the dipole moment 
of 2-chloro-3-methylpyrazine furnished additional 
confirmation of structure.17 The NMR spectrum 
showed peaks with chemical shifts (relative to 
benzene) of 5 = +4.9 and S = 1.25 (parts per 
million) and intensity ratio 3:2 in agreement with 
the values expected for ring substitution. The low 
dipole moment of the compound (1.33 D in 
benzene at 25°) is nearly the same as that (1.35 D) 
calculated for 2-chloro-3-methylpyrazine from bond 
moments. The calculated moments of 2-chloro-5- 
methyl-, 2-chloro-6-methyl-, and a-chloromethyl- 
pyrazine, which are all the other possibilities, are
1.90, 1.73, and 1.85, respectively.

To prove the structure of 3-chloro-2,5-dimethyl- 
pyrazine it was treated with aqueous alkali and 
aqueous ammonia to obtain 2,5-dimethyl-3-hy- 
droxy- and 3-amino-2,5-dimethylpyrazine, respec
tively. The melting points of these derivatives 
compared favorably with those reported in the 
literature for the same compounds made by un
equivocal methods.11'12

The pyrazines were previously not known to react 
readily with electrophilic reagents. To prepare 
monochloropyrazine from pyrazine and chlorine a 
vapor phase reaction at 365° and the presence of sul
fur dioxide was necessary. These conditions are more 
conducive to free radical attack of chlorine rather 
than polar reaction. A plausible explanation of this 
lack of reactivity towards electrophilic reaction 
hinged on the influence of the hetero atoms 
on the aromatic ring. Because of the inductive 
effect of the two nitrogen atoms in addition to a 
resonance effect, the carbon atoms of pyrazine 
should be relatively positive.18 The experimental 
conditions involved in electrophilic substitutions 
causes the pyrazine ring to be converted into the 
pyrazinium ion. The inductive effect is then en
hanced by the resultant positive ionic charge. The

(1 7 )  T h e s e  p h y s ic a l  m e a s u r e m e n ts  w e re  d o n e  b y  D r .  M a x
T . R o g e rs ,  M ic h ig a n  S t a t e  U n iv e r s i ty ,  E a s t  L a n s in g , w h o  
k in d ly  s u p p l ie d  u s  w i th  th e s e  r e s u l t s .

(1 8 )  R .  C . E ld e r f ie ld ,  Heterocyclic Compounds, W ile y , 
N e w  Y o rk , 1957 , V o l. 6 , p . 39 9

positively charged nitrogen atom is ordinarily meta 
directing and should deactivate the ring.

A reaction of an alkylpyrazine with excess 
chlorine in carbon tetrachloride at 40° to yield the 
monoalkylchloropyrazine is one which is occurring 
under very mild conditions and this was quite un
expected. If the reagents, alkylpyrazine and ex
cess chlorine, were mixed in carbon tetrachloride 
directly the reaction was marked by an induction 
period followed by an exothermic reaction difficult 
to control. Irradiation from an incandescent or an 
ultraviolet lamp had no effect upon the induction 
period or the yield of product when 2-chloro-3- 
methylpyrazine was prepared in this manner. The 
difficulty of an uncontrollable exothermic reaction 
was mitigated by addition of the alkylpyrazine 
and chlorine initially in the molar raiio of two to 
one portionwise to preheated carbon tetrachloride.

The first step in the chlorination of methyl- 
pyrazine is probably the formation of a methyl- 
pyrazine perchloride. An excess of chlorine is es
sential to the reaction. If one mole or less of chlo
rine was used the reaction invariably failed. Exam
ples of addition compounds of the aikylpyrazines 
or other six-membered nitrogen heterocyclics 
with halogens are well known.19

Of the two nitrogen atoms of methylpyrazine the 
one closest to the methyl group most likely forms 
salts and influences orientation during electro
philic substitution. The base strength of the nitro
gen atom closest to the methyl group probably is 
greater than that of the more remote nitrogen 
atom. The ionization constant of 2-methylpyridine 
is 5.4 X 10~8 and that of pyridine at the same 
temperature is 1.3 X 10~9.20 Methylpyrazine (pK, 
12.5) is likewise a stronger base than pyrazine 
(pK, 12.9).21 Carbon atoms three and five are 
relatively electronegative because of the inductive 
effect of the positively charged nitrogen atom in the 
perchloride of methylpyrazine. An additional in
crease in electronegativity of carbon atom three 
may be due to the presence of the adjacent methyl 
group. The second step in the chlorination then 
involves the three position.

It should be emphasized that these considera
tions apply only to the orientation of the substitut
ing chlorine atom. They do not explain the ease 
of ring chlorination of a heterocyclic compound 
under such mild conditions.
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T h e  r e a c t io n  o f a c r y lo n i t r i l e  w i th  4 - h y d r o x y - 7 - m e th y lp te r id in e  ( I )  i n  p y r id in e - w a te r  (5 -1 )  h a s  b e e n  s h o w n  t o  p ro c e e d  
to  3 - (2 - c y a n o e th y l ) - 7 - m e th y l - 4 ( 3 H ) - p te r id in o n e  ( I I )  a n d  3 - fo rm a m id o -5 - m e th y lp y ra z in e -2 - [ iV - ( 2 -c y a n o e th y l ) ] c a r b o x a m id e
( I I I ) .  B o th  I I  a n d  I I I  g a v e  r is e  t o  t h e  s a m e  p r o d u c t s  w h e n  t r e a t e d  w i th  h o t  I N  s o d iu m  h y d r o x id e .  3 ,7 - D im e th y l- 4 ( 3 H ) -  
p te r id in o n e  ( V I I )  a n d  3 - fo r m a m id o - 5 - m e th y lp y r a z in e - 2 - ( N - m e th y l ) c a r b o x a m id e  ( V I I I )  a ls o  h a v e  b e e n  s y n th e s iz e d  a n d  
h a v e  b e e n  s h o w n  t o  e x is t  in  e q u i l ib r iu m  in  a  h o t  p y r id in e - w a te r  (5 -1 )  s o lu t io n .  A  p o s s ib le  m e c h a n is m  f o r  t h i s  r in g  o p e n in g  
is  d is c u s s e d .

In continuing our study of the reaction of acrylo
nitrile with hydroxypteridines1'2 we decided to 
investigate a simple 4-hydroxypteridine. Therefore
4-hydroxy-7-methylpteridine (I) was sjmthesized 
from 3-amino-5-methyl-2-pyrazinamide via the 
ethyl orthoformate-acetic anhydride method.3'4

When this pteridine (I) was treated with acrylo
nitrile by refluxing for four hours in a 50% aqueous- 
pyridine solution, 3-amino-5-methylpyrazine-2-[A/- 
(2-cyanoethyl) ]carboxamide (IV) was isolated in 
approximately 50% yield. The structure of this 
product was established by comparison with an 
authentic specimen which was synthesized by 
treating methyl 3-amino-5-methyl-2-pyrazinoate 
with 3-aminopropionitrile. It was therefore evident 
that the conditions under which the reaction was 
carried out resulted in cleavage of the cyanoethyl- 
ated pteridine and, furthermore, this must have 
been the 3-cyanoethyl derivative (II). In an 
attempt to preserve the intact pteridine ring, many 
other variations in reaction conditions and sol
vents were tried, the most satisfactory of which 
was refluxing in pyridine-water (5:1) for three 
hours. This gave a crude product which consisted 
of two compounds as shown by paper chromatog
raphy in 3% ammonium chloride. These were con
veniently separated by extracting with cold water. 
The water soluble compound, after purification, 
gave elemental analyses and spectral characteristics 
indicative of 3-(2-cyanoethyl)-7-methyl-4-(3H)- 
pteridinone (II). This structure was confirmed when 
it was found that boiling for thirty seconds in IN  
sodium hydroxide resulted in the formation of the

( 1 )  R .  B .  A n g ie r  a n d  W . V . C u r r a n ,  J. Am. Chem. Soc., 
8 1 , 5 6 5 0  ( 1 0 5 9 ) .

( 2 )  R .  B .  A n g ie r  a n d  W . V . C u r r a n ,  J. Onj. Chem., in  
p re s s .

( 3 )  A . A lb e r t ,  D . J .  B r o w n , a n d  G . C h e e s e m a n , J. Chem. 
Soc., 4 7 4  (1 9 5 1 ) .

( 4 )  T h is  c o m p o u n d  h a s  p r e v io u s ly  b e e n  s y n th e s iz e d  b y
A . A lb e r t ,  D .  J .  B ro w n , a n d  G . C h e e s e m a n ,  J. Chem. Soc., 
4 2 1 9  ( 1 9 5 2 ) ,  via t h e  c o n d e n s a t io n  o f  4 ,5 -d ia m in o - 6 - h y d ro x y -  
p v r im id in e  w i th  m e th y lg ly o x a l  in  t h e  p r e s e n c e  o f  s o d iu m  
s u l f i te .

cyanoethyl amide (IV) along with a small amount 
of 3-amino-5-methyl-2-pyrazinoic acid (V). Com
pound V was not formed by hydrolysis of the cyano- 
ethylamide (IV), as heating the latter compound 
in IN  sodium hydroxide for one minute gave no 
reaction. However, longer heating (one hour on the 
steam bath) resulted in hydrolysis of the nitrile 
function to give 3-amino-5-methylpyrazine-2-[A- 
(2-carboxyethyl) ] carboxamide (VI). Albert et aZ.6a 
and Wood5 -1 have described a similar series of reac
tions during the alkaline degradation of 3-methyl-
4-pteridinone. These authors found that 3-amino- 
pyrazine-2(iV-metliyl) carboxamide and 3-amino-2- 
pyrazinoic acid were obtained by treating the above- 
mentioned pteridinone with refluxing IN  sodium 
hydroxide for thirty seconds. As the methylamide 
was unaffected by the same reagent under more 
vigorous conditions, it was concluded by Wood5b 
that ring fission of the 3-methyl-4-pteridinone took 
place in two ways, namely, cleavage of the Nr—C2 
bond or the C2—-Ns bond resulting finally in the 
formation of the pyrazinemethylamide and cleav
age of the N3—C4 bond which would lead to 3 
amino-2-pyrazinoic acid.

The water-insoluble product from the cyano- 
ethylation reaction gave elemental analyses con
sonant with a formyl derivative of compound IV. 
When this compound was refluxed in IN  sodium 
hydroxide for thirty seconds the same two com
pounds, IV and V, were obtained as were found 
after similar treatment of the pteridinone II. 
Furthermore, in 0.1A sodium hydroxide a third 
compound was present as shown by paper chroma
tography. At this point we felt that the the nitrile 
function might be responsible for some of the seem
ingly anomalous behavior and therefore we decided 
to investigate a simple 3-alkyl-4-pteridinone. As a 
result of the latter study the water-insoluble com
pound was subsequently shown to be 3-formamido-

( 5 )  ( a )  A . A lb e r t ,  D .  J .  B ro w n , a n d  H .  C . S . W o o d , 
J. Chem. Soc., 2 0 6 6  ( 1 9 5 6 ) .  ( b )  H .  C . S . W o o d , The Chemis
try and Biology of Pieridines, a  C ib a  F o u n d a t io n  S y m p o s iu m , 
J .  a n d  A . C h u r c h i l l ,  L td . ,  E n g la n d ,  1 9 5 4 , p .  3 5 .
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CHZ=CHCN
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COOH

NH2

3 L

5% NaHC03

5 - methylpyrazine - 2 - \N - (2 - cyanoethyl) J- 
carboxamide (III).6

3,7-Dimethyl-4-(3H)-pteridinone (VII) was 
synthesized by ring closure of 3-amino-5-methyl-

( 6 )  A lb e r t  et al.to h a v e  s h o w n  t h a t  t h e  m e th y la t i o n  o f
4 - h y d r o x y p te r id in e  a t  p H  8  w i th  d im e th y l  s u l f a te  a n d  d i lu t e  
s o d iu m  h y d r o x id e  g a v e  b o t h  t h e  1 - a n d  3 - m e th y l  is o m e rs . 
N o  1 - c y a n o e th y l  i s o m e r  h a s  b e e n  i s o la te d  f ro m  a n y  o f  t h e  
r e a c t io n s  c a r r ie d  o u t  o n  I .  H o w e v e r ,  i t  is  n o t  p o s s ib le  to  
c o n c lu d e  t h a t  i t  w a s  n o t  f o rm e d .  I n  m a n y  a t t e m p t s ,  s u c h  a  
v a r i e t y  o f  p r o d u c t s  w e r e  f o rm e d ,  a s  s h o w n  b y  p a p e r  c h ro 
m a to g r a p h y ,  t h a t  o n e  m a y  w e ll  h a v e  b e e n  t h e  1 - s u b s t i t u t e d  
iso m e r . T h e  i s o la t io n  o f  t h e  3 - c y a n o e th y l  p r o d u c t  ( I I )  a n d  
t h e  f o rm y l  c o m p o u n d  ( I I I ) ,  w h ic h  is  a  d e g r a d a t io n  p r o d u c t  
o f  I I ,  in  r e c r y s ta l l i z e d  y ie ld s  o f 3 6 %  a n d  1 0 .5 % , r e s p e c tiv e ly , 
in d ic a te s  t h a t ,  a t  l e a s t  in  t h e  p v r id in e - w a te r  ( 5 : 1 )  r e a c t io n ,  
t h e  a c r y lo n i t r i l e  a d d s  p r e d o m in a n t ly  t o  t h e  3 - n i t r o g e n  o f 
t h e  p t e r id in e  r in g  s y s te m .

pyrazine-2-(.V-methyl)carboxamide (IX) using 
ethyl orthoformate-acetic anhydride. When this 
pteridinone (VII) was refluxed for twelve hours in 
pyridine-water (5:1), a small amount of a new 
compound was isolated which was identical to the 
product obtained by treating the pyrazineamide
(IX) with formic acid-acetic anhydride. This 
demonstrated that the compound was 3-formamido- 
5 - methylpyrazine -2  - (N - methyl) carboxamide
(VIII).7 Furthermore, by treating compound VIII 
with hot pyridine-water (5:1) for eight, hours a 40% 
yield of 3,7-dimethyl-4(3H)-pteridinone (VII) was

( 7 )  T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r u m  in  m e th a n o l  o f  
t h i s  p r o d u c t  w a s  a lm o s t  id e n t ic a l  t o  t h a t  g iv e n  b y  th e  w a te r -  
in s o lu b le  p r o d u c t  o b ta in e d  in  t h e  c y a n o e th y la t i o n  r e a c t io n  
a l lo w in g  t h e  a s s ig n m e n t  o f  s t r u c t u r e  I I I  t o  th i s  c o m p o u n d .
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obtained, showing that, under these conditions, an 
equilibrium exists between the pteridinone VII and 
the formylpyrazine VIII. A more convenient 
method of cyclizing compound VIII involved 
warming for four to five minutes on a steam bath 
in a 5% sodium bicarbonate solution, in which case 
a slightly higher yield of the pteridinone was ob
tained. However, when either the formyl derivative
(VIII) or the pteridinone (VII) was subjected to 
more rigorous alkaline treatment (hot LV sodium 
hydroxide), it was shown by paper chromatography 
that they were both converted to the same products, 
namely 3-amino-5-methylpyrazine-2-carboxylic acid
(V) and 3-amino-5-methylpyrazine-2-(X-methyl)- 
carboxamide (IX). This indicates that the mecha
nism for the alkaline degradation of 3-alkyl-4- 
pteridinone? may be a nucleophilic attack of hy
droxide ion at C-2 followed by rupture of the 
C2—Xs bond with the formation of the 3-formyl 
derivative (VIII). The fact that compound VIII 
is capable of hydrolyzing to give both the acid (V) 
and the amide (IX) obviates the necessity for two 
different methods of ring cleavage as previously 
proposed.8

AVhen the formamidoamide (VIII) or the pteri- 
dinon? (VII) was heated in 0. LV sodium hydroxide 
on a steam bath for one minute a third compound 
appeared. This was the same “third compound” 
noted in the similar treatment of the 3-cyanoethyl- 
p’eridinonc (II) and was shown to be 3-formamido-
5-methylpyrazu:e-2-carboxylic acid (X) by com
parison of the Rf values in several different solvent- 
systems with an authentic specimen synthesized by 
formylation of compound V with formic acid-acetic 
anhydride. The lability of the formyl group ac
counts for the absence of X when hot LV sodium 
hydroxide was employed.

It is interesting to note the striking contrast in 
the stability of the secondary amide linkages of 
compounds VIII and IX. The amide (IX) is un
affected by boiling for one minute in LV sodium 
hydroxide while the 3-formyl derivative (VIII), 
by heating for one minute on a steam bath on 0.1.V 
sodium hydroxide gives, in addition to IX, two 
products (V and X) in which the .V-methylamido 
portion of the molecule has been hydrolyzed.

Several mechanisms involving intramolecular 
hydrogen bonding or neighboring group participa
tion have been considered to explain this ready 
hydrolysis of VIII. However, the simplest explana
tion is that in compound IX the amide linkage is 
resonance stabilized by the electron donating amino

( 8 )  A s i t  h a s  b e e n  p r o v e d  t h a t  a n  e q u i l ib r iu m  e x is ts  
b e tw e e n  3 ,7 - d im e th y l - 4 ( 3 H ) - p te r id in o n e  ( V I I )  a n d  3 - 
f o r m a m i d o - 5 -  m e th v lp y r a z in e  - 2 - (.V  -  m e th y l  )c a rb o .\a m id e
( V I I I )  in  h o t  a q u e o u s -p y r id in e  a n d  a lso  a s  c o m p o u n d  V I I I  
is n o t  s t a b le  in  h o t  lA r s o d iu m  h y d ro x id e , i t  is  n o t  p o s s ib le  
t o  r u le  o u t  tw o  m o d e s  o f  c le a v a g e  o f V I I .5b H o w e v e r ,  w e  
fe e l t h a t  t h e  i s o la t io n  a n d  d e g r a d a t io n  o f t h e  f o rm y l  d e r iv a 
t i v e  ( V I I I )  d e s c r ib e d  h e r e in  le n d s  g r e a te r  s u p p o r t  fo r  o n ly  
o n e  m e th o d  o f  r in g  r u p tu r e .

group while in VIII the electron withdrawing car
bonyl of the formyl group partially counteracts this 
stabilization to permit ready hydrolysis of VIII to
X. Partial confirmation of this explanation was ob
tained when it was found that pyrazinccarboxamidc 
was quickly hydrolyzed to pyazinoic acid by a 1 .OX 
sodium hydroxide solution under conditions where 
IX was completely stable.

Both formyl compounds behave normally in 
dilute aqueous acid. Compound VIII, after two 
hours in O.LV hydrochloric acid at room tempera
ture, suffered loss of the formyl group as shown by 
the change in the ultraviolet absorption spectra. 
Similarly the formyl acid (X) was converted to
3-amino-5-mcthylpyrazine-2-carboxylic acid (V). 
In fact, the formyl group of X was hydrolyzed even 
in boiling water. Apparently this was caused by 
acid catalysis from the ionization of the carboxyl 
group since no hydrolysis occurred in hot dilute 
sodium acetate solution. The pteridinone (VII) 
was unaffected by 0.1X hydrochloric acid at room 
temperature.

EX PER IM EN TA L

P a p e r  c h r o m a to g r a p h ic  e x p e r im e n ts  w e re  c a r r ie d  o u t  u s in g  
t h e  d e s c e n d in g  t e c h n iq u e .  T h e  s p o ts  w e re  d e te c te d  w i th  a n  
u l t r a v io l e t  l a m p  p r o v id e d  w i th  a  f i l te r  t o  g iv e  m a in ly  l ig h t  
o f  2 5 4  m /i. A  z in c  s i l ic a te  p l a t e  c o a te d  w i th  D u P o n t  p h o s 
p h o r  N o . 6 0 9 2 3 5 s w a s  u s e d  to  f a c i l i ta t e  t h e  d e te c t io n  o f 
a b s o r b in g  s p o ts .  C o n s id e r a b le  v a r i a t i o n  in  R; v a lu e s  w a s  
n o t ic e d  u s in g  a c e to n e - w a te r  ( 4 :1 )  d e p e n d in g  o n  t h e  s iz e  o f  
t h e  c h r o m a to g r a p h ic  j a r .  T h e  b e s t  r e s u l t s  w e re  o b ta in e d  
u s in g  a  j a r  15 cm . in  d i a m e te r  a n d  45  c m . in  le n g th .  A  b e a k e r  
o f  t h e  s o lv e n t  w a s  p la c e d  in  t h e  b o t to m  o f  t h e  j a r  w h ile  t h e  
p a p e r  s t r i p s  w e re  b e in g  r u n .

Methyl 3-amino-3-methyl-2-pyrazinoate. 3 - A m in o -o - m e th y l-  
2 -p y ra z in o ic  a c id 9 10 11 (1 2 .2  g ., 0 .0 7 8  m o le )  w a s  s u s p e n d e d  in  
6 0 0  m l. o f  a b s o lu te  m e th a n o l ,  c o o le d  in  a n  ic e  b a t h ,  a n d  
s a t u r a t e d  w i th  a n h y d r o u s  h y d r o g e n  c h lo r id e . A f te r  t h e  
s o lu t io n  h a d  b e e n  r e f lu x e d  fo r  1 h r .  i t  w a s  s to r e d  in  t h e  co ld  
fo r  4 8  h r . ,  th e n  r e t r e a t e d  w i th  h y d r o g e n  c h lo r id e  a n d  r e 
f lu x e d  a g a in  fo r  1 .5  h r .  T h e  s o lu t io n  w a s  t h e n  e v a p o r a t e d  to  
h a l f  v o lu m e , t r e a t e d  w i th  N o r i t  a n d  f i l te r e d . T h e  f i l t r a t e  
w a s  t a k e n  d o w n  t o  a n  o il in vacuo, d is s o lv e d  in  75  m l.  o f 
a b s o lu te  m e th a n o l ,  a n d  a g a in  e v a p o r a t e d  in vacuo. T h e  r e s i
d u e  w a s  d is s o lv e d  in  2 0 0  m l. o f  w a te r  a n d  t h e  f re e  e s te r  o b 
t a in e d  b y  a d d in g  s o d iu m  a c e t a t e  to  p H  4 ; y ie ld  9 .8  g. (7S% >),U 
m .p .  1 6 1 -1 6 5 ° . R e c r y s ta l l iz a t io n  o f  a  p o r t io n  o f  t h i s  p r o d u c t  
f ro m  w a te r  fo r  a n a ly t i c a l  p u r p o s e s  r a i s e d  t h e  m e l t in g  p o in t  
to  1 6 7 -1 6 9 ° . Rf 0 .6 8  in  0 .5 %  s o d iu m  c a r b o n a te  0 .6 6  in  3 %  
a m m o n iu m  c h lo r id e , 0 .7 5  in  e th a n o l - w a t e r - c o n c e n t r a t e d  
a m m o n iu m  h y d r o x id e  ( 8 0 :1 6 :4 )  ( p u r p l e  f lu o re s c e n c e  in  
a l l  c a s e s ) .  U l t r a v io le t  a b s o r p t io n  s p e c t r a  in  0.1 X  s o d iu m

( 9 )  C o m m e r c ia l ly  a v a i la b le  f ro m  E .  I .  d u  P o n t  d e  
N e m o u r s ,  I n c . ,  P o lv c h e m ic a ls  D e p t . ,  3 5 0  5 t h  A v e ., N e w  
Y o r k  1, N .  Y .

(1 0 )  T h is  p y r a z in e  d e r iv a t iv e  h a s  b e e n  s y n th e s iz e d  b y
C . K .  C a in , M . F .  M a l le t t e ,  a n d  E .  C . T a y lo r ,  J. Am. Chon. 
Soc., 70, 3 0 2 6  (1 9 4 8 )  f ro m  2 ,4 - d ia m in o - 7 - m e th y lp te r id in e  
a n d  a lso  b y  J .  W e i j la r d ,  M . T is h le r ,  a n d  A . E r ic k s o n ,  
J. Am. Chem. Soc., 6 7 , 8 0 2  (1 9 4 5 )  u s in g  7 - m e th y l lu m a z in e .  
W e  h a v e  o b ta in e d  th i s  c o m p o u n d  f ro m  2 - a m in o -4 - h y d ro x v -
7 - m e th y lp te r id in e  e m p lo y in g  c o n d i t io n s  s im i la r  t o  t h e  a b o v e -  
m e n t io n e d  r e fe re n c e s .

(1 1 )  T h e  y ie ld s  o f e s te r  o b ta in e d  in  t h i s  m a n n e r  w e re  
m u c h  s u p e r io r  t o  th o s e  e m p lo y in g  s u lfu r ic  a c id  a s  a  c a t a ly s t
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h y d r o x id e  Xmax 2 4 4  m /j («  9 ,0 3 0 ) , 3 4 0  my (e  7 ,2 4 0 ) ;  0.17V 
h y d r o c h lo r ic  a c id , Xmax 2 4 7  m u  ( e  9 ,8 3 0 ) , 3 5 7  m y  ( e 8 ,8 7 0 ) .

Anal. C a lc d .  f o r  C 7 H 9N 30 2 (1 6 1 .2 ) :  C , 5 0 .3 ;  H ,  5 .4 ;  N , 
2 5 .2 . F o u n d :  C , 5 0 .4 ;  H , 5 .7 ;  N ,  2 4 .9 .

3-Amine-5-methyl-2-pyrazinecarboxamide. M e t h y l  3 - 
a m in o - 5 - m e th y l - 2 - p y r a z in o a te  ( 9 .8  g ., 0 .0 6 1  m o le )  w a s  
s t i r r e d  fo r  4  h r .  in  2 5 0  m l. o f  c o n e d , a m m o n iu m  h y d r o x id e .  
A f te r  c h il l in g , t h e  p r o d u c t  w a s  c o l le c te d  a n d  d r ie d ;  y ie ld  7.1 
g . ( 8 5 % ) ,  m .p .  2 3 9 - 2 4 2 °  w i th  so m e  p r e v io u s  s o f te n in g .12 
R f  0 .5 7  a n d  0 .6 1  ( p u r p l e  f lu o re s c e n c e )  in  0 .5 %  s o d iu m  c a r 
b o n a te  a n d  3 %  a m m o n iu m  c h lo r id e .  U l t r a v io le t  a b s o r p t io n  
s p e c t r a  in  0 .U V  s o d iu m  h y d r o x id e ,  Xmax 2 4 9  m y (e  1 1 ,0 0 0 ), 
3 4 9  m y  ( e  7 ,9 5 0 ) ;  0.17V h y d r o c h lo r ic  a c id  Xmax 2 4 4  m y  
(e  1 1 ,8 0 0 ), 3 5 6  m M ( e 9 ,3 4 0 ) .

4- Hydroxy-7-methylpteridine ( I ) .  3 -A m in o -5 -m e t,h y l-2 -  
p y r a z in e - c a r b o x a m id e  (7 .1  g ., 0 .0 5 2  m o le )  w a s  r e f lu x e d  fo r  
2 h r .  15 m in .  i n  a  s o lu t io n  o f  2 0 0  m l. o f  a c e t i c  a n h y d r id e  a n d  
a n d  2 0 0  m l. o f  e t h y l  o r th o f o r m a te .  A f te r  c h i l l in g  t h e  m ix tu r e  
o v e r n ig h t  t h e  p r o d u c t  w a s  c o l le c te d  a n d  d r ie d ;  y ie ld  4 .5  g. 
T h e  a d d i t i o n  o f  3 0 0  m l. o f  e t h e r  t o  t h e  m o th e r  l iq u o r  g a v e  
a n o t h e r  c ro p  o f  1 .4  g . ( 7 0 .5 % )  t o t a l ) . B o th  o f  t h e s e  p r o d u c ts  
g a v e  t h e  s a m e  p a p e r  c h r o m a to g r a p h ic  p a t t e r n  in  s e v e ra l  
s o lv e n t  s y s te m s  ( s e e  b e lo w ) . A  s m a ll  p o r t io n  o f  t h e  f i r s t  c ro p  
w a s  r e c r y s ta l l i z e d  f ro m  w a t e r  f o r  a n a ly s is .  R f  0 .7 2  ( d u l l  b lu e  
f lu o re s c e n c e )  in  0 .5 %  s o d iu m  c a r b o n a te ,  0 .7 1  ( a b s o r p t io n )  
in  3 %  a m m o n iu m , c h lo r id e  0 .5 1  ( a b s o r p t io n )  in  b u tan o l-5 7 V  
a c e t ic  a c id  ( 7 : 3 ) .  U l t r a v io le t  a b s o r p t io n  s p e c t r a  in  0 .1  A" 
s o d iu m  h y d r o x id e  Xmax 2 4 4  m /i (e  1 7 ,8 0 0 ), 3 3 0 m y  (<= 7 ,1 4 0 ) ;  
0.17V h y d r o c h lo r ic  a c id ,  Xmax 2 0 7  m /i (e  1 6 ,2 0 0 ) , 2 3 2  m /i 
( e  1 0 ,1 5 0 ), 3 1 0  m y  (e 8 ,3 5 0 ) .

Anal. C a lc d .  fo r  C ,H 6N 40  (1 6 1 .1 5 ) :  C , 5 1 .9 ;  H ,  3 .7 ;  N ,
3 4 .6 . F o u n d :  C , 5 1 .6 ;  H ,  3 .7 ;  N ,  3 4 .5 .

5- Amino-S-methylpyranne-S- [N-{2-cyanoethyl)]carbox
amide ( I V ) .  M e th y l  3 - a m in o - 5 - m e th y l - 2 - p y r a z in o a te  (1 .0  
g ., 6 .2  m m o le s )  a n d  5 m l. o f 3 - a m in o p ro p io n i t r i le  w e re  
a d d e d  t o  2 0  m l. o f  9 5 %  e th a n o l  a n d  r e f lu x e d  f o r  12 h r .  
P a p e r  c h r o m a to g r a p h y  in  m e th y l  e t h y l  k e to n e - w a t e r  ( 9 :1 )  
r e v e a le d  t h a t  a  s u b s t a n t i a l  a m o u n t  o f  s t a r t i n g  e s t e r  w a s  s t i l l  
p r e s e n t .  T h e  s o lu t io n  w a s  c o n c e n t r a te d  t o  10 m l. a n d  10 m l. 
o f  1 - p ro p a n o l  a d d e d .  A f te r  t h e  s o lu t io n  h a d  b e e n  r e f lu x e d  f o r  
a n  a d d i t i o n a l  8  h r . ,  p a p e r  c h r o m a to g r a p h y  in d ic a te d  t h a t  
t h e  r e a c t io n  w a s  p r a c t i c a l l y  c o m p le te .  T h e  s o lv e n ts  w e re  
r e m o v e d  in vacuo t o  g iv e  a n  o il. T h is  o il w a s  t a k e n  u p  
in  a b s o lu te  a lc o h o l  a n d  a g a in  e v a p o r a t e d  in vacuo t o  a n  
o il w h ic h  w-as c r y s ta l l iz e d  f ro m  2 0  m l. o f  5 0 %  e th a n o l ;  y ie ld  
0 .3 7  g ., m .p .  1 2 3 -1 3 0 ° . R e c r y s ta l l iz a t io n  f ro m  w a te r  g a v e  
0 .2 3  g . ( 1 8 % ) ,  m .p .  1 3 5 -1 3 7 ° . R f  0 .6 7  in  3 %  a m m o n iu m  
c h lo r id e , a n d  0 .6 7  in  0 .5 %  s o d iu m  c a r b o n a te  ( b r i g h t  p u r p le  
f lu o re s c e n c e  in  a l l  c a s e s ) .  U l t r a v io le t  a b s o r p t io n  s p e c t r a  in  
0.17V s o d iu m  h y d r o x id e ,  Xmax 251  m y  (e  1 2 ,5 0 0 ), 3 5 0  m y  
(e  8 ,9 0 0 ) ;  in  0.17V h y d r o c h lo r ic  a c id  Xmax 2 4 6  m y  (e  1 2 ,5 0 0 ),
358m y (el0,000).

Anal. C a lc d . f o r  C 9H n N 60  ( 2 0 5 .2 ) :  C , 5 2 .7 ; H , 5 .4 ;  N ,
3 4 .1 . F o u n d :  C , 5 2 .2 ;  H ,  5 .5 ;  N ,  3 3 .8 .

3-Amino-5-methylpyrazine-2-[N-{2-carboxyelhyl)\carbox- 
amide ( V I ) .  3 - A m in o -5 -m e th y lp y ra z in e -2 [7 V -2 -c y a n o e th y l) ]  
c a r b o x a m id e  ( IV )  (2 5 0  m g .,  1 .2  m m o le s )  w a s  h e a t e d  in  10 
m l. o f  17V s o d iu m  h y d r o x id e  fo r  1 h r .  o n  a  s te a m  b a t h .  A c id i
f ic a t io n  o f  t h e  h o t  s o lu t io n  to  p H  3  w i th  c o n c e n t r a t e d  h y d r o 
c h lo r ic  a c id  g a v e  c r y s ta l s  w h ic h  w e re  c o l le c te d  a f t e r  c o o lin g ; 
y ie ld  170  m g . T h is  p r o d u c t  wTa s  r e c r y s ta l l i z e d  f ro m  a b o u t  15 
m l. o f  w a te r ;  y ie ld  120  m g . ( 4 4 % ) ,  m .p .  2 0 7 - 2 0 9 .° .  R r 0 .8 0  
( p u r p l e  f lu o re s c e n c e )  in  0 .5 %  s o d iu m  c a r b o n a te  a n d  0 .8 7  
( p u r p l e  f lu o re s c e n c e )  in  b u tan o l-5 7 V  a c e t ic  a c id  ( 7 : 3 ) .  
U l t r a v io le t  a b s o r p t io n  s p e c t r a  i n  0.17V s o d iu m  h y d r o x id e ,  
\ max 2 5 0  my ( e  1 2 ,7 7 0 ), 3 4 9  my ( e  8 ,9 7 0 ) ;  0 .1 V  h y d r o c h lo r ic  
a c id ,  Xmax 2 4 4  my (e  1 2 ,7 7 0 ) , 3 5 7  my (<= 1 0 ,3 0 0 ).

Anal. C a lc d .  f o r  C 9H i 2N 4 0 3 (2 2 4 .3 ) :  C , 4 8 .2 ;  H ,  5 .4 ;  N ,
2 5 .0 . F o u n d :  C , 4 8 .3 ;  H , 5 .6 ;  N ,  2 5 .1 .

Cyanoethylation of 4-hydroxy-7-methylpteridine. 4 - H y d r o x y -
7 - m e th y lp te r id in e  (1 .0  g ., 6 .2  m m o le s )  w a s  a d d e d  to  a  s o lu -

(1 2 )  E .  C . T a y lo r ,  J .  IV . B a r to n ,  a n d  T .  8 . O s d e n e , 
J. Am. Chem. Soc., 8 0 , 42 1  ( 1 9 5 8 ) ,  g iv e  m .p .  2 3 5 - 2 3 6 ° .

t i o n  e f  5 0  m l.  o f  p y r id in e  a n d  10  m l.  o f  w a t e r  c o n ta in in g  2 
m l. o f  a c r y lo n i t r i l e  a n d  r e f lu x e d  fo r  3  h r .  T h e  s o lv e n ts  w e re  
r e m o v e d  in vacuo a n d  t h e  r e s u l t i n g  o il w a s  t a k e n  u p  in  12 m l. 
o f  a b s o lu te  a lc o h o l ,  t r e a t e d  w i th  N o r i t  a n d  f i l te r e d . T h e  
s o lu t io n  w a s  co o le d  a n d  t h e  c r y s ta l s  w e re  c o l le c te d  a n d  d r ie d ;  
y ie ld  0 .8 5  g . T h is  c r u d e  p r o d u c t  w a s  e x t r a c t e d  w i th  2 0  m l. 
o f  e v a te r  a n d  f i l te r e d , l e a v in g  a n  in s o lu b le  r e s id u e  (0 .2 3 6  g .) . 
T h e  f i l t r a t e  w a s  e v a p o r a t e d  t o  d r y n e s s  in vacuo a n d  t a k e n  u p  
in  a b o u t  10 m l. o f  a b s o lu te  a lc o h o l ,  t r e a t e d  w i th  N o r i t ,  a n d  
f i lte r e d  t o  r e m o v e  a  s m a ll  a m o u n t  o f  a m o r p h o u s  so lid . T h e  
f i l t r a te  d e p o s i te d  c r y s ta l s  o f  3 - (2 - c y a n o e th y l ) -7 - m e th y l -4  
( 3 H ) - p te r id in o n e  ( I I )  o n  s t a n d in g ;  y ie ld  C.42 g . ( 3 1 .6 % ) , 
m .p .  1 7 2 -1 7 3 .5 ° .  R f  0 .8 6  ( a b s o r p t io n )  in  3 %  a m m o n iu m  
c h lo r id e . U l t r a v io le t  a b s o r p t io n  s p e c t r a  in  0.17V h y d r o c h lo r ic  
a c id  Xmax 2 3 6  m y ( e  1 1 ,9 0 0 ), 3 0 8  m y  (e 7 ,7 5 0 ) , in  m e th a n o l  t h e  
s p e c t r a  is  e s s e n t ia l ly  t h e  s a m e  a s  in  0.17V h y d r o c h lo r ic  a c id .

Anal. C a lc d . fo r  C i0H 9N 5O  (2 1 5 .2 ) :  C , 5 5 .8 ;  H , 4 .2 ;  N ,
3 2 .5 . F o u n d :  C , 5 5 .7 ;  H , 4 .5 ;  N ,  3 2 .2 .

T h e  w a te r - in s o lu b le  p o r t io n  (0 .2 3 6  g .)  -svas r e c r y s ta l l iz e d  
f ro m  a q u e o u s - e th a n o l  t o  g iv e  0 .1 5 2  g . o f  I I I  ( 1 0 .5 % ) ,  m .p .
1 8 6 .5 -  1 8 9 ° . R f  0 .9 0  ( d u l l  p u r p le  f lu o re s c e n c e )  in  b u ta ,n o l-5 A ' 
a c e t ic  a c id  ( 7 : 3 ) .  T h is  c o m p o u n d  g a v e  a  d u l l  p u r p le ,  t a i l e d  
s p o t  w h ic h  t r a v e l e d  d i r e c t ly  b e h in d  I I  in  3 %  a m m o n iu m  
c h lo r id e . U l t r a v io le t  a b s o r p t io n  s p e c t r a  in  m e th a n o l ,  Xmax 2 6 5  
m y  (e  2 2 ,0 0 0 ) , 3 1 5  m y  (e 8 ,6 0 0 ) .

Anal. C a lc d . fo r  C I0H u N 6O 2 ( 2 3 3 .2 ) :  C , 5 1 .5 ; H ,  4 .8 ;  N ,
3 0 .0 . F o u n d :  C , 5 1 .3 ; H , 3 0 .2 .

Alkaline degradation of 3-{2-cyanoethyl)-7-methyl-J,{3H)- 
pteridinone ( I I ) .  T w o  h u n d r e d  a n d  f i f ty  m i l l ig ra m s  (1 .1 6  
m m o le s )  o f  I I  w a s  b o ile d  f o r  3 0  s e c o n d s  in  2 .5  m l. o f  17V 
s o d iu m  h y d r o x id e ,  t h e n  c o o le d  in  a n  ic e  b a t h  im m e d ia te ly .  
A f te r  s t a n d in g  s e v e ra l  h o u r s  in  t h e  co ld , t h e  c r y s ta l s  w e re  
c o l le c te d  a n d  d r ie d ;  y ie ld  141 m g . (5 9 .3 % ,) , o f  3 - a m in o -5 -  
m e th y lp y ra z in e -2 -  [N -(  2 -c y a n o e th y l )  ] c a r b o x a m id e  ( I V ) , m  .p .
1 3 4 .5 -  1 3 7 .5 ° . T h e  f i l t r a te ,  a f t e r  a c id if ic a t io n  to  p H  3  w i th  
c o n c e n t r a te d  h y d r o c h lo r ic  a c id ,  d e p o s i te d  2 3  m g . ( 1 3 % )  o f  
3 -a m in o -5 - m e th y l -2 - p y ra z in o ic  a c id  (V ) , m .p .  2 1 0 - 2 1 2 °  
d e c .13 B o th  o f  th e s e  p r o d u c t s  t r a v e l e d  s id e  b y  s id e  w fith 
a u t h e n t i c  s p e c im e n s  w h e n  c h r o m a to g r a p h e d  in  s e v e ra l  d if 
f e r e n t  s o lv e n t  s y s te m s .

Alkaline degradation of 3-formamido-5-methypyrazine-2- 
[N-(2-cyanoethyl)¡carboxamide ( I I I ) .  T h e  f o r m y l  c o m p o u n d  
(1 0 0  m g .,  0 .4 3  m m o le )  w a s  t r e a t e d  in  t h e  s a m e  m a n n e r  a s  
d e s c r ib e d  a b o v e  fo r  I  t o  g iv e  5 6  m g . ( 6 3 .5 % )  o f  t h e  c y a n o -  
e th y la m id e  ( I V ) ,  m .p .  1 3 6 -1 3 9 °  a n d  7 m g . ( 1 0 .6 % )  o f  t h e  
p y r a z in o ic  a c id  (V ) , m .p .  2 0 6 - 2 1 0 °  d e c .13 C o n f i r m a tio n  o f 
t h e  s t r u c tu r e s  w a s  a g a in  p r o v id e d  t h r o u g h  p a p e r  c h r o m a 
to g r a p h y .

3-Amino-5-methylpyrazine-2-{N-methyl)-carboxamide ( I X ) .  
3 -A m in o -5 - m e th y l -2 - p v ra z in o ic  a c id  (1 5 .0  g ., 0 .0 9 8  m o le )  
w a s  c o n v e r te d  t o  t h e  m e th y l  e s t e r  a s  d e s c r ib e d  a b o v e .  T h e  
c r u d e  e s te r  w a s  a d d e d  t o  2 5 0  m l. o f  2 5 %  a q u e o u s  m e th y l -  
a m in e  s o lu t io n  a n d  s t i r r e d  f o r  2 0  m in .  a t  r o o m  te m p e r a tu r e ,  
t h e n  c h i l le d  fo r  s e v e ra l  d a y s ;  y ie ld  6 .9  g . (4 2 % ,) , m .p .  1 2 6 -  
1 2 8 ° . R f  0 .8 5  in  b u tan o l-5 7 V  a c e t ic  a c id  ( 7 : 3 ) ,  0 .6 4  in  3 %  
a m m o n iu m  c h lo r id e , 0 .8 8  in  a c e to n e - w a te r  ( 4 : 1 ) ,  0 .6 3  in  
0 .5 %  s o d iu m  c a r b o n a te  ( p u r p le  f lu o re s c e n c e  in  a l l  c a s e s ) . 
U l t r a v io le t  a b s o r p t io n  s p e c t r a  in  0.17V s o d iu m  h y d r o x id e ,  
\ m„ 2 5 0 m y  ( f  1 1 ,5 0 0 ), 3 4 8 m y  ( e  8 ,0 8 0 ) ;  in  0 .IN  h y d r o c h lo r ic  
a c id ,  Xm„  2 4 4  m y  (e  1 1 ,9 0 0 ), 3 5 8  m y  (e  9 ,5 5 0 ) ;  in  m e th a n o l ,  
maxX 2 5 0  m y  (« 1 2 ,4 0 0 ), 351  m y  ( e 8 ,7 0 0 ) .

Anal. C a lc d . fo r  C ,H 10N 4O  ( 1 6 6 .2 ) :  C , 5 0 .6 ; H ,  6 .1 ; N ,
3 3 .7 . F o u n d :  C , 5 0 .6 ;  H ,  6 .2 ; N , 3 3 .7 .

3,7-Dimethyl-4(3H)-pteridinone ( V I I ) .  T w o  g r a m s  (1 2  
m m o le s )  o f 3 -a m in o -5 - m e th y lp y ra z in e -2 - (  Ar- m e th y l)  c a r 
b o x a m id e  ( I X )  w a s  a d d e d  to  a  s o lu t io n  o f  2C m l. o f  e th y l  
o r th o f o r m a te  a n d  2 0  m l. o f  a c e t ic  a n h y d r id e  a n d  r e f lu x e d  fo r  
2 h r .  T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  t h e  p r o d u c t  co l
l e c te d ;  y ie ld  1 .9  g . ( 9 0 % ) .  T h e  c r u d e  p r o d u c t  w a s  r e c r y s t a l 
l iz e d  f ro m  80  m l. o f  h o t  w a te r  u s in g  N c r i t  t o  g iv e  1 .3  g. 
(6 2 % ,) , d ec . s lo w ly  a b o v e  3 0 0 ° . R f  0 .8 3  in  3% ,, a m m o n iu m

(1 3 )  M .p .  2 1 1 -2 1 2 °  d ec . r e p o r t e d  in  re f . 12 .
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c h lo r id e  0 .8 0  in  a c e to n e - w a te r  ( 4 : 1 ) ,  0 .5 8  in  b u ta n o l- 5 W  
a c e t ic  a c id  ( 7 :3 )  ( a b s o r p t io n  in  a i l  c a s e s ) .  U l t r a v io le t  a b 
s o r p t io n  s p e c t r a  in  m e th a n o l ,  Xmnx 2 3 8  m/j, ( c  1 2 ,1 0 0 ) , 3 1 2  
(e  7 ,2 0 0 ) ; in  0 .1 V  h y d r o c h lo r ic  a c id  t h e  s p e c t r a  is  e s s e n t ia l ly  
t h e  s a m e  a s  m e th a n o l .

Anal. C a lc d .  f o r  C 8H 8N 40  ( 1 7 6 .2 ) :  C , 5 4 .5 ;  H ,  4 .6 ;  N ,
3 1 .8 . F o u n d :  C , 5 4 .5 ; 'H ,  4 .8 ;  N ,  3 1 .6 .

Method 2. 3 - F o r m a m id o - 5 -m e th y lp y r a z in e - 2 - ( iV -m e th y l ) -  
c a r b o x a m id e  ( V I I I )  (1 0 0  m g .,  0 .5 2  m m o le )  w a s  h e a t e d  o n  a  
s t e a m  b a t h  fo r  8  h r .  in  a  s o lu t io n  o f  5 m l. o f  p y r id in e  a n d  1 
m l.  o f  w a te r .  A f te r  t h e  s o lu t io n  s to o d  a t  r o o m  t e m p e r a t u r e  
o v e r n ig h t  t h e  c r y s ta l s  w e re  c o l le c te d ;  y ie ld  4 0  m g . ( 4 4 % ) .  
T h e  in f r a r e d  s p e c t r a  o f  t h i s  p r o d u c t  a n d  t h a t  o b t a in e d  b y  
m e th o d  1 w e re  id e n t ic a l .

Method S. C o m p o u n d  V I I I  (1 0 0  m g .,  0 .5 2  m m o le )  w a s  
w a r m e d  o n  a  s t e a m  b a t h  in  10  m l.  o f  5 %  s o d iu m  b ic a r b o n a te  
s o lu t io n  u n t i l  s o lu t io n  w a s  c o m p le te  ( 4 - 5  m in ) .  T h e  c r y s ta l s  
w e re  f i l te r e d  off a f t e r  s t a n d in g  2  d a y s  a t  ro o m  te m p e r a tu r e ,  
y ie ld  5 4  m g . ( 5 9 % ) .  T h e  in f r a r e d  s p e c t r u m  o f  t h i s  m a t e r i a l  
w a s  id e n t i c a l  t o  s p e c t r a  o f  t h e  p r o d u c t s  o b t a in e d  b y  m e th o d s  
1 a n d  2 .

3-Formamido-5-methylpyrazine-2-(N-methyl) carboxamide 
( V I I I ) .  Method 1. 3 -A m in o -5 - m e th y lp y ra z in e -2 - (A f - m e th y l ) -  
c a r b o x a m id e  (1 .0  g ., 6 .0  m m o le s )  w a s  d is s o lv e d  in  a  s o lu t io n  
c o n ta in in g  5 m l.  o f  f o rm ic  a c id  a n d  10  m l.  o f  a c e t ic  a n h y d r id e  
a n d  w a r m e d  o n  a  s t e a m  b a t h  f o r  s e v e r a l  m in u te s  t o  i n i t i a t e  
t h e  r e a c t io n .  A f te r  s t a n d in g  a t  ro o m  t e m p e r a t u r e  f o r  a  few  
m in u te s ,  c r y s ta l s  s e p a r a te d ;  y ie ld  0 .7 5  g . ( 7 1 % ) ,  m .p .  2 2 5 -  
2 3 1 °  ( re s o lid if ie s  t o  g iv e  c r y s ta l s  w h ic h  d o  n o t  m e l t  b e lo w  
3 0 0 °  i n d ic a t in g  r in g  c lo s u re  t o  V I I ) .  R;  0 .8 4  in  b u ta n o l - 5 V  
a c e t ic  a c id  ( 7 : 3 ) ,  0 .8 7  in  a c e to n e - w a te r  ( 4 :1 )  ( d u l l  p u r p l e  
f lu o re s c e n c e ) ,  t a i l e d  s p o t  b e tw e e n  V I I  a n d  I X  in  3 %  a m 
m o n iu m  c h lo r id e . U l t r a v io le t  a b s o r p t io n  s p e c t r a  i n  m e t h 
a n o l ,  2 5 6  m M (« 1 9 ,0 0 0 ) , 3 1 6  m M (« 7 ,4 8 0 ) .

Anal. C a lc d .  fo r  C T T o N iC h  ( 1 9 4 .2 ) :  C , 4 9 .5 ;  H ,  5 .2 ;  N ,
2 8 .9 . F o u n d :  C , 4 9 .2 ;  H ,  5 .4 ;  N ,  2 9 .2 .

Method 2. 3 ,7 - D im e th y l - 4 ( 3 H ) - p te r id in o n e  (0 .5 0  g ., 2 .8  
m m o le s )  w a s  r e f lu x e d  fo r  12 h r .  in  3 0  m l.  o f  a  p y r id in e - w a te r  
( 5  : 1) s o lu t io n .  O n  c o o lin g  0 .3 3  g, o f  s t a r t i n g  m a t e r i a l  w a s  
f i l te r e d  off a n d  t h e  f i l t r a t e  w a s  t a k e n  t o  d r y n e s s  in vacuo. 
T h is  w a s  e x t r a c t e d  w i th  3 0  m l. o f  w a te r  a n d  f i l t e r e d  f ro m  t h e

in s o lu b le  r e s id u e ;  y ie ld  106  m g ., m .p .  2 2 6 .5 - 2 3 0 ° .  R e c r y s 
t a l l i z a t i o n  f ro m  10 m l. o f  5 0 %  e th a n o l  y ie ld e d  5 0  m g .,  m .p .
2 3 2 - 2 3 5 ° .  T h is  m a te r i a l  w a s  i d e n t ic a l  t o  t h a t  p r e p a r e d  b y  
M e th o d  1 a s  s h o w n  b y  in f r a r e d  s p e c t r a ,  m ix e d  m e l t in g  p o in t ,  
a n d  p a p e r  c h r o m a to g r a p h y .

W h e n  t h i s  f o r m y l  c o m p o u n d  ( V I I I )  o r  3 ,7 - d im e th y l - 4 -  
( 3 H ) - p t e r id in o n e  ( V I I )  w a s  r e f lu x e d  fo r  1 m in .  in  1A7 s o d iu m  
h y d r o x id e ,  t h e y  w e re  c o n v e r te d  t o  3 -a m in o -5 - m e th y l -2 -  
p y r a z in o ic  a c id  (V ) a n d  3 -a m in o -5 - m e th y lp y ra z in e -2 - (A r-  
m e th y l )  c a r b o x a m id e  ( I X )  a s  s h o w n  b y  c h r o m a to g r a p h y  in  
3 %  a m m o n iu m  c h lo r id e  0 .5 %  s o d iu m  c a r b o n a te  a n d  a c e 
to n e - w a te r  ( 4 : 1 ) .  B y  h e a t in g  fo r  1 m in . o n  a  s t e a m  b a t h  in  
0 .1  AT s o d iu m  h y d r o x id e  a  t h i r d  y e llo w -g re e n  f lu o re s c e n t  
p r o d u c t  w a s  f o rm e d  w h ic h  t r a v e l e d  s id e -b y - s id e  w i th  c o m 
p o u n d  X  in  t h e  t h r e e  a b o v e - m e n t io n e d  s o lv e n t  s y s te m s .  T h is  
c o m p o u n d  ( X )  w a s  s lo w ly  h y d r o ly z e d  to  t h e  a c id ( V )  o n  s t a n d 
in g  in  0 .1 W  s o d iu m  h y d r o x id e  a t  r o o m  te m p e r a tu r e .

S-Formamido-5-melhylpyrazine-2-carboxylic acid ( X ) .  O n e  
g r a m  o f  3 -a m in o -5 - m e th v lp y ra z in e -2 - c a r b o x y l ic  a c id  w a s  
a d d e d  t o  a  s o lu t io n  o f  5 m l.  o f  f o rm ic  a c id  in  10 m l.  o f  a c e t ic  
a n h y d r id e  a n d  w a r m e d  o n  t h e  s t e a m  b a t h  fo r  a  fe w  m in u te s  
to  i n i t i a t e  t h e  r e a c t io n .  A f te r  s t a n d in g  a t  r o o m  t e m p e r a t u r e  
fo r  5 m in . t h e  s o lu t io n  w a s  r e f lu x e d  fo r  3 0  m in . ,  t h e n  t r e a t e d  
w i th  N o r i t  a n d  f i l te r e d . T w e n ty  m i l l i l i te r s  o f  a n h y d r o u s  e t h e r  
w a s  a d d e d  t o  t h e  f i l t r a te .  T h is  s o lu t io n  w a s  p r o t e c t e d  w i th  a  
tu b e  o f  D r i e r i t e  a n d  a l lo w e d  t o  s t a n d  fo r  s e v e r a l  h o u r s  a t  
ro o m  t e m p e r a tu r e ,  t h e n  c h i l le d  o v e r n ig h t .  T h e  p r o d u c t  w a s  
c o l le c te d  a n d  d r ie d ;  y ie ld  0 .4 5  g . ( 3 8 % ) ,  m .p .  1 8 4 -1 8 5 °  d e c . 
Rf 0 .8 2  in  3 %  a m m o n iu m  c h lo r id e  0 .8 4  in  0 .5 %  s o d iu m  
c a r b o n a te ,  0 .6 4  in  a c e to n e - w a te r  ( 4 :1 )  ( y e l lo w -g re e n  f lu o 
re s c e n c e ) .  U l t r a v io le t  a b s o r p t io n  s p e c t r a  i n  m e th a n o l ,  Xmax 
2 5 2  m M («  1 5 ,5 0 0 ), 311  m M U  6 ,9 2 0 ) .

Anal. C a lc d . fo r  C 7H 7N 80 3 (1 8 1 .2 ) :  C , 4 6 .4 ;  H ,  3 .9 ;  N ,
2 3 .2 . F o u n d :  C , 4 6 .6 ;  H ,  4 .2 ;  N ,  2 3 .4 .
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A p p l ic a t io n  o f  t h e  œ - d e h y d r o b r o m in a t io n - r e a r r a n g e m e n t  r e a c t io n  p r e v io u s ly  r e p o r t e d  f o r  6 - b ro m o -5 ,5 -d im e th y l-5 ,6 -  
d ih y d r o b e n z [c ]  a c r id in e  h a s  l e d  t o  a  n e w  s y n th e s i s  o f  d ib e n z  [a ,c ] a c r id in e .  S e v e r a l  o t h e r  p o s s ib le  c o n d i t io n s  f o r  c a r r y in g  o u t  
t h i s  t r a n s f o r m a t io n  h a v e  b e e n  i n v e s t i g a t e d .  A  n e w  b e n z  [c] a c r id in e ,  n a m e ly ,  l ,4 - d im e th y lb e n z [ c ]  a c r id in e ,  is  r e p o r te d .

The initial paper in this series2 reported a new 
pathway to benz[c]acridine derivatives substituted 
in the five and six positions. These positions, which 
involve the carbon atoms of the “K-region” for this 
ring system, provide interesting derivatives for 
further studies of chemical carcinogenosis.3 I t was 
also of importance to find further examples of 
the “a-dehydrobromination-rearrangement” of fi- 
bromo - 5,5 - dimethyl - 5,6 - dihydrobenz [c lacridine

(1 )  F o r  p a p e r  I V ,  s e e  N .  H .  C r o m w e ll  a n d  J .  C . D a v id ,  
J. Am. Chem. Soc., 8 2 , 2 0 4 6  (1 9 6 0 ) .

(2 )  V . L .  B e l l  a n d  N .  H .  C ro m w e ll ,  J. Org. Chem., 2 3 ,
7 8 9  (1 9 5 8 ) .

(VIII) that led to the isolation of 5,6-dimethyl- 
benz [c ]acridine (XI) in high yield.

Condensation of 4,4-tetramethylene-l-tetralone
(I) with o-nitrobenzaldehyde was carried out in 
the presence of acetic acid and sulfuric acid pro
viding 2-(o-nitrobenzal)-4,4-tetramethylene-l-tetra- 
lone (II) in 84% yield. Reduction of the ketone II 
with iron and acetic acid followed by direct cycliza-

(3 ) S e e  ( a )  C . A . C o u ls o n , Advances in Cancer Research, 
A c a d e m ic  P re s s ,  Inc ,., N e w  Y o rk , N .  Y .,  1953 , V o l. I ,  p p .
1 - 5 6  a n d  (b )  A . L a c a s s a g n e ,  N .  P .  B u u - H o i ,  R .  D a u d e l ,  
a n d  F .  Z a jd e la ,  Advances in Cancer Research, A c a d e m ic  
P re s s ,  I n c . ,  N e w  Y o r k ,  N .  Y ., 1956 , V o l. IV , p p .  3 1 6 - 3 6 9 .
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tion of the intermediate aminoketone with hydro
chloric acid produced 5,5-tetrametkylene-5,6- 
dihydrobenz[c (acridine (IV) in 83% over-all yield. 
Reaction of the tetralone I with isatin under basic 
conditions afforded a 75% yield of 7-carboxy-5,5- 
tetramethylene-5,6-dihydrobenz [c ]acridine (III). 
Thermal decarboxylation of the acid III also gave 
the dihydrobenz[c (acridine IV. The unstable bro
mide V, obtained by treatment of IV with N- 
bromosuccinimide in carbon tetrachloride, was 
directly heated at 170° affording the hydrobromide 
of 5,6,7,8-tetrahydrodibenz [a,c(acridine (VI). The 
over-all yield of VI from the dihydrobenz[c(- 
acridine IV was 76%. As expected, the ultraviolet 
absorption spectra of III and IV closely resemble 
those obtained for 5,6-dihydrobenz [c (acridines 
while VI provided a spectrum very similar to that 
observed for 5,6-dimethvlbenz [c (acridine.2 De
hydrogenation of the tetrahydro compound VI 
produced dibenz [a,c (acridine (VII) that was shown 
to be identical with an authentic sample prepared 
from phenanthraquinone and o-nitrobenzyl chlo
ride. This conversion provides additional evidence 
for the structure of the products obtained from ther
mal dehydrobromination-rearrangement of the 
bromides V and VIII.

Various other conditions for carrying out the 
conversion of the bromide VIII to 5,6-dimethyl- 
benz [c (acridine have been attempted affording 
lower yields of the desired product compared to 
those obtained by direct thermal decomposition. 
Heating of the bromide VIII with pyridine provided 
only a 20% yield of 5,6-dimethylbenz [c(acridine
(XI) . Treatment of the bromide VIII with y- 
picoline at room temperature for an extended period 
gave the stable y-picolinium bromide IX in 89% 
yield. At approximately the same temperature 
observed for the decomposition of the bromide 
VIII the salt IX evolves y-picoline and the neu
tralized residue afforded a 58% yield of 5,6-di
methylbenz [c (acridine. A quantitative yield of 
silver bromide was isolated from the reaction of 
VIII with silver nitrate in dry acetonitrile. After 
hydrolysis and neutralization of the reaction mix
ture the major product (49%), probably obtained 
by hydrolysis of the nitrate, was 6-hydroxy-5,5- 
dimethyl-5,6-dihydro-benz[c (acridine (X) while 
only a 20% yield of 5,6-dimethylbenz [c (acridine was 
isolated.

Previously reported carcinogenic testing of the 
mono- and dimethylbenz [c (acridines indicated that 
activity was largely dependent on the presence of a 
substituent at the seven position.315 Since the known 
methylbenz [c (acridines did not include methyl 
substitutions at the one and four positions, 1,4- 
dimethylbenz [c (acridine (XV) was synthesized 
from the readily available 5,8-dimethyl-l-tetralone
(XII) . Condensation of the tetralone X II with o- 
nitrobenzaldehyde produced 2-(o-nitrobenzal)-5,8- 
dimethyl-l-tetralone (XIII) which upon reduction

with iron and acetic acid and cyclization in the 
presence of hydrochloric acid yielded 1,4-dimethyl-
5,6-dihydrobenz [c (acridine (XIV). Dehydrogena
tion of XIV with palladium-charcoal provided 1,4- 
dimethylbenz [c (acridine (XV).

E X PE R IM E N T A L 4

4,4-Tetramethylene-l-tetralone ( I ) .  C y c l iz a t io n  o f  2 .8 0  g . o f
4 - p h e n y l - 4 ,4 - te t r a m e th y le n e b u ty r ic  a c id ,6 p r e p a r e d  b y  t h e  
m e th o d  o f  A rn o ld , w a s  a c c o m p l is h e d  b y  h e a t in g  o n  a  s te a m  
b a t h  f o r  25  m in .  w i th  10  m l. o f  p o ly p h o s p h o r ic  a c id .  T h e  
c o o le d  r e a c t io n  m ix tu r e  w a s  p o u r e d  o n  ic e  a n d ,  a f t e r  t h e  
a d d i t io n  o f  e th e r  a n d  b e n z e n e , t h e  o r g a n ic  l a y e r  w a s  w a s h e d  
w i th  w a te r  a n d  s o d iu m  c a r b o n a te  s o lu t io n  a n d  d r ie d  o v e r  
a n h y d r o u s  s o d iu m  s u l f a te .  A f te r  c o n c e n t r a t i o n  t h e  s o lu t io n  
w a s  p a s s e d  th r o u g h  a n  a lu m in a  c o lu m n  a n d  t h e  b e n z e n e  
e lu a te s  w e re  c o n c e n t r a te d  u n d e r  r e d u c e d  p r e s s u r e  t o  c o n 
s t a n t  w e ig h t  p r o v id in g  2 .3 0  g . ( 9 0 % )  o f  4 ,4 - te t r a m e th y le n e -
1 - te t r a lo n e  ( I ) ,  n 2J °  1 .5 7 2 0 , r e p o r t e d 5 b ! ‘ ° 1 .5 7 3 2 .

2-(o-Nitrobenzal)-4,4-tetramethylene-l-tetralone ( I I ) .  A  
s o lu t io n  o f  1 .8 0  g . (0 .0 0 9 0  m o le )  o f  4 ,4 - t e t r a m e th y le n e - l -  
t e t r a lo n e  ( I )  a n d  1 .36  g . (0 .0 0 9 0  m o le )  o f  o - n i t r o b e n z a ld e h y d e  
in  2 .3  m l. o f  s u lf u r ic  a c id  a n d  14  m l.  o f  a c e t i c  a c id  w a s  a l 
lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  5 d a y s .  T h e  c r y s ta l s  
t h a t  h a d  fo rm e d  w e re  c o l le c te d  b y  f i l t r a t i o n  a n d  w a s h e d  w i th  
m e th a n o l  p r o v id in g  2 .2 5  g . o f  2 - ( o - n i t r o b e n z a l ) - 4 ,4 - te t r a -  
m e th y le n e - l - t e t r a lo n e  ( I I ) ,  m .p .  1 2 1 - 1 2 3 ° .  T h e  s o l id  o b 
t a in e d  b y  a d d i t io n  o f  w a te r  t o  t h e  f i l t r a t e  w a s  d is s o lv e d  in  
e th y l  a c e t a t e ,  t r e a t e d  w i th  N o r i t e ,  a n d  a l lo w e d  t o  c r y s ta l l iz e  
a f fo r d in g  a n  a d d i t io n a l  0 .2 7  g . o f  I I ,  m .p .  1 2 3 -1 2 4 ° , m a k in g  
t h e  t o t a l  y ie ld  2 .5 2  g . ( 8 4 % ) .  A n  a n a ly t i c a l  s a m p le ,  m .p . 
1 2 5 -1 2 5 .5 ° ,  A max 2 7 6  m,u (e  1 9 ,2 0 0 ) , w a s  p r e p a r e d  b y  c r y s t a l 
l i z a t io n  f ro m  e th y l  a c e t a t e .

Anal. C a lc d . f o r  C a H u N O , :  C , 7 5 .6 5 ; H .  5 .7 4 ; N ,  4 .2 0 . 
F o u n d :  C , 7 5 .8 4 ; H ,  5 .6 3 ; N ,  4 .0 2 .

7-Carboxy-B,5-tetramethylene-5,6-dihydrobenz [c] acridine
( I I I ) .  A  m ix tu r e  o f  0 .5 0  g . (0 .0 0 2 5  m o le )  o f 4 ,4 - t e t r a m e th y l -  
e n e - l - t e t r a lo n e ,  0 .4 0  g . (0 .0 0 2 5  m o le )  o f  i s a t i n ,  0 .5 2  g . o f 
p o ta s s iu m  h y d r o x id e ,  0 .8  m l. o f  m e th a n o l ,  a n d  0 .5  m l. o f 
w a te r  w a s  re f lu x e d  f o r  11 h r .  T h e  r e a c t io n  m ix tu r e  w a s  
d i lu t e d  w i t h  w a te r  a n d  a c id if ie d  t o  b r o m o p h e n o l  b lu e  w i th  
h y d r o c h lo r ic  a c id .  T h e  r e s u l t in g  s o lid  w a s  c o lle c te d , w a s h e d  
w i th  w a te r ,  a n d  c r y s ta l l iz e d  f ro m  e th y l  a c e t a t e  p r o v id in g
0 .6 2  g . ( 7 5 % )  o f 7 -c a rb o x y -5 ,5 - te tra .m e th y le n e -E ,6 -d ih y d r o 
b e n z  [ c ]a c r id in e  ( I I I ) ,  m .p .  2 1 0 .5 - 2 1 3 ° .  R e c r y s ta l l iz a t io n  
f ro m  e th y l  a c e t a t e  y ie ld e d  a n  a n a ly t i c a l  s a m p le ,  m .p .  2 1 1 .5 -  
2 1 3 ° ,  Amax 2 0 9 , 2 1 4 , 2 2 6 , 2 6 0  s h , 2 6 7 , 3 0 0 , 3 1 6 , 3 3 1 ,3 4 6  m* 
(e  X 1 0 ~ 4, 4 .0 5 , 3 .8 9 , 2 .4 8 , 2 .9 4 , 3 .6 5 , 0 .8 2 , 0 .8 7 , 1 .13 , 1 .2 9 ).

Anal. C a lc d . f o r  C 22H 19N 0 2: C , 8 0 .2 2 ; H ,  5 .8 1 ; N ,  4 .2 5 . 
F o u n d :  C , 7 9 .7 0 ; H ,  5 .8 8 ;  N ,  4 .0 2 .

5,6-Tetramethylene-B,6-dihydrobenz[c]acridine ( I V ) .  P o w 
d e r e d  e le c t r o ly t ic  i r o n , 1 .3  g ., w a s  a d d e d  in  s m a ll  p o r t io n s  
t o  a  s o lu t io n  o f  2 .8 0  g . (0 .0 0 8 4  m o le )  o f  2 - (o - n i t ro o e n z a l ) - 4 ,4 -  
t e t r a m e t h y l e n e - l - t e t r a l o n e  ( I I )  d is s o lv e d  in  3 5  m l. o f  a c e t ic  
a c id  a n d  4  m l. o f  w a te r  a n d  h e a t e d  o n  a  s t e a m  b a t h .  T h e  
r e a c t io n  m ix tu r e  w a s  h e a t e d  f o r  a n  a d d i t i o n a l  15  m in .,  
c o o le d , a n d  t r e a t e d  w i th  a  s o lu t io n  o f  3 5  g . o f  p o ta s s iu m  
h y d r o x id e  in  2 0 0  m l. o f  w a te r .  T h e  r e s u l t in g  s u s p e n s io n  w a s  
e x t r a c t e d  w i t h  f o u r  1 5 0 -m l. p o r t io n s  o f  e r h e r .  T h e  e th e r  
e x t r a c t s  w e re  w a s h e d  w i th  w a te r  a n d  a f t e r  c o n c e n t r a t io n  t h e  
r e s id u e  w a s  h e a t e d  o n  a  s t e a m  b a t h  f o r  0 .5  h r .  w i t h  5  m l. o f 
c o n e d , h y d r o c h lo r ic  a c id  a n d  3 0  m l. o f  e th a n o l .  A f te r  d i lu 
t i o n  w i t h  w a te r  t h e  r e a c t io n  m ix tu r e  w a s  n e u t r a l i z e d  w i th  
s o d iu m  c a r b o n a te  s o lu t io n  a n d  t h e  s o l id  t h a t  f o rm e d  w a s  
c o l le c te d  a n d  w a s h e d  w i th  w a te r .  A  b e n z e n e  s o lu t io n  o f  th is

(4 )  U l t r a v io le t  s p e c t r a l  d e t e r m in a t io n s  w e re  m a d e  a t  
a b o u t  2 5 °  w i th  a  C a r y  r e c o r d in g  s p e c t r o p h o to m e te r ,  m o d e l  
11 M S , u s in g  9 5 %  e th a n o l  u n le s s  o th e r w is e  sp e c if ie d .

(5 )  R .  T .  A rn o ld , J .  S . B u c k le y ,  a n d  R .  M . D o d s o n ,
J. Am. Chem. Soc., 72, 3 1 5 3  (1 9 5 0 ).
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material was passed through a column of basic alumina and 
crystallization of the concentrated benzene eluates from 
methanol afforded 2.00 g. (83%) or 5,5-tetramethylene-5,6- 
dihydrobenz[c]acridine (IV), m.p. 162-165°. Preparation of 
an analytical sample was accomplished by crystallization 
from methanol and ethyl acetate giving colorless needles, 
m.p. 165-166°, A max 211, 215, 226 sh, 259 sh, 267, 299, 317, 
332, 346 mix (e X  10"4, 4.22, 4.13, 3.00, 2.96, 3.63, 0.85, 
0.87, 1.26, 1.47).

A n a l. Calcd. for ChHdN: C, 88.38; H, 6.71; N, 4.91. 
Found: 0, 88.23; H, 6.59; N, 5.00.

T h erm a l decarboxylation o f  7-carboxy-5,5-tetram ethylene- 
B,6-dih.ydrobenz[c]acridine (III). Decarboxylation of 0.95 g. 
of the acid III was accomplished by heating for 1.5 hr. at 
240°. The crude product was dissolved in benzene and ex
traction with sodium hydroxide solution led to the recovery 
of 0.15 g. of starting material. The dried benzene solution was 
passed through an alumina column and the concentrated 
benzene eluates were crystallized from methanol providing 
0.35 g. (50%) of 5,5-tetramethylene-5i6-dihydrobenz(c)acri- 
dine (IV), m.p. 162-164°. This compound was shown to be 
identical with the preparation obtained via  2 -(o-nitrobenzal)-
4,4-tetramethylene-l-tetralone (II) by a mixture melting 
point determination.

B ,6 ,7 ,8-T elrahydrodibenz[a ,c]acrid ine  (VI). A solution of 
1.42 g. (0.0045 mole) of 5,5-tetramethylene-5,6-dihydrobenz- 
[cjacridine (IV) in 25 ml. of carbon tetrachloride was 
refluxed 45 min. with 0.98 g. (0.0056 mole) ofAT-bro mosuc- 
cinimide and a trace of benzoyl peroxide. The reaction mix
ture was cooled, diluted with ether, and washed with sodium 
carbonate solution. The organic layer was washed with wa
ter, dried over anhydrous sodium sulfate, and concentrated 
at room temperature under reduced pressure. The resulting 
unstable yellow solid was heated for 10 min. at 170° under 
a nitrogen atmosphere. The red colored solid produced was 
heated with sodium hydroxide solution and benzene. 
The benzene solution was washed with water, dried by 
azeotropic distillation, and passed through a column of 
basic alumina. Concentration of the benzene eluates and 
crystallization of the residue from ethyl acetate produced
l. 07 g. (76%) of 5,6,7,8-tetrahydrodibenz[a,c]acridine (VI),
m. p. 193-196°. Recrystallization from ethyl acetate yielded 
an analytical sample as yellow needles, m.p. 196-197°, 
Xmax223, 235 sh, 270 sh, 277, 292, 321, 337, 352, 369, 387 
my. (e X 10“4, 3.62, 2.72, 4.61, 5.39, 5.14, 0.57, 0.62, 0.65, 
0.70, 0.58).

A n a l. Calcd. for C21H 17N: C, 89.01; H, 6.05. Found: C, 
88.87; H, 6.20.

D ibenz[a ,c \acrid ine  (VII). Following the procedure of Aus
tin6 * 434 phenanthraquinone was allowed to react with o-nitro- 
benzyl chloride in the presence of stannous chloride, con
centrated hydrochloric acid, and methanol. Purification of 
the crude product was accomplished by chromatography in 
benzene on basic alumina followed by concentration of the 
benzene eluates providing dibenz [a,c] acridine in 50% yield 
as pale yellow needles, m.p. 204-205°, reported m.p. 205°, 
A max 2.57, 272, 282, 304, 338, 354, 372 m/x (e X  10“4, 6.08, 
6.49, 8.14, 1.04, 0.70, 1.16, 1.35).

D ehydrogenation  o f  5 ,6 ,7 ,8-tetrahydrodibenz[a ,c]acrid ine
(VI). Dehydrogenation of 0.08 g. of 5,6,7,8-tetrahydrodi
benz [a,c] acridine (VI) was carried out in the presence of 
1 0 % palladium-charcoal under a nitrogen atmosphere for 
10 min. at 300°. The crude product was dissolved in benzene, 
treated with Norite, and allowed to crystallize yielding 
0.02 g . (25%) of dibenz [a,c] acridine (VII), m.p. 199-202°, 
mixture melting point determination with the dibenz [a,c]- 
aeridine prepared above and comparison of ultraviolet spec
tra showed the two compounds to be identical.

R eactions o f  6-brom o-5,B -dim ethyl-5 ,6-dihydrobenz[c]acri-  
d in e  (VIII). A. S,5-D im ethyl-5 ,6 -d ihydrobenz[c]acrid ine  6 - (y -  
P ic o lin iu m  brom ide) (IX). A solution of 1.95 g. (0.0058 mole) 
of 6-bromo-5,5-dimethyl-5,6-dihydrobenz[c]acridine (VIII) 2

(6 ) P C. Austin, J . ( 'hem . Soc., 1765 (1908),

in 1 0  ml. of y-picoline was allowed to stand at room tempera
ture for 9 days. The crystals that had formed were collected 
and washed with acetone affording 2.20 g. (89%) of 5,5-di- 
methyl-5,6-dihydrobenz[c] acridine 6 -(y-picolinium bromide)
(IX). Recrystallization from isopropyl alcohol-ether yielded 
an analytical sample, m.p. 165-185° dec., Amax in methanol 
213, 223 sh, 266, 302, 316, 330, 345 m y  (e X  10~4, 4.18, 3.21, 
4.16, 0.85, 0.85, 0.94, 0.87).

A n a l. Calcd. for CaHaNsBr: C, 69.60; H, 5.37; N, 6.50; 
Br, 18.53. Found: C, 68.96; H, 5.27 N, 6.50: Br, 18.56.

B. R eaction  w ith  p y r id in e . A solution of 2.0 g. of the bromo 
compound VIII in 20 ml. of dry pyridine was heated on a 
steam bath for 4 hr. Water was added and the precipitated 
solid was collected, dissolved in acetone, and treated with 
Norite. Addition of water gave 0.3 g. (20%) of yellow crystals 
shown by a mixture melting point determination to be 5,6- 
dimethylbenz[c]acridine (X I ) . 2

C. R eaction  w ith  silver n itra te  in  acetonitrile. To a solution 
of 2.0 g. (0.0059 mole) of the bromo compound VIII in 40 
ml. of warm, dry acetonitrile 1.02 g. (0.0059 mole) of silver 
nitrate dissolved in 1 0  ml. of acetonitrile was added drop- 
wise. The reaction mixture was filtered hot, removing the 
theoretical amount of silver bromide. The filtrate was 
neutralized with sodium carbonate solution and the precipi
tated crystals were filtered from the warm mixture yielding 
0.30 g. (20%) of 5,6-dimethylbenz[c]acridine. Upon addi
tion of water and cooling, the mother liquor gave 0.80 g. 
(49%) of 5,5-dimethyl-6-hydroxv-5,6-dihydrobenz[c] acri
dine (X ) . 2 The products were identified by mixture melting 
point determinations with authentic samples.

T h erm a l decom position  o f  5 ,5-dim ethyl-B ,6-dihydrobenz[c] 
acrid ine  6 -{ y -P ic o lin iu m  brom ide) (IX). A 1.00-g. sample 
of the salt IX was heated for 15 min. at 165-185°. As the 
decomposition proceeded, the solid became red in color 
and the evolution of y-picoline was observed. After cooling, 
the residue was dissolved in hot dioxane and neutralized 
wuth sodium carbonate solution. A dry benzene solution of 
the solid obtained was passed through an alumina column 
and the concentrated eluates yielded, after crystallization 
from benzene-methanol, 0.35 g. (58%) of 5,6-dimethylbenz-
[c]acridine, m.p. 161-163°. A mixture melting point de
termination with a sample obtained by heating 6-bromo-5,5- 
dimethyl-5,6-dihydrobenz(e)acridine2 demonstrated the com
pounds to be identical.

5 ,8 -D im eth y l-l-te tra lo n e  (XII). Preparation of this tetra- 
lone was accomplished by modification of the procedure used 
by Barnett. 7 During a period of 1 hr. 300 g. of aluminum 
chloride was added to a mixture of 106 g. (1 . 0  mole) of 
p-xylene, 98 g. (0.98 mole) of succinic anhydride and 375 
ml. of methylene chloride. Hydrolysis and extraction of the 
reaction mixture in the usual manner provided a quantitative 
yield of crude acidic material. Direct reduction of 100 g. of 
keto acid using the Wolff-Kishner method was carried out 
with 65 g. of potassium hydroxide, 54 ml. of 95% hydrazine, 
and 525 ml. of diethylene glycol. The crude y-ip-xytyl)- 
butyric acid, obtained in quantitative yield, was cyclized 
with polyphosphoric acid in the usual manner and chroma
tography on alumina in benzene followed by crystallization of 
the eluates from petroleum ether at about —30° gave a 
60% yield of 5,8-dimethyl-l-tetralone (XII), m.p. 32-33.5°, 
reported m.p. 33°.

2-(o-N itrobenza l)-5 ,8 -d im .e thyl-l-letra lone  (XIII). After a 
mixture of 8.70 g. (0.05 mole) of 5,8-dimethyl-l-tetralone, 
7.50 g. (0.05 mole) of o-nitrobenzaldehyde, 10 ml. of sulfuric 
acid, and 60 ml. of acetic acid was allowed to stand for 40 
hr., the crystals that had formed were collected and washed 
with a small amount of acetic acid and methanol. Recrvstal- 
lization from benzene-petroleum ether (b.p. 30-60°) af
forded 7.35 g. (48%) of 2-(o-nitrobenzal)-5,8-dimethyl-l- 
tetralone (XIII), m.p. 133-134.5°. An analytical sample,

(7) E. de'Barry Barnett and F. G. Sanders, J .  Chem . Soc.,
434 (1933). ,  •
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m.p. 133.5-134.5°, Xmax273 mu (e, 24,400), was prepared by 
crystallization from methanol and benzene.

Anal. Calcd. for C19H17NO3: C, 74.25; H, 5.58; N, 4.56. 
Found: C, 74.54; H, 5.72; N, 4.39.

l,4-Dimethyl-5,6-dihydrobenz[c\acridine (XIV). As de
scribed for the ketone II, 4.64 g. (0.015 mole) of 2-(o-nitro- 
benzal)-5,8-dimethyl-l-tetralone (XIII) was reduced with 
iron powder and cyclized in the presence of hydrochloric

V Br

CH3

XIV

acid producing, after chromatography and crystallization 
from methanol, 3.05 g. (78%) of l,4-dimethyl-5,6-dihydro- 
benzfc]acridine (XIV), m.p. 96.5-98°. Recrystallization 
from methanol provided an analytical sample, m.p. 1 0 2 -  
102.5°, Xmax220, 258 sh, 266, 312, 327, 342 mM (« X 10-4, 
4.50, 2.64, 3.36, 0.88, 1.17, 1.38).

Anal. Calcd. for C19H 17N : C, 88.00; H, 6.60; N, 5.40. 
Found: C, 88.16; H, 6.61; N, 5.13.

1,4-Dimethylbenz[c\acridine (XV). Dehydrogenation of
2.0 g. of l,4-dimethyl-5,6-dihydrobenz[c]acridine (XIV) was 
carried out at 2 1 0 - 2 2 0 ° in the presence of 1 0 % palladium- 
charcoal. This provided, after dissolving in benzene and 
passage through an alumina column followed by crystalliza
tion from ethyl acetate, 0.50 g. (25%) of 1,4-dimethylbenz-
[c]acridine (XV), m.p. 108-110°. Recrystallization from 
ethyl acetate yielded an analytical sample, m.p. 1 1 0 - 1 1 1 °, 
Xmax 229, 244, 272 sh, 277 sh, 280, 338, 356. 373, 391 mM 
(e x 10 “4, 4.95, 4.51, 8.70, 9.20, 9.50, 0.68, 0.62, 0.96,
1.33).

Anal. Calcd. for CiaHisN: C, 8 8 .6 8 ; H, 5.88; N, 5.44. 
Found: C, 88.85; H, 5.82; N, 5.32.

A picrate was prepared in the usual manner and after 
crystallization from acetone melted with decomposition at
181-183°, Xmal226, 242, 280, 342, 356, 372, 392 m/i (« X
10-4, 3.19, 2.86, 4.52, 0.80, 1.02, 1.07, 0.78).

Anal. Calcd. for C25H 18N4O7: C, 61.73; H, 3.73; N, 11.52. 
Found: C, 61.90; H, 3.91; N, 11.24.

For the purpose of comparison the ultraviolet spectrum of
5,6-dimethylbenz[c] acridine picrate2 was determined, Xmax 
223, 236 sh, 271 sh, 278, 293, 340 sh, 356, 370, 388 sh, mM 
(«= x lO"4, 4.14, 3.22, 3.58, 4.22, 4.04, 0.74, 1.08, 1.00, 0.60).
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The degradative benzoylation of 5-phenyltetrazole labeled with N 16 in the 1- (or 4)position has been investigated. Half 
of the isotope is recovered in the 2,5-diphenyl-l,3,4-oxidazole formed in the reaction, indicating that nitrogen in the 3,4- 
(or 1,2) positions of the tetrazole ring is eliminated. These results support the mechanism proposed by Huisgen for the reac
tion.

Recently Huisgen, Sauer and S tu rm 1'2 described 
a degradative acylation of 5-substituted tetrazoles 
during which nitrogen is eliminated from the tetra
zole ring and a 2,5-disubstituted 1,3,4-oxadiazole is 
formed. The reaction provides an elegant, con
trolled degradation of the tetrazole ring. These 
authors suggested a mechanism that involves 
attack by the acylating agent at position 2 (or 3) 
of the tetrazole ring, breaking of the ring at the 2,3- 
position, elimination of nitrogen, and recyclization 
through the acyl oxygen to form the oxadiazole 
(Scheme B).

A similar degradation of l-p-nitrophenyl-5- 
aminotetrazole during acylation with acetic an
hydride was observed in this laboratory.3 The for
mation of 2-methyl-5-p-nitrophenylamino-l,3,4- 
oxadiazole under these conditions could be ex
plained most easily by a pathway suggested by 
Stolid4 for the degradation of 5-aminotetrazole on 
prolonged heating with acetic anhydride to 2- 
acetamido-5-methyl-l,3,4-oxadiazole. It was also 
suggested3 that the degradative acylation of 5- 
substituted tetrazoles could be explained by 
assumption of attack by the acyl group at the
1- (or 4)position of the tetrazole ring followed by 
ring opening at the 1,2- (or 3,4)position, elimination 
of nitrogen from the resulting azido group, migra
tion of the acylimido group from carbon to nitro
gen, and recyclization to the oxadiazole (Scheme A).

Scheme B involves elimination of the nitrogen 
at the 3,4-(or Impositions of the tetrazole ring, 
while Scheme A requires elimination of nitrogen at 
the 2,3-positions. A choice between the two courses 
should be possible by use of suitably labeled tetra
zole derivatives. Because of tautomerism inherent 
in the 5-substituted tetrazole structure, or reso
nance phenomena of the tetrazolyl anion, it is not 
possible to distinguish between the 1- and 4-posi
tions on the one hand or the 2- and 3-positions on 
the other. However, inability to distinguish 
between the 1- and 4-positions is not critical. 
Labeling of the tetrazole ring in the 1- (or 4-) posi-

(1) R. Huisgen, J. Sauer, and H. J. Sturm, A ngew . Chem., 
70, 272 (1958).

(2) R. Huisgen, J. Sauer, H. J. Sturm, and J. H. Mark- 
graf, Chem . B er ., 93, 2106 (1960).

(3) R. M. Herbst and J. K. Klingbeil, J .  Org. Chem . 2 3 , 
1912 (1958).

(4) R. Stolid, B er., 6 2 , 1118 (1929).
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tion with N 15 could be accomplished by unequi
vocal reactions. If the acylation reaction with the
5-substituted tetrazole followed Scheme A, the 
labeled position would be unaffected and all of the 
isotope would appear in the oxadiazole. As half of 
the tetrazole nitrogen is eliminated during the 
degradation, the isotope content of the oxadiazole 
should be double that of the starting tetrazole. 
On the other hand, if Scheme B is involved, the
3,4- (or l,2)nitrogens would be eliminated. Half of 
the isotope and half of the tetrazole nitrogen would 
be lost; the oxadiazole and the original tetrazole 
should have the same isotope content.

Nitrogen labeled benzamide (16.8 at. per cent 
N 16) was prepared by interaction of N 15 enriched 
ammonium salts with benzoyl chloride in presence 
of aqueous sodium hydroxide. The benzamide was 
dehydrated with thionyl chloride and the labeled 
benzonitrile was allowed to react without purifica
tion with soc ĵum azide and acetic acid in n-butyl
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alcohol5 6 to form 5-phenyltetrazole labeled in the
1- (or 4)-position. The isotope content of 5-phenyl
tetrazole could not be determined directly. No mass 
was observed below 240°; at this temperature com
plete decomposition occurred. Although no peak 
corresponding to mass 146 was apparent peaks at 
masses comparable to nitrogen and benzonitrile 
could be identified along with peaks associated with 
unidentified decomposition products. The isotope 
content of the identifiable fragments was not con
sistent in different runs. Methylation of 5- 
phenyltetrazole gave a mixture of 1-methyl- and
2- methyl-5-phenyltetrazole6 both of which gave 
mass spectra indicating isotope contents of 4.4 
and 4.5 at. percent N 16, respectively. Treatment of 
the 5-phenyltetrazole with benzoyl chloride in 
pyridine2 gave 2,5-diphenyl-l,3,4-oxidiazole con
taining 4.4 at. percent N 15.

Since half of the isotope was lost during acylation 
of the tetrazole, it must be concluded that nitrogen 
was eliminated from the 3,4- (or Impositions and 
that Scheme B represents the course of the reaction 
correctly. The A-acyl 5-substituted tetrazoles 
described by Huisgen and co-workers2 must be the
2-acyl derivatives as suggested by these authors.

E X P E R I M E N T A L 7

Benzamide ( N 16). T h e  i n t e r a c t io n  o f  1 .66  g . (0 .0 2  m o le )  of 
a m m o n iu m  n i t r a t e  ( N H |+, 3 4 .7  a t .  %  N 16), 1 .3 2  g. (0 .0 1  
m o le )  o f  a m m o n iu m  s u l f a te  ( n o r m a l  N  d i s t r i b u t io n ) ,  8 .4 3  g. 
(0 .0 6  m o le )  o f b e n z o y l  c h lo r id e , a n d  5 .6  g . (0 .1 4  m o le )  o f 
s o d iu m  h y d r o x id e  i n  2 8  m l.  o f  c o ld  w a te r  g a v e  4 .1 9  g . 
( 8 6 .4 % )  o f  b e n z a m id e .  R e e r y s ta l l iz a t io n  o f  3 5 0  m g . o f t h i s  
m a te r i a l  f ro m  w a t e r  g a v e  p u r e  b e n z a m id e ,  m .p .  a n d  m ix tu r e  
m .p . 1 2 8 -1 2 9 ° . F o u n d :  N 16, 1 6 .8  a t .  %.

5-Phenyltetrazole [1 ( o r  4 )  N 16] . D e h y d r a t io n  o f  3 .8 4  g. 
(0 .0 3 2  m o le )  o f b e n z a m id e  ( N 16, 1 6 .8  a t .  % )  w a s  a c c o m 
p lis h e d  b y  h e a t in g  o n  a  s t e a m  b a t h  w i th  7 .6 2  g . ( 0 .0 6 4  m o le )  
o f  t h io n y l  c h lo r id e  f o r  1 h r .  E x c e s s  t h io n y l  c h lo r id e  w a s  d e 
c o m p o s e d  b y  a d d i t i o n  o f  0 .6  m l. o f w a te r  t o  t h e  c o ld  r e a c t io n  
m ix tu r e .  H y d r o g e n  c h lo r id e  a n d  s u l f u r  d io x id e  w e re  re 

( 5 )  R .  M . H e r b s t  a n d  K .  R .  W ils o n , J. Org. Chem., 22, 
114 2  (1 9 5 7 ) .

( 6 )  R .  A . H e n r y ,  J. Am. Chem. Soc., 7 3 , 4 4 7 0  (1 9 5 1 ) .
( 7 )  M e l t in g  p o in t s  w e re  d o n e  in  o p e n  c a p i l la r ie s  a n d  a r e

n o t  c o r r e c te d .

m o v e d  a s  c o m p le te ly  a s  p o s s ib le  a t  ro o m  t e m p e r a t u r e  a n d  
a tm o s p h e r ic  p r e s s u re .  T h e  c r u d e  b e n z o n i t r i le  w a s  d is s o lv e d  
in  4 0  m l. o f  ra -b u ty l a lc o h o l .  S o d iu m  a z id e  (8 .3  g ., 0 .1 3  m o le )  
a n d  11 .5  g . (0 .1 9  m o le )  o f  g la c ia l  a c e t i c  a c id  w e re  a d d e d  a n d  
t h e  m ix tu r e  b o i le d  u n d e r  re f lu x  f o r  4  d a y s .  A f te r  d i lu t io n  o f 
t h e  r e a c t io n  m ix tu r e  w i th  8 0  m l. o f  w a te r ,  b u t y l  a lc o h o l  a n d  
b u t y l  a c e t a t e  w e re  r e m o v e d  b y  d i s t i l l a t io n  u n t i l  8 0  m l.  of 
d i s t i l l a te  h a d  c o l le c te d . T h e  r e s id u a l  a q u e o u s  s o lu t io n  w a s  
m a d e  d i s t i n c t ly  a lk a l in e  t o  l i tm u s  w i th  s o d iu m  h y d ro x id e , 
w a r m e d  w i th  c h a r c o a l ,  a n d  t h e  h o t ,  c o lo r le s s  f i l t r a t e  a c id if ie d  
t o  C o n g o  R e d  w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  ( C a r e :  
h y d r a z o ic  a c id ! )  5 - P h e n y l te t r a z o le  c r y s ta l l iz e d  f r c m  t h e  h o t  
s o lu t io n  d u r in g  a c id if ic a t io n , y ie ld  3 .8 5  g . ( 8 3 % ) .  R e c r y s ta l 
l i z a t io n  o f  2 .8 5  g . o f t h i s  m a te r i a l  f r o m  2 0 %  e th a n o l  g a v e  
p u r e  5 - p h e n y l te t r a z o le ,  m .p .  a n d  m ix tu r e  m .p .  2 1 5 °  w i th  
d e c o m p o s i t io n .6

l-Methyl-5-phenyltetrazole and 2-methyl-5-phenyltetrazole 
[1 ( o r  4 )  TV15] M e th y la t i o n  o f  1 g . o f  5 - p h e n y l te t r a z o le  [1 
( o r  4 )  N 16] fo llo w in g  t h e  p r o c e d u r e  o f  H e n r y 6 g a v e  0 .1 4  g . 
( 1 3 % )  o f  p u r e  l - m e th y l - 5 - p h e n y l te t r a z o le ,  m .p . 1 0 3 -1 0 4 ° , 
r e c r y s ta l l i z e d  f ro m  w a te r .  F o u n d :  4 .4  a t .  %  N 16; 0 .5 8  g . 
( 5 3 % )  o f  p u r e  2 - m e th v l- 5 - p h e n y l te t r a z o le ,  r e c r y s ta l l iz e d  
f ro m  c y c lo h e x a n e , m .p .  4 9 - 5 0 ° .  F o u n d :  4 .5  a t .  %  N 16.

2,5-Diphenyl-l,3,4-oxadiazole [S ( o r  4) A 16] . A  s o lu t io n  o f  
1 g . (0 .0 0 6 8  m o le )  o f 5 - p h e n y l te t r a z o le  [1 ( o r  4 )  N 16] a n d
0 .9 8  g . (0 .0 0 7  m o le )  o f  b e n z o y l  c h lo r id e  i n  10  m l. o f p y r id in e  
w a s  h e a t e d  u n d e r  re f lu x  o n  a  s t e a m  b a t h  f o r  1 h r .  T h e  so lu 
t io n  w a s  p o u r e d  i n to  7 5  m l.  o f  ic e  a n d  w a te r  t o  p r e c ip i t a t e  
th e  p r o d u c t ,  y ie ld  1 .2 5  g . ( 8 3 % ) .  R e c r y s ta l l iz a t io n  o f  t h e  
c r u d e  m a te r i a l  f ro m  7 0 %  e th a n o l  g a v e  1 .12  g . o f  p u r e  p r o d 
u c t ,  m .p .  a n d  m ix tu r e  m .p .  1 3 9 - 1 4 0 ° ,  ( f o u n d :  4 .4  a t .  %  
N 16). S to l le 8 r e p o r te d  m .p .  1 3 8 ° .

Mass spectra o f a l l  t h e  l a b e le d  c o m p o u n d s  w e re  o b ta in e d  
w i th  a  m a g n e t ic  s c a n n in g , 9 0 °  s e c to r  t y p e  m a s s  s p e c t ro m 
e t e r  a t  2 0 0 ° . T e m p e r a tu r e  o f t h e  io n  s o u rc e  w a s  2 6 0 ° , o f 
t h e  l e a k  l in e  2 3 0 ° , a n d  e n e r g y  o f  t h e  io n iz in g  b e a m  w a s  75  e v . 
I s o to p e  c o n c e n t r a t io n s  w e re  d e te r m in e d  b y  c o m p a r is o n  o f 
s p e c t r a  o f  s im i la r  c o m p o u n d s  w i th  n o r m a l  a n d  e n r ic h e d  N 15 
d i s t r i b u t io n .  5 - P h e n y l te t r a z o le  a lo n e  f a i le d  t o  g iv e  a  m a s s  
s p e c t r u m  a t  2 0 0 - 2 3 5 ° .  W h e n  t h e  t e m p e r a t u r e  w a s  r a is e d  to  
2 4 0 ° , a  c o m p le x  s p e c t r u m  w a s  o b ta in e d  w i th  n o  p e a k  a t  m a s s  
146 , b u t  p e a k s  c o r r e s p o n d in g  t o  t h e  m a s s  o : n u m e r o u s  d e 
c o m p o s it io n  p r o d u c ts  in c lu d in g  n i t r o g e n  (4 .1  a n d  4 .3  a t .  %  
N 15) a n d  b e n z o n i t r i le  ( 4 .7  a n d  7 .4  a t .  %  N 16).

Acknowledgment. Our sincere thanks are due 
Mr. Roland S. Gohlke of the Chemical Physics 
Research Laboratories of the Dow Chemical 
Company, Midland, Mich., for determination and 
interpretation of mass spectra for all compounds.

East Lansing, Mich.
( 8 )  R .  S to lid , J. prakt. Chem., ( 2 )  6 9 ,  1 4 5  ( 1 9 0 4 ) .
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S e v e n  n e w  b a s ic  e s te r s  a n d  f iv e  n e w  b a s ic  a m id e s  h a v e  b e e n  p r e p a r e d  f ro m  c in n o l in e - 4 -c a r b o x o y l  c h lo r id e  a n d  t h e  c o r 
r e s p o n d in g  t e r t i a r y  a m in o  a lc o h o ls  o r  t h e  c o r r e s p o n d in g  p r i m a r y - t e r t i a r y  d ia m in e s .  E le v e n  n e w  t e r t i a r y  a m in o a lk y l  4- 
c in n o ly l  e th e r s  h a v e  b e e n  p r e p a r e d  f r o m  4 - c h lo ro c in n o l in e  a n d  t h e  s o d iu m  d e r iv a t iv e  o f  t h e  c o r r e s p o n d in g  a m in o  a lc o h o ls .  
T h e  e s te r s ,  e th e r s ,  a n d  a m id e s  a r e  a l l  w a te r  s o lu b le .  S a l t s  o f  e a c h  o f  t h e  e s te r s ,  e th e r s ,  a n d  a m id e s  h a v e  b e e n  p r e p a r e d .

In other ring systems, basic esters, ethers, and 
amides have displayed a variety of pharmacologi
cal activities. It appeared of interest to prepare a 
series of basically substituted esters, ethers, and 
amides for pharmacological screening.

Cinnoline-4-carboxylic acid prepared by the 
method of Jacobs et al.i 2 3 was converted into the 
potassium salt. Treatment of the salt with oxalyl 
chloride by the method of Wingfield et alA pro
duced cinnoline-4-carboxyoyl chloride as the free 
base. This was not isolated due to instability,4 5 
but was treated directly with the amino alcohol 
to produce the series of esters whose properties 
are listed in Table I. The esters as free bases were 
all soluble in water and were very hygroscopic. 
Upon distillation in vacuum they were decomposed; 
thus they were purified as salts of organic acids.

The amides were prepared by allowing the cin- 
noline-4-carboxoyl chloride to react with the ap
propriate primary-tertiary diamine. The amide 
free bases were all hygroscopic and water soluble. 
These were identified and analyzed as the picrates. 
The properties of the cinnoline-4-carboxamides 
and their salts are shown in Table II.

The ethers reported were prepared by allowing
4-chlorocinnoline to react with the sodio deriva
tive of an amino alcohol in anhydrous benzene 
solution. The ether linkage in this series is sensitive 
to mineral acid. In fact, attempts to recrystallize 
the hydrochloride salts from 95% ethanol resulted 
in cleavage of the ether. From these crystallizations
4-hydroxycinnoline was isolated. It was for this 
reason that the acidic d-tartrates were prepared in 
several instances. These salts were used for screening 
as well as for a solid derivative for identification of 
the free base. The ethers and their salts which 
were prepared are listed in Table III.

( ! )  F o r  p a p e r  V  in  th i s  s e r ie s  se e  R .  N .  C a s t le ,  H .  W a r d ,  
N .  W h i te ,  a n d  K .  A d a c h i ,  J. On/. Chem., 2 5 , 5 7 0  ( I9 6 0 ) .

(2 )  T h e  a u th o r s  a r e  g r a te f u l  t o  D r .  S . Y a m a d a  a n d  D r .
K .  A b e  o f  t h e  T a n a b e  S e iy a k u  C o ., L td . ,  T o k y o ,  J a p a n ,  fo r  
t h e  c a r b o n ,  h y d r o g e n ,  a n d  n i t r o g e n  a n a ly s e s .

(3 )  S m ith ,  K l in e  a n d  F r e n c h  L a b o r a to r ie s  P o s t - d o c to r a l  
R e s e a r c h  F e llo w , 1 9 5 8 -1 9 6 0 . P r e s e n t  a d d r e s s :  T o k y o  
R e s e a r c h  L a b o r a to r y ,  T a n a b e  S e iy a k u  C o ., L td . ,  T o d a -  
C h o , S a i ta m a - K e n ,  J a p a n .

(4 )  T .  L . J a c o b s ,  S . W in s te in ,  R .  B . H e n d e r s o n ,  a n d  
E .  C . S p a e th ,  ,7. Am. Chem. Soc., 6 8 , 13 1 0  (1 9 4 6 .)

(5 )  H .  N . W in g f ie ld , J r . ,  W . R .  H a r l a n ,  a n d  H .  R .
H a n m e r ,  J. Am. Chem. Soc., 7 5 , 4 3 6 4  (1 9 5 3 ) .

The infrared spectra of the cinnolines all possess 
the cinnoline ring absorption band at 6.3-6.4 p. 
The infrared spectra of the amides also have an 
intense absorption band in the 6/r region indica
tive of the amide linkage. The infrared spectrum 
of /3-dimethylaminoetlryl cinnoline-4-carboxylate 
shows a strong ester band at 5.8 p.

/3-Dimethylaminoethyl cinnoline-4-carboxylate 
was inactive as an antifungal agent, in the in
hibition of cholesterol biosynthesis and in trypta- 
mine potentiation in rats. 4-Dimethylaminoethoxy- 
cinnoline had slight CNS stimulatory activity in 
rats but was inactive in the inhibition of cholesterol 
biosynthesis. 4-/?-Morpholinoethoxycinnoline was 
inactive in both the inhibition of cholesterol bio
synthesis and in the plasma cholesterol lowering 
test. 4- [7-(At-Methylpiperazino)propoxy]cinnoline 
had slight CNS depressant activity in rats. y-Di- 
methylaminopropyl cinnoline-4-carboxamide was 
inactive in the tryptamine potentiation in rats. 
y-Piperidinopropyl cinnoline-4-carboxamide was 
inactive as a CNS depressant and y-diethylamino- 
propyl cinnoline-4-carboxamide was inactive as an 
antifungal agent. Screening data on the other 
compounds are not available.

EX PE R IM E N T A L 6

Cinnoline-4-carboxylic acid. T h is  c o m p o u n d  w a s  p r e p a r e d  
b y  t h e  m e th o d  o f J a c o b s  et at.*

Potassnm cinnoline-4-carboxylate. T o  a  s o lu t io n  o f  4 .0  g. 
o f  p o ta s s iu m  c a r b o n a te  in  5 0  m l. o f  w a te r  w a s  a d d e d  1 0 .0  
g. o f  c in n o l in e -4 -c a rb o x y lic  a c id .  T h e  c le a r  o r a n g e  s o lu t io n  
w a s  t r e a t e d  w ith  c h a r c o a l ,  f i l te r e d , a n d  e v a p o r a t e d  t o  d r y n e s s  
o n  t h e  s te a m  b a th .  T h e  r e s u l t a n t  y e llo w  s o lid  w a s  g r o u n d  
to  p a s s  a  100  m e s h  s ie v e  a n d  d r ie d  o v e r n ig h t  a t  1 1 0 ° .

Preparation of the tertiary aminoalkyl cinnoline-4-carboxy- 
lates. T h e  p r o c e d u r e  is  i l l u s t r a t e d  w i th  t h e  s y n th e s i s  o f  /S- 
d im e th y la m in o p r o p y l  c in n o l in e - 4 -c a r b o x y la te .  T h e s e  e s te r s  
w e re  i s o la te d  a n d  a n a ly z e d  a s  t h e i r  s a l t s  b e c a u s e  o f  t h e  in 
s t a b i l i t y  o f  t h e  b a s ic  e s te r s  d u r in g  v a c u u m  d is t i l l a t io n .

T o  a  s t i r r e d  a n d  ic e -c o o le d  s u s p e n s io n  o f  3 .0  g . o f  p o t a s 
s iu m  c in n o l in e - 4 -c a r b o x y la te  in  20  m l.  o f d r y  b e n z e n e  w a s  
a d d e d  a  s o lu t io n  c o n ta in in g  1 .9  g. o f  o x a ly l  c h lo r id e  in  10 
m l. o f  d r y  b e n z e n e  o v e r  a  p e r io d  o f  5  m in . T h e  r e a c t io n  
m ix tu r e  w a s  s t i r r e d  fo r  a n  a d d i t io n a l  20  m in .  in  a n  ic e  b a t h  
a n d  t h e n  fo r  3 0  m in . a t  ro o m  te m p e r a tu r e .  T h e  m i x t u r e  w a s  
t h e n  r e f lu x e d  o n  a  s t e a m  b a t h  fo r  1 h r .  A f te r  t h e  m ix tu r e  
h a d  c o o le d , 3 .1  g. o f  d im e th y la m in o p r o p a n o l  in  10  m l. o f

(6 )  A ll m e l t in g  p o in t s  a r e  u n c o r r e c te d .  T h e  in f r a r e d  
s p e c t r a  o f  a l l  t h e  f r e e  b a s e s  w e re  d e te r m in e d  o n  a  P e r k in -  
E lm e r  I n f r a c o r d »
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O Cl CO Ì-V-. ĉ- È>.’“J Cl CO r—1 CO Cl LOGO ci Cl CO Ttî COLO'5tt >0 TiH 10

0qh“< '-X K 0 q
> « ffi

'T 0 CO

tS
ó

oj>

4o

aoc

£  £»  COq q 
K l! 
d  d

< <

£

5
q
a

o

ICOCl

q
£
i f
d

c3s-

ce
,P73O

<

i-h a  ^ X
o 0  0 d

0 ^ '

q
15
a
d

o3-+■=
"è
JS’o

q

tc
o

CDrC
10Cl
V
COCl

03
o
i§*s<

£

XQ

x  / V
O
O

K  ^ a <;
O O d «

- f t



T
A

B
L

E
 

II

2 3 7 6 CASTLE AND ONDA v o l . 2 6

-+5>
rO G o CD

r/} a?CO.2 G
O

G
G 9

o P c3S3
02

r2 oO
ofc 02

£ I  § 1
feil=8 §C -sO G 3 *3CD fe 53 3o *3CD.G cu 

f t - ^•c  o  
S  cg
“  y  

Q  §

c3•+->m
f-t

u
t.o Y

el
lo

w
 n

e 
ac

et
o

n
e Q 02 fti 0)

o  J> 
*03
f t

o
G
*

£
ro

ac
et

o
n

e

Y
el

lo
w

 n
e 

ac
et

o
n

e • s  s ^ j
S t 3 

£  © G 
® G •!

rH CD o rH
rH rH CO

a © CO CO 00
CM rH rH

TJ #
o IO 00 Is- CO CM
G a

rH CM (M CD Is-
O

f t TjH »o rH rH rH

CM o Is- 00 to

o
o (M rH 05

C5 f t CM 05 05
rH »o iO rH rH

<M CM 00 r-HrH o iO »o
a o 05 00 00

CM 1-1 r-H 1-1

rH 05 CO 00 (MO
a

CO 00 Is- CO <D
"cS
O rH rH rH rH rH

00 CO t - O 05

o
(M (M CO 05 (M
05 f t CM 05 ©rH lO lO rH iO

00
q q

oo
q q

a a a a

i f a i f i f
d d d d

6
a

i f

d

pH
s

COIs-

3
CM
rH

2
rH

00
05

05

rHco
I

oo
I00rH

ftoa
fto0

ftoGo
ftoG
o

5
CMI - 0 5Is-

COIO

ft•fi

p

A s
n3 & m o
• o  "

f t  , f t  
G  X  o  G  _Ph g . 5

*_q ’S3 bfl S4 ’S 
g T3 >• § -O~  o  G-J CQ CD

Ph

ftG

Ph

o o
CM
O

IOCT
O

CM
C

Ph*
PQ

*o
oCMI
<Mo(M

CM
¿>

CM
CM
4CM
CM

00rH
CM
I*0rH

CM

rH

CM

¿>

CM

%
A  / \

a  w «  « 
o o o  d 0  Q

A .
a  a  
d  d



T
A

B
L

E
 

II
I.

 
Et

he
rs

 a
nd

 S
al

ts
JULY 1961 CINNOLINE CHEMISTRY. VI 2377

g «
■Bs t0,03-5
o ^ u2
g °T3
O §

T 3  o3

i VOi

„ o 
_ ro P
r©rd:g PIP © Id 5O C h  w5̂ fl S © O rhfO o

ft 6 ©
H ip©  cift g coPh +3> O q bfi 0 £ h

o

o ©op ^  p^ g 0 
-h <3 o -H 
0  ©  Ph  0

.. 0 t*T 21 a  ̂® g' pep P
r©' po£ >3 l^3 ° p ̂  § o t3 § ^tj-2o ° 03a)5 9PdRori5(©a)

f t  ^  O rT! ©> O 03 0 + 3  c3 CD d s  J=> 0  O

O >1 o o

®" 2 -0 oT 2 <u 0 m a; ¿3
£̂ 3 §"3SO ® ©i n © © © ft 0 ofti P 0 O p a3 -g bJD P c3
!* >H

CO rH )—l r-H CO CD 05
CD ID 3 CD 00

^4 O O o d CO 00 00 !>■*
i i 4 rH r“< 1-4 rH rH rH

p O oo i > CO CM 00 Hh- CD ID H -
p M

Tfl CO oo o hH ID rH CM CO 00 (M
O

pH CD* CD CD ID CO CO d CD CO CO CO
00 CD H l > CM 1> ID rH rH rH ID

Q
rH O rH O D C l CD CD r -
0 0 CO CO CO d CO ID rH t HrH ID ID D rH iD ID rH rH rH

t^ C5 1> CO ! > 0 0 O (M
¡z; CD CO GO CM (M t - CD

o ’ o d o d GO CO Is-T-H ’“ l rH rH rH lH
d rH 00 o CD oo CD rH ID rH CD oo

o

rH rH rH CD *D CO CD rH <M O CO
CD CD CD D CO CO d d CO rH CO
CM ID rH O GO rH rH 05 CO CO CD

o !> rH CD 00 CO ID t > 05 05 GO ID
00 CO CO CM d CO ID d CO rHrH ID ID D t H rH *D t o rH rH rH

J5
3

1

o o

1

o

1

o
00

o < 5 o q o
8o o o

aPh
O

«=<
53 M

w >«3 rH

¿ q
1 o

i f t a » ! w wo

£

w

i q

k” w

%
q

d d ~ d o c 5 d d d d d d

CO tH rH CM (M CO 00 ID ID rH
Oh*

CO C0 CO CO CD C5 . CD rH , 03
CM rH O <M O CM

§
1

05
1

rH ok
1o i

1
O

I ©  
d T 3 d 1 0  

C 0TJ
1

CO
7
CM

CM CO <M CO CD 03 CD rH 03rH 1"H CM rH rH rH <M <M

0  1 H-3 1 CD 01 4-3 CD 1 -H CD <D <D 
l -H 0  1 4-3 04-3 0 0

4̂ "d o3S-, ’■Q - g ' d  03 ^  c3(H
■4-3
c3

4-3
c3 "C3 oSpH ^3 (73Ph 03 4-3

c3
H-3
o3

3 O  +3 o  2 . o  +3 O  +3 M H
O

O  H3 . 2  43 . o Ph Phzn d  § 3 d  C3 d  s •-“< *d  ^ X3 c3 ’f t . 2 - 2
* o  43 * o  J ' o  43 ' o  ^ f t f t *G ^ ’ o  43 f t f t

< i < ! <1 5 Q H s 3
2
I d

£

CO oo b - D 00 o GO CD o 1> 00
0 0 00 t^ CD CD ID CO 00 oo

f t f t f t f t f t f t TJ f t f t
. f t

p
?r.

* ]>• s PSh P. H
PH P

. Sh
P. pH ' o

pPh pPh o
• C5

oCOCD
o

'■+3

S
ol

id
,

m
.f

7
6

- *H2
' d

'm
HD

'(ft
T3

*®
T3

"CQ
rC

'Eo CO

'S
’m "to

T3
Q <D D

P i
D

P i
CD

P i
P

p i
o

P i
0m 0

p i
0

P i
Om

ID
p t o 00 CD D1 rH ID (M <M CM
Pt-H o o O O O o O O o O O

§ o o o ’ o ’ O o ’ d o o d d

s GO o CO CO 05 rH 00 CD
CD 1> O ID CD 00 CD 03 00

pH
¿>

CM <M —4
PQ

1
CM 3 J= 1

ID
1rH d d 1

ID c t 1
00

CD ip J> o O »D CD 1> 03 C5 JC-rH r-H CM CM rH rH *-< rH -H



2 3 7 8 FR E ED , BRUCE, HANSLlCK, AND MASClTTI v o l . 2 6

d r y  b e n z e n e  w a s  a d d e d  a n d  t h e  m ix tu r e  r e f lu x e d  fo r  3 h r .  
o n  t h e  s t e a m  b a t h .  T h e  c o o le d  m ix tu r e  w a s  d i lu te d  w i th  
b e n z e n e , f i l te r e d  w i th  c h a rc o a l ,  a n d  e v a p o r a t e d  u n d e r  r e 
d u c e d  p r e s s u re .  T h e  r e s id u e  (co . 2 .8  g .)  w a s  d is s o lv e d  in  8 
m l. o f  c o m m e rc ia l  a b s o lu te  e th a n o l  a n d  to  th i s  s o lu t io n  w a s  
a d d e d  1 .6  g . o f d - t a r t a r i c  a c id . T h is  w a s  d is s o lv e d  b y  h e a t in g  
u n t i l  t h e  s o lu t io n  w a s  c le a r . A f te r  s t a n d in g  in  t h e  r e f r ig e r a 
to r ,  th e r e  w a s  o b ta in e d  3 .9  g . ( 0 0 % )  o f  a  y e llo w  c r y s ta l l in e  
so lid , m .p .  1 4 0 -1 4 2 ° . U p o n  r e c r y s ta l l i z a t io n  f ro m  c o m m e r 
c ia l  a b s o lu te  e th a n o l ,  f in e  y e llo w  g r a n u le s  s e p a r a te d ,  m .p . 
1 4 2 -1 4 4 ° .

fl-Dimethylaminoethyl cinnoline-4-carboxylate. A f te r  co o lin g  
th e  a c id  c h lo r id e  m ix tu r e  a s  p r e p a r e d  a b o v e ,  a  s o lu t io n  o f 5 .5  
g. o f  d im e th y la m in o e th a n o l  in  10 m l. o f d r y  b e n z e n e  w a s  
a d d e d  a n d  t h e  m ix tu r e  h e a t e d  a n d  s t i r r e d  o n  th e  s t e a m  b a t h  
fo r  2  h r .  T h e  co o le d  m ix tu r e  w a s  d i lu te d  w i th  e th e r ,  t r e a t e d  
w i th  c h a rc o a l ,  a n d  f i l te r e d . A f te r  e v a p o r a t io n  o f  t h e  s o lv e n ts ,  
th e r e  w a s  o b ta in e d  4 .8 6  g . ( 7 0 % )  o f a  r e d  s i r u p ,  b o i l in g  a t  
1 6 5 -1 7 3 °  a t  0 .0 7 3  m m .

M o n o p ic ra te ,  m .p .  1 9 4 -1 9 6 ° , y e llo w  n e e d le s  f ro m  m e th a 
n o l.

Anal. C a lc d . fo r  C a9H I8N 60 9: C , 4 8 .1 0 ; H ,  3 .8 2 ; N ,  17 .72 . 
F o u n d :  C , 4 8 .3 5 ; H ,  3 .9 2 ; N ,  17 .89 .

Preparation of the tertiary aminoalkyl cinnoline-4-carbox- 
amides. T h e  p r o c e d u r e  is  i l l u s t r a t e d  w i th  t h e  s y n th e s i s  o f 
N- 7 - d im e th y la m in o p r o p v l  c in n o l in e -4 -c a rb o x a m id e . A f te r  
c o o lin g  t h e  a c id  c h lo r id e  m ix tu r e  a s  p r e p a r e d  a b o v e ,  4 .2  g. 
o f 7 - d im e th y la m in o p r o p y la m in e  in  10 m l. o f  d r y  b e n z e n e  
w a s  a d d e d  o v e r  a  p e r io d  o f  10 m in .  w i th  s t i r r in g  w h ile  t h e  
r e a c t io n  m ix tu r e  w a s  k e p t  in  a n  ic e  b a t h .  T h e  m ix tu r e  w a s  
s t i r r e d  fo r  1 h r .  a t  ro o m  te m p e r a tu r e .  T h e  m ix tu r e  w a s  
d i lu te d ,  t r e a t e d  w d th  c h a rc o a l ,  a n d  f i l te r e d . A f te r  e v a p o r a t io n  
o f  t h e  s o lv e n ts  th e r e  w a s  o b ta in e d  3 .5  g. ( 7 2 % )  of a  r e d  s i ru p , 
b o i l in g  a t  2 0 2 -2 0 5 °  a t  0 .0 7  m m .

Jf-Chlorocinnoline. T h is  c o m p o u n d  w a s  p r e p a r e d  b y  th e  
m e th o d  of L e o n a r d  a n d  B o y d .7 S in c e  t h i s  c o m p o u n d  is u n 

s t a b le ,8 i t  w a s  p r e p a r e d  in  s m a ll  q u a n t i t i e s  a n d  u s e d  im 
m e d ia te ly .  I t  w a s  n o t  n e c e s s a ry  t o  p u r i f y  t h e  4 -c h lo ro c in -  
n o l in e  b y  r e c r y s ta l l i z a t io n  b u t  i t  w a s  u s e d  d i r e c t ly  u p o n  
r e c o v e ry  f ro m  t h e  d r ie d  e th e r  s o lu t io n ,  m .p .  7 4 - 7 6 ° .

Preparation of aminoalkoxy ethers. T h e  p r o c e d u r e  is il
l u s t r a t e d  w i th  t h e  s y n th e s is  o f 4 - ^ - d im e th y la m in o e th o x y -  
c in n o lin c .

T o  a  s o lu t io n  o f  4 .3  g . o f  ^ -d im e th y la m in o e th a n o l  in  34  m l. 
o f  a n h y d r o u s  b e n z e n e  w a s  a d d e d  0 .5 7  g. o f m e ta l l ic  s o d iu m . 
T h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  o n  a  s te a m  b a t h  u n t i l  
a l l  t h e  s o d iu m  h a d  d is s o lv e d . I n  t h i s  in s ta n c e  1 h r .  h e a t in g  
w as  r e q u i r e d .  A f te r  c o o lin g  t h e  r e a c t io n  m ix tu r e  in  a n  ice  
b a th ,  3 .4  g . o f 4 -c h lo ro c in n o l in e  w a s  a d d e d  a n d  t h e  m ix 
t u r e  r e f lu x e d  fo r  4  h r .  o n  a  s te a m  b a t h ,  w h e r e u p o n  t h e  s o lu 
t i o n  b e c a m e  d a r k  r e d .  A f te r  a l lo w in g  t h e  r e a c t io n  m ix tu r e  to  
co o l, i t  w a s  d i lu te d  w i th  d r y  e th e r ,  f i l te r e d  w ith  c h a r c o a l ,  
a n d  t h e  s o lu t io n  e v a p o r a t e d .9 T h e  e th e r  r e s id u e  w a s  d is t i l le d  
u n d e r  r e d u c e d  p r e s s u re .  T h e r e  w a s  o b ta in e d  3 .7  g. ( 8 3 % )  
of a  r e d  s i r u p ,  b p . 1 6 2 -1 6 7 °  a t  0 .0 5  m m . w h ic h  a f t e r  s t a n d in g  
so lid if ie d  t o  a  p a le  y e llo w  so lid , m .p .  7 0 - 7 3 ° C . ,  w h ic h  a f t e r  
r e c r y s ta l l i z a t io n  f ro m  p e t r o le u m  e th e r  ( b .p .  6 0 - 9 0 ° )  g a v e  
p a le  y e llo w  p la te s ,  m .p . 7 4 - 7 6 ° .
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A  s e r ie s  o f  h y d r o x y a lk y l im in o b is a c e ta m id e s  a n d  t h e i r  e s te r s  w a s  p r e p a r e d  a n d  e x a m in e d  f o r  lo c a l  a n e s th e t ic  a c t io n .  
T h e  c o m p o u n d s  d e r iv e d  f ro m  M - a ,a - t r im e th y lp h e n e th y la m in e  s h o w e d  a  h ig h  d e g re e  o f  a c t i v i t y ,  so m e  e x a m p le s  b e in g  400 0  
t im e s  a s  a c t iv e  a s  p r o c a in e .  S t r u c tu r e - a c t i v i t y  r e la t io n s h ip s  w e r e  s tu d ie d  in  t h e  c o u r s e  o f t h i s  in v e s t ig a t io n .

During an investigation of the synthesis and 
pharmacology of basically substituted derivatives 
of acetamide several hydroxyalkylaminoacetamides2 
possessed appreciable local anesthetic activity. 
A more critical study of one of these, AT-methyl-JV- 
a,a - dimethylphenethyl - 2 - hydroxyethylamino- 
acetamide (I), revealed that this action was not 
due to the acetamide, but to a trace of commingled 
2 - hydroxyethyliminobis [N - methyl - N  - (a,a- 
dimethylphenethyl) acetamide ] (II).

H O C H 2C H ,N H C H 2C O N C (  C H J  2C H 2C 6H 6
I

C H 3
I

(1 )  P r e s e n te d  in  p a r t  b e fo re  t h e  M e d ic in a l  C h e m is t r y  
S e c t io n , D e la w a r e  V a lle y  R e g io n a l  M e e t in g ,  P h i la d e lp h ia ,  
F e b .  25 , 1960 , a b s t r a c t s  p . 2 1 .

The preparation of the latter compound and its 
subsequent testing showed it to be an extremely 
potent local anesthetic, at least 4000 times as 
active as procaine.3

To establish the structural requirements for 
activity in this series a study was made of the 
effect of variation in sections of the molecule on 
activity. The compounds prepared had the general 
formula III, wherein X is alkyl, cycloalkyl, or

/ C H 2— C O N R R 1 I I .  X  -  C H 2C H 2—
H O .X .N <  R  =  R 2 =  C H 3

\ C H 2C O N R 2R 3 R ,  =  R 3 =  C ( C H 3) 2C H 2C oH 6 
I I I

(2 )  W . F .  B r u c e  a n d  J .  S e if te r ,  U . S . P a t e n t s :  ( a )  2 ,7 7 8 ,8 3 4
(1 9 5 7 ) ;  ( b )  2 ,8 5 6 ,4 2 7  (1 9 5 8 ).

(3 )  J .  M .  G la s s m a n .  G . H .  H u d y m a ,  a n d  J .  S e if te r ,  
J. Pharm. Exptl. Therap., 1 1 9 , 150 (1 9 5 7 ).
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T A B L E  I

HYDROXY ALKYLAMINOACBTAMIDES
R—NHCH2CON(R')(CH3)

N o . R R '
H C 1  S a l t  

M .P . F o r m u la

N i t r o g e n  

C a lc d . F o u n d
C h lo r in e  

C a lc d . F o u n d

1 H O C H 2C H 2 C 6H 5C H 2C ( C H 3) 2 a C 1CÏÏ24N 2O 2 1 0 .6 0 1 0 .9 0
2 c 6h 6c h o h c h 2 C 6H 6C H 2C ( C H 3) 2 2 0 1 - 2 0 2 C 2,H 28C 1N 20 2 7 .4 3 7 .3 4 9 .4 2 9 .5 0
3 C 6H 6C H O H C ( C H 3) 2 C 6H 5C H 2C ( C H 3) 2 1 8 9 -1 9 0 C 21H 29C 1N 20 2 6 .9 2 6 .7 5 8 .7 7 8 .5 5
4 H O C H 2C ( C H 3) 2 C e H A T R C tC H s L 1 6 9 -1 7 0 C n H 29C lN 20 8 . 0 0 8 .2 6 1 0 .8 2 1 1 .0 1
5 ( H O C H 2) 3C C 6H 6C H 2C ( C H 3) 2 1 7 5 -1 7 6 C i, H 29C 1N 20 4 7 .8 0 7 .7 7 9 .8 8 9 .5 8
6 H O C H ( C H 3) C H 2 C H E C H , 1 3 4 -1 3 5 c 13h 21c i n 2o 2 1 0 .2 5 1 0 . 2 0 1 3 .1 2 1 3 .4 7

0 F r e e  b a s e  ( f r o m  p e t r o le u m  e t h e r ) :  m .p .  7 6 - 7 7 ° .

aralkyl, R, R 1, R2, R3 represent lower alkyl or 
aralkyl, and where RR1 may or may not equal 
R2R 3.

The symmetrically substituted compounds (RR1 
= R2R 3) were prepared by treatment of an amino 
alcohol with two equivalents of a chloroacetamide. 
The asymmetrically substituted compounds were 
obtained in two steps by treatment of an amino 
alcohol with one equivalent of chloroacetamide to 
yield the hydroxyalkylaminoacetamide which was 
then converted to the iminoacetamide by further 
treatment with one equivalent of a second chloro
acetamide.

These alkylations were generally carried out in 
refluxing butanol in the presence of excess potassium 
carbonate. In the case of several sterically hindered 
amino alcohols, e.g., 2-amino-2-methylpropanol, 
it was necessary to use a higher boiling solvent 
such as anisole to obtain the bis compounds. The 
required chloroacetamides were prepared by litera
ture methods.

As a result of these studies a number of structure- 
activity relationships became apparent. Of the 
iminoacetamides which we examined, those in 
which the amido nitrogen was derived from ali
phatic amines had relatively little local anesthetic 
action and were more toxic than those derived from 
aralkylamines. The use of a sterically hindered 
amine, N  - a, a - trimethvl - ¡3 - phenethylamine 
(mephentermine), produced the highest degree of 
local anesthetic activity found in these bisaceta- 
mides; substitution of Ar-a-dimethylphenethyl- 
amine for mephentermine in one amide group 
halved the activity. In the alkanolamine portion, 
use of a sterically hindered base such as 2-amino-2- 
methylpropanol produced the opposite effect, 
markedly reducing activity. A more critical factor, 
however, was the number of methylene groups 
separating the hydroxyl from the tertiary amino 
group. Activity dropped sharply with the addition 
of even one methylene. Thus the 3-hydroxypropyl 
derivative (Table III, No. 4) shows only 1/500 
the effectiveness of the homologous 2-hydroxyethyl 
compound (Table III, No. 1).

The effect of altering the chemical type was also 
examined. Replacement of hydroxyl by amino or 
chloro, quaternarization of the tertiary amine,

reduction of the amide groups to tertiary amines, all 
resulted in nearly complete loss of activity (Table
VI). Ester formation with either aliphatic or 
aromatic acids yielded active compounds (Table V), 
but in no instance was the activity increased by 
this change.

A portion of the results of pharmacologic studies 
of the hydroxyalkyliminobisacetamides has been 
presented elsewhere.4 5’6 The more detailed pharma
cology of these materials will appear in a forth
coming publication from these laboratories.

EX PERIM EN TA L

S in c e  th e  p r e p a r a t io n  o f  a l l  c h lo r o a c e ta m id e s ,  h y d r o x y -  
a lk y la m in o a c e ta m id e s ,  h y d r o x y a lk y l im in o a c e ta m id e s ,  a n d  
t h e i r  e s te r s  w a s  c a r r ie d  o u t  in  e s s e n t ia l ly  t h e  s a m e  m a n n e r ,  
o n e  e x a m p le  o f e a c h  is  g iv e n .

N-Methyl-N-a,a-dùnethylphenelhylchloroacelamide. T o  
a  s o lu t io n  o f  140  g. (0 .8 6  m o le )  o f .f y V in e th y l-A - in a -d im e th y l-  
p h e n e th y la m in e  in  5 0 0  m l. o f  to lu e n e  w a s  a d d e d ,  w i t h  s t i r 
r in g , a n d  a t  — 2 0 ° , 4 5  g. (0 .4 0  m o le )  o f  c h lo r o a c e ty l  c h lo 
r id e . T h e  r a t e  o f  a d d i t i o n  w a s  s u c h  t h a t  t h e  t e m p e r a t u r e  
r e m a in e d  b e lo w  — 1 5 ° . T h e  r e a c t io n  w a s  s t i r r e d  1 h r .  i n  th e  
c o ld  a n d  a l lo w e d  t o  c o m e  t o  ro o m  te m p e r a tu r e .  T h e  so lid  
a m in e  h y d r o c h lo r id e  w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  w a s h e d  
w i th  a  l i t t l e  to lu e n e .  T h e  f i l t r a te  w a s  d r ie d ,  c o n c e n t r a te d  
u n d e r  r e d u c e d  p r e s s u re ,  a n d  t h e  r e s id u e  d is t i l l e d  t o  g iv e
6 7 .5  g . ( 7 0 .5 % )  o f  p r o d u c t ,  b .p .  1 4 0 -1 4 1 °  (0 .5  m m .) .

Anal. C a lc d . f o r  C I3H 18C 1 N 0 :  C l, 1 4 .8 3 ; N ,  5 .8 5 . F o u n d :  
C l, 1 4 .5 1 ; N ,  5 .6 2 .

N-Methyl-N-a,a-dimethylphenelhyI-2-hydroxyethylamino- 
acetamide. 6 T o  a  w e ll s t i r r e d  m ix tu r e  o f 6 .1  g . (0 .1  m o le )  o f 
e th a n o la m in e  a n d  3 0  g . o f  a n h y d r o u s  p o w d e r e d  s o d iu m  
c a r b o n a te  i n  3 0 0  m l. o f b o il in g  1 - b u ta n o l ,  w a s  a d d e d  s lo w ly
2 3 .9  g .( 0 .1  m o le )  o f A f - m e th v l - N - o ^ a - d im e th y lp h e n e th y lc h lo -  
r o a c e ta m id e  in  50  m l. 1 - b u ta n o l .  T h e  r e a c t io n  m ix tu r e  
w a s  re f lu x e d  f o r  12 h r . ,  c o o le d , a n d  f i l te r e d . T h e  s o lu t io n  
■was c o n c e n t r a te d  a n d  t h e  r e s id u e  c r y s ta l l iz e d  f ro m  h e x a n e . 
T h e r e  w a s  o b ta in e d  1 6 .6  g . ( 6 3 % ) ,  m .p .  7 4 .5 - 7 6 .5 ° .

Anal. C a lc d . f o r  C I6H 24N 20 2: C , 6 8 .3 0 ; H , 9 .1 6 ;  N ,  10 .58 . 
F o u n d :  C , 6 7 .9 4 ; H , 8 .9 0 ; N ,  10 .90 .

T h e  h y d r o c h lo r id e  h a d  a  m .p .  o f  1 6 3 -1 6 4 ° .
Anal. C a lc d . fo r  C ,5H 25C 1N 20 2: N ,  9 .3 2 ; C l, 11 .78 . F o u n d :  

N , 9 .1 5 ; C l, 11 .59 .
%-Hydroxyethyliminobis [N-methyl.-N ( a,a-dimethylphen-

(4 )  D .  H .  B a e d e r ,  J .  M . G la s s m a n , G . M . H u d v m a ,  a n d  
J .  S e if te r ,  Proc. Soc. Exptl. Biol. Med., 8 9 , 64 5  (1 9 5 5 ).

(5 )  J .  M . G la s s m a n , G . M . H u d y m a ,  a n d  J .  S e if te r ,  
J. Pharm. Exptl. Therap., 119 , 150  (1 9 5 7 ).

( 6 ) J .  S e if te r ,  R .  S . H a n s l ic k ,  a n d  M . E .  F re e d ,  U . S. 
P a t e n t  2 ,7 8 0 ,6 4 6  (1 9 5 7 ).
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ethyl)acelamide] ,6 T o  a  s t i r r e d  m ix tu r e  o f  2 3 .9  g. (0 .1  m o le )  
o f  A - m e th y l - iV - a ,a : - d im e th y lp h e n e th y lc h lo r o a c e ta m id e  a n d  
2 0  g . o f  p o ta s s iu m  c a r b o n a te  i n  2 5 0  m l. o f  b o i l in g  b u t a n o l  
w a s  a d d e d  a  s o lu t io n  o f 3 .1  g. (0 .0 5  m o le )  o f  f r e s h ly  d is t i l le d  
e th a n o la m in e .  A f te r  2 0  h r .  u n d e r  re f lu x  th e  r e a c t io n  m ix tu r e  
w a s  co o le d  a n d  f i lte r e d . T h e  f i l t r a t e  w a s  w a s h e d  w i th  a q u e o u s  
5 %  s o d iu m  c a r b o n a te ,  t h e n  w i th  w a te r ,  a n d  d r ie d  o v e r  
a n h y d r o u s  m a g n e s iu m  s u l f a te .  T h e  s o lv e n t  w a s  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e s id u e  r e c r y s ta l l i z e d  f ro m  
b e n z e n e -h e x a n e , y ie ld in g  3 3 .2  g . ( 7 1 % )  o f p r o d u c t ,  m .p .  
1 0 4 -1 0 5 ° .

Anal. C a lc d . f o r  C , 7 1 .9 0 ; H ,  8 .8 4 ;  N ,  8 .9 8 .
F o u n d :  C , 7 1 .9 3 ; H , 8 .8 0 ; N ,  9 .0 .

T h e  h y d r o c h lo r id e  tw ic e  c r y s ta l l iz e d  f ro m  m e th a n o l -  
a c e to n e  m e l te d  a t  1 4 6 -1 4 7 ° .

A noZ. C a lc d . f o r  C s s H u C lN jO ,:  N ,  8 .3 5 ;  C l, 7 .0 4 . F o u n d :  
N ,  8 .2 0 ; C l, 6 .8 7 .

2-Hydroxyethyliminobis [N-methyl-N(a, a-dimethyl- 
phenethyl)acelamide], nicotinic acid ester.6 A  s o lu t io n  o f  2 g. 
(0 .0 0 4  m o le )  o f  p r o d u c t  a n d  0 .1  g . (0 .0 0 4  m o le )  o f n ic o t in ic  
a n h y d r id e  in  5 0  m l. o f d r y  b e n z e n e  w a s  h e a t e d  u n d e r  re f lu x  
f o r  16 h r .  N ic o t in ic  a c id  w a s  r e m o v e d  f ro m  t h e  c o o le d  m ix 
t u r e  b y  f i l t r a t io n  a n d  t h e  f i l t r a te  c o n c e n t r a te d  u n d e r  v a c u u m .  
T h e  r e s id u e  w a s  d is s o lv e d  in  a c e to n e  a n d  f i l te r e d . T h e  a c e 
to n e  s o lu t io n  w a s  t r e a t e d  w i th  d r y  h y d r o g e n  c h lo r id e  a n d  
t h e  p r e c ip i t a t e  c o l le c te d  o n  a  f i l te r ,  w a s h e d  w i th  a c e to n e ,  
a n d  d r ie d :  2 .1 5  g. ( 8 3 % ) ,  m .p . 1 5 8 -1 5 9 ° .

Anal. C a lc d . fo r  C !4H „ C 1 2N , 0 4: N ,  8 .6 8 ; C l, 1 1 .0 5 . 
F o u n d :  N ,  8 .7 4 ; C l, 11 .33 .

%-Chloroethyliminobis [N-methyl-N(a,a-dimethylphenethyl )- 
acetamide]. A  s o lu t io n  o f 2 0  g . (0 .0 4 2  m o le )  o f  p r o d u c t  in  
100  m l. o f  d r y  c h lo ro fo rm  w a s  t r e a t e d  w i th  a  s o lu t io n  o f 5  g. 
(0 .0 4  m o le )  o f t h io n y l  c h lo r id e  in  2 5  m l. o f  c h lo r o fo r m . T h e  
r e a c t io n  m ix tu r e  w a s  s t i r r e d  f o r  3 h r .  T h e  s o lv e n t  w a s  r e 
m o v e d  a n d  t h e  r e s id u e  c r y s ta l l iz e d  f ro m  e th a n o l - e th e r ,  
w e ig h e d  1 6 .5  g . ( 7 9 % ) ,  m .p .  1 5 5 -1 5 6 ° .

Anal. C a lc d . f o r  C 28H 4iC l2N a 0 2: N ,  8 .0 4 ; C l, 1 3 .5 8 . 
F o u n d :  N ,  7 .8 0 ; C l, 13 .35 .

2-Aminoethyliminobis [N-methyl-N( a, a-dimethylphenethyl)- 
acetamide]. 2 - C h lo r o e th y l:m in o b is  [ A T ,-m ethyl-iV -( a. a - d i -
m e th y lp h e n e th y la c e ta m id e ]  h y d r o c h lo r id e ,  3 g . (0 .0 0 6  m o le ) ,  
in  2 0  m l. o f  m e th a n o l  c o n ta in in g  3  g. a n h y d r o u s  a m 
m o n ia  w a s  s e a le d  in  a  p r e s s u r e - tu b e  a n d  h e a t e d  f o r  1 8  h r .  
a t  9 0 ° .  T h e  b o m b  w a s  co o le d  a n d  t h e  c o n te n t s  t r a n s f e r r e d  
t o  a  b e a k e r .  T h e  t u b e  w a s  r in s e d  o u t  w i t h  a  l i t t l e  m e th a n o l  
a n d  t h e  c o m b in e d  m e th a n o l  s o lu t io n  f i l te r e d  f re e  o f  a m m o 
n iu m  c h lo r id e . T h e  m e th a n o l  a n d  t h e  e x c e s s  a m m o n ia  w e re  
r e m o v e d  b y  e v a p o r a t io n  a n d  t h e  r e s id u e  d is s o lv e d  in  5 0  m l. 
o f  2 -p ro p a n o l .  A  f u r t h e r  p r e c ip i t a t e  f o rm e d ;  t h i s  w a s  r e 
m o v e d  b y  f i l t r a t io n .  T h e  s o lu t io n  w a s  t r e a t e d  w i t h  d r y  
h y d r o g e n  c h lo r id e . O n  a d d i t io n  o f d r y  e t h e r  ( a b o u t  150  m l.)  
a  c r y s ta l l in e  p r o d u c t  f o rm e d ;  y ie ld ,  1 .3  g . ( 4 0 .5 % ) ,  m .p .  
2 3 1 - 2 3 2 ° .

Anal. C a lc d . fo r  C 28H i<C l2N 40 2: N ,  1 0 .4 0 ; C l, 1 3 .1 5 . 
F o u n d :  N ,  1 0 .7 1 ; C l, 13 .40 .

N,N-Bis [N-methyl-N ( a, a-dimethylphenethyl )aminoethyl] - 
S-hydroxyethylamine. A  s o lu t io n  o f  9 .4  g. (0 .0 2  m o le )  o f 
2  -  h y d r o x y e th y l im in o b is [ N  -  m e th y l  -  N ( a , a  -  d im e th y l -  
p h e n e th y l ) a e e ta m id e ]  i n  150  m l. o f a n h y d r o u s  e t h e r  w a s  
a d d e d  s lo w ly  t o  a  s t i r r e d  s u s p e n s io n  o f  1 .8  g . (0 .0 5  m o le )  o f 
l i t h iu m  a lu m in u m  h y d r id e  i n  3 0 0  m l. o f d r y  e th e r .  A f te r  
a d d i t i o n  w a s  c o m p le te  t h e  r e a c t io n  w a s  r e f lu x e d  f o r  2 5  h r .  
T h e  r e a c t io n  m ix tu r e  w a s  d e c o m p o s e d  b y  t h e  c a u t io u s  a d d i 
t i o n  o f 8  m l.  o f  w a te r .  A f te r  f i l t r a t io n ,  t h e  e th e r e a l  s o lu t io n  
w a s  d r ie d  o v e r  a n h y d r o u s  s o d iu m  s u l f a te .  T h e  d r ie d  s o lu t io n  
w a s  t r e a t e d  w i th  h y d r o g e n  c h lo r id e . A n  o il s e p a r a te d  
f ro m  t h e  e th e r .  T h e  e th e r  w a s  r e m o v e d  b y  d e c a n ta t i o n  a n d  
t h e  o il, o n  t r i t u r a t i o n  w i th  a c e to n e , s o lid if ie d . A f te r  r e c r y s t a l 
l i z a t io n  f ro m  m e th a n o l - a c e to n e  3 .2  g. ( 2 9 .3 % )  p r o d u c t ,  m .p . 
2 2 9 - 2 3 0 °  d e c . w a s  o b ta in e d .  T h e  in f r a r e d  s p e c t r a  s h o w e d  n o  
in d ic a t io n  o f  a m id e  im p u r i t ie s .

Anal. C a lc d  f o r  C a sH isC h N jO : N ,  7 .6 6 , C l3 1 9 .4 0 . F o u n d :  
N , 7 .7 0 , C l, 19 .4 7 .

*
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T A B L E  V I

M iscellaneous D eriv a tiv es

c h 3
Y I

X C H 2C H 2N (  C H 2C — N — C  [ C H :>] 2C H 2P h ) .

D u r a t i o n
C h lo r in e  N i t r o g e n  o f  A c t iv i ty ,  ( %

N o . X Y M .P . F o r m u la C a lc d . F o u n d C a lc d . F o u n d M in . S o in .)

1 C l O 1 5 5 -1 5 6 “ C 28H „ N 30 2C12 1 3 .5 0 1 3 .1 6 8 .0 4 7 .7 5 4 3 6 0 .1
2 N H . O 2 3 1 - 2 3 2 “ c 28h „ n 4o 2c i 2 1 3 .1 5 1 3 .4 0 1 0 .4 0 1 0 .7 1 N e g . 0 .1
3 H O ( C H 3I ) O 1 2 2 -1 2 3 c 29h „ n 3o 3i 2 0 .8 5 e 2 0 .9 0 6 .9 2 6 .6 0 N e g . 0 .1
4 H O 2 H 2 3 9 - 2 4 0 “ c 28h 48n 3o c i 3 1 9 .4 0 1 9 .4 7 7 . 6 6 7 .7 0 N e g . 0 .1

“ H y d r o c h lo r id e .  s T h e  c o m p o u n d  per se m a y  n o t  b e  a c t i v e ;  t h i s  d e g re e  o f  a c t i v i t y  c a n  b e  a t t r i b u t e d  t o  a  t r a c e  o f  t h e  
h ig h ly  a c t iv e  7 V ,./V -b is ( iV -m e th y l- iV -ij> -p h e n y l-fe r i-b u ty la c e ta m id o )-2 -h y d ro x y e th 3 d a m m e  p r e s e n t  in  t h e  c h lo ro  c o m p o u n d  
e i th e r  a s  a n  in i t i a l  i m p u r i ty  o r  f o rm e d  in situ b y  h y d r o ly s i s  o f  t h e  2 - c h lo ro e th y la m in e  g r o u p . c I o d in e .

A  t r im e th io d id e  w a s  p r e p a r e d  b y  h e a t in g  t h e  f re e  b a s e  o f 
t h e  a b o v e  t r ih y d r o c h lo r id e  w i th  m e th y l  io d id e  i n  a c e to n e .  
A f te r  c r y s ta l l i z a t io n  f ro m  a c e to n e  i t  m e l te d  a t  1 5 4 -1 5 5 ° .

Anal. C a lc d . f o r  C31H54IN3O: N , 4 .8 5 , I ,  4 3 .9 0 . F o u n d :  
N , 4 .6 0 ; I ,  4 3 .8 2 .

2 - Hydroxyethyliminobis [IV -  methyl - a, a-dirnethylphen-
ethyl)ac.etamide methiodide. 2 -  ^ d r o x y e t h y l i m i n o b i s i N -  
m e th y l - f a ^ a - d im e th y lp h e n e th y U a c e ta m id e ] ,  5  g . (0 .0 1 1  
m o le ) , w a s  h e a t e d  u n d e r  re f lu x  w i th  2 5  m l. o f  m e th y l  io d id e

fo r  3 0  m in . T h e  s o lu t io n  w a s  c o n c e n t r a te d  a n d  t h e  r e s id u e  
t a k e n  u p  in  3 0  m l. o f e th y l  a c e ta te .  O n  s t a n d in g  in  t h e  
co ld  c r y s ta l l i z a t io n  o c c u r re d  a n d  t h e  p r o d u c t  w a s  c o lle c te d  
o n  a  f i l te r ,  w a s h e d  w i th  e th e r ,  a n d  d r ie d ;  v ie ld ,  5 .7  g. 
( 8 6 .4 % ) ,  m .p .  1 2 2 -1 2 3 ° .

Anal. C a lc d . f o r  C 29H „ I N 30 3: N ,  6 .9 2 , I ,  2 0 .8 5 . F o u n d :  
N ,  6 .6 0 ; I ,  2 0 .9 0 .

P hila delphia  1, P a .

[Co ntribu tio n  prom  t h e  Organic C hem ical R esea rch  Sec t io n , L ed erle  L aboratories D iv isio n ,
Am erican  C yanamid Co.]

T ran q u iliz in g  A gen ts. X a n th en - and  T hioxanthen-A 9,7-p ro p y la m in es1 and
R elated  C om pounds

G U I D O  E . B O N V I C I N O , H E R B E R T  G . A R L T ,  J r ., K A R I N  M . P E A R S O N , and R O B E R T  A . H A R D Y ,  J R .

Received November 16, 1960

T h e  G r ig n a r d  r e a c t io n  o f  a  3 - c h lo ro - iV ,A - d ia lk y lp r o p y la m m e  w i th  x a n th e n - 9 -o n e s  a n d  th io x a n th e n - 9 - o n e s  g a v e  a  se r ie s  
o f  9 - (3 - d ia lk y la m in o p r o p y l) x a n th e n - 9 - o ls  a n d  th io x a n th e n - 9 - o l s .  D e h y d r a t io n  o f th e s e  c o m p o u n d s  g a v e  th e  c o r re s p o n d in g  
x a n th e n -  a n d  th io x a n th e n - A 9'Y -p ro p y la m in e s , so m e  o f w h ic h  w e re  p o t e n t  t r a n q u i l i z e r s .  S u b s t a n t i a l  d if fe re n c e s  in  d e h y d r a 
t i o n  o f  t h e  x a n th e n - 9 -o ls  a n d  th io x a n th e n - 9 - o l s  w e re  o b s e rv e d  a n d  a r e  e x p la in e d . T h e  c h a r a c te r i s t i c  c h a n g e s  in  t h e  u l t r a -
v io le t  s p e c t r a ,  u s e d  t o  fo llo w  th e s e  r e a c t io n s ,  a r e  d e s c r ib e d , 
a c t i v i t y  r e la t io n s h ip s .

The well known efficacy of chlorpromazine in 
the treatment of neuropsychiatrie disorders has 
led to the syntheses of a great number of 10- 
phenothiazinepropylamines,2 many of which are 
new tranquilizing drugs. We wish to report the 
chemistry of a series of xanthen- and thioxanthen- 
A^-propylamines (III) (Table II) with potent 
tranquilizing activity. Our basic idea for these 
compounds originated from consideration of the 
structures of azacyclonol3 and chlorpromazine.4 5 
This suggested the preparation of 9-(3-dialky 1-

(1 )  S in c e  1957 , C h e m ic a l  A b s t r a c t s  n u m b e r in g  o f  t h e  
t h io x a n th e n e  r in g  s y s te m  h a s  b e e n  c h a n g e d  to  c o n fo rm  
w i th  t h a t  o f  t h e  is o s te r ic  x a n th e n e  m o le c u le . T h e  c u r r e n t  
n o m e n c la tu r e  is  u s e d  t h r o u g h o u t  t h i s  p a p e r .

(2 )  J . - P .  B o u r q u in ,  G . S c h w a r b ,  G . G a m b o n i ,  R .  F is c h e r ,
L . R u e s c h , S . G u ld im a n n ,  V . T h e u s ,  E .  S c h e n k e r ,  a n d  
J .  R e n z , Helv. Chim. Acta, 4 1 , 1061 , 1072  ( 1 9 5 8 ) ;  4 2 ,  25 9  
(1 9 5 9 ).

S e v e ra l  o p e n  c h a in  a n a lo g s  w e re  p r e p a r e d  t o  s t u d y  s tr u c t .u r e -

aminopropyl)xanthen-9-ol and thioxanthen-9-ol 
analogs (I) (Table I) for pharmacological investi
gation as potential tranquilizing agents. Dehydra
tion of these compounds yielded the unsaturated 
analogs (III).

The general method for the preparation of the 
tertiary alcohols of type I was the Grignard reac
tion of a 3-chloro-W,iV-dialkylpropylamine with a 
xanthen-9-one or thioxanthen-9-one. A modification 
of Marxer’s procedure for 3-(dialkylamincpropyl)- 
diphenylcarbinols6 was used. The reaction of the

(3 )  ( a )  F r e n q u e l  is  t h e  t r a d e m a r k  o f W m . S. M e r r i l  C o . 
fo r  a z a c y c lo n o l— i.e., a - (4 - p ip e r id y l) d ip h e n y lc a r b in o l  h y d r o 
c h lo r id e ;  ( b )  F .  R in a ld i ,  L . H . R u d y  a n d  H . E .  H im w ic h , 
Am. J. Psychiatry, 1 1 2 , 3 4 3  (1 9 5 5 ).

( 4 )  T h o r a z in e  is  t h e  t r a d e m a r k  o f  S m i th  K l in e  a n d  
F r e n c h  L a b o r a to r ie s  fo r  c h lo r p ro m a z in e — i.e., 2 -c h lo ro -1 0 -  
( 3 - d im e th y la m in o p r o p y l  )p h e n o t,h ia z in e  h j ’d r o c h lo r id e .

( 5 )  A . M a rx e r ,  Helv. Chim. Acta, 2 4 , 2 0 9 E  (1 9 4 1 ) .
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ketones with two moles of S-chloro-A^iV-dimethyl- 
propylamine and two moles of magnesium, in a 
benzene-ether mixture, usually required twelve to 
twenty-four hours of heating under reflux. How
ever, up to eighty hours were needed for the reac
tions with l-(3-chloropropyl)-4-methylpiperazine 
under the same conditions. The latter reactions re
quired only three to seven hours in tetrahydrofuran 
(THF) when the ethylene bromide procedure of 
Pearson et al.,6’’1 * was used.

H

C H : (C H 2) J h R ';  

DR

C H ( C H , ) N R '2 

Ai,

Generally, isolation of the desired tertiary alco
hols (I) was dependent on whether or not mineral 
acids were used during the purification procedure. 
This was evident when 9-(3-dimethylaminopropyl)- 
xanthen-9-ol (Table I, No. 1) very readily dehy
drated during its isolation on treatment with dilute 
hydrochloric acid. The isolated product was N,N- 
dimethylxanthen-A9’ 7-propy lamine, characterized 
as the hydrochloride, giving the first member of 
the xanthen-A9-7-propylamine series (III. X =
0). The desired alcohol (Table I, No. 1) was easily 
obtained as the free base, however, by decom
posing the Grignard complex with ammonium 
chloride solution. Generally, the use of mineral 
acids must be assiduously avoided for the de
composition of this complex and for subsequent 
purification. This facile dehydration to the unsatu
rated series (III) was a general characteristic of the 
oxygen series (I. X = 0). Dehydration in the sul
fur series (I. X = S) required more drastic condi
tions. The ¿erf-alcohols were insolable as mineral 
acid addition salts as well as the free bases. Fur
thermore, the use of dilute mineral acid was a dis
tinct advantage for their purification.

( 6 )  D . E .  P e a r s o n ,  D .  C o w a n , a n d  J .  D .  B e c k le r ,  J. 
Org. Chem., 2 4 , 5 0 4  (1 9 5 9 ).

( 7 )  T h e  p u r p o s e  o f t h e  e th y le n e  b r o m id e  w a s  t o  a c t i v a t e  
t h e  m a g n e s iu m  s u r f a c e s  a n d  th u s  im p r o v e  t h e  f o r m a t io n
o f t h e  G r ig n a r d  r e a g e n t .  T h e  r e a c t io n  o f  e th y l e n e  b r o m id e  
a n d  m a g n e s iu m  is :  M g  +  B r C H 2C H 2B r  -»• C H 2= C H 2 +
M g B r t  a s  d e s c r ib e d  b y  P e a r s o n  et al.6
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The dehydration appeared to be a two-step 
process. First, an acid-catalyzed dehydroxylation 
produced the “onium” salt (Ila, b), indicated by 
characteristic changes in the visible region of the 
absorption spectrum {vide infra). This was followed 
by a base-catalyzed deprotonization of the a- 
carbon (Ila III). Dehydration of the oxygen- 
series feri-alcohols generally took place immediately 
at room temperature upon the addition of 0.5-1V 
aqueous hydrochloric acid as evidenced by the 
rapid development of a red color in the solution. 
The sulfur-series ieri-alcohols were dehydrated by 
several procedures: treatment with (a) glacial 
acetic and concentrated hydrochloric acids, (b) 
anhydrous hydrogen chloride in benzene or ether, 
and (c) acetic anhydride-glacial acetic acid mix
tures. Addition of base then gave the dehydrated 
products. The interesting differences in ease of 
dehydration between the oxygen and sulfur series 
may be explained by a greater resonance stabiliza
tion of the oxonium ion (lib. X = 0 and its equiv
alent ions) compared to the sulfonium ion (lib. 
X = S). This is due to the greater tendency of 
oxygen to “increase its covalency” described by 
Ingold.8 2,6-Dichloro-9-(3-dimethylaminopropyl)- 
xanthen-9-ol was an exception to the facile dehydra
tion of the oxygen series, and required the more 
vigorous conditions used for the sulfur series.

The facile dehydration of a xanthen-9-ol 
derivative (I) was actually first observed by Per- 
rine9 in 1953. He obtained N,iV-di-?i.-butylxan- 
then-A9’7-propylamine hydrochloride (when he 
used hydrochloric acid to decompose the Grignard 
complex) instead of the desired ¿erf-alcohol.

After our work was well underway it became evi
dent that other laboratories were also investigat
ing the tranquilizing activity of the xanthen- 
and thioxanthen-A9’7-propylamines.10 11~12 Other 
routes to these compounds have since been re
ported: (a) the Grignard reaction of allyl bromide 
with xanthen-9-ones and thioxanthen-9-ones fol
lowed by subsequent dehydration and animation13;
(b) 9-cyanoethylation of the xanthen-9-ols and 
thioxanthen-9-ols followed by reduction and de
hydration13; (c) reaction of 3-dimethylaminopro- 
pyne-1 derivatives with xanthen-9-one and thio- 
xanthen-9-one followed by reduction and dehydra
tion.14 15

When unsymmctrically substituted ketones are 
used, stereoisomers are possible in both the tert- 
alcohol series (I) and the unsaturated series (III).

(8 )  C . K .  In g o ld ,  Structure and Mechanism in Organic 
Chemistry, C o rn e l l  U n iv e r s i ty  P re s s ,  I t h a c a ,  N .  Y ., 1953, 
p . 75 .

(9 )  T .  D . P e r r in e ,  J. Org. Chem., 18 , 1356 (1 9 5 3 ).
(1 0 )  P .  V . P e te r s e n ,  N .  L a s s e n , T .  H o lm , R .  K o p f ,  a n d

I. M 0 lle r  N ie ls e n , Arzneimitlel Forsch., 8 , 39 5  (1 9 5 8 ).
(1 1 )  J .  M . S p ra g u e  a n d  E .  L . E n g e lh a r d t ,  U . S . P a t .

2 ,9 5 1 ,0 8 2  (1 9 6 0 ).
(1 2 )  H o f fm a n n - L a  R o c h e  A G , B e lg . P a t .  5 5 8 ,1 7 1  (1 9 5 7 ).
(1 3 )  K e f a la s  A /S ,  B e lg ia n  P a t .  5 8 5 ,3 3 8  (1 9 6 0 ).
(1 4 )  W . R ie d  a n d  J .  S c h o n h e r r ,  Ber., 93 , 1870  (1 9 6 0 ).

P ig .  1. U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  o x y g e n  s e r ie s  
( c o n c n . 10 M g ./m l)

( a )  --------------- , 2 - m e th o x y - 9 - [ 3 - d im e th v la m in o p r o p y l ) x a n -
th e n -9 -o l  in  m e th a n o l

( b )  --------- , 2 -m e th o x y -A ,A T- d im e th y lx a n th e n - A 9''i'-pro-
p y la m in e  h y d r o c h lo r id e  in  m e th a n o l

( c )  --------- , t h e  “ o n iu m ”  s a l t  f ro m  ( a )  in  6N h y d r o 
c h lo r ic  a c i d 16

Separation of enantiomorphs in the ierf-alcohol 
series was not attempted. Investigation of the 
geometrical isomers {cis and trans) in the unsatu
rated series was carried out with 2-methoxy-iV,A- 
dimethylxanthen-A9’7-propylamine. Neutraliza
tion of red oxonium salt (Ila, b; devoid of stereo
isomers), formed when 2-methoxy-9-(3-dimethyl- 
aminopropyl)xanthen-9-ol was dissolved in hydro
chloric acid, produced a mixture of cis and trans 
bases (IV). This was demonstrated by isolation of a 
mixture of fumarates (Va and Vb), m.p. 143-152°, 
from IV, and fumaric acid in ethanol. Repeated

V a
F u m a r a t e  o i i -  

M.p. 170-172° ----
r  v i a  i

I V a  < i  Eq. HCl H C 1  S a l t  
B a s e  --------------->- |_ M .p .  1 8 3 - 1 8 5 ° .

IV
M ix tu r e  o f 
cis & trans 

B a s e s

> l  Eq. HCl

V b  C4H 4O, o h -  V I b
F u m a i  a t e  -<------------  I V b  < ------------  H C l  S a l t

M .p . 1 5 1 - 1 5 3 .5 °  ------------ B a s e ------------------ >- M .p .  1 9 6 -1 9 8 *
0 H  HC1 ( D im e p r o z a n )

fractional crystallization from ethanol afforded the 
less soluble fumarate (Va), m.p. 170-172°. The 
more soluble fumarate (Vb) could be isolated from 
the mother liquors, but was more readily obtained 
from VIb. The isomeric bases, IVa and IVb, liber
ated from the purified fumarates Va and Vb, respec
tively, gave different infrared absorption spectra. 
The spectrum of IV was consistent with its formula
tion as a mixture of IVa and IVb. When the mixture 
of bases (IV) was treated with slightly more than

(1 5 )  B e fo re  t h e  s p e c t r u m  w a s  t a k e n  t h e  s o lu t io n  w a s  a l
lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  fo r  1 .7 5  h r . t o  in s u r e  
c o m p le te  t r a n s f o r m a t io n  to  th e  " o n iu m ”  s a l t .
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T A B L E  I I I

Summary op Ultraviolet Absorption Maxima

O x y g e n  S e r ie s  ( X  =  O ) S u lfu r  S e r ie s  ( X  =  S )
M y  f X  1 0 “ 3 M y  e X  10  “ 3

X a n t h e n -  a n d  th io x a n th e n - 9 - o l s 2 0 8 -2 1 2 2 8 . 3 - 3 3 . 4 2 1 0 -2 1 4 2 6 . 7 - 2 8 . 7
( I ) “ ; i n  m e th a n o l 2 4 0 -2 4 5 1 0 .1 - 1 5 . 4 2 6 8 -2 7 1 1 2 .2 - 1 4 .5

2 8 0 -2 9 0 2 . 5 0 - 3 . 5 0
b r o a d  b a n d

“ O n iu m ”  f o rm s  ( I I ) ;  in  6 N  H C 1 2 1 7 2 0 . 9 6 212 2 4 . 5 '
2 4 4 1 7 .3 2 29 2 0 .6
2 69 3 2 .5 2 93 4 9 .1
3 7 5 1 6 .9 3 95 9 .7 4
3 9 0 1 7 .6 52 0 3 .6 5
4 8 0 4 .8 1

X a n t h e n -  a n d  th io x a n th e n - A 9-')'- 2 1 5 -2 2 2 4 4 .8 - 5 6 . 5 2 0 8 -2 1 0 3 2 . 0 - 4 2 . 0 '
p r o p y la m in e s  ( I I I ) “1; in 3 1 5 -3 3 8 7 . 7 0 - 8 . 9 0 2 2 8 -2 3 0 3 1 . 4 - 5 6 . 0
m e th a n o l 2 6 8 -2 7 0 1 3 .1 - 2 4 . 5

3 2 5 -3 3 5 3 . 1 5 - 5 . 3 0

“ D e te r m in e d  a s  b a s e s .  b 2 - M e th o x y - 9 - ( 3 - d im e th y la m in o p r o p y l ) x a n th e n - 9 - o l  w a s  d is s o lv e d  in  6N h y d r o c h lo r ic  a c id  a n d  
a l lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  1 .7 5  h r .  t o  i n s u r e  c o m p le te  t r a n s f o r m a t io n  b e fo re  t h e  s p e c t r u m  w a s  t a k e n .  c 2 -  
M e th o x y -A r, iV - d im e th y l th io x a n th e n - A 9''> '-p ro p y la m in e  h y d r o c h lo r id e  w a s  d is s o lv e d  in  6 N  h y d r o c h lo r ic  a c id  a n d  a l lo w e d  to  
s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  1 .7 5  h r .  t o  e n s u re  c o m p le te  t r a n s f o r m a t io n  b e fo re  t h e  s p e c t r u m  w a s  t a k e n .  d D e te r m in e d  a s  
h y d r o c h lo r id e s .  * T h e  s u l f u r  c o m p o u n d s  ( I I I .  X  =  S )  c o n ta in in g  t h e  m e th y lp ip e r a z in e  m o ie ty  la c k e d  th i s  m a x im u m .

one equivalent of alcoholic hydrochloric acid, one 
isomeric salt (VIb) was isolated in excellent yield 
(80% or better), m.p. 196-198°. This was demon
strated by liberating the base IVb (from VIb) and 
converting it to the lower melting fumarate (Vb) 
in 89% yield, m.p. 151-153.5°. The base IVb was 
also reconverted to VIb. The isomeric base IVa, 
obtained from the higher-melting fumarate (Va), 
was treated with slightly less than one equivalent 
of alcoholic hydrochloric acid. The isolated salt 
(Via) melted at 183-185° and was more soluble 
than VIb in ethanol. Characterization of this ma
terial (Via) as the geometric isomer of VIb was 
difficult since it completely changed to VIb on 
standing for two weeks. Alternately, treatment of 
base IVa with more than one equivalent of alco
holic hydrochloric acid yielded VIb directly in 70% 
yield. These findings suggest that equilibration of 
the cis and trans forms occurs through the oxonium 
salt (Ha, b) in the presence of mineral acid. This 
allows preferential crystallization of the less soluble 
isomer in good yield.

The ultraviolet absorption spectra of these com
pounds show characteristic changes between the 
(erf-alcohols (I), the “onium” forms (II) and the 
unsaturated derivatives (III). These changes 
are very useful for following the dehydration reac
tions and are summarized in Table III. Figures 1 
and 2 illustrate these transformations (I —► II —►
III) for a typical member of the oxygen and sulfur 
series, respectively. The development of low in
tensity maxima in the 315-340 my region was 
particularly characteristic for the formation of the 
unsaturated compounds (III. X = 0  or S). The 
corresponding ferf-alcohols ( I . X  = 0  or S) were 
transparent in this region and this band was used 
for estimation of purity. Additionally, the un
saturated compounds (III. X = 0) showed a

particularly sharp and intense maximum in the 
215-222 rn.fi region. The spectral bands particularly 
characteristic of the “onium” salts (II. X = 0 
or S) were those above 350 my (red color).

In the course of working with 2-methoxy-V,V- 
dimethylxanthen-A9-7-propylamine base over a 
period of several months, oxidative decomposition 
of this material was observed. After standing for 
two months at room temperature an ethereal solu
tion deposited 13% of 2-methoxyxanthen-9-one
(VII). This change was more rapid in air in the ab
sence of solvent; about 65% of the ketone (VII) 
was obtained in three to five days. Suspecting that 
the decomposition in ether might be due to perox
ides, an alcoholic solution of this base was treated 
with hydrogen peroxide. After nine days, 10-23% 
of the ketone (VII) was isolated. Dry air, aspirated 
through an alcoholic solution for twenty-four days 
did not appreciably affect the free base, as deter
mined by infrared and ultraviolet spectra. The 
carbonyl absorption of 2-methoxy-xanthen-9-one 
at 6.03-6.05 y was particularly diagnostic for the 
presence of this decomposition product in mixtures. 
The hydrochloride (VIb) was stable for extended 
periods, however. These air and peroxide oxidations 
may be considered as taking place through the 
intermediate states VIII or IX, respectively.

These oxidations may be surprising but are not 
without literature precedents.16-17

(1 6 )  R .  Q . B r e w s te r ,  Organic Chemistry, 2 n d  e d ., P r e n t ic e -
H a ll ,  N e w  Y o rk , 1953* p i 2 3 6 .
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Wavelenqth (m/d
F ig .  2 . U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  s u l f u r  s e r ie s  ( c o n c n . 

10 M g ./m l.)
( a )  —  - • — , 2 - m e th o x y - 9 - ( 3 - d im e th y la m in o p r o p y l ) th i -

o x a n th e n -9 -o l  in  m e th a n o l
( b )  ------------------- , 2 -m e th o x y -A f,A ^ -d im e th y l th io x a n th e n -A 9’i'-

p r o p y la m in e  h y d r o c h lo r id e  in  m e th a n o l
( c )  --------- , t h e  “ o n iu m ”  s a l t  f ro m  ( b )  in  6 N  h y d r o 

c h lo r ic  a c i d 15

Additional structural modifications were inves
tigated to determine those features necessary 
for good tranquilizing activity. Catalytic hydro
genation of A,TV’-dimethylxanthen-A9''1'-propyl
amine hydrochloride saturated the A9'7-double bond 
yielding A,A-dimethylxanthene-9-propylamine hy
drochloride with markedly reduced tranquilizing 
activity. 4-(m-Chlorophenyl)-A,A-dimethyl-4- 
phenyl-3-butenylamine hydrochloride (X), an open 
chain analog of active xanthene or thioxanthene de
rivatives, was prepared. The Grignard reaction of 3-

chloro-AT, X-dimethylpropylamine with m-chloro- 
benzophenone yielded 3-chloro-a-(3-dimethyl- 
aminopropyl)benzhydrol, isolated as the stable hy
drochloride (XI). Dehydration of this ¿erf-alcohol 
required the vigorous conditions necessary for the 
thioxanthen-9-ol analogs (I. X = S). An attempt to

( 1 7 )  ( a )  J .  F is h m a n ,  / .  Am. Chem. Soc., 8 0 , 1213  ( 1 9 5 8 ) ;  
( b )  J .  D . L o u d o n  a n d  J .  A . S c o t t ,  J. Chem. Soc., 2 6 5  (1 9 5 3 ) .

prepare X by Raney nickel desulfurization15 of 2- 
chloro-X,X-dimethylthioxan then-A9’7-propylamine 
hydrochloride (XII)10“13 was unsuccessful; only 
starting material was recovered. The corresponding 
open chain analog of chlorpromazine, X-m-chloro- 
phenyl-X',X'-dimethyl-X - phenyl -1,3 - propanedi- 
amine hydrochloride (XIII), was also prepared for 
comparative testing. This was accomplished by 
treating m-chlorodiphenylamine with 3-chloro-X,X- 
dimethylpropylamine. As these derivatives lacked 
the hetero-atom, it seemed interesting to prepare an 
open chain analog containing an o-methoxyl group. 
This oxygen atom is situated in the same relative 
position as that occupied by the hetero-atom (0 or 
S) of the “xanthene” or “thioxanthene” series, 
and at the same time the molecule retains the flexi
ble characteristics of X. The preparation of 4- 
(o - methoxyphenyl) - X,X - dimethyl - 4 - phenyl-
3-butenylamine was attempted but ether cleavage 
occurred during the Grignard reaction. o-Methoxy- 
benzophenone treated with magnesium and 3- 
chloro-X,X-dimethylpropylamine gave a-(3- 
dimethylaminopropyl)-o-hydroxybenzhydrol (XIV) 
which required vigorous conditions for de
hydration to o-(4-dimethylamino-l-phenyl-l-bu- 
tenyl) phenol hydrochloride (XV). All of these open 
chain analogs were inactive indicating the need for 
maintaining the dibenzoheterocyclic system intact. 
The fluorene analog, X,X-dimethylamino- 
fluoren-A^-propylamine hydrochloride (XVI) was 
obtained from the vigorous dehydration of 9- 
(3-dimethylaminopropyl)-9-fluorenol (XVII) and 
had markedly reduced activity.

Preliminary evaluation of the tranquilizer ac
tivity of these compounds was carried out by 
determining the doses which produced ataxia, 50% 
reduction of spontaneous motor activity, loss of 
righting reflex and lethality in mice.19 In these 
experiments, several of the xanthen- and thio- 
xanthen-A9'7-propylamines (III) showed activity 
qualitatively and quantitatively similar to chlor
promazine. Chlorine and methoxyl groups in the
2-position were particularly desirable. Dimethyl- 
amino or methylpiperazino groups were the basic 
moieties present in the active compounds. The 
structure-activity relationships in this series gen
erally paralleled those of the phenothiazine series. 
The xanthen- and thioxanthen-9-ol precursors (I) 
showed no significant activity. 2-Methoxy-X,X- 
dimethyl-A9'7-xanthenpropylamine hydrochloride 
(Vlb), dimeprozan, is the same cis- or ¿rans-isomer 
as the lower melting fumarate (Vb), and both of 
these were equally potent, active compounds com
paring favorably with chlorpromazine. The higher 
melting fumarate (Va), on the other hand, was less

(1 8 )  R .  M o z in g o , D .  E .  W o lf , S . A . H a r r i s ,  a n d  K . 
F o lk e r s ,  J. Am. Chem. Soc., 6 5 , 1013 (1 9 4 3 ).

(1 9 )  P h a r m a c o lo g ic a l  s c re e n in g  a n d  e v a lu a t io n  s tu d ie s  
w e re  c a r r ie d  o u t  b y  A . C . O s te rb e r g  et al., o f  t h e  E x p e r i 
m e n ta l  T h e r a p e u t ic s  R e s e a r c h  S e c t io n  o f th e s e  la b o r a to r ie s .  
D e ta i l s  w ill  b e ^ e p o r t e d  e ls e w h e re .
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than one-tenth as potent and about one-half as 
toxic. Dimeprozan was one of several compounds 
considered for trial in man. Preliminary clinical 
results suggest it is less effective than chlorproma- 
zine as a tranquilizer for hospitalized psychotic 
patients. Pharmacological10’20 and extensive clini
cal investigations21 of 2-chloro-iV,Air-dimethylthio- 
xanthen-A^-propylamine hydrochloride, chlor- 
prothixene, have been reported. It is interesting to 
note that the xanthen-A9’T-propylamines (oxy
gen series; III. X = 0) cannot be oxidized to the
10-oxide in the fashion that phenothiazine tran
quilizers have been reported to be partially meta
bolized.22’23 10-Oxide formation is a potential 
metabolic route for the thioxanthen-A9''“'-propyl- 
amines (sulfur series; III. X = S).

E X PE R IM E N T A L 24

Preparation of salts. T h e  h y d r o c h lo r id e  s a l t s  w e re  p r e p a r e d  
b y  t r e a t i n g  a  w e ig h e d  q u a n t i t y  o f  t h e  b a s e s ,  i n  t h e  m in im u m  
v o lu m e  o f  a b s o lu te  a lc o h o l, w i th  t h e  e q u iv a l e n t  q u a n t i t y  o f 
s t a n d a r d i z e d  a lc o h o lic  h y d r o g e n  c h lo r id e  d e te r m in e d  b y  
t h e  n u m b e r  o f  b a s ic  g r o u p s  in  t h e  m o le c u le s .

Procedure A: 9-(8-Dialkylaminopropyl)xanthen-9-ol ana
logs ( T a b le  I ) .  T h e  p r e p a r a t io n  o f  2 -m e th o x y -9 - (  3 -d im  e th y l -  
a m in o p r o p y l) x a n th e n - 9 - o l  is  a n  e x a m p le  o f  t h i s  g e n e ra l  
p r o c e d u r e .  M a g n e s iu m  m e ta l ,  4 3 .7  g . (1 .8  g .- a to m s ) ,  i n  a  
12-1. th r e e - n e c k e d  f la s k  f i t t e d  w i t h  s t i r r e r ,  c o n d e n s e r  a n d  a  
1-1. a d d i t io n  fu n n e l ,  w a s  a c t i v a t e d  w i th  a  c r y s ta l  o f io d in e  
a n d  2  m l.  o f  m e th y l  io d id e . W i th  g e n t le  h e a t in g  a n d  s t i r r in g ,  
a  m ix tu r e  o f  1 .8  m o le s  o f  3 -c h lo ro -7 V ,A L d im e th y lp ro p y l-  
a m in e 6 in  9 0 0  m l. o f  a n h y d r o u s  e th e r  w a s  a d d e d  o v e r  a  4 5 -  
m in .  p e r io d . T h e  m ix tu r e  w a s  h e a t e d  t o  re f lu x  a n d  0 .9  m o le  
o f  2 - m e th o x y x a n th e n -9 - o n e ,  d is s o lv e d  in  3 1. o f  d r y  b e n 
z e n e , w a s  a d d e d  d r o p w is e  o v e r  1 .5  h r .  T h e  m ix tu r e  w a s  
s t i r r e d  a n d  h e a t e d  u n d e r  r e f lu x  fo r  20  h r .  ( a lm o s t  n o  m a g 
n e s iu m  m e t a l  r e m a in e d ) .  A f te r  c o o lin g , t h e  G r ig n a r d  c o m 
p le x  w a s  d e c o m p o s e d  b y  t h e  a d d i t i o n  o f 2 .2  1. o f  1 0 %  a m 
m o n iu m  c h lo r id e  s o lu t io n  fo llo w e d  b y  2 .2  1. o f  w a te r .  
T h e  o r g a n ic  p h a s e  w a s  s e p a r a te d  a n d  t h e  a q u e o u s  p h a s e  w a s  
e x t r a c t e d  w i th  2  1. o f  e th e r .  T h e  o rg a n ic  p h a s e s  w e re  c o m 
b in e d  a n d  w a s h e d  w i th  w a t e r  [ F r a c t io n  ( a ) ] . T h is  e th e r e a l  
s o lu t io n  w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  e v a p o r a te d .  
T r e a t m e n t  o f  t h e  r e s id u e  w i th  2  p a r t s  o f  e th a n o l  c a u s e d  
c r y s ta l l i z a t io n  o f  t h e  c r u d e  m a te r i a l  a s  a n  a lm o s t  w h i te  
so lid , m .p .  1 0 3 - 1 0 4 ° ,  2 7 5  g . ( 9 2 %  y ie ld ) .  R e c r y s ta l l iz a t io n  
f ro m  a lc o h o l  d id  n o t  c h a n g e  t h e  m e l t in g  p o in t .  F o r  a n a ly s is  
se e  T a b le  I ,  N o .  3 . T h e  th io x a n th e n - 9 - o l  a n a lo g s  w e re  i s o la te d  
a c c o r d in g  t o  P r o c e d u r e  B . D e h y d r a t io n  o f  t h e  x a n th e n - 9 -o l  
a n a lo g s  w a s  a c c o m p lis h e d  a c c o r d in g  t o  P r o c e d u r e  D , a n d  th e  
th io x a n th e n - 9 - o l  a n a lo g s  w e re  d e h y d r a t e d  a c c o r d in g  to  
P r o c e d u r e  E  o r  F .

Procedure B. 9-(S-Dialkylaminopropyl)thioxanthen-9-ol 
analogs (Table I ) .  2 - C h lo r o -9 - (3 - d im e th y la m in o p ro p y l) th io x -  
a n th e n - 9 -o l  is  a n  e x a m p le  o f t h i s  g e n e r a l  m e th o d .  2 -C h lo ro -

(2 0 )  ( a )  I .  M 0 l le r -N ie ls e n  a n d  K .  N e u h o ld ,  Ada Pharma
col. Toxicol., 1 5 , 3 3 5  ( 1 9 5 9 ) ;  ( b )  B .  P e l lm o n t ,  F .  A . S te in e r ,  
H . B e s e n d o r f ,  H . P .  B ä c h to ld ,  a n d  E .  L ä u p p i ,  Helv. Physiol. 
Acta, 18 , 24 1  (1 9 6 0 ).

(2 1 )  H . H o f fe t  a n d  F .  C o r n u ,  Schweiz. Med. Wochschr., 
9 0 , 60 2  ( I 9 6 0 ) ;  th e s e  a u th o r s  a ls o  r e v ie w  e a r l ie r  p e r t i n e n t  
re fe re n c e s  •

(2 2 )  N .  P .  S a lz m a n , N .  C . M o r a n ,  a n d  B . B .  B r o d ie ,
Nature, 176 , 11 2 2  (1 9 5 5 ).

(2 3 )  L .-G . A llg e n , B .  J ö n s s o n ,  A . R a p p e ,  a n d  R .  D a h l -  
b o m , Experieniia, 15 , 3 1 8  (1 9 5 9 ) .

(2 4 )  AJ1 m e l t in g  p o in t s  a r e  u n c o r r e c te d  a n d  w e re  t a k e n
in  a  H e r s h b e r g  m e l t in g  p o i n t  a p p a r a t u s .  «

th io x a n th e n - 9 - o n e ,  3 8  g . (0 .1 5  m o le )  r e a c te d  w i th  38  g. 
(0 .3 1  m o le )  o f S - c h lo ro - A ^ N -d im e th y lp r o p y la m in e  a n d  7 .5  g. 
(0 .3 1  g . - a to m )  o f  m a g n e s iu m  in  a n  e th e r - b e n z e n e  m ix tu r e  
a s  d e s c r ib e d  in  P r o c e d u r e  A . T h e  c o m b in e d  o rg a n ic  p h a s e s  
c o r r e s p o n d in g  t o  F r a c t i o n  ( a ) ,  ( P r o c e d u r e  A ) , w e re  e x t r a c te d  
w i th  t h r e e  2 0 0 -m l. p o r t io n s  o f  N  h y d r o c h lo r ic  a c id .  T h e  
a c id ic  a q u e o u s  e x t r a c t s  w e re  c o m b in e d  a n d  m a d e  a lk a l in e  
w i th  2 0 %  s o d iu m  h y d r o x id e ,  a n d  e x t r a c t e d  w i th  s e v e ra l  p o r 
t io n s  o f  e th e r .  T h e  c o m b in e d  e th e r  e x t r a c t s  w e re  w a s h e d  f re e  
o f  a lk a l i  w i th  w a te r ,  d r ie d  o v e r  m a g n e s iu m  s u l f a te ,  a n d  
e v a p o r a t e d .  T h e  c r u d e  r e s id u e , o n  r e c r y s ta l l i z a t io n  f ro m  3  A  
a lc o h o l ,  a f fo rd e d  4 3  g. ( 8 3 %  y ie ld )  o f  c r y s ta l l in e  p r o d u c t ,  
m .p .  1 5 2 - 1 5 3 ° ,  ( l i t . , 11 m .p .  1 5 3 - 1 5 4 ° ) .  F o r  a n a ly s i s  se e  
T a b le  I ,  N o .  6 .

Procedure C. 9-(3-Dialkylaminopropyl)xanthen-9-ol or 
-thioxanthen-9-ol analogs ( T a b le  I ) .  A modification of 
procedure A. T h e  p r e p a r a t io n  o f  2 - c h lo ro -9 - [3 - [4 -m e th v l-  
1 -  p ip e r a z in y l )p r o p y l j  t h io x a n th e n  - 9 -  o l  is  a n  e x a m p le  
o f  t h i s  g e n e r a l  p r o c e d u r e .  F r e s h ly  g r o u n d  m a g n e s iu m  
m e ta l ,  2 2 .9  g . ( 0 .9 4  g .- a to m ) ,  a n d  2 5 0  m l. o f  a n h y d r o u s  
t e t r a h y d r o f u r a n ,25 in  a  3-1. fo u r - n e c k e d  f la s k  f i t t e d  w i t h  s t i r 
r e r ,  c o n d e n s e r ,  1-1. a n d  2 5 0 -m l. a d d i t io n  f u n n e ls  w a s  t r e a t e d  
w i th  1 m l. o f  e th y le n e  b r o m id e .  T h e  m ix tu r e  w a s  w a r m e d  to  
s t a r t  t h e  r e a c t io n .  l - (3 - C h lo r o p r o p y l ) - 4 - m e th y lp ip e r a z in e ,26
8 2 .7  g . (0 .4 7  m o le ) ,  w a s  a d d e d  in  o n e  p o r t io n ,  a n d  a  s o lu t io n  
o f 8 8 .4  g . (0 .4 7  m o le )  o f  e th y le n e  b r o m id e  in  2 0 0  m l. o f 
t e t r a h y d r o f u r a n  w a s  a d d e d  d ro p w is e  u n t i l  t h e  r e a c t io n  w i th  
m a g n e s iu m  w a s  a g a in  e v id e n t .  T h is  g e n e r a l ly  r e q u i r e d  o n ly  
a  s m a ll  p o r t io n  o f  t h e  e th y le n e  b r o m id e  s o lu t io n ;  t h e  r e a c t io n  
m a y  b e c o m e  v ig o r o u s ly  e x o th e r m ic  a t  t h i s  p o in t .  T h e re f o r e ,  
a  c o o lin g  b a t h  s h o u ld  b e  r e a d y  f o r  u s e  if  n e c e s s a ry .  W h e n  
th e  e x o th e rm ic  r e a c t io n  s u b s id e d , a  s u s p e n s io n  o f  2 -c h lo ro -  
th io x a n th e n - 9 -o n e ,  5 7 .9  g . (0 .2 4  m o le )  in  7 0 0  m l. o f  t e t r a 
h y d r o f u r a n  w a s  a d d e d  p o r t io n w is e  (1 5  m in .) .  T h e  r e a c t io n  
m ix tu r e  w a s  h e a t e d  u n d e r  re f lu x  f o r  7  h r .  w h ile  t h e  r e m a in d e r  
o f  t h e  e th y le n e  b r o m id e  w a s  a d d e d  d ro p w is e . T h e  r e a c t io n  
m ix tu r e  w a s  t h e n  d e c o m p o s e d  a s  d e s c r ib e d  in  P r o c e d u r e  A . 
T h e  c r u d e  p r o d u c t ,  8 8 .9  g . ( 9 7 %  y ie ld ) ,  w a s  i s o la te d  a s  
d e s c r ib e d  in  P r o c e d u r e  B  a n d  w a s  c o n v e r te d  t o  l - [ 3 - ( 2 -  
c h lo r o th io x a n th e n -9 - y l id e n e ) p ro p y l]  - 4 - m e th y ip ip e r a z in e  d i 
h y d r o c h lo r id e  a s  d e s c r ib e d  in  P r o c e d u r e  F .

Procedure D. N,N-Dialkylxanthen-Nl’~r-propylamine analogs 
( T a b le  I I ) .  T h e  p r e p a r a t io n  o f  2 -m e th o x y -N ,iV - d im e th y l -  
x a n th e n - A 9’'i' p r o p y la m in e  h y d r o c h lo r id e  ( V I b )  is  a n  e x a m p le  
o f  t h i s  p r o c e d u r e  g e n e r a l ly  u s e d  fo r  t h e  d e h y d r a t io n  of 
t h e  x a n th e n - 9 -o l  a n a lo g s . A  s o lu t io n  o f  2 - m e th o x y -9 - (3 -  
d im e th y la m in o p r o p y l ) x a n th e n - 9 - o l ,  p r e p a r e d  a s  d e s c r ib e d  
in  P r o c e d u r e  A  [ F r a c t io n  ( a ) ] ,  w a s  e x t r a c t e d  w i th  f iv e  1-1. 
p o r t io n s  o f  N  h y d r o c h lo r ic  a c id .  T h e  d a r k  re d , a c id ic  ex 
t r a c t s  w e re  c o m b in e d  a n d  m a d e  a lk a l in e  w i th  p o ta s s iu m  
c a r b o n a te  u n d e r  a  l a y e r  o f  e th e r .  T h e  y e llo w  a q u e o u s  l a y e r  
a n d  t h e  e th e r  l a y e r  w e re  s e p a r a te d ,  a n d  t h e  a q u e o u s  l a y e r  
w a s  e x t r a c te d  w i t h  t h r e e  2 5 0 -m l. p o r t io n s  o f  e th e r .  T h e  
c o m b in e d  e th e r  la y e r s ,  a f t e r  d r y in g  w i th  m a g n e s iu m  s u l f a te ,  
w e re  c o n c e n t r a te d  in vacuo t o  a  v is c o u s  o il o n  a  s t e a m  b a t h ;  
y ie ld  2 5 0  g . ( 9 5 %  f ro m  x a n th o n e ) .  A ll e f fo r ts  t o  c r y s ta l l iz e  
t h i s  b a s e  w e re  u n s u c c e s s fu l .  I t  w a s  d is s o lv e d  in  6 7 5  m l. o t 
e th a n o l  a n d  t r e a t e d  w i th  a n h y d r o u s  h y d r o g e n  c h lo r id e  ( w ith  
s t i r r in g )  u n t i l  a  f a i n t  r e d  t in g e  p e r s is te d .  T h is  s o lu t io n  w a s  
s e e d e d  a n d  s t i r r e d  f o r  16  h r .  T h e  h e a v y  c r y s ta l l in e  s lu r r y  
w a s  c o o le d  to  1 0 °  a n d  t h e  p r o d u c t  w a s  c o l le c te d  b y  f i l t r a t io n .  
A f te r  v a c u u m  d r y in g  ( 4 0 ° )  2 4 0  g . ( 8 0 %  y ie ld ,  b a s e d  o n  2- 
m e th o x y x a n th e n - 9 -o n e )  o f  p r o d u c t  w a s  o b ta in e d ,  m .p . 
1 9 4 - 1 9 8 ° .  T w o  r e c r y s ta l l i z a t io n s  f ro m  e th a n o l  r a i s e d  th e  
m e l t in g  p o in t  s l ig h t ly ,  m .p .  1 9 6 -1 9 8 ° , a n d  g a v e  a n a ly t ic a l ly  
p u r e  m a te r i a l  (S e e  T a b le  I I ,  N o .  1 3 ).

(2 5 )  A n h y d r o u s  t e t r a h y d r o f u r a n  w a s  p r e p a r e d  b y  d r y in g  
c o m m e r c ia l ly  a v a i la b le  m a te r i a l  o v e r  s o d iu m  h y d r o x id e  
p e l le t s  fo llo w e d  b y  d i s t i l l a t io n .  T h e  d is t i l le d  p r o d u c t  w a s  
t h e n  r e f lu x e d  fo r  1 h r .  i n  t h e  p r e s e n c e  o f l i t h iu m  a lu m in u m  
h y d r id e  a n d  f in a l ly  r e d is t i l le d .

(2 6 )  O . H r o m a t k a ,  I .  G ra s s ,  a n d  F .  S a u te r ,  Monatsh., 
8 7 , 701  (1 9 5 6 ) ;  Chem. Abstr., 5 1 , 8 1 0 9 h  (1 9 5 7 ).
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Procedure E. N ,N-Dialkylthioxanthen- ¡A’7-propylamine 
analogs ( T a b le  I I ) .  T h e  p r e p a r a t io n  o f 2 - c h lo ro - N ,V -  
d im e th y l th io x a n th e n - A b 'r - p r o p y la m in e  is  a n  e x a m p le  o f  th i s  
g e n e r a l  p r o c e d u r e  f o r  t h e  d e h y d r a t io n  o f  th io x a n th e n - 9 -o l  
a n a lo g s . F iv e  g r a m s  (0 .0 1 5  m o le )  o f  2 - c h lo ro -9 - (3 -d im e th y l-  
a m in o p r o p y l) th io x a n th e n - 9 - o l ,  i s o la te d  a c c o r d in g  to  P r o 
c e d u r e  B , w a s  d is s o lv e d  in  100  m l. o f  a n h y d r o u s  b e n z e n e , 
a n d  h y d r o g e n  c h lo r id e  w a s  b u b b le d  t h r o u g h  t h e  s o lu t io n  a t  
ro o m  t e m p e r a t u r e  f o r  15 m in . D u r in g  th i s  t im e  t h e  s o lu t io n  
tu r n e d  d a r k  r e d  a n d  a  d a r k  r e d  g u m  s e p a r a te d  ( th io x a n -  
th o n iu m  s a l t ) .  A b o u t  100 m l. o f  a n h y d r o u s  e th a n o l  -was t h e n  
a d d e d  a n d  t h e  r e s u l t a n t ,  v i r tu a l ly  co lo r le ss  s o lu t io n  w a s  
e v a p o r a t e d  o n  a  s t e a m  b a t h  in vacuo. T h e  r e s id u e , a  w h i te  
g la s s , w a s  d is s o lv e d  in  25  m l. o f  a b s o lu te  e th a n o l  a n d  d i lu te d  
w i th  a n h y d r o u s  e th e r  t o  t h e  c lo u d  p o in t .  O n  s t a n d in g ,  the . 
c o lo r le s s  h y d r o c h lo r id e  c r y s ta l l iz e d  a n d  w a s  c o l le c te d , m .p . 
1 8 1 -1 9 3 ° . R e c r y s ta l l iz a t io n  f ro m  e th a n o l  b y  t h e  a d d i t io n  
o f  e th e r  a f fo rd e d  4 .7  g. ( 8 9 %  y ie ld )  o f  p r o d u c t  ( T a b le  I I ,  
N o . 19), m .p .  1 9 1 -1 9 3 °  ( l i t . , 11 m .p . 1 8 9 -1 9 0 ° ) .  N o  e f fo r t  w as  
m a d e  t o  s e p a r a te  t h e  cis a n d  trans iso m e rs . T h e  f re e  b a s e  w a s  
o b ta in e d  f ro m  t h e  h y d r o c h lo r id e  a n d  d is t i l le d ;  b .p .  2 1 0 -  
2 1 5 ° /0 .5  m m .

Anal. C a lc d . f o r  C 18H I8C 1N S  (3 1 5 .8 6 ) :  C , 6 8 .4 ;  H ,  5 .7 4 ; 
0 1 , 1 1 .2 ; N , 4 .4 3 ;  S , 10.2 F o u n d :  C , 6 8 .5 ;  H ,  5 .9 1 ; C l, 11 .3 ; 
X , 4 .2 6 ; S , 10 .3 .

Procedure F. N ,N-Dialkylthioxanthen- A9 <1--propylamine 
analogs ( T a b le  I I ) .  T h e  p r e p a r a t io n  o f  l - [ 3 - (2 - c h lo r o th io x a n -  
th e n - 9 - y l id e n ) p r o p y l ] - 4 - m e th y lp ip e r a z in e  d im a le a te  ( a n d  
o th e r  s a l ts )  is a n  e x a m p le  o f  t h i s  g e n e ra l  m e th o d .  2 -C h lo ro -  
i)- [ 3-( 4 - m e th y l - l - p ip e r a z in y l  )p ro p y l]  th io x a n th e n - 9 - o l ,  8 3 .9  
g. (0 .2 2  m o le )  ( P r o c e d u r e  C ) ,  in  2 5 0  m l. c f  c o n e d , h y d r o 
c h lo r ic  a c id  a n d  5 0 0  m l. o f  g la c ia l  a c e t ic  a c id ,  w a s  h e a te d  
u n d e r  re f lu x  fo r  2 h r .  T h e  d a r k  r e d  s o lu t io n  ( p r e s u m a b ly  th e  
I h io x a n th o n iu m  c a t io n )  w a s  m a d e  a lk a l in e  w i th  2 0 %  
s o d iu m  h y d r o x id e  a n d  e x t r a c t e d  s e v e ra l  t im e s  w i th  e th e r .  
T h e  c o m b in e d  e th e r  e x t r a c t s  (y e l lo w  s o lu t io n ) ,  a f t e r  b e in g  
w a s h e d  f re e  o f  a lk a l i ,  w e re  d r ie d  o v e r  m a g n e s iu m  s u l f a te  
a n d  e v a p o r a t e d  t o  d r y n e s s .  T h e  y ie ld  o f  t h e  c r u d e  b a s e 27 
w a s  6 6 .4  g . ( 7 6 % )  w h ic h  c o u ld  n o t  b e  c r y s ta l l iz e d .  T h is  b a s e ,
6 1 .4  g . (0 .1 6  m o le )  i n  3 0 0  m l. o f  e th a n o l ,  w a s  t r e a t e d  w i th
3 8 .2  g . (0 .3 4  m o le )  o f  m a le ic  a c id  in  3 0 0  m l. o f  e th a n o l .  T h e  
c r y s ta l l in e  s a l t  w a s  c o l le c te d  a f t e r  1 h r . ;  y ie ld ,  93  g . ( 9 4 %  
f ro m  t h e  c r u d e  b a s e ) ,  m .p .  1 8 5 -1 8 7 °  d e c . R e c r y s ta l l iz a t io n  
f ro m  8 5 %  a lc o h o l  y ie ld e d  8 0  g . ( 7 8 %  r e c o v e r y )  o f  p u r e  
d im a le a te ,  m .p .  1 9 0 -1 9 2 ° .

Anal. C a lc d . f o r  C 2iH 23C 1N 2S-2 C .|H 4 0 4 (6 0 3 .0 9 ) :  C , 5 7 .8 ; 
H , 5 .1 8 ; C l, 5 .8 8 ;  N ,  4 .6 5 ;  S , 5 .3 2 . F o u n d :  C , 5 7 .6 ;  H ,  5 .5 3 ;  
C l, 5 .1 7 ; N ,  4 .9 1 ; S , 5 .4 7 .

U s in g  t h e  a b o v e  p r o c e d u r e ,  f ro m  5 .0  g. (0 .0 1 3  m o le )  o f 
c r u d e  b a s e  in  3 0  m l. o f  e th a n o l  a n d  3 .1  g. (0 .0 2 7  m o le )  
o f  f u m a r ic  a c id  in  1 00  m l. o f  e th a n o l ,  7 .2  g. ( 9 2 %  y ie ld )  o f 
th e  d i f u m a r a t e  s a l t  w a s  i s o la te d ,  m .p .  2 2 0 - 2 2 2 °  d e c . R e -  
c r v s ta l l i z a t io n  f ro m  e th a n o l  a f fo rd e d  6 .0  g . ( 7 7 %  y ie ld )  o f 
p r o d u c t ,  m .p .  2 1 9 -2 2 1  ° d ec .

Anal. C a lc d . f o r  C 2lH 23C IN 2S  • 2 C 4H 40 4 (6 0 3 .0 9 ) :  C , 5 7 .8 ;  
IT, 5 .1 8 ; C l, 5 .8 8 ; N , 4 .6 5 ; S , 5 .3 2 . F o u n d :  C , 5 7 .1 ;  H ,  5 .1 8 ; 
C l, 5 .6 8 ; N ,  4 .8 7 ; S , 5 .6 8 .

T o  12 .9  g . o f c r u d e  b a s e , in  15 m l. o f  e th a n o l ,  w a s  a d d e d  
50  m l. o f  2 .5 N  a q u e o u s  n i t r i c  a c id  a n d  t h e  m ix tu r e  w a s

( 2 7 )  G e n e r a l ly ,  t h e  a n a lo g o u s  x a n th e n -  a n d  th io x a n th e n -  
A’ v - p ro p y la m in e  b a s e s  w e re  h ig h  b o i l in g  v is c o u s  o ils . T h e  
d im e th y la m in o p r o p y l  d e r iv a t iv e s  w e re  r e a d i ly  p u r if ie d  a s  
th e  h y d r o c h lo r id e  s a l ts ,  s in c e  a n y  r e s id u a l  3-chloro-iV ,.(V - 
d im e th y lp r o p y la m in e  o r  b y - p r o d u c ts  f ro m  th e  G r ig n a rd  
r e a g e n t  c o u ld  b e  r e m o v e d  b y  w a s h in g  a n  e th e r e a l  s o lu t io n  
of t h e  c r u d e  r e a c t io n  p r o d u c t  ( P r o c e d u r e  A  o r  C )  w i th  
w a te r .  H o w e v e r ,  t h e  ( l - m e th y l - 4 - p ip e r a z in o ) p r o p y l  d e r iv a 
tiv e s  c o u ld  n o t  b e  p u r if ie d  t h i s  w a y . I n  th e s e  c a s e s  t h e  ex cess  
G r ig n a r d  r e a g e n t ,  o r  b y - p r o d u c ts  d e r iv e d  f ro m  i t ,  c o u ld  
n o t  b e  r e m o v e d  b y  w a s h in g  w i th  w a te r .  A c c o rd in g ly  th e s e  
c o m p o u n d s  w e re  i s o la te d  a s  d im a le a te s ,  d i f u m a r a t e s  o r  
d in i t r a t e s  w h ic h  c o u ld  b e  c o n v e r te d  (via t h e  f re e  b a s e s )  t o  
th e  d e s ire d  h y d r o c h lo r id e s .

a l lo w e d  to  s t a n d  f o r  0 .5  h r . T h e  p r e c ip i t a t e d  d i n i t r a t e  w a s  
c o l le c te d , w a s h e d  w i th  w a te r  a n d  d r ie d . T h e  y ie ld  w a s  14 .9  
g . ( 8 6 %  f ro m  c r u d e  b a s e ) .  A  s a m p le  w a s  r e c r y s ta l l i z e d  f ro m  
b o i l in g  w a te r ,  a n d  t h e  p u r e  d in i t r a t e  d e c o m p o s e d  in s t a n t l y  
a t  1 8 1 ° .

Anal. C a lc d . fo r  C 21H 23C 1N 2S - 2 H N 0 3 ( 4 9 6 .9 7 ) :  C , 5 0 .8 ; 
H ,  5 .0 7 ; C l, 7 .1 3 ; N ,  11 .3 ; S , 6 .4 5 . F o u n d :  C , 5 0 .8 ;  H ,  
5 .0 2 ; C l, 7 .4 7 ; N ,  1 1 .2 ; S , 6 .6 9 .

T h e  d in i t r a t e ,  13 .5  g. (0 .0 2 7  m o le )  w a s  s u s p e n d e d  in  100  
m l. o f w a te r  a n d  100 m l. o f 2 0 %  a q u e o u s  s o d iu m  h y d r o x id e  
w as a d d e d .  T h e  m ix tu r e  w a s  e x t r a c t e d  w i th  t h r e e  1 0 0 -m l. 
p o r t io n s  o f  e th e r ,  t h e  c o m b in e d  e th e r  e x t r a c t s  w e re  w a s h e d  
f re e  o f  a lk a l i  a n d  d r ie d  o v e r  m a g n e s iu m  s u l f a te .  E v a p o r a t i o n  
o f  t h e  e th e r  y ie ld e d  9 .0  g. (0 .0 2 4  m o le )  o f  t h e  p u r i f ie d  b a s e . 
I t  w a s  d is s o lv e d  in  15 m l. o f  e th a n o l  a n d  t r e a t m e n t  w ith  
17  m l. o f  2 .9 N  a lc o h o lic  h y d r o g e n  c h lo r id e  ( tw o  e q u iv a le n t s )  
p r e c ip i t a t e d  t h e  d ih y d r o c h lo r id e . A p p r o x im a te ly  100 m l. o f 
e th a n o l  w a s  a d d e d ,  a n d  t h e  m ix tu r e  h e a t e d  u n t i l  c o m p le te  
s o lu t io n  w a s  a t t a i n e d .  T h e  h o t  s o lu t io n  w a s  d e c o lo r iz e d  w i th  
c h a rc o a l ,  f i l te r e d  a n d  a llo w e d  to  co o l. T h e  c r y s ta l l in e  d i
h y d r o c h lo r id e  h y d r a t e ,  8 .7  g. ( 8 5 %  f ro m  p u r if ie d  b a s e ) ,  
m e l te d  w i th  d e c o m p o s i t io n  a t  2 3 5 -2 3 6 ° .

Anal. C a lc d . fo r  C 21H ,3C 1N 2S  • 2H C 1 ■ H 20  (4 6 1 .8 9 ) :  C , 
5 4 .6 ; H , 5 .8 9 ; C l, 2 3 .0 ;  N , 6 .0 6 ; S , 6 .9 6 . F o u n d :  C , 5 4 .7 ;  
H ,  6 .0 5 ; C ), 2 3 .0 ; N ,  6 .0 7 ; S , 7 .3 5 .

T h is  s a l t  w a s  h y g ro s c o p ic .  H o w e v e r  t h e  a n h y d r o u s  d i 
h y d r o c h lo r id e ,  m .p .  2 4 7 - 2 4 9 °  ( T a b le  I I ,  N o . 2 4 ) , w a s  o b 
t a in e d  w h e n  t h e  a tm o s p h e r ic  h u m id i ty  w a s  lo w .

trans ( o r  cis) 2-Methoxy-N ,N-dimethylxanthen-CA’7-propyl- 
amine fumarate ( V b ;  T a b le  I I ,  N o . 15 ). T h e  h y d r o c h lo r id e  
( V I b )  ( P r o c e d u r e  D ) ,  112  g. (0 .3 4  m o le ) , w a s  a d d e d  t o  a  
m ix tu r e  o f  7 0 0  m l. o f  w a te r ,  7 0 0  m l. o f  e th e r ,  a n d  7 0 .5  g. 
(0 .5 1  m o le )  o f p o ta s s iu m  c a r b o n a te .  T h e  m ix tu r e  w a s  s h a k e n  
u n t i l  tw o  c le a r  p h a s e s  w e re  p r e s e n t .  T h e  e th e r  l a y e r  w a s  
r e m o v e d  a n d  t h e  a q u e o u s  la y e r  e x t r a c t e d  w i th  th r e e  1 0 0 -m l. 
p o r t io n s  o f  e th e r .  T h e  c o m b in e d  e th e r  la y e r s  w e re  d r ie d  
o v e r  m a g n e s iu m  s u l f a te  a n d  c la r if ie d . F u m a r ic  a c id ,  3 9 .5  g. 
(0 .3 4  m o le ) , w a s  d is s o lv e d  in  7 0 0  m l. o f  e th a n o l  w i th  h e a t in g .  
T h is  s o lu t io n ,  a t  4 0 - 4 5 ° ,  w a s  t h e n  p o u r e d  in to  t h e  e th e r  
s o lu t io n  a b o v e . A n  im m e d ia te  p r e c ip i t a t e  a p p e a r e d  a n d  w a s  
s e p a r a te d  b y  f i l t r a t i o n  a f t e r  c o o lin g . T h e  y ie ld  o f  t h e  
f u m a r a t e  ( d r ie d  in  a n  o v e n  a t  4 5 ° )  w a s  125  g. ( 8 9 % ) ,  m .p .  
1 5 1 -1 5 3 .5 ° .  R e c r y s ta l l iz a t io n  f ro m  12 p a r t s  o f  e th a n o l  g a v e  
100  g. o f  a n a ly t i c a l l y  p u r e  p r o d u c t ,  m .p .  1 5 1 -1 5 3 .5 ° .  F o r  
a n a ly s is  se e  T a b le  I I ,  N o . 15.

T h is  f u m a r a t e  (V b )  w a s  c o n v e r te d  t o  i t s  b a s e  ( I V b )  
a s  d e s c r ib e d  a b o v e . A n  a lc o h o lic  s o lu t io n  o f  t h i s  b a s e , u p o n  
t r e a t m e n t  w i th  o n e  e q u iv a le n t  o f a lc o h o lic  h y d r o g e n  c h lo r id e , 
im m e d ia te ly  d e p o s i te d  t h e  h y d r o c h lo r id e  ( V I b )  in  7 5 - 9 0 %  
y ie ld .  T h e  m e l t in g  p o in ts ,  m ic r o a n a ly s e s ,  in f r a r e d  a n d  
u l t r a v io l e t  s p e c t r a  w e re  id e n t ic a l  w i th  t h o s e  o f  t h i s  h y d r o 
c h lo r id e  ( V I b )  f ro m  th e  m ix tu r e  o f cis a n d  trans b a s e s  ( IV ) .

cis ( o r  trans) S-Methoxy-N,N-dimethylxanthen-CP'7-propyl- 
amine fumarate (V a ;  T a b le  I I ,  N o . 1 4 ) . A  s a m p le  o f  c r u d e  2- 
m e th o x y - lV ,lV -d im e th 3d x a n th e n - A 9’'> '-p ro p y lam in e  ( IV , b a s e ) , 
o b ta in e d  d i r e c t ly  f ro m  t h e  d e h y d r a t io n  o f  t h e  x a n th e n - 9 -o l  
a n a lo g  ( P r o c e d u r e  D ) ,  w a s  t r e a t e d  w i th  a n  e q u im o la r  a m o u n t  
o f f u m a r ic  a c id  ( a s  d e s c r ib e d  fo r  t h e  p r e p a r a t io n  o f  th e  
lo w e r  m e l t in g  is o m e r  V b ) . A  m ix tu r e  o f  f u m a r a te s ,  m .p .  
1 4 3 -1 5 2 ° , w a s  o b ta in e d  ( 9 0 %  y ie ld ) .  R e p e a te d  f r a c t io n a l  
c ry s ta l l iz a t io n  o f th i s  p r o d u c t  f ro m  th e  m in im u m  a m o u n t  
of- e th a n o l  a f fo rd e d  th e  h ig h e r -m e lt in g , less s o lu b le  f u m a r a t e  
(V a )  in  a b o u t  1 5 %  y ie ld ,  m .p . 1 7 0 -1 7 2 °  ( fo r  a n a ly s i s  see  
T a b le  I I ,  N o . 14). T h e  lo w e r -m e lt in g  f u m a r a t e  is o m e r  (V b )  
c o u ld  b e  i s o la te d  f ro m  t h e  m o th e r  l iq u o r s  b u t  w a s  b e s t  
o b t a in e d  f ro m  th e  h y d r o c h lo r id e  ( V Ib ) .

A  s a m p le  o f  t h e  h ig h e r -m e l t in g  f u m a r a t e  ( V a )  w a s  c o n 
v e r t e d  t o  i t s  b a s e  ( I V a )  ( s e e  p r e p a r a t io n  o f  V b  f ro m  V I b ) .  
A n  a lc o h o lic  s o lu t io n  o f  t h i s  b a s e  w a s  t r e a t e d  w i t h  s l ig h t ly  
less  t h a n  o n e  e q u iv a le n t  o f  a lc o h o lic  h y d r o g e n  c h lo r id e , 
a n d  c o n c e n t r a t io n  o f  t h e  s o lu t io n  d e p o s i te d  t h e  h y d r o c h lo 
r id e  ( V i a ) ,  tn .p .  1 8 3 -1 8 5 °  ( p r e c ip i t a t io n  o f V i a  d id  n o t  b e g in  
im m e d ia te ly  a s  V I b  d id  f ro m  I V b ) ,



JU LY 1 9 6 1 XA N TH U N - AND T H I0X A N T H E N -A 9’T-PR 0PY LA M IN ES 2 3 9 1

Anal. C a lc d . fo r  C i9H 21N 0 2 -H C 1 (3 3 1 .8 4 ) :  C , 6 8 .8 ;  H , 6 .6 8 ; 
C l, 1 0 .7 ; N ,  4 .2 2 . F o u n d :  C , 6 8 .0 ;  H , 6 .8 1 ; C l, 1 0 .7 ; N , 4 .4 5 .

T h e  m e l t in g  p o i n t  o f  t h i s  h y d r o c h lo r id e  c h a n g e d  t o  1 9 0 -  
1 9 4 °  o n  s t a n d in g  f o r  2 w e e k s . A  m ix e d  m e l t in g  p o in t  w i th  a  
s a m p le  o f  V I b ,  p r e p a r e d  f ro m  V b , w a s  n o t  d e p re s s e d .

%-Methoxyxanthen-9-one ( V I I ) .  Isolation from the de
composition of S-melhoxy-N,N-dimetkylxanthen-A9’y-propyl- 
amine. A n  e th e r e a l  s o lu t io n  o f t h e  f re e  b a s e  ( I V ) ,  5 .0  g. 
(0 0 .0 1 7  m o le ) , i n  a  g la s s - s to p p e r e d  f la sk , w a s  a l lo w e d  to  
s t a n d  fo r  2  m o n th s  a t  r o o m  t e m p e r a tu r e .  D u r in g  t h e  l a t t e r  
p a r t  o f  t h i s  p e r io d  a  la r g e  c lu s te r  o f  c r y s ta l s  f o rm e d , 0 .6  g ., 
m .p . 1 2 6 -1 2 9 ° , w h ic h  d id  n o t  d is s o lv e  i n  2 N  h y d r o c h lo r ic  
a c id .  R e c r y s ta l l iz a t io n  f ro m  m e th a n o l  y ie ld e d  0 .5 g . ( 1 3 % )  
of 2 -m e th o x v x a n th e n -9 - o n e ,  m .p .  1 3 1 -1 3 2 °  ( l i t . , 28 m .p .  
1 3 0 - 1 3 1 ° ) .  I t s  m ix tu r e  m e l t in g  p o in t ,  in f r a r e d  a n d  u l t r a 
v io le t  s p e c t r a  (X™*0H 2 3 4  h im , e 3 9 ,1 0 0 ; 2 4 7  m/x, e 3 3 ,2 0 0 ; 29 8  
my, e 4 ,2 9 0 ; 3 5 8  m ji, e 6 ,5 5 0 )  w e re  id e n t ic a l  w i th  th o s e  
o f  a n  a u t h e n t i c  s a m p le .

Anal. C a lc d . f o r  C i4H 10O 3 (2 2 6 .2 2 ) :  C , 7 4 .4 ;  H ,  4 .4 6 . 
F o u n d :  C , 7 4 .1 ;  H , 4 .5 4 .

Hydrogen peroxide oxidation of %-methoxy-N,N-dimethyl- 
xanthen-¿A-propylamine. A  5 0 -m l. m e th a n o l  s o lu t io n  o f 4 .0  
g . (0 .0 1 4  m o le )  o f  2 -m e th o x y -A r, lV - d im e th y lx a n th e n -A 9''>' 
p r o p y la m in e  ( f r o m  V I b )  w a s  d iv id e d  in to  tw o  2 5 -m l. p o r 
t io n s .  F r a c t io n  A  w a s  t r e a t e d  w i th  1 .0  m l. o f 3 0 %  h y d r o g e n  
p e ro x id e  ( a p p ro x .  1 e q u iv a le n t )  a n d  f r a c t i o n  B  r e c e iv e d  2 .0  
m l. o f  3 0 %  h y d r o g e n  p e r o x id e  ( a p p r o x .  2 e q u iv a le n t s ) .  
B o th  f r a c t io n s  w e re  k e p t  in  g la s s - s to p p e r e d  f la s k s  a t  r o o m  
te m p e r a tu r e .  A f te r  4 8  h r .  n o  c h a n g e s  in  t h e  u l t r a v io l e t  s p e c 
t r a  w e re  n o t ic e d .  F r a c t i o n  A  w a s  t h e n  t r e a t e d  w i th  a n  
a d d i t io n a l  e q u iv a le n t  o f h y d r o g e n  p e r o x id e  w h ile  f r a c t io n  B  
r e c e iv e d  tw o  a d d i t i o n a l  e q u iv a le n t s .  F r a c t io n  B , 2 4  h r .  
la te r ,  d e p o s i te d  100  m g . ( 6 .6 %  y i e l d ) o f  2 - m e th o x y x a n th e n -
9 -o n e , m .p .  1 3 1 -1 3 2 ° . N in e  d a y s  l a te r ,  f r a c t i o n  A  d e p o s i te d  
150 m g . ( 1 0 %  y ie ld )  o f 2 -m e th o x y x a n th e n -9 - o n e ,  w h ile  f r a c 
t io n  B  d e p o s i te d  a n  a d d i t io n a l  2 5 0  m g . (1 6 .6 %  y ie ld )  o f th i s  
c o m p o u n d .

Air-oxidation of S-methoxy-N',N-diviethylxanthen-A?:y-pro
pylamine. A  s t e a d y  s t r e a m  o f  a i r  w a s  p a s s e d  t h r o u g h  a  
s o lu t io n  o f 4 .0  g . (0 .0 1 4  m o le )  o f  2 -m e th o x y -iV ,A r- d im e th y l -  
x a n th e n - A 9'T '-p ro p y la m in e  in  4 0  m l. o f e th a n o l  fo r  12 d a y s . 
A  1 0 -m l. a l i q u o t  w a s  r e m o v e d  a n d  t h e  s o lv e n t  w a s  e v a p o 
r a te d .  T h e  r e s id u e , 1 .0  g ., w a s  e s s e n t ia l ly  u n c h a n g e d  s t a r t i n g  
m a te r ia l ,  s h o w n  b y  i t s  i n f r a r e d  s p e c t r u m . A  s l ig h t  s h o u ld e r  
a t  6 .0  y w a s  a p p a r e n t .  2 - M e th o x y x a n th e n - 9 - o n e  s h o w s  a  
s t r o n g  a b s o r p t io n  p e a k  a t  6 .0 3 - 6 .0 5  y, a n d  2 -m e th o x y -A r,Ar- 
d im e th y lx a n th e n - A 9''r - p ro p y la m in e  h a s  n o  a b s o r p t io n  in  
th i s  r e g io n . A f te r  12 m o r e  d a y s  o f  a i r  o x id a t io n ,  n o  f u r t h e r  
c h a n g e  in  t h e  in f r a r e d  s p e c t r u m  w a s  o b s e rv e d . I t  m a y  b e  
c o n c lu d e d , th e r e fo r e ,  t h a t  u n d e r  t h e  a b o v e  c o n d it io n s ,  2 - 
m e th o x y -JV ,A T- d im e th y lx a n th e n - A 9> '''-p ro p y lam in e  w a s  n o t  
o x id iz e d  t o  a n y  a p p r e c ia b le  e x t e n t .  O n  t h e  o th e r  h a n d ,  w h e n
l .  0  g . (3 .4  m m o le s )  o f t h e  o ily  b a s e  w a s  s t r e a k e d  o n  a  g la s s  
s lid e  a n d  a l lo w e d  t o  s t a n d  f o r  s e v e ra l  d a y s  e x p o s e d  t o  a ir ,  
a  s o lid  p r o d u c t  w a s  fo rm e d . O n  r e c r y s ta l l i z a t io n  f ro m  
m e th a n o l  0 .5  g . ( 6 5 %  y ie ld )  o f 2 -m e th o x y x a n th e n -9 - o n e ,
m . p .  1 3 0 -1 3 1 ° , w a s  o b ta in e d .

9-(3-Dimethylaminopropylidene)xanthen-2-ol hydrochloride.
2 -M e th o x y -A ~ ,-V -d im e th y lx a n th e n -A 9’'> '-p ro p y lam in e  h y d r o 
c h lo r id e , 9 .3  g. (0 .0 2 8  m o le )  w a s  h e a t e d  u n d e r  re f lu x  fo r  18 
h r .  i n  5 0  m l. o f  4 8 %  h y d r o b r o m ic  a c id . T h e  r e s u l t a n t  d a r k  
r e d  s o lu t io n  w a s  d i lu t e d  w i th  100  m l. o f  w a te r ,  a n d  m a d e  
s l ig h t ly  a lk a l in e  w i th  p o ta s s iu m  c a r b o n a te .  T h e  m ix tu r e  w a s  
t h e n  e x t r a c t e d  w i th  th r e e  7 5 -m l. p o r t io n s  o f e th e r ,  a n d  th e  
c o m b in e d  e th e r  e x t r a c t s  w e re  w a s h e d  w i th  w a te r .  T h e  d r ie d  
( m a g n e s iu m  s u l f a te )  e th e r e a l  e x t r a c t  w a s  t r e a t e d  w i th  
a n h y d r o u s  h y d r o g e n  c h lo r id e  a n d  e v a p o r a te d .  T h e  r e s id u e  
w a s  d is s o lv e d  in  3 0 0  m l. o f h o t  e th a n o l ,  a n d  d e c o lo r iz e d  w i th  
c h a rc o a l .  O n  s ta n d in g ,  t h e  w h i te  c r y s ta l l in e  p r o d u c t  s e p a 
r a te d .  I t  w a s  c o l le c te d  b y  f i l t r a t i o n  a n d  r e c r y s ta l l iz e d  f ro m  
2 0 0  m l. o f 9 5 %  e th a n o l - d im e th y lf o r m a m id e  ( 3 : 1 ) ;  y ie ld ,

(2 8 )  F .  U l lm a n n  a n d  H . K ip p e r ,  Ber.,*38j 2 1 2 0  (1 9 0 5 ).

3 .5  g . ( 5 7 % )  o f p u r e  p r o d u c t ,  m .p .  2 1 9 - 2 2 1 °  d e c . ( fo r  a n a ly 
s is  s e e  T a b le  I I ,  N o . 16).

N,N-Dimethylxanthene-9-propylamine hydrochloride. N,N- 
D im e th y lx a n th e n - A 9'T '-p ro p y la m in e  h y d r o c h lo r id e ,  4 .8 3  g. 
(0 .0 1 6  m o le ) , w a s  d is s o lv e d  in  75  m l. o f a b s o lu te  e th a n o l  a n d  
h y d r o g e n a te d  a t  ro o m  t e m p e r a tu r e  a n d  a tm o s p h e r ic ,  p r e s s u re  
in  t h e  p r e s e n c e  o f  2 5 0  m g . o f p l a t i n u m  o x id e . T h e  r e d u c t io n  
p r o c e e d e d  v e r y  r a p id ly ,  a n d  th e  th e o r e t i c a l  a m o u n t  of 
h y d r o g e n  w a s  a b s o rb e d  i n  a b o u t  15 m in . A t  t h e  e n d  o f  35  
m in . t h e  r e d u c t io n  w a s  d is c o n t in u e d .  T h e  a c t u a l  u p t a k e  of 
h y d r o g e n  w a s  4 5 7  m l. ( th e o r e t i c a l  w a s  4 4 5  m l. in c lu d in g  
t h e  5 0  m l. t a k e n  u p  b y  th e  p l a t i n u m  o x id e ) . T h e  r e a c t io n  
m ix tu r e  w a s  f i l te r e d  a n d  th e  f i l t r a te  e v a p o r a t e d  t o  d ry n e s s .  
T h e  r e s id u e  w a s  a  c le a r  v is c o u s  o il. A  s a m p le  w a s  t r i t u r a t e d  
in  p e t r o le u m  e th e r  ( b .p .  9 0 - 1 0 0 ° )  a n d  t h e n  in  b e n z e n e . T h e  
se m is o lid  g u m  w a s  t h e n  d is s o lv e d  in  a  fe w  d r o p s  o f  h o t  
a c e to n e  a n d  c o o le d . T h e  c r y s ta l l in e  m a te r ia l ,  so  o b ta in e d ,  
w a s  u s e d  t o  s e e d  t h e  c r y s ta l l i z a t io n  o f  t h e  r e s t  o f  t h e  
p r o d u c t .  W h e n  t h e  o il h a d  so lid if ied , r e c r y s ta l l i z a t io n  f ro m  
h o t  a c e to n e  y ie ld e d  4 .3 5  g . (9 0 %  y ie ld )  o f  p r o d u c t ,  m .p .
1 0 8 -1 1 0 ° . A  s e c o n d  r e c r y s ta l l i z a t io n  r a is e d  t h e  m .p .  t o
1 3 6 -1 3 8 ° .

Anal. C a lc d . fo r  C i8H 21N O -H C 1  ( 3 0 3 .8 3 ) :  C , 7 1 .2 ;  H , 
7 .3 0 ; C l, 1 1 .7 ; N ,  4 .6 1 . F o u n d :  C , 7 0 .7 ; H ,  7 .3 8 ; C l, 1 1 .5 ; N ,
4 .4 6 .

3-Chloro-a-(.S-dimethylaminopropyl)benzhydrol hydrochlo
ride ( X I ) .  T h e  G r ig n a r d  r e a g e n t  f ro m  6 .9 5  g. (0 .2 8 6  g .- a to m )  
o f m a g n e s iu m  a n d  3 4 .8  g . (0 .2 8 6  m o le )  o f 3-chloro-./V ,IV - 
d im e th y lp r o p y la m in e  in  2 5 0  m l. e th e r  w a s  p r e p a r e d  a c c o r d 
in g  to  P ro c e d u re  A . A  s o lu t io n  of 31  g. (0 .1 4 3  m o le )  of 
m -c h lo ro b e n z o p h e n o n e 29 in  2 0 0  m l. o f a n h y d r o u s  b e n z e n e  
w a s  a d d e d  in  p o r t io n s  a n d  t h e  r e a c t io n  m ix tu r e  w a s  h e a te d  
u n d e r  re f lu x  fo r  12 h r . T h e  r e a c t io n  m ix tu re  w a s  d e c o m p o s e d  
w i th  2 0 %  a q u e o u s  a m m o n iu m  c h lo r id e  s o lu t io n ,  a n d  t h e  
o rg a n ic  p h a s e  s e p a r a te d .  I t  w a s  w a s h e d  w i th  w a te r  a n d  
e x t r a c te d  w i th  tw o  1 5 0 -m l. p o r t io n s  o f N  I ry d ro c h lo r ic  a c id . 
O n  s ta n d in g  a t  ro o m  t e m p e r a tu r e  fo r  3  h r . t h e  c r y s ta l l in e  
p r o d u c t  s e p a r a te d  f ro m  t h e  a c id ic  e x t r a c t .  R e c r y s ta l l iz a t io n  
f ro m  a lc o h o l- e th e r  a f fo rd e d  32  g . ( 6 6 %  y ie ld )  o f p r o d u c t ,  
m .p .  2 0 5 -2 0 7 ° .

Anal. C a lc d . f o r  C i8H 22C 1 N O -H C 1  (3 4 0 .2 8 ) :  C , 6 3 .5 : 
H ,  6 .8 1 ; C l, 2 0 .8 ; N ,  4 .1 2 . F o u n d :  C , 6 3 .4 ; H ,  7 .2 1 ; C l, 2 0 .9 ; 
N , 4 .1 1 .

4-(vi-Chlorophenyl)-N,N-dimelhyl-4.-phenyl-3-butenyl- 
amine hydrochloride ( X ) .  F iv e  g r a m s  (0 .0 1 5  m o le )  o f 3 - 
c h lo r o -a - ( 3 - d im e th y la m in o p r o p y l) b e n z h y d r o l  h y d r o c h lo r id e
( X I )  w a s  d e h y d r a t e d  w i th  10  m l. o f c o n e d , h y d r o c h lo r ic  
a c id  a n d  3 0  m l. o f g la c ia l  a c e t ic  a c id  b y  h e a t in g  u n d e r  re f lu x  
fo r  3  h r .  T h e  r e a c t io n  m ix tu r e  w a s  c o o led , d i lu te d  w i th  100 
m l. o f w a te r ,  a n d  m a d e  a lk a l in e  w i t h  a n  ex cess  o f p o ta s s iu m  
c a r b o n a te .  T h e  f re e  b a s e  w a s  e x t r a c t e d  w i th  e th e r  a n d  c o n 
v e r te d  t o  t h e  h y d r o c h lo r id e  i n  t h e  u s u a l  w a y . R e c r y s ta l l iz a 
t i o n  o f t h e  c r u d e  p r o d u c t  f ro m  10 m l. a lc o h o l  a n d  e th e r  ( to  
th e  c lo u d  p o in t )  y ie ld e d  3 .4  g. ( 7 0 %  y ie ld )  of p r o d u c t ,  m .p .
1 3 2 -1 3 4 ° .

Anal. C a lc d . fo r  C I8H 20C 1N  ■ H C 1  (3 2 2 .2 7 ) :  C , 6 7 .1 ;  H , 
6 .5 6 ; C l, 2 2 .0 ;  N ,  4 .3 5 . F o u n d :  C , 6 7 .0 ; H ,  6 .8 3 ; C l, 2 1 .8 ;  
N ,  4 .2 8 .

Attempted desulfurization of 2-chloro-N,N-dimethylthioxan- 
then-A^-v-propylamine hydrochloride. 2 -C h lo ro -A r,X - d im e th y l-  
t h io x a n th e n - A 9’"> '-p ropy lam m e h y d r o c h lo r id e  ( p r e p a r e d  b y  
P ro c e d u re s  A  a n d  E ) ,  5 .0  g. (0 .0 1 4  m o le ) ,  a n d  15  g . o f R a n e y  
n ic k e l  w e re  h e a t e d  u n d e r  re f lu x , w i th  s t i r r in g ,  f o r  2 4  h r . 
T h e  m ix tu r e  w a s  f i lte r e d , a n d  th e  f i l t r a t e  e v a p o r a t e d  to  
d ry n e s s .  T h e  r e s id u e  w a s  r e c r y s ta l l iz e d  f r e m  a lc o h o l- e th e r  
to  g iv e  u n c h a n g e d  s t a r t i n g  m a te r ia l ,  4 .0  g. ( 8 0 %  y ie ld ) , 
m .p . 1 9 1 -1 9 3 ° . A  m ix e d  m e l t in g  p o i n t  w a s  u n c h a n g e d .

N-m-Chlorophenyl-N' ,N'-dimelhyl-N-phenyl-1,3-propane- 
diamine hydrochloride ( X I I I ) .  A  m ix tu r e  o f  1 8 .0  g. (0 .0 9  m o le  
o f w i-c h lo ro d ip h e n y la m in e 30 a n d  5 .9  g. (0 .1 5  m o le )  o f s o d iu m

(2 9 )  ( a )  A . H a n tz s c h ,  Ber., 2 4 , 51 ( 1 8 9 1 ) ;  ( b )  F .  S m e e ts  
a n d  J .  V e r h u ls t ,  Bull. Soc. Chim. Beiges, 6 1 , 6 9 4  (1 9 5 2 ).

(3 0 )  F .  U l lm a n n ,  Ann., 3 5 5 , 31 2  (1 9 0 7 ).
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a m id e  in  3 0 0  m l. o f  a n h y d r o u s  b e n z e n e  w a s  h e a t e d  u n d e r  
re f lu x  f o r  3  h r .  S -C h lo r o - V W - d im e th y lp r o p y la m in e ,  16 .5  
g. (0 .1 3  m o le ) ,  in  5 0  m l .  o f  a n h y d r o u s  b e n z e n e  w a s  a d d e d  
d ro p w is e  o v e r  a  3 0 -m in . p e r io d  a n d  t h e  m ix tu r e  w a s  h e a te d  
u n d e r  r e f lu x  w i th  s t i r r in g  f o r  a n  a d d i t io n a l  5  h r .  T h e  ex cess  
s o d iu m  a m id e  w a s  d e c o m p o s e d  w i th  2 5  m l. o f  e th a n o l  fo l
lo w e d  b y  50  m l. o f  w a te r .  T h e  a q u e o u s  p h a s e  w a s  s e p a r a te d  
a n d  e x t r a c t e d  w i th  e th e r .  T h e  b e n z e n e  a n d  e th e r  p h a s e s  
w e re  c o m b in e d , w a s h e d  w i th  w a te r  a n d  t h e n  e x t r a c t e d  w i th  
tw o  1 0 0 -m l. p o r t io n s  o f N  h y d r o c h lo r ic  a c id . T h e  a c id ic  
e x t r a c t s  w e re  m a d e  a lk a l in e  w i th  e x c e ss  s o d iu m  c a r b o n a te ,  
a n d  e x t r a c t e d  s e v e ra l  t im e s  w i th  e th e r .  T h e  e th e r  e x t r a c t s  
w e re  d r ie d  a n d  e v a p o r a te d .  D is t i l l a t io n  o f t h e  r e s id u e  y ie ld e d
2 1 .0  g . ( 7 3 %  y ie ld )  of p r o d u c t ,  b .p .  1 5 2 - 1 5 5 ° /0 .5  m m .

Anal. C a lc d . f o r  C n H 21C lN 2 (2 8 8 .8 2 ) :  C , 7 0 .7 ; H . 7 .3 3 ; 
C l, 1 2 .3 ;  N ,  9 .7 0 . F o u n d :  C , 6 9 .9 ;  H ,  7 .5 8 ; C l, 1 2 .3 ;  N ,
9 .8 4 .

T h e  h y d r o c h lo r id e  m e l te d  a t  1 3 8 -1 3 9 ° .
Anal. C a lc d . f o r  C n H 21C l N , - H C l  (3 2 5 .2 8 ) :  C , 6 2 .8 ;  H ,  

6 .8 1 ; C l, 2 1 .8 ;  N ,  8 .6 1 . F o u n d :  C , 6 2 .4 ;  H ,  6 .9 3 ; C l, 2 2 .1 ;  
N , 8 .3 6 .

a-(S-Dimethylaminopropyl)-o-hydroxybenzhydrol ( X I V ) .  
T h e  G r ig n a r d  r e a g e n t  w a s  p r e p a r e d  a c c o r d in g  t o  P r o c e d u r e  
A  f ro m  5 .7 5  g. (0 .2 3 6  g .- a to m )  o f m a g n e s iu m  a n d  2 8 .7  g. 
(0 .2 3 6  m o le )  o f  3 -c h lo ro - V ,iV - d im e th y lp r o p y la m in e  in  2 5 0  m l 
o f  e th e r .  o -M e th o x y b e n z o p h e n o n e ,31 2 5  g . (0 .1 1 8  m c le ) ,  in  
2 0 0  m l. o f  e th e r  w a s  a d d e d  in  s m a ll  p o r t io n s .  T h e  r e a c t io n  
m ix tu r e  w a s  h e a te d  u n d e r  r e f lu x  fo r  16 h r . ,  c o o le d  a n d  d e 
c o m p o s e d  w i th  2 5 0  m l. o f a  c o ld  1 0 %  a q u e o u s  a m m o n iu m  
c h lo r id e  s o lu t io n .  T h e  o rg a n ic  p h a s e  w a s  s e p a r a te d  a n d  
e x t r a c t e d  w i t h  2 5 0  m l. o f  0 .5 V  h y d r o c h lo r ic  a c id .  T h e  a c id ic  
a q u e o u s  p h a s e  w a s  m a d e  a lk a l in e  w i th  p o ta s s iu m  c a r b o n a te  
a n d  e x t r a c t e d  w i th  e th e r .  T h e  d r ie d  e th e r  e x t r a c t  w a s  e v a p o 
r a t e d  t o  a  s o lid  r e s id u e . R e c r y s ta l l iz a t io n  f ro m  e th a n o l  
y ie ld e d  2 0  g . ( 5 6 .5 % )  o f p r o d u c t ,  m .p .  1 1 6 -1 1 7 ° .

Anal. C a lc d . f o r  C is H a N C h  (3 8 5 .3 7 ) :  C , 7 5 .8 ;  H ,  8 .1 2 ; 
N ,  4 .9 1 . F o u n d :  C , 7 5 .0 ;  H ,  8 .0 6 ; N ,  4 .9 0 .

o-( 4-Dimethylamino-l-phenyl-1-butenyVjphenol hydrochlo
ride ( X V ) .  A  m ix tu r e  o f  5  g . (0 .0 1 8  m o le )  o f a - ( 3 - d im e th y l -  
a m in o p r o p y l) - o -h y d r o x y b e n z h y d r o l  ( X I V ) ,  1C1 2 m l. o f  c o n e d , 
h y d r o c h lo r ic  a c id , a n d  3 0  m l. o f g la c ia l  a c e t ic  a c id  w a s

(3 1 )  T .  T a s a k i ,  Acla Phylochim., 2 ,  49  (' 1 9 2 5 ); Chem. 
Abstr., 2 0 , 103 0  (1 9 2 6 ) .

h e a te d  u n d e r  re f lu x  fo r  3 h r . ,  c o o led , d i lu te d  w i t h  75  m l. 
o f w a te r ,  a n d  m a d e  a lk a l in e  w i th  a n  ex cess  o f  p o ta s s iu m  
c a r b o n a te .  T h e  f re e  b a s e  w a s  e x t r a c te d  w i th  e th e r  a n d  c o n 
v e r t e d  t o  t h e  h y d r o c h lo r id e  in  t h e  u s u a l  w a y .  T h e  y ie ld  of 
t h e  h y d r o c h lo r id e  w a s  4 .0  g. ( 7 0 % ) ,  m .p .  1 8 4 ^ 1 8 5 ° .

Anal. C a lc d . f o r  C ,8H 2,N 0 - H C 1  (3 0 3 .8 3 ) :  C , 7 1 .2 ;  H ,  
7 .3 0 ; C l, 1 1 .7 ; N ,  4 .6 1 . F o u n d :  C , 7 1 .0 ; H , 7 .2 2 ; C l, 1 2 .2 ; 
N , 4 .5 7 .

9-{8-Dimethylaminopropyl)fluoren-9-ol ( X V I I ) .  T h e  
G r ig n a r d  r e a g e n t  w a s  p r e p a r e d  f ro m  4 .9  g. (0 .2  g . - a to m )  o f 
m a g n e s iu m  a n d  2 4 .3  g . (0 .2  m o le )  o f 3 -c h lo ro -V , V - d im e th y l-  
p r o p y la m in e  in  150  m l. o f  e th e r  a s  d e s c r ib e d  in  P r o c e d u r e  A . 
F lu o re n -9 -o n e , 18 .1  g . (0 .1  m o le ) , in  15 0  m l. o f  b e n z e n e  w a s  
a d d e d  a n d  t h e  r e a c t io n  m ix tu r e  ( a  y e llo w  s u s p e n s io n )  w a s  
h e a t e d  u n d e r  re f lu x  u n t i l  a l l  t h e  m a g n e s iu m  w a s  c o n s u m e d  
(3 0  h r . ) .  T h e  r e a c t io n  w a s  w o rk e d  u p  a c c o r d in g  t o  P ro c e 
d u r e  B , a n d  t h e  f lu o re n -9 -o l d e r iv a t iv e  w a s  i s o la te d  a s  t h e  
f re e  b a s e . R e c r y s ta l l iz a t io n  f ro m  a lc o h o l  a f fo r d e d  8 .0  g. 
( 3 0 %  y ie ld )  o f  p r o d u c t ,  m .p .  1 0 1 -1 0 3 ° .

Anal. C a lc d . f o r  C 18H 21N O  (2 6 7 .3 6 ) :  C , 8 0 .9 ;  H ,  7 .9 2 ; N , 
5 .2 4 . F o u n d :  C , 8 0 .6 ;  H ,  7 .9 5 ; N ,  5 .3 7 .

N,N  - Dimethylfluoren -  A9>T -  propylamine hydrochloride
( X V I ) .  S ix  g r a m s  (0 .0 2  m o le )  o f 9 - (3 - d im e th y la m in o p ro p y l) -  
f lu o re n -9 -o l i n  100  m l. o f e th e r  w a s  d e h y d r a t e d  b y  p a s s in g  h y 
d ro g e n  c h lo r id e  t h r o u g h  t h e  s o lu t io n  f o r  15 m in . T h e  r e a c t io n  
m ix tu r e  w a s  e v a p o r a t e d  a n d  t h e  r e s id u e  w a s  d is s o lv e d  in  
w a te r .  T h e  a q u e o u s  s o lu t io n  w a s  m a d e  a lk a l in e  w i th  1 0 %  s o 
d iu m  h y d r o x id e  a n d  e x t r a c t e d  w i th  e th e r .  T h e  p r o d u c t  w a s  
i s o la te d  a s  t h e  h y d r o c h lo r id e  f ro m  t h e  e th e r e a l  s o lu t io n  b y  
th e  a d d i t i o n  o f  a lc o h o l ic  h y d r o g e n  c h lo r id e . R e c r y s ta l l iz a 
t io n  f ro m  a lc o h o l- e th e r  a f fo rd e d  4 .5  g . ( 7 1 %  y ie ld )  o f  p r o d 
u c t ,  m .p .  2 0 5 - 2 0 7 ° .

Anal. C a lc d . f o r  C i8H i 9N  -H C 1  (2 8 5 .8 1 ) :  C , 7 5 .6 ;  H ,  7 .0 5 ; 
C l, 1 2 .4 ; N ,  4 .9 0 . F o u n d :  C , 7 5 .4 ;  H ,  7 .3 5 ; C l, 1 2 .5 ; N ,  5 .1 8 .
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T h e  M a n n ic h  r e a c t io n  in v o lv in g  law B one ( 2 - h y d r o x y - l ,4 - n a p h th o q u in o n e )  a n d  c e r ta in  a m in e s  w i th  f o r m a ld e h y d e  a n d  
a c e ta ld e h y d e  h a s  b e e n  c a r r ie d  o u t  u s in g  m o d if ic a tio n s  o f  a  p u b l is h e d  p ro c e d u r e .  I n  a d d i t io n ,  t h e  c o n d e n s a t io n  p r o d u c t  o f  
la w s o n e  w i th  4 - b is ( 2 -c h lo r o e th y l ) a m in o b e n z a ld e h y d e  is  d e s c r ib e d .

It has been reported that lawsone (2-hydroxy-1,4- 
naphthoquinone) undergoes the Mannich reaction 
with a variety of primary and secondary amines

( 1 )  P re v io u s  p a p e r  in  t h i s  s e rie s , P .  S c h e in e r  a n d  W . R .  
V a u g h a n ,  J. Org. Chem., 2 6 , 1923 (1 9 6 1 ).

( 2 )  T h is  w o r k  s u p p o r t e d  b y  R e s e a r c h  G r a n t  C Y -2 9 6 1
f ro m  t h e  N a t io n a l  C a n c e r  I n s t i t u t e  t o  t h e  U n iv e r s i ty  o f
M ic h ig a n .

including ethanolamine and morpholine, but not 
with diethylamine.3 * With the latter the reaction 
affords instead what appeared to be the diethyl
amine salt of 3,3'-methylenebis(2-hydroxy-l,4- 
naphthoquinone) (I).

( 3 )  M . T .  L e ff le r  a n d  R .  J .  H a th a w a y ,  J. Am. Chem. Soc. 
7 0 , 3 2 2 ( 1 9 4 8 ) .  #
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Although the latter information would appear to 
be discouraging if one wished to use aziridine (ethyl- 
enimine), bis (2-chloroethyl)amine, or diethanola
mine, it was believed that further exploration 
would reveal experimental conditions for satis
factory reaction. To this end the reaction of laws- 
one, formaldehyde, and morpholine was repeated 
with substantially the reported results3 to give 
4 - (4' - morpholino)methyl - 2 - hydroxy - 1,4- 
naphthoquinone (II), but when exactly the same 
procedure was applied to diethanolamine, an orange 
precipitate was obtained which appeared to be the 
diethanolamine salt of I, since on treatment with 
dilute hydrochloric acid I was obtained. Thus it 
would appear that the course of the reaction was 
similar to that encountered by Leffler and Hatha
way with diethylamine.3

Several modifications in the procedure ŵ ere 
investigated, and finally it was found that addition 
of solid lawsome to a solution of diethanolamine4 5 
and formalin in absolute ethanol at 30-35° af
forded an acid-soluble product which could be 
recovered from 5% hydrochloric acid by addition of 
sodium acetate. Microanalysis indicated that the 
product was a monohydrate of the expected
3- bis(2' - hydroxyethyliaminomethyl - 2 - hy
droxy - 1,4 - naphthoquinone (III). However, any 
and all attempts to effect recrystallization resulted 
in decomposition with the apparent production of 
the diethanolamine salt of I originally encountered, 
for I was produced from it on treatment with 5% 
hydrochloric acid. Likewise, all attempts to con
vert II or III to 3-bis(2'-chloroethyl)aminomethyl-
2- hydroxy - 1,4 - naphthoquinone (IV), the cor
responding nitrogen mustard, resulted in production 
of a salt of I.

When ethylenimine was used in the Mannich 
reaction with lawsone and formaldehyde, it was 
found necessary to add the lawsone to the other 
reagents at 4-6°, whereupon a good yield of 3- 
aziridinomethyl - 2 - hydroxy - 1,4 - naphthoqui
none (V) was obtained as a hydrate. The product 
was found to be slightly soluble in ice-cold 2% 
hydrochloric acid, from which it is recoverable if 
sodium acetate is added immediately. On standing 
the acidic solution deposits I, which is also ob
tained, presumably as the ethyleneimine salt, 
upon all attempts to effect recrystallization.

The possibility that azetidine derivatives might 
behave analogously to ethylenimine derivatives 
as “alkylating agents” has been suggested else
where.6 * 70 With this in mind the reaction of lawsone, 
formaldehyde, and azetidine was carried out in a

( 4 )  T h e  p r o c e d u r e  d e v e lo p e d  h e r e in  d if fe r s  f ro m  t h a t  o f  
C . L . D a lg l ie s h , J. Am. Chem. Soc., 7 1 , 1697  ( 1 9 4 9 ) ,  in  
t h a t  t h e  a m in e  is  a lw a y s  p r e s e n t  in  ex ce ss  a n d  t h u s  t h e  
m e d iu m  is  a lw a y s  a lk a l in e .  C o n s e q u e n t ly ,  t h e  free a m in e  
is  a v a i la b le ,  a n d  th i s  is  w h a t  is  r e q u i r e d  fo r  t h e  p r o d u c t io n  
o f th e  C — N  b o n d .

( 5 )  W . R .  V a u g h a n ,  R .  S . K lo n o w s k i,  R .  S . M c E lh in n e y ,
a n d  B .  B .  M iL w a rd , J. Org. Chem., 2 6 , 138 (1 9 0 1 ).

fashion similar to the ethylenimine reaction with 
satisfactory results. A 50% yield of 3-iV-azetidino- 
methyl - 2 - hydroxy - 1,4 - naphthoquinone (VI) 
was obtained, and this substance proved to be 
comparatively stable. Indeed it was recrystalliz- 
able from methanol.

The reaction of lawsone and formaldehyde with 
nitrogen mustard (bis(2-chloroethyl)amine), proved 
very difficult, but it was finally found that the 
most satisfactory procedure for carrying out the 
Mannich reaction with lawsone and secondary 
amines of the type desired involved addition of an 
ethanol solution of lawsone to the amine and form
aldehyde in absolute ethanol at low temperature. 
In this manner the condensation product consti
tutes the only solid present at any time in the 
reaction mixture; and by careful manipulation 
II, III, and IV can be obtained analytically pure.

As a check on the superior character of this 
technique for sensitive compounds, diethylamine 
was similarly condensed, and a satisfactory yield 
of the previously unavailable3 3-diethylamino- 
methyl-2-hydroxy-l,4-naphthoquinone (VII) was 
obtained.

The behavior of compounds III—V with dilute 
hydrochloric acid and with glacial acetic acid de
serves some comment. Compound III is apparently 
soluble and stable in dilute hydrochloric acid; V 
with ice-cold 2% hydrochloric acid appears to form 
a semihydrochloride (VIII) which is rather in
soluble and which decomposes on standing in 
contact with the acid; and both IV and V decom
pose at once with more concentrated hydrochloric 
acid even at 0°. In all hydrochloric acid decomposi
tions I is precipitated, and the change is readily 
observed, since the red Mannich products rapidly 
become bright yellow as I is produced from them.

With glacial acetic acid IV immediately de
composes to give I while the others do so more 
slowly, the relative rates being in the order: IV > 
V > VIII > III <  VII. Furthermore, each of these 
substances affords the diacetate of I6 when treated 
with acetic anhydride containing a drop of con
centrated sulfuric acid.

In the absence of acids the same type of decom
position is encountered, though more slowly, and 
appears to be heat-induced, although the acidic 
character of the lawsone hydroxyl may provide a 
weak autocatalysis. For example, when only one 
equivalent of sodium acetate is used to “neutralize” 
a hydrochloric acid solution of III, the decomposi
tion is rapid, whereas an excess of sodium acetate 
regenerates III smoothly. I t would appear that this 
decomposition involves a reversal of ~he Mannich 
reaction to produce 3-methylene-l,2,4-trioxotetralin 
and lawsone which then react by addition to give I. 
Where an acid is present I precipitates directly; 
otherwise, the corresponding amine salt is formed.

(6 )  L . F .  F ie s e r ,  M . T .  L e ff le r , et al, J. Am. Chem. Soc.,
70, 3 2 1 2  (1 9 4 8 ).



2394 VAUGHAN. H A B IB , McE LH IN N EY , TAKAHASHI, AND W ATERS VOL. 26

Inasmuch as lawsone condenses readily with 
aldehydes other than formaldehyde to give analogs 
of I 4’6, e.g., with 4-dimethylaminobenzaldehyde, 
the procedure for condensation of tne latter was 
applied to 4-bis(2-chloroethyl)aminobenzaldehyde,7 
with some modification, and there was obtained in 
fair yield di(2 - hydroxy -1,4 - naphthoquinon - 3- 
yl) - 4 - bis (2 - chloroethyl)aminopheuylmethane
(IX). Considerable difficulty was encountered in 
purifying this substance, substantial decomposition 
to unidentified materials occurring in most cases, 
but recrystallization was finally effected by dis
solving the crude product in dimethylformamide 
at room temperature and then adding the solution 
drop wise to a large excess of ethanol.

Acetaldehyde has been rarely used in Mannich 
reactions, but a search of the literature revealed 
that open chain compounds from a Mannich-type 
reaction when acetaldehyde was employed were 
available with Lawsone.4

When aldehydes other than formaldehyde enter 
into a Mannich-type reaction, the amines are 
generally limited to ammonia or primary amines 
and their salts. It was therefore interesting to 
note that we encountered no difficulty using second
ary amines, as well as primary amines. The com
pounds were generally obtained from the reaction 
mixture in pure form. If the reaction mixture 
required working up, room temperature to moder
ate temperatures were employed without subse
quent recrystallization. As for the formaldehyde 
reactions, the yields were low in certain instances, 
as the reaction was often accompanied by dark, 
intractable tars.

Eight compounds derived from acetaldehyde 
have been prepared, two of which were derived 
from primary amines and the others from second
ary amines. I t is interesting to note that the 
nitrogen mustard compound was chromophorically 
different from the others, in that it was obtained as a 
bright yellow compound, while the others were 
consistently orange, red, or reddish brown.

( 7 )  I t .  C . E ld e r f ie ld ,  I .  S . C o v e y , J .  B . G e id u s c h e k , 
W . L . M e y e r ,  A . B . R o s s ,  a n d  J .  H .  R o s s , J . Orq. Chcm., 2 3 ,
1749  (1 9 5 8 ) .

EX PER IM EN TA L* 1749 8'9

S,3'-Methylene-bis(2-hydroxy-l,4-naphthoquinone) ( I ) .  T h is  
s u b s ta n c e  w a s  p r e p a r e d  e s s e n t ia l ly  a s  d e s c r ib e d  b y  F ie s e r .5

3-Bis{2'-hydroxy ethyl)aminomethyl-2-hydroxy-l ̂ -naph
thoquinone ( I I I ) .  (A )  Using solid lawsone. T o  a  s o lu t io n  
o f 2 .8  m l.  o f  3 7 %  fo rm a l in  a n d  3 .8  g. (0 .0 3 6  m o le )  o f  r e d is 
t i l le d  d ie th a n o la m in e  in  5 0  m l. o f  a b s o lu te  e th a n o l  w a s  
a d d e d  w i th  m e c h a n ic a l  s t i r r in g  5 .8  g . (0 .0 3 3  m o le )  o f  la w s o n e  
in  p o r t io n s  o v e r  4 5  m in .,  t h e  t e m p e r a t u r e  b e in g  m a in t a in e d  
a t  3 0 - 3 5 °  b y  a  w a te r  b a t h .  S t i r r in g  w a s  c o n t in u e d  f o r  4  
h r .  a t  t h e  s a m e  t e m p e r a t u r e  d u r in g  w h ic h  t im e  g o ld e n  r e d  
n e e d le s  s lo w ly  p r e c ip i t a te d .  T h e  m ix tu r e  w a s  f i l te r e d , w a s h e d  
w i th  25  m l. o f  a b s o lu te  e th a n o l  a n d  th e n  w i th  w a te r ,  a f t e r  
w h ic h  t h e  p r e c ip i t a t e  w a s  d is s o lv e d  in  ca. 100  m l. o f  2 %  
h y d r o c h lo r ic  a c id ,  f i l te r e d  f ro m  a  t r a c e  o f  r e s id u e , a n d  th e n  
t r e a t e d  w i th  a  s o lu t io n  o f 10 g . o f a n h y d r o u s  s o d iu m  a c e t a t e  
in  25  m l. o f  w a te r .  A f te r  o v e r n ig h t  s t a n d in g  in  t h e  r e f r ig e r a 
t o r  t h e  p r o d u c t  w a s  f i lte r e d  off a n d  d r ie d  in  a i r  a t  5 0 ° :
8 .2  g. ( 8 5 % ) ,  m .p .  1 1 1 .5 °  ( s o f te n s ) ,  g r a d u a l ly  d a r k e n in g  
a b o v e  1 5 0 °  a n d  l iq u e f y in g  a t  1 9 2 -1 9 8 ° .

Anal. O a lc d . fo r  c(5H „N 0E-H20 : C , 5 8 .2 4 ; H, 6 .1 9 ; N ,
4 .5 3 . F o u n d 10: C , 5 8 .4 7 ; H, 6 .1 0 ; N ,  4 .2 6 , 4 .3 1 .

( b )  Using lawsone solution. T o  2 .8  m l. o f  3 7 %  fo rm a l in  
a n d  3 .8  g . (0 .0 3 6  m o le )  o f  d ie th a n o la m in e  th e r e  w a s  a d d e d  
w i th  e f f ic ie n t s t i r r in g  o v e r  a  4 -h r .  p e r io d  a  f i l t e r e d  s o lu t io n  
o f  4 .9  g. (0 .0 2 8  m o le )  o f la w s o n e  in  4 5 0  m l. o f  a b s o lu te  e t h a 
n o l. T h e  t e m p e r a tu r e  w a s  m a in ta in e d  a t  2 3 - 2 5 °  b y  a  w a te r  
b a th .  A t  t h e  e n d  o f  t h e  a d d i t io n  th e r e  w a s  a d d e d  5 0  m l. o f  
a b s o lu te  e th a n o l ,  a n d  s t i r r in g  w a s  c o n t in u e d  f o r  30  m in . 
T h e  o r a n g e - re d  p r e c ip i t a te ,  w h ic h  a p p e a r e d  in  t h e  in i t i a l  
s ta g e s  o f t h e  r e a c t io n ,  w a s  f i l te r e d  off a n d  w a s h e d  w i th  
tw o  5 0 -m l. p o r t io n s  o f  a b s o lu te  e th a n o l :  5 .5  g . ( 6 8 % ) ,  s lo w  
d e c o m p o s i t io n  f ro m  1 5 8 -1 7 2 ° . T h e  a n a ly t i c a l  s a m p le  w a s  
d r ie d  in vacuo a t  r o o m  t e m p e r a t u r e  o v e r  p h o s p h o r u s  p e n t -  
o x id e .

Anal. C a lc d . fo r  C 15H n N 0 5: C , 6 1 .8 6 ; H ,  5 .8 7 ; N ,  4 .8 1 . 
F o u n d :  C , 6 1 .8 9 ; H ,  5 .8 5 ; N ,  4 .7 8 .

P u r i f i c a t io n  o f  t h i s  p r o d u c t  b y  s o lu t io n  in  2 %  h y d r o c h lo r ic  
a c id  w i th  r e p r e c ip i t a t i o n  b y  s o d iu m  a c e t a t e  a s  in  t h e  p r e 
v io u s  e x p e r im e n t  p r o d u c e d  n o  c h a n g e  a f t e r  t h e  p r o d u c t  
w a s  d r ie d  in vacuo o v e r  p h o s p h o r u s  p e n to x id e .  W h e n  t h e  
r e p r e c ip i t a t i o n  w a s  e f fe c te d  b y  u s in g  b u t  o n e  e q u iv a l e n t  o f 
s o d iu m  a c e t a t e ,  o n ly  I  w a s  r e c o v e r a b le ,  a s  s h o w n  b y  m e l t in g  
p o in t  a n d  m ix e d  m e l t in g  p o in t .

3-Bis{2'-chloroethyl)amirlO-methyl-fH-hydroxy-l,4-naphtho
quinone ( I V ) .  T o  a  s u s p e n s io n  o f 1 .5  g . (0 .0 0 8 4  m o le )  o f 
b is ( 2 - c h lo ro e th y l  f a m in e  h y d r o c h lo r id e  in  20  m l. o f  e th e r  
w a s  a d d e d  0 .7 5  g. (0 .0 0 9 0  m o le )  o f s o d iu m  b ic a r b o n a te  in  
15 m l. o f  w a te r .  T h e  m ix tu r e  w a s  s h a k e n  a n d  s e p a r a te d ,  a n d  
th e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i th  tw o  2 0 -m l. p o r t io n s  
o f e th e r .  T h e  c o m b in e d  e th e r e a l  s o lu t io n s  w e re  p la c e d  in  t h e  
r e a c t io n  v e s s e l  a n d  t h e  e th e r  r e m o v e d  a t  r e d u c e d  p r e s s u re ,  
a n d  to  t h e  f re e  n i t r o g e n  m u s t a r d  w a s  a d d e d  25  m l. o f  a b s o lu te  
e th a n o l  c o n ta in in g  0 .4  m l. o f 3 7 %  fo rm a l in .  T h e  m ix tu r e  w a s  
c o o le d  a n d  m a in t a in e d  a t  1 4 - 1 6 °  w h ile  a  f i l te r e d  s o lu t io n  of
0 .8  g. (0 .0 0 4 6  m o le )  o f la w s o n e  in  80  m l. o f  a b s o lu te  e th a n o l  
w a s  a d d e d  o v e r  1 h r . ,  w i th  m a g n e t ic  s t i r r in g .  D u r in g  t h e  
a d d i t i o n  a n  o r a n g e  s o lid  s e p a r a te d ,  a n d  s t i r r in g  w a s  c o n 
t i n u e d  f o r  45  m in . a f t e r  c o m p le t io n  o f  t h e  a d d i t i o n — u n t i l  
t h e  m ix tu r e  r e a c h e d  ro o m  t e m p e r a t u r e  ( a f t e r  r e m o v a l  o f  t h e  
c o o lin g  b a t h ) .  T h e  p r o d u c t  w a s  f i l te r e d  w i th  s u c t io n  a n d  
r e p e a t e d ly  w a s h e d  w i th  e th a n o l :  0 .7 0  g . ( 4 6 % ) ,  d a r k e n s  
s lo w ly  a b o v e  1 2 5 ° . T h e  a n a ly t i c a l  s a m p le  w a s  d r ie d  a s  fo r  
I I I  (B ) .

Anal. C a lc d . fo r  C isH isC fiN C h : C , 5 4 .8 9 ; H ,  4 .6 0 ; C l, 2 1 .6 1 ; 
N ,  4 .2 7 . F o u n d :  C , 5 5 .1 6 ; H ,  4 .7 8 ; C l, 2 1 .7 3 ; N ,  4 .1 9 .

