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4,5-Dimethvlenedioxolane (I) and 4,5-dimethylene-2,2-diphenyldioxolane (II) failed to react with dienophiles other than 
tetracyanoethylene. The infrared CS=C absorption of dialkoxyolefins occurs below 6 y  and shifts to shorter wave lengths 
with increasing ring strain and thus is similar to that of fluoroalkenes.

The use of 4,5-dimethylenedioxolanes as dienes 
in the Diels-Alder reaction apparently has not been 
previously investigated. However, 1,2-dimethylene- 
cyclopentane,1 2,3-dimethylenedioxane,2 and 2,3- 
dimethoxy(and -diethoxy)butadiene3 have all been 
shown to undergo the Diels-Alder reaction. This 
implies that the five-membered ring and the oxygen 
atoms in 4,5-dimethylenedioxolanes should not 
hinder reaction. This implication is strengthened by 
the data in Table I which indicates a marked simi
larity between 1,2-dimethylenecyelopentane and I. 
However, neither I nor II reacted with dienophiles 
other than tetracyanoethylene (TCNE).4 The 
spectra of the tetracyanoethylene adducts are con
sistent with conventional Diels-Alder products.

I. R = H ; II. R = C 6H 5

Thus the near infrared spectra showed no indication 
of terminal methylene groups, the adduct with I 
showed no selective ultraviolet absorption, and the 
nuclear magnetic resonance spectra showed only 
two types of hydrogen. The 5.73-5.85 p absorption 
shown by the tetracyanoethylene adducts is at

( 1 ) A. T. Blomquist, J. Wolinsky, Y. C. Meinwald, and 
D. T. Longone,J .  A m .  C h e r n .  S o c ., 7 8 , 6057 (1056).

(2) R. K. Summerbell and G. J. Lestina, J .  A m .  C h e m .  

S o c ., 7 9 , 3878 (1057).
(3) J. R. Johnson, W. H. Jobling, and G. W. Bodamer, 

J .  A m .  C h em . S o c ., 63, 131 (1941).
(4) W. J. Middleton, R. E. Heckert, E. L. Little, and C.

G. Krespan, J .  A m .  C h e m . S o c ., 8 0 , 2783 (1 9 5 8 ).

tributed to the olefinie bond by analogy with ketene 
acetals and fluoroalkenes.

TABLE I
S pe c t r a  o f  So m e  B u t a d ie n e  D e r iv a t iv e s

Compound X,max RÏM log c (solvent)

Butadiene
2,3-Dimethoxy-

217“ 4.32 (hexane)“ 1.64, 5.5, 6.28

butadiene 225 4.28 (dioxane) 5.5, 6.30
1,2-Dimethyl- 248s 4.02 (isooctane)6 5.66, 6.15s

enecyclo-
pentane

4,5-Dimethyl- 245 4.06 (dioxane) 1.61,5.6,
enedioxolane (I) 5.95-6.1

4,5-Dimethyl- 1.60,5.55,
ene-2,2- 
diphenyl- 
dioxclane (II)

5.95,6.1

“ A. E. Gillam and E. S. Stern, E le c tro n ic  A b s o r p t io n  
S p e c tr o sc o p y , E. Arnold Ltd., London, 1954, p. 93. 6 Ref. 1.

Olefinie infrared absorption below 6 p is well- 
known for fluoroalkenes (Table II).5 The reason for 
this absorption at unusually short wave lengths is 
not known,5 but work in progress indicates the 
important contribution of a mass effect.6 Dr. 
Crawford has suggested6 that the similarity in mass 
of oxygen and fluorine might be manifested in ab
sorption at unusually short wave lengths for 
dialkoxyolefins. Thus ketene acetals, R]R2C=C-

(5) L. G. 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 c u le s , Methuen & Co. Ltd., London, 1958, p. 42.

(6) Private communication from Dr. Bryce Crawford, 
Feb. 16,1959.
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TABLE II
I n f r a r e d  A b so r p t io n  S pe c t r a  o f  O l e f in s

C = C c= c^
Compound Absorption, p Compound Absorption, ¡x

Perfluorocyclobutene 5.56" 
5 .59ft R< ° Y ^ A ( CN),. 

O— V ^ ( C N )2

5.73€

Perfluorocyclopentene 5 .7 C ^ O y ^ R d t ,
Perfiuorocyclohexene 5.74" J r .,r 4 5.81-5.85 '

Perfluorobutene-2
Butene-2

5.77s 
6 . Ob'* Me0Y ^ (CN)2

Me0A ^ (C N )2
5.89

Cyclohexene e.ofi17

Cvclopentene 6 .2 1rf
Cyclobutene 6.37"

" J. It. Nielsen, M. Z. Kl-Sabban, and M. Alpert, ./. ( 'h e m . P in ts . , 23, 324 (1955). 6 R. N. Haszeldine, C h e w . S o c ., 4423 
( 1952). c A. L. Henne and K. A. Latif .7. A w .  C h e w . S o c ., 76 , 610 (1954). d Itef. 5, p. 387. f R = H or C6Hi. !  Ri = lt> = 
R;, = R, = O N ;R ,=  R» = II, R . = R, = CO.CH,; R, = R;, = H, R, = It4 =  —C()—()—C<)—.

(OR)*, are reported to absorb at 0.10 /a (Rj = 
R2 = H), 5.97 M (Ri = H, R2 = CIi3), 5.80 p (R1 =  
R, = CH3) ,  and at 0.12 p (R, = C6H6 R2 = H or C,HB) , 7  

These results appear to confirm the analogy with the 
fluoroolefins with the important qualification that 
the dialkoxvolefin must he at least monosubsti- 
tuted by alkyl groups to exhibit shifts to below 
6 \x. The work of McElvain and Starn7 also indi
cates that conjugation acts to nullify, in part, 
the otherwise expected shift to shorter wave 
lengths. This is confirmed by examples provided by 
Yates and Robb.8

The effect of oxygen at both ends of an olefinic 
linkage is of most immediate interest to us in 
explaining the spectra of the adducts of I and If 
with tetracyanoethylene. Consistent with the 
previous remarks concerning ketene acetals, di- 
oxene9 10 * absorbed at 6.1 p and 2,3-diphenyldioxene-2 
is reported to absorb at 6.CO p.'° It was expected 
that alkyl substitution, however, would cause a 
shift to shorter wave lengths and several 2,3- 
dialkyldioxene-2 derivatives were prepared and were 
found to absorb in the 5.81-5.85 \i region (Fig. 1 
and Table II).

Another analogy of dialkoxyolefins with fluoro- 
alkenes is provided by the effect of ring strain 
(Table II). As ring strain increases, the wave 
length of C=C absorption increases for hydrocar
bons but decreases for fluorocarbons. Similarly, 
the dialkoxyolefins (with a fused cyclohexane ring 
as a common feature) showed a decrease in the wave

_I_I_
5 5 5  6  6 5  
MICRONS

I I I I
5 5 5  6  6  5 
MICRONS

Fig. 1 . Infrared spectra of dialkoxy ¿¡substituted olefins
(7) S. M. McElvain and R. E. Starn, Jr., J .  A m .  C h em . 

S o c ., 77,4571 (1955).
(8) P. Yates and E. W. Robb, J .  A m .  C h e m . S o c ., 7 9 , 

5760 (1957).
(9) Prepared according to R. K. Sunmerbell and R. R. 

Umhoefer, ./. A m .  C h em . S o c ., 61, 3016 (1939).
(10) R. K. Summerbell and I). It. Berger, J .  A m .  C hem .

S o c .. 81,633 ( 1959).

length of C=C absorption in the series open chain 
> six-membered ring > five-membered ring.

To summarize we suggest that t wo oxygen atoms 
attached to a mono- or disubstituted olefin will 
give rise to C=C absorption below 6.0 p in the case 
of monosubstitution and below 5.9 p in the case of
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disubstitution. Ring strain where the double bond 
is endocyclic will decrease, and conjugation will 
increase, the wave length of absorption.

The preparation of the 4,5-dimethylenedioxo- 
lanes (I and II) followed conventional routes and 
requires only a few comments. The reaction of an 
epoxide with a ketone to yield a ketal is known,11 
but the stereochemistry has apparently not been 
elucidated. The preparation of the identical com
pound (YI) by the reaction of III with benzo- 
phenone and by the reaction of IV with dichloro- 
diphenylmethane showed that the epoxide (III) 
reacts with inversion. Hydrolysis of VI to yield 
the glycol (IV) further confirmed that inversion 
had occurred. Use of acetone in place of benzo- 
phenone in the sequence III-*-VI-»-IV provided a 
further example of inversion.

The solvolytic stability of III and IX is note
worthy. Thus III was isolated after long standing in 
a homogeneous aqueous formic acid solution— 
conditions which might be expected to lead to 
solvolysis of the epoxide. Dioxolane is completely 
hydrolyzed in one hour by a 2% sulfuric acid solu-

H

(CflHs) 2 
VI

(C6H5)2

II
|h ,o +

(C6H5)2 

VII

CH3COCOCH3

H ,0 +

(11) M. T. Bogcrt and R. O. Roblin, Jr., J .  A m .  C.hem. 
S o c ., 55, 3741 (19331; T. Bersin and G. Willfang, B e r ., 70, 
2167(1937); G. Willfang, B e r ., 74, 145 (1941).

tion at room temperature12 but the substituted 
dioxolane (IX) was recovered after similar treat
ment for seventeen hours and after refluxing for 
twenty-one hours with hydrochloric acid (pH 
«3) followed by twenty hours refluxing with con
centrated hydrochloric acid. However, dioxolane is 
soluble in 2% sulfuric acid, whereas IX is in
soluble in the above hydrolytic media and IX is 
hydrolyzed by methanolic hydrogen chloride in 
which it is soluble.

E X PER IM EN TA L

D L -B is (c h lo r o m e th y l)o x ir a n e  (III)  a n d  m eso -1 ,4 -d icM o ro -  
b u ta n e d io l (IV). The following method is a modification of 
Owen’s procedure13 for the preparation of IV in 49% yield.

A mixture of 600 ml. of 98% formic acid and 140 ml. of 
30% hydrogen peroxide was prepared and maintained at 
room temperature for 2 hr. I t  was then cooled to 5° over a 
period of 1 hr. To this mixture was added dropwise 125 g. 
(1 mole) of irans-l,4-dichlorobutene-214 15 over 3.25 hr. The 
initially homogeneous reaction mixture became cloudy when 
somewhat less than one-half of the dichloro compound had 
been added and remained cloudy even when addition was 
stopped for 30 min. When addition was complete the reac
tion mixture was allowed to warm spontaneously to 29° 
over 45 min. The mixture was then held a t —5° for 20 hr. 
and then at + 5 ° for 12 hr. When allowed to warm spon
taneously, the temperature rose to 36° and the mixture 
became homogeneous. I t  was then allowed to stand at auto- 
geneous temperature for an additional 27 hr. The solvent 
was removed under reduced pressure to yield a mixture of 
liquid and crystals. Steam distillation gave a liquid which was 
separated from the water, dissolved in ether, dried with so
dium sulfate, and filtered. Removal of the solvent under 
reduced pressure gave 29 g. (21%) of DL-bis(chloromethyl)- 
oxirane whose infrared spectrum showed no hydroxyl or 
olefinic bands. Redistillation gave a pure sample, b.p. 78-79° 
(13 mm.), n D 1.474(5) (reported16 b.p. 66- 68° [5 mm.], 
n n 1.4743).

The pot liquor on standing deposited 13.2 g. of crude 
mc.so-l,4-dichlorobutanediol, m.p. 129-132° (reported13,16 
m.p. 127°). The mother liquor was neutralized with a mixed 
cation-anion exchange resin (IR  MB-1) and the solvent 
removed under reduced pressure to yield an additional 7.9 g. 
of glycol, m.p. 124.5-127° (total yield 13%).

d l - 7 , 4 -D ic h lo ro b u ta n e d w l (V). Following the procedure 
of Owen13 80 g. (0.64 mole) of ¿roiis-l,4-dichlorobutene-2 was 
dissolved in 1200 ml. of ethanol and cooled to —15°. To 
this rapidly stirred solution was added dropwise a solution 
of 80 g. (0.51 mole) of potassium permanganate and 60 g. 
(0.50 mole) of magnesium sulfate in 1650 ml. of water. 
Addition required approximately 3 hr. during which time 
the temperature was maintained at —30 to —15°. After 
warming to room temperature, the manganese dioxide was 
removed by centrifuging. The supernatant liquid was ex
tracted with four 200-ml. portions of ether. The ethereal 
extracts were dried with sodium sulfate and the solvent was 
removed under reduced pressure to yield 52 g. of crude 
glycol, m.p. 75°.

To the manganese dioxide was added a saturated sodium 
bisulfite solution until a gray slurry was obtained. The slurry

(12) H. Hibbert and J. A. Timm, J .  A m .  C h em . S o c ., 46, 
1283(1924).

(13) I,. N. Owen, J .  C h em . Soc.., 241 (1949).
(14) Polychemicals Dept., E. I. du Pont de Nemours & 

Co.
(15) P. S. Starcher, D. L. MacPeek, B. Phillips, British 

Patent 794,209, U. S. Patent 2,861,084.
(16) W. Reppe ct a l., A n n . ,  596, 141 (1955), R. M. 

Evans and L. N. Owen, ./. C h em . S o c ., 239 (1949).
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was <11111110(1 with water and extracted with three 200-ml. 
portions of ether. These ethereal extracts when treated as 
above yielded 5 g. of crude glycol, m.p. 75°, total yield 56%.

In the course of six preparations the reported13' 17,18 melt
ing point, 62-63°, was observed in the first three prepara
tions, whereas the last three gave products melting at 75°.

Once having obtained the higher melting form all attempts 
to convert it, to the lower melting polymorph by recrystalli- 
zation were unsuccessful. A sample of the higher melting poly
morph when vacuum distilled gave a crystalline distillate 
which melted at 61.3-62.9° when broken into small par
ticles and at 74.9-76.8° after being finely ground. This 
interconversion on grinding prevented characterizing the 
polymorphs by means of x-ray diffraction. The identity of the 
higher melting polymorph was confirmed by preparing the 
diacetate, m.p. 75.2-76.6° (reported13 m.p. 76° for the di
acetate of the lower melting form), mixed melting point with 
starting material 55-71 °.

The crude glycol contained a trace of impurity which was 
believed to be a manganese compound [see preparation of 
DL-4,5-bis(chloromethyl)-2,2-diphenvldioxolane]. This im
purity was not removed by recrystallization from benzene- 
petroleum ether but was removed by distillation. The im
purity had no effect on the melting point and was not de
tected by x-ray fluorescence.

Attempts to use zinc permanganate in place of the po
tassium permanganate-magnesium sulfate system gave 
0-23% yields of product.

m e s o -4 ,5 -B is { c h lo r o m c th y l) -2 ,2 -d ip h c n y ld io x o la n e  (VI). a) 
F ro m  D L -b is (c h lo ro m e th y l)o x ira n e  (III). To a solution of 5 
ml. of stannic chloride in 100 ml. of carbon tetrachloride was 
added dropwise a solution of 39.5 g. (0.28 mole) of DL-bis- 
(chloromethyl)oxirane (III) and 58.2 g. (0.32 mole) of benzo- 
phenone in 60 ml. of carbon tetrachloride. The reaction mix
ture became bright yellow and at the end of 55 min. became 
slightly cloudy. Addition was complete i:i 70 min. after 
which the reaction was stirred for an additional hour. Sixty 
milliliters of 17% potassium hydroxide was added with 
shaking. The residue was removed by filtration and thor
oughly washed with water until no longer basic to litmus 
to yield 58.9 g. of the dioxolane, m.p. 135-141°.

The water was removed from the filtrate and the organic 
phase was dried with sodium sulfate. Removal of the solvent 
under reduced pressure gave an oily crystalline solid. The 
solid was washed thoroughly with carbon tetrachloride to 
yield an additional 11.85 g. of the dioxolane, m.p. 135-137°, 
total yield 78%.

The wash liquor was distilled and after the carbon tetra
chloride forerun the following fractions were obtained: 
1) b.p. 82-161°, 4.69 g.; 2) b.p. 161-169°, 17.16 g., crys
tallized on seeding with benzophenone, m.p. 46°; 3) pot 
residue, 3.42 g. of VI, m.p. 132-134.4° (from cjxlohexane 
and ethanol).

An analytical sample of the dioxolane was prepared by 
recrystallizing three times from cyclohexane and once from 
carbon tetrachloride to give a product melting at 139-140.2°, 
m.w. 291 in benzene, ealed. 323. The sample was then re- 
crvstallized from alcohol to give a product having m.p.
139.4-140.4°. m.w. 291 in benzene, em.lx 459 at 258 ni|i 
(C 5 H 5 O H ) .

A n a l .  Calcd. for CnH160 2Cl2: C, 63.17; H, 4.99; Cl, 21.94; 
m.w. 323. Found: C, 63.08; H, 5.08; Cl, 21.84; m.w. 287 
(Rast).

b) F r o m  m e s o -1 ,4 -d ic h lo ro b u ta n e d io l (IV). A mixture of 
150 ml. of xylene, 7.95 g. (0.05 mole) of mcso-1,4-dichloro- 
butanediol, and 11.85 g. (0.05 mole) of dichlorodiphenjd- 
methane was refluxed for 19 hr. Sodium bicarbonate (5.5 
g.) was added and the mixture -was stirred for 1 hr. Water 
(100 ml.) was then added and the mixture was stirred for 17 18

(17) G. W. Kilmer, M. D. Armstrong, G. B. Brown, and
V. du Vigneaud, J .  B io l .  C h e m ., 145, 495 (1942).

(18) M. R. Radcliffe and W. G. Mayes, I). S. Patent 
2,445.733.

1 hr. The mixture was then filtered and the residue washed 
with 50 ml. of ether. The organic layer was separated from 
the filtrate and washed twice with 50-ml. portions of water. 
The organic layer was then dried with sodium sulfate to 
yield a clear, slightly yellow solution. Removal of the solvent 
under reduced pressure gave slightly yellow crystals which 
were recrystallized from cyclohexane to yield 6.26 g. of 
product, m.p. 137.2-139.8°. The mother liquor yielded an 
additional 9.28 g. of product (total yield 40%).

An attempt to prepare this compound from the corre
sponding diol (IV) and benzophenone in refluxing benzene 
using p-toluenesulfonic acid as a catalyst gave after 16 hr. 
essentially no water, a 79% recovery of benzophenone and a, 
90% recovery of the diol.

c) M e th a n o ly s is . Methanolysis was effected by suspend
ing 2.96 g. (0.0094 mole) of meso-4,5-bis(chloromethyl)-2,2- 
diphenyldioxolane in 150 ml. of methanol saturated with 
hydrogen chloride. After standing for 2 days, the solvent was 
removed under reduced pressure to yield a pasty solid. 
The solid was slurried with ether, filtered, and washed ex
tensively with ether to yield 0.18 g. of me.so-l,4-dichloro- 
butanediol, m.p. 129-130°, mixed melting point with authen
tic ??ieso-glycol 129-130°, yield 12%.

The ether wash was neutralized with 5% sodium bicar
bonate solution, dried with sodium sulfate, and the solvent 
removed under reduced pressure to yield a crystalline solid. 
The solid was washed by decantation with hot water, dis
solved in ether, and the ethereal solution dried with sodium 
sulfate. Removal of the solvent under reduced pressure gave 
a slightly yellow oil which instantly crystallized on seeding 
with benzophenone to vield 0.86 g. of benzophenone, m.p. 
40-45°, yield 50%.

m ^ 4 ,5 -B is (c h lo r o m e th y V )-2 t2 -d ip h e n y ld io x o la n e  (VII). A 
mixture of 12.72 g. (0.08 mole) of crude DL-l,4-dichloro- 
butanediol (m.p. 63.5-66.1°), 15.3 ml. (18.96 g., 0.08 mole) 
of dichlorodiphenylmethane, and 400 ml. of xylene was re
fluxed for 19 hr. During the initial warm up period the solu
tion turned yellow and then deep blue. The color then 
changed to green and after about 3 hr. was greenish-yellow. 
At the end of the reflux period the solution was bright yellow. 
(On another occasion, using glycol melting a t 55-60°, only 
a yellow color was observed throughout the reaction.) The 
solution was filtered to yield a trace of a gray powdery 
residue. The residue when spotted with 0.1V sodium hy
droxide turned brown. After drying it was spotted with benzi
dine which gave a blue color indicating the probable presence 
of a manganese compound in the glycol starting material.

Removal of the solvent from the filtrate under reduced 
pressure yielded a bright yellow crystalline slurry which was 
filtered and washed twice with xylene to yield 19.6 g. of white 
crystals, m.p. 129.5-132.0°. The filtrate when worked up 
yielded an additional 3.4 g. (total yield 88%,) of brown 
colored crystals, m.p. 128-129.5°. One recrystallization from 
cyclohexane, two recrystallizations from carbon tetrachlo
ride, and one recrystallization from ethanol gave an analyti
cal sample, m.p. 138-140°, mixed m.p. with the m e s o  isomer 
125-130°, <:max 479 at 258 mM (C2H6OH).

A n a l .  Calcd. for CnH,60 2Cl2: C, 63.17; H, 4.99; Cl, 21.94. 
Found: C, 63.42, 63.45; H, 5.08, 4.99; Cl. 21.51, 21.79.

The m eso  and d l  isomers are not readily distinguished by 
melting point but are  easily distinguished by their infra
red spectra. The m eso  isomer (VI) has bands a t 12.0 and
12.4 p  which are not present in the spectrum of the d l  
isomer (VII). The preference for using infrared spectra 
rather than physical properties to distinguish between m eso  
and d l  isomers was also encountered in the case of the 4,5- 
bis(chloromethyl)dioxolanes (VIII and IX).

4 ,5 -D im e th y le n e -2 ,2 -d ip h e n y l-d io x o la n e  (II). (a) P r e p a r a 
tio n . To 150 ml. of 2A' ethanolic potassium hydroxide solu
tion was added 9.75 g. (0.03 mole) of D L ( o r  meso )-4,5-bis- 
(chloromethyl)-2,2-diphenyldioxolane (VI or VII). The solu
tion was refluxed for 4.5 hr. under nitrogen. Dry Ice was 
then added with shaking followed by 250 ml. of carbon tetra
chloride. The solution was filtered and the residue washed
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with an additional 50 ml. of carbon tetrachloride. Additional 
Dry Ice was added to the filtrate and the gelatinous precipi
tate was again filtered. The solvent was again removed from 
the filtrate under reduced pressure and the amorphous mate
rial obtained was dissolved in 100 ml. of carbon tetrachloride. 
The solvent, was again removed under reduced pressure and 
the residue dissolved in 100 ml. of carbon tetrachloride. 
Filtration of the solution gave a clear, yellow filtrate. A 
sample of this filtrate was not basic to wet litmus paper. 
Removal of the solvent under reduced pressure gave a vis
cous orange oil which crystallized. This was dissolved in car
bon tetrachloride and the solution passed through an F2Ü 
alumina19 20 column ( 1 2 X 2 cm.) and eluted with carbon tetra
chloride until the effluent no longer gave a positive bromine 
test for unsaturation. The effluent had a slightly yellow color 
and the column contained an immobile colored zone 0-0.5 
cm. from the top. The solvent was removed from the effluent 
under reduced pressure to yield a very slightly yellow, heavy 
oil which on scratching immediately crystallized with the 
evolution of considerable heat. The crystals melted at 54- 
62°, weight 2.58 g., yield 38%.

Further attempts to purify this material by recrystalliza
tion and distillation were not successful and an analytical 
sample was not obtained.

The infrared spectrum of this material showed absorption 
at 5.5 n  (= C H :) and a doublet a t 6.0 p . The near infrared 
absorption spectrum of this compound showed absorption 
at 1 .6/1 characteristic of a terminal methylene group.

A sample of this material was suspended in water con
taining sulfuric acid and distilled until the distillate was 
no longer yellow. Addition of hydroxylamine hydrochloride 
and sodium acetate to the distillate followed by a solution 
of nickel chloride gave a scarlet red precipitate characteristic 
of nickel dimethylglyoxime.

! b ) R e a c tio n  w ith  ie tra c y a n o e th y le n e . To a solution of 1.02 
g. (0.008 mole) of tetracyanoethylene in 20 ml. of tetrahydro- 
furan was added 2 g. (0.008 mole) of 4,5-dimethylene-2,2- 
diphenvldioxolane (II). This experiment was run in triplicate 
using 1 ) commercial tetrahydrofuran containing hydro- 
quinone, 2 ) tetrahydrofuran free of hydrocpiinone but con
taining peroxides, and 3) tetrahydrofuran freshly purified 
and containing neither peroxides nor hydroquinone.

The commercial tetrahydrofuran gave a dark blue solu
tion with tetracyanoethylene which changed to a dark green 
on adding the diene and then faded to a light green after 2 
hr. After 18 hr. there was no further color change. On re
moving the solvent, under reduced pressure a dark green oil 
was obtained which on trituration with ethanol yielded 
crystals. These were slurried with ethanol, filtered, and 
then recrystallized from ethanol to yield 1.56 g. of product, 
yield 60%, m.p. 164-166°. The tetrahydrofuran free of 
hydroquinone but containing peroxides gave a greenish yel
low solution with tetracyanoethylene which changed to an 
orange-yellow color on adding the diene. After 2 hr. the 
solution was light yellow and after 18 hr. dark orange. 
This solution when worked up as described above yielded 
0.15 g. of product, yield 5.8%, m.p. 165-167°. The freshly 
purified tetrahydrofuran gave a greenish-yellow color with 
tetracyanoethylene which changed to an orange-yellow color 
on adding the diene. After 2 hr. the color was dark yellow and 
no further change occurred on standing for 18 hr. Work up of 
this solution as described above yielded 1.91 g. of product, 
yield 74%, m.p. 165-166.6°.

This material after two additional recrystallizations from 
ethanol and drying overnight at 100° under vacuum over 
phosphorus pentoxide melted at 175-177°.

A n a l .  Calcd. for CMH14N4Os: C, 73.00; H, 3.73; N, 14.81; 
m.w. 378. Found: C, 72.79; H, 3.53: N, 15.04: m.w. 347 
( Rast), 368 (in benzene).

The product ( 4,4,5,5-totraeyano-1,2-diphenylmethylene- 
dioxycyclohexene-1 ) did not decolorize bromine in carbon 
tetrachloride but did decolorize potassium permanganate

(19) Aluminum Co. of America, East St. Louis, 111.

in acetone. The spectrum of this product showed no terminal 
methylene group in the 1.6 /i region and had strong sharp 
absorption at 5.7 /i. The nuclear magnetic resonance spec
trum 211 in deuterochloroform was composed of an aromatic 
hydrogen peak a t +99 e.p.s. of relative intensity 2.5 and a 
ring methylene hydrogen peak at —65 e.p.s. of intensity 1.

(c) A tte m p te d  rea c tio n  o f  / /  w ith  o th e r  d ie n o p h ile s . 4,5- 
Dimethylene-2,2-diphenyldioxolane (II) failed to yield 
products on attempted reaction with (a) ethylene (000 atm.) 
in alcoholic potassium hydroxide at 100° for 18 hr., (b) 
maleic anhydride in refluxing benzene for 2 hr., (c) phenyl- 
azomaleianil in benzene for 24 hr., (d) benzoquinone in benz
ene for 96 hr., (e) fumaronitrile in tetrahydrofuran for 48 
hr., and (f) dimethyl acetylenedicarboxylate in refluxing 
carbon tetrachloride for 16 hr.

m e so -4 ,5 -B is { c h lo ro m e th y l)d io x o la n e  (VIII). An intimate 
mixture of 119.3 g. (0.75 mole) of meso-l,+dichlorobutanediol 
and 24 g. (0.80 mole) of paraformaldehyde was heated until 
a homogeneous melt was obtained. The mixture was then 
allowed to cool until solids began to form. An additional 1 g. 
of paraformaldehyde and 15 ml. of stannic chloride was 
then added. The mixture was heated on a steam bath for 
20 hr. After cooling to room temperature, 350 ml. of 17 ’% 
potassium hydroxide solution was added with cooling. A 
two-phase liquid resulted. The organic phase was separated 
and the water was extracted with three 50-ml. portions of 
ether. The ether extracts and the organic phase were com
bined, dried with sodium sulfate, filtered, and then dried 
with potassium carbonate. Removal of the solvent under 
reduced pressure gave a liquid which was vacuum distilled. 
A 16.71 g. forerun, b.p. 38-94° (13 mm.), was obtained 
whose vapor phase chromatogram indicated 8 components. 
A second fraction (72.92 g.) was obtained with b.p. 94-101° 
(13 mm.), n D 1.482(8)-1.484(2), whose vapor phase chroma
togram showed only one component. A brown oily pot resi
due remained (5.8 g.). A second distillation of the homo
geneous fraction gave an analytical sample, b.p. 216-219.5° 
(762 mm.), »”  1.484(7). The infrared spectrum is discussed 
in the following section.

A n a l .  Calcd. for C5HSC120 2: C, 35.12; H, 4.72; Cl, 41.47; 
m.w. 171. Found: C, 35.29; H, 4.75; Cl, 41.32; m.w. 168 
(Rast).

m .-4 ,5 -B is (c h lo r o m e th y l)d io x o la n e  (IX). (a) P r e p a r a t io n .  
A  mixture of 34.3 g. (0.216 mole) of DL-l,4-dic.hlorobutane- 
diol and 6.6 g. (0.22 mole) of paraformaldehyde was heated 
until partially melted. To this was added 4 ml. of stannic 
chloride and the mixture was heated on a steam bath for 17 
hr. The reaction mixture was diluted with 100 ml. of ether 
and 70 ml. of 17% potassium hydroxide solution was added. 
This mixture was initially quite viscous but thinned on 
shaking. The ether layer was separated and the aqueous 
phase was extracted with two 50-ml. portions of ether. The 
combined ether extracts were dried with sodium sulfate, 
filtered, and the solvent removed under reduced pressure. 
The residual liquid was distilled and after a small forerun, 
b.p. 40-84° (8 mm.), there was obtained 30 g. (yield 82%) 
of DL-4,5-bis(ehloromethyl)dioxolane, b.p. 84—89° (8 mm.), 
n 2d5 1.477(0). Vapor phase chromatography indicated this 
material to be homogeneous. A second distillation gave an 
analytical sample, b.p. 85.5-86.0° (10 mm.), 212-214° (760 
mm.), r e 2,,7  1.478(5) [reported18 b.p. 102° (17 mm.)].

A n a l .  Calcd. for C5H8().C12: C, 35.12: H, 4.72; Cl, 41.47; 
m.w. 171. Found: C, 35.25; H, 4.74: Cl, 41.47: m.w. 171 
(in exaltone).

(20) We are indebted to Mr. C. B. Matthews, who de
termined and interpreted the NMR spectra by means of a 
high resolution NMR spectrometer and associated electro
magnet manufactured by Varian Associates, Palo Alto, 
Calif., operating at 40 Me. and approximately 10,000 gauss. 
Spectra were calibrated in terms of displacements in cycles 
per second (e.p.s.) from the proton resonance of water. 
Negative frequency displacements indicate resonance 
occurring at higher field relative to the reference.
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Tho physical properties of m eso - and m.-4,5-bis(chloro- 
methyl)dioxolane are very similar and he two compounds 
are not readily distinguished by boiling point or refractive 
index. \'apor phase chromatograph}- of the pure compounds 
over didodecyl phthalate on Celite a t 190° indicated a 
slightly greater retention time for tho tm s o  compound. This 
difference did not permit, however, a separation of a mix
ture of the two compounds. The compounds are most 
readily distinguished by their infrared spectra which al
though similar do possess distinct differences. The most 
intense peak in the 7-8 p  region is at 7.7 p  for the d i . isomer 
and at 7.96 p  for the n/eso  isomer; in the 12-13 p  region the 
nn compound has one peak at 12.19 p  and the m eso  isomer 
has peaks at 12.30 and 12.60 p \ in the 14-15 p  region the 
nn compound shows no peaks and the nit.so isomer has sharp 
absorption at 14.59 p .

(b) M e th a n o ly s is . Two milliliters of m.-4,5-bis(chloro- 
methyl)dioxolane was dissolved in 35 ml. of methanol satu
rated with hydrogen chloride. After 16.5 hr. the solvent was 
removed under reduced pressure to yield a colorless, heavy 
oil smelling strongly of hydrogen chloride. Seeding with 
DL-l,4-dichlorobutanediol caused immediate crystalliza
tion. The crystals were washed with ether and yielded 1.18 
g. of DL-l,4-diehlorobutanediol, m.p. 77-78°, mixed melting 
point with an authentic sample, 77.0-77.5°.

4 /)-I)im e lh y le n erU o xo la n .e  (I). (a) P r e p a r a t io n . A solution 
of 24 g. (0.6 mole) of sodium hydroxide in 27 ml. of water 
was added to 200 ml. of 2-(2-ethoxyethoxy(ethanol. To this 
was added 33.1 g. (0.193 mole) of m eso  (or DL)-4,5-bis- 
(chloromethyl)dioxolane. The mixture was heated and 
vigorous boiling commenced when the pot reached 113°. 
Heating was continued until the pot temperature reached 
144°, a t which point the head temperature was 121°. The 
two phase distillate was collected over potassium carbonate 
in an ice-cooled receiver. Fifcy milliliters of ether was added 
and the ether layer was separated from the yellow water 
phase. The water was extracted with an additional 50 ml. 
of ether and the combined ether extracts were dried with 
potassium carbonate to yield a colorless solution. The solu
tion was then decanted and dried with sodium hydroxide 
which gave a milky solution. The solution was again de
canted and lithium aluminum hydride was added. When 
reaction subsided the mixture was rapidly filtered and then 
distilled from fresh lithium aluminum hydride. After the 
ether forerun a fraction, b.p. 75-106.5°, was obtained fol
lowed by 4.97 g. of product, b.p. 106.5° (reported20 b.p. 115— 
116°), n o  1.472(6)—1.473(8). Vapor phase chromatography 
of the product indicated three trace impurities and dissec
tion and weighing of the chromatogram indicated a purity of 
approximately 99%. The product gave a negative Beilstein 
halogen test and was more dense than water.

The ultraviolet spectrum of this compound in dioxanc 
gave log e,r)!lx 4.06 a t 245 mg, in excellent agreement with 
the value reported for 1,2-dimethylenccyclopentane, log 
«max 4.02 a t 248 m/i. 1 The near infrared spectrum showed 
strong, sharp absorption a t 1.61 p (t=OH2) and the infra
red spectrum showed absorption a t 5.6, 11.12, and 11.25 p  
( R iR>C=CH2) and a t 5.95-6.1 p  (a poorly resolved doublet ).

The compound when freshly prepared was colorless and 
had a sweet odor. After exposure to the air for 5-10 min. the 
liquid turned yellow and smelled strongly of formaldehyde 
and after exposure overnight it was converted to a yellow- 
glass. Stoppered samples turned yellow but remained liquid 
over several weeks. The instability of the compound pre
vented obtaining a satisfactory analysis.

Unsuccessful attempts were made to dehydrohalogenate 
the starting material using sodium hydride to avoid the 
formation of water.

(b) H y d r o ly s is . 4,5-Dimethylenedioxo.ane (0.27 g.) was 
mixed with 10 ml. of water containing two drops of coned, 
hydrochloric acid. Shaking for 5 min. gave a yellow solution 
with a characteristic biacetyl odor and a white amorphous 
solid. The solution was filtered and treated with hydroxyl- 
amine hydrochloride and sodium acetate on a steam bath

for several minutes. A nickel chloride solution was added 
and gave a red precipitate whose infrared spectrum was 
identical with that of an authentic sample of nickel di- 
methylglyoxime.21

(c) R e a c tio n  v i l l i  te lra c y a n o e lh y le n e . To the dark blue solu
tion prepared from 3.96 g. (0.031 mole) of tetracyanoethylenc 
and 35 ml. of commercial tetrahydrofuran (hydroquinone 
inhibited) was added 3 g. (0.031 mole) of 4,5-dimethylene- 
dioxolane. The reaction mixture became hot and within 
1 min. assumed an olive-green color. The mixture was 
allowed to stand a t room temperature for It) hr. during 
which time no further change was noted. The solvent was 
removed under reduced pressure a t room temperature to 
yield an initially dark blue crystalline solid which became 
light blue on more complete removal of the solvent. The 
solid was slurried with ethanol, filtered, and washed thor
oughly with ethanol to yield a green filtrate which was 
discarded and a very slightly green crystalline solid, weight
5.9 g., yield 86% •

An analytical sample was prepared by recrystallizing 
from ethanol-1,2-dimethoxyethane, vacuum sublimation, 
and two recrystallizations from benzene to yield a white 
crystalline solid, m.p. 237.2-237.7° dec. (discolored at 220°).

A n a l .  Calcd. for C„H6N4(b: C, 58.40; H, 2.67; X, 24.77; 
m.w. 226. Found: C, 58.95, 59.06; H, 2.95, 3.09; X, 24.60, 
24.87.

An additional recrystallization from benzene gave a solid 
which was dried under oil pump vacuum over phosphorus 
pentoxide for 2 days, m.p. 238.5-239.5 dec. Found; C, 58.75; 
H, 2.61: X, 25.04: m.w. 241,226 (in acetone).

This compound (4,4,5,5-tetracyano-l,2-methylenedioxy- 
cyclohexene-1) showed infrared absorption at 5.7 p, no 
terminal methylene group in the near infrared, a simple cut
off in the ultraviolet similar to that found for dihydropyran, 
and in particular no absorption at 280 mp  (no RoCO). The 
XMR spectrum18 in hexadeuteroacetone was composed of a 
ring methylene hydrogen peak at —67 c.p.s. of relative in
tensity 2 and a formal methylene hydrogen peak a t +18 
c.p.s. of intensity 1 .

(d) A tte m p te d  rea c tio n  o f  I  w ith  o th e r  d ie n o p h ile s . 4,5- 
Dimethylenedioxolane (I) failed to yield products on a t
tempted reaction with 1 ) maleic anhydride in benzene for 
19 hr., 2) dichloromaleic anhydride in benzene for 16 hr., 3) 
dimethyl acetylenedicarboxylate in benzene for 19 hr., and 
4 )acrolein (no solvent) for 16 hr.

4 ,4 ,5 ,5 -T e lr a r y a n o - l ,% -d im e lh o x y c y c lo h e x e n e - l . To a solu
tion of 3.99 g. (0.0311 mole) of tetracyanoethylene in 50 ml. 
of commercial tetrahydrofuran was added 3.55 g. (0.0311 
mole) of 2,3-dimethoxybutadiene.3 The solution became 
quite hot and the initial blue color changed to an olive green 
within 1 min. and to a light green within 5 min. After stand
ing overnight the solvent w-as removed under reduced pres
sure a t room temperature to yield 7.38 g. of a blue solid, 
yield 98% . Two recrystallizations from benzene followed 
by three recrystallizations from ethanol yielded an analytical 
sample, m.p. 95.2-96.5°.

A n a l .  Calcd. for Ci-jH^XiCb: C, 59.50: H, 4.16; X, 23.14; 
m.w. 242. Found: C, 59.68, 59.50: H, 4.11, 4.05; X, 23.22, 
23.08; m.w. 253 (Rast).

The infrared spectrum of this compound showed strong, 
sharp absorption at 5.89 p . The XMR spectrum19 in deutero- 
ehloroform was composed of a methyl hydrogen peak at —44 
c.p.s. of relative intensity 1.5 and a methylene hydrogen 
peak a t —67 c.p.s. of intensity 1.

¡¡ ,2 ,8 ,3 -T e tr a c y a n o -5 ,8 -d io x a o c ta \in . To a solution of 12.8 
g. (0.10 mole) of tetracyanoethylene in 60 ml. of purified 
tetrahydrofuran cooled to 10° was added in small portions 
13.75 g. (0.123 mole) of 2,3-dimethylene-dioxane,2 diluted 
with a equal volume of tetrahydrofuran. A very vigorous 
exothermic reaction ensued, the solution boiled, and a dark 
red color was produced which instantly faded after each

(2 1) Kindly provided by Dr. L. G. Donaruma of this 
laboratory.
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addition. When addition was complete the solution was 
light yellow and darkened as the solution eooled to room 
temperature. After standing for 1 hr. the solvent was re
moved under reduced pressure to yield a yellow solid. One 
recrystallization from 1,2-dichloroet.hane gave 17.56 g. of 
product, yield 73%, m.p. 196.2-198.4° (sealed tube). An 
additional recrystallization from 1 ,2-dichloroethane followed 
bv vacuum sublimation gave an analytical sample, m.p.
198.2-199.4° (sealed tube).

A n a l .  Calcd. for C12HsN40 ,: C, 60.00; H, 3.36; N, 23.33; 
m.w. 240. Found: C, 60.16, 60.15; H, 3.53, 3.57; X, 23.48, 
23.52; m.w. 251, 248 (Rast).

This compound showed strong, sharp absorption at 5.82 y .
D im e th y l  5 ,S -d io x a o c ta lin -c is -2 ,3 -d ic a rb o x y la te . A solution 

of 3.4 g. (0.0162 mole) of o,8-dioxaoctalin-e?s-2,3-dicar- 
boxylie anhydride2 in 100 ml. of methanol was allowed to 
stand at room temperature for 4 hr. followed by refluxing for 
17 hr. To this solution was added an ethereal solution of 
diazomethane until a permanent yellow color was obtained 
and the solution was no longer acidic to moist litmus paper. 
Removal of the solvent under reduced pressure gave a slightly 
yellow oil. Freezing this oil in a stoppered flask in Dry Ice 
and allowing to warm spontaneously to room temperature 
initiated crystallization to give a product, m.p. 77-81°. Re
crystallization from boiling methanol-ether (1 :1 by volume) 
gave 3.03 g. of product, yield 73%, m.p. 83°, mixed m.p.
61-65° with a sample of starting material, m.p. 84-85°. 
Throe additional recrystallizations from methanol-ether 
followed by drying overnight a t room temperature over 
phosphorus pentoxide gave an analytical sample, m.p. 
82.0-83.0°.

A n a l .  Calcd. for CnHisOs: C, 56.25; H, 6.30; sap. eq. 
128. Found: C, 56.16, 56.34; H, 6.40, 6.41; sap. eq. 135, 127.

The anhydride starting material showed infrared absorp
tion at 5.4 and 5.61 (—CO—O—CO—) and 5.86 y .  The 
dimethyl ester showed absorption at 5.72 (—CO2CH3) and
5.82 )i.

m eso -/t ,5 -B is (c h lo r o m e th y l) -2 ,2 -d im e th y ld io x o la n e . (a) P r e p 
a r a t io n . To a stirred solution of 5 ml. of stannic chloride 
in 100 ml. of carbon tetrachloride was added dropwise a 
solution of 24 ml. of acetone and 39.5 g. of DL-2,3-bis(chloro- 
methyl)oxirane in 75 ml. of carbon tetrachloride. Addition 
was carried out over 2 hr. and the mixture was then stirred 
an additional 17 hr. A solution of 20 g. of 85% potassium 
hydroxide in 80 ml. of water was added with shaking. The 
organic phase was separated, washed free of base with water, 
and dried with sodium sulfate. The carbon tetrachloride was 
removed under vacuum with a hot water bath and the 
residual bright yellow liquid was distilled through a 15 cm. 
Vigreux column. The distillate weighed 33.56 g., b.p. 75-92° 
(10 mm.), /rD2 1.466(2)-1.468(8). A second distillation gave 
3 fractions: (a) b.p. 48-88° (8 mm.), 7TrJ 1.468(2), 8.79 g.: 
(b)b.p. 88-90° (8 mm.), n %  1.468(5), 7.60 g.; (c) b.p. 90-91° 
(8 mm.), 1.468(0), 14.25 g. Vapor phase chromatography
indicated all fractions contained epoxide starting material, 
an unidentified component, and the major component (as

sumed to be product). The chromatograms when dissected 
and weighed indicated the following approximate percentage 
compositions: fraction (a), 64.3%, product, 33.1% epoxide, 
2.5% unknown; fraction (b), 87.8% product, 9.8%, epoxide, 
2.3%, unknown: fraction (c), 97.3% product, 1.0% epoxide,
l .  7%, unknown. Fraction (c) was analyzed.

A n a l .  Calcd. for CtH ^ C I» :  C, 42.22; H, 6.08; Cl, 35.62
m. w. 199. Found: C, 42.21; H, 6.07; Cl, 35.89; m.w. 194, 
209 (in exaltone).

(b) M e th a n o l ¡/sis. Two milliliters of ?neso-4,5-bis(chloro- 
methyl)-2,2-dimethyldioxolane (fraction C above) was dis
solved in 35 ml. of methanol saturated with hydrogen chlo
ride. At the end of 66 hr. the solution was black. The solvent 
was removed under reduced pressure to yield an amber 
colored solid. Water (100 ml.) was added with heating and 
the solution was treated with 0.5 teaspoon of Darco G60. Fil
tration yielded a very slightly yellow filtrate. Removal of the 
solvent, under reduced pressure gave a white solid, 1.31 g., 
m.p. 125.5-129.5°, mixed m.p. 127-130° with authentic 
//¡eso-1 ,4-dichloro-butanediol.

d l -4 ,5 -B is ( io d o m e th y l) -2 ,2 -d ip h e n y ld io x o la n e . Sodium io
dide (30 g., 0.2 mole) was mixed with 100 g. of acetonyl- 
acetone and heated to 115°. The resulting dark colored 
solution was cooled to 40° and 16.25 g. (0.05 mole) of d i.-
4,5-bis(ehloromethyl)-2,2-diphenyldioxolane was added. The 
solution was then heated to 155-165° for 4 hr. during which 
time the solution turned black and water and 2,5-dimethyl- 
furan were distilled. The black solution was diluted with 
water and filtered to yield a black, highly crystalline residue. 
The residue was washed with sodium iodide solution, ether, 
and carbon tetrachloride. The residue was then washed very 
thoroughly with hot water, followed again by ether and 
carbon tetrachloride to yield 7.40 g. of a dark brown, highly 
crystalline solid, m.p. 191-193°. This solid on ignition liber
ated iodine and left no residue. The infrared spectrum of 
this material was nearly identical with the starting material. 
An analytical sample was prepared by recrystallizing twice 
from carbon tetrachloride and twice from /¡-butyl alcohol to a 
constant, melting point, 190-191°.

A n a l .  Calcd. for C17H16I.O,: C, 40.34; H, 3.19; I, 50.15; 
m.w. 506. Found: C, 40.32; H, 3.34; I, 49.93; m.w. 512 
(Rast).

The ultraviolet spectrum of this compound in methylene 
chloride showed the expected benzenoid form and absorption 
a t 258 m/i but the e,„ax was three to four times the expected 
value (400-500) and showed marked changes with concen
tration: Cmax 1620 for 1.6 X 10“ 3.1/, 1500 for 3.2 X 10“W , 
1440 for 7.9 X 10"W , 1430 for 8.1 X 10"3.I/, 1240 for
15.8 X 10"hi/, and 1170 for 16.2 X 10"3M.
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It has been found that the rate of the reaction of peroxybenzoic acid with c is -  and frarc-s-stilbene is considerably increased 
by addition of trichloroacetic acid, in contrast to previous results with weaker acids. The monotrichloroacetates of the 
hydrobenzoins are formed by cfs-addition, in a completely stereospecitic way, as the main products of these reactions. The 
same products were obtained by treating c is -  and /rans-stilbene oxide with trichloroacetic acid. The kinetics of these reac
tions has been studied. The results are discussed, making some suggestions about a mechanism that could explain them. 
The absolute configurations of the optically active hydrobenzoins have been established.

Previous work1 on the kinetics of the formation of 
hydroxy lactones from the stilbene-2-carboxylic 
acids with peroxybenzoic acid'- had shown that these 
reactions are catalyzed by trichloroacetic acid. 
As these results are in contrast with the fact that 
the reactions of olefins with peroxyacids are not 
liable to acidic catalysis,3 it was thought interest
ing to investigate the influence of trichloroacetic 
acid on the reactions of the isomeric stilbenes with 
peroxybenzoic acid, whose kinetics have been 
studied extensively.,,c,d As expected, a very definite 
catalytic effect was observed in this case, too: 
reaction rates increased sharply with increasing 
acid concentrations. The epoxides (II and VI) 
were not isolated, the diastereomeric hydrobenzoin 
monotrichloroacetates (III and VII) being ob
tained instead, as the main products. They were 
formed in a stereospecific way and isolated in 72 
and 44% yields, respectively, starting from trans
ox cks-stilbene. The transformation of these esters 
into the corresponding hydrobenzoins, both by 
alkaline hydrolysis and by reduction with lithium 
aluminum hydride (to avoid inversions), proved 
their configurations. The fact that the esters ob
tained from trans- and from ris-stilbene respec
tively gave the ( ±)- and the meso-glycol (IV and 
VIII) showed that the reactions involve cis- 
addition of the OH and CC13C02 groups to the 
ethylenic double bonds of the stilbenes.

The same trichloroacetates (III and VII) were 
obtained in better yields from the stilbene oxides 
(II and VI) with trichloroacetic acid in benzene. 
Oily by-products were also formed which con
tained 1.5-20% of carbonyl compounds, as shown by 
precipitation with 2,4-dinitrophenylhydrazine. 
Fractional crystallization of the 2,4-dinitrophenyl- 
hydrazones yielded mainly diphenylacetaldehyde-

( 1 ) G. Berti and F. Bottari, G azz. c h im . H al., 89, 2380 
11959).

(2) G. Berti, J .  Org. C h e m ., 24, 934 (1959).
(3) (a) J. Boeseken and J. Stuurmann, R ec . trav . c h im .,  

56, 1034 (1937); (b) S. Medvedev and (). Bloch, ./. P h y s .  
C h em . U .S .S .R . ,  4, 721 (1933); (c) B. M. Lynch and K. H. 
Pausacker, J .  C h em . S o c ., 1525 (1955); (d) D. R. Campbell, 
J. O. Edwards, J. Maclachlan, and K. Polgar, J .  A m . C h em . 
S o c ., 80,5308(1958).
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2,4-dinitrophenylhydrazone and a small amount 
of benzophenone-2,4-dinitrophenylhydrazone. No 
reasonable explanation can be given for the pres
ence of the latter compound. No evidence was 
found for the formation of desoxybenzoin. 2,4- 
Dinit rophenylhydrazones were not obtained from 
the by-products of the reactions of the stilbenes 
with peroxybenzoic and trichloroacetic acid. This 
cannot be considered as a proof that the forma
tion of the esters (III and VII) follows different 
routes in the two cases, because the carbonyl 
compounds could be formed and further trans
formed by the peroxy acid through a Baeyer-Vil- 
liger oxidation.

More stereochemical information was sought 
through the use of the optically active trans- 
stilber.e oxides, which can be obtained easily from 
(+ )- and ( —)-eryl/iro-a,|8-diphenyl-d-hydroxyethyl-
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TABLE I
R esu lts  of K in etic  R uns  at 25°

Run
No.

[GCI3COOH],
Mole/L.

[Stilbene],
Mole/L.

[C6H5C 03H],
Mole/L. Equation"

Range of A».3, 
Mole^1 L. Sec-1 

X 102
Trend 
of Ay..-, Equation"

Range of A3, 
Mole-1 L. See- 

X 102
1 Trend

of k .

irans-Stilbene
1 0.0333 0.0333 0.0333 la 1.18 -1.03 Deer. lb 4.67-4,81 Iner.
2 0.0412 0.0412 0.0412 la 0.940-0.954 None lb 3 .17-451 Iner
3 0.0666 0.0333 0.0333 lia 1.31 -1.21 Deer. lib 3.76-3.03 N one
4 0.0666 0.3330 0.0333 IVa 1.40 -1.18 Deer. IVb 3.60-3.27 Deer.
5 0.0665 0.0665 0.0665 la 0.915-0.925 None lb 2.61-3 19 Iner.
6 0.0746 0.0746 0.0746 la 0.980-1.00 None lb 2.88-3.47 Iner.
7 0.0814 0.0407 0.0814 I lia 1.02 -1.09 Iner. I llb 2.44-2.95 Iner.
8 0 .1 11 0 0.0555 0.0555 lia 1.29 -1.23 Deer. lib 2.82-2.96 Iner.
9 0 .1110 0.0555 0.0555 lia 1.40 -1.31 Deer. lib 3.08-3.14 None

10 0.2055 0.1028 0.1028 11a 1 .5 7 -1 .4 4 Deer. lib 2.55-2.45 None
11 0.4590 0.0459 0.0459 Va 2.13 -2.35 Iner. Vb 2.22-2.40 Iner.
12 0.6070 0.0300 0.0300 Va 2.16 -2.23 None Vb 1.96-2.02 None
13 0.7938 0.0460 0.0460 Va 2.19 -2.32 None Vb 1.71-1.84 None

cfs-Stilbene
14 0.0563 0.0563 0.0563 la 1.09 -1.16 Iner. lb 3.38-4.04 Iner.
15 0.0814 0.0814 0.0814 la 1,05 -1.08 None lb 2.81-3.50 Iner.
16 0.4592 0.0563 0.0563 Va 1.74 -2.00 Iner. Vb 1.82-2.10 Iner.

“ .See Table II.

amine (IX).4 The ( —)-epoxide, derived from (+ )-  
IX, yielded the (+)-trichloroacetate, which was 
transformed by lithium aluminum hydride into 
a ( — )-hydrobenzoin having the expected specific 
rotation; this offered a further proof of the stereo
specificity of the reaction. The absolute configura
tions of the a,/3-diphenyl-/3-hydroxyethylamines 
are known.6 Their transformation into the epoxides 
through the quaternary hydroxides should involve 
an inversion only on the carbon atom carrying the 
amino group. Therefore, the (-f-)-epoxide should 
have the D-configuration (X), and the ( —)-tri- 
chloroaeetatc (XI), as well as the (-f)-hydroben- 
zoin (XII), should belong to the n-series too, un
less an extremely unlikely double inversion is 
involved. The absolute configurations of the hy
drobenzoins were not known before, but our find-

c 6h 5

H— j—  iNHj 

H - 4 — OH

H

CHjl; Ag;0; A

CüH.5
n - ( - i - I X

C„H, 
i) (-fi-X

I ( I c’I >011

H 11

(.'„Hä —— OH

H-------OH
C„H5

D -(+)-X II

LiAlH,
OH

OCOCCh
C6H5

u>—( — ) —XI

(4 ) J. Read and I. O. M. Campbell, J .  C h o n .  S u e ., 2377 
( 11)30).

(5) J. Woijlnrd, K. Pfister, K. F. Swanezy, C. A. Robinson, 
and M. Tishler, ./. A w . C h o n . S o c ., 73, 1210 (1051 ).

ings agree with some results of Read and Steele." 
who obtained (+ ) -hydrobenzoin in low yield from 
the product of the reaction of (-)-erythro-IX with 
nitrous acid. This reaction should proceed without 
inversion on the /3-carbon atom. Therefore, con
figuration XII must follow for the (+)-glycol.7

The opening of an epoxide ring in a cis way, 
although it is contrary to the normal rule, is no 
longer to be considered as an exception for stil- 
bene derivatives, in the light of several examples 
in the recent literature of partial or total retention 
of configuration in the acid-catalyzed cleavage of 
oxiranes carrying at least one phenyl group on the 
ring.8 Ours seems, however, to be the first case of a 
complete cfs-stereospecificity in an addition of this 
type to the two unsubstituted stilbenes and to 
their oxides. The present reactions have the 
advantage over similar ones,3d,9,1° of being faster 
(a few hours, instead of days), or giving, especially 
in the trails series, pure glycol esters with onl3r one 
crystallization and in reasonably good yields. They 
can be interesting as preparative methods, partic-

(0 ) J. Read and C. C. Steele. J .  ( ' h e m . S o c .. !I10 (1927;.
: 7) This matter, however, is not at all clear and is being 

investigated further, because there is no agreement be
tween the results of Read and Steele, who found that with 
nitrous acid both the ( - ) - e r y t h r o  and the ( + ) - threo- di- 
phenylhydroxyethylamines give the same ; — j-glycol 
(XII), and those of Weijlard and co-workers (ref. 5), who 
showed that the two atninoalcohols have the opposite 
configurations on the /3-carbon; either the latter assumption 
is wrong, or one of the reactions with nitrous acid gives an 
inversion on the /3-carbon.

(8 ) For a recent review of this topic, see ref. 17.
(9) B. Witkop and C. M. Foltz, J .  A m .  ( ' h e m . S o c .. 79, 

197(1957).
10) 1). V. Curtin, A. Bradley, ami Y (1 Hendrickson, 

./. .4m. C h e w . S o w , 78, 4004 ( 1950.
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ularly for the optically active hydrobenzoins, which 
are quite difficult to prepare otherwise.

Kinetic measurements were carried out by fol
lowing the disappearance of peroxybenzoic acid 
iodometrically, and in some cases that of stilbene 
spectrophotometrically. frans-Stilbene, which is 
more easily purified, was used for most deter
minations, but a few comparative runs were also 
made with cfs-stilbene. The results obtained in a 
series of determinations, with trichloroacetic acid 
concentrations ranging from 0.033 to 0.7911/ did 
not fit well into a third order rate expression be
cause, although some single runs gave rather 
constant values for k3 up to more than half-life, 
other ones were much worse; the calculated con
stants showed a very sharp decrease with in
creasing acid concentrations (see Table I). In our 
previous work on the kinetics of the reactions 
of the stilbene-2-carboxylic acids with peroxy
benzoic acid,1 in which the trichloroacetic acid 
concentrations remained constant throughout the 
runs, we had found that the pseudo-second order 
rate constants were roughly proportional to the 
square roots of these concentrations. Therefore, 
the present results were calculated also on the basis 
of a rate equation of order 2.5:

_  rf[C6H„C03H] =
</t

fe.5 [stiIbene][C6H3C 0 3H] [(CC13C 02H)2]° S (1)

As the integration of this differential equation is 
rather complicated, the ratios of initial concentra
tions of the reactants were chosen in such a way 
as to give somewhat simpler expressions. Table I 
shows the values of Ay5, as calculated by means 
of the integrated equations given in Table II. 
These figures, although they are better for most of 
the runs than those obtained by third order kinetics, 
show a tendency to increase with increasing acid 
concentrations. A comparison of the two series of 
values (A’2.5 and k 3) ,  the one increasing while the 
other decreases, seems to indicate that the order 
in trichloroacetic acid is not constant, changing 
between 0.5 and 1. This is confirmed by the fact 
that for single runs the values of Ay5 show mostly 
a trend to decrease, those for A3 to increase with 
time (see Table I, columns 7 and 10), according 
to what would be expected for rate constants cal
culated by a rate expression of too low or too high 
order, respectively.

The kinetic results can be explained, as assumed 
before,1 by the hypothesis that trichloroacetic acid, 
present in part as a dimer, is involved in the rate
determining step. This acid, which is a very strong 
proton donor in nonpolar solvents, could act as a 
catalyst for the reaction by protonating the peroxy 
acid in an equilibrium reaction (2). The reactive

CCbCOjr +  CeH5COjH
¡CCl;,CO.,-C6H X 'O JiA ) (2)

intermediate would therefore be an ion-pair,11 
in which the cation, possibly of the form XIII,

C6H5 '

A
HO O

OH.
X III

would be a stronger donor of OH+ than the peroxy
benzoic acid molecule. A rate-determining bimolccu- 
lar reaction would thus take place between this 
intermediate and the olefin, which would however 
be dependent on the trichloroacetic acid concentra
tion, if, as likely, the equilibrium in (2) is reached 
rapidly and its constant K is small. The over-all 
kinetics should be third order, with an observed 
constant k 3 = KAy because the concentration of 
the reactive ion-pair would be given by

[(CC13C 02-C 6H5C03H2+)] = iqCChCChH] [OcHXCAH]

and the rate expression by

_  d tgeHXOOI]  = Ki.2[stii|,ene][C6H5C03H][CClaC02H]

It is known,12 however, that trichloroacetic acid 
is present as a dimer in benzene solutions. Equation
(2) should therefore be replaced by the following:13

(C;C1:,(Xbll), +  2 CtHsCOjH
2(CC13C02-  C6H5C03H2+) (3)

which would give the rate expression (l), where 
Ay 5 = A2K°A

The fact that different runs gave results which 
indicated reaction orders varying between 2.5 
and 3 could be explained by assuming that tri
chloroacetic acid was present only partially, and 
in different amounts, as a dimer. This could be 
caused by the presence of small quantities of water, 
which were hard to avoid, because of the hygro- 
scopicity of the acid and the difficulty in drying 
completely the peroxy acid solutions without de
composing them. Bell and Arnold12 found that tri
chloroacetic acid combines with water to give a 
1:1 addition product which is monomeric in dilute 
benzene solutions, while at higher concentrations 
(around 0.7il/), even in the presence of water, all 
of the acid is present as a dimer. This was con
firmed by runs 11 to 13, in which the trichloro

(11) A similar hypothesis of a complex formation be
tween peroxyacids and other acids was made by Swern in 
O rg a n ic  R e a c tio n s , 7, 378 (1953). He based his data, however, 
on acidic catalysis in epoxidation reactions only on cases 
of different types of oxidations, as pointed out by Lynch 
and Ransacker (ref. 3c).

(12) R. 1’. Bell and M. H. M. Arnold, J . C h e m . S o c ., 1432
( 1935).