(8 )  M e l t in g  p o in ts ,  t a k e n  in  o p e n  c a p i l la r ie s ,  a r e  u n c o r 
r e c te d .

(9 )  M ic ro a n a ly s e s  b y  S p a n g  M ic r o a n a ly t ic a l  L a b o r a 
to r ie s ,  A n n  A rb o r ,  M ic h .,  u n le s s  o th e r w is e  in d ic a te d .

(1 0 )  C a r b o n  a n d  h y d r o g e n  a n a ly s is  b y  M rs . A n n a  G riffo n , 
U n iv e r s i ty  o f M ic h ig a n .
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T A B L E  I

3-AM INO ETHYLIDENE-2-HYDRO XY-l,4-NAPHTIIO Q UINO NESn's

R , r 2

R e a c 
t io n

T e m p . N o te s
Y ie ld ,

% D ec ." C a lc d . fo r 0 H N C l

< % H / H 5 d 3 6 .6 148 C ,.,H 13N 0 3 6 8 .5 5 6 .1 6 5 .7 1
F o u n d 6 8 .5 3 6 .2 5 5 .7 3

i i o c h 2c h 2 H 40 e 1 2 .8 124 C h H . sN O , 6 4 .3 5 5 .7 8 5 .3 6
F o u n d 6 4 .1 8 5 .6 8 5 .2 7

c 2h 5 c 2h 5 25  f 0 4 . 8 185 c ,6h 19n o 3 7 0 .3 0 7 .0 2 5 .1 2
F o u n d 7 0 .3 6 6 .8 5 4 . 9 1

h o c h 2c h . h o c h 2c h 2 5 - 1 0 h 2 1 .7 1 2 1 -1 2 2 c 16h 19n o 5 6 2 .9 3 6 .2 9 4 .5 8
F o u n d 6 3 .0 6 6 .4 7 4  68

c i c h 2c h 2 C 1 C H 2C H 2’ 5 - 1 0 J 1 5 .6 1 5 6 -1 5 7 * C ,6H „C 1 2N 0 3 5 6 .1 6 5 .0 0 4  09 2 0 .7 2
F o u n d 5 6 .4 1 5 .2 8 3 .5 3 2 0 . 5 6

- ( C H 2)5— 2 0 - 2 5 ' m 3 0 .0 1 6 9 " c „ h I9n o 3 7 1 .5 5 6 .7 3 4 .9 1
F o u n d 7 1 .6 7 6 .9 7 4 .9 2

-  ( C H 2)20 ( C H 2)— 2 0 - 2 5 0 5 . 8 154 c 16h 17n o 4 6 6 .8 9 5 .9 5 4  87
F o u n d 6 6 .8 9 6 .0 9 4 .5 9

— ( C H , )2— 2 0 - 2 5 " Q 0 . 2  g .r 164 C u H ,3N O :% 0 6 .4 5 5 .5 0 6 .6 7
V  2H20*
v <c 2h 5x

F o u n d 6 6 .2 3 5 .5 5 6 .5 0

“ S ee  g e n e r a l  p r o c e d u r e  im m e d ia te ly  p re c e d in g . 6 W h e r e  n o  r a n g e  is r e p o r te d ,  p r o d u c t  d e c o m p o s e s  s lo w ly  a b o v e  r e c o rd e d  
te m p e r a tu r e .  c A  7 0 %  a q u e o u s  s o lu t io n  o f  e th y la m in c  w a s  u s e d . d A f te r  t h e  r e a c t io n  5 0  m l. of d r y  e t h e r  w a s  a d d e d  a n d  th e  
s o lu t io n  f i l te r e d  a f t e r  3 d a y s  r e f r ig e r a t io n .  e T h e  r e a c t io n  w a s  s t i r r e d  a t  4 0 °  o v e r n ig h t ,  th e n  r e f r ig e r a te d .  P r o d u c t  w a s h e d  
w i th  e th a n o l  a ls o . 1 O n ly  80  m l. o f  a b s o lu te  e th a n o l  u s e d  f o r  la w s o n e . 0 A f te r  r e a c t io n ,  t h e  s o lu t io n  w a s  a i r - e v a p o r a t e d  to  
40  m l . ;  t h e n  d i lu t e d  w i th  4 0  m l. o f  e t h e r  a n d  c o o le d . h A f te r  r e a c t io n ,  t h e  s o lv e n t  w a s  r e m o v e d  in vacuo a t  4 C -5 0 ° . T h e n  40  
m l. o f d r y  e t h e r  w a s  a d d e d  a n d  t h e  s o lu t io n  r e f r ig e r a te d .  4 T h e  m u s ta r d  h y d r o c h lo r id e  (1 .5  g .)  w a s  s u s p e n d e d  in  e th e r  a n d  
e x t r a c t e d  w i th  0 .7 5  g . o f  s o d iu m  b ic a r b o n a te  in  15 m l. o f  w a te r .  A ld e h y d e  in  10 m l.  a b s o lu te  e th a n o l  w a s  a d d e d  t o  e th e r  
s o lu t io n  o f  f re e  m u s t a r d .  1 A f te r  t h e  r e a c t io n  w a s  s t i r r e d  f o r  3 0  m in . a t  r o o m  t e m p e r a tu r e ,  t h e  p r o d u c t  w a s  w a s h e d  w i th  
e th a n o l  a lo n e . * P r o d u c t  b r ig h t  y e llo w . 1 A m in e  a n d  a ld e h y d e  in  15 m l. a b s o lu te  e th a n o l ,  la w s o n e  in  75  m l. m A f te r  t h e  r e a c 
t io n ,  t h e  s o lv e n t  w a s  e v a p o r a t e d  in  a i r  s t r e a m  t o  10 m l. n O r ig in a l  p r o d u c t  r e c r v s ta l l iz e d  f ro m  e th a n o l - e th e r  a n d  w a s h e d  w i th  
e th e r .  0 A f te r  t h e  r e a c t io n  w a s  r e f r ig e r a te d ,  i t  w a s  f i l te r e d  a n d  w a s h e d  w i th  e th a n o l  a lo n e . v A m in e  a n d  a ld e h y d e  in  15 m l. 
a b s o lu te  e th a n o l .  9 A f te r  t h e  r e a c t io n  w a s  s t i r r e d  f o r  3 0  m in .,  i t  w a s  r e f r ig e r a te d  f o r  s e v e ra l  h o u r s ,  f i l te r e d , a n d  w a s h e d  w i th  
e th a n o l  a lo n e . T P r o d u c t  w a s  n o t  t h e  e x p e c te d  p u r e  3 - a z i r i d in o e th y l id e n e - 2 - h y d r o x y - l ,4 - n a p h th o q u in o n e .  s T h e s e  d a t a  
a d d e d  t o  o r ig in a l  m a n u s c r ip t :  r e c e iv e d  D e c e m b e r  2 , 1960.

3-Aziridinomethyl-2-hydroxy-l,4-naphthoquinone ( V ) .
U s in g  e s s e n t ia l ly  t h e  p r o c e d u r e  d e s c r ib e d  a b o v e  ( fo r  I I I  
( A ) )  w i th  2 .8  m l. o f  3 7 %  f o r m a l in ,  1 .6  g . (1 .9  m l .)  o f  e th y l -  
e n im in e  ( a z i r id in e ) ,  5 0  m l. o f  a b s o lu te  m e th a n o l ,  a n d  5 .8  g.
(0 .0 3 3  m o le )  o f la w s o n e  (3 0  m in . p o r t io n w is e  a d d i t i o n  a t
4 - 6 ° ) ,  th e r e  w a s  o b ta in e d  7 .2  g . ( 9 8 % )  o f  b r i g h t  r e d  p r o d u c t  
w h ic h  c h a r s  s lo w ly  a b o v e  1 6 2 ° .

Anal. C a lc d . fo r  C i3H i iN 0 3-H 20 :  C , 6 3 .1 5 ; I I ,  5 .3 0 ; N ,
5 .6 7 . F o u n d :  C , 6 2 .6 8 ; H ,  5 .4 0 ;  N ,  5 .4 2 .

N o  s a t i s f a c to r y  r e c r y s ta l l i z a t io n  c o u ld  b e  e f fe c te d , b u t  
a n  u n a l t e r e d  p r o d u c t  is  r e c o v e r a b le  f ro m  c o ld  2 %  h y d r o 
c h lo r ic  a c id ,  in  w h ic h  i t  is  n o t  a p p r e c i a b ly  s o lu b le ,  b y  t r e a t 
m e n t  w i th  s o d iu m  a c e t a t e .  U p o n  s h a k in g  a  0 .5 -g . s a m p le  in  7 5  
m l. o f  ic e -c o ld  2 %  h y d r o c h lo r ic  a c id  f o r  5 m in .  a n d  f i l te r in g  
off t h e  r e s id u a l  s o lid  a n d  w a s h in g  i t  w i th  w a te r ,  t h e r e  w a s  
o b ta in e d  0 .4 9  g. o f  a  s u b s ta n c e  w h ic h  d a r k e n s  s lo w ly  a b o v e  
1 4 0 °  ( V I I I ) .

Anal. C a lc d . f o r  C 13H n N 0 3-H 20 . 1 / 2 H C l :  C , 5 8 .8 1 ; H ,
5 .1 3 ;  C l, 6 .6 8 ; N ,  5 .2 7 . F o u n d :  C , 5 8 .7 0 ;  H ,  5 .1 9 ; C l, 6 .3 5 ; N ,
5 .3 7 .

F r o m  t h e  a c id ic  f i l t r a t e  f ro m  V I I I ,  u p o n  a d d i t i o n  o f  
s o d iu m  a c e t a t e  t h e r e  w a s  r e c o v e r e d  a  s m a ll  a m o u n t  o f  V , 
id e n t i f ie d  b y  in f r a r e d  s p e c t r u m .  A  s m a ll  s a m p le  o f  V I I I  w a s  
t r e a t e d  w i th  5 %  s o d iu m  b ic a r b o n a te ,  a n d  t h e  r e d  p r e c i p i t a t e  
w a s  f i l te r e d  f ro m  t h e  d a r k  r e d  s o lu t io n  ( n o t  o b s e rv e d  o n  
s im i la r  t r e a t m e n t  o f V ) , w h ic h  w a s  t h e n  t r e a t e d  w i th  d i l u t e  
n i t r i c  a c id  a n d  c e n t r i f u g e d  f ro m  a n  o r a n g e  p r e c i p i t a t e  ( I )  
a n d  t r e a t e d  w i th  s i lv e r  n i t r a t e  t o  g iv e  s i lv e r  c h lo r id e .

3-N-A zetidinomethyl-2-hydroxy-l ,4-naphthoquinone ( V I ).
T h is  s u b s t a n c e  w a s  p r e p a r e d  e s s e n t ia l ly  a s  f o r  V  ( A )  u s in g  
2 .8  m l. o f  3 7 %  f o rm a l in ,  2 .0  g . (0 .0 3 5  m o le )  o f  a z e t id in e 5 ( in  
5 0  m l. o f  a b s o lu te  e th a n o l ) ,  a n d  5 .8  g . (0 .0 3 3  m o le )  o f  s o l id  
la w s o n e , a d d e d  o v e r  3 0  m in .  a t  4 - 6 ° .  A f te r  c o m p le te  a d d i -•

t io n ,  25  m l. m o r e  a b s o lu te  e th a n o l  w a s  a d d e d  a n d  s t i r r in g  
w a s  c o n t in u e d  f o r  5  h r .  w h ile  t h e  t e m p e r a t u r e  w a s  a llo w e d  
to  r is e  s lo w ly  to  2 5 ° . F i l t r a t i o n  a n d  d r y in g  a f fo rd e d  4 .0 5  g. 
( 5 0 % )  o f  b r ic k - r e d  p r o d u c t :  a f t e r  r e c r y s ta l l i z a t io n  f ro m  
m e th a n o l ,  d u l l  r e d  n e e d le s ,  in d e f in i te  d e c o m p o s i t io n  a b o v e  
1 6 0 ° .

Anal. C a lc d . fo r  C u H i3N 0 3: C , 6 9 .1 2 ; H ,  5 .3 9 ; N ,  5 .7 6 . 
F o u n d :  C , 6 9 .1 4 ; H ,  5 .4 2 ; N ,  5 .3 4  ( 0 .4 0 %  a s h ) .

S-Diethylaminomethyl-2-hydroxy-l,4-naphthoquinone ( V I I ) .  
T o  a  s t i r r e d  s o lu t io n  o f 0 .5  m l. o f 3 7 %  f o r m a l in  a n d  0 .6  g. 
(0 .0 0 8  m o le )  o f d ie t t rv la m in e  in  15  m l. o f  a b s o lu te  e th a n o l  
w a s  a d d e d  a  f i l te r e d  s o lu t io n  o f  1 .0  g . (0 .0 0 6  m o le )  o f  la w s o n e  
in  100 m l. o f  a b s o lu te  e th a n o l  (1  h r .  5 0  m in .  a t  1 0 - 1 5 ° ) .  
N o  s e p a r a t i o n  o f  s o l id  w a s  o b s e rv e d ,  e v e n  a f t e r  c o o lin g  to  
0 ° .  C o n s e q u e n t ly  t h e  s o lv e n t  w a s  e v a p o r a t e d  a t  r o o m  t e m 
p e r a t u r e  in  a n  a i r  s t r e a m ,  w h e r e u p o n  a  d e e p  r e d  ( a lm o s t  
v io le t )  p r e c ip i t a t e  w a s  o b ta in e d .  A f te r  s u c t io n  f i l t r a t i o n  a n d  
s e v e ra l  w a s h in g s  w i th  s m a ll  a m o u n t s  o f  c o ld  e th a n o l  th e r e  
w a s  o b ta in e d  1 .3 g. ( 8 3 % ) :  m .p . ,  1 4 5 .0 -1 4 7 .5 °  dec .

Anal. C a lc d . f o r  C iSH „ N 0 3: C , 6 9 .4 9 ;  H ,  6 .5 9 ; N ,  5 .4 0 . 
F o u n d 11: C , 6 9 .3 1 ; H ,  6 .7 9 ;  N ,  5 .5 2 .

T h is  s u b s ta n c e  d is s o lv e d  in  h o t  a c e t ic  a c id  w i th  t h e  im 
m e d ia te  p r e c ip i t a t i o n  o f I .

Di{2-hydroxy-l,4-naphthoquinon-8-yl)-4-hii{.2-chloroethyl)- 
aminophenylmethane ( I X ) .  A  s o lu t io n  o f 9 .1  g. (0 .0 5 1  m o le )  
o f  la w s o n e  in  125 m l. o f  e th a n o l  a n d  a  f i l te r e d  s o lu t io n  o f  6 .2  
g . (0 .0 2 5  m o le )  o f  4 - b is ( 2 -c h lo r o e th y l )  a m in o b e n z a ld e h y d e 7 
in  100  m l. o f  e th a n o l  w e re  m ix e d  a n d  h e a t e d  u n d e r  r e f lu x  
fo r  4  h r .  a f t e r  w h ic h  t im e  t h e  s o lu t io n  w a s  c o n c e n t r a t e d  
u n d e r  r e d u c e d  p r e s s u r e  to  100 m l. a n d  f i l te r e d  h o t .  T h e  b r ic k -

(1 1 )  M ic ro a n a ly s is  b y  G a lb r a i t h  L a b o r a to r ie s ,  K n o x v il le ,  
T e n n .
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red residue (6.0 g.) was dissolved in ca. 8 ml. of dimethyl- 
formamide at room temperature, and the resultant solution 
was allowed to drop slowly into 300 ml. of ethanol. The red 
solution thus produced deposited crimson leaflets. Repetition 
of the solution-precipitation process afforded 4.0 g. (36%): 
m.p., 142° dec.

Anal. Calcd. for C31H23CI2NO6: C, 64.59; H, 4 02; Cl, 
12.32; N, 2.43. Found: C, 64.25; H, 4.29; Cl, 12.61, 12.72;
N, 2.48.

Attempts to use several of the more conventional recrys
tallization techniques were unsuccessful, either achieving no 
purification or producing tar.

Reactions of Mannich products with acetic acid. In one 
experiment 0.10-g. samples of III, IV, V, and VIII were 
added to 2.5 ml. of glacial acetic acid and allowed to stand 
at room temperature. From III and IV there was obtained
O. 05 g. (each), and from V and VIII there was obtained 0.06 g. 
(each) of I, which was identified by infrared spectrum and 
melting point. The order in which the original color was 
replaced by the yellow of I was IV > V > VIII > III. In a 
separate experiment VII was shown to change color more 
rapidly than III.

Reactions of Mannich products with acetic anhydride. In a 
typical experiment a small sample of the substituted amino- 
inethyllawsone was added to 1 ml. of acetic anhydride con

taining 2 drops of coned, sulfuric acid. Upon being allowed to 
stand overnight a yellow precipitate appeared. This was 
identified by infrared spectrum and m.p. (235-237° dec.) as 
the diacetate of I. The authentic sample for comparison 
was prepared according to the directions of Fieser8: m.p. 
235-237° dec., reported m.p., 132-133°.12

Anal. Calcd. for CaHieOs: C, 67.57; H, 3.63. Found: C, 
67.63; H, 3.72.

Reactions with acetaldehyde. A slight excess of the amine 
(0.007-0.008 mole) and 0.5 ml. of acetaldehyde was dissolved 
in 10 ml. of absolute ethanol and treated dropwise with a 
filtered solution of 1.0 g. (0.006 mole) of lawsone in 100 ml. 
of absolute ethanol by means of a Hershberg (slow addition) 
dropping funnel. Addition required 1 hr. The initial precipi
tate was suction filtered and washed well with 1:1 ethanol- 
ether and then vacuum dried. Data are collected in Table I. 
Appreciable additional quantities of less pure products were 
obtained in every case by evaporation or further dilution of 
mother-liquors with ether and/or petroleum ether.

Ann Arbor, Mich.

(12) This value is apparently erroneous and should be 
232-233°. In order to confirm this, our synthetic product 
was analyzed.

[Contribution from the Kettering-Meyer Laboratory, Southern Research Institute]
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The initial product of the diazotization of 5(or 4)-aminoimidazole-4-(or 5)-carboxamide has been isolated and shown to be
5-diazoimidazole-4r-carboxamide. The diazo derivative, stable in the absence of moisture, cyclizes in aqueous solutions to 
the fused-ring isomer, 2-azahypoxanthine. 5-Diazo-!)-triazole-4-carboxamide and 2,8-diazahypoxanthine have likewise 
been obtained from 5-amino-w-triazole-4-carboxamide. 5-Diazoimidazole-4-carboxamide has anticancer activity in vitro 
and in vivo. The structure of the diazoheterocycles is discussed.

The 2-azapurines (imidazo[4,5-d]-r-triazines) be
long to the group of heterocyclic analogs of pu
rines that have shown activity as inhibitors of 
neoplastic cells3’- and of microorganisms.5 The few 
known 2 -azapurines have been obtained by diazo
tization of the appropriate aminoimidazoles.5-8 
The reaction of 5(or 4)-aminoimidazole-4(or 5)- 
carboxamide (I) hydrochloride with sodium nitrite

(1) The work described in this paper was presented 
before the Division of Medicinal Chemistry, 137th Meeting 
of the American Chemical Society, Cleveland, Ohio, April
5-14, 1960.

(2) This investigation was supported by the C. F. 
Kettering Foundation and the Cancer Chemotherapy 
National Service Center, National Cancer Institute, 
National Institutes of Health, Contract No. Sa-43-ph-1740.

(3) A. Fjelde, Z. Krebsforsch., 61, 364 (1956).
(4) J. J. Biesele, Cancer, 5, 787 (1952).
(5) D. W. Woollev and E. Shaw, J. Biol. Chen.., 189, 

401 (1951).
(6) M. R. Stetten and C. L. Fox, Jr., J. Biol. Chen., 161, 

333 (1945).
(7) E. Shaw and D. \V. Woollev, J. Biol. Chen.., 194, 

641 (1952).
(8) M. A. Stevens, H. W. Smith, and G. B. Brown, 

J. Am. Chem. Soc., 82, 3189 (1960).

in aqueous solution has been reported to furnish
2-azahypoxanthine (imidazo [4,5 - d] - v - triazin - 4- 
(31 I)-one) (III) directly in 85% yield.6

In the present work, a compound different from
2-azahypoxanthine has been obtained as the initial 
product of diazotization of 5(or 4)-aminoimida- 
zole-4(or 5)-carboxamide (I) (AIC). The new com
pound forms, in yields of 70-94%, as a crystalline 
precipitate when a solution of AIC hydrochloride 
in IN  hydrochloric acid is added to an aqueous 
solution of sodium nitrite. The nature of the pre
cipitate was first revealed by a positive Bratton- 
Marshall test,9 * indicative of an aromatic diazo 
group; by a sharp, intense infrared band—at 2190 
cm.-1—in the region characteristic of triple-bond 
and cumulative double-bond structures; and by 
analytical data in accord with the empirical for
mula CJbNeO. These and subsequent observations 
show that the initial product of the diazotization 
of AIC (I) is 5-diazoimidazole-4-carboxamide, 
which is represented here by the dipolar structure of

(9) A. C. Bratton and E. K. Marshall, Jr., J. Biol.
Chem., 128, 537 (1939).
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Fig. 1. Ultraviolet spectra showing the cyclization of II to III in 0.1 N  hydrochloric acid. Curves 1-7 were traced at 
live-minute intervals after the addition of the solvent to II; curves 8-12, at fifteen-minute intervals after No. 7; and curves 
13-15, at thirty-minute intervals after No. 12

amide, which they had isolated from biological 
sources. The crystallization of 2-azahypoxanthine 
from aqueous solutions as a monohydrate is in 
agreement with the original observation of Stetten 
and Fox rather than that reported later.6 The 
strong carbonyl band at 1690 cm. -1  indicates that 
it exists in the keto, rather than the enol, form.

Subsequently, ultraviolet absorption studies re
vealed that 5-diazoimidazole-4-carboxamide (II) 
cyclizes to 2 -azahypoxanthine in acidic solutions 
as well as in basic solutions. The course of the cycli
zation at one level of acidity (0.1 A' hydrochloric 
acid) is depicted in Fig. 1. Similar families of curves 
traced at various time intervals were obtained from 
solutions of II in 6N  hydrochloric acid, pH 3 buffer 
solution, distilled water (pH 5.9), pH 7 buffer 
solution, and 0.1 A" sodium hydroxide. In each of the 
six solutions the spectrum eventually became 
identical with that given by 2-azahypoxanthine at 
the same pH. Some of the data obtained in these 
studies11 are summarized in Table I and in Fig. 2.

Diazotization of 5-amino-y-triazole-4-carboxa- 
mide (IV) gave results paralleling those of the

(10) W. Shive, W. W. Ackermann, M. Gordon, M. E. 
Getzendaner, and R. E. Eakin, J. Am. Chem. Soc., 69, 725 
(1947).

an internal diazonium salt (II). The diazo deriva
tive decomposes explosively near 2 1 0 °; its infrared

N—t-C O -N H 2
X^
NH 
I. X = CH 

IV.X = N

NH2

N—i-CO-NH2

■ x i P L N +

II.X  = CH 
V. X = N

0

■N■xrji 4
N H " N  f 

III. X = CH 
VI. X = N

spectrum clearly distinguishes it from 2 -azahy
poxanthine. A specimen of II stored for two and 
one-half years in a stoppered, clear-glass vial under 
ordinary laboratory conditions had darkened some
what, but its infrared spectrum was practically 
identical with that of freshly prepared, analytically 
pure material.

5-Diazoimidazole-4-carboxamide was readily con
verted to 2-azahypoxanthine in yields up to 96% 
by IV aqueous ammonia. In contrast to the diazo 
intermediate, 2 -azahypoxanthine does not give a 
positive Bratton-Marshall test, displays no dis
tinct absorption in the 2300-2000 cm. -1  region of 
its infrared spectrum, and crystallizes from aqueous 
solution as a monohydrate. 2-Azahypoxanthine 
was first isolated as a monohydrate by Stetten 
and Fox6 when they diazotized an amine, later10 
shown to be 5(or4)-aminoimidazole-4(or 5)-carbox-
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TABLE I
Absorption Maxima o f  2-Azahypoxanthine and 5-Diazoimidazole-4-carboxamide

2-Azahypoxanthine (III) Solutions of II
îrax AT Xmal

Solvent (mix) e X IO"3 (min.)0 (m/x)

0.1 A NaOH 296, 256 6.19, 4.82 2.5 296, 2566
pH 7 286, 250 4.23, 5.04 3 304,' 249

33 285, 250
Water (pH 5.9) 275-277, 249 4.22, 5.1 7 312. 246

1190'' 278, 248
pH 3 4 312, 246

1440' 278, 248
0.1 A HC1 277, 248 4.03, 4.98 5' 308/ 243

170 277, 248
6A HC1 273-274, 245 3.66, 5.01 3.5 293, o 232-242

129 273-274, 245

“ AT as defined in Figure 2. b Absorption by II could not be observed because cyclization to III was complete within 2.5 
min. c Evidently the resultant, due to the rapid rate of cyclization, of the long-wavelength maxima of II and III; there
fore, curve E (Fig. 2) was plotted from absorbancies at 312 m/x. d Cyclization essentially complete within 3 hr. * Cyclization 
essentially complete within 4-6 hr. 1 \ max same at AT = 3.5 min. " The hypsochromic shifts in the strongly acidic media may 
result from protonation of the imidazole ring to a “normal” diazonium salt. The fact that the spectra eventually become 
identical with those of III in the same media is evidence that replacement of the diazo group by chlorine did not occur.

AT i n  m in u t e s

Fig. 2. Cyclization of II to III. A—pH 3, A. at312 m/x; B—pH 5.9, As at 312 m/x; C—0.1 N  hydrochloric acid, A, at 
308 m/x; D 6 Ar hydrochloric acid, A, at 293 m/x; E—pH 7, A„ at 312 m/x (footnote c, Table I). AT is the difference be
tween the time at which solvent was added to II ar.d the time at which the recording of a spectrum was begun

imidazole series. 5-Diazo-r-triazole-4-carboxamide
(V) was isolated in 52% yield as a crystalline solid 
which decomposed explosively near 175°, gave a 
positive Bratton-Marshall test, and exhibited very 
strong absorption at 2210 cm. -1  Ring closure to
2,8-diazahypoxanthine (v- triazolo[4,5-d]-y-triazin-

(11) All of these cyclization studies were made with solu
tions protected from light. A solution of II at pH 5.9 pre
pared without excluding light and then exposed continu
ously in the spectrophotometer cell to light at 312 m/x 
displayed a faster rate of cyclization than a solution of the 
same pH kept in the dark.

7(6//)-one) (VI) was effected in alkaline solution. 
The diazotriazole is easily distinguished from its 
fused-ring isomer (isolated as the dihydrate) by the 
infrared spectra, the diazo frequencies being ab
sent from the spectrum of 2 ,8 -diazahypoxanthine. 
The keto structure VI is assigned to 2,8-diazahy
poxanthine on the basis of a very strong band at 
1740 cm. -1

An examination of the infrared spectra of the 
two diazoheterocycles suggests further details of 
their structures. The broad doublets in the 3300- 
3100 cm. " 1 region are typical of the Nil-stretching
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vibrations of primary amides. 12 The most prominent 
bands in the spectra are those of the diazo group13 
near 2200 cm. -1  The frequencies of the diazo 
bands of II (2190 cm.“ 1) and V (2210 cm.-1) lie 
approximately between those of typical aryldiazo- 
nium salts14’16 and those of diazophenols, 15,16 
p-diazoanilines, 16 and the more complex diazo
carbonyl compounds.17’18’19 Aroney, LeFevre, and 
Werner14 and Whetsel, Hawkins, and Johnson16 
have found that the diazonium group absorbs in the 
region 2310-2235 cm. -1  with only slight shifts due 
to variation of the anion. More recently, frequency 
ranges extending to those of II and V have been 
reported20; some typical aryldiazonium cations 
in the form of triiodides produced bands in the 
region 2260-2200 cm. “ 1 A strong band in the 1430- 
1330 cm. -1  region of the spectra of certain diazo
carbonyl compounds has been observed by Yates, 
Shapiro, Yoda, and Fugger17 and by Fahr. 18 The 
spectrum of the diazoimidazole (II) shows a strong 
band at 1380 cm.-1, and that of the diazotriazole
(V) has a band at 1390 cm. “ 1 comparable in in
tensity to the band at 2210  cm. “ 1

The close similarity of these diazoheterocycles to 
aromatic diazonium compounds is suggested by the 
diazo band near 2200  cm. “ 1 and by the formation 
of coupling products21’22 typical of those of aryl
diazonium salts. Some of the possible contributing 
forms to a resonance hybrid are represented by 
VHa-e. Structures Vila and VHb correspond to 
the two major forms contributing to the structure 
of diazomethane.23 Forms Vile and Vlld may be 
viewed formally and arbitrarily as being formed by 
ionization of the acidic ring hydrogen atom during 
the diazotization process. If the contributions of 
forms having a triply bonded diazo group (-N+=  
N) can be correlated with the infrared absorption

(12) L. J. Bellamy, The Infrared Spectra of Complex, 
Molecules, John Wiley & Sons, Inc., N. Y., 1958.

(13) A detailed tabulation of wavelengths of the diazo 
group in other types of diazo compounds is presented in 
reference 18, p. 18.

(14) M. Aroney, R. J. W. Le Fevre, and R. L. Werner, 
J. Chem. Soc., 276 (1955).

(15) K. B. Whetsel, G. F. Hawkins, and F. E. Johnson, 
J. Am. Chem. Soc., 78, 3360 (1956).

(16) R. J. W. Le Fevre, J. B. Sousa, and R. L. Werner, 
J. Chem. Soc., 4686 (1954).

(17) P. Yates, B. L. Shapiro, N. Yoda, and J. Fugger, 
J. Am. Chem. Soc., 79, 5756 (1957); spectra determined in 
solution.

(18) E. Fahr, Ann., 617, 11 (1958).
(19) J. H. Looker and D. N. Thatcher, J. Org. Chem., 22, 

1233 (1957).
(20) J. G. Carey and I. T. Millar, Chem. and Ind., 97

(I960); J. G. Carey, G. Jones, and I. T. Millar, Chem. and 
Ind., 1018 (1959).

(21) Y. F. Shealy, R. F. Struck, L. B. Holum, and J. A. 
Montgomery, Abstracts of Papers, 137th Meeting of the 
American Chemical Society, Cleveland, Ohio, April 5-14, 
1960, p. 4N.

(22) Y. F. Shealy, C. A. Krauth, C. A. O’Dell, and 
J. A. Montgomery, unpublished.

(23) G. W. Wheland, Resonance in Organic Chemistry,
John Wiley & Sons, Inc., N. Y., 1955, p. 181.

N=t
X

- c o n h 2
© e ■ 

=N=N
Vila

X = CH orN

N=1—c o n h 2 N—n-CONH
x! e© **- ©

N—L N©sN N—lN = N
©

VHb Vile

X 
N
Vlld

c o n h 2

■N=N
“ X

N 
Vile

o9
I

^ c —n h 2
©

-N =N
etc.

frequency, as suggested by Whetsel et a l.,15 then 
the importance of forms such as VIIb-d would 
appear to be greater in these two heterocyclic 
systems than similar forms are in the carbocyclic 
series where diazocyclopentadiene24 absorbs at 
2082 cm. “ 1 The localized electron pair of forms 
VHb, Vile, Vlld, and other canonical forms is 
potentially capable of being incorporated into the 
7r-electron system of the ring, the negative charge 
then becoming associated with the x-electron sextet 
(II and V). Such diazoheterocycles may be re
garded as diazonium salts in which the ring system 
serves as the anionic component, the degree of 
aromaticity varying with the magnitude of charge 
localization on the heteroatoms. This representa
tion may be considered analogous to the formula
tion of mesoionic compounds as ring structures 
bearing a negatively charged substituent and having 
a positive charge associated with the 7r-electron 
sextet.26 These considérât'ons suggested that other 
heterocycles having an easily ionizable hydrogen 
and a suitably placed amino group will form stable 
diazo (or diazonium) derivatives. I t is probable that 
earlier workers26 were dealing with derivatives of 
this type in the pyrazole, pyrrole, 1,2,4-triazole, 
and tetrazole series. Stable diazo derivatives of 
one of these ring systems have recently been iso
lated; subsequent to our preliminary report,21 
a note recording the preparation and characteriza
tion of diazopyrazoles has appeared.27

Biological activity. 5-Diazoimidazole-4-carboxa- 
mide and 5-diazo-y-triazole-4-earboxamide are of 
interest as potential anticancer agents. Both are 
analogs of 5(or 4)-aminoimidazole-4(or 5)-carboxa- 
mide, whose ribonucleotide is a precursor of nu-

(24) W. von E. Doering and C. H. DePuy, J. Am. 
Chem. Soc., 75, 5955 (1953); solution and vapor-phase 
spectra.

(25) W. Baker and W. D. Ollis, Quart. Revs., 1 1 , 15 
(1957).

(26) E.g., L. Knorr, Ber., 3 7 ,  3520 (1904); J. Thiele and 
W. Manchot, Ann., 3 0 3 ,  33 (1898); J. Reilly and D. Madden, 
J. Chem. Soc., 815 (1929); J. Thiele and J. T. Marais, Ann., 
2 7 3 ,  144 (1893); F. Angelico, Atti. Accad. Lincei, [V], 
14 1 1 , 167 (1905) [Beilstein’s Handbuch Der Organischen 
Chemie, XXII, pp. 468, 479].

(27) D. G. Farnum and P. Yates, Chem. and Ind. 659
(I960). More recently the isolation of diazopurines has been 
reported: J. W. Jones and R. K. Robins, J. Am. Chem. Soc., 
82, 3773 (1960).
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oleic acids-5; and, like certain otaer anticancer 
agents such as azascrine28 29 and 6-diazo-5-oxo-L- 
norleucine,30 they possess a reactive function. 
The information on the stability of 5-diazoimida- 
zole-4-carboxamide gained from the ultraviolet 
absorption studies was essential to the demonstra
tion of biological activity. With suitable precau
tions in administration, the diazoimidazole (II) 
inhibits the growth of Human Epidermoid Carci
noma (H. Ep. -2) cells in tissue culture, the Ehrlich 
Ascites Carcinoma in mice, and the Walker 256 
Carcinoma in rats .31 The distinction between 5- 
diazoimidazoIe-4-carboxamide and 2-azahypoxan- 
thine shown spectroscopically and chemically is 
further confirmed by the biological data. 2-Aza- 
hypoxanthine was not inhibitory to Ii. Ep.-2 cells 
in tissue culture at 5 X 10~ 4 g./ml. and was non
toxic at 125 mg./kg./day in mice bearing Sarcoma 
180 or Adenocarcinoma 755. In these same tests 
in mice, 5-diazoimidazole-4-carboxamide was toxic 
at 2.5-10 mg./'kg./day. 31

E X P E R IM E N T A L

5-Diazoimidazole-4-carboxam.ide. A stirrec solution of 4.7 g. 
(68 mmoles) of sodium nitrite in 120 ml. of water was main
tained at 0-5° while a solution of 10 g. (61.6 mmoles) of 5(or 
4)-aminoimidazole-4(or 5)-carboxamide hydrochloride32 in 
80 ml. of cold 1 N  hydrochloric acid was introduced drop- 
wise. A crystalline precipitate began to ferm after a small 
portion of the aminoimidazole solution had been added; 
after about 90% of the aminoimidazole solution had been 
added, the reaction mixture began to assume a pink color. 
The addition was discontinued, and the precipitate was 
removed by filtration, washed three times with 20-ml. por
tions of water, and dried in vacuo over phosphorus pentoxide. 
The small crystalline needles of 5-diazoimidazole-4-carbox- 
amide weighed 5.9 g. (70% yield), decomposed explosively33 
at 205-210°, gave a positive Bratton-Marshall test,8 and 
produced a diazo absorption band at 2190 cm.-1 A sample of 
the diazo derivative that had been dried at 55° in vacuo over 
phosphorus pentoxide was submitted for analysis.

Anal. Calcd. for C4H3N50: C, 35.04; H 2.21; N, 51.09. 
Found: C, 34.99; H, 2.35; N, 51.10.

The total yield was brought to 73.5% by refiltering the 
filtrate, introducing additional sodium nitrite, and continu
ing the addition of the solution of 5(or 4)-aminoimidazole-4 
(or 5)-carboxamide.

5-Diazoimidazole-4-carboxamide can be obtained as a 
crystalline solid ranging in color from ivory to faintly yellow. 
It is evident from the ultraviolet data tha^ pure specimens

(28) H. E. Skipper and L. L. Bennett, Jr., Annual Review 
of Biochemistry, Annual Reviews, Inc., Palo Alto, Calif., 
1958, Vol. 27, p. 137.

(29) S. A. Fusari, T. H. Haskell, R. P. Frohardt, and
Q. R. Bartz, J. Am. Chem. Soc., 76, 2881 (1954).

(30) H. W. Dion, S. A. Fusari, Z. L. Jakubowski, J. G. 
Zora, and Q. R. Bartz, Abstrs. of Papers. 129th Meeting 
of the American Chemical Society, Dallas, Tex., April
8-13, 1956, p. 13M.

(31) Biological evaluations were carried out by Drs. 
F. M. Schabel, Jr., W. R. Laster, and associates of the 
Chemotherapy Division, Southern Research Institute.

(32) E. Shaw and D. W. Woolley, J. Biol. Chem., 181, 
89 (1949); J. A. Montgomery, I\. Hewson, R. F. Struck, 
and Y. F. Shealy, J. Org. Chem., 24, 256 (1959).

(33) Explosion temperatures and melting points were 
determined on a Kofler Heizbank mebing-point apparatus.

can be isolated from aqueous media only if the reaction is 
conducted in such a way that the product precipitates. 
Unless the reaction conditions are closely controlled, intense 
red or purple reaction mixtures are formed; the colored prod
ucts probably result from coupling of II with unreacted 
5(or 4)-aminoimidazole-4(or 5/carboxamide.

2-Azahypoxanthine monohydrate. A mixture of 2.30 g. of 
5-diazoimidazole-4-earboxamide, 70 ml. of 1A" ammonia, 
and a small quantity of decolorizing carbon was allowed to 
stand overnight. The mixture was filtered, the colorless 
filtrate was evaporated to dryness under diminished pressure, 
and the residual white solid was dried in vacuo over phos
phorus pentoxide at 55° for 2 hr.: weight, 2.43 g. (93% 
yield); explosive decomposition, 210°; negative Bratton- 
Marshall test. A specimen was recrystallized from water and 
dried under the same conditions. In agreement with the 
statements of Stettcn and Fox,6 2-azahydroxanthine mono
hydrate darkened near 150° when the temperature was 
raised gradually and, then, did not melt below 260°. It ex
plodes when placed on the Kofler Heizbank at 210°.

Anal. Calcd. for C4H3N50-H 20 : C, 30.95; H, 3.25; N, 
45.12. Found: C, 31.10; H, 3.02; N, 44.99.

5-Diazo-v-triazole-4-carboxamide. A solution prepared from 
1 g. of 5-amino-a-triazole-4-carboxamide, 7 ml. of water, and 
43 ml. of 2:1 acetic acid-water was cooled to 5°. To the cold, 
stirred triazole solution 1.3 ml. of isoamvl nitrite was added 
dropwise, and stirring was continued at 5° for 1 hr. and at 
room temperature for 2 hr. The reaction solution was al
lowed to stand overnight, concentrated to 10 ml. under re
duced pressure at room temperature, and chilled. The cold 
solution deposited 470 mg. of a crystalline product. This 
material gave a positive Bratton-Marshall test,9 decom
posed explosively near 175°, and showed the intense in
frared absorption of the diazo group at 2210 cm._1 The filtrate 
furnished a second crop (100 mg.) of the diazotriazole: total 
yield, 570 mg. (52%). Two recrystallizations from water 
gave 5-diazo-a-triazole-4-carboxamide as white crystals 
which decomposed explosively near 175°.

Anal. Calcd. for CsHjNeO: C, 26.09; H, 1.46; N, 60.85. 
Found: C, 26.06; H, 1.56; N, 60.87.

2,8-Diazahypoxanthine (v-triazolo[4,5-d]-v-triazin-7(6H)- 
one), a. From 5-a.mino-v-lriazole-4-carboxamide. A solution of 
0.69 g. (10 mmoles) of sodium nitrite in 6 ml. of water was 
added to a cold (0-5°) stirred solution composed of 1.0 g. 
(7.9 mmoles) of 5-amino-i)-triazole-4-carboxamide, 2.4 ml. of 
glacial acetic acid, and 220 ml. of water. The nitrite solution 
was added dropwise over a period of 1 hr. The colorless 
reaction solution was allowed to warm to room temperature, 
stirred at rcom temperature for 4 hr., and then allowed to 
stand at room temperature overnight. The pH of the solution 
was raised with 1.0 N  sodium hydroxide to pH 9.2. After the 
basic solution had been allowed to stand overnight, it was 
passed through a column (3.5 cm. X 13 cm.) of the cation 
exchange resin IRC-50 (acid form). The effluent was eva
porated to dryness in vacuo at room temperature. Recrystal
lization of the residue from ethanol-water furnished 0.7 g. 
(51% yield) of crystalline 2,8-diazahypoxanthine dihydrate. 
This product did not give a positive Bratton-Marshall test, 
had no distinct absorption bands in the 2300-2000 cm.-1 
region of its infrared spectrum, and decomposed explosively 
at 270°. When the compound was heated gradually, it 
began to darken near 200° and did not melt below 290°. 
Recrystallization from water gave colorless needles of 2,8- 
diazahypoxanthine dihydrate: explosive decomposition,270°.

Spectral data. Xm,in npt (e X 10-3): 264 (6.44) in 0.1 N 
hydrochloric acid; 278 (5.15) at pH 7; 259 (4.37) and 294 
(7.92) in 0.1 N  sodium hydroxide.

Anal. Calcd. for CsH.2N6O 2H 20: C, 20.67; H, 3.47; N, 
48.29. Found: C, 20.90; H, 3.25; N, 48.46.

b. From 5-diazo-v-lriazo!e-4-carboxamide. 5-Diazo-i)-triii- 
zole-4-carboxamide isolated from the reaction of 5-amino-;>- 
triazole-4-carboxamide with isoamyl nitrite in aqueous acetic 
acid cyclizec during the following operations. A specimen of 
5-diazo-v-triazole-4-carboxamide was stirred in aqueous
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acetic acid at pH 3-4 for approximately 1 day, and the sol
vent was evaporated in a stream of nitrogen. The solid resi
due was redissolved in aqueous solution and stirred at pH
6.4 for 3 hr. Evaporation of the water left a solid residue 
that gave a weakly positive Bratton-Marshall test. The solid 
was, therefore, redissolved in water, treated with activated 
carbon, and recrystallized from water. The colorless needles 
that separated gave ultraviolet and infrared spectra identical 
with those of 2,8-diazahypozanthine dihydrate prepared 
from 5-amino-a-triazole-4-carboxamide without isolation of 
the diazo derivative.

Spectroscopic determinations. Stock solutions of 5-diazo- 
imidazole-4-carboxamide for the ultraviolet studies were 
prepared by adding the solvent in the dark to a specimen 
weighed to the nearest microgram. Each stock solution was 
stored in the dark during the determination of stability at a 
given pH. Initial concentrations of the diazoimidazole (II) 
were near 10 mg./l.

All ultraviolet spectra were recorded with a Beckman 
Model DK-2 spectrophotometer or with a Cary Model 14 
spectrophotometer. The infrared spectra were determined 
in pressed potassium bromide disks with a Perkin-Elmer 
Model 21 spectrophotometer.
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Boron trifluoride in the presence of hydrogen fluoride proved an excellent catalyst for the synthesis of phenolic ketones, 
prepared for evaluation of their protective action against lethal radiations. The naphthols and pyrogallol gave monoketones, 
while hydroquinone was disubstituted. 4-Aeylcatechols were best prepared by acylation of guaiacol and subsequent dé
méthylation.

In earlier papers, 1 we described how a number of 
phenolic ketones, especially those bearing a long- 
chain acyl group, possess significant protective 
properties against whole-body x-ray irradiation in 
mice. Continuing this research, we have now 
synthesized phenolic ketones derived from di- 
and triphenols and from a- and (3-naphthol.

The most convenient method for these syntheses 
was the condensation of carboxylic acids with the 
phenols in presence of boron trifluoride mixed with 
some hydrogen fluoride (i.e., the gas produced by 
the reaction of oleum on potassium fluorborate), 
the hydrogen fluoride enhancing the condensing 
qualities of boron trifluoride. In these conditions, 
a temperature of 70° was sufficient to complete the 
condensation. The procedure is particularly useful 
for preparing ketones with long chains, as the 
Nencki, Friedel-Crafts, or Fries reactions cus
tomarily used may lead to splitting or rearrange
ment of such chains. Thus, with pyrogallol, arach-

OH

J. Natl. Cancer Inst., IS, 915 (1955).

idic acid gave 4-arachidoylpyrogallol (I), and 
with a- and /3-naphthol, 2-arachidoyl-l-naphthol
(II) and l-arachidoyl-2-naphthol (III), all in 
excellent yields and without by-products. Similarly,
5-pentadecylresorcinol was easily converted with 
the appropriate acids, into 5-pentadecyl-4-resace- 
tophenone (IV), 5-pentadecyl-4-respropiophenone

CO—(CH2)1s-CH;i

CH-(CH2)13-CH3
IV. R = CH3 
V. R = C2Hb 

VI. R = CH2—C6H6

(V), and 5-pentadecyl-4-phenaeetylresorcinol (VI), 
where in similar conditions the Nencki reaction 
gave but poor results.2

The acylation of catechol was far less easy to 
achieve (this lack of reactivity had already been 
noted in Nencki reactions3), and 4-acylcatechols 
were more readily accessible by boron trifluoride- 
catalyzed acylation of guaiacol and déméthylation 
of the resulting 2-methoxy-4-acylphenols by means

(2) Cf. R. D. Haworth and D. Woodcock, J. Chem. Soc., 
999 (1946).

(3) N. P. Buu-Hoï, J. Org. Chem., 19, 1770 (1954).
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co - c h 2- r  OH

VII. r  = c h 3 ix
VIII. r  = c2h 5

of pyridine hydrochloride.4 5 * 1498 4-Propionylcatechol 
and 4-butyrylcatechol were thus obtained in good 
yields via 2-methoxy-4-propionylphenol (VII) and
2-methoxy-4-butyrylphenol (VIII) respectively. 
This method also provides a convenient route to 
the 3-ethers of acylcatechols which otherwise are 
not easily accessible.6

Whereas in all the above instances only mono
acylation was observed, in the case of hydroqui- 
none propionylation gave 2,5-dipropionylhydro- 
quinone (IX).

In biological tests of these ketones for their 
protective action against the lethal effects of whole- 
body x-ray irradiation in mice, 4-arachidoyl- 
pyrogallol, 2 -arachidoyl-l-naphthol, and 1-arach- 
idoyl-2-naphthol showed significant activity.

E X P E R IM E N T A L

4-ArachidoylpyrocjaUol (I). The catalytic mixture of boron 
trifluoride and hydrogen chloride was produced by the reac
tion of oleum on potassium fluoroborate in a proportion of 
8 1. of oleum to 7 kg. fluorborate; a mixture of 48 g. of arach- 
idie acid, 30 g. of pyrogallol, and 30 ml. of anhydrous 
xylene was saturated, during 20 min., with the gas thus 
generated, and during the last 5 min. the flask was heated on 
a water bath at 70° to complete the condensation. After 
cooling, the product was treated with water and xylene was 
added; the xylene layer was washed first with aqueous so
dium carbonate, then with water, and dried over sodium 
sulfate, and the solvent evaporated in vacuo. The solid 
remaining was recrystallized first from cyclohexane, then 
from acetone, giving fine colorless needles, m.p. 99°. Yield: 
90%. The product was readily soluble in lipids and showed 
pronounced antioxidant activity (substrate, linseed oil). 
Its solution in ethanol gave a bright yellow coloration with 
sodium hydroxide.

Anal. Calcd. for C26H440 4: C, 74.3; H, 10.6. Found: 
C, 74.3; H, 10.7.

2-Arachidoyl-l-naphthol (II). A mixture of 10 g. of a- 
naphthol, 15 g. of arachidic acid, and 15 ml. of anhydrous 
xylene was treated with boron trifluoride-hydrogen fluoride 
and the product worked up as above. After two recrystalliza
tions from cyclohexane, the ketone was obtained in 70% 
yield as shiny pale yellow needles, m.p. 93°, very soluble in 
lipids and giving a yellow coloration in a solution of sodium 
hydroxide in ethanol.

Anal. Calcd. for C3<iH.,60 2: C, 81.3; H, 10.6. Found: C, 
81.6; H, 10.4.

l-Arachidoyl-2-naphthol (III). Prepared in 80% yield 
from 10 g. of /?-naphthol and 15 g. of arachidic acid in 15 ml. 
of xylene, this ketone crystallized from cyclohexane in shiny 
yellowish needles, m.p. 76°, with properries similar to its 
isomer.

(4) Cf. N. P. Buu-Ho'f, Rec. Irav. chim,., 68, 759 (1949).
(5) T. Reichstein, Helv. chim. Ada, 10, 394 (1927).

Anal. Calcd. for C3„H460 2: C, 81.3; H, 10.0. Found: 0, 
81.5; H, 10.5.

5-Pentadecyl-i-resacelophenone (IV). The 5-pentadecvl- 
resorcinol6 used in this work (m.p. 95°) was prepared by 
catalytic hydrogenation of cardol. A mixture of 20 g. of 
this phenol, 30 ml. of xylene, and 30 ml. of acetic acid was 
saturated with the catalyst for 1 hr. at 50-60°, and the reac
tion product left to stand overnight. After decomposition 
with ice and neutralization with sodium carbonate, the solid 
obtained was recrystallized twice from ethanol, giving fine 
colorless needles, m.p. 63°. Yield: 75%.

Anal. Calcd. for C23H380 3: C, 76.2; H, 10.6. Found: C, 
76.0; H, 10.8.

5-Pentadecyl-4-respropioph.enone (V). Prepared as above, 
and in similar yield, from propionic acid, this ketone crystal
lized from ethanol in fine colorless prisms, m.p. 76°.

Anal. Calcd. for C24H40O3: C, 76.6; H, 10.7. Found: C, 
76.4; H, 10.5.

■5-Pentad eryl-4-phenaeetylresorcinol (VI). Prepared with a 
15% excess of phenylacetic acid, the product of the conden
sation was purified by treatment with a hot aqueous solu
tion of sodium carbonate. Crystallization from ethanol gave 
yellowish needles, m.p. 105°. In this as in the two previous 
cases, the Nencki reaction (heating of 5-pentadecylresorcinol 
with the corresponding acid in presence of anhydrous zinc 
chloride) furnished several unidentified by-products.

Anal. Calcd. for CsoH^Oj: C, 79.4; H, 9.6. Found: C, 
79.1; H, 9.8.

Preparation of 4-propionylcatechol. A mixture of 20 g. of 
freshly redistilled guaiaool, 15 g. of glacial acetic acid, and 
30 ml. of xylene was saturated with the catalyst at 60-70°, 
and the product kept overnight at room temperature. After 
the usual treatment and vacuum-distillation of the reaction 
product, S-methoxy-4-propionylphenone (VII) was obtained 
in almost theoretical yield as a pale yellow oil, b.p. 182°/12 
mm., which readily solidified; recrystallization from hexane 
gave shiny colorless leaflets, m.p. 54°.

Anal. Calcd. for Ck>H120 3: C, 66.7; H, 6.7. Found: C, 
66.5; H, 6.7.

A mixture of 5 g. of the foregoing ketone and 10 g. of 
redistilled pyridine hydrochloride was gently refluxed for 
10 min.; after cooling and addition of dilute hydrochloric 
acid, the precipitate formed was washed with water, and 
recrystallized from aqueous ethanol, giving 4-propionyl- 
calechol in 80% yield, as shiny colorless prisms, m.p. 142.°

Preparation of 4-butyrylcalechol. 2-Methoxy-4-butyrylphenol 
(VIII), prepared from guaiacol and butyric acid as for the 
lower homolog, was purified by vacuum distillation; the 
pale yellow oil obtained, b.p. 202°/12 mm., readily solidified 
in hexane, to give fine colorless prisms, m.p. 45°.

Anal. Calcd. for ChHhO,: C, 68.0; H, 7.3. Found: C, 
67.7; H, 7.5.

Demethylation of 5 g. of this ketone with 10 g. of pyridine 
hydrochloride afforded 4-butyrylcatechol, crystallizing from 
aqueous ethanol in fine colorless prisms m.p. 149°.

3,5-Dipropionylhydroquinone (IX). The condensation of 
hydroquinone with propionic acid in xylene was difficult 
to achieve and necessitated heating on a boiling water 
bath. Repeated crystallization of the reaction product from 
aqueous methanol afforded a 7% yield of this diketone 
as large yellowish prisms, m.p. 151-152°. This compound 
was sublimable and gave a yellow solution in sulfuric acid.

Anal. Calcd. for C12H140 4:'C,64.8; H, 6.3; O, 28.8. Found: 
C, 64.5; H, 6.0; O, 29.0.

P a r i s  V e , F r a n c e

(6) For further derivatives of this diphenol, see R. N. 
Chakravarti and N. P. Buu-Ho'i, Bull. Soc. chim. France,
1498 (1959).
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Epimeric forms of four (?-16 halides of estrone methyl ether are reported. Chemical reactions are presented which include 
proof of structure, isomerization, interconversion and reduction. Two C-17 halides of 16-estrone methyl ether are similarly 
discussed.

Noteworthy and often valuable alterations of 
clinical activity accompany the exchange of halo
gen for hydrogen at various points in the steroid 
nucleus. Progestational, cortical, and androgenic- 
anabolic steroids have received most attention in 
structure-activity studies. 1 Our interest in halo- 
genated estrone derivatives was prompted by the 
possibility that we could retain the favorable 
lipid-shifting activity of this hormone while de
pressing its characteristic feminizing activity to 
the point that a useful clinical agent would evolve. 
Biological and clinical tests have been encouraging 
and have been published.2 3 We wish to present the 
experimental work and additional compounds 
necessarily omitted from our earlier communica
tion.

Direct halogenation of androstan-17-ones leads 
to substitution at C-16.8 The necessary reaction 
conditions, however, may induce concomittant 
ring-A substitution of estrone derivatives.4 5 We 
therefore chose to extend the use of 17-enol ace
tates to the synthesis of a variety of halides. This 
route has been used to prepare 16-bromoestra- 
trienes6-6 and androstanes7’8’9 where in each example 
only the 16a-bromide was formed.

Our experience accords with the literature in that 
enol acetate bromination produced only 16a-bro- 
mo ketones. However, chlorination of Ila  yielded, 
besides IHf, 3.7% of IV, illustrative of 16/3-

(1) (a) G. Pincus, Vitamins and Hormones, New York, 
Academic Press, 1959, p. 307; (b) L. H. Sarett, Annals of 
the Nev) York Academy of Sciences, 82, 802 (1959).

(2) (a) G. P. Mueller, W. F. Johns, D. L. Cook, and
R. A. Edgren, J. Am. Chem. Soc., 80, 1769 (1958); (b) 
A. U. Rivin, Metabolism, 8, 704 (1959); (c) V. A. Drill,
D. L. Cook, and R. A. Edgren, Hormones and Atherosclerosis, 
New York, Academic Press, Inc., 1959, p. 247; (d) H. 
Spencer, B. Kabakow, J. Samachson, and D. Laszlo, 
J. Endocrinol, and Metabolism, 19, 1581 (1959); (e) G. 
Annoni, Minerva med., 50, 3084 (1959).

(3) J. Fajkos, Coll. Czech. Chem. Comm., 20, 312 (1955).
(4) R. B. Woodward, J. Am. Chem. Soc., 62, 1625 

(1940).
(5) W. S. Johnson and W. F. Johns, J. Am. Chem. Soc., 

79, 2005 (1957).
(6) J. Fishman and W. R. Biggerstaff, J. Org. Chem., 23, 

1190 (1958).
(7) R. Pappo, B. M. Bloom, and W. S. Johnson, J. Am. 

Chem. Soc., 78, 6347 (1956).
(8) J. Fajkos and F. Sorm, Coll. Czech. Chem. Comm., 24, 

766 (1959).
(9) C. W. Shoppee, R. H. Jenkins, and G. H. R. Summers,

J . Chem. Soc., 3048 (1958). •

substitution. The structure was assigned on the 
basis of analytical and spectral data, the assump
tion of trans halogen addition to a double bond and 
acid hydrolysis to the 16/3-chloro ketone, Vc. 
The latter occurred under conditions which do not 
epimerize 16a-ehloro ketones. The stability of 
IV is undoubtedly due to its structure in which 
the 17/3-acetoxyl is shielded by adjacent /5-methyl 
and /3-chlorine substituents. This structure arises 
through /3-attack of chloronium ion at C-16, 
leading to a trans adduct. Similar intermediates to 
the 16a-chloro ketone, initiated by the favored 
rearside of a route of attack, are presumably un
stable and decomposed as formed or during ex
traction.

Also, from the reaction of Ila  with V-iodosuccini- 
mide, we isolated both 16a- and 16/3-iodides, 
Illd  and Va. Direct iodination, with or without 
mercuric acetate catalysis, gave the 16a-isomer. 
Inferential evidence for structure of the 16 a- 
iodide was derived from analogy between its for
mation and that of the favored 16a-chlorides and 
16a-bromides, i.e., by “attack from the rear,” 
and by its position in the molecular rotation se
quence of the haloketones, (see the following para
graph). The 16/3-iodide Va received its formulation 
from the latter criterion.

Two epimeric fluoroketones were prepared, the 
16/3-isomer Vd by silver fluoride displacement of 
the 16a-iodide Illd , and the 16a-fluoride10 by 
electrophilic attack at C-16 with perchloryl 
fluoride. Presumptive evidence for the configura
tions assigned is based on the following considera
tions: fluoride displacement of 16a-iodide could 
reasonably occur with inversion while attack of the 
perchloryl fluoride reagent at an unsubstituted 16 
carbon atom “from the rear” would be the favored 
assumption; either epimer, on treatment with 
alkali, yielded the same mixture of the two as 
characterized by infrared absorption: molecular 
rotatory dispersion curves (Table I) show A a 
values in accord with the structures assigned and 
with the known “opposite” behavior of a-fluoro 
ketones (cf. reference, footnote 28); the molecular

(10) Synthesis and equilibration of this compound was 
part of an independent study by our colleague, Dr. Arthur 
Goldkamp. He has graciously permitted us to describe the 
compound: it melted at 155.5-164.5°, [< * ] d  +  176,5°; 
eZ 0“ 1760 cm."1
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rotation of each falls respectively in the straight- 
line relationships of the 16a- and 16/3-halides, as 
explained below, where again the “opposite” 
effect of a-fluorine contributes to this interesting 
linear progression of molecular rotations.

Epimerization of 16a-bromide Hie to 16/3- 
bromide Vb in methanolic sulfuric acid led to a 
mixture containing about 62% of the latter, a 
result similar to those recently published. 11 Epi
merization also resulted from treatment of the 
16a-bromide at room temperature with lithium 
bromide in dimethylformamide. Inversion ac
companied by exchange occurred when Hie was 
treated instead with lithium chloride, and the 16/3- 
chloride Vc was conveniently obtained. The 
latter could also be prepared by isomerizing the 
16a-chloride with alkaline alumina in benzene. 12 
The 16a-chloride, however, was not epimerized 
in the presence of lithium chloride.

Attempts to effect epimerization of Hie with 
alkali led to loss of bromide. Following this ap
proach, treatment of the 16a-bromo ketone with 
sodium methoxide in methanol generated the 
dimethylketal XHIa. Its structure was suggested by 
analysis and by acid hydrolysis, which gave rise 
to the ketol XlVa, identical with an authentic 
sample. 13 Previous work with ring-D ketols14 
showed acid hydrolysis of a 16/3-hydroxy-17-ketone 
to proceed with rearrangement to a 17/3-hydroxy- 
16-ketone, whereas a system involving the 16a- 
hydroxy-17-ketone is stable. This provided strong 
presumptive evidence in favor of formulation X llla, 
However, in order to establish the presence of 16- 
hydroxyl in the latter and to preclude rearrange
ment of some other structure to the acid-stable 
XIVa, the tosylate XHIb was prepared, hydrolyzed 
to XlVb and treated with lithium chloride, generat
ing the 16/3-chloro ketone Vc. With the structure 
X llla  established in two ways, we were led to the 
following mechanism which, despite obvious ob
jections, logically explains the experimental re
sults :

(11) J. Fajkos, J .  C hem . Soc., 3966 (1959). For additional 
infrared data see M. Horak and J. Fajkos, Coll. Czech. 
C hem . C om m ., 24, 1515 (1959).

(12) Cf. J. Fajkos, Coll. Czech. C hem . C om m ., 23, 1559 
(1958).

(13) We wish to acknowledge with thanks the coopera
tion of Dr. D. A. Tyner, G. D. Searle & Co., in providing 
us with physical data and samples of compounds from his 
own investigations.

(14) W. S. Johnson, B. Gastambide, and R. Pappo, 
J .  A m . Chem. Soc., 79, 199 (1957).

As illustrated previously, 15 epoxide formation has 
supervened here where Faworskii rearrangement 
was precluded. Moreover opening of the epoxide 
intermediate was assumed to proceed at C-17 with 
inversion. 16 Finally, similar behavior of a-halocyclo- 
hexanones has been noted, although the configura
tion of the products was not completely defined. 17

Reduction of the a-halo ketones Hie and IHf 
with lithium aluminum hydride produced a mix
ture of cis- and frans-halohydrins VII and VIII 
whose structures were confirmed by standard 
methods.3’8-9’11' 18 Thus, the bromo ketone yielded 
cfs-bromohydrin Vila which was oxidized again to 
the parent bromo ketone Hie, converted with 
alkali to estrone methyl ether, la, and reduced 
with zinc to the olefin X; the fraws-bromohydrin 
V illa also formed was reoxidized to IHe and con
verted with alkali to the 16/3,17/3-epoxide IX. 
A similar sequence of reactions was applied to the 
bromohydrins Vllb and VUIb, prepared but not 
isolated by Fishman and Biggerstaff,6 as well as 
the chlorohydrins, Vile and VIIIc.

Lithium aluminum hydride reduction of 16/3- 
chloro ketone Vc gave VI, a cfs-chlorohydrin that 
could be reoxidized to Vc or converted with alkali 
into estrone methyl ether la. No frans-chlorohydrin 
was found in the reduction products.

Both cis- and Iran.s-bromobydrins have been 
shown to undergo elimination with zinc in acetic 
acid19 and by such treatment the crude mixture of 
bromohydrins V ila and V illa obtained by reduc
tion was converted in good yield to the olefin X .9’13 
Conversion of the latter to the 16a,17a-epoxide13 
XI and treatment with hydrochloric acid afforded 
the ¿rarcs-chlorohydrin XII, which was oxidized to 
Vc.

The singular conversion of 16a-bromoandrostan- 
17/3-ol by alkali exclusively to androstan-17-one9 
has been challenged by Fajkos11 on the basis of 
his own androstane work and is also contrary to 
our experience in the methoxyestratriene series. 
The frans-bromohydrin V illa is the more difficultly 
isolable product of reduction and must be purified; 
however, alkaline treatment of it produced 3- 
methoxy-16/3,17/3-epoxyestra-l ,3,5 (10)-triene, IX, 
in good yield.

Fajkos had obtained 3/3-acetoxy-17a-bromoan-

(15) C f. R. B. Loftfield, J .  A m . Chem. Soc., 73, 4707
(1951).

(16) Cf. Io n ie  O rganic R eactions, E. R. Alexander, John 
Wiley & Sona, Inc., New York, N. Y., 1950, p. 219; C. L. 
Stevens and T. H. Coffield, J .  A m . C hem . Soc., 80, 1919
(1958); J .  Org. C hem ., 23, 336 (1958).

(17) C. L. Stevens, J. J. Beereboom, Jr., and K. G. 
Rutherford, J .  A m . Chem . Soc., 77, 4590 (1955); C. L. 
Stevens and A. J. Weinheimer, J .  A m . Chem. Soc., 80, 
4072 (1958); D. A. Prins and C. W. Shoppee, J .  Chem . 
Soc., 494 (1946).

(18) B. Ellis, D. Patel, and V. Petrow, J .  C hem . Soc., 
800 (1958).

(19) L. F. Fieser and R. Ettorre, J .  A m . C hem . Soc., 
75, 1700 (1953^
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TABLE I

*

3-Methoxyestra-
l,3,5(10)-triene

Rotation Differences
A( Halo-

la] D Md A(jS-a) gen-H)

Rotatory Dispersions

<)>Peak
X

(kim) ^Trough
X

(mfi)

Ampli
tude

(lC_2a) 10_2Aao
17-one +  157 +446 +  6900 315 +  142
16a-fluoro-17-one +  177 +5341 +  88 +  13200 338 -10550 292 +  238 +  100
16^-fluoro-l 7-one +  157 +475/ +  29 +  5860 338 -  3320 295 +  92 -  50
16a-chloro-17-one +  161 +612\ +  66 +  7650 330 -  4840' 290 +  125 -  20
16/3-chloro-17-one +  161 +512/ +  66 +  9570 340 -  7170 295 +  167 +  30
16a-bromo-17-one +  127 +4611 +  15 +  5450 335 -  5400' 287 +  109 -  30
16,3-bromo-17-one +  164 +595/ -f- lo4 +  149 +  8450 340 -  5750 300 +  142 0
16a-iodo-17-one +  89 +3661 -  80 +  7540 348 -  5870 300 +  134 -  10
16/3-iodo-17-one +  175 +716/ 1 OdU +270 +  7650 348 -  5740 305 +  134 -  10

16-one -103 -293 -10800 312 -260
17a-chloro-16-one -  49 -1561 +  137 +6320' 295 -  5170 340 -115 +  150
17|3-chloro-16-one -  92 -310/ -  17 +5470' 290 -10500 318 -160 +  100
17a-bromo-16-one -  5 -  181 +275 +2060' 305 -  2200 342 -  43 +220
17/3-bromo-l 6-one -1 0 0 -36 3 / -  70 +9750' 290 -  8900 322 -187 +  70
17a-hydroxy6 +  60 +  172
16a-chloro-17a-hydroxy +  68 +2181 +  46
16/3-ehloro-17 a-hydroxy +  48 +  154/ -  18
16 a-bromo-17 a-hydroxy +  75 +274 +  102

17/3-lwdroxyd +  77 +222
16a-chloro-17|8-hydroxy +  69 +2221 0
16+chloro-l 7 /3-hy droxy +  69 + 222/ 0
16 a-bromo-17 ̂ -hydroxy +  79 +288 +  66

16a-hydroxy +  80 +228
16a-hydroxy-17a-bromo +  8 +  29 -199
16j3-hydroxy° +  70 +  199
16/3-hydroxy-17)3-bromo +  70 +256 +  57
° Aa is the difference in amplitude from the unsubstituted 16- or 17-ketone (the androstanes were used for reference 

because aromatic absorption of the parent estratrienes obscured ketone absorption at second extremum); it may be regarded 
as the contribution of the halogen atom. Values are rounded off to the nearest 10 units. 6 See footnote 13. '  The second ex
tremum was not reached; the true amplitude may therefore be greater than that stated. The Aa value in each case would 
be subject to change, accordingly. d A. L. Wilds and N. A. Nelson, J. Am. Chem. Soc., 75, 5366 (1953).

drostan-16/3-ol from 3/5-acetoxy-l 6;j, 17,3-epoxyan- 
drostane. 20 We extended these studies with epoxide 
IX. Ring opening with hydrobromic acid yielded 
the irans-bromohydrin XVa as an oil containing 
about 20% of Villa, as shown by oxidation of the 
mixture of bromohydrins followed by fractional 
crystallization or chromatography to separate 17a- 
bromo ketone XVIa from the contaminating 16 a- 
bromo ketone Hie. The 17a-chloro ketone XVIb 
prepared in a similar sequence from IX and hydro
chloric acid.

Lithium aluminum hydride reduction of the new 
17a-bromo ketone yielded the cfs-bromohydrin 
XVIII which could be reoxidized to the original 
bromoketone. The cis configuration of the bromo- 
hydrin was evident from its conversion in alkali 
to the ketone XIX, and the a,a-orientation of the 
substituents was confirmed by hydrogenolysis to
3-methoxyestra-l,3,5(10)-trien-16a-ol.

Acid-catalyzed epimerization21 of XVIa and 
XVIb afforded the 17/3-isomers XXa and XXb. 
The structure of the 17/3-brom:de was confirmed

(20) J. Fajkos, Coll. Czech. Chem. Comm., 20, 1478 
(1955).

(21) Cf. J. Fishman, Abstracts Organic Section, American
Chemical Society, Cleveland, Ohio, April 5f 1^60, p. 84-0.

by hydride reduction to a new bromohydrin XXL 
of cis configuration by infrared criteria (see below) 
and conversion to the C-16 ketone, which was 
in turn converted into 3-methoxyestra-l,3,5(10),- 
16-tetraene, X, by reduction with zinc.

16,16-Dibromo ketones have been prepared 
through direct halogénation of saturated C-17 
ketones. 3 We were unsuccessful, however, in ob
taining dihalides through enol acetylation of the 
monohalo ketones. For example, enol-acetylating 
conditions applied for periods as long as sixty-four 
hours to 16a- and 16/3-chloro ketones, I llf  and Vc, 
or the 16a-bromo ketone Hie yielded only starting 
materials.22

Infrared spectra were recorded routinely, using 
a sodium-chloride prism, with no attempt at high 
resolution analysis. Bands of principal interest are 
recorded here. Within our limits of accuracy and in 
agreement with Shoppee’s observations,9 there 
were no apparent shifts in carbonyl maxima as 
between 16a- and 16/3-isomers, III and V, in any

(22) Enol acetates of a-halocyclohexanones have been 
prepared by treatment in the cold with sodium methoxide 
followed by acetyl chloride. Cf. K. G. Rutherford and 
C. L. Stevens, J. Am. Chem. Soc., 77, 3278 (1955).
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+

la. R = CH3
b. R = Ac
c. R = n-C3H7

OH

XII

\
IX IV Va. X = I

b. X = Br
c. X = C1
d. X = F

O

b. R = Ts b. R = Ts
c. R = Ac

of the halides. However, relative to estrone methyl 
ether, absorbing at 1742 cm.-1, maxima appeared 
at 1742, 1754, 1761, and 1766 cm.-1, respectively, 
for the C-16 iodides, bromides, chlorides, and 
fluorides. 23’24 25

Shoppee, Jenkins, and Summers1 introduced 
Nickon’s26 relationship between conformation and

(23) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, London, Methuen and Co. Ltd., 1954, p. 121.

. (24) F. V. Bratcher, Jr., T. Roberts, S. J. Barr, and 
N. Pearson, J. Am. Chem. Soc., 78, 1507 (1956).

(25) A. Nickon, J. A m . Chem . Soc., 79, 243 (1957).

infrared absorption in 1,2 chlorohydrins and 
bromohydrins without applying the concept to 
their own compounds. Fajkos11 presented data 
affirming that the frequency of 0—H stretching is 
indeed a sensitive indication of halohydrin con
figuration in the D ring. Our data, as expected from 
the foregoing, show no shift of the Irans chlorohydrin 
XII absorption from that of the parent 17a-hydroxy 
steroid at 3642 cm. -1  The cis-a-halohydrins ex
hibit shifts, where Av of Vile and Vila is —45 
and —58 cm.-1, respectively. Estradiol methyl 
ether absorbs at 3650 cm. -1  and the Irans halo- 
hydrins likewise. The as  isomer VI shows Av of 
— 66 cm. -1  Finally, the cis bromohydrin XXI has 
Av —70 cm. -1  relative to 3-methoxyestra-l,3,5(10J- 
trien-16/3-ol, 3680 cm. - 1 13

Optical rotations and ancillary data are sum
marized in Table I. Some interesting correlations 
may be found here and comparison made with a 
similar summary of the data of Fajkos11 and of 
Shoppee9 in the androstane series. In particular we 
found that when molecular rotations were plotted 
linearly against molecular weight the four 16/3- 
halo-17-ketones formed a straight line of positive 
slope intersecting almost perpendicularly a simi
lar straight line containing the 16a-isomers. In
tersection occurs at the value +512, common to
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OH

Br

b. X = C1
XVIa. X = Br 

b. X = C1

.OH

" The compounds XX and XXI, including preparation, reactions and physical data, were appended to the manuscript 
on November IS, 1960.

both chlorides. This relationship proved useful, as 
mentioned earlier, in relating configurations of the 
16-fluoro- and 16-iodo ketones to the corresponding 
chlorides and bromides.

Optical rotatory dispersion curves were ob
tained for all of the halogenated ketones. 26-27 
The curves of the 16-halo 17-ketones showed the 
expected strong, positive Cotton effect28 while 
those of 17-halo 16-ketones showed a negative 
Cotton effect. The amplitude and position of 
extrema appear to offer no definitive assignment of 
configuration in the ring-D halo ketones.

(26) We wish to thank Miss Jane Jackson, Postgraduate 
Medical School, London, for obtaining these curves, and 
Dr. W. Klyne for generously making the arrangements 
and interpreting the curves. His comments are as follows: 
The A a values (Table I) may be interpreted according to 
the octant rule in its simplest form: (1) both 16-fluoro 
ketones have values of the expected sign; (2) the remaining 
16«-halo ketones have negative values smaller than expected, 
indicating some ring distortion; (3) the remaining 1618- 
halo ketones are expected to have positive values and the 
fact that two have low or negative values probably indicates 
major distortion of ring D, presumably due to interaction 
of the /3-halogen with the C-13 methyl group; (4) the 17a- 
halides have values of the expected sign and magnitude, 
indicating the halogens are occupying almost truly axial 
positions, although the 17/3-halides show quasi-equatorial 
character with their small (but uncertain) +Aa values. 
Perhaps most interesting here is the small AX (6-10°, com
pared with the unsubstituted ketone) of the latter compared 
-with a 20 to 30 my shift for the quasi-axial 17a- and bisec
tional 16a- and 16/3-halides (see p. 290 and reference 27a).

(27) For discussions of this subject and the octant rule 
see, Optical Rotatory Dispersion, C. Djerassi, McGraw-Hill 
Book Co., Inc., New York, N. Y., 1960, and W. Ivlyne in 
“Advances in Organic Chemistry,” vol. I, T. A. Raphael,
E. C. Taylor, and H. Wynberg, editors, Interscience Pub
lishers, Inc., New York, N. Y., 1960, p. 335.

(28) The similarity in dispersion curves of 16a- and 16/3-
bromo-17-ketosteroids has been described earlier by C. 
Djerassi, J. Osiecki, R. Riniker, and B. Riniker, J. Am. 
Chem. Soc., 80, 1216 (1958). %

EXPERIMENTAL

All rotations were run at about 1% concentration in 
chloroform, and infrared spectra -were recorded in chloroform. 
The term petroleum ether refers to the fraction boiling at 
63-69°. Melting points are uncorrected.

Estrone n-propyl ether (Ic). Alkylation of 18.2 g. of estrone 
in 500 ml. of ethanol with 100 ml. of ra-propyl iodide and 4 g. 
of potassium carbonate was carried out at reflux for 4 hr. 
Concentration to one-half volume, filtration from salts and 
further concentration gave 18.0 g. of product, m.p. 96-100°, 
■which was recrystallized from methanol, yielding 14.2 g. of 
flat prisms, m.p. 98-99°, [a]D +  143°.

Anal. Calcd. for C21H»80 2: C, 80.73; H, 9.03. Found: C, 
80.88; H, 9.24.

Enol acetates of estrone alkyl ethers (lib), (lie I. The enol- 
acetylation procedure used has been described.6 We found it 
convenient to dissolve the crude enol acetate in hot petro
leum ether or cyclohexane and pour the warm solution 
quickly through a short column (ca. 1-2" deep) of Florisil. 
This is quicker than conventional chromatography, tar 
absorption is complete, and there is less danger of decom
position of the enol acetate which sometimes occurs during 
chromatography.

3-Ethoxy-17-acetoxyestra-l ,3,5(10),! 6-tetraene crystallized 
from pentane in flat, elongated plates, m.p. 107-108°.

Anal. Calcd. for C2,H280 3: C, 77.61; H, 8.29. Found: C, 
77. 46; II, 8.24.

3-n-Propoxy-17-acetoxyestra-l,3,5( 10),16-tetraene crys
tallized from petroleum ether, m.p. 98-99°.

Anal. Calcd. for C23H35O3: C, 77.49; H, 9.05. Found: C, 
78.02; H, 8.52.

S-Acetoxy-16a-iodoestra-l,3,5(10)-trien-17-one (Ilia). 3,17- 
Diacetoxyestra-l,3,5(10),16-tetraene,29 6.52 g., in 20 ml. of 
warm dioxane ŵ as covered with nitrogen, treated w'ith 5 g. of 
M-iodosuccinimide, warmed in a stoppered flask at 65° for 3 
hr., chilled and treated successively with concentrated solu
tions of 3.3 g. of potassium iodide and 5 g. of sodium thio
sulfate. Dilution w'ith water, extraction with chloroform and 
evaporation of the washed and dried chloroform extracts 
gave an oil which crystallized overnight from 30 ml. of 
ether; the yield was 3.50 g., m.p. 135-140°. Recrystallization 
from methanol, benzene-cyclohexane and finally pure ether 
yielded bundles of small, flat needles, m.p. 142.0-143.6°, 
[a]D -f- 82°, I'm,, 1742 cm. 1

(29) N. S. Leeds, D. K. Fukushima, and T. F. Gal
lagher, J, Am, Chem. Soc., 76, 2943 (1954).
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Anal. Calcd. for C^EMO-,: C, 54.80; H, 5.29; I, 28.96. 
Found: C, 54.57; H, 5.54; I, 28.64.

3-A  cetoxy-16  a-ch lo ro estra -l,8 ,5 (l 0 )- tr ie n -l 7-one (IIIc). 
The enol diacetate, 3.54 g., and 25 g. of anhydrous potassium 
carbonate in 125 ml. of carbon tetrachloride were treated at 
12° with 15.2 ml. of 0.72747 chlorine in carbon tetrachloride. 
The addition required 0.5 hr.; 20 g. of sodium thiosulfate in 
water was added, the laj'ers separated, and the extraction 
completed with chloroform. The dried, evaporated organic 
solution yielded a clear glass, crystallizing as plates, m.p. 
163-168°, 1.38 g. Recrystallization from methanol furnished 
long needles, m.p. 163-106°, H o  +  150°, > w  1761 cm.“1

Anal. Calcd. for CaHaCIO,: C, 69.25; H, 6.08; Cl, 10.22. 
Found: C, 69.62; H, 7.19; Cl, 10.27.

16a-Iodoeslrone (Illb). About 6 g. of crude acetate Ilia  
was dissolved in 125 ml. of methanol, treated with 5 ml. of 
coned, hydrochloric acid, warmed briefly to clear the solu
tion, and set aside at room temperature overnight. A crop of
3.5 g. of crystals, m.p. (violet color at 185°, sweating at 
200°) 210-211° (violent dec.), was collected. Two recrystal
lizations with decolorization from methanol yielded 1.21 g., 
m.p. 213.0-213.5° (violent dec., with violet color), [«¡d 
+  137°.

Anal. Calcd. for CigHjJCb: C, 54.55; H, 5.34; I, 32.03. 
Found: C, 54.83; H, 5.08; I, 32.21.

Reacetylation overnight of 0.1 g. in 5 ml. of pyridine with 
5 ml. of acetic anhydride gave 0.12 g. of crude, oily product. 
This was recrystallized twice from ether-pemane, affording 
plates, m.p. 140-142°, [a]n +87°. These showed infrared 
absorption identical with that of Ilia , suggesting the ab
sence of inversion during the preceding hydrolysis. However, 
this conclusion may be open to question for want of a high 
yield in reacetylation.

16a-Chloroestrone. Hydrolysis of 1.1 g. of the acetate IIIc 
was accomplished by heating overnight at 100° with 20 ml. of 
50% acetic acid. The product, 0.63 g., m.p. 233-239°, 
separated on cooling. It was recr\rstallized three times from 
acetone-pentane and melted at 238.5-240.5°, [a]n +166°.

Anal. Calcd. for C)8H2iC103: C, 70.92; IT, C.95; Cl, 11.63. 
Found: C, 70.93; H, 6.96; Cl, 11.70.

Assurance of configurational retention at 3-16 was sup
plied by acetylating this phenol. The product, obtained in 
nearly quantitative j'ield and recrystallized from merhanol, 
m.p. 164-169°, [<*]d +148°, was identical in all respects to 
IIIc.

The 8-methoxy-16-iodoestra-l,8,5(10ytrien-17-ones, (Hid) 
and (Va). A solution of 1.0 g. of 3-met’noxy-17-acetoxyestra-
l, 3,5(10)-tricne in 25 ml. of carbon tetrachloride, with 2 g. 
of anhydrous potassium carbonate, was treated with 0.8 g. 
of iodine in 25 ml. of carbon tetrachloride at 30° for 0.5 hr. 
The mixture was worked up with chloroform and aqueous 
sodium bisulfite and the residue remaining after evaporation 
of the solvent crystallized from methanol as rods, m.p. 161- 
167°, [ qt] d  +90.5°, of 3-methoxy-16a-iodoestra-l,3,5(10)- 
trien-17-one, Hid.

A more suitable preparation of this isomer resulted from 
treating 16.30 g. of the enol acetate, dissolved in 750 ml. of 
acetic acid, with 8.0 g. of mercuric acetate, stirring, cooling to 
15°, and adding 13.0 g. of iodine dissolved in 750 ml. of 
acetic acid. The product was precipitated with water and 
washed several times by decantation. It was then extracted 
from the aqueous slurry with chloroform; this solution was 
washed successively with potassium iodide and sodium thio
sulfate solutions and water, dried over magnesium sulfate 
and distilled in vacuo. Crystallization from 500 ml. of iso
propyl alcohol, and from 400 ml. of methanol provided 7.8 
g. of needles, m.p. 163-165.5°, with sweating at 148°. One 
further recrystallization from methanol gave 6.06 g. of Hid,
m. p. 165-166° (sweating at 155°), [a]n +  83.3°, j>mail742 
cm.-1

Anal. Calcd. for CigIFjlOy. I, 30.93. Found: I, 30.27.
Both 16-iodo-epimers were obtained by heating 6.52 g. of 

the enol acetate at 70° with 5.0 g. of V-iodosuccinimide in 20 
ml. of purified dioxane for 1.5 hr. This was done in a stop

pered flask from which air had been displaced by nitrogen. 
The colored solution was treated successively with saturated 
aqueous solutions of 3.3 g. of potassium iodide, 5 g. of sodium 
thiosulfate, diluted with 200 ml. of water and extracted -with 
three 50-ml. portions of chloroform, the extracts being 
washed, dried and evaporated. Direct recrystallization of the 
crude residue yielded 5.94 g. (71.5%) of the 16a-isomer. 
Slow evaporation of the mother liquors at room temperature 
yielded a mixture of elongated plates(16a-isomer)androsettes 
of stout hexagonal staffs (160-isomer). Manual separation 
and recrystallization of the latter from methanol-chloroform 
afforded 3-methoxy-lO0-iodoestra-l,3,5( 10)-trien-17-one( Va) 
m.p. 164-166° (with sweating at 157°), [ o : ] d  +  175°,» W x  
1745 cm.-1

Anal. Found: I, 30.42.
An alternate method of separating isomers depended on 

the greater solubility of the 160-iodide in ether. Thus, the 
total iodination product was crystallized once from ether, 
and the mother-liquor material was crystallized carefully 
from ether, benzene or ethyl acetate to produce the 0-isomer.

3-Ethoxy-16a-iodoestro-l,3,S(10)-trien-17-one. This was 
prepared from lib  and ,V-iodosuccinimide as described for 
the methyl ether above. The crude product was recrystal
lized from methanol, twice from ether, and again from 
methanol; m.p. 156-160°, [a]n +91.5°.

Anal. Calcd. for G-oHalCh: C, 56.61; H, 5.94; I, 29.91. 
Found: C, 56.78; H, 5.79; I, 29.90.

3-Methoxy-16a-bromoestra-l,8,5{10)-trien-17-one (IHe).
A. By brominalion of the enol acetate Ila. This procedure was 
described by Johnson and Johns ;6 the product gave the con
stants: m.p. 179-182°, [<*]D +127°.

B. By oxidation of 3-methoxy-16a-l>romoestra-l,3,5(10y 
trien-17a-ol (Vila). Oxidation of 0.11 g. of Vila was ac
complished by adding its pyridine solution to a slurry of 0.5 
g. of chromic anhydride in 10 ml. of pyridine at 25°. After 
18 hr. the mixture was diluted, worked up with water and 
ether and the dried ether solution concentrated. Crystalliza
tion from methanol afforded 65 mg. of bromoketone IHe, 
m.p. 176-178°, M d +124°, > w  1754 cm.“1

C. By oxidation of 3-methoxy-16a-bromoestra-l,3,5{10)- 
trien-178-ol (Villa). Similar treatment of the irans-bromo- 
hydrin, 0.30 g., in 10 ml. of pyridine with 0.50 g. of chromic 
anhydride overnight at 25°, yielded an ether-extractable 
product. This was recrystallized from methanol and proved 
to be the bromo ketone IHe, 0.25 g., m.p. 178-181°, identical 
in infrared absorption to the above samples.

3-M ethoxy-16 a-chloroestra-1, S, 5(10)-trien-17-one (Illf). A. 
By chlorination of the enol acetate Ila. A solution of chlorine in 
carbon tetrachloride was prepared by scrubbing commercial 
chlorine with saturated copper sulfate followed by concen
trated sulfuric acid, finally passing it through anhydrous 
potassium carbonate and into the solvent; in this experiment 
the chlorine concentration was 0.86947.

The3-methoxy-17-acetoxyestra-l,3,5(10),16-tetraene(IIa), 
32.68 g., was dissolved in 1200 ml. of carbon tetrachloride, 
treated with 35 g. of powdered anhydrous potassium car
bonate suspended by powerful stirring, and cooled to 10°. 
Chlorine solution was added dropwise over a 15-min. period 
at 9-12°, an additional 35 g. of potassium carbonate being 
added near the half-way point. After another 30 min, stirring 
at 12-15°, 35 g. of sodium bisulfite in concentrated solution 
was added slowly. Gas evolution soon subsided; sufficient 
water was added to dissolve all salts and the layers were 
separated. The organic layer was washed twice with water 
and distilled (drying was unnecessary) to about 200-ml. 
volume, adding 500 ml. of methanol, concentrating, adding 
500 ml. of methanol and concentrating finally to 200 ml. 
After standing 2 days at room temperature, the mixture was 
filtered to yield 26.67 g. of high-quality product appearing as 
elongated plates, m.p. 174-182° (with sweating, beginning 
at 150° and becoming heavy in the 160-165° region).

Recrystallization twice from methyl alcohol by dissolving, 
concentrating the solution to half volume and allowing it to 
stand at room temperature, gave heavy needles, m.p. 175-



JU LY  1961 C -16 HALIDES OF ESTR O N E M ETHYL E TH ER 2409

179° (with slight sweating at 158°), [ c* ] d  +  161°, rmal1761 
cm. -1

Anal. Calcd. for C„TTaC10,: C, 71.57; H, 7.27; Cl, 11.12. 
Found: C, 71.34; H, 7.52; Cl, 11.13.

Crystallization from concentrated solutions in methanol- 
chloroform, methanol-acetone, and acetone was also satis
factory.

B. By oxidation of S-methoxy-16a-chloroestra-l,3,5(10)- 
trien-17a-ol (Vile). A solution of 6.80 g. of Vile in 15 ml. of 
pyridine was added to 1.0 g. of chromic anhydride in 10 ml. 
of pyridine. After 16 hr. stirring at room temperature, the 
mixture was diluted with water and extracted with ether. 
After the usual treatment with dilute hydrochloric acid, 
sodium bicarbonate, and solid sodium sulfate, the extract 
was evaporated. Recrystallization from acetone-methanol 
yielded the chloro ketone Illf, m.p. 174-181°, identical in all 
other respects with the above.

C. By oxidation of 3-methoxy-16a-cMoroestra-l ,3,5(10)-lri- 
en-170-ol (VIIIc). Compound VTIIc, 0.64 g., in 26 ml. of py
ridine was oxidized for 20 hr. with 1 g. of oxidant in 10 ml. of 
pyridine as just described. Recrystallization of the crude 
product from acetone-petroleum ether, and from methanol, 
yielded 0.42 g. of Illf, m.p. 177-180°, having infrared absorp
tion identical with the foregoing preparation.

S-Methoxy-170-acetoxy-160, 17 a-dichloroestra-1, S, 5(10)-tri- 
ene (IV). In another preparation of Illf  by procedure A, 
special consideration was given the mother liquors remaining 
after removal of first and second crops of desired product. 
These liquors were evaporated in vacuo leaving a dark, oily 
semicrystalline mixture. Chromatography of 21.8 g. on 1800 
g. of silica, with benzene elution and automatic collection of 
eluates, yielded an initial peak of 2.38 g., on which a molar 
yield of 3.74% was calculable from the weight of enol acetate 
chlorinated. Recrystallization of this fraction from acetone, 
acetone-petroleum ether, or methanol yielded IV as small 
rosettes of heavy needles, m.p. 135-136°, [a]n +62.6°.

Anal. Calcd. for C2IH26C120 3: C, 63.47; H, 6.60; Cl, 17.85. 
Found: C, 63.83; H, 6.14; Cl, 17.95.

8-Ethoxy-16a-chloroestra-l,3,5(10)-trien-17-one. Using the 
procedure outlined for the methyl ether, 3.40 g. of enol ace
tate, lib, in 100 ml. of carbon tetrachloride, 20 g. of potas
sium carbonate, and 15.7 ml. of 0.727M chlorine solution 
yielded a colorless glass which crystallized from 175 ml. of 
methanol giving 1.92 g. of flat needles, m.p. 158-166°. 
Recrystallization from acetone-methanol gave analytical 
quality material, m.p. 164.5-166.8°, [ o ] d  +153.5°.

Anal. Calcd. for C,0H25ClO2: C, 72.13; H, 7.57; Cl, 10.65. 
Found: C, 71.95; H, 7.47; Cl, 10.46.

3-n-Propoxy-16a-chloroestra-l,3,5{10)-trien-17-one. The 
preparation from lie was like that of the ethers described 
above. Recrystallization from acetone-petroleum ether gave 
pure material, m.p. 138-140°, [q:]d +149°.

Anal. Calcd. for C2iH27C102: C, 72.71; H, 7.85. Found: 
C, 72.71; H, 7.54.

3-Methoxy-160-bromoestra-l,3,S(lO)-irien-17-on.e (Vb). A. 
By acid-catalyzed epimerization of 16a-oromide Ille. A solu
tion of 1.0 g. of I lle  in 45 ml. of ethanol, 2 ml. of water, and 
2 ml. of coned, sulfuric acid was refluxed for 18 hr., cooled, 

* diluted with water, and filtered. The total solid showed the 
rotation, [< * ]d  +133°. Retreatment of this solid in the same 
way changed the rotation to [ o : ] d  +142°. This value rose to 
+  150° and remained constant after 72- and 144-hr. treat
ments. Careful crystallization from methanol of the product 
of a 14+hr. reflux period led to pure Vb, m.p. 145-148°, 
[a]r> +164°.

Anal. Calcd. for Ci9H23Br0 2: C, 62.81; H, 6.38. Found: 
C, 62.54; H, 6.12.

B. By epimerizalion of 16a-bromide Ille  with lithium bro
mide. A solution containing 5.0 g. of lithium bromide in 40 
ml. of dimethylformamide was added to 2.0 g. of Ille  and 
the mixture stirred at room temperature for 24 hr., diluted 
with hot water, and filtered. The precipitate was extracted 
with benzene and this solution washed, dried, and evaporated 
in vacuo. Crystallization from methanol yielded 1.85 g. of

impure 16/3-bromide, m.p. 128-140°, [< * ]d  +147°. A similar 
product was obtained after 4.5-hr. reaction time. Rotational 
data suggest these products to be mixtures of isomers al
though infrared absorption in each case was nearly identical 
with the pure 16/S-isomer Vb.

3-Methoxy-160-chloroestra-l,3,5(lO)-trien-17-one (Vc). A. 
By displacement with the 16a-bromide Ille. Lithium chloride, 
30 g., was dissolved in 200 ml. of warm dimethylformamide 
and 10.0 g. of 3-methoxy-16a-bromoestra-l,3,5(10)-trien-17- 
one was added at room temperature. The solution became 
homogeneous after stirring 2 hr., and after 6 hr. it was diluted 
with water and filtered. Recrystallization afforded 8.15 g. of 
crystals, m.p. 128-133°. Careful recrystallization from 
methylene chloride-methanol and from acetone-oetroleum 
ether gave the pure 16/3-chloro-ketone, m.p. 138-140°, [a]D 
+  161°, vm̂  1758 cm." 1

Anal. Calcd. for Ci9H23C102: C, 71.57; H, 7.27; Cl, 11.12. 
Found: C, 71.49; H, 7.58; Cl, 11.08.

By quenching aliquots at 0.5- and 3-hr. periods and deter
mining the chloride and bromide content of the whole, pre
cipitated samples, the reaction was estimated to be 31% and 
98% complete at these times.

B. By isomerization of the 16a-chtoro ketone Illf. A 
solution of 0.5 g. of I llf  in 50 ml. of benzene was stirred 16 
hr. with 10 g. of Woehlm alkaline alumina at room tempera
ture. The solution was then filtered and chromatographed 
quickly on silica gel. Elution with 5% ethyl acetate yielded 
0.37 g. of semicrystalline material separable by fractional 
crystallization from aqueous methanol and acetcne-pet.ro- 
leum ether into Illf, m.p. 163-172° and Vc, m.p. 133-138°. 
Infrared correlations of these preparations with those re
ported above were confirmatory.

C. By oxidation of the trans-chlorohydrin XII. A solution 
containing 0.90 g. of chlorohydrin in 30 ml. of pyridine was 
added to the complex from 2 g. of chromic anhydride in 50 
ml. of pyridine. After stirring overnight at room temperature 
the reactants were diluted with water and processed with 
ether as described above. The ethereal residue crystallized 
from methanol, giving 0.40 g. of Vc, m.p. 132-134°, having 
an infrared pattern identical with an authentic sample.

D. By oxidation of the cis-chlorohydrin VI. Similar oxidation 
of 0.50 g. of cis-chlorohydrin in 10 ml. of pyridine with 1.0 g. 
of chromic anhydride in 10 ml. of pyridine and recrystalliza
tion of the product from methanol gave 0.33 g. of pure 3- 
methoxy-16+chloroestra-l,3,5(10)-trien-17-one, m.p. 138- 
140°, whose identity was again confirmed by the infrared 
spectrum.

E. By hydrolysis of the adduct IV. A solution of the enol 
acetate dichloride IV, 0.10 g., in 50 ml. of methanol, con
taining 1.0 ml. of coned, hydrochloric acid, was stirred at 
room temperature for 18 hr., diluted with water, and filtered. 
Recrystallization of the precipitate from methanol yielded 
55 mg. of pure 16+chloride, m.p. 140-142°, again having an 
infrared curve identical with that of Vc.

F. By displacement of the 16a-p-toluenesulfonoxy group of 
XlVb. A solution of 2.0 g. of lithium chloride and 0.88 g. of 
the ketol tosylate XlVb in 100 ml. of dimethylformamide 
was stirred at room temperature for 28 hr. The mixture was 
diluted with water and filtered, yielding 0.75 g. of crystals, 
m.p. 126-132°. Recrystallization gave 0.50 g. of pure Vc, m.p.
137-139°, characterized by the correct infrared spectrum. 
The recrystallization liquors afforded a second crop, 0.15 g., 
m.p. 120-125°, which appeared to consist mainly of 16+ 
chloride contaminated with a small amount of 16a:-chloride 
Illf.

3-Methoxy-160-fluoroestra-l,3,5(lO)trien-17-one (Vd). Five 
grams of 3-methoxy-16o:-iodoestra-l,3,5(10.)-trien-17-one, 
IHd, was refluxed in 130 ml. of acetonitrile for 16 hr. under a 
Soxhlet extractor containing 25 g. of commercial silver 
fluoride. The solution was cooled, filtered, diluted with two 
volumes of chloroform, washed, dried over magnesium sul
fate, and evaporated to a dark oil. This, in 20 ml. of benzene 
and 40 ml. of petroleum ether, was passed over 25 g. of 60-
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mesh Florisil and eluted with 250, 200, and 200 nil. of 25%, 
50%, and 100% benzene in petroleum ether, respectively. 
The heavy color remained adsorbed and the collected eluates 
were evaporated to leave 4.02 g. of oily plates. Chromatog
raphy on 100 g. of silica and elution with 75%, benzene in 
petroleum ether brought down 2.35 g. of material which was 
crystallized from methanol, twice from benzene-petroleum 
ether, and from ethanol. The desired product formed irreg
ular, heavy needles, m.p. 166-168°, [a]D +  157°, 1766
cm.“1

Anal. Calcd. for Ci9H23F02: C, 75.47; H, 7.67; F, 6.28. 
Found; C, 74.88; H, 7.58; F, 6.04.

3-Acetoxy-16f3-fluoroestra~l,3,5(10)-trien-17-one A satu
rated solution was prepared by heating 25 g. of purified ace
tonitrile with 10 g. of commercial silver fluoride and filtering 
the hot mixture. To the filtrate 3.5 g. of 3-acetoxv-16a-iodocs- 
tra-1,3,5(10)-trien-17-one, Ilia, was added and the mixture 
heated on the steam bath for 1.5 hr., treated with an addi
tional 10 g. of silver fluoride, heated for a like period and set 
aside for 3 days. I t was again heated to boiling, filtered, and 
the cooled filtrate diluted with ether, washed, dried, and 
evaporated. The resulting brown gum wras reacetylated for 
30 min. in 20 ml. of refluxing acetic anhydride, the excess 
being removed in vacuo. This residue in 50 ml. of benzene and 
30 ml. of petroleum ether was passed over 100 g. of silica and 
eluted with mixtures of benzene-petroleum ether through 
pure benzene. The crude product, 1.05 g., was removed with 
5% ethyl acetate in benzene. It was recrystallized twice 
from ether and three times from ber.zene-pentane. The pure 
product melted at 182-184°, [a]D +145°.

Anal. Calcd. for C2oH23F03: C, 72.70; II, 7.02; F, 5.75. 
Found: C, 72.80; H, 6.72; F, 6.2.

8-Methoxy-16f)-chloroestra-l ,8,6{ 10)-trien-l 7'p-ol (VI). 
The ketone Vc was reduced by adding 5.15 g., dissolved in 
40 ml. of tetrahydrofuran, to a stirred solution of 0.80 g. of 
lithium aluminum hydride in 100 ml. of ether at 0° during 
10 min. After careful dilution with water, acidification with 
dilute hydrochloric acid, extraction with benzene and wash
ing the benzene solution with aqueous sodium bicarbonate, 
drjlng, and concentrating to dryness in vacuo, the chloro- 
hydrin was obtained. This crystallized nicely from acetone- 
petroleum ether as fine, felted rods, 3.05 g., m.p. 116-118°. 
Further crystallization from aqueous methanol raised the 
melting point to 118-120°, [a]D +69°, rmar. 3584 cm."1 The 
sample appeared to be homogeneous by column and paper 
chromatography.

Anal. Calcd. for Gi9H25C102: C, 71.12; H, 7.85. Found: 
C, 71.16; H, 7.85.

The acetate was prepared by heating 0.33 g. of chloro- 
hydrin with 4 ml. of acetic anhydride in 8 ml. of pyridine at 
100° for 20 min., diluting with water and extracting with 
benzene. The usual washing, drying, and concentration 
gave 0.15 g. of 3-methoxy-16/3-chlorestra-l,3,5(10)-trien- 
17f3-ol acetate, m.p. 116-120°, crystallizing from methanol. 
Further recrystallization gave the sample for analysis, m.p.
126-127°, [«]D+101°.

Anal. Calcd. for C2,H2iCl(V. C, 69.50; H, 7.50. Found: 
C, 69.64; H, 7.59.

The structure of chlorohydrin VI was confirmed by re
fluxing 0.64 g. of the substance under nitrogen with 1.0 g. of 
potassium hydroxide in 50 ml. of methanol for 48 hr., cool
ing, diluting, and filtering the mixture. The precipitate was 
recrystallized from aqueous acetone, affording 0.52 g. of 
estrone methyl ether, m.p. 168-171°, identical to an authen
tic sample.

3,17-17-Tnmethoxyestra-l,3,5(10)-trien-16a-ol (X llla). 
Sixty-three grams of 16a-bromo ketone Hie was dissolved 
in 700 ml. of anhydrous methanol, containing 20 g. of dis
solved sodium metal, and stirred at room temperature in a 
stoppered flask for 65 hr. Dilution with 2 I. of water followed 
by filtration and washing yielded 57.3 g. of X llla, m.p. 132- 
134°. Recrystallization of a portion of this from petroleum 
ether gave analytical material, m.p. 136-138°, [«Id 
+  11.5°, rmas 3542 cm."1

Anal. Calcd. for C2iHao0 4: C, 72.80; H, 8.73; OCHa, 26.87. 
Found: C, 73.09; H, 8.83; OCH3, 25.80.

The acetate XIIIc was prepared by treating 0.10 g. of 
hydroxyketal with 2 ml. of pyridine and 1 ml. of acetic an
hydride for 18 hr. at room temperature, diluting with -water, 
collecting, and recrystallizing the crude product from petro
leum ether. The purified 3,17,17-trimethoxyestra-l,3,5(10)- 
trien-16a-ol acetate melted at 124-125°.

Anal. Calcd. for C23H320 6: C, 71.10; H, 8.30. Found; C, 
71.17; H, 8.28.

8,17,17-Trimethoxyestra-l,8,5{10)-trien-16a-ol p-toluene- 
sulfonate (XHIb). A solution containing 2.0 g. of X llla  and
2.0 g. of p-toluenesulfonyl chloride in 30 ml. of pyridine was 
set aside overnight, stirred for 10 min. with aqueous potas
sium bicarbonate and finally precipitated completely with an 
excess of water. The crude product, washed and dried, 
weighed 2.50 g., m.p. 158-165°. Recrystallization of a por
tion from methylene chloride-methanol afforded pure 
material, m.p. 166-167°, [a]D +12°.

Anal. Calcd. for C28H360 6S: C, 67.17; H, 7.25. Found: C, 
67.00; H, 7.35.

8-Methoxy-16a-hydroxyestra-1,3,5{10)-trien-17-one (XlVa). 
Hydrolysis of 0.20 g. of the dimethylketal X llla  was 
achieved by treating with 150 ml. of ¿-butyl alcohol, 30 ml. of 
water, and 0.40 g. of p-toluenesulfonic acid, distilling slowly 
for 45 min., cooling, diluting with water, and filtering. The 
precipitate, dried and recrystallized from acetone-petroleum 
ether, amounted to 85 mg. of pure product, m.p. 156-157°, 
[ « ] d  +176°.

Anal. Calcd. for Ci9H240 3: C, 75.97; H, 8.05. Found: C, 
75.81; H, 8.22.

The identity of this product was shown by comparing with 
an authentic sample.13

3-Methoxy-16 a-hydroxyestra-1,3,5{10)-trien-17-one p- 
toluenesulfonale (XlVb). The dimethylketal XHIb, 2.50 g., 
was boiled for 4 min. with 200 ml. of ethanol containing 5 ml. 
of coned, hydrochloric acid. The precipitate, which had 
appeared shortly upon heating, was collected from the chilled 
mixture and washed generously with water. The dried prod
uct, 2.05 g., m.p. 203-204°, was recrystallized from ace
tone-petroleum ether, giving a pure sample, m.p. 204-205°, 
[a]D +114°.

Anal. Calcd. for CmH^OsS: C, 68.70; H, 6.65. Found: C, 
68.39; H, 6.71.

8-M ethoxy-16 a-bromoe.slra-1,3,5(10)-trien-17a-ol(VIIa) 
and 8-methoxy-l6a-bromoesira-l,S,5(10)-trien-17fl-ol{Y\l\&).z0 
Twenty grams of lOra-bromo ketone Hie in 120 ml. of tetra
hydrofuran vTas added in 10 min. to a stirred suspension of
2.0 g. of lithium aluminum hydride in 200 ml. of anhydrous 
ether at an internal temperature of 5-10°, maintained by an 
ice-salt bath. Cautious addition of water followed by 50 ml. 
of 5/o hydrochloric acid, the usual extraction with benzene, 
water, sodium bicarbonate, and drying, followed by distilla
tion in vacuo, gave a colorless glass. This was dissolved in 
10% benzene-petroleum ether and chromatographed on 
Florex; elution of the two main fractions was accomplished 
with 25%, benzene and 75% benzene in petroleum ether, 
respectively.

The first peak, 7.46 g. of crude, crystalline product, was 
recrystallized from acetone, the pure product appearing as 
heavy staffs, m.p. 149-150°, [a]D +75°, 3584 cm."1
This was the «'s-bromohvdrin Vila.

Anal. Calcd. for Ci9HsBr02: C, 62.46; H, 6.90. Found; 
C, 62.61; H, 6.72.

Proof of the cis configuration of Vila was obtained by re
fluxing 0.20 g. of the compound in 20 ml. of methanol for 5 
hr. with 1.0 g. of potassium hydroxide under nitrogen. The 
product, 0.15 g., was obtained by dilution, filtration, and 
washing; it melted at 172-175° and displayed the infrared 
pattern of estrone methyl ether. 30

(30) We wish to acknowledge with thanks the assistance 
of Mr. P. Yonan of the Division of Chemical Research in 
carrying out large scale preparations.
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Fractions constituting the second peak, 13.8 g., crystal
lized slowly. Recrystallization of 3 g. from ether-petroleum 
ether yielded 1.7 g. of irans-bromohydrin Villa, m.p. 104- 
105°, [a]D +79°, ^ ,3 6 5 0  cm.-'

Anal. Found: C, 62.65; H, 6.77.
S,17a-Dihydroxy-16ci-bromoestra-l,S,5{10)-triene (Vllb) 

and 3,17f}-dihydroxy-16a.-bromoestra-l,8,5(10)-lriene (VUIb). 
Reduction of bromo-ketone Illb , 3.2 g., in 30 ml. of tetra- 
hydrofuran, with 1.0 g. of lithium aluminum hydride in 100 
ml. of ether was carried out during 10 min. at 0°. After an 
additional 10 min. of stirring, addition of water and then 
dilute hydrochloric acid and extraction with benzene, 2.70 g. 
of crystalline product (no infrared carbonyl absorption) 
was obtained. This was chromatographed on 150 g. of Flori- 
sil. The as-bromo-hydrin Vllb was eluted first with benzene; 
after recrystallization from acetone this amounted to 0.25 g. 
of pure product, m.p. 253-255°, [ q : ] d  +71.5°.

Anal. Calcd. for CigHaBrCK: C, 61.54; H, 6.60. Found: 
C, 61.78; H, 6.79.

Continued elution with benzene brought down a mixture 
of the two bromohydrins followed by the pure trans isomer 
VUIb. This was recrystallized from acetone-petroleum 
ether, giving 1.40 g. of good product, m.p 217-219°, [o:]d 
+  81.5°.

Anal. Found: C, 61.65; H, 6.30.
The as configuration of Vllb was confirmed by refluxing 

53 mg. of the latter with alcoholic potassium hydroxide 
under nitrogen for 6 hr. Dilution and acidification yielded 32 
mg. of crystals, m.p. 250-262°, identical by infrared absorp
tion with estrone.

S-Methoxy-16a-chloroestra-l,3,5(10)-trien-17u-ol(Yllc) and 
3-methoxy-16a-chlorestra-l,3,5{10')-trien-17(l-ol (VIIIc). Re
duction of 15.0 g. of chloro ketone Illf in 100 ml. of tetra- 
hydrofuran with 2.0 g. of lithium aluminum hydride and 
100 ml. of ether was performed exactly as described for Ille 
above. Direct recrystallization of the benzene-extracted 
material from methanol yielded 3.67 g. of the cis-chlorohy- 
drin Vile as rocs, m.p. 163-164°, [a]n +68°, 3597 cm.“1

Anal. Calcd. for CisHmCKV. C, 71.12; H, 7.85. Found: C, 
71.39; H, 7.80.

Acetylation of 0.25 g. in 10 ml. of pyridine and 5 ml. of 
acetic anhydride at 100° for 30 min. and recr\’stallization of 
the crude product from aqueous acetone gave 0.25 g. of 3- 
methoxy-16o:-chloroestra-l,3,5(10)-trien-17o:-ol acetate, m.p.
141-143°, [a]D +1.9°.

Anal. Calcd. for C2iH27C102: C, 69.50; H, 7.50. Found: C, 
69.47; H, 7.79.

The structure of Vile was confirmed by refluxing 1.28 g. 
in 50 ml. of ethanol and 1.0 g. of potassium hydroxide under 
nitrogen for 80 hr. Extraction with benzene as usual, and 
chromatography on silica gel, yielded 0.36 g. of estrone 
methyl ether.

Mother liquors from crystallization of Vile yielded a 
residue which, chromatographed on 200 g. of Florex and 
eluted with 30% benzene-petroleum ether, produced initially 
more of the cis isomer. Continued elution with this solvent 
brought down the trans isomer which, recrvstallized from 
acetone-petroleum ether, amounted to 5.9 g. of VIIIc, m.p. 
113-115°, [a]D +69.0°, 3650cm.-1

Anal. Found: C, 71.40; H, 7.71.
Acetylation as above resulted in 0.25 g. of 3-methoxy-16«- 

chloroestra-l,3,5(10)-trien-17/3-ol acetate, m.p. IBS-1690, 
[ « ] d  +50.6°.

Anal. Found: C, 69.39; H, 7.90.
3-Methoxyestra-l,3,5(10),16-tetraene (X). Treatment of

1.0 g. of n's-bromohydrin Vila for 3 hr. at reflux with 2 g. of 
zinc dust stirred in 40 ml. of acetic acid, followed by cooling, 
filtration, and dilution with water, precipitated 0.68 g. of 
product. This was collected, wrashed, and dried. It melted at 
65-67° and was recrystallized from isopropyl alcohol, giving 
0.42 g. of long rods, m.p. 71-72°, [a]D +113°, having the 
correct analysis and infrared spectrum for the structure

Pure CTS-bromohydrin was not required for this prepara
tion and a simpler method utilized the crude mixture of 
Vila and V illa obtained directly from lithium aluminum 
hydride reduction: 42.5 g. of the mixture was stirred at re
flux with 20 g. of zinc in 300 ml. of acetic acid. At 10-min. 
intervals during 1 hr., 10-g. increments of zinc dust were 
added. Processing as above yielded initially 28.0 g. of 
crystals, m.p. 55-63°. Chromatography on 200 g. of silica gel 
and elution with 10% benzene-petroleum ether gave 23.6 g. 
of crystals, purified from isopropyl alcohol to 19.8 g. of X, 
m.p. 67-69°.

3-M ethoxy-16 a,17 a-epoxyestra-1,3,5(10)-triem (XI).13 
Epoxidation of 19.75 g. of X in 100 ml. of benzene with 540 
ml. of 0.12)11 perbenzoic acid, initially at 10°, at room tem
perature for 16 hr. followed by three extractions with 2% 
potassium hydroxide and three extractions with water, dry
ing (anhydrous magnesium sulfate), and concentration in 
vacuo gave a residue which was recrystallized from aqueous 
methanol to yield 13.5 g. of XI, m.p. 117-119°.

3-Methoxy-16@-chloroeslra-l,3,5(10)-trien-17a-ol (XII). 
Concentrated hydrochloric acid, 40 ml., was cooled to 0°, 
stirred with 4.3 g. of XI in 100 ml. of chloroform at 0° for 5 
min. and the mixture transferred to a separatory funnel, 
shaken for 5 min., and the layers separated. The chloroform 
layer was washed three times with water, dried over magne
sium sulfate, and evaporated in vacuo. Crystallization of the 
residue from petroleum ether gave 3.85 g. of fluffy crystals, 
m.p. 62-64°; recrystallization provided an analytical sample 
XII, m.p. 64-66°, [ « ] d  +48°, 3643 cm.-1

Anal. Calcd. for Ci9H26C102: C, 71.12;H, 7 85 Found: C, 
71.12; H, 7.69.

3-Methoxy-16@,178-epoxyestra-l,8,5(10)-tnene (IX). A. 
From the transbromohydrin V illa .30 The crude ha->is-bromo- 
hydrin as eluted from the chromatographic column, 27.8 g., 
was refluxed with stirring for 18 hr. with 1000 ml. of meth
anol and 5.0 g. of potassium hydroxide. An atmosphere of 
nitrogen was employed. The solution was cooled, diluted 
with 2.5 1. of cold water, and the product collected. It was 
washed with water and dried below 60°; it weighed 22 g. In 
order to free the oxide from traces of estrone methyl ether 
this was dissolved in 150 ml. of benzene, adsorbed onto 800 
g. of Florex packed under petroleum ether, and eluted with 
50% benzene-petroleum ether. The yield of crc'stalline oxide 
here was 12 g.; 45 g. of such material was crystallized by 
adding pentane to a concentrated ether solution and chilling 
to give 39 g. of epoxide IX, m.p. 110-113°. Analytical 
material showed m.p. 116-117°, [«+ +  115°.

Anal. Calcd. for Ci9H2,02: C, 80.24; H, 8.51. Found: C, 
80.04; H, 8.75.

B. From the trans-chlorohydrin V111c. A solution of 1.28 g. 
VIIIc and l.Og. of potassium hydroxide in 50 ml. of meth
anol was treated for 3 days under the above conditions. Dilu
tion with water and extraction with benzene yielded 1.22 g. 
of an oil which was crystallized from aqueous methanol and 
recrystallized from ether to give 0.13 g. of the pure oxide, 
m.p. 116.0-116.5°, M d +115°, having the correct analysis 
and infrared spectrum.

Proof of structure was obtained by treating 0.56 g. of IX 
in 30 ml. of ether with 0.3 g. of lithium aluminum hydride in 
30 ml. of ether with stirring at room temperature for 3 days. 
The usual work-up yielded a residue which was chromato
graphed on 30 g. of silica gel. Elution with 2% ethyl acetate 
in benzene resulted in 0.33 g. of an oil, crystallizing from 
aqueous ethanol to give 3-methoxy-16+hydroxvestra-l,3,5-
(lO)-triene, m.p. 102-105°.13'31

3-Methoxy-17a-bromoestra-1,3,5(10)-trien-16-or.e (XVIa) 
A . From the 8-oxide IX. A solution of 5.2 g. of /3-oxide IX in 
125 ml. of chloroform was chilled in ice and shaken 5 min. 
with 50 ml. of chilled 48% hydrobromic acid. A rose color 
developed quickly. Ice water was added, the layers separated, 
and the chloroform solution washed thoroughly, dried, and * 213

(31) M. N. Huffman and M. H. Lott, ./. Biol. Chem.,
213 , 343 (1955).
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concentrated to dryness in vacuo below 50°. The residual 
glass, a mixture of bromohydrins V illa and XVa, would 
not crystallize. I t  was dissolved in 60 ml. of pyridine and 
added at 23° to a suspension of 12.0 g. of chromic anhydride 
in 120 ml. of pyridine (prepared at 10°). The mixture was 
stirred 3 hr. and the resulting suspension of black tar then 
diluted with 500 ml. of cold water and extracted with 900 ml. 
of ether in four passes. The collected extracts were washed 
thoroughly with water, 3% hydrochloric acid, water, and 
brine. Upon drying and concentrating to a small volume this 
solution deposited crystals which were collected and washed 
with cold ether, 4.92 g., m.p. 128-160°. This material was 
dissolved in 100 ml. of ether and the solution decanted from 
crj-stals deposited after one hour at room temperature. 
The decantate, concentrated to 35 ml. and crystallized at 
room temperature, deposited rosettes of long, hexagonal 
needles, m.p. 135-137° which were recrystallized twice from 
ether, once at room temperature and once with chilling, to 
give pure XVIa, m.p. 135.2-136.9°, [ « ] d  —5°, i<ml 1756 
cm.-1

Anal. Calcd. for CisHaBrO»: 62.81; H, 6.38; Br, 22.00. 
Found: C, 62.74; H, 6.40; Br, 21.84.

In another experiment, the rotation of the total crude 
product, [a]D +19°, suggested the presence of about 80% of 
XVIa contaminated with Ille. Proof of this point was ob
tained when the collected mother liquors on standing, de
posited a “tree” of heavy needles, m.p. 134.6-136.1, [<x ] d  
—4.5°, in the presence of short hexagonal rods, m.p. 176- 
181°, [a]n +109°, having all the properties of Ille.

B. By oxidation of the cis-bromohydrin XVIII. A solution of 
0.75 g. of cis-bromohydrin, m.p. 125.0-126.5°, in 10 ml. of 
pyridine was oxidized, as above with 1.8 g. of chromic an
hydride. The ethereal extracts yielded 0.64 g. of crystals, 
purified to 0.45 g. of XVIa, m.p. 135-136°, [ cx] d  —4.4°, 
having the correct infrared spectrum.

3-M ethoxy-17 a-chloroestra-l ,3,6(10)-trien-l 6-one( XVIb). 
One gram of oxide IX in 25 ml. of cldoroform was chilled in 
ice, shaken for 15 min. with 20 ml. of chilled coned, hydro
chloric acid, and worked up with addition of water. Evap
oration of the dried chloroform solution left 1.25 g. of a 
clear oil, the chlorohydrin XVb, which could not be crystal
lized. The latter in 15 ml. of pyridine was added to a stirred 
suspension of 2.4 g. of chromic anhydride in 24 ml. of pyri
dine at room temperature. After 1.5 hr. and mixture was 
treated as usual with ether and water. The ethereal residue 
was a clear glass weighing 1.14 g. Chromatography on 30 g. 
of 100-mesh silicic acid with chloroform yielded 0.91 g. of 
crystalline material wThich was further purified through slow 
crystallization from an evaporating ether solution to give 
clusters of heavy needles, 0.3 g. Recrystallization once more 
from ether resulted in pure chloro ketone XVIb, m.p. 111. 1— 
112.5°, [ o : ] d  -49.0°, v m a i  1761 cm.-'

Anal. Calcd. for C19H»C102: C, 71.57; H, 7.27: Cl, 11.12. 
Found: C, 71.36; H, 7.30; Cl, 11.42.

3-M ethoxy-17a-bromoestra-1,3,5(10')-trien-16 a-ol (XVIII). 
A solution of 6.45 g. of XVIa in 60 ml. of tetrahydrofuran 
was added in 10 ml. to a stirred suspension of 1.0 g. of lithium 
aluminum hydride in 100 ml. of dry ether at 1-6°. After 
another 3 min. water was cautiously added, followed by 
processing as described previously, leaving 6.50 g. of solvent- 
free residue, a thick, colorless oil. During chromatography 
on 200 g. of Florex, elution with 40% benzene-petroleum 
ether provided 4.51 g. of crystalline material. Two re
crystallizations from acetone-pentane afforded XVIII, 2.68 
g., as transparent plates, m.p. 125.0-126.5°, [ u ] d  +7.9°, 
V max 3558 cm. 1

Anal. Calcd. for Ci9H25Br02: C, 62.46; H, 6.90; Br, 21.88. 
Found: C, 62.46; H, 6.64; Br, 21.66.

We were unable to demonstrate the presence of another 
isomer in any of the chromatographic fractions.

Reoxidation of this bromohydrin to the original ketone, 
described above, showed retention of halide configuration. 
Confirmation of the cis configuration was obtained by re
fluxing 0.50 g. of XVIII with 1 g. of potassium hydroxide in

25 ml. of methanol for 20 hr. under nitrogen. Extraction 
with ether and crystallization of the product twice from 
ether-pentane yielded 0.15 g. of square plates of 3-methoxy- 
estra-l,3,5(lD)-trien-16-one, XIX, m.p. 128.9-130.0013’32 33 
depressing the melting point of IX but not that of an authen
tic specimen of the 16-ketone, with which the infrared spec
trum was also identical.

The «-configuration of hydroxyl, and hence of bromide, 
was demonstrated by hydrogenolysis. A solution of 0.20 g. of 
XVIII in 60 ml. of ethyl alcohol was stirred 30 hr. with 0.5 g. 
of 5% palladium on calcium carbonate in a hydrogen atmos
phere. After addition of an equal amount of catalyst stirring 
was continued for 40 hr. Concentration of the filtered solution 
gave a semicrystalline residue which was triturated with 50 
ml. of ether and again filtered. Addition of petroleum ether 
to the filtrate followed by concentration to a small volume 
gave 0.12 g. of long rods, m.p. 113-116°. Recrystallization 
from ether-petroleum ether yielded pure 3-methoxyestra-
l, 3,5(10)-trien-16a-ol, m.p. 115-116°,33 [ « ] d  +79.5°,v max 
3660 cm.-1

Anal. Calcd. for Ci9H2602: C, 79.68; H, 9.15. Found: C, 
79.72; H, 9.24.

Since the properties of the latter had apparently not been 
previously reported, it was prepared otherwise by hydrolysis 
of 0.54 g. of the acetate34 in 20 ml. of methanol and 5 ml. of 
10% aqueous potassium hydroxide for 2 hr. The solution, 
cooled, diluted, and filtered, yielded 0.49 g. of compound,
m. p. 115-116°, identical in its infrared absorption with the 
above.

3-Methoxy-17(¡-bromoestra-1,3,6(10)-trien-16-one (XXa). 
A solution of 0.20 g. of 17«-bromo ketone XVIa and 0.50 g. 
of p-toluenesulfonie acid in 10 ml. of acetic acid was refluxed 
for 68 hr. The crude product, 0.17 g., obtained by evapora
tion in vacuo of a washed and dried benzene extract of the 
diluted reaction mixture, was chromatographed in benzene 
on 4 g. of silica. The semicrystalline material, 0.16 g., eluted 
with 1% ethyl acetate was recrystallized from methylene 
chloride-methanol and finally methanol, giving the pure 
XXa, m.p. 226-229° (softening at 223°), [ « ] d  —100°,
1761 cm.-1

Anal. Calcd. for CisH23Br02: C, 62.81; H, 6.38. Found: C, 
62.87; H, 6.69.

3-Methoxy-17i3-chloroestra-l,S,6(10)-trien-16-one (XXb). 
The 17«-chloro ketone XVIb was epimerized exactly as 
described above during 75 hr. Chromatography of 0.15 g. of 
crude benzene-extracted product on 4 g. of silica yielded 
first 35 mg. of starting material. Further elution with benzene 
followed by 1% ethyl acetate, afforded 65 mg. of semicrystal
line material. This was reerj^stallized from aqueous methanol 
to give 20 mg. of XXb crystallizing as a monohydrate, m.p.
211-213°, [ « ] d  -92°, „mal 1762 cm.“1

Anal. Calcd. for Ci9H23C102.H20: C, 67.74; H, 7.48. 
Found: C, 67.65; H, 7.28.

3-Methozy-173-lromoestra-l,S,5(10)-trien-16(l-ol (XXI). 
The bromo ketone XXa, 0.15 g. in 4 ml. of tetrahydrofuran, 
was reduced at —5° with 70 mg. of lithium aluminum hydride 
in 10 ml. of ether during 2 min. After the addition of 0.5 ml. of 
water and 0.1 ml. of 10% potassium hydroxide, the mixture 
was filtered through a Supercel-magnesium sulfate bed and 
the solvent removed. Recrystallization of the product, 145 
mg., from acetone-petroleum ether yielded 100 mg. of the 
ds-bromohydrin XXI, m.p. 150-151° (softening at 136°). 
The analytical sample was obtained after two further re
crystallizations from petroleum ether, m.p. 150-151 M d 
+ 70°, vmi,x 3610 cm.-1

(32) M. N. Huffman and M. H. Lott, J. Am. Chem. Soc., 
75, 4327 (1953).

(33) This compound has been mentioned but not charac
terized by M. N. Huffman, U. S. Pat. 2,779,773.

(34) This was prepared from the 16/3-hydroxy compound 
according to the directions given by M. N. Huffman and 
M. H. Lott, J. Biol. Chem., 215, 627 (1955).
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Anal. Calcd. for C,8H26Br02: C, 62.46; H, 6.90. Found: C, 
62.47; H, 6.94.

The bromohydxin, 0.22 g. in 20 ml. of acetic acid, was re
fluxed with stirring and treated with three 2-g. portions of 
zinc dust at 30-min. intervals. The mixture was cooled, 
filtered, and concentrated; it was extracted with 1:1 ether- 
petroleum ether, the extracts being washed, neutralized, 
dried, and evaporated. Chromatography of the residue on 4

g. of silica and elution with 1:1 benzene-petroleum ether 
gave 130 mg. of semicrystalline material, recrystallized to 
80 mg. of X, m.p. 67-69°, identical with earlier preparations.

Finally, treatment of XXI with alcoholic alkali by the 
procedure described earlier yielded 3-methoxyestra-l ,3,5( 10)- 
trien-16-one, XIX, identical with other samples.

S k o k i e ,  III.

[ C o n t r i b u t i o n  p r o m  t h e  R e s e a r c h  L a b o r a t o r y ,  S h i o n o g i  & Co., L t d . ]

A n g u la r-S u b stitu ted  P o lycyclic  C om pounds. I. C yanation  o f
A1 2 3 4-C h o lesten -3 -o n e

WATARU NAGATA, SHOICHI HIRAI, HIROSHI ITAZAKI, a n d  KENTCHI TAKEDA

Received August 12, 1960

Optimum conditions for the cyanation of A‘-choIesten-3-one were found to be in dimethylformamide in the presence of 
ammonium chloride. By this method we have been able to synthesize pure samples of 5a- (IV) and 5/S-cyanocholestanone
(V). The rate of hydrolysis of these compounds has been examined and the respective configurations determined. Some 
interesting properties of the corresponding acid amides (II and III) of the 5a- and 5,3-cyano compounds are discussed.

The introduction of a C-substituent to the angu
lar position of a condensed alicyclic-ring system 
has been already achieved by many authors. 1 
As far as it is known the C5-substituted cholestane 
derivatives are Westphalen’s diol,2 Claisen rear
rangement products of 30-vinyloxy-A4-cholestene,lc 
and the product from the fission of 5(6) 0 -epoxy chol- 
estan-30-ol by a Grignard reagent.3

The action of a Grignard reagent on A4-cholesten-
3-one4 or 7-ketocholesterol5-6 produced only 1,2 - 
addition products and not the anticipated 1,4- 
addition products. This clearly shows that in the 
case of a sterically hindered C-s position the intro
duction of a bulky substituent, such as the sol- 
vated-Grignard reagent, is difficult. Therefore, 
we attempted the 1,4-addition of the small yet 
sufficiently nucleophilic CN-  ion on A4-cholesten-3- 
one. It is well known that the 1,4-addition reaction 
of potassium cyanide to a,0 -unsaturated ketones 
is a very useful preparative method in organic 
chemistry.7

(1) (a) A. J. Birch and R. Robinson, J. Chem. Soc., 501 
(1943); (b) R. B. Woodward, J. Am. Chem. Soc., 62, 1208 
(1940); (c) A. W. Burgstahler and J. C. Nordin, J. Am. 
Chem. Soc., 81, 3151 (1959); (d) M. S. Ahmad, G. Baddelcy, 
B. G. Heaton, and J. W. Rasburn, Proc. Chem. Soc., 395
(1959).

(2) B. Ellis and V. Petrow, J. Chem. Soc., 2246 (1952).
(3) Y. Urushibara and M. Chuman, Bull. Chem. Soc. 

(Japan), 22, 69 (1949).
(4) O. C. Musgrave, J. Chem. Soc., 3121 (1951).
(5) S. Weinhouse and M. S. Kharasch, J. Org. Chem., 1, 

490 (1936).
(6) B. Baun, I. M. Heilbron, and F. S. Spring, J . Chem. 

Soc., 1274 (1936).
(7) (a) H. H. Inhoffen, S. Chutz, P. Rossberg, O. Berges,

K. H. Nordsiek, H. Plenio, and E. Horoldt, Chem. Ber., 91, 
2626 (1958) and previous papers; (b) J. Romo, Tetrahedron, 
3, 37 (1958); (c) U. R. Ghatak, Tetrahedron Letters, 1, 19 
(1959); (d) E. Adlerovd, L. Novdk, and M. Protiva, Coll. 
Czechoslov. Chem. Commun., 23, 681 (1958).

When A4-cholesten-3-one (I) was treated with 
potassium cyanide in boiling methanol, four reac
tion products together with some starting material 
were obtained and separated by chromatography 
on alumina. Following the order of the elution, 
cholestenone, 5a-cyanocholestanone (IV), the dimer
(IX), 3a - amino - 30 - hydroxy - 5a - carboxycholes - 
tane lactam (II), and finally 30-amino-3a-hydroxy- 
50-carboxycholestane lactam (III) were obtained 
in 17.8%, 21.2%, 3.6%, 2.3%, and 26.2% yield, 
respectively. 5a-Gyanocholestanone (IV) could also 
be separated by direct crystallization from the 
reaction mixture before chromatography. It melts 
at 181-183° and the analytical values are in good 
agreement with the formula C2sH45ON. The infra
red spectrum in chloroform solution showed ab
sorption bands at 2237 cm. -1  (nitrile) and 1723 
cm. -1  (six-membered ring ketone) but r.o band 
corresponding to the a,0-unsaturated kesone. It 
did not exhibit selective absorption in the ultra
violet spectrum.

The (5 -► 3) a-lactam (II) melted at 249-251° 
and in chloroform solution in the infrared it ex
hibited bands at 3697 cm. -1  (free-OH), 3477 cm. -1

(free -—XH), 3327 cm. -1  (bonded -—N—H), 1705 
cm. -1  (lactam carbonyl), and 1682 cm. -1  (asso
ciated lactam carbonyl). The (5 —► 3)0-lactam (III) 
(m.p. 200- 2 0 2 °) displayed similar bands in the 
infrared, i.e. 3605 cm. -1  (free —OH), 3445 cm. -1

(free —N—H), 3300 cm. -1  (bonded —NH), 
1702 cm. -1  (lactam carbonyl), and 1699 cm. -1  
(associated lactam carbonyl). Neither lactam 
showed the band of the noncyclic amide in the 
1510-1620 cm. -1  region.8 These findings suggest 
that II and III are C5 acid amides epimeric at C6 
and furthermore that they exist in the hemiketal
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Chart 1

form,8 9 even in solution. The optical rotatory dis
persion curves of II and III showed only plane 
curves10; this is further support for the assigned 
structures. On the other hand, while the ultraviolet 
spectrum of II did not show an absorption band 
corresponding to the carbonyl group that of III 
showed very weak absorption at 2S0 m/a (e 9.6) 
in ethanol solution. From these findings, the fol
lowing equilibrium is thought to occur in alcohol 
solution in the latter case.

The analytical values of the second eluted com
pound, m.p. 196-198°, agreed with the empirical 
formula CmFFoCIXT (Mol.wt. 839.3) and its infrared 
spectrum showed absorption bands corresponding 
to a hydroxyl group (3683 cm.“ 1), imide (3443 
cm.-1), bonded inline (3240 cm.-1), nitrile (2255 
cm.-1), lactam carbonyl (1705 cm.-1) and associ
ated lactam carbonyl group (1685 cm.-1). Although 
the molecular weight determination by Rast 
showed only 623.5, the structure of this compound 
was assumed to be a dimer having either formula 
IXa, IXb, or IXc.

In this experiment, 50-cyanocholcsr.anonc was not 
isolated but (5 -* 3)0-lactam (III) was obtained in 
considerable yield. Since the 5a-cyano group is 
both axial to ring A and B. while its 0 -epimer is 
axial to ring A but equatorial to ring B as shown 
in the Fig. 1, hydrolysis of the 50-cyano group may

(a,a)
IV

Figure 1

be much more easier than that of the oa-epimer. 
For this reason, it is suggested that 50-cyanocho- 
lestanone was more easily hydrolyzed11 than the

(8) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, Methuen & Co., Ltd., London, second edition 1958, p. 
203.

(9) I t  is known that several amides of /3-1 >enzoylpropionic 
acid exist in the hemiketal form in solution, (cf. N. H. Crom
well and K. E. Cook, J. Am. Chan. Soc., 80, 4573 (1958) 
and other references cited there).

(10) We are most grateful to Dr. C. Djerassi for measuring 
the optical rotatory dispersions.

(11) Ref. D. H. R. Barton and R. C. Cookson, Quart.
Rev., 10, 60 (1956).

5 a-epimer by the action of potassium cyanide as a 
strong base and yielded (5 3)0 -lactam (III).
In order to avoid this side reaction, cyanation of I 
was carried out with two mole equivalents of po
tassium cyanide and 1.5 mole equivalents 
ammonium chloride in dimethylformamide. As 
the excess ammonium hydroxide, which was pro
duced by the consumption of cyanide anion, was 
liberated as ammonia by heating, the reaction 
mixture was maintained at minimal basicity. 
Under these conditions, a mixture of 5a- and 50- 
cyanocholestanone and a small amount of lactam12 
were obtained in ca. 82% (total yield), as expected. 
Xeither starting material nor the dimer (IX) was 
isolated from the reaction mixture. The separation 
of each 5 a- and 50-epimcr from the reaction mix
ture by repeated chromatography on alumina 
and recrystallization was almost always unsatis
factory. The 50-cyano ketone was eluted together 
with its 5a-epimer at the same time or after some 
elution of the 5a-cyano ketone from the alumina 
column. A similar result was observed in the case of 
the epimeric pair of (5 -*■ 3)-lactams. Such excep
tions have been reported in the literature. 13 How
ever, it was found that the tosyl hydrazones of the
5-cyano epimers were suitable for separation by 
either chromatography on alumina or by recrystal
lization. Hydrolysis of each epimer with pyruvic 
acid then gave the pure 5 a- and 50-cyano com
pounds. 50-Cyanoeholestanone (V), m.p. 127— 
128° was thus obtained and showed absorption 
bands in the infrared in chloroform solution at 2237 
cm. -1  (CN) and 1723 cm. -1  (six-membered ring 
ketone) and the corresponding monosemicarbazone 
had m.p. 155-160°. The ratio of the yield of the 
5 a and 50 derivatives is about 1:1. 14

From the conformational considerations dis
cussed above, it can be seen that the 5 0 -cyano 
compound should be more easily saponified than 
the 5a-epimer. This was confirmed experimentally 
by examining the hydrolysis15-16 rate of both the 
5a- and 50-cyanocholestanone using the absorption 
band at 2237 cm. -1 in the infrared spectrum as a 
measure of the concentration of the nitrile group. 
The intensity of the band at 2237 cm. -1  of each

(12) It was observed that the mixture of 5a- and 5/3- 
cyano ketone gave (5 —*■ 3)/3-lactam in ca. 25% yield after 
chromatography on basic alumina. This observation sug
gested also the sensitivity of the 5/9-cyano ketone (V) towards 
alkali indicating that the actual yield of the formed III was 
much lower than that actually isolated.

(13) For example, J. A. Celia, E, A. Brown, and It. It. 
Burtner, J. Org. Chon.. 24, 743 (1959).

(14) See Experimental.
(15) The use of the word “saponification or hydrolysis” 

may not be adequate here. Hence, in this case these words 
should be interpreted as the decomposition rate of the cyano 
group, especially in the case of 5a-eyano ketone.14

(16) For the measurement of the optical densities, a 
“Koken DS 301 ” (double beam) was used. All measurements 
of infrared spectra were performed by Mr. Y. Matsui in 
this laboratory, to whom we wish to express our profound 
thanks.
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Via. R = CH, 
b. R = C2H5

H N '

H,N—CO

NH-

HN—CO 

Vila

IXa IXb
Chart 2

HN— CO
Villa. R = CH3CO

b. R = CH,
c. R = HO” CH.-CH2-
d. R = AcOCH2-CH.>-
e. R = C2H,

5-cyano derivative obeyed Beer’s lav below an 
optical density of 0.2 (Fig. 5). Saponification16’16 
of each 5-cyanocholestanone was carried out with 
0.08AT sodium hydroxide solution in 95% ethanol 
solution at 55°. There is a marked difference in the 
saponification rate between the 5a- and 5/3-cyano 
derivatives and 90% of the former was saponified in 
six and a half hours while the same per cent of the 
latter saponified in only two hours as shown in 
Fig. 2. The plotted values of log Co/C against 
time almost formed a straight line (Fig. 3) so this 
is applicable to the equation—1/i log Co/C=0. 
4343 K—when the hydroxide concentration is 
constant. These results indicate that this reaction 
proceeds by a base catalyzed pseudo first order 
reaction. Also the values 0.00609 min. ” 1 and 0.0203 
min. -1  were given as saponification rate constants 
K66° of the 5a- and 5/3-cyano ketones, respectively. 
The velocity ratio of the 5a to the 5/3 compound is 
1:3.5. The assignment of configuration to the 
Cs epimers from these results is in good agreement 
with the results of the rotatory dispersion curves10 
(Fig. 4).

In order to confirm the configurations of the two 
epimeric lactams, 5/3-cyanocholestanone was sapon
ified by treatment with sodium hydroxide in boiling

methanol for one hour and afforded the (5 —► 3)/3- 
lactam in 70% yield, identical with the above- 
mentioned lactam (III), m.p. 2 0 2 °. 5a-Cyanocho- 
lestanone, on the other hand, gave 50% of the an
ticipated (5 -*• 3)a-lactam, identical with the lactam
(II), m.p. 251°, and 25% of A’-cholesten-3-one by 
the action of sodium hydroxide in refluxing meth
anol for twenty hours. It seems reasonable that 
cholestenone was obtained by the ^-elimination of 
5a-cyano ketone and that there existsan equilibrium 
between the 5a-cyano derivative and cholestenone 
(Chart 3). These facts were also supported by the

/Chart 3
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hour
Fig. 2. C/Co values against time in the hydrolysis of 

5a- (I) and 5j3-cyanocholestan-3-one (II) with 0.08Ar-sodium 
hydroxide at 55° ±  1°

Co = initial concn. of cyano ketone in weight %
C = concn. of cyano ketone in weight %

hour
Fig. 3. Pseudo-first-order rate plots for the disappearance 

of the CN group of each 5-cyanocholestanone
I 5a-cyanocholestan-3-one
II 5(3-cyanocholestan-3-one

following experiments. When 5«-cyanocholesta- 
none was treated with 10% sodium hydroxide in di- 
methylformamide under vigorous conditions it 
gave cholestenone in 14.7% yield, the epimeric 
(5 -s► 3)/3-lact.am (III) in 10% yield and the starting 
material in 17.9% yield but no (5 3) «-lactam
(II) was isolated. If the 5«-cyanide were treated 
with potassium hydroxide in ethanol in the presence 
of potassium cyanide and heated under reflux for 
twelve hours, there were obtained 40% of II and 
15% of III but no cholestenone. The most probable

Wave length (m,u)
Fig. 4. Optical rotatory dispersion curves of 
I 5«-cyanocholestan-3-one (C=0.090, 700-267.5 m/i) 

C=0.018, 265-260 mM)
II 5/3-cyanocholestan-o-one (C=0.100, 700-260 m/i)

III 5tt-amidocholostan-3-one (C=0.080, 700-262.5 m/t)
IV 5/3-amidocholestan-3-one (0=0.085, 700-260 mu)

in ClhOII

Per Cent in Weight
Fig. 5. Calibration curves for determining the concent ra

tion of 5a- (I) and 5/3-cyanocholestan-3-one (II). The linear 
relation of the optical density of CN-Absorption at 2237 
cm.-1 in chloroform to percent in weight

explanation of the formation of the epimeric 
(5 —*■ 3) /3-lactam (III) from the 5 «-cyanide is as 
follows: Cholestenone and CN“ ion, both liberated 
from 5«-cyanocholestanone by the /3-elimination 
in the presence of alkali, reacted with each other 
and afforded the 5/3-cyano derivative which then



JULY 1961 CYAXATION OF A4-CHOLESTEX-3-OXE 2417

TABLE I
I n f r a r e d  S p e c t r a  i n  C a r b o n  T e t r a c h l o r i d e , C m . -1

Free OH Free NH Bonded NH Acetyl
Lactam

CO

Bonded
Lactam

CO
I l l 3600 3490 3350, 3130 — 1726 1676

V illa — 3495 1741 1727 —

V lllb — 3490 3230,3084 — 1722 1702
VIIIc 3610 3482 3250,3090 — 1722 1695
VUId — 3487 3214,3089 1746 1728 1702

TABLE II
M o l e c u l a r  R o t a t i o n  o f  5 X - C h o l e s t a n o n e  a n d  5 V - C o p r o s t a n o n e

X [«Id Chf [M]d Chf A(M)D(CN~ H> A [ M ] DG « - 5 f f l

Cholestanone H +41° +  158.5° > +  19.3°
Coprostanone II +36° +  139.2°
5a-Cyanocholestanone CN +47.0° +  193.5° +  35.0° > +  80.7°
5+Cyanocholestanone CN +27.4° +  112.8° -26 .4°

undenvent saponification to yield the (5 -*■ 3)/3- 
lactam.

These differences between the epimeric 5-cyano 
compounds with alkali were also due to the con
figuration of the 5 a- and 5/3-cyano groups and in the 
case of the more hindered 5a-cyano group, the 
reagents attacked not only the 5a-cyano radical 
but also the neighboring activated 4/3-hydrogen 
atom.

The (5 -*■ 3)a-lactam afforded its methyl and 
ethyl ether (Via and b) when treated with methanol 
and hydrogen chloride or with ethanol-benzene 
in the presence of p-toluenesulfonic acid, respec
tively. Similarly, the (5 -* 3),3-epimer gave the 
methyl and ethyl ether (Vlllb and VUIe) in the 
same way. I t  formed an acetate (Villa) with 
acetic anhydride and pyridine or better with 
acetic anhydride and p-toluenesulfonic acid. The 
(5-»-3)|8-lactam afforded a compound (VIIIc),
m.p. 185-187°, when treated with ethylene glycol 
and a catalytic amount of p-toluenesulfonic acid 
in benzene. The infrared spectrum of this compound 
shows an absorption band at 3600 cm. -1  in chloro
form solution corresponding to the hydroxyl group 
and this was confirmed by the formation of its 
acetate (VUId) with acetic anhydride-pyridine at 
room temperature. From these facts, a reasonable 
structure of the above-mentioned compound is 
represented by the formula VIIIc rather than the 
normal ethylene ketal structure X.

The infrared spectra of these lactam derivatives, 
Via, VIb, Villa, V lllb, VIIIc, VUId, and VUIe 
were all lacking the absorption band corresponding 
to the 2nd band of the non-cyclic amide.8 All these 
findings support the hemiketal structures.

The infrared absorption bands due to the inter- 
molecular association were identified from other 
bands by measurement in carbon-tetrachloride 
solution and by dilution17 as in Table I. Thus the 
assigned absorption band corresponding to the

lactam carbonyl group existed between 1722 cm. -1  
and 1728 cm.-1, and this region is located at the 
shorter wave-length region than that of the primary 
amide. This gave further support to the assumed 
hemiketal structure mentioned above.

The contributions of the C5 substituted cyano 
group to the molecular rotatory power were sum
marized in Table II. As shown in the -able the 
effect of the cyano group is opposite to that of the 
hydroxyl group. 18 As mentioned above the 3-keto 
group in the 5-acid amide derivatives has a hemi
ketal type structure, the rotatory powers of these 
derivatives can not be compared.

E X P E R IM E N T A L

Melting points were measured on a Kofler-block “Mono
scope” (Hans Book Co., Frankfurt am Main, Germany) and 
are corrected. Unless otherwise stated, specific rotations were 
measured in chloroform solution and ultraviolet spectra in 
95% ethanol. For rotation and elemental analysis, the sam
ples having the melting points up to 120°, 180°, and over 180° 
were dried for 3 hr. over phosphorus pentoxide in vacuo (1-2 
mm.) at room temperature to 60°, 70-90° and 100-120° 
respectively. Chromatography was usually performed ac
cording to the method described by Reichstein and Shop- 
pee.19

Reaction of A'-cholestenS-one with potassium cyanide. A. 
With potassium cyanide in methanol. A solution of potassium 
cyanide (0.65 g., 0.01 mole) in water ( 2 ml.) was added to a 
hot solution of A4-cholesten-3-one (I) (1.93 g., 0.005 mole) in 
methanol (50 ml.) and refluxed for 6 hr. After cooling, the 
crystals were separated, washed with ether, and recrvstal- 
lized from ethanol, to afford 5a-cyanocholestan-3-one (IV), 
m.p. 181-184°, as fine prisms. The filtrates were combined 
and evaporated in vacuo, water was added, and the product

(17) Infrared spectra were measured by use of a 3-mm. cell 
with the range of the concentration between 20-95% trans
mission of carbonyl, wdiich was controlled by dilution.

(18) (a) L. F. Fieser and M. Fieser, Steroids, Reinhold, 
New York, 1959, p. 179; (M D. H. R. Barton and W. Klyne, 
Chem.&Ind., 27, 755 (1948).

(19) T. Reichstein and C. W. Shoppee, D:sc. Trans. 
Farad. Soc., No. 7, 305 (1949).
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was extracted with chloroform. The chloroform extracts 
were washed with water, dried, and then evaporated in 
vacuo. The residue (2.08 g.) was chromatographed on alu
mina (60 g., Brockmann, II). Elution with petroleum ether 
(b.p. 40-60°)-benzene (4:1) afforded recovered A’-choles- 
ten-3-one (I) (343.2 mg., 17.8%), m.p. 80-82°, undepressed 
on admixture with an authentic sample. Further elution with 
petroleum ether-benzene (2:1 and 1:1) afforded IV (223.8 
mg.), m.p. 176.5-181°, raised by several crystallizations from 
ethanol to 182-184° [no depression on admixture with the 
first separated crystals (IV); the combined 'field was 431.7 
mg. (21.2%)]. [<*]2d7 +47.0° (c, 0.888), \°£ iOH 288 mM 
(* 10), r“ c,s 2237 and 1723 cm. 1

Anal. Calcd. for C+EL^ON: C, 81.69: II, 11.02; X, 3.40. 
Found: C, 81.33; H, 11.07; N, 3.49.

5a-Cyanocholestan-3-onesemicarbazone, m.p. 250-253° dec., 
[ o r ] +72.6° (c 1.018 in chloroform-glacial acetic acid 1:1 
v/v), ^"i01 3515, 3225, 2232, 1688, 1661, and 1572 cm. " 1

Anal. Calcd. for C29H48ON4: C, 74.31; H, 10.32; N, 11.95. 
Found: C, 74.04; H, 10.17; N, 11.97.

Further elution with benzene-chloroform (2:1) gave 
dimer (IX) (73.2 mg., 3.6%), m.p. 186-192°, raised by crys
tallization from ethanol to 196-198°, [0+0 +25.2° (c. 
0.957), r™cl3 3683, 3443, 3240, 2255, 1705, and 1685 
cm. -1

Anal. Calcd. for C56H90O3N2: C, 80.00; H, 10.73; N, 3.35. 
Found: C, 80.19; H, 10.70; N, 3.97.

Molecular weight measurement (Rost) gave 623.5.
Further elution with chloroform and chloroform-methanol 

(199:1) afforded crystals (49.2 mg., 2.3%), m.p. 238-245°. 
Several crystallizations from ethanol gave 3a-amino-3/3- 
hydroxy-5a-carboxvcholestane lactam (II), m.p. 249.5- 
252°, [o+ D6 +10.4° (c, 1.022), „™cl3 3697, 3477, 3327, 
1705, and-1682 cm. -1

Anal. Calcd. for C,,ir170 2N H ,0: C, 75.12; H, 11.03; X,
3.13. Found: C, 74.96; H, 11.07; N, 2.98.

Further elution with chloroform-methanol (99.5:0.5, 
99:1, and 49:1) afforded 3/3-amino-3a-hydroxy-5/3-car- 
boxycholestane lactam (III) (562.2 mg., 26.2%) as fine prisms 
from ethanol, m.p. 200-205°, [o+o +33.6° (c, 1.0881, 

280, mM U 9.6), 3605, 3445, 3300, 1702,
and 1690 cm.“ 1

Anal. Calcd. for CagHflChN: C, 78.27; H, 11.03; X, 3.26. 
Found: C, 77.34; H, 10.96; N, 3.16.

Tosylhydrazone of IV. 5a-Cyano ketone (50 mg.) and tosyl- 
hydrazine20 (27.3 mg.) was dissolved in ether (4 ml.) and 
allowed to stand at room temperature overnight. The crys
tals were filtered and recrystallized from ethanol, 43.5 mg. 
of rods, m.p. 198-203°. From the filtrate, further 5.6 mg. of 
crystals were obtained. [a]lD9 +70.5° (c, 1.519), p”™0' 
3210, 2205, 1638, 1597, 1490, 1347, 1166, and 809 cm.“1.

Anal. Calcd. for C35H53G2N3S: C, 72.50; H, 9.21; X, 7.25; 
S, 5.52. Found: C, 72.15; H. 9.14; N, 7.06; S, 5.36.

Tosylhydrazone of V. 5/3-Cyanocholestan-3-one [see below] 
(50 mg.) and tosylhydrazine (27.3 mg.) were dissolved in 
ether (4 ml.) and allowed to stand at room temperature over
night. The solution was washed -with 2.V hydrochloric acid 
and water, dried and then evaporated in vacuo. The residue 
(84.5 mg.) was crystallized from ethanol, needles (31 mg.), 
m.p. 117-123°. From mother liquor, further 19.4 mg. of the 
hvdrazone, m.p. 115-119° was obtained. [q+ d3 +13.0° 
(c, 1.483), 3576, 3243, 3094, 2232, 1630, 1602, 1495,
1322, 1164 and 813 cm.“ 1

Anal. Calcd. for CssHssOiNsS V^HjO: C, 71.41; H, 9.24; 
X, 7.14; S, 5.44 or for C35H53O2N3S: C, 72.50; H, 9.21; X, 
7.25; S, 5.52. Found: C, 71.64; H, 9.23; X, 6.96; S, 5.36.

Regeneration of IV from its tosylhydrazone. 5a-Cyanocho- 
lestan-3-onetosylhydrazone (50 mg.) w'as dissolved in chloro
form (2 ml.) and ethanol (1 ml.), containing pyruvic acid 
(0.1 ml.) and allowed to stand overnight. The solution was 
poured onto ice-water and extracted with ether. The ether

(20) K. Freudenberg and F. Blummeli, Ann.. 440, 51 
(1944).

extract was washed with 2N sodium carbonate and water, 
dried over anhydrous sodium sulfate and then evaporated in 
vacuo. The crude product (43.5 mg.) was crystallized from 
ethanol, giving IV (10.8 mg.), fine prisms, m.p. 182-184°. 
The melting point was undepressed upon admixture with an 
authentic sample. The second crop (18 mg.) melted at 164- 
174°.

Regeneration of V from its tosylhydrazone. 5/3-Cyanocho- 
lestan-3-one tosylhydrazone (100 mg.) was treated in the 
same way as described above. After working up as usual, 
there was obtained 47.7 mg. of V, needles, m.p. 125-126°, 
undepressed upon admixture with an authentic sample (see 
below B).

B. With potassium cyanide and ammonium chloride in 
dimeihylformamide. A4-Cholesten-3-one (1.93 g., 0.005
mole), potassium cyanide (0.65 g., 0.01 mole) and am
monium chloride (0.393 g., 0.0075 mole) in dimethylformam- 
ide (40 ml.) and water (5 ml.) were heated with occasional 
shaking for 8 hr. at 100°, during which time ammonia gas 
was evolved. After cooling the solvent was distilled off in 
vacuo. Water was then added and the product was extracted 
with chloroform. All extracts were washed with water and 
dried. Evaporation in vacruo afforded 2.18 g. of crude product.
2.15 g. of this product was dissolved in ether (100 ml.), to 
which tosylhydrazine (1.153 g.) was added and the clear 
solution was allowed to stand overnight and then further 
refluxed for 1 hr. The ether was evaporated in vacuo and the 
crude oil (3.38 g.) was crystallized from ethanol. The first 
crop (264 mg. of rods, m.p. 198-202°) and the second (287.5 
mg. of rods, m.p. 196-201°) were mainly 5a-cyanocholestan- 
3-one tosylhydrazone, the third and the fourth crop (514 
mg. of needles, m.p. 108-125° and 380.0 mg. of needles, m.p. 
100-125°) were apparently a mixture of both 5a and 5/3 
compounds, but with 5/3-compound predominating. The 
rest (oil) was roughly chromatographed on alumina (15 g., 
Woelm III, neutral), from which there was obtained 31 mg. 
of rods, m.p. 196-201° (5a-compounds) and 865.6 mg. of 
crude crystals, m.p. 100-135°. The total yield of crude crys
tals was 2.34 g. (82%).

The third, the fourth, and the last crops were combined 
(1.75 g.) and then chromatographed on alumina. This re
sulted in the isolation of 1.14 g. of needles, m.p. 115-130° 
(mixed m.p. with a pure sample of 5/S-compound was 112- 
120°) and further 160 mg. of needles, m.p. 100-135°. As a 
result, 582.5 mg. of 5a-cyanocholcstan-3-one tosylhydrazone 
(A) and 1.30 g. of a mixture (B) of 5+ and 5a-cyanocholestan 
3-ono tosylhydrazone were obtained. The latter (B) was 
proved to be an approximately 4:1 mixture of 5/3- and 5a- 
compounds after hydrolytic cleavage with pyruvic acid (see 
below).

Hydrolytic cleavage of (A). 5a-Cyanocholostan-3-one tosyl- 
hydrazone (582 mg.) was dissolved in chloroform (24 ml.) 
and ethanol (12 ml.), to which pyruvic acid (1.2 ml.) was 
added and the solution was refluxed for 1 hr. After working 
up as above i, there were obtained 435 mg. of residue, 
which gave after one crystallization from ethanol 313.7 mg. 
of IV, fine prisms, m.p. 182.5-184°, undepressed on admix
ture with an authentic sample. Further 28.4 mg. of IV, m.p. 
168-173° was obtained from the mother liquor. Total crude 
jfield was 81.5%.

Hydrolytic cleavage of (B). A solution of (B) (1.3 g.), and 
pyruvic acid (2.6 ml.) in chloroform (52 ml.) and ethanol 
(26 ml.) was allowed to stand at room temperature overnight . 
After working up as above i, there was obtained 913 mg. 
of crude product, which upon direct crystallization from 
ethanol gave 195 mg. of V, needles, m.p. 117-119°, raised 
by several crystallizations from ethanol to 127-128°. 
[a]2n +27.4° (r, 0.660), X^“50B 288 mM (e 19), ,A“C" 
2223 and 1723 cm.“1

Anal. Calcd. for C28H«ON: C, 81.69; H, 11.02; N, 3.40. 
Found: C, 81.63; H, 11.02; N, 3.60.

Semicarbazone. Fine prisms, m.p. 155-160°, [a]1̂  —6.5° 
(c, 1.013), £ “' 3536, 3222, 2216, 1693, 1670, and 1573 
cm,“1 • •
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Anal. Calcd. for C2s>H48ON4: C, 74.31; H, 10.32; N, 11.95. 
Found: C, 74.08; H, 10.35; N, 11.74.

The rest (672 mg.) was chromatographed on alumina (15 
g., Woelm, neutral II), giving 180 mg. of practically pure V, 
m.p. 119-120° by elution with petroleum ether-benzene 
(4:1 and 3:1), 140.6 mg. of the mixture of IV and V, en
riched with the latter, m.p. 103-120°, 19.3 mg. of the another 
mixture, m.p. 107-170° and 37.3 mg. of IV, m.p. 179-183° 
by elution with petroleum ether-benzene (3:1, 2:1, and 1:1), 
and 26 mg. of 5a-cyanocholestan-3-one tosylhydrazone, 
m.p. 197-200° by elution with chloroform-methanol (99:1 
and 98:2). These results showed that the original mixture 
(B) was crude SjS-cyanocholestan-3-one tosylhydrazone con
taining ca. 20% 5a-isomer.

Saponification of 5a-cyanocholestan-3-one (IV) with base.21
(1) 5a-Cyano ketone (IV) (200 mg.) and sodium hydroxide 

(300 mg.) were dissolved in methanol (98 ml.) and water (2 
ml.), which was refluxed for 20 hr., where the disappearance 
of cyanide group in IV was checked by infrared spectrum. 
Methanol was distilled in vacuo, water added, and extracted 
with chloroform. The extract rvas washed with 2N hydro
chloric acid and with water, dried over anhydrous sodium 
sulfate and then evaporated in vacuo. The crude product (157 
mg.: the yield was lowered because of sampling for infrared 
measurement) gave II (40.4 mg.) as needles from ethanol, 
m.p. 247-251°. The rest was chromatographed on alumina 
(Brockmann) and gave further 35 mg. of cholestenone by 
elution with petroleum ether-benzene (1:1) and benzene, and 
further 40.0 mg. of II, m.p. 245-251 ° by elution with chloro
form and chloroform-methanol (99:1).

(2) A solution of the 5a-cyano compound IV (500 mg.), 
sodium hydroxide (1.5 g.) in dimethylformamide (10 ml.) 
and water (5 ml.) was heated for 7 hr., after which the reac
tion mixture was neutralized with acetic acid (2.2 g.) and 
the solvent was evaporated in vacuo. The residue was 
treated in the usual manner. Chromatography of the chlo
roform extract (oil 512.7 mg.) on alumina (15 g., Brock
mann II) gave 66.3 mg. of A4-cholesten-3-one by elution with 
petroleum ether-benzene (4:1), 84.4 mg. of starting mate
rial (IV) by elution with petroleum ether-benzene (2:1) 
and benzene, and 54.2 mg. of III, m.p. 195-198°, by elution 
with chloroform-methanol (99.5:0.5).

(3) A solution of IV (280 mg.), potassium cyanide (280 
mg.) and potassium hydroxide (280 mg.) in ethanol (20 ml.) 
and water (2 ml.) was refluxed for 12 hr. After working up as 
in (2) gave 308 mg. of crude products, which were chromato
graphed on alumina (8 g., Brockmann II) and the following 
products were obtained in the same way as (2); 118.3 mg. of 
II, m.p. 245-250° and 43.2 mg. of III, m.p. 192-198°.

Hydrolysis of 5@-cyanocholestan-3-one V with base.21 A 
solution of the 5/3-cyano compound (V) (200 mg.), sodium 
hydroxide (300 mg.) in methanol (98 ml.) and water (2 ml.) 
was refluxed for 1 hr., where the disappearance of cyanide 
group was checked by infrared spectrum. Working up in the 
same way as above furnished 200 mg. of crude product, 
which was purified by alumina chromatography (6 g., Brock
mann II), giving 138.7 mg. of III, m.p. 186-200°, raised by 
several crystallizations from ethanol to 200-202° [from the 
fractions eluted with chloroform and chicroform-methanol 
(98:2)].

3{S-Methoxy-3a-amino-5 a-carboxycholestane lactam. (Via).
(1) (5—>-3) a-Lactam 11(395 mg.) was dissolved in 40% (w/- 
w) hydrochloric acid-methanol (64 g.) and allowed to stand 
for 1.5 days. The methanol was evaporated in vacuo and 
worked up as usual. Chromatography of the residue (405 
mg.) on alumina (15 g., Brockmann II) gave 302.6 mg. (74.- 
3%) of Via by elution with benzene-chloroform (9:1, 4:1, 
2:1 and 1:1), needles from ether, m.p. 188.5-190°. [«]2D9 
+  25.8° (c, 0.887), vl™' 3320, 3140, and 1700 c m r1

(21) In this experiment each substance was identified 
with the corresponding authentic sample by mixed melting 
point determination. * •

Anal. Calcd. for C2SH490 2N: C, 78.50; H, 11.13; N, 3.16. 
Found: C, 78.67; H, 11.05; N, 3.06.

(2) A solution of II (266 mg.) in 5% (w/w) hydrochloric 
acid-methanol (30 ml.) was heated for 12 hr. under reflux 
and worked up as above (1). There were obtained in the same 
way 195 mg. (56%) of Via, m.p. 186-187°.

8(S-Ethoxy-3a-amino-5a-carboxych.olestane lactam (VIb). 
A solution of II (320 mg.) and p-toluenesulfonic acid mono
hydrate (64 mg.) in absolute ethanol (30 ml.) and absolute 
benzene (50 ml.) was distilled off slowly within 20 hr. 
through a fractionating column. A total of 45 ml. of absolute 
ethanol and 75 ml. of absolute benzene were added dropwise 
during the distillation to keep the initial volume constant. 
Sodium acetate (anhydrous, 30 mg.) was then added, fol
lowed by evaporation in vacuo. The product was extracted 
with chloroform, washed with water, dried over anhydrous 
sodium sulfate, and then evaporated in vacuo. The residue 
(349 mg.) was chromatographed on alumina (8 g., Brock
mann II), to afford 262.4 mg. (77%) of VIb by elution with 
petroleum ether-benzene (1:1), benzene and benzene-chloro
form (9:1 and 4:1) needles from ether, m.p. 159-160°, 
raised by two crystallizations to 161-162°. [a]2„ +22.2° 
(c, 0.968), ZZ°' 3245, 3105, and 1704 cmt>

Anal. Calcd. for CMH510 2N: C, 78.72; H, I t .23; N, 3.06. 
Found: C, 79.12; H, 11.22; N, 2.90.

Further elution with chloroform-methanol (99:1) gave
10.4 mg. of starting material.

3a-Mcthoxy-S(l-amino-5f3-carboxycholestane lactam (VUIb). 
(5 3) /3-Lactam III (2 g.) was dissolved in 30% (w/w)
hydrochloric acid-methanol (100 g.) and allowed to stand 
at room temperature overnight. Working up in the same way 
as above gave 2.332 g. of crude products, which were purified 
by chromatography on Florisil (60 g.). Elution with benzene- 
chloroform (2:1 and 1:1) and chloroform gave 1.675 g. 
(82.1%) of practically pure VUIb, silky needles from ether- 
pentane, m.p. 167-168°, raised by one crystallization to 170- 
171°. [a]2D3' s +22° (c, 1.08), infrared: Table I.

Anal. Calcd. for C29H490 2N: C, 78.50; H, 11.13; N, 3.16. 
Found: C, 78.06; H, 11.05; N, 3.04.

Further elution with chloroform-methanol (98:2) gave 
221 mg. of starting material, m.p. 190-192°.

3a-Acetoxy-3f}-amim-5p carboxycholestane lactam (Villa).
(1) (5 —*- 3) /3-Lactam III (1 g.) was dissolved in acetic an
hydride (10 ml.), to which p-toluenesulfonic acid monohy
drate (0.3 g.) was added, and allowed to stand at room tem
perature for 48 hr. The crystals (Villa) were filtered and 
washed with a little acetic anhydride. The filtrate was evap
orated in vacuo after addition of excess anhydrous sodium 
acetate. The residue was extracted with ether and the ether 
extracts were washed with 2N  sodium carbonate and with 
water, dried over anhydrous sodium sulfate, and then 
evaporated in vacuo. The residue gave upon crystallization 
from acetic anhydride further crude Villa, m.p. 89-95°. 
The combined crude crystals were recrystallized from acetic 
anhydride, giving 602.7 mg. (63.2%) of Villa, m.p. 115- 
118°, which upon further recrystallization from acetic an
hydride gave pure V illa (needles) melting at 116-118°. 
[“ ]/? ' 5 +39° (c, 0.992), infrared: Table I.

Anal Calcd. for C30H49O3N: C, 76.38; H, 10.47; N, 2.97. 
Found: C, 76.44; H, 10.45; N, 2.93.

(2) III (0.1 g.) was dissolved in pyridine (2.5 ml.) and 
acetic anhydride (1.5 ml.) and allcwed to stand overnight at 
room temperature. Working up as usual gave 121.4 mg. of 
crude product, which by chromatography on alumina (4 g., 
Brockmann II) gave 31.4 mg. (34.5%) of Villa, m.p. 115- 
117°, and 33.8 mg. of starting material, m.p. 187-191°.

3a-(0-Hydroxy)efhoxy-8f}-amino-5j3-carboxycholestane 
lactam (VIIIc) (5 -* 3/3)-Lactam III (600 mg.) was dissolved 
in absolute benzene (100 ml.), to which ethylene glycol (1 
ml.) and p-toluenesulfonic acid (50 mg.) were added and the 
whole was refluxed slowly during 9.5 hr., using a Dean- 
Stark apparatus to separate the water formed. 2 N  sodium 
carbonate was added and shaken thoroughly. The water
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T a b l e  III

No.
t,

Min.
Residue,

Mg.
Chloroform,

Mg.
Co,

in Wt. % D,
c,

in Wt. %
C/Co, 
X 100

log
Co/C

5a-Cyanocholestan-3-•one
1 30 50.1 2094 2.34 0.125 1.83 78.2 0.106
2 90 51.9 1782 2.83 0.103 1.51 53.4 0.272
3 150 51.2 1486 3.33 0.084 1.23 36.9 0.434
4 210 50.7 1212 4.01 0.076 1.11 27.7 0.558
5 300 52.1 1145 4.35 0.052 0.76 17.5 0.758
6 390 50.7 1106 4.39 0.032 0.47 10.7 0.972
7 510 52.0 949 4.95 0.021 0.30 6.6 1.182

5S-Cyanocholestan-3-•one
1 2 51.8 2447 2.07 0.174 1.88 91.0 0.042
2 5 52.3 2254 2.27 0.177 1.92 84.6 0.0719
3 10 53.3 1511 3.41 0.235 2.60 76.3 0.114
4 20 52.1 1219 4.09 0.230 2.53 61.9 0.207
5 30 53.4 1353 3.66 0.175 1.90 52.0 0.288
6 45 52.8 1269 3.84 0.143 1.54 40.1 0.398
7 60 50.7 1320 3.70 0.109 1.18 31.9 0.496
8 90 49.5 1219 3.91 0.058 0.62 15.85 0.795
9 180 49.8 1102 4.32 0.012 0.13 3.01 1.522

layer was extracted further with benzene. The extracts 
were washed with water, dried over anhydrous sodium sul
fate and then evaporated in vacuo to afford 694 mg. of crude 
products (from acetone-ether-pentane, m.p. 177-180°). 
Chromatography over Florisil (20 g.) gave 512.3 mg. of pure 
VIIIc, recrystallized from benzene-pentane, m.p. 185-187° 
and an additional 52.3 mg. from the mother liquor, 179-182°, 
by elution with chloroform-methanol (99.5:0.5, 99:1 and 
99:5). Total yield; 565.6 mg. (85.5%). [a]2D° +  20.0° 
(c, 1.037), infrared: Table I.

Anal. Calcd. for C,oHmO,N: C, 76.06; H, 10.85; N, 2.96. 
Found: C, 75.69; H, 10.84; N, 2.84.

Sa-(fi-Acetoxy)ethoxy-30-amino-50-carboxycholeslane lactam 
(VUId). VIIIc (230 mg.) were acetylated with acetic anhy
dride (2 ml.) and pyridine (3 ml.) at room temperature over
night. After working up in the usual way, 281.4 mg. of crude 
acetate was obtained, which was then chromatographed on 
alumina (8 g., Brockmann II). The fractions eluted with 
benzene and benzene-chloroform (9:1, 4:1 and 1:1) gave 162 
mg. of VUId, needles from ether and pentane, m.p. 60-63°/ 
84°, raised by two crystallizations from the same solvent to 
64-65°/86°. [a]'S +  22.9° (c, 1.151), infrared: Table I.

Anal. Calcd. for CssHsjOjN: C, 74.52; H, 10.36; N, 2.72. 
Found: C, 74.14; H, 10.51; N, 2.59.

3a-Elhoxy-30-amino-50-carboxycholeslane lactam (VUIe). A 
solution of (5 —*• 3)/3-lactam III (2.49 g.) and p-toluenesulfonic 
acid monohydrate (560 mg.) in absolute ethanol (100 ml.) 
and absolute benzene (150 ml.) was slowly distilled within 
14 hr. through a fractionating column. A total of 50 ml. of 
absolute ethanol and 80 ml. of absolute benzene were added 
dropwise in order to maintain the original volume of the 
reaction mixture. Working up as in the case of VIb (see 
above) gave 2.6 g. of crude product, which was purified by 
filtration through an alumina column (60 g. Woelm II). 
Elution with petroleum ether-benzene (4:1, 2:1 and 1:1) 
gave a total of 2.28 g. of crude VUIe (m.p. 149-151°), which 
upon further crystallization from ethanol gave pure VIIIc as 
colorless needles m.p. 153-154°. [a]2D° +  24.7° (c, 1.156), 
C io1 3476 and 1697 cm.-‘

Anal. Calcd. for C,0H5!O2N: C, 78.72; H, 11.23; N, 3.06. 
Found: C, 78.40; H, 11.22; N, 3.02.

Further elution with a chloroform-methanol (95:5 and 
90:10) gave 50 mg. (2%) of starting material, m.p. 195- 
200°.

Determination of the saponification rate15 of 5a- and 50- 
cyanoeholeslan-S-one. (f) The method for determination. The

determination of rates was carried out by measuring the 
decrease of optical densities with time of the CN-stretching 
absorption band at 2237 cm._1 in the infrared spectra.

(2) Preparation of calibration curve. The calibration curve 
was obtained by plotting the relationship between the optical 
density (D) of the C =N  band and concentration. As seen in 
Figure 5, the plots formed straight lines at optical densities 
below ca. 0.2 showing that Beer’s relationship was valid.

(3) Procedure. A mixture of 2N sodium hydroxide (4 ml.) 
and 95% ethanol (96 ml.) in a 200 ml. reaction flask fitted 
■with a reflux condenser was prewarmed at 55° (±1°) (inner 
temp.). The 5-cyano compound (500 mg.) was then added. 
Each aliquot (10 ml.) of the reaction mixture was taken out 
at various times and was carefully neutralized with 0.4 ml. 
of 2.V hydrochloric acid, evaporated in vacuo, and extracted 
three times with chloroform. The chloroform layers were 
worked up as above. The residue (50-53 mg.) was dissolved 
in sufficient chloroform to give a solution having an optical 
density less than 0.2. For the optical densities listed in Table 
III, a mean value from five measurements was obtained. 
The concentration C (w/w) of the remaining 5-cyano com
pounds was obtained from the calibration curve prepared 
above. These values are illustrated in Fig. 2 and summarized 
in Table III.

(4) Results. As shown in Fig. 3, the curve obtained 
by plotting the relationship between log Co/C and 
time for both 5a- and 5/S-cyanocholestan-3-one formed 
straight lines, indicating that the rate of the base catalyzed 
hydrolysis followed the first order kinetic law and the values 
of the rate constant K  were shown by the equation 1/1 log 
Co/C = 0.4343 K, followed by tana = 0.4343 Kut > 
K ia = 0.00609 min.-1 for 5a-cyano ketone and tan 0 — 
0.4343 K[p°, K,p = 0.0203 min.-1 for 5/3-cyano ketone. 
I t  was found that the ratio of their rate constants at 55° was 
3.5:1.
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17,20;20,21-B ism ethylened ioxy Steroids. V. A G eneral M ethod  for P rotectin g
th e  D ihyd roxyacetone Side C h ain 1

R. E. BEYLER,2 FRANCES HOFFMAN, R. M. MORIARTY, a n d  L. H. SARETY

R eceived  O ctober I S , 1 9 6 0

The synthesis of 17,20 ;20,21-bismethylenedioxy pregnanes (BMD’s) from 17o,21-dihydroxy-20-ketopregnanes is re
ported. This general method for protecting a side chain is discussed, the properties of the bismethylenedioxy grouping are 
outlined and conditions for formation and reversal are described.

The synthesis of modified adrenocortical steroids 
has been a subject of major emphasis among steroid 
chemists during the past several years. These 
modifications have often involved lengthy syntheses 
since the activity-enhancing groups had to be 
inserted at an early stage in a bile acid or sapogenin 
precursor. Frequently the dihydroxyacetone side 
chain is not sufficiently stable or inert to the 
reaction conditions needed to modify the steroid 
nucleus.

With this fact in mind, several years ago we 
investigated methods for protecting the sensitive 
dihydroxyacetone side chain. The initial paper in 
this series3 briefly reported the synthesis of five 
17,20;20,21-bismethylenedioxy steroids which rep
resented the accomplishment of this objective. 
The present communication will enlarge upon the 
details of that work and also present some new 
information on the bismethylenedioxy (BMD) 
group.

In the interim period a number of communi
cations from our labora to ry1-4 and from our col
leagues at Merck5 have appeared in which the bis
methylenedioxy protecting group was used to 
synthesize A-, B-, and C-ring modified adreno
cortical steroids.

Because of the precedent in the hexose series6 
for preferential formation of 1,3-acetals with 
formaldehyde, it was hoped that reaction of the 
dihydroxyacetone side chain with formaldehyde

(1) Paper IV in this series, R. E. Beyler, Frances Hoff
man, and L. H. Sarett, J .  A m . C h em . S o c ., 82, 178 (1960).

(2) Present address: Department of Chemistry, Southern 
Illlinois University, Carbondale, 111.

(3) R. E. Beyler, R. M. Moriarty, Frances Hoffman, and 
and L. H. Sarett, J .  A m . C h em . S o c ., 80, 1517 (1958).

(4) (a) Frances Hoffman, R. E. Beyler, and M. Tishler, 
J .  A m . C h em . S o c ., 80, 5322 (1958); (b) R. E. Beyler, A. E. 
Oberster, Frances Hoffman, and L. H. Sarett, J .  A m .  
C hem . S o c ., 82, 170 (1960).

(5) (a) J. H. Fried, G. E. Arth, and L. H. Sarett, J .  A m .  
Chem . S o c ., 81, 1235 (1959); (b) N. G. Steinberg, R. Hirscb- 
mann, and J. M. Chemerda, C h em . a n d  I n d . . 975 (1958);
(c) J. H. Fried, G. E. Arth, and L. H. Sarett, J .  A m . C hem . 
S o c., 82, 1684 (1960); (d) R. Hirschmann, G. A. Bailey, 
R. Walker, and J. M. Chemerda. J .  A m . C h em . S o c ., 81, 
2822 (1959).

(6) S. A. Barker and E. J. Bourne, A d v . C a rb o h yd ra te
C h em ., 7, 177 (1952); S. J. Agyal and G. G. Macdonald, 
J .  C hem . S o c ., 686 (1952); J. A. Mills, A d v . C a rb o h yd ra te  
C h em ., 10, 1 (1955). * •

would yield a 17 a,21 -mcthylenedioxy compound
(I). I t was then expected that further protection of 
the C2o-carbonyl group would be required to render 
the side chain completely inert. Instead, formalde
hyde gave a spiroketal system (II) which we have 
termed the bismethylenedioxy function. This group
ing has proven to be remarkably stable to many of 
the reagents which were later incorporated into the 
various syntheses that have been reported.1-4'6

I  II

The first successful experiment in this investi
gation was conducted with cortisone (III) and 
employed a two-phase system of chloroform- 
formalin and concentrated hydrochloric acid. 
After the reaction mixture had been stirred at 
room temperature for fifty-two hours, the layers 
were separated and the organic phase washed with 
mild base and concentrated. From the crude 
residue, which contained considerable formalde
hyde polymer, a crystalline compound was ob
tained directly in good yield. Its infrared spectrum 
did not preclude the presence of a 20-carbonyl 
group, such as in I, as a band at 5.85 n could be as
signed to the nonresolved 11- and 20-ketones. 
The ultraviolet spectrum showed that the 3-keto- 
A4-chromophore was untouched. At this stage the 
predicted partial structure (I) was an acceptable 
one. However, elemental analysis of the product 
conformed more closely to that for introduction of 
two formaldehyde units than one. When a quanti-
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tative methylenedioxy determination was done, 
using chromotropic acid to measure the formalde
hyde generated by acid hydrolysis, the presence of 
two such groups was confirmed. Thus, the structure 
IV seemed more probable. Further structure con
firmation was obtained by reversal of IV to III 
(see below). Replacement or cortisone by hydro
cortisone in the reaction gave a product without a 
saturated carbonyl, which proved unequivocally 
that the 20-ketone was involved in the reaction. 
Structure IV was then secure. Although stereoiso
mers at C20 in IV are theoretically possible, only 
one isomer has been isolated in this and all other 
examples.

The extension of the above findings to other 
steroids and other aldehydes was next investi
gated. With respect to the latter it was found that 
aldehydes other than formaldehyde (butjwalde- 
hyde and aryl aldehydes for example) do indeed 
react to give bisalkylidenedioxy substituents. 
However, as these products were r.oncrystalline, 
formaldehyde remains as the reagent, of choice.

When hydrocortisone (V) (or prednisolone) was 
allowed to react with formalin and acid, an un
predicted side reaction took place. The 11/3- 
hvdroxyl function reacted, in part, to form a ketal. 
The methanol present in commercial formalin and 
another molecule of formaldehyde gave an 11/3- 
methoxymethyleneoxy substituted bismethylenedi- 
oxy compound (VII) as well as the desired bis- 
methylenedioxy hydrocortisone (VI). The struc
ture of VII was assigned on the basis of quantita
tive methylenedioxy analysis, lack erf a hydroxyl 
band in the infrared spectrum, and acid hydrolysis 
of VII to hydrocortisone (V).

+

A mixture of bismethylenedioxy hydrocortisone 
and the 11-ketal would be useful in syntheses 
involving A-ring modifications but it would ob
viously be desirable to form only VI if a multistep 
synthesis were to be anticipated. Efforts to ac
complish this objective were partially successful.

Because the rate of bismethylenedioxy formation in 
the 11-hydroxy series is appreciably faster than in 
the 11-keto series, shorter reaction times were 
studied. One can avoid formation of most of the
11-ketal (particularly in bismethylenedioxy pred
nisolone) by shortening the reaction time to an 
hour or less. However, a more effective method for 
hydrocortisone involved the use of low-methanol 
formalin (0.5% methanol) and alcohol-free chloro
form or methylene chloride. In this way we were 
able to prepare bismethylenedioxy hydrocortisone 
in 50% yield, but the yield was not consistently 
reproducible. The best way to prepare pure VI is 
by dioxolanation of bismethylenedioxy cortisone, 
reduction at Cu with lithium aluminum hydride 
and dioxolane removal.

It is of interest that 11-ketals were not isolated 
when 9a-fluoro-ll/3-hydroxy compounds were sub
jected to bismethylenedioxy-forming conditions. 
If this reaction does occur, it is only to a minor 
extent.

Early in our studies it became apparent that the 
rate of bismethylenedioxy formation was markedly 
influenced by the substituent at the 11-position. 
Cortisone was much slower to form a bismethylene
dioxy compound, as judged by the disappearance of 
the blue tetrazoleum (BT) test, than hydrocorti
sone. As a result of this observation quantitative 
blue tetrazoleum data on rates of bismethylene
dioxy forrhation were obtained and these are pre
sented in Fig. 1 . It can be seen that 50% of the 
side chain of lrydrocortisone is transformed in about 
one minut# whereas cortisone requires about five
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minutes and cortexolone (Reichstein’s S, no oxy
gen at Cu) about ten minutes. In addition, the 
final conversion yields differ with the three steroids 
(ca. 1% unchanged cortexolone, ca. 2.5% hydro
cortisone and ca. 6% cortisone after forty-four 
hours). We do not have a satisfactory explanation 
for these differences in rate and equilibria. Further, 
it is noteworthy that in the rate studies, cortexo
lone was entirely in solution at the beginning of the 
reaction while hydrocortisone dissolved completely 
after about five minutes and cortisone did not 
completely dissolve for about fifteen minutes. 
The yields of product do not necessarily parallel 
the blue tetrazoleum data, as one hour is not opti
mum for preparation of bismethylenedioxy cor
tisone. Rather is this optimum time more nearly 
twenty to forty hours.

The hydrolysis of the bismethylenedioxy group 
to the dihydroxyacetone side chain was first studied 
with bismethylenedioxy cortisone. Later it was 
found that the 11-keto compounds were more 
slowly hydrolyzed than the 11-hydroxy steroids or 
compounds not substituted a t Cu. The equilibrium 
in acid medium also favors the spiroketal in the
11-keto compounds more than in the other two 
groups of compounds.

The stability to acid hydrolysis is illustrated by 
the following findings. One part of 1(W sulfuric 
acid and nine parts of methanol at reflux for 
eleven hours gave a product with a weak blue 
tetrazoleum test. Similarly use of hydriodic acid 
in methanol or in a two-phase system «gave dis

couraging results (ca. 10% “blue tetrazoleum 
yields”) as did also the addition of a “formalde- 
hyde scavenger” (dimedone or chromotropic acid). 
The use of organic acids (acetic or formic) with or 
without added mineral acids provided more 
satisfactory yields. In the case of bismethylene
dioxy prednisolone one can obtain 70-75% yield 
when 60% formic acid is used at 1 0 0° for ten 
minutes.

The rates of bismethylenedioxy-hydrolysis were 
significantly different for different substituents at 
Cu (Fig. 2). Bismethylenedioxy cortisone was the 
most sluggish and hydrocortisone the fastest to 
hydrolyze. Using 50% acetic acid at 100°, the for
mer leveled off at about 10% “blue tetrazoleum 
yield” after two hours whereas the latter had 
reached nearly 75% “blue tetrazoleum yield” 
in this time. Prolonged treatment under these 
conditions caused the “blue tetrazoleum yield” 
to diminish, undoubtedly because of side chain 
destruction under the acid conditions. Again we do 
not have an entirely satisfactory explanation for 
the influence of the Cu-substituent on the rate of 
acid hydrolysis. I t has been found7 that variation 
at even more remote positions of the steroid—as, 
for example, in the A-ring—can have a marked 
effect on the rate of bismethylenedioxy-hydrolysis.

This acid stability has been useful in a number of 
synthetic applications. For instance, a 9,11-oxide 
was cleaved with hydrochloric acid without dam
age to the protecting group. 1 Brominations have 
been carried out on bismethylenedioxy steroids. 
Dioxolane formations and reversals have been 
accomplished in the presence of this protecting 
group.4’5 Even short-term exposure to catalytic 
amounts of boron trifluoride etherate has been 
used.8 In addition we have prepared 3-enamines 
of the bismethylenedioxy steroids.

The physical properties of this class of steroids 
are of interest. In general, they are high melting 
crystalline solids which can be crystallized from 
polar or nonpolar solvents. Methanol and ether 
are generally very satisfactory. In both partition 
and adsorption chromatography they are markedly 
less polar than the parent steroid. They always 
exhibit strong C—O—C absorption at 9 .0-9.4 n 
in the infrared. The molecular rotation of a large 
number of bismethylenedioxy compounds shows a 
levorotatory shift of 400 to 600° from the corre
sponding 17,21-dihydroxy-20-ketone.

In addition to the bismethylenedioxy compounds 
reported in our initial communication we have 
made a number of others, some of which* are re
ported in the experimental section. These include 
saturated 3-ketones, 4,6-dienones, and various 
alkylated bismethylenedioxy compounds. It is 
significant that 16a- and 16,8-methyl corticoids

(7) Dr. Ralph Hirschmann, private communication.
(8) R. E. Beyler, Frances Hoffman, L. N. Sarett, and M. 

Tishler, J, Org. Chem., 26, 2426 (1961).
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also form bismethylenedioxy derivatives satisfac
torily. For instance, bismethylenedioxy dexametha- 
sone was prepared in 50% yield in the usual way.

The biological activity of the bismethylenedioxy 
steroids indicates that the animal is able, in part at 
least, to remove the bismethylenedioxy group. 
Diminished but significant activity was found in 
the biologically active steroid bismethylenedioxy 
compounds tested.9 The approximate liver glycogen 
(glyc.) and granuloma (gran.) activities in terms 
of hydrocortisone for some of these are as follows: 
Bismethylenedioxycortisone (glyc. 0.3, gran. 0); 
bismethylenedioxy hydrocortisone (glyc. 0.25, gran.
0 ) ; bismethylenedioxy prednisone (glyc. 1.0 , gran. 
ca. 1.9); bismethylenedioxy prednisolone (glyc.
l. 0, gran. ca. 1.8); bismethylenedioxy-9a-fluoro- 
hydrocortisone (glyc. 1.25, gran. 1.8).

EXPERIMENTAL10

17a,20;20,21-Bismethylenedioxy-4-pregnene-l 1 fl-ol-3-one 
(hydrocortisone-BMD) (VI). Method A. Two grams of hydro
cortisone (V) 'were dissolved in 100 ml. of chloroform which 
had been shaken with sulfuric acid, dried over calcium 
chloride, and distilled. To this mixture was added with 
cooling 60 ml. of coned, hydrochloric acid and 60 ml. 
aqueous 37% formaldehyde (containing 0.5% methanol). 
The reaction mixture was stirred for 7 hr. at room tempera
ture. The chloroform was separated and the aqueous phase 
extracted with more chloroform. The combined extract was 
washed with aqueous bicarbonate, dried, and concentrated. 
From the residue hy methanol trituration and washing there 
was obtained 1.0 g. of bismethylenedioxyhvdrocortisone
(VI), m.p. 200-220°. Recrystallization from ether and 
methanol containing a trace of methylene chloride gave the 
analytical sample, m.p. 220-223°.

Anal. Calcd. for C23H320,: C, 68.20; H, 7.97. Found: C, 
68.01; H, 7.97, [«]% +  26°. Xma* 241.5 my, e 15,600. X™°‘
2.88, 5.95, 6.10, 9.0 y.

Method B. 17a,20;30,21-Bisinethylenedioxy-3-ethylmedi- 
oxy-5-pregnene-llp-ol. To 2.16 g. of bismethylenedioxycor- 
tisone-3-dioxolaneMb,5» in 20 ml. of tetrahydrofuran was 
added 200 mg. of lithium aluminum hydride. The mixture 
was stirred overnight at room temperature and then re
fluxed for 1 hr. A small amount of water was carefully added 
to decompose the excess lithium aluminum hydride and the 
material filtered through Supercel. Concentration of the 
filtrate gave 2.06 g. of crystalline residue. Recrystallization 
from methanol gave 1.50 g. of bismethylenedioxy hydrocor- 
tisone-3-dioxolane, m.p. 162-165°, second crop of 204 mg.,
m. p. 150-100°. One more recrystallization of the first crop 
from methanol furnished an analytical sample, m.p. 167- 
169°.

Anal. Calcd. for C25H3607: C, 66.94; H, 8.09. Found: C, 
67.41, 66.62; H, 8.30, 7.84. X*r‘ 2.83, 8.9-9.3 y.

To 200 mg. of the above bismethylenedioxy dioxolane in
4.0 ml. of acetone was added 20 mg. of p-toluenesulfonic 
acid. The mixture was allowed to stand at room temperature 
for 15 hr. I t was poured into saturated aqueous sodium 
bicarbonate and the acetone distilled off under reduced pres
sure. I t wTas then extracted with three portions of methylene

(9) We are indebted to Dr. R. H Silber of the Merck 
Institute for Therapeutic Research for the biological test 
results.

(10) All melting points were determined on a Kofler
micro-hot stage, ultraviolet absorption spectra were taken 
in methanol and rotations were taken in chloroform at 
approximately 1% concentration unless otherwise specified.

chloride, dried and concentrated to give 176 mg. of crys
talline residue. Recrystallization from methanol yielded 156 
mg. in two crops of bismethylenedioxy hydrocortisone, 
m.p. 222-227°. A mixed m.p. and infrared spectrum proved 
this compound to be identical with the sample prepared by 
Method A.

17a,20;20,21-Bismelhylenedioxy-4-pregnene-l 1 P-ol-3-one
(VI) and 17,20:20,31 -hismethylenedioxy-4-pregnenc-l 1 0-ol-S- 
one-11-methoxymethyl ether (VII). Thirty grams of hydro
cortisone was combined with 1500 ml. of chloroform and to 
this solution was added a cooled mixture of 600 ml. of 
coned, hydrochloric acid and 600 ml. of formalin. The re
action mixture was stirred at room temperature for 1 hr. 
The two layers were separated, the aqueous layer extracted 
with chloroform, and the solution combined. The chloro
form extract was washed with sodium carbonate, dried, and 
concentrated in vacuo. The entire residue (30.8 g.) was chro
matographed on 900 g. of acid washed alumina. Elution of 
the column with 1:4 petroleum ether (b.p. 40-60°)-ether 
yielded 7 g. of crude crystalline 17a,20;20,21-bismethylene- 
dioxv - 4 - pregnene - 11/3 - ol - 3 - one - 11 - methoxv- 
methyl ether (VII). Recrystallization from ether gave 4 g. of 
analytically pure VII, m.p. 160-165°.

Anal. Calcd. for CmH360 7: C, 66.94; H, 8.09; GIRO, 20,0; 
CHsO, 6.9; mol. wt., 448.54. Found: C, 67.31; H. 8.11: CH20, 
20.1; CHsO, 8.8; mol. wt. (East), 475 ±  45. X™’011 241 my, 
e 15,900. X lT1 6.0, 6.15, 9.0-9.4 y.

From the ether and ether-chloroform (2:3) effluents there 
was obtained 10.5 g. of bismethylenedioxy hydrocortisone
(VI), m.p. 217-222°.

Acid hydrolysis of a sample of VII, using 50% acetic 
acid at 100° for 8 hr., acetylation and chromatography 
yielded ca. 25% of hydrocortisone acetate.

17a,20;20,21-Bismethylenedioxy-l,4-pregnadiene-3,l 1- 
dione (prednisone-BMD). To a suspension of 500 mg. of 
prednisone in 25 ml. of chloroform was added a mixture of 
10 ml. of formalin and 10 ml. of coned, hydrochloric acid. 
The two-phase system was stirred at room temperature for 
70 hr. The two layers were separated, the aqueous layer 
extracted with chloroform, and the chloroform extracts 
combined with the original organic solvent layer. The chloro
form was washed with a saturated solution of sodium bicar
bonate, dried, and concentrated under reduced pressure to a 
semicrystalline solid ■weighing 712 mg. This crude product 
was triturated with boiling methanol giving 352 mg. of 
crystalline bismethylenedioxy prednisone m.p. 175-195°. 
After recrystallization from acetone and methanol, a pure 
sample of 17a,20;20,21-bismethylenedioxy-l,4-pregnadiene- 
3,11-dione, m.p. 214-217°, was obtained.

Anal. Calcd. for CaH^Oe: C, 68.9S; 11, 7.05. Found: C, 
68.60; H, 7.11. X ^  238 my, e 15,300. x;%' 5.87, 6.0, 6.15,
6.2 y.

17a,20;20,21-Bismcthylcnedioxy-l, 4-pregnadiene-l 10-ol-S- 
one (prodnisolone-BMD) and 17a,20;20,21-bismethylene- 
dioxy - 1,4 - pregnadicne - 11(1 - ol - S - one-11-methoxymethyl 
ether. Twenty-five grams of prednisolone was suspended in 
1250 ml. of chloroform. To :his was added a precooled (ca. 
10°) mixture of 500 ml. of formalin and 500 ml. of coned, 
hydrochloric acid. The two-phase s\-stem was stirred vig
orously at room temperature for 20 min., the prednisolone 
dissolving completely after about 1 min. The layers were 
separated and the aqueous phase extracted with 500 ml. of 
chloroform. The combined chloroform extract was washed 
with water and saturated aqueous sodium bicarbonate, 
dried, and distilled. The residue was dissolved in 250 ml. of 
methanol and concentrated to dryness twice to remove most 
of the formaldehyde polymer. The resultant crystalline 
product was recrystallized from methanol to give 20.8 g. 
of crude product, m.p. 230-260°. Recrystallization from 
methanol-methylene chloride yielded 15.0 g. of bismethyl- 
prednisolone m.p. 267-271°. An analytical sample was pre
pared by reciwstallization from ethyl acetate, m.p. 270- 
274°. • *
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Anal. Calcd. for C23H30O6: C, 68.63; H, 7.57. Found: C, 
68.37; H, 7.70. X^* 242 mp, e 14,600. 1 2.90, 6.05, 6.15,
6.2, 9.15 p  M d -  20°.

Concentration of the mothor liquors from above gave
4.0 g. of bismethylenedioxy prednisolone-11-methoxymethyl 
ether, m.p. 210-220°. Recrystallization from acetone gave 
the analytical sample, m.p. 217-220°.

Anal. Calcd. for C25H34O7: C, 67.24; H, 7.68. Found: C, 
66.85; H, 7.46. X“ J 6.00, 6.14, 6.2, 9.2 p .

9a-Fluoro-17a,20;20,21-bismethylenedioxy-4-prcgnen-llf}-
ol-3-one{9a-Fluorohydrocortisone-BMD). This preparation 
has been described previously.1

17a,20;20,21-Bismethylenedioxy-4-pregnene-3-one (cor- 
texolone-BMD). To 500 mg. of cortexolone (4-pregnene- 
17a,21-diol-3,20-dione) in 25 ml. of chloroform was added a 
mixture of 10 ml. of formalin and 10 ml. of coned, hydro
chloric acid. The two-phase system was stirred at room tem
perature for 44 hr. (Quantitative blue tetrazoleum meas
urements subsequently indicated the reaction was essen
tially complete in 1-2 hr.) The two phases were separated 
and the aqueous phase extracted with two portions of chlo
roform. The combined chloroform was washed with aqueous 
sodium bicarbonate and water, dried, and distilled. The 
residue, 464 mg., was washed with petroleum ether to give 
327 mg. of 17a,20;20,21-bismethylenedioxy-4-pregnene-3- 
one, m.p. 220-245°. A sample was recrystallized from 
methanol and methylene chloride-ether, m.p. 250-255°.

Anal. Calcd. for C23H32O5: C, 71.10; H, 8.30. Found: C, 
70.76; H, 8.29. Xmax 242 mp, e 16,500. X™cu 6.0, 6.15, 9.05- 
9.15 p .

16 a-Methyl-9 a-jluoro-17a,SO ;20,21-bismethylenedioxy-l ,4- 
pregnadiene-llp-ol-3-one (dexamethasone-BMD). Five hun
dred milligrams of dexamethasone in 25 ml. of chloroform 
was stirred with 10 ml. of 37% aqueous formaldehyde and 
10 ml. of coned, hydrochloric acid for 1 hr. at room tempera
ture. An additional 25 ml. of chloroform was added and the 
layers separated. The chloroform layer was washed with a 
saturated solution of sodium bicarbonate, dried and evapo
rated to dryness in vacua. Twenty-five milliliters of methanol 
was added to the solid residue and it wms again evaporated 
to dryness. The total residue was recrystallized from methyl
ene chloride-methanol to yield 255 mg. of analytically pure 
16a - methyl - 9a - fluoro - 17a,20;20,21 - bismethylene- 
dioxy-l,4-pregnadieno-l l/S-ol-3-one, m.p. 310-20°.

Anal. Calcd. for C24H31O6F: C, 66.33; H, 7.19. Found: C, 
66.43; H, 7.06. X^i"1 2.80, 6.0, 6.2, 9.2 p , Xm8x 238 mp , <= 
14,900.

17a,20;20,21-Bismethylenedioxy-3-pyrrolidyl-S,5-pregna- 
diene-11-one. Five hundred milligrams of bismethylenedioxy 
cortisone was dissolved in 10 ml. of ethanol containing a 
little methylene chloride. This was concentrated to ca. 
5 ml. to remove methylene chloride. To this was added 0.5 
ml. of pyrrolidine and the mixture heated for 1 min. on the 
steam bath. The resultant precipitate wras cooled and filtered, 
washing wdth ethanol, to give 540 mg. of light yellow prisms, 
m.p. 205-212° dec. The compound was analyzed without 
further purification.

Anal. Calcd. for C27H3,0 6N: C, 71.18; H, 8.19; N, 3.07. 
Found: C, 70.57; H, 8.21; N, 3.14. Xma* 271 mp, e 17,000. 
X™°‘ 5.90, 6.10, 6.19, 9.0-9.5 p .

17a,20;20,21-Bisbutyraldioxy-4-pregnene-llf3-ol-S-one. To 
500 mg. of hydrocortisone, dissolved in 25 ml. of methylene 
chloride, was added 10 ml. of 40% aqueous butyraldehyde 
and 10 ml. of coned, hydrochloric acid. The reaction mix
ture was stirred at room temperature for 6 hr. The solvent 
layers were separated and the aqueous layer extracted with

fresh methylene chloride. The combined methylene chloride 
extract was washed with water, dried over magnesium sul
fate, and concentrated. The residual oil, containing butyral
déhyde, was chromatographed on 12 g. of acid washed alu
mina. From the 4:1 petroleum ether-ether to ether eluates 
there was obtained 263 mg. of 17a,20;20,21-bisbutyral- 
dioxy-4-pregnene-ll/3-ol-3-one as a clear glass. X̂ '”1 2.9, 6.0, 
6.15, 8.6-9.0 p. X°“ 0H 241 mp, E% 296. Quantitative blue 
tetrazoleum, 7.3% of hydrocortisone.

The above 263 mg. of product was heated under nitro
gen -with 50 ml. of 50% acetic acid on the steam bath for 
8 hr. The acetic acid -was removed by vacuum distillation 
and the residue purified by extraction into methylene chlo
ride, removal of the organic solvent, and acetylation by heat
ing 10 min. with pyridine-acetic anhydride. The ac.etylated 
material (125 mg.) was chromatographed on 5 g. of acid 
washed alumina. Hydrocortisone acetate was obtained in 
the 1:4 ether-chloroform eluates, m.p. and mixed m.p. with 
authentic material 210-217°. The infrared spectrum of this 
material was essentially identical with that of hydrocorti
sone acetate.

Bismethylenedioxy group formation time study. Cortisone, 
hydrocortisone and cortexolone were all treated in exactly 
the same way as follows: 500 mg. of steroid was dissolved 
(or suspended) in 25 ml. of chloroform. To this was added a 
mixture of 10 ml. of formalin and 10 ml. of coned, hydro
chloric acid and the mixture immediately stirred at room 
temperature. This was taken to be “zero time.” At time 
intervals about 1-ml. aliquots of the chloroform layer were 
withdrawn and washed with saturated aqueous sodium bi
carbonate solutions. The chloroform layers were taken 
to dryness and the residues submitted for ultraviolet and 
BT analysis.11 All quantitative blue tetrazoleum results 
were calculated with reference to the steroid used in the re
action as cortisone, hydrocortisone, and cortexolone give 
different intensities of absorption at 510 mp. Because the 
residues have varying amounts of formaldehyde polymer 
in them the ultraviolet absorption intensities were used to 
correct the blue tetrazoleum results with the assumption that 
the 3-keto-A4-chromophore was not affected by the reaction 
conditions. These corrected blue tetrazoleum results are 
plotted in Fig. 1.

Bismethylenedioxy group hydrolyses time study. One hun
dred twenty milligrams of steroid (cortisone, hydrocortisone, 
and cortexolone) were heated in 10 ml. of 50% acetic acid 
at 100°. Aliquots wrere removed and concentrated to dryness 
periodically for ultraviolet and blue tetrazoleum assay. 
There was only about 5% loss of ultraviolet up to 4 hr. 
but after that the maximum at ca. 240 mp diminished in 
intensity. Both bismethylenedioxy cortisone and bismethyl- 
dioxy hydrocortisone wTere homogeneous in a minute or 
less whereas bismethylenedioxy cortexolone required about 
4 hr. to dissolve completely. The results of these time studies 
are presented in Fig. 2.

Acknowledgment. The authors wish to thank Mr.
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The synthesis of 9a-methylhydrocortisone acetate (XVIb) and 9a-methylprednisolone acetate (XVII) is described. 
The key step in the synthesis is the reaction of a bismethylenedioxy protected 9a-bromo-l 1-ketone (XII) with methyl 
Grignard reagent to give a 9a-methyl-. 1-ketone (XIII). Alternate methods used to synthesize 9a-methylsteroids are also 
discussed.

Substituents at the C 9-position of adrenocortical 
steroids have a profound effect on biological activ
ity. Liver glycogen activities of C9-substituted 
hydrocortisones are known to decrease in the follow
ing order: F > Cl >  H > Br > OH > I > OCH3 
~  OC2H5. This order correlates (hydrogen and 
hydroxyl are exceptions) with the inductive effect 
of the substituents as measured by the acidity 
constants of the corresponding «-substituted acetic 
acids.4 Fried has favored the view that the elec
tronic effect at C9 has a greater influence on bio
logical activity than the steric effect. As the acidity 
constant of propionic acid (CIi3) is slightly less than 
acetic acid (H) and the methyl group approximates 
a chlorine atom in size8 we felt that information on 
the bioactivity of 9a-methvl hydrocortisone would 
advance the theory of how these effects are medi
ated. The present study outlines methods for intro
duction of a methyl group at C9 and reports on the 
synthesis of two 9«-methyl corticoids.

Jones, Meakins, and Stephenson6 have synthe
sized 9«-methyl-7,22-ergostadien3-3/3-ol-ll-one (I) 
by alkylation of the A?-l 1-ketone with methyl 
iodide-potassium f-butoxide. In a similar fashion 
we tried to introduce the 9a-methyl group by 
alkylation of bismethylenedioxy cortisone-3-dioxo- 
lane (II). Paper strip data on the alkylation prod
uct showed that a trace amount of bismethylene- 
dioxy-9«-methylcortisone (after dioxolane re
moval) had formed when triphenylmethylsodium- 
methyl iodide was used. However the major prod
ucts of the reaction were starting material and 
polar by-products so that this method did not prove 
practical for our purpose.7

(1) Paper V in this series: It. if. Beyler, Frances Hoff
man, R. M. Moriarty, and L. H. Sarett, J. On/. Chon., 26, 
2421 (1961).

(2) A preliminary communication of part of this work has 
been published. Frances Hoffman, R. E. Beyler, and M. 
Tishler, J. Am. Chem. Soc., 80, 5322 (1958).

(3) Present address: Department of Chemistry, Southern 
Illinois University, Carbondale, 111.

(4) J. Fried and A. Borman in Vitamins and Hormones, 
Academic Press, New York, Vol. 16, p 322.

(5) A. Burger and R. D. Foggio, J. Am. Chem. Soc., 78, 
4419 (1956).

Pi) E. R. H. Jones, G. D. Meakins, and J. S. Stephenson, 
J. Chem. Soc., 2156 (1958).

Another attractive method for synthesis of a 
9a-methylsteroid involved an attempted Wagner- 
Meerwein rearrangement of 1 la-methyl-9,11/3- 
oxido - 17,20 ;20,21 - bismethylenedioxy - 3 - ethyl- 
enedioxy - 5 - pregnene (III)8 to the 9a-methyl-ll- 
ketone (IV). The Lewis acid catalyzed rearrange
ment of oxides to ketones is well known.9 In most of 
our attempts we used boron trifluoride etherate 
in solvents of varying polarities (ether, tetrahydro- 
furan, benzene, methylene chloride, chloroform). 
In general the desired electrophilic attack on the

(7) More recently in another study, Dr. John Fried has 
treated bismethylenedioxycortisone-3-dioxolane (II) with 
sodium hydride-methyl iodide. From a chromatographic 
fraction which was less polar than starting material, we 
again obtained paper strip evidence for the presence of a 
trace of bismethylenedioxj'-Oa-methylcortisone after di
oxolane removal.

(8) Paper IV in this series: R. E. Beyler, Frances Hoff
man, and L. H. Sarett, J. Am. Chem. Soc., 82, 178 (1960).

(9) A recent example is the conversion of methyl acetyl- 
12, 13<*-oxido-18-isooleanolate to methyl acetyl-12 keto- 
dihydro-ll-isooleanolate with boron trifluoride etherate in 
methylene chloride: E. J. Corey and J. J. Ursprung, J. Am 
Chem. Soc., 78, 183 (1956). Also see C. W. Shoppee, M. E. H. 
Howden, R. W. Killick, and G. H. R. Sumners, ./. Chem. 
Soc., 630 (1959) for conversion of 4,5a-oxidocholestane to 
5«-cholestau-4-one.
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9,11-oxide was superseded by reaction at the dioxo- 
lane and to a lesser extent the bismethylenedioxy 
group; vigorous conditions (excess boron trifluoride 
in polar solvents) gave polar non-crystalline prod
ucts and mild conditions (limited amounts of boron 
trifluoride in ether or tetrahydrofuran) gave start
ing material or the corresponding 3-keto-A4 analog. 
Some of the crude material showed saturated 
ketone by infrared but no pure 9 a-methyl-11-ke
tone was obtained in these experiments. Other 
catalysts tried on III or its 3-keto-A4 analog in
clude ferric chloride, perchloric acid, p-toluene- 
sulfonic acid and hydrogen fluoride.

The cleavage of oxides with methyl Grignard 
reagent or methyllithium, which has been used to 
make 6- and 12-methylsteroids,10'11 seemed to be a 
possible approach to the 9a-methyl-lld-ol. We 
are aware of one reported cleavage of a steroid 
oxide with Grignard reagents to give a bridgehead 
methyl substituent. That is the cleavage of 5,6/3- 
oxidocholestan-3/3-ol with methylmagnesium iodide 
to give 5a-methylcholestane-3|8,6|8-diol.12 It was 
felt that this method for making a 9a-methyl- 
steroid was deserving of our attention.

Therefore, the desired oxide (IX) for Grignard 
cleavage attempts was synthesized as follows: 
bismethylenedioxy - 9a - chlorohydrocortisone 
(YI) was prepared from either 9,11/5-oxidocortexo- 
1 one13 (V) or from 9a-chlorohydrocortisone using 
hydrochloric acid-formalin in the standard way. 
Treatment of VI with sodium methoxide or po
tassium f-butoxide yielded bismethylenedioxy- 
9,11/3-oxidocortexolone. The latter would have 
been useful for oxide cleavage if it could have 
been protected further with a 3-dioxolane. How
ever attempts to make bismethylenedioxy-9,11/3- 
oxidocortexolone-3-dioxolane met with failure due 
to acid cataljrzed rearrangement in the C-ring.14 *

(10) G. B. Spero, J. L. Thompson, B. J. Magerlein, A. It. 
ITange, H. C. Murray, O. K. Sebek, and J. A. Hogg, J. Am. 
Chevi. Soc., 78, 62J3 (1956): J. H. Fried, G. E. Arth, and
L. H. Sarett, J. Am. Chem. Soc., 81, 1235 (1959).

(11) B. G. Christensen, R. G. Strachan, N. R. Trenner, 
B. H. Arison, It. Hirschmann, and J. M. Chemerda, J. Am. 
Chem. Soc., 82, 3995 (1960).

(12) M. Chuman, J. Chem. Soc., Japan, 70, 253 (1949).
(13) J. Fried and K. F. Sabo, J. Am. Chem. Soc., 79, 1130 

(1957); Cortexolone has been proposed as a trivial name 
for Reichstein’s Substance S: L. F. Fieser and M. Fieser, 
Steroids, Reinhold, New York, p. 602.

(14) The crude product from the dioxolanation always 
exhibited a sizeable ultraviolet absorption at ca. 240 mu 
and a saturated carbonyl in the infrared spectrum. In an
other connection we have observed the conversion of 
9,11/3-oxidocortexolone acetate to cortisone acetate using
p-toluenesulfonic acid in refluxing benzene in at least 40% 
yield.

Dioxolanation of 9a-halo-ll/3-hydroxysteroids is also not 
feasible, so we could not reverse the order of steps to get 
a bismethylenedioxy-9,11-oxide dioxolane. For example 
dioxolanation attempts on bismethylenedioxy-9a-fluoro- 
hydrocortisonc gave a bad mixture of products which we 
have not characterized other than infrared spectra on 
selected chromatographic fractions.

As an alternative, the chlorohydrin (VI) was re
duced with sodium borohydride to the chlorohydrin 
-3 £-ol (VII). The latter could be transformed to the
9,ll-oxide-3 |-ol (VIII) by means of potassium
i-butoxide or refluxing sodium borohydride. With 
this information it was then found possible to go 
directly from bismethylenedioxy-9a-cblorohydro- 
cortisone (VI) to 9,11/3-oxido - 17a,20;20,21-bis- 
methylenedioxy - 4 - pregnene-3 £-ol (VIII) in one 
step by means of sodium borohydride in refluxing 
ethanol. The required tetrahydropyranyl ether 
group was then added to give the fully protected 
oxide (IX) as an oil.

All attempts to cleave IX with methyllithium, 
methylmagnesium iodide and methylmagnesium 
chloride were unsuccessful. Only starting material 
and polar oils resulted from these reactions. Simi
lar reactions with the unprotected 3-hydroxy A4- 
compound (VIII) also met with failure.

A usable yield of 9a-methylsteroid was finally ob
tained by reaction of a 9a-bromo-ll-ketone with 
methyl Grignard reagent. It is well known16 * 1954 that 
a-halo ketones can react with Grignard reagents 
in at least four different ways: (1) normal addition 
to the C = 0  to give a tertiary alcohol, (2) replace
ment of the a-halogen by the organic radical of 
the Grignard reagent, (3) reductive enolization

(15) M. S. Kharasch and O. Reinmuth, Grii/nard Reac
tions of Noninetallic Substances, Prentice-Hall, New York,
1954, p. 181.
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with loss of halogen and (4) enolization of the a- 
halo ketone. The reaction we desired (number 2 
above) is exemplified in the simplest case by 
conversion of 2-chlorocyclohexanone to 2-methyl- 
cyclohexanone.16 A more recent example is that of 
the conversion of 2-chlorotetralone to 2-phenyl- 
tetralone.17

Synthesis of the requisite 9 a-bromo- 11-ketone
(XII) was done as follows: 9,11/3-Oxidocortexolone
(V) reacted with formaldehyde-hydrobromic acid 
to give bismethylenedioxy-9a-bromohydrocortisone
(X). Chromic acid oxidation of X gave bismethyl- 
enedioxy-9a-bromocortisone (XI). Conventional 
dioxolanation then yielded the fully protected 9 a- 
bromo-11-ketone (XII).

When this a-halo ketone was allowed to react 
with methylmagnesium iodide and excess methyl 
iodide in refluxing ether-tetrahydrofuran two prod
ucts resulted. These were separated by careful 
alumina chromatography and proved to be bis- 
methylenedioxy 9a-methylcortisone- 3 - dioxolane
(XIII) and bismethylenedioxy cortisone - 3 - dioxo
lane (II). The former was obtained in a maximum 
30% yield and the yield of II varied widely de
pending upon the solvents and temperatures used. 
The 9a-methyl substituent was proven to be 
present by means of nuclear magnetic resonance, 
which showed three tertiary C—CH3 bands.

The rotatory dispersion curves of II and X III18 
were also very similar, as would be predicted for 
two compounds differing by only a CH3 and H 
adjacent to the carbonyl. This data confirmed the 
fact that no serious rearrangement had occurred 
during the reaction.

With regard to the mechanism of this reaction, it 
seems probable that the first step is the formation of 
an enolate anion19 with loss of the bromine atom at 
Cg. The resultant Cg-carbanion can then be alkyl
ated with excess methyl iodide to give methyl 
ketone XIII. Alternatively, a proton supplied 
during the work-up would give the unmethylated 
ketone (II).

The completion of the synthesis was done as 
follows: the 11-keto compound (XIII) was reduced 
with lithium aluminum hydride to the bismethyl
enedioxy - 9a - methylhydrocortisone - 3 - dioxolane
(XIV) . The dioxolane was removed with acetone- 
p-toluenesulfonic acid and the bismethylenedioxy- 
group was reversed with 50% acetic acid to give 
9a-methylhydrocortisone (XVIa). Acetylation af
forded the 21-acetate (XVIb).

(1 6 )  M . T if f e n e a u  a n d  B . T c h o u b a r ,  Corrupt, rend., 198, 
941  (1 9 3 4 ).

( 1 7 )  A . S . H u s s e y  a n d  R .  R .  H e r r ,  A b s t r a c t s  o f P a p e r s  
P r e s e n te d  a t  t h e  1 3 5 th  M e e t in g  o f  t h e  A m e r ic a n  C h e m ic a l  
S o c ie ty ,  B o s to n ,  M a s s . ,  A p r il ,  1959 , p .  18 -o .

(1 8 )  W e  a r e  in d e b te d  t o  D r .  D .  E . W il l ia m s  f o r  th e s e  
m e a s u re m e n ts .

(1 9 )  E .  P .  K o h le r  a n d  M . T is h le r ,  J. Am. Chem Soc., 5 4 , 
5 9 4  (1 9 3 2 ) ;  E .  P .  K o h le r  a n d  M . T is h le r ,  J. Am. Chem. 
Soc., 5 7 , 2 1 7  ( 1 9 3 5 ) .

X I V

C II2OA c c h 2o rI I
C O  c o

Dehydrogenation of XVIb with selenium dioxide 
in ¿-butyl alcohol acetic acid produced 9a-methyl- 
prednisolone-21-acetate (XVII). The infrared spec
tra of all intermediates and the final products 
were consistent with the assigned structures.

It is of interest to examine the influence of 9 a- 
substituents on the ultraviolet absorbing 3-keto- 
A4-chromophore (Table I). Since an electronegative 
substituent such as fluorine at C9 has a hypso- 
chromic effect ( — 3 mp) and the methyl group, 
which is electron releasing, has a bathochromic 
effect (+1 to 2.5 mp) it seems probable that the
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T A B L E  I

1 1 - K e to n e  S e r ie s ^m ai

C o r t i s o n e - B M D 2 3 8  m,u )1 AX f o r  F  =  —3 m y
9 a - F lu o r o c o r t i s o n e - B M D 2 3 5  'X AX f o r  C H 3 =
9 a - M e th y lc o r t i s o n e - B M D 2 3 9  J +  1 m y

1 1 - H y d ro x y  S e r ie s

H y d r o c o r t i s o n e - B M D 2 4 1 .5  m y '
9 a - F lu o r o h y d r o c o r t i s o n e - 2 3 8 .5  1 AX f o r  F  =  —3 m /r

B M D AX fo r  C H 3 =
9 a - M e th y lh y d r o c o r t i s o n e -

B M D
2 4 4  1 + 2 . 5  m,u

C 9- C 5 t r a n s a n n u l a r  i n d u c t i v e  e f f e c t  h a s  a n  a p 

p r e c i a b l e  i n f l u e n c e  o n  t h e  u l t r a v i o l e t  a b s o r p t i o n  
m a x i m u m .

The biological test results20 expressed in terms of 
hydrocortisone, were as follows: 9a-Methylhydro- 
cortisone (XVIa) was ca. 0.1 (p.o.) and 9a-methyl- 
prednisolone acetate (XVII) was ca. 1.75 (p.o.) in 
the liver glycogen assay. XVIa was ca. 0.25 (s.c.) 
and XVII was ca. 1.6-1.8 (p.o.) in the cotton pellet 
granuloma assay. Both XVIa and XVII caused 
slight sodium retention in adrenalectomized rats.

EXPERIMENTAL21

Méthylation of bismethylenedioxycortisone-S-dioxolane. T o  
2 .5 9  g . o f  d r y  b is m e th y le n e d io x y c o r t i s o n e -3 - d io x o la n e  s u s 
p e n d e d  in  5 0  m l.  o f  s o d iu m  d r ie d  e t h e r  w a s  a d d e d  4 .7  m l.  (1  
e q u iv a le n t )  o f  0 .1 2 8 4 /  t r ip h e n y lm e th y l  s o d iu m  in  e th e r .  T h e  
m ix tu r e  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  fo r  2 0  m in .  S in c e  
a  lo s s  o f  r e d  c o lo r  in d ic a te d  t h e  b a s e  w a s  b e in g  c o n s u m e d ,
15 .3  m l.  m o r e  t r ip h e n y lm e t h y l  s o d iu m  w a s  a d d e d .  S t i r r in g  
w a s  c o n t in u e d  f o r  a n o th e r  h o u r  d u r in g  w h ic h  t im e  a  f in e  
y e llo w  s o lid  f o rm e d .  T h e n  5 .0  m l. o f  m e th y l  io d id e  w a s  a d d e d  
a n d  s t i r r in g  w a s  c o n t in u e d  a t  ro o m  t e m p e r a t u r e  f o r  96  
h r .  A b o u t  2 0  m l.  o f  w a te r  w a s  c a u t io u s ly  a d d e d  a n d  t h e  e th e r  
l a y e r  s e p a r a te d .  T h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i th  tw o  
p o r t io n s  o f  m e th y le n e  c h lo r id e , t h e  c o m b in e d  e t h e r - m e t h y l 
e n e  c h lo r id e  e x t r a c t  d r ie d  a n d  c o n c e n t r a t e d  t o  g iv e  3 .3 6  g . 
o f  y e llo w  g u m . T h is  w a s  c h r o m a to g r a p h e d  o n  100 g. o f 
a lu m in a .  F r o m  t h e  e a r ly  p e t r o le u m  e t h e r - e th e r  ( 3 : 7 )  f r a c 
t io n s  5 0 6  m g . o f  c r y s ta l l in e  p r o d u c t  w a s  s e le c te d  fo r  r e m o v a l  
o f  t h e  3 -d io x o la n e  g r o u p .  I t  w a s  d is s o lv e d  in  10 m l. o f  a c e 
to n e  a n d  100  m g . o f  p - to lu e n e s u l f o n ic  a c id  a d d e d .  A f te r  2 4  
h r .  a t  r o o m  t e m p e r a t u r e  i t  w a s  c o n c e n t r a t e d  t o  d r y n e s s  u n 
d e r  r e d u c e d  p r e s s u re .  T h e  r e s id u e  w a s  d is s o lv e d  in  m e th y l 
e n e  c h lo r id e  a n d  w a s h e d  w i th  s a t u r a t e d  a q u e o u s  s o d iu m  
b ic a r b o n a te .  A f te r  c o n c e n t r a t io n  o f  t h e  e x t r a c t  t h e  r e s id u a l  
4 4 7  m g . o f  g u m  w a s  c h r o m a to g r a p h e d  o n  20  g . o f  a lu m in a .  
A  c r y s ta l l in e  p r o d u c t  w a s  o b ta in e d  in  t h e  e th e r  t o  e th e r -  
c h lo ro fo rm  ( 1 : 4 )  e f f lu e n ts .  P a p e r  s t r ip s  o n  t h e  f i r s t  th r e e  
f r a c t io n s ,  t o t a l l i n g  4 9  m g .,  s h o w e d  a  s p o t  m o r e  m o b ile  t h a n  
b i s m e th y le n e d io x y c o r t i s o n e .  T h e  r e l a t i v e  R f  w i th  r e s p e c t  
t o  b is m e th y le n e d io x y  c o r t i s o n e  w a s  a b o u t  1 .4  in  a  c y c lo -  
h e x a n e - f o rm a m id e  s y s te m  a n d  a b o u t  1 .3  in  a  c y c lo h e x a n e -  
p r o p y le n e  g ly c o l s y s te m . T h e  m a jo r  s p o t  f ro m  th e s e  f r a c 
t io n s ,  h o w e v e r ,  w a s  b i s m e th y le n e d io x y  c o r t i s o n e ;  i t  w a s  
e s t im a te d  to  a p p r o x im a te  7 5 %  o f  t h e  u l t r a v io l e t  a b s o rb in g  
m a te r ia l .

(2 0 )  W e  a r e  i n d e b te d  t o  D r .  R .  H .  S i lb e r  a n d  D r .  H .  C . 
S to e rlc  o f t h e  M e r c k  I n s t i t u t e  f o r  T h e r a p e u t i c  R e s e a r c h  
fo r  th e s e  d a t a .  T h e  d e s ig n a t io n  p .o .  a n d  s .c . d e s ig n a te s  o r a l  
a n d  s u b c u ta n e o u s  a d m in i s t r a t i o n ,  r e s p e c t iv e ly .

(2 1 )  A ll m e l t in g  p o in t s  w e re  d e te r m in e d  o n  a  K o f le r  
m ic ro  h o t  s ta g e .  U l t r a v io le t  s p e c t r a  w e r e  d e te r m in e d  in  
m e th a n o l .

S im ila r  r e s u l t s  w e re  o b ta in e d  w i th  m e th y l  io d id e  a n d  b is -  
m e th y le n e d io x y c o r t i s o n e - 3 -d io x o la n e  u s in g  m e ta l l ic  p o t a s 
s iu m  in  r e f lu x in g  b e n z e n e  o r  to lu e n e  w i th  v ig o ro u s  s t i r r in g .  
W i th  p o ta s s iu m  ¿ -b u to x id e  n o  e v id e n c e  fo r  m e th y la t i o n  w a s  
o b ta in e d  in  tw o  e x p e r im e n ts .

9a-Chloro-17a,20;20,21-Bismethylenedioxy-4-pregnene- 
11 (3-ol-8-one ( V I )  A. From 9a-Chlorohydrocortisone acetate. 
O n e  g r a m  o f  9 a -c h lo ro - 4 - p re g n e n e - l l /3 ,1 7 a ,2 1 - t r io l - 3 ,2 0 -  
d io n e - 2 1 -a c e ta te  w a s  d is s o lv e d  in  100  m l. o f  m e th y le n e  
c h lo r id e  a n d  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  18 h r .  w i th  
2 5  m l.  o f  3 7 %  f o rm a ld e h y d e  a n d  25  m l. o f  c o n e d , h y d r o 
c h lo r ic  a c id .  T h e  m e th y le n e  c h lo r id e  la y e r  w a s  s e p a r a te d ,  
w a s h e d  w i th  a q u e o u s  s o d iu m  b ic a r b o n a te  a n d  d r ie d .  E v a p o 
r a t i o n  in vacuo y ie ld e d  c r y s ta l s  w h ic h , u p o n  r e c r y s ta l l i z a 
t i o n  f ro m  m e th y le n e  c h lo r id e - m e th a n o l  g a v e  5 5 0  m g . o f 
a n a ly t i c a l l y  p u r e  9 a -c h lo ro - 1 7 a ,2 0 ;2 0 ,2 1 - b is m e th y le n e d io x y -
4 - p r e g n e n e - l l^ - o l - 3 - o n e ,  m .p .  2 2 0 - 2 3 0 °  d ec .

Anal. C a lc d . fo r  C 23H 310 6C1: C , 6 2 .9 3 ; H ,  6 .9 5 ; C l, 8 .0 7 ; 
C H » 0 , 13 .6 . F o u n d :  C , 6 2 .4 6 ; H ,  6 .9 7 ; C l, 8 .5 3 ;  C H 20 ,
1 3 .8 . 5 .9 9 , 6 .1 0 , 9 .0  y.

B . From 9,110-oxidocortexolone (V ) .  O n e  g r a m  o f  9,11,8- 
o x id o - 4 -p r e g n e n e -1 7 a ,2 1 -d io l-3 ,2 0 -d io n e 13 w a s  d is s o lv e d  in  
10 0  m l. o f  m e th y le n e  c h lo r id e  a n d  s t i r r e d  fo r  18  h r .  a t  
r o o m  t e m p e r a tu r e  w i th  2 5  m l.  o f  f o rm a l in  a n d  25  m l.  o f 
c o n e d , h y d r o c h lo r ic  a c id .  A f te r  t h e  u s u a l  w o rk -u p , t h e  r e s u l t 
a n t  c r y s ta l s  w e r e  r e c r y s ta l l i z e d  f ro m  m e th y le n e  c h lo r id e s  
m e th a n o l  t o  y ie ld  3 5 0  m g . o f  9 a - c h lo ro -1 7 ,2 0 ;2 0 ,2 1 -b is -  
m e th y le n e d io x y -4 -p re g n e n e -1 1 8 -o l-3 -o n e , m .p .  2 2 0 - 2 3 0 °  d ec . 
T h e  in f r a r e d  s p e c t r u m  o f  t h i s  c o m p o u n d  w a s  id e n t ic a l  w i th  
t h a t  o f  t h e  s a m p le  p r e p a r e d  a b o v e .

9,ll(i-Oxido-17,20;21,21-bismethylenedioxy-4-pregnene-3- 
one. A . Potassium t-butoxide method. T o  a  s t i r r e d  s o lu t io n  
o f  1 .0  g . o f  9 f f - c h lo ro -1 7 a ,2 0 ;2 0 ,2 1 -b is m e th y le n e d io x y -4 -  
p re g n e n e - l l /S -o l-3 -o n e  in  5 0  m l. o f  ¿ -b u ty l  a lc o h o l  w a s  a d d e d ,  
in  a n  a tm o s p h e r e  o f  n i t ro g e n ,  4 .0  m l. o f 0 .8 4 4 /  p o ta s s iu m  
¿ -b u to x id e . A f te r  4 8  h r . ,  a  fe w  d r o p s  o f  a c e t ic  a c id  w e re  
a d d e d  a n d  t h e  ¿ -b u ty l  a lc o h o l  w a s  c o n c e n t r a t e d  in vacuo. 
T h e  r e s id u e  w a s  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e , w a s h e d  
w i th  a  s a t u r a t e d  s o lu t io n  o f  s o d iu m  b ic a r b o n a te ,  d r ie d  a n d  
c o n c e n t r a t e d  t o  y ie ld  1 .0 2  g. o f  a m b e r  g u m . T r i t u r a t i o n  
w i th  m e th y le n e  c h lo r id e - e th e r  a f fo rd e d  155  m g . o f  t h e  
d e s i r e d  p r o d u c t .  T h e  r e s id u e  w a s  c h r o m a to g r a p h e d  o n  a c id -  
w a s h e d  a lu m in a  a n d  e lu t io n  o f  t h e  c o lu m n  w i th  e th e r  a n d  
e th e r - c h lo r o f o rm  ( 4 : 1 )  g a v e , a f t e r  r e c r y s ta l l i z a t io n  f ro m  
m e th y le n e  c h lo r id e - m e th a n o l ,  5 4 0  m g . o f  a n a ly t i c a l ly  
p u r e  9 ,1 1 /3-ox ido -l 7 a ,2 0 ;2 0 ,2 1 - b is m e th y le n e d io x y - 4 -p r e g -  
n e n e -3 -o n e , m .p .  2 1 0 -2 1 5 ° .

Anal. C a lc d . fo r  C 23H 3oC>6: C , 0 8 .6 3 ; H ,  7 .5 1 . F o u n d :  C , 
6 8 .5 2 ; H ,  7 .5 4 . X ^ f  6 .0 , 6 .1 5 , 9 .0 - 9 .1  y.

B . Sodium methoxide method. T w o  h u n d r e d  m ih ig ra m s  of 
9 a  -  c h lo ro  -  1 7 a ,2 0 ;2 0 ,2 1  -  b i s m e th y le n e d io x y  -  4  -  p re g -  
n e n e - l l /3 -o l-3 -o n e  w a s  c o m b in e d  u n d e r  n i t r o g e n  w i th  20  
m l. o f  m e th a n o l  a n d  1 .0  m l. o f  2 N  s o d iu m  m e th o x id e  a n d  
h e a t e d  u n d e r  re f lu x  fo r  18  h r .  T h e  r e a c t io n  m ix tu r e  w a s  
c o o le d , e n o u g h  2 .5 V  h y d r o c h lo r ic  a c id  a d d e d  t o  e f fe c t  n e u 
t r a l i t y ,  t h e  m e th a n o l  c o n c e n t r a te d  t o  a  s m a ll  v o lu m e  in 
vacuo a n d  t h e  r e s id u e  e x t r a c t e d  w i th  e th y l  a c e t a t e .  A f te r  
w a s h in g  t h e  o rg a n ic  p h a s e  w i th  w a te r ,  d r y in g  o v e r  m a g 
n e s iu m  s u l f a te ,  a n d  c o n c e n t r a t in g  u n d e r  r e d u c e d  p r e s s u re ,  
c r y s ta l s  w e re  o b ta in e d .  R e c r y s ta l l iz a t io n  f ro m  m e th a n o l  
a f fo r d e d  5 0  m g . o f  a n a ly t i c a l l y  p u r e  9 ,l l ;3 -o x id o -1 7 ,2 0 ;2 0 ,2 1 -  
b is m e th y le n e d io x y - 4 - p re g n e n e -3 - o n e , m .p .  2 0 5 - 2 1 5 ° ,  id e n 
t i c a l  w i th  t h e  s a m p le  p r e p a r e d  a b o v e .

9a-Chloro-17a,20;20,21-bismethylcnedioxy-4-pregnene-3i, 
llfi-diol ( V I I ) .  T w o  h u n d r e d  m il l ig r a m s  o f  b is m e th y le n e -  
d io x y - 9 a -c h lo r o h y d r o c o r t i s o n e  ( V I )  w a s  d is s o lv e d  in  10 
m l.  o f  9 5 %  e th a n o l  a n d  10 m l. o f  m e th y le n e  c h lo r id e . T o  th i s  
w a s  a d d e d  2 0 0  m g . o f  s o d iu m  b o r o h v d r id e  a n d  t h e  m ix tu re  
s t i r r e d  a t  ro o m  t e m p e r a tu r e  f o r  16  h r .  W a te r  w a s  a d d e d  a n d  
t h e  s o lu t io n  c o n c e n t r a t e d  t o  a n  a q u e o u s  s u s p e n s io n  o f o il. 
T h is  w a s  e x t r a c t e d  th r ic e  w i th  m e th y le n e  c h lo r id e , d r ie d  
a n d  c o n c e n t r a te d  t o  g iv e  2 0 8  m g . o f  c r y s ta l l in e  r e s id u e , m .p . 
1 8 0 -1 9 5 ° . R e c r y s ta l l iz a t io n  f ro m  e t h e r - m e t h y l e n e  c h lo r id e  
g a v e  102  m g .,  m .p .  1 9 3 -2 0 2 ° . T h e  a n a ly t i c a l  s a m p le  o f  V I I
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w a s  p r e p a r e d  b y  r e e r y s ta l l i z a t io n  f ro m  a c e to n e - e th e r  a n d  
m e th y le n e  c h lo r id e - e th e r ,  m .p .  2 0 5 -2 0 8 °  d ec .

Anal. C a lc d . f o r  C 23H 3306C 1: C , 6 2 .6 4 ; H ,  7 .5 3 ; C l, 8 .0 4 . 
F o u n d :  C , 6 2 .9 1 ; H ,  7 .2 7 ; C l, 8 .7 8 . A ^ , f  2 .7 5 - 3 .0 ,  6 .0  
( w e a k ) ,  9 .0 - 9 .2  y.

9,11/3-Oxido-l 7a,20;20,81-bi!imethylenedi<.-£y-4-pre(inen-8i- 
o l ( V I I I )  A . Potassium t-butoxide on V I I .  T o  30  m g . o f  t h e  
a b o v e  c h lo r o h y d r in  ( V I I )  in  1 .5  m l. o f  / - b u ty l  a lc o h o l w a s  
a d d e d  0 .1  m l.  o f  1 4 /  p o ta s s iu m  ¿ -b u to x id e . T h is  m ix tu r e ,  
u n d e r  n i t ro g e n ,  w a s  k e p t  a t  ro o m  te m p e r a tu r e  fo r  2  h r .  
T h e n  tw o  d r o p s  o f g la c ia l  a c e t ic  a c id  w a s  a d d e d  a n d  i t  w a s  
c o n c e n t r a t e d  t o  n e a r - d ry n e s s .  S a t u r a t e d  a q u e o u s  s o d iu m  
b ic a r b o n a te  w a s  a d d e d  a n d  t h e  r e s u l t a n t  s u s p e n s io n  e x t r a c t e d  
w i th  m e th y le n e  c h lo r id e . D r y in g  a n d  c o n c e n t r a t io n  o f  so l
v e n t  g a v e  13 m g . o f c r y s ta l l in e  r e s id u e . I t  w a s  r e c r y s ta l l iz e d  
f ro m  e th e r  to  g iv e  8  m g . o f a n a lv t i c a l lv  p u r e  o x id e  ( V I I I ) ,  
m .p .  1 7 6 -1 7 8 ° .

Anal. C a lc d . fo r  C 23H320 6 : C , 6 8 .2 9 , H ,  7 .9 7 . F o u n d :  C , 
6 8 .0 0 ; H , 8 .3 2 . A ^ * 1 3 .0 - 3 .3 ,  6 .0  ( w e a k ) ,  8 .0 - 9 .4  y.

B . Sodium borohydride on V I I .  T o  25  m g  o f  c h lo r o h y d r in
( V I I )  in  1 .0  m l. o f  9 5 %  e th a n o l  w a s  a d d e d  25  m g . o f  s o d iu m  
b o r o h y d r id e .  T h e  m ix tu r e  w a s  h e a te d  u n d e r  re f lu x  fo r
l .  5  h r .  W o r k -u p  w a s  t h e  s a m e  a s  a b o v e  e x c e p t  f o r  t h e  u s e  o f 
e th y l  a c e t a t e  in  t h e  e x t r a c t io n .  T h e  r e s id u a l  2 9  m g . w a s  
r e c r y s ta l l i z e d  f ro m  e th e r  a n d  m e th a n o l  t o  g iv e  V I I I ,  m .p .
1 7 6 - 1 7 8 ° ,  u n d e p r e s s e d  w h e n  m ix e d  w i th  t h e  s a m p le  a b o v e .

C . Sodium borohydride on V I .  T o  20 0  m g . o f  b is m e th y le n e -  
d io x y - 9 a -c h lo r o h y d r o c o r t i s o n e  ( V I )  in  10 m l. o f  9 5 %  e t h a 
n o l a n d  10  m l.  o f  m e th y le n e  c h lo r id e  w a s  a d d e d  2 0 0  m g . of 
s o d iu m  b o r o h y d r id e .  T h e  m e th y le n e  c h lo r id e  w a s  d is t i l le d  
a n d  t h e  e th a n o l  s o lu t io n  s t i r r e d  u n d e r  re f lu x  fo r  20  h r .  
U s in g  a  w o r k -u p  a s  in  A  a b o v e , 162 m g . o f  c r u d e  p r o d u c t  w a s  
o b ta in e d .  T h is  w a s  r e c r y s ta l l i z e d  to  g iv e  36 m g . o f  V I I I ,
m .  p .  1 6 5 - 1 7 5 ° .  F u r t h e r  r e c r y s ta l l i z a t io n  f ro m  m e th a n o l  
a n d  e th e r - m e th y le n e  c h lo r id e  g a v e  a  p u r e  s a m p le , m .p . 
a n d  m ix e d  m .p .  w i th  t h e  a n a ly t i c a l  s a m p le  a b o v e ,  1 7 5 -  
1 7 8 ° .

9a-Bromo-17a,20;20,21-Bismethylenedioxy-lrpregnene- 
11 (3-ol-S-onc ( X ) .  S e v e n ty - s ix  g ra m s  of 9 ,l l /3 -o x id o -4 -p re g -  
n e n e -1 7 < * ,2 1 -d io l-3 ,2 0 -d io n e  ( V ) 13 w a s  s u s p e n d e d  in  3  1. o f  
c h lo r o fo r m . A  m ix tu r e  o f  6 0 0  m l. o f  3 6 %  f o r m a ld e h y d e  a n d  
a n d  6 0 0  m l. o f 4 2 %  h y d r o b r o m ie  a c id  wTa s  th e n  a d d e d .  T h e  
r e a c t io n  m ix tu r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a tu r e  fo r  76 
h r .  A f te r  4 .5  h r .  30 0  m l. o f  m e th y le n e  c h lo r id e  w a s  a d d e d  to  
e f fe c t  c o m p le te  s o lu t io n  o f  t h e  s u s p e n s io n . T h e  la y e r s  w e re  
s e p a r a te d  a n d  t h e  c h lo ro fo rm  la y e r  w a s  w a s h e d  w i th  w a te r  
a n d  s a t u r a t e d  s o d iu m  b ic a r b o n a te  s o lu t io n ,  d r ie d  o v e r  m a g 
n e s iu m  s u l f a te  a n d  e v a p o r a te d  in vacuo. T r i t u r a t i o n  o f  t h e  
r e s u l t in g  o il w i th  m e th a n o l ,  f i l t r a t io n  a n d  m e th a n o l  -w ash ing  
g a v e  2 2  g . o f 9 a -b ro m o -1 7 o : .2 0 :2 0 ,2 1 - b is m ? th y lo n e d io x y -4 -  
p r e g n e n e - l l /3 -o l-3 -o n e , m .p .  1 7 0 -1 9 0 ° C .

Anal. C a lc d . fo r  C 23H 310 6 B r :  C , 5 7 .1 4 ; H ,  6 .4 6 . F o u n d :  C , 
5 7 .3 5 ; H ,  6 .3 4 . A ™ , 2 43  m g , * 15 ,5 0 0 .

9a-Bromo-17a,20;S0,21-bismethylenedioxy-J/-pregnene-3,l 1- 
dione ( X I ) .  S ix te e n  g ra m s  o f  9 a -b ro m o -1 7 a :,2 0 ;2 0 ,2 1 -b is -  
m e th y le n e d io x y - 4 -p r e g n e n e - l l /3 -o l - 3 -o n e  ( X )  w a s  d is s o lv e d  
in  160  m l. o f  g la c ia l  a c e t ic  a c id .  T o  th i s  w a s  a d d e d  a  so lu 
t i o n  o f  16 g . o f  c h r o m iu m  t r io x id e  in  5  m l. o f  w a te r  a n d  160 
m l. o f  g la c ia l  a c e t ic  a c id .  T h e  r e a c t io n  m ix t i  re  w a s  s t i r r e d  a t  
ro o m  t e m p e r a tu r e  fo r  1 .2 5  h r .  A f te r  t h e  a d d i t io n  o f  3 m l. o f 
m e th a n o l ,  t h e  r e a c t io n  m ix tu r e  w a s  co o le d  a n d  7 0 0  m l. o f 
c o ld  4 0 %  a q u e o u s  p o ta s s iu m  h y d r o x id e  w a s  a d d e d  s lo w ly  
w i th  s t i r r in g .  I t  w a s  e x t r a c te d  w i th  e t h y l  a c e t a t e  t h r e e  t im e s , 
w a s h e d  w i th  a  s a t u r a t e d  s o lu t io n  o f  s o d iu m  b ic a r b o n a te ,  
d r ie d , a n d  e v a p o r a te d  in vacuo. T h e  r e s u l t in g  9 .5  g . o f  c r y s 
t a l l in e  9 a -b ro m o -1 7 a ,2 0 ;2 0 ,2 1 -b is m e th y 1 e n e d io x y -4 -p re g -  
n e n e - 3 , l l - d i o n e  ( X I )  w a s  c o l le c te d , m .p .  1 7 5 - 2 0 5 °  d ec .

Anal. C a lc d . fo r  C 23H 290 6B r :  C , 5 7 .3 8 ;  H , 6 .0 7 . F o u n d :  C , 
5 7 .4 8 ;  H ,  5 .9 7 . A*“” 1 5 .6 5 , 5 .9 0 , 6 .1 , 9 .0  y.

9a-Bromo-3-ethylenedioxy-17a,20;20,21-bismethylenedioxy-
5-pregnene-ll-one ( X I I ) .  O n e  g r a m  o f  9 a - b ro m o - 1 7 a ,2 0 ;2 0 ,-  
2 1 -b is m e th y le n e d io x y - 4 -p r e g n e n e - .3 , l l -d io n e  ( X I )  w a s  s u s 
p e n d e d  in  150  m l. o f  b e n z e n e  to  w h ic h  10  m l o f  e th y le n e  g ly 
co l a n d  100 m g . o f  p - to lu e n e s u lfo n io  a c id  w a s  a d d e d .  T h e  r e a c 

t io n  m ix tu r e  w a s  re f lu x e d  w i th  a  w a te r  s e p a r a to r  f o r  5  h r .  
I t  w a s  c o o le d  a n d  a  s a t u r a t e d  s o lu t io n  o f s o d iu m  b ic a r b o n a te  
w a s  a d d e d .  I t  w a s  t h e n  s e p a r a te d  a n d  e x t r a c t e d  f u r th e r  
w i th  e th e r ,  d r ie d , a n d  e v a p o r a te d  in vacuo. C h r o m a to g r a 
p h y  o f  t h e  r e s u l t in g  9 5 0  m g . o f o il o n  2 0  g. o f a c id -w a s h e d  
a lu m in a  y ie ld e d  3 2 0  m g . o f 9 a - b ro m o - 3 - e th y le n e d io x y -1 7 a ,  
2 0 ;2 0 ,2 1 - b is m e th y le n e d io x y - 5 -p r e g n e n e - l  l - o n e  ( X I I )  u p o n  
e lu t io n  w i th  p e t r o le u m  e t h e r - e th e r  ( 2 : 3 ) ,  m .p .  190 , 2 1 5 -  
2 2 0 °  d ec .

Anal. C a lc d . f o r  C ^ H n C b B r :  C , 5 7 .1 4 ; H ,  6 .3 3 . F o u n d :  
C , 5 7 .4 8 ; H ,  6 .0 4 . A*™' 5 .8 5 , 9 .0  y.

9a-Methyl-3-ethylenedioxy-17a,20;20,21-bisniethylenedioxy- 
pregenene-1 l-one ( X I I I ) .  O n e  h u n d r e d  m i l l ig r a m s  o f  m a g 
n e s iu m  w a s  s u s p e n d e d  in  20  m l. o f s o d iu m  d r ie d  e th e r .  
M e th y l  io d id e  w a s  a d d e d  to  t h e  s t i r r e d  s u s p e n s io n  u n t i l  
a l l  t h e  m a g n e s iu m  w a s  c o n s u m e d  in  t h e  f o rm a t io n  o f  t h e  
G r ig n a r d  c o m p le x . A n  ex cess  o f  5 m l. o f  m e th y l  io d id e  w a s  
t h e n  a d d e d .  T o  th i s  G r ig n a rd  r e a g e n t  w a s  a d d e d  15 m l. 
o f  t e t r a h y d r o f u r a n  ( f r e s h ly  d is t i l le d  f ro m  l i th iu m - a lu m in u m  
h y d r id e )  c o n ta in in g  100  m g . o f 9 a - b ro m o - 3 - e th y le n e d io x y -  
1 7 a ,2 0 ;2 0 ,2 1 -b is m e th y le n C d io x y -5 -p re g n e n e - l  l - o n e .  T h e  r e 
a c t io n  w a s  s t i r r e d  fo r  15 m in . a t  ro o m  t e m p e r a tu r e  a n d  w a s  
t h e n  h e a te d  u n d e r  re f lu x  fo r  1 h r .  I t  w a s  c o o le d , d e c o m p o s e d  
c a r e f u l ly  w i t h  w a te r ,  e x t r a c te d  w ell w i th  e th y l  a c e t a t e ,  d r ie d  
o v e r  m a g n e s iu m  s u l f a te  a n d  e v a p o r a te d  in vacuo. T h e  r e 
s u l t in g  100 m g . o f  o il g a v e  a  n e g a t iv e  B e ils te in  t e s t .  I t  w a s  

c h r o m a to g r a p h e d  o n  4 g . o f  a c id -w a s h e d  a lu m in a  a n d  e lu 
t io n  w i th  p e t r o le u m  e t h e r - e th e r  ( 1 : 1 )  g a v e  c r y s ta l s  w h ic h  
wre re  c o m b in e d  a n d  r e c r y s ta l l iz e d  f ro m  m e th y le n e  c h lo r id e -  
e th e r  t o  y ie ld  30  m g . o f  a n a ly t i c a l ly  p u r e  9 a -m e t .h y l-3 -  
e th y le n e d io x y -  -  1 7 a ,2 0 ;2 0 ,2 1  - b i s m e th y le n e d io x y  -  5- 
p re g n e n e -1  l - o n e ,  m .p .  2 2 2 -2 2 8 ° .

Anal. C a lc d .  f o r  C 26H 360 7: C , 6 7 .8 0 : H ,  7 .8 8 . F o u n d :  C , 
6 7 ,8 5 ; H , 7 .5 1 , [ a ] 2,,3 =  - 8 5 . 9  ±  2 °  (c =  l . C H C U  N \ 1 R  
a n a ly s is  in d ic a te s  t h r e e  C - m e th y l  g ro u p s . A^"(o1 5 .8 7 , 9 .0 -
9 .2  y.

F u r t h e r  e lu t io n  o f t h e  c o lu m n  w i th  p e t r o le u m  e t h e r - e th e r  
( 1 : 4 )  g a v e  c r y s t a l s  w h ic h  m e l te d  a t  1 9 5 -2 0 0 °  a n d  w h o s e  
in f r a r e d  s p e c t r u m  w a s  id e n t ic a l  w i th  3 -e th y le n e d io x y -  
1 7 ,2 0 :2 0 ,2 1 -b is m e th y le n e d io x y -5 -p re g n e n e - l  l - o n e  ( c o r t i 
s o n e  B M D - 3 -d io x o la n e ) .

9a-M ethyl-3-ethylenedioxy-l 7a,20;20,21-bismeth ylenedioxy- 
5-pregnene-l 1 ff-ol ( X I V ) .  S ix ty  m il l ig r a m s  of 9 a - m e th y l - 3 -  
e th y le n e d io x y  - 1 7 a ,2 0 ;2 0 ,2 1  - b is m e th y le n e d io x y  - 5 - 
p re g n e n e -1  l - o n e  ( X I I I )  w a s  d is s o lv e d  in  2 0  m l. o f  t e t r a h y 
d r o f u r a n .  T o  t h i s  s o lu t io n  w a s  a d d e d  25  m g . o f  l i th iu m  
a lu m in u m  h y d r id e .  T h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  fo r
1 h r .  a t  ro o m  t e m p e r a t u r e  a n d  th e n  h e a t e d  u n d e r  re f lu x  fo r
2  h r .  I t  w a s  d e c o m p o s e d  b y  a d d in g  e th y l  a c e t a t e ,  t h e n  w a te r  
t o  t h e  r e a c t io n  m ix tu r e  a n d  th e n  c o n c e n t r a te d  to  a s m a ll  v o l
u m e  in vacuo. T h e  r e m a in in g  a q u e o u s  s o lu t io n  w a s  ex t r a c te d  
w i th  e t h y l  a c e t a t e  a n d  t h e  e t h y l  a c e t a t e  d r ie d  a n d  
e v a p o r a t e d  in vacuo. C h r o m a to g r a p h y  o f  t h e  r e s id u a l ,  5 0  
m g . o f o il, o n  4 .2  g . o f  a c id -w 'a s h e d  a lu m in a  g a v e  2 4  m g . 
o f  9 a - m e th y l -3 - e th y le n e d io x y - 1 7 a ,2 0 ;2 0 ,2 1 -b is m e th y le n e d i -  
o x y - 5 -p r e g n e n e - l  1 /3-ol ( X I V )  m .p .  2 3 0 -2 3 3 ° .

Anal. C a lc d . f o r  C 26H 3s 0 7: C , 6 7 .5 1 : H , 8 .2 8 . F o u n d :  C , 
6 7 .6 1 : H , 7 .9 4 . A lT ' 2 .6 5 , 9 .0 - 9 .1  y.

9a-Methyl-l 7a,20;20,21-bismethylenediory-4-pregnenc-3- 
om-110-ol ( X V ) .  F o r ty - f o u r  m il l ig r a m s  o f  0 a - m e th y l - 3 -  
e th y lc n e d io x y  -  1 7 a ,2 0 ;2 0 ,2 1  - b is m e th y le n e d io x y  -  5 - p re g -  
nene-1  l/3-ol ( X I V )  w a s  d is s o lv e d  in  2 m l.  o f  a c e to n e  a n d  
10 m g . o f  p - to lu e n e s u lf o n ic  a c id  a d d e d  to  t h e  s o lu t io n . 
I t  w a s  a llo w e d  t o  s ta n d  a t  ro o m  t e m p e r a t u r e  fo r  2  d a y s . 
T h e  a c e to n e  w a s  t h e n  d is t i l le d  a n d  3 m l. o f  a  s a t u r a t e d  s o lu 
t io n  o f  s o d iu m  b ic a r b o n a te  w a s  a d d e d .  I t  w a s  e x t r a c t e d  w d th  
e th y l  a c e t a t e ,  d r ie d  a n d  e v a p o r a te d  in vacuo. U p o n  t r i t u r a 
t i o n  o f  t h e  r e s u l t in g  o il w d th  m e th a n o l - m e th y le n e  c h lo r id e , 
3 8  m g . o f  9 a - m e th y l -1 7 a ,2 0 ;2 0 ,2 1 - b is m e th y le n e d io x y - 4 -  
p re g n e n e -3 -o n e - l l j3 -o l  ( X V )  w a s  o b ta in e d ,  m .p .  2 9 5 - 3 0 5 ° .

Anal. C a lc d . f o r  C 24H3, 0 6: C , 6 8 .S 7: H ,  8 .1 9 . F o u n d :  C , 
6 8 .4 0 ; H ,  8 .1 5 . A™;r"‘ 2 4 4  my, « 1 4 ,8 0 0 . A ^ f  2 .7 , 5 .9 9 , 6 .1 5 ,
9 .0  y.
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9a-Methylhydrocortisone ( X V I a ) .  T h i r ty - f o u r  m il l ig ra m s  
o f  9 a - m e th y l -1 7 ,2 0 ;2 0 ,2 1 - b is m e th y le n e d io x y  - 4 -p re g n e n e -
ll /3 -o l-3 -o n e  w a s  s u s p e n d e d  in  2 m l. o f 5 0 %  a c e t ic  a c id  a n d  
t r e a t e d  a t  1 0 0 °  fo r  2 .5  h r .  I t  w a s  th e n  e v a p o r a t e d  in vacuo 
a n d  e x t r a c t e d  w i th  e t h y l  a c e t a t e  a n d  w i th  m e th y le n e  c h lo 
r id e , w a s h e d  w i th  a  s a t u r a t e d  s o d iu m  b ic a r b o n a te  s o lu t io n , 
d r ie d  a n d  e v a p o r a te d .  T r i t u r a t i o n  o f  t h e  r e s u l t in g  o il w i th  
m e th a n o l - m e th y le n e  c h lo r id e  g a v e  2G m g . o f  9 a - m e th y l -  
h y d r o c o r t i s o n e  ( X V I a ) ,  m .p .  2 2 0 -2 3 0 ° .

Anal. C a lc d . fo r  C22H 320 5: C , 7 0 .1 8 ; H , 8 .5 7 . F o u n d :  C , 
7 0 .4 2 ; H , 8 .7 3 . Xm„x 2 4 4  m M <= 1 4 .3 0 0 . X ^ C  2 .8 , 5 .8 0 , 6 .0 , 
6 .1 5 , 7 .2  p .

¡)a-Meihyl-4-pregnene-S,S0-diont-l 10,17 a, 2 l-triol-21-ace
tate ( X V I b ) .  T w o  h u n d r e d  t w e n ty - f o u r  m il l ig r a m s  o f  9 a -  
m e th y l -4 - p r e g n e n e - 3 ,2 0 -d io n e - l l /3 ,1 7 a ,2 1 - t r io l  w a s  c o m b in e d  
w i th  1 m l. o f  p y r id in e  a n d  1 m l. o f  a c e t ic  a n h y d r id e  a n d  
a llo w e d  to  s t a n d  a t  ro o m  t e m p e r a t u r e  fo r  18  h r .  i t  w a s  t h e n  
d i lu te d  w i th  w a te r ,  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e  a n d  
th e  o rg a n ic  p h a s e  w a s h e d  w i th  2 .5 N  h y d r o c h lo r ic  a c id ,  a  
s a t u r a t e d  s o lu t io n  o f s o d iu m  b ic a r b o n a te ,  d r ie d  a n d  e v a p o 
r a t e d  t o  d r y n e s s  in vacuo. T r i t u r a t i o n  w i th  a c e to n e  a f fo rd e d  
c r y s ta l s  w h ic h  u p o n  r e c r y s ta l l i z a t io n  f ro m  a c e to n e - e th e r  
y ie ld e d  136 m g . o f  a n a ly t i c a l l y  p u r e  9 a - m e th y l - 4 - p r e g n e n e -
3 ,2 0 - d io n e - l l /3 ,1 7 a ,2 1 - t r io l - 2 1 -a c e ta te ,  m .p .  2 3 5 -2 3 8 .

Anal. C a lc d . fo r  C24H340 6: C , 6 8 .8 7 ; H ,  8 .1 9 . F o u n d :  C , 
6 9 .1 6 ; H , 8 .1 5 . Xmax 24 3  111/2, e 1 6 ,5 0 0 . X™cls 2 .9 , 5 .7 5 , 
s h o u ld e r  5 .8 0 , 6 .0 4 , 6 .2 6 , 8 .2  ¡a.

9a~Mdhylprednisolone acetate ( X V I I ) .  F i f t y  m il l ig r a m s  o f 
9 a - m e th y lk y d r o c o r t i s o n e  a c e t a t e  ( X V I b )  w a s  d is s o lv e d  in

2 .2  m l. o f  ¿ -b u ty l a lc o h o l. T o  th i s  s o lu t io n  w a s  a d d e d  0 .0 4  
m l. o f g la c ia l  a c e t ic  a c id ,  30  m g . o f s e le n iu m  d io x id e , 50  
m g . o f  m e r c u r y  a n d  5 0  m g . o f  m e rc u r ic  o x id e . T h is  r e a c t io n  
m ix tu r e  w a s  r e f lu x e d  w i th  s t i r r in g  fo r  3 .5  h r .  A f te r  c o o lin g , 
t h e  m ix tu r e  w as f i l te r e d  th r o u g h  S u p e rc e l  a n d  w a s h e d  w ith  
a d d i t io n a l  ¿ -b u ty l  a lc o h o l. T h e  ¿ -b u ty l  a lc o h o l w a s  t h e n  
c o n c e n t r a te d  t o  d r y n e s s  a n d  t h e  r e s id u e  d is s o lv e d  in  e th y l  
a c e t a t e .  T h e  o rg a n ic  p h a s e  w a s  w -ashed  w i th  a  s a tu r a t e d  
s o lu t io n  o f s o d iu m  th io s u l f a t e  u n t i l  n o  m o re  co lo r  w as  
r e m o v e d  a n d  w i th  a  1 0 %  s o d iu m  b ic a r b o n a te  s o lu t io n . A f te r  
d r y in g  o v e r  m a g n e s iu m  s u l f a te  a n d  c o n c e n t r a t in g  in vacuo, 
t h e  r e s u l t in g  4 0  m g . o f  o il  iv a s  c h r o m a to g r a p h e d  o n  a c id -  
w a s h e d  a lu m in a .  E lu t io n  o f  t h e  c o lu m n  w i th  e th e r - c h lo r o 
f o rm  ( 1 : 4 )  a n d  c h lo ro fo rm  y ie ld e d  9 a - m e th y lp r e d n is o lo n e  
a c e t a t e  ( X V I I ) ,  m .p .  2 2 8 -2 3 0 ° .

Anal. C a lc d . fo r  C 24H 32O 6: C , 6 9 .2 1 ; H , 7 .7 4 . F o u n d :  C , 
6 9 .0 2 ; H , 7 .9 1 . x l T 1 2 .8 , 5 .7 0 , 5 .7 9 , 6 .0 1 , 6 .1 8 , 6 .2 5 , 8 .0 5  p .  

Xmsx 2 4 4  mp, e 1 4 ,0 0 0 .
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P r e g n e n o lo n e  a n d  p r e n e n o lo n e  m e th y l  e t h e r  h a v e  b e e n  c o n v e r te d  t o  1 9 - n o r - 5 -m e th y l  s t e ro id s  b y  th e  V te s tp h a le n  r e 
a r r a n g e m e n t .  A n  a t t e m p t  t o  c a r r y  p r e g n e n o lo n e  e th y le n e  k e t a l  t h r o u g h  a  s im i la r  s e r ie s  o f r e a c t io n s  w a s  u n s u c c e s s fu l .  A n  
iso m e r ic  s u b s ta n c e ,  o b t a in e d  in  t h e  p r e p a r a t io n  o f p r e g n e n o lo n e  m e th y l  e th e r ,  w a s  id e n t i f ie d  a s  t h e  1 7 a - e n im e r .

group having migrated to the C-5 position. Spec- 
trographic7 and chemical8 evidence are in accord 
with assigning the 9,10 position to the double bond, 
while the probable beta orientation of the C-5 
methyl group is supported by optical rotatory dis
persion measurements.9

This C-10 to C-5 methyl shift, commonly 
referred to as the Westphalen rearrangement, 
has been investigated mainly in the cholestane 
series10 and to a lesser extent with androgen 
derivatives.11 The current interest in 19-nor ster
oids as progestational, antiestrogen and cancer 
agents led us to extend this rearrangement to some

(7 )  P . B la d e n , I I .  B . H e n b e s t ,  a n d  G . \V . W o o d , J . Chem. 
R o c ., 2 7 3 7  (1 9 5 2 ).

(8 )  B .  E ll is  a n d  V . P e t r o w ,  J. Chem. Soc., 2 2 4 6  (1 9 5 2 ).
( 9 )  H . A eh li, C . A . G ro b , a n d  E .  S c h u m a c h e r ,  Helv. 

Chim. Acla, 4 1 , 774  (1 9 5 8 ).
(1 0 )  F o r  a d d i t io n a l  r e fe re n c e s ,  se e  M . D a v is  a n d  V . 

P e t r o w , J. Chem. Soc., 221 1  (1 9 5 1 ) ;  Y .  F .  S h e a ly  a n d  R .  M . 
D o d s o n , J. Org. Chem., 16 , 1427  ( 1 9 5 1 ) ;  C . A . G r o b  a n d  
E .  S c h u m a c h e r ,  Helv. Chim. Acta, 4 1 , 9 2 4  (1 9 5 8 ) .

(1 1 )  ( a )  M . D a v is  a n d  V . P e t r o w ,  J. Chem. Soc., 2 9 7 3  
(1 9 4 9 ) ;  ( b )  1185  (1 9 5 0 ) .

In 1915, Westphalen5 obtained a dehydration 
product from cholestane-3/3,5a,6/3-triol diacetate 
(I) by treating this compound with acetic anhydride 
and sulfuric acid. The product was shown by later 
workers8 to have structure IT, the C-10 mcthjd

(1 )  P r e s e n te d  in  p a r t  a t  th e  S o u th e a s te r n  R e g io n a l  M e e t 
in g  o f t h e  A m e r ic a n  C h e m ic a l  S o c ie ty  in  B i r m in g h a m , 
A la ., N o v e m b e r  1960 .

( 2 )  S u p p o r t e d  b y  G r a n t  C Y -3 3 7 7  of t h e  N a t i o n a l  C a n c e r  
I n s t i t u t e ,  U . S . P u b l ic  H e a l t h  S e rv ic e .

( 3 )  P o s td o c to r a l  R e s e a r c h  A s s o c ia te , 1 9 5 7 -5 8 .
( 4 )  P o s td o c to r a l  R e s e a r c h  A s s o c ia te ,  1 9 5 9 -6 0 .
(5 )  T .  W e s tp h a le n ,  Her., 4 8 ,  10 6 4  (1 9 1 5 ).
( 6 )  H . L e t t r é  a n d  M . M ü l le r ,  Ber., 7 0 , 1947  (1 9 3 7 ) ;  

V . A . P e tro w -, O . R o s e n h e im , a n d  W . W . S ta r l in g ,  J. Chem. 
Soc., 6 7 7  ( 1 9 3 8 ) ;  V . P e tro w y  J. Chem. Soc., 9 9 8  (1 9 3 9 ) .
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20-ketopregnanes, and the transformations re
ported in the present paper are shown in Fig. 1.

When pregnenolone (Ilia) was treated with 
hydrogen peroxide and formic acid, the 5<*-hy- 
droxy-3/?,6/3-diformate IVa was obtained. This 
diester was readily hydrolyzed in base to yield the 
known 3/3,5a,6/3-triol Va. A similar series of reac
tions on pregnenolone acetate (IIIc) gave the same 
triol (Va) via the 3/3-acetoxy-5a-hydr oxy-6/3-for- 
mate IVc. The triol was prepared by still another

method, albeit in poorer yield, by the acid hydroly
sis of pregnenolone a-epoxide (VI).

When the triol Va was treated with acetic an
hydride containing a trace of sulfuric acid a product 
was obtained which yielded a small amount of 
diol Vila on hydrolysis. The latter compound gave 
a positive Tortelli-Jaffd Test, a negative color 
reaction with trichloroacetic acid and exhibited 
a strongly dextrorotatory optical rotation, proper
ties characteristic of 19-nor-5-methyl steroids.6'8'10 
A much higher yield of the diol Vila (43%) could 
be obtained by carrying out the rearrangement 
directly on the diformate IVa. In general, the 
rearrangements were accompanied by the formation 
of minor amounts of other products, as well as larry 
material. Decomposition could be kept to a mini
mum by carrying out the reaction at 0°. However, 
even at this temperature by-products were formed. 
Usually these were not further identified because 
they were obtained in low yield and have been 
investigated to some extent in another series.9 
The diol Vila was readily acetylated to yield the 
diacetate VIII and underwent oxidation with 
chromic acid, giving the triketone IX.

The rearrangement was also found to occur quite 
readily with 3-methoxy derivatives. When preg
nenolone methyl ether (Illb) was prepared from 
the tosylate by a modification of the method 
described by Butenandt and Grosse,12 a second 
product was isolated which showed a high negative 
optical rotation and which was isomeric with Illb. 
The infrared spectra of the two compounds were 
very similar, suggesting only a minor structural dif
ference. A high negative optical rotation was 
inconsistent with the 3a-methoxy structure X II13 
and a direct comparison with an authentic sample of 
6/3-methoxy-i-pregnan-20-one12 (XIII) showed the 
two substances to be different. The compound was 
identified as the 17a-epimer XIV from its optical

rotatory dispersion curve which exhibits a negative 
Cotton effect14 (Fig. 2).

The pregnenolone methyl ether (Illb) was 
converted to the diol Vb through the 5a-hydroxy- 
6/3-formoxy derivative IVb. Rearrangement of the 
diol was effected with acetic anhydride-sulfuric

(1 2 )  A . B u t e n a n d t  a n d  W . G ro s s e , Ber., 7 0 , 1446  ( 1 9 3 7 ) .
(1 3 )  W . K ly n e ,  The Chemistry of the Steroids, J o h n  W ile y  

&  S o n s , I n c . ,  N e w  Y o rk , 1957, p p .  53 ff.
(1 4 )  C . D je r a s s i ,  Optical Rotatory Dispersion, M c G ra w -  

H ill  B o o k  C o ., I n c . ,  N e w  Y o rk , 1960 , p . 51 .
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F ig .  2 . R o t a t o r y  d is p e rs io n
c u r v e s :  ( ----------- ) 3 /3 ,6 /3 -d ih y d ro x y -
5 / i - m e tb y l - 1 9 -n o r - 9 -p r e g n e n - 2 0  -  o n e
( V i l a ) ; ( —  ----- ) 1 7 /3 -p re g n e n o lo n e
m e th y l  e t h e r  ( I l l b ) ; ( ----------- ) 17 a -
p r e g n e n o lo n e  m e t h y l  e t h e r  ( X I V )

acid, yielding the rearranged product as the 6/3- 
acetate Vllb.

In an attempt to diminish interference from the 
20-keto group, the ketal X 15 was converted to the
5,6-epoxide X I16 with monoperphthalic acid. How
ever, attempts to open the epoxide ring under basic 
conditions were unsuccessful. The epoxide VI 
was likewise recovered unchanged under basic 
hydrolysis conditions. Beta hydroxyl attack is 
undoubtedly hindered by steric interference of the 
C-10 methyl group.

E X P E R IM E N T A L 17

S0,60-Diformoxy-5a-hydroxypregnan-2O-one ( I V a ) .  A  
s o lu t io n  o f  1 0 .0  g . o f  p r e g n e n o lo n e  ( I l i a )  in  100  m l. o f  9 8 %  
f o rm ic  a c id  w a s  c o o le d  in  ic e  a n d  10 m l. o f  3 0 %  h y d r o g e n  
p e r o x id e  w a s  a d d e d  d r o p  w ise  w i th  s t i r r in g .  F o r ty - f iv e

(1 5 )  P .  Z ie g le r  a n d  K .  R .  B h a r u c h a ,  Chem. and Ind. 
(London), 1 9 5 5 , 1 3 5 1 .

( 1 6 )  T h e  e p o x id e  r in g  is  a s s ig n e d  t h e  alpha c o n f ig u ra t io n  
f ro m  a n a lo g y  w i th  s im i la r  e p o x id a t io n s  a n d  f ro m  i t s  o p t ic a l  
r o t a t i o n  w h ic h  la c k s  t h e  d e x t r o r o t a t o r y  s h i f t  c h a r a c t e r i s t i c  
o f beta e p o x id a t io n .  Cf. F ie s e r  a n d  F ie s e r ,  Steroids, R e in h o ld  
P u b l i s h in g  C o r p o r a t io n ,  N e w  Y o r k ,  1 9 5 9 , p p .  193  ff.

(1 7 )  A ll m e l t in g  p o in t s  a r e  u n c o r r e c te d .  A ll r o t a t io n s  
w e re  d e te r m in e d  in  c h lo ro fo rm  a t  r o o m  t e m p e r a t u r e  u n le s s  
o th e r w is e  s t a t e d .  I n f r a r e d  s p e c t r a  w e re  d e te r m in e d  o n  a  
P e r k in - E lm e r  m o d e l  21  s p e c t r o p h o to m e te r  a n d  u l t r a v io l e t  
s p e c t r a  o n  a  P e r k in - E lm e r  m o d e l  4 0 0 0 A  S p e c t r a c o r d .  A  
R u d o lp h  P h o to e le c t r ic  S p e c t r o p o la r im e te r  w a s  u s e d  f o r  t h e  
o p t ic a l  r o t a t o r y  d is p e r s io n  m e a s u r e m e n ts .  M ic ro a n a ly s e s  
w e re  c a r r ie d  o u t  b y  M r s . M . L o g a n  a n d  f i r *  D .  E ll is .

m in u te s  a f t e r  t h e  b e g in n in g  o f  t h e  a d d i t i o n  a  c r y s ta l l in e  p r o d 
u c t  s e p a r a te d .  T h e  m ix tu r e  w a s  s t i r r e d  f o r  a n  a d d i t i o n a l  3 
h r .  15  m in .  w i th  o c c a s io n a l  c h i l l in g  in  ic e . S ix ty  m i l l i l i te r s  o f 
w a te r  w a s  t h e n  a d d e d  a n d  t h e  s o lid  c o l le c te d  b y  f i l t r a t io n .  
T h e  y ie ld  o f  8@,60-diformoxy-5a-hydroxypregnan-2O-one w a s
8 .1 6  g . ( 6 4 % ) ,  m .p .  2 2 7 - 2 3 0 ° .  F o r  a n a ly s is ,  t h e  c o m p o u n d  
w a s  r e c r y s ta l l i z e d  f ro m  a c e to n e ,  m .p .  2 2 9 - 2 3 0 ° ,  [ a ] o  — 9 .0 °  
(c  =  1 .0 4 ).

Anal. C a lc d . f o r  C 23H 340 6: C , 6 7 .9 5 ;  H ,  S .4 3 . F o u n d :  C , 
6 7 .9 8 ; H ,  8 .3 8 .

W h e n  9 0 %  f o rm ic  a c i d 18 w a s  u s e d , t h e  y ie ld  w a s  5 9 % .
80-A cetoxy-5a-hydroxy-6@-formoxypregncn-20-one ( I V c ). 

T e n  m il l i l i te r s  o f  3 0 %  h y d r o g e n  p e r o x id e  w a s  a d d e d  t o  a  
s t i r r e d  s o lu t io n  o f  1 0 .5  g . o f  p r e g n e n o lo n e  a c e t a t e 19 in  6 0  m l. 
o f  c a r b o n  te t r a c h lo r id e  a n d  8 0  m l. o f  9 8 %  fo rm ic  a c id .  T h e  
m ix tu r e  w a s  h e a t e d  a t  4 0 - 4 5 °  f o r  1 h r .  a n d  t h e n  a t  5 0 - 5 5 °  
f o r  6 .5  h r .  I t  w a s  t h e n  p o u r e d  i n to  a  s a t u r a t e d  s o lu t io n  o f  
a q u e o u s  s o d iu m  c h lo r id e  a n d  e x t r a c t e d  w i th  e th e r .  T h e  ex 
t r a c t s  w e re  w a s h e d  w i th  a  s a t u r a t e d  s o lu t io n  o f s o d iu m  b i 
c a r b o n a te ,  d r ie d  ( s o d iu m  s u l f a te ) ,  a n d  t h e  s o lv e n t  r e m o v e d . 
T h e  r e m a in in g  w h i te  s o lid  w a s  r e c r y s ta l l i z e d  f ro m  a q u e o u s  
e th a n o l ,  y ie ld in g  7 .2  g . ( 5 9 % )  o f  3 /? -a c e to x y -5 a -h y d ro x y -6 /3 -  
f o r m o x y p r e g n a n - 2 0 -o n e  ( IV c ) ,  m .p .  2 1 8 - 2 2 0 ° ,  [a ]D  — 9 .6 °  
(c  =  0 .9 9 )  [ l i t . ,20 m .p .  2 1 5 - 2 1 7 ° ,  [ « [ d  ±  0 °  ( c h lo ro f o r m ) ] .

Anal. C a lc d .  f o r  C 24H 38 0 6: C , 6 8 .5 4 ;  H ,  8 .6 3 . F o u n d :  C , 
6 8 .5 8 ; H ,  8 .4 5 .

Pregnenolone a-epoxide ( V I ) .  A  s o lu t io n  o f  4 .5 0  g . o f  m o n o 
p e r p h th a l i c  a c id  in  5 0  m l. o f  e t h e r  w a s  a d d e d  t o  a  s o lu t io n  o f
1 0 .0  g . o f  p r e g n e n o lo n e  ( I l i a )  i n  5 0  m l.  o f  c h lo ro fo rm  a n d  
2 5  m l.  o f  e th e r ,  a n d  t h e  m ix tu r e  l e t  s t a n d  f o r  2 2  h r .  in  a  r e 
f r i g e r a to r  ( 0 ° ) .  T h e  s o lid  ( p h th a l ic  a c id )  w h ic h  h a d  s e p a r a te d  
w a s  f i l te r e d  off, a n d  t h e  f i l t r a t e  w a s h e d  th o r o u g h ly  w i th  5 %  
a q u e o u s  s o d iu m  c a r b o n a te ,  w a te r ,  f e r r o u s  s u l f a te  s o lu t io n ,  
a n d  a g a in  w i th  w a te r .  T h e  o r g a n ic  p h a s e  w a s  d r ie d  o v e r  
s o d iu m  s u l f a te  a n d  t h e  s o lv e n t  r e m o v e d .  T h e  r e m a in in g  
c r u d e  p r o d u c t  w a s  t r i t u r a t e d  w i th  10  m i.  o f  a c e to n e  a n d  
f i l te r e d , y ie ld in g  8 .7 0  g . o f  c r y s ta l l in e  s o lid , m .p .  1 7 0 -1 7 8 ° . 
R e c r y s ta l l iz a t io n  f ro m  m e th a n o l  g a v e  6 .7 3  g . ( 6 4 % )  o f  p r e g 
n e n o lo n e  a -e p o x id e , m .p .  1 8 0 -1 8 2 ° . R e c r y s ta l l iz a t io n  f ro m  
e t h y l  a c e t a t e  a n d  th e n  a c e to n e  r a is e d  t h e  m e l t in g  p o i n t  t o  
1 8 5 - 1 8 7 ° .  [ a ] 3D° +  6 .8 °  (c  =  1 .0 5 ) [ l i t . ,  m .p .  1 8 5 - 1 8 7 021; 
1 8 8 -1 9 0 ° , [a]r> +  1 7 °  ( c h lo r o f o r m ) 22].

Anal. C a lc d . f o r  C » H 320 3: C , 7 5 .8 6 ; H ,  9 .7 0 . F o u n d :  C , 
7 5 .7 6 ; H ,  9 .4 8 .

T h e  in f r a r e d  s p e c t r u m  s h o w e d  a  d o u b le t  in  t h e  c a r b o n y l  
r e g io n  a t  1712  a n d  1699  c m . -1

8p,5a,6f3-Trihydroxypregnan-20-one ( V a .)  ( a )  From hy
drolysis of 8p-acetoxy-5a-hydroxy-60-formoxypregnan-2O-one 
( I V c ) .  A  s o lu t io n  o f  0 .5  g . o f  t h e  d ie s te r ,  0 .5  g . o f  p o ta s s iu m  
h y d r o x id e ,  a n d  10 m l.  o f  m e th a n o l  w a s  r e f lu x e d  f o r  6  h r .  
T h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  i n to  w a te r ,  e x t r a c t e d  w i th  
c h lo ro fo rm , a n d  t h e  o rg a n ic  p h a s e  d r ie d  o v e r  s o d iu m  s u l f a te .  
R e m o v a l  o f  t h e  s o lv e n t  l e f t  a  s o lid  r e s id u e  w h ic h  w a s  r e -  
c r y s ta l l iz e d  f ro m  a c e to n e ,  y ie ld in g  0 .1 8  g . ( 4 3 % )  of 3/3,5 a , -  
6 /3 - tr ih y d ro x y p re g n a n -2 0 -o n e  ( V a ) ,  m .p .  2 5 6 - 2 5 8 °  ( l i t . ,  
m .p .  2 5 6 - 2 5 8 ° ,19 2 5 2 - 2 5 5 ° 18) .

Anal. C a lc d . f o r  C 21H 340 4: C , 7 1 .9 6 ;  H ,  9 .7 8 . F o u n d :  C , 
7 1 .7 0 ; H ,  9 .4 6 .

(b )  From hydrolysis of 30,60-diformoxy-Ba-hydroxypregnan- 
20-one ( I V a ) .  E m p lo y in g  t h e  s a m e  c o n d i t io n s  d e s c r ib e d  
a b o v e  f o r  t h e  3 ,S -fo rm o x y -6 /3 -ace to x y  c o m p o u n d ,  t h e  h y d r o ly 
sis  o f  0 .1 6  g . o f  t h e  3 /3, 6 /3- d i f o r m a te  I V a  y ie ld e d  0 .0 4 5  g . 
( 3 3 % )  o f  t h e  t r io l  V a , m .p . 2 5 2 - 2 5 3 ° ,  u n c h a n g e d  o n  a d m ix 
t u r e  w i th  a  s a m p le  o f  t h e  t r io l  p r e p a r e d  a b o v e .

( 1 8 )  O . M a n c e r a ,  G . R o s e n k r a n z ,  a n d  C . D je r a s s i ,  
J. Org. Chem., 1 6 , 19 2  (1 9 5 1 ) .

(1 9 )  M . E h r e n s te in ,  J. Org. Chem., 4 ,  5 0 6  (1 9 3 9 ).
(2 0 )  A . B o w e rs , E .  D e n o t ,  R .  U r q u iz a ,  a n d  L . M . S a n c h e z -  

H id a lg o ,  Tetrahedron, 8 ,  116 (1 9 6 0 ) .
(2 1 )  Y . U r u s ib a r a ,  M . C h u m a n ,  a n d  S . W a d a ,  Bull. 

Chem. Soc. Japan, 2 4 , 83  (1 9 5 1 ).
(2 2 )  A . B o w e rs , E .  D o n e t ,  M . B .  S a n c h e z - H id a lg o , a n d  

H . R .  R in g o ld ,  J. Am. Chem. Soc., 8 1 , 523 3  (1 9 5 9 ).
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(c )  From acid hydrolysis of pregnenolone a-epoxide i V I ) .  
A  s o lu t io n  o f  5 .0 0  g . o f  t h e  e p o x id e  in  70  m l. o f  m e th a n o l  a n d  
5 0  m l. o f  2 N  s u lf u r ic  a c id  w a s  r e f lu x e d  f o r  3 h r .  T h e  m e th a n o l  
w a s  p a r t l y  r e m o v e d  b y  d is t i l l a t io n ,  c h lo ro fo rm  w a s  a d d e d ,  
a n d  t h e  la y e r s  w e re  s e p a r a te d .  T h e  o r g a n ic  p h a s e  w a s  w a s h e d  
w i th  5 %  a q u e o u s  s o d iu m  c a r b o n a te  a n d  w a te r ,  a n d  d r ie d  
o v e r  s o d iu m  s u l f a te .  R e m o v a l  o f t h e  s o lv e n t  le f t  a n  o il 
w h ic h  c r y s ta l l iz e d  w h e n  t r e a t e d  w i th  e th e r ,  y ie ld in g  1 .25  g. 
( 2 4 % )  o f  3 /3 ,5 a ,6 /3 - tr ih y d ro x y p re g n a n -2 0 -o r_ e  ( V a ) ,  m .p . 
2 0 0 - 2 1 2 °. R e c r y s ta l l iz a t io n  f ro m  e th a n o l  r a is e d  th e  m e l t in g  
p o i n t  t o  2 4 5 - 2 5 2 ° .  T h e  in f r a r e d  s p e c t r u m  w a s  id e n t ic a l  w i th  
t h o s e  o f  t h e  p r o d u c ts  o b ta in e d  in  ( a )  a n d  (b ) a b o v e .  E v a p 
o r a t io n  o f  t h e  e t h e r  f i l t r a t e  l e f t  a  y e l lo w  o il w h ic h  y ie ld e d  
s m a ll  a m o u n t s  o f tw o  a d d i t i o n a l  so lid s  a f t e r  c h r o m a to g r a p h y ,  
m .p . ’s  1 5 0 -1 6 0  a n d  1 4 2 -1 4 6 ° . T h e s e  w e re  n o t  f u r t h e r  
c h a r a c te r iz e d .

B a s ic  h y d r o ly s is  o f  p re g n e n o lo n e  a - e p o x id e  p r o v e d  u n 
s u c c e s s fu l .  T h u s ,  w h e n  0 .5 0  g . o f t h e  e p o x id e  in  6  m l. o f  5 %  
m e th a n o l ic  p o ta s s iu m  h y d r o x id e  w a s  r e f lu x e d  fo r  2  h r .  o n  a  
s t e a m  b a t h ,  0 .4 5  g . o f  s t a r t i n g  m a te r i a l  w a s  t h e  o n ly  id e n t i 
f ia b le  s u b s ta n c e  re c o v e re d .

3(),6@-Dihydroxy-5fi-methyl-19-nor-9-pregnen-20-one ( V i l a ) ,  
( a )  From 3f!,6f3-diformoxy-5a-hyd.roxypreqnan-20-one ( I V a ) .  
A  s t i r r e d  s u s p e n s io n  o f  8 .0 0  g . o f t h e  d i f o r m a te  I V a  in  80  
m l.  o f  a c e t i c  a n h y d r id e  w a s  c o o le d  in  a n  ice  b a t h  a n d  a  so lu 
t i o n  o f  6  d r o p s  o f c o n e d , s u lfu r ic  a c id  in  5  m l.  o f  a c e t i c  a n 
h y d r id e  a d d e d .  A f te r  45  m in .,  t h e  m ix tu r e  h a d  tu r n e d  b ro w n  
a n d  t h e  s o lid  h a d  p a r i t y  d is s o lv e d . T w o  d r o p s  o f  s u lfu r ic  
a c id  w a s  a d d e d  a n d  t h e  t e m p e r a t u r e  w a s  a l lo w e d  to  r is e  t o  
1 6 ° . A f te r  3 0  m in .,  t h e  s o lid  h a d  c o m p le te ly  d is s o lv e d . T h e  
d a r k  b ro w n  s o lu t io n  w a s  t a k e n  u p  in  b e n z e n e - e th y l  a c e t a t e ,  
w a s h e d  w i th  d i lu te  a q u e o u s  s o d iu m  b ic a r b o n a te ,  a n d  th e n  
w a te r .  R e m o v a l  o f  th e  s o lv e n t  f ro m  th e  d r ie d  ( s o d iu m  s u l f a te )  
o r g a n ic  p h a s e  le f t  a n  o il, w h ic h  w a s  r e f lu x e d  w i th  60  m l. o f 
5 %  m e th a n o l ic  p o ta s s iu m  h y d r o x id e  fo r  1 h r .  o n  a  s te a m  
b a t h .  A f te r  r e m o v a l  o f  t h e  m e th a n o l ,  t h e  r e s id u e  w a s  d is 
s o lv e d  in  e th y l  a c e t a t e  a n d  w a s h e d  th o r o u g h ly  w i th  w a te r .  
T h e  o r g a n ic  l a y e r  w a s  d r ie d  o v e r  s o d iu m  s u l f a te  a n d  th e  
s o lv e n t  r e m o v e d , le a v in g  a n  o il w h ic h  w a s  t r e a t e d  tw ic e  
w i th  a  h o t  m ix tu r e  o f t o lu e n e - p e t r o l e u m  e th e r  ( 1 : 1 ) .  T h e  
r e m a in in g  s e m ic ry s ta l l in e  s o lid  w a s  c r y s ta l l iz e d  f r o m  e th y l  
a c e t a t e ,  y ie ld in g  2 .7 8  g . ( 4 3 % )  of 3(!,6(i-dihydroxy-5(l- 
methyl-19-nor-9-pregnen-20-one ( V i l a ) ,  m .p .  1 5 2 -1 5 5 ° . F o r  
a n a ly s is ,  a  s a m p le  w a s  r e c r y s ta l l iz e d  f ro m  e th y l  a c e ta te ,  
m .p .  1 5 8 -1 5 9 ° , [ « ] d  +  2 1 8 °  (c  =  1 .0 ), T o r te l l i - J a f f e  t e s t  
( + ) ,  T r ic h lo r o a c e t ic  a c id  t e s t  ( — ), n o t  p r e c ip i t a t e d  w i th  
d ig i to n in .  R D  in  m e th a n o l  (c  =  0 .0 1 1 ) , 2 4 ° :  [ a ty a  + 2 5 3 ° ,  
[«Isos + 3 3 7 1 ° ,  [ « ] 270 -  1 2 1 3 ° , [ a ] 26o - 8 1 2 °  (1 =  1 d m .)  
( F ig .  2 ) .

Anal. C a lc d . f o r  C 21H 32O 3: C , 7 5 .8 6 ; H , 9 .7 0 . F o u n d :  C , 
7 5 .6 7 ; H , 9 .6 7 .

C h r o m a to g r a p h y  o f  t h e  m o th e r  l iq u o r s  o n  a lu m in a  y ie ld e d  
a d d i t i o n a l  p r o d u c t  ( V i l a ) ,  0 .7 6  g ., m .p .  1 6 0 -1 6 1 °  e lu te d  w i th  
e th y l  a c e t a t e  a n d  0 .3 1  g ., m .p .  1 4 0 -1 4 5 °  e lu te d  w i th  e th y l  
a c e t a t e - m e t h a n o l .  F u r t h e r  e lu t io n  w i th  e t h y l  a c e t a t e -  
m e th a n o l  y ie ld e d  a  d i f f e r e n t  so lid , 0 .0 5  g ., m .p .  1 7 9 -1 8 0 ° , 
[ « I d +  6 2 .7 ° ,  T o r te l l i - J a f f i ;  t e s t  d e la y e d  a n d  f a i n t  ( + ) ,  
■which w a s  n o t  f u r t h e r  c h a r a c te r iz e d .

Anal. C a lc d . f o r  C 21H 32O 3: C , 7 5 .8 6 : H , 9 .7 0 . F o u n d :  C , 
7 5 .3 0 ; H , 9 .6 1 .

(b )  From 3f),5a,60-trihydroxypregnan-W-one ( V a ) .  T o  a  
h o t  s u s p e n s io n  ( s te a m  b a t h )  o f 1 .0  g . o f t r io l  (V a )  in  10  m l. of 
a c e t ic  a n h y d r id e  w a s  a d d e d  0 .2  g. o f p o ta s s iu m  h y d r o g e n  s u l
f a te .  T h e  o rg a n ic  m a te r ia l  d is s o lv e d  r e a d i ly ,  a c c o m p a n ie d  b y  
t h e  d e v e lo p m e n t  o f  a  s l ig h t  b ro w n  c o lo r . A f te r  1 0  m in . t h e  
s o lu t io n  w a s  c h i l le d  in  ic e  a n d  a  s o lu t io n  o f  2  d r o p s  o f s u lf u r ic  
a c id  in  s e v e ra l  m i l l i l i te r s  o f  a c e t ic  a n h y d r id e  s lo w ly  a d d e d .  
S e v e r a l  s e c o n d s  o f  h e a t in g  o n  a  s t e a m  b a t h  t u r n e d  t h e  s o lu 
t i o n  d a r k  b r o w n . I t  w a s  q u ic k ly  co o le d  in  ice  a n d  t h e  a c e t ic  
a n h y d r id e  w a s  r e m o v e d  b y  v a c u u m  d is t i l l a t io n .  T h e  o ily  
r e s id u e  w a s  d is s o lv e d  in  e th y l  a c e t a t e ,  w a s h e d  su c c e s s iv e ly  
w i th  5 %  s o d iu m  c a r b o n a te  s o lu t io n  a n d  w a te r ,  a n d  d r ie d  
o v e r  s o d iu m  s u l f a te .  R e m o v a l  o f t h e  s o lv e n t  l e f t  a n  oil 
W hich  w a s  r e f lu x e d  fo r  1 h r .  w i th  20  m l. o f  a  5 %  s o lu t io n  o f

p o ta s s iu m  h y d r o x id e  in  a q u e o u s  m e th a n o l  a n d  lo t  s t a n d  a t  
r o o m  t e m p e r a t u r e  o v e r n ig h t .  A f te r  r e m o v a l  o f t h e  m e th a n o l ,  
t h e  p r o d u c t  w a s  t a k e n  u p  in  a n  e t h e r - e th y l  a c e t a t e  m ix tu r e  
a n d  w a s h e d  th o r o u g h ly  w i th  w a te r .  R e m o v a l  o f  t h e  s o lv e n t  
le f t  a  g la s s  w h ic h  c r y s ta l l iz e d  w h e n  t r e a t e d  w i th  e th y l  a c e 
t a t e  t o  g iv e  0 .1 2  g . ( 1 3 % )  o f 88,6f3-dihydroxy-6(i-methyl-19- 
nor-9-pregnen-Z0-one ( V i l a ) ,  m .p .  1 5 6 -1 5 7 .5 ° .  T h e  in f r a r e d  
s p e c t r u m  w a s  id e n t ic a l  w i th  t h a t  o f t h e  p r o d u c t  ( V i l a )  o b 
t a i n e d  in  p a r t  ( a ) .

N o  a t t e m p t  w a s  m a d e  to  d e v e lo p  c o n d i t io n s  f o r  o p t im u m  
y ie ld s  in  t h i s  r e a c t io n  b e c a u s e  i t  w a s  f o u n d  t h a t  r e a r r a n g e 
m e n t  o f  t h e  d i f o r m a te  IV a  p r o v id e d  a  b e t t e r  r o u t e  t o  V i l a  
[see  ( a )  a b o v e ! .

3fi,6l3-Diacetoxy-5f3-methyl-19-nor-9-pregnen-20-one ( V I I I ) .  
A  s o lu t io n  o f  0 .5  g . o f  t h e  d io l  V i l a  in  8  m l. o f  p y r id in e  a n d  4  
m l. o f  a c e t ic  a n h y d r id e  w a s  a llo w e d  t o  s t a n d  a t  r o o m  t e m 
p e r a t u r e  f o r  3 d a y s .  T h e  a d d i t io n  o f 5 0  m l. o f w a te r  p r o d u c e d  
a n  o il w h ic h  w a s  s e p a r a te d  f ro m  t h e  s u p e r n a t a n t  l iq u id  b y  
d e c a n ta t i o n .  A f te r  d r y in g  o v e r  p o ta s s iu m  h y d r o x id e  in  a  
v a c u u m  d e s ic c a to r ,  t h e  o il c ry s ta l l iz e d  f ro m  m e th a n o l .  
R e c r y s ta l l iz a t io n  f ro m  th i s  s o lv e n t  y ie ld e d  0 .1 3  g . ( 2 1 % )  of 
3 /3 ,6 /3 -d ia c e to x y -5 /3 -m e th y l-1 9 -n o r-9 -p re g n e n -2 0 -o n e  ( V I I I )  
a s  c o lo r le s s  p la te s ,  m .p .  1 2 9 .5 -1 3 0 .5 °  ( m ic ro  h o t  s ta g e ) ,  
[ a ] D +  1 5 2 .7 °  (c  =  1 .0 2 ) , T o r te l l i - J a f f e  t e s t  ( + ) ,  T r ic h lo r o 
a c e t ic  a c id  t e s t  ( — ) . D a v is  a n d  P e t- ro w 11“ r e p o r te d  m .p .  
1 2 0 °  a n d  T o r te l l i - J a f f e  t e s t  ( — ).

Aral. C a lc d . f o r  C 25H 36O 5: C , 7 2 .0 8 ; H , 8 .7 1 . F o u n d :  C , 
7 2 .1 1 ; H ,  8 .5 0 .

A n  a d d i t i o n a l  0 .2 4  g . ( 3 9 % ) ,  m .p .  1 2 3 -1 2 5 ° , w a s  o b ta in e d  
a s  a  s e c o n d  c ro p . T h e  s e m ic a rb a z o n e  w a s  r e c r y s ta l l iz e d  f ro m  
m e th a n o l ,  m .p .  2 1 2 .5 - 2 1 5 °  d ec . ( l i t . , 1 Ia m .p . 2 1 3 - 2 1 9 ° ) .

Anal. C a lc d . fo r  C ibH + O sN s: C , 6 5 .9 3 ; H , 8 .3 0 ;  N , 8 .8 7 . 
F o u n d :  C , 6 5 .9 3 ; H , 7 .9 9 ; N ,  9 .2 0 .

Pregnenolone tosylate. S ix ty  g ra m s  of p - to lu e n e s u l f o n y l  
c h lo r id e  w a s  a d d e d  to  a  s o lu t io n  o f  3 0 .0  g . o f  p r e g n e n o lo n e  
( I l i a )  in  180  m l. o f w a r m  p y r id in e .  T h e  m ix tu r e  w a s  w a r m e d  
gently u n t i l  t h e  s o lid  d is s o lv e d , a n d  a l lo w e d  to  s t a n d  o v e r 
n ig h t  a t  r o o m  t e m p e r a tu r e .  T h e  m ix tu re ,  c o n ta in in g  so m e  
c r y s ta l l in e  m a te r ia l ,  w a s  p o u r e d  in to  w a te r ,  a n d  t h e  o il w h ic h  
s e p a r a te d  so o n  s o lid if ie d . A f te r  c o o lin g  in  a n  ic e  b a t h  t h e  
m ix tu r e  w a s  f i l te r e d ,  a n d  t h e  c o lo r le s s  s o lid  o b ta in e d  w a s  
r e c r y s ta l l iz e d  f ro m  a c e to n e ,  y ie ld in g  3 9 .0  g . ( 8 8 % ) o f p r e g 
n e n o lo n e  to s y la te ,  m .p . 1 3 7 .5 -1 3 8 °  ( l i t . , 12 m .p . 1 3 9 - 1 4 0 ° ) .

Pregnenolone methyl ether (Illb ) and 17a-pregnenolone 
methyl ether ( X I V ) . 23 A  s o lu t io n  o f  10 .0  g . o f  p r e g n e n o lo n e  
p - to lu e n e s u l f o n a te  in  8 0  m l. o f  a b s o lu te  m e th a n o l  w a s  r e 
f lu x e d  f o r  4  h r .  T h e  p r e g n e n o lo n e  m e th y l  e th e r ,  w h ic h  c r y s 
ta l l i z e d  o n  c o o lin g , w a s  f i l te r e d  off. W h e n  w a te r  w a s  a d d e d  
t o  t h e  m o th e r  l iq u o r ,  a  c r u d e  s o lid  w a s  o b ta in e d  w h ic h  
y ie ld e d  a d d i t i o n a l  m e th y l  e th e r  I l l b  w h e n  r e c r y s ta l l iz e d  
f ro m  p e t r o le u m  e th e r  ( b .p .  3 0 - 6 0 ° ) .  R e c r y s ta l l iz a t io n  o f  t h e  
c o m b in e d  c ro p s  f ro m  a q u e o u s  m e th a n o l  g a v e  6 .0 7  g . ( 8 7 % )  of 
p r e g n e n o lo n e  m e th y l  e th e r ,  m .p .  1 2 4 -1 2 5 °  ( l i t . , 12 m .p .  1 2 3 -  
1 2 4 ° ) . R D  in  m e th a n o l  (c  =  0 .0 5 ) , 2 4 ° , [ a ty o  + 1 6 0 ° ,  [a+ 1 1  

+  1 9 2 0 °  [ a ] 26S - 3 4 4 0 ° ,  [ a ]250 - 2 9 2 0 °  (1 =  0 .1  d m .)  
( F ig .  2 ) .

T h e  s o lv e n t  w a s  r e m o v e d  f ro m  t h e  p e t r o le u m  e th e r  m o th e r  
l iq u o r ,  a n d  t h e  so lid  r e s id u e  w a s  r e c r y s ta l l iz e d  f ro m  a b s o lu te  
m e th a n o l ,  y ie ld in g  0 .8 0  g . ( 1 1 % ) of 17a-pregnenolone methyl 
ether ( X I V ) ,  m .p .  1 3 1 -1 3 2 ° , [ a ] 2D6 — 1 5 4 °  (c =  1 .4 ). R D  in  
m e th a n o l  (c = 0 .0 6 ) , 2 4 ° , [atyo —9 0 0 ° , [a+05 — 2 2 5 0 ° , 
[ a ] 269 +  1 0 8 3 ° , [ a ] 250 +  2 6 7 °  (1 =  0 .1  d m .)  (F ig .  2 ).

Anal. C a lc d . f o r  C ^ h ty C h : C , 7 9 .8 9 : H , 10 .37 . F o u n d :  
C , 7 9 .6 2 ; H ,  10 .1 1 .

B e c a u s e  o f  t h e  la r g e  d if fe re n c e  in  t h e  o p t ic a l  r o t a t io n s  o f  
I l l b  a n d  X I V ,  e q u i l ib r a t io n  o f  th e s e  tw o  is o m e rs  w a s  e a s i ly  
fo llo w e d  b y  o b s e rv in g  t h e  r o t a t i o n  c h a n g e  w i th  a  p o la r im e te r .  
T h u s ,  w h e n  a  s o lu t io n  o f 1 .0  g . o f X I V  a n d  0 .5  g . o f p - to lu e n e -  
s u lfo n ic  a c id  in  9 .7  m l. o f m e th a n o l  w a s  k e p t  a t  5 0 ° , e q u i l ib 
r iu m  w a s  a t t a i n e d  in  2 .2 5  h r .  T h e  e q u i l ib r a te d  m ix tu r e  c o n 
t a i n e d  a p p r o x im a te ^ ' 1 5 %  o f  X IV ' a n d  8 5 %  of I l l b ,  a s  d e 

(2 3 )  T h is  e !< p eftm en t w a s  p e r fo r m e d  b y  D , S a v a g e ,
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te r m in e d  f ro m  t h e  o p t ic a l  r o t a t i o n  v a lu e s  o f  t h e  m ix tu r e  a n d  
o f t h e  p u r e  is o m e rs .

3[}-Methoxy-5a-hydroxy-60-formoxypreynan-2O-one ( I V b ) .  
T h r e e  m i l l i l i te r s  o f  3 0 %  h y d r o g e n  p e r o x id e  w a s  s lo w ly  a d d e d  
a t  ro o m  t e m p e r a t u r e  t o  a  s t i r r e d  m ix tu r e  o f  2 .5 0  g. o f p re g 
n e n o lo n e  m e th y l  e t h e r  ( I l l b )  in  15  m l. o f  c a r b o n  t e t r a 
c h lo r id e  a n d  2 0  m l. o f  9 8 %  f o rm ic  a c id . A f te r  m a in t a in in g  
t h e  t e m p e r a tu r e  a t  4 0 - 4 5 °  fo r  1 h r .  a n d  th e n  a t  5 0 - 5 5 °  fo r  0 

h r . ,  t h e  m ix tu r e  w a s  c o o le d  a n d  p o u r e d  in to  s a t u r a t e d  
s o d iu m  c h lo r id e  s o lu t io n .  T h e  w a te r  s o lu t io n  w a s  e x t r a c te d  
w i th  e th e r ,  a n d  t h e  o r g a n ic  p h a s e  w a s h e d  w i th  d i lu te  a q u e 
o u s  s o d iu m  b ic a r b o n a te  u n t i l  t h e  w a s h in g s  w e re  b a s ic .  T h e  
s o lv e n t  w a s  r e m o v e d  f ro m  t h e  d r ie d  ( s o d iu m  s u l f a te )  o rg a n ic  
la y e r  a n d  t h e  r e m a in in g  o il c r y s ta l l i z e d  f ro m  a c e to n e  p e t r o 
le u m  e th e r  ( b .p .  3 0 - 6 0 ° ) ,  g iv in g  2 .4 0  g . ( 8 0 % )  o f  Sp-methoxy- 
5a-hydroxy-6(3-formoxypregnan-20-one ( I V b ) ,  m .p .  1 8 0 -1 8 2 ° . 
% ] d  +  5 ° ( c =  7.0).

Anal. C a lc d . f o r  C V H mO j : C , 7 0 .3 7 ;  H , 9 .2 4 . F o u n d :  C , 
7 0 .3 7 ; H , 9 .1 9 .

3(!-Methoxy-5a,6fi-dihydroxypregnan-20-one ( V b ) .  T o  a  
s t i r r e d  s o lu t io n  o f 7 .9 0  g . o f  p r e g n e n o lo n e  m e th y l  e th e r  
( I l l b )  in  4 8  m l. o f c a r b o n  te t r a c h lo r id e  a n d  6 4  m l. o f 9 8 %  
fo rm ic  a c id  w e re  a d d e d  9 .6  m l.  o f  3 0 %  h y d r o g e n  p e ro x id e . 
T h e  r e a c t io n  w a s  r u n  a n d  w o r k e d  u p  in  t h e  m a n n e r  d e s c r ib e d  
a b o v e , e x c e p t  t h a t  t h e  o il w h ic h  w a s  o b ta in e d  w a s  r e f lu x e d  
fo r  4  h r .  w i th  a  s o lu t io n  o f  9 .0  g . o f  p o ta s s iu m  h y d r o x id e  in  
2 0 0  m l. o f m e th a n o l .  T h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  in to  
w a te r  a n d  e x t r a c t e d  w i th  c h lo ro fo rm . T h e  o rg a n ic  p h a s e  w a s  
d r ie d  o v e r  s o d iu m  s u l f a te ,  t h e  s o lv e n t  r e m o v e d , a n d  th e  
r e s id u e  r e c r y s ta l l i z e d  f ro m  a q u e o u s  a c e to n e .  T h e  30-methoxy- 
■5a,6fi-dihydroxypregnan-20-one (V b )  w a s  o b ta in e d  a s  c o lo r
le ss  c r y s ta ls ,  5 .5 0  g . ( 6 3 % ) ,  m .p .  1 9 1 -1 9 3 ° , [<*% + 3 9 .3 °  (c 
=  0 .9 8 ) .

A n  a n a ly t i c a l  s a m p le , p r e p a r e d  f ro m  a n o t h e r  r u n ,  h a d  
m .p . 1 9 2 -1 9 4 ° .

Anal. C a lc d . fo r  C 22H 36O 4: C , 7 2 .4 9 ;  H ,  9 .9 6 . F o u n d :  C , 
7 2 .5 2 ; H ,  10 .10 .

3f}-Methoxy-5(3-methyl-6l3-acetoxy-19-nor-9-pregnen-20-one 
( V l l b ) .  A  s t i r r e d  s o lu t io n  o f  5 0 0  m g . o f  t h e  d io l V b  in  9 m l. o f 
a c e t ic  a n h y d r id e  ( w a r m e d  to  d is s o lv e )  w a s  co o le d  in  a n  ice  
b a t h  a n d  0 .9  m l. o f  a  s o lu t io n  o f  1 d r o p  o f  c o n e d , s u lfu r ic  
a c id  in  1 .0  m l. o f  a c e t ic  a n h y d r id e  w a s  a d d e d .  A f te r  1 .2 5  h r . ,  
t h e  d a r k  m ix tu r e  w a s  d i lu te d  w i th  b e n z e n e  a n d  w a s h e d  w i th  
1 0 %  a q u e o u s  s o d iu m  c a r b o n a te  a n d  w i th  w a te r .  T h e  o rg a n ic  
p h a s e  w a s  d r ie d  ( D r ie r i t e - m a g n e s iu m  s u l f a te )  a n d  t h e  s o lv e n t  
r e m o v e d , le a v in g  4 5 0  m g . o f  a  b r o w n  o il, w h ic h  w a s  c h r o 
m a to g r a p h e d  o n  12  g . o f a lu m in a .  E lu t io n  w i th  b e n z e n e -  
p e t r o le u m  e th e r  y ie ld e d  7 0  m g . o f  a n  o i l  w h ic h  so lid if ie d  o n  
s ta n d in g .  R e c r y s ta l l iz a t io n  f ro m  m e th a n o l  g a v e  5 0  m g . o f 
co lo r le ss  so lid , m .p . 1 2 7 .5 - 1 2 8 ° ,  T o r te l l i - J a f f e  t e s t  ( — ), t r i 
c h lo ro a c e t ic  a c id  t e s t  (y e l lo w -p in k ) .  T h is  s u b s ta n c e  w a s  n o t  
f u r th e r  id e n t i f ie d .

T h e  d e s ire d  p r o d u c t  w a s  o b t a in e d  o n  e lu t io n  w i th  b e n z e n e  
a s  110  m g . ( 2 1 % )  o f  p a le  y e l lo w  n e e d le s , m .p .  1 2 8 -1 3 2 ° , 
T o r te l l i - J a f f e  t e s t  ( +  ). R e c r y s ta l l iz a t io n  f ro m  a c e to n e -  
w a te r  a n d  f in a l ly  p u r e  a c e to n e  g a v e  7 4  m g . o f  3/S-methoxy- 
i>l3-m.ethyl-6fi-acetoxy-19-nor-9-pregnen-20-one ( V l l b ) ,  m .p .
1 3 8 -1 3 9 ° , [o:]d + 1 5 5 °  (c  =  0 .9 9 ) , T r ic h lo r o a c e t ic  a c id  t e s t  

( - ) ■
Anal. C a lc d .  fo r  C 24H 36O 4: C , 7 4 .1 9 ; I I ,  9 .3 4 . F o u n d :  C , 

7 3 .7 6 ; H ,  9 .2 6 .
50-Methyl-19-nor-9-pregnene-3,6,2O-trione ( I X ) .  A  s o lu t io n  

o f 61 m l. o f  2 %  c h ro m ic  a c id  in  g la c ia l  a c e t ic  a c id  w a s  a d d e d

d ro p w is e  o v e r  a  1 -h r . p e r io d  to  a  s t i r r e d  s o lu t io n  of 1 .90  g. 
o f d io l  V i l a  in  50  m l. o f g la c ia l  a c e t ic  a c id . T h e  m ix tu re  w as  
a l lo w e d  to  s t i r  fo r  2 2  h r .  a t  ro o m  te m p e r a tu r e ,  a n d  t h e  a c e tic  
a c id  th e n  r e m o v e d  b y  d is t i l la t io n .  T h e  r e m a in in g  o il w as  
t a k e n  u p  in  e th y l  a c e t a t e ,  w 'a sh ed  w i th  w a te r ,  a n d  d r ie d  
( s o d iu m  s u l f a te ) .  R e m o v a l  o f  t h e  s o lv e n t  le f t  a n  o il w h ic h  
c r y s ta l l iz e d  f ro m  m e th a n o l ,  g iv in g  0 .6 8  g. ( 3 6 % )  of ofi-methyl
19-nor-9-pregnene-3,6,20-trione ( I X ) ,  m .p .  1 6 3 -1 6 7 ° . R e 
c r y s ta l l i z a t io n  f ro m  e th a n o l - w a te r  a n d  f in a l ly  p u r e  e th a n o l  
p r o v id e d  a n  a n a ly t i c a l  s a m p le , m .p .  1 6 7 -1 6 9 °  [a ] 2U8 + 7 . 8  (c, 
=  1 .0 9 ) , T o r te l l i - J a f f e  t e s t  ( + ) ,  X™30H 2 92  mp (e  = 1 6 7 ) .

Anal. C a lc d . f o r  C + IR gO s: C , 7 6 .7 9 ; H , 8 .5 9 . F o u n d :  C , 
7 6 .4 9 ; H ,  8 .5 2 .

Pregnenolone ethylene ketal ( X ) .  A  v ig o ro u s ly  s t i r r e d  m ix 
t u r e  (tw'O la y e r s )  o f  3 .0 0  g. o f p r e g n e n o lo n e  ( I l i a ) ,  25  m l. o f 
e th y le n e  g ly co l, 5 0  m l. o f to lu e n e , a n d  0 .0 3  g . o f p - to lu e n e -  
s u lfo n ic  a c id  w a s  r e f lu x e d  f o r  5 h r .  t h e  w a te r  f o rm e d  b e in g  
c o l le c te d  in  a  D e a n - S ta r k  w a te r  s e p a r a to r .  F iv e  m i l l i l i te r s  of 
5% , m e th a n o l ic  p o ta s s iu m  h y d r o x id e  wrnre a d d e d  to  *,he w a rm  
s o lu t io n  a n d  t h e  m ix tu r e  t h e n  p o u r e d  in to  a n  e q u a l  a m o u n t  
of w a te r .  E x t r a c t io n  w i th  e th e r  c a u s e d  s o m e  s o lid  t o  s e p a 
r a t e ,  w h ic h  w a s  r e m o v e d  b y  f i l t r a t io n  a n d  r e c r y s ta l l iz e d  f ro m  
m e th a n o l ,  y ie ld in g  1 .3 0  g . ( 3 5 % )  o f  p r e g n e n o lo n e  e th y le n e  
k e t a l  ( X ) ,  m .p . 1 6 2 -1 6 4 ° .

T w o  d r o p s  o f  p y r id in e  w e re  a d d e d  to  t h e  f i l t r a te ,  t h e  so lu 
t io n  w a s  d r ie d , a n d  t h e  s o lv e n t  r e m o v e d  u n d e r  v a c u u m . 
T h e  s e m ic ry s ta l l in e  r e s id u e  w a s  c o m b in e d  w i th  s o m e  a d d i 
t i o n a l  s o lid  w h ic h  s e p a r a te d  f ro m  t h e  a q u e o u s  la y e r  o n  l e t t in g  
s t a n d  a t  r o o m  te m p e r a tu r e  o v e r n ig h t  a n d  t h e  m ix tu r e  w a s  
r e c r y s ta l l iz e d  f ro m  m e th a n o l .  T h is  y ie ld e d  a n  a d d i t io n a l  1 .20  
g . ( 3 2 % )  o f  k e ta l ,  X ,  m .p .  1 6 1 -1 6 3 °  ( l i t . ,  1 6 4 - 1 6 7 ° ; 15 1 6 3 -  
1 6 6 ° , M b 6 -  39  ±  2 ° 24).

Pregnenolone ethylene ketal oxide ( X I ) ,  and attempted hy
drolysis of the epoxide ring under alkaline conditions. A  so lu 
t io n  o f 1 .2  g. o f  p re g n e n o lo n e  e th y le n e  k e t a l  ( X )  in  2 5  m l. of 
c h lo ro fo rm  w a s  c h il le d  in  ice  a n d  1 .4  g . o f  m o n o p e r p h th a l ic  
a c id  in  3 0  m l. o f e th e r  a d d e d .  T h e  c le a r  s o lu t io n  w a s  l e t  s t a n d  
in  a  r e f r ig e r a to r  fo r  18  h r . ,  t h e n  w a s h e d  t h o r o u g h ly  w i th  5 %  
s o d iu m  c a r b o n a te  s o lu t io n , w a te r ,  f e r r o u s  s u l f a te  s o lu t io n , 
a n d  a g a in  w i th  w a te r .  T h e  o r g a n ic  l a y e r  w a s  d r ie d  o v e r  
s o d iu m  s u l f a te ,  t h e  s o lv e n t  r e m o v e d , a n d  t h e  s o lid  p r o d u c t  
r e c r y s ta l l iz e d  f ro m  e th a n o l ,  y ie ld in g  0 .7 0  g . ( 5 6 % )  o f  preg
nenolone ethylene ketal a-epoxide ( X I ) ,  m .p .  1 8 3 -1 3 5 ° , [ a ] n  
- 5 1 . 2  (c  =  0 .9 4 ) .

Anal. C a lc d . fo r  C 23H 30O 4: C , 7 3 .3 6 ; H ,  9 .6 4 . F o u n d :  C , 
7 3 .1 7 ; H ,  9 .6 7 .

W h e n  t h e  k e t a l  e p o x id e  w a s  r e f lu x e d  f o r  2  h r .  w i th  
m e th a n o l ic  p o ta s s iu m  h y d r o x id e  o r  h e a t e d  o n  a  s t e a m  b a t h  
fo r  2 .5  h r .  w i th  a q u e o u s  m e th a n o l ic  s o d iu m  b ic a r b o n a te ,  
m a in ly  s t a r t i n g  m a te r ia l  w a s  r e c o v e re d .
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S e v e r a l  n e w  ty p e s  o f  f lu o ro s te ro id s  h a v e  b e e n  p r e p a r e d  b y  a d a p t a t i o n  o f  a  k n o w n  m e th o d  u s in g  s u l f u r  t e t r a f lu o r id e  t o  r e 
p la c e  k e to n ie  o x y g e n  b y  f lu o r in e . 3 ,3 -D if lu o ro  a n d  1 7 ,1 7 -d if lu o ro  c o m p o u n d s  in  t h e  a n d r o s t a n e  se r ie s  a r e  d e s c r ib e d  a s  w e ll 
a s  3 ,3 -d if lu o ro  a n d  2 0 ,2 0 -d if lu o ro  d e r iv a t iv e s  o f  C 2i s te ro id s .  E a s e  o f  f lu o r in a t io n ,  re f le c te d  in  y ie ld s  o f  p r o d u c t s ,  w a s  g r e a t ly  
d e p e n d e n t  o n  t h e  s i t e  a n d  n a t u r e  o f  t h e  c a r b o n y l  f u n c t io n  u n d e r g o in g  r e a c t io n .

The introduction of fluorine into the steroid 
molecule has, in a number of cases, resulted in 
remarkable and useful modification of physiological 
activities.1 Since certain desoxy analogues of 
steroidal hormones have been shown to possess 
some physiological activity,2 it was hoped that 
certain ^em-difluorosteroids, with fluorine substi
tution at sites occupied by carbonyl groups in the 
naturally occurring hormones, might be of thera
peutic value. The recent report of sulfur tetrafluo
ride as a reagent for the preparation of gem-di
fluorides by replacement of carbonyl oxygen by 
fluorine3 suggested a convenient route to such 
steroids.

Fluorination experiments were carried out with 
several types of diketosteroids to determine the 
extent to which reactivity differences of carbonyl 
groups at different positions in the steroid nucleus 
could be exploited to effect selective fluorination.

5a-Androstane-3,17-dione, 5a-pregnane-3,20-di- 
one, and 5j8-pregnane-3,20-dione (Table I) all 
gave mixtures of di- and tetrafluorinated prod
ucts. In these cases the difluoroketones which were 
fluorinated at C3 predominated in molar ratios of 
3:1, 7:1, and 4:1 respectively.

In contrast to the relative ease of fluorination 
at C3 with the saturated ketcnes, no characteriz- 
able products of fluorination at C3 were isolated 
from 3-ketones having a,/3-unsaturation. Treat
ment of androst-4-ene-3,17-dione, progesterone, 
and androsta-l,4-diene-3,17-dione with sulfur tetra
fluoride resulted in the isolation, in low yields, of
17,17-difluoroandrost-4-en-3-one (VIII), 20,20- 
difluoropregn-4-en-3-one (IX), and 17,17-difluoro- 
androsta-l,4-dien-3-one (X), respectively.

With the exception of the difluorinated products 
obtained from 5a-pregnane-3,20-dione and 5/3- 
pregnane-3,20-dione, structural assignments are 
based on infrared absorption patterns. The fre
quency of the carbonyl absorption characterized 
the nature of the ketone function in the difluoro
ketones4 and thus determined the site of fluorina
tion.

(1 ) Cf., L . F .  F ie s e r  a n d  M . F ie s e r ,  Steroids, R e in h o ld  
P u b l i s h in g  C o ., N e w  Y o rk , 1959 , p p .  5 9 3 , 6 8 2 -6 .

(2 ) Cf., M . S . d e  W in te r ,  C . M . S ie g m a n n , a n d  S . A . 
S z p ilfo g e l, Chm. & Ind. {London), 9 0 5  (1 9 5 9 ).

(3 ) W . R .  H a s e k ,  W . C . S m i th ,  a n d  V. A . E n g le h a r d t ,
J. Am. Chem. Soc., 8 2 , 5 4 3  (1 9 6 0 ).

The lack of resolution of steroidal 3- and 20- 
keto absorptions precluded structural assignments 
by means of infrared to the difluorinated products

(4 ) R .  N .  J o n e s  a n d  F .  H e r l in g , J. Org. Chem., 1 9 , 1 2 5 2
(1 9 5 4 ). •  *
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resulting from the pregnanediones. Two products 
were possible in each case: the 3,3-difluoro 20- 
ketones IVA and VIA from 5a- and o/3-pregnane- 
3,20-dione, respectively, or the 20,20-difluoro 3- 
ketones, IVB and VIB.

C H ,

I V B V I B

Assignment of structures IVA and VIA, re
spectively, to the difluoro ketones resulting from 
fluorination of 5<x-pregnane-3,20-dione and 5/3-preg- 
nane-3,20-dione was made on the basis of their 
NMR spectra (Table II). As methyl ketones, both 
IVA and VIA must exhibit a singlet ir. their NMR 
spectra due to C2i-methyl protons. On the other 
hand, the C2i-methyl proton absorptions of IVB 
and VIB would be multiplets due to spin-spin 
coupling with the two fluorine atoms at C2o- 
Both difluoro ketones isolated show three distinct 
singlet absorptions attributable to C18-, Ci9-, and 
C2rmethyl protons. In both cases, the position of 
the C2i-methyl proton absorption is in good agree
ment with the value reported by Shoolery and 
Rogers for CVmethyl 20-ketosteroids.3

The positions of the CV and Ci9-methyl proton 
absorptions of IVA and VIA are compared in Table 
II with those reported by Shoolery for 5a-preg- 
nane-3,20-dione and 5/3-pregnane-3,20-dione.5 It 
is of interest that while the chemical shift of the 
Cig-methyl protons of the diketones is independent 
of the nature of the A/B ring junction, the absorp
tion of the Ci9-methyl protons of the A/B-trans 
difluoro ketone (IVA) lies at higher field (11 c.p.s.) 
than does the corresponding A/B-cis compound 
(VIA). A similar dependence of the chemical 
shift of the angular methyl absorption on the 
nature of the ring junction has been reported for 
androstane (XI) and its 5-epimer (XII).6 The ab
sorption of the Cig-methyl protons of the A/B- 
trans compound (XI) lies at higher field (7 c.p.s. 
at 60 me.) than does that of the cis compound

H

X I

H
X I I

(5) J .  N .  S h o o le ry  a n d  M . T .  R o g e rs ,  J. Am. Chem. Soc., 
8 0 , 512 1  (1 9 5 8 ).

(6 ) J .  A . P o p le ,  W . G . S c h n e id e r ,  a n d  H . J .  B e r n s te in ,  
High Resolution Nuclear Magnetic Resonance Spectra, M c 
G ra w - H i ll ,  N e w  Y o r k ,  N .  Y .,  1959 , p p .  2 9 1 -2 .
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T A B L E  I I

N u c l e a r  M a g n e t ic  R e s o n a n c e  S p e c t r a “

C19 49 60 62 60 62 62
Cis 36 37 52 49 38 40

“ C .p .s .  r e la t iv e  t o  t e t r a m e th y l s i l a n e  a t  6 0  m e ., m e a s u re d  in  t h e  d i r e c t io n  o f d e c r e a s in g  f ie ld . b D e te r m in e d  in  e th a n o l - f r e e  
c h lo r o fo r m  s o lu t io n  u s in g  t e t r a m e th y l s i l a n e  a s  a n  i n t e r n a l  s t a n d a r d .  c C a lc u la te d  f ro m  t h e  d a t a  o f S h o o le ry  a n d  R o g e r s 6 
u s in g  t h e  v a lu e  o f 3 8 5  ±  1 c .p .s .  r e p o r te d  b y  L . L .  S m i th  et al. f o r  t h e  p o s i t io n  o f t h e  t e t r a m e th y l s i l a n e  p e a k  m e a s u r e d  
r e l a t i v e  t o  b e n z e n e  a s  a n  e x te r n a l  r e f e re n c e .7

(XII), while the chemical shift of the Cis-methyl 
protons is the same for both compounds.

The NMR spectra of 3,3,20,20-tetrafluoro-5a 
pregnane (V) and 3,3,20,20-tetrafluoro-5/3-pregnane
(VII) were also measured. Neither compound 
showed an absorption maximum at or near 125
c.p.s. (relative to tetramethylsilane), and no singlet 
absorption other than those attributable to the 
angular methyls was evident. The 5a-pregnane 
derivative showed only a single peak at 52 c.p.s. 
due to the overlapping absorptions of the Cis and 
0 x9 methyl protons. That this was the case was 
indicated by a comparison of the absorptions of 
the Cis angular methyl of 3,3,20,20-tetrafluoro-5/3- 
pregnane (VII) and the Cis angular methyl of
3.3- difluoro-5a-pregnan-20-one (IVA) which should 
lie in essentially the same environments, respec
tively, as the Cis and C« methyls of V. Both absorp
tions lie at the same frequency, which is in reason
able agreement with that found for the angular 
methyl absorption of V.

In addition, it was found that, for V, the ratio of 
the area of absorption, other than that of the angu
lar methyl groups, to the area of the peak attrib
uted to the overlapping angular methyls was 3.44. 
The corresponding ratio for VII, using the sum of 
the areas of the angular methyl peaks was 3.6. 
The calculated value for this quantity is 4.3. The 
ratio of the areas of the two angular methyl peaks 
of VII was found to be 1.0.

The Cx9 angular methyl of the A/B-trans tetra- 
fluoride (V), thus, lies at approximately 8 c.p.s. 
higher field than does that of the A/B-cfs compound
(VII), an effect similar to that observed with the
3.3- difluoro ketones (IVA and VIA).

The effect of acid catalysis on sulfur tetrafluoride 
fluorination has been reported.3 It was also reported 
that Lewis acids such as boron trifluoride have a 
much greater specific catalytic effect than do Bron-

(7 ) L . L .  S m i th ,  M . M a r x ,  J .  J .  G a r b a r in i ,  T .  F o e l l ,  a n d  
J ,  J ,  G o o d m a n ,  J , Am, Chcm, Sec,, 8 2 ,  4 6 1 6  (1 9 6 0 ).

sted acids such as hydrogen fluoride. In the present 
work, acid catalysis was found necessary in all 
cases. The hydrogen fluoride catalyst was generated 
in situ by the reaction of ethanol, added to the 
solvent, with the sulfur tetrafluoride reagent.

Attempted fluorination of cholestan-3-one in 
ethanol-free chloroform or in ether led to almost 
quantitative recovery of starting material. When 
the fluorination was carried out in chloroform con
taining 0.75% ethanol, the infrared spectrum of the 
crude product showed complete absence of car
bonyl absorption and 3,3-difluorocholestane (I) 
was isolated in 32% yield.

Under the conditions used to effect complete 
fluorination of cholestanone, fluorination of 5a- 
androstan-3,17-dione at C3 was incomplete. The 
infrared spectrum of the crude product showed 
strong carbonyl absorptions characteristic of both
3- and 17-ketone groups. When the reaction was 
carried out in chloroform containing 3% ethanol, 
under otherwise identical conditions, the infrared 
spectrum showed no trace of absorption charac
teristic of the 3-keto function, and 3,3-difluoro- 
5a-androstan-17-one (II) was isolated in 37% yield 
together with 11% of 3,3,17,17-tetrafluoro-5a- 
androstane (III).

Fluorinations of 5a- and 5/3-pregnane-3,20-dione 
were also carried out in chloroform containing 3% 
ethanol. Yields of difluorinated and tetrafluorinated 
products are recorded in Table I.

Fluorination of androst-4-ene-3,17~dione in chlo
roform containing 3% ethanol yielded 3% of 17,17- 
difluoroandrost-4-en-3-one (VIII) with recovery 
of a large amount of starting material. Using boron 
trifluoride as catalyst and employing a somewhat 
shorter reaction time, 10% of VIII was isolated, 
but there was considerable résinification and low 
recovery of starting material.

In view of the higher isolated yield of VIII using 
boron trifiuorijle, this catalyst was employed in the 
fluorination^ of progesterone and androsta-1,4-
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diene-3,17-dione. In both cases there was consider
able resinification and the yields of the difluorides
(IX) and (X) were low.

This study is being continued with other keto- 
steroids. It is apparent that by adjustment of 
reaction conditions, ketones of different reactivities 
may be converted into the g>e»r-difluoro derivatives. 
Although bioassay of the substances described in 
this report is incomplete, several of the difluoroketo- 
steroids tested have mild androgenic activity. 
Substances VIA and VIII have some additional 
effects on endocrine balance.

EXPERIMENTAL
T h e  f lu o r in a t io n s  w e re  c a r r ie d  o u t  in  a  s t a in le s s  s te e l  

h y d r o g e n a t io n  c y l in d e r .  T h e  g a s e o u s  r e a g e n ts  w e re  i n t r o 
d u c e d  b y  m e a n s  o f  a  g a s  b u r e t  u s in g  b r o m o b e n z e n e  a s  t h e  
d is p la c e d  l iq u id .

E th a n o l- f r e e  c h lo ro fo rm , u s e d  in  r u n s  e m p lo y in g  b o r o n  
t r iH u o r id e  a s  t h e  a c id  c a t a ly s t ,  w a s  p r e p a r e d  b y  w a s h in g  
r e a g e n t  c h lo ro fo rm  w i th  c o n c e n t r a t e d  s u l f u r ic  a c id .8

M e l t in g  p o in t s  w e re  t a k e n  b y  t h e  c a p i l l a r y  t u b e  m e th o d  
a n d  a r e  u n c o r re c te d .  I n f r a r e d  s p e c t r a  w e re  t a k e n  o n  c h lo ro 
fo rm  s o lu t io n s  u s in g  a  P e r k in - E lm e r  M o d e l  21 s p e c t r o p h o 
to m e te r .  T h e  N M R  s p e c t r a  w e re  t a k e n  o n  a  V a r ia n  n u c le a r  
m a g n e t ic  r e s o n a n c e  s p e c t r o m e te r  a t  6 0  m e . u s in g  t e t r a -  
m e tb y ls i la n e  a s  a n  i n t e r n a l  r e fe re n c e . O p t ic a l  r o t a t io n s  
w e re  m e a s u re d  in  a  1  d m . t u b e  a t  2 3 °  u s in g  f re s h ly -d is t i l le d  
c h lo ro fo rm  s o lv e n t.

N e u t r a l  a lu m in a  o f  a c t i v i t y  I I I  (W o e lm )  a n d  D a v is o n  s i l
ic a  g e l, 1 0 0 - 2 0 0  m e s h , w e re  u s e d  f o r  t h e  c h r o m a to g r a p h ic  
s e p a ra t io n s .

T h e  p r o c e d u r e s  i n  w h ic h  h y d r o g e n  f lu o r id e  w a s  u s e d  a s  
t h e  a c id  c a t a l y s t  a r e  i l l u s t r a t e d  f o r  t h e  f lu o r in a t io n s  o f  5 a -  
p re g n a n e - 3 ,2 0 -d io n e  a n d  a n d r o s t - 4 -e n e -3 ,1 7 - d io n e . T h e  u s e  
o f b o r o n  t r i f lu o r id e  is  i l l u s t r a t e d  f o r  t h e  f lu o r in a t io n  o f 
a n d r o s t - 4 -e n e -3 ,17 -d io n e .

3,3-Difluoro-5a-pregnan-20-one ( I V A )  and 3,8,20,20-letra- 
fl.uoro-Ba-pregnane (V ) .  5 a - P re g n a n e -3 .2 0 - d io n e  (2 .0  g .)  
a n d  20  m l. o f  c h lo ro fo rm  c o n ta in in g  3 %  e th a n o l  w e re  h e a te d  
a t  4 0 °  f o r  15 h r .  w i th  1 0 .6  g . o f  s u l f u r  t e t r a f lu o r id e . 3 T h e  
g a s e o u s  r e a c t a n t s  a n d  p r o d u c t s  w e re  s t r i p p e d  a n d  t h e  r e s id u e  
w as w a s h e d  i n to  a  5 0 0 -m l. s e p a r a to r y  f u n n e l  w i th  f iv e  5 0 -m l. 
p o r t io n s  o f  c h lo ro fo rm . T h e  r e s u l t in g  c h lo ro fo rm  s o lu t io n  
w a s  w a s h e d  w i th  tw o  1 0 0 -m l. p o r t io n s  o f  w a te r ,  1 0 0  m l. o f 
5 %  s o d iu m  b ic a r b o n a te  s o lu t io n ,  tw o  1 0 0 -m l. p o r t io n s  o f 
w a te r ,  a n d  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te .  T h e  
c h lo ro fo rm  w a s  s t r i p p e d  u n d e r  a s p i r a to r  p r e s s u re  o n  t h e  
s te a m  b a t h  l e a v in g  2 .4 7  g . o f  a  p a r t i a l l y  c r y s ta l l in e ,  d a r k  
b ro w n  s o lid .

T h e  p r o d u c t  w a s  h e a t e d  w i th  5 0  m l. o f  b o i l in g  e th a n o l  a n d  
th e  m ix tu r e  w a s  t r e a t e d  w i th  c a r b o n  a n d  f i l te r e d  t h r o u g h  
C e li te .  T h e  c a r t o n - C e l i t e  m a t  w a s  w a s h e d  w i th  80  m l. o f 
b o il in g  e th a n o l  a n d  t h e  w a s h in g s  w e re  a d d e d  t o  t h e  o r ig in a l  
e th a n o l  f i l t r a te .  T h e  e th a n o l  w a s  s t r i p p e d  u n d e r  a s p i r a to r  
p r e s s u re  o n  t h e  s t e a m  b a t h  l e a v in g  1 .4 8  g . o f  a  d a r k  o ra n g e , 
c r y s ta l l in e  so lid .

T h is  m a te r i a l  w a s  c h r o m a to g r a p h e d  o n  50  g . o f  a lu m in a .  
E lu t io n  w i t h  1 :1 0  b e n z e n e - p e t r o le u m  e t h e r  ( b .p .  6 8 - 7 0 ° )  
y ie ld e d  1 .3  g . o f  a n  o r a n g e , c r y s t a l l i n e  s o lid , m .p .  1 3 0 -1 3 6 ° , 
w h ic h  w a s  r e c h r o m a to g r a p h e d  o n  8 0  g . o f  s i l ic a  g e l. E lu t io n  
w i th  1 :5  c h lo r o f o r m - p e t r o le u m  e t h e r  y ie ld e d  120  m g . o f 
a  w h ite ,  c r y s ta l l in e  s o lid . T h e  in f r a r e d  s p e c t r u m  o f  th i s  
m a te r ia l  s h o w e d  n o  s ig n i f ic a n t  a b s o r p t io n  b e tw e e n  1500  a n d  
270 0  c m . - 1  A  p o r t io n  o f  t h i s  m a te r i a l  (8 3 .4  m g .)  w a s  r e 

(8 ) A . I .  V o g e l, A Textbook of Practical Organic Chemistry, 
L o n g m a n s , G re e n  a n d  C o . L td . ,  L o n d o n , 2 n d  E d . ,  1951 , p .
174. •

c r y s ta l l iz e d  f ro m  e th a n o l - w a t e r  s o lu t io n  t o  y ie ld  7 2 .2  m g . 
o f  3 ,3 ,2 0 ,2 0 - te t r a f lu o r o - 5 a - p r e g n a n e ,  m .p .  1 2 0 -1 2 1 ° .

Anal. C a lc d . f o r  C 21H 32F 4: C , 6 9 .9 6 ;  H , 8 .9 5 . F o u n d :  C , 
6 9 .8 0 ; H ,  8 .6 7 .

E lu t i o n  w i th  c h lo ro fo rm  y ie ld e d  1 .1 g . o f  a  l ig h t  o ra n g e , 
c r y s ta l l in e  s o l id .  T h is  m a t e r i a l  w a s  r e c r y s ta l l i z e d  f ro m  
e th a n o l  t o  y ie ld  7 1 0  m g . o f  3 ,3 -d i f lu o r o -5 a - p r e g n a n - 2 0 -o n e , 
w h i te  c r y s ta l s ,  m .p .  1 4 3 -1 4 7 ° , ymax1703  c m . - 1  T h e  a n a ly t i c a l  
s a m p le , p r e p a r e d  b y  f u r t h e r  r e c r y s t a l l i z a t i o n  f ro m  e th a n o l ,  
m e l te d  a t  1 4 5 -1 4 7 ° .

Anal. C a lc d . f o r  C 2.H 32F 20 : C , 7 4 .5 1 ; H ,  9 .5 3 ; F ,  1 1 .2 3 . 
F o u n d :  C , 7 4 .7 6 ; H , 9 .8 2 ;  F ,  1 1 .0 4 .

17,17-Difluoroandrost-4.-en-3-one ( V I I I ) .  Rim  A . T w o  
g r a m s  o f  a n d r o s t - 4 -e n e -3 ,1 7 - d io n e  a n d  2 0  m l. c f  c h lo ro fo rm  
c o n ta in in g  3 %  e th a n o l  w e r e  h e a t e d  a t  4 0 °  fo r  15 h r .  w i th
1 0 .6  g . o f  s u l f u r  t e t r a f lu o r id e .  T h e  r e a c t io n  m ix tu r e  w a s  
a l lo w e d  t o  co o l t o  r o o m  t e m p e r a t u r e  a n d  t h e  g a s e o u s  r e a c 
t a n t s  a n d  p r o d u c ts  w e re  s t r i p p e d .  T h e  c h lo ro fo rm  e x t r a c t io n  
w a s  c a r r ie d  o u t  in  t h e  u s u a l  m a n n e r  t o  y ie ld  2 .4 1  g . o f  a  
b la c k  t a r .

T h e  p r o d u c t  w a s  d is s o lv e d  in  8 0  m l.  o f  b o i l in g  e th a n o l ,  
t r e a t e d  w i th  c a r b o n  a n d  f i l te r e d  t h r o u g h  C e li te .  T h e  c a r -  
b o n - C e l i t e  m a t  w a s  w a s h e d  w i th  8 0  m l. o f  b o i l in g  e th a n o l  
a n d  t h e  w a s h in g s  w e re  c o m b in e d  w i th  t h e  o r ig in a l  e th a n o l  
f i l t r a te .  T h e  e th a n o l  w a s  s t r i p p e d  o n  th e  s t e a m  b a t h  u n d e r  
a s p i r a to r  p r e s s u re  le a v in g  1 .45  g . o f  a  b la c k  t a r  w h ic h  
c r y s ta l l iz e d  o n  s t a n d in g .  T h e  in f r a r e d  s p e c t r u m  o f  t h i s  
m a te r ia l  s h o w e d  s t r o n g  a b s o r p t io n  p e a k s  a t  1730 , 1668 , 
a n d  1622 , c m . - 1

T h is  m a te r i a l  w a s  c h r o m a to g r a p h e d  o n  100  g. o f  a lu m in a .  
E lu t io n  w i th  1 :1  b e n z e n e - p e t r o le u m  e t h e r  y ie ld e d  3 9 .8  m g . 
o f  a  w h i te ,  c r y s ta l l in e  s o lid , m .p .  1 6 6 .5 -1 7 4 ° , v„j,x 1668 , 
162 2  c m . - 1  T h is  m a te r i a l  w a s  r e c r v s ta l l i z e d  f ro m  e th a n o l -  
w a te r  s o lu t io n  t o  y ie ld  6 9 .6  m g . o f  1 7 ,1 7 -d if lu o ro a n d ro s t-4  
e n -3 -o n e , m .p .  1 7 8 .5 -1 8 2 ° .

E lu t i o n  w i th  b e n z e n e  y ie ld e d  1 .0 2  g. o f  a  c r y s ta l l in e  so lid , 
rmax 1730 , 1668 , a n d  162 2  c m . - 1  T h is  w a s  r e c r y s ta l l i z e d  f ro m  
a c e to n e - p e t r o l e u m  e t h e r  t o  y ie ld  6 6 0  m g . o f  a n d r o s t - 4 -e n e -
3 , 1 7 -d io n e , m .p .  1 7 1 -1 7 2 ° , l i t . ,«  m .p .  1 7 2 . 5 - 1 7 3 .5 ° .

Run B . A n d ro s t-4 -e n e -3 ,1 7 -d io n e  (2 .1  g .)  w a s  h e a t e d  a t  
4 0 °  f o r  10  h r .  w i th  2 0  m l. o f  e th a n o l - f r e e  c h lo ro fo rm , 8  g. 
o f  s u l f u r  te t r a f lu o r id e ,  a n d  0 .4  g . o f  b o r o n  t r i f lu o r id e .  T h e  
r e a c t io n  m ix tu r e  w a s  a l lo w e d  t o  co o l t o  ro o m  t e m p e r a t u r e  
a n d  t h e  g a s e o u s  r e a c t a n t s  a n d  p r o d u c t s  w e re  s t r i p p e d .  T h e  
c h lo ro fo rm  e x t r a c t io n  w a s  c a r r ie d  o u t  i n  t h e  u s u a l  m a n n e r  
t o  y ie ld  1 .15  g . o f a  b la c k ,  c r y s ta l l in e  s o lid . A  la r g e  a m o u n t  o f 
a  c h lo ro fo rm - in s o lu b le  b la c k  r e s in  a d h e r e d  t o  t h e  w a lls  o f 
t h e  r e a c t io n  v e s s e l  a n d  w a s  d is c a rd e d .

T h e  p r o d u c t  w a s  h e a t e d  w i th  8 0  m l.  o f  b o i l in g  e th a n o l  a n d  
t h e  e th a n o l  s o lu t io n  w a s  t r e a t e d  w i t h  c a r b o n  a n d  f i l te r e d  
t h r o u g h  C e li te .  T h e  c a r b o n - C e l i t e  m a t  w a s  w a s h e d  w i th  
t h r e e  2 5 -m l. p o r t io n s  o f  b o i l in g  e th a n o l  a n d  t h e  w a s h in g s  
w e re  a d d e d  t o  t h e  o r ig in a l  e th a n o l  f i l t r a t e .  T h e  e th a n o l  w a s  
s t r i p p e d  u n d e r  a s p i r a t o r  p r e s s u r e  o n  t h e  s t e a m  b a t h  l e a v in g  
0 .6 1 1  g . o f  a  b r o w n  o il w h ic h  r e a d i ly  c r y s ta l l i z e d  o n  c o o lin g .

T h is  m a te r i a l  w a s  c h r o m a to g r a p h e d  o n  70  g. o f  a lu m in a .  
E lu t io n  w i th  1 :1  b e n z e n e - p e t r o le u m  e t h e r  y ie ld e d  2 7 7  m g . 
o f  a  p a le  y e llo w , c r y s ta l l in e  so lid . T h is  w a s  r e c r y s ta f l iz e d  
f ro m  e t h a n o l - w a t e r  s o lu t io n  t o  y ie ld  2 2 7 .3  m g . o f  1 7 ,1 7 - 
d if lu o ro a n d ro s t-4 -e n -3 -o n e , m .p .  1 7 8 - 1 8 0 .5 ° ,  vm,.x 1668 , 
1622  c m . - 1  F o r  a n a ly s is  t h i s  m a te r i a l  w a s  r e c r y s ta l l iz e d  
tw ic e  f ro m  e th a n o l - w a te r  s o lu t io n  t o  y ie ld  160  m g .,  m .p .  
1 8 1 -1 8 2 .8 ° .

Anal. C a lc d . f o r  C 19H 26F 2O : C , 7 4 .0 0 ; H ,  8 .5 0 . F o u n d :  
C , 7 3 .8 4 ; H , 8 .4 1 .

E lu t i o n  w i th  1 :1 0  c l i lo ro f o r m -b e n z e n e  y ie ld e d  1S2 m g . of 
a  w h i te  c r y s t a l l i n e  so lid , m .p .  1 6 0 - 1 6 8 .5 ° ,  r max 1730 , 1668  
162 2  c m . - ' 1

(9 ) E ls e v ie r ,  Encyclopedia of Organic Chemistry, S p r in g e r -1 

V e r la g , B e r l in ,  1959 , 14s, p . 2 8 8 0 .
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A  s e r ie s  o f  5 ,8 - d im e th o x y - 2 - s u b s t i tu te d  e h r o m o n e s  w a s  s y n th e s iz e d  a n d  a  n i t r o g e n  a n a lo g , 5 ,8 - d im e th o x y - 4 - k e to - l ,2 ,3 ,4 -  
t e t r a h y d r o q u in a ld in e ,  w a s  p r e p a r e d  m o re  c o n v e n ie n t ly  b y  d i r e c t  c y c l iz a t io n  o f  t h e  c o r r e s p o n d in g  a c id  w i th  p o ly p h o s p h o r i e  
a c id  t h a n  b y  p r e v io u s ly  r e p o r t e d  m e th o d s .

Khellin is the principal active component iso
lated2 from the fruit of the Mediterranean plant, 
Ammi visnaga. Its structure has been elucidated 
as 5,8-dimethoxy-2-methyl-4',5'-furo-6,7-chromone 
and its synthesis achieved.2'3 For centuries the fruit 
of the plant has been employed as an antispasmodic 
by Egyptian natives in treating renal colic. In 
recent years, Khellin has been shown in various 
pharmacological studies4 5 to be a potent relaxant 
to smooth muscle, and the coronary arteries are 
affected tremendously by this relaxant action.

Accordingly, the structure of Khellin contains a 
chromone nucleus, and some synthetic chromones 
have shown characteristic Khellinlike action. Es
pecially the 5,8-dimethoxy-2-methyl chromone, 
which differs from Khellin by the absence of the 
condensed furan ring, has been found6 to be even 
more active than Khellin itself. As part of a search 
for new and more effective compounds with Khel
linlike activity, a series of 5,8-dimethoxy-2-sub- 
stituted chromones were synthesized for pharma
cological study.

2,5-Dimethoxy-6-hydroxyacetophenone, the com
mon starting material in these syntheses, was ob
tained according to the method of Baker6 in four

( 1 )  P r e s e n t  a d d r e s s :  G e ig y  R e s e a r c h  L a b o r a to r ie s ,
A r d s le y ,  N .  Y .

( 2 )  E .  S p a t h  a n d  W . G r u b e r ,  B er., 7 1 , 10 6  (1 9 3 8 ) .
( 3 )  R .  A . B a x te r ,  et al., J .  C hem . Soc., S  3 0  (1 9 4 9 ) ;  T .  S . 

G a r d n e r  et a l., J .  Org. C hem ., 1 5 , 84 1  (1 9 5 0 ) ;  A . S c h o n b e r g  
a n d  A . S in a , J .  A m . Chem . Soc., 7 2 , 1611 , 3 3 9 6  (1 9 5 0 ) .

( 4 )  G .  V . A n r e p  et a l., J .  P h a rm . &  P harm acol., 1 , 164
(1 9 4 9 ) ;  A m . H eart J . ,  3 7 ,  5 31  (1 9 4 9 ) ;  K .  S a m a a n  et a l., J .  
P h a rm . &  P harm acol., 1 , 5 3 8  (1 9 4 9 ) .

( 5 )  G . J o n g e b r e u r ,  A rch . I n t .  P h a rm ., 9 0 , 3 8 4  (1 9 5 2 ) .

steps from 2,6-dihydroxyacetophenone, which, in 
turn, was prepared in another four steps from 
resorcinol by following the general procedure of 
Frye,7 except for the first step product, 4-methyl-7- 
hydroxycoumarin, which was obtained more con
veniently by using polyphosphorie acid instead of 
sulfuric acid as the condensing agent.8

COCH3 OCH3

R  r e p r e s e n t s  a  g ro u p  

l is te d  in  t a b l e  I  

I I I

R  r e p r e s e n t s  a  g ro u p  

l i s te d  in  t a b l e  I I  

I V

Condensation of 2,5-dimethoxy-6-hydroxyaceto- 
phenone (II) with an appropriate ester in the 
presence of sodium hydride provided the diketones
(III) listed in Table I. Most of these diketones 
are yellow solids, and the yields were generally 
good to excellent. However, a few appeared as 
yellow oils, which were directly used for ring closure 
without further purification.

Treatment of the diketones III with concentrated 
hydrochloric acid for a short period produced the 
desired chromones (IV) in fair to good yields. All 
these chromones, listed in Table II, were colorless 
solids except 2-(2',3'-dimethoxystyryl)-5,8-dimeth- 
oxychromone, which appeared as yellow needles,

( 6 )  W . B a k e r ,  J .  C hem . Soc., 1 9 2 2  (1 9 3 9 ) .
( 7 )  J .  R .  F r y e ,  Org. Syn theses, C o ll. V o l. H I ,  2 8 2  (1 9 5 5 ) .
( 8 )  J .  K(At, C h em istry  a n d  In d u s try , 4 5 5  (1 9 5 5 ) .
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T A B L E  I

R M .P . Y ie ld , % R e c r y s t .  f ro m F o r m u la

C a r b o n ,  %  

C a lc d .  F o u n d

H y d r o g e n ,  %  

C a lc d .  F o u n d

— C H 2C H ., 9 4 - 9 6 8 4 L ig r o in C13H16O5 6 1 .8 9 6 1 .9 3 6 .3 9 6 .3 4
— C H 2C H 2C H s 7 3 - 7 4 91 L ig r o in C14H18O5 6 3 .1 4 6 3 .1 0 6 .8 1 6 .6 5

/r-vr-OCHa 1 4 2 -1 4 4 8 7 B e n z e n e -

V 0 C H 3 P e t r o le u m  e th e r C20H22O8 6 1 .5 3 6 1 .6 7 5 .6 8 5 .9 7

0CH3 1 1 7 -1 1 8 89 B e n z e n e - L ig r o in c 21h 24o , 6 4 .9 4 6 5 .0 5 6 .2 3 6 .3 6
1 5 6 -1 5 7 7 8 B e n z e n e -

/t r t OCH3 
—c h 2c h 2—lf ^ y —OCH3

P e t r o le u m  e th e r C j iH ^ O j 6 5 .2 7 6 5 .3 7 5 .7 4 5 .8 0

OCH3
i — T— OCH3

— CH—CH—\  x) '
\ = = /

T A B L E  I I

c h 3o
O R

R

C a rb o n ,  % H y d r o g e n ,  %

M .P .  Y ie ld ,  %  R e c r y s t .  f ro m  F o r m u la  C a lc d .  F o u n d  C a lc d . F o u n d

- C H 2C H 3 1 3 6 -1 3 7 99 B e n z e n e -
P e t r o le u m  e th e r C 13H 14O 4 6 6 .6 5 6 6 .6 9 6 . 0 2 5 .0 6

— C H 2C H 2C H 3 1 0 2 -1 0 3 81 B e n z e n e -

_ n t r / C H j
c h \ c h 3

P e t r o le u m  e th e r C 14H 16O 4 6 7 .7 3 6 7 .8 2 6 .5 0 6 .5 7

9 8 -9 9 59 P e t r o le u m  e th e r C 14H 16O 4 6 7 .7 3 6 7 .8 0 6 .5 0 6 .5 4

— C H j C H sC H j C H , 8 7 - 8 8 67 P e t r o le u m  e t h e r c I5h 17o 4 6 8 . 6 8 6 8 .8 2 6 .9 2 7 .0 1

- O H , ^ 3 1 3 3 -1 3 5 3 4 P e t r o le u m  e t h e r c 18h 16o 4 7 2 .9 6 7 3 .2 4 5 . 4 4 5 .3 8

^ / O C H 3

y O C H 3 2 0 2 - 2 0 4 8 6 B e n z e n e -

S ) C H 3

. - O C H 3

— C H 2C H 2— / " V - O C H a

O C R ,
L / O C H 3

C H = C H —

1 8 0 -1 8 2  8 7  B e n z e n e

P e t r o le u m  e th e r  CütJLoCb 6 4 .5 0  6 4 .8 6  5 .4 1  5 .7 9

C a H ß O e  6 8 .0 9  6 8 .0 7  5 . 9 9  6 .0 0

1 8 0 -1 8 1 68 B e n z e n e C 21H 20O 6 6 8 .4 7  6 8 .6 5  5 .4 7 5 .3 3

probably because of the presence of a conjugating 
double bond in the side chain.

In exploring variations in the general structure of 
IY, it was thought that 5,8-dimethoxy-4-keto-
1,2,3,4-tetrahydroquinaldine (VIII), which is a 
nitrogen analog of IV, might be of interest. Earlier, 
Johnson and his collaborators9 and also Elder- 
field et al10 reported the preparation of other 4-

keto-l,2,3,4-tetrahydroquinolins. The present route 
appears to be more convenient:

( 9 )  W . S . J o h n s o n ,  E .  L .  W o ro c h , a n d  B .  G . B u e ll ,  J. Am. 
Chem. Soc., 7 1 , 1901 (1 9 4 9 ) ;  W . S . J o h n s o n  a n d  B .  G . B u e ll ,
J. Am. Chem. Soc., 7 4 , 4 5 1 3  (1 9 5 2 ) .

(1 0 )  R .  C . E ld e r f ie ld  a n d  A . M a g g io lo , J. Am. Chem. 
Soc., 7 1 , 1906  (1 9 4 9 ) ;  R .  C . E ld e r f ie ld  et al., J. Am. Chem. 
Soc., 6 8 ,1 2 5 9  (1 9 4 6 ).
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OCH3

•N H ;

OCHa

;C-CH;l

C H 2

V I I I

Condensation of 2,5-dimethoxyaniline and ctlijd 
acetoacetate catalyzed by acetic acid yielded V, 
which was hydrogenated to give arilinobutyric ester
(VI). The anilino acid (VII) was obtained by 
saponification of the ester (VI). I t was then found 
that this type of anilinoacid could be cvclized di
rectly with polyphosphoric acid, according to the 
general method for cyclizations,11 12 to yield the 
desired 5,8-dimethoxy-4-keto-l 2,3,4-tetrahydro-
quinaldine (VIII). I t seems of interest to note 
that previously reported9’10 cyclization procedures 
for compounds similar to VIII required protection 
of the secondary amino- group by tosylation and 
subsequent removal of the tosyl group. Therefore, 
by eliminating two steps, this seems to offer a 
simpler and general procedure in the synthesis of 
quinoline der ivatives.

E X P E R IM E N T A L 13-13

Preparation of diketones ( I I I ,  R  r e p r e s e n t s  a  g r o u p  l i s te d  
in  T a b le  I ) .  T h e  c o n d e n s a t io n  of 2 ,5 -d :m e th o x y - 6 - h y d ro x y -  
a e e to p h e n o n e  w i th  a n  a p p r o p r i a t e  e s to r  is  i l l u s t r a t e d  b y  th e  
p r e p a r a  t i  o n  o f 1 - (2,B-dimethoxy-6-hydroxijbenzoyl )-“2-b uta- 
none ( I I I .  R  == C2II5). T o  a  s o lu t io n  o f  2 .4  g . o f 2 ,5 - d im e th -  
o x y -6 -h y d r o x y a c e to p h e n o n e  ( I I )  in  25  m l. o f e th y l  p r o p io 
n a te ,  w a s  a d d e d  2 .5  g . o f  s o d iu m  h y d r id e  in  s e v e ra l  p o r t io n s  
w i th  s h a k in g  d u r in g  a  3 0 -m in . p e r io d . T h e  m ix tu r e  w a s  th e n  
g e n t ly  h e a t e d  o n  t h e  s t e a m  b a t h  fo r  10  m in .  ( fo r  h ig h e r  
m o le c u la r  w e ig h t  e s te r s  t h e  h e a t in g  m u s t  b e  lo n g e r )  a n d  
k e p t  a t  ro o m  t e m p e r a tu r e  o v e r n ig h t .  T h e  d a r k  r e a c t io n  
m ix tu r e  w a s  p o u r e d  in to  ice  w a te r  w i th  s t i r r in g  a n d  th e  
s o lu t io n  w a s  e x t r a c t e d  o n c e  w i th  e th e r .  T h e  a q u e o u s  p h a s e  
p a r t  w a s  a c id if ie d  w i th  d i lu te  a c e t i c  a c id ,  a n d  th e  y e llo w

(1 1 )  J .  K o o , J. Am. Chcm. Soc., 7 5 , 1891 (1 9 5 3 ).
(1 2 )  A ll m e l t in g  p o in t s  a r e  u n c o r r e c te d .
(1 3 )  T h e  e x p e r im e n ts  d e s c r ib e d  h e r e  w e re  c a r r ie d  o u t  in

1 9 5 3 ; l a t e r  w o r k  in  t h i s  f ie ld  w ill a p p e a r  in  f u t u r e  p u b l ic a 
t io n .

o il t h a t  s e p a r a te d  w a s  e x t r a c t e d  w i th  e th e r .  T h e  e th e r  
s o lu t io n  w a s  w a s h e d  w i th  c o ld  w a te r ,  d r ie d  o v e r  m a g n e s iu m  
s u l f a te ,  f i lte r e d , a n d  e v a p o r a t e d .  T h e  y e llo w  o i ly  r e s id u e  so o n  
so lid if ie d  a n d  v re ig h e d  2 .6  g ., m .p . 9 0 - 9 3 ° .  I t  w7a s  r e c r y s ta l 
liz e d  f ro m  l ig ro in  t o  g iv e  b r ig h t  y e llo w  p r is m s , m .p .  9 4 - 9 6 ° .

Preparation of chromones ( I V ,  R  r e p r e s e n t s  a  g r o u p  l i s t e d  
in  T a b le  I I ) .  T h e  r in g  c lo s u re  r e a c t io n  is  i l l u s t r a t e d  b y  th e  
p r e p a r a t io n  o f 5,8-dimethoxy-S-ethyl chromone ( I V .  R  =  
C 2H 5). T o  a  2 .2  g . o f t h e  a b o v e  d ik e to n e  w a s  a d d e d  15  m l. 
o f c o n e d , h y d r o c h lo r ic  a c id , a n d  t h e  m ix tu r e  w-as s t i r r e d  b y  
h a n d  f o r  a b o u t  3 m in . T h e  d a r k ,  c le a r  s o lu t io n  w a s  p o u r e d  
in to  ice  w a te r  a n d  n e a r ly  n e u t r a l i z e d  w i th  s o d iu m  h y d r o x id e  
s o lu t io n .  T h e  s e p a r a te d  m a te r ia l  w as e x t r a c te d  w i th  c h lo r o 
fo rm , w h ic h  w a s  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te ,  
f i l te r e d  a n d  e v a p o r a t e d  to  y ie ld  2 .0 5  g. o f p a le  y e llo w  so lid , 
m .p .  1 3 0 -1 3 3 ° . R e c r y s ta l l iz a t io n  f ro m  b e n z e n e -p e t r o le u m  
e th e r  ( 3 0 - 6 0 ° )  g a v e  co lo r le ss  n e e d le s , m .p .  1 3 6 -1 3 7 ° .

Ethyl /3-(®,5-dimethoxyanilino)butyrate ( V I ) .  T o  a  s o lu t io n  
o f 3 8 .3  g . o f  2 ,5 - d im e th o x y a n il in e  a n d  3 2 .5  g. o f e th y l  
a c e to a c e t a t e  i n  100 m l. o f b e n z e n e  w a s  a d d e d  1 m l. o f  g la c ia l  
a c e t ic  a c id .  T h e  s o lu t io n  w a s  p la c e d  in  a  3 0 0  m l. f la sk , f i t t e d  
w i th  a  D e a n - S ta r k  t r a p ,  a n d  r e f lu x e d  f o r  10 h r . ,  d u r in g  
w h ic h  t im e  3 .9  m l. o f w a te r  w a s  c o l le c te d . T h e  b e n z e n e  a n d  
so m e  u n c h a n g e d  e th y l  a c e t a t e  w e re  d is t i l le d  u n d e r  r e d u c e d  
p r e s s u re .  T h e  d a r k  r e s id u a l  c o n d e n s a t io n  p r o d u c t  V  w a s  
n o t  p u r if ie d  b u t  d is s o lv e d  in  150  m l. o f  e th a n o l ,  a n d  6 g. 
o f p a l l a d iu m -o n - c a r b o n  c a t a l y s t  w a s  a d d e d .  T h e  m ix tu r e  
w-as t h e n  h y d r o g e n a te d  a t  ro o m  t e m p e r a t u r e  a t  4 0  lb .  
p r e s s u re  f o r  5 h r .  T h e  c a t a l y s t  w a s  f i l te r e d  o ff a n d  t h e  e t h 
a n o l  w-as e v a p o r a te d .  T h e  o ily  r e s id u e  w a s  d i s t i l l e d  a t  1 4 6 ° /  
0 .4  m m . t o  y ie ld  3 6  g. ( 5 4 %  fo r  tw o  s t e p s )  o f  a  c o lo r le s s  o il. 
nfff 1 .5 2 8 4 .

Anal. C a lc d . fo r  C h I R iN O i : C , 6 2 .9 0 ; H ,  7 .9 2 ;  N , 5 .2 6 . 
F o u n d :  C , 6 2 .9 4 ; H ,  7 .7 9 ; N ,  5 .0 9 .

0-{2,5-Dimethoxyanilino)butyric acid ( V I I ) .  A  m ix tu r e  
o f 36  g. o f  t h e  a b o v e  e s te r  a n d  20 0  m l. o f  1 5 %  s o d iu m  h y 
d ro x id e  s o lu t io n  c o n ta in in g  30  m l. o f e th a n o l  w a s  g e n t ly  
r e f lu x e d  f o r  3 h r .  A f te r  c o o lin g , t h e  a lk a l in e  s o lu t io n  w a s  
e x t r a c t e d  w i th  e th e r  a n d  th e n  a c id if ie d  w i th  a c e t ic  a c id . 
T h e  o il t h a t  s e p a r a te d  w a s  e x t r a c t e d  w i th  b e n z e n e , w a s h e d  
w i th  w a te r ,  d r ie d , a n d  e v a p o r a te d .  T h e .' r e s id u e  f o r m e d  a  
d a r k ,  th i c k  p a s t e  u -e ig h in g  20  g. ( 6 2 % ) .  A  s m a ll  p o r t io n  of 
t h i s  m a te r i a l  w a s  d is s o lv e d  in  e t h e r  a n d  t r e a t e d  w i th  h y d r o -  
g e n  c h lo r id e  g a s . T h e  h y d r o c h lo r id e  t h a t  s e p a r a te d  w a s  
r e c r y s ta l l i z e d  f ro m  a b s o lu te  e th a n o l  a n d  e t h e r  t o  g iv e  
c o lo r le s s  c r y s ta l s ,  m .p .  1 7 2 -1 7 3 ° .

Anal. C a lc d . f o r  C ,2H „ N 0 4 H C L :  C l;  1 2 .8 6 , N ;  5 .0 8 . 
F o u n d :  C l;  1 3 .1 6 ; N ;  4 .9 3 .

5,8-Dimethoxy-f-keto-l ,2,S,4-tetrahydroquinaldine ( V I I I ) .  
A  m ix tu r e  o f 16  g . o f  t h e  c r u d e  a c id  V I I  a n d  150  g. o f  p o ly 
p h o s p h o r ic  a c id  w a s  s t i r r e d  a n d  h e a t e d  o n  a  s te a m  b a t h  
f o r  3 0  m in . A f te r  c o o lin g , t h e  m ix tu r e  w a s  p o u r e d  in to  4 0 0  m l. 
o f ice  v - a te r  a n d  t h e  s o lu t io n  w a s  e x t r a c t e d  w i th  e th e r ,  ■which 
w a s  d r ie d  a n d  e v a p o r a t e d  to  g iv e  1 .5  g . o f y e l lo w  p r o d u c t ,  
m .p .  1 1 4 -1 1 6 ° . T h e  a c id ic  a q u e o u s  s o lu t io n  w a s  t h e n  n e u 
t r a l iz e d  w i th  p o ta s s iu m  c a r b o n a te  u n t i l  i t  b e c a m e  w e a k ly  
b a s ic  a n d  t h e  s o lu t io n  w a s  r e p e a te d ly  e x t r a c t e d  w i th  e th e r .  
T h e  c o m b in e d  e th e r  e x t r a c t s  w e re  d r ie d  a n d  e v a p o r a t e d  to  
g iv e  4  g. o f t h e  p r o d u c t ,  m .p . 1 1 2 -1 1 5 ° . T h e  c o m b in e d  y ie ld  
w a s  5 .5  g. ( 3 6 % ) .14 A  s a m p le  r e c r y s ta l l iz e d  f ro m  b e n z e n e -  
p e t r o le u m  e th e r ,  fo rm e d  b r ig h t  y e llo w  p r is m s , m .p .  1 1 7 -  
1 1 8 ° .

Anal. C a lc d  fo r  C t jH u N O j:  C , 6 5 .1 4 ; I I ,  6 .8 3 ;  N ,  6 .3 3 . 
F o u n d :  C , 6 5 .3 0 ; H ,  6 .8 3 ; N , 6 .1 2 .

P h il a d e l p h ia  44, P a .

(1 4 )  T h e  p e r c e n ta g e  y ie ld  w a s  o b ta in e d  in  t h e  f i r s t  a n d  
o n ly  e x p e r im e n t ,  a n d  th e r e  is  r e a s o n  t o  b e l ie v e  t h a t  t h e  y ie ld  
c a n  b e  c o n s id e ra b ly  im p ro v e d  w i th  so m e  d e v e lo p m e n t .
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F iv e  n e w  a lk y la t e d  p s o r a le n e s  h a v e  b e e n  s y n th e s iz e d  via 6 - a l ly  1 -7 -h y d ro x y e o u in a r in s  t o  e n a b le  c o m p a r in g  t h e i r  p h o t o 
s e n s i t iz in g  a c t i v i t y  w i t h  p s o r a le n e .  A  d ih y d r o is o p s o r a le n e  h a s  b e e n  p r e p a r e d  a n d  i t  is  s u g g e s te d  t h a t  tw o  c o m p o u n d s , p r e v i 
o u s ly  a s s ig n e d  t h e  s t r u c t u r e s  o f  d ih v d r o is o p s o r a le n c s ,  a r e  a c tu a l ly  is o p s o ra le n e s .

The synthetic method described in Part I 1 of this 
series has been utilized for the synthesis of several 
psoralenes bearing alkyl substituents in the 3-, 4-,
8-, or 5'- positions.2 Wide applicability of the process 
has thereby been illustrated and, at the same time, 
a variety of methyl and higher alkyl psoralenes have 
been made available for biological studies directed 
toward a better understanding of their photosen
sitizing action. The results of the biological studies 
are reported elsewhere.3

hexenopsoralene (Vile) over palladium on charcoal 
in refluxing diphenyl ether.

d^'-Dimethyl-S-w-propylpsoralene (VI Id) was 
obtained from 7-hydroxy-4-methyl-8-r<,-propylcou- 
marin (Hid), which was prepared by catalytic 
hydrogenation of 8-allyl-7-hydroxy-4-methylcou- 
marin (III. R = allyl; R* = CH3; R2 = H).1 
When the synthesis of the latter compound was 
repeated (by Claisen rearrangement of 7-allyloxy-
4-methylcoumarin), a small amount of an alkali

R i R i R .
CH2= C H - C H 2\ / R 2 CH2Br—CHBr—CH2 v

1. AC2O
f r i  —  r j

H C K 2 Br2 ‘ . „  ,  
A c ( W C H s ^ c r L A 0

A
0

R R R

V V I V I I

I - V I I a . R = R i = R 2 = CH3 c. R = CH3; R i R2 = -(C H2)4—
b. R = R i = CH3; R 2 -  n -C4H9 d. R  =  n-C3H7;R 1 =  CH„; R 2 = H

R

The general synthetic method is summarized by 
structures I through VII and all of, the new com
pounds actually isolated and characterized are 
listed in Table I at the end of this section. Five new 
substituted psoralenes have been obtained and are 
listed in the last part of the table. One of them, 3,4- 
benzo-5',8-dimethylpsoralene (VIII), was obtained 
by dehydrogenation of 5',8-dimethyl-3,4-cyclo-

(1 )  P a r t  I .  K .  D .  K a u f m a n ,  J. Org. Chem., 2 6 ,1 1 7  (1 9 6 1 ).
(2 )  F o r  n u m b e r in g  o f  t h e  p s o r a le n e  s y s te m , se e  P a r t  I  

o f t h i s  s e rie s .
( 3 )  M . A . P a t h a k ,  J .  B . F e l lm a n ,  a n d  K .  D .  K a u f m a n ,

J. Invest. Dermatol., 3 5 , 1 6 5 -1 8 3  (1 9 6 0 ) .

insoluble side product, m.p. 117.6-117.8°, was 
obtained. The structure of 4',5'-dihydro-4,5'-di- 
mcthylisopsoraleiie (IX. R = CH3) has been 
assigned to this compound on the basis of 
micro-combustion analysis and the fact that it was 
dehydrogenated to give 4,5'-dimethylisopsoralene 
(X. R = CIR).1

Krishnaswamy and Seshadri4 have previously ob
tained a substance, m.p. 182-183°, which they al
leged to be 4',5'-dihydro-4,5'-dimethylisopsoralene

(4 )  B . K r i s h n a s w a m y  a n d  T .  R . S e s h a d r i ,  Proc. Indian 
Acad. Sci., 13A , 4 3 - 4 8  (1 9 4 1 ).
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T A B L E  I

C o m p o u n d
Y ie ld ,

%

R e -
c r y s tn .

S o lv e n t“ M .P . 5 F o r m u la

C a rb o n ,  % 
C a lc d .  F o u n d

H y d r o g e n ,  %  

C a lc d .  F o u n d

7 - H y d r o x y c o u m a r in s  ( I I I )

I l i a ' 65 C 2 7 9 -2 8 0 C 12H 12O 3 7 0 .5 7 7 0 .5 8 5 .9 2 5 .8 5
I l l b ' 2 2 B 1 5 6 -1 5 7 C isH igO j 7 3 .1 5 7 3 .1 9 7 .3 2 7 . 3 4
l i b r i 4 7 C 2 7 9 -2 8 1 C u H h O , 7 3 .0 2 7 3 .2 6 6 .1 3 5 .9 9
H id * 9 6 / A 1 8 6 - 1 8 6 .5 c 13h „ o . 7 1 .6 0 7 1 .4 9 6 .4 7 6 .0 6

7 - A lly lo x y c o u m a r in s  ( I V )

I V a 9 7 / A 1 2 6 - 1 2 6 .5 C 16H I603 7 3 .7 5 7 3 .4 1 6 .6 0 6 .5 7
I V b 9 8 ' B 9 4 .5 - 9 5 C 18Ï Ï 2203 7 5 .5 2 7 5 .5 9 7 .6 9 7 .6 7
IV c 8 4 A 1 4 3 .5 - 1 4 4 C nH ißO a 7 5 .5 3 7 5 .8 5 6 .7 1 6 .6 9
I V d 9 0 D 89 c 16h 18o 3 7 4 .4 0 7 4 .6 9 7 .0 2 7 .4 2

6 -A lIy l- 7 -h y d r o x y c o u m a r in s  (V )

V a 7 8 ' E 1 7 9 -1 8 1 CisHleO* 7 3 .7 5 7 3 .8 1 6 .6 0 6 .7 1
V b 8 6 ' B 1 3 3 .5 - 1 3 4 C 18H 22O 3 7 5 .5 2 7 5 .3 9 7 .6 9 7 .8 5
V c 3 5 ' E 1 6 2 .5 - 1 6 5 C 17H 18O 3 7 5 .5 3 7 5 .3 2 6 .7 1 6 . 6 6

V d 5 0 a A , E 1 4 5 - 1 4 5 .5 C iôH isO î 7 4 .4 0 7 4 .8 8 7 .0 2 7 .3 7

7 -A c e to x y - 6 -a l ly lc o u m a r in s

V a  A c e ta te  h 6 6 C 1 2 7 - 1 2 7 .5 C nH igO * 7 1 .0 6 7 0 .9 8 6 .3 1 6 .3 0
V b  A c e t a t e 4 56 F 9 7 - 9 8 C 20H 24O 4 7 3 .1 4 7 3 .3 5 7 .3 7 7 .4 3
V c  A c e ta te * 9 6 A 1 2 5 .5 C 19H 20O 4 7 3 .0 6 7 3 .1 5 6 .4 5 6 .5 5
V d  A c e t a t e 4 9 7 D 1 1 2 -1 1 3 C 18H 20O 4 7 1 .9 9 7 1 .8 4 6 .7 1 6 .4 6

7 - A c e to x y - 6 - ( 2 ',3 '- d ib r o m o p r o p y l ) c o u m a r in s  ( V I )

V i a 9 8 ' A 1 4 8 -1 4 9 C 13H 180 4B r 2 4 5 .7 6 4 5 .9 2 4 .0 7 4 . 3 4 '
V I b 74 G 1 0 0 .5 - 1 0 1 C/2oH2404Br2 4 9 .2 0 4 9 .5 8 4 .9 6 5 . 2 2 '
V ic 83 A 1 5 4 .5 - 1 5 5 .5 C i9 H 2o 0 4B r2 4 8 .3 2 4 8 .2 6 4 .2 7 4 . 1 4
V I d 1 0 0 ' A 1 1 9 -1 2 0 C i8H 2o0 4B r 2 4 6 .9 8 4 6 .6 7 4 .3 8 4 . 3 1 '

F u r o c o a m a r in s  ( V I I ,  V I I I ,  a n d  I X )

V i l a 7 4 A , E 2 0 3 .5 - 2 0 4 .5 C 10H 14O 3 7 4 .3 6 7 4 .6 3 5 .8 2 5 .4 7
V I  l b 69 A 1 1 9 -1 2 0 C 18H 20O 3 7 6 .0 2 7 5 .6 8 7 .1 0 6 .9 6
V i l e 5 9 A 1 7 6 .5 - 1 7 8 C 17Ï I 16O 3 7 6 .1 0 7 6 .0 1 6 . 0 1 5 .7 3
V l l d 61 A 1 7 1 .3 - 1 7 1 .8 CißHißOa 7 4 .9 8 7 4 .9 9 6 .2 9 6 . 8 6

V I I I 25* E 2 3 2 -2 3 3 C 17H 12O 3 7 7 .2 5 7 6 .9 1 4 .5 8 4 .2 1
I X  ( R  =  C H 3) 8‘ A 1 1 7 .6 - 1 1 7 .8 C 13H 12O 3 7 2 .2 0 7 2 .2 0 5 .6 0 5 .8 1

“ A , 9 5 %  e th a n o l ;  B , l ig ro in  ( d  0 .6 9 - 0 .7 2 ) ;  C , a c e t ic  a c id ;  D , ra -h e x a n e ; E ,  b e n z e n e ;  F ,  m e th a n o l - w a te r ;  G , m e th a n o l .  
5 A ll m e l t in g  p o in t s  w e re  d e te r m in e d  in  s o f t  g la s s  c a p i l la r ie s  a n d  a r e  c o r r e c te d .  '  C o n d e n s in g  m e d iu m :  p o ly p h o s p h o r ic  a c id .  
d C o n d e n s in g  m e d iu m :  c o n e d , s u lf u r ic  a c id .  '  O b ta in e d  b y  h y d r o g e n a t io n  o f  8 - a l ly l- 7 - h y d ro x y - 4 - m e th y lc o u m a r in 2 a s  d e 
s c r ib e d  in  t h e  e x p e r im e n ta l  s e c t io n . 1 Y ie lc  o f  c r u d e  m a te r ia l ,  s u i t a b l e  f o r  u s e  in  t h e  n e x t  s t e p .  0 B a s e d  o n  r e c o v e r y  o f  u n 
c h a n g e d  s t a r t i n g  m a te r i a l  a f t e r  re f lu x in g  f o r  o n ly  o n e  h o u r .  h F r o m  a c e t ic  a n h y d r id e - p y r id in e .  4 F r o m  a c e t ic  a n h y d r i d e -  
s o d iu m  a c e t a t e .  '  B r o m in e  a n a ly s e s :  ( a )  C a lc d . 3 5 .8 2 ; f o u n d  3 5 .6 9 . ( b )  C a lc d .  3 2 .7 3 ;  f o u n d  3 2 .1 3 . ( d )  C a lc d .  3 4 .7 2 ; f o u n d
3 4 .8 1 . k F r o m  t h e  d e h y d r o g e n a t io n  o f  V i l e .  1 A  s id e  p r o d u c t  in  t h e  p r e p a r a t io n  o f  8 -a l ly l- 7 - l ry d r o x y -4 - m e th y lc o u m a r in .

(IX. R = CH3). Their compound was obtained by 
the treatment of 4,,5'-dihydro-5/-iodomethyl-4- 
methyl-isopsoralene (XI. R = CH3) with sodium 
in ethyl alcohol, which they assumed reduced the 
iodomethyl group. We suggest that sodium ethox- 
ide, produced by the reaction of sodium with ethyl 
alcohol, caused the elimination of hydrogen iodide 
followed by prototropic rearrangement to give 
4,5'-dimethylisopsoralene (X. R = CH3), which 
has been reported1 to have m.p. 182-183°. Fur
thermore, the same authors4 report m.p. 148-149° 
for the compound obtained by treatment of XI 
(R = H) with sodium in ethyl alcohol and they 
propose structure IX (R = II) for it. Very probably, 
they obtained instead 5'-methylisopsoralene (X. 
R = H), reported1 to have m.p. 153-154°. Whether 
or not their products were isopsoralenes, as seems

likely, there can be no doubt that their compound,
m.p. 182-183°, is not 4',5'-dihydro-4,5'-dimethyl- 
isopsoralene, as our sample of that compound melts 
over 60° lower.

Three of the new psoralenes were obtained from
2-methylresorcinol (I. R = CH3) using different 
d-keto esters (II) in the first step, which is a v. 
Pechmann condensation. With methylacetoacetic 
ester (Ha) and n-butylacetoacetie ester (lib) con
densation was effected by heating the reactants in 
pofyphosphoric acid on a steam bath as suggested 
by Koo.6 With ethyl cyclohexanone-2-carboxylate 
(lie) condensation occurred readily in concentrated 
sulfuric acid at 0-10°. In all cases, the 7-hydroxy- 
coumarins (III) were converted smoothly to 7-

( 5 )  J .  K o o , Chem. & Ind., 4 4 5  (1 9 5 5 ) . T h e  p o ly p h o s p h o r ic  
a c id  w a s  d o n a te d  b y  t h e  V ic to r  C h e m ic a l  C o ., C h ic a g o , 111.
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allyloxycoumarins (IV) by reaction with allyl 
bromide and anhydrous potassium carbonate in 
refluxing acetone.

Claisen rearrangement of the 7-aflyloxycoumarins 
was effected in two different ways. 7-AUyloxy-3-n- 
butyl-4,8-dimethylcoumarin (IVb) was heated 
alone for three hours at 215° to give the 6-allyl 
product (Vb), which was very discolored and dif
ficult to purify. The other 7-allyloxycoumarins were 
refluxed from sixty to ninety minutes in diethyl- 
aniline (b.p. 213-216°), which produced 6-allyl 
compounds that were less discolored and easier to 
purify. In one case, a sixty-minute reflux period 
left a large quantity of unchanged starting material, 
indicating that a longer reflux period is, in general, 
a safer procedure. Acetylation of the 6-allyl-7- 
hydroxy coumarins (V) was accomplished either 
with acetic anhydride and sodium acetate or with 
acetic anhydride and pyridine.

Chloroform solutions of the acetylated com
pounds readily absorbed one mole of bromine per 
mole of reactant to give 7-acetoxy-6-(2',3'-dibromo- 
propyl) coumarins (VI). In one experiment, de
signed to test whether acetylation is necessary 
before the bromine addition step, 6-ally 1-7-hydroxy-
4-methyl-8-n-propylcoumarin (Vd) in chloroform 
was treated with bromine. Hydrogen bromide 
was evolved and the product was a mixture of 
bromo derivatives which was not purified. These 
observations indicate that deactivation of the 
hydroxyl group, through acetylation, is necessary 
even when both of the positions ortho to the hy
droxyl group are occupied. Cyclization of the 
dibromopropyl acetates (VI) to psoralenes (VII) 
was accomplished in each case by treatment with 
sodium ethoxide in absolute ethanol.

EXPERIMENTAL

D a t a  f o r  t h e  n e w  c o m p o u n d s  d e s c r ib e d  in  t h i s  p a p e r  a r e  
s u m m a r iz e d  in  T a b le  I .  T y p ic a l  p r o c e d u r e s  a r e  g iv e n  in  th i s  
s e c t io n . A l th o u g h  t h e  d a t a  a r e  n o t  g iv e n , in f r a r e d  a n d  u l t r a 
v io le t  s p e c t r a  w e re  d e te r m in e d  f o r  a l l  o f  t h e  p s o r a le n e s  a n d  
m o s t  o f  t h e  i n t e r m e d ia t e  c o u m a r in s  a n d  w e re  c o n s i s te n t  
w i th  t h e  s t r u c t u r e s  p r o p o s e d .

7-Hydroxy-3,4;8-trimethylcoumarin ( I l i a ) .  P o ly p h o s p h o r ic  
a c id  (2 5 0  g .)  w a s  a d d e d  t o  a  s o lu t io n  o f  2 -m e th y lr e s o rc in o l  
(8 2 .3 0  g ., 0 .6 6  m o le )  in  e t h y l  a - m e th y la c e to a c e t a t e  (9 4 .8 0  
g ., 0 .6 6  m o le ) .  T h e  m ix tu r e  w a s  s t i r r e d  a n d  h e a t e d  o n  t h e  
s te a m  b a t h  a t  a  t e m p e r a t u r e  b e tw e e n  7 5 - 8 0 ° .  I n  a  few  
m in u te s ,  t h e  m ix tu r e  h a d  so lid if ie d  a n d ,  a f t e r  2 0  m in .,  
w a te r  w a s  a d d e d  a n d  t h e  m ix tu r e  w a s  s t i r r e d  a n d  r e f lu x e d  fo r  
8  h r .  t o  e n s u re  d is s o lu t io n  o f  a l l  p o ly p h o s p h o r ic  a c id .  T h e  
t a n  so lid , w h ic h  w a s  i s o la te d  b y  f i l t r a t io n ,  c r y s ta l l iz e d  f ro m  
g la c ia l  a c e t i c  a c id  t o  g iv e  t h e  p r o d u c t  r e p o r t e d  in  T a b le  I .

7-Hydroxy-8-niethyL-S,4-cyclohexenocow?w,rin ( I I I c ) .  2 - 
M e th y lr e s o rc in o l  (6 8 .3 0  g ., 0 .5 5  m o le ) ,  fo llo w e d  b y  e th y l  
c y c lo h e x a n o n e -2 - c a r b o x y la te  ( l i e )  (9 5 .0 0  g ., 0 .5 6  m o le ) , 
w a s  d is s o lv e d  in  s t i r r e d  c o n e d , s u lf u r ic  a c id  (5 0 0  m l .)  a t  
s u c h  a  r a t e  a s  t o  k e e p  t h e  t e m p e r a t u r e  b e lo w  1 0 °  ( ic e -s a l t  
b a t h ) .  A f te r  s t i r r in g  f o r  6 h r .  t h e  c h i l le d  s o lu t io n  w a s  p o u r e d  
in to  ca. 8  1. o f  ic e  w a te r  w i th  c o n s t a n t  s t i r r in g .  A f te r  s t a n d 
in g  fo r  a  fe w  m in u te s ,  a  b r o w n  s o lid  w a s  i s o la te d  b y  f i l t r a t io n  
a n d  i t  c r y s ta l l iz e d  f ro m  g la c ia l  a c e t ic  a c id  a s  lo n g  p r is m s , 
m .p . 2 7 9 - 2 8 1 ° .  Y ie ld  a n d  a n a ly t i c a l  d a t a  a r e  r e p o r t e d  in  
T a b le  I .

7-Hydroxy-4-methyl-8-n-propylcoumarin ( H i d ) .  A  m ix tu r e  
o f  8 - a l ly l- 7 - h y d ro x y - 4 - m e th y lc o u m a r in 1 (3 5 .9 4  g ., 0 .1 6 6  
m o le ) ,  p y r id in e  (2 0 0  m l.) ,  a n d  5 %  p a l l a d iu m  o n  c h a r c o a l  
(1 .6 6  g .)  w a s  s h a k e n  w i th  h y d r o g e n  a t  a n  in i t i a l  p r e s s u re  
o f  6 5 .2  l b s . / i n . 2 A f te r  3 .7 5  h r . ,  0 .1 6 6  m o le  o f  h y d r o g e n  h a d  
b e e n  a b s o rb e d ,  a n d  t h e  c a t a l y s t  w a s  r e m o v e d  b y  f i l t r a t io n  
b e fo re  d i lu t in g  t h e  r e a c t io n  m ix tu r e  t o  ca. 1 .5  1. w n h  d i lu te  
h y d r o c h lo r ic  a c id .  T h e  w h i te  p r e c ip i t a t e ,  w h ic h  w a s  co l
le c te d ,  w e ig h e d  3 4 .2 8  g . a n d  w a s  s u i t a b l e  fo r  u s e  in  t h e  
n e x t  s te p .  C r y s ta l l i z a t io n  f ro m  9 5 %  e th a n o l  g a v e  th e  
m a te r i a l  o f  a n a ly t i c a l  p u r i t y  r e p o r t e d  in  T a b le  I .

7-Allyloxy-Sl4,8-trimethylcoumarin ( I V a ) .  A  m ix tu r e  o f
7 - h y d ro x y - 3 ,4 ,8 - t r im e th y lc o u m a r in  ( 8 8 .0 0  g ., 0 .431  m o le ) ,  
a n h y d r o u s  p o ta s s iu m  c a r b o n a te  (2 3 5  g ., 1 .7  m o le ) , a n d  a l ly l  
b r o m id e  (3 1 4 .1  g ., 2 .6  m o le )  w a s  s t i r r e d  a n d  h e a t e d  in  
r e f lu x in g  a c e to n e  ( 2  1.) f o r  8  h r .  E v a p o r a t io n  o f  t h e  a c e to n e  
u n d e r  r e d u c e d  p r e s s u re  le f t  a  r e s id u e , w h ic h  w a s  w a s h e d  
th o r o u g h ly  w i th  w a te r ,  d r ie d ,  a n d  w a s h e d  o n c e  w i th  p e t r o 
le u m  e th e r  ( b .p .  3 0 - 6 0 ° )  t o  r e m o v e  ex cess  a l ly l  b r o m id e .  T h is  
p r o c e d u r e  g a v e  1 0 1 .5  g . ( 9 6 .5 %  y ie ld )  o f  p r o d u c t ,  m .p .
1 2 2 -1 2 5 ° , f re e  o f s t a r t i n g  m a te r ia l  a n d  s u i t a b l e  fo r  u s e  in  
t h e  n e x t  s te p .  S t a r t i n g  m a te r ia l ,  if  p r e s e n t ,  c a n  b e  r e m o v e d  
b y  w a s h in g  w i th  5 %  s o d iu m  h y d r o x id e  s o lu t io n .  C r y s t a l l i z a 
t i o n  f ro m  9 5 %  e th a n o l  g a v e  t h e  m a te r i a l  o f a n a ly t i c a l  p u r i t y  
r e p o r t e d  in  T a b le  I .

6-Allyl-7-hydroxy-3,4,8-trimethylcoumarin ( V a ) .  A  s o lu t io n  
o f  c r u d e  7 -a l ly lo x y - 3 ,4 ,8 - t r im e th y lc o u m a r in  (1 0 0 .5  g .)  in  
b o i l in g  d ie th y la n i l in e  (2 7 5  m l .)  w a s  r e f lu x e d  f o r  1 h r .  A f te r  
c o o lin g , t h e  p r o d u c t  c r y s ta l l iz e d  f ro m  t h e  r e a c t io n  m ix tu r e  
a n d  w a s  c o lle c te d , w a s h e d  w i th  f re s h  d ie th y la n i l in e ,  a n d  t h e n  
w i th  p e t r o le u m  e th e r  ( b .p .  3 0 - 6 0 ° ) .  T h e  c r u d e  p r o d u c t ,  
m .p .  1 6 5 -1 8 1 ° , w e ig h e d  78 .1  g . ( 7 8 %  y ie ld )  a n d  w a s  c o m 
p le te ly  s o lu b le  in  5 %  s o d iu m  h y d r o x id e  s o lu t io n .  I t  w a s  
s u i t a b l e  f o r  u s e  in  t h e  n e x t  s t e p ,  b u t  c r y s ta l l i z a t io n  f ro m  
b e n z e n e  g a v e  t h e  m a te r i a l  o f  a n a ly t i c a l  p u r i ty ,  m .p .  1 7 9 -  
1 8 1 ° , r e p o r te d  in  T a b le  I .

6- Allyl-3-n-butyl-4,8-dimelhyl-7-hydroxycoumarin ( V b ) .  
C r u d e  7 -a l ly lo x y - 3 - ? i -b u ty l - 4 ,8 -d im e th y lc o u m a r in  (1 2 .3 3  g .)  
w a s  h e a t e d  a t  2 1 5 °  fo r  3  h r .  in  a n  o il b a t h .  T h e  c o o le d  r e a c 
t i o n  m ix tu r e  d is s o lv e d  in  b o i l in g  9 5 %  e th a n o l ,  a n d  t h e  
h o t  s o lu t io n  w a s  f i l te r e d  a n d  d i lu te d  w i th  ex ce ss  w a te r  
w h ic h  c a u s e d  t h e  p r e c ip i t a t io n  o f 1 0 .6 4  g . ( 8 6 %  y ie ld )  o f 
c r u d e  p r o d u c t ,  m .p .  1 2 1 -1 2 4 ° . T h is  m a te r i a l  w a s  u s e d  in  
t h e  a c e ty l a t i o n  s te p ,  a l th o u g h  i t  w a s  s u f f ic ie n t ly  im p u r e  
t h a t  d if f ic u l ty  w a s  e n c o u n te r e d  in  p u r i f y in g  t h e  a c e t a t e .  
A  p o r t io n  o f  t h e  c r u d e  p r o d u c t  w a s  f u r t h e r  p u r i f ie d  b y  
d is s o lv in g  i t  in  5 %  s o d iu m  h y d r o x id e  s o lu t io n ,  f i l te r in g , 
a n d  r e p r e c ip i t a t i n g  w i t h  h y d r o c h lo r ic  a c id .  T h e  p r e c ip i t a t e  
c r y s ta l l iz e d  f ro m  a  la r g e  v o lu m e  o f  l ig ro in  (d. 0 .6 9 - 0 .7 2 )  
t o  g iv e  t h e  m a te r ia l  o f  a n a ly t i c a l  q u a l i t y  r e p o r t e d  in  T a b le  
I.

7-Acetoxy-6-allyl-4-‘nidhyl-8-n-propylcoumarin ( V d  a c e 
t a t e ) .  A  m ix tu r e  o f  6 -a l ly l- 7 - h y d ro x y - 4 - m e th y l - 8 - n -p r o p y l  
c o u m a r in  (4 .7 3  g .)  a n d  a c e t ic  a n h y d r id e  (2 5  m l .)  c o n ta in in g  
a  fe w  c r y s ta l s  o f  f u s e d  s o d iu m  a c e t a t e  w a s  h e a t e d  u n d e r  
re f lu x  fo r  4  h r .  E x c e s s  a n h y d r id e  d e c o m p o s e d  o n  s t i r 
r in g  fo r  a n  h o u r  w i th  w a te r  (3 0 0  m l .)  a n d  t h e  p r o d u c t  (5 .3 2  
g ., 9 7 %  y ie ld ) ,  m .p .  1 1 2 -1 1 3 ° , w a s  c o l le c te d  b y  f i l t r a t io n .  
C r y s ta l l i z a t io n  f ro m  n - h e x a n e  d id  n o t  c h a n g e  t h e  m e l t in g  
p o in t ,  b u t  g a v e  t h e  s a m p le  o f a n a ly t i c a l  p u r i t v  r e p o r t e d  in  
T a b le  I .

7-Ace.toxy-6-allyl-8,4,8-triinethylcoumarin ( V a  a c e t a t e ) .  
A c e t ic  a n h y d r id e  (3 5 .0  g .)  w a s  a d d e d  r a p id ly  t o  a  s o lu t io n  
o f  c r u d e  ( 6 - a l ly l - 7 -h y d r o x y - 3 ,4 ,8 - t r im e th y lc o u m a r in  (7 7 .0  
g ., 0 .3 1 7  m o le )  in  p y r id in e  (4 7 0  m l .)  w h ic h  w a s  s t i r r e d  fo r  
1 h r .  a t  ro o m  te m p e r a tu r e .  A  m ix tu r e  o f  ic e  a n d  5 %  h y d r o 
c h lo r ic  a c id  (3 .5  1.) w a s  a d d e d  a n d ,  a f t e r  b r ie f  s t i r r in g  to  
a l lo w  d e c o m p o s i t io n  o f  ex ce ss  a c e t ic  a n h y d r id e ,  t h e  p re c ip i 
t a t e  w a s  c o l le c te d  a n d  r e c r y s ta l l i z e d  f ro m  a c e t ic  a c id  to  g iv e
5 9 .7  g . ( 6 6 %  y ie ld )  o f  p r o d u c t ,  m .p .  1 2 5 - 1 2 6 .5 ° .  A n o th e r  
c r y s ta l l i z a t io n  f ro m  a c e t ic  a c id  g a v e  t h e  a n a ly t i c a l  s a m p le  
r e p o r te d  in  T a b le  I .

7- Acetoxy-6-{%',8'-dibromopropyl)-3,4,8-trimelhyleoumarin 
( V i a ) .  A  s o lu t io n  o f  b r o m in e  (2 .7 8  g ., 0 .0 1 7 4  m o le )  in
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c h lo ro fo rm  (3 5  m l .)  w a s  a d d e d  d ro p w is e  t o  a  s t i r r e d  s o lu t io n  
o f  7 -a c e to x y - 6 -a U y l- 3 ,4 ,8 - tr im e th y lc o u m a r in  (5 .0 0  g ., 0 .0 1 7 4  
m o le )  in  c h lo ro fo rm  (5 0  m l .) .  E v a p o r a t io n  o f  s o lv e n t  le f t
7 .6  g . ( 9 8 %  y ie ld )  o f  a n  o f f -w h ite  so lid , m .p .  1 4 1 -1 4 5 ° , 
w h ic h  w a s  s u i ta b le  f o r  u s e  in  t h e  n e x t  s te p .  C r y s ta l l i z a t io n  
f ro m  e th a n o l  g a v e  t h e  m a te r ia l  r e p o r t e d  in  T a b le  I .

8',3,4,8-Tetramethylpsoralene ( V i l a ) .  A  s o lu t io n  o f  c r u d e
7 -a c e to x y -6 - (  2  ',3  '- d ib r o m o p r o p y l ) - 3 ,4 ,8 - t r im e th y lc o u m  a  r  i  n  
( 7 4 .5  g ., 0 .1 6 7  m o le )  i n  e th a n o l ic  s o d iu m  e th o x id e  (1 9 .2  
g. s o d iu m  in  7 5 0  m l. a b s o lu te  e th a n o l )  w a s  h e a t e d  u n d e r  
r e f lu x  f o r  1 .7 5  h r . ,  a l lo w e d  to  co o l fo r  15 m in .,  a n d  p o u r e d  
in to  a  m ix tu r e  o f  ic e  (3  k g .)  a n d  3 .5 %  h y d r o c h lo r ic  a c id  
(3  1.). T h e  r e s u l t in g  p r e c ip i t a t e  w a s  w a s h e d  th r e e  t im e s  w i th  
5 %  s o d iu m  h y d r o x id e  (1-1. p o r t io n s )  an c . t h e n  w i th  w a te r  
t o  y ie ld  3 6 .2  g . ( 8 9 %  y ie ld )  o f  c r u d e  p r o d u c t ,  m .p .  1 9 0 -  
1 9 6 ° . C r y s ta l l i z a t io n  f ro m  e th a n o l  a n d  t h e n  f ro m  b e n z e n e  
g a v e  t h e  m a te r i a l  r e p o r t e d  in  T a b le  I .

3,4-Benzo-Z',8-dimethylpsoralene ( V I I I ) .  A  m ix tu r e  o f 
2 ',8 - d im e th y l -3 ,4 - c y c lo h e x e n o p s o ra le n e  (3 .0 1  g .) , 5 %  p a l la 
d iu m  o n  c h a r c o a l  (3 .0 0  g .), a n d  d ip h e n y l  e th e r  (2 5  m l.)  
w a s  h e a t e d  u n d e r  re f lu x  fo r  5 h r .  T h e  c a t a l y s t  w a s  r e m o v e d  
f ro m  t h e  h o t  s o lu t io n  b y  f i l t r a t i o n  a n d  w a s  w a s h e d  w i th  10 
m l. o f  h o t  d ip h e n y l  e th e r .  O n  c o o lin g , t h e  c o m b in e d  f i l t r a te  
a n d  w a s h  l iq u o r  d e p o s i te d  a  c r y s ta l l in e  so lid , w h ic h  w a s  
w a s h e d  w i th  9 5 %  e th a n o l  a n d  r e c r y s ta l l i z e d  f ro m  b e n z e n e  
to  y ie ld  o f f -w h ite  p r is m s , (0 .7 5  g ., 2 5 %  y ie ld ) ,  m .p .  2 3 2 -  
2 3 3 ° . A n a ly t ic a l  d a t a  a r e  r e c o r d e d  in  T a b le  I .

4',5'-Dihydro-4,5’-dimethyUsopsoralene ( I X .  R  =  CH 3).
7 -A lly lo x y - 4 - m e th y lc o u m a r in 1 (2 1 2 ,5  g .)  w a s  h e a t e d  a t  2 1 5 °  
( t e m p e r a tu r e  o f r e a c t io n  m ix tu r e )  fo r  3 h r .  a n d  t h e  h o t  m e l t  
w a s  p o u r e d  in to  e th a n o l  (1 .5  1.). A d d i t io n  o f  w a te r  (1 0  1.) 
g a v e  a  p r e c ip i t a te ,  w h ic h  w a s  t r e a t e d  w i th  5 %

a q u e o u s  s o d iu m  h y d r o x id e  (1 .5  1.), i n  s e v e ra l  p o r t io n s ,  to  
o b t a in  a n  a lk a l i  in s o lu b le  r e s id u e  t h a t  c r y s ta l l i z e d  f r o m  9 5 %  
e th a n o l  in  p a le  y e l lo w  n e e d le s  (1 7 .0  g ., 8 %  y ie ld ) ,  m .p .
1 1 7 .6 -  1 1 7 .8 ° . A c id if ic a t io n  o f t h e  a lk a l in e  e x t r a c t s  g a v e  
c r u d e  8 -a lly l-7 -h y 7droxy7-4 -m e th y d c o u m a r in  w h ic h  w a s  p u r i 
f ie d  in  t h e  m a n n e r  d e s c r ib e d  e a r l i e r .1 A n a ly t ic a l  r e s u l t s  a r e  
in c lu d e d  in  T a b le  I .

4,5'-Dimethylisopsoralene ( X .  R  =  C H 3). A  m ix tu r e  of 
4 ' , 5 '- d ih y d r o - 4 ,5 '- d im e th y l is o p s o r a le n e  (5 .4 1  g .) ,  5 %  p a l l a 
d iu m  o n  c h a r c o a l  (5 .0  g . ), a n d  d ip h e n y l  e th e r  (6 0  m l . )  w a s  
h e a t e d  u n d e r  r e f lu x  fo r  5 h r . ,  f i l te r e d , a n d  a l lo w e d  t o  co o l. 
T h e  n e x t  d a y ,  a n  o f f -w h ite  s o lid  (1 .7 2  g ., 3 2 .1 %  y ie ld ) ,  m .p .
1 7 9 .6 -  1 8 2 .2 ° , w a s  c o l le c te d  b y  f i l t r a t io n .  D i lu t i o n  o f  t h e  
f i l t r a t e  t o  3 0 0  m l. w i th  p e t r o le u m  e th e r  ( b .p .  3 0 - 6 0 ° )  g a v e  
a  s e c o n d  c r o p  w diich , w h e n  c o m b in e d  w i th  t h e  f i r s t  c ro p , 
c r y s ta l l iz e d  f ro m  e th a n o l  in  c o lo r le s s  p r is m s  (2 .3 3  g ., 4 3 %  
y ie ld ) ,  m .p .  1 8 2 -1 8 3 ° . A  m ix tu r e  o f  t h i s  m a te r i a l  a n d  a  
s a m p le  o f 4 ,5 '- d im e th y l is o p s o r a le n e  f ro m  a n o t h e r  m e t h o d 1 
h a d  m .p . 1 8 2 -1 8 3 ° . T h e  in f r a r e d  s p e c t r a  o f  t h e  tw o  s a m p le s  
w e re  id e n t ic a l .
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Spectral S tu d ies on  F lavonoid  C om pou nd s. II. Isoflavones
and  F Iavanonesla

R O B E R T  M . H O R O W I T Z lb and L E O N A R D  J U R D 1'
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T h e  u l t r a v io l e t  s p e c t r a  o f is o f la v o n e s  a n d  f la v a n o n e s  a r e  s im ila r .  A  f re e  7 -h y d ro x y d  g r o u p  in  th e s e  c o m p o u n d s  c a n  b e  
d e te c te d  b y  s p e c t r a l  c h a n g e s  o b s e rv e d  o n  t h e  a d d i t io n  o f  s o d iu m  a c e t a t e ,  w h ile  a  f r e e  5 - h y d ro x y l  g r o u p  c a n  b e  d e te c te d  b y  
a d d i t io n  o f  a lu m in u m  c h lo r id e . C e r ta in  s p e c if ic a lly  s u b s t i t u t e d  f la v a n o n e s  a r e  s h o w n  to  f o rm  c h a lc o n e s  r e a d i ly  in  d i l u t e  a l-
k a l i .  A  n u m b e r  o f  e x a m p le s  a r e  g iv e n .

Although the ultraviolet spectra of many natu
rally occurring isoflavones and flavanones have been 
reported,2 * * * * spectral changes in the presence of basic 
and complexing reagents have not been extensively 
employed in the structural analysis of these com
pounds. In view of the success with which spectral 
shifts produced by certain reagents have been

(1 )  ( a )  P a r t  I :  L .  J u r d  a n d  R .  M . H o r o w i tz ,  J. Org. 
Chem.., 2 2 , 1618  (1 9 5 7 ) . ( b )  F r u i t  a n d  V e g e ta b le  C h e m is t r y  
L a b o r a to r y ,  P a s a d e n a ,  C a l i f . ld ; (c )  W e s te r n  R e g io n a l  R e 
s e a r c h  L a b o r a to r y ,  A lb a n y  10, C a l i f . ld ; (d )  a  l a b o r a to r y  
o f  t h e  W e s te r n  U t i l i z a t io n  R e s e a r c h  a n d  D e v e lo p m e n t  
D iv is io n ,  A g r ic u l tu r a l  R e s e a r c h  S e rv ic e , U . S . D e p a r t m e n t  
o f A g r ic u l tu r e .

(2 )  E.g., W . K .  W a r b u r to n ,  Quart. Rev. Chem. Soc., 8 ,
67  (1 9 5 4 ) ;  N .  L . D u t t a ,  J. Ind. Chem. Soc., 3 6 , 165 (1 9 5 9 ) ;
J .  B .  H a r b o r n e ,  Chemistry and Industry, 1142  ( 1 9 5 4 ) ;
D . H .  C u r n o w , Biochem. J., 5 8 , 28 3  (1 9 5 4 ) :  P .  C r a b b e ,
P .  R .  L e e m in g , a n d  C . D je r a s s i ,  J. An.. Chem. Soc., 8 0 ,
5 2 6 2  (1 9 5 8 ) .

correlated with the location of hydroxyl groups in 
various flavonol compounds,1 it was of interest to 
determine whether similar shifts might provide use
ful structural information in the isoflavone and 
flavanonc series.

Isoflavones (I) and flavanones (II) differ from 
flavonols in that the B-ring is not conjugated with

A
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the carbonyl group. The spectral characteristics 
of isoflavones and flavanones are similar, therefore, 
and are determined primarily by absorption in the 
A-ring conjugated with the carbonyl group. These 
compounds usually have only one prominent ab-
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F ig . 1. U l t r a v io le t  s p e c t r a  o f (A )  g e n is t in  
i n  e th a n o l ,  ( B )  g e n is t in  i n  e th a n o l ic  s o d iu m  
a c e t a t e ,  ( C )  s o p h o r ic o s id e  i n  e th a n o l ,  ( D )  
s o p h o r ic o s id e  in  e th a n o l ic  s o d iu m  a c e t a t e

sorption peak which occurs in the region of 250- 
290 nip.

Detection of a 7-hydroxyl group. A free hydroxyl 
group at the 7- position of an isoflavone 
is sufficiently acidic to be ionized by fused sodium 
acetate. Ionization of a 7-hydroxyl group results 
in a bathochromic shift of the main absorption 
band of about 10 mp for isoflavones (Table I: 
compounds 1, 3, 5, 7, 10, and 12) and 35-60 mp 
for flavanones (Table II: compounds 1, 2, 3, 4, 5, 
5, 6, 7, 8, 10, and 11). No significant changes are 
observed in the spectra of compounds lacking a 
free hydroxyl group at the 7-position (Table I: 
compounds 2, 4, 6, and 8; Table II: compounds 
9, 13, 14, 15, 16, 17, 18, 19, and 20). These obser
vations are particularly useful in distinguishing 
isomers such as genistin (III) and sophoricoside
(IV), which are the 7- and 4'-glucosides of the agly- 
cone genistein (5,7,4'-trihydroxyisoflavone), re
spectively. These glucosides have virtually identi
cal spectra in ethanol, but in the presence of sodium

IV

acetate the spectrum of genistin is unchanged while 
that of sophoricoside shifts 13 mp (Fig. 1). Since the 
spectra of both glucosides undergo a bathochromic 
shift with aluminum chloride (see below), it is 
clear that the 5-hydroxyl group is unsubstituted. 
Further examples are provided by the flavanone 
glycoside neohesperidin (V)3 and the new isoflavone

/ \

0 ’ ' 250 ’ ’ 1 Ado' ‘ 1 ' 350' ' 1 400
X ,  m / X

F ig . 2 . U l t r a v io le t  s p e c t r a  o f  p o d o s p ic a t in  
i n ( l )  e th a n o l ,  (2 )  s o d iu m  a c e t a t e ,  ( 3 )  a lu m in u m  
c h lo r id e

podospicatin (VI).4 5 The spectrum of neohesperidin 
is unaffected by sodium acetate, so that it may be 
inferred that sugar groups are attached through the
7-hydroxyl group. This conclusion has been con
firmed by chemical degradations.6 On the other

hand, the main absorption band of podospicatin 
is shifted 12 mp on the addition of sodium acetate 
(Fig. 2). This would be expected on the basis of 
the structure assigned to podospicatin by Briggs 
and Cebalo.4

Detection of 4'-hydroxy-7-alkoxyflavanones. So
dium acetate is ordinarily the preferred reagent for 
ionizing the 7-hydroxyl group of flavanones. The 
addition of dilute sodium hydroxide (one drop of 
1% sodium hydroxide in a 2.5-ml. cuvette) gener
ally gives a spectral result similar to that obtained 
with sodium acetate except in the case of 4'- 
hydroxy-7-alkoxy- or 4'-hydroxy-7-glucosidoxyfla- 
vanones. When these structural features are present 
the compound is rapidly converted to its chalcone 
which, in the ionized form, has a broad maximum in 
the region of 400-450 mp. All flavanones form 
chalcones eventually in concentrated alkali6 but

(3 )  F .  K o l le  a n d  K .  G lo p p e , Pharm. Zentralhalle, 7 7 , 421  
(1 9 3 6 ) .

(4 )  L . H .  B r ig g s  a n d  T .  P .  C e b a lo , Tetrahedron, 6, 145 
(1 9 5 9 ).

(5 )  U n p u b l is h e d  d a t a .
(6 )  M . S h im o k o r iy a m a ,  J. Am. Chem. Soc., 79, 4 1 9 9  

(1 9 5 7 ).
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T A B L E  I

I n f l u e n c e  o f  S o d iu m  A c e t a t e  a nd  A l u m in u m  C h l o k id e  on  t h e  S pe c t r a  o f  I so fl a v o n e s

I s o f la v o n e C 2H 6O H a
^max. rïï-M

N a O A c 6 A1C1j c

1. 7 - H y d r o x y - 4 '- m e th o x y is o f la v o n e  ( F o r m o n e t in ) 25 0 2 6 0
2 . O s a j in 2 7 4 2 7 4
3 . 5 ,7 ,4 '- T r ih y d r o x y is o f la v o n e  ( G e n is te iu ) 26 2 271 2 7 4
4 . 5 ,4 '-D ih y d ro x y - 7 - g lu c o s id o x y is o f la v o n e  ( G e n is t in ) 26 2 2 6 2 2 7 3
5 . 5 ,7 - D ih y d r o x y - 4 '- m e th o x y is o f la v o n e  (B io c h a n in - A ) 26 1 271
6 . P o m ife r in 27 6 2 76
7 . 5 ,7 - D ih y d ro x y - 4 '- g lu c o s id o x y is o f la v o n e  ( S o p h o r ic o s id e ) 26 2 27 5 27 6
8 . 5 ,3 ',4 '- T r ih y d r o x y - 7 - m e th o x y is o f la v o n e  ( S a n ta l ) 26 3 2 7 4
9 . 5 ,2 '- D i l iy d r o x y - 6 ,7 ,5 '- t r im e th o x y is o f la v o n e  ( 7 - 0 - m e th y lp o d o s p ic a t in )  (4 ) 26 5 2 7 7

10. 5 ,7 ,3 '- T r ih } - d ro x y - 6 ,4 ',5 '- t r im e tk o x y is o f la v o n e  ( I r ig e n in ) 26 7 2 7 7
11. 5 ,3 '- D ih y d ro x y - 6 ,4 ',5 '- t r im e th o x y - 7 - g lu o o s id o x y is o f la v o n e  ( I r id in ) 26 8 26 8
12. 5 ,7 ,2 '- T r ih y d r o x y - 6 ,5 '- d im e th o x y is o f la v o n e  ( P o d o s p ic a t in ) 26 3 27 5 27 3
13 . 5 - H y d r o x y - 6 ,7 ,2 ',5 '- t e t r a m e tk o x y is o f la v o n e  (4 ) 26 2 27 5

“ A b s o lu te  e th a n o l .  6 A b s o lu te  e th a n o l  — fu s e d  s o d iu m  a c e t a t e .  c A b s o lu te  e th a n o l  +  3 d r o p s  1 0 %  a q u e o u s  a lu m in u m  
c h lo r id e .

F ig .  3 . S a k u r a n i n : ------- -—  I n  e th a n o l ;  _______ s o d iu m
a c e t a t e  a d d e d  ( t h e  c u r v e s  a r e  s u p e r im p o s a b le ) ;  ............. a lu 
m in u m  c h lo r id e  a d d e d ; ----------- 1 d r o p  1 %  s o d iu m  h y d r o x id e
a d d e d  a n d  a llo w e d  t o  s t a n d  t e n  m in u te s

it appears that only 4'-hydroxy-7-alkoxy- or 4'- 
hydroxy- 7 - glucosidoxyflavanones form chalcones 
rapidly (five to ten minutes) in the very dilute 
alkali specified here. The susceptibility to chalcone 
formation in these compounds may be visualized 
as the result of increased acidity of the hydrogen 
atom alpha to the carbon3’l group coupled with 
ionization of the 4'-hydroxyl group:

T  r  p r w  CH

An example of this effect is provided by the gly
coside sakuranin (VII) which is the 5-glucoside of
7-methoxy-5,4'-dihydroxyflavanone (sakuranetin). 
As expected, the glucoside gives no shift with 
sodium acetate or aluminum chloride and forms 
the chalcone in alkali (Fig. 3). After hydrolysis to 
the aglycone, a shift with aluminum chloride is 
observed.

F ig . 4 . E r i o c i t r i n : ------- •— I n  e th a n o l ;  ............. s o d iu m  a c e 
t a t e  a d d e d ; ----------- a lu m in u m  c h lo r id e  a d d e d

Detection of a 5-hydroxyl group. I t has been 
shown earlier that isoflavones and flavanones 
having a free 5-hydroxyl group form complexes 
with aluminum chloride and that this complex 
formation results in a bathochromic shift in the 
spectra of these compounds.4'7 8.» From the further 
examples reported in Tables I and II it is apparent 
that the principal wave length of 5-hydroxyiso- 
flavones undergoes a remarkably constant batho
chromic shift of 11-14 mix on the addition of 
aluminum chloride, while that of 5-hydroxyflava- 
nones changes by 20-30 mp. In Fig. 4 the various

(7 )  T .  S w a in , Chem. & Ind., 1480  (1 9 5 4 ) .
(8 )  W . J .  D u n la p  a n d  S . H .  W e n d e r ,  Arch. Biochern. 

Biophys., 87, 2 2 8  (1 9 6 0 ).
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T A B L E  I I

I n f l u e n c e  o f  S o d iu m  A c e t a t e , S o d iu m  H y d r o x id e , a n d  A lu m in u m  C h l o r id e  on  t h e  S pe c t r a  o f  F la v a n o n es

C o m p o u n d C 2H jO H a
^raax,

N a t )  A c '’

TClfj
N a O H * A i d s 7

1. 7 - H y d ro x y  f la v a n o n e 2 7 7 33S 33 8 27 7
2 . 7 ,4 '- D ih y d r o x y f la v a n o n e  ( L iq u i r i t ig e n in ) 27  G 33 8 33 8 27 6
3 . 7 ,3 ', 4 '- T r ih y d r o x y f l a v a n o n e  ( B u t in ) 2 7 8 3 3 8 3 3 8 2 7 8
4 . 5 ,7 - D ih y d r o x y f la v a n o n e  ( P in o c e m b r in ) 291 3 2 9 32 9 3 1 2
5 . 5 ,7 ,4 '- T r ih y d r o x y f la v a n o n e  ( N a r in g e n in ) 2 9 0 3 2 8 3 2 8 311
6 . 5 ,7 ,3 ',4 '- T e t r a h y d r o x y f l a v a n o n e  ( E r io d ic ty o l ) 2 8 9 3 2 8 3 2 8 d 3 1 0
7 . 3 ,5 ,7 ,3 ',4 '- P e n ta h y d r o x y f l a v a n o n e  (T a x i f o l in ) 291 3 3 0 3 2 9 d 3 1 4
8 . 5 ,7 - D ih v d r o x y - 4 '- m e th o x y f la v a n o n e  ( I s o s a k u r a n e t in ) 29 2 3 2 8 3 2 8 3 1 2
9 . 5 ,3 ', 4 '- T r ih y d r o x y - 7 - m e th o x y f la v a n o n e 2 8 7 2 8 7 2 8 9 d 3 0 9

10. 5 ,7 ,4 '- T r ih y d r o x y - 3 '- m e th o x y f la v a n o n e  ( H o m o e r io d ic ty o l ) 28 9 3 2 8 3 2 8 31 1
11. 5 ,7 ,3 '- T r ih y d r o x y - 4 '- m e th o x y f la v a n o n e  ( H e s p e r e t in ) 2 8 8 32 8 3 2 8 31 1
12. 5 - H y d ro x y - 7 ,3  ' ,4 '- t r i a c e to x y f l a v a n o n e 2 7 4 30 3
1 3 . I s o s a k u r a n e t in  7 - R h a m n o g lu c o s id e  ( P o n c i r in ) 28 3 283 2 8 5 3 0 8
14. E r io d i c ty o l  7 - R h a m n o g lu c o s id e  ( E r io c i t r in ) 2 8 5 28 5 2 8 5 d 3 0 6
15 . H e s p e r e t in  7 - R u t in o s id e  ( H e s p e r id in ) 28 5 ■ 2 8 5 2 8 7 3 0 8
16 . H e s p e r e t in  7 - N e o h e s p e r id o s id e  ( N e o h e s p e r id in ) 28 5 28 5 28 7 3 0 8
17. 5 ,4 '- D ih y d r o x y - 7 - m e th o x y f la v a n o n e  ( S a k u r a n e t in ) 2 8 7 2 8 7 424* 3 1 0
18. S a k u r a n e t in  5 -g lu c o s id e  ( S a k u r a n in ) 281 281 428* 281
19. N a r in g e n in  7 - g lu c o s id e  ( P r u n in ) 2 8 4 2 8 4 425* 3 0 8
2 0 . N a r in g e n in  7 - rh a m n o g lu c o s id e 2 8 4 28 4 428* 3 0 8

a A b s o lu te  e th a n o l .  s A b s o lu te  e th a n o l  s a t u r a t e d  w i th  fu s e d  s o d iu m  a c e t a t e .  c 2 .5  m l. a b s o lu te  e th a n o l  t r e a t e d  w i th  1 d r o p  
o f  1% s o d iu m  h y d r o x id e .  d S o lu t io n  d e c o m p o s e s  r a p id ly .  • F o r m s  t h e  c h a lc o n e . /  A b s o lu te  e th a n o l  s a t u r a t e d  w i th  a lu m in u m  
c h lo r id e  h e x a h y d r a t e .

spectra of the new flavanone glycoside eriocitrin
(VIII)9 are shown. The bathochromic shift obtained 
with aluminum chloride shows the presence of a
5-hydroxyl group, while the lack of a shift with 
sodium acetate shows the presence of a sugar 
group at the 7-hydroxyl. The presence of free
o-dihydroxyl groups is inferred from the instability 
of the compound in alkaline solution as well as from 
other evidence.10

(91 R .  M . H o r o w i tz  a n d  B . G e n ti l i ,  J. Am. Chem. Soc., 
8 2 ,2 8 0 3 ( 1 9 6 0 ) .
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C hem istry  o f  B razilian  Leguminosae. I I .1 Iso la tio n  and S tru ctu re  o f  C aviunin

O T T O  R I C H A R D  G O T T L I E B  a n d  M A U R O  T A V E I R A  M A G A L H Â E S  

Received June 29, i960

C a v iu n in ,  a n  e x t r a c t iv e  f ro m  Dnlbergianigria ( F r .  A lle m .)  is

Since early Brazilian history, the wood of Dal- 
bergia nigra (Fr. Allem.), a tree belonging to the 
Dalbergiae tribe of the Leguminosae family, has 
been a much valued article of export. The species is 
particularly abundant in the state of Espirito 
Santo, but occurs also in the neighbouring states of 
Bahia, Minas Gerais, Rio de Janeiro, and in Sao 
Paulo, where it is called jacarandä caviuna. In 
other countries, however, Dalbergia nigra2 is known

(1 )  P a p e r  I :  O . R .  G o t t l i e b  a n d  M . T a v e i r a  M a g a lh ä e s ,  
Anais assoc, brasil, quim., 18 , 89  (1 9 5 9 ) .

s h o w n  to  b e  5 ,7 - d ih y d r o x y - 2 ',4 ',5 ',6 - te t r a m e th o x y is o f la v o n e .

under different names, such as Brazilian rosewood3

(2 )  A n  a n a to m ic a l  a n d  d e n d r o m e t r ic  s t u d y  o f Dalbergia 
nigra, a s  w e ll a s  a  l i s t  o f re fe re n c e s  t o  t h e  b o ta n ic a l  l i t e r a tu r e  
is  g iv e n  b v  A . d e  M a t to s  F i lh o  a n d  A . F .  C o im b r a  F i lh o , 
Arquivns do Servico Florestal ( R io  d e  J a n e i r o ) ,  11 , 157 
(19 5 7 1 .

(3 )  T h is  n a m e  is  a n  a l lu s io n  t o  t h e  r e d  c o lo r  o f  t h e  h e a r t -  
w o o d  a n d  t h e  sp e c ie s  s h o u ld  n o t  b e  c o n fu s e d  w i th  t h e  e s s e n 
t i a l  o i l -p ro d u c in g  t r e e s  o f t h e  g e n u s  Aniba ( f a m i ly  Lauraceae) 
w h ic h  w e  h a v e  s tu d ie d  in  s e v e ra l  p a p e r s  e n t i t l e d ,  “ T h e  
C h e m is t r y  o f  R o s e w o o d .”  F o r  t h e  m o s t  r e c e n t  a n i d e ,  P a r t  
V I  in  t h e  se r ie s , se e  W . B .  M o rs ,  O . R .  G o t t l ie b ,  a n d  I .  d e  
V a t t im o ,  Nature, 1 8 4 ,1 5 8 9  (1 9 5 9 ).



2450 GOTTLIEB AND MAGALHAES VOL. 26

(England), Palissandre (France) or Jacarandaholz 
(Germany). In spite of the economic importance of 
the jacarandá caviuna tree, the extractives of its 
wood do not seem to have previously received any 
attention.

Sapwood and heartwood4 5 were investigated 
separately. The main crystalline constituent, which 
was found to be present in the benzene extract of 
the former, was a new substance which we have 
named caviunin. I t was also obtained from the 
benzene extract of the heartwood, although it was 
there only a minor component. Work on its com
panion substances is now in progress.

Caviunin was easily isolated and purified through 
its sodium salt which is only slightly soluble in 
water. I t formed colorless slender needles, having 
an empirical formula of Ci9Hi80 8. Methoxyl deter
mination revealed the existence of four such groups 
and the formation of a diacetate upon acetylation 
and a di-O-methyl ether derivative by methylation 
indicated the presence of two free hydroxyl groups 
in the molecule. Thus the formula could be written 
CibH402-(0 H)2-(0 CH3)4; it suggested a flavone or 
an isoflavone structure. The infrared spectrum 
supported this assumption; it showed the strong 
multiple absorption between 6 and 6.6 p usually 
found in such systems. The ultraviolet spectrum 
also did not allow a clear distinction between 
flavone and isoflavone, as was demonstrated earlier 
in a variety of examples.8 However, the intense band 
at 320-380 mu, generally attributed to the chalcone 
chromophore of the flavones6'7 was absent from the 
spectrum of caviunin.

Ready distinction between the two classes of 
substances is possible by mild alkaline treatment. 
Under such conditions flavones afford o-hydroxydi- 
benzoylmethanes, whereas isoflavones yield benzyl-
o-hydroxyphenyl ketones with the loss of one car
bon atom (as formic acid).8 Saponification of 
caviunin diacetate resulted in the formation of 
nearly three moles of acid instead of the two ex
pected equivalents. The fact that a third mole of 
acid is formed would indicate an isoflavonic struc
ture for caviunin. Furthermore, alkaline degrada
tion, when applied to di-O-methy'.caviunin, af
forded in nearly quantitative yield a yellow crys
talline substance, later shown to be II. Its empiri
cal formula, ChH602(0 CH3)6, fitted the benzyl-o-

(4 ) W o o d  s a m p le s  w e re  s e c u re d  t h r o u g h  t h e  c o u r te s y  o f 
S e rv ig o  F lo r e s t a l  a n d  J a r d i m  B o tá n ic o ,  b o * h  o f  t h e  M in is 
te r io  d a  A g r ic u l tu r a ,  R io  d e  J a n e i r o ,  a n d  id e n t i f ie d  a s  
Dalbergia nigra ( F r .  A lle m .) ,  r e s p e c t iv e ly ,  b y  D r .  P a u lo  A g o s-  
t i n h o  d e  M a to s  A r a u jo  a n d  D r .  A r m a n d o  d e  M a t to s  F i lh o .  
T h e y  h a d  b e e n  c o l le c te d  in  t h e  v ic in i t y  o f  R io  d e  J a n e i r o .

(5 )  F .  S o n d h e im e r  a n d  A . M e ise ls , Tetrahedron, 9 , 139
(1 9 6 0 ) .

(6 )  K .  V e n k a t a r a m a n  in  L . Z e c h m e is te r ’s Progress in the 
Chemistry of Organic Natural Products, V o l. 17, p p .  1 -6 4 , 
S p r in g e r  V e r la g , W ie n  (1 9 5 9 ).

(7 )  W . K .  W a r b u r to n ,  Quart. Rev., 8 ,  70  (1 9 5 4 ) .
(8 )  F o r  p e r t i n e n t  d is c u s s io n  a n d  re fe re n c e s  se e  P .  C r a b b é ,  

P .  R .  L e e m in g , a n d  C . D je r a s s i ,  J. Am. Che.n. Soc., 8 0 , 5 2 5 8
( 1 9 5 8 ) .

hydroxyphenyl ketone which would be expected 
from di-O-methylcaviunin, if this, and hence also 
caviunin itself, were an isoflavone. The alternative 
possibility, i.e. a flavone structure for caviunin, was 
ruled out by the resistance of this degradation prod
uct to very vigorous alkaline treatment. /3-Dike- 
tones, the corresponding degradation products of 
flavones, are unstable in alkali. The ultraviolet 
spectrum of II exhibited the three typical maxima 
of substituted desoxybenzoins.8

Potassium permanganate oxidation of caviunin 
yielded asaronic acid (2,4,5-trimethoxybenzoic acid) 
which was identified by direct comparison with an 
authentic sample. This compound could only have 
arisen from ring B of the isoflavone, since ring A, 
fused to the oxygen heterocycle, would be expected 
to suffer deep seated degradation under the condi
tions of the reaction. I t was already known that 
carbon atom 2 of the heterocyclic ring was not sub
stituted by an oxygen function, since, when this 
carbon atom was lost in the degradation of di-O- 
methylcaviunin (Ic) to the hexamethoxybenzyl o- 
hydroxyphenyl ketone (II), all oxygen atoms of the 
original molecule were still preserved. Thus the 
allocation of three methoxy groups to ring B, leaves 
for the remaining methoxyl and two hydroxyls only 
positions 5,6,7, and 8 of ring A.

The hexamethoxybenzyl o-hydroxyphenyl ketone
(II) was very stable, even towards rather vigorous 
treatment with aqueous alkali. Fusion with alkali 
had to be employed to effect further cleavage. In 
this way homoasaronic acid (2,4,5-trimethoxy- 
phenylacetic acid) (IV) and antiarol (3,4,5-tri- 
methoxyphenol) (Illb) were obtained. The former 
was identified by comparison with an authentic 
sample and by degradation to asaronic acid. The 
formation of a phenylacetic acid (besides a phenol) 
in this reaction is characteristic of isoflavones and 
was considered additional proof of such a structure 
for caviunin. Antiarol (Illb) was identified by direct 
comparison with an authentic sample. Its forma
tion through cleavage of di-O-methylcaviunin as
signs to the three oxygen functions of ring A in 
caviunin the positions 5, 6, and 7.

Only one of the phenolic hydroxyls of caviunin 
was readily attacked by diazomethane. Resistance 
to methylation, together with a positive ferric 
chloride test and sparing solubility in aqueous alkali 
are indicative of a conjugated chelate system. 
Such a system would arise through hydrogen bond
ing in compounds of the o-hydroxy acetophenone 
type. One of the hydroxyls has, therefore, to be 
placed in position 5. This fact, together with the 
conclusion of the preceding paragraph, indicated 
that caviunin is a phenol with an unsubstituted 
para-position. A positive Gibbs test,9 performed on 
mono-O-methylcaviunin, confirmed this finding.

(9 )  F .  E .  K in g ,  T .  J .  K in g ,  a n d  L .  C . M a n n in g ,  J. Chem: 
S o c ., 56 3  (1 9 5 7 ) .
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The indophenol chromophore was found at 680 
in ¡x.

At this stage only the relative position of a 
hydroxy and a methoxy group on C-6 and C-7 re
mained to be established. Alkaline degradation of 
caviunin was used to settle this question. In con
tradistinction to its di-O-methyl ether, caviunin 
afforded easily, by refluxing with aqueous alkali,
2,4,5-trimethoxyphenylacetic acid (IV), originating, 
as before, from ring B, and a phenol, m.p. 184-186°. 
identified as iretol, 2,4,6-trihydroxyanisol (Ilia) 
(lit.10 m.p. 186°). 2,3,5-Trihydroxyanisol (V), which 
would have arisen from this degradation if the 
methoxyl and hydroxyl had the alternative orienta
tion in caviunin, has a reported11 m.p. of 119-125°; 
it readily yields a colored quinone, which was not 
obtained from our product.

From these facts the structure of 5,7-dihydroxy- 
2',4',5',6-tetramethoxyisoflavone (la) was assigned 
to caviunin.

According to a recent review,6 only thirteen iso
flavones, excluding those containing additional ring 
systems, have so far been isolated from plants. 
Although, as stated, these belong to widely dif
ferent families, the isoflavone skeleton seems to be 
rather typical of the Leguminosae-Papilionatae. 
This phytochemical regularity is accentuated 
further, if the results of the present research are 
added to the reviewer’s findings. The parent plants 
of both substances, cabreuvin [3',4',7-trimethoxy- 
isoflavone; the isolation of which from Myroxylon 
balsamum (L.) Harms and Myrocarpus fastigiatus 
(Fr. Allem.) was reported in the previous paper of 
this series1] and caviunin here presented belong to 
this subfamily. Thus twelve out of the fifteen known 
naturally occurring simple isoflavones were found 
in Papilionatae species.12

Ilia, R = H
b, R = CH,

(1 0 )  G . d e  L a i r e  a n d  F .  T ie m a n n ,  Ber., 26, 2 0 1 5  (1 8 9 3 ).
(1 1 )  R .  R o b in s o n  a n d  C . V a s e y , J. Chem. Soc., 6 6 0  (1 9 4 1 ). 
( 12) S in c e  t h i s  p a p e r  w a s  c o m p le te d ,  s e v e ra l  o th e r  n a t u r a l

iso f la v o n e s  w e re  d e s c r ib e d . Cf. L . H .  B r ig g s  a n d  T .  P .  C e b a lo , 
Tetrahedron, 6, 1 45  (1 9 5 9 ) ;  T .  B .  H .  M c M u r r y  a n d  C . Y . 
T h e n g ,  J. Chem. Soc., 1491  (1 9 6 0 ) .

This relationship between taxonomy and chem
istry is emphasized by the fact that almost all 
known isoflavonoids which contain additional furan 
or pyran rings, are also found in leguminous plants. 
The majority of substances in this latter group is 
oxygenated in position 2', osajin and pomiferin 
being exceptions, since they occur in the family 
Moraceae and are unsubstituted in position 2'. 
Oxygenation in position 2' is comparatively rare 
among the flavonoids13; it is interesting that 
Dalbergia nigra which contains caviunin, the new 
2'-substituted isoflavone described in the present 
paper, belongs to the same tribe Dalbergiae of the 
Papilionatae, as do the genera Derris, Dipteryx, 
Piscidia, Tephrosia, Mundulea in which the major
ity of 2'-oxygenated isoflavonoid structures seem 
to be concentrated.

Irigenin,10 the aglucon of iridin which occurs in 
Iris and Belamcanda species (Iridaceae family) was 
up to now the only known natural derivative of the 
hexahydroxyisoflavone skeleton. The difference 
between caviunin and irigenin is the presence of a 
2'-methoxyl in the former, as opposed to a 3'- 
hydroxyl in the latter.
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Extraction procedure, ( a )  From sapwood. T h e  w h i te  s a p -  
w o o d  o f  Dalbergia nigra w a s  r e d u c e d  t o  s a w d u s t  a n d  1 .22  
k g . w e re  t h e n  e x t r a c t e d  e x h a u s t iv e ly  w i th  b e n z e n e  in  a  
S o x h le t  a p p a r a tu s .  A f te r  c o n c e n t r a t io n ,  s m a ll  q u a n t i t i e s  
o f  b a s ic  a n d  a c id ic  m a te r ia l s  w e re  r e m o v e d  f ro m  t h e  b e n z e n e  
s o lu t io n  w i th  d i lu te  h y d r o c h lo r ic  a c id  a n d  c o n c e n t r a t e d  
s o d iu m  b ic a r b o n a te  s o lu t io n s  r e s p e c t iv e ly .  U p o n  a d d i t io n  
o f  c o n c e n t r a t e d  s o d iu m  c a r b o n a te  s o lu t io n  ( o r  3 %  s o d iu m  
h y d r o x id e  s o lu t io n )  a  s o d iu m  s a l t  p r e c ip i t a t e d  w h ic h  w a s  
s e p a r a te d  b y  c e n t r i f u g a t io n  a n d  w a s h e d  w i th  w a te r  a n d  
b e n z e n e . A  s u s p e n s io n  o f  t h e  w h i te  m a s s  i n  w a te r  w a s  a c id i 
f ied  a n d  e x t r a c t e d  w i th  c h lo ro fo rm . E v a p o r a t i o n  o f  t h e  
s o lv e n t  y ie ld e d  75 0  m g . o f  s l ig h t ly  y e llo w , c r y s ta l l in e  c r u d e  
c a v iu n in  ( l a ) ,  m e l t in g  b e tw e e n  1 8 5 -1 9 1 ° . T h e  a q u e o u s  
a lk a l in e  e x t r a c t io n  a n d  w a s h  s o lu t io n s  w e re  u n i t e d ,  ex 
t r a c t e d  w i th  b e n z e n e  to  r e m o v e  s u s p e n d e d  o r g a n ic  m a te r ia l ,  
a n d  a c id if ie d . C h lo r o f o rm  e x t r a c t io n  r e m o v e d  a n  o il .  I t s  
e th a n o l  s o lu t io n ,  b y  s lo w  e v a p o r a t io n ,  a f fo rd e d  a n  a d d i 
t i o n a l  a m o u n t  o f 2 5 0  m g . o f  c r y s ta ls ,  m .p .  1 8 5 -1 9 0 ° .

( b )  From heartwood. T h e  d a r k  r e d  h e a r tw o o d  w a s  r e d u c e d  
to  s a w d u s t  a n d  2 .6 7  k g . w e re  e x t r a c t e d  e x h a u s t iv e ly  w i th  
b e n z e n e  in  a  S o x h le t  a p p a r a t u s .  U p o n  c o n c e n t r a t i o n  o f  t h e  
b e n z e n e  s o lu t io n  a  c r y s ta l l in e  m a s s  s e t t l e d  o u t  a n d  -was r e 
m o v e d  b y  f i l t r a t io n .  B y  a  se r ie s  o f  f r a c t i o n a l  c r y s ta l l i z a t io n s  
f ro m  a c e to n e  th i s  c o u ld  b e  s e p a r a te d  in to  tw o  c o m p o n e n ts ,  
o n e  le s s  s o lu b le ,  c a lle d  J - l ,  a s  r e d  c r y s ta l s ,  m .p .  1 8 6 -1 8 7 °  
(d e c .,  v a r i a b l e  d e p e n d in g  u p o n  r a t e  o f  h e a t in g )  a n d  a n o th e r ,  
J - 2 ,  a s  y e llo w  n e e d le s , m .p .  1 1 2 -1 1 3 ° . U p o n  a d d i t io n  o f  d i 
l u t e  h y d r o c h lo r ic  a c id  t o  t h e  b e n z e n e  s o lu t io n  a  d a r k  b r o w n  
m a s s  p r e c ip i t a t e d  w h ic h  w a s  t a k e n  u p  in  c h lo ro fo rm . F r o m  
b o t h  o r g a n ic  s o lu t io n s  b a s ic  a n d  a c id ic  m a t e r i a l  w a s  r e 
m o v e d  b y  f u r t h e r  e x t r a c t io n s  w i th  d i l u t e  h y d r o c h lo r ic  a c id

(1 3 )  A . J .  B i r c h  in  L . Z e c h m e is te r ’s  Progress in the Chem
istry of Organic Natural Products, V o l. 14, p p .  1 8 6 -2 1 6 , 
S p r in g e r  V e r la g , W ie n  (1 9 5 7 ).

(1 4 )  M e l t in g  p o in t s  w e re  t a k e n  o n  a  K o f le r  h o t - s ta g e  
m ic ro s c o p e . U l t r a v io le t  a b s o r p t i o n  s p e c t r a  w e re  p e r fo r m e d  
w i th  a  B e c k m a n  m o d e l  D U  s p e c t r o p h o to m e te r .  I n f r a r e d  
s p e c t r a l  m e a s u r e m e n ts  w e re  r e c o r d e d  o n  a  P e r k in  E lm e r  
I n f r a c o r d  m o d e l  13 7  d o u b le  b e a m  s p e c t ro m e te r .
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a n d  c o n c e n t r a t e d  s o d iu m  b ic a r b o n a te  s o lu t io n s .  U p o n  t r e a t 
m e n t  w i th  c o n c e n t r a te d  s o d iu m  c a r b o n a te  s o lu t io n  a n d  w o r k 
in g  u p  o f  t h e  p r e c ip i t a t e  a s  d e s c r ib e d  u n d e r  ( a ) ,  4 5 0  m g . o f  
c r u d e  c a v iu n in  ( l a )  w e re  o b ta in e d .

Caviunin ( l a ) .  T w o  r e c r y s ta l l i z a t io n s  o f  c r u d e  c a v iu n in  
f ro m  e th a n o l  p r o v id e d  w h i te  s le n d e r  n e e d le s ,  m .p .  191— 
1 9 3 ° ,15 16 [ « I d  0 °  (c 1 .0 , c h lo ro fo rm ) . T h e  s u b s ta n c e  s u b l im e d  
u n c h a n g e d .  W i th  a lc o h o lic  fe r r ic  c h lo r id e  a  v io l e t  c o lo r  
p a s s in g  in to  d a r k  g re e n  w a s  o b s e rv e d . I n f r a r e d  b a n d s  ( in  
N u jo l  m u l l )  o c c u re d  inter al., a t  2 .9 5 , 6 .0 0 , 6 .1 5 , 6 .3 0 , 6 .5 6 ,
8 .2 5 , 1 0 .3 5 , a n d  1 2 .0 8  /x. T h e  u l t r a v io l e t  a b s o r p t io n  s p e c 
t r u m  in  9 5 %  e th a n o l  s o lu t io n  ( n e u t r a l  a n d  a c id ic  c o n d i t io n s )  
e x h ib i te d  m a x im a  a t  26 3  m u  ( lo g  e 4 .3 7 )  a n d  2 9 7  m/x ( lo g  e 
4 .2 5 ) , m in im a  a t  2 4 5  m/x ( lo g  e 4 .2 3 )  a n d  2 3 2  m ji ( lo g  e 4 .1 5 ) . 
U p o n  a d d i t io n  o f  a lk a l i  t h e  m a x im a  xvere s h i f t e d  t o  h ig h e r  
w a v e le n g th :  Amax 271  m/x ( lo g  e 4 .3 2 )  a n d  3 3 9  m/x ( lo g  t 
4 .1 4 ) ;  \ min 2 5 4  ( lo g  e 4 .1 7 )  a n d  3 1 5  m/x ( lo g  e 4 .0 5 ) .

Anal. C a lc d . fo r  C 19H ,80 8: C , 6 0 .9 6 ; I I ,  4 .8 5 ; 4  O C H j, 
3 3 .1 6 . F o u n d :  C , 6 1 .2 3 ; H ,  4 .9 8 ; O C I I 3, 3 2 .9 5 .

7-O-Methylcaviunin ( l b ) .  C a v iu n in  ( l a )  (1 5 0  m g .)  in  e th e r  
s o lu t io n  w a s  l e f t  o v e r n ig h t  in  p r e s e n c e  o f  e x c e ss  c ia z o m o th -  
a n e .  A f te r  e v a p o r a t io n ,  c r y s ta l l in e  m a te r ia l ,  m .p . 181— 
18G °, r e m a in e d .  R e c r y s ta l l iz a t io n  f ro m  b o i l in g  e th a n o l  
a f fo rd e d  y e l lo w  n e e d le s ,  m .p .  1 8 5 .5 -1 8 7 .5 ° .  T h e  fe r r ic  c h lo 
r id e  t e s t  w a s  p o s i t iv e .  A  b lu e -g re e n  c o lo r , >,max 6S 0  m/x w a s  
o b ta in e d  w i th  2 ,6 - d ic h lo ro b e n z o q u in o n e  w h e n  t h e  G ib b s  
t e s t  w a s  p e r fo r m e d  a c c o r d in g  t o  t h e  p r o c e d u r e  o f  K in g ,  
K in g , a n d  M a n n in g 9 in  b o r a t e  b u f fe re d  s o lu t io n  o f  p H  9 .3 . 
T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r u m  in  £ 5 %  e th a n o l  s o lu 
t io n  ( u n c h a n g e d  b y  a c id )  w a s  p r a c t i c a l l y  id e n t ic a l  w i th  t h a t  
o f  c a v iu n in :  Xmax 2 6 5  m/x ( lo g  e 4 .4 0 )  a n d  2 9 5  m/x ( lo g  e 4 .2 7 ) ;  
Xmi„ 2 4 6  m/x ( lo g  e 4 .2 4 )  a n d  2 8 3  m/x ( lo g  e 4 .2 0 ) .  I n  a lk a l in e  
s o lu t io n :  Xmax 2 7 5  m/x ( lo g  e 4 .3 1 )  a n d  3 7 0  m/x ( lo g  e 3 .6 0 ) ;  
Xmin 2 5 5  m/x ( lo g  e 4 .1 9 ) ;  a n d  33 2  m/x ( lo g  e 3 .3 0 ) .

Anal. C a lc d . fo r  C2oH2o0 8: C , 6 1 .8 5 ; H ,  5 .1 9 : 5 O C H 3, 
3 9 .9 5 . F o u n d :  C , 6 1 .5 3 ; H ,  5 .1 3 ; O C H 3, 3 9 .7 0 .

5.7- Di-O-methylcaviunin ( I c ) .  C a v iu n in  w a s  d r ie d  a t  7 0 °  
in vacuo a n d  2 5 0  m g . w e re  d is s o lv e d  in  15  m l. o f  a c e to n e  
( d r ie d  o v e r  f r e s h ly  ig n i te d  p o ta s s iu m  c a r b o n a te ) .  P u r if ie d  
d im e th y l  s u l f a te  (0 .3  m l .)  a n d  0 .8  g . o f  t h e  ig n i te d  p o t a s 
s iu m  c a r b o n a te  w e re  a d d e d .  A f te r  t h e  m ix tu r e  h a d  b e e n  
h e a t e d  fo r  14  h r .  u n d e r  re f lu x , 0 .2  m l.  o : d im e th y l  s u l f a te  
a n d  0 .4  g . o f  p o ta s s iu m  c a r b o n a te  w e re  a d d e d  a n d  re f lu x  
t im e  b r o u g h t  t o  a  t o t a l  o f  40  h r .  A f te r  c o o lin g , t h e  r e a c t io n  
m ix tu r e  w a s  t r e a t e d  w i th  w a te r  a n d  e x t r a c t e d  w i th  c h lo ro 
fo rm . U p o n  e v a p o r a t io n  o f  t h e  s o lv e n t  w h i te  c r y s ta l s ,  m .p .
1 5 2 .5 -1 5 3 .5 ° ,  r e m a in e d .  B y  r e c r v s ta l l i z a t io n  f ro m  m e th a n o l  
t h e  m .p .  ro s e  t o  1 5 4 .5 -1 5 5 .5 ° .  T h e  fe r r ic  c h lo r id e  t e s t  w a s  
n e g a t iv e .  T h e  in f r a r e d  s p e c t r u m  in  N u jo l  m u l l  s h o w e d  th e  
a b s e n c e  o f  h y d r o x v l  f u n c t io n s ,  Xm„ ,  inter al., a t  6 .0 9 , 6 .2 5 , 
7 .8 3 , 8 .2 8 , 8 .7 0 , 8 .8 7 , a n d  9 .6 7  /x.

Anal. C a lc d . fo r  C 2,H M0 8: C , 6 2 .6 8 ; H ,  5 .5 1 ; 6 O C I I j ,  
4 6 .2 7 . F o u n d :  C , 6 2 .6 2 ; H ,  5 .7 0 ; O C H 3, 4 5 .1 0 .

5.7- Di-O-acetylcaviunin ( I d ) .  C a v iu n in  w a s  d r ie d  a t  7 0 °  
in vacuo a n d  50  m g . w a s  d is s o lv e d  in  a  m ix tu r e  o f  d r y  p y r i 
d in e  (1 m l .)  a n d  a c e t ic  a n h y d r id e  (1 m l.) .  A f te r  8  m in .  b o il
in g  a n d  c o o lin g  to  ro o m  t e m p e r a tu r e ,  w a te r  w a s  a d d e d  a n d  
th e  m ix tu r e  e x t r a c t e d  w i th  c h lo ro fo rm . T h e  o rg a n ic  s o lu t io n  
w a s  w a s h e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id  a n d  s o d iu m  h y 
d ro x id e  s o lu t io n s .  E v a p o r a t io n  o f  th e  c h lo ro fo rm  a n d  r e 
c r y s ta l l i z a t io n  f ro m  c y c lo h e x a n e -b e n z e n e  2 : 1  a f fo rd e d  2 6 .3  
m g . o f  w h i te  c r y s ta l s ,  m .p . 1 9 8 -2 0 0 ° . T h e  fe rr ic  c h lo r id e  t e s t  
w a s  n e g a t iv e .  T h e  in f r a r e d  s p e c t r u m  s h o w e d  th e  a b s e n c e  o f 
h y d r o x y l  f u n c t io n s  a n d  a b s o r p t io n  m a x im a  a t  5 .8  ¡x ( e s te r )  
a n d  6 .2  ¡x ( a , /3 - u n s a tu r a te d  k e to n e ) ,  inter il.

Anal. C a lc d . fo r  C 23H » O ,0: C , 6 0 .2 6 ; H ,  4 .8 4 . F o u n d :  C , 
5 9 .9 7 ; H , 4 .8 0 . T h e  s u b s ta n c e  (3 .7 7 2  r a g .)  w a s  re f lu x e d  
w i th  N  m e th a n o l ic  s o d iu m  h y d r o x id e  d u r in g  90  m in .  T h e  
v o la t i l e  a c id s  w e re  d is t i l le d  a n d ,  u p o n  t b r a t i o n ,  c o n s u m e d
2 .0 9  m l. 0 .0 1  N  s o d iu m  h y d r o x id e ,  e q u iv a l e n t  t o  0 .7 0 6  m g . 
C I I 3C O —  ( c a lc d . fo r  2 C H 3C O — ) a n d  C .131 m g . H C O — -

(1 5 )  D u r in g  s e v e ra l  m e l t in g  p o in t  d e t e r m in a t io n s  o f c a v i 
u n in  s a m p le s  a  s e c o n d  m e l t in g  p o in t  fo llo w e d  a t  1 9 7 -1 9 8 ° .

( c a lc d .  b y  d if fe re n c e ) . T h e o r e t i c a l ly  0 .2 3 8  m g . H C O —  a r e  
a v a i la b le  b y  d e c o m p o s i t io n  o f  t h e  is o f la v o n e .

2,4,5-Trimethoxybenzyl 2-hydroxy-4,5,6-methoxyphenyl ke
tone ( I I ) .  T o  150  m g . o f  5 ,7 - d i -O - m e th y lc a v iu n in  ( I c )  10 
m l. o f  w a te r  w e re  a d d e d  a n d  a  s lo w  c u r r e n t  o f  n i t r o g e n  w a s  
p a s s e d  t h r o u g h  t h e  m ix tu r e .  A f te r  5  m l.  o f  a  1 0 %  a q u e o u s  
s o d iu m  h y d r o x id e  s o lu t io n  h a d  b e e n  a d m i t t e d ,  t h e  m ix tu r e  
w a s  re f lu x e d  fo r  100  m in .,  co o le d  t o  r o o m  t e m p e r a t u r e  a n d  
t h e  y e llo w  s o lu t io n  e x t r a c t e d  w i th  c h lo ro fo rm . U p o n  e v a p o 
r a t i o n  o f  t h e  s o lv e n t  145  m g . o f  c r y s ta l l in e  m a te r i a l ,  m .p .
1 2 8 .5 -1 3 1 ° , w a s  o b ta in e d .  R e c r y s ta l l iz a t io n  f ro m  m e th a n o l  
a f fo rd e d  p u r e  2 ,4 ,5 - t r im e th o x y b e n z y l  2 - h y d ro x y - 4 ,5 ,6 -m e th -  
o x y p h e n v l  k e to n e  ( I I ) ,  y e llo w  c r y s ta l s ,  m .p .  1 2 9 .5 - 1 3 1 ° .  
T h e  f e r r ic  c h lo r id e  t e s t  w a s  p o s i t iv e .  T h e  s a m e  p r o d u c t  ( I I )  
w a s  o b t a in e d  w h e n  150 m g . o f  5 ,7 - d i -O - m e th y lc a v iu n in  ( I c )  
w e re  re f lu x e d  fo r  16  h r .  u n d e r  n i t r o g e n  w i th  10  m l. o f  a  2 2 %  
a q u e o u s  s o lu t io n  o f  p o ta s s iu m  h y d r o x id e .  I n f r a r e d  b a n d s  
( in  N u jo l  m u l l )  o c c u r r e d  inter al., a t  6 .2 2 , 8 .2 8 , 8 .6 7 , 9 .1 0 , 
a n d  9 .6 2  /x. T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r u m  in  9 5 %  
e th a n o l  s o lu t io n  e x h ib i te d  m a x im a  a t  2 2 0  m/x ( lo g  <= 4 .1 9 ) , 
2 85  m,u ( lo g  e 4 .0 8 )  a n d  33 2  mu ( lo g  e 3 .5 6 ) ;  m in im a  a t  2 5 3  
m/x ( lo g  e 3 .5 3 )  a n d  3 1 8  m/x ( lo g  e 3 .5 1 ) . I n  a lk a l in e  s o lu t io n  
Xmai 2 3 2  m/x ( lo g  e 4 .1 2 ) , 2 8 5  m/x ( lo g  e 3 .7 0 )  a n d  3 5 3  m/x 
( lo g  « 3 .4 7 ) ;  Xmin 2 7 0  m/x ( lo g  e 3 .6 0 )  a n d  3 1 2  m/x ( lo g  e 3 .2 5 ) .

Anal. C a lc d . f o r  C mH 210 8: C , 6 1 .2 1 ; H ,  6 .1 7 ;  6  O C H 3, 
4 7 .4 4 . F o u n d :  C , 6 1 .0 5 ; H , 6 .0 4 ; O C H s, 4 7 .1 3 .

Iretol ( I l i a )  and homoasaronic acid ( I V ) .  T o  15 0  m g . o f  
c a v iu n in  10  m l. o f  w a te r  w e re  a d d e d  a n d  a  s lo w  c u r r e n t  o f  
n i t r o g e n  w a s  p a s s e d  t h r o u g h  t h e  m ix tu r e .  A f te r  5  m l .  o f  a  
1 0 %  a q u e o u s  s o lu t io n  o f  p o ta s s iu m  h y d r o x id e  h a d  b e e n  
a d m i t t e d ,  t h e  m ix tu r e  w a s  re f lu x e d  fo r  3 h r .  A f te r  c o o lin g  
to  ro o m  te m p e r a tu r e ,  t h e  c u r r e n t  o f  n i t r o g e n  w a s  r e p la c e d  
b y  o n e  o f  c a r b o n  d io x id e  w h ic h  w a s  a llo w e d  t o  p a s s  u n t i l  
s a t u r a t i o n  o f  t h e  s o lu t io n .  E th e r  ( f r e e  f ro m  p e r o x id e s )  e x 
t r a c t i o n  a f fo rd e d  39  m g . o f o ily  m a te r i a l  w h ic h  w a s  o n ly  
s l ig h t ly  s o lu b le  in  c h lo ro fo rm . A f te r  s e v e ra l  d a y s  c r y s ta ls  
s lo w ly  s t a r t e d  t o  a p p e a r .  T h e s e  w e re  s e p a r a te d  a n d  p u r if ie d  
b y  v a c u u m  s u b l im a t io n  p r o v id in g  c o lo r le s s  c r y s ta l s  o f  i r e to l  
( I l i a ) ,  m .p .  184 r-186° ( l i t . 10 m .p .  1 8 6 ° ) .  T h e  s u b s t a n c e  is  n o t  
v e r y  s ta b le .

Anal. C a lc d .  f o r  C 7H 80 .i: C , 5 3 .8 4 ; H ,  5 .1 6 ; 1 O C H 3,
1 9 .8 8 . F o u n d :  C , 5 3 .3 3 ; H ,  5 .2 0 ; O C H 3, 19 .9 8 .

T h e  a q u e o u s  s o lu t io n  w a s  a c id if ie d  a n d  e x t r a c t e d  a g a in  
w i th  e th e r .  U p o n  e v a p o r a t io n  o f  t h e  s o lv e n t  a  c r e a m  c o lo re d  
s o lid  r e m a in e d  w h ic h , b y  v a c u u m  s u b l im a t io n ,  a f fo rd e d  
w h i te  c r y s ta l s  o f  2 ,4 ,5 - t r im e th o x y p h e n y la c e t ic  a c id  ( I V ) ,  
m e l t in g  p a r t i a l l y  a b o v e  7 0 ° , r e c r y s ta l l iz in g  a n d  m e l t in g  
f in a l ly  a t  8 4 ^ 8 7 °  ( l i t . 13>17 m .p . 8 7 ° ) .  A  s a m p le  o f  2 ,4 ,5 - t r i 
m e th o x y p h e n y la c e t ic  a c id  w h ic h  w a s  s y n th e t i z e d  b y  h y 
d r o ly s is  o f  2 ,4 ,5 - t r im e th o x y p h e n y la c e to n i t r i l e 18 s h o w e d  t h e  
s a m e  m e l t in g  b e h a v io r  a n d  d id  n o t  d e p re s s  t h e  m e l t in g  p o in t  
o f  t h e  d e g r a d a t io n  p r o d u c t  I V .

Anal. C a lc d . fo r  C i iH 140 6 H 20 :  C , 5 4 .0 9 ; H , 6 .6 0 ; 3  O C H 3, 
3 8 .1 2 . F o u n d :  C , 5 4 .3 6 : I I ,  6 .5 5 ; O C H 3, 3 7 .9 2 .

U p o n  o x id a t io n  o f  t h e  d e g r a d a t io n  p r o d u c t  I V  w i th  a lk a 
l in e  p o ta s s iu m  p e r m a n g a n a te  ( b y  t h e  p r o c e d u r e  o u t l in e d  
u n d e r  t h e  h e a d in g  “ A s a ro n ic  a c id ” ), 2 ,4 ,5 - t r im e th o x y b e n z o ic  
a c id , m .p .  a n d  m ix tu r e  m .p .  w i th  a n  a u t h e n t i c  s a m p le  1 4 4 -  
1 4 5 .5 ° , w a s  o b ta in e d .  T h e  in f r a r e d  s p e c t r a  o f  b o th  s a m p le s  
w e re  s u p e r im p o s a b le .  N i t r a t i o n  y ie ld e d  l - n i t r o - 2 ,4 ,5 - t r i -  
m e th o x y b e n z e n e ,  m .p .  1 2 8 -1 3 0 °  ( l i t . 16 m .p .  1 2 9 ° ) .

Antiarol ( I l l b )  and homoasaronic acid ( I V ) .  2 ,4 ,5 - T r i -  
m e th o x y b e n z y l  2 -h y d ro x y - 4 ,5 ,6 -m e th o x y p h e n y l  k e to n e  ( I I )  
(1 4 5  m g .) ,  5 %  m e th a n o l ic  p o ta s s iu m  h y d r o x id e  s o lu t io n  
(3  m l .)  a n d  w a te r  (0 .5  m l .)  w e re  h e a t e d  s lo w ly  to  1 8 0 °  in  
a  p l a t i n u m  c ru c ib le .  T h e  t e m p e r a t u r e  w a s  m a in t a in e d  a t

(1 6 )  S . T a k e i ,  S . M iy a j im a ,  a n d  M . O n o , Ber., 6 5 , 28 8  
(1 9 3 2 ).

(1 7 )  T h e  l i t e r a tu r e  r e c o rd s  a ls o  d i f f e r e n t  m e l t in g  p o in t s ,  
w h ic h  is  d u e , p r o b a b ly ,  t o  t h e  e x is te n c e  o f h y d r a t e s ;  cf. r e f . 
18.

(1 8 )  A . R o b e r t s o n  a n d  G . L .  R u s b y ,  J. Chem. Soc., 1371 
(1 9 3 1 ) .
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1 8 0 °  d u r in g  15  m in . A f te r  c o o lin g  to  r o o m  te m p e r a tu r e ,  t h e  
p r o d u c t  w a s  t a k e n  u p  in  w a te r  a n d  w a s h e d  w i th  c h lo ro fo rm .
T h e  a q u e o u s  s o lu t io n  w a s  s a t u r a t e d  w i th  c a r b o n  d io x id e  
a n d  a g a in  e x t r a c t e d  w i th  c h lo ro fo rm . U p o n  e v a p o r a t io n  o f 
t h e  s o lv e n t  a n  o ily  m a s s  r e m a in e d  w h ic h  w a s  s u b m i t t e d  to  
v a c u u m  s u b l im a t io n  a t  1 2 0 ° , 0 .0 0 5  m m . T w o  r e s u b l im a t io n s  
y ie ld e d  c o lo r le s s  c r y s ta l s  o f  a n t i a r o l  ( I l l b )  (5  m g .) ,  m .p . 
1 4 4 -1 4 6 °  ( l i t .8 m .p .  1 4 5 .5 - 1 4 6 ° ) .  I d e n t i t y  w i th  a n  a u t h e n t i c  
s a m p le  w a s  e s ta b l is h e d  b y  m ix tu r e  m e l t in g  p o i n t  d e t e r m in a 
t io n  a n d  b v  in f r a r e d  s p e c t r a l  c o m p a r is o n ;  Xmax ( in  N u jo l  
m u ll)  3 .0 3 , 6 .1 6 , 12 .1 6 , a n d  1 2 .8 4  M.

T h e  d e g r a d a t io n  p r o d u c t  I l l b  w a s  t r e a t e d  w i th  b o i l in g  
a c e t ic  a n h y d r id e  a n d  a n h y d r o u s  s o d iu m  a c e t a t e .  C r y s t a l l i z a 
t io n  f ro m  e th a n o l  a f fo rd e d  c o lo r le s s  p r is m s  o f  O -a c e ty l-  
a n t ia r o l ,  m .p .  7 3 - 7 4 °  ( l i t . 19 7 4 ° ) .

T h e  a b o v e  a q u e o u s  s o lu t io n  w a s  n o w  a c id if ie d  w i th  d i lu te  
h y d r o c h lo r ic  a c id  a n d  e x t r a c t e d  w i th  e th e r .  E v a p o r a t io n  
o f  t h e  s o lv e n t  a f fo rd e d  a  c r y s ta l l in e  m a s s  w h ic h  w a s  p u r i 
fied  b y  th r e e  v a c u u m  s u b l im a t io n s  t o  y ie ld  c o lo r le s s  c r y s ta l s  
o f  h o m o a s a ro n ic  a c id  ( I V ) ,  m e l t in g  p a r t i a l ly  a t  7 8 ° , r e 
s o l id ify in g  a n d  m e l t in g  f in a l ly  a t  S 4 -8 7 °  ( l i t . 16 m .p .  8 7 ° ) .  
I d e n t i t y  o f  th i s  p r o d u c t  w a s  e s ta b l is h e d  a s  o u t l in e d  a b o v e .

Asaronic acid. A  s o lu t io n  o f  c a v iu n in  ( l a )  (9 0  m g .)  in  5 
m l. o f  3 %  a q u e o u s  s o d iu m  h y d r o x id e  w a s  t r e a t e d  a t  5 0 °  w i th  
s m a ll  p o r t io n s  o f  p o ta s s iu m  p e r m a n g a n a te  s o lu t io n  u n t i l  
t h e  c o n s u m p tio n  o f  t h e  o x id a n t  s u b s id e d . T h e  e x c e s s  p e r 
m a n g a n a te  w a s  r e d u c e d  w i th  s o d iu m  su lf i te ,  t h e  p r e c ip i t a t e  
s e p a r a te d  b y  f i l t r a t io n  a n d  w a s h e d  w i th  3 %  s o d iu m  h y 

(1 9 )  E .  C h a p m a n n ,  A . G . P e r k in ,  a n d  R .  R o b in s o n ,  J. 
Chem. Soc., 3 0 2 8  ( 1927).

d ro x id e  s o lu t io n .  T h e  c o m b in e d  f i l t r a te s  w e re  a c id if ie d  a n d  
e x t r a c t e d  w i th  c h lo ro fo rm . T h e  o r g a n ic  l a y e r  w a s  w a s h e d  
w i th  c o n c e n t r a t e d  s o d iu m  b ic a r b o n a te  s o lu t io n .  T h is  y ie ld e d , 
a f t e r  a c id if ic a t io n  a n d  e x t r a c t io n  w i th  c h lo ro fo rm , 4 0  m g . 
o f  a  s l ig h t ly  y e llo w  so lid  w h ic h  w a s  w a s h e d  w i th  a  l i t t l e  
e th a n o l .  V a c u u m  s u b l im a t io n  a f fo rd e d  w h i te  c r y s ta ls  o f 
a s a ro n ic  a c id ,  m .p .  1 4 4 -1 4 5 °  ( l i t . 18 m .p .  1 4 4 -1 4 5 .5 ° ) .  I d e n 
t i t y  w i th  a n  a u t h e n t i c  s a m p le  o f  2 ,4 ,5 - t r im e th o x y b e n z o ie  
a c id  w a s  e s ta b l is h e d  b y  m ix tu r e  m e l t in g  p o i n t  d e te r m in a t io n  
a n d  in f r a r e d  s p e c t r a l  c o m p a r is o n ;  Xmsx ( i n  N u jo l  m u ll) ,  
inter al., 5 .8 0 , 6 .0 0 , 7 .7 7 , 8 .2 3 , 9 .2 6 , a n d  9 .8 0  y. N i t r a t i o n  
y ie ld e d  l - n i t r o - 2 ,4 ,5 - t r im e th o x y b e n z e n e ,16 m .p .  a n d  m ix tu r e  
m .p .  w i th  a n  a u t h e n t i c  s a m p le  1 2 8 -1 3 0 ° .

O x id a t io n  o f  c a v iu n in  ( l a )  w i th  a lk a l in e  h y d r o g e n  p e r o x 
id e 20 1 a ls o  y ie ld e d  a s a ro n ic  a c id .

Acknowledgment. The authors wish to record their 
appreciation of the valuable help afforded by Dr.
B. Gilbert. They are indebted to Dr. E. J. Eisen- 
braun (Stanford University), Dr. W. D. Ollis 
(Bristol University), and Dr. T. R. Govindachari 
(Presidency College, Madras) who kindly remitted 
the model substances. Finally, they wish to thank 
the Conselho Nacional de Pesquisas, Brazil, for 
financial aid.

R i o  d e  J a n e ir o , B r a zil

(2 0 )  O . A . S ta m m , I I .  S c h m id , a n d  J .  B i ic h i ,  Kelt'. Chim. 
Acta, 4 1 ,2 0 0 6 ( 1 9 5 8 ) .

[C o n t r ib u t io n  fro m  t h e  D e p a r t m e n t  o f  C h e m is t r y , C o l l e g e  o f  S c ie n c e  a nd  T e c h n o lo g y , B r is t o l , 
a nd  t h e  D e p a r t m e n t  o f  O r g a n ic  C h e m is t r y , U n iv e r s it y  o f  B r is t o l ]

S y n th esis  o f  Isoflavones. Part I II .1 C aviunin
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T h e  s y n th e s i s  o f  c a v iu n in  ( 5 ,7 - d ih y d r o x y - 2 ',4 ',5 ',6 - te t r a m e th o x y is o f ia v o n e )  u s in g  t h e  e th o x a ly la t io n  m e th o d  is  d e -
s c r ib e d .

At the suggestion of Dr. Gottlieb and Dr. Magal- 
haes, whose interest we are pleased to acknowledge, 
we have investigated the synthesis of caviunin 
whose determination of structure is described in 
the preceding paper.2 Of the various methods 
which are available for the synthesis of isoilavones,3 
the method due to Baker and Ollis4 involving the 
reaction of benzyl o-hvdroxyphenyl ketones with 
ethoxalyl chloride is particularly suitable for the

(1 ) P a r t  I I .  W . B a k e r ,  J .  B . H a r b o r n e ,  a n d  \Y . D .  O llis , 
J. Chem. Soc.. I 8 6 0  (1 9 5 3 ).

(2 ) O . R .  G o t t l i e b  a n d  M . T .  M a g a lh a e s ,  J. Org. Chem., 
26, 2 4 4 9  (1 9 6 1 ).

(3 ) W . K . W a r b u r to n ,  Quart. Revs. (London), 8 , 6 7
( 1 9 5 4 ) ,  K .  V e n k a ta r a m a n  in  L . Z e c h m e is .te r ’s  Forlschritte 
der Chem. Org. Nat., V o l. 1 7 , p . 1, S p r in g e r  V e r la g , W ie n
(1 9 5 9 );  W . B a k e r  a n d  W . D . O llis , Sci. Proc. Roy. Dublin 
Soc., 2 7 , N o . 6, 119  (1 9 5 6 ) . W . D . O llis  in  The Chemistry of 
Flavcmoids, e d . b y  T .  A . G e is s m a n  ( P e r g a m o n  P r e s s ) .  I n  
p re s s .

(4 ) W . B a k e r  a n d  W . D . O llis , Nature, 1 6 9 , 7 0 6  ( 1 9 5 2 ) ;
W . B a k e r ,  J .  C h a d d e r to n ,  J .  B . H a r b o r n e ,  a n d  W . D . O llis ,
J. Chem. Soc., 1852  (1 9 5 3 ).

synthesis of isoilavones bearing several hydroxyl 
groups.

Caviunin is one of the more unusual types of iso- 
flavone in that it is a derivative of 5,7-dihydroxy-6- 
methoxyisoflavone. This class includes tectorigenin
(I), irigenin (II), and podospicatin5 (III) as well 
as caviunin (IV). Previously the synthesis of iso- 
flavones in this class has presented some difficulty 
but recently it was shown that the ethoxalylation 
method could be used for the synthesis of tectori
genin and irigenin.6 * 1959 1960 By a similar method, the 
followed synthesis of caviunin has been achieved.

Iloesch condensation of iretol and 2,4,5-tri- 
methoxybenzvl cyanide yielded the benzyl o- 
hydroxyphenyl ketone (VII). This ketone was 
treated with ethoxalyl chloride in pyridine solu-

(5 )  L . H .  B r ig g s  a n d  T .  P .  C e b a lo , Tetrahedron, 6, 143
(1 9 5 9 )  .

(6 )  W . B a k e r ,  D . F .  D o w n in g , A . J .  F lo y d ,  B . G i lb e r t ,  
W . D . O llis , a n d  R .  C . R u s s e l l ,  Tetrahedron Letters, N o . 5, 6
(1 9 6 0 )  .
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I .  W  =  H ;  X  =  H ;  Y  =  O H ;  Z  =  H  
I L  W  =  H ;  X  =  O H ;  Y  =  O C H 3, Z  =  O C H 3

I I I .  W  =  O H ;  X  =  H ;  Y  =  H ;  Z  =  O C H 3
I V . W  =  O C H 3; X  =  H ;  Y  =  O C H 3; Z  =  O C H 3

V . W  =  H ;  X  =  H ;  Y  =  O H ;  Z  =  H
V I .  W  =  H ;  X  =  O H ;  Y  =  O C H 3; Z  =  O C H 3

V I I .  W  =  O C H 3; X  =  H ;  Y  =  O C H ,;  Z  =  O C H a

tion and the total ethoxalylation product was 
hydrolyzed with alkali and thermally decarbox- 
ylated. The decarboxylation reaction product was 
purified by chromatography on thick paper and 
yielded the isoflavone (IV) which was identical 
with caviunin. The synthetic isoflavone was charac
terized as its diacetate and both these compounds 
gave very detailed infrared spectra which were 
identical with the infrared spectra of caviunin and 
its diacetate.

I t was expected from our experiences with the 
synthesis of tectorigenin and irigenin6 that this 
synthesis would have yielded both caviunin 
(VIII. R = X = H; W = Y = Z = OCH3) and 
its isomer (IX. R = X = H;W  = Y = Z = OCH3). 
However, chromatographic examination of the 
total ethoxalylation product from the ketone
(VII) did not indicate that it was a mixture of the 
two possible products (VIII and IX. R = 
C02C2H6; X = H ;W  = Y =  Z =  OCH3). Further
more, the isomer (IX. R = X = H; W = Y = Z 
= OCH3) of caviunin was not present in detectable 
amounts in the total product obtained by hydrolysis 
and decarboxylation of the crude 2-carbethoxyiso- 
flavone. This result certainly contrasts with our 
earlier experiences in synthetical approaches to 
tectorigenin (I) and irigenin (II), when the 2- 
carbethoxy-'F-tectorigenin (IX. R = C02C2H6; 
W = X  = Z = H; Y = OH) and 2-carbethoxy- 
T-irigenin (IX. R = C02C2H5; W = H; X = OH; 
Y = Z = OCH3) were the compounds which were

more easily isolated from the mixture produced 
in the ethoxalylation reaction. Clearly the relative 
proportions of the two possible products (see VIII 
and IX. R = C02C2H6) which could be formed 
from a ketone of the type derived from iretol 
(see V-VII) are controlled by subtle features.

EX PER IM EN TA L

2,4,6-Trimethoxybenzyl 2,4,6-trihydroTy-S-methoxyphemjl 
ketone ( V I I ) .  A  m ix tu r e  o f  i r e to l7 (4 .2  g .) , 2 ,4 ,5 - t r im e t .h o x y -  
b e n z y l  c y a n id e 8 (6 .0  g .) a n d  a n h y d r o u s  zinc, c h lo r id e  ( 5 .0  g.) 
in  a n h y d r o u s  e th e r  (1 5 0  m l.)  w a s  s a t u r a t e d  w i th  d r ie d  h y d r o 
g e n  c h lo r id e  d u r in g  5  h r .  a t  0 °  a n d  a f t e r  k e e p in g  a t  0 °  fo r  ] 
w e e k , t h e  e th e r  s o lu t io n  w a s  d e c a n te d  f ro m  t h e  o ily  la y e r  o f 
k e t im in e  h y d ro c h lo r id e -z in c , c h lo r id e  c o m p le x  w h ic h  h a d  
s e p a r a te d .  T h e  o ily  la y e r  w a s  s h a k e n  tw ic e  w i th  d r y  e th e r  
(2 5 0  m l.)  t h e n  h e a te d  ( n i tr o g e n  a tm o s p h e re )  o n  a  s te a m  
b a t h  w i th  w a te r  (4 0 0  m l.)  w h ic h  h a d  b e e n  p r e v io u s ly  b o ile d  
w i th  a  s t r e a m  o f  n i t ro g e n  b u b b l in g  th r o u g h  i t .  A f te r  c o o lin g  
a n d  s ta n d in g ,  t h e  p r o d u c t  w a s  c o lle c te d  a n d  r e c r y s ta l l iz e d  
f ro m  a q u e o u s  e th a n o l  g iv in g  t h e  k e to n e  ( V I I )  (5 .9  g ., 6 0 % )  a s  
a lm o s t  co lo r le ss  r h o m b s ,  m .p . 2 1 1 -2 1 2 ° . T h e  u l t r a v io l e t  
s p e c t ru m  in  9 5 %  e th a n o l  sh o w e d  a  m a x im u m  a t  291 my ( lo g  
e 3 .3 9 ) , a n  in f le c t io n  a t  3 4 0  m /t ( lo g  e 2 .5 4 ) a n d  a  m in im u m  a t  
2 5 3  ni/u ( lo g  e 2 .1 3 ) .

Anal. C a lc d . fo r  C ,8H 20O 8: C , 5 9 .4 6 ; H , 5 .5 0 . F o u n d :  C , 
5 9 .4 5 ; H ,  5 .7 9 .

Caviunin ( I V ) .  T h e  a b o v e  k e to n e  ( V I I )  (2 .4 8  g .) w a s  d is 
so lv e d  in  d r y  p y r id in e  (5 0  m l.)  a n d  e th o x a ly l  c h lo r id e  (4 .5  
m l.)  a d d e d  w i th  s h a k in g  a t  0 ° .  A f te r  k e e p in g  a t  0 °  fo r  3 d a y s , 
i t  w a s  p o u r e d  in to  wra t e r  a n d  e x t r a c te d  w i th  c h lo ro fo rm . 
T h e  e x t r a c t  w a s  w a s h e d  w i th  d i lu te  s u lfu r ic  a c id  a n d  w ith  
w a te r ,  d r ie d  (m a g n e s iu m  s u l f a te ) ,  a n d  e v a p o r a t e d  to  y ie ld  th e
2 - c a r b e th o x v is o f la v o n e  (3 .1 8  g .) a s  a n  o il w h ic h  s h o w e d  o n e  
m a in  s p o t  (R /  =  0 .8 6 ) b y  c h r o m a to g r a p h y 9 o n  W h a tm a n  N o . 
3  p a p e r .

T h is  o il (3 .1 0  g.) w a s  d is s o lv e d  in  a c e to n e  (1 5 0  m l.)  a n d  
a d d e d  t o  a  m ix tu r e  o f  a i r  f re e  w a te r  (7 5 0  m l.)  a n d  2.Y a q u e o u s  
s o d iu m  h y d r o x id e  (3 3  m l.) .  A f te r  k e e p in g  a t  ro o m  te m p e r a 
t u r e  fo r  12 h r . ,  a c id if ic a t io n  a n d  e x t r a c t io n  w i th  c h lo ro fo rm  
y ie ld e d  t h e  i s o f la v o n e -2 -c a rb o x y lic  a c id  a s  a  l ig h t  b ro w n  
a m o r p h o u s  s o lid  (2 .9  g .) . C h r o m a to g r a p h y 9 o n  W h a tm a n  N o . 
1 p a p e r  g a v e  o n e  m a in  s p o t  (R; 0 .7 9 ) w h e n  e x a m in e d  u n d e r  
u l t r a v io l e t  l ig h t .

A  p o r t io n  (8 6 0  m g .)  o f  t h i s  c r u d e  is o f la v o n e -2 -c a rb o x jd ic  
a c id  w a s  d iv id e d  in to  4 0  s m a ll  p o r t io n s  (c a . 2 0  m g .) .  E a c h  
s m a ll  p o r t io n  w a s  p la c e d  in  a n  ig n i t io n  t u b e  a n d  h e a t e d  a t  
2 9 5 °  f o r  3 - 3 .5  m in . ,  w h e n  d e c a r b o x y la t io n  w a s  c o m p le te d . 
T h e  p r o d u c t  w a s  r e m o v e d  f ro m  t h e  ig n i t io n  t u b e s  w i th  
w a r m  e th a n o l  g iv in g  a  g u m  (6 4 9  m g .)  w h ic h  w a s  c h r o m a to 
g r a p h e d  o n  s i l ic a  a n d  e lu te d  w i th  c h lo ro fo rm . T h e  c h lo ro fo rm  
e lu a te  (4 3 8  m g .)  w a s  c h r o m a to g r a p h e d 9 o n  W h a tm a n  ( N o .  3 
M M )  th i c k  p a p e r  a n d  t h e  s t r ip  b e a r in g  th e  m a jo r  b a n d  (Rf 
=  0 .7 5 -0 .9 0 )  w a s  c u t  o u t  a n d  e lu te d  w i th  e th a n o l  y ie ld in g  a  
c r y s ta l l in e  c o m p o u n d  (2 2 2  m g .) .  T h is  m a te r ia l  s h o w e d  Rf  
%. A s in  0 .7 2  id e n t ic a l  w i th  t h a t  o f  c a v iu n in  o n  p a p e r  c h ro 
m a to g r a p h y .9 R e c r y s ta l l iz a t io n  o f  t h i s  f r a c t io n  f ro m  c h lo ro 
fo rm  a n d  f ro m  e th a n o l  g a v e  c a v iu n in  a s  c o lo r le s s  n e e d le s ,  m .p . 
a n d  m ix e d  m .p .  1 9 1 -1 9 2 ° .

Anal. C a lc d . fo r  C i5H 60 4 ( O C H 3)„: C , 6 0 .9 6 ; H , 4 .8 5 ; 
O C H 3, 3 3 .1 6 . F o u n d :  C , 6 0 .4 6 ; H , 5 .4 8 ; O C H 3, 3 2 .6 7 .

(7 )  R .  E .  D a m s c h r o d e r  a n d  R .  L . S h r in e r ,  J. Amer. 
Chem. Soc., 5 9 , 931 (1 9 3 7 ).

(8 ) A . R o b e r t s o n  a n d  G . L . R u s b y ,  J. Chem. Soc., 1371
(1 9 3 5 ).

(9 ) T h e  s o lv e n t  u s e d  in  p a p e r  c h r o m a to g r a p h y  w a s  th e  
t o p  l a y e r  o f  a  m ix tu r e  o f  b e n z e n e , a c e t ic  a c id , f o rm ic  a c id , 
a n d  w a te r  i n  t h e  p r o p o r t io n s  8 : 2 : 1  ; 1 b y  v o lu m e .
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T h e  s y n t h e t i c  c a v iu n in  w a s  c h a r a c te r iz e d  a s  i t s  d ia c e ta te ,  
c o lo r le s s  c r y s ta ls  f ro m  e th a n o l ,  m .p .  a n d  m ix e d  m .p .  1 9 7 .5 ° .

Anal. C a lc d . fo r  C ,9H lcOe ( O C H 3) 4; C , 6 0 .2 6 ; H , 4 .8 4 ; 
O C H 3, 2 7 .1 . F o u n d :  C , 5 9 .9 1 ; H ,  5 .1 8 ; O C H 3, 2 8 .7 .

T h e  n a t u r a l  a n d  s y n th e t i c  c a v iu n in  g a v e  id e n t ic a l  in f r a r e d  
( N u jo l  m u ll)  a n d  u l t r a v io l e t  s p e c t r a .  T h e  in f r a r e d  s p e c t r a  
( N u jo l  m u ll)  o f  t h e  d i a c e t a t e s  w e re  a ls o  id e n t ic a l .

B r i s t o l  8 , E n g l a n d

[ C o n t r i b u t i o n  f r o m  t h e  A r t h r i t i s  R e s e a r c h  L a b o r a t o r y , D e p a r t m e n t s  o p  M e d i c i n e  a n d  B i o c h e m i s t r y , U n i v e r s i t y

o p  A l a b a m a  M e d i c a l  C e n t e r ]

M e th y l D er iv a tiv es  o f  D -M a n n o sa m in e

W O L F G A N G  R O T H  a n d  W A R D  P I G M A N  
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B y  r e p l a c e m e n t  o f  a  p - to ly ls u l fo n y lo x y  g r o u p  w i th  h y d r a z in e  a n d  s u b s e q u e n t  r e d u c t io n s ,  2 -a m m o -2 - d e o x y - 3 -0 - m e th y l -  
n - m a n n o s e  h y d r o c h lo r id e  a n d  c r y s ta l l in e  2 - a m in o -2 - d e o x y - 3 ,5 ,6 - t r i -0 - m e th y l -D - m a n n o s e  h y d r o c h lo r id e  a n d  t h e i r  c r y s ta l l in e  
m e th y l  ^ -g ly c o s id e s  w e re  p r e p a r e d .  O th e r  n e w  a m o r p h o u s  i n te r m e d ia te s  a r e  r e p o r te d .

The interest in the preparation of methylated 
derivatives of 2-amino-2-deoxy-D-mannose arises 
from the finding of D-mannosamine as a structural 
entity of the biochemically important neuraminic 
acid.1 2 3 4 5 6 The methods for the preparation of 2-amino-
2-deoxy-D-mannose2-6 require the separation of 
this sugar from its epimeric isomer in one step of 
the procedure. We are reporting the preparation 
of methyl ethers of D-mannosamine by a method 
which avoids such a separation and leads unambig
uously only to compounds with a 2-amino-2- 
deoxy-D-mannose configuration.

It has been shown that the replacement of a 
p-tolylsulfonyloxy group with hydrazine7 in ap
propriately substituted sugars proceeds with Wal
den inversion.8-10 The application of this reaction 
to 2-O-p-tolysulfon yl-D-gl ucose derivatives should 
therefore yield compounds with a 2-hydrazino-2- 
deoxy-D-mannose configuration in which the hy- 
drazino group should be reducible to an amino 
group.8 9 10'11

In an effort to get the unsubstituted D-mannos- 
amine, we prepared the methyl 2-O-p-tolylsul- 
f onyl-3,5,6-tri-O-benzyl-a,/S-D-glucof uranoside by

( 1 ) D. G . C o m b  a n d  S . R o s e m a n ,  J. Am. Chem. Soc., 8 0 , 
4 9 7 , 3 1 6 6  ( 1 9 5 8 ) .

( 2 )  P .  A . L e v e n e , J. Biol. Chem., 3 6 , 7 3  (1 9 1 8 ) ;  3 9 , 69  
(1 9 1 9 ).

( 3 )  R .  K u h n  a n d  W . K i r s c h e n lo h r ,  Ann., 6 0 0 , 115
( 1 9 5 6 ) ;  R .  K u h n  a n d  W . B is te r ,  Ann., 6 0 2 , 2 1 7  (1 9 5 7 ) ;
R .  K u h n  a n d  J .  C . J o c h im s ,  Ann., 6 2 8 , 17 2  (1 9 5 9 ) .

(4 )  C . T .  S p iv a k  a n d  S . R o s e m a n ,  J. Am. Chem. Soc.,
8 1 , 2 4 0 3  (1 9 5 9 ).

( 5 )  A . N .  O ’N e il l ,  Can. J. Chem., 3 7 , 174 7  (1 9 5 9 ) .
( 6 )  J .  C . S o w d e n  a n d  M . L .  O f te d a h l ,  J. Am. Chem. Soc.,

8 2 , 2 3 0 3  (1 9 6 0 ) .
( 7 )  K .  F r e u d e n b e r g ,  O . B u r k h a r t ,  a n d  E .  B r a u n ,  Ber., 

5 9 , 7 1 4  (1 9 2 6 ) .
(8 )  R .  U . L e m ie u x  a n d  P .  C h u ,  J. Am. Chem. Soc., 8 0 , 

4 7 4 5  (1 9 5 8 ).
(9 )  M . L . W o lf ro m , F .  S h a f iz a d e h , R .  K .  A r m s tr o n g ,  a n d

T . M . S h e n , J. Am. Chem. Soc., 8 1 , 3 7 1 6  (1 9 5 9 ) .
(1 0 )  R .  K u h n  a n d  G . B a s c h a n g ,  Ann., 6 2 8 , 193 (1 9 5 9 ) .
(1 1 )  M . L .  W o lf ro m , F .  S h a f iz a d e h , a n d  R .  K .  A r m 

s t r o n g , J. Am. Chem. Soc., 8 0 , 4 8 8 5  ( 1 9 5 8 ) .

tosylation of methyl 3,5,6-tri-0-benzyl-a,,6-D- 
glucofuranoside12 in pyridine. The replace
ment of the p-tolylsulfonyloxy group with hy
drazine, however, was not achieved even after 
a prolonged period of refluxing (four days). The 
steric effect of a large benzyl group in the 3- posi
tion or even in the 5- and 6- positions seems the 
probable basis for this lack of reactivity.

In order to test this supposition, the reaction 
was then carried out on the corresponding
3-O-methyl-5,6-di-0-benzyl derivative. This com
pound was prepared by benzylation of 1,2-0 - 
isopropylidene-3-O-methyl-D-glucofuranose (I)14 
with benzyl chloride and potassium hydroxide, 
yielding 1,2-0 -isopropylidene-3-0 -meth3Ì- 5.6- di- O- 
benzyl-n-glucofuranose (II). With methanolic hy
drogen chloride the isopropylidene group was split 
off, and a mixture of the a- and ̂ -glycosides (III) was 
formed. Tosylation of III in pyridine yielded methyl
2-0-p-tolylsulfonyl-3-0-methyl-5,6-di-0-benzyl-o:,l8- 
D-glucofuranoside (XV). For this compound, also, a 
replacement of the p-tolysulfonyloxy group with 
hydrazine could not be achieved.

To show whether benzyl groups in the 5- or 6- 
positions would prevent a back-side displacement 
by hydrazine of the p-tolylsulfonyloxy group, the 
methyl 2-O-p-tolylsulfonyl-3,5,6-tri-0-methyl-/3-n- 
glucofuranoside was prepared by tosylation of the 
known methyl 3,5,6-tri-0-methyl-/3-D-glucofurano- 
side.13 This compound was found to react with hy
drazine. On subsequent hydrogenation with Raney 
nickel catalyst the methyl 2-amino-2-deoxy-3,5,6- 
tri-0-methyl-(3-D-mannofuranoside was isolated as a 
crystalline hydrochloride. Hydrolysis with hydro
chloric acid yielded the crystalline 2-amirto-2-deoxy-
3,5,6-tri-O-methyl-D-mannose hydrochloride.

(1 2 )  F .  W e y g a n d  a n d  O . T r a u t h ,  Ber., 8 5 , 5 7  (1 9 5 2 ).
(1 3 )  P .  A . L e v e n e  a n d  G . M . M e y e r ,  J . Biol. Chem., 7 0 , 

3 4 3  (1 9 2 6 ) ;  7 4 , 701 (1 9 2 7 ).
(1 4 )  E .  V is c h e r  a n d  T .  R e ic h s te in ,  Helv. Chim. Acta, 

2 7 ,1 3 3 2 ( 1 9 4 4 ) .
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To prepare the corresponding 2-amino-2-deoxy-
3-O-methyl-D-mannose, the methyl 3-O-methyl-
5,6-di-0-benzyl-a,j8-D-glucofuranoside (III) was hy
drogenated with palladium catalyst to eliminate the 
benzyl groups (IV). By treatment with acetone 
and cupric sulfate, an isopropylidene group was 
introduced, and high vacuum distillation of the 
resulting compound (V) allowed the separation of 
the a- and (3-glycosides (Va. Vb) which subse
quently were tosylated in pyridine to yield Via 
and VIb.

These compounds were subjected to hydrazine 
treatment and the resulting products (Vila and 
Vllb) were hydrogenated with Raney nickel 
catalyst to yield the amino compounds V illa and 
VUIb. Attempts to isolate VUIb as a hydrochloride 
failed, caused the elimination of the isopropylidene 
group and produced the crystalline methyl 2- 
amino- 2- deoxy- 3- 0- methyl - /3 - d - mannof uranoside 
hydrochloride (IXb). Acid hydrolysis of V illa and 
IXb yielded the same compound (X) which could 
only be isolated as an amorphous hydrochloride.

V-Acetylation15 of X did not lead to a crystalline 
compound.

The different optical rotations of the hydro
chlorides of X and 2-amino-2-deoxy-3-0-methyl-D- 
glucose ([a]2D — 23.3°, final, compared with 
+  91.0° final,16 and their different chromato
graphic properties (Rg value 1.09 compared with
1.19 in 1-butanol-pyridine-water, 6:4:3) seems 
reasonable evidence that the replacement of the 
p-tolysulfonyloxy group had proceeded with Wal
den inversion. In the presence of the blocking 
groups, the reaction of Via and VIb could only 
yield these two compounds.

EXPERIMENTAL

Methyl Z-0-p-tolylsulJonyl-S,B,6-tri-0-hemyl-a,p-v>-gluco- 
furanoside ( X I ) .  T o  a  s o lu t io n  o f  12 g . o f  m e th y l  3 ,5 ,6 - t r i -O -  
b e n z y l-a ,j8 -D -g lu c o fu ra n o s id e 12 in  60  m l.  o f  d r y  p y r id in e ,  a

(1 5 )  S . R o s e m a n  a n d  J .  L u d o w ie g , J. Am. Chem. Soc., 
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s o lu t io n  o f  7 .5  g . o f  p - to ly ls u l fo n y l  c h lo r id e  in  15 m l. o f  c h lo ro 
f o rm  w a s  a d d e d  a t  0 ° .  A f te r  t h e  r e a c t io n  m ix tu r e  h a d  b e e n  
k e p t  a t  ro o m  t e m p e r a t u r e  f o r  12 h r . ,  1 .5  m l. o f  w a te r  w a s  
a d d e d  a n d  t h e  s o lu t io n  w a s  v ig o r o u s ly  s t i r r e d  fo r  1 h r .  
S u b s e q u e n t ly ,  c h lo r o fo r m  (1 5 0  m l .)  w a s  a d d e d ,  a n d  th e  
s o lu t io n  w a s  p o u r e d  in  1 1. o f  w a te r .  T h e  c h lo ro fo rm  la y e r  
w a s  s e p a r a te d ,  w a s h e d  tw ic e  w i th  1 0 %  s u lf u r ic  a c id , tw ic e  
w i th  s a t u r a t e d  s o d iu m  b i c a r b o n a te  s o lu t io n ,  a n d  f in a lly  
w i th  w a te r .  T h e  c h lo ro fo rm  la y e r  w a s  t h e n  d r ie d  w i th  c a l
c iu m  c h lo r id e  a n d  e v a p o r a t e d .  T h e  c o lo r le s s  s i r u p  c o u ld  n o t  
b e  d is t i l le d  in  h ig h  v a c u u m  w i th o u t  d e c o m p o s i t io n .

Anal. C a lc d . fo r  CssHssO gS: C , 6 7 .9 4 ; H , 6 .1 9 ; S , 5 .1 8 . 
F o u n d :  C , 6 8 .1 3 ; H ,  6 .3 5 ; S , 5 .1 1 .

Methyl 2-0-'p-lolylsidfon.yl-8,5,6-lri-0-methyl-f3-T>-glucofu- 
ranoside ( X I I ) .  M e th y l  3 ,5 ,6 - tr i -0 -m e th y l- /3 -D -g lu c o fu ra n o -  
s id e 13 w a s  t r e a t e d  w i th  to ly ls u l f o n y l  c h lo r id e  a s  d e s c r ib e d  
fo r  t h e  b e n z y l  d e r iv a t iv e  ( X I ) .  T h e  p r o d u c t  c o u ld  n o t  b e  
d is t i l le d  in  h ig h  v a c u u m  w i th o u t  d e c o m p o s i t io n .

Anal. C a lc d .  fo r  C n H 260 8S : C , 5 2 .2 9 ; H ,  6 .7 1 ; S , 8 .2 1 . 
F o u n d :  C , 5 2 .0 3 ; H ,  6 .6 6 ; S , 7 .9 6 .

Methyl 2-amino-2-deoxy-8,5,6-tri-0-methyl-l3-T>-manno- 
furanoside hydrochloride ( X I I I ) .  A  m ix tu r e  o f 2 5  g . o f  X I I  
a n d  5 0  g . o f a n h y d r o u s  h y d r a z in e  (9 5  +  % )  w a s  h e a te d  
u n d e r  re f lu x  ( b a t h  t e m p e r a t u r e  1 4 0 ° )  fo r  3 6  h r .  A f te r  co o lin g , 
t h e  f in a l  h o m o g e n e o u s  s o lu t io n  w a s  e x t r a c te d  fo u r  t im e s  w i th  
1 0 0 -m l. p o r t io n s  o f e th e r .  T h e  c o m b in e d  e th e r  f r a c t io n s  w e re  
t h e n  e x t r a c te d  w i th  2 0 0  m l. o f  w a te r .  S u b s e q u e n t ly  t h e  w a te r  
p h a s e  w a s  t r e a t e d  w i th  R a n e y  n ic k e l  c a t a l y s t  (ca. 3 - 4  g .)  fo r  
6 h r .  a t  ro o m  t e m p e r a t u r e  a n d  th e n  h y d r o g e n a te d  fo r  20  h r .  
a t  3  a tm .  p r e s s u re ,  u s in g  R a n e y  n ic k e l  c a t a l y s t  a d d e d  b e fo re . 
T h e  c a t a l y s t  w a s  f i l t e r e d  o ff, a n d  t h e  s o lu t io n  e v a p o r a t e d  in 
vacuo. T h e  r e m a in in g  s i r u p  -was d is s o lv e d  in  e th e r .  W h e n  
m e th a n o l ic  h y d r o g e n  c h lo r id e  w a s  a d d e d ,  a  c r y s ta l l in e  c o m 
p o u n d  p r e c ip i t a t e d ,  w h ic h  wya s  r e c r y s ta l l iz e d  f ro m  a lc o h o l. 
Y ie ld  15 g . ; m . p .  2 2 7 -2 3 2 °  d e c . [ a ] 2D° - 5 7 . 2 °  (c , 1, w a te r ) .

Anal. C a lc d . f o r  C ioH 220 6N C 1 : C , 4 4 .3 0 ; H ,  8 .1 6 ; N ,  5 .1 6 . 
F o u n d :  C , 4 4 .3 1 ; H ,  8 .2 9 ; N ,  5 .2 4 .

2-Amino-2-deox.y-8,5,6-lri-0-methyl~D-mannose hydrochlo
ride ( X I V ) .  A  s o lu t io n  o f  12  g . o f  X I I I  i n  5 0  m l.  o f  2 .5 N  
h y d r o c h lo r ic  a c id  w a s  h e a t e d  o n  a  s t e a m  b a t h  f o r  2  h r .  a n d  
th e n  e v a p o r a t e d  in vacuo. T h e  r e s id u e  w a s  r e c r y s ta l l iz e d  
f ro m  a lc o h o l, y ie ld  10  g .;  m .p .  >  3 0 0 ° , t u r n s  d a r k  a t  1 9 0 ° ; 
[ a ] 2D — 1 3 .0 °  f in a l  (c , 1, w a te r ) ;  + 1 6 .7 °  ( e x t r a p . )  —*■ — 8 7 °  
(c  1, p y r id in e ) .

Anal. C a lc d . f o r  C o IR o O sN C l: C , 4 1 .9 4 ;  H ,  7 .8 2 ; N ,  5 .4 4 . 
F o u n d :  C , 4 1 .7 4 ; H ,  7 .7 6 ; N ,  5 .5 0 .

Methyl 2-0-p-tolylsulfonyl-S-0-methyl-5,6-di-0-benzyl-a,fl- 
B-glucofuranoside ( X V ) .  C o m p o u n d  I I I  w a s  t r e a t e d  w i th  
to ly ls u l f o n y l  c h lo r id e  a s  d e s c r ib e d  fo r  t h e  p r e p a r a t io n  o f  X I .  
T h e  r e s u l t in g  s i r u p  c o u ld  n o t  b e  d is t i l le d  w i th o u t  d e c o m p o s i
t io n ,  e v e n  in  h ig h  v a c u u m  (1 0  —3 m m .) .

Anal. C a lc d . fo r  C 29H M0 8S : C , 6 4 .1 9 ; H , 6 .3 2 ; S , 5 .9 1 . 
F o u n d :  C , 6 3 .7 0 ; H , 6 .1 0 ; S , 5 .6 1 .

1,2-0-1sopropyUdene-8-0-methyl-6,6-di-0-benzyl-n-gluco- 
furanose ( I I ) .  I n  a  th r e e - n e c k e d  f la s k  p r o v id e d  w i th  a  m e 
c h a n ic a l  s t i r r e r  a n d  a  c o n d e n s e r ,  9 0  g . o f  1,2 -O -is o p ro p v lid e n e -
3 -O -m e th y l-n -g lu c o fu ra n o s e  ( I )  w a s  d is s o lv e d  in  1 1. o f  d r y ,  
f re s h ly  d is t i l le d  b e n z y l  c h lo r id e , a n d  2 5 0  g . o f  p o w d e r e d  p o ta s 
s iu m  h y d r o x id e  w a s  a d d e d  w i th  v ig o ro u s  s t i r r in g .  T h e  r e a c 
t io n  m ix tu r e  w a s  h e a t e d  t o  1 0 0 °  w h ile  t h e  s t i r r in g  w a s  c o n 
t in u e d .  A f te r  30  m in .,  a n o th e r  p o r t io n  o f  2 5 0  g . p o w d e re d  
p o ta s s iu m  h y d r o x id e  w a s  a d d e d ,  a n d  t h e  h e a t in g  a n d  s t i r 
r in g  w a s  e x te n d e d  4  m o r e  h o u r s .  A f te r  c o o lin g , w a te r  w a s  
a d d e d ,  a n d  th e  w 'a te r  p h a s e  w h e n  s e p a r a te d  w a s  e x t r a c te d  
tw ic e  w i th  e th e r .  T h e  e x t r a c t s  w e re  c o m b in e d  w i th  t h e  b e n z y l  
c h lo r id e  p h a s e ,  d r ie d  w i th  p o ta s s iu m  h y d r o x id e  a n d  e v a p o 
r a t e d  in vacuo, f in a l ly  a t  5  X  1 0 ~ s m m . a n d  1 0 0 ° . T h e  r e s id u e , 
f re e  o f  b e n z y l  c h lo r id e  a n d  b e n z y l  a lc o h o l, w a s  t h e n  d is t i l le d  
in  a  m o le c u la r  s t i l l  a t  3 X  1 0 ~ 3 m m . a t  1 4 0 ° , y ie ld  8 5 % ;  
[ a ] 2D° —3 2 .4 °  (c, 1, c h lo ro fo rm ) .

Anal. C a lc d . f o r  C jjH aoO a: C , 6 9 .5 4 ;  H ,  7 .3 0 . F o u n d :  C , 
6 9 .8 8 ; H ,  7 .4 9 .

Methyl S-0-meihyl-B,6-di-0-benzyl-a,8-vi-glucojuranoside
( I I I ) .  A  s o lu t io n  o f  132  g . o f  I I  in  11 . o f  m e th a n o l  c o n ta in in g  
0 .5 %  h y d r o g e n  c h lo r id e  w a s  h e a t e d  f o r  6  h r .  u n d e r  re f lu x . 
A f te r  c o o lin g  t h e  s o lu t io n  w a s  n e u t r a l i z e d  w i th  le a d  c a r b o 
n a t e ,  f i l te r e d , a n d  e v a p o r a t e d  in vacuo; y ie ld  o f  t h e  r e m a in in g  
s i r u p ,  9 5 % .

Anal. C a lc d . f o r  C 22H 280 6 : C , 6 8 .0 2 ; H ,  7 .2 6 . F o u n d :  C , 
6 7 .8 9 ; H ,  7 .3 1 .

Methyl 8-0-methyl-a,l3-n-glucofuranoside ( I V ) .  A  s o lu t io n  
o f  118  g . o f  I I I  in  5 0 0  m l. t e t r a h y d r o f u r a n  w a s  h y d r o g e n a te d  
w i th  h y d r o g e n  u s in g  p a l la d iu m  b la c k  c a t a l y s t  (ca. 1 g .)  a t  3 
a t m .  p r e s s u re  f o r  12  h r . ,  a n d  2  m o le s  o f  h y d r o g e n  w a s  a b 
s o r b e d . T h e  c a t a l y s t  -was r e m o v e d  b y  f i l t r a t io n ,  t h e  s o lu t io n  
e v a p o r a t e d  in vacuo, t h e  r e s id u e  d is s o lv e d  in  a c e to n e  a n d  th e  
s o lu t io n  a g a in  e v a p o r a t e d ;  y ie ld  o f  t h e  r e m a in in g  s i r u p ,  
9 5 % .

Anal. C a lc d . f o r  C 8H i6Q 6: C , 4 6 .1 5 ; H ,  7 .7 5 . F o u n d :  C , 
4 5 .9 0 ; H ,  7 .6 7 .

Methyl 8-0-methyl-B,6-0-isopropylidene-a and B-o-gluco- 
Juranosides (V ) .  T o  a  s o lu t io n  o f  69  g . o f  I V  in  2  1. o f  a c e to n e , 
3 0  g . o f  a n h y d r o u s  c u p r ic  s u l f a te  w a s  a d d e d ,  a n d  t h e  r e a c t io n  
m ix tu r e  w a s  s t i r r e d  f o r  10 d a y s .  T h e  p r e c ip i t a t e  w a s  r e m o v e d  
b y  f i l t r a t io n ,  a n d  t h e  y e llo w  s o lu t io n  e v a p o r a t e d  in vacuo. 
S u b s e q u e n t ly ,  t h e  r e s id u e  w a s  f r a c t i o n a t e d  b y  h ig h  v a c u u m  
d is t i l l a t io n .  A t  9 0 - 9 2 °  a n d  5 X  1 0 ~ 3 m m . a  f r a c t io n  (V a )  
-was c o l le c te d  a s  a  c o lo r le s s  s i r u p ,  y ie ld  3 9 % , [ a ] 2D° + 6 7 .2 °  
(c, 2, c h lo ro fo rm ) .

Anal. C a lc d .  f o r  C n H 2o 0 6: C , 5 3 .2 1 ; H ,  8 .1 2 . F o u n d :  C  
5 3 .1 2 ; H ,  8 .0 7 .

A t  1 1 4 -1 1 6 °  a n d  5  X  1 0 -3  m m ., a n o th e r  c o m p o u n d  (V b )  
w a s  i s o la te d  a s  a  l ig h t  y e llo w  s i r u p ;  y ie ld  4 2 % , [ a ] 2D° — 5 4 .1 °  
(c , 1, c h lo ro fo rm ) .

Anal. C a lc d .  fo r  C n B + O e : C , 5 3 .2 1 ;  FI, 8 .1 2 . F o u n d :  C , 
5 3 .4 3 ;  H ,  8 .0 1 .

Methyl 2-0-p-tolylsulfonyl-8-0-methyl-5,6-0-isopropyli- 
dene-a-D-glucofuranoside ( V i a ) .  C o m p o u n d  V a  w a s  t r e a t e d  
w i th  p - to ly ls u l fo n y l  c h lo r id e  a s  d e s c r ib e d  f o r  t h e  p r e p a r a t io n  
o f  X I ,  y ie ld  8 5 %  o f l i g h t  y e llo w  s i r u p ,  [a]™ +  7 5 .8  (c , 1, 
c h lo ro fo rm ) .

Anal. C a lc d . fo r  C i8H 260 „  S : S , 7 .9 7 . F o u n d :  S , 7 .7 3 .

Methyl 2-0-p-tolylsulfonyl-3-0-methyl-B,6'-0-isopropyli- 
dene-fi-v-glucofuranoside ( V I b ) .  C o m p o u n d  V b  w a s  t r e a t e d  
w i th  p - to ly ls u l fo n 3' l  c h lo r id e  a s  d e s c r ib e d  f o r  t h e  p r e p a r a t io n  
o f  X I ;  y ie ld  9 0 %  o f l ig h t  y e llo w  s i r u p ,  [ a ] 2D° — 2 8 .5  (c, 1, 
c h lo ro fo rm ) .

Anal. C a lc d . fo r  C i8H 260 8S : S , 7 .9 7 . F o u n d :  S , 8 .0 7 .

Methyl 2-amino-2-deoxy-3-0-methyl-f}-D-mannofuranoside 
hydrochloride ( I X b ) .  C o m p o u n d  V I b  (2 0  g .)  w a s  t r e a t e d  w i th  
h y d r a z in e  a n d  a f te rw ’a r d s  h y d r o g e n a te d ,  a s  d e s c r ib e d  fo r  t h e  
p r e p a r a t io n  o f  X I I I .  T h e  s o lv e n t  w a s  e v a p o r a t e d  a n d  t h e  
r e s id u e  d is s o lv e d  in  e th e r ,  t h e n  m e th a n o l ic  h y d r o g e n  c h lo r id e  
w a s  a d d e d  a n d  a f t e r  15 m in . p e t r o le u m  e th e r .  T h e  p r e c ip i 
t a t e d  s i r u p  w a s  s e p a r a te d  a n d  d is s o lv e d  in  a lc o h o l. O n  th e  
a d d i t io n  o f  e th e r ,  c r y s ta l l i z a t io n  o c c u r r e d .  T h e  r e a c t io n  p r o d 
u c t  w a s  r e c r y s ta l l iz e d  f ro m  a lc o h o l;  y ie ld  6 5 % , m .p .  1 8 0 -  
1 8 5 °  d e c ., [ a j 2D° — 9 0 .7 °  (c , 2 , w a te r ) .

Anal. C a lc d . fo r  C jH is O sN C l: C , 3 9 .4 3 ; H ,  7 .4 5 ; N ,  5 .7 5 . 
F o u n d :  C , 3 9 .8 0 ; H ,  7 .5 7 ; N ,  5 .7 7 .

2-Amino-2-deoxy-3-0-melhyl--D-mannose hydrochloride ( X ) 
(A )  A  s o lu t io n  o f  2  g . o f  I X b  in  2 N  h y d r o c h lo r ic  a c id  w a s  
h e a t e d  o n  a  s t e a m  b a t h  fo r  1 h r .  a n d  th e n  e v a p o r a t e d  in 
vacuo. T h e  r e s id u e  w a s  d is s o lv e d  in  m e th a n o l ,  t r e a t e d  w i th  
a c t i v a t e d  c a r b o n , a n d  p r e c ip i t a t e d  w i th  a c e to n e .  T h e  r e s u l t 
in g  s i r u p  w7a s  d is s o lv e d  tw o  m o r e  t im e s  in  m e th a n o l  a n d  p r e 
c ip i t a t e d  w i th  a c e to n e  [ a ] 2„° — 2 3 .3 °  f in a l  (c , 5, w a te r ) .

Anal. C a lc d . fo r  C i H igO sN C I :  C , 3 6 .6 0 ; I I ,  7 .0 2 ; N ,  6 .1 0 . 
F o u n d :  C , 3 6 .4 1 ; IF, 6 .8 1 ; N ,  6 .3 9 .

( B )  C o m p o u n d  V i a  w a s  t r e a t e d  w i th  h y d r a z in e  a n d  s u b 
s e q u e n t ly  h y d r o g e n a te d  a s  d e s c r ib e d  f o r  t h e  p r e p a r a t io n  o f
X I I I .  T h e  r e d u c t io n  p r o d u c t  w a s  d is s o lv e d  in  2N h y d r o 
c h lo r ic  a c id  a n d  h e a t e d  o n  t h e  s t e a m  b a t h  fo r  1 h r .  a n d  th e n
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w o r k e d  u p  a s  d e s c r ib e d  u n d e r  (A ) . T h e  r e s u l t in g  p r o d u c t  
s h o w e d  t h e  s a m e  p r o p e r t i e s  a s  l i s t e d  u n d e r  (A ) .

C h r o m a to g r a p h y  o n  W h a t m a n  N o .  1 p a p e r  w i th  1- 
b u t a n o l - p y r i d i n e - w a t e r ,  6 : 4 : 3  r e s u l t e d  in  a  s in g le  s p o t ,  R g  
v a lu e  1 .0 9 . T h e  s u b s t a n c e  is  n in h y d r in  p o s i t iv e .
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A m y lo s e  r e a c t s  w i t h  1 - a c r y la m id o - l-d e o x y -D -g lu c i to l  i n  a q u e o u s  b a s e . T e n  m o la r  l i th iu m  c h lo r id e  s o lu t io n  a s  s o lv e n t  
p e r m i ts  a  c o m p le te ly  h o m o g e n e o u s  r e a c t io n  a n d  s u p p r e s s e s  a m id e  h y d r o ly s is .  T h e  p r o d u c t  o f t h e  r e a c t io n  is g iv e n  t h e  t r iv i a l  
n a m e  “ g lu c a m id o e th y la m y lo s e .”  F r a c t i o n a t io n  o f  g lu c a m id o e th y la m y lo s e  b y  e th a n o l  p r e c ip i t a t i o n  y ie ld s  f r a c t io n s  h a v in g  
d e g re e s  o f  m o la r  s u b s t i t u t i o n  r a n g in g  f ro m  0 .2 0  t o  0 .8 2 . S o lu b i l i ty  in  w a te r  in c re a s e s  w i th  t h e  a m o u n t  o f  s u b s t i t u t io n .  
T h e  s o lu t io n s  g iv e  a  b lu e  c o lo r  w i t h  io d in e , b u t  d o  n o t  sh o w  c o m p le x  f o r m a t io n  o n  t i t r a t i o n  w i th  io d in e . T h e s e  d e r iv a t iv e s  
o f  a m y lo s e  a r e  h y d r o ly z e d  b y  a c id  a n d  b y  a - a m y la s e ,  b u t  a r e  m u c h  le s s  s u s c e p t ib le  t o  t h e  a c t io n  o f (3 -am y lase  t h a n  is  a m y lo s e . 
T h e y  s h o w  n o  te n d e n c y  to w a r d  r é t r o g r a d a t io n ,  n o r  d o  t h e y  c o m p le x  w i th  b u ta n o l .

A  s t r u c t u r e  c o n s is t in g  o f  a n  a m y lo s e  m a in  c h a in  w i t h  g r a f t e d  p o ly ( l- d e o x y - l- /3 - o x y p ro p io n a m id o - D - g lu c i to l)  b r a n c h e s  is 
c o n s i s te n t  w i th  th e s e  f in d in g s  a n d  is  s u p p o r t e d  b y  c h r o m a to g r a p h ic  a n a ly s is  o f  a n  a c id  h y d r o ly z a te .

Introduction of a small amount of neutral sub
stituent into a linear polysaccharide tends to in
crease its water solubility and its stability in solu
tion. Solubility is further enhanced if the substit
uent group is hydrophilic. Hydroxyethylation and 
carbamylethylation are familiar examples of sub
stitution by neutral, hydrophilic groups. The 
introduction of a sugar or an open-chain polyol as a  
substituent might provide a  still greater enhance
ment of solubility and solution stability.

Sugar-substituted polysaccharides have re
cently been prepared by Husemann and Reinhardt,2 3 
who used the modified Koenigs-Knorr method of 
Bredereck and co-workers8 wherein a carbohydrate 
trityl ether is treated with an acetobromo sugar in 
the presence of silver perchlorate. The synthesis 
in this laboratory4 of 1-aerylamido-l-deoxy-D- 
glucitol (JV-acryloyl-D-glucamine) has provided a 
sugar-substituted acrylamide which has now been 
shown to undergo reaction, through its activated 
double bond, with the hydroxyl groups in the 
linear polysaccharide, corn amylose. The product 
of the reaction is an N-substituted carbamylethyl- 
amylose to which the trivial name 1'glucamido
ethylamylose” is given.

In p r e lim in a r y  in v e s t ig a t io n s  A -a c r y lo y l-D -g lu c a -  
m in e  r e a c te d  w ith  a  d isp e r s io n  o f  a m y lo s e  in  d ilu te

( 1 )  P r e s e n te d  b e fo re  t h e  D iv is io n  o f C e llu lo s e  C h e m is t r y  
a t  t h e  1 3 8 th  M e e t in g  o f t h e  A m e r ic a n  C h e m ic a l  S o c ie ty , 
N e w  Y o r k ,  S e p te m b e r  1 9 6 0 ; J o u r n a l  P a p e r  N o .  168 9  of 
t h e  P u r d u e  A g r ic u l tu r a l  E x p e r im e n t  S ta t io n .

( 2 )  E .  H u s e m a n n  a n d  M . R e in h a r d t ,  Angew. Chem., 7 1 , 
42 9  (1 9 5 9 ) ;  A b s t r a c t s  o f  P a p e r s ,  1 3 8 th  M e e t in g ,  A m e r ic a n  
C h e m ic a l  S o c ie ty ,  S e p te m b e r  1 9 6 0 , 8 D .

( 3 )  H .  B r e d e r e c k ,  A . W a g n e r ,  G . F a b e r ,  H .  O t t ,  a n d  J .  
R a u th e r ,  Chem. Ber., 9 2 , 1135 (1 9 5 9 ).

(4 )  R .  L .  W h is t le r ,  H . P .  P a n z e r ,  a n d  H .  J .  R o b e r t s ,
J. Org. Chem., 26, 1583 (1 9 6 1 ) .

sodium hydroxide solution. Base concentrations 
between 0.1 and 1.0M, temperatures between 50° 
and 100° and reaction periods between one half and 
twelve hours were investigated for mixtures contain
ing one mole of A-acryloyl-D-glucamine per D-glucose 
residue of the amylose. Maximum incorporation 
of nitrogen to 0.85% N, or a molar substitution5 
of 0.12, occurs without the appearance of carboxyl 
groups in 0.3M base at 70° for two hours. An 
increase in either base strength, temperature, or 
time brings about partial hydrolysis of amide 
linkages. Since amylose is not readily soluble in 
0.3Af sodium hydroxide solution, the reaction 
mixture is not always completely homogeneous. 
Dissolution of the amylose in lOilf lithium chloride 
solution provides a homogeneous reaction mixture, 
and at the same time reduces the amount of water 
available for hydrolysis of amide bonds. Conse
quently, base concentrations up to 0.6M in 10M  
lithium chloride solution may be used without 
the appearance of carboxyl groups in the product. 
Nitrogen contents up to 2.15%, corresponding to 
an M.S.5 of 0.39, are obtained when four moles of 
lA-acryloyl-D-glucamine are treated per D-glucose 
residue of the amylose in this manner.

Fractionation of glucamidoethylamylose on the 
basis of its solubility in water-ethanol mixtures 
gives rise to fractions having different nitrogen 
contents (Table I). As the concentration of ethanol 
is increased, fractions containing an increasing 
amount of nitrogen are obtained. The fractions 
are soluble in water, and their solubility increases 
with increasing amounts of substitution.

(5 )  M o la r  substitution ( M .S .)  is  defined a s  the number of 
moles of substituent introduced per D-glucose residue.
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T A B L E  I

F r a c t io n a t io n  o p  G l u c a m id o e t h y l a m y l o s e

E th a n o l  
C o n c e n t r a t io n  
R a n g e  W h e r e

F r a c - P r e c ip i ta t i o n Y ie ld b
t io n O c c u r re d , G . / G . N i t r o g e n
N o .“ % v/v A m y lo s e % M .S .

1-1 3 5 - 4 0 0 .6 9 1 .3 5 0 .2 0
1-2 4 0 - 5 0 0 .2 1 1 .8 5 0 .3 1
1-3 5 0 - 6 0 0 .3 0 2 .7 3 0 .5 8
2 -0 — — 2 .1 5 0 .3 9
2-1 3 5 - 4 0 0 .6 8 1 .7 5 0 .2 9
2 -2 4 0 - 5 0 0 .8 8 2 .1 9 0 .4 0
2 -3 5 0 - 6 0 0 .1 0 3 .2 3 0 .8 2

“F r a c t io n s  1 -1 , 1-2 , a n d  1-3  a r e  f ro m  g l u c a m id o e th y l ' 
a m y lo s e  p r e p a r e d  w i t h  0 .4 M  b a s e  in  lO M  l i t h iu m  c h lo r id e  
s o lu t io n .  T h e  o th e r  f r a c t io n s  a r e  f ro m  a  p r e p a r a t io n  in  
w h ic h  0 .6 i l i  b a s e  w a s  u s e d . F r a c t io n  2 -0  is  t h e  m a te r ia l  
f ro m  t h e  l a t t e r  p r e p a r a t io n  p r io r  t o  f r a c t io n a t io n .  N o n e  o f 
t h e  f r a c t io n s  c o n ta in  c a r b o x y l  g ro u p s . b G r a m s  of p r o d u c t  
p e r  o n e  g r a m  o f  a m y lo s e .

Glucamidoethylamylose fractions 2-1 and 2-2 
(Table I) are compared with amylose in tests for 
rétrogradation, butanol complexing ability, iodine 
binding capacity, and susceptibility to both 
acid and enzyme hydrolysis.

The tendency of amylose solutions to retrograde 
is well known. Glucamidoethylamylose fractions 
unlike amylose6 are not precipitated by 1-butanol.

Solutions of glucamidoethylamylose give a blue 
color with iodine. However, when they are titrated 
with iodine potentiometrically, no inflection is 
observed in the plot of E.M.F. versus amount of 
iodine added. In this respect glucamidoethylamy
lose resembles amylopectin. The wave length of 
maximum absorption (Amai) and the intensity of 
the glucamidoethylamylose-iodine color lie between 
the corresponding values for amylose and amylo
pectin. Thus, the absorbance of 0.005% solutions 
at Amax for amylose-, glucamidoethylamylose-, and 
amylopectin-iodine colors are 0.905 at 630 m/x, 
0.180 at 590 m/x, and 0.072 at 565 m/i, respectively. 
Husemann and Reinhardt2 report that their sugar- 
substituted amyloses give no colcw with iodine above

T A B L E  I I

R é t r o g r a d a t io n  op A m y l o s e  a n d  
G l u c a m id o e t h y l a m y l o s e  F r a c t io n s

P o ly 
s a c c h a r id e

C o n 
c e n t r a t i o n  
o f S o lu t io n  

B e fo re  
T e s t ,  %

C o n 
c e n t r a t i o n  
o f  S o lu t io n  

A f te r  
T e s t ,  % R e m a r k s

A m y lo s e 0 .5 0 0 .0 1 5 H e a v y  w h i te  
p r e c ip i t a t e

F r a c t io n  2-1 0 .4 9 0 .5 0 T r a c e  o f p r e 
c ip i t a t e

F r a c t io n  2 -2 0 .5 1 0 .5 1 N o  p r e c ip i t a t e

(6 )  T .  J .  S c h o c h , J. Am. Chem. Sor., 6 4 , 29 5  f (1 9 4 2 ).

a degree of substitution (D.S.) of 0.2, and yellow 
to red-brown colors when the D.S. is lower.