(13) This trimolecular equation is assumed for the sake 
of simplicity, but it probably is the resultant of two rapid 
subsequent bimolecular steps, which should give the same 
kinetic results.
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acetic acid concentrations were much higher than 
those of the other reactants and were therefore 
practically constant throughout the reaction: 
the rate constants were calculated by the second 
order kinetic equation and divided by the square 
roots of the dimer concentrations, or by the mono
mer concentrations, to obtain /,'2.a or /;3. Constancy 
was better for/c2 .5.

The discrepancies in some of our results could 
also be explained by the following sources of errors. 
1) Our calculations do not take into account the 
normal uncatalyzed reaction between the stilbenes 
and peroxybenzoic acid, which is much slower, but 
could have some importance in the runs with Ioav 
catalyst concentration. 2) Decomposition of the 
peroxyacid by side-reactions (some runs, which 
were followed both iodometrically and spectro- 
photometrically, showed that there is a little dif
ference between the rates of disappearance of the 
peroxy acid and of stilbene, the former being usually 
somewhat higher). 3) The yields of the esters III 
and VII are not quantitative; as the side-products 
do not contain chlorine, the disappearance of 
trichloroacetic acid is slower than expected.
4) Different lots of trichloroacetic acid were used.
5) The presence of trichloroacetic acid changes the 
dielectric constant of the solvent; this could affect 
the rate, particularly at the higher concentrations. 
Apparently, however, ill these possible sources 
of error are not too important.

The fact that «s-stilbene, which in the un
catalyzed reaction with peroxybenzoic acid reacts 
almost twice as fast as do?rs-stilbene,3c seems to be 
oxidized at about the same rate as the trans- 
isomer in the presence of trichloroacetic acid (see 
Table I) is not easy to explain in the light of 
the mechanism discussed above. However, solu
tions of cfs-stilbene in benzene slowly developed a 
pink color, later turning to blue, in the presence of 
an excess of trichloroacetic acid. This could be due 
to a protonation of the ethylenic double bond, a 
reaction that would interfere with the electro
philic attack by the peroxyacid. Washing with 
alkali after twenty-four hours led to the recovery 
of a product that still had the ultraviolet absorption 
spectrum of ds-stilbene but only about 80% of its 
extinction coefficients. Probably a slow trans
formation into a dimer or polymer takes place, 
as in the case of the reaction of 1,1-diphenylethyl- 
ene with trichloroacetic acid.14 /.nvns-Stilbene does 
not give any color and is recovered unchanged under 
similar conditions.

The question could be raised as to why acidic 
catalysis of the reactions of olefins with peroxy- 
acids apparently has not been observed before. 
The results in the literature are based, however, 
on tests with relatively weak acids: acetic,3a 
benzoic,,icd and substituted benzoic.31’ Probably

14) A ( 1. Evnnts X. Jones, and J. H. Thomas, J .  (-h em . 
S o c .. 1824 ( lUdo ).

only strong acids can produce ions of type XIII in 
significant amounts.

An alternative explanation of the catalytic action 
could be found in an exchange between trichloro
acetic and peroxybenzoic acid, with formation 
of peroxy trichloroacetic acid, certainly a very 
strong epoxidizing agent. This hypothesis, that 
could possibly agree with our kinetic results, is, 
however, very unlikely if one has in mind the re
sults of Hawthorne and co-workers,15 who found 
that no such exchange takes place between a strong 
acid and a weak peroxyacid, and those of Campbell 
and co-workers,'id who did not observe any ex
change of C14 between benzoic and peroxybenzoic 
acid.

The present kinetic data do not allow one to 
distinguish between a reaction path involving slow 
formation of an epoxide, followed by a rapid 
reaction with trichloroacetic acid, or direct inter
action between a cationic intermediate of the per
oxidation and the anion. No precise measurements 
of the rate of addition of trichloroacetic acid to the 
epoxides II and ATI were made, but it was found, 
using the optically active (ra/is-epoxides, that the 
half-life at 20° is smaller than one minute and that, 
therefore, this step could not influence the over-all 
reaction rate. It appears likely, anyway, that the 
epoxide does not form at all in the presence of tri
chloroacetic acid; a cationic intermediate, cor
responding to the forms XIA a or XIA'b, should 
react rapidly inside a cage of solvent wit h the tri
chloroacetic anion to give the esters III and ATI, 
rather than lose a proton and yield the epoxides. 
The same intermediates would of course be ob
tained also from the epoxides and trichloroacetic 
acid. The differences in the yields of the trichloro- 
acetates obtained from the stilbenes and from 
the epoxides could well be justified by some side- 
reactions produced by the peroxybenzoic. acid, 
without assuming different mechanisms in the 
main reactions. The cis-stereospecificity could be 
explained, as postulated by Brewster16 for the re
actions of trn/is-a-methylstilbcne oxide with acetic 
acid, by a steric course determined by the reciprocal 
position of anion and cation in the ion-pairs XIV. 
It is therefore not necessary to assume the forma
tion of a phenonium ion and a double inversion, 
as suggested by Parker and Isaacs17 to account 
for the ds-addition of peroxybenzoic acid to the 
p-methoxy stilbenes, even if the rearrangement, 
which in our case produces diphenylacetaldehyde as 
a side-product, could involve such an intermediate. 
The same aldehyde, which is not a transformation 
product of the esters III and ATI, was also obtained

(15) M. K. Hawthorne, \Y. I). Emmons, and K. S. 
M f C a l lu m ,A m . I 'l io n .  Soc.., 80, 039:? (1958).

(16) J. 1!. Brewster, J . A m .  C h cm . S o c . .  78, 4001 1 1950!
(17) 1?. E. Parker and X. S. Isaacs. C h o n . H i t s . .  59, 757

(1959).
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by House18 from the stilbene oxides with boron 
trifluoride and with magnesium bromide.

The present results must be integrated with 
many more tests, using different solvents, acids, and 
olefins, before a complete picture of the stereo
chemistry and mechanism of these reactions is 
available. We are continuing our work on this line.19
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EX PER IM EN TA L

Melting points were determined on a Kotier hot stage 
and are not corrected.

M a te r ia ls . Thiophene-free benzene was distilled over 
sodium. Commercial irares-stilbene, crystallized twice from 
ethanol, melted a t 123.5-124.5°. cfs-Stilbene was prepared 
by the method of Buckles and Wheeler20 and was distilled 
twice: b.p. 96-98/1 mm., n2D° 1.6230. Solutions of peroxy- 
benzoic acid in benzene were prepared by the method of 
Braun,21 as modified by Kolthoff and co-workers,22 dried 
over magnesium sulfate, then over calcium sulfate, and 
stored in a refrigerator; kinetic determinations were carried 
out with solutions not older than 2-3 days, c is -  and tra n s -  
Stilbene oxides, prepared from the stilbenes with peroxy
benzoic acid and recrystallized once from 70% ethanol, 
once from petroleum ether, melted at 40-42°and 70-71°, 
respectively. The optically active forms of irans-stilbene 
oxide were prepared bj’ the method of Read and Campbell,4 
based on the steam-distillation of the quaternary hydroxides 
obtained from ( +  )- and ( — )-eryttro-a,/S-diphenyl-/3-h}-- 
droxyethylamine. The ( —)-hydroxy amine yielded the ( +  )- 
epoxide, m.p. 69-70°, [ajn1 +365° (c 0.500, benzene), the 
( +  )-hydroxvamine gave the ( —)-epoxide, m.p. 69-70°, 
[«¡2D° -370° (lit.,4 m.p. 69-70°, [<*]D -374°) Chemically 
pure trichloroacetic acid was distilled under a pressure of 1 
mm. : only center cuts were used.

(.18) H. O. House, J .  A m .  C h em . S o c ., 77, 3070 (1955).
(19) A referee has pointed out that our Ivypothesis about 

the effect of water on the kinetic order of the reactions should 
be tested by adding small amounts of water to some of the 
solutions. Work along these lines is being done at present, 
too, and preliminary results, although quite incomplete 
from a quantitative point of view, because of the difficulty 
in obtaining rigorously anhydrous solutions, seem to be in 
line with our assumptions. The complete results will be 
published at a later date.

(20) It. E. Buckles and N. G. Wheeler, O rg. S i /11 theses, 
33,88(1953).

(21) G. Braun, O rg. S y n th e s e s , Coll. Vol. I, 431 (1951).
(22) I. M. Kolthoff, T. S. Lee, and M. A. Mairs, P o ly 

m er S c i . , 2 , 199 (1947).

( ±  ) - th r e o -a - H y d r o x y - a ' - tr ich lo ro a c e to xyb ib en zy l (III), a) 
A solution of 0.90 g. (0.005 mole) of (rana-stilbene, 0.006 
mole of peroxybenzoic acid, and 0.006 mole of trichloroacetic 
acid in 60 ml. of benzene stored at room temperature for 2 
days, was extracted with 20 ml. of sodium carbonate solu
tion, and was washed with 10 ml. of water. The solvent was 
distilled and the residue, treated with 20 ml. of boiling pe
troleum ether (b.p. 40-70°), vielded 1.30 g. (72%) of needles, 
m.p. 115.5-116.5°.

A n a l .  Calcd. for CieHesCbCh: C, 53.43; H, 3.64; Cl, 29.58. 
Found: C, 53.63; H, 3.64; Cl, 28.93.

After elimination of the solvent from the mother liquor, an 
oil remained which gave only a trace of a precipitate with
2,4-dinitrophenylhydrazine reagent.

b) A solution of 0.98 g. (0.005 mole) of ¿rans-stilbene 
oxide and 0.006 mole of trichloroacetic acid in 60 ml. of 
benzene, stored overnight at room temperature and treated 
as described in a), gave 1.40 g. ( 7 8 % )  of needles, m.p.
115.5-116.5°, which were found to be identical with the 
product from the reaction a). The oil which remained after 
evaporation of the solvent was dissolved in 20 ml. of ethanol 
and treated with a reagent prepared from 0.4 g. of 2,4-di- 
nitrophenylhydrazine23: a precipitate of mixed 2,4-dinitro- 
phenylhydrazones (0.3 g.), melting between 135 and 165°, 
was formed. After two crystallizations from ethyl acetate 
it yielded 0.07 g. of an orange product, m.p. 240-241°. Con
centration of the ethyl acetate solutions and dilution with 
ethanol gave a yellow compound, melting, after recrystalli
zation from ethanol, a t 149-151°. The identities of the two 
products as benzophenone 2,4-dinitrophenylhydrazone and 
diphenylacetaldehyde 2,4-dinitrophenylhydrazone18 were 
established by mixed melting points and comparison of the 
infrared spectra with those of authentic samples. The above 
reaction has been carried out several times, with different 
amounts of trichloroacetic acid and reaction times ranging 
from 10 min. to several days: the yields of III  were quite 
constant (71-78% )•

].-( +  )- a n d  d-( ~ )- th r e o -a -H y d r o x y -a '- tr ic h lo r o a c e lo x y b i-  
b en zy l (XI). The reaction was repeated by method b), 
using optically active (rares-stilbene oxide. A solution of 
0.359 g. (0.0018 mole) of the ( —)-epoxido, [a ]2/1 —370° and 
0.0036 mole of trichloroacetic acid in 25 ml. of benzene was 
immediately transfered into a 10 cm. polarimeter tube. 
After 1 min. the observed rotation was —0.50° (calcd. 
initial value, —5°). After 45 min. it had changed to +0.21° 
and it remained stable at this value. The solution was washed 
with sodium carbonate, dried, and evaporated. The residue 
crystallized from petroleum ether (b.p. 40-70°) as prisms 
(0.470 g., 71.5'. . m.p. 119-120.5°, [«]% +10.9° (c 2.878, 
benzene). The mother liquor gave, after evaporation, an 
oily residue of 0.157 g., [a ]'D8 +5.5°. Similarly, starting 
from 0.332 g. of the ( +  )-epoxide ( [ a ]2,,1 +365°), 0.441 g. 
(71%,) of product, m.p. 119-121°, [a]1,? -11.1  (c 2.750, 
benzene) was obtained, together with 0.09 g. of an oil, 
[ « I ’d  —5.0°. When equal weights of the two enantiomeric 
products were crystallized from petroleum ether, optically 
inactive needles, m.p. 115.5-116.5°, were obtained, which 
did not depress the melting point of the racemic III.

(± ) -e r y th ro -a -H y d ro x y -a '- tr ic h lo r o a c e to x y b ib e n z y l (VII). 
m-Stilbene (1.5 g.. 0.0083 mole), treated, as described in 
a) for the th reo -isomer, with 0.0091 mole of peroxybenzoic 
acid and with 0.011 mole of trichloroacetic acid, gave, after 
crystallization from petroleum ether, 1.3 g. (44%) of VII, 
m.p. 114-115.5° (mixed melting point with the threo- 
isomer. 99-103°i.

.4««/. Calcd. for G,»H„OaCh: C, 53.43; II, 3.64; Cl, 29.58. 
Found: C, 53.80: II. 3.91; Cl, 29.75.

By method b) 0.005 mole of cfs-stilbene oxide gave 1.16 
g. (04%) of the same e r y th ro -e s te r  and an oily residue, which 
formed 0.37 g. of a mixture of 2,4-dinitrophonylhydrazones.

(23) R. L. Shriner, R. C. Fuson, and 1). V. Curtin, T h e  
S y s te m a t ic  Id e n t i f ic a t io n  o f  O rg a n ic  C o m p o u n d s , John Wiley 
and Sons, New York, 2nd. ed., 1956, p. 219.
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TABLE III 
R u n  N o . 1

Titrimetric Deti ■rmination
Spectrophotometric 

1 )et:'rmi nation

Time
(sec.)

Xa2 S20 3 
(ml. 

0.02.V)

(mole-1 1 
sec-1 X 

102)
Time
(sec.)

Optical 
densitv 
at 120, 

mg

k , . i
(mole-1 1. 
sec. -1 X 

102)

0 16.65 — 0 1 .050 —

2050 15.12 1.18 2090 0.960 1 .07
4710 13.68 1.13 4740 .850 1 .22
9275 11.82 1 .1 2 9295 . 750 1 .10

16290 10 .12 1.06 16310 . 650 1,00
24005 8.80 1 03 24055 . 562 1 .01

Fractional ervstailization of the latter showed that it had
about the same composition ;is that obt ¡lined in the reaction
of tho tran-s-epoxide with trichloroacetic acid. Modifications 
in the quantities of trichloroacetic, acid and in reaction 
times gave slightly different yields (56-04%) of the ery th ro -  
ester.

T r a n s fo r m a tio n  o f  the  tr ich lo roace ia tes in 'o  h yd ro h en zo in s . 
a) B y  h y d r o ly s is . A solution of 0.26 g. of ( — )-XI in 4 ml. of 
ethanol was treated with 2 ml. of a 0.241 solution of potas
sium hydroxide in ethanol and refluxed for 30 min. Water 
was added and the solution was extracted with ether. The 
ether extract was dried over magnesium sulfate and evapo
rated to drvness. The residue (0.14 g., 82% ) melted a t 145- 
147°, [a]2,* +91.0° (c. 1.100, ethanol) [lit.,24 ( +  )-hydro- 
benzoin, m.p. 148-149 °, [«] o° +  94.0°]. The same reaction 
when applied to (± )-I II , gave a product, which, after crys
tallization from water, melted at 92c, from benzene, at 1 lti- 
1180 (lit..,25 (±)-hydrobenzoin hydrate, m.p. 95-96°, anhy
drous, m.p. 119-120°]. The e ry th ro -cster (VII), treated in 
the same wav, gave meso-hydrobenzoin, m.p. 128-130° 
(lit.,25 m.p. 134°).

b) B y  r e d u c tio n  w ith  l i th iu m  a lu m in u m  h y d r id e . A solution 
of 0.463 g. of ( +  )-XI in 10 ml. of other was slowly added, 
with stirring, to a slurry of 0.15 g. o: lithium aluminum hy
dride in 20 ml. of ether. The mixture was reti ixed for 30 min., 
then treated with a few drops of ethanol, with water, and 
with dilute sulfuric acid. The ether layer was dried over 
magnesium sulfate and evaporated. The residue weighed 
0.232 g. (84%), and melted at 148-149°, [a]”  —94.5° (c 
0.998, ethanol) (lit.,24 25 ( — )-hydrobenzoin, m.p. 148-149°, 
[ad2,? —93.5°). Under similar conditions (± ) -I I I  and (± ) -  
VII gave respectively (±)-hydrobcnzoin, m.p. 1 2 1°, and 
/neso-hvdrobenzoin, m.p. 134-135°.

M is c e lla n e o u s  tests . A solution of 0.92 g. of (± ) -I II  and 
0.6 g. of trichloroacetic acid in 20 ml. of benzene was re
fluxed for 30 min. After washing with sodium carbonate 
and evaporation, 0.81 g. of unchanged starting material was 
recovered. A test with 2,4-dinitrophenylhydrazine gave a 
negative result.

A solution of 0.10 g. of (±)-hydrobenzoin and 0.10 g. 
of trichloroacetic acid was stored for 2 dais at room tem
perature, then refluxed for 30 min. The ro atorv power of 
the solution remained unchanged and 0.094 g. of the start
ing material was recovered.

(24) F. Eisenlohr and L. Hill, B e r ., 70, 942 (1937).
(25) C. Forst an I T. Zinckc, A n n . ,  182, 262 (1876).

A solution of 0.2 g. of c/s-stilbenc and 1.8 g. of trichloro
acetic acid in 10 ml. of benzene was stored at room tempera
ture. After about 1 hr. a pink color had developed, which 
changed to blue after 4 hr. After 24 hr. a sodium carbonate 
solution was added. The color disappeared after about 1 
min. of shaking. The product which was recovered from the 
benzene solution had the same ultraviolet spectrum as c is -  
stilbene (maxima at 224 and 278 mg); extinction coeffi
cients were, however, about 20% too low on the whole curve, 
showing that the material contained only 80% of the stilbene. 
Under the same conditions iranx-stilbene did not develop 
any color and was recovered unchanged.

K in e t ic s . The kinetic measurements were carried out with 
benzene solutions a t 25.1 ±  0.1°. The reactions, whose re
sults are summarized in Table I, were followed bv iodometric 
titration of the peroxybenzoic acid. A benzene solution of an 
exactly weighed amount of stilbene in a 50-ml. flask was 
treated with the calculated volume of a titrated solution 
of trichloroacetic acid in benzene. The flask was brought to 
the bath temperature, a preheated titrated solution of 
peroxybenzoic acid was added, and the volume was made 
up with preheated benzene. Fractions of 5 ml. were drawn 
off and the reaction was quenched by stirring with an 
aqueous solution of 0.5 g. of potassium iodide and 3 ml. of 
acetic acid. The iodine was titrated with 0.02.V sodium 
thiosulfate. The reactions were followed to at least 40%, 
transformation, the faster ones to 60-70%.. Parallel runs 
without trichloroacetic acid were carried out as a control 
for the method. The second order rate constants for tr a n s -  
stilbene thus found (% = 4.25-4.35) were in fairly good 
agreement with those of the literature (4.25-4.293r; 4.16- 
4.213d). The rate constants were calculated using the equa
tions shown in Table II.

In some cases the reactions were also followed by deter
mining the disappearance of the stilbenes spectrophotome- 
trically. Together with the samples for the titrations, others 
of 2 ml. were drawn off, transfered to test tubes with ground 
stoppers, containing 2 ml. of 10% sodium carbonate, and 
shaken. About 1 ml. of the benzene layer was then trans
fered into another test tube containing some dry magnesium 
sulfate; 0.09 ml. of this solution was measured exactly 
with a micro-pipette and brought to 50 ml. with methanol. 
Optical densities of these solutions were read with a spectro
photometer, a t 320 and 330 mg for (rons-st-ilbene and at 315 
and 325 mg for cfs-stilbene, using as a blank a. solution pre
pared in the same way, but without the stilbene. Preliminary 
tests had shown that a t these wave-lengths and concentra
tions the compounds II, III, VI, and VII and the reaction 
products of II and VI with trichloroacetic acid were prac
tically transparent. The results obtained by this second 
method were usually almost parallel to those obtained by 
the titrimetric method although there was some tendency, 
in most cases, to a slightly slower rate of disappearance of 
the stilbene, than of the peroxybenzoic acid. This effect 
could, however, be due to the formation of a side-product , 
which absorbs at the wave lengths used for the determina
tion. Table III  shows an example of the values of A\>.5 ob
tained by both methods.
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R eaction  o f  T rip h en y lacety l C hloride w ith  O rgan om eta llic  R eagen ts. 
P reparation  o f  A lkyl T rity l K eton es

JAMES CASON and FRANCIS J. SCHMITZ

R eceived  F e b ru a r y  4, I 9 6 0

Reaction of excess methylmagnesium iodide with triphenylacetyl chloride yields triphenylmethane, triphenylethane, and 
methyl trityl ketone. There could be detected no ethyl triphenylacetate, previously reported as the principal product of this 
reaction. I t is suggested that the observed reaction products are obtained from an intermediate acvlonium ion which either 
reacts with Grignard reagent to give ketone or decarbonylates to give the triphenylmethyl carbonium ion. Reaction of ethyl- 
magnesium bromide with triphenylacetyl chloride yields no ketone, but a mixture of 2 ,2,2-triphenylethanol and ethyltri- 
tylcarbinol. The latter is believed to arise from reduction by excess Grignard reagent of initially formed ethyl trityl ketone. 
Methyl, ethyl, and butyl trityl ketones have been prepared in good yield by reaction of triphenylacetyl chloride with the 
appropriate cadmium reagents.

It has been reported1 recently that alkyl trityl 
ketones have not been secured by reaction of the 
Grignard reagent with triphenylacetyl chloride; 
in fact, the only ketone of this type whose identity 
seems authenticated is methyl trityl ketone. 2 Reac
tion of ethvlmagnesium iodide with triphenylacetyl 
chloride1 yielded the reduction product 2 ,2 ,2 - 
triphenylethanol rather than the previously claimed 
ethyl trityl ketone, 3 whereas reaction with a large 
excess of methylmagnesium iodide was reported1 

to result in a 67% yield of ethyl triphenylacetate. 
Formation of the ester in the latter case was at
tributed to extraction of halogen from the acid 
chloride by a Lewis-acid component of the Grignard
reagent, and subsequent reaction of the acylonium

+
ion, (Cells) 3C—CO, with ether solvent. In view of 
the large excess of Grignard reagent that was em
ployed, this result seems rather surprising, for the 
Grignard reagent would be expected to react 
much more rapidly with the acylonium ion than 
would the ether solvent. Indeed, reaction of or- 
ganocadmium reagents with acid chlorides has 
been extensively rationalized4 on the basis of 
reaction of an intermediate acylonium ion with 
the organocadmium reagent or a carbanion re
leased from it.

When reaction of excess methylmagnesium iodide 
with triphenylacetyl chloride was re-examined dur
ing the present investigation, no ethyl triphenyl
acetate could be isolated, nor could this ester (synthe
sized for reference purposes) be detected in the 
reaction product by infrared spectroscopy, gas 
phase chromatography, or column chromatography 
on alumina. There was obtained a 17-21.5% yield 
of methyl trityl ketone; however, the major prod

(1) J. L. Greene, D. Abraham, and H. D. Zook, J .  O r i j .  

C h e m . ,  24, 132(1959).
(2) J. L. Greene and H. I). Zook, .7. .Ini. C h e m .  S o c . ,  80, 

3629(1958).
(3) M. S. Kharasch and (). Reinmuth, G r i g n a r d  R e a c t i o n s  

o f  N o n m e t / i l l i c  S u b s t a n c e s ,  Prentice Hall, Inc,., Englewood 
Cliffs, N .J., 1954, p. 763.

(4) A recent report containing references to earlier work
is: J. Cason and E. J. Reist, ./. O r g .  C h e m . ,  23, 1675 (1958).

uct of the reaction was a mixture of triphenyl
methane and triphenylethane. Analysis and sepa
ration of the hydrocarbon mixture by gas chroma
tography indicated 17-21% yields of triphenyl
methane and 31-40% yields of triphenylethane. 
The hydrocarbons were compared (infrared spectra 
and gas chromatography) with authentic samples.

The products obtained from reaction of methyl
magnesium iodide with triphenylacetyl chloride do 
indeed indicate that the principal reaction path 
involves extraction of halogen to yield the acylo
nium ion; however, the fate of this ion does not in
volve reaction with the ether solvent.5 Reaction of 
the acylonium ion with the Grignard reagent 
(or the methyl carbanion) would yield the trityl 
ketone, whereas the triphenylmethyl carbonium 
ion, formed by decarbonylation of the acylonium 
ion, 6 could lead to hydrocarbon formation. Re
action of the carbonium ion with the Grignard 
reagent would yield triphenylethane, and use of 
higher alkylcadmium reagents (see Table I) does 
lead to the corresponding higher triphenylalkanes. 
The ether solvent must be the source of the hydro
gen required for triphenylmethane formation, 
possibly by an equilibrium reaction involving 
extraction of the alpha hydrogen from the ether; 
however, the increased formation of triphenyl
methane (Table I) at higher temperature suggests 
a more complicated reaction path. Extraction of a 
hydride ion from a phenyl moiety would not be 
expected. The triphenylmethyl radical can hardly 
be the intermediate leading to hydrocarbon forma
tion, for triphenylacetyl chloride is stable to heat
ing under reflux in a benzene-ether mixture. Fur
thermore, there is apparent no reasonable mecha
nism leading to generation of the triphenylmethyl

(5) The origin of the ester reported by the previous in
vestigators seems obscure; however, presence of ethanol in 
the ether solvent could lead to formation of magnesium 
ethoxide, which would react with the acylonium ion.

(6) In Friedel and Crafts reactions with trisubstituted 
acetyl chlorides, alkylations with the tertiary carbonium ion 
have been observed: for a leading reference, rf. E. Rothstein 
and R. IV. Saville, J .  C h e m .  S o c . ,  1946 (1949).
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TABLE :
R e a c t i o n  o f  T r i p h e n y l a c e t y l  C h l o r i d e  w i t h  A l k y l c a d m i u m  R e a g e n t s “

Alkyl
Group

Ratio of Alkyl 
Halide to 

Acid Chloride (C6H5)3CH

Yields, %  

(C6H5)3C—R

(C6H5)3C—C—R 

0

c h 3— 2 : 1» 18 33 12“
2 :1 0 21.5 3 5“
5:1 0 11 73

c 2h 6— 2 :1 11 13 39.5
rt-C4H9— 2 :1 11.5 17.5 46

5:1 8.5 10.5 62.5

“ Unless otherwise stated, after the cadmium reagent had been formed from the bromide v ia  the Grignard reagent, the 
acid chloride was added at about 10°, then the mixture was stirred for about 1 hr. at room temperature followed by about 
20 hr. a t 40-43°. 6 After addition of the acid chloride in this run, the mixture was stirred for 1 hr. a t about 43°, then for 1 
hr. under reflux in benzene solvent. c The lower yields of ketone obtained with the 2:1 ratio of methyl bromide are believed 
due to the volatility of dimethylcadmium and its consequent loss during distillation of ether from the reaction mixture.

carbanion as an intermediate. The hydrocarbons 
are also formed in cadmium reactions (see Table I), 
and methyl trityl ketone does not suffer displace
ment of the triphenylmethyl carbanion on heating 
with dimethylcadmium under conditions used in the 
organocadmium reaction with an acid chloride. 
The ketone is recovered unchanged. Decomposition 
of the acylonium ion to the carbonium ion is also 
indicated by the fact that a higher ratio of hydro
carbon is obtained in the organocadmium reaction 
when it is carried out at higher temperature (Table
I).

In view of the unexpected results obtained in our 
investigation of the reaction of triphenylacetyl 
chloride with methylmagnesium iodide, the re
action with the ethyl Grignard reagent was also 
re-examined. In agreement with the previous 
report,1 2,2,2-triphenylethanol was obtained; how
ever, chromatography on alumina separated a 
second alcohol (infrared spectrum) in somewhat 
smaller amount than the substituted ethanol. 
The second alcohol, m.p. 92-93.6°, gave an analy
sis in agreement with that calculated for ethyl- 
tritylcarbinol. The identity of this alcohol was 
established by oxidation to ethyl trityl ketone and 
comparison of the latter with an authentic sample. 
Thus, ethyl trityl ketone appears to have been a 
primary product of the Grignard reaction, but it was 
reduced by excess Grignard reagent to the cor
responding carbinol. Triphenylacetaldehyde is an 
improbable intermediate in formation of the 
carbinol, for the Grignard reagent would not be 
expected to add to such a highly hindered alde
hyde.

As alkyl trityl ketones have proved difficult to 
synthesize and organocadmium reagents are rela
tively unaffected by steric hindrance,7 the reaction 
of dialkylcadmium reagents with triphenylacetyl 
chloride was examined. If a large excess of cadmium 
reagent is utilized, this procedure is a simple and 
high-yield approach to synthesis of alkyl trityl

(7) ,1. Cason and R. If. Smith, ./. Orq. C h e w ., 18, 1201
(1953).

ketones. Pertinent data are assembled in Table 
I. It may be noted that a hydrocarbon mixture is 
also obtained in these reactions, but the amount is 
reduced by use of excess cadmium reagent and by 
use of reaction temperatures below 45°. This is 
consistent with the view that the acylonium ion is 
the primary intermediate in the reaction. Decar- 
bonylation of this ion is competitive with its reaction 
with the cadmium reagent or derived carbanion. 
As reduction products were not encountered, it 
would seem that the cadmium reagent is free of 
the reducing action which so often handicaps the 
Grignard reagent.

EXPERIMENTAL8

T r ip h e n y la c e lic  a c id . Initial efforts to prepare this acid 
from commercial triphenylmethyl chloride were unsuccess
ful because of the presence of triphenylmethylearbinol. 
which could not be removed in any convenient manner. 
The preparation from triphenylmethyl bromide, syn
thesized by the method which has been described,9 pro
ceeded smoothly according to a procedure somewhat differ
ent from those which have been reported.1,10

The Grignard reaction was initiated by addition of about 
1 ml. of an ethereal solution of ethylmagnesium bromide to
2.25 g. of magnesium turnings in a stirred solution of 2 g. 
of triphenylmethyl bromide in a mixture of 20 ml. of ether 
and 40 ml. of benzene. An additional 8.2 g. of crystalline 
bromide was added to the stirred solution during about 2 
min. After completion of the addition, which caused spon
taneous warming, the mixture was heated under reflux 
with stirring for 1.5 hr. As stirring under reflux was con- 
tin. led, a stream of carbon dioxide was bubbled through 
the reaction mixture for a period of about 8 hr. Solvent 
swept out by the stream of gas was replaced periodically 
with benzene. At the end of the addition period, a yellow- 
precipitate had formed in the brown solution. After addition 
of 60 ml. of water, followed by 40 ml. of coned, hydrochloric

(8 ) Melting points are corrected. Infrared spectra were 
recorded on a Baird double beam spectrophotometer. Gas 
chromatography was on silicone grease partitioning agent 
prepared as described by J. Cason and W. T. Miller, ./. 
O ra. C h e m ., 24, 1814 (1959). Microanalyses were by the 
Mi.-roanalytical Division, Department of Chemistry, Uni
versity of California,.

(9) W. E. Bachmann, Org. S y n th e s e s , Coll. Vol. I ll, 842 
(1955).

(HI) J. Schmidlin, Her.. 39, 628 (1906).
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arid, the mixture was heated under reflux for 30 min. in 
order to decompose the complex included in the sticky 
yellow paste on the walls of the flask.11 12 The precipitate 
containing the triphenylacetic acid was collected by suction 
filtration of the cooled mixture, washed with water, and then 
digested on the steam bath with a mixture of 200 ml. of 10% 
aqueous sodium hydroxide and 400 ml. of water. A gray 
precipitate w'as filtered from the cooled alkaline solution, 11 
the clear filtrate was acidified with 100 ml. of coned, hydro
chloric acid, and the mixture was heated on the steam 
bath for 2 hr. to coagulate the precipitated acid. The col
lected and dried product, which amounted to 7.62 g. (83.5% ), 
m.p. 263-267° dec., was used for preparation of the acid 
chloride.

T r ip h e n y la c e ty l  ch lo r ide  was prepared by that procedure 
of Zook and co-workers1 in which thet hionvl chloride solu
tion wras poured into glacial acetic acid, except that a few 
drops of pyridine were added to the reaction mixture. Pyri
dine appeared to speed up greatly the rate of formation of 
acid chloride; crystallization of the product set in rapidly 
after addition to acetic acid, and there was an improved 
yield (60-64%) of product, m.p. 128-129°.

E th y l  tr ip h en y la c e ta te , prepared from the acid chloride 
as has been described, 1 was crystallized from 95% ethanol 
to yield material, m.p. 117-118°, with carbonyl absorp
tion at 5.81 y , in carbon tetrachloride solution (lit. ,1 m.p. 
116-117°, 116.8-117.8°; absorption at 5.77 y ) . This ester 
is partly separated from methyl tritvl ketone by chro
matography on alumina with hexane solvent. Some ester 
is eluted first, followed by a mixture of ester and ketone.

M e th y l  tr i ty l  ke to n e . (A) F ro m  G r ig n a rd  reagen t. A Gri- 
gnard reagent was prepared in an atmosphere of nitrogen 
from 8.48 g. (58 mmoles) of methyl iodide and 1.22 g. (50.8 
mmoles) of magnesium turnings in 40 ml. of ether. To this 
reagent, cooled in an ice-salt bath, there w'as added during 
5 min. a solution of 0.9 g. (2.94 mmoles) of triphenylacetyl 
chloride in 15 ml. of ether. The stirred reaction mixture 
was allowed to warm to room temperature, then heated 
under reflux for 20 hr. The reaction mixture was decom
posed by cautious addition of 20 ml. of a 1 :1  mixture of ice 
and coned, hydrochloric acid. An ether extract of the product 
was washed with water, sodium hydroxide solution (re
moval of a red color), and saturated sodium chloride solu
tion, then dried over magnesium sulfate.

The yellow oil remaining after removal of solvent 
from the ether extract weighed 0.630 g. and solidified on 
standing. Its infrared spectrum exhibited bands character
istic of methyl trityl ketone, triphenylmethane, and tri- 
phenvlothane,12 but, no absorption at 5.81 y , characteristic 
of ethyl triphenylacetate. A’ields for the three products, 
based on the chromatograph}' data in Table II, were the 
following: triphenylmethane, 153 mg. (21.3%); triphenyl- 
ethane, 307 mg. (40.5%); methvl tritvl ketone, 181 mg. 
(21.5%).

In a second run, carried out similarly with 1.7 g. of tri
phenylacetyl chloride, yields of products in the order listed 
above were 16.7%, 31.5%, and 17.0%.

M e th y l  t r i ty l  ke to n e . (B) F ro m  c a d m iu m  reagen t. A Gri
gnard reagent was prepared in 18 ml. of ether from 0.16 g. 
of magnesium turnings and excess methyl bromide which 
had been bubbled through sulfuric acid. This reagent was

(11) In some instances, complex remained undecomposed 
after this treatment and was a part of the precipitate insol
uble in sodium hydroxide. Further digestion on the steam 
bath of the alkali-insoluble precipitate with 100 ml. of 
ethanol and 40 ml. of coned, hydrochloric acid liberates the 
remainder of the product.

(12) The principal absorption bands (u) for the two hy
drocarbons are the following: triphenylmethane, 3.30, 3.34,
3.51, 9.27, 9.68, 13.36, 13.68, 14.33; triphenylethane, 3.30, 
3.35, 3.40, 9.71, 13.14, 14.33.

TABLE II
Chromatography of R eaction P roduct from M ethyl- 

magnesium Iodide and T ripiieny' lacetyl Chloride"

Fraction
No.

Eluting
Solvent

Wt. Eluted, 
Mg.

Infrared 
Absorp. 

in 5-6 y  
Region

1 Hexane 253" none
2 Hexane 177*
3 Hexane 306
4 Hexane 41°
5 Hexane-benzene, 1:1 7 2 c 5.88
6 Hexane-benzene, 1 :3 35° 5.88
7 Hexane-benzene, 1:3 15
8 Benzene 9
9 Benzene-ether, 1 :1 9

10 Methanol 0

0 The crude reaction product, dissolved in 8 ml. of hexane, 
was applied to a column of 18 g. of alumina of activity 3, 
in a 20 mm. i.d. column. Except for the first fraction of 20 
ml. of solvent, each fraction represents elution with 25 ml. 
of the indicated solvent. b Fractions 1-3 were taken as the 
yield of hydrocarbon. Analysis by gas chromatography 
indicated a ratio of about 2 :1  for triphenylethane: triphenyl
methane. Chromatography on a 3-m. column a t 265°, with 
helium pressure of about 18 cm. of mercury, gave bands of 
retention times 22.2 and 27.0 min. The same retention 
times were observed for authentic samples of the hydro
carbons chromatographed sequentially. Samples of the hy
drocarbons separated by gas chromatography gave infrared 
spectra identical with those of authentic samples. c Frac
tions 4-9 were taken as the yield of ketone. Recrystalliza
tion of fractions 4-6 from ethanol yielded 75 mg. of ketone, 
m.p. 135.5-137°, infrared absorption in carbon tetrachloride 
5.88 y  (lit. ,1 m.p. 138°, infrared absorption 5.84 y ) .

converted to the cadmium reagent in usual fashion13 with 
0.60 g. of anhydrous cadmium chloride. After distillation of 
ether and addition of 15 ml. of benzene, there was added at 
10° during about 2 min. a solution of 1.0 g. of triphenyl
acetyl chloride in 5 ml. of benzene. After the cooling bath 
had been removed, there was no observable exothermic 
reaction as the mixture warmed to room temperature. 
The reaction w'as continued with stirring for 1 hr. at about 
43°, then caked solid w'as scraped from the sides of the 
flask and the mixture w'as heated to reflux for 1 hr. As the 
temperature was raised, sudden boiling occurred and the 
mixture turned a bright yellow.

The reaction mixture was worked up in a usual fashion for 
cadmium reactions, 13 and there was obtained 0.54 g. of a 
yellow oil from which no significant crystallization could be 
obtained in ethanol. Chromatography on alumina of activity 
3 gave a pattern similar to that recorded in Table III. 
Recrystallization of the methyl trityl ketone yielded mate
rial of m.p. 137.5-139°. Yield data are recorded in Table I.

Yield data and conditions for two additional runs are 
recorded in Table I.

R e a c tio n  o f  e th y lm a g n e s iu m  b ro m id e  w ith  tr ip h e n y la c e ty l  
ch loride . The Grignard reagent from 2.14 g. (19.6 mmoles) 
of ethyl bromide in 14 ml. of ether w'as added during about 
10 min., a t 15-20°, to a stirred suspension of 1.0 g. (3.27 
mmoles) of triphenylacetyl chloride in 10 ml. of ether. A 
gray precipitate formed as the Grignard reagent w'as added. 
After the mixture had been stirred for 1.5 hr. a t room tem
perature, it was decomposed with ice and acid and worked 
up essentially as described for the reaction with the methyl 
Grignard reagent.

The product of the reaction was 0.87 g. of a colorless 
viscous oil containing some solid. The infrared spectrum

(13) J. Cason and F. S. Front, O rg. S y n th e s e s , Coll. Vol. 
111,601 (1955).
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showed no absorption in the carbonyl region, but a sharp 
band at 2.83 u . Chromatography of this material on 25 g. of 
alumina of activity 3 gave rather dean-cut separation of 
two components present in a ratio of about 1:1.3. The first 
component, e th y ltr ity lc a r b in o l, which was present in the 
smaller amount, was eluted with hexane. After two crys
tallizations from hexane, the melting point was 92-93.0°, 
and there was a sharp absorption band at 2.83 y .

A n a l .  Calcd. for C 2>H...2(): C, 87.4; H , 7.3. Found: C, 
87.0; H , 7.3.

The second component. 2 ,2 ,2 - tr ip h e n y le th a n o l  was eluted 
with 1:1 hexane-benzene. After two crystallizations from 
hexane, the melting point was 108.8-109.9°, and there was 
infrared absorption a t 2.82 y , but the spectrum differed 
substantially in other areas from that of ethyltritylcarbinol. 
Melting points reported for 2,2,2-triphenylethanol are 103- 
105°,1 104-105°,14 107°,15 and 110.5°.“

C h ro m ic  a c id  o x id a tio n  o f  e th y ltr ity lc a r b in o l. A solution of
32.4 mg. of the alcohol of m.p. 92-93 6 °, and of 10.7 mg. 
of chromic anhydride, in 1 ml. of glacial acetic acid (dis
tilled from permanganate) was allowed to stand at room 
temperature for about 14 hr. At the end of this period, clear 
needles had crystallized from the solution. After 10 ml. of 
water had been added to the reaction mixture the product 
was collected, washed with water, and dried: wt. 25 mg. 
(78%), m.p. 122.8-124°. The infrared spectrum of this 
product was identical with that of ethyl trityl ketone, m.p.
122.5-125° (c f . below).

E th y l  t r i ty l  k e to n e  was prepared from diethylcadmium and 
triphenylacetyl chloride according to the procedure de
scribed for preparation of methyl trityl ketone. Yield data 
are recorded in Table 1. The ketone, separated by chroma-

(14) S. Weinstein, B. K. Morse, E. Grunwald, K. C. 
Schrieber, and J. Corse, J .  A m .  C hea t. S o c ., 74, 1119 (1952).

(15) W. Schenk and R. Ochs, B e r ., 49, 010 (1910).
(16) J. Danilow, J .  R u s s .  P h y s .  C h em . S o c ., 51,122(1920).

tography on alumina of activity 3, was crystallized twice 
from ethanol to yield material of m.p. 122.5-125°.

A n a l .  Calcd. for C«TL,,0 : C, 88.0; H, 6.7. Found: C. 
87.9; H, 0.8.

The hydrocarbon mixture separated by chromatography 
on alumina was analyzed by gas chromatography and found 
to exhibit only the band for triphenylmethane and that 
assigned to triphenvlpropane. At 257°, in a 1.6-m. column, 
under conditions giving retention times of 5.4 and 0.5 min. 
for triphenylmethane and -ethane respectively, the time 
for the band assigned to triphenvlpropane was 7.8 min.

r - B u t y l  t r i ty l  ke to n e  was prepared in a cadmium reaction 
carried out similarly to those described for its homologs. 
Separation of the ketone from the hydrocarbons by chroma
tography on alumina of activity 3 was somewhat less clean- 
cut than for the lower homologs, but was satisfactory. 
Chromatography of a reaction product weighing 705 mg. 
yielded an initial fraction of 397 mg. of a mixture of ketone 
anc hydrocarbons. Succeeding fractions of ketone contained 
less than 1% hydrocarbons and weighed 362 mg. The mix
ture in the initial fraction was analyzed by gas chroma
tography and found to contain 92 mg. of triphenylmethane, 
171 mg. of 1,1,1-triphenylpentane, and 132 mg. of butyl 
trityl ketone. In a 3-m. column, a t 290° and with 21 cm. 
of helium pressure, retention times for the three compounds, 
in the order mentioned above, were 15.0, 28.5, and 43 min. 
For analysis, the ketone was crystallized from ethanol 
to yield material of m.p. 82.8-83.8°.

A n a l .  Calcd. for QmITjO: C, 87.8; H, 7.3. Found: C, 
87.5; H, 7.3.

1 ,1 ,1 -T r ip h e n y lp e n ta n e  was separated by gas chroma
tography, in a 3 m. 15 mm. o.d. column, of the first fraction 
of material separated by chromatography on alumina. After 
crystallization from ethanol, there was obtained hydro
carbon of m.p. 00-61.2°.

A n a l .  Calcd. for C,3H,,: C, 92.0; H, 8.0. Found: C, 91.8; 
H, 8.0.

B erkeley, C ai.if .

[Contribution from the D epartment of Chemistry, D uke U niversity]

Factors in  A ldol C on d en sation s o f  A lkyl A ceta tes w ith  B en zop h en on e and  
R eversals by Sod ium  A m ide V ersus L ith iu m  A m ide. M eta llic  C ation  E ffects1

CHARLES R. HAUSER and WILLIAM R. DÜNNAVANT2

R ece ived  F e b r u a r y  8 , 10 6 0

The condensations of ethyl, isopropyl, and /-butyl acetates with benzophenone to form the corresponding /3-hvdroxy esters 
were effected by sodium amide in liquid ammonia, but controlled conditions were required with the first two alkyl acetates. 
Certain of these conditions were the same as those previously used with lithium amide, but certain of them were different. 
In contrast to lithium amide, sedium amide failed to effect the condensation of ethyl acetate with acetophenone. Four /3- 
hydroxy esters were shown to undergo cleavages with catalytic amounts, and, in certain cases, with equivalent amounts of 
sodium amide in liquid ammonia but not with lithium amide. Possible reasons for these cleavages are discussed. Metallic 
cation effects and mechanisms are considered. The condensations are suggested to require the formation of a weaker base.

In a previous investigation3 it was shown that 
ethyl and isopropyl acetates can be condensed with 
benzophenone by means of one equivalent of lith
ium amide in liquid ammonia :o form the cor

( 1 ) Supported in part by the Office of Ordnance Research, 
U. S. Army.

(2) Allied Chemical and Dye Corporation Fellow, 1958- 
59.

(3) W. R. Dunnavant and C. R. Hauser, J .  O rq. C hem ., 
in press.

responding 3-hydroxy esters, provided the ketone 
is added to the reaction mixture soon after the 
alkyl acetate. Otherwise the alkyl acetate under
goes self-condensation. In the present investigation 
it was found that these condensations can be ef
fected similarly xvith one equivalent or slightly 
more of sodium amide in liquid ammonia provided 
that, not only is the ketone added immediately 
after the ester, but also that the reaction mixture 
is neutralized within a few minutes. Otherwise the
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TABLE I
Y i e l d s  o f /3 -H y d r o x y  E s t e r s f r o m  A l k y l A c e t a t e s  w i t h  B e n z o p h e n o n e b y  S o d i u m  A m i d e  i :n L i q u i d  A m m o n i a

Cond.
Exp. Alkyl Equiv. Ioniz. Time, /3-Hvdroxv
No. Acetate NaNH2 Time, min.“ Min. Ester Yield,

1 Ethyl 1 . 1 0s 5 I 71-73
2 Ethyl 1 0,J 00 I 0C
3 Ethyl 2 (R 60 I 72
4 Ethyl 2 15 00 I 0C
5 Isopropyl 1 (R 5 II 56
0 Isopropyl 1 (R 60 II 0C
7 ¿-Butyl 1 20 GO III 55
8 ¿-Butyl 1 (R GO III 54
9 ¿-Butyl 2 20 GO III 70

“ Time allowed after adding the ester to the reagent before adding the ketone. b Although the ketone was added immedi
ately after the ester, a few seconds probably elapsed. c Benzophenone was recovered in yields of 85-95*7..

reaction undergoes reversion (see next section).
These condensations, as well as that of ¿-butyl
acetate which requires no special conditions with 
either lithium amide or sodium amide, may be repre
sented by general Equation 1.

MNHs l. c , i i . ; r  o
CH.,COOR --------- MCH.COOR ---------------------->

liq . N H , 2. N it ,C l
(C6H5)2C(OH)CH,.COOR (1)

M = Li or Na I. R = C>Hr,
II. R =  CH(CH3),

III. R = C(CH5)3

Certain of these condensations were also effected 
with two equivalents of sodium amide in liquid 
ammonia. The results are summarized in Table I. 
The ionization-time column in this Table designates 
the period allowed for the ionization of the a- 
hydrogen of the alkyl acetate before adding the 
ketone, and the condensation-time column the 
period after adding the ketone. The immediate 
addition of the ketone after the ester is signified 
by zero ionization time, although a few seconds 
probably elapsed in the procedure employed (see 
Experimental). The resulting reaction mixtures 
were poured into liquid ammonia solutions of am
monium chloride. This inverse neutralization pro
cedure was employed to minimize the possible 
cleavages of the /3-hydroxy esters.

It can be seen from Table I that good yields of 
^-hydroxy esters I and II were obtained with one 
or slightly more than one equivalent of sodium 
amide when the ionization time was zero and the 
condensation time only five minutes (exps. 1 and
5), whereas the benzophenone was recovered when 
the ionization time was again zero but the con
densation time was one hour (exp. 2 and 6). 
Under both conditions the 8-hydroxv esters were 
formed as their sodio salt, for example, I', but under 
the latter condition this salt underwent cleavage 
to regenerate the ketone. Such cleavages are further 
considered in the next section.

(C6Hr,).,C—CH,COOC2H6
I

ONa
V

On the other hand, a good yield of 8-hydroxy 
ester I was realized with two equivalents of the 
reagent when the ionization time was zero and the 
condensation time was even one hour (exp. 3). 
This lack of appreciable cleavage under these 
conditions may be ascribed to the conversion of 
monosodio 8-hydroxy ester I' to the disodio deriva
tive I", which might be expected to be more stable

Na
(C6H 5)2C—c h c o o c ,h 5

I
ONa

I"

towards cleavage. Although the formation of 
disodio salt I" with two equivalents of sodium 
amide was not established, evidence has previously 
been obtained3 that the corresponding condensation 
of ethyl acetate with benzophenone by two equiva
lents of lithium amide does produce the analogous 
dilithio salt.

In contrast to 8-hydroxy esters I and II, 13- 
hydroxy ester III was obtained with one equiva
lent of sodium amide even when the ionization time 
was twenty minutes, and the condensation time 
one hour (exp. 7, Table I). This may be attributed 
to less tendency for the further reaction of sodio 
¿-butyl acetate, a low concentration of which is 
presumably present in equilibrium (see next 
section). The somewhat better yield of 8-hydroxy 
ester III with two equivalents of sodium amide than 
with one equivalent (compare exp. 9 with 7 and 8) 
may indicate that the additional driving force 
that should be furnished by the conversion of the 
monosodio 8-hydroxy ester to its disodio derivative 
is required for maximum yield.

The fact that 8-hydroxy ester I was obtained 
with two equivalents of sodium amide when the 
ionization time was zero but not when it was fifteen 
minutes (compare exps. 3 and 4) indicates that an 
extra equivalent of sodium amide did not exert 
the type of stabilizing effect on the intermediate 
sodio ethyl acetate observed previously3 with an 
extra equivalent of lithium amide on the inter
mediate lithio ester. This was substantiated by
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treating ethyl acetate alone with two equivalents 
of sodium amide in liquid ammonia for twenty 
minutes, after which a 12% yield of acetoacetie 
ester was obtained. Some acetamide might also 
have formed but none was isolated. Earlier workers 
have similarly reported only low yields (5-15%) of 
acetoacetie ester or acetamide from ethyl acetate 
and sodium amide4'5 in liquid ammonia6 or ether.’

Since ethyl acetate has now been condensed with 
benzophenone in 71-73% yields by one or two 
equivalents of sodium amide in liquid ammonia 
and converted to acetamide in 10% yield by two 
equivalents of this reagent-,5 the ratio of attack of 
this reagent at the a-hydrogen of this ester versus 
the carbonyl carbon appears to be about 7:1. 
The ratio might even be higher since the ionization 
of the «-hydrogen should be reversible, whereas 
that of acetamide formation would presumably 
be irreversible.

Although sodium amide effected the aldol type 
of condensation of ethyl acetate with benzophenone, 
this reagent (one or two equivalents) failed to 
bring about the corresponding condensation of this 
ester with acetophenone, even when the ketone was 
added immediately after the ester. Instead the 
intermediate sodio ester evidently effected the 
ionization of an «-hydrogen of acetophenone to 
form the sodio ketone, since the ketone was re
covered on acidification. The recovered material 
gave an enol test with ferric chloride indicating 
the presence of acetoacet-ic ester or benzoylacc- 
tone. Previously3 ethyl acetate has been condensed 
in good yield with acetophenone by means of two 
equivalents of lithium amide, and one equivalent 
of this reagent would probably be equally satis
factory. This metallic cation effect appears to be 
attributable to the greater nucleophilic nature 
of the lithio ester to add to the carbonyl group 
of the ketone, presumably through coordination at 
the carbonyl oxygen, as indicated in IVa or IYb.

C .H r-C -K  ClhCOOC-Hs ( \d b  C
r i i  m  r i'vO —>  Li Mj

IVa

The sodio ester, which should coordinate to a 
smaller degree, functions as the stronger base 
ionizing the «-hydrogen of the ketone as indicated 
inV.

o h % c o c , h 6

-> Ì A - 0 )

IVb

H2C—H

P<eC«H-,—C CH-COOCJL

CjÖ ■ • • Na 
V

(4) A. W. Titherly, J .  C h em . S o c  , 81, 1520 (1902).
(5) C. R. Hauser, R. Levine, and R. F. Kibler, A m

C h em . S o c ., 68,26(1946).

A similar metallic cation effect has been pre
viously observed in the reactions of lithio and sodio 
t-buty. acetates with acetophenone.6

Clcaragc of 6-hydroxij esters. .Although ethyl, 
isopropyl, and ¿-butyl acetates can be condensed 
with benzophenone by means of one to two equiva
lents of sodium amide in liquid ammonia (see 
Table I), the resulting /3-hydroxy esters can be 
cleaved again by catalytic amounts of this reagent 
and, in certain cases, even by equivalent amounts. 
These and certain related results are summarized 
in Table II. In all of these experiments the reaction 
mixtures were neutralized inversely to ensure that 
the cleavage observed had occurred during the 
four hour period allowed, not during the neutrali
zation.

TABLE II
C l e a v a g e  o f  /3 -H y d r o x y  E s t e r s  b y  A l k a l i  A m i d e s  i n  

L i q u i d  A m m o n i a  d u r i n g  F o u r  H o u r s

Exp.
No.

3-Hydroxy
Ester

Alkali
Amide Equiv.

Benzo
phenone

Yield,
Of
/o

Recov. 
/3-Hydroxy 
Ester, %

1 I Sodium 0 .2“ 26 42
2 I Sodium 1.25 89 0
3 I Sodium 2 .0 0 94
4 I Potassium 1 .0 71 0
n T Potassium 1 .2 67 0
a T Lithium 0 .1 0 96
7 I Lithium 1 .0 0 96
8 I Lithium 2.0 0 93
9 II Sodium 0.15 86 0

in III Sodium 0.15 82 0
ii III Sodium 0.5 21 69
12 III Sodium 1 .0 0 91

" Neutralized after only five minutes.

First-, consideration will be given to the use of 
catalytic amounts of sodium amide, which effected 
the cleavages of all three of the 5-hydroxy esters 
studied, I, II, and III, to form benzophenone 
and presumably the corresponding alkyl acetate 
(exps. 1, 9, and 10). While only the ketone was 
isolated, the appropriate fraction of the reaction 
product from 5-hydroxy ester I was indicated by its 
infrared spectrum to contain ethyl acetate. All 
of the 5-hydroxy esters were probably cleaved com
plete^ within much less time than the four hours 
allowed, since appreciable cleavage of I was ob
served within five minutes (exp. 1). These reactions 
are brought about presumably because the neutral 
ketone and alkyl acetate molecules are more stable 
thermodynamically than the neutral 5-hydroxy 
ester. The mechanism may be considered to involve 
a 5-elimination of the sodio salt of the 5-hydroxy 
ester, for example, III', but only that amount of the
5-hydroxy ester corresponding to the mole per
cent of the catalyst employed is first converted to 
this intermediate. The remainder of the free 5-

(6) C. R. Hauser and W. H. Pi i ter b.a ugh, J .  A m .  Chem-. 
S o c ., 7 5 ,4 7 5 6 (1 9 5 3 ) .
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hydroxy ester is gradually converted to this inter
mediate as it neutralizes the sodio alkyl acetate, 
a low concentration of winch is present in equi
librium (Scheme A).

S c h e m e  A

(C6H6)2C----- CHsCOOC(CH,)a <—

fO Na n r
v -  +

I  NaNHj (NHji 
15 mole %

III
(C6H 5)2C = 0  +  NaCH2COOC(CH3),

i m
CH3COOC(CH3)3

+
III ', etc.

In agreement with Scheme A, less than half of 
/3-hydroxy ester III underwent cleavage with 0.5 
mole % of sodium amide (exp. 11), and essentially 
none of 8-hydroxy ester III was cleaved by one 
equivalent of the reagent (exp. 12). In this last 
experiment essentially all of the /3-hydroxy ester 
was immediately converted to its sodio salt III ', 
leaving none to serve as an acid in the last step.

One of the /3-hydroxy esters, I, was also cleaved 
with a catalytic amount of sodium ethoxide in 
ethanol. A number of /3-hydroxy esters have pre
viously been cleaved with alcoholic alkali alkoxides 
but an equivalent or more of the reagent has gener
ally been employed.7 The mechanism would pre
sumably be similar to that shown in Scheme A. 
However, even with an equivalent of an alkoxide 
ion, which is a much weaker base than the amide 
ion, the 8-hydroxy ester would probably be con
verted only gradually to its anion, and the last step 
may be considered to be effected mainly by the 
alcohol used as solvent.

Next, consideration will be given to the use of 
an equivalent or slightly more of sodium amide or 
potassium amide, which effected the cleavage of
8-hydroxy ester I (exps. 2, 4, and 5, Table II) but 
not that of 8-hydroxy ester III under similar con
ditions (exp. 12). Since both sodio ethyl acetate and 
sodio ¿-butyl acetate can be condensed in high 
yield Avith benzophenone (see Table I), this dif
ference in the relative ease of cleavage of the two 
resulting sodio 8-hydroxy esters I and III appears 
to be due to the relative tendencies toA\Tards side- 
reactions of the sodio ethyl and sodio ¿-butyl 
acetates, low concentrations of Avhich are pre
sumably present in equilibrium. In agreement Avith 
this, ethyl acetate is knoAvn to be converted by 
sodium amide in liquid ammonia through the sodio 
ester to its self-condensation product or cor
responding acid amide much more readily than t -  
butyl acetate (see previous section). The relation

ship betAveen the formation and cieaArage of sodio
8-hydroxy ester I ' may be represented tentatiA-ely 
by Scheme B.

S c h e m e  B

(C6H5)2C—ch2cooc2h6 t— *■
' liq . N ils

ONa I '

N a N H j I I  NH,C1

T
(C«H5)2C = 0  +  NaCH2COOC2H5

^  slow

side reactions

HoAArever, an attempt to isolate acetoacetic ester 
or acetamide from the cleavage product of 8- 
hydroxy ester I was unsuccessful. Perhaps these 
products Avere converted to derivatives that escaped 
detection. Actually, only Ioav yields of the 8 - 
keto ester and amide have previously been obtained 
from ethyl acetate and sodium amide4'6 (see pre
vious section).

The possibility that the 8-hydroxy ester I Avas 
cleaved by an equiA-alent of sodium amide because 
the benzophenone Avas remoA’ed from the equi
librium seems unlikely, since III was not cleaved. 
In line with this, evidence a m is  obtained that the 
ketone was not converted to the addition compound 
(C6H5)2C(ONa)NH2 by reaction Avith sodium 
amide, a Ioav concentration of Avhich might have 
been present in equilibrium. Thus, the suspension 
resulting from the replacement of the ammonia 
by ether appeared to contain none of this salt
like product, AA'hich should be insoluble in ether 
(see Experimental).

A better established example of a cleaArage by an 
equivalent of sodium amide brought about be
cause of further reaction of one or both of the prod
ucts Avas observed previously6 Avith sodio-8- 
hydroxy ester VI in ether. In this cleavage the ke
tone and sodio ethyl-acetate present in the equi
librium uriderAvent hydrogen-metal exchange fol- 
loAved by Claisen acylation of the resulting sodio 
ketone (Scheme C). Sodio salt VI Avas formed from 
the corresponding 8-h.ydroxy ester and an equiva
lent of sodium amide.

S c h e m e  C
c h 3

ether
CJIi,- C- CH-.COOC.Hn - >

1
ONa
VI

C6H5—C = 0  +  N aCHUCOOCjHs

i metal-hydrogen

(C6H5COCHCOCH3)Na ■<—  J
exchange

C,H6COCH2Na +  CH3COOC2H(7) See H. E. Zaugg, J .  A m .  C h em . Soc., 72, 3001 (1952).



1 3 0 0 HAUSER AND DUXXAVANT v o l . 2 5

It ran he seen from Table II that, whereas /3- 
hydroxv ester I was cleaved with one equivalent 
or slightly more of sodium amide or potassium 
amide, the /3-hydroxy ester was recovered after 
standing with two equivalents of sodium amide 
under similar conditions (exp. 3). This lack of 
appreciable cleavage with two equivalents of 
reagent, which is in agreement with the observa
tion in the previous section concerning the condensa
tion of ethyl acetate with benzophenone (see Table 
I), may be ascribed to the formation of the rela
tively stable disodio /3-hydroxy ester I".

It can be seen further from Table II that, in 
contrast to sodium amide, a catalytic or equiva
lent amount of lithium amide failed to effect ap
preciable cleavage of /3-hydroxy ester I during four 
hours, although longer time or more drastic condi
tions might possibly produce some cleavage. This 
metallic cation effect appears to be ascribable to 
less ionization of the lithium-oxygen bond and more 
chelation in the lithio-d-hydroxy ester ATI than in 
the corresponding sodio-/3-hydroxy ester I'.