A marked difference exists between the abilities 
of amylose and glucamidoethylamylose to serve as 
substrates for the enzyme ^-amylase. Glucamido
ethylamylose fractions are hydrolyzed much less 
extensively than is amylose. On the other hand, 
a-amylase hydrolyzes amylose and glucamido
ethylamylose fractions to the same extent (Table
III).

T A B L E  I I I

A c tio n  o f a -  a n d  0 -A m y l a s e  on A m y l o s e  a n d  
G l u c a m id o e t h y l a m y l o s e  F r a c t io n s  

M il l ig r a m s  of R e d u c in g  S u g a r s  a s  M a l to s e

P o ly 
s a c c h a r id e

P e r  100  M g . o f
S u b s t r a t e

P e r  162  M g . of 
A m y lo se

OL~ ß-
A m y la s e  A m y la s e

a- ß- 
A m y la s e  A n w la s e

A m y lo se 3 1 .8 7 7 .1 5 1 .5 1 2 5 .
F r a c t io n  2-1 2 5 .4 2 . 6 4 9 .3 5 .9
F r a c t io n  2 -2 2 0 .3 2 . 8 5 1 .9 7 .1

The rates of hydrolysis of amylose and glucami
doethylamylose in dilute sulfuric acid solution, as 
measured by the change in reducing power of the 
solutions, are similar. However, the extent of 
hydrolysis appears to be somewhat less in the case 
of glucamidoethylamylose. Thus, after two and 
a half hours in 1.4Ar sulfuric acid at reflux tempera
ture the hydrolyses are nearly complete. The dex
trose equivalents of the hydrolyzates indicate 
86% conversion for amylose, but only 60% and 
78% for the two glucamidoethylamylose fractions. 
A reaction between reducing groups of the sugars 
and free amino groups from the hydrolysis of amide 
linkages might explain the apparent difference.

Three courses for the reaction between amylose 
and fV-acryloyl-D-glucamine may be envisaged. 
Homopolymerization of iV-acryloyl-D-glucamine 
through a reaction between one of the hydroxyl 
groups of the D-glucamine moiety and the double 
bond, with no participation of the amylose, would 
result in a mixture of amylose and homopolymer. 
Homopolymerization with accompanying reaction 
of hydroxyl groups on the amylose molecule would 
result in the grafting of extended branches onto 
the amylose chain. Reaction between hydroxyl 
groups on the amylose molecule and A-acryloyl-D- 
glucamine without homopolymerization would re
sult in single-unit substitution. That the amylose 
does react is demonstrated by performance of the 
reaction in the absence of amylose and, after 
neutralization, addition of amylose in a solution of 
10M  lithium chloride. Precipitation of this known 
mixture by methanol results in a product which 
contains 0.94% nitrogen, an apparent M.S. of 
0.13. However, this mixture is not soluble in water, 
whereas glucamidoethylamylose preparations hav
ing a M.S. greater than 0.1 are water soluble.
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H C -G 'G -G

O HCOH 
I

H(CHOH)6 CHrNH-CO(CH2)2 [-OCH2 (CHOH)4 -CH2 NH-CO-(CH2)2]„.I.OCH2CH HOCH
' h c ( f g -g -g ..........

F ig .  1 . S u g g e s te d  r e p e a t in g  u n i t  o f  g lu e a m id o e th y la m y lo s e .  G  =  a n h y d ro -D -g lu c o s e  u n i t ;  n  =  a v e r a g e  b r a n c h  l e n g th

These results support a course of reaction involving 
concurrent homopolymerization and substitution.

Several additional facts indicate that substitu
tion of amylose occurs. No amylose is detected in 
glueamidoethylamylose by potentiometric iodine 
titration. Very little reducing sugar is obtained when 
glueamidoethylamylose is subjected to the action 
of ,3-amylase, while er-amylase hydrolyzes glucami- 
doethylamylose and amylose to the same extent. 
No amylose is obtained from solutions of glucami- 
doethylamylose by retrogradation or upon butanol 
precipitation.

The variation in composition of glucamidoethyl- 
amylose fractions (Table I) is consistent with a 
course of reaction involving concurrent homopoly
merization and substitution. In this homogeneous 
reaction the number of hydroxyl groups substituted 
should be the same for each amylose molecule, but 
the nitrogen content of the substituted molecules 
will depend upon whether the substituent is a 
polymer chain or a single V-acryloyl-D-glucamine 
molecule. The isolation of fractions of glucamido- 
ethylamylose which range in M.S. from 0.20 to 
0.82 (Table I) is thus explainable on the basis of 
a distribution of branch lengths. A glucamidoethyl- 
amylose molecule in agreement with these observa
tions would consist of an amylose main chain with 
grafted poly(l-deoxy-l-/?-oxypropionamido-D-glu- 
citol) branches (Fig. 1).

One measure of the average branch length, n, 
is the ratio M.S./D.S. I t might be expected that 
the D.S. of a glueamidoethylamylose fraction could 
be obtained by alkaline hydrolysis of all amide 
linkages and determination of the carboxyl groups 
in the resultant carboxyethylamylose salt. How
ever, when conditions sufficiently vigorous to give a 
nitrogen-free product are used, the product is 
also devoid of carboxyl groups. I t is suggested that, 
as is the case with the closely related Michael 
reaction,7 the reaction of V-acryloyl-D-glucamine 
with a hydroxyl group is reversible, and that an 
excess of base favors the reverse reaction. As a 
result, treatment of glueamidoethylamylose with 
strong base merely regenerates the amylose.

The D.S. of a glueamidoethylamylose fraction 
may also be obtained by measurement of the ratio 
of carboxyethyl-D-glucose to D-glucose in an acid 
hydrolyzate. Quantitative paper chromatography 
indicates a ratio of 1:50 in glueamidoethylamylose

( 7 )  E .  S . G o u ld ,  Mechanism and Structure in Organic 
Chemistry, H e n r y  H o l t  a n d  C o ., N e w  Y o r k ,  N .  Y ., 1959 , 
p .  3 9 3 .

fraction 2-1. The average branch length, n, of this 
fraction is thus 0.29/0.02 or 14-15 units.

E X P E R IM E N T A L

Amylose. D e f a t t e d  c o rn  s t a r c h  w a s  f r a c t i o n a t e d  b y  t h e  
b u t a n o l  m e th o d  o f  S c h o c h .6 T h e  b u ta n o l- a m y lo .s e  c o m p le x  
w a s  r e c r y s ta l l i z e d  f ro m  b u ta n o l - w a te r  t h r e e  t im e s .  T h e  
a m y lo s e  w a s  o b ta in e d  b j r t r e a t m e n t  o f  t h e  p u r i f ie d  c o m p le x  
f i r s t  w i th  a c e to n e  a n d  t h e n  w i th  a b s o lu te  e th a n o l .  E th a n o l  
w a s  f in a l ly  r e m o v e d  u n d e r  r e d u c e d  p r e s s u re  in  t h e  p r e s e n c e  
o f  c a lc iu m  c h lo r id e . T h e  p r o d u c t  w a s  a  f in e , w h i te  p o w d e r .

1-Acrylamido-l-deoxy-D-glucitol. 1 - A c r y la m id o - l -d e o x y -  
D-glucitol (V-acryloyl-D-glucamine) was synthesized from 
acryloyl chloride and n-glucamine as described earlier.4

Glueamidoethylamylose. A  s o lu t io n  o f  a m y lo s e  in  10M 
l i t h iu m  c h lo r id e  w a s  p r e p a r e d  b y  a d d i t io n  o f  10 m l. o f  t h e  
l i t h iu m  c h lo r id e  s o lu t io n  p e r  g . o f  p o ly s a c c h a r id e ,  fo llo w e d  
b y  s t i r r in g  fo r  1 5 -2 0  m in . a t  7 0 ° . T h e  s o lu t io n  w a s  b l a n k e t e d  
w i th  n i t ro g e n .  I n  t h i s  s o lu t io n  4  m m o le s  o f  IV -ac ry lo y l-D - 
g lu c a m in e  p e r  162 m g . o f  a m y lo s e  w a s  t h e n  d is s o lv e d , a n d  
s u f f ic ie n t  lO i l i  s o d iu m  h y d r o x id e  s o lu t io n  w a s  a d d e d  to  
g iv e  t h e  d e s i re d  b a s e  c o n c e n t r a t io n  (0 .4  o r  0 . 6 V ) . 8 S t i r 
r in g  w a s  c o n t in u e d  a t  7 0 °  f o r  2 h r . ,  w i th  t h e  n i t r o g e n  a tm o s 
p h e r e  m a in t a in e d .  T h e  r e a c t io n  m ix tu r e  w a s  d i lu te d  w i th  
w a te r  a n d  n e u t r a l i z e d  t o  p h e n o lp h th a le in  w i th  a c e t ic  a c id . 
H y d r o c h lo r ic  a c id  w a s  a d d e d  to  p H  2 , a n d  t h e  s o lu t io n  w a s  
p o u r e d  in to  5 - 6  v o lu m e s  o f  m e th a n o l .  A f te r  2  h r .  t h e  t u r b id  
s u p e r n a t a n t  l iq u id  wTa s  p o u r e d  off a n d  d is c a rd e d ,  a n d  t h e  
w h i te  p r e c ip i t a t e  e i t h e r  r e d is s o lv e d  in  w a te r  f o r  f r a c t i o n a 
t i o n  ( s e e  b e lo w ) o r  w a s h e d  f re e  f ro m  l i th iu m  c h lo r id e  w i th  
m e th a n o l ,  w a s h e d  o n c e  w i th  a n h y d r o u s  e th e r ,  a n d  d r ie d  
u n d e r  r e d u c e d  p r e s s u re  i n  t h e  p re s e n c e  o f  p h o s p h o r u s  p e n t -  
o x id e .

Fractionation of glueamidoethylamylose. A n  a q u e o u s  s o lu 
t i o n  o f  g lu e a m id o e th y la m y lo s e  w a s  p r e p a r e d  u s in g  100 
m l. o f  w a te r  fo r  e a c h  g . o f  a m y lo s e  p r e s e n t .  E th a n o l ,  9 9 .5 % , 
w a s  a d d e d  s lo w ly  w i th  s t i r r in g  u n t i l  a  p r e c ip i t a t e  w a s  v is ib le .  
T h e r e  w a s  n o  p r e c ip i t a t e  u p  t o  a n  e th a n o l  c o n c e n t r a t io n  o f  
3 5 %  b y  v o lu m e . A t  4 0 %  e th a n o l  t h e  s u s p e n s io n  w a s  c e n t r i 
f u g e d  t o  y ie ld  t h e  f i r s t  f r a c t io n .  S e c o n d  a n d  t h i r d  f r a c t io n s  
w e re  o b t a in e d  s im i la r ly  a t  e th a n o l  c o n c e n t r a t io n s  o f  5 0 %  
a n d  6 0 % , r e s p e c t iv e ly .  N o  a d d i t i o n a l  p r e c ip i t a t e  f o rm e d  
u p  t o  a n  e th a n o l  c o n c e n t r a t io n  o f  8 0 % .

Analyses. N i t r o g e n  a n a ly s e s  w e re  p e r fo r m e d  a c c o r d in g  
t o  a  m ic r o - K je ld a h l  t e c h n iq u e .9

A  s e m im ic ro  p o te n t io m e t r ic  t i t r a t i o n  w a s  d e v is e d  f o r  t h e  
d e t e r m in a t io n  o f  c a r b o x y l  g ro u p s . A  2 0 - 5 0 -m g . s a m p le  w a s  
d is s o lv e d , b y  h e a t in g  o n  a  s t e a m  b a t h  i f  n e c e s s a ry , in  1 0 V  
l i t h iu m  c h lo r id e  s o lu t io n  p r e v io u s ly  a d ju s te d  t o  p H  5 .5 -
6 .0 . T h is  s o lu t io n  w a s  d i lu te d  t o  5  m l.  w i th  w a t e r  a n d  t i 
t r a t e d  w i th  0 .0 1 V  s o d iu m  h y d r o x id e  in  5M  l i t h iu m  c h lo r id e

(8 )  I n  t h e  p r e l im in a r y  e x p e r im e n ts  t h e  a m y lo s e  a n d  A -  
a c ry lo y l-D -g lu c a m in e  w e re  t r i t u r a t e d  w i th  a  s o lu t io n  o f 
s o d iu m  h y d r o x id e  o f  t h e  d e s ire d  c o n c e n t r a t io n  (0 .3  t o  l .O A f) 
u n t i l  a  s m o o th  d is p e rs io n  w a s  o b ta in e d .  F o r  e a c h  g . o f 
a m y lo s e  1 2 .5  m l.  o f b a s e  s o lu t io n  w a s  u s e d . T h e  d is p e rs io n s  
w e re  t h e n  h e a t e d  w i th  s t i r r in g  u n d e r  n i t ro g e n .

( 9 )  Official Methods of Analysis of the Association of 
Official Agricultural Chemists, 7 t h  E d i t i o n ,  A s s o c ia t io n  o f 
O ffic ia l A g r ic u l tu ra l  C h e m is ts ,  W a s h in g to n ,  D .  C .,  1950 , 
p .  745 .
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s o lu t io n  u s in g  a  R a d io m e te r  a u t o m a t i c  t i t r a t i o n  a p p a r a t u s . 10 
T h e  t i t e r  w a s  r e a d  f ro m  t h e  in f le c t io n  p o i n t  o n  t h e  t i t r a t i o n  
c u r v e  a n d  c o r r e c te d  b y  s u b t r a c t io n  o f  t h e  v o lu m e  o f  b a s e  
r e q u i r e d  to  r e a c h  t h e  s a m e  p H  in  a  b l a n k  t i t r a t i o n .  T h e  b a s e  
w a s  s t a n d a r d i z e d  b y  t i t r a t i o n  o f  3 - 5 - m l .  a l iq u o ts  o f  a  s t a n d 
a r d  s o lu t io n  o f  O .O lflf p o ta s s iu m  h y d r o g e n  p h t h a l a t e  m ix e d  
w i th  5 m l.  o f  1 0 M  l i t h iu m  c h lo r id e  s o lu t io n .  B y  t h i s  m e th o d  
i t  w a s  p o s s ib le  t o  d e te r m in e  c a r b o x y l  g r o u p s  in  t h e  c o n c e n 
t r a t i o n  r a n g e  0 .1 - 1 %  C 0 2. T h e  m e th o d  is  a ls o  a p p l ic a b le ,  
b y  a d j u s tm e n t  o f  s a m p le  s iz e , t o  o t h e r  a c id ic  p o ly s a c c h a r id e s .  
C a rb o x y m e th y lc e l lu lo s e  a n d  tw o  k e m ie e l lu lo s e s  h a v e  b e e n  
t i t r a t e d  i n  t h i s  m a n n e r .  C a r b o x y l  c o n te n t s  o f  t h e  h e m ic e l lu -  
lo se s  w e re  id e n t ic a l  w i th  t h e  v a lu e s  o b ta in e d  b y  t h e  d e c a r 
b o x y la t io n  m e th o d  o f  W h is t le r ,  M a r t i n ,  a n d  H a r r i s .11

Rétrogradation. A  s o lu t io n  o f  2 5 0  m g . o f  g lu c a m id o e th y l -  
a m y lo s e  in  5 0  m l.  o f  0 .5 M  p o ta s s iu m  c h lo r id e  w a s  r e f r ig e r 
a t e d  f o r  5  d a y s  a t  a b o u t  4 ° .  A  s o lu t io n  o f  2 5 0  m g . o f  a m y lo s e  
in  2 5  m l.  o f  1M  p o ta s s iu m  h y d r o x id e  w a s  n e u t r a l i z e d  w i th  a n  
e q u a l  v o lu m e  o f  1M  h y d r o c h lo r ic  a c id  a n d  s im i la r ly  r e f r ig 
e r a t e d .  T h e  c h a n g e  in  c o n c e n t r a t io n  w a s  d e te r m in e d  b y  
m e a s u r e m e n t  o f  t h e  o p t i c a l  r o t a t i o n  o f  s o lu t io n s  a f t e r  c e n 
t r i f u g a t io n .  T h e  sp e c ific  r o t a t io n s ,  [ a ] 2D5, o f  g lu c a m id o e th y l -  
a m y lo s e  f r a c t io n s  2 -1  a n d  2 -2  w e r e  f o u n d  t o  b e  + 1 4 0 °  
(c , 2 .6 4  in  w a te r )  a n d  + 1 2 1 °  (c, 2 .4 1  in  w a te r ) ,  r e s p e c 
t iv e ly .  T h e  s p e c if ic  r o t a t i o n  o f  a m y lo s e  is  a b o u t  + 2 0 0 ° . 12

Iodine sorption. T h e  p o te n t io m e t r i c  t i t r a t i o n  m e th o d  o f  
B a te s ,  F r e n c h ,  a n d  R u n d l e 13 a s  m o d if ie d  b y  W ilso n , S c h o c h , 
a n d  H u d s o n 14 15 w a s  u s e d .

T h e  a b s o r p t io n  s p e c t r a  o f  t h e  p o ly s a c c h a r id e - io d in e  co lo rs  
w e re  o b t a in e d  b y  t r e a t m e n t  o f  a m y lo s e , g lu c a m id o e th y l -  
a m y lo s e , a n d  a m y lo p e c t in  a c c o r d in g  t o  t h e  m e th o d  o f  M c -  
C r e a d y  a n d  H a s s i d 16 a n d  m e a s u r e m e n t ,  a t  a  c o n c e n t r a t io n  
o f  0 .0 0 5 %  p o ly s a c c h a r id e ,  w i th  a  C a r y  r e c o r d in g  s p e c t r o 
p h o t o m e t e r 18 in  1 -cm . ce lls .

Enzymic hydrolysis. T h e  a m y la s e  a s s a y  o f  K n e e n  a n d  S a n d -  
s t e d t 17 w a s  a d a p t e d  a s  fo llo w s . G lu c a m id o e th y la m y lo s e  s u b 
s t r a t e s  w e re  p r e p a r e d  b y  t h e  d is s o lu t io n  o f  5 0 0  m g . o f  t h e  
p o ly s a c c h a r id e  in  2 0 -m l. p o r t io n s  o f  0 .5 M  p o ta s s iu m  c h lo r id e  
s o lu t io n ,  t h e  a d d i t i o n  o f  1 m l. o f  a c e t a t e  b u f f e r ,17 a n d  d i lu t i o n  
to  2 5  m l .  w i th  d is t i l l e d  w a te r .  A m y lo s e  s u b s t r a t e  w a s  p r e 
p a r e d  b y  a llo w in g  5 0 0  m g . t o  d is s o lv e  in  10 m l. o f  1M  p o t a s 
s iu m  h y d r o x id e  s o lu t io n  u n d e r  n i t r o g e n  a t  4 ° ,  a n d  a d d in g  1 
m l. o f  a c e t a t e  b u f fe r  a n d  4  m l. o f  wra t e r .  I m m e d ia te ly  b e fo re  
u s e  t h e  a m y lo s e  s o lu t io n  w a s  n e u t r a l i z e d  w i th  10  m l. o f  
IM  h y d r o c h lo r ic  a c id .  T e n  m i l l i l i te r s  o f  e a c h  s u b s t r a t e  w a s  
in c u b a te d  fo r  15 m in . a t  3 0 °  w i th  10  m l.  o f  e i t h e r  o f  t h e  a -  
o r  /S -a m y la se  s o lu t io n s  d e s c r ib e d  b e lo w . T h e  r e a c t io n  w a s  
s to p p e d  b y  t h e  a d d i t i o n  o f  10  m l.  o f  1 %  s u l f u r ic  a c id .  
F iv e - m i l l i l i te r  a l iq u o ts  w e re  a n a ly z e d  fo r  t o t a l  r e d u c in g  
s u g a r s  b y  a  m a c r o  v e r s io n 18 o f  t h e  a lk a l in e  f e r r i c y a n id e  
m e t h o d .19

(1 0 )  P r o d u c t  o f  R a d io m e te r ,  C o p e n h a g e n , D e n m a r k .
(1 1 )  R .  L .  W h is t l e r ,  A . R .  M a r t i n ,  a n d  M . H a r r i s ,  J. 

Research Natl. Bur. Standards, 2 4 , 13 (1 9 4 0 ) .
(1 2 )  J .  A . R a d le y ,  Starch and Its Derivatives, J o h n  W ile y  

&  S o n s, I n c . ,  N e w  Y o rk , N .  Y ., 3 r d  E d . ,  1954 , V o l. I I ,  p .  3 6 4 .
(1 3 )  F .  L .  B a te s ,  D .  F r e n c h ,  a n d  R .  E .  R u n d le ,  J. Am. 

Chem. Soc., 6 5 , 142  (1 9 4 3 ) .
(1 4 )  E .  J .  W ils o n , T .  J .  S c h o c h , a n d  C . S . H u d s o n ,  

J. Am. Chem. Soc., 6 5 ,  13 8 0  (1 9 4 3 ).
(1 5 )  R .  M . M c C r e a d y  a n d  W . Z . H a s s id ,  J. Am. Chem. 

Soc., 6 5 , 1 1 5 4  (1 9 4 3 ).
(1 6 )  P r o d u c t  o f A p p lie d  P h y s ic s  C o rp .,  P a s a d e n a ,  C a lif .
(1 7 )  E .  K n e e n  a n d  R .  M . S a n d s te d t ,  Cereal Chem., 1 8 , 

2 3 7  (1 9 4 1 ).
(1 8 )  R .  M . S a n d s t e d t ,  Cereal Chem., 1 4 , 60 3  (1 9 3 7 ).

T h e  a - a m y la s e  u s e d  w a s  p r e p a r e d  f ro m  c o m m e r c ia l  m a l t  
a m y la s e .  T h e  p r e p a r a t io n  w a s  h e a t - t r e a t e d  t o  d e s t r o y  a ll  
/S -a m y la se  a c t i v i t y .  B y  t h e  a m y la s e  a s s a y  o f  K n e e n  a n d  
S a n d s t e d t 17 5  m l .  o f  t h e  e n z y m e  s o lu t io n  c o n v e r te d  137  
m g . o f  c o r n  s t a r c h .

T h e  /3 -a m y la se  s o lu t io n  w a s  p r e p a r e d  f ro m  c r y s ta l l in e  
swTe e t  p o t a t o  a m y la s e .20 F iv e  m i l l i l i te r s  c o n v e r t e d 17 2 0 8  
m g . o f  c o rn  s t a r c h .

Acid hydrolysis. O n e  h u n d r e d  m i l l ig r a m s  o f  p o ly s a c c h a r id e ,  
g lu c a m id o e th y la m y lo s e ,  o r  a m y lo s e , w a s  d is s o lv e d  in  2  m l. 
o f  7 2 %  s u l f u r ic  a c id  a t  ic e  b a t h  t e m p e r a t u r e .  T h e  c le a r  
s o lu t io n  w a s  d i lu t e d  w i th  30  m l.  o f  w a te r .  A f te r  r e m o v a l  
o f  1 m l.  f o r  a n a ly s is ,  t h e  r e m a in d e r  w a s  r e f lu x e d . A l iq u o ts  o f  
1 m l.  w e re  r e m o v e d  p e r io d ic a l ly  f o r  a n a ly s is .  A ll a l iq u o ts  
w e re  n e u t r a l i z e d  w i th  t h e  c a lc u la te d  a m o u n t  o f  1M s o d iu m  
h y d r o x id e  s o lu t io n  a n d  d i lu t e d  t o  25  m l.  T w o -m il l i l i te r  
p o r t io n s  o f  th e s e  d i lu t io n s  w e re  a n a ly z e d  fo r  t o t a l  r e d u c in g  
s u g a r s  b y  t h e  a lk a l in e  f e r r i c y a n id e  m e t h o d .18’21

Chromatography. T h e  a c id  h y d r o ly z a t e  o f  g lu c a r r . id o e th y l-  
a m y lo s e  f r a c t io n  2 -1  w a s  e x a m in e d  q u a l i t a t i v e l y  a n d  q u a n t i 
t a t i v e l y  b y  c h r o m a to g r a p h y  o n  W h a t m a n  N o . 1 a n d  N o . 
3 M M  p a p e r s ,  r e s p e c t iv e ly .  T h e  s o lv e n t  s y s te m s  u s e d  w e re  
n e u t r a l ,  1 - b u ta n o l  : e t h a n o l : w a te r  ( 4 0 : 1 1 :1 9  v / v ) ;  a c id ic ,  
e t h y l  a c e t a t e : a c e t i c  a c id : f o r m ic  a c id  : w a te r  ( 1 8 : 3 : 1 : 4  
v / v ) ;  a n d  b a s ic ,  e t h y l  a c e t a t e : p y r i d i n e : w a t e r  ( 8 : 2 : 1  
v / v ) .  T o  lo c a te  t h e  s u g a r s  o n  t h e  c h r o m a to g r a m s  t h e  s i lv e r  
n i t r a t e  r e a g e n t  o f  T r e v e ly n ,  P r o c t e r ,  a n d  H a r r i s o n 22 w a s  
u s e d , b u t  m o d if ie d  b y  t h e  s u b s t i t u t io n  o f  a  d i l u t e  s o lu t io n  
o f  s o d iu m  th io s u l f a t e  fo r  t h e  a m m o n iu m  h y d r o x id e .  A  2 .5 %  
s o lu t io n  o f  a n i l in e  h y d r o g e n  p h t h a l a t e  in  w a t e r - s a t u r a t e d  
1 - b u ta n o l23 a n d  a  1 %  s o lu t io n  o f  n in h y d r in  in  1- b u ta n o l  w e re  
u s e d  t o  d e t e c t  r e d u c in g  s u g a r s  a n d  a m in o  s u g a r s ,  r e s p e c 
t iv e ly .

I n  t h e  g lu c a m id o e th y la m y lo s e  h y d r o ly z a t e  t h r e e  s u g a r s  
w e re  f o u n d  w h ic h  w e re  n o t  p r e s e n t  in  a n  a m y lo s e  h y d r o ly 
z a t e .  O n e  o f  t h e s e  s u g a r s  t r a v e l e d  m o r e  r a p id ly  t h a n  D -g lu co se  
in  t h e  a c id  s o lv e n t  b u t  f a i le d  t o  m o v e  in  t h e  b a s ic  s o lv e n t .  
I t  g a v e  a  p o s i t iv e  t e s t  w i th  a n i l in e  h j + r o g e n  p h t h a l a t e  a n d  
a  n e g a t iv e  t e s t  w i th  n in h y d r in .  O n  t h e  b a s is  o f  t h e  p r o p o s e d  
s t r u c t u r e  ( F ig .  1) i t  is  s u g g e s te d  t h a t  t h i s  s u g a r  is  c a r b o x y -  
e th y l-D -g lu c o s e . U p o n  e lu t io n  i t  w a s  f o u n d 21 t o  b e  p r e s e n t  
in  V so th  o f  t h e  c o n c e n t r a t io n  o f  t h e  D -g lu co se  p r e s e n t .

T h e  o t h e r  tw o  s u g a r s  g a v e  n e g a t iv e  t e s t s  w i th  a n i l in e  
h y d r o g e n  p h t h a l a t e  a n d  p o s i t iv e  t e s t s  w i th  n in h y d r in .  O n e  
w a s  p r e s e n t  in  m u c h  lo w e r  c o n c e n t r a t io n  t h a n  t h e  o th e r ,  
a n d  t h i s  m in o r  c o m p o n e n t  c o r r e s p o n d e d  in  R giUCOM v a lu e  t o  
D -g lu c a m in e  in  a l l  t h r e e  s o lv e n t  s y s te m s .  T h e  m a jo r  a m in o  
s u g a r  w a s  t e n t a t i v e l y  a s s ig n e d  t h e  s t r u c t u r e  o f  c a r b o x y -  
e th y l-D -g lu c a m in e .
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Pure D-ribosylamine and di-D-ribosylamine have been prepared and characterized. Peracetylation of D-ribosylamine 
affords (V-acetyl-tri-O-acetyl-D-ribosylamine which is de-O-acetylated to A-zS-D-ribopyranosylacetamide. Unimolar acetyla
tion of D-ribosylamine gives the a anomer and a mixture of the a and 6 anomers of Ar-D-ribopyranosylacetamide.

D-Ribosylamine is a potentially valuable inter
mediate in the synthesis of A-D-ribosylacylamides 
(iV-acyl-D-ribosylamines) and other nitrogen-con
taining D-ribosyl derivatives. A brief description 
of its preparation was given by Levene and La- 
Forge3 in 1915. Their material had an analysis 
(% N) agreeing with that calculated for a pento- 
sylamine and was a satisfactory intermediate in 
syntheses; for it, they recorded m.p. 137-138° 
dec. Later, Levene and Clark4 5 mentioned that, if 
the initial components of the reaction mixture are 
dry, the yield of D-ribosylamine is 90-95% of the 
theoretical, but, if moist reagents are used, “the 
resulting product contains a certain proportion of” 
di-D-ribosylamine. On repeating the preparation, 
under conditions as close as possible to those 
described by Levene and LaForge,3 h  is now found 
that D-ribosylamine is, indeed, formed in high 
yield, but its melting point does not agree with that 
recorded by them; instead, their melting point is 
that of crude di-D-ribosylamine. Presumably, 
during the course of their “purification” for de
termination of melting point, they had unwittingly 
converted it, in part at least, to di-D-ribosylamine, 
a transformation readily accomplished. Precise 
directions for the preparation of both D-ribosyl- 
amine and di-D-ribosylamine are now given, to
gether with a description of some of their proper
ties.

Peracetylation of D-ribosylamine affords a crystal
line Af-acetyl-tri-O-acetyl-D-ribosylamine which, 
on de-O-acetylation, gives an iV-acetyl-D-ribosyl- 
amine (A ). On unimolar acetylation of D-ribosyl
amine in water,6 the amino group is acetylated 
(in preference to one or more of the hydroxyl 
groups). Two fractions (B and C),  each of which

(1) The work described herein was completed prior to 
December 26, 1956.

(2) Present address: Division of Chemistry, National 
Bureau of Standards, Washington 25, D. C.

(3) P. A. Levene and F. B. LaForge, J .  B io l .  C h e m ., 20, 
433 (1915).

( 4 ) P. A. Levene and E. P. Clark, J .  Biol. C h e m . ,  4 6 , 
19 (1921).

(5) K. Onodera and S. Kitaoka [J . O rg. C h e m ., 25, 1322
(I960)] have recently described the A-monoacylation of 
certain unsubstituted glycosylamines by reaction with an
acid anhydride in WN-dimethylformamide or methanol.
n-Ribosylamine is only slightly soluble in these solvents in
the cold.

had an analysis corresponding to that for an 
A-acetylpentosylamine, were isolated, but neither 
had the properties of amide A. From the optical 
rotations, melting points, a study of the infrared 
absorption spectra, and the results of periodate 
oxidation of A, B, and C, it was decided that A 
is A-;3-D-ribopyranosylacetamide, C is the cor
responding a anomer, and B is a mixture of A and 
C (approx. 31:69).

Recording of infrared absorption spectra (see 
Fig. 1) proved particularly useful in this work.6 
The spectra are given here for comparison with 
those of similar derivatives of other sugars.7

E X P E R IM E N T A L 8

:n-Ribosylamine. D -R ib o se  ( f ro m  H o f fm a n n - L a  R o c h e , 
I n c . ,  N u t l e y ,  N .  J . )  w a s  f in e ly  p o w d e re d  a n d  th e n  d r i e d 9; 
i t s  in f r a r e d  a b s o r p t io n  s p e c t r u m  w a s  r e c o r d e d  (s e e  F ig . 
1, 1 ) . I n  a  2 5 0 -m l. E r le n m e y e r  f la sk , c lo s e d  b y  a  r u b b e r  
s to p p e r  t h r o u g h  w h ic h  p a s s e d  a  lo n g  in le t  t u b e  a n d  a  s h o r t  
o u t l e t  t u b e  (c lo s e d  b y  a  D r ie r i t e  tu b e ) ,  -was p la c e d  100  m l. 
(7 8 .2  g .)  o f  a b s o lu te  m e th a n o l ,  a n d  t h e  a s s e m b la g e  w a s  
w e ig h e d . W i th  c o o lin g  to  a b o u t  5 °  in  a n  ic e  w a te r  b a t h ,  a m 
m o n ia  g a s  (2 0  t o  2 2  g .)  w a s  p a s s e d  in , f ro m  a  c y l in d e r ,  
t h r o u g h  a n  e m p ty ,  r e v e r s e d  D r e c h s e l  b o t t l e .  T h e  s to p p e r  
a n d  t u b e s  w e re  t h e n  r e m o v e d ,  100 g. o f d r y ,  f in e ly  p o w d e r e d  
D -rib o se  w a s  r a p id ly  a d d e d ,  a n d  t h e  f la s k  w a s  q u ic k ly  s to p 
p e r e d .  O n  g e n t le  s w ir l in g , t h e  D -rib o se  g r a d u a l ly  d is s o lv e d  
a n d  t h e  s o lu t io n  b e c a m e  c o ld e r ;  a f t e r  15 m in .  o f  sw ir l in g , 
t h e  s u g a r  h a d  a l l  d is s o lv e d  to  a  s t r a w - y e l lo w  s o lu t io n .  A f te r  
e la p s e  o f a  f u r t h e r  30  m in .,  t h e  s o lu t io n  w a s  n u c le a te d  w i th  a  
t r a c e  o f  c r y s ta l l in e  D -r ib o s y la m in e  ( p r e p a r e d  o n  a  s m a ll  
sc a le , in  a  t e s t - t u b e  e x p e r im e n t) ,  t h e  f la s k  w a s  r a p id ly  s to p 
p e r e d ,  a n d  t h e  s o lu t io n  w a s  s w ir le d  o c c a s io n a l ly .  A f te r  
1 h r . ,  o n e  e ig h th  o f  t h e  v o lu m e  c o n s is te d  o f c o lo r le s s  c r y s ta ls  
( a t  t h e  b o t to m ) .  C r y s ta l l i z a t io n  n o w  c o n t in u e d ,  w i t h  t h e  
f o r m a t io n  o f  c r u s t s  o f  h a r d  r o s e t t e s  o f  n e e d le s  o n  t h e  w a lls ;  
th e s e  w e re  s c ra p e d  o ff f ro m  t im e  to  t im e  u n t i l  n o  m o r e  c r u s ts  
f o rm e d  ( s o m e  6  d a y s , s to p p e re d ,  a t  ro o m  te m p e r a tu r e ) .  
T h e  w y s ta l s  w e re  t h e n  re m o v e d  b y  s u c t io n  f i l t r a t i o n  ( r u b b e r  
d a m ) ,  c o l le c te d  a n d  w a s h e d  w i th  tw o  2 0 -m l. p o r t io n s  o f  a b 
s o lu te  m e th a n o l ,  p r e s s e d  d r y ,  a n d  d r i e d 9; y ie ld ,  9 0 .4  g. 
( 9 1 .0 % ) ;  co lo r le ss  c r y s ta l s ;  m .p . 1 2 3 -1 2 6 °  d e c . ( s o f te n s  a t  
1 2 2 ° ) . F o r  p u r i f ic a t io n ,  t h e  d r y  c o m p o u n d  w a s  f in e ly

(6 )  T h e  a u t h o r  is  in d e b te d  to  D r .  F o i l  A . M il le r  o f t h e  
D e p a r t m e n t  o f R e s e a r c h  in  C h e m ic a l  P h y s ic s ,  M e llo n  
I n s t i t u t e ,  fo r  r e c o r d in g  t h e  in f r a r e d  s p e c t r a .

(7 )  R .  S . T ip s o n  a n d  H . S . I s b e l l ,  J. Research Natl. Bur. 
Standards, 65A , 31 (1 9 6 1 ).

( 8 )  A n a ly s e s  b y  M r .  C . E .  C h ild s ,  R e s e a r c h  D iv is io n ,  
P a r k e ,  D a v is  a n d  C o ., D e t r o i t  32 , M ic h .

(9 )  A t  ro o m  t e m p e r a tu r e ,  o v e r  p o ta s s iu m  h y d r o x id e  
p e l le ts  in  a  v a c u u m  d e s ic c a to r  ( D e s ig u a r d )  a t  0.1 m m .
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WAVE NUMBERS IN CM'1

Fig. 1. In frared  abso rp tion  spec tra  of (1) D-ribose, (2) 
D-ribosylamine, (3) di-D-ribosylam ine, (4) iV-acetyl-tri-O- 
acetyl-D-ribosylam ine, (5) A -a-D -ribopyranosylacetam ide, 
(6) iV-(3-D-ribopyranosylacetamide, and  (7 )  crystals B  (of 
N-a- +  IV -d-D -ribopyranosylacetam ide). (A sterisks indi
cate  bands of N ujol)

p o w d e r e d  a n d  t r a n s f e r r e d  t o  a  5 0 0 -m l. E r le n m e y e r  f la s k ; 
a b s o lu te  m e th a n o l  (2 7 1 .2  m l .)  w a s  a d d e d ,  t h e  s u s p e n s io n  
w a s  v ig o r o u s ly  s w ir le d  m e c h a n ic a l ly  a t  ro o m  t e m p e r a tu r e  
f o r  15 m in . ,  f i l te r e d  w i t h  s u c t io n  ( r u b b e r  d a m ) ,  w a s h e d  w i th  
4 0  m l.  o f  a b s o lu te  m e th a n o l ,  a n d  d r ie d  a s  b e f o re ;  w t . ,  8 7 .0  
g . ( 8 8 % ) ;  c o lo r le s s  c r y s t a l s ;  m .p .  1 2 8 -1 2 9 °  d e c . ( s o f te n s  a t  
1 2 6 ° ) ;  M d -  3 5 .3 °  (2  m in . )  ^  - 1 7 . 4 °  (4 3  h r . ;  c, 1 .0 0 5  in  
w a te r ) .  I t s  in f r a r e d  a b s o r p t io n  s p e c t r u m  w a s  r e c o r d e d  
(F ig .  1, 2 ).

Anal. C a lc d . f o r  C 6H n N 0 4: C , 4 0 .2 6 ; H ,  7 .4 3 ;  N ,  9 .3 9 . 
F o u n d :  C , 4 0 .5 6 ;  H ,  7 .2 1 ; N ,  9 .2 7 .

D-Ribosylamine is soluble in  w a ter o r 50%  aqueous e th a 
nol. I t  is p ractica lly  insoluble in acetonitrile , dioxane, or 
te trah y d ro fu ran ; sligh tly  soluble in  2-am inoethanol, N,N- 
dim ethylform  am ide, A -m ethv lpyrro lidone, or pyridine;

a n d ,  o n  s t a n d in g  o v e r n ig h t  a t  ro o m  t e m p e r a tu r e ,  i t  d is s o lv e s  
t o  a  g r e a t e r  e x t e n t  in  e i t h e r  o f  t h e  l a s t  s o lv e n ts ,  o r  i n  a q u e o u s  
t e t r a h y d r o f u r a n .

F rom  th e  m other liquors (from  b o th  th e  p rep ara tio n  and  
th e  purification of D-ribosylamine), colorless, crysta lline  di- 
D-ribosylamine could be isolated by  evaporation  to  d r y n e s s  
and trea tm e n t w ith  m ethanol (5 vols.).

Di-n-ribosylanvine. A  s u s p e n s io n  o f  D -r ib o s y la m in e  (5  g .)  
in  5 0  m o l. o f  a b s o lu te  m e th a n o l  w a s  b o ile d  u n d e r  r e f lu x  
(b o i l in g  s to n e ;  D r i e r i t e  t u b e )  u n t i l  a l l  o f t h e  c o m p o u n d  h a d  
d is s o lv e d  ( 4  h r . ) ;  a m m o n ia  w a s  l ib e r a te d .  ( I n  a  s u b s e q u e n t  
p r e p a r a t io n ,  t h e  h o t  s o lu t io n  w a s  f i l te r e d  a t  t h i s  s t a g e . )  
O n  c o o lin g  t h e  p a le  y e llo w  s o lu t io n ,  a  m a te r i a l  c r y s ta l l iz e d  
w h ic h , o n  r e b o i l in g  o f  t h e  m ix tu r e  f o r  1 h r . ,  d id  n o t  r e d is s o lv e . 
T h e  s u s p e n s io n  w a s  c o o le d , s to p p e r e d ,  k e p t  a t  ro o m  t e m p e r a 
t u r e  f o r  a  w e e k , a n d  th e n  f i l te r e d  w i th  s u c t io n  ( r u b b e r  d a m ) ;  
t h e  c o lo r le s s  c r y s ta l s  w e re  w a s h e d  w i th  a b s o lu te  m e th a n o l ,  
p r e s s e d  d r y ,  a n d  d r i e d ;9 y ie ld ,  2 .6  g . ( 5 5 % ) ;  m .p .  1 4 2 -1 4 3 °  
d e c . ( s o f te n s  a t  1 3 6 ° ) ;  [ « I d8 — 5 8 .8 °  ( 5  m in )  —>■ — 1 7 .2° 
(5 3  h r . ;  c, 1 .0 2 0  in  w a t e r 10). I t s  i n f r a r e d  a b s o r p t io n  s p e c 
t r u m  w a s  r e c o r d e d  ( F ig .  1, 3 ) .

Anal. C a lc d . f o r  C ioH isN O g: C , 4 2 .7 0 ;  H ,  6 .8 1 , JST, 4 .9 8 . 
F o u n d :  C , 4 2 .5 9 ; H ,  7 .0 3 ; N ,  5 .2 3 .

I m p u r e  m a te r ia l ,  o b t a in e d  f ro m  m o th e r  l iq u o r s  in  t h e  
p r e p a r a t io n  o f D -rib o s y la m in e , c o u ld  b e  p u r if ie d  a s  fo llo w s . 
T h e  c r u d e  d i-D -r ib o s y la m in e  w a s  q u ic k ly  d is s o lv e d , u n d e r  
re f lu x , in  w a te r  (2  v o ls )  in  a  b a t h  a t  7 5 ° , a b s o lu te  e th a n o l  
(2 3  v o ls .)  w a s  r a p id ly  a d d e d ,  fo llo w e d  b y  a  s m a ll  a m o u n t  o f 
N u c h a r ,  a n d  t h e  h o t  s u s p e n s io n  w a s  im m e d ia te ly  s w ir le d  
a n d  f i lte r e d . T o  t h e  c le a r ,  v e r y  p a le  y e llo w  f i l t r a te ,  a b s o lu te  
e th a n o l  (2 5  v o ls .)  w a s  a d d e d ,  a n d  t h e  s o lu t io n  w a s  c o o led , 
s to p p e r e d ,  a n d  k e p t  o v e r n ig h t  a t  ro o m  t e m p e r a t u r e ;  c r y s 
ta l l i z a t i o n  h a d  th e n  s t a r t e d  a n d  w a s  a l lo w e d  to  c o n t in u e  fo r  
s e v e ra l  d a y s .  T h e  p u r if ie d  m a t e r i a l  w a s  i s o la te d  a n d  d r ie d  
a s  d e s c r ib e d  a b o v e .

’N-Acetyl-tri-O-acetyl-n-ribosylamine. D -R ib o s y la m in e  (7 .5  
g .)  w a s  p la c e d  in  a  2 5 0 -m l., t h r e e  n e c k e d  f la s k  ( e q u ip p e d  
w i th  s t a n d a r d - t a p e r  jo in ts ,  s t i r r e r ,  p e n t a n e  th e r m o m e te r ,  
a n d  p r e s s u re - e q u a l iz in g  d r o p p in g  f u n n e l )  a n d  w a s  c o o le d  
in  i c e - s a l t .  D r y  p y r id in e  (8 0  m l .)  w a s  g r a d u a l ly  a d d e d  w i th  
s t i r r in g  a n d  c o o lin g . A s  s o o n  a s  t h e  t e m p e r a t u r e  h a d  r e a c h e d  
2 ° ,  s lo w  a d d i t io n  o f  a c e t ic  a n h y d r id e  (3 2  m l .)  w a s  s t a r t e d  
f ro m  t h e  d r o p p in g  f u n n e l ;  a d d i t i o n  w a s  m a d e  d u r in g  30  
m in . ,  a t  s u c h  a  r a t e  t h a t  t h e  t e m p e r a t u r e  o f  t h e  s u s p e n s io n  
d id  n o t  r is e  a b o v e  5 ° .  A f te r  s t i r r in g  f o r  a  f u r t h e r  5 0  m in . ,  
a l l  o f  t h e  D -r ib o s y la m in e  h a d  d is s o lv e d  t o  a  v e r y  p a le  y e llo w  
s o lu t io n  w h ic h  w a s  k e p t  o v e r n ig h t  ( s to p p e r e d )  in  t h e  r e f r ig e r 
a to r .  T h e  s o lu t io n  w a s  n o w  p o u r e d  s lo w ly  o n to  c r u s h e d  ice , 
w i th  s t i r r in g ,  b u t  n o  p r e c ip i t a t e  f o rm e d .  T h e  c le a r  s o lu t io n  
w a s  th o r o u g h ly  e x t r a c te d  w i th  t h r e e  s u c c e s s iv e  p o r t io n s  o f  
c h lo ro fo rm . T h e  c h lo ro fo rm  e x t r a c t s  w e re  c o m b in e d , ex 
t r a c t e d  w i th  a q u e o u s  s o d iu m  b ic a r b o n a te  s o lu t io n  u n t i l  
f re e  f ro m  a c id , d r ie d  w i th  a n h y d r o u s  s o d iu m  s u l f a te ,  f i l te r e d , 
a n d  e v a p o r a t e d  t o  d r y n e s s  u n d e r  d im in is h e d  p r e s s u r e  a t  
3 0 ° , g iv in g  11 .2  g . o f  a  p a le  y e llo w , f la k y  g la s s  w h ic h  c r y s ta l 
l iz e d  o n  a d d in g  a  l i t t l e  d r y  e th e r .  A  t o t a l  o f  112  m l. o f  d r y  
e th e r  w a s  a d d e d ,  t h e  s u s p e n s io n  w a s  s t i r r e d ,  a n d  t h e  c o lo r le s s  
c r y s ta l s  w e re  r e m o v e d  b y  s u c t io n  f i l t r a t io n ,  w a s h e d  w i th  
25  m l.  o f d r y  e th e r ,  a n d  d r ie d ;  -w t., 9 .6  g .;  m .p .  1 2 8 - 1 3 0 ° ;
[ a ] 2,,2 +  3 5 .3 °  (c, 1 .3 1 6  in  c h lo r o fo r m ) .  I t s  in f r a r e d  a b 
s o r p t io n  s p e c t r u m  w a s  r e c o r d e d  ( F ig .  1, 4 ) .

Anal. C a lc d . f o r  C 13H 19N 0 8: C , 4 9 .2 1 ; H ,  6 .0 3 ; N ,  4 .4 2 ; N- 
a c e ty l ,  1 3 .5 7 ; O -a c e ty l ,  4 0 .7 0 . F o u n d :  C , 4 9 .3 4 ; H ,  6 .4 0 ; N, 
4 .4 9 ; iV -a c e ty l, 1 3 .4 5 ; O - a c e ty l ,  3 9 .1 0 .

De-O-acetylation of ~SA-acetyl-tri-0-acetyl-v-ribosylamine to 
TfS-P-D-ribosylacetamide ( A ) .  AT- A c e ty l - t r i -0 - a c e ty l - D - r ib o s y l -  
a m in e  (6  g .)  w a s  d is s o lv e d  in  100  m l .  o f a n h y d r o u s  m e th a 
n o l  i n  a  5 0 0 -m l., r o u n d  b o t to m e d  f la s k ;  10  m l. o f  0 .1A r 
b a r iu m  m e th o x id e  i n  a b s o lu te  m e th a n o l  w a s  a d d e d ,  a n d  t h e  
f la s k  w a s  s to p p e r e d  a n d  k e p t  a t  ro o m  t e m p e r a t u r e  fo r  1 
h r .  T h e  s o lu t io n  w a s  t h e n  e v a p o r a t e d  t o  d r y n e s s  u n d e r

(1 0 )  T h is  d e t e r m in a t io n  w a s  m a d e  b y  M is s  B e v e r ly  A . 
P a w s o n .



2 4 6 4 HAGGERTY AND BR EED VOL. 2 6

d im in is h e d  p r e s s u r e  a t  ro o m  te m p e r a tu r e ,  a f fo rd in g  a  c o lo r 
le s s  c r y s ta l l in e  m a s s  w h ic h  w a s  d is s o lv e d  in  25  m l. o f  d is t i l le d  
w a te r .  T h e  s o lu t io n  w a s  p a s s e d  t h r o u g h  a  c o lu m n  (5 0  m l .)  
o f  A m b e r l i te  I R - 1 0 0 ( H + ), w a s h e d  in  w i th  25  m l. o f  w a te r ,  
a n d  t h e  m a t e r i a l  e lu t e d  w i th  f iv e  s u c c e s s iv e  5 0 -m l. p o r t io n s  
o f w a te r  [ th e  f in a l  a q u e o u s  w a s h  h a d  a — 0 .0 4 °  (1, 2  d m .) ] .  
T h e  e f f lu e n ts  w e r e  t h e n  p a s s e d ,  in  t h e  s a m e  o r d e r ,  t h r o u g h  a  
c o lu m n  ( 5 0  m l . )  o f  A m b e r l i te  I R A - 4 0 0 ( O H “ ) a n d  s ix  5 0 -m l. 
p o r t io n s  o f  e f f lu e n t  w e re  c o l le c te d  [ th e  f in a l  a q u e o u s  w a s h  
h a d  a — 0 .0 4  t o  0 .0 0 °  (1, 2  d m .) ] .  T h e  e f f lu e n ts  w e re  c o m 
b in e d ,  e v a p o r a t e d  t o  d r y n e s s  u n d e r  d im in is h e d  p r e s s u r e  
a t  3 0 ° , a n d  d r ie d  b y  a d d in g  a b s o lu te  e th a n o l  a n d  r e e v a p o 
r a t i n g .  T h e  r e s u l t in g  c o lo r le ss , c r y s ta l l in e  m a s s  w a s  d r ie d  a t
0 .1  m m .;  w t . ,  3 .6  g . T h is  w a s  d is s o lv e d  in  117  m l. o f  b o i l in g  
a b s o lu te  e th a n o l  u n d e r  re f lu x , a n d  t h e  s o lu t io n  w a s  c o o le d , 
a f fo r d in g  c o lo r le s s  c r y s ta l s  ( A ) ;  w t . ,  2 .4  g .;  m .p .  1 9 5 - 1 9 7 ° ;  
[ « ] 2r> — 2 3 .4 °  (c, 1 .0 0 6  in  w a te r )  w i th  n o  o b s e rv a b le  m u t a 
r o t a t i o n — w h e n  d i lu te d  1 :1 0  w i th  w a te r ,  t h i s  s o lu t io n  g a v e  
n o  p e a k s  in  t h e  u l t r a v io l e t  a n d  n o  c h a n g e  w a s  o b s e rv e d  a f t e r  
4 2  h r .  a t  ro o m  te m p e r a tu r e .  P e r io d a t e  o x id a t io n  a t  p H
7 .2  in d ic a te d  t h a t  c o m p o u n d  A  h a d  a  p y r a n o id  s t r u c t u r e . 11 4 5 6 
I t s  in f r a r e d  a b s o r p t io n  s p e c t r u m  w a s  r e c o r d e d  ( F ig .  1, 6 ) .

Anal. C a lc d .  f o r  C 7H 13N 0 6: C , 4 3 .9 8 ; H ,  6 .8 5 :  N ,  7 .3 3 ; 
N-a c e ty l ,  2 2 .5 1 . F o u n d :  C , 4 4 .5 5 ;  H ,  6 ,8 5 ; N ,  7 .5 1 ; V - a c e ty l ,
2 2 .2 5 .

“Unimolar” acetylation of v-ribosylamine. G la c ia l  a c e t ic  
a c id  (1 9  m l .)  a n d  19 m l. o f  d is t i l le d  w a te r  w e r e  p la c e d  in  a  
5 0 0 -m l.,  r o u n d  b o t to m e d  f la s k  a n d  c o o le d  in ic e  t o  4°. d- 
R ib o s y la m in e  (7 .5  g ., 0 .0 5  m o le )  w a s  a d d e d  a n d  t h e  s u s p e n 
s io n  w a s  s w ir le d  a n d  c o o le d ; t h e  t e m p e r a t u r e  ro s e  t o  1 3 °  a n d  
t h e n  r a p id ly  fe ll  t o  9 ° .  A c e t ic  a n h y d r id e  (7  m l. ,  0 .0 7 5  m o le )  
w a s  n o w  a d d e d  in  o n e  p o r t io n  a n d  t h e  m ix tu r e  w a s  s w ir le d ;  
n o  r is e  in  t e m p e r a t u r e  o c c u r r e d . T h e  c o o l in g  b a t h  w a s  r e 
m o v e d  a n d ,  a f t e r  t h e  m ix tu r e  h a d  b e e n  s w ir le d  f o r  2 0  m in .,  
t h e  D -r ib o s y la m in e  h a d  a l l  d is s o lv e d ;  e v a p o r a t io n  u n d e r  
d im in i s h e d  p r e s s u r e  ( b a t h  t e m p . ,  3 0 ° )  w a s  im m e d ia te ly

(1 1 )  T h e  a u t h o r  t h a n k s  D r .  C a lv in  L .  S te v e n s  fo r  th i s  
d e t e r m in a t io n .

s t a r t e d  a n d ,  a f t e r  35  m in .,  a  y e llo w  s i r u p  r e s u l te d  w h ic h  
w a s  im m e d ia te ly  d r ie d  a t  0 .1  m m ., g iv in g  ( a f t e r  3 0  m in .)  a  
c o lo r le s s , c r y s ta l l in e  m a s s  w h ic h  w a s  p ro c e s s e d  w i th in  3  h r .  
( i f  n o t  u s e d  im m e d ia te ly ,  i t  w a s  r e f r ig e r a te d ) .  T h is  m a t e r i a l  
w a s  d is s o lv e d  in  100  m l. o f  d is t i l le d  w a te r ,  p a s s e d  th r o u g h  
a  c o lu m n  o f  3 0 0  m l. o f  m ix e d  a n io n -  a n d  c a t io n - e x c h a n g e  
r e s in  ( A m b e r l i t e  M B -3 , w h ic h  h a d  p r e v io u s ly  b e e n  c a u t io u s ly  
b a c k - w a s h e d  w i th  j u s t  e n o u g h  w a te r  t o  r e m o v e  a i r  b u b b le s ) ,  
a n d  e lu te d  w i th  w a te r .  T h e  f i r s t  100  m l. o f  e f f lu e n t  w a s  
e v a p o r a t e d  t o  d r y n e s s  a n d  d r ie d  a t  0 .1  m m ., g iv in g  a  c o lo r 
le s s  c r y s ta l l in e  m a s s  ( M ) ,  w t . ,  2 .0  g . T h e  n e x t  f iv e  1 0 0 -m l. 
e f f lu e n ts  w e re  c o m b in e d , e v a p o r a te d ,  a n d  d r ie d  a t  0 .1  
m m ., g iv in g  a  c lo r le s s , c r y s ta l l in e  m a s s  (AO, w t . ,  5 .4  g . 
T h e  n e x t  e ig h t  1 0 0 -m l. e f f lu e n ts  w e re  c o m b in e d , e v a p o r a t e d ,  
a n d  d r ie d  a t  0 .1  m m ., g iv in g  a  c o lo r le s s  m ix tu r e  o f  s i r u p  
a n d  c r y s t a l s  ( P) ,  -wt., 1 .7  g . C r y s t a ls  M  w e re  s u s p e n d e d  in  
2 0  m l. o f  a b s o lu te  e th a n o l  a n d  b o i le d  u n d e r  r e f lu x ;  t h e  s u s 
p e n s io n  w a s  c o o le d , r e f r ig e r a te d ,  a n d  f i l te r e d ,  g iv in g  c o lo r 
le s s  c r y s t a l s  B, w t . ,  1 .2  g ., m .p . 1 7 2 -1 7 4 ° , [ a ] 2D3 + 5 . 1 °  
(c , 1 .1 7 0  in  w a te r ) .  I t s  in f r a r e d  s p e c t r u m  w a s  r e c o r d e d  
( F ig .  1, 7 ) .

Anal. C a lc d . fo r  C 7H 13N 0 6: C , 4 3 .9 8 ;  I I ,  6 .8 5 ; N ,  7 .3 3 ; 
W -a c e ty l , 2 2 .5 1 . F o u n d :  C , 4 3 .8 3 ; H , 6 .7 9 ; N ,  7 .4 7 ; V - a c e ty l ,
2 2 .2 8 .

C r y s ta ls  N  w e re  t r e a t e d  w i th  5 4  m l. o f  a b s o lu te  e th a n o l  a s  
f o r  c r y s ta l s  M, g iv in g  c o lo r le s s  c r y s ta l s  B, w t . ,  3 .2  g ., m .p .
1 7 2 -1 7 4 ° , [o+D  +  5 .6 °  (c, 1 .0 7 2  in  w a te r ) .  I t s  in f r a r e d  
a b s o r p t io n  s p e c t r u m  w a s  id e n t ic a l  w i th  t h a t  o f  t h e  f i r s t  c ro p  
o f  B.

Anal. F o u n d :  C , 4 3 .9 2 ; H , 6 .9 6 ;  N ,  7 .2 9 .
C r y s t a ls  P, t r e a t e d  w i th  10 v o lu m e s  o f  a b s o lu te  e th a n o l ,  

a s  a b o v e ,  g a v e  c o lo r le s s  c r y s ta l s  C, w t . ,  0 .3  g ., m .p . 1 9 8 -2 0 0 °  
(d e c .,  s o f te n in g  a n d  b r o w n in g  a t  1 9 5 ° ) ;  [ a ] 2D3 + 1 7 . 8 °  (c,
1 .0 1 3  in  w a te r ) .  I t s  in f r a r e d  s p e c t r u m  w a s  r e c o r d e d  (F ig .  
1, 5 ) .  P e r io d a t e  o x id a t io n  a t  p H  7 .2  in d ic a te d  t h a t  m a te r i a l s  
B  a n d  C h a d  a  p y r a n o id  s t r u c t u r e .11

Anal. F o u n d :  C , 4 3 .2 3 ; H , 6 .7 3 , N ,  7 .0 4 ; W - a c e ty l ,  2 0 .3 4 .

P ittsburgh  13, P a .

[Co n tribution  from  th e  M id w est  R esea rch  I n st itu te]

In tera ctio n  o f  A lkoxysilanes and A cetoxysilan es1
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I n  t h e  p r e s e n c e  o f  L e w is  a c id  c a ta ly s t s ,  m ix tu r e s  o f  e th o x y s i la n e s  a n d  a c e to x y s i la n e s  g iv e  g o o d  y ie ld s  o f  e t h y l  a c e t a t e .  
T h e r m a l  d e c o m p o s i t io n  o f  t h e  a c e to x y s i la n e  w i th  t h e  in t e r m e d ia t e  f o r m a t io n  o f  a c e t ic  a n h y d r id e  d o e s  n o t  h a v e  a  ro le  i n  t h e  
f o r m a t io n  o f  t h e  e th y l  a c e t a t e .  F e r r ic  c h lo r id e  w a s  a  s a t i s f a c to r y  c a t a l y s t  a t  t e m p e r a tu r e s  a s  lo w  a s  1 3 0 °  w h ile  lo w  y ie ld s  
o f  e t h y l  a c e t a t e  w e re  o b ta in e d  f ro m  o th e r  c a t a ly s t s ,  a lu m in u m  is o p r o p y la te ,  p - to lu e n e s u l f o n ic  a c id , a n d  s o d iu m  m e t l io x id e . 
A l th o u g h  e x te n s iv e  r e d i s t r i b u t io n  o f  s i l i c o n - a t t a c h e d  f u n c t io n a l  g r o u p s  a n d  c le a v a g e  o f  s i l ic o n -p h e n y l  b o n d s  o c c u r r e d  a t  
e le v a te d  t e m p e r a tu r e s  in  t h e  p r e s e n c e  o f  a c id  c a ta ly s is ,  a  t r a n s e s te r i f i c a t io n  r e a c t io n  a ls o  t o o k  p la c e  u n d e r  th e s e  c o n d i t io n s .

Transestérification reactions, which have been 
very successful in the preparation of metallosilox- 
ancs,2~7 offer a potentially valuable tool for the

( 1 )  T h is  r e s e a r c h  w a s  s u p p o r t e d  in  w h o le  o r  in  p a r t  b y  
t h e  U n i te d  S t a t e s  A ir  F o r c e  u n d e r  C o n t r a c t  A F  3 3 (6 1 6 )-  
3 6 7 5 , m o n i to r e d  b y  t h e  M a te r i a l s  L a b o r a to r y ,  W r ig h t  A ir  
D e v e lo p m e n t  D iv is io n , W r i g h t - P a t t e r s o n  A ir  F o r c e  B a s e , 
O h io .

( 2 )  K .  A . A n d r ia n o v  a n d  L .  M . V o lk o v a , Izvesi. Akad. 
Nauk S.S.S.R., Otdel. Khim. Nauk, 30 3  ( 1 9 5 7 ) ;  Chem. 
Abstr., 5 1 , 1 4 5 4 4 .

( 3 )  D .  C . B r a d le y  a n d  I .  M . T h o m a s ,  Chem. & Ind., 
1231  ( 1 9 5 8 ) .

preparation of siloxanes, provided side reactions
R sS iO A c  +  R s 'S iO E t  — 4» R 3S iO S iR 3'  +  E tO A c

can be avoided. Although O’Brien8 failed to obtain 
such a condensation, Henglein9 and Andrianov10

( 4 )  E .  F .  G ib b s , H . T u c k e r ,  G . S h k a p e n k o ,  a n d  J .  C . 
P a r k ,  W A D C  T R  5 5 -4 5 3 , P a r t  I I  (1 9 5 7 ) , A D  1 3 1 0 3 6 .

(5 )  F .  A . H e n g le in , R .  L a n g ,  a n d  K .  S c h e in o s t ,  Makro
mol. Chem., 1 5 , 1 7 7 ( 1 9 5 5 ) .

( 6 )  F .  A . H e n g le in , R .  L a n g ,  a n d  K .  S c h e in o s t ,  Makro
mol. Chem., 1 8 -1 9 , 1 0 2 ; Chem. Abstr., 5 1 , 2 5 7 6  (1 9 5 6 ) .

( 7 )  F .  A . H e n g le in , R .  L a n g ,  a n d  L .  S c h m a c k , Makromol.
Chem., 2 2 ,1 0 3 ( 1 9 5 7 ) .
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T A B L E  I

T r a n s e s t é r i f i c a t i o n  R e a c t i o n

R u n  N o . 1 2 3 4 5 6 7 8 9 10

p - P h e n y le n e b is (  d im e th y l - 0 .0 5 0 .0 8 8
e th o x y s i la n e )  (m o le )  

p - P h e n y le n e b is (  d ie th o x y -  
m e th y ls i l a n e )  (m o le )  

A c e to x y t r im e th y ls i l a n e

0 .0 2 9 0 .0 2 9

0 .1 0

0 .0 1 5 0 .0 1 5 0 .0 1 5 0 .1 5 0 .1 5 0 .1 5

0 .1 8
(m o le )

M e th y l t r i a c e to x y s i la n e 0 .0 3 9 0 .0 3 9 0 .0 2 0 0 .0 2 0 0 .0 2 0 0 .2 0 0 .2 0 0 .2 0
( m o le )  

C a ta ly s t  ( g .) 0 . 3 1 .0 0 .1 5 0 .1 5 0 .1 5 0 .1 5 0 .1 5 0 .1 5 0 .7 5
P~

T o lu e n e -
A l- A l- A l- A l- su lfo n ic

( O is o P r b h 2s o 4 ( O is o P r ) 3 ( O is o P r ) 3 ( O fs o P r ) 3 F e d , a c id N a O C H 3 F e C l3
T e m p e r a tu r e 1 6 0 ° 1 6 0 ° 2 5 ° 1 0 0 ° 1 2 0 ° 1 4 0 ° 1 3 0 ° 1 4 5 ° 1 4 5 ° 1 4 0 °
T im e ,  h r . 26 24 15 20 20 2 0 20 2 0 20 20
V o la t i le s  r e c o v e r e d  ( g .)  
G a s  c h r o m a to g r a p h y

6 . 0 1 .7 1 .7 0 .1 0 0 .5 0 0 .8 0 4 . 6 0 . 6 1 .0 1 9 .0

A n a ly s is  o f  v o la t i le s
( %  P e a k  A r e a )

E th a n o l 6 . 7 1 7 .2 2 . 1 3 . 6 2 . 6 1 0 .1 1 2 .7 2 . 4 T r a c e
E t h y l  a c e t a t e 8 8 .1 8 0 .0 1 2 .8 1 0 .0 6 4 .0 8 6 .9 8 2 .2 9 0 .5 1 9 .4
I s o p r o p y l  a c e t a t e  
A c e t ic  a c id

5 . 1
1 .0 3 . 8

T r a c e T r a c e
5 .1 T r a c e

A c e to x y t r im e th y ls i l a n e 1 0 .3 4 .3
H e x a m e th y ld is i lo x a n e 2 0 .1 » 1 2 .2 “
E th o x y t r im e th y l s i l a n e 5 0 .3 6 4 .1
E t h y l  e th e r 0 . 5 3 . 0 3 . 9
C y c lo h e x a n e
U n k n o w n

8 6 . 4 s 3 3 . 4 s
3 . 2

° A n a ly s is  o f  t h e  t r im e th y la c e to x y s i la n e  i n d ic a te d  i t  c o n ta in e d  a n  e q u iv a le n t  a m o u n t  o f  h e x a m e th y ld i s i lo x a n e . b A lu m in u m  
i s o p r o p y la te  w a s  i n t r o d u c e d  in  c y c lo h e x a n e  s o lu t io n .

have reported successful condensations when Lewis 
acids were used as catalysts. The use of such cata
lysts can be expected to initiate important com
peting reactions, since it is well known that they 
catalyze redistribution of functional groups in 
silicon-functional compounds,11 redistribution of 
siloxane linkages,12 and at higher temperatures 
cause significant silicon-phenyl cleavage.13

D IS C U S S IO N

A study of the effects of temperature and cata
lyst in the transesterification reaction is shown in 
Table I.

Under the conditions described by Henglein9 
(Run No. 3), the chief product was ethoxytri- 
methylsilane when p-phenylenebis(dimethylethoxy- 
silane) and acetoxytrimethylsilane reacted in the 
presence of sulfuric acid. Only a small amount of 
ethyl acetate was formed in the reaction. When low 8 9 10 11 12 13 *

( 8 )  J .  F .  O ’B r ie n ,  W A D C  T R  5 7 -5 0 7  ( O c t .  1 9 5 7 ). A D  
1 4 2 ,1 0 0 .

( 9 )  F .  A . H e n g le in  a n d  R .  S c h m u ld e r ,  Makromol. Chern., 
1 3 , 5 3  (1 9 5 4 ) .

( 1 0 )  K .  A . A n d r ia n o v ,  N .  N .  S o k o lo v , a n d  E .  N .  K h r u s t a -  
le v a , J. Gen. Chem., U.S.S.R., 2 6 , 1249 (1 9 5 6 ).

(1 1 )  C . E a b o r n ,  Organosilicon Compounds, A c a d e m ic  
P re s s  I n c . ,  N e w  Y o rk , 1960 , p p .  187, 317 .

(1 2 )  C . E a b o r n ,  Organosilicon Compounds, A c a d e m ic  
P re s s  I n c . ,  N e w  Y o r k ,  1960 , p .  2 6 0 .

(1 3 )  C . E a b o r n ,  Organosilicon Compounds, A c a d e m ic
P re s s  I n c . ,  N e w  Y o r k ,  1 9 6 0 , p .  155 .

boiling silanes could distill from the mixtures, 
redistribution predominated and very little ethyl 
acetate was recovered. Under conditions that allow 
the ester to be fractionally distilled from the mix
ture without removing any of the possible silicon- 
containing products, the transesterification reac
tion gave good yields of ethyl acetate, but the 
resulting silanes were derived from the complex 
redistribution products rather than the starting 
materials.

In attempts to prepare p-phenylenebis(l,1,3,3- 
tetramethyl - 3 - phenyldisiloxane) (I), methyl- 
tris(dimethylphenylsiloxy)silane (II), and phenyl- 
tris(dimethylphenylsiloxy)silane (III), only pure I 
was obtained in any significant yield, and this 
experiment represented the simple case of the 
reaction of a difunctional and a monofunctional 
silane. Substitution of phenyl for methyl did not 
give a less complex product in the preparation of 
III over II. Neither did the more thermally stable 
monoacetoxysilane with a triethoxysilane permit 
less redistribution than the triacetoxysilane and 
monoethoxysilane in the preparation of III.

The similarity between the ethyl acetate elimina
tion reaction and the well known ethyl chloride 
elimination between a silicon chloride and a silicon 
ethoxide14-16 is shown in the experimental section.

( 1 4 )  G . H .  W a g n e r  a n d  C . E .  E r ic k s o n ,  U . S . P a t e n t  
2 ,7 3 1 ,4 8 5  ( J a n .  17 , 1 9 5 6 ) ; Chem. Abstr., 5 0 , 8 2 4 7  (1 9 5 6 ).
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T A B L E  I I

A l k y l  a n d  A b y l a c e t o x y s i l a n e s

C o m p o u n d B .P . ,  M m . M .P .
Y ie ld ,

% nV d f

A c e to x y t r im e th y l s i l a n e 17 1 0 1 -1 0 5 — 72 1 .3 8 9 9 0 .8 7 9
D ia c e to x y d im e th y l s i l a n e 18 5 4 - 5 6  (7) — 52 1 .4 0 2 0 1 .0 5 0
M e t h y  l t r i a c e to x y  s i l a n e 18 1 0 7 -1 0 9  (16) 26 61 1 .4 0 6 8 1 .1 7 4
T e t r a a c e to x y s i l a n e 18 — 108 21 — —

A c e to x y d im e th y lp h e n y ls i l a n e 19 1 2 7 -1 3 0  (44) — 66 1 .4 8 6 8 1 .0 0 5
P h e n y l t r i a c e to x y s i l a n e 20 1 1 8 ( 0 .1 0 ) 3 4 59 1 .4 7 3 8 “ 1 .1 8 4 “

“ S u p e r -c o o le d  l iq u id .

Nearly identical yields of I and 1,3-diphenyltetra- 
methyldisiloxane are obtained from the reaction of 
acetoxydimethylphenylsilane and p-phenylenebis- 
(dimethylethoxysilane) and from chlorodimethyl- 
phenylsilane and p-phenylenebis(dimethylethoxy- 
silane). The same result was observed in the two 
possible methods of preparing III.

In none of the experiments was acetic anhydride 
found as a volatile component of the product as 
might be expected from the mechanism proposed by 
Andrianov. He suggested that polymerization occurs 
through the thermal decomposition of the silicon 
acetates with the formation of siloxanes and acetic 
anhydride which, in turn, reacts with the alkoxy- 
silane to give an ester and additional acetoxysilanes. 
In the presence of ferric chloride, we found that 
acetoxydimethylphenylsilane gave some acetic 
acid and acetic anhydride at 160°, but considerably 
less than the amount necessary to account for the 
ethyl acetate formed in the presence of alkoxysi- 
lanes.

The transesterification reaction is complicated 
by the cleavage of silicon-phenyl bonds, with the 
liberation of up to 8% of the available phenyl 
groups. A comparable amount of benzene was ob
tained by the action of ferric chloride on acetoxy
dimethylphenylsilane.

EXPERIMENTAL

I n  t h e  e x p e r im e n ts ,  r e a c t io n  t e m p e r a t u r e s  w e re  d e t e r 
m in e d  b y  a  t h e r m o m e te r  in s e r te d  in  t h e  w e ll o f  t h e  f la sk . 
T h e  v o la t i le s  w e re  a l lo w e d  t o  d i s t i l l  t h r o u g h  a  s h o r t  V ig re u x  
c o lu m n  a n d  w e r e  c o l le c te d  in  a  D r y  I c e  t r a p .

T h e  c o m p o s it io n  o f  t h e  v o la t i l e s  w e s  e s t im a te d  w i th  a  
P e r k in - E lm e r  M o d e l  1 5 4 B  V a p o r  F r a c t o m e t e r  u s in g  c o lu m n  
“ A ”  (d i is o d e c y l  p h t h a l a t e )  a t  7 5 ° . A ll y ie ld s  c a lc u la t io n s  
f r o m  v a p o r  p h a s e  c h r o m a to g r a p h ic  a n a ly s e s  w e re  b a s e d  o n  
p e r c e n ta g e  o f p e a k  a r e a .

Acetoxydimethylphenylsilane. T o  a  s t i r r e d  m ix tu r e  o f 3 7 .0  
(0 .4 6  m o le )  o f p y r id in e ,  7 2 .0  g . (0 .4 2  m o le )  o f  c h lo r o d im e th y l -  
p h e n y ls i la n e ,  a n d  2 5 0  m l. a n h y d r o u s  e th e r  w a s  a d d e d  d r o p -  
w is e  a  s o lu t io n  o f 2 5 .0  g . (0 .4 2  m o le )  g la c ia l  a c e t i c  a c id  in  75  
m l.  o f  e th e r .  W h e n  t h e  a d d i t i o n  w a s  c o m p le te  (4 .5  h r . ) ,  t h e  
r e a c t io n  m ix tu r e  w a s  s t i r r e d  f o r  a n  a d d i t i o n a l  h o u r ,  t h e  
p y r id in e  h y d r o c h lo r id e  s a l t s  w e re  r e m o v e d  b y  f i l t r a t i o n ,  a n d  
t h e  r e s id u e  w a s  w a s h e d  w i th  a  l i t t l e  a n h y d r o u s  e th e r .  
A f t e r  t h e  c o m b in e d  f i l t r a t e  a n d  e t h e r  w a s h in g s  w e re  c o n c e n -  15 16

( 1 5 )  A . G a n c b e rg ,  U . S . P a t e n t  2 ,7 6 8 ,1 5 2  ( O c t .  2 3 , 1 9 5 6 ) ; 
Chem. Abstr., 5 1 , 10121  (1 9 5 7 ).

( 1 6 )  B .  I t s u g i  a n d  M .  H is a z u m i ,  J a p a n e s e  P a t e n t  3 6 9 4  
( M a y  19, 1 9 5 6 ) ;  Chem. Abstr., 5 1 , 10951  (1 9 5 7 ).

t r a t e d  b y  d o w n w a r d  d i s t i l la t io n ,  f r a c t i o n a l  d i s t i l l a t io n  o f  t h e  
p r o d u c t  t h r o u g h  a  1 0 - in . c o lu m n  p a c k e d  w i t h  B e r l  s a d d le s  
g a v e  5 3 .1  g. a c e to x y d im e th y lp h e n y ls i l a n e .

Anal. C a lc d . f o r  C ioH uC L Si: S i, 1 4 .4 6 , M R d  5 5 .4 9 . 
F o u n d :  S i, 1 4 .4 0 , 1 4 .3 3 ; M R d 5 5 .6 3 .

T h e  p ro c e d u r e ,  w h ic h  fo llo w s  o n e  d e s c r ib e d  b y  É t i e n n e 17 
fo r  a c e to x y t r im e th y ls i l a n e  w a s  p a r t i c u l a r l y  c o n v e n ie n t .  
Y ie ld s  a n d  p h y s ic a l  c o n s t a n t s  o f t h e  a c e to x y s i la n e s  p r e p a r e d  
b y  t h i s  m e th o d  a r e  s h o w n  in  T a b le  I I .

p-Phenylenebis( 1,1,3,3-tetramethyl-S-phenyldisiloxane). A . 
F r o m  a c e to x y d im e th y lp h e n y ls i l a n e  a n d  p - p h e n y le n e b is -  
( d im e th y le th o x y s i la n e )  : W h e n  a  m ix tu r e  c o n ta in in g  1 9 .4  g . 
(0 .1 0  m o le )  a c e to x y d im e th y lp h e n y ls i la n e ,  1 4 .2  g . (0 .0 5  m o le )  
p -p h e n y le n e b is (  d im e th y le th o x y s i la n e ) ,21 a n d  0 .1  g . o f  f e r r ic  
c h lo r id e  w a s  h e a t e d  a t  1 4 0 °  fo r  2 0  h r . ,  8 .5  g . o f  v o l a t i l e  m a 
t e r i a l  w a s  o b ta in e d .  T h e  v o la t i l e  c o m p o n e n ts  w e r e  ( p e r 
c e n ta g e  o f t o t a l  p e a k  a r e a  g iv e n )  : e th y l  e th e r  ( 0 .6 ) ,  e th a n o l
(3 .6 ) ,  e t h y l  a c e t a t e  ( 8 6 .0 ) ,  a n d  b e n z e n e  ( 9 .6 ) .  T h e  b e n z e n e  
w a s  e q u iv a le n t  t o  t h e  c le a v a g e  o f  4 .2 %  o f  t h e  p h e n y l  g r o u p  
p r e s e n t  a s  a c e to x y d im e th y lp h e n y ls i l a n e .  A b o u t  8 3 %  o f  t h e  
e x p e c te d  e th y l  a c e t a t e  w a s  c o lle c te d .

T h e  n o n v o la t i l e  p o r t io n  o f  t h e  r e a c t io n  p r o d u c t  s im i la r ly  
p r e p a r e d  f r o m  0 .9 0  m o le  a c e to x y d im e th y lp h e n y ls i l a n e  a n d
0 .4 5  m o le  p - p h e n y le n e b is (  d im e th y le th o x y s i la n e )  w a s  f i l te r e d  
t o  r e m o v e  t h e  f e r r i c  c h lo r id e , d i l u t e d  w i t h  5 0  m l. e th e r ,  
w a s h e d  th r e e  t im e s  w i th  w a te r ,  o n c e  w i th  5 %  s o d iu m  b ic a r 
b o n a te ,  a n d  o n c e  a g a in  w i th  w a te r ,  a n d  s t r i p p e d  t o  r e m o v e  
t h e  e th e r .  D is t i l l a t i o n  o f t h e  r e s id u e  g a v e  5 4 .5  g . ( 4 2 % )  o f  t h e  
r e d i s t r i b u t io n  p r o d u c t ,  1 ,3 - d ip h e n y l te tr a m e th y ld i s i lo x a n e ,  
b o i l in g  1 5 7 -1 5 7 .5 °  a t  13 m m ., n 2D5 1 .5 1 4 8 , d f  0 .9 8 4  ( r e 
p o r t e d 22 b .p .  1 6 5 °  a t  17  m m ., 1 .5 1 4 9 , d l5 0 .9 7 1 )  a n d
5 2 .4  g . ( 2 2 % )  p - p h e n y le n e b is (  1 ,1 ,3 ,3 - te t r a m e th y l - 3 - p h e n y l-  
d is i lo x a n e )  b o i l in g  1 7 9 -1 8 9 °  a t  0 .0 4 - 0 .0 5  m m .,  m2D5 1 .5 1 0 9 , 
d l5 0 .9 8 7 .

Anal. C a lc d . f o r  CîeHssChSLi: C , 6 3 .0 5 ; H ,  7 .7 4 ; S i, 2 2 .7 0 ; 
M R d 1 5 0 .6 0 . F o u n d :  C , 6 3 .1 1 ; H ,  7 .8 6 ; S i, 2 2 .4 8 ; M R D 1 5 0 .1 5 .

B .  F r o m  e h lo r o d im e th y lp h e n y ls i l a n e  a n d  p - p h e n y le n e b is  
( d im e th y le th o x y s i la n e )  : A  m ix tu r e  o f  17 .1  g . ( 0 .0 1 0  m o le )  o f 
e h lo r o d im e th y lp h e n y ls i la n e ,  14 .1  g . (0 .0 5  m o le )  o f p - p h e n y l -  
e n e b is ( d im e th y le th o x y s i la n e ) ,  a n d  0 .1  g . o f  a n h y d r o u s  f e r r ic  
c h lo r id e  w a s  h e a t e d  a t  1 0 0 °  f o r  2 4  h r .  A  t o t a l  o f  5 .0  g . o r  9 3 %  
o f  t h e  c a lc u la te d  w e ig h t  w a s  lo s t .  T h e  p r o d u c t ,  n e u t r a l i z e d  
a n d  w a s h e d , w a s  d is t i l le d  a t  r e d u c e d  p r e s s u r e  t h r o u g h  a  2 - in . 
c o lu m n . T h e  fo llo w in g  f r a c t io n s  w e re  c o l le c te d :  A , 1 3 3 -1 3 4 °  
(4 .5  m m .) ,  6 .6  g ., n2i  1 .5 1 2 9 ; B ,  1 3 0 -7 0 °  (0 .0 5  m m .) ,  3 .3  
g . 1 .5 1 6 2 ; C , 1 6 7 -8 2 °  ( 0 .0 5 -0 .0 7  m m .) ,  1 .7  g ., n2i

(1 7 )  Y . É t ie n n e ,  Compt. rend.., 2 3 5 , 9 6 6  (1 9 5 2 ).
(1 8 )  H .  A . S c h u y te n ,  J .  W . W e a v e r ,  a n d  J .  D .  R e id ,  

J. Am. Chem. Soc., 6 9 , 2 1 1 0  (1 9 4 7 ).
(1 9 )  K .  A . A n d r ia n o v  a n d  N .  V . D e la z a r i ,  Doklady Akad. 

Nauk S.S.S.R., 1 2 2 , 3 9 3  ( 1 9 5 8 ) ;  Chem. Abstr., 5 3 , 2 1 3 3  
(1 9 5 9 ).

(2 0 )  H .  H .  A n d e r s o n  a n d  T .  C . H a g e r ,  J. Am. Chem. 
Soc., 8 1 , 15 8 4  (1 9 5 9 ).

(2 1 )  L . B r e e d , W . J .  H a g g e r y , J r . ,  a n d  F .  B a io e c h i ,  J. 
Org. Chem., 2 5 , 1 8 0 4  (1 9 6 0 ).

(2 2 )  W . E .  D a u d t  a n d  J .  F .  H y d e ,  J. Am. Chem. Soc., 7 4 , 
3 8 6  (1 9 5 2 ) ;  Chem. Abstr., 4 7 , 86 7 1  (1 9 5 3 ).

•  •
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1 .5 1 5 6 ; D ,  r e s id u e  10 .5  g . F r a c t i o n  A  c o r re s p o n d e d  to  a  
4 6 .1 %  c o n v e r s io n  t o  1 ,3 - d ip h e n y l te tr a m e th y ld i s i lo x a n e ;  
f r a c t io n  C  w a s  a  2 0 %  y ie ld  o f  c r u d e  p - p h e n y le n e b i s ( l , l ,3 ,3 -  
t e t r a m e th y l - 3 - p h e n y ld i s i lo x a n e ) .

Phenyltris(dimethylphenylsiloxy)silane. A . F r o m  p h e n y l-  
t r ia c e to x y p h e n y ls i l a n e  a n d  d i m e t h y le th o x y p h e n y l s i l a n e :  A 
m ix tu r e  o f 3 0 .4  g . (0 .1 6 9  m o le )  d im e th y le th o x y p h e n y ls i 
la n e , 15 .8  g . (0 .0 5 6  m o le )  p h e n y l t r ia c e to x y s i la n e ,  a n d  0 .1  
g . of f e r r ic  c h lo r id e  w a s  h e a t e d  f o r  2 4  h r .  a t  1 4 5 - 5 0 ° , th e n  
a n  a d d i t i o n a l  24  h r .  a t  1 5 0 -1 5 8 ° . A  t o t a l  o f 1 0 .7  g. o f  d is 
t i l l a te ,  w h ic h  c o n ta in e d  6 7 %  of t h e  e x p e c te d  e th y l  a c e t a t e  
a lo n g  w i th  a  s m a ll  a m o u n t  o f  e th y l  a lc o h o l  a n d  a  t r a c e  o f 
b e n z e n e , w a s  o b ta in e d .  T h e  r e s id u e  w a s  d is s o lv e d  in  e th e r ,  
f i lte r e d , n e u t r a l i z e d  w i th  a q u e o u s  s o d iu m  b ic a r b o n a te ,  a n d  
d e v o la t i l iz e d  to  g iv e  2 9 .4  g . o f c r u d e  p r o d u c t .  F r a c t io n a l  
d i s t i l l a t io n  g a v e  4 .3  g. ( 1 7 .7 % )  1 ,3 - d ip h e n y l te tr a m e th y ld i s i l -  
o x a n e  b o i l in g  9 3 - 1 0 0 °  a t  0 .0 3 - 0 .0 8  m m ., n 2E 1 .5 1 4 0 , dl5
0 .9 7 7 , a n d  4 .5  g. im p u r e  p h e n y l t r i s ( d im e th y lp h e n y ls i lo x y ) -  
s i la n e  b o i l in g  1 9 0 -2 4 0 °  a t  0 .0 2  m m ., n 2D6 1 .5 2 9 , d j 5 1 .0 7 6  ( r e 
p o r t e d 23 b .p .  2 1 7 -2 2 5 °  a t  1 .0  m m ., ra2D5 1 .5 2 8 , d 25 1 1 .0 6 0 ). 
M R d  C a lc d . :  1 6 5 .4 8 . F o u n d :  160 .3 .

M a n y  s m a ll  in t e r m e d ia t e  f r a c t io n s  in d ic a te d  t h a t  t h e  
p r o d u c t  w a s  a  c o m p le x  m ix tu r e  o f  h ig h  m o le c u la r  w e ig h t  
c o m p o u n d s .

B . F r o m  a c e to x y d im e th y lp h e n y ls i l a n e  a n d  p h e n y l t r i -  
e th o x y s i la n e :  A f te r  2 9 .2  g . (0 .1 5  m o le )  o f  a c e to x y d im e th y l 
p h e n y ls ila n e ,  1 2 .0  g . (0 .0 5  m o le )  o f p h e n y l t r ie th o x y s i la n e ,  
a n d  0 .1 0  g. o f f e r r ic  c h lo r id e  w e re  h e a t e d  a t  1 6 0 °  f o r  4 8  h r .  
a n d  t h e  v o la t i l e s  c o l le c te d  in  a  D r y  I c e  t r a p ,  t h e  r e s id u e  w a s  
d e v o la t i l iz e d  a t  0 .0 2  m m . f o r  2 h r .  a t  ro o m  te m p e r a tu r e .  
T h e  f in a l  w e ig h t  lo ss  o f  t h e  m ix tu r e  w a s  1 0 .7  g . o r  8 1 %  of t h e  
th e o r e t i c a l  a m o u n t .  T h e  r e s id u e  w a s  f i l te r e d , d i l u t e d  w i th  
e th e r ,  w a s h e d  a n d  d r ie d  in  t h e  m a n n e r  d e s c r ib e d  e a r l ie r .  
F r a c t io n a l  d i s t i l l a t io n  t h r o u g h  a  2 - in . c o lu m n  g a v e  t h e  
fo llo w in g  f r a c t io n s :  A , 1 4 3 -1 4 4 °  (6 .2  m m .)  10 .5  g ., n 2D7
1 .5 1 2 4 ; B , 8 0 - 8 4 °  (0 .0 2  m m .)  1 .2  g ., n 2D7 1 .5 1 3 1 ; C , 8 7 - 1 4 0 °  
(0 .0 2  m m .)  1 .0  g .;  D , 1 4 3 -1 7 0 °  (0 .0 3  n u n .) ,  0 .8  g . n 2J  1 .5 1 7 6 ; 
E ,  r e s id u e , 12 .6  g. F r a c t io n  A  r e p r e s e n te d  a  5 5 %  y ie ld  o f
1 ,3 - d ip h e n y l te tr a m e th y ld is i lo x a n e ,  b u t  n o n e  o f  t h e  d e s ire d  
t r i ( s i lo x y ) s i la n e  w a s  i s o la te d .

C . F r o m  c h lo r o d im e th y lp h e n y ls i l a n e  a n d  p h e n y l t r i e th 
o x y s i la n e :  W h e n  a  m ix tu r e  o f  18 .5  g . (0 .1 0 8  m o le )  o f  c h lo ro -

(2 3 )  J .  F .  H y d e ,  0 .  K .  J o h a n n s o n ,  W . H . D a u d t ,  R .  F .
F le m in g , H .  B . L a u d e n s la g e r ,  a n d  M .  P .  R o c h e , J. Am.
Chem. Soc., 7 5 , 561 5  (1 9 5 3 ).

d im e th y lp h e n y ls i l a n e ,  8 .7  g. (0 .0 3 6  m o le )  o f p h e n y l t r i 
e th o x y s ila n e , a n d  0 .1  g . o f  f e r r ic  c h lo r id e  w a s  h e a t e d  a t  1 0 0 ° , 
e t h y l  c h lo r id e  e v o lu t io n  c e a s e d  a f t e r  4  h r .  T h e  c r u d e  p r o d u c t ,
2 0 .0  g ., r e p r e s e n te d  a  lo ss  o f  1 0 4 %  o f t h e  e x p e c te d  w e ig h t .  
B e n z e n e  w a s  id e n t i f ie d  q u a l i t a t i v e ly  b y  g a s  c h r o m a to g 
r a p h y .  T h e  n e u t r a l i z e d  r e s id u e  w a s  d is t i l le d  t h r o u g h  a  2 - in . 
c o lu m n  a t  r e d u c e d  p r e s s u re .  T h e  fo llo w in g  f r a c t io n s  w e re  co l
le c te d :  A , 1 3 4 -1 3 5 °  (5 .0  m m .)  2 .5  g ., m2D7 1 .5 0 9 6 ; B , 1 3 0 -  
1 6 0 °  (0 .0 5  m m .) ,  1 .9  g ., j i2d7 1 .5 1 5 6 ; C , 1 7 0 -8 0 °  ( 0 .0 5 -0 .0 6  
m m .) ,  1 .9  g ., n 2D7 1 .5 2 6 0 , dl7 1 .0 4 8 ; D ,  r e s id u e , 9 .0  g . F r a c 
t i o n  A  c o r re s p o n d s  t o  a  4 6 %  c o n v e r s io n  to  1 ,3 -d ip h e n y l-  
t e t r a m e th y ld is i lo x a n e  a n d  F r a c t i o n  C  t o  a  9 %  y ie ld  o f  t h e  
t r i ( s i lo x y ) s i l a n e  M R d  C a lc d . :  1 6 5 .4 8 . F o u n d :  163 .7 .

Methyltris(dimethylphenylsiloxy)silane. F r o m  m e th y l t r i -  
a c e to x y s i la n e  a n d  d im e th y le th o x y p h e n y ls i l a n e :  W h e n  14 .1  
g . (0 .0 6 4  m o le )  o f  m e th y l t r i a c e to x y s i la n e ,  3 4 .0  g . (0 .1 9 2  
m o le )  o f  d im e th y le th o x y p h e n y ls i l a n e ,  a n d  0 .1  g . o f  f e r r ic  
c h lo r id e  w e re  h e a t e d  f o r  20  h r .  a t  1 6 0 ° , a  t o t a l  o f  1 5 .5  g . o f 
d i s t i l l a t e  w a s  c o l le c te d . T h e  v o la t i le s  c o n ta in e d  8 3 .4 %  o f  t h e  
th e o r e t i c a l  e th y l  a c e t a t e  a n d  b e n z e n e  r e p r e s e n t in g  c le a v a g e  
o f 8 .0 %  o f  t h e  a v a i la b le  p h e n y l  g ro u p s . A f te r  t h e  p r o d u c t  
w a s  f i l te r e d  a n d  w a s h e d , d i s t i l l a t io n  in  a  H ic k m a n  s t i l l  g a v e
9 .6  g . (3 5 .2 % )  o f  1 ,3 - d ip h e n y l te tr a m e th y ld i s i lo x a n e ,  9 0 -  
9 5 ° , 0 .0 0 2  m m ., n 2D° 1 .5 1 1 8 , dl5 0 .9 7 8 , a  s e c o n d  f r a c t io n  
b o i l in g  1 3 7 -4 2 °  a t  0 .0 0 0 1  m m . (2 .3  g .) ,  a n d  2 .9  g . ( 7 % )  im 
p u r e  m e th y l t r i s ( d im e th y lp h e n y ls i lo x y ) s i l a n e  b o i l in g  1 8 2 -  
2 0 0 °  a t  0 .0 0 0 1  m m ., n 2D5 1 .4 9 0 3 , d 25 TO O L

Anal. C a lc d . f o r  CseHscChSij: C , 6 0 .4 2 ; H , 7 .3 0 ;  S i, 2 2 .6 1 , 
M R d 145 .6 6 . F o u n d :  C , 5 8 .4 4 ; H ,  7 .4 5 ;  S i, 2 5 .7 9 ;  M R d

143 .6 5 .
Thermal decomposition of acetoxydimethylphenylsilane. 

A f te r  16 .6  g . o f  a c e to x y d im e th y lp h e n y ls i l a n e  w a s  h e a t e d  a t  
1 6 0 °  f o r  4 8  h r . ,  t h e  r e s id u e  w a s  d e v o la t i l iz e d  f o r  2  h r .  a t  0 .5  
m m . T h e  v o la t i l e  m a te r ia l s ,  c o l le c te d  in  a  D r y  I c e  t r a p ,  
w e ig h e d  0 .1  g . T h e  h e a t in g  o f  t h e  r e s id u e  a t  1 6 0 °  w a s  c o n 
t i n u e d  f o r  16 h r .  a f t e r  0 .1  g . o f  a n h y d r o u s  f e r r ic  c h lo r id e  w a s  
a d d e d ,  a n d  t h e  p r o d u c t  w a s  s im i la r ly  d e v o la t i l iz e d .  A n  a d d i 
t i o n a l  1 .0  g . o f d i s t i l l a t e  w a s  c o l le c te d  a n d  t h e  c o rre sp o n d in g -  
w e ig h t  lo ss  w a s  f o u n d  in  t h e  r e s id u e . A n a ly s is  i n d ic a te d  t h a t  
b e n z e n e  a n d  a c e t ic  a c id  w i th  t r a c e s  o f  a c e t ic  a n h y d r id e  a n d  
th r e e  u n id e n t i f ie d  c o m p o n e n ts  w e re  p r e s e n t .  T h e  a m o u n t  of 
b e n z e n e  w a s  e q u iv a le n t  t o  7 %  o f  t h e  a v a i la b le  p h e n y l  
g r o u p s  a n d  t h e  a c e t ic  a c id  t o  7 %  o f  t h e  a v a i la b le  a c e to x y  
g ro u p s .

K a n s a s  C i t y  10, M o .

[ C o n t r i b u t i o n  f r o m  H u g h e s  R e s e a r c h  L a b o r a t o r i e s , H u g h e s  A i r c r a f t  Co.]

S yn th eses and R eaction s o f  Isopropoxy and  
T rim eth y lsiloxy  T ita n iu m  D ich e la tes1

H . H .  T A K I M O T 0 2 a n d  J .  B . R U S T
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S y n th e s e s  a n d  r e a c t io n s  o f  d i i s o p r o p o x y  a n d  b is ( t r im e th y ls i lo x y )  t i t a n i u m  d ic h e la te s  a r e  d e s c r ib e d . T h e  c h e la t in g  g r o u p s  
a r e  th o s e  d e r iv e d  f ro m  l ,3 - d ip h e n y l- l ,3 - p r o p a n e d io n e ,  2 ,4 - p e n ta n e d io n e ,  a n d  8 -q u in o lin o l .  T h e s e  c o m p o u n d s  r e a d i ly  r e p la c e  
t h e  i s o p r o p o x y  a n d  t r im e th y ls i lo x y  g r o u p s  a t t a c h e d  t o  a  t i t a n i u m  a to m .  I n  c a s e s  w h e re  b o t h  g r o u p s  a r e  p r e s e n t ,  t h e  is o 
p r o p o x y  g r o u p s  a r e  p r e f e r e n t ia l ly  r e p la c e d .  H y d r o ly s e s  o f  t h e  d ic h e la te d  t i t a n i u m  d e r iv a t iv e s  a r e  a ls o  d e s c r ib e d .

Organotitanium compounds have attracted at
tention in recent years as intermediates for the 
possible synthesis of semi-inorganic polymers

( 1 )  S u p p o r te d  in  p a r t  b y  t h e  O ffice  o f  N a v a l  R e s e a r c h  
u n d e r  C o n t r a c t  N o . N o n r  2 5 4 0  ( 0 0 ) .

( 2 )  H u g h e s  R e s e a r c h  L a b o r a to r ie s ,  A  D iv is io n  o f H u g h e s
A ir c r a f t  C o ., M a l ib u ,  C a lif .

capable of withstanding high temperatures. The 
excellent thermal stability of the metal chelates 
is well known, and because of the interest in 
thermally stable polymers, particularly in organo- 
metalloxanes, we have investigated the prepara
tions and reactions of several dichelated titanium 
titanium derivatives.
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Dichelated titanium intermediates having the [(CH3)3Si0]2Ti(03Hv ) 2 +
following structures were prepared : 1

O O
n

CH3)3SiO—Ti —
C3H70 — Ti— OC3H7 (CI13) 3SiO— T:— OSi (C H 3) 3 u

O ( J V

I II t
[(CH3)3SiO]4Ti +

(1)

where l J represents the chelating group 
derived from l,3-diphenyl-l,3-propanedione, 2,4- 
pentanedione, and 8-quinolinol. Compounds having 
structures I and II were prepared by the reaction 
of the chelating agent with tetraisopropoxytitan- 
ium or with tetrakis (trimethylsiloxy)titanium, 
respectively. The use of a stoichiometric amount or 
an excess of the chelating agent resulted in the 
formation of the dichelated metal derivatives.

Two diasteroisomeric forms of the dichelated 
titanium derivatives are possible. When a /3- 
diketone is used as the celating agent, diisopro- 
poxy titanium derivatives may be illustrated as 
follows:

An attempt was made to obtain the siloxy ti
tanium dichelate V by the reaction of diisopropoxy 
bis(2-ketopent-3-ene-4-oxy)titanium with excess 
trimethylacetoxysilane.

o
C T h - T i — O C 3H 7

O
+  2 ( C H 3) 3S iO O C C H 3

(2)

(C H 3) 3S iO —v T r -  O S i(C H 3) 3 + 2 C H 3C O O C 3H 7

The chelating groups are shown in III to have the 
cis configuration, whereas in IV, they have the 
trans configuration.

It is interesting to note that the chelating agents 
such as l,3-diphenyl-l,3-propanedione, 2,4-pentane- 
dione, and 8-quinolinol readily replaced isopropoxy 
or trimethylsiloxy groups attached to titanium 
atom. It is of further interest that these chelating 
groups preferentially replaced isopropoxy groups 
rather than trimethylsiloxy groups. Thus, an 
identical product, as determined from infrared 
spectra and elemental analyses, was obtained from 
the reaction of two moles of the chelating agent with 
one mole of diisopropoxy bis (trimethylsiloxy) ti
tanium, or with one mole of tetrakis (trimethyl
siloxy) titanium.

The expected ester interchange (alkoxy-acyloxy) 
reaction, however, did not occur under the condi
tions used and the desired product, bis (trimethyl
siloxy) bis(2-ketopent-3-ene-4-oxy)titanium was 
not obtained. I t may be that the alkoxy-acyloxy 
condensation reaction is sensitive to the steric 
environment around the titanium atom. In addi
tion, electrons are not available for association with 
the trimethylsiloxy group in the transition state; 
the coordination number of six is already satisfied 
in the titanium dichelate. These steric and elec
tronic effects are especially evident in view of the 
fact that tetraisopropoxytitanium readily undergoes 
the alkoxy-acyloxy reaction with trimethylacetoxy
silane to give the trimethylsiloxy titanium deriva
tives.3'4 * *

The hydrolytic stability of the dichelated ti
tanium derivatives was investigated. The com
pounds containing alkoxy groups were readily 
hydrolyzed upon contact with moisture and were 
converted into high-melting solids which were 
insoluble or only partially soluble in common 
organic solvents. Thus, bis(quinolin-S-oxy) 
titanium oxide was obtained by the treatment of 
diisopropoxy bis (quinolin-8-oxy) titanium with wa
ter at room temperature.

o
R O - T i - O R  +  H 20

n
—T i — O -

o
+  R O H  (3)

On the other hand, bis(trimethylsiloxy)bis(quinolin-
8-oxy)titanium was recovered unchanged under the 
same conditions as above. It appears, therefore, 
that the bis(trimethylsiloxy) derivative of the di
chelated titanium is less readily attacked by water

( 3 )  D .  C . B r a d le y  a n d  I .  M . T h o m a s ,  J. Chem. Soc., 
3 4 0 4  (1 9 5 9 ) .

(4 )  J .  B .  R u s t ,  H .  H .  T a k im o to ,  a n d  G . C . D e n a u l t ,
“ R e a c t io n  o f T r im e th y la c e to x y s i la n e  w i th  T e t r a i s o p r o p o x y 
t i t a n i u m ,”  J. Org. Chem., 25 , 2 0 4 0  (1 9 6 0 ).
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than the corresponding diisopropoxy titanium 
compound. Isolation of the tetrachelated product 
with the dimeric structure (VI) by the hydrolysis 
of dialkoxy bis (2-ketopent-3-ene-4-oxy) titanium has 
been reported.6

V I

This dimer could result from only one form (III) 
of the diasteroisomers, since in the other form
(IV) the bond angles of the alkoxy groups (or 
trimethylsiloxy groups) attached to titanium 
prohibit the formation of the small ring structure. 
I t is possible, however, that a rearrangement of the 
diasteroisomers may occur under hydrolytic condi
tions.

Infrared spectra of the dichelated titanium de
rivatives were taken in carbon tetrachloride. In 
addition, spectra of tetraisopropoxytitanium and 
tetrakis(trimethylsiloxy) titanium as well as those 
of the chelating agents, viz.. l,3-diphenyl-l,3- 
propanedione, 2,4-pentanedione, and 8-quinolinol, 
were obtained for comparison purposes.

The spectra of the chelated titanium compounds 
of the present study all exhibited a strong, sharp 
absorption band at about 1375 cm.-1 Absorption 
in the region of 1575 cm.-1 and at 1520 cm.-1 
were also observed. The latter two bands were 
much more pronounced in the chelates prepared 
from ^-diketone than in the 8-quinolinolates. These 
results agree with those of Yamamoto and his 
co-worker,6 who observed two strong bands at 
1376 and 1577 cm.-1 for trialkoxy-2-ketopent-3- 
ene-4-oxytitanium with nearly equal intensity and 
a strong band at 1523 cm.-1 Spectra of various 
metal chelate compounds of 2,4-pentanedione were 
reported by Lecomte6 and Bellamy7 to exhibit two 
strong bands of nearly equal intensity near 1560 
and 1380 cm.-1 These investigators attributed 
these bands to the carbonyl group weakened by 
resonance between the C— 0 — M and C— 0  . .  . M 
links. The band in the region of 1520 cm.-1 was 
attributed by Lecomte to the vibration of C = C  
bonds of the enolic form of the /3-diketone.

Diisopropoxy chelated titanium compounds 
showed strong broad absorption bands between 1160 
and 1110 cm.-1 and also in the region of 1000 cm.-1 
The former bands were assigned to the isopropyl 
skeletal vibration8 and the latter may be a result 
of C— O—Ti linkage.

(5 )  A . Y a m a m o to  a n d  S . K a m b a r a ,  J. Am. Chem. Soc., 
7 9 , 4 3 4 4  (1 9 5 7 ).

(6 )  J .  L e c o m te ,  Disc. Faraday Soc., 9 ,  125  (1 9 5 0 ).
( 7 )  L . J .  B e l la m y  a n d  R .  F .  B r a n c h ,  J. Chem. Soc., 4 4 9 1

(1 9 5 4 ).
(8 )  L .  J .  B e l la m y , The Infrared Spectra of Complex 

Molecules, 2 n d  e d .,  J o h n  W ile y  &  S o n s , I n c . ,  N e w  Y o rk , 
1958 , p p .  2 6  a n d  2 7 4 .

Chelated titanium compounds containing the 
trimethylsiloxy groups showed extremely strong 
absorption bands at about 845 and 1245 cm.-1 
These bands have been attributed to stretching and 
rocking vibrations, respectively, of the trimethyl- 
silyl group.8 The absorption band produced by 
C = 0 —Ti linkage in these compounds was shifted 
to a lower frequency and appeared in the region of 
980 cm.-1 instead of 1000 cm.-1 as in the diiso
propoxy titanium dichelates.

E X P E R IM E N T A L 9

Materials. C o m m e r c ia l ly  a v a i la b le  t e t r a i s c p r o p o x y t i -  
t a n iu m  a n d  2 ,4 - p e n ta n e - d io n e  w e re  p u r i f ie d  b y  f r a c t io n a l  
d i s t i l l a t io n  a n d  t h e  f r a c t io n s  w i th  b .p .  8 9 -9 1  ° / 3 - 4  m m . a n d
1 3 7 -1 3 9 ° , r e s p e c t iv e ly ,  w e re  u s e d :  n 2D5 f o r  te t r a i s o p r o p o x y 
t i t a n i u m ,  1 4 6 0 8 ; n2jf f o r  2 ,4 - p e n ta n e d io n e ,  1 .4 4 8 0 . C o m -  
m e r ic a l ly  a v a i la b le  8 -q u in o lin o l  m e l t in g  a t  7 5 - 7 6 °  a n d  1 ,3 - 
d ip h e n y l - l ,3 - p r o p a n e d io n e  m e l t in g  a t  7 6 .5 - 7 8 °  w e re  u s e d .

T h e  t r im e th y ls i lo x y  d e r iv a t iv e s  o f  t i t a n i u m  w e re  p r e p a r e d  
b y  t h e  r e a c t io n  o f  t r im e th y la c e to x y s i la n e  w i th  t e t r a i s o p r o 
p o x y t i t a n iu m .4

Reaction of tetraisopropoxytitanium with 1,8-diphenyl-1,3- 
propanedione in cyclohexane. l ,3 - D ip h e n y l - l ,3 - p r o p a n e d io n e  
(4 .4 8  g ., 0 .0 2  m o le )  in  3 0  m l o f  c y c lo h e x a n e  w a s  a d d e d  to  
t e t r i s o p r o p o x y t i t a n iu m  (2 .8 4  g  , 0 .0 1  m o le )  d is s o lv e d  in  15 
m l. o f  c y c lo h e x a n e . A d d i t io n  o f  t h e  ,8 -d ik e to n e  c a u s e d  t h e  
m ix tu r e  t o  t u r n  b r ig h t  y e llo w , a n d  a  p r e c ip i t a t e  o f  a  y e llo w  
s o lid  w a s  o b s e rv e d ;  t h i s  s o lid  d is s o lv e d  u p o n  h e a t in g .  T h e  
re f lu x in g  w a s  c o n t in u e d  fo r  4 5  m in . a n d  t h e  c o n te n t s  o f  t h e  
f la s k  w e re  a l lo w e d  to  c o o l t o  r o o m  te m p e r a tu r e .  A  y e llo w  s o lid  
a g a in  p r e c ip i t a t e d  a n d  w a s  s e p a r a te d  b y  f i l t r a t io n .  T h e  p r o d 
u c t ,  d iis o p r o p o x y  b i s ( l ,3 - d ip h e n y l- l - k e to p r o p - 2 - e n e - 3 -  o x y )  
t i t a n iu m ,  w e ig h e d  5 73  g . (9 3 .6  % y ie ld )  a n d  m e b e d  a t  1 7 0 -  
1 7 5 °  a f t e r  r e c r y s ta l l i z a t io n  f ro m  c a r b o n  t e t r a c h lo r id e .

Anal. C a lc d . f o r  C 36H360 8 T i:  C , 7 0 .5 9 ; H ,  5 .9 2 . F o u n d :  C , 
7 1 .1 0 ; H ,  5 .0 9 .

Reaction of diisopropoxy bis(trimethylsiloxy)titanium with
1,8-diphenyl-l ,8-propanedione in cyclohexane. 1 ,3 - D ip h e n y l-
1 .3 - p r o p a n e d io n e  (4 .4 8  g ., 0 .0 2  m o le )  in  3 0  m l.  o f  c y c lo 
h e x a n e  w a s  a d d e d  r a p id ly  t o  d iis o p r o p o x y  b i s ( t r im e th y l -  
s i lo x y ) t i t a n iu m  (3 .4 4  g ., 0 .0 1  m o le )  d is s o lv e d  in  15  m l. o f 
c y c lo h e x a n e . T h e  m ix tu r e  t u r n e d  y e l lo w  w h e n  t h e  /3 -d ik e to n e  
w a s  a d d e d ,  a n d  a  y e llo w  s o lid  p r e c ip i t a t e d  a f t e r  s e v e ra l  
m in u te s  U p o n  h e a t in g ,  t h e  s o l id  d is s o lv e d  ( s l ig h t ly  c lo u d y )  
a n d  t h e  s o lu t io n  w a s  r e f lu x e d  f o r  2 0  m in .  A  y e llo w  s o lid  
fo rm e d  o n  c o o lin g . T h e  m ix tu r e  w a s  f i l te r e d  to  y ie ld  5 .5 8  g. 
(8 3  % )  o f  s o lid  m e l t in g  a t  1 5 0 -1 6 3 ° . R e c r y s ta l l iz a t io n s  f ro m  
c y c lo h e x a n e  r a is e d  t h e  m e l t in g  p o in t  t o  1 5 9 -1 6 5 ° . T h e  in 
f r a r e d  s p e c t r u m  o f  t h i s  s o lid  t a k e n  in  c a r b o n  te t r a c h lo r id e  
w a s  id e n t ic a l  w i th  t h a t  o f  t h e  p r o d u c t  f ro m  t h e  r e a c t io n  o f 
t e t r a k i s (  t r im e th y ls i lo x y  ) t i t a n iu m  w i t h  l ;3 - d ip h e n y l - l ,3 -  
p ro p a n e d io n e .

Anal. C a lc d  f o r  C m iL oO eT iS L : C , 6 4 .2 7 ; H ,  5  9 9 . F o u n d :  
C , 6 4 .5 9 ; H ,  6 .2 8 .

Reaction of isopropoxy iris(trimethylsiloxy)litanium with
1.3- diphenyl-l,3-propanedione. 1 ,3 - D ip h e n y l - 1 ,3 - p ro p a n e -  
d io n e  (4 .4 8  g ., 0 .0 2  m o le )  w a s  a d d e d  t o  i s o p r o p o x y  t r i s -  
( t r im e th y l s i l o x y ) t i t a n iu m  (3 .7 4  g ., 0 .0 1  m o le ) .  T h e  c o lo r le s s  
c le a r  o r g a n o t i ta n iu m  e s te r  b e c a m e  b r i g h t  y e l lo w  w h e n  th e  
/3 -d ik e to n e  w a s  a d d e d .  T h e  m ix tu r e  w a s  g e n t ly  h e a t e d  f o r  30  
m in . ,  d u r in g  w h ic h  t im e  a  v o la t i l e  p r o d u c t  w a s  fo rm e d . 
T h is  v o la t i le  p r o d u c t  (1 .4 3  g .)  w a s  r e m o v e d  b y  h e a t in g  u n d e r  
r e d u c e d  p r e s s u re .  R e c r y s ta l l iz a t io n  o f  t h e  r e s id u a l  m a te r ia l  
f ro m  c y c lo h e x a n e  y ie ld e d  3 .4 2  g . (5 0 .9  % )  o f  a  s o lid  m e l t in g  
a t  1 6 0 -1 6 7 ° . T h e  in f r a r e d  s p e c t r u m  o f  t h i s  p r o d u c t  t a k e n  in  
c a r b o n  te t r a c h lo r id e  w a s  id e n t ic a l  w i t h  t h e  s p e c t r u m  o f  t h e

( 9 )  A ll  m e l t in g  p o in t s  a r e  u n c o r r e c te d .  M ic ro a n a ly s e s  
b y  E le k  M ic ro  A n a ly t ic a l  L a b o r a to r ie s ,  L o s  A n g e le s , C a lif .
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p r o d u c t  o b t a in e d  f ro m  t h e  r e a c t io n  o f  t e t r a k i s k i s ( t r im e th y l -  
s i l o x y ) t i t a n iu m  w i th  l ,3 - d ip h e n y l- l ,3 - p r o p a n e d io n e .

Reaction of tetrakis(trimethylsiloxy)titaninm with 1,8-di- 
phenyl-l,S-propanedione. l ,3 - D ip h e n y l - l ,3 - p r o p a n e d io n e  
(4 .4 8  g ., 0 .0 2  m o le )  d is s o lv e d  in  25  m l. o f  c y c lo h e x a n e  w a s  a d 
d e d  to  t e t r a k i s ( t r im e th y l s i l o x y ) t i t a n iu m  (4 .0 4  g ., 0 .0 1  m o le )  
d is s o lv e d  in  10  m l. o f  c y c lo h e x a n e . T h is  a d d i t i o n  c a u s e d  t h e  
s o lu t io n  to  t u r n  y e llo w  a n d  a  y e llo w  s o lid  s e p a r a te d  o u t  o f 
t h e  r e a c t io n  m ix tu r e .  T h e  s o lid  d is s o lv e d  w h e n  h e a t e d ,  a n d  
t h e  r e f lu x in g  w a s  c o n t in u e d  fo r  20  m in . U p o n  c o o lin g  to  ro o m  
t e m p e r a t u r e  t h e  e n t i r e  c o n te n t s  o f t h e  f la sk  a g a in  b e c a m e  a  
y e l lo w  s o l id .  T h e  m ix tu r e  w a s  f i l te r e d  a n d  d r ie d  in  a  d e s ic 
c a t o r  u n d e r  v a c u u m  to  g iv e  6 .2 8  g. (9 3 .5  % )  o f  t h e  p r o d u c t ,  
b is ( t r im e th y ls i lo x y ) b i s ( l ,3 - d ip h e n y l - l - k e to p r o p - 2 - e n e - 3 - o x y  
t i t a n iu m .  T h is  m a te r i a l  m e l te d  a t  1 6 1 -1 7 0 °  a f t e r  s e v e ra l  
r e c r y s ta l l i z a t io n s  f ro m  c y c lo h e x a n e .

Anal. C a lc d . fo r  C 36H 4o06T iS i2: C , 6 4 .2 7 ; H ,  5 .9 9 . F o u n d :  
C , 6 4 .3 9 ; H ,  6 .0 6 .

Reaction of tetraisopropoxytitanium with 2,4-pentanedione.
2 .4 -  P e n ta n e d io n e  (2 0 .0  g ., 0 .2 0  m o le )  w a s  a d d e d  t o  t e t r a i s o 
p r o p o x y t i t a n iu m  (2 8 .4  g ., 0 .1 0  m o le ) .  T h e  r e a c t io n  m ix tu r e  
w a s  h e a t e d  a n d  s t i r r e d  f o r  30  m in .  t o  y ie ld  a  c le a r , g o ld e n  
s o lu t io n .  T h e  lo w  b o i l in g  p r o d u c t  w a s  r e m o v e d  u n d e r  r e 
d u c e d  p r e s s u re  a n d  t h e  r e s id u e  w a s  f r a c t i o n a t e d  to  g iv e  2 3 .6 7  
g. (6 5  %  y ie ld )  o f  d iis o p r o p o x y  b i s ( 2 - k e to p e n t -3 - e n e - 4 -  
o x y ) t i t a n iu m  b o i l in g  a t  1 3 8 - 1 4 0 ° / 4 - 5  m m  , n 2D5 1 .5 4 4 0 . 
T h e  p a le  y e llo w  l iq u id  p r o d u c e  tu r n e d  d a r k  b r o w n  o n  s t a n d 
in g .

Reaction of diisopropoxy bis(trimethylsiloxy)titanium until
2.4- pentanedione. 2 ,4 - P e n ta n e d io n e  (2 .0  g ., 0 .0 2  m o le )  w a s  
a d d e d  to  d i i s o p r o p o x y b is ( t r im e th y ls i lo x y ) t i t a n iu m  (3 .4 4  g.,
0 .0 1  m o le ) .  T h e  s o lu t io n  t u r n e d  y e l lo w  a n d  h e a t  w a s  e v o lv e d . 
T h e  c o n te n t s  o f t h e  f la s k  w e re  h e a t e d  g e n t ly  f o r  1 h r .  a n d  t h e  
v o la t i le  m a te r ia l  (1 .4 4  g ., ra2D5 1 .3 8 3 7 ) w a s  r e m o v e d  b y  h e a t 
in g  u n d e r  r e d u c e d  p r e s s u re .  U p o n  c o o lin g , t h e  r e s id u a l  m a te 
r ia l  so lid if ie d  t o  a  y e llo w  c r y s ta l l in e  so lid . D u r in g  t h e  r e m o v a l  
o f  t h e  v o la t i le  m a te r ia l ,  a  s o l id  h a d  s u b l im e d  o n  t h e  w a lls  o f 
t h e  f la s k . T h is  s o lid  m e l te d  s h a r p ly  a t  5 6 - 5 7 ° .  T h e  t o t a l  
y ie ld  o f  t h e  c r u d e  p r o d u c t ,  b i s ( t r im e th y ls i lo x y ) b i s ( 2 - k e to -  
p e n t - 3 - e n e - 4 - o x y ) t i t a n iu m  w a s  3 .7 5  g . ( 8 8 .4 % ) .  A n  in f r a r e d  
s p e c t r u m  o f  t h i s  m a te r i a l  w a s  id e n t ic a l  w i th  t h e  s p e c t r u m  o f  
t h e  p r o d u c t  o b ta in e d  f ro m  t h e  r e a c t io n  b e tw e e n  t e t r a k i s  
( t r im e th y l s i l o x y ) t i t a n iu m  a n d  2 ,4 - p e n ta n e d io n e .

Anal. C a lc d . fo r  C i6H 32C>6Si2T i :  C , 4 5 .2 6 ; H ,  7 .6 1 . F o u n d :  
C , 4 5 .2 0 ; H , 7 .5 2 .

Reaction of tetrakis(trimethylsiloxy)titanium with 2,4-pen- 
tanedione. 2 ,4 - P e n ta n e d io n e  (2 .0  g ., 0 .0 2  m o le )  r e a c t e d  w i th  
t e t r a k i s ( t r im e th y l s i l o x y ) t i t a n iu m  (4 .0 4  g ., 0 .0 1  m o le ) .  T h e  
m ix tu r e  b e c a m e  y e llo w  a n d  a n  e v o lu t io n  of h e a t  w a s  o b 
s e rv e d .  T h e  c o n te n t s  o f  t h e  f la s k  w e re  h e a t e d  g e n t ly  f o r  30  
m in .  A  v o la t i l e  m a te r i a l  re f lu x e d  o n  t h e  w a lls  o f t h e  r e a c t io n  
v e s se l  d u r in g  t h e  h e a t in g .  A t  t h e  e n d  o f t h e  h e a t in g  p e r io d  
g lo b u le s  o f im m is c ib le  l iq u id  w e re  s e e n  a t  t h e  b o t to m  o f  t h e  
f la sk . T h e  lo w -b o ilin g  m a te r ia l s  (1 .7 9  g .)  w e r e  r e m o v e d  
u n d e r  v a c u u m  a n d  h e a t  a n d  c o l le c te d  in  a  D r y  I c e  t r a p .  
C o n te n t s  o f  t h e  t r a p  c o n s is te d  o f tw o  p h a s e s  w h ic h  w e re  p r o b 
a b ly  w a te r  a n d  h e x a m e th y ld is i lo x a n e ;  t h e  b y - p r o d u c t  o f 
t h e  c h e la t in g  r e a c t io n ,  t r im e th y ls i l a n o l ,  w o u ld  b e  e x p e c te d  to  
c o n d e n s e  u n d e r  t h e  r e a c t io n  c o n d i t io n s  t o  y ie ld  th e s e  p r o d 
u c t s .  T h e  l iq u id  r e m a in in g  t h e  r e a c t io n  f la s k  t u r n e d  in to  a  
p a le  y e l lo w -o ra n g e  s o lid  u p o n  c o o lin g  t o  ro o m  t e m p e r a tu r e ;

t h i s  s o lid  m e l te d  a t  5 4 - 5 5 °  a n d  w e ig h e d  3 .5 5  g . ( 8 3 .7 %  
y ie ld ) .

Anal. C a lc d . fo r  C i6H 320 6 S i2T i :  C , 4 5 .2 6 : H , 7 .6 1 . F o u n d :  
C , 4 5 .7 8 ; H , 7 .8 6 .

Reaction of tetraisopropoxytitanium with 8-quinolinol in 
carbon tetrachloride. A  s o lu t io n  o f  8 -q u in o lin o l (5 .8 0  g ., 0 .0 4  
m o le )  in  30  m l. o f c a r b o n  te t r a c h lo r id e  w a s  a d d e d  t o  t e t r a i 
s o p r o p o x y t i t a n iu m  (5 .6 8  g ., 0 .0 2  m o le )  d is s o lv e d  in  15 m l.  o f  
c a r b o n  te t r a c h lo r id e .  T h e  c le a r , y e l lo w  s o lu t io n  w a s  re f lu x e d  
fo r  3 0  m in . w h ile  s t i r r in g ,  a n d  a f t e r  s t a n d in g  f o r  16 h r . ,  a  
y e llo w  s o lid  h a d  p r e c ip i t a te d .  T h e  m ix tu r e  w a s  f i l te r e d  t o  
y ie ld  5 .8 9  g . ( 6 4 .9 % )  o f t h e  p r o d u c t ,  d i i s o p r o p o x y b is ( q u in o -  
l in - 8 - o x y ) t i t a n iu m .  T h is  m a te r ia l ,  a f t e r  r e p e a t e d  r e c r y s t a l 
l iz a t io n s  f ro m  e i th e r  b e n z e n e  o r  c a r b o n  t e t r a c h lo r id e ,  m e l te d  
w i th  d e c o m p o s i t io n  a t  1 7 0 - 1 8 0 ° ;  a  v o la t i l e  p r o d u c t  a p p e a r e d  
to  b e  e v o lv e d  a t  th i s  t e m p e r a tu r e .

Anal. C a lc d . f o r  C 24H260 4T iN 2: C , 6 3 .4 4 ; H ,  5 .7 7 . F o u n d :  
C , 6 3 .7 0 ; H ,  6 .0 0 .

Reaction of diisopropoxybisitrimethylsiloxy)titanium with
8-quinolinol in cyclohexane. A  s o lu t io n  o f 8 -q u in o lin o l  (2 .9 0  
g ., 0 .0 2  m o le )  d is s o lv e d  in  30  m l. o f  c y c lo h e x a n e  w a s  a d d e d  
to  d i i s o p r o p o x y b is ( t r im e th y ls i lo x y ) t i t a n iu m  (3 .4 4  g ., 0 .01  
m o le )  d is s o lv e d  in  15 m l. o f  c3rc Io h e x a n e . T h e  m ix tu r e  t u r n e d  
b r i g h t  y e llo w  u p o n  t h e  a d d i t io n  o f  t h e  c h e la t in g  a g e n t .  
A f te r  re f lu x in g  f o r  2 0  m in . ,  t h e  m ix tu r e  w a s  a l lo w e d  t o  co o l 
t o  r o o m  t e m p e r a t u r e  y ie ld in g  a  b r ig h t  y e llo w  so lid . T h e  
m ix tu r e  w a s  f i l te r e d  to  g iv e  a  y e llo w  c r y s ta l l in e  s o l id  (4 .3 7  g ., 
8 5 % ) .  T h is  p r o d u c t  m e l te d  a t  1 4 4 -1 4 8 °  a n d  g a v e  a n  in f r a r e d  
s p e c t r u m  id e n t ic a l  w i th  t h e  p r o d u c t  f ro m  t h e  r e a c t io n  o f  
t e t r a k i s ( t r im e th y l s i l o x y ) t i t a n iu m  w i th  8 -q u in o lin o l .

Anal. C a lc d . f o r  C 24H 30O 4T iS i2N 2: C , 5 6 .0 2 ; H ,  5 .8 8 . 
F o u n d :  C , 5 4 .8 6 ; H ,  6 .1 1 .

Reaction of tetrakis(trimcthylsiloxy)titanium with 8-quino
linol in cyclohexane. A  s o lu t io n  o f 8 - q u in o lin o l  (2 .9 0  g ., 0 .0 2  
m o le )  in  30  m l. o f  c y c lo h e x a n e  w a s  a d d e d  to  t e t r a k l s ( t r i -  
m e th y ls i lo x y ) t i ta n iu m  (4 .0 4  g ., 0 .0 1  m o le )  d is s o lv e d  in  15 
m l. o f  c y c lo h e x a n e . T h e  r e a c t io n  m ix tu r e  im m e d ia te ly  t u r n e d  
b r ig h t  y e llo w , a n d  a f t e r  10 m in . t h e  e n t i r e  c o n te n t  o f  t h e  
f la s k  w a s  c o n v e r te d  in to  a  y e llo w  so lid . T h is  s o lid  d is s o lv e d  
o n  h e a t in g ,  a n d  t h e  s o lu t io n  w a s  t h e n  r e f lu x e d  fo r  2 0  m in . 
U p o n  c o o lin g , t h e  y e llo w  s o lid  a g a in  p r e c ip i t a te d .  T h e  s o lid  
w a s  s e p a r a te d  a n d  d r ie d  u n d e r  a  v a c u u m  in  a  d e s ic c a to r  t o  
y ie ld  4 .6 9  g. (91 % )  o f  b i s ( t r im e th y ls i lo x y )b is (q u in o l in -8 -  
o x y ) t i t a n iu m  m e l t in g  a t  1 4 5 -1 4 8 ° .

Hydrolysis of diisopropoxybis(quinolin-8-oxy)titanium. D i-  
i s o p r o p o x y b is ( q u in o l in -8 - o x y ) t i ta n iu m  (2 .2 7  g ., 0 .0 0 5  m o le )  
w a s  h y d r o ly z e d  b y  s t i r r in g  w i th  w a te r  (5  m l .)  fo r  3 0  m in . 
T h e  y e llo w  s o lid  t u r n e d  o r a n g e  in  c o lo r  u p o n  c o n ta c t  w i th  
w a te r .  T h e  m ix tu r e  w a s  f i l te r e d  a n d  t h e  s o l id  w a s  w a s h e d  
tw ic e  w i th  w a te r  a n d  th e n  w i th  b e n z e n e , y ie ld in g  a  p r o d u c t  
w h ic h  w a s  s o lu b le  in  c h lo ro fo rm  a n d  a c e to n e  b u t  in s o lu b le  in  
c a r b o n  te t r a c h lo r id e  a n d  b e n z e n e . Y e llo w  n e e d le s  w e re  o b 
t a in e d  u p o n  r e c r y s ta l l i z a t io n  o f  t h e  s o lid  f ro m  c h lo ro fo rm , 
b u t  u p o n  s t a n d in g  fo r  s e v e ra l  d a y s , t h e  n e e d le s  b e c a m e  in 
s o lu b le  in  t h e  s a m e  s o lv e n t .  T h e  p r o d u c t  d id  n o t  m e l t  b e lo w  
3 0 0 °  b u t  t u r n e d  b ro w n  in  c o lo r  a t  a b o u t  2 8 0 ° .

Anal. C a lc d . fo r  C !8H ,20 3T iN 2: C , 6 1 .3 8 ; H ,  3 .4 3 . F o u n d :  
C , 6 0 .2 6 ; H , 3 .8 7 .

M a l i b u , C a l i f .
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H ig h  y ie ld s  o f m e th y l - ,  n - b u t y l -  a n d  i s o b u ty l t r i p h e n y l s i l a n e  w e re  o b ta in e d  f ro m  t h e  e q u im o la r  r e a c t io n s  o f  t r ip h e n y l 
s i ly l l i th iu m  w i th  t h e  r e s p e c t iv e  t r i a lk y l  p h o s p h a te s .  T h e  3 : 1  r e a c t io n  o f t r ip h e n y ls i l y l l i t h iu m  w i th  t r i - n - b u t y l  p h o s p h a te  
g a v e  n - b u tv l t r i p h e n y l s i l a n e ,  h e x a p h e n y ld is i la n e ,  h e x a p h e n y ld is i lo x a n e ,  4 - t r ip h e n y ls i ly lb u ta n o l  a n d  t r ip h e n y ls i l a n o l  w h e n  
fo rc e d  c o n d i t io n s  w e re  e m p lo y e d . A  p o s s ib le  m e c h a n is m  f o r  t h e  f o r m a t io n  o f th e s e  p r o d u c t s  h a s  b e e n  p r o p o s e d .

In 1915 Michaelis and Wegner,1 while attempting 
to prepare the phenyl ester of diphenylphosphinic 
acid via the reaction of phenyl dichlorophosphinate 
with phenylmagnesium bromide, obtained an un
specified yield of triphenylphosphine oxide. Not 
only were the chlorine atoms displaced by the Gri
gnard reagent, but the phenoxide group as well. 
Similar displacements of -—0 —R groupings from 
t riphenyl phosphite, triphenyl phosphate, and tri-p- 
cresyl phosphate by phenylmagnesium bromide 
have also been observed.2

The reaction, however, is not limited to aryl 
esters of this type, but appears to be quite general 
for compounds having either alkyl or aryl groups 
attached through oxygen to phosphorus. To illus
trate, trialkyl phosphates,3'4 5 trialkyl phosphites,8“6 
dialkyl phosphites,4’7“ 11 alkyl,12'13 and aryl6 phos
phonates and phosphorochloridates,4'14 15'16 have all 
been found to undergo similar displacements when 
treated with organometallic compounds.

Triphenylsilyllithium, on the other hand, reacted 
with tri-n-butyl phosphate in tetrahydrofuran to 
give an 83.5% yield of n-butyltriphenylsilane, the 
alkylation product16:

( 1 )  A . M ic h a e l is  a n d  F .  W e g n e r ,  lier., 4 8 ,  3 1 6  (1 9 1 5 ) .
(2 )  H .  G i lm a n  a n d  C . C . V e rn o n , J. Am. Chem. Soc., 4 8 , 

1 0 6 3  (1 9 2 6 ).
( 3 )  H .  G i lm a n  a n d  J .  R o b in s o n ,  Rec. trav. chim., 4 8 , 3 2 8

(1 9 2 9 ).
( 4 )  J .  L . W il l ia n s ,  Chem. & hid., 2 3 5  (1 9 5 7 ) .
(5 )  P .  W . M o r g a n  a n d  B .  C . H e r r ,  J. Am. Chem. Soc., 

7 4 , 4 5 2 6  (1 9 5 2 ).
(6 )  M . H .  M a g u i r e  a n d  G . S h a w , J. Chem. Soc., 203 9

(1 9 5 5 ).
(7 )  G . M . K o s o la p o ff  a n d  R .  M . W a ts o n ,  J. Am. Chem. 

Soc., 7 3 , 4 1 0 1  (1 9 5 1 ).
( 8 )  R .  H .  W il l ia m s  a n d  L .  A . H a m i l to n ,  J. Am. Chem. 

Soc., 7 4 , 5 4 1 8  (1 9 5 2 ) ;  J. Am. Chem. Soc, 7 7 , 3 4 1 1  ( 1 9 5 5 ) .
(9 )  R .  C . M il le r ,  J .  S . B r a d le y ,  a n d  L . A . H a m i l to n ,  

J. Am. Chem. Soc., 7 8 , 5 2 9 9  (1 9 5 6 ) .
(1 0 )  B .  B . H u n t  a n d  B .  C . S a u n d e r s ,  J. Chem. Soc., 24 1 3

(1 9 5 7 ) .
(1 1 )  R .  C . M il le r ,  C . D .  M il le r ,  W m . R o g e rs ,  J r . ,  a n d

L . A . H a m i l to n ,  J . Am. Chem. Soc., 7 9 , 4 2 4  (1 9 5 7 ).
(1 2 )  G . M . K o s o la p o ff , J. Am. Chem. Soc., 7 2 , 5 5 0 8

(1 9 5 0 ).
(1 3 )  M . J a n c z e w s k i ,  Roczniki Chem., 3 3 , 1 85  (1 9 5 9 ) .
(1 4 )  A . B u r g e r  a n d  N .  D .  D a w s o n , J. Org. Chem., 16 , 

12 5 0  (1 9 5 1 ).
(1 5 )  N .  D .  D a w s o n  a n d  A . B u r g e r ,  J. Org. Chem., 18 , 

20 7  (1 9 5 3 ) .
(1 6 )  M . V . G e o rg e , B .  J .  G a j ,  a n d  H .  G i lm a n ,  J. Org.

Chem., 2 4 , 6 2 4  ( 1 9 5 9 ) .

( C 6H 6)3S iL i +  ( re -C iH s O h P O  —
( C 6H 6) 3S iC 4H 9- n  +  ( n - C 4H 90 ) 2 P ( 0 ) 0 L i

Alkylation reactions involving alkyl sulfates and 
sulfonates with Grignard reagents are well known17; 
however, this type of reaction has not been ob
served for alkyl esters of acids containing phos
phorus as the central element, except for the reac
tion involving triphenylsilyllithium and tri-n- 
butyl phosphate.16 This study describes further 
investigation of the scope and limitations of this 
alkylation reaction.

It was found that triphenylsilyllithium reacts 
smoothly and promptly with trimethyl, tri-n- 
butyl, and triisobutyl phosphate in a 1:1 mole 
ratio to give methyl-, n-butyl-, and isobutyltri
phenylsilane in yields of 88, 97, and 87.8%, re
spectively. All three products were identified by 
mixed melting point determinations and infrared 
spectra.

As it was desirable to know whether all three 
alkyl groups of the ester could be utilized in this 
reaction, the reaction of triphenylsilyllithium with 
tri-n-butyl phosphate was repeated in a 3:1 mole 
ratio. The n-butyl ester was chosen for this purpose, 
because it gave the best yield of alkylation product 
of the three esters tested, although the yields in 
all three cases were satisfactory.

Forced conditions were required in order to 
consume all of the organosilyllithium reagent, but 
the yield of n-butyltriphenylsilane was found to be 
only 49.5%. In addition, hexaphenyldisilane 
(11.6%), hexaphenyldisiloxane (2.7%), 4-triphenyl- 
silylbutanol (6.4%), and triphenylsilanol (5.9%) 
were isolated from the reaction mixture. A check- 
run gave n-butyltriphenylsilane (51.5%), hexa
phenyldisilane (13.8%), 4-triphenylsilylbutanol 
(4.5%), and triphenylsilanol (9.05%).

As forced conditions (reflux and long reaction 
times) were required to obtain a negative Color 
Test I ,18 it is apparent that the removal of the 
second and third alkyl groups from the ester is 
much more difficult than is the removal of the 
first. This is probably due to repulsion by the nega-

(1 7 )  S ee , fo r  e x a m p le , M . S . K h a r a s c h  a n d  O . R e in m u th ,  
Grignard Reactions of NonmetaUic Substances, c h a p t .  21, 
P r e n t ic e - H a l l ,  N e w  Y o r k ,  1 9 5 4 .

(1 8 )  H .  G i lm a n  a n d  F .  S c h u lz e , J. Am. Chem. Soc., 4 7 , 
2 0 0 2  (1 9 2 5 ).
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tive charge on the ester after one alkyl group 
has been removed. In this connection, it lias also 
been found that the second and third alkyl groups 
of phosphate esters are more difficult to hydro
lyze.19

Secondly, it is apparent that all three alkyl 
groups of the ester are not functioning as alkylating 
agents, as w-butyltriphenylsilane was isolated in 
only 49.5 and 51.5% yields from these two reac
tions employing forced conditions. The isolation 
of hexaphenyldisilane also suggests that a different 
methanism is involved in the removal of the third 
alkyl group. The following reaction scheme is 
consistent with the observed results:
2 ( C 6H 6) 8S iL i +  ( n - C jH s O b P O  — >

2 ( C 6H 5)3SiC <H sr?i +  (L iO } ,P (C » (O C 4H 9-re)
I

( C 6H s) 3S iL i +  ( L iO ) 2P (  O ) ( O C < H  9-n )  — >
I

n -C ^ H jO L i +  ( L iO ) iP ( 0 ) ( S i ( C c H 6) , )  
I I

( C 6H 5) 3S iL i +  (L iO ) 2P (  0 ) (  S i( C eH s) a) — >
I I  (C sH slsS ij +  ( L iO h P ( O ) L i  

I I I

( L i 0 ) 2P ( 0 ) ( S i ( C 6H ,) , )  +  3 H 20  —
I I

(C 6 H ,) ,S iO H  +  ( H 0 ) j P ( 0 ) H  +  2 L iO H

( c 6H s) 3s iL i  +  r n  2- 

S r

( C « H h 3S i ( C H ,) 4O H  +  L iO H

The first two alkyl groups of the ester react with 
triphenylsilyllithium to form I and n-butyltriphenyl- 
silane. Although not indicated as such, this reac
tion probably occurs stepwise. Thphenylsilylli- 
thium then reacts with I to give the silylphosphorus 
intermediate (II) by displacement of the n-butoxide 
group. Apparently after two of the alkyl groups 
have been removed from the ester, the steric 
hindrance around phosphorus is reduced suffi
ciently for the organolsilyllithium compound to 
attack the central phosphorus atom in the 
manner usually observed with compounds of this 
type.

Subsequent cleavage of the silylphosphorus in
termediate (II) by triphenylsilyllithium leads to the 
formation of hexaphenyldisilane and lithium phos
phite (III). Cleavages of this type have been used to 
explain the formation of hexaphenyldisilane from 
reactions of triphenylsilyllithium with halides of 
group V-B elements.16 Similar reactions involving 
silicon-sulfur,20 silicon-oxygen,21 and silicon-mer
cury22 bonds are also known.

(1 9 )  G .  M . K o s o la p o ff ,  Organophosphonis Compounds, 
c h a p t .  9 , W ile y , N e w  Y o rk , 1 9 5 0 .

( 2 0 )  H .  G i lm a n  a n d  D . W i t te n b e r g ,  J. Am. Chem. Soc., 
7 9 ,  6 3 3 9  ( 1 9 5 7 ) ;  D .  W i t te n b e r g ,  T .  C . W u , a n d  H .  G ilm a n , 
J. Org. Chem., 2 3 , 1 8 9 8  (1 9 5 8 ) ;  D .  W i t te n b e r g ,  H .  A . 
M c N in c h ,  a n d  H .  G i lm a n ,  J. Am. Chem. Soc., 8 0 , 5 4 1 8
( 1 9 5 8 ) .

As care was taken to exclude moisture from 
these reactions, the triphenylsilanol probably was 
formed via hydrolysis of the silylphosphorus com
pound (II). Compounds containing silicon-phos
phorus bonds are known to undergo ready hydrol
ysis.23 The hexaphenyldisiloxane isolated in the 
first reaction employing forced conditions was 
formed by dehydration of triphenylsilanol, and the
4-triphenylsilylbutanol, via cleavage of the solvent 
by triphenylsilyllithium.24 25

It would appear that steric requirements of the 
triphenylsilyl group are largely responsible for the 
occurrence of alkylation in these reactions. The 
large size of this anion prevents its attack on the 
ester at the central phosphorus atom. Apparently 
there is not too much difference, energywise, be- 
tween these two possible reactions (alkylation vs. 
displacement), and the more favored displacement 
reaction gives way to the alkylation reaction when 
the organometallic compound is sufficiently hin
dered. An investigation to test this hindrance 
hypothesis employing Grignard reagents and 
organolithium compounds is presently being car
ried out. The results of this work will be reported 
later.

EXPERIMENTAL26 *

Reaction of triphenylsilyllithium with trimethyl phosphate 
( 1 :1 ) .  A  s o lu t io n  o f  0 .0 4  m o le  o f  t r ip h e n y ls i l y l l i t h iu m 28 in  
75  m l. o f  t e t r a h y d r o f u r a n  w a s  a d d e d  d r o p w is e  t o  a  s t i r r e d  
s o lu t io n  o f 5.G g . (0 .0 4  m o le )  o f  t r im e t h y l  p h o s p h a te  i n  50  
m l. o f  t h e  s a m e  s o lv e n t .  C o lo r  T e s t  I 18 w a s  n e g a t iv e  im 
m e d ia t e ly  a f t e r  t h e  a d d i t io n  w a s  c o m p le te d .  W o r k - u p  b y  
h y d r o ly s is ,  a d d i t i o n  o f  100  m l. o f d i e th y l  e th e r ,  s e p a r a t i o n  o f 
t h e  la y e r s ,  e x t r a c t i o n  o f t h e  a q u e o u s  l a y e r  w ith  d i e th y l  e th e r ,  
d r y in g  o f  t h e  o rg a n ic  l a y e r  a n d  r e m o v a l  o f  t h e  s o lv e n ts  l e f t  
a n  o il w h ic h  w a s  p o u r e d  o n  a  c o lu m n  o f d r y  a lu m in a .

E lu t io n  w i th  4 0 0  m l. o f  p e t r o le u m  e th e r  ( b .p .  6 0 - 7 0 ° )  g a v e  
7 .8  g . ( 7 1 % )  o f m e th y l t r ip h e n y ls i l a n e ,  m .p .  6 3 - 6 5 ° ,  a n d  a n  
o il w h ic h  c o n ta in e d  t r ip h e n y ls i l a n e  a s  t h e  m a in  c o n s t i t u e n t ,  
a s  e v id e n c e d  b y  s t r o n g  a b s o r p t io n  b a n d s  a t  4 .7 5  a n d  8 .9 7  n 
i n  i t s  i n f r a r e d  s p e c t r u m ,  c h a r a c te r i s t i c  o f  t h e  S i -H  a n d  s ili

(2 1 )  D .  W i t te n b e r g ,  M . V . G e o rg e , a n d  H .  G i lm a n ,  
J. Am. Chem. Soc., 8 1 , 4 8 1 2  ( 1 9 5 9 ) ;  H .  G i lm a n  a n d  T .  C . 
W u , J. Org. Chem., 2 5 , 2 2 5 1  (1 9 6 0 ).

(2 2 )  M . V . G e o rg e , G . D .  L ic h te n w a l te r ,  a n d  H .  G i lm a n ,
J. Am. Chem. Soc., 8 1 , 9 7 8  (1 9 5 9 ) .

(2 3 )  S ee , fo r  e x a m p le , G . F r i t z ,  Z. Naturforsch., 8 b ,  7 7 6
(1 9 5 3 ) ;  G . F r i t z ,  Z. anorg. u. allgem. chem., 2 8 0 , 3 3 2  (1 9 5 5 ) ;  
W . K e e b e r  a n d  H . W . P o s t ,  J. Org. Chem., 2 1 , 5 0 7  (1 9 5 6 ) ;
G . F r i t z  a n d  H . O . B e rk é n h o f f ,  Z. anorg. u. allgem. chem., 2 8 9 , 
2 5 0  ( 1 9 5 7 ) ;  F .  F e h é r ,  G . K u h lb ô r s c h ,  A . B lü n e k e ,  H .  
K e l le r ,  a n d  K .  L ip p e r l ,  Chem. Ber., 9 0 , 1 3 4  (1 9 5 7 ) ;  G .  W . 
P a r s h a l l  a n d  R .  V . L in d s e y ,  J. Am. Chem. Soc., 8 1 ,  6 2 7 3
(1 9 5 9 ) .

(2 4 )  D .  W i t te n b e r g ,  D . A o k i, a n d  H .  G i lm a n ,  J. Am. 
Chem. Soc., 8 0 , 5 9 3 3  (1 9 5 8 ) .

(2 5 )  M e l t in g  p o in t s  a r e  u n c o r r e c te d .  A ll r e a c t io n s  w e r e  
c a r r ie d  o u t  in  a n  a tm o s p h e r e  o f d r y ,  o x y g e n - f r e e  n i t r o g e n  
in  o v e n - d r ie d  g la s s w a re . T h e  t e t r a h y d r o f u r a n  w a s  d r ie d  
a n d  p u r if ie d  b y  re f lu x in g  o v e r  s o d iu m  w ire  f o r  a t  l e a s t  2 4  
h r . ,  fo llo w e d  b y  d i s t i l l a t io n  in to  a  re f lu x in g  s u s p e n s io n  o f  
l i t h iu m  a lu m in u m  h y d r id e  u n d e r  d r y  n i t r o g e n .  I t  w a s  d is 
t i l l e d  im m e d ia te ly  b e fo re  u s e  f ro m  th i s  s u s p e n s io n .

(2 6 )  P r e p a r e d  a c c o r d in g  t o  t h e  p r o c e d u r e  o f  H .  G i lm a n
a n d  G . D .  L ic h te n w a l te r ,  J. Am. Chem. Soc.. 8 0 , 6 0 8  (1 9 5 8 ) .
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c o n - p h e n y l  b o n d ,  r e s p e c t iv e ly .  R e c r y s ta l l iz a t io n  o f  t h e  s o lid  
f ro m  m e th a n o l  r a is e d  t h e  m e l t in g  p o i n t  t o  6 5 - 6 6 ° .  T h e  p r o d 
u c t  w a s  id e n t i f ie d  b y  t h e  m e th o d  o f m ix e d  m e l t in g  p o in t s  
a n d  b y  a  c o m p a r is o n  o f  i t s  in f r a r e d  s p e c t r u m ,  a s  a  c a r b o n  
d is u lf id e  s o lu t io n ,  w i th  t h a t  o f  a n  a u t h e n t i c  s a m p le .

T h e  r e a c t io n  w a s  r e p e a t e d  u s in g  t h e  s a m e  q u a n t i t i e s  o f 
t r ip h e n y ls i ly l l i th iu m  a n d  f r e s h ly  d is t i l le d  t r im e t h y l  p h o s 
p h a t e .  H y d r o ly s is  a n d  w o r k -u p  a s  i n  t h e  p r e v io u s  r e a c t io n  
g a v e  9 .6  g . ( 8 8 % )  o f  m e th y l t r ip h e n y ls i i a n e ,  m .p . a n d  m ix e d
m .p .  6 7 - 6 8 ° ,  a f t e r  c r y s ta l l i z a t io n  f r o m  m e th a n o l .

Reaction of triphenylsilyllithium with tri-n-butyl phosphate 
( 1 : 1 ) .  T h e  a d d i t i o n  o f  o n e - th i r d  o f  a  s o lu t io n  o f 0 .0 4  m o le  o f 
t r ip h e n y ls i ly l l i th iu m  in  9 0  m l. t e t r a h y d r o f u r a n  to  a  s t i r r e d  
s o lu t io n  o f  3 .9 9  g . (0 .0 1 5  m o le )  o f  t r i - n - b u t y l  p h o s p h a te  i n  3 0  
m l. o f t h e  s a m e  s o lv e n t  g a v e  a  n e g a t iv e  C o lo r  T e s t  I  a n d  
d is c h a rg e d  t h e  c o lo r  o f  t h e  s i ly l l i th iu m  r e a g e n t .  T h e  a d d i t i o n  
o f  a n o t h e r  0 .0 1 3 3  m o le  o f  t h e  o r g a n o m e ta l l ic  c o m p o u n d  r e 
s u l te d  in  a  b ro w n  s o lu t io n  w h ic h  g a v e  a  p o s i t iv e  C o lo r  T e s t  I  
e v e n  a f t e r  s t i r r in g  f o r  1 h r .  A n  a d d i t i o n a l  6 .6 5  g . (0 .0 2 5  m o le )  
o f  t r i - n - b u t y l  p h o s p h a te  in  3 0  m l.  o f  t e t r a h y d r o f u r a n  w a s  
a d d e d  a n d  t h e  r e m a in in g  t r ip h e n y ls i l y l l i t h iu m  r e a g e n t  th e n  
w a s  a d d e d  d r o p w is e . C o lo r  T e s t  I  b e c a m e  n e g a t iv e  a n d  th e  
m ix tu r e  d e v e lo p e d  a  p a le  p i n k  c o lo r a t io n .

H y d r o ly s is  w i th  w a te r ,  a n d  t h e  a d d i t i o n  o f  10 0  m l. of 
d i e th y l  e t h e r  p r o d u c e d  a n  e m u ls io n  w h ic h  w a s  c le a re d  b y  
t h e  a d d i t i o n  o f  a  s m a ll  a m o u n t  o f  d i l u t e  h y d r o c h lo r ic  a c id . 
W o r k -u p  in  t h e  m a n n e r  d e s c r ib e d  f o r  t r im e t h y l  p h o s p h a te  
g a v e  1 2 .3  ( 9 7 % )  o f n - b u ty l t r i p h e n y l s i l a n e ,  m .p .  8 5 - 8 7 ° ,  
id e n t i f ie d  b y  m ix e d  m e l t in g  p o in t  a n d  in f r a r e d  s p e c t r a .

Reaction of triphenylsilyllithium with tri-n-butyl phosphate 
( 3 : 1 ) at reflux. Run 1. A  s o lu t io n  o f  0 .0 8  m o le  o f t r ip h e n y l 
s i ly l l i th iu m  in  16 0  m l. o f  t e t r a h y d r o f u r a n  w a s  a d d e d  t o  a  
s t i r r e d  s o lu t io n  o f  7 .1  g . (0 .0 2 6 7  m o le )  o f  f r e s h ly  d is t i l le d  
t r i- r a -b u ty l  p h o s p h a te  in  50  m l.  o f  t h e  s a m e  s o lv e n t .  T h e  d a r k  
m ix tu r e  w a s  s t i r r e d  f o r  2 .5  h r .  a t  r o o m  t e m p e r a t u r e  ( C o lo r  
T e s t  I  p o s i t iv e ) ,  t h e n  a t  re f lu x  fo r  18  h r .  H y d r o ly s is ,  f i l t r a 
t io n ,  a n d  w a s h in g  o f  t h e  in s o lu b le  m a te r i a l  w i th  w a te r  a n d  
d i e th y l  e th e r  l e f t  2 .2  g . o f  h e x a p h e n y ld is i la n e ,  m .p .  a n d  
m ix e d  m .p .  364-4566°.

T h e  f i l t r a te ,  w h ic h  h a d  a  s t r o n g  p h o s p h in e - l ik e  o d o r , w a s  
a c id if ie d  a n d  t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i th  d i e th y l  e th e r .  
R e m o v a l  o f  t h e  s o lv e n ts  f ro m  t h e  d r ie d  o rg a n ic  p h a s e  l e f t  a n  
o ily  s o lid  w h ic h  w a s  w a s h e d  w i th  p e t r o le u m  e th e r  ( b .p .  6 0 -  
7 0 ° )  a n d  c r y s ta l l i z e d  f ro m  b e n z e n e  t o  g iv e  0 .1  g . o f  im p u r e  
h e x a p h e n y ld is i la n e ,  id e n t i f ie d  b y  m ix e d  m e l t in g  p o in t .

T h e  p e t r o le u m  e th e r  e x t r a c t  w a s  c h r o m a to g r a p h e d  o n  a  
c o lu m n  o f  a lu m in a  t o  g iv e  1 2 .5  g . ( 4 9 .5 % )  o f w - b u ty l t r i -  
p h e n y ls i la n e ,  0 .1  g . ( 2 .7 % )  o f h e x a p h e n y ld is i lo x a n e  ( e lu te d  
w i t h  b e n z e n e ) ,  0 .1  g . o f  h e x a p h e n y ld is i la n e  ( t o t a l  y ie ld ,  2 .4  
g ., 1 1 .6 % ) , 1 .7  g . ( 6 .4 % )  o f 4 - t r ip l i e n y ls i ly lb u ta n o l  ( e lu te d  
w i th  e th y l  a c e t a t e ) ,  a n d  1 .3  g . ( 5 .9 % )  of t r ip h e n y ls i la n o l .  
A ll p r o d u c t s  w e re  id e n t i f ie d  b y  m ix e d  m e l t in g  p o in ts .

Run 2. A  s o lu t io n  o f 0 .0 6  m o le  o f  t r ip h e n y ls i ly l l i th iu m  in  
70  m l. o f t e t r a h y d r o f u r a n  w a s  a d d e d  to  5 .3  g . (0 .0 2  m o le )  o f 
t r i- r a -b u ty l  p h o s p h a te  in  a  m ix tu r e  o f  4 0  m l. of t e t r a h y d r o 
f u r a n  a n d  3 0  m l. o f  d i e th y l  e th e r ,  a n d  re f lu x e d  g e n t ly  fo r  5

d a y s  w i th  c o n t in u o u s  s t i r r in g .  A t  t h e  e n d  o f  t h i s  t im e ,  C o lo r  
T e s t  I  w a s  n e g a t iv e .  H y d r o ly s i s  w i th  10 0  m l. o f w a te r  a n d  
f i l t r a t i o n  g a v e  2 .1 5  g . ( 1 3 .8 % )  o f h e x a p h e n y ld is i la n e ,  m .p . 
a n d  m ix e d  m .p .  3 6 3 - 3 6 5 ° .  T h e  f i l t r a t e  h a d  a  s t r o n g  p h o s 
p h in e - l ik e  o d o r .

C h r o m a to g r a p h ic  s e p a r a t io n  of t h e  o rg a n ic  l a y e r  g a v e  9 .8  
g . ( 5 1 .5 % )  o f n - b u ty l t r i p h e n y l s i l a n e ,  m .p .  8 6 - 8 8 ° .  (m ix e d  
m .p . ) ;  0 .8 5  g . ( 4 .5 % )  o f  4 - t r ip h e n y ls i ly lb u ta n o l ,  m .p .  1 0 7 -  
1 0 9 °  ( m ix e d  m .p .  a n d  in f r a r e d  s p e c t r a ) ;  a n d  1 .5  g . ( 9 .0 5 % )  
o f  t r ip h e n y ls i la n o l ,  m .p .  1 5 2 -1 5 4 °  ( m ix e d  m .p .) .

Reaction of triphenylsilyllithium with triisobutyl phosphate 
( 1 : 1 )  Run 1. A  m ix tu r e  o f 0 .0 6  m o le  o f  t r ip h e n y ls i ly l l i th iu m  
a n d  16 g . (0 .0 6  m o le )  of t r i i s o b u ty l  p h o s p h a te 27 in  17 0  m l .  of 
t e t r a h y d r o f u r a n  g a v e , a f t e r  t h e  i n i t i a l  h e a t  o f r e a c t io n  h a d  
d is s ip a te d ,  a  n e g a t iv e  C o lo r  T e s t  I .  T h e  p in k  s o lu t io n  w a s  
h y d r o ly z e d  w i th  50  m l. o f  h a l f - s a t u r a te d  a m m o n iu m  c h lo r id e , 
a n d  100  m l. o f d i e th y l  e th e r  w a s  a d d e d .  D r y in g  o f  t h e  s e p a 
r a t e d  o rg a n ic  l a y e r  fo llo w e d  b y  r e m o v a l  o f  t h e  s o lv e n ts  a n d  
b o i l in g  o f  t h e  r e s id u e  w i th  150  m l. o f  a b s o lu te  e th a n o l  g a v e  
u p o n  f i l t r a t io n  0 .3  g . ( 2 % )  o f h e x a p h e n y ld is i la n e ,  m .p .  3 5 7 -  
3 6 0 °  ( m ix e d  m .p .) .

T h e  e th a n o l ic  f i l t r a t e  y ie ld e d  u p o n  c o n c e n t r a t io n ,  tw o  
c ro p s  o f  i s o b u ty l t r ip h e n y ls i l a n e  (1 3 .7 5  g ., 7 2 .3 % ) ,  m .p .
7 5 - 7 6 ° .  T h e  p r o d u c t  w a s  id e n t i f ie d  b y  a  m ix e d  m e l t in g  p o in t  
w i th  a  s a m p le  p r e p a r e d  f ro m  t h e  r e a c t io n  o f  i s o b u ty l  c h lo r id e  
w i th  t r ip h e n y ls i ly l l i th iu m ,28 a n d  b y  in f r a r e d  s p e c t r a .

Run 2. T h e  p r e v io u s  r e a c t io n  w a s  r e p e a t e d  u s in g  9 .0 4  m o le  
o f e a c h  r e a c t a n t  in  110 m l .  o f  t e t r a h y d r o f u r a n .  H y d r o ly s is  
a n d  r e m o v a l  o f  t h e  s o lv e n ts  f ro m  t h e  d r ie d  o r g a n ic  l a y e r  
w a s  a c c o m p lis h e d  a s  d e s c r ib e d  in  R u n  1. T h e  r e s id u e  w a s  
p u r i f ie d  b y  p a s s in g  i t  t h r o u g h  a  c o lu m n  o f  a lu m in a  a s  a  
p e t r o le u m  e th e r  ( b .p .  6 0 - 7 0 ° )  s o lu t io n .  R e m o v a l  c f  t h e  so l
v e n t  l e f t  11 .1  g . ( 8 7 .8 % )  of i s o b u ty l t r ip h e n y ls i l a n e ,  m .p .  a n d  
m ix e d  m .p .  7 4 - 7 6 ° .  E lu t io n  w i th  e t h y l  a c e t a t e  g a v e , a f t e r  
c r y s ta l l i z a t io n  f ro m  c y c lo h e x a n e , 0 .5  g . ( 4  5 % )  o f t r ip h e n y l 
s i la n o l, m .p .  1 5 1 -1 5 3 °  (m ix e d  m .p . ) .
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T h e  a v a i la b le  m e th o d s  o f  a n a ly s i s  f o r  o r g a n o m e ta l l ic  c o m p o u n d s  h a v e  b e e n  e v a lu a t e d  in  r e la t io n  t o  t h e i r  s u i t a b i l i t y  
f o r  e s t im a t io n  o f  o r g a n o s i ly lm e ta l l ic  c o m p o u n d s . I t  w a s  f o u n d  t h a t  o r g a n o s i ly lm e ta l l ic  c o m p o u n d s  r e a c t e d  w i t h  n - b u t y l  
b r o m id e  t o  g iv e  a n  e q u iv a l e n t  a m o u n t  o f  m e ta l  b r o m id e  w h ic h  c o u ld  c o n v e n ie n t ly  b e  e s t im a te d  b y  a  V o lh a r d  t i t r a t i o n .  
A  s t u d y  h a s  b e e n  m a d e  o f t h e  s t a b i l i t y  o f  t h e  v a r io u s  a v a i la b le  o r g a n o s i ly l l i th iu m  c o m p o u n d s  in  t e t r a h y d r o f u r a n .

[Contribution  from  th e  C hem ical L aboratory of I owa State  U n iv ersity ]

Various methods have been devised for the quan
titative estimation of organometallic compounds. 
Those concerned with organomagnesium halides 
have been discussed in standard reference works.1’2 
Some of these methods have been used for the esti
mation of organoalkali metal compounds.3 The 
method first studied for organomagnesium halides4 5 
was based on a reaction described by Bodroux.6 
This method involves the determination of the 
amount of iodine consumed according to equation 1:

R M g X  +  h  ■— >  R I  +  M g X I  (1 )

It has been found, however, that this is not the 
only possible reaction taking place1’6 although it 
does seem to be the only one in the specific case of 
phenyllithium.7 The competing reaction shown in
(2) causes the consumption of only half the amount 
of iodine consumed by Equation 1

2  R M g X  +  I 2 — ^  R — R  +  2 M g X I  (2 )

Because of the interfering reaction (2) this method 
is not generally recommended.1’6'8 Estimation of 
organometallic compounds in solvents which are 
not cleaved to any appreciable extent may be per
formed by hydrolysis and titration with acid 
of the total base liberated.3’6'8’9 This method is 
not applicable to organometallic compounds which 
react with the solvent, as cleavage of an ether type 
solvent, for example, would yield alkoxides which

( 1 )  M . S . K h a r a s c h  a n d  O . R e in m u th ,  Grignard Reactions 
of Nonmetallic Substances, P r e n t ic e - H a l l ,  N .  Y .,  1954 , p . 
9 2 -9 8 .

( 2 )  F .  R u n g e ,  Organo-metalherbindungen, W is s e n s c h a f t
l ic h e  V lg s ., S t u t t g a r t .

( 3 )  H o u b e n - W e y l ,  E . M ü l le r  e d ., “ M e th o d e n  d e r  O r
g a n is c h e n  C h e m ie ,”  V o l. I I ,  Analytische Methoden, G . 
T h ie m e , S t u t t g a r t ,  1953 , p .  326 .

( 4 )  P .  J o l ib o is ,  Compt. rend., 155 , 2 1 9  (1 9 1 2 ).
( 5 )  F .  B o d ro u x , Compt. rend., 1 3 5 , 1350  (1 9 0 2 ).
( 6 )  H . G ilm a n , P .  D .  W ilk in s o n , W . P .  F is h e l ,  a n d  C . H . 

M e y e rs ,  J. Am. Chem. Soc., 4 5 , 150  ( 1 9 2 3 ) ;  H .  G ilm a n  a n d  
C . H .  M e y e rs ,  Rec. trav. chim., 4 5 ,  3 1 4  (1 9 2 6 ).

( 7 )  A . F .  C lif fo rd  a n d  R .  R .  O k e n ,  Anal. Chem., 3 2 , 5 44
(1 9 6 0 ).

(8 )  H .  J .  S . W in k le r  a n d  H . G ilm a n , u n p u b l i s h e d  s tu d y .
(9 )  H .  G ilm a n , J .  A . B e e l, C . G . B r a u n e n ,  M . W . B u llo c k ,

G . E .  D u n n ,  a n d  L . S . M il le r ,  J. Am. Chem. Soc., 7 1 , 1499
(1 9 4 9 ) ;  H . G ilm a n , W . L a n g h a m ,  a n d  F .  W . M o o re , J. Am.
Chem. Soc., 62, 2 3 2 7  (1 9 4 0 ) ;  H . G ilm a n , E . A . Z o e lln e r , a n d  
J .  B . D ic k e y , , / .  Am. Chem. Soc., 5 1 , 1576  (1 9 2 9 ).

would tend to increase the assay of the solution 
above the true value.

A double titration has been devised for this 
class of compounds.10 This involves the determi
nation of total base as described above. A second 
aliquot is reacted with benzyl chloride, which 
causes the consumption of the organometallic 
compounds; the alkoxides are then determined by 
a simple acid titration. This method has recently11 
been studied in detail. A gasometric method is use
ful in a limited number of cases involving low mo
lecular weight organometallic compounds.6

Organoalkali metal compounds have been ana
lyzed by a method involving their reaction with n -  
butyl bromide (3) followed by determination of the 
liberated alkali metal bromide according to the Vol
hard procedure.12 This method is useful only for or- 
gano-metallic compounds of high reactivity (R—Li). 
A procedure was described for the use of this method 
for the estimation of less reactive organometallic 
compounds (R'—Li). In this procedure, dibenzyl- 
mercury was added dropwise to a mixture of the 
organometallic reaction and n-butyl bromide. Di- 
benzylmercury reacted with the less active organo
metallic compound to give a benzylmetallic inter
mediate (by Equation 4) which coupled readily 
with the ?i-butyl bromide present (Equation 5). 
The alkali metal halide liberated was titrated as 
above.

R — L i +  n - C „ H 9B r  >■ n - C 4H 9— R  +  L iB r  (3 )

R ' — L i +  ( C 6H 5C H 2)2H g ----- ^
C 6H 5C H 2L i  +  R 'H g C H 2C 6H 6 (4 )

C 6H 5C H 2L i +  7i-C4H 9B r  — >
n - C iH  9— C H 2C e H 5 +  L iB r  (5 )

Halogen-metal interconversion reactions cannot 
be excluded, but do not interfere with these deter
minations as excess n-butyl bromide is present. It 
was likewise established that alkoxides did not 
react rapidly enough with ra-butyl bromide to

(1 0 )  H .  G i lm a n  a n d  A . H .  H a u b e in ,  J. Am. Chem. Soc., 
66, 151 5  ( 1 9 4 4 ) ;  H .  G ilm a n , A . H .  H a u b e in ,  a n d  I I .  H a r t z -  
fe ld , J. Org. Chem., 19 , 103 4  (1 9 5 4 ).

(1 1 )  C . W . K a m ie n s k i  a n d  D . L . E s m a y ,  J. Org. Chem., 
2 5 ,1 1 5  ( 1 9 6 0 ) ;  see a lso , K . C . E b e r lv ,  . / .  Org. Chem., 26, 130 9
(1 9 6 1 ).

(1 2 )  K .  Z ie g le r, F .  C r o s s m a n n , H .  K le in e r ,  a n d  O . 
S c h a fe r ,  Ann., 4 7 3 , 31  (1 9 2 9 ).
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liberate excess halide which would interfere with the 
determination.

An oxidimetric method of analysis of aliphatic 
organolithium compounds has recently been re
ported.13 14 15 This method is based on the reduction of 
vanadium pentoxide by the organometallic reagent 
followed by a potentiometric titration of the reduced 
vanadium, using potassium permanganate or 
preferably a cerium (Equation IV) salt as the oxi
dizing agent.

I t was the purpose of the present study to de
velop a quantitative method for organosilylmetallic 
compounds in the presence of aikoxides. The total 
base method has been used for the estimation 
either of complete cleavage of symmetrical disilanes 
in the formation of organosilylmetallic compounds 
(Equation 6) or in the direct preparation of these 
from halosilanes (7)16:

R aS i— S iR s  +  2  L i  — >- 2  R s S iL i (6 )

R a S i— X  +  2  L i  — =»- R s S iL i +  L iX  (7 )

The values obtained by this method exceed the 
theoretical by 30-50% depending on extraneous 
factors. The high alkoxide content of the solutions 
may be assumed to have caused this error.

For this reason, the double titration has been 
utilized in one instance,16 but the values were low 
as also shown in the present study. The values 
shown in Table I indicate this trend to give assays
10-20% lower than those obtained by the n-butyl 
bromide method.

T A B L E  I

C o m p a r i s o n  o f  n - B u t y l  B r o m i d e  a n d  D o u b l e  T i t r a t i o n  
V a l u e s  f o r  T r i p h e n t l s i l t l l i t h i u m

N u m b e r

M  b y  
7Î.-C4ÏÏ9 
M e th o d

M  b y  
D o u b le  

T i t r a t i o n  
M e th o d T h e o r y

1 0 .3 1 9 0 .2 6 2 0 .3 2 0
2 0 .3 7 7 0 .3 2 5 0 .3 9 0
3 0 .3 4 3 0 .3 0 1 a ,b

4 0 .2 8 7 0 .1 8 6 a , c

» T h e s e  a n a ly s e s  w e re  p e r fo r m e d  o n  t h e  s a m e  s a m p le  a s  
w a s  u s e d  in  N o .  2 . 6 A f te r  t h e  s o lu t io n  h a d  b e e n  s t a n d in g  fo r  
48  h r .  0 A f te r  s t a n d in g  f o r  72  h r .

An attempt to use the iodine method8 failed to 
give results as high as those obtained by the n- 
butyl bromide method (Table II).

These values indicate that the iodination method 
gives results for freshly prepared samples which

(1 3 )  D . L .  E s m a y  a n d  P .  F .  C o llir .s , p r i v a t e  c o m m u n ic a 
t io n .  S e e  P .  F .  C o llin s , C . W . K a m e in s k i ,  D .  L . E s m a y ,  a n d  
R .  B .  E l le s ta d ,  Anal. Chem., 3 3 , 4 6 8  (1 9 6 1 ).

(1 4 )  H .  G ih n a n  a n d  G . D .  L ic h te n w a l te r ,  J. Am. Chem. 
Soc., 8 0 , 6 0 8  (1 9 5 8 ) .

(1 5 )  H .  G i lm a n ,  D .  J .  P e te r s o n ,  a n d  D .  W it te n b e r g ,  
Chem. & Ind ., 147 9  (1 9 5 8 ) ;  M . V . G e o rg e , D . J .  P e te r s o n ,  
a n d  H .  G ilm a n , J. Am. C.hem. Soc., 8 2 , 403  (1 9 6 0 ).

(1 6 )  A . G . B r o o k  a n d  H . G i lm a n ,  J . Am. Chem. Soc., 76,
27 8  (1 9 5 4 ).

T A B L E  I I

C o m p a r i s o n  o f  j i - B u t y l  B r o m i d e  a n d  I o d i n a t i o n  V a l u e s  
f o r  T r i p h e n y l s i l y l l i t h i u m

N u m 
b e r

H o u r s
of

S t a n d 
in g

M b y
î i- G H ,
M e th o d

%
Y ie ld

b y
n - C A L
M e th o d

M  b y  
I o d in a 

t i o n  
M e th o d

7o
Y ie ld

b y
I o d in a 

t io n
M e th o d

1 2 4 0 .3 1 4 81 0 .2 1 4 55
2 48 0 .3 2 3 8 4 0 .2 2 8 59
3 72 0 .2 5 6 66» 0 .2 3 5 61
4 — 0 .2 0 4 53
5 92 0 .2 2 2 57» 0 .2 3 7 61
6 — 0 .1 4 3 3 7 0 .2 1 3 55

“ T h e  s o lu t io n  w a s  f i l te r e d  b e fo re  a n a ly s is .

are 20-30% lower than those obtained by the n- 
butyl bromide method. I t should be noted that the 
triphenylsilyllithium content did not decrease ac
cording to the iodination method, whereas the assay 
decreases considerably as determined by the n- 
butyl bromide method. The solution which had 
been filtered was more stable than that which had 
not (Nos. 3-6).

The failure of the iodination method may be 
attributed to the extensive reaction of type (2). 
That this reaction does take place was established 
by isolation of hexaphenyldisilane from the reaction 
of triphenylsilyllithium with bromine by normal or 
inverse addition (hexaphenyldisilane was isolated in 
42 and 54% yields, respectively).

2  ( C 6H 6)3S iL i +  B r 2 — ( C 6H 6)3S i— S i(C 6H 5)3 +  2 L iB r

No reduction of vanadium pentoxide by tri
phenylsilyllithium was observed. If any Lad taken 
place it would have been possible to detect a po
tentiometric end-point. Using potassium perman
ganate as the oxidizing agent there was obtained a 
smooth millivolts vs. milliliter plot with no inflec
tion point within a reasonable range near the end
point expected from theory.

The method involving reaction of the silyllithium 
compound with n-butyl bromide and subsequent 
determination of lithium bromide by the Volhard 
procedure was investigated. The Volhard procedure 
is very accurate for bromides,17 and the end-point 
is clearly distinguishable even in the presence of 
organic compounds. The reaction of triphenyl
silyllithium with n-butyl bromide is known to take 
place with halogen-metal interconversion to a large 
extent.18 The following reactions proceed to 
consumption of all the organosilylmetallic and or
ganometallic compounds as evidenced by a nega
tive Color Test19:

(1 7 )  I .  M . K o l th o f f  a n d  V . A . S te n g e r ,  Volumétrie 
Analysis, V o l. I I ,  I n te r s c ie n c e  P u b l . ,  N .  Y ., 1947, p .  272.

(1 8 )  H .  G ilm a n  a n d  D . A o k i, J. Ortj. Chem., 2 4 , 426  
(1 9 5 9 ).

(1 9 )  H .  G ilm a n  a n d  F . S c h u lz e , J. Am. Chem. Soc., 4 7 , 
2 0 0 2  (1 9 2 5 ).
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( C 6H 5)3S iL i +  n - C 4H 9B r  — >-
( C s H s h S iB r  -)- n - C 4H 9L i ( 9 a )

(C « H 6)3S iL i +  ( C e H s h S iB r  — >
( C 6H 6)3S i— S iiC s H i] ,  +  L iB r  ( 9 b )

(C s H s )3S iB r  -f- ra-C4H  ,L i  — >■
re-C4K 9— S i(C 6H 6)3 +  L iB r  (9 c )

( C 6H 5)3S iL i +  n - C J L B r  — >-
w -C 4H 9— S i(C 6H 6)3 +  L iB r  ( 9 d )

n - C 4H 9L i  +  n - C 4H 9B r  — >■ n -C sH ig  +  L iB r  (9 e )

The extent of the individual reactions may be 
indicated by the yields of hexaphenyldisilane (60%) 
and u-butyltriphenylsilane (10%), isolated in these 
laboratories during previous investigations.18 The 
fact that there is such a large amount of halogen- 
metal interconversion does not interfere with the 
method of analysis, as the organometaiic compound 
is consumed by one or more of the possible reac
tions. I t may be expected, however, that 9d 
proceeds to a larger extent under the conditions of 
analysis than under the preparative conditions, 
as under the former the concentration of w-butyl 
bromide exceeds that of the latter. That part of the 
triphenylsilyllithium reacts by halogen-metal inter
conversion and that the bromotriphenylsilane 
thus formed reacts further by the very rapid 
coupling reaction (reaction 9b) is evident from 
the isolation of hexaphenyldisilane as the major 
product of the reaction. In the event that trace 
amounts of bromotriphenylsilane should have 
evaded either of the very fast coupling reactions 
(9b or 9c), liberation of the bromide ion, neces
sary for estimation, would have been effected by 
hydrolysis.

Two different procedures have been used in this 
study. The less expedient procedure involves the 
addition of an aliquot of the organosilylmetallic 
solution to excess n-butyl bromide. The amount of 
base is determined by standardized sulfuric acid 
using phenolphthalein indicator, and the organic 
layer is extracted with portions of water which are 
combined and diluted to volume in a volumetric 
flask. Aliquots of this solution are then withdrawn 
and their content of bromide determined by the 
Yolhard procedure (this method will be referred to 
as the “extraction method”).

The more expedient procedure (referred to as 
the “direct method”) involves the same steps 
as above including the titration with standardized 
sulfuric acid. The extraction is not carried out, and 
the total amount of bromide is determined in the 
presence of the organic layer.

I t  was established in individual experiments, per
formed under the conditions of the analyses, that 
neither lithium silanolates (R3SiOLi) which are 
formed on contact of silyllithium compounds with 
air,20 nor lithium alkoxides, formed by cleavage of

( 2 0 )  M . V . G e o rg e  a n d  H . G ilm a n , J. Am. Chem. Soc.,
8 1 ,  3 2 8 8  (1 9 5 9 ) .

K of S ily llith iu m  Soln.

F ig .  1. S ta b i l i t i e s  o f  o r g a n o s i ly l l i th iu m  c o m p o u n d s  in  t e t r a -  
h y d r o f u r a n

tetrahydrofuran by silyllithium compounds,* 81 21 inter
feres with the determination.

Figure 1 shows the resubs of analyses for solutions 
of triphenylsilyllithium, methyldiphenylsilyl- 
lithium, and dimethylphenylsilyllithium kept in 
volumetric flasks under a nitrogen atmosphere. The 
decrease in silyllithium content was paralleled by 
an increase in alkoxide content. The alkoxide con
tent of the solutions of methyldiphenylsilyllithium 
and dimethylphenylsilyllithium had risen to 0.490 
and 0.500iV, respectively, whereas the solution of 
triphenylsilyllithium was 0.264JV in alkoxide after 
440 hours. I t may be seen that the decrease in 
silyllithium content is more rapid for the more al
kylated silyllithium compound, whereas the solu
tion triphenylsilyllithium was considerably more 
stable. This increase in reactivity has been estab
lished in reactions of silyllithium compounds with 
silicon-silicon bonds.22

The analytical results of various solutions at the 
times indicated are shown in Table III with the 
deviation of the determinations by the particular 
method used. Normalities in Table III for which 
deviation values are given represent the average of 
several titrations made by one or several workers as 
indicated.

From the data given in Table III it is evident 
that the analyses obtained by the “extraction 
method” are consistently lower than those obtained 
by the “direct method” (Nos. 6, 7, and 10). This 
does not necessarly mean that the extraction

(2 1 )  D . W i t t e n b e r g  a n d  H .  G ilm a n , J. Am. Chem. Soc., 
8 0 , 2 6 7 7  (1 9 5 8 ).

( 2 2 )  H .  G i lm a n  a n d  G . D .  L ic h te n w a l te r ,  J. Am. Chem. 
Soc., 8 1 , 5 3 2 0  (1 9 5 9 ).
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T A B L E  I I I

Q u a n t i t a t i v e  E s t i m a t i o n  o f  S i l y l l i t h i u m  C o m p o u n d s

N o .
S i ly l l i th iu m
C o m p o u n d N o r m a l i ty

T im e  of
A n a ly s is ,  H o u r s  

a f t e r  P r e p .
D e v ia t io n ,

0//0
P e r  C e n t  

Y ie ld

1 (C e H s h S iL i 0 .3 1 3 ° 2 4 4 9 7
2 ( C 6H 6)3S iL i 0 .3 0 2 ° .° 2 4 1 9 4
3 ( C 6H 5)3S iL i 0 .4 4 3 s 2 4 3 9 0
4 ( C idL O sSiL i 0 .4 5 6 s.“ 24 2 91
5 ( C 6H 5)3S iL i 0 .2 6 9 s.“ 24 2 9 5
6 ( C 6H 5)3S iL i 0 .2 9 4 “ 2 4 — 7 4

0 .3 1 7 s 24 — 73
0 .2 9 4 ° 48 — 7 4
0 . 3 0 2 s 48 — 75
0 .2 6 7 ° 72 •--- 67
0 .2 7 8 s 72 — 70

7 C H 3( C 6H 6)2S iL i 0 .3 4 0 “ 24 — 88
0 .3 4 1 s 24 — 83
0 .3 1 0 “ 48 — 81
0 .3 2 1 s 48 •--- 8 4

8 C H 3( C 6I I 5)2S iL i 0 .2 3 9 s 18 1 75
0 .2 3 7 s.“ 2 4 4 74
0 ,2 3 1 s.“ 48 4 72

9 ( C H 3)2C 6H 5S iL i 0 .2 5 1 s 2 4 3 9 4
10 ( C H 3)2C 6H 6S iL i 0 .2 9 4 ° 2 4 — 74

0 .3 1 7 s 2 4 — 79
0 .2 9 4 “ 48 — 74
0 .3 0 2 s 48 ---- 73

“ E x t r a c t i o n  m e th o d .  s D i r e c t  m e th o d .  “ D e te r m in e d  b y  d i f f e r e n t  w o rk e rs .

method gives analyses lower than theory. On the 
contrary, this method is considered of higher ac
curacy than the “direct method” which is accom
panied by additional sources of error caused by 
adsorption phenomena.

The yields given in the last column are in good 
agreement with the yields of various derivatives 
obtained from these silyllithium compounds by 
reactions with ehlorosilanes or tri-n-butyl phos
phate.23

E X P E R IM E N T A L 24

Materials. H c x a p h c n y ld is i la n e ,  .s t / i r e -d im e th y lte tra p h e n y l-  
d is i la n e , a n d  s j /T O - te tr a m e th y ld ip h e n y ld is i la n e  w e re  p r e 
p a r e d  in  a c c o r d a n c e  w i th  p r e v io u s ly  r e p o r t e d  d i r e c t io n s .25 
T h e  t e t r a h y d r o f u r a n  u s e d  in  t h e  p r e p a r a t io n  o f  t h e  s i ly l
l i th iu m  c o m p o u n d s  w a s  d is t i l le d  f ro m  s o d iu m  w ire  in to  a  
f la s k  c o n ta in in g  l i th iu m  a lu m in u m  h y d r id e .  T h e  t e t r a h y d r o 
f u r a n  w a s  r e d is t i l le d  f ro m  t h e  l i th iu m  a lu m in u m  h y d r id e  
a s  n e e d e d  to  in s u r e  d r y n e s s  a n d  a b s e n c e  o f  a lc o h o ls . T h e  
re -b u ty l b r o m id e  ( M a th e s o n ,  C o le m a n  &  B e ll, r e a g e n t  g r a d e )  
w a s  d is t i l le d  u n d e r  n i t r o g e n  t h r o u g h  a  h e a te d ,  7 5  c m . lo n g  
h e lic e s  c o lu m n  b e fo re  u se .

Direct method of analysis. S o lu t io n s  o f  o r g a n o s i ly l i th iu m  
c o m p o u n d s  w e re  p r e p a r e d  b y  c le a v a g e  o f  t h e  s y m m e tr ic a l ly  
s u b s t i t u t e d  d is i ia n e s .14 T h e  p ip e t t e s  a n d  f la sk s  u s e d  fo r  t h e  
a n a ly s e s  w e re  d r ie d  in  a n  o v e n  a t  1 4 0 °  a n d  f lu s h e d  in  a

(2 3 )  D .  W i t te n b e r g  a n d  H . G ilm a n , Quart. Revs. {Lon
don), 1 3 , 119 ( 1 9 5 9 ) ;  M .  V . G e o rg e , B .  J .  G a j ,  a n d  H . 
G ilm a n , J. Org. Chem., 2 4 , 6 2 4  (1 9 5 9 ).

(2 4 )  A ll p r e p a r a t io n s  a n d  a n a ly s e s  w e re  c a r r ie d  o u t  in  a n  
a tm o s p h e r e  o f  d r y ,  o x y g e n - fre e  n i t ro g e n .

(2 5 )  H .  G i lm a n  a n d  G . E .  D u n n ,  J. Am. Chem. Soc., 7 3 , 
5 0 7 7  ( 1 9 5 1 ) ;  A . G . S m ith ,  M .S . th e s is ,  I o w a  S t a t e  U n i
v e r s i ty ,  1953 .

r a p id  s t r e a m  o f  d r y  n i t r o g e n  u n t i l  co o l. A  5 -m l. s a m p le  o f 
t h e  s o lu t io n  t o  b e  a n a ly z e d  w a s  t r a n s f e r r e d  to  a  f la s k  c o n 
t a in in g  5 m l. o f  re -b u ty l b r o m id e  u n d e r  a n  a tm o s p h e r e  o f 
d r y  n i t ro g e n .  T h e  t i p  o f  t h e  p i p e t t e  -was p la c e d  im m e d ia te ly  
a b o v e  t h e  s u r f a c e  o f  t h e  r e -b u ty l b r o m id e  a n d  th e  o rg a n o s i ly l-  
l i t h iu m  s o lu t io n  w a s  a llo w e d  to  flow  f re e ly  in to  t h e  re -b u ty l 
b r o m id e  w i th  g e n t le  s w ir l in g . A f te r  s t a n d in g  fo r  2  m in .,  
t h e  s o lu t io n  w a s  h y d r o ly z e d  b y  t h e  a d d i t io n  o f  5  m l. o f 
ca. O .liV  s t a n d a r d i z e d  s u lfu r ic  a c id ,  a n d  p h e n o lp l i th a le in  
i n d i c a to r  w a s  a d d e d .  T h e  ex cess  b a s e  w a s  n e u t r a l i z e d  b y  
t i t r a t i o n  w i th  t h e  s t a n d a r d i z e d  s u lfu r ic  a c id .  I t  is  i m p o r t a n t  
t o  n o te  t h e  p o in t  a t  w h ic h  t h e  a q u e o u s  la y e r  b e c o m e s  
c o lo r le s s . A t  t h i s  p o in t  t h e  m ix tu r e  s h o u ld  b e  s h a k e n  v ig o r 
o u s ly  a n d  t h e  t i t r a t i o n  s h o u ld  b e  c o m p le te d  u n d e r  slow ' 
a d d i t i o n  o f  a c id  a n d  g o o d  s h a k in g .  T h e  l i th iu m  b r o m id e  
c o n te n t  w a s  d e te r m in e d  b y  a  s t a n d a r d  V o lh a r d  p r o c e d u r e  
a d d in g  a n  ex cess  o f  s t a n d a r d i z e d  s i lv e r  n i t r a t e  s o lu t io n  a n d  
b a c k - t i t r a t i n g  w i th  t h io c y a n a te  t o  a  f e r r ic  a lu m  e n d - p o in t .  
T h e  a d d i t io n  o f  a  fewT d r o p s  o f n i t r o b e n z e n e  m a y  a id  in  t h e  
c o a g u la t io n  o f  t h e  s i lv e r  b r o m id e  b u t  is  n o t  n e c e s s a ry .

Extraction method of analysis. T h is  p r o c e d u r e  is  c a r r ie d  
o u t  in  t h e  s a m e  m a n n e r  a s  th e  “ d i r e c t  m e th o d ”  u p  to  a n d  
in c lu d in g  t h e  n e u t r a l i z a t i o n  b y  s t a n d a r d i z e d  s u lfu r ic  a c id . 
A t  t h i s  p o in t  t h e  o rg a n ic  la y e r  is e x t r a c t e d  th r e e  t im e s  w i th  
d is t i l le d  w a te r ,  a n d  t h e  a q u e o u s  e x t r a c t s  a r e  c o m b in e d  
a n d  d i lu t e d  t o  v o lu m e  in  a  2 0 0 -m l. v o lu m e t r ic  f la sk . A li
q u o ts  a r e  r e m o v e d  w i th  5 0 -m l. p ip e t t e s  a n d  t i t r a t e d  f o r  
t h e i r  b r o m id e  c o n te n t  a s  d e s c r ib e d  u n d e r  t h e  D i r e c t  M e th o d  
o f  A n a ly s is .
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Cleavage Reactions of Trityl Sulfides
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T h e  c le a v a g e  r e a c t io n s  o f t r i t y l  p h e n y l  su f id e  ( I )  a n d  t r i t y l  b e n y l  su lf id e  ( I I )  w i th  io d o b e n z e n e  d ic h o r id e  ( I I I ) ,  io d o -  
b e n z c n c  d i a c e t a t e  ( I V ) ,  a n d  ¿ V -b ro m o s u c c in im id e  a r e  r e p o r te d .  T h e  s t a b i l i t y  o f  I  to w a r d s  n u c le o p h il ic  r e a g e n ts  ( s o d iu m  
e th o x id e  a n d  p h e n y lm a g n e s iu m  b r o m id e )  is  d e m o n s t r a t e d .

In 1926, R. Knoll1 reported the preparation of 
trityl phenyl sulfoxide, by the chromium trioxide 
oxidation of the sulfide, a reaction which could not 
be substantiated by Gregg and his co-workers.2

Since iodobenzene diacetate (IV) showed mild 
oxidizing properties toward sulfides to give sulf
oxides,3 an attempt was made to study the be
havior of this compound toward phenyl trityl 
sulfide (I). However, no sulfoxide or sulfoue could 
be isolated from the reaction of I or II with either 
IV or iodobenzene dichloride (III), but instead 
cleavage of the sulfides occurred to give triphenyl- 
carbinol or triphenylmethyl chloride in good yield.

The sulfur portion from the cleavage was identi
fied by oxidation and by reaction with mercaptan. 
In the reaction of II with III, the sulfur portion 
presumably a-phenylmethanesulfenyl chloride, re
acted with benzyl mercaptan to give with the evo
lution of hydrogen chloride a 47% yield of dibenzyl 
disulfide. Oxidation of the reaction mixture with per
acetic acid gave a mixture of triphenylmethyl chlo
ride and a-phenylmet-hanesulfonyl chloride from 
which after repeated recrystallization a small 
amount of each of the pure compounds could be 
isolated.

In the reaction of I and III, the sulfur portion, 
presumably benzenesulfenyl chloride, reacted with 
phenyl mercaptan yielding with hydrogen chloride 
evolution diphenyl disulfide (82%).

Phenyl trityl sulfide contains a group that, con
tributes a large steric effect and which on cleavage 
is stabilized by resonance. Such cleavage of these 
sulfides could occur through (a) a cation mechanism,
(b) an anion mechanism, or (c) a free radical mecha
nism.

The cleavage of trityl sulfides in acidic media 
has been reported by several workers.4'5

Tarbell and Harnish6 claim that phenyl trityl 
sulfide is converted by alcoholic iodine at, room 
temperature to triphenylcarbinol, diphenyl di
sulfide, and ethyl trityl ether. There is also a report

(1 )  R .  K n o ll ,  . / .  prakt. Chem., 113 , 4 0  (1 9 2 6 ).
(2 )  D .  C . G re g g , K .  H a z e l to n ,  a n d  T .  P .  M c K e o n , J. 

Org. Chem., 18 , 36  (1 9 5 3 ).
( 3 )  H .  H .  S z m a n t  a n d  G . S u ld , J. Am. Chem. Soc., 7 8 , 

3 4 0 0  (1 9 5 6 ).
(4 )  D .  S . T a r b e l l  a n d  D . P .  H a r n is h ,  Chem. Revs., 4 9 , 

1 (1 9 5 1 ).
(5 )  D .  S . T a r b e l l  a n d  D . P .  H a r n is h ,  . / .  Am. Cl cm. Soc.,

7 4 , 1862  (1 9 5 2 ).

in the literature where cleavage occurs in non- 
acidic medium in the oxidation with ruthenium 
tetroxide.6

To determine whether such cleavage could occur 
by attack of base, phenyl trityl sulfide was refluxed 
with an ethanolie solution of sodium ethoxide 
but only unchanged starting material was recovered. 
Reaction of phenylmagnesium bromide with phenyl 
trityl sulfide afforded a similar result.

It has been known that reactions of V-bromo- 
succinimide in carbon tetrachloride catalyzed by 
benzoyl peroxide follow a free radical mechanism.7 
For this reason a carbon tetrachloride solution of 
phenyl trityl sulfide was treated with an equimolar 
quantity of V-bromosuccinimide mixed with a 
catalytic amount of benzoyl peroxide as free radi
cal initiator. V-Tritylsuccinimide and diphenyl 
disulfide were obtained as products.

With the above considerations in view, it could 
be said that the cleavage reaction of the trityl 
sulfides with either III or IV could follow a re
action mechanism of type (a) or (c).

However, it is suggested that the reaction with 
either III or V-bromosuccinimide occurs through 
the formation of intermediate V, which rapidly

decomposes to the triphenylmethyl cation and 
phenyl sulfenyl halide.

It should be noted that cleavage occurs in the 
case of benzyl trityl sulfide, in spite of the fact 
that this sulfide has two hydrogens on one of the 
alpha carbon atoms.

E X P E R IM E N T A L 8

I o d o b e n z e n e  d ic h lo r id e  ( I I I )  w a s  p r e p a r e d  b y  th e  m e th o d  
of L u c a s  a n d  K e n n e d y .9 I o d o b e n z e n e  d ia c e t a t e  ( I V )  m .p .

(6 )  C . D je r r a s s i  a n d  R .  R .  E n g le ,  J. Am. Chem. Soc., 7 5 , 
3 8 3 8  (1 9 5 3 ).

(7 )  J a c k  H in e , Physical Organic Chemistry, M c G ra w -H i l l  
B o o k  C o m p a n y ,  I n c . ,  N e w  Y o rk , N .  Y ., 1956, p p . 4 2 9 -4 3 0 .
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1 5 7 ° , w a s  p r e p a r e d  a c c o r d in g  to  t h e  m e th o d  e m p lo y e d  b y  
P a u s a c k e r . 10

Phenyltrityl sulfide ( I )  w a s  p r e p a r e d  b y  t h e  m e th o d  of 
F in z i  a n d  B e l l a v i t a 11, m .p .  1 0 6 -1 0 7 ° , l i t . 11 m .p .  1 0 6 ° .

Benzyl trityl sulfide ( I I ) .  T o  a  s o lu t io n  o f  t r ip h e n y lc a r b in o l  
(5 2 .1  g ., 0 .2  m o le )  in  4 0 0  m l. o f  g la c ia l  a c e t ic  a c id  w a s  a d d e d  
w i th  c o n s t a n t  s h a k in g  2 4 .8  g . (0 .2  m o le )  o f b e n z y l  m e r c a p ta n  
a n d  2 0  m l. o f  c o n e d , s u lf u r ic  a c id .  A f te r  t h e  m ix tu r e  w a s  a l 
lo w e d  to  s t a n d  f o r  2 h r . ,  i t  w a s  p o u r e d  in to  5 0 0  g. o f c ru s h e d  
ice. T h e  s o lid  t h a t  s e p a r a te d  w a s  f i l te r e d , w a s h e d  w i th  
c o ld  w a te r  a n d  c r y s ta l l iz e d  f ro m  p e t r o le u m  e th e r  ( b .p .  
3 0 - 6 0 ° )  y ie ld in g  n e e d le s ,  m .p .  8 2 - 8 3 °  (4 3 .2  g .) . C o n c e n 
t r a t io n  o f  t h e  m o th e r  l iq u o r  g a v e  a n  a d d i t io n a l  1 5 .8  g. 
T o ta l  y ie ld  8 0 % .

Anal. C a lc d . f o r  C ^H oaS : C , 8 5 .2 0 ; H ,  6 .0 5 ; S , 8 .7 5 . 
F o u n d :  C , 8 4 .9 3 ; H , 6 .0 4 ; S , 9 .1 6 .

Reaction of I I I  with phenyl trityl sulfide ( I ) .  T o  a  s o lu t io n  
of 17 .6  g. (0 .0 5  m o le )  o f I  in  2 0 0  m l. o f d r y  c a r b o n  t e t r a c h lo 
r id e  o r  in  d r y  c h lo ro fo rm  -were a d d e d  13 .8  g . (0 .0 5  m o le )  of
I I I .  T h e r e  w a s  n o  e v o lu t io n  o f h y d r o g e n  c h lo r id e  g a s . T h e  
m ix tu re  w a s  a l lo w e d  to  s t a n d  o v e r n ig h t .  T h e  s o lv e n t  w a s  
r e m o v e d  u n d e r  r e d u c e d  p re s s u re ,  6 .5  g . o f t r i t y l  c h lo r id e  
s e p a r a te d  a n d  t h e  s u p e r n a t a n t  l iq u id  d is t i l le d  u n d e r  
v a c u u m  to  g iv e  1 5 .0  g . o f  l iq u id .  T h e  r e s id u e  in  t h e  p o t  s o lid i
fied ; c r y s ta l l i z a t io n  f ro m  p e t r o le u m  e th e r  g a v e  a n  a d d i t io n a l
6 .2  g . o f t r i t y l  c h lo r id e  m .p .  1 1 1 -1 1 3 ° , l i t .  1 1 3 ° .12 M ix e d  
m e l t in g  p o in t  w i th  a u th e n t i c  m a te r ia l  s h o w e d  n o  d e 
p re s s io n .

T o ta l  y ie ld  o f  t r i t y l  c h lo r id e  w a s  91 %. T w o  a n d  tw o - t e n th s  
g ra m s  o f  t h e  l iq u id  d i s t i l l a te  w h e n  t r e a t e d  w i th  1 .0  g . of 
p h e n y l  m e r c a p ta n  r e a c t e d  v ig o r o u s ly  w i th  t h e  e v o lu t io n  
o f h y d r o g e n  c h lo r id e  t o  g iv e  1 .3  g . ( 8 2 % )  o f  d ip h e n y l  d is u l
fide  m .p .  6 0 - 6 1 ° ,  f ro m  e th a n o l .

Reaction of I I I  with benzyl trityl sulfide ( I I ) .  T o  a  s o lu t io n  
o f 18 .3  g . (0 .0 5  m o le )  o f  I I  in  2 0 0  m l. o f d r y  c a r b o n  t e t r a 
c h lo r id e  o r  c h lo ro fo rm  w e re  a d d e d  1 3 .8  g . (0 .0 5  m o le )  o f 
I I I  in  s m a ll  q u a n t i t i e s  w i th  c o n s t a n t  s h a k in g .  T h e r e  w a s  n o  
a p p a r e n t  e v o lu t io n  o f  h y d r o g e n  c h lo r id e  g a s . T h e  m ix tu r e  
w as a l lo w e d  to  s t a n d  o v e r n ig h t .

O n e  t h i r d  o f  t h e  m ix tu r e  w a s  t r e a t e d  w i th  15 m l. o f  4 0 %  
p e r a c e t ic  a c id  a n d  t h e  h e te r o g e n e o u s  m ix tu r e  w a s  s t i r r e d  
o v e r n ig h t .  T h e  c a r b o n  te t r a c h lo r id e  l a y e r  w a s  s e p a r a te d  
f ro m  th e  p e r a c e t ic  a c id ,  t h e  c a r b o n  te t r a c h lo r id e  e v a p o r a te d ,  
a n d  t h e  r e s id u e  w a s h e d  w i th  p e t r o le u m  e th e r  t o  g iv e  2 .5  
g. o f t r ip h e n y lc a r b in o l ,  m .p . 1 6 0 - 1 6 1 ° ,  l i t .  1 6 2 ° . A n  a d d i 
t io n a l  0 .5  g . o f  t r ip h e n y lc a r b in o l  w a s  o b t a in e d  f ro m  p e r 
a c e t ic  a c id  la y e r ,  g iv in g  a  t o t a l  6 9 %  y ie ld  o f t r i p h e n y lc a r 
b in o l. F r o m  t h e  p e t r o le u m  e th e r  w a s h in g s  w a s  o b ta in e d  
0 .3  g . ( 6 .4 % )  o f  t r ip h e n y lm e th y l  c h lo r id e , m .p . 1 1 1 -1 1 3 ° , 
l i t . 12 m .p . 1 1 3 °  a n d  0 .2  g . ( 6 .3 % )  o f  a - p h e n y lm e th a n e s u l f o n y l  
c h lo r id e , m .p .  9 2 - 9 3 ° .13 I n f r a r e d  s p e c t r u m  w a s  id e n t ic a l  
w i th  t h e  s p e c t r u m  of a n  a u t h e n t i c  c o m p o u n d .  T h e  s o lv e n t  
w a s  d is t i l le d  u n d e r  r e d u c e d  p r e s s u re  f ro m  th e  s e c o n d  t h i r d  
o f  t h e  o r ig in a l  m ix tu r e  a n d  t h e  r e s id u e  c a r e f u l ly  w a s h e d  w ith  
p e t r o le u m  e th e r .  T h e  r e m a in in g  so lid , m .p .  1 1 1 -1 1 3 ° , 
r e p r e s e n te d  a  9 5 %  y ie ld  o f  t r i t y l  c h lo r id e . T h e  p e t r o le u m  
e th e r  w a s h in g s  w e re  t r e a t e d  w i th  2 .0  g . o f  b e n z y l  m e r c a p ta n  
a n d  s e t  a s id e  fo r  3 h r .  E v a p o r a t io n  o f t h e  p e t r o le u m  e th e r  
a n d  io d o b e n z e n e  u n d e r  v a c u u m  le f t  a  s o lid  w h ic h  w a s

( 8 ) A ll m ic r o a n a ly s e s  w e re  c a r r ie d  o u t  b y  E le k  M ic ro -  
a n a ly t i c a l  L a b o r a to r ie s ,  L o s  A n g e le s , C a lif . ,  o r  D r .  A lf re d  
B e r n h a r d t ,  M ik r o a n a ly t i s c h e s  L a b o r a to r iu m ,  M ü lh e im , 
G e r m a n y .  M e l t in g  p o in t s  r e p o r t e d  a r e  u n c o r re c te d .

( 9 )  H .  J .  L u c a s  a n d  R .  R .  K e n n e d y ,  Org. Syntheses, 
C oll. V ol. I l l ,  43 2  (1 9 5 5 ).

(1 0 )  K .  H .  P a u s a c k e r ,  J. Chem. Soc., 107 (1 9 5 3 ).
(1 1 )  C . F in z i  a n d  V . B e l l a v i t a ,  Gazz. chim. ital., 62, 6 9 9 -  

709  (1 9 3 2 ).
(1 2 )  W . E .  B a c h m a n n ,  Org. Syn., 2 3 . 100  (1 9 4 3 ).
(1 3 )  L .  V . P e c h m a n n ,  Ber., 6 , 5 3 4  (1 8 7 3 ).

c r y s ta l l iz e d  f ro m  e th a n o l  to  g iv e  1 .4  g . ( 4 7 .6 % )  o f  d ib e n z y l  
s u lf id e  m .p .  7 1 - 7 2 ° ,  l i t . 8 9 10 11 12 13 14 m .p .  . 6 9 - 7 0 ° .

Reaction of iodobenzene diacetate ( I V )  with I .  T o  a  s o lu t io n  
o f 3 .5  g . (0 .0 1  m o le )  o f p h e n y l  t r i t y l  s u lf id e  in  1 00  m l. of 
g la c ia l  a c e t ic  a c id  in  a n  E r le n m e y e r  f la s k  w a s  a d d e d  I V  
(3 .2  g ., 0 .0 1  m o le )  w i th  c o n s t a n t  s w ir l in g . T h e  m ix tu r e  w as 
a llo w e d  to  s t a n d  fo r  24  h r .  a f t e r  w h ic h  i t  w as  p o u r e d  in to  
a  b e a k e r  c o n ta in in g  s o m e  c r u s h e d  ic e . T h e  s o lid  t h a t  s e p a 
r a t e d  w a s  f i lte r e d , w a s h e d  w i th  c o ld  w a te r ,  a n d  r e c r y s ta l 
liz e d  f ro m  a lc o h o l  t o  y ie ld  1 .9 5  g . ( 7 4 .9 % )  o f t r ip h e n y l 
c a r b in o l ,  m .p .  1 5 9 - 1 6 0 ° . lf' M ix e d  m e l t in g  p o in t  w i th  a n  
a u t h e n t i c  s a m p le  g a v e  n o  d e p re s s io n .

Reaction of I V  with I I .  A  s o lu t io n  o f 3 .7  g. (0 .0 1  m o le )  
of I I  in  5 0  m l. o f  d r y  b e n z e n e  a n d  3 .2  g. (3 .0 1  m o le  o f 
IV  w a s  a llo w e d  to  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  2 4  h r .  
A f te r  c o n c e n t r a t io n  o f t h e  r e a c t io n  m ix tu r e  t h e r e  w a s  
o b ta in e d  t r ip h e n y lc a r b in o l  ( 2 . 1  g .)  w h ic h  u p o n  r e c r y s ta l l i z a 
t io n  f ro m  lig ro in  g a v e  n o  d e p re s s io n  in  m e l t in g  p o in t  w i th  
a n  a u t h e n t i c  s a m p le , m .p .  1 6 0 ° .15 F u r t h e r  c o n c e n t r a t io n  
o f  t h e  m o th e r  l iq u o r  y ie ld e d  a  d a r k  b r o w n  v is c o u s  l iq u id  
f ro m  w h ic h  no  c r y s ta l s  w e re  o b t a in e d  e v e n  o n  p ro lo n g e d  
c o o lin g . N o  a t t e m p t  w a s  m a d e  to  i s o la te  t h e  s u l f u r  f r a c t io n  
o f  t h e  s u lf id e ;  y ie ld  o f  t r ip h e n y lc a r b in o l ,  8 1 % .

Reaction of N-bromosuccinimide with I .  A  m ix tu r e  o f  3 5 .2  
g . (0 .1  m o le )  o f I ,  1 7 .8  g. (0 .1  m o le )  o f Ar-b ro m o s u c c in im id e  
a n d  2 .4  g. o f b e n z o y l  p e r o x id e  in  150  m l. o f d r y  c a r b o n  t e t 
r a c h lo r id e  w e re  re f lu x e d  fo r  a b o u t  6  h r .  in  a  w a te r  b a t h .  T h e  
m ix tu r e  w as w a s h e d  w i th  a  5 %  s o lu t io n  o f  s o d iu m  h y d r o x id e  
in  o r d e r  t o  r e m o v e  t h e  b r o m in e  a n d  b e n z o ic  a c id  t h a t  w a s  
f o rm e d  d u r in g  t h e  r e a c t io n .  T h e  s o lv e n t  w a s  d is t i l le d  a n d  
t h e  s o lid  r e s id u e  t h u s  o b ta in e d  w a s  s t i r r e d  w e ll w i th  p e t r o 
le u m  e th e r  a n d  f i l te r e d . F r o m  t h e  f i l t r a t e  w a s  o b ta in e d
7 .3  g. ( 6 7 % )  o f d ip h e n y l  d isu lf id e . T h e  r e s id u e  (3 3 .2  g ., 
9 7 % )  w a s  r e c r y s ta l l iz e d  f ro m  a  m ix tu r e  o f  a c e to n e  a n d  
l ig ro in  t o  g iv e  s h in in g  p la te s  o f  .V - tr i ty ls u c c in im id e , m .p .  
2 0 3 -2 0 4 ° .

Anal. C a lc d . fo r  C 23H 19N O 2: C , 8 0 .9 0 ; H ,  5 .6 1 ; N ,  4 .1 0 . 
F o u n d :  C , 8 0 .7 6 ; H , 5 .6 2 ; N ,  4 .1 0 .

I n  a  s e p a r a te  r u n  u s in g  c h lo ro fo rm  a s  s o lv e n t ,  a n  a l iq u o t  
q u a n t i t y  o f th e  r e a c t io n  m ix tu r e  w a s  t a k e n  a n d  t i t r a t e d  
w i th  s t a n d a r d  s o d iu m  th io s u l f a te  io d o m e tr ic a l ly ;  t h e  
b r o m in e  t i t r a t e d  q u a n t i t a t i v e l y .  A lso  a  4 8 %  y ie ld  o f  d i 
p h e n y l  d is u lf id e  w a s  o b ta in e d  w i th o u t  w a s h in g  t h e  r e a c t io n  
m ix tu r e  w i th  s o d iu m  h y d r o x id e .

Reaction of phenyl trityl sulfide with ethoxide. P h e n y l  
t r i t y l  su lf id e  (1 7 .6  g ., 0 .0 5  m o le )  w a s  r e f lu x e d  fo r  3  h r .  
w i th  a  s o lu t io n  o f s o d iu m  e th o x id e  p r e p a r e d  f ro m  5  g . o f 
s o d iu m  a n d  a n  ex cess  o f a b s o lu te  e th a n o l .  U p o n  c o o lin g
1 4 .5  g. o f so lid  c r y s ta l l iz e d ,  m .p .  1 0 5 -1 0 6 °  a f t e r  o n e  r e c r y s t a l 
l iz a t io n  f ro m  e th a n o l .  T h is  g a v e  n o  d e p r e s s io n  in  m e l t in g  
p o in t  w i th  a  s a m p le  o f t h e  s t a r t i n g  m a te r ia l .  A n  a d d i t io n a l
1 .6  g . w a s  o b ta in e d  o n  e v a p o r a t in g  t h e  e th a n o l ,  w a s h in g  
w i th  w a te r ,  a n d  e x t r a c t in g  w i th  e th e r .

Reaction of phenyl trityl sulfide with phenylmagnesium 
bromide. T o  p h e n y l  G r ig n a rd ,  p r e p a r e d  f r o m  2 .4  g. o f  m a g 
n e s iu m  a n d  15 .7  g. o f b r o m o b e n z e n e  in  e th y l  e th e r ,  w a s  
a d d e d  a  s o lu t io n  o f 1 7 .0  g . (0 .0 5  m o le )  o f p h e n y l  t r i t y l  s u l
f id e  in  a b o u t  100 m l. o f d r y  b e n z e n e . A f te r  12 h r .  o f s t i r r in g ,  
th e  m ix tu r e  w as h y d r o ly z e d  w i th  a  s a t u r a t e d  s o lu t io n  o f  
a m m o n iu m  c h lo r id e ;  t h e  o r g a n ic  l a y e r  w a s  s e p a r a te d  a n d  
t h e  a q u e o u s  la y e r  w a s  e x t r a c t e d  s e v e r a l  t im e s  w i th  b e n z e n e . 
F r o m  t h e  c o m b in e d  b e n z e n e  e x t r a c t s  1 5 .3  g. o f  t h e  u n 
c h a n g e d  p h e n y l  t r i t y l  su lf id e  w e re  r e c o v e re d .

H y d r o ly s is  o f t h e  r e a c t io n  m ix tu r e  w i th  d i l u t e  a c id  s o lu 
t io n  g iv e s  c le a v a g e  p r o d u c ts ,  d u e  t h e  r e a c t io n  o f t h e  a c id  
w i th  p h e n y l  t r i t y l  su lf id e .

P i t t s b u r g h  19, P a .

(1 4 )  E .  F r o m m  a n d  P .  S c h e n o ld t ,  Ber., 4 0 , 2 8 7 0  (1 9 0 7 ).
(1 5 )  S h r in e r  a n d  F u s o n ,  Identification of Organic Com

pounds, T h i r d  E d i t io n ,  J o h n  W ile y  &  S o n s. N e w  Y o rk ,
p .  282 .
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S o m e  n e w  d i a r y l  su lf id e s  h a v e  b e e n  s y n th e s iz e d  f ro m  s o d iu m  th io p h e n o la te s  a n d  a r y l  b r o m id e s  b y  a  s im p le  n u c le o p h il ic  
d i s p la c e m e n t  r e a c t io n .  A ll w e re  c o n v e r te d  i n to  t h e  c o r r e s p o n d in g  s u lfo n e s . P r e p a r a t i o n  o f a  b is s u lf id e  a n d  s u lfo n e  is  d e s c r ib e d .

Several new diary! sulfides and the corresponding 
sulfones were prepared for study in one extensive 
program in this Laboratory. Preparation of the 
sulfides was somewhat different from published 
procedures. However, conversion of these sulfides 
to their sulfones was accomplished by the standard 
hydrogen peroxide oxidation.

Metal thiophenolates have often been employed 
to displace the halogen in aryl halides forming 
diaryl sulfides. Aromatic bromides react with lead 
thiophenolates at high temperatures.1 A variety of 
sulfides has been obtained from cuprous thiopheno- 
late and aromatic chlorides in quinoline.2 When 
copper is used as a catalyst, sodium thiophenolates 
replace activated halogens in aromatic halides.1 
Without copper sodium thiophenolate will react 
with aryl halides providing the halogen is highly 
activated by nitro groups.3

All the diaryl sulfides reported here were synthe
sized from aryl bromides and sodium thiopheno
lates in dimethylformamide in the absence of any 
catalyst. The general procedure involves simply 
refluxing these reactants (thiophenolates prepared 
in situ) in dimethylformamide for several hours, 
distilling solvent and isolating the product. The 
sulfides made by this method are listed in Table I. 
The first column, R, denotes the substituent arising 
from the aryl bromide and the second column, R', 
that from the thiophenolate.

Somewhat surprising is the effect R has on the 
reactivity of the halide. In every instance a tri- 
fluoromethyl group in the meta position gave good 
to excellent yields of the sulfide. No resonance ef
fect can be exerted by this substituent from its 
position in the nucleus. The inductive effect must 
account for the high yields by promoting attack of 
the nucleophilic thiophenolate ions. The case of 
m-nitrophenyl m-tolyl sulfide presents an anomaly 
since the yield was so low. Here, a nitro group has 
replaced the trifluoromethyl substituent, but in
ductive effect should not change.

An attempt was made to prepare pentachloro- 
phenyl a,a,a,-trifluoro-m-tolyl sulfiae from sodium

( 1 )  E .  E .  R e id ,  Organic Chemistry of Bivalent Sulfur, 
V c l. I I ,  C h e m ic a l  P u b l i s h in g  C o ., I n c . ,  N e w  Y o r k ,  1960 ,
p .  2 8 .

( 2 )  R .  A d a m s , W . R e if s c h n e id e r ,  a n d  M . D .  N a i r ,  Croatica 
Chem. Acta, 2 9 , 2 7 7  (1 9 5 7 ) ;  R .  A d a m s  a n d  A . F e r r e t t i ,  
J. Am. Chem.JSoc., 8 1 , 4 9 2 7  (1 9 5 9 ) .

( 3 )  J .  T .  B u n n e t t  a n d  W . D .  M e r r i t t ,  J r . ,  J. Am. Chem. 
Soc., 7 9 , 5 9 6 7  (1 9 5 7 ) .

pentachlorothiophonolatc and m-bromobenzotri- 
fluoride, but no reaction occurred. Evidently the 
superabundance of electronegative chlorines practi
cally eliminates nucleophilic character in this thio- 
phenol.

The mechanism of the reaction is probably a 
simple nucleophilic displacement with little, if 
any, occurring through a benzvne mechanism. 
Infrared studies of both sulfides and sulfones gave 
no indication of isomers which could form via 
the benzyne reaction.

A bissulfide, 4,4H)i.s(a,a,a:-trifluoro-m.-toluenc- 
mercapto)biphenyl, was also synthesized by the 
described procedure. Starting materials were m- 
bromobenzotrifluoride and 4,4'-biphenyldithiol, 
which was obtained from the corresponding disul- 
fonic acid via disulfonyl chloride.

E X P E R I M E N T A L 4

General procedure for synthesis of diaryl sidfedes. T o  a  s o lu 
t i o n  o f  0 .1 1  m o le  o f  a r y l  b r o m id e  a n d  0 .1 5  m o le  o f th io -  
p h e n o l  in  a b o u t  100  m l. o f  d im e th y l f o r m a m id e  w a s  a d d e d  
0 .1 5  m o le  o f  s o d iu m  h y d r o x id e  in  o n e  p o r t io n .  T h e r e  w a s  a n  
in i t i a l  m ild  e x o th e r m ic  r e a c t io n  a f t e r  w h ic h  t h e  m ix tu r e  w a s  
s t i r r e d  a t  r o o m  t e m p e r a tu r e  u n t i l  a l l  s o d iu m  h y d r o x id e  h a d  
d is a p p e a re d .  I t  w a s  t h e n  h e a t e d  to  re f lu x  ( 1 4 5 - 1 5 5 ° )  w h ic h  
w a s  m a in t a in e d  f o r  a p p r o x im a te ly  5 h r .  S a l t  p r e c ip i t a t e d  
d u r in g  th i s  p e r io d . D im e th y l f o r m a m id e  w a s  d is t i l le d  d o w n  
to  a  t h i c k  r e s id u e  w h ic h  w a s  t r e a t e d  w i th  c o ld  w a te r .  T h e  o il 
t h a t  s e p a r a te d  w a s  r e m o v e d  w i th  e th e r .  T h e  e th e r  w a s  
w a s h e d  w i th  w a te r ,  d r ie d  a n d  e v a p o r a t e d  to  a r e s id u e , w h ic h  
w a s  d is t i l le d . I n  T a b le  I  a r c  g iv e n  t h e  d ia r y l  su lf id e s  w i th  
t h e i r  p r o p e r t i e s  a n d  a n a ly s e s .

2-Naphthyl a,a,a-lrifluoro-m-tolyl sulfide. F o llo w in g  t h e  
a b o v e  m e th o d  2 4 .2  g . (0 .1 1  m o le )  o f ju - b ro m o b e n z o tr i f lu o -  
r id e ,  2 0 .8  g . (0 .1 3  m o le )  o f  2 - n a p h th a le n e th io l  a n d  5 .2  g. 
(0 .1 3  m o le )  o f s o d iu m  h y d r o x id e  y ie ld e d  30  g. ( 9 0 % )  o f l ig h t  
y e llo w  c r y s ta l s .  T h e y  m o l t  a t  6 5 - 6 6 °  w h e n  r e c r y s ta l l i z c d  
f ro m  e th a n o l .

Anal. C a lc d . f o r  C n H n F 3S : S , 1 0 .5 4 . F o u n d :  S , 1 0 .7 2 .
4,/fi Bis{tx,a, a-trifluoro-m-toluenemercapto )biphen yl. A  

c o p io u s  e v o lu t io n  o f h y d r o g e n  c h lo r id e  o c c u r r e d  w h e n  83  g. 
( 0 .4  m o le )  o f p h o s p h o r u s  p e n ta c h lo r id e 5 w a s  s lo w ly  a d d e d  to
6 2 .5  g . (0 .2  m o le )  o f 4 ,4 '-b ip h e n y ld is u l f o n ic  a c id .  F o llo w in g  
t h e  a d d i t io n ,  t h e  m ix tu r e  w a s  h e a t e d  s lo w ly  to  2 2 0 °  w h e re  
h o m o g e n e i ty  o c c u r r e d .  H y d r o g e n  c h lo r id e  a n d  p h o s p h o r u s  
o x y c h lo r id e  w e re  r e m o v e d  u n d e r  r e d u c e d  p r e s s u re  t o  a  s o lid  
r e s id u e . R e c r y s ta l l iz a t io n  o f t h e  s o lid  f ro m  a c e t ic  a c id  g a v e
2 0 .7  g. o f  4 ,4 '- b ip h e n y ld i s u l f o n y l  c h lo r id e , m .p .  2 0 0 - 2 0 2 ° .  
L i t e r a t u r e 6 r e p o r t s  m .p .  2 0 3 ° .

(4 )  A ll b o i l in g  p o in t s  a n d  m e l t in g  p o in t s  a r e  u n c o r r e c te d .
( 5 )  T h io n y l  c h lo r id e  f a i le d  i n  t h i s  r e a c t io n .
(6 )  S . G a b r ie l  a n d  A . D e u ts c h ,  Ber., 13 , 3 9 0  (1 8 8 0 ) .

•  •
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T A B L E  I  

D i a r y l  S u l f i d e s

R R '
M .P .

B .P . ,  ( m m .)
Y ie ld ,

% F o r m u la

S u lfu r ,  %

C a lc d . F o u n d

m -C F s H 1 4 6 - 1 5 8 ( 1 2 - 1 4 ) 9 3 .5 C 13H 9F 3S 1 2 .6 1 1 3 .0 5
lii-C F s p- C H 3 1 1 5 ( 1 .5 ) 9 6 .5 c 14h „ f 3s 1 1 .9 5 1 1 .9 5
m-CF, m - C H 3 9 9 - 1 1 0 ( 0 .6 ) 90 C i4H n F 3S 1 1 .9 5 1 2 .0 7
m- C F 3 0- C H 3 9 4 - 9 5 ( 0 . 5 ) 8 9 .5 c u h „ f 3s ___a —
TO-CF3 p-t- C 4H 3 1 1 9 - 1 2 3 ( 0 .7 ) 9 6 .5 c „ h „ f 3s 1 0 .3 3 1 0 .4 6
m-CF, W I-CF3 9 3 - 1 0 0 ( 0 . 8 ) 77 C u H sF e S ___a —
m-CF3 p - C l 1 1 8 - 1 2 1 ( 1 ) 61 C i3H 8C 1F 3S 1 1 . 1 0 1 1 .2 4
C H 3 m - C H 3 1 1 4 - 1 1 6 ( 0 .3 ) — C mH h S 1 4 .9 6 " 1 4 .7 6
TO-NO2 m -C H s a — — — —
p - C 6H 5 m- C H 3 a — — — —
p -C c H 50 H 1 7 2 - 1 7 7 ( 0 . 5 ) ' 4 6 c 18h » o s 1 1 .5 2 1 1 .4 8

“ C o n v e r te d  t o  s u l f o n e  w i t h o u t  p u r i f i c a t io n  a n d / o r  id e n t i f i c a t io n .  6 %  C :  c a lc d .— 7 8 .4 6 ,  f o u n d — 7 8 .1 0 ;  %  H :  c a lc d .—  
6 .5 8 , f o u n d — 7 .0 9 . '  n 2D4 1 .6 4 4 0 .

T A B L E  I I

D i a r y l  S u l f o n e s

S u lfu r ,
R R ' M .P . Y ie ld , % F o r m u la C a lc d . F o u n d

m - C F , H “ 7 7 - 7 8 93 C 13H 9F 3O 2S 1 1 . 2 0 1 1 .1 3
m -C F s p -C H s 8 0 - 8 1 6 9 5 C u H u F , 0 , S 1 0 . 6 8 1 0 .8 0

1 0 1 - 1 0 2 '
m - C F , m -C H s 7 3 -7 4 " 90 C u H n F s O s S 1 0 . 6 8 1 1 .1 3 *
m - C F 3 0 - C H 3 6 6 -6 7 " 75 c 14h „ f 3o 2s 1 0 .6 8 1C. 6 5
m - C F , p-t-C 4H 9 1 0 1 - 1 0 2 ' 91 C 17H 17F 3O 2S 9 .3 6 9 .5 4
m -C F s m - C F 3 8 7 -8 9 " 9 3 .5 c 14h 8f 6o 2s 9 . 0 5 S . 15
m - C F , p -C l 6 1 -6 3 " 81 C 13H 8C 1F30 2S 1 0 .0 0 S .8 0
m -C H s m - C H 3 9 4 ^ 9 5 '’« --- - C 14H i40 2S 1 4 .9 6 1 4 .7 6
D Í-N O 2 m - C H 3 9 5 - 9 6 / ---- C u H u N O í S 1 1 .5 7 1 1 .5 0
P -C 6H b m -C H s 129° 39  h C 19H 16O 2S 1 0 .3 9 1 0 .8 7
p - c , h , o H 9 2 - 9 3  *’ 72 C 18Ï Ï 14O 3S 1 0 .3 3 1 0 .5 7

“ G . W . S to r y  a n d  C . R .  B r e s s o n , J. Org. Chem., 2 4 , 1892  (1 9 5 9 ) , r e p o r t  m .p .  7 7 - 7 8 °  a n d  4 9 %  y ie ld  b y  a n o t h e r  w a y .
6 F r o m  p e t r o le u m  e th e r  ( b .p .  7 7 - 9 8 ° ) .  '  F r o m  p e t r o le u m  e th e r  ( b .p .  6 0 - 7 0 ° ) .  d %  C :  c a lc d ..— 5 5 .9 9 , fo u n d -- 5 5 . 8 1 ;  %  H :
c a lc d .— 3 .6 9 , f o u n d — 3 .8 8 . '  M . T .  B o g e r t  a n d  M . R .  M a n d e lb a u m ,  J. Am. Chem. Soc., 4 5 , 3 0 4 5  (1 9 2 3 )  g iv e  m .p .  9 4 ° .  ! F r o m
e th e r .  a F r o m  e th a n o l .  h B a s e d  o n  •4 - b ro m o b ip h e n y l . 1 F r o m  b e n z e n e - p e t r o le u m  e th e r  ( b .p . 7 7 - 9 8 ° ) .

F o l lo w in g  t h e  p r o c e d u r e  o f  M a r v e l  a n d  C a e s a r 7 a b o u t  21 g . f id e s  w e re  d is s o lv e d  in  a c e t ic  a c id  a n d  t r e a t e d  w i t h  a  la r g e
(0 .0 6  m o le )  o f  t h e  a b o v e  d is u l f o n y l  c h lo r id e  a n d  3 0 0  g . (1 .3 5  e x c e ss  o f  3 0 %  h y d r o g e n  p e r o x id e  a c c o r d in g  t o  s t a n d a r d  p r o -
m o le )  o f  s t a n n o u s  c h lo r id e  d i h y d r a t e  in  12 0 0  m l. o f a c e t ic  
a c id  y ie ld e d  12  g . ( 9 2 % )  o f  s l ig h t ly  im p u r e  4 ,4 '- b ip h e n y ld i -  
th io l ,  m .p .  1 7 1 - 1 7 4 ° .  M a r v e l  a n d  C a e s a r ’s v a lu e  fo r  p u r e  
p r o d u c t  is  1 7 9 -1 8 0 ° .

T h e  g e n e r a l  p r o c e d u r e  a b o v e  w i th  o n e  e x c e p t io n  w a s  e m 
p lo y e d  t o  p r e p a r e  t h i s  d i th io  e th e r .  T h e  re f lu x  p e r io d  w a s  in 
c re a s e d  t o  a b o u t  15  h r .  T h u s ,  12  g. (0 .0 5 5  m o le )  o f t h e  d i 
th io l ,  3 3 .7  g . (0 .1 5  m o le )  o f  m - b ro m o b e n z o tr i f lu o r id e ,  a n d  4 .4  
g . (0 .1 1  m o le )  o f  s o d iu m  h y d r o x id e  in  1 50  m l. o f  d im e th y l -  
f o rm a m id e  g a v e  18 .3  g . ( 6 6 % )  of 4 ,4 '- b i s ( a ,a ,a - t r i f i u o r o - m -  
to lu e n e m e r c a p to ib ip h e n y l ,  b .p .  2 3 5 - 2 4 5 °  (0 .2  m m .) ,  w h ic h  
s lo w ly  so lid if ie d  t o  a  lo w  m e l t in g  so lid . N o  o th e r  id e n t i f ic a 
t i o n  w a s  a t t e m p t e d ,  b u t  t h e  p r o d u c t  w a s  o x id iz e d  to  t h e  
d is u lfo n e  b e lo w .

General procedure for synthesis of diaryl sulfones. T h e  s u l-  * 73

(7 )  C . F .  M a r v e l  a n d  P .  D .  C a e s a r ,  J. Am. Chem. Soc.,
7 3 ,  109 7  ( 1 9 5 1 ) .

c e d u re s .  T a b le  I I  r e p o r t s  t h e  d i a r y l  s u lfo n e s  p r e p a r e d  t o 
g e th e r  w i th  p r o p e r t i e s  a n d  a n a ly s e s .

2-Naphthyl a,a,a-trifluoro-m-tolyl sulfone. I n  t h e  a b o v e  
w a y  th e r e  w a s  o b ta in e d  26 .1  g . ( 7 8 % )  o f  t a n  s o l id  f ro m  3 0  g . 
(0 .1  m o le )  o f  2 - n a p h th y l  a ,a ,a - t r i f l u o r o - m - to ly l  s u lf id e  a n d  
5 0  m l. o f  3 0 %  h y d r o g e n  p e ro x id e . T h e  s u lfo n e  m e l t s  a t  1 0 1 -  
1 0 3 °  w h e n  r e c r y s ta l l iz e d  f ro m  e th a n o l ,  a n d  a t  1 0 4 - 1 0 5 °  
f ro m  p e t r o le u m  e th e r  ( b .p .  7 7 -9 8 ° ) .

Anal. C a lc d . f o r  C n H n F 30 2S : S , 9 .5 3 . F o u n d :  S , 9 .9 9 .
4,4'-Bis(a,u,a-trifluoro-m-toluenesulfmyl)biphenyl. T h e  

g e n e r a l  m e th o d  f o r  s y n th e s i s  o f  s u lfo n e s  w a s  u t i l i z e d  t o  p r e 
p a r e  2 0 .9  g. ( 9 8 % )  o f  w h i te  c r y s ta l s ,  m .p .  1 9 5 - 2 0 0 ° ,  f ro m
1 8 .3  g . (0 .0 3 6  m o le )  o f 4 ,4 '- b is ( a ,a ,a : - t r i f lu o ro - m .- to lu e n e -  
m e r c a p to ) b ip h e n v l  a n d  20  m l. o f 3 0 %  h y d r o g e n  p e r o x id e  in  
1 00  m l. o f  a c e t ic  a c id .  R e c r y s ta l l iz a t io n  f ro m  b e n z e n e  r a is e d  
t h e  m e l t in g  p o in t  o f  t h e  d is u lfo n e  t o  2 0 1 - 2 0 2 ° .

Anal. C a lc d . f o r  C 26H i5F604S2: S , 1 1 .2 6 . F o u n d :  S , 1 1 .6 8 .

S t . L o u is  7 7 , M o .

•  •
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Organic Polysulfides. III. Synthesis and Some Properties 
of Several Unsymmetrical Polysulfides1

T A K E S H I G E  N A K A B A Y A S H I  a n d  J I T S U O  T S U R U G I  

Received October SI, I960

S e v e r a l  u n s y m m e t r ic a l  t r is u lf id e s ,  R S S S R ',  w e re  p r e p a r e d  b y  c o n d e n s a t io n  o f  a lk y l  h y d r o d is u l f id e  R S S H  w i th  a n  a r e n e -  
s u lf e n y l  c h lo r id e  R 'S C l  o r  t h io c y a n a te  R ’S S C N . H e r e  R  r e p r e s e n t s  b e n z h y d r y l  o r  b e n z y l  g ro u p s , a n d  R '  2 - n i t r o p h e n y l ,  
2 - n i t r o - 4 -c h lo ro p h e n y l ,  2 ,4 - d in i t r o p h e n y l ,  o r  2 - n a p h th y l  g r o u p s . U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  th e s e  u n s y m m e t r i c a l  
t r is u lf id e s  w o re  d e te r m in e d  a n d  c o m p a r e d  w i th  th o s e  o f  t h e  c o r r e s p o n d in g  u n s y m m e t r ic a l  m o n o -  a n d  d is u lf id e s  a s  w e ll  a s  
w i th  s y m m e t r ic a l  o n e s .

Recently some unsymmetrical disulfides have 
been prepared by various investigators,2 but only a 
few literature references have been found on the 
synthesis of unsymmetrical trisulfides. A synthetic 
method for unsymmetrical trisulfides is the condensa
tion reaction of a disulfide chloride with a mercaptan

R S S C 1  +  R 'S H  — >- R S S S R '

by which ethyl methyl3 and ethyl benzyl trisulfides4 5 
were obtained as oily substances and 2-nitrophenyl 
hydroxyphenyl trisulfide4 as a crystalline substance. 
More recently some liquid unsymmetrical (alkyl 
aryl) trisulfides were prepared by a rather compli
cated reaction6 indicated below.

R N H — S O — S R ' +  3  R " S H  —
R " — S S S — R '  +  R N H ,  +  R " — S S — R "  +  H 20

where R" represents alkyl and R ' aryl groups. 
Formation of a symmetrical disulfide as well as a 
desired trisulfide makes it necessary to isolate the 
desired product by distillation.

Another probable synthetic method for unsym
metrical trisulfides may be a condensation reaction 
of arenesulfenyl chloride6 (R’SCl) or thiocyanate6 
(R'SSCN) with alkyl hydrodisulfides (RSSH), 
which were prepared by Böhme7 and were utilized 
by the present authors8 to synthesize dialkyl penta- 
ane hexasulfides. In the present paper some crys

(1 ) P a r t  I I ,  J .  T s u r u g i  a n d  T . N a k a b a y a s h i ,  J. Org. 
('hem., 2 5 , 1744  (1 9 6 0 ).

(2 )  (a )  G . J a c in i  a n d  F .  L a u r ia ,  Gaze. chim. Hal., 8 0 , 
762  (1 9 5 0 ) ;  Chem. Abstr., 4 6 ,  4 4 9 9  (1 9 5 2 ) . G . J a c in i  et at., 
Gazz. chim. ital., 8 2 , 2 9 7  (1 9 5 2 ) ;  Chem. Abstr., 4 7 , 8 6 8 0
( 1 9 5 3 ) ;  ( b )  S . M u g n u s s o n ,  J .  E .  C h r i s t i a n ,  a n d  G . L . J e n 
k in s , J. Am. Pharm. A sso c ., Sei. Ed., 36, 2 5 7 , 261 
( 1 9 4 7 ) ;  (c )  H .  B r in tz in g e r  a n d  M . L a n g h e c k , Chem. Ber., 
8 6 , 5 5 7 ( 1 9 5 3 ) ;  8 7 , 3 2 5  (1 9 5 4 ) ;  (d )  A . S c h ö b e r l ,  H .  T a u s e n t ,  
a n d  H .  G rä f j i ,  Angew. Chem., 6 8 , 21 3  (1 9 5 6 ).

(3 )  H .  B ö h m e  a n d  G . V . H a m , Ann., 6 1 7 , 62  (1 9 5 8 ).
(4 )  J .  F .  H a r r i s ,  J r . ,  U n iv . M ic ro f i lm s  P u b .  N o . 4 9 2 7 , 

111 p . ;  Chem.. Abstr., 4 8 , 2 6 3 6  (1 9 5 4 ).
(5 )  G . K r e s z e  a n d  H . P .  P a tz s c h k e ,  Chem. Ber., 93, 38 0

(1 9 6 0 ).
(6 )  N .  K h a r a s c h ,  et al., Chem. Rev., 39, 2 6 9  (1 9 4 6 ).
(7 )  H .  B ö h m e  a n d  G. ¿ in n e r ,  Ann., 5 8 5 , 142  (1 9 5 4 ) .
(8 )  J .  T s u r u g i  a n d  T .  N a k a b a y a s h i ,  J. Org. Chem., 2 4 , 

8 0 7  (1 9 5 9 ).

talline unsymmetrical trisulfides were prepared by 
this method.

R S S H  +  N S A r ----- >- R S S S A r  (1 )

where RSSH represents benzhydryl or benzyl 
hydrodisulfide and ArSX represents nitrobenzene- 
sulfenyl chloride or 2-naphthalenesulfenyl thio
cyanate. In order to determine some physical 
properties and ultraviolet spectra, it is easier to use 
crystalline substances.

The corresponding unsymmetrical mono- and 
disulfides, few of which have been reported in the 
literature, were prepared in the present paper to 
compare some of their properties and ultraviolet 
spectra with those of the trisulfides.

R S H  +  X S A r  — >  R S S A r  (2 )

R X  +  H S A r  — R S A r  (3 )

o r

R S H  +  X A r  — >  R S A r  (4 )

where X represents halogen or thiocyanate group. 
Table I indicates melting points and analytical 
data of these series of unsymmetrical mono-, di- 
and trisulfides, one group of which is benzhydryl 
or benzyl and another is one of three types of 
nitrophenyl groups or a 2-naphthyl group. For 
synthesis of the 2-naphthyl benzhydryl or benzyl di- 
and trisulfides, the naphthalenesulfenyl thiocyanate 
rather than the chloride was used, because the 
former is more easily prepared and more stable than 
the latter. Besides the series of unsymmetrical poly
sulfides cited in Table I the symmetrical polysul
fides, 2,2'-dinaphthyl mono-, di- and trisulfides 
were also prepared, in order to compare some prop
erties of the unsymmetrical polysulfides with those 
of the symmetrical ones. The other symmetrical 
polysulfides, dibenzhydryl or dibenzyl polysulfides 
(mono-, di- and trisulfides) were reported in Part 
Is of this series.

Ultraviolet absorption spectra of benzhydryl
2-nitrophenyl mono-, di-, and trisulfides were 
measured in alcoholic solution between 220 and 
400 m/i and are indicated in Fig. 1. The ultraviolet 
absorption spectra of various unsymmetrical sul- 

• •
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T A B L E  I

M e l t i n g  P o i n t s , Y i e l d s , a n d  A n a l y t i c a l  D a t a  o f  U n s y m m e t r i c a l  P o l y s u l f i d e s

Y ie ld , C a le d . F o u n d
N o . C o m p o u n d % F o r m u la M .P . C H S C H S

2-N it r o p h e n y l  B e n z h y d r y l  Se r ie s

1 M o n o s u lf id e 6 5 .4 c 19h 15n o 2s 1 1 1 - 1 1 2 7 1 .0 0 4 .7 0 9 .9 8 7 0 .8 8 4 .9 1 9 .7 1
2 D is u lf id e 95 c I9h 16n o 2s 2 8 1 - 8 2 6 4 .5 6 4 .2 8 1 8 . 15 6 4 .3 6 4 .6 1 1 7 .9 9
3 T r is u lf id e 70 c 19h 16n o 2s 3 9 4 - 9 6 5 9 .1 9 3 .9 2 2 4 .9 5 5 9 .3 5 4 .2 9 2 4 .7 3

2-N itr o-4-ch l o r o p h e n y l  B e n z h y d r y l  Se r ie s

4 M o n o s u lf id e 5 3 .6 C 19H !4C 1 N 0 2S 1 3 3 .5 - 1 3 4 .5 6 4 .1 3 3 .9 7 0 3 .8 1 3 .9 7
5 D is u lf id e 8 7 .6 C ,9H 14C 1 N 0 2S , 1 0 9 -1 1 0 5 8 .8 3 3 .6 4 5 8 .6 2 3 .6 3
6 T r is u lf id e 8 8 c 19h „ c i n o 2s 3 8 0 -8 1 5 4 .3 4 3 .3 6 5 4 .0 4 3 .1 9

2,4-D in it r o p h e n y l  B e n z h y d r y l  Se r ie s

7 M o n o s u lf id e 9 5 .6 c 19h 14n 2o 4s 1 2 2 -1 2 3  
( 1 2 2 - 1 2 3 Y

6 2 .2 8 3 .8 5 8 .7 5 6 2 .5 1 4 .2 5 8 .4 8

8 D is u lf id e 9 2 .5 c 19h 14n 2o 4s 2 1 2 0 .5 - 1 2 1 5 7 .2 7 3 .5 4 1 6 .1 0 5 7 .2 3 3 .8 1 1 5 .8 3
9 T r is u lf id e 98 c . 9h ,4n 2o 4s , 1 2 9 -1 3 0 5 3 .0 0 3 .2 8 2 2 .3 5 5 3 .2 6 3 .5 2 2 2 .3 9

2-N it r o p h e n y l  B e n z y l  Se r ie s

10 M o n o s u lf id e 7 7 .5 C 13H 11N O 2S 8 2 -8 3
(8 2 -8 3 )»

6 3 .6 5 4 .5 2 1 3 .3 6 6 4 .1 2 4 .7 7 1 3 .2 7

1 1 D is u lf id e 9 5 c !3h u n o 2s 2 5 3 - 5 4 5 6 .2 9 4 .0 0 2 3 .1 0 5 6 .3 4 4 .3 2 2 3 .4 9
( 5 4 ) c

1 2 T r is u lf id e 53 0 13H-11JMO2ÍS3 8 0 .5 - 8 1 5 0 .4 6 3 .5 8 3 1 .0 9 5 0 .2 8 3 .8 5 3 1 .3 2 '

2-N itr o -4-ch l o r o p h e n y l  B e n z y l  Se r ie s

13 M o n o s u lf id e 5 6 C 13H ioC 1 N 0 2S 1 2 9 - 1 3 0 .5 5 5 .8 1 3 .6 0 5 5 .7 5 4 .2 6
14 D is u lf id e 7 7 C is H io C lN O Ä 8 1 - 8 2 5 0 .0 7 3 .2 3 5 0 .3 0 3 .2 3
15 T r is u lf id e 5 6 C is H io C lN O Ä 8 2 . 5 - 8 3 . 5 4 5 .3 9 2 . 8 6 4 5 .7 3 3 .1 0

2,4-D ix it r o p h e n y l  B e n z y l  S e r ie s

16 M o n o s u lf id e 90 c ,3h 10n 2o 4s 1 2 8 -1 2 9 5 3 .7 8 3 .4 7 1 1 .0 5 5 3 .8 8 3 .6 5 1 1  .2 8
( 1 3 0 )d

17 D is u lf id e 94 C 13H 10ÍN 2O 4ÍS2 1 1 2 - 1 1 2 .5 4 8 .4 3 3 .1 3 1 9 .8 7 4 8 .3 6 3 .3 1 1 9 .7 8
18 T r is u lf id e 7 6 .5 C 13H 10N 2O 4S 3 1 1 2 .5 - 1 1 3 4 4 .0 5 2 .8 4 2 7 .1 4 4 3 .8 5 3 00 2 7 .0 7

2 -N a p h t h y l  B e n z h y d r y l  S e r ie s

19 M o n o s u lf id e 69 C 23H isS 1 2 0 - 1 2 1 8 4 .6 2 5 .5 6 9 .8 2 8 4 .4 9 5 .4 2 1 0 . 0

20 D is u lf id e 71 C 23H 18S 2 9 4 -9 5 7 7 .0 5 5 .0 6 1 7 .9 0 7 6 .5 8 5 .0 1 1 8 .1
2 1 T r is u lf id e 9 0 .4 C 23H 18S 3 6 9 -7 1 7 0 .7 2 4 .6 5 2 4 .6 3 7 1 .2 4 4 .7 5 2 4 .0

2-N a p iit h y l  B e n z y l  S e r ie s

2 2 M o n o s u lf id e 9 6 .4 c 17h 14s 8 9 - 9 0
( 8 9 . 8 - 9 0 . 5 ) e

81.. 55 5 .6 4 1 2 .8 1 8 1 .3 5 5 .3 3 1 2 .5

23 D is u lf id e 61 C 17H 14S 2 6 0 - 6 1 .5 7 2 .2 9 5 .0 0 2 2 .7 1 7 1 .6 0 4 .8 6 2 2 . 6
24 T r is u lf id e 73 c 17H l4s 3 6 9 -7 1 6 4 .9 2 4 .4 9 3 0 .5 9 6 4 .9 9 4 .5 5 3 0 .6

a J .  T s u r u g i  a n d  T .  N a k a b a y a s h i ,  Nippon Kagaku Zasshi, 77 , 581 (1 9 5 6 ) . b A . S ie g l i tz  a n d  H .  K o c h ,  Chem. Ber., 58 , 82 
(1 9 2 5 ). c H .  B . F o o t n e r  a n d  S . S m ile s , J. Chem. Soc., 127 , 2 8 8 7  ( 1 9 2 5 ) ;  Chem. Ahstr., 2 0 , 7 4 7  (1 9 2 6 ) . d R .  W . B o s t ,  J .  O . 
T u r n e r ,  a n d  R .  D . N o r to n ,  J. Am. Chem. Soc., 5 4 , 198 6  (1 9 3 2 ). e A . H .  W e in s te in  a n d  R .  M . P ie r s o n ,  . / .  Org. Chem., 23 , 
55 7  (1 9 5 8 ).

tides as well as symmetrical ones have already 
been interpreted by Koch.9 However, the interpre
tation of the ultraviolet absorption spectra of 
unsymmetrical disulfides and trisulfides have never 
been presented. Koch9 suggested that the weak 
absorption band near 350 m̂ i of phenyl 2-nitro- 
phenyl sulfide may be attributed to its canonical 
resonance structure (I), which seems both sterically 
and energetically reasonable. A postulated polar 
excited structure of the o-quinoid type (II) was 
considered by Koch to be improbable because of 
the resulting interference between the van der Waals 
radii of oxygen and sulfur. Weak absorption bands 
near 350 m¿u of benzhydryl 2-nitrophenyl mono-, 
di-, and trisulfides in Fig. 1 may be associated with

(9 )  H .  P .  K o c h ,  J. Chem. Soc., 3 8 7  (1949).

the similar band of phenyl 2-nitrophenyl sulfide or 
with that of di-2-nitrophenyl sulfide, although inten
sities of the band of the unsymmetrical disulfides are 
a little less than those of the latter two. Absorption 
maxima shift to shorter wave length as the number of 
sulfur atoms increases from one to three. The 245 mg. 
absorption of the unsymmetrical monosulfide in 
Fig. 1 cannot be interpreted at the present time, 
but the similar absorption is found in (symmetrical) 
di-2-nitrophenyl sulfide and the similar absorption 
with the higher intensity is displayed by (symmet
rical) di-2-nitrophenyl disulfide. However, both 
benzhydryl 2-nitrophenyl di-and trisulfides do 
not have similar absorption maxima in the same 
range, Generally it caii be said that as compared 
with the spectra of (symmetrical) dibenzhydryl
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F ig .  1. U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  a  se r ie s  o f  2 -  
n i t r o p h e n y l  b e n z h y d r y l  su lf id e s  ( ----------- , m o n o - ; ------------,
d i - ; ----------- , t r is u lf id c s )  a n d  o f  d i - 2 -n i t r o p h o n y l  su lf id e s
( -------------, m o n o - ;  —  ■ — , d isu lf id e s )

mono-, di-, and trisulfides and with that of (sym
metrical) di-2-nitrophenyl sulfide, those of unsym- 
metrical ones seem to be the corresponding result
ants of di-2-nitrophenyl sulfide and the dibenz- 
hydryl series, except for the deficiency of the 
maxima in the range of shorter wave length of the 
unsymmetrical di- and trisulfides. Canonical struc
tures of t}rpe III and of polar (o- or p-) quinoid 
type IV in addition to I make contribution to the 
optical excited states of benzhydryl 2-nitrophenyl 
monosulfide. However, the following canonical

+  / ° \
y S  N — O "«

I

0

/  /{

u
I I

V I

v  V - S - S -  Î  P h H C  

V I I

O - i

n o 2

S = S  P h H C = < ^ > I  

V I I I

structures V, VI, and VII besides I may contribute 
to the optical excited states of benzhydryl 2-nitro
phenyl disulfide. The additional canonical struc
ture VIII may be plausible for bsnzyhydryl 2- 
nitrophenyl trisulfide in addition to the ones 
similar to V, VI, and VII and in addition to I 
mentioned above. Therefore, the absorption of the 
unsymmetrical trisulfide in the range between 
220-300 npi becomes more intensive and shifts to

longer wave lengths. Flatter curves of the unsym
metrical disulfide and trisulfide as compared to the 
monosulfide may result for the same reason.

Similar observations are found in a series of 
benzyl 2-nitrophenyl mono-, di-, and trisulfides 
and of benzyl 2-nitro-4-chlorophenyl mono-, di-, 
and trisulfides as well as in a series of benzhydryl
2-nitro-4-chlorophenjd mono-, di-, and trisulfides. 
The absorption maxima and their intensities are 
tabulated in Table II.

T A B L E  I I

U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f  U n s y m m e t r i c a l  
M o n o - ,  Di-, a n d  T r i s u l f i d e s

^maxj
m/x €max

^maxj €max

B e n z y l  2 - N it r o p h e n y l  S e r i e s

M o n o s u lf id e 24 5 2 0 ,7 0 0 3 6 5 4 ,5 0 0
D is u lf id e 2 5 0 1 3 ,5 0 0 35 5 4 ,3 0 0

( s h o u ld e r )
T r is u lf id e — — 34 5 3 ,7 0 0

B e n z y l  2 - N i t r o -4 - c h l o r o p h e n y l  S e r i e s

M o n o s u lf id e 25 0 2 4 ,7 0 0 3 8 0 4 ,7 0 0
27 0 1 1 ,5 0 0

( s h o u ld e r )
D is u lf id e 24 0 1 4 ,1 0 0 3 6 5 3 ,8 0 0

( s h o u ld e r )
T r is u lf id e — — 3 5 5 3 ,4 0 0

B e n z y l  2 ,4 - D i n i t r o p h e n y l  S e r i e s

M o n o s u lf id e — — 3 3 0 1 2 ,9 0 0
D is u lf id e — — 3 2 0 9 ,2 0 0
T r is u lf id e — — 31 5 8 ,9 0 0

B e n z h y d r y l  2 - N it r o -4 - c h l o r o p h e n y l  S e r i e s

M o n o s u lf id e 2 5 0 1 9 ,7 0 0 3 8 0 4 ,1 0 0
D is u lf id e — — 365 3 ,9 0 0
T r is u lf id e — — 3 6 0 3 ,8 0 0

The absorption spectra of benzhydryl 2,4-dini- 
trophenyl mono-, di-, and trisulfides are indicated 
in Fig. 2. The 330 ma absorption maximum of 
the monosulfide and those of the disulfide and 
trisulfide near there may be ascribed to a group 
—S—CfiH4(N02)2-(2,4), because an intense absorp
tion band of phenyl 4-nitrophenyl sulfide was 
found at 337,5 mn,9 and the corresponding ortho 
compound has the maximum near 365 m/i. Flatten
ing of the spectra also occurs as the number of 
sulfur atoms increase from one to three. No further 
interpretation of the spectra will be attempted 
in view of the paucity of the reference data.

With regard to the spectra of naphthyl benzyl 
polysulfides shown in Fig. 3, that of the monosulfide, 
if it is indicated in logarithmic scale, is in complete 
agreement with that recorded by Weinstein and 
Pierson.10 They observed a maximum similar to 
the 285 m/i peak of 2-naphthyl benzyl sulfide in
2-thionaphthol at 283 mju, and ascribed it to a

(1 0 )  A . H .  W e in s te in  a n d  R .  M . P ie r s o n , J. Org. Chem., 
2 3 , 551 (1 9 5 8 ).
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F ig .  2 . U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  a  se r ie s  o f  2 ,4 -
d in i t r o p h e n y l  b e n z h y d r y l  s u lf id e s  ( ----------- , m o n o - ; ------------,
d i - ; ----------- , t r is u lf id e s )

F ig .  3 . U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  a  se r ie s  o f  2 -
n a p h t h y l  b e n z y l  s u lf id e s  (■----------- , m o n o - ; ------------, d i- ;
----------- , t r is u l f id e s )  a n d  o f  d i - 2 - n a p h th y l  s u lf id e s  (—  • — ,
m o n o - ; ---------- , d i - ; ------------- , t r is u lf id e s )

naphthalene chromophore bathochromically shifted 
by a thiol auxochrome. The 253 m,u absorption 
peak of 2-naphthyl benzyl sulfide resembles the 
absorption of 2,2'-dinaphthyl sulfide, although 
intensity of the former is considerably weaker than 
that of the latter, and may be ascribed to a modified 
naphthalene chromophore. As for the series of 
alkyl nitrophenyl polysulfides mentioned above, 
in this series also flattening of the curves is ob
served as the number of sulfur atoms increases 
from one to three. The same relationship was ob
served in ultraviolet spectra of a series of 2-naph
thyl benzhydryl mono-, di- and trisulfides.

Molecular refraction of a series of unsymmetrical
2-naphthyl benzhydryl or benzyl polysulfides were 
determined. The results are indicated in Table
III.

Calculated values of the sulfur atoms in the 
mono-, di-, and trisulfides in each series are in good 
agreement within experimental error. This confirms 
the existence of linear sulfur chains in each trisul
fide as in the disulfide.

T A B L E  I I I

M o l a r  R e f r a c t i o n s  o f  2 - N a p h t h y l  B f.n z h y e r y l  o r  
B e n z y l  P o l y s u l f id e s  and A t o m ic  R e f r a c t i o n  o f  S u l f u r

i n  T h e s e  C o m p o u n d s

U n s y m m e tr ic a l  
S u lf id e s  

R — S n — R '

M o la r
R e f r a c 

t io n
M R d -

( R S n R ')

R e f r a c 
t i o n  of 
G r o u p

S n
R D (S n )

A to m ic  
R e f r a c t io n  

o f  S u lfu r
R D (S n ) /ra

2 - C 10H r - S — C H ( C 6H 6) 2 1 0 6 .7 1 0 .2 1 0 .2
2 - C io H r - S 2- C H ( C 6H 5)2 1 1 6 .8 2 0 .3 1 0 .1
2 - C io H r - S 3— C H ( C 6H 6)2 1 2 6 .0 2 9 .5 9 .8

1 0 .0  ± 0 . 2
2 -C io H r - s — c h 2c 6h 6 8 1 .1 9 . 8 9 . 8
2 -C 10H t - s 2— c h 2c 6h 5 9 2 .6 2 1 .3 1 0 .7
2 -C mH 7-—Ss— c h 2c 6h 3 1 0 1 .3 3 0 .0 1 0 .0

1 0 .2  ± 0 . 5

E X P E R IM E N T A L

Unsymmetrical monosulfides. A c c o rd in g  t o  E q u a t io n  3, 
0 .0 2  m o le  o f  a r e n e th io l  ( 2 - n i t r o b e n z e n e th io l  o r  2 - n a p h -  
th a le n e th io l )  i n  50  m l. o f e th a n o l  w a s  c o n v e r te d  t o  p o ta s s iu m -  
th i o l a t e  b y  p o ta s s iu m  h y d r o x id e ,  a n d  th e n  w a s  a l lo w e d  to  
r e a c t  "with a n  e q u iv a l e n t  a m o u n t  o f  b e n z y l  b r o m id e  in  50  
m l.  o f  d r y  b e n z e n e  in  a n  a tm o s p h e r e  o f  i n e r t  g a s  a t  re f lu x in g  
t e m p e r a t u r e  f o r  2  h r .  u n d e r  s t i r r in g .  W h e n  b e n z h y d r y l  
b r o m id e  w a s  u s e d  in  p la c e  o f  b e n z y l  b ro m id e ,  n o t  p o ta s s iu m  
a r e n e th io l a t e  b u t  a r e n e th io l  i t s e l f  w a s  r e f lu x e d  w i t h  b e n z 
h y d r y l  b r o m id e  to  a v o id  t h e  p r o b a b le  h y d r o ly s i s  o f  th e  
b ro m id e ,  a n d  t h e  r e a c t io n  w a s  c a r r ie d  o u t  in  b e n z e n e  s o lu 
t io n .  T h e  s o lu t io n  w a s  w a s h e d  w i th  w a te r  a n d  d r ie d  w i th  
a n l r y d ro u s  s o d iu m  s u l f a te .  A f te r  t h e  s o lv e n t  w a s  e v a p o r a te d ,  
c o m p o u n d s  N o .  1 a n d  N o . 19 w e r e  r e c r y s ta l l i z e d  f ro m  a  
b e n z e n e - e th a n c l  m ix tu r e .  N o . 10  w a s  r e c r y s r a l l iz e d  f ro m  
e th e r ,  a n d  N o .  2 2  f ro m  e th a n o l .

T h e  o t h e r  u n s y m m e t r ic a l  m o n o s u lf id e s  w e re  p r e p a r e d  b y  
E q u a t io n  4 . T o  a n  a b s o lu te  a lc o h o lic  s o lu t io n  o f  p o ta s s iu m  
o - d ip h e n y lm e th a n e -  o r  a - to lu e n e th io l a t e  w a s  a d d e d  a n  
e q u iv a le n t  a m o u n t  o f  c h lo r o n i t r o b e n z e n e  ( l ,4 -d ic h lo r o -2  
n i t r o b e n z e n e  o r  2 ,4 - d in i t r o c h lo r o b e n z e n e )  in  e th a n o l  i n  a  
s t r e a m  o f  i n e r t  g a s  u n d e r  s t i r r in g .  T h e  m ix tu r e  w a s  h e a te d  
f o r  3  h r .  a t  5 0 - 7 0 ° ,  a n d  d i lu te d  w i th  10  v o lu m e s  of w a te r .  
C o m p o u n d s  N o .  4  a n d  N o . 13 w e re  r e c r y s ta l l i z e d  f ro m  b e n 
z e n e , N o .  7  a n d  N o .  16  r e c r y s ta l l i z e d  f r o m  a  m ix tu r e  o f 
b e n z e n e  a n d  e th a n o l .

Unsymmetrical disulfides. T o  a  s o lu t io n  o f  0 .0 1  m o le  of 
a lk a n e th io l  ( a - d ip h e n y lm e th a n e -  o r  « - to lu e n e th io l )  i n  50  
m l. o f  d r y  b e n z e n e  w a s  a d d e d  a  s o u t io n  o f a r e n e s u lf e n y l  
c h lo r id e  ( 2 - n i t r o b e n z e n e s u l f e n y l ,11 2 - n i t r o -4 -c h lo ro b e n z e n e -  
s u l f e n y l ,12 o r  2 ,4 - d in i t r o b e n z e n e s u l f e n y l  c h lo r id e 13 14) a t  ro o m  
te m p e r a tu r e .  T h e  f la s k  w a s  p r o t e c t e d  b y  a  c a lc iu m  c h lo r id e  
t u b e  a n d  k e p t  s t a n d in g  o v e r n ig h t .  T h e  s o lu t io n  w a s  w a s h e d  
w i th  w a te r  a n d  d r ie d .  A f te r  t h e  s o lv e n t  w a s  e v a p o r a t e d  
u n d e r  d im in is h e d  p r e s s u re ,  t h e  s o lid  o b ta in e d  w a s  r e c r y s t a l 
l iz e d  f ro m  a  m ix tu r e  o f  b e n z e n e  a n d  e th a n o l .  C o m p o u n d s  
N o .  2 , 5 , 8 , 11, 14 , a n d  17 w e re  t h u s  p r e p a r e d .