(C6H5)2C—c h .—c—ocvh5
I II

OLi -<—  C)
VII

A similar metallic cation effect has previously 
been observed6 in ether with sodio-/3-hydroxy ester 
VI and the corresponding lithio-d-hydroxy ester. 
Although the lithio-/3-hydroxy ester failed to cleave 
appreciably in refluxing ether it was cleaved in 
refluxing toluene to form benzoyiacetone and the 
self-condensation product of acetophenone.6

It should be mentioned that /3-hydroxy ester 
VIII has recently3 been cleaved by means of 1.25 
equivalents of sodium amide in liquid ammonia 
to form, after inverse neutralization, benzophe
none and ethyl hydrocinnamate in high yields. 
This /3-hydroxy ester has now been cleaved simi
larly with one equivalent of potassium amide. In 
contrast to sodio /3-hydroxy ester III which was 
stable for at least four houm_(see Table II), the 
sodio or potassio /3-hydroxy ester VIII' establishes 
an equilibrium with benzophenone and the alkali 
ethyl hydrocinnamate apparently cn the side of the 
two latter components (Equation 2).

CeIVCtV
NaNHj

(CVHsVC- OHCOOCVHb--------

OH VIII
liK. NHj

CJHCHo
I

(C6Ib)'C—CHCOOC.H5 (2)
I

OXa VIII'

..Î Na
(C6H6)2C = 0 +  c6h 5— c h2chcooc ,h 5

If this position of equilibrium is later estab
lished, it could presumably be ascribed to steric 
factors. Indirect support for this position of equi

librium is our observation that sodio ethyl hydro
cinnamate, prepared from the ester and sodium 
triphenylmcthidc in ether, failed to yield /3-hydroxy 
ester VIII with benzophenone in this medium even 
tho.igh the reaction mixture was neutralized in
versely. The ketone and ester were largely' re
covered. Actually /3-hydroxy ester VI 11 was ob
tained, not by an aldol type of condensation,8 
but through the bcnzylation of the dilithio deriva
tive of /3-hydroxy ester I (Equation 3).3

2 LiNIL Li
I ---------> (C„Hr,)>C—CHCOOC.Hr,

li,|. NIL.
OLi

1. CJLCHîCl 
 >
2. NH4CI

VIII (3)
Factors in condensation. The greater thermody

namic stability of the neutral ester and ketone mole
cules than the neutral /3-hydroxv ester (see above) 
suggests that the addition of the sodio or lithio 
alkyl acetate to the carbonyl group of benzophe
none to form the métallo /3-hydroxy ester is de
pendent on the formation of the more weakly basic 
anion of this product (Equation 4).9 Contributing
(Cf,K.0>C=O +  MCHjCOOR c

(CeHskC— CHoCOOR (4)
I
OM 
-  +

factors may be chelation, especially with the lithio 
derivative as indicated in VII, and precipitation 
of the product.

In line with this hypothesis, lithio malonic ester, 
the anion of which is a weaker base than an alk- 
oxide ion such as that shown in Equation 4, failed 
to add to the carbonyl group of benzophenone in 
liquid ammonia during one hour, and the starting 
compounds were recovered. The lithio malonic 
ester was prepared by means of an equivalent of 
lithium amide in liquid ammonia. The condensa
tion failed even in the presence of excess lithium 
amide, which was employed to effect ionization of 
the »-hydrogen of the possible condensat ion product.

Similar observations have been reported by ear
lier workers. Thus, sodio and lithio malonic esters,10 
prepared by means of sodium and lithium tri- 
phenylmethides in ether, failed to add to the car
bonyl group of benzaldehyde in this solvent and the 
malonic ester was recovered. Malonic ester was 
condensed with benzaldehyde by sodium ethoxide

(8) The possibility of effecting the aldol type condensa
tion of lithio- or magnesium-bromo ethyl hydrocinnamate 
with benzophenone seems worthy of consideration. Although 
the Reformatskv reaction of ethyl a-bromohydrocinnamate 
with this ketone has apparently not been reported, tha t 
with 2-methylcyclohexanone has been achieved; R. Grewe, 
B e r ., 76B, 1076(1943).

(9) For similar suggestions in the condensations of sodium 
diphenylmethide and dialkali phenylacetates with benzo
phenone see P. J. Hamrick, Jr., and C. R. Hauser, J . A m .  
C h em . S o c ., 81, 3146 (1956); P. J. Hamrick, Jr., and C. R. 
Hauser, J .  A m .  C h em . S o c ., 8 2 , 1957 (1960).

(1C) G. Wittig, U. Todt, and K. Nagel, B e r ., 8 3 , 110 
(195C).
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or amines in refluxing ethanol, but the product 
was benzalmalonic ester (22%).10 Apparently the 
dehydration of the intermediate aldol furnished the 
needed driving force.

Finally, it should be pointed out that the present 
addition reaction illustrated by Equation 4 is 
analogous to those of the common organometallic 
compounds such as sodium diphenylmethide,9 
phenyllithium, and the Grignard reagent with 
ketones or aldehydes, at least most of which form 
more weakly basic anions.

E X P E R IM E X T A L 11

C o n d e n sa tio n s  o f  a lk y l  a ce ta tes  w ith  h e n zo p h en o n e  b y  s o d iu m  
a m id e . Ethyl, isopropyl, and i-butyl acetates were con
densed with henzophenone by 1-2  equivalents of sodium 
amide in liquid ammonia12 to form /3-hydroxy esters I, II, 
and III respectively. The results including failures are sum
marized in Table I. Some experiments are described in de
tail below.

A .  E x p e r im e n ts  w ith  e th y l  a ce ta te . In Experiment 1 , a 
solution of 17.6 g. (0.2 mole) of ethyl acetate in an equal 
volume of ether was added through the addition funnel as 
rapidly as possible to a stirred suspension of 0.22 mole of 
sodium amide in 400 ml. of commercial anhydrous liquid 
ammonia. Since frothing occurred, a reaction vessel having 
a volume twice that of the amide suspension was used. 
As the last of the ester passed through the stopcock, a solu
tion of 36.4 g. (0.2 mole) of henzophenone in 70 ml. of anhy
drous ether was poured immediately into the addition 
funnel and allowed to run into the reaction flask as rapidly 
as possible, the addition funnel being rinsed with a little 
ether. The resulting white suspension was stirred for 5 min. 
and was then inversely neutralized by pouring it into a solu
tion of ammonium chloride in liquid ammonia.The am
monia was evaporated to dryness. The residue was stirred 
with cold water and filtered to yield a white solid, which crys
tallized from petroleum ether (b.p. 60-90°) to give 38.1 g. 
(71%) of ethyl /3-hvdroxy-/3,/3-diphenvlpropionate (I), m.p.
86-87°, reported13m.p. 87°.

In Experiment 3, a solution of 17.6 g. (0.2 mole) of ethyl 
acetate in an equal volume of ether was added rapidly to a 
stirred solution of 0.4 mole of sodium amide in 400 ml. of 
liquid ammonia followed immediately by 36.4 g. (0.2 mole) 
of henzophenone in 70 ml. of ether (see previous experiment ). 
The resulting black solution was stirred for 1 hr. and was 
inversely neutralized with ammonium chloride. The ammonia 
was evaporated on the steam bath as 300 ml. of ether was 
added. Water was added and the aqueous layer was thor
oughly extracted with ether. The combined ethereal solu
tion was dried and evaporated to a residue which, upon 
crystallization from petroleum ether (b.p. 60-90°) gave
38.7 g. (72%) of /3-hydroxy ester I, m.p. 85-86°.

B . E x p e r im e n ts  w i th  is o p r o p y l  acetate.. In Experiment 5, a 
solution of 16.5 g. (0.16 mole) of isopropyl acetate in an 
equal volume of ether was added rapidly to a stirred sus
pension of 0.16 mole of sodium amide in 400 ml. of liquid 
ammonia, followed immediately by 30 g. (0.16 mole) of 
henzophenone in 70 ml. of ether (see experiment 2 with ethyl 
acetate). The suspension was stirred for 5 min. and was in
versely neutralized with ammonium chloride. The ammonia 
was replaced by ether. Water was added and the aqueous 
layer was thoroughly extracted with ether. The combined

(11) The melting points were taken on a Fisher-Johns 
melting point apparatus.

(12) For the preparation of the reagent see C. R. Hauser,
F. W. Swamer, and J. T. Adams, O rg. R ea c tio n s , VIII, 122
(1954).

(13) H. Rupe and E. Busolt, B e r ., 40, 4537 (1907).

ethereal solution was evaporated and the residue was crys
tallized from petroleum ether (b.p. 60-90°) to give 26.1 g. 
(56%) of isopropvl-/3-hvdroxy-/3,/3-diphenylpropionate (II), 
m.p. 101- 102°.

Following removal of II, the filtrate was concentrated 
and cooled to yield 10.2 g. (34%) of crystalline benzophe- 
none, m.p. 46-47°, reported14 m.p. 48-48.5°.

C . E x p e r im e n t  w ith  t -b u ty l  a ce ta te . In Experiment 9, a solu
tion of 23.3 g. (0.2 mole) of i-butyl acetate in an equal volume 
of ether was added to a stirred suspension of 0.4 mole of 
sodium amide in 400 ml. of liquid ammonia. After stirring 
for 20 min., 36 g. (0.2 mole) of benzophenone in 75 ml. of 
ether was added. The reaction mixture was stirred for 1 hr. 
and was inversely neutralized with ammonium chloride. 
The ammonia was replaced by 300 ml. of ether. Water was 
added and the aqueous layer was thoroughly extracted 
with ether. The combined ethereal solution was dried and 
evaporated. The residue was crystallized from ethanol to 
give 41.5 g. (70%) of i-butyl (3-hydroxy-/3,/3-diphenylpro
pionate ( I I I ), m.p. 92-93°, reported15 m.p. 92-93°.

T r e a tm e n t o f  so d io  e th y l  a ce ta te  w ith  a c e to p h e n o n e . A reac
tion identical to Exp. 1, Table I (above), with ethyl acetate 
w'as carried out, but using 0.2 mole of acetophenone in place 
of benzophenone. The ethereal residue a t the end of the 
reaction workup was vacuum distilled to give 20.1 g. (84%) 
of recovered acetophenone, b.p. 88-90°/) 6 mm, reported16 
b.p. 88.5° a t 16 mm. Neither the combined ethereal solution, 
nor the orange residue obtained upon its evaporation gave a 
positive enol test.

Repeating this experiment, but using 2 equivalents of 
sodium amide gave a similar result.

A tte m p te d  c o n d e n s a tio n  o f  e th y l h y d r o c in n a m a te  w ith  
b en zo p h en o n e . To a stirred suspension of 0.07 mole of sodium 
amide in 300 ml. of anhydrous liquid ammonia was added
16.8 g. (0.07 mole) of solid triphenvlmethane. The deep red 
solution w'as stirred for 15 min. and 12.2 g. (0.07 mole) 
of ethyl acetate in an equal volume of ether was added. 
The red triphenvlmethide color was discharged at the end of 
the addition and a gray suspension formed. After stirring 
for 5 min., 12.5 g. (0.07 mole) of benzophenone in 25 ml. of 
ether was added. The gray suspension was stirred for 1 hr. 
and was then inversely neutralized with ammonium chloride. 
The ammonia was replaced by ether and water was added. 
The aqueous layer was thoroughly extracted by ether. 
The combined ethereal solution was dried and the solvent 
was removed. The resulting orange residue was crystallized 
from petroleum ether (b.p. 60-90°) to give 15.6 g. (93%) of 
recovered triphenylmethane, m.p. 92-93°, reported17 m.p. 
93-94°. Concentrating and cooling the filtrate precipitated
10.2 g. (82%) of benzophenone, m.p. 46-47°. The remain
ing filtrate was distilled to give 10.65 g. (85%) of recovered 
ethyl hydroci nnamate, b.p. 246-248° at 750 mm, reported18 
247° at 760 mm.

G en era l p ro c ed u re  f o r  c leavages o f  /3 -h yd ro xy  es te rs  I, II, 
a n d  I II  by  a lk a l i  a m id e s . The yields of benzophenone ob
tained by the cleavage of the /3-hydroxy esters and/or the 
per cent recovery of the /3-hydroxy esters upon noncleavage 
are summarized in Table II.

To a stirred suspension of the appropriate quantity of the 
alkali amide (see Table II) in 400 ml. of anhydrous liquid 
ammonia were added 0.05-0.08 mole of the /3-hydroxy ester 
in sufficient ether to effect their solutions. The resulting sus
pensions were stirred for 4 hr. and were then inversely neu
tralized by pouring them with stirring into solutions of am
monium chloride in liquid ammonia. The ammonia was then

(14) E. Linnemann, A n n . ,  133,1 (1865).
(15) K. Sisido, H. Xozaki, and O. Kurihara, J .  A m .  C h em . 

S o c ., 74, 6254 (1952).
(16) C. R. Xoller and R. Adams, J .  .4m . C h em . S o c ., 

46, 1889(1924).
(17) P. Sabatier and M. Murat, C o m p t. ren d . 158, 764 

(1914).
(18) W. II. Perkin, J .  C hem . S o c ., 69, 1025 (1896).
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■ cplaced by MOO ml. of ether and water was added. The aque
ous layers were extracted thoroughly with ether. The eon- 
bined ethereal solutions were dried and then evaporated. 
The resulting residues were then fractionally crystallized 
from petroleum ether (b.p. 60-90°) to give recovered (3- 
hydroxy ester and/or benzophenone. Since the (3-hydroxy 
ester is only slightly soluble in this solvent, i t  crystallizes 
first, reduction of the solvent volume and cooling being re
quired for recovery of the ketone. In each case the identities 
of the iS-hydroxy ester and ketone were verified by com
parison of their infrared spectra with those of the respective 
an then tic substances.

In a repetition of Experiment 2, Table II, involving (3- 
hydroxy ester I and one equivalent of sodium amide, the 
ammonia was replaced by ether at the end of 4 hr. and the 
ethereal suspension, without being neutralized, was filtered 
through a fritted-glass funnel. Benzophenone (86%) was 
obtained from the ethereal filtrate in the usual manner fol
lowing acidification with aqueous hydrochloric acid. The 
solid on the funnel was showm not to contain a benzophe- 
none-sodium amide addition complex by its noninflamma
bility, and by the fact that its acidification produced no 
benzophenone.

C leavage o f  f i-h y d ro x y  es ter  I  b y  so d iu m  e th o x id e . To a solu- 
t.ion of 0.0008 mole of sodium ethoxide in 50 ml. of absolute 
ethanol was added 2.0 g. (0.007 mole) of (3-hydroxy ester I. 
The mixture was allowed to stand at room temperature with 
occasional shaking for 48 hr. when complete solution was 
achieved. The solution was poured with stirring into a solu
tion of 5 ml. of coned, hydrochloric acid and 25 ml. of water. 
Much (50 ml.) of the solvent was removed, and the residue

extracted with ether. There was isolated 2.6 g. (85% ) of the
2,4-dinitrophenylhydrazone of benzophenone, m.p. 236- 
238°, reported19 m.p. 238°.

In a blank experiment with (3-hydroxy ester I and ab
solute ethanol, essentially complete recovery of this com
pound was realized.

A tte m p te d  c o n d e n s a tio n  o f  m a lo n ic  e s te r  a n d  b e n zo p h e n o n e  
b y  l i th iu m  a m id e . To a stirred suspension of 0.1 mole of 
lithium amide in 400 ml. of anhydrous liquid ammonia was 
added 16 g. (0.1 mole) of diethyl malonate in an equal volume 
of ether. The suspension was stirred for 5 min. and 18.2 g. 
(0.1 mcle) of benzophenone in 40 ml. of anhydrous ether 
was added. After stirring for 1 hr. the suspension was in
versely neutralized with ammonium chloride. The ammonia 
was replaced by 300 ml. of ether. The combined ethereal 
solution was then evaporated. The resulting residue was 
vacuum distilled to give 14.8 g. (92%) of recovered diethyl 
malonate, b.p. 94-98° a t 18 mm, reported20 b.p. 88-89° at 
13 mm. Also, 15.9 g. (88%) of benzophenone v'as re
covered. b.p. 186-189° a t 15 mm. The benzophenone 
reaction, after solidification, was crystallized from petro
leum ether (b.p. 60-90° 1 to give crystals of the ketone, m.p. 
46-47°.

Repetition of this reaction, but using 2, 3 or 4 equivalents 
of lithium amide, gave comparable recoveries of the ketone 
and diester in each case.

D urham , N. C.

(19) N. R. Campbell, A n a ly s t , 61, 393 (1936).
(20) H. Reitter and A. Weindel, B e r ., 40, 3361 (1907).
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tt-O xim inoketones. VII. S y n th esis  o f  A lkyl 5-C yano-2-ox im inovalerates and  
DL-Lvsine from  2 ,6 -D iox im in ocycloh exan on e1

ARTHUR F. FERRIS, GRANNIS S. JOHNSON ,2 FRANCIS E. GOULD, and  HUGO STANGE

R ece ived  J a n u a r y  8 , I 9 6 0

DL-Lysine m onohydrochloride has been prepared  in 63%  over-all y ield from  cyclohexanone by a  th ree-step  syn thesis which 
involves: (1) n itro sation  of cyclohexanone to  give 2,6-dioxim inocycloh3xanone (75% ), (2 ) reaction  of 2,6-dioxim inccyclo- 
hexanone in ethanolic  sodium  ethoxide w ith  acetic  anhydride  to  give e th y l 5-cyano-2-oxim inovalerate (92%,), and (3) hydro 
genation  of e th y l 5-cyano-2-oxim inovalerate over R an ey  nickel in acetic  an h y d rid e  containing a  basic co-ca ta lyst followed 
by hydrolysis w ith  hydrochloric acid to give DL-lysine m onohydrochloride (9 2 % ). Discover}' th a t  e thano l could be used as 
so lv en t for step  (2) and R an ey  nickel as c a ta ly s t for step  (3) m ore th a n  doubled th e  overall yield ob tained  in previous versions 
of th is  syn thesis.3,4

In tw o  p rev io u s p a p e rs 3,4 th e  tw o  sim ilar sy n 
th eses  of DL-lysine from  cyclohexanone ou tlined  
helow as ro u te s  (A) an d  (B) (p. 1303) w ere described.

In both syntheses the key reaction was the 
“partial cleavage” of 2,6-dioximinocyclohexanone 
to 5-cyano-2-oximinovaleric acid or a derivative. 
It is readily apparent that conversion of cyclo
hexanone to lysine v i a  this key reaction offers an

(1) A preliminary account of this work appeared in 
( 'h e m . &  I n d .  { L o n d o n ) , 996 (1959).

12) Present address: General Aniline and Film Corp., 
Linden, N. J.

(3) A. F. Ferris, G. S. Johnson, F. E. Gculd, and H. K. 
Latourette, ./. O rg. C h e m ., 25, 492 (1960).

(4) A. F. Ferris, G. S. Johnson, and F. E. Gould, J . O rg. 
C h e m ., 25, 496 (I960).

extremely facile synthesis of this important amino 
acid, quite possibly more direct than any pre
viously reported. Neither of the previous versions of 
this synthesis realized its full potential, however, 
since both suffered from unsatisfactory yields in 
the steps following the relatively satisfactory ini
tial nitrosation (75% yield). Thus in the first 
version of the synthesis (route A),3 the yield in 
the partial cleavage step was 62% and in the re
duction step only 43%, giving an over-all yield 
of 20%. In the second version (route B),4 the excel
lent 88% yield of the partial cleavage was in 
part offset by the necessity for introducing a 
separate acylation step (76% yield), so that the 
over-all conversion of 2,6-dioximinocyclohexanone 
to ethyl 5-cyano-2-oximinovalerate was 67%.
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Again the reduction step was the least satisfactory, 
a yield of only 57% being obtained. Although in 
simplicity and over-all yield (29%) this version 
probably compares favorably with most reported 
lysine syntheses, it still did not constitute the 
superior method which was the goal of this work. 
The attainment of high yields in the partial cleav
age and reduction steps, which would afford such 
a superior method, was ample incentive for further 
stud}' of these reactions.

In the course of an examination of the partial 
cleavage reaction, it was found that high yields 
could be obtained and isolation of a 2,6-diacvloximi- 
nocyclohexanone avoided by a very simple expe
dient : When 2,6-dioximinoeyclohexanone was added 
to an alcohol containing an equivalent or a little 
more of strong base, a monosalt appeared to be 
formed. A completely clear solution was not ob
tained, but the solid dioxime seemed to go into 
solution and another solid appeared to come out. 
When the slurry thus obtained was treated with 
about an equivalent of acetic or propionic anhy
dride, very high yields of alkyl 5-cyano-2-oximino- 
valerates were obtained. Because of its conven
ience, the combination of sodium ethoxide in 
ethanol with acetic anhydride as acylating agent 
was the subject of the most study, and eventually 
yields as high as 92% were obtained consistently 
with this system. A number of other combinations 
of alcohol and strong base also gave good yields 
with acetic anhydride as acylating agent, includ
ing sodium methoxide. magnesium methoxide, 
and benzyltrimethylammonium hydroxide in meth
anol, sodium and potassium hydroxide in ethanol, 
sodium isopropoxide in isopropyl alcohol, and 
sodium benzylate in benzyl alcohol. In essence, 
then, it was found that an alcohol could be used 
instead of water as the solvent for the second 
order Beckmann rearrangement, with the dif
ference that an ester instead of a carboxylic acid 
product was obtained. From the standpoint of the 
lysine synthesis, this was a tremendously important 
difference, since, unlike 5-cyano-2-oximinovaleric 
acid, the alkyl 5-cyano-2-oximinovalerates are 
not cleaved further by acylating agent and base.4 
Thus the use of an alcohol as solvent for the cleav

age step retained the simplicity of that step in 
route A, but avoided the secondary cleavage to 
glutaronitrile which reduced the yield of 5-cyano-
2-oximinovaleric acid in A.

The success of the second order Beckmann re
arrangement :n alcohols was at first surprising. 
In typical experiments the mole ratio of alcohol 
hydroxyl to oxime hydroxyl ranged from 12:1 
to 70:1, yet the acid anhydride reacted with the 
oxime hydroxyl exclusively. It seemed logical to 
explain this striking selectivity on the basis of ioni
zation of the oxime, since the oxime anion would 
be expected to be much more effective in attacking 
the anhydride than the neutral alcohol molecule.6 
Evidence substantiating this hypothesis was ob
tained when 2,6-dioximinocyclohexanone was slur
ried in alcohols containing weak bases like pyridine 
and n-butylamine and treated with an equivalent 
of acetic anhydride. Under these conditions yields 
of oximino esver were very poor. This is the ex
pected result, since the neutral oxime hydroxyl 
has no particular advantage over the neutral 
alcohol hydroxyl in reactivity toward the anhy
dride. On the basis of all these data, the probable 
course of the successful reaction with strong base 
is that shown below:

H O N ,NOH
' NaOUjU, 

C;HsOH ’

H O N  1
|!

N ^ O C H u T — V  •

0  _
HON

CYJLOll
--------->• H ■ -r N CX C H skC - C 0 5G*H5

() Ac

Interestingly, acid chlorides were much less 
selective than anhydrides in reacting with the 
oxime anion in preference to the alcohol. When 
used in conjunction with sodium ethoxide in 
ethanol, equivalent amounts of acetyl chloride, 
benzoyl chloride, and benzenesulfonvl chloride

(o) J. Hint*, P h y s i c a l  O r g a n i c  C h e m i s t r y , M X iraw -H ill 
Bonk Co., \ f\ v  Y ork, 1950, ]>. 300.
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gave only 20-40% yields of ethyl 5-cyano-2- 
oximinovalerate, and substantial amounts of 
unchanged 2,6-dioximinocyclohexanone were re
covered. It is possible that the poor performance of 
the acid chlorides is the result of their tendency to 
react, at least in part, by an Sn-1 mechanism. A 
situation where reaction with the alcohol by such 
a mechanism competed with nucleophilic attack 
by the oxime anion would be expected to give the 
observed result, namely some selectivity in favor of 
the oxime anion but not the complete selectivity 
observed with anhydride where Sn2 attack is the 
only path of reaction.5

An effort was made to simplify the preparation 
of alkyl 5-cyano-2-oximinovalerates still further by 
preparing 2,6-dioximinocyclohexanone in an alcohol 
and carrying out the cleavage in the same solvent 
without isolating the dioxime. Since base is neces
sary for the cleavage reaction, a base-catalyzed 
nitrosation6 was obviously most convenient. When 
a solution of cyclohexanone in ethanol containing 
slightly more than an equivalent of sodium et.h- 
oxide was treated with ethyl nitrite6 and then with 
acetic anhydride, a 50% yield of ethyl 5-cvano-2- 
oximinovalerate was obtained. When the nitro
sation was carried out in ethanol but in the presence 
of a catalytic amount of hydrochloric acid, and 
then enough sodium ethoxide was added to neutral
ize the acid and convert the 2,6-dioximinocyclo- 
hexanone to the monosodium salt, treatment with 
acetic anhydride gave a 64% yield of ethyl 5- 
cyano-2-oximinovalerate. Neither of these yields 
is quite as good as the 69% over-all yield obtained 
by isolating 2,6-dioximinocyclohexanone and then 
cleaving it in ethanolie sodium ethoxide with acetic 
anhydride. It should be noted, however, that the 
simpler processes were not studied in as much de
tail as the route involving isolation of 2,6-dioximino
cyclohexanone.

When the cleavage step had been improved as 
described above, the only unsatisfactory yield 
remaining was that in the critical reduction step. 
An extended search was made in an effort to find 
a catalyst-solvent, system which would permit 
hydrogenation of ethyl 5-cyano-2-oximinovalerate 
to lysine without the side reactions which ap
parently were responsible for the low yields ob
tained in earlier work.3'4 In the course of this search 
the combination of Haney nickel and acetic an
hydride was tried. Although Adkins’ classic work 
on catalytic hydrogenation7 states that this 
combination cannot be used, recent work8-10

(6 ) (). Toaster, O rg. R e a c tio n s , 7, 350 (1053).
(7) H. Adkins, R e a c tio n s  o f  H y d r o g e n  w ith  O rg a n ic  C o m 

p o u n d s  over C o p p e r -C h ro m iu m  O x id e  a n d  N ic k e l  C a ta ly s ts , 
University of Wisconsin Press, Madison, Wis., 1037.

(8 ) S. T. Lur’e, G. A. Ravdel, and E. S. Chaman, Z h u r .  
O hshchei K h im . ,  2 2 , 2011 (1052); J .  G en . C h a n . C .S .S .R .  
( E n g .  T r a n s í . ) . 22,2005(1052).

(9) M. Vignau, B u l l .  soc . c h im . F ra n ce , 038 (1052).
(10) X. Elming and X. Clauson-Kaas, A d a  C h em . S c a n d .,  

9,23(1055).

has indicated that use of this catalyst-solvent 
system, particularly with the addition of sodium 
acetate or other weak base,8'9 10 enables oximes to 
be hydrogenated in good yield to aeet.ylated primary 
amines. The use of the combination of a Raney 
metal catalyst and an acid anhydride solvent in the 
hydrogenation of nitriles does not appear to have 
been reported. Surprisingly, this combination 
proved to be strikingly more effective in the re
duction of ethyl 5-eyano-2-oximinovalerate than 
the apparently very similar platinum-acetic an
hydride system. At 50 p.s.i. and 50°, and with 
sodium acetate as co-catalyst, hydrogenation 
usually was complete in about two hours, and ly
sine monohydrochloride was isolated in 92% yield 
after hydrolysis of the reaction mixture with hy
drochloric acid. With a platinum catalyst, tem
peratures above 25° led to difficulty, and hydro
genation at 25° and 50 p.s.i. required eight hours 
and resulted in a yield of only 57%. Further study 
showed that even more rapid hydrogenation, 
complete in fifteen minutes, and equally good yields 
were obtained when strong bases such as sodium 
hydroxide, potassium hydroxide, or benzyltri- 
methylammonium hydroxide were used as co
catalysts. Very poor yields of lysine were obtained 
when no basic co-catalyst was used. The strong 
base co-catalysts had the additional advantage 
that the catalyst recovered after their use was as 
active as fresh catalyst, and could be re-used re
peatedly. With a sodium acetate co-catalyst, 
the activity of the Raney nickel diminished mark
edly after each use, and was too low to be of 
practical use after three or four cycles. The plati
num catalyst, by way of comparison, was com
pletely inactive after a single use.

When the reaction mixture was worked up by 
evaporating excess acetic anhydride and the acetic 
acid formed in the reduction and by precipitating 
the co-catalyst from the resulting sirup by the 
addition of ethyl acetate and ether, the previously 
uncharacterized ethyl ester of .V,.V'-diacetyllvsine 
was obtained in 98% yield. The somewhat lower 
yield obtained when lysine was isolated as the 
monohydrochloride was probably the result of 
mechanical losses in the crystallization step. 
The ethyl ester of .V,Ar'-diacetyllysine was obtained 
as a viscous sirup which partially crystallized on 
long standing.

With the completion of the work reported here, 
the synthesis of lysine from cyclohexanone via
2,6-dioximinocyclohexanone reached its final form. 
The preferred route includes nitrosation of cyclo
hexanone with methyl nitrite to give 2,6-dioximino- 
cyclohexanone (75%), partial cleavage of 2,6- 
dioximinocyclohexanone in ethanolie sodium eth
oxide with acetic anhydride to give ethyl 5-cyano-2- 
oximii ovalerate (92%), and hydrogenation of 
ethyl 5-cyano-2-oximinovalerate in acetic anhy
dride over Raney nickel with a basic co-catalvst
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(92%). The over-all yield is 63%. With a slight 
penalty in yield the first two steps can be com
bined and the isolation of 2,6-dioximinocyclo- 
hexanone avoided. In either variation, this se
quence of reactions offers probably the simplest 
and most direct chemical synthesis of lysine 
presently available.

E X P E R IM E N T A L 11

M e th y l  o -c y a n o -2 -o x im in o v a le r a le . (1) F ro m  s o d iu m  m e th -  
o x id e  in  m e th a n o l. A solution of sodium methoxide in metha
nol was prepared by dissolving 5.0 g. (0.22 g.-atom) of sodium 
in 250 ml. of absolute methanol. To this solution was added
31.2 g. (0.20 mole) of 2,6-dioximinocyclohexanone,3 and the 
mixture was stirred until most of the dioxime had dissolved. 
Then 22.0 g. (0.22 mole) of acetic anhydride was added 
dropwise, the temperature being held at 20-30° by external 
cooling. When addition was complete, the methanol was 
evaporated under reduced pressure. The residue was taken 
up in 500 ml. of ether, and the solid which failed to dissolve 
(sodium acetate) was removed by filtration. The filtrate 
was stirred with activated charcoal for an hour and dried 
over anhydrous magnesium sulfate. Removal of solids and 
evaporation of solvent under reduced pressure left 25.0 g. 
(”-t%) of liquid methyl 5-cyano-2-oximinovalerate, n ° 
1.4770. On long standing this material crystallized to a 
solid, m.p. 61.5-62°.

A n a l .  Calcd. for C,HI0O3\ , :  C, 49.30; H, 5.92; X, 16.46. 
Found: C, 49.08; H, 5.95; N, 16.50.

(2) F ro m  m a g n e s iu m  m e th o x id e  in  m e th a n o l. To a solution 
of 1.2 g. (0.05 g.-atom) of magnesium metal in 300 ml. of 
methanol was added 15.6 g. (0.10 mole) of 2,6-dioximino- 
cyclohexanone. While the temperature was maintained at
20-30° by external cooling, 10.2 g. (0.10 mole) of acetic an
hydride was added. When addition was complete the cooling 
bath was removed, and the temperature rose to 40°. After 
the mixture had cooled to room temperature the solvent was 
evaporated under reduced pressure, and the residue was 
taken up in 500 ml. of ether. The solid which failed to dis
solve was removed by filtration, and the filtrate was washed 
with 300 ml. of saturated sodium bicarbonate solution and 
dried over anhydrous magnesium sulfate. Evaporation of 
the ether left 11.0 g. (65%) of liquid methyl 5-cyano-2-oxi- 
minovalerate. The infrared spectrum of this liquid was 
identical with that of an authentic sample of methyl 5- 
cyano-2-oximinovalerate.

(3) F ro m  b e n z y l tr im e th y la m m o n iu m  h y d r o x id e  i n  m e th a n o l. 
To a solution of 8.3 g. (0.05 mole) of benzyltrimethylam
monium hydroxide in 300 ml. of methanol was added 7.8 g. 
(0.05 mole) of 2,6-dioximinocyclohexanone. Most but not 
all of the solid dissolved on stirring. While the temperature 
was maintained a t 20-30° by external cooling 5.1 g. (0.05 
mole) of acetic anhydride was added. The reaction mixture 
was worked up as described under (2) to give 5.0 g. (59%) of 
liquid methyl 5-cyano-2-oximinovalerate. The infrared 
spectrum of this sample was identical with that of an authen- 
t ie sample.

E th y l  5 -c y a n o -2 -o x i m o n o va lera te . (1) F ro m  s o d iu m  c th ox iile  
in  e th a n o l. To a solution of 13.8 g. (0.60 g.-atom) of sodium 
in 750 ml. of absolute ethanol was added 78.0 g. (0.50 mole) 
of 2,6-dioximinocyclohexanone. To the resulting slurry was 
added 61.0 g. (0.60 mole) of acetic anhydride over 30 min., 
the temperature being held at 20-30° by external cooling. 
The solvent was evaporated under reduced pressure at 00-  
70°, and the resulting semisolid mass was taken up in 1000 
ml. of ether. The solid which failed to dissolve was removed 
by filtration, and the ether solution was washed with 1000 
ml. of saturated sodium bicarbonate solution. After drying 
over magnesium sulfate, the ether was evaporated to leave

(11) All melting points are uncorrected.

85.0 g. (92%) of solid ethyl 5-cyano-2-oximinovalerate. A 
portion of the material was recrystallized from carbon tetra
chloride to give a white solid, m.p. 73°. A mixture of this 
solid and authentic ethyl 5-c3’ano-2-oximinovalerate3 
melted a t 73°.

(2) F ro m  p o ta s s iu m  h y d r o x id e  i n  e th a n o l. This reaction was 
carried out as described tinder methyl 5-eyano-2-oximino- 
valerate (2 ), using a solution of 5.6 g. (0.10 mole) of po
tassium hydroxide in 300 ml. of absolute ethanol, 15.6 g. 
(0.10 mole) of 2,6-dioximinocyclohexanone, and 10.2 g. 
(0.10 mole) of acetic anhydride. There was obtained 12.0 g. 
(65%) of ethyl 5-cyano-2-oximinovalerate. The infrared spec
trum of this sample was identical with that of an authentic 
sample.

I s o p r o p y l  5 -c y a n o  2 -o x im in o v a le ra te . To 1000 ml. of iso
propyl alcohol heated to 60° was added 13.0 g. (0.57 g.- 
atom) of sodium at 60-70°. When the sodium had dissolved,
78.0 g. (0.50 mole) of 2,6-dioximinccyclohexanone was added, 
and then, at 50-60°, 58.0 g. (0.57 mole) of acetic anhydride. 
W hen heat evolution had ceased, the solvent was evaporated 
under reduced pressure, and the residue was taken up in 
1000 ml. of ether. The material which failed to dissolve was 
removed by filtration, and the filtrate was washed with 500 
ml. of saturated sodium bicarbonate solution and dried 
over anhydrous magnesium sulfate. Evaporation of the 
ether left 51.0 g. (51%) of isopropyl 5-cyano-2-oximino- 
valerate, an oil which crystallized on standing. Recrys
tallization of a portion of the material from 5 :1  cyclohexane 
ethyl acetate gave pure white crystals, m.p. 55-56°. The 
infrared spectrum of this material was identical with that 
of an authentic sample.4

B e n z y l  5 -c y a n o -2 -o x im in o v a lr ra te . To a solution of 2.3 g. 
(0.10 g.-atom) of sodium in 200 ml. of benzyl alcohol was 
add<*d 15.6 g. (0.10 mole) of 2,6-dioximinocyclohexanone. 
The mixture was stirred until most of the solid had gone 
into solution, and then 10.9 g. (0.11 mole) of acetic anhy
dride was added, the temperature being held a t 20-30°. 
After addition was complete the alcohol was evaporated 
under reduced pressure, and the residue was taken up in 
1(X)0 ml. of ether. The insoluble material was removed by 
filtration, and the filtrate was evaporated under reduced 
pressure. Since some product appeared to have remained in 
the insoluble solid, the filter cake was taken up in water, 
and the material which failed to dissolve was combined with 
the residue from the evaporation of the ether filtrate. This 
procedure gave a total of 14.0 g. (54%) of crude benzyl 5- 
cyano-2-o.ximinovalerate, m.p. 125-130°. A portion of the 
crude solid was recrystallized three times from benzene to 
give pure benzyl 5-cyano-2-oximinovalerate, m.p. 132- 
134°. The infrared spectra of the crude and recrystallized 
materials were identical.

A n a l . Calcd. for CijHkXjOs: C, 63.40; H, 5.73; X, 11.38; 
Found: C, 63.20; H, 5.52; X, 10.97.

E th y l  J j-cya n o -2 -o x in n n o va tera te  by  the  o n e -s tep  p rocedure .
(1) B a se -c a ta ly ze d  n i tr o s a l io n . To a solution of 5.0 g. (0.22 
g.-atom) of sodium in 300 ml. of absolute ethanol was added
19.6 g. (0.20 mole) of cyclohexanone. A separate ethyl nitrite 
generator was charged with 36.0 g. (0.52 mole) of sodium 
nitrite, 24.0 g. (0.52 mole) of ethanol, and 40 ml. of water, 
and was connected to the reactor by a tube leading below 
the liquid level in the reactor. With the generator at 25°, a 
solution of 40.0 g. (0.40 mole) of sulfuric acid in 40 ml. of 
water was added dropwise to the nitrite-ethanol solution, 
thereby generating ethyl nitrite, which passed over into the 
reactor. The reactor was stirred vigorously and was main
tained at 30-40° by external cooling. When all the ethyl 
nitrite had been admitted, the reactor contents were stirred 
for an additional 30 min. Then while the temperature was 
maintained at 20-30°, 24.0 g. (0.24 mole) of acetic anhy
dride was added dropwise. When addition was complete 
volatile materials were evaporated under reduced pressure, 
and the residue was taken up in 500 ml. of ether. The mate
rial which failed to dissolve was removed by filtration, and 
the filtrate was washed with saturated sodium bicarbonate
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solution, decolorized with activated charcoal, and dried 
over anhydrous magnesium sulfate. Evaporation of the 
ether left 18.0 g. (50%) of crude ethyl 5-cyano-2-oximino- 
valerate. Recrystallization of a portion of this material from 
carbon tetrachloride gave pure ethyl 5-cyano-2-oximino- 
valerate, m.p. 73-74°. The infrared spectrum of this material 
was identical with that of an authentic sample.

(2) A c id -ca ta ly zed , n itr o s a tio n . Into a solution of 19.6 g. 
(0.20 mole) of cyclohexanone and 4 ml. of coned, hydro
chloric acid in 150 ml. of absolute ethanol was passed 39.1 
g. (0.52 mole) of ethyl nitrite generated as described in the 
preceding experiment. The reaction temperature was held 
a t 30-40° by external cooling. The mixture was stirred for 
30 min. after all the nitrite had been admitted, then a solu
tion of 6.0 g. (0.25 g.-atom) of sodium in 150 ml. of absolute 
ethanol was added. The basic solution which resulted was 
held a t 20-30° by external cooling while 22.0 g. (0.22 mole) 
of acetic anhydride was added. When addition was com
plete volatile materials were evaporated under reduced 
pressure, and the residue was taken up in 300 ml. of ether. 
The solid which failed to dissolve was removed by filtration, 
and the filtrate was washed with saturated sodium bicarbon
ate solution, decolorized with activated charcoal, and dried 
over anhydrous magnesium sulfate. The ether was evapor
ated under reduced pressure to leave 23.0 g. (64%) of crude 
ethyl 5-cyano-2-oximinovalerate. A portion of this material 
was recrystallized from carbon tetrachloride to give pure 
ethyl 5-eyano-2-oximinovalerate, m.p. 73-74°. The infrared 
spectrum of this compound was identical with that of an 
authentic sample.

di r L y s in e  m o n o h yd ro ch lo r id e . (1) H y d r o g e n a tio n  o f  e th y l
S -c y a n o -2 -o x im in o v a le r a te  over R a n e y  n ic k e l  w i th  s o d iu m  
a ceta te  c o -ca ta ly s t. A portion of Raney nickel11 amounting to 
3-5 g. was washed twice with 20-ml. portions of ethanol, then 
twice with 20-ml. portions of acetic anhydride. The washed 
catalyst and 6.0 g. of anhydrous sodium acetate were then 
added immediately to a solution of 18.4 g. (0.10 mole) of 
ethyl 5-cyano-2-oximinovalerate in 120 ml. of acetic anhy
dride. The resulting mixture was heated to 50° and shaken 
under hydrogen a t an initial pressure of 50 p.s.i. The theo
retical amount of hydrogen was taken up in about 2 hr. 
The catalyst was removed by filtration, and the filtrate was 
stirred with 80 ml. of water for several hours to decompose 
the acetic anhydride. Then 180 ml. of coned, hydrochloric 
acid was added, and the mixture was heated under reflux 
for 16 hr. The resulting solution was evaporated under re
duced pressure to a sirupy mass. The mass was treated 
with two 50-ml. portions of eoned. hydrochloric acid, and 
evaporated to a sirup after the addition of each portion. 
The final residue was taken up in 20C ml. of boiling 95% 
ethanol, and a solution of 10 ml. of pyridine in 20 ml. of 
ethanol was added. DL-Lysine monohydrochloride began to

( 1 1 ) Obtained in active form under water from the Raney 
Catalyst Co., Chattanooga, Tenn.

precipitate almost immediately. To ensure complete pre
cipitation the mixture was held a t 5° for 24 hr. At the end 
of this time 15.6 g. (86%) of DL-lysine monohydrochloride, 
m.p. 262-264°, was recovered by filtration. Another 1.2 g. 
was recovered by concentration of the filtrate. The total 
yield was thus 16.8 g. (92%). The infrared spectrum of this 
product was identical with that of an authentic sample of 
i>L-.ysine monohydrochloride.

(2) H y d ro g e n a tio n  o f  e th y l 5 -c y a n o -2 -o x im in o v a le r a te  w ith  
b e n z y l tr im e th y la m m o n iu m  h y d r o x id e  c o -ca ta ly s t. A 2-3 g. 
portion of Raney nickel, washed as described under (1) 
above, was added along with 1.5 g. of benzyltrimethyl
ammonium hydroxide to a solution of 9.2 g. (0.05 mole) of 
ethyl 5-cyano-2-oximinovalerate in 60 ml. of acetic anhy
dride. The resulting mixture was heated and shaken under 
hydrogen a t an initial pressure of 50 p.s.i. until 50° was 
reached. At this point a vigorously exothermic reaction set 
in, which raised the temperature to 75° in a few minutes 
with external heating cut off. The theoretical amount of 
hydrogen was taken up in 15 min. The reaction mixture 
was worked up as described under ( 1 ) above, halving all 
quantities of reagents. There was obtained 8.0 g. (88%) of 
DL-lysine monohydrochloride. The infrared spectrum of this 
material was identical with that of an authentic sample.

E th y l  es ter  o f  N ,N '- d ia c e ty l l y s in e . The procedure de
scribed under DL-lysine monohydrochloride (1) was followed, 
except that the sodium acetate was replaced by 3.0 g. of 
potassium hydroxide. Hydrogen uptake was complete in 
15 min., the temperature rising from 50 to 70° during this 
time with no external heating. The catalyst was removed 
by filtration, and the acetic acid and acetic anhydride 
were evaporated from the filtrate under reduced pressure. 
The viscous sirupy residue was taken up in 100 ml. of ethyl 
acetate, and the solid which separated was removed by fil
tration. When 300 ml. of ether was added to the filtrate, it 
separated into two layers. The ether (upper) layer was 
separated, and the lower layer was taken up in 50 ml. of 
ethyl acetate. A small amount of solid separated and was 
removed by filtration. The filtrate was evaporated under 
reduced pressure to give 25.2 g. (98%) of sirupy but essen
tially pure ethyl ester of Ar,A:'-diacet.yllysine. The analysis 
given below was obtained on the sirupy material. On long 
standing the sirup partially crystallized.

A n a l .  Calcd. for C12H22O4N2: C, 55.79; H, 8.59; N, 10.85. 
Found: C, 55.98; H, 8.57; N, 10.62.
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o f  R earrangem ents du rin g  S yn th esis

NORMAN RABJOHN a n d  R. J. DeFEO2' 3 

R ece ived  J a n u a r y  7, 1 9 6 0

I t has been shown that two alcohols, 5-ethyl-5-methyl-3-decanol and G-ethyl-6-methyl-4-deeanol, which are typical inter
mediates in a general method of synthesis of tetraalkylmethanes, may he dehydrated over potassium bisulfate to mixtures of 
olefins without rearrangement of the carbon skeletons.

The previous paper1 in this series described a 
general method for the synthesis of tetraalkyl
methanes. It was alleged that the dehydration of 
the intermediate secondary alcohols afforded onty 
mixtures of olefins in which the quaternary carbon 
atom structure remained intact.

The acid catalyzed rearrangements of a number 
of related materials have been described,4 and 
Mosher and Cox have shown that in the dehydra
tion of 4,4-dimethyl-3-ethyl-2-pentanol, 43% of
4,4-dimethyl-3-ethyl-2-pentene and 57% of 2,4- 
dimethyl-3-ethyl-3-pentene are obtained. They 
explained the formation of the latter as due to a
1,3-shift of a methyl group rather than to a series 
of 1,2-rearrangements.

The present study was undertaken to investigate 
the possibility of skeletal rearrangements of the 
initially mentioned carbinols, of the general struc
ture R1R2R3CCH2CHOHCH2R4, during dehydra
tion by means of potassium bisulfate. If rearrange
ments had occurred, mixtures of olefins of the type

Ri
\

C = C H —CH—CH2R 4
/  I

R 2 1C

where 1% li2 and R3 may occupy either carbon 1 or 
3 would have resulted, which obviously would 
have led to mixtures of hydrocarbons which were 
not tetraalkylmethanes.

Since the tetraalkylmethane, 5-ethyl-5-methyl- 
decane, had been prepared6 previously by a se
quence of reactions which did not involve any 
known rearrangements, it was felt that a com
parison of its physical properties with those of the 
material which would result from the general 
method of synthesis of tetraalkylmethanes1 should 
afford evidence of rearrangements in the process.

¡1) Paper IV. N. Rabjohn, L. V. Phillips, and R. J. 
DeFeo, J .  O rg. C h e m ., 2 4 ,  1964 (1959).

(2) Abstracted in part from the Ph.D. thesis of R. J. 
DeFeo, 1958.

(3) Lubrizol Foundation Fellow, 1956-58.
(4) For leading references see W. A. Mosher and J. C. 

Cox, Jr., J .  A m .  C h em . S a c ., 7 2 ,  3701 (1950); D. J. Cram in
M. S. Newman’s S ie r ic  A ffe c ts  i n  O rg a n ic  C h e m is try , John 
Wiley and Sons, New York, 1956, Chap. 5.

(5) N. Rabjohn and H. H. Farmer, J . Org. C h e m ., 23, 522
(1958).

The latter may be varied so that alkyl groupings 
of the final hydrocarbons can be introduced in 
different sequences. Accordingly, it was decided 
to synthesize the 5-ethyl-5-methyldecane from 
both 5-ethyl-5-methyl-3-decanol (Route A) and
6-ethyI-6-methyl-4-decanol (Route B). Since 
the structures of carbonium ions formed during 
the dehydration of these carbinols would be dif
ferent, the end products of the reactions would 
be expected to be dissimilar if rearrangements took 
place.

To obtain still additional evidence, the 5- 
ethyl-5-methyldecane was synthesized not only 
from 2-(/3-cyanoethyl)2-ethylhexanol5 (Route C), 
but also by two variations of the mixed-Kolbe re
action. In the first of these (Route D), 3-ethyl-3- 
methyloctanoic acid was coupled with butyric acid, 
while in the second method (Route E), 4-ethyl-4- 
methyloetanoic acid was caused to react with 
butyric acid also to give the desired hydrocarbon 
directly.

The by-products of the mixed-Kolbe reactions,
6,9-diethyl-6,9-dimet.hyltetradecane and 5,10-di- 
ethvl-5,10-dimethyltetradecane respectively, were 
of interest since they contain two quaternary 
carbon atom systems. They are liquids with 
solidification points below —60°, and have in
frared spectra almost identical with that of fi
ef hy 1-5-methyldecane.

The values for specific gravity, viscosity, re
fractive index, boiling point, and melting point 
of the five independently synthesized samples of
5-ethyl-5-methyldecane were all within experi
mental error of each other, and the infrared spectra 
appeared to be identical. Samples from Routes
A. B, and D were examined by gas chromatography 
and gave single sharp peaks in their spectra at 
the same points.

Gas chromatographic studies of 5-ethyl-5-methyI- 
2(3)-deeene (from Route A) and 6-ethyl-6-methyl- 
3(4-)-decene (from Route B) showed only three 
distinct peaks in each of their spectra. These ap
parently were the cis and irans-beta and trans- 
alpha olefins, with respect to the quaternary carbon 
atoms. The lack of cis, alpha olefins might be ex
plained on the basis of the fact that models of those 
compounds reveal that the cis configurations are
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highly hindered structures, which suggests that they 
might be formed with considerable difficulty.

The preceding data support strongly the qua
ternary carbon atom structures which were as
signed to the tetraalkylmethanes described in the 
previous study.1

E X P E R IM E N T A L 6

M a te r ia ls , (a) E th y l  2 -cy a n o -S -e th y l-3 -m d h y lh .e p ta n o a te  
was prepared from ethyl 2-cyano-3-methyl-2-pentenoate7 
and n-butylmagnesium bromide in the presence of cuprous 
iodide in 70% yield;8 b.p. 158-160°/17 mm., re2,? 1.4435; lit.,9 10 
b.p. 160-162 721 mm., re2,? 1.4435.

(b) E th y l  2 -c ya n o -3 -e th y l-3 -m c th y lo c la .n o a te  was obtained 
(76%) in a similar fashion from ethyl 2-evano-3-ethyI-2- 
pentenoate and n-amylmagncsium bromide; b.p. 168- 
170°/17 mm., ?rD3 1.4446; lit,.,9 b.p. 168-170720 mm., n2,? 
1.4449.

(c) S -E lh y l - S -m e th y lh e p ta n v i i l r i le  was synthesized in 82% 
yield by the hydrolysis and decarboxylation of ethyl 2-eyano- 
3-ethyl-3-methylheptanoate; b.p. 105-107 717  mm., re2,? 
1.4332; lit.,» b.p. 112-113722 mm., re2D5 1.4328.

(d) 3 -E th y l-3 -m e th y lo c ta n e n itr i le  was prepared in an 
analogous manner from ethyl 2-cyano-3-ethyl-3-methyl- 
octanoate; yield, 56%, b.p. 119— 121 °/17 mm., re7  1.4354; 
lit,.,9 b.p. 127-130 723-25 mm., a 2,,'1 1.4358.

(e) S -E lh y l-3 -m e th y lo c ta n o i? a r id  was prepared in 96% yield 
by the hydrolysis of 3-ethyl-3-methyloctanenitrile with 
potassium hydroxide in diethvlene glycol; b.p., 158-159°/ 
15 mm., re2,? 1.4427; lit .,9 b.p. 157-160715 mm., re2D3 1.4426.

(f) / - E lh y l-^ -m e lh y lo c ta n o ic , a c id  was obtained from 2-(/3- 
eyanoethyl)-2-ethvlhexaldehyde in 73% yield5; b.p. 132- 
135°/2mm.,?i,2D5 1.4456.

f i-E th y lS -m e th y l-S -d e c a n o n e . A Grignard reagent was pre
pared from 24.3 g. (1 g.-atom) of magnesium and 109 g. 
(1 mole) of ethyl bromide in 200 ml. of dry ether. To this was 
added 91 g. (0.54 mole) of f.-ethyl-3-meohyloctanenitrile in 
100 ml. of ether. There was obtained 92 g. (86%) of ketone 
which boiled at 127-129715 mm.; rey? 1.4371.

A n a l .  Calcd. for Ci3H260 : C, 78.72; H, 13.21. Found: 
C, 78.80; H, 13.21.

5 -E th y l-5 -m e th y l-3 -d e c a n o l. The reduction of 84 g. (0.42 
mole) of 5-ethyl-5-methyl-3-decanone with 19 g. (0.5 mole) 
of lithium aluminum hydride was carried out in the usual 
manner. There resulted 82 g. (9 "% ) of alcohol; b.p. 131— 
132715 mm., re2,? 1.4470.

A n a l .  Calcd. for C,3H280 : C, 77.93; II, 14.08. Found: C, 
77.92; H, 14.13.

5 - E th y l-5 -m e th y l-2 (3 )-d e c e n .c . A mixture of 77 g. (0.38 mole) 
of 5-ethyl-5-methyl-3-decanol and 10 g. (0.07 mole) of po
tassium bisulfate was heated under reduced pressure at 
150-160° for 24 hr. After working up the reaction mixture 
in the usual way, there was obtained 60 g. (87%) of olefins; 
b.p. 101-103715 mm., n 2D3 1.4390.

A n a l .  Calcd. for C13Ho6: C, 85.63; H, 14.37. Found: C, 
85.59; H, 14.21.

6 - E th y l-6 -m e th y l-4 -d e c a n o n c . A Grigr.ard reagent was 
prepared from 30.4 g. (1.25 g.-atoms) of magnesium and 
154 g. (1.25 moles) of re-propyl bromide in 250 ml. of dry 
ether. To this was added 113 g. (0.74 mole) of 3-ethyl-3- 
methylheptanenitrile. There was obtained 130 g. (89%) 
of ketone; b.p. 124-126715 mm., re2) 1.4363.

(6 ) All melting points and boiling points are uncorrected. 
The carbon-hydrogen analyses were performed by Mr. 
Arthur Mendel of this laboratory and bv Drs. Weiler and 
Strauss, Oxford, England.

(7) A. C. Cope, C. M. Hofmann, 0 . WyckofT, and E. 
Hardenberg, J .  A m .  C h e m . H oc., 63, 3452 (1941).

(8 ) N. Rabjohn, L. V. Phillips, and R. J. DeFeo, J .  
O rq . C h e m ., 24, 1964 (1959).

(9) F. S. Prout, ./. Tire. C h em . S o c .. 74, 5915 (1952).

A n a l .  Calcd. for C,3H260 : C. 78.72; H, 13.21. Found: C, 
78.85; H, 13.00.

6 -E th y l-6 -m e th y l-4 --d e c a m l. A mixture of 19 g. (0.5 mole) 
of lithium aluminum hydride and 114 g. (0.58 mole) of
6-ethyl-6-methvl-4-decanone was caused to react in the 
usual manner to give 105 g. (91%) of the desired carbinol; 
b.p. 129-131°/15 mm., re2,? 1.4463.

A n a l .  Calcd. for C,3H280 : C, 77.93; II, 14.09. Found: C, 
77.92; H, 14.13.

6 -E lh y l-6 -m e th y l-3 (4 )-d e c e n e . The dehydration of 100 g. 
(0.5 mole) of 6-ethyl-6-methyl-4-deeanol with 10 g. (0.07 
mole) of potassium bisulfate afforded 82 g. (90%) of ole
fins; b.p. 99-100715 mm., re2,? 1.4380.

A - ia l . Calcd. for CiSH26: C, 85.63; H, 14.37. Found: 
C, 85.52; H, 14.18.

5 -E th y l-5 -m c th y ld e c a n e . M e th o d  A. The hydrogenation of 
54 g. (0.29 mole) of 5-ethyl-5-methyl-2(3)-decene in 75 ml. 
of methyleyclohexane with 12 g. of Raney nickel catalyst 
at 180° and 3200 p.s.i. of hydrogen yielded 45 g. of alkane:
b.p. 102-103715 mm., re2? 1.4290; lit.,6 b.p. 101-103718
mm., re,2? 1.4291.

M e th o d  K . The above procedure was repeated using 37 g. 
(0.2 mole) of 6-ethyl-6-methyl-3(4)-decene, 10 g. of Raney 
nickel catalyst and 75 ml. of methyleyclohexane. There was 
obtained 31 g. (84%) of an alkane which distilled a t 102- 
103°/15 mm., re.2d5 1.4290.

M e th o d  C. A mixture of 148 g. (0.75 mole) of 6-ethyl-6- 
methyl-3-decanone, 105 ml. (1.8 moles) of 85% hydrazine 
hydrate, 700 ml. of diethylene glycol, 175 g. (2.6 moles) 
of 85% potassium hydroxide and 150 ml. of water was 
caused to react in the previously described manner.5 There 
was obtained 44 g. (32%) of the desired hydrocarbon; b.p.
101-103715 mm., re2,? 1.4291.

M e th o d  D . A mixture of 119 g. (0.64 mole) of 3-ethyl-3- 
methyloctanoie acid, 352 g. (4 moles) of re-butyric acid, 
500 ml. of petroleum ether (b.p. 60-80°), 2 g. of sodium, 
which had been dissolved in about 100 ml. of methanol, 
and sufficient methanol to bring the volume to 1900 ml., 
was electrolyzed at approximately 5.5 amp. for 29 hr. 
under the conditions described previously. 10 At the end of 
this rime, the solution was light tan with no odor of butyric 
acid. Approximately 1 1. of solvent was removed and 132 
g. (2 moles) of 85% potassium hydroxide in 500 ml. of water 
was added. Distillation was continued until another 1 1. of 
distillate had been collected. At this point, 250 ml. of water 
and 500 ml. of petroleum ether (b.p. 60-70°) were added, 
and the layers were separated. The aqueous layer was ex
tracted twice with 500-ml. portions of a petroleum ether- 
ether mixture, the oil layers were combined, washed twice 
with water, dried over anhydrous sodium sulfate, and dis
tilled to remove solvent.

The residue was distilled, and the portion which boiled 
at 95-105715 mm. was collected. I t was washed three times 
with 100-ml. portions of cold coned, sulfuric acid and taken 
up in petroleum ether. The solution was washed with water, 
10% sodium bicarbonate solution, water, and dried over 
anhydrous sodium sulfate. After removing the solvent, the 
residue was distilled to give 62 g. (51%) of an alkane which 
boiled at 100-101 °/14 nun., re2,? 1.4290.

The high-boiling residue from the distillation of the origi
nal reaction mixture was distilled, and that portion, 7 g., 
which boiled at 170-180715 mm. was taken up in petroleum 
ether washed three times with coned, sulfuric acid, and 
treated then as above. The residue was distilled to yield 
4 g. of the dicoupling product; b.p. 176-178°/!5 mm., re2,? 
1.4481.

A n a l .  Calcd. for Ca,H|2: C, 85.02; H. 14.98. Found: C,
84.77, II, 14.70.

(10) N. Rabjohn and H. H. Farmer, J .  D ry . C h e m ., 24, 
359(5959).
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M e th o d  E .  The preceding procedure was followed. A 
mixture of 119 g. (0.64 mole) of 4-ethyl-4-methyloctanoic 
acid, 352 g. (4 moles) of n-butyric acid, 500 ml. of petroleum 
ether (b.p. 60-70°), 2 g. of sodium, dissolved in about 100 
ml. of methanol, and sufficient methanol to bring the volume 
to 1900 ml., was electrolyzed at about 5 amp. for 21 hr. 
There was obtained 29 g. (25%) of an alkane which boiled 
a t 101-103715 mm., 1.4291.

The high-boiling residue was treated as above to give 
4 g. of coupling product, b.p. 182-184°/15 mm., it2,;5 1.4480.

A n a l .  Calcd. for C2(iH42: C, 85.02, H, 14.98. Found: C,
85.31 ;H , 14.87.

P h y s ic a l  c o n s ta n ts  o f  o -e th y l-5 -m e th y ld e c a n e . In addition to 
the constants given above, the following values were deter
mined for each of the five samples of the hydrocarbon: 
sp. gr. 20/4, 0.7705-0.7707; solidification point, —80°; 
viscosity in centistokes, 1.71 (100° F.) 1.10 (115° F.), and 
0.77 (210° F.); and viscosity index 92.5.

C olum bia , M o .

[Co ntribution  from  T h e  J ohn Stuart  R esearch  L aboratories of T h e  Q uaker  Oats C o .]

2 -M eth oxy-5 -m eth y lfu ran  : P reparation , Properties, and P roof o f  S tru ctu re1

EDWARD SHERMAN and A. P. DUNLOP

R ece ived  J a n u a r y  7, 1 9 6 0

2-Methoxy-5-methylfuran (II) has been prepared in 68% yield by acid-catalyzed pyrolysis of 2,5-dimetho.xy-2,5-dihydro- 
2-methylfuran. Other products obtained in the pyrolysis are methanol (64%), trimethyl ortholevulinate (III) (5-6%) and 
an unidentified polymer (ca . 10% by weight). The structure of II was confirmed by the following sequence of reactions: 
II +  maleic anhydride — >■ 3-methyl-6-methoxy-3,6-endo-oxo-l,2,3,6-tetrahydrophthalic anhydride (V) (84%) — >- 3- 
methyl-6-methoxyphthalic anhydride (VI) (48% )---->■ the known 4-methoxybenzene-l,2,3-tricarbo.xylic acid (VII) (85%).

Samples of 2,5-dimethoxy-2,5-dihydro-2-methyl- 
furan (I), prepared by electrolytic méthoxylation of 
2-methylfuran according to a modification of the 
method due to Clauson-Kaas et al.2 (ammonium 
bromide electrolyte), have been found to contain 
traces of halogen (Beilstein test). Redistillation of 
stored specimens of I has invariably given rise to 
small amounts of methanol and a compound, boil
ing at ca. 130°, which from its physical properties 
and odor appeared to be methyl furfuryl ether.

Finding it practically impossible to explain the 
formation of methyl furfuryl ether from either 
methylfuran or I under the conditions of the afore
mentioned méthoxylation or redistillation, we 
undertook to investigate the true structure of this 
substance. However, before tackling this problem, 
it seemed desirable to prepare deliberately the un
known compound in reasonable yield.

On the assumption that hydrogen halide, having 
its origin in the halogen contamination, was ef
fecting the observed transformation of I, we tested 
catalytic amounts of strong acids (hydrogen chlo
ride, p-toluenesulfonic acid, etc.) in a series of 
preliminary experiments. Subsequently, the un
known compound (II) was obtained in 68% yield 
together with a second product (III), by incre
mental addition of I to hot (ca. 250°) dimethyl 
phthalate containing a few drops of concentrated 
sulfuric acid, while removing the volatile products 
continuously by entraining in a gentle stream of 
nitrogen.

Analysis provided an empirical formula of

C6H60(0CH 3), and the infrared spectrum revealed 
a furan structure for the compound. It was dis
tinguished from the isomeric methyl furfuryl ether 
by facile formation of an adduct (V) with maleic 
anhydride, m.p. 111-112.5°, (84.3% yield). (Methyl 
furfuryl ether sluggishly forms a maleic anhydride 
adduct melting at 97°.3 From the orientation of 
substituents in the precursor (I), and the formation 
of methyl levulinate 2,4-dinitrophenylhydrazone
(IV) on treatment with the hydrazine reagent, the 
structure of the compound was almost unequi
vocally established as 2-methoxy-5-methylfuran
(II). '

CH- ,H
CH:iO O OCR  

I
a |h - CHx-CH,

CH,OH CH, O OCR, CH3CO C(OCH% 
II III

C R — C R
! !

—*■ C R — C COOCR^“1

N -N H C 6H3(N0 2),
IV

Further confirmation of the identity of II was 
achieved by the following sequence of reactions, 
culminating in 4-methoxybenzene-l,2,3-tricarb- 
oxylic acid (VII) which has been described.4

(1) This article, in its entirety, was presented as a portion 
of a paper of broader scope at the 127th National ACS 
Meeting in Cincinnati, Ohio, March 1955.

(2) N. Clauson-Kaas, F. Limborg, and P. Dietrich, A c ta  
C hem . S c a n d .,  6 , 545 (1952).

(3) M. Ci. Van Campcn and J. R. Johnson, ./. A m .  C hem . 
S o c ., 55,430 (1933).

(4) D. Gardner, J. F. Grove, and D. Ismay, J .  C h em . S o c .,
1817(1954).
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maleic 
11 +  anhyd. 84%^

OCHs

CH3 V

OCH;

85%

OCHs
COOH 
ÇOOH 

COOH 
VII

m.p. 188.5-189°

The location of the niethoxyl group at a bridge
head of bicyclic adduct (V) was indicated by its 
facile hydrolysis to a phenolic body.

Structure VI is deduced from the following con
siderations. There are six isomeric x-methyl-y- 
methoxyphthalic anhydrides, of which four6 (VIII- 
XI) have been described. The isomer (VI) obtained 
in this study melts much higher than any of these, 
and, on oxidation, gives a methoxybenzenetri-

1 II CO
I l i o  CO

;0

X
m.p. 158.5-159010

CH

h r coTo
C l i  ( )  . - C O

XI
m.p. 13909

carboxylic acid with the same melting point 
reported for VII (prepared4 from 4-methoxy-2,3-di- 
methylacetophenone). While both VI (as assigned) 
and XII would give VII on oxidation, XII can be 
eliminated since it would necessitate a precursor 
adduct having structure X lla  which cannot give a 
phenol on mild hydrolysis.

CH:i CH,

I H 
H

X lla XII

(5) Since the original presentation1 of this paper, VI has 
been described6 (m.p. 185-186°) with reasonable certainty. 
Isomer X II has also been reported,6,7 but with some 
ambiguity.

(6 ) A. J. Birch and P. Hextall, A u s tr a l ia n  J .  C h e m ., 8 , 
96 (1955); C h em . A b s tr . , 50, 884 (1956).

(7) W. Metlesics and F. Wessely, M o r-a tsh . C h e m ., 88, 
108 (1957); C h em . A b s tr . , 51, 12868 (1957).

(8 ) J. L. Simonsen and M. G. Ran, J .  C hem . S o c ., 1339 
(1921).

(9) A. N. Meldrum, C h em . S a c ., 99, 1712 (1911).
(10) H. Raistrick and D. J. Ross, R io c h em . J  , 50, 

635(1952).

It will be recalled that in addition to II, a second 
compound (III) was isolated during the acid-cata
lyzed pyrolysis of I. Compound III has been better 
prepared by treating I with methanol containing a 
strong acid catalyst. Analysis indicated an empiri
cal formula of CoIbCVOCHsh and infrared spectros
copy disclosed the presence of carbonyl and methyl 
ketone groups. Reaction with 2,4-dinitrophenyl- 
hydrazine reagent yielded IV. Whereas we are con
vinced that this compound is trimethyl ortholevuli- 
nate(III), unequivocal proof awaits its synthesis 
in an unambiguous manner {e.g., from levulino- 
nitrile). Its preparation from I may be accounted for 
by way of II as au intermediate.

E X P E R IM E N T A L 11

% -M e th o x y -5 -m e th y lfu r a n  (II). To a 100-ml., three necked, 
round-bottomed flask, equipped with a dropping funnel, gas 
inlet capillary, and distilling head connected to a condenser, 
receiver (containing ca. 0.1 g. of anhydrous sodium car
bonate), and Dry Ice traps, was added 25 ml. (ca. 30 g.) 
of dimethyl phthalate and 2-4 drops of coned, sulfuric acid. 
The flask was heated in an oil bath maintained a t 250 ± 1 0 °  
and a slow stream of dry nitrogen was started. 2,5-Dimeth- 
oxy-2,5-dihydro-2-methylfuran2 (I) was added through the 
dropping funnel at a rate of about 5 sec. per drop until 130 
g. (0.9 mole) had been added. The contents of the receiver 
and traps were combined (141 g.), 25 ml. of fresh dimethyl 
phthalate added, and fractionated, yielding: 20.4 g. (64%) 
of methanol, b.p. 63-70°, 68.4 g. (68%) of II, b.p. 120- 
136°, 8.5 g. (5.4%) of III, b.p. 94-100°/20 mm., and ca . 40 
g. of dimethyl phthalate. The residue in the reaction vessel, 
a dark brown, viscous, polymeric material, weighed 13 g. 
( 10% by weight based on I).

For analysis, a portion of the fraction of crude II  was dis
tilled once a t 90 mm. (b.p. 75°) and again a t atmospheric 
pressure, b.p., 131°; ¿ I s , 1.0096; n 2D5> 1.4525; M R d  (ealed.), 
30.06; M R d  (obsd.), 29.99. The infrared spectrum (0.1-cm. 
cell) indicated peaks a t 6.29, 6.98, 7.36, 8.30, 9.86 and 13.70 
¡x, as compared to reference compounds furan12 (peaks at 
6.33, 6.71, 7.21, 8.41, 10.01 and 13.79 ¡x), and 2-methoxy- 
furan13 (peaks at 6.5, 7.15 and 9.9 ¡x).

A n a l . Calcd. for C6H80 2; C, 64.27; H, 7.19; — OCH3,
27.7. Found: C, 64.40; H, 7.19; —OCHs, 27.0.

S -M e th y l-6 -m e lh o x y -3 ,6 -e n d o -o x o - l ,2 ,3 ,6 - te tr a h y d ro p h th a lu :  
a n h y d r id e  (V). A solution of 11.2 g. (0.1 mole) of II, dissolved 
in 50 ml. of absolute ether, was added to a solution of 10.0 g. 
(0.1 mole) of maleic anhydride in 50 ml. of absolute ether. 
On standing at room temperature for 16 hr., there was de
posited 15 g. (71.4%) of practically pure adduct (V), m.p. 
110-112°. The mother liquor was then concentrated to ca . 
25 ml. and on chilling yielded an additional 2.7 g. (12.9%) 
of adduct (after washing with ether).

For analysis, a sample was recrystallized twice from ab
solute ether, yielding transparent prisms, m.p. 111-112.5°.

A n a l .  Calcd. for C10H10O5: C, 57.14; H, 4.80; neut. equiv.,
105.1. Found: C, 57.32; H, 4.88; neut. equiv., 105.0.

( 1 1 ) All temperatures are uncorrected. Ultimate micro
analyses were by the Micro-Tech Laboratories, Skokie, 111. 
Infrared spectra were obtained on a Perkin-Elmer, Model 
2 1 , double-beam instrument using sodium chloride sandwich 
cells.

( 12) H. M. Randall, R. G. Fowler, N. Fuson, and J. R. 
Dangl, I n fr a r e d  D e te r m in a t io n s  o f  O rg a n ic  S tr u c tu r e s , 1). Van 
Nostrand Co., Inc., New York, 1949, pp. 46-65.

(13) M. P. Cava, C L. Wilson, and C. J. Williams, Jr., 
C h em . A: I n d .  {L o n d o n ), 17 ( 1955).
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S -M e th i/ l-6 -m e th o x y p h th a lic  a n h y d r id e  (V I). A solution of
10.5 g. (0.05 mole) of V, dissolved in 75 ml. of warm glacial 
acetic acid, was added dropwise over a period of 30 min. to 
a solution of ca . 50 mg. of anhydrous zinc chloride in 20 ml. 
of boiling acetic anhydride contained in a 100-ml. flask 
equipped with reflux condenser and dropping funnel. The 
mixture was refluxed an additional 4.5 hr. and left to cool 
slowly to room temperature. After 16 hr., 3.6 g. (37.5%) 
of stout, pale yellow needles of practically pure VI, m.p. 
188-189°, had deposited. The mother liquor was then 
concentrated to ca . 25 ml. and on chilling and filtering 
yielded an additional 1.0 g. (10.4%) of VI.

For analysis, a sample of VI was recrystallized twice from 
dry benzene; m.p. 188.5-189°.

A n a l .  Calcd. for CioHs0 4; C, 62.50; H, 4.19; neut. equiv.,
96.1. Found: C, 62.60; H, 4.38; neut. equiv., 96.5.

The filtrate (obtained after concentrating and filtering, 
above) contains a t least one more compound which has 
not been completely characterized. This compound is prob
ably the acetate of a phenolic substance since a positive 
(violet) ferric chloride test is obtained only after hydrolysis.

/ t-M e th o x y b e n z e n e - l ,2 ,3 - tr ic a r b o x y lic  a c id  (VII). VI (1.92 
g.; 0.01 mole) was dissolved in 100 ml. of warm 5% potas
sium hydroxide solution in a tail-form 400-ml. beaker. The 
solution was vigorously stirred while 90 ml. of 0.357IT po
tassium permanganate was added in 5-ml. increments 
(each addition upon decolorization of the preceding). The 
reaction mixture was then worked up as described by 
Buehler el a l .1* yielding 2.04 g. (85%) of practically pure 
VII, m.p. 221-223°.

For analysis, the product was recrystallized first from 
acetone-benzene and then from acetic acid. To ensure no 
anhydride contamination, the purified material was boiled 
with a small amount of water and the excess water removed 
in a vacuum oven a t room temperature. The product was 
then dried for 1 hr. in the vacuum oven at 60°: m.p. 223.5- 
224.5°.

A n a l .  Calcd. for CioH80 7: C, 50.01; H, 3.36; neut. equiv.,
80.1. Found: C, 50.02; H, 3.36; neut. equiv., 80.5.

T r im e th y l  o r lh o le v u lin a te  ( I I I ).14 15 To 125 ml. of anhydrous
methanol in a 300-ml. flask was added 1.8 g. (0.05 mole) of 
dry hydrogen chloride and then 68 g. (0.47 mole) of I. The 
temperature rose rapidly to reflux before the flask could be

(14) C. A. Buehler, R. B. Specs, and P. A. Sanguinetti,
J .  A m .  C h em . S o c ., 71, 11 (1949).

(15) See also under the preparation of II.

cooled by a water bath. When the tendency for the tempera
ture to rise on removal of the bath had ceased ( c a . 30 min.), 
the reaction mixture was neutralized to pH 8 with sodium 
methoxide in methanol. After filtration and removal of the 
excess solvent, the product was distilled under vacuum; 
b.p. 58-65°/l mm.; yield, 63.9 g. (77%).

For analysis, the material was redistilled and a center-cut 
taken, b.p. 88.5-89.5°/10 mm.; d l s, 1.0274; n 2,?, 1.4225; 
M R d  (calcd.), 44.08; M R n  (obsd.), 43.63, pertinent infra
red bands (0.2-cm. cell) at 5.88 u ( carbonvl) and 7.02 y  
(CH3 in CH3CO).

A n a l .  Calcd. for CsHisO.,: C, 54.53; H, 9.15: -OCH3,
52.8; sapon. equiv., 176.2. Found: C, 54.40; H, 8.95; —OCH3, 
52.3; sapon. equiv., 174.1.

M e th y l  le v u lin a te  2 :Jt- d in ilr o p h e n y lh y d r a z o n e  (IV). (A). 
F ro m  ii. II (0.218 g.; 0.00195 mole), treated with 130 ml. of 
methanol containing 2 g. of 2,4-dinitrophenylhydrazine and 
8 ml. of coned, hydrochloric acid, yielded 0.321 g. (53% ) 16 
of IV; m.p. 136-139°; mixed melting point with pure IV 
(m.p. 140-141°), 138-141°.

( B ) .  From . III. I l l  (0.202 g.; 0.00115 mole) treated in the 
same manner as in (.1) yielded 0.230 g. (64%)16 of I t ';  m.p. 
133-138°. One recrystallization from methanol raised the 
melting point to 140.0-140.5°. A mixed melting point with 
pure IV showed no depression.

H y d r o ly s is  o f V .  Preliminary information indicates that at 
least two compounds are formed by the acid or neutral 
hydrolysis of V. One compound, only slightly soluble in 
water, has not yet been studied in detail.

Another substance, very soluble in water, has been re
covered from the filtrate (after removal of the insoluble ma
terial) by extraction with ether. This substance gives a 
strong phenol test (violet to purple color) with ferric chlo
ride. On treatment with acetic anhydride, it yields a well 
crystallized acetate which does not give a phenol test, until 
after hydrolysis.

Acknowledgment. The authors gratefully acknowl
edge the technical assistance of Miss Mary L. 
Leslie and express their thanks to Dr. Shelhert 
Smith who determined the infrared spectra.

B arrinc.ton , I II .

(16) IV is somewhat soluble in methanol. Since no at
tempt was made to recover the dissolved product, these are 
only partial yields.
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N itration  S tu d ies. X II. N ilro lia logen ation  o f N egatively  S u b stitu ted  O lefins 
w ith  M ixtures o f  D in itrogen  T etroxide and H alogens

G. BRYANT BACHMAN, TED ,1. LOGAN, 1’2 KENNETH R. HILL ,2 and NORMAN W. STAN DISH2

R ece ived  J a n u a r y  7. 1H60

Mixtures of dinitrogen tetroxide and halogens have been shown to react with olefins to produce compounds with a halogen 
atom on one carbon atom and a nitrogen-r ontaining group on the other carbon atom of the original double bond. The nitro
gen-containing group is —ONO., when the olefin is ethylene itself or ethylene substituted with electron-supplying groups such 
as alkyl or acetoxy. It is —NCR when the olefin is ethylene substituted with electron-withdrawing groups such as halogen or 
cyano. These two classes of olefins ire alsc distinguished by the orientations of the entering groups. The products seem best 
explained as resulting from ionic additions induced by electron-supplying groups and from free radical additions induced by 
electron-withdrawing groups. The mixture of dinitrogen tetroxide and halogen provides a useful tool for determining the 
relative tendencies of substituent groups to induce ionic vs. radical electron displacements in double bonds. The D i / D ,  ratios 
determined in this way for the olefins investigated correlate well with the known responses of these compounds to acid- 
catalyzed hydration and to peroxide-catalyzed polymerization.

Recently it was reported3 that, ethylene and its 
simple homologs react with mixtures of dinitro
gen tetroxide and bromine or iodine in liquid phase 
at ice-bath temperatures to form /3-haloalkyl 
nitrates to the practical exclusion of nitro com
pounds. The reaction was postulated to proceed by 
an ionic mechanism initiated by a halonium ion. 
We now wish to report that halogenated ethylenes 
under similar conditions react with mixtures of 
dinitrogen tetroxide and chlorine, bromine, or 
iodine to form ft/Tdihalonitro compounds to the 
practical exclusion of nitrates. The mechanisms 
of these reactions will be discussed.

Although several of the dihalonitroalkanes ob
tained are new, this type of compound has been 
prepared before by other methods. Thus, Stein- 
kopf and Kuhnel4 report that nitryl chloride adds 
to olefins, including the halogenated ethylenes, to 
give the expected dihalonitro compounds:

CH;=CHBr +  NCbCl — > CIIBrOKTLNO,

This synthesis cannot be extended to the use of 
NOJBr and NOT since these reagents cannot be 
prepared.5 The isomers obtained in the additions 
of NO2CI to halogenated ethylenes appear to be the 
same as those we have obtained in the additions of 
nitrogen tetroxide and chlorine, but there are dif
ferences which indicate that the two syntheses may 
not proceed by the same mechanism. Yakubovich 
and Lemke6 * have prepared ehloronit.ro compounds 
by the reaction of nitrosyl chloride with chloro- 
ethylenes:

(11 Present address: Procter &  Gamble Co., Cincinnati, 
Ohio.

(2 ) Commercial Solvents Corp. Research Assistant.
(3) G. B. Bachman and T. J. Logan, ./. O ra. ( 'h e m ., 2 1 , 

1467(1956).
(4) W. Steinkopf and M. Kuhnel, B e r ., 75, 1323 (1942). 

See also Dutch Patent 58,977, Feb. 15, 1947.
(5.' N. V. Sidgwick, C h e m ic a l E le m e n ts  a n d  T h e ir  C om 

p o u n d s , Oxford University Press, London, Vol. I, 703 
(1950).

(6) A. Y. Yakubovich and A. L. Lemke, J .  G en . C hem .
( U S S R ) ,  19,607(1949).

CIU=CHC1 -  2NOC1— >  CHCLCIRNO,

This synthesis appears not to have been extended 
to the use of nitrosyl bromide although this 
reagent is known. The related nitrosyl iodide is 
unknown. A detailed mechanism for the nitrosyl 
chloride reactions is not given, but it is obvious 
that it must differ from those of the NO-jCl and 
nitrogen tetroxide-chlorine reactions.

Another synthesis leading to dihalonitroalkanes 
is the reaction of halonitro alcohols with halo- 
genating agents.4

CHoOHCHClNCb +  P C b — >  CH,C1CHC1N(R

This method appears to have been applied only to 
the preparation of the product indicated in the 
above equation. The addition of halogens to nitro- 
alkenes leads to a, ̂ -dihalonitroalkanes only." 
Such additions appear not to have been attempted 
with halogenated nitroalkanes. Halogenated alkanes 
containing tertiary hydrogen atoms have been 
nitrated.8“ Other types of halogenated alkanes have 
not been successfully nitrated, but nitroalkanes 
have been chlorinated by Riley and McBee.8b 
These authors did not isolate any di- or polyhalo- 
nitro alkanes.

Conditions of reactions. The liquid phase nitro- 
halogenations were all run at ice-bath temperatures 
to avoid elimination and substitution reactions 
both of which can become prominent at elevated 
temperatures. As the number of halogen atoms 
increased in the starting olefin molecule, the rate 
of the addition reaction decreased until with tetra- 
ehloroethene no products were formed a in reason
able length of time (72 hours). Possibly the use of 
higher temperatures and sealed tube reactors, 
as previously employed4 in XbbCI additions to 
polyhalogenated alkenes, would have led to faster

(7) A. G. Suzie, Ph. D. Thesis, Purdue University, 1939.
(8) (a) M. I. Konovalov, Z h .  russtc. k h im . o b sh rh ., 38, 

607 (1906); C hem . Z e n tr ., 77, II, 1552 (1906); (b) E. F. 
Riley and E. T. MoBee, U. S. Patent 2,337,912 (Dec. 28, 
1943).
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and more complete reactions between our negatively 
substituted alkanes and nitrogen tetroxide plus 
halogens, but we preferred to limit our studies to 
milder conditions for the reasons stated above. 
Chloroform and carbon tetrachloride solvents were 
employed exclusively in an effort to avoid the spe
cial effects observed with ether,9 carbon disulfide, 
and related solvents10 or the substitution reactions 
possible with hydrocarbons and other organic 
solvents. While light was not absolutely excluded, 
the reaction mixtures were only subjected to dim 
illumination to avoid photoexcitation of the re
actants. Moisture and other polarizing substances 
were carefully excluded until the reaction mixtures 
were worked up. All organic products were isolated 
except for very small amounts of water soluble oxi
dation products.

I d e n t i f i c a t i o n  o f  p r o d u c t s . The halonitroalkanes 
were identified by elementary analyses, physical 
properties, hydrolysis to substituted acetic acids, 
and conversion to derivatives by reaction with 
sodium anthranilate.

Primary nitroalkanes have long been known to 
react with concentrated mineral acids to produce 
carboxylic acids and hydroxylamine salts of the 
mineral acids.11 Other functional groups may also 
be present without interfering with this process. 
Thus, Yakubovich and Lemke6 have shown 
that l,l-dichloro-2-nitroethane yields dichloro- 
acetic acid on heating with sulfuric acid. Hawthorne 
and Strahm12 13 have studied the mechanism of the 
hydrolysis of 1-chloronitroethane and 1-deutero-l- 
chloronitroethane and shown that these substances 
are converted to acetic acid, hydrogen chloride, and 
nitrous oxide (probably). This latter fact has in
teresting implications relative to previously pro
posed mechanisms of hydrolysis of primary nitro 
compounds. Neither isomerization to a hydroxamic 
acid as suggested by Nenitzescu and Isacescu13a 
nor dehydration to a nitrile oxide as suggested by 
Noland131’ can occur when the grouping —CCI2NO2 
is present (and may not occur when the grouping 
—CHCINO2 is present). Instead the —CCI2NO2 
group is probably protonated and then hydrolyzed 
to carboxyl, hydrochloric acid, and nitrous acid. 
In any event hydroxylamine salts are not formed as 
by-products, but oxides of nitrogen are evolved. 
The solution diazotizes primary aromatic amines

(9) T. E. Stevens and W. D. Emmons, J .  A m .  C h em . S o c .,  
80,338(1958).

(10) G. A. Russell, J .  O rg . C h e m ., 23, 1407 (1958).
(11) H. B. Hass and E. F. Riley, C h em . R e v s ., 32, 395 

(1943).
(12) M. F. Hawthorne and R. D. Strahm, J .  A m .  C h em . 

S o c ., 79, 3471 (1957). See also R. G. Pearson and R. L. 
Dillon, J .  A m .  C h em . S o c ., 2439 (1953).

(13) (a) C. D. Nenitzescu and D. A. Isacescu, B u ll .  S o c .  
C h im . R o m a n ia , 14, 53 (1932); T. Urbanski, J .  C h em . S o c ., 
3374 (1949). (b) W. E. Noland, J. H. Cooley, and P. A.
McVeigh, J .  A m .  C h em . S o c ., 81, 1213 (1959); W. E. Noland,
C hem . R e v s ., 55,153 (1955).

and then couples with /3-naphthol to form character
istic azo dyes.

This reaction is useful in determining the rela
tive positions occupied by the halogen atoms and 
the nitro group in halonitroalkanes and in distin
guishing these compounds from haloalkvl nitrates 
which do not give carboxylic acids under these 
conditions.3 Usually it is sufficient to reflux the 
nitro compound with 86-96% sulfuric acid until 
the mixture becomes homogeneous and then to 
distill the product. However, in the one example of 
iodonitroalkane tried the reaction proved to be 
unsatisfactory. Thus, l-chloro-l-iodo-2-nitroethane 
gave copious amounts of free iodine and no identi
fiable acetic acid. Likewise 1,2,2,2-tetrachloro- 
nitroethane gave no trichloroacetic acid. In these 
cases both ends of the substituted ethane molecule 
seem to have been hydrolyzed.

The reaction of l-chloro-2-nitropropane with 
sodium anthranilate was recently shown14 to give 
2-(2'-nitro-l'-propyl)aminobenzoic acid. This re
action has now been extended to /3-halonitroethanes 
generally and found to be admirably suitable for 
the derivatization of such compounds (see Table II). 
I t proceeds fairly rapidly at room temperature in 
aqueous or aqueous-alcoholic solutions containing 
excess alkali and gives good yields of nicely crystal
line solids with characteristic melting points. 
The reaction involves only those halogen atoms 
b e ta  to the nitro group; a-halogens are usually not 
affected. If there is but one /3-halogen atom the

I
product will contain the group —NHCH2CNO2.

I
If there are two /3-halogen atoms the group will

I
be —N=CHCNO>, and if there are three, the group

I
I

—NHCOCNO2. Thus, l-chloro-l-bromo-2-nitro-
!

ethane yields the same product that is obtained 
from the reaction of anthranilic acid with meth- 
azonie acid.15

a NHj ClBrCUCH,NO; or N =CH CH 2N 02

C02H H0N=0H0HaN02 * 1 % % -C 0 2H

Here again 1,2,2,2-tetrachloronitroethane gave 
trouble, and the product seemed to be a mixture 
from which an analytically pure sample of the 
expected amide was not obtained by recrystalli
zation. In this case satisfactory results were ob
tained by treating the chloronitro compound with 
anthranilic acid in glacial acetic acid. The product 
had a correct analysis for a derivative containing 
two anthranilic acid residues. The less reactive

(14) G. B. Bachman and J. P. Chupp, J .  Org. C h e m ., 21, 
465 (1956). See also G. B. Bachman and D. E. Welton, J .  Org. 
C h em ., 12, 208(1947).

(15) German Patent 347,373, Jan. 17, 1922.
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/S-haloalkyl nitrates do not give these reactions 
with anthranilic acid and may be distinguished 
from the halonitroethanes by this fact.

The above two reactions are supplementary in 
determining the structures of the halonitroethanes, 
since the first of them affects one end of the mole
cule, he., the end containing the nitro group, while 
the second affects the other end. Consideration of 
the results shown in Tables I and II together with 
the analyses and physical constants of the products 
makes it possible to establish unequivocally the 
orientations of the entering groups in the additions 
studied except possibly in the case of the product 
from trichloroethylene.

By-products. An anticipated by-product in each 
of these reactions was the halogenated ethane 
formed by the addition of halogen alone to the 
double bond. The extent to which this occurred 
using a 1:1 mole ratio of nitrogen tetroxide :halogen 
was greatest for bromine and least for iodine. 
However, this reaction was greatly suppressed by 
increasing the mole ratio of nitrogen tetroxide halo
gen to 2:1. From Fig. 1 it may be seen that the

4  p

eo[

a  / ' 
i p

10 3 0  3.0 4 0

Wole Ro'lo 0 . 0 /  .

Fig. 1 . Effects on conversions to CHCI2CH2NO2 of changes 
in reactant ratios 

Conversions based on N2O4 
O -Conversions based on Cl>

conversion of vinyl chloride to l,l-dichloro-2- 
nitroethane based on dinitrogen tetroxide is nearly 
independent of the nitrogen tetroxide:chlorine 
ratio, while the conversion based on chlorine in
creases as this ratio increases. These facts suggest 
that the rate controlling step in the reaction involves 
the olefin and the nitrogen tetroxide but not the 
halogen.

As the nitrogen tetroxide :halogen ratio was in
creased above 1, the amounts of high boiling resi
dues increased. These heavy oils contained higher 
percentages of nitrogen and oxygen and were un-
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stable. On attempted distillation under vacuum 
they evolved gases and more often than not fumed 
off. Even on standing at room temperatures they 
decomposed with evolution of gases and deposition 
of solids in small amounts. Thus the oils from the 
reactions with 1,1- and 1,2-dichloroethene gave 
crystals of oxalic acid dihydrate (m.p. 100°). 
The oil from the reaction of chlorine and nitrogen 
tetroxide with vinyl chloride deposited dichloro- 
glyoxime16 (m.p. 199°), a substance capable of 
causing violent sneezing and swelling of the mucous 
membranes if small amounts of the powder become 
dispersed in the air. No other products from these 
oils were identified, but nitroso compounds were 
probably present as indicated by the blue or green 
colors of the small amounts of distillates obtained 
before decomposition become extensive. Hydrolyses 
of these oils with 90% sulfuric acid yielded no iden
tifiable products other than oxides of nitrogen and 
carbon and hydrogen halides.

Mechanisms of the reactions. The reacting state 
of a molecule may be considered to arise from the 
resting state through displacements of electrons. 
In an olefin such displacements may occur ionically 
(.Dt) through displacement of a pair of electrons in 
one direction, or radically (Dr) through displace
ment of a single electron in one direction and

D ; CHo=CHG CH.—CHG

D r C H ,=CH G  CH2— CHG

another electron in the other direction. The rela
tive extents to which D t and Dr occur will depend 
on the nature of the substituent group G, on the 
substance with which the olefin is reacting, and 
on various conditions of the reaction. The influence 
of G may be seen by comparing the properties of 
propene (G = methyl) with those of vinyl chloride 
(G = chlorine). Propene, in which Dt predominates, 
is more readily attacked by protonium and other 
cations than it is by free radicals. The reverse is 
true of vinyl chloride, in which Dr predominates. 
Thus, propene will dissolve rapidly with hydration 
in 85% sulfuric acid; vinyl chloride will not. Vinyl 
chloride will polymerize rapidly in the presence 
of traces of peroxide; propene will not. Unfortu
nately, existing data do not permit quantitative 
comparisons of the relative effects of various other 
groups.

Similar statements apply to the reacting states 
of molecules which add to olefins. Thus both nitro
gen tetroxide and halogen molecules are able to 
split ionically or free radically according to their 
intrinsic natures, the natures of the molecules with 
which they are reacting, and the conditions. * 467

(16) W. Steinkopf and B. Jurgens, J .  p r a k t .  C h e m ., 83,
467 (1911).

Br- +  Br- Br2 v ~~ B r+ -f- :Br 

X 0 2- +  N G r "  y  X..O, XO 1 +  : ( )X 0 2-

XOo+ +  :X 0 2-

Bromine is generally conceded to add to olefins at 
ordinary temperatures or below by a stepwise 
process initiated by a bromonium ion. In keeping 
with this belief is the fact that electron-pair- 
supplying groups such as alkyl groups facilitate the 
addition reactions of olefins with bromine. Un
fortunately the products of addition would appear 
to be the same whether the process occurs ionically 
or free radically and hence give no clue as to the 
mechanism followed. The situation with nitrogen 
tetroxide is somewhat more complicated since dis
sociation can occur in three different ways instead 
of two. However, as has been pointed out prev
iously,17 the dissociation of nitrogen tetroxide into 
NOT and N 02~ ions occurs only under the in
fluence of powerful acids and hence may be disre
garded for reactions of the types here considered. 
Of the remaining two types of dissociation one 
would be expected to lead to dinitro compounds and 
the other to nitroso nitrates. Unfortunately this 
simple assumption is complicated by several facts:
(1) nitroso groups are easily oxidized to nitro groups 
by nitrogen tetroxide so that the presence of a 
single nitro group in the product is no guarantee 
that addition of a nitro group occurred by a free 
radical process, and (2) -NO> must be considered an 
ambident radical and therefore capable of attaching 
itself to carbon either at the nitrogen atom to 
form the C—N 02 group or at an oxygen atom to 
form the C—ONO group which may then be oxi
dized to a C—ONO2 group. Hence the presence of 
a nitrite or a nitrate group in the product is no 
guarantee that the addition occurred by an ionic 
process. Finally, (3) the addition may proceed by 
both the free radical and the ionic processes simul
taneously leading thereby to a variety of prod
ucts. Cases in which a single substance constitutes 
the bulk of the product in nitrogen tetroxide addi
tions have been the exception rather than the rule.18

Some of the complexities mentioned above are 
suppressed or eliminated in reactions of olefins 
with equimolar mixtures of nitrogen tetroxide and 
halogens. Thus there are only two principal prod
ucts, one formed by the addition of two halogen 
atoms, the other by the addition of a halogen atom 
and a nitrogen-containing group. When the sub
stituent group on the olefin is alkyl the nitrogen- 
containing group is —ONO2 and is located on the 
carbon holding the alkyl group.3 When the sub
stituent group is chlorine the nitrogen-containing 
group is —X 02 and is located on the carbon once 
removed from the carbon holding the chlorine.

(17) G. B. Bachman and C. M. Vogt, A m . C h em . S o c ., 
80,2987(1958).

(18) J. L. Itiebsomer, C hem . R e v s ., 36, 157 (1945).
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These differences indicate a difference in the mech
anisms of the two reactions. Fince the reaction wit h 
the alkyl substituted ethylene is difficult to conceive 
of as other than an ionic reaction initiated by a 
halonium ion,3 the reaction with the chlorine sub
stituted ethylene is most probably a radical re
action initiated by an NO? radical.

C1CH=CH- +  -M L ----► C1QHCH.XO-

( ’1CHCH.XO-. -  Cl. — *■ ChCHCH.XO. -  ('!■

This is in accord with a D,/Dr ratio of less than 1, 
as might be expected from other reactions of vinyl 
chloride. It is also in accord with the orientation of 
the entering groups, since the reverse orientation 
would be expected if the reaction were initiated by 
a halogen atom. Finally it may be noted that nitro
gen tetroxide is reported to be 0.15% dissociated10 
to NO? radicals at 0° while chlorine and bromine are 
dissociated to atoms to only a vanishingly small 
extent az this temperature.-0 Even assuming con
siderably greater reactivities of halogen atoms rela
tive to NO. radicals, the tremendous preponderance 
of the latter in the mixture would favor their prefer
ential reaction with a Deactivated olefin.

The absence of substantial amounts of dinitro 
products indicates a preference of the CICHCH2NO2 
radicals for combination with chlorine rather than 
with NO. a fact which may be attributed to the 
greater electrophyllicity of the chlorine. This point 
provides further reason for assuming a free radical 
mechanism for the addition. If the first step in the

~r
reaction had been the creation of C1CHC1I.XO

_L

or ClCHCfFXO. cations, the second step should 
have led to considerable amounts of ClCH(ONO.)- 
CHjNO or C1CH(0N02)CH.N0., since the OXO. 
anion is about as nucleophilic as the Cl-  anion, as 
evidenced by the similar degrees of ionization of 
nitric, and hydrochloric acids. In other words the 
fact that Cl- is considerably more electrophilic than 
■NO. while Cl-  is about equally nucleophilic with 
OXO.~ is in agreement with a radical mechanism 
better than with an ionic mechanism for the addi
tion reaction.

The D./Dr ratios of other groups. The above argu
ments apply equally well to the additions of mix
tures of nitrogen tetroxide and halogens to olefins 
substituted by other groups. If we assume validity 
for the arguments then it is apparent that these 
mixtures constitute valuable tools for distinguishing 
radical from ionic mechanisms in addition reactions 
of olefins and in evaluating D.:/D r ratios for various 
substituent groups as being greater or less than 1.

As a working hypothesis for the prediction of 
Di/Dr ratios for various groups we have adopted 19 20 *

(19) F. Verhoek and F. Daniels, J .  A m .  C h em . S o c ., 53, 
1250 (1931); C. C. Addison and J. Lends, J .  C h em . S o c ., 
2837(1951).

(20) F. Ephraim, In o r g a n ic  C h e m is tr y , 5th ed., Inter-
science Publishers, Inc., New York, X'. Y., 1958, p. 1 15.

the viewpoint that electron-supplying groups 
(+1 or + F  effects as defined by Ingold-1) promote 
ionic displacements while electron-withdrawing 
groups promote radical displacements. In further 
corroboration of this hypothesis we have treated a 
vinyl ester with mixtures of nitrogen tetroxide 
and halogens, then hydrolyzed and obtained halo- 
carbonyl compounds but no nitro compounds.

\.o. • \.  mo 
i H i H r e i f  - tHDCH----------> — >

n=
50-58f t  CILCHXCOCH:, +  HOCOCH,

In this case the electron-supplying properties of 
the ester oxygen atom seem to have promoted an 
ionic reaction initiated by halonium ions at the ,8- 
position of the double bond. Contrariwise acrylo
nitrile reacted under similar conditions to give 3- 
nitroacrylonitrile. which on hydrolysis gave 3- 
nitroacrvlamide.22 Here the electron-withdrawing 
cyano group seems to have promoted a reaction 
initiated by the NO. radical at the d-position of the 
double bond.

NjO< -}- CI2

C H .=0H C X  ------------ (CH.XO.CHC1CN)--------
0 °

CHN02=CHCX +  HC1

CHN02=C H C N  +  H.O — s- c h n o 2= c h c o n h 2

The saturated chloronitronitrile is postulated as an 
intermediate because copious amounts of hydrogen 
chloride were evolved during the first distillation of 
the product .

While the above studies served to indicate the 
absolute values of D,/Dr ratios as being greater or 
less than 1 for various groups, it remained of in
terest to determine the relative potencies of two 
different groups with opposite tendencies in electron 
displacements. To study this effect we chose 1- 
chloropropene, which may be considered to be 
ethene substituted on one end by a group (methyl) 
promoting ionic reaction and on the other end by a 
group (chlorine) promoting free radical reaction. 
Treatment of this compound with a mixture of 
nitrogen tetroxide and chlorine gave a product 
whose reactions with anthranilic acid and whose 
anahrsis showed it to be l,l-dichloro-2-nitropro- 
pane.

N ,0 , +  C h
CH, C H = C H C !------------- > CH3CHNO.CHCI.

n°

CHWHNCU’HC’L
+  X X n h ; —n = c h c h n o .c h 3

k^TC O O H

This result is surprising only because we are ac
customed to thinking in terms of ionic displace-

(21) C. K. Ingold, C h em . R e v s ., 15, 225 (1934).
(22j H. Shechter, F. Conrad, A. Daulton, and R. Kaplan, 

J .  .lie. C h em . S o c ., 74, 3052 (1952). These authors obtained 
2-chloro-3-nitropropionitrile by treating vinyl cyanide with 
nitryl chloride, and postulated a mechanism involving free 
radical dissociation of the nitryl chloride.
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TABLE III
Vapor P hase N itrohalogenation  oe Vin yl  H a lid es0'*

VBr +  Br2 VBr +  Cb VC1 +  Br2 VC1 +  Cl2
Reactor temperature 250 250 325 325
Contact time, seconds 7 7 4 3.6
Mole ratio: VX :X 2:X 0 2 3 .2 :0 .3 :1 .0 9 .8 :2 .3 :1 .0 11 .1 :0 .3 :1 .0 7..3:0.5:1.0
Moles VX reacted 4.6 6.9 23.4 5.4

Products, moles
Nitrohalogenated 0.56* 0.098e 0.126* 0 . 154¡
Halogenated 0.31* 0.28* 0 .02* 0.08*

Conversion to nitro compound, percent
Based on NO» 3.9 13.9 5.95 22.2
Based on X 2 6.5 3.06 6.73 20.6

Yield of nitro compound, percent
Based on VX 12 .8 20.3 29.2 44.5

° The data listed here represent optimum conditions found from many experiments for the temperature, contact time, 
mole ratios, etc. * In this table V is CH2= C H — and X is Cl or Br. * l,l-Dibromo-2-nitroethane. d 1,1,2-Tribromoethane. 
e l-Bnmo-l-chloro-2-nitroethane. 1 1,2-Dichlorobromoethane. 0 l-ChIoro-2-bromonitroethane. * 1,2-Dibromochloroethane. 
! 1,2-Dichloronitroethane. * Trichloroethane.

meats, where methyl is ordinarily more powerful 
than chlorine. In comparing Di/Dr ratios, chlorine 
is evidently more powerful in promoting free radical 
displacements than is methyl in promoting ionic 
displacements of the it electrons of the double bonds. 
The above reaction was remarkable in another re
spect also; it gave little or no triehloropropane, 
although chlorine addition is the principal reaction 
when propene is treated with a mixture of nitrogen 
tetroxide and chlorine.3 Apparently the presence of 
the chlorine atom in 1-chloropropene strongly 
influences any ionic reaction which may occur and 
prevents formation of the anticipated dichloride.

Comparison of NOiCl with nitrogen tetroxide and 
chlorine. Although these two reagents appear to 
give the same products in additions to halogenated 
ethenes and vinyl cyanide they give different prod
ucts with other types of olefins. Thus, with simple 
olefins-3 nitryl chloride gives principally chloro- 
nitroalkanes while nitrogen tetroxide and chlorine 
gives principally dichloroalkanes with small 
amounts of chloronitroalkanes being obtained only 
in vapor phase reactions.24 Nitryl chloride adds 
to vinyl esters to give products which hydrolyze to 
nitroketones or nitroaldehydes, while nitrogen 
tetroxide and chlorine give products which hydro
lyze to chloroketones or chloroaldehydes.25 The 
products and orientation of entering groups are 
such as to suggest that N 02C1 adds as free radicals, 
the N 02 and -Cl, to double bonds with electron- 
withdrawing substituents but adds ionically, as 
X()n+ and Cl- , to double bonds with electron- 
supplying groups. The reagent nitrogen tetroxide- 
chlorine is similar in that it adds free radically as 
•NO2 and -Cl to double bonds with electron-with
drawing substituents, but different in that it adds 
ionically as C1+ and X 02-  or N 03~ to double bonds 
with electron-supplying substituents.

Vapor phase halonitration. In view of the interest
ing variability in the mechanisms of addition of 23

(23) C. M. Himel. V .  S. Patent. 2,511,915 (June 20. 1950.1.

mixtures of dinitrogen tetroxide and halogens to 
olefins in the liquid phase, it seemed desirable to 
investigate these same reactions in the vapor phase. 
It has already been shown by one of us24 that simple 
olefins may be nitrochlorinated in this way. Thus, 
propene yields l-chloro-2-nitropropane and 1,2- 
dichloropropane at 260-275° by an assumed free 
radical process initiated by chlorine atoms.

Since substituent halogen atoms seem to increase 
the tendencies of olefins to react by free radical 
rather than by ionic processes, it seemed likelŷ  that 
vinyl halides would nitrohalogenate somewhat more 
readily than would propene. Initial experiments 
were performed with vinyl bromide, nitrogen 
dioxide, and chlorine. It was found that reaction 
temperatures could not exceed 255° without 
liberating bromine by oxidation of the vinyl bro
mide. However at temperatures below this point 
the reaction proceeded smoothly and gave 1- 
bromo-l-chloro-2-nitroethane, the same product 
obtained in the liquid phase experiments and prob
ably formed by a similar mechanism. Similarly 
vinyl bromide, nitrogen dioxide, and bromine gave
l,l-dibromo-2-nitroethane. Since reactions in the 
vapor phase commonly proceed by free radical 
processes, the isolation of these products in im
proved yields (over propene24) lends support to the 
previously proposed free radical nature of the liquid 
phase nitrohalogenation of halogenated olefins. 
Results of these experiments are summarized in 
Table III.

It next occurred to us that at still higher tem
peratures halogen atoms might be formed through 
thermal dissociation of halogen molecules in suf
ficient amounts to initiate the addition process 
and give reversed orientation of the entering groups 
and hence isomers of the nitrohalogenated com
pounds obtained at the lower temperatures.

(24) G. B. Bachman and J. P. Chupp, J .  Orcj. ( 'h e m ., 2 1 , 
405 (1950).

(25) G. B. Bachman and T. Hokama, ./. Ora. Chem.., 25, 
178(1960).
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low
CH2=C 1IX  +  N O ,------- > CHjKOsCHX- (1)

temp.

CIIoXOoCHX- +  X, — > CH,N(LCHXo (2)
high

CH ,=CH X  +  - X ------>- CHjXCHX- (3)
temp.

CHjXCHX- +  N 0 2 — >  CHjXCHXXOj (1)
X = Cl or Br

Accordingly vinyl chloride was treated at 325° 
with mixtures of nitrogen dioxide and chlorine or 
bromine. As expected, the nitrogen-containing 
products were now 1,2-dichloronitroethane and 1- 
chloro-2-bromo-l-nitroethane respectively. The 
The products were identified by analyses, physical 
properties, acid-catalyzed hydrolysis to halogenated 
acetic acids, and conversion to derivatives by re
action with anthranilic acid.

The 1,2-dichloronitroethane reacted normally 
with anthranilic acid to give 2-(2'-chloro-2'- 
nitroethyl) aminobenzoic acid. It hydrolyzed readily 
in acid solution to chloroacetic acid. With bases, 
even aqueous sodium bicarbonate, it dehydro- 
halogenated and formed in 90% conversion a poly
mer having a correct analysis for (—CH2CCI- 
X 02—)z- The pure monomer26 could not be ob
tained, since it polymerized immediately under 
basic conditions. Uncatalyzed hydrolysis with steam 
proceeded rapidly and gave 2-ehloro-2-nitro- 
ethanol in over 90% conversions.27 Steam distilla
tion of jS-chloronitroalkanes is not generally recom
mended as a means of purification because of the 
ease with which such hydrolyses occur.

An attempt to extend the vapor phase study of 
nitrochlorination to triehloroethene at 325° re
sulted in the formation of pentachloroethane (26% 
yield) and dichloroacetic acid (69% yield). Tri- 
chlorocthene is known to oxidize readily to di- 
chloroacetyl chloride which is easily hydrolyzed 
to dichloroacetic acid.28 Such an oxidation evi-

H jO
CHC1=CC12 +  [O] — >  CHCljCOCl — >

CHCLCK ).H +  HC1

dentlv supersedes addition of NO> under these 
conditions. It should be noted that although tri- 
chloroethene is not inflammable in air it produces 
flames with N 02 when ratios of less than about 
2.7/1 of C2HCI3/NO2 are heated. Similarly 1,2- 
dichloroethene gives dangerous mixtures with 
NO;. We experienced a violent explosion on one oc
casion and flames on several occasions while at
tempting to nitrochlorinate this olefin in the vapor 
phase. No nitro compound was found from any of

(26) R. Wilkendorf and M. Trenel, Be-., 57, 306 (1924) 
prepared the monomer by pyrolysis of 2-chloro-2-nitroethyl 
nitrate. They also prepared the polymer.

(27) M. Simonette and G. Favini, A tt i c c c a d .  n a z l. L i n e d ,  
R e m l.,  C lause s r i . f i s . ,  m a t. e n a t., 14, 119 (1953); ( L e m .  A b s tr .,  
48, 2508'1 (1954), have studied the kinetics of hydrolysis of 
the closely related 2-chloronitroethane.

(28) E. H. Huntress, O rg a n ic  ( 'h lo r in c  C o m p o u n d s , John 
Wiley and Sons, Inc., 1948, p. Oil.

these reactions, but we did note that much of the 
<ra«s-l,2-dichloroetliene used was isomerized to 
cis-1,2-dichlorocthene.

Conclusions. The reactions of mixtures of nitro
gen tetroxide and halogens with olefins lead to 
addition products of remarkable variability in 
composition and orientation. Substituent groups 
on the olefin as well as reaction conditions such as 
temperature and phase determine the types of 
products formed. These factors influence the rela
tive tendencies of olefins to react by ionic (D,) vs. 
radical (Dr) mechanisms, and the variability ob
served can be correlated with the type of mech
anism which predominates in any given case. 
The Di/Dr ratio for substituent groups in appar
ently greater than 1 for those groups which supply 
electrons and less than 1 for those groups which 
withdraw electrons as judged by the cases we have 
studied. Further studies of the relative magnitudes 
of these ratios for various substituents would be 
valuable in explaining polymerization behavior and 
other addition reactions of olefins.

E X P E R IM E N T A L

A d d it io n  re a c tio n s  i n  l iq u id  p h a se . The general procedure 
involved placing weighed quantities of liquid dinitrogen tet
roxide. halogen, and solvent in a suitable glass vessel im
mersed in a salt-ice-water cooling bath and adding the 
requisite amount of the substituted olefin with stirring as 
rapidly as possible without causing the temperature to rise 
above 5°. When the halogen was chlorine a sufficient quan
tity of solvent was used to hold the gas in solution. Chlo
rine dissolves in carbon tetrachloride at 0° to the extent of 
about 8.0 g. per 100 ml. When the halogenated olefin was 
gaseous (vinyl chloride and vinyl bromide) it was bubbled 
into the liquid reactants through a gas delivery tube; the 
liquid olefins were added through a dropping funnel. The 
reaction rate was fastest and hence the rate of addition of 
the olefin was slowest for the least highly substituted 
olefins.

The reaction mixture was worked up by stirring repeatedly 
with fresh quantities of ice and water until no more material 
appeared to dissolve, drying and distilling. The water soluble 
materials were not investigated. The color of the product 
after washing but before distilling varied from pale yellow 
to light green; it was usually highly lachrymatory. The 1- 
chloro-l-iodo-2-nitroethane decomposed on attempted dis
tillation and hence was analyzed and converted to a de
rivative in its crude form after removal from it of materials 
volatile at room temperature under 5 mm. pressure.

The above procedure with acrylonitrile, 106 g. (2 moles), 
dinitrogen tetroxide, 92 g. (1 mole), chlorine, 71 g. (1 mole), 
and chloroform, 1000 ml., allowed to react for 3 hr. yielded 
on distillation a product of substitution as well as addition, 
C3II0CI0X0O5, which may have been 2,3-dichloro-3-nitro- 
propionitrile or 2,2-dichloro-3-nitropropionitrile; b.p. 06° 
(1 mm.) n2D° 1.5049, rf; 5 1.441, conversion 7.1(7- This prod
uct, 4.12 g. (0.03 mole), was dissolved in anhydrous ether, 
10 ml., and treated at 0° with sodium acetate, 2.97 g. (0.033 
mole), for 1 hr. The mixture was filtered, the solvent re
moved and the product distilled; b.p. 74° (3 mm.), ?i2,) 
1.5170, d~C 1.433, conversion 98%. This dehvdrohalogen- 
ated product may have been 3-chloro-3-nitro-acrylonitrilo, 
or 2-chloro-3-nitroacrylonitrile.

A n a l .  Calcd. for C3HX2C10,: C, 27.20; H, 0.76; N, 21.08; 
Cl, 26.80. Found: C, 26.90; H, 0.72; X, 20.66; Cl, 27.16.

The XMR spectrum showed a single peak for hydrogen.
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In order to avoid the substitutive halogenation which 
occurred in the above experiment another run was made in 
which the nitrogen tetroxide and chlorine were added to the 
acrylonitrile and chloroform instead of the reverse. Dis
tillation was accompanied by evolution of hydrogen chloride 
and eventually yielded 3-nitroncrylonitriIe as the sole 
product; b.p. 57° (2 mm.), n 2¿  1.4877, d ffi 1.294, conversion 
24.5%,. Hydrolysis of this product by heating 3.0 g. (0.03 
mole) with 25 ml. of 88% sulfuric acid for 5 hr. at 55°, pour
ing onto ice, filtering the solid, and recrystallizing from ben
zene gave 3-nitroacryIamide, m.p. 165°.

P re p a r a tio n  o f  a n th r a n i l ic  a c id  d eriva tiv es. The reagent was 
prepared by dissolving anthranilic acid (54.0 g., 0.393 mole) 
in methanol (166 ml.) and adding this mixture to a solution 
of sodium bicarbonate (34.0 g., 0.404 mole) in water (100 
ml.), warming until all gaseous carbon dioxide was evolved, 
clarifying with a little decolorizing charcoal, and filtering. 
The resulting solution was yellow-brown in color and stable 
enough for use over periods of several months.

The halogenated nitroethane (2.0 g.) was added to the 
above reagent (10 ml.) and stirred until the solid reaction 
product appeared. The time required varied from a few 
seconds to about an hour being somewhat longer with the 
more highly halogenated compounds. The anthranilic acid 
derivative was collected, washed with water and recrys
tallized from a suitable solvent (see Table II).

Better results were obtained with the /3,/5,/3-trichloronitro- 
alkanes by preparing the anthranilic acid derivative in gla
cial acetic acid. For this purpose 0.0EY quantities of the 
chloronitronitro compound and anthranilic acid were dis
solved in 30 cc. of glacial acetic acid and allowed to stand at 
room temperature for 6 hr. The product was filtered and re
crystallized from a benzene-ethanol mixture; conversions 
about 50%.

H y d r o ly s is  o f  h a lo n itro e th a n es  to ha lo g en a ted  a ce tic  a c id s . 
A 0.05-mole sample of the nitro compound and 10 ml. of 
88% sulfuric acid were heated together under reflux until 
homogeneous and then directly distilled at about 1 mm. 
pressure to recover the substituted acetic acid. The distilled 
halogenated acetic acids were also converted to their chlo
rides by warming with thionyl chloride and then to their 
anilides by reaction with aniline. The melting points of these 
solid derivatives served to confirm the identity of the acid 
obtained.

The reaction failed to give the expected product from 1- 
chloro-l-iodo-2-nitroethane, and free iodine was liberated 
in copious quantities. It also failed with the tetrachloronit.ro- 
ot.hane obtained from trichloroethene and gave only gaseous 
products.

A d d it io n  rea c tio n s  i n  va p o r p h a se . The techniques employed 
were similar to those previously described in publications 
from this laboratory.29 The reactor system differed however 
in that it was not immersed in a molten salt bath. Instead 
the temperature was controlled electrically and automatically 
with nichrome heating ribbons, thermocouples, and a sensi
tive relay. Gases were metered through flowmeters of the 
floating ball type and liquids through a pump of the peristal
tic action type. All parts were carefully calibrated and fre
quently rechecked to ensure accuracy. The greatest diffi
culty was encountered in metering those reactants which 
boil a little above or a little below room temperature. Tanks 
of dinitrogen tetroxide and vinyl bromide had to be immersed 
in heated water or oil baths to maintain adequate pressures. 
The di- and trichloroethenes tended to soften the elastic 
polyethylene tubing used in the peristaltic pump and alter 
the tubing’s effective diameter, thus necessitating frequent 
replacement. The bromine was vaporized by a stream of 
nitrogen. Careful control of the temperature and the nitrogen 
flow' rate gave reproducible rates of bromine flow.

In operation the halogen and nitrogen dioxide streams 
were mixed and then merged with the vinyl halide stream

(29) J .  O rg. C h e m ., 17, 906, 914, 928, 935 (1952); 19, 312
(1954); 21, 465, 655 (1956) ; I n d .  E n g . ( 'h e m ., 46, 713 (1954).

which had been preheated to 250°. This final mixing oc
curred just before the reactor. Since the vinyl halide made 
up the bulk of the reactant mixture it quickly raised the 
temperature of the other reactants to near the reaction 
temperature.

The products of reaction were condensed in a series of 
water and Dry Ice condensers and the off gases were passed 
through a wet test meter. All of the products were analyzed, 
but since nothing of recognized significance was found 
beyond that reported in the tables, these data are not in
cluded here.

1 ,2 -D ich lo ro n itro e th a n e  id e n t i f ic a t io n  a n d  rea c tio n s. The 
product from the vapor phase reaction of vinyl chloride w ith 
nitrogen dioxide and chlorine showed the following con
stants: b.p. 47.5° (6.5 mm.), d \i, 1.483, n \ °  1.4680. Stein- 
kopf and Ivuhnel4 report b.p. 124° (10 mm.).

A n a l .  Calcd. for C2H3N 0 2C12: C, 16.67; H, 2.10; X, 
9.72; Cl, 49.30; MRD 26.78. Found: C, 16.60; H, 2 .22 ; 
N, 9.61; CJ, 49.18; A1RD 26.93.

The anthranilic acid derivative was o-(2-chloro-2-nitro- 
ethylaminolbenzoic acid, m.p. 139.0-139.5°.

A n a l .  Calcd. for C9H9N20 4C1: C, 44.18; H, 3.71; N, 11.45; 
Cl, 14.49. Found: C, 44.40; H, 3.73; N, 11.31; Cl, 14.42.

Hydrolysis of the dichloronitroethane in 88% sulfuric 
acid for 8 hr. gave a 74% vield of chloroaeetic acid, m.p. 
52-54°.

Dehydrohalogenation of the dichloronitroethane was 
accomplished with a variety of bases. The following pro
cedure gives a good yield of light colored polymer. The 
product, 14.0 g., was added to a solution of 8.4 g. of sodium 
bicarbonate in 100 ml. of water a t room temperature. After 
3 hr. carbon dioxide evolution ceased. The solid polymer 
(9.2 g., 88% yield) was filtered, washed, reprecipitated from 
solution in glacial acetic acid with water, and dried. I t began 
to melt a t 118°, was a clear liquid at 187°, and became black 
at 218°.

A n a l .  Calcd. for C,H2N 0 2C1: C, 22.34; H, 1.87; N, 13.03; 
Cl, 32.98. Found: C, 22.60; H, 2.16; N, 12.67; Cl, 32.70.

Uncatalvzed hydrolysis of the dichloronitroethane was 
accomplished by passing steam through it until the liquid 
became homogeneous (about 15 min. for a 35-g. sample). 
Ether extraction and distillation yielded 2-chloro-2-nitro- 
ethanol in 92% yield; b.p. 55° (0.4 mm.), n \ ;  1.4692, MRu 
calcd. 23.53, found 23.44.

A n a l .  Calcd. for C2H4N 0 3C1: C, 19.14; H, 3.21; X, 11.16; 
Cl, 28.17. Found: C, 19.06; H, 2.97; N, 11.20; Cl, 28.40.

This alcohol is a colorless, odorless, acidic liquid which 
turns yellow' on standing in the air. I t  is completely miscible 
with water, ether, and benzene. We were unsuccessful in our 
attempts to characterize it by reaction with p-nitro- and 3,5- 
dinitrobenzoyl chlorides, phenyl- and a-naphthylisocya- 
nates, and benzoyl bromide. The procedure of Brewster and 
Ciotti30 also failed to yield a derivative.

The distillation residue from the vapor phase nitrochlorin- 
ation of vinyl chloride gave no anthranilic acid derivative 
and showed the following properties: d l o' 5 1.470, re2̂ ' 5 
1.4981. I t may have been 1,3,4-trichloro-l-nitrobutane, al
though our data is inadequate to confirm this.

A n a l .  Calcd. for C4H6N 0 2C13: C, 23.27; H, 2.93; X, 6.78; 
Cl, 51.52; MRd 40.88. Found: C, 25.32; II, 3.36: X, 7.40; Cl, 
52.00; Mill, 39.83.

Similar residues were found in the other vapor phase 
nitrohalogenation experiments and increased in amount 
with increasing mole ratios of vinyl halides in the reactants.

I d e n t i f ic a t io n  o f  ch lo ro n itro  o le fin s . Gas chromatographic 
analysis proved to be a most useful tool in determining the 
purity of products obtained and in detecting the small 
amounts of chloronitro olefins formed in certain cases. Thus, 
the chloronitration products from 1,2-dichloroelhylene and 
trichloroethylene gave peaks for the expected saturated 
chloronitroethanes and other peaks suspected of arising

(30) J. II. Brewster and C. J. Ciotti, •/. Am. C h em . S o c ., 
77,6214(1955).
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TABLE I
\ - A i V LG LYCOS YL A  MIN ts

5 icl.l. ( 'alrulated Found
Compound Method" A M.P.," . I>" Forinuia t H X (' H :

.V-Acetyl-a-u-
arabinopyrano-
sylaminer A 59 223-224 SotU i Hoi l t 71!,.,Ml; 43 99 • i.M) / . OO 43.05 6.69 7 44

V-Acetvl-d-i»-
xylopyrano-
sylamino“* A 78 213-214 -2 9  Hit) 1 « IF M l 43.99 0.80 7.35 43.53 0.87 6.94

B 70 201-212
A-Acet vl-d-n-

glueopyrauo-
sylamine* A St 250 2 1 HoO ( \H 15N os 43.43 <0 84 6.33 43.39 0.82 5 94

B 77 2.54-250 -10s lEt)
A -Benzoyl-d-i>-

xylopvrano-
sylamine

.V-Gaprinoyl-d-o-
A 58 218-219 - r l0 s (HiU i t jHiiXOs •50.91 .5 97 5.53 57.01 5.84 5 08

glucopyrano-
sylaminc B 55 254—250 -^4° ( Pvridine C leHsiXOe 57 02 9 .39 4 .21 57 03 9. .57 4 09

A-La'.irovl-d-n-
gluropyraiio-
sylamine B 66 180-181 +  3“ ( Pyridine) (-’18H35NO6 59.78 9.78 3.88 59.50 9.66 3.67

.V-Myristoyl-d-D-
glucopyrano-
sylamine B 68 170-178 3s i Pvridine i GidbiXOe 01 0.5 10.11 3.0 1 01.02 10. 19 3.47

A-Palmitoyl-d-n-
glueopyrano-
svlamine B «so I75-177 -9" i Pvridine CmH„NO, 03 20 10.39 3.30 03.10 10.20 3 43

V-Btearovl-d-n-
glueopynmo-
sylamiw B 172-174 r - l ' i  Pvridine; 64.07 01.08 3.14 64.75 10.62 2 86

a A: A .A-I »imethyitormamiue method: B: Motli.-tnol method. h The temperature was 10° with the pentose derivatives 
and 15° with the glucose derivatives. '' The t.-isoiner was reported1 to show m.p. 222-224°, [a]2,“ +09.7° (HT)). d The re
ported values1 are m.p. 213-21 1°. I«]2,? —0.7° i 11 > ' The reported values are m.p. 255°,5 257°.3 2(50°.4 l a i n  — 22.4V
- 2 2 — -2 3 ° .9 —22.8°4< H«(>).

by partial hydrolyses yielded iV-(iV'-benzyloxy- 
earbonylglvcyl l-d-n-glueopyranosylamme1- and the 
tmomers of A'-(.Y'-benzyloxyearbonylglyeyl -o-ribo- 
furanosylamine,13 * * respectively.