2 - N a p h th a le n e s u l f e n y l  t h i o c y a n a t e ”  w a s  u s e d  t o  p r e p a r e  
u n s y m m e t r i c a l  n a p h t h y l  a lk y l  d is u lf id e s . T h e  s u l f e n y l  t h io 
c y a n a t e  (0 .0 1  m o le )  in  50  m l. o f  d r y  e t h e r  w a s  a d d e d  to  a  
s o lu t io n  o f  a lk a n e th io l  ( a - d ip h e n y lm e th a n e -  o r  a - to lu e n e -  
th io l )  i n  5 0  m l. o f  d r y  e t h e r  a t  r o o m  t e m p e r a t u r e  in  a  s t r e a m  
o f  i n e r t  g a s  w i th  s t i r r in g .  T h e  m ix tu r e  w a s  s t i r r e d  fo r  a n

(1 1 )  M a x  H . H u b a c h e r ,  Org. Syntheses, C o ll. V o l. I I ,  
4 5 5  (1 9 4 8 ).

(1 2 )  T h .  Z in c k e  a n d  J .  B a e u m e r ,  Ann., 4 1 6 , 86  (1 9 1 8 ).
(1 3 )  N .  K h a r a s c h ,  G . I .  G le a s o n , a n d  C . M .  B u e s s , 

/ .  Am. Chem. Soc., 7 2 , 1796  (1 9 5 0 ) .
(1 4 )  H .  L e c h e r  a n d  M . W i t tw e r ,  Chem. Ber., 5 5 , 1474  

(1 9 2 2 ) .

•  •
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l io u r .  A f te r  b e in g  w a s h e d  a n d  d r ie d ,  t h e  s o lv e n t  w a s  e v a p o 
r a t e d .  T h e  s o lid  o b ta in e d  w a s  r e c r y s ta l l i z e d  f ro m  e th a n o l .  
C o m p o u n d s  N o . 2 0  a n d  23  w e re  p r e p a r e d  b y  t h e  m e th o d  
d e s c r ib e d  a b o v e .

Unsymmetrical trisuMdes. T o  a  s o lu t io n  o f 0 .0 2  m o le  o f 
a lk y l  h y d r o d is u l f id e  ( b e n z h y d r y l  o r  b e n z y l  h y d r o d is u l f id e )  
in  5 0  m l. o f  d r y  e th e r  w a s  a d d e d  a  s o lu t io n  o f a r e n e s u lf e n y l  
c h lo r id e  (2 -n i t r o h e n z e n e s u l f e n y l ,  2 - n i tr o - 4 -c h lo r o b e n z e n e -  
s u l f e n y l ,  o r  2 ,4 -d in i t r o b e n z e n e s u l f e n y l  c h lo r id e )  in  5 0  m l. 
o f  d r y  e t h e r  a t  ro o m  t e m p e r a t u r e  in  a  s t r e a m  o f  i n e r t  g a s  
u n d e r  s t i r r in g .  A v e r y  s l ig h t  ex ce ss  o f  t h e  h y d r o s u l f id e  
w a s  u s e d , o th e r w is e  d i a r y l  d is u lf id e  w a s  fo rm e d  f ro m  th e  
a r e n e s u lf e n y l  c h lo r id e . T h is  m a d e  i t  d if f ic u l t  t o  i s o la te  
t h e  u n s y m m e t r ic a l  f ro m  t h e  s y m m e t r ic a l  d is u lf id e . T h e  r e a c 
t i o n  s y s te m  w a s  p r o te c te d  a g a in s t  m o is tu r e  b y  a  c a lc iu m  
c h lo r id e  t u b e .  S t i r r i n g  w a s  c o n t in u e d  fo r  2 h r . ,  a n d  t h e  s o lu 
t i o n  w a s  w a s h e d ,  d r ie d , a n d  c o n c e n t r a te d  b y  e v a p o r a t io n .  
T h e  s o l id  o b t a in e d  w a s  r e c r y s ta l l iz e d  f ro m  e th e r .

F o r  t h e  s y n th e s i s  o f  2 - n a p h th y l  b e n z h y d r y l  o r  b e n z y l  
t r is u l f id e ,  2 - n a p h th a le n e s u l f e n y l  th io c y a n a te  w a s  u s e d  in  
p la c e  o f  t h e  s u l f e n y l  c h lo r id e . T h e  p r o c e d u r e  w a s  th e  s a m e  
a s  fo r  t h e  a b o v e  n i t r o p h e n y l  a lk y l  t r is u lf id e s .

2,2'-Dinaphthyl mono-, di-, and trisv.md.es. T h e s e  w e re  
a ls o  p r e p a r e d  a s  s p e c im e n s  fo r  d e te r m in in g  t h e  s p e c t r a .  T h e  
m o n o s u lf id e  w a s  o b ta in e d  b y  p y r o ly s is  o f le a d  2 - n a p h th a le n e -  
t h i o l a t e 15 a t  3 0 0 - 3 2 0 °  u n d e r  100  m m ., a n d  a f t e r  s e v e ra l  
r e c r y s t a l l i z a t i o n s  f ro m  a  b e n z e n e - e th a n o l  m ix tu r e ,  m .p . 
1 4 8 -1 4 9 °  ( l i t . , 15 m .p .  1 5 1 ° ) , t h e  y ie ld  wTa s  4 5 % .

Anal. C a lc d .  fo r  C MH „ S :  C , 8 3 .8 8 ; H , 4 .9 3 : S , 11 .20 . F o u n d : 
C , 8 4 .0 4 ;  H ,  5 .3 3 ;  S , 11 .0 .

T h e  d is u lf id e  w a s  t h e  o x id a t io n  p r o d u c t  o f  2 - n a p h th a le n e -  
th io l  b y  io d in e ,10 r e c r y s ta l l iz e d  f ro m  b e n z e n e , m .p .  1 3 9 °  
( l i t . , 10 m .p .  1 4 1 .8 -1 4 2 .6 ° ) ,  y ie ld  9 8 % .

Anal. C a lc d . f o r  C 2oH 14S j : C , 7 5 .4 3 ; H , 4 .4 3 ; 8 , 2 0 .1 . 
F o u n d :  C , 7 5 .1 9 ; H ,  4 .3 3 ; S , 2 0 .0 .

T h e  t r is u l f id e  w a s  p r e p a r e d  b y  t h e  o r d in a r y  m e th o d  f ro m  
t h e  th io l  a n d  s u l f u r  d ic h lo r id e , r e c r y s ta l l iz e d  f ro m  b e n z e n e -  
e th a n o l  m ix tu r e ,  m .p .  1 1 5 -1 1 6 °  ( L i t . , 16 m .p .  1 0 8 - 1 0 9 ° ) ,  
y ie ld  7 9 % .

Anal. C a lc d . fo r  C 2eH u S ,:  C , 6 8 .5 3 ; H , 4 .0 3 ; S , 2 7 .4 5 . 
F o u n d :  C , 6 8 .7 5 ; H , 3 .9 3 ; S , 2 6 .8 .

Determination of ultraviolet absorption spectra and molecu
lar refraction. T h e s e  w e re  t h e  s a m e  a s  th o s e  r e p o r t e d  in  
P a r t  I 8 o f t h i s  se r ie s .
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T h e  u l t r a v io l e t  a b s o r p t io n  c u r v e s  o f c e r t a in  u n s y m m e t r ic a l  d ia r y l  d isu lf id e s , A r— S — S— A r ',  w e re  c a lc u la te d  a s  o n e -  
h a lf  t h e  s u m  o f  t h e  a b s o r p t io n  c u r v e s  o f  t h e  tw o  s y m m e t r ic a l  d isu lf id e s , A rS S A r  a n d  A r 'S S A r '.  S l ig h t  d e v ia t io n s  f ro m  t h e  
c a lc u la te d  v a lu e s  in  t h e  o b s e rv e d  c u r v e s  w e re  c o n s is te n t  w i th  i n d u c t iv e  e f fe c ts  o f  g ro u p s  a t t a c h e d  to  s u l f u r  in  t h e  tw o  h a lv e s  
o f  t h e  m o le c u le , A rS —  a n d  A r 'S — . N o  t r a n s m is s io n  o f  e le c t r o n ic  e f fe c ts  t h r o u g h  t h e  s u l f u r - s u l fu r  b o n d  c o u ld  b e  d e t e c t e d  
in  t h e  u l t r a v io l e t  s p e c t r a  o f  t h e  d ia r v l  d isu lf id e s .

It is certain that disulfides undergo heterolytic 
cleavage in polar reactions. Nucleophilic cleavage 
of disulfide is evidenced by the reaction with or- 
ganometallic reagents3 and by Lewis-acid catalyzed 
electrophilic attack of disulfide on aromatic sys
tems4 and olefins.5 Electrophilic cleavage may be 
illustrated by the reaction of disulfides with halides 
such as methyl iodide6 or 2,4-dinitrochlorobenzene.7 7

(1 )  A  T e c h n ic a l  R e p o r t  p r e p a r e d  u n d e r  t h e  s p o n s o r s h ip  
o f t h e  O ffice  o f  O r d n a n c e  R e s e a r c h ,  U n i te d  S t a t e s  A rm y , 
C o n t r a c t  D A  3 3 -0 0 8 -O R D  1916 .

(2 )  P o s td o c to r a l  R e s e a r c h  A s s o c ia te  1 9 5 9 -1 9 6 0 , o n  le a v e  
f ro m  t h e  U n iv e r s i t y  o f O s a k a  P r e f e c tu r e ,  O s a k a , J a p a n .

(3 )  H .  B u r to n  a n d  W . A . D a w ,  J. Chem. Soc., 5 2 8
(1 9 4 8 ).

(4 )  Cf. S . A r c h e r  a n d  C . M . S u te r ,  J. Am. Chem. Soc., 7 4 , 
4 2 9 6  ( 1 9 5 2 ) ;  E .  C a m p a ig n e  a n d  R .  E . C lin e , J. Org. Chem., 
2 1 , 3 9  (1 9 5 6 ).

( 5 )  C f. B . H o lm b e rg , Arkiv K e m i,  Mineral. Geol., 1 3 B , 
N o .  14  (1 9 3 9 ) ;  A . L e in , D .  M c C a u le y ,  a n d  A . P ro e l l ,  U . S . 
P a t .  2 ,5 1 9 ,5 8 6 ,  A u g . 2 0 , 1 9 5 0  [Chem. Abstr., 4 4 ,  107 2 8
( 1 9 5 0 ) ] .

( 6 )  O . H a a s  a n d  G. D o u g h e r ty ,  J. Am. Chem. Soc.t 6 2 (
1 0 0 4  (1 9 4 0 ) .

The whole question of heterolytic scission of the 
sulfur-sulfur bond in disulfides has recently been 
reviewed8 with numerous examples of both types of 
cleavage. Such cleavage must be initiated by 
polarization of the disulfide bond.

Polarization of the disulfide bond may be con
sidered to be stabilized by resonance involving a
10-electron sulfur shell, as in A -«—► B. One might

•Ty • + A
A r— S— S — A r ■<—> A r— S = S — A r

A  B

logically expect that placing a resonance system 
such as the two sulfur atoms of A ■*—*■ B between 
two chromophoric groups would be reflected in a 
bathochromic shift of the ultraviolet absorption of 
the simple chromophore. However, the opposite

( 7 )  G . L e a n d r i  a n d  A . T u n d o j  Ann. Chim. (.Rome), 4 5 , 
8 3 2 , 8 4 2  (1 9 5 5 ).

( 8 )  A . J .  P a r k e r  a n d  N .  K h a r a s c h ;  Chem. Revs., 5 9 , 5 8 3  
(1 9 5 9 ):

•  •
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effect has been observed.9 A sulfur atom attached 
to an aromatic system acts as an unsaturated 
atom, causing a bathochromic shift of the absorp
tion of the parent aromatic system.10 For example, 
benzene shows a characteristic absorption at 202 
m̂ i (e = 7000) which is shifted to 236 mp (e = 10,-
000) in thiophenol.11 Conversion of —SH to —SCH3 
causes a further shift to longer wavelength (thio- 
anisole absorbs at 254 m,u, e = 9000),12 due to the 
inductive effect of the methyl group. However, 
oxidation to the disulfide causes a much smaller 
shift in absorption (diphenyl disulfide has an absorp
tion maximum at 241 rap, e = 15,000). The effect 
of conversion of a thiol to a symmetrical disulfide is 
approximately that of bonding two identical chro- 
mophores in the same molecule by an insulating 
group (i.e., doubling the molar intensity without 
shifting the wavelength of absorption). Such effects 
were reported on thiol and disulfide groups at
tached to cinnamic acid systems.9

In the case of a symmetrical disulfide, the reso
nance represented by A -«—► B is really the sum of 
two equivalent resonance structures of equal but 
opposite polarity, C ■*—»- B :

A ra— S = S — A rb <  >  A rs— S — S — A rb <  ->  A ra— S = S — A rb 
C A B

The resonance contribution of the polar disulfide 
bond to the aromatic system might therefore be 
presumed to be neutralized, and the absorption of 
an aromatic disulfide, A, should be essentially that 
of two moles of the simple chromophore ArS-. 
On the other hand, an unsymmetrical diaryl disul
fide, D, in which one aryl group carried electron 
releasing groups while the other carried strong elec
tron attracting groups would be expected to polar
ize preferentially in one way, D -«—*• E. Such an

A r > - S — S > - A r '  A r > - S = S > - A r '
D  E

effect might be reflected in bathochromic shifts 
of the ultraviolet absorption. On the other hand, 
a lack of transmission of resonance through the 
disulfide bond should be characterized by an ab
sorption spectrum which would be the sum of one- 
half of the spectra of the two corresponding sym
metrical disulfides:

Carssar =  7 . (  Carssar ”f~ Car ssar )

I t  is well known that the presence of an insulating 
group between two chromopbores results in a 
spectrum in which the characteristic absorption of

(9 )  E .  C a m p a ig n e  a n d  R .  E .  C lin e , J. Org. Chem., 2 1 , 
32  ( 1 9 5 6 ) .

(1 0 )  K .  B o w d e n , E .  A . B r a u d e ,  a n d  E .  R .  H .  J o n e s ,  
J. Chem. Soc., 9 4 8 ( 1 9 4 6 ) .

(1 1 )  Cf. An Introduction to Electronic Absorption Spectros
copy in Organic Chemistry, 2 n d  E d . ,  b y  A . E .  G il la m  a n d  
E .  S . S te r n ,  E .  A rn o ld , L o n d o n ,  1957 , p .  140 .

(1 2 )  E .  F e h n e l  a n d  M . C a r m a c k ,  J. Am. Chem. Soc., 7 1 , 
84  (1 9 4 9 ).

the two chromophores is generally additive.13 
The assumption is made that this relationship will 
not be valid if resonance is transmitted between 
the chromophores. This assumption is supported 
by the ultraviolet spectra of a series of stilbenes, 
where conjugation through the ethyler.ic linkage is 
well known.14 The ultraviolet spectrum of trans- 
stilbene is characterized by a maximum, at 295 
mp (e = 29,000)18 and a shoulder at 324 mp 
(e = 17,000)), while trans-A,4'-dinitrostilbene16 has a 
peak at 333 m^ (e = 29,000). The hypothetical 
spectrum, one-half the sum of the spectra of these 
symmetrical stilbenes, exhibits a maximum at 
295 mp (e = 25,000) and a shoulder at 333 m,u 
(e = 20,400). The actual spectrum for ¿ranS-4-nitro- 
stilbene shows only one peak at 355 m̂ u (e =
27,000).15

In order to examine the ultraviolet spectra of 
some unsymmetrical diaryl disulfides, a series of
4-nitrophenyl and 2,4-din itrophenyl disulfides were 
prepared, in which the second aryl group was of the 
electron-rich class, phenyl, 4-tolyl, 4-anisyl, and 
/3-naphthyl. These were chosen because they were 
all solids which could be purified by recrystalliza
tion. Unsymmetrical disulfides disproportionate on 
heating17 or in acidic or basic solution8 and are there
fore difficult to obtain in the pure state. The com
pounds most commonly prepared in this class are 
those which are formed from treatment of the 
relatively stable nitrosulfenyl halides with thiols. 
These products are usually solids which can be 
purified by crystallization from cold solvents of 
low dielectric constant. They also contain a strong 
electron-attracting group, and hence are ideally 
suited to this study. The preparative detail and 
constants of these compounds are listed in Table I, 
parts A and B, and the syntheses described in the 
experimental part. Of these, the 4-methoxyphenyl 
and /3-naphthyl derivatives are new.

As model compounds for spectral studies, the 
various symmetrical disulfides and corresponding 
methyl sulfides were prepared. Their properties 
are listed in Table I, parts C and D.

Discussion of the absorption spectra. The principal 
absorption maxima of all compounds investigated 
are tabulated in Table II. (All of the compounds 
absorb strongly in the far ultraviolet (below 220 
m/i).) However, each simple methyl sulfide exhibits

(1 3 )  A . E .  G i l la m  a n d  E .  S . S te r n ,  An Introduction to 
Electronic Absorption Spectroscopy in Organic Chemistry, 
2 n d  E d . ,  E .  A r n o ld  L td . ,  L o n d o n ,  1 9 5 7 , p . 134.

(1 4 )  M . C a lv in  a n d  R .  E .  B u c k le s ,  J. Am. Chem. Soc., 
6 2 , 3 3 2 4  (1 9 4 0 ).

(1 5 )  M . C a lv in  a n d  H .  W . A l te r ,  J. Chem. Phys., 1 9 , 76 5
(1 9 5 1 ).

(1 6 )  P r e p a r e d  a c c o r d in g  t o  t h e  p r o c e d u r e  o f  W a ld e n  a n d  
K e r n b a u m ,  Ber., 2 3 , 1959  (1 8 9 0 ) . T h e  s p e c t r u m  w a s  d e te r 
m in e d  o n  a  C a r e y  M o d e l  14  s p e c t r o p h o to m e te r .  A b s o lu te  
e th a n o l  w a s  u s e d  a s  a  s o lv e n t  in  o r d e r  t o  o b t a in  d a t a  
c o m p a r a b le  t o  t h a t  o f  C a lv in  a n d  A l te r .

(1 7 )  G . L e a n d r i  a n d  A . T u n d o ,  Ann. Chim. {Rome), 4 4 ,
6 3  ( 1 9 5 4 ) .

•  «
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T A B L E  I

P h y s ic a l  C o n s t a n t s  o r  D ia r y l  D i s u l f i d e s  a n d  A r y l  M e t h y l  S u l f i d e s

A r

M .P .

F o r m u la

S u lfu r ,  % N i t r o g e n ,  %

F o u n d R e p o r te d C a le d . F o u n d C a le d . F o u n d

A . 4 - N it r o p h e n y l  A r y l  D is u l f i d e s

c 6h 5- 59-59.5 58-58.5“ C i2H 90 2N S ì 24.35 24.26 5.23 5.41
4-CH3C6H4- 63-63.5 62-62.5“ C 13H 11O 2N S 2 23.12 23.09 5.05 5.17
-1 -CHsOCJL- 72.5-73 C13H1 1O3NS2 2 1 . 8 6 2 1 . 8 6 4.77 4.89
^ - C 10H t- 85-85.5 C1 6H1 1 O2NS2 20.46 20.47 4.47 4.59

B . 2 ,4 - D i n i t r o p i i e n y l  A r y l  D i s u l f i d e s

CeH,- 87.5-88 86-87“ C12ÏÏ8O4N2S2 20.80 . 20.49 9.09 9.20
4-CH.CJL- 114-115 114-115“ C 13H 10O 4N 2S 2 19.89 19.76 8.69 8.65
4-CH3OC6H4- 98 CisHioOsN 2S2 18.91 18.92 8.28 8.38
/ 3 - C io H t - 181 C 16H 10O 4N 2S 2 17.89 17.65 7.82 7.89

C. S y m m e t r ic a l  D i s u l f i d e s

CfiHó- 62.5-63.5 61b C 12H 10S2

4-CH3C6H4- 48-49 46" CuHiÄ
4-CH3OC6H4- 44-45 44-45' c „ h 14o 2&
ß-CioHr- 143-143.5 139d C20H 1 4S2

4-N02C6H4 183-184 181“ c 12h 8n 2o 4s 2

M .P . n 2 5
' D B .P .

D. A r y l  M e t h y l  S u l f i d e s

C6H5- 1.5839 84/18 m m .
(1.5832)' (82/18 mm.)!’

4 - C H j C 6H 4- 1.5707 104/20 m m .
(1.5730-20/D)» (104-105/20 mm.)"

4-CH30C6ÎL- 25-26 261
/S-C10H7 59.5-60.5 601
4-N02C6H4- 71-72 72»
2,4-(N02 )2C6H3- 128-129 128*

“ I .  D a n ie ls s o n , J .  E . C h r i s t i a n ,  a n d  G . L . J e n k in s ,  J. Am. Pharm. Assoc., Sci. Ed., 3 6 , 261 (1 9 4 7 ) . b K . W . R o s e n m u n d  
a n d  H . H a r m s ,  Ber., 5 3 B , 2 2 2 6  (1 9 2 0 ) . '  A . J .  C o s ta n z a ,  R .  J .  C o le m a n , R .  M . P ie r s o n ,  C . S . M a rv e l ,  a n d  C . K in g , J. Poly
mer Sci., 17,3 1 9  ( 1 9 5 5 ) .  4 S . S . B h a tn a g a r  a n d  B .  S i n g h , . / .  Indian Chem. Soc., 7,66 3  ( 1 9 3 0 ). ■ C . M . S u te r  a n d  H .  L . H a n s e n , 
J. Am. Chem. Soc., 5 4 , 4 1 0 0  (1 9 3 2 ) . !  M . P .  B a l te ,  R .  E .  D a r b y ,  a n d  J .  K e n y o n ,  J . Chem. Soc., 3 8 2  (1 9 5 1 ). » K . B r a n d  
a n d  K .  W . K r a n z ,  J. prakt. Chem., ( 2 )  1 1 5 , 143  (1 9 2 7 ) . "  H .  G i lm a n  a n d  N .  J .  B e a b e r ,  / .  Am. Chem. Soc., 4 7 , 1449 (1 9 2 5 ) . 
1 F .  G . B o rd w e ll  a n d  P .  J .  B o u ta n ,  J .  Am. Chem. Soc., 79, 7 1 7  (1 9 5 7 ) . 1 H . S ta u d in g e r ,  H .  G o ld s te in ,  a n d  E .  S c h le n k e r ,  
Helv. Chim. Acta, 4 , 3 4 2  (1 9 2 1 ) . k R .  W . B o s t ,  J .  O . T u r n e r ,  a n d  R .  D .  N o r to n ,  J. Am. Chem. Soc., 54 , 1985  (1 9 3 2 ).

a characteristic peak; those of the electron-rich 
aromatic series in the vicinity of 255 mu (280 m/x 
for the naphthyl compound), and those of the 
nitroaromatic series at about 335 ni/x (Table II, 
part A). The symmetrical disulfides exhibit similar 
peaks of approximately twice the molar intensity, 
but shifted hypsochromically. This hypsochromic 
shift is consistent (AX = —13 ±  1) when the 
aryl group has electron-releasing groups, but is 
nearly twice as great when the aryl group is p- 
nitrophenyl. Since the absorption maximum in this 
case is above 300 ni/x, the magnitude of the shift 
would be expected to be greater. The /3-naphthyl 
derivatives show a much more intense absorption 
in the 250 m/x range, but the effect of varying the 
sulfur function is decreased. In the case of the 2,4- 
dinitrophenyl derivatives, the disulfide was too 
insoluble in 95% ethanol to obtain a reliable ab
sorption spectrum. The absorption of the methyl 
sulfide would, however, lead to a prediction of a 
peak at 310 m/x (e = 18,000) by analogy with the
4-nitro analogs.18

One-half the absorption of the symmetrical di
sulfide was taken as the normal absorption of the

radical Ar-S-. Assuming no transmission of reso
nance effects by the disulfide link, as was previously 
indicated,9 the absorption spectrum of the un- 
symmetrical disulfide was calculated as one-half 
the sum of the two symmetrical disulfides. The 
results of such calculation are shown in Figs. 1, 2, 
and 3, on which such a calculated curve is plotted, 
along with the observed absorption curves of the 
unsymmetrical and corresponding pair of sym
metrical disulfides.

There is very close congruity of the calculated 
and observed curves in each of the three examples. 
The significant deviations are a small bathochromic 
shift of the p-nitrophenyl sulfur peak, and a larger 
hypsochromic shift in absorption of the electron
releasing arylsulfur moiety. These shifts are readily 
accounted for as inductive effects of functions at
tached to a sulfur atom which is in turn attached 
to an aromatic nucleus. For example the observed 
p-nitrophenyl sulfur peaks for the unsymmetrical * 180

(1 8 )  G . L e a n d r i  a n d  A . T u n d o ,  Ann. Chim. {Rome), 4 5 ,
18 0  (1 9 5 5 )  r e p o r t  L ,  3 3 2  m/x, lo g  e 4 .0 3  f o r  b is - 2 ,4 - d in i t r o -  
p h e n y l /d is u l f id e  in  e th a n o l .
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£  x io~3

F ig .  1. -----------  A b s o r p t io n  s p e c t r a  o f  b is - 4 - n i t r o p h e n y l
d i s u l f i d e ----------- ; d ip h e n y l  d is u l f id e .  . . . ;  4 - n i t r o p h e n y l
p h e n y l  d is u lf id e  ( o b s e r v e d )  ----------- ; 4 - n i t r o p h e n y l  p h e n y l
d is u lf id e  ( c a lc u la te d )  —  • —

€ x io'

F ig .  2 . ----------- A b s o r p t io n  s p e c t r a  o f  b i s - 4 - n i t r o p h e n y l  d i
s u lf id e  ----------- ; b is - 4 - to ly l  d is u lf id e  . . . . ;  4 - n i t r o p h e n y l
4 '- t o l y l  d is u lf id e  ( o b s e r v e d )  ----------- ; 4 - n i t r o p h e n y l  4 '- t o l y l
d is u lf id e  ( c a lc u la te d )  —  • —

disulfide in Figs. 1, 2, and 3 are shifted bathochromi- 
cally +2, +3, and + 8  mp, corresponding to the 
inductive effect of increasingly higher electron 
density of the substituent attached to sulfur. On 
the other hand, the observed peaks for the electron
releasing aryl sulfur chromophore in Figs. 1, 2, and 
3 are shifted hypsochromically —13, —13, and — 9

e  x io-3

F ig .  3 . ----------- A b s o r p t io n  s p e c t r a  o f  b i s - 4 - n i t r o p h e n y l  d i 
s u lf id e  ----------- ; b i s - 4 - m e th o x y p h e n y l  d is u lf id e  . . . . ;  4 -
n i t r o p h e n y l  4 '- m e th o x y p h e n y l  d is u lf id e  (o b s e r v e d )  ----------- ;
4 - n i t r o p h e n y l  4 '- m e th o x y p h e n y l  d is u lf id e  ( c a lc u la te d )  — . —

mn, respectively, corresponding to the inductive 
effect of an electronegative group attached to the 
sulfur atom of the chromophore.

Similar shifts occur in the spectra of the 2,4- di- 
nitrophenyl disulfides as can be seen by comparison 
of the peaks shown in Table II. These are somewhat 
more complicated, probably due to ortho-eEect. 
A similar result is also apparent in the two unsym- 
metrical disulfides derived from /3-naphthalenc- 
thiol. Here again the picture is more complex due 
to the more intense absorption of the chromophore. 
In this case the hypsochromic shift of attaching an 
electronegative group to sulfur is magnified (—16 
m/i for p-nitrophenylsulfur and —20 m/r for 2,4- 
dinitrophenylsulf ur).

One must conclude from these results that no 
electronic effects are transmitted through a disul
fide bond. Any stabilization of the polarized sulfur-
sulfur bonds, as in D<---->E, by expansion of the
valence shell of sulfur, is not reflected in t,he ultra
violet absorption spectra. The ultraviolet spectra 
are more properly explained by a simple inductive

d -I-
polarization as in Ar > —S—S> —Ar'.19

The absorption curves of unsymmetrical disul
fides then may be approximated as the sum of the 
absorptions of the two halves of the molecule, 
ArSX and Xr'SY. The absorption of each half may 
be calculated as one-half the absorption of the cor
responding symmetrical disulfide, with suitable

(1 9 )  F o r  a  d is c u s s io n  o f  t h e  s p e c t r u m  a n d  p r o p e r t i e s  o f  
t h e  e lo n g a te d  p o la r iz e d  d is u lf id e  b o n d ,  se e  H .  P .  K o c h , 
J. Chem. Soc., 3 9 4  (1 9 4 9 ) .

•  «
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allowance for shifting of peaks due to the inductive 
effects of the groups X and Y attached to sulfur.

E X P E R IM E N T A L 20

Lltraviolet absorption measurements. T h e  u l t r a v io l e t  a b 
s o r p t io n  s p e c t r a  w e re  d e te r m in e d  w i th  a  B e c k m a n  m o d e l  
D K -1  r e c o r d in g  q u a r t z  s p e c t r o p h o to m e te r  e q u ip p e d  w i th  a  
h y d r o g e n  d i s c h a rg e  t u b e  a n d  1 -cm . s i l ic a  c e lls . A ll o f  t h e  
s p e c t r a  w e re  m e a s u r e d  d o w n  t o  t h e  w a v e - le n g th  v ic in i ty  o f

T A B L E  I I

U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f  D i a r y l  D i s u l f i d e s  
a n d  A r y l  M e t h y l  S u l f i d e s “

M a x im a “

C o m p o u n d S o u rc e 6
A

( h im ) e
A . A r y l  M e t h y j S u l f i d e s

P h e n y l  m e th y l  su lf id e 1 2 5 4 8 ,7 0 0
4 - T o ly l  m e th y l  su lf id e 1 2 5 5 9 ,5 0 0
4 - M e th o x y p h e n y l  m e th v l 2 2 5 6 8 ,2 0 0

su lf id e
(3 -N a p h th y l  m e th y l  su lf id e 1 280 7 ,6 0 0

2 5 2 3 0 ,4 0 0
4 - N i t r o p h e n y l  m e th y l  su lf id e 5 3 3 8 1 1 ,1 0 0
2 ,4 - D in i t r o p h e n y l  m e th y l 3 331 1 1 ,1 0 0

su lf id e 26 7 5 ,8 0 0

B . S y m m e t r i c a l  D i s u l f i d e s

D ip h e n y l  d isu lf id e 4 241 1 5 ,0 0 0
B is -4 - to ly l  d isu lf id e 4 2 4 2 1 7 ,0 0 0
B is -4 - m e th o x y p h e n y l  d is u l- 5 2 4 4 1 6 ,7 0 0

fid e
B is - 4 - n i t ro p h e n y l  d is u lf id e 5 31 6 1 8 ,6 0 0
B is - 2 ,4 - d in i t r o p h e n y l  d is u l- 6 33 2 10,700-*

fid e
D i- /3 -n a p h th y l  d isu lf id e 4 2 4 8 4 4 ,3 0 0

C . U n s y m m e t r i c a l  D i s u l f i d e s

4 - N i t r o p h e n y l  p h e n y l  d is u l- 7 31 8 1 1 ,2 0 0
fid e (2 2 8 ) 1 4 ,4 0 0

4 - N i t r o p h e n y l  4 '- t o ly l  d isu l- 7 31 9 1 1 ,2 0 0
fid e 2 2 8 1 5 ,7 0 0

4 - N i t r o p h e n y l  t ' - n i e t h o x y - -5 32 2 1 0 ,6 0 0
p h e n y l  d isu lf id e 235 1 3 ,6 0 0

4 - N i t r o p h e n y l  /S -n a p h th y l 5 31 7 1 0 ,9 0 0
d isu lf id e 23 2 3 6 ,4 0 0

2 ,4 - D in i t r o p h e n y l  p h e n y l ~ 311 7 ,2 0 0
d isu lf id e (2 6 5 ) 8 ,0 0 0

(2 3 5 ) 1 2 ,7 0 0
2 ,4 - D in i t r o p h e n y l  4 '- to ly l 7 31 0 9 ,3 0 0

d isu lf id e (2 6 5 ) 1 0 ,5 0 0
(2 3 5 ) 1 7 ,3 0 0

2 ,4 - D in i t r o p h e n y l  4 '- m e th - •5 311 1 0 ,0 0 0
o x y p h e n y l  d isu lf id e 2 42 1 7 ,7 0 0

2 ,4 - D in i t r o p h e n y l  /3 -n a p h th y l •5 (2 8 5 ) 2 6 ,0 0 0
d isu lf id e 2 28 9 5 ,0 0 0

“ A ll s p e c t r a  w e re  d e te r m in e d in  9 5 % e th a n o l . 6 S o u rc e
re fe re n c e s :  ( 1 )  p r e p a r e d  b y  m e th y la t i n g  t h e  c o r re s p o n d in g  
th io l  w i th  d im e th y l  s u l f a te  in  a lk a l i ;  ( 2 )  F .  G . B o rd w e ll  
a n d  P .  J .  B o u ta n ,  J. Am. Chem. Soc., 7 9 , 7 17  (1 9 5 7 ) ;  (3 )  
R .  W . B o s t ,  J .  O . T u r n e r ,  a n d  R .  D .  N o r to n ,  J. A m. Chem. 
Soc., 5 4 , 1 9 8 5  (1 9 3 2 ) ;  ( 4 )  p r e p a r e d  b y  o x id a t io n  o f  t h e  
a p p r o p r i a t e  t h io l ;  (5 )  se e  s e c t io n  o n  “ P r e p a r a t i o n  o f  C o m 
p o u n d s ’’ ; (6 )  G . L e a n d r i  a n d  A . T u n d o ,  Ann. Chim. (Rome), 
4 5 , 180  (1 9 5 5 ) ;  (7 )  I .  D a n ie ls s o n , J .  E .  C h r i s t i a n ,  a n d  G . L . 
J e n k in s ,  J. Am. Pharm. Assoc., Sci. Ed., 3 6 , 201 (1 9 1 7 );  
c T h e  w a v e  l e n g th s  in  p a r e n th e s e s  d e n o te  in f le c t io n  p o in ts .  
4 D a t a  o f  R e f .  b  (6 ) .

2 1 5  m /j. T h e  w a v e  l e n g th s  a n d  m o la r  e x t in c t io n  c o e ff ic ie n ts  
a t  t h e  a b s o r p t io n  m a x im a  a n d  a t  p r o m in e n t  p o in t s  o f i n 
f le c t io n  a r e  l i s t e d  i n  T a b le  I I .

Preparation of compounds. A ll o f t h e  p u r e  c o m p o u n d s  
u s e d  in  t h i s  s t u d y  w e re  r e e r y s ta l l iz e d  o r  r e d is t i l le d  im m e 
d i a t e l y  b e fo re  t h e  s p e c t r a  w e re  d e te r m in e d .  T h e  p h y s ic a l  
c o n s t a n t s  o f a l l  t h e  p r e v io u s ly  k n o w n  c o m p o u n d s  c h e c k e d  
c lo s e ly  w i th  r e p o r t e d  r e s u l t s .  T h e s e  p h y s ic a l  c o n s t a n t s  a r e  
l i s te d  in  T a b le  I .

Bis-4-nilrophenyl disulfide w a s  p r e p a r e d  b y  a  m o d if ic a tio n  
o f t h e  p r o c e d u r e  in  Organic Syntheses. 21 S o d iu m  d is u lf id e  
s o lu t io n 21 (0 .3 7 5  m o le )  w a s  a d d e d  s lo w ly  t o  a  s o lu t io n  o f  0 .5  
m o le  o f  p - c h lo ro n i t r o b e n z e n e  (7 8 .8  g ., m .p .  8 4 - 8 6 ° )  in  5 0 0  
m l. o f 9 5 %  e th a n o l .  T h e  m ix tu r e  w a s  t h e n  h e a te d  o n  a  s t e a m  
b a t h ,  g e n t ly  a t  f i rs t ,  t h e n  a t  fu l l  h e a t  f o r  2 h r .  A f te r  c o o lin g , 
t h e  s o lid  w a s  f i lte r e d , s t i r r e d  th o r o u g h ly  w i th  w a te r ,  f i lte r e d , 
a n d  w a s h e d  w i th  e th a n o l .

T h e  p r o d u c t  w a s  p u r if ie d  b y  t h e  m e th o d  o f Z in c k e .22 
T h e  c r u d e  p r o d u c t  (51 g ., 3 3 % )  w a s  p la c e d  in  2 0 0  m l. o f 
e th a n o l  a n d  t h e  s o lu t io n  b r o u g h t  t o  re f lu x . T o  th i s  s o lu t io n  
w a s  a d d e d  a  c o n c e n t r a te d  a q u e o u s  s o lu t io n  o f 2 0 .4  g . o f 
c r y s ta l l in e  s o d iu m  su lf id e  a n d  10 .2  g . o f  s o d iu m  h y d r o x id e .  
T h e  a p p a r a t u s  w a s  s h a k e n  v ig o r o u s ly  f o r  a b o u t  20  m in .,  
w h e r e u p o n  th e  m ix tu r e  w a s  d i lu te d  w i th  8 - 1 0  v o lu m e s  o f 
w a te r ,  a n d  f i l te r e d . T h e  f i l t r a te  w a s  a c id if ie d  w i th  d i lu te  
h y d r o c h lo r ic  a c id  a n d  o x id iz e d  w i th  a q u e o u s  fe r r ic  c h lo r id e  
s o lu t io n . U p o n  c o o lin g , t h e  c r y s ta l s  w e re  f i l te r e d  a n d  re -  
c r v s ta l l iz e d  f ro m  g la c ia l  a c e t ic  a c id  t o  g iv e  18 g . ( 1 2 % )  o f 
y e l lo w  n e e d le s  m e l t in g  a t  1 8 3 ° .

4-Methoxybenzenelhiol w a s  p r e p a r e d  b y  th e  m e th o d  r e 
p o r t e d  fo r  W i-th ioc reso l in  Organic Syntheses."3 E ig h te e n  
g r a m s  (0 .1 5  m o le )  o f  p o w d e r e d  ¡u -an is id in o  ( m .p . 6 2 ° )  w a s  d i-  
a z o t iz e d ,  c o n v e r te d  t o  p - m e th o x y p h e n y l  e th y l  x a n th a t e ,  
h y d r o ly z e d  w i th  p o ta s s iu m  h y d ro x id e , a n d  th e n  a c id if ie d  
w i th  s u lf u r ic  a c id .  T h e  c r u d e  th io l  w a s  d is t i l le d  w i th  s te a m , 
a n d  th e n  d is t i l le d  u n d e r  v a c u u m , t o  y ie ld  3 8  g. ( 2 4 % )  of 
c o lo r le s s  o il, 1 3 4 ° /5 .4  m m .

General procedure for the preparation of f-nitrophcnyl aryl 
disulfides. T h e  p r o c e d u r e  u s e d  w a s  a  m o d if ic a tio n  o f t h a t  
b y  D a n ie ls s o n  a n d  c o -w o rk e rs .24 A c c o rd in g  t o  t h i s  p r o c e d u r e  
a  d e s ire d  u n s y m m e t r ic a l  d isu lf id e  c a n  b e  p r e p a r e d  w i th o u t  
i s o la t in g  th e  s u lf e n y l  c h lo r id e , d u e  t o  t h e  e x t r e m e  s e n s i t iv i ty  
o f  t h e  s u l f e n y l  c h lo r id e  t o  m o is tu r e .  T h e  f in e ly  p o w d e re d  
b is - 4 - n i t r o p h e n y l  d is u lf id e  (3 .0 8  g ., 0 .0 1  m o le )  w a s  s u s p e n d e d  
in  40  m l. o f  c h lo ro fo rm  in  a  th r e e  n e c k e d  f la s k  e q u ip p e d  
w i th  a  th e r m o m e te r ,  g a s - in le t  tu b e ,  a n d  c o n d e n s e r ,  t h e  to p  
o f  w h ic h  w as p r o te c te d  w i th  a  c a lc iu m  c h lo r id e  d r y in g  tu b e ,  
a n d  c a r b o n  te t r a c h lo r id e  b u b b le  t r a p . 25 A s a  s lo w  s t r e a m  of 
c h lo r in e  g a s  w a s  p a s s e d  i n t o  t h e  m ix tu r e ,  t h e  c o lo r  o f th e  
s o lu t io n  tu r n e d  d a r k  y e llo w , a n d  t h e  s u s p e n d e d  d isu lf id e  
g r a d u a l ly  d is a p p e a re d .  T h e  c u r r e n t  o f c h lo r in e  w a s  c o n t in u e d  
fo r  3 0  m in . a f t e r  th e  s o lu t io n  b e c a m e  h o m o g e n e o u s . T h e  
ex cess  c h lo r in e  w as t h e n  e x p e lle d  w i th  n i t r o g e n  g a s . T h e  
p a s s a g e  o f  g a s e s  w a s  r e g u la te d  b y  m a in ta in in g  a n  e v e n  flow  
th r o u g h  t h e  c a r b o n  te t r a c h lo r id e  t r a p  a s  t h e  t e m p e r a tu r e  
c h a n g e d  in  th e  r e a c t io n  m ix tu re .  T h r o u g h  a  fu n n e l ,  w h ic h  
r e p la c e d  th e  g a s-in le t, tu b e ,  0 .0 2  m o le  o f th e  a r e n e th io l  in  
20  m l. o f c h lo ro fo rm  w a s  a d d e d  d ro p w is e  t o  t h e  s u lfe n y l 
c h lo r id e  s o lu t io n  u n d e r  re f lu x . A f te r  t h e  th io l  w a s  a d d e d ,  
t h e  s o lu t io n  w a s  r e f lu x e d  fo r  a n o t h e r  h o u r ,  d u r in g  w h ic h  t im e  
s m a ll  a m o u n t s  o f  c o p p e r - b ro n z e  w e re  a d d e d  if  t h e  c o lo r  o f

(2 0 )  M ic ro a n a ly s e s  w e re  p e r fo r m e d  b y  M is s  J o a n n a  
D ic k e y  a n d  M id w e s t  M ic ro la b , I n c .  A ll m e l t in g  p o in t s  a r c  
u n c o r re c te d .

(2 1 )  M . T .  B o g e r t  a n d  A . S tu l l ,  Org. Syntheses, C o ll. 
V o l. I ,  2 2 0  (1 9 4 1 ).

(2 2 )  T h .  Z in c k e  a n d  S . L e u h a r t ,  Ann., 4 0 0 ,  7  (1 9 1 3 ).
(2 3 )  D .  S . T a r b e l l  a n d  D .  K .  F u k u s h im a ,  Org. Syntheses, 

C o ll. V o l. I l l ,  8 0 9  (1 9 5 5 ).
(2 4 )  I .  D a n ie ls s o n , J .  E . C h r i s t i a n ,  a n d  G . L . J e n k in s ,  

. / .  Am. Pharm. A sso c ., Sci. Ed., 3 6 , 261 (1 9 4 7 ).
(2 5 )  M . H . H u b a c h e r ,  Org. Syntheses, C o ll. V o l. I I ,  4 5 5  

(1 9 4 3 ).
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th e  s u l f e n v l  c h lo r id e  h a d  n o t  d i s a p p e a r e d .  T h e  m ix tu r e  w a s  
th e n  f i l te r e d , t h e  s o lv e n t  r e m o v e d  u n d e r  v a c u u m , a n d  t h e  
s o l id  p r o d u c t  r e c r y s ta l l i z e d  f ro m  n - l ie x a n e . D u r in g  e a c h  
r e c r y s ta l l i z a t io n ,  s o m e  in s o lu b le  b is - 4 - n i t r o p h e n y l  d is u lf id e  
h a d  to  b e  r e m o v e d  b e fo re  c r y s t a l l i z a t i o n  w a s  a l lo w e d  to  
p ro c e e d .

General procedure for the preparation of 2,4-diniirophemyl 
aryl disulfides. O n e - h u n d r e d th  m o le  o f  2 ,4 - d in i t r o b e n z e n e -  
s u lf e n y l  c h lo r id e , f r e s h ly  r e c r y s ta l l i z e d  f ro m  c a r b o n  t e t r a 
c h lo r id e  ( m .p .  9 8 ° )  w a s  d is s o lv e d  in  100  m l. o f  h o t ,  d r y  e th e r  
a n d  p la c e d  in  a  th r e e  n e c k e d  f la s k  f i t t e d  w i th  a  t h e r m o m e te r ,  
d r o p p in g  f u n n e l ,  a n d  a  r e f lu x  c o n d e n s e r ,  t h e  t o p  o f  w h ic h  
w a s  p r o t e c t e d  w i th  a  c a lc iu m  c h lo r id e  d r y in g  tu b e .  T o  th i s  
s o lu t io n  w a s  a d d e d  d r o p w is e  0 .0 1  m o le  o f t h e  a r e n e th io l  in  
30  m l. o f d r y  e th e r .  I n  t h e  c a s e  o f  d - n a p h th le n e th io l ,  140  
m l. o f  d r y  e th e r  w a s  r e q u i r e d  b e c a u s e  o f  t h e  in s o lu b i l i ty  o f 
th i s  c o m p o u n d  in  e th e r .  A f te r  t h e  th io l  a d d i t io n  w a s  c.om -

p le te ,  t h e  m ix tu r e  w a s  re f lu x e d  fo r  a n  a d d i t i o n a l  2  h r .  D u r in g  
th i s  t im e  e v o lu t io n  o f h y d r o g e n  c h lo r id e  w a s  o b s e rv e d . T h e  
s o lu t io n  w a s  t h e n  a llo w e d  t o  s t a n d  o v e r n ig h t  w i th o u t  h e a t 
in g . T h e  s o lv e n t  w a s  t h e n  r e m o v e d  a n d  t h e  p r o d u c t  r e c r v s ta l -  
l iz e d  f ro m  a  m ix tu r e  o f  e th a n o l  a n d  b e n z e n e .

4-NUrophenyl methyl sulfide was prepared by reducing 
b is - 4 - n i t r o p h e n y l  d is u lf id e  t o  t h e  th io l  a c c o r d in g  t o  th e  
p r o c e d u r e  o f Z in c k e 22 a s  r e p o r t e d  a b o v e .  T h e  r h io l  w a s  th e n  
m e th y la t e d  w i th  d im e th y l  s u l f a te  in  a lk a l i .  T h e  p r o d u c t  
w a s  r e c r v s ta l l iz e d  f ro m  9 5 %  e th a n o l  t o  g iv e  l ig h t  .yellow  
n e e d le s , m .p .  7 1 -7 2 * . T h e  r e p o r t e d  m e l t in g  p o i n t 26 is  7 2 .°

B l o o m i n g t o n , I n d .

(2 6 )  K .  B r a n d  a n d  K .  W . K r a n z ,  J. prakt. Chem., (2 )
1 1 5 , 14 3  (1 9 2 7 ).

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , C o r n e l l  U n i v e r s i t y ]
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T h e  p r e p a r a t io n  a n d  u l t r a v io l e t  s p e c t r a  o f s e v e ra l  b r id g e h e a d  d e r iv a t iv e s  o f 2 ,5 - d ih y d r o x y t r ip ty c e n e  a r e  r e p o r te d .  I t  is 
s h o w n  t h a t  th e s e  s p e c t r a  c a n  b e  s u c c e s s fu l ly  i n t e r p r e t e d  b y  th e  m o d e l  p r e v io u s ly  d e v e lo p e d  fo r  t r ip ty c e n e .  T h e  b r id g e h e a d  
s u b s t i t u e n t s  h a v e  a  n e g l ig ib le  e f fe c t  o n  t h e  s p e c t r a .

Recently a model was developed for the inter
pretation of the ultraviolet spectrum of triptycene.2 
According to this model the triptycene spectrum is 
essentially that of an o-substituted benzene which, 
however, has been slightly displaced by interaction 
of the weak transition dipoles. An extension of 
this model to triptycenes which are substituted in 
one of the rings suggests that their ultraviolet 
spectra should be approximately the sum of the 
bands found in the three separate chromophores. 
This is only an approximation since weak interac
tions similar to those in triptycene should occur in 
such derivatives. The particular triptycene deriva
tives to be considered in this paper are methyl 
2,J)-dihydroxy-l-triptoate, la, methyl 6-methyl-
2,5-dihydroxy-l-triptoate, lb, methyl 6-bromo-2,5- 
dihydroxy-l-triptoate, Ic, as well as the simpler

(1 )  B u s e d  in  p a r t  o n  t h e  P h .D .  d i s s e r ta t io n  o f A . C . C ra ig , 
D e p t ,  o f C h e m is t r y ,  C o r n e l l  U n iv e r s i ty ,  1959 .

(2 )  C . F .  W ilc o x , J r . ,  J. Chem. Phys., in  p r e s s ;  D r .  E d e l  
W a s s e r m a n  h a s  in f o rm e d  u s  t h a t  h e  h a s  c a r r ie d  o u t  a n  
e x c i t io n  t r e a t m e n t  o f t r ip ty c e n e  ( P h .D .  d i s s e r ta t io n ,  
H a r v a r d ,  1 9 5 8 ). W e  w o u ld  l ik e  t o  a c k n o w le d g e  a n  e n l ig h t 
e n in g  d is c u s s io n  o f th i s  t r e a t m e n t  w i th  D r . W a s s e r m a n .

2,5-dihydroxtriptyrene, II. With these molecules it 
should be possible to not only test, the extension of 
the spectral model but also to determine what 
effect, if any, the isolated bridgehead substituents 
have on the spectra.

Preparation of 6-bridgeheacL derivatives. The 6- 
bridgehead derivatives were prepared from the 
appropriately substituted anthroic acids by the 
same sequence employed by Bartlett and Greene* 115 3 
for la. Accordingly, 9-anthroic acid, Ilia , was syn
thesized in 80% yield by the metallation of 9-bro- 
moanthracene 'with phenyllithium foil Dived by re
action of the organometallic intermediate with 
carbon dioxide.

Ilia  X=H 
I lib X ;C H S 
IIIc XsBr

This method in our hands proved tc be superior 
to that, of the Latham, May, and Mosettig proce
dure4 5 which gave 9-anthroic acid in 62% yield 
by reaction of oxaylyl chloride with anthracene. 
The substituted acids, Illb  and IIIc, were prepared 
by the procedure of Mikhailov and Bronovitskaya.6 
This involved the preparation of the organo lithium

(3 )  P .  D .  B a r t l e t t  a n d  F .  D .  G re e n e , J . Am. Chem. Soc., 
7 6 , 1 0 8 8  (1 9 5 4 ).

(4 )  H .  G . L a t h a m ,  J r . ,  E .  L . M a y ,  a n d  E .  M o s e t t ig ,  
J. Am. Chem. Soc., 7 0 , 10 7 9  (1 9 4 8 ).

(5 )  B . N .  M ik h a i lo v  a n d  V . P .  B r o n o v i t s k a y a ,  Zhur.
Obshcei. Khim., 2 2 , 157 (1 9 5 2 ).
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derivative of 9,10-dibromoanthracene followed 
either by carbonation to give IIIc or reaction with 
methyl iodide followed by a second carbonation 
reaction to give Illb . All three acids were con
verted into their methyl esters with diazomethane.

The Diels-Alder adducts of the esters with p- 
benzoquinone were obtained by refluxing a benzene 
solution of the ester with p-benzoquinone under a 
nitrogen atmosphere for twenty-four to forty-eight 
hours. It is interesting to observe that, although the 
unsubstituted and methyl substituted adducts 
were formed in 58% and 65% yields, respectively, 
the bromo derivative was obtained in only 9-16% 
yield even when the quinone-ester ratio was 
increased threefold. Since the bromine and 
methyl groups have comparable size, this poorer 
adduction would appear to be related to either the 
electron withdrawing properties of the bromine 
atom or the loss of the bromine to ring delocaliza
tion energy in going to the adduct. Similar dele
terious effects of meso-bromine substituents on 
Diels-Alder adduction of other anthracene deriva
tives with quinone have been observed by Theil- 
acker and co-workers.6

The adducts were isomerized in hydrochloric 
acid-glacial acetic acid media to give the desired 
hydroquinones in good yield. As additional sup
port for these structures, it can be pointed out 
that the three hydroquinones were easily oxidized 
in 72% to 85% yields with sodium brómate in 
acid solution into the corresponding quiñones.

Infrared spectra. In the preceding reactions, the 
significant changes in molecular structure were 
reflected remarkably well by the infrared spectra. 
The anthroate esters had absorption near 5.80 p, 
typical of methyl esters of aromatic acids.7 The 
benzoquinone adducts had two prominant bands 
at 5.72 and 5.95 ¡x. The shorter wave-length band is 
characteristic of saturated methyl esters,8 while the 
longer wave-length band corresponds to a,¡3- 
unsaturated ketone absorption.9 The related hy
droquinones, la, lb, Ic, all showed bread absorption 
at 2.90-3.00 and the ester carbonyl absorption 
was shifted to longer wave-lengths (5.77-5.80 /i). 
This would suggest, as Bartlett and Greene already 
have pointed out3 for la, that in these hydroqui- 
nones a hydrogen bond is formed between the 
phenolic 2-hydroxy group and “he carbonyl 
oxygen of the ester. Upon oxidation of the hydro
quinones to the quiñones, the ester carbonyl ab

(G) W. Theilackor, U. Bergor-Brose, and Iv. Bevcr, B e r ., 
93,1658(1960).

(7) L. J. Bellamy, T h e In fra r e d  S p ec tra  o f C o m p lex  
M o lecu les, 2nd edition, John Wiley and Sons, Inc., New 
York, N. Y., 1958, p. 182.

(8 ) L. J. Bellamy, T h e In fra r e d  S p ec tra  o f  C o m p lex  M o le 
cules, 2nd edition, John Wiley and Sons, inc., New York, 
N. Y., 1958, p. 180.

(9) L. J. Bellamy, T h e  In fra re d  S p e c tra  o f  C o m p lex  M o le 
cu les, 2nd edition, John Wiley and Sons, Inc., New York,
N. Y., 1958, p. 136.

sorption returned to its normal position and typical 
quinoid bands appeared at 5.99-6.05 it.10 *

Ultraviolet spectra. The ultraviolet spectra of 
alcoholic solutions of methyl 2,5-dihydroxy-l- 
triptoate and its 6-methyl and 6-bromo derivatives 
are presented in Table I along with the maxima of 
triptycene, 2,5-dihydroxy triptycene, and o-xylo- 
hydroquinone. Examination of the data in Table 
I yields several striking comparisons. First, the 
triad of bands in the ultraviolet spectrum of tripty
cene show up in remarkably constant positions 
in the four dihydroxytriptycenes. This constancy 
can be explained by an analysis almost identical 
to that developed for the ultraviolet spectrum of 
triptycene. This approach is based on the Longuet- 
Higgins and Murrell12 model for electronic spectra 
which treats 7r-electron transitions in terms of local 
and charge-transfer excitations. In triptycene the 
longest wave length 279 mp band is associated2 
with the doubly degenerate antisymmetrical com
binations of the local a(1L4)-bands, 1 /V 6  (2da- 
4>a-9.a) and l /y /2  (<£„-%), where the symbols 0a, 
4>a and % each represent a local « transition on the 
6, (f> or fi- benzene ring. In triptycene these transi
tions are bathochromically shifted relative to the 
symmetrical combination, 1/V^3 (da +  6a +  0„), 
by the combined effect of neighboring ring and 
substituent induced mixing of higher energy transi
tions. This difference in behavior between the sym
metric and antisymmetric combinations can be 
arrived at by imagining that initially the benzene 
rings arc isolated so that each contributes an absorp
tion spectrum characteristic of an isolated benzene 
ring. Then when the interaction terms are included 
these local transitions mix and give rise to dis
placed maxima. However, because the «-tran
sitions have two components of the transition 
dipole which to a first approximation act in 
directions these interaction terms essentially cancel 
for triptycene. What little shift is observed can be 
ascribed largely to the presence of substituents 
(the two bridgehead C—H groups) which perturb 
the «-transitions so that the components of the 
oppositely acting dipoles are no longer exactly 
equal. These perturbed transitions interact in such 
a way as to shift 1he antisymmetrical combinations 
to longer wave lengths.

Since with each of the four dihydroxy triptyeenes 
an analogous antisymmetrical «-transition, l/V 2  
(6a — %), arises and since the electron environments 
are so similar it is suggested that the local pertur-

(10) L. J. Bellamy, T he In fra r e d  S p ec tra  o f  C o m p lex  M o le 
cules, 2nd edition, John Wilev and Sons, Inc., New York, 
N. Y., 1958, p. 150.

(11) This sample was prepared by Mrs. Margaret McPhee 
Miano according to the method of O. H. Emerson and L. I. 
Smith, J .  A m . C hem . S o c ., 6 2 , 141 (1940). This spectrum is 
consistent with that of L. Paolini and G. B. Marini-Bettolo, 
G azz. ch im . i ta l . , 87, 395 (1957).

( 1 2 ) H. C. Longuet-Higgins and J. N. Murrell, P ro c . 
P h y s . S oc . A . , 6 8 , 601 (1955).
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TABLE I
Ultraviolet Spectra  o f  Alcoholic S olutions o f  6-Substituted  2 ,5-D ihydroxy  T ripty cen es  a n d  R elated  C ompounds

Compound Xmas (log e in parentheses)
Methyl 2,4-dihydroxy'- 254 (sh) 263 271 (sh) 277 302

1 -triptoate (3.24) (3.25) (3.29) (3.57) (3.65)
Methyl 6-methyl-2,4- 261 269 278 304

dihydroxy'-l-triptoate (3.29) (3.27) (3.38) (3.65)
Methyl 6-bromo-2,4- 260 (sh) 269 277 308

dihy'droxy'-l-triptoate (3.18) (3.11) (3.21) (3.68)
2,4-Dihy'droxytriptycene 256 263 272 279 300

Triptycene
(3.20) (3.42) (3.62) (3.62) (3.62)

264 (sh) 271 279
(3.3) (3.55) (3.67)

o-Nylohydroquinone11 294
(3.46)

bations should be similar to those found in tripty- 
cene. In support for this suggestion it can be argued 
that on the one hand various «-substituted alkyl 
benzenes show little variation in their «-band 
positions13 and on the other hand the extra mixing 
induced by the additional pair of OH groups should 
be small because of their distance from the pair of 
non-substituted benzene chromophores. Theoreti
cal estimation of this latter effect suggests less 
than 0.5 m/z additional shift,.14 For these reasons it 
is not too surprising that the triad of bands starting 
at 279 m/z shows up in all five molecules.

From the data in Table I it would appear that 
the bands near 300 m/z are to be associated with the 
294 m/i band of 2,3-dimethyl-hydroquinone. These 
bands also have undergone a displacement but 
not in as constant a way as the transitions of the
o-xylene chromophores. The exact positions of 
these 300 m/x bands are more difficult to account 
for since little is known of the energetics of the 
upper excited states and it is these details in con- 
j unction with the degree of mixing with the ground 
state which determine the magnitude of shift from 
294 m/z. There is an approximate empirical cor
relation, as might be expected, between the posi
tion of this band and the inductive nature of the 
bridgehead substituents as measured by the sum 
of the Taft a* parameters.15 However, with the 
given groups this correlation might as easily be a 
trivial relationship between the size of the group 
and its ability to interfere with solvation of the 
hydroxy groups.

A further point to be made from the data in 
Table I and the foregoing analysis is that when 
weak substituents16 such as —OH are attached to

(13) F. A. Matsen, Technique of Organic Chemistry, 
Vol. IX, Chemical Applications of Spectroscopy, A. Weiss- 
berger, Ed., Interscience Publishers, Inc., New York, 1956, 
p. 677.

(14) This calculation was made using theoretically 
evaluated penetration integrals. While the exact number is 
not significant the order of magnitude probably is.

(15) Chapter 13 by R. W. Taft, Jr. in M. S. Newman, 
Steric  E ffects in  O rganic C hem istry , John Wiley and Sons, 
Inc., New York, N. Y., 1956.

(16) J. N. Murrell, P roc. P h y s . Soc. {L ondon), 6 8 , 969
(1955).

only one of the benzene rings the band sequence 
of 279 m/z, 271 m/z, etc., should appear. Since the 
present data demonstrate that bridgehead substi
tuents have little effect on these bands in the 
case of a pair of —OH substituents it seems 
reasonable that this band system should be diag
nostic for triptycenes with weak substituents in 
one ring. When strong substituents16 like NH2 are 
included the situation is no longer clear. The strong 
substituents introduce considerable amounts of 
local charge transfer states and these depending on 
the number and orientation of the substituents 
might mix with o-xylene transitions to produce 
abnormal shifts of the 279 m/x band sequence. 
Such special interaction if it occurred might be 
turned around and used as a new measure of strong 
and weak substituents and the degree of local 
charge-transfer mixing.

EXPERIMENTAL

0 -A n lh ro ic  acid  (Ilia). A. The procedure of Latham, May, 
and Mosettig4 was followed to give a 62% yield of a yellow 
powder, m.p. 209.5-215°. A small portion was recrystallized 
from dilute ethanol to yield pale yellow needles, m.p. 2 2 1 -  
2 2 2 °; reported, 208-212°.

B. Twenty grams (0.075 mole) of 9-bromoanthraccnc was 
added to an ethereal solution of 7 g. (0.085 mole) of freshly 
prepared phenyllithium and the solution was stirred under 
nitrogen for 45 min. at 25-35°. The reaction was cooled and 
then poured over a large excess (ca. 200 g.) of Dry Ice. The 
resultant slurry was allowed to stand for 2 0  min. after which 
time 500 ml. of ether and 500 ml. of water were added and 
the system allowed to stand overnight. The layers were 
separated and the ether layer then was extracted with 1 0 % 
aqueous sodium carbonate solution. The carbonate extract 
was combined with the original aqueous layer and neutralized 
with 10% sulfuric acid to precipitate 12.6 g. (75.5%) of a 
light yellow powder, m.p. 217-218°. From the ether layer 
there was obtained 2.5 g. of starting material so that on the 
basis of consumed material the conversion to 9-anthroic acid 
was 80%.

9-Brom o-10-m ethylanthracene. This was prepared by' the 
procedure of Mikhailov and Bronvitshay'a5 from 9,10-di- 
bromoanthracene in 98% crude yield. Recry'seallization 
from 95% ethanol afforded long yrnllow needles, m.p. 163- 
164°; reported m.p. 170-173°.

A n a l. Calcd. for C16H„Br: C, 66.44; H, 4,09; Br 29.47. 
Found: C, 6 6 .6 6 ; H, 4.17; Br 29.36.

9-M ethyl-10 -an thro ic  acid  (Illb). This was prepared from
9-bromo-10-methylanthracene by the procedure of Mikhailov

•  •
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and Bronvitshaya* in 82% crude yield. Recrystallizations 
from ethanol yielded very bright yellow plates, m.p. 225-- 
226°; reported 217-219°.

A n a l. Calcd. for CieHiiO»: C, 81.33: H, 5.12; Neut. Equiv., 
236. Found: C, 81.13; 81.19; H, 5.21, 5.13; Neut. Equiv., 
233, 244.

H -B rom o-W -anthro ic  acid  (IIIc). This was prepared from
9,10-dibromoanthraeene by the procedure of Mikhailov and 
Bronvitshaya5 in 73% yield. Recrystallization from 75% 
ethanol-25% benzene gave a fluffy yellow solid, m.p. 267- 
268°; reported 265-267°.

A n a l, Calcd. for C15H90,Br: C, 59.82: H, 3.01: Br 26.54; 
Neut. Equiv., 301. Found: C, 60.09: 60.02; H, 3.09, 3.08; 
Br, 26.48, 26.63; Neut. Equiv., 286, 299.

M e th y l esters. A. M eth y l 9-anthroate. The acid (Ilia), 9.3 g. 
(0.042 mole) in ether, was esterified with an ethereal solution 
of diazomethane (0.068 mole) prepared from iV-methyl-iV- 
nitrosourea. After evaporation of the ether 7.6 g. (78%) of 
ester, m.p. 105-108°, was obtained. Recrvstallization from 
ethanol gave pale yellow needles, m.p. 1 1 0 - 1 1 1 °; reported 
113°.

A n a l. Calcd. for C1GHI20 2: C, 81.33; H, 5.12. Found: 
C, 80.23, 81.51; H, 5.15, 5.17.

B. M eth y l 9 -m e thyl-l0 -an throa te . In the same manner as in 
part A there was obtained a 35%, yield of methyl ester which 
when purified melted at 162-163°.

A n a l. Calcd. for CnHuCL: C, 81.57; H, 5.64. Found: C,
82.00, 80.17; H, 5.78, 5.77.

C. M e th y l 9-Brom o-10-anthroate. In the same manner as in 
part A there was obtained an 85% yield of methyl ester which 
when purified melted at 109-110°.

A n a l. Calcd. for C16HnC2Br: C, 60.97; H, 3.52; Br, 25.36. 
Found: C, 60.71; H, 3.37; Br 25.32.

D ie ls-A ld er adducts w ith  p -benzoquinone, A. d ie th y l 2 ,5-  
dikelo-2 ,5 ,15 ,16-tetrahyd.ro-l-triptoate. This ldduct was pre
pared by the method of Bartlett and Greene3 except that the 
reaction was carried out under a nitrogen atmosphere. The 
product, obtained in 58% yield, melted at 199-200°; re
p o rted , 199-201°.

B. M e th y l 6 -m elhyl-2 ,5 ,16 ,16-lelrahydro-l-trip loa te , This 
was prepared in 65% yield in a manner similar to that of A 
above except that the mixture was refluxed for only 24 hr. 
When the reflux time was extended to 44 hr., the yield was 
increased to 84%. The product melted at 196.5-197°.

A n a l. Calcd. for CosFhsOu C, 77.08: H, 5.06. Found: C, 
76.81; H, 5.00.

C. M e th y l 6 -h ro m o -2 ,4 -d ike to -2 ,5 ,lo ,1 6 -te lra h yd ro -l-tr ip -  
loate. When the method described in part A above was ap
plied to the bromo ester only a 4% yield was obtained. 
Substitution of p-xylene for benzene as solvent gave only in
tractable tars plus a trace of starting material. When the 
mole ratio of p-benzoquinone to ester was increased from 3 : 1  

to 1 0 : 1 the yield using benzene as a solvent was 17% in one 
run and 10%, in another run. The purified product melted at 
211-211.5°.

A n a l. Calcd. for CMRALBr: C, 62.43; H, 3.57. Found C, 
62.87, 62.99; H, 3.53, 3.61.

Conversion o f the keto fo rm  to the hydroquinone. A. M ethy l
2 ,5 -d ih yd ro xy-l-tr ip to a te . The procedure of Bartlett and 
Greene was followed to obtain a 97% yield of fine colorless 
needles which sintered at 265° and melted at 272-273°; 
reported 265-266°.

B. M eth y l 6-m ethyl-2 ,4 -d ihydroxy-l-trip loahe. The proce
dure in part A was followed to obtain a 95% yield of fine 
colorless needles which melted at 274-275°.

A n a l. Calcd. for CYHwOi: C. 77.08: H. 5.06. Found: C, 
77.52; H, 5.22.

C. d ie th y l 6 -brom o-2 ,5-d ihyd 'O xy-l-trip ioa te. The procedure 
in part A was followed to obtain a 97% yield of fluffy off- 
white needles which melted at 286-287°.

A n a l. Calcd. for CisHnOjBr: C, 62.43; H, 3.57. Found C, 
62.83; II, 3.77.

O xidation  o f  the tr ip lycenehydroquinones to the trip tycene- 
quinones. A. M ethy l 2 ,4 -d ike to -2 ,5 -d ihydro -l-tnp toa te . The 
procedure of Bartlett and Greene was followed to obtain a 
72% yield of quinone which melted at 221-224°; reported 
225°.'

B. M eth y l 6 -m elhyl-2 ,5 -d ike to -2 ,5 -d ihydro-l-trip toa le . In 
the same manner as in part A the methylhydroquinone was 
oxidized in 85% yield to the quinone which melted at 249- 
250°.

A n a l. Calcd. for C-sHisO,: C, 77.51; H, 4.53. Found: C, 
75.88; H, 4.57.

C. M e th y l 6 -b ro m o -2 ,5 -d ik e io -2 ,5 -d ih .y d ro -l- tr ip to a te .  
The bromohydroquinono was oxidized by the method of 
part A in 85% yield to the quinone which melted at 265.5- 
266°.

A n a l. Calcd. for C^H^O-iBr: C, 62.72; H, 3.13; Br, 18.97. 
Found C, 62.68; H, 3.21; Br, 19.52.

Ithaca, N. Y.
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The quantitative infrared spectra of m ela and para  substituted methyl benzoates were measured, and it was found that 
the changes of the integrated absorption intensity [ A ) , were in full agreement with the theoretical values. No linear rela
tion was found when plotting .4 vs. Hammett <r values.

In the study of absorption intensities of infrared 
bands it is now customary to report not only their 
frequency but also their intensity. Cole,1 Jones,2

(1) A. R. W. Cole, G. T. A. Muller, D. W. Thornton, 
and R. S. L. Willix, J .  Chem . Soc., 1218 (1959).

(2) R. N. Jones, D. A. Ramsay, D. S. Keir, and K. 
Dobriner, J .  A m . Chem. Soc., 74, 80 (1952).

Brown,3 and others, have shown that the empirical 
application of the infrared data is useful for struc
tural studies of simple and complex organic mole
cules. Some values of infrared intensities are re
ported in the literature, but much work has to

(3) T. L. Brown, J .  A m , Chem, Soc., 80, 794 (1958).
•  •
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be done before a complete picture of the factors 
that control the intensity and shape of the infrared 
bands can be completely understood.

As a contribution in this field, we wish to report 
the integrated absorption values for methyl ben
zoates with substituents in the meta and para 
positions. The purpose of this work was to deter
mine if their intensity values would follow a linear 
relation when plotted against Hammett a constants. 
No such relation could be found for the results 
(Tables I and II) and this is in accordance with the 
findings of Brown3 when he studied substituted 
benzonitriles and with Jones,4 on substituted ace
tophenones. On the other hand, Califano5 claimed 
that such a relation existed in the case of anilines 
and A-methylanilines, and Thompson,6 in the case 
of benzonitriles.

TABLE I
C arbonyl I nfrared  Absorption  D ata of p a r a  

Substitu ted  M ethyl  B enzoates

Substituent
m̂ax

cm.-1 e Ald/o A® a

Nit.ro 1736.9 573 14.0 2.88 +1.27
Fluoro 1732.4 649 12.6 2.95 +0.062
Hydrogen 1731.9 718 11.3 2.99 0.00
Chloro 1730.6 752 11.6 3.11 +0.266
Iodo 1733.0 771 11.7 3.25 +0.276
Bromo 1734.8 666 14.3 3.45 +0.232
Methoxy 1722.1 644 15.8 3.69 -0.268
Amino 1717.2 677 15.1 3.70 -0.660
Hydroxy 1722.7 580 15.1 3.87" -0.357
Methyl 1728.3 703 15.1 3.89 -0.170
Dimethyl-

amino
1715.0 683 17.9 4.44 -0.600

a One intensity unit (A) = 1 X IO4 1. mole_1 cm.-2
6 Value obtained by addition of two overlapping bands. 
Values of rmax, e, and A v 1/ 2 are of the stronger maximum.

TABLE II
C arbonyl I nfrared  Absorption  D ata of m eta Su bsti

tuted  M ethyl  B enzoates

m̂axj
Substituent cm. 1 e A r'/e A a <T

Chlorine 1737.3 634 12.3 2.86 +0.373
Nitro 1740.9 707 11.3 2.88 +0.710
Hydrogen 1731 .9 718 11.3 2.99 0.00
Bromine 1735.9 654 12.5 2.99 +0.391
Iodine 1732.8 695 12.7 3.08 +0.352
Amino 1730.2 627 13.9 3.17 -0.161
Methvl 1731.0 705 12.9 3.22 +0.069
Dimethyl- 1730.4 611 14.8 3.27 -0.211

amino
Hydroxy 1732.2 490 14.2 3.55* -0.002
Methoxy 1731.3 612 15.4 3.39 +0.115
“ One intensity unit (A) = 1 X 104 1. mole“1 cm.-2 

6 Value obtained by addition of two overlapping bands. 
Values of e, and Ac1/» are of the stronger maximum.

(4) R. N. Jones, W. F. Forbes, and W. A. Mueller, 
C an . J .  C h em ., 35, 504 (1957).

(5) S. Califano and R. Moccia, O azz. ch in i, i ta l . , 87, 58 
(1959).

(6) H. W. Thompson and G. Steel, T ra n s . F a r a d a y  S o c ., 
52, 1451 (1956).

The measurement of A has many applications 
such as the determination of the number of car
bonyl groups in a steroid2; in the determination of 
C—H present in aliphatic hydrocarbons,7 or the 
determination of different types of carbonyl 
groups.8’9 I t was also found that this method 
could be used in the determination of the spacial 
conformation of halogens a to a carbonyl in cyclo- 
alkanones.10 In Table III the values of A for sub
stituted benzene compounds are collected. These 
data could be used to characterize the number and 
type of substituents in aromatic rings.

EXPERIMENTAL

The infrared spectra were measured with a double beam 
single pass Perkin-Elmer Model 21 spectrophotometer, 
equipped with sodium chloride prism and cells. In order to 
plot 1 y  in 40 cm. of the chart two number 45 gears were 
installed in the A and C positions. 11 The solutions (in 10 ml. 
of carbon tetrachloride), were approximately 0.01517 
depending on the band intensity, and in each case at least five 
independent measurements were made. The average results 
are reported on Table I and II. A pair of matched cells 1 
mm. thick was used and all the measurements were made 
under the same experimental conditions in order to minimize 
errors. The slit width used was 49 y  and the speetral slit width 
7 cm. - 1  The error in the infrared measurements is ±0.1 
for the A value and ±2  cm. - 1  in the wave number.

M e th y l esters o f  substitu ted  benzoic acids. The methyl 
esters were prepared from the acids by esterification with 
methanol and hydrogen chloride by the usual technique. 
The acids were prepared by standard methods reported in 
the literature. The physical constants of the esters were in 
good agreement with literature values.

The values i/mB molecular extinction coefficient, half 
band width and integrated absorption areas of the 19 methyl 
esters studies, are given in Tables I and II.

D ISC U SS IO N

The values of vmai of the para substituted methyl 
benzoates (Table I) are between 1715 and 1737 
cm.-1 Since the value of ¡w  indicates the energy 
needed to produce a dipolar excited state, one can 
assume that a variation of vmax is directly related 
to the increase or decrease in energy produced by 
the introduction of the substituent in the molecule. 
For example, iw  of methyl benzoate was 1732 cm.-1 
while the value for p-dimethylaminobenzoic acid 
methyl ester was 1715 cm.“1, 17 cm."1 lower. The 
sequence in which the substituents increase jw  
was p — N(CH3)2, p — NH2, p — CH30, p — OH, 
p -  CHs, p — Cl, p — H, p — F, p — I, p — Br, 
p -  N 02.

In some cases it is possible to ascribe the change 
in energy to a specific effect: For example, in the

(7) S. A. Francis, ./. Chem. P h ys ., 18, 861 (1950); 19, 942
(1951).

(8 ) G. M. Barrow, J .  Chem. P h ys ., 2 1 , 2008 (1953).
(9) J. Wenograd and R. Spurr, J .  A m . Chem . Soc., 79, 

5844 (1957).
(10) R. Cetina and J. L. Mateos, J .  O rg. C hem ., 25, 704 

(1960).
(11) ' For a more complete description consult the Perkin- 

Elmer Manual.
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TABLE III
I ntegrated  Absorption  Area s  of S ubstitu ted  Aromatic C ompounds®

R—C6H4- —CHO6 1 O 2 —COCH/ —OHe —C N ' —COîCHs® -N H i* —OH*

(CCh) (CC14) (CCh) (CCh) (CHCL) (CC14) (CCh) (CCh)
R = H 2.25 0 . 2 0 2 . 2 0 0.99 0.37 2.99 1.15

to-F 1 . 6 6

m-Cl 1.90 1.31 2 . 8 6 0.45 1.5
m-Br 1.29 2.99 0.50
m -1 3.08
TO-NO2 1.91 2 . 0 2 0.17 2 . 8 8 0.58 2.42

2.4P
m-NH, 2.15 0.47 3.17
m-N(CH3) 2 3.27
m-CHj 0 . 2 0 3.22 0.30 1.37
TO-OCH3 2.50 3.39
m-OH 2.90' 0.47 3.35
p -F 0 . 2 0 2.17 2.95 0.32
V- Cl 2.55 0 . 2 0 2.25 1.19 3.11 0.42 1.46
p-Br 2.24 1.23 3.45 0.46 1.45
v - 1 2.39 3.25
p-N02 1.85 1.93 0.13 2 . 8 8 1.13 2.36
p-n h 2 0.82 2.38 1.48 3.70
p-N(Ch 3) 2 2.25 4.44
p-c h 3 2.37 0.28 2.44 3.89 0.29 1.16
p-OCHa 2 . 8 8 0.44 1.06 3.69 1.27
p-OH 3 .2 2 } 0.91 3.77

“ One intensity unit (A) = 1 x 104 1. mole- 1  cm. - 2  6 Unpublished results of this laboratory. c Ref. 3. d Ref. 4. e T. L. 
Brown, J .  C hem . P h ys ., 65, 821 (1957). 1 P. Sensi and G. G. Gallo, Gazz. chim . ita l., 85, 235 (1955). s This paper. h S. Cali- 
fano and R. Moceia, G azz. ch im . ita l., 87, 58 (1957). 4 R. Moccia and S. Califano, Gazz. chim . ita l., 8 8 , 342 (1958). ' Meas
ured in chloroform.

case of the p-dimethylamino and similar groups 
containing pr  electrons, the delocalization of the 
pir electrons of the substituent stabilize the mole
cule in the basal state and probably it stabilizes 
too the dipolar excited state. The p-methyl group 
facilitates the dipolar structure by hyperconjuga
tion. On the other hand, the p-nitro reduces the 
carbonyl dipole formation due to its inductive and 
resonance effect, increasing the force constant of 
the carbonyl, and therefore rmai. However, in the 
case of the halogens, the effect produced is not re
lated to their electronegativity or to their polariz
ability.

In Table I, the half band width is also given. 
It increased with the substituents bromo, methyl, 
amino, methoxy, and dimethylamino. All these 
groups are electron donors. It seems that this is 
one factor which contributes to the increase of the 
band width. The p-dimethylamino benzoic ester 
has the largest set of lvalues. It is probable that in 
this case the substituent effect may decrease the 
energy of the molecule in the excited state, in
creasing, therefore the probability of transitions 
among different energy levels. If more rotational 
transitions are allowed, the band width will in
crease. The substituents in the meta position, 
affect the carbonyl by their inductive effect, 
which can be positive or negative, while the same 
substituent in the para position affects the carbonyl 
by the inductive and resonance effects.

Since the value of A was greater when para 
substituents are present, one can assume that the 
inductive effect is very small, and therefore, that

it is the electron delocalization which is the factor 
responsible for the change in the value of A. 
For example, the value of A for methyl benzoate 
was 2.99 units; the m-dimethylamino group had a 
value for A of 3.27 units giving a A A. of 0.28. The 
same substituent in the para- position had a value 
for A of 4.44 units, A A was 1.45 and one can assume 
that the resonance effect is five times greater than 
the inductive effect.

When a substituent was a halogen in the para- 
position, the A.4 values were greater than when it 
was meta, but there was only a small difference in 
the two values. This indicates that the resonance 
effect of the halogen is of less importance than for 
the other substituents.12

The A values when the substituent is a methyl, 
are, respectively 3.22 for meta and 3.89 for para. 
In the latter, one can assume it is due to inductive 
and hyperconjugative effects acting in the same 
direction. Finally, the meta- and para-nitro have 
similar A values which were 0.11 units smaller 
than the values of the original compound, indica
ting that the inductive effect in the meta- position 
is as the inductive and resonance effects operating 
in para.

In the m- and p-hydroxybenzoates, two bands 
were present in the carbonyl region, which overlap 
in the falling branch of lower frequency. They can 
be resolved as follows: if the branch of the band

(12) This is in agreement with NMR data since halo- 
benzenes have S values of nearly zero. P. L. Corio and B. P. 
Dailey, J .  A m . Chem. Soc., 78, 3043 (1957).

t  •
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where no overlapping is present is projected on the 
other side, a symmetric band is obtained. The log 
I0/ I  differences of the overlapped band and the 
symmetric band can be taken at each point, and 
the second band can be built with these values.

The addition of the two bands will give the true 
integrated absorption area. The origin of the 
second band at lower frequencies in the hydroxy 
compounds is due to the association between the 
hydroxy and the carbonyl groups. This association 
was shown to be intermolecular, since the intensity 
ratio of the two bands changed with concentration 
and the percentage of association increased regu
larly with increasing molarity of the solution (Table
IV).

TABLE IV
I n t e n s i t y  V a l u e s  o f  m e t h y l  p - H y d r o x y b e n z o a t e ®

Concn. 
Mole L.-1 

X 103 A i A  2 A i  -f- A 2

%
Association

A 2
A i + A 2

2.925 3.45 0.37 3 .8 2 9.69
8.280 3.17 0.62 3 .7 9 16.36
9.460 3.19 0.74 3 .9 3 18.83

13.730 2.78 1.16 3 .9 5 29.37
“ A i = Area at higher frequency; A 2 = Area at lower 

frequency.

This second band disappeared when the hydroxy 
compounds were measured in carbon tetrachloride 
with 10% pyridine, as would normally be expected, 
since pyridine is a stronger base than the carbonyl 
and the association takes place with the solvent.

TABLE V
I n t e n s i t y  V a l u e s  o f  M e t h y l  »» .-H y d r o x y  B e n z o a t e “

Concn. 
Mole L.-i 

X 103 A i a 2 A i -f- A 2

% As- 
sociation,

a 2
A i +  A 2

9.885 2.23 1.04 3.27 31.8
12.100 2.16 1.11 3.27 34.0
19.251 1.76 1.32 3.08 42.8
22.950 1.69 1.46 3.15 46.4

® Area at higher frequency (nonassociated carbonyl); 
A 2 =  Area at lower frequency (associated carbonyl).

If the values of concentration are plotted against 
the values of Ai from Table IV, a straight line is 
obtained, and by extrapolation to zero concentra
tion, the theoretical value for A t mon can be ob
tained. This value was found to be 3.665.

Mills and Thompson13 found that the concentra
tion is directly related to the integrated absorption 
area. Therefore, it is possible to calculate the 
amount of monomer present at each concentration 
by means of the formula.

(13) I. M. Mills and H. W. Thompson, P ro c . R o y . S o c ., 
228A, 287 (1955).

- j—1— Ci = Ci mon 
A  mon

where A { is the integrated absorption value of the 
monomer at a concentration C\.

The equilibrium constant of the reaction
?i(ester) v ^ (ester)n  

can be calculated wTith the formula:
„  _ (ester )n  _  C% — Ci mon

(ester)n ____n ____
(Ci mon)"

If this formula is written in a logarithmic form: 
Log (C4 — Ci mon) = n log Ci mon +  log nK  it is 
possible to plot log (Ct — Ct mon) against log C< 
mon, whereby a straight line is obtained, in which 
the slope is the number of associated molecules n 
and the intercept, log n~K.

Doing . these calculations by the minimum 
square method, the values for n and K  were 2.09 
and 17.2, respectively. The value of 2.09 for n 
suggest that there is a cyclic dimer, in which each 
carbonyl is associated with the hydroxy groups of 
the other molecule, while the benzene rings are 
parallel to each other (Fig. 1).

I I

Figure 1

•  •
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It would be very improbable to have a linear 
structure, because in that case the number of 
associated molecules should be greater than two.

The same kind of calculations was carried out 
with the data of the m-hydroxybenzoic ester, and a 
value for A, mon was found to be 2.68. n = 3.08 
and K  = 1.62 X 105.

The value of n suggests, therefore, that three 
molecules form a cyclic compound. By building the 
model it agrees with this suggestion (Fig. 2).

The free energy of association for the p-hydroxy 
ester is —1.56 kcal. and —6.58 kcal. for the ra-ester.

The AF difference between the m- and p-esters

may be explained as follows: when the p-hydroxy 
ester is arranged in a cyclic dimer, the carbonyl 
group is not in the same plane as the benzene ring, 
and some resonance energy is lost. In the in
hydroxy ester, three molecules can be arranged 
in such a way that the three benzene rings and the 
three carbonyls are in the same plane and, there
fore, the resonance energy of the system does not 
decrease.
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T h e K in etics  o f  A lkaline H ydrolysis and n -B u ty la m in o ly s is  o f  
E th yl p -N itro b en zo a te  and E th y l /> -N itroth io lb en zoate la

KENNETH A. CONNORS16.' a n d  MYRON L. BENDER1'

R e ce ived  N o vem b er 10 , 1 9 6 0

The kinetics of alkaline hydrolysis of ethyl p-nitrobenzoate and ethyl p-nitrothiolbenzoate were studied by spectro- 
photometric analysis at 300 m y . The rate of alkaline hydrolysis is first order in hydroxide ion concentration in the pH range 
8 to 12 for the ester and from pH 9 to 12 for the thiol ester. The concurrent alkaline hydrolysis and n-butylaminolysis of 
these esters was interpreted in terms of the rate equation v =  Ai[E][OH_] + A2[E] [RNH2] + A3[E][RNH2]2 + AJE]- 
[RNH2][OH~] + Aj[E] [RNH2] [RNH3+] AdE] [RNH3+], where [E] represents the ester or thiol ester concentration. 
At 25.6° and ionic strength 0.50, in aqueous solution containing 1.7% v/v acetonitrile, ethyl p-nitrobenzoate did not undergo 
any detectable aminolysis; for this ester k \ =  0.63 I./mole sec. Under the same conditions the thiol ester reacted differently, 
forming principally Ar-?i-butyl-p-nitrobenzamide. The values of the rate constants of its reaction are At = 0.52 I./mole sec., 
A2 = 0.015 l./mole sec., A3 — 0.27 L2/mo1e2 sec., A. = 13.6 l.2/mole2 sec., A5 = A6 = 0. General base catalysis of thiol ester 
aminolysis, indicated by the A3 and k t terms, probably proceeds v ia  proton abstraction by a base from the tetrahedral addi
tion intermediate.

The effects of variations in thiol ester structure 
upon rates of hydrolysis have been reported for 
many thiol acetates. Schaefgen2a studied the acid 
and alkaline hydrolysis of ethyl thiolacetate in 
acetone-water mixtures, and the same solvent was 
subsequently used by several other authors. 
Rylander and Tarbell2b compared the rates of 
acid and alkaline hydrolysis, and the respective 
energies of activation, of methyl, ethyl, isopropyl, 
isobutyl, and ¿-butyl thiolacetates with those of the 
corresponding acetates. Allyl, benzyl, and tri- 
phenylmethyl thiolacetates and acetates were simi
larly compared by Morse and Tarbell.3 The kinetics 
of hydrolysis of many thiolacetates were investi
gated in fully aqueous solution by Noda, Kuby, 
and Lardy.4 From these and other studies6 a few 
generalizations can be made concerning the hydro

(1) (a) This research was supported by Grant H-2416 
of the National Institutes of Health; (b) National Institutes 
of Health Postdoctoral Research Fellow; (c) Present 
address, Department of Chemistry, Northwestern Uni
versity.

(2) (a) J. R. Schaefgen, J .  A m . C hem . S o c ., 70, 1308 
(1948); (b) P. N. Rvlander and D. S. Tarbell, J .  A m .  
C hem . S o c ., 72, 3021 (1950).

(3) B. K. Morse and D. S. Tarbell, J .  A m . C hem . S o c .,
74, 416 (1952).

lytic reactions of thiolesters: (1) The rates of al
kaline hydrolysis of the compounds CH3COSR 
are fairly sensitive to the nature of the R group. 
The ratios of the rate constants to the corresponding 
acid hydrolysis constants can be correlated with the 
Taft substituent constants.6 The energies of acti
vation in such a series are variable and tend to in
crease with increase in electron-donating ability 
of the R group. The rates of alkaline hydrolysis of 
the corresponding oxygen esters can be either less 
or greater than those of the thiol esters, though the 
difference is seldom large (usually within a factor 
of two). For the oxygen compounds neither the 
rate constants nor the activation energies are very 
sensitive to the structure of the R group. (2) The 
rates of acid hydrolysis of thiol esters appear to be 
less sensitive to structure than do the rates of al-

(4) L. H. Noda, S. A. Kuby, and H. A. Lardv, J .  A m .  
C h em . S o c ., 75, 913 (1953).

(5) (a) H. Bohme and H. Schran, B er., 82, 453 (1949);
(b) J. T. G. Overbeek and V. V. Koningsberger, K o n in k l .  
N e d . A k a d . W e ten sc lia p ., P ro c ., 57B, 81, 311 (1954); (c) 
E. Heilbronn, A c ta  C hem . S c a n d ,, 12, 1481, 1492 (1958); 
A c ta  C hem . S c a n d ., 13, 1044 (1959).

(6) R. W. Taft, Jr., in S le r ic  E ffec ts  in  O rg a n ic  C h em is try ,
M. S. Newman, ed., John Wiley & Sons, Inc., New York,
N. Y., 1956.
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kaline hydrolysis. Apparently in all cases the rate 
for the oxygen ester is greater than that for the 
thiol ester; thus for the ethyl acetate-ethyl thiol- 
acetate pair the factor is about 30-fold.2a The 
energies of activation for the thiol esters are larger 
than for ordinary esters.

Although explanations have been offered for 
many of these observations, the comparative 
kinetics of ester and thiol ester reactions are not 
well understood. In particular, the similar rates of 
alkaline hydrolysis for an ester-thiol ester pair are 
not expected, since the RS_ group, being a weaker 
base than the RO_ group by several orders of 
magnitude, should be a superior leaving group.

The above observations apply to those reactions 
which occur with acyl-sulfur fission, which has 
been demonstrated in the hydrolysis of many 
thiol esters.213'3'50 In certain compounds alkyl-sulfur 
cleavage can occur, and this hydrolytic route has 
been observed in the acid hydrolysis of triphenyl- 
methyl thiolacetate3 and triphenylmethyl thiol- 
benzoate.7

Most of the investigations of thiol esters have 
followed the discovery that acylated coenzyme A, 
an intermediate in many biochemical reactions, is a 
thiol ester.8 In some of these studies the reaction 
between amines and simple thiol esters has been 
taken as a possible model for certain coenzyme A 
systems.9 Thus Tarbell and his co-workers10 11 have 
measured the rates of n-butylaminolysis of CH3- 
COSC2H6, CH3COSCH2CH2NHCOCH3, and several 
related thiol esters; these compounds are simple 
models for acetyl coenzyme A. The modification of 
the ethyl thiolacetate structure with ¡3- or y- 
amido groups caused no important variations in 
rates of aminolysis. Overbeek and Koningsber- 
ger6b-n studied the reaction of glycine with ethyl 
thiolacetate. The aminolysis of the corresponding 
oxygen esters was not reported in these papers. 
The reactions of thiol esters with several other 
nucleophiles have been briefly studied. Hydroxyl- 
amine reacts to give the corresponding hydroxamic 
acid.4 Other reagents which react with thiol esters 
are semicarbazide, hydrazine, and substituted 
hydrazines.4 Imidazole catalyzes the hydrolysis of 
ethyl thiolacetate12 and acetylthiocholine.13

(7) Y. Iskander, N a tu re , 15S, 141 (1945).
(8) F. Lynen and E. Reichert, Ange.w . C hem ., 63, 47, 474

(1951).
(9) R. Schwyzer, H clv. C h im . A c ta , 36, 414 (1953).
(10) (a) P. J. Hawkins and D. S. Tarbell, J .  A m . C hem . 

S o c ., 75, 2982 (1953); (h) D. S. Tarbell and D. P. Cameron, 
J .  A m . C hem . S o c ., 78, 2731 (1956).

(11) (a) J. T. G. Overbeek and V. V. Koningsberger, 
K o n in k l .  N e d . A k a d . W e te n sc h a p ., P ro c ., 57B, 464 (1954); 
(b) V. V. Koningsberger and J. T. G. Overbeek, K o n in k l .  
N ed . A k a d . W e ten sch a p ., P r o c ., 58B, 49 (1955); (e) J. T. G. 
Overbeek and V. V. Koningsberger, K o n in k l .  N e d . A k a d .  
W e ten sch a p ., P ro c ., 58B, 266 (1955).

(12) M. L. Bender and B. W. Turnquest, J .  A m . C hem . 
S o c., 79, 1656 (1957).

(13) É. Heilbronn, A c ta  C hem . S c a n d ., 13, 1547 (1959).
•  •

The object of the present work was to compare 
the relative susceptibility of an oxygen ester-thiol 
ester pair to some simple nucleophiles in order to 
obtain a better understanding of thiolesr.er reac
tivity. Ethyl p-nitrobenzoate and ethyl p-nitro- 
thiolbenzoate were chosen because their reactions 
can be easily followed spectrophotometrically 
without interference from the product ethanethiol, 
which undergoes subsequent oxidation. The 
kinetics of alkaline hydrolysis and of the reaction 
with n-butylamine are presented in this paper.

E X P E R IM E N T A L

M a te r ia ls . Ethyl p-nitrobenzoate (Eastman Kodak white 
label) was recrystallized from 95% ethanol; m.p. 56.5-57°. 
Ethyl p-nitrothiolbenzoate was prepared by warming 
p-nitrobenzoyl chloride and ethanethiol in pyridine solu
tion; the mixture was poured into ice water and the light 
yellow precipitate was removed by filtration, washed with 
sodium bicarbonate solution and then with water, and 
recrystallized from acidified aqueous ethanol; m.p. 69.5-70° 
(lit.14 m.p. 67-68°). p-Nitrobenzoie acid (Fisher reagent 
grade) was recrystallized from benzene; m.p. 243.5-244.5°. 
iV-n-Butyl-p-nitrobenzamide was prepared by adding n- 
butylamine to a benzene solution of p-nitrobenzoyl chloride, 
refluxing for 15 min., and washing successively with sodium 
carbonate solution, dilute hydrochloric acid, and water. 
The solution was evaporated to dryness and the residue 
recrystallized from petroleum ether (b.p. 60-80°) and then 
from xylene; m.p. 104-104.5° (lit.,16 m.p. 102.5-103°). 
ra-Butvlamine (Eastman Kodak white label) was distilled 
at atmospheric pressure (b.p. 77.2-77.4°), and its purity 
checked by titration with perchloric acid in acetic acid 
solution, using p-naphtholbenzein as a visual indicator. It 
was sealed under nitrogen in Pyrex ampoules and stored in a 
refrigerator. Acetonitrile (Eastman Kodak “spectro” 
grade) was used directly.

Phosphate, carbonate, and borate buffers were prepared 
from reagent grade materials according to standard for
mulas.16 Standard sodium hydroxide solutions were made 
from a saturated solution of sodium hydroxide and carbon
ate-free water and were standardized against potassium 
biphthalate. Hydrochloric acid solution was standardized 
against borax. Buffers of n-butylamine were prepared from 
accurately weighed samples of n-butylamine and known 
volumes of standard hydrochloric acid solution. The ionic 
strength of all solutions was brought to a desired value by the 
addition of reagent grade potassium chloride, when neces
sary.

K in e t ic s  o f  a lk a lin e  h y d ro ly s is . The rates of alkaline hy
drolysis of ethyl p-nitrobenzoate and of ethyl p-nitrothiol- 
benzoate were measured in borate, carbonate, and phos
phate buffers and in sodium hydroxide solutions at an 
ionic strength of 0.05M. A stock solution of the sample 
compound in acetonitrile was added to the thermostatted 
solvent and the rate was followed by measuring the change in 
absorbance at 300 mp for both esters. The acetonitrile con
centration was 2% v/v; variation in acetonitrile concen
tration from 1.7 to 3.3% caused no significant variations 
in the observed rates. The initial concentration of the 
thiolester was about 1 X 10 ~ *M  and of the oxygen ester 
about 2 X 10 ~ * M . For solutions of pH less than 10.5,

(14) H. L. Hansen and L. S. Fosdick, J .  A m . C hem . S o c ., 
55, 2872 (1933).

(15) G. H. Coleman and H. P. Howells, J .  A m . Chem . 
S o c ., 45, 3084 (1923).

(16) I. M. Kolthoff, A c id -B a s e  In d ic a to r s , Macmillan Co., 
New York, N. Y., 1937, Chap. VIII; R. G. Bates and V. Ei 
Bower, A n a l. C h em ., 28, 1322 (1956);
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aliquots were withdrawn at appropriate intervals and the 
absorbance measured on a Beckman DU spectrophotom
eter; the temperature of the solutions was 24.7°. Reactions 
in solutions of higher pH were followed by continuous re
cording of the absorbance with a Beckman l)K-2 spectro
photometer fitted with a water-jacketed cell compartment; 
the temperature in the cell compartment varied from 24.8° 
to 25.4°. Reactions were usually followed until 75-85% 
completed and a final (infinity time) reading was taken. 
pH measurements were made with a Radiometer model 3i 
pH meter equipped with a high-alkaline range glass elec
trode. The estimated uncertainty in pH values is ±0.02 
unit. For calculations with these results pKw = 14.00 was 
used.

Decomposition of the thiol ester was observed to be ac
celerated by oxygen. Thus at pH 10.10, the second-order 
rate constant was 0.535 I./mole see. in a nitrogen atmos
phere, 0.594 l./mole sec. in air, and 0.744 l./mole sec. in an 
oxygen atmosphere. At very high pH, where the hydrolysis 
is extremely rapid, this effect is not important. At lower pH 
values solvents were flushed with nitrogen before addition 
of the sample. For reactions followed with the Beckman DU, 
aliquots were sealed under nitrogen in Pyrex ampoules, 
which were immersed in the water bath and removed at 
intervals for spectral analysis.17

The effect of ionic strength upon the rates of hydrolysis 
was studied in sodium hydroxide solutions containing po
tassium chloride to give the desired ionic strength. The 
reactions were followed with the DK-2 spectrophotometer, 
the cell compartment temperature being 25.6 ± 0.1°. 
In these solutions the acetonitrile concentration was 1.7 %.

K in e t ic s  o f  a m in o ly s is . The aminolysis of ethyl p-nitro
benzoate and ethyl p-nitrothiolbenzoate was studied in 
buffer solutions of n-butylamine and n-butylammonium 
chloride at a constant ionic strength of 0.50. All reactions 
were followed by absorbance measurements at 300 mp 
with the Beckman DK-2 spectrophotometer. The tempera
ture was 25.6 ±0.1° during these measurements and the 
acetonitrile concentration was 1.7%. Duplicate determina
tions were performed in most of the kinetic runs; the maxi
mum deviation of any measurement from the mean was 1.7%. 
pH measurements were made with a Radiometer model 
41) meter standardized against 0.01 M  trisodium phosphate18; 
the estimated uncertainty is ±0.02 unit.

The compositions of the amine buffers are given in Table
IV. Concentrations of free amine, [RNHjI, were found by 
subtracting the concentration of protonated amine, [RNHs+j, 
from the total amine concentration, and [RNH3+] was 
calculated with the relation [RNH3+] = [Cl~]HCi + 
[Oil-], which represents the principle of electroneutrality 
in these basic solutions; the quantity [Cl-]Hci is the con
centration of chloride ion added in the form of hydrochloric 
acid.

In all calculations with data at 25.6° which require the 
quantity p K w  the value 13.98 was employed.19 This is 
probably not the correct value in all solutions, because the 
measured pH will not correspond precisely to hydrogen ion 
activity and the response of the glass electrode may vary 
with the salt composition of the sample solutions. Another 
factor which can affect the experimental pH values (and the 
true value of pKw) is the modification of the solvent by aceto
nitrile (1.7%) and free n-butylamine (up to 4.5%). Because 
of these uncertainties the quantity [OH-] derived from 
the pH measurements may not have any absolute signifi
cance, but the values are assumed to be approximately 
internally consistent.

(17) Overbeek and Koningsberger (Ref. 5b) have re
ported that ethyl ‘hiolacetate undergoes decomposition in 
the presence of oxygen.

(18) R. G. Bates, G. D. Pinching, and E. R. Smith, 
J .  R esearch  N a tl .  B u r . S ta n d a rd s , 45, 418 (1950).

(19) H. S. Harned and W. J. Hamer, J .  A m . C hem . S o c .,
55, 2194 (1933).

A n a ly s is  o f  p ro d u c ts . Ethyl p-nitrobenzoate and ethyl 
p-nitrothiolbenzoate both hydrolyze in alkaline solution 
to yield p-nitrobenzoate anion, and the absorption spectra 
of completely hydrolyzed solutions were quantitatively ac
counted for on this basis (except for absorption by ethane- 
thiol, in the thiol ester hydrolysis, at lower wave lengths). 
The product of ethyl p-nitrobonzoate reaction in the pres
ence of n-butvlamine also was determined to be p-nitro
benzoate anion.

The absorption spectrum of completely reacted ethyl 
p-nitrothiolbenzoate in n-butylamine buffer solutions re
sembled that of Af-n-butyl-p-nitrobenzamide. A quantitative 
determination was made of the proportion of amine product 
by the reaction. Several solutions (similar to those used for 
the kinetic runs) were prepared with known concentrations of 
free and protonated amine, and known pH; sufficient po
tassium chloride was added to bring the ionic strength to
0.50. Samples of ethyl p-nitrothiolbenzoate in acetonitrile 
solution were added. After the reactions were complete the 
amine concentrations of the solutions were brought to a 
common value and an excess of hydrochloric acid was added. 
Accurately prepared solutions of p-nitrohenzoic acid and 
A'-n-butyl-p-nitrobenzamide, in solvent of the same final 
amine and hydrochloric acid composition, were also made up, 
and the absorbances of all solutions at 290 mp were meas
ured with a Beckman DU spectrophotometer. The molar 
absorptivities20 of the standard solutions were: p-nitro- 
benzoic acid, 4.67 X 103; and À'-n-butyl-p-nitrobenzamide,
7.96 X 103. From these data and the concentration of thiol 
ester added the percentage yield of amide was calculated 
(Table I). The major product is seen to be the amide under 
these conditions. (For explanation of the last column in 
Table I see R e s u lts  section.)

TABLE I
Per Cent Yield of Amide in the r-Butylaminolysis of 

Ethyl p-Nitrothiolbenzoate

Total Amine 
Concentra

tion“1 [RNH2] » pH

%
Amide
Pro

duced

%
Amide
Calcu
lated

0.1046 0.0524 10.87 79 84
0.4185 0.3033 11.29 95 97
0.1046 0.0324 10.52 73 79

“ In moles/liter.

To determine whether subsequent hydrolysis of the 
amide would occur during the kinetic observations a sample 
of Y-n-butyl-p-nitrobenzamide was added to an n-butyl
amine buffer solution (total amine concentration O.lil/’, 
pH 10.6) and the solution was equilibrated at 24.7°. The 
absorbance at 270 mp and at 300 mp was periodically meas
ured with a Beckman DU, and no change in absorbance was 
noted in 24 hr. Under the conditions of the kinetic experi
ments reported here, therefore, no hydrolysis of the product 
amide occurs before the thiol ester reaction is completed.

RESULTS

Alkaline hydrolysis. The concentration of hy
droxide ion was maintained essentially constant in 
kinetic runs by means of buffers or excess sodium 
hydroxide, and the observed kinetics were first 
order with respect to the carboxylic acid derivative; 
examples of the first order plots are shown in Fig.
1. The observed rate constant calculated from the

(20) H. K. Hughes el a l .,  A n a l .  C h em ., 24, 1349 (1952).
• •
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Fig. 1. Alkaline hydrolysis in pH 11.38 
phosphate buffer. A. Ethyl p-nitroben
zoate. B. Ethyl p-nitrothiolbenzoate

slopes of plots of log (A oo — A() [for ethyl p-nitro- 
benzoate] or log(A( — A«) [for ethyl p-nitrothiol
benzoate] ps. time, are listed in Table II with the 
measured pH. The calculated second order con
stants are seen to be constant over the pH range 
8 to 12 for the ester and 9 to 12 for the thiol ester. 
The deviations from constancy at lower pH values 
have not been thoroughly studied since this pH 
region did not figure in subsequent work.

TABLE II
Kinetics of Alkaline Hydrolysis of Ethyl 

P-Nitrobenzoatb and of Ethyl p-Nitrothiolbenzoate

pH
No.

Detns. k oh„  Sec. 10
koH,

L./Mole
Sec.

12.00
Ethyl p-Nitrobenzoate 

4 5.38 ±  0.04 X 10“3 0.538
11.38 4 1.28 ±  0.03 X 10~3 0.531
10.09 2 6.64 ±  0.05 X 10-5 0.540
9.09 2 6.64 dh 0.05 X 10“6 0.540
7.99 1 5.33 X 10~7 0.546
7.14 1 2.56 X 10~7 1.86

12.00
Ethyl p-Nitrothiolbenzoate 

8 4.48 ±  0.20 X 10-3 0.448
11.38 5 1.15 ±  0.05 X 10“3 0.478
10.70 2 2.43 ±  0.04 X 10-4 0.473
10.10 2 6.75 ±  0.38 X 10“5 0.535
9.09 3 5.77 ±  0.21 X 10-6 0.469
8.31 1 1.45 X lO“6 0.711

° Precision expressed as mean deviation, where m.d. = 
s| xt — $\'

71 — 1

The second order constants for alkaline hydroly
sis increase with ionic strength, as shown in Table
III. The change is not large and is similar in magni
tude for both compounds.

TABLE III
Effect of Ionic Strength on Rates of Alkaline 

Hydrolysis

Ionic
Strength

fa) H,
l./mole sec.

Ethyl p-Nitrobenzoate
0.006 0.53
0.20 0.64
0.36 0.59
0.49 0.63
0.60 0.65

Ethyl p-N ITROTHIOLBENZOATE
0.006 0.45
0.20 0.53
0.36 0.48
0.49 0.51
0.60 0.53

Concurrent hydrolysis and aminolysis. The de
sign of the aminolysis experiments was based upon 
rate Equation l .21
- d [ E ] / d t  = fcdEHOH-] + fa [E] [RNH2] +

fa[E] [RNH2]2 +  fa[E] [RNH2] [OH-] +
fa[E] [RNH2] [RNH3+] + fa[E] [RNH3+] (1)

[E] represents the ester or thiol ester concentra
tion, [RNH2] is the concentration of free n- 
butylamine, and [RNH8+] is the concentration of 
protonated amine. The experimental rate was ob
served to be first order with respect to [E] in buffers 
containing excess amine; that is,

—<f[E]/di = ¿obB[E] (2)

The dissociation constant of the protonated amine 
is written Ka = [H+1[RNH21/[RNH3+1; this
expression can be combined with Equations (1) 
and (2) to give (A),

= { h  +  fe[H+]/Ka)[RNH2] +
(fa + fa[OH-] + fa[H+]/Ka) (4)

which indicates that, if the pH is maintained con
stant and the amine concentration is varied, a plot of 
(fcob8 -  fci[OH-])/[RNHj] p s . [RNH2] should yield 
a straight line. From such plots at several values of 
pH the constants and may be evaluated from 
the variation of the slope with [H+], The intercept 
is a quadratic function of [H+], but simplifies if 
either fc4 or kt is equal to zero; if both fc4 and k$ 
are greater than zero a simple linear extrapolation 
cannot be made, though the constants can be found 
analytically.

The rate of reaction of ethyl p-nitrobenzoate did 
not appear to be affected by n-butylamine. The 
kinetics were studied in ?z-butylamine buffers (total

(21) Similar rate equations have previously been sug
gested to account for aminolysis of esters and thiol esters, 
though in no single system have all six terms been required 
to explain the data, (a) J. F. Bunnett and G. T. Davis, 
J .  A m . C hem . S o c ., 8 2 , 665 (1960); W. P. Jencks and J. 
Carriuolo, J .  A m . C hem . S o c ., 82, 675 (1960); Ref. 10, 11.
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Fig. 2. Typical kinetic runs in the n-bu- 
tylaminolvsis of ethyl p-nitrothiolbenzoate. 
A. (RNHo] = 0.1483, [RNH3+] = 0.0595 
mole/1.; pH = 11.27. B. [RNH2] = 0.1521, 
[RNH3+] = 0.3703 mole/1.; pH = 10.44

Fig. 3. Plot of Equation (4) for the n -  
butylaminolyais of ethyl p-nitrothiolben- 
.zoate. Numbers denote pH

amine 0.1-0.5M) at three pH values. The quantity 
(kobS — &i[OH~j)/[RHN2] was a positive or nega
tive number of the order 10~4; in the calculation 
of this quantity fci was taken as 0.63 l./mole sec. 
It is concluded that the constants k2, h, ki; h , and 
/<'6 are not significantly different from zero under 
the conditions of the experiments.

The reaction rate of ethyl p-nitrothiolbenzoate 
was significantly accelerated by n-butylamine. 
Typical first order plots are shown in Fig. 2. The 
data are listed in Table IV and the plots of (koha — 
Au[OH“ ])/[RNH2] v s . [RNH2] are given in Fig. 3. 
The lines are reasonably straight, though a slight 
curvature may be present in some of them. Varia
tions in pH may be responsible for some of the 
deviations. It may be significant that curvature 
seems to occur at lower values of [RNH2] when the 
pH is lowered; that is, curvature may be associa
ted with high concentrations of amine salt. This 
slight trend of points away from linearity was 
neglected in the construction of lines, which was 
done by the least-squares method. The equations of 
the lines are given in Table V.

The slopes of the lines do not appear to vary with 
pH, hence is taken equal to zero. The mean of the

TABLE IV
K in etic  D ata fo r  E thyl p -N itroth io lben zo ate  in  

ii-BuTYLAMINE BUFFERS

Total Amine &obs ( &oba
Concentra- X 10/ A’, [OH“ ] ) /

tion” [RNHo] « sec.“1 [RN RR

pH = 10. 47 ±  0.02
0.1045 0.0302 0.0826 0.0217
0.1567 0.0454 0.137 0.0267
0.2089 0.0606 0 . 2 1 2 0.0322
0.2612 0.0759 0.306 0.0381
0.3134 0.0911 0.388 0.0408
0.3657 0.1064 0.493 0.0448
0.4179 0.1216 0.596 0.0477
0.5224 0.1521 0.852 0.0550

pH = 10.87 ±  0.01
0.1046 0.0524 0.236 0.0370
0.1569 0.0780 0.408 0.0471
0.2092 0.1056 0.634 0.0563
0.2614 0.1321 0.883 0.0637
0.3139 0.1587 1.14 0.0693
0.3660 0.1853 1.53 0.0804
0.4183 0 . 2 1 2 0 1.73 0.0794
0.5229 0.2651 2.41 0.0894

pH = 11. 27 ±  0.01
0.1039 0.0733 0.550 0.0621
0.1558 0.1107 0.949 0.0766
0.2078 0.1483 1.45 0.0910
0.2597 0.1857 2.03 0.103
0.3116 0.2234 2.49 0.107
0.3636 0.2609 3.24 0 . 1 2 0

0.4155 0.2986 3.50 0.114”
0.5194 0.3735 4.90 0.129”

pH = 11. 62 ±  0 . 0 2

0.1042 0.0863 0.966 0.0907<i
0.1563 0.1303 1.61 0.107
0.2085 0.1756 2.37 0.123
0.2606 0.2182 3.03 0.128
0.3127 0.2652 3.89 0.138
0.3648 0.3098 4.86 0.149
0.4169 0.3548 6.20 0.168
0.2512 0.4448 7.28 0.159”

8 In mole/liter. b Ai = 0.52 l./mole sec. ” Rejected.
d Rejected because pH (11.53) differed widely from the mean.

TABLE V
E quations of L in e s  According to E quation  (4) for  the

W-BuTYLAMINOLYSIS OF E t HYL p-NlTROTHIOLBENZOATE

[OH-],
pH Mole/1. Equation”

10.47 3.09 X 10-4 y = o. 2TSx + 0.015
10.87 7 76 X 10“4 y  = 0. 244x + 0.029
11.27 1.95 X IO“3 y  =  0. 302x +  0 .043
11.62 4.37 +  10“3 y  = 0. 257x +  0.074

“ y =  Hobs “ A'i[OH~])/[RNH2]; x  = [RNH+

slopes is 0.269 ±  0.025 1.//mole2 sec . A plot of the
intercepts against [H+] produces a curve, while the 
plot of intercept vs. [OH“ ] yields a reasonably 
straight line (Fig. 4). The least-squares equation of 
this line is

Intercept = 13.6 [OH“] + 0.015.
•  •
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Fig. 4. Plot of the intercepts from Fig. 3
v e rsu s hydroxide ion concentration

The rate constants for the aminolysis are therefore 
k-i = 0.015 l./mole sec., k3 = 0.27 l.2/mole2 sec., 
A4 = 13.6 l.2/mole2 sec., and h  = fa = 0.

These constants can be used to calculate the 
expected first order rate constant at any amine con
centration and pH; the observed values can be 
reproduced to better than 10%. In a similar calcu
lation the percentage yields of amide to be ex
pected under the conditions given in Table I are 
listed in the last column of that table. The agree
ment with experiment is satisfactory.

From the data of Table IV the apparent dissocia
tion constant of re-butylammonium ion can be 
calculated. (Actually the experimental pH values, 
rather than the average values given in the table, 
were used.) The results show no consistent trend 
with amine concentration. pK 'a is 10.87 ±  0.01 
at ionic strength 0.50 and total amine concentra
tion 0.1-0.53/. (The thermodynamic pKa is 10.597 
at 25°.)22

D IS C U S S IO N

Ethyl p-nitrothiolbenzoate is considerably more 
reactive toward hydroxide ion than are most thiol- 
acetates.211'4’23 Ethyl p-nitrobenzoate is also quite 
reactive, its second order alkaline hydrolysis rate 
constant being about one half that of phenyl ace
tate.21*1 However, while the susceptibility of the 
thiol ester to aminolysis is consistent with the 
behavior observed with other thiol esters I0’,,a and 
with phenyl acetate,21*1 the absence of detectable 
aminolysis of ethyl p-nitrobenzoate is unexpected. 
That is, CHiCITS - and CH3CH20 _ appear to be 
equally good leaving groups with respect to hy
droxide ion, but CH3CH2S~ is a relatively far 
better leaving group than CH3OH2C)‘ with respect 
to n-butylamine. The similar reactivities of ethyl

(22) A. G. Evans and S. I). Hainann, T ra n s . F a r a d a y  
S o c ., 47, 34 (1951).

(23) Preliminary studies of the alkaline hydrolysis of 
phenyl thiolbenzoate have shown that this too is a fairly 
reactive thiol ester, with Z-0H = 0.4 l./mole sec. The reac
tion was studied at 25° in pH 10 carbonate buffer and in 
sodium hydroxide solutions, the decrease in thiol ester con
centration being followed by absorbance measurements at 
240 ni/i.

p-nitrobenzoate and ethyl p-nitrothiolbenzoate 
(and of nearly all ester-thiol ester pairs) toward 
hydroxide ion may perhaps be the result of a dif
ference in solvent participation for the two com
pounds. The precise nature and extent of such in
volvement are unknown for either type of compound. 
Schaefgen2a suggested that attack by hydroxide 
ion on the carbonyl of an ester may be aided by 
hydrogen-bonding of a water molecule to the ether 
oxygen, while this interaction would be absent or 
of less importance for the thiolester.

Several mechanisms have been proposed to ac
count for the observation of general basic catalysis 
of aminolysis of esters and thiol esters.10a'21a'b One 
of these involves removal of a proton from the at
tacking amine by a general base during the 
transition state of the formation of the tetra
hedral addition intermediate. This mechanism is 
similar to another (Equation 5) in which a proton 
is removed from the tetrahedral addition inter
mediate (I or II), and there may be no clear distinc
tion between the two descriptions. The proton 
abstraction is followed by decomposition of III to

O- OH
Ri— S—R2 R,—C—S—R™

I I
NH+ NH
I IR3 R3
I II

o -
+  B — ^ Ri—C—S—R, +  BH+ (5)

NH
I
R3
III

the amide and the thiol anion. The mechanism 
shown by reaction (6) involves general acid cata
lyzed breakdown of III as the slow step; in this

O- R-.
I /

Ri—C— S
INH H+...B

Ra

R1CONHR3 + R,SH + B (6)

scheme the formation of III from I or II is regarded 
as a fast reversible reaction.21a This mechanism 
leads to observed general base catalysis if the base 
B which is responsible for proton removal from I 
or II is the conjugate base of the general acid BH + 
involved in reaction (6); this may not generally be 
the case. Bunnett and Davis21a have pointed out 
that the better the leaving group the less is the 
likelihood that mechanism (6) will be important. 
In fact, in the pH range employed in the present 
work the product thiol was largely ionized (the

•  •
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pKa of ethanethiol is about 10.5)24 and it seems 
that general acid assistance would be unlikely. 
The mechanism according to Equation (5) seems 
more probable, where B is H20, RNH2, or OH- , 
giving rise to terms in A>, ks, and fc4, respectively. 
The rate constant k« then would include the con
centration of water.

Pertinent to the problem of thiol ester reactivity 
is the recent infrared study of Baker and Harris,24 25 
who suggested that the thiol ester structure includes 
the resonance form IVc, in which the sulfur d- 
orbital is utilized. Oxygen esters, on the other hand,

o -  o
jL + iiTii—C = S — R3 -<------- >- Ri— C — S — Rn -6--------->-

IV a  IV b

0 +
! -R,_C==S—r2 
IVc

are generally represented by the structures Va and 
Vb. As a result the carbonyl group of a thiol 
ester may be considerable less basic than that of

O f i 
ll I +Ri—C—O—R2 -<------ Ri—C=0—R®

Va Vb
the corresponding ester.25 Proton attack at the car
bonyl oxygen should be more important with the 
ester than with the thiol ester, therefore, and this is 
consistent with the greater rate of acid hydrolysis al
ways observed for esters. The mode of attack 
of hydroxide ion upon a structure like IV is not 
known. Three mechanisms have been proposed for 
attack by a nucleophile on a carboxylic acid deriv
ative.26 One of these involves an approach from the 
rear with respect to the leaving group, another 
represents the attack as rearward approach with 
respect to the carbonyl oxygen, and the third pic
tures the approach as an attack perpendicular to the 
plane of the carbonyl group. This last approach 
permits maximum overlap of the 7r-orbital of the 
carboxyl group with the orbital of the incoming 
nucleophile. In a structure such as IV the carbonyl 
electron distribution is sufficiently altered by hy
bridization with the sulfur d-orbitals so that the 
approach of the nucleophile may not be controlled 
simply by the carbonyl group alone, and predictions 
about rates of alkaline hydrolysis based upon 
structure IV cannot be made.

The similarity of alkaline hydrolysis rates for an 
oxygen ester-thiol ester pair may be explicable in 
terms of the partition ratio k2/k3, where b> is the

(24) D. L. Yabroff, I n d . E n g . C h em ., 32, 257 71940) ; 
J. P. Danehy and C. j. Noël, J .  A m . C hem . S o c ., 82, 2511 
(1960).

(25) A. W. Baker and G. H. Harris, J .  A m . C hem . S oc., 
8 2 , 1923 (1960).

(26) M. L. Bender, C hem , R evs., 6 0 , 60 (1960).

rate constant for return to reactants from the 
tetrahedral intermediate and k3 is the rate constant 
for passage to products.27 For oxygen esters, values 
of k2/k 3 range from essentially zero to about 0.8.27 
It seems reasonable that the constant /c3 for a thiol 
ester may be considerably larger than that for the 
corresponding ester, because of the much lower 
basicity of the thiolate group, and that /c2//c3 may 
therefore be even smaller for the thiol ester than for 
the ester. Because the hydrolytic rate constant 
may be expressed as kh = ki/(h /k3 +  1), where ki 
is the rate constant for the formation of the 
intermediate, the magnitude of kh is determined by 
that of hi, since fc2/fc3 seems usually to be smaller 
than one. Thus if the ki constants for a thiol ester- 
ester pair are similar in magnitude it is not sur
prising that the alkaline hydrolytic constants also 
are similar. A study of the kinetics of oxygen ex
change27 of ethyl p-nitrobenzoate and ethyl p- 
nitrothiolbenzoate has been initiated to obtain 
evidence bearing on this problem.

The same consideration may be applied to the 
aminolysis reaction. If the assumption is made that 
the intermediate corresponding to I and II actually 
is formed in the oxygen ester-amine system, then 
the absence of observed reaction may be accounted 
for by a large value of h /k 3 (much greater that 
one) for this intermediate.

In Table VI reasonable values of k2/k 3 are shown 
for the alkaline hydrolysis and aminolysis of both 
esters. It will be noted that the ratio (k2/ks)0/(k2/kz)s 
is the same in both systems; this seems to be a 
reasonable limit to impose upon the possible values 
of the partition ratio. In the final column of the 
table are listed the rate constants which would be 
observed with these assigned ratios. If the values of 
k0 and ks (in each system) are comparable, it is 
seen that the oxygen and thiol esters are of similar 
reactivity with respect to hydroxide ion, while the 
thiol ester is much more reactive than the ester 
with respect to the amine.

TABLE VI
H y p o t h e t i c a l  R a t e  C o n s t a n t s  f o r  H y d r o l y s i s  a n d  

A m i n o l y s i s  o f  E s t e r s  a n d  T h i o l  E s t e r s

At ki/hz
A l k a l i n e  H y d r o l y s i s

Ester k i 0.25 0.8AY
Thiol ester AT 0.001 Ats

A m i n o l y s i s

Ester h ° 25 0.038Â-,
Thiol ester AT 0.1 0.91 A,5

“ Calculated with the equation k obs = h / { k * / k 3 + 1). 
C h i c a g o , III.

(27) M. L. Bender, J .  A m . C hem . S o c ., 7 3 , 1626 (1951); 
M. L. Bender, R. D. Ginger, and J. P. Unik, J .  A m .  C hem . 
S o c ., 80, 1044(1957).
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Kinetics of Saponification of Some Cyclic Esters

OWEN H. WHEELER,1“ 0. CHA0,lb and J. R. SANCHEZ-CALDAS1“

R ece ived  O ctober 1 0 , 1 9 6 0

The alkaline hydrolysis of cycloalkane carbethoxylates (IV. R = C2H6, n  = 3-6) has been measured at 0° and 25° in 
41% aqueous ethanol, and the differences observed are discussed in terms of the steric and electronic effects of the rings.

The effect of ring size on the rates of reactions 
taking place at a ring carbon atom has been well 
studied28, and the observed differences are consist
ent with the changes in ring strain occurring 
during the reaction.2b However very few data are 
available concerning the effects of ring size on a 
reaction center adjacent to the ring, where any 
differences in rate would be expected to be due to 
the steric and electronic effects of the ring and not 
directly to ring strain effects. Royals and Neal3a 
measured the rates of bimolecular displacement of 
cyclopentyl, cyclohexyl, and cycloheptyl methyl 
bromides (I, n = 5-7) with thiophenoxide ion 
finding a relative order of 1.00:1.46:2.95 at 35°, 
and Skinner and Florentine3*3 reported the rates of 
unimolecular solvolysis of cyclopentyl and cyclo
hexyl dimethylcarbinyl chlorides (II, n = 5,6) as 
having relative rates of 1.00:0.52 in 78% ethanol 
at 30°. Both of these reactions involve a carbon 
atom once removed from the ring. The rates of

(OH2)„„,OH.CH2Br
I

(CH2)„_iCH.C(CH3)2.C1
II

(CH2)„_,CH.CH2.O.COCH3 (CH2)„_,CH.CO.OR
III IV

saponification of cycloalkanyl earbinyl acetates 
(III. n = 3-6) have been measured by Sarel, 
Tsai, and Newman,4 who found values of k2 
(X 103 in 1. mole“1 sec.-1 in 70% dioxane-water 
at 20°) of 31, 23, 16, and 10 for the 3 to 6 ring 
compounds. The reaction, however, involves a 
displacement at the carbonyl-carbon atom which 
is three atoms removed from the ring. In the 
present work the rates of saponification of cyclo
alkane carbethoxylates (IV. R = C2H6, n = 3-6) 
have been measured in 41% ethanol-water at 25° 
and 0° (Table I). The rates showed an order of

(1) (a) University of Puerto Rico at Mayaguez; (b) 
Universidad Nacional Autonoma de Mexico. Contribution 
No. 124 from the Instituto de Química.

(2) (a) H. C. Brown, J .  C hem . S o c ., 1248 (1956); (b)
H. C. Brown. J. H. Brewster and H. Shechter, J .  A m .  
C hem . S o c ., 7 6 , 467 (1954).

(3) (a) E. E. Royals and A. H. Neal, J .  O rg. C h em ., 21, 
1448 (1956); (b) G. S. Skinner and F. P. Florentine, J .  A m .  
C hem . S o c ., 7 6 , 3200 (1954).

(4) S. Sarel. L. Tsai, and M. S. Newman, J .  A m . C hem .
S o c ., 7 8 , 5420 (1956).

ring size of 4>> 5> 3~ 6 with relative differences of 
up to 11-fold, which is much greater than those 
found in the hydrolysis of the cyclic acetates (III). 
The reaction involves a displacement on the car
bonyl-carbon atom which is only once removed from 
the ring, and an explanation for these relatively 
large differences must be sorted in the steric and 
electronic effects produced by the rings.

The mechanism of bimolecular basic hydrolysis 
(Bac2) of simple esters involves a slow rate de
termining attack of base on the carbonyl-carbon 
atom followed by a rapid elimination of alkoxide 
ion (ethoxide in this case) to form the acid anion. 
Electronic effects which decrease the charge on the 
carbonyl-carbon atom will accelerate the rate of 
nucleophilic attack of hydroxyl ion, whereas the 
steric hindrance of bulky neighboring substituents 
will decrease the ease of approach of a base. 
Cyclopropyl and cyclobutyl carboxylic acids have 
about the same acid strengths and are both stronger 
acids than cyclopentyl or cyclohexyl carboxylic 
acids (Table I).6 This has been attributed5* to 
the increased s-character of the carbon-hydrogen 
bonds attached to the rings, resulting in a general 
electron-attracting ( — 1) effect. This effect is 
also reflected in the higher carbonyl stretching 
frequency of cyclopropyl carbethoxylate (Table II), 
and accounts for the high rate of saponification of 
the cyclobutyl ester (IV. R = C2H6, 11 — 4). 
However the much slower rate of hydrolysis of the 
cyclopropyl ester (IV. R = C2H5, n = 3) is not con
sistent with a purely electronic effect of the ring. 
In this case it is probable that the hydrogen atoms 
which are bunched together above and below the 
ring due to the increased s-character of the carbon- 
hydrogen bonds (the angle between sp2-hybrids 
in 120°),6 exert a steric hindrance to attack of 
base. The cyclobutane ring is, however, more open 
and the carbethoxy group will be less crowded.

There is little or no angle-strain present in a 
cyclopentane7 or cyclohexane2*3 ring and their

(5) (a) J. D. Roberts and V. C. Chambers, J .  A m . C hem . 
S o c ., 73, 5030 (1951); (b) M. Kilpatrick and J. G. Morse, 
J .  A m . C hem . S o c ., 75, 1854 (1953).

(6) The H—C—H angle in cyclopropane is 118-120°. 
O. Bastiansen and O. Hassel, T id s s k r .  K je m i ,  B ergvesen  
M e t.,  6 , 71 (1946); P. W. Allen and L. E. Sutton, A c ta  
C ru st., 3, 46 (1950).

(7) F. V. Bratcher, Jr.. T. Roberts, S. J. Barr, and N. 
Pearson, J .  A m . C h em . S o c ., 81, 4915 (1959).

•  *



2506 W H E E L E R , CHAO, AND SANCHEZ-CALDAS YOL. 26

TABLE I
R a t e s  o f  S a p o n i f i c a t i o n  o f  E s t e r s "

Ester Acid"
ki X 104 L. Mole 1 See. 1 

25° 0°
Eact.
Kcal.

Log
PZ

Rel.
Rate6

(CH3)2CHCO,C2H5 — 43.7 =b 2.1 5.23 ± 0.14 13.8 7.8 2.5
IV. R = C2H5, n  = 3 6.15 24.0 ± 0.8 3.09 ± 0.07 13.3 7.2 1.4
IV. R = C2H5, n  =  4 6.15 187 ± 1 30.6 ± 0.5 11.8 6.9 11
IV. R = C2H5, n  = 5 6.30 40.9 ± 1.3 7.39 ± 0.27 11.1 5.8 2.4
IV. R, = C2II5, n  = 6 6.35 17.2 ± 0.2 3.23 ± 0.16 10.9 5.2 1.0

a In 47% ethanol-water; ¡uK„’s at 25°. 6 Relative rates at 25° to rate of cyclohexyl ester = 1.0.

TABLE II
P h y s i c a l  C o n s t a n t s  o f  E s t e r s

Ester B.P. «•’:d 7 c° 0

(ch3)2chco2c2h,5 52°/80 mm. 1.3878 .—

IV. R = C2H5, n = 3 70780 mm. 1.4403 1690
IV. It = C,H5, n = 4 85785 mm. 1.4245 1700
IV. R = C2Hs, n  =  5 75728 mm. 1 4340 1705
IV. R = C2H5, n  = 6 95°/30 mm. 1.4380 1705
“ Carbonyl stretching for carbon tetrachloride solutions 

in cm.-1

carboxylic acids are thus weaker than the cor
responding cyclopropane and cyclobutane acids. 
Moreover it has recently been suggested7 that the 
steric environment of a saturated substituent on a 
cyclopentane ring (in its “envelope” form) is little 
different from that on a cyclohexane ring, and in 
both cases the pair of equatorial hydrogen atoms 
on the a-carbon atoms are placed near to the equa
torial substituent. Since the electronic and steric 
nature of these two rings are very similar the cyclo- 
pentyl and cyclohexyl esters (IV. R = C2HS, 
n = 5,6) hydrolyzed at. similar rates, and at a 
rate little different from that of ethyl isobutyrate.8 
This similarity should be contrasted with the large 
difference (51-fold) in the rates of saponification of 
ethyl isobutyrate and ethyl 3-ethylbutyrate (di- 
ethylacetate),9 the open-chain analogue of the ring 
esters and this is no doubt due to the rigid forms of 
the ring which hold the carbon chains back from 
the carbethoxyl group.

The small difference between the rates of saponi
fication of the cyclopentyl and cyclohexyl esters 
(IV. R = C2H5, n = 5 > n = 6) are of the same 
magnitude as that found in the reaction of the 
cycloalkyl methyl bromides with phenoxide ion 
(I. n = 5 < n = 6)3a and the solvolysis of the 
cycloalkyl dimethylcarbinyl chlorides (II. n = 5 > 
n = 6),3b although the absolute orders are different.

The values of the energies of activation and 
the log PZ factor (Table I) were of the same order

(8) A slower rate of saponification of ethyl cyclohexane 
carboxylate as compared to ethyl isobutyrate has also been 
noted in 85% ethanol at 25° (ratio 2.2:1). H. A. Smith 
and H. S. Leverson, J .  A m . C hem . S o c ., 6 2 , 2733 (1940).

(9) C f. W. Huckel, T h eore tica l P r in c ip le s  o f  O rgan ic
C h e m is try , Elsevier, New York, 1958, vol. II, p. 738.

as those found for other saturated esters.10 These 
values generally increased with increasing ring size 
but the order of the energies of activation was 
3~f-Pr > 4 > 5~6, whereas that for the log PZ 
factors was z'-Pr > 3 > 4 ~  5 > 6. The higher 
energies of activation for the cyclopropane and 
cyclobutane carboxylic esters (IV. R = CJIs, 
n = 3, 4) reflect the higher dissociation constants of 
the corresponding acids although no linear relation
ship existed between the logarithms of the rates of 
saponification and the plva’s, illustrating the fact 
that electronic and steric effects are not readily 
separable for aliphatic compounds.

EXPERIMENTAL

A c id s . Cyclohexane, cyclopropane, and cyclobutane car
boxylic acids were commercial samples (Eastman-Kodak 
Company and Aldrich Chemical Company). Cyclopentane 
carboxylic acid was prepared by the hydrogenation of cyclo- 
pentene carboxylic acid11 in acetic acid using platinum oxide 
or by the oxidation of cyclohexanone with hydrogen peroxide 
in (-butyl alcohol in the presence of selenium dioxide.12

E ste rs . The acids (10-15 g.) were esterified by refluxing
3-5 hr. with anhydrous ethanol (25 ml.) and benzene (75 ml.) 
using coned, sulfuric acid (0.2 ml.) as catalyst, and removing 
the water continuously with n Dean-Stark separator. The 
esters were thoroughly washed with 1091 sodium carbonate 
solution before distillation. The physical constants were in 
good agreement with literature values, and are given in 
Table II. The infrared spectra, were determined with a Baird 
K-2 instrument using sodium chloride optics and carbon 
tetrachloride as solvent.

H y d ro ly se s . 95% Ethanol was purified by refluxing with 
zinc dust and sodium hydroxide and diluted with freshly 
boiled distilled water to give an aqueous ethanol of d l l  
0.931(1 or 41.2% ethanol. Ester (0.2-0.3 g.) was dissolved 
in about 85 ml. aqueous ethanol, placed in a constant tem
perature bath for at least 0.5 hr., 0.18.Y sodium hydroxide 
(TO ml.) in the same solvent at the same temperature added, 
and the solution rapidly made up to 100 ml. Aliquots (10 
ml.) were withdrawn at, intervals, added to an excess of 
0.026.Y hydrochloric acid and the excess acid titrated with 
0.020.Y sodium hydroxide using phcnolphthalein as indica
tor. The hydrolyses were carried out in triplicate or quadru
plicate and the average values with their mean errors are

(10) D. R. Thomas and H. B. Watson, J .  C h em . S o c ., 
3958 (1956).

(11) O. H. Wheeler and I. Lerner, J .  A m . C h em . S o c ., 
78, 63 (1956).

(12) G. B. Payne and C. W. Smith, ./. O rg. C h em ., 22, 
1680 (1957).

« •
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given in Table I. The energies of activation and the log PZ 
values were determined from the Arrhenius equation. The 
values of E act. are considered to be accurate to ±0.2 
kcal. and the log PZ factors to ±0.2.

D iss o c ia tio n  co n sta n ts . These were determined by potentio- 
metric titration using the same sample of aqueous ethanol

as used in the hydrolyses. The values reported in Table I 
are the mean of duplicate determination which differed by
0.05 unit.

M a y a g t j e z , P u e b t o  R ic o  
M e x i c o  20, D. F.

[ C o m m u n i c a t i o n  No. 2104 f r o m  t h e  K o d a k  R e s e a r c h  L a b o r a t o r i e s ]

Formation and Properties of Isocyanates Derived 
from Amino Ester Hydrochlorides

W. J. HUMPHLETT a n d  C. V. WILSON

R ece ived  J u ly  2 7 , 1 9 6 0

The usual methods for preparing isocyanates from amino ester hydrochlorides fail in many cases. A new, rapid procedure, 
uncomplicated by secondary reactions, is described for forming isocyanates derived from 2-, 3-, 6-, and 11-amino ester hydro
chlorides. It was found that 2-isocyanato esters are activated towards reaction with active hydrogen compounds.

Although hundreds of isocyanates were known 
previous to the last twenty years, they were of only 
little technological interest. More recently, as a 
result of industrial applications, these substances 
have become the object of intensive research.1 
One method has dominated their synthesis, i.e., 
the reaction of phosgene with amine hydrochlo
rides.

COCl2 + RNH.-HC1 —>- RNHCOC1 + 2HC1 
RNHCOC1 — RNCO + HC1

Usually by this procedure, the amine salt is 
suspended in a refluxing diluent into which phos
gene is passed. After allowing a reaction time 
of several hours, the product is isolated by distilla
tion. However, hydrochlorides of certain amino 
esters undergo secondary reactions under these 
conditions. Isocyanates cannot be prepared effi
ciently, for example, from hydrochlorides of esters 
of glutamic or aspartic acid by this procedure 
unless the quantities are small, i.e., less than 0.4 
mole. Although isocyanates derived from these 
and other a-amino esters have been reported in 
85-97% yields, they were produced in only 10- 
20 g. quantities.2 Reaction of phosgene with 0.25, 
0.5, and 2 moles of dimethyl glutamate hydro
chloride gives 80, 60, and 30% yields, respectively. 
Phosgénation of three moles of diethyl aspartate 
hydrochloride yields no isocyanate. These results 
are attributed partly to the competing reaction of 
cyclization. We have isolated the corresponding 
pyrrolidone in high yield and small amounts of the 
diketopiperazine in these two cases, respectively. 
Indeed, 5-carbethoxy-2-pyrrolidone is reported to 
be obtained in 80% yield by heating the base, di
ethyl glutamate, for twenty minutes.3

(1) A. C. Farthing, P ro c . C hem . S oc . (L o n d o n ), 301
(1957).

(2) S. Goldschmidt and M. Wick, A n n ., 575, 217 (1952).
(3) H. M. Chiles and W. A. Noyes, ./. A m . C hem . S o c .,

44, 1805 (1922).

NH,CHCOOCH3 -
'I(CH2).COOCH3

ch2-
!

ch3o2cch

2HCl-NH2CHCOOCH3 — >-
ICELCOOCHa

CHsOCOCHNHCO

-CH,
CO CHaOH

N
H

I ! CONHCHCOOCHa
+ 2CH3OH + 2HC1

Following the method of Siefken,4 ethyl isocyana- 
toacetate can be prepared from twenty moles of 
glycine ethyl ester hydrochloride in 85% yield by 
phosgenation in toluene. Similarly, the isocyanate 
derived from three moles of methionine ethyl ester 
hydrochloride is obtained in 84% yield. However, 
reaction of phosgene with one mole of glycine iso
propyl or isobutyl ester hydrochloride gives only 
a 5-10% yield of the isocyanate.

We have found that isocyanates can be prepared 
smoothly from hydrochlorides of amino esters in 
unlimited amounts by a general, continuous pro
cedure. Hy this method, a solution of the salt is 
passed down a packed, heated column countercur
rent to a stream of phosgene. The reaction tempera
ture is the reflux temperature of the solvent, 1,2,3- 
trichloropropane (b.p. 155°). The reaction time 
within the apparatus is less than one minute. This 
method is somewhat similar to that described for 
other continuous reactions.5

Methyl, ethyl, isopropyl, n-butyl, and isobutyl 
a-isocyanato esters have been prepared in this way

(4) W. Siefken, A n n ., 562, 105 (1949).
(5) C. F. H. Allen, J. R. Byers, Jr., W. J. Humphlett, 

and D. D. Reynolds, J .  C hem . E d u c ., 32, 394 (1955).
C. F. H. Allen, T. J. Davis, W. J. Humphlett, and D. W. 
Stewart, J .  O rg. C h em ., 22, 1291 (1957). C. F. H. Allen 
and W. J. Humphlett, O rg. S yn th eses , 37, 2 (1957).

•  *
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from a-amino mono- or dicarboxylic ester hydro
chlorides in good yield. The method proceeds as well 
with the 3-, 6-, and 11-amino acid derivatives. 
Glycylglycine methyl ester hydrochloride cleaves 
under these conditions to form methyl isocyanato- 
acetate. Cleavage of acylamino compounds by 
phosgene has been noted previously.6

Since suspensions of amine hydrochlorides react 
slowly with phosgene, solvents for this reaction have 
been sought.71,2,3-Trichloropropane dissolves most 
amino ester hydrochlorides, allowing a high rate 
of continuous reaction. With this solvent, a three- 
liter countercurrent apparatus has a capacity of 
605 g. of diethyl a-isocyanatoglutarate prepared 
per hour. Solubility of the hydrochlorides varies 
with the ester used. While glycine methyl and ethyl 
ester hydrochlorides are insoluble in 1,2,3-trichloro- 
propane at 25°, the isopropyl and butyl derivatives 
are soluble. Dimethyl aspartate hydrochloride 
dissolves at 90°; the ethyl derivative is soluble at 
25°. All other hydrochlorides studied are readily 
soluble in this solvent. The required ester hydro
chlorides were obtained by reaction of the amino 
acid with thionyl chloride in the appropriate alco
hol.8 This esterification results in practically quanti
tative yields and crystalline products. The base, 
dimethyl glutamate,9 in contrast to its hydrochlo
ride, is soluble in most organic solvents. This form 
gives the isocyanate in 72% yield in continuous syn
thesis. However, the base is unstable and must be 
kept at —20° until used. In the preferred procedure, 
the hydrochloride is employed.

Aliphatic isocyanates are known to be less re
active towards active hydrogen compounds than 
are aromatic isocyanates.1 Octadecyl isocyanate 
emulsified in water is reported to be stable for a 
day.7 The reactivity of aromatic isocyanates is 
increased by o- or ^-substitution of electron-with
drawing groups.10 We find that the reactivity of 
aliphatic isocyanates derived from a-amino esters 
is increased by the carbonyl group of the ester. 
Thus, diethyl isocyanatosuccinate reacts completely 
in a dioxane solution containing 25% water in one 
hour, forming the urea.

COOCA
2 CHNCO 

CH2COOCA
H j O  ■

COOCA COOCA
I ICHNHCONHCH
I \
CHoCOOCÄ CACOOCA

+ C02

(6) H. Krzikalla, U. S. Patent 2,666,787 (Jan. 19, 1954); 
Chera. A b s tr ., 48, 3995 (1954).

(7) J. H. Saunders and R. J. Slocombe, C hem . R e vs ., 43, 
203 (1948).

(8) M. Brenner and W. Huber, H elv . C h im . A c ta , 36, 
1109 (1953).

(9) V. G. Hillmann, Z . N a tu rfo rsch u n g , 1, 682 (1946).
(10) R. G. Arnold, J. A. Nelson, and J. J. Verbanc,

C hem . R e vs ., 57, 47 (1957).

Under similar conditions, the yields of urea formed 
by isocyanates derived from esters of glutamic 
acid, glycine, and the branched leucine are 90, 
80, and 45-50%, respectively. Reaction with water 
was stopped after one hour by addition of the much 
more reactive benzylamine forming a benzyl urea. 
Activation of the isocyanate group disappears 
when the carbonyl is separated by more than one 
methylene group. Isocyanates derived from esters 
of d-alanine, 6-aminocaproic acid, and 11-amino- 
undecanoic acid are inert in aqueous dioxane 
solution under similar conditions. The extent of re
action with water was determined by infrared- 
spectra analysis based on pure symmetrical and 
benzyl urea samples.

Other data characteristic of the isocyanates and 
related compounds are summarized in Table I.

E X P E R IM E N T A L

A p p a r a tu s . A small apparatus suitable for preparing iso
cyanates in 25-200-g. quantities is made from standard 
laboratory glassware. For this purpose, a 3-ft. column of 
3A-inch internal diameter is packed with Vi-inch glass 
helices and clamped vertically to a ringstand in a hood. A 
flask is attached to the bottom of the column to receive the 
product. A dropping funnel and a reflux condenser are con
nected to the top of the column. A side-arm located near the 
bottom allows introduction of phosgene. The column is 
heated by two lengths of Vi-inch by 6-ft., 288-watt, heating 
tape connected to variable transformers. A somewhat similar 
apparatus for countercurrent circulation has been diagram
med.11 A larger apparatus was used more often and is de
scribed in detail in the next paragraph. However, the Vi- 
inch column can be operated in the same way on a smaller 
scale.

A 5-ft. column of 2-inch internal diameter (volume equal 
to 3.1 1.), packed with Vi-inch Berl saddles, is useful for 
preparing 100-5,000-g. quantities of isocyanates. A 3-1. 
flask is connected to the bottom of the column through a 
75/50 ball-and-socket joint. The flask is provided with a 
stopcock at the bottom for withdrawing the product. A 
stoppered, second neck on the flask is of advantage. A side- 
arm tube, 3/s in- in internal diameter, located 24 inches from 
the bottom of the column, allows introduction of phosgene. 
Phosgene is metered through a calibrated flowmeter.12 
(Bubbling phosgene through sulfuric acid contained in a 
suitable bottle is an alternative method.) Provision for the 
release of abnormal pressure is made by a safety valve located 
between the phosgene tank and the column. Attached to 
the top of the column through a 75/50 ball-and-socket joint 
is a head with two openings at its top. Removal of the head 
allows the column to be packed. One opening at the top of 
the head serves as an inlet for the solution of amino ester 
hydrochloride. The solution is, preferably, metered by a 
calibrated proportionating pump13 made of inert materials 
connected through 19/8 ball-and-socket joints by Vi-inch, 
heavy-walled, glass tubing to the column head. (Use of a 
dropping funnel connected at the top of the column can be a 
substitute method of addition. A constant-rate dropping 
funnel is more satisfactory.14 Attached to the other opening 
of the head through a 29/42 standard tapered joint is a 14- 
inch reflux condenser of 1-inch internal diameter, packed

(11) C. F. PI. Allen, J. R. Byers, Jr., and W. J. Humphlett, 
O rg. S yn th eses , 37, 66 (1957).

(12) A Fischer and Porter Co. Precision Bore Flowrator 
Tube No. 2F 1/4-20-5/35 was used.

(13) Pumps used were Lapp Insulator Co. Lapp Microflo 
Pulsafeeders, Models LS and LS-20, with Teflon heads.

•  0
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with Vd-mch Berl saddles for efficient condensation of sol
vent. Waste gases pass from the top of the condenser to a 6- 
ft. gas trap14 15 of 1-inch internal diameter, packed with y2- 
inch Berl saddles. The trap is more effective when ammonia 
is added in addition to water. Under these conditions, no 
phosgene can be detected at the bottom of the trap. The 
column is heated by two 2-inch by 10-ft., 1000-watt and one 
Vs-inch by 6-ft., 288-watt heating tapes. The small tape is 
■wound around the upper part of the column. The heating 
tapes are wrapped with 2-inch asbestos tape. The entire ap
paratus is set up in a hood.

R eagents . 11-Aminoundecanoic acid was obtained from 
Organic Research Chemicals Ltd., Bucks, England, and 6- 
aminocaproic acid from Columbia Organic Chemicals Co., 
Inc. Other amino acids, 1,2,3-trichloropropane, and thionyl 
chloride were Eastman White Label products. Ethyl iso- 
cyanatoacetate (carbethoxymethyl isocyanate) was a re
distilled Eastman product, b.p. 67°/ll mm., n™  1.4195.

G eneral procedure. A m in o  ester hydrochlorides. These were 
prepared by modifications of the method of Brenner and 
Huber.8 In a typical synthesis of diethyl glutamate hydro
chloride, commercial absolute ethyl alcohol (8  1., 137 moles) 
was placed in a 12-1. round flask equipped with a mechanical 
stirrer. Thionyl chloride (2 L, 27.8 moles) was added from a 
dropping funnel during 1 hr., with stirring, the temperature 
of the mixture being kept below 25° by a Dry Ice-acetone 
bath. When the addition was complete, l - (  + )-glutamic acid 
(1471 g., 10 moles) was added. The mixture was stirred at 
50° for 3 hr., forming a yellow solution. (Alternatively, the 
mixture could be stirred overnight at room temperature.) 
The volatile components were removed in  vacuo by a water 
pump. When crystallization began, 1,2,3-trichloropropane 
(41.) was added and the remainder of the thionyl chloride 
and alcohol removed. Heat was applied to aid the removal, 
but the temperature of the solution was not allowed to rise 
above 40°. (Excessive heating at this point caused the solu
tion to darken, resulting in lower yields of isocyanate, with 
tar formation.) The solution was diluted to 8 1. with 1,2,3- 
trichloropropane and used for the isocyanate synthesis. 
Hydrochlorides of glycine isopropyl ester or leucine ethyl 
ester were diluted to one half of this concentration and 
warmed to 45° to maintain a solution. Preparation of glycine 
isopropyl, isobutyl, or re-butyl ester hydrochloride required 
10 moles of alcohol and 2.7 moles of thionyl chloride per mole 
of glycine. Reaction time was 1-3 days at 45° or until solu
tion occurred. (These ester derivatives were also prepared, in
65-80% yield after 3-hr. reaction time, in 2.75 moles of alco
hol per mole of gly cine catalyzed by anhydrous hydrogen 
chloride. The unchanged glycine hydrochloride was separated 
by fractional crystallization.) All other amino ester hydro
chlorides were obtained by the procedure described for ethyl 
glutamate hydrochloride.

Samples of the hydrochlorides were isolated by diluting 
their 1,2,3-trichloropropane solutions with ether and collect
ing the precipitate. Since certain previously reported melting 
points have been lower or sirups noted, melting points and 
recrystallization data are given in Table I.

Isocyanates. In a typical continuous preparation, the 
column was heated with variable transformer settings to the 
top, middle, and bottom heating tapes at 85, 100, and 100 
volts, respectively. 1,2,3-Trichloropropane was added slowly 
to wet the column. After 30 min., when the solvent began to 
reflux, phosgene was added at a rate to provide a phosgene/ 
amine molar ratio of about 2 (Klowrator reading of 3.5). 
The solution of diethyl glutamate hydrochloride in 1,2,3-tri-

(14) W. J. Humphlett, Org. Chern. B u lle tin , Vol. 27, No. 3
(1955), published by the Research Laboratories of the 
Eastman Kodak Co.

(15) C. F. H. Allen, Org. Syn theses, Coll. Vol. II, 3 
(1943).

chloropropane was added at a rate of 490 ml./hr. (i.e ., 147 g. 
of diethyl glutamate hydrochloride/hr.). A brown solution of 
the isocyanate collected in the flask at the bottom of the 
column. When the addition was complete, the column was 
rinsed with 300 ml. of solvent. The collected effluent was 
distilled in  vacuo to remove the solvent, b.p. 39-44°/7 mm. 
The distilled solvent, which was dry and contained some 
phosgene, was used repeatedly with little loss. The isocya
nate was distilled from the residue. The apparatus was used in 
continuous preparations of 130-5500 g. of isocyanate from
0.5-21 1. of diethyl glutamate hydrochloride solution. At 
addition rates of solution of 500-1920 ml./hr., yields were
91-94%. Addition of 2400 ml./hr., or preparation of 605 g. 
of isocyanate/hr. in 8 8% yield, is about the capacity of the 
column. Higher rates gave increased amounts of 5-car- 
bethoxy-2-pyrrolidone, m.p. 55° ,8 recrystallized from ether. 
The same procedure was used to prepare the other isocya
nates of Table I.

U reas. Symmetrical ureas were prepared from the cor
responding isocyanates by standing 24 hr. in an acetone- 
water solution. Theyr were precipitated by dilution with 
water. Ethyl isocyanatoacetate gave a urea, m.p. 147°, re- 
crystallized. from ether.

A nal. Calcd. for C-diieNAu N, 12.1. Found: N, 12 .1.
Benzyl ureas were prepared in a few minutes in an acc- 

tone-benzylamine solution. l-Benzyd-3-carbethoxymethyl- 
urea was recry7st.allized from methyl aloohol-water, m.p. 96°.

A n a l. Calcd. for Ci2Hi6N20 : N, 11.8. Found: N, 12.0.
l-Benzyl-3-(l,2-dicarbethoxyethyl)urea. was recrystallized 

from ether-ligroin (b.p. 35-60°), m.p. 82°.
A n a l. Calcd. for C16H22N2O5: N, 8.7. Found: N, 8.5.
l-Benzyl-3-( l,3-dicarbethoxypropyl)urea, reerystallized 

from ether, melted at 91°.
A n a l. Calcd. for C17H24N2O5: N, 8.3. Found: N, 8.1.
l-Benzyl-3-(2-carbethoxyethyl)urea was recrystallized 

from methyl alcohol, m.p. 83°.
A n a l. Calcd. for Ci3HiSN203: N, 11.2. Found: N, 10.9.
l-Benzyl-3-(l-carbethoxyisovaleryl)urea was recrystal

lized from ligroin (b.p. 66-75°), m.p. 49°.
A n a l. Calcd. for C16H24N2O3: N, 9.6. Found: N, 9.6.
l-Benzyl-3-(10-carbethoxydecyl)urea, recrystallized from 

ethyl alcohol, melted at 97°.
A n a l. Calcd. for C21H34N20 3: N, 7.7. Found: N, 7.7.
l-Benzyl-3-(5-carbomethoxyamyl)urea, recrystallized from 

ethyl alcohol, melted at 90°.
A n a l. Calcd. for C15H22N2O3: N, 10.0. Found: N, 9.8.
R eactiv ity  o f  isocyanates. Comparison of the rates of reac

tion of redistilled isocyanates with water was made by dis
solving 0.05 mole of the isocyanate in 100 ml. of 1,4-dioxane 
and adding 35 ml. of water. (The undecanoate required 150 
ml. of dioxane.) After 1 hr. at 25°, benzylamine (6  ml., 0.055 
mole) was added to stop the reaction with water. After 
standing for 10 min., the solvent was removed in  vacuo, and 
the residue dried for 4 hr. at 1 mm. and 100°. The contents 
of symmetrical and benzyl ureas in the mixture were found 
by infrared-spectra analysis based on 14.3 u peak of the out- 
of-plane deformation of the C—H bonds of the phenyl 
group. Ureas derived from isocyanates of the ethyl esters of 
aspartic, glutamic, and 11-undeeanoic acids; 0-alanine; and 
the methyl ester of 6-aminocaproic acid were examined in 
dioxane. The leucine derivative was assayed in carbon di
sulfide, and the glycine derivative in a pressing.
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Solubilization of Certain Organic Compounds 
by Use of Isocyanato Esters

W. J. HUMPHLETT a n d  C. V. WILSON

R e c e iv e d  J u l y  2 7 , 1 9 6 0

A new procedure for the solubilization of many types of organic molecules earning one or more hydroxy, carboxjr, or 
amino groups is described. Besides simple long-chain alcohols and acids which lead to surfactants, such substances as the 
sterols, vitamins, dyes, optical bleaches, etc., have been made water-soluble. The method consists, essentially, in treating 
isocyanato esters with molecules containing one or more of the above-named functional groups, and selectively hydrolyzing 
the ester group to the alkali salt of the corresponding acid.

Broadly speaking, organic compounds may be 
classified as water-soluble or water-insoluble. The 
soluble compounds frequently are salts derived by 
neutralization of acidic (sulfo, sulfato, carboxy, 
hydroxy) or basic (amino) groups in the molecule. 
These are, of course, supplemented by the nonionic, 
exemplified by the polyhydroxy compounds (glyc
erin, sugars) and, more recently, the polyoxyethyl 
derivatives of a great variety of alcohols, amines, 
acids, and phenols. While sulfonation or sulfation 
imparts the greatest solubility, these groups may 
often be undesirable for various reasons. The use of 
the carboxy group is often of considerable value but 
direct carboxvlation is not a generally convenient 
reaction and such acids are usually built up step
wise.

An indirect method for introducing carboxy 
groups has recently been devised in these Labora
tories. Briefly, it consists in treating an alcohol, 
phenol, amine, or carboxy acid under anhydrous 
conditions with any one of the isocyanato esters 
derived from the amino acids, as already described.1 
The product (urethane-, urea-, or amide-ester) is 
then selectively hydrolyzed to yield the mono-, 
di- or polycarboxylic acid, usually as the sodium 
or potassium salt. The urethane, urea or amide link
age established by the isocyanato group is much 
more resistant to hydrolysis. By this procedure 
many substances having low solubility in water can 
be converted to water-soluble products. The reac
tions may be illustrated by the following general 
equations:
ROH + OCNCHR'COOR" —>

ROCONHCHR'COOR" —
ROCONHCHR'COONa (A)

RXH. + OCNCHR'COOR" — ^
RNHCONHCHR'COOR" —>

RNHCONHCHR'COONa (B)
RCOOH + OCNCHR'COOR" — >■

RCONHCHR'COOR" —^
RCONHCHR'COONa (C)

(1) W. J. Humphlett and C. V. Wilson, J .  O rg. C'hem.,
2 6 , 2507 (1061).

Solubilization by such a procedure may have 
valuable application in many fields. Long-chain 
alcohols, amines or acids, for example, yield water- 
soluble compounds with excellent surface-active 
properties. The product (I) derived from lauryl 
alcohol and ethyl isocyanatoacetate, followed by 
selective hydrolysis, is more soluble than lauric
CI2H25OCONHCH2COONa

I
CI2H25OCONHCHCOONa

CH,CH2COONa
II

acid. A still more soluble compound (II) results if 
dimethyl isocyanatoglutarate is substituted for the 
isocyanatoacetate. Many nonionic materials, such 
as p-f-octylphenoxytetraethoxyethanol* 26 2 3 can be con
verted to anionic materials by this reaction. Sol
uble urea derivatives such as III, derived from 
laurylmethylamine and diethyl isocyanatosucci-

CHS
In-Ci„H2BNCONHCHCOOH

CHjCOOH
III

n-CnHaCONHCHCOOH
!(CH2)2COOH

IV

nate, are easily obtained. The solubilization of 
long-chain acids proceeds easily. For example, 
lauric acid yields the product IV, obtained with 
difficulty by the usual Schotten-Baumann proce
dure or by a recent method described by Junger- 
mann et al,s

Many more complex materials, such as the rosin 
acids, rosin amine,4 rosin alcohol4 and the low- 
molecular-weight polyethylene glycol derivatives 
of these substances, can be solubilized by this 
procedure. Abitol,4 which is described as a mixture

(2) Rohm and Haas product, Triton X-45.
(3) E. Jungermann, J. F. Gerecht, and I. J. Krems, 

J .  A m . C hem . S o c ., 78, 172 (1956).
(4) Obtainable from Hercules Powder Go., Wilmington, 

Del.
•  •
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of three closely related alcohols, one of which has 
the structure V (the others have ring C reduced, 
and one double bond in ring B, respectively), can 
be converted to a water-soluble product by treat
ment with dimethyl isocyanatoglutarate, followed 
by selective hydrolysis. Structure VI represents

CBV ,CH;.OCONHCHCOONa 
(CH2)2COONa

H i X l
^ ^ C H (C H 3)z

VI
that part of the solubilized material derived from
V. Commercial rosin can be solubilized by a simi
lar reaction; the products contain an intermediate 
amide linkage (see Equation B) rather than the 
urethane linkage resulting from the alcohols. 
Since rosin is often used as one of the ingredients 
of soaps,5 some of these more soluble derivatives 
may be of use in the modem detergents.

obtained by this procedure is of considerable interest 
for use in hypercholesterolemia.7

Other substances having physiological activity 
which contain alcoholic or phenolic functions that 
can be solubilized by this procedure include Vitamin 
D2 (Calciferol), phytol, Vitamin A, and Vitamin 
E (a-tocopherol).8 The product (VIII) obtained 
from Vitamin E and dimethyl isocyanatoglutarate, 
followed by selective hydrolysis, is a free-flowing 
powder which is readily soluble in water.

The generality of this reaction may be open to 
question but it has been established that phenol 
itself reacts with diethyl isocyanatosuccinate under 
the same conditions used in the preparation of VIII. 
Isocyanates derived from a-amino acids are, of 
course, activated by the carbonyl group of the 
ester, as discussed previously. The reactivity with 
phenols would probably be increased further by the 
use of catalysts such as tertiary amines. Details 
on the reaction with phenol are included in the ex
perimental section.

Dyes of many types carrying reactive OH or 
NH2 groups could be modified by this procedure 
to yield either the so-called disperse dyes or their 
water-soluble analogs. Such a pair of dyes (IXa and 
IXb) was prepared from 1,4-diaminoanthraquinone 
and dimethyl isocyanatosuccinate. Optical bleaches

CH3 c2h6
I I

CH(CH2)2CHCH(CH;,),

Since both primary and secondary alcohols react 
with the isocyanates, the sterol group as a class 
was investigated. Soluble products were obtained 
from cholesterol, stigmasterol, /3-sitosterol, campes- 
terol, etc.6 It is of interest that the potassium 
salts of these substances are usually much more 
soluble than the sodium or ammonium salts. As 
an example, the structure of the product obtained

in which water-solubility is bestowed upon the 
molecule by introduction of the aspartic or glu
tamic acid residue, rather than by the usual sul
fonation, can also be obtained. Such a substance 
is 3,7 - bis(l,3 - dicarboxypropylureylene)dibenzo- 
thiophene dioxide (sodium salt) (X). Similar sub
stances are available from 4,4"-diamino-p-terphenyl 
and 3- (4-aminophcnyl) coumarin.

CHa CH3
a- GH (CH2) 3CH (CH2) 3CH (OH;,) 2

from /3-sitosterol and dimethyl isocyanatoglutarate 
is shown in VII. The mixture of soluble soy sterols

(5) Surface Active Agents, Schwartz and Perry, Inter
science, New York (1949), Vol. I, p. 28.

(6) W. J. Humphlett and C. V. Wilson, U. S. Patent 
2,875,214 (1959).

(7) D. C. Herting and P. L. Harris, F e d era tio n  P ro c ., 
19, 18 (1960).

(8) W. J. Humphlett and C. V. Wilson, U. S. Patent 
2,875,195 (1959).

CH.COOR 

O NHCONHCHCOOR

CH2COOR 
O NHCONHCHCOOR

IXa. R = CH3 
IXb. R = Na

• «
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NaOOCCHNHCONH
I

NaOO< '((’ir,)2
X

NHOONHCHCOONa
I(<'H,);C()ONa

The ease and completeness with which the iso- 
cyanato esters react with compounds having an 
active hydrogen, particularly as OH or NH2 groups, 
make them attractive solubilizing agents. In the 
medical or pharmaceutical fields, they might be 
used advantageously, for the amino acids, essen
tial or nonessential, produced by hydrolysis, would 
have no ill effects upon the human system.

E X P E R IM E N T A L

S od iu m , ca rb o la u ro x yg lyc in a te  (I). E th y l ca rb o la u ro x y-  
g lyc in a te . A mixture of 18.6 g. (0.1 mole) of lauryl alcohol 
and 12.9 g. (0.1 mole) of ethyl isocyanatoacetate (protected 
from moisture) was allowed to stand overnight and then 
heated for 3 hr. at 80°. After cooling, 75 ml. of petroleum 
ether (b.p. 35-60°) was added and the resulting solution was 
chilled in Dry Ice-acetone. The solid that separated was 
collected on a chilled funnel and dried in the air; yield, 29 g. 
(92%). A sample, recrystallized from petroleum ether, 
melted at 36°.

A n a l. Calcd. for C17H33O4N: C, 64.8; H, 10.5; N, 4.4. 
Found: C, 64.4; H, 10.2; N, 4.6.

Hydrolysis was effected by dissolving 21.5 g. of the ester 
in 50 ml. of absolute alcohol at 60° and adding thereto 2.8 g. 
of sodium hydroxide in 3 ml. of water and an additional 25 
ml. of alcohol. The sodium salt began to separate almost at 
once. The mixture was heated on the steam bath for 15 min., 
cooled to 10° and filtered. The resulting solid was washed 
with ether and dried; yield, 19 g. (90%). The free acid, car- 
bolauroxyglycine, was obtained in 94% yield by acidification 
of an aqueous solution of the sodium salt. The crude acid was 
recrystallized from ether, m.p. 96°.

A n a l. Calcd. for C15H29O4N: C, 62.7; H, 10.1; N, 4.9. 
Found: C, 62.6; H, 10.5; N, 4.6.

Dimethyl carbolauroxyglutamate, the disodium salt (II) 
and the free acid therefrom were obtained by similar proce
dures.

A n a l . Calcd. for the ester (m.p. 44°, from petroleum ether): 
C2oH3706N: C, 62.0; H, 9.5; N, 3.6. Found: C, 62.2; H, 9.1;
N, 3.8.

A n a l. Calcd. for the free acid (m.p. 76°, from ether-petro
leum ether): C.sHssOeN: C, 60.2; H, 9.2; N, 3.9. Found: C, 
60.0; H, 9.1; N, 3.8.

S o d iu m  1 -la u r y l- l-m e th y lu re id o s u c c in a te  (III). D ie th y l 1 -  
la u ry l- l-m e th y lu r e id o su c c in a te . To 10.35 g. (0.16 mole) of 
diethyl isocyanatosuccinate was added, with stirring and 
cooling, 33.4 g. (0.16 mole) of Ar-methyllaurylamine. The 
addition was carried out at such a rate that the temperature 
did not rise above 70°. The mixture was heated at 70-75° for
O. 5 hr. after the addition was complete. The mixture solidi
fied on cooling. A small sample recrystallized from hexane 
melted at 35°.

A n a l. Calcd. for C22H420 5N2: C, 63.7; H, 10.1; N, 6.7. 
Found: C, 64.0; H, 10.5; N, 6.5.

The ester was converted to the sodium salt by treating it 
in 100 ml. of water and 50 ml. of ethyl alcohol with 12 g. of 
sodium hydroxide. The salt (III) was isolated by removal of 
the solvent. Acidification of a solution of the sodium salt 
gave the free acid, m.p. 70-72°.

A n a l. Calcd. for CI8HM05N2: C, 60.3; H, 9.5; N, 7.8. 
Found: C, 60.0; H, 9.4; N, 8.1.

S o lu b iliz a tio n  o f  A b ito lA  To 62 g. of Abitol was added 45 g. 
of diethyl isocyanatoglutarate. The mixture was warmed 
slightly. Two layers formed. On further warming and mixing,

an exothermic reaction set in, the temperature rising to 165°. 
After standing for several hours, the product was dissolved 
in 100 ml. of alcohol and treated with 19 g. of sodium hy
droxide dissolved in 19 ml. of water and 400 ml. of alcohol. A 
solid began to separate at once. The mixture was heated for 
1 hr. at 65-70°, cooled to 20° and the solid collected on a 
filter, washed with alcohol, and dried; yield, 105 g. The prod
uct is quite soluble in water and has a high calcium toler
ance.

S o lu b iliz a tio n  o f  s te ro ls . P o ta s s iu m  c a rb o sito s te ry lcx yg lu ta -  
m a te (VII). A solution of 1.5 g. (0.0036 mole) of /S-sitosterol 
(m.p. 134-136°) and 0.66 g. (0.0033 mole) of dimethyl a -  
isocyanatoglutarate in 25 ml. of xylene was refluxed for 5 
hr. and the solvent removed under reduced pressure. The 
ester was saponified with 0.5 g. of potassium hydroxide in 
100 ml. of 45% alcohol. The product, a white, free-flowing 
powder, amounted to 1.8 g. (80%).

For purification, the potassium salt was dissolved in water 
and acidified with hydrochloric acid. The free acid, re
crystallized twice from ethyl ether, melted at 193°. The pure 
potassium salt was obtained from the acid by redissolving 
the latter in alcohol and adding an alcoholic solution of potas
sium hydroxide (5% excess) thereto. This salt is quite soluble 
in water, e.g., 1.6 g. dissolved easily in 6 ml. of water. The 
corresponding sodium salt is only slightly soluble in water.

Several other sterols were solubilized by a similar proce
dure. Melting points, yields and analyses of various deriva
tives are collected in Table I.

S o lu b iliz a tio n  o f  V ita m in  E  (VIII). A solution of 40.6 g. 
(0.09 mole) of «-tocopherol (93.7% «-tocopherol, 95.5% 
total tocopherols), 16.1 g. (0.08 mole) of dimethyl «-iso- 
cyanatoglutarate and 200 ml. of anhydrous xylene was re
fluxed for 48 hr. After removal of the solvent under reduced 
pressure, the residual ester was obtained as an orange oil. 
The ester was saponified by warming with a solution of 7 g. 
of sodium hydroxide in 200 ml. of 90% alcohol for 45 min. 
The solid product was collected and washed with acetone; 
yield, 35.8 g. (69.5%) of a tan powder.

For further purification, the salt was dissolved in 150 ml. 
of water and the solution extracted with ether. The aqueous 
phase was separated, warmed with powdered charcoal and 
filtered. To this solution 'was added an excess of dilute hydro
chloric acid and the precipitated solid acid product was 
collected and dried. The acid was dissolved in alcohol and 
the solution warmed with charcoal and filtered. To this solu
tion was added a 5% excess of sodium hydroxide dissolved in 
alcohol. The precipitated product amounted to 22.1 g. (62% 
recovery), E(l%, 1 cm.) (283 mM) = 24.2, m.p. 292.° This 
and other ultraviolet analyses employed ethanol as a solvent.

To demonstrate the solubility of this product, 1 g. of the 
salt was dissolved readily in 2 ml. of water.

A solution of the salt gave the corresponding acid upon 
acidification with hydrochloric acid, E(l%, 1 cm.) (283 
mM) = 35.6, m.p. 107°.

A n a l. Calcd. for C36H5707N: C, 69.7; H, 9.4; N, 2.3. 
Found: C, 70.2; H, 9.2; N, 2.3.

Analyses in the infrared of both the salt and the acid gave 
curves having characteristics of the Vitamin E molecule.

By a method identical to that in the foregoing example,
48.8 g. (0.11 mole) of «-tocopherol and 18.7 g. (0.10 mole) 
of dimethyl a-isocyanatosuccinate were caused to react and 
subsequently saponified with 8.3 g. of sodium hydroxide; 
yield, 41.3 g. (66%) of a water-soluble product, m.p. 234°.

The corresponding acid was prepared from the salt, E(l%, 
1 cm.) (283 mM) = 32.7.

A n a l. Calcd. for C34H6507N: C, 69.3; H, 9.4; N, 2.4. 
Found: C, 69.4; H, 9.4; N, 2.4.

•  •
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TABLE I R—OCONHCHCOOM
U r e t h a n e s  D e r i v e d  f r o m  V a r i o u s  S t e r o l s  (CIT>)„C0 0 M

R n M Formula M.P.
Yield,

C7Zo C
Calcd.

H N C
Found

H N
ch3 120«

/3-Sitosteryl 2 K 286 80
H c35h£,o6n 192-1936 71.5 9.7 2.4 71.7 9.4 2.7
CH3 121- 122“

Campesteryl 2 K 281 84
H CmHuOsJN 197-1986 71.2 9.6 2.4 71.3 9.3 2 .8

CIU c3,h59o6n 124-126* 72.3 9.7 2.3 72.0 9.5 2 .2
btigmasteryl 2 K 282 100

H CssHkOoN 2036 71.8 9.5 2.4 71.9 9.9 2.5
Cholesteryl 2 ch3 c35h6,o6n 133* 99 71.5 9.7 2.4 70.8 9.6 2.5

Na 97
H C33H53O0N 190-192« 70.7 9.5 2.5 70.3 9.7 2.9
ch3 c36h wo6n 125« 72.1 9.6 2.3 72.3 9.9 2.4

Stigmas teryl 1 K 255 87
“ Recrystallized from ethanol. b Recrystallized from ether. « R.ecryst-allized from methanol. * Recrystallized from aqueous 

ethanol. * Recrystallized from acetone/toluene.

P h e n y l 1 ,2 -d icarboxyeth y lcarbc im a te . A solution of 23.5 g. 
(0.25 mole) of redistilled phenol and 53.8 g. (0.25 mole) of 
diethyl isocyanatosuccinate in 300 ml. of anhydrous xylene 
was refluxed under anhydrous conditions (calcium chloride 
tube) for 48 hr. The xylene was removed in  vacu o and the 
residual product crystallized from aqueous acetone. This 
crude product (75 g.) was reorystallized twice from ether to 
give 32 g. of white crystals, m.p. 73°. The urea derived from 
the above isocyanate has m.p. 80° and gives a marked depres
sion in melting point on admixture with the carbamate.

A n a l. Calcd. for CisHisNOe.' C, 58.2; H, 6.2; N, 4.5. 
Found: C, 58.5; H, 6.4; N, 4.6.

So lu b iliza tio n  o f V ita m in  A .  A solution was prepared of 3.33 
g. (0.012 mole) of crystalline Vitamin A alcohol (m.p. 63-64°) 
E(l%, 1 cm.) (325 m/i) = 1820, 2.09 g. (0.01 mole) of di
methyl isocyanatoglutarate, 1.8 ml. of anhydrous pyridine 
and 23 ml. of anhydrous benzene in a 50-ml. amber flask. 
The solution was refluxed for 1 hr. 35 min., protected from 
atmospheric moisture by a calcium chloride tube. After re
moval of the solvent in  vacuo, the corresponding urethane- 
ester was obtained as a viscous oil, E(l%, 1 cm.) (325 m y )  =  

090 and having a characteristic carotenoid spectrum in the 
infrared. To a solution of the ester in 05% ethyl alcohol was 
added 0.9 g. of sodium hydroxide pellets dissolved in 20 ml. 
of alcohol and the reaction mixture sw'irled at room tem
perature for 30 min. The resulting sodium salt was collected 
and washed with ethyl alcohol and then ethyl ether, yielding
4.17 g. (83%) of a yellow, free-flowing powder, 41(1%, 1 cm.) 
(325 m/i) «= 885, m.p. 360° and having a characteristic ca
rotenoid infrared spectrum.

The solubility of this product was demonstrated by dis
solving 2.0 g. of the sodium salt in 5.0 ml. of water, giving a 
yellowy homogeneous, clear solution.

A solution of the salt yielded the corresponding acid upon 
addition of dilute Irydrochloric acid, E(l%, 1 cm.) (325 m y )  

■= 765, m.p. 80°.
A n a l. Calcd. for C26H3706N: C, 67.9; H, 8.1; N, 3.0. Found: 

C, 67.7; H, 8.3; N, 2.9.
By a method identical to that just described, employment 

of dimethyl «-isocyanatosuccinate (b.p. 65° at 0.5 mm. 
n 2d° 1.4445) in a reaction with crystalline Vitamin A also 
yielded a water-soluble product, E(l%, 1 cm.) (325 m y )  =  

815, m.p. 310°. The water-soluble derivatives of Vitamin A 
are unstable in solution, losing about one-half of their 
specific extinction in 4 hr.

So lu b iliza tio n  o f V i ta m in D 2 (C alciferol). A solution of 5.0 g. 
(0.013 mole) of Vitamin D2 [m.p. 114°, E(l%, 1 cm.) (263

m/i) = 467], 2.3 g. (0.011 mole) of dimethyl a-isocyanato- 
glutarate, 5 ml. of pyridine and 30 ml. of benzene was re
fluxed for 2 hr. and the solvent removed under reduced 
pressure. The urethane-ester, obtained as a viscous oil, 
was dissolved in a solution of 1.58 g. of potassium hydroxide 
in 95% ethyl alcohol and refluxed for 45 min. The potassium 
salt, precipitated from the cooled solution, was collected 
and rinsed with acetone and then with ethyl ether, yielding
6.2 g. (84%) of a white, free-flowing powder, m.p. 240°, 
E(l%, 1 cm.) (265 m y )  = 208 in water solution. This product 
is readily soluble in water.

A water solution of the potassium salt was acidified with 
hydrochloric acid, giving the corresponding acid, m.p. 
83°, E(l%, 1 cm.) (263 mM) = 289.

A n a l. Calcd. for C34H6i0 6N: N, 2.5. Found: N, 2.4.
The sodium salt was prepared by dissolving the cor

responding acid in an ethyl alcohol solution containing a 
slight excess of sodium hydroxide. This product, m.p. 318°, 
is soluble in water.

The ammonium salt was prepared by dissolving the cor
responding acid in ethyl alcohol and adding an excess of 
concentrated ammonium hydroxide solution. Evaporation 
under reduced pressure left the solid ammonium derivative, 
m.p. 180°, E(l%, 1 cm.) (268 m/i) = 210 in water solution. 
This product is readily soluble in ivater.

S o lu b iliza tio n  o f  d iam inoan thraqu inone  (IXb). A mixture 
of 12 g. of 1,4-diaminoanthraquinone and 20 g. of dimethyl 
isocyanatosuccinate in 75 ml. of chlorobenzene was heated 
to the boiling point of the solvent under reflux for 1 hr. and 
allowed to cool. The solid that separated was collected on a 
filter, washed with alcohol, and dried; yield, 24 g. (75%).

An analytical sample was prepared by recrystallization 
from alcohol.

A n a l. Calcd. for the ester (IXa) C2sH280i2N4: C, 54.9; 
H, 4.6; N, 9.2. Found: C, 55; H, 4.7; N, 9.4.

A solution of 5 g. of the ester in 75 ml. of ethanol was 
heated to 60-70° and treated with 1.5 g. (about 4 molar 
equivalents) of sodium hydroxide in 30 ml. of water. The 
mixture was heated for 15 min. and then poured into alcohol. 
The aqueous alcohol wans decanted from the precipitated 
oil. The oil was slurried with fresh absolute alcohol, the 
liquid decanted and the washing repeated until the oil be
came a granular solid. This sodium salt has high solubility 
in water. A sample was converted to the free acid by acidi
fication of its aqueous solution with hydrochloric acid. 
The acid was collected on a filter, taken up in acetone and 
crystallized therefrom by concentration and cooling.

•  •



JU LY  1961 M ETHYL ESTER S CON TAINING TH E 2 ,4 ,8 ,10-TETROXASPIRO [5.5 ]UNDECANE STRUCTURE 2515

A n a l. Calcd. for C24H20O12N4: C, 51.8; H, 3.6; N, 10.1. 
Found; C, 51.4; H, 3.4; N, 10.3.

S o lu b iliz a tio n  o f  4 A " -d ia m in o -p - te rp h e n y l. To a solution of 
10 g. of 4,4"-diamino-p-terphenyl in 300 ml. of boiling chloro
benzene was added 15.5 g. (2 molar equivalents) of dimethyl 
isocyanatoglutarate. The heating was continued, and within 
0.5 hr. the mixture had set to a crystalline mass. After heat
ing for 15 min. more, the mixture was diluted with acetone, 
slurried, and filtered.The semisolid product was removed 
from the filter, slurried again in acetone, and again filtered. 
This was repeated with ether as the diluent. The dry 
product (15.5 g.) is pure 4,4"-bis(l,3-dicarbomethoxypropyl- 
ureylene)-p-terphenyl, m.p. about 225°.

A n a l. Calcd. for C34H38N4Oio: C, 61.3; H, 5.7; N, 8.4. 
Found; C, 61.8; H, 5.9; N, 8.3.

This ester could be hydrolyzed with sodium hydroxide in 
dimethylformamide-methanol to give a crystalline water- 
soluble product. However, it was not found possible to pre
pare an analytically pure sodium salt or the free acid there
from.

S o lu b iliz a tio n  o f  S ,7 -d ia m in o d ib en zo th io p h en ed io x id e  (X). 
To 5 g. (0.02 mole) of 3,7-diaminodibenzothiophenedioxide

and 8 g. (0.04 mole) of dimethyl isocyanatoglutarate in a 
small flask was added 6 ml. of dimethyl sulfoxide. The flask 
was fitted with a drying tube containing calcium chloride 
and heated at 70° for 2 hr. The resulting syrup was dissolved 
in ethanol and treated with 4 g. (0.1 mole) of sodium hy
droxide in 6 ml. of water. A taffylike product formed. After 
warming for 1 hr. at 60° and adding 100 ml. more ethanol, 
the product became solid. It was ground to a powder under 
alcohol, collected on a filter, washed with water, and dried; 
yield, 13 g. This material, which is essentially the tetrasodium 
salt of 3,7-bis(l,3-dicarboxypropylureylene)dibenzothio- 
phenedioxide is highly soluble in water.

A solution of 3 g. of the sodium salt in water was acidified, 
warmed, and treated with ethanol until the solid which 
formed on acidification dissolved. On cooling, the free acid 
crystallized. Recrystallization from a mixture of ethylace- 
tate and methanol gave a product melting at 175-178° 
dec.

A n a l. Calcd. for C24H24Oi2N4S: C, 48.6; H, 4.1; N, 9.5; 
S, 5.4. Found: C, 48.3, 48.6; H, 4.4, 4.7; N, 9.1; S, 5.2.

R o c h e s t e r  4, N. Y.

[ C o n t r i b u t i o n  f r o m  t h e  G e n e r a l  E l e c t r i c  R e s e a r c h  L a b o r a t o r y ]

Preparation of Methyl Esters Containing the 1,3-Dioxane or
2,4.8,10-Tetroxaspiro[5.5]undecane Structure by Ketal Exchange

ROBERT M. LUKES1

R ece ived  S ep tem b er 6 , I 9 6 0

Methyl diesters containing the 2,4,8,10-tetroxaspiro[5.5]undecane structure have been prepared from methyl keto esters 
and pentaerythritol by ketal exchange between the keto esters and the diacetone ketal of pentaerythritol. The method has 
been extended to the preparation of methyl hydroxy esters containing the 1,3-dioxane structure by ketal exchange between 
keto esters and the acetone ketal of 1,1,1-trishydroxymethylethane. Polyesters have been prepared from both types of esters, 
by transesterification with ethylene glycol in the case of the diesters or self-transesterification in the case of the hydroxy 
esters.

The coupling of aldehyde esters or keto esters 
through the nonester carbonyl function provides a 
route to the preparation of high molecular weight 
diesters suitable for conversion into linear polyesters 
by alcohol interchange with glycols. Boeseken and 
Felix,2 as part of their intensive study of the struc
ture and reactions of pentaerythritol, prepared a 
series of just such compounds (I-Y) by condensing 
the appropriate ethyl esters with pentaerythritol.

R1 .R2
o K
ch2 ,ch2
CÍE ^CH2
I ‘ I0 \  o

R1 ^ R 2
I. Ri -  CH3, R2 = C02C2H5

II. R1 = CH3, R2 = CHoC02C2H5
III. R1 = CH3, R2 = CH2CH2C02C2H5
IV. R1 = H, R2 = m-C6H4S03H
V. R1 = H, R2 = m-C6H4C02H

(1) Present address: Locomotive and Car Equipment 
Dept., General Electric Co., Erie, Pa.

(2) J. Boeseken and B. B. C. Felix, B e r ., 61B, 787 (1928).

The ethyl diester III prepared according to their 
directions has been found to condense with ethylene 
glycol under alkaline catalysis to form an insoluble 
gel, obviously cross-linked.3

It was decided to prepare the methyl diester 
corresponding to III, since past experience had 
shown that this would be more likely to be a 
crystalline solid than would the ethyl ester, and 
hence would be more easily purified. However, to 
prepare the methyl diester from the crude ethyl 
diester via saponification and re-esterification 
seemed unnecessarily tedious, and to use the direct 
condensation of the methyl keto ester with 
pentaerythritol, distilling the byproduct water as 
an azeotrope4 was impractical because of the likeli
hood of a supervening transesterification and dis
tillation of methanol.

(3) The cause of the cross linking was no mystery, since 
III was a liquid purified only by distillation and undoubtedly 
contained as a contaminant the dihydroxy ester VI, the 
monoketal of pentaerythritol. This compound was indeed 
isolated by Boeseken and Felix in their work.

(4) C f. E. J. Salmi, B e r ., 71, 1803 (1938); M. S. Newman 
and R. J. Harper, Jr., J . A m . Chem . S o c ., 80, 6350 (1958); 
R. I. Meltzer et a l., J .  O rg. C h em ., 25, 712 (1960).

•  •
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TABLE I
E sters  C o n t a i n i n g  th e  2 , 4 , 8 , 1 0 - T e t r o x a s p i r o [ 5 . 5 ] u n d e c a n e  S t r u c t u r e

R1 XCR ’CÏÏ.OO,OH3

? VCH» CH2

x ,CH2 CH2 I I 0. /O
R2'' ''HR3

Saponification
Com- Empirical Caled. Found Equivalent, G.
pound R1 R‘ R3 M.P. Formula C H C H Caled. Found
IX CH, CH, CH,CH2C02CH, 59-60 C17H28O8 56.65 7.83 56.51 8.05 180 181
X CeHs CeH, CH2CH2C02CH, 127-128 C27ÍÍ32O8 66.92 6 .6 6 67.12 6.80 242 240
XIII C6H5 CH, CH, 110 C19H26O6 65.12 7.48 65.30 7.71 350 310

The preparation of the desired methyl diester 
by a ketal exchange technique appeared to be an 
attractive method. Accordingly, when an acidified 
methanol solution containing methyl levulinate 
and the acetone diketal of pentaerythritoF (3,3,9,9- 
tetramethyl-2,4,8,10' - tetraxaspiro[5.5]undecane,
VIII) was distilled slowly, the distillate consisted

CH /C IR

I I
CH, .CH»

y c
CH.XcH.
I ‘ I
0 \  /O
CH3 CH;,

VIII

largely of the methanol-acetone azeotrope, and the 
residual solution yielded the desired diester IX, 
a crystalline solid melting at 59-60°. By the same 
method, the crystalline diester X (m. p. 127-128°) 
was prepared from VIII and methyl /3-benzoylpro- 
pionate. Both IX and X, when heated with ethylene 
glycol8 in the presence of an alkaline catalyst, 
yielded soluble polyesters having molecular weights 
of the order of 100,000, as measured by light scatter
ing in 1,2-dimethoxyethane.

There is some evidence7 that a 1,3-dioxane ring 
having two aryl substituents in the 2-position is less 
susceptible to acid catalyzed hydrolysis than is such 
a ring having one or two alkyl substituents in that 
position. In order to see if this held true for 1,3- 
dioxane rings part of a spiro structure, the prepara
tion of the diester XI from methyl p-benzoylben- 
zoate and VIII by the same ketal exchange tech
nique used for IX and X was attempted. After 
several fruitless trials in which only starting ma

ts) L. Orthner, B e r ., 61B, 116 (1928).
(6) C f. W. H. Carothers and J. A. Ruin, J .  A m . C hem . 

S o c ., 51, 2560 (1929).
(7) O. Ceder, A r k iv  K e m i , 6, 523 (1954). See also M. 

Skrahal and M. Zlatewa, Z . p h yn ik . C h em ., 119, 305 (1926).

10 CU

CO. CM,

XI
terial was recovered the synthesis was abandoned. 
Apparently the ketone carbonyl group was too 
inactive to show an appreciable rate of ketal for
mation. This is consistent with the reluctance of 
benzophenone to form cyclic ketals, a phenomenon 
which has been observed by others.8

The purification of crude IX and X involved 
chromatography over alkaline alumina, and this 
operation led to the isolation of two side product, 
the expected monoketal XII and the unexpected 
mixed diketal X III respectively. In no case, over 
several repeats of the preparations of IX and X, 
were the respective alternate compounds XIV and 
VII isolated.

-CH2CH2CO,R2 R ^ /-CH2CH2C02CH;
0 -O

\ c /
-

0

d-c CH, CH, CH,
^cA / ' C\

CH.I CH, CH, CH, 1 " !
OH OH O- / \ O-

ch3 ''"ch3
VI. R1 = CHS, R2 = C2H6 XIII. R = C Ä

VIL R1 = C6H5, R2 = CH, XIV. R = CH3
XII. Rl = CH3, R2 = CH,
The ketal exchange method was found to be 

applicable to the preparation of the hydroxy 
esters XVI-XX from 1,1,1-trishydroxymethyl-

(8) M. Sulzbacher, E. Bergmann, and E. R. Pariser, 
J .  A m . C hem . S o c ., 70, 2827 (1948).

• •
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ethane and the appropriate keto esters. The ace
tone ketal of 1,1,1-trishydroxymethylethane (XV), 
a viscous liquid, was prepared in the way as was 
the acetone diketal of pentaerythritol, and the 
exchanges with the keto esters were carried out as 
before. All the hydroxy esters prepared were very 
viscous liquids, and none had crystallized after 
standing at room temperature for a year.

When XVI was heated in vacuo in the presence 
of sodium methoxide, the product was an amor
phous solid soluble in chloroform. The molecular 
weight (ebullioscopic) in chloroform was measured 
initially as about 2000, but continued boiling gave 
successively lower values. The other hydroxy 
esters (XVII-XX) in the series behaved similarly.

E X P E R IM E N T A L 9

The diketal of pentaerythritol and acetone (VIII) was 
prepared by the method of Orthner.6 The same general 
method was used to prepare the ketal (XV) of acetone and 
1,1,1-trishydroxymethylethane.

2 ,2 ,5 -T r im e th y l-5 -h y d ro x y m e th y l- l ,3 -d io x a n e  (XV). A mix
ture of 1400 ml. of acetone, 100 g. of anhydrous cupric sul
fate, and 100 g. (0.83 mole) of 1,1,1 -trishydroxymethyl- 
ethane was shaken vigorously for 48 hr., then filtered and 
evaporated to 200-ml. volume on the steam hath. The vis
cous residue was diluted with 500 ml. of ether, filtered, eva
porated on the steam bath, and then distilled under vacuum 
to give 75 g. (56%) of 2,2,5-trimethyl-5-hydroxymethyl-l,3- 
dioxane (XV), b.p. 95° (4.5 mm.), n2D5 1.4520.

A n a l. Calcd. for CsHI603: C, 59.98; H, 10.07. Found: C, 
60.01; H, 10.30.

The following is an example of the procedure used to 
prepare the products IX and X, and to isolate the side prod
ucts XII and XIII.

S ,9 -D iph en yl-8 ,9 -h is{Z -carh om eth oxyeth yT )-Z ,J i,8 ,10 -te -  
tro x a sp iro [5 .5 ]u n d eca n e  (X). A solution of 200 g. (1.04 moles) 
of methyl (3-benzoylpropionate,10 60 g. (0.28 mole) of the 
diketal VIII, 300 ml. of anhydrous methanol and 0.2 ml. 
of 96% sulfuric acid was distilled slowly through a %  X 12” 
fractionating column packed with glass helices; after 6 hr. 
105 ml. of distillate, b.p. 56-64° had been collected (the ace
tone-methanol azeotrope boils at 55.7°). The residue was 
poured into 1 1. of saturated sodium bicarbonate solution, 
and this mixture was extracted with two 1-1. portions 
of ethylene dichloride. The combined extracts were washed 
with water, dried over anhydrous sodium sulfate, filtered, 
and evaporated under nitrogen on the steam bath. The 
residue (about 250 g.) was transferred to a Claisen flask and 
distilled under vacuum until all the unreacted methyl /?- 
benzoylpropionate had been collected (134 g., b.p. 102- 
110°). A 1.65-g. portion of the still residue was dissolved in 
5 ml. of benzene, and this solution was poured into a 25- 
mm. chromatographic column -which had been packed 
with 40 g. of alkaline alumina (Merck). Elution of the 
column with 300 ml. of a 3:2 ether—hexane mixture gave 
200 mg. of 3,3-dimethyl-9-phenyl-9-(2-carbomethoxyethyl)- 
2,4,8,10-tetraxaspiro[5.5]undecane (XIII), m.p. 110° after 
crystallization from ether-hexane.

A n a l. Calcd. for CigĤ Ĉ : C, 65.12; H, 7.48. Found: 
C, 65.30; H, 7.71. Calcd. for saponification equivalent: 
350 g. Found: 310 g.

Further elution of the chromatographic column with a 
4:1 ether-hexane mixture gave 400 mg. of 3,S-diphenyl-3,9-

(9) Melting points are corrected, boiling points are 
uncorrected.

( 10) L. F. Somerville, and C. F. H. Allen, O rg. S yn th eses , 
Coll. Vol. II, 81 (1943).
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l)is(2 - carbomethoxyethyl) - 2,4,8,10 - tetroxaspiro- 
[5.5]undecane (X), m.p. 127-128° after crystallization from 
ether-hexane.

A n a l. Calcd. for C27Ha208: C, 66.92; H, 6.66. Found: C, 
67.12; H, 6.80. Calcd. for saponification equivalent: 242 g. 
Found: 240 g.

The gross residue from the distillation was dissolved in 
ether, and from this solution 16 g. (12%) of X was obtained 
by crystallization.

The preparation of XVI, XVII, XVIII, XIX, and XX is 
illustrated by the following example.

5 -H y d r o x y  in e th y l-5 -m eth y l-S ,2-bis{2-carbonietho.r.yethyl)~
1 ,3 -d io x a n e (XX). A solution of 120 g. (0.75 gole) of the 
ketal XV, 200 g. (1.0 mole) of dimethyl y-ketopimelate,11 
300 ml. of anhydrous methanol, and 0.2 ml. of 96% sulfuric 
acid was distilled slowly through the fractionating column 
used in the preparation of X until 200 ml. of distillate, b.p. 
55-65°, had been collected. The residue was cooled to room 
temperature, and to it was added 10 ml. of saturated aqueous 
sodium bicarbonate solution, 500 ml. of water, and 200 ml. 
of saturated aqueous sodium sulfate solution in that order. 
This mixture was extracted with three 300-ml. portions of 
ether, and the combined extracts were filtered through

(11) For a method of preparation see R. M. Lukes,
G. I. Poos, and L. H. Sarett, ./. A m . C hem . S o c ., 74, 1401
(1952).

anhydrous sodium sulfate and then evaporated on the steam 
bath under nitrogen, leaving a residue of about 300-ml. 
volume. This residue, when distilled under vacuum, yielded 
120 g. (53%) of 5-hydroxymethyl-5-methyl-2,2-bis(2- 
carbomethoxyethyl)-l,3-dioxane (XX), b.p. 186-188° (0.1 
mm).

A n a l. Calcd. for CuHmO?: C, 55.25; H, 7.95. Found: 55.47; 
H, 8.00. Calcd. for saponification equivalent: 152 g. Found: 
151 g.

P o ly e ste rs . The following example illustrates the method 
of preparing polyesters from IX and X.

A mixture of 10 g. of the diester IX, 20 ml. of ethylene 
glycol, and 5.0 mg. of sodium methoxide was heated at 150° 
for 2 hr., all the while bubbling a fine stream of dry nitrogen 
through the mixture v ia  a capillary tube. The mixture was 
then heated under vacuum according to this schedule: 1 hr. 
at 150° (0.1 mm.); 1 hr. at 190° (0.01 mm.); 1 hr. at 240° 
(0.1 mm.). The residue (10 g.), upon cooling, was a glassy 
solid slowly soluble in dioxane and chloroform.

The procedure for polymerizing the hydroxy esters XVI- 
XX was the same except that no ethylene glycol was added 
to the reaction mixture.

Acknowledgment. The author wishes to thank 
Dr. E. M. Balis and associates of this laboratory 
for the microanalyses reported.

S c h e n e c t a d y , N. Y.

[ C o n t r i b u t i o n  f r o m  R e s e a r c h  C e n t e r , K o p p e r s  Co., I n c . |

Polymers from Bisphenols. Steric Inhibition 
of Condensation Polymerization1

SAMUEL C. TEMIN

R eceived  D ecem ber 15 , 1 9 6 0

A series of substituted bisphenols were utilized in the attempted preparation of polyesters with adipic and sebaeic acids 
Both p ,p '~  and o,o'-bisphenols, with alkylene or sulfide bridging groups, were examined. It was observed that, although 
all of the bisphenols readily formed diacetates with acetic anhydride, the diacetates of some of the bisphenols did not undergo 
the trans-acidolysis reaction which is necessary for polymerization to occur. The failure to polymerize can be related to 
steric hindrance and is explained in terms of transition states.

Polyesters derived from a diphenolic material 
and a dicarboxylic acid were first, investigated by 
Bischoff.2 3 4 5 Later, polyesters were prepared by reac
tion of hydroquinone diacetate with dicarboxylic 
a 1cids.3 This technique was used by Levine and 
Temin4 to prepare bisphenol polyesters. Conix6 and 
Eareckson15 synthesized polyesters from acid chlo
rides and diphenates by interfacial polycondensa
tion. Korshak and co-workers,7 and others,8 also

(1) Presented at 138th National Meeting of the American 
Chemical Society, New York, September, 1960.

(2) C. A. Bischoff and A. von Hedenstrom, B er., 35, 3455
(1902).

(3) J. G. N. Drewitt and J. Lincoln, British Pat. 621,102 
(1947); B r it . A b s tr ., 1949, BII, 1114; E. R. Wallsgrove 
and F. Reeder, British Pat. 636,429 (1950); C hem . A b s tr ., 
44, 7878d (1950).

(4) M. Levine and S. C. Temin, J .  P o ly m e r  S e i., 28, 179
(1958).

(5) A. Conix, I n d . ch im . beige, 22, 1457 (1957); I n d . E n g . 
C h em ., 5,147(1949).

(6) W. M. Eareckson, J .  P o ly m e r  S e i . , 40, 399 (1959).

prepared polyphenyl esters using acid chlorides. 
In addition, a large number of bisphenols have 
been used in preparing polycarbonates.9 In this 
previous work it appeared that substitution in the 
benzene rings of a bisphenol lowered the softening 
point of the corresponding polyesters.

In the present work a variety of bisphenol al
kanes and bisphenol sulfides were studied in an 
effort to prepare liquid polyesters. It was hoped 
that the introduction of sufficient bulky groups, 
particularly in the o,o'-bisphenols, would yield 
liquid polymers. This objective was not attained 
but it was noted that certain of the bisphenols

(7) V. V. Korshak and S. V. Vinogradova, D o k la d y  A k a d .  
N a u k  S .S .S .R . , 123, 849 (1958); C h em . A b s tr ., 53, 8700c
(1959); V yso h o m o lek u lya rn ye  S o e d in e n iy a , 1, 1482 (1959).

(8) N. I. Volynkin and G. I. Braginskii, U.S.S.R. Pat.. 
121,556 (1959); C h em . A b s tr ., 54, 7357d (1960).

(9) H. Schnell, A n g e w . C h em ., 68, 633 (1956); I n d .  E n g . 
C h em ., 51, 157 (1959).

•  •
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TABLE I
P,p '-B tsi>h e n o l  D ia c e t a t e s

2

No. R Ri r 2 r 3 M.P.
Carbon, % 

Caled. Found
Hydrogen, % 

Caled. Found
i S oh3 H -C(CH3)s 88 70.5 70.6 7.7 7.8•> CHC1L ch3 H CH(CH3)2 99-100 76.1 76.3 8.3 8.3
3 C(CH3), H ch3 ch3 59-60 75.0 75.2 7.7 7.04 — H C(CH3)3 C(CH3)3 215-216 77.7 77.8 9.4 9.4
5 s H C(CH3)3 C(CH3)3 88-89 70.5 70.4 7.7 7.7

TABLE II
o ,o ' - B i s p h e n o l  D i a c e t a t e s

— 2

No. R Ri r 2 r 3 M.P.
Carbon, %  

Caled. Found
Hydrogen, % 

Caled. Found
6 — H H H 94-95 a

7 C1L H CH3 H 59-60 73.1 73.2 6.5 6.5
8 CHo Cl Cl Cl 175-177 41.5 41.7 2.1 2  2
9 CH. Cl C(CH,), H 92.3 64.5 64.3 6.5 6.5

10 S C(CH3)3 CH3 H 116 70.5 70.9 7.7 7.8
11 CH, C(CII3)3 CH, H None 76.4 76.1 8.6 8.7
12 CHCH, C(CH3), H CII3 150 77.0 76.6 8.8 8.8
13 C(CH3)3 C(CH3)3 ch3 H 163-164 77.0 77.2 8.9 9.0

° G. Kraemer and R. Weissgerber, B e r ., 34, 1667 (1901).

could not be made to polymerize under the condi
tions used.

The polymerization reaction employed was the 
acidolysis of the bisphenol diacetate, with either 
adipic or sebacic acid, using magnesium metal as 
catalyst. The diacetates were prepared in essen
tially quantitative yields by reaction of the bis
phenol with excess acetic anhydride in the presence 
of sulfuric acid.4 The bisphenols and diacetates, 
mostly new compounds, are listed in Tables I and
II.

A discussion of the phenomenon observed here 
involves the question of steric hindrance in phenols. 
Completely sterically hindered phenols were first 
observed by Stillson and co-workers.10 They re
ported that hindrance of the phenolic function 
seemed to reach its maximum effect with an o-t- 
butyl group after examination of the chemical 
properties of several hindered bisphenols. They 
also reported that these hindered phenols did not 
readily yield acyl derivatives. They succeeded in

(10) G. H. Stillson, D. W. Sawyer, and C. K. Hunt,
J .  A m . C h em . Soc.., 6 7 , 303 (1945).

preparing acetates only by elaborate techniques 
involving liquid ammonia or sodium-potassium 
alloy.

Coggeshall,11 using spectroscopic means, classi
fied phenols as unhindered, partially hindered, or 
hindered. The classification was based on the 
wave length shift, at approximately 2.7 fi, in going 
from a dilute solution to the crystalline state. 
Later, Sears and Kitchen12 refined these measure
ments and described a “hydrogen bonding index” 
which was based on the infrared shift in going 
from a dilute solution to the liquid state. Cogge
shall11 considered a 2,6-dimethylphenol as “un
hindered,” a 2-methvl-6-t-butylphenol as “par
tially hindered,” and a 2,6-di-i-butylphenol as 
“hindered.” Sears and Kitchen12 confirmed these 
generalizations but found also that the “i,i-octyl” 
group offered more hindrance than the ¿-butyl 
group. Recently, Puttnam,13 basing his results on a

(11) N. D. Coggeshall, J .  A m . C hem . S o c ., 6 9 , 1620
(1947).

(12) W. C. Sears and L. J. Kitchen, J .  A m . C h em . S o c ., 
71, 4110 (1949).

(13) N. A. Puttnam, J .  C hem . S o c ., 486 (1960).
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spectroscopic measure of hydrogen bonding, con
cluded that alkyl groups, other than ¿-butyl in 
orf/io-substituted phenols have only a slight effect 
on hydrogen bonding. Further, he reported that 
one o-i-butyl produces the same effect as an o- 
methyl coupled with a methyl, isopropyl, or sec- 
butyl group in the other ortho position.

The results obtained in the present work, based 
essentially on chemical reactivity, are in good 
agreement with the results of spectroscopic meas
urements. In general, one o-i-butyl group is insuffi
cient to prevent polymerization, but if coupled 
with any other adjacent alkyl group, provides 
enough steric hindrance to inhibit the reaction. The 
results with one bisphenol (No. 3) indicate that 
two adjacent methyl groups are insufficient to 
prevent polymerization, a degree of hindrance in 
agreement with Puttnam.13 Further, a chlorine 
group is shown to exert about the same steric 
effect as a methyl group on bisphenol reactivity. 
In summary, hindrance due to substitution, that 
leads to a spectroscopic classification of “hindered,” 
is sufficient to inhibit the polymerization reaction.

Table III also illustrates that where hindrance is 
sufficient completely to prevent alkali solubility of 
a bisphenol, it is generally sufficient to inhibit the 
acidolysis reaction of its diacetate.

Unfortunately, the mechanism of acidolysis 
reactions involving phenols seems to have been 
neglected in the literature although much attention 
has been given to the similar reactions of esterifi
cation, hydrolysis, and alcoholysis.14 A scheme has 
been postulated for the acidolysis, Equations 1 to 
4, which involves mixed anhydride formation and 
then interchange to liberate the more volatile 
acid. It is illustrated for a simple phenol acetate 
below :

(f^-OCOCH, + RCOO" < ■ 2  (1)

CT
O - 0 - ^ C H ,  O 0'  + CH3COOCOR

OCOR
[A]

0"+ RCOOH = 2  —OH + RCOO- (2)

CH3COOCOR + RCOOH 5=2 (RCO)iO (3)
+

CH3COOH f

Q - O H  + (RC0)20 <^^-OCOR

RCOOH
(4)

TABLE III
B i s p h e n o l  P o l y e s t e r s

Bisphenol
Alkali 

No. Soluble Acid
Sb203,

%•
Polymer,

ftsp /c

1 P6 S ' 0.05 0.094
2 P s 0.17 0.098
3 P s 0.05 0.064
4 No s 0.17 None
5 No s 0.17 None
6 Yes s 0.17 0.22
7 Yes A d 0 0.092
8 Yes A 0 0.090
9 Yes S 0 0.050

10 No S 0.17» None
11 No A 0 None
12 No A 0.05 None
13 No S 0.05 None

0 All experiments included ^0.8% Mg ribbon as well. 
6 Partially soluble.c Sebacic acid. d Adipic acid.«Same results 
obtained with no Sb2Oa present.

Nevertheless, all of the bisphenols readily yielded 
diacetates in essentially quantitative yield. It is 
somewhat puzzling that hindered bisphenols would 
readily undergo acylation but, as diacetates, not 
undergo acidolysis which is part of the polyesteri
fication reaction. Reflection, however, indicates 
that different mechanisms must operate for the two 
reactions. Inhibition of polymerization in this case 
is an effect based on the difference in energy levels 
of initial and transition states. The importance of 
transition states in predicting steric hindrance to 
reactivity is well known.

It is possible that, as Equation 1 is an equilib
rium reaction, the phenoxide ion and mixed 
anhydride may also form the intermediate [A'], 
shown below. In this case an alternate route to the 
product, involving decomposition of [A'] to yield 
product and acetate ion, can be visualized.

cr
I

O -C -R
I

ococh3
[A'l

It is possible that the role of the catalyst is to 
furnish the positive cation not shown in Equations 
1 and 2. Thus the initial attack may be by a catalyst 
cation rather than by carboxyl anion. In either 
case the transition state intermediate, [A], must 
involve a considerable amount of compressional 
energy as shown, for example, [B], with one o-t-

CT 
I

O-C-CH3 

OOOCH3

CH,—C-CTL,
I

CH3

_________  LB]
(14) See, for example, (a) J. Hine, P h y s ic a l  O rg a n ic  

C h e m is try , McGraw-Hill, New York, N. Y., 1956, chap. 12; 
(b) P. H. Hermans, In tr o d u c tio n  to  T h e o re tica l O rg a n ic  
C h e m is try , Elsevier, New York, 1954, Chap. 19; (c) C. K. 
Ingold, S tru c tu re  a n d  M e c h a n ism  i n  O rg a n ic  C h em is try , 
Cornell University Press, New York, 1953, pp. 752 f f .
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butyl group. Inspection of models15 shows that the 
carbon of the acetate carbonyl is extremely hin
dered in 2,6-di-(-butylphenol acetate. The car
bonyl group is forced out of coplanarity16 17 with the 
ring and the transition state cannot be constructed. 
Kadesch1 has discussed the relation of coplanarity 
to steric hindrance.

In contrast, the acetylation reaction must 
proceed by attack of an acetylium ion,17 as sulfuric 
acid is used as a catalyst, on the phenolic oxygen. 
The reaction is shown, Equation 5, for an o-t-

-  / = \  .-HOH + CHaCO' /V0' (5)
^  ••COCHa

CH3-C-CHa CH3-C-CII3 [C]
CH3 CH3

<^j >-OCOCH3 + 1I+

butylphenol. Inspection of models6 shows that [C] 
is sterically possible even in the case of a 2,6-di-i- 
butylphenol. Although the —OH of the phenol is 
forced out of the plane of the ring, it is considerably 
more accessible than the carbonyl carbon of the 
phenol acetate. This is of some theoretical interest 
since the latter is one atom further removed from 
the ring than the phenolic oxygen.

Although the work reported here dealt only with 
bifunctional reagents, and consequently with a 
polymerization reaction, the application of this 
reaction to monofunctional reagents might be a 
useful tool in determining the steric effect of 
groups in positions adjacent to the functional group. 
It would also be of interest, in connection with 
mechanisms, to study the reaction of hindered 
phenols or bisphenols with acid chlorides and to 
investigate the hydrolysis of the hindered phenol 
acetates. Such a program is beyond the scope of 
the present investigation.

E X P E R IM E N T A L

All of the bisphenols were commercial samples or available 
in the Koppers laboratory.

The adipic and sebacic acid were pure commercial samples.
The bisphenol diacetates, Tables I and II, were obtained 

in essentially quantitative yields as previously described.4 
Frequently, the addition of sulfuric acid to the slurry of bis
phenol in acetic anhydride caused a rise in temperature and 
immediate solution. Bisphenol No. 11, 2,2'-methylene bis- 
(6-f-butyl-4-methylphenol), did not give a crystalline diace

(15) Fisher-Taylor-Hirschfelder Models.
(16) R. G. Kadesch, J .  A m . C h em . S o c ., 66, 1207 (1944).
(17) See C. K. Ingold, S tru c tu re  a n d  M e c h a n is m  in  O rg a n ic

C h e m is try , Cornell University Press, New York, 1953, 
p. 295.

tate although distillation gave a glass that could be ground 
to a powder.

The polymerization technique was similar to that pre
viously described.4 After about 3 hr. heating (20C-230°) at 
atmospheric pressure (during which time the odor of acetic 
acid became apparent in the experiments where polymer 
resulted), the melts were subjected to heating in  vacu o. 
The final 30 min., at least, was at 1 mm. pressure or less. 
The polymers described in Table III were all brittle glasses 
at room temperature.

In the experiments involving bisphenols No. 3, 4, 5, and 
10, where no polymer was formed, an attempt was made to 
identify the material remaining in the tubes. Quantitative 
recovery was not attempted because part of the starting 
materials had distilled or sublimed out of the tube. How
ever, it was possible to isolate, and identify, both starting 
materials in good yields. As an example, the manipulations, 
after attempted polymerization of bisphenol No. 5 diacetate 
and sebacic acid, are described. The solid remaining after 
heating was dissolved in acetone to remove inorganic matter 
and the acetone solution taken to dryness. The residue was 
triturated in the cold with sodium carbonate solution and 
the mixture filtered. The solid remaining on the filter was 
recrystallized from methanol-water to yield a product, m.p. 
80-82°. A second recrystallization from petroleum ether gave 
a material melting at 84°. A mixed melting point with the 
original diacetate (m.p. 88°) gave 85-88°. The filtrate from 
the sodium carbonate treatment was acidified with sulfuric 
acid to precipitate a solid, m.p. 130-132°. A mixed m.p. 
with authentic sebacic acid gave 130-133°.

C O N C L U S IO N S

The results of the polymerization attempts are 
given in Table III. The data clearly demonstrate 
that in a bisphenol where the hydroxy groups are 
situated between a (-butyl group and one other 
group, no polymer is formed. Thus all o,o'-bis- 
phenols with (-butyl groups in the 3-position 
(Nos. 10, 11, 12, and 13) did not yield polymers. 
A 3-(or 5-)f-butyl alone (No. 1) in a p-p'-bisphenol 
is not sufficient to prevent polymerization.

Where polymers were not obtained, the starting 
materials could be recovered (see Experimental). 
These results, therefore, present an instance of 
steric inhibition of a reaction used to effect con
densation polymerization. Numerous examples of 
steric hindrance to addition polymerization have 
been reported,18 but this appears to be the first 
report of steric inhibition in condensation poly
merizations.

Acknowledgment. The author is grateful to Dr.
R. D. Hinkel and his staff for analyses and to Dr.
A. V. DiGiulio for helpful discussions of the 
mechanism presented here.

P i t t s b u r g h , P a .

(18) P. J. Flory, P r in c ip le s  o f  P o ly m e r  C h em is try , Cornell 
University Press, Ithaca, N. Y., 1953, pp 246-248; C. 
Walling, F ree R a d ic a ls  in  S o lu tio n , Wiley, New York, 1957, 
pp. 127-131.
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Dimethylformamide as a Useful Solvent in Preparing Nitriles from Aryl Halides 
and Cuprous Cyanide; Improved Isolation Techniquesla

L. FRIEDMANlb a n d  H. SHECHTER

R eceived  J u ly  12, 1 9 6 0

Reaction of arvl bromides and activated aryl chlorides with cuprous cyanide occurs advantageously in dimethylformamide 
to give the corresponding nitriles. Effective methods have been developed for efficient decomposition of complexes of nitriles 
and cuprous halides and subsequent isolation of products.

Cuprous cyanide reacts with aryl halides to yield 
the corresponding nitriles (Equations 1 and 2); 
the general value of this reaction is demonstrated

2 Ar—X + CuCN —> [Ar—CNhCuX + CuX (1) 
[Ar—CNfiCuX — > 2 Ar—CN + CuX (2)

by the frequency in which it has been used {vide 
infra). The displacement is usually effected in 
excellent yield (> 85%) by heating a mixture of 
the aryl halide with cuprous cyanide in the pres
ence of pyridine or quinoline as a promoter or 
solvent.2 Aryl chlorides, unless especially activated 
require more severe reaction conditions (eighteen 
to twenty-four hours; 190-240°) than do aryl 
bromides (two to eight hours; 130-200°). The 
general disadvantages of these reactions are the 
media (pyridine and quinoline, etc., are expensive 
and malodorous), the necessary temperatures, 
and the equipment required for stirring a relatively 
immobile mixture.

Reactions of cuprous cyanide with aryl bromides 
have also been effected at 220-300° (sealed tubes; 
metal baths with stirring) in the absence of basic 
solvents.3 Without such solvents these reactions 
are autocatalytic ; small amounts of copper sulfate 
and nitriles or basic compounds such as pyridine, 
quinoline or cyclohexylamine have marked ac
celerative effects and overcome the usual induction 
periods.4 It thus appears that the original methods2

(1) (a) Abstracted in part from the Ph.D. dissertation of 
L. Friedman, The Ohio State University, 1959. (b) Present 
address: Department of Chemistry, Case Institute, Cleve
land, Ohio.

(2) (a) For a complete literature survey using this method, 
see Ref. la. (b) Principal references are: Ger. Patent, 271,790
(1914); Ger. Patent, 275,517 (1914); Ger. Patent, 293,094 
(1919); H. de Diesbach and E. von der Weid, H elv . C h im . 
A c ta , 10, 886 (1927); M. S. Newman, ,/. A m . Chem.. S oc., 
59, 2472 (1937); W. Braun and K. Koberle, U. S. Patent, 
2,195,076 (1940); W. Braun, O.T.S.P.B. Report 626 (1946); 
R. C. Fuson, J. W. Kneisly, N. Rabjohn and M. L. Ward, 
.7. A m . C h em . Sor.., 68, 533 (1946), and D. T. Mowry, M. 
Renoll, and W. F. Huber, J .  A m . C h em . S oc., 68, 1108 (1946).

(3) Principal references1“ are: J. v. Braun and G. Manz, 
A n n ., 488, 116(1931); C. K. Bradsher, J .  A m . C h em . S o c ., 62, 
486 (1940); M. A. Goldberg, E. P. Ordas, and G. Carsh,
J .  A m . C h em . S o c ., 69, 260 (1947); ,T. E. Callen, C. A. Dorn- 
feld, and G. H. Coleman, Org. S yn th ese s , Coll. Vol. Ill, 
212 (1955); and R. G. Haber, A. Ebnather, and H. Schmid, 
H elv. C h im . A c ta , 39, 1536 (1956).

are often superior to some of the subsequent 
modifications.3

The isolation of nitriles from such reaction mix
tures is usually difficult and laborious. The methods 
used involve direct distillation,3 extraction,5 or 
decomposition of the nitrile-copper halide and 
nitrile-cuprous cyanide complexes with aqueous 
ammonia and/or aqueous hydrochloric acid.2 
Direct distillation is seldomly used and is only 
readily applicable when the reaction is effected in 
the absence of solvents. Extraction has been used 
but the difficulties involved led to the use of 
distillation or treatment with ammonia and^acid. 
The most practical method, even though arduous 
and lengthy, has been the latter.

In the present research it has been found that 
reactions of aryl bromides and suitably active aryl 
chlorides with cuprous cyanide proceed rapidly 
(two to six hours) and efficiently in refluxing dimeth
ylformamide. The reactions are mildly exothermic63- 
and catalysts6b’c are usually unnecessary.6'1 
As a reaction proceeds, the mixture becomes dark 
brown. The complex formed from the nitrile and 
cuprous halide is soluble, and copper, uncomplexed 
copper halides, and excess cuprous cyanide remain 
as precipitates. Technical dimethylformamide and 
cuprous cyanide are satisfactory reagents.

Preparative examples using dimethylformamide 
are summarized in Table I. There were no substit
uents found which prevent displacement reactions 
of aryl bromides and cuprous cyanide from occur
ring. The yields are comparable if not slightly 
better than when pyridine is used. Use of dimethyl
formamide as a reaction medium is superior to 
that of previous methods with respect to equip-

(4) C. F. Koelsch and A. G. Whitney, J .  Org. Chem -, 6, 
795(1941).

(5) E. Mosettig and J. van de Kamp, J .  A m . C hem . S oc., 
54,3334(1932).

(6) (a) In large scale reactions, the mixtures may reflux 
vigorously as a result of the exotherms, (b) o-Bromo-i-butyl- 
benzene was unreactive under these conditions unless 
catalyzed with a little pyridine; L. Friedman and M. E. D. 
Hillman, private communication, (c) The presence of cupric 
ion at the beginning of reaction is indicated by the green 
color the dimethylformamide mixture assumes and by the 
precipitation of copper, (d) The method does not effect 
conversion of o- and p-chloro:oluenes and 1-chloronaphtha- 
lene to their corresponding nitriles.
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TABLE I
R e a c t i o n  o f  A r o m a t i c  H a l i d e s  a n d  C u p r o u s  C y a n i d e  i n  D i m e t i i y l f o r m a m i d e

Halide Moles

Cuprous
Cyanide,

Moles
Reaction 
Time, Hr.

Isolation
Method M.P.C Yield, %

5-Bromoacenaphthene 0.26 0.30 4 B“ 111-112 91
4-Bromoacetophenone 0.25 0.30 3 A b 5 i - 5 6 d 88
4-Bromoaniline 0.50 0.50 4 C“ 85-86 83
OT-Bromobenzaldehyde 0.20 0.24 6 A“ 76-77 92
4-Bromobiphenyl 0.50 0.58 4 A b 85-86« 92
4-Bromofluoranthene 0.25 0.30 5 C« 114-1157 75
2-Bromofluorene 0.50 0.58 4 A b 88-89" 92
1-Bromonaphthalene 1.00 1.15 4 A , B C b 33-34” 94
9-Bromophenanthrene 0.50 0.58 4 A b 107-108' 95
o-Bromotoluene 3.35 3.80 4 A , B , C b — 3 93
p-Bromo toluene 2.00 3.40 6 A b 27-28* 91
2-Bromo-p-xylene 1.30 1.58 6 A b 9-10* 88
4-Bromo-?re-xylene 1 .48 1.72 4 B" 20-22“ 91
4-Bromo-o-xylene 0.20 0.24 6 A b 65-66” 87
o-Bromoethylbenzene 0.20 0.24 4 A'- _0 90
p-Dibromobenzene 1.00 2.30 4 B, C“ 221-222” 100
4,4'-Dibromobiphenyl 0.50 1.16 4 B, C“ 242-244” 100
Methyl 3-bromobenzoate 0.20 0.24 3 A* 64-65 95
Methyl 4-chlorobenzoate 0.20 0.24 5 A* 61-63 87

° The product was purified by distillation. b The product was purified by recrystallization. c The physical constants of the 
products compare favorably with those reported previously.2“ d B.p. 110-112° (1 mm.).8 B.p. 162-163° (10 mm.). 1 Fluoran- 
thene-3-carboxamide, m.p. 277-279°, was also obtained in 10% yield. s B.p. 200-205° (1 mm.). h B.p. 160-161° (14 mm.) 
4 B.p. 170-175° (1 mm.).2 B.p. 88-89° (14 mm.), *2U° 1.5251. * B.p. 74-75° (8 mm.). 1 B.p. 62-63° (1 mm.). “ B.p. 102-103° 
(10 mm.). ” B.p. 102-103° (10 mm.). "B.p. 100-102° (10 mm.). Hydrolyzed to o-ethylbenzoic acid, m.p. 37-68°. ” The 
product obtained is the dinitrile.

TABLE II
R e a c t i o n  o f  A r o m a t ic  C h l o r i d e s  a n d  C u p r o u s  C y a n i d e  i n  P y r i d i n e

Halide Moles

Cuprous
Cyanide,

Moles
Reaction 
Time, Hr. Temp., °

Isolation
Method Yield, %

1-Chloronaphthalene 1.00 1.15 24 220-250 A“ 9 4 b
o-Cblorotoluene 1.00 1.20 72° 190-210 A“ 85 d
p-Dichlorobenzene 1.00 2.30 24 210-220 C8 0 3 /
2,4-Dichlorotohiene 1.52 3.77 24 200-220 B8 93"

“ The product was purified by distillation, b M.p. 33-34°. c Reaction was effected by adding the halide to a stirred meit 
of cuprous cyanide-pyridine at such a rate that the temperature was maintained above 190°. d B.p. 88-89° (14 mm.). * The 
product (dinitrile) was purified by recrystallization. !  M.p. 221-223°. 0 M.p. 142-144°.

ment, reaction conditions, odor, convenience and 
expense.7

The previous methods for preparing nitriles 
from aryl halides and cuprous cyanide have 
been greatly improved in the present study by 
developing more effective procedures for decompos
ing the complexes of the nitriles and cuprous halides. 
Aqueous ferric chloride has been found to be 
an excellent general reagent for destroying the 
reaction complexes formed in dimethylform amide

(7) After the present study was completed it was found in 
this laboratory (M. S. Newman and D. K. Phillips, •/. A m .  
C h em . S o c ., 81, 3667 (1959); H. Boden, Ph.D. dissertation, 
The Ohio State University, 1960) that JV-methylpyrrolidone 
is also a satisfactory solvent for reaction of aryl halides and 
cuprous cyanide. Cuprous cyanide is soluble in N-methyl- 
pyrrolidone at temperatures above 90° and reactions in such 
homogeneous mixtures occur relatively rapidly. The. yields 
of nitriles on using dimethylformamide and ¿V-methyl- 
pvrrolidone are essentially identical; dimethylformamide 
is ®f advantage with respect to expense.

(Table I) or in pyridine (Table II)? and subsequent 
isolation of the nitriles (Method A). Ferric chlo
ride rapidly oxidizes the adduct of cuprous halide 
and a nitrile to cupric ion9; the nitrile does not 
complex with cupric ion and separates from the 
aqueous solution. Aqueous ethylenediamine is also 
an effective reagent (Method B) because it com
plexes efficiently with cupric and cuprous ions 
and allows efficient isolation of a nitrile.10 In use of

(8) Typical examples are included using pyridine since 
this solvent is often of advantage for reaction of aryl chlo
rides with cuprous cyanide.

(9) C. Rabaut, B u ll. S oc . C hirn., F ra n ce , (3), 19, 785 
(1898) reports that complexes of nitriles and cuprous halides 
are decomposed by air, ferric chloride, aqueous ammonia 
and hydrogen sulfide, respectively.

(10) The cupric ethylenediamine complex is apparently 
more stable than that of cuprous ion and ethylenediamine 
since additional copper is formed in the workup; see H. A. 
Laitinen, E. I. Onstatt, J. C. Bailar, Jr., and S. Swann, Jr., 
./. A m . C hem . S oc., 71,1550(1949).
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this method it is often advantageous to extract the 
crude nitrile with aqueous sodium cyanide; the 
sodium cyanide dissolves suspended copper deriva
tives and removes residual traces of copper ions. 
Excess aqueous sodium cyanide (Method C) is 
also a satisfactory reagent in that it rapidly de
stroys the complexes of cuprous halides by forma
tion of soluble sodium cuprocyanide with libera
tion of the nitrile.

The isolation methods are often comparable and 
usually quantitative; there are virtues in their dif
ferences however. Method A is recommended for 
isolation of cyano acids, esters, ketones, and alde
hydes, and other relatively non-basic nitriles. 
Methods B and C are of advantage in isolating 
basic nitriles such as p-aminobenzonitrile and 2- 
cyanopyridine, etc.11 The use of dimethylformamide 
(or pyridine) as a solvent medium7 and any of the 
above isolation techniques thus makes the reaction 
of aryl halides and cuprous cyanide a convenient, 
efficient, and general synthetic method.

EX PERIM EN TA L

G en era l te ch n iq u es . The reactions of bromoaromatic com
pounds (1 mole) and cuprous cyanide (1.15 to  1.2 moles; 
15-20% excess) to give nitriles are effected in refluxing di
methylformamide (150 ml., 3-6 hr.). In preparations on a 
large scale the quantity of dimethylformamide was de
creased (125 ml./mole). When the reaction is completed, 
the nitrile can be isolated by one of several routes: ( 1 ) iso
lation of the complex of the aromatic nitrile and cuprous 
halide by pouring the reaction mixture into water and then 
decomposing the complex by Methods A, B, or C; or (2) 
working up the preparative mixture directly by Methods A, 
B, or C. The properties of the nitrile and scale of operation 
determine which route is the most desirable. As the tech
niques vary little from compound to compound, only repre
sentative procedures will be described and the remaining ex
perimental data are contained in Table I  and II. Pertinent 
details to the tables appear as footnotes.

1 - N  a p h th o n itr i le . Method A. A stirred mixture of 1-bro- 
monaphthalene (207 g., 1 mole), cuprous cyanide (103 g., 
1.15 moles; 15% excess) and dimethylformamide (150 ml.; 
DuPont, technical) was refluxed for 4 hr. The reaction was 
mildly exothermic. The resulting brown mixture was poured 
(residues are conveniently transferred with hot dimethyl
formamide) into a solution of hydrated ferric chloride (400 
g.) and coned, hydrochloric acid ( 1 0 0  ml.) in water (600 ml.). 
After the reaction mixture had been maintained a t 60-70° 
for 2 0  min. to decompose the complex, the layers were 
separated.

Separation of the layers was difficult since the interface is 
obscured by dark colors. However, light reflected off the 
separatory funnel helps, or differences in fluidity of the two 
layers may be discerned as the liquid leaves the separatory 
funnel. The hot aqueous layer was extracted with toluene (2 
X 250 ml.); the extracts were combined with the organic 
layer, washed with dilute hydrochloric acid (1:1, 250 ml.), 
water, and 10% aqueous sodium hydroxide. The organic 
layer was filtered to remove the dark insoluble m atter (cop
per, etc.), dried and vacuum distilled. After the solvent was 
separated, colorless 1-naphthonitrilc (144 g., 0.94 mole;

( 1 1 ) Hot strong alkali can be used to decompose the com
plexes and hydrolyze a nitrile to its carboxylic acid. Though 
the hydrolysis is quantitative, the difficulty in filtering the 
copper oxide precipitates from the alkaline solution seriously 
limits the usefulness of this method.

94%), b.p. 160-^61° (14 mm.), m.p. 33-334°, was collected 
(pot residue 3-4 g.).

Method B. Thé hot, dark reaction mixture from 1-bromo- 
naphthalene (1 mole), cuprous cyanide (1.15 moles), and 
dimethylformamide (150 ml.) was poured into a solution of 
ethylenediamine ( 2 0 0  ml.) in water (600 ml.) and gave a 
dark blue aqueous lower layer, a small interface containing 
copper and the copper chloride complex of 1 -naphthonitrile 
and a light brown organic layer. After vigorous shaking the 
blue aqueous layer was separated and extracted with ben
zene; the benzene extract was added to the organic layer and 
washed with 10% aqueous sodium cyanide (150 ml.) and 
water and then filtered through sodium sulfate. After re
moval of solvent, 1-naphthonitrile (142 g.), b.p. 152-153° 
( 8  mm.), m.p. 33-34°, was obtained in 93% yield.

Method C. The hot, dark reaction mixture, obtained as 
described in Method A, was poured into a warm solution of 
sodium cyanide (200 g.) in water (600 ml.). After the mix
ture had been vigorously shaken, the lower aqueous layer 
was separated, extracted once with benzene (250 ml.) and 
discarded. The extract was combined with the organic layer 
and washed with 1 0 % aqueous sodium cyanide ( 2 0 0  ml.) 
and water, and then dried over sodium sulfate. After removal 
of solvent, 1-naphthonitrile (143 g.), b.p. 152-155° ( 8  mm.), 
m.p. 33-34°, was obtained in 94% yield.

The yields v ia  the various work-up methods are similar. 
Although another step is involved, isolation of the crude 
nitrile-cuprous bromide complex (pouring the reaction mix
ture into water and filtering) prior to cleavage is desirable in 
large scale reactions as large volumes of dimethylformamide 
can thus be discarded conveniently. This operation does not 
affect the yield.

2 ,4 -D im e th y lb e n zo n itr i le . Method B. l-Bromo-2,4-di- 
methylbenzene (27-1 g., 1.48 moles), cuprous cyanide (154 g.,
1.72 moles, 15% excess), and dimethylformamide (225 ml.) 
were refluxed for 4 hr. while being stirred; the hot reaction 
mixture wras poured, while stirring, into cold water ( 1 : 1 ). 
The near white-tan precipitate was collected, washed 
thoroughly with water, and then shaken with a warm (50°) 
solution of ethylenediamine (300 ml.) in water (700 ml.). 
Benzene was added, the mixture was shaken thoroughly, 
and the lower aqueous layer was discarded. The benzene ex
tract was washed with 10% aqueous sodium cyanide (150 
ml.), water, and dried over sodium sulfate. After removal of 
solvent, the residue was rectified i n  vacuo . A 91 % yield of 2,4- 
dimethylbenzonitrile (176 g., 1.34 moles), b.p. 102-103° 
(10 mm.), n if 1.5279-1.5281, was obtained.

R e a c tio n s  i n  p y r id in e .  l - N a p h th o n i tr i le . Method A. 1 - 
Chloronaphthalene (163 g., 1 mole), cuprous cyanide (103 g., 
1.15 moles; 15% excess) and pyridine (65 ml.) were heated 
a t 220-250° for 24 hr. The resulting brown mixture was 
poured into a solution of hydrated ferric chloride (400 g.) 
and hydrochloric acid ( 150 ml.) in water (650 ml.). The nitrile 
was isolated using techniques described previously for ferric 
chloride and hydrochloric acid; 143 g. (0.94 mole, 94%).

4 -M e lh y l is o p h th a lo n i tr i le . Method B. 2,4-Dichlorotoluene 
(245 g., 1.52 moles), cuprous cyanide (337 g., 3.75 moles; 
25% excess) and pyridine (250 ml.) were heated a t 200-220° 
for 24 hr. The dark reaction mixture was poured into a 
warm solution of ethylenediamine (500 ml.) in water (1500 
ml.) and heated to break up the complex and precipitate 4- 
methylisophthalonitrile. The finely-divided solid was col
lected and washed successively with aqueous ethylenedi
amine (25%, 300 ml.), water, warm aqueous sodium cyanide 
( 1 0 %, 2 0 0  ml.) and water. 4-Methylisophthalonitrile was 
obtained as a buff-colored powder, 200 g. (1.41 moles, 
93%), m.p. 142-144°, lit . 12 m.p. 144-150°. Hydrolysis with 
sodium hydroxide-triethylene glycol gave 4-methylisophth- 
alic acid, m.p. 330-332°, lit . 13 m.p. 332°.

Columbus 10, Ohio

(12) W. Borsche, A n n . ,  386, 308 (1912).
(13) A. Claus, J .  p r a k l. C h e m ., (2 ), 42, 510 (1890).
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A -M e th y lp y  rrol i  d on e  as S o lv en t for R eaction  
o f  Ary] H alid es w ith  C uprous C yan id e1

Melvin S. Newman and Herbert Boden 

R ece ived  S e p te m b e r  2 8 , 1 8 6 0

The reaction of aryl chlorides and bromides with 
cuprous cyanide to yield nitriles is a useful reaction 
which has been carried out in the presence and 
absence of solvents.2 The advantage of using A- 
methylpyrrolidine as a reaction medium because 
of its ability to dissolve cuprous cyanide has been 
pointed out.3 Although we have not studied this 
method in great detail, we report our findings 
now because of their possible utility.

As can be seen from the results summarized 
in Table I, the yields are generally near 90%. 
One advantage in the use of A-methylpyrrolidone 
is the shorter time needed.4 5 Most runs were carried 
out with about 0.1 mole6 of halide and an 80% 
excess of cuprous cyanide in 100 ml. of A-methyl
pyrrolidone at reflux (202°). Other studies6 showed 
that the amount of A-methylpyrrolidone can be 
decreased markedly. Lower temperatures than that 
of refluxing solvent (202°) can be used (see Foot
notes /, g, and h in Table I) but this variable has 
not been much studied. 1-Chloronaphthalene af
forded a high yield6 but insufficient work was done 
with chloro compounds to generalize.

To our knowledge, the synthesis of cinnamono- 
nitrile represents the first conversion of a vinylic 
halide to a nitrile by this method.

We hope to utilize the fact that cuprous cyanide 
dissolves in A-methylpyrrolidone at about 90°

(1) This work was supported by grant G-9482 from the 
National Science Foundation.

(2) For a review see L. Friedman and FI. Shechter, J .  
O rg. C h e m ., 2 6 , 2522 (1961). In this paper the advantage 
of using ferric chloride solution in working up the reaction 
mixture is pointed out.

(3) M. S. Newman and D. K. Phillips, J .  A m .  C hem . 
S o c ., 81, 3667 (1959).

(4) For example, M. Newman, O rg. S y n th e s e s , Coll. Vol. 
I l l ,  633 (1955) reports a yield of 82-90% of 1-napht.ho- 
nitrile from 1 -bromonaphthalene after fifteen hours of 
heating.

(5) In every case in w'hich a run considerably larger than 
0 . 1  mole was made, the yield of purified product was over 
90%. For example, Dr. M. V. George prepared pure p -  
tolunitrile in 95% yield from p-bromotoluene (85.5 g.) in a 
A-methylpyrrolidone (100 ml.) by heating for two hours 
at reflux.

(6 ) Only one experiment with 1 -chloronaphthalene was
made. The long reaction time (twenty-four hours) might be 
unnecessary.

TABLE I
Reactions of Aryl and Heterocyclic Halides with 

Cuprous Cyanide in M-Methylpyrrohdone

Halide“

Reaction
Time
(hr.)

Yield, 6

%
1-Bromonaphthalene 3 89
1-Bromonaphthalene 3 60c
1-Chloronaphthalene 24 87
2-Bromonaphthalene 3 9 0 d
2-Bromonaphthalene 3 8 8 e
2-Bromonaphthalenc 3 85 /
2-Bromonaphthalene 1 1 84»
9-Bromophenanthrene 4.5 92
/3-Bromostyrene 2 92
2-Bromothiophene 19 67"
2-Chloroquinoline 4.5 42
4-Bromoisoquinoline 2.5 90
1-Bromobenzo [c] - 

phenanthrene
1.5 83

Methyl 2-chloro-3,5,6- 
trimethylbenzoate

3 82

“ All experiments in Table I involved 0.1 mole of halide 
and 0.18 mole of cuprous cyanide in 1 0 0  ml. of distilled 
A-methylpyrrolidone7 a t reflux (2 0 2 °) unless otherwise 
noted. 6 Yield represents per cent of material, distilled or 
recrystallized, agreeing well with the properties described 
in the literature for the pure substances. All products after 
sodium fusion gave negative tests for halogen. c In refluxing 
(165°) dimethylacctamide . 8 d The yield in a 0.5-mole run 
(4 hr. heating, 100 ml. of A-methylpyrrolidone) was 95%. 
e Only 0.15 mole of cuprous cyanide used. f  Same as e 
except temperature held at 180°. 1 Same as e except tem
perature held at 155 ±  5°. h In a similar run a t 180-190° 
for 34 hours the yield was 55%.

to carry out relative rate measurements on a 
series of aryl halides.

McPherson University Laboratory
Ohio State University
Columbus 10, Ohio

(7) We acknowledge with thanks a generous gift of A- 
methylpyrrolidone from the Antara Chemical Co.

(8 ) We acknowledge with thanks a generous gift of 
Ar,A-dimethylacetamide from the du Pont Company.

A C on ven ien t S y n th esis  o f  
W a ter-S o lu b le  C arbod iim ides

John C. Sheeiian,1»2 Philip A. Cruickshank,2 
and Gregory L. Boshart1

R ece ived  O ctober 2 4 , 1 9 6 0

The utility of the carbodiimide procedure for 
formation of the amide bond has been well es
tablished by the synthesis of many complex pep-

•  •
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tides.3 Dicyclohexyl- and diisopropylcarbodiimides 
have been commonly used as the condensing agents; 
however, the corresponding ureas and acylureas4 
frequently have solubility properties similar to the 
peptides, rendering separation of the products 
difficult. An earlier publication from one of these 
laboratories described the preparation of some acid- 
soluble and water-soluble carbodiimides.5 With 
these reagents the by-product ureas and acylureas 
were easily removed by washing with dilute acid 
or water.

In this note we wish to describe some new 
acid- and water-soluble carbodiimides prepared 
from commercially available starting materials. 
The most generally useful compounds are 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (IIIA) and 
the corresponding hydrochloride salt. Other com
pounds prepared and evaluated include 1-cyclo
hexyl - 3 - (3 - dimethylaminopropyl)carbodiimide 
(IIIC), the hydrochloride salt, and several quater- 
nized derivatives (VI). Derivatives of 1-isopropyl- 
3 - (3 - dimethylaminopropyl)carbodiimide (IIIB) 
are too hygroscopic to be of practical value.

O
It—NH—C—NH—CHoCH2C 11>—N

I

A!H3

v H3

S
I

I t — N11—C— X H—C ITC l1.( ; ] I .—N 

II

-OH,

-Gib

It—N = C —N—CHüCHäCHi 

III

,C H 3

- v CH,

A. It =
B. R = CH M il
C. It = Cell,,—

The basic carbodiimides (III) were prepared 
either by dehjrdration of the corresponding urea
(I) or by removal of the elements of hydrogen 
sulfide from the corresponding thiourea (II). 
The desulfurization procedure6 is not recommended, 
however, in that large quantities of mercuric oxide 
and long reaction times are required, and the prod
uct is likely to be contaminated with sulfur- 
containing impurities.

Dehydration of the basic ureas was effected with 
p-toluenesulfonyl chloride and triethylamine in 
methylene chloride solution. This is a modification

(1) Department of Chemistry, Massachusetts Institute of 
Technology, Cambridge 39, Mass.

(2) Research Institute for Medicine and Chemistry, 
Cambridge 42, Mass.

(3) For a recent review see M. Goodman and G. W. 
Kenner, A d v a n c e s  i n  P ro tein . C h e m is tr y , 1 2 , 4S8 ('1957).

(4) H. G. Khorana, C h em . a n d  I  n il ., 1087 (1955); J. C. 
Sheehan, M. Goodman, and G. P. Hess, J .  A m .  C h em . S o c ., 
78, 1367 (1956).

(5) J. C. Sheehan and J. J. Illavka, J .  O rg. C h e m ,  2 1 , 
439 (1956).

<O' TT G. Khorana. C h em . R evs , 53, 145 (1953).

of the procedure of Amiard and Heymes7 for the 
dehydration of 1,3-dicyclohexylurea in which a 
large volume of pyridine was used both as base 
and as solvent.

Hydrochloride salts of the basic carbodiimides 
were prepared by metathesis with pyridine hydro
chloride in methylene chloride solution; addition 
of ether precipitated the products. The hydro
chlorides of l-alkyI-3-(3-dimethylaminopropyl)- 
carbodiimides (III) appear to be capable of exist
ence in two structurally isomeric forms. An infra
red absorption spectrum in chloroform solution 
has the 2130 cm.“1 band characteristic of the 
—N = C = N — chromophore. The infrared absorp
tion of the crystalline solid (Nujol or potassium 
bromide dispersion), however, has rmax at 3250 
cm.-1 and at 1700 cm.-1, characteristic of —XH— 
and C = N — respectively. We would therefore like 
to suggest a ring-chain tautomerism IV V 
for these compounds.

H

lvR—N = C = N —(CH2) 3—

c r
IV

Y
r- n= c ' n 

e r  1
H

Quaternized salts of the basic carbodiimides 
were prepared in ether solution from which the 
products (VI) separated spontaneously.

IIIC  +  CH,X ■
CH,

C6Ii„ —N = C = N —( C H2) 3—N—CI h X-

VI
I

CH 3

a, X = I
b. X = OTs

The basic ureas (I) and thioureas (II) were 
prepared by reaction of the appropriate isocyanate 
or isothiocyanate, respectively, with ,V,A-dimethyl
1,3-propanediamine. An improved procedure for 
preparation of cyclohexyl isocyanate from cyclo- 
hexylamine and phosgene was developed; this 
isocyanate could be utilized without isolation for 
the preparation of l-cyclohexyl-3-(3-dimethj4- 
aminopropyl)urea (IC).

Peptides have been synthesized in high yields 
and in very pure form with the carbodiimides 
described in this note. The reagents have also been 
utilized to form amide bonds in proteins.

(7) G. Amiard and R. Heymes, B a ll .  S a c . ( .'h im . F r a m e .  
1360 (1956).

•  •
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EXPERIMENTAL8

l-E th y l-3 - (3 -d im e th y la m in o p r o p y l) c a r b o d iim id e  (IIIA). D e 
s u l fu r iz a t io n  o f  th io u re a  IIA. To a cooled solution of 17.43 g. 
(0.2 mole) of ethyl isothiocyanate in 50 ml. of ether was 
added dropwise a solution of 20.44 g. (0.2 mole) of N , N -  
dimethyl-l,3-propanediamine in 50 ml. of ether. After 5 
hr. a t room temperature the ether was evaporated under 
reduced pressure; the residual oil was used without puri
fication for subsequent experiments.

The crude thiourea IIA derived from 0.2 mole of ethyl 
isothiocyanate was dissolved in 150 ml. of dry methylene 
chloride. To this solution was added 108.5 g. (0.5 mole) of 
yellow mercuric oxide and the mixture was shaken mechani
cally for 20 hr. Another 21.2 g. (0.1 mole) portion of the 
mercuric oxide was then added and the shaking was con
tinued for an additional 5 hr. At this time a probe test9 
for unchanged thiourea was negative. The mixture was 
filtred under dry nitrogen pressure, and the methylene 
chloride removed from the filtrate by evaporation under 
reduced pressure. Distillation of the residue under reduced 
pressure afforded 22.9 g. (74%) of carbodiimide IIIA, b.p. 
47-48° (0.27 mm.), n 2Ds 1.4582.

A n a l .  Calcd. for CSH„N3: C, G1.89; H, 11.04; N, 27.07. 
Found: C, 61.53; H, 11,11; N, 27.81.

l-E th y l-8 -{ 3 -d im e th y la m in o p r o p y l) c a r b o d iim id e  (IIIA). 
D e h y d r a tio n  o f  u re a  IA. To a solution of 20.5 g. (0.288 mole) 
of “practical” ethyl isocyanate in 200 ml. of anhydrous ether 
was added slowly 28.9 g. (0.280 mole) of N , IV-dimethy 1-1,3- 
propanediamine in 100 ml. of ether; ffie reaction tempera
ture was moderated by means of external cooling. After 
stirring at room temperature for 2 hr. the ether was removed 
under reduced pressure leaving a quantitative yield of crude 
l-ethyl-3-(3-dimethylaminopropyl)urea as a pale yellow oil. 
This crude material was used directly for preparation of the 
carbodiimide (IIIA).

To a solution of 42 g. (0.24 mole) of crude l-ethyl-3-(3- 
dimethylaminopropyl)urea (IA) in 750 ml. of methylene 
chloride and 130 ml. of triethylamine was added a solution 
of 91.3 g. (0.48 mole) of recrystallized p-toluenesulfonyl 
chloride in 500 ml. of methylene chloride. The temperature 
of the reaction mixture was maintained at 5° or less during 
the addition by means of external cooling. After the ad
dition of the p-toluenesulfonyl chloride the reaction was 
allowed to warm to room temperature, and then was heated 
under reflux for 3 to 4 hr. The reaction mixture was stirred 
with three 200-ml. portions of 40% aqueous potassium car
bonate; the solids and aqueous phase were removed after 
each treatment and were washed thoroughly with methylene 
chloride. The combined methylene chloride phases were 
concentrated and the residual oil extracted with several 
portions of ether. After evaporating the ether the residue 
was distilled to give 19.3 g. (51%) of l-ethyl-3-(3-dimethyl- 
aminopropyl)earbodiimide, b.p. 53-54° (0.60 mm.), n 2ff  
1.4594.

l - I s o p r o p y l-3 - (8 -d im e th y la m in o p r o p y l) c a r b o d iim id e  (1 1 I B ) 
v ia  l - is o p r o p y l-3 - { 3 -d im e th y la m in o p r o p y l)u r e a  (IB). The 
urea IB was prepared in the same manner as the ethyl analog 
IA. An extremely hygroscopic solid, m.p. 62-69°, was ob
tained upon removal of solvent. A small sample was purified 
by sublimation, m.p. 66-71°.

A n a l . Calcd. for C9HalN30 : N, 22.44. Found: N, 22.61.
Dehydration of the urea IB by the p-toluenesulfonyl 

chloride-triethylamine procedure as described above for the

(8) All melting points are corrected. Analyses were by
S. M. Nagy, Massachusetts Institute of Technology, Cam
bridge, Mass., or by A. Bernhardt, Max Planck Institute, 
Mulheim, Germany.

(9) This test constitutes addition of 2 drops of 0.25.17 
silver nitrate solution and 4 drops of ammonium hydroxide 
to a small aliquot of the reaction mixture. Appearance of a 
brown precipitate indicates the presence of thiourea.

1 -ethyl homolog afforded l-isopropyl-3-(3-dimethylamino- 
propyl)carbodiimide (IIIB), b.p. 57-59° (0.7 mm.), 
1.4545.

A n a l .  Calcd. for C 9HI9NS: C, 63.86; H, 11.31; N, 24.83. 
Found: C, 64.21; H, 11.39; N, 24.69.

l -C y c lo h e x y l-3 - (3 -d im e th y la m in o p r o p y l)c a r b o d iim id e  
(IIIC). D e s u lfu r iz a t io n  o f  th io u re a  IIA. Carbon disulfide 
(20.14 g., 0.26 mole) was added slowly to a stirred solution 
of 57.47 g. (0.53 mole) of cyclohexylamine in 400 ml. of dry 
ether at 0°. The colorless solid was collected by filtration, 
dissolved in 750 ml. of water, and treated with 70 g. (0.26 
mole) of mercuric chloride at 90° for a few minutes. Steam 
distillation removed the cyclohexyl isothiocyanate10 from 
the reaction mixture; the crude product, recovered from 
the distillate by extraction with ether, amounted to 28.0 g. 
(76%). To a cooled solution of this isothiocyanate in 100 
ml. of ether was added 20.2 g. (0.20 mole) of iV,A'-dimethyl-
l ,  3-propanediamine in 100 ml. of ether. The thiourea sepa
rated during the reaction; 32 g. (6 6 % based on the crude cy
clohexyl isothiocyanate), m.p. 70.4-71.0°.

A n a l .  Calcd. for Ci3H25N 3S: C, 59.20; H, 10.35; N, 17.26. 
Found: C, 59.18; H, 10.37; N, 17.52.

A solution of 15 g. (0.062 mole) of l-cyclohex3d-3 -(3 - 
dimethylaminopropyl)thiourea in 90 ml. of methylene chlo
ride was shaken for 20 hr. with 53.55 g. (0.25 mole) of yellow 
mercuric oxide. Since some thiourea still was present in the 
reaction mixture11 an additional 13.4 g. (0.062 mole) of 
mercuric oxide was added and the shaking continued for 1 2  

hr. The solution was filtered under nitrogen, the solvent 
removed, and the residue distilled. The yield of carbodiimide 
was 9.15 g. (71%) b.p. 89.5-91.5 (0.40 mm.), n 2D5 1.4844.

A n a l .  Calcd. for C]2H23N3: C, 68.84; H, 11.07; N, 20.07. 
Found: C, 68.72; H, 10.94 N, 19.98.

l-C y c lo h e x y l-3 - (3 -d im e th y la m in o p ro p y l)c a r b o d iim .id e  
(IIIC). D e h y d r a tio n  o f  u re a  IC. To a solution of 54. 5 g. 
(0.551 mole) of phosgene in 350 ml. of benzene was added 
slowly a solution of 13.6 g. (0.137 mole) of cyclohexylamine 
in 100 ml. of benzene. This slurry was stirred for 16 hr. at 
60-75° during which the solids dissolved. The resulting pale 
jmllow solution was refluxed vigorously for 2  hr., after which 
approximately half the benzene was distilled. The solution 
of cyclohexyl isocyanate11 remaining in the flask was cooled 
with an ice bath, and a solution of 14.0 g. (0.137 mole) of 
iV,iV-dimethyl-l,3-propanediamine in 200 ml. of ether was 
added. After stirring at room temperature for 3 hr. the sol
vents were removed under reduced pressure. Trituration 
of the residue with ether afforded 28.6 g. (92%) of crude 
urea, m.p. 79.5-84°. Recrystallization from ether raised the
m. p. to 90.4-91.0°.

A n a l .  Calcd. for C12H 25NSO: C, 63.39; H, 11.08; N, 18.49. 
Found: C, 63.40; H, 11.08; N, 18.35.

To a solution of l-cyclohexyl-3-(3-dimethylaminopropyl)- 
urea (46.32 g., 0.204 mole) in 600 ml. of methylene chloride 
and 100 ml. of triethylamine was added a solution of 58.0 g. 
(0.306 mole) of p-toluenesulfonyl chloride in 400 ml. of 
methylene chloride; the temperature was kept belowr 5° by 
external cooling. After completing the addition the mixture 
was stirred for 30 min. at room temperature and finally for 
2 hr. under gentle reflux. The cooled mixture was extracted 
with 1.0 1. of 10% aqueous potassium carbonate; the organic 
phase was dried over magnesium sulfate and the solvents 
removed under reduced pressure. The residue wns freed of 
triethylamine by dissolving in toluene and again evaporating 
under reduced pressure. The residue was triturated with 
several portions of ether to remove the carbodiimide from a 
resinous byproduct. After evaporating the ether distillation 
afforded 28.46 g. (67%) of product, b.p. 104° (0.8 mm.).

(10) A. Skita and H. Rolfer, B e r ., 53, 1242 (1920).
(11) Pure cyclohexyl isocyanate may be obtained by 

fractional distillation, b.p. 5 3 ° /ll mm.; W. Siefken, A n n . ,  
562, 75 (1949) reports b.p. 5 4 ° /ll mm.
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The crude carbodiimide obtained from the ether solution 
could be used without distillation for preparation of qua- 
ternized derivatives.

l - E t h y l - 3 - ( 3 - d im e t h y la m in o p r o p y l ) c a r b o d i im id e  h y d r o c h lo 
r id e . A mixture of 1.71 g. (0.011 mole) of l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide and 1.07 g. (0.0092 
mole) of pyridine hydrochloride in 10 ml. of methylene chlo
ride was stirred a t room temperature for 3 min. Anhydrous 
ether (100 ml.) was added drop wise and the crystalline 
product was collected by filtration. Recrystallization from 
methylene chloride-ether afford 1.76 g. (99.5%), m.p. 113.5- 
114.5°.

A n a l . Calcd. for C8HI8N3C1: C, 50.11; H, 9.47; N, 21.92. 
Found C, 49.76; H, 9.61; N, 22.07.

When scaled up 10-20 fold the yield of carbodiimide hy
drochloride was 85-90%, m.p. 108-112.5°.

1 -  C y c lo h e x y l  - 3 - ( 3 -  d im e th y la m in o p r o p y l ) c a r b o d i im id e  h y 
d r o c h lo r id e . To a solution of 4.20 g. (0.02 mole) of 1-cyclo- 
hexyl-3-(3-dimethylaminopropyl)carbodiimide in 30 ml. 
of methylene chloride was added 2.14 g. (0.019 mole) of 
recrystallized pyridine hydrochloride. After 5 min. the mix
ture was homogenous; 300 ml. of ether was added to pre
cipitate 4.29 g. (94%) of product, m.p. 99-104°.

A n a l . Calcd. for C12H24N3C1: C, 58.64; H, 9.84; N, 7.10; 
Cl, 14.43. Found: C, 59.14; N, 10.01; N, 16.95; Cl, 14.57.

l - C y c lo h e x y l - S - { S - d im e th y la m in o p r o p y l ) c a r b o d i im id e  m e th -  
i o d id e  (Via). The crude l-cyclohexyl-3-(3-dimethylamino- 
propyl)carbodiimide (IIIC ) obtained by dehydration of 22.7 
g. (0.10 mole) of the corresponding urea IC was treated with
28.4 g. (0.20 mole) of methyl iodide in 500 ml. of anhydrous 
ether. After stirring at room temperature for 18 hr. 27 g. 
(77%) of crystalline product was obtained, m.p. 158-159°. 
Recrystallization from acetone-ether afforded an analytical 
sample, m.p. 161.5-163°.

A n a l . Calcd. for Ci3H26N3I: C, 44.45; H, 7.46; N, 11.97. 
Found: C, 44.46; H, 7.38; N, 11.84.

A portion of Via was converted to the urea by action of 
acetic acid in methylene chloride; m.p. 194-195.5° after 
recrystallization from ethanol-ether.

A n a l . Calcd. for C,3H28N3OI: C, 42.2S; II, 7.64; N, 11.38. 
Found: C, 42.23; N, 7.75; N, 11.09.

l - C y c lo h e x y l - 3 - ( 3 - d im e th y la m in o p r o p y l ) c a r b o d i i m id e  
m e th o -p -to lu e n e s u W o n a te . Methyl p-toluenesulfonate (3.9 g., 
0.021 mole) and l-cyclohexyl-3-(3-dimethylaminopropyl)car- 
bodiimide (3.94 g., 0.019 mole) in 40 ml. of ether were allowed 
to react at room temperature for 20 hr. The yield of quater
nary salt was 6.09 g. (82%), m.p. 164.4-165.4°.

A n a l . Calcd. for C2oH33N30 3S: C, 60.72; H, 8.41; N, 10.62. 
Found: C, 60.80; H, 8.40; N, 10.68.

l - E th y I - 8 - ( 8 - d im e th y la m in o p r o p y l ) c a r b o d i i in id e  m e th io d id e .  
Quaternization of l-ethyl-3-(3-dimethylaminopropyl)carbo- 
diimide (IIIA) was carried out in the manner described 
above for the preparation of VIA. The solid product was 
recrystallized from chloroform-ethyl acetate; m.p. 106.5-
107.5.°

A n a l . Calcd. for C9H20N3I: C, 36.37; H, 6.78; N, 14.14. 
Found: C, 36.17; H, 6.88; N, 14.17.
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Reduction of Phenols lo 

Aromatic Hydrocarbons

W. N. M oulton and C. G. W ade 

R e c e iv e d  A u g u s t  1 1 , 1 9 6 0

The reduction of phenols to aromatic hydro
carbons is one of the most difficult of organic reac
tions. Zinc dust distillation, treatment with hydro
gen iodide and red phosphorus, and various cata
lytic hydrogenations have been used with limited 
success. The two best procedures available appear 
to be the reduction of aryl diethyl phosphates with 
sodium or lithium in liquid ammonia1, and the 
catalytic hydrogenation of aryl p-toluenesulfonatcs 
over Raney nickel.2

In 1883 Guether3 reported that phenol could be 
reduced to benzene and cresol (isomer unspecified) 
to toluene in low yield by heating with phosphorus 
trisulfide. The reaction equation given was :

8CJROH +  P2S3 — >■ 2C6H6 +  2(C6H50 )3P 0  +  3H2S

We have reinvestigated the reaction and studied 
some modifications which make the reaction more 
useful.