In the light of increasing importance of glvco- 
sylamines.411 development of convenient and 
general methods selectively to A-monoacylate un
substituted glycosylammcs w ith various acyl groups 
appeared to be desirable. In the present work, 
two methods were studied on a-D-arabinopyrano- 
sylamine, /I-i>-xylopyranosylamine, and /3-o-glyeo- 
pyranosylamine, and their Ar-acetyl derivatives, N -  
benzoyl-d-n-xylopyranosylamine, and the Ar-acyl- 
B-n-glucopyranosylamines with a series of even- 
numbered fatty acids were prepared. All the com
pounds obtained in crystalline state are given with 
physical characteristics in Table I

The two methods are extensions of the two 
methods reported recently for the selective A- 
acylation of i »-glucosamine (2-amino-2-deoxy-n- 
glucose). Kuhn and Haber13 prepared A-acetyl- 
d-D-glucosamine by the reaction of acetic anhy

(13) J. Baddiley, J. G. Buchau:in. 1!. Hodges, and .1.
F. Prescott, H r nr. C lu m . S o c ., I tS ( 1957).

( 1 1 ) (1. P. Ellis and .1. I tonevmann. A il r t in n r  in  Ctirltn- 
lii/ilraft C h im .. 10, 05 (1955).

: 15) B Kuhn and 1 Halier. < In m . H i t . .  86, 722 1 1053 >.

dride and p-n-ghicosaniine in JVpY-dimethylform- 
amide at —15°, while Inouye, Onodera, Kitaoka, 
and Ilirano16 obtained A’-acyl-n-glucosamines by 
the acylation with anhydrides of a series of fatty 
acids in methanolic supersaturated solution of 
i>-glueosamine at room temperature or slightly 
higher temperatures.

In application of these methods to the A- 
acylation of unsubsthuted glycosylamines, the 
.V.A'-dimethylfonnamide method was found to be 
more appropriate because glycosylamines are 
sparingly soluble in methanol and are more labile 
than glucosamine. The Al-acylation of glycosyl
amines in the methanol method was therefore suc
cessful only with relatively more stable amines.

V-Aeetylation of glycosylamines in .Y.A’-di- 
methylformamide was carried out by suspending 
the glycosylamines in 15 to 25 molar equivalents of 
dimethylformamide at 0°. adding 1.5 equivalents 
of cold acetic anhydride with agitation and cooling, 
and shaking the mixtures for periods required for 
complete dissolution of the glycosylamines at room 
temperature. The periods ranged from a few minutes 
with /i-n-glucopyranosylamine to about two hours

Hi V. Inouye, K. ( )noiiern, S. Kitaoka. ami S. Ilirano, 
J  \ »  < 7u m .  S o r .. 78, 4722 (1956 .
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with o-D-aruhinopyranosylamine. Separation of 
crystalline .Y-acetylglycosylamines ensued usually 
immediately after the completion of the dissolu
tion, and the crude yields were fi0-80%. Use of 
larger amounts of acetic anhydride shortened 
the period before the dissolution hut did not im
prove the yield.

The Ar-aeetyl-n-xylosylarnine and .Y-aeetyl-D- 
glucosylamine thus obtained showed melting points 
and optical rotations essentially identical with the 
reported values for iV-acetyb/Uo-xylopyranosyl- 
amine4 and iV-acetyl-jS-D-glucopyranosylamine,3-5 
respectively. The infrared spectra potassium bro
mide; of these compounds were identical with those 
of the compounds17 prepared by O-deacetylation of 
iY-acetyltri-0-acetyl-/3-i)-xylopyranosylamine and 
Ar-aeetvltet ra-O-acetyl-d - n - glueopyranosylamine. 
Ar-Acetyl-a-D-arabinopyranosylamine is a new 
compound but the L-enantiomorph is known.1 
The n-isomer here obtained had an identical melt
ing point and an identical value of optical rotation 
with inversed sign as reported for the L-isomer. 
The infrared spectrum (potassium bromide) of 
the n-isomer was essentially identical with the 
spectrum17 (potassium chloride) of the L-isomer. 
These results indicate that the am;meric structures 
of the original glycosylamines were retained during 
the .V-acylation.

Acetylation of the A7-acetylglycosylamines in 
pyridine and acetic anhydride gave good yields of 
the fully acetylated derivatives.

Ar-Benzoyl-(3-n-xylopyranosylamiiic was prepared 
in 58% yield similarly by the Ar,Ar-dimethylform- 
amide method. In this case the spontaneous sepa
ration of the Af-benzoyl derivative did not follow 
the dissolution of /J-D-xylopyranosylamine in the 
mixture of AT,AT-dimethylformamide and benzoic 
anhydride, and additions of ethanol and ether 
were required for the separation of the crystalline 
product.

The AT-acetylation of unsubstituted glycosyl
amines in methanol was performed as follows: 
An amount of a glycosylamine was dissolved in 
120 to 150 parts of methanol at 50° to make a 
saturated solution and to this was added with 
shaking 1.5 parts of acetic anhydride; the mixture 
was cooled immediately at 0° and kept there over
night. To isolate Af-acetyl-glycosylamines it was 
usually necessary to concentrate the solutions to 
small volumes under reduced pressure before the 
spearation of crystals took place. The crude yields 
of the Ar-acetylglvcosylamines in this method were 
similar or somewhat smaller than those in the 
A7,.V-dimethylformamide method. As previously 
stated, this method was successful only with more 
stable glycosylamines. .Y-Aceiyl-d-n-xylopyrano- 
sylaminc and AT-acetyl-d-u-ghicopyranosylamine 
were prepared by this method also. The products 
showed no depression in mixed melting point with

the preparations by the AyY-dimethylformamide 
method. An attempt to A'-acetvlate a-D-arabino- 
pyranosylamine gave only a resinous product.

A series of AT-acyl-jS-n-glucopyranosylamines 
with even-numbered fatty acids were prepared by 
the methanol method with the use of the respective 
acid anhydrides. A'-Caprinoyl-, AMauroyl-, A-myris- 
toyl-, AT-palmitoyl-, and Ar-stearoyl-/3-D-glucopy- 
ranosylamines were obtained in ciystalline form, 
while the A'-butyryl, Ar-caproyl, and Ar-capryloyl 
derivatives were not crystalline.

E X PER IM EN TA L

Glycosylamines. Sugars were suspended in 2 to 2.5 parts of 
anhydrous methanol and into these suspensions was passed 
anhydrous ammonia at 0° with stirring until complete solu
tions were obtained. The solutions were kept at 0° for 1 to 
4 weeks for satisfactory separation of the glycosylamines. 
After filtration, washing with methanol, and drying, the 
products wore reorystallized from 100 parts of methanol or 
from a small volume of water by adding ethanol. The gly
cosylamines thus obtained and used for subsequent experi
ments were as follows: a-D-arabinopyranosylamine, a new 
amine obtained after recrystallizations from methanol in 
hygroscopic crystals, m.p. 70-85° (gas), [«I'd —52° (c 
0.68, water). The L-isomor has been reported1 to melt at 
124-125°, [a]"D° +86.3° (water). Xo satisfactory analyses 
were obtained from this preparation and apparently it was 
an impure product; /3-i>-xylopyranosy]amine, m.p. 142- 
143°, [a]1If —18° (c 3.3, water). The reported values4 are 
m.p. 128-129°, [a]2,) —10.6°; jS-D-glucopyranosylamine, 
m.p. 126-128°, [a]1,; +22° (c 1.0, water). Reported, m.p. 
127-128°,18 125-127°,4 [a]n +20.3°,18 19 +20.8°,4 +22.1°18 
(water).

N-Acetylation of gl¡/cosylamincs in N,N-dimethylformamide. 
Suspensions of 0.02 mole of glycosylamines in 0.35 to 0.5 
mole of dried A’,.Y-dimethylformamide were cooled at 0°. 
To these was added 0.03 mole of acetic anhydride with 
shaking and cooling. The reaction mixtures were then 
shaken mechanically at room temperature. The glycosyl
amines went into solution after various periods of shaking; 
a-n-arabinopyranosylamine required about 2 hr., /3-d- 
xylopyranosylamine about 1.5 hr., and /3-D-glucopyranosyl- 
aminc a few minutes- Separation of the crystalline JV-acetyl- 
glycosylamines usually occurred rapidly after the dissolution 
of glycosylamines completed. The mixtures were kept over
night at 0°, and the crystals were collected by filtration and 
washed with small volumes of cold ethanol and ether, and 
recrystallized from methanol. The physical characteristics 
of the iV-acetyl-glycosylamines thus prepared are given in 
Table I.

Experiments with D-xylopyranosylamine indicated that 
employment of larger amounts of acetic anhydride (up to
4.7 moles against 1 mole xylosylamine) shortened markedly 
the period (up to 20 min.) required for the dissolution of 
the amine, but the yield of the .Y-acetylated product was 
identical.

N-Bcnzoyl-0-n-xylopyranosi/lamine. Three grams of /3- 
D-xylopyra nosy lamine were suspended in 18 ml. of .Y..V- 
dimethylformamide and cooled in an ice-bath. To this sus
pension was added 6.0 g. benzoic anhj'dride and the mix
ture was shaken at room temperature for 2 hr., by which 
time a complete solution had been obtained but no separa
tion of crystals had occurred. The solution was allowed to 
stand at 0° overnight and to this was added 25 ml. ethanol

(18) A. R. Ling and D. R. Xanji, J. Chem. Soc., 121, 
1682(1922).

(19) J. C. Irvine, R. T. Thompson, and C. S. Garrett, 
J. Chem. Soc., 103,238(1913).(17) Kindly furnished by Dr. II S. Isbell.
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and then 150 ml. ether to a turbidity which on agitation 
separated crystals. A small additional volume of ether was 
added and after standing overnight at 0° the crystals 
were collected by filtration and washed with small volumes 
of cold ethanol and ether. The yield was 3.0 g. (58%). 
Recrystallization from 20 ml. methanol gave needles, m.p. 
218-219° dec., [«W0 +10° (c 2, water).

Acetylation of N-acetylglycosylamin.es in pyridine and 
acetic anhydride. One gram of an A -acetylglycosylamine was 
dissolved in 20-30 ml. pyridine and cooled to 0°. To this 
was added under cooling 5 ml. of cold acetic anhydride. 
The solution was kept at 0° for 1 hr. and then at room tem
perature overnight. I t was poured into ice-water mixture, 
extracted with chloroform, and the chloroform extract 
washed with sodium bicarbonate solution, dilute hydro
chloric acid, and water, dried over anhydrous sodium sulfate, 
and concentrated in vacuo. The fully acetylated products 
thus obtained and recrystallized from ethanol had the fol
lowing physical constants: A-Acetyl-tri-O-acetyl-a-n-arabi- 
nopyranosylamine, m.p. 175-170°, [a]1D —90° (c 1.0,
CHChi. The reported constants1 for the L-isomer are m.p. 
177-178°, [a] 2d° +89.6° (CHCh).

Anal. Calcd. for C,3H „N 08: C, 49.21; If, 6.04; X. 4.41. 
Found: C, 49.31; II, 6.14; N, 4.75.

A'-Acctyl-tri-O-acetyl-d-D-xylopyranosylamino, m.p. 170- 
171°, [allDs +28° (c 1.1, CHCh); in literature,4 m.p. 172- 
173°, [«rD° +28.5° (CHCh).

.V-Acetyl-tetra-O-acetyl-d-n-glucopyranosylamine. m.p. 
163°, [alp3 +17° (c 1.0, CHCh): the reported values4 are 
m.p. 163-164°, [a]2D° +17.4° (CHCh).

N-Acylation of 0-v-gIucopyranosylaniine in methanol. One 
gram (0.0050 mole) of /3-D-glucopyranosylamine was dis
solved in 120 ml. of methanol at 50°, and 0.0085 mole of 
acid anhydrides16 was added with shaking to this solution 
followed by immediate cooling in an ice-box where it was 
allowed to stand overnight. .Y-Acetyl-(3-D-glucopyraiiosyI- 
amine separated in crystalline state on concentration under

reduced pressure to about 30 ml. and cooling. For A -butyryl, 
A’-caproyl, and A'-capryloyl derivatives, a small volume of 
ether was added after the concentration to separate pre
cipitates which were hygroscopic and could not be crys
tallized. Additions of the anhydrides of caprie, laurie, my- 
ristic, palmitic, and stearic acids were made in acetone or 
petroleum ether solutions; separation of the A’-aeyl-/J-n- 
glucopyranosylamines with these acyl groups from the reac
tion solutions was spontaneous on cooling and needed no 
concentration. Recrystallization of the A’-acyl compounds 
was effected by dissolving in 2 parts of water and adding 
20 parts of ethanol or from methanol.

The Ar-acetyl-/3-D-glucopyranosylamine prepared in the 
methanol method was identical with the product obtained 
in the Af,AT-dimethyIformamide method as judged by mixed 
melting point and infrared spectra. Acetylation of these 
Ar-acetylated products in pyridine and acetic anhydride 
also gave an identical product, A'-aeetyl-tetra-O-aoetyl- 
d-D-glueopyranosylamine.

The A’-aeetylation in methanol was attempted with a-n- 
arabinopyranosylamine and /3-D-xylopyranosylamine by a 
similar procedure. The arabinosylamine gave only a resinous 
product while A’-acetyl-|3-D-xylop5'ranosylamine was ob
tained in crystalline state in a yield of 70%, m.p. 204-212° 
and mixed melting point with the product by the N,N- 
dimethylformamide method, 205-212°.
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The formation of l,l,3,3-tctrakis(p-dimethylaminophenyl)butane (VII) by the action of formic acid on l,l-bis(p-c!i- 
methylaminophenyl)ethylene is reported.

In the course of a program to synthesize com
pounds similar to Amphenone B (I),1 an attempt 
was made to prepare the tetramethylated Amphe
none homolog II. Although the attempt was un
successful, some rather novel results were obtained.

I. R = II, x = 0
If. R = OIL, ,r = 1, R ' = H

III. R = CH-, x = 1, R ' = COOC2H5

The first step of the projected synthesis con
sisted in heating 1,1-bis(p-dimethylaminophcnyl)-

(1) M. J. Allen and A. H. Corwin, J. Am. C.h e m . S o c . ,  

72, 117 (1950); R. Hertz, AT. J. Allen, W. W. Tullner, P r o c .  

S o c .  Exp. Biol. Med.. 75, 627 (1950), 74, 632 (1950).

ethylene (IV) with acetoacetic ester in 08% formic 
acid as both solvent and catalyst. It was hoped 
that the ester III would be formed, which by de- 
carbethoxylation could be converted into the 
ketone II. This reaction was modeled after a 
similar reaction by Fosse2 in which acetoacetic. 
ester and Alichler’s hydrol were condensed in the 
presence of acetic acid with the elimination of 
water to yield a benzhydrylacetoacetic ester. 
In the synthesis of the ester III the homolog of 
Alichler’s hydrol could not be used since all prepa
rations leading to it resulted in the diphenylethyl- 
ene TV.3 [In this and all subsequent formulas R 
is (CIT .̂iNCeFTi-. ] This was thought to be of small 
consequence, however, since the same reactive

(2) R. Fosso, Ann. chini. (Paris) [8], 400, 503, 531 (1909).
(3) P. Pfeiffer and R. Wiziuger, Ann., 461, 152 (1928).
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carbonium ion intermediate Y is formed from 
either proton addition to the ethylene IY or hy
droxyl removal from the carbino.. Formic acid 
was substituted for acetic acid because it is a 
somewhat stronger acid and trials with catalytic 
amounts of acetic acid did not lead tc condensations.

A reaction was apparent in formic acid and iso
lation yielded a new material. This substance was 
not the anticipated product III, however, for it 
contained no oxygen by elemental analysis, cor
roborated by lack of carbonyl absorption in its 
infrared spectrum, and although a molecular 
weight determination indicated it was a dimer 
of IV, the ultraviolet spectrum showed no double 
bond conjugation with an aromatic ring. The 
empirical formula, calculated from the analysis, 
was consistent with a reduced dimer of the start
ing ethylene IV. A C-methyl determination gave a 
content of less than half that of the reduced dimer 
but C-methyl determinations on this type of com
pound are notoriously low.

From the foregoing evidence and analogous 
dimerizations in the literature,4 the product is 
formulated as structure VII. Several current re
ports have been made of the dimerization of di- 
phenylethylenes4 and the reducing action of formic

H CO O II ffi IV
r 2C = C H ,--------- > ICC—GH, +  HCO,e — >-

IV V
CH, GIF

0
r 2c—c h 2c —r 2 +  h c o 2g — ^  r 2c—o h 2c h r 2 +  co2

VII

acid and formate has also been the object of recent 
studies.5 The ready formation of 'lie carbonium 
ion V by the action of a relatively weak acid in 
contrast to the dimerization of most diarylethyl- 
enes only by strong acid6 can be explained by the 
very strong polarization of the double bond by two 
p-substituent dimethylamino groups. The pref
erential attack of the ion V on the ethylene IV, 
rather than on formate to give reduction, may be 
due to a more favorable reaction rate.7 The car
bonium ion VI would undoubtedly be less reactive 
(i.e., more highly stabilized) than the carbonium 
ion V because of its greater bulk and other steric 
factors, so it would appear reasonable that the 
relatively small formate ion could effect reduction

to the dimer VII in preference to serial attacks of 
successively generated carbonium ions on the 
ethylene IV to give polymers.4a

The structure of the reduced dimer VII was sup
ported by the synthesis of its nor-homolog, 1,1,3,3- 
tetrakis(p-dimethylaminophenyl)propane (XI). The 
synthesis was accomplished by the preparation
of ,fl;j3-t>is(p-dimethylanunophenyl)propionic acid
by the method of Fosse,8 conversion of the latter 
to the ethyl ester and its reaction -with p-dimethyb 
aminophenyllithiurn to give the carbinol X. This 
carbinol was then easily hydrogenolyzed to the 
propane XI. The ultraviolet spectra of the reduced 
dimer VII, the carbinol X and the propane XI 
are uninstructive since they exhibit only the ab
sorption of the p-dimethylaminophenylalkyl group
ing. The infrared spectra are very similar, in fact, 
almost identical supporting the like structures for 
these compounds.

RLi
R0CHCH2CUOH — R2CHCH2COOC2H5 — =►

VIII IX
h2

R2CHCH2C(OII)R, •— > r 2c h c h 2c iir 2 
X XI

Several attempts were made to synthesize the 
reduced dimer VII which led to some unantici
pated results that are of interest in themselves.

4,4 - Bis(p - dimethylaminophenyl)butanone - 2
(XII) was treated with dimethylaniline under 
hjnlrochloric acid catalysis as developed by von 
Braun and co-workers9 in the expectation of pre
paring the dimer, but under the usual conditions 
for this type of reaction only starting material 
was recovered. The carbinol X III was then formed 
in the hope that it might furnish VII but in the von 
Braun condensation it gave leucocrystalviolet 
(XIV). Evidently, the bond in X III crossed by the

RH-2HC1
I t C H C l M  O G 1 I -------------- >  VII

XII

R2CH

RLi

OH
RH-2IIC1

CH2C—R .----------- >

¿11,
XIII

R,CH
XIV

(4) (a) A. G. Evans, \ . Jones, and J. H. Thomas, J. 
Client. Soc., 1824 (1055); (b) A. (1. Evans, X. Jones, P. M. 
S. Jones, and J. II. Thomas. J. Chew. Soc.. 2757 (1956): 
(c) A. G. Evans, P. M. S. Jones, and J. II. Thomas. J. 
Chem. Soc., 104(1957).

(5) N. J. Leonard and R. R. Sauers, J. Am. Chem. Soc., 
79, 6210 (1957); R. Stewart, Can. J. Chem., 35, 766 (1957); 
S. Bowden and F. F. Watkins, J . Chem. Sor., 1333 (1940).

(6) Unsuccessful attempts were made to dimerize diaryl 
ethylenes in formic acid when p-substitmed by hydrogen, 
methoxyl, or only one dimethylamino group.

(7) E. R. Alexander and R. B. Vildman (,/. .1»?.. Chem.
Soc., 70, 1187 (1048)) reduced 1-p-dimethylaminophenyl 
ethanol with triethylammonium formate, so the same would
appear possible for the intermediate 1'.

dotted line is cleaved to give a benzhydrvl cation 
which attacks dimethylaniline yielding the ob
served product. Attempts to isolate 2.2-bis(p- 
dimethylaminophenyl)propane from the tarry fil
trates of this isolation were unsuccessful although 
its formation would have been anticipated from the 
proposed mechanism.

The attempted preparation of the next higher 
homolog of the dimer, 2,2,4,4-tetrakis(p-dimethyl-

(8) It.  Fosse, C om p ',  rend., i44 ,  643 (1907).
(9) J.  von Braun. E Anton. W. Haensel.  and G. Werner. 

4 n » . .  472, 1 1929)
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aminophenyljpentane, also led to unexpected 
results. From the reaction of acetylacetone and 
dimethylaniline in the von Braun condensation,
2 ,2-bis(p-dimethylaminophenyl)propane was ob
tained as the only isolable product. Again cleavage 
had occurred with acetic acid probably the other 
product.

E X E R IM E N T A L 10

Preparation of 1,1,8,3-tetrakis(p-dimethylaminophenyl)- 
butane (VII). Because VII was formed in an attempted syn
thesis of an Amphenone B homolog, this synthesis is de
scribed.

A mixture of l,l-bis(p-dimethylaminophenyl ethylene3 
(2.66 g., 0.01 mole) and 1.3 g. (0.01 mole) of ethyl aceto- 
acetate in 25 ml. of 98-100% formic acid was allowed to 
stand at room temperature for 12 hr. and then heated on a 
steam bath for 3 hr. The formic acid was evaporated in 
vacuo and the residue dissolved in ether. The ether solution 
was washed with water and evaporated. The solid product 
was recrystallized twice from acetone-methanol, needles, 
m.p. 149-151°, 0.5 g.

Anal. Calcd. for Cs6HmN.i: C, 80.85 H, 8.67; N, 10.48; 
C— CH3, 2.81. Found: C, 81.18; H, 8.55 N, 10.41 C—CH3, 
1.13.

The product possessed an ultraviolet spectrum typical for 
the unconjugated dimethylaminophenyl grouping, absorp
tion at 262 m p  ( e 43,500). The infrared spectrum was typical 
of compounds containing the 4,4'-bis(dimethylamino)benz- 
hydryl grouping.

The compound formed equally well without the presence 
of the ethyl acetoacetate. Thus, when 1 g. of the ethylene 
was refluxed in 10 ml. of formic acid for 3 hr., 0.38 g. of 
product, m.p. 149-151°, was obtained. When substitution 
of acetylacetone for ethyl acetoacetate was made, the same 
reduced dimer was obtained in 0.7 g. yield.

Preparation of 4,4-bis(p-dimethylaminophenyl)butanone-2
(XII). Ethyl bis(p-dimethylaminophenyl)carbinylacetoace- 
tate was prepared as described by Fosse2 by heating 130 g. 
of ethyl acetoacetate and 270 g. of Michler’s hydrol with 7.0 
g. of acetic acid as catalyst on the steam bath overnight. 
Neutralization of the acetic acid with sodium bicarbonate 
and isolation of the product gave a 350 g. (92%) yield of the 
acetoacetate.

A solution of 20 g. (0.053 mole) of the product in 200 ml. 
of absolute ethanol was treated with a solution of 10 g. 
(0.20 mole) of sodium hydroxide in 50 ml. of water and heated 
on a steam bath for 15 hr. Dilution with ice-water precipi
tated the butanone XII, m.p. 124-126°.11 Recrystallization 
from ethanol gave the product in 12 g. (0.0387 mole), 74%, 
yield.

Anal. Calcd. for C2„H26N20: C, 77.38 IT, 8.44 N, 9.03. 
Found: C, 77.26 H, 8.45 N, 9.12.

Attempted synthesis of 1,1,3,3-tetrakis(p-dimethylamino- 
phenylfbutane (VII). a. From butanone XII. A mixture of 12 
g. (0.039 mole) of 4,4-bis(p-dimethylaminophenyl)butanone- 
2 (XII), 6.8 ml. of coned, hydrochloric acid and 9.6 g. (0.080 
mole) of dimethylaniline was heated in a sealed tube at 
130° for 24 hr. The tube was cooled, opened, and the con
tents poured into excess dilute sodium bicarbonate solution 
and steam-distilled to remove the unused dimethylaniline. 
The solid residue was removed by filtration and recrvs- 
tallized from ethanol to give a 61% recovery of XII, m.p. 
125-126°, that had an infrared spectrum identical with an 
authentic sample.

(b) From the carbinol XIII. In a 300-ml. flask, flamed dry, 
2.0 g. (0.288 g.-atom) of lithium in strips was treated by

( 10) All melting points and boiling points are uncorrected.
(11) R. Fosse, Compt. rend., 46, 1040 (1908), gives the 

melting pointas 110°.

dropwisc addition in a nitrogen atmosphere with 28.8 g. 
(0.144 mole) of 4-dimethylaminophenyl bromide in 70 ml. 
of dry ether. After stirring for several hours, the reaction 
was filtered through a glass-wool plug into a graduated 
dropping funnel and the flask rinsed with dry ether. The 
total volume was 230 ml. Analysis showed that 0.129 mole 
of reagent was present.

A 30-ml. portion (0.017 mole) of lithium reagent was 
added to a dry flask under nitrogen and a solution of 4.0 
g. (0.0129 mole) of 4,4-bis(p-dimethylaminophenyl)buta- 
none-2 (XII) in 300 ml. of dry ether was added dropwise at 
room temperature. After standing overnight the reaction 
was refluxed 1 hr. and then poured into excess ammonium 
chloride solution. The ether layer was separated and the 
water layer extracted with ether. The combined ether solu
tions were dried with anhydrous magnesium sulfate and 
evaporated to dryness in vacuum at room temperature to 
give an oil smelling of dimethylaniline. The oil did not crys
tallize and possessed no carbonyl absorption in the infrared 
at 5-6 p;  it was assumed that all the ketone had reacted. 
So without purification, the oil wras transferred to a bomb 
tube, 2.7 g. (0.025 mole) of dimethylaniline and 5.4 ml. 
(0.065 mole) of coned, hydrochloric acid ŵ ere added and the 
sealed tube heated at 150° for 18 hr. The reaction mixture 
was then removed from the tube, treated with a sodium car
bonate solution, and extracted with chloroform. The chloro
form was removed in vacuum and the residue steam-dis
tilled to remove dimethylaniline. The cooled steam-distil- 
land was extracted with chloroform and the black solution 
ineffectually treated with activated charcoal. The dark 
residue from evaporation of the chloroform solution was 
recrystallized from methanol several times, m.p. 172-173°.

Anal. Calcd. for C2iH3iN3: C, 80.38; H, 8.37; N, 11.25. 
Found: C, 80.32- H, 8.16 N, 11.49.

This material agrees in melting point, analysis, and infra
red spectrum with leucoerystal violet. It gave a melting point 
depression with VII. Although this material was obtained 
in only small amount, an attempt to isolate any other 
products from the filtrate was unsuccessful.

Preparation of 3,3-bis{p-dimethylaminophenyl)propionic 
acid (VIII). Fosse8 has reported this compound but without 
explicit directions, so the following details are described. 
In a 100-ml. flask 6.25 g. (0.06 mole) of malonic acid and
16.2 g. (0.06 mole) of Michler’s hydrol were mixed inti
mately and heated on a steam bath for 0.5 hr. and then 
allowed to stand overnight. Ethanol (50 ml.) w-as added and 
the heating continued on the steam bath for 1.5 hr. w-here- 
upon a green-white solid formed which was separated by 
filtration after chilling and washed with ethanol. A crude 
yield of 14.8 g. (0.0415 mole, 69%) of bis(p-dimethyl- 
aminophenyl)methvlmalonic acid was obtained. The 
malonic acid was decarboxylated by treatment with 100 
ml. of 30% sulfuric acid at 105° for 3 hr. The cooled reaction 
mixture w-as neutralized to pH 7 with ammonium hydroxide 
and the solid filtered, washed with water, and recrystallized 
from ethanol, m.p. 228-230° (lit. m.p. 225-230°), in a yield 
of 5.9 g. (0.0167 mole), 40% based on the substituted 
malonic acid.

Preparation of ethyl 3,S-bis{p-dimethylaminophenyl)pro- 
pionate (IX). A suspension of the propionic acid VIII (5.9 
g., 0.0167 mole) in 200 ml. of absolute ethanol was satu
rated with gaseous hydrogen chloride giving a clear solution. 
The mixture after standing 5 days at room temperature was 
slowlj' poured into 1 1. of saturated sodium bicarbonate solu
tion, adding more solid sodium bicarbonate to maintain 
basicity. The product was isolated by extraction with ether, 
the ether extract was evaporated to give a solid which was 
recrystallized twice from ethanol-water, m.p. 85-87°, 5.3 
g. (0.0156 mole), 93%.

Anal. Calcd. for C21H28N2G2: C, 74.08 H, 8.29; N, 8.23. 
Found: C, 74.24; H, 8.42; N, 8.10.

Preparation of 1,1 ,S,3-tetrakis{p-dimelhylaminophenyX)-l- 
hydroxy propane (X). A solution of 8.05 g. (0.0403 mole) 
of 4-bromodimethylaniline in 20 ml. of dry ether was added
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dropwise with stirring under nitrogen to 0.56 g. (0.0806 g.- 
atom) of finely-cut lithium strip.“. The mixture was stirred 
0.5 hr. after there was no observable change, the lithium 
reagent then being filtered through glass wool into another 
dry flask under nitrogen. Then a solution of 5.6 g. (0.0156 
mole) of ethyl 3,3-bis(p-dimethylaminophenyl)propionate 
in 100 ml. of ether was added to the stirred lithium aryl 
solution. Two hours after addition the reaction was poured 
into a saturated ammonium chloride solution. The ether 
layer was separated and the water layer extracted with 
chloroform. The combined organic layers were evaporated 
in  m a i n  and the residue recrystallized from acetone to give 
the carbinol, m.p. 187-187.5°, in a yield of 1.3 g. (0.008 
mole), 51' (•

A n n ! .  Oaled. for CjsHw'N'jO: C, 78.32; H, 8.26; N, 10.44. 
Found: C, 77.08: H ,8.15; N, 10.10.

Preparation of 1,1 ,8,S-ietrakis{p-dimelhylaminophenyl)pro- 
pane (XI). The propanol X, 2.0 g. (0.00373 mole), was dis
solved by heating to boiling in 150 ml. of absolute ethanol, 
cooled, and reduced in the presence of 1 g. of 5% palladium 
on charcoal under a pressure of 40 pounds of hydrogen at 
40-50°. After 2 hr. there was no further absorption of hy
drogen. The cooled solution was filtered and evaporated to 
dryness in vacuo to yield a sticky semiso.id. It was recrys
tallized repeatedly from ethanol, m.p. 180-181°, with prior 
softening. The yield was low.

A n a l .  Calcd'. for C35H„N,: C, 80.72; H, 8.52; X, 10.70- 
Found: O, 80.50: II, 8.63; N, 10.87.

P r e p a r a t io n  o f  2 ,2 ,4 ,4 - te l ra k i s .  p - d i m e t h y l a m i n o p h e n y I ) p e n -  
ta n e .  An attempt was made to prepare this compound 
according to the method of von Braun.9 A C'arius tube was 
charged with 10 g. (0.1 mole) of acetylacetonc, 48.4 g. (0.4 
mole) of dimethylaniline and 33.4 ml. of coned, hydrochloric 
acid, sealed, anil heated to 150° for 6 hr. The cooled tube 
was opened and the viscous contents inverted into an excess 
of 10% aqueous sodium bicarbonate. The product was ex
tracted with ether, the ether removed, and the residue steam- 
distilled. The yellow liquid in the distillation flask solidified 
on cooling; it was extracted with ether, the ether evaporated, 
and th(> residue recrystallized from ethanol-water, m.p. 
82-83.5°. Although its infrared spectrum was almost identi
cal with that of VII, a molecular weight determination 
(ebullioscopie in ethanol) established that the product was
2,2-bis(p-dimethylaminophenyl)propane, m.m.p. with au
thentic sample, 81-83°.

A n a l .  Calc), for Cu.Hj.Nj: C, 80.80; H, 0.28; N, 9.02; 
mol. wt.., 282. Found: C, 81.03; H, 9.17; N, 9.96; mol. wt., 
256.
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Syntheses of ll-keto-12-hydroxymethyl-9,10-dihydro-9,10-othanoanthracene, its p-toluenesulfonate ester, and 11-keto-
12-methylene-9,10-dihydro-9,10-ethanoanthrnccne are described, proceeding through the c is -  and imns-ll-hydroxv-12- 
hydroxymethyl-9,10-dihydro-9,10-ethanoanthracenes as intermediates.

In a previous publication2 we reported synthetic 
procedures for the preparation of ll-keto-12- 
hydroxymet hyl -9,10- dihydro -9,10- et ha noa i it hra- 
cone (III), 1 l-keto-12-tosyloxyinethyl-9,10-dihy- 
dro-9,10-ethanoanthraeene (VII), and U-keto-
I2-methvlene-9,10-dihvdro-9,10-ethanoanthracene
(IV), along with rigorous structure proofs for 
these compounds. In this paper we present al
ternative syntheses of III, VII, and IV which 
involve different procedures but which are less 
satisfactory in terms of yields and convenience. 
The structures concerned are collected in Fig. 1.

RESULTS

Starting material for these transformations was 
11 - koto - 12 - earbomethoxy - 9,10 - dihydro - 9,10-

(1 ) (a) Abstracted from a portion of the Rh.D. dissertation 
of Eugene I. Snyder, Department of Chemistry, University 
of Chicago, 1959. (b) National Science Foundation Fellow, 
1956-59. (e) Author to whom inquiries should be addressed.

ethanoanthraccne (I)2 which was reduced with 
lithium aluminum hydride to a mixture of the cis- 
and trails - 11 - hydroxy - 12 - hydroxymethvl-
9,10 - dihydro - 9,10 - ethanoanthracenes (II). 
Treatment of this isomeric mixture with acetone 
and cupric sulfate effected a clean separation of the 
racemates, the cis diol (Ha) being converted to 
cis - 11 -hydroxy- 12-hydroxymethyl-9,10-dihydro-
9,10-ethanoanthraeene isopropylidene ketal (V). 
trails Diol (lib) was recovered from the reaction 
mixture and cis diol (lia) was obtained by sub
sequent hydrolysis of the ketal (V). Assignment of 
configurations to the diols (II) was made on the 
basis of this selective formation of isopropylidene 
ketal.

The ketol (III) was conveniently prepared by 
selective oxidation of the secondary hydroxyl 
functions in the diol mixture (II) with iV-bromo-

(2) E. I. Snvclcr nml R. A. Clement, ,1. A m .  C h e m .  Soc . ,  
82,1424(1960).
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Fig. 1- Some substituted 9, IO-dihydro-9,10-ethano

anthracenes. AH structures have the 9, IO-dihydro-9,10- 
ethanoanthraeene skeleton

acetamide.3 In an attempt to prepare the keto 
tosylate (VTI), the ketol (III) was treated with 
tosyl chloride in pyridine. However, the only 
identifiable product, obtained in poor yield, proved 
to be the methylene ketone (IV). Presumably, the 
keto tosylate (VII) was formed but was converted 
to the methylene ketone (IV) by a subsequent 
elimination reaction.

The keto tosylate (VII) was successfully pre
pared, and in comparable yields, by separate oxi
dations with /-butyl hypochlorite4 5 of the cis- 
and trans - 11 - hydroxy - 12 - tosyloxymethyl-
9,10 - dihydro - 9,10 - ethanoanthracenes (Via and 
VIb). These latter were prepared from the cis- 
and trans diols, Ila  and lib, respectively, by 
selective tosylat-ions of the primary hydroxyl 
functions. The separate conversions of the diols 
Ila  and lib  to the common keto tosylate (VII) 
confirmed their identities as cis-trans isomers.

The procedures reported here, although they 
yielded the desired compounds III, VII, and IV, 
are inferior to those reported earlier.2

E X PER IM EN TA L 6

Reduction of 1 l-keto-12-carhomcthoxy-9,IO-dihydro-9,10- 
ethanonnthracene (I). The keto ester (I)2 (2.8 g., m.p. 139°) 
was placed in the thimble of a continuous-return Soxhlet

(3) T. TI. Ivritehevskv, D. L. Garmaise, and T. F. Galla
gher, J. Am. (’hem. Soc.,'74, 483 (1952); K. 1’. Olivette, H. L. 
Herzog, and E. B. Hershberg. ./. ,T»t. Cliem. Soc., 75, 1505 
(1953); R. E. Jones and F. \V. Kocher, .7. Am. Chem. Soc., 
76,3082(1954).

(4) C. A. Grob and H. J. Schmid, Heir. Chim. Acta, 36, 
1703(1953).

(5) Melting points are corrected. We are indebted to Mr.
William Saschek of this Department for the analyses.

extractor and extracted into a slurry of lithium aluminum 
hydride (2.0 g.) in boiling ether (300 ml.). After all the keto 
ester had been extracted from the thimble, the reaction mix
ture was treated with methanol and then with 10% aqueous 
sulfuric acid. The aqueous layer was separated, extracted 
with ether, and the combined ether extracts were dried over 
magnesium sulfate. After filtration, removal of ether at re
duced pressure afforded an oil (2.2 g., 87%) which solidified 
on being triturated with benzene. This solid, a mixture of 
the cis- and trans diols (Ila and lib), melted over a range, 
generally 125-135°, and was used directly in subsequent 
manipulations.

Separation of cis- and trans-ll-hydroxy-12-hydroxymethyl-
9,10-dihydro-0,10-ethanoanthracenes (Ila and lib), cis-11- 
H ydroxy-12-hydroxymethyl-9,10-dihydro-9,10-elhanoanthra- 
cene isoprapylidene ketal (V). The mixture of diols (Ila  
and III)) (1.25 g., as obtained directly from reduction) was 
dissolved in reagent-grade acetone (30 ml.) and stirred at 
room temperature with cupric sulfate (1.3 g.) for 39 hr. 
At the end of this time the mixture was filtered and the oil 
obtained by removal of solvent was dissolved in benzene 
(5 ml.). After 24 hr., the solid which had appeared was 
isolated by filtration, the benzene filtrate being preserved 
for isolation of the ketal (see below). This solid (0.457 g., 
30% on diol mixture) was good-quality trans diol (lib ), 
m.p. 151-153°. Two recrystallizations from ethyl acetate 
afforded trans-11-hydroxy-l2-hydroxymethy 1-9,IO-dihydro-9,-
10-eihanoanthracene (lib ), m.p. 154.1-154.9°. In the infra
red (potassium bromide pellet) lib  exhibited absorption at 
3300 cm.“1 (hydroxyl), and, among others, at 1045 cm.“1

Anal. Oalcd. for CnHicO»: C, 80.94; H, G.39. Found: C, 
80.98; H, 0.02.

The benzene filtrate obtained from isolation of trans diol 
(lib ) was evaporated to yield, after one recrystallization 
from methanol, good-quality ketal (V) (0.579 g., 40% on 
diol mixture), m.p. 146-147°. Several recrystallizations from 
methanol afforded cis-1 l-hydroxy-12-hydroxyinclhyl-9,10-di- 
hydro-9,10-cthanoanthraccne isopropylidcnc ketal (V), m.p. 
118.0-148.1°.

Anal. Oalcd. for C20H20O2: C, 82.15: H, 6.89. Found: C, 
81.93; H, 6.84.

The cis diol (Ila) was obtained from ketal (V) by ketal 
exchange. A solution of ketal (V) (0.140 g., m.p. 147°) in 
absolute methanol (11 ml.) was stirred at room temperature 
with cupric sulfate (0.14 g.) for 44 hr. Dilution with water, 
extraction with ether, and removal of the ether at reduced 
pressure afforded crude cis diol (Ila) (0.118 g., 97%), m.p. 
141-145°. One recrystallization from benzene raised the 
m.p. to 149-150°. Additional crystallizations from benzene 
yielded cis-11-hydro.r y-12-hydrox ymethyl-9, IO-dihydro-9, 10- 
cthanoanlhraccnc (Ila), m.p. 150.9-151.0°, m.p. 130-145° 
on admixture with trans diol (lib ). In the infrared (potas
sium bromide pellet) Ila exhibited a spectrum similar to 
that of lib  with absorption at 3320 cm.“1 (hydroxyl), but 
lacking absorption at 1045 cm.“1

Anal. Oalcd. for Ci7H,c02: C, 80.94; H, 6.39. Found: C, 
80.76; H, 6.34.

11-K elo-12-hydroxynt cl hyl-9,10-dihydro-9,10-cthan oan thra- 
cene (III). A mixture of the diols Ila and lib  (0.830 g., as 
obtained directly from reduction) was dissolved in absolute 
methanol (8 ml.) and to the solution were added pyridine 
(0.8 ml.) and .V-bromoacetamide (0.621 g.). The solution 
was kept at room temperature and in the dark for 68 hr., 
at the end of which time it was diluted with water and 
treated with sodium bisulfite to decompose the excess A"- 
bromoacetamide. The resulting solution was extracted with 
ether and the ether extract was washed with dilute hydro
chloric acid followed by water and dried over magnesium 
sulfate. Filtration, followed by removal of the solvent, yielded 
a yellow oil which was chromatographed on 64 g. of Florisil. 
Elution of the column with 1.5% ether in benzene yielded 
0.392 g. (48% ) of crude ketol (III) as an oil which solidified 
on being triturated with carbon tetrachloride to give good- 
quality ketol (III), m.p. 137.0-137.S°. This material was
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identical with authentic- koto] '111) 13D.ti 140.0°;
by the criteria of mixture melting point and infrared spectra.

Attempted Insulation of 11 kcto-til-hndroxymeJhyl-!),10- 
dihydro-!J,10-ethanoanthracene (11 It. 11-Ke.to-l 2-melhylenc- 
f),10-dihydro-il,10-ethanoanthracene. (IV). A solution of crude 
ketol (III) (0.455 g., 1.82 mmoles) and p-\ oluenesulfonyl 
chloriile (0.380 g., 1.00 mmoles) in dry pyridine (4 ml.) was 
kept at room temperature for 40 hr. The solution was then 
diluted with water, acidified, and extracted with ether.

From the ether extract after drying over magnesium sul
fate, filtering, and removing ether, there was obtained an oil 
which was chromatographed on Florisil. The only identi
fiable material obtained from the chromatogram was 0.085 
g. (20%) of crude methylene ketone (IV), which was eluted 
with benzene. This material, after one re crystallization from 
methanol, afforded methylene ketone (IV), m.p. 224.8- 
225.0°, which was identical with authentic,2 methylene 
ketone (IV) (m.p. 223.0-224.0°) by the criteria of mixture 
melting point and infrared spectra.

cis- and trans-ll-Hyd.roxy-12-tosyloxymethyl-9,10-dihydro- 
H,10-elhanoanlhracenes (Via and VIb). A solution of cis 
diol (Ila) (0.530 g., 2.10 mmoles) and p-toluenesulfonyl 
chloride (0.450 g.. 2.36 mmoles) in a mixture of dry benzene 
: 7 ml.) and dry pyridine (2 ml.) was kept at room tempera
ture for 17 hr. The mixture was then diluted with water and 
extracted with ether, the ether extract being washed with 
dilute hydrochloric acid, then water, and finally being dried 
over magnesium sulfate. Filtration and removal of solvent, 
yielded a glass which solidified on being "riturated with car
bon tetrachloride. Recrystallization of this solid from 
methanol gave 0.319 g. (37%) of the os-hydroxy tosylate 
(Via), m.p. 152°. An additional recrystallization from 
methanol afforded cis-ll-hydroxy-12-tosyloxymdhyl-9,10-di- 
hydro-9,10-ethanoanthracene (Via), m.p. 152.0-152.2°. In the 
infrared (chloroform solution) Via exhibited absorption at 
3540 and 3370 cm.-1 (hydroxyl) and, among others, at 1365. 
1192, and 1180cm.-1 (tosylate).

Anal. Calcd. for C,4H520 4S: C. 70.89, H, 5.46. Found: 
C, 70.72; H, 5.64.

For the preparation of trans-hydroxy tosylate (VIb), a 
solution of the trans diol (lib ) (0.177 g., 0.703 mmole) 
and p-toluenesulfonyl chloride (0.156 g., 0.817 mmole) in 
dry pyridine (6 ml.) was kept at room temperature for 41 hr. 
The reaction mixture was then processed as above to yield 
0.243 g. of crude product which was chromatographed on

Florisil. Flution of the column with 5'/, ether in benzene 
afforded 0.110 g. (49%) of trans-ll-hydroxy-l-’-tosyloxy- 
meihyl-!i,l()-tiihydro-'J,10-elhaiioanthracenc (VIb) as a glass 
which could not be induced to crystallize. In the infrared 
(chloroform solution) this material exhibited .absorption 
at 3540 cm. 1 ( hydroxyl) and, among others, at 1367, 1192, 
and 1178 cm."1 (tosylate); its spectrum was distinct from 
that of the rfx-hydroxy tosylate (Via) and indicated no 
contamination by Via.

After elution of the trans-hydroxy tosylate (VIb' from the 
chromatographic column, there was obtained with 3% 
methanol in benzene) 0.026 g. (34% recovery) of unchanged
t r a n s  diol (III)).

11-Keto-l 2-tosyloxymetliyl-!) ,10-dihydro-9,10-elhanoanthra- 
cene (VII). (A). From. cis-1 l-hydroxy-lS-tosyloxymethyt-9,10- 
dihydro-9,10-dhanoanthraccne (Via). A solution of cfs-hy- 
droxy tosylate (Via) (0.199 g., m.p. 1.52°), ¿-butyl hypo
chlorite6 (0.120 g.) and pyridine (0.139 g.) in chlorobenzene 
(4 ml.) was permitted to remain at room temperature for
9.5 hr. The solution was then diluted with ether, washed 
with aqueous sodium bisulfite, water, dilute hydrochloric 
acid, water, ami then dried over magnesium sulfate. After 
filtration, solvent was removed under reduced pressure to 
yield the koto tosylate (VII) as a solid which, after one re
crystallization from ethanol, melted at 149-150° dec., and 
amounted to 0.071 g. (36%). Two additional recrystalli
zations from ethanol afforded material, m.p. 151.0-151.8° 
dec., which was identical with authentic.2 keto tosylate
(VII) (m.p. 152° dec., and 167° dec.) by the criteria of mix
ture melting point and infrared spectra.

i B). From trans-ll-hydroxy-12-tosyloxymethyl-9,10-dihy- 
dro-9,10-ethanoanthracene (VIb). A solution of (rarts-hydroxy 
tosylate (Mb) (0.126 g., as obtained from chromatography), 
pyridine (0.100 g.), and ¿-butyl hypochlorite5 (0.054 g.) in 
chlorobenzene (3 ml.) was permitted to remain at room 
temperature for 16 hr. Isolation procedures as in (A) yielded, 
after one recrystallization from ethanol, 0.040 g. (32%) of 
keto tosylate (VII), m.p. 152-153° dec. This material was 
identical with that obtained in (A) by the criteria of mixture 
melting point and infrared spectra.

C hicago  37, III.

(6) H. M. Teeter and It. \Y Bell. Ory. Syntheses. 32, 20 
(1952).

[Contribution from the Chemical L aboratories of the U niversity of N otre D ame]
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The aetion of thionyl chloride on 1-ethynylcyelohexanol (I), under a variety of conditions, invariably led to a complex 
mixture only partially separable by fractional distillation. The following products were identified: unchanged carbinol (I), 
1-ethynyleyclohexyl chloride (III, 1-ethynylcyclohexene (III), l-(a-chlorovinyl)ryelohe.xeiie (IV), cyclohexvlidenevinyl 
chloride (V), and l-(/3-chloro vinylJcyclohexene (VI). The ¿-chloride (II) was always formed in minor amounts only. Cyclo- 
hexylidenevinyl chloride (V) is sensitive to thermal and prototropic rearrangement to the isomer (VI) and could not be 
isolated in high purity. Independent syntheses produced the isomers, II, IV, and VI in satisfactory yield and puritv.

Various studies underway in this laboratory 
require assorted higher ¿-acetylenic chlorides,

( 1 ) Paper no. 72 on substituted acetylenes; previous paper 
by 0!. F. Hennion and R. 8. Hansel, J. A m .  (’hem. Sor., (in 
press).

(2) Dow Chemical Company Fellow, 1957-58. Abstracted 
from the Ph.D. Dissertation of C. A. L., Jr.

RR'C(Cl)—C=CH. Where R and PC are small 
alkyl groups, the preparations are easily ac
complished by reaction of ¿-acetylenic carbinols 
with concentrated hydrochloric acid.3 As this 
method has not proved satisfactory where R and 
(or) PC are large, other preparative methods have 
been sought. We wish to summarize now a de-
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TABLE I
Products of the R eaction of T iiiontl C hloride with 1-Ethynylctclohexanoh

Conditions Products Found of Total)
Solvent Temp. I" IP IIP lyd.r Xr VP

Pyridine 50-60° 1 .2 8.3 5.6 75.0 Absent. 9.9
Ether 3° 6.2 0.6 8.9 54.7 Present 23.7
Ether b.p. 3.2 4.3 16.3 52.5 Present 23.7
Ether to 85° 30.9 6.4 18.0 31.5 Present 13. 1
THF" b.p. (>.7 5.4 4.0 57 6 Present 26.4
Ether-pyridine 3° 11.4 4.6 63.2 20.7 —

“ 1-Ethynylcyclohexanol (recovered). h l-Ethynylejclohexyl chloride. f l-Ethynylcyclohexene. d l-(a-Chlorovinyl)- 
cyclohexene. c The figures cited include compound V. if present. Cyclohexylidenevinyl chloride. s l-(/3-Chlorovinyl)cyclo- 
hexene. " Tetralrydrofuran.

tailed study of the reaction of 1-ethynylc-yclohex- 
anol (I) with thionyl chloride.

Fortunately, 1-ethynylcyclohexyl chloride (II) 
can be prepared from I in excellent purity and high 
yield3* by treatment with excess hydrochloric 
acid containing dissolved cuprous chloride. The 
yield is very poor in the absence of cuprous chlo
ride.31’ The reaction of I with thionyl chloride under 
widely varied conditions produced only minor 
amounts of ¿-chloride (II) and was more complex 
than was realized previously.4-5 Products boiled 
over a wide range of temperature (ca. 40-90° at 
12 mm.) and usually could not be separated cleanly 
by repeated fractional distillation. The infrared 
spectra of the total distillates were very complex 
and often revealed the structural features of 
unchanged carbinol (I), the envne (III), and the 
isomeric chlorides (II, IV, V and VI) formulated 
in Fig. 1. Vapor phase chromatography confirmed 
the conclusion that the products contained four 
to six components, depending on experimental 
conditions.

The isomeric chlorides (II, IV, V and VI) were 
then prepared by alternative methods as shown in 
Fig. 1. Pure II was made3c from I with hydro
chloric acid and cuprous chloride; authentic IV 
was prepared6 from the enyne (III) by addition of 
hydrochloric acid across the triple bond: VI was

VIII VI

(3) (a) G. F. Hennion, J. J. Sheehan, and It. E. Maloney, 
J. Am. Chem. Soc., 72, 3542 (1950); (b) G. F. Hennion and 
E. G. Teach, J. Am. Chem. Soc.., 75, 1653 (1953); (c) G. F. 
Hennion and K. W. Nelson, J. Am. Chem. Soc., 79, 2142 
(1957).

(4) G. 11. Hurd and R. X. Jones, J. Am. Chem. Soc., 56, 
1924(1934).

(5) Y. R. Bhatia, P. I). Landor, and S. R. Landor, J.
('hem. Soc., 24(1959).

(6) W. H. Carothers and It. It. Coffman, J. Am. Chem. 
Soc., 54, 4071 (1932).

obtained by the sequence I—»-VII—►VIII—*■ VI. 
It is noteworthy that VI must have the trans- 
configuration with respect to the exocyclie double 
bond in view of the scheme shown below.7 Prepara
tion of pure chloroallene (V) was troublesome, 
however. The reaction of I with thionyl chloride 
in cold ether containing pyridine gave a four com
ponent product (see Table I, last line) notably rich 
in V and free of the isomers IV and VI. Removal of 
unchanged carbinol (I) from this material by perco
lation through alumina followed by fractional distil
lation in vacuo yielded V in 86% purity as deter
mined by VPC. The distilled sample now contained 
VI, even though originally absent. It was observed 
repeatedly throughout this work that the facile 
thermal and (or) prototropic rearrangement of V 
to VI virtually precludes the possibility of ob
taining V in high purity.

With the exception of V, the compounds listed 
in Fig. 1 and Table I were thus obtained in excel
lent purity, permitting characterization by in
frared spectroscopy and VPC (retention times). 
The analysis of the total distilled products of the 
reaction of 1-ethynylcyclohexanol (I) with thionyl 
chloride was thus possible. In some instances, how
ever, the presence of both IV and V could be 
established only by infrared examination, as these 
substances have identical boiling points and VPC 
retention times (see Table II).

The reaction of 1-ethynylcyclohexanol with 
thionyl chloride appears to be useful only for the 
preparation of l-(a-chlorovinyl)cyclohexene (IV). 
When the reaction is carried out in warm pyridine, 
the major product is IV, isolable in acceptable 
yield and purity as observed earlier4 (see Table I, 
line 1). Hurd and Jones4 postulated that under 
these conditions I is dehydrated to enyne (III), 
which adds hydrochloric acid across the triple 
bond. This mechanism has now been supported by 
the observation that when thionyl chloride is 
added to a warm solution of enyne (III) and water 
(1:1 ratio) in pyridine, IV is indeed produced (70% 
yield, once distilled, 85% purity by VPC).

The various reaction products are all believed

(7) R. A. Raphael, Acetylenic Compounds in Organic Syn
thesis, Academic Press. Inc., New York, 1955, p. 30.
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TABLE II
Vapor Phase Chromatography, 1-Ethynylcyclohexanol 

and Reaction Products

Compound
B.P., 

°C/Mm.
Retention Time, 

Min.°

1-Ethynvlcvclohexene (III) 39/12 14
1-Ethynylcyclohexanol (I) 68/11 21
1-Kthynylcvclohexyl chloride

(II) 58/12 24
l-( a-Chlorovinyl )cyclo-

hexene (IV) 73/11 45
Cveiohexyiidenevinyl

chloride (V) 72/11 45
l-(/3-Chloro vinyl )cyclohexene

(VI) 82/12 49

° Silicone oil, G. E. NF-96, 3.05 meter column, 134°, 
flow rate of 40 ml. of helium per minute.

to originate from the chlorosulfite ester of I as 
follows: II by the usual S_vi nicchi,hism; III by 
elimination of sulfur dioxide and hydrogen 
chloride; IV by addition of hydrochloric acid to III ; 
I’ by the S.vi' mechanism; and VI by proto tropic 
rearrangement of V.

Fig. 1. Preparation of the isomeric chlorides

E X P E R IM E N T A L

1-Ethynylcyclohexanol (T) was used as received from Air 
Reduction Company, New York, New York.

1-Elkynylcyclohexene (III), b.p. 39° at 12 mm., ?rD5
I. 4940, was prepared from I in 75-80% yields.8 Infrared 
absorption bands (y) were observed at 3.05 (vs), 3.40 (vs), 
4.77 (m), 6.10 (w), 6.95 (s). 8.80 is). 10.92 (vs), 11.70 (s),
II. 85 (vs), 12.50 Is) and 15.00 -15.50 (s).

l-Ethynytcyclohexyl chloride (II), b.p. 58° at 12 mm.,
n~d 1.4782, (I25 1.009, was prepared in 70-75% yields as pre
viously described.“ Infrared bands (y) were observed at
3.04 (vs), 3.40 (vs), 4.70 (w), 6.90 (vs), 7.74 (s), 7.97 (s),
8.85 (s), 9.95 (s), 11.14 (s), 11.50 (s), 12.40 (vs), 12.80 (vs), 
15.00-15.50 (s).

Anal.9 Calcd. for CsIIiiCl: Cl, 24.86. Found: Cl. 24.48,
24.50.

l-(a-Chlorovin.yl)cycIi>hextnc (IV), b.p. 73° at 11 mm., k2d5 
1.5240, rf25 1.041, was prepared from III (60% yield) as 
described by Carothers and Coffman.6 Infrared bands (y) 
at 3.40 (vs)’ 6.02 (m), 6.11 (s) 6.25 (vs) 6.93 (s), 8.30 (vs), 
9.37 (s), 10.85 (s), 11.50 (vs), 11.69 (vs), 13.70 (s), 14.15 
(vs).

1-Chloroethynylcyclohexanol (VII), m.p. 50-51°, was pre
pared from I in 95% yield by the method of Strauss, Kolleek, 
and Heyn.10 11

l-((}-Chlorovinyl)cyclohexanol (VIII), b.p. 103-105° at 
12 mm., was prepared in 55% yield by minor modification 
of the procedure of Julia and Surzur." A standardized solu
tion of lithium aluminum hydride in ether (25% excess) was 
added dropwise with stirring to a solution of 1-chloroethynyl- 
cyclohexanol (VII) in cold ether. Stirring was continued 
for 5 hr. after addition was completed. Hydrolysis was 
then accomplished with water and aqueous sodium potas
sium tartrate.

l-(B-Chlorom'nyl)cyclnhexene (VI) was prepared from 
VIII by dehydration with phosphorus oxychloride. The 
latter (40 ml., 0.44 mole) was added dropwise to a well- 
stirred solution of 32 g. (0.2 mole) of /3-chlorovinylcj’elo- 
hexanol (VIII) in 200 ml. of dry pyridine. The mixture was 
stirred for 4 hr., poured over crushed ice, and the organic 
layer was separated. The aqueous layer was extracted with 
three 100-ml. portions of petroleum ether. The original 
product and the extracts were combined, washed with dilute 
hj'drochloric acid, with water, finally with saturated sodium 
bicarbonate solution, and dried over anhydrous potassium 
carbonate. Distillation yielded three fractions: (a), 0.70 
g., b.p. 76-80° at 12 mm.; (b) 7.8 g., b.p. 80-82° 
at 12 mm., ?i2D5 1.5304; (c) 3.2 g., b.p. 82-118° at 12 mm. 
Redistillation of fraction (b) gave 5.7 g., b.p. 82° at 12 mm., 
rrDs 1.5307, d25 1.036. Infrared bands (y) were observed at
3.40 (vs), 6.13 (w), 6.27 (s), 6.95 (s), 10.70 (vs), 11.75 (s), 
12.0 (vs), 12.80 (vs), 13.1 (vs), and 15.20 (s).

Anal.2 Calcd. for C8HUC1: Cl, 24.86. Found: Cl, 24.49.
Cyclohexylidenevinyl chloride (V). Thionyl chloride (puri

fied by the method of Cottle12) (39.2 g., 0.33 mole) was added 
to a stirred solution of 37.2 g. (0.3 mole) of 1-ethynylcyelo- 
hexanol (I) and 27.6 g. (0.35 mole) of dry pyridine in 150 
ml. of anhydrous ether at 3-5°. Water (100 ml.) was added 
and the etheral layer was separated, washed with dilute 
hydrochloric acid, with saturated sodium bicarbonate, and 
then dried with anhydrous potassium carbonate. Distillation 
gave 22 g. of crude product, b.p. 40-71° at 12 mm., n2D6 
1.4983. Sixty-four grams of this material (obtained from 
three runs) was redistilled partially, all material boiling 
below 46° at 11 mm. discarded (30 g., mostly 1-ethynyl- 
cyclohexene). The still residue was dissolved in 50 ml. of 
petroleum ether and percolated through a column of alumina

(8) J. C. Hamlet, H. B. Henbest, and E. R. H Jones, J. 
Chem. Soc., 2652(1951).

(9) Analyses by Midwest Microlab, Inc., Indianapolis, 
Ind.

(10) F. Strauss, L. Kolleck, and W. Heyn, Ber.. 63, 
1868(1930).

(11) VI. Julia and J. M. Surzur, Bull. soc. chim. France, 
1615(1956).

(12) D. L. Cottle, J. Am. Chem. Soc., 68, 1380 (1946).
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(80 g., ‘'Alcoa F-20” ). The column was washed with petro
leum ether and 15-ml. fractions were collected. Each fraction 
was examined by infrared. The desired product (V) was 
detected in fractions 7-11, inclusive, free of starting mate
rial (I). These fractions were then distilled to yield 3.1 g., 
b.p. 72° at 11 mm., ??2D5 1.5229. Redistillation gave 1.04 g. of 
cyclohexylidenevinyl chloride (V), 86% pure by VPC, b.p. 
72° at 11 mm., re2D5 1.5235, d2i 1.025. The containments 
proved to be III (5.2%), II (1.4%), and VI (7.2%). Infra
red bands (y) at 3.40 (vs), 5.12 (vs), 6.93 (vs), 7.23 (s), 8.15 
(vs), 10.28 (vs), 11.17 (s), 11.70 (s), 13.10-13.50 (vs), and 
13.90-14.10 (vs). Notably significant are the bands at 5.12 
and 13.10-13.50 y, characteristic of the group C=C=CHC1 .6

Anal.3 Calcd. for C8HnCl: Cl, 24.86. Found: Cl, 24.46. 
After redistillation, Cl found: 24.70.

Reaction of thionyl chloride with 1-ethynylcyclohexanol in 
pyridine. The procedure is essentially that of Hurd and 
Jones.4 Purified12 thionyl chloride (108 g., 0.9 mole) was 
added dropwise to a stirred mixture of 99 g. (0.81 mole) 
of 1-ethynylcyclohexanol and 78 g. (0.99 mole) of dry 
pyridine at 50-60°. After addition was complete the mixture 
was heated at 50-60° for 3 hr. and then cooled to room tem
perature. Water and petroleum ether (100 ml. of each) 
were added and the organic layer was separated. After wash
ing and drying with anhydrous potassium carbonate, dis
tillation gave 72 g., b.p. 39-75° at 12 mm., ?rD5 1.5178. 
Analysis of the total distillate by VPC (see Table I, line 1) 
showed that it contained 0.86 g. of recovered I, 5.98 g. of

II, 4.04 g. of III, 7.14 g. of VI, and 54.0 g. (47% yield) of 
l-( a-chlorovinyl )cyclohexene (IV).

Reaction of thionyl chloride with l-ethynylcydohcxanol in 
ether. The procedure is essentially that of Bhatia, Landor, 
and Landor.5 A solution of 37.2 g. (0.3 mole) of ethynyl- 
cyclohexanol and 39.3 g. (0.33 mole) of purified12 thionyl 
chloride in 300 ml. of anhydrous ether was stirred for 1 hr. 
Most of the ether was then removed by distillation and the 
residue was heated on the steam bath for 3 hr. After cool
ing, the mixture was stirred with 100 ml. of saturated so
dium bicarbonate solution, dried with anhydrous potassium 
carbonate, and distilled to give 30 g. of crude product, b.p. 
34-82° at 11 mm., n“  1.4992. Analysis of the total distillate 
by VPC (see Table I, line 4) indicated the composition to 
be 9.27 g. of I, 1.92 g. of II, 5.40 g. of III, 3.93 g. of VI, and 
9.45 g. of a mixture, of IV and V. The infrared spectrum re
vealed absorption bands for each of these substances.
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Some 3-acylcatechols are synthesized by an orthodox method. Their infrared spectra are recorded. 2,3-Dihvdroxyaceto- 
phenone is utilized in the preparation of some chalcones, flavanones, and 8-hydroxvfiavone. The latter has also been pre
pared via Claisen condensation of 2,3-dimethoxyacetophenone with ethyl benzoate followed by déméthylation and cyeliza- 
tion.

In a previous publication,1 we used the method 
described by Ivrannichfeldt,2 for the preparation of 
some 3-acylcatechols2, according to the following 
scheme:

III R iv  R

In the present work we have prepared 2.3-di- 
hydroxyisovalerophenone (IV. R = —CILCII-

(1) W. I. Awad, M. F. El-Neweihy, and S. F. Selim, 
,/. Ory. Chem. 23, 1783 (1958).

(2) H. V. Krannchfeldt, Ber., 46, 4017-4018 (1913).

(CH:!)2) 2,3-dihydroxybenzophenone (IV. R = 
CelR), 2,3,1'-trihydroxybenzophenone (IV. R = 
p-OHCeIR), and 2,3-dihydroxy-4'-chlorobenzo- 
phenone (IV. R = p-ClCelR). The first of these 
compounds (m.p. 48°) is not identical with that 
reported by (Miller, Hartung, Rock, and Crossley3 
(m.p. 93-95°) which they obtained as a by
product of a Fries rearrangement. The structure of 
our product cannot be questioned on account of the 
unambiguous method used in its preparation. 
Furthermore, our product gives a green color with 
ferric chloride that changes to red by the addition 
of sodium carbonate solution, a characteristic color 
test for catechols.45 Moreover, the infrared data 
(inter alia) provides additional proof for the struc
ture of 3-acylcatechols described here. The second

(3) Ellis Miller, Walter H. Hartung, Henry J. Rock 
and Frank S. Crossley, J. Am. Chem. Soc., 60, 7 (1938).

(4) Compare Paul Karrer, Organic Chemistry, Fourth 
English Edition, Elsevier Publ. Co., Inc., New York, N. Y., 
p. 435.

(5) A. Schönberg, W. I. Awad, and G. A. Mousa, J.
Am. Chem. Soc., 77, 3850 (1955).
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and third compounds have been prepared by Baker. 
ct al.r'

A comparative study of the infrared spectra of 
these acylcatechols has been carried out (c.f. 
Table I). 2,2-Dihydroxyacetophenone (IV. R = 
—ClI:i) shows in solution a free OH stretching 
frequency (at 3717 cmw1) and a chelated Oil 
stretching frequency (at 3106 cm."1). It has been 
previously7 stated that this compound shows no 
free OH stretching frequency in the solid state, 
which led to the conclusion that it exhibits double 
chelation like that observed with 1,2-dihydroxy-3- 
aceto-4-cyanonaphthalene.7 The present measure
ments show that this conclusion does not hold for
2,3-dihydroxyacetophenone, which in the solid 
state must possess an intramolecular and inter- 
molecular hydrogen bridge.8 the latter being de
stroyed in solution (cf. V)

H
I

O

v CH3

TABLE P

OH

Via. Ar = Cell.,
VIb. Ar = p-CH,OC6H, 
VTo. Ar = p-ClCcFL

Vila. Ar = 0 6H6 
Vllb. Ar = P-CH3OC6H4 
Vile. Ar = p-ClC6H4

VIII was prepared previously by Ruhemann10 
from )I-(2-methoxyphenoxy) cinnamic acid and 
aluminium chloride in benzene, followed by dé
méthylation of the product by hydriodic acid, a 
method which cannot be easily generalized for the 
preparation of 8-hydroxyflavones.

8-Hydroxyflavone (VIII) has also been prepared 
by the Claisen condensation of 2,3-dimethoxy- 
acetophenone and ethyl benzoate in the presence of 
finely divided sodium metal followed by déméthyla
tion and cyclization using hydriodic acid and acetic 
acid according to the following scheme :

Infrared Spectra of Some Acylcatechols

Stretching Frequency cm. 1 
Free Chelated Chelated

Name of Compound <>II OH C = 0
2,3-Dihydroxyacetophenones 3717 3106 1633
2,3-Dihvdroxvproplophenonec 3759 309(5 1(556
2,3-Dih vdroxy-n-butvro-

phenone' 3623 3333 1637
2,3-Di hydroxy isovalero-

phenone<i 3703 3174 1647
2,3-Di hydroxy benzophenone'1 3703 3174 1647
2,3-Dihvdroxy-4'-chloro-

benzophenone“1 3583 3096 1619
a The infrared measurements are carried out in carbon 

tetrachloride solution using Perkin Elme- Infracord model 
137. ( 'ell thickness 1 mm. h See ref. 2. c See ref. 1. d Pre
pared in this publication.

2,3-Dihvdroxyaeetophenone has been utilized to 
prepare some 8-hydroxyflavanones and 8-hydroxy
flavones by known method.9 according to the fol
lowing scheme: 16

16) Wilson Baker and A. It. Smith, ./. ('hem. Sue., 34(5- 
348(1936).

(7) W. I. Axvad and M. S. Hafez, J. Am. Chem. Sue., 8 0 , 
6057(1958).

(8 ) L. J. Bellamy, The, Infrared Spectra of Complex Mole- 
miles, First. Edition, reprinted 1956. London Methuen 
( o., Ltd., p. 124.

■ O'! L. E. Eieser and M. Eieser. Organic Chemistry, 
3rd edition D. C. Heath and Co., Boston, 1956, p. 822. 
This reference was added hv one of the referees.

III.
(It = CH.) +

C6H5COOC2H4

H I  +  acetic acid 
-------------------------- >.

A study of the ultraviolet spectra of flavone and
8-hydroxyflavone (cf. Experimental) shows that 
they absorb at similar wave lengths but the molecu
lar extinction coefficients of the latter are more 
pronounced in the first, two maxima (hyperchrome 
effect).

E X P E R IM E N T A L

Microanalyses were carried out by Alfred Bernhardt, 
Max-Planck Institute; Mulheim (Ruhr), Germany. Melt
ing points are not corrected.

Preparation of 2,3-dihydroxyisoralerophenone (IV. R =  
C4H9). a) Action of isobutylmagnesimn iodide on 2,3-di- 
methoxybenzaldehyde. A solution of the aldehyde (I) (10 
g.) in anhydrous ether was added dropwise to the isobutyl- 
magnesium iodide (from 13.4 g. isobutyl iodide and 1.8 g. 
magnesium) while cooling in ice. When the addition was 
complete, the reaction mixture was treated as described 
previously1 and the remaining oil distilled to give II (R 
= C4II9) as a pale-yellow oil b.p. 118-120°/0.5 mm., 
(yield 9.7 g.).

b) Preparation of 2,8-dimelhoxyisovalerophenone. The 
previously described carbinol (9 g.) was added to a mixture 
of potassium dichromate (18 g.), water (90 ml.) and coned.

(10) Ruhemann, B.. 4 6 , 2196 (19131. (c.f. Beilst. 18 I,
3231.
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sulfuric acid (8.2 ml.). The reaction mixture was imme
diately steam-distilled, the distillate extracted with ether, 
dried (sodium sulfate ), and then the ether driven off. I l l  
(R = C ill9) was obtained as a pale-yellow oil b.p. 130°/ 
3 mm., (yield 5.3 g.).

e) Déméthylation of 2,3-dirnethoxyisovalerophenone (III. 
R = C4H9). The previously described ketone (III. R = 
Chili) (6 g.) was refluxed with hydriodic acid (sp. gr. 1.71) 
(25 g.) and an equal volume of glacial acetic acid for 6 
hr. The reaction mixture was worked out as described pre
viously.1 The viscous oil soon solidified on cooling and 
scratching. It was recrystallized from petroleum ether (b.p. 
30-50°) as yellow flakes, m.p. 48°, (yield 4.0 g.). Miller, 
etal. gave m.p. 93-95°.

Anal. Calcd. for C11H14O3: C, 68.02; H, 7.27. Found: 
U, 68.23; H, 7.25. It gave bluish-green color with alcoholic 
ferric chloride solution which turned red by adding sodium 
carbonate solution.4'5 I t  also gave a buff coloration with 
coned, sulfuric acid.

Preparation of 2,3-dihydroxy-4'-chlorobenzophenone (IV. 
R = p-ClCeHi). i) Action of p-chlorophenybnagnesium 
bromide on 2,3-dimethoxybenzaldehyde. A solution of the 
aldehyde (I) (10 g.) in anhydrous ether was added drop- 
wise, to p-chlorophenylmagnesium bromide (from 13.8 g. 
p-chlorobromobenzene, and 1.8 g. magnesium) while cooling 
in ice. The reaction mixture was treated as in (a) and the 
carbinol (II. R = p-CICiEU) was obtained as a viscous oil 
b.p. 220-225°/7-8 mm., (yield 18.1 g.).

Anal. Calcd. for C,5HI50 3C1: Cl, 12.71. Found: Cl, 12.22.
ii) Preparation of 2,3-dimethoxy-4’-chlorobenzophenone. 

(III. R = p-CICiH,). The above carbinol (II. R = p-Cl- 
C6H4) (5 g.) was mixed with the dichromate solution [from 
potassium dichromate (10 g.), water (50 ml.) and sulfuric 
acid (4.8 ml.)]. The reaction mixture was treated as in (b). 
A lemon-yellow oil was obtained, (yield 4.2 g.); b.p. 130- 
132°/3 mm.

iii) Déméthylation of 2,3-dimelhoxy-4'-chlorobenzophenone. 
The above ketone (4 g.) was treated as in (c) to give 2,3- 
dihydroxy-4'-chlorobenzophenone (IV. R = p-ClC6H4) 
in dark-yellow long needles from petroleum ether (b.p. 60- 
80°) m.p. 115°, (yield 2.9 g.). I t gave a dark-green color 
with alcoholic ferric chloride solution which turned red on 
adding sodium carbonate solution. It gave an orange-red 
color with coned, sulfuric acid.

Anal. Calcd. for C,3H90 3C1: C, 62.78; II, 3.63; Cl, 14.24. 
Found: C, 62.86; H, 3.87; Cl, 13.96.

Preparation of 8-hydroxyflavone. a) Preparation of the 
chalcone (Via). To a warm solution of 2,3-dihydroxyaceto
phenone2 (IV. R = CH3) (1 g.) and benzaldehj’de (0.5 g.) 
in ethyl alcohol (12.5 ml.) was added dropwise a solution of 
sodium hydroxide (30%; 12.5 ml.). The reaction mixture 
was shaken vigorously for 10 to 15 min. and then diluted 
with ice-cold dilute acid. I t was extracted with ether and 
the ethereal layer was washed with water, sodium bisulfite 
solution, and finally with water, dried (sodium sulfate), 
and the ether was driven off leaving reddish-brown material. 
This was triturated wfith a little methanol and filtered. It 
was recrystallized from ethyl alcohol m.p. 192°, (yield 0.6 
g.). It gave no color with alcoholic ferric chloride solution. 
This proved to be the 8-hydroxyflavanone (Vila) by melt
ing and mixture melting point (see below).

The methanol mother-liquor contained the chalcone (Via). 
It was treated with a little water and left for 48 hr. at 0° 
where red crystals separated. It was recrystallized from 
petroleum ether (b.p. 60-80°) as red needles, m.p. 151°, 
0.4 g.). It gave a dark-green color with alcoholic ferric 
chloride solution which turned red by adding sodium carbo
nate solution.

Anal. Calcd. for CisHi30 3: C, 74.99; H, 5.03. Found: 
C, 75.28; H, 5.20.

Preparation of S-hydroxyflavanonc from the corresponding 
chalcone (Via). The chalcone (0.2 g.) was dissolved in ethyl 
alcohol (15 ml.) and sulfuric acid was added. The reaction 
mixture was refluxed for 8 hr. on a water bath. On removal

of the ethanol, a yellow crystalline substance was obtained. 
It was recrystallized from ethvl alcohol, m.p. 192°, (vield
0.16 g.).

Anal. Calcd. for Ci5Hi20 3: C, 74.99; II, 5.03. Found: 
C, 75.25; H, 5.17.

c) Oxidation of 8-hydroxyflavanone by selenium dioxide.
8-Hydroxyflavanone (Vila) (1 g.) was mixed with selenium 
dioxide (1 g.) and freshly distilled isoamyl alcohol (30 ml.). 
The reaction mixture was refluxed for 12 hr. on an oil bath 
(160-170°). After refluxing was complete, the reaction 
mixture was filtered while hot to remove selenium and the 
filtrate (dark-brown) was subjected to steam-distillation 
to remove isoamyl alcohol leaving an orange aqueous solu
tion with a solid substance and a sticky mass. It was filtered, 
dissolved in benzene (charcoal), concentrated, and left to 
cool. An amorphous solid separated (yield 0.9 g.). I t was 
sublimed to give colorless needles, m.p. 245°; (Ruhemann,10 
m.p. 249-250°). I t gave no color with alcoholic ferric 
chloride solution, (yield 0.35 g.).

Ultraviolet measurements for VIII were: Amlix 211, 
m/x, einai 25,700; ^max 267, < w  31,620; r̂oax 300, «max 16,000. 
The ultraviolet measurements for flavone11 were: Amal( 
211 m/x, w  18,840 ; ^max 252, €max 19,140 j m̂ax 295, Crnax
24,024. Ultraviolet measurements were carried out in a 
Beckmann spectrophotometer model D.U. in ethyl alcohol.

Anal. Calcd. for Ci5Hi0O3: C, 75.02; H, 4.23. Found: 
C, 74.97; H, 4.18.

Preparation of 8-hydroxy-4'-methoxyflavanone (Vllb). 
i) Preparation of the chalcone (VIb). To a warm solution of
2.3- dihydroxyacetophenone (1 g.) and p-anisaldehyde (0.5 
g.) in ethyl alcohol (12.5 ml.) was added dropwise a solution 
of sodium hydroxide (30%, 12.5 ml.). The reaction mixture 
was treated as in (a). The methoxychalcone was recrystal
lized from petroleum ether (b.p. 00-80°) as reddish-brown 
crystals, m.p. 171°, (yield 0.7 g.). It gave a green color with 
alcoholic ferric chloride solution which turned red by adding 
sodium carbonate solution.

Anal. Calcd. for CijHuOg C, 71.11; H, 5.18. Found: 
C, 71.41; H, 5.38. ii) Preparation of 8-hydroxy-4'-methoxy- 
flavanone (Vllb). The corresponding chalcone (VIb) (0.2 
g.) was treated as in (b). The 8-hydroxy-4'-methoxy- 
flavanone (Vllb) was recrystallized from petroleum ether 
(b.p. 60-80°) as fine yellow needles m.p. 183°, (yield 0.15 
g-l-

Anal. Calcd. for C16H14O4: C, 71.11; H, 5.18. Found: 
C, 70.89; H, 5.33.

Preparation of 8-hydroxy-4'-chloroflavanone (Vile), i) 
Preparation of the chalcone (Vic). To a warm solution of
2.3- dihydroxyacetophenone (I g.) and p-ehlorobenzalde- 
hyde (0.5 g.) in ethyl alcohol (12.5 ml.) was added dropwise a 
solution of sodium hydroxide (30%), 12.5 ml.). The reac
tion mixture was treated as in (a). The chlorochaleone was 
recrystallized from petroleum ether (b.p. 60-80°) as brick- 
red needles, m.p. 1 11°, (yield 0.6 g.). It gave a red color 
with coned, sulfuric acid and a dirty green color with alco
holic ferric chloride solution which changed to red by add
ing sodium carbonate solution.

Anal. Calcd. for C16Hn0 3Cl: C, 65.57; H, 4.01; Cl, 12.92. 
Found: C, 65.27; H, 4.35: Cl, 12.85.

ii) Preparation of 8-hydroxy-4'-chloroflavanone (Vile). 
The corresponding chalcone (Vie) (0.2 g.) was treated as 
described in (b). The 8-hydroxy-4'-chloroflavanone (Vile) 
was recrystallized from petroleum ether (b.p. 60-80°) as 
fine yellow needles, m.p. 178°, (yield 0.19 g.). It gave no 
color with alcoholic ferric chloride solution and an orange- 
red color with coned, sulfuric acid.

Anal. Calcd. for C15H„03C1: C, 65.57; H, 4.01; Cl, 12.92 
Found: C, 65.04; H, 3.98; Cl, 12.90.

Preparation of VIII via the Claisen condensation. 2,3- 
Dimethoxyacetophenone (5 g.) was mixed with ethyl

(11) T. S. W heeler. R. L. Shriller, and I). \. Scott, D r y .  

Syntheses. 32, 72 (1952).
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benzoate (100 ml.) and finely divided sodium metal (5 g.). 
The reaction mixture was refluxed on an oil bath (180-200°) 
for 6 hr. The reaction mixture was then cooled and treated 
with methyl alcohol (10 ml.) to remove any unchanged 
sodium, acidified with acetic acid, and left overnight. It was 
steam-distilled until all the ethyl benzoate was removed and 
the reaction mixture assumed a yellow color. It was then 
extracted with ether and worked up as usual. The ether 
was driven off and a yellow oil was obtained, b.p. 220 225°/ 
2 mm., (yield 8 g.l.

The above condensation product (0 g.) was mixed with

hydriodic acid (sp. gr. 1.71, 30 ml.) and glacial acetic acid 
(30 ml.). The reaction mixture was refluxed for 10 hr. It 
was then poured on ice, extracted with ether, and the ethereal 
layer was dried (sodium sulfate). The ether w'as driven off 
and the remaining oil was triturated with petroleum ether 
(b.p. 60-80°) until it solidified to an amorphous powder. 
It was sublimed to give VIII, m.p. 245°, (vield 2.2 g.).

Anal. Calcd. for CISH„,03: C, 75.62; H, 4.23. Found: 
C, 75.28; H, 4.22.

A b ba ss ia , C a iro , U .A .R.

[Co n tributio n  from  t h e  O rg anic  C h em icals  D iv isio n , N itro  R esear ch  D ep a r t m e n t , M onsanto  C h e m ic a l  Co .]
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Ammonium dilhiocarbamate and ethvl bromopyruvate reacted to give ethyl 2-mcrcapto-4-thiazolerarboxylate (I). 
Saponification of I gave 2-mercapto-4-th azolecarboxylic acid. Thirty-four derivatives of I and related thiazolethiols were 
prepared. Oxidation of I, eth>-l-2-mercapto-4-methyl-5-thiazolecarboxylate, or 2-mercapto-4-methyl-5-thiazolecarboxylic 
acid with hydrogen peroxide under acidic conditions gave the corresponding 4- or 5-substituted thiazoles.

Thiazolethiols and their derivatives have long 
been established as fundamentally important ac
celerators for the vlucanization of rubber with 
sulfur. Among the many derivatives prepared and 
screened, the thiazolesulfenamides, in particular,
2-(2,6-dimethylmorpholinothio)benzothiazole,1 * N- 
eyelohexy 1-2-benzot hiazolesulfenan.ide- and .V-tert- 
butyl-2-benzothiazolesulfenamide,3 haw shown 
merit because of their delayed action. As thiazole
thiols and their derivatives containing substituents, 
other than hydrocarbon radicals, in the 4-position 
have been prepared only in a limited number of 
examples,4 it was desirable to prepare the unknown 
ethyl 2-mereapto-4-thiazolecarboxylate (I) and its 
derivatives. In addition, our objectives were: 1) the 
preparation of new derivatives cf 5-substituted 
thiazolethiols and 2-mercaptobenzothiazole and
2) the synthesis of the 4- and 5-substituted thia
zoles from the corresponding thiazolethiols. The 
accelerator activity for these new compounds will 
be reported in forthcoming patents.

Ammonium dithiocarbamate reacted with ethyl 
bromopyruvate to give I. The reaction may be 
represented as:

NH.CSSNIL,
BrCILCOCOOCJL,-------------- J-

[NILCSSCH.COCf )OC4I5]

[=CCOOC>H51 CII--OCOOC,I 11
N !

c
OH

1 — S X II
fill \  /

I c

S

Saponification of I gave 2-mercapto-4-thiazole- 
carboxylic acid.

Diethyl 2,2'-dithiobis(4-thiazolecarboxylate) and 
2,2'-dithiobis(4-thiazolecarboxylic acid) were pre
pared by the reaction of I or 2-mercapto-4-thia- 
zolec-arboxylic acid with an aqueous solution of 
ammonium persulfate.

The thiazolesulfenamides II, III, and IV were 
prepared by the oxidative condensation of I with 
fcrt-butylamine, cvclohexylamine, or morpholine.

The reaction of an aqueous solution of the sodium 
salt of I with zinc chloride or cadmium sulfate 
furnished the corresponding zinc and cadmium 
salt of I.

The reaction of an acetone solution of the potas
sium salt of I with /3-dimethylaminoethyl chloride 
gave the desired ethyl 2-(2-dimethylaminoethyl- 
thio)-4-thiazolecarboxylate.

4-Ethoxycarbonyl-2-thiazolyl diethyldithiocar- 
bamate was prepared by the reaction of the 
potassium salt of I with A,A7-diethylthiocarbamoyl 
chloride.

The reaction of the potassium salt of I with 3- 
chloro-2,4-pentanedione, ethyl a-chloroacetoaee- 
tate, or chloroacetone gave ethyl 2-(l-acetyl aceton- 
ylthio)-4-thiazolecarboxylate (V), ethyl 2-(l- 
ethoxycarbonylacetonylthio)-4-thiazolecarboxylate
(VI), and ethyl 2-acetonylthio-4-thiazolecarboxy- 
late (VI), and ethyl 2-acetonylthio-4-thiazole- 
carboxylat.e (ArII), respectively.

(It .1. J. D'Amico, M. \V. Harman, and R. H. Cooper, 
J. A m . ('Item. Sue., 79, 5270 (1057): U. S. Patent 2,871,239.

(21 M. W. Harman, I  ml. Eng. Client. 29, 205 (1937); 
U. S. Patent 2,191,656.

(31 R. H. Cooper and J. J. D’Amico, U. S. Patent 
2,807,620.

(4) J. J. D’Amico, J. Am. ('hem. Sac., 77, 476 (1955).
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CH— SII

HOOCC-----
;c s s c :

CH
II

N— CCOOH

CH— SII: I
C;H5OOCC----NTi

S — CH
esse“C  II

N- CCOOCHI,

OH

!NH,)jS,Os

HOOCC = C H
I i

FT"

V
OH

XIII

Benzoquinone

R'

CiCH,COCH,Cl
or

C1CH2CH=CHCH,C1
or

C1CH2C=CCHoC1

R^CHoCOCHoR"
or

R''CH2CH =CH CH 2R'
or

R"CH2C^^CCH2R"

r = c 2h ,o o c c CHi
Nn s

Ç
s -

1. NaOH
■N Ö
^ /

2. H ' iN Ir
\\ /

Ç c
SH SH

I

C>H,OOCC=CH 
Jt

Amine. NaOCl

c 2h ,o o c c = c h

N, s 
\- 
SR

II. R = NHC(CH3)3 
III. R = NHC6H,i

IV. r = n (

NaOH. ZnCl2 and CdS04

HOOCC— CH 

N S
V

Zinc and cadmium salts

Alkali, R'Cl

. Alkali
Cyanuric
chloride i 2,3-Dichloro- 

1,4-naphthoquinone

R"
R"

XVI
0

XXIV

C2H,0 0 C C = C H

x\ S 
C
SR'

R' = CH2CH2N(CH3)2, 
R' = CN(C2H5)2,

II
s

V. R' = CH(COCH3)2, 
COCHj

VI. R' = CHCOOC2H3, 
VII. R = C H 2COCH3,

VIII. R' = CH2CH=CH2, 
IX. R' = CH2CC1=CHo,
X. R' = CH2C =  CH

R'= c C ^ N 0 2> 
n o 2

XX. R' =

Diethyl ‘2,2'-(2-oxotrimethylene)dithiobis(4-thi- 
azolccarboxylate) was prepared by the reaction of 
an acetone solution of the potassium of I with 1,3- 
dichloro-2-propanone.

The reaction of the sodium salt of I with allyl 
chloride, 2,3-dichIoro-l-propene, or 3-bromo-l- 
propyne furnished ethyl 2-allylthio-4-thiazole- 
carboxylate (VIII), ethyl 2-(2-chloroallylthio)-4- 
thiazolecarboxylate (IX), and ethyl 2-(2-propynyl- 
thio)-4-thiazolecarboxylate (X), respectively.

Ethyl 2-(2,4-dinit rophenylthio)-4-thiazolecar-
boxylate was obtained by the reaction of the potas
sium salt of I with 2,4-dinitrochlorobenzene.

Diethyl 2,2'-(2-butenylene)dithiobis(4-thiazole- 
carboxylate) and diethyl 2,2'-(2-butyiiylene)di- 
thiobis(4-thiazolecarboxylate) were prepared by 
the reaction of the potassium salt of I with 1,4- 
dichloro-2-butene or l,4-dichloro-2-butvne.

The potassium salt of I reacted with cyanuric 
chloride to form 2,4,()-tris(4-ethoxycarbonyl-2- 
thiazolylthio)iS-triazine.

Employing the elegant procedure described by 
Newby5 p-benzoquinone was allowed to react with 
the appropriate thiazolethiol to give XI through
XVI.

5-Chloro-2-mercaptobenzothiazole, 2-mercapto-

(5) T. H. Newby, U. S. Patent 2,616,871.

benzothiazole, 6-ethoxy-2-mercaptobenzothiazole, 
or I reacted with 3-bromocyclohexene to form 5- 
chloro - 2 - (2 - cyclohexenylthio)benzothiazole 
(XtTI), 2 - (2 - cyclohexenylthio)benzothiazole
(XVIII), ti-ethoxy-2-(2-cyclohexenylthio) benzo
thiazole (XIX), and ethyl 2-(2-cyclohexenylthio)-
4-thiazolecarboxylate (XX), respectively.

The reaction of 2,3-dichloro-l,4-naphthoquinone 
with the appropriate thiazolethiol furnished 2,3- 
bis(2 - benzothiazolylthio) - 1,4 - naphthoquinone
(XXI), 2,3-bis(5-chloro-2-benzot.hiazolylthio)-l,4- 
naphthoquinone (XXII), 2,3-(6-ethoxy-2-benzo- 
thiazolylthio) - 1,4 - naphthoquinone (XXIII), 
and diethyl 2,2'-(l ,4-dihydro-l,4-dioxo-2,3-naph~ 
thylenedithio)bis(4 - thiazolecarboxylate) (XXIV), 
respectively.

hollowing the procedure described by Buchman,6 
ethjd 4-methyl-5-thiazolecarboxylate (XXV), ethyl
4-thiazolecarboxylate (XXVI), and 4-methyl-5- 
thiazolecarboxylic acid (XXVII) were prepared by 
the oxidation of the corresponding thiazolethiols 
with hydrogen peroxide. H. T. Clarke7 reported the 
preparation of XXV by the reaction of thioform-

(0) E. It. Buchman, A. (_>. Reims, and H. Sargent., 
./. Org. Chcm. 6, 704 (1941).

(7) H. T. Clarke and S. Gurin, ./. ,4hì. Chcm. Soc., 57, 
1870(1935).
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amide with ethyl a-chloroacetoacetate; and upon 
saponification of XXV obtained XXVII. H. Erlen- 
meyer8 9 obtained XXVI by the reduction of ethyl 
2 - bromo - 4 - thiazolecarboxylate. These reactions 
may be represented as:

R C = C R ' R C = C R '
I I n o , | |

X S — ^  X s
X  /  HC1 \  /

c  c
SH H

XXV. R = CH-, R ' = COOC2H5
XXVI. R = COOC2H6, R '= H
XXVII. R = CH3, R ' = COOH

HCSXIL +  CII3C( >CHClCOOC2H,,
c h 3o =c c o o c 2h 6

I
X s

\  /  c
H

|  N a O Il

c h 3c - = c c o o h
I III s
\  /  

c
H

XXVII

.o n c e  ('ll C,HeO ()C C = C H
! (CìHì)ìNH [ 1

N S ------------ X s
y  Raney Ni X /

c c
H

Br XXVI

E X P E R IM E N T A L 9

Ethyl 2-mercaplo-4-thiazolecarboxylale (I). To a stirred 
slurry containing 27.6 g. (0.25 mole) of ammonium dithio- 
carbamate and 150 ml. of ethyl alcohol was added 48.8g. 
(0.25 mole) of ethyl bromopvruvate10; the temperature rose 
immediately from 22 to 62°. The reaction mixture was 
stirred for 18 hr. and then heated at 70-80° for 2 hr. After 
the addition of 300 ml. of water and cooling to 10°, the pre
cipitate was collected by filtration, washed with 200 ml. of 
cold water, and air-dried at 25-30°. The product, a light tan 
colored solid, m.p. 117-121°, was obtained in 65.7% yield, 
m.p. after recrvstallization from ethyl alcohol 131-132°.

Ann/. Calcd. for CgHtX0 2S2: X’, 7.40; S, 33.88. Found: 
X', 7.38; S, 33.08.

2-Mrrcaplo-4-thiazolecarboxyUc acid. A solution containing 
44 g. (0.23 mole) of I, 74 g. (0.46 mole) of 25% aqueous so
dium hydroxide solution and 100 ml. of water was stirred at 
70-80° for 2 hr. After cooling to 15°, the solution was made 
acidic with coned, hydrochloric acid, the precipitate was 
collected by filtration, washed with 100 ml. of cold water, 
and air dried at 50°. The product, m.p. 246-250°, was ob
tained in 93.4% yield. After recrystallization from water it 
melted at 253-254°.

Anal. Calcd. for C JI3X02S2: X', 8.69; S, 39.78. Found: 
X, 8.73; S, 39.64.

(8) II. Erlenmeyer and C. J. Morel, Helv. chim. Acla, 28> 
362 (1945).

(9) All melting points were taken upon a Fisher-Johns
block and are uncorrected.

(10) P. F. Kruse, .Ir.. X. Ceurkink, and K 1, (lust, 
. / .  A r t .  I ' h e i n .  S u e . ,  7 6 ,  57 9 6  i 1954 .

Diethyl 2,%'-dithiobis(4-lhiazolecarboxylale) and 2,2'-di- 
thiobisiA-thiazolecarboxylic acid). To an agitated suspension 
of 0.25 mole of either I or 2-mercapto-4-thiazolecarboxylic 
acid in 300 ml. of water was added dropwise a solution con
taining 63 g. (0.275 mole) of ammonium persulfate in 147 
ml. of water over a 30-min. period at 25-30°. The reaction 
mixture was stirred for 2 additional hr. The precipitate was 
collected by filtration, washed with water until the wash 
water was neutral to litmus, and air-dried at 50°. The former 
product, m.p. 159-160° after recrvstallization from ethyl 
alcohol, and the latter product, m.p. 267-268°, were ob
tained in 97.7 and 97.5% yields, respectively.

Anal. Calcd. for Ci2Hi2N204S.i: X, 7.44; S, 34.07. Found: 
X", 7.82; S, 33.78. Calcd. for CsIRXjCfiSi: X, 8.74. Found: 
X, 8.76.

Thiazolesulfenarnides II, III, and IV. To an aqueous slurry 
containing 47.3 g. (0.25 mole) of I, 40 g. (0.25 mole) of 25%. 
aqueous sodium hydroxide, and 50 ml. of water was added 
dropwise, with agitation, 1.5 to 2.0 moles of amine. After 
stirring for 15 min., 42 ml. of 25% sulfuric acid was added 
dropwise. To the resulting slurry was added dropwise at 
temperatures specified in Table I in 1.5 hr., 167 ml. (13.4 g./ 
100 ml.) (0.30 mole! of aqueous sodium hypochlorite. 
The stirred reaction mixture was held at these tempera
tures for 1 hr. longer. The excess oxidizing agent was de
stroyed byr the addition of 4 g. of sodium sulfite. For II 
the reaction mixture was extracted with 400 ml. of ethyl 
ether. The ether extract was washed with water until the 
washings were neutral to litmus and dried over sodium 
sulfate. Upon removal of the ether in vacuo a solid was 
obtained.

For III and IV the reaction mixture was cooled to 5°, 
the solid collected by filtration, washed with water until the 
wash water was neutral to litmus, and air-dried at 25-30°. 
The data are summarized in Table I.

Zinc and cadmium sails of I. To a stirred solution con
taining 47.3 g. (0.25 mole) of I, 40 g. (0.25 mole) of 25% 
aqueous sodium hydroxide, and 800 ml. of water was added 
in one portion 0.125 mole of zinc chloride or cadmium sul
fate dissolved in 500 ml. of water. The reaction mixture was 
stirred for 2 hr., the resulting solid collected by filtration, 
washed with water until the washings were neutral to litmus, 
and air-dried at 50°. The zinc and cadmium salts were ob
tained in 88.8 and 84.7% yields, respectively.

Anal. Calcd. for Ci2Hi2N204f>4Zn: N, 6.34; S, 29.03; Zn, 
14.80. Found: XT, 6.35; S, 29.30; Zn, 14.25. Calcd. for C]2- 
H12N204S,Cd: N, 5.73; S, 26.23; Cd, 22.99. Found: N, 5.58; 
S, 26.14; Cd, 22.10.

Ethyl 2-(2-dimelhylaminoclhyllhio)-4-thiazolecurboxylale. To 
a stirred solution containing 47.3 g. (0.25 mole) of I. 32.2 g 
(0.50 mole) of 87% potassium hydroxide, and 400 ml. of 
acetone was added 36 g. (0.25 mole) of d-dimethylamino 
ethyl chloride hydrochloride. The reaction mixture was 
stirred at. 25-30° for 24 hr. and filtered to remove potassium 
chloride. The acetone was removed in varvo and the residue 
was filtered to remove a small amount of impurities. The 
product, an amber colored liquid, was obtained in 89.5%-, 
yield.

Anal. Calcd. for CinH,6XT20 2S2: X. 10.76: S, 24.63. Found:
X. 10.78; S, 24.34.

4-Ethoxycorbonyl-H-lhiazolyi dicthyldithiocarbainuU . To a 
stirred solution containing 47.:! g .  (0.25 mole of I. 16.1 g. 
0.25 mole) of 87% potassium hydroxide, and 400 ml. of 

acetone was added dropwise a solution containing 38 g. 
(0.25 mole) of A’,A’-diethylthiooarbamoyl chloride in 200 
ml. of acetone. The reaction mixture was stirred for 4 hr. 
at 25-30° and filtered to remove the potassium chloride. 
The filtrate was added to 500 g. of ice water and stirred for 
15 min. The resulting solid was collected by filtration, washed 
with water until free of chloride, and air-dried at 25-30°. 
The product, m.p. 100-105°, was obtained in 09.5% yield. 
After recrystallization from heptane it melted at 107 108' .

Anal. Calcd. for CuHir,N20 2S3: X, 9.20: 8, 31.60. Found: 
9.17:8,31.05.
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Ethyl 2-(l-acelyiaci,lonyllhio)-4~thiazolecarboxylate (Yj, 
ethyl 2 - ( l  - elhoxycarbonylacelonyllhio) - 4 - thiazolecarboxylate 
(VI) and ethyl B-acclonylthio-4-lhiazolecarboxylate (VII). 
To a stirred solution containing -17.3 g. (0.25 mole) of I, 
16.5 g. (0.25 mole) of 85% potassium hydroxide, 300 ml. of 
acetone, and 25 ml. of water was added in one portion 0.25 
mole of 3-chloro-2,4-pentanedione,11 ethyl a-chloroaceto- 
acetate,12 or chloroacetone. An exothermic reaction set in 
causing the temperature to rise from 25° to 45° over a 
period of 5 min. The reaction mixture was stirred for 6 hr. 
and then added to 500 g. of ice water. After stirring for 0.5 
hr. the resulting precipitate was collected by filtration, 
washed with water until the washings were neutral to lit
mus, and air-dried at 25 30°. The data are summarized in 
Table II.

Diethyl 2,2'-(2-oxotrimethyleiie)dithiobiis(.4-lhmzoUcar0ux- 
ylate). The procedure was the same as described for com
pounds V, VI, and VII except that 15.8 g. (0.125 mole) of
1.3- dichloro-2-propanone was employed. The product, 
imp. 90-95°, was obtained in 90.8% yield. After reerystal- 
lizat.ion from ethyl acetate it melted at 100-101 °.

Anal. Calcd. for CisHieXjOsSu X, 6.48: S. 29.65. Found: 
X, 6.44; S, 29.72.

Ethyl 2-allylthio-y-thiazolecarboxylaie (VIII . ethyl 2- 
(2-chloroallylihio)-4-thiazolecarboxyIate (IX), and ethyl 2- 
(2-prop y nylthio)-4-thiasolecarboxylate (X). To a stirred 
solution containing 47.3 g. (0.25 mole) of I, 40 g. (0.25 
mole) of 25% aqueous sodium hydroxide, and 300 ml. of 
water was added in one portion 0.25 mole of allyl chloride
2.3- dichloro-l-propene, or 3-bromo-l-propyne. The reaction 
mixture was stirred at 25-40° for 18 hr. For VIII and IX 
the reaction mixture was extracted with 400 ml. of ethyl 
ether. The ether solution was washed with water until 
the wash water was neutral to litmus and dried over sodium 
sulfate. The ether was removed iti vacuo.

For X the stirred reaction mixture was cooled to 0“, the 
resulting solid was collected by filtration, washed w ith water 
until the washings were neutral to litmus, and air-dried at 
room temperature. The data are summarized in Table III.

Ethyl 2-(2,jb-dinilrophen.yllhio)-.,r thiazolecarboxyIalc. A solu
tion of the potassium salt of I was prepared by mixing 27 g. 
(0.14 mole) of I, 200 ml. of acetone, 9.4 g. (0.14 mole) of 85% 
potassium hydroxide, anil 5 ml. of water. To this solution 
at room temperature 28.8 g. (0.14 mole) of 2,4-dinit.rochloro- 
benzene was added and stirred at. 25 -30° for 6 hr. The re
action mixture was poured into 500 g. of crushed ice. After 
stirring for 10 min. the solid was collected, washed with 
water until the washings wore neutral to litmus, and air- 
dried at 25-30°. The product, m.p. 127-129°, was obtained 
in 95% yield.

Anal. Calcd. for Ci2lI9X30 682: S, 18.05. Found: S, 17.70.
Diethyl 2,2'-(2-butcnylen.e)dilhi'>bis(4-thiazolecarlioxyhte) 

and diethyl 2,2'-(2-butynylcne)dithiobis{4-lhiazolccarbnxylatr). 
To a stirred solution containing 47.3 g. (0.25 mole) of I, 
300 ml. of acetone, 16.5 g. (0.25 mole) of 85% potassium 
hydroxide, and 25 ml. of water was added 0.125 mole of
1.4- dichloro-2-butene or l,4-dichloro-2-butyne. An exo
thermic reaction set in causing the temperature to rise from 
25 to 40°. The reaction mixture was stirred at 25-30° for 
6 hr. The reaction mixture was added to 500 g. of crushed 
ice. After stirring for 15 min. the resulting precipitate was 
collected, washed with water until the wash water was 
neutral to litmus, and air-dried at 25-30°. The former com
pound, m.p. 122-123°, after recrystallization from ethyl 
acetate and the latter compound, m.p. 89-91° after re
crystallization from ethyl alcohol, were obtained in yields 
of 96.6 and 95.5%, respectively.

(11) E. R. Buchman and E. M. Richardson, ./. Am. 
Chem. Soc., 67, 395 ( 1945).

%2) E. R. Buchman and E. M. Richardson, J . Am. 
i ’hem. Soc., 61,891 ( 1939).
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TABLE II
E t h y l  2 - ( 1 - a c e t y l a c e t o n y l t h i o ) - ,  E t h y l  2 - ( 1 - e t h o x y o a r b o n y l a c e t o n y i ,t i i i o ) , a n d  E t h y l  2 - a c e t o n y l t h i o - I -

T H I A Z O L E C A R B O X Y L A T E

C2H „O O C C =C H

SCHCOCIEI
R

< -
Yield,
Crude

Empirical r 'c N Vc *
Xo. R M.P., ° Formula Calcd. Found Calcd. Found

V C()CH3 88.5 99-100“ C11H13XO4S0 4.87 4 .8 8 22.30 22.02
VI c< >o c ,h 5 8 6 .0 85-86“ CI2HI5X 05S, 4.41 4.46 20.21 20.40

VII H 81.9 103-105 CaHnXOaS; 5.71 5.69 26.14 25.83
a Recrystallization from heptane.

TABLE III
E thyl  2 -(ally lth io )-, E thyl  2 -(2- CI.LOROALLYLTHIO)-, AND E t IIYL 2-(2-PROPYN YLTHH>)-4-THIA7,0LE(AR11( 1XYLATES

C2H5O O C C = C H
!

X S
\  /

c
SR

Yield,
Crude

Empirical u ^ s r; ci
Xo. R M.P., 0 Formula Calcd. Found Calcd. Found Calcd. Found

VIII — CtECH=CH, 57.6 Liquid (YH„X(>,S; 6.11 6.22 27.97 28.28 --  --
IX —CH.CC1=CH, 53.3 Liquid a.H.nClXtbS, 5.31 5.38 24.31 24.72 13.44 12.92
X —CH2C=CH 61.6 62 C'.jH 9N OjS2 (>. 1 (i 5.91 2 8 .2 1  2 S .3 6 --  --

TABLE IV
D e r iv a t iv e s  of ¡u-1 )ih y d r o x y bk n zen e

OH S— CR

N—CR' 
OH

(
Yield, Empirical (cX r ; s

Xo. R R' Crude M.P., 0 Formula Calcd. Found Calcd. Found
XI COOCdE CIE 93.5 215-217“ C«H,sX 04S.. 4.50 4.40 20.60 20.38
XII COOCHj CIE 7!). 3 210-218a C12II111S ( ).jS2 4.71 4.72 --  - -
XIII CO( )H ( ’ll:, 88.7 230-232 C„H9N(),S, 4.94 5.10 22.63 22.18
XIV COXIICeH5 CIE 48.0 128-130“ CnlluXA );S.. 7.82 7.35 17.89 17.87
XV COX IE CIE 65.6 158-160 CnlEoXk bS- 9.92 9.72 --  --
XVI H COOII 40.2 103-105 C10H7NO4S.. 5.20 4.80 —

“ Reerystallization from ethyl acetate.

Anal. Calcd. for C,6HI8N2()iS.i: X, (>.51; S, 20.70. Found: 
X, (>.45; S, 20.54. Calcd. for CigHh.XoOjSd X’, (>.54; S, 20.03. 
Found: X, 6.31; S, 29.88.

2 ,i fi-Tris{.',-ethos ycarhonyl-2-thiaznl ylllrD)-S-(ria:i ne. To 
a solution containing 47.3 g. (0.25 mole) of I, 400 ml. of 
acetone, and 10.5 g. (0.25 mole ) of 85',) potassium hydrox
ide was added dropwise 15.4 g. (0.083 mole) of oyanuric 
chloride dissolved in 100 ml. of acetone. After heating at 
50-55° for 5 hr. the reaction mixture was added to 500 g. of 
ice water. After stirring for 15 min., the precipitate was col
lected, washed with water until free of chloride, and air- 
dried at 50°. The product, m.p. 217 -218°, was obtained in 
00(7 yield.

Anal. Calcd. for C2iHifXliOf,Sf>: X, 13.08; S, 20.03. Found: 
X, 12.90; S, 20.40.

Ethyl 2 - (2/> - dihydrnsyphcnylthio) - 4 - m/iliyl - .7 - thi- 
azokcarhoxylatr (XI >, methyl 2-(2/>-dihydro.ryphenyllhio)- 
4-methyI-l>-thi(iZ(ilerarhoxylatc (XT1), 2-(2/>-dihiydroxy])hcnyl- 
th/n) - - methyl - .7 - thiazolerarhnxylic arid (XIII ). 2 -  ( 2 ,.7-
dihydrosyphrnyllhiei) - .} - methyl - .7 - thinznh earhiixanilidr 
(X I\ ), 2 - (2,2 - dill yd rosy/then y ’lhio) - .{ - methyl - .7 - thi- 
azoleotrhoxamide (XV), and 2 - (2,5 - dihydroxyphcnylthio)- 
4-lhiaz<ih:airlx)sylic acid (XVI). A suspension of 27 g. 
(0.25 mole) of benzoquinone and 185 ml. of methyl alcohol 
was heated to 50°. The resulting solution was cooled to 0° 
and to the recrystallized benzoquinone a suspension con-
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TABLE V
2-( 2-C YCLOHEXEN YLTHIO )tHIAZOLES

% Yield, Empirical /c X 0//o S
No. R State Crude Formula Calcd. Found Calcd. F’ound

XVII c i Amber liquid 81 C,3H,.2C1XS2 4.97 4.74 22.76 22.21

XVIII 1 Amber liquid 91 C13H13NS2 5.66 5.55 25.93 25.39

XIX CoH50 | Amber liquid 87 c ,5h i;n o 2s2 4.81 4.81 22.00 21.55

XX C.HAJOCC — CH 
1 1 

N S
Amber liquid 62 c ,2h ,5n o 2s2 5.20 4.81 23.81 23.95

s —

TABLE VI
2 ,3 -B is (2 -thiazol  y l th io )-! ,4 -n a ph t h o q u in o n e

% Yield,
Xo. R ALP., ° Crude

XXI iO nX s - 161-162'1 96.5

XXII cJ0 > s- 223-225“ 95.2

XXIII C2H50 |
D nJ cs- 148-149“ 97.1

XXIV c 2h 5o o c c = ch 195-197 80.0
N^ s

s -

Empirical
Formula

% X <:■ ' /c S
Calcd. Found Calcd. Found

c 24h 12n 2o2s< 5.73 5.60 26.25 25.85

c 24h ,0ci2n ,o2s4 5.03 5.26 23.00 23.18

C28H20N2O4S4 4.86 4.55 22.24 22.08

C22H16N2O6S4 5.26 5.42 24.08 24.13

“ Recrystallization from benzene.

taining 0.25 mole of alkyl 2-mercapto-4-methyl-5-thiazole- 
carboxylate,13 2 - mercapto-4- methyl -5 -tliiazolecarboxylie 
acid,13 15 2-mercapto-4-methyl-5-thiazolccarboxanilide,H 2- 
mercapto-4-methyl-5-thiazolecarboxamide,16 or 2-mercapto- 
4-thiazolecarboxylic acid in 300 ml. of methyl alcohol was 
added in one portion. The stirred reaction mixture was held 
at 0-10° for 2 hr. and then heated at 00-05° for 15 min. 
The reaction mixture was filtered at 05° to remove impuri
ties. The filtrate was added to 1500 ml. of hot. water and 
stirred at 00-70° for 1 hr. After cooling to 5° the solid was

(13) J. J. D’Amico, ./. Am. Chen,. Soc., 75, 102 (1053).
(14) R. A. Mathes, U. S. Patent 2,402,066.
(15) R. B. Hill and H. \Y. Kilbourne, U. S. Patent

2,758,046.

collected by filtration, washed with 1 1. of water, and air- 
dried at 25-30°. The data are summarized in Table IV.

o - Chloro - 2 - (A - cyclohexenylthio)benzothiazole (XVII), 
2 - (2 - cyctohexenylthiojbenzothiazole (XVIII), 6-ethoxy - 2- 
(2-cyctohexe.nylthio)benzothiazolc (XIX), and ethyl 2-{2- 
cyclohexenyllhio)-4-lhiozoleearhoxyl(ite (XX). To a stirred 
solution containing 0.1 mole of 5-cliloro-2-mercaptobenzo- 
thiazole, 2-mercaptobenzothiazole, or 0-ethoxy-2-mercapfo- 
benzothiazole, 10 g. (0.1 mole) of 25% aqueous sodium hy
droxide and 100 ml. of water was added in one portion 16.1 
g. (0.1 mole) of 3-bromocyclohexene.16 The stirred reaction 
mixture was heated at 80-90° for 8 hr.; and after cooling to 
25° was extracted with 300 ml. of ethyl ether. The ether 
solution was washed with water until neutral to litmus and

(16) F. L. Greenwood, J.Am . Chem. Soc., 73,4495 (1951).
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TABLE VII
4- a n d  5 - S u b s t i t u t e d  T h i a z o l e s  R C = C R '

! I
N S

H

Xo. R R'
M.P., 0

C‘/O
Yield.
Crude

Empirical
Formula

or/€ N % s
( ibtained Reported Calcd. Found Calcd. Found

XXV CH, COOC2H5 98-90 7 3  mm.“ 140°/12mm.7 51.4 C,HaX()2S 8.18 8.16 18.73 18.62
XXVI COOC,H5 H 52-54" 57s 44.6 C6H7NO,S 8.91 8.92 -- --
XXVII CH, COOH 255f 2557 82.9 C6HsN()2S 9.78 9.41 22.40 22.73

“ Boiling point. 6 Recrystallization from heptane. c Recrystallization from water.

dried over sodium sulfate. The ether was removed in vacuo 
at a maximum temperature of 80-90°.

To a stirred solution containing 32 g. (0.17 mole) of I, 200 
ml. of ethyl alcohol, and 11.1 g. (0.17 mole) of 85% potas
sium hydroxide was added 27.2 g. (0.17 mole) of 3-bromo- 
cyclohexene. An exothermic reaction set in causing the 
temperature to rise from 25 to 48°. After stirring at 25-30° 
for 24 hr., 200 ml. of water and 300 ml. of ethyl ether were 
added. The ether solution was separated, washed with 
water until the wash water was neutral to litmus, and dried 
over sodium sulfate. The ether was removed in vacuo at a 
maximum temperature of 80-90°. The data are summarized 
in Table V.

2,3 - Bis{2 - benzothiazolylthio) - 1,4 - naphthoquinone 
(XXI), 2,3 - bis{5 - chloro - 2 - benzothiazolylthio) - 1,4 - naph
thoquinone (XXII), 2,3 - bis(6 - ethoxy - 2 - benzolhiazolyl- 
thio) - 1,4- naphthoquinone (XXIII) and diethyl 2,2'-{1,4- 
dihydro - 1,4 - dioxo - 2,3 - naphthylenedithio')bis{4 - thiazole- 
carboxylate (XXIV). To a stirred solution containing 0.2 mole 
of 2-mercaptobenzothiazole, 5-chloro-2-mercaptobenzo- 
thiazole, 6-ethoxy-2-mercaptobenzothiazole, or I, 13.2 g. 
(0.2 mole) of 85% potassium hydroxide, and 400 ml. of 
acetone, was added in one portion 23.7 g. (0.1 mole) of 2,3- 
dichloro-1,4-naphthoquinone.

The stirred reaction mixture was heated at 50-50° for 
4 hr. and then added to 1500 g. of ice water. After stirring 
for 15 min., the solid was collected by filtration, washed with 
water until the washings were neutral to litmus, and air- 
dried at 25-30°. The data are summarized in Table VI.

Ethyl 4 - methyl - f> - thiazolee.arboxylate (XXV); elhyl- 
4 -  thiazolecarhoxylate (XXVI) a n d  4 - methyl - o - thiazolc-

carboxylic acid (XXVII). To a stirred slurry containing 
0.5 mole of ethyl-2-mercapto-4-methyl-5-thiazolecarboxy- 
late,73 I or 2-mercapto-4-methyl-5-thiazolecarboxylic acid,13 
and 300 ml. of coned, hydrochloric acid at 50° was added 
dropwise 170 g. of 30% hydrogen peroxide over a 2-hr. 
period. During this addition an exothermic reaction set in 
and the temperature of the stirred reaction mixture was 
maintained at 50-75° by occasional cooling. The reaction 
mixture was stirred for an additional hour. For XXV and 
XXVI the stirred reaction mixture was cooled to 25° and 
filtered to remove the disulfides. To the stirred filtrate 245 g. 
of sodium carbonate was added in small portions until the pH 
of 8 was obtained. The stirred reaction mixture was ex
tracted with 700 ml. of ethyl ether. The ether solution was 
dried over sodium sulfate and the ether was removed in vacuo. 
XXV was purified by distillation in vacuo and XXVI was 
recrystallized from heptane.

For XXVII the reaction mixture was added to 1000 g. 
of ire water. To this stirred slurry sodium carbonate was 
added in small portions until a pH 3.5 was obtained. The 
resulting solid was collected by filtration, washed with 400 
ml. of water, and air-dried at 50°. The data are summarized 
in Table VII.
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Preparation of further monofluoro-2-acetamidofluorenes is described, completing the series for biological testing (carcino
genicity), together with new substances obtained in the course of this work. A further example of monodemethylation in the 
Schiemann decomposition of a dimethylamino-substituted molecule is observed.

In this paper we describe preparation of the two 
remaining monofhioro-(6- and 3-)-2-acetamido-

(1) Fluorofluorenes. II., J. Ory. Chen.. 25, 996 (1960). 
This work has been aided in part by a research grant
(C-1744) from the National Cancer Institute. U.S.R.H.S 
Fart of this material was presented at the Chicago meeting 
of the American Chemical Society in September, 1958.

fluorenes and related compounds. These two, to
gether with the four new isomers already reported, 
the 1-, 4-, 5- and S-fluoro-2-acetamidoiluorenes,1'2 
have been tested for toxicity and carcinogenicity

(2) T. J,. Fletcher, W. H. Wetzel, M. J. Namkung, and H. 
L. Ran, J . .4;». Chern. Soc. 81, 1092 (1959).
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by Drs. James A. and Elizabeth C. Miller.3 The
7-fluoro isomer was synthesized and tested earlier.4

After submitting our latest report,1 an article 
describing some of the products we have prepared 
has just appeared.5 Some of these were obtained, 
admittedly, by methods in which they were minor 
by-products, very difficult to purify. We began this 
work with the idea2 of devising practical syntheses 
which would give the relatively large amounts 
required for biological testing, ft was stated in the 
publication2 that we were embarked on a program 
of synthesizing the remaining monofluoro 2- 
acetamidoffuorenes. The following and related 
papers1’2 outline a quite different approach (from 
that in ref. 5) to the preparation of these substances.

The diazonium fluoborate of 3-aminoffuorenone6 
was decomposed in toluene to give 3-fluorofluoren- 
one. Here, as in previous work,2 decomposition in 
sand gave less yield and poorer material. Nitra
tion gave good yields of 3-fluoro-7-nitrofluorenone. 
Two reductions and acetylation led to the desired 
N-2- (6-fluorofluorenyl) acetamide.

By diazotizing the supposed 3-fluoro-9-oxo-7- 
fluorenamine in fluoboric acid and decomposing 
the salt, we obtained 2,6-difluorofluorenone. For 
comparison the known 2-acetamido-3,7-dinitro- 
fluorene7 was oxidized, hydrolyzed and deami- 
nated to give 3,7-(2,6-)dinitrofluorenone.8 The lat
ter was reduced with sodium sulfide to 2,6-diamino- 
fluorenone.8 Tetrazotization in the presence of 
fluoboric acid and decomposition gave 2,6-difluoro
fluorenone, identical with the above (melting point, 
mixture melting point and infrared spectrum).

Ar-2-(3-fluorofluorenyl)acetamide was made in 
two ways. In the better approach we simply ni
trated 3-fluoro-7-trifluoroacetamidofluorene,7 hy
drolyzed the product for a few minutes in weak 
base7 and deaminated it to give 3-fluoro-2-nit,ro- 
fluorene. This was reduced and acetylated yielding 
the desired isomer, identical with the compound, 
whose structure we had already proved, prepared 
by the following laborious route.

m-Fluoroaniline9 was nitrated as described10 
giving mostly 3-fluoro-4-nitroaniline and a smaller

(3) McArdle Memorial Laboratory, The University of 
Wisconsin.

(4) J. A. Miller, R. B. Sandin, E. 0. Miller, and H. P. 
Rusch, Cancer Research, IS, 188 (1955).

(5) K. Suzuki, J. H. Weisburger, and E. K. Weisburger, 
J.Orq.Chem., 24,1511(1959).

(6) N. Ishikawa, M. Okazaki, and M. Hayashi, Yûki 
Gôsei Kagaku Kyokai-shi, 15, 34 (1958); Chem. Abstr., 52, 
5349(1958).

(7) M. J. Namkung and T. L. Fletcher, ./. Org. Chem., 25, 
740 (1960).

(8) N. Ishikawa and M. Hayashi, Yûki Gôsei Kagaku 
Kyokai-shi, 14, 80 (1956); Chem. Abstr. 51, 8049 (1957).

(9) (a) Purchased in part from L. Light and Company, 
England, (b) provided in part through the kindness of the 
Cancer Chemotherapy National Service Center, Bethesda 
14, Maryland.

(10) H. H. Hodgson and D. E. Nicholson, J. Chem. Soc.,
766(1941).

amount of 3-fluoro-0-nitroaniline. The former was 
diazotized and treated with potassium iodide and 
iodine to give 3-fluoro-4-nitroiodobenzene which 
was coupled with a mixture of methyl o-chloro- 
and o-bromobenzoates (see Experimental) and 
worked up as usual. One of the by-products from 
symmetrical coupling, 3,3 '-difluoro-4,4 '-d i n ¡tro
ll ¡phenyl, was purified by sublimation.

When the crude carboxylic acid fraction of the 
foregoing reaction mixture was eyclodehydrated in 
polvphosphoric acid and extracted with alkali, 
a fluoronitrofluorenone was obtained. This was re
duced with stannous chloride in hydrochloric 
acid (color characteristic of 2-aminofluorenone) 
and deaminated. The resulting fluorofluorenone 
was identical with 3-fluorofluorenone which we 
had already prepared.

A small amount of l-fluoro-2-nitrofluorenone, 
the alternate cvclization product, was obtained 
during the purification of 2-amino-3-fluorofluorene- 
(see I). This was identical11 with a substance we 
described previously.1

NO;

COOH F COOH F
I II

It was conceivable, though hardly probable, 
that this minor product had come from a small 
amount of the lesser nitration isomer, 3-fluoro-6- 
nitroaniline, which in the subsequent series of re
actions (see II) would have given l-fluoro-4-nitro- 
fluorenone. We therefore synthesized the latter 
compound, first from pure 3-fluoro-6-nitroaniline, 
and then from the known l-amino-4-nitro- 
fluorenone. Both procedures gave the same sub
stance which was different from the by-product 
of the cyclization to the 2,3-isomer. Furthermore, 
deamination of the supposed 2-amino-l-fluoro- 
fluorenone gave 1-fluorofluorenone.

In another experiment we further confirmed the 
structure of the main Hodgson nitration product,
3-fluoro-4-nitroaniline, which could lead only to 
the 2,3- or 2,1-nitrofluorofluorenone. Diazotization 
of this aniline derivative in fluoboric acid and de
composition in chlorobenzene gave an oil which 
was fractionated. A yield of 24% of 2,4-difluoro- 
nitrobenzene was obtained, establishing the posi
tion of the nitro group as either 4- or 6-, with re
spect to — NH2. Introduction of another nitro 
group gave the known l,3-difluoro-4,6-dinitro
benzene (melting point mixture melting point and 
infrared spectrum). As we had made l-fluoro-4- 
nitrofluorenone from the isomer with the nitro 
group ortho ot the amine (6-nitro), the main nitra
tion product must necessarily have been as assumed.