Our preliminary experiments confirmed Guether’s 
report. For example phenol and phosphorus tri
sulfide were heated together, the temperature being 
slowly raised. Between 50 arid 100° a large amount 
of hydrogen sulfide was evolved. No other product 
was obtained until the temperature reached 300°. 
Between 300 and 400° a liquid distilled from which 
benzene was isolated in 18% yield. The results of 
several similar experiments are recorded in Table I. 
The temperatures at which the products ŵ ere 
obtained varied from 250 to 400°. In each case a 
black intractable residue remained in the flask. 
None of the desired reduction product was obtained 
from p-chlorophenol, p-aminophenol, resorcinol,

TABLE I
R eduction  of I ndividual C omtoitnds

Reactants Products

%
Con

version

Phenol Benzene 18
2-Naphthol Naphthalene 20
1-Naphthol Naphthalene 11
2-Hydroxybiphenyl Biphenyl 18
1-Octanol Octane and 10

octene 26
Cyclohexanol Cyclohexene 65

(1) G. W. Kenner and N. R. Williams, J .  C h e m . S o c . ,  
552 (1955).

(2) G. W. Kenner and M. A. Murray, J .  C h e m . S o c . ,  
S178 (1949).

(3) A. Geuther, A n n . ,  221, 55 (1883).
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or guaiacol. These compounds apparently decom
posed as none of the starting materials were re
coverable. As shown in Table I aliphatic alcohols 
largely underwent dehydration, but n-octyl alcohol 
was reduced to octane in 10% yield.

On the basis of the Guether equation only one 
fourth of phenol would be expected to be reduced, 
and the yields obtained bore this out. This sug
gested that if the reaction was carried out on a mix
ture, one phenol might be selectively reduced. The 
results of several experiments using mixtures of 
phenol and a second phenolic compound are given 
in Table II. The results suggest that the reaction 
might be useful in the synthesis of polycyclic 
hydrocarbons using phenol as a coreactant. In the 
cases shown the product was distilled from the flask 
as the reaction proceeded. I t  may be possible to 
carry out the reaction in a sealed tube and isolate 
the hydrocarbon by extraction or chromatography. 
However, we have used only the distillation tech
nique.

TABLE II
R eduction  of M ix tu r es  of P henols

Reactants 
(Mole Ratios) Products

Yield,
%

2-Naphthol : Phenol
1:1 Naphthalene 33
1:3 IN aphthalene 67
1:7 IN aphthalene 53

Benzene 14
1-Naphthol : Phenol

1:1 Naphthalene 18
2-Hydroxybiphenyl : Phenol

1:3 Benzene 21

The reagent was originally designated phosphorus 
trisulfide, P 2S 3. However, it has been established 
that this composition is not a pure compound, but 
rather a mixture of phosphorus sesquisulfide, P3S3, 
and phosphorus heptasulfide, ITS?.4 The reagent 
used in our experiments was prepared by igniting a 
mixture of phosphorus and sulfur in a two to three 
mole ration in a closed crucible. Neither commercial 
P 4S 3 or P 4 S 7, nor a mixture of the two in the same 
proportions as P 2S 3, gave satisfactory results. Not 
all batches of the reagent we prepared were effec
tive in the reaction. In some instances we obtained 
a material that behaved very similarly to the mix
ture of commercial phosphorus sulfides with the 
P 2S 3 composition. There was no visual difference 
between effective and ineffective reagent. A sample 
of each new batch was checked using the reduction 
of 2-naphthol as a test. If the reduction was un
satisfactory, the batch was discarded. The reagent

(4) J. C. Pernert and J. H. Brown, C h em . E n g . N e w s , 27,
2143 (1949).

did not deteriorate on standing. The addition of 
small amounts of free phosphorus or sulfur to 
inactive reagent had no effect.

No serious effort to isolate any product but the 
desired hydrocarbon has been made. It would be 
premature to speculate on the mechanism of the 
reaction until further studies are made. That the 
reaction involves a phosphate ester is suggested by 
the observation that at temperatures from 50-100° 
a reaction occurs in which hydrogen sulfide is 
evolved and the phenol reacts to form a high boiling 
intermediate. No phenol is distilled from the reac
tion even at temperatures more than a hundred 
degrees above its boiling point. Walling5 has re
cently observed that thiophenol and triethyl phos
phite react at 145° in presence of a free radical 
catalyst to give benzene and triethyl phosphoro- 
thionate in 10-15% yield.

EXPERIMENTAL

P h o s p h o r u s  tr isu lfid e . An intimate mixture of 31 g. of 
phosphorus and 48 g. of sulfur were ignited in an unglazed 
crucible buried in a pail of sand. When the reaction was 
complete and the crucible cold the reagent was removed by 
breaking up the crucible. The reagent was gummy at first, 
but completely crystallized in 24 hr. Each batch was tested 
using the procedure which follows.

R e d u c t io n  p ro ced u re . A mixture of 70 g. of phenol and 60 g. 
of phosphorus sulfide was placed in a  20-ml. Claisen flask, 
fitted with a thermometer reaching nearly to the bottom of 
the flask. A second thermometer was placed in the side 
arm to measure the vapor temperature of the distillate. As 
the mixture was slowly heated to 150° hydrogen sulfide 
was evolved. After holding the temperatures at 150° for 
30 min. heating was increased. At pot temperatures above 
300° benzene distilled. The reaction was discontinued when 
the temperature reached 400° at which point the black 
residue foamed up to nearly fill the flask. The distillate (10.5 
g.) was redistilled to give 7.3 g. (12,5%) of benzene, b.p. 
80-81°, nT  1.4976.

All reductions were carried out by essentially the same 
procedure. Yields reported in tables are for products after 
one distillation or crystallization, and are based on total 
phenol used. In mixed reactions the mole ratio of phosphorus 
trisulfide to combined phenols was the same as described 
above.
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(5) C. Walling, O. H. Basedow, and E. S. Savas, J .  A m .  
C h e n .  S o c ., 82, 2181 (1960).
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The Use of Organodilithium Compounds for 
the Synthesis of 1,1-Dimethylsilacyclopentane 

and 1,1-DimethyIsilacyclohexane1

R alph  F essen d en  and M arvin  D. Coon

R e c e iv e d  S e p te m b e r  SO, 1 9 6 0

Organodilithium compounds have been success
fully employed for the preparation of sila-hetero- 
cyclic compounds,2 such as 10,10-dimethylphenoxa- 
silin (I).3 However, organodilithium compounds 
have not been extensively employed for the syn
thesis of compounds such as II and III. Tam- 
borski and Rosenberg5 have reported that the

oco
c h 3 c h 3

/  \
c h 3 c h 3

II

c h 3 c h 3

I II

reaction of 1,5-dilithiopentane and dimethyldi- 
chlorosilane failed to yield compound II. Witten
berg and Gilman,4 however, report that 1,1-di- 
phenylsilacyclopentane may be prepared in 46% 
yield from 1,4-dilithiobutane and diphenyldichloro- 
silane.

Compounds II and III have been previously 
prepared utilizing a two-step synthesis.6 The ring 
closure reaction was accomplished by reaction of 
the di-Grignard reagent with silicon tetrachloride. 
The second step of the synthesis was accomplished 
by reaction of the resulting dichlorosilacycloalkane 
with either methyl Grignard reagent5 or methyl- 
lithium.6

In this investigation, it has been observed that a 
modification of the reaction conditions of Tam- 
borski and Rosenberg6 will allow the direct prep
aration of II and III from the appropriate dili- 
thioalkane and dimethyldichlorosilane.

In order to obtain the best yield of III, a mixture 
of 1,4-dibromobutane and dimethyldichlorosilane 
was added to a chilled mixture of lithium shot7

(1) This work was supported by a Frederick Gardner 
Cottrell grant from Research Corp.

(2) (a) H. Gilman and R. D. Gorsich, J .  A m .  C h e m . S o c . ,  
77, 6380 (1955); (b) K. Oita and H. Gilman, J .  O rg . C h e m .,  
22, 336 (1957); (c) C. H. S. Hitchcock, F. G. Mann, and
A. Vanterpool, J .  C h e m . S o c . , 4537 (1957); (d) K. Oita 
and H. Gilman, J .  A m .  C h e m . Soc.., 79, 339 (1957); (e) H. 
Gilman and D. Miles, J .  O rg . C h e m ., 2 3 , 1363 (1958); (f)
H. Gilman and R. D. Gorsich, J .  A m .  C h e m . S o c . , 80, 1883
(1958).

(3) Ref. 2(c) and 2(d).
(4) D. Wittenberg and H. Gilman, J .  A m .  C h e m . S o c . ,  

80, 2677 (1958).
(5) R. West, J .  A m .  C h e m . S o c . , 76, 6012 (1954).
(6) C. Tamborski and H. Rosenberg, J .  O rg . C h e m ., 25, 

246 (1960).
(7) R. West and E. G. Rochow, J .  O rg . C h e m ., 18, 1739

(1953).

using an ether solvent. The reaction was exo
thermic and a Dry Ice-acetone bath was necessary 
for cooling. The rate of addition of the mixture did 
not appear to be of importance if the reaction 
temperature was kept below 20°. Using this pro
cedure, the yields of III varied from 54 to 76%. 
Dilution reduced the yield of III to 40%. When the 
dilithium reagent was prepared prior to the addition 
of dimethyldichlorosilane, the yield of III was 42%.

Compound II could be obtained in yields of 
only 27 to 32% using this procedure. In a run when 
the dilithium reagent was prepared prior to the 
addition of dimethyldichlorosilane, no silacyclo- 
hexane was obtained. This latter observation is in 
agreement with the report of Tamborski and Rosen
berg.6

No cyclic silanes were obtained when 1,4-di- 
chlorobutane, l,4-dichloro-2-butene or 1,3-dibromo- 
propane were used in this reaction.

EXPERIMENTAL8

1 .1 -  D im e th y l s i la c y c lo p e n ta n e  (III). In a 1-1. flask, equipped 
for a nitrogen atmosphere and fitted with a mechanical 
stirrer dropping funnel, and reflux condenser with a ther
mometer insert, were placed 300 ml. of dry ether and 11.2 g. 
(1.60 moles) of lithium shot.4 The reaction flask was then 
cooled to 10° with a Dry Ice-acetone bath. To this mixture 
was then added dropwise (CAUTION) a mixture of 51.6 g. 
(0.40 mole) of dimethyldichlorosilane and 86.4 g. (0.40 mole) 
of 1,4-dibromobutane. Throughout the addition period 
(ca . 1 hr.) care was taken to maintain the temperature of 
the reactants below 20°. After the addition had been com
pleted, the mixture was heated under reflux for 1 hr. then 
filtered to remove the lithium halide. The filter cake was 
washed with three 100-ml. portions of ether. The ethereal 
solution was concentrated to c a . 100 ml., then filtered to 
remove the lithium halide precipitated during the concen
tration. Distillation resulted in 29.1 g. (65%) of 1,1-di- 
raethylsilacyclopentane (III), b.p. 103-105°, n ]d 1.4340 
(lit.6 b.p. 107°, ra2D5 1.4334). Yields varied from 54 to 76%.

In one run when 500 ml. of ether was used with 0.2 mole of 
reactants, only a 40% yield of dimethylsilacyclopentane was 
obtained.

In another run when the 1,4-dilithiobutane (0.20 mole) 
was prepared prior to the reaction with dimethyldichloro
silane, a 42% yield of the dimethylsilacyclopentane wTas 
obtained.

When 1,4-dichlorobutane was used in place of 1,4-dibromo
butane no precipitation of lithium halide was observed and 
no dimethylsilacyclopentane was obtained.

1 .1 -  D im e th y ls i la c y c lo h e x a n e  (II). Using the procedure de
scribed for the preparation of the silacyclopentane, 5.6 g. 
(0.80 mole) of lithium shot,7 25.8 g. (0.20 mole) of dimethyl
dichlorosilane, and 46.0 g. (0.20 mole) of 1,5-dibromopentane 
vielded 8.5 g. (33%) of 1,1-dimethylsilacyclohexane (II),
b.p. 129-131°, n2D3 1.4421 (lit.6 b.p. 133°, n2D5 1.4380). In 
another run using the same procedure, the yield of I I  was 
27%.

In another reaction when 0.1 mole of 1,5-dilithiopentane 
was prepared prior to addition of dimethyldichlorosilane, 
only nondistiliable residue was obtained.

(8) All boiling points are uncorrected. Distillations were 
accomplished using a 2-meter modified Podbielniak column 
(c/. J. Cason and H. Rapoport, L a b o r a to r y  T e x t  i n  O r g a n ic  
C h e m is tr y , Prentice-Hall, Inc., New York, 1950, p. 237) 
and ware run at atmospheric pressure.
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Reactions with l,4-dichloro-2-butene (0.10 molar reac
tion) and with 1,3-dibromopropane (0.20 molar reaction) 
using the same solvent ratios and procedures as described 
for compound III, resulted in nondistillable residues.

Department of Chemistry 
San Jose State College 
San Jose, Calif.

Amine Oxidations with Iodine Pentafluoride.
Preparation of Azoisobutane1

Travis E. Stevens 

R ece ived  N o v e m b e r  S I ,  1 9 6 0

Several organic amines, and some related organic 
compounds, have been exposed to the mild fluori- 
nating agent, iodine pentafluoride,2 in methylene 
chloride or methylene chloride-pyridine solutions. 
The results of some of these experiments are sum
marized in Table I. Although most organic amines 
were observed to react vigorously when mixed with 
iodine pentafluoride, a controllable interaction 
occurred in the presence of the inert solvent. In 
the experiments reported in the table, hydrolysis 
of the reaction mixture was carried out before iso
lation of any products was attempted; hence, some 
of the materials isolated were formed by hydrolysis 
of uncharacterized intermediates.

The first five examples in the table illustrate the 
dehydrogenation of a primary amine containing 
an a-methylene group. With pyridine present in 
the reaction mixture it was possible to isolate 
the corresponding nitrile in 50-90% yield. Since 
the aldehyde accompanying the nitrile probably 
arises from hydrolysis of an inline (the product of

(1) i f 6
R - C H 2NH2--------- >- R—CN +  RCHO

(2) H 2O

incomplete dehydrogenation), conditions better 
for this dehydrogenation than those given in the 
table may exist.3

(1) This research was carried out under Army Ordnance 
Contract DA-01-021-ORD-5135.

(2) M. C. Sneed, J. L. Maynard, and R. C. Brasted, 
C o m p r e h e n s iv e  In o r g a n ic  C h e m is try , Vol. I l l ,  T h e  H a lo g en s ,
D. Van Nostrand Co., Inc., New York, N. Y., 1954, pp.
210-13; General Chemical Division, Allied Chemical and 
Dye Corporation, Technical Bulletin TA-8532-2, “Chlorine 
Trifluoride and Other Halogen Fluorides.”

(3) As a referee has pointed out, there is an analogy 
between these dehydrogenations and those reported in the 
Hofmann rearrangement for certain amines of intermediate 
size [see E. S. Wallis and J. F. Lane, O rg. R e a c tio n s , 3, 267
(1946)]. One could postulate the formation of iV-fluoro- 
amine intermediates in these oxidations, as /V-bromoamines 
were considered to be intermediates is the lwpobromite 
oxidations (R. C. Fuson, A d v a n c e d  O rg a n ic  C h e m is try , John 
Wiley and Sons, New York, 1950, p. 538), but no evidence 
was found for such species. The basic fractions of these 
reactions, and of those mentioned later, were not examined 
for coupling products.

¿-Butylamine was oxidized readily to 2,2'-di- 
methy 1-2,2'-azopropane (azoisobutane). This 
method of preparation of this interesting and useful 
azo compound appears to be quite superior to that 
reported.4 However, vapor phase chromatography of 
the azoisobutane produced in the iodine pentafluo
ride oxidation indicated a very small amount of 
impurity that was not removed readily by washing 
and distillation. Chromatographic purification of 
samples might be required to obtain uncontaminated 
material.

Hydrazobenzene was oxidized readily to azo
benzene. There was no sign of further reaction 
iodine pentafluoride and azobenzene; solutions of 
azobenzene in pure iodine pentafluoride were 
warmed to 100°, and the azobenzene was recovered 
unchanged upon hydrolysis of the iodine penta
fluoride.

Although oxidation of dibenzylamine and tri- 
benzylamine proceeded smoothly to produce benz- 
aldehyde, oxidation of other secondary and ter
tiary amines, of primary amines containing an a- 
substituent, and of aromatic amines led mostly to 
uncharacterized, tarry products.

Oximes, when added to a methylene chloride 
solution of iodine pentafluoride, underwent a Beck
mann rearrangement. The last three examples in 
the table illustrate this. Hydrolysis of unchanged 
oxime during the processing of the reaction mixture 
appeared to be the major side reaction, although 
some of the acetanilide produced in the aceto
phenone oxime rearrangement underwent aromatic 
iodination.

EXPERIMENTAL

Melting points and boiling points are uncorrected. Iodine 
pentafluoride w'as obtained from the Matheson Co.; it 
was pumped i n  va cu o  from the cylinder, trapped in a Kel-F 
test tube at —78°, and allowed to melt in a stream of dry 
nitrogen. The test tube then was detached from the vacuum 
line and the iodine pentafluoride was withdrawn and meas
ured in a glass pipet.

R e a c tio n  o f  io d in e  p e n ta flu o r id e  a n d  a m in e s . Not all of 
the amine reactions mentioned in the table are detailed 
here, but the methods and results are illustrated amply.

(a) B e n z y la m in e . A solution of 3.0 ml. (0.043 mole) of 
iodine pentafluoride in 120 ml. of methylene chloride 
w'as cooled to 3° and 4.3 g. (0.040 mole) of benzylamine in 
30 ml. of methylene chloride was added dropwise over 30 
min. The solution was stirred at 15° for 2 hr. Ice water then 
w'as added and the methylene chloride was separated and 
w'ashed with dilute hydrochloric acid, water, and dilute 
sodium thiosulfate solution. Evaporation of the methylene 
chloride left 1.35 g. of residue. The infrared spectrum of this 
oil indicated tha t it was a benzonitrile-benzaldehyde mix
ture. The sample was chromatographed on Perkin-Elmer 
vapor phase chromatogram Column A at 150°, utilizing 
acetophenone as an internal standard. In this way it was 
determined that the residue consisted of benzaldehvde, 0.84 
g. (20%), and benzonitrile, 0.35 g. (9%). The retention time 
of the benzaldehyde and of the benzonitrile was the same 
as that of the authentic material used in obtaining the 
calibration curves.

(4) E. Farenhorst and E. C. Kooyman, R ec . trav . c h im .,  
72, 993 (1953).

•  •
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TABLE I
Iodine Pentafluoride Reactions

Organic Compound Solvent“
Substrate,

mmoles
IFS,

mmoles
Reaction

Conditions Products, mmoles

Benzylamine C 40 43 15°, 2 hr. Benzaldehyde, 8 b 
Benzonitrile, 4*

Benzylamine CP 40 43 15°, 2 hr. Benzonitrile, 36* 
Benzaldehyde, Trace

Hexylamine CP 70 71 25°, 4 hr. Hexanenitrile, 36
Butylamine CP 40 43 20°, 2 hr. Butyronitrile, 17
Isobutylamine CP 40 43 20°, 2 hr. Isobutyronitrile, 14* 

Isobutyraldehyde, 106
¿-Butylamine CP 100 70 -1 0 ° , 1 hr. 

3°, 1 hr.
Azoisobutane, 24 (48%)

Hvdrazobenzene c 29 14 3°, 1 hr. Azobenzene, 10.5 (74%)
Dibenzylamine CP 2(1 43 15°, 2 hr. Benzaldehyde, 16
Tribenzylamine C 20 43 15°, 2 hr. Benzaldehyde, 18 

Dibenzylamine, 12
Cyclohexanone oxime c 43 43 3°, 1 hr. 

15°, 1 hr.
e-Caprolactam, 12.5

Benzophenone oxime c 43 43 3°, 1 hr. 
15°, 1 hr.

W-Phenylbenzamide, 32

Acetophenone oxime c 43 43 3°, 1 hr. 
15°, 1 hr.

Acetophenone, 9 
Acetanilide, 9.3 
p-Iodoaeetanilide, 2.3

“ Solvent C is methylene chloride; CP is a methylene chloride-pyridine mixture. b Yield determined by vapor phase 
chromatography.

A 0.26-g. portion of the reaction product was added to a 
solution of 2,4-dinitrophenylhydrazine; a total of 0.45 g. 
(07%) of the 2,4-dinitrophenylhydrazone of benzaldchyde 
was collected, m.p. and mixture m.p. 235-236°.

When the reaction was conducted as described above, 
except that 13 ml. (0.16 mole) of pyridine was added to the 
solution, there was obtained 3.86 g. of residue. This residue 
was analyzed by vapor phase chromatography and was 
found to contain benzonitrile, 3.68 g. (89%), and a little 
benzaldehyde (about 3%).

(b) H e x y la m in e . A solution containing 5.0 ml. (0.071 
mole) of iodine pentafluoride, 23 ml. (0.28 mole) of pyridine, 
and 150 ml. of methylene chloride was stirred at 3° while
9.3 ml. (0.070 mole) of hexylamine in 20 ml. of methylene 
chloride was added dropwise. The mixture was stirred at 25° 
for 4 hr, then water was added and the organic layer was 
separated. The methylene chloride solution was washed 
successively with water, dilute hydrochloric acid, water, 
5% aqueous sodium thiosulfate, and water. The methylene 
chloride was removed by distillation and the residue was 
distilled to give hexanenitrile, 3.67 g. (52%), b.p. 72° 
(33 mm.), n \ °  1.4069. The nitrile sample gave only a 
single peak on examination by vapor phase chromatography; 
the retention time was the same as that of the authentic 
sample. However, the authentic sample contained a second 
small peak that was not removed by distillation, and the 
lack of a pure reference sample prevented a v.p.c. yield from 
being determined.

(c) H y d ra zo b e n ze n e . A solution of 5.35 g. of hvdrazoben- 
zene in 40 ml. of methylene chloride was added to a stirred 
solution of 1.0 ml. (0.014 mole) of iodine pentafluoride in 50 
ml. of methylene chloride. A cooling bath maintained an 
internal temperature of —10° to —5° during the addition; 
the mixture then was stirred 1 hr. a t 3°. The reaction mix
ture was quenched in water, and the organic layer was 
processed as usual. The residue obtained on evaporation 
of the methylene chloride was chromatographed on silica 
gel. Azobenzene, 3.84 g. (74%), m.p. 66-67°, was obtained 
on evaporation of the pentane-methylene chloride eluate. 
The product was identified by mixture melting point and 
infrared spectrum.

(d) t- B u ty la m in e . A solution containing 120 ml. of methyl
ene chloride, 18 ml. of pyridine, and 5.0 ml. (0.07 mole) of

iodine pentafluoride was stirred at —10° while 7.3 g. (0.10 
mole) of f-butylamine in 10 ml. of methylene chloride was 
added dropwise. The mixture then was stirred at —10° for
1 hr. and at 0° for 1 hr. Water was added and the organic 
layer was separated and washed with water, dilute hydro
chloric acid, 5% aqueous sodium thiosulfate, and water. 
The methylene chloride was removed through a Holzman 
column and the residue was distilled through the same 
column. 2,2'-Dimethyl-2,2'-azopropane, 3.40 g., b.p. 53° 
(70 mm.), n~° 1.4133, reported4 b.p. 109° (45°/50 mm.), 
n2D° 1.4091. The vapor phase chromatogram of the material 
on Perkin Elmer Column A at 75° exhibited 2 trace impuri
ties. A redistilled center cut had w3D° 1.4193; the trace im
purity peaks were still present in the vapor phase chromato
gram.

A n a l .  Calcd. for C8H„N2: C, 67.55; H, 12.75; N, 19.70. 
Found: C, 67.83; 11.71; N, 19.72.

R e a c tio n  o f  ace to p h en o n e  o x im e  a n d  io d in e  p e n ta flu o r id e . 
A stirred solution of 3.0 ml. (0.043 mole) of iodine penta
fluoride in 120 ml. of methylene chloride was cooled in an 
ice bath while 5.8 g. {0 . 0 4 3  mole) of acetophenone oxime in 
30 ml. of methylene chloride was added dropwise. Stirring 
was continued for 1 hr. a t 3° and for 1 hr. at 15°. Water was 
then added and the organic layer was separated and washed 
with 15% aqueous sodium thiosulfate and water. The resi
due obtained on evaporation of the methylene chloride was 
chromatographed on silica gel. The first fraction eluted 
from the column was acetophenone, 1.09 g. (21%), identified 
as its 2,4-dinitrophenylhydrazone, m.p. 235-237°, mixture 
m.p. 236-237° (authentic sample m.p. 242-243°); the in
frared spectrum of the derivative was identical with that of 
acetophenone 2,4-dinitrophenylhydrazone. A second frac
tion (3.33 g.) was eluted by methylene chloride-methanol. 
This was recrystallized from ethanol-water to give (a), 
0.83 g., m.p. 162-166°, (b) 0.83 g., m.p. 108-111°, (c) 0.46 
g., m.p. 113-114°, and (d) 0.14 g., m.p. 113-114°. The last
2 fractions were acetanilide; a mixture m.p. with acetanilide 
was 113-114°. Thg (a) and (b) crops were recrystallized 
from ethanol to give p-iodoacetanilide, 0.55 g., m.p. 180- 
182°; a mixture m.p. with an authentic sample (m.p. 184- 
186°) was 182-184°. A second crop of less pure p-iodoacetan- 
ilide, 0.06 g., m.p. 168-172 was also obtained. A final crop 
of acetanilide, 0.67 g., 109-111°, mixture m.p. 112-113°

•  •
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was obtained from the mother liquors of the (a) and (b) 
recrystallization.

Rohm & Haas Co.
Redstone Arsenal Research Div.
Huntsville, Ala.

E vidence for th e  E xp an sion  o f  th e  V alen ce  
S h e ll o f  D iv a len t S u lfu r 1

Robert R. Beishline 

R ece ived  S e p te m b e r  15 , 1 9 6 0

Because sulfur has unoccupied 3d-orbitals, it 
has the possibility of expanding its valence shell 
through electron-pair acceptor type conjugation. 
When sulfur is attached directly to a phenyl ring 
this electron-pair acceptor conjugation presumably 
occurs via overlap between a 7r-orbital on carbon 
and an unoccupied 3d-orbital on sulfur to form a 
(p-d) it bond.

Bordwell and Boutan2 concluded on the basis of 
pKa data and a qualitative Hammett a treatment 
that electron-pair acceptor type conjugation for 
divalent sulfur is usually small or negligible. 
Application of recent modifications of the Hammett 
a treatment3 which allow semiquantitative evalua
tion of resonance effects demonstrates that some 
revision of these conclusions is necessary.

Bordwell and Boutan reasoned that if sulfur 
expanded its valence shell the resonance form
(VI) would be more important than form (III) 
and a — R para- substituent (Z) would be more 
electron donating by resonance in the ionization 
of a substituted thiophenol than in the ionization 
of the corresponding phenol, i.e., the resonance 
effect of a — R para- substituent (Z) would have a 
larger negative value in the ionization of a thio
phenol than in that of the corresponding phenol.4

V VI

(1) This work was supported in ps|ft by the Office of 
Naval Research, Project NR055-328.

(2) F. G. Bordwell and P. J. Boutan, J .  A m .  C h e m . S o c ., 
78, 854 (1956).

(3) R. W. Taft, Jr. and I. C. Lewis, J .  A m .  C h e m . S o c .,
81, 5343 (1959).

They looked for this resonance effect, but their 
treatment of the data did not show it (cf. results 
listed in Table I) and it was therefore assumed to 
be absent. However, they arrived at their conclu
sions via the qualitative relationship:

<tp — o m ~  p a r a -resonance effect

which neglects small but significant resonance 
effects due to meta- substituents. Resonance values 
(o-B) calculated by the method of Taft and Lewis3 
(given in Table I), which considers resonance in
teractions from the meta- position, show that the 
effect is present, and although small, is outside 
of experimental error.

TABLE I
C o m pa r iso n  o f  ( b> — a m )  V a l u e s  w it h  ^ V a l u e s

Gp Gm GRa
Gp — Gm /  ioniza-\ GRa /  ioniza-\

( ioniza- \  / tion of \ /  ioniza- \  I tion of 1 
tion of ) l thio- 11 tion cf H thio- J 
phenols/ Xphenols/ Xphenols/ \phenols/

—OCH3 - 0 .2 4  -0 .2 1  - 0 .3 6  -0 .4 8
—NICH-A - 0 .1 6  - 0 .1 7  -0 .2 1  -0 .3 3

“ These o-r  values were calculated using the pi values 
given in Table II  of reference (3) and the aliphatic a\ values 
given by Taft and Lewis in Table I  of reference (3) and 
Table II of J .  A m .  C h em . S o c ., 80, 2436 (1958).

Participation by sulfur in electron-pair acceptor 
type conjugation should increase as the X-group 
attached to sulfur becomes more electron with
drawing by inductive and conjugative interaction 
(as measured qualitatively by the <rv value of the 
X-group). This follows since such withdrawal 
would reduce the contribution of resonance form
(IV) and also contract the 3d-orbitals making them 
less diffuse and therefore capable of greater overlap 
with a 2p-orbital on carbon. Table II shows that 
this effect is actually observed. The cR values
for — qualitatively follow the o> valhes of 

NX
X, increasing from negative numbers (net electron
doner action by —S \  ) when X is CH3 to positive 

X
numbers (net electron acceptor action by —Ss. )

x X
when X is COCH3 and CN. In each case the 
a-R values are more positive for the ionization of the 
substituted phenol than for that of the correspond
ing substituted benzoic acid, as would be expected

(4) As a result of resonance form (VI), valence shell 
expansion by sulfur would be expected to stabilize the sub
stituted thiophenol relative to the corresponding thio- 
phenylate ion because of the negative charge on sulfur in 
the anion. This effect should be very much smaller in the 
case of the substituted phenols; consequently, the ioniza
tion constant of thiophenol would be decreased more by the 
introduction of a — R p a r a  substituent (Z) than would the 
ionization constant of phenol.
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if sulfur were participating in electron-pair acceptor 
type conjugation.

TABLE II
Qualitative Relationship between o r  Values for

—®NX AND 572 Values F0K X

o r for

/  ionization \

or for

—S \X6

—S \x  Group c p  for X a
1 of benzoic J 
\  acids /

/ionization \  
\of phenols/

—SOIL -0 .1 7 - 0 .2 4 -0 .0 3
—SCOCHs +0.52 +0.10 +0.12
—SCN +0.63 +0.06 +0.14

a H. H. Jaffe, Chem.. R e v s . , 53, 191 (1953). " The ör

values for —S \X were calculated from the data of Bord-
well and Boutan (2) using the pi values given in Table II 
of reference (3). The aliphatic oi values of Taft and Lewis 
were used (see ( a ) , Table I) except for the thiolacetoxy 
(— S C O C H 3 ) and thiocyanate groups. The <n value for 
the thiolacetoxy group was obtained from the data of 
Bordwell and Boutan2 using equations (1) and (6) of refer
ence (3) and the pi and a  values given in Table II  of refer
ence (3). The ox value of the thiocyanate group has not been 
experimentally determined, and was estimated from the 
equation:

where 1/2.8 is a fall-off factor. This equation comes from 
unpublished work of R. W. Taft, Jr., and I. C. Lewis 
which is patterned after earlier work of G. E. K. Branch 
and M. Calvin, T h e  T h e o ry  o f  O rg a n ic  C h e m is try , Prentice- 
Hall, Inc., New York, N. Y., 1941, pp. 201-225. In general, 
the method gives good agreement with experimental 
results.

Although the observed electron-pair acceptor 
participation by sulfur is small, the (p-d)ir conjuga
tion need not necessarily be small since the 
observed effect could be the net result of (p-d) t 
conjugation, such as shown in resonance form (VI), 
acting against a somewhat smaller magnitude of 
ordinary (p-p)ir conjugation of the type shown in 
resonance forms (IV) and (I).

Department of Chemistry
The Pennsylvania State University
University Park, Pa.

P h osp h oru s P en to x id e  as a R eagen t in  P ep tid e  
S y n th esis

Bernard F. Erlanger and Nicholas Kokowsky 

R ece ived  O ctober 17 , 1 9 6 0

At the time Schramm and Wissman1 reported on 
the use of phosphorus pentoxide for the synthesis 
of peptides, an essentially identical procedure was

being developed in this laboratory. The purpose 
of this communication is, first of all, to report that, 
contrary to the findings of the above authors, 
racemization can occur when acylated peptides are 
employed as intermediates and, secondly, to supply 
additional information about the potential use
fulness of this synthetic procedure.

The general procedure was as follows: A diethyl 
phosphite solution containing one mole of acylated 
amino acid, one mole of amino acid (or peptide) 
ester hydrochloride, and two moles of tri-n- 
butylamine, was added to a solution of phosphorus 
pentoxide in diethylphosphite. After being heated 
on a steam bath for forty minutes, the reaction 
mixture was poured into an aqueous sodium bi
carbonate solution. Crystallization frequently oc
curred at this point. The reaction was carried out in 
a hood, since phosphine appeared as a by-product.

A number of the compounds not hitherto syn
thesized by this method are listed in Table I and 
include peptides containing the following amino 
acid residues: glycine, D-alanine, L-phenylalanine, 
L-tyrosine, L-tryptophan, e-V-carbobenzoxy-L-ly- 
sine, and L-glutamic acid dibenzyl ester. The pro
tecting groups include V-benzoyl, V-carbobenzoxy,

TABLE I
Peptide Derivatives

Compound“
Yield,"

%
M.P.,
found

M.P.,
lit.

ZGly-PheOH(DL) 70“ 160 160rf
Z-Gly-Phe-OH(L) 64“ 125-126 125-126“
Z-Ala-Gly-OBz(L) 85 112 11%
Z-Ala-Ala-OBz(D-D) 75 138 138"
Z -Phe-Gly • O C2H5( l ) 77 109 109-110"
B-Gly-Z-Lys-OCHaG)2 75 145 1457
Tr-Gly-Gly-OCîHs 65 161 163"
Z • Ala-T vr ■ O C2H5( L-L ) 50 136 137'
Z-Try-GlyOH(L) 32“ 156 156**
Z-Gly-Try-OH(L) 50“ 142 142w
Z-Ala-Glu-(OBz)2(L-L) 65 103 104—105”

“ The abbreviations are those of E. Brand and B. F.
Erlanger, J . A m .  C h e m . Soc.., 73, 3508 (1951). Tr = trityl = 
triphenylmethyl; B = benzoyl; Z = carbobenzoxy; Bz = 
benzyl. " Yield of purified products. “ Over-all yield of 
coupling reaction and subsequent saponification of methyl 
ester. d J. Vaughan, Jr., and R. L. Osato, J .  A m .  C h em . 
S o c ., 74, 676 (1952). 6 K. Hofmann and M. Bergmann,
J .  B io l .  C h e m ., 134, 225 (1940) report [«] 3D5 +38.5 (5.0% 
in ethanol); we find [a] 7 ? +37.8 (0.5% in ethanol). 1 B. F. 
Erlanger and E. Brand, J .  A m .  C h em . S o c ., 73, 3508 (1951). 
" This is m.p. of L-L isomer as reported in ref. /. h G. W. 
Anderson and R. W. Young, J .  A m .  C h e m . S o c ., 74, 5308
(1952). They also report [œ]2E5 —16.0 (2% in ethanol); we 
find [a]2D5 —17.3 (2% in ethanol). i This compound was 
saponified and converted, by hydrogenolysis, to hippuryl 
L-lysine: [a]2D5 —5.2 (2.5% in water); ref. e reports the same 
rotation. j M. Bergmann, L. Zervas, and F. Ross, J .  B io l .  
C h e m ., Ill ,  245 (1935). * G. Amiard, R. Heymes, and L. 
Velluz, B u ll .  S o c . £'h im . F ra n c e , 191 (1955). 1 M. Bergmann 
and J. S. Fruton, 7 . B io l .  C h e m ., 145, 247 (1942). m E. L. 
Smith, 7 . B io l .  C h e m ., 175, 39 (1948). n H. Sachs and E. 
Brand, 7 . A m .  C h e m . Soc.., 75, 4608 (1953). They also 
report [q:]2d5 —16.6 (2%, in glacial acetic acid); we find
[a] E5 —16.8 (2% in glacial acetic acid).(1) G. Schramm and A. Wissman, B e r ., 91, 1073 (1958).
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and iV-trityl. Except for the peptide containing 
tyrosine and one containing tryptophan, the yields 
are good. The yield of tyrosine peptides could 
probably be increased by protecting the phenolic 
hydroxyl group.2

In order to ascertain whether racemization would 
occur when an acylated dipeptide was used as an 
intermediate, the sensitive test of Anderson and 
co-workers3 was applied. Carbobenzoxyglycyl l- 
phenylalanine was condensed with glycine ethyl 
ester hydrochloride in the presence of tri-n- 
butylamine and the products were examined. 
Approximately 40% of the total product was found 
to be carbobenzoxyglycyl DL-phenylalanylglycine 
ethyl ester. The experimental conditions were 
modified in a number of ways without effecting a 
decrease in the extent of racemization (see Experi
mental section).

Schramm and Wissman1 reported that no race
mization occurred when carbobenzoxyglycyl l -  
leucylglycine ethyl ester was synthesized by the 
condensation of carbobenzoxyglycyl L-lemcine with 
glycine ethyl ester hydrochloride in the presence of 
tri-n-butylamine and phosphorus pentoxide. Since 
their procedure was quite similar to the one used 
in our laboratory, the degree of racemization must 
be influenced by the nature of peptide being synthe
sized. Our experiments demonstrate, however, that 
racemization is possible when acylated peptides 
are employed as intermediates in this reaction.

It would appear from our work, as well as from 
that of Schramm and Wissman,1 that phosphorus 
pentoxide is a valuable reagent for the synthesis 
of simple peptide derivatives of amino acids which 
lack reactive groups in their side chains or whose 
reactive groups are suitably protected. It is es
pecially adaptable to the synthesis of large quanti
ties of peptides in small reaction volumes, as illus
trated in the Experimental section by the prepara
tion of 90 g. carbobenzoxyglycyl L-phenylalanine. 
It has also been found to be a useful reagent for 
the preparation of hydroxamic acids and anilides 
directly from carboxylic acids. The synthesis 
of hexanohydroxamic acid from the acid and hy- 
droxylamine hydrochloride is described in another 
paper,4 as is the synthesis of a new substrate for 
trypsin, benzoyl DL-arginine-p-nitroanilide hydro
chloride.6

EXPERIMENTAL

The following procedure was used to  prepare all com
pounds listed in Table I. In crystallizing these compounds,

(2) C f. K. Blau and S. G. Waley, B io c h e m . J ., 57, 538
(1954); S. G. Waley and J. Watson, B io c h e m . J . ,  57, 529
(1954); E. Wunsch, G. Fries, and A. Zwick, B e r . , 91, 542 
(1958).

(3) G. W. Anderson and F. M. Callahan, J .  A m .  C h em . 
S o c ., 80, 2902 (1958).

(4) W. Cohen and B. F. Erlanger, J .  A m .  C h e m . S o c ., 82, 
3928 (1960).

(5) B. F. Erlanger, N. Rokowsky, and W. Cohen, in
preparation.

the solvents used were the seme as those described in the 
literature for the particular peptide derivative (see Table
I).

S ta n d a r d  p ro c ed u re : C a rb o b en zo x yg lycy l l - p h e n y la la n in e .  
A suspension of 85.5 g. (0.397 mole) of L-phenylalanine 
methyl ester hydrochloride (Mann Research Laboratories),
83.2 g. (0.397 mole) of carbobenzoxyglycine,6 and 148 g. 
(190 ml., 0.795 mole) of tri-w-butylamine in 125 ml. of di- 
ethylphosphite was added to a solution of 56 g. (0.397 mole) 
of phosphorus pentoxide (Mallinckrodt, A.R.) in 175 ml. 
of diethylphosphite (Victor Chemical Works) (warming is 
necessary to effect solution of the phosphorus pentoxide). 
The reaction mixture was heated on a steam bath for 40 
min., poured into 700 ml. of water containing an excess of 
sodium bicarbonate, and the resulting oil extracted into 
ethyl acetate. After washing with dilute hydrochloric acid 
and water, the ethyl acetate extract was dried over an
hydrous sodium sulfate and concentrated i n  vacuo  to yield 
145 g. of an oil. The above procedure should be carried out 
in a hood, since a considerable quantity of phosphine appears 
as a by-product.

The oily ester was saponified by allowing it to stand in a 
solution of 236 ml. 2 N  of sodium hydroxide in 500 ml. of 
methanol for 90 min. at room temperature. I t  was then acidi
fied with concentrated hydrochloric acid, concentrated in 
volume i n  vacuo  and poured into 200 ml. of water. The re
sulting oil was extracted into ethyl acetate, washed with 
water, and dried over anhydrous sodium sulfate. Removal 
of the solvent i n  vacuo  gave a solid mass which could be 
crystallized from ethyl acetate-ether. The yield was 45 g. 
The mother liquor was found to  contain unsaponified ester 
which was allowed to react for an additional hour at room 
temperature with a solution of 150 ml.2Ar of sodium hjr- 
droxide in 200 ml. of methanol. The reaction mixture was 
treated as above and yielded 51 g. of material, which was 
combined with the 45 g. obtained previously and recrystal
lized from ethyl acetate-ether. The yield was 90 g. (64% 
over-all yield for both steps); m.p. 125-127°; [a]5n +37.5 
(0.5% in ethanol); reported,7 m.p. 125-126°, [a]2o +38.5 
(5% in ethanol).

R a c e m iz a tio n  s tu d ie s :  C arbobenzoxyglycyl-T —p h e n y la la n y l-  
g lyc in e . Carbobenzoxyglycyl-L-phenylalanine (356 mg., 1 
mmole), glycine ethyl ester hydrochloride (140 mg., 1 
mmole), and 0.48 ml. (2 mmoles) of tri-u-butylamine were 
suspended in 5.0 ml. of diethylphosphite. This mixture was 
added to a solution of 142 mg. (1 mmole) of phosphorus 
pentoxide in 5.0 ml. of diethylphosphite and the whole re
action mixture heated on a steam bath for 20 min. After 
this heating period, it was poured into 15 ml. of water, ex
tracted into ethyl acetate, and the ethyl acetate extract 
was washed successively with water, dilute hydrochloric 
acid, and dilute sodium bicarbonate. After drying over an
hydrous sodium sulfate, the ethyl acetate was removed in  
vacuo , the residue was dissolved in absolute alcohol and 
allowed to crystallize in the refrigerator; yield, 140 mg. 
(32%), m.p. 130°, [a+D O (r, 2, ethanol). According to An
derson and Callahan,3 this is the racemized product, i .e ., 
carbobenzoxyglycyl-DL-phenylalanylglycine ethyl ester.

The mother liquor was taken to  dryness i n  vacuo  and the 
residue crystallized from ethyl acetate-petroleum ether; 
yield, 140 mg., m.p. 118-120°, [a]2D5 —12.8 (c, 2, ethanol). 
Literature3 reports m.p. 120-120.5° and [a]23 —13.2 (c, 
2, ethanol) for carbobenzoxyglycyl L-phenylalanylglycine 
ethyl ester.

Essentially the same results were obtained when experi
mental conditions were changed as follows: (a) decreasing 
the reaction time to 10 min.; (b) using free glycine ethyl 
ester in place of the hydrochloride and 1 mole of tri-n- 
butvlamine; (c) heating the glycine ethyl ester with phos
phorus pentoxide for 10 min. prior to addition of other rea-

(6) M. Bergmann and L. Zervas, B e r ., 65, 1192 (1932).
(7) K. Hofmann and M. Bergmann, J .  B io l .  C h e m ., 134, 

225 (1940).
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gents; (d) decreasing the volume in order to discourage intra
molecular reactions; (e) carrying out the reaction at room 
temperature for 45 min. (the yield was decreased con
siderably but the same degree of racemization occurred); 
and (f) adding only 1 mole of tri-n-butylamine to the re
action mixture.

Acknowledgment. This work was supported in 
part by contract Nonr-266(44) with the Office of 
Naval Research.
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N itra tio n  w ith  U ra n iu m  N itra te -N itro g en  
T etrox id e-W ater  C om plex in  th e  P resen ce  o f  

A cetic  A n h yd rid e1

John R. Lâcher, Jean Schwarz, and J. D. Park 

R ece ived  S e p te m b e r  2 0 , 1 9 6 0

The type of influence which acetic anhydride has 
on the nitrating ability of nitric acid is not defi
nitely understood. Menke2 3 examined the nitrating 
abilities of inorganic nitrates with acetic anhydride. 
He found that nitrates of metals such as 
Fe+3, Cu, Ni, Co, Al, Ce, and U02++ acted as very 
strong nitrating agents in acetic anhydride. Menke 
suggested possibly that acetyl nitrate is formed in 
the nascent state and this is then decomposed as the 
temperature rises. Also, he found that the velocity 
of nitration could be modified by a change in 
temperature, the choice of inorganic nitrate, and by 
using mixtures of acetic anhydride and acetic 
acid in various proportions. Putokhin* nitrated 
thiopene with cupric nitrate-trihydrate in acetic 
anhydride and obtained good results. He found 
the reaction quieter with 80% acetic acid in place 
of acetic anhydride and almost nil with 60% acetic 
acid. Dewar and Maitlis4 5 nitrated quinoline using 
lithium nitrate with a little copper nitrate in acetic 
anhydride at 100°. Traverso6 examined the nitra
tion of tetralin with copper and aluminum nitrates 
in acetic acid and acetic anhydride. Borewell and 
Garbisch6 in a recent study of the behavior of 
acetic anhydride and 70% nitric acid feel that the 
exothermic reaction between these compounds 
forming acetyl nitrate is essential for successful

(1) This work was supported by a grant from the Chemis
try  Branch of the Division of Research, United States 
Atomic Energy Commission.

(2) J. B. Menke, R e c . T ra v . C h im ., 44, 141 (1925).
(3) N. I. Putokhin, S b o r n ik  N a u c h . T r u d o v  K u ib y s h e v ,  

I n d .  I n s t .  im .  V . V .  K u ib y s h iv a , No. 5, 271 (1955).
(4) M. J. S. Dewar, P. M. Maitlis, C h em . &  I n d . ,  48, 

685 (1955).
(5) Georgio Traverso, A n n .  C h im ., 45, 706 (1955).
(6) F. G. Bordwell and C. W. Garbisch, Jr., J .  A m .

C h em . S o c ., 82, 3588 (1960).

Moles Acetic Anhvdride (X  10 ~2)
Nitrations with I. U 02(N 03VN20 rH 20. II. U 02(N 03)2- 

6H20
O Nitrobenzene I 
X Nitrobenzene II 
3  Nitro-o-xylenes I

nitrations, and the acetyl nitrate so formed is the 
nitrating agent.

We initially intended to nitrate aromatic com
pounds with uranium nitrate-nitrogen tetroxide- 
water complex7 in acetic anhydride. I t was noted 
that as the quantity of acetic anhydride was in
creased the reaction became increasingly vigorous. 
We therefore, investigated the influence of in
creasing amounts of acetic anhydride on the 
amount of mononitration products of benzene and
o-oxylene. An excess of aromatic compound was 
used as a solvent. Nitration with uranyl nitrate 
hexahydrate was also investigated for comparison 
to the above uranyl nitrate complex.

EXPERIMENTAL

Benzene, 25 cc. and varying quantities of acetic anhydride 
(from 0.02 to 0.40 mole) were mixed in a 125 cc. Erlenmeyer 
flask immersed in an ice bath with a magnetic stirrer. 
Uranium nitrate-nitrogen tetraoxide-water complex (0.02 
mole) was slowly added to this mixture with constant stir
ring. Approximately 20 min. was taken for addition. A slight 
exothermic reaction occurred during addition of complex 
while the reaction flask was in the ice bath. When all the 
complex had been added and the solution was well stirred, it 
was removed from the ice bath and stirring was continued 
a t room temperature. A very vigorous exothermic reaction 
occurred, and a yellow precipitate settled out of the solution. 
The temperature was kept below 60° until the reaction had 
subsided. The yellow precipitate has been identified as uranyl 
acetate. The entire reaction mixture was then washed twice 
with ice water and once with 5% sodium carbonate solution. 
The resulting organic layer was vacuum distilled. The 
nitrobenzene obtained was weighed and the amount in 
moles was recorded in Fig. 1 as a function of the moles of 
acetic anhydride used.

Benzene nitrations were also carried out using uranyl 
nitrate hexahydrate (0.02 mole) in the same manner as 
above with the exception that addition of the solid nitrate 
was at room tempA-ature, as the reaction was much less 
vigorous than that with the complex.

(7) J. R. Lacher, Keith Ensley, Anne Tenge, and J. D. 
Park, J .  O rg. C h e m ., 24, 1347 (1959).
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o-Xylene (25 cc.) was mixed with varying quantities of 
acetic anhydride and the complex was slowly added in a 
manner similar to that above. When mixed at room tempera
ture, the exothermic reaction was not allowed to exceed 
30°.8 The same yellow precipitate mentioned above formed 
in this reaction from a dark red-brown solution. Washing and 
vacuum distillation were carried out in the same manner as 
previously described. No attem pt was made to separate the 
isomeric mixture obtained. Very large amounts of acetic 
anhydride (eg. 0.35 mole) could not be used because of in
creasing amounts of tarry oxidation products coating the 
distilling flask.

The yield of mononitro products obtained in all cases with 
the uranium nitrate-nitrogen tetroxide-water complex 
seemed to increase almost linearly with increasing amounts of 
acetic anhydride between 0.02 and 0.12.mole and then leveled 
off to an average of approximately 0.04 mole of nitro product. 
The yield then became independent of the amount of acetic 
anhydride used. With uranyl nitrate hexahydrate the 
yield increased linearly with amounts of acetic anhydride 
between 0.06 and 0.18 mole and the yield increased slowly.

Department of Chemistry 
University of Colorado 
Boulder, Colo.

(8) A. W. Crossley and N. Rcnouff, J .  C h em . S o c ., 95, 
202(1909).

P oly (d ip h en y lv in y Ip h o sp h in e  O xide)1

K. Darrell Berlin2 and George B. Butler 

R ece ived  O ctober 1 0 , 1 9 6 0

In previous studies concerned with cyclic poly
merization involving tertiary phosphine oxides it 
was postulated that a radical could form on a carbon 
atom adjacent to a phosphoryl function.3’4 5 To 
our knowledge only one report on the polymeriza
tion of a vinyl substituted tertiary phosphine oxide 
has been recorded.6 Since the completion of the 
present work, an investigation of the homopoly
merization of several vinylphosphonates has been 
described; low molecular weight polymers were 
obtained.6 We now wish to report the synthesis and

(1) This research was supported ir. part by the United 
States Air Force through the Air Force Office of Scientific 
Research of the Air Research and Development Command, 
under Contract Number AF 33(616)-6887. Reproduction 
in whole or in part is permitted for any purpose of the 
United States government. Partial support by the Research 
Foundation of the Oklahoma State University is acknowl
edged.

(2) Present address: Department of Chemistry, Okla
homa State University, Stillwater, Okla.

(3) K. D. Berlin and G. B. Butler, J .  A m .  C h e m . S o c ., 
82, 2712 (I960).

(4) K. D. Berlin and G. B. Butler, J .  O rg. C h e m ., 25, 
2006 (1960).

(5) An attempted preparation of di-n-propenylphenyl- 
phosphine oxide and diisopropenylphenylphosphine oxide 
v ia  Grignard reaction resulted in po^merization of the 
monomers i n  s i tu . See C. G. Gebelein and E. Howard, Jr., 
Abstracts of Papers, Third Delaware Regional Meeting, 
Philadelphia, February 25, 1960, p. 79.

(6) R. M. Pike and R. A. Cohen, J .  P o ly .  S c i . , 44, 531
(1960).

results of polymerization of diphenylvinylphos- 
phine oxide. This monomer was specifically se
lected for the study because: (a) there are no alyllic 
hydrogen atoms in the molecule which could 
take part in degradative chain transfer7 7 and (b) 
the vinyl group is in conjugation with the phos
phoryl group which would be adjacent to the propa
gation radical.

RESULTS AND DISCUSSION

Diphenylvinylphosphine oxide (III) was pre
pared as depicted in the scheme. In the final step 
the phosphine II was oxidized to give white crystals 
of diphenylvinylphosphine oxide in a yield of 47.2%. 
In addition to the elemental analysis and infrared 
spectrum which support the structure III, the 
oxide was reduced under low pressure to the known 
diphenylethylphosphine oxide (IV).

(C6H5)2PC1 +  OH2=CIIM gCl — > (C6IL)2R C H =C H 2 
I II

O O
T H s/p t T a o i

(C6Hs)2PCH2CH3 ^ -------(C6H5)2P C H = C II2
IV III

In contrast to vinyl phenyl ketone which is 
unstable and polymerizes upon standing,8 diphenyl
vinylphosphine oxides (III) is stable in air and 
does not polymerize in storage for several months. 
However, in the presence of radical initiators this 
monomer homopolymerized in bulk or in solution. 
The polymer is soluble in dimethylformamide and 
alcohol, and one sample (m.p. 220-242°) in alcohol 
gave a value of 0.047 for its intrinsic viscosity.

Although the monomer III does not seemingly 
contain such active hydrogen as were present in 
the compounds described in the studies mentioned 
previously,3’4'6 the intrinsic viscosity measurement 
obtained on the sample of poly(diphenylvinylphos- 
phine oxide) suggests the polymer is of low mo
lecular weight. The degree of stabilization of the 
propagation radical through enolic-like structures 
involving the phosphoryl function may influence 
chain growth. Since the d-orbitals of the phosphorus 
atom would participate in the stabilization of the 
radical, such contributing structures as V may 
have different steric requirements from those of a 
carbon-carbon double bond composed of only

:0: ;0:

. X I I 2
CAh I  CH^ \  *— 

C Ä  ' z

Z = polymer chain

CsHj
U H 2

À ^CH/ \ r 
C6H5 Z
V

(7) R. C. Labile, C h e m . R e v s ., 58, 807 (1958).
(8) For a discussion of vinyl ketone polymers see: C. E. 

Schildknecht, V in y l  a n d  R e la te d  P o ly m e r s , John Wiley &  
Sons, Inc., New York, 1952, Chap. 14.
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p-orbitals. To be specific the requirement that all 
atoms attached to a carbon-phosphorus multiple 
bond must lie in or near a common plane may no 
longer hold.9 Thus, greater shielding of the propaga
tion radical by the phenyl groups and the oxygen 
atom might result. Molecular models support this 
postulation. Efforts are underway to further investi
gate the chemistry of this oxide III and related 
monomers.

EXPERIMENTAL10

D ip h e n y lv in y lp h o s p h in e  (II). To 0.4 mole of the vinyl 
Grignard reagent in 400 ml. of tetrahydrofuran was added 
dropwise, with stirring and cooling, a solution of 55.1 g. 
(0.25 mole) of diphenylchlorophosphine11 in 100 ml. of dry 
benzene. The addition required 1.5 hr. and was regulated to 
sustain a gentle reflux which was then maintained for 2 0  hr. 
Decomposition was effected with 300 ml. of 10% aqueous 
ammonium chloride to a chilled reaction mixture. The water 
layer was extracted three times with ether and finally with 
400 ml. of hot benzene. After drying overnight, the organic 
phase was fractionated to give 30.0 g. (56.8%) of the color
less phosphine II; b.p. 104° (0.25 mm.), n 2 4 - 5 1.6260.

A n a l . 12 Calcd. for C14H 13P: C. 79.24; H, 6.13; P, 14.62. 
Found: C, 79.43; H, 6.12; P, 14.43.

The infrared spectrum of the phosphine has major peaks 
at 3025, 3000, 1580, 1475, 1435 (phenyl-phosphorus), 1385, 
1260, 1095, 1065, 1025, 1000, 980, 950, 925, 745, and 700 
cm . - 1

D ip h e n y lv in y lp h o s p h in e  o x id e  (III). A solution of 42.2 g. 
(0 . 2  mole) of diphenylvinylphosphine (II) in 200 ml. of dry 
benzene was treated dropwise with 28.5 ml. of 30% hydro
gen peroxide. The addition (3 hr.) was adjusted to maintain 
a gentle boil in the solution. After an additional 3 hr. a t re
flux, the solution was allowed to cool to room temperature 
and was then poured into 100 ml. of water. The aqueous por
tion was extracted with ether, the extracts were dried over 
sodium sulfate, and the organic solvent was distilled under 
aspirator pressure. The residual oil -was treated with a boiling 
solution of 1:1 benzene-petroleum ether (b.p. 70-90°). Upon 
cooling the solution deposited wdiite crystals which were 
washed with petroleum ether; yield 22.0 g. (48.0%), m.p. 
115-117°. *

A n a l .  Calcd. for C14H13OP: C, 73.66; H, 5.70; P, 13.59. 
Found: C, 73.40; H, 5.88; P, 13.60.

An infrared analysis revealed absorption at 3025, 2990 
1590 (doublet), 1475, 1435(phenyl-phosphorus), 1375, 1300, 
1190 (phosphoryl group), 1100, 1065, 1000, and 970 cm . - 1  

There are also broad bands from 700 to 760 cm . - 1

The oxide was reduced in a Paar instrument over platinum 
a t a pressure of 35-45 lb./sq. in. over a 24-hr. period. The 
yield of diphenylethylphosphine oxide (IV) was nearly 
quantitative, m.p. 118.5-120.5° (recorded13 m.p. 121°). 
The infrared spectrum has major bands at 3025, 2950, 1435, 
1175, 1115, 1065, 1025, 995, 750, and 710 cm . “ 1

P o ly { d ip h e n y lv in y lp h o s p h in e  o x id e ) . The polymerizations 
w-ere carried out in an atmosphere of nitrogen at a constant

(9) This type of bonding may find its analogy under the 
classification of d-orbital resonance as was suggested to 
explain the acidity of an «-hydrogen in a bieyclic tri- 
sulfone: W. Von E. Doering and L. K. Levy, J .  A m .  C h a n .  
S o c ., 77, 509 (1955).

(10) All boiling points are uncorrected. All melting points 
are corrected.

(11) A generous supply of this compound was obtained 
from the Victor Chemical Co.

(12) The microanalyses were performed by Galbraith 
Laboratories, Knoxville, Tenn.

(13) G. M. Kosolapoff, O rg a n o p h o sp h o ru s  C o m p o u n d s ,  
John Wiley &  Sons, Inc., New York, 1950, p. 116.

temperature. The apparatus consisted of a reaction tube 
which rvas fitted with a condenser and a. nitrogen inlet. 
Partial purification wras achieved by dissolving the polymer 
in a minimum of absolute alcohol and reprecipitating with 
cold, dry ether.

B u lk  p o ly m e r . A weighed amount of the monomer I I I  and 
di-f-butyl peroxide ( 1 .0 % by weight of the monomer) were 
placed in the reaction tube which was then immersed in a 
bath a t 140° for 24 hr. The polymer solidified to a mass and 
was purified as described above. The polymer exhibited 
absorption in the infrared a t 3025, 2975, 1435 (phenyl- 
phosphorus bond) 1175 (phosphoryl group), 1115, 740, 720 
and 700 cm . - 1  There were also small peaks for water a t 3400 
cm . - 1  and 1624 cm . - 1  The yield was nearly quantitative, 
and the highest melting fraction (m.p. 220-242°) was iso
lated in 20%. The intrinsic viscosity measurement of the 
highest melting fraction was obtained with alcoholic solu
tions (concentrations were less than 1 %) using a modified 
Ubbelohde viscometer.

S o lu t io n  p o ly m e r . The same apparatus as described earlier 
wra.s used. Equal amounts of monomer and dimethylforma- 
mide were placed in the reaction tube along with the catalyst 
(AIBN-1 % by weight of monomer). The temperature was 
maintained at 65° for 120 hr. The infrared spectrum of this 
polymer was nearly superimposable on that of the bulk 
polymer. Although elaborate precautions (nitrogen atmos
phere) were taken to maintain anhydrous conditions during 
the purification of the polymer, the hot polymerization 
mixture was found to be extremely sensitive to moisture. 
This is reminiscent of earlier work . 3' 4 The elemental analysis 
of the bulk or solution polymer suggested the presence of 
water as indicated bv the infrared spectra also.

A n a l .  Calcd. for Ci4H 13OP: C, 73.66; H, 5.70; P, 13.59. 
Calcd. for CuIK O P.H 30 : C, 68.29; H, 6.09; P, 12.60. 
Found: C, 67.74: 67.85; H, 5.71, 5.99; P, 11.79.

Department of Chemistry
University of Florida.
Gainesville, Fla.
Department of Chemistry
Oklahoma State University
Stillwater, Okla.

F luorocarbon  Sulfides. II. S y n th esis  and  
P h y sica l P rop erties o f  

T h iap erflu orocyclop en tan e

George Van Dyke Tiers 

R ece ived  O ctober S, 1 9 6 0

It is well known from careful studies of the 
reactions of perfluoroalkyl iodides with elementary 
sulfur1-3 that bis (perfluoroalkyl) disulfides and 
trisulfides are formed readily and in good yields 
at 250° with at best only traces of the corresponding 
monosulfides being found.1'2 Above 300°, however, 
a small amount of monosulfide is obtained.3
It was therefore quite surprising to discover that 

the reaction of 1-4,-diodoperfluorobutane with

(1) M. Hauptschein and A. V. Grosse, J .  A v i .  C h em . S o r .,  
73, 5461 (1951).

(2) G. R. A. Brandt, H. J. Emeleus, and R. N. Haszcldine, 
J .  C hem . S o c ., 2198 (1951).

(3) G. V. D. Tiers, ,J. O rg. C h em ., 2 6 , in press.
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(excess) sulfur, which proceeded smoothly at 250° 
provided an extremely high yield of the cyclic 
monosulfide (CF2)4S, thiaperfluorocyclopentane.33 
This compound, owing to its “globular” shape and 
weak intermolecular forces, resembles cyclohexane 
and perfluorocyclohexane in having a relatively 
high freezing point ( — 6.5°) and a very low entropy 
of fusion (ca. 2 e.u.), which corresponds to very 
little inhibition of motion in the crystal. At —127.2° 
there is a solid state transition with an entropy 
change of 18 e.u., a more nearly “normal” value 
for the immobilizing of fluorocarbons.* 4

EX PER IM EN TA L

T h ia p e r flu c rro c y d o p e n ta n e . Into each of five 30-nil. 
heavy-walled torosilicate glass ampoules was placed 7.0 
g. of 1,4-diiodoperfluorobutane,6 n2D5 1.4265, (total 0.077 
mole) and 1.0 g. of sulfur (total 0.156 g.-atom). These were 
sealed i n  va cu o , heated for 20 hr. a t 250° in a rocking tube- 
oven, then chilled in liquid air, opened cautiously, and 
warmed to room temperature. The crude liquid reaction 
product, decanted from the solid lumps of iodine and un
changed sulfur, weighed 17.0 g. A portion, 11.7 g., was 
distilled in an efficient 10-em. packed6 fractionating column, 
and from it there was obtained 9.8 g. of thiaperfluoro- 
cyclopentane, (CF2)4S, (0.042 mole), corresponding to a 
yield of 79% from the diiodide.

A n a U  Calcd. for C4FgS; C, 20.70; S, 13.82. Found: 
C, 20.8; S, 13.9.

Thiaperfluorocyclopentanc has b.p. 40.7°, ra2D5 1.3052, 
<¿4 6 1.6339 ±  .0003, f.p.4'8’9 —6.5°, and solid state transi
tion point,4,9 —127.2°. The heat of fusion was estimated as 
0.5 kcal./mole (entropy of fusion ca . 2 e.u.) and the heat of 
transition as approximately 2.6 kcal./mole (entropy of 
transition ca. 18 e.u.) by the relative area method,9 the 
equipment having been calibrated with cyclohexane, 
toluene, and other similar materials. The observed molar 
refraction, 26.92 cc., leads10 to an atomic refraction of 7.40 
for sulfur, a value lower than the usual Eisenlohr values 
due to electron withdrawal by the perfluorinated group. 
The strongest bands in the infrared spectrum of the vapor 
are at 7.42, 7.76, 8.22, 8.75, and 10.10 microns.

The ultraviolet spectrum (0.1o% in isooctane) shows a 
single band having Amax = 2211 A., = 50, and width at
half-height Wi/2 = 6920 cm.-1

Acknowledgment. I thank B. W. Nippoldt, P. B. 
Olson, and A. Duncan for elementary analysis

(3a) Added in Proof: This compound was recently 
claimed in U.S. Patent 2,931,803 (C. G. Krespan, to the 
Du Pont Co.), and was made by the thermal reaction of 
tetrafluoroethylene with sulfur.

(4) L. L. Burger and G. H. Cady, J .  A m .  C h em . S o c ., 73, 
4243 (1951) ; also V. E. Stiles and G. H. Cady, J .  A m .  C h em . 
S o c ., 74, 3771 (1952).

(5) M. Hauptschein, C. S. Stokes, and A. V. Grosse, 
J .  A m .  C h em . S o c ., 74, 1974 (1952).

(6) “Helipak” packing; Podbielniak Co., Chicago, 111.
(7) H. E. Freier, B. W. Nippoldt, P. B. Olson, and D. G. 

Weiblen, A n a l .  C h e m ., 27, 146 ( 1955). Furnace temp. 1200°.
(8) E. L. Skau, P ro c . A m .  A c a d . A r t s  S e i . , 67, 551 (1932).
(9) J. M. Sturtevant, Chap. X in P h y s ic a l  M e th o d s  o f  

O rg a n ic  C h e m is try , Vol. I, Part I, A. Weissberger ed ., In
terscience, N. Y., 1945, pp. 397-402.

(10) A. V. Grosse and G. H. Cadv, I n d .  E n g . C h e m ., 39, 
367 (1947).

and especially for the development of a modified 
procedure for compounds of this type7; and Dr. 
J. J. McBrady for infrared spectroscopy.

C ontribution  N o . 185 from  th e  
C entral R esearch  D epa rtm en t  
M in neso ta  M in in g  and M fg . C o .
St . P aul 19, M in n .

P h en o l - F orm ald eh yd e C on d en sa tion s

H . M. F o s t e r  a n d  D. W. H e in

R ece ived  S e p te m b e r  2 5 , 1 0 5 9

The condensation of 2-6-dihydroxymethyl-p- 
cresol with excess p-cresol gives a well defined 
crystalline product, m.p. 215°.1-3 The structure of 
this compound has been in some doubt since both a 
linear “tri-nuclear” dibenzylphenol structure1’3 
and a cyclic “tetra-nuclear” structure2 have been 
suggested. Very recently, Hayes and Humer4 pre
sented good evidence for the linear “tri-nuclear” 
structure.

We have confirmed the findings of Hayes and 
Hunter by the unambiguous synthesis of 2,6-bis- 
(2-hydroxy-5-methylbenzyl)-p-cresol, I, via de- 
bromination of 2,6-bis(2-hydroxy-3-bromo-5-meth- 
ylbenzyl)-p-cresol, II.

OH OH OH

OH OH OH

The condensation product of 2,6-dihydroxy- 
methyl-p-cresol and excess p-cresol was identical 
by microanalysis, melting point, mixed melting 
point, and infrared absorption spectrum with I.

As supporting evidence for the “tetra-nuclear,” 
2:2 (2,6-dihydroxymethyl-p-cresol: p-cresol) strum 
ture, Niederl and McCoy2 reported that the equi
molar condensation of 2,6-dihydroxymethyl-p- 
cresol with p-cresol yielded a crystalline, well 
defined product. We attempted to repeat this 
experiment, although we could not reproduce the

(1) M. Koebner, Z .  A n g e w . C hem ., 46, 252 (1933).
(2) J. B. Niederl and J. S. McCov, J .  A m .  C h em . S o c ., 65, 

629 (1943).
(3) S. R. Finn and G. J. Lewis, J .  Soc . C hem . I n d .  { L o n 

d o n ), 69, 132 (1950).
(4) B. T. Hayes and R. F. Hunter, J .  A p p l .  C h e m ., 8 , 743 

(1958).
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experimental conditions exactly, and obtained only 
resinous material.

On the other hand, condensation of 2,6-dihy- 
droxymethyl-p-chlorophenol with excess p-cresol 
proceeded in a completely analogous manner as 
when 2,6-dihydroxymethyl-p-cresol was condensed 
with excess p-cresol. A well defined, crystalline 
product, m.p. 222-223°, was obtained. Because of 
the presence of chlorine, microanalyses clearly 
permitted a choice in favor of the “tri-nuclear,” 
1:2 (2,6-dihydroxymethyI-p-chlorophenol : p-cresol) 
condensation product, 2,6-bis(2-hydroxy-5-methyl- 
benzyl)-p-chlorophenol; a “tetra-nuclear,” 2:2 
condensation product is clearly ruled out. Similarly, 
condensation of 2,6-dihydroxymethyl-p-cresol with 
either p-chlorophenol or p-bromophenol gave in 
each case, the “tri-nuclear,” 1:2 (2,6-dihydroxy- 
methyl-p-cresol: p-lialophenol) condensation prod
uct, characterized as such by microanalysis.

EXPERIMENTAL6

2 .6 -  B is (2 -h y d r o x y -S -b r o m o -fi-m e th y lb e n z y l)-p -c re s o l . 3 A mix
ture of 8.4 g. (0.05 mole) of recrystallized 2,6-dihydroxy- 
methyl-p-cresol and 65 g. (large excess) of 2-bromo-p- 
cresol was warmed on the steam bath until nearly all the 
dihydroxymethyl derivative had dissolved. The mixture 
was cooled to 40°. and treated with 1 ml. of coned, hydro
chloric acid. After a short time, the mixture was treated with 
50 ml. of petroleum ether (b.p. 30-60°) and permitted to 
stand.

After a week, the reaction mixture was diluted with 100 
ml. of petroleum ether, the solid product was filtered and 
washed copiously with petroleum ether.

The solid was recrystallized from alcohol-water, acetic 
acid-water (several times) and finally from acetic acid to 
give a colorless, microcrystalline product, m.p. 175-177°; 
lit., m.p. 176°.

2 .6 -  B is { 2 -h y d ro x y -5 -m e th y lb e n zy l) -p -c r e s o l. A sample of the 
dibromo compound (1.8 g., 0.0035 mole) was dissolved in 
50 ml. of 95% ethanol and 4 ml. of 10% sodium hydroxide. 
The solution was further treated with 0.1 g. of palladium- 
carbon catalyst and hydrogenated in a Parr apparatus for 
several days. The catalyst was then filtered, and the clear 
filtrate diluted with an equal volume of water. The solution 
was then neutralized with several drops of concentrated 
hydrochloric acid and the now cloudy solution concentrated 
on the steam bath. The solid which separated from solution 
was filtered and recrystallized from acetic acid. The crys
talline solid, still moist with acetic acid, was digested with 
boiling benzene for several minutes, filtered, washed copi
ously with petroleum ether, and dried to give a very pure 
sample, m.p. 215-217°.

A n a l . Calcd. for C23H24O3 : C, 79.28; H, 6.94; mol. wt., 
348. Found: C, 79.45; H, 7.17; mol. wt.,°331 ±  10.

A sample of the condensation product of the dihydroxy- 
methyl-p-cresol with a large excess of p-cresol, 2 purified as 
above, melted at 215-217°, also; mixed m.p. 214-216°.

A n a l .  Calcd. for C23H24O3 (“tri-nuclear” product): C, 
79.28; H, 6.94; mol. wt., 348. Calcd. for C32H 32O4 (“tetra- 
nuclear” product): C, 79.97; H, 6.71; mol. wt., 481. Found: 
C, 79.09; H, 6.91; mol. w t. , 6 298 ±  10.

(5) All melting points are uncorrected. Microanalyses 
were obtained by the late Mr. O. E. Sundberg and associ
ates.

(61 Abraham Wilson, Louis Bini, and Robert Hofstader, 
A n a l .  C h e m ., 33, 135 (1961).

Comparison of the infrared absorption spectra of the two 
samples furnished additional evidence of their identity.

E q u im o la r  c o n d en sa tio n  o f  2 ,6 -d ih y d ro x y m e th y l-p -c re so l a n d  
p -creso l. A mixture of 8.4 g. (0.05 mole) of recrystallized 2,6- 
dihydroxymethyl-p-cresol, 5.4 g. (0.05 mole) p-cresol, 
and 50 ml. of glacial acetic acid was warmed on the steam bath 
to give a clear solution (a solution did not form a t room 
temperature), chilled in ice, and the slurry saturated with 
anhydrous hydrogen chloride during cooling in ice water. 
The solution which formed was permitted to stand a t room 
temperature. After 1 week, the solid product which had 
separated from solution was filtered and drained with suc
tion. The solid was nonhomogeneous and could be separated 
into three fractions: soluble in cold acetic acid, soluble in 
hot acetic acid, and insoluble in acetic acid. All three frac
tions melted over wide ranges and could not be recrystal
lized from acetic acid, aqueous acetic acid, alcohol or aqueous 
alcohol.

2 ,6 -D ih y d ro x y m e th y l-p -c h lo ro p h e n o l. A solution of 28 g. 
(0.25 mole) of p-chlorophenol, 12.5 g. of sodium hydroxide 
and 15 ml. of water was cooled to about 15° and treated with 
55 ml. of 37% formalin solution. The mixture was permitted 
to stand at room temperature. After several days the reac
tion mixture had set to a very stiff paste. The mixture was 
diluted with 60 ml. of 15% brine solution and was stirred 
until fairly uniform. The solid was filtered, washed with 40 
ml. of 15% brine solution, and drained with suction. After 
neutralization of an aqueous solution of the sodium salt with 
dilute acetic acid, the product was dissolved in methanol, a 
small amount of acetic acid was added, the solution was 
clarified and poured into a large volume of water. The nearly 
colorless product was filtered, washed with water, drained 
with suction, and dried at 55°. The yield of pure product 
was 10.8 g., m.p. 162-163°C.; lit.,7 m.p. 165°.

2 ,6 -B is {2 -h y d r o x y -5 -m e th y lb e n zy l) -p -c h lo ro p h e n o l. To a mix
ture of 4.8 g. (0.025 mole) of 2,6-dihydroxymethyl-p-chloro- 
phenol and 30 ml. (large excess) of p-cresol was added 10 
drops of coned, hydrochloric acid. No visible reaction oc
curred. The mixture was treated with 25 ml. of petroleum 
ether (b.p. 30-60°), warmed gently on the steam bath until 
all the petroleum ether had been evaporated and again 
treated with 25 ml. of petroleum ether. The reaction mixture 
was permitted to stand at room temperature. After several 
days, the reaction mixture had completely solidified. The 
solid mass was triturated with 50 ml. of petroleum ether, the 
slurry stirred until uniform, and the solid filtered. The solid 
was washed with petroleum ether, and drained dr}' with 
suction. A sample was twice recrystallized from glacial ace
tic acid, m.p. 220-222°. The sample appeared to be partially 
solvated.

A n a l .  Calcd. for CiiHaCKV'A CH3C 02H: C, 70.00; H, 
5.79; Cl, 9.12. Found: C, 70.00; H, 6.47; Cl, 8.99.

The sample was desolvated by digestion with boiling ben
zene, followed by digestion and washing with boiling hexane; 
m.p. 222-223°.

A n a l .  Calcd. for CidLiClO;: C, 71.63; H, 5.74; Cl, 9.61. 
Found: C, 71.88; H, 5.656; Cl, 9.34.

The benzene extract from above was permitted to cool 
yielding a small amount of colorless needles. After another 
recrystallization from benzene and washing with hexane the 
sample melted at 222-224°.

A n a l .  Calcd. for C22H 21CKV. Cl, 9.61. Found: Cl, 9.82.
2 ,6 -B is{2 -h yd ro xy -B -ch lo ro b en zy l)-p -c re so l. Recrystallized

2,6-dihydroxymethyl-p-cresol (4.2 g., 0.025 mole) was dis
solved in 35 g. (large excess) of previously melted p-chloro- 
phenol. A few milliliters of hexane were added to prevent 
crystallization of the starting materials, and the mixture 
further treated with 10 drops of coned, hydrochloric acid. 
The reaction mixture which became milky was heated on the 
steam bath for a sio rt time and then permitted to stand at 
room temperature. The gummy, semi-solid product was

(7) M. Weiler and K. Borres, German Patent 510,447
(1930).
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filtered and washed with a little benzene. The still gummy 
material was suspended in cold benzene, the slurry stirred 
until uniform, and the solid filtered. The more granular prod
uct was then digested with boiling benzene. The quite pure 
product was easily recrystallized from glacial acetic acid 
(twice) and then digested with boiling benzene. The product 
was subsequently washed with benzene and hexane, m.p. 
242-244°; lit . , 3 m.p. 239-240°, At this stage, microanalyses 
indicated that the sample was partially solvated with ben
zene. The sample was desolvated by digestion with boiling 
hexane and drying at 55° in vacuum for several days.

A n a l .  Calcd. for C21H 18CI2O3 : C, 64.79; H, 4.66; Cl, 18.22. 
Found: C, 65.18; H, 4.45; Cl, 18.41.

Another sample was recrystallized from acetic acid. After 
preliminary drying at 50° for several days the sample was 
further dried in vacuum at 100° for 24 hr.

A n a l .  Calcd. for C21H18CI2O3 : C, 64.79; H, 4.65; Cl, 18.22. 
Found: C, 64.65; H, 4.87; Cl, 17.84, 17.79.

2 ,6 -B is (2 -h y d ro x y -5 -b ro m o b e n zy l) -p -c r e so l. To a partial 
solution of 35 g. (large excess) of p-bromophenol and 35 ml. 
of hexane at steam-bath temperature, was added 4.2 g. 
(0.025 mole) of recrystallized 2,6-dihydroxymethyl-p-cresoI. 
The mixture was then treated with 10 drops of coned, hydro
chloric acid, whereupon a vigorous exothermic reaction en
sued. A dense, semi-solid mass separated from the reaction 
mixture. The supernatant was decanted and the residue 
treated with benzene. This treatment promoted rapid crys
tallization of the product. The product was filtered and 
washed with benzene. Then it was suspended in cold benzene, 
filtered, and digested with boiling benzene. Finally, the prod
uct was recrystallized from acetic acid (twice) followed by 
digestion with boiling benzene. The sample was washed with 
benzene and hexane and dried, m.p. 231-232° dec., with prior 
sintering and discoloration beginning at 215°. The sample 
appeared to be partially solvated with benzene. The sample 
was desolvated by digestion with hexane, followed by drying 
a t 100° in vacuum for 24 hr.

A n a l .  Calcd. for C2iHi8Br20 3: C, 52.74; H, 3.79; Br, 33.43. 
Found: C, 52.59; H 3.88; Br, 33.24.

Research Department
Organic Chemicals Division
American Ctanamid Co.
Bound Brook, N. J.

R ea ctio n s o f  A n tim o n y  P en la ch lo r id e  an d  
Ferric C hloride w ith  D eactiva ted  A rom atic  

C o m p o u n d s1

Peter Kovacic and Allen K. Sparks5 

R ece ived  A u g u s t  3 ,1 9 6 0

Earlier publications in this series have dealt 
with the interaction of antimony pentachloride3 
and ferric chloride4 with simple alkyl- and halo- 
benzenes. This investigation is concerned with the 
scope of the reaction of these metal halides with 
deactivated aromatic compounds. Benzotrifluoride,

(1) Part X of a series on R e a c tio n s  o f  M e ta l  H a lid e s  w ith  
O rg a n ic  C o m p o u n d s ;  from the Ph.D. thesis of A. K. Sparks, 
Case Institute of Technology, 1960.

(2) Allied Chemical Corp. Fellow, 195ÎL-1960.
(3) P. Kovacic and A. K. Sparks, J . A m .  C h e m . S o c ., 82, 

5740 (1960).
(4) P. Kovacic, C. Wu and R. W. Stewart, J .  A m .  C h e m . 

S o c ., 8 2 , 1917 (1960); P. Kovacic and N. O. Brace, J .  A m .  
C h em . S o c ., 7 6 , 5491 (1954).

nitrobenzene and benzaldehyde were selected for 
study.

Benzotrifluoride. Products obtained from anti
mony pentachloride and benzotrifluoride included 
?ra-chloro-a, a, a-trifluorotoluene,6 7 8 9 10 m-benzoyl-a, a, a- 
trifluorotoluene, benzoic acid and tarry polymer. 
The compounds derived from side-chain attack 
might arise from precursors6-10 such as C6H6CX2+ 
(X = F or Cl). It is presumed that m-benzoyl- 
a, a, a-trifluorotoluene is formed by hydrolysis11 of 
the intermediate m-C6H5CX2C6H4CF8 (X = F or 
Cl). Similar condensations of benzotrichloride 
with itself,12 13 phenols18 19 15-14 and benzen 17e16 have been 
reported.

On the other hand, ferric chloride reacted ex
clusively with the trifluoromethyl group of benzo
trifluoride, yielding m-benzoyl-a, a, a,-trifluorotol- 
uene and benzoic acid as the only isolable products 
after hydrolysis, in addition to tar.

Nitrobenzene. Antimony pentachloride combined 
with nitrobenzene at 103-118° to give a 64% yield 
of chloronitrobenzene (predominantly meta).

In contrast, ferric chloride exhibited a quite dif
ferent mode of reaction. Chloronitrobenzene, p- 
chloroaniline, 2,4,6-trichloroaniline, and chloranil 
were isolated in low yields. I t seems reasonable that 
the ammes rose Ha reduction of nitrobenzene by 
ferrous chloride. Robertson and Evans have dis
cussed16 the relationship between the nature of the 
reducing system and chloroaniline formation in the 
reduction of nitrobenzene. The generation of 
chloranil is somewhat reminiscent of conversion of 
a p-aminophenol to a chloroquinone by oxidation 
with ferric chloride.17-19 Although the reaction se
quences leading to the various products are un

(5) E. Wertyporoch, A n n . ,  493,153 (1932).
(6) A. L. Henne and M. S. Newman, J .  A m .  C h e m . S o c ., 

60,1697(1938).
(7) G. M. Le Fave, J .  A m .  C h e m . S o c ., 71, 4148 (1949).
(8) Antimony pentachloride and ferric chloride are known 

to catalyze hydrolysis of the trichloromethyl group (M. E. 
Hill, J .  O rg. C h e m ., 25, 1115 (I960)).

(9) M. Prober, J .  A m .  C h e m . S o c ., 7 6 , 4189 (1954).
(10) C. I. Tewksbury and H. M. Haendler, J .  A m .  C h e m . 

Soc.., 71,2336(1949).
(11) (a) B. Bensley and G. Kohnstam, J .  C h em . S o c ., 3408

(1955); (b) A. L. Henne and H. M. Leicester, J .  A m .  C h em . 
S o c ., 60,864(1938).

(12) A. Wohl and E. Wertyporoch (Ann., 481, 30 (1930)) 
describe the formation of m-CeHsCChCeHiCCL, m-CsHsCCL- 
CeHiCCLCeHiCClj-ffi, and resin from benzotrichloride and 
aluminum chloride.

(13) O. Doebner and W. Stackmann, B e r ., 9, 1918 
(1876).

(14) M. S. Newman and A. G. Pinkus, J. O rg. C h e m ., 
19, 985, 992 (1954).

(15) J. B. Lai and S. Dutt, J .  I n d i a n  C h e m . S o c ., 12, 389
(1935); C h e m . A b s tr ., 30, 452 (1936).

(16) G. R. Robertson and R. A. Evans, J .  O rg. C h e m ., 5, 
142(1940).

(17) J. Cason, O rg. R e a c tio n s , 4,311 (1948).
(18) L. I. Smith and W. B. Irwin, ./. A m .  C h e m . S o c ., 

63,1036(1941).
(19) L. I. Smith and J. A. King, J. A m .  C h e m . S o c ., 63, 

1887(1941).
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known, the following processes might reasonably be 
involved at one stage or another: oxidation and 
nuclear chlorination by ferric chloride, rearrange
ments of the phenylhydroxylamine or Bamberger20 
type.

Quite recently, Miller and White reported21 the 
formation of hexachlorobcnzene, together with a 
trace of chloranil, from the reaction of nitrobenzene 
with excess anhydrous ferric chloride at 190-195°.

Benzaldehyde. The reaction of benzaldehyde 
with ferric chloride or antimony pentachloride22 
resulted in the formation of dark, polymeric solid 
accompanied by the evolution of copious quantities 
of gas containing hydrogen chloride. In the case of 
ferric chloride, carbon monoxide23’24 was also 
detected in the effluent vapor.

E X PE R IM E N T A L 25

A n t i m o n y  p e n ta ch lo r id e  a n d  bcnzn trifluori.de . Antimony 
pentachloride (144 g., 0.48 mole) was added slowly to benzo- 
trifluoride (292 g., 2 moles) with stirring under nitrogen at 
30-94° during 90 min. After 1 hr. a t 90-95°, work-up of the 
reaction mixture, including refluxing with water, yielded 
benzoic acid (2 g.) and a liquid (21.2 g.), b.p. 57-58° (40 
mm.), identified as chloro-»,a,a-trifluorotoluene (91% 
m e ta )  by infrared analysis (authentic isomers as reference 
standards) and by hydrolysis7 to »i-chlorobenzoic acid, m.p.,
152.5- 153° from toluene; lit.26 m.p. 153°.

A n a l .  Calcd. for CiHs0 2C1: Neut. equiv., 156.6 Found: 
157.

The liquid, 33.2 g., b.p. 105.5-106.5° (0.6 mm.), turned to 
a white solid, m.p. 49-50.5°. A mixture melting point with 
authentic m-benzoyl-a’,a,ce-trifluorotolunne from the ferric 
chloride-benzotrifluoride reaction showed no depression.

The distillation residue consisted of brown solid (9.1 g.).
Ferric, ch lo r id e  a n d  b e n z o tr iflu o r id e .27 28 A mixture of benzo- 

trifluoride (2 moles) and anhydrous ferric chloride (1 mole) 
was heated under nitrogen a t reflux for 4 hr. Work-up, in
cluding refluxing with water, yielded benzoic acid (6.6 g.) 
and m-benzoyl-a,a,a-trifluorotolueno, 29.6 g., b.p. 121-123° 
(1.5 mm.), m.p. 51.5-53° from aqueous methanol.

A n a l .  Calcd. for ChH 9F30 : C, 67.20; H. 3.62; F, 22.78. 
Found: C, 67.16; H, 3.77; F ,2S 23.14.

Hydrolysis of a portion of this fraction with sulfuric acid7 
gave a 95% yield (crude) of m-benzoylbenzoic acid, m p.
159.5- 161 ° from toluene; lit,.29 m.p. 161°.

A n a l .  Calcd. for CmH joOj : Neut. equiv., 226. Found: 228.
The distillation residue consisted of dark brown, brittle 

solid (60 g.).
A n t im o n y  p en ta ch lo r id e  a n d  n itro b en zen e . A mixture of 

antimony pentachloride (69.9 g., 0.23 mole) and nitroben
zene (111.4 g., 0.91 mole) was heated at 108-118° under

(20) E. O. Bamberger, A n n . ,  424, 233, 297 (1921).
(21) It. E. Miller and W. A. White, ./. O n /. ( 'h e m ., 25, 

1249(1960).
(22) R. Gnchm and E. Banzigcr, A n n . ,  2 9 6 , 62 (1897).
(2.3) I). H. Hey, J .  C h em . S o c ., 72, (1935).
(24) H. E. Ungnade and E. W. Crandall, ./. A m . C h e m . 

So c ., 71,2209(1949).
(25) Melting points and boiling points are uncorrected; 

elemental analyses were performed by Drs. Weiler and 
Strauss, Oxford, England.

(26) J. C. Smith, J .  C h e m . S o c ., 213 (1934).
(27) F. J. Donat and C. K. Wilkins assisted with this 

experiment.
(28) We are indebted to the Dow’ Chemical Co. for this 

analysis.
(29) B. Senff, A n n . ,  220, 225 (1,883).

nitrogen for 4.5 hr. Chloronitrobenzene, 23.5 g., b.p. 108.5- 
109.5° (11 mm.) was obtained. The product was a mixture of 
isomers, predominantly m eta , as determined by infrared 
analysis.

F e rr ic  c h lo ride  a n d  n itro b en zen e . A mixture of ferric chloride 
(0.5 mole) and nitrobenzene (1 mole) was heated during 4 
hr. with stirring under nitrogen to 142° and then at 182- 
204° for 1 hr.

The reaction mixture was steam distilled and the steam- 
volatile material was fractionated, yielding a yellow liquid,
1.7 g., b.p. 103-105° (10 mm.), which was identified as a 
mixture of chloronitrobenzenes by comparison of the in
frared spectrum with those of the authentic materials. The 
brown distillation residue (1.3 g.) was crystallized from 
toluene to yield 0.71 g. of chloranil, m.p. 289.5-290.5°; 
lit.30 m.p. 290°.

A n a l .  Calcd. for C6C140 2: C, 29.31; Id, 0.00; Cl, 57.68. 
Found: C, 29.21; H, 0.06; Cl, 57.33.

The pot residue from steam distillation was made basic 
and the steam distillation continued. A small amount of 
solid (0.29 g.), m.p. 74.5-76° from dilute ethanol, was col
lected from the condenser. A mixture melting point witli 
authentic 2,4,6-trichloroaniline showed no depression.

The remaining steam-volatile material was distilled to 
give a brown oil (0.1 g .), b.p. 64-96° (11 mm.). The infrared 
spectrum contained all the peaks of p-chloraniline, in addi
tion to bands indicative of a nitro compound contaminant. 
Reaction of a portion of this fraction with benzoyl chloride 
gave a white solid, m.p. 188-190.5°, -which did not depress 
the melting point of authentic iV-(p-chlorophenyl)benzamide.

A n t im o n y  p en ta ch lo r id e  a n d  b en za ld eh yd e . Antimony penta
chloride (0.15 mole) was added to  benzaldehyde (1.22 moles) 
at 120-156° under nitrogen. After 30 min. a t 130-140°, 
work-up of the reaction mixture yielded black solid as the 
main product.

A n a l .  Found: C, 63.43; H, 3.96; Cl, 7.24.
The infrared spectrum of a gas sample collected over water 

during the early stages of reaction revealed no trace of carbon 
monoxide.

F e rr ic  ch lo r id e  a n d  b e n za ld e h y d e .31 A mixture of benzalde
hyde (425 g., 4 moles) and ferric chloride (162 g., 1 mole) 
was heated under nitrogen at 145-160° for 1 hr. A gas sam
ple23 showed very weak infrared absorption bands of similar 
intensity a t 2120 and 2180 ran."1, characteristic of carbon 
monoxide; lit.32 2135 and 2196 cm.-1 (approx.). The reaction 
mixture .yielded insoluble, infusible black solid (30 g.).

A n a l .  Found: C, 76.26; H. 3.22; Cl, 0.14 Fe, 0.73.
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(30) C. Graebe, A n n . ,  2 6 3 , 16 (1891).
(31) Experiment performed by C. Wu.
(32) R. H. Pierson, A. N. Fletcher, and E. Gantz, A n a l .  

C h e m ., 28, 1218(1956).

R ea ctio n  o f  O rganophosphorus A cids w ith  
Iso cy a n a tes1

Robert B. Fox and William J. Bailey

»
R eceived  A p r i l  2 9 , 1 9 6 0

In a recent report.2 it was shown that the tertiary 
amine salts of phenylphosphinie acid and the cor-

• »
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responding half-salts of phosphonic acids condense 
with isocyanates to give good yields the P- and
O-carbamoyl derivatives, respectively. The acids 
themselves react with isocyanates and isocyanate 
adducts in quite a different manner, with the major 
isolated products being ureas and compounds 
formed by inter molecular dehydration of the 
phosphorus acids.

Such behavior is somewhat analogous to that 
observed by Naegeli and Tyabji1 2 3 in the reactions 
of carboxylic acids with isocyanates, in which both 
ureas and anhydrides are formed along with amides 
and carbon dioxide. The carbon dioxide has been 
shown to arise from the isocyanate.4 5

We have found that both phenylphosphinic and 
phenylphosphonic acid react with phenyl isocya
nate in an inert solvent at ordinary temperatures to 
give dianilinium diphenylpyrophosphonate (I) as 
the only isolable phosphorus containing product. 
The salt is readily hydrolyzed to a relatively un-

O O
t t

c sh 5p —o—p c 6h 5

A- A-
_l_ -f-

c 6h 5n h 3 n h 3c 6h 5
I

stable acid which appears to be a dihydrate of 
diphenylpyrophosphonic acid. Upon being heated, 
this acid is rapidly converted to phenylphosphonic 
acid to produce water as the only volatile product 
of the reaction. The identity of I was confirmed 
through its independent preparation from aniline 
and the anhydrous diphenylpyrophosphonic acid 
formed by the restricted hydrolysis of phenyl
phosphonic dichloride.8

A facile method of synthesis of the salt I involves 
the reaction of phenylphosphonic acid and an iso
cyanate adduct, such as sym-diphenyIurea or 
methyl carbanilate at about 210°. It is noteworthy 
that monoanilinium phenylphosphonate did not 
appear to dehydrate to give I at 210°, although 
the acid itself has been stated6 to form diphenyl
pyrophosphonic acid at this temperature.

The mechanism of the formation of I from 
phenylphosphinic acid has not been elucidated with 
certainty, although it is apparent that an oxidation 
step is involved. Disproportionation of the acid to 
the phosphonic acid and phenylphosphine may be 
tentatively discounted on the basis of the lack of 
the very penetrating odor of the phosphine at any

(1) Based on a portion of a thesis submitted in June 1959 
by Robert B. Fox to the Graduate School of the University 
of Maryland in partial fulfillment of the requirements of the 
degree of Doctor of Philosophy.

(2) R. B. Fox and W. J. Bailey, J .  O rg. C h e m ., 25, 1447
(1960).

(3) C. Naegeli and A. Tyabji, H e lv .^ C h im . A c ta , 17, 931 
(1934); 18, 142 (1935).

(4) A. Fry, J .  A m .  C h e m . S o c ., 75, 2686 (1953).
(5) L. Anschutz and H. Wirth, C h e m . B e r ., 89, 688 (1956).
(6) A. Michaelis and C. Mathias, B e r ., 7, 1070 (1874).

point during the reaction. Yields of diphenylurea 
and of gases (probably carbon dioxide) absorbable 
by Ascarite were always high in the reactions 
with both the phosphinic and the phosphonic acid. 
It would be logical to assume that, analogously 
with the reactions of carboxylic acids,31 is formed 
through intermolecular dehydration of the phos
phonic acid and subsequent reaction of the re
sulting acid with the aniline generated simulta
neously from the isocyanate.

EX PER IM EN TA L

Phenylphosphinic acid, m.p. 84°, and phenylphosphonic 
acid, m.p. 163.5-164°, were rewystallized commercial prod
ucts. A Perkin-Elmer model 21 recording infrared spectro
photometer -was used for the infrared spectra. Microanalyses 
are by Oakw-old Laboratories, Alexandria, Va., Dr. Mary 
Aldridge, American U n iv e rse , and Mrs. Kathryn Gerde- 
man Baylouney, University of Maryland. All melting points 
are corrected, and those accompanied by decomposition 
gave a gas without sintering.

R e a c tio n  o f  p h e n y lp h o s p h in ic  a c id  w ith  p h e n y l  iso c ya n a te . 
To a stirred suspension of 71.0 g. (0.5 mole) of phenylphos
phinic acid in 750 ml. of dry toluene in an ice bath was added 
dropwise in a 45 min. period 71.4 g. (0.6 mole) of phenyl 
isocyanate. During the addition, much of the solid dissolved. 
In the course of stirring in the ice bath for an additional 2  

hr. a precipitate formed; the evolution of a gas was evident 
throughout the reaction, and these gases were allowed to 
pass through an Ascarite tube. After being allowed to stand 
at room temperature overnight, the mixtsre was stirred 2  

hr. at 75° and then 1 hr. at 100°. A total of 15.4 g. of a prod
uct was absorbed by the Ascarite tube. Filtration and con
centration of the reaction mixture afforded 85.6 g. of crude 
crystalline material (an oily residue was discarded), which 
upon repeated recry-stallization from hot isopropyl alcohol 
gave, in addition to diphenylurea, m.p. 248° dec., 25.0 g. 
( 1 0 %) of dianilinium diphenylpyrophosphonate, m.p. 2 1 1 — 
213° dec.

A n a l .  Calcd. for C24H26N2OSP2 : C, 59.47; H, 5.31; P, 
12.79. Found: C, 59.98; H, 5.18; P, 11.91.

The use of other inert solvents or a variation in reactant 
ratios had an adverse effect on the yield. In acetone, the 
reaction followed a different course and gave an unidentified 
a c id , m.p. 199.5-200°, which may have been C6H 5P(0)- 
(OH)C(CH3)2OCONHCgH5, but was not further char
acterized.

R e a c tio n  o f  p h e n y lp h o s p h o n ic  a c id  w ith  p h e n y l  iso c ya n a te . 
To a stirred solution of 15.8 g. (0.1 mole) of phenylphos
phonic acid in 1 0 0  ml. of dry acetone at room temperature 
was added as rapidly as possible 13.1 g. (0.11 mole) of phenyl 
isocyanate. Within 30 min. the mixture had warmed slightly 
and an Ascarite tube appended to the reflux condenser had 
become quite hot, indicating the efflux of an absorbable gas. 
After the mixture had been heated under reflux for 2 hr., 
filtration and further concentration gave 2 2 . 0  g. of crude 
solids; the Ascarite tube gained 5.2 g .  Repeated recrystal
lization of the crude material (which contained about 50% 
diphenylurea) from hot isopropyl alcohol gave a product, 
m.p. 2 1 0 - 2 1 2 °, which on the basis of its infrared spectrum 
and a mixed melting point determination, appeared identical 
with the dianilinium diphenylpyrophosphonate obtained 
from phenylphosphinic acid.

A n a l .  Calcd. for C24JH26N2O6P2 : C, 59.47; H, 5.31; P, 
12.79; N, 5.78. Found: C, 60.70; H, 5.28; P, 12.00; N, 5.89.

R e a c tio n  o f  p h e n y lp h o s p h o n ic  a c id  w ith  p h e n y l  iso c ya n a te  
a d d u c ts . A mixture of 7.9 g. (0.05 mole) of phenylphosphonic 
acid and 10.6 g. (0.05 mole) of sj/m-diphenylurea was heated 
at 210° for 10 min. in an open test tube wdth a thermometer- 
stirring rod. One recrystallization of the cooled reaction
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mass from 2.5 1. of hot isopropyl alcohol afforded 7.5 g. 
(62%) of dianilinium diphenylpyrophosphonate, m.p. 215- 
217°, identified through a comparison of its infrared spec
trum with that of an authentic specimen.

A repetition of this experiment with methyl carbanilate 
in place of the urea gave similar results.

D ia n i l i n iu m  d ip h e n y lp y r o p h o s p h o n a te  (I). A mixture of
5.5 g. (0.028 mole) of phenylphosphonic dichloride and 0.76 
g. (0.042 mole) of water in 35 ml. of ether was shaken for 45 
min., wdth occasional cooling under a water tap. Most of the 
volatile material in the resulting heavy oil was removed 
under water-aspirator pressure. Treatment with 10 ml. of 
cold water gave a crystalline precipitate which was washed 
with cold water, slurried with ether, and dried in air to yield 
without further purification, 2.3 g. (55%) of slightly hy
groscopic diphenylpyrophosphonic acid, m.p. 81.5-82.5°6.

A n a l .  Calcd. for CisHiJVT,: C, 48.30; H, 4.06; neut. 
equiv., 149.1. Found: C, 47.87; H, 4.04; neut. equiv., 150.4.

The dianilinium salt of this acid was prepared by the addi
tion of 3 drops of aniline to a solution of 0.2 g. of the acid in 
2 ml. of cold water; the resulting precipitate was recrys
tallized from hot isopropyl alcohol. The infrared spectrum 
and properties of this salt are identical in every respect with 
those of the salt prepared as described above. Aqueous 
solutions of dianilinium diphenylpyrophosphonate are 
acidic and fairly stable. Titration with alkali shows a sharp 
break at pH 8.5 with a neutralization equivalent of 241 ±  1 
(calcd. 242).

An attem pt to prepare this salt by heating a sample of 
monoanilinium phenylphosphonate (m.p. 210-213° dec.) 
at 210° failed to show evidence of dehydration. The infra
red spectra of this salt and that of dianilinium diphenyl
pyrophosphonate are quite dissimilar.

H y d r o ly s is  o f  d ia n i l in iu m  d ip h e n y lp y r o p h o s p h o n a te . A mix
ture of 2 g. of the dianilinium salt and 20 ml. of 10% aqueous 
sodium hydroxide was heated just to the boiling point, cooled, 
and extracted with ether to remove aniline (identified as 
acetanilide, m.p. 113-114°, and benzenesulfonanilide, m.p.
110-111°). Careful treatment of the aqueous alkaline solu
tion with excess concentrated hydrochloric acid caused the 
precipitation of a crude acid, m.p. 75-77° dec. Recrystalliza
tion from co ld  acetone gave material, m.p. 82.5-83°, which 
was titrated as a strong monobasic acid with a neutralization 
equivalent of 169 ±  2 (calculated for diphcnylpyrophos- 
phonic acid dihydrate, 167). Crystallization of this sub
stance from hot acetone gave material which exhibited a 
neutralization curve with two unequally spaced breaks. 
The infrared spectrum of the volatile material obtained by 
heating a sample of the acid a t 100° showed the presence 
only of water. The spectrum of the residue or of a sample 
recrystallized from boiling toluene was identical wdth that of 
phenylphosphonic acid.

U. S. Naval Research Laboratory
Washington 25, D. C.
Department op Chemistry, University of Maryland
College Park, Md.
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p h o n a tes  w ith  C arbonyl Su lfide an d  w ith  

C arbon D isu lfide

Daniel W. Grisley, Jr.

R ece ived  O ctober 10 , 1 9 6 0

The nucleophilic characteristics of the alkali 
metal dialkyl phosphonates, especially toward 
carbonyl groups,1 prompted an investigation of

their reactivity toward carbonyl sulfide and toward 
carbon disulfide. It was found that both reagents 
reacted with sodium dialkyl phosphonates to form 
a new phosphorus-carbon bond. The salts (I) and
(II) were not isolated, but tvere allowed to react 
further to produce the corresponding thiolformate
(III) and dithioformate (IV) esters. Structure III

O
I!

(RO)2P "N a+— 

R = alkyl

COS 
■■— >

(i)
CSs
(2)

CIIsI

O 0
L(RO)2P—C—S-Na+J
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L(RO)2P—C—S-Na+J
II

O 0
Il II(RO)2P—C—S-CH,

I IIo s
d i a l II

Nal

(RO)2P—C—S—CH, +  N al
IV

(R = ethyl) was indicated by a carbonyl absorp
tion in the infrared spectrum at 6.152 p. In addition, 
the NMR peak of III (R = ethyl) at +4.6 p.p.m., 
is within the range of the structurally similar acyl 
phosphonates which have a chemical shift of 
+  2 ±  1 p.p.m.3 Finally, <S-methyl diethoxyphos- 
phinylthiolformate was amidated to yield the known 
amide (V) in 75% yield.4 Diethoxyphosphinyl- 
formamide had characteristic amide carbonyl 
(6.0 p) and N-H (3.0 p and 3.15 p) peaks in its 
infrared spectrum.5 The NMR spectrum of V had 
a single peak at +1.4 p.p.m.

O O
(CIUCILO )2P—C—S -  CIL +  NIL

O O
Il II

( CH 3CH 3O  )2P—C—N IL +  C H 3 S II 

V

It was found that S-methyl diethoxyphosphinyl- 
tliiolformate was easily dealkylated with sodium 
iodide to yield O-ethyl-O-sodium carbomethyl- 
thiophosphonate (VI). The NMR peak of VI

O 0
II II

(CH 3CH 2O  )2P—C—S—GIL +  N al — >
O O

N a+ -0 \ || ||
> P — C — S— C I L  +  C H 8C H 21 

CH3CH2CK 
VI

(1) A. N. Pudovik, U s p e k h i  K h im . ,  23, 547 (1954).
(2) I t is stated in L. J. Bellamy, T h e  I n f r a r e d  S p e c tr a  o f  

C o m p le x  M o lecu le s , John Wiley &  Sons, Inc., New York, 
1954, p. 160, that the carbonyl frequencies of a number of 
thiol esters occur at 1675 cm.-1 (5.96 p ).

(3) J. Van Wazer, C. Callis, J. Shoolery, and R. Jones, 
J .  A m .  C h em . S o c ., 2 8 , 5715 (1956).

(4) P. Nylen, B e r ., 57, 1023 (1924).
(5) L. J. Bellamy, T h e  I n fr a r e d  S p e c tr a  o f  C o m p le x  M o le 

cu les , John Wiley & Son, Inc., New York, 1954, p. 176 indi
cates the carbonyl absorption of primary amides at 1650 
cm.“1 (6.06 p ) .

• 0
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at +3.2 p.p.m. is in agreement with the struc
ture as shown. VI has a carbonyl peak in its in
frared spectrum at 6.17 y with a shoulder at 6.13 
¡i. Similar dealkylation reactions of phosphonate 
esters,6 phosphate esters,6’7 and pyrophosphates8 
by nucleophiles in general and by inorganic io
dides in particular, have been reported.

Indeed, the dealkylation of S-methyl diethoxy- 
phosphinylthiolformate by sodium iodide formed 
in reaction (1) could have accounted for the low 
yield of III (R = ethyl), (48%). Moreover, for
mation of the theoretically9 less readily dealkylated 
isopropyl analog (III) in substantially higher yield 
(70%) under similar conditions supports this idea.

In the reaction of sodium diisopropyl phospho
nate with carbon disulfide followed by reaction 
with methyl iodide (reaction (2)) choice of the 
structure (IV) (R = isopropyl) was based upon its 
NMR spectrum. S-Methyl diisopropoxyphosphi- 
nyldithioformate had a P 31 chemical shift of +4.2 
p.p.m. The similarity of this peak shift to that of the 
thiol ester (III) (R = isopropyl) (+6.5 p.p.m.) 
indicates a structure of the type IV. I t is interest
ing that whereas the thiol esters (III) are colorless 
liquids, the dithio ester (IV) and /S-p-chlorobenzyl 
diisopropoxyphosphinyldithioformate are by con
trast, deeply red colored.

EXPERIMENTAL1 0 ’ 1 1

M a te r ia ls . Sodium hydride was a 50.9% suspension in 
mineral oil purchased from Metal Hydrides Co. Tetra- 
hydrofuran used as a reaction mixture solvent was Matheson 
(b.p. 64-66°). I t was distilled from sodium hydride directly 
into the reaction flask immediately before use. Hexane, used 
to free the sodium hydride from mineral oil, was distilled. 
The first 10% of the distillate was discarded and the frac
tion b.p. 66-67° was collected. Diethyl hydrogen phos
phonate (Virginia-Carolina Chemical Co.) was distilled 
at reduced pressure and a middle cut was taken. Diisopropyl 
hydrogen phosphonate, b.p. 81-82°/15 mm., 7i2Ds 1.4066, 
was prepared by the reaction of gaseous hydrogen chloride 
with triisopropyl phosphite purchased from the Virginia- 
Carolina Chemical Co. Carbonyl sulfide (Matheson) was 
purified by passing it through a series of three traps each 
containing approximately 700 ml. of a saturated lead acetate 
solution in water and then through a Drierite column before 
admitting the gas to the reaction mixture. Carbon disulfide 
(Baker and Adamson Reagent) was dried over anhydrous 
magnesium sulfate. Gaseous ammonia was Matheson. 
Methyl iodide was Matheson, b.p. 42-44°. Sodium iodide 
(Baker and Adamson Reagent) was dried i n  va cu o  a t 100°. 
p-Chlorobenzyl chloride was obtained from Matheson.

T h e  re a c tio n  o f  s o d iu m  d ie th y l  p h o sp h o n a te  w ith  ca rb o n y l  
su lf id e  fo llo w e d  b y  re a c tio n  w i th  m e th y l  io d id e . Diethyl hydro
gen phosphate (27.6 g., 0.2 mole) was added dropwise to a 
stirred slurry of sodium hydride (50.9% dispersion in min
eral oil) (9.6 g., 0.2 mole) in tetrahydrofuran (200 ml.) at

(6) R. Cremlyn, G. Kenner, J. Mather, and A. Todd, 
J .  C h em . S o c ., 528 (1958).

(7) L. Zervas and I. Dilaris, J .  A m .  C h e m . S o c ., 77, 5354
(1955). ■ _

(8) L. Zervas and I. Dilaris, B e r .,  8 9 , 925 (1956).
(9) A. Streitwieser, Jr., C h em . R e v ., 56, 586 (1956).
(10) All melting and boiling points are uncorrected.
(11) Elemental analyses were performed by the Galbraith

Laboratories, P. O. Box 4187, Knoxville, Tenn.

25-30° in a dry atmosphere. The reaction was stirred and 
refluxed until hydrogen evolution ceased. The reaction mix
ture was cooled to 6°. Carbonyl sulfide gas was passed over 
the mixture at 2-5° until the mixture had absorbed a total 
of 13.3 g. (0.22 mole). Methyl iodide (28.4 g., 0.2 mole) was 
added to the stirred mixture at 3-5° over 10 min. The mix
ture was poured into 1 1. of ice water; an oil separated. 
The oil was extracted into ether (200 ml.). The water layer 
was saturated with salt and then extracted with ether (200 
ml.). The ether layers were combined, dried (magnesium 
sulfate), filtered, and evaporated to yield a colorless oil. The 
oil was distilled through a 10-in. vacuum jacketed Vigreux 
column to yield a main fraction, S-methyl diethoxyphos- 
phinylthioformate (20.5 g., 0.1 mole, 48%), b.p. 80-81°/ 
0.1 mm. The infrared spectrum12 (neat) had a peak at 6.15 y  

(C = 0); it was identical with that of an authentic sample 
prepared in the same manner. The authentic sample had 
b.p. 116-118°/1.7 mm., w2D5 1.4705.

A n a l .  Calcd. for C6H130 4PS: C, 33.96; H, 6.17; P, 14.60; 
S, 15.11. Found: C, 34.24; II, 5.98; P, 14.92; S, 15.34.

The NMR spectrum13 had a P 31 chemical shift of +4.6 
p.p.m.

T h e  rea c tio n  o f  s o d iu m  d i is o p r o p y l  p h o sp h o n a te  w ith  car
b o n y l su lf id e  fo llo w e d  b y  rea c tio n  w ith  m e th y l  io d id e . The reac
tion conditions and work-up procedure used were the same 
as those used for sodium diethyl phosphonate. The amounts 
used were diisopropyl hydrogen phosphonate (33.2 g., 0.2 
mole), sodium hydride (50.9% dispersion in mineral oil) 
(9.6 g., 0.2 mole), carbonyl sulfide (25.1 g., 0.43 mole), 
methyl iodide (28.4 g., 0.2 mole), and tetrahydrofuran (200
ml. ). There was obtained S-methyl diisopropoxyphosphinyl- 
thiolformate (33.8 g., 0.14 moles, 70%), b.p. 100-101°/
O. 5 mm., n2D5 1.4634. The infrared spectrum (neat) was 
identical with that of an authentic sample prepared in the 
same manner. The NMR spectrum had a P 31 chemical shift 
of +6.5  p.p.m. The authentic sample had b.p. 76-77°/0.1
mm. and n 2D5 1.4630.

A n a l .  Calcd. for CsH „0 4PS: C, 39.98: H, 7.13, P, 12.89; 
S, 13.34. Found: C, 40.10; H, 7.16; P, 12.97; S, 13.32.

T h e  rea c tio n  o f  S - m e th y l  d ie th o x y p h o s p h in y lth io lfo r m a te  
w ith  a m m o n ia . Ammonia was bubbled into a solution of
S-methyl diethoxj’phosphinylthiolformate (4.24 g., 20 
mmoles) in tetrahydrofuran (30 ml.) a t room temperature 
for 3 hr. The white crystals were filtered; the filtrate was con
centrated i n  vacuo  to yield solid. The crystalline sclids were 
combined, washed with ether, filtered, and dried at 70°/20 
mm. to yield diethoxyphosphinylformamide (2.80 g., 15 
mmoles, 75%), m.p. 138-139° (lit.4 m.p. 134-135°). A small 
sample was recrystallized from hot ethyl acetate and was 
dried at room temperature i n  vacuo , to yield crystals, m.p.
138-139°.

A n a l .  Calcd. for C5H]2N 04P: C, 33.16; H, 6.68; N, 7.74;
P, 17.10. Found: C, 33.03; H, 6.73; N, 7.84; P, 17.19.

The infrared spectrum (potassium bromide) had peaks at
3.0 y  and 3.15 y  (N—H), and a peak at 6.0 y  (C = 0 ). The 
nuclear magnetic resonance spectrum had a P 31 chemical 
shift at +1.4 p.p.m. (15.9% solution in acetone).

T h e  re a c tio n  o f  S - m e th y l  d i i s o p r o p o x y p h o s p k in y l th io l-  
fo r m a te  w ith  a m m o n ia . The procedure was essentially the 
same as that used for S-methyl diethoxyphosphinylthiol
formate. /S-Methyl diisopropoxyphosphinylthiolforxnate (4.9 
g., 21 mmoles) was amidated to yield a white soiid, diiso- 
propoxyphosphinylformamide (3.3 g., 16 mmoles, 76%), 
m.p. 94-96°. A small sample was recrystallized from hot 
ethyl acetate to yield colorless needles, m.p. 95-97°.

A n a l .  Calcd. for C7H16N 04P: C, 40.19; H, 7.71; P, 14.81; 
N, 6.70. Found: C, 40.09; H, 7.51; P, 14.72; N, 6.73.

(12) Infrared spectra were run on a Baird Infra-Red 
Recording Spectrophotometer Model B.

(13) All measurements were performed with a Varian 
Dual-Purpose Nuclear Magnetic Resonance Spectrometer. 
9400 gauss. 16.2 me. Ref. 85% phosphoric acid.
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The infrared spectrum (Xujol slurry) had peaks at 3.05 
y  and 3.15 y  (N—H), and a peak at 6.05 y  (C = 0 ). The 
NMR spectrum had a P 31 chemical shift of —2.7 p.p.m. 
and a minor resonance at +5.1 p.p.m. (15.0% solution in 
acetone).

T h e  re a c tio n  o f  S - m e th y l  d ie th o x y p h o s p h in y lth io lfo r m a te  
w ith  s o d iu m  io d id e . A solution of S-methyl diethoxyphos
phinylthiolformate (10.61 g., 50 mmoles) and sodium iodide 
(7.49 g., 50 mmoles) in tetrahydrofuran (100 ml.) was 
stirred in a dry atmosphere at 25° for 9.5 hr. The reaction 
mixture contained solid. The mixture was cooled to 0°. 
The solid was filtered, was washed with ether, and was dried 
at 60°/20 mm. for 1 hr. to yield O-ethyl O-sodium carbo- 
methylthiophosphonate (9.50 g., 46 mmoles, 92%), m.p. 
205°-210°. The hydroscopic product was recrystallized 
twice from hot acetone to yield white crystals, 7.17 g., 
m. p. 205-207“.

A n a l .  Calcd. for C4H 8N a0 4PS: C, 23.31; H, 3.91; P, 15.03; 
S, 15.56. Found: C, 23.19; H, 3.61; P, 15.29; S, 15.74.

The infrared spectrum (potassium bromide) had a peak at
6.17 ¡x with a shoulder at 6.13 y  (C = 0). The NM R spec
trum had a P 31 chemical shift of +3.2 p.p.m.

T h e  rea c tio n  o f  s o d iu m  d iis o p r o p  y lp h o s p h o n a te  w ith  carbon  
d is u l f id e  fo llo w e d  b y  rea c tio n  w ith  m e th y l io d id e . Sodium di
isopropyl phosphonate was prepared in the usual manner. 
A solution of sodium diisopropylphosphonate (0.2 mole) in 
tetrahydrofuran ( 2 0 0  ml.) was added to well stirred carbon 
disulfide (76 g., 1 mole) at 2-8° over 15 min. The solution 
became deep red colored. Methyl iodide (30 g., 0.21 mole) 
was added to the stirred solution at 5° during 5 min. The 
reaction mixture was stirred for an additional 5 min. at 5°. 
The homogeneous dark-red mixture was poured into ice 
water (750 ml.). The organic phase was extracted into 
ether (300 ml.). The ether phase was washed with water 
(4 X 500 ml.). The organic phase was dried, (magnesium 
sulfate), filtered, and evaporated to yield an oil. The oil was 
distilled through a 10-in. vacuum jacketed Vigreux column 
to yield a main fraction, a dark red-colored liquid, S-methyl 
diisopropoxyphosphinyldithioformate (30.8 g., 0.12 mole, 
60%), b.p. 116-11770.4 mm., n 1 2D5 1.5168.

A n a l .  Calcd. for C8H 170 3PS2: C, 37.49; H, 6.69; P, 12.09; 
S, 25.02. Found: C, 37.75; H, 7.07; P, 11.88; S, 24.72.

The NMR spectrum had a P 31 chemical shift of +4.2 
p.p.m.

T h e  rea c tio n  o f  s o d iu m  d i is o p r o p y l  p h o sp h o n a te  w ith  car
bon d isu lfi.de fo llo w e d  b y  rea c tio n  w ith  p -ch lo ro b en zy l ch lo ride . 
In this experiment the sodium hydride (50.9% dispersion 
in mineral oil) (4.8 g., 0.1 mole) was freed of mineral oil by 
washing with hexane (3 X 300 ml.). The supernatant liquor 
was removed by means of nitrogen pressure by filtering 
through a dip tube having a frittered glass tip. The sodium 
diisopropyl phosphonate (0 . 1  mole) was prepared in tetra
hydrofuran (100 ml.) in the usual manner. The tetra
hydrofuran solution of the sodium diisopropyl phosphonate 
was added to carbon disulfide (38 g., 0.5 mole) as before. 
A solution of p-chlorobenzyl chloride (14.5 g., 0.09 mole) 
in tetrahydrofuran ( 1 0 0  ml.) was added to the reaction 
mixture a t 1-3“ over 5 min. The reaction mixture was stirred 
in a nitrogen atmosphere at room temperature for 19 hr. 
The mixture was then refluxed for 1 hr. Ether was added 
to the mixture. The mixture was washed with w-ater (3 X 
500 ml.). The organic phase wars dried, (magnesium sulfate), 
filtered and evaporated i n  vacuo  at 80° to yield a dark red 
oil. The oil was evacuated at 80V0.1 mm. for 1 hr. and 
then at room temperature at 0 . 1  mm. for 2 0  hr. to yield a 
deep red oil, »S-p-chlorophenyl diisopropoxyphosphinyl- 
dithioformate (27.4 g., 0.075 mole, 83%).

A n a l . Calcd. for C14H 20CIO3PS2 : C, 45.83; H, 5.49; P, 8.44; 
8 , 17.48. Found: C, 45.98; H, 5.75; P, 8.14; S, 17.77.

The NMR spectrum (neat) had P 31 chemical shifts of 
+  4.2 p.p.m., 0.0 p.p.m. and —16.1 p.p.m. The peak at 
+  4.2 p.p.m. accounted for >95%  of the combined areas 
under the peaks.
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The synthesis of 4-aza-5-cholesten-3-one (Ila),
m.p. 252-253°, from 3,5-seco-4-norcholestan-5- 
on-3-oic acid (la) by reaction with ammonia at 
140° has been reported by our laboratory.5 Wildi6 
described a similar preparation for this compound. 
Recently the synthesis of Ila  with a much lower 
melting point, m.p. 189°, by the reaction of am
monia with 4-oxa-5-cholesten-3-one (Ilia) at 25° 
was announced.7 The reported spectra of these 
compounds were similar and it was thought that 
they might be different crystalline forms.

The procedure of Uskokovie and Gut7 was

R

I

Ilia . R = ChH i7 

Illb . R -  COOH.,

lib . R = COCIÏ3

IVa. R = C«H,7  

IVb. R -  CCCHr,

(1) For paper I in this series see R. E. Havranek and 
N. J. Doorenbos, J .  A m .  P h a r m . A s s o c ., S c i .  E d . , 49, 328
(1960).

(2) This work was supported by Research Grant CY-4132 
from the National Cancer Institute, National Institutes of 
Health.

(3) Sterling-Winthrop Research Fellow, 1958-59.
(4) H. A. B. Dunning Research Fellow, 1959-60.
(5) N. J. Doorenbos and C. L. Huang, Abstract, 136th 

National A.C.S. Meeting, 30-0, Atlantic City, September
1959.

(6 ) R. S. Wildi, U. S. Patent 2,897,202, July 28, 1959.
(7) M. Uskokovie and M, Gut, H elv . C h im . A d a ,  42, 

2258 (1950).
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repeated in this laboratory. The high yield reported 
was approached only after allowing the reaction to 
proceed for one week. As the reaction time was 
shortened, increased amounts of Ilia  were re
covered. The product of this reaction, m.p. 190- 
192°, was shown to be 4-azacholestan-5£-ol-3- 
one (IVa) and not Ha as reported.7 The structure 
was established by analysis and spectra. The 5- 
hydroxy derivative (IVa) was easily dehydrated 
to Ha by acid catalysts at 25° or by heating above 
100°. Perhaps the previous investigators had de
hydrated IVa to Ha by drying at 100° before de
termining the analysis and spectra.

The synthesis of 4-aza-5-pregnen-3,20-dione (lib) 
from 4-oxa-5-pregnen-3,20-dione (Illb) was also 
reported.7 The reaction intermediate, 4-aza-5£- 
hvdroxypregnane-3,20-dione (IVb) was isolated 
and reported to have the same melting point as 
lib, m.p. 288-289°. 4-Aza-5-pregnene-3,20-dione 
(lib) had been prepared previously in this labora
tory and it was felt that IVb should have a lower
m.p. than lib. 4-Aza-5£-hydroxypregnane-3,20- 
dione (IVb) was prepared as described7 and found 
to have a melting point of 212-214°. IVb was readily 
dehydrated to lib  by acid catalysts at 25° or by 
heating above 100°.

The melting points of IVa and IVb must be 
taken with care since they rapidly lose water at 
their melting point. The samples were prepared 
for analysis by drying for twelve hours at 25°/0.1 
mm.

The methods used to convert IVa into Ha and 
IVb into lib  suggest that the 5,6-double bond is 
more stable than the 4,5-double bond in these 
lactams. Differences in resonance stabilization of 
these isomers might account for these observations. 
The 5-ene could have three pentacentric molecular 
orbitals (V), as a result of the filled p-orbital of 
nitrogen with the adjacent unsaturated atoms, 
whereas the 4-ene could have only two tetracentric 
molecular orbitals.

V

VI VII
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4 -A a a -5 -c h o le s ten -3 -o n e  (Ha). 3,5-Seco-4-norchclestan-5- 
on-3-oic acid10 (4.0 g., 0.010 mole) was dissolved in 200 ml. of 
coned, aqueous ammonium hydroxide and heated in a pres
sure vessel under a nitrogen atmosphere at 200° for (3 hr. 
The mixture was cooled, filtered, and dried to yield 3.80 g. 
(99%) of 4-aza-5-cholesten-3-one (Ila), m.p. 250-253°. 
One crystallization from acetone-ethanol yielded 3.56 g. of 
an analytical sample, m.p. 255-256° (reported m.p. 249- 
250°6; m.p. 189°7); M  d -8 2 ° ; Xmax 233 m y ,  log a 4.13; in
frared 2.95 (NHstretching), 3.15 (NH, H-bond), 5.96(C = C), 
and 6.04 y  (C = 0 )  (reported [«]D —77°; Xmax 233 m y ,  log 
e 4.13).7

A n a l .  Calcd. for C^H^ON: C, 80.98; H, 11.24; N, 3.63. 
Found: C, 81.29; H, 11.55; N, 3.48.

f-A z a -Q ^ -h y d r o x y c h o le s ta n -S -o n e  (IVa). IVa was prepared 
from 4-oxa-5-cholesten-3-one10 (Ilia )  by the procedure of 
Uskokovic and Gut.7 The following data w'ere obtained on 
the product after drying for 12 hr. a t 25°/0.1 mm.11: m.p. 
m.p. 190-192° dec.; [a]2D9 +86°; no peaks above 210 m,u in 
the ultraviolet; infrared 2.77 (OH stretching), 2.95 (OH, H- 
bond), and 6.02^ (C = 0).

A n a l .  Calcd. for C26H45 0 2N: C, 77.36; H, 11.24; N, 3.47. 
Found: C, 77.75; H, 10.94; N, 3.73.

T h e r m a l d e h y d r a tio n  o f  IVa. A 100-mg. sample of IVa was 
heated in a nitrogen atmosphere at 250° for 1 min. Bubbles 
of water vapor could be observed for about 10 seconds. A 
solid residue, m.p. 244-247°, was obtained upon cooling. 
One crystallization from acetone-ethanol yielded a crystal
line solid, m.p. 255-256°, which was shown to be identical 
to I la  by mixed melting point and a comparison ®f spectra.

A c id  ca ta ly zed  d e h y d r a tio n  o f  IVa. Samples of IVa were 
dehydrated by treatment with hydrochloric acid in acetic 
acid or boron trifluoride in acetic anhydride at rcom tem
perature. The latter experiment was an attem pt to acetylate 
the hydroxyl group. The identity of the product in each of 
these reactions was established by mixed melting point and 
a comparison of spectra.

f -A z a -5 -p r e g n e n e -S ,2 0 -d io n e  (lib ). 3,5-Seco-4-norpregnan-
5-on-3-oic acid12 (lb) (10.0 g., 0.03 mole) was dissolved in 
260 ml. of absolute ethanol, which had been saturated pre
viously with dry ammonia gas at 0°. The solution was heated 
in a sealed reaction vessel at 150° for 11 hr. The white crys
talline solid which separated on cooling was filtered and 
crystallized from ethanol-ether to yield 6.0 g. (64%) of 4- 
aza-5-pregnene-3,20-dione (lib ), m.p. 295-296°; [a]2Ds 
— 34°;'Xmax 233 m/r, log e 4.13; infrared 2.95 (NH stretching), 
3.15 (NH, H-bond), 5.87 (ketone C =  O), 5.96 (C = C), and
6.03 y  (lactam C = 0 ); (reported m.p. 288-289°; [a]2,,1 —4°; 
Xmax 233 m y ,  log e 4.13).7

A n a l .  Calcd. for C20H23O2N: C, 76.15; H, 9.27; N, 4.44. 
Found: C, 76.31; H, 9.59; N, 4.33.

I11 comparison, it should be noted that T.suda and 
Hayatsu8 were able to isomerize 15-aza-D-homo- 
5a-cholest-8(14)-en-3/3-ol-16-one benzoate (VI) into
15-aza-D-homo-5a-cholest-14-en-3/3-ol-16-one ben
zoate (VII) by treatment with hydrochloric acid. 
VI is probably less stable for steric reasons. The 
double bond is exocyclic to two six-%iembered rings 
including a rather rigid ring B.

(8) K. Tsuda and R. Hayatsu, J .  A m .  C h e m . S o c .t 78,
4107 (1956).

(9) Melting points were taken on a Thomas-Hoover m.p. 
apparatus and are uncorrected. Specific rotations were 
determined on 1% solutions in chloroform. Ultraviolet data 
were obtained with a Spectracord on solutions in 95% 
ethanol. Infrared data were obtained with an Infracord using 
chloroform solutions. Analyses were obtained from Drs. 
Weiler and Strauss, Oxford, England. The steroid inter
mediates were furnished by the National Service Center for 
Cancer Chemotherapy.

(10) R. B. Turner, J .  A m .  C h e m . S o c ., 72, 579 (1950).
(11) A portion of this sample was dried an additional 12 

hr. under these conditions without a further loss in weight.
(12) C. C. Bolt, R e c . tra v . c h im ., T70, 940 (1951).
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4 .-A z a -5 £ -h y d ro x y p re g n a n e -3 ,2 0 -d io n e  (IVb). IVb was pre
pared from 4-oxa-5-pregnen-3,20-dione13 (Illb ) by the pro
cedure of Uskokovic and Gut.7 The following data were ob
tained on this product after drying for 12 hr. a t 25°/0.1 
mm.1 11 12: m.p. 212-214° dec.; [a]'D8 +  171°; no peaks in the 
ultraviolet above 210 m/x; infrared 2.77 (OH stretching), 2.95 
(OH, H-bond), 5 87 (ketone C = 0), and 6.03 u (lactam 
C =  0 ); (reported m.p. 288-289°; [a]2,1 +173°).7

A n a l .  Calcd. for C20H3iO3N: C, 72.03; H, 9.37; N, 4.20. 
Found: C, 72.51 ; H. 9.25; N, 4.09.

D e h y d r a tio n  o f  IVb. IVb was dehydrated to l ib  by the 
same procedures described above for IVa. The identity of 
the product, lib , in each of these procedures was established 
by mixed melting point and a comparison of spectra.

Department of P harmaceutical Chemistry 
School of Pharmacy 
University of Maryland 
Baltimore 1, Md.

(13) M. Gut, H elv . C h im . A c ta , 36, 906 (1953).

Steroids. III. S y n th esis  o f  S om e 3-Aza-A- 
h o m o ch o le s ta n es  by th e  B eckm  an n  and  
S c h m id t R earran gem en ts in  P o lyp h os-  

p h oric  A cid 1,2

N orman J. Doorenbos and Mu T su Wu

R ece ived  S e p te m b e r  2 8 , 1 9 6 0

The great value of steroids in modern medicine 
and the interesting pharmacological properties of 
steroid alkaloids have brought about an increasing 
interest in aminosteroids and azasteroids. Over 
thirty papers and patents on azasteroids alone 
have appeared.3

The Beckmann and Schmidt rearrangements 
have offered two convenient methods for intro
ducing a heterocyclic nitrogen into the steroid ring 
system. Many azasteroids have been prepared by 
the Beckmann rearrangement using a variety of 
solvents and such catalysts as tosyl chloride,4-9 
thionyl chloride,10’11 phosphorus pentachloride,4-5

(1) For paper II in this series see N. J. Doorenbos, 
C. L .  Huang, C.R. Tamorria, and M. T. Wu, J .  O rg. C h e m ., 
26, 2546 (1961).

(2) (a) This work was supported by Research Grant 
CY-4132 from the National Cancer Institute, U. S. Public 
Health Service; (b) presented a t the 1960 A.A.A.S. meeting 
in New York City, December 29.

(3) Chien Li Huang, Ph.D. thesis, University of Mary
land, 1960.

(4) S. Hara, P h a r m . B u ll .  ( J a p a n ) ,  3, 209 (1955).
(5) S. Hara, Y a k u g a k u  Z a s s h i , 78, 1027 (1958).
(6) S. Hara, Y a k u g a k u  Z a s s h i , 78, 1030 (1958).
(7) S. Kaufmann, J. A m .  C h e m . S o c ., 73, 1779 (1951).
(8) R. H. Mazur, J .  A m .  C h em . S o c ., 81, 1454 (1950).
(9) K. Tsuda and R. Hayatsu, J .  A m .  C h e m . S o c ., 78, 

4107 (1956).
(10) B. M. Regan and F. N. Hayes, J .  A m .  C h e m . Soc.., 

78, 639 (1956).
(11) C. W. Shoppee and J. C. Slv, J .  C h em . S o c ., 3458 

(1958).

p-acetylaminobenzenesulfonyl chloride,7 and
p-aminobcnzenesulfonyl chloride.12’13

The Schmidt rearrangement has been applied to 
a few steroid ketones4'5 with sulfuric acid being 
used as the catalyst in the presence of a suitable 
organic solvent.

The yields obtained by these methods have been 
variable and often below 60%. Recently Conley14 
reported polyphosphoric acid to be superior to 
other catalysts in the Beckmann and Schmidt 
rearrangements. Polyphosphoric acid is a mild 
catalyst and a good solvent for most organic 
compounds.

In 1957, a general study of heterocyclic steroids 
was begun in this laboratory. In order to obtain a 
preliminary evaluation of the usefulness of poly
phosphoric acid for the synthesis of azasteroids, 
two azasteroids were synthesized by the Beckmann 
and Schmidt rearrangements using both poly
phosphoric acid and more conventional methods. 
The azasteroids selected were 3-aza-A-homocholes- 
tan-4-one (Ilia) and 3-aza-A-homocoprostan-4-one 
(Illb) since they may be prepared from readily 
available ketones. Shoppee and Sly11 prepared 
these azasteroids by the Beckmann rearrangement 
of cholestan-3-one oxime (Ha) and coprostan-3-one 
oxime (lib), using thionyl chloride as the catalyst 
and dioxane as the solvent. The crude yields, 
after purification by chromatography, were 63% 
for I lia  and 36% for Illb. These chromatographed 
fractions were subjected to sublimation and 
repeated crystallizations in order to obtain analyti
cally pure products. We obtained similar results 
with this procedure.

In this laboratory, it has been demonstrated 
that azasteroids may be prepared in high yield by 
either the Beckmann or Schmidt rearrangements, if 
polyphosphoric acid is used as the catalyst. No 
solvent was needed since polyphosphoric acid is a 
good solvent for cholestan-3-one (la) and coprostan-

(12) H. Heuss#, J. Wohlfahrt, M. Muller, and R. 
Anliker, H elv . C h im . A c ta , 38, 1399 (1955).

(13) R. Anliker, M. Muller, J. Wohlfahrt, and H. Heusser, 
H e lv . C h im . A c ta , 38, 1404 (1955).

(14) R. T. Conley, J .  O rg. C h e m ., 23, 1330 (1958).
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3-one (lb) and their oxime derivatives, Ila  and 
lib. The yield of analytically pure product was 
at least 86% in each example. Analytical samples 
were obtained readily by one or two crystalliza
tions.

Each azasteroid was prepared also by the Schmidt 
rearrangement with sulfuric acid as the catalyst. 
The yields were lower than those obtained with poly- 
phosphoric acid. It is expected that polyphosphoric 
acid would offer even greater advantages in the 
Schmidt rearrangement of many of the steroids 
which contain functional groups sensitive to sul
furic acid.

E X PE R IM E N T A L 16

B e c k m a n n  re a rra n g em en t o f  ch o les ta n -S -o n e  o x im e  (Ila). 
A mixture of 2.00 g. (0.005 mole) of cholestan-3-one oxime 
and 60 g. of polyphosphoric acid was heated with manual 
stirring at 120-130° for 30 min. The mixture was then poured 
onto 500 g. of crushed ice, neutralized with cold 50% sodium 
hydroxide, and extracted with ether (5 X 100 cc.). Removal 
of the solvent, after drying over magnesium sulfate, yielded
l .  85 g. (93%) of 3-aza-A-homocholestan-4-one (Ilia), m.p. 
270-274°. An analytical sample was prepared by crystalliza
tion from benzene-ether, m.p. 275.5-276.5° (reported11 m.p. 
268-271°).

A n a l .  Calcd. for C27H«ON: C, 80.73; H, 11.79; N, 3.50. 
Found: C, 80.80; H, 11.62; N, 3.43.

The infrared spectrum was identical with that of a sample 
prepared by Shoppee’s method11 and a mixed melting point 
gave no depression.

B e c k m a n n  r e a rr a n g e m e n t o f  co p ro s ta n -S -o n e  o x im e  (lib). 
A mixture of 700 mg. (0.0017 mole) of coprostan-3-one oxime 
and 21 g. of polyphosphoric acid was heated, with manual 
stirring, to 120° and maintained at this temperature for 10 
min. Then the mixture was poured onto 200 g. of crushed ice, 
neutralized with cold sodium hydroxide, and extracted with 
ether (4 X 100 cc.). Removal of the solvent, after drying 
over sodium sulfate, gave a solid residue. This residue was 
crystallized from ether to yield 630 mg. (90% ) of 3-aza-A- 
homoeoprostan-4-one (Illb ), m.p. 173-175° (reported11
m. p. 166-174°).

A n a l .  Calcd. for C27H„ON: C, 80.73; H, 11.79; N, 3.50. 
Found: C, 80.32; H, 11.58; N, 3.37.

The infrared spectrum was identical with that of a sample 
prepared by Shoppee’s method11 and a mixed melting point 
gave no depression.

S c h m id t  re a rr a n g e m e n t o f  ch o le s ta n -S -o n e  (la). Sodium azide 
(0.68 g., 0.011 mole) was added with slow agitation to a 
mixture of 3.86 g. (0.01 mole) of cholestan-3-one and 100 g. 
of polyphosphoric acid a t 50-60°. This temperature was 
maintained by means of a water bath for 10 hr. Then the 
mixture was poured onto crushed ice, made alkaline with 
cold 50% potassium hydroxide, extracted with chloroform 
(4 x 100 cc.), and washed with water. Removal of the sol
vent, after drying over sodium sulfate, yielded 3.46 g. (86%) 
of 3-aza-A-homocholestan-4-one (Ilia ) , m.p. 275-277°.

S c h m id t  r e a r r a n g e m e n t o f  co p ro s ta n -S -o n e  (lb). The 
Schmidt rearrangement of coprostan-3-one (lb) in polyphos
phoric acid was carried out using the procedure outlined 
above for la. 3-Aza-A-homocoprostan-4-one (Illb )  was ob
tained in 88% yield, after one crystallization from ether, 
m.p. 172-174°. 15

(15) Melting points were taken on m Fisher-Johns block 
and are uncorrected. Analyses were pemirmed by Sterling- 
Winthrop Research Institute and Drs. Weiler and Strauss, 
Oxford, England. Steroid intermediates were furnished by 
the National Service Center for Cancer Chemotherapy, 
National Institutes of Health.

S c h m id t  r e a rr a n g e m e n t o f  c h o le s ta n -S -o n e  (la) (sid fa r ic  a c id  
m e th o d ) . Twelve cubic centimeters of a 4.7% solution of 
hj’drazoic acid (0.013 mole) was added slowly with stirring 
a t room temperature to a solution of 3.86 g. (0.01 mole) of 
cholestan-3-one and 5 cc. of sulfuric acid in 30 cc. of benzene. 
After 1 hr. the solution was poured into ice water. The ben
zene layer was separated and washed with dilute sodium 
hydroxide and water. Removal of the solvent, after drying 
over sodium sulfate, yielded 3.25 g. (81%) of 3-aza-A-homo- 
cholestan-4-one (Ilia), m.p. 270-273°. Two crystallizations 
from ether-methanol vielded an analytical sample, m.p. 
275-276.5°.

S c h m id t  re a rr a n g e m e n t o f  co p ro sta n -S -o n e  (lb) (s u l fu r ic  
a d d  m e th o d ) . The Schmidt rearrangement of coprostan-3-one 
(lb) in sulfuric acid was carried out using the procedure out
lined above for la. 3-Aza-A-homocoprostan-4-one (Illb )  was 
obtained in 72% yield, m.p. 164-170°, after one crystalliza
tion from ether. Two recrystallizations from ether raised the 
m.p. to 171-174°.

D epa rtm en t  of P harmaceutical C hem istry  
School of P harmacy 
U n iversity  of M aryland 
B altim ore 1, M d.

C y cloeth y len e  K eta ls o f  A4,6-3 -K etostero id s

G e r h a r d  J. F o n k e n  

R ece ived  S e p te m b e r  2 9 , 1 9 6 0

In the course of another investigation, the cyclo
ethylene ketal derivatives of A4-6-cholestadiene-3- 
one, I, and A4’6'22-ergostatriene-3-one, II, were 
prepared. In contrast to the well established 
rearrangement of the A4-double bond to the A6- 
position on formation of the cycloethylene ketals 
of A4-3-ketosteroids,1 the A4-6-3-ketosteroids give 
rise to ketal derivatives in which the double bonds 
remain in their original position. Thus, I forms 
A4'6-cholestadiene-3-one-3-cycloethylene ketal, III 
and II gives rise to the corresponding A4'6-22-er- 
gostatriene-3-one-3-cycloethylene ketal, IV.

( 1) (a) E. Fernholz and H. E. Stavely, A b stra c ts  o f  the  
1 0 2 n d  M e e t in g  o f  the A m e r ic a n  C h e m ica l S o c ie ty , A tlante 
City, N. J., 1941, p. 39M; (b) F. Fernhoh, U. S. Patents 
2,356,154 and 2,378,918; (c) R. Antonucci, S. Bernstein, 
R. Littel, K. Sax, and J. H. Williams, J .  O rg. Chem.., 17, 
1341.(1952); (d) G. I. Poos, G. E. Arth, R. E. Beyler, and 
L. H. Sarett, J .  A m .  C h em . S o c ., 75, 422 (1953); (e) J. A. 
Zderic, D. C. Limon, H. J. Ringold, and C. Djerassi, 
J .  A m .  C h em . S o c ., 81, 3120 (1959).
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The same ketal derivatives were obtained by 
both the acid catalyzed reaction of the ketones 
with ethylene glycol and by the exchange dioxola- 
nation method.2

The proposed mechanism of ketal formation3 
suggests that double bond isomerization in the 
course of cycloethylene ketal formation of a A4-3- 
ketosteroid results from the formation of an 
intermediate A:i'6-dienol ether species. Thus, A4'7- 
cholestadiene-3-one, V, forms A8>7-cholestadiene-3- 
one-3 cycloethylene ketal VII v i a  the probable 
intermediate VI.

c h 2- o h
VIII

In the case of the A4>6-3-keto,steroids, the process 
may involve the intermediate A2'4'e-trienol ether 
VIII rather than the isomeric species VI. The 
intermediate trienols VI and VIII apparently are 
not capable of interconversion under the reaction 
conditions employed and examination of the mother 
liquors from the preparation of III by ultraviolet 
spectroscopy gave no indication of the isomeric 
cycloethylene ketal VII.

The structural assignments of the cycloethylene 
ketals were verified by reversion of each ketal to its 
parent A4'6-3-ketosteroid precursor upon acid 
hydrolysis and by the characteristic ultraviolet 
absorption of each derivative. The A4’6-choIesta- 
diene-3-one-3-cycloethylene ketal III exhibited 
Xmax 236 mg (t = 18,700) and the corresponding 
A4'6'22-ergostatriene-3-one-3-cycloethylene ketal IV 
had Amax 235 m/a (e = 19,200) which is characteristic

(2) H. J. Dauben, B. Loken, and H. J. Ringold, J .  A m  
C h a n . S o c ., 76, 1359 (1954).

(3) C. Djeraasi and M. Gorman, J .  A m .  C h e m , S o a ,  75,
3704 (1953).

of the A4’6-diene system ascribed.4 The isomeric 
A6'7-cholestadiene-3-one-3-cycloethylene ketal VI,10 
absorbs at Amax 271, 282, 293 mtx. The ergosterol 
analog exhibits similar absorption.10 Hydrolysis 
of the A6'7-3-keto-3-cycloethylene ketals yields the 
A4'7-3-ketosteroids.10

EXPERIMENTAL
A i '6-C h o le s la d ien e -3 -o n e -S -cyc lo e th y len e  ke ta l. A solution of 

200 mg. (0.523 mmole) of A4'6-cholestadiene-3-one, 10 mg. of 
p-toluenesulfonie acid, 10 ml. of ethylene glycol, and 50 ml. 
of benzene was allowed to reflux for 5 hr. The water which 
separated was collected in a Dean-Stark phase separator. 
When the reflux period had ended, the solution was poured 
into 100 ml. of a 5% aqueous sodium carbonate solution 
and the mixture was extracted with two 100-ml. portions 
of ether. The ether extracts were washed with water, com
bined and dried over anhydrous sodium sulfate, and evapo
rated to dryness a t reduced pressure. The residual pale yellow 
oil crystallized upon trituration with acetone and there was 
obtained 193 mg. of pale yellow needles, m.p. 112-114.5°. 
Two recrystallizations from acetone afforded 142 mg. (64%) 
of colorless needles, m.p., 116-117.5°, [a]2Ds +  57° (CHCL) 

236mM(e =  18,700).
A n a l .  Calcd. for Ca-dheCh: G, 81.63; H, 10.87. Found: 

C, 81.69; H, 11.04.
A4’s .M -E rg o sta tr ien e -S -o n e-S -cyc lo e th y len e  ke ta l. A solu

tion of 800 mg. (2.01 moles) of A4’6’22-ergostatriene-3-one, 
40 mg. of p-toluenesulfonic acid, 30 ml. of ethylene glycol, 
and 100 ml. of benzene was allowed to reflux for 6 hr. The 
water which separated was collected in a Dean-Stark separa
tor. Upon completion of the reflux period, the cooled mixture 
was poured into 300 ml. of a 5% aqueous sodium carbonate 
solution. The benzene layer was separated and the aqueous 
phase was extracted with 100 ml. of ether. The combined 
benzene and ether extracts were washed with water, dried 
over anhydrous sodium sulfate, and evaporated to dryness 
at reduced pressure. The yellow residual oil crystallized 
upon trituration with acetone. The crude crystalline product 
was twice recrystallized from acetone and afforded 672 mg. 
(77%) of colorless leaflets, m.p. 129-130°, [a]2Ds ±  0.0° 
(CHCLj), X ^ 0H 235 mM (« = 19,200).

A n a l .  Calcd. for CsdUtA: C, 82.13; H, 10.57. Found: 
C, 82.30; H, 10.41.

Department of Chemistry
University of Texas
Austin 12, Tex.

(4) L. Dorfman, C h em . R ev ., 53, 47 (1953).

C o n form ation a l A n alysis. X V . T h e D ip o le  
M o m en t o f  2 -F lu o ro ch o le sta n o n e1’2

Norman L. Allinger, Herbert M. Blatter, 
Margaret A. DaRooge,2“ and Leslie A. Freiberg

R ece ived  O ctober 2 1 , 1 9 6 0

Since various biologically active steroids have 
been found to have their activity increased by the 
_________  #

(1) Paper XIV, A. M. Wilson and N. L. Allinger, J .  A m .  
C h e m . S o c ., 83, 0000 (1961).

(2) This research was supported by a grant from the Nar 
tional Science Foundation.
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substitution of fluorine for hydrogen,* 3 a number of 
compounds have recently been prepared containing 
a fluorine atom on a carbon adjacent to a carbonyl 
group.3-5 This paper is concerned with the deter
mination of the conformation of the fluorine atom 
in such compounds.

2-Bromo- and 2-chlorocyctohexanone derivatives 
have been studied in great detail with regards to 
conformation (or in rigid systems, configuration).6 
It has been shown that the conformation of the 
halogen (bromine or chlorine) can be determined 
in a variety of ways, namely by dipole moment,7 
infrared spectra,8 ultraviolet spectra,9 rotatory 
dispersion measurements,10 nuclear magnetic reso
nance spectra,11 or polarographic reduction poten
tial.1 The method of choice depends on the system 
involved.

The 2-fluorocyclohexanones are rather less well 
studied with regard to conformation. From the 
small amount of available data it would seem 
that the carbonyl shifts in the infrared will be of 
limited use.3'12 Equatorial fluorine causes the car
bonyl stretching frequency to be raised by about 30 
cm .'1, while for the axial fluorine the shift is about 
20 cm.-1. Very few ultraviolet data are available12-13 
for conformationally pure compounds. Many of the 
steroidal systems described3'4 5 are of the 2-fluoro-3- 
keto-A4 type and only the wave length of the 
7r ** tt* transition has usually been reported. Ro
tatory dispersion measurements appear to be of 
limited use for fluoro ketones,13 and the NMR and 
polarographic methods have not been extensively 
used as of vet.

(2a) Predoctoral U. S. Public Health Service Fellow, 
General Division of Medical Sciences, 1960-62.

(3) For references see: (a) A. H. Nathan, B. J. Magerlein, 
and J. A. Hogg, J .  O rg. C h e m ., 24, 1517 (1959); (b) H. M. 
Kissman, A. M. Small, and M. J. Weiss, J . A m .  C h em . So c ., 
82, 2312 (1960); (c) J. S. Mills, A. Bowers, C. Djerassi, and 
H. J. Ringold, J .  A m .  C h em . S o c ., 82, 3399 (1960); (d) J. 
Edwards and H. J. Ringold, J .  A m .  C h em . S o c ., 81, 5262
(1959).

(4) A. H. Nathan, J. C. Babcock, and J. A. Hogg, J .  Org. 
C hem ., 24, 1395 (1959).

(5) R. B. Gabbard and E. V. Jensen, J .  Org. C h em ., 23, 
1406 (1958).

(6) For leading references, see Ref. (1).
(7) N. L. Allinger, J. Allinger, and N. A. LeBel, J .  A m .  

C hem . S o c ., 82, 2926 (1960).
(8) (a) R. N. Jones, D. A. Ramsay, F. Herling, and K. 

Dobriner, J .  A m .  C h em . S o c ., 74, 2828 (1952); (b) E. J. 
Corey, J .  A m .  C h em . S o c ., 75, 2301 (1953).

(9) (a) N. L. Allinger and J. Allinger, J .  A m .  C hem . Soc ., 
80, 5476 (1958); (b) R. C. Cookson, J .  C hem . S o c ., 3847
(1957).

(10) (a) C. Djerassi, J. Osiecki, R. Riniker, and B. Rini-
ker, J .  A m .  C h em . S o c ., 80, 1216 (1958); (b) C. Djerassi, I. 
Fornaguera, and O. Mancera, J .  A m .  C hem . S o c ., 81, 2383 
(1959); N. L. Allinger, J. Allinger, L. E. Geller, and C. 
Djerassi, J .  O rg. C h em ., 25, 6 (1960). ^

(11) E. J. Corey, private communication.
(12) H. M. Blatter, unpublished work.
( 13) C. Djerassi, O p tica l R o ta to r y  D is p e r s io n :  A p p lic a t io n s

to O rg a n ic  C h e m is try , McGraw-Hill Co., New York, 1960, p.
115.

The measurement of the dipole moment appears 
to offer an unambiguous way for determining the 
conformation of a 2-fiuorocyclohexanone, within 
certain well defined limitations, and was the 
method used in this work. Since 2-fluorocholesta- 
none is more or less the “parent” steroid example 
of the system in question, it was the compound 
studied. Earlier workers6 have assumed the fluorine 
was a (equatorial) in this compound, based on 
the shift of the carbonyl stretching frequency, and 
by analogy to the conclusions drawn by Kende14 * 
regarding 2-fluorocyclohexanone.

While the qualitative conclusion of Kende that 
the equatorial conformer is more stable has been 
confirmed,12 the difference in stability between the 
conformers is much less than Kende has indicated. 
The carbonyl band in 2-fluorocholestanone is shifted6 
by 26 cm.-1, and the configuration previously 
assigned to the compound was not therefore re
garded as unequivocal.

The angle between the dipoles of a 2-halocyclo- 
hexanone was calculated earlier16 using the model 
of Corey and Sneen16 for both the axial and equa
torial conformations. Ideal geometry was assumed. 
This assumption is an approximation which will be 
satisfactory if the difference in the calculated mo
ments for the epimers is sufficiently large, which is 
the case here.

The dipole moment of 3-cholestanone was meas
ured and found to have the value 3.01 D in benzene 
solution. This value is very close to that of cyclo
hexanone (3.08 D).17 Because of the relatively high 
polarizability of the carbonyl oxygen (0.84 X 
10-24 cm.3),18 the moment induced in the C = 0  
group by the neighboring equatorial C—F dipole 
must be taken into account. The value 3.01 D is 
consequently used for the C = 0  dipole when the 
fluorine is axial, and 2.84 D is used when it is 
equatorial. The latter value is arrived at by 
assuming the moment induced in the carbonyl by 
the C—F dipole has the same magnitude as that 
induced by the C—Br dipole, which must be very 
nearly true. The value in the case of the C—Br di
pole is known experimentally.19

Since the polarizability of the fluorine (0.38 X 
10-24 cm.3)18 is the same as that of a hydrogen 
(0.42 X 10-24 cm.3),18 the same value for the C—F 
bond moment,20 1.90 D, is used throughout the 
calculations.

From these bond moments and the known angles 
between the dipoles (109°5E axial and 51°54'

(14) A. S. Kende, T e tra h e d ro n  L e tte rs , No. 14, 13 (1959).
(15) J. Allinger and N. L. Allinger, T e tra h e d ro n , 2, 64

(1958).
(16) E. J. Corey and R. A. Sneen, J .  A m .  C h em . S o c ., 77, 

2505 (1955).
(17) H. H. Gunthard and T. Gaumann, H elv . C h em . 

A c ta , 34, 39 (1951).
(18) J. A. A. Ketelaar, C h e m ica l C o n s ti tu tio n , Elsevier 

Publishing Co., New York, 1958, p. 91.
(19) W. D. Kumler and A. C. Huitric, J .  A m .  C hem . 

Soc., 78, 3369 (1956).
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TABLE I
D ipo l e  M oment D ata

n 2 du «12

0.00000000
Cholestan-3-one

0.873735 2.2729
0.00069839 0.874023 2.2831
0.00137615 0.874371 2.2929
0.00298159 0.875150 2.3141
0.00429121 0.875814 2.3312
« 13.531 2.2736 di 0.87371
ß  0.488 P2» 315.7 M r 118.73
(Pe +  Pa) 130.60 3.01 D

2-Fluorocholestan-3-one
0.00000000 0.873579 2.2743
0.00038680 0.873977 2.2858
0.00080923 0.874248 2.2974
0.00096282 0.874377 2.3012
0.00111752 0.874433 2.3057
«27.913 2.2746 d! 0.87361
ß 0.776 P2» 524.2 M r 118.51
(Pe +  Pa) 130.36 y  4.39 D.

What has been done in the present case is to set it equal to 
10% of the molar refractivity, for both cholestanone and the 
fluoro derivative. The effect of taking the atomic polariza
tion into account is to lower the experimental moment of 
cholestanone from 3.10 to 3.01 D, and the moment of the 
fluoro compound is similarly lowered from 4.46 to 4.39 D. 
These changes are not of great significance since the experi
mental error is about 0.03 D, but the values which take 
atomic polarization into account have been used throughout 
the paper. The data are summarized in Table I.

Acknowledgment. The authors are indebted to 
Dr. E. V. Jensen of the University of Chicago for 
furnishing them with the sample of 2-fluorocholesta- 
none used in this work.

D epa rtm en t  of C hem istry  
W ayne Sta te  U n iversity  
D etro it  2, M ic h .

I7a ,20a-D iliyd roxy-4 -p regn en c-3 -on e

P . N arasim iia  R ao and L eonard  R . Axelrod

equatorial),15 the moment for 2a-fluorocholesta- 
none was calculated to be 4.28 D, while that of 
2j3-fluorocholestanone was calculated to be 2.95 D.

The dipole moment of the only known 2-fluoro- 
cholestanone was measured in benzene solution, 
and the value found was 4.39 D. The configuration 
at C-2 is therefore unequivocally established as a 
and the earlier configurational assignment is con
firmed.

EX PER IM EN TA L

Cholestanone, m.p. 130-130.5°, was prepared from cho
lesterol in the usual way. The 2-fluorocholestanone, m.p. 
173.0-173.5° was used as received after drying under vacuum 
for a few hours.

D ip o le  m o m e n t a p p a r a tu s . The Dipolemeter DM01 manu
factured by Wissenshaftlich-Technische Werkstatten ob
tainable through the Kahl Scientific Instrument Corpora
tion, El Cajon, Calif., was used for the measurements re
ported herein. The apparatus utilizes the heterodyne beat 
method and operates at 1,800 kilocycles. I t  is internally ther- 
mostated and of good stability. The cell used was of metal 
with a gold plated interior and had an effective capacity of 
about 35/i/iF with a volume of 40 ml. I t was thermostated at 
25° ±0.01°.

The dipole moments were measured in benzene solution. 
The moments were calculated by essentially the method of 
Ilalverstadt and Kumler20 21 utilizing an IBM 650 computer 
programmed as described earlier.22 Since the cholestanone 
derivatives are of such high molecular weight the usual 
neglect of the atomic polarization may introduce some 
error23 in the present case. Unfortunately there is no very 
good, simple method for determining the atomic polarization.

(20) This is an average of values reported for a number of 
aliphatic fluorides by M. T. Rogers and J. D. Roberts, 
J .  A m .  C h em . S o c ., 6 8 , 843 (1946) and bv M. T. Rogers, 
J .  A m .  C h em . S o c ., 69,457(1947).

(21) I. P. Ilalverstadt and W. D. Kumler, J .  A m .  C hem . 
S o c ., 64, 2988 (1942).

(22) N. L. Allinger and J. Allinger, J .  O rg. C h e m ., 24, 1613
(1959).

(23) L. E. Sutton in E. A. Braude and F. C. Nachod’s 
D e te r m in a tio n  o f  O rg a n ic  S tr u c tu r e s  b y  P h y s ic a l  M e th o d s ,  
Academic Press Inc., New York, 1955, p. 378.

R eceived  N o v em b er 18 , 1 9 6 0

Presumptive evidence for the presence of 17a,- 
20a-dihydroxy-4-pregnene-3-one in biological ma
terial was presented by Sandor and Lanthier,1 
but no physical constants were given and only 
chromatographic behavior of the compound was 
included. A search of the literature revealed that 
this compound was not previously synthesized and 
we wish to report its synthesis. 17a-Hydroxypro- 
gesterone (I) was reduced with lithium aluminum

c h 3 c h 3
CO H -C — OH

H - C —OH H O -C -H

III IV

hydride. The resulting mixture of epimeric 3£,- 
17a,20£-glycols (II) was oxidized with manganese 
dioxide2 at room temperature to give a mixture

(1) T. Sandor and A. Lanthier, C a n . J .  B io c h e m . a n d  
B io p h y s . , 38, 1167 (1960).

(2) F. Sondheimer, C. Amendolla, and G. Rosenkranz, 
J .  A m .  C h e m . S o c ., 75, 5930 (1953).



JULY 1 9 6 1 NOTES 2 5 5 3

of 17a,20a-dihydroxy-4-pregncnc-3-one (III) and 
17a,20|8-dihydroxy-4-pregnene-3-one (IV). The 
17a,20-glycols (III and IV) were separated by paper 
chromatography using the solvent system benzene- 
formamide8 (formamide diluted with an equal 
volume of methanol). Although it was previously 
shown3 4 that reduction of 17a-hydroxy-20-keto- 
steroids with lithium aluminum hydride affords 
predominantly the 17a,20a-dihydroxy epimer, we 
have observed in the present instance that the 
17a,20/?-isomer constitutes the major product 
(70%). By a similar reduction of a 17a-hydroxy- 
progesterone derivative Romo et al.b have obtained 
only the 17a,20/3-dihydroxy epimer IV. However, 
it has been possible for us to isolate the 17a,20a- 
dihydroxy epimer in 30% yield, and as expected it 
was more polar than the 17a,20,3-dihydroxy epi
mer*1 and the molecular rotation was lower than 
its 17a,20,8-isomer IV.

EXPERIMENTAL6

M e lt in g  p o in ts . All melting points were determined on 
samples dried under high vacuum a t 60° for 24 hr. and were 
uncorrected.

A b s o r p t io n  sp e c tra . The ultraviolet absorption spectra 
were determined in methanol on a Cary Recording Spectro
photometer (Model 11 MS). The infrared absorption spectra 
were determined in potassium bromide disks on a Perkin- 
Elmer infrared spectrometer (Model 21).

O p tica l ro ta tio n s . All optical rotations were measured in 
chloroform solution.

L i th iu m  a lu m in u m  h y d r id e  re d u c tio n  o f  I .  A solution of 2 
g. of 17a-hydroxyprogesterone (I) in 60 ml. of tetrahydro- 
furan was added with stirring to 3.5 g. of lithium aluminum 
hydride in 110 ml. of tetrahydrofuran over a period of 15 min., 
and the mixture was then heated under reflux for 2  hr. 
The excess reagent was decomposed by addition of ethyl 
acetate. A saturated solution of sodium sulfate was then 
added until the precipitate began to adhere to the sides of 
the flask. Finally 20 g. of solid sodium sulfate was added and 
the solution was filtered from the salts. Evaporation of the 
filtrate gave 2 g. of a mixture of epimeric 4-pregnene-3£, 
17a,20£-triols (II) as a crystalline solid. Without further 
purification this mixture was subjected to manganese dioxide 
oxidation.

M a n g a n e s e  d io x id e  o x id a t io n  o f  the  m ix tu r e  o f  tr io ls  I I .  
To a solution of 2 g. of the mixture of aforementioned triols 
in 1 0 0  ml. of tetrahydrofuran 1 0  g. of manganese dioxide7 

was added and stirred at room temperature (25°) for 4 hr. 
The solution was then filtered from the catalyst and after 
evaporating the solvent, 1.8 g. of a mixture of 17a, 20a- 
dihydroxy-4-pregnene-3-one (III) and 17a,20/3-dihydroxy-
4-pregnene-3-one (IV) was obtained as a solid.

S e p a r a t io n  o f  I I I  a n d  I V  b y  p a p e r  c h ro m a to g ra p h y . One 
gram of the mixture of I II  and IV was chromatographed on

(3) A. Zaffaroni and R. B. Burton, / .  B io l .  C h e m ., 193, 
749 (1957).

(4) (a) D. K. Fukushima and Evelyn D. Meyer, J .  O rg. 
C h e m ., 23, 174 (1958); (b) H. Hirschmann and F. B. Hirsch
mann, J .  B io l .  C h e m ., 187, 137 (1950); (c) R. B. Turner, 
J .  A m .  C h e m . S o c ., 75, 3489 (1953).

(5) J. Romo, M. Romero, C. Djerassi, and G. Rosen
kranz, J .  A m .  C h e m . S o c ., 73, 1528 (1951^.

(6 ) Analyses were performed by Micro Tech Laboratories, 
Skokie, 111.

(7) O. Mancera, G. Rosenkranz, and F. Sondheimer, 
J . C h e m .  S o c ., 2189(1953).

200 Whatman No. 1  paper grams in the solvent system ben- 
zene-formamide3 (formamide diluted with an equal volume 
of methanol) for 5 hr. The positions of I II  and IV were dem
onstrated bjr means of a 2,4-dinitrophenylhvdrazene rea
gent-7 and iodine reagent. 8 Both compounds reacted with the
2,4-dinitrophenylhydrazene reagent to give orange colors on 
the paper, whereas the iodine reagent gave a blue color with 
the more polar 17a,20a-dihydroxy-4-pregnene-3-one (III) 
and a brown color with the less polar 17a,20/J-dihydroxy-4- 
pregnene-3-one (IV). The compounds were then separately 
eluted from the papers writh a mixture of equal volumes of 
methanol and chloroform. The solvent was evaporated under 
a stream of nitrogen i n  va cu o  a t 45° in each case and the resi
due was crystallized. 17a,20a-Dihydroxy-4-pregnene-3-onc
(III) which was obtained in 30% yield crystallized from 
methanol as stout needles, m.p. 208-210°, (a )2D2° +20.4°, 
M d +  67.7°; X“ !0H 242 m p , <= =  19,210), v ™  3483, 2965, 
1660, and 1615 cm . - 1

A n a l .  Calcd. for C21H 32O3 : C, 75.86; II, 9.71. Found: C, 
75.70; H, 9.53.

17a,20/3-Dihydroxy-4-pregnene-3-one (IV) was obtained 
in 70% yield and crystallized from acetone as prisms, m.p. 
204-205.5°, (a ) 2D2 +  72.7°, M d +  241.6°, X™,OH241 m p  ( f 
=  16,030), x™ 3465, 2960, 1660, and 1615 cm .- '

A n a l .  Calcd. for C2iH32 0 s: C, 75.86; H, 9.71. Found: C, 
75.93; H, 9.70. [Lit. 6 m.p. 201-204°, (a )2D° +68.2°, 240
m/j (log e, 4.29).]

The mixture melting point of I II  and IV showed depres
sion and melted over a range 190-198°.

Acknowledgment. This work was supported by 
grant No. A-3270 from the National Institute of 
Arthritis and Metabolic Diseases, National In
stitutes of Health, Bethesda, Md.

Department of Physiology and Biochemistry
Southwest Foundation for Research and Education
San Antonio, Tex.

(8 ) L. R. Axelrod, J .  B io l .  C h e m ., 205, 173 (1953).

R eaction s o f  V a n illin  an d  Its  D erived C om 
p ou n d s. XXX.1 T h e R ed u ctio n  o f  4 ,4 , -D ib en -  

zyIoxy-3 ,3r-d im eth o x y b en ziI

Irwin A.. Pearl 

R ece ived  D ecem ber, 12 , 1 9 6 0

Earlier studies on the synthesis of 4,4'-dihydroxy- 
3,3'-dimethoxybenzophenone from vanillil (4,4'- 
dihydroxy-3,3'-dimethoxybenzil) (I)2indicated that 
the bisbenzyl ether of vanillil, 4,4'-dibenzyloxy- 
3,3'-dimethoxybenzil (II) was more amenable to 
rearrangement with alkali than was the parent I. 
This greater specific reactivity of bisbenzyl ethers 
led to the preparation of bisbenzyl ethers of several 
reduction products of I needed for preparative 
studies related to products isolated from lignosul- 
fonate oxidation mixtures.8-8 The present paper

(1) For paper XXIX of this sériés, see J .  O rg. C h e m ., 25, 
1449 (1960).

(2 ) I. A. Pearl, J .  A m .  C h em . S o c ., 7 6 , 3635 (1954).
(3) I. A. Pearl and E. E. Dickey, J .  A m .  C h em . S o c ., 74, 

614 (1952).
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reports the preparation of the bisbenzyl ethers of 
several reduction products of I by the reduction of
II.

Reduction of II under conditions previously 
employed for the reduction of I4 5 6 gave three mono- 
molecular reduction products of II, but there 
appeared to be very little correlation between 
reductions of II and those of I, syringil (III),7 
and 3,3C4,4M;etrahydroxybenzil (IV).1

E X PE R IM E N T A L 8

4 ,4 '-D ib e n z y lo x y -3 ,3 '-d im e th o x y b c n z o in  (V). A solution of 
10 g. of I I 2 in 150 ml. of glacial acetic acid was heated to 
boiling, removed from the source of heat, and treated with 
an excess (10 g.) of reduced iron powder. The mixture was 
shaken for approximately 15 min. during which time the 
color of the solution changed from yellow to brown. The 
mixture was filtered, and the brown filtrate was diluted with 
ten volumes of water. The resulting white precipitate was

I. IT = R? = H; Rs =  CH,
IL R! =  H; R, = C6H5CH2; R 3 =  CH3

III. Ri =  OCH3; R2 = H; R 3 = CH3
IV. Ri = R2 = R3 = H

CH.äO-^__  __  o n  I

c „h 5c h 2o —v V c h — c - n ^ V o c i R C Ä
_  OH 0  ~

V

VII

was treated with 10 g. of zinc dust, and the mixture was 
shaken. After a few minutes, decolonisation was complete. 
The mixture was heated on the steam bath for 30 min. and 
filtered hot. The filtrate vas cooled and diluted with ten 
volumes of water. The precipitate was filtered, washed with 
water, and air dried to yield 7.6 g. of colorless crystals 
melting at 142-143°. Recrystallization from methanol and 
then from ethanol yielded crystals of pure VI melting at 
144-145° and having the following maxima in its ultra
violet absorption spectrum: Xmax 230 my, e 26350; Xmax 27 
my, e 14920; Xmax 305 mu, 6 10320. The ultraviolet spectrum 
was almost identical with that for V, thus establishing the 
similarity of the structure between the benzylated guaiacyl 
units in the compounds.

A n a l .  Calcd. for C3OH28Or,: C, 76.90; H, 6.02. Found: C, 
76.91; H, 6.41.

4 ,4 '- D ib e n z y lo x y -3 ,3 '-d im e th o x y b ib e n z y l  (VII). A mixture 
of 4 g. of II  and 400 ml. cf 95% ethanol was heated to boiling 
and removed from the source of heat. The hot mixture was 
treated with 20 g. of granulated zinc and then with concen
trated hydrochloric acid in small portions. Each addition of 
acid caused the mixture to boil, and boiling was allowed to 
subside before the next addition. After approximately 75 ml. 
of acid had been added, the yellow color of the solution 
disappeared. The colorless mixture was filtered, and the 
zinc was washed with a little hot ethanol. The crystalline 
precipitate which separated on cooling was filtered and 
recrvstallized from acenic acid to yield colorless crystals 
(3.0 g.) of VII melting at 129-130° and having the following 
maxima in its ultraviolet, absorption spectrum: Xmax 230 mg, 
c 18900; X „ j  280 h i m , e 6910. VII has a strong white fluores
cence under ultraviolet light.

A n a l .  Calcd. for C3oH3„04: C, 79.27; H, 6.65. Found: C, 
79.26; H, 7.12.

VII was also prepared in almost quantitative yield by 
reduction of II  with amalgamated zinc and hydrochloric 
acid in ethanolic solution.

U n s u c c e ss fu l  re d u c tio n s  o f  II. Attempted reductions of II 
with granulated tin and hydrochloric acid, Raney nickel 
in alkaline solution, sodium hydrosulfite in alkaline solution, 
magnesium amalgam in acetic acid solution, and aluminum 
amalgam in acetic acid solution under conditions reported 
previously6'7.9 resulted in either the recovery of starting 
material or in the production of unidentified mixtures.

The Institute of P i p ik  Chemistry
Appleton, Wis.

filtered, washed with water, and allowed to air dry to yield
7.2 g. of yellowish horny solid. This product was recrystal
lized from methanol and from ethanol to yield colorless 
crystals of V melting a t 110-111 ° and not depressing a. mixed 
melting point with authentic. V prepared by condensing 
O-benzylvanillin with potassium cyanide.2 The ultraviolet 
absorption spectrum showed the following maxima:
Xmax 232 my, e 25680; Xmax 280 my, e 14250; Xmax 310 my, 
<10103.

A n a l .  Calcd. for CaoHaiO«: C, 74.36; H, 5.83. Found: C, 
74.33; H, 5.92.

V was also prepared by reduction of II with tin granules 
in boiling glacial acetic acid in the presence of a few crystals 
of mercuric chloride.

4 ,4 '-U ib e n z y lo x y -3 ,3 ' -d im .c lh o xyd  e.ox.ybenzoin (VI). A warm 
(65°) solution of 10 g. of II in 150 ml. of glacial acetic acid

(4) I. A. Pearl and D. L. Beyer, J. A m .  C h a n . S o c ., 76,. 
6106 (1954).

(5) I. A. Pearl and D. L. Beyer, T a p p i ,  39, 171 (1956).
(6) I. A. Pearl, J .  A m .  C h em . S o c ., 74, 4593 (1952).
(7) I. A. Pearl, J .  O rg. C h em ., 2 2 , 1229 (1957).
18) All melting points are uncorrec.ted. Ultraviolet spectral 

data are for solutions in 95% ethanol (concentration, 0.02 g .
per liter). Analyses and spectra were determined by the Ana
lytical Department of The Institute of Paper Chemistry.

(9) T. A. Pearl and \V. M. Dehn, J .  A m .  C hem . Soc.., 60, 
57 (1938).

A m ide D erivatives o f  L -G lu cosam in e

William A. Bonner and Philip I. McN ahee1 

U eceiren  N o v em b er 18, I9 6 0

In connection with a problem requiring the 
availability of sulfur-containing amide deriva
tives of n-glucosamine we have been interested in 
the development of a simple, acceptable-yield 
procedure for the A'-acylatiom of O-acetylated d- 
glucosamine with a variety of acyl functions. Berg- 
mann and Zervas2 as well as Link and co-workers3 
________  0

< 1) The authors are indebted to the IT. ¡8. Army Medical 
Research and Development Command (Contract DA-49- 
193-MD-2070) for its generous support of this investigation.

(2) M. Bergmann and L. Zervas, B e r ., 65, 1201 (1932).
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have prepared several amino acid amide deriva
tives of D-glucosamine, the so-called “glucopep- 
tides,” by interaction of carbobenzoxy derivatives 
of amino acid chlorides with 1,3,4,5-tetra-O- 
acctyl-/3-D-glucosamine. While the final step in 
these reactions took place, in acceptable yield the 
need for preparing the intermediate acid chloride 
appeared to ms a disadvantage, and we accordingly 
elected to attempt an adaptation of the “carbo- 
diimide” synthesis of Sheehan4 and du Vigneaud,6 
wherein a carboxylic acid interacts with an amine 
in the presence of A^V'-dicylohexylcarbodiimide to 
produce a carboxamide and Ar,Ar'-dicyclohexylurea. 
Our preliminary efforts to employ this reaction to 
fhe synthesis of acyl derivatives of D-glucosamine 
are summarized in Chart I, where the preparations 
of a “glucopeptide” as well as two other amide deriv
atives of 1,3,4,6-tetra-O-acetyl-d-D-glucosamine 
are summarized. Yields ranged from about 55 to

Chart I

IlCOOH +  CiH nN =C =N C .H ii +
la, b, c

AcOCH ) AcOCH " '
HCNHo CH.CI. HCNHCOR

AcOCH --------- AcOCH
HCOAc | HCOAc
HCO-------- 1 HCO------ ------1

CHjOAc CH2OAc
Ha, b, c

+  (C6HuNH)2CO
la, 11a. R  = CH.,COSCH2—
lb, lib . R = PhCHjSCHo—
lc, lie . R *= PhCH2SCH2CH(NHCOOCH2Ph)—

80% and the brief required reaction time of fifteen 
minutes permitted the frequently analytically pure 
product to be obtained in less than an hour. In 
contrast, the acid chloride procedure2'3 requires 
more than a day to complete and extensive purifi
cation by acid and alkali washes are necessary dur
ing product isolation.

Structure proof of our Af-(<S-acetylmercaptoacet- 
vl) - 1,3,4,6 - tetra - 0 - acetyl - p - o - glucosamine 
(Ha) and Y-(S-benzylmercaptoacotyl)-l,3,4,6-tet- 
ra-O-aectyl-d-D-glucosamine (lib) products was 
undertaken by reductive desulfurization with 
Raney nickel, wherein each product yielded authen
tic At-acetyl~l,3,4,6-tetra-0-acctyl-/3-D-glucosamine.

EX PER IM EN TA L

N -(  S -A c e ly lm e rc a p to a c e ty l) - l ,S ,4 ,6 - te lra -0 -a t:e ty l- f3 -v -g lu -  
ro s a m in e  (Ila). S-Acctylmercaptoacetic acid (la; C.6 g.: 
0.05 mole) and 1,3,4,6-tetra-O-acetyl-iS-D-glucosamine6 (17.3

(3) D. G. Doherty, E. A. Popenoe, and K. P. Link, 
J .  A m .  C h e w . S o c ., 75, 3466 (1953).

(4) J. C. Sheehan and G. P. H ess-./. A m .  C h e m . Soc,.,
77, 1067 (1955). *

(5) R. Roeske, F. H. C. Stewart, R. J. Stedman, and 
V. du Vigneaud, J .  A m .  C h e m . S o c ., 78, 5883 (1956).

(6) Prepared by the method of M. Berginann and L. 
Zervas, H er., 64, 975 (1931).

g.; 0.05 mole) dissolved in methylene chloride (100 ml.) 
were treated slowly with a solution of iV,.V'-dicyclohexyl- 
earbodiimidc (11.5 g.; 0.055 mole) in methylene chloride 
(100 ml.). The reaction mixture immediately became warm 
and A7,N '-dieyclohexylurea separated from the solution. 
The latter was filtered and the filtrate was evaporated to 
dryness, whereupon the residue was dissolved in the mini
mum amount of hot ethyl acetate and the resulting solu
tion was treated with an equal volume of anhydrous ether, 
then with sufficient ligroin to engender turbidity. On stand
ing overnight, crude Ila  separated, 12.6 g. (55%), m.p. 
159-170°. The crude product was recrvstallized first from a 
mixture of ethyl acetate, ether, and ligroin and then from 
water, to yield the pure materal, m.p. 183-185°, [a] 7? 4* 
25.2° (c, 3.37; chloroform).

A n a l .  Calcd. for Ci8H25OnNS: C, 46.64; H, 5.44; N, 3.02; 
S, 6.92. Found; C, 46.74, 46.79; H, 5.58, 5.60; N, 3.34; S,
7.20.

N -(S -B e n zy lm e rc a p to a c e ty l) - l ,8 ,4 ,6 - te tr a -0 -a .c e ty l- f l- i) -  
( jlu c o sa m in e  (lib). S-Benzylmercapt.oacetic acid7 (lb:
9.9 g.; 0.055 mole) and l,3,4,6-tetra-0-acetyl-/3-D-glucosamine 
(18.8 g.; 0.054 mole) in methylene chloride (ICO ml.) was 
treated as above with a solution of Af,7V'-dicyelonexylearbo- 
diimide (11.5 g.; 0.055 mole) in methylene chloride (100 ml.). 
The mixture was allowed to stand for 6 hr., when the dicyelo- 
hexylurea was filtered and the filtrate was evaporated to 
dryness. The residue was dissolved in hot ethyl acetate 
(100 ml.) and the solution was treated with anhydrous 
ether (100 ml.), whereupon the crude lib  product, m.p. 
178-180°, 21.5 g. (77%), was precipitated by addition of 
ligroin. The crude product was recrystallized twice from 
methanol to yield a sample having m.p. 180-182° and [a]“  
— 16.1° (c, 3.60; chloroform).

A n a l .  Calcd. for C aR A oN S : C, 54.00: II, 5.71; N, 
2.74; S, 6.27. Found: C, 53.66, 53.72; H, 5.68, 5.86; N, 
2.99; S, 6.80.

N - ( S -B e n z y l-N -c a r b o b e n z o x y  c y s te in y l)~ l ,£, 4 ,6 -te tra -O -  
a ce ty l -  p  -  n - g lu c o s a m in e  (lie). S  - Benz}! - N - carbobenz- 
oxycysteine (Ic; 4.8 g.; 0.014 mole) and 1,3,4,0-tetra-O- 
acetyl-d-D-glucosa.mine (4.8 g.; 0.014 mole) in methylene 
chloride (50 ml.) were treated with a solution of N ,N '~  
dicyclohexylearbodiimide (3.0 g.; 0.0146 mole) in the same 
solvent (50 ml.). After 15 min. the substituted urea precipi
tate was filtered and the filtrate was stripped of solvent. 
The residue was dissolved in a minimum of hot ethyl acetate 
and the lie  product crystallized by the addition of ether, 
Held 7.4 g. (79%), m.p. 187-189°, [a]2D3 +  6-7° (c, 4.48; 
chloroform).

A n a l .  Calcd. for C32H380 1,N2S: C, 56.96: H, 5.68; N, 4.15; 
S, 4.75. Found: C, 56.98, 57.14; H, 5.74, 5.86; X, 4.24; S, 
4.75.

R ed u c tiv e  d e s u l fu r a t io n  o f  I la  a n d  lib . The above I la  prod
uct (1 g.) and Raney nickel8 (8 g.) in absolute ethanol 
(25 ml) were heated under reflux for a period of 5 hr., where
upon the nickel was filtered (Celite) and the filtrate was 
evaporated to dryness. There resulted 0.6 g. (71%) of crude 
product which, on recrystallization from 2-propanol, 
afforded pure V-acety 1-1,3,4,6-tetra-0-acetyl-/3-n-glucosa- 
mine have m.p. 182-184° dec. This material showed no 
mixed melting point depression with an authentic sample of 
the product, and displayed an infrared spectrum identical 
in all respects with that of the authentic sample. Precisely 
similar results were obtained when the above III) product 
was subjected to the same desulfuration procedure.

Department of Chemistry
Stanford University
Stanford, Calif.

(7) G. G. Stoner and G. Dougherty, J .  A m .  C h em . S o c ., 
63, 1481 (1941).

(8) R . Mozingo, O ry. S y n th e s e s , 21, 15 (1941).
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The Synthesis of Two Peptides Containing 

Methylene-L-asparagine

C h a r l e s  H . Sta m m e r  

Received October 31, 1960

This paper describes attempts to develop a new 
synthesis of L-asparaginyl peptides using methyl- 
ene-L-asparagine (IV).1 Two carbobenzyloxy 
methylene-L-asparaginyl dipeptides were prepared 
and attempts to convert them to the corresponding 
L-asparaginyl peptides were made. Even though 
dimedone abstracted formaldehyde from IV giving 
L-asparagine in good yield, it converted methyl
ene-L-asparaginyl peptides into complex mixtures 
which were not further investigated.

It is well known that the coupling of W-acyl- 
asparagines with amines is attended by low yields2 
and gives mixtures of products. The coupling reac
tion is most probably complicated by rearrange
ment of a reactive intermediate (I) formed from 
the M-acylasparagine and coupling agent. Re
arrangement of I to the cyclic imide II followed by 
reaction with an amine might be expected to yield3'4 5

N H C O R X  =  H a lo g e n

C H 2— C H —O C O R

. ,  X .  C - X  
H . . \  O  ü 

O

- a

- o c '
XN C „ H

I

/

: c *x>

/
N I I C O R

\
N H C O R

/

O 'L 'X  xN  'Oi

h i

I h
I I

R ’NH,

*'a n h y d r o ' ’ c o m p o u n d s a n d  J-
asparaginyl peptides

mixtures of a- and ^-asparaginyl peptides. If I 
rearranged to III, “anhydro” compounds6’6’7 
might be the products. If, as here suggested, the 
difficulties are due to interaction of the carbamido 
group with the activated carboxyl, masking of the

( 1 )  H .  S ch iff , Ann., 310 , 2 5  (1 9 0 0 ) .
( 2 )  S . S . L e a c h  a n d  H .  L in d le y ,  Australian J.  Chem., 7, 

173 (1 9 5 4 ).
( 3 )  A . R .  B a t t e r s b y  a n d  J. C. R o b in s o n ,  J. Chem. Soc., 

2 5 9  (1 9 5 5 ).
( 4 )  E .  S o n d h e im e r  a n d  R .  W . H o lle y , J. Am. Chem. Soc., 

76, 2 4 6 7  (1 9 5 4 ) ;  J.  Am. Chem. Soc., 79, 3 7 6 7  (1 9 5 7 ).
( 5 )  C . R e s s le r ,  J. Am. Chem. Soc., 7 8 , 5 9 5 6  (1 9 5 6 ) .
( 6 )  D . T .  G is h , P .  G . K a ts o y a n n is ,  G . P .  H e s s , a n d

R .  J .  S te d m a n ,  J. Am. Chem. Soc., 7 8 , 5 9 5 4  (1 9 5 6 ) .
( 7 )  P .  G . K a ts o y a n n is ,  D . T .  G is h , a n d  V . d u V ig n e a u d ,

J. Am. Chem. Soc., 7 9 , 4 5 1 6  (1 9 5 7 ).

carbamido function might facilitate formation of the 
desired products. We hoped that the carbamido 
function of methylene-L-asparagine would be 
unable to interact with the activated carboxyl and 
that, once formed, methylene-L-asparaginyl pep
tides could be converted back to the corresponding 
asparaginyl peptides.

Methylene-L-asparagine (IV) was first isolated 
by Schiff in 19001 and its cyclic structure was 
established by the efforts of several workers.8 
We found that IV could be formed from L-aspara
gine and formaldehyde in either neutral or alkaline 
solution and crystallized in about 50% yield. The 
treatment of methylene-L-asparagine with dime- 
done9 (DMD) in aqueous solution liberated10 
L-asparagine which was isolated and identified by 
its infrared spectrum. The reaction of IV with car- 
bobenzylox3r chloride in alkaline solution gave N- 
carbobenzyloxymethylene-L-asparagine (V).

N H 2 n h 2 HCHO

JC X H C O O H  d m d  
C T  ^ C H 2

i i \  \ 'H
N H 2

h o o c c h 2c h c o o h

0 ^ ^  X O O H  
IV

CbzCl 
IIC 0 3 -

H N ^ N C O O C H 2C.3H,,

O  C O O H
V

The formation of this W-acyl derivative confirms 
the ring structure of IV since the open-chain 
methylene-imino (CH2= N —) form would not be 
expected to give such a derivative. The decomposi
tion of V in 2N  lithium hydroxide at room tempera
ture required ten days while a solution of IV in 
IN  lithium hydroxide had reached constant optical 
rotation in twenty hours. Papergrams indicated 
that both IV and V were converted to aspartic acid 
by alkali.

Two derived dipeptides were prepared from V. 
Tyrosine methyl ester reacted with V in the pres
ence of rV,W-dicyclohexylcarbodiimiden’12 (DCC) 
giving carbobenzyloxy methylene-L-asparaginyl- 
L-tyrosine methyl ester (VI) in 45% yield. Under 
the same reaction conditions, carbobenzyloxy-L- 
asparagine was coupled with tyrosine methyl 
ester and the carbobenzyloxy dipeptide ester (VII)

(8 )  D .  F r e n c h  a n d  J .  T .  E d s a l l ,  Adv. in Prot. Chem., 
V o l. I I ,  A c a d e m ic  P re s s ,  I n c . ,  N e w  Y o r k ,  N .  Y .,  1945 , p . 
3 0 6 .

(9 )  D .  V o r la n d e r ,  Z. Anal. Chem., 7 7 , 241  (1 9 2 9 ) .
(1 0 )  T h is  e a s e  o f h y d r o ly s is  is  c o n s i s te n t  w i th  t h e  w o r k  

o f  A . W . T i th e r ly  a im  G . E .  K .  B r a n c h ,  J. Chem. Soc., 1 0 3 , 
3 3 0  (1 9 1 3 )  o n  h e x a h y d r o p y r im id in e .

( 1 1 )  H .  G . K h o r a n a ,  Chetn. Rev., 5 3 , 145  (1 9 5 3 ) .
(1 2 )  J .  C . S h e e h a n  a n d  G . P .  H e s s , J. Am. Chem. Soc., 

7 7 , 1067 (1 9 5 5 ).
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was obtained in 27% yield. Although the yield 
of dipeptide was considerably increased by the use 
of V, further improvement is still desirable.

H N ^ N C O O C H 2C 6H,

Q ^ ^ C O O t ì  TyrOCH3

V

H N ^ N C O O C H 2C 6H 5

o ^ ^ c o n h c h c o o c h 3

4 5 %  C H ,

DCC

h n ^ n - c o o c h 2c 6h 5

O i ^ ^ ^ C O N H C H C O O H

X

free dipeptide L-asparaginjd-L-tyrosine failed. The 
ester group was saponified in 0.5N  sodium hydroxide 
giving the acid14 X. Reductive removal of the car- 
bobenzyloxy group gave a mixture of products 
which reacted with ninhydrin and diazotized sul- 
fanilic acid. Treatment of this crude mixture with 
aqueous dimedone solution gave the dimedone- 
formaldehyde adduct hi only 47% yield and a 
new mixture of peptides. The complexity of the 
mixture made further investigation impractical.

A second methylene-L-asparaginyl peptide was 
obtained when Y was allowed to react through its 
mixed anhydride15 with the sodium salt of nitro-L- 
arginine.16 The crude dipeptide, obtained in 60% 
yield, afforded 45% of crystalline carbobenzyloxy 
methylene-L-asparaginyl-nitro-L-arginine (XI). Hy
drogenation of XI in methanol gave crystalline

N H C O O C I I 2C 6H 5
I

N H 2C O C H 2C H C O O H
Tyr-OCH:, 

DCC *"

n h c o o c h 2c «h ,

n h 2c o c h 2c h c o n h c h c o o c h 3 
27% CHo

OH
VII

In order to investigate the possibility of partici
pation by the carbamido group in the coupling 
reaction (as discussed earlier), carbobenzyloxy-L- 
asparagine was allowed to react with dicyclohexyl- 
carbodiimide in the absence of tyrosine methyl 
ester. Dicyclohexylurea, in 92% yield, was precipi
tated and X-carbobenzyloxy-/3-cyano-L-alanine13
(IX) was obtained in 42% yield. The formation of 
IX may have occurred through intermediates 
such as III and VIII. Carbobenzyloxy-/3-cyano~L- 
alanine (IX) thus becomes readily available and,

NHCOOCH2C6H5

N H ^ N '

O

X I

,C O O C H 2C 6H 5

C O N H C H C O O H
I

( C H 2) 3N H C N H 2

n n o 2

H N ^ N H

h 2

O T  CONHCHCOOH • CH3OH
(CH2)3

NHCNHa
II
NH

X I I

mcthylene-L-asparaginyl-L-arginine (XII) as its 
methanol adduct. When XII was treated with an 
aqueous dimedone solution, the peptide product 
showed three ninhydrin-positive components. At
tempts to purify this mixture failed.

It is our hope that, even though our results are 
incomplete, others will be stimulated to use 
formaldehyde adducts of amino acids in peptide 
synthesis and that peptide methodology may bene
fit thereby.

H 2N v o 
rn

O

NHCOOCH2C6H5

H ~ N  C 9  o
VIII

N H C O O C H 2C 6H s

n c c h 2c h c o o h

IX

since it can be easily converted to asparagine with 
hydrogen bromide in acetic acid,12 might be useful 
in asparaginyl peptide syntheses.

The conversion of carbobenzyloxy methylenc-L- 
asparaginyl-L-tyrosine methyl ester (VI) to the

(1 3 )  ( a )  M . Z a o ra l  a n d  J .  R u d in g e r ,  Proc. Chem. Soc., 176 
(1 9 5 7 ) ;  ( b )  Coll. Czech. Chem. Comm., 2 4 , 1993  (1 9 5 9 ).

EXPERIMENTAL

General. A ll m e l t in g  p o in t s  w e re  t a k e n  o n  a  K o f le r  M ic ro  
H o t  S ta g e .

A ll p a p e r  c h r o m a to g r a m s  r e p o r te d  w e re  d o n e  o n  3 2 -c m . 
W h a tm a n  N o . 1 c irc le s  w i th  a  1 -cm . c e n te r  h c l e .17 T h e  d e 
v e lo p m e n t  o f  t h e  c h r o m a to g r a m s  w a s  c a r r ie d  o u t  b e tw e e n  
tw o  1 2 "  P y r e x  p ie  p la te s .  T h e  e lu t in g  s o lv e n t  m ix tu r e  w a s

(1 4 )  N o  r a c e m iz a t io n  o c c u r r e d  d u r in g  t h i s  h y d r o ly s is  
s in c e  t h e  o p t ic a l  r o t a t io n  o f  t h e  a c id  X  c h e c k s  t h a t  o b ta in e d  
f ro m  c h y m o t r y p s in  h y d r o ly s is  o f I X .  U n p u b l i s h e d  r e s u l t s .

(1 5 )  J .  R .  V a u g h a n  a n d  R .  L . O s a to , J. Am. Chem. Soe., 
7 4 , 6 7 6  (1 9 5 2 ).

(1 6 )  K .  H o f m a n n ,  W . D . P e e k h a m , a n d  A . R h e in e r ,  
J. Am. Chem. Soc., 7 8 , 2 3 8  (1 9 5 6 ) .

(1 7 )  E .  L e d e r e r  a n d  M . L e d e re r ,  Chromatography, S e c o n d  
E d . ,  E ls e v ie r  P u b l i s h in g  C o ., N e w  Y o rk , N .  Y ., 1957 , 
p .  134.
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contained in a 1" X 1" glass cup and was supplied to the 
paper through a paper wick which passed through the center 
hole of the circle into the cup. The developing solvent mix
tures are designated as below:

BAW -—butanol:acetic acid:water—4:1:5. The upper
phase was used.
BAnv—butanol: 1.51V ammonium hydroxide—1:1. The
upper phase was used.
MPW■—methyl ethyl ketone: pyridine: water—4 : 1 : 1 .6 .

The compounds were located on the paper by means of 
ninhydrin (N), diazotized sulfanilic acid (P), or ultraviolet 
absorption (UV). A compound which has an R / value of 0.5 
in the MPW system and was located with ninhydrin reagent 
is reported as Rf™  0.5(N). R / s reported consecutively were 
run on the same sheet. Certain standards (L-asparagine and 
L-aspartic acid) were often run as reference points, since R f  
values varied somewhat from sheet to sheet.

Unless otherwise specified, all analytical samples were 
dried at 52° and ca. 0.1 mm. pressure in the presence of 
phosphorus pentoxide or Drierite for 2  hr.

Methylene-L-asparagine (IV). (a) In neutral solution. One 
hundred grams of finely pulverized L-asparagine monohy
drate was dissolved in 700 ml. of water maintained at 75° 
during a 1-hr. period. The solution was filtered and allowed 
to cool to ca. 45° when 54 g. (1 equivalent) of 37% aqueous 
formaldehyde was added. After 25 min., 21. of methanol was 
added slowly and the mixture was placed in a refrigerator for 
2 hr. The crude methylene-L-asparagine, collected on a filter 
and washed with methanol, weighed 57.4 g. (59.5%) after 
drying in a vacuum oven at 50°. This material showed [a] 2D6 

-63 .5° (c, 1.07 in water), Rf™  0.28 (N, purple), 0.35 (N, 
brown), 0.40 (N, brown), m.p. 210-260° dec. A 5-g. sample 
of this material was recrystallized from 170 ml. of water (dis
solves slowly) and 1 0 0  ml. of methanol at room temperature 
giving 3.0 g. of methvlene-L-asparagine, [a ] 2D5 —73.5° (c
2.04 in water), Rf™  0.50 (N, brown), m.p. 210-260° dec. 
infrared showed 3.1 y (NH), 5.95-6.2 (C = 0 ).

(b) In alkaline solution. A solution prepared from 30.0 g. 
(200 mmoles) of L-asparagine monohydrate, 200 ml. of lAr 
lithium hydroxide, and 18 ml. of 37% aqueous formaldehyde 
was allowed to stand at room temperature. An hour after 
mixing, the observed optical rotation was —5.41° (1-dm 
tube). During the next 48 hr., the observed rotation changed 
to and became constant at —12.7°. The solution was acidified 
with 13 ml. of acetic acid and 500 ml. of absolute ethanol 
was added slowly. The cloudy solution was placed in a re
frigerator overnight. The crystalline methylene-L-asparagine 
weighing 16.3 g. (53%) was collected on a filter and washed 
with ethanol and ether. The crude product showed: [ « ] 2D5 

— 62.5° (c, 2.46 in water); [«1% —103.5° (c, 7.25 in water 
containing 1 equivalent of sodium hydroxide); fi%pw0.31 (N, 
purple), 0.44 ( N ,  brown), l-Asparagine: Rf™  0.30 (N, 
brown); L-aspartic acid: Rf™  0.32 (N, purple). The crude 
product was dissolved in 350 ml. of water (required 2 hr. 
stirring at room temperature), filtered and the filtrate diluted 
with 350 ml. of methanol. After standing in the refrigerator 
overnight, the solution was filtered, giving 7.2 g. of crystal
line methylene-L-asparagine, [a]2Ds —71.2° (c, 2.09 in water) 
and [o | 2d5 —119° (r, 7.32 in water containing 1 equivalent of 
sodium hydroxide), Rf™  0.50 (N, brown). n-Asparagine 
R f™ 0.35 (N, brown); L-aspartic acid: R f FW 0.40 (N, purple).

Anal. Calcd. for CoHsNsOs: C, 41.66; II, 5.59; N, 19.44. 
Found: C, 41.93; H, 5.66; N, 19.61.

Decomposition of methylene-L-asparaqine (VI). (a) In 
lithium hydroxide. A solution of 254 mg. of IV in 25.0 ml. of 
0.89N  lithium hydroxide was allowed to stand at room 
temperature. The initial optical rotation ([«] 2D5 in 1-dm. tube) 
of this solution was —109° and after 24 hr. it had become 
constant at —5.88°. The solution was acidified to pH 6  with 
2  ml. of glacial acetic acid and lyophilized. Crystallization of 
the residue from 4 ml. of water and 7 ml. of ethanol gave 173 
mg. of solid showing Rf™ 0.22 (N, blue), RM™ 0.32 (N, blue);

DL-aspartic acid: Rf™ 0.26 (N, blue), Rf™  0.36 (N, blue); 
L-asparagino: Rf™  0.29 (N, brown). The crystalline product 
contained inorganic salts and was not further characterized.

(b) With dimedone. To a warm solution of 560 mg. (4 
mmoles) of dimedone in 75 ml. of water was added 288 mg. 
(2 mmoles) of IV. After standing overnight at room tem
perature, the solution was filtered. The dimedone-formal- 
dehyde adduct weighed 524 mg. (89%). The filtrate was 
lyophilized and the residue, weighing 217 mg., was extracted 
three times with 5-ml. portions of hot ethanol. The insoluble 
material was dissolved in 2  ml. of hot water and 2  ml. of 
ethanol was added dropwise. The crystals were washed with 
ethanol and dried. The infrared of this product was identical 
with that of L-asparagine monohydrate.

Carbobenzyloxy methylene-L-asparagine (V). A solution of
5.0 g. (34.7 mmoles) of methylene-L-asparagine (IV) in 50 
ml. of half-saturated potassium bicarbonate solution was 
stirred magnetically in a 250-ml. round bottomed flask. 
To this solution was added 4.9 ml. of carbobenzyloxy chlo
ride and the mixture stirred at room temperature for 2.5 hr. 
The solution was washed with three 50-ml. portions of ether 
and acidified to pH 1.5 with coned, hydrochloric acid. The 
precipitated oil was extracted into 150 ml. of ethyl acetate. 
The extract was dried and evaporated to ca. 100 ml. and 
allowed to stand at room temperature. The crystalline car
bobenzyloxy methylene-L-asparagine was collected on a 
filter and washed once with ethyl acetate. I t  weighed 5.7 g. 
(59%) and showed m.p. 135-138°, [a ] 2D5  —30° (c, 1.55 in 
water).

Anal. Calcd. for C,3H 14N 20 6: C, 56.11; H, 5.07; N, 10.07. 
Found: C, 56.01; H, 4.80; N, 9.78.

Decomposition of carbobenzyloxy methylene-L-asparagine
(V). A solution of 2.78 g. (10 mmoles) of V in 25.0 ml. of 
2.13Ar lithium hydroxide was allowed to stand at room 
temperature. The initial observed optical rotation was —7.24° 
and after 1 0  days the rotation had become constant at 
— 0.28°. The solution was acidified with 3 ml. of acetic acid 
and lyophilized. The residue was extracted with three 50-ml. 
portions of hot ethanol and the insoluble solid, weighing 1.14 
g., was collected on a filter and dried. I t  showed Rf 0.33 
(N, blue); DL-aspartic acid, Rf™  0.36 (N, blue); L-aspara- 
gine, Rf™  0.29 (N, brown). The product even after crystal
lization from water and ethanol, contained inorganic salts 
and was not further characterized.

Carbobenzyloxy methylem-ij-asparaginyl-L-tyrosine methyl 
ester (VI). A solution of 5.85 g. (30 mmoles) of mtyrosine 
methyl ester18 and 6.18 g. (30 mmoles) of A^Al'-dicyclohexyl- 
carbodiimide in 50 ml. of dry dimethylformamide was pre
pared in a 250-ml. Erlenmeyer flask provided with a mag
netic stirrer and immersed in an ice bath. A solution of 8.34 
g. (30 mmoles) of carbobenzyloxy methylene-L-asparagine in 
30 ml. of dry dimethylformamide was added to the stirred 
amine-carbodiimide solution over a 1-hr. period. After being 
stirred overnight a t room temperature, the reaction mixture 
was cooled in ice and the precipitated ¿V,Ar'-dicyclohexylurea, 
weighing 4,55 g. (6 8 %), was collected on a filter. The filtrate 
was evaporated to dryness and the residue was dissolved in 
200 ml. of ethyl acetate. The solution was washed with two 30- 
ml. portions of IN  hydrochloric acid and two 30-ml. portions 
of saturated potassium bicarbonate solution. The organic 
phase was dried and evaporated giving 12.9 g. of a crystalline 
residue. Recrystallization of the crude product from 100 ml. 
of ethyl acetate gave 6.2 g. (45.5%) of carbobenzyloxy 
methylene-L-asparaginyl-L-tyrosine methyl ester, m.p. 163- 
165°, [o]2d —45.7° (c, 1.05 in methanol). A sample re- 
crvstallized from 1:3 isopropyl alcohol-water showed m.p. 
163-165°, [a] n -4 8 °  (c, 1.6 in methanol), Rf™  1.0 ( P )  
Rf™  0.89 (P ) .

Anal. Calcd. i<f C23H25N3O7 : C, 60.65; H, 5.53; N, 9.23. 
Found: C, 60.96; H, 5.60; N, 9.62.

(18) H. Schwarz and F. M. Bumpus, J. Am. Chem. Soc., 
81, 890 (1959).
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Carbobenzyloxy methylene-h-asparaginyl-i^tyrosine (X). A 
solution of 228 mg. (0.50 mmole) of carbobenzyloxy meth- 
ylene-L-asparaginyl-L-tyrosine methyl ester in 2.0 ml. of 
0.5% sodium hydroxide was allowed to stand at room tem
perature for 2 hr. (At intervals of 0, 15, 35, 60, and 120 min.,
5-10 /tl. of the reaction mixture was applied to a 32-cm. 
Whatman No. 1 circle and this sheet was developed in 
MPW. The spots developed by diazotized sulfanilic acid 
showed that after 15 min., the saponification was complete 
and that after 2  hr., the methylene-L-asparaginyl ring had 
not been destroyed by the alkali present.) The reaction 
mixture was acidified with 1 . 0  ml. of 1 .0 % hydrochloric acid 
and the separated oil extracted into three 3-ml. portions of 
ethyl acetate. After drying, the organic layer was evaporated 
giving 228 mg. of crude product. This material was dissolved 
in 1 ml. of hot isopropyl alcohol, 3 ml. of water added and 
after 3 hr. at room temperature, the solution was placed in a 
refrigerator. The crystalline carbobenzyloxy methylenc-L- 
asparaginyl-L-tyrosine, weighing 108 mg. (50%), was col
lected by centrifugation and washed with 1 :4 isopropyl 
alcohol-water solution. When drv, the product showed m.p.
118-122°, [a ] 2D5 -25 .5° (c, 1.06'in pyridine), R,MP'V 0.88 (P, 
RBAm 0.31 (P). A sample again recrystallized from 1:3 
isopropyl alcohol-water melted at 119-122°.

Anal. Calcd. for C22H53N 3O7 : C, 59.86; H, 5.25; N, 9.52. 
Found: C, 60.11; H, 5.53; N, 9.64.

Attempted conversion of X to ij-asparaginyl-i^tyrosine. (a) 
Reduction. A solution of 1.2 g. of X in 20 ml. of methanol was 
hydrogenated overnight at 40 p.s.i. and room temperature 
using 1.2 g. of 10% palladium-on-carbon as catalyst. The 
catalyst was filtered and extracted with four 1 0 -ml. portions 
of hot methanol, four 1 0 -ml. portions of hot water, and four
10-ml. portions of 10% pyridine in hot water. The combined 
extracts weighed 742 mg. and showed numerous components 
when paper chromatographed.

(b) Dimedo'ie treatment. To a hot solution of 600 mg. of 
dimedone in 50 ml. of water was added 619 mg. of the reduc
tion product obtained above. After heating the mixture 1.5 
hr. on a steam bath, it was placed in the refrigerator. The 
dimedone-formaldehyde adduct, weighing 274 mg. (47%), 
was filtered and the filtrate was lyophilized. The residue was 
was extracted with three 50-ml. portions of hot ethyl acetate 
leaving 466 mg. (79%) of insolubles which showed multiple 
spots in both MPWT and BAW systems. After trituration 
with hot isopropyl alcohol, the product weighed 287 mg. and 
showed Rf™  0.30, 0.42, 0.60, 0.79 (N +  P). Elemental analy
sis gave values inconsistent with L-asparaginyl-L-tyrosine.

Carbobenzyloxy-\j-asparaginyl-\Ayrosine methyl ester. A 
solution of 2.66 g. (10 mmoles) of carbobenzyloxy-L-aspara- 
gine19 in 27 ml. of dry dimethylformamide was added during 
15 min. to an ice-cold magnetically stirred solution of 2.06 
g. (10 mmoles) of %,%'-dicyclohexylcarbodiimide and 1.95 
g. (10 mmoles) of L-tyrosine methyl ester in 12 ml. of dry 
dimethylformamide. After ca. 20 hr. a t room temperature, 
the mixture was cooled and the precipitated dicyclohexylurea 
weighing 2.0 g. (89%), was collected on a filter. The filtrate 
was evaporated to dryness and the residue dissolved in a 
warm mixture of 100 ml. of ethyl acetate and 25 ml. of bu
tanol. Two 25-ml. washings with 2.5% hydrochloric acid re
moved 0.5 g. of L-tyrosine methyl ester, m.p. 133-136°, 
BfAm 0.86 (P), and two 25-inl. washings with half-saturated 
potassium bicarbonate solution removed 0 . 8  g. of acidic com
ponents, R'/'"' 0.13 (P), 0.36 (P), from the solution. The or
ganic layer was dried and evaporated giving 2.9 g. of crystal
line product. Recrystallization of the above solid from 85 ml. 
of methyl ethyl ketone gave a first crop weighing 0.9 g., m.p. 
188-194°; and a second crop weighing 0.33 g., m.p. 165-190°. 
The total crude yield of carbobenzyloxy-masparaginyl-L- 
tyrosine methyl ester was thus 1.23 g. ^7% ). The first crop 
was recrystallized from a mixture of 4(Dml. of methyl ethyl 
ketone and 10 ml. isopropyl alcohol. This product, 479 mg.,

m.p. 197-199°, [a ] 2D5 1.96° (c, 1.02 in methanol), was sub
mitted for analysis.

Anal. Calcd. for C^H^NsCb: C, 59.58; H. 5.68; N, 9.48. 
Found: C, 59.48; H, 5.72; N, 9.40.

Carbobenzyloxy-fS-cyano-\r-alanine. A solution of 2.66 g. 
(10 mmoles) of carbobenzyloxy-L-asparagine in 27 ml. of 
dry dimethylformamide was added during 15 min. to an ice- 
cold magnetically stirred solution of 2.06 g. ( 1 0  mmoles) of 
Ar,Ar'-dicyclohexylcarbodiimide in 12 ml. of dry dimethyl
formamide. %,Ar'-dicyclohexylurea began precipitating 
within 10 min. After ca. 20 hr. a t room temperature, 
a solution of 1.95 g. (10 mmoles) of L-tyrosine methyl 
ester18 in 1 0  ml. of warm dimethylformamide was added 
to the reaction mixture in which solid dicyclohexylurea 
was present. After another 4 hr. at room temperature, 
the mixture was filtered giving 2.07 g. (92%) of dicyclo
hexylurea. The filtrate was evaporated to dryness and the 
residue was dissolved in 100 ml. of ethyl acetate. Extraction 
of this solution with two 25-ml. portions of half-saturated 
potassium bicarbonate solution removed 2 . 0  g. of acidic 
products. Further extraction with two 25-ml. portions 
of 2.5AT hydrochloric acid removed 0.8 g. of L-tyrosine 
methyl ester, R fAm 0.87 (P), from the solution. The remaining 
ethyl acetate solution was evaporated to dryness giving 0.5 
g. of neutral material which showed RBAm 0.95 (P) and gave 
some crystals, m.p. 2 0 0 - 2 1 0 °, after solution in methanol. 
The neutral product may be impure carbobenzyloxy-L- 
asparaginyl-L-tyrosine methyl ester. The 2.0 g. of acidic prod
ucts were crystallized from 25 ml. of ethylene dichloride. 
The product obtained weighed 1.1 g. (42%) and melted at
126-128°. Another crystallization from 60 ml. of ethylene 
dichloride gave 880 mg. of carbobenzyloxy-jS-cyano-L- 
alanine, m.p. 126-128°,20 [a]2Dl -1 9 °  (c, 1.26 in methanol). 
Its infrared spectrum showed a 4.43 y band characteristic of 
a cva.no function.

Anal. Calcd. for C12H 12N 20 4 :C, 58.06; H, 4.87; N, 11.29. 
Found: C, 57.61; H, 4.91; N, 11.37.

Carbobenzyloxy methylene-\j-asparaginyl-nitro-j^arginine. A 
solution of 2 2 . 2  g. (80 mmoles) of carbobenzyloxy methylene- 
L-asparagine (V) in 300 ml. of 1:1 tetrahydrofuran-dioxane 
mixture was stirred mechanically in a 2 0 0 -ml. three-necked 
round bottomed flask immersed in an ice-methanol cooling 
bath. To this was added successively 12.3 ml. (80 mmoles) of 
triethylamine and a solution of 11.9 ml. (80 mmoles) of 
isobutylchlorocarbonate. Twenty minutes later, an ice- 
cold solution of 21.9 g. (100 mmoles) of nitro-L-arginine16and
15.1 g. (110 mmoles) of triethylamine in 300 ml. of water was 
added to the mixed anhydride solution over a 5-min. period. 
The reaction mixture was stirred for 4 hr., while the tempera
ture was allowed to rise to 25°. The mixture was concen
trated in vacuo to remove the organic solvents, and the re
sulting slurry was acidified with concentrated hydrochloric 
acid. This mixture was extracted with one 200-ml. and two 
1 0 0 -ml. portions of 1 : 1  butanol-ethyl acetate solution. 
Those combined extracts were evaporated to dryness in 
vacuo and the residue was triturated with three portions of 
hot ethyl acetate. The dry crude carbobenzyloxy methylene- 
L-asparuginvl-nitro-L-arginine weighed 26.4 g., (60%), R /Am 
0.23, 0.35, 0.49 (UV).

Ten grams of the above crude product was dissolved in 75 
ml. of hot 1:1 ethanol-water mixture. After 1 week at room 
temperature, the solution afforded 4.5 g. of crystalline car
bobenzyloxy methylene-L-asparaginyl-nitro-L-arginine, m.p. 
199-202°. Dilution of the mother liquor with water gave 
only an oily precipitate. A small sample, recrystallized for 
analysis from 3:7 ethanol-water, melted as 202-204° and 
showed 7f'IPW 0.82 (UV), Rf AW 0.70 (UV), R fAm 0.20 (UV), 
[a ] 2D5 —27.5° (c, 2.18 in 0.1% sodium hydroxide).

Anal. Calcd. for CI9H25N70 8: C, 47.59; H, 5.26; N, 20.45. 
Found: C, 47.72; H, 4.95; N, 20.75.

Methylene-ir-asparaginyl-ii-arginine (XII). A solution of
2.5 g. of carbobenzyloxy methylene-L-asparaginyl-nitro-L-

(19) M. Bergmann and L. Zervas, Ber., 65, 1192 (1932). (20) The authors of reference 12 report m.p. 133-134°.
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arginine (XI) in 60 ml. of warm 5:1 methanol-water mixture 
was cooled to room temperature and hydrogenated overnight 
a t room temperature and 40 p.s.i. using 2.5 g. of 10% palla
dium-on-carbon catalyst. After removal of the catalyst, the 
solvent was evaporated in vacuo and the residue was dis
solved in 50 ml. of water and the solution lyophilized. The 
residue, weighing 1.30 g., was dissolved in 12 ml. of hot 
methanol whereupon crystallization occurred. The crystal
line methylene-L-asparaginyl-L-arginine-CH3OH (XII) 
weighed 1.13 g. (72%) and showed m.p. 160-165° dec., 
2 jmpw q 2 9  (N). a  250-mg. sample of this product was dis
solved in 1  ml. of water and diluted with 1  ml. of isopropyl 
alcohol. Seeding and addition of 3 ml. of methanol gave 177 
mg. of crystalline material, m.p. 163-165°, [a]”  —31° (c, 1 
in O.liV hydrochloric acid). A sample was dried at 78° for 2 
hr. at ca. 0.1 mm. over Drierite for analysis. NMR spectrum 
on this sample showed the presence of 1  mole of methanol.

Anal. Calcd. for Ci-JLmNsOs: C, 43.36; H, 7.28; N, 25.29. 
Found: C, 43.16; H, 7.26; N, 25.40.

Attempted conversion of X II to 'L-asparaginyl-'L-arginine. A 
solution of 600 mg. of dimedone was prepared in 50 ml. of 
hot water and a solution of 600 mg. of X II in ca. 3 ml. of 
water was added to it. The mixture was heated 1.5 hr. and 
put in the refrigerator. The dimedoneformaldehyde adduct, 
weighing 413 mg. (71%), was collected on a filter and the 
filtrate was lyophilized. The residue, after extraction with 
three 50-ml. portions of hot ethyl acetate, weighed 698 mg. 
and showed < pw 0.29-0.38 (N); n-arginine • HC1, £,MPW 
0.32-0.48 (N). Further precipitations from methanol-ethyl 
acetate gave multicomponent products which were not 
further characterized.
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Synthesis of 18-hydroxy-17-methoxy-15,16,17,-
18,19,20-hexadehydroyohimbane hydrochloride 
(IVb), which contains the pentacyclic ring system 
of reserpine, deserpidine, and related compounds, 
was accomplished as early as 1938.1 Since then, 
other investigators2-4 have reported the prepara
tion of this substance and related compounds.

Preparation of IVb is usually accomplished by 
condensing tryptamine (I) with 4-hydroxy-3- 
methoxyphenylpyruvic acid (lib). The product, 
1 - (4 - hydroxy - 3 - methoxybenzyl) - 1,2,3,4- 
tetrahydro-/3-carboline hydrochloride (Illb), is

(1 )  G . H a h n  a n d  A . H a n s e l ,  Ber., 71, 2 1 9 5  (1 9 3 8 ) .
( 2 )  W . L o g e m a n n  et al., Ber., 8 8 , 1952  ( 1 9 5 5 ) ;  8 9 , 1043

(1 9 5 6 ) .
( 3 )  M . O n d a  a n d  M . K a w a n is h i ,  J. Pharm. Soc. Japan, 

76, 9 6 6  (1 9 5 6 ).
( 4 )  T .  N o g r a d i ,  Monalsh. Chem., 8 8 , 1093  (1 9 5 7 ).

then cyclized with formaldehyde to obtain IVb. 
The preparation of Illb  by this method, while 
satisfactory on a small scale, did not lend itself 
to large scale work. The difficulty appeared to be 
the lack of stability of lib. Douglas and Gulland5 
have previously commented on the instability of 
Hb.

As we desired a large quantity of IVb, it was 
necessary to find a suitable modification of this 
sequence. Covering the phenolic function with a 
group which could be removed later suggested 
itself, and it seemed likely that the benzyl group 
might satisfactorily serve this function.

OCR,
Ila, R = CH2 C6 H5  

lib , R = H

1

Vanillin, therefore, was converted to its O-benzyl 
derivative, and then into an azlactone. Hydrolysis 
of the latter with barium hydroxide gave the de
sired 4-benzyloxy-3-methoxyphenylpyruvic acid 
(Ha).

Tryptamine (I) and Ila  gave l-(4-benzyloxy-3- 
methoxybenzyl) - 1,2,3,4 - tetrahydro - p - carbolinc 
hydrochloride (Ilia) in good yields, irrespective of 
the quantities used. Debenzylation of I lia  led to 
Illb  and the latter was cyclized to the desired IVb, 
or I lia  could first be cyclized to IVa, and then de- 
benzylated to give IVb.

EXPERIMENTAL6

l-(4-Benzyloxy-8-methoxybenzyl)-l,S,3,4-tetrahydro-fl- 
carboline hydrochloride ( I l ia ) . 7  A mixture of 65.5 g. (0.33 
mole) of tryptamine hydrochloride8 and 100 g. (0.33 mole) of

(5) R. Douglas and J. Gulland, J. Chem. Soc., 134, 
2893 (1931).

(6 ) Microanalysea were carried out by Mr. Elmer Shel- 
berg and his staff ofwhe Abbott Microanalytical Laboratory.

(7) The preferred Chemical Abstracts name for this sub
stance is l-(4-benzyloxy-3-methoxybenzyl)-l,2,3,4-tetra- 
hydro-9H-pyrido [3,4-b] indole hydrochloride.

(8 ) M. Freifelder, J. Am. Chem. Soc., 82, 2386 (1960).
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4 - b e n z y lo x y -3 - m e th o x y p h e n y lp y r u v ic  a c id 5 in  3 .5  I. o f  1- 
b u t a n o l  w a s  h e a t e d  u n d e r  re f lu x  f o r  2  h r .  T h e  co o led  s o lu 
t io n  w a s  d i lu t e d  w i th  2 .0  1. o f a c e to n e  a n d  c h il le d . W h i te  
f lu ffy  n e e d le s  p r e c ip i t a t e d  a n d  w e re  c o l le c te d . T h e  p r o d u c t  
w e ig h e d  78  g . ( 5 5 % )  a n d  m e l te d  a t  2 2 3 - 2 2 6 ° .  R e c r y s ta l l iz a 
t i o n  f ro m  g la c ia l  a c e t ic  a c id ,  o r  f ro m  a q u e o u s  e th a n o l ,  
r a is e d  th e  m e l t in g  p o i n t  t o  2 2 6 - 2 2 7 ° .

Anal. C a lc d . f o r  C 26H 26N 20 2’ H C 1 : C , 7 1 .7 9 ; H ,  6 .2 6 ; C l,
8 .1 5 . F o u n d :  C , 7 1 .7 6 ; H ,  6 .3 4 ; C l, 8 .2 7 .

18-Benzyloxy-l 7-methoxy-15,16,17,18,19,30-hexadehydroyo- 
himbane hydrochloride ( I V a ) .  A  m ix tu r e  o f 43  g . (0 .1  m o le )  
o f I l i a  a n d  1 .0  1. o f  5 0 %  e th a n o l  w a s  h e a te d  o n  t h e  s t e a m  
b a t h  u n t i l  t h e  s o l id  d is s o lv e d . A f te r  a d d in g  100  m l. o f 3 6 %  
fo rm a ld e h y d e ,  t h e  s o lu t io n  w a s  h e a te d  o n  th e  s t e a m  b a t h  
fo r  3 h r .  T h e  h o t  r e a c t io n  m ix tu r e  w a s  f i l te r e d  to  r e m o v e  a  
y e llo w  s o l id  w h ic h  w a s  w a s h e d  w i th  h o t  5 0 %  e th a n o l .  
T h e  p r o d u c t  w e ig h e d  37  g . ( 8 3 % )  a n d  m e l te d  a t  2 6 5 - 2 6 8 ° .

Anal. C a lc d . fo r  C 27H 26N 20 2• H C 1 : C , 7 2 .5 5 ; H , 6 .0 9 ;
C l, 7 .9 3 ; N ,  6 .2 7 ; O , 7 .1 6 . F o u n d :  C , 7 2 .3 4 ; I I ,  6 .2 7 ; C l, 
7 .6 8 ; N ,  6 .0 7 ; O , 7 .2 6 .

l-{4-Hydroxy-3-methoxybenzyl)-l,3,3,4-tetrahydro-0-carbo- 
line hydrochloride ( I l l b ) .  A  s u s p e n s io n  o f  2 .7 5  g . (0 .0 0 5  m o le )  
o f  I l i a  a n d  0 .3  g . 5 %  p a l la d iu m  o n  c a r b o n  in  100  m l. o f 5 0 %  
e th a n o l  w a s  h y d r o g e n a te d  a t  1 .7  a t m .  a t  6 0 ° . T h e o r e t i c a l  u p 
t a k e  o c c u r re d  in  1 h r . ,  a n d  a l l  o f  t h e  s o l id  w a s  i n  s o lu t io n . 
T h e  c a t a ly s t  w a s  r e m o v e d  a n d  t h e  s o lu t io n  w a s  c h i l le d  t o  
o b ta in  a  so lid , m .p .  2 5 4 - 2 5 5 ° .  T h e  f i l t r a t e  w a s  t a k e n  t o  d r y 
n e ss , a n d  t h e  r e s id u e  w a s  t r i t u r a t e d  w i th  e t h e r  t o  o b ta in  
m o r e  p r o d u c t ,  m .p .  2 5 3 - 2 5 4 ° .  T h e  t o t a l  y ie ld  w a s  1 .45  g. 
( 8 4 % ) .  T h e  r e c o r d e d  m e l t in g  p o in t  is  2 5 3 - 2 5 4 ° .3

O n  la r g e r  s c a le  r u n s ,  i t  w a s  n e c e s s a ry  t o  e x t r a c t  t h e  c a t 
a ly s t  th o r o u g h ly  w i th  h o t  7 5 %  e th a n o l  t o  i n s u r e  g o o d  y ie ld s .  
I n  a  c o m b in e d  w o r k u p  o f f o u r  16 -g . (0 .0 3 6 8  m o le )  r u n s  a  7 5 %  
y ie ld  w a s  o b ta in e d .

18-H ydroxy-17-methoxy-l 5,16,17,18,19,20-hexadehydroyo- 
himbane hydrochloride ( I V b ) .9 A  s u s p e n s io n  o f  4 4 .7  g . (0 .1  
m o le )  o f  I V a  a n d  7 .5  g . o f  5 %  p a l la d iu m  o n  c a r b o n  in  2 5 0  
m l. o f d im e th y l f o r m a m id e  w a s  h y d r o g e n a te d  a t  2  a tm .  a t  
a b o u t  7 0 ° . W h e n  h y d r o g e n  u p t a k e  w a s  c o m p le te  ( 8 - 1 5  
h o u r s )  p r o d u c t  h a d  b e g u n  to  p r e c ip i t a t e .  T h e  p r o d u c t  w a s  
d is s o lv e d  b y  h e a t in g  t o  b o i l in g  w i t h  a d d i t io n  o f 6 5  m l. of 
d im e th y l f o r m a m id e  a n d  3 6 0  m l. o f  w a te r .  T h e  h o t  s o lu t io n  
w a s  f i l te r e d  t o  r e m o v e  t h e  c a t a ly s t ,  a n d  t h e  f i l t r a t e  c h il le d  
to  o b ta in  26  g . ( 7 3 % )  of b r i g h t  y e l lo w  s o lid  m e l t in g  a t  2 7 7 -  
2 7 9 ° . R e c o r d e d  m e l t in g  p o in t s  a r e  2 5 4 - 2 5 6 ° ,1 2 5 6 - 2 5 7 ° ,3 
a n d  2 5 4 - 2 5 6 ° .4

Anal. C a lc d . f o r  C 20H 2oN20 2 .H C l :  C , 6 7 .3 1 ; H ,  5 .9 3 ;  C l, 
9 .9 3 ;  N ,  7 .8 5 ; O , 8 .9 6 . F o u n d :  C , 6 7 .2 7 ; H ,  5 .8 2 ; C l, 1 0 .0 0 ; 
N ,  7 .8 7 ; 0 ,  9 .2 7 .

C o n s e n s a t io n  o f I l l b  w i t h  f o r m a ld e h y d e  a s  d e s c r ib e d  
p r e v io u s ly 1’3’4 g a v e  a  b r ig h t  y e l lo w  so lid , m .p .  2 7 7 - 2 7 9 ° ,  
id e n t ic a l  in  e v e r y  r e s p e c t  w i th  t h e  m a te r i a l  d e s c r ib e d  a b o v e . 
A l th o u g h  t h e  m e l t in g  p o i n t  v a r ie d  s o m e w h a t  w i th  t h e  r a t e  o f 
h e a t in g ,  a n d  a ls o  o n  w h e th e r  a n  o il b a t h  o r  m e ta l  b lo c k  w a s  
u s e d , p u r e  m a te r i a l  w a s  n e v e r  o b s e rv e d  t o  m e l t  b e lo w  2 7 0 ° .

D epa rtm en t  of Organic C hem istry
Abbott L aboratories
N orth C hicago , I I I .

( 9 )  T h e  p r e f e r r e d  Chemical Abstracts n a m e  fo r  t h i s  c o m 
p o u n d  is  5 ,7 ,8 ,1 3 ,1 3 b ,1 4 - h e x a h y d r o -2 - m e th o x y b e n z [ g ] -  
in d o lo  [2 ,3 -a ] q u in o l iz in -3 -o l  h y d r o c h lo r id e .

Spectral Studies on Flavonoid Compounds.
III. Polyliydroxychalcones

L eonard  J u r d 1“ and  R obert  A L ^Iorow itz10 

Received October 14, 1960

The ultraviolet spectra of most of the known, 
naturally occurring, hydroxylated chalcone (I)

derivatives have been reported.2 However, as an 
aid in the identification of new pigments, the 
spectra of a number of additional hydroxychalcones 
in neutral and in alkaline solutions are presented 
in this note.

The spectra of twenty-five hydroxychalcones 
are collected in Table I. These chalcones absorb 
strongly in the 300-400 m/x region and less strongly 
in the 220-270 m/x region. In alcoholic sodium 
ethylate solution the long wave-length band of 
those chalcones which contain a free hydroxyl 
group in the 4- position undergoes a bathochromic 
shift of 70-90 my and a considerable increase 
in its intensity (Table I; compounds I—II). This 
spectral shift is sufficiently characteristic of the
4-hydroxychalcones to be used as evidence for the 
the presence of this grouping in chalcones. The 
alkali spectrum of the natural chalcone, xantho- 
humol (II), reported by Verzele and his co-workers,3 
provides a good example of this shift.

Chalcones which contain a free 4'-hydroxyl 
and either a free 2 '-hydroxyl or an alkylated or 
glycosidated 4-hydroxyl show a bathochromic 
shift of only 40-50 my. in sodium ethylate (Table I; 
compounds 12-18). On the other hand, when the 
2'- and 4- positions are unsubstituted, 4'-hydroxy
chalcones give a bathochromic shift of 65-70 my 
in sodium ethylate (Table I; compounds 19, 20). 
This shift is easily distinguished from that given 
by the 4-hydroxychalcones, however, since it is 
accompanied by a considerable decrease in the 
intensity of the long wave-length band. The dif
ference is illustrated by the spectra of 4-hydroxy- 
chalcone and 4'-hydroxychalcone (Fig. 1). The 
influence of a 2 '-hydroxy group on the alkali 
spectrum of a 4'-hydroxychalcone is probably to be 
attributed to chelation with the carbonyl group, 
while the influence of a 4-alkoxy group may be 
accounted for by assuming a cross-conjugation 
effect similar to that proposed by Geissman and 
Harborne4 for hydroxyaurones.

(1 )  ( a )  W e s te rn  R e g io n a l  R e s e a r c h  L a b o r a to r y ,  A lb a n y ,  
C a l i f .13; (b )  F r u i t  a n d  V e g e ta b le  C h e m is t r y  L a b o r a to r y ,  
P a s a d e n a ,  C a l i f .13; (c )  L a b o r a to r ie s  o f  t h e  W e s te rn  U t i l i z a 
t io n  R e s e a r c h  a n d  D e v e lo p m e n t  D iv is io n , A g r ic u l tu r a l  
R e s e a r c h  S e rv ic e , U . S . D e p a r t m e n t  o f  A g r ic u l tu r e .

(2 )  F o r  e x a m p le s ,  se e  J .  B . H a r b o r n e  a n d  T .  A . G e is s 
m a n ,  J. Am. Chem. Soc., 7 8 , 8 2 9  (1 9 5 6 ) ;  T .  A . G e is s m a n , 
J .  B .  H a r b o r n e ,  a n d  M . K .  S e ik e l, J. Amer. Chem. Soc., 7 8 , 
8 2 5  (1 9 5 6 ) ;  T .  A . G e is s m a n , Modern Methods of Plant 
Analysis, V o l. 3 , e d s . K .  P a e c h  a n d  M . V .  T r a c e y ,  S p r in g e r -  
V e r la g , 1955 , p .  4 5 0 .

(3 )  M . V e rz e le , J .  S to c k x , F .  F o n t i j i n ,  a n d  M . A n te u n is ,  
Bull Soc. Chim. Belg., 66, 4 5 2  (1 9 5 7 ).

(4 )  T .  A . G e is s m a n  a n d  J .  B .  H a r b o r n e ,  J. Am. Chem. 
Soc., 7 8 , 8 3 2  (1 9 5 6 ).
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T A B L E  I

S pectra of C halcones in  E thanol and in  Sodium  E tiio x ide

C h a lc o n e
c 2h 5o h

^maxj ÌTifX
0 . 0 0 2 4 /  N a O C 2H*

^maX) Tft/x AX* 6

1. 4 - H y d ro x y - 3 5 0 , 24 8 4 3 8 , 2 8 6 8 8

2 . 4 ,4 '- D ih y d r o x y - 3 4 8 , 24 0 4 2 7 , 2 5 0 79

3 . 3 ,4 - D ih y d ro x y - 3 6 7 , 2 6 6 4 5 2 , 2 6 7 85

! .  2 ',4 - D ih y d r o x y - 3 '- m e th o x v - 3 8 0 , 2 6 7 , 249 4 5 8 , 2 7 3 , 23 8 78

5 . 2 ',4 - D ih y d r o x y - 4 '- m e th o x y - 3 7 0 , 3 0 3 , 24 2 4 4 1 , 2 9 3 , 25 0 71

6 . 4 - H y d ro x y - 2 ',4 '- d im o t ,h o x y - 3 5 0 42 3 73

7. 2 ' ,3 ,4 - T r ih y d r o x y - 3 8 4 , 3 2 0 ,“ 2 7 1 , 24 9 4 6 0 , 28 0 76

8 . 4 ,2 ',4 '- T r ih y d r o x y - 3 - m e th o x y - 3 7 8 , 3 0 7 ,“ 2 6 0 4 5 1 , 3 5 4 , 2 8 0 ,“ 2 5 3 73

9 . C o r e o p s in 2 3 8 5 , 3 0 5 ,“ 2 6 5 , 24 5 45 0 65

10. 4 - H y d r o x y - 2 ',4 ',3 - t r im e th o x y - 3 60 44 0 8 0

11. X a n t h o h u m o l 3 3 7 0 4 3 8 08

12. 2 ',4 '- D ih y d r o x y - 3 4 5 ,“ 3 1 7 , 26 7 3 9 4 , 3 0 0 , 27 9 49

13. 2 ',4 '- D ih y d r o x y - 4 - m c th o x y - 3 6 2 , 3 0 7 ,“ 23 7 4 0 0 , 2 8 2 , 2 3 4 “ 38

14. 4 '- H y d r o x y - 2 ',4 - d im e th o x y - 3 50 39 5 45

15. 4 ',3 - D ih y d r o x y - 4 - m e th o x v - 3 5 8 , 3 1 4 ,“ 2 6 2 ,“ 23 5 4 0 4 , 3 2 7 ,“ 2 7 6 , 2 50 46

16. 2 ',4 '- D ih y d r o x y - 3 ,4 - d im e th o x y - 3 7 1 , 3 1 0 ,“ 25 9 4 0 7 , 3 3 7 ,“ 2 8 3 , 2 5 8 “ 36

17. 4 '- H y d r o x y - 2 ',3 ,4 - t r im e th o x y - 357 39 5 38

18. 4 '- I I y d r o x y - 2 ',6 ',3 ,4 - 3 4 1 , 3 2 0 ,“ 2 5 2 ,“ 239 3 8 9 , 3 3 4 , 25 0 48

19. 4 '- H y d r o x y - 3 2 0 , 23 0 3 8 8 , 2 9 7 , 2 7 2 “ 68

20 . 4 ',3 - D ih y d r o x y - 3 2 1 , 24 2 3 8 5 , 3 1 1 , 267 64

21 . 2 '- H y d r o x y - 3 6 6 ,“ 3 1 6 , 221 4 2 8 , 3 0 3 , 2 5 0

2 2 . 2 ',3 - D ih y d r o x y - 3 5 6 , 3 1 6 , 2 5 7 3 1 7 , 2 7 3 , 241

23 . 2  '- H y d r o x y - 4 ',6 '- d im e th o x v - 3 3 8 , 2 3 6 “ 3 8 3 , 2 9 5 , 25 0

2 4 . 2 '- H y d r o x y - 4 ,4 '- d im e th o x y - 3 6 2 , 2 9 5 ,“ 23 9 4 1 9 , 3 2 1 , 251

2 5 . 2 '- H y d r o x y - 3 ,4 - d im e th o x y - 3 7 1 , 3 1 6 ,“  2 6 4 , 2 4 7 4 2 2 , 3 4 1 , 2 9 7 ,“ 24 2

“ I n f le c t io n .
6 Ax =  Xmal ( 0 .0 0 2 M  N a O C 2H 5) =  Xmnx ( E t O H )  of t h e  lo n g  w a v e - le n g th  b a n d .  
T h e  m o s t  i n t e n s e  b a n d  in  e a c h  s p e c t r u m  is  u n d e r l in e d .

I I

T A B L E  I I

S pectra  of Alum inum  C h lo ride-2 '-hydroxychalcone 
C om plexes

C h a lc o n e

c 2h 6o h

Xmaxj
niM

A lCla
Xniaxj
IlijU Ax

2 '- H y d r o x y - 3 6 6 ” 42 5 59
2 ',4  ',4 - T  r ih y d ro x y - 37 0 42 2 52
2 ',4 '- D ih y d r o x y - 4 - m e th o x y - 36 2 415 53
2 ',3 ,4 - T r ih y d r o x y - 384 44 7 63
2 '- H y d r o x y -3 ,4 - d im e th o x v 371 43 7 66
2 ',4 ' ,3 ,4 - T e t r a h y d r o x y ( e o r e o p s in ) 38 5 45 0 50

(2 )
2 ',4 '- D ih v d r o x v - 3 ,4 - m e th v le n e - 3 7 0 41 6 46

d io x v -
2 ',3 ' ,4 ' ,3 ,4 - P e n ta h y d r o x y - 381 420 39

( o k a n in l  (4 )
M a re in  (4 ) 38 3 42 2 39
2 ',3  ' , 4 '- T r ih y d r o x y - 34 7 384 37

“ I n f le c t io n .

F ig . 1. U l t r a v io le t  s p e c t r a  o f  (1 )  4 '- h y -  
d r o x y c h a lc o n e  in  e th a n o l ,  (2 )  4 '- h y d r o x y c h a l -  
c o n e  in  0 .002.11  s o d iu m  e th o x id e , (3 )  4 - h y -  
d r o x y c h a lc o n e  in  e th a n o l ,  (4 )  4 - h y d r o x y c h a l-  
c o n e  in  0 .0 0 2 ,1 / s o d iu m  e th o x id e

Chalcones whose only free hydroxyl group is 
in the 2 '- position are readily distinguished by their 
characteristic spectral curves in sodium ethylate. 
The principal long wave-length band appears at a 
somewhat shorter wave length than in neutral 
solution, while the absorption in the short wave-
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F ig . 2 . U l t r a v io le t  s p e c t r a  o f  2 '- h y d r o x y - 3 ,4 - d im e th o x y -  
c h a lc o n e  in  (1 )  e th a n o l ,  (2 )  0.00221/" s o d iu m  e th o x id e

length region undergoes a marked increase in 
intensity. A low intensity band may appear in the 
400 m,u region (Fig. 2).

Spectral procedures for detecting o-dihydroxyl 
and 2 '-hydroxyl groups in chalcones have been 
reported previously. Thus, chalcones which contain 
an o-dihydroxyl grouping in the B-ring give a 
characteristic bathochromic shift with boric acid- 
sodium acetate.6 2'-Hydroxychalcones form com
plexes with aluminum chloride in alcoholic solu
tion,2'6 the Xmax of the long wave-length band 
undergoing a bathochromic shift of 40-60 m/u 
(Table II). It is important that a large excess of 
aluminum chloride be employed in this test for a 
2'-hydroxvl.7 In Table II, it will be noted that 
2',3',4'-trihydroxychalcone derivatives give a re
markably consistent bathochromic shift of only 
37 mix with aluminum chloride. This suggests that 
these compounds form aluminum complexes of a 
different type from those given by other 2 '- 
hydroxychalcones.

Acknowledgment. The authors are indebted to 
Dr. T. A. Geissman for specimens of many of the 
chalcones used in this study.

(5 )  L . J u r d ,  Arch. Biochem.. 6 3 , 3 7 6  (1 9 5 6 ).
(6 )  E .  C . B a te - S m i th  a n d  T . S w a in , . / .  Chem. Soc., 218 5

(1 9 5 3 ).
(7 )  L . J u r d  a n d  T . A . G e is s m a n , J. Org. Chem., 2 1 , 1395

(1 9 5 6 ).

Potential Cancerocidal Agents. III. 
Formanilides1,2

George I t .  Pettit, Malda V . Kalnins, Thomas M . H . 
Liu, Evan G. Thomas, and Kevin Parent

Received October 27, 1960

As part of a study directed at denning the scope 
of a new procedure8 for the preparation of formani-

( 1 )  R e fe r  t o  G . R .  P e t t i t  a n d  M . V , K a ln in s ,  J. Org. 
Chem., 2 5 , 1365  (1 9 6 0 )  fo r  t h e  p r e c e d in g  c o n t r ib u t io n .

lides it was considered of importance to submit 
several of these substances for evaluation as 
cancer chemotherapeutic agents.4 5 6 One of the 
first compounds prepared was 2,5-dimethcxyform- 
anilide (Table 1) and this substance was sub
sequently found to inhibit growth of the Ehrlich 
Ascites tumor in preliminary screening studies.6 
Consequently, it appeared desirable to prepare a 
number of related formanilides.

Initial emphasis was placed on the preparation 
of alkylated, alkoxy, and halogenated derivatives 
of formanilide (Table I). In each case, the corre
sponding aniline was formylated (cf., I — II) em
ploying dimethylformamide in the presenoe of 
sodium methoxide.3 Acylation was conveniently 
accomplished using excess dimethylformamide and

/ °
/  N H 2 ^ ) s 0 2 < Q > N H ,  4  H C N ( C ' i h ) z X ’ -’— -

H C N H < r ^ S C L < {  ; \ n h c h
__y  \\__ /J

i i

a 2:1 molar ratio of sodium methoxide to amine 
Generally the reaction was complete after fifteen to 
thirty minutes at reflux and was accompanied by 
evolution of dimethylamine. The structure of the 
first product, p-chloroformanilide (Table I), pre
pared by this new reaction was suggested on the 
basis of its infrared spectrum and elemental com
position; Unequivocal evidence for this structure 
was obtained following comparison (infrared spectra 
and mixture melting point) with an authentic speci
men of p-chloroformanilide.6

Although the substances illustrated in Table I

( 2 )  T h is  in v e s t ig a t io n  w a s  a id e d  b y  G r a n t  N o . T -7 9 A  
f ro m  t h e  A m e r ic a n  C a n c e r  S o c ie ty  a n d  in  p a r t  b y  a  F re d e r ic k  
G a r d n e r  C o t t r e l l  g r a n t  f ro m  t h e  R e s e a r c h  C o r p o r a t io n .

( 3 )  C o n s u l t :  G . R .  P e t t i t  a n d  E .  G . T h o m a s ,  J. Org. 
Chem., 2 4 , 8 9 5  (1 9 5 9 )  f o r  a  p r e l im in a r y  r e p o r t  o f th i s  
r e a c t io n .

( 4 )  T h e  k n o w n  in h ib i t io n  o f  S a r c o m a  180  b y  N - m e th y l -  
f o rm a m id e  e m p h a s iz e d  t h e  a d v i s a b i l i t y  o f  a  c o n c u r r e n t  
b io lo g ic a l  in v e s t ig a t io n .  A n  a c c o u n t  o f  t h e  t u m o r  i n h ib i to r y  
a c t i v i t y  o f  Ar- m e th y l f o r m a m id e  h a s  b e e n  p r e p a r e d  b y  D .  A . 
C la r k e ,  F .  S . P h i l ip s ,  S . S . S te r n b e r g ,  R .  K .  B a r c la y ,  a n d
C . C . S to c k , Proc. Soc. Exptl. Biol. Med., 8 4 , 20 3  (1 9 5 3 ) . 
T h is  s u b s ta n c e  h a s  a ls o  b e e n  s h o w n  t o  p ro lo n g  t h e  s u r v iv a l  
t i m e  o f  m ic e  w i th  L e u k e m ia  L 1 2 1 0  a n d  in h ib i t  t h e  g r o w th  
o f A d r e n o c a r c in o m a  E 0 7 7 1 ;  H .  E . S k ip p e r ,  F .  M . S c h a b le ,
V . B in n s , J .  R .  T h o m s o n , a n d  G . P .  W h e e le r ,  Cancer 
Research, 15 , 143 (1 9 5 5 ) . A n  in c r e a s e  in  t h e  s u r v iv a l  t im e  
o f  m ic e  b e a r in g  E h r l i c h  A s c i te s  t u m o r  fo llo w in g  t r e a t m e n t  
w i th  Ar- m e th y l f o r m a m id e  h a s  b e e n  r e p o r t e d  b y  A . F u r s t ,
W . C .  C u t t i n g ,  a n d  H . G ro s s , Cancer Research, 15 , 2 9 4
(1 9 5 5 ).

( 5 )  E v a lu a t io n  o f 2 ,5 -d im e th o x y fo rm a n il i .d e  ( N S C  3 0 0 9 8 ) 
is  b e in g  c a r r ie d  o u t  b y  t h e  C a n c e r  C h e m o th e r a p y  N a t io n a l  
S e rv ic e  C e n te r ,  N a t io n a l  C a n c e r  I n s t i t u t e ,  B e th e s d a ,  M d .

(6 )  M . D . F a r r o w  a n d  C . K . In g o ld , J. Chem. Soc., 125* 
2 5 5 2  (1 9 2 4 ) .
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T A B L E  I 

O

K,,

l i j

IX  ! [ ( ' 11

M L
H ,

R, R. R, R< R,
Y ie ld ,

C7 «/C S o lv e n t ' M.P.d F o r m u la

c h 2c h . 97 1 7 3 . 5 - 7 4 . 5 ( 7 0 ) ' C T h .N O
OCH, 4 4 b 1 8 4 ( 8 4 /

O C H , 41 8 0 -8 1  ( 8 0 - 8 1 Y
F 70 2 44 C v H e N O F

F .35 2 6 3 -6 4 c -h 6n o f

F 78 2 6 7 - 6 8 ( 6 6 f
C F , 52 3 5 4 - 5 5 c , h 6f , n o

Cl 48 4 5 6 - 5 7 . 5 / 5 7 - 5 8 /
C l 79 5 1 0 2 - 1 0 3 .5 ‘ ( 1 0 0 - 1 0 2 /

I G8 4 1 1 3 - 1 1 3 .5 c , h 6i n o

CH, C H , 62 6 103 5 - 1 0 4 .5 C ,H „ N O
C H , C H , 51 2 6 8 -6 9 c 8h „ n o

C H , O C H , 6 3 6 7 1 0 4 -1 0 5 C M ff iN O ,
O C H , O C H , 35 8 1 4 0 -1 4 1 C 9H „ N O ,
O C H , O C H , 4 8 6 7 9 -8 0 C 9H u N O ,
O C H ,C H , O C H 2C H , 3 6 b 1 9 5 .5 - 9 6 C u H is N O ,

F C H , 53 2 6 8 -6 9 C sH ,F N O
F C H , 56 2 8 8 -8 9 C 8H 8F N O

F C H , 41 2 9 1 - 9 2 c 8h 8f n o

C l F 7 3 2 9 4 -9 5 C 7H 5C I F N O
C F , C F , 5 4 1 1 2 4 -1 2 5 C Ä F e N O
C F , C l 58 2 1 0 8 -1 0 9 C 8H 5C 1 F ,N 0

C l C F , 3 5 b 8 1 1 0 - 1 1 1 c 8h 6c i f , n o

C l C H , 6 8 .5 4 9 7 - 9 7 .5 C sH ,C 1 N O
C l C H , 93 4 1 3 4 - 1 3 4 .5 C 8H sC 1N O

C l C H , 7 9 b 7 1 6 7 .5 - 1 6 8 c 8h 8c i n o

C l C l 4 2 b 1 151 c , h 5c i 2n o

C l C l 71 9 1 0 9 .5 - 1 1 0  ( 1 1 0 - 1 1 2 /
C l C l 4 0 b 1 148 c ,h 5c i , n o

C l C! 5 4 1 130 c , h 5c i , k o

B r B r 8 6 1 1 9 9 .5 - 2 0 1 C - H s B n N O
B r B r 95 1 0 1 3 2 -1 3 3 C 7H ,B r..N O

O C H , C l O C H , 96 7 1 0 8 -1 0 9 C SH 10C 1 N O ,
C H sO C l O C H , 89 1 1 0 3 -1 0 4 C sH .n C IN O ,
C l O C H , O C H , 76 8 1 8 4 -1 8 5 C 9H 10C 1 N O ,

C l C l C l 56" 7 1 6 9 - 1 6 9 .5 c ,h , c i 3n o

“ Y ie ld s  a r e  b a s e d  o n  t h e  c r y s ta l l in e  p r o d u c t  i s o la te d  fo llo w in g  d i lu t io n  o f  t h e  r e a c t io n  m ix tu r e  w i th  w a te r  u n le s s  o t h e r 
w ise  n o te d .  b T h e  y ie ld  a f t e r  o n e  o r  m o r e  r e c r y s ta l l i z a t io n s .  c T h e  fo rm a n i l id e  w a s  r e c r y s ta l l iz e d  f ro m  e th a n o l - w a te r  ( 1 ) ,  
b e n z e n e - p e t r o le u m  e th e r  ( 2 ) ,  c h lo r o f o r m - p e tr o le u m  e th e r  ( 3 ) ,  m e th a n o l  ( 4 ) ,  a c e to n e  ( 5 ) ,  c a r b o n  te t r a c h lo r id e  ( 6 ), m e th a n o l -  
w a te r  ( 7 ) ,  e th a n o l  ( 8 ), b e n z e n e - c a r b o n  te t r a c h lo r id e  (9 ) ,  o r  b e n z e n e  (1 0 ) .  d M e l t in g  p o in t  o f  t h e  a n a ly t ic a l  s a m p le  u n le s s  
in d ic a te d  o th e r w is e .  T h e  m e l t in g  p o in t  in  p a r e n th e s e s  h a s  b e e n  p r e v io u s ly  r e p o r te d .  • R .  B . K e l ly ,  W . I .  T a y lo r ,  a n d  K .

were readily prepared by the dimethylformamide- 
sodium methoxide procedure, the reaction usually 
led to complex mixtures when applied to nitro- 
anilines. The difficulty experienced with nitro 
compounds was attributed to additional reactions 
involving methoxide and was not further investi
gated. Attempts to formylate, for example, 3,4- 
diehloroaniline with dimethylformamide in the 
absence of sodium methoxide or by substituting 
sodium hydroxide for the alkoxide were unsuccess
ful. Heating at reflux for periods up to ninety hours 
resulted only in recovery of starting aniline. For- 
mylation of 2,5-dimethoxyaniline with dimethyl
formamide using either sodium amide or hydride 
in place of sodium methoxide resulted in increased 
yield of formanilide III. These experiments served 
to approximately define the base requirements of

0

Nil-, 0 N H CH

^XOCH, 1!
I HCN(CH,)2-

e.n r j X O C H

III

the reaction and were not pursued further in the 
present study.

The dimethylformamide-sodiuin methoxide for
mylation react^n was easily extended to the syn
thesis of Ar-phenyl-p-ami noform anilide, 4,4'-di- 
formamidodiphenylsulfone (II), a-formamidonaph- 
thalene, and 8-formamido-2-naphthol from the cor
responding amines.
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T a b l e  I  '(Continued)

C a rb o r . H y d r o g e n B r o m in e C h lo r in e F lu o r in e N i t r o g e n

C a le d . F o u n d C a le d . F o u n d C a le d .  F o u n d C a le d . F o u n d C a le d . F o u n d C a le d . F o u n d

7 2 .4 6 7 2 .3 5 7 .4 3 7 . 4 9 9 .9 3 9 .3 6

6 0 .4 2 5 9 .9 9 4 .3 5 4 .3 0 1 0 .0 7 1 0 .2 7
6 0 .4 2 6 0 .3 7 4 .3 5 4 .2 9

5 0 .8 0 5 1 .0 2 3 .1 9 3 .2 7 3 0 .1 3 2 9 .8 9 7 .4 0 7 .4 1

3 4 .0 4 3 3 .7 1 2 .4 5 2 .2 7 5 .6 7 5 .8 4
7 2 .4 5 7 2 .1 3 7 .3 0 7 .3 1 , 9 .3 8 9 .4 1
7 2 .4 5 7 2 .4 3 7 .3 0 7 .2 6 9 .3 8 9 . 5 4
6 5 .4 4 6 5 .3 1 6 .7 1 6 .5 6 8 .4 8 8 .5 9
5 9 .6 5 5 9 .4 8 6 .1 2 6 .0 5 7 .7 2 7 .9 0
5 9 .6 5 5 9 .4 4 6 .1 2 6 .1 8 7 .7 2 7 .7 3
6 3 .1 0 6 2 .9 7 7 .2 2 7 .0 0 6 .6 9 6 .8 3
6 2 .7 3 6 2 .8 6 5 .2 6 5 .4 5 1 2 .4 1 1 2 .1 1 9 .1 5 8 .9 8
6 2 .7 3 6 2 .8 9 5 .2 6 5 .0 5 1 2 .4 1 1 2 .2 6 9 .1 5 9 .0 1
6 2 .7 3 6 2 .9 4 5 .2 6 5 .3 7 9 .1 5 8 .8 7
4 8 .4 3 4 8 .8 1 2 .9 0 3 .1 0 1 0 .9 5 1 0 .2 8 8 .0 7 7 .6 1
4 2 .0 4 4 2 .2 2 1 .9 6 2 .1 2 5 .4 5 5 .3 9
4 2 .9 9 4 2 .7 4 2 .2 5 2 . 5 8 6 .2 7 6 .2 6
4 2 .9 9 4 2 .4 4 2 .2 5 2 .4 5 6 .2 7 6 .3 0
5 6 .6 5 5 6 .6 0 4 .7 5 4 .6 6 8 .2 6 8 .1 1
5 6 .6 5 5 6 .8 9 4 .7 5 4 .7 6 8 .2 6 7 .9 0
5 6 .6 5 5 6 .5 6 4 .7 5 4 .7 8 8 .2 6 8 .0 4
4 4 .2 4 4 4 .3 0 2 .6 5 2 .9 1 7 .3 7 7 .3 4

4 4 .2 4 4 4 .2 8 2 .6 5 2 .8 5 3 7 .3 2 3 7 .2 1 7 .3 7 7 .2 1
4 4 .2 4 4 4 .3 9 2 .6 5 2 .6 6 7 .3 7 7 .2 0
3 0 .1 4 3 0 .0 0 1 .8 1 1 .7 8 5 7 .2 9 5 7 .0 7 5 .0 2 4 .7 3
3 0 .1 4 3 0 .1 0 1 .8 1 1 .8 7 5 7 .2 9 5 7 .0 0 5 .0 2 4 .9 0
5 0 .1 3 4 9 .8 2 4 .6 7 4 .7 7 6 .4 9 6 .1 8
5 0 .1 3 4 9 .8 5 4 .6 7 4 . 6 4 1 6 .4 4 1 6 .2 7 6 .4 9 6 .2 6
5 0 .1 3 5 0 .1 3 4 .6 7 4 .5 5 1 6 .4 4 1 6 .5 6 6 .4 9 6 .3 2
3 7 .4 5 3 7 .7 2 1 .7 9 2 .0 1 6 .2 4 6 .3 9

W ie s n e r ,  . / .  Ckem. Soc., 2 0 9 4  ( 1 9 5 3 ) .  f  S . S u g a s u w a  a n d  H . S h ig e h a r a ,  Yakugaku Zasshi, 6 2 , 531  (1 9 4 2 ) ;  Ckem. Abstr., 45 , 
2861  (1 9 5 1 ) . a H .  R h e in b o ld t  a n d  A . L e v y ,  Univ. Sao Paulo, Faculdade filoso/., cieno, e letras, Bol. No. 129, Química N o .  3, 
6 9  ( 1 9 5 1 ) ;  Chem. Abstr., 4 6 , 7 5 5 2 '( 1 9 5 2 ) .  A M e l t in g  p o in t  o f  t h e  c r u d e  p r o d u c t .  *0 . C . M . D a v is ,  J. Chem. Soc., 9 5 , 1397  
(1 9 0 9 ) . 1 Cf. R e f .  6 . k C . W . H u f fm a n ,  J. Org. Chem., 2 3 , 7 2 7  (1 9 5 8 ) .
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General formylation procedure. T h e  fo llo w in g  g e n e r a l  p r o 
c e d u r e  w a s  e m p lo y e d  f o r  p r e p a r a t io n  o f t h e  fo rm a n i l id e s  
d e s c r ib e d  in  T a b le  I .  S o d iu m  m e th o x id e 8 (0 .3  m o le )  w a s  
a d d e d  t o  t h e  a m in e  (0 .1 5  m o le ) ,  d is s o lv e d  in  15 0  m l. o f 
d im e th y l f o r m a m id e 9 a n d  t h e  r e s u l t in g  m ix tu r e  w a s  h e a t e d  a t

( 7 )  T h e  in f r a r e d  s p e c t r u m  o f  e a c h  p u r e  c o m p o u n d  w a s  
r e c o r d e d  a n d  f o u n d  t o  b e  c o n s i s te n t  w i t h  t h e  a s s ig n e d  s t r u c 
t u r e .  M e l t in g  p o in t s  w e re  o b s e rv e d  u s in g  o p e n  K im b le  g la s s  
c a p i l la r ie s  a n d  a r e  u n c o r r e c te d .  M ic ro a n a ly s e s  w e re  p r o 
v id e d  b y  D r .  A . B e r n h a r d t ,  M a x - P la n c k  I n s t i t u t ,  M ü lh e im , 
G e r m a n y .  S e v e r a l  o f  t h e  f lu o r in e - c o n ta in in g  a n i l in e s  w e re  
g e n e ro u s ly  p r o v id e d  b y  L . F .  L o u tr e l ,  J r . ,  M a u m e e  C h e m i
c a l  C o .

(8 )  D r y  s o d iu m  m e th o x id e  p r e p a r e < # in  t h e  l a b o r a to r y  
w a s  f o u n d  t o  b e  t h e  m o s t  r e l ia b le  r e a g e n t .  S e v e r a l  r e c e n t ly  
p u r c h a s e d ,  a n d  p r e v io u s ly  u n o p e n e d ,  c o m m e rc ia l  s a m p le s  
o f  s o d iu m  m e th o x id e  g a v e  c o m p a r a b le  r e s u l t s .  T h e  f o r m y la 
t i o n  r e a c t io n  f a i le d  w h e n  p o o r e r  q u a l i t y  a lk o x id e  w a s  u s e d .

re f lu x  f o r  3 0  m in .  D im e th y la m in e 10 w a s  r a p id ly  e v o lv e d  
d u r in g  t h e  f i r s t  15 t o  2 0  m in . T h e  h o t  r e a c t io n  m ix tu r e  w as 
d i lu te d  w i th  3 0 0  t o  8 0 0  m l. o f w a te r ,  c o o le d  a n d  u s u a l ly  
r e f r ig e r a te d  o v e r n ig h t  b e f o re  c o l le c t in g  t h e  p r o d u c t .11

(9 )  C o m m e r c ia l  d im e th y l f o r m a m id e  w a s  c o n v e n ie n t ly  
d r ie d  b y  a l lo w in g  i t  t o  r e m a in  f o r  4 8  h r .  in  c o n ta c t  w i th  
F is c h e r  S c ie n tif ic  C o . M o le c u la r  S ie v e  T y p e  4 A . T h is  p r o 
c e d u r e  is  b a s e d  o n  u n p u b l i s h e d  e x p e r im e n ts  p e r fo r m e d  b y  
D r .  J .  L . W o lfh a g e n  o f  t h i s  l a b o r a to r y .  A d d i t io n a l  p u r i 
f ic a t io n  w a s  f o u n d  t o  b e  u n n e c e s s a ry .