(11) See footnote 13 in reference 1.
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The preceding is perhaps somewhat more con
firmatory than necessary, hut as described in the 
Experimental section we had prepared two deriva
tives of 4-nitro-3-fluoroaniline, neither of which 
agreed in melting point with compounds described 
in the literature,10 although they both were analyti
cally pure. We are at a loss to explain the discrep
ancy, but have not had opportunity to pursue the 
matter further.

Reduction of the 2-amino-3-flucrofluorenone to 
the corresponding fiuorene and acetylation gave the
2.3- isomer, identical with the compound discussed 
above.

The Schiemann decomposition of '2-N,N-di- 
methylaminofluorene-l-diazonium fluoborate was 
shown1 to give (31%) 2-A-monomethylamino- 
fluorene as the only recognizable product. In the
2.3- series we attempted to confirm structure by 
making 2 - N,N  - dimethylamino - 3 - fluoro- 
fluorene from known 2-A7rV-dimethylamino-3- 
aminofluorene12 and also by dimethylation of our 
supposed 2-amino-3-fluoro isomer. Here again the 
Schiemann decomposition failed, but gave some 
2-Ar,Ar-dimethylaminofluorene with (probably) 
some Af-monomethylaminofluorene.

We were curious about the reaction of the cor
responding fluorenone. Diazotization in fluoboric 
acid and decomposition of the salt in boiling xylene 
led to 2-Ar-monomethylammofluorenone in small 
.yield.

We also prepared 2,4- and 1,3-difluorofluorenone 
(the 2,6- isomer was mentioned above). Decom
position of the diazonium fluoborate of 2-fluoro-9- 
oxo-2-fluorenamine gave an excellent yield of 2,4- 
difluorofluorenone.

Iodination of m-dinitrobenzene with fuming 
sulfuric acid and iodine13 gave an improved yield 
(73%) of the 5-iodo derivative.14 Reduction to 3- 
iodo-5-nitroaniline followed by a Schiemann re
action gave 3-fluoro-5-iodonitrobenzene. Further 
reduction to 3-fluoro-5-iodoaniline, diazonium fluo
borate formation, and another decomposition gave 
us the known 3,5-difluoroiodobenzene. The struc
ture of the latter compound was confirmed by 
nitration to 3,5-difluoro-2-nitroiodobenzene, iden
tical with a compound obtained from 3,5-difluoro-
2- nitroaniline. A specimen of the latter was gener
ously donated.15 An Ullmann condensation of 3,5- 
difluoroiodobenzene and a mixture of methyl
o-bromo- and o-chlorobenzoates fallowed by the 
usual procedure and cyclodehydration in poly- 
phosphoric acid gave 1,3-difluorofluorenone.

E X P E R IM E X T A L 16

3-Fluorofluorenone. A mixture of 33 3. (0.169 mole) of
3- aminofluorenone and 400 ml. of 38% fluoboric acid was

(12) T. L. Fletcher and M. J. Namkung, J. Org. Chem., 
23,680(1958).

(13) C. F. H. Allen, H. W. J. Cressman, and H. B. 
Johnson, Org. Synthèses, Coll. Vol. III, 796 (1955).

heated to form a salt and cooled to 5°. To the mixture, a 
saturated aqueous solution of 20 g. (0.29 mole) of sodium 
nitrite was added dropwise with stirring. After stirring a fur
ther 30 min., the diazonium salt was filtered and washed 
with cold 5% fluoboric acid, methanol, and ether and dried, 
46 g. (93%), dec. 110°. The salt was decomposed by gently 
heating a suspension in 3 1. of toluene. We obtained 24.1 g. 
(72% based on the amine), m.p. 126-127°. One recrystalli
zation from alcohol gave an analytical sample, m.p. 128.5- 
129°.

Anal. Calcd. for CnH,FO: C. 78.78; II, 3.56; F, 9.59. 
Found; C, 79.12: H, 3.61; F, 9.64.

3-Fluoro-7-nitrojlnorenone. To 35 ml. of fuming nitric acid 
(d. 1.50) and 35 ml. of glacial acetic acid, 7 g. of 3-fluoro- 
fluorenonc was added slowly at 35° with stirring. Concen
trated sulfuric acid (7 ml.) was then added. The temperature 
of the mixture rose to 50° and it became a homogeneous 
solution. The stirring was continued for 10 min., while a 
light yellow substance precipitated. The reaction mixture 
was allowed to cool to room temperature, filtered, and 
washed with a small amount of cold glacial acetic acid and 
water, and dried, giving 7 g. (80.7%), m.p. 281-283°. An 
analytical sample was prepared by two recrystallizations 
from toluene, m.p. 282-283° (lit.,5 m.p. 276-277017).

Anal. Calcd. for C.TIeFNO,: C, 64.20; H, 2.48; F, 7.81; 
X, 5.76. Found: C, 64.39; H, 2.41: F, 7.52; N, 5.77.

2-Amino-6-fluorofluorenone. A mixture of 19.2 g. (0.079 
mole) of 2-nitro-0-Huorofluorenone, 80 g. (0.35 mole) of 
stannous chloride dihydrate, 80 ml. of coned, hydrochloric 
acid, and 40 ml. of ethanol was heated in a beaker. Reaction 
took place at the boiling point with evolution of gas. The 
mixture was boiled for 10 min. with stirring, then allowed 
to cool. The yellow precipitate was filtered, washed with 
water, and neutralized with aqueous ammonium hydroxide. 
The deep purple amine was washed with water, dried, and 
recrystallization raised the m.p. to 218-219°.

Anal. Calcd. for CisHgFNO: N, 6.57. Found: N, 6.49.
N-2-(6-Fluoro-9-oxofluorenyl)acetamide. Acetylation of the 

foregoing amine gave the amide. One recrystallization from 
toluene gave an analytical sample, m.p. 277-277.5°.

Anal. Calcd. for C,5H,FNOs: C, 70,58; H, 3.95, N, 5.49. 
Found: C, 70.54: H, 4.25; X, 5.32.

6-Fluoro-2-fluoremunine. A mixture of 11.7 g. of 2-amino-
6-fhiorofluorenono, 26 g. of red phosphorus, 35 ml. of 47% 
hydriodic acid, and 300 ml. of glacial acetic acid was re
fluxed for 40 hr. The reaction mixture was boiled down to 
small volume and diluted with 300 ml. of water. This was 
heated, filtered hot, and the filtrate neutralized with aqueous 
ammonium hydroxide. The resulting white precipitate was 
filtered, washed with water, and dried, giving 9.8 g. (90%), 
m.p. 123-125°. One recrystallization from benzene gave an 
analytical sample, m.p. 125-126° (lit.5 m.p. 125-126°n).

Anal. Calcd. for C13H,„FX: C, 78.37; H, 5.02; X, 7.03. 
Found: C, 78.65: H, 5.22; X, 7.18.

X-2(6-Fluorofluorcnyl)acetumi(le. The acetylation of the 
foregoing compound in benzene gave the acetyl derivative, 
m.p. 203-204° (lit, 5 m.p. 198-199°w).

Anal. Calcd. for C15H,2FNO: C, 74.67; H, 5.01; F, 7.88; 
X, 5.81. Found: C, 74.84; H, 4.93: F, 7.66; X, 5.99.

2,6-Difluorofluorenone. (a) A mixture of 3.6 g. (0.017 mole) 
of 2,6-diaminofluorenone8 and 30 ml. of 50% fluoboric acid 
was heated and then cooled to 0° in an ice-salt bath. To the 
mixture, a saturated aqueous solution of 3 g. (0.044 mole) of 
sodium nitrite was added dropwise with stirring over a 
period of 15 min. After a further 15 min. of stirring the 
diazonium salt was filtered and washed successively with

(14) B. H. Nicolet, J. Am. Chem. Soc., 49, 1813 (1927).
(15) Dr. G. C. linger, Illinois State Geological Survey, 

Urbana, Illinois.
(16) Melting points are corrected to standards and were 

taken on a Fisher-Johns block. Analyses were done by 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y.

(17) These literature melting points are uncorrected.
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10 ml. ot 5% fluoboric acid, 10 ml. of methanol, ami 10 ml. of 
ether, and dried, giving 4.2 g .  (7091) dec. 130°. Decomposi
tion of tlie salt in 50 ml. of xylene, filtration, and evapora
tion of the xylene gave 1.7 g. (47','. based on the amine), 
m.p. 176-180°. One reerystallization from toluene (l)arco) 
raised the m.p. to 184-185°.

(b) Diazotization of 6-iluoro-9-o.xo-2-fhiorcnamine (2 g.) 
in a similar manner, in 15 ml. of 509c fluoborir arid and 25 
ml. of 85% phosphoric acid, gave 2.9 g. (10091) of the 
diazonium salt, dec. 180°. Decomposition in «-dichloro
benzene gave 1.2 g. (33%) of the difluoro compound, m.p.
170-180°. One recrystallization from toluene (Darco) fol
lowed by sublimation under reduced pressure gave an 
analytical sample, m.p. 185-185.5°. A mixture melting point 
with the above showed no depression and the infrared 
spectra were identical.

Anal. Calcd. for CisHiFsO: C, 72.22: H, 2.79: F, 17.59. 
Found: C, 72.24; H, 3.04; F, 17.39.

N-2-(6-Fluorofluorenyl)lriJluoroacetamide. Trifluoroacetyl- 
ation of 6-fluoro-2-fluorenamine with trifluoroacetic anhy
dride18 in benzene gave this derivative, m.p. 187-188°; 
after one reerystallization from alcohol, it melted at 187.5- 
188°.

Anal. Calcd. for Ci5H9F4XO: X, 4.74. Found: X, 4.94.
A -2(6-Fluoro-7-nitiofluorenyl)trifliwroucetamide. A solu

tion of 34.8 g. (0.117 mole) of the foregoing compound in 
350 ml. of glacial acetic acid was cooled to 60° and 35 ml. 
of nitric acid (d. 1.42) and 20 ml. of boron trifluoride(di- 
acetic acid complex) were added. The temperature of the 
mixture rose to 75°, and after 10 min. began to diminish. 
The mixture was allowed to cool. The precipitate was fil
tered and washed with alcohol, giving 34 g. (85%), m.p. 
286-289°. Two recrystallizations from toluene gave an 
analytical sample, m.p. 288-289°.

Anal. Calcd. for Ci5HgF4X20 3: X, 8.23. Found: X, 8.26.
6-Fluoro-7-nitro-2-flunrenamine. To a suspension of 34 g. 

(0.1 mole) of the foregoing compound in 300 ml. of boiling 
ethanol 50 ml. of 59c aqueous sodium hydroxide was added. 
All the solids dissolved and the solution turned dark. After 
5 min. of boiling, a dark red precipitate formed. Boiling was 
continued a further 10 min. and the mixture was cooled. 
The precipitate was filtered, washed with water, and dried, 
giving 24 g. (98.5%), m.p. 225-228°. Two reerystallizations 
from acetone-alcohol (1:1) gave an analytical sample, m.p. 
232-233°.

Anal. Calcd. for C13H9FX20 2: C, 63.93; H, 3.72; X, 11.47. 
Found: C, 64.06; H, 3.91; X, 11.50.

2-Xilro-3-fluorofluorene. To a solution of 800 ml. of coned, 
hydrochloric acid and 14 g. (0.2 mole) of sodium nitrite 
at 0°, 20.5 g. (0.084 mole) of the foregoing compound was 
added in small portions with constant stirring. The mixture 
was stirred at —5° for 1 hr. and 800 ml. of precooled 50% 
hypophosphorous acid added. A large amount of gas evolved 
and the color of the solution became lighter. The stirring 
was continued for 5 hr. at this temperature and the mixture 
was stored in a refrigerator overnight. I t was then warmed 
on a water bath for 1 hr. and the light brown precipitate 
filtered, washed with water, and dried, giving 14.9 g., m.p. 
125-135°. Reerystallization from ethanol (Darco) gave
12.5 g. (66%), m.p. 131-135°. Reerystallization from ben
zene and then from ethanol gave an analytical sample, m.p.
134.5-135° (lit.5 m.p. 134.5-135.5°17).

Anal. Calcd. for C.TRFXtb: C, 68.12: H, 3.52: F. 8.30; X, 
6.11. Found: C, 68.38: H, 3.45; F. 8.44; X, 6.13.

S-Fluoro-2-fluorenamine. Reduction of 11.5 g. of the fore
going compound in 500 ml. of toluene and 100 ml. of ethanol 
with Raney nickel and 10 ml. of hydrazine hydrate12 gave 
10.0 g. (96.5%) of the amino compound, m.p. 129-130.5°. 
A mixture melting point with 3-fluoro-2-fluorenamine was 
undepressed (lit.5 m.p. 131-131.5°17).

(18) Provided through the kindness of the Cancer 
Chemotherapy Xational Service Center, Bethesda 14, 
Maryland.

Acetylation gave the amide identical with ,V-2-(3-fluor- 
enyl (acetamide which is described below.

S-Fliiorii-/t-nilroanilinr. This compound was prepared by 
both reported methods.1“ After two reerystallizations from 
benzene it melted at 158.5-159.5° (lit.,10 m.p. 153°).

3-Fliiori)-4-nilro-ioihlnmtnt'. Diazotization of 19.8 g. of 
3-fiuoro-4-nitroaniline and replacement of the diazonium 
group with iodine (with the use of potassium iodide and 
iodine) gave 32 g. of crude iodo compound. Reerystallization 
from ethanol (Darco) gave 28.5 g. (849%, m.p. 118-118.5°.

Anal. Calcd. for Cr.HJ-TNO»: C, 26.99: H, 1.13: I, 47.54. 
Found: C, 27.27; H, 1.23; I, 47.33.

3-Flnoro-2-nilro-!>-oxoJlucrcnonc. An Ullmann coupling 
procedure using 16.2 g. (0.061 mole) of 3-fluoro-4-nitro- 
iodobenzene with a mixture19 of 17.1 g. (0.1 mole) of methyl
o-chlorobenzoate, 21.8 g. (0.1 mole) of o-bromobenzoate was 
run in a 200-ml. round-bottom flask equipped with stirrer, 
air condenser, and a stoppered wide tube. Activated copper 
powder20 (100 g.) was added gradually (1 hr.) through the 
short tube, removing the stopper as briefly as possible, and 
with very rapid stirring. The bath temperature was kept 
at 218° and the stirring was continued 1 hr. after all the 
copper had been added. After cooling, the mixture was ex
tracted with acetone and the combined extracts from four 
batches were boiled down to a red oil and hydrolyzed.21 
The green crystalline product was boiled in 600 ml. of water 
with 120 g. of sodium carbonate (Darco), and the mixture 
was cooled and filtered. The precipitate was extracted with 
benzene and the latter was boiled down almost to dryness 
and the residue extracted with ligroin (d. 0.67-0.69). The 
residue from ligroin evaporation, 0.94 g., was sublimed under 
reduced pressure to give 0.52 g. of 3,3'-difluoro-4,4'-dinitro- 
biphenyl, m.p. 196-198°. Reerystallization from methanol 
raised the melting point to 197.5-198.5°.

Anal. Calcd. for C,2H6F2X704: F, 13.56: X, 9.99, Found: 
F, 13.17; X, 10.10.

The basic filtrate from the separation of t he foregoing was 
heated to boiling and cautiously acidified with coned, hydro
chloric acid to give 76.5 g. of green crystals which were 
mixed with 400 g. of polyphosphoric acid and heated in an 
oven (155°) for 3 hr. with occasional stirring. The cooled 
mixture was poured over ice with thorough stirring and 
filtered. The solid material was boiled in 600 ml. of water 
with 70 g. of sodium carbonate and, after cooling, filtration 
gave 4-carboxyfluorenone in the filtrate. Acidification and 
reerystallization gave 8 g. of 4-carboxyfluorenone, m.p. 222- 
223°.

The dark yellow residue from this separation was recrys
tallized from 300 nd. of ethyl acetate (Darco) giving 14.2 
g. of yellow crystals, m.p. 220.5-222.5°: a second crop 
amounted to 3.4 g., m.p. 217-221.5° (total 309%. The com
bined crops, after reerystallization from ethyl acetate 
(Darco), gave 15.8 g. of the fluorenone, m.p. 222-223°. As 
shown in the following paragraphs, this contained some of
2,1- isomer. An analytical sample from chloroform from a 
further preparation melted at 224-224.5° (lit.5 220-221 °17).

Anal. Calcd. for C,3H6FN03: C, 64.20; H, 2.49; F, 7.81;
X. 5.76. Found: C, 64.25; H, 2.63: F, 7.56; X, 5.67. Mol. 
wt. Calcd.: 243. Found: 235.

2-A n i in o-3-fl v a roll nor at one. Reduction of 15.8 g. of the 
above with stannous chloride and hydrochloric acid22 gave 
the amine (13.5 g.) as bright red crystals. Reerystallization 
from benzene gave a first crop of 9.8 g. (709%, m.p. 163- 
164.5°. One more crystallization from benzene raised this to

(19) This empirical mixture gave us a better yield than 
either o-halo ester alone, in a considerable number of 
trials.

(20) See footnote 16 in reference 2.
(21) M. S. Lesslie and E. Turner, J. Chem. Soc., 1760

(1930).
(22) C. C. Arcus and M. M. Coombs, J  Chem. Soe., 3977

(1954).
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1 (¡8-109°. A small sample oi this was acetylated and after 
recrystallization from ethanol it melted at 262-203°.

Anal. Calcd. for C15H10FXO2: G, 70.58: H. 3.95; F, 7.44; 
X, 5.49. Found: C, 70.74; H, 4.0S; F, 7.31; X, 5.G0.

The mother liquor from the first crop of the 2,3-fluoro- 
amino compound gave more of that isomer and 1.2 g. (9%) 
(after benzene recrystallization) of 2-amino-l-fluorofluore- 
none, m.p. 129-130.5°, still containing some of the 2,3 isomer 
<infrared spectrum).

Inal. Calcd. for Ci3HsFXO: X, 6.57. Found: X, 6.68.
Reduction with phosphorus and 17% hydriodic acid 

(48 hr.) gave a product which, after several crystallizations 
proved to be the same compound we have already reported1 
as l-fluoro-2-fluorenamine. Acetylation gave us the amide, 
m.p. 187-188° (lit.,1 m.p. 182-183°, 180.5-181.5°517).

Anal. Calcd. for C15H12FXO: C, 74.67, H, 5.01; F, 7.88; 
X, 5.81. Found: C, 74.50; H, 5.04: F, 7.70; X, 5.70.

A mixture melting point with the 2,1 isomer that we re
ported1 was 186-188° (with slight softening). A mixture of 
80% of the 2,1-acetamido isomer1 with 20% of the 2,3- 
isomer (see above) melted at 186.5-188°, and a mixture 
melting point of this combination with the sample melting 
IS7-188° showed no depression. The infrared spectrum25 
was identical with the 2,1-isomer except for hints of five 
hands all of which could be found in the spectrum of the 
pure 2,3-isomer.

Deamination of the above 2-amino-l-fluorofluorenone with 
Ipypophosphorous acid gave a crude product which was 
chromatographed on alumina (benzene). The principal 
substance from the eluate was recrystallized from «-hep
tane, m.p. 110-112°. A mixture melting point, with authen
tic 1-fluorofluorenone showed no depression.

3-Fluoro-2-fluorenamine. Reduction of 3-fluoro-9-oxo-2- 
fluorenamine (3.6 g.) with phosphorus and 47% hydriodic 
acid gave 85% of crude product. After two recrystallizations 
from Jigroin (d. 0.72-0.74), the compound melted at 130- 
131°. A mixture melting point with the compound de
scribed above from the alternate method was not depressed 
(lit.,s-17 m.p. 131-131.5°).

Anal. Calcd. for C,3H10FN: C, 78.37; H, 5.02; N, 7.03. 
Found: C, 78.51, H, 5.25, N, 7.11.

Acetylation and recrystallizaticn from benzene gave 2- 
acetamido-3-fluorofluorene, m.p. 198.5-199.5° identical 
(melting point, mixture and infrared spectrum23) with the 
compound already described (lit.,6-17 m.p. 194-195°).

Anal. Calcd. for C15H12FXO: C 74.67; H, 5.01; F, 7.88: 
X, 5.81. Found: C, 74.69: H. 5 24; F, 7.81; N, 5.59.

Deamination of 3-fluoro-9-oxo-3-flnnrenamine. A small 
quantity of this ketone was deaminated in the usual way 
with hvpophosphorous acid. The crude product was sub
limed under reduced pressure and recrystallized from etha
nol, m.p. 125.5-127°. A mixture melting point with 3-fluoro- 
fluorenone was not depressed.

l-Flnoro-4-nitrofi.uorenone.(a) The by-p-oduct. in the nitra
tion of nr-fluoroaniline, 3-fluoro-6-nitroariline,10 was diazo- 
tized and the diazonium group replaced with iodine. This 
iodo compound, obtained as an oil, was cirried through the 
(ilmann reaction and worked up as described above. After 
cyclodehydration a small yie.d of a substance, m.p. 168.5- 
170° was obtained. A mixture melting point with 1-fluoro-
4-nitrofluorenone showed no depression [see (b)].

'b) l-Amino-4-nitrofluorenone23 24 (3.47 g.) was diazotized 
in fluoboric acid and the dried sal' (quant.), dec. 151°, was 
rlecomposed in 100 ml. of bromobenzene at a temperature of 
130° gradually rising to 155° in 2 hr. The mixture was then 
boiled (Darco) and filtered. After evaporation of the solvent 
under reduced pressure, the product was purified by chroma
tography on alumina (benzene). A fraction, m.p. 160-168°, 
was recrystallized from acetone and alcohol (1 : 1) to give
1.05 g. (30%), m.p. 165.5-168°. An analytical sample,

(23) Beckman IR-5; potassium bromide disc.
(24) J. \V. Cook and .7. 8 . Moffatt, J. Chew.. For. 1160

(1950).

m.p. 172.5-1 <3.5°, was prepared by two recrysta.lizations 
from ethvl acetate.

Anal. Calcd. for C„H«FXO,: C, 64.20; Id, 2.49; F, 7.81. 
Found: C, 64.05: H, 2.47; F, 7.58.

A mixture with the product in a) gave m.p. 169-170.5° 
with r.o prior softening.

Establishment of the structure of the principal nitration, 
produrt of m-fluornanilinr. Diazotization of the supposed 
3-fluoro-4-nitroaniline in fluoboric acid and decomposition 
of the salt in hot chlorobenzene 90-130° was followed In
fract ionation, first to remove the solvent; refrae donation 
led to a compound (2,4-difluoronitrobenzene) boiling at 
85-86° (11 mm.) which at this stage amounted to 24%, based 
on the amine. Xitration of the latter (0.30 g.) gave 0.35 g. 
of l,3-difhioro-4,6-dinitrobenzene, m.p. 73-74°. A mixture 
melting point with the authentic material,9“ m.p. 73-74°, 
was not depressed. The infrared spectra of the two substances 
were identical. The main product of nitration must there
fore have been as assumed.

Derivatives of 3-flunro-4-nilroaniline. (a) 3-Fluoro-4-nitro- 
phenol was prepared as reported.10 m.p. 91.5-92.5° (lit, , 10 
m.p. 42°). None of the other three isomeric fluoronitro- 
phenolsis reported to melt near 90°.

Anal. Calcd. for CeH<FN03: C, 45.87; IT, 2.56; X, 8.92. 
Found: C, 45.51: II. 2.68; N, 9.04.

(b) 3-Fluoro-4-nilroacelamlide was also prepared,10 m.p.
175-176° lit.,10m.p. 140°..

Anal. Calcd. for CsH7FN20 3: X, 14.14. Found: X, 14.13.
2-N\K-Dimethylamino-8-fluorofiuorenc. 2-Amino-3-fluoro- 

fluorene (1 g.) and trimethyl phosphate (0.5 g.) were mixed 
and heated at 190-195° (bath) for 1.5 hr. The reaction mix
ture was boiled for 5 min. in a solution of sodium hydroxide 
(0.9 g.) in water (3 ml.) then cooled. After dilution with 
water (15 ml.) the solid mass was pulverized, filtered, washed 
with water, and dried. Recrystallization from ethanol 
°Darco) gave shiny plates (0.8 g.). Three recrystallizations 
from methanol gave an analytical sample, m.p. 109-110°.

Anal. Calcd. for CuHnFX: C, 79.27; H. 6.21: X, 6.16. 
Found: C, 79.39; II, 6.04: N, 6.35.

Derom posit ion of 2-N, N-dimethylamino-3-fluorcnediazonivm 
flunborate. Diazotization of 2-A7,A7-dimethylamino-3-fluoren- 
amine12 in the usual way in fluoboric acid gave a salt (dec. 
~130°). This was decomposed in boiling xylene to give 1.6 
g. (from 2.9 g. of the amine), m.p. 80-115°. Fractional 
crystallization from petroleum ether and from methanol 
finallv yielded a small amount of 2-A',A'-dimet.hyIamino- 
fluorene (mixture molting point) and a crude fraction which 
appeared to be largely 2-A'-monomethylaminofluorene. 
\\p  were not ahlo to isolate any material wdiich corresponds 
to the fluoro derivative described in the preceding para
graph .

2-N ,N-Dimethylamino-S-fl\iorofluorenone. 2-Amino-3- 
fluorofluorenono (1 g.) was dissolved in trimethyl phosphate 
(1.3 g.) by heating. The solution was cooled somewhat and 
powdered anhydrous lithium bromide25-26 (0.82 g.) was 
added in one portion. The mixture was shaken and heated 
under reflux at 120-125° (bath) for a few minutes then at
135-140° (bath) for 1 hr. The bath temperature was raised 
to 140-145° and heating was continued for 0.5 hr. The 
pasty reaction mixture w-as boiled for 20 min. in a solution 
of sodium hydroxide (0.5 g.) in water (5 ml.) and stirred into 
cold water. After filtration and washing the dry precipitate 
weighed 0.9 g. Recrystallization from carbon tetrachloride- 
methanol gave 0.62 g., m.p. 94.5-95.5°. One more recrystal- 
lization from methanol raised the melting point to 95.5- 
96.5°.

Anal. Calcd. for C15H12FNO: C, 74.67; H, 5.01: F. 7.88; 
X. 5.81. Found: C, 74.54; H, 4.62; F, 7.81; X, 6.00.

2-A”,A -Dimethylamino-9-nio-S-fluorenamine. Reduction22 
of 2-dimethylamino-3-nitrofluorenone7 (8.05 g.) yielded 2 g.

(25) T. L. Fletcher, M. E. Tavlor, and A. W. Dahl, .A. 
Org. Chem., 20, 1021 (1955).

(26) See footnote e, Table I, in reference 12.
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(28%) of the amine, m.p. 172.5-173.5". This proved diffi
cult to purify. After several crystallizations from 50% 
ethanol and from methanol a sample was obtained, m.p. 
174-175°.

Anal. Calcd. for CuHmNjO: C, 75.60; H, 5.92. Found: C, 
75.21,11, 5.53.

Decomposition of 2-X,X-dimethylamino-!)-oxo-3-Jluorene- 
diazonium fluoborate. The amine (2 g.) was diazotized in the. 
usual way giving 3.2 g. of the red salt, dec. 124°, which was 
ground to a powder and decomposed in a xylene (120 ml. : 
suspension by gradually increasing the temperature to the 
boiling point (0.5 hr.) and boiling gently for 1.5 hr. with re
placement of the solvent lost by evaporation. The mixture 
was cooled to 0° and the solvent decanted from the purple 
product. After warming and evaporating, the remaining 
solvent in a current of air the solid was triturated with 5% 
ammonium hydroxide solution, which was boiled briefly, 
filtered, washed, and dried. It was then dissolved in a few 
ml. of benzene and chromatographed on alumina and was 
eluted with a 4:1 mixture of benzene and ethanol. The 
crude product was wide-melting. After crystallizations 
from benzene (once) and methanol (twice), a sample was 
obtained melting at 157.5-158.5°. A mixture melting point 
with authentic i-.Y-monomethylaminofluorenone showed 
no depression.

Anal. Calcd. for CnHnNO: C, 80.36, II, 5.30, X, 6.60. 
Found: C, 80.61: II, 5.10; X, 6.81: F, 0.00.

2,4-Difluorofluorenone. 2-Amino-4-fiuorofluorenone (0.5 g., 
0.0023 mole) was mixed with 48% fluoboric acid (15 ml.) 
and cooled to 0°. The mixture was diazotized with a solution 
of sodium nitrite (0.2 g., 0.0029 mole) in water (1 ml.). 
After 30 min. of stirring, the diazonium fluoborate was fil
tered, washed, and dried. It was then mixed with four times 
its volume of sand and decomposed under reduced pressure 
at 170-185° (20 min.). The difluoro- compound was ex
tracted with benzene and a small portion was sublimed 
under reduced pressure at 155-160° giving shiny yellow 
leaflets, m.p. 144.5-145.5°.

Anal. Calcd. for CisHel'VJ: C', 72.22; H, 2.80: F. 17.58. 
Found: C, 72.33; II, 2.81: F, 17.36.

The remaining product was chromatographed on alumina 
(benzene). One recrystallization from aqueous methanol 
gave 0.35 g., m.p. 143-144°. The total yield was 85-90%.

1,8-Dinit ro-d-iodobenzene. This known14 compound was 
made by the following improved procedure: In a 2-1. flask, 
fitted with a reflux condenser, m-dinitrobenzene (125 g., 
0.745 mole), fuming sulfuric acid (500 ml., 20-30%), and 
iodine (97 g., 0.382 mole) were mixed. The temperature was 
allowed to rise slowly, during 1 hr., to 150° (bath) with 
occasional shaking. White fumes arose from the reflux con
denser. Heating was continued (150-155°) until the evolu
tion of white fumes diminished. Occasionally, during the 
reaction, a little fuming sulfuric acid was added to wash 
down the sublimed iodine which had collected on the sides 
of the condenser. The contents were cooled to about 50° 
and poured over ice cubes with stirring. The mixture was 
transferred to a mortar and the solid product ground to 
fine particles. It was then filtered, washed well with water, 
dried, and recrystallized from 500 ml. of absolute ethanol 
to give 160 g. (73%) of l,3-dinitro-5-iodobenzene, m.p. 
99-100°. One more recrystallization gave m.p. 99.5-100.5°
(lit.,14 m.p. 99°).

3-Iodo-d-nitroaniline. Sodium sulfide (120 g.) and sulfur 
130 g.) were added to 450 ml. of water and warmed until 
the solution became clear. This was added through a dropping 
funnel over a period of 1.5 hr. to a boiling, mechanically- 
stirred solution of 128.3 g. of 1,3-dinitro-5-iodobenzene and 
600 ml. of water in a 2-1. beaker. After the addition, the mix
ture was heated for 0.5 hr. longer with stirring, cooled by 
adding ice, and the precipitated product filtered off. The 
latter was boiled for 45 min. in a mixture of 450 ml. of water 
and 105 ml. of coned, hydrochloric acid. After cooling slightly 
it was filtered through a sintered glass funnel of medium 
porosity. The extraction was repeated and the combined

filtrates were neutralized with coned, ammonium hydroxide, 
cooled, and the precipitate recovered by filtration. The 
dried product was recrystallized from 300 ml. of 95% ethanol 
(Darco) and boiled down to 150 ml. The first crop, amount
ing to 40 g., melted at 135.5-139° (35.4%), and was used 
at this stage in the next step. A second crop yielded 10 g., 
m.p. 132-135°.

The analytical sample was obtained by two recrystalliza
tions from ethanol, m.p. 140-141 °.

.Ural. Calcd. for C6H JX 2(b: X, 10.61. Found: X, 10.76.
S-Ioda-ft-nilrnbenzcncdiazonium fluoborate. 3-lodo-5-nitro- 

aniliue (35 g., 0.133 mole) was added to 87.5 ml. of 48- 
50% fluoboric acid diluted with 125 ml. of water. The mix
ture was stirred magnetically, cooled to 5-10° in an ice 
bath, and 9.3 g. (0.135 mole) of sodium nitrite in 52 ml. of 
water was added dropwise over a period of 20 min. It was 
stirred for an additional 20 min., filtered, and washed 
successively with 90 nd. of cold 5% fluoboric acid, 26 ml. 
of cold methanol, and three 50-ml. portions of ethyl ether. 
The tan product was dried in a desiccator giving 46 g. (95.4% 
of the diazonium salt, dec. 155-166°.

3-Fluorn-5-iodonitrobenzene. The diazonium salt 50 g. 
(0.138 mole) was decomposed by mixing with an equal 
volume of dry sand in a 500 ml. flask heated in a wax bath 
at 140° under aspirator vacuum. The temperature was 
slowly raised to 150°, at which point steady decomposition 
took place during 1 hr. The cooled mixture was then ex
tracted with 95% ethanol. The extracts were combined and 
boiled with Darco and then filtered. Hot water was added 
to the boiling filtrate, to the point of cloudiness, to give a 
crude product, m.p. 64-76°. Combined yields of six such 
decompositions gave 115 g. The latter was purified by ex
tracting with 350 ml. of 50% aqueous acetic acid. The ex
tract was boiled until only a reddish-brown oil remained and 
the clear solution allowed to cool and solidify. The yield 
was89 g. (40%), m.p. 75.5-78°.

An analytical sample was obtained by recrystallizing 
once from aqueous ethanol and twice from petroleum ether 
(b.p. 30-60°), m.p. 77-78.5°.

Anal. Calcd. for CelbFIXCh: C, 27.00: H, 1.13: X, 5.25. 
Found: C, 26.89: H, 1.53; N, 5.05.

S-Fluoro-S-iodoaniline. Two 45-g. batches of 3-fluoro-5- 
iodonitrobenzene were reduced with stannous chloride and 
hydrochloric acid in the usual way.22 After the sodium hy
droxide treatment of the crude mixture, the alkaline solution 
was extracted twice with 500-ml. portions of ether. A small 
sample of the ether solution was removed, dried, and boiled 
down to give the amine as an oil. Addition of acetic anhy
dride gave a product which was recrystallized twice from 
aqueous ethanol, once from benzene, and once from benzene 
and cyclohexane (1:1). We thus obtained an analytical 
sample, m.p. 154—156°. of 3-fluoro-5-iodoacetamlide.

Anal. Calcd. for C8H7FIXO: C, 34.43: H, 2.53; F, 6.81; 
X. 5.02. Found: C, 34.68; H, 2.53; F, 6.79; N, 4.83.

The remainder of the ethereal solution of the free amine 
was dried and the ether evaporated. During the last part 
of the evaporation 150 ml. of 50% fluoboric acid were slowly 
added. After further heating on the steam bath and cooling, 
crystals were obtained which were dried by suction (110 g., 
dec. 183-191°). This entire product was added to 110 ml. 
of 50% fluoboric acid in 100 ml. of water and cooled to 5-10°, 
diazotizing with sodium nitrite (23.4 g., 0.34 mole) in 50 
ml. of water to give a thick pink slurry. After stirring for an 
additional 45 min., the mixture was filtered, washed with 
150 ml. of 5% cold fluoboric acid in several portions, two 
35-ml. portions of cold methanol and finally with 50 ml. of 
ether. After drying, the pink precipitate weighed 64.3 g. 
(56.5%), dec. 141°.

l,S-Difluoro-5-iodobenzene. The entire amount of the 
diazonium salt was decomposed in two portions under re
duced pressure (17 mm.), each mixed with an equal volume 
of sand, at a temperature range of 135-160° for 1.5 hr. The 
crude liquid product, which distilled, was collected in a 
cooled receiver and amounted to 42 g. This was fractionated
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to give 36 g. (79%) of 3,5-difluoroiodoberzene, b.p. 58-60° 
( 17 mm.).

Anal. Calcd. for C«H»K»I: C, 30.03; K, 1.26; F, 15.83; 
I, 52.88. Found: C, 30.23; H, 1.17; F, 15.61 ; I, 52.68.

This substance was reported27 as obtained from Dr. G. ('. 
Finger.15 The structure was confirmed by nitration with 
fuming nitric acid (d. 1.50) and sulfuric acid at —5°. After 
pouring onto ice and filtering, a 96.5%; yield of 3,5-difluoro- 
2-nitroiodobenzene was obtained, m.p. 66.5-67.5°. An 
analytical sample was obtained upon recrystallization from 
petroleum ether (b.p. 40-60°), m.p. 66.5-67.5°.

Anal. Calcd. for C6H2F2IX()2: X, 4.92. Found: X, 5.06.
The amine group of 3,5-difluoro-2-nitroanilino15 was re

placed in the usual way with iodine. This was identical with 
the sample obtained above (melting point and mixture 
melting point).

1,3-Difluorofluorenone. A mixture of 8 g. of 1,3-difluoro- 
5-iodobenzene, 11 g. of methyl o-bromobenzoate, and 11 g.

(27) H. R. Gutowskv, D. \Y. McCall, B. R. McGarvev, 
and L. II. Meyer, J. Am. Chem. So-., 74, 4809 (1952).

of methyl o-chlorobenzoate was treated (rapid stirring) with 
50 g. of activated copper (added gradually) at a tempera
ture of 200-210° over a period of 1.5 hr. Stirring was con
tinued after the addition, for 0.5 hr., at a bath temperature 
of 215-218°. The product, was obtained from the reaction 
mixture in the usual way with the cyclodehydration step 
carried out in polyphosphoric acid. A crude yield of 1.65 g. 
of the ketone was obtained. Chromatography of 0.2 g. of 
this material through alumina (benzene) gave two zones. 
From the faster moving band, light yellow leaflets were ob
tained. Recrystallization from methanol gave 0.09 g., m.p. 
188-189°. The same material was also obtained by subliming 
the crude product at 130-145° (bath) at 1 mm.

Anal. Calcd. for C13H„F20: C, 72.22; II, 2.80; F, 17.58. 
Found: C, 72.44; II, 2.94; F, 17.61.

From the slower-moving band there was obtained 0.03 
g. of a yellow compound, m.p. 224.5-225.5°, which did not 
sublime at 145° (1 mm.).

Anri. Found: F, 10.46.
Further characterization has not been attempted.

S eattle  5, W a sh .
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Rome JV-fluorenyl nitrogen mustards postulated to give more or less tendency for ethylenimmonium ion formation have 
been designed. The ultraviolet spectra of these and related compounds have been determined, in both neutral and acidic solu
tions, with a view to studying quaternization (ethylenimmonium ion formation) and in order to correlate these data with 
possible biological activity. Xo ethylenimmonium ion formation occurs in most of the compounds reported and protonation 
of the amine nitrogen is achieved more readily with the amino, dimethylamino, or diethvlamino groups than with the mustard 
group. It is tentatively concluded that a fluorene nitrogen mustard, properly substituted with strong electron donor groups, 
might exist, at least partially, in the ethylenimmonium ion form.

Prior to this work,2 3 only two nitrogen mustard 
derivatives of fluorene have been reported in the 
literature, 2-AhN-di-(/3-chloroethyl)aminofhiorenes 
and its bromo analogue.

In view of the interesting biological effects of 
many nitrogen mustards, the variety of biological 
effects of many substituted fluorenes and the fact 
that 2-aminofluorene and a number of its deriva
tives are carcinogenic, we have synthesized a group 
of W,W-di-(/3-chloroethyl)aminofluorenes and re
lated substances for their own chemical and bio
logical interest and as a background for further 
specifically tailored nitrogen mustards to be re
ported on shortly. We were interested in learning 
the effects of certain changes in the availability 
of the extra electron pair of the nitrogen atom of 
the mustard moiety, chemically, spectrally, and

(1) This work was supported in part by a research grant 
(C-1744) from the Xational Cancer Institute, Xational 
Institutes of Health, U. S. Public Health Service.

(2) Some of the material was presented at the meeting 
of the American Chemical Socie tv, Xew York, September 
1957.

(3) W. Davis, J. L. Everett, and W. C. J. Ross, J. Chem.
Soc. 1331 (1950).

ultimately biologically. It was recently suggested4 
that certain structural devices—for example, 
hydrogen bonding with the electron pair of this 
nitrogen—would tend to stabilize the /3-chloro- 
ethylamine form, thus retarding formation of the 
ethylenimmonium ion and prolonging or potentiat
ing physiological activity of the compound in 
vivo. We felt that this same general purpose could 
be effected in a series of compounds with the 
fluorene nucleus properly substituted with electron 
attracting or electron donating groups. For example, 
in the case of 2- A7,W-di(/3-chloroet,hyl)amino-7- 
nitrofluorene the electronegative nitro group would 
lower the availability of the electron pair on the 
amine nitrogen and thus inhibit quaternization.

Some of the di-/khydroxy compounds (See 
Table I) were prepared by the reaction of ethylene 
oxide in dilute acetic acid at elevated temperatures 
and pressures in a bomb. As poor yields resulted 
with certain amines, the method of bis-/3-hydroxy- 
ethylation at room temperature6 was adopted.

(4) C. Weatherbee, R. Temple, and W. J. Burke, J . Org. 
Chem. 21,1138(1956).

(5) F. Bergel and J. A. Stock, J. Chem. Soc., 2409 (1954).
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In cases where the amine was insoluble we added 
acetone to the mixture to effect solution. The yield 
and quality of the product was in general much 
better with the latter method. The 9-.V,iV-di- 
(/3-hydroxyethyl)aminofluorene was prepared by 
reaction of 9-bromofluorene with diethanolamine.

In general, if the intermediate hydroxy compound 
was soluble in chloroform, we chlorinated with 
phosphorus pentachloride; otherwise, this step was 
carried out with phosphorvl chloride (see Table I).

Ultraviolet data for these nitrogen mustards 
and related substances are presented in Table
III. It was first found that the spectrum of 2- 
A^N-diOS-chloroethyljaminofluorene was very simi
lar to that of 2-N,Ydiethylaminofluorene and that 
the spectra in dilute alcoholic hydrochloric acid 
were changed, and again quite similar to each other. 
The spectrum of the methiodide of 2-Ar,A7-diethyI- 
aminofluorene was also almost identical with that 
of the hydrochloride. The change i 1 the spectrum 
of A^N-diethylaminofluorene, in going from neutral 
alcohol to 0.1Ar acidic alcohol (protonized nitro
gen), or to the neutral solution of the methiodide 
(quaternized nitrogen) involved 1) a slight hypso- 
chromic shift (309 mg to 301 mg) and 2) the ap
pearance of new peaks (289, 266 mu in the former 
case; 289, 267 mg in the latter).

The spectrum of the analogous nitrogen mustard 
(Table III; No. 4,4a,5) in neutral solution had a 
maximum at 300 mg. In acidic alcohol (0.UV 
coned, hydrochloric acid was added to absolute 
ethanol) there was no hypsochromic shift, but there 
was a new peak at 268 mg and a pronounced shoul
der. In more strongly acid solution (0.2N) the three 
characteristic peaks, at 301, 295, and 268 mg, 
were observed. Apparently the /3-chloroethyl group 
itself has the same effect in this molecule on the 
unshared pair of electrons as protonization in the 
A^iV-diethylamino compound with respect to the 
small hypsochromic shift.

In the case of the nitrogen mustard, the slight 
tendency to ionize and the spatial orientation (I) 
would appear to have altered electronic oscillation 
enough so that protonization causes no further 
shift in the 300 mg band. There is little, if any,

5+ 8~
CH* Cl

|
—N—CH2

\
CH2CH2C1

I

ethylenimmonium ion formation, however, as the 
extra peaks which occur in the spectra of the N- 
( :H)(C2H6)2: and the N( :CH3)(C2H6)2+ derivatives 
are not present in neutral solution. The steric or 
other effect is sufficient to require stronger (0.2JV)
acid to protonize fully the —NR2 of the mustard.

A similar series of spectra of the 7-nitro analogs of 
the foregoing compounds was studied. It had been

observed6 that the 400 mg band of the 2-amino-7- 
nitrofluorene spectrum was hypsochromieally dis
placed to 323 mg in 0.1 A,r alcoholic hydrochloric 
acid. Presumably, in neutral solution, the unshared 
electron pair contributed to extended conjugation 
and a more planar structure; protonization, even 
in O.IN acid, was sufficient to render the electron 
pair unavailable for conjugation and the solution 
became colorless. We obtained the spectrum of this 
weak amine in more strongly acidic (3N) alcohol 
(Table III; No. 10): no further shift resulted but 
two shoulders appeared (301, 270 mg) which were 
suggestive of the extra peaks found in the spectrum 
of protonized diethylaminofluorene (and the methio
dide). However, in 6N  acidic alcohol the main ab
sorption (327 mg) smoothly decreased to a mini
mum, about 250 mg, with no hint of shoulders.

With 2-Ar,Ar-di(d-chloroethyl)amino-7-nitrofluo- 
rene (Table III ; No. 16-19) a more strongly acidic 
solution (3.V to 4.V) was required to show band 
displacement from the visible part of the spectrum 
than with the 2-amino-7-nitro- or 2-dimethylamino-
7-nitro derivatives. However, spectra of the 7-nitro 
mustard run at several different acid strengths 
showed no hint of the complexity observed, even 
at 0.2N acidity, with 2-N,N-di(/3-chloroethyl) 
amino fluorene.

Thus far 7-N,AI-dimethylamino-2-AU,AU-di(/3- 
chloroethyl)aminofiuorene has been obtained only 
as a crude oil and we have made no spectral ob
servations. It is of interest, in this connection, 
that the spectrum of 2-Ar,Ar-dimethylamino-3-
Ar,,Ar,_di(d-chloroethyI)aminofluorene (Table III; 
No. 20,21) is complex, showing four peaks even in 
neutral alcohol. Solution in acid does not change 
the absorption appreciably. At first we assumed that 
this resulted from the strong electron releasing 
influence of the —N(CH3)2 group making the un
shared electron pair on the mustard group nitrogen 
sufficiently available for completion of ethylenim
monium ion formation (II). In the absence of 
sufficient present evidence, including a study of 
fluorene-3-nitrogen mustard and 3-N,N-diethyl- 
aminofluorene, it seems more likely that the 
multiple peaks, similar to those observed in the 
quaternary compounds above, resulted from quater- 
nization of the —N(CH3)2 nitrogen (III).

v o r .  25

+.ch2 c r CH-CH-Cl
1

Y Y  \
! CH2CHoC1 Y n " i

X . N(OH3)2
ii lCH3)2

III
Corresponding data for 7-trifluoroacetamido- 

2-N,AT-di (/?-ehlor oethy 1) am i n oflu or ene is also pre-
(6) It. D. Sandin, R. Melby, A. S. Hay, R. N. Jones,

E. C. Miller, and J. A. Miller, J. Am. Chem. Soc., 74, 
5073 (10527
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sented (Table III: No. 22,23,24). There is a slight 
hypsochromic shift, in going from neutral to acid 
solution, and in strongly acidic alcohol a new 
peak and shoulders are apparent.

The case of the 2,7-bis(nitrogen mustard) 
(No. 25,2G) is noteworthy and merits further 
study. When first dissolved in neutral alcohol the 
solution is colorless. Upon standing, especially 
in light, a yellow color appears which can be dis
charged with strong acid. Addition of a solution of 
this compound, which has been standing in light 
for a short time, to a solution of diphenylpicryl- 
hydrazyl in alcohol discharges the color of the 
latter.7 It is conceivable that, unde; the influence 
of light (and free radicals) and the electron releas
ing influence of the nitrogen mustard group, an 
equilibrium results which includes some of the 
compound having an ethylenimmonium ion on 
one of the rings. This form ot the molecule would 
be stabilized like 2-amino-7-nitrofluorcne by a
contribution of the quinonoid structure containing 

+
the =NC group on the other ring.6

We hope to make further studies with this 2,7- 
dimustard compound and with 2-Ar..Y-di-d-chlo- 
roethylaminofluorene having strong electron donat
ing groups at the 7-position. If we can obtain 
multiple absorption bands, as discussed above, but 
in neutral solution, we will then presumably have 
a molecule at least partially in the ethylenim
monium ion state.

E X P E R IM E N T A L

General preparation of di{&-hyd:oxyethyl)aminofluorencs. 
Method 4 .3 A ratio of 4 to 9 moles of ethylene oxide to 1 
mole of the amine was heated in a stainless steel bomb at 
140-150° with 2.V aeetic acid (1 g. of amine to 1 ml. of acetic 
acid solution) for 2.5-14 hr.; the mole ratios and time de
pended on the nature of the amine. The bomb pressures 
ranged from 110-140 p.s.i. The crude product was ground 
in a mortar with warm water, neutralized with sodium 
carbonate or ammonium hydroxide solution, filtered, washed 
well with water, and dried. Usually the di(/J-hydroxycthyl)- 
amino product was recrystallizcd from ethanol (Daren).

Method B.s One gram of the amine and 12 ml. of water 
were mixed and sufficient warm glacial acetic acid added to 
effect solution. Kt.hylene oxide (15 to 20 moles) was added 
to the cooled solution (30 to 40°). The higher ratio of oxide 
was used with weak amines and the solution was permitted 
to stand from 48-70 hr. The resulting mixture was neutral
ized and the product filtered and recrystallized, usually from

(7) C. K. H. Bawn and S. F. Mellish, Trans. Faraday 
Hoc., 47, 1216(1951).

95' , ethanol. In general, better yields and purer product« 
resulted from method 1!.

General procedure for chlorinating di(0-hydroxyelhyl)amiito- 
fiuorcncs. Method .1. When the amine was soluble in chloro
form it was chlorinated in this solvent with a slight molar 
excess of phosphorus pentaehloride m a round bottom flask 
under reflux (drying tube) for 1 hr. The cooled solution was 
poured over ice and stirred and the chloroform layer sepa
rated, dried, and evaporated on the steam bath. The residue 
was purified by recrystallization from absolute ethanol or 
by dissolving in benzene and passing through a short 
column of alumina and then recrystallizing from absolute 
ethanol.

Method B. The di(/9-hydroxyethyl)amine compound was 
dissolved in an excess of phosphoryl chloride (1 g. of amino 
to 2.5 ml. of phosphoryl chloride) in a round bottom flask 
and the mixture was heated on the hot water bath for 1 hr. 
under reflux (drying tube). The excess phosphoryl chloride 
was then distilled under vacuum on the steam bath. The re
sulting solid was dissolved in acetone and the solution poured 
over ice, with stirring and subsequent neutralization, to 
yield the fluorcnyl mustard. This was recrystallized, after 
filtering and drying, usually from absolute ethanol.

0~X ,S'-I)i(0-hydroxyelhyTjaminofluorene. To 45 g. (0.184 
mole) of 9-bromof!uorene was added 37 g. (0.352 mole) of 
diethanolamine in 20 ml. of absolute ethanol; the mixture 
was heated for 1 hr. on the steam bath in a 300-ml. flask. 
This was then boiled on a hot plate for 10 min. with addition 
of 50 ml. of 95% ethanol. Dareo was then added, boiling 
was continued for a few minutes, and the solution was fil
tered hot. Boiling water was added to the point of precipita
tion. A yield of 29 g . of white crystals resulted, m.p. 05- 
98.5°. Second and third crops gave an additional 16.0 g.. 
m.p. 95-98°, giving a total yield of 91.5%.

An analytical sample was obtained after four recrys
tallizations from ether, m.p. 97.5-98° (cor.)

Anal. Calcd. for C„H„04N: C, 75.81; H, 7.11; N, 5.20. 
Found: C, 75.92; H, 7.24; N, 5.42.

fl-A',N-Di(0-chloroeihyl)aminofluorene hydrochloride. To a 
suspension of phosphorus pentaehloride, 1.93 g (0.0093 
mole), in 20 ml. of dry chloroform in a 100 ml. Hask equipped 
with a reflux condenser and a drying tube, 2.1 g. (0.0078 
mole) of 9-AUY-di(/3-hydroxyethyl)aminofluorene was gradu
ally added in a few minutes. After refluxing for 1 hr. and 
cooling, the mixture was poured over iec and stirred. The 
chloroform solution was separated and evaporated yielding 
2.65 g. (quant.) as the hydrochloride salt of the. nitrogen 
mustard. Upon neutralization of a small sample, the amine 
came out as an oil. After heating the hydrochloride with a 
little 2.V hydrochloric acid, the dried product, was recrys- 
tallizcd from a chloroform-ether solution four times and 
once from ethanol to vield a white salt, melting over a range 
to 138°.

Anal. Calcd. for Ci;Hl8CbN; : Cl, 31.04; N, 4.09. Found: 
Cl, 31.77; N, 4.27.

2-A ,N-DiethylaminoJluorene methiodide. This was pre
pared in the usual way, the analytical sample lining obtained 
after two recrystallizations from absolute ethanol, m.p. 
183-184° (see Table II for analyses).

7-Diinethylamino-H-N,N-di-(fj-chioroelhyl)aminofluorene. 
Thus far. this has been obtained, as above, only as an oil

S e a t t l e  o , W a s h .
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Neither ethyl benzoylacetate 2,4-dinitrophenylhydrazone nor its cyclization product, the corresponding pyrazolone, has 
been correctly identified in the literature. The present work establishes these identities and the absolute configurations of the 
syn and anti isomers of the 2,4-dinitrophenylhydrazone. The argument rests on speetrometric evidence for copiai arity in 
the anti form and steric interference with coplanarity in the syn form.

The ease and the convenience by which deeply 
colored, high melting, crystalline 2,4-dinitrophenyl- 
hydrazones of aldehydes and ketones may be pre
pared often make them derivatives of choice for 
characterization. Unfortunately polymorphism and 
stereoisomerism occur frequently enough to warranl 
a caveat, l Characterization of /3-keto esters with 2,4- 
dinitrophenylhydrazine under the usual strongly 
acidic, conditions presents two additional hazards—- 
decarboxylation, and cyclization to pj'razolones.

In the course of earlier work2 we treated ethyl 
benzoylacetate at room temperature with a 2,4- 
dinitrophenylhvdrazine reagent3 and obtained a 
product which on recrystallization from acetic acid 
melted at 163-164° and had a correct analysis for 
a 2,4-dinitrophenylhydrazone plus a mole of acetic 
acid of crystallization. Recrystallization from eth- 
anol-ethyl acetate followed by drying at 78° 
(1 mm.) gave a compound which melted at 164- 
166° and which gave the expected analytical 
values for the nonsolvated 2,4-dinitrophenylhydra
zone. The infrared (Apia*'11 3.05 p and 5.77 ¿7) 
and NMR spectra (Fig. lb) were in accord with 
the postulated structure. The ultraviolet absorp
tion peak was at 378 mg.

The identity of the product was of some concern 
because it was also obtained by treating ethyl thio- 
benzoylacetate with 2,4-dinitrophenylhydrazine.2 
The literature reported that the 2,4-dinitrophenyl
hydrazone of ethyl benzoylacetate melted at 222- 
223°4 or at 246-24705 and absorbed maximally in 
chloroform at 379 mg.5 As a further complication, 
a more recent report by Khromos-Borisov6 * de
scribed the product of reaction between ethyl 
benzoylacetate and 2,4-dinitrophenylhvdrazine as a 
pyrazolone, m.p. 160-161°.

(1) For a recent review of 2,4-dinitrophenylhydrazones, 
see M. E. Umstead (Penn State) Dissertation Abstract Vol. 
XVII No. 5, Publ. No. 20,982, microfilm 57-1520, University 
Microfilms, Ann Arbor, Mich.

(2) Z. Reves and R. M. Silverstein, J. Am. ( ’hem. Sac., 
80,0367, 0373(1958).

(3) R. L. Shriner and R. C. Fuson, Systematic Identifica
tion of Organic Compounds, John Wiley & Sons, New 1 ork,
N. Y., 1948, p. 171.

(4) N. R. Campbell, Analyst, 61, 391 (1930).
(5) G. D. Johnson, J. Am. Cham. Sac., 75, 2720 ( 1953:.
(6) M. V. Khromos-Borisov, Zhurn. Obshchei Kheinii, 25,

136(1955).

d
big. 1. NMR spectra

a. 2,4-DNP of acetophenone
b. 2,4-DNP of ethyl benzoylacetate (stable)
c. 2,4-DNP of ethyl benzoylacetate (unstable 1
d. l-(2.4-Dinitrophenyl)-3-phenyl-5-pyrazolone

It seems likely that the high melting derivative 
(246-247°) was the 2,4-dinitrophenylhydrazone 
of acetophenone resulting from decarboxylation. 
In fact, the properties of the authentic acetophenone 
derivative (m.p. 247-248°, A);,”015 378 dim) reported 
in the same paper5 were almost identical with those 
for the compound purported to be the ethyl ben- 
zoylacetate derivative. Incomplete decarboxylation 
probably accounts for the melting point given4 as 
222-223°. The procedure of Khromos-Borisox6 
afforded us a product which melted at 163-164°, 
gave no melting point depression on admixture 
with our sample (m.p. 164-166°), and gave an 
infrared spectrum identical with that of our sample.

Attempts to evclize the 2,4-dinitrophenylhydra- 
zone of ethyl benzoylacetate under acidic couth-
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tions were unsuccessful; under forcing conditions, 
the 2,4-dinitrophenylhydrazonc of acetophenone 
(m.p. 247-249°) was obtained. Hap d cyelization to 
the desired l-(2,4-dinitrophenyl’ -3-phenyl-5-py- 
razolone was effected with sodium ethoxide in 
ethanol at room temperature. The pyrazolone 
melted at 203-204° and gave the required analytical 
values. There was no X-TI absorption in the 3.0 ¡i 
region. The XMR spectrum (big. Id) provided 
further confirmation for the identity of the pyrazo
lone.

Addition of base to the 2,4-dinitrophenylhydra- 
zone of ethyl henzoylacetate immediately produced 
the deep magenta color of the anion. Disappear
ance of the color concomitant with cyelization af
forded a convenient measure of rate of reaction. 
It should also afford a method for determining ab
solute configuration if the other isomer could be iso
lated, and if the rate of cyelization were faster than 
the rate of isomerization. The isomer in which the 
benzene ring and the 2.4-dinitro-substitutod ben
zene ring are in the syn configuration must undergo 
isomerization prior to cyelization.

There are not very many reported instances of 
isolation of syn and anti isomers of 2,4-dinit ro- 
phenylhydrazone derivatives, and those usually 
depended either on the absence of an a-hydrogen 
as in substituted benzophenones, or on the pres
ence of a group with which the XII group can ef
fect hydrogen bonding and conse |iient stabiliza
tion of one isomer.17 We were also aware that 2,4- 
dinitrophenylhydrazine derivatives undergo enoli- 
zation at rates many times greater than those of 
parent ketones'; and the lability of d-keto-esters 
would argue against the likelihood of isolating 
both forms of the 2,4-dinit rophenylhydrazone 
of ethyl henzoylacetate. However, the syn and anti 
isomers of the 2,4-dinitrophcnylhydrazone aceto
phenone had been prepared0 by heating the re
actants in the absence of acid. Attempts to use 
this technique with ethyl henzoylacetate failed, 
but exposure of a benzene solution of the 2,4-di- 
nitrophenylhydrazone to sunlight over a period 
of two weeks yielded a small amount of lower- 
melting (121 122.5°) orange material whose in
frared spectrum (in chloroform) differed from 
that of the starting material only beyond (> g, 
and whose ultraviolet absorption maximum (in 
chloroform) occurred at 304 mg—i.e., a hypso- 
chromic shift of 14 mg. The maximum yield of low 
melting isomer was 5%. The low melting (unstable) 
form could be converted to the high melting 
(stable) form by acid catalysis, and there was 
virtually no detectable amount (4 the unstable 
form at equilibrium.

Reaction rate studies were carried out by adding 
excess sodium ethoxide in absolute ethanol to an

(7) F. Ramirez and A. F. Kirby, ./. .4v i .  ('linn. S t i r . ,  76, 
1037 (1954). 1). Schulte-Frohlind'e, A tin., 622, 43 and 47
(1959). II. van I lain, Tier. I r n v .  r h i m . ,  73, 78 (1954). F. A. 
Ishenvood and R. (7 Jones, Xature 175, 419 (1955).

absolute cthanolic solution of each isomer, and fol
lowing the rate at which the absorption peak 
decreased. A clean pseudo-first-order reaction rate 
was obtained, and the rate constants for the stable 
and the unstable forms were identical (k = 9.40 X 
10~3 sec.-1). Obviously then, isomerization is 
much more rapid than cyelization, and nothing is 
learned about absolute configuration.

Molecular models show that coplanarity of both 
benzene rings and the C=X  bond are possible in 
the anti configuration but sterically impossible in 
the syn (syn and anti refer to the configurations in 
which the benzene rings are on the same side and 
opposite sides of the C =N  bond, respectively). 
The 14-mg hypsoehromic shift noted above can 
thus be taken as presumptive evidence for the 
syn configuration of the unstable form.

Xuclear magnetic resonance proved to be a 
remarkably informative tool for observing the 
effects of coplanarity or the lack of it in the system 
under consideration. The unsubstituted hydrazone 
of acetophenone1' was prepared for orientation 
purposes. Ils XMR spectrum (Fig. la) shows that 
resonance forms such as

O y ™
N -N H 2

contribute strongly to its structure. The shift due 
to reduction of electron density and magnetic 
anisotropy effects at the ortho positions is greater 
than that at the met a or para positions. This ac
counts for the down-field shifts of absorption peaks 
corresponding to two protons (multiplet centered 
on 457 cps.9) ; the remaining three protons show ab
sorption centered on 439 cps. In the spectrum of the 
stable form (Fig. lb) of the 2,4-diiiitrophenyl- 
hydrazone of ethyl henzoylacetate, we find the 
same two groups of peaks (centered at 474 and 
448 cps. respectively) separated by 2G cps. com
pared with 18 cps. in acetophenone hydrazone. 
This increased separation would appear to be the 
result of additional resonance stabilization from a 
structure such as

which is permitted only to the anti configuration. 
In contrast, the unstable isomer (Fig. le) shows 
practically no separation of ortho from meta and

(8) H. Staudinger, Her., 49, 1907 (1916).
(9) At 60 me., relative to internal tetrametliyl.'ilane as 

reference; see Experimental.
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para protons in the benzene ring because steric 
interference in the syn configuration between the 
benzene ring and the NH group prevents the neces
sary coplanarity.

In the stable 2,4-dinitrophenylhydrazone, we 
also identify the doublet at 549 cps. as the proton 
between the two nitro groups, the pair of doublets 
at 507 and 498 cps. as the proton adjacent to one 
nitro group, and the pair of peaks at 490 and 481 
cps. as the third proton on the nitro substituted 
ring. Looking at the peaks at. 710 cps. (Fig. lb) 
and at 675 cps. (Fig. le), which correspond to the 
NH proton in the stable and unstable forms re
spectively, we note that the strong intramolecular 
hydrogen bonding which leads to this large con
centration-independent down-field shift is ap
parently weakened slightly in the unstable form 
presumably by steric interference between the 
benzene ring and the NII group. It will also be noted 
that, in the unstable form, all three protons on 
the nitro substituted ring are shifted upheld a few 
cycles per second. This could be due either to 
magnetic anisotropy of the adjacent aromatic ring 
or to decreased importance of electron withdrawing 
resonance structures.

The spectrum of l-(2,4-dinitrophenyl)-3-phenyl-
5-pyrazolone (Fig. Id) shows that the doublet 
absorption peak of the proton between the two nitro 
groups is shifted upfield considerably (523 cps.) 
while those of the proton adjacent to one nitre 
group are shifted downfield slightly (513 and 504 
cps.) and the peaks of the third proton are essen
tially unaffected (491 and 482 cps.). This behavior 
can be explained by considering the resonance form

which contributes to the structure of this molecule. 
The nitro group ortho to the pyrazolone ring is 
hindered by the carbonyl group; this would twist 
it out of the plane of the ring and diminish its 
tendency to withdraw electrons from the ring. 
Therefore, the shift of the absorption peak of the 
proton between the nitro groups would be decreased. 
On (he other hand, if one of the nitro groups were 
unable to engage in resonance, the other would en
counter less competition and should be more heavily 
involved than usual; this interpretation would 
account for the downfield shift of the other proton 
adjacent to it. Evidence for appreciable contribu
tion to the structure by the resonance form having 
a plus charge in the ortho positions of the unsubsti

tuted ring is seen in the moderate downfield shift 
(ca. 465 cps.) of those ortho proton peaks. However, 
steric resistance to complete coplanarity of the three 
rings is apparent from comparison with the greater 
shift noted above in the stable form of the 2,4- 
dinitrophenylhydrazone compound.

The spectrum of 2,4-dinitrophenylhydrazine 
itself shows essentially the same pattern for the 
three protons on the nitro substituted ring as was 
found for the 2,4-dinitrophenylhydrazones. The 
proton ortho to the hydrazine nitrogen is, however, 
shifted upfield about 18 cps., and this suggests 
that the resonance structure

NOo

is perhaps somewhat more important in this mole
cule than in the 2,4-dinitrophenylhydrazones.

In view of the discrepancies in the literature4-6 
regarding the identity of the 2,4-dinitrophenyl
hydrazone of ethyl benzoylacetate and the pyrazo
lone derived therefrom, we note the presence in the
2,4-dinitrophenylhydrazoiie spectra of the N il peak 
(described above) and of the ethoxy proton peaks, 
CH2 centered at about 249 cps. and CH3 at about 
75 cps. (off-scale in the Figures). None of these 
peaks appears in the pyrazolone spectrum. Al
though tautomeric forms for pyrazolone rings are 
frequently written,10 the absence of NH or OH 
peaks in both the NMR and infrared spectra argues 
against appreciable equilibrium concentration of 
these forms in this compound. Furthermore, the 
ratio of the peak areas of the CIF protons (235 
cps.) to the peak areas of the protons on the nitro 
substituted ring is in accord with the structure as 
written above.

E X P E R IM E N T A L

Visible and ultraviolet spectra and kinetic data were ob
tained on a Cary recording spectrophotometer model 14M. 
Infrared spectra were obtained on a Beckman spectropho
tometer model l i t  4. The proton nuclear magnetic resonance 
spectra were obtained on a Varian Associates high resolu
tion 00 me. spectrometer. Samples were dissolved in deu- 
terated chloroform (traces of chloroform account for the 
peak at 435 cps.) containing tetramethylsilane as an internal 
reference standard. Shifts were measured in cycles per 
second relative to the reference.

Kinetic runs were carried out at 25° as follows: Approxi
mately 5 mg. of the 2,4-dinitrophenylhydrazone was dis
solved in 100 ml. of a 20% benzene-80% absolute ethanol 
solution. To 2 ml. of this solution contained in a 1 cm. cell,
1 ml. of a solution of 1.00 g. of sodium in 100 ml. of absolute 
ethanol was added with a syringe. The cell was quickly 
shaken and placed immediately in the spectrophotometer 
set at the predetermined absorption peak. Log A0/A » was

(10) G. de Stevens, A. Halamandaris, P. Wenk, and L. 
Dorfman, J. Am. C'hcm. Soc., 81, G292 (1950).
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plotted against time (sec.). The following tabulation pre
sents crude data from a typical run:

E t h y l  B e n z o y l a c e t a t e  2 ,4 - d i n i t r o p h e n y l h y d r a z o n e  
( S t a b l e )

Amax 550 m y , A 0 2.25
Time, sec. 20 40 60 80 100 120 140

A, 1.92 1.57 1.28 1.06 0.90 0.75 0.65

2.4- Dinitrophenylhydrazone of ethyl benzoylacetate (stable). 
To a solution at room temperature of 6.5 g. (33.8 mmoles) 
of ethyl benzoylacetate in 25 ml. of 95% ethanol was added 
sufficient reagent (prepared according to Shriner and Fuson3) 
to furnish an equimolar amount of 2,4-dinitrophenylhydra- 
zine. Precipitation occurred within a minute. The precipi
tate was filtered after 2 hr. at room temperature, washed 
with ethanol, and recrystallized from ethanol-ethyl ace
tate. Yield of orange crystals 10.7 g. (85%), m.p. 161.5- 
163.5“. An analytical sample was recrystallized from glacial 
acetic acid and air dried, m.p. 163-164°.

Anal. Calcd. for CnHiGOsYrOAHTb: C, 53.0; H, 4.64; 
N, 13.0. Found: C, 53.3, 53.2; H. 4.82, 4.61; N, 13.2, 13.3.

It was recrvstallized from ethanol-ethyl acetate and 
dried overnight at 78° (1 mm.), m.p. 164- 166°. A™cl3 378 m/j 
(e = 27,500), 241 mM(e = 16,350); A™c" 3.05y  (NH), 5.77y  
(ester C = O). Peaks at 6.93 y  and 9.05 y  are present in the 
stable, but not present or very weak in the unstable form.

Anal. Calcd. for CnH160 6NY. C, 54.8 H, 4.33; N, 15.0. 
Found: C, 54.8; H, 4.50; N, 15.0.

2.4- Dinitrophenyl hydrazone of ethyl benzoylacetate (un
stable form). Saturated solutions of the stable form of the
2,4-dinitrophenylhydrazone of ethyl benzoylacetate in 
benzene were exposed in borosilicate glass flasks to sunlight 
over a period of 2 weeks. The solvent was removed in vacuo, 
and the residue was extracted with two 5-ml. portions of 
95% ethanol. The ethanolic solution was evaporated 
in vacuo, and the residue was recrvstallized four times

from benzene-petroleum ether (b.p. 65-110°). The best yield 
was 5% of orange crystals, m.p. 121-122.5“. A™CI> 364 
m y  (e = 24,760); 257 m y  (e = 13,380); \™cu 3.05 y  (NH), 
5.77 y  (C = O). A peak at 9.28 y  is present in the unstable 
form, but absent in the stable.

Anal. Calcd. for CnHieOeN,,: N, 15.0. Found: N, 15.2.
Conversion of unstable to stable isomer. A solution of 2 mg. 

of the 2,4-dinitrophenylhydrazone of ethyl benzoylacetate 
in 2 ml. of 95% ethanol containing a droplet (approx. 20 
mg.) of coned, hydrochloric acid was boiled for 1 min. Re
moval of the solvent in vacuo left a residue which melted 
at 160-163“ and gave an ultraviolet spectrum identical with 
that of the stable form. Thermal isomerization was rela
tively slow; thus a melt held at 140° took about 15 min. 
to resolidify so that remelting occurred at about 155-161°.

l-(2,4-Dinitrophenyl)-3-phenyl-6-pyrazolone. To a solution 
of 0.100 g. (0.260 mmole) of the 2,4-dinitrophenylhydrazone 
of ethyl benzoylacetate in a mixture of 3 ml. benzene and 1 
ml. of absolute ethanol at room temperature was added 0.5 
ml. of a solution of 2.55 g. of sodium in 100 ml. of absolute 
ethanol. After 15 min. at room temperature, the solution 
was acidified with glacial acetic acid, and petroleum ether 
(b.p. 30-65°) was added until precipitation was complete. 
The precipitate was recrystallized twice from benzene- 
petroleum ether. Yield of light yellow crystals was 0.062 g. 
(71%), m.p. 203-204°. X™°" 350 mM (<= = 10,800), 300 
m y  (t = 16,000); A™ ’ 5.86 y  (C = O), no peak at 3 y .

Anal. Calcd. for CisH10O5Nt : N, 17.2. Found: N, 17.5.

Acknouicdgmcnt. The combustion and ultra
violet and infrared data were obtained in the 
Analytical Section of Standard Research Institute. 
The authors are indebted to Mr. L. F. Johnson of 
Varian Associates for the NMR spectra. This work 
was supported by the Division Research Committee 
of Stanford Research Institute.
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The synthesis of the isomeric endo- and exo-2-aza-l,2-dihydrodicyclopentadienes and several AYalkyl derivatives is de
scribed.

The facile rearrangement of endo-dicyclopenta- 
diene and its 1,‘2-dihydro derivative (I) to 9-suhsti- 
tuted exo compounds by addition of halogen acids, 
sulfuric acid, acetic acid, or formic acid has been 
fully demonstrated.3-5 Recently a study of 2-

(1) Presented in part before the Division of Organic 
Chemistry, 135th National Meeting of the American 
Chemical Society, Boston, Mass., April 5-10, 1959.

(2) Taken in part from a dissertation si Unfitted by Chicita
F. Culberson to the Graduate School of hike University in 
partial fulfillment of the requirements for the Ph.D. degree 
(1959).

(3) P. D. Bartlett and A. Schneider, ./. .4h i . Client. Noe.. 
68,6(1946).

(4) H. A. Bruson and 4’. W. Ricner, ./. Am. Chem. Hoe.. 
67, 723, 1178 (1945); J. Am. Chem. Soc., 68, 8 (1946).

oxa-1,2-dihydro-fw/o-dieyclopontadiene (II) has 
indicated that under similar conditions, addition 
of acids to the norbornylene double bond leads to 
little or no structural rearrangement.6 An investi
gation of the effects of a nitrogen atom in the 2- 
position of 1,2-dihydro-endo-dicyclopentadiene 
upon reactions with acidic reagents7 has lead to the 
synthesis of several 2-aza derivatives. Only three 
iV-alkylated derivatives of 2-aza-l,2-dihydro-ead</-

(5) P. Wilder, Jr., Chicita F. Culberson, and G. T. 
Youngblood, ./. -tin. Chem. Soc., 81, 655 (1959).

(6) Chicila F. Culberson, J. H. Seward, and P. Wilder, 
Jr.. .-Urn Chem. Soc., 82, 2541 (1960).

(7) P. Wilder, Jr. and Chicita F. Culberson, .1. Am. 
Chem. Soc., 81, 2027 (1959).
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dicyclopentadiene (III) have been previously 
reported and the isomeric 2-aza-l,2-dihydro-ejc- 
dicyclopentadiene (IV) represents the first member 
of a new heterocyclic ring system. The results

I I]

of the synthetic portion of the study of the 2-aza 
system are presented here. The reactions of 2- 
aza-l,2-dihydrodicyclopentadiene will be discussed 
in a subsequent paper.

In 1954 Rice, Ried, and Grogan,8 studying a 
number of cyclic amines for testing as hypotensive 
agents, found that Ar-alkvl derivatives of endn- 
bicyclo [2.2.1] - 5 - heptene - 2,3 - dicarboxylic 
acid imide (V) were readily reduced with lithium 
aluminum hydride to the corresponding .V-substi- 
tuted amines. Nine imides, butyl through dodecyl, 
were synthesized by treating the anhydride IX with 
the appropriate amine and then heating the re
action mixture for two hours at 160-170°. Arnold 
and Searle9 had previously prepared a large number 
of V-substituted imides by refluxing the anhydride 
and the amine in an inert solvent while removing 
the water formed during the reaction. The boiling 
points of the imides prepared by Rice and also re
ported by Arnold arc not in agreement, and it 
seemed possible that thermal rearrangement to 
the exn form might have occurred during the two- 
hour heating at 160-170°. It is shown in the present 
study, however, that the A’-hexylaminc reported 
by Rice does not have the exn configuration ex
pected if the imide had rearranged during its 
synthesis.

Although the unsubstituted amine, 2-aza-l,2- 
dihydro-endo-dicyclopentadiene (III) has not been 
previously reported, the imide (V) from which it 
is prepared is known. Harvey10 synthesized the 
imide by a Diels-Alder addition of maleimide and 
cyclopentadiene in ether at room temperature. 
The product, obtained in 93% yield, was hydrolyzed 
with base to the known endo-as-bicyclo [2.2.1 ]-5- 
heptene-2,3-dicarboxylic acid (VI). The Diels- 
Alder addition was also effected by Blomquist and

(S) L. M. Rire, E. E. Ried, and C. H. Grogan, J. Org. 
Chem., 19,884(1954).

(9) H. W. Arnold and N. E. Searle, U. S. Patent 2,462,835 
(1949).

(10) S. C. Harvey, J. Am. Chem. Soc., 71, 1121 (1949).

L J
■>

Winslow11 who showed the identity of this product 
to that obtained by refluxing the diammonium 
salt of the endo-cis acid VI in acetic anhydride. 
The same imide was prepared by Morgan et al.12 
by heating a mixture of the endo anhydride IX 
and ammonium carbonate to a temperature of 200°. 
The yield by this method was only 45%, doubtless 
because some of the product was lost by a reversal 
of the Diels-Alder addition of maleimide and cyclo- 
pentadicne. The reverse Diels-Alder reaction 
occurs10 upon heating the imide V above its 
melting point (187°). The imide was also syn
thesized by Morgan in 84% yield by directing a 
stream of ammonia gas over the molten anhydride 
at 170° and a modification of this method has been 
used in the present study, maleimide required for 
the direct Diels-Alder reaction not being readily 
available.

Lithium aluminum hydride reduction of the 
unsubstituted imide V, essentially according to the 
method of Rice et al.,s yields the secondary amine,
2-aza-l,2-dihydro-endo-dicyclopentadiene (III). 
This amine, purified by repeated vacuum subli
mation, is obtained as a soft colorless solid which 
absorbs carbon dioxide from the atmosphere with 
extreme rapidity. Because of this instability, a 
melting point of the pure amine is not a useful 
identification and an elemental analysis in close 
agreement with the calculated is difficult to obtain. 
The compound is more readily identified through 
its benzenesulfonamide and its picrate, which 
give good melting points and elemental analyses. 
The unsaturated secondary amine III is rapidly 
reduced, over Adams’ catalyst at one atmosphere 
of hydrogen, to 2-azatetrahydro-endo-dicyclopen- 
tadiene, a compound also easily carbonated and 
best identified by its benzenesulfonamide or its 
picrate.

Two V-substituted derivatives of 2-aza-l,2- 
dihydro-cmfo-dicyclopentadiene were synthesized 
by lithium aluminum hydride reduction of the 
appropriate imides according to the method of 
Rice. The V-alkylated imides were prepared di
rectly from the unsubstituted imide V by a modi
fication of a method previously used to alkylate

(11) A. T. Blomquist and E. C. Winslow, J. Org. Chem., 
10,149(1945).

(12) M. S. Morgan, R. S. Tipson, A. Lowv, and W. E. 
Baldwin, J. Am. Chem. Soc., 66, 404 (1944).
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the potassium salts of phthalimide13 and 2,4- 
thiazolidinedione.14 A mixture of potassium carbo
nate, alkyl halide and unsubstituted imide in 
dimethylformamide, stirred for ten hours at room 
temperature, yielded the substituted imide. A 
separate synthesis and isolation of the potassium 
salt of the imide V was unnecessary. Under these 
mild conditions thermal rearrangement cannot 
occur and excellent yields of substituted imides 
are obtained. The A’-mct hyl imide VI1 which gave 
a melting point in agreement with that reported 
by Arnold9 was smoothly reduced to the cor
responding ,V-methyl-2-aza-l,2-dib.ydro-i7w/e-dicy- 
clopentadiene (VLII). This liquid tertiary amine 
readily forms a methiodide and a picrate and is 
much more stable toward earbonation than the 
previously described secondary amines.

The iY-hexyl imide XI prepared at room tem
perature as described above was reduced with 
lithium aluminum hydride to the A’-hexyl amine
XII. The physical constants of this amine and the 
melting point of its methiodide are close to those 
reported by Rice, and quite different from those of 
the exo isomer described below. Roth the AT-hexyl 
and the IV-methyl amines arc also obtained in small 
yield by alkylation of the unsaturated secondary 
amine III with the appropriate alkyl halides.

To provide further evidence of the endo configura
tion of the amines discussed above the correspond
ing exo isomers were prepared. The endo anhydride 
IX was thermally equilibrated with its exn isomer 
by the method of Craig15 and the exo anhydride 
was isolated by fractional reciystallization from 
benzene. Treating the cxo anhydride with heat 
and ammonia gas yielded the exo imide XVI ap
parently contaminated with some of the cndo 
isomer either because the starting anhydride was 
not pure or because thermal rearrangement oc
curred during the reaction. The exo imide XVI was 
purified by fractional recrystallization from water. 
Reduction with lithium aluminum hydride yielded
2-aza-l,2-dihydro-e.ro-dicyclopentadiene (IV), a 
liquid which carbonated immediately upon ex
posure to the atmosphere. The benzenesulfonamide 
and the picrate of this amine were shown by melt
ing point and mixed melting point to be different 
from the derivatives obtained from the cndo amine
III. Catalytic reduction of the exo amine IV 
yielded the low-melting solid 2-azatetrah.ydro-c.ro- 
dicvclopentadiene (XVII).

The IV-methyl and V-hexyl derivatives of 2- 
aza-l,2-dihydro-e.co-dicyclopentadiene (IV) were 
prepared by lithium aluminum hydride reduction 
of the IV-methyl and IV-hexjd exo imides formed 
from the unsubstituted imide by the same method 
used to obtain the endo isomers.

(13) J. C. Sheehan and W. A. Bolhofer, J. Am. C'liem. 
Soc.. 72, 2780 (1950).

(14) Chien-I’en L o and E. Y. Shropshire, J. Org. Che.m., 
22,999(1957).

(15) D. Craig, J. Am. Chem. Snr., 73, 4889 (1951).

The purity of the saturated and unsaturated 
secondary amines (III, X, IV, and XVII) and the
IV-methyl amines (VIII and XIV) was verified 
by gas chromatography. The secondary amines 
were passed through a two-meter column of fire
brick and polypropylene glycol at 191°. The N- 
methyl amines were tested with a similar column 
at 150°. Under the conditions used the retention 
times of the unsaturated secondary amines III 
and IV were very close and small amounts of one 
mixed with the other would not have been detect
able. But saturating the cndo isomer decreased the 
retention time by about one minute while the 
retention time of the saturated exo isomer was in
creased about one minute. Thus the retention times 
of the saturated endo and exo isomers differed by 
two minutes and since these derivatives were pre
pared in high yield, their purity helps to establish 
the purity of the unsaturafed amines. 16

XI. K C..H , XII. K = Cr,H13
T

0 o
XIII. R = CH3 XIV. r  = c h 3

endo-Bicydo[2.2.1 }-5-he.ptene-2,3-dicarboxylic acid imide 
(V). The imide was prepared by the method of Morgan et al.12 
except that a lower reaction temperature was used. A stream 
of ammonia gas was passed through 300 g. (1.8 moles) of 
solid endo anhydride IX at 120°. The solid melted and the 
temperature increased to 150° with a vigorous expulsion 
of water vapor and ammonia. When the melt resolidified, the

(16) Melting points and boiling points are uncorrected. 
Analyses are by Galbraith Microanalytical Laboratories, 
Knoxville, Tenn., and Drs. Weiler and Strauss, 164 Banbury 
Road, Oxford, England.
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reaction was allowed to cool and recrystallization of the 
product from water yielded 262 g. (88%) of the imide; 250 
g. in the first crop, m.p. 185-186.5° and 12 g. in the second 
crop, m.p. 184-186.5°. A small amount of the. imide was 
recrystallized again from water, m.p. 186-187° (reported12 
m.p. 186.5-187°).

exo-Bu:yclo [2.2.1 ]-5-heptene-2,3-dicarborylir acid imide
(XVI). Ammonia gas was passed through 16.4 g. (0.10 mole) 
of solid exo anhydride XV13 and the temperature was raised. 
At about 120° the solid melted and the temperature in
creased to 180° with a release of ammonia and water after 
which the melt resolidified. Several reerystallizations from 
water yielded 9.5 g. (71%) of the exo imide, m.p. 163.5- 
164°; mixed melting point with the endo isomer, 135-149°.

Anal. Onled. for C9H9N 02: C, 66.24; II, 5.56. Found: C, 
66.06; H, 5.40.

Alkylation of the endo and exo imides V and XVI. (1 ) With 
methyl iodide. A mixture of 8.2 g. (0.050 mole) of the unsub
stituted imide, 7.2 g. (0.052 mole) of potassium carbonate, 
9.0 g. (0.063 mole) of methyl iodide, and 40 ml. of dimethyl 
formamide was stirred vigorously overnight, diluted to 
about 400 ml. with water, and extracted with chloroform. 
The extract was washed with water, 10% sodium hydroxide, 
and again with water and was then dried over magnesium 
sulfate. Chloroform was removed under diminished pres
sure and the product, which solidified on standing, was 
recrystallized from w'ater.

The endo imide V yielded 7.4 g. (85%) of the Ar-methyl 
derivative VII, m.p. 105-106° (reported9 m.p. 105-107°).

The exo imide XVI yielded 5.9 g. (67%) of the .V-mothyl 
derivative XIII, m.p. 103-104°; mixed melting point with 
the endo isomer, 75-85°.

Anal. Calcd. for CioHuXCh: C, 67.78; H, 6.26. Found: 
C, 67.52; H, 6.06.

(2) With hexyl bromide. The imides were alkylated with 
hexyl bromide by the same method used to form the N- 
methyl derivatives except that 8.2 g. (0.052 mole) of the 
bromide was used.

The endo imide yielded 11.6 g. (94%) of the A’-hexyl 
derivative XI, b.p. 137-138°, 0.25 mm., ?r„4 1.5023 (re
ported8 b.p. 125-130°, 0.3 mm., «.%’ 1.4996).

From 4.1 g. (0.025 mole) of the exo imide XVI and half 
quantities of the other reagents indicated above, 5.8 g. 
(94%) of the .V-hexyl derivative XVIII was obtained, b.p. 
138-139°, 0.20 mm., n2D3 1.5049.

Anal. Calcd. for C15H25N: C, 82.13; II, 11.49. Found: C, 
81.96; H, 11.29.

The infrared spectra of the exo and endo Ar-hexyl imides are 
almost identical in the region 2.0-7.5 y but are quite differ
ent at longer wave lengths, as would be expected.

2-Aza-l,2-dihydro-endo-dicyclopentadiene (III). A solution 
of 20.0 g. (0.53 mole) of lithium aluminum hydride in 600 
ml. of dry ether was stirred rapidly while 32.6 g. (0.20 mole) 
of solid endo imide was added in small portions through a 
Gooch addition tube. The reaction was refluxed and stirred 
overnight and then it was immersed in an ice bath and neu
tralized by cautious addition of water. As soon as the white 
precipitate began to coagulate, the mixture was filtered 
rapidly with suction. The ether filtrate was dried over mag
nesium sulfate and the ether removed yielding 22 g. (82%) of 
crude endo amine III. The product could not be distilled 
due to solidification and sublimation. A sample was purified 
by repeated sublimation, m.p. 117-119° with sublimation 
at about 55°.

Anal. Calcd. for C9Hi3X : C, 79.95; II, 9.69. Found: C, 
79.84; H, 9.81.

A benzenesulfonamide was prepared and recrystallized 
from 95% ethanol, m.p. 107-108°.

Anal. Calcd. for CisHnX02S: C, 65.42; H, 6.22. Found: 
C, 65.26 ;H, 6.24.

A picrate was prepared, m.p. 196.5-198°.
Anal. Calcd. for CisHieN/Cb: C, 49.45; FI, 4.43. Found: 

C, 49.57; H, 4.19.
2-Azatetrahydro-endo-dicyclopentadiene (X). The endo

amine III (2.03 g., 0.015 mole) in 50 ml. of absolute ethanol 
was reduced at room temperature over Adams’ catalyst 
with hydrogen at atmospheric pressure. In less than 25 min. 
uptake of hydrogen was complete. Solvent was removed 
under diminished pressure and the residue was taken up in 
ether and transferred to a sublimation tube. The ether was 
removed and the product sublimed under reduced pressure 
yielding 1.84 g. (90%) of the saturated amine X, m.p. 
123-124° with sublimation beginning at about 75° and soft
ening at about 105°.

Anal. Calcd. for C91I|;,N: C, 78.77; H, 11.02. Found: C, 
78.91 ; H, 11.01.

A benzenesulfonamide was prepared and recr3rstallized 
from absolute ethanol, m.p. 168-108.5°.

Anal. Calcd. for CiJ I .sNOîS: C, 04.95; H, 6.90. Found: 
C, 64.80: II, 6.76.

A picrate was prepared and recrystallized from 95% 
ethanol, m.p. 215-217° dec.

Anal. Calcd. for C,5H18N40,: C, 49.18; H, 4.95. Found: C, 
49.22; H, 5.03.

Alkylation of the endo amine III with hexyl bromide. N- 
Hexyl-2-aza-l,2-dihydro-endo-dicyclopentadiene (XII). A mix
ture of 6.75 g. (0.05 mole) of the endo amine III, 8.25 g. 
(0.05 mole) of hexyl bromide, and 2.65 g. (0.025 mole) of 
sodium carbonate in 25 ml. of absolute ethanol was stirred 
under reflux for 48 hr. Some ethanol was removed under 
diminished pressure and the residue was taken up in ether 
and water. The aqueous layer was acidified with 10% 
hydrochloric acid and extracted with ether to remove 
unchanged hexyl bromide. The aqueous solution was then 
made basic and extracted with ether. This extract was 
washed with water and dried over magnesium sulfate. 
Removal of the ether and distillation of the residue yielded
4.1 g. (37%) of the .V-hexvl amine XII, b.p. 96-97°/0.6 
mm., n3,° 1.4872 (reported8 b.p. 83-85°/0.3 mm., ra2„5
l. 4873).

A methiodide was prepared and purified by dissolving in 
absolute ethanol and precipitating with anhydrous ether,
m. p. 171-172° (reported8 m.p. 175°).

N-Hexyl-2-aza-],2-tlihydro-endo-dicyclopentadiene (XII). 
Ten grams (0.040 mole) of the .V-hexyl imide XI, reduced 
with lithium aluminum hydride according to the method 
of Rice el al.,s yielded 0.95 g. (78%) of the ./V-hexyl amine 
XII, b.p. 90-91.5°/0.15 mm.

A methiodide w\as prepared, m.p. 169.5-170.5°; a mixed 
melting point with the methiodide of the V-hexyl amine ob
tained bv alkylation of the endo amine III was not de
pressed.

Méthylation of the endo amine III. N-Methyl-2-aza-l,2- 
dihydro-endo-diryclopentadiene (VIII). A solution of 6.75 
g. (0.05 mole) of the endo amine III in 50 ml. of benzene was 
treated dropwise with stirring with 7.0 g. (0.05 mole) of 
methyl iodide. After 20 min. the benzene was extracted 
with water and the aqueous solution made basic with 10% 
sodium hydroxide and extracted with ether. The ether ex
tract was washed with water and dried over magnesium 
sulfate. Removal of the ether and distillation of the residue 
yielded 1.47 g. (20%) of the A’-methyl amine VIII, b.p.
84-85°/! 5 mm.

A methiodide was prepared, m.p. 254-256°: a mixed 
melting point with the derivative of the A-methyl amine 
obtained by reduction of the A-methyl imide \ II was not 
depressed.

X-Methyl-2-aza-l ,2-dihydio-endo-dicyclopentadiene (VIII). 
Twenty-seven grams (0.15 mole) of the solid .V-methyl imide 
VII was added in small portions to a solution of 13 g. (0.35 
mole) of lithium aluminum hydride in 800 ml. of dry ether. 
After stirring under reflux for 15 hr., the reaction was worked 
up in the usual way. Distillation of the crude product 
yielded 20.0 g. (89% ) of the .V-methyl amine, b.p. 80-81°/ 
15 mm., m2d3 1.5050.

Anal. Calcd. for C,0H,SN: C, 80.48; H, 10.13. Found: C, 
80.61 ;H, 10.13.

From the amine a methiodide was prepared and purified
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bv precipitation from absolute ethanol with anhydrous 
ether, m.p. 250 5 -257.5°.

Anal. Calcd. for C„H„IN: C, 45.37; H, 0.23. Found: C, 
45.23; H, 0.42.

A picrate was prepared and recrvst; Ilized from 95% 
ethanol, m.p. 222-223° dec.

Anal. Calcd. for C16H18N40,: C, 50.13; II, 4.73. Found: 
C. 50.11: H, 4.75.

2-Aza-l,2-dihydro-exo-dicyelopentadiene (IV). The cxo 
amine IV was prepared from the eio imide XVI by exactly 
the same method used to prepare the endo isomer. From 20 
g. (0.12 mole) of the imide was obtained 11.1 g. (08%) of the 
exo amine IV after one distillation, b.p. 89-90°/16 mm. A 
sample was further purified by distillation, b.p. 73-74°/
7.5 mm.

Anal. Calcd. for C9H13N: C, 79.05; H, 9.69. Found: C, 
79.58; H, 9.89.

A benzenesulfonamide was prepared, m.p. 113-113.5°; 
mixed melting point with the benzenes) Ifonamide of the 
endo amine III, 80-92°.

Anal. Calcd. for C,5H„NO?S: C, 05.42 H, 0.22. Found: 
C, 65.26; H, 6.20.

A picrate was prepared, m.p. 196.5-198° dec.; mixed 
melting point with the picrate of the endo isomer. 185-193° 
dec.

Anal. Calcd. for CisHisN/b: C, 49.45; H, 4.43. Found: 
C, 49.60; H, 4.47.

2-Azatetrahydro-exo-dicyclopentadiene (XVII). From 2.03 
g. (0.015 mole) of the exo amine IV dissclved in 25 ml. of 
absolute ethanol and reduced at one atmosphere of hydrogen 
over Adams’ catalyst, 1.81 g. (89%) of the saturated amine 
was obtained after two sublimations. A sample was prepared 
by resublimation, m.p. 44—45°.

Anal. Calcd. for C9Hi5N: C, 78.77: II, 11.02. Found: C. 
78.78: H, 11.27.

A benzenesulfonamide was prepared, m.p. 100-101°; 
mixed melting point with the benzenesulfonamide of the 
saturated endo amine X, 98-124°.

Anal. Calcd. for C15H19NO-S: ('. 64.95; H, 6.90. Found: 
C, 64.64; H, 6.78.

X-Hexyl-2-aza-l ,2-dihydro-exo-dicycloperJadiene (XIX). A 
solution of 4.5 g. (0.018 mole) of the .Y-hexyl imide in anhy
drous ether was added slowly to 1.7 g. (0.046 mole) of 
lithium aluminum hydride in anhydrous other. The reaction 
was worked up in the usual way and .after one distillation
3.8 g. (95%) of the .V-hexyl amine, b.p. 94-95°/0.2 mm., was 
obtained.

Anal. Calcd. for C,5H25N: C, 82.13; H, 11.49. Found: C, 
81.96; H, 11.29.

A met.hiodide was prepared by dissolv.ng the amine in 
absolute ethanol and adding excess methyl iodide. After a 
short time anhydrous ether was added to precipitate the 
derivative which was purified by redisso.ving in absolute 
ethanol and precipitating with anhydrous ether, m.p. 204- 
206°, mixed melting point with the methiodide of the endo 
isomer XII, 111-163°.

Anal. Calcd. for Ci6H2SIN : C, 53.18; H 7.81. Found: C, 
53.06; H, 8.05.

X-Methyl-2-aza-l,2-dihydro-exo-dicyclopentadiene (XIV). 
From 5.0 g. (0.028 mole) of the A'-mcthyl imide, XITI re

duced with 2.5 g. (.0.060 mole) of lithium aluminum hydride 
in 150 ml. of anhydrous ether was obtained 4.1 g. (98%) of 
the A'-methvl amine after one distillation, b.p. 74-77°/14 
mm. A sample was further purified by redistillation, b.p. 
77-78°/14 mm., n°u3 1.4995.

Anal. Calcd. for Ck,H16N: C, 80.48; H, 10.13. Found: C, 
80.72; II, 10.13.

A methiodide was prepared, m.p. 273.5-274.5°: mixed 
melting point with the methiodide of the endo V-methyl 
amine VIII, 224-253°.

Anal. Calcd. for OnHisIX: C. 45.37: II. 6.23. Found: C, 
45.59: II, 6.20.

A picrate was prepared, m.p. 225-228° dec.; mixed melt
ing point with the picrate of the endo isomer, 222.5-225° 
dec.

Anal. Calcd. for C C H ^O -: C, 50.13; H, 4.73. Found: 
C, 49.89; H, 4.82.

Gas chromatography: Of the secondary amines. A modified 
Perkin-Elmer Model 15415 vapor fractometer was used. 
The 6 mm. X 2 m. column was packed with one part Union 
Carbide polypropylene glycol-1025 on four parts firebrick 
(Fischer Columpak, 30-60 mesh, acid washed) by weight.17 
The retention times id 191° and 35 ml./min. helium flow 
are given below:

Amine Retention Time, Min
III 7.6
X 6.8
IV 7.3
XVII 8.3

Except for amines III and IV' the retention times were 
sufficiently different to prove the absence of each of the 
other amines. Since the retention times of the saturated 
amines are quite different, the analysis of these derivatives 
helps to establish the purity of the unsaiurated amines with 
respect to each other.

Of the X-methyl amines. A Model 154C Perkin-Elmer 
vapor fractometer was used. The 6 mm. X 2 m. column 
contained 1:4 bv weight. Union Carbide polypropylene 
glycol-1025 on johns-Manville Chromosorb W (30/60). 
At 150° and about 65 ml./min. helium flow the retention 
times were 8.8 min. for the endo isomer VIII and 7.6 min. 
for the exo isomer XIV.
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< 17) This column had been used for some time and the 
exact proportion of liquid to solid phase was no longer 
precisely known
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A number of tertiary amines, containing certain structural features of the tumor-damaging natural product podophyllo
toxin, have been prepared for cancer chemotherapeutic studies.

The extended (1820-1942) appearance of podo
phyllum, the dried roots and rhizomes of certain 
Podophyllum species, in the U. S. Pharmacopoeia 
was due to its early popularity in this country as a 
cathartic and cholagogue.1 2 3 Although podophyllum 
had received some application in early American 
medicine as a remedy for cancer, it tvas not until 
recently that the natural product was shown to be 
an effective antimitotic agent and actually useful 
in the treatment of condyloma acuminatum.3

The tumor-necrotizing action of podophyllo
toxin3'4 (I), one of the numerous components of 
podophyllum, is now well established; however, 
the unfavorable toxicity and water solubility 
of this substance has limited its usefulness.5 Con
sequently, a variety of podophyllotoxin analogs 
have been prepared in attempts to provide the 
antitumor activity of I with a molecule presenting 
more desirable pharmacological properties.6

The present investigation was initiated in order 
to evaluate the effect of incorporating a dialkyl- 
aminoalkyl substituent into a molecule containing 
the oxygenated aromatic system of podophyl
lotoxin (I). Synthesis of the podophyllotoxin analog 
illustrated by structure IVa and several related 
substances appeared to offer an attractive test 
of this approach to useful antimitotic agents.

Preparation of the required compounds (IVa-e) 
was accomplished employing the route illustrated 
by the generalized formulas II—»TV. Conversion

(1) Abstracted in part from the Master of Science thesis 
submitted by D. S. Alkalay to the Graduate School, Uni
versity of Maine, August 1959.

(2) This investigation was aided by Grant T-79 from the 
American Cancer Society.

(3) An excellent review of the history, chemistry, and 
pharmacology of podophyllum has been prepared by J. L. 
Hartwell and A. W. Schrecker, Fortschritte der Chemie or- 
ganischer Nalursloffe, Vol. XV, L. Zechmeister, ed., Springer- 
Verlag. Vienna, Austria, 1958, p. 83.

f 4) The chemistry of podophyllotoxin has also been re
viewed by W. M. Hearon and \V. S. MacGregor, Chem. 
Revs., 55,957 (1955).

(5) For example, consult: G. B. Mider, J. Nat. Cancer 
fnst., 19, 217 (1957). and H. Seliger, Krebsarzt. 10, 357 
G955).

(6) The following recent studies are pertinent to this 
subject: E. A. Fehnel and J. E. Stuber, J. Org. Chem., 24,
1219 (1959); M. Maturovi, J. MalinskV, and F. Santavy, 
J. Nat. Cancer Inst., 22, 297 (1959); J. Rutschmann and J.
Renz, Helv. Chim. Acta, 42, 890 (1959).

of 3,4,5-trimethoxybenzoyl chloride7 to 3,4,5- 
trimethoxyacetophenone (Ha), using the malonic 
ester procedure described by Walker and Hauser,8 
provided the necessary starting material. Con
densing 3,4,5-trimethoxyacetophenone with 
formaldehyde and the appropriate secondary amine

OH

,CH-

R J  R
o c h 3

II
Ha. It = OCH, 

li. R = H

Ilia. R = OCH3, R ' = N(CH3)2
b. It = OCH,, R ' = N(CH2CH3)2
c. R = OCH3, R ' = N(CH2CH2OH)2
d. It = OCR,, R ' = N(CH2CH2C1)2

e. R = OCR, R' = n( 3

f. R = OCR, R' = n( 3 >
g. R = H, R ' = XRCRCROH).
h. It = H, R' = N ^ O

IVa. R = OCR, R ' = N (CR)2 
b. R = OCR, R ' = N(CH2C R )2

c. It = OCR, r - . n Q

d. It = OCR, R' = n ( ^ 0

e. R = H, I f  - < J O

(7) K. H. Slotta and H. Heller, Ber., 63, 3029 (1930).
(8) H. G. Walker and C. R. Hauser, J. Am. Chem. Soc., 

68,1380(1946).
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hydrochloride led to the Mannich bases9 represented 
by structures Illa-h.

The recent work of Gensler and Stouffer10 indi
cated that employing the lithium derivative of 3,4- 
methylenedioxybromobenzene would be superior 
to using the corresponding magnesium Grignard 
reagent to effect conversion of the intermediate 
Mannich bases (e.g. Ilia) to the tertiary alcohols 
(IVa-e). The desired products (IVa-e) were indeed 
readily prepared by allowing a tetrahydrofuran 
solution of 3,4-methylenedioxyphenyllithium to 
react at low temperature (Dry Ice-chloroform) 
with the respective aminoketone (III).

Interest in determining the chemotherapeutic 
value of several analogous compounds prompted 
preparation of the 2V-bis(2-hydroxyethyl) amino- 
ketones, IIIc and IHg, Y-bis(2-chloroethyl)- 
amino-3,,4,,5,-triinethoxypropiophenone (Illd) hy
drochloride, and a-[2-(iV-morpholino)ethyl]-a-(p- 
methoxyphenyl)piperonyl alcohol (IYe).

E X P E R IM E N T A L 11

f-3-Bis(2-hydroxyethyl)amino-4'-methoxypropiophenone 
(Illg). To a solution composed of p-methoxyacetophenone 
(150 g., 1 mole), diethanolamine hydrochloride (156 g., 1.1 
moles), hydrochloric acid (1 ml.) and ethanol (150 ml.) was 
added 60 g. of paraformaldehyde. After heating for 2 hr. at re
flux, a second portion of paraformaldehyde (30 g.) was added 
and heating was continued an additional hour before con
centrating the solution to a viscous yellcw oil (460 g.) in 
vacuo. Addition of acetone (2.5 1.) precipitated the crude 
oily hydrochloride; weight 198 g. after drying (in vacuo). 
An aqueous solution of the hydrochloride was treated with 
excess sodium carbonate solution and the liquid free base 
which separated was isolated and added to the chloroform 
extract of the remaining solution. Removal of solvent from 
the dry (magnesium sulfate) chloroform solution gave the 
crude base (Illg) as an oil which solidified to an oily yellow 
solid after drying (12 hr. in vacuoi and cooling; yield, 114 
g. (42.7%), m.p. 25-32°.

A 70-g. sample of crude product (Illg) from a similar 
experiment was distilled through a 12-e.m. Vigreux column. 
The main fraction (13 g.) boiled at 126-134° (0.7-0.8 mm.) 
and solidified during overnight storage. Recrystallization 
from ethyl acetate gave 11 g. of pale yellow crystals melting 
at 49-52°. Two additional recrystallizations from the same 
solvent afforded pure colorless crystals, m.p. 58-59°,
3360 and 1658 cm. -1

Anal. Calcd. for Ci4H21N 04: C, 62.90; H, 7.92; N, 5.24. 
Found: C, 63.17; H, 7.81; N, 5.18.

0-Bis(2-hydroxyethyl)amino-8' ,4',5'-trirnethoxypropiophe- 
wone(IIIc). The crude oily hydrochloride (5.3 g., 34.5%) de
rived from 3,4,5-trimethoxyacetophenone8 (8.4 g., 0.04mole), 
diethanolamine hydrochloride (5.25 g., 0.04 mole) and 
paraformaldehyde (3 g.) was converted to the free base

(9) The Mannich reaction has been reviewed by F. F 
Blicke, Org. Reactions, 1, 303 (1942). A more recent survey 
has been prepared bv K. W. Merz, Pharmazie, 11, 505
(1956).

(10) W. J. Gensler and J. E. Stouffer, J. Org. Chem., 23, 
908(1958).

(11) Melting points are uncorrected and were observed 
using the Fisher-Johns apparatus. Boiling points are also 
uncorrected. The infrared spectra were determined by 
Messrs. E. Thomas and R. Young of this laboratory. 
Microanalyses were provided by Dr. A. Bernhardt, Max 
Planck Institut, Mülheim, Germany.

IIIc, (3.8 g., 29.2%) as described above (c/., Illg). A portion 
of the product (2 g.) was distilled through a 12-cm. Vigreux 
column and the fraction (0.5 g.) boiling at 108-115° (0.07-
0.08 mm.) collected, 7™" 3400 and 1670 cm.“ 1

Anal. Calcd. for C15H2sN 04: C, 58.70; H, 7.70; N, 4.28. 
Found: C, 58.55; H, 7.52; N, 4.21.

g-Bis(2-chloroethyl)amino-3',4'iB'-trimcthoxypropiophenone 
(Hid) hydrochloride. A mixture composed of paraformalde
hyde (3.6 g.), bis(2-chloroethyl)amine hydrochloride12 (14.2 
g., 0.08 mole), 3,4,5-trimethoxyacetophenone8 (16.8 g., 
0.08 mole), ethanol (12 ml.), and 1 ml. of hydrochloric acid 
was heated at reflux during 45 min. A second portion of 
ethanol (30 ml.) was added and heating continued over a 7- 
hr. period. The reaction mixture was allowed to cool (room 
temperature) overnight before collecting the colorless crys
talline product; weight 4.4 g. (14%), m.p. 148-150°. 
Two recrystallizations from ethanol gave pure crystals 
melting at 151°.

Anal. Calcd. for C.JRr.ChNCh: C, 47.95; H, 6.04; Cl, 
26.54; N, 3.50. Found: C, 47.84; H, 6.15; Cl, 26.40; N, 3.28.

18-N-Piperidino-S,4,5-trimethoxypropwphenone (Ille). 
Treating an aqueous solution of /3-Ar-piperidino-3,4,5-tri- 
methoxypropiophenone hydrochloride12 13 with sodium car
bonate solution gave the free base (Ille) as a colorless solid, 
m.p. 78-79°. Three recrystallizations from ethanol-water 
raised the melting point to 81.5°.

Anal. Calcd. for C„H2.,N04: C, 66.42; IT, 8.20; N, 4.56. 
Found: C, 66.22; H, 8.12; N, 4.71.

(S-N-Miorpholino-S,4,5-trimethoxypropiophenone ( I llf). A 
mixture of 3,4,5-trimethoxyacetophenone8 (8.4 g., 0.04 
mole) morpholine hydrochloride (5.0 g., 0.04 mole), para
formaldehyde (1.8 g.), ethanol (12 ml.), and 0.3 ml. of hydro
chloric acid was heated to reflux. After 1 hr., an additional
1.2 g. of paraformaldehyde and 10 ml. of ethanol were added 
to the solid,ion and heating continued for a total of 3 hr. The 
reaction mixture was concentrated to ca. one-half its original 
volume under water-aspirator vacuum anil diluted with 
acetone (100 ml.). The resulting mixture was warmed and 
then allowed to cool overnight at room temperature. The 
principal crystalline fraction afforded 8.4 g. melting at 192- 
197°, while a second crop weighed 0.4 g. and melted at 201- 
203°; providing a total yield of 74.5%. Three recrystalliza
tions from ethanol gave an analytical sample of 8-K-morpho- 
lino-3,4,5-lrimethoxypropiophenone hydrochloride as colorless 
crystals, m.p. 206-207°.

Anal. Calcd. for C16H24C1N05: C, 55.57; H, 7.00; Cl, 
10.25: N, 4.05. Found: C, 55.80; H, 6.90; Cl, 10.29; N, 4.18.

The free base (Illf) was obtained as a colorless solid, m.p. 
95-96°, from aqueous sodium carbonate solution. Recrys
tallization from ethanol-water did not change the melting 
point.

Anal. Calcd. for C,5H23N 05: C, 62.12; II, 7.49; N, 4.53. 
Found: C, 61.97; H, 7.34; N, 4.30.

a-\2-(Dimethylamino)ethyl]-a-(S,4,5-trimethoxyphenyl)- 
piperonyl. alcohol (IVa). To a stirred solution (under nitrogen) 
of 3,4-methylenedioxybromobenzene10'14 (2.7 g., 0.0135 
mole) in 15 ml. of anhydrous tetrahydrofuran, cooled to 
— 65° (Dry Ice-chloroform), was added 6.8 ml. of ethereal 
2Ar butyllithium.15 After a 7-min. period had elapsed, an 
anhydrous solution of /3-dimethylamino-3,4,5-t.rimethoxy- 
propiophenone (Ilia , 3.6 g., 0.0135 mole), prepared from the 
corresponding hydrochloride,13 in 15 ml. of tetrahydrofuran 
was added all at once. Stirring was continued an additional 
20 min. before removing the cold bath and for 90 min. after 
cooling was discontinued. The mixture was stored overnight

(12) F. G. Mann, J. Chem. Soc., 461 (1934).
(13) E. Haggett and S. Archer, J. Am. Chem. Soc., 71, 

2255(1949).
(14) K. N. Campbell, P. F. Hopper, and B. K. Campbell, 

J. Org. Chem., 16,1736 (1951).
(15) H. Gilman, J. A. Beel, C. G. Brannen, M. W. Bul

lock, G. E. Dunn, and L. S. Miller, J. Am. Chem. Soc., 71, 
1499(1949).
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at room temperature before removing (at 30-40°) the solvent 
in vacua. Ammonium chloride solution was added to the 
residue and the crude waxy product collected, washed with 
water, and recrystallized from acetone; yield, 1.9 g. (38%), 
m.p. 110-120°. Two recrystallizations from acetone-water, 
followred by one from ether, gave an analytical sample as 
colorless crystals, m.p. 138.5-139.5°.

Anal. Calcd. for C«iH21N06: C, 64.76; H, 6.99; N, 3.60. 
Found: C, 64.85; H, 6.94; N, 3.79.

a-[2-(Diethylamino)ethyl]-a-(3,4,!>-trimethoxyphenyl)piper- 
onyl alcohol (IVb). A sample of this substance was prepared 
employing the general procedure described above (r/., IVa). 
The crude product from a solution of 3,4-methylenedioxy- 
bromobenzene (3.6 g., 0.018 mole) in anhydrous tetrahydrc- 
furan (30 ml.), ethereal 2A' butyllithium (9 ml.), and a solu
tion of /3-Ar-diethylamino-3,4,5-trimethoxypropiophenone 
(M b, 5.3 g., 0.018 mole), prepared from the hydrochloride 
derivative13 in 30 ml. of anhydrous tetrahydrofuran, was 
recrystallized from ethanol-water; weight 3.5 g. (46.7%), 
m.p. 77-80°. Four recrystallizations from methanol gave a 
pure sample of colorless crystals melting at 108°.

Anal. Calcd. for C23H31N 06: C, 66.16; H, 7.49; X, 3.36. 
Found: C, 66.02; H, 7.60; N, 3.54.

a-[2-(N-Piperidino)ethyl]-a-(8,4,5-trimethoxyphenyl) pi- 
peronyl alcohol (IVe). To a solution of 3,4-methylenediox3r 
bromobenzene (4.02 g., 0.02 mole) in 20 ml. of anhydrous 
tetrahydrofuran was added 10 ml. of 2N  ethereal butyl- 
lithium followed by /3-A-piperidino-3,4,5-trimethoxypro- 
piophenone (Hie, 6.1 g., 0.02 mole) dissolved in anhydrous 
tetrahydrofuran (100 ml.) as described for the preparation 
of IVa. Recrystallization of the crude product, 7.1 g. (79%), 
m.p. 80-100°, from ethanol gave a colorless crystalline 
analytical sample melting at 146°.

Anal. Calcd. for C24H31NO6: C, 67.11; H, 7.28; X, 3.26. 
Found: C, 67.41; II, 7.42; N, 3.45.

a-[2-(N-Morph-olino )ethyl]-a-( 3,4,5-lrimelhoxyphenyl)- 
piperonyl alcohol (IVd). This compound was obtained by 
the procedure outlined for IVa, employing 3,4-methylene- 
dioxybromobenzene (2.21 g., 0.011 mole) in anhydrous tetra
hydrofuran (15 ml.), 5.5 ml. of 2N ethereal butyllithium and 
3.43 g. (0.011 mole) of /3-iV-morpholino-3,4,5-trimethoxy- 
propiophcnone (Illf) dissolved in 140 ml. of tetrahydro
furan. The crude product weighed 3.6 g. (76%) and melted 
at 156-160°. The analytical sample recr3rstallized from 
ethanol-water as colorless crystals, m.p. 161-162°, 7™cl3 
3300-2850 cm. -1

Anal. Calcd. for C M jsXO,: C, 64.02; H, 6.77; X, 3.25. 
Found: C, 64.48; H, 6.92; X, 3.44.

a-[2-(N-Morpholino)ethyl]-a-(p-methoxyphenyl) piperonyl 
alcohol (IVe). The crude product prepared as illustrated 
above (e.g., IVa) from ethereal 2N butyllithium (20 ml.),
3,4-methylenedioxybromobenzene (8.04 g., 0.04 mole) in 
anhydrous tetrahydrofuran (30 ml.), and /3-Ar-morpho- 
lino-4-methoxypropiophenone16 1 2 (Illh, 10 g., 0.04 mole) in 
80 ml. of anhydrous tetrahydrofuran weighed 13.3 g. 
(89.5%), and melted at 110-135°. Repeated recrystalli
zation from either ethanol, ethanol-water, or benzene- 
petroleum ether (b.p. 60-90°) yielded pure colorless crystals, 
m.p. 143-143.5°, 7°«C'3 3300-2850 cm. - 1

Anal. Calcd. for C2IH25N0 6: C, 67.90; H, 6.78; X, 3.77 
Found: C, 68.18; H, 6.65; X, 3.92.

Orono, Mb.

(16) T. Okuda, Yakugaku Zasshi, 76, 1 (1956). Chem. 
Abstr., 50, 13029 (1956).

[Contribution from the Department of Chemistry, University of Maine]
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GEORGE R. PETTIT and MALDA V. KALNINS

Received January Jt, 1 960

An unequivocal svnthesis of 6,7-methylenedioxycarbostyril has been accomplished. Previous reports describing the prep
aration of this substance have been examined and reinterpreted.

During the course of a continuing search for a 
substance with useful antitumor activity, it was 
desirable to prepare 6,7-methylenedioxycarbostyril
(I) for biological evaluation.2

Although the synthesis of 6,7-methylenedioxy
carbostyril (I) had been reported by both Narang3 
and Borsc-he,4 certain inconsistencies made question
able the result of each procedure. Reduction of 3,4- 
methylenedioxy-6-nitrocinnamic acid (Ha) with

(1) This investigation was aided by Grant T-79 from the 
American Cancer Society.

(2) This work constitutes part of a study concerned with 
the synthesis of nitrogen compounds based on certain 
structural features of the tumor-damaging natural product, 
podophyllotoxin. Consult: G. R. Pettit, and D. S. Alkalay, 
J. Org. Chem., 25, 1363 (1960), for the preceding paper in 
this series.

(3) K. S. Narang, J. N. Ray, and T. Das Sachdeva, J. 
Indian Chem. Soc., 13, 260 (1936).

(4) W. Borsche and W. Ried, Ann., 554, 269 (1943).

aqueous ammonia and ferrous sulfate, followed by 
acidification, had been claimed3 to yield the carbo- 
styril (I), m.p. 205°. The validity of this conclu-

b. R X H ;
sion was doubtful in view of the experimental con
ditions employed and the earlier work of Perkin5 
in which the same reaction sequence had been re
ported to yield 3,4-methylenedioxy-6-aminocin- 
namic acid (lib, brown needles, m.p. 205-207°). 
However, Narang3 noted that his product appar
ently did not contain an amino or carboxylic acid 
group. Several years later, the room temperature 
reaction between acetic anhydride and the Schiff

(5) F. M. Perkin, J. Chem. Soc., 59, 150 (1891).
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base V illa was found to yield a yellow compound 
melting at 158-159°, which was again assigned the
6.7- methylenedioxycarbostyril (I) structure.4

In our hands, reduction of 3,4-methylenedioxy-
6-nitrocinnamic acid (Ha) yielded lib  as golden 
yellow platelets melting at 200-202° dec., readily 
soluble in dilute sodium bicarbonate. Treating the 
amino acid (lib) with hot hydrochloric acid, fol
lowed by neutralization, gave a colorless crystalline 
product melting at 351-353° dec. The infrared 
spectrum and elemental analysis of the latter com
pound were clearly in agreement with the 6,7-meth
ylenedioxycarbostyril (1) representation. An une
quivocal synthesis of the carbostyril I, therefore, 
became desirable. The following reaction sequence 
(III 1) wTas selected for this purpose. Piperonal
(III) was converted via its amino derivative (IV) to
6.7- methylenedioxyquinoline (V). Peracetic acid 
oxidation of V yielded flj-methylenedioxyquiuo- 
line V-oxide (VI) which smoothly rearranged under

the influence of boiling acetic anhydride to 6,7- 
methylenedioxycarbostyril (I). The authentic sam
ple of I, m.p. 351-353°, was identical with the 
product obtained from the amino acid lib.

In a reinvestigation of the transformation which 
occurs when the amine V illa is placed in acetic an
hydride,4 it was found that two products could be 
isolated. Fractional recrystallization of the reaction 
product from methanol, gave a colorless crystalline 
compound, m.p. 161-162°, and a pale yellow crys
talline substance melting at 186-188°. Elemental 
analyses and Rast molecular weight determina
tions suggested empirical formulas CxoHgNCb and 
Ci6Hi6N203 respectively for these products. This 
information, combined with the results of an in
frared spectral study, implied structures VII and 
VUIb. This structural assignment was partially 
confirmed when it was shown that heating with p- 
toluidine converted the product melting at 161— 
162° (VII) to the higher melting (186-188°) sub
stance (VUIb). However, oxidation of the alde-

X ^ A ^ N H C O C H ,
CH=N
NHR

CH3

VII Villa. R = H
b. R = COCH3

hyde VII with either silver oxide or potassium per
manganate afforded an acid melting at 239-240°, 
while 6-acetaminopiperonylic acid (IXa) had been

reported by Bogert and Elder6 to melt at 124-125°. 
Consequently, an unambiguous synthesis of the 
acid IXa was undertaken in order to provide an 
authentic specimen for comparison purposes.

Oxidation of 6-nitropiperonal (X) led to 6-ni- 
tropiperonylic acid (XI) which was reduced with 
ferrous sulfate, in hot aqueous ammonia solution, 
to the corresponding amino acid IXb. Treating IXb 
with warm acetic anhydride gave 6-acetaminopi
peronylic acid, m.p. 240-241°. The latter sample 
(IXa) was identical with the product arising from 
oxidation of the compound melting at 161-162°
(VII).

XI

The room temperature reaction between the 
Schiffs’ base V illa and acetic anhydride, therefore, 
yields the acetanilide derivatives VII and VUIb. 
For this reason, it also appears likely that the reac
tion between the p-toluidine derivative of 3,4-di- 
methoxy-6-aminobenzaldehyde and acetic anhy
dride may, in fact, yield the corresponding acetan
ilide derivative and not 6,7-dimethoxycarbostyril 
as reported by Borsche and Ried.4

E X P E R IM E N T A L 7 8

6,7-Methylenedioxycarbostyril (I). A. From 8,4-methylene- 
dioxy-6-aminocinnamic acid (lib). A stirred suspension of
3,4-methylenedioxy-6-nitrocinnamic acid6,8 (lia, 70 g.) 
in 1.2 1. of water containing 750 g. of ferrous sulfate hepta- 
hydrate was heated to 80° before adding 600 ml. of 28% am
monium hydroxide. The source of heat was removed and 
stirring was continued over a 45-min. period. The black 
colored reaction mixture was filtered through Celite and the 
filtrate was acidified to pH 4 with 280 ml. of hydrochloric 
acid. The orange-yellow colored crystalline product (lib) 
■weighed 37 g. (60%) and melted at 180-190° dec. Recrys
tallization from dimethylformamide-water gave golden- 
yellow platelets, m.p. 200- 202° dec.

Anal. Calcd. for C10H9NO4: C, 57.97; H, 4.38; N, 6.76. 
Found: C, 57.99; H, 4.41; N, 7.09.

A mixture of 3,4-methylenedioxy-6-aminocinnamic acid 
(lib, 5 g.) and 75 ml. of 18% hydrochloric acid was heated 
at steam bath temperature for 2 hr. The resulting dark 
brown colored solid was collected and washed successively 
with dilute sodium bicarbonate solution and water. Re
crystallization from acetic acid (Norit-A) afforded colorless

(6) M. T. Bogert and F. R. Elder, J. Am. Chem. Soc., 
51,532(1929).

(7) Melting points were observed using open Kimble glass 
capillaries and are uncorrected. Microanalyses were pro
vided by Dr. A. Bernhardt, Max-Planck Institut, Mul- 
heim, Germany. Infrared spectra -were recorded by Mr. E. 
Thomas, Department of Chemistry, University of Maine.

(8) The general procedure described by J. F. Kefford, 
J. Chem. Soc., 1209, (1940), provides a convenient method 
for the preparation of this compound.
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crystals of 6,7-methylenedioxycarbostyril (I); yield. 2 g. 
(44%), m.p. 351-353° dec.

B. From 6,7-melhylenedioxyquinoline N-oxide (VI). Eight 
milliliters of 30% hydrogen peroxide was added to a solu
tion of 6,7-methylenedioxyquinoline (V, 7 g.)9 in 50 ml. of 
glacial acetic acid. After warming the reaction mixture at 
70° for 10 hr., it was diluted to 100 ml. with water. The 
crystalline A-oxide (VI) was collected following adjustment 
of the cool reaction mixture to pH 5-6 with aqueous am
monia. Recrystallization from ethanol (Norit-A) gave 
colorless needles of 6,7-methylenedioxyquinoline A'-oxide 
monohydrate melting at 179-180°; yield 4.1 g. (54%).

Anal. Calcd. for CjoHiNO«; C, 57.97; H, 4.38; N, 6.76. 
Found: C, 58.21; H, 4.45; N, 7.22.

A solution of 6,7-methylenedioxyquinoline A'-oxide (VI,
1.8 g.) in 15 ml. of acetic anhydride was heated at reflux 
for 5 hr. The reaction mixture was then concentrated in 
vacuo. The rust colored product which separated was col
lected by filtration