(1 0 )  I n  s e v e ra l  c a s e s  t h e  a m in e  w a s  g u id e d  in to  d i lu te  
h y d r o c h lo r ic  a c id  s o lu t io n  a n d  id e n t i f ie d  a s  d im e th y la m in e  
h y d r o c h lo r id e .

(1 1 )  T h e  y ie ld  o f  s e v e ra l  f o rm a n i l id e s  a p p r e c ia b ly  s o lu b le  
in  t h e  a q u e o u s  m ix tu r e  w a s  im p r o v e d  b y  r e m o v in g  ca. 
h a l f  o f  t h e  r e a c t io n  s o lv e n t  in vacuo b e fo re  d i lu t io n .  W h e n  
c a r e f u l ly  p u r i f ie d  a m in e  s t a r t i n g  m a te r i a l  w a s  e m p lo y e d , 
t h e  c r u d e  fo rm a m id e  w a s  g e n e r a l ly  u n a c c o m p a n ie d  b y  a  
d e t e c t a b l e  ( m e l t in g  p o in t  d e t e r m in a t io n )  a m o u n t  o f  im 
p u r i ty .
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Formylation of 2,5-dimethoxyaniline in the presence of 
sodium hydride or sodium amide. T o  a  s o lu t io n  o f 2 ,5 -d i-  
m e th o x y a n i l in e  ( 1 2 . 1  g .)  in  150  m l. o f d im e th y l f o r m a m id e  
( u n d e r  n i t r o g e n )  w a s  a d d e d  6 .8  g. o f a  5 3 %  d is p e rs io n  o f 
s o d iu m  h j ’d r id e  i n  o il . 12 T h e  m ix tu r e  w a s  h e a t e d  a t  re f lu x  fo r  
2 0  m in .,  c o o le d  ( i c e - b a th )  a n d  th e n  c a u t io u s ly  t r e a t e d  w i th  
w a te r .  A f te r  h y d r o ly z in g  th e  r e m a in in g  s o d iu m  h y d r id e ,  t h e  
m ix tu r e  w a s  d i lu te d  t o  ca. 1 1. w i th  w a te r  a n d  r e f r ig e r a te d  fo r  
10 h r .  T h e  c r y s ta l l in e  2 ,5 - d im e th o x y f o r m a n i l id e  w e ig h e d
10 .3  g. ( 6 2 % ) ,  m .p . 7 8 -7 9 .5 °  (e / .,  T a b le  I ) .

W h e n  a n  e q u iv a le n t  q u a n t i t y  o f  c o m m e rc ia l  ( F i s h e r  
S c ie n tif ic  C o .)  s o d iu m  a m id e  w a s  s u b s t i t u t e d  f o r  s o d iu m  
h y d r id e  a n d  th e  r e a c t io n  r e p e a te d  e x a c t ly  a s  d e s c r ib e d  
a b o v e ,  8 .7  g . ( 5 2 % )  o f  2 ,5 - d im e th o x y f o r m a n i l id e ,  m .p . 7 9 -  
8 0 ° , w a s  i s o la te d .

Each of the following formamides was prepared using the 
general sodium melhoxide-dimethylfornmmide procedure. N- 
Phenyl-p-aminoformanilide. T h e  c r u d e  p r o d u c t  p r e p a r e d  
f ro m  2 7 .6  g. o f  p - a m in o d ip h e n y la m in e  r e c r y s ta l l iz e d  f ro m  
m e th a n o l - w a te r  a s  p u r p le  c r y s ta l s  (1 8 .7  g ., 5 9 % ) ,  m .p .  1 7 0 -  
1 7 1 ° . T w o  a d d i t io n a l  r e c r y s ta l l i z a t io n s  f ro m  m e th a n o l -  
w a te r  ( N o r i t - A )  g a v e  p u r e  co lo r le ss  le a f le ts  m e l t in g  a t
1 7 4 .5 -1 7 5 ° .

Anal. C a lc d . f o r  C 13H 12N 2O : C , 7 3 .5 6 ; H , 5 .7 0 ; X ,  13 .20 . 
F o u n d :  C , 7 3 .6 6 ; H ,  5 .7 5 ; N ,  1 3 .1 2 .

4,4'-Diformamidodiphenylstdfone ( I I ) .  C o n v e rs io n  o f 4 ,4 '-  
d ia m in o d ip h e n y ls u l f o n e  ( I ,  4 0  g .)  t o  t h e  c r u d e  l i g h t  b r o w n  
d i f o rm y l  d e r iv a t iv e ,  m .p .  2 4 2 - 2 5 0 °  (4 8  g ., 9 8 % ) ,  w a s  a c 
c o m p lis h e d  in  t h e  u s u a l  m a n n e r .  R e p e a t e d  r e c r y s ta l l i z a t io n  
f ro m  m e th a n o l - w a te r  ( D a r c o )  le d  t o  a  c o lo r le s s  c r y s ta l l in e  
a n a ly t i c a l  s a m p le , m .p . 2 7 3 - 2 7 3 .5 °  ( l i t . , 13 m .p .  2 6 0 .5 ° ) .

Anal. C a lc d . fo r  C i J E U m S :  C , 5 5 .2 6 ; H ,  3 .9 7 ; N ,  9 .2 1 ; 
S , 10 .5 3 . F o u n d :  C , 5 5 .2 2 ; H ,  3 .9 2 ;  N , 9 .1 0 ; S , 10 .5 9 .

cx-Formamidonaphthalene. T h e  c ru d e  f o rm a m id e  d e r iv a 
t i v e  p r e p a r e d  f ro m  20  g . o f a - n a p h th y la m in e  w e ig h e d  19 .7  g. 
( 8 2 .5 % )  a n d  m e l te d  a t  1 3 1 -1 3 5 ° . R e c r y s ta l l iz in g  th e  r e d d is h -  
b ro w n  p r o d u c t  f ro m  b e n z e n e  ( N o r i t - A )  g a v e  c o lo r le s s  n e e d le s  
(1 9 .0  g ., 7 9 .5 % ) ,  m .p . 1 3 8 .5 -1 3 9 .5 °  ( l i t . , 14 m .p .  1 3 8 .5 ° ) .

8-Formmnido-2-naphthol. B e fo re  c o lle c t in g  th e  fo rm a m id e  
( 8 .8  g ., 7 3 % )  d e r iv e d  f ro m  10 g . o f  8 - a m in o -2 - n a p h th o l ,  t h e  
r e a c t io n  m ix tu r e  w a s  co o le d  a n d  a d j u s te d  t o  p H  5 w i th  h y d r o 
c h lo r ic  a c id .  T w o  r e c r y s ta l l i z a t io n s  f ro m  m e th a n o l - w a te r  
( D a r c o )  g a v e  c o lo r le s s  n e e d le s  m e l t in g  a t  2 0 5 .5 - 2 0 7 °  d e c . 
( l i t . , 1 5 m .p .  2 0 5 - 2 0 7 °  d e c .) .

Department of Chemistry
University of Maine
Orono, Me.

(1 2 )  M e ta l  H y d r id e s ,  I n c .
(1 3 )  V . A . Z a so s o v , Zhur. Obshchei Khim., 17 , 471

(1 9 4 7 ) ;  Chem. Abstr., 4 2 , 5 3 4  (1 9 4 8 ).
(1 4 )  G . T o b ia s ,  Ber., 15 , 2 4 4 7  (1 8 8 2 ).
(1 5 )  H .  E .  F ie r z - D a v id  a n d  W . K ü s te r ,  Helv. Chirn. Acta., 

2 2 , 8 2  (1 9 3 9 ).

4-(4-Dimethylaminostyryl)quinolines with a 
Methyl Group on the Styryl Ring1

Carl Tabb Bahner, William Chapman, Jr., Harold 
Lyons, and Lydia M . Rives1

Received May S3, 1960

A series of 4- (4-dimethylaminostyryl) quinolines 
carrying a methyl group on the quinoline ring has 
been reported.2 The series has been extended to 
include compounds carrying methyl groups on the 
ring in the styryl group. These compounds are of 
especial interest because of indications that the 
hydroxylation of certain positions of such com
pounds as p-aminodiphenyl in vivo is involved in 
their carcinogenetic effects.3 It seemed that the 
methyl groups might modify the biological effects 
of the styrylquinolines by blocking or increasing 
hydroxylation at certain positions, or by steric 
effects. Melting points and analyses of the new 
compounds are shown in Table I.

The substituted 4-dimethylaminobenzaldehydes 
required were prepared from the corresponding 
substituted W,Ar-dimethylanilines by the method 
of Campaigne and Archer4 5 or the method of 
Vilsmeier and Haack.6 Attempts to prepare 4- 
dimethylamino-3,5-dimethylbenzaldehyde by these 
methods and by the method of Adams and Cole
man6 were unsuccessful.

The compounds have been tested against Walker 
256 tumors by Professor Alexander Haddow and

(1) T h is  r e s e a rc h  w a s  s u p p o r te d  in  p a r t  b y  g r a n t s  f ro m  
t h e  A m e r ic a n  C a n c e r  S o c ie ty  a n d  t h e  N a t io n a l  I n s t i t u t e s  
o f  H e a l th .  W e  a r e  a ls o  g r a te f u l  f o r  t h e  u s e  o f  t h e  l a b o r a t o r y  
f a c i l i t ie s  o f  t h e  C h e s te r  B e a t t y  R e s e a r c h  I n s t i t u t e  a n d  f o r  
t h e  a s s is ta n c e  o f  M r .  D a v id  H a k im  in  t h e  p r e p a r a t i o n  ®f 
o n e  o f  t h e  c o m p o u n d s  r e p o r te d .

(2) C . T .  B a h n e r ,  C . C o o k , J .  D a le ,  J .  F a in ,  E .  F r a n k l in ,  
J .  C . G o a n , W . S tu m p ,  a n d  J .  W ilso n , J. Org. Chem., 2 2 , 
68 2  (1 9 5 7 ).

(3) A . L . W a lp o le ,  M . H .  O . W ill ia m s , a n d  D . C . R o b e r ts ,  
Brit. J. Ind. Med., 9, 2 5 5 -2 6 3  (1 9 5 2 ).

(4) E .  C a m p a ig n e  a n d  W . L . A rc h e r ,  Org. Syntheses, 3 3 , 
2 7  (1 9 5 3 ).

(5 ) A . V ils m e ie r  a n d  A . H a a c k ,  Ber., 6 0 , 119  (1 9 2 7 ).
(6 ) R .  A d a m s  a n d  G . H . C o le m a n , Org. Syntheses, 2 , 17

(1 9 2 2 ).

T A B L E  I

4-(4-D im ethylaminostyryl) q u in o lin es

R e a c t io n Y ie ld ,
%

C a lc d . F o u n d
S u b s t i t u e n t M .P . M e th o d T im e T e m p . C H X C H N

2 ' - M e t h y l - “ 1 6 3 .5 - 1 6 4 .5 Z n C l22 30  h r . 1 2 0 2 0 8 3 .2 9 6 .9 9 9 .7 1 8 3 .2
8 3 .1

0 . 6

6 . 8

9 .6 0 *

3 '- M e th y l - 1 9 1 .0 - 1 9 3 .0 L e e s e 7 1 h r . 1 4 0 -1 6 0 4 8 3 .3 0 6 .9 9 9 .7 1 8 3 .2 6  
8 3 .5 6

6 .8 5
6 .7 0

C

2 ' , 6 ' - D im e th y l - 1 4 0 .6 - 1 4 1 .9 L e e se 4 0  m in . 1 5 5 -1 6 5 50 8 3 .4 0  
83  * 0

7 .3 3 9 .2 6 8 3 .2 7 7 .2 9 9 .0 3 "
2 ',6 '- D im e th y l -

3 - m e th y l-
130 L e e se 3 h r . 1 5 5 -1 7 0 7 .6 4 8 .8 5 8 3 .8 2 7 .3 5 8 . 9 1 4

a P o s i t io n s  m a r k e d  b y  a  ( ')  a r e  o n  t h e  b e n z e n e  r in g  o f  t h e  s ty r y l  g ro u p . 6 A n a ly s e s  b y  B u r r o u g h s  W e llc o m e  L a b o r a to r ie s .  
c A n a ly s e s  b y  G a lb r a i t h  L a b o r a to r ie s .  *

•  »



JU LY  1 9 6 1 NOTES 2 5 6 7

his associates at the Chester Beatty Research 
Institute. Several of them exhibited antitumor 
activity. The effects of the different locations of 
the alkyl groups are to be discussed in a later 
paper.

Carson-Newman College
Jefferson City, Tenn.
(7) C . T .  B a h n e r ,  C . C o o k , J .  D a le ,  J .  F a in ,  P .  S m ith , 

a n d  J .  W ilso n , J. Org. Chem., 2 3 , 1060  (1 9 5 8 ).

Sodium Hypochlorite Oxidation 

of p-Methylacetophenone

J oseph P . Feifer and William J .  Welstead, J r .

Received August 11, 1960

The recently proposed mechanism for sodium 
hypochlorite oxidations of para-methylene groups in 
acetophenone systems1 (I), expressed in terms of 
the a priori-unlikely2 enolization through the 
para-methylene group (e.g. II) and imputing a 
vital role to the acetyl group1, is not supported by 
experimental evidence.
R C H 2C 6H 4C O C H  
■para

I

RCHoCJhCOOH
I I I

H O O C C d R C O O H  
V

The experiment described below, under identical 
conditions, in which p-toluic acid (Ilia) was iso
lated in 77% yield after seven minutes, and was oxi
dized further to terephthalic acid (V) upon continu
ation of this treatment, demonstrates that in fact 
the vulnerable2 acetyl group does not survive to give 
IV, and thus cannot participate in the oxidation of 
the aryl methyl or methylene group. The steps 
involved therefore are I — III V, and the oxida
tion of the aryl methyl or methylene must be 
explained in terms of the effects of the first-formed 
carboxyl or carboxylate group.

EXPERIMENTAL

orch=(Z) c=c-cH3
I I

RCOCrJhCOCHs
I V

e.g., R = a, H; b, CH3

a n d  a  n i t ro g e n  a tm o s p h e r e .1 A f te r  7 m in .,  a  1 0 0 -m l. a l i q u o t  
u p o n  c o o lin g  a n d  t r e a t m e n t  w i th  s o d iu m  b is u lf i te  a n d  a c id i
f ic a t io n , p r e c ip i t a t e d  0 .4 8  g. ( 7 7 % )  o f p u r e  p - to lu ic  a c id  
( m .p .  1 7 6 -1 7 8 ° , id e n t i f ie d  a s  i t s  a m id e  a n d  a n i l id e ) .  F r o m  
th e  r e m a in d e r  o f  t h e  r e a c t io n  m ix tu r e  a f t e r  2 8  h r . ,  2 .9  g. 
o f  so lid  ( m .p .  > 2 5 0 ° )  w a s  s im i la r ly  o b ta in e d  w h ic h  u p o n  
w a s h in g  w i th  e th e r  t o  r e m o v e  p - to lu ic  a c ic  y ie ld e d  1 .6  g. 
( 3 0 % )  o f p u r e  t e r e p h th a l i c  a c id  (V , s u b i .  > 3 0 0 ° ,  id e n t i f ie d  
a s  i t s  d im e th y l  a n d  d i e th y l  e s te r s ) .  E v a p o r a t i o n  o f  t h e  e th e r  
w a s h in g s  p r o d u c e d  1 .3  g. ( 2 6 % )  of p - to lu ic  a c id  c o n ta in in g  
c h lo r in a te d  im p u r i t i e s  ( id e n t i f ie d  b y  in f r a r e d  s p e c t r u m )  
w h ic h  o n  o x id a t io n  u n d e r  t h e  a b o v e  c o n d i t io n s  g a v e  o n ly  
p u r e  V  ( 6 5 %  b y  w e ig h t) .

( B )  I n  a  s im i la r  o x id a t io n  w i th  a d d e d  b a s e  (4 .1  g . of 
s o d iu m  h y d r o x id e ) ,  a f t e r  10  m in .,  a  1 0 0 -m l. a l i q u o t  y ie ld e d  
0 .6 2  g . ( 9 8 % )  o f  p u r e  p - to lu ic  a c id ,  a n d  th e  r e m a in d e r  e f  t h e  
r e a c t io n  m ix tu r e  a f t e r  4 4  h r .  g a v e  1 .26  g. ( 2 3 % )  o f  p u r e  
t e r e p h th a l i c  a c id  a n d  2 .3 4  g . ( 5 3 % )  o f  p u r e  p - to lu ic  a c id .

Oxidation of p-toluic acid ( I l i a ,  4 .3  g .)  u n d e r  t h e  a b o v e  
c o n d it io n s  w i th o u t  a d ju s t in g  fo r  r e a g e n t  c h a n g e s  e n ta i l e d  in  
t h e  p r im a r y  a n d  r a p id  d e s t r u c t io n  o f  t h e  a c e ty l  g ro u p  
s t a r t i n g  f ro m  l a  (2 4  h r .) ,  g a v e  2 .9 5  g. o f s o l id  ( m .p .  > 2 4 0 ° )  
w h ic h  w a s  p u r if ie d  b y  w a s h in g  w i th  e t h e r  [1 .6 5  g . (3 2 % ) ]  
aD d  id e n t i f ie d  a s  V  b y  in f r a r e d  s p e c t r u m . E v a p o r a t i o n  o f  t h e  
e th e r  w a s h in g s  p r o d u c e d  1 .3  g. o f im p u r e  I l i a .
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V-Chlorinated derivatives of amines can be 
prepared by a number of methods involving hypo- 
chlorous acid or its derivatives.1'2’3 fV-Chloro- 
prlm-alkylidenimines have been prepared by the 
reaction of aldehydes with chloroamine4 and 
V-chloro-sec-alkyhdenimines have been postulated 
as intermediates in the preparation of a-amino- 
ketones from V,V-dichloro-sec-alkylamines.3 The 
preparation of iV-chlorocyclohexanimine has been 
claimed by the reaction of cyclohexanone with 
chloramine.5

We have found that W-chloro-sec-alkylidenimines 
can be prepared from V,W-dichloro-sec-alkylamines 
by the action of bases. For example, V,V-dichloro- 
cyclohexylamine yields W-chlorocyclchexanimine.6 
Such widely different bases as tertiary amines and

Oxidation of p-methylacetophenone ( l a ) .  (A )  A  m ix tu r e  o f
5 .0  g. o f l a  a n d  8 0 0  m l. o f  c o m m e rc ia l  5 %  s o d iu m  h y p o 
c h lo r i te  s o lu t io n  w a s  re f lu x e d  g e n t ly  u n d e r  v ig o ro u s  s t i r r in g

(1) D . D . N e is w e n d e r ,  J r . ,  W . B . M o n iz , a n d  J .  A . D ix o n ,
J. Am. Chem. Soc., 8 2 , 2 8 7 6  (1 9 6 0 ). %

(2 ) Cf. T h e  f i r s t  p o i n t  o f  a t t a c k  o f  h y p o h a l i t e  o n  p - a lk y l -  
a t e d  a c e to p h e n o n e s  is  t h e  a c e ty l  g ro u p . [A . M . V a n  A re n -  
d o n k  a n d  M . E . C u p e ry ,  J. Am. Chem. Soc., 5 3 , 3 1 8 4
(1 9 3 1 ) ;  R ,  C , F u s o n ,  J, Am. Chem. Sot., 5 6 , 141 7  (1 9 3 4 )] ,

( 1 )  A . B e rg , Ann. chim. et phys., 3 ,  2 8 9  (1 8 9 4 ).
(2 )  G . F .  W r ig h t ,  L . K .  J a c k s o n ,  a n d  G . N .  R .  S m a r t ,  

J. Am. Chem. Soc., 6 9 , 1539  (1 9 4 7 ).
(3 )  ( a )  H .  E .  B a u m g a r t e n  a n d  F .  A . B o w e r , J. Am. 

Chem. Soc., 7 6 , 456 1  ( 1 9 5 4 ) ;  ( b )  H .  E .  B a u m g a r t e n  a n d  
J .  M . P e te r s e n ,  J. Am. Chem. Soc., 8 2 , 4 5 9  (1 9 6 0 ).

( 4 )  C . R .  H a u s e r ,  J. Am. Chem. Soc., 5 2 , 11 0 8  (1 9 3 0 ).
( 5 )  B .  R u d n e r  ( t o  W . R .  G r a c e  &  C o .) ,  U . S . 2 ,8 9 4 ,0 2 8

(1 9 5 9 ), " C y c lo h e x y l id e n e im in o  C o m p o u n d s .”
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potassium hydroxide in aqueous dioxane can be 
used successfully.

Certain aromatic IV-chloroimines yield amides 
by a Beckmann rearrangement.6 7 We were unsuc
cessful in attempts to obtain e-caprolactam by 
treatment of N -chi orocycl ohexan imi ne with such 
reagents as sulfuric acid, boron trifluoride, stannic 
chloride, and antimony pentachloride. Only cyclo
hexanone was isolated from the complexes after 
hydrolysis.

We have found that 2-ami nocyclohexanone hy
drochloride33 can be readily converted to 2-amino- 
cyclohexanone oxime hydrochloride. A Beckmann 
rearrangement of this oxime should give either 2- 
oxo-7-aminohexamethylenimine or 2-oxo-3-amino- 
hexamethylenimine. The latter could presumably be 
hydrolyzed to lysine. Paper chromatographic 
analysis of the products of an attempted Beck
mann rearrangement of the oxime showed no nin- 
hydrin-positive compounds, indicating that 2- 
oxo-7-aminohexamethylenimine was probably 
formed and was hydrolyzed to the gem-diamino 
derivative which would be expected to lose am
monia and be hydrolyzed to adipaldehydic acid. 
The presence of ammonia was noted during addi
tion of base to the acid treated oxime. This direc
tion of ring opening parallels the results of McLaren 
and Ungnade with 2-alkylcyclohexanone oximes.8

EXPERIMENTAL

Preparation of N-chloroimines. ( a )  Triethylamine method. 
T o  a  s o lu t io n  o f t r i e th y l a m in e  in  a  s o lv e n t  s u c h  a s  d r y  h e x a n e  
o r  b e n z e n e  w a s  a d d e d  a n  e q u im o la r  a m o u n t  o f  t h e  A7,IV- 
d ic h lo r o a m in e .  T h e  s o lu t io n  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  
f o r  a  s h o r t  t im e  a n d  t h e n  a t  re f lu x  t e m p e r a t u r e  f o r  1 -3  h r .  
T h e  a m in e  s a l t  w a s  f i l te r e d  o ff a n d  t h e  f i l t r a t e  w a s  d is t i l le d  
a t  r e d u c e d  p re s s u re .

( b )  Potassium hydroxide method. T o  a  s o lu t io n  o f p o ta s s iu m  
h y d r o x id e  in  a q u e o u s  d io x a n e  (0 .1  m o le  p e r  120  cc . o f  w a te r  
a n d  2 0 0  cc . o f  d io x a n e )  w a s  a d d e d  a n  e q u im o la r  a m o u n t  o f 
t h e  JV ,A f-d ich lo ro a m in e  w i th  v ig o r o u s  s t i r r in g ,  m a in ta in in g  
t h e  t e m p e r a t u r e  b e lo w  3 5 °  d u r in g  t h e  a d d i t i o n  a n d  d u r in g  a  
s u b s e q u e n t  1 5 -3 0  m in . r e a c t io n  p e r io d .  T h e  s o lu t io n  w a s  
s a t u r a t e d  w i th  a m m o n iu m  c h lo r id e  a n d  e x t r a c t e d  th o r o u g h ly  
w i th  e th e r .  T h e  c o m b in e d  e x t r a c t s  w e re  d r ie d  a n d  d is t i l le d  
f ro m  a  w a te r  b a t h  a t  r e d u c e d  p r e s s u re .

N-Chlorocyclohexanimine. T h is  c o m p o u n d  w a s  p r e p a r e d  in  
5 2 %  y ie ld s  b y  m e th o d  ( a )  a n d  3 0 %  y ie ld s  b y  m e th o d  ( b ) .  
I t  h a d  b .p .  3 3 - 3 5 0/ l  m m .,  re2D5 1 .50 5 3 .

Anal. C a lc d . f o r  C eH 10C lN :  C , 5 4 .7 6 ; H ,  7 .6 6 ; C l, 2 6 .9 5 . 
F o u n d :  C , 5 4 .0 9 ; H ,  7 .4 5 ; C l, 2 6 .4 2 .

I t s  i n f r a r e d  a b s o r p t io n  s p e c t r u m  w a s  c o n s i s te n t  w i th  a n  
IV -c h lo ro im m e  s t r u c t u r e  a n d  i t  c o u ld  b e  h y d r o ly z e d  t o  c y c lo 
h e x a n o n e ,  id e n t i f ie d  a s  i t s  2 ,4 - d in i t r o p h e n y lh y d r a z o n e .

N-Chloroisopropylidenimine. T h is  c o m p o u n d  w a s  p r e 

( 6 )  IV -C h lo ro c y c lo h e x a n im in e  w a s  s u b s e q u e n t ly  p r e p a r e d  
in d e p e n d e n t ly  b y  W . S . K n o w le s  a n d  G . A l t ,  J. Org. Chem.., 
2 5 , 2 0 4 7  ( 1 9 6 0 ) ,  a n d  s h o w n  t o  b e  a n  i n t e r m e d ia t e  in  t h e  
t r a n s f o r m a t io n  o f W ,iV -d ic h lo ro c y c lo h e x y la m in e  t o  2 - a m in o -  
c y c lo h e x a n o n e .

( 7 )  W . T h e i la c k e r  a n d  H .  M o h l ,  Ann. der Chem., 5 6 3 , 
9 9  (1 9 4 9 ) .

( 8 )  A . D .  M c L a r e n  a n d  H .  E .  U n g n a d e ,  J. Org. Chem., 
1 0 , 2 9 J 1 9 4 5 ) .

p a r e d  in  4 0 %  y ie ld s  b y  m e th o d  ( a ) .  I t  h a d  b .p .  5 4 - 5 5 7 1 0 0  
m m .

Anal. C a lc d . fo r  C 3H 6C 1 N : C , 3 9 .4 6 ;  H , 6 .6 1 ; C l, 3 8 .7 4 ;  
N , 1 5 .3 1 . F o u n d :  C , 3 9 .5 9 ; PI, 6 .8 2 ; C l, 3 8 .4 1 ; N ,  15 .4 1 .

H y d r o ly s i s  w i th  d i l u t e  a c id  g a v e  a c e to n e ,  id e n t i f ie d  a s  i t s
2 ,4 - d in i t r o p l ie n y lh y d r a z o n e .

2-Aminocyclohexanon.e oxime hydrochloride. 2 -A m in o e y c lo -  
h e x a n o n e  h y d r o c h lo r id e 3“ (9  g ., 0 .0 6  m o le )  in  15 cc . o f  w a te r  
w a s  a d d e d  t o  4 .9  g . (0 .0 7  m o le )  o f  h y d r o x y la m in e  h y d r o 
c h lo r id e  a n d  3 .2  g . (0 .0 3  m o le )  o f  s o d iu m  c a r b o n a te  in  10  cc . 
o f  w a te r .  T h e  s o lu t io n  w m  w a r m e d  o n  t h e  s t e a m  b a t h  1 .5  
h r . ,  c o o le d  in  ic e , a n d  f i l te r e d . T h e  f i l t r a t e  w a s  c o n c e n t r a t e d  
a n d  f i l te r e d  a g a in .  T h e  t o t a l  so lid s  wre re  d is s o lv e d  in  m e t h 
a n o l ,  t r e a t e d  w i th  a c t i v a t e d  c h a r c o a l  a n d  f i l te r e d . E t h e r  w a s  
a d d e d  t o  t h e  f i l t r a t e  t o  p r e c ip i t a t e  t h e  2 - a m in o c y c lo h e x a n o n e  
o x im e  h y d r o c h lo r id e ,  7 .1  g . A  s e c o n d  c r o p  o f  c r y s ta l s  w a s  o b 
t a in e d  b y  c o n c e n t r a t in g  t h e  m o th e r  l iq u o r  a n d  a d d in g  e th e r .  
T o ta l  y ie ld  7 .9  g ., 8 0 % . A n  a n a ly t i c a l  s a m p le  w a s  o b ta in e d  
b y  r e c r y s ta l l i z a t io n  f ro m  m e th a n o l - e th e r  m ix tu r e s .  I t  
m e l te d  a t  2 2 5 °  d e c . I t s  in f r a r e d  s p e c t r u m  w a s  c o n s i s te n t  
w i th  a n  o x im e  s t r u c tu r e .

Anal. C a lc d . f o r  C 6H I3C 1N 20 :  C , 4 3 .7 5 ; H ,  7 .9 5 ;  N ,  1 7 .0 1 . 
F o u n d :  C , 4 3 .9 4 ; H ,  7 .9 6 ; N , 17 .1 6 .

Beckmann rearrangement of 2-aminocyclohexanone oxime 
hydrochloride. O n e  g r a m  o f  t h e  o x im e  w a s  d is s o lv e d  in  1 cc . 
o f  s u lf u r ic  a c id  c o n ta in in g  o n e  d r o p  o f  w a te r .  A f te r  h y d r o g e n  
c h lo r id e  e v o lu t io n  c e a s e d , t h e  s o lu t io n  w a s  h e a t e d  t o  1 2 0 °  
f o r  2  m in .,  c o o le d , d i lu te d  w i th  9 cc . o f  w a te r ,  l e t  s t a n d  s e v e ra l  
h o u r s .  L y s in e  h y d r o c h lo r id e  (0 .1  g .)  w a s  t r e a t e d  in  t h e  s a m e  
w a y ,  a s  a  c o n t r o l .  T h e  s o lu t io n s  w e re  t r e a t e d  w i th  s a t u r a t e d  
b a r iu m  h y d r o x id e  s o lu t io n  a t  8 0 °  t o  p H  10 ( “ p H y d r i o n ”  
t e s t  p a p e r )  a n d  c e n t r i fu g e d .  T h e  p H  w a s  a d j u s t e d  t o  5  w i th  
d i l u t e  s u l f u r ic  a c id  a n d  t h e  s o lu t io n s  w e r e  c h r o m a to g r a p h e d  
o n  W h a tm a n  N o . 1 f i l te r  p a p e r  w i th  a  p h e n o l  s o lv e n t .3 T h e  
c h r o m a to g r a m s  w e re  d r ie d , s p r a y e d  w i th  n in h y d r in  s o lu t io n ,  
a n d  d e v e lo p e d  in  a n  o v e n  a t  3 5 °  fo r  1 h r .  A  w e ll d e f in e d  s p o t  
a p p e a r e d  f o r  t h e  ly s in e  c o n t r o l  b u t  n o  s p o t  a p p e a r e d  f o r  t h e  
o x im e  r e a r r a n g e m e n t  p r o d u c t .

I n  a n o t h e r  e x p e r im e n t  a f t e r  t h e  o x im e  h a d  b e e n  h e a t e d  
w i th  a c id  a n d  d i lu t e d  w ith  w a te r ,  c o ld  p o ta s s iu m  h y d r o x id e  
s o lu t io n  w a s  a d d e d  u n t i l  t h e  s o lu t io n  w a s  s t r o n g ly  b a s ic .  
A m m o n ia  w a s  e v o lv e d  a s  e v id e n c e d  b y  i t s  o d o r  a n d  r e a c t io n  
w i th  m o is t  i n d i c a to r  p a p e r  h e ld  a b o v e  t h e  s o lu t io n .

R esea rch  and E n g in ee r in g  D iv isio n
M onsanto C hem ical Co.
D ayton 7, Ohio

( 9 )  R .  J .  B lo c k , R .  L e  S t r a n g e ,  a n d  G . Z w e ig , Paper 
Chromatography, N .  Y . A c a d e m ic  P re s s ,  1 9 5 2 , p .  5 3 .

The Identity of Nottbohm’s 

“ CelTeO” with Sorbanilide

M ordecai B . R ubin  and M . F .  H oover 

Received September 6, 1960

In 1916 Nottbohm1 reported a synthesis of 
dienoic acids by the sequence illustrated. The 
intermediate anilide dianilium sulfonates (II. 
a,b,c) were obtained in good yield as crystalline 
solids. Refluxing these with hydrochloric acid 
followed by refluxing with concentrated sodium 
hydroxide solut^in and acidification afforded the 
dienoic acids in good yield. However, if lia  or lib  
were refluxed with concentrated sodium hydroxide

(1 )  O . N o t tb o h m *  Ann., 4 1 2 , 49  (1 9 1 6 ).
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omitting the hydrochloric acid treatment, crystal
line solids were obtained upon dilution with water. 
Thus, for example, crotonaldehyde (la) led to the 
formation of a substance, m.p. 155-156°, which 
gave negative qualitative tests for sulfur and 
nitrogen and possessed an elementary analysis 
corresponding to the empirical formula C6HeO.

KHSOs
R C H = C H — C H O  ------ —

l a .  R  =  C H ,
b . R  =  C 6H 6
c. R  =  H

S 0 3K  S O sK  1. C IL (C O O H ).
I I ------------------------ >-

R C H — C H 2— C H — O H  2. a

S 0 3K  S O ,K
i 1 CsIUNHi

R — C H — C H 2— C H C H 2C O O H  ------------->

S 0 3- N H 3+C e H 6 S O s^ N H s + C e H s
I I

R C H ------------C H j— C H — C H 2— C O N H C .H ,
I I .  a , b , c

1. HC1
---------------- — >  R — C H = C H — C I I = C I I — C O O H

2. N aO H ; H  +
I I I .  a , b ,  c

We have repeated this series of reactions starting 
with crotonaldehyde and obtained a substance 
with the same melting point and elementary 
analysis which gave at best doubtful qualitative 
tests for nitrogen. In view of (1) the difficulty 
of accommodating a transformation of Ila  to 
(C6H60)„, (2) the similarity of the melting point 
with that reported for sorbanilide,1 2 and (3) the 
very similar elemental analysis of CeH60  and sor
banilide (C^HisNO), we were led to compare the 
two substances in spite of the dubious tests for 
nitrogen. Mixture melting point and infrared 
spectral comparison with an authentic sample of 
sorbanilide2 proved the identity of the two sub
stances.

The explanation for the formation of sorbanilide 
presumably lies in the relative rates of elimination 
vs. amide hydrolysis and the fortuitous choice of 
reaction time by Nottbohm. Essentially all the 
material not converted to sorbanilide by refluxing 
Ila with sodium hydroxide solution was obtained 
as sorbic acid by acidification of the alkaline fil
trate. Attempts to characterize the product formed 
from Ila  with hydrochloric acid were not success
ful.

Nottbohm also reported formation of a substance,
m.p. 188°, C9H80, from cinnammaldehyde (lb). 
This appears likely to be the unreported anilide of 
5 - phenyl - 2,4 - pentadienoic acid. (Anal. Calcd. 
for C17H15ON: C, 81.9; H, 6.1; reported by Nott
bohm1; C, 81.8, 81.7; H, 6.2, 6.1 .)

Carnegie Institute op Technology ^
Schenley Park
Pittsburgh 13, P a .

(2 )  0 .  D o e b n c r  a n d  A . W o lf , Her., 3 4 , 2221 (1 9 0 1 ) 
r e p o r t  m .p .  1 5 4 -1 5 6 °  fo r  s o rb a n i l id e .

Tlie Metalation of 

Diphenylferrocenylcarbinol1

Robert A . Benkeser, Walter P . Fitzgerald, and 
Marvin S . Melzer

Received November 14, 1960

I t is known that triphenylcarbinol can be metal- 
ated with n-butyllithium and then carbonated to 
form the lactone of triphenylcarbinol-2,2 '-dicar- 
boxylic acid2 (I).

We are hereby reporting that a somewhat analo
gous reaction occurs with diphenylferrocenylcar
binol. Treatment of the latter compound with n- 
butyllithium, followed by carbonation with Dry 
Ice produced 2-carboxydiphenylferrocenylcarbinol
(II) in 73% yield. When II was heated or treated 
with acid it readily converted to the lactone of 2- 
carboxydiphenylferrocenylcarbinol (III).

The structure of II was clearly indicated by its 
acidic nature and infrared spectrum which showed 
a strong carboxyl band at 5.95 p and bands at 9 and 
10 n indicating an unsubstituted C5 ferrocene ring. 
The ready conversion of II to III places the car
boxyl group at the 2- rather than 3- position rela
tive to the alcohol function.

The structure of III was clearly indicated by its 
elemental analysis, molecular weight and infrared 
spectrum. The latter showed unambiguous five-

(1 )  T h is  r e s e a rc h  w a s  s u p p o r te d  b y  t h e  U n i te d  S ta te i  
A ir  F o r c e  t h r o u g h  t h e  A ir  F o rc e  O ffice  o f  S c ie n tif ic  R e s e a r c l  
o f  t h e  A ir  R e s e a r c h  a n d  D e v e lo p m e n t  C o m m a n d ,  u n d e r  c o n ' 
t r a c t  N o .  A F  4 9 (6 3 8 )-2 9 7 . R e p r o d u c t io n  in  w h o le  o r  in  p a r i  
is  p e r m i t t e d  f o r  a n y  p u r p o s e  o f  t h e  U n i t e d  S t a t e s  G o v e r n 
m e n t .

(2 ) ( a )  I I .  G ilm a n , G . E . B ro w n , F . J .  W e b b , a n d  S . M  
S p a tz ,  J. Am. Chem. Soe., 6 2 , 9 7 7  ( 1 9 4 0 ) ;  (b )  I I .  G ilm a i  
a n d  G . E .  B ro w n , J. Anti. Chem. Soc., 6 2 , 3 2 0 8  (1 9 4 0 ) .
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membered ring lactone absorption at 5.6 p and
ferrocene absorption at 9 and 10 p. The spectrum 
was devoid of —OH absorption.

The metalated diphenylferrocenylcarbinol was 
found to react with methyl iodide producing a 
methylated compound, presumably with, structure
IV.

In order to prove that metalation of the diphenyl
ferrocenylcarbinol had not occurred in one of the 
phenyl rings (paralleling the reaction with tri- 
phcnylcarbinol) rather than in the ferrocene moiety, 
an authentic sample of ferrocenylphenyl-o-tolyl- 
carbinol (V) was synthesized as shown below.

Similarly, treatment of the lactone with phenyl- 
lithium produced bis-1,2-(diphenylhydroxymethyl)- 
ferrocene (VIII) in 97% .yield.

EX PERIM EN TA L

Compound V melted at 125° in contrast to 167° 
(the m.p. of IV) which clearly indicated that the 
site of metalation was in the ferrocene and not the 
phenyl ring.

Compound III exhibited reactions which are 
classical for lactones. When saponified with base 
and treated with p-nitrobenzyl chloride, an ester
(VI) was produced.

I l l
1. k o h -h 2o
2. p-nitrobenzyl

chloride

When treated with lithium aluminum hydride, a 
diol (VII) was formed in quantitative yield.

Diphenylferrocenylcarbinol.. P h e n y l l i th iu m  w a s  p r e p a r e d  in  
d r y  d i e th y l  e t h e r  u n d e r  n i t r o g e n  f ro m  5 .0  g . (0 .7 2  g .- a to m )  
of l i th iu m  w ire  a n d  5 6 .5  g . (0 .3 6  m o le )  o f b r o m o b e n z e n e .  
A  s o lu t io n  o f 3 3 .1  g . (0 .1 2  m o le )  o f b e n z o jd f e r ro c e n e 3 in  
e th e r  w a s  a d d e d  d ro p w is e , a n d  t h e  m ix tu r e  w a s  r e f lu x e d  fo r  
2 4  h r .  u n d e r  n i t r o g e n .  H y d r o ly s i s  w a s  e f fe c te d  w i th  w a te r ,  
a n d  t h e  e t h e r  l a y e r  w a s  s e p a r a te d  a n d  d r ie d . R e m o v a l  of 
th e  e t h e r  g a v e  im p u r e  c -arb ino l, w h ic h  a f t e r  c r y s ta l l i z a t io n  
f ro m  h e x a n e  m e l te d  a t  1 3 0 -1 3 1 ° . T h e  y ie ld  wms 7 6 % .

Anal. C a lc d . f o r  C 23H 20F e O :  C , 7 5 .0 1 ; H ,  5 .4 7 . F o u n d :  
C , 7 5 .2 9 ; H ,  5 .2 3 .

2-Carboxydiphenylfcrrocenyicarbinol. n - B u ty l l i th iu m  (0 .1 5  
m o le )  in  e t h e r  w a s  a d d e d  t o  2 2 .7 5  g. (0 .0 6 2  m o le )  o f d ip h e n y l 
f e r r o c e n y lc a r b in o l  a ls o  d is s o lv e d  in  e th e r .  T h e  d a r k  y e l lo w  
s u s p e n s io n  w a s  s t i r r e d  u n d e r  n i t r o g e n  a t  ro o m  t e m p e r a t u r e  
fo r  3 6  h r .  a n d  w a s  t h e n  c a r b o n a te d  w i th  D r y  I c e .  A f te r  
th e  m ix tu r e  h a d  w a r m e d  to  ro o m  te m p e r a tu r e ,  w a t e r  w a s  
a d d e d .  A p p r o x im a te ly  5 g . o f t h e  s t a r t i n g  c a r b in o l  w a s  
r e c o v e re d  f ro m  t h e  e t h e r  la y e r .  T h e  w a t e r  l a y e r  w a s  a c id i 
fied  ( p H  =  1 ) w i th  h y d r o c h lo r ic  a c id  a n d  r a p id ly  e x t r a c t e d  
w i th  e th e r .  T h e  e t h e r  l a y e r  w a s  w a s h e d  e x te n s iv e ly  w ith  
w a te r  t o  r e m o v e  t h e  v a le r ic  a c id  a n d  a n y  r e s id u a l  h y d r o 
c h lo r ic  a c id . E v a p o r a t io n  o f t h e  e t h e r  y ie ld e d  13 g . ( 7 3 % )  
of r e d  c r y s ta l s  m e l t in g  w i th  e f fe rv e s c e n c e  at, 1 3 7 -1 3 9 ° . 
R e c r v s ta l l iz a t io n  o f  t h i s  m a te r i a l  f ro m  e t h e r  r a i s e d  th e  
m e l t in g  p o in t  t o  1 4 4 -1 4 6 °  (e f fe rv e s c e n c e ) .

Anal. C a lc d . f o r  C s tH jo F eO s: C , 6 9 .9 2 ; H ,  4 .8 9 ; F e ,  1 3 .5 5 ; 
m o l. w t .  3 9 5 . F o u n d :  C , 6 9 .3 4 , 6 9 .4 6 ; H ,  5 .6 5 , 5 .6 3 ; F e , 
1 3 .1 6 ; m o l. w t .  ( R a s t ) ,  418 .

W h e n  h e a t e d  a b o v e  1 4 6 °  t h e  l iq u id  m e l t  re so lid if ie d  a n d  
m e l te d  a g a in  a t  2 0 3 -2 0 4 °  ( la c to n e ) .  T h e  a c id  c o u ld  a ls o  b e  
c o n v e r te d  t o  t h e  l a c to n e  b y  v ig o ro u s  s h a k in g  w i t h  a q u e o u s  
h y d r o c h lo r ic  a c id .  I t  a ls o  r e a c te d  in s t a n t a n e o u s ly  w i th  
a q u e o u s  s o d iu m  b ic a r b o n a te  o r  s o d iu m  h y d r o x id e ,  f o rm in g  
a n  e th e r - in s o lu b le  y e llo w  s o d iu m  s a l t .  T h e  f re e  a c id  s h o w e d  a  
s h a r p — O H  b a n d i t  2 .9  m in  t h e  in f r a r e d ,  a s  w e ll a s  a  s t r o n g  
b a n d  a t  5 .9 5  m ( c a r b o x y l)  a n d  t h e  ty p i c a l  9  a n d  10 y b a n d s  o f 
fe rro c e n e . * 2742

(3 ) N .  W e lik } ' ^ lid  E . S . G o u ld , J. Am. Chem. Sec., 7 9 ,
2 7 4 2  (1 9 5 7 ).
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Lactone of 2-Carboxydiphcnylferrocenylearbinol. I f  th e  
c a r b o n a t io n  p r o d u c t  f ro m  a b o v e  w a s  a l lo w e d  to  r e m a in  in  
c o n ta c t  w i th  t h e  h y d r o c h lo r ic  a c id  u s e d  t o  a c id i f y  t h e  so lu 
t io n , b r o w n  c r i 's t a l s  w e re  o b ta in e d  u p o n  e v a p o r a t io n  o f t h e  
s o lv e n t .  C r y s ta l l i z a t io n  f ro m  e th e r  p r o d u c e d  a  s o lid  ( 4 0 %  
y ie ld )  w h ic h  m e l te d  s h a r p ly  a t  2 0 0 ° .

Anal. C a lc d . f o r  C24Hi8F e 0 2: C , 7 3 .1 2 ; H , 4 .5 7 ; F e , 14 .17 . 
F o u n d :  C , 7 3 .0 8 ; H , 4 .5 1 ; F e , 14 .0 0 .

T h e  in f r a r e d  s p e c t r u m  o f t h i s  p r o d u c t  s h o w e d  u n a m b ig u 
o u s  f iv e -m e m b e re d  r in g  l a c to n e  a b s o r p t io n  a t  5 .6  y ,  a n d  9 ,1 0  
a  fe r ro c e n e  a b s o r p t io n .  T h e  s p e c t r u m  w a s  d e v o id  o f  — O H  
a b s o rp t io n .

2-Melh yhliphen ylferrocenylca rbin ol. D ip h e n y lf e r r o c c n y l-  
c a r b in o l  (3 0  g . ; 0 .0 8  m o le )  w a s  m e ta l a t e d  w i th  r a -b u ty l l i th -  
iu m  a s  d e s c r ib e d  a b o v e .  T o  t h i s  p r o d u c t  w a s  a d d e d  118  g. 
(.0.8 m o le )  o f d r y  m e th y l  io d id e  in  e th e r .  A f te r  s p o n ta n e o u s  
re f lu x  s u b s id e d , t h e  m ix tu r e  w a s  r e f lu x e d  u n d e r  n i t r o g e n  fo r  
24  h r .  H y d r o ly s is  w i th  w a te r  w a s  fo llo w e d  b y  s e p a r a t i o n  a n d  
d r y in g  o f  t h e  e t h e r  l a y e r .  E v a p o r a t i o n  o f  t h e  s o lv e n t,  
y ie ld e d  21 g . ( 6 9 % )  o f  a m b e r  c r y s ta l s ,  w h ic h , a f t e r  c r i ’s ta l -  
l iz a t io n  f ro m  e th e r ,  m e l te d  s h a r p l y  a t  1 6 7 ° .

Anal. C a lc d . f o r  C h H o o F e O : C , 7 5 .3 9 ; H , 5 .8 0 ; F e , 1 4 .6 1 . 
F o u n d :  C , 7 5 .1 1 ; H , 5 .8 1 ; F e , 14 .5 3 .

T h e  in f r a r e d  s p e c t r u m  o f  t h i s  m a te r i a l  s h o w e d  a  s t r o n g  
— O H  b a n d  a t  2 .8  y ,  r in g  m e th y l  a b s o r p t io n  a t  7 .2  y  ( a b s e n t  
in  t h e  s p e c t r u m  o f  t h e  p a r e n t  c a r b in o l ) ,  a s  w e ll a s  t h e  f e r r o 
c en e  a b s o r p t io n  a t  9  a n d  10 n.

Ferrocenylphenyl-o-tolylcarbinol. o - to ly l l i th iu m  w a s  p r e 
p a r e d  b y  a d d in g  8 5 .5  g . ( 0 .5  m o le )  o f  o -b ro m o to lu e n e  in  60  
m l. o f  e th e r  t o  7 .8  g. (1 .2  g .- a to m s )  o f  l i t h iu m  w ire  i n  e th e r  
u n d e r  n i t ro g e n .  A n  e th e r e a l  s o lu t io n  o f  18  g. (0 .0 6 2  m o le )  of 
b e n z o y lf e r ro c e n e  w a s  a d d e d  a t  a  d r o p w is e  r a t e  t o  t h e  
o - to ly l l i th iu m  a t  ro o m  te m p e r a tu r e .  T h e  m ix tu r e  w a s  s t i r r e d  
a t  ro o m  t e m p e r a t u r e  f o r  2 4  h r .  a n d  th e n  r e f lu x e d  a n  a d d i 
t io n a l  4  h r .  A f te r  h y d r o ly s is  w i t h  w a te r ,  th e  e th e r  l a y e r  w a s  
s e p a r a te d  a n d  d r ie d .  R e m o v a l  o f t h e  s o lv e n t  d e p o s i te d  1 8 .0  
g. ( 8 0 % )  of a  y e l lo w  s o l id  m e l t in g  a t  1 2 4 -1 2 7 ° . T h is  m a te r ia l  
w as  p la c e d  o n  a n  a lu m in a  c h r o m a to g r a m  c o lu m n , d e v e lo p e d  
w i th  b e n z e n e  a n d  e lu t e d  w i th  e th e r .  T h e  a n a ly t i c a l  s a m p le  
m e l te d  a t  1 2 4 -1 2 5 ° .

Anal. C a lc d . fo r  C s H K F e O :  C , 7 5 .3 9 ; H , 5 .8 0 ; F e , 14 .6 1 . 
F o u n d :  C , 7 5 .5 9 ; H ,  5 .7 1 ; F 'e, 14 .83 .

A n  in f r a r e d  s p e c t r u m  o f  t h i s  c o m p o u n d  s h o w e d  a n  — O H  
s t r e t c h  a t  2 .9  y ,  m e th y l  c o m p re s s io n  m o d e s  a t  6 .9  y  ( s y m .)  
a n d  7 .2 4  y  ( a n t i s y m .)  a s  w e ll a s  t h e  9  a n d  10 y  p e a k s  c h a r a c 
te r i s t i c  o f fe r ro c e n e .

%-Hydroxymethyldiphenylferrocenylcarbinol. A  0 .6 -g . s a m 
p le  (0 .0 0 2 5  m o le )  o f  t h e  p u r e  l a c to n e  in  e t h e r  w a s  t r e a t e d  
w i th  a n  e th e r e a l  s o lu t io n  o f 0 .5  g . (0 .0 1 3  m o le )  o f l i th iu m  
a lu m in u m  h y d r id e  u n d e r  n i t ro g e n .  T h e  a m b e r  s o lu t io n  
r a p id ly  c h a n g e d  i n to  a  y e l lo w  s u s p e n s io n  a c c o m p a n ie d  b y  
s p o n ta n e o u s  re f lu x . W h e n  th e  re f lu x  s u b s id e d ,  t h e  m ix tu r e  
w as re f lu x e d  f o r  2 4  h r .  T h e  e x c e s s  h y d r id e  w a s  d e s t r o y e d  
w i th  e t h y l  a c e t a t e  a n d  w a te r  w a s  a d d e d .  T h e  e th e r  l a y e r  w as  
s e p a r a te d ,  a n d  t h e  s o lv e n t  w a s  r e m o v e d  u n d e r  v a c u u m .  A  
y e llo w  s o l id  (0 .6  g .)  w a s  d e p o s i te d  m e l t in g  in  t h e  c r u d e  
s t a te  a t  1 4 5 ° . A f te r  r e c r y s ta l l i z a t io n  f ro m  e th e r ,  t h e  y e llo w  
c r y s ta l s  m e l te d  a t  1 4 6 ° . T h e  y ie ld  w a s  q u a n t i t a t i v e .

Anal. C a lc d . f o r  C h d T jF e lL :  C , 7 2 .3 0 ; H , 5 .5 5 . F o u n d :  C . 
7 2 .1 0 ; H ,  5 .8 0 .

T h e  in f r a r e d  s p e c t r u m  of th i s  m a te r i a l  s h o w e d  s t r o n g  
- -O H  a b s o r p t io n  a t  2 .9  y a n d  t h e  c h a r a c te r i s t i c  9 y  a n d  10 y  

b a n d s  o f  f e r ro c e n e .
his-1,3-(Dipheiiylhydroxyiiii'lh yl )fcrro-enc. A p p r o x im a te ly  

0.1 m o le  o f p h e n y l l i t h iu m  in  e t h e r  w a s  a d d e d  d r o p w is e  t o  a n  
e th e r e a l  s o lu t io n  o f  1 .0  g. (0 .0 0 2 5  m o le )  o f t h e  l a c to n e  u n d e r  
n i t ro g e n . S p o n ta n e o u s  re f lu x in g  o c c u r r e d ,  fo llo w e d  b y  th e  
f o rm a t io n  o f  a  y e l lo w  s u s p e n s io n . T h e  m ix tu r e  w a s  s t i r r e d  
fo r 4  h r .  a t  r o o m  t e m p e r a tu r e  a n d  th e n  re f lu x e d  a n  a d d i 
t io n a l  2 0  h r .  A f te r  h y d r o ly s is  w i th  w a lb r ,  fo llo w e d  b y  th e  
u s u a l  w o rk -u p  p r o c e d u r e  a  y ie ld  o f 1 .35  g. ( 9 7 % )  of a  y e llo w  
so lid  m e l t in g  a t  1 9 0 -1 9 2 °  w a s  o b ta in e d .  R e c r y s ta l l iz a t io n  
f ro m  e th e r  y ie ld e d  a  d a r k  y e llo w  c r y s ta l l in e  s o lid  m e l t in g  a t
1 9 5 -1 9 6 ° . '  *

Anal. C a lc d . f o r  C36H3o F e 0 2: C , 7 8 .5 5 ; H ,  5 .4 9 ; F e ,  1 0 .1 5 . 
F o u n d :  C , 7 8 .3 1 ; H , 5 .7 2 ; F e , 9 .9 7 .

T h e  in f r a r e d  s p e c t r u m  s h o w e d  — O H  a b s o r p t io n  a t  2 .8  y  

a s  w e ll a s  t h e  9 a n d  10 y  b a n d s  o f  fe r ro c e n e .
p-Nitrobenzyl ester of 3-carboxyferrocenyldiphenylcarbinol. 

A 2 .0 -g . s a m p le  o f  t h e  l a c to n e  (0 .0 0 5  m o le )  w a s  re f lu x e d  fo r  
40  h r .  in  100  m l. o f 2 0 %  a q u e o u s  p o ta s s iu m  h y d r o x id e  
w h e re u p o n  a  b r ic k - r e d  s u s p e n s io n  f o rm e d . T h e  a lk a l in e  
s o lu t io n  w a s  n e u t r a l i z e d  t o  a  p H  o f  7  w i th  ly y d ro c h lo ric  a c id . 
T h e n  a  s lu r r y  o f  3 .0  g . (0 .0 1 7 5  m o le )  o f  p - n i t r o o e n z v l  c h lo r id e  
in  2 0 0  m l. o f  e th a n o l  w a s  a d d e d .  T h e  m ix tu r e  w a s  n o w  r e 
flu x ed  f o r  2 4  h r .  u n d e r  n i t r o g e n  d u r in g  w h ic h  t im e  a  t a n  
s u s p e n s io n  fo rm e d . T h e  m ix tu r e  w a s  f i l te r e d  a n d  th e  p r e 
c ip i t a te  r e c r y s ta l l iz e d  f ro m  a  la r g e  v o lu m e  of e th a n o l  p r o d u c 
in g  2 .5  g . ( 9 3 % )  o f  a  t a n  so lid . T h is  s o lid  w a s  t r i t u r a t e d  w ith  
t e t r a h y d r o f u r a n  a n d  f i lte r e d . T h e  f i l t r a t e  w a s  e v a p o r a te d .  
T h e  r e s id u e  w a s  w a s h e d  s e v e ra l  t im e s  w i th  e t h e r  a n d  th e n  
r e c r y s ta l l iz e d  f ro m  a c e to n e . I t  m e l te d  a t  2 4 6 c .

Anal. C a lc d . fo r  C 31H 25F e N 0 5: C , 6 8 .0 3 ; H . 4 .5 8 ; N ,  2 .5 6 ; 
F e  10 .21 . F o u n d :  C , 6 7 .6 3 ; H , 4 .8 1 ; N ,  2 .5 4 ;  F e ,  10 .2 7 .

T h e  in f r a r e d  s p e c t r u m  of th i s  c o m p o u n d  s h o w e d  O H —  
a b s o r p t io n  a t  2 .8  y ,  c a r b o n y l  a b s o r p t io n  a t  5 .8 5  y ,  c o n ju 
g a te d  — N 0 2 g r o u p  a t  7 .4  y  a n d  t h e  9 a n d  10 y  b a n d s  of 
fe rro c e n e .

T h e  p - n i t r o b e n z y l  e s te r  w a s  a ls o  p r e p a r e d  b y  t r e a t i n g  3 .5  
g. (0 .0 1 7 5  m o le )  o f  t h e  y e l lo w  s o lid  c a r b o n a t io n  s a l t  f o rm e d  
f ro m  th e  m e ta l a t e d  f e r r o c e n y ld ip h e n y lc a r b in o l  w i th  3 .0  g. 
(0 .0 1 7 5  m o le )  o f p - n i t r o b e n z y l  c h lo r id e  i n  125  m l. o f a n 
h y d r o u s  t e t r a h y d r o f u r a n .  A f te r  4 8  h r .  re f lu x , t h e  m ix tu r e  
w as t r e a t e d  w i th  w a te r ,  c a u s in g  a  b ro w n  s o lid  t o  p r e c ip i 
t a t e .  T h is  s o lid  w a s  d r ie d  a n d  w a s h e d  s e v e ra l  t im e s  w i th  
e th e r  .A f te r  r e c r y s ta l l i z a t io n  f ro m  a c e to n e ,  t h e  o ra n g e  
c r y s ta l s  m e l te d  a t  2 4 6 ° , in  a g r e e m e n t  w i th  t h e  p r e v io u s  
v a lu e . T h is  y ie ld  w a s  3 .8  g . ( 8 9 % ) .
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The end contents of a number of perfluoroalkyl 
/3-diketoncs have been determined by Park and 
co-workers1 using the Kurt Meyer “indirect” 
method. In all cases examined, the % enol was over 
90% and in fact, several values of 120% were 
obtained. Other workers2’3 have reported anomalous 
values of 115-202% enol for /3-diketones in various 
solvents.

In our studies of fluorine-containing /3-kcto esters, 
we were interested in determining the influence 
of y-fluorine substitution on the enol content of 
ethyl acetoacetate (I), which has been shown to pos
sess about 7.5% enol in the pure liquid and 6.9% in 
methanol at 0°.4 The marked dependence of the

( 1 )  J .  D . P a r k ,  H .  A . B ro w n , a n d  J .  R .  L a c h e r ,  J. Am. 
Chem. Soc., 7 5 , 4 7 5 3  (1 9 5 3 ).

( 2 )  K .  M e y e r ,  Ber., 4 5 , 2 8 4 3 , 2 8 4 8 , 2 8 5 8  ( 1 9 1 2 ) .
( 3 )  J .  C . R e id  a n d  M . C a lv in ,  J. Am. Chem. Soc., 7 2 , 

2 9 5 2  (1 9 5 0 ).
(4 )  J .  B . C o n a n t  a n d  A . F .  T h o m p s o n ,  J r . ,  J. Am. 

Chem. Soc., 5 4 , 4 0 3 9  (1 9 3 2 ).
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T A B L E  I

C o m p o u n d
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/C H s O H N  N M R 9  (  P u r e  \

K .  M e y e r  \  S o l v e n t /  \  L i q u i d /

O H

CH3C0 CH,C0 2C2H6 CH3d = C H C 0 2C2H6

OH

CH2F C 0 CH2C0 2C2H5 CH2F C = C H C 0 2C2H6

O H

c h f 2c o c h 2c o 2c 2h 6 c h f 2c ==c h c o 2c 2i i6

O H

C F 3 C 0 C H 2C 0 2C 2H 6 ; z ±  C F 30 = C H C 0 2C 2H 5

6 . 5

5 . 4

9 . 9 - 1 4 . 4

6 . 0 10

7 . 2  ±  0 . 2

53  ±  4

89

keto-enol ratio on solvent has been studied in 
detail.4

We therefore attempted to determine the % 
cnol of ethyl 4,4,4,-trifluoroacetoacetate ( I I )  by 
means of the Meyer technique. In contrast to I, 
it was observed that the rate of bromine addition 
to the double bond of the enol form of II was 
extremely slow, so that the short time interval 
between the addition of bromine and neutraliza
tion of excess bromine was insufficient for reaction 
with the total amount of enol present in the 
original sample. The unexpectedly low enol values 
obtained (10-14%) compared with those reported 
for the fluorinated /3-diketones and the lack of 
reproducibility of our results, led us to seek a more 
reliable method for measuring the keto-enol ratio 
of II.

Since NMR spectra offer a sensitive means for 
detecting protons in different structural environ
ments, we used this technique5 to determine 
quantitatively the per cent enol in I and II, as 
well as in ethyl 4,4-difluoroacetoacetate6 and ethyl
4-fluoroacetoacetate.7 The results are shown in the 
table.

The spectral analyses were carried out on the 
pure liquids and were interpreted by comparing 
half the amplitude of the keto-CH2 peak with the 
amplitude of the enol =  CH peak. The NMR 
method is admirably suited for such determinations 
for it gives reproducible results, obviates the 
anomalies and problems mentioned earlier which 
are associated with the chemical method, and 
offers the further advantage of small sample re
quirements. However, this method fails to elimi
nate true solvent effects, since it is likely that the 
dielectric constants of the esters differ markedly and 
the dipole moments of the enol forms may also 
show considerable differences.8 8 9 10 11

( 5 )  W e  w is h  t o  t h a n k  D r .  J .  N .  S h o o le ry  a n d  M r .  L e  R o y  
J o h n s o n  o f  V a r ia n  A s s o c ia te s , P a lo  A lto ,  C a li f . ,  f o r  r u n n in g  
a n d  i n t e r p r e t i n g  t h e  N M R  s p e c t r a  o f t h e  (3 -keto  e s te r s .

(6 )  E .  T .  M c B e e , O . R .  P ie r c e ,  H . W . K i lb o u r n e ,  a n d
E .  R .  W ils o n , J. Am. Cheni. Soc., 7 5 , 3 1 5 2  (1 9 5 3 ).

(7 )  E .  D .  B e rg m a n n ,  S . C o h e n , a n d  I .  S h a l ia k ,  J. Clicm.
Soc., 3 2 7 8 ( 1 9 5 9 ) .

In each of these compounds the enol form is 
stabilized by hydrogen bonding to the ester car
bonyl oxygen atom. It will be noted, however, that 
the large change in enol content occurs after the 
introduction of the second fluorine atom. While it
would be tempting to propose that O-—H ------F
bonding contributes to further stabilization of the 
ends, as suggested by Park,1 the discontinuity 
in the observed per cent enol values disproves this 
explanation.

One may also postulate that enolization partially 
relieves the strong electrostatic repulsions between 
the carbonyl oxygen (of the keto form) and the 
neighboring fluorine atoms in compound II. 
However, the •—CHF2 and —CH2F groups possess 
group dipole moments which may point away from 
the carbonyl oxygen, thus avoiding 0 —F repulsions. 
If the variation in enol content were due to this 
factor, the discontinuity would occur between the 
—CF3 and —CHF2 analogs, rather than between 
—CHF2 and —CH2F, as observed.8

A consideration worth further examination is 
that the ends probably become increasingly 
acidic as the number of fluorine atoms increases. 
This should lead to increased proton donor capac
ity and to stronger hydrogen bonding to the ester 
carbonyl oxygen.

It is also of interest to note that the enol contents 
of ethyl 4-chloroacetoacetate and ethyl 4,4,4- 
trichloroacetoacetate have been reported11 to be 
10.9% and 40-50%, respectively (Kurt Meyer). 
Halogen substitution on the a- position of /3-

( 8 )  W e  w is h  t o  t h a n k  t h e  re fe re e  f o r  th e s e  i m p o r t a n t  
o b s e rv a t io n s .

( 9 )  T h e  %  e n o l  s h o w n  h e r e  fo r  e th y l  a c e to a c e t a t e  a n d  i t s  
t r if iu o r o  a n a lo g , a s  m e a s u re d  b y  N M R ,  w a s  f i r s t  r e p o r t e d  
a s  N o .  43  in  a  se r ie s  “ T h is  is  N M R  a t  W o r k ,”  V a r ia n  
A s s o c ia te s  T e c h n ic a l  I n f o r m a t io n  B u l le t in ,  V o l. 2 , N o .  2 ,
1958 .

(1 0 )  S l ig h t ly  d i f f e r e n t  v a lu e s  fo r  t h i s  c o m p o u n d  h a v e  b e e n  
f o u n d  b y  t h e  N M R  m e th o d .  Y . M a s u d a ,  K o b e  U n iv e r s i ty ,  
J a p a n ,  p r iv a t e  c o m lh u n ic a t io n ,  r e p o r t s  8 % ;  J .  D .  R o b e r t s ,  
“Nuclear Magnetic Resonance,” M c G ra w -H i l l ,  N e w  Y o r k ,
1959 , p .  6 8 , r e p o r t s  1 0 % .

( 1 1 )  F .  A r n d t ,  L .  L o ew e , a n d  L . C a p u a n o ,  Rev. faculle 
sci. univ. Istanbul, 8 & , 122  (1 9 4 3 ).
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ketoesters lowers the enol/keto ratio. Thus, ethyl 
a-bromoacetoacetate possesses 4% enol character.12 
It has also been shown13 that a, 7-diiluoroaceto- 
acetate contains 5.2% enol.
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An earlier paper described the synthesis of bis- 
(dimethylaminomethyl) derivatives of cyclopro
pane by methylenecyclopropane.2 Their prepara
tion was of interest as they could possibly serve as 
precursors for the hydrocarbons dimethylene- 
cyclopropane and trimethylenecyclopropane, pro
vided their deamination could be achieved via 
either the Hofmann elimination method or the ther
mal decomposition of their V-oxides. However, 
some initial studies in this Laboratory on the de
amination of bis (dimethylaminomethyl) cyclopro
pane, by the above routes, to produce dimethylene- 
cyclopropane, have not been encouraging. I t seemed 
desirable, therefore, to examine carefully the use
fulness of deamination procedures in the synthesis 
of the known simple hydrocarbon methylenecyclo
propane (I). Such a study might provide some 
information pertinent to the optimum experimental 
conditions for effecting deamination to introduce 
ezo-unsaturation in cyclopropane systems.

Demjanow prepared the hydrocarbon I by the 
Hofmann elimination method4 and most recently 
I was obtained in high yield by the decomposition 
of cyclobutanone tosylhydrazone.5 Prior to the 
latter discovery the most convenient route to I

(1 )  T h is  is  t h e  tw e l f th  p u b l ic a t io n  c o n c e r n e d  w i th  t h e  
c h e m is t r y  o f  s m a ll  c a r b o n  r in g s .  F o r  t h e  p r e c e d in g  p a p e r ,  
s e e  A . T .  B lo m q u is t  a n d  E .  A . L a L a n c e t t e ,  J. Am. Chem. 
Soc., 8 3 , 13 8 7  (1 9 6 1 ) .

(2 )  F o r  a  c lo s e ly  r e l a t e d  p a p e r  s e e  A . T .  B lo m q u is t  a n d
D . T .  L o n g o n e , . / .  Am. Chem. Soc., 8 1 , 2 0 1 2  (1 9 5 9 ) .

(3 )  S u p p o r t e d  b y  f u n d s  r e c e iv e d  f ro m  a  D u  P o n t  G r a n t -  
in -A id , S u m m e r , 1 9 5 9 ; D o w  C h e m ic a l  C o . F e llo w , S u m m e r ,
I9 6 0 .

(4 ) N .  J .  D e m ja n o w  a n d  M . D o ja re f fk o , Ber., 5 6 , 2 2 0 8
(1 9 2 3 ).

(5 ) L . F r ie d m a n  a n d  I I .  S h e c h te r ,  J. Am. Chem. Soc., 
8 2 , 1002  (1 9 6 0 ) .

was cyclization, by a modified Freund method, of
3-chloro(2-chloromethyl)-l-propene.6 The most 
complete account of the properties of I are given 
in the report by the Ohio State University workers.6

For the present study dimethylaminomethylcy- 
cylopropane V-oxide (II) was obtained smoothly 
from dimethylaminomethylcyclopropane (III) by 
the procedure described by Cope.7 The tertiary 
amine III was prepared by lithium aluminum hy
dride reduction of V, V-d imethy icyclopropan eca r- 
boxamide (IV). Preparation of IV from cyclopro- 
panecarboxylic acid (V)8 was straightforward.

Thermal decomposition of the N -oxide II was 
effected, over a range of temperature between 135— 
275°, in a nitrogen atmosphere at 3-5 mm., by 
slow, dropwise addition of an aqueous sirup of II 
onto a heated column packed with glass beads. The 
products formed were trapped as described in the 
Experimental Section. All olefinic products were 
initially adsorbed on alumina, then eluted and 
analyzed by vapor phase chromatography and by 
determinations of infrared and mass spectra. 
Three olefins were found as products: the hydro
carbon I together with isobutylene and 1,3- 
butadiene. Decomposition of the V-oxide II to the 
tertiary amine III was not observed. The three 
stated olefins were produced in low conversion and 
in yields which varied from ca. 4-12% with changes 
in pyrolysis temperatures. At best, the hydrocar
bon I was obtained in ca. 6.5% yield at 210°. 
At this temperature, the optimum one for obtaining
I, isobutylene and 1,3-butadiene were each pro
duced in ca. 3% yield.9 It was shown by an inde
pendent experiment that authentic I did not give 
either isobutylene or 1,3-butadiene under the 
pyrolysis conditions.

In conclusion it should be pointed out that the 
thermal decomposition of the amine oxide II con
trasts sharply with similar decompositions of amine 
oxide derivatives of higher ring systems, i.e., 
those with four through seven ring members.10-11'12 
In these systems amine oxide decompositions gen
erally give 60-80% yield of olefin product.

EXPERIMENTAL

Materials. 1 ,3 - B u ta d ie n e  a n d  i s o b u ty le n e ,  o b ta in e d  f ro m  
T h e  M a th e s o n  C o ., w e re  c . r .  g r a d e .  M e th y le n e c y c lo p ro p a n e ,  
p r e p a r e d  a s  d e s c r ib e d  e a r l i e r ,6 w a s  f o u n d  b y  v a p o r  p h a s e  
c h r o m a to g r a p h y  ( V P C )  a n a ly s is  t o  c o n ta in  1 4 %  i s o b u ty le n e .

(6 )  J .  T .  G ra g s o n , K .  W . G re e n le e , J .  M . D e r fe r ,  a n d  
C . E .  B o o r d ,  J. Am. Chem. Soc., 7 5 , 3 3 4 4  (1 9 5 3 ) .

(7 ) A . C . C o p e , N .  A . L e B e l ,  H .- H .  L e e , a n d  W . R .  
M o o re , J. Am. Chem. Soc., 7 9 , 4 7 2 0  (1 9 5 7 ).

(8 ) C . M . M c C lo s k e y  a n d  G . H .  C o le m a n , Org. Syntheses, 
C o ll. V o l. I l l ,  2 21  (1 9 5 8 ).

(9 ) U n d e r  t h e  p y r o ly s is  c o n d i t io n s  d e s c r ib e d  N,N- 
d im e th y lb u ty l a m in e  A - o x id e  g a v e  c o n s i s te n t ly  9 0 - 9 5 %  
p u r e  1 - b u te n e .

(1 0 )  H .  E .  B a u m g a r te n ,  F .  A . B o w e r , a n d  T .  T .  O k a -  
m o to ,  J. Am. Chem. Soc., 7 9 , 3 1 4 5  (1 9 5 7 ).

(1 1 )  A . C . C o p e , C . L . B u m g a r d n e r ,  a n d  E . F .  S c h w e iz e r ,
J. Am. Chem. Soc., 7 9 , 4 7 2 9  (1 9 5 7 ).
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C y c lo p r o p a n e c a r b o n y l  c h lo r id e , 12 13 b .p .  4 6 - 4 8 °  (6 4  m m .)  
a n d  re2D° 1 .44 7 5 , w a s  p r e p a r e d  in  a  s t a n d a r d  w a y  b y  r e a c t io n  
o f  t h io n y l  c h lo r id e  w i th  c y c lo p r o p a n e c a r b o x y l ic  a c id , 8 

b .p . 6 4 - 6 5 °  (3 .8  m m .)  a n d  n 2D° 1 .4 3 8 2 , w h ic h  h a d  b e e n  
p r e p a r e d  f ro m  7 - c h lo r o b u ty r o n i t r i l e 14 o f b .p .  1 0 4 -1 0 7 °  
( 6 0 -6 2  m m .) .

A ',A ’- D im e th y lb u ty l a m in e , 15 b .p .  9 3 - 9 5 °  (7 4 5  m m .)  a n d  
» 0° 1 .3 9 7 0 , w a s  p r e p a r e d  f ro m  r a -b u ty la m in e  ( D is t i l l a t io n  
P r o d u c t s  I n d . )  b y  a  d e s c r ib e d  m e th y la t i o n  p r o c e d u r e . 16 

T h e  t e r t i a r y  a m in e  fo rm e d  a  p i c r a t e  d e r iv a t iv e  o f  m .p . 
9 5 ° , 15 a  m e th io d id e  d e r iv a t iv e  o f m .p .  2 3 0 ° ,17 a n d  a n  A -  
o x id e  w h o s e  p i c r a t e  h a d  m .p . 1 0 7 .5 -1 0 8 ° .

Anal. C a lc d . fo r  C i2H I8N 4O a: C , 4 1 .6 2 ; H , 5 .2 4 . F o u n d :  
C , 4 1 .8 1 ; H , 5 .4 2 .

Instruments. I n f r a r e d  s p e c t r a  w e re  d e te r m in e d  w i th  1 0 -cm . 
g a s  ce lls  w i th  p o ta s s iu m  b r o m id e  w in d o w s  a n d  u s e d  in  
P e r k in - E lm e r  S p e c t r o p h o to m e te r s ,  M o d e ls  21 a n d  “ I n f r a -  
c o r d .”  A ll V P C  w o rk  w a s  d o n e  a t  ro o m  t e m p e r a t u r e  w i th  a  
P e r k in - E lm e r  V a p o r  F r a c to m e te r ,  M o d e l  154  B , f i t t e d  w i th  
a n  a lu m in u m  c o lu m n , 2  m . X 4  m m ., p a c k e d  w i th  d in o n y l  
p h t h a l a t e  (3 0 % . b j 7 w e ig h t )  o n  “ C h r o m a s o rb  W ”  ( J o h n s -  
M a n v i l le ) .  M a s s  s p e c t r a  w e re  d e te r m in e d  w i th  a  C o n s o li
d a t e d  E n g in e e r in g  C o rp . M a s s  S p e c t r o m e te r ,  M o d e l  N o . 
2 1 -4 0 1 , a n d  w i th  a  s p e c t r o m e te r  s p e c ia l ly  d e s ig n e d  a n d  
b u i l t  b y  D r .  R ic h a r d  F .  P o r t e r  o f C o rn e l l .

N,N-Dimethyl cyclopropanecarboxamide ( IV ) .  A n h y d r o u s  
d im e th y la m in e  ( T h e  M a th e s o n  C o .)  w a s  p a s s e d  w i th  s t i r 
r in g , i n to  a  s o lu t io n  o f 4 3 .0  g . (0 .4 2  m o le )  o f c y c lo p r o p a n e -  
c a r b o n y l  c h lo r id e  in  3 0 0  m l. o f b e n z e n e , c o o le d  w i th  a n  ic e  
b a th ,  u n t i l  p r e c ip i t a t i o n  o f d im e th y la m in e  h y d r o c h lo r id e  
w a s  c o m p le te .  F r o m  th e  f i l te r e d , d r ie d  b e n z e n e  s o lu t io n  
th e r e  w a s  o b ta in e d  3 6 .5  g. ( 7 7 % )  o f  t h e  a m id e  I V ;  b .p .  
5 5 °  (1 .5  m m .) ,  n 2D° 1 .4640 .

Anal. C a lc d . fo r  C 6H „ N O :  C , 6 3 .6 0 ; H ,  9 .7 8 ; N ,  1 2 .3 8 ; 
m o l. w t .  113. F o u n d :  C , 6 3 .5 8 ; H , 9 .8 5 ; N ,  1 2 .4 2 ; m o l. w t .  
115.

Dimelhylaminomethylcyclopropane ( I I I ) .  T o  4 .3 6  g. (0 .1 2  
m o le )  o f l i t h iu m  a lu m in u m  h y d r id e  in  6 0  m l. o f  a n h y d r o u s  
e th e r ,  w h ic h  h a d  b e e n  re f lu x e d  3 h r . w i th  s t i r r in g ,  17 .0  g. 
(0 .1 5  m o le )  o f t h e  a m id e  IV  in  6 0  m l. o f  e th e r  w a s  a d d e d  in  
3 0  m in . T h e  m ix tu r e  w a s  re f lu x e d  3 h r . ,  c o o le d  w i th  a n  ice  
b a th ,  a n d  ex cess  h y d r id e  d e c o m p o s e d  b y  c a r e f u l  a d d i t io n  
o f 25  m l. o f  s a t u r a t e d  a m m o n iu m  c h lo r id e  s o lu t io n .  F r o m  th e  
f i l te r e d , d r ie d  e t h e r  s o lu t io n  th e r e  w a s  o b ta in e d  9 .1 2  g. 
( 6 1 % )  of th e  a m in e  I I I ;  b .p .  9 9 - 1 0 0 °  ( 7 5 0 m m .) ,  ay? 1 .4 1 9 4 .4

T h e  -picrate and methiodide derivatives o f t h e  a m in e  I I I ,  
m .p . ’s 1 0 0 - 1 0 1  ° 4 a n d  1 8 0 - 1 8 1 ° ,4 r e s p e c t iv e ly ,  w e re  p r e 
p a r e d  b y  s t a n d a r d  p ro c e d u re s .  T h e  N-oxide derivative of 
t h e  a m in e  I I I  ( I I )  w a s  p r e p a r e d  b y  r e a c t io n  of t h e  a m in e , 
in  tw o  t o  th r e e  t im e s  i t s  v o lu m e  of m e th a n o l ,  w i th  5 0 %  
ex cess  3 5 %  h y d r o g e n  p e ro x id e . A f te r  t h i s  m ix tu r e  h a d  s to o d  
a t  ro o m  t e m p e r a tu r e  fo r  2 4  h r .  ex ce ss  p e r o x id e  w a s  d e s t r o y e d  
b y  t h e  p o r t io m v is e  a d d i t io n  of s m a ll  a m o u n t s  of p l a t i n u m  
b l a c k .7 T h e  f i l te r e d  s o lu t io n  o f t h e  A’-o x id e  I I ,  c o n c e n t r a te d  
t o  a  s i r u p  u n d e r  a n  a i r  s t r e a m ,  w a s  a s s a y e d  b y  c o n v e r s io n  
o f a n  a l iq u o t  t o  t h e  A -o x id e  picrate derivative, m .p .  1 3 1 -  
1 3 1 .5 ° .

Anal. C a lc d . f o r  C i2H i 6N 40 8: Cl, 4 1 .8 6 ; I I ,  4 .6 9 . F o u n d :  
C , 4 1 .9 6 ; H , 4 .6 3 .

Thermal decomposition of the N-oxide I I .  T h e  p r o c e d u r e  
u s e d  w a s  g e n e r a l ly  b a s e d  o n  o n e  d e s c r ib e d  b y  C o p e . 7 

A ll e x p e r im e n ts  w e re  d o n e  a t  t e m p e r a tu r e s  w h ic h  w e re  
v a r ie d  f ro m  1 3 5 °  t o  2 7 5 °  a n d  w i th  s i r u p s  o f t h e  A -o x id e  
w h ic h  c o n ta in e d  0 .0 1 -0 .0 7  m o le  o f th e  c o m p o u n d  I I .

(1 2 ) (a )  A . T .  B lo m q u is t  a n d  Y . C . M e in w a ld , J. Am. 
Chem. Soc., 8 2 , 3 6 1 9  (1 9 6 0 ) ;  lb )  .1. K .  W il l ia m s  a n d  W . B .  
S h a r k e y ,  J. Am. Chem. Soc., 8 1 , 4 2 6 9  (1 9 5 9 ).

(1 3 )  L . H e n r y ,  Chem. Zentr., 1357  (1 9 0 1 ).
( 14) C . F . H . A llen , Org. Syntheses, C o ll. V o l. I ,  156 ( 1941).
( 15) V. A . E n g e lh a r d t ,  J. Ain. Chem. Soc., 7 8 , 107 ( 1956).
(1 6 )  R e f .  8 , p . 723.
(1 7 )  J .  v . B r a u n ,  Ann., 3 8 2 , 17 (1 9 1 1 ).

Apparatus. T h e r m a l  d e c o m p o s i t io n s  w e re  d o n e  in  a  
h e a te d ,  v e r t i c a l  P y re x  t u b e  (2  c m . O .D .)  p a c k e d  w i th  3 -m m . 
g la s s  b e a d s  o v e r  a  45  c m . le n g th .  A m in e  o x id e  s o lu t io n s  w e re  
i n t r o d u c e d  a t  t h e  t o p  o f th e  tu b e  t h r o u g h  a  f i t t e d  f u n n e l  
w h o s e  s te m  e x te n d e d  5 - 1 0  cm . i n to  t h e  c o lu m n  p a c k in g .  
A lso  a t t a c h e d  t o  t h e  t o p  of t h e  c o lu m n  w a s  a  n i t ro g e n  in le t  
l in e , f i t t e d  w i th  a  s u lfu r ic  a c id  b u b b le r  t o  a l lo w  o b s e r v a 
t io n  o f r a t e  o f flow . A t ta c h e d  to  t h e  b o t to m  o f  t h e  p y r o ly s is  
t u b e  w a s  a  se r ie s  o f s ix  t r a p s  u l t im a te ly  jo in e d  t o  a  v a c u u m  
s y s te m . T h e  s ix  t r a p s  c o m p r is e d  t h e  fo llo w in g : tw o  t r a p s  
a t  ca. — 1 6 °  f o r  t h e  c o l le c tio n  o f  n o n o le f in ic  l iq u id  p r o d u c t s ;  
a  U - tu b e  a t  ca. — 6 5 °  p a c k e d  c e n t r a l ly  w i th  4 0  g . o f  a c t i 
v a t e d  a lu m in a  (A lc o a  F -2 0 )  a n d  a t  e a c h  e n d  w i th  D r ie r i t e ;  
a  2 .5  X 3 0  c m ., in d e n te d  o le fin  t r a p  co o led  in  l iq u id  n i t r o g e n ;  
f in a l ly  tw o  a d d i t io n a l  t r a p s  co o led  in  l iq u id  n i t ro g e n .

Procedure. P r io r  t o  t h e  a d d i t io n  o f  A -o x id e  s o lu t io n s ,  th e  
e n t i r e  a p p a r a t u s  w a s  e v a c u a te d  to  3 - 5  m m . p r e s s u re  w h ile  
m a in ta in in g  a  c o n s t a n t  n i t ro g e n  a tm o s p h e re ,  t h e  p y r o ly s is  
tu b e  w a s  b r o u g h t  t o  t h e  d e s ire d  t e m p e r a tu r e  fo r  a  p a r t i c u l a r  
e x p e r im e n t ,  a n d  a l l  t r a p s  w e re  c o o led . T h e  e n t i r e  a p p a r a t u s  
w a s  t h e n  k e p t  a t  a  c o n s t a n t  s t a t e  o f r e a d in e s s  f o r  1 h r .  
F in a l ly ,  b e fo re  d e c o m p o s i t io n  o f t h e  A '-o x id e  o f  t h e  a m in e  
w a s  d o n e , a  c h e c k  e x p e r im e n t  w a s  c a r r ie d  o u t  o n  t h e  d e 
c o m p o s it io n  o f a  k n o w n  q u a n t i t y  o f A ,A - d im e th y lb u ty l -  
a m in e  A -o x id e  t o  m a k e  c e r ta in  t h a t  t h e  a p p a r a t u s  w a s  in  
p r o p e r  w o r k in g  o r d e r .  I n  a ll  s u c h  c h e c k  e x p e r im e n ts  9 0 -  
9 8 %  o f  p u r e  1 - b u te n e  w a s  o b ta in e d ,  a s  i n d i c a t e d  b y  V P C  
a n a ly s is .

T h e  A -o x id e  o f t h e  a m in e , a s  a  s i r u p ,  w a s  t h e n  a d d e d  d r o p -  
w ise  t o  t h e  e v a c u a te d  h e a te d  c o lu m n  a t  a  r a t e  s u c h  t h a t  
d e c o m p o s i t io n  o f e a c h  d r o p  w a s  c o m p le te  b e fo re  m o re  
m a te r i a l  w a s  a d d e d .  T h is  w a s  a s c e r ta in e d  b y  o b s e r v a t io n  of 
t h e  n i t r o g e n  flow  r a te .  A f te r  a d d i t i o n  o f a l l  m a t e r i a l  w a s  
c o m p le te ,  0 .5  t o  1 h r . ,  t h e  c o lu m n  w a s  k e p t  a t  t h e  p r e 
s c r ib e d  t e m p e r a tu r e  fo r  o n e  m o re  h o u r .  T h e n  t h e  v a c u u m  
s y s te m  w a s  d is c o n n e c te d  a n d  t h e  a p p a r a t u s  b r o u g h t  t o  
a tm o s p h e r ic  p r e s s u re  b y  t h e  c o n t in u e d  flow  o f  n i t ro g e n .  
W i th  t h e  flow  of n i t r o g e n  t h r o u g h  t h e  s y s te m  c o n t in u e d ,  
t h e  f i r s t  tw o  t r a p s  w e re  a l lo w e d  to  w a r m  to  ro o m  t e m p e r a 
t u r e  a n d  t h e  U - tu b e  t r a p  w a s  h e a t e d  t o  7 0 °  fo r  6  h r .  T h is  
p r o c e d u r e  r e le a s e d  t h e  o le f in ic  p r o d u c ts  w h ic h  t h e n  c o n 
d e n s e d  in  t h e  s t i l l  co o le d  o le fin  t r a p .

T h e  o le f in  t r a p  w a s  s e p a r a te d  f ro m  t h e  s y s te m  a n d  
a t t a c h e d  t o  a  g a s  b u r e t t  a n d  th e  t o t a l  v o lu m e  of g a s e o u s  
o le f in s  d e te r m in e d .  T h e  m ix tu r e  o f g a s e o u s  o le f in s  w a s  t h e n  
t r a n s f e r r e d  t o  a  5 0 -m l. f la s k  f o r  h a n d l in g  in  s u b s e q u e n t  
a n a ly s is .

Product analysis. T h e  g a s e o u s  o le f in ic  p r o d u c t s  w e re  
a n a ly z e d  b y  V P C  a n d  b y  th e  m e th o d s  of in f r a r e d  a n d  m a s s  
s p e c t r o p h o to m e t r y .  N o n o le f in ic  p r o d u c ts  w h ic h  r e m a in e d  
o n  t h e  c o lu m n  a n d  c o l le c te d  in  t h e  f i r s t  tw o  t r a p s  w e re  
a n a ly z e d  b y  c h e m ic a l  m e th o d s .

I n f r a r e d  a n a ly s is  o f t h e  o le f in ic  p r o d u c ts ,  d e te r m in e d  in  
s a m p le s  a t  1 0 0 - 2 0 0  m m . p r e s s u re  in  a  g a s  ce ll, s h o w e d  t h a t  
t h e  m ix tu r e  c o m p r is e d  i s o b u ty le n e ,  1 ,3 - b u ta d ie n e , a n d  
m e th y le n e c y c lo p r o p a n e .  V P C  a n a l j - s is  c o n f irm e d  th i s  o b 
s e r v a t io n  a n d  a ls o  g a v e  q u a n t i t a t i v e  i n f o r m a t io n  a b o u t  th e  
r e l a t i v e  a m o u n ts  o f th e  th r e e  h y d r o c a r b o n s ;  t h e  r e la t iv e  
a m o u n ts  v a r ie d  d e p e n d in g  u p o n  th e  p y r o ly s is  t e m p e r a tu r e .  
T h e  V P C  s tu d ie s  w e re  c o n f irm e d  b y  s im i la r  s tu d ie s  m a d e  w i th  
a u th e n t i c  s p e c im e n s  o f th e  th r e e  h y d r o c a r b o n s  n a m e d .  
T h e  m a s s  s p e c t r a  o f  p y r o ly s a te  s a m p le s ,  c o r re c te d  f o r  th e  
k n o w n  q u a n t i t y  o f i s o b u ty le n e  a n d  1 ,3 - b u ta d ie n e  p r e s e n t 18 

a s  d e te r m in e d  b y  V P C  d a t a ,  a g r e e d  a t  a l l  a .m .u .  ( 2 9 -5 4 )  
w i th  t h e  s p e c t r u m  o f a u t h e n t i c  m e th y le n e c y c lo p r o p a n e .  
F in a l ly ,  t h e  in f r a r e d  s p e c t r u m  o f m e th y le n e c y c lo p r o p a n e , 19 

i s o la te d  b y  p r e p a r a t iv e  V P C , w a s  id e n t ic a l  w i th  t h a t  o f  a n  
a u th e n t i c  s p e c im e n .

(1 8 ) Catalog of*Mass Spectral Data, A m . P e t .  l u s t .  
R e s e a r c h  P r o j e c t  N o . 44 , C a rn e g ie  I n s t ,  o f T e c h n .

(1 9 ) W e  a r e  in d e b te d  t o  P ro f e s s o r  R ic h a r d  F .  P o r t e r  
a n d  E . E .  Z e lle r  fo ra tile  m a s s  s p e c t r a  d e te r m in a t io n s .
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T r e a t m e n t  w ith  e th a n o l ic  p ic r ic  a c id  o f t h e  n o n o le f in ic  
m a te r ia l  w h ic h  c o l le c te d  in  t h e  f i r s t  tw o  t r a p s  g a v e  n o  in 
s o lu b le  p i c r a t e  d e r iv a t iv e s  c h a r a c te r i s t i c  o f t h e  t e r t i a r y  
a m in e  I I I  o r  i t s  iV -o x id e  I I .  F r o m  a n  e th a n o l ic  w a s h  o f th e  
c o lu m n  i ts e lf ,  h o w e v e r ,  t h e  p i c r a t e  d e r iv a t iv e  o f t h e  o r ig in a l  
a m in e  iV -o x id e  I I  w a s  o b ta in e d .

Thermal stability of methylenecyclopropane. A  ty p i c a l  s a m 
p le  o f o lf in ic  p y r o lv s a t e  w a s  o b s e rv e d  b y  V P C  a n a ly s is  to  
b e  u n c h a n g e d  in  c o m p o s it io n  a f t e r  s t a n d in g  a t  ro o m  t e m 
p e r a tu r e  fo r  tw o  w e e k s . I t  w a s  o b s e rv e d  a ls o , b y  V P C  
a n a ly s is ,  t h a t  a u t h e n t i c  m e th y le n e c y c lo p r o p a n e  u n d e r w e n t  
n o  c h a n g e  w h e n  p a s s e d  t h r o u g h  t h e  c o m p le te  p y r o ly s is  a p 
p a r a t u s  a t  2 1 0 °  a s  w a s  d o n e  w i th  t h e  a m in e  A '-o x id c  I I .

The Baker Laboratory of Chemistry 
Cornell University 
Ithaca, N . Y .
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In considering structures that could have anal
gesic activity, we were attracted to the possibility 
that compounds such as the norbornene derivatives 
IV and V might be of interest. In addition to fulfilling 
the well known structural requirements for analgesic 
activity,1 compounds such as IV and V might fit 
Beckett’s proposed “analgesic receptor site”2 
although the “cavity” between the “flat place” 
and “anionic site” would have to be rather large 
to accommodate the bulk of the norbornene ring. 
Some advantage might be gained also by having 
functional groups fixed in space through their 
attachment to a rigid bicyclic system which would 
make any study of the relationship between con
formation and pharmacological activity more pre
cise.

Synthesis of these structures was approached 
through the cyclopentadiene-phenylmaleic anhy
dride3 Diels-Alder adduct I. Anhydride I was first 
prepared by Miller and Mann4 who characterized 
their product by saponification to the crystalline 
dicarboxylic acid II, which was obtained in 51.5% 
yield. No sterochemical assignment was made to 
this product. Subsequently, Winternitz, Mous
seron, and Rouzier6 reported that cyclopentadiene 
and phenylmaleic anhydride reacted to give a non
crystalline product which upon hydrolysis gave 55% 
of a crystalline mixture of diacids. The Trench

( 1 )  N . B . E d d y ,  Chemistry & Industry, 1402 ( 195!)).
( 2 )  A . H .  B e c k e t t  a n d  A . F .  C a s y , J. Pharm. & Pharma

col., 6, 98 6  (1 9 5 4 ).
(3 )  ( a )  L . E .  M ille r , H .  B . S ta le y ,  a n d  D . J .  M a n n ,  

J. Am. Chem. Soc., 7 1 ,3 7 4  ( 1 9 4 9 ); see  a ls o  ( b )  C . S . R o n d e s -  
v e d t  a n d  A . H . F i lb e y ,  J. Ory. Chcm., I t »  119 (1 9 5 4 ) , n o te  2.

(4 )  L . E . M il le r  a n d  D . J .  M a n n ,  J . Am. Chcm. Soc., 7 2 , 
1484 (1 9 5 0 ).

(5 )  F .  W in te r n i tz ,  M . M o u s s e ro n , a n d  G . R o u z ie r ,  Bull,
soc. chim. France, 17 0  (1 9 5 5 ) . •

workers concluded on the basis of the isolation of 
a bromo acid lactone after bromination of their 
diacid that their crystalline diacid was 70% cis-exo 
and 30% cis-endo (II).

In our hands, the reaction of cyclopentadiene and 
phenylmaleic anhydride under conditions very 
similar to those reported4'6 led directly to 69% of 
pure crystalline endo-anhydride I, m.p. 69-70°. 
We first obtained the crystalline anhydride by 
saponification of the crude adduct to the pure acid 
II (66% yield, m.p. 171-172°) followed by cycli- 
zation with acetyl chloride to the pure anhydride 
(87% yield). Proof for the endo-configuration of 
I is given below.

IV . R 1 = C H 2I ' T ] ,  r 2= c o 2c h 3 

V. R ,  = C H 2b Q ,  R 2 = C H 2O H

Opening the anhydride ring of I with secondary 
amines proved to be surprisingly difficult. In 25% 
aqueous dimethylamine at 55° for many hours as 
well as in anhydrous dimethylamine in a sealed tube 
at 60°, I was uneffected and recovered unchanged. 
The anhydride was also returned in good recovery 
after heating eighteen hours under reflux in pyrroli
dine. However, by dissolving three equivalents of 
sodium hydride in a large excess of pyrrolidine and 
allowing the anhydride to stir in the resulting sus
pension of pyrrolidine salt at room temperature, 
the desired amide acid was obtained in 87% yield. 
Structure III is most probable for this product. 
The em/o-sterochemistry of the carboxyl group 
was proved by conversion to an iodolactone VI. 
This iodolactonization also proves the endo- 
configuration for anhydride function and carboxyl 
groups of I and II. The position of the amide func
tion in III is inferred from the expected attack of 
the pyrrolidine amide anion at the less hindered 
carbonyl group attached to the 3- position of the 
norbornene ring. Only one sharp-melting amide 
acid was obtained, indicating definite selectivity. 
Support for this assignment of the acid and amide 
functions in III is gained by analogy with the reac
tion of phenylsuccinic anhydride with ammonia and



2 5 7 6 NOTES v o l . 2 6

amines which gives exclusively the succinamic acid 
with the phenyl and carboxyl group on the same 
carbon atom.6 Since the anhydride I is opened in 
strong alkali to give the endo-cis diacid II without 
any appreciable isomerization to a irans-diacid, 
the e7ido-configuration for the amide group in III 
is most likely.

The reduction of amide acid III with excess 
lithium aluminum hydride in tetrahydrofuran led 
to amino alcohol V in good yield. This basic product 
was characterized as the fumarate. In pharmaco
logical tests, V showed no analgesic activity.7 
Although in a preliminary experiment, selective 
reduction of III as the sodium salt in tetrahydro
furan with lithium aluminum hydride to the 
amino acid followed by esterification with diazo
methane to the amino ester IV appeared to proceed 
in low yield, it was not pursued further due to the 
lack of analgesic activity for compound V.

EXPERIMENTAL8

Phenyhnaleic anhydride. P h e n y lm a le ic  a n h y d r id e  w a s  p r e 
p a r e d  b y  t h e  m e th o d  o f  M il le r  a n d  M a n n .3a F r o m  5 1 .7  g. 
(0 .2 9 4  m o le )  o f  p h e n y ls u c c in ic  a n h y d r id e  a n d  105  g . (0 .5 8 8  
m o le )  o f  iV -b ro m o s u c c in im id e , t h e r e  w a s  o b ta in e d  3 4 .2  g. 
( 0 7 % )  o f  t h e  a n h y d r id e ,  m .p .  1 2 1 -1 2 3 ° . A s r e p o r t e d  b y  
R o n d e s v e d t  a n d  F i lb e y ,3b th e  u s e  o f  a  n ic h r o m e  w ire  s t i r r e r  
w a s  f o u n d  t o  b e  e s s e n t ia l  t o  t h e  s u c c e ss  o f  t h i s  r e a c t io n .

exo-2-Phenyl-endo-5-norbornene-2,8-dicarboxylic acid an
hydride ( I ) .  A  s o lu t io n  o f  3 4  g. (0 .1 9 5  m o le )  o f  p h e n y lm a le ic  
a n h y d r id e  a n d  2 .5 8  g. (0 .3 9 0  m o le )  o f  f re s h ly  d is t i l l e d  c y c lo -  
p e n ta d ie n e  in  150  m l. o f  b e n z e n e  w a s  s t i r r e d  u n d e r  n i t r o g e n  
a t  ro o m  t e m p e r a t u r e  fo r  22  h r .  a n d  a t  5 0 °  fo r  5 h r .  T h e  s o l
v e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u re  o n  t h e  s te a m  c o n e . 
T h e  o i ly  r e s id u e  c r y s ta l l iz e d  f ro m  e th e r - p e t r o l e u m  e th e r  
( b .p .  3 0 - 6 0 ° ) .T h e  y ie ld  in  th r e e  c r o p s  w a s  3 6 .2  g . ( 7 7 % )  of 
a n h y d r id e  ( I )  m .p .  6 5 - 7 0 ° .

1 'ro m  a n  e th e r - p e t r o l e u m  o th e r  re c ry s ta l l iz a t- io n  o f  0 .1 7  
g . o f  t h e  a n h y d r id e  ( I ) ,  m .p . 6 9 - 7 0 ° ,  th e r e  w a s  o b ta in e d  
0 .0 9  g ., m .p .  6 9 - 7 0 ° ;  X™r 5 .4 1 , 5 .6 1  y ( a n h y d r id e  C = 0 ) .

Anal. C a lc d . f o r  C 15H 120 3: C , 7 4 .9 9 ; H ,  5 .0 3 . F o u n d :  G , 
7 5 .0 0 ;  H ,  5 .2 2 .

I n  t h e  in i t ia l  e x p e r im e n t ,  t h e  t o t a l  n o n c r y s ta l l in e  p r o d u c t  
w a s  s a p o n if ie d  b y  t h e  m e th o d  o f  M il le r  a n d  M a n n 3a to  g iv e  
r e c r y s ta l l iz e d  I I ,  m .p .  1 7 1 -1 7 2 ° , in  6 5 %  y ie ld .  A  s a m p le  o f 
t h e  d ia c id  I I  w a s  c y c liz e d  t o  t h e  c r y s ta l l in e  a n h y d r id e  I ,  
m .p . 6 8 - 6 9 °  b y  re f lu x in g  in  a c e ty l  c h lo r id e . T h e r e a f t e r  t h e  
a n h y d r id e  I  w a s  c r y s ta l l iz e d  d i r e c t ly  f ro m  t h e  D ie ls -A ld e r  
p r e p a r a t io n s .

exo-2-Phenyl-endo-3-pyrrolidinecarbonyl-5-norbornene-endo-
2-carboxylic acid ( I I I ) .  T h i r ty - f iv e  m il l i l i te r s  o f  p y r ro l id in e  
w a s  r e a c te d  w i th  3 .7 5  g . (0 .0 8 1  m o le )  o f  5 3 %  s o d iu m  h y d r i d e -  
m in e r a l  o il. T h e  s u s p e n s io n  w a s  s t i r r e d  fo r  1 h r .  a t  ro o m  
te m p e r a tu r e .  A  t o t a l  o f  6 .5 0  g . (0 .0 2 7  m o le )  o f  a n h y d r id e  I  
w a s  a d d e d  in  p o r t io n s .  T h e  s u s p e n s io n  w a s  s t i r r e d  fo r  1 h r .  
a n d  a l lo w e d  t o  s t a n d  o v e r n ig h t  a t  r o o m  t e m p e r a tu r e .  T h e  
p y r r o l id in e  w a s  r e m o v e d  u n d e r  v a c u u m  a n d  t h e  r e s id u e  w a s  
d is s o lv e d  in  w a te r .  O n  a c id if ic a t io n , a  w h i te  s o l id  p r e c ip i t a t e d  
w h ic h  d id  n o t  d is s o lv e  w h e n  e th e r  w a s  a d d e d .  T h e  s o l id  w a s  
c o l le c te d  b y  f i l t r a t io n ,  w a s h e d  w i th  w a te r  a n d  e th e r ,  a n d  a ir -

(6 )  R .  A n s c h u tz ,  Ann., 3 5 4 , 117  (1 9 0 7 ) .
( 7 )  W e  a r e  i n d e b te d  to  W . M . G o v ie r ,  M .D . ,  a n d  o u r  

D e p a r t m e n t  o f  P h a r m a c o lo g y  fo r  th e s e  r e s u l t s .
( 8 )  M e l t in g  p o in t s  w e re  d e te r m in e d  w i th  a  K o f ie r  m ic ro -  

h o t s ta g e .  I n f r a r e d  s p e c t r a  w e re  o b t a in e d  in  N u jo l  m u ll  
w i th  a  P e r k in - E lm e r  M o d e l  21 S p e c t r o m e te r  u n le s s  o th e r 
w is e  n o te d .

d r ie d .  T h e  c r u d e  so lid , m .p .  1 5 0 -1 5 1 ° , w a s  r e c r y s ta l l iz c d  
f ro m  m e th y le n e  c h lo r id e - e th e r  i n  t h r e e  c ro p s , a l l  m e l t in g  a t  
1 5 0 -1 5 1 .5 ° ,  t o t a l i n g  7 .2 9  g . ( 8 7 % )  o f  a m id e  I I I .

A  r e c r y s ta l l i z a t io n  o f  0 .2 5  g. o f  I I I ,  m .p .  1 5 0 - 1 5 1 .5 ° ,  
f ro m  m e th y le n e  c h lo r id e - e th e r ,  g a v e  0 .1 4  g ., m .p .  1 5 0 .5 -  
1 5 1 .5 ° ;  X„mx 5 .7 8  ( c a r b o x y l  C = 0 ) ,  6 .2 4  y ( a m id e  C = 0 ) .

Anal. C a lc d . f o r  C 19H 2, N 0 3: C , 7 3 .2 9 ; H ,  6 .8 0 ; N ,  4 .5 0 . 
F o u n d :  C , 7 3 .1 6 ; H ,  6 .8 3 ; N ,  4 .4 4 .

Iodolactonization of I I I  to give V I .  A  s o lu t io n  o f  0 .1  g . o f  
I I I  in  3 m l.  o f  0.5N s o d iu m  b ic a r b o n a te  w a s  c o m b in e d  w i th  a  
s o lu t io n  o f 0 .2 5  g. o f  io d in e  a n d  0 .5  g. o f  p o ta s s iu m  io d id e  in
1 .5  m l. o f  w a te r .  T h e  m ix tu r e  w a s  a l lo w e d  t o  s t a n d  a t  r o o m  
t e m p e r a t u r e  o v e r n ig h t .  T h e  d a r k  g u m m y  p r e c i p i t a t e  ■was 
w a s h e d  w i th  w a te r  a n d  d is s o lv e d  in  a  m ix tu r e  o f  m e th y le n e  
c h lo r id e  a n d  a q u e o u s  s o d iu m  th io s u l f a te .  T h e  o r g a n ic  l a y e r  
w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  th e  s o lv e n t  w a s  r e 
m o v e d  u n d e r  v a c u u m . T h e  o ily  p r o d u c t  c r y s ta l l i z e d  f ro m  
a c e to n e — e th e r .  O n e  r e c r y s ta l l i z a t io n  f ro m  a c e to n e -— e th e r  
g a v e  0 .0 3  g . o f  V I , m .p .  2 2 2 - 2 2 5 ° ;  Xma3I 5 .5 9 , 5 .8 5  ( l a c to n e  
C = 0 ) ,  6 .2 2  ( a m id e  C = 0 ) >  6 .3 0  y ( a r o m a t i c  C = C ) .

Anal. C a lc d . f o r  C ,9H 2I1N 0 3I :  C , 5 2 .1 9 ; H ,  4 .6 1 ;  N ,  3 .2 0 . 
F o u n d :  C , 5 2 .2 0 ; H ,  4 .7 0 ;  N ,  3 .4 1 .

l-(endo-2-Hydroxy7nethyl-exo-2-phenyl-5-norbomene-8- 
ylmethyl)pyrrolidine (V ) .  A  s u s p e n s io n  o f  7 .5  g . (0 .1 9 8  m o le )  
o f l i th iu m  a lu m in u m  h y d r id e  i n  2 5 0  m l. o f  d r y  t e t r a h y d r o 
f u r a n  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  f o r  2  h r .  a n d  t h e n  
w a s  h e a t e d  t o  re f lu x  a n d  a  s o lu t io n  o f  1 5 .0 9  g . (0 .0 4 8 5  m o le )  
o f  I I I  i n  7 5 0  m l. o f  h o t  t e t r a l ^ d r o f u r a n  w a s  r a p id ly  a d d e d .  
T h e  m ix tu r e  w a s  h e a t e d  u n d e r  re f lu x  fo r  66  h r .  W h ile  s t i r 
r in g , t h e  m ix tu r e  w a s  c o o le d  a n d  c a re fu l ly  d e c o m p o s e d  w i th
2 2 .5  m l. o f  w a te r .  A f te r  s t i r r in g  fo r  2 h r .  t h e  in o r g a n ic s  w e re  
r e m o v e d  b y  f i l t r a t io n  a n d  w a s h e d  w i th  e th e r .  C o n c e n t r a 
t i o n  o f  t h e  e th e r e a l  f i l t r a t e  g a v e  1 2 .9 7  g . o f  v is c o u s  y e llo w  
o il, V ; X ^ ™  3 .0  ( b r . ,  — O H ) ,  6 .2 4 , a n d  6 .6 7  y ( a r o m a t ic ) .

T h e  h y d r o g e n  f u m a r a t e  w a s  p r e p a r e d  f ro m  1 .5 9  g . 
(0 .0 0 5 6 3  m o le )  o f  V  a n d  0 .6 6  g . (0 .0 0 5 6 3  m o le )  o f  f u m a r ic  
a c id  in  is o p r o p y l  a lc o h o l. T h e  1 .51 g. o f  f u m a r a t e ,  m .p .  1 9 7 -  
2 0 0 °  ( 6 7 % ) ,  w a s  r e c r y s ta l l iz e d  f ro m  m e th a n o l - i s o p r o p y l  
a lc o h o l  t o  g iv e  1 .33  g ., m .p .  2 0 3 - 2 0 5 ° ;  Xmax 3 .0 - 4 .0  ( b r . ,  
c a r b o x y l  — O H ) ,  5 .9 0  ( c a r b o x y l  C = 0 ) ,  6 .0 8  ( C = C ) ,  6 .2 4  
( a r o m a t ic  C = C ) ,  6 .3 2  y  ( c a r b o x y la te  C = 0 ) .

Anal. C a lc d .  f o r  C i H ^ N O - C j H i O i :  C , 6 9 .1 5 ; H ,  7 .3 2 ; 
N ,  3 .5 1 . F o u n d :  C , 6 9 .3 0 ; H ,  7 .4 3 ; N ,  3 .4 6 .

M cN e il  L a boratories , I nc .
F ort W ashington  32, P a .
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This note describes an exploratory attempt to 
find interesting pharmacological activity within a 
series of basically substituted norbornenearylmeth- 
anols.

Our investigation started with the reaction 
product of frans-benzoylacrylic acid and cyclo- 
pentadiene which was reported by Winternitz, 
Mousseron and Rouzier1 to be a crystalline mixture 
containing 60% of the exo-trans-isomer II and 40% 
of the endo-tran^-isomer I. The French workers 
separated the mixture by a laborious process

(1 ) F .  W in te r n i tz ,  M . M o u s s e ro n , a n d  G . R o u z ie r ,  Bull, 
soc. chim. France, 1 7 0 ( 1 9 5 5 ) .
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involving twenty recrystallizations and assigned 
structures based on bromolactone and hydroxy- 
lactone formation from I but not from II. We ob
tained the mixture of adducts as reported1 and sepa
rated by iodolaetonization. The pure crystalline 
iodolactone III was obtained in a yield of 48%. 
From the iodolaetonization, an acidic fraction was 
obtained which afforded a crystalline mixture in 
39% yield. This crystalline acidic product was 
largely an iodohydrin mixture (IV) based on analy
sis and spectra. Reduction of the iodolactone III 
with zinc in ethanol gave an excellent yield of the 
pure endo-acid I. With the impure iodohydrin 
mixture, a longer reduction time was required and 
a 75% yield of pure e.ro-acid II was obtained.

V . — C O C sH s —  C O N iC I I , )  2 
V I .  —  C H O H C e lT  —  C H 2N ( C H 3) 2 

V I I .  — C O C eH r, — C H ,N ( C H 3)2 
V I I I .  — C O H ( C 6H 5)2 —  C H 2N ( C H 3) 2 

X I .  —  C — C eH s — C H 2N ( C H 3)2 T 
| \

o — to ly l  
O H

I X .  - C O H f C e l h b  — C H 2N ( C H 3) 2 
X .  = C ( C 6H 6)2 — C H 2N ( C H 3)2

Because of the greater abundance of I from the 
reduction step, subsequent reactions were carried 
out with this isomer.

By the mixed anhydride technique,2 the acid I 
was converted to its dimethylamide (V) in 60% 
yield. Attempts to improve this yield by varying 
the quality and quantity of the reagents employed 
were fruitless; however, in all cases the balance of 
material was recovered as pure Itarting acid I. 
Reduction of ketoamide V with excess lithium alu-

(21 D . S . T a r b e l l ,  J. Org. Chem., 2 2 , 9 4 8  (1 9 5 7 ).

minum hydride in tetrahydrofuran afforded the 
amino alcohol VI in good yield as a mixture of 
steroisomers. More than half of this mixture was a 
single isomer melting at 125°.

Oxidation of amino alcohol VI which was largely 
one largely one steroisomer with chromic anhydride- 
pyridine3 gave the amino ketone VII as a gum, 
characterized as the fumarate salt. The yield of 
crude base was about 60% and of the pure salt 
about 45%. Similar oxidation of the crude base VI 
or of lower melting or non-crystalline fractions 
gave VH-fumarate but in lower yields. The major 
difficulty in this oxidation was a low material 
balance. Exhaustive extraction of the reaction 
mixtures or reduction of the chromium salts 
followed by extraction on the alkaline side never 
gave a recovery of organic material better than 65%. 
Alternate methods of oxidation failed—e.g., the 
Oppenauer oxidation (aluminum isopropoxide- 
cyclohexanone in benzene), chromic acid in acetic 
acid, chromic acid in acetic acid with sulfuric acid 
and platinum catalyzed air oxidation all gave 
recovered starting material. An oxidation with 
chromic acid in aqueous pyridine proceeded but in 
low yield (33%).

Treatment of amino ketone VII with excess 
phenyllithium led to the aminomethylnorbornyl- 
diphenylmethanol VIII as a noncrystallinc product 
which was characterized as the hydrogen fumarate. 
Several attempts to dehydrate VIII to the corre
sponding diphenylmethylene derivative were un
successful. Because of the possible interference of 
the isolated double bond, amino alcohol VIII 
was hydrogenated to the norbornane derivative 
IX. In polyphosphoric acid at 100° for several 
hours, IX appeared to dehydrate to the extent of 
at least 50% as judged by the ultraviolet maximum 
at 245 m̂u and the lack of —OH absorption in the 
infrared of the basic product. However, all at
tempts to obtain a crystalline salt of the gummy 
product X failed, possibly due to the presence of 
mixtures resulting from the rearrangement of the 
norbornane skeleton.

Amino ketone VII failed to react with o-tolyl- 
magnesium bromide but was converted smoothly 
to the phenyl-o-tolylcarbinol XI with o-tolyhithium. 
Compound XI was noncrystalline and gave a 
mixture of fumarate salts, probably because of the 
introduction of a new asymmetric center in the 
molecule. Several recrystallizations served to 
separate a single, sharply melting salt from the 
mixture.

Compounds V, VI, VIII, and XI were examined 
for pharmacological activity, both as to gross 
behavioral effects and more detailed pharma
codynamic actions.4 Behaviorally they may be

(3) G . I .  P o o s , G . E .  A r th ,  I t .  E .  B e y le r ,  a n d  L . H .  S a r e t t ,  
/ .  Am. Chem. Soc., 7 5 , 4 2 2  (1 9 5 3 ).

(4) W e  a r e  in d e b te d  to  W . M . G o v ie r ,  M .D . ,  a n d  t h e  
D e p a r t m e n t  o f  P h a r m a c o lo g y  f o r  t h e  t e s t i n g  r e s u l t s .
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best classified as weak convulsants having lethal 
doses in the range of 100 to 300 mg./kg., i.p. 
Compounds VII, VIII and probably V demon
strated multiple actions such as ganglionic block
ade, antihistamine, anticholinergic, and antisero
tonin activities. As compound IX produced mydria
sis at low doses in behavioral testing, it probably 
also has autonomic activity although insufficient 
compound was available for accurate determina
tions. No analgesic or anti-inflammatory action 
was found in the series.

EX PER IM EN TA L5

ex.o-3-Benzoyl-5-norbornene-endo-!B-carboxylic acid ( I )  
and endo-3-benzoyl-5-norbornene-exo-2-carboxylic acid ( I I ) .  
B y  t h e  m e th o d  o f  W in te r n i tz  el aid 2-18.1 g. (1 .4 1  m o le s  )o f 
/3 -b e n z o y la e ry lic  a c id  w a s  d is s o lv e d  in  1 .2  1 . o f  b e n z e n e  w i th  
w a rm in g , a n d  103 g . (1 .5 5  m o le s )  o f  f r e s h ly  d is t i l le d  c y c lo -  
p c n ta d ie n e  w a s  a d d e d  w h ile  s t i r r in g .  T h e  r e a c t io n  m ix tu r e  
w a s  s t i r r e d  o v e r n ig h t  a t  ro o m  t e m p e r a t u r e  a n d  th e n  c o n 
c e n t r a t e d  t o  d r y n e s s .  T h e  p r o d u c t  w a s  c r y s ta l l i z e d  f ro m  
e th e r - p e t r o le u m  e th e r  ( b .p .  3 0 - 6 0 ° )  in  fo u r  c ro p s , t o t a l i n g
3 3 1 .7  g. ( 9 7 % )  of t h e  c r y s ta l l in e  m ix tu r e  o f t h e  t r a n s - a c id s  
I a n d  I I ,  m .p .  1 0 2 -1 3 4 ° ;  X™ ° 1 3 .2 5 - 3 .8 5  ( - O H ) ,  5 .9 0  
( c a r b o x v l  C = 0 ) .  5 .9 6  ( k e to n e  C = 0 ) ,  6 .2 4  /x ( a r o m a t ic  
C = C ) . "

T h e  m ix tu r e  o f a c id s  w a s  s e p a r a te d  b y  io d o la c to n iz a t io n .  
A  s o lu t io n  o f 2 7 .4 4  g. (0 .1 1 3  m o le )  o f  t o t a l  c r y s ta l l in e  p r o d u c t  
f ro m  a  s m a ll  D ie ls  A ld e r  r e a c t io n  in  6 8 6  m l. (0 .3 4 3  m o le )  of 
0 .5A r s o d iu m  b ic a r b o n a te  w a s  c o m b in e d  w i th  5 9 .3  g . o f 
io d in e  (0 .4 6 8  e q .)  in  115 g . o f  p o ta s s iu m  io d id e  in  3 4 5  m l. 
o f  w a te r  a n d  s to r e d  o v e r n ig h t  a t  r o o m  t e m p e r a t u r e  in  t h e  
d a r k .  T h e  m ix tu r e  w a s  e x t r a c t e d  th r e e  t im e s  w i th  m e th y le n e  
c h lo r id e , w h ic h  rvas w a s h e d  w i th  s o d iu m  th io s u l f a te  s o lu t io n  
a n d  w a te r  a n d  d r ie d  o v e r  m a g n e s iu m  s u l f a te .  R e m o v a l  o f 
th e  s o lv e n t  l e f t  2 2 .3  g . o f b ro w n  so lid , w h ic h , a f t e r  d e c o lo r iz 
in g  c a r b o n  t r e a t m e n t ,  w a s  c r y s ta l l iz e d  f ro m  m e th y le n e  
c h lo r id e - e th e r  i n  tw o  c ro p s . T h e  y ie ld  o f io d o la c to n e  I I I  
w a s  2 0 .0  g . ( 4 8 % )  m .p .  1 5 4 - 1 5 6 ° ;  X ^ j01 5 .6 2  ( la c to n e  C = 0 ) ,
5 .9 7  ( k e to n e  C = 0 ) ,  6 .2 5  y  ( a r o m a t i c  C = C ) .  A  0 .1 2 -g . 
s a m p le  w a s  r e c r y s ta l l iz e d  t o  g iv e  0 .0 9  g ., m .p .  1 5 5 .5 -1 5 6 ° .

Anal. C a lc d . fo r  C 15H 13I O 3 : C , 4 8 .9 3 : H , 3 .5 6 : F o u n d :  C , 
4 8 .9 5 ; H ,  3 .7 4 .

T h e  a b o v e  s o d iu m  b ic a r b o n a te  la y e r ,  c o n ta in in g  t h e  io d o -  
h y d r in ,  w a s  d e c o lo r iz e d  w i th  s o d iu m  th io s u l f a te  a n d  a c id i
f ied  w i th  2 N  h y d r o c h lo r ic  a c id .  T h e  g u m m y  p r e c ip i t a t e  w as  
e x t r a c t e d  w i th  m e th y le n e  c h lo r id e , w h ic h  a f t e r  d r y in g  o v e r  
m a g n e s iu m  s u l f a te  g a v e  2 2 .7  g. o f a  b u f f -c o lo re d  so lid . 
T h is  w a s  c r y s ta l l iz e d  f ro m  m e th y le n e  c h lo r id e -p e tro le u m  
e t h e r  in  th r e e  c ro p s , t o t a l i n g  17 .02  g. ( 3 9 % )  m .p .  1 6 9 -1 8 2 °  
d e c . ;  X ^ r 1 3 .7 4 - ,8 3  ( — O H ) , 5 .8 6  y  ( k e to n e  a n d  c a r b o x y l  
C = 0 ) .  A  0 .1 9 -g . s a m p le  w a s  r e c r j 's t a l l i z e d  t o  g iv e  0 .0 9  g ., 
m .p .  1 7 7 -1 8 2 °  d e c .

Anal. C a lc d . f o r  C i5H i5I 0 3: C , 4 6 .6 5 ; H , 3 .9 2 . F o u n d :  C , 
4 9 .6 3 ; H , 4 .7 1 .

R e d u c t io n  o f t h e  io d o la c to n e  I I I  b a c k  to  th e  e n d o -a c id
I  w a s  a c c o m p lis h e d  b y  h e a t in g  a  m ix tu r e  o f 8 8 .9  g . (0 .2 4 1  
m o le )  o f I I I  a n d  157  g . (2 .4 1  m o le s )  o f z in c  d u s t  in  2  1. of 
e th a n o l  u n d e r  re f lu x  fo r  2 h r .  w h ile  s t i r r in g .  T h e  z in c  d u s t  
w a s  r e m o v e d  b y  f i l t r a t io n  a n d  t h e  s o lv e n t  w a s  r e m o v e d  
u n d e r  v a c u u m . T h e  r e s id u e  w a s  t a k e n  u p  in  e th e r  a n d  w a s h e d  
w e ll w i th  2 N  h y d r o c h lo r ic  a c id  a n d  w a te r .  T h e  e th e r  la y e r  
w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  t h e  s o lv e n t  w a s  re 
m o v e d  u n d e r  v a c u u m . A f te r  d e c o lo r iz a t io n , t h e  5 9 -g . r e s id u e  * II

(5 ) M e l t in g  p o in t s  w e re  t a k e n  o n  a  K o f le r  b lo c k ;  in f ra r e d  
s p e c t r a  w e re  d e te r m in e d  w i th  a  P e r k in - E lm e r  M o d e l 21 
S p e c t r o m e te r  a n d  u l t r a v io le t  s p e c t r a  w i th  a  C a r y  M o d e l
I I  S p e c t r o m e te r  in  m e th a n o l  s o lu t io n  u n le s s  o th e r w is e  
n o te d .

c r y s ta l l iz e d  f ro m  m e th y le n e  c h lo r id e - e th e r - p e t r o l e u m  e t h e r  
in  th r e e  c ro p s , t o t a l i n g  5 2 .1  g. ( 9 0 % )  o f I ,  m .p .  1 3 8 .5 -1 4 2 .5 ° .  
S p e c t r a  w e re  t a k e n  o n  a  s a m p le , m .p .  1 4 2 .5 -1 4 3 .5 ° ;  A/,'""1 

3 .2 5 - 4 .5 0  ( — O H ) , 5 .9 0  ( c a r b o x y l  ( C = G ) ,  5 .9 7  ( k e to n e  
C = 0 ) ,  6 .2 5  y  ( a r o m a t i c  C = C ) .  L i t . 1 m .p .  1 3 6 -1 3 7 °  f o r  I .

R e d u c t io n  o f 2 .0  g. (0 .0 0 5 2  m o le )  o f im p u r e  io d o h y d r in
( I V )  b y  re f lu x  w i th  3 .6 0  g. (0 .0 5 5  m o le )  o f z in c  d u s t  in  4 0  r r l .  
o f e th a n o l  w a s  c o m p le te  in  4 h r .  T h e  c r y s ta l l in e  e z o -a c id  I I  
w a s  i s o la te d  a s  a b o v e  in  7 5 .5 %  y ie ld ,  0 .9 5  g ., m .p .  1 2 7 - 1 2 8 ° ;  
A i r 1 3 .7 5  ( — O H ) , 5 .9 2 , S h i. 6 .0 0 - .1 5  ( k e to n e  a n d  c a r 
b o x y l C — O ), 6 .2 5  y  ( a r o m a t ic  C = C ) .  L i t . 1 m .p .  1 2 3 -1 2 4 °  
fo r  I I .

exo-3-Benzoyl-N,N-dimethyl-5-norbornei e-endo-2-cc rbox- 
amide (V ) .  A  s u s p e n s io n  of 4 7 .4  g. (0 .1 9 5 5  m< Ie ) t f  I  in  3 0 0  
m l. o f d r y  to lu e n e  w a s  co o led  to  —5 ° , a n d  2 1 . 8  g . (0 .2 1 6  
m o le )  o f t r i e th y l a m in e  w a s  a d d e d .  T o  t h e  r e s u l t in g  s o lu t io n ,
2 3 .4  g . (0 .2 1 6  m o le )  o f e th y l  c h lo r o fo r m a te  in  100 m l. o f 
d r y  to lu e n e  w a s  a d d e d  d ro p w is e  o v e r  30  m in . w i t h  s t i r r in g  
a t  — 5 °  t o  0 ° .  T h e  s u s p e n s io n  w a s  s t i r r e d  a t  0 °  f o r  2 .2 5  h r .  
A  s o lu t io n  o f  9 .7 5  g. (0 .2 1 6  m o le )  o f d im e th y la m in e  in  co ld  
to lu e n e  w a s  a d d e d  r a p id ly .  T h e  s u s p e n s io n  w a s  s t i r r e d  a t  
ro o m  t e m p e r a tu r e  fo r  18 h r . ,  a n d  th e  o r g a n ic  l a y e r  w a s  
w a s h e d  w i th  "w ater, 2 N  h y d r o c h lo r ic  a c id ,  w a te r ,  5 %  so 
d iu m  b ic a r b o n a te ,  a n d  w a te r .  T h e  a q u e o u s  w a s h e s , a t  p H  8 , 
w e re  b a c k - e x t r a c t e d  w i th  e th e r  a n d  s im i la r ly  w a s h e d . T h e  
c o m b in e d  e th e r e a l  e x t r a c t s  w e re  d r ie d  a n d  c o n c e n t r a te d ,  a n d  
th e  p r o d u c t  w a s  c r y s ta l l iz e d  f ro m  e t h e r - p e t r c i c u m  e th e r  in  
tw o  c ro p s  g iv in g  a  t o t a l  o f 2 6 .3  g. (5 0 % ,)  o f  V , m .p .  9 1 - 9 5 ° .  
A  s a m p le , m .p .  9 4 - 9 5 ° ,  w a s  c h a r a c te r iz e d ;  X” “i°‘ 5 .9 7  
( k e to n e  C = 0 ) ,  6 .11  ( a m id e  C = 0 ) ,  6 .2 5  y  ( a r o m a t ic  C = C ) .

Anal. C a lc d . f o r  C n H isN C L : C , 7 5 .8 1 ; H , 7 .1 1 ; N ,  5 .2 0 . 
F o u n d :  C , 7 6 .0 8 ; H , 7 .3 6 ; N ,  5 .2 6 , 5 .2 7  ( K je ld a h l ) .

I n  a  l a t e r  p r e p a r a t io n  o f a m id e  V , f ro m  16 .25  g . (0 .0 6 7 2  
m o le )  o f I ,  u s in g  t h e  a b o v e  c o n d it io n s ,  a  6 0 .3 %  y ie ld  of V 
w a s  i s o la te d ,  m .p .  1 0 8 .5 -1 0 9 ° ; x/)°°' 6 .0 0  ( k e to n e  C = 0 ) ,
6 .1 4  ( a m id e  C = 0 ) ,  6 .2 6  y ( a ro m a t ic  C = C ) .

Anal. C a lc d . fo r  C 17H 19N O 2: N ,  5 .2 0 . F o u n d :  N ,  5 .3 2 , 
4 .9 3 .

I n f r a r e d  s o lu t io n  s p e c t r a  o f  t h e  tw o  d i f f e r e n t  m e l t in g  
a m id e s  w e re  id e n t ic a l ,  a l th o u g h  th e  s o lid  s t a t e  s p e c t r a  d if 
fe re d  in  t h e  f in g e r - p r in t  r e g io n . A  m ix e d  m .p .  o f 9 4 - 9 5 °  
a n d  1 0 8 .5 -1 0 9 °  a m id e s  m e l te d  a t  th e  h ig h e r  te m p e r a tu r e .  
A  s a m p le  o f V , m .p .  9 4 - 9 5 ° ,  w a s  c o n v e r te d  t o  V , m .p . 1 0 7 .5 -  
1 0 8 .5 ° , b y  s e e d in g  a n  e th e r  s o lu t io n  o f  t h e  f o r m e r  w i th  t h e  
l a t t e r .  A ll o f  t h e  e v id e n c e  in d ic a te s  t h a t  t h e  tw o  s u b s ta n c e s  
a r e  i s o m o rp h ic  f o rm s  o f V .

I n  t h e  f i r s t  a m id e  V  p r e p a r a t io n  a b o v e , t h e  a q u e o u s  w a s h e s  
w e re  a c id if ie d , a n d  t h e  p r e c ip i t a t e  w a s  e x t r a c t e d  in to  e th e r ,  
w h ic h  w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a te .  T h e  13 .43  g. 
( 2 8 .4 % )  o f c r u d e  a c id ic  m a te r ia l  c r y s ta l l iz e d  f ro m  m e th y le n e  
c h lo r id e -e th e r - p e t ro le u m  e th e r  t o  g iv e  10 .30  g. ( 2 1 .7 % )  o f  
re c o v e re d  I , m .p .  1 4 3 -1 4 4 ° .

endo-8-Dimethylaminomethyl-a-phe7iyl-5-norlioniene-exo-2- 
methanol ( V I ) .  A  s o lu t io n  o f 2 3 .7  g. (0 .0 8 8 1  m o le )  o f  V  in 
1 0 0  m l. o f d r y  t e t r a h y d r o f u r a n  w a s  a d d e d  s lo w ly  t o  a  s u s 
p e n s io n  o f 10 .0  g . (0 .2 6 4  m o le )  o f l i th iu m  a lu m in u m  h y d r id e  
in  3 0 0  m l. o f d r y  t e t r a h y d r o f u r a n .  T h e  m ix tu r e  w as re f lu x e d  
fo r  2 0  h r . ,  c o o le d  in  a n  ic e  b a th ,  a n d  d e c o m p o s e d  s lo w ly  w ith  
30  m l. o f w a te r .  T h e  m ix tu re  w as s t i r r e d  f o r  4 .5  h r . a t  ro o m  
te m p e r a tu r e ,  a n d  t ire  p r e c ip i t a te  w a s  r e m o v e d  b y  f i l t r a t io n .  
T h e  f i l t r a te  w a s  c o n c e n t r a te d  a n d  t h e  r e s id u e  c r y s ta l l iz e d  
f ro m  m e th y le n e  c h lo r id e - e th e r - p e t r o l e u m  e th e r  t o  g iv e , in  
th r e e  c ro p s , 13.1 g . ( 5 8 % )  o f V I , m .p .  1 1 8 -1 2 5 ° . A s a m p le  
of V I , m .p . 1 2 4 -1 2 4 .5 ° ,  X/ % 1 3 .2 0 , 3 .2 9  M ( —  O H ) , w as 
c h a r a c te r iz e d  a s  t h e  a c id  f u m a r a te ,  w h ic h  w a s  o b ta in e d  f ro m  
is o p ro p y l  a lc o h o l, m .p . 1 9 0 ° ; X” “(o1 3 .0  ( — O i l ) ,  5 .8 0  
( c a r b o x y l  C = 0 ) ,  6 .0 4  ( C = C ) , 6 .3 6  y  ( c a r b o x y la te  C = 0 ) .

Anal. C a lc d . f o r  C21H27NO5: C , 6 7 .5 4 ; H , 7 .2 9 ; N ,  3 .7 5 . 
F o u n d :  C , 6 7 .3 8 ; H , 7 .6 3 ; N ,  3 .8 9 , 3 .8 5  ( K je ld a h l ) .

A  f o u r th  c ro p  o f  V I , 3 .0 0  g . ( t o t a l  y ie ld  7 1 .3 % ) ,  w a s  c r y s 
ta l l iz e d  f ro m  e th e r - p e tr o le u m  e th e r ,  m .p . 7 8 - 9 0 ° .  R e c rv s tu l -  
l iz a t io n  g a v e  0 .5 6  g ., m .p .  7 8 - 9 0 ° ;  A* ” “1 3 .2 0  ( — O H ) ,  
G.24 a n d  6 .6 8  y  ( a ^ n n a t i c ) .
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Anal. C a k 'd ,  f o r  C ,7H 23N O : C , 7 9 .3 3 ; H , 9 .0 1 ; N ,  5 .4 4 . 
F o u n d :  C , 7 9 .4 4 ; H , 9 .2 4 ;  N , 5 .5 4 .

endo-S-Dimcth.ylaminomelhyl-5-norbornen-S-yl exo-phenyl 
ketone ( V I I ) .  P y r id in e ,  2 0 0  m l., w a s  co o le d  in  a n  ice  h a t h  a n d
13.3 g. o f c h ro m ic  o x id e  w a s  a d d e d  in  p o r t io n s  w i th  th o r o u g h  
m ix in g . T o  th e  r e s u l t in g  c o m p le x  w a s  a d d e d  a  s o lu t io n  of 
13 .32  g. of a m in o a lc o h o l  V I  in  80  m l. o f p y r id in e .  T h e  r e s u l t 
in g  d a r k  m ix tu r e  w a s  a l lo w e d  to  s t a n d  a t  ro o m  te m p e r a tu r e  
fo r  2 2  h r .  a n d  th e n  w as t r e a t e d  w i th  2 8 0  m l. o f  w a te r .  T h is  
m ix tu re  w a s  e x t r a c t e d  th r e e  t im e s  w i th  e th e r ,  w a s h in g  e a c h  
e th e r  e x t r a c t  w i th  a  s m a ll  p o r t io n  o f  w a te r ,  w h ic h  w a s  a d d e d  
to  t h e  p y r id in e - w a te r  r e a c t io n  m ix tu r e .  T h e  c o m b in e d  e th e 
r e a l  e x t r a c t s  w e re  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  c o n 
c e n t r a te d  to  d r y n e s s ,  f in a l ly  w i th  p u m p in g  u n d e r  h ig h  
v a c u u m , t o  g iv e  8 .3 9  g. ( 6 3 % )  o f  c r u d e  V I I  a s  a  d a r k  o il;  
X“ “  5 .9 6  y  ( k e to n e  C = 0 ) ,  6 .2 5  y  ( a r o m a t i c  C = C ) .

T h e  h y d r o g e n  f u m a r a t e  p r e p a r e d  f ro m  3 .3 9  g. (0 .0 1 3 3  
m o le )  o f V I I  a n d  1 .5 4  g. (0 .0 1 3 3  m o le )  o f  f u m a r ic  a c id  in  
is o p ro p y l  a l c o h o l - e th e r  a m o u n te d  t o  3 .6 7  g . ( o v e r - a l l  4 7 % )  
m e l t in g  a t  1 4 4 - 1 4 6 ° ;  X lujo1 3 .0  ( b ro a d ,  — O H ) , 5 .7 8  
( c a r b o x y l  C = 0 ) ,  5 .9 2  ( k e to n e  C = 0 ) ,  6 .0 3  ( C = C ) ,  6 .3 5  y  

( c a r b o x v la te  C = 0 ) ;  Xmnx- 2 4 4  my (e  1 6 ,5 0 0 ).
Anal. C a lc d . fo r  C ,7H 21N 0 -C 4H 40 4 : N ,  3 .7 7 . F o u n d :  

N ,  3 .9 7 , 3 .8 9  ( K je ld a h l ) .
endo-8-Dimethylaminomethyl-a,a-diphenyl-5-norbornene- 

exo-B-methanol ( V I I I ) .  A  s o lu t io n  o f  p h e n y l l i th iu m  w as 
p r e p a r e d  b y  a d d in g  in  p o r t io n s  u n d e r  n i t ro g e n  2 .8 8  g . (0 .1 4 6  
g .- a to m )  o f l i th iu m  w ire  t o  a  s o lu t io n  of 3 2 .8  g. (0 .2 0 8  m o le )  
o f b ro m o b o n z e n e  in  100  m l. (4  a n h y d r o u s  e th e r .  T h e  m ix 
tu r e  w a s  s t i r r e d  w i th  a  H e r s h b e r g  s t i r r e r  u n t i l  t h e  r e a c t io n  
w as c o m p le te .  A t  t h e  s a m e  t im e ,  t h e  p u r e  a m in o  k e to n e  V I I  
w as  i s o la te d  b y  d is s o lv in g  i t s  f u m a r a t e  in  w a te r ,  m a k in g  
th e  s o lu t io n  s t r o n g ly  b a s ic  w i th  s o d iu m  h y d r o x id e , e x t r a c 
t io n  w i th  e th e r ,  w a s h in g , d r y in g ,  a n d  c o n c e n t r a t io n .  A 
s o lu t io n  o f 2 6 .6  g . (0 .1 0 4  m o le )  o f e w /o -3 -d im e th y la m m o -  
m e th y l -o - n o r b o rn e n - 2 - y l  e ^ o -p h e n y l k e to n e  ( V I I )  in  100 m l. 
o f a n h y d r o u s  e th e r  w a s  th e n  a d d e d  to  t h e  p h e n y l l i th iu m  
s o lu t io n  a t  a  r a t e  t o  m a in t a in  re f lu x  (1 5  m in .) .  T h e  r e s u l t in g  
r e a c t io n  m ix tu r e  w a s  s t i r r e d  a t  ro o m  te m p e r a tu r e  o v e r n ig h t  
a n d  h y d r o ly z e d  b y  a d d in g  33  m l. o f  w a te r  d ro p w is e . W h e n  a ll  
of t h e  s o lid  h a d  d is s o lv e d , t h e  la y e r s  w e re  s e p a r a te d  a n d  t h e  
a q u e o u s  p a r t  w a s  e x t r a c t e d  w i th  e th e r .  T h e  c o m b in e d  
e th e r e a l  s o lu t io n s  w e re  w a s h e d  w i th  w a te r ,  t r e a t e d  w i th  
c h a rc o a l ,  c o n c e n t r a t e d  t o  d r y n e s s  a n d  th e  r e s id u e  d r ie d  b y  
d is t i l l in g  b e n z e n e  f ro m  i t .  T h e  p r o d u c t  w a s  3 3 .4  g. o f  V I I I  
a  b ro w n  g u m ; 3 .3 0  ( — O H ) , 5 .9 8  ( v e r y  w e a k  0 = 0 ) ,
6 .2 6  y  ( a ro m a t ic  C = C ) .

C o m b in a t io n  of 10 .12  g. (0 .0 3 4  m o le )  o f th i s  p r o d u c t  w ith  
3 .5 4  g. (0 .0 3 4  m o le )  o f f u m a r ic  a c id  in  is o p r o p y l  a lc o h o l le d  
to  9 .1 3  g . ( o v e r - a l l  7 4 % )  of th e  f u m a r a te ,  m .p .  2 1 2 - 2 1 4 ° .  
A s a m p le  o f  t h i s  s a l t ,  w a s h e d  w i th  h o t  e th a n o l ,  s h o w e d  a  
m .p . o f  2 1 4 - 2 1 5 .5 ° ;  X“ r 3 .2 5 , 3 .3 3 , 4 .1 4  ( — O H ) , 6 .2 8  y  

( a r o m a t ic  C = C ) .  T h e r e  w a s  o n ly  b e n z e n e  r in g  a b s o r p t io n  in  
th e  u l t r a v io l e t  s p e c t r u m  a b o v e  2 1 0  m y .

Anal. C a lc d . fo r  ( C 23H 27N O > . C 4H 40 4: C , 7 6 .6 9 ; H , 7 .4 7 ; 
N , 3 .5 8 . F o u n d :  C , 7 6 .3 3 , 7 6 .4 1 ; H , 7 .3 8 , 7 .6 6 ; N ,  3 .2 5 , 3 .5 1 .

endo-o-IHjiielhykimino;nethyl-a,a-diphenylnorbomane-exo-
2-methanol ( I X ) .  A  s o lu t io n  o f 5 .6 7  g. o f  t h e  c r u d e  a m in o  
a lc o h o l V I I I  f ro m  t h e  p r e v io u s  e x p e r im e n t  in  5 0  m l. o f 
m e th a n o l  w a s  s h a k e n  u n d e r  3 a tm .  o f h y d r o g e n  w i th  0 .2  g. 
o f 1 0 %  p a l la d iu m -o n - c a r b o n  fo r  3 .5  h r .  T h e  c a t a l y s t  w as  
r e m o v e d  b y  f i l t r a t io n  a n d  th e  f i l t r a t e  w a s  c o n c e n t r a te d  to  
d r y n e s s  u n d e r  v a c u u m . T h e  r e s id u e  w a s  d is s o lv e d  in  e th e r  
a n d  e x t r a c t e d  in to  d i l u t e  h y d r o c h lo r ic  a c id ;  t h e  a q u e o u s  
la y e r  w a s  m a d e  b a s ic  a n d  e x t r a c t e d  w i th  e th e r .  A f te r  d r y in g  
o v e r  m a g n e s iu m  s u l f a te ,  t h e  e t h e r  s o lu t io n  w a s  t r e a t e d  
w i th  d e c o lo r iz in g  c a r b o n ,  f i l te r e d , a n d  c o n c e n t r a te d  t o  d r y 
n e ss  t o  g iv e  I X  a s  a  y e llo w  g u m  (5 .1 3  g .) . F r o m  0 .2 6  g. o f 
th i s  b a s e  a n d  0 .0 9 0  g. o f f u m a r ic  a c id  in  is o p r o p y l  a lc o h o l -  
e th e r ,  t h e r e  w a s  o b ta in e d  0 .2 6  g . o f t h e  h y d r o g e n  f u m a r a te ,  
m .p . 1 8 5 -1 9 2 ° . R e c r y s ta l l iz a t io n  f ro m  • le t .h a n o l - is o p r o p y l  
a l c o h o l - e th e r  g a v e  p u r e  I X  h y d r o g e n  f u m a r a te ,  m .p .  1 9 1 -  
1 9 2 ° ; u l t r a v io l e t  a n d  in f r a r e d  s p e c t r a  c o n s i s te n t  w ith  
s t r u c tu r e .

Anal. C a lc d . f o r  C 23H 29N 0 - C 4H 40 4: C , 7 1 .8 1 ; I I ,  7 .3 7 ; N ,
3 .1 0 . F o u n d :  C , 7 1 .7 0 ; H , 7 .5 2 ; N ,  3 .1 4 .

endo-S-Diinethylmninomelhyl-a-phenyl-a-o-tolyl-d-nor- 
bornene-exo-2-methanol ( X I ) .  A  s o lu t io n  o f  o - tc ly l l i th iu m  
w as p r e p a r e d  f ro m  6 .4 5  g. (0 .0 3 7 5  m o le )  o f o -b ro m o to lu e n e  
a n d  0 .5 2  g. (0 .0 7 5  g . - a to m )  o f  l i t h iu m  in  2C m l. o f e th e r .  
T h is  w a s  t r e a t e d  w i th  a  s o lu t io n  o f 4 .7 8  g . (0 ,0 1 8 7  m o le )  of 
a m in o  k e to n e  V I I  in  2 0  m l. o f  e th e r  a n d  w o rk e d  u p  a s  
d e s c r ib e d  u n d e r  th e  p r e p a r a t io n  o f  V I I I .  T h e  p r o d u c t  w as 
5 .9 4  g. o f  a  y e llo w  o il;  A“ * 2 .8 5 , 3 .2 9  ( — O H ) , 6 .2 5  y  

( a r o m a t ic  C = C ) .
F r o m  3 .1 6  g. o f t h i s  p r o d u c t  a n d  1 .06  g . o f f u m a r ic  a c id  in  

is o p r o p y l  a lc o h o l - e th e r ,  th e r e  w a s  o b ta in e d  2 .3 7  g . ( 5 6 % )  
o f X I  h y d r o g e n  f u m a r a t e  m e l t in g  a t  1 7 4 - 1 8 9 ° ;  u l t r a v io l e t  
a n d  in f r a r e d  s p e c t r a  c o n s i s te n t  w i th  s t r u c tu r e .

A  r e c r y s ta l l i z a t io n  o f th i s  m a te r ia l  f ro m  i s o p r o p y l  a lc o h o l -  
e th e r  g a v e  a  s a m p le  o f X I  h y d r o g e n  f u m a r a t e  m e l t in g  a t
1 9 0 .5 -1 9 2 .5 °  in  a b o u t  5 0 %  re c o v e ry '.

Anal. C a lc d . fo r  C 24H 29N 0 -C 4H 40 4 : C , 7 2 .5 4 ; H ,  7 .1 8 ; 
X , 3 .0 2 . F o u n d :  C , 7 2 .2 8 ; H , 7 .4 2 ; N ,  3 .0 7 , 2 .8 1 .
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The general class of tricarbonylmethane com
pounds contains examples with a wide variety of 
physiological actions as antifungal, anthelmintic, 
and antibacterial.1 However, only the tetracycline 
incorporate a carbamoyl moiety as part of the tri
carbonylmethane system. We wish to report a 
method of preparing 2-carbamoyl derivatives of 
some cyclic 1,3-dicarbonyl compounds through 
the use of readily accessible intermediates, i.e., 
cyclic 1,3-dicarbonyl compounds and urea. The 
interest of others in such compouncs has been 
disclosed using acetyl cyanate as an intermediate.2

Urea has found application as a source of the 
elements of cyanic acid as in the preparation of 
urethanes by reactions with alcohols and in the 
preparation of substituted ureas by reaction with 
amines.3 The zinc chloride catalyzed carbarnoyla- 
tion of resorcinol under Friedel-Crafts conditions 
by means of urea has been reported.4 5 Since organic 
acids catalyze the decomposition of urea, presum
ably via cyanic acid,6 it was hoped that compoun.ls

(1 )  C . H .  H a s s e l ,  Experimentia, 6 ,  6 4 2  (1 9 5 0 ) ;  C . H .  H a s s e l  
in  J .  W . C o o k , Progress in Organic Chemistry, v o l. 4 , 115, 
A c a d e m ic  P re s s ,  N e w  Y o rk , 1958 .

(2 )  M . M . S h e m v a k in ,  et al., Zhur. Obshchei Khim., 3 0 , 
5 4 2  (1 9 6 0 ).

(3 )  R .  B . W a g n e r  a n d  H .  D . Z o o k , Synthetic Organic 
Chemistry, J o h n  W ile y  & S o n s , I n c . ,  N e w  Y o r k ,  1 9 5 3 , p . 
6 4 5 .

( 4 )  J .  J .  R o e m e r  a n d  W . M . D e g n a n ,  J. Am. Chem. Soc., 
6 3 ,  103  (1 9 4 1 ). A c c o rd in g  to  th e s e  w o rk e rs ,  t h e  z in c  c h lo r id e -  
u r e a  m e th o d  o f  c a r b a m o y la t io n  is  r e s t r i c te d  t o  r e s o rc in o l.

(5 )  S . O z a k i, T .  M u k a iy a m a ,  a n d  K .  U n o , J. Am. Chem.
Soc., 7 9 , 4 3 5 8  (1 9 4 7 ). T .  M u k a iy a m a  a n d  T . M a ts u n a g a ,  
. / .  Am. Chem. Soc., 7 5 , 6 2 0 9  (1 9 5 3 ) .
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such as 5,5--dimethyl-l,3-cyclohexanedione might 
furnish a proton for the catalytic decomposition of 
urea, with concurrent reaction of the anion with 
the cyanic acid to yield the carbamoyl derivative. 
The reaction of the anions of 1,3-diketones with 
alkyl or aryl isocyanates and iso thiocyanates to 
furnish their 2-iV-substituted carbamoyl and thio- 
carbamoyl derivatives has been reported.6 The use 
of cyanic acid for the preparation of the desired 
primary amides did not appear attractive in view of 
its instability. Further, simple neutralization 
might occur in the reaction of 1,3-diketo salts 
with cyanic acid. When no basic catalyst was em
ployed, 5,5-dimethyl-l,3-cyclohexanedione fur
nished the enolic carbamate with phenyl iso
cyanate.6*

In the present work, urea was heated with 5,5- 
dimethyl - 1,3 - cyclohexanedione, 1,2 - diphenyl-
3,5-pyrazolidinedione,7 and 1 - phenyl - 3,5 - pyra- 
zolidinedione8 to furnish their carbamoyl deriv
atives (I, II, and III). All of the carbamoyl com
pounds were soluble in 0.1 A sodium hydroxide and 
gave colored crystalline derivatives with cupric 
acetate. The pale blue copper derivative of I was 
stable to cold dilute sulfuric acid, but could be 
hydrolyzed to I at room temperature.9

H
N -
H

C o m 
p o u n d X Y Z

I c h 2 ( C H 3) 2C c h 2
I I C A N C A N —

I I I C A N H N —

It is not necessary to postulate the existence of 
free cyanic acid at the elevated reaction tempera
tures which are required if the reaction is envi
sioned as proceeding through cyclic resonance 
stabilized transition states. We are investigating 
these possibilities further, using 2-substituted 
cyclic 1,3-dicarbonyl compounds and substituted 
ureas as intermediates.

Additional applications of the reaction are 
currently being investigated. The reaction is 
apparently limited to cyclic 1,3-dicarbonyl com
pounds since the urea adduct of 4,6-dimethyl-2- 
pyrimidol10 was obtained by refluxing an aqueous

( 6 ) ( a )  W . D ie c k m a n n ,  J .  H o p p e ,  a n d  R .  S te in ,  Ber., 
37, 4 6 3 5  (1 9 0 4 ) . ( b )  S . R u h e m a n n ,  J. Chem. Soc., 93, 621 
(1 9 0 8 ) . ( c )  D .  E .  W o ra l l ,  J. Am. Chem. Soc., 5 0 , 145 6  
( 1 9 2 8 ) ;  J. Am. Chan. Soc., 4 2 ,  105 5  (1 9 2 0 ).

( 7 )  H .  R u h k o p f ,  Ber., 73 , 8 2 0  (1 9 4 0 ).
( 8 ) M . C o n r a d  a n d  A . Z a r t ,  Ber., 3 9 , 2 2 8 3  (1 9 0 6 ) .
( 9 )  T h e  p a le  b lu e  c o p p e r  s a l t  o f  C - a c e ty ld im e d o n  is 

h y d r o ly z e d  in  d i lu te  s u lf u r ic  a c id  a t  0 ° .  S ee  W . D ie c k m a n n  
a n d  R .  S te in ,  Ber., 37, 3 3 7 0  (1 9 0 4 ) .

(1 0 )  S . B i r tw e l l ,  J. Chem. Soc., 17 2 5  (1 9 5 3 ) .

solution of acetylacetone and urea. The pyrimidine 
was characterized by conversion to the nitrate.11

EXPERIMENTAL12

S-Carbamoyl-5,5-dimelhyl-l,3-cyclohexanedione ( I ) .  A  m ix 
t u r e  o f  2 0  g . (0 .1 5  m o le )  o f  5 ,5 - d im e th y l - l ,3 - c y c lo h e x a n e -  
d io n e  a n d  18  g . (0 .3  m o le )  o f u r e a  w a s  h e a t e d  a t  1 3 7 °  f o r  20  
m in . T h e  c o o le d  m ix tu r e  w a s  d is s o lv e d  in  15 0  m l. o f  h o t  
m e th a n o l ,  t h e  s o lu t io n  t r e a t e d  w i th  N u c h a r  b r a n d  a c t i v a t e d  
c h a r c o a l ,  a n d  2 5 0  m l. o f  0.11V h y d r o c h lo r ic  a c id  a d d e d .  C o o l
in g  g a v e  9  g . ( 3 3 % )  o f  w h i te  c r y s ta l l in e  so lid , m .p .  1 3 9 -1 4 3 ° . 
R e c r y s ta l l iz a t io n s  f ro m  m e th a n o l  a n d  f ro m  e th y l  a c e t a t e  
f u rn is h e d  8  g . ( 3 0 % ) ,  m .p .  1 4 5 -1 4 6 ° . A  s o lu t io n  in  0 .1 N  
s o d iu m  h y d r o x id e  e x h ib i te d  m a x im a  in  m p  in  t h e  u l t r a v io l e t  
a t  2 7 2  (« =  1 4 ,1 2 0 ) ;  in  0 .1A 1 h y d r o c h lo r ic  a c id  a t  2 6 0  (e  =  
1 5 ,7 9 0 ).

Anal. C a lc d .  f o r  C 9H 13N O 3: C , 5 9 .0 0 ; H ,  7 .1 5 ;  N ,  7 .6 5 . 
F o u n d :  C , 5 8 .8 2 ; H ,  7 .1 1 ; N ,  7 .4 7 .

T h e  p a le  b lu e  copper salt w a s  o b ta in e d  b y  t h e  a d d i t i o n  o f 
m e th a n o l ic  c u p r ic  a c e t a t e  t o  a  s o lu t io n  o f  I  i n  m e th a n o l .  
T h e  c o p p e r  s a l t  d id  n o t  m e l t  a n d  w a s  in s o lu b le  in  o rg a n ic  
s o lv e n ts .  T h e  s a l t  c o u ld  b e  h y d r o ly z e d  b y  s t i r r in g  w i th  1 0 %  
s u lf u r ic  a c id  a n d  e th e r  a t  ro o m  t e m p e r a t u r e  fo r  2  h r .  T h e  
e th e r  w a s  s e p a r a te d  a n d  t h e  a q u e o u s  p h a s e  w a s h e d  w i th  
e th e r .  T h e  c o m b in e d  e th e r e a l  s o lu t io n s  w e re  w a s h e d  w i th  
w a te r ,  d r ie d  w i th  m a g n e s iu m  s u l f a te  a n d  c o n c e n t r a t e d  t o  
y ie ld  I ,  m .p .  1 4 5 -1 4 6 ° .

4-Carbamoyl-l,2-diphenyl-S,5-pyrazolidinedione ( I I ) .  A  
m ix tu r e  o f  16  g . (0 .0 6 4  m o le )  o f  l ,2 - d ip h e n y l- 3 ,5 - p y r a z o l i 
d in e d io n e 4 a n d  7 .6  g . (0 .1 2 6  m o le )  o f  u r e a  c o n ta in e d  in  a  100- 
m l. r o u n d  b o t to m  f la s k  w a s  h e a t e d  in  a n  o il b a t h  a t  1 5 0 °  fo r  
10 m in .  a n d  a t  1 4 5 °  f o r  a n  a d d i t i o n a l  10 m in .  w i th  i n t e r m i t 
t e n t  h a n d  s t i r r in g .  T h e  g la s s  o b t a in e d  u p o n  c o o l in g  w a s  d is 
s o lv e d  w i th  h e a t  in  5 0  m l.  o f  m e th a n o l  a n d  th e n  3 0 0  m l. o f 
w a te r  w a s  a d d e d .  T h e  s o lu t io n  w a s  c o n c e n t r a t e d  t o  a b o u t  
tw o - th i r d s  v o lu m e  a n d  t h e n  d i lu te d  t o  3 0 0  m l. w i th  w a te r .  
A f te r  w a s h in g  w i th  tw o  4 0 -m l. p o r t io n s  o f  e th y l  a c e t a t e  t h e  
s o lu t io n  w a s  a c id if ie d  t o  p H  2  w i th  h y d r o c h lo r ic  a c id .  T h e  
p r e c ip i t a t e d  p r o d u c t  w a s  c o l le c te d , d r ie d ,  a n d  s u s p e n d e d  in  
1 20  m l. o f  b u t a n o n e .  T h e  in s o lu b le  p o r t io n  w a s  s e p a r a te d  
a n d  t h e  l iq u o r  c o n c e n t r a t e d  t o  3 0  m l. T h e  s o lu t io n  w a s  
d i lu te d  w i th  h e p t a n e  t o  2 2 0  m l. a n d  c h i l le d  t o  f u r n i s h  13 g ., 
m .p .  144—1 4 7 ° . R e c r y s ta l l iz a t io n  f ro m  6 0  m l. o f  m e th a n o l  
g a v e  11 g . ( 5 9 % ) ,  m .p .  1 5 4 - 1 5 6 ° ;  in  O.IAT s o d iu m  h y d r o x id e ,  
Xmas 2 4 3  m p  (e  =  3 1 ,2 0 0 ) . I n  5 0 %  a q u e o u s  e th a n o l ,  t h e  h a l f  
n e u t r a l i z a t i o n  p o in t  w a s  a t  p H  3 .0 .

Anal. C a lc d .  f o r  C ieH u N sC b : C , 6 5 .0 8 ; H ,  4 .4 4 ; N ,  14 .2 3 . 
F o u n d :  C , 6 5 .2 9 ; H ,  4 .4 6 ; N ,  13 .9 3 .

4-Carbamoyl-l-phenyl-3,5-pyrazolidinedione ( I I I ) .  A  m ix 
t u r e  o f  3 .5  g . (0 .0 2  m o le )  o f l - p h e n y l - 3 ,5 - p y r a z o l id in e d io n e 4

(1 1 )  T .  d e H o a r f  Rec. trav. chim., 27, 16 2  (1 9 0 8 ) ;  J. 
Chem. Soc., 9 4 i ,  5 7 7  (1 9 0 8 ) .

(1 2 )  A ll m e l t in g  p o in t s  a r e  u n c o r re c te d .  M ic ro a n a ly s e s  b y  
S p a n g  M ic r o a n a ly t ic a l  L a b o r a to r y ,  A n n  A rb o r ,  M ic h .
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a n d  2 .4  g . (0 .0 4  m o le )  o f  u r e a  w a s  h e a t e d  a t  1 5 0 °  fo r  12 m in . 
t o  y ie ld  a  g la s s  w h ic h  w a s  b o i le d  w i th  5 0  m l. o f  w a te r .  C o o lin g  
g a v e  a  g e la t in o u s  m a te r ia l  w h ic h  w a s  d is c a rd e d .  T h e  l iq u o r ,  
p H  4 , w a s  a c id if ie d  t o  p H  1 w i th  h y d r o c h lo r ic  a c id  t o  p r e 
c ip i t a t e  a  h e a v y  s o l id  w h ic h  w a s  c o l le c te d  a n d  th e n  s t i r r e d  
w i th  15 0  m l. o f  m e th a n o l  f o r  1 .5  h r .  A f te r  s e p a r a t i o n  o f  a  
s m a ll  a m o u n t  o f in s o lu b le  m a te r ia l ,  t h e  m e th a n o l  s o lu t io n  
w a s  c o n c e n t r a t e d  t o  d r y n e s s  a n d  t h e  r e s id u e  s u s p e n d e d  in  
b u ta n o n e .  A  l i t t l e  in s o lu b le  m a te r i a l  w a s  r e m o v e d  a n d  th e  
l iq u o r  d i l u t e d  w i th  h e p ta n e  to  f u r n i s h  a  s o lid  w h ic h  w a s  
c o lle c te d , d r ie d  a n d  r e c r y s ta l l i z e d  f ro m  w a te r  a n d  f ro m  b u t 
a n o n e  to  f u r n is h  1 g . ( 2 3 % ) ,  m .p . 1 8 6 -1 9 1 ° . T h e  m e l t in g  
p o in t  v a r ie d  w i th  t h e  r a t e  o f  h e a t ;  h o w e v e r ,  t h e  p r o d u c t  
s h o w e d  g o o d  d e p re s s io n  w i th  l - p h e n y l-3 ,5 - p y ra z o l id in e -  
d io n e ;  in  0.1N s o d iu m  h y d r o x id e ,  XmaI 2 9 0  ( s h o u ld e r )  a n d  256  
m p  (e  =  4 7 1 0  a n d  1 2 ,6 0 0 ).

Anal. C a lc d . fo r  C10H9N3O3: C , 5 4 .7 9 ; H ,  4 .1 4 ; N ,  19 .17 . 
F o u n d :  C , 5 4 .4 6 ; H ,  4 .1 6 ;  N ,  19 .20 .
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with Halogenated Quinones1,2
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The use of tetrachloro-substituted, conjugated, 
alicyclic dienes as reactants in the Diels-Alder 
Reaction has been known for some time. 1,2,3,4- 
Tetrachloro-l,3-cyclopentadiene,4 tetrachlorocyclo- 
pentadienone,5 and 5,5-dimethoxy-l,2,3,4-tetra- 
chloro-l,3-cyclopentadiene (I)6 are all known to un
dergo this reaction.

McBee, Diveley, and Burch6 describe a method 
for preparing aromatic compounds by a sequence 
of reactions involving hydrolysis of the kctal and 
removal of the carbonyl bridge from adducts be
tween I and various dienophiles. It was hoped that 
this sequence could be applied to the synthesis of 
chlorinated naphthoquinones. While this desire was 
not realized, some novel information on the chemi
cal behavior of the adducts between I and chlori
nated quinones was obtained.

(1 )  A  p o r t io n  o f  t h i s  w o r k  is t a k e n  f ro m  th e  M .S . th e s is  
o f  B r a d  H .  M ile s .

(2 )  A  p o r t io n  o f  th i s  w o rk  w a s  p r e s e n te d  b e fo re  t h e  
S o u th w e s t  R e g io n a l  M e e t in g  o f t h e  A m e r ic a n  C h e m ic a l  
S o c ie ty .  S a n  A n to n io , T e x .,  D e c .,  1958 .

(3 )  P r e s e n t  a d d r e s s :  D o w  C h e m ic a l  C o m p a n y ,  F r e e p o r t ,  
T e x .

(4 )  E .  T .  M c B e e , R .  K .  M e y e rs ,  a n d  C . F .  B a r a n a u c k a s ,  
J. Am. Chem. Soc., 7 7 , 88  (1 9 5 5 ).

(5 )  J .  S . N e w c o m e r  a n d  E .  T .  M c B ee ,* T . Am. Chem. Soc., 
7 1 , 9 4 8  (1 9 4 9 ).

( 6 )  E .  T .  M c B e e , W . R .  D iv e le y , a n d  J .  E . B u rc h , 
J. Am. Chem. Soc., 7 7 , 3 8 5  (1 9 5 5 ).

The diene (I) was treated with p-benzoquinone, 
monocliloroqumone, and 2,3-dichloroquinone to 
yield the expected adducts (II-IV). Attempts to 
react I with 2,5-dichloroquinone or with chloranil 
were unsuccessful.

I I .  R ,  =  R 2 =  I I
I I I .  R ,  =  H ;  R 2 =  C l
I V . R ,  =  R 2 =  C l

Attempts to hydrotyze the adducts to the car
bonyl bridge compounds with sulfuric acid gave 
either no reaction or highly colored, pasty ma
terials depending upon the concentration of the 
acid employed. Attempted hydrolysis of II with 
an acetic acid-hydrochloric acid mixture con
verted it to its enol isomer (V). Adducts III and IV 
were isomerized to their enol isomers, VI and VII, 
by refluxing the respective adducts in methyl alco
hol containing pyridine.7

V . R ,  =  R a =  H
V I .  R ,  =  I I ;  R -  =  C l 

V I I .  R ,  =  Rj =  C l

The diacetates and dibenzoates of enol isomers 
V, VI, and VII and the diethyl ethers cf V and 
VI were prepared according to standard proce
dures.

The reaction of II with stannous chloride and 
hydrochloric acid resulted in reduction of the double 
bond in the quinone portion of the molecule. The 
carbonyl groups were not reduced, but the yellow 
color of the quinone was lost leaving the white 
compound VIII. The infrared spectrum of this 
compound is consistent with the presence of car
bonyl groups and the absence of hydroxy groups. 
In addition, VIII reacted with 2,4-dinitrophenyl- 
hydrazine to form a bright yellow, bis-2,4-dinitro- 
phenylhydrazone. The reduction of III or IV with

( 7 )  E .  S eg e l, R .  E .  L id o v , a n d  J .  H y m a n ,  U . S . P a t .  
2 ,5 8 4 ,1 4 0  ( F e b .  5 , 1 9 5 2 ); Chem. Abstr., 46, 9 5 9 l i  (1 9 5 2 ) .
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iron and acetic acid also yielded VIII. The method 
of mixed melting points, elemental analyses, for
mation of the same bis-2,4-dinitrophenylhydrazonc, 
and comparison of infrared spectra all testify to 
the fact that the same compound VIII is produced 
by reduction of the three different adducts.

0

Reduction of II to the dione (VIII) is straight 
forward. Reduction of III or IV to VIII, however, 
requires replacement of chlorine by hydrogen. 
A similar type of replacement has been reported.8
3-Chloro-5-hydroxynaphthoquinone (3-chlorojug- 
lone) is converted to l,2,3,4-tetrahydro-5-hydroxy-
1,4-naphthalenedionc (/3-hydrojuglone) by acidic 
stannous chloride.

The non-reactivity of diene I with 2,5-dichloro- 
quinone and with chloranil led to a study of the 
reaction of hexachlorocyelopentadiene, 1,2,3,4- 
tetrachlorocyclopcntadiene, and cyclopcntadiene 
with these and the other chlorinated quinoncs 
employed. It was found that both hexachloro- 
cyclopentadiene9 and tetrachlorocyclopentadiene 
would form adducts with chloroquinone and with
2,3-dichloroquinonc (IX-XII) but not with 2,5- 
dichloroquinone nor with chloranil. These observa
tions are in accord with previous results10 obtained 
when hexachlorocyelopentadiene was permitted to 
react with halogenated olefins. It- was found then 
that hexachlorocycl ipentadiene would not form 
an adduct with a halogenated olefin unless that 
olefin had at least one hydrogen on each of the 
doubly bonded carbon atoms. This observation lends 
support to the structures presented for the mono- 
chloro- and the 2,3-dichloroquinone adducts as 
against the alternative possibility in which the 
diene adds to the double bond holding the halogen.

I X .  A  =  0 1 ; B  =  H  X I .  A =  C l;  B  =  I I
X . A  =  B  =  C l X I I .  A  =  B  =  C l

( 8 )  D . B . B ru c e  a n d  I t .  H . T h o m s o n ,  .7. Chern. Soc., 
2 7 5 9  (1 9 5 2 ).

(9 )  R .  E .  L id o v , J .  H y m a n ,  a n d  E . S eg e l, 1). S . P a t.. 
2 ,5 8 4 ,1 3 9  ( F e b .  5 , 1 9 5 2 ) c la im  th e  p r e p a r a t io n  o f X I  a n d  
X I I  b u t  g iv e  n o  p h y s ic a l  c o n s ta n t s  n o r  e le m e n ta l  a n a ly s e s .

(1 0 )  E .  T .  M c B e e , H .  R a k o ff ,  a n d  R . K . M e y e rs ,  .7. Am. 
Chan. Soc., 7 7 , 4 1 2 7  (1 9 5 5 ).

It would appear at first though that the two 
allylic chlorines in hexachlorocyelopentadiene or 
the two allylic methoxy groups in dimethoxy- 
tet.rachlorocyclopentadiene, which are not in the 
plane of the ring, would interact sterically with the 
chlorine on the double bonds of 2,5-dichloroquinone 
and chloranil. As tetrachlorocyclopentadiene also 
fails to react with these two quinones, however, it 
appears that the groups on the allylic position of 
the diene do not make possible nor inhibit this 
reaction.

The adducts of cyclopentadiene with quinone11 
and with chloranil,11’12.13 are recorded in the litera
ture while the adducts with chloroquinone (XIII) 
and with 2,3-dichloroquinone (XIV) have not been 
reported previously. An unsuccessful attempt to pre
pare the adducts between cyclopentadiene and 2,5- 
dichloroquinone (XV) or 2,6-dichloroquinonc
(XVI), has been reported by Gaertner.13

X I I I .  C l H  H  I I
X I V .  C l C l H  H

X V . C l H  C l H
X V I .  C l H  H  C l

E X PE R IM E N T A L 14

H e x a c h lo r o c y e lo p e n ta d ie n e  w a s  d o n a te d  b y  th e  H o o k e r  
C h e m ic a l  C o r p o r a t io n  w h ile  th e  V e ls ic o l C h e m ic a l  C o r p o r a 
t i o n  s u p p l ie d  t h e  d ic y c lo p c n ta d ic n e .  2 ,5 - D ic h lo ro q u in o n e  
a n d  c h lo r a n i l  w e re  p u r c h a s e d  f ro m  E a s tm a n  O rg a n ic  C h e m i
c a ls . 1 ,2 ,3 ,4 - T e t r a c h lo r o c y c lo p e n ta d ie n e ,4 5 ,5 -d im e th o x y -
1 ,2 ,3 ,4 - te t r a c h lo r o c y c lo p e n ta d ie n e ,5 2 - c h lo ro q u in o n e ,15 2 ,3 -  
d ic h lo r o q u in o n e ,16 2 ,6 - d ie h lo ro q u in o n e ,17 a n d  a d d u c t  I I 6 
w e re  p r e p a r e d  b y  p u b l is h e d  p ro c e d u re s .

777. Between 2,5-dichloroquinone and cydopeniadiene. 
F r e s h ly  c ra c k e d  c y c lo p e n ta d ie n e  (1 .8  g .;  0 .0 2 0  m o le )  a n d
2 ,5 -d ic h lo ro q u in o n e  (4  g .;  0 .0 2  m o le )  w e re  m ix e d  in  b e n z e n e  
s o lu t io n  (2 5  m l.)  a n d  h e a te d  a t  th e  re f lu x  t e m p e r a t u r e  fo r  2 
h r .  T h e  co o l s o lu t io n  w a s  d i lu te d  w i th  p e t r o le u m  e th e r  ( b .p .  
6 0 - 7 0 ° )  (1 0 0  m l .)  a n d  a  p a le  y e llo w  s o lid  (1 .7 5  g ., m .p .  113— 
1 1 4 ° )  w a s  o b ta in e d  b y  f i l t r a t io n .  A  s e c o n d  c ro p  (3 .3 5  g ., m .p . 
1 1 3 -1 1 4 ° )  w a s  o b ta in e d  b y  e v a p o r a t in g  t h e  f i l t r a t e  a lm o s t  to

(1 1 )  E .  C . L a d d ,  C a n a d ia n  P a t .  5 0 1 ,6 2 8  ( A p r . 20 , 1 9 5 4 ) ; 
Chem. Abgtr., 5 0 , 8 1 2 6 e  (1 9 5 6 ).

(1 2 )  J .  H y m a n ,  U . S . P a t .  2 ,5 0 7 ,2 0 7  ( M a y  9 , 1 9 5 0 ) ; 
Chem. Abstr., 4 4 ,  96171 (1 9 5 0 ).

(1 3 )  R .  G a e r tn e r ,  J. Am. Chem. Soc., 7 6 , 6 1 5 0  (1 9 5 4 ).
(1 4 )  A ll m e l t in g  p o in ts  a r e  u n c o r r e c te d .  C a r b o n  a n d  

h y d r o g e n  d e te r m in a t io n s  w e re  r u n  b y  W e ile r  a n d  S t r a u s s  
M ic r o a n a ly t ic a l  L a b o r a to r y ,  O x fo rd , E n g la n d ,  a n d  b y  t h e  
G a lb r a i t h  M ic r o a n a ly t ic a l  L a b o r a to r y ,  K n o x v il le ,  T e n n .  
C h lo r in e  d e te r m in a t io n s  w e re  r u n  b y  th e  a u th o r s  a n d  b y  
t h e  S t a t e  C h e m is t ’s  L a b o r a to r y .

(1 5  L . F .  F ie s e r ,  Experiments in Organic Chemistry, 2 n d  
E d . ,  D .  C . H e a t h  a n d  C o ., N e w  Y o rk , 1941 , p .  228 .

(1 6 )  J .  B . C o n a J f l  a n d  L . F .  F ie s e r ,  J. Am. Chem. Soc., 
4 5 , 2 2 0 4  (1 9 2 3 ).

(1 7 )  F .  K e h r m a n n  a n d  W . T ie s le r ,  ,7. prakt. chem. [2], 
4 0 , 481 (1 8 8 9 ).
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T A B L E  I

Preparation of Adducts

R e a c t io n R e x tn . %  C l
D ie n e A d d u c t S o lv e n t T e m p .  T im e S o lv e n t M .P . C o n v . C a lc d . F o u n d

C y c lo p e n ta d ie n e X I I I S k e l ly  B °

I .  B e tw e e n  C h lo r o q u in o n e  a n d  

R .T .  3 m in . S k e l ly  B  6 3 - 6 4 ° 7 7 % 16 .9 9 1 6 .9 6 ;  1 0 ,9 5
T e tr a c h lo r o c y c lo - I X B e n z e n e R e f lu x  8  h r . E th a n o l 1 4 8 .5 - 1 4 9 ° 9 9 % 51 .1 8 5 0 .8 7 ;  51 .0 0

p e n ta d ie n e
H e x a c h lo ro c y c lo - X I N o n e H e a t e d  to  1 6 0 ° S k e l ly  B 1 7 7 -1 7 8 ° 0 9 % 59 .7 6 5 9 .6 4 ;  5 9 .6 5

p e n ta d ie n e  
D im e th o x y  t e t r a - I I I T o lu e n e R e f lu x  16  h r . E th a n o l 1 5 5 .5 - 1 5 7 ° 8 1 % 4 3 ..62 4 3 . 8 9 ’'

c h lo ro c y c lo -
p e n ta d ie n e

C y c lo p e n ta d ie n e X I V B e n z e n e

I I .  B e tw e e n  2 ,3 - D ic h lo ro q u in o n e  

R .T .  16  h r .  S k e l ly  B

a n d

1 0 9 -1 1 0 ° 7 4 % 2 9 . 17 2 8 .9 0 ;  2 8 .9 9
T e tr a c h lo r o c y c lo - X B e n z e n e R .T .  16 h r . S k e l ly  B 1 6 8 -1 6 9 ° 6 9 % 5 5 .8 6 5 5 .4 4 ;  5 5 .5 2

p e n ta d ie n e
H e x a c h lo ro c y c lo - X I I N o n e H e a te d  t o  1 3 8 ° S k e l ly  B 1 7 7 -1 7 9 ° 8 8 % 6 3 . 07 6 2 .4 0 ;  6 2 .5 0

p e n ta d ie n e
D im e th o x y te t r a - IV T o lu e n e R e f lu x  42  h r . E th a n o l 2 0 4 - 2 0 5 .5 ° 5 4 % 4 8 . 25 4 7 . 8 3 e

c h lo ro c y c lo -
p e n ta d ie n e

« P e t r o le u m  e t h e r  ( b .p .  6 0 - 7 0 ° ) .  b C  a n d  H  a n a ly s is ;  C a le d . :  C , 3 8 .4 1 ; H ,  2 .2 3 . F o u n d :  C , 3 8 .9 2 , 3 8 .9 4 ; H ,  2 .5 0 , 2 .5 2 . 
c C  a n d  H  a n a ly s is :  C a le d . :  C , 3 5 .4 1 ; H ,  1 .83 . F o u n d :  C , 3 5 .5 8 , 3 5 .6 0 ; H ,  2 .2 9 , 2 .0 4 .

d ry n e s s  a n d  d i lu t in g  w i th  p e t r o le u m  e th e r  (5 0  m l.) .  T h e  a n 
a ly t i c a l  s a m p le , X V , m .p . 1 1 3 -1 1 4 ° , w a s  p r e p a r e d  b y  r e 
c r y s ta l l iz in g  t h e  c r u d e  m a te r i a l  tw ic e  f ro m  p e t r o le u m  e th e r  
( o n c e  w i th  D a r c o ) ;  y ie ld  ( c ru d e ) ,  9 3 % .

Anal. C a lc d . f o r  C n H s C ljO j;  C , 5 4 .3 5 ; H , 3 .3 2 ; C l, 2 9 .1 7 . 
F o u n d :  C , 5 4 .5 5 , 5 4 .6 0 ; H , 3 .1 1 , 3 .0 9 ; C l, 2 9 .3 9 , 29 (05 .

W i th  th e s e  s a m e  tw o  r e a g e n ts  G a e r t n e r 13 r e p o r t e d  th e  
p r e p a r a t io n  o f  a  c o m p o u n d ,  m .p .  1 1 3 .5 -1 1 5 .5 °  f o r  w h ic h  
g o o d  a n a ly t i c a l  d a t a  c o u ld  n o t  b e  o b ta in e d .

IV . Between 2,6-dichloroquinone and cyclopentadiene. 
F re s h ly  c r a c k e d  c y c lo p e n ta d ie n e  (0 .8 5  g . 0 .0 1 2  m o le )  a n d
2 ,6 - d ic h lo ro q u in o n e  (2 .2  g .;  0 .0 1 2  m o le )  w e re  m ix e d  in  
b e n z e n e  (5  m l .)  a n d  a n  e x o th e r m ic  r e a c t io n  e n s u e d . A b o u t  
a n  h o u r  l a t e r  t h e  s o lu t io n  w a s  d i lu te d  w i th  p e t r o le u m  e th e r  
(2 0  m l .)  a n d  co o le d  in  a  D r y  I c e - a c e to n e  b a t h .  A  p a le  y e llo w  
s o l id  (2 .7  g .)  w a s  f i l te r e d , m .p . 7 0 .5 - 7 2 ° .  T h e  a n a ly t ic a l  
s a m p le , X V I ,  m .p .  7 2 .5 - 7 3 .5 ° ,  w a s  p r e p a r e d  b y  r e c r y s ta l 
l iz in g  th i s  m a te r i a l  tw ic e  f ro m  p e t r o le u m  e th e r  (o n c e  w-ith 
D a r c o ) ;  y ie ld  ( c r u d e ) ,  9 3 % .

Anal. C a lc d . f o r  C UH 8C120 2: C , 5 4 .3 5 ; H , 3 .3 2 ; C l, 2 9 .1 7 . 
F o u n d :  C , 5 4 .3 5 , 5 4 .4 8 ; H , 3 .1 4 , 3 .3 7 ; C l, 2 9 .2 8 , 2 9 .0 8 .

W i th  th e s e  s a m e  tw o  r e a g e n ts ,  G a e r t n e r 13 o b ta in e d  a  
c o m p o u n d ,  m .p .  1 3 8 -1 4 0 ° , w h ic h  d e c o m p o s e d  r a p id ly  o n  
s t a n d in g  a n d  f o r  w h ic h  g o o d  a n a ly t i c a l  d a t a  c o u ld  n o t  b e  o b 
ta in e d .  O u r  p r o d u c t ,  m .p .  7 2 .5 - 7 3 .5 ° ,  w h o s e  a n a ly s is  c h e c k e d  
w e ll w i t h  t h e  c a lc u la te d  v a lu e s ,  d e c o m p o s e d  s lo w ly ;  a f te r  
tw o  w e e k s  t h e  m e l t in g  p o in t  h a d  d r o p p e d  t o  6 4 - 6 5 ° .  T h e  
d if fe re n c e  in  t h e  p r o d u c t s  o b ta in e d  m a y  b e  d u e  t o  th e  d if 
f e re n c e  in  r e a c t io n  t im e  e m p lo y e d  a n d  to  t h e  f a c t  t h a t  G a e r t 
n e r  to o k  c j 'c lo p e n ta d ie n e  a n d  2 ,6 - d ic h lo ro q u in o n e  in  a  1 .5:1 
r a t i o  w h ile  w e  t o o k  th e m  in  a  1 :1  r a t io .

Preparation of enol isomers. A . Of Adduct I I I .  Preparation 
of compound V I .  Typical Preparation. A  m ix tu r e  o f  a d d u c t  
I I I  (5  g .;  0 .0 1 2  m o le ) , m e th a n o l  (5 0  m l.) ,  a n d  p y r id in e  (1 5  
d r o p s )  w a s  h e a te d  u n d e r  re f lu x  fo r  12 h r .  T h e  s o lu t io n  w as 
n e u t r a l iz e d  w i th  s u lfu r ic  a c id  a n d  r e d u c e d  to  a b o u t  o n e -  
f o u r th  t h e  o r ig in a l  v o lu m e  b y  b o i l in g  a t  a tm o s p h e r ic  p r e s 
s u re . W a te r  w a s  a d d e d  t o  p r e c ip i t a t e  t h e  p r o d u c t  w h ic h  w as 
e x t r a c te d  i n to  b o i l in g  p e t r o le u m  e th e i^  T h is  e x t r a c t  w as  
f i lte re d , r e d u c e d  in  v o lu m e  b y  b o il in g , a n d  co o led  in  a n  ice  
b a th .  T h e  r e d d is h - w h i te  p r e c ip i t a t e  w h ic h  f o rm e d  w a s  re 
c ry s ta l l iz e d  f ro m  p e t r o le u m  e th e r  ( D a rc o  a d d e d )  a n d  y ie ld e d  
th e  e n o l is o m e r , V I ,  m .p . 1 3 2 -1 3 4 ° ;  c o n v e r s io n  w a s  4 8 % .

Anal. C a lc d . fo r  C m H sC L C h: C , 3 8 .4 1 ; H , 2 .2 3 ; C l, 4 3 .6 2 . 
F o u n d :  C , 3 8 .5 0 , 3 8 .7 1 ; H , 2 .6 5 , 2 .5 6 : C l, 4 3 .1 3 .

B . Of adduct IV. Preparation of compound V I I .  M .p .
1 5 4 .5 -1 5 6 ° ;  c o n v e r s io n ;  7 0 % .

Anal. C a lc d . fo r  C i3H 8C l60 4: C , 3 5 .4 1 ; H , 1 .83 : C l, 4 8 .2 5 . 
F o u n d :  C , 35 .8 6 , 3 6 .0 9 ; H . 1 .79 , 1 .5 4 ; C l, 4 7 .9 5 .

C . Of adduct I I .  Preparation of compound V . M .P .  2 0 3 -  
2 0 4 ° ;  c o n v e rs io n , 9 0 % .

Anal. C a lc d . fo r  C - .H w C lA :  C  4 1 .9 7 ; H , 2 .7 1 ; C l, 3 8 .1 2 . 
F o u n d :  C , 4 1 .7 8 , 4 1 .9 3 ; H , 3 .0 3 , 3 .1 5 ; C l, 3 8 .1 9 , 3 8 .3 8 .

Preparation of derivatives of the enol isomers. A . Benzoates. 
T h e  d ib e n z o a te s  w e re  p r e p a r e d  b y  t r e a t i n g  0 .5 -g . q u a n t i t i e s  
o f th e  e n o l is o m e rs  w i th  d r y  p y r id in e  (3  m l.)  a n d  b e n z o y l 
c h lo r id e  (2  m l.) .  A f te r  t h e  e x o th e r m ic  r e a c t io n  h a d  s u b s id e d , 
c o n c e n t r a te d  h y d r o c h lo r ic  a c id  w a s  a d d e d .  A n  o il s e p a r a te d  
f ro m  th e  s o lu t io n  b u t  i t  s o lid if ie d  o n  s t i r r in g  w i th  a  g la s s  ro d . 
T h e  c r y s ta l s  w e re  f i lte r e d , w a s h e d  w i th  5 %  s o d iu m  c a r b o n 
a t e  s o lu t io n , a n d  r e c r y s ta l l iz e d  f ro m  m e th a n o l .  C o n v e rs io n s  
of 90% , w e re  re a l iz e d .

Dibenzoate of enol isomer V . M .p .  2 2 8 -2 3 0 ° .
Anal. C a lc d . fo r  C ^ H isC L O e : C , 5 5 .8 8 ; I I ,  3 .1 3 : C l, 2 4 .4 4 . 

F o u n d :  C , 5 5 .8 3 , 5 5 .6 1 ; I I ,  3 .2 3 , 3 .3 4 ; C l, 2 4 .4 4 , 2 4 .1 7 . 
Dibenzoate of enol isomer V I .  M .p .  2 0 4 .5 -2 0 6 ° .
Anal. C a lc d . fo r  C 27H 17C150 6: C , 5 2 .7 5 ; I I ,  2 .7 9 ; C l, 2 8 .8 4 . 

F o u n d :  C , 5 2 .9 3 , 5 3 .1 2 ; H , 2 .7 2 , 2 .8 0 ; C l, 2 8 .9 6 .
Dibenzoate of enol isomer V I I .  M .p .  2 3 0 ° .
Anal. C a lc d  f o r  C 27H ,6C160 6: C , 4 9 .9 6 ; H , 2 .4 8 : C l, 3 2 ,1 4 . 

F o u n d :  C , 5 0 ,5 8 , 5 0 .0 3 ; I I ,  2 .6 1 , 2 .6 0 ; C l, 3 2 .7 7 .
B . Acetates. T h e  d ia c e ta te s  w e re  p r e p a r e d  b y  t r e a t i n g  2 -g . 

q u a n t i t i e s  o f th e  en o l iso m e rs  w i th  2 m l. o f a c e t ic  a n h y d r id e  
a n d  1 d r o p  o f c o n c e n t r a te d  s u lfu r ic  a c id .  A f te r  t h e  e x o th e rm ic  
r e a c t io n  h a d  s u b s id e d , w a te r  w a s  a d d e d  to  p r e c ip i t a t e  th e  
p r o d u c t  a n d  to  h y d r o ly z e  ex cess  a c e t ic  a n h y d r id e .  T h e  p r o d 
u c t  w a s  f i lte r e d , w a s h e d  w i th  w a te r ,  a n d  r e c r y s ta l l iz e d  fro m  
p e t r o le u m  e th e r .  C o n v e rs io n s  r a n g e d  f ro m  83  to  9 8 % . 

Diacetale of enol isomer V. M .p .  1 6 1 -1 6 3 ° .
Anal. C a lc d . fo r  C 17I I I4C140 6: C , 4 4 .7 6 ; H , 3 .0 9 ; C l, 3 1 .0 9 . 

F o u n d :  C , 4 4 .8 5 , 4 5 .0 8 ; I I ,  3 .3 7 , 3 .1 2 ; C l, 3 1 .9 1 , 3 1 ,3 0 .
Dim elate of enol isomer V I .  M .p .  1 6 5 -1 6 6 ° .
Anal. C a lc d . fo r  C i7H iaC LO «: C , 4 1 .6 2 ; H , 2 .6 7 : C l, 3 6 .1 3 . 

F o u n d :  C , 40 .6 2 , 4 0 .7 4 ; ,H  3 .0 6 , 3 .0 6 ; C l, 3 5 .0 8 .
Diacelate of enol isomer V I I .  M .p .  1 6 0 -1 6 1 ° .
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Anal. C a lc d . f o r  C , ;H ,2C le 0 6: C , 3 8 .8 9 ; H ,  2 .3 0 ;  C l, 4 0 .5 2 . 
F o u n d :  C , 3 9 .0 6 , 3 9 .0 2 ; H , 2 .3 5 , 2 .1 0 ; C l, 4 0 .2 0 .

C . Ethers. T h e  d ic th e r s  o f  e n o l is o m e rs  V  a n d  V I  w e re  p r e 
p a r e d  b y  t r e a t i n g  th e  en o l i s o m e r  in  a c e to n e  s o lu t io n  w ith  
e t h y l  b r o m id e  a n d  p o ta s s iu m  c a r b o n a te  a c c o r d in g  t o  t h e  
m e th o d  d e s c r ib e d  in  H ic k in b o t to m .18

Diethyl ether of enol isomer V . M .p .  1 5 3 -1 5 4 ° ;  c o n v e r s io n  
8 5 % .

Anal. C a lc d .  f o r  C „ H 18C140 4: C , 4 7 .9 6 ; H , 4 .2 3 ; C l, 3 3 .1 2 . 
F o u n d :  C , 4 7 .8 7 , 4 7 .8 4 ; H ,  4 .3 2 , 4 .4 1 ; C l, 3 2 .5 4 , 3 3 .1 8 .

Diethyl ether of enol isomer V I .  M .p .  9 9 - 1 0 1 ° .
Anal. C a lc d . 'fo r C i,H „ C 150 4: C , 4 4 .1 4 ; H , 3 .7 0 ; C l, 3 8 .3 2 . 

F o u n d :  C , 4 4 .2 9 , 4 4 .0 2 ; H , 3 .7 2 , 4 .1 3 ; C l, 3 8 .1 7 .
Preparation of 5,6,7,8-tetrachloro-9,9-dimethoxy-2,8,4a,6,8,- 

8a-hexahydro-5,8-melhanonaphthalene-l ,4-dione. V I I I .  A . 
From adduct I I .  A  s o lu t io n  c o n ta in in g  a d d u c t  I I  (5  g . ; 0 .0 1 3  
m o le ) , m e th a n o l  (2 0 0  m l.) ,  s t a n n o u s  c h lo r id e  d ih y d r a t e  (3 0  
g . ; 0 .1 3  m o le ) , a n d  h y d r o c h lo r ic  a c id  (4 0  m l .)  w a s  s h a k e n  
u n t i l  t h e  c o lo r  d i s a p p e a re d .  W a t e r  w a s  a d d e d  a n d  t h e  w h i te  
s o lid  w h ic h  f o rm e d  w a s  r e c r y s ta l l i z e d  f ro m  m e th a n o l  t o  g iv e  
V I I I  (4 .9  g .;  9 8 % ) ,  m .p .  1 2 8 -1 2 9 ° .

Anal. C a lc d . fo r  C ,3H I2C140 4: C , 4 1 .7 4 ; H , 3 .2 3 ; C l, 3 7 .9 2 . 
F o u n d :  C , 4 2 .3 8 , 4 1 .9 1 ; H , 3 .1 5 , 2 .8 7 ; C l, 3 8 .2 8 .

B . From adduct I I I .  A  s o lu t io n  o f  a d d u c t  I I I  (5  g . ; 0 .0 1 2  
m o le ) ,  i r o n  ( b y  r e d u c t io n )  (1 5  g .;  0 .2 7  m o le ) , a n d  a c e t ic  a c id  
(1 0 0  m l .)  w a s  re f lu x e d  fo r  1 .5  h r .  T h e  s o lu t io n  w a s  f i l te r e d  
w h ile  h o t ,  a n d  w a te r  w a s  a d d e d  to  p r e c ip i t a t e  t h e  p r o d u c t .  
T h e  m ix tu r e  w a s  a l lo w e d  t o  s t a n d  o v e r n ig h t  b e fo re  i t  w a s  
f i l te r e d  a n d  t h e  p r o d u c t  w h ic h  w a s  o b ta in e d  w a s  r e c r y s t a l 
l iz e d  tw ic e  f ro m  m e th a n o l - w a te r  t o  g iv e  V I I I  in  8 0 %  c o n 
v e r s io n ;  m .p .  1 2 9 -1 3 1 .°

Anal. C a lc d . fo r  C 13H 12C140 4: C , 4 1 .7 4 ; I I ,  3 .2 3 ; C l, 3 7 .9 2 . 
F o u n d :  C , 4 2 .2 3 , 4 2 .2 0 ; H ,  3 .6 1 , 3 .6 4 ; C l, 3 7 .8 2 .

C . From adduct IV . C o m p o u n d  V I I I  w a s  p r e p a r e d  f ro m  
a d d u c t  IV  in  a  m a n n e r  s im i la r  t o  t h a t  d e s c r ib e d  f o r  t h e  
p r e p a r a t io n  f ro m  a d d u c t  I I I .  I t  w a s  o b ta in e d  in  7 2 %  c o n v e r 
s io n , m .p .  1 2 9 -1 3 2 ° .

Anal. C a lc d . fo r  C 13H ,2C140 4: C , 4 1 .7 4 , H , 3 .2 3 ;  C l, 3 7 .9 2 . 
F o u n d :  C , 4 1 .1 8 , 4 1 .8 9 ; H , 3 .3 1 , 2 .9 7 ; C l, 3 7 .8 2 .'

Preparation of the bis-8,4-dinitrophenylhydrazone of V I I I .  
A n  e x c e s s  o f s p e c ia l ly  p r e p a r e d 19 2 ,4 - d in i t r o p h e n y lh y d r a z in e  
r e a g e n t  w a s  a d d e d  t o  a  s o lu t io n  of V I I I  in  e th a n o l  (2 5  m l.) .  
T h e  b r i g h t  y e llo w  p r e c ip i t a t e  w a s  f i lte r e d  a n d  w a s h e d  w i th  
w a te r .  I t  w a s  t h e n  r e c r y s ta l l iz e d  o n c e  f ro m  x y le n e , tw ic e  
f ro m  a c e t ic  a c id ,  a n d  o n c e  m o r e  f ro m  x y le n e  t o  g iv e  t h e  b r ig h t  
y e l lo w  d e r iv a t iv e  in  3 0 %  c o n v e r s io n . D e c o m p o s i t io n  t e m 
p e r a tu r e ,  2 3 4 ° .

Anal. C a lc d . fo r  C 25H 20C14N sO h): C l, 1 9 .3 1 ; F o u n d ,  C l, 
19 .27 .
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Many of the reactions of phthalaldehydic acid 
can best be accounted for by using the tautomeric 
closed-ring structure. That such a structure actu

ally exists has been verified recently through 
infrared absorption studies.1 A previous paper by 
this writer2 3 reported a number of condensation 
reactions of phthalaldehydic acid with aromatic 
hydrocarbons and with aryl halides which involve 
the reactive 3- position in the 3-hydroxy form of 
the acid.8 Sulfuric acid in various concentrations 
Avas employed as the condensing agent. In all of 
the substituted phthalides which were synthesized 
in this manner, the carbon at the 3- position be
came linked directly to carbon in the aromatic 
ring.

The investigations reported in this paper show 
that this same general method can be used for 
condensing phthalaldehydic acid with phenols, 
phenolic ethers, and ring halogenated phenols 
and phenolic ethers. Bistrzycki4 5’6 * and his asso
ciates have reported success in preparing 3-(p- 
methoxyphenyl) phthalide by this approach, but 
they failed in attempts to similarly synthesize
3-(p-ethoxyphenyl)phthalide. In a series of papers 
Adams,6 et al. describe condensations of opianic 
acid with a number of phenolic compounds, and 
suggest a similar behavior for phthalaldehydic 
acid.

The structures of certain phthalides A\diich are 
formed in condensations of this type can be es
tablished with reasonable certainty on the basis 
of the relative directive strengths of the substit
uent groups. Thus, the condensation product to be 
expected from the reaction of phthalaldehydic 
acid with p-chloroanisole is 3-(5-chloro-2-methoxy- 
phenyl)phthalide, and not the isomeric 3-(2-chloro-
5-methoxyphenyl)phthalide. That this is a correct 
conclusion was proved unequivocally by convert
ing this phthalide into 5-chloro-2-methoxyaniline 
and o-phthalic acid. To this end the phthalide 
was first oxidized Avith alkaline permanganate to 
produce the corresponding substituted o-benzoyl- 
benzoic acid. From this compound there was 
prepared the oxime, isolated as an oxime anhydride. 
Heating the oxime Avith concentrated hydrochloric 
acid brought about a Beckmann rearrangement, 
and subsequent hydrolysis. Two products were 
isolated from the reaction mixture and identified 
as 5-chloro-2-methoxyaniline and o-phthalic acid.

Infrared absorption spectra were obtained for
3-phenylphthalide, a compound previously re
ported,2 and also for 3-(5-chloro-2-methoxyphenyl)- 
phthalide and 3-(5-methyl-2-methoxyphenyl)-

( 1 )  D . D .  W h e e le r ,  D .  C . Y o u n g , a n d  D .  S . E r le y ,  
J. Org. Chem., 2 2 , 5 56  (1 9 5 7 ).

(2 )  P a r t  I  a p p e a r e d  in  J. Org. Chem., 2 5 , 64 3  (1 9 6 0 ).
(3 )  I t  is t o  b e  n o te d  t h a t  p r io r  t o  1937  Chemical Abstracts 

u s e d  t h e  n o t a t i o n  2 - s u b s t i tu te d  p h th a l id e s  in s te a d  o f  3 - 
s u b s t i t u t e d  p h th a l id e s .

(4 )  A . B is t r z y c k i  a n d  G . O e h le r t ,  Be:., 2 7 , 2 6 3 2  (1 8 9 4 ) .
(5 )  A . B i s t r z y c k r a n d  S. Z e n -R u ff in e n , Helo. Chim. Acta, 

3 ,  36 9  (1 9 2 0 ).
(6 )  M . M . B r u b a k e r  a n d  R .  A d a m s , J. Am. Chem. Soc.,

4 9 , 2 2 7 9  (1 9 2 7 ) . ,
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phthalide. These spectra show intense absorption at 
5.73 n, 5.68 fi, and 5.70 y respectively, attributed 
to C = 0  stretch as affected by iive-membered ring 
strain. Intense bands also occur at 9.33 y, 9.48 y, 
and 9.40 y, respectively, and are assigned to asym
metric C—0 —C stretch. For 3-phenylphthalide 
and 3-(5-methyl-2-methoxyphenyl)phthalide strong 
absorption occurs at 10.35 y and 10.25 /z, respec
tively, due to symmetric C—0 —C stretch. No 
pronounced absorption is evident in this region for
3-(5-chloro-2-methoxyphenyl)phthalide; the sym
metric C—0 —C stretch is particularly sensitive 
to the group attached at the 3- position. Wheeler, 
Young, and Erley1 have noted these same three 
absorption bands for a number of 3-substituted 
phthalides in which the carbon at this position is 
linked to an element other than carbon. Their 
suggestion that these bands have value in the iden
tification of phthalide derivatives is strengthened 
by the infrared data cited here

With the exception of 3- (p-methoxyphen yl) - 
phthalide, the phthalides whose syntheses are 
reported here are believed to be new compounds.

EXPERIMENTAL

T h e  p h th a l a ld e h y d ic  a c id  u s e d  in  t h i s  s t u d y  w a s  s u p p l ie d  
b y  t o e  D o w  C h e m ic a l  C o .;  i t  w a s  p u r i f ie d  a s  p r e v io u s ly  d e 
s c r ib e d . 2 T h e  r a t io s  o f  a c id  t o  w a te r ,  a n d  o f  a c id  t o  a c id ,  
a r e  o n  a  v o lu m e  b a s is .

S-i p-M ethoxy phenyl)phthalide. O n e  a n d  o n c -h a lf  g ra m s  
(0 .01  m o le )  o f p h th a l a d e h y d ic  a c id  w a s  d is s o lv e d  in  2 4  m l. 
o f  3 ; 1 c o n e d , s u lf u r ic  a c id - w a te r .  T h is  s o lu t io n  w a s  co o le d  
in  a n  ic e  w a te r  b a t h  a n d  1 .0 8  g . ( 0 .0 1  m o le )  o f  a n is o le  w a s  
a d d e d .  T h e  c o ld  m ix tu r e  w a s  m e c h a n ic a l ly  s t i r r e d  t o  d is 
p e r s e  t h e  a n is o le .  A f te r  a b o u t  1 h r .  t h e  m ix tu r e  b e c a m e  l ig h t  
r e d  in  c o lo r  a n d  h o m o g e n e o u s . S t i r r in g  w a s  c o n t in u e d  fo r  
a n  a d d i t io n a l  0 .5  h r .  t o  in s u r e  c o m p le te  r e a c t io n .  U p o n  
p o u r in g  t h e  r e a c t io n  m ix tu r e  in to  a b o u t  t e n  t im e s  i t s  v o lu m e  
o f  c o ld  w a te r  a  s o f t ,  y e llo w  s o lid  s e p a r a te d ;  th i s  so o n  b e c a m e  
s u f f ic ie n tly  h a r d  t o  c r u m b le .  T h o r o u g h  w a s h in g  a n d  a i r 
d r y in g  g a v e  2 .4  g . ( 1 0 0 % )  o f  c r u d e  p r o d u c t .  T h is  w a s  re 
c ry s ta l l iz e d  f ro m  g la c ia l  a c e t ic  a c id , a n d  w a s h e d  o n  th e  f i l te r  
w i th  a  s m a ll  v o lu m e  o f  ic e -c o ld  e th a n o l .  T h e  n e a r ly  w h i te  
c r y s ta l l in e  p r o d u c t  m e l te d  a t  1 1 6 -1 1 7 °  a n d  w e ig h e d  1 .8 5  g . 
( 7 7 % ) ,  l i t .7 8 m .p .  1 1 6 -1 1 7 ° .

Anal? C a lc d .  f o r  C i 5H i 20 3: C , 7 4 .9 9 ; H ,  5 .0 3 . F o u n d :  C , 
7 5 .1 4 ; H ,  5 .2 3 .

8-(p-Ethoxypkenyl)phthalide. O n e  a n d  o n e -h a lf  g ra m s  
( 0 .0 1  m o le )  o f  p h th a l a ld e h y d ic  a c id  w a s  d is s o lv e d  in  18  m l. 
o f  2 : 1  c o n e d , s u lf u r ic  a c id - w a te r ,  a n d  t h e  s o lu t io n  c o o le d  
in  a n  ic e  w a te r  b a t h .  T o  th i s  w a s  a d d e d  1 .2 2  g . (0 .0 1  m o le )  
o f  p h e n e to le ,  a n d  t h e  c o ld  m ix tu r e  w a s  t h e n  m e c h a n ic a l ly  
s t i r r e d .  A f te r  2  h r .  s o f t ,  w h i te ,  b e a d - l ik e  c u r d s  s e p a r a te d .  
T h e  m ix tu r e  w a s  k e p t  c o ld  a n d  s t i r r e d  f o r  a n  a d d i t io n a l  3 
h r .  T h e  c r u d e  p r o d u c t  w a s  is o la te d  a s  d e s c r ib e d  f o r  3 - (p -  
m e th o x y p h e n y l jp h th a l id e ;  i t  w e ig h e d  2 .2  g . ( 8 7 % ) .  R e 
c r y s ta l l i z a t io n  f ro m  e th a n o l  g a v e  1 .7  g . ( 6 7 % )  o f  w h i te  
c r y s ta l s ,  m .p .  1 1 0 - 1 1 1 ° .

( 7 )  A . B is t r z v c k i  a n d  Y e s s e l  d e  S c h e p p e r ,  Ber., 3 1 , 2 7 9 0
(1 8 9 8 ). ‘ *

( 8 ) T h e  m a jo r i t y  o f  t h e  e le m e n ta r y  a n a ly s e s  r e p o r te d
h e re  w e re  p e r fo r m e d  b y  t h e  T ie d ck e . L a b o r a t o r y  o f M ic ro 
c h e m is tr y .  •

Anal. C a lc d .  fo r  C 16H 14O 3: C , 7 5 .5 7 ; H ,  5 .5 5 . F o u n d :  
C , 7 5 .6 9 ; H ,  5 .4 2 .

3-(6-Chloro-2-methoxyphenyl)phthalide. T h e  r e a c t io n  m ix 
t u r e  w a s  p r e p a r e d  b y  d is s o lv in g  1 .5  g . (0 .0 1  m o le )  c f  p h t h a l 
a ld e h y d ic  a c id  i n  25  m l.  o f  4 : 1  c o n e d , s u lf u r ic  a c id - w a te r ,  
t h e n  a d d in g  1 .4 2  g . (0 .0 1  m o le )  o f  p -c h lo ro a n is o le .  T h is  w a s  
s t i r r e d  m e c h a n ic a l ly  a t  r o o m  t e m p e r a t u r e  fo r  a  p e r io d  o f  6 

h r . ,  a n d  th e n  p o u r e d  in to  a  la r g e  v o lu m e  o f  c o a l  w a te r .  T h e  
c r u d e  p h t h a l i d e  s e p a r a te d  a t  o n c e  a s  a  p a le  y e llo w  so lid . 
C ru s h in g ,  w a s h in g  w i th  c o ld  w a te r ,  a n d  a i r - d r y in g  g a v e  
2 .5 2  g . ( 9 2 % )  o f  c r u d e  p r o d u c t .  R e c r y s ta l l iz a t io n  f ro m  
e th a n o l  y ie ld e d  1 .9 5  g . ( 7 1 % )  o f  w h i te  n e e d le - l ik e  c r y s ta ls ,  
m .p .  1 2 6 -1 2 7 ° .

Anal. C a lc d . f o r  C15H11O3CI: C , 6 5 .5 8 ; I I .  4 .0 4 ; C l, 12 .9 1 . 
F o u n d :  C , 6 5 .8 8 ; H ,  3 .9 2 ; C l, 1 3 .0 3 .

o-Phthalic acid and S-chloro-S-methoxyaniline from S-{5- 
chloro-2-mcthoxyphenyl)phthalide. T h a t  t h e  c o n d e n s a t io n  o f 
p h th a l a ld e h y d ic  a c id  w i th  p - c h lo ro a n is o le ,  w h ic h  c o n c e iv a b ly  
c o u ld  le a d  to  t h e  f o r m a t io n  o f  o n e  o r  b o th  o f tw o  p o ss ib le  
is o m e rs , g a v e  3 - ( 5 - c h lo r o - 2 - m e th o x y p h e n y l)p h th a l id e  a s  t h e  
o n ly  i s o la te d  p r o d u c t  w a s  p r o v e d  a s  fo llo w s . O n e  g r a m  of 
t h i s  p h th a l id e  w a s  o x id iz e d  b y  u s e  o f  a lk a l in e  p e r m a n g a n a te  
s o lu t io n  in  t h e  u s u a l  m a n n e r .  T h e  c r u d e  o x id a t io n  p r o d u c t  
w a s  r e c r y s ta l l iz e d  f ro m  a q u e o u s  e th a n o l ;  t h i s  g a v e  0 .8 7  g. 
o f  a  w h i te  so lid , m .p .  1 4 1 - 1 4 1 .5 ° .  N e u t .  e q u iv .  C a lc d .  fo r  
C 14H 10O 2C I C O O H : 2 9 0 .7 . F o u n d :  2 9 1 .2 .

T h e  o x id a t io n  p r o d u c t  w a s  c o n v e r te d  in to  t h e  c o r r e s p o n d 
in g  o x im e  a n h y d r id e  b y  fo llo w in g  e s s e n t ia l ly  a  p r o c e d u r e  
o u t l in e d  b y  T h o r p e . 9 R e c r y s ta l l iz a t io n  o f  t h e  c r u d e  o x im e  
a n h y d r id e  f ro m  e th a n o l  g a v e  0 .7  g . o f  w h i te  f ib ro u s  n e e d le s , 
m .p .  1 7 4 -1 7 5 ° . A  su c c e s s fu l  B e c k m a n n  r e a r r a n g e m e n t ,  fo l
lo w e d  b y  h y d r o ly t ic  s p l i t t in g ,  w a s  c a r r ie d  o u t  b y  s u s p e n d in g  
0 .2  g . o f  t h e  o x im e  a n h y d r id e  in  1 0  m l. o f  c o n e d , h y d r o c h lo r ic  
a c id . T h is  m ix tu r e  w a s  s e a le d  in  a  g la s s  t u b e  a n d  h e a te d  fo r  
a  t o t a l  o f 6  h r .  in  a n  o il b a t h  m a in ta in e d  a t  1 2 5 -1 3 0 ° ;  
d u r in g  th i s  t im e  th e  s u s p e n d e d  s o lid  g r a d u a l ly  d is a p p e a re d .  
A f te r  s t a n d in g  u n d i s tu r b e d  fo r  2 4  h r .  a  c r y s ta l l in e  s o lid  
s e p a r a te d  u p o n  s h a k in g  th e  tu b e .  T h is  p r o v e d  t o  b e  0- 
p h th a l i c  a c id .  F o llo w in g  r e m o v a l  o f  t h e  o - p h th a l ic  a c id  t h e  
s o lu t io n  w a s  c a r e f u l ly  n e u t r a l i z e d  w i th  s o d iu m  h y d r o x id e  
s o lu t io n . F in e  g l is te n in g  p la te s ,  s o m e w h a t  d a r k  in  c o lo r , 
s e p a r a te d .  R e c r y s ta l l iz a t io n  f ro m  a q u e o u s  e th a n o l  g a v e  
p la te s  o f  p r o n o u n c e d  a n il in e - l ik e  o d o r ,  m .p .  8 2 - 8 3 ° .  T h e  
a c c e p te d  m e l t in g  p o in t, f o r  5 - c h lo ro -2 -m e th o .\y a n i l in e  is 
8 2 - 8 3 .5 .°  A  m ix e d  m e l t in g  p o in t  w i th  a n  a u th e n t i c  s a m p le  
s h o w e d  n o  d e p re s s io n . A  s m a ll  q u a n t i ty ' o f  t h e  p i c r a t e  o f 
t h i s  c o m p o u n d  w a s  p r e p a r e d ;  i t  g a v e  a  m e l t in g  p o in t  o f 
1 9 4 - 1 9 5 ° ;  l i t .  m .p . 1 9 4 ° .

S-{5-Chloro-2-ethoxyphcnyl)phthalide. O n e  a n d  o n e -h a lf  
g r a m s  ( 0 .0 1  m o le )  o f  p h th a la ld e h y d ic  a c id  w a s  d is s o lv e d  in  
25  m l.  o f  4 :1  c o n e d , s u lfu r ic  a c i d - w a t e r  s o lu t io n .  T o  th i s  
w a s  a d d e d  1 .5 7  g . (0 .0 1  m o le )  o f  p -c h lo ro p h e n e to le ,  a n d  th e  
m ix tu r e  th e n  m e c h a n ic a l ly  s t i r r e d  a t  ro o m  t e m p e r a t u r e  to  
d is p e rs e  t h e  p - c h lo ro p h e n e to le .  A f te r  a  p e r io d  o f 6  h r .  t h e  
m ix tu r e  w a s  m i lk y  w i th  f in e  p a r t i c le s  o f  s o lid  in  e v id e n c e . 
T h is  w a s  th e n  p o u r e d  in to  a b o u t  t e n  t im e s  i t s  v o lu m e  of 
c o ld  w a te r ;  g ra n u le s  o f  p in k  s o lid  s e p a r a te d  a t  o n c e . T h e
2 .4 7  g . ( 8 5 % )  o f  c r u d e  p r o d u c t ,  w h e n  r e c r y s ta l l iz e d  f ro m  
g la c ia l  a c e t ic  a c id ,  a f fo rd e d  2 .1  g . ( 7 3 % )  o f  a  g r a n u la r ,  c r y s 
ta l l in e ,  w h i te  so lid . A n  a n a ly t ic a l  s a m p le  m e l te d  a t  1 6 4 .5 -  
1 6 5 .5 ° .

Anal. C a lc d . fo r  C 16H 13O 3C I: C , 6 6 .5 6 ; IT, 4 .5 4 ;  C l, 12 .28 . 
F o u n d :  C , 6 7 .0 4 ; H ,  4 .3 8 ; C l, 12 .19 .

3-{B-Bromo-2-ethoxyphcnyl)phlhalide. T h e  r e a c t io n  m ix 
t u r e  c o n s is te d  o f  1 .5  g . (0 .0 1  m o le )  o f  p h th a l a ld e h y d ic  a c id  
d is s o lv e d  in  25  m l. o f  4 :1  c o n e d , s u lfu r ic  a c id - w a te r ,  w u th  2 .0  
g . (0 .0 1  m o le )  o f  a d d e d  p - b ro m o p h e n e to le .  F o llo w in g  e s 
s e n tia lly ' t h e  s a m e  p r o c e d u r e  a s  o u t l in e d  a o o v e  fo r  t h e  
c h lo ro  a n a lo g , t h e r e  w a s  o b ta in e d  3 .1  g . ( 9 3 % )  o f  c r u d e  
p h th a l id e ,  y e llo w  in  c o lo r . C r y s ta l l i z a t io n  f ro m  g la c ia l

(9 )  F .  T h o rp e ,  Ber., 2 6 , 1261, 1795 (1 8 9 3 ;.
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a c e t ic  a c id  g a v e  2 .3 5  g. ( 7 1 % )  o f  fin e  w h i te  c r y s ta l s ,  m .p .  
1 7 5 -1 7 6 ° .

Anal. C a lc d . fo r  ( V H C  L B r : C , 5 7 .6 7 ; H ,  3 .9 4 ; B r ,  2 3 .9 8 . 
F o u n d :  C , 5 7 .9 1 ; H ,  3 .8 3 ; B r ,  2 3 .8 2 .

3-(6-Chloro-2-hydroxyphenyl)phthalide. O n e  a n d  o n e -h a lf  
g r a m s  ( 0 .0 1  m o le )  o f  p h th a la ld e h y d ic  a c id  w a s  d is s o lv e d  in  
18 m l. o f 3 :1  c o n e d , s u lfu r ic  a c id - w a te r .  T h is  s o lu t io n  w a s  
c o o le d  in  a n  ic e - w a te r  b a th ,  a n d  1 .2 8  g. (0 .0 1  m o le )  o f  p- 
c h lo r o p h e n o l  w a s  a d d e d .  A f te r  m e c h a n ic a l ly  s t i r r in g  t h e  
m ix tu r e  f o r  2  h r .  t h e  c o o lin g  b a t h  w a s  r e m o v e d  a n d  s t i r r in g  
w as c o n t in u e d  fo r  a n  a d d i t io n a l  2 h r .  A t  t h i s  p o in t  t h e  th ic k ,  
m i lk y  e m u ls io n  w a s  b r o u g h t  i n to  a  la rg e  v o lu m e  o f c o ld  
w a te r ,  w i th  v ig o ro u s  s t i r r in g .  A  v o lu m in o u s  w h i te  s o lid  s e p a 
r a te d  a n d  g r a d u a l ly  s e t t l e d  o u t .  T h e  c r u d e  p r o d u c t  w a s  r e 
m o v e d , w a s h e d  th o r o u g h ly  w i th  c o ld  w a te r ,  a n d  p e r m i t t e d  t o  
d r y  o v e r n ig h t .  T h is  g a v e  a  w h i te  p o w d e ry  s o lid  w e ig h in g  2 .3  
g. ( 8 8 % ) .  R e c r y s ta l l iz a t io n  f ro m  e th a n o l  y ie ld e d  1 .83  g. 
( 7 0 % )  o f  s o f t ,  g l is te n in g  n e e d le s . A n  a n a ly t i c a l  s a m p le  
m e l te d  a t  1 6 3 .5 -1 6 4 ° .

Anal. C a lc d . fo r  C 14H 9O 3C I; C , 6 4 .5 1 ; H .  3 .4 8 ;  C l. 13 .60 . 
F o u n d :  C , 6 4 .6 4 ; H ,  3 .2 9 ; C l, 13 .73 .

3-(5-Methyl-2-methoxyphenyl)phlhalide. A  s o lu t io n  o f 1 .5  
g. ( 0 .0 1  m o le )  o f p h th a la ld e h y d ic  a c id  in  2 4  m l. o f  3 :1  c o n e d , 
s u lfu r ic  a c id - w a te r  w a s  p r e p a r e d .  T h is  w a s  co o le d  b y  im 
m e rs io n  in  a n  ic e -w a te r  b a th ,  a n d  1 .2 2  g . ( 0 .0 1  m o le )  o f p- 
m e th y la n is o le  w a s  th e n  a d d e d .  T h e  m ix tu r e  w a s  m e c h a n i
c a lly  s t i r r e d ;  a f t e r  3 h r .  t e s t i n g  s h o w e d  t h a t  th e  b r o w n  o il 
w h ic h  h a d  s e p a r a te d  a s  a  t o p  la y e r  w o u ld  s o lid ify  in  w a te r .  
T h e  e n t i r e  r e a c t io n  m ix tu r e  w a s  p o u r e d  w i th  s t i r r in g  in to  a  
la rg e  v o lu m e  o f  co ld  w a te r .  T h e  g u m  w h ic h  s e p a r a te d  so o n  
h a r d e n e d  to  a  y e llo w  s o lid ;  w h e n  f irm  i t  w a s  r e m o v e d  a n d  
th o r o u g h ly  w a s h e d  w i th  c o ld  w a te r .  D r y in g  g a v e  a s  c r u d e  
p r o d u c t  2 .5 5  g. ( 1 0 0 % )  of l ig h t  y e llo w  so lid . R e c r y s ta l l iz a 
t io n  f ro m  e th a n o l  y ie ld e d  2 .0 3  g . ( 8 0 % )  o f w h i te  c r y s ta ls ,  
m .p . 1 2 0 .5 -1 2 1 .5 ° .

Anal. C a lc d . fo r  C 16H 140 3 : C , 7 5 .5 7 ; H ,  5 .5 5 . F o u n d :  C , 
7 5 .3 4 ; H ,  5 .7 1 .

3-{5-Methyl-2-ethoxyphenyl)phthalide. T h is  p h th a l id e  w a s  
s y n th e s iz e d  b y  u s in g  1 .5  g. (0 .0 1  m o le ) o f  p h th a la ld e h y d ic  a c id  
a n d  1 .3 4  g. (0 .0 1  m o le )  o f  p - m e th y lp h e n c to le  w i th  24  m l. o f 
3 :1  c o n e d , su lfu r ic  a c id - w a te r  a s  th e  c o n d e n s in g  a g e n t .  T h e  
p r o c e d u r e  fo llo w e d  w a s  e s s e n t ia l ly  th e  s a m e  a s  o u t l in e d  fo r  
3 - (5 - m e th y l - 2 - m e th o x y p h e n y l ) p h th a l id c .  T h e  c r u d e  r e a c t io n  
p r o d u c t  w e ig h e d  2 .4 2  g. (9 1 % ,) . R e c r y s ta l l iz a t io n  f ro m  
e th a n o l  g a v e  1 .98  g. ( 7 4 % )  o f w h i te  n e e d le s . A n  a n a ly t ic a l  
s a m p le  m e l te d  a t  1 5 1 -1 5 1 .5 ° .

Anal. C a lc d . fo r  C itH i 60 3: C , 7 6 .0 9 ; H , 6 .0 1 . F o u n d :  C , 
7 6 .2 1 ; H ,  5 .9 2 .

3-{2,4,6-T richioro-3-hydrojyphcnyl)phthalide. O n e  a n d  o n e- 
h a lf  g ra m s  (0 .0 1  m o le )  o f p h th a la ld e h y d ic  a c id  w a s  d is s o lv e d  
in  2 0  m l. o f  1 : 1  c o n e d , su lfu r ic  a e i d - 2 0 %  f u m in g  su lfu r ic  
a c id . T o  th i s  s o lu t io n  a t  ro o m  te m p e r a tu r e  w a s  a d d e d  1 .9 8  
g. (0 .0 1  m o le )  o f  2 ,4 ,6 - t r ic h lo ro p h e n o l ,  a n d  th e  m ix tu r e  
m e c h a n ic a l ly  s t i r r e d .  T h e  d is p e rs e d  p h e n o l  r e a c te d  o v e r  a  
p e r io d  o f 3 h r .  to  g iv e  a, y e llo w  s o lu t io n . T h e  r e a c t io n  v e sse l 
w a s  t h e n  im m e rs e d  in  a  w a te r  b a t h  m a in ta in e d  a t  6 0 - 7 0 ° ,  
a n d  s t i r r in g  w a s  c o n t in u e d  fo r  a n  a d d i t io n a l  2  h r .  T h e  
r e a c t io n  m ix tu r e  w a s  p o u r e d  in to  a  la rg e  v o lu m e  o f  co ld  
w a te r .  T h e  g u m  w h ic h  s e p a r a te d  h a r d e n e d  v e ry ' s lo w ly , b u t  
b e c a m e  b r i t t l e  a f t e r  s t a n d in g  o v e r n ig h t .  T h e  c r u d e  p r o d u c t ,  
n e a r ly  w h i te  in  co lo r , w e ig h e d  3 .0  g . (9 0 %  ). R e c r y s ta l l iz a 
t io n  f ro m  g la c ia l  a c e t ic  a c id  g a v e  2 .6  g . ( 8 0 % )  o f  n e a r ly  
w h ite  c u b ic  c r y s ta ls ,  m .p . 1 6 4 .5 -1 6 5 ° .

Anal. C a lc d . fo r  C 14H 7O 3CI:,: C , 5 1 .0 2 ; H , 2 .1 4 ; C l, 3 2 .2 7 . 
F o u n d :  C , 5 1 .1 0 ; H , 1 .9 8 ; C l, 3 2 .4 1 .

Acknowledgment. Appreciation is expressed to 
William V. Flout z, Wyandotte Chemicals Corp., 
for the infrared data, and its interpretation.

K n ig h t  C h e m ic a l  L a b o r a t o r y

University of Akron
Akron 4, Ohio

Unsaturated Lactams. II.1 The Catalytic 

Dehydrogenation of a,/3-Unsaturated Valero- 

lactams to Pyridones2

M aurice S iiamma and P aul D . R osenstock  

Received November 2, 1060

The fact, that a,/f-unsaturated lactams of typo
(I) arc now readily available1 induced us to extend 
the method used by Spath and Galinovsky for the 
synthesis of pyridones. These two workers found 
that six-membered saturated lactams could be 
smoothly dehydrogenated to the corresponding 
pyridones by treatment with palladium. In the 
present work, the unsaturated lactams (II) and
(III) were dehydrogenated to the pyridones (IV) 
and (V), respectively.

I l l  v

As indicated in Table I, the dehydrogenation 
reactions were found to be temperature dependent.

T A B L E  I

D ehydrogenation  o f  «,/3-Unsaturated  Valerolactams 
to P yridones w i t h  5 %  P alladium  o n  C arbon

S o lv e n t B .P .

e-
Y ie ld  
o f  I V

<
Y ie ld  
o f  V

B e n z e n e 8 0 ° 30 —

X y le n e 140° 40 28
p-{ re -P ro p y l)  a n is ó le 2 4 7 ° — 49

Catalytic dehydrogenation of a,/3-unsat,urated 
lactams can provide a route, therefore, to a variety 
of substituted pyridones which would be difficult to 
prepare by other routes.

E X P E R IM E N T A L 3

1,6-I)iiiielhyl-2-pyn'(loiic ( I V ) .  Method A. A  w e ll s t i r r e d  
s u s p e n s io n  o f  2 g. o f  5% , p a l la d iu m  o n  e a r b o n , 5 0  m l. of 
x y le n e , a n d  10 g. (0 .0 8  m o le )  o f  l ,6 - d im e th y l - 5 ,6 - d ih y d r o - 2 -

(1 ) F o r  p a p e r  I  se e  M a u r ic e  S h a m m a  a n d  P a u l  D . 
R o s e n s to c k , , / .  Ora. Chen., 26, 718  (1 9 6 1 ).

(2 ) T h is  r e s e a rc h  w a s  s u p p o r te d  in  p a r t  b y  g r a n t  N 'K F- 
G 100.32  f ro m  t h e  N a t io n a l  S c ie n c e  F o u n d a t io n .

(3 ) E le m e n ta l  a n a ly s e s  w e re  c a r r ie d  o u t  b y  A . B e r n 
h a r d t ,  M u lh e im , G e r m a n y .
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p y r id o n e  ( I I )  w a s  h e a t e d  u n d e r  re f lu x  fo r  2  d a y s . A t  t h e  e n d  
o f  th i s  p e r io d  t h e  r e a c t io n  m ix tu r e  w a s  f i lte r e d , t h e  c a t a ly s t  
w a s h e d  w e ll w i th  b e n z e n e , a n d  t h e  s o lv e n t  r e m o v e d  o n  a  
s te a m  b a t h  u n d e r  a  s t r e a m  o f  n i t ro g e n .  T h e  r e s id u e  w as 
d is t i l le d  in vacuo t o  y ie ld  5 .4  g . ( 5 2 % )  f r a c t io n  o f a  co lo r le ss  
l iq u id  b o i l in g  a t  6 0 - 6 4 °  a t  le s s  t h a n  0 .5  m m . a n d  a  4 .2  g. 
( 4 0 % )  f r a c t io n  o f  c o lo r le s s  l iq u id  t h a t  c r y s ta l l iz e d  in  t h e  
r e c e iv e r ;  b .p .  8 0 - 8 8 °  a t  le s s  t h a n  0 .5  m m . T h e  f o rm e r  f r a c 
t i o n  w a s  s h o w n , o n  t h e  b a s is  o f  i t s  i n f r a r e d  s p e c t r u m , t o  b e  
s t a r t i n g  m a te r i a l  a n d  t h e  l a t t e r  f r a c t io n  w a s  t h e  d e s ire d
l ,6 - d im e th y l - 2 - p y r id o n e  ( IV ) .

T h e  s o lid  d i s t i l l a t e  w a s  p u r i f ie d  b y  r e c r v s ta l l i z a t io n  f ro m  
d r y  e th e r  t o  jf ie ld  3 .7  g . ( 9 4 %  r e c o v e r y )  o f  h y g ro s c o p ic , w h i te  
c r y s ta l l in e  s o l id ;  m .p .  5 4 - 5 6 °  in  a i r  o r  5 5 - 5 7 °  i n  a  se a le d  
tu b e ;  r e p o r t e d 4, b .p .  1 1 0 °  a t  2 m m .

Method B. I f  t h e  id e n t ic a l  r e a c t io n  w e re  r u n  e m p lo y in g  
b e n z e n e  a s  a  s o lv e n t ,  t h e  y ie ld  o f  l ,6 - d im e th y l - 2 - p y r id o n e
( I V )  w a s  o n ly  3 0 % .

1,6-Diinethyl-S-pyridone hydrochloride. A  s o lu t io n  o f 1 .87  
g . (0 .0 1 5  m o le )  o f  l ,6 - d im e th y l - 2 - p y r id o n e  ( I V )  in  10 m l. 
o f  d r y  e th e r  w a s  s a t u r a t e d  w i th  d r 3- h y d r o g e n  c h lo r id e  g a s . 
T h e  p r e c ip i t a t e  w a s  f i l te r e d , w a s h e d  w e ll w i th  e th e r ,  a n d  
d r ie d . T h e  y ie ld  o f  w h i te  s o lid  w a s  2 .2 5  g . ( 9 7 % ) ;  m .p . 
1 3 8 -1 6 8 ° . T h e  p r o d u c t  w a s  r e c r y s ta l l i z e d  f ro m  m e th a n o l -  
e th e r  t o  y ie ld  2 .2 1  g . ( 9 6 % )  o f  w h i te  c r y s ta l l in e  s o l id ;  m .p . 
1 9 8 -2 0 1 °  in  a  s e a le d  tu b e ;  r e p o r t e d 4 m .p .  2 0 2 -2 0 3 ° .

l-Phenyl-6-niethyl-2-pyridone (V ) . Method A. A  w e ll 
s t i r r e d  s u s p e n s io n  o f 1 .3  g . o f 5 %  p a l la d iu m  o n  c a r b o n , 50  
m l. o f  p - ( n - p r o p 3' l ) a n is o le  a n d  12 g . (0 .0 6 4  m o le )  o f 1- 
p h e n y l- 6 -m e th y l - 5 ,6 -d ih y d r o -2 - p y r id o n e  ( I I I )  w a s  h e a te d  
u n d e r  re f lu x  f o r  2 d a y s . A t  t h e  e n d  o f  th i s  p e r io d  th e  r e a c t io n  
m ix tu re  w a s  f i l te r e d  a n d  th e  c a t a % s t  w a s h e d  w e ll w i th  b e n 
z e n e . T h e  f i l t r a t e  w a s  t h e n  e x t r a c t e d  w i th  t h r e e  2 0 0 -m l. 
p o r t io n s  o f 10% , h y d r o c h lo r ic  a c id .  T h e  c o m b in e d  a c id  e x 
t r a c t s  w e re  w a s h e d  tw ic e  w i th  100  m l. o f c h lo ro fo rm , m a d e  
b a s ic  w i th  5 0 %  s o d iu m  h y d r o x id e  s o lu t io n , a n d  t h e  r e s u l t in g  
b a s ic  s o lu t io n  e x t r a c t e d  th r e e  t im e s  w i th  2 0 0  m l. o f e th e r .  
T h e  c o m b in e d  e th e r  e x t r a c t s  w e re  d r ie d  o v e r  a n h y d r o u s  
s o d iu m  s u l f a te ,  f i lte r e d , a n d  t h e  e th e r  s o lu t io n  e v a p o r a te d  
to  70  m l. o n  a  s t e a m  b a t h .  T h e  s o lu t io n  w a s  co o le d  to  ro o m  
t e m p e r a tu r e  a n d  f i l te r e d  to  3rie ld  5 .8  g. ( 4 9 % )  o f  w h i te  
r h o m b ic  c r ) rs ta ls ;  m .p .  1 3 6 -1 3 9 °  in  a  s e a le d  tu b e .  T w o  
a d d i t io n a l  r e c r y s ta l l i z a t io n s  f ro m  e th e r  n e t t e d  a n  a n a ly t ic  
s a m p le  t h a t  e x h ib i te d  a  m e l t in g  p o in t  o f 1 3 6 -1 3 9 °  i n  a  
s e a le d  tu b e .

Anal. C a lc d . f o r  C ,2H u O N : C , 7 7 .8 1 ; H , 5 .9 9 ; N ,  7 .5 6 . 
F o u n d :  C , 7 8 .2 1 ; H , 5 .5 9 ; N ,  7 .8 2 .

Method, B. I f  a n  id e n t ic a l  r e a c t io n  w e re  r u n  a c c o r d in g  to  
M e th o d  A  e m p lo y in g  x y le n e  a s  t h e  s o lv e n t ,  t h e  y ie ld  o f  1- 
p h e n y l-6 -m e th 3 rl- 2 -p y r id o n e  (V )  w a s  o n ly  2 8 % .

l-Phenyl-6-methyl-Npyridone hydrochloride. A  s o lu t io n  o f 1 
g . (0 .0 0 5 4  m o le )  o f  l - p h e n y l - 6 - m e th y l - 2 - p y r id o n e  (V )  in  
1 m l. o f d r y  m e th a n o l  a n d  10  m l. o f d r y  e th e r  w a s  s a t u r a t e d  
w i th  d r y  h > 'd ro g e n  c h lo r id e  g a s . T w e n ty  m il l i l i te r s  o f  e th e r  
-was a d d e d  to  t h e  s o lu t io n  w h ic h  w a s  t h e n  c o o le d  fo r  2  h r .  
in  a n  ice  b a t h .  T h e  s o lu t io n  w-as f i l te r e d , t h e  p r e c ip i t a t e  
w -ashed  w i th  e th e r ,  a n d  d r ie d  t o  y ie ld  1 .17  g. (9 8 % ,)  o f w h i te  
c r y s ta l l in e  s o l id ;  m .p . 1 7 2 -1 7 9 °  in  a  s e a le d  tu b e .  T h e  p r o d u c t  
w as r e c r y s ta l l iz e d  f ro m  m e th a n o l - e th e r  to  g iv e  1 .06  g. 
( 9 0 % )  of w h i te  c r y s ta l s ;  m .p .  1 9 8 - 2 0 1 °  in  a  s e a le d  tu b e .  
T h r e e  a d d i t io n a l  r e c r y s ta l l i z a t io n s  f ro m  t h e  s a m e  s o lv e n t  
c o m b in a t io n  g a v e  a n  a n a ly t i c  s a m p le  t h a t  e x h ib i te d  a  
m e l t in g  p o in t  o f 2 0 1 - 2 0 4 °  in  a  s e a le d  tu b e .

Anal. C a lc d . f o r  C i2H 12N O C 1 : C , 0 5 .0 1 ; H ,  5 .4 6 ; N ,  
6 .3 2 ; C l, 15 .9 9 . F o u n d :  C , 6 5 .3 7 ; H ,  5 .7 8 ; N ,  6 .0 4 ; C l,
15 .4 6 .

Department of Chemistry
The Pennsylvania State University
University Park, Pa. * 187

(4 ) 8 . S u s a w n  a n d  M . K i r i s a w a ,  Pharm. Bull. ( Japan), 3 ,
187 ( 1G 55).

Reductive Carbonylation Synthesis of Metal 
Carbonyls. V. Synthesis of Manganese Car
bonyl from TT-Methylcyclopentadienylman- 

ganese Tricarbonyl1

H a r o l d  E .  P o d a l l 2 a n d  A l b e r t  P .  G i r a i t i s  

Received November 3, I960

Only two satisfactory methods have thus far been 
reported for the preparation of manganese car
bonyl. One involves the use of the sodium benzo- 
phenone ketyl for forming a metastable manganese 
intermediate for carbonylation,3 while the other 
involves the use of an alkylaluminum compound as 
a selective reducing agent for the manganese salt 
in the presence of carbon monoxide.4-6 The latter 
reaction has been named reductive-carbonylation.4 
This paper deals with a third method which is much 
more convenient for preparing manganese car
bonyl, based on reductive carbonylation with metal
lic sodium.

We have found that manganese carbonyl can be 
readily prepared in 45-50% yields by reductively 
carbonylating x-methylcyclopentadienylmanga- 
nese tricarbonyl (I) with sodium in diethylene 
glycol dimethyl ether (diglyme) solvent at about 
125°. Highest yields 3vere obtained when employ-

+  N a  +  C O ^ g ^  M n 2(C O ) i0

M n ( C O ) 3

I

mg three gram-atoms of sodium per mole of I in 
diglyme. Use of smaller quantities of sodium re
sulted in decreased yields, tvhile a 50%, increase in 
sodium resulted in an uncontrollable reaction which 
set in at 122° and ruptured the safety disk of the 
reactor. The reaction was found to be considerably 
slower in benzene, requiring a temperature of about 
200°, and gave only a 15% yield of manganese 
carbonyl. In diglyme, on the other hand, under com
parable conditions, carbonylation set in at 100° 
or lower and resulted in a 50% yield. It appears 
therefore that diglyme plays a very important role 
in this reaction. One possibility here is that the 
diglyme serves to stabilize a manganese carbonyl 
moiety such as Mn(CO)3 for carbonylation.

Use of other manganese salts in place of I 
resulted in decreased yields due to the formation of

(1) For paper IV, see H. Podall, H. B. Prestridge, and 
H. Shapiro, J. Am. Chern. Soc., 8 3 , 2057 (1961).

(2) Present address: Melpar, Inc., Physical Sciences 
Laboratory, Falls Church, Va. To whom all inquiries should 
be addressed.

(3) R . D. Closson, L. R . Buzbee, and G . G. E e k e , J. Am. 
Chern. Soc,., 80, 6167 (1958).

(4) H. Podall, J. Am. Chern. Soc., 80, 5573 (1958).
(5) H. Podall, J. H. Dunn, and H. Shapiro, J. Am. 

Chern. Soc., 8 2 , 1325 (1960).
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metallic manganese. It appears therefore that the 
methylcyclopentadienyl group serves to moderate 
the reactivity of the manganese atom towai’d re
duction.6

An investigation of the stoichiometry of the re
action indicated that five sodium atoms and three 
carbon monoxide molecules are consumed per 
Mii(CO)b formed regardless of the solvent and 
temperature up to 200°. The reaction mixture 
generally contained a brown viscous oil which was 
insoluble in petroleum ether and did not appear to 
contain free manganese carbonyl prior to hydroly
sis. Unchanged I was generally evident, and methyl- 
cyclopentadiene could not be detected before or 
after hydrolysis. Sodium did not appear to react 
with carbon monoxide to any significant extent 
under the conditions employed. Accordingly, it 
appears that the large excess of sodium required 
may be due solely to its reaction with the cyclo- 
pentadienyl group, and that the sodium methyl- 
cyclopentadienide which may be formed reacts 
further with carbon monoxide. It is suggested that 
the brown oil contains the sodium salt of manganese 
carbonyl, probably as a diglyme complex, (diglyme)2 
N a+ Mn(CO)7 , and that the manganese carbonyl 
arises by oxidative-hydrolysis of the latter. Fur
ther work is required to define the various products 
of the evidently complex reaction involving I, 
sodium, and carbon monoxide.

EXPERIMENTAL

T o  a  1-1. P a r r  a u to c la v e  w e re  a d d e d  80  m l. (0 .5 0  m o le )  o f ir- 
m o th y lc y c lo p e n ta d ie n y lm a n g a n e s e  c a r b o n y l  ( E t h y l  C o r p .) ,  
3 0 0  m l. o f  d r y  d ig ly m e , a n d  100  m l. o f  a  4 0 %  d is p e rs io n  
(1 .4 8  g .- a to m s )  o f s o d iu m  in  N u jo l  ( P lo u g h ,  I n c . ) .  T h e  a u t o 
c la v e  w a s  th e n  p r e s s u r iz e d  w i th  70 0  p .s . i .  o f  c . r .  c a r b o n  
m o n o x id e  a n d  t h e  m ix tu r e  w a s  h e a te d  w i th  s t i r r in g  t o  1 2 5 °  
fo r  8  h r .  w i th  i n t e r m i t t e n t  r e p re s s u r iz in g  t o  s p e e d  u p  th e  
r e a c t io n .  T h e  r e a c t io n  m ix tu r e  w a s  t h e n  c a r e f u l ly  q u e n c h e d  
w i th  a b o u t  5 0 0  m l. o f  w a te r  a t  0 °  ( o r  2 5 - 6 5 °  u n d e r  5 0 0  p .s . i .  
o f  c a r b o n  m o n o x id e )  a n d  s t e a m  d is t i l le d .  T h e  y ie ld  of 
m a n g a n e s e  c a r b o n } !  w a s  4 5 .7  g . ( 4 8 % ) ,  m .p .  1 5 1 -1 5 3 °  
( u n c o r r e c te d ) .

Acknowledgment. The authors wish to thank Mr.
II . Shapiro for helpful advice.

R e s e a r c h  a n d  D e v e l o p m e n t  D e p a r t m e n t

E t h t l  C o r p o r a t i o n

B a t o n  R o u g e , L a .

( 6 ) T h e  o x id a t io n  s t a t e  o f  m a n g a n e s e  in  I  c a n  b e  c o n 
s id e re d  f o r m a l ly  a s  + 1 .

Acylation, Bromination and Oxidation of
4-Pyrones and Pyronones1

L. L. W oods a n d  P .  A . D i x

Received Nov. 7 , 1960

A review of pertinent literature2-4 on the chem
istry of 6-mcthyl-2-pyronone fails to show that the

compound when treated with acetic anhydride or 
acetyl chloride regenerates dehydroacetic acid. 
We have found this to be a very easy transforma
tion to accomplish in the presence of trifluoro- 
acetic acid, further the acid does not degrade de
hydroacetic acid to any appreciable degree when 
refluxed in its presence for as long as twenty-four 
hours.

Since the acetylation proved to be so facile it 
was decided to prepare a series of pyronone com
pounds similar to 3-acetyl-6-methyl-2-pyronone 
(dehydroacetic acid) by changing the acyl group 
in position 3.

It was found that not only would different acyl 
halides place different groups in position 3, but 
when two equivalents of the acyl halide were used, 
a second acyl radical was placed on the nucleus 
without destruction of the ring structure, pre
sumably at position 5 since it is very unlikely that 
a second acyl group could be put on position 3 
without rupture of the ring. The pyronones syn
thesized are listed as the I a - f  series in Table I.

Pyronone when treated in the presence of three 
equivalents of an acyl halide such as m-nitrobenzoyl 
chloride gave 2-(m-nitrophenyl)-3,5-di (m-nitroben
zoyl)-6-methyl-4-pyrone (II).

A verification of the structure of the compounds 
in the Ia- f series was obtained by using compounds 
I a and b as models. Carbon dioxide was eliminated 
from them by the usual hydrochloric acid method 
and the method of Light and Hauser6 to form the
2-aryl-4-pyrones described in the experimental 
portion of this report as compounds III and IV 
respectively.

One of the objectives of our study of the pyrones 
was to devise methods of oxidizing the various 
mononuclear 4-pyrones without rupture of the 
ring. A method to effect this oxidation has been 
found using chloranil as the oxidant. The product 
of such an oxidation appears to be a 6,6 '-bipyronc 
as indicated by the figure adjacent to Table II in 
which the substances formed by the oxidation are 
listed as compounds Va- d- Infrared spectra run on 
the substances with a Beckman IR-5 failed to show 
more than an intensification of the absorption 
bands of the starting materials; however, ultra
violet absorption spectra do show an unmistakable 
difference.

The absorption maxima for the two model com
pounds Va and VB are slightly but definitely dif
ferent from the substances from which they are 
derived, kojic acid and a-chloro-a-deoxy-kojic 
acid respectively.

The bromination studies included in this report 
consists of an inelegant generalized method for

(1 )  T h e  in v e s t ig a t io n s  r e p o r te d  h e r e  w e re  s u p p o r t e d  b y  
t h e  R o b e r t  A . W e lc h  F o u n d a t io n .

( 2 )  F .  A r n d t  a r# l  B . E i s t e r t ,  Berichte, 69, 2 3 7 3  ( 1 9 3 6 ) .
(3 )  F .  F e i s t ,  Ann., 257, 2 5 3  (1 8 9 0 ).
(4) J. D . B iiL o c k  a n d  H. G . S m ith ,  J. Chan. Soc., 103, 

5 0 2  (1 9 6 0 ).
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T A B L E  I

3-Acyl-6-methyl-2-pyronones from  6 -M etiiyl-2-pyranone

A c y l H a l id e  
U s e d

E q u iv a le n ts  
o f  A c y l 
H a l id e M .P .

Y ie ld ,
%

E m p ir ic a l
F o r m u la

C a le d . ( F o u n d )  

C a r b o n  H y d r o g e n N i t r o g e n

Ia B e n z o y l  c h lo r id e 1 7 0 -7 1 73 C 13H 10O 4 7 7 .4 0
( 7 7 .6 9 )

5 .4 1
( 5 .2 7 )

Ib B e n z o y l  c h lo r id e 2 6 8 -6 9 10 0 C 20H 14O 5 7 1 .8 5
( 7 1 .4 9 )

4 .2 2
( 4 .4 0 )

Ic m - N itr o b e n z o y l
c h lo r id e

i 1 4 8 -1 5 0 99 C 13H 9N 0 6 5 6 .7 3
( 5 6 .8 4 )

3 .2 9
( 2 .8 4 )

5 .0 8
( 4 .9 4 )

Id P h e n y la c e ty l
c h lo r id e

i 1 5 1 -1 5 2 87 C u H u O « 6 8 .8 7
( 6 9 .0 8 )

4 .9 5
( 5 .0 2 )

Ie P h e n y la c e ty l
c h lo r id e

2 1 1 0 - 1 1 1 91 C mH u O , 7 2 .9 1
( 7 2 .6 4 )

5 .0 0
( 4 .8 2 )

If p - N i t r o b e n z o y l
c h lo r id e

1 2 0 8 -2 0 9 8 8 c 13h 9n o 6 5 6 .7 3
( 5 6 .7 5 )

3 .2 6
( 3 .3 5 )

5 .0 8
( 5 .0 5 )

I a  =  3 - B e n z o y l- 6 -m e th y l - 2 -p y r o n o n e .  I b  =  3 ,5 - D i-b e n z o y l- 6 - m e th y l- 2 - p y ro n o n e .  I c  =  3 - ( m - N i t r o b e n z o y l) - 6 - m e th y l -  
2 - p y ro n o n e . I D =  3 - P h e n y la c e ty l -6 - m e th y l -2 - p y r o n o n e .  I e  =  3 ,5 - D ip h e n y la c e ty l -6 - m c th y l - 2 -p y r o n o n e .  I F =  3 - ( p - N i t r o -  
p h e n y la c e ty l ) - 6 - m e th y ! - 2 -p y ro n o n e .

T A B L E  I I  

B i p y r o n e s

O
I!

, 0 ,

ii , ,  J l

N Y

o
II
c

" C ^ I
O'

¡C

3 c

N o . P y r o n e  U s e d M .P .

V A K o j ic  a c id 1 5 6 - 1 5 6 .5

V b a - D e o x y - a - c h lo r o k o j ic
a c id

1 6 8 .5

V c 2 - H y d r o x y m e th y l - 5 -
m e th o x y - 4 -p y r o n e

1 6 3 -1 6 4

V D 2 -C h lo r o m e th y l - 5 - 1 1 9 -1 2 0
m e th o x y - 4 -p y  ro n  e

C r u d e
Y ie ld , E m p i r ic a l  C a le d .  ( F o u n d )

% F o r m u la C a r b o n H y d r o g e n C h lo r in e

1 0 0 C i2H io0 8 5 1 .7 2 3 .5 7
( 5 1 .4 4 ) ( 3 .3 5 )

58 C . A C h O e 4 5 .1 6 2 .5 2 2 2 . 2 2

( 4 4 .9 4 ) ( 2 .7 7 ) ( 2 2 .0 9 )
74 C 14H 14O 8 5 4 .1 9 4 .5 4

( 5 3 .8 9 ) ( 4 .2 9 )
27 C „ H 12C120 6 4 8 .4 3 3 .4 8 2 0 .4 2

( 4 8 .6 2 ) ( 3 .5 7 ) ( 2 0 .3 0 )

V A =  2 ,2 '- D i ( h y d r o x y m e th y I ) - 5 ,5 '- d i - h y d r o x y - 6 ,6 '- b i ( 4 - p y r o n e ) .  V b =  2 ,2 '- D i ( c h lo r o m e th y l ) - 5 ,5 '- d i - h y d r o x y - 6 ,6 '-  
b i ( 4 -p y r o n e ) .  V c  =  2 ,2 '- D i(h y d r o x y m e th y l ) - 5 ,5 '- d i - m e th o x y - 6 ,6 '- b i ( 4 - p y r o n e ) .  V d  =  2 ,2 '- D i ( c h lo r o m e th y l ) - 5 ,5 '- d i 
m e  th o x y - 6 , 6  '- b i(  4 - p y ro n e  ).

T A B L E  I I I

B isbromo D eriv a tiv es  o f  4 -P yrones

C r u d e
Y ie ld , E m p i r ic a l B r o m in e

N o . P y r o n e  U s e d M .P . % F o r m u la C a le d . F o u n d

V I a K o jic  a c id S o f te n s  a b o v e  135 
M e l ts  1 4 3 -1 4 4

2 3 C 6H 4Br204 5 3 .2 8 5 3 .0 1

V I b 2 ,6 - D im e th y l- 4 - p y ro n e 152 59 C 7H 6B r 20 2 5 6 .6 8 5 6 .4 7

V ic 2 - M e th y l - 4 - p y r o n e '1 1 4 8 -1 4 9 58 (J6.tÍ4Br2(J2 5 9 .6 5 5 9 .4 1

V I D 6 - M e th y l - 2 -p y r o n o n e 1 7 4 -1 7 6 73 C 6 H 4B r 20 3 5 6 .2 9 5 5 .8 7

» F u r n i s h e d  a s  a  c o n c e n t r a te  b y  t h e  c o u r te s y  o f  M o n s a n to  C h e m ic a l  C o rp . V I a  =  2 - H y d ro x y m e th y l - 3 ,6 -d ib r o m o -5 -  
h y d ro x y -4 - p y ro n e .  V I b  =  2 ,6 -D im e th y l- 3 ,5 - d ib ro m o - 4 -p y r o n e .  V ic  =  2 - M e th y l - 3 ,6 -d ib r o m o -4 - p y r o n e .  V I D =  3 ,5 -D i-  
b r o m o - 6 - m e th y l - 2 - p y ro n o n e .

placing two bromine atoms on a pyrone nucleus. 
The method does produce, for the first time, the 
compounds sought, but in low ylblds from tacky 
semi-solids that often contained considerable tar. 

The only common denominator among the

pyrones used as starting materials was the fact 
that position 3 in all of them was unoccupied and 
was one of the sites of halogénation in every case.

The di-bromo pyrones produced in the reaction 
are given as compounds V I a - d  in Table III.
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Preparation of compounds of I a - f  Series. A  m ix tu r e  c o n 
s is t in g  of 0 .1  m o le  o f  6 - m e th y l- 2 - p y ro n o n e  (1 1 .4  g .) , 0 .1  
m o le  o f  t h e  a c y l  h a l id e  a n d  20  m l. o f t r i f lu o r o a c e t ic  a c id  
w a s  r e f lu x e d  in  a n  a l l -g la s s  a s s e m b ly  u n t i l  h y d r o g e n  c h lo r id e  
v a p o r s  c e a s e d  t o  b e  e v o lv e d . T h is  u s u a l ly  r e q u i r e d  b e tw e e n  
90  m in . a n d  2  h r .  A t t h e  e n d  o f t h e  r e a c t io n  p e r io d  th e  
m ix tu r e  w a s  p o u r e d  in to  100 m l. o f  w a te r  a n d  c h il le d . 
T h o s e  c o m p o u n d s  w h ic h  r e m a in e d  a s  o ils  o r  s e m i-s o lid s  s u c h  
a s  I I A a n d  B w e re  t a k e n  u p  in  d c o h o l a n d  r e p r e c ip i t a t e d  w i th  
w a te r ;  c h il l in g  a t  t h i s  s t a g e  p r o d u c e d  s o f t  c r y s ta l s  w h ic h  
c o u ld  b e  d r ie d  in  a i r  a n d  w e ig h e d , a s  w e re  t h e  h ig h e r  m e l t in g  
c o m p o u n d s .

T h e  a n a ly t i c a l  s a m p le s  w e re  o b ta in e d  b y  r e c r y s ta l l iz in g  
t h e  c o m p o u n d  s e v e ra l  t im e s  f ro m  b o i l in g  h e p ta n e .

T h o s e  c o m p o u n d s  in  w h ic h  th e  p y r o n o n e  h a d  b e e n  b is a c y l-  
a t e d  w e re  p r e p a r e d  b y  u s in g  0 .2  m o le  o f t h e  a c y l  h a l id e .  
A ll o th e r  c o n d i t io n s  f o r  t h e  p r e p a r a t io n  a n d  p u r i f ic a t io n  of 
t h e  c o m p o u n d s  w e re  t h e  sa m e .

Syn thesis of m-nitrophenyl)-3,o-;h(m-mtrobenzoyl-6-mc- 
thyl-4-pyrone ( I I ) .  T o  20  m l. o f t r i f lu o r o a c e t ic  a c id  w a s  
a d d e d  0 .0 5  m o le  (6 .2  g .)  6 - m e th y l- 2 - p y ro n o n e  fo llo w e d  b y  
0 .1 5  o f m o le  (2 7 .9 )  o f m - n i t r o b e n z o y l  c h lo r id e . T h is  m ix tu r e  
w a s  r e f lu x e d  in  a n  a ll-g la s s  a s s e m b ly  o v e r  a  g la s s  h e a t in g  
m a n t l e  fo r  4  h r . ,  a n d  th e n  d i lu te d  w h ile  h o t  w i th  100 m l. o f 
w a te r .  T h e  p r e c ip i t a t e  w a s  f i l te r e d  off, d r ie d  in  a i r  t o  
g iv e  32.1 g . o f t h e  c r u d e  c o m p o u n d ,  w h ic h  w as t h e n  r e c r y s t a l 
liz e d  tw ic e  f ro m  e th a n o l .  A n  8  g. s a m p le  o f  t h e  p a r t i a l ly  
p u r if ie d  s u b s ta n c e  w a s  re f lu x e d  w i th  70  m l o f  c o n e d , h y 
d r o c h lo r ic  a c id  f o r  3 h r . ,  d i lu te d  w i th  w a te r  a n d  c h il le d  
to  g iv e  6 .2  g. o f t h e  a i r -d r ie d  c o m p o u n d . T h e  p u r if ie d  m a 
te r ia l  w a s  r e c r y s ta l l iz e d  o n c e  f ro m  h e p t a n e  to  g iv e  a  m e l t in g  
p o in t  o f 1 4 3 -1 4 4 ° .

Anal. C a lc d . fo r  C»6H 15N 3O 10: C , 5 8 .9 8 ; H ,  2 .8 5 ;  N ,  7 .9 3 . 
F o u n d :  C , 5 8 .7 9 ; H ,  2 .7 4 ; N ,  7 .6 7 .

Synthesis of 2-phenyl-6-methyl-4~pyrone ( I I I ) .  A  5  g. 
s a m p le  o f  I a  w a s  h e a t e d  fo r  3 0  m in . a t  1 5 5 -1 6 0 °  in  a  F i s h e r  
c o n s t a n t  t e m p e r a tu r e  o il b a t h .  T h e  r e s u l t in g  m e l t  w a s  
p o u r e d  in to  1 00  m l. o f w a te r  a n d  c h i l le d  t o  g iv e  4 .5  g. 
o f a n  a i r -d r ie d  s a m p le .

R e f lu x in g  5  g. o f  I a w i th  70  m l. of c o n e d , h y d r o c h lo r ic  a c id  
f o r  2 h r .  g a v e  a  s im i la r  y ie ld .

T h e  c r u d e  I I I  w a s  r e c r y s ta l l iz e d  o n c e  f ro m  h e p ta n e ,  
m .p .  8 4 - 8 5 °  w h ic h  is  in  g o o d  a g r e e m e n t  w i th  t h e  r e s u l t s  o f  
L ig h t  a n d  H a u s e r 6 a n d  in  f a i r  a g r e e m e n t  w i th  t h o s e  o f  
R u h e m a n n .7

Anal. C a lc d . f o r  C ]2H io 0 2: C , 7 7 .4 0 ; H ,  5 .4 1 . F o u n d :  C , 
7 7 .6 9 ; H ,  5 .2 7 .

Synthesis of Z-phenyl-d-benzoyl-6-methyl-^-pyronc ( IV ) .  
T e n  g ra m s  o f  I B w a s  re f lu x e d  in  60  m l. o f c o n e d , h y d r o c h lo r ic  
a c id  fo r  3 h r . ,  d i lu te d  w i th  100  m l. o f w a te r  a n d  t h e n  c h i l le d  
to  p r o d u c e  7 .5  g . o f c r u d e  IV . T h e  c o m p o u n d  w a s  c r y s ta l l iz e d  
o n c e  f r o m  h e p ta n e  to  g iv e  t h e  a n a ly t i c a l  s a m n le , m .p .  1 2 4 -  
1 2 5 ° .
Anal. C a lc d . f o r  C 19H h 0 3: C , 7 8 .6 0 ; H , 4 .8 6 . F o u n d :  C , 

7 8 .2 9 ; H , 4 .6 9 .
Preparation of compounds of F a - d  Series. O n e  t e n t h  o f 

a  m o le  o f  t h e  p y r o n e  a lo n g  w i th  0 .0 5  m o le  o f  c h lo r a n i l  w a s  
v ig o ro u s ly  r e f lu x e d  fo r  3  h r .  in  100 m l. o f  a b s o lu te  e th a n o l .  
T h e  b ro w n  s o lu t io n  w a s  f i l te r e d  w h ile  h o t  a n d  p la c e d  in  t h e  
f re e z in g  c o m p a r tm e n t  o f  t h e  r e f r ig e r a to r  o v e rn ig h t .  T h e  
p r e c ip i t a te  w a s  f i l te r e d  off', d r ie d  in  a i r  a n d  t h e  a n a ly t ic a l  
s a m p le  p r e p a r e d  b y  r e c r y s ta l l iz in g  i t  t h r e e  t im e s  f ro m  
a b s o lu te  e th a n o l .

U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  V A a n d  B w e re  t a k e n  
on  a  B a u s c h  a n d  L o m b  S p e c tn m ir - 5 0 5  a n d  c o m p a r e d  w ith

(5 )  A ll a n a ly s e s  w e re  p e r fo r m e d  b y  D r .  C a r l  T ie d c k e , 
T e a n e c k ,  N .  J . ,  a n d  a ll  m e l t in g  p o in ts  w ere  d e te r m in e d  o n  
a  F is h e r - J o h n s  M e l t in g  P o in t  A s se m b ly .

(6 )  R .  J .  L ig h t  a n d  C . R .  H a u s e r ,  J. Ory. Chem.. 2 5 , 5 3 8
(1 9 6 0 ) .

(7 )  S . R u h e m a n n ,  Chan. Snr., 9 3 , 431 (1 9 0 8 ).

s p e c t r a  o f  t h e  p y r o n e s  f ro m  w h ic h  t h e y  w e re  p r e p a r e d .  T h e  
s p e c t r a  w e re  m a d e  in  t h e  w a v e  le n g th  r a n g e  o f  2 2 2 - 3 7 2  n ip  
in  s p e c t r o  g r a d e  m e th a n o l :

S u b s ta n c e M a x im a

Iv o jie  a c id 2 6 4  my
V A 2 6 9 .5  n i/i
a - C h lo r o -a - d e o x y 2 7 2  in //

k o j ic  a c id
V B 2 7 7  m M

Preparation of dibromopyrones ( V I A- d ) .  A  m ix tu r e  c o n 
s is t in g  o f  0 .1  m o le  o f  t h e  p y r o n e , 2 0  m l. o f t r i f lu o r o a c e t ic  
a c id  a n d  3 2  g . o f b r o m in e  w a s  p la c e d  in  t h e  h o o d  in  a n  a ll  
g la s s  a s s e m b ly  w i th  tw o  s t a n d a r d  t a p e r  3 0 0  m m . c o n d e n s e r s  
f i t t e d  in  t a n d e m  a n d  g e n t ly  re f lu x e d  fo r  a  p e r io d  o f 2 h r .  
T h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  in to  w a te r ,  th o r o u g h ly  
c h il le d , f i l te r e d  a n d  d r ie d  in  a ir .

S a m p le s  o f  t h e  t a r r y  m a te r ia l s  w e re  r e c r y s ta l l i z e d  tw ic e  
f ro m  h e p ta n e  t o  g iv e  t h e  a n a ly t i c a l  s a m p le .

Department o f  Chemistry 
Texas Southern University 
Houston 4, Tex.

Behavior of a - Substituted Chalcones on 
Attempted Friedel-Crafts Arylation

C . F .  Koelsch
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Addition of an aromatic nucleus to an afi- 
unsaturated compound under the influence of 
aluminum chloride is a well known process;1 for 
example, benzene and chalcone yield /3,/3-diphenyl- 
propiophenone.2
C 6H 6 +  C 6H 5C H = C H C O C 6H 5

— >  (C 6H S)SC H — C H 2C O C 6H 5

It was thought that this reaction could be applied 
in a synthesis of 3-benzoyl-4-phenyl-l-naphthol
(II)3 in the following way.

C 6H 5C H ^ = C - C O C 6H
I

C H .C O O H

o

(C 6H 5) 2C H C H C O C 6H 5

c h 2c o o h

I

O H

I I

However the expected koto acid (I) was not 
formed, and further processing gave a compound

(1 ) V o r la n d e r  a n d  F r ie d b e r g ,  Ber., 5 6 , 1144  ( 1 9 2 3 ) ;  
R .  C . F u s o n  a n d  H . G . C o o k e , J. Am. Chem. Soc., 7 3 , 3 5 1 5  
(1 9 5 1 ) a n d  p r e v io u s  p a p e r s  b y  F u s o n  a n d  c o -w o rk e rs ;  J .  F .  J .  
D ip p y  a n d  A . L . L * P a l lu e l ,  J .  C h e m . S o c ., 141 5  (1 9 5 1 ) .

(2 ) P .  R .  S h i ld n e e k ,  Ory. Syntheses, C o ll. V o i. I I ,  23 6  
(1 9 4 3 ).

(3 ) C . F . K o e ls c h  . / .  Ory. Chan., 2 6 , 100 3  (1 9 6 1 ).
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which was not the substituted naphthol desired (II). 
The keto acid was found to be III, the intermediate 
diketone was IV, and the end product was V.

c 6h .

0
I I I

Formation of III appeared anomalous, and 
therefore a simpler compound, a-methylchalcone, 
was treated with aluminum chloride in benzene. 
Here too, a similar reaction occurred, forming VI 
in 93% yield. Also «-phenylc.halcone yielded VII. 
Careful examination of the products from inter
action of chalcone itself with aluminum chloride 
in benzene allowed isolation of 0.3% of VIII in 
addition to 90% of /3,/3-diphenylpropiophenone, the 
normal product.

It was apparent from these results that an «- 
substituent in a chalcone caused the main re
action to involve addition of the benzoyl nucleus to 
the a,/3-double bond. At first it was thought that the 
results might be explained by an electronic effect, 
but Professor R. M. Dodson, with whom the matter 
was discussed, held strongly to the belief that a 
steric effect was responsible. Investigation of the 
behaviors of a-bromo- and «-carbethoxychalcone 
then supported this belief completely. The a- 
substituents here are entirely different electronically 
from methyl, etc., and yet the compounds gave 
hydrindones and not phenylation products.

Thus, it was concluded that a nearly flat chalcone 
has configuation IX only when hydrogen is in its 
«-position and is crowded into configuration X 
when a larger group is present, and orientation 
about the C—CO bond (s-cis or s-trans) controls 
reaction type.

I X  X

If the configurations were exactly as in IX and X, 
the latter compounds should show stronger 0 = C  — 
C=C absorption, corresponding to their linear

structures and consequent greater oscillator 
strength, as contrasted with the folded system 
in IX. However, this is not the case: chalcone has 
€307 = 24,300, whereas a-methylchalcone has 
€290 = 17,400 and a-bromochalcone has e305 =
15,400.4 5 It is probable that the anomaly is caused 
by incomplete planarity in X, a result of inter
ference between ,8-H and o-H.

The present reaction is analogous to Fuson’s 
hydrindone synthesis,6 where «-substituted acrylo- 
phenones and /3-hydroxypropiophencnes are used. 
However in that synthesis, the reaction medium 
is sulfuric acid, and no question of competition 
between cyclization and phenylation arises.

E X P E R IM E N T A L

3-Phenylhydrindone-S!-acetic acid ( I I I ) .  A d d i t io n  o f  10  g. 
o f  3 - b e n z o y l-4 -p h e n y l-3 -p e n te n o ic  a c id 6 to  a  s u s p e n s io n  o f 
12  g . o f  a lu m in u m  c h lo r id e  in  5 0  m l. o f b e n z e n e  g a v e  a n  
o r a n g e  g u m  w h ic h  d is s o lv e d  d u r in g  1 5 -m in . b o il in g , fo rm in g  
a  d e e p  o r a n g e - re d  s o lu t io n .  D e c o m p o s i t io n  w i th  ic e d  h y d r o 
c h lo r ic  a c id  a n d  e x t r a c t io n  w i th  d i lu te  s o d iu m  c a r b o n a te  
t h e n  g a v e  9 .4  g . o f  a c id ic  p r o d u c t  t h a t  c r y s ta l l iz e d  c o m p le te ly  
w h e n  i t  w a s  r u b b e d  w i th  e th e r .  I t  f o rm e d  c o lo r le s s  p la te s  
f ro m  d i lu te  a c e t ic  a c id ,  m .p .  1 3 1 -1 3 3 ° .

Anal. C a lc d . fo r  C n H u O s :  C , 7 6 .7 ;  H ,  5 .2 7 ; F o u n d :  C , 
7 6 .5 ;  H ,  5 .3 9 .

A d d i t io n  o f 0 .0 6  g . o f b r o m in e  t o  a  s o lu t io n  o f  0 .1  g . o f 
I I I  in  1 m l. o f  a c e t ic  a c id ,  fo llo w e d  b y  g e n t le  w a r m in g  le d  to  
r a p i d  e v o lu t io n  o f  h y d r o g e n  b r o m id e . E v a p o r a t i o n  g a v e  a  
c r y s ta l l in e  r e s id u e , c o m p le te ly  s o lu b le  in  c o ld  2 %  s o d iu m  
c a r b o n a te .  W h e n  i t  w a s  b o i le d , t h i s  s o lu t io n  b e c a m e  d e e p  
y e llo w  a n d  d e p o s i te d  25  m g . o f  w a x y  m a te r ia l .  A c id if ic a t io n  
a n d  c r y s ta l l i z a t io n  f ro m  d i lu te  a c e t ic  a c id  g a v e  5 0  m g . of
3 - p h e n y l in d o n e -2 - a c e t ic  a c id ,  m .p .  1 6 5 -1 6 7 °  a lo n e  o r  m ix e d  
w i th  a n  a u t h e n t i c  s a m p le .7

5.4- Benzo-l,2,4a,9a-tetrahydro-2,9-fluorenedione ( I V ) .  A 
m ix tu r e  o f 1 .2  g. o f  I I I  a n d  6 m l. o f  s u lf u r ic  a c id  w a s  h e a te d  
4  m in . o n  a  w a te r  b a t h ,  t h e n  p o u r e d  o n  ic e , g iv in g  0 .6  g . o f 
p in k  c r y s ta l s .  R e c r y s ta l l iz a t io n  f ro m  a lc o h o l  f u r n i s h e d  0 .4  
g. o f  lo n g  c o lo r le s s  n e e d le s , m .p .  1 6 5 - 1 6 7 ° .

Anal. C a lc d . f o r  C n H u O s :  C , 8 2 .2 ; H ,  4 .8 5 . F o u n d :  C , 
8 2 .0 ;  H ,  4 .9 3 .

3.4- Benzo-2-oxy-9-fluorenone (V ) .  A d d i t io n  o f  0 .4  g. of 
b r o m in e  t o  a  s u s p e n s io n  o f  0 .8  g . o f  I V  in  5 m l. o f a c e t i c  a c id  
c a u s e d  r a p i d  e v o lu t io n  o f  h y d r o g e n  b r o m id e  a n d  s e p a r a t io n  
o f  d a r k  p u r p le  c r y s ta ls .  R e c r y s ta l l iz a t io n  f ro m  7 5  m l. o f 
a c e t ic  a c id  g a v e  0 .5 5  g . o f  f l a t  r e d - p u r p le  n e e d le s , m .p .  
a b o v e  2 3 5 ° .

Anal. C a lc d . fo r  C nE hoC b: C , 8 2 .9 ;  H ,  4 .0 9 . F o u n d :  C , 
8 2 .3 ;  H ,  4 .1 8 .

W h e n  0 .2  g . o f  V  w a s  b o i le d  w i th  5 m l  o f 2 %  s o d iu m  
h y d r o x id e ,  i t  g a v e  a  d e e p  b lu e  s o lu t io n ,  w h ic h  d e p o s i te d  
p u r p le - g r a y  n e e d le s  o n  c o o lin g . A d d i t io n  o f  a  l i t t l e  m e th a n o l  
c a u s e d  t h e  s a l t  t o  d is s o lv e , a n d  t h e  r e s u l t i n g  s o lu t io n  w a s  
t r e a t e d  a l t e r n a t e ly  w i th  m e t h y l  s u l f a te  a n d  s o d iu m  h y d r o x id e  
u n t i l  t h e  l a t t e r  n o  lo n g e r  d e v e lo p e d  a  b lu e  c o lo r . T h e  
p r e c i p i t a t e  w a s  t h e n  r e m o v e d  a n d  c r y s ta l l iz e d  f ro m  e th y l  
a c e t a t e - l i g r o in ,  g iv in g  0 .2  g . o f  2-methoxy-3,4-benzo-9- 
fluorenone, d e e p  r e d  n e e d le s , m .p .  1 5 5 - 1 5 6 ° .

(4 ) W . B . B la c k  a n d  R .  E .  L u tz ,  J. Am. Chem. Soc., 7 7 , 
5 1 3 4  (1 9 5 5 ).

(5 ) J .  H .  B u r c k h a l t e r  a n d  R .  C . F u s o n ,  J. Am. Chem. 
Soc., 7 0 , 7 1 8 4  (1 9 4 8 ) , a n d  p r e v io u s  p a p e r s .  J .  C o lo n g e  a n d
G . W e in s te in ,  Bvll. Soc. Chim., 4 6 2  (1 9 5 2 ).

(6 ) W . B o r s c h e ,  Ber., 4 7 , 11 0 8  (1 9 1 4 ).
(7) C . F . K o e ls c h  a n d  H . J .  R ic h te r ,  J. Am. Chem. Soc., 

5 7 , 2 0 1 0  (1 9 3 5 ).
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Anal. C a lc d .  fo r  C i8H i20 2: C , 8 3 .0 ;  H ,  4 .0 5 . F o u n d :  C , 
8 2 .8 ;  H ,  4 .7 1 .

T h e  s a m e  c o m p o u n d  (0 .3 5  g .)  (m ix e d  m e l t in g  p o i n t  a n d  
in f r a r e d  s p e c t r u m )  w a s  o b ta in e d  w h e n  0 .5  g . o f  4 - m e th o x y -  
l - p h e n y l - 2 - n a p h th o ic  a c id 3 w a s  b o i le d  f o r  15  m in . -w ith 
t h io n y l  c h lo r id e , a n d  t h e  r e s u l t in g  o i ly  a c id  c h lo r id e  w a s  
t r e a t e d  w i th  0 .4  g . o f  a lu m in u m  c h lo r id e  in  5  m l. o f b e n z e n e .

Chalcone and aluminum chloride in benzene. W h e n  a  s u s 
p e n s io n  o f  7 0  g . o f  a lu m in u m  c h lo r id e  in  3 0 0  m l. o f  b e n z e n e  
w a s  t r e a t e d  w i th  100  g . o f  c h a lc o n e , a  s m o o th  e x o th e rm ic  
r e a c t io n  to o k  p la c e  d u r in g  1 5  m in . ,  f o rm in g  a  b r i g h t  y e llo w  
s o l id  c o m p le x . B o il in g  f o r  15 m in . m o r e  g a v e  a n  o r a n g e - re d  
s o lu t io n ,  a n d  th i s  w a s  h y d r o ly z e d  w i th  ic e d  h y d r o c h lo r ic  
a c id .  M o s t  o f  t h e  b e n z e n e  w a s  t h e n  d is t i l le d  a n d  r e p la c e d  
w i th  6 0 - 7 0 °  l ig ro in , g iv in g  97  g. o f  n e a r ly  p u r e  /3,/3-di- 
p h e n y lp r o p io p h e n o n e .  T h e  m o th e r  l iq u o r  w a s  c o n c e n t r a te d  
a n d  t r e a t e d  a g a in  w i th  l ig ro in , g iv in g  21 g . m o r e  o f  t h e  s a m e  
k e to n e .  T h e  m a te r i a l  ( 1 7 .4  g .)  r e m a in in g  in  t h e  s e c o n d  
m o th e r  l iq u o r  w a s  s e p a r a te d  b y  f r a c t i o n a l  d i s t i l l a t io n  a n d  
c h r o m a to g r a p h y  in to  6 .4  g . o f /3 ,(3 -d ip h e n y lp ro p io p h e n o n e , 
2  g. o f d ip h e n y lm e th a n e ,  a n d  0 .2 9  g . o f  3 - p h e n y lh y d r in d o n e ,  
m .p .  7 6 - 7 7 °  a lo n e  o r  m ix e d  w i th  a n  a u t h e n t i c  s a m p le .

a-Methylchalcone. A  m ix tu r e  o f  5 .5  g. a - m e th y lc h a lc o n e ,  
4  g. o f a lu m in u m  c h lo r id e , a n d  20  m l. o f b e n z e n e  g a v e  a n  
o r a n g e - re d  s o lu t io n  w h e n  i t  w a s  b o i le d  15 m in . D e c o m p o s i
t i o n  w i th  ic e d  h y d r o c h lo r ic  a c id ,  e tc . ,  f u r n i s h e d  5 .1  g. 
o f  S-methyl-3-phenylhydrindone, a  c o lo r le s s  o il b .p .  1 9 5 -  
1 9 8 °  a t  16 m m .

Anal. C a lc d .  fo r  C i6H 140 :  C , 8 6 .4 ;  H , 6 .3 5 . F o u n d :  C , 
8 5 .5 ;  H ,  6 .3 0 .

T r e a t m e n t  w i th  t h e  c a lc u la te d  a m o u n t  o f  b r o m in e  in  
a c e t ic  a c id ,  fo llo w e d  b y  p o ta s s iu m  h y d r o x id e  in  m e th a n o l  
g a v e  a  n e a r ly  q u a n t i t a t i v e  y ie ld  o f  2 -m e th y l- 3 - p h e n y l in d o n e ,  
y e llo w  p r is m s  m .p .  8 3 - 8 4 °  a lo n e  o r  m ix e d  w i th  a n  a u th e n t i c  
s a m p le .8

'z-Phenylchalcone. A  m ix tu r e  o f  1 .5  g. o f a lu m in u m  c h lo 
r id e  a n d  2 .8  g . o f a - p h e n y lc h a lc o n e  in  15 m l. o f  b e n z e n e  
g a v e  a  c le a r  y e llo w -b ro w n  s o lu t io n  a f t e r  i t  h a d  b e e n  b o ile d  
2  m in .  T h e r e  w a s  o b ta in e d  2 .8  g . o f  s o lid  p r o d u c t ,  s e p a r a te d  
b y  f r a c t io n a l  c r y s ta l l i z a t io n  f ro m  a lc o h o l  i n to  0 .9  g . of
2 ,3 - d ip h e n y lh y d r in d o n e ,  m .p . 9 8 - 1 0 0 °  a lo n e  o r  m ix e d  w i th  
a n  a u t h e n t i c  s a m p le ,9 a n d  1 .3  g . o f  c o lo r le s s  n e e d le s  m .p . 
1 3 5 - 1 5 3 ° .  T h e  l a t t e r  s u b s ta n c e  w a s  p r o b a b ly  la r g e ly  a  
s te re o is o m e r ic  fo rm  o f  2 ,3 - d ip h e n y lh y d r in d o n e ,  s in c e  b o th  
p r o d u c ts  g a v e  2 ,3 - d ip h e n y l in d o n e  o n  t r e a t m e n t  w i th  o ro -  
m in e  a n d  th e n  p o ta s s iu m  h y d r o x id e .

a-Bromodmlcone. C r y s ta l l in e  a - b r o m o c h a c o n e  (1 .5  g .)  
in  10 m l.  o f  b e n z e n e  c o n ta in in g  1 .5  g . o f  a lu m in u m  c h lo r id e  
g a v e  a  g re e n - b ro w n  s o lu t io n  a f t e r  1 0 -m in . b o il in g . T h e r e  
w a s  o b ta in e d  1 .5  g . o f 2 - b ro m o - 3 -p h e n y lh y d r in d o n e  w h ic h  
h a d  m .p .  8 4 - 8 7 °  a f t e r  c r y s ta l l i z a t io n  f ro m  a lc o h o l.

Anal. C a lc d . f o r  C i6H u B r O :  C , 6 2 .7 ;  H ,  3 .8 4 . F o u n d :  
C , 6 2 .6 ; H ,  3 .9 2 .

T h is  p r o d u c t  w a s  a  s te r e o is o m e r  o f  t h e  c o m p o u n d  m .p .  
8 8 - 9 0 ° ,  o b ta in e d  b y  b r o m in a t in g  3 - p h e n y lh y d r in d o n e .10 
A  m ix tu r e  o f  t h e  tw o  h a d  m .p .  7 8 - 8 3 ° ;  in f r a r e d  s p e c t r a  
w e re  id e n t ic a l  e x c e p t  t h a t  t h e  8 7 °  is o m e r  a b s o rb e d  a t  7 6 5 , 
7 4 5 , a n d  7 0 3  c m . -1 , w h e r e a s  in  t h e  9 0 °  is o m e r  th e s e  b a n d s  
o c c u r r e d  a t  7 6 0 , 7 4 2 , a n d  7 0 0  c m . -1  E a c h  o f t h e  c o m p o u n d s  
g a v e  3 -p h e n y l in d o n e -s e m ic a r b a z o n e , m .p .  2 0 5 °  d e c . ( r e 
p o r t e d 11 2 1 2 °  d e c .) ,  c h a r a c te r iz e d  b y  in f r a r e d  s p e c t r a .

a-Carbelhoxychalcone. T h is  s u b s ta n c e  (1 .5  g .)  r e a c te d  
r a p id ly  w i th  2 g . o f a lu m in u m  c h lo r id e  in  10 m l.  o f  b e n z e n e  
to  f o rm  a  y e llo w  o ily  c o m p le x  w h ic h  d is s o lv e d  a f t e r  t h e  m ix 
t u r e  h a d  b e e n  b o i le d  fo r  15  m in . T h e r e  w a s  o b ta in e d  1 .4 5  g. 
o f  p a le  y e l lo w  p r o d u c t  t h a t  c r y s ta l l iz e d  c o m p le te ly  w h e n  i t  
w a s  r u b b e d  w i th  e th e r .  R e c r y s ta l l iz a t io n  f ro m  a lc o h o l  g a v e

(8 )  E .  B e rg m a n n  a n d  H . W e is s , Ann., 4 8 0 , 73  (1 9 3 0 ).
(9 ) C . F .  K o e ls c h ,  J. Am. Chcm. Soc., 5 6 , 1338  (1 9 3 4 ).
(1 0 ) R .  W e is s  a n d  8 . L u f t ,  Monalsh.. 4 8 , 3 3 7  (1 9 2 7 ).
(1 1 )  E .  P .  K o h le r ,  G . L . H e r i t a g e ,  a n d  M . C . B u r n le y ,

Un. Chem. J., 4 4 , 73  (1 9 1 0 ).

2- carbethoxy-3-phenylhydrmdone, f a in t ly  p in k  n e e d le s ,  m .p .
8 6 - 8 8 °  t h a t  g a v e  a  b lu e - v io le t  c o lo r  w i th  f e r r ic  c h lo r id e .

Anal. C a lc d .  f o r  C u H n C b : C , 7 6 .9 ;  H ,  6 .0 5 . F o u n d :  C , 
7 7 .1 ;  H ,  5 .9 0 .

T h e  p r o d u c t  -was id e n t ic a l  ( m ix e d  m e l t in g  p o i n t  a n d  
in f r a r e d  s p e c t r u m )  -w ith t h e  o n e  o b ta in e d  f ro m  2 - c a r b e th o x y -
3 -  p h e n y l in d o n e  b y  ( a )  c a t a ly t i c  r e d u c t io n 12 o r  ( b )  r e d u c t io n  
w i th  z in c  a n d  a c e t ic  a c id .  C o n d e n s a t io n  o f 3 - p h e n y lh y d r in 
d o n e  w i th  e th y l  c a r b o n a t e 13 in  t h i s  l a b o r a t o r y  a ls o  g a v e  t h e  
s a m e  s u b s t a n c e  a n d  n o t  t h e  f o rm  m .p .  1 0 3 -1 0 4 °  r e p o r t e d  b y  
th e  B r i t i s h  i n v e s t ig a to r s .  T h e  l a t t e r  f o r m  is  m o r e  l ik e ly  
a n  a l lo t r o p ic  m o d if ic a tio n  t h a n  a  s te re o is o m e r , f o r  i t  is  d iffi
c u l t  t o  b e l ie v e  c o n f ig u ra t io n  w o u ld  b e  p r e s e r v e d  in  a  s u b 
s ta n c e  so  e a s i ly  e n o l iz e d . T h e  in s t a b i l i t y  r e p o r t e d  b y  Y o s t  
a n d  B u r g e r  is  n o t  s im p ly  s te r ic  in v e r s io n , a s  s u g g e s te d  b y  
B a k e r ,  a n d  is  r e a l l y  n o t  v e r y  p ro n o u n c e d .  A  s a m p le  k e p t  in  
t h i s  l a b o r a t o r y  f o r  tw o  y e a r s  h a d  b e c o m e  b ro w n  a n d  s t i c k y  
in  s p o ts ,  b u t  s t i l l  c o n ta in e d  o v e r  5 0 %  u n c h a n g e d  m a te r ia l .
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Synthesis of analgesics of the benzomorphan type 
has been accomplished either by means of the 
Grewe synthesis1 as in diagram A, or through a fi- 
tetralone.2 This note concerns a synthesis based on 
the Stevens rearrangement of the Ar-bcnzyl qua
ternary salt (III) and is diagrammed in B.

The action of basic reagents on quaternary 
ammonium salts may yield a variety of products 
depending on the nature of the reactants.3 A recent 
example related to this work is that of benzyl- 
methylpiperidinium iodide which with sodium amide 
in liquid ammonia gave three rearrangement 
products as a result of aryl- and alkyl-migrations.4 
One of these was 2-benzyl-l-methylpiperidine, ob
tained in 23% yield. It was felt that in the tetra- 
hydro system (III) the most readily formed ylid 
would be that conjugated with the double bond and 
that substitution at the desired site (2- position) 
might thereby be favored. At present it is not 
possible to say what percentage of the total re-

( 1 )  R .  G rew 'e , Agnew. Chem., 5 9 , 194  (1 9 4 7 ) .
( 2 )  E .  L . M a y  a n d  E .  M . F r v ,  J. Org. Chem., 22, 1366

(1 9 5 7 ) .
( 3 )  S . W . K a n t o r ^ m d  C . R .  H a u s e r ,  J. Am. Chem. Soc.., 

7 3 , 4 1 2 2  ( 1 9 5 1 ) ;  G . W i t t i g  a n d  T .  F .  B u r g e r ,  Ann., 6 3 1 ,
8 5  (1 9 6 0 ).

( 4 )  L . P .  A . F e r y  a n d  L . v a n  H o v e , Bull. Soc. Chim. Belg.
6 9 , 63  (1 9 6 0 ) . •
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I  a n d  I I

b . R  =  H ,  R 3 =  C I I 3
c. R  =  R s  =  C H 3
d .  R 2 =  R 3 =  C 2H 6

I I I  a n d  I V

a .  R  =  H , R 2 =  R 3 =  C H 3
b .  R  =  O C H 3) R 2 =  H , R 3 =  C H 2
c . R  =  O C H a , R 2 =  R a  =  C H a
d .  R j  =  O C H 3, R 2 =  R a =  C 2H 6

V

a. R  = H , R 2 = R  = C H a
b . R  =  O H , R 2 =  H ,  R s =  C H 3
c. R 4 =  O H , R 2 =  R a  =  C H a
d .  R  =  O H , R 2 =  R 3 =  C 2H 5

arrangement is directed to the 2- position for only 
the Stevens product IV has as yet been identified.

The tetrahydropyridine bases were easily ob
tained by sodium borohydride reduction of the 
V-methyl quaternary pyridine salts6 and then 
converted to the quaternary salts III. The NMR 
spectrum of Illb  showed a line at 5.33 p.p.m. 
due to vinylic hydrogen. No corresponding line 
was present in the spectra of I lia  and IIIc. Fur
thermore the line at 1.78 p.p.m. (CH3—C =C —) 
was half that of I lia  and IIIc (CH3—-C=C—CH3) 
in this region. Thus the correct position of the dou
ble bond is assured and its position is also consis
tent with the results of other work on the hydride 
reduction of 3-substituted pyridine quaternary 
salts.6 Rearrangements with phenyllithium gave 
in part the desired compounds (IV). Whether a 
base IV was isolated or was part of a mixture, its 
structural identification rests on that of the known 
benzomorphan resulting from «ring closure. In * 23

(5 )  M . F e r le s ,  Collection of Czechoslov. Chem. Communs.,
2 3 , 4 7 9  (1 9 5 8 ) ;  2 4 ,  2 2 2 1  ( 1 9 5 9 ) .  •

one case (IVa) NMR showed no vinylic hydrogen 
and hence no bond migration.

Although the rearrangement step has not been 
carefully investigated, yields thus far indicate that 
the method has no advantage over the older one 
except that possibly use of the rearranging base is 
preferable to that of the Grignard reagent utilized 
in the Grewe synthesis. Yield comparisons are 
given in the experimental section.

E X P E R IM E N T A L

M e l t in g  p o in t s  a r e  u n c o r r e c te d .  M ic ro a n a ly s e s  a r e  b y  
P a u l a  P a r i s iu s  o f  t h e  A n a ly t ic a l  S e rv ic e s  U n i t  o f  th i s  L a b o r a 
to r y ,  H a r o ld  M c C a n n ,  d i r e c to r .  N M R  s p e c t r a ,  GO M e , a r e  
w i th  t e t r a m e th y l s i l a n e  a s  i n t e r n a l  r e fe re n c e  s t a n d a r d  a n d  
d e u te r c h lo ro f o r m  a s  s o lv e n t.

T h e  N-methyltetrahydropyridines ( I I )  w e r e  p r e p a r e d  in  N  
s o d iu m  h y d r o x id e  s o lu t io n  u s in g  a  m o la r  e q u iv a l e n t  o f  
s o d iu m  b o r o h y d r id e .  T h e  r a t i o  o f  s o lu t io n  t o  t h e  w e ig h t  o f 
h y d r id e  w a s  a p p r o x im a te ly  50  t o  1. I f  t h e  r e d u c t io n  d id  n o t  
s t a r t  s p o n ta n e o u s ly  t h e  s o lu t io n  w a s  w a r m e d  t o  ca. 5 0 ° .  
T h e  e x o th e rm ic  r e a c t io n  w a s  g e n t le  a n d  t h e  e n d  w a s  m a r k e d  
b y  d i s a p p e a r a n c e  o f  y e l lo w  c o lo r  a n d  c e s s a t io n  o f  e f fe rv e s 
c e n c e . T h e  b a s e s  w e re  r e c o v e r e d  w i th  e th e r  a n d  c o n v e r te d  
t o  t h e  q u a t e r n a r y  s a l t s  ( I I I )  b y  a d d i t i o n  o f  t h e  b e n z y l  h a l id e  
t o  e i th e r  a n  a c e to n e  o r  e th e r  s o lu t io n  o f  t h e  b a s e .

l-p-Methoxybenzyl-l,4-dimethyl-l,2,5,6-tetrahydropyridin- 
ium ( I l l b )  chloride. A  m ix tu r e  o f  12  g . (0 .0 5  m o le )  o f  y- 
p ic o l in e  m e th io d id e , 100  m l. o f  N  s o d iu m  h y d r o x id e ,  a n d  2 
g . o f  s o d iu m  b o r o h y d r id e  w a s  s t i r r e d  ( t e m p e r a t u r e  ro s e  t o  
5 4 °  d u r in g  15 m in .)  f o r  3  h r .  S o d iu m  c h lo r id e  w a s  a d d e d  a n d  
t h e  m ix tu r e  w a s  e x t r a c te d  th r ic e  w i th  e th e r .  D r y in g  ( s o d iu m  
s u l f a te )  a n d  d is t i l l a t io n  o f  t h e  e th e r  a t  a tm o s p h e r ic  p r e s s u r e  
g a v e  a  q u a n t i t a t i v e  y ie ld  o f  a p p a r e n t l y  s t a b le  l i b  w h ic h , in  
2 5 - 3 0  m l. o f  a c e to n e ,  w a s  t r e a t e d  w i th  9 g . ( s l ig h t  ex ce ss)  o f  
p - m e th o x y b e n z y l  c h lo r id e . A f te r  1 h r .  a t  r o o m  t e m p e r a t u r e  
a n d  2 - 3  h r .  a t  — 5 °  t h e  c r y s ta l l in e  c h lo r id e  I l l b  w a s  o b 
t a in e d  in  a  y ie ld  o f  11 g . ( 8 2 %  f ro m  l b )  a n d  w a s  p u r if ie d  
f ro m  a b s o lu te  e th a n o l - e th e r .  H y g r o s c o p ic ,  i t  w a s  d r ie d  a t  
6 0 ° /5 0  m m . p r io r  t o  a n a ly s is ;  m .p .  1 8 1 -1 8 2 ° .

Anal. C a lc d . f o r  C ,6H 22C 1 N 0 :  C , 6 7 .2 7 ; H ,  8 .2 8 . F o u n d :  
C , 6 7 .3 6 ; H ,  8 .3 7 .

1-Benzyl-l ,3,4-trimethyl-l ,%,5,6-tetrahydrcpyridinium bro
mide ( I l i a ) ,  o b ta in e d  in  7 3 %  y ie ld  f r o m  I c  w a s  p u r if ie d  f ro m  
a c e to n e -a lc o h o l ,  m .p .  2 0 6 -2 0 8 ° .

Anal. C a lc d . f o r  C i s I R B r N :  C , 6 0 .8 1 ;  H ,  7 .4 9 . F o u n d :  
6 0 .6 1 ; H ,  7 .4 3 .

1-p-Methoxybenzyl-l ,3,4-trimethyl-l ,2,5,6-tet.rahydropyri- 
dinium chloride ( I I I c )  w a s  o b ta in e d  f ro m  I c  in  6 1 %  y ie ld .  
I t  c r y s ta l l iz e d  f r o m  a c e to n e  c o n ta in in g  a  l i t t l e  a b s o lu te  
a lc o h o l  in  r o d s  o f  m .p .  1 6 9 -1 7 1 ° . T h e  s o m e w h a t  h y g ro s c o p ic  
m a te r i a l  w a s  d r ie d  a t  6 0 ° /4 0  m m . f o r  a n a ly s is .

Anal. C a lc d . f o r  C i6H 24C 1 N O : C , 6 8 .2 0 ; H ,  8 .5 8 . F o u n d :  
C , 6 8 .0 9 ; H ,  8 .8 6 .

T h e  io d id e  w a s  o b ta in e d  b y  a d d in g  K I  t o  a n  a q u e o u s  
s o lu t io n  o f  t h e  c h lo r id e . P u r i f i e d  f r o m  a lc o h o l  i t  m e l te d  a t  
1 7 5 -1 7 8 ° .

Anal. C a lc d . f o r  C i6H 24I N O :  C , 5 1 .4 8 ; H ,  6 .4 8 . F o u n d :  
C , 5 1 .2 8 ; H ,  6 .4 7 .

1-p-Methoxybenzyl-1-methyl-8,4-diethyl-l ,S,5,6-tetrahydro- 
pyridinium chloride ( H i d ) ,  o b t a in e d  in  3 9 %  y ie ld  f r o m  I d ,  
w a s  p u r if ie d  f ro m  a c e to n e  a n d  m e l te d  a t  1 5 7 -1 6 0 ° . T h e  h y 
g ro sc o p ic  c r y s ta l s  w e re  d r ie d  a t  7 8 ° , h ig h  v a c u u m ,  p r io r  t o  
a n a ly s is .

Anal. C a lc d . f o r  C 18H 28C l N O - l / 2  H 20 :  C , 6 7 .7 7 ;  H ,  9 .1 6 . 
F o u n d :  C , 6 8 .0 6 ; H ,  9 .4 0 .

A f te r  d r y in g  a t  1 3 5 °  in  h ig h  v a c u u m  t h e  w e ig h t  lo ss  w a s  
2 .9 4 %  ( c a lc d . f o r  1 /2  H , 0 ,  2 .8 2 % ) .

Anal. C a lc d . fo r  C i8H a C lN O : C , 6 9 .7 6 ; H ,  9 .1 1 . F o u n d :  
C , 7 0 .0 4 ; H ,  9 .3 8 .
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T h e  2 - b e n z y l - l ,2 ,5 ,6 - te t r a h y d r o p y r id in e s  ( IV )  w e re  p r e 
p a r e d  b y  t h e  a d d i t i o n  o f  ex cess  0 .9 V  p h c n y l l i th iu m  in  e th e r  
t o  t h e  q u a t e r n a r y  s a l t s  (III). T h e  r e a c t io n  w a s  e x o th e r m ic  
a n d  a t  i t s  c o m p le t io n  ( 2 - 4  h r . ,  s t i r r in g )  t h e  m ix tu r e  w a s  
d e c o m p o s e d  w i th  ic e  a n d  th e  p r o d u c t  r e c o v e r e d  b y  d r y in g  
a n d  e v a p o r a t io n  o f t h e  e th e r e a l  la y e r .

2-Benzyl-l ,3,4-trimethyl-l ,2,5,6-telrah.ydropyridine ( IV a )  
is  a n  o il. I t s  p i c r a t e  w a s  i s o la te d  in  1 3 %  y ie ld  ( 9 .5 %  f ro m  
I c )  a n d  w a s  p u r if ie d  f ro m  a lc o h o l. I t  p r o v e d  id e n t ic a l  w i th  
t h e  c o m p o u n d  ( 4 5 %  f ro m  Ic )  i s o la te d  in  t h e  G re w e  s y n th e s is  
( n o t  c h a r a c te r iz e d  in  p r e v io u s  p u b l ic a t io n 2), m .p .  1 2 7 -1 2 9 ° .

Anal. C a lc d . fo r  C 2iH 21N / ) , :  C , 5 6 .7 5 ; H , 5 .4 4 . F o u n d :  
C , 5 6 .8 8 : H , 5 .4 5 .

2-p-Methoxybenzyl-l,8,4-trimethyl-1.2,5,6-ietrahydropyri- 
rline ( IV c )  is a n  o il. I t s  p i c r a t e  w a s  o b ta in e d  in  3 8 %  y ie ld
(2)5%  f ro m  I c ) .  P u r i f ie d  f ro m  a lc o h o l i t  m e l te d  a t  1 6 8 -1 7 4 ° .

Anal. C a lc d . f o r  C 22H 26N 4O 8: C , 5 5 .6 9 ; H , 5 .5 2 . F o u n d :  
C , 5 5 .9 2 ; H , 5 .4 0 .

2-p-Methoxybenzyl-l,4-dimelhyl-l,2,o,6-tetrahydropyridine 
( I V b )  w a s  a  c o n s t i t u e n t  o f a n  o il o b ta in e d  f ro m  9  g . o f  t h e  
c h lo r id e  I l l b .  T h e  b a s e  w a s  d is t i l le d  a t  9 5 - 1 0 5 ° /0 .1  m m ., 
w e ig h e d  7 .4  g ., a n d  w a s  s u b je c te d  to  r in g  c lo s u re .

2-p-Methoxybenzyl-l-methyl-S,4-diethyl-l,2,5,6-tetrahydro- 
pyridine ( I V d )  w a s  p a r t  o f a  m ix tu r e .  S ix  g r a m s  o f  c h lo r id e  
H i d  y ie ld e d  a f t e r  r e a r r a n g e m e n t  5 .4  g . o f  e v a p o r a t i v e ^  
d is t i l le d  oil (0 .0 7  m m ., b a t h  a t  1 5 0 -1 7 5 ° )  w h ic h  w a s  u s e d  in  
t h e  r in g  c lo s u re .

T h e  b e n z o m o r p h a n s  w e re  p r e p a r e d  b y  r in g  c lo s u re  o f IV  
w i th  4 8 %  h y d r o b r o m ic  a c id  u s in g  t h e  p u b l is h e d  p r o c e d u r e 2’6 
a n d  w e re  id e n t i f ie d  b y  m e l t in g  p o in t  s, m ix e d  m e l t in g  p o in ts ,  
a n d  in f r a r e d  s p e c tro g r a m s .

2,5,9-Tnmethyl-6,7-benzomorphan ( V a )  hydrochloride. 
Y ie ld  f ro m  I c ,  t h i s  w o rk , 6 .5 % ;  y ie ld  f ro m  G re w e  s y n th e s i s .2 
2 0 % .

2 '-Hydroxy-2,5,9-trimethyl-6, 7-benzomorphan ( V c ) . Y ie ld  
f ro m  Ic , th i s  w o rk , 18% ,; y ie ld  f ro m  G re w e  s y n th e s is ,  2 5 % .6

2'-Hydroxy-2,5-dimethijl-6,7-benzomorphan ( V b ) .  Y ie ld  
f ro m  l b ,  th i s  w o rk , 2 5 % ;  y ie ld  f ro m  G re w e  s y n th e s is ,  5 % .7

2'-Hydroxy-2-methyl-5,9-diethyl-6,7-benzomorphan ( V d ) .  
Y ie ld  f ro m  I d ,  t h i s  w o rk , 1 1 % ;  y ie ld  f ro m  G re w e  s y n th e s is ,  
1 2 % .8 *
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Reaction of Propene-I-C14 with 

Maleic Anhydride

time.2“4 5 The similarity between these reactions 
and the familiar Diels-Alder condensation involving 
a diene is obvious. However, it is likewise apparent 
that it is impossible to draw a rigid analogy between 
the reaction mechanism of mono-olefins and those 
postulated for dienes.6 The localization of the double 
bond, the lack of secondary bonding electrons, and 
the transfer of hydrogen during the course of the 
reactions are significant differences which must be 
considered in the case of mono-olefins.

Although the first investigators assumed these 
reactions were examples of addition of an acidic 
hydrogen across a double bond,2-3 it has later been 
shown that for many unsymmetrical mono-olefins 
of the type R iR2CH—CR3= C R 4R5, the reaction 
proceeds with migration of the double bond as 
illustrated below.

C H — c :

C H — C

\
o

/

V

r ,r 2c = c r 3- c r , r 6c h — c
\

o

C I T - C

R j R j C H — C R rl= C R 4R 5

This bond migration has been variously attrib
uted to an initial formation of a rearranging ionic or 
free radical intermediate of the olefin which then 
reacts in its more stable form,2 and to a cyclic six- 
membered transition state involving a concerted 
mechanism.6“8

For those symmetrical olefins which have been 
studied (e . g propene, isobutylene, 2-pentene, 
cyclopentene, and cyclohexene), the product which 
would be obtained by the “direct” mechanism6 
without migration of the bond, and that obtained 
by the “indirect” mechanism with migration are 
identical. Consequently st udies of the structure of 
the product do not aid in elucidating the mechanistic 
route of the reaction.

When propene-l-C14 was condensed with maleic 
anhydride and the adduct (I) saponified, allyl- 
succinic acid (II) was obtained with an activity 
of 5.48 ± 0.01 me./mole. Ozonolysis of this product 
followed by oxidation yielded 3-carboxyglutaric 
acid (III) of activity 5.45 ±  0.01 me./mole.

These results confirm the migration of the double 
bond. The lack of scrambling in the adduct is in

B o b b y  J .  S i i b l e t t 1 a n d  N . S . B o w m a n  

R ece ived  November 14, 1960

In conjunction with a study involving labeled 
propene, propene-l-C14 was condensed with maleic 
anhydride. Reactions of this nature between mono
olefins and dienophiles have been known for some

(1 )  P r e s e n t  a d d r e s s :  T e n n e s s e e  E a s tm a n  C o r p o r a t io n ,  
K in g s p o r t ,  T e n n .

(2 )  K .  A ld e r , F .  P a s c h e r ,  a n d  A . S c h m itz ,  Ber., 7 6 , 27  
(1 9 4 3 ).

(3 )  E .  H .  F a r m e r ,  Trans. Faraday Soc., 3 8 , 3 4 0  (1 9 4 2 ).
( 4 )  I .  G . F a r b e n in d .  A .-G ., F r .  8 0 1 ,9 1 9 , A u g u s t  21 , 1936.
( 5 )  F o r  a  d is c u s s io n  o f r e c e n t  p ro p o s a ls  o f  t h e  D ie ls -  

A ld e r  m e c h a n is m , se e  R .  B . W o o d w a rd  a n d  T .  ,1. K a tz ,  
Tetrahedron, 5 , 7 0  (1 9 5 9 ).

( 6 )  K .  A ld e r  a n d  H . S o il, Ann., 5 6 5 , 73  (1 9 4 9 ).
( 7 )  C h a r le s  C . P r i p ,  M e c h a n is m s  o f  R e a c t io n s  a t  C a r b o n -  

C a r b o n  D o u b le  B o n d s , In te r s c ie n c e  P u b l is h e r s ,  I n c . ,  N e w  
Y o rk , N .  Y ., 1949 , p .  49 .

( 8 )  R .  T .  A rn o ld  a n d  W . W . L ee , J. Am. Chem. Soc., 7 5 ,
5 3 9 6  (1 9 5 3 ). •
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H O O C - C H , — C H ------ C O O H

C H 2— C O O H  

I I I

I I
C H 2— C O O H

r e a c t io n  v o lu m e  w i th  w a t e r , t h e  m ix tu r e  w a s  e x t r a c t e d  tw ic e  
w i th  e th e r ,  a n d  t h e  e th e r  e x t r a c t  d is c a rd e d . T o  r e m o v e  th e  
s u lfu r ic  a c id ,  t h e  s o lu t io n  w a s  m a d e  b a s ic  t o  s o d iu m  
h y d r o x id e  a n d  re a c id if ie d  w i th  h y d r o c h lo r ic  a c id . A f te r  
e v a p o r a t io n  to  d r y n e s s  u n d e r  d im in is h e d  p re s s u re ,  th e  
r e s id u a l  s o lid  w a s  e x t r a c t e d  in  a  S o x h le t  e x t r a c to r  w i th  
e t h y l  a c e t a t e .  T h e  p r o d u c t  w h ic h  r e m a in e d  a f t e r  r e m o v a l  o f 
t h e  s o lv e n t  a n d  f o u r  r e c r y s ta l l i z a t io n s  f ro m  a c e to n i t r i l e  
m e l te d  1 5 7 -1 5 8 ° . A  m ix e d  m e l t in g  p o in t  w i th  a u th e n t i c  3- 
c a r b o x y g lu ta r ic  a c id  g a v e  n o  d e p re s s io n .

Anal. C a lc d . fo r  CeH sO e: C , 4 0 .9 1 ; H ,  4 .5 4 . F o u n d :  
C , 4 0 .7 3 ; H ,  4 .5 2 . R a d io a c t iv e  a s s a y :  5 .4 5  ±  0 ,0 1  m e ./m o le .

D e p a r t m e n t  o p  C h e m i s t r y  
T h e  U n i v e r s i t y  o p  T e n n e s s e e  
K n o x v i l l e , T e n n .

Convenient Synthesis of BicycIo[2.2.2]- 
octane-trans-2,3-dicarboxylic Acid

agreement with a concerted mechanism since any 
long-lived independent ionic or free radical species 
of propene would be expected to distribute the 
isotopic carbon between the one and three positions 
of the propene. For the same reason, it is evident 
that no isomerization of propene occurred under 
the reaction conditions (250°, 4300 p.s.i.).

E X PER IM EN TA L

Propene-l-Cli. P ro p io n ic  a c i d - l - C 14 w a s  o b ta in e d  b y  c a r -  
b o n a t io n  o f  e th y lm a g n e s iu m  io d id e  a s  d e s c r ib e d  b y  O s tw a ld 9 
fo r  t h e  p r e p a r a t io n  o f  a c e t ic  a c i d - l - C 14. R e d u c t io n  o f  t h e  
a c id  w i t h  l i t h iu m  a lu m in u m  h y d r id e  g a v e  p r o p a n o l - l - C 14 
in  6 5 %  y ie ld  w h ic h  w a s  c o n v e r te d  t o  p r o p e n e - l - C 14 via t h e  
q u a t e r n a r y  a m m o n iu m  h y d r o x id e  u s in g  t h e  m e th o d  of 
F r ie s  a n d  C a lv in .10

Allylsuccinic anhydride. I n  a n  a u to c la v e  o f 5 0 -m l. c a p a c i ty  
w a s  p la c e d  3 3  m l. o f  b e n z e n e  a n d  1 .8  g . o f  m a le ic  a n h y d r id e .  
A f te r  c o o lin g  t h e  a u to c la v e  in  D r y  I c e - a c e to n e  a n d  e v a c u a t 
in g , 16  g . o f p r o p e n e - l - C 14 w a s  a d d e d .  T h e  r e a c t io n  v e s se l  
w a s  h e a t e d  t o  2 5 0 °  w i th  s h a k in g  fo r  12 h r . ;  a  m a x im u m  p r e s 
s u re  o f 4 3 0 0  p .s . i .  w a s  r e c o r d e d .  A f te r  r e m o v a l  o f  t h e  
b e n z e n e , 0 .8 1  g. o f  a l ly ls u c c in ic  a n h y d r id e  w a s  o b ta in e d  o n  
d i s t i l l a t io n  a s  a  c o lo r le s s  o il, b .p .  1 3 3 - 1 4 0 ° /1 6  m m .

Allylsuccinic acid. T h e  p r o d u c t  o b t a in e d  in  t h e  p r e v io u s  
e x p e r im e n t  w a s  h y d r o ly z e d  b y  w a r m in g  w i th  50  m l. o f 1 0 %  
s o d iu m  h y d r o x id e ,  a c id i f y in g  w i th  h y d r o c h lo r ic  a c id ,  a n d  
e x t r a c t in g  w i th  e th e r .  T h e  r e s id u e  r e m a in in g  a f t e r  r e m o v a l  
o f t h e  e th e r  w a s  r e c r y s ta l l iz e d  tw ic e  f ro m  e th y l  a c e t a t e -  
lig ro in . A  y ie ld  o f  0 .7 6  g . o f  a l ly ls u c c in ic  a c id - C 14 m e l t in g  a t  
9 6 - 9 7 °  w a s  o b ta in e d .

Anal. C a lc d .  f o r  C 2H io 0 4: C , 5 3 .1 9 : H , 6 .7 3 . F o u n d :  C , 
5 3 .5 0 , 5 3 .2 8 ; H ,  6 .5 2 ,6 .2 9 . R a d io a c t iv e  a s s a y :  5 .4 8  ±  0 .0 1  
m e ./m o le .

Oxidation of allylsuccinic acid to S-carboxyglutaric acid. 
T h e  o z o n o ly s is  o f 0 .4  g. o f a l ly ls u c c in ic  a c id  w a s  c a r r ie d  o u t  
in  t h e  u s u a l  m a n n e r  u s in g  e th y l  a c e t a t e  a s  a  s o lv e n t .  T h e  
e th y l  a c e t a t e  w a s  t h e n  r e m o v e d  u n d e r  d im in is h e d  p r e s s u re  
w h ile  s im u l ta n e o u s ly  a d d in g  a c e t ic  a c id  u n t i l  a l l  e th y l  
a c e t a t e  h a d  b e e n  d is t i l le d  a n d  th e  o z o n id e  w a s  c o n ta in e d  in  
30  m l. o f a c e t ic  a c id .  T h is  s o lu t io n  w a s  a d d e d  d ro p w is e  w i th  
s t i r r in g  to  a  m ix tu r e  o f 0 .7  g . s u lfu r ic  a c id ,  7 g. w a te r ,  a n d  7 
g. o f 3 0 %  h y d r o g e n  p e ro x id e . T h e  r e a c t io n  t e m p e r a tu r e  
w as s lo w ly  r a i s e d  t o  re f lu x  d u r in g  t h e  c o u r s e  o f t h e  a d d i t io n ,  
a n d  r e f lu x  m a in t a in e d  f o r  2  h r .  A f te r  d i u t i o n  to  tw ic e  th e

(9 )  R .  O s tw a ld , J. Biol. Chem., 1 7 3 , 2 0 7  (1 9 4 8 ).
(1 0 )  B . A . F r ie s  a n d  M . C a lv in , J. Am. Chem. Soc., 7 0 ,

2 2 3 5  ( 1 9 4 8 ) .  *

J o h n  B . C l e m e n t s 1

Received November 17, 1960

In another connection, a considerable quantity of 
bicyclo [2.2.2]octane-(rans-2,3-dicarboxylic acid (II) 
was required. Previous syntheses2" 4 have been 
tedious, multi-step processes and did not appear to 
lend themselves to the preparation of this acid in 
the quantities needed. Acid II is easily prepared in 
the required amounts by taking advantage of the 
facile condensation of 1,3-cyclohexadiene with 
fumaryl chloride to give acid chloride la  which is 
hydrolyzed to bicyclic acid lb. This acid was pre
viously reported by Alder and Stein5 but no 
yield or analytical data were given. Catalytic 
hydrogenation of lb affords the desired acid in good 
yields. This method has the advantage of con
venience in manipulation and very good over-all 
yields (85%).

- ^ C O R

0 C•C O R

l a .  R  =  C1
lb .  R  =  O H

H„. Pd £CC O O H

■COOH

I I
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Bicyclo[H.%£]octene-5-trans-dicarbonyl chloride ( l a ) .  T o  
168 .3  g. (1 .1 0  m o le )  o f  f u m a r y l  c h lo r id e  w a s  a d d e d  80.1 g. 
(1 .0 0  m o le )  o f 1 ,3 - c y c lo h e x a d ie n e 7 d ro p w is e  w i th  s t i r r in g  
w h ile  c o n t r o l l in g  th e  m ild ly  e x o th e rm ic  r e a c t io n  a t  4 0 - 4 5 ° .  
T h e  r e a c t io n  m ix tu r e  w a s  a llo w e d  to  s t a n d  a t  ro o m  te m p e r a -

( 1 )  P r e s e n t  a d d r e s s :  C h e m s t r a n d  R e s e a r c h  C e n te r ,  In c . ,  
P .  O . B o x  731 , D u r h a m , N . C .

( 2 )  O . D ie ls  a n d  K . A ld e r , Ann., 4 7 8 , 137  (1 9 3 0 ).
(3 )  K .  H . M c N e e ly , A . R o d g m a n ,  a n d  G . F .  W r ig h t ,  

J. Org. Chem., 2 0 , 7 1 4  (1 9 5 5 ).
(4 )  R .  C . C o o k s o n  a n d  N. S. W a r iy a r ,  Chem. & Ind. 

(London), 1955, 915 .
( 5 )  K .  A ld e r  a n d  G . S te in ,  Ann., 514, 1 (1 9 3 4 ).
( 6 )  A ll m e l t in g  p o in t s  a r e  c o r re c te d . A n a ly s e s  a r e  b y  M r . 

G r a n t  G u s t in  o f o u r  a n a ly t ic a l  d e p a r tm e n t .
(7 )  C . S . M a r v e l  a n d  G . E .  H a r tz e l l ,  J. Am. Chem. Soc., 

8 1 ,4 4 8 ( 1 9 5 9 ) .
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t u r e  o v e r n ig h t ,  th e n  v a c u u m  d is t i l le d  t o  g iv e  2 1 1 .5  g. 
( 9 2 .0 % )  o f a d d u c t  b o il in g  a t  8 7 - 8 9 ° /0 .2 5  m m .

T h e  diamide, p r e p a r e d  f ro m  th e  a b o v e  d ia c id  c h lo r id e  a n d  
e x c e s s  c o n c e n t r a te d  a m m o n iu m  h y d r o x id e ,  w a s  r e c r y s ta l l i z e d  
f ro m  e th a n o l  fo r  a n a ly s is .  I t  m e l te d  a t  2 6 1 - 2 6 2 ° .

Anal. C a lc d . fo r  C „ ,H ,4N / ) 2: C , 6 1 .8 4 ; I I ,  7 .2 7 ; N , 1 4 .4 3 . 
F o u n d :  C , 0 1 .6 , 6 1 .4 ;  H ,  7 .0 7 , 7 .1 7 ; N ,  14 .3 , 14 .3 .

Bicyclo[2.2.2]octene-5-trans-2,3-dicarboxylic acid ( l b ) .  A 
m ix tu r e  o f  1 7 6 .3  g. (0 .7 5  m o le )  o f  b ic y c lo [2 .2 .2 ]o c te n e -5 -  
trans-2,3 - d ic a rb o n y l  c h lo r id e  a n d  1 1. o f  w a te r  w a s  a l lo w e d  
to  s t a n d  a t  ro o m  te m p e r a tu r e  o v e r n ig h t .  T h e  r e s u l t in g  w h i te  
so lid , a f t e r  f i lte r in g , w a s h in g  w e ll w i th  w a te r ,  a n d  d r y in g ,  
w e ig h e d  1 4 1 .4  g. ( 9 6 .2 % )  a n d  m e l te d  a t  2 1 3 - 2 1 5 ° .  F o r  a n a ly 
s is  i t  w a s  r e c r y s ta l l iz e d  f ro m  w a te r  a n d  i t  t h e n  m e l te d  a t  
2 1 4 - 2 1 5 ° .  A ld e r  a n d  S te in 5 r e p o r t e d  a  m e l t in g  p o in t  of 
2 1 1 ° .

Anal. C a lc d . fo r  CioH120 4: C , 6 1 .2 1 ; H ,  6 .1 7 . F o u n d :  C ,
0 1 .4 , 6 1 .4 ;  H ,  6 .1 7 , 6 .0 7 .

Bicyclo[2.2.2]octane-trans-2,S-dicarboxylic acid ( I I ) .  A 
s o lu t io n  o f  7 8 .4  g. (0 .4 0  m o le )  o f  b ic y e lo [2 .2 .2 ]o c te n e -5 -  
i r a n s -2 ,3 -d ic a rb o x y lic  a c id  a n d  6 5 0  m l. o f  10% , s o d iu m  c a r 
b o n a te  w a s  h y d r o g e n a te d  u s in g  0 .7 8  g. o f 10% , p a l la d iu m -o n -  
e h a r c o a l .  A f te r  t h e  th e o r e t i c a l  a m o u n t  o f  h y d r o g e n  w a s  
c o n s u m e d , t h e  c a ta ly 's t  w a s  f i l te r e d  a n d  t h e  p r o d u c t  p r e c i 
p i t a t e d  w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  w h i te  
so lid , a f t e r  f i l te r in g  a n d  d r y in g , w e ig h e d  7 6 .3  g . ( 9 2 .2 % )  a n d  
m e l te d  a t  2 3 4 - 2 3 5 .5 ° .  A f te r  r e c r y s ta l l iz in g  f ro m  1 :1  m e t h 
a n o l - w a te r  t h e  m e l t in g  p o in t  w a s  2 3 4 -2 3 5 ° . A  m ix tu r e  w i th  
a u th e n t i c  b ic y c lo [ 2 .2 .2 ]o c ta n e - i r a n s - 2 ,3 - d ic a rb o x y l ie  a c id 2 
m e l te d  a t  2 3 3 - 2 3 4 .5 ° .  T h e  a u t h e n t i c  d ia c id  a n d  th e  p r e s e n t  
a c id  h a v e  id e n t ic a l  in f r a r e d  s p e c t r a  ( N u jo l  m u l l ) .

Anal. C a lc d . fo r  C ioH u C h : C , 6 0 .6 0 ; H ,  7 .1 2 . F o u n d :  C ,
6 0 .3 , 6 0 .5 ;  H ,  7 .2 8 , 7 .3 1 .

Summ it R esearch  L aboratories
C ela n ese  C orporation  of America
Su m m it , N . J.

Dialkylaminoalkyl Pentachlorophenyl 

Sulfides

J ames H . Short

Received November 28, 1960

The availability of pentachlorothiophenol (I) 
prompted the synthesis of a few dialkylaminoalkyl 
pentachlorophenyl sulfides (III). The desired com
pounds were prepared by the condensation of I with 
dialkylaminoalkyl chlorides (II).

C l C l

C l C l 
I I I

One compound, 3-dimethylamincpropyl penta
chlorophenyl sulfide (III. n = 3, R = CH3), was 
quaternized with methyl iodide and a-bromobenzyl 
bromide.

The six compounds were tested for various 
pharmacological and chemotherapeutic activities 
including effect on blood pressure, anti-serotonin 
activity, monamine oxidase inhibition, psycho- 
pharmacological activity, and anticancer activity. 
They were tested for ability to inhibit growth of 
various gram-negative bacteria such as E. coli, and 
for their effect on parasites such as S. obvelata, E. 
tenella, S. mansoni, T. cruzi and H. nana. No par
ticularly outstanding activity was observed.

E X PE R IM E N T A L 1

3-Dimethylaminopropyl pentachlorophenyl suHide hydro
chloride. T o  a  m ix tu r e  o f  14  g. (0 .0 5  m o le )  o f p e n ta c h lo r o -  
b e n z e n e th io l  a n d  8 g . (0 .0 5  m o le )  o f d im e th y la m in o p r o p y l  
c h lo r id e  h y d r o c h lo r id e  in  3 5 0  m l. o f 2 - p ro p a n o l  w a s  a d d e d  
a  s o lu t io n  o f  6 .6  g. (0 .1  m o le )  o f 8 5 %  p o ta s s iu m  h y d r o x id e  in  
10 m l. o f w a te r .  T h e  r e s u l t in g  s o lu t io n  w a s  re f lu x e d  o v e r n ig h t .  
T h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  i n to  1 .0  1. o f w a te r ,  ex 
t r a c t e d  w i th  e th e r ,  a n d  d r ie d . A lco h o lic  h y d r o g e n  c h lo r id e  
w a s  a d d e d  t o  g iv e  12 .6  g . ( 6 3 % )  o f in e , w h i te  le a f le ts ,  m .p .  
2 2 9 - 2 3 0 .5 ° .  R e c r y s ta l l iz a t io n  tw ic e  f ro m  d r y  e th a n o l  r a is e d  
t h e  m e l t in g  p o i n t  t o  2 3 0 .5 -2 3 1 ° .

Anal. C a lc d . f o r  C n H ,2C l5N S -H C ] :  C , 3 2 .7 0 ; H ,  3 .2 4 ;  C l, 
5 2 .6 6 ; N ,  3 .4 7 ;  S , 7 .9 3 . F o u n d :  C , 3 2 .9 5 ; H , 3 .3 5 ; C l, 5 2 .7 3 ; 
N ,  3 .5 4 ;  S , 8 .0 8 .

2-Dimelhylaminoisopropyl pentachlorophenyl sulfide hydro
chloride. P e n ta c h lo r o b e n z e n e th io l ,  14  g. (0 .0 5  m o le ) ,  a n d  8 .0  
g . (0 .0 5  m o le )  o f  d im e th y la m in o is o p r o p y l  c h lo r id e  h y d r o 
c h lo r id e  w e re  a l lo w e d  to  r e a c t  a n d  t h e  r e a c t io n  w o r k e d  u p  
a s  d e s c r ib e d  a b o v e , t o  y ie ld  9 .1  g. ( 4 5 % )  o f m a te r i a l  m e l t in g  
a t  1 8 4 -1 9 0 ° . T h r e e  r e c r y s ta l l iz a t io n s  f ro m  e th a n o l - a c e to n e  
r a is e d  t h e  m e l t in g  p o i n t  t o  1 9 8 -2 0 0 ° .

Anal. C a lc d . f o r  C i ,H 12C15N S -H C 1 : C , 3 2 .7 0 ;  H ,  3 .2 4 ; 
C l, 5 2 .0 6 ; N ,  3 .4 7 ;  S , 7 .9 3 . F o u n d :  C , 3 2 .8 7 ; H ,  3 .2 4 ;  C l, 
5 2 .8 9 ; N , 3 .5 8 ;  S , 8 .0 3 .

2-Dimethylaminoethyl pentachlorophenyl sulfide hydrochlo
ride. A  m ix tu r e  o f  14  g . (0 .0 5  m o le )  o f  p e n ta c h lo r o b e n z e n e 
th io l ,  5 .4  g . (0 .0 5  m o le )  o f 2 - d im e th y la m in o e th y l  c h lo r id e  
in  a n  e q u a l  w e ig h t  o f  x y le n e , a n d  2 .7  g . (0 .0 5  m o le )  o f  s o d iu m  
m e th o x id e  in  4 0 0  m l. o f  d r y  e th a n o l  w a s  h e a t e d  u n d e r  re f lu x  
o v e r n ig h t .  A f te r  w o rk in g  u p  a s  d e s c r ib e d  a b o v e ,  1 3 .6  g . 
( 7 0 % )  o f  p r o d u c t  w a s  o b ta in e d ,  m .p . 2 2 8 - 2 3 1 ° .  O n e  r e 
c r y s ta l l iz a t io n  f ro m  d r y  e th a n o l ,  w i th  t h e  a id  o f  c h a r c o a l ,  
r a is e d  th e  m e l t in g  p o in t  t o  2 3 2 -2 3 4 ° .

Anal. C a lc d . f o r  C io H io C h N S -H C l: C , 3 0 .8 0 ; H ,  2 .8 4 ;  
C l, 5 4 .5 5 ;  N ,  3 .5 9 ;  S , 8 .2 2 . F o u n d :  C , 3 0 .8 6 ; I I ,  3 .0 0 ;  C l, 
5 4 .2 6 ; N ,  3 .5 0 ; S , 8 .2 6 .

2-Di-n-butylaminoethyl pentachlorophenyl sulfide hydro
chloride. P e n ta c h lo r o b e n z e n e th io l ,  14  g. (0 .0 5  m o le ) ,  a n d
9 .6  g. (0 .0 5  m o le )  o f  d i - n - b u ty la m in o e th y l  c h lo r id e  in  a n  e q u a l  
w e ig h t  o f x y le n e  w e re  a l lo w e d  t o  r e a c t ,  a n d  t h e n  w o r k e d  u p  
a s  d e s c r ib e d  a b o v e .  I t  w a s  n e c e s s a ry  t o  a d d  e th e r  t o  t h e  
a lc o h o lic  s o lu t io n  in  o r d e r  t o  in d u c e  t h e  p r o d u c t  t o  p r e c ip i 
t a t e .  T h e  y ie ld  w a s  2 0 .5  g . ( 8 6 .5 % ) ,  m .p .  1 2 1 - 1 2 4 ° .  R e c r y s 
t a l l i z a t io n  f ro m  e th a n o l - e th e r  -w ith t h e  a id  o f c h a r c o a l  g a v e  
w h i te  n e e d le s , a n d  d id  n o t  ra is e  t h e  m e l t in g  p o in t .

Anal. C a lc d . fo r  C ,6H 22C15N S -H C 1 : C , 4 0 .5 3 ;  H ,  4 .8 9 :  
C l, 4 4 .8 7 ;  N ,  2 .9 5 ; S , 6 .7 0 . F o u n d :  C , 4 0 .5 2 ; Y , 5 .0 8 ;  C l, 
4 4 .7 9 ;  N ,  3 .2 9 ; S , 6 .8 7 .

[3-( Peniachlorophcnylthio)propyl\ trimethylammonium 
iodide. 3 - D im e th y la m in o p r o p y l  p e n ta c h lo r o p h e n y l  s u lf id e  
w a s  p r e p a r e d  a s  d e s c r ib e d  a b o v e  o n  a  0 .0 5  m o le  s c a le .  T h e  
e th e r  s o lu t io n  w a s  t a k e n  to  d r y n e s s ,  a n d  t h e  r e s id u a l  oil 
d is s o lv e d  in  10 0  m l. o f  a c e to n e .  M e th y l  io d id e , 4 2  g . (0 .3  
m o le ) ,  w a s  a d d e d  a n d  t h e  s o lu t io n  w a s  a l lo w e d  to  s t a n d  a t  
r o o m  t e m p e r a t u r #  f o r  6 h r . ,  d u r in g  w h ic h  t im e  a  c r e a m -  
c o lo re d  s o lid  p r e c ip i t a te d .  T h e  s o lid  w e ig h e d  2 5  g . ( 9 8 % )

( 1 )  M ic ro a n a ly s e s  a r e  d u e  t o  M r .  E lm e r  S h e lb e r g  a n d  
s ta f f  o f  th e  A b b o t f  M ic ro a n a ly t ic a l  L a b o r a to r y .
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a n d  m o lte d  a t  1 9 9 -2 0 1 ° . O n e  r e c r y s ta l l i z a t io n  f ro m  m e th 
a n o l  r a is e d  t h e  m e l t in g  p o in t  t o  2 0 7 - 2 0 8 ° .

Anal. C a lc .d . fo r  C 12H I5C15I N S :  C , 2 8 .2 8 ; H , 2 .9 6 ; N ,  
2 .7 5 . F o u n d :  C , 2 8 .5 8 ;  H ,  2 .9 7 ; N ,  2 .5 5 .

( o-Bromobenzyl )dimethyl[3-{ pentachlorophenylthio)propyl] - 
ammonium bromide. T o  0 .0 5  m o le  o f 3 - d im e th y la m in o p r o p y l  
p e n ta c h lo r o p h e n y l  s u lf id e  in  100  m l. o f a c e to n e  w a s  
a d d e d  1 2 .5  g . (0 .0 5  m o le )  o f  o -b ro m o b e n z v l  b r o m id e .1 2 
O n  s t a n d in g  4  h r .  a t  ro o m  t e m p e r a tu r e ,  a n  o il p r e c ip i t a t e d  
a n d  s o lid if ie d . T h e  p r o d u c t  w a s  c re a m -c o lo re d  a n d  w e ig h e d  
20  g. ( 6 5 % ) ,  m .p .  1 8 1 -1 8 2 ° . T w o  r e c r y s ta l l i z a t io n s  f ro m  a  
m ix tu r e  o f  e th a n o l  a n d  2 - p ro p a n o l  d id  n o t  r a is e  t h e  m e l t in g  
p o in t .

Anal. C a lc d . f o r  C i8H 18B r 2C lBN S :  C , 3 5 .0 1 ; H ,  2 .9 4 ;  N ,  
2 .2 7 . F o u n d :  C , 3 5 .3 1 ; H , 3 .1 9 ; N ,  2 .2 3 .

O r g a n i c  C h e m i s t r y  D e p a r t m e n t

A b b o t t  L a b o r a t o r i e s

N o r t h  C h i c a g o , I I I .

( 2 )  D . F .  I l e T a r  a n d  L . A . C a rp in o ,  J. Am. Chem. Soc., 
7 8 ,4 7 7 ( 1 9 5 6 ) .

Synthesis of Benzyl Vinylcarbamate and 3-0-
Vinylcarbamoyl-D-mannitol Pentanitrate1

M. L. Wolfrom, G . H. Mc.Fadden, and Alan Chaney 

Received November 28, 1960

After completion of the investigation concerned 
with the preparation of poly(vinylamine),2 further 
amounts of this polymer were desired for study. In 
the interim, Hart had described a new synthetic route 
for this material.3'4 This report is concerned with 
the preparation of a monomer having potential 
use in this synthesis and certain anomalous reactions 
encountered.

In essence, the synthesis involves the application 
of the Curtius reaction to acryloyl chloride followed 
by conversion of the vinyl isocyanate (II) obtained 
to benzyl vinylcarbamate (III). Hart8'4 has de
scribed a three-step process which involves the

NaN,
C H 2= C H C O C l ------- >■ C H 2= C H C O N 3 (1)

I
Heat

C H o = C H C O N j -------- >  C H , = C H N C O  (2)
I I

CeHtCHsOII
CHj=CHNCO----------- > CH2=CHNHC02CH2C6H5 (3)

III

isolation of the intermediate materials. It has 
been found that this process can be considerably

(1 ) T h is  w o r k  w a s  c a r r ie d  o u t  u n d e r  c o n t r a c t  b e tw e e n  
t h e  O r d n a n c e  C o rp s  ( D A -3 3 -0 1 9 -O R D -2 0 2 5 )  a n d  T h e  O h io  
S t a t e  U n iv e r s i ty  R e s e a r c h  F o u n d a t io n  ( P r o j e c t  6 7 5 ). T h e  
s u p p o r t  o f  t h e  s u p e rv is in g  a g e n c y , t h e  B a l l i s t ic  R e s e a r c h  
L a b o r a to r ie s  o f  A b e r d e e n  P r o v in g  G r o u n d ,  M d .,  is  g r a t e 
fu lly  a c k n o w le d g e d .

(2 ) M . L . W o lf ro m  a n d  A . C h a n d ^ ,  J. Org. Chem., 26, 
1319 (1 9 6 1 ).

(3 ) R .  H a r t ,  Ind. chim. beige, 2 0 , N u m e r o  S p e c ia l ,  V o l.
3 , 4 0 3  (1 9 5 5 ) . ‘ ,

(4 ) R .  H a r t ,  Ind. chim. beige, 2 3 , 2 51  (1 9 5 8 ).

simplified and the isolation of the intermediates 
eliminated. Thus, acryloyl chloride5 was converted 
to the azide by treatment in toluene solution with 
aqueous sodium azide solution.3 The acryloyl 
azide (I) was then heated in the presence of benzyl 
alcohol to produce the benzyl vinylcarbamate 
(m.p. 43-44°) in 60% over-all yield from the acryl
oyl chloride. Lower yields were experienced if 
attempts were made to isolate the intermediate 
vinyl isocyanate. Furthermore, if the acryloyl 
azide solution in toluene was not carefully purified 
to remove all traces of acid contamination, the 
expected product was not obtained. In the best 
method, pyridine was added to the azide decompo
sition mixture to ensure the absence of acid con
ditions.

The product obtained in the above process, if the 
system was contaminated with acid, ivas dibenzyl 
ethylidenedicarbamate (IV).

R C H ( N H C 0 2C H 2C 6H 5) 2 
IV . R  =  C H 3

V . R  =  C H 3C H 2

The structure of this new compound ivas es
tablished by direct synthesis from acetaldehyde and 
benzyl carbamate and by hydrolysis and isolation 
of derivatives in addition to elemental analysis 
and molecular weight determination. Dibenzyl 
ethylidenedicarbamate (IV) also resulted from the 
acid-catalyzed reaction of benzyl alcohol and vinyl 
isocyanate (II), from the treatment of benzyl vinyl
carbamate (III) with various acids, and from the 
acid-catalyzed reaction of benzyl carbamate and 
benzyl vinylcarbamate (III). In this last instance, 
the yield was higher than could have teen due to the 
benzyl vinylcarbamate alone.

The acid-catalyzed conversion of benzyl vinyl
carbamate (III) to dibenzyl ethylidenedicarbamate
(IV) probably proceeds by initial cleavage of the 
reactant to benzyl carbamate and an unidentified 
fragment. The benzyl carbamate subsequently 
condenses with the unchanged benzyl vinylcar
bamate to afford the product. Martell and Herbst6 
have made similar suggestions about the course of 
the reaction between benzyl carbamate and alde
hydes.

Martell and co-workers,6'7 in their studies of the 
condensation of benzyl carbamate with aldehydes, 
investigated only a single aliphatic aldehyde, iso- 
valeraldehyde. Thus, an attempt was made to 
explore the generality of the reaction; following 
the method developed for acetaldehyde, propanal 
afforded dibenzyl propylidenedicarbamate (V). 
However, the corresponding derivatives could not 
be obtained with methanal, butanal, 2-propanone,

(5 ) G . H . S te m p le ,  J r . ,  R .  P .  C ro ss , a n d  P .  P .  M a r ie l la ,  
J. Am. Chem. Soc., 7 2 , 2 2 9 9  (1 9 5 0 ).

(6 )  A . E .  M a r t e l l  a n d  R .  M . H e r b s t ,  J. Org. Chem., 6, 
8 7 9  (1 9 4 1 ).

(7 )  T .  R .  L e w is , J r . ,  F .  R .  B u t l e r ,  a n d  A . E .  M a r te l l ,  
J. Org. Chem., 1 0 , 145  (1 9 4 5 ).
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or o-pentanone. No reason for the apparent selec
tivity of the reaction can be offered.

In part of this study, vinyl isocyanate was iso
lated by distillation from the decomposing acryloyl 
azide. The walls of the apparatus became coated 
with a white solid which was subjected to ele
mental analysis. Excellent concordance with the 
expected values for poly(vinyl isocyanate) was 
obtained. However, the polymer was undoubtedly 
highly cross-linked and its insolubility prevented 
further study.

n-Mannitol l,2,3,5,6-pentanitrates (VI) was 
found to react with vinyl isocyanate to give crys
talline 3-0-vinylcarbamoyl-n-mannitol pen tan it rate
(VII).

C H ,O N O ,

o 2n o c h

I
H O C H  C H

r i r s=CHNCO
H C O N O o -----------------------;►

!
H C O N O o

1
C H ,O N O ,

V I

C H oO N O o
!

0 2N 0 C H

C I I N H C O C H

O I
H C O N O o

,

H C O N O -.
!

C H .O N t ), 
V I I

EXPERIMENTAL

Acryloyl chloride. F o llo w in g  t h e  m e th o d  o f  S te m p le , 
C ro s s ,  a n d  M a r ie l l a ,5 a c r y l ic  a c id  (2 1 6  g .)  b e n z o y l  c h lo r id e  
(8 4 4  g .)  a n d  2 g. o f h y d r o q u in o n e  w e re  m ix e d  a n d  d is t i l le d  
( h o o d )  a t  a tm o s p h e r ic  p r e s s u re .  A ll th e  d i s t i l l a t e  c o lle c te d  
b e lo w  8 5 °  w a s  r e d is t i l le d  t h r o u g h  a  S n y d e r  c o lu m n ; y ie ld  
2 0 6  g . ( 7 5 % ) ,  b .p .  7 1 .5 - ' '2 .0 ° .

Anal. C a lc d . f o r  C 3H 3C 1 0 : C , 3 9 .8 1 ; H , 3 .3 4 ; C l, 3 9 .1 7 . 
F o u n d :  C , 3 9 .8 9 ; H , 3 .5 3 ; C l, 3 9 .0 1 .

Acryloyl azide ( I ) .  T h is  m a te r ia l  w a s  p r e p a r e d  a c c o rd in g  
t o  t h e  d i r e c t io n s  o f H a r t 9 a n d  w a s  n o t  i s o la te d  f ro m  th e  
r e s u l t in g  to lu e n e  s o lu t io n .  A lth o u g h  H a r t  in d ic a te d  t h a t  th e  
to lu e n e  s o lu t io n  s h o u ld  b e  w a s h e d  u n t i l  n e u t r a l ,  t h e  im p o r 
ta n c e  o f t h e  n e u t r a l i ty  c a n n o t  b e  o v e re m p h a s iz e d . I n  th e  
c u r r e n t  s t u d y ,  t h e  s o lu t io n  w a s  w a s h e d  w i th  w a te r  u n t i l  
th e  w a s h in g s  f a i le d  t o  g iv e  a  p r e c ip i t a t e  o n  t h e  a d d i t i o n  of 
s i lv e r  n i t r a te .

Benzyl vinylcarbamale ( I I I ) .  A c ry lo y l c h lo r id e  (5 5 . g .)  
w a s  c o n v e r t e d 9 to  th e  a z id e  (se e  a b o v e )  a n d  th e  to lu e n e  
s o lu t io n  (1 5 0  m l.)  w a s  a d d e d  d r o p w is e  t o  a  s t i r r e d  ( u n d e r  
n i t ro g e n )  a n d  h e a te d  (1 1 0 ° )  m ix tu r e  o f b e n z y l  a lc o h o l 
(7 0  g .) , 3 g . o f h y d r o q u in o n e  a n d  3  g. o f p y r id in e .  T h e  s o lu 
tio n  w a s  s t i r r e d  a t  1 0 0 °  fo r  3 0  m in . a n d  d is t i l le d  u n d e r  
r e d u c e d  p r e s s u re ;  y ie ld  6 4  g. ( 6 0 % ) ,  b .p .  1 1 6 -1 2 0 °  (0 .1  
m m .) ,  m .p .  4 3 - 4 4 ° .

Anal. C a lc d . fo r  C io H u N O » : C , 6 7 .7 8 -  H . 6 .2 6 ; N ,  7 .9 0  
F o u n d :  C , 6 8 .0 4 ; H , 6 .3 1 ; N , 8 .0 3 .

T h e  m e lt in g  p o in t  of th i s  s u b s ta n c e  w a s  u n c h a n g e d  a f t e r  
c r y s ta l l i z a t io n  f ro m  e i th e r  e th a n o l - w a te r  o r  p e t r o le u m  e th e r -  
b e n z e n e  a t  lo w  t e m p e r a tu r e s :  p u r i f ic a t io n  b y  d i s t i l l a t io n  
a p p e a r e d  p r e fe ra b le .

Dibenzyl ethylidenedicarbamate ( I V ) .  B e n z y l  c a r b a m a te  
(5 .0  g .)  w a s  d is s o lv e d  in  50  m l. o f p a r a ld e h y d e ;  n o  r e a c t io n  
w a s  n o te d  u n t i l  2 d r o p s  o f 9 5 %  su lfu r ic  a c id  ( h y d ro g e n  
c h lo r id e  g a s  o r  p - to lu e n e s u lfo n ic  a c id  w ill a lso  s e rv e )  w e re

(8) ¡VI. L . W o lf ro m , E .  P .  S w a n , K .  S . E n n o r ,  a n d  A . 
C h a n e y ,  J. Am. Chem. Soc., 8 1 , 5701 ( 1 9 5 9 ) ;  L . H a y w a r d ,  
.1. Am. Chem. Soc., 7 3 , 1974 (1 9 5 1 ) ;  .1. H . W ig n e r ,  Ber 
36, 7 9 4  (1 9 0 3 ).

(9 ) R .  H a r t ,  Bull. soc. chim. Belg., 6 5 , 291  (1 9 5 6 ),

a d d e d .  A  w h i te  p r e c ip i t a t e  fo rm e d  im m e d ia te ly  a n d  w as  
r e c o v e r e d  a f t e r  1 h r . b y  f i l t r a t io n  a n d  w a s h e d  w i th  e th e r ;  
y ie ld  4 .3  g. (7 8 % ,) , m .p . 2 0 7 - 2 0 8 °  a f t e r  c r y s ta l l i z a t io n  f ro m  
h o t  e t.h v l a c e ta te .

Anal'. C a lc d . fo r  C,jH.»N20 ,:  C , 6 5 .8 3 ; H, 6.14; N, 8 .5 3 ; 
m c l .  w t . ,  3 2 8 . F o u n d :  C , 6 5 .7 8 ; H, 6 .1 9 ; N ,  8 .5 2 ; m o l  w t . ,  
311  ( R a s t )  a n d  3 4 4  ( e b u ll io s e o p ic , c h lo ro fo rm ) .

I f  t h e  a c r y lo y l  a z id e  to lu e n e  s o lu t io n  e m p lo y e d  f o r  t h e  
s y n th e s is  o f b e n z y l  v in y lc a r b a m a te  w a s  n o t  c o m p le te ly  
f re e  of a c id  o r  if t h e  n e u t r a l  s o lu t io n  w a s  t r e a t e d  w i t h  t r a c e  
a m o u n ts  of e i t h e r  h y d r o c h lo r ic  a c id  o r  a c r y lo y l  c h lo r id e , 
d ib e n z y l  e th y l id e n e d ic a r b a m a te  w a s  t h e  o n ly  is o la b le  
p r o d u c t .

B e n z y l  v in y lc a r b a m a te  ( I I I ,  10 g . ), d is s o lv e d  in  e th a n o l ,  
d ie th y l  e th e r ,  o r  b e n z y l  a lc o h o l, a f fo rd e d  d ib e n z y l  e th y l id e n e 
d ic a r b a m a te  ( I V )  o n  t r e a t m e n t  o f t h e  s o lu t io n  w i th  e i th e r  
g a s e o u s  h y d r o g e n  c h lo r id e , p - tc lu e n e s u l f o n ie  o r  su lfu r ic  
a c id s ;  y ie ld  5 - 6  g. in  so m e  te n  t r ia ls  u n d e r  t h e  v a r y in g  c o n 
d i t io n s .  I f  h a l f  t h e  b e n z y l  v in y lc a r b a m a te  w a s  r e p la c e d  b y  
b e n z y l  c a r b a m a te ,  y ie ld s  o f (i.5 - 7 .0  g. w e re  o b ta in e d .  E f 
fo r ts  t o  r e c o v e r  tw o - c a r b o n  f r a g m e n ts  f ro m  th e s e  r e a c t io n s  
w e re  n o t  f r u i t f u l .

D ib e n z y l  e th y l id e n e d ic a r b a m a te  (1 .9 4  g .)  w a s  s t i r r e d  
w i th  2 5 0  m l. o f 0 .1999 .V  s u lf u r ic  a c id  a t  1 0 0 ° . T h e  a m m o n ia  
fo rm e d  b y  t h e  h y d r o ly s is  w a s  d e te r m in e d  b y  s u b s e q u e n t  
t i t r a t i o n  o f t h e  m ix tu r e  w i th  s t a n d a r d  a lk a l i ;  y ie ld  0 .1 7  g. 
( 8 5 % ) .  T h e  a c e ta ld e h y d e  g e n e r a te d  w a s  s w e p t  i n to  a  s o lu 
t io n  o f 2 ,4 - d in i t r o p h e n y lh y d r a z in e  in  9 5 %  e th a n o l  w i th  a  
s t r e a m  of n i t ro g e n .  T h e  s o lid  f o rm e d  w a s  c o l le c te d  b y  fil
t r a t i o n ;  y ie ld  0 .8 5  g. ( 6 5 % ) ,  m .p .  1 6 3 -1 6 5 °  a f t e r  c r y s ta l l i 
z a t io n  f ro m  e th a n o l ;  m e l t in g  p o in t  u n d e p r e s s e d  o n  a d m ix tu r e  
w i th  a u th e n t i c  a c e ta ld e h y d e  2 ,4 - d in i t r o p h e n y lh y d r a z o n e .  
T h e  c a r b o n  d io x id e  f o rm e d  in  th e  h y d r o ly s is  w a s  s w e p t  
i n to  a  t r a p  c o n ta in in g  s t a n d a r d  a lk a l i  w h ic h  w a s  t i t r a t e d  
w i th  a c id :  y ie ld  0 .4 2  g. ( 8 1 % ) .  T h e  o n ly  a l t e r n a t e  p o s s ib le  
s t r u c t u r e  is  t h e  k n o w n 10 d ib e n z y l  e th y le n e d ic a r b a m a te  a n d  
th i s  is  e l im in a te d  b y  i t s  m e l t in g  p o in t  o f 1 6 5 ° .

Dibenzyl propylidenedicarbamate (V ) . A  s o lu t io n  o f 5 .8  g. 
o f p r o p a n a l  a n d  5 .0  g. o f b e n z y l  c a r b a m a te  in  100  m l. of 
e th e r  w a s  t r e a t e d  w i th  0 .5  m l. o f c o n e d , h y d r o c h lo r ic  a c id  
a n d  s t i r r e d  a t  ro o m  t e m p e r a tu r e .  A f te r  2 0  h r . ,  t h e  c r y s ta ls  
w e re  f i lte r e d , w a s h e d  w i th  e th e r  a n d  c r y s ta l l iz e d  f ro m  
a b s o lu te  e th a n o l ;  y ie ld  5 .1 g. ( 9 0 % ) ,  m .p .  1 7 4 -1 7 5 °  a f te r  
tw o  a d d i t io n a l  c ry s ta l l iz a t io n s .

Anal. C a lc d . fo r  C 19H 22N 20 4: C , 6 6 .6 5 ; H ,  6 .4 8 ; N ,  8 .1 8 . 
F o u n d ;  C , 6 6 .7 9 ; H ,  6 .4 2 ; N ,  8 .2 1 .

I n  t h e  a b o v e  p ro c e d u r e , t h e  p r o p a n o l  w a s  r e p la c e d  b y  
fo rm a ld e h y d e ,  b u t a n a l ,  a c e to n e , a n d  3 - p e n ta n o n e ;  n o n e  of 
th e s e  r e a c t a n t s  a f fo rd e d  so lid  p r o d u c ts .

Reactions of vinyl isocyanate ( I I ) .  V in y l  i s o c y a n a te  w a s  
p r e p a r e d  in  7 2 %  y ie ld  ( b a s is  a c r y lo y l  c h lo r id e )  f ro m  a c r y lo y l  
a z id e  ( a b o v e )  fo llo w in g  t h e  p ro c e d u r e  c f  H a r t , .9

D u r in g  t h e  d is t i l l a t io n  ( b .p .  4 1 .5 - 4 2 .0 ° )  of t h i s  m a te r ia l  
( n 2D° 1 .4 2 2 3 ), t h e  w a lls  o f t h e  a p p a r a t u s  in  c o n ta c t  w i th  th e  
d i s t i l l in g  v a p o r  b e c a m e  c o a te d  w i th  a  w h ite ,  so lid , p o ly 
m e r ic  m a te r i a l ;  t h e  o n ly  s o lv e n t  f o u n d  w a s  c o n e d , s u lf u r ic  
a c id .

Anal. C a lc d . fo r  ( C 3H ,N O ) „ :  C , 5 2 .1 6 ; H , 4 .3 5 ; N ,  2 0 .2 8 . 
F o u n d ;  C , 5 1 .9 9 ; H , 4 .1 5 ; N , 2 0 .0 3 .

B e n z y l  a lc o h o l  (6 5  g .)  c o n ta in in g  2 g. o f p y r id in e  w a s  
s t i r r e d  a t  ro o m  te m p e r a tu r e  w h ile  a d d in g  42  g. o f v in y l  
i s o c y a n a te  d ro p w is e . O n  c o o lin g  o v e r n ig h t  a t  5 ° ,  c r y s t a l s  of 
b e n z y l  v in y l c a r b a m a te  ( I I I )  f o rm e d ;  y ie ld  105 g. ( 9 9 % )  
a f t e r  w a s h in g  w i th  p e t r o le u m  e th e r .  R e p e t i t io n  of th i s  e x 
p e r im e n t ,  e x c e p t  t h a t  t h e  p y r id in e  w a s  r e p la c e d  b y  a n  
e q u a l  w e ig h t  o f c o n e d , su lfu r ic  a c id , r e s u l te d  in  t h e  f o rm a 
t io n  o f d ib e n z y l  e th y l id e n e d ic a r b a m a te  ( I V )  a s  t h e  so le  
p r o d u c t .

S-O-Vinylcarbamoyl-'D-mannitol pentaniirale ( V I I ) .  A  
solution of D-mannifol 1,2,3,5,6-pentanitrate8 ( V I ,  9.0 g., 
22 mmoles) in 100 ml. of acetonitrile containing 2 ml. of

(1 0 )  I t .  P .  L in s t e ^ I ,  B . I t ,  S h e p h a r d ,  a n d  B . C . L . 
W e e d o n , . / .  Chem. Soc., 2 8 5 4  (1 9 5 1 ).
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P 3 T id in e  w a s  t r e a t e d  a t  0 °  w i th  9  g . (1 3 0  m m o le s )  of v in y l  
i s o c y a n a te  d is s o lv e d  in  100  m l. o f  a c e to n i t r i l e .  T h e  m ix tu re  
w a s  s t i r r e d  a n d  a l lo w e d  t o  w a r m  t o  r o o m  t e m p e r a tu r e  
s lo w ly . A f te r  18 h r . ,  t h e  m ix tu r e  w a s  c o n c e n t r a t e d  u n d e r  
r e d u c e d  p r e s s u r e  a n d  t h e  r e s id u e  w a s  d is s o lv e d  in  w a rm  
e th a n o l .  A c t iv a t e d  c a r b o n  w a s  a d d e d  a n d  t h e  m ix tu r e  w a s  
f i l te r e d . A d d i t io n  o f w a te r  t o  t h e  f i l t r a t e  a f fo rd e d  a n  o il 
w h ic h  s lo w ly  c r y s ta l l iz e d .  A f te r  tw o  f u r t h e r  c r y s ta l l iz a t io n s  
f ro m  e th a n o l - w a te r ,  u s in g  c a r b o n  f o r  d e c o lo r iz a t io n , p u r e  
m a te r ia l  w a s  o b ta in e d ,  y ie ld  6 .4  g. ( 6 1 % ) ,  m .p .  1 3 6 -1 3 7 ° , 
[a ] d8 + 6 1 . 6 °  (c , 4 .4 4 , a c e to n i t r i l e ) .

Anal. C a lc d . f o r  C „ H 12N 60 i , :  C , 2 2 .7 0 ; H ,  2 .5 4 : N ,  17 .65 . 
F o u n d :  C , 2 2 .7 1 ; H ,  2 .6 1 ; N ,  17 .73 .

D e p a r t m e n t  o p  C h e m i s t r y  
T h e  O h i o  S t a t e  U n i v e r s i t y  
C o l u m b u s  10, O h i o

1 - (|S- Hydroxyethyl) -6- methoxy-
1,2,3,4-tetrahydroisoquinoline1

N . A . N e l s o n , 2 K . O . G e l o t t e , Y . T a m t jr a , H . B . S i n c l a i r , 
J .  M . S c h u c k , V . J .  B a u e r , a n d  R . W . W h i t e

Received November 29, 1960

In work directed at the total synthesis of azaster- 
oids, we had occasion to prepare l-(^-hydroxyethyl)-
6-methoxy-l,2,3,4-tetrahydroisoquinoline (V), a 
substance possessing the A and B rings of an aza- 
steroid nucleus. This note gives the details for the 
preparation of V and describes spectroscopic data 
which were used to distinguish alternative struc
tures for the compounds produced.

Treatment of ethyl iV-m-methoxyphenethyl- 
malonamate (I) with phosphorus pentoxide in 
refluxing toluene3 3 4 5 6 7 8 9 gave a noncrystalline red-

( 1 )  T h is  i n v e s t ig a t io n  w a s  s u p p o r t e d  in p a r t  b jr  r e s e a r c h  
g r a n ts ,  C Y -2 9 9 9  (C 1 -C 3 ) , f ro m  th e  N a t i o n a l  C a n c e r  I n s t i 
t u t e ,  P u b l ic  H e a l t h  S e rv ic e .

(2 )  R e s e a r c h  L a b o r a to r ie s  o f  t h e  U p jo h n  C o m p a n y ,
K a la m a z o o ,  M ic h ,

colored product which resisted purification.4 The 
infrared spectrum of the product is net consistent 
with structure III, which is the usual structure 
written for the product of a Bischler-Napieralski 
reaction.3-6 For example, the spectrum exhibits an 
absorption band at 3320 c m r 1 (presumably N—II 
stretching)7 and no appreciable absorption in the 
range 1660-1800 c m r1 (indicating the absence of a 
normal ester carbonyl group). Structure II fits 
the spectral data and is also consistent with the 
known tendency of a /3-imino-carbonyl compound 
(such as III) to exist in the tautomeric /3-amino- 
a„8-unsaturated carbonyl system.8

Hydrogenation of the crude 1-carbethoxymethyl- 
ene-6-methoxy-l,2,3,4-tetrahydroisoquinoline (II)3 
in acetic acid using Adams catalyst resulted in the 
absorption of one molecular equivalent of hydrogen 
and gave ethyl 6-methoxy-l,2,3,4-tetrahydro-l- 
isoquinolylacetate (IV). This material could be 
purified by distillation under highly reduced pres
sure, but ordinarily it was sufficiently pure to 
be used directly in the next step. Reduction of IV 
with lithium aluminum hydride yielded the crys
talline l-(/?-hydroxyethyl)-6-methoxy-l,2,3,4-te- 
trahydroisoquinoline (V). The ultraviolet spectrum 
of V is very similai to that of 6-methoxy-l,2,3,4- 
tetrahydroisoquinoline,9 thus demonstrating the 
point of ring closure in the cyclization of the malona- 
mate I. This result is in accord with the generally 
accepted fact that the Bischler-Napieralski reac
tion of V-m-methoxyphenethylamides results in 
cyclization at the position para to the methoxyl 
group.6

( 3 )  U s in g  t h e  p r o c e d u r e  o f A . R .  B a t t e r s b y ,  H .  T .  O p e n -  
s h a w , a n d  H . C . S . W o o d , J. Chem. Soc., 2 4 6 3  (1 9 5 3 ).

( 4 )  Cf. A . B ro s s i , H . L in d la r ,  M . W a l te r ,  a n d  O . S c h n id e r ,  
Helv. Chim. Acta, 4 1 , 119 (1 9 5 8 ).

( 5 )  J .  M . O s b o n d , J. Chem. Soc., 3 4 6 4  (1 9 5 1 ).
( 6 )  W . M . W h a le y  a n d  T .  R .  G o v in d a c h a r i ,  Org. Reac

tions, V I , 74  (1 9 5 1 ) . T h e s e  a u th o r s  a ls o  l i s t  so m e  e x a m p le s  
o f p r o d u c t s  i n  w h ic h  t h e  n e w ly  c r e a te d  d o u b le  b o n d  is  
exocyclic.

( 7 )  N. H . C ro m w e ll ,  F .  A . M il le r ,  A . R .  J o h n s o n ,  R .  L . 
F r a n k ,  a n d  D . J .  W a lla c e  [J. Am. Chem. Soc., 7 1 , 3 3 3 7
(1 9 4 9 )] ,  h a v e  d e s c r ib e d  s e v e ra l  A -a lk y l-f? -a m in o -« ,/3 -  
u n s a t u r a t e d  k e to n e s  i n  w h ic h  n o  N — H  s t r e t c h in g  b a n d  
w a s  o b s e rv e d  in  t h e  r e g io n  o f 3 3 0 0  c m .“ 1 T h e y  c o n c lu d e d  
t h a t  t h i s  a b s o r p t io n  b a n d  w a s  p r o b a b ly  b r o a d e n e d  a n d  
s h i f t e d  t o  lo w e r  f r e q u e n c ie s  d u e  t o  s t r o n g  c h e la t io n  a n d  w a s  
t h e r e b y  o b s c u re d  b y  t h e  C — H  a b s o r p t io n  b a n d s .  I n  o u r  
c a s e  t h i s  a b s o r p t io n  b a n d  m a y  b e  d u e  to  a  w e a k e r  c h e la te d  
N — H  s t r e tc h in g ,  o r  t h e  N — H  s t r e t c h in g  o f t h e  trans 
i s o m e r  o f  I I .  S in c e  t h e  p o s i t io n  o f a b s o r p t io n  d o e s  n o t  s h i f t  
a p p r e c ia b ly  i n  g o in g  t o  v e r y  d i lu t e  s o lu t io n s  (O .O lA f), t h e  
f o rm e r  a s s ig n m e n t  is  p r e fe r r e d .  F in a l ly ,  s in c e  t h e  p r o d u c t  
is  n o t  c r y s ta l l in e ,  t h e  p o s s ib i l i ty  t h a t  t h i s  a b s o r p t io n  b a n d  
is  c a u s e d  b y  a n  i m p u r i ty  c a n n o t  b e  e x c lu d e d .

(8 )  S . A . G l ic k m a n  a n d  A . C . C o p e , J. Am. Chem. Soc., 
67, 1017  (1 9 4 5 ).

(9 )  P r e p a r e d  a s  d e s c r ib e d  b y  W . M . W h a le y  a n d  T .  R .  
G o v in d a c h a r i ,  Org. Reactions, V I , 172  (1 9 5 1 ) . T h e  s a m p le  
h a d  t h e  fo llo w in g  p h y s ic a l  c o n s ta n t s :  b .p .  1 4 4 °  (9  m m .) ;  
A”  2 2 1 .5  ( e 7 2 0 0 ) , 2 7 8 .5  (e  2 0 1 0 ) , a n d  287  m M (e  1 8 0 0 ) 
w i th  m in im a  a t  2 4 6  a n d  2 8 5  m /i.
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In one experiment an effort was made to isolate 
the other possible amino alcohol VI which would be 
derived from a cyclization product in which ring 
closure occurred ortho to the methoxyl group. 
The residue remaining after isolation of the 
major product V was purified by distillation and 
chromatography. A forerun obtained in the distilla
tion step appears to be 6-methoxy-l-methyl-
1,2,3,4-tetrahydroisoquinoline on the basis of 
spectral evidence and analytical data of its picrate 
derivative. Such a product could arise through loss 
of the ester function of I or II by hydrolysis and 
decarboxylation. Chromatographic purification of 
the high boiling fraction from the distillation 
yielded the isomeric l-(/3-hydroxyethyl)-8-meth- 
oxy - 1,2,3,4 - tetrahydroisoquinoline (VI). The 
ultraviolet spectrum of VI, being quite similar to 
that of 5-methoxy-l,2,3,4-tetrahydronaphthalene10 
and related systems,11 confirms the structural 
assignment.

E X PE R IM E N T A L 12

l-(/3-Hydroxyethyl)-6-methoxy-l,2,8,4-tetrahydroisoquino- 
line (V ) .  T o  a  b o i l in g  s o lu t io n  o f  3 0  g . o f  c r u d e  e th y l  N-m- 
m e th o x y p h e n e th y lm a lo n a m a te 13 in  4 5 0  m l. o f  t o lu e n e  w a s  
a d d e d  th r e e  3 0 -g . p o r t io n s  o f  p h o s p h o r u s  p e n to x id e  a t  10- t o  
1 5 -m in . i n te r v a l s .  T h e  s o lid  c a k e  w h ic h  f o rm e d  w a s  p e r io d 
ic a l ly  b r o k e n  u p  b y  m e a n s  o f  a  s t i r r in g  r o d .  A f te r  h e a t in g  
t h e  m ix tu r e  a t  re f lu x  f o r  a  t o t a l  o f  1 h r . ,  i t  w a s  c o o le d  in  a n  
ic e  b a t h  a n d  7 5 0  g . o f  ic e  a n d  w a te r  w a s  a d d e d  in  o n e  p o r t io n  
w i th  s t i r r in g .  A s s o o n  a s  t h e  r e d  m a s s  h a d  d is s o lv e d , th e  
m ix tu r e  w a s  f i l te r e d  t h r o u g h  a  p a d  o f  5 4 5  C e li te .  T h e  la y e r s  
o f  t h e  f i l t r a t e  w e re  s e p a r a te d  a n d  t h e  o r g a n ic  l a y e r  w a s  ex 
t r a c t e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id  ( w o r k - u p  o f  t h e  o rg a n ic  
l a y e r  y ie ld e d  2 .6  g . o f  u n c h a n g e d  s t a r t i n g  m a te r i a l ) .  A ll 
a q u e o u s  p o r t io n s  w e re  c o m b in e d  w i th o u t  d e la y  a n d  w a s h e d  
w i th  e th e r ,  c o o le d  t o  0 ° ,  a n d  m a d e  b a s ic  w i th  e i t h e r  s o lid  
p o ta s s iu m  c a r b o n a te  o r  5 0 %  p o ta s s iu m  h y d r o x id e  s o lu t io n .  
T h e  b a s ic  s o lu t io n  w a s  e x t r a c te d  w i th  e th e r  a n d  t h e  e th e r  
e x t r a c t  d r ie d  a n d  c o n c e n t r a te d  in vacuo g iv in g  2 2 .2  g . ( 7 9 % )  
o f  c r u d e  I I ;  r “ (4 3 3 2 0  ( m , N — H ) ,  164 0  ( s ) ,  1 6 3 0 (s ) , 1 6 0 5 (s)  
a n d  1570  (s )  c m .“ 1 a s s o c ia te d  w i th  t h e  v i b r a t io n a l  m o d e s  of 
t h e  v in y lo g o u s  u r e t h a n  a n d  a r o m a t i c  s y s te m s  ( t h e r e  is  n o  
a b s o r p t io n  b a n d  in  t h e  r a n g e  o f  1 6 6 0 -1 8 0 0  c m . _ I ) ; j>£“ 4 (0 .0 1  
M, 1 -cm . ce ll)  3 3 2 0  (m , in t r a m o le c u la r  h y d r o g e n  b o n d e d  
N — H )  c m . -1  I n  a n o t h e r  r u n  th i s  m a t e r i a l  d e c o m p o s e d  
w h e n  a n  a t t e m p t  w a s  m a d e  to  p u r i f y  i t  b y  d i s t i l l a t io n  a t  
0 .0 0 1  m m .

A  m ix tu r e  o f  2 2 .2  g . o f  c r u d e  I I  in  175  m l. o f  g la c ia l  a c e t ic  ■ 
a c id  w a s  h y d r o g e n a te d  a t  1 - 2  a t m .  p r e s s u r e  in  t h e  p r e s e n c e  
o f  3 0 0  m g . o f A d a m s  c a t a ly s t .  T h e  h y d r o g e n  u p t a k e  c e a s e d  
in  a b o u t  4 0  m in . w h e n  1 m o le c u la r  e q u iv a l e n t  o f  h y d r o g e n

( 1 0 )  T h e  s a m p le  h a d  t h e  fo l lo w in g  p h y s ic a l  c o n s ta n t s :  
b .p .  1 1 8 -1 1 8 .5 °  (1 2  m m .) ;  n “  1 .5 4 5 5 ; X °;? ,0H 2 7 0 .5  (e  
1 1 2 0 ) a n d  2 7 8  m ^  (e  1 1 7 5 ) w i th  m in im a  a t  2 4 4  a n d  2 7 5 .5  
miu.

(1 1 )  S ee , f o r  e x a m p le , W . S . J o h n s o n  et al., J. Am. Chem. 
Soc., 78  , 6 2 8 9  (1 9 5 6 ).

(1 2 )  T h e  in f r a r e d  s p e c t r a  w e re  d e te r m in e d  w i th  a  B a ir d  
( m o d e l  B )  o r  P e r k in - E lm e r  ( m o d e ls  21  o r  1 3 7 ) s p e c t r o 
p h o to m e te r  f i t t e d  w i th  a  s o d iu m  c h lo r id e  p r is m . I n  r e p o r t in g  
in f r a r e d  s p e c t r a ,  ( s )  d e n o te s  s t r o n g ,  ( m )  m e d iu m , a n d  (w )  
w e a k  a b s o r p t io n .  U l t r a v io le t  s p e c t r a  w e re  d e te r m in e d  w i th  
a  C a r y  r e c o r d in g  s p e c t r o p h o to m e te r  (m o d e l  11 M S ) .

( 1 3 )  P r e p a r e d  b y  a m m o n o ly s is  o f  d i e th y l  m a lo n a t e  w i th
m - m e th o x y p h e n e th y la m in e ,3’1 2 7 3  (e  1 9 6 0 ), 2 7 9 .5
(e  1 8 3 0 )  a n d  a n  in f le c t io n  a t  2 1 4  m/i (e  9 9 0 0 ) .

h a d  b e e n  a b s o rb e d .  W o r k -u p  o f t h e  r e a c t io n  m ix tu r e 3 
g a v e  2 1 .2  g . o f  c r u d e  e th y l  6 - m e th o x y - l ,2 ,3 ,4 - t e t r a h y d r o - l -  
i s o q u in o ly la c e ta te  w h ic h  w a s  s u f f ic ie n t ly  p u r e  t o  b e  u s e d  
d i r e c t l y  in  t h e  n e x t  s t e p  ( s e e  b e lo w ).

I n  a n  e a r l ie r  r u n ,  t h e  c r u d e  p r o d u c t  (1 7 .9  g .)  w a s  p u r if ie d  
b y  d is t i l l a t io n  g iv in g  1 4 .2  g . o f IV  a s  a  c o lo r le s s  v is c o u s  o il, 
b .p .  9 8 - 1 0 3 °  (0 .0 0 4  m m .) ,  n2Ds 1 .53 6 2 , r ™ 4 3 3 5 0  (w , N — H ) 
a n d  1735  (s , e s te r  C  =  0 )  c m .“ 1 [ l i t .4 b .p .  1 3 2 °  (0 .0 2  m m .) ] .

Ethyl 6-methoxy-l,2,3,4-tetrahydro-l-isoquinolylacetate pic
rate w a s  p r e p a r e d  b y  h e a t in g  e q u iv a le n t  a m o u n t s  o f  t h e  
a m in o  e s te r  a n d  p ic r ic  a c id  f o r  5  m in . a t  1 1 5 ° . A d d i t io n  o f  
9 5 %  e th a n o l  g a v e  9 1 %  o f t h e  p ic r a te ,  m .p .  1 6 4 -1 6 6 ° , r a is e d  
t o  1 6 7 .5 -1 6 8 °  a f t e r  s e v e ra l  r e c r y s ta l l i z a t io n s  f ro m  e th a n o l .

Anal. C a lc d . f o r  C 20H 22N 4O i„: C , 5 0 .2 1 ; H , 4 .6 4 ;  N , 1 1 .7 1 . 
F o u n d :  C , 5 0 .3 9 ; H ,  4 .6 5 ; N ,  11 .5 0 .

T o  a  s t i r r e d  s o lu t io n  o f  4 .0  g . o f  l i th iu m  a lu m in u m  h y d r id e  
in  2 5 0  m l. o f  e th e r  w a s  a d d e d  d r o p w is e  a  s o lu t io n  o f  1 0 .0  g . o f 
c r u d e  e th y l  6 - m e th o x y - l ,2 ,3 ,4 - te t r a l r y d ro - l - is o q u in o l} d a c e -  
t a t e  in  2 5  m l. o f  a n h y d r o u s  t e t r a h y d r o f u r a n .  T h e  m ix tu r e  
w a s  re f lu x e d  fo r  1 h r . ,  t h e n  co o le d  in  a n  ic e  b a t h .  W i th  v ig 
o ro u s  s t i r r in g  o f  t h e  m ix tu r e  t h e r e  w a s  a d d e d  d r o p w is e  su c 
c e s s iv e ly  4 .0  m l. o f  w a te r ,  4 .0  m l. o f 1 5 %  s o d iu m  h y d r o x id e  
s o lu t io n ,  12 m l. o f  w a te r ,  a n d  a f t e r  1 h r .  a  s m a ll  a m o u n t  o f 
5 4 5  C e li te .  T h e  so lid  m a te r i a l  w a s  s e p a r a te d  b y  f i l t r a t i o n  a n d  
w a s h e d  w i th  e th e r .  T h e  f i l t r a t e  a n d  w a s h in g s  w e re  c o m b in e d  
a n d  c o n c e n t r a t e d  in vacuo g iv in g  a  r e d  o il w h ic h  w a s  p u r i f ie d  
b y  c h r o m a to g r a p h y  o n  F lo r is i l  u s in g  b e n z e n e  a s  t h e  e lu e n t .  
F r a c t io n s  c o n ta in in g  p r o d u c t  w e re  c o m b in e d  a n d  r e c r y s t a l 
l iz e d  f ro m  c y c lo h e x a n e  g iv in g  5 .3  g . o f  l - ( /? - h y d ro x y e th y l ) - 6 -  
m e th o x y - l ,2 ,3 ,4 - te t r a h y d r o i s o q u in o l in e ,  m .p .  8 5 - 8 6 ° ,  X°®s0H 
22 1  (c  7 8 5 0 ) , 2 7 8  (e  1970) a n d  2 8 6  my («  1860) w i th  m in im a  
a t  2 1 7 , 2 4 7 , a n d  2 8 3 .5  m M, 3 3 0 0  (s , N — H  a n d  O — H ) 
a n d  1605  ( s ) ,  1580  (m )  a n d  1500  ( s , a r o m a t i c  C  =  C ) .  T h e  
a n a ly t i c a l  s a m p le  m e l te d  a t  8 7 - 8 8 ° .

Anal. C a lc d . f o r  C 12H 17N 0 2: C , 6 9 .5 4 ; H , 8 .2 7 ; N , 6 .7 6 . 
F o u n d :  C , 6 9 .4 2 ; H ,  8 .4 2 ;  N ,  7 .0 7 .

1 - (B-Hydr oxy ethyl)-6-methoxy-l ,2,3,4-tetrahydroisoquino- 
line picrate w a s  o b ta in e d  in  t h e  u s u a l  w a y  a n d  r c c r y s ta l l iz e d  
f ro m  e th a n o l ,  m .p .  1 4 3 -1 4 4 ° .

Anal. C a lc d . f o r  C ,8H 20N 4O 6: C , 4 9 .5 4 ;  H ,  4 .6 2 ;  N ,  12 .8 4 . 
F o u n d :  C , 4 9 .5 5 ;  H ,  4 .3 8 ;  N , 12 .67 .

l-(P-Hydroxyethyl)-6-mcthoxy-l,2,8,4-tetrahydroi$oquino- 
line hydrobromide, o b ta in e d  b y  p a s s in g  h y d r o g e n  b r o m id e  
i n to  a n  e th e r e a l  s o lu t io n  o f t h e  a m in e ,  w a s  r e c r y s ta l l i z e d  
f ro m  e th a n o l - e th e r ,  m .p .  1 7 0 -1 7 1 ° .

Anal. C a lc d .  f o r  C i2H iSB rN O » : C , 5 0 .0 1 ; H ,  6 .2 9 ;  N ,  4 .8 6 . 
F o u n d :  C , 5 0 .2 5 ; H ,  6 .1 1 ; N ,  4 .5 2 .

I n  a  d i f f e r e n t  r u n  in v o lv in g  t h e  r e d u c t io n  o f  2 8 .5  g . of 
c r u d e  e t h y l  6 - m e th o x y - l ,2 ,3 ,4 - te t r a h y d r o - l - i s o q u in o ly la c e -  
t a t e ( I V )  t h e  p r o d u c t  w a s  i s o la te d  w i th o u t  r e s o r t  t o  c h r o m a 
to g r a p h y  b y  d i r e c t  c r y s ta l l i z a t io n  o f i t  f r o m  e th e r  g iv in g  11 .0  
g . o f  l - ( /3 - h y d r o x y e th y l ) - 6 - m e th o x y - l ,2 ,3 ,4 - te t r a h y d r o i s o -  
q u in o l in e , m .p .  8 6 - 8 7 .5 ° ,  a n d  1 .25  g . w i t h  m .p .  8 4 - 8 5 .5 ° .  
T h e  f i l t r a t e s  f ro m  t h e  c r y s ta l l i z a t io n s  w e re  c o m b in e d  a n d  
d is t i l le d  g iv in g  tw o  m a in  f r a c t io n s .  T h e  m a te r i a l  f ro m  th e  
f i r s t  f r a c t io n  a m o u n te d  t o  3 .7  g . ( 1 2 % )  a n d  h a d  b .p .  9 2 -  
1 0 5 °  (0 .4 5  m m .) ,  x£ !« s0H 2 2 0 (e  7 9 5 0 ) , 2 7 7  (e  2 5 4 0 ) , a n d  2 8 6  
m u  (e  2 1 8 0 ) w i th  m in im a  a t  2 1 7 , 2 4 6 , a n d  2 8 3 .5  m /i. T h e  in 
f r a r e d  s p e c t r u m  o f  t h i s  m a te r i a l  is v e r y  s im i la r  t o  t h a t  o f  1- 
( / 3 - h y d r o x y e th y l ) - 6 - m e th o x y - l ,2 ,3 ,4 - te t r a h y d r o i s o q u in o l in e
(V )  e x c e p t  fo r  w e a k e r  a b s o r p t io n  in  t h e  f o r m e r  c a s e  a t  3300 , 
1060 , a n d  9 3 0  c m ._1 ( im p ly in g  la c k  o f  a n  a lc o h o lic  h y d r o x y l  
g ro u p )  a n d  s t r o n g e r  a b s o r p t io n  a t  1375  c m .“ 1 ( im p ly in g  t h e  
p r e s e n c e  o f  a  C - m e th y l  g r o u p ) .  T h e  in f r a r e d  a n d  u l t r a v io l e t  
s p e c t r a l  d a t a  a r e  c o n s i s te n t  f o r  a  6 - m e th o x y - l ,2 ,3 ,4 - t e t r a -  
h y d r o is o q u in o l in e  s y s te m . I t  is p o s s ib le  t h a t  t h i s  s id e - r e a c 
t i o n  p r o d u c t  is  6 - m e th o x y - l - m e th y l - l ,2 ,3 ,4 - t e t r a h y d r o i s o -  
q u in o l in e . T h is  s id e  r e a c t io n  p r o d u c t  w a s  c h a r a c te r iz e d  
f u r t h e r  b y  c o n v e r s io n  t o  i t s  p i c r a t e  ( c r y s ta l l i z e d  f ro m  e t h 
a n o l ) ,  m .p .  1 8 7 .5 -1 ^ 8 .5 ° .

Anal. C a lc d . f o r  C i7H i8N 40 s : C , 5 0 .2 4 ; H ,  4 .4 7 ;  N , 1 3 .7 9 . 
F o u n d :  C , 5 0 .0 2 ; H ,  4 .3 0 ;  N , 13 .55 .

T h e  m a te r i a l  f ro m  t h e  s e c o n d  f r a c t io n  a m o u n te d  t o  1 .8  g . 
( 6 % )  a n d  h a d  b .p .  ? 6 7 - 1 7 0 °  (0 .7  m m .) ,  X°®sOH 2 7 8 .5  m /i (e
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1 930) w i th  a n  in f le c t io n  a t  2 7 2  m/x (e  1 670) a n d  a  s h o u ld e r  a t
2 8 5 .5  m/x (e  1 1 6 0 ) . T h e  in f r a r e d  s p e c t r u m  of t h e  m a te r i a l  
w a s  s im i la r  t o  t h a t  o f  l - ( / 3 - h y d r o x y e th y l ) - 6 - r n e th o x y - l ,2 ,3 ,4 -  
t e t r a h y d r o i s o q u in o l in e ,  b u t  h a d  a  n u m b e r  o f  a d d i t i o n a l  a b 
s o r p t io n  b a n d s  in  t h e  f in g e r - p r in t  r e g io n . O n e  g r a m  o f  th i s  
m a te r i a l  w a s  c h r o m a to g r a p h e d  o n  170 g . o f  F lo r is i l  w h ic h  
h a d  b e e n  w a s h e d  w i th  m e th a n o l  a n d  a i r  d r ie d  b r ie f ly  t o  g iv e  
a  f re e -f lo w in g  p o w d e r  ( t h e  F lo r is i l  c o n ta in e d  a b o u t  3 5 %  
m e th a n o l ) .  E lu t io n  w i th  b e n z e n e  g a v e  s e v e ra l  f r a c t io n s  
a m o u n t in g  t o  0 .4 9  g . w -hich h a d  u l t r a v io l e t  s p e c t r a  (Xmax
2 7 1 .5  a n d  2 7 8 .5  m/x) c h a r a c t e r i s t i c  o f  t h e  8 - m c th o x y  is o m e r
V I .  D is t i l l a t io n  o f  th i s  m a te r i a l  a n d  c r y s ta l l i z a t io n  o f  t h e  
d i s t i l l a te  f ro m  h e x a n e  g a v e  0 .2 7  g . o f  l-(0-hydroxyethyl)-8- 
methoxy-l,%,8,4-tetrahydroisoquinoline ( V I I ,  m .p .  9 6 - 9 7 ° ,  
X“  2 2 3  (e  7 2 0 0 ) , 271  (<= 1 6 0 0 ), a n d  2 7 8 .5  m/x ( e 1 700) w i th  
m in im a  a t  2 4 6  a n d  2 7 6  m/x.

Anal. C a lc d . f o r  C i2H „ N 0 2: C , 6 9 .5 4 ; I I ,  8 .2 7 ;  N ,  6 .7 6 . 
F o u n d :  C , 6 9 .5 0 ; H ,  8 .1 9 ;  N ,  6 .9 8 .

D e p a r t m e n t  o f  C h e m i s t r y  
M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y  
C a m b r i d g e  3 9 , M a s s .

The Decomposition of
ll-Cyano-12-tricosanone

C .  C . C o c h r a n e  a n d  H . J .  H a r w o o d 1 

Received December 1, 1960

Early investigations of the properties of low- 
molecular-weight dinitriles (I ; diacetonitrile2, R = 
H; dipropionitrile3, R = CH3) have shown that 
upon boiling with water these substances slowly 
decompose with the formation of ammonia, hydro
gen cyanide, and a substance which is easily oxidized 
by ammoniacal copper and silver solutions. I t was 
postulated that the easily oxidizable material was 
an a-hydroxy ketone (ketol or acyloin) which was 
formed in the following manner:

h 2o m o
R C H 2C ( = N H ) C H R C N  — >  R C H 2C O C H R C N  — >

I  I I

R C H C O C H O H R  +  H C N  
I I I

In this Laboratory it has been observed that 
crystallized ll-cyano-12-tricosanone (II. R = 
C10H21) upon standing in air slowly evolves hydro
gen cyanide leaving a liquid residue. Analysis of this 
residue by gas chromatography indicates that it is a 
mixture of equimolar amounts of undecanoic and 
dodecanoic acids. In an atmosphere of dry nitrogen 
the keto nitrile undergoes no change. Presumably 
moisture and oxygen are required to bring about the 
decomposition with formation of the mixture of 
acids although this has not been proved.

If ll-cyano-12-tricosanone were to decompose 
according to the reaction proposed above it would 
lead to the formation of ll-hydroxy-12-tricosanone 
(III. R = C10H21) which differs (fom the acyloin

(1 ) A d d re s s  c o m m u n ic a t io n s  t o  t h i s  a u th o r .
(2 )  R .  H o l t z w a r t ,  J. prakt. Chem., 3 9 , 2 3 0  (1 8 8 9 ).
(3 ) E .  v o n  M e y e r ,  J. prakt. Chen., ¿ 9 ,  188 (1 8 8 9 ) .

13-hydroxy-12-tetracosanone (lauroin) by only 
one carbon atom. So far as we are aware the acyloins 
derived from higher fatty acids are not susceptible 
to decomposition upon exposure to the atmosphere. 
Mild oxidizing agents such as iodine in acetic acid4 
or ferric chloride in acetic acid5 oxidize these com
pounds to the diketone. Strong oxidizing agents 
such as chromic oxide are required to effect cleavage 
to the fatty acid.5 We do not believe that the de
composition of the keto nitrile proceeds through the 
acyloin but do not have a reasonable alternative to 
offer.

EXPERIMENTAL

Dimeric lauronitrile. T o  9 .2  g . (0 .2  g .- a to m )  o f 5 0 %  s o d iu m  
d is p e rs io n  in  x y le n e , in  20 0  m l. o f  d r y  e th e r  w a s  a d d e d  o v e r  
0 .5  h r . ,  w i th  s t i r r in g  4 5  g . (0 .2 5  m o le )  o f  la u r o n i t r i l e .  T h e  
e th e r  r e f lu x e d  g e n t ly  a f t e r  a  s h o r t  i n d u c t io n  p e r io d  d u r in g  
t h e  a d d i t io n .  W h e n  t h e  e x o th e r m ic  r e a c t io n  h a d  s u b s id e d , 
t h e  m ix tu r e  w a s  s t i r r e d  a n d  r e f lu x e d  fo r  2 4  h r .  T h e  s u p e r 
n a t a n t  l iq u id  w a s  d e c a n te d  f ro m  r e s id u a l  s o d iu m  in to  a  
s e p a r a to r y  fu n n e l .  T h e  s o d iu m  w a s  d e s t r o y e d  w i th  m e th a n o l  
a n d  t h e  a lc o h o lic  s o lu t io n  w a s  a d d e d  t o  t h e  s e p a r a to r y  f u n 
n e l. T h e  o rg a n ic  e x t r a c t s  w e re  w a s h e d  th r e e  t im e s  w i th  
w a te r ,  d r ie d  o v e r  a n h y d r o u s  s o d iu m  s u l f a te ,  t h e  s o lv e n t  
r e m o v e d , a n d  t h e  r e s id u e  d is t i l le d  t o  g iv e  2 .1  g . la u r o n i t r i l e ,  
b .p .  8 8 - 8 9 ° /0 .2 5  m m .;  2 2 .9  o f  d in i t r i l e  b .p .  2 2 0 - 2 4 0 ° /0 .1 5  
m m . a n d  a  s ig n if ic a n t  r e s id u e .  R e d is t i l la t io n  o f t h e  d in i t r i l e  
a f fo rd e d  2 0 .9  g . b .p .  2 0 8 - 2 1 2 ° /0 .1 0  m m .

ll-Cyano-12-tricosanone. A  m ix tu r e  o f  5  g. o f  d in i t r i le ,  
100  m l. o f  9 5 %  a lc o h o l  a n d  2  m l. o f  c o n e d , h y d r o c h lo r ic  
a c id  w a s  w a r m e d  u n t i l  s o lu t io n  w a s  e f fe c te d , t h e n  c h il le d  
o v e r n ig h t  in  t h e  ic e b o x . T h e  s o l id  w a s  f i l te r e d  a n d  d r ie d  
u n d e r  v a c u u m  in  a  d e s ic c a to r ,  m .p .  4 6 - 4 7 ° 6 T h e  k e to  n i t r i l e  
w a s  s t a b le  in  a n  a tm o s p h e r e  o f  d r y  n i t ro g e n .  L e f t  s t a n d in g  
o p e n  to  t h e  a ir ,  a n  o d o r  o f  h y d r o g e n  c y a n id e  w a s  e v o lv e d  
a n d  t h e  m a te r i a l  p a s s e d  f ro m  s o l id  t h r o u g h  s e m is o lid  t o  
l iq u id  d u r in g  1 w e e k . G a s  c h r o m a to g r a p h y  o f  t h e  l iq u id 7 
y ie ld e d  tw o  p e a k s  o f e q u a l  a r e a ,  w h ic h  w e re  id e n t ic a l  in  p o s i 
t i o n  w i th  th o s e  o f  a  m ix tu r e  o f  u n d e c a n o ic  a n d  d o d e c a n o ic  
a c id s  r u n  u n d e r  t h e  s a m e  c o n d i t io n s .  A  s a m p le  s e a le d  in  a n  
a tm o s p h e r e  o f d r y  n i t r o g e n  u n d e r w e n t  n o  c h a n g e  d u r in g  a  
p e r io d  o f  s e v e ra l  y e a r s .

A r m o u r  I n d u s t r i a l  C h e m i c a l  C o .
C h i c a g o , I I I .

(4 ) V . L .  H a n s le y ,  J. Am. Chem. Soc., 5 7 , 2 3 0 3  (1 9 3 5 ).
(5 ) F .  B o n q u e t  a n d  C . P a q u o t ,  Bull. soc. chim. France, 

116 5  (1 9 4 8 ).
(6 ) M . R .  M c C o r k le ,  Iowa Slate Coll. J. Sci., 1 4 , 64

(1 9 3 9 ) ;  Chem. Abstr., 3 4 , 6 2 2 0  ( 1 9 4 0 ) ,  r e p o r t s  t h e  m .p .
4 4 -4 5 ° .

(7 )  T h r o u g h  t h e  c o u r te s y  o f  L . D . M e tc a l f e  o f t h i s  L a b o r a 
to r y .  A  p h o s p h o r i c - a c id - t r e a t e d  d ie th y le n e  g ly c o l - a d ip ic  
a c id  p o ly e s te r  c o lu m n  w a s  e m p lo y e d . Cf. L . D .  M e tc a l fe ,  
Nature, 1 8 8 , 142 (1 9 6 0 ) .

Preparation and Reduction of
3-Nitro-p-terphenyl

R o b e r t  G . S p l i e s
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Three of the four possible mononitro derivatives 
of p-tcrphenyl have been reported.1'2 The prepara
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tion of the remaining isomer, 3-nitro-p-terphenyl is 
reported in this study.

p-Terphenyl was nitrated using a modification of 
the method of Allen and Burness.3 Slow addition 
of a dilute nitrating mixture apparently decreased 
dinitration and oxidation and gave an improved 
yield of the desired 4-nitro-p-terphenyl (I). Reduc
tion of I was carried out in a high pressure bomb 
with a Raney nickel catalyst. The resulting 4 
amino-p-terphenyl (II) was acetylated by treat
ment with acetic anhydride. The amide thus pro
duced was nitrated directly without isolation, 
affording 3-nitro-4-acetylamino-p-terphenyl (III) 
in good yield. Hydrolysis of III in a warm dioxane 
solution was effected by aqueous potassium hy
droxide. The brightly colored hydrolysis product 
proved to be the desired 3-nitro-4-amino-p-ter- 
phenyl (IV).4

A diazotized solution of IV was deaminated by 
refluxing with ethyl alcohol. The resulting 3-nitro- 
p-terphenyl (V), on oxidation, yielded the known
3-nitrodiphenyl- 4 '-carboxylic acid.5 This is in 
accordance with the observation of France, Hcil- 
bron, and Hey2 who reported that oxidation of I 
and 2-nitro-p-terphenyl yielded 4-nitrodiphenyl- 
4'-carboxylic acid and 2-nitrodiphenyl-4'-carboxylic 
acid respectively.

Catalytic hydrogenation of V gave 3-amino-p- 
terphenyl (VI). Acetylation of VI with acetic 
anhydride gave 3-acetylamino-p-terphenyl (VII).

E X P E R I M E N T A L 6

4-Nitro-p-terphenyl ( I ) .  A  s u s p e n s io n  o f  2 3 .0  g . o f  p - t e r -  
p h e n y l  in  110  m l. re f lu x in g  g la c ia l  a c e t ic  a c id  w a s  s t i r r e d  
v ig o r o u s ly  w h ile  a  m ix tu r e  o f  15 m l. o f r e d  f u m in g  n i t r i c  
a c id  a n d  25  m l. o f a c e t ic  a c id  w a s  a d d e d  d u r in g  3 .5  h r .  
A f te r  c o o lin g  in  a n  ic e  b a t h  t h e  y e llo w  s o lid  w as r e m o v e d  b y  
f i l t r a t i o n  o n  a  s in te r e d  g la s s  fu n n e l .  T h e  c r u d e  y ie ld  o f  I  
w a s  2 3 .3  g . ( 8 5 % ) .  R e c r y s ta l l iz a t io n  f ro m  n i t r o m e th a n e  
y ie ld e d  I  a s  a  p a le  y e llo w  so lid , m .p .  2 1 0 -2 1 1 ° .

4- Amino-p-terphenyl ( I I ) .  A  s u s p e n s io n  o f 1 1 .0  g . o f  I  in  
130 m l. o f  d io x a n e  w a s  r e d u c e d  b y  h y d r o g e n  u n d e r  a  co ld  
p r e s s u r e  o f  2 2 0 0  p .s .i .  T h e  r e d u c t io n  w a s  c a r r ie d  o u t  w i th  1 
te a s p o o n  of R a n e y  n ic k e l  c a t a l y s t  in  a  2 7 0 - ird . v o id  b o m b . 
T h e  r e d u c t io n  r e q u i r e d  2 h r .  a t  9 0 °  a f t e r  w h ic h  t h e  b o m b  
w a s  co o le d  a n d  r in s e d  w i th  a  s m a ll  a m o u n t  o f d io x a n e . T h e  
c a t a l y s t  w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  e v a p o r a t io n  o f  t h e  
s o lv e n t  u n d e r  r e d u c e d  p r e s s u re  y ie ld e d  9 .1 5  g . ( 9 4 % )  of 
I I ,  m .p .  1 8 6 -1 9 3 ° . R e c r y s ta l l iz a t io n  f ro m  e th y l  a lc o h o l 
p r o d u c e d  l ig h t  t a n  c r y s ta l s  m e l t in g  a t  1 9 9 .5 -2 0 0 .5 ° .

5- Nitro-4-acetylamino-p-terphenyl ( I I I ) .  A  s o lu t io n  o f  12 .25  
g . o f  I I  in  3 0 0  m l. o f  a c e t ic  a c id  w a s  w a r m e d  a n d  s t i r r e d  
w h ile  10 m l. o f a c e t ic  a n h y d r id e  w a s  a d d e d  d ro p w is e . 
H e a t in g  a n d  s t i r r in g  w e re  c o n t in u e d  f o r  a n  h o u r .  T h e  r e a c 
t i o n  m ix tu r e  w a s  c o o le d  t o  7 0 °  a n d  a  m ix tu r e  o f  10 m l. of

(1 )  F .  R .  B a s h f o rd ,  J. Chem. Soc., 1 4 4 2  (1 9 3 7 ).
(2 )  H .  F r a n c e ,  I .  M . H e i lb r o n , a n d  D . I I .  H e y ,  J . Chem. 

See., 136 4  (1 9 3 8 ).
(3 )  C . F .  H .  A lle n  a n d  D .  M . B u r n e s s ,  J. Org. Chem., 14 , 

177  (1 9 4 9 ).
(4 )  E .  S a w ic k i a n d  F .  E .  R a y ,  J. Org. Chem., 1 9 , 1903

(1 9 5 4 ).
(5 )  E .  B e r l in e r  a n d  E .  A . B lo o m e rs , J. Am. Chem. Soc., 

7 3 ,2 4 7 9  (1 9 5 1 ).
(6 )  M e l t in g  p o in t s  a r e  u n c o r re c te d .

f u m in g  n i t r i c  a c id  (d. 1.5) a n d  20  m l. o f  a c e t ic  a c id  w a s  
a d d e d  d u r in g  20  m in . N i t r a t io n  w a s  c o m p le te d  b y  w a r m in g  
to  9 0 °  f o r  0 .5  h r .  A f te r  c h illin g , t h e  s u s p e n s io n  w a s  f i l te r e d  
a n d  1 3 .2 4  g . ( 8 8 % )  of a n  o ra n g e  s o lid  w a s  o b ta in e d ,  m .p .
2 0 2 .5 - 2 0 5 ° . A n  a n a ly t i c a l  s a m p le , m .p . 2 0 4 .7 - 2 0 6 ° ,  w as  
p r e p a r e d  b y  r e c r v s ta l l i z a t io n  f ro m  a c e t ic  a c id .

Anal. C a lc d . f o r  C 20H ,GN 2O 3: C , 7 2 .2 7 ; H ,  4 .8 5 ; N ,  8 .4 2 . 
F o u n d :  C , 7 2 .3 8 ; H , 4 .8 9 ; N , 8 .4 2 .

3-Nitro-p-lerphenyl (V ) . A  s u s p e n s io n  o f  3 .2 4  g . o f I V  in  
110  m l. o f a c e t ic  a c id  w a s  a d d e d  to  30  m l. o f c o ld , c o n c e n 
t r a t e d  s u lfu r ic  a c id  c o n ta in in g  0 .8 4  g . o f  s o d iu m  n i t r i t e .  
T h e  r e s u l t in g  d e e p  r e d  d ia z o n iu m  s o lu t io n  w a s  a d d e d  d r o p -  
w ise  t o  a  r e f lu x in g  s o lu t io n  o f  0 .2 5  g. o f  c o p p e r  s u l f a te  a n d  20  
m l. o f w a te r  in  4 0 0  m l. o f e th y l  a lc o h o l. T h e  m ix tu re ,  c o n 
t a in e d  in  a  1 0 0 0 -m l. f la sk , w a s  s t i r r e d  v ig o ro u s ly  d u r in g  
t h e  a d d i t io n  w h ic h  r e q u i r e d  2 .5  h r .  R e f lu x in g  a n d  s t i r r in g  
w e re  c o n t in u e d  fo r  1 h r .  a f t e r  w h ic h  t h e  m ix tu r e  w a s  d i 
l u te d  w i th  w a te r .  T h e  s o lid  w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  
d r ie d  b y  s u c t io n .  A f te r  c r y s ta l l i z a t io n  f ro m  p e t r o le u m  e th e r  
( b .p .  1 1 0 -1 2 0 ° )  2 .6 9  g . ( 8 8 % )  of a  l ig h t  o r a n g e  so lid  w a s  o b 
ta in e d ,  m .p .  1 7 8 -1 8 0 ° . T h r e e  r e c r y s ta l l i z a t io n s  f ro m  p e t r o 
le u m  e th e r  g a v e  a n  a n a ly t i c a l  s a m p le , m .p .  1 8 0 -1 8 1 .2 ° .

Anal. C a lc d . fo r  C lsH I3N 0 2: C , 7 8 .5 3 ; H , 4 .7 6 . F o u n d :  C , 
7 8 .2 1 ; H , 4 .8 3 .

Oxidation of S-nitro-p-terphenyl. T h e  m e th o d  of F ra n c e ,  
H e i lb r o n ,  a n d  H e y 2 w a s  e m p lo y e d  in  t h e  o x id a t io n  o f  0 .2 5  
g . o f  V . T h e  y ie ld  o f  2 - n i t r o d ip h e n y  1-4'- c a r b o x y l ic  a c id  -was 
0 .1 2  g ., m .p .  3 0 8 -3 1 2 ° . T w o  r e c r y s ta l l i z a t io n s  f ro m  a b s o lu te  
e th a n o l  r a is e d  t h e  m .p .  t o  3 1 2 -3 1 2 .3 °  ( l i t . , 5 m .p .  3 1 3 -  
3 1 5 .1 ° ) .

3-Amino-p-terphenyl ( V I ) .  A  s o lu t io n  o f  5 .5  g . o f  V  in  130 
m l. o f d io x a n e  w a s  r e d u c e d  c a t a ly t i c a l l y  u s in g  t h e  m e th o d  
r e p o r t e d  a b o v e  f o r  t h e  p r e p a r a t io n  o f I I .  A  c re a m -c o lo re d  
so lid , 4 .4 3  g . ( 9 1 % ) ,  w a s  o b ta in e d ,  m .p .  1 6 3 -1 7 3 ° . R e c r y s t a l 
l i z a t io n  f ro m  p e t r o le u m  e th e r  g a v e  a  so lid , m .p .  1 8 1 -1 8 1 .9 ° .

Anal. C a lc d . f o r  C 18H 15N :  C , 8 8 .1 3 ; H ,  6 .1 6 . F o u n d :  C , 
8 7 .6 8 ;  H ,  6 .1 2 .

3-Acetylamino-p-terphenyl ( V I I ) .  A  s o lu t io n  o f 2 .2 7  g . of 
V I  in  150  m l. o f r e f lu x in g  b e n z e n e  w a s  s t i r r e d  -while 4  m l. of 
a c e t i c  a n h y d r id e  a n d  5 d r o p s  o f p y r id in e  tv e re  a d d e d .  
A f te r  s t i r r in g  a t  r o o m  t e m p e r a t u r e  f o r  1 h r .  t h e  s o lv e n t  w a s  
r e m o v e d  b y  w a r m in g  o n  a  s t e a m  b a t h  in  a  c u r r e n t  o f  a ir . 
T h e  a m id e  w a s  c r y s ta l l iz e d  f ro m  a n  a lc o h o l- p e t ro le u m  e th e r  
m ix tu r e .  T h e  fin e , w h i te  n e e d le s  w e ig h e d  2 .0 8  g . ( 7 6 % ) ,  
m .p .  2 1 8 -2 1 9 ° .

Anal. C a lc d . f o r  C 20H n O N :  C , 8 3 .5 9 : H ,  5 .9 7 . F o u n d .  
C , 8 3 .3 6 ; H ,  5 .9 6 .

D e p a r t m e n t  o f  C h e m i s t r y

U n i v e r s i t y  o f  W i s c o n s i n

M i l w a u k e e  3, W is .

a-Oximino Ketones. IX. The Synthesis of 
a,e)-Diamino Acids from Cyclic Ketones

A r t h u r  F . F e r r i s , F r a n c i s  E . G o u l d , G r a n n i s  S. 
J o h n s o n , 1 2 3 4 5 6 1 2 a n d  H u g o  S t a n g e
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In a  s e r i e s  o f  p u b l i c a t i o n s  f r o m  t h i s  l a b o r a t o r y  

s e v e r a l  r e l a t e d  r o u t e s  f o r  t h e  c o n v e r s i o n  o f  c y c l o 

h e x a n o n e  t o  D L - l y s i n e  h a v e  b e e n  d e s c r i b e d . 9 - 5

(1) P r e s e n t  a d d r e s s :  G e n e r a l  A n ilin e  a n d  F i lm  C o rp .,  
L in d e n , N . J .  •

(2) A . F .  F e r r i s ,  F . E .  G o u ld , G . S . J o h n s o n ,  H . K .  L a -
to u r e t t e ,  a n d  M. S ta n g e , Chem. & hut. (London), 1 9 5 9 , 
996 . .



JULY 1961 NOTES 2 6 0 3

I n  a l l  o f  t h e s e  s y n t h e s e s  t h e  f i r s t  s t e p  w a s  t h e  

n i t r o s a t i o n  o f  c y c l o h e x a n o n e  t o  2 , 6 - d i o x i m i n o -  

c y c l o h e x a n o n e ,  t h e  s e c o n d  a n d  k e y  s t e p  w a s  t h e  

p a r t i a l  c l e a v a g e  o f  t h i s  m o l e c u l e  o r  a n  a c y l a t e d  

d e r i v a t i v e  u n d e r  t h e  c o n d i t i o n s  o f  t h e  s e c o n d  o r d e r  

B e c k m a n n  r e a r r a n g e m e n t 6 t o  5 - c , y a n o - 2 - o x i m i n o -  

v a l e r i c  a c i d  o r  o n e  o f  i t s  e s t e r s ,  a n d  t h e  f i n a l  s t e p  

w a s  t h e  r e d u c t i o n  o f  t h e  a c i d  o r  e s t e r  t o  D L - ly s in e .  

I n  t h e  m o s t  s u c c e s s f u l  v a r i a n t  o f  t h i s  r e a c t i o n  

s c h e m e  a n  e t h a n o l i c  s o l u t i o n  o f  t h e  s o d i u m  s a l t  o f

2 . 6 -  d i o x i m i n o c y c l o h e x a n o n e  wra s  t r e a t e d  w i t h  a c e t i c  

a n h y d r i d e  t o  g i v e  e t h y l  5 - c y a n o - 2 - o x i m i n o v a l e r a t e ,  

a n d  t h e  e s t e r  w a s  h y d r o g e n a t e d  i n  a c e t i c  a n h y d r i d e  

o v e r  R a n e y  n i c k e l  a n d  a  b a s i c  c o - c a t a l y s t .  T h e  o v e r 

a l l  y i e l d  o f  D L - l y s i n e  m o n o h y d r o c h l o r i d e  f r o m  c y c l o 
h e x a n o n e  w a s  6 3 % .

In more recent work a study has been made to 
determine whether the techniques developed in the 
lysine work can be extended to the synthesis. of 
other a,o)-diamino acids from cyclic ketones. 
Cyclopentanone and 4-methylcyclohexanone were 
chosen as model compounds. The nitrosation of 
these ketones to the a,a'-dioximino derivatives 
was described first by Borsche.7 Nitrosation of the 
latter has been studied more recently by Batesky 
and Moon.8 In our work 2,5-dioximinocyclopen- 
tanon2 was prepared in 47% yield and 2,6-dioxi- 
mino-4-methylcyclohexanone was prepared in 72% 
yield by the technique described previously,3 
namely the treatment of the cyclic ketone in ether 
with methyl nitrite in the presence of hydrochloric 
acid. All three methods developed in the lysine 
studies for bringing about the partial cleavage of
2.6- dioximinocyclohexanone were tried with the 
new cqa'-dioximiuo compounds. The reactions 
involved were treatment of a solution of the di- 3 4 5 6 7 8

h o :

n c c h 2c h ,.c c o 2h

H O N  N C C H 2C H 2C C 0 2C 2H 5
II

n c c h 2c h 2c c o 2c 2h 5

(3) A . F .  F e r r i s ,  G . S . J o h n s o n ,  F .  E . G o u ld , a n d  H . K .  
L a to u r e t t e ,  J. Org. Chern., 2 5 , 4 9 2  (1 9 6 0 ).

(4) A . F .  F e r r i s ,  G . S . J o h n s o n ,  a n d  F .  E .  G o u ld , J. Org. 
Chem., 2 5 , 49 6  (19 6 0 ).

(5) A . F .  F e r r i s ,  G . S . J o h n s o n ,  F . E . G o u ld , a n d  H . 
S ta n g e , J. Org. Chem.., 2 5 , 1302 (1 9 6 0 ).

(6) A . F .  F e r r i s ,  J. Org. Chem., 2 5 , 12 (1 9 6 0 ).
(7) W . B o rs c h e , Wallach Fest., 301  ^ 1 9 0 9 ); Chem. Ahstr., 

5 ,8 8 3  (1911).
(8) 1!. C . B a te s k y  a n d  N . S . M o o n , J. Org. Chem., 2 4 , 

1094 (1959).

oxime in aqueous base with a deficiency of acetic 
anhydride (A), conversion of the cqa'-dioximino 
compound to the diacetyl derivative and treating 
the latter with sodium ethoxide in ethanol (B +  C), 
and treatment of a suspension of the monosodium 
salt of the dioxime in ethanol with the stoichio
metric amount of acetic anhydride (D). The three 
reaction schemes are shown in equation form below, 
using 2,5-dioximinocyclopentanone as the example.

As expected, relatively poor yields were obtained 
with reaction sequence A, almost certainly because 
of the fact, noted previously,8 that the a-oximino 
acids themselves are cleaved under second order 
Beckmann conditions. Better yields were obtained 
in sequences BC and D, wherein advantage was 
taken of the discovery made in the course of the ly
sine work4 that esters of a-oximino acids are 
not cleaved by Beckmann reagents. Since the ester 
partial cleavage products were obtained in much 
better yields than the free acids, reduction studies 
were carried out only with the esters. As in the 
lysine work6 much better yields of a,a>-diamino 
acids were obtained when Raney nickel catalyst 
was used with acetic anhydride solvent in the 
hydrogenation step than when platinum was used. 
A summary of all vields obtained is presented in 
Table I.

T A B L E  I

Y i e l d s  i n  C o n v e r s i o n  o f  C y c l i c  K e t o n e s  t o  a ,w -D iA M iN o  
A c id s

S te p

%  Y ie ld s

C y c lo p e n ta n o n e
4 - M e th y l -

c y c lo h e x a n o n e

N i t r o s a t io n 47 72
A '1 18 24
B 30 53
C 82 86
D 59 62

H y d r o g e n a t io n ,  N i 77 63
H y d r o g e n a t io n ,  P t 16 18
O v e r a l l6 21 28

“ C a p i t a l  l e t t e r s  r e fe r  t o  l e t t e r  s t e p s  in  e q u a t io n s  a b o v e . 
6 C y c lic  k e to n e  to  a ,w -d ia m in o  a c id  b y  b e s t  r o u te .

The overall yields of ornithine and 4-methyl- 
lysine are considerably poorer than the 63% yield 
of lysine obtained from cyclohexanone, but this 
probably reflects only the more extensive study 
given - to the lysine synthesis. I t thus appears 
reasonable to predict that many a,co-diamino acids 
can be obtained from the corresponding cyclic 
ketones in overall yields of 20-30%, with consider
ably better yields being possible if the significance 
of the synthesis justifies a study of refinements.

E X P E R I M E N T A L

A ll t h e  t e c h n iq u e s  u s e d  in  t h i s  s t u d y  h a v e  b e e n  d e s c r ib e d  
in  p r e v io u s  p a p e r s .3 " 5 T h e  p h y s ic a l  p r o p e r t i e s  a n d  a n a ly s e s  o f 
t h e  c o m p o u n d s  p r e p a r e d  a r e  r e p o r t e d  in  T a b le  I I .  T h e  f in a l 
c o lu m n  o f  t h e  t a b l e  g iv e s  t h e  f o o tn o te  n u m b e r  o f  t h e  p a p e r  
w h e re in  t h e  p r o c e d u r e  u s e d  to  p r e p a r e  e a c h  c o m p o u n d  w as 
d e s c r ib e d  in  d e ta i l .
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T A B L E  I I

I n t e r m e d i a t e s  i n  t h e  C o n v e r s i o n  o f  C y c l ic  K e t o n e s  t o  a ,a i-D iA M iN o  A c id s

C a le d . F o u n d

C o m p o u n d M .P .“ C H N C H N R e f .

2 ,5-1 J io x im in o c y c lo p c n ta n o n e 2 1 4  d J 4 2 .2 5 4 .2 6 1 9 .7 2 4 2 .4 1 4 .2 3 1 9 .9 7 (3 )
2 ,6 - D io x im in o - 4 - m e th y lc y c lo h e x a n o n e 4 9 .4 0 5 .9 2 1 6 .4 7 4 9 .7 2 5 .6 4 1 6 .2 2 (3 )
4 -C v a n o -2 -o x im in o b u t.y T ic  a c id 1 2 3 -1 2 5 4 2 .2 5 4 .2 6 1 9 .7 2 4 2 .2 4 4 .1 1 1 9 .8 4 (3 )
5 - C y a n o - 4 -m e th y l - 2 -o x im m o v a le r ic  a c id 1 0 9 -1 1 1 4 9 .4 0 5 .9 2 1 0 .4 7 4 9 .3 0 5 .7 2 1 6 .5 6 (3 )
2 ,5 -  D ia c e to x im in o c y c lo p e n ta n o n e 177  d ec . 4 7 .7 9 4 .4 6 1 2 .3 9 4 8 .0 2 4 .4 2 1 2 .3 8 (4 )
2 ,6 - D ia c e to x im in o -4 - m e th y lc y c lo h e x a n o n e 1 7 1 -1 7 2 5 1 .9 6 5 .5 5 1 1 .0 2 5 1 .8 0 5 .6 4 1 1 .3 2 (4 )
E t h y l  4 - c y a n o - 2 - o x im in o b u ty r a te L iq .d 4 9 .4 0 5 .9 2 1 6 .4 7 4 9 .3 1 6 .1 4 1 6 .2 9 (5 )
E t h y l  5 - c y a n o - 4 -m e th y l - 2 -o x im in o v a le r a te 61 5 4 .5 3 7 .1 2 1 4 .1 4 5 4 .7 1 6 .8 7 1 4 .2 5 (5 )
D L -O rn ith in e  m o n o h y d r o c h lo r id e  
d L -4 - M e th y l ly s in e  m o n o h y d r o c h lo r id e

2 0 5 -2 1 1  d ec . 
2 2 9 -2 3 0

e
4 2 .7 4 8 .7 1 1 4 . 2 5 ' 4 2 .7 1 8 .7 1 1 4 .4 6 '

(5 )
(5 )

a A ll m e l t in g  p o in t s  a r e  u n c o r r e c te d .  b L i t . 7 m .p .  2 1 5 ° d e c . c D e c o m p o s e d  a t  a b o u t  2 0 0 ° . d N o t  d is t i l le d ,  n 2Ds 1 .4 7 5 0 .
c I n f r a r e d  s p e c t r u m  id e n t ic a l  t o  t h a t  o f a u t h e n t i c  D L -o rn ith in c  m o n o h y d r o c h lo r id e .  r C a lc d .:  C l, 1 8 .0 3 . F o u n d :  C l, 18 .10 .
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Our recent work on the tris(tr:methylsilyl- 
methyl) derivatives of the Group VB elements1 2 
has prompted further work in the area of silicon- 
substituted phosphorus compounds. Of particular 
interest as a possible intermediate in the synthesis 
of silicon-substituted phosphonitrilic compounds 
was trimethylsilylmethyldiehlorophosphine.

Conventional methods used to synthesize alkyl- 
dichlorophosphines utilize the reaction of phos
phorus trichloride with mild alkylating agents, 
such as dialkylmercury3 or tetraalkyllead4 com
pounds. Accordingly, bis(trimethylsilylmethyl)- 
mercury and tetrakis(trimethylsilylmethyl)lead, 
both new compounds, were prepared by the usual 
Grignard procedure, and their action on phosphorus 
t richloride was investigated. The mercurial did not 
react with phosphorus trichloride either when a 
mixture of the reactants was refluxed in hexane 
solution, or in the absence of solvent at ca. 76°. 
In contrast, the lead compound was cleaved by

(1 )  P a r t  I I I :  D . S e y f c r th ,  J. Am. Chem. Soc., 8 1 , 1844  
( 1 9 5 9 ) .

(2 )  D .  S e y f e r th ,  J. Am. Chem.. Soc., 8 0 ,  1336  (1 9 5 8 ).
(3 )  G . M . K o so lap o fT , Organophospltorus Compounds, 

J o h n  W ile y  a n d  S o n s , I n c . ,  N e w  Y o rk , 1950 , p . 42 .
( 4 )  M . S . K h a r a s e h ,  E .  V . J e n s e n ,  a n d  S . W e in h o u s e , 

J. Org. Chem., 14 , 429  (1 9 4 9 ) .

phosphorus trichloride, giving crystalline, sub
limable tris(trimethylsilylmethyl)lead chloride and 
trimethylsilylmethyldichlorophosphine. However, 
the isolated yield of the phosphine was not very 
high, and a better synthesis was desired.
¡ ( C H 3)3S iC H 2]4P b  +  P C I ,  — >

[ ( C H 3)3S iC H 2]3P b C l  +  ( C H s )3S iC H 2P C l 2

Although the Grignard procedure is not generally 
applicable to the synthesis of pure RPC12 com
pounds because mixtures of mono-, di-, and tri- 
substituted products result, it seemed possible that 
with the relatively bulky trimethylsilylmethyl 
group, monosubstitution could be realized in ac
ceptable yield. Indeed, our previous work2 showed 
that complete substitution of all three chlorine 
atoms of phosphorus trichloride with trimethyl- 
silylmethyl groups by the Grignard procedure re
quires drastic conditions. It was found in the pres
ent work that addition of one equivalent of tri- 
methylsilylmethylmagnesium chloride to one mole 
of phosphorus trichloride in ether at low tempera
ture resulted in the desired trimethylsilylmethyl- 
dichlorophosphine in ca. 40% yield.

Attempted conversion of trimethylsilylmethyl- 
dichlorophosphine to trimethylsilylmethyltetra- 
chlorophosphorane was not successful. Even at 
— 20° in the dark addition of a solution of chlorine 
in si/wi-tetrachloroethane to trimethylsilylmethyl- 
dichlorophosphine caused cleavage of the carbon- 
silicon bond to form trimethylchlorosilane. This 
facile cleavage of the carbon-silicon bond may be 
due to the inductive effect of the PCh group; 
electron withdrawal by this group would make the 
Si-C bond more polar, hence more susceptible to
ward ionic fission.

Investigation of the solid formed in the chlorina
tion reaction showed it to be impure phosphorus 
pentachloride rather than the expected chloro- 
methyltetrachlorophosphorane. The hydrolysis 
product of this solid formed a barium salt of very 
low carbon contest, and an anilinium salt could be 
prepared which was shown to be [C6H6NH3][H2- 
P04]. It is not known at what point fission of the
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the P-C bond took place, nor is the fate of the 
methylene group of the trimethylsilylmethyldi- 
chlorophosphine known. It is, however, very 
likely that such cleavage took place after cleavage 
of the Si—C bond, since initial cleavage of tri- 
methylsilylmethyldichlorophosphine at the P—C 
linkage would have given chloromethyltrimethyl- 
silane, a compound which is stable to Si—C 
cleavage under these conditions, although side 
chain chlorination does take place.

E X PE R IM E N T A L 5

(1 )  Bis{trimethylsilyhnethyl)mercury. T h e  G r ig n a r d  r e 
a g e n t ,  p r e p a r e d  f ro m  0 .6  g . - a to m  o f  m a g n e s iu m  tu r n in g s  
a n d  0 .6  m o le  o f c h lo r o m e th y l t r im e th y ls i l a n e  in  4 5 0  m l. o f 
t e t r a h y d r o f u r a n  ( T H F ) ,  w a s  c o o le d  to  — 1 0 ° , a n d  a  s o lu t io n  
o f  0 .2 8  m o le  o f m e r c u r ic  c h lo r id e  in  125  m l. o f  t e t r a h y d r o 
f u r a n  w a s  a d d e d  s lo w ly  w i th  s t i r r in g .  T h e  m ix tu r e  s u b s e 
q u e n t ly  w a s  h e a t e d  a t  re f lu x  fo r  1 h r . ,  co o led , a n d  h y d r o 
ly z e d  w i th  5 0  m l. o f  s a t u r a t e d  a m m o n iu m  c h lo r id e  s o lu 
t io n .  T h e  o rg a n ic  la y e r  w a s  s e p a r a t e d ; t h e  a q u e o u s  p h a s e  w a s  
e x t r a c t e d  w i th  e th e r .  T h e  c o m b in e d  o rg a n ic  l a y e r  a n d  e th e r  
w a s h in g s  w e re  d r ie d  o v e r  a n h y d r o u s  s o d iu m  s u l f a te .  F r a c 
t i o n a l  d is t i l l a t io n  g a v e  51  g . ( 4 8 .5 % )  o f b i s ( t r im e th y ls i ly l -  
m e th y l ) m e r c u r y ,  b .p .  4 9 - 5 0 °  a t  0 .3 5  m m ., n 2D5 1 .4 8 6 9 .

Anal. C a lc d . fo r  C 8H 22S i2H g :  C ,  2 5 .6 2 ; H ,  5 .9 1 ;  H g ,
5 3 .4 9 . F o u n d :  C , 2 5 .8 9 ; H ,  6 .0 4 ;  H g ,  5 3 .4 3 .

(2 )  Tetrakis(trimethylsilylmethyl)lead. T o  t h e  v ig o ro u s ly  
s t i r r e d  s o lu t io n  o f  ca. 0 .6  m o le  o f  t r im e th y ls i ly lm e th y lm a g -  
n c s iu m  c h lo r id e  in  4 5 0  m l. o f  t e t r a h y d r o f u r a n  a t  — 10° 
w a s  a d d e d  a  s u s p e n s io n  o f  8 3 .5  g. (0 .3  m o le )  o f l e a d  d ic h lo 
r id e  in  t e t r a h y d r o f u r a n .  T h e  m ix tu r e  b e c a m e  d e e p  r e d -  
b r o w n  im m e d ia te ly .  I n  o r d e r  t o  e f fe c t t h e  c o m p le te  d is 
p r o p o r t i o n a t io n  o f t h e  d iv a l e n t  le a d  sp e c ie s  f o rm e d  in i t ia l ly ,  
t h e  s o lu t io n  w a s  h e a t e d  a t  re f lu x  fo r  5 h r .  u n t i l  t h e  r e a c t io n  
m ix tu r e  w a s  g r a y -g r e e n  in  c o lo r . T h e  m ix tu r e  w a s  c o o le d  to  
— 1 0 °  a n d  h y d r o ly z e d  w i t h  100  m l. o f  s a t u r a t e d  a m m o n iu m  
c h lo r id e  s o lu t io n .  T h e  m e ta l l ic  le a d  f o rm e d  in  t h e  r e a c t io n  
w a s  f i l te r e d  off, a n d  t h e  o rg a n ic  l a y e r  w a s  s e p a r a te d .  T h e  
d r ie d  o rg a n ic  p h a s e  w a s  f r a c t io n a l ly  d is t i l le d  t o  g iv e  c o lo r 
le ss  l iq u id  w h ic h  b e c a m e  tu r b id  o n  s ta n d in g .  F i l t r a t i o n  a n d  
a  s e c o n d  d is t i l l a t io n  g a v e  31 g. ( 3 7 % )  o f t e t r a k i s ( t r i m e t h y l -  
s i ly lm e th y l ) le a d ,  b .p .  1 0 4 -1 0 5 °  a t  0 .0 1  m m .

Anal. C a lc d . fo r  C i6H 44S i4P b :  C , 3 4 .5 7 ;  H ,  7 .9 7 . F o u n d :  
C , 3 4 .1 4 ; H ,  7 .8 6 .

( 3 )  Trimethylsilymethyldichlorophosphine. ( a )  Attempted 
preparation via the mercurial. A  s o lu t io n  o f 90  g . (0 .6 5  m o le )  
o f  f re s h ly  d is t i l le d  p h o s p h o r o u s  t r ic h lo r id e  in  10 0  m l. o f  
h e x a n e  w a s  h e a t e d  a t  re f lu x  w h ile  50  g. (0 .1 3  m o le )  o f  b is -  
( t r im e th y l s i l y lm e th y l ) m e r c u r y  w a s  a d d e d  s lo w ly . T h e  r e 
s u l t in g  s o lu t io n  w a s  h e a t e d  fo r  12 h r .  a t  re f lu x . S in c e  n o  
r e a c t io n  a p p e a r e d  t o  h a v e  o c c u r re d , t h e  h e x a n e  a n d  t h e  
p h o s p h o r u s  t r ic h lo r id e  w e re  d is t i l le d  off, a n d  90  g . o f  f re s h  
p h o s p h o r u s  t r ic h lo r id e  w a s  a d d e d  to  t h e  r e s id u e .  T h is  
m ix tu re  w a s  h e a t e d  a t  re f lu x  f o r  12  h r .  D is t i l l a t io n  le d  t o  a  
9 6 %  r e c o v e r y  o f t h e  m e r c u r ia l .

( b )  Preparation via the lead derivative. A  m ix tu r e  o f 3 9  
g .  ( 0 .7  m o le )  o f  t e t , r a k i s ( t r im e th y ls i ly lm e th y l ) le a d  a n d  4 8 0  g. 
( 3 .5  m o le s )  o f p h o s p h o r u s  t r ic h lo r id e  w a s  h e a t e d  a t  re f lu x  
f o r  16 h r .  D u r in g  t h i s  t im e  w h i te  n e e d le s  p r e c ip i t a te d .  
A f te r  f i l t r a t i o n  o f  t h e  r e a c t io n  m ix tu r e ,  t h e  e x c e ss  o f  
p h o s p h o r u s  t r ic h lo r id e  w a s  d is t i l le d  f ro m  t h e  f i l t r a te ;  
f r a c t i o n a l  d i s t i l l a t io n  o f  t h e  r e s id u e  g a v e  o n ly  2 .2  g . of 
t r im e th y ls i ly lm e th y ld ic h lo r o p h o s p h in e .  T h e  f i l te r e d  so lid  
w a s  w a s h e d  w i th  h e x a n e  a n d  s u b l im e d  a t  1 m m . ( b a t h  
t e m p e r a tu r e  2 2 5 ° )  t o  g iv e  1 9 .5  g. ( 5 5 % )  o f t r i s ( t r im c th y l -

(5 )  A n a ly s e s  w e re  p e r fo r m e d  b y  t h e  S c h w a rz k o p f  M ic ro -  
a n a ly t ic a l  L a b o r a to r y ,  W o o d s id e , N .  Y . A ll r e a c t io n s  
w o re  c a r r ie d  o u t  u n d e r  a n  a tm o s p h e r e  o f  p r e p u r i f ie d  n i t r o 
g e n .

s i ly lm e th y l ) le a d  c h lo r id e ;  m .p .  2 1 4 - 2 1 6 °  a f t e r  tw o  s u b l im a 
t io n s .

Anal. C a lc d . fo r  C i2H 33S i3P b C l :  C , 2 8 .6 ; H ,  6 .6 0 ; C l, 7 .0 4 . 
F o u n d :  C , 2 8 .3 8 ; H ,  6 .7 9 ;  C l, 6 .7 5 .

( c )  Preparation by the Grignard method. T h e  G r ig n a rd  
r e a g e n t  p r e p a r e d  f ro m  0 .6  g .- a to m  o f  m a g n e s iu m  tu r n in g s  
a n d  0 .6  m o le  o f c h lo r o m e th y l t r im e th y ls i l a n e  in  4 5 0  m l. of 
d i e th y l  e th e r  w a s  f i l te r e d  th r o u g h  g la s s  w o o l a n d  a d d e d , 
w i th  s t i r r in g ,  t o  a  s o lu t io n  o f 6 8 .5  g . (0 .6  m o le )  o f p h o s p h o r u s  
t r ic h lo r id e  in  3 0 0  m l. o f e th e r  a t  — 1 0 ° . T h e  in it ia l ly ,  w h i te  
s o lid  f o rm e d  tu r n e d  d e e p  y e llo w  a s  t h e  r e a c t io n  p ro g re s s e d . 
T h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a tu r e  fo r  
1 h r .  T h e  s o lu t io n  w a s  c o o le d , a n d  a n h y d r o u s  h y d r o g e n  
c h lo r id e  w a s  b u b b le d  in to  i t  f o r  0 .5  h r .  (O m is s io n  o f  th i s  
s t e p  r e s u l te d  in  v e r y  lo w  y ie ld s  o f p r o d u c t ;  p o s s ib ly  d e s t r u c 
t io n  o f a  s o l id  ( C H 3)3S iC H 2P C l 2- M g C l2 c o m p le x  is  in v o lv e d  
in  t h e  h y d r o g e n  c h lo r id e  t r e a t m e n t ) .  T h e  m ix tu r e  w a s  
f i lte r e d , a n d  t h e  s a l t s  w e re  w a s h e d  th o r o u g h ly  w i th  e th e r .  
D is t i l l a t io n  o f  t h e  e th e r  s o lu t io n  g a v e  49  g . ( 4 3 % )  o f  t r i -  
m e th y ls i ly lm e th y ld ic h lo ro p h o s p h in e ,  b .p .  5 0 °  a t  1 .5  m m ., 
a  l iq u id  t h a t  f u m e d  w h e n  e x p o s e d  to  m o is t  a i r .

Anal. C a lc d . fo r  C 4H n C l2P S i :  C , 2 5 .4 1 ;  H , 5 .8 5 . F o u n d :  
C , 2 5 .7 5 ; H , 6 .1 5 .

(4 )  Chlorination of trimethylsilylmethyldichlorophosphine. 
A  s o lu t io n  o f  4 7  g . (0 .2 5  m o le )  o f t r im e th y ls i ly lm e th y ld i -  
c h lo r o p h o s p h in e  in  100  m l. o f  1 ,1 ,2 ,2 - te t r a c h lo r o e th a n e  
w a s  c o o le d  to  — 2 0 °  a n d  p r o t e c t e d  f ro m  t h e  l ig h t .  T h e  s lo w  
a d d i t io n  o f  a  s o lu t io n  o f 0 .5  m o le  o f  c h lo r in e  in  t h e  s a m e  
s o lv e n t  w a s  c a r r ie d  o u t  in  a n  a tm o s p h e r e  o f  n i t ro g e n .  A  
p a le  y e llo w  so lid  p r e c ip i t a t e d  (2 4  g .) . T h e  m ix tu r e  w a s  
f i l te r e d  u n d e r  n i t ro g e n .  F r a c t io n a l  d is t i l l a t io n  g a v e  2 2  g . 
( 8 1 % )  o f  t r im e th y lc h lo r o s i la n e ,  b .p .  5 5 - 5 6 ° ,  n 2D5 1 .3 8 5 5  
( D o w  C o r n in g  C o r p .  p u r e s t  g r a d e  t r im e th y lc h lo r o s i l a n e :  
n 2Da 1 .3 8 6 0 ), f u r t h e r  id e n t i f ie d  b y  i t s  in f r a r e d  s p e c t r u m  a n d  
t h e  in f r a r e d  s p e c t r u m  of i t s  h y d r o ly s is  p ro d u c e , h e x a m e th y l -  
d is i lo x a n e .

T w o  g ra m s  o f  t h e  s o lid  f o rm e d  d u r in g  t h e  c h lo r in a t io n  
r e a c t io n  w a s  a d d e d  in  p o r t io n s  t o  15 m l.  o f  ic e -c o ld  w a te r ;  
a  v ig o ro u s  r e a c t io n  w a s  a p p a r e n t .  T h e  r e s u l t in g  s o lu t io n  w a s  
t r e a t e d  w i th  d e c o lo r iz in g  c h a r c o a l  a n d  f i l te r e d . E v a p o r a t io n  
o f  t h e  f i l t r a t e  a t  r e d u c e d  p r e s s u re  g a v e  a  n o n c r y s ta l l iz a b le  
o il. T h is  w a s  d i lu te d  w i th  5  m l. o f  w a te r .  T h e  a c id ic  s o lu t io n  
w a s  n e u t r a l i z e d  to  p H  6  w i th  a q u e o u s  a m m o n ia  a n d  t r e a t e d  
w i th  b a r iu m  c h lo r id e  s o lu t io n .  T h e  r e s u l t i n g  c r y s ta l l in e  
b a r iu m  s a l t  w a s  w a s h e d  w e ll w i th  h o t  w a te r  a n d  d r ie d .

Anal. C a lc d . f o r  C lC H 2P 0 3B a :  C , 4 .5 ;  H ,  0 .7 5 . F o u n d :  
C , 0 .4 9 ;  H ,  0 .5 5 .

T r e a t m e n t  o f a n  a q u e o u s  s o lu t io n  o f  t h e  h y d r o ly s i s  p r o d 
u c t  o f t h e  s o lid  c h lo r in a t io n  p r o d u c t  w i th  a n i l in e  c a u s e d  
p r e c ip i t a t i o n  o f  a n  a n i l in iu m  s a l t ,  m .p .  1 8 3 -1 8 4 °  a f t e r  
r e c r y s ta l l i z a t io n  f ro m  a b s o lu te  a lc o h o l .  T h is  w a s  n o t  
t h e  a n i l in iu m  s a l t  o f  c h lo r o m e th y lp h o s p h o n ic  a c id , m .p . 
1 9 8 -1 9 9 ° , r a t h e r  t h e  m o n o a n i l in iu m  s a l t  of p h o s p h o r ic  
a c id .

Anal. C a lc d . f o r  C 6H 10O 4N P :  C , 3 7 .8 ;  H ,  5 .2 5 : N ,  7 .3 2 . 
F o u n d :  C , 3 7 .7 3 ; H ,  5 .1 2 ; N ,  7 .4 6 .

A  m ix tu r e  o f t h e  a n i l in iu m  s a l t s  p r e p a r e d  f ro m  ‘ h e  c h lo r i
n a t io n  p r o d u c t  a n d  f ro m  p h o s p h o r ic  a c id  d id  n o t  h a v e  a  
d e p re s s e d  m e l t in g  p o in t .

T h e  r e a c t io n  o f t r im e th y ls i ly lm e th y ld ic h lo r o p h o s p h in e  
w i th  c h lo r in e  in  1 :1  m o la r  r a t i o  a ls o  a p p e a r e d  t o  r e s u l t  in  
c le a v a g e , s in c e  i n s te a d  o f  t r im e th y l s i l y lm e th y l t e t r a c h lo r o -  
p h o s p h o r a n e  ( 1 8 .5 %  C  a n d  4 .2 3 %  Id ) , s o lid s  c o n ta in in g
8 - 9 .5 %  C  a n d  2 .2 - 2 .5 %  H  w e re  o b ta in e d .
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The synthesis of spirodi-o-xylylene (I) was re
ported in a previous publication.1 The compound 
undergoes reaction by either free radical1’2 or 
cationic mechanisms.3 In both reaction sequences, 
however, addition of the attacking moiety occurs 
at the exo-methylene group to produce an unstable 
spiro intermediate (II) which undergoes aromatiza- 
tion affording a linear di-o-xylyl intermediate
(III), the fate of which is determined by the choice 
of experimental conditions.

Thus, homopolymer or copolymers, and mono- 
functional or difunctional derivatives, of di-o- 
xylylene were prepared selectively by reaction with 
the appropriate reagents.1-3 When reaction was 
carried out cationically, the di-o-xylyl cation inter
mediate (III) underwent intramolecular or inter- 
molecular aromatic substitution by proper control 
of the reaction conditions.3

The structure of spirodi-o-xylylene suggests 
that it might be possible to effect Diels-Alder 
addition across the conjugated endo-diene system4 
despite the ease with which ring opening to di-o- 
xylylene occurs. In this respect, maleic anhydride 
appeared to be an interesting dienophile, as it is 
known that it is capable of undergoing Diels- 
Alder addition4 as well as copolymerization5 to give; 
high molecular weight products.

When spirodi-o-xylylene was added at room 
temperature to maleic anhydride in benzene an 
exothermic reaction occurred and the product was 
isolated subsequently as the free acid in the form of 
a gummy mass that slowly solidified to a friable 
solid. Copolymer was not isolated and all of the 
reaction product appeared to be Diels-Alder adduct,

( 1) L . A . K r re d e , .7. Am. Chem. Soc., 8 3 , 9 49  (1 9 6 1 ).
(2 ) L . A . E r r e d e ,  J. Polymer Sci., in  p re s s .
('■’>) L . A . E r r e d e ,  , / .  Am. Chem. Soc., 8 3 , 9 59  (1 9 6 1 ).
(4 ) M .  C . K lo e tz e l ,  Org. Reactions, 4 ,  1 ( 1 9 4 8 ) ;  H . I . .  

H o lm e s , Org. Reactions, 4 ,  60  (1 9 4 8 ) :  L . W . H u tz ,  Org. 
Reiclions, 5 ,  2 5 3  (1 9 5 0 ).

(5 ) M . C . d e W ild o  a n d  G . S m c ts .  J. Polymer Sci.. 5 , 
253  (1 9 5 0 ).

C H ,

IV, as shown in Fig. 1. The compound was 
identified by its elemental analysis, molecular 
weight, neutral, equivalent, infrared spectrum, 
and NMR spectrum (Table I). Samples of the di- 
carboxylic acid (V) were reconverted to the an
hydride (IV) by vacuum sublimation or by pro
longed heating at 80°. The dicarboxylic acid and 
the corresponding anhydride were converted to the 
dimethyl ester by reaction at reflux temperature in 
methanol containing a trace amount of sulfuric 
acid. The assigned structures for these derivatives 
were verified by their respective infrared and NMR 
spectra (Table I). These results demonstrated that 
reaction occurred in every case with retention of the 
spiro configuration as shown in Fig. 1.

o

Spirodi-o-xylylene was allowed to react at room 
temperature with dimethyl acetylenedicarboxylate, 
and again the corresponding Diels-Alder adduct
(VII) was obtained in good yield. The spiro con
figuration was retained when compound VII was 
reduced with hydrogen in the presence of Raney 
nickel. Only two of the three possible hydrogen 
equivalents were taken up as a result of the reduc
tion. The infrared spectra and NMR data (Table I) 
indicate that the e.ro-CH2=  was converted to CIR 
and that the residual double bond was conjugated 
with the ester carbonyl groups. Similarly, the 
spiro configuration was also retained intact when 
spirodi-o-xylylufc (I) was hydrogenated in the 
presence of Raney Nickel to afford spiro [A5]-2,3- 
benz-ü-methylcyclane (IX).1
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T A B L E  I

N u c l e a r  M a g n e t i c  R e s o n a n c e  D a t a 13 f o r  S p i r o d i - o- x y l y l e n e  a n d  
S o m e  o f  I t s  D i e l s - A l d e r  A d d u c t s

C o m 
p o u n d D a b c d e f g h i H  A to m s  on  D

I N o n e 5 .0 7 8 .1 7 .2 3 . 0 7 . 2 4 . 2 4 .2 4 . 2 4 . 2

IV

„ ■ + > • +

4 .9 7
5 .2 7

8 . 3 7 .2 2 .9 7 6 .4 7 7 . 2 3 .6 8 3 .6 8 6 .7 7
7 .0 2

7 . 2C fo r  
H  

1
C — C = 0

V I
h - > — f * *  

f \  A
O p  o  o  

c h 3 'd m

5 .0 7
5 .3 8

8 . 3 7 . 2 3 .0 0 7 . 2 7 .2 3 . 8 3 . 8 7 . 2 6 .3 4  +  6 .6 0  fo r  
C H sO ; 7 . 2  fo r  
H

!
c — c = o

V II
> = <o = c  c = o

/ °  °7
CH3 CH3

4 .9 3
5 .3 2

8 .3 7 .3 2 .9 8 7 .3 5 . 6 3 .5 3 . 5 5 . 6 6 .2 8  +  6 .4 4  fo r  
C H äO

V i l i

o=c ^ c = o  
xo  o (®)

CH;j CH;>

9 . 1 7 “ 8 .3 7 .2 3 .0 6 7 .2 7 .2 8 . 3 “ 8 . 3 “ 7 . 2 6 .2 5  +  6 .4 1  fo r  
C H sO

X  
or
X I

\  /  
N— 0

C F s

4 .9 0
5 .1 6

8 . 2 7 .3 2 .9 6 7 .3 6 .1 3 .5 3 .4 9 6 .1

a A z o -d o u b le  b o n d  a t  “ a ”  a n d  d o u b le  b o n d  a t  h -g  c o n v e r te d  t o  t h e  c o r r e s p o n d in g  s a t u r a t e d  b o n d s  b y  h y d r o g e n a t io n .

pending upon the experimental conditions and the 
choice of comonomer. Thus, nitrosobenzene reacts 
with butadienes6-9 to afford the corresponding Diels- 
Alder adduct, but it copolymerizes with p-xylylene 
to afford high molecular weight polymer.10 Simi
larly, it was reported that nitrosotrifluoromethane 
reacts readily with tetrafluoroethylene to give 
selectively either high molecular weight copolymer11 
or perfluoromethyloxazetidine12:

C F 3N O  +  C F 2= C F 2

C F ;

C F ;

- c f .
Ï F'

- N - 0

C F ,
I I

0 ------ N — C F ,

F ig u r e  2

It is known that nitrosobenzene can undergo 
Diels-Alder addition6-9 or copolymerization6 7 9 10 de-

Neither a copolymer nor an oxazetidine was ob
tained, however, when spirodi-o-xylylene was 
caused to react at room temperature with nitroso-

(6 )  O . W ic h te r le  a n d  M . K o l in s k y ,  Chem. List.y, 4 7 , 178 7  
(1 9 5 3 ) ; Chem. Ahstr., 4 7 , 4 3 4 2  (1 9 5 3 ) .

(7 ) S . K o j im a ,  J. Chem. Soc. Japan (Ind. Chem. Section), 
5 7 , 371  a n d  81 9  (1 9 5 4 ) ;  Chem. Abstr* 4 9 , 1 0 9 6 6 f (19 5 5 1 ; 
Chem. Abstr. 50  , 4 9 0 3 a  (1 9 5 6 ) .

(81 Y . A . A r b u z o v  a n d  T .  A . P i s h a ,  Doklady Akad. Nauk., 
116 . 71 ( 1 9 5 7 ) :  Chem. Abstr., 5 2 , 6357^1 (1 9 5 8 ).

(9 ) Y . A . A r b u z o v  a n d  T .  A . P i s h a ,  Proc. Acad. Sci.
U.S.S.R., 116 , 8 1 7  (1 9 5 8 ).

(1 0 ) L . A . E r r e d e  a n d  J .  M . H o y t ,  J. Am Chem. Soc., 8 2 , 
4 3 6  (1 9 6 0 ).

(1 1 ) G . H .  C r a w f o rd ,  D . E .  R ic e , a n d  J .  C . M o n te rm o s o ,  
A b s t r a c t  o f  P a p e r s  p r e s e n te d  a t  1 3 7 th  M e e t in g ,  A m e r ic a n  
C h e m ic a l  S o c ie ty ,  p .  7 L  (1 9 6 0 ).

(121 1). A . B a i r  a n d  R .  N .  H a s z e ld in e , J. Chem. Soc. 
1881 (1 9 5 5 ),
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trifluoromethane. Instead, the corresponding Diels- 
Alder adduct was obtained in good yield. This 
adduct is a white crystalline compound that melts at
142.5-143.0°. Its infrared and NMR spectra veri
fied that Diels-Alder addition had occurred across 
the endo-diene system but it was not possible to 
differentiate between X or XI as the correct struc
ture for the reaction product.

C H ,

Furthermore, addition of a dienophile to the 
conjugate endo-diene system of spirodi-o-xylylene 
can occur either endo or exo to the methylene bridge. 
The NMR data and the sharpness of the melting 
point of the reaction products suggest that pre
dominantly one form may have been produced. 
These problems of stereoisomerism have not as yet 
been resolved.

EXPERIMENTAL

Maleic anhydride adduct ( I V )  and its dimethyl cater ( V I ) .  
S p iro d i-o -x y ly le n e  ( 8  g. c r u d e )  w a s  a d d e d  t o  ro o m  te m p e r a 
tu r e  t o  m a le ic  a n h y d r id e  ( 8  g .)  d is s o lv e d  in  b e n z e n e  ( a b o u t  
20  c c .) . T h e  r e a c t io n  w a s  s l ig h t ly  e x o th e r m ic  a n d  th e  
t e m p e r a tu r e  in c re a s e d  f ro m  ro o m  t e m p e r a tu r e  t o  a b o u t  4 0 ° . 
T h e  s o lu t io n  w a s  c o o le d  t o  ro o m  t e m p e r a tu r e  a n d  th e n  e x 
t r a c t e d  w i th  d i lu te  a q u e o u s  s o d iu m  h y d r o x id e .  T h e  a q u e o u s  
a lk a l in e  e x t r a c t  w a s  a c id if ie d  w i th  d i lu te  h y d r o c h lo r ic  a c id  
a n d  a  w h i te  t a c k y  p r o d u c t  p r e c ip i t a t e d  f ro m  s o lu t io n .  
T h is  w a s  r e d is s o lv e d  in  d i lu te  b a s e  a n d  a g a in  a  t a c k y  p r o d u c t  
w a s  o b ta in e d  o n  a c id if ic a t io n . T h e  m a te r ia l  s lo w ly  s o lid if ie d  
t o  a  f r ia b le  s o lid  (5 .6  g ., m .p .  7 0 - 8 5 ° ) .  I t s  in f r a r e d  s p e c t r u m  
in d ic a te d  th e  p re s e n c e  o f o -x y le n e  ( b a n d s  a t  6 .3 1 , 5 .5 8 , 
a n d  1 3 .4 3  y ) ,  e x o -m e th y le n e  ( b a n d  a t  1 1 .2 2  y )  a n d  c a rb o x y lic  
a c id  g r o u p s  ( b r o a d  b a n d  a t  3 - 4  y,  b a n d  a t  5 .8 3 , b r o a d  a t
1 0 .5 -1 1  y ) .  I t s  n e u t r a l  e q u iv a l e n t  w a s  166  ( C a lc d .  fo r  
C 20H 20O 4 : 1 6 2 ) .  A  s m a ll  s a m p le  w a s  d e h y d r a t e d  b y  v a c u u m  
s u b l im a t io n  th e r e b y  c o n v e r t in g  t h e  f re e  a c id  g ro u p s  t o  th e  
a n h y d r id e  ( b a n d s  a t  5 .3 9 , 5 .6 5  y )  a s  i n d ic a te d  b y  i t s  in f r a r e d  
s p e c t r u m .  T h e  p r o d u c t  n o w  m e l te d  a t  9 5 - 9 7 ° .

Anal. C a lc d . f o r  CinHigCh: C , 7 8 .4 1 ; IT, 5 .8 9 ; m o l. w t .  
3 0 6 .3 6 . F o u n d :  C , 7 7 .7 ; H , 6 .1 ; m o l. w t .  3 0 7 .

T h e  N M K  d a t a 13 f o r  t h e  a n h y d r id e  ( T a b le  I )  s u p p o r t  
s t r u c t u r e  IV .

A  s a m p le  (1 g .)  o f t h e  p r o d u c t  m e l t in g  a t  7 0 - 8 5 °  w a s  d is 
s o lv e d  in  50  cc . m e th a n o l  t o  w h ic h  4  d r o p s  o f  s u lf u r ic  a c id  
w a s  a d d e d .  T h e  m ix tu r e  w a s  k e p t  a t  re f lu x  t e m p e r a tu r e  fo r  
2  d a y s .  T h e  ex cess  s o lv e n t  w a s  r e m o v e d  b y  e v a p o r a t io n  a t  
ro o m  t e m p e r a tu r e .  T h e  r e s id u e  w a s  d is s o lv e d  in  c a r b o n  t e t 
r a c h lo r id e , w a s h e d  w i th  w a te r ,  d r ie d , a n d  a g a in  e v a p o r a te d  
to  d r y n e s s  le a v in g  a n  a m b e r  o il a s  r e s id u e .

Anal. C a lc d . f o r  C 22H 240 4: C , 7 4 .9 7 ; H , 6 .8 7 ; m o l. w t .
3 5 2 .4 . F o u n d :  C , 7 4 .5 ;  H ,  7 .1 ; m o l. w t .  3 8 7 .

I t s  in f r a r e d  s p e c t r u m  ( n o  b r o a d  a b s o r p t io n  a t  3 - 4  y  fo r  
a c id  O H , s h a r p  b a n d s  a r o u n d  3 .4 2  y  f o r  C H ;  5 .7 5  y  fo r  e s te r

(1 3 ) T h e  N M R  d a t a  r e fe r  t o  r  v a lu e s  a s  d e s c r ib e d  b y  
G . V . D . T ie rs ,  J. Phys. Chem., 62, 1151 (1 9 5 8 ).

C = 0 ;  6 .3 3 , 6 .6 6 , 1 3 .8 8  y  fo r  o -x y le n c  s t r u c t u r e ,  6 .0 8  y  
f o r  C = C ;  1 1 .2 8  y  fo r  c x o -m c th y le n e )  is  c o n s i s te n t  w i th  
c o m p o u n d  V I .  T h e  N M R , d a t a  ( T a b le  I )  a r e  c o n s i s te n t  w i th  
th e  a n t i c ip a t e d  d im e th y l  e s te r  d e r iv a t iv e  o f t h e  D ie ls -A ld e r  
a d d u c t  o f m a le ic  a n h y d r id e  a n d  s p iro d i-o -x y ly le n e  ( V I ) .

Dimethyl acetylene dicarboxylate adduct ( V I I ) .  C r u d e  
s p iro d i-o -x y ly le n e  ( 6  g .)  d is s o lv e d  in  d im e th y l  a c e ty le n e -  
d ic a r b o x y la te  ( 1 0  g .)  w a s  a llo w e d  to  r e a c t  a t  ro o m  t e m p e r a 
t u r e  fo r  2 d a y s  a n d  th e n  s e p a r a te d  b y  d i s t i l l a t io n  a t  0 .1 7  
m m . in to  f o u r  f r a c t io n s :  (1 )  5 .0  g ., b .p .  4 0 - 4 3 ° ,  ( 2 )  1 .5  g ., 
b .p .  1 1 0 -1 1 5 ° , (3 )  4 .5  g ., b .p .  1 8 2 -1 9 5 ° , ( 4 )  1 .5  g. r e s id u e , 
b .p .  1 8 5 ° . F r a c t io n  (1 )  w a s  id e n t i f ie d  a s  s t a r t i n g  m a te r ia l  
b y  i t s  in f r a r e d  s p e c t r u m . F r a c t io n  ( 2 )  w a s  a  m ix tu r e  o f  c y c lo -  
d i-o -x y ly le n e  ( m .p .  1 1 2 .0 -1 1 2 .5 ° )  a n d  b is ( o - m e th y lb e n z y l ) -  
e t h e r  ( m .p . 4 5 - 5 0 )  a ls o  id e n t i f ie d  b y  in f r a r e d  a n a ly s e s .  
F r a c t io n  (3 )  w a s  c r y s ta l l iz e d  f ro m  m e th a n o l  a n d  th e n  f ro m  
h e p ta n e  t o  a f fo rd  t h e  D ie ls -A ld e r  a d d u c t  ( V I I )  in  t h e  fo rm  
of f in e  w h i te  n e e d le s  (m .p .  1 2 3 -1 2 4 ° ) .

Anal. C a lc d . fo r  C 22H 22O 4: C , 7 5 .4 0 ; I I ,  6 .3 3 ; m o l. w t .
3 5 0 .4 . F o u n d :  C , 7 5 .1 ;  H ,  6 .2 ; m o l. w t .  365 .

I t s  in f r a r e d  s p e c t r u m  ( b a n d s  a t  5 .7 8 , 5 .8 7  y  f o r  e s te r  
C = 0 ;  6 .1 2  y  f o r  C = C ;  11 .23  y  fo r  e x o -m e th y le n e  a n d  
6 .6 2 , 6 .7 0 , 1 3 .3 7  y  fo r  o -x y le n e  g r o u p )  is c o n s i s te n t  w i th  
c o m p o u n d  V I I .  I t s  N M R  s p e c t r u m  d a t a  ( T a b le  I )  a ls o  v e r i 
f ied  t h a t  t h e  c o m p o u n d  w a s  th e  a n t i c ip a t e d  D ie ls -A ld e r  
a d d u c t  ( V I I ) .

Hydrogenation of compound V I I .  T h e  D ie ls -A ld e r  a d d u c t  
( V I I ,  m .p .  1 2 3 - 1 2 4 ° )  o b ta in e d  via r e a c t io n  o f  d im e th y l  
a c c ty le n c c a r b o x y la te  w i th  s p iro d i-o -x y ly le n e  w a s  d is s o lv e d  
in  b e n z e n e  a n d  th e n  h y d r o g e n a te d  in  a n  A m in c o  B o m b  
a t  ro o m  t e m p e r a tu r e  u s in g  m o le c u la r  h y d r o g e n  a t  67  a tm .  
a n d  R a n e y  N ic k e l  c a t a ly s t .  A b o u t  2  m o la r  e q u iv a le n t s  o f 
h y d r o g e n  w e re  c o n s u m e d  a s  in d ic a te d  b y  t h e  d r o p  in  p r e s 
s u r e .  T h e  p r o d u c t  w a s  p u r if ie d  b y  d is t i l l a t io n  a t  0 .1 4  m m . 
p r e s s u r e  ( b .p .  1 5 0 -1 6 0 ° ) .

Anal. C a lc d . f o r  C 22H 26O 4: C , 7 4 .5 5 ; I I ,  7 .3 9 ; m o l. w t .  
3 5 4 . F o u n d :  C , 7 4 .7 ; H ,  7 .4 ; m o l. w t .  360 .

I t s  in f r a r e d  s p e c t r u m  v e r if ie d  th e  f o r m a t io n  o f a  CH 3 

g ro u p , a s  in d ic a te d  b y  t h e  a p p e a r a n c e  o f a  b a n d  a t  7 .3 6  y  
a n d  th e  c o r r e s p o n d in g  la r g e  d e c re a s e  o f  t h e  e x o -m e th y le n e  
b a n d  a t  11 .23  y.  A b s o rp t io n  b a n d s  a s s o c ia te d  w i th  t h e  d i-  
s u b s t i t u t e d  d im e th y l  m a le a te  g r o u p  (5 .8 2 , 6 .1 0  y )  w e re  s t i l l  
p r e s e n t .  T h e  N M R  d a t a  ( r  v a lu e s :  3 .0 6 , 6 .2 5 , 6 .4 1 , 7 .2 , 
8 .3 2 , 9 .1 7 )  a n d  t h e  in f r a r e d  s p e c t r u m  a r e  c o n s i s t e n t  w i th  
s t r u c t u r e  V I I I .

CFiNO Diels-Alder adduct X  or X I .  S p i ro d i-o -x y ly le n e  
(5  g .)  a n d  n i t r o s o t r i f lu o r o m e th a n e  (1 .7  g .)  w e re  s e a le d  a t  
— 7 8 °  in  a  2 5 -cc . e v a c u a te d  a m p o u le .  T h e  m ix tu r e  w a s  
a l lo w e d  t o  r e a c t  h e te r o g e n e o u s ly  a t  ro o m  t e m p e r a t u r e  w i th  
c o n t in u o u s  r o c k in g  fo r  3 d a y s . D u r in g  th i s  t im e  t h e  c h a r a c 
te r i s t i c  b lu e  c o lo r  a s s o c ia te d  w i th  n i t r o s o t r i f lu o r o m e th a n e  
d i s a p p e a r e d  c o m p le te ly  f ro m  th e  g a s  p h a s e .  T h e  r e a c t io n  
m ix tu r e  w a s  d is s o lv e d  in  h e p ta n e  a n d  t h e n  c h i l le d  t o  — 7 8 °. 
A  w h i te  s o lid  p r e c ip i t a t e d  f ro m  s o lu t io n .  T h e  p r e c ip i t a t e  
(1 .3  g ., m .p .  1 3 0 - 1 4 0 ° )  w a s  p u r i f ie d  b y  r e c r y s ta l l i z a t io n  
f ro m  a  m e th a n o l  w a te r  s o lu t io n  to  a f fo rd  t h e  a d d u c t  in  th e  
fo rm  of w h i te  n e e d le s  (m .p .  1 4 2 .5 -1 4 3 .0 ° ) .

Anal. C a lc d . f o r  C n H ^ O N F ;,:  C , 6 6 .4 6 ; N , 4 .5 6 ; F ,  1 8 .5 5 ; 
m o l. w t .  3 0 7 . F o u n d :  C , 6 6 .7 ; N ,  4 .3 8 ; F ,  1 8 .4 ; m o l. w t .  3 1 1 .

I t s  in f r a r e d  s p e c t r u m  ( b a n d s  a t  11 .13  y  fo r  e x o -m e th y le n e ;  
b a n d s  6 .2 5 , 6 .3 3 , 6 .6 9  y  a n d  in  t h e  r e g io n  1 3 .1 -1 3 .3 5  y  
f o r  o -x y le n e  g r o u p ;  s t r o n g  a b s o r p t io n  8 .0 - 8 .8  y  f o r  n i t r o 
s o t r i f lu o r o m e th a n e )  a n d  i t s  N M R  d a t a  ( T a b le  I )  a r e  c o n 
s i s t e n t  w i th  s t r u c t u r e s  X  o r  X I .
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G. V. D. Tiers for interpretation of the nuclear 
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for interpretation of the infrared spectra and to the 
Analytical Section of Minnesota Mining and 
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Ring-Expansion of Pyrrole 

and Indole
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Received January 20, 1961

The formation of halogen-substituted ring- 
expansion products in the Reimer-Tiemann reaction 
of pyrrole and indole with haloforms is well known.1 
There can be little doubt that these reactions 
involve the intermediate formation of dihalocar- 
benes2 which are known to be generated from halo- 
forms in basic reaction media.3

Electrophilic addition of the carbene to the 
double bond of the heterocycle may lead to a hy
pothetical bicyclic intermediate which can rear
range with loss of halide ion to form the halogenated 
six-membered aromatic system. Methylene halides 
are known to be unreactive under Reimer-Tiemann 
conditions, the only exception being methylene io
dide which produces traces of pyridine on reaction 
with pyrrole and sodium ethoxide.4 This observation 
is readily understood in terms of a carbene mech
anism, since much a stronger base than aqueous 
alkali hydroxide is required to effect a-elimination 
from methylene halides Recent work in this labo
ratory has shown that chlorocarbene can be gener
ated via a-elimination from methylene chloride when 
such strong bases as alkyllithium compounds are 
employed.5 It was of interest to investigate the re
action of this carbene with pyrrole and indole, ring 
expansion of which would lead to pyridine (se
quence 1) and quinoline, respectively.

C H a L i +  C H ,C 1 2 — *  :C H C 1  + c h 4 + L iC l

H

Ll J
N

+  :C H C 1  — -

P

" C 1 + ____ »

(1)
1
L i

1
L i Û +

T T
L iC I

When a solution of metkyllithium in diethyl 
ether was slowly added to a solution of pyrrole in

(1 )  H .  W y n b e r g ,  Chem. Revs. 6 0 , 16 9  (1 9 6 0 ).
(2 )  J .  H in e  a n d  J .  M . V a n  D e r  V e e n , J. Am. Chem. Soc., 

8 1 , 6 4 4 6  (1 9 5 9 ).
(3 )  J .  H in e ,  J. Am. Chem. Soc., 7 2 , 2 4 3 8  ( 1 9 5 0 ) .
( 4 )  M . D e n n s t e d t  a n d  J .  Z im m e r m a n ,  Ber., 1 8 , 3 3 1 6  

( 1 8 8 5 ) ;  G . L . C ia m ic ia n ,  Ber., 3 7 , 420 1  (1 9 0 4 ) ;  E .  R .  
A le x a n d e r ,  A . B .  H e r r ic k ,  a n d  J .  M . R o d e r ,  J. Am. Chem. 
Soc., 7 2 , 2 7 6 0 ( 1 9 5 0 ) .

( 5 )  G . L . C lo s s  a n d  L . E .  C lo s s , J. Am. Chem. Soc., 8 2 , 
5 7 2 3  (1 9 6 0 ) .

methylene chloride, 32% of pyridine was isolated 
from the reaction mixture. Similarly, when indole 
was used as the substrate, quinoline was found in 
13% yield. Both reactions were accompanied by the 
formation of large amounts of polymers, and no 
other products could be identified. The absence of 
substitution products, which predominate in the 
Reimer-Tiemann reaction, is readily understood 
considering that chloromethylpyrrole and 3- 
chloromethylindole will not survive the reaction 
conditions. Instead, elimination of lithium chlo
ride can be expected to convert these compounds 
into polymeric materials (sequence 2).

L i

EX PER IM EN TA L

Reaction of pyrrole with methylene chloride and methyl- 
lithium. A  s o lu t io n  o f  m e th y l l i t h iu m  ( 0 .4  m o le )  in  d i e th y l  
e t h e r  (2 3 5  m l . )  w a s  a d d e d  w i th  v ig o ro u s  s t i r r in g  to  a  s o lu t io n  
o f  p y r r o le  (7 .0  g .;  0 .1 0 4  m o le )  in  m e th y le n e  c h lo r id e . T h e  
a d d i t io n  w a s  c a r r ie d  o u t  u n d e r  a  p r o t e c t iv e  a tm o s p h e r e  o f 
n i t ro g e n ,  a n d  t h e  t e m p e r a tu r e  w a s  m a in t a in e d  a t  2 5 ° . A f te r  
t h e  a d d i t io n  w a s  c o m p le te  (2  h r . )  t h e  r e a c t io n  m ix tu r e  w a s  
h y d r o ly z e d  w i t h  ic e  w a te r  a n d  t h e  p o ly m e r ic  m a te r i a l  r e 
m o v e d  b y  f i l t r a t io n  o v e r  c e llu lo se  p o w d e r .  T h e  s o lu t io n  
w a s  a c id if ie d  a n d  n o n b a s ic  m a te r i a l  w a s  e x t r a c t e d  w i th  
e th e r .  T h e  a q u e o u s  l a y e r  w a s  t h e n  m a d e  b a s ic , s a t u r a t e d  
w i th  p o ta s s iu m  c a r b o n a te  a n d  e x h a u s t iv e ly  e x t r a c t e d  w i th  
e th e r .  T h e  c o m b in e d  e th e r  e x t r a c t s  w e re  d r ie d  w i th  p o t a s 
s iu m  c a r b o n a te  a n d  t h e  s o lv e n t  w a s  d is t i l le d  off o v e r  a  V i-  
g re u x  c o lu m n . T h e  r e s id u e  w a s  d is t i l le d  o v e r  a  m ic ro  V ig re u x  
c o lu m n . P y r id in e  (2 .6 0  g . ;  0 .0 3 3  m o le ;  3 2 % )  w a s  c o l le c te d  
b e tw e e n  114  a n d  1 1 4 .5 °  a n d  w a s  id e n t i f ie d  t h r o u g h  i t s  in 
f r a r e d  s p e c t r u m  a n d  m ix e d  m e l t in g  p o i n t  o f  i t s  p i c r a t e  w i th  
a n  a u th e n t i c  s a m p le  ( m .p .  1 6 2 -1 6 3 ° ) .

A  s im i la r  r u n  in  w h ic h  t h e  r a t i o  o f  p y r r o le  t o  m e th y l l i th iu m  
w a s  1 :3  g a v e  2 4 %  o f  p y r id in e .

Reaction of indole with methylene chloride and methyllithium. 
A  s o lu t io n  o f  m e th y l l i t h iu m  (0 .4  m o le )  in  d i e th y l  e t h e r  (2 3 0  
m l .)  w a s  a d d e d  w i th  v ig o ro u s  s t i r r in g  to  a  s o lu t io n  o f  in d o le  
(1 2  g .;  0 .1  m o le )  in  m e th y le n e  c h lo r id e . T h e  a d d i t io n  w a s  
c a r r ie d  u n d e r  n i t r o g e n  a n d  t h e  t e m p e r a t u r e  w a s  h e ld  a t  25  
to  3 0 ° . A f te r  t h e  a d d i t io n  w a s  c o m p le te  (2  h r . )  t h e  r e a c t io n  
m ix tu r e  w a s  w o r k e d  u p  in  t h e  s a m e  m a n n e r  a s  d e s c r ib e d  fo r  
t h e  r e a c t io n  o f  p y r r o le  w i th  m e th y l l i t h iu m  a n d  m e th y le n e  
c h lo r id e . Q u in o l in e  (1 .7  g .;  0 .0 1 3  m o le ;  1 3 % )  w a s  id e n t i f ie d  
b y  i t s  in f r a r e d  s p e c t r u m  a n d  m ix e d  m e l t in g  p o in t  o f  i t s  p ic 
r a t e  w i th  a n  a u th e n t i c  s a m p le  ( 2 0 7 -2 0 9 ° ) .

Acknowledgment. We are indebted to the Re
search Corp. for granting a research fellowship to
G. M. Schwartz.
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C o m m u n i c a t i o n s  t o  t h e  e d i t o r

Synthesis of Certain Steroidal a-Cyano 

Ketones

Sir:
We wish to report the synthesis of certain steroid 

hormones substituted at C-2 or C-16 with the cyano 
group. These compounds were prepared from the 
corresponding 2- or 16-hydroxymethylene steroid 
derivatives by application of the method of 
Pomeroy and Craig,1 whereby an aldehyde is con
verted to a nitrile through reaction with 0 ,/V-bis- 
(trifluoroacetyl)hydroxylamine (I). Thus, treat
ment of 2-hydroxymethylenetestostero.ic2 with two 
equivalents3 of I for two hours in refluxing benzene 
containing pyridine afforded 7060 2«-cyanotes- 
tosterone trifluoroacetate [m.p. 212-217°; (o)D 
+  83.3°; 242 my (e 16,400)].4 Hydrolysis gave
2a-cyanotestosterone (64%) [m.p. 155-156°; (a)D 
+  119°; X,;„  242 my (e 15,600)].

H

In a similar manner, 2 a-cyanoprogesterone [m.p. 
193-195°; (a)D +  212°; X„,ax 242 my (e 16,300)], 
2 a-cyanodeoxy corticosterone [m.p. 183-184°; (a)D 
+  208°; X™* 242 my (e 15,280)], 2a-cyanohyd.ro- 
cortisone [m.p. 235-237°, (a)D +  172° (c 0.26 in 
methanol); X„,„ 243 rriju (e 14,330)], 2a-cyanocor- 
lisoneb [m.p. 246-247°; (a)D +194° (dioxane); 
Xmax 235 my (e  18,500)], and 2a-cyano-9a-fluoro-ll 
6,21-d.ihydroxy-l 6 a, 17 a-isopropylidenedioxy-4- 
pregnene-3,20-dione [m.p. 293-296°; (a)n +132° 
(acetone); Xma* 238 niju (e 17,300)] were prepared 
by the reaction of I with 2-hydroxymeth3dene-

( 1 )  J .  I t .  P o m e r o y  a n d  C . A . C ra ig , J. Am. Chem. Soc., 
8 1 , 634 0  (1 9 5 9 ).

(2 )  F .  L . W e is e n b o rn , D . C . R e m y , a n d  T .  L . J a c o b s ,  
J. Am. Chem. Soc., 7 6 , 55 2  (1 9 5 4 ).

( 3 )  I n  g e n e r a l  i t  w a s  f o u n d  t h a t ,  u n d e r  th e s e  c o n d it io n s ,  
I  w ill e f fe c t  t r i f lu o r o a c e t jd a t io n  o f  a c c e ss ib le  h y d r o x y  g ro u p s  
s u c h  a s  th e  17¡3 -h y d ro x y  g r o u p  in  t e s to s te r o n e  o r  t h e  21 - 
h v d r o x y  g ro u p  in  h y d r o c o r t i s o n e  2 0 - e th y le n e  k e ta l ,  b u t  w ill 
n o t  a t t a c k  th e  1 1 J-  o r  th e  1 7 a - h y d ro . \y  g ro u p s  o f  th e  l a t t e r  
c o m p o u n d .

(4 )  M .p . ,  c o r r e c te d ,  [ a ] D in  c h lo ro fo rm  u n le s s  s t a te d  
o th e r w is e ,  c a p p r o x . 0 .5  t o  1 .5 ; in f r a r e d  s p e c t r a  in  p o t a s 
s iu m  b r o m id e  d is k s  a n d  u l t r a v io l e t  s p e c t r a  in  m e th a n o l .  
C o m b u s t io n  a n a ly s is  v a lu e s  fo r  a l l  n e w  c o m p o u n d s  w e re  
s a t i s f a c to r y .

(5 )  P r e p a r e d  f ro m  2 a - c y a n o c o r t i s o n e  B M D . IT  c e n t ly  
J .  A . Z d e r ic  e t  a l. [C h e m . & I n d . ,  1625 ( I9 6 0 ) ]  r e p o r t e d  th e  
p r e p a r a t io n  o f 2 a - c y a n o c o r t i s o n e  B M I )  f ro m  2 -h y d ro x v -  
m e th y le n e c o r t i s o n e  B M D  via a lk a l in e  t r e a t m e n t  o f  th e  
B M D  d e r iv a t iv e  o f  4 - p ro g n e n e -[2 ,3 -d ] is o x a z o le -1 7 a ,2 1 -d io l-
1 1 ,2 0 -d io n e  [ ( B M D  =  1 7 a , 2 0 ; 20 , 21 ( b i s m e th y lc n e d io x y ) ] .

progesterone 20-ethylene ketal [m.p. 160-164°;
(a)D +42 4°], 2-hydroxymethylenedeoxycorticos- 
terone 20-ethylene ketal [m.p. 191-192°; fa]D 
+41.2°], 2-hydroxymethylenehydrocortisone 20- 
ethylene ketal [m.p. 233-236°; (a)D +47.1°],6 2- 
hydroxymethylene - 17a,20;20,21 -bismet.hylenedi- 
oxy-4-pregnene-3,ll-diones [m.p. 206-209° (a)i> 
+  9.2°] and 9a-fluoro-ll/3-hydroxy-2-hydrox,y- 
methylene-16 a, 17 a-isopropylidenedioxy-21-(tetra- 
hydropyran-2-yloxy)-4-pregnene-3,20-dione [m.p. 
125-128°; (a)n +68.5°], respectively, followed by 
acid-catalyzed hydrolysis of the side-chain blocking 
groups. The requisite 2-hydroxymethylcne deriva
tives were prepared in the usual manner2 by formyl
ation with sodium hydride and ethyl formate of 
progesterone 20-ethylene ketal,7 deoxycorticosterone 
20-ethylene ketal [m.p. 163-165°, prepared from 
the corresponding 21-acetate8], hydrocortisone 20- 
ethylene ketal,9 17a,20;20;21-bismethylenedioxy-
4-pregnene-3,ll-dioneUl and 9a-fluoro-l I+hy- 
droxy- 16a, 17a - isopropylidenedioxy - 21 - (tetrahy- 
dropyran-2-ylox3')-4-pregnene-3,20-dioneu respec
tively.

The introduction of the 2-cyano group (Xmax 
4.43-4.45 y) results in a h3rpsochromic shift of the
3-carbon3’l band (to 5.90-5.95 y) in the infrared and 
does not affect the location of the maximum of the 
A4 11-3-keto chromophore in the ultraviolet. The dif
ferences in molecular rotation between the 2-cyano 
compounds and the respective parent compounds 
are in the range of +15 to +81. These values are 
in general agreement with the effect on molecular 
rotation caused by substitution of halogen,12 hy- 
drox3’,13 acetoxy,13 and methyl14 groups at the 2 
a-position.15 In view of the foregoing, it is concluded 
that the various 2-cyano steroids are most probably 
in the a (equatorial) configuration.

( 6 )  A u s tr a l i a n  P a t e n t  S p e c if ic a tio n s  N o . 2 3 ,6 7 2 , M a y  
12, 1956, a s s ig n e d  to  M e rc k  a n d  C o ., In c .

( 7 )  M . G u t ,  J. Org. Chem., 2 1 , 1327 (1 9 5 6 ).
( 8 )  F .  S o n d h e im e r  a n d  Y . K l ib a n s k v ,  Tetrahedron, 5 , 1 5  

(1 9 5 9 ).
(9 )  H .  M . K is s m a n ,  A . M . S m a ll , a n d  M . J .  W e is s , J. 

Am. Chem. Soc., 8 2 , 2 3 1 2  (1 9 6 0 ).
(1 0 )  R . E .  B e y le r ,  F .  H o f fm a n , a n d  L . H . S a r e t t ,  J. Am. 

Chem. Soc., 8 2 , 178  ( I9 6 0 ) .
(1 1 )  L . J .  L e e s o n  a n d  J .  W e id e n h e im e r ,  , / .  Pharm Sei 

5 0 , 86  (1 9 6 1 ).
(1 2 )  B . E ll is  a n d  V . P e t r o w , . / .  Chem. Soc., 1179  (1 9 5 6 ).
(1 3 )  G . R o s e n k r a n z ,  O . M a n c e r a ,  a n d  F . S o n d h e im e r ,  J. 

Am. Chem. Soc., 7 7 , 145  (1 9 5 5 ).
(1 4 )  H .  J .  R in g o ld  a n d  G . R o s e n k r a n z ,  J. Org. Chem., 2 1 ,

1333 (1 9 5 6 ). *
(1 5 )  T h e  c y a n o  g ro u p  a t  C -6  h a s  a n  e f fe c t  o n  m o le c u la r  

r o t a t io n  s im i la r  t o  t h a t  c a u s e d  b y  th e  a b o v e  g r o u p s  [see  X . 
B o w e rs ,  E ; D e n o t ,  M ,  B . S á n c h e z , L . M . S á n c h e z - H id a lg o , 
a n d  I I .  J .  R in g o ld , J. Am. Chen:: Soc., 8 1 , 5 2 3 3  (1 9 5 9 )] .
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By the same general method, 16-hydroxymethyl- 
ene-3-ethylenedioxy-5-androsten-17-one [m.p. 203 
206°; (a)n +26.8°], prepared from 3-ethylenedi- 
oxy-o-androsten-17-one,16 gave the corresponding 
16 +cyano derivative [m.p. 240-242°; (a)D +4.3° 
(±21°, c 0.23)] which was converted to 16+cyano- 
testosterone [m.p. 218-219°; (a)D +88.5°; Xmax 240 
mg (e 16,170)] by lithium borohydride reduction 
and acid-catalyzed removal of the ring-A blocking 
group. 16 - Hydroxymethyleneestrone 3 - methyl 
ether17 and I yielded 16£-cyanosterone 3-methyl 
ether [m.p. 138-148°; (a)D +189°] which on sub
sequent reduction with lithium borohydride af
forded 16+cvanoestradiol 3-methyl ether [m p. 
197-200°; (a)D +54°].

The results of the as yet incomplete biological 
evaluation of these compounds will be reported in 
a forthcoming paper. No outstanding endocrinologi
cal activities have been discovered thus far.

O r g a n i c  C h e m i c a l  H e n r y  M .  K i s s m a n

R e s e a r c h  S e c t i o n  A r l e n e  S m a l l  H o f f m a n

L e d e r l e  L a b o r a t o r i e s  M a r t i n  J .  W e i s s

D i v i s i o n

A m e r i c a n  C y a n a m i d  C o .
P e a r l  R i v e r , N . Y .

R e c e iv e d  M a r c h  13, 1961

(1 6 )  H .  J .  D a u b e n ,  J r . ,  B . L o k e n , a n d  H . J .  R in g o ld , J. 
Am. Chem. Soc., 76, 1359 (1 9 5 4 ).

(1 7 )  J .  C. B a r d h a n ,  J. Chem. Soc., 1848  (1 9 3 6 ).

Reactivity of 2,6-Di-t-butylpyridine Toward
Sulfur Trioxide at Elevated Temperature

Sir:
It has been known for several years that 2,6-di-i- 

butylpyridine can be sulfonated with sulfur tri
oxide at low temperature.1 In an extensive investiga
tion of the reactivity of 2,6-dialkylpyridines one of 
us (v. d. PL), together with den Hertog, has shown 
that during this reaction the sulfonic acid group en
tered the 3-position,2 3“4 5 as in the sulfonation of 
pyridine below 300°. Since sulfonation of pyridine 
above 300° leads to the formation of pyridine-4- 
sulfonic acid and 4-hydroxypyridine, together with 
the 3-sulfonic acid,6 we also studied the behaviour of
2,6-di-i-butylpyridine toward sulfur trioxide at 
elevated temperatures.

When 2,6-di-i-butylpyridine was heated with 
sulfur trioxide at 240-250° for fifteen hours in a 
sealed tube, neither 2,6-di-(-butylpyridine-4-sul- 
fonic acid nor 2,6-di-/,-butylpyridone-4 was formed.

(1 ) H .  C . B r o w n  a n d  B . K a n n e r ,  J. Am. Chem. Soc., 7 5 , 
3 8 6 5  (1 9 5 3 ).

(2 ) H . C . v a n  d e r  P l a s  a n d  H . J .  d e n  H e r to g ,  Chem. Week- 
blctd. 5 3 , 5 6 0  (1 9 5 7 ).

(3 ) H . C . v a n  d e r  P l a s  a n d  H . J .  d e n  E fe r to g , Tetrahedron 
Letters, N o . 1, 13 (1 9 6 0 ).

(4) H . C . v a n  d e r  P la s ,  T h e s is ,  A m s te rd a m , 1960.
(5) H . J .  d e n  H e r to g ,  H . C . v a n  d e r  P ^as, a n d  D . J .  B u u r -

m a n , Rec. Trav. Chim., 7 7 , 96 3  (1 9 5 8 ).

Instead, together with unchanged 2,6-di-(-butyl- 
pyridine (30-35%) and the 3-sulfonic acid (30- 
35%), a compound was isolated (15-20%) melt
ing at 140-141 °. It was insoluble in water but easily 
soluble in ether and ethanol. From elemental analy
sis and molecular weight determination its com
position was established as Ci3H19N 02S. Anal. 
Calcd. for C13H19NO+: C, 61.62; H, 7.56; X, 5.53; 
S, 12.66; mol. wt. 253. Found: C, 31.9; H. 7.4; N, 
5.5; S, 12.1; mol. wt. (according to Rast) 245. Tak
ing into account its composition, mode of forma
tion and the fact that the compound could not be 
hydrolyzed in an alkaline medium, it was con
sidered to be best represented by structure I ,4 2,3- 
dihydro-3,3 - dimethyl-5 -1 - butylthieno [3,2 - b ]pyri - 
dine 1-dioxide.

H 3C

H 3C +  \
N

C H 3

- s o *

. % H 2

A
c h 3 c h 3

I

We now wish to report that this conclusion was 
correct. The infrared spectrum of I in chloroform 
shows two strong bands at 1134 cm.-1 and 1316 
cm.“ 1, both indicating the presence of a sulfone 
group in the molecule.6 That no rearrangement of 
the ¿-butyl group occurred during heating of the
2,6-di-i-butylpyridine with sulfur trioxide was 
established by considering the NMR spectrum of I 
(internal reference tetramethylsilane, solvent tet- 
rachloromethane, 60 me., magnetic field approxi
mately 14,100 gauss). In this spectrum two peaks 
were observed with r-values,7 2.38 and 2.88, both 
peaks being characterized by doublet structures 
with coupling constants J = 8 c.p.s. The r-values 
agree with those given for the +  and y-protons of 
the pyridine nucleus.8 The coupling constants, J = 
8 c.p.s. also affirm the presence of both /3- and y- 
protons in the pyridine nucleus, being in good agree
ment with Jpy = 7.35 c.p.s. given for 2,3-substituted 
pyridines.9 These data exclude the possibility of an 
a-proton being present in the pyridine nucleus. 
Further, the NMR spectrum shows peaks at 
r-values 6.74, 8.45, and 8.63, attributed, respec
tively, to the proton resonance peaks of the 
methylene-, the two methyl groups, and the ¿-butyl 
group. The intensity ratio of these three peaks, 
2 :6.1:9, supports these assignments. The para
magnetic shift of the protons of the methylene 
group is due to the deshielding by the adjacent 
electron-withdrawing sulfone group.

(6 ) L . J .  B e lla m y , The Infrared Spectra of Complex Mole
cules, J o h n  W ile y  a n d  S o n s, I n c . ,  N e w  Y o rk , N . Y .,  1958, 
p a g e  360 .

(7 ) G . V . D .  T ie r s ,  J . Phys. Chem., 6 2 , 1151 (1 9 5 8 ).
(8 ) L . H . J a c k m a n .  Application of Nuclear Magnetic 

Resonance Spectroscopy in Organic Chemistry, P e r g a m o n  
P re s s ,  N e w  Y o r k  1959 , p a g e  64 .

(9 ) H . J .  B e r n s te in ,  J .  A . P o p le ,  a n d  W . G . S c h n e id e r ,  
Can. J. Chem., 3 5 , 6 5  (1957.fi
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The infrared and the NMR data thus provide 
strong evidence for structure I. The peculiar forma
tion of a substituted dihydro-thiophene ring from a 
reaction of sulfur trioxide on an alkylated aromatic 
compound has not previously been reported and an 
investigation of the mechanism of this reaction and 
its applicability to other compounds is being con
tinued.
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Aqueous Mesitoate Electrolysis, 
Kolbe-Inhibited1

Sir:
We wish to report that the aqueous potassium

2,4,6-trimethylbenzoate fails to give typical Ivolbe 
products on electrolysis.2 3 This failure will be termed 
Kolbe inhibition.

Kolbe inhibition is more common in water than 
in organic solvents and the feature of inhibition 
in water is the production of oxygen with, some
times, oxidative degradation. Certain features of 
structure encourage inhibition such as the presence 
of a double bond, a cycloalkyl group or an aromatic 
ring8 near the carboxyl group.

If the published4 mechanism is correct then ben- 
zenoid inhibition can be explained by an electron 
deficiency at the carboxyl group. However, Ham
mett and Treffers5 showed that when benzoic acid 
is compared with mesitoic acid as the solute in 
pure sulfuric acid for freezing point lowering at 
high dilution, benzoic acid acquires a proton from 
the solvent to form two particles for every molecule

(1 )  A c k n o w le d g m e n t  is m a d e  to  t h e  N a t io n a l  S c ie n c e  
F o u n d a t io n ,  C o n t r a c t  N o . G 5 2 4 4 .

(2 )  M . J .  A lle n , Organic Electrode Processes, R e in h o ld  
P u b l i s h in g  C o r p o r a t io n ,  N e w  Y o rk , 1958, p p . 9 7 -1 0 2 .

(3 )  F . F i c h t e r  a n d  T .  H o lb r o , TIelv. Chim. Acta, 2 0 , 
3 3 3  (1 9 3 7 ).

(4 )  C . L . W ilso n  a n d  W . T .  L ip p in c o t t .  J. Amer. Chem. 
Soc., 7 8 ,4 2 9 0  (1 9 5 0 ).

(5 )  H .  P .  T re f f e r s  a n d  L . P . I l a m m e t t ,  J. Amer. Chem.
Soc., 5 9 , 1 7 0 8 (1 9 3 7 ) .

of benzoic acid, while mesitoic acid gives hydroxide 
ion to the solvent to form four particles for every 
molecule of mesitoic acid. Presumably, the electron 
concentration at the carboxylate end of mesitoic 
acid could bo due to the electron donation by 
ortho-para methyls, transmitted by resonance 
through the benzene ring. Thus, it seems possible 
that electrons could be withdrawn from the mesito
ate ion at the anode to give the Kolbe reaction. 
Attempted Kolbe electrolysis of potassium mesi
toate in water showed that during the course of 
reaction measurable amounts of carbon dioxide ap
peared in the anode gas. The electrolyte turned 
dark with no oil or solid separating, except a minute 
amount of yellow ether-insoluble material judged 
polymeric. Absence of other insoluble material 
negates the formation of any hydrocarbons RR, 
(R minus H), or mesityl mesitoate, RCOOR. 
As ROII is a frequent Kolbe product, mesitol was 
sought in the dark electrolyte. Conventional organic 
qualitative chemical analysis yielded negative 
results.

According to Porter and Thurber,6 mesitol is 
oxidized by silver oxide to give a quinone free 
radical of the mesitol, which by proton bonding with 
a molecule of mesitol gives an analogue of quinhv- 
drone. I t  is conceivable that the electrolysis of 
mesitoic acid should yield such a quinhydrone- 
tvpe organic compound by anodic oxidation if 
ArOH is present.

Isolation of this compound was attempted with
out success. Polarographic analysis shows no simi
larity between the chemically oxidized and the 
electrolyzed compounds.

We therefore conclude that ring-rupture by anodic 
oxidation accounts for the carbon dioxide and poly
mer, and that mesitoic acid is aromatic-inhibited 
in water. We hypothesize that either carboxylate 
electron congestion does not occur upon this acid 
in aqueous solution, or that electron unavailability 
at the carboxyl is not the cause of benzenoid 
inhibition. The former idea is supported by the 
fact that the ionization constant of mesitoic acid is 
not much lower than that of benzoic acid, both in 
water at 25°; methyl electron-donation should re
duce extent of proton loss. Steric hindrance to 
carboxyl-and-ring planarity can reasonably ac
count for the lack of electronic transmission, but 
requires a different explanation for the Hammett5 
results. Perhaps the steric hindrance would tend 
to push off the hydroxyl group but at the same time 
prevent the carboxylate ion from getting close to 
the anode.

D e p a r t m e n t  o f  C h e m i s t r y  T im o t h y  G .  L e e

M o n m o u t h  C o l l e g e  F l o y d  R a w l i n g s

M o n m o u t h , I I I .  B e n j a m i n  T .  S h a w v e r

#  G a r r e t t  W . T h i e s s e n

R e c e iv e d  M a r c h  2 7 , 1961

(G) C . W . P o r t e r  a n d  F .  H .  T h u r b e r ,  J. Amer. Chem. 
Soc., 4 3 , 1 1 9 4 (1 9 2 1 ) .

H . C . VAN DER Pl,AS10

T .  H . C r a w f o r d 11
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New Method for Synthesis of Peptides 

Containing Histidine

Sir:
In recent years it has been suggested that a 

histidine residue occupies a site of the biological 
activity in some naturally occurring peptides and 
proteins. Synthesis of histidine peptides is, there
fore, very important for the study of protein bio
chemistry. However, the synthetic procedure has 
not been substantially improved for lack of the 
simple and satisfactory method to protect selec
tively the imidazole function of histidine.1

The purpose of this communication is to describe 
a new method for the synthesis of peptides con
taining histidine by selective blocking of the im
idazole ring with a carbobenzoxy group.

Akabori et al.2-3 have reported that N(a),N(Im)- 
dicarbobenzoxyhistidine is an excellent starting 
material in the synthesis of histidyl peptides. We 
have now found that the carbobenzoxy group 
linked at the imidazole-nitrogen (IV(Im)-cbz) of 
histidine is surprisingly resistant to the treat
ment with hydrogen bromide in dioxane or in 
glacial acetic acid.
C H = C — C H 2— C H C O -

N  N C b z
% /

C H

N H C b z
HBr/dioxane 
---------------v

C H = C — C H 2— C H C O —

B r - N H + N C b z  N H 3+B r _
\  /

C H

N(a),N (Im)-Di-cbz-histidine methyl ester hy
drochloride (II) (m.p. 121-122.5° dec.6),4 5 which 
was derived from di-cbz-histidine (I)6 with thionyl 
chloride in methanol, and N(a),N (Im)-di-cbz- 
histidylphenylalanine methyl ester (III) (m.p. 
136-137°) were treated with 35-40% (w/w)- 
hydrogen bromide in dioxane at room temperature 
for 30 min. to give W(Im)-cbz-histidine methyl es
ter dihydrobromide (IV) [94%, yield, m.p. 167- 
167.5° dec., X°S°H 234 mg (e 3140). Anal. 
Calcd. for C]BH19N304Br2: C, 38.75; H, 4.12; N,

(1) B e n z y l  [D . T h e o d o ro p o u lo s ,  J. Org. Ghem., 21, 
1550  (19 5 6 )] o r  t r i t y l  g r o u p  [G . C . S te la k a to s ,  D .  M . 
T h e o d o ro p o u lo s ,  a n d  L .  Z e rv a s ,  J. Am. Chem. Soc., 8 1 , 
2 8 8 4  (1 9 5 9 )] h a s  b e e n  u s e d  f o r  t h e  p r o t e c t io n  o f  t h e  im id a z o le  
f u n c t io n  b u t  t h e r e  a r e  s o m e  d e f e c ts  fo r  p r a c t i c a l  p u r p o s e s .

(2) S . A k a b o r i ,  K .  O k a w a , a n d  F .  S a k iy a m a ,  Nature, 
1 8 1 ,7 7 2  (1 9 5 8 ).

(3) F .  S a k iy a m a ,  K .  O k a w a , T .  Y a m a k a w a ,  a n d  S . 
A k a b o r i ,  Bull. Chem. Soc. Japan, 3 1 , 9 2 6  (1 9 5 8 ).

(4 ) A m in o  a c id s  u s e d  a r e  o f  r e c o n f ig u r a t io n  a n d  a l l  m e l t -  
_ng p o in t s  a r e  u n c o r r e c te d .

(5) T h is  c o u ld  b e  c r y s ta l l iz e d  in  g r a n u le s  f ro m  a  c o n -
r e n t r a t e d  e t h y l  a c e t a t e  s o lu t io n  [m .p . 9 0 .5 - 9 2 °  d e c ., [ « I d9
+ 2 9 .1 °  ( e th y l  a c e t a t e ) .  Anal. C a lc d j j f o r  C22H2iN 30,): N ,
9.93 . F o u n d :  N ,  9 .8 6 ] . T h is  c r y s t a l  is  r e a d i ly  s o lu b le  in  
m e th a n o l  a n d  f ro m  t h e  s o lu t io n  is  s o o n  s e p a r a te d  a  s e c o n d  
fo rm  o f  c r y s t a l  c o n ta in in g  o n e  m o le c u le  o f  m e th a n o l ,  m .p .
1 0 5 -1 0 7 °  d e c .3’ 6 •

9.04; Br, 34.4. Found: C, 37.23; H, 4.44; N, 9.43; 
Br, 35.03] and W(Im)-cbz-histidylphenylalanine 
methyl ester dihydrobromide (V) [99% yield,
m.p. 126.5-127.5°"dec., x£50H 234 mg (e 3300). 
Anal. Calcd. for C24H2sN40 5Br2: C, 47.15; H, 
4.61; N, 9.15; Br, 26.15. Found: C, 46.87; H, 4.75; 
N, 9.05; Br, 26.26], respectively. These N(a)~ 
free derivatives are reactive to ninhydrin and their 
absorptions at 234 mp were extremely depressed 
by adding sodium methoxide within a few minutes. 
This phenomenon shows the presence of an N- 
(Im)-cbz group.6 On the other hand, these deriva
tives can react somewhat slowly with the Pauly 
reagent different from the disubstituted histidine 
analogs. This fact may show that the Ar(Im)-cbz 
group is very unstable in an alkaline medium in 
the absence of an N(a)-substituting function.

IV or V could, however, be safely neutralized with 
dilute aqueous ammonia in methylene chloride at 
0°. The resulting free esters were coupled with 
cbz-glycine by means of the carbodiimide method7 * 
to yield cbz-glycyl-V(Im)-cbz-histidine methyl 
ester (VI) [85% yield, m.p. 74-75.5°, [a]d +24.5° 
(ethyl acetate), x£g0H 236 rap (e 3755). 
Anal. Calcd. for C2BH26N407: C, 60.7; H, 5.31; 
N, 11.3. Found: C, 60.61; H, 5.45; N, 11.43] and 
cbz-glycyl-iV (Im)-cbz-histidylphenylalanine methyl 
ester(VII) [90% yield, m.p. 154-154.5°, [«]d 
- 8.6° (methanol), x£ax°H 236 m,u (e 3655). 
Anal. Calcd. for C34H3BNB0 8: C, 63.7; H, 5.51; N,
10.9. Found: C, 63.69; H, 5.63; N, 10.84]. In a 
similar fashion we have obtained cbz-glycyl-V- 
(Im)-cbz-histidylleucine methyl ester (VIII) [82% 
yield, m.p. 152-152.5°, [ « ] d  —11.6° (methanol), 
x£ax°H 236 m/i (e 3610). Anal. Calcd. for C3iH37- 
N50 8: C, 61.3; H, 6.14; N, 11.5. Found: C, 61.39; 
H, 6.31; N, 11.44], N(a), Ar(Im)-dicbz-histidyl-V- 
(Im)cbz-histidylphenylalanine benzyl ester(IX) 
[81% yield, m.p. 138-140°, [a]u —17.9° (methanol), 
XmS°H 236 mp (e 7830). Anal. Calcd. for 
Cb2H49N7Oi0: C, 67.1; H, 5.79; N, 10.5. Found: C, 
67.05; H, 5.41; N, 10.69] and formyl-7-methyl- 
glutamyl-V (Im)-cbz-histidylphenylalanine benzyl 
ester (X) [87% yield, m.p. 165-165.5° dec., [a] n 
— 12.1° (dimethylformamide), XmaX,0H 236 mp (e 
3415). Anal. Calcd. for C37H39N509: C, 63.7; 
H, 5.63; N, 10.02. Found: C, 63.79; H, 5.90; N, 
10.36] which has a sequence contained in cortico
tropin and MSH. These histidine peptide deriva
tives (VI to X) are negative to both ninhydrin and 
the Pauly reagent and have moderate solubilities in 
common organic solvents.

The treatment of VII with hydrogen bromide/ 
dioxane or with 2 equivalent amounts of sodium 
hydroxide gave glycyl-W(Im)-cbz-h:stidylphenyl-

(6) A . P a t c h o r n ik ,  A . B e rg e r ,  a n d  E .  K a te h a '.s k i ,  J. Am. 
Chem. Soc., 7 9 , 6 4 1 6  (1 9 5 7 ).

(7 ) J .  C . S h e e h a n  a n d  G . P .  H e s s , J. Am. Chem. Soc., 
7 7 ,1 0 6 7  (1 9 5 5 ).
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alanine methyl ester dihydrobromide (XI) [X^S011 
234 mfj. (e 3640). Anal. Caled. for CMH3iN60 6Br2: 
C, 46.7; H, 4.68; N, 10.01; Br, 23.9. Found: C, 
45.73; H, 4.99; N, 10.40; Br, 22.59] or cbz-glycyl- 
histidylphenylalanine (XII) [77.5% yield, m.p. 
200° dec., [a]D +  15-4° (methanol). Anal. Caled. 
for C26H27N60 6: C, 60.8; H, 5.52; N, 14.2. Found: C, 
60.51; H, 5.65; N, 14.11], respectively. The W(Im)- 
cbz group may be removed also with catalytic hy
drogenation.

From these results it has been demonstrated 
that W(Im)-ebz-histidine derivatives, which can be 
prepared by the simple and convenient procedure, 
are of potential utility as intermediates in the syn
thesis of histidine peptides.
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S h i o n o g i  & C o . ,  L t d .
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H y o h g o  P r e f ., J a p a n

gave A4 5 6-estrone (lid ) 1 (yield, 10-15%) in the same 
reaction.

In the case of 3-keto-l,4-dienes or their C -ll 
substituted derivatives different rearrangement 
products were obtained. Treatment of le with 
zinc in pyridine provided a mixture of p-cresol 
type rearrangement product (Hie)5 * ("yield, 80%) 
and estrone (lie) (yield, 4%). The 11/3-hydroxy 
compound (If) yielded Illf, m.p. 223-224°,
[a]n +249° (chloroform), X^S011 282-286 m/x 
(e 2,340), methyl ether, m.p. 213-214°, [a]n 
+  303° (chloroform), which was confirmed by con
version to the Ille  methyl ether by dehydration 
and hydrogenation. However, the 11-keto com
pound (Ig) suffered rupture of C9-C10 bond with 
concomitant A-ring aromatization to give the 9 '/MO 
seco compound (IV), m.p. 212-214°. It was identi
cal in all respects with an authentic specimen of 
IV obtained from Ig by pyrolysis.6

R e c e i v e d  A p ril 3 , 1961

An Aromatization Reaction of A Cross- 

Conjugated Dienone System with Zinc

Sir:
We wish to report a new A-ring aromatization 

reaction of the dienone system with zinc under mild 
conditions. When refluxed with zinc in pyridine1 
or ethylene glycol, androstan-l,4,9(ll)-triene-3,17- 
dione (la) undergoes A-ring aromatization with 
elimination of the angular methyl group to form 
A9-est,rone (Ila)2 in excellent yield (75%). In a 
similar manner the treatment of 17a,21-dihydroxy- 
pregnan-1,4,9(1 l)-triene-3,20-dione acetate (lb; 21- 
acetate) or its PAID derivative (Ic) in pyridine 
yielded, respectively, A-ring aromatic corticoids,3 
lib  21-acetate, (yield: 35%), m.p. 210-212°, 
M d +174° (dioxane), x£S°H 263, 298 mM (e
18,000, 3,100), X ^ f1 814 cm.“ 1, (Anal Caled. for 
C22Ho60 6: C, 71.33; H, 7.08. Found: C, 71.48; H, 
6.98); lib, m.p. 248-250°; M d +176° (dioxane); 
lib, 3,21-diaeetate, m.p. 188-190°, M d +136° 
(chloroform), or He (yield: 72%), m.p. 247-248°, 
M S ’ +31° (dioxane), which was converted to lib  
by acetic acid hydrolysis. 3-Keto-l,4,6-trione (Id)

(1 )  P y r id in e  c o n ta in in g  ca. 10 m o le  e q u iv a l e n t s  o f w a te r  
w a s  u s e d .

( 2 )  B . ,T. M a g e r le in  a n d  J .  A. H o g g , , / .  4>)i. Chem. Sor., 
8 0 , 2 2 2 0  (1 9 5 8 ).

( 3 )  B . J .  M a g e r le in  a n d  J .  A . H o g g , J. Am. Chem. Soc., 
8 0 ,2 2 2 6 ( 1 9 5 8 ) .

R

I I I

a . R  =  0 ,  R '  =  H , a9“ 11
b . R  =  o - O H , — C O — C H o O H , 

R '  =  H , Ail(1IJ

c. R  =  % >-------o  R '  =  H ,A 9ill)

L - c +
d. R  =  0 , R ' = - H ,  - H ,  a6

O

e. R  =  0 ,  R ' =  - H ,  - H
f. R  =  O, R '  =  /3 -o i f, — H
g. R  =  R '  =  0

Santonin was converted to desmethyldesmotro- 
posantonin (V) (yield, 40%), m.p. 223-227°, 
M d +115° (chloroform), X™ 011 286.5 m/x (e 
2,820), XS"% 811 cm.“1, NMR7 r, 7.60 ppm. 
(one benzenoid methyl) (A-rial. Caled. for C«- 
H160 3: C, 72.39; H, 6.94. Found: C, 72.10; FI, 6.93), 
acetate, m.p. 144-146° (Anal. Caled. for CnHigCh: 
C, 70.05; II, 6.61. Found: C, 70.08; H, 6.50.), 
by the same reaction in pyridine. The structure 
of V was confirmed by the palladium-charcoal 
dehydrogenation which led to l-methyl-7-ethyl-

(4 )  S t .  K a u f m a n ,  J .  P a t a k i ,  G . R o s e n k r a n z ,  J .  R o m o , 
a n d  C . IX  D je r a s s i ,  J. Am. Chem. Soc., 72, 4 5 3 1 , 4 5 3 4  (1 9 5 0 ) .

(5 )  A . S . D r e id in g  a n d  A . V o l tm a n , J. Ant. Chem. Soc.,
7 6 ,5 3 7 ( 1 9 5 4 ) .  •

( 6 )  B . J .  M a g e r le in  a n d  J .  A . H o g g , Tetrahedron, 2 , 80
(1 9 5 8 ).

( 7 )  t  v a lu e s  w e re  c a lc u la te d  a s s u m in g  r  c h lo ro fo rm
( s o lv e n t )  =  2 .7 5  p p m *
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2-naphthol,s m.p. 98-94°. The reation in ethylene 
glycol gave the 9//10 seco compound (VI) as a sol
vated crystal, m.p. 100-108°, Xmaf1 815 cm.“ 1 
NMR7 r, 7.69, 7.75 ppm. (two benzenoid methyl), 
9.13 ppm. triplet (methyl of ethyl group). The 
substance after the crystal solvent is removed is 
an oil, [a]o —25° (chloroform), >.Sax°H 288 my 
(e 3,000), (Anal. Calcd. for Ci6H2o03: C, 72.55; 
H, 8.12. Found: C, 72.26; H, 8.12), acetate, m.p. 
145-150° (Anal. Calcd. for Ci7H220 4: C, 70.32; 
H, 7.64. Found: C, 70.58; H, 7.61).

was ring closed to 277,3/7-thieno [3,2-5]pyrrole-3- 
one (III) and desulfurized to authentic 2-acotyl- 
pyrrole (IV)

r ^ - S C N  - ^ htooh  ̂ [T—fl— S —CH2COOH
K 0H  S i

polyphosphoric
acid

Raney nickel ----------------> y C 0 C H 3

H

Methane generated from all the reactions in
volving the loss of the angular methyl group, was 
detected by gas chromatography. As only starting 
material was recovered from the reaction in an
hydrous pyridine, ethylene glycol or water in pyri
dine may be a hydrogen donor in the reaction. The 
treatment of the above dienone (Ie) or trienone 
(la or Id) in acetic acid with zinc9 does not give 
an aromatic A-ring steroid, but a substance as
sumed to be a bis compound showing polyene ab
sorption. The detailed presentation of these re
actions will be published in a forthcoming report.
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( 8 )  T .  K a r i 3ro n e , T .  F u k u i ,  a n d  T .  O m o to , Yakugakuzassi 
( T o k y o ) ,  7 8 ,7 1 0 ( 1 9 5 8 ) .

(9 )  T h e  r e a c t io n  o f  a  B - r in g  d ie n o n e  to  a n  a r o m a t ic  c o m 
p o u n d  a n d  t h a t  o f s a n to n in  t o  t h e  b is  c o m p o u n d  w i th  z in c  
in  a c e t ic  a c id  h a s  b e e n  r e p o r t e d .  D . H .  R .  B a r t o n  a n d  B . R . 
T h o m a s ,  J. Chem. Soc., 18 4 2  (1 9 5 3 ) . K .  T s u d a ,  E .  O h k i, 
a n d  J .  S u z u k i ,  Chem. and Pharm. Bull. 9, 131 (1 9 6 1 ). J .  
S im o n s e n , The Terpenes, V o i. I l l ,  p .  2 7 3 , C a m b r id g e  Univ. 
P re s s  (1 9 5 2 ).

On the Thiocyanation of Pyrrole

Sir:
Matteson and Snyder1 have recently claimed that 

thiocyanation of pyrrole with methanolic thio- 
cyanogen at —70° or with cupric thiocyanate at 0° 
yields 3-thiocyanopyrrole (I) (m.p. 41.5-43°). This 
is rather unexpected since most reagents attack 
pyrroles at an unsubstituted «-position in prefer
ence to an unsubstituted /3-position. They proved 
the structure of the thiocyanopyrrole by convert
ing it to* the (pyrrolylthio)acetic Scid (II) which

(1 )  D .  8 . M a t te s o n  a n d  H . R .  S n y d e r ,  J. Org. Chem., 2 2 ,
150 0  (1 9 5 7 ). •

In connection with our work on the NMR spec
tra of heteroaromatic compounds,2-8 we have 
studied the NMR spectrum of thiocyanop.yrrole 
and some of its derivatives. The three bands in the 
aromatic region of thiocyanopyrrole display the 
shifts6 t_4 = 3.10, t b  = 3.47, t c  = 3.85 p.p.m. and 
the coupling constants J AB = 1.5, J AC = 2.9, and 
J b” = 3.6 c/s, which prove that the compound 
formed is the 2- isomer. This conclusion is based on 
comparison of the above NMR parameters with 
those observed in other pyrroles5 and in 2- and 3- 
thiocyanothiophenes.* 1500 2 Furthermore, the NMR 
spectrum of the methylthiopyrrole obtained 
through the reaction of the thiocyanopyrrole with 
alkali and methyl iodide1 4 is in agreement only 
with that expected for the 2- isomer (ta = 3.28, 
tb = 3.77, tc = 3.90 p.p.m., J AB = 1.5, J AC =
2.8, and J BC = 3.4 c/s). The same methylthiopyr- 
role (b.p. 87-90°/l7 mm., no 1.5730. Anal. Calcd. 
for C5H7NS: C, 53.06; H, 6.23; N, 12.38; S, 28.33: 
Found: C, 53.17; H, 6.42; N, 12.35; S, 28.25) is ob
tained by treating pyrrolemagnesium iodide with 
dimethyl disulfide and also by treating pyrrole with 
methylsulfenvl chloride. These results provide inde
pendent evidence that the methylthiopyrrole is 
the 2-isomer, as it is known that these types of re
actions lead to «-substitution.7'8

The NMR spectrum of the aldehyde obtained 
through Vilsmeier formylation of the methylthio
pyrrole shows that the compound formed is 2-

(2 )  S . G ro n o w itz ,  a n d  R .  A . H o f fm a n , Arkiv Kemi, 16, 
53 9  (1 9 6 0 ).

(3 )  R .  A . H o f fm a n  a n d  S. G r o n o w itz ,  Arkiv Kcmi, 16, 
56 3  (1 9 6 0 ).

(4 )  S . G r o n o w itz  a n d  R .  A . H o f fm a n , Arkiv Kemi, 16, 
4 5 9  (1 9 6 0 ).

(5 )  S . G r o n o w itz ,  A -B . H o r n f e ld t ,  B . G e s tb lo m , a n d  R„ A . 
H o f fm a n , Arkiv Kemi, in press.

(6 )  T h e  N M R . s p e c t r a  w e re  o b ta in e d  w i th  a  V a r ia n  A s
s o c ia te s  M o d e l  V -4 3 0 0 b  s p e c t r o m e te r  o p e r a t i n g  a t  4 0  M c / s .  
T h e  c h e m ic a l  s h i f t s  [ r - v a lu e s ,  cf. G . V . D .  T ie rs ,  J. Phys. 
Chem., 62 , 1151 (1 9 5 8 )]  w e re  o b t a in e d  f ro m  d io x a n e  so lu 
t io n s  t o  w h ic h  w e re  a d d e d  t r a c e s  o f  p ip e r id in e  in  o r d e r  to  
e l im in a te  t h e  c o m p l ic a t in g  e f fe c ts  o f  t h e  c o u p lin g s  w i th  th e  
IV -h y d ro g e n s .

(7 )  M . S . K h a r a s c h  a n d  O . R e in m u th ,  Grignard Reaction 
of Nomnetallic Substances, P re n t ic e - H a l l ,  I n c . ,  N e w  Y o rk , 
N .  Y „  1954  p p .  75  ff.

( 8 )  A . H .  C o rw in  in  R .  C . E ld e r f ie ld ,  e d .,  Heterocyclic 
Compounds, V o l. I ,  J o h n  W ile y  & S o n s , I n c , ,  N e w  Y o rk ,
N .  Y ., 1950, C h a p te r  V I .
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methylthio-5-pyrrolealdehyde (m.p. 105-106°,
tceo = 0.69, Ti = 3.78, n  = 3.12, t s c h  = 7.59 
p.p.m., J M = 3.8 c/s. Anal. Calc-d. fcr C6H7NOS C, 
51.04; IT, 4.99; N, 9.92; S, 22.71: Found: C, 51.41; 
II, 5.15; N, 10.08; S, 22.56), thus giving further 
evidence that the original methylthiopyrrole is the
2- isomer. Additional evidence against preferential 
d-thiocyanation in pyrroles is obtained from the 
fact that 2-methylpyrrole yields 5-thiocyano-2- 
methylpyrrole (m.p. 65.5-66°, r3 = 4.13, n  = 3.56 
p.p.m., Jen3-3 = 0.80, Jem -4 = 0.35, J 34 = 3.55 
c/s. Anal. Calccl. for CeHeAAS: C, 52.15; H, 4.38; 
N, 20.28; S, 23.19: Found: C, 52.22; H, 4.39; N, 
20.21; S, 22.86:) upon thiocyanation with cupric 
thiocyanate, the NMR evidence for its structure 
being based on the values of the chemical shifts and 
ring-coupling constants, in addition to the side- 
chain couplings.1 2 3

Since the structure of III is proved beyond any 
doubt by Snyder et al.1-9 and since it is very improb
able that any rearrangement occurred in the trans
formation of the thiocyanopyrrole to methylthio
pyrrole or (pyrrolylthio)acetic acid, the discrepancy 
between our results and those of Matteson and 
Snyder regarding the structure of the thiocyano
pyrrole must be ascribed to a rearrangement during 
the cyclization of (2-pyrrolylthio) acetic acid with 
polyphosphoric acid to III. Rearrangements during 
treatment with polyphosphoric acid, although not 
analogous to that found here, have been observed 
by others.10’11

A detailed account of the observations reported 
here will be published in Arkiv Kemi.
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On Anhydrodiacetyllucaconine (Diacetyl- 
delcosine,1 M.P. 159-161°) and Its 

Derivatives

Sir:
Previously, it was shown that an aconite alka

loid, lucaconine (I) (C24H3S)07N), gave anhydrodi
acetyllucaconine (II) (C28H4i0 8N) on treatment 
with acetyl chloride.4 Compound II has been found

to have a ketone carbonyl group formed with 
elimination of one mole of water, and to absorb 
one mole of hydrogen without reduction of the 
carbonyl group.6 Moreover, it has been shown that 
this dehydration takes place between two tertiary 
hydroxyl groups of compound I .5

On the other hand, on the basis of the biogenetical 
viewpoint as well as experimental results, Marion 
and his co-workers6-8 have pointed out that del- 
cosine1 (lucaconine) (I) probably possesses the 
same carbon-nitrogen nucleus as lycoctonine, and 
also that this base is represented by the structure 
I shown below. In the belief that their conclusions

I I I .  R  =  0 ,  R '  =  R "  =  H

are quite reasonable, the present authors now would 
like to propose structures II and III for anhydro
diacetyllucaconine4 and anhydrooxolucaconine
(III),4 respectively. Compound III has previously 
been obtained from both compound II and oxolu- 
caconine through two steps.4 The mechanism of the 
above dehydration is considered to be analogous 
to that of the dehydration of oxolycoctonine or 
demethyleneoxodelpheline.9

The ultraviolet absorption spectrum of com
pound III in methanol shows a maximum at 301 
m/i (log « 2.01) while compound II  manifests a 
maximum at 237 m/t (log e 3.20). The limiting 
structure Ha of compound II seems to give a good 
explanation of the marked difference between these 
two absorption bands. A similar phenomenon 
was observed and interpreted in the case of some 
delphinine and neoline derivatives.10

( 1 )  I t  h a s  b e e n  s h o w n  t h a t  lu c a c o n in e  is  id e n t ic a l  w i th  
d e lco s in e ,*  a n d  th e r e f o r e  a n h y d r o d ia c e ty l lu c a c o n in e  is  
i d e n t ic a l  w i t h  d ia c e ty ld e lc o s in e  ( m .p .  1 5 9 - 1 6 1 ° )  o b ta in e d  
b y  M a r io n  et al..3 T h e  n a m e  “ lu c a c o n in e ”  s h o u ld  b e  r e v is e d  
t o  “ d e lc o s in e .”

( 2 )  T .  A m iy a  a n d  T .  S h im a , in  p r e p a r a t io n .
( 3 )  W . I .  T a y lo r ,  W . E .  W a lle s ,  a n d  L .  M a r io n ,  Can. J. 

Chem., 3 2 , 7 80  (1 9 5 4 ).
( 4 )  S. F u r u s a w a ,  Bull. Chem. Soc. Japan, 32, 3 9 9  (1 9 5 9 ) .
( 5 )  T .  A m iy a  a n d  T .  S h im a , Bull. Chem. Soc. Japan, 3 1 , 

10 8 3  (1 9 5 8 ).
( 6 )  V . S k a r ic  a n d  L . M a r io n ,  J. Am. Chem. Soc., 8 0 , 4 4 3 4

(1 9 5 8 ) ;  V . S k a r ic  a n d  L . M a r io n ,  Can. J. Chem., 3 8 , 2 4 3 3  
(1 9 6 0 ).

(7 )  R .  A n e t ,  D .  W . C la y to n ,  a n d  L . M a r io n ,  Can. J. 
Chem., 3 5 ,3 9 7 ( 1 9 5 7 ) .

(8 )  R .  A n e t  a n d  L . M a r io n ,  Can. J. Chem., 3 6 , 7 6 6
(1 9 5 8 ).

( 9 )  E .  S . S te r n ,  The Alkaloids, Chemistry and Physiology,
V o l. V I I ,  R .  H .  F .  M a n s k e ,  e d .,  A c a d e m ic  P r e s s  I n c . ,  N e w  
Y o r k ,  1960 , p .  4 7 3 ?  •

(1 0 )  K .  W ie s n e r ,  H .  W . B re w e r ,  D . L . S im o n s , D .  R .  
B a b in ,  F .  B ie k e lh a u p t ,  J .  K a l lo s ,  a n d  T .  B o g r i , Tetrahedron
Letters, N o . 3 , 17  (1 * 6 0 ).
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O C H 3

O A c

Furthermore, the formation of anhydrodihydro- 
diacetyllucaeonine (IV) (C^HigOgN)8 from com
pound II by hydrogenation, may be expressed in the 
following way (II -> lib  —► IV) (Scheme A). The ul
traviolet absorption spectrum of compound IV shows 
only end absorption. Compound III was recovered 
unchanged after being subjected to the conditions 
leading to the hydrogenation of compound II.

s
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“mercuric acetamide,”4 and mercuric trifluoro- 
acetate5 have also been used. An excellent variant 
of this method has been developed by Cava, Litle 
and Napier,6 who prepared a-diazo ketones by the 
action of sodium hydroxide on the monotosylhy- 
drazones of a-diketones. We now report on two 
new methods for the oxidation of the monohydra- 
zones of a-diones which appear to have considerable 
general utility.

(i) “Activated” manganese dioxide7 rapidly 
oxidizes the hydrazones in chloform solution to the 
corresponding a-diazo ketones in high yield. In 
a typical experiment 1.00 g. of 1-mesitylglyoxal
2- hydrazone8 was dissolved in 15 ml. of chloroform 
(reagent grade) and to the solution was added 1.5 
g. of “activated” manganese dioxide; the mixture 
was stirred for 1 hr. at room temperature, with ini
tial cooling to abate the exothermic reaction. It 
was then filtered and the solvent was evaporated 
to give a quantitative yield of 2-diazo-2/,4',6'- 
trimethylacetophenone, m.p. 59-61° dec. The 
infrared spectrum of this product was indistin
guishable from that of a recrystallized sample,
m.p. 59-61° dec., of the authentic diazo ketone 
prepared by oxidation of the hydrazone with mer
curic oxide.8 The latter method gives a less pure 
crude product in 75% yield. Manganese dioxide 
has also been used for the preparation of 2-diazo- 
propiophenone, 2-diazo-2',4',6,-trimethylpropiophe- 
none, 2-diazo-2-phenylacetophenone (azibenzil),
3- diazo-2-butanone, 3-diazo-D-camphor, and 2- 
diazo -1,5,5 -trimethylbicyclo[2.2.1]heptan-3-one 
from the corresponding hydrazones; the scale 
varied from 0.060 g. to 10 g. of hydrazone and the 
weight of manganese dioxide used was ca.. 1.5 times 
that of the hydrazone. In every case the diazo ke
tone was obtained directly from the reaction mix
ture in 90-100% yield and was free from significant 
amounts of impurities as vouchsafed by its in
frared spectrum.9

(ii) a-Diazo ketones may also be prepared by 
oxidation of the corresponding hyarazones in 
methanolic solution containing sodium hydroxide 
with calcium hypochlorite. In a typical experiment, 
0.100 g. of D-camphorquinone monohydrazone4 
was dissolved in 5 ml. of methanol and 1 ml. of 
0.05M  aqueous sodium hydroxide was added, the 
solution was stirred with 0.250 g. of calcium hypo-

Preparation of «-Diazo Ketones

Sir:
The preparation of a-diazo ketones by the oxi

dation of the monohydrazones ofa-keto aldehydes 
or a-diketones has long been known.1 The oxidizing 
agent most frequently used has Jbeen mercuric 
oxide,1 often in the presence of bases2 2 3 4 5 6 7 8; silver oxide,3

(1 )  T .  C u r t i u s  a n d  K .  T h u n ,  J . prakt. Chem., [2] 4 4 ,  171
(1 8 9 1 ). •

( 2 )  Cf. C . D .  N e n i tz e s c u  a n d  E .  S o lo m o n ic a , Org. Syn
theses, C o ll. V o l . I I ,  49 6  (1 9 4 3 ).

( 3 )  O . D ie ls  a n d  K .  P f la u m e r ,  Ber. 4 8 ,  2 2 3  (1 9 1 5 ) .
( 4 )  M . O . F o r s t e r  a n d  A . Z im m e r l i ,  J. Chem. Soc., 97, 

2 1 5 6 ( 1 9 1 0 ) .
( 5 )  M . S . N e w m a n  a n d  A . A rk e l l ,  J. Org. Chem., 2 4 , 3 8 5

(1 9 5 9 ).
( 6 ) M . P .  C a v a ,  R . L . L i t le ,  a n d  D . R .  N a p ie r ,  J. Amer. 

Chem. Soc., 8 0 , 2 2 5 7  (1 9 5 8 ).
(7 )  J .  A t te n b u r r o w ,  A . F .  B . C a m e ro n ,  J .  H .  C h a p m a n ,  

R .  M . E v a n s ,  B . A . H e m s ,  A. B . A . J a n s e n ,  a n d  T .  W a lk e r ,  
J. Chem. Soc., 1 0 9 4 (1 9 5 2 ) .

( 8 ) R .  C . F u s o n ,  L . J .  A r m s tr o n g ,  a n d  W . J .  S h e n k , J r . ,  
J. Amer. Chem. Soc., 6 6 ,9 6 4 ( 1 9 4 4 ) .
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chlorite (Baker, 30-35% available chlorine) for 
2 hr. The mixture was added to 10 ml. of ice water 
and then extracted with chloroform. The extract 
was washed with saturated brine, dried, and 
evaporated to give 0.079 g. (80%) of 3-diazo-o- 
camphor with an infrared spectrum indistinguish
able from that of an authentic sample, m.p. 74- 
75°.10 A single recrystallization of the crude prod
uct from pentane gave an 80% recovery of ma-

( 9 )  E a r l i e r  m e n t io n  h a s  b e e n  m a d e  in  t h e  l i t e r a tu r e  o f th e  
o x id a t io n  o f s im p le  h y d r a z o n e s  w i th  m a n g a n e s e  d io x id e .
M .  Z . B a r a k a t ,  M . F .  A b d e l-W a h a b , a n d  M . M . E l- S a d r  
[ ./. Chem. Soc., 4 6 8 5  (1 9 5 6 )]  o b s e rv e d  t h e  f o r m a t io n  o f a  
v io le t  c o lo r  d u r in g  t h e  o x id a t io n  o f b e n z o p h e n o r .e  h y d r a -  
z o n e  w i th  m a n g a n e s e  d io x id e  ( “ p r e c ip i t a t e d ” ) w h ic h  th e y  
a t t r i b u t e d  t o  t h e  f o r m a t io n  o f d ip h e n y ld ia z o m e th a n e .  W . 
S c h ro e d e r ,  U .S . P a t e n t  2 ,7 1 0 ,8 6 2  [Chem. Abstr., 5 0 , 651 0
(1 9 5 6 )] ,  h a s  r e p o r t e d  t h a t  m a n g a n e s e  d io x id e  is  “ m u c h  le ss  
e f fe c t iv e ”  t h a n  s i lv e r  o x id e  fo r  th e  o x id a t io n  o f s u b s t i t u t e d  
b e n z o p h e n o n e  h y d r a z o n e s  t o  th e  c o r r e s p o n d in g  d ia z o  c o m 
p o u n d s . S u b s e q u e n t ly ,  “ a c t i v a t e d ”  m a n g a n e s e  d io x id e  h a s  
b e e n  u s e d  s u c c e s s fu l ly  fo r  t h e  o x id a t io n  o f  th i s  t y p e  o f  c o m 
p o u n d :  E .  J .  C o r e y  a n d  L . H . H a e fe le ,  p r i v a t e  c o m m u n ic a 
t io n .

(1 0 )  J .  B r e d t  a n d  W . H o lz , J. praki. Chem., 95, 148
(1 9 1 7 ).

ferial, m.p. 73-75°. This method has also been 
applied successfully to the preparation of 2- 
diazo-l,5,5-trimethylbicyclo[2.2.1]heptan-3-one, 2- 
diazo - 2', 4', 6' -1rime thylacetophenone, 2-diazo - 2', - 
4',6'-trimethylpropiophenone, and azibenzil 
from the corresponding hydrazones. In every case 
the diazo ketone was obtained directly from the 
reaction mixture in 75-85% yield and was free 
from significant amounts of impurities.

In those cases where comparisons have been 
made, the use of manganese dioxide or calcium 
hypochlorite has been found to be preferable to 
that of mercuric oxide. In general, manganese 
dioxide appears to be the reagent of choice, although 
the use of calcium hypochlorite may be advanta
geous on occasion because of the concomitant sol
vent system.
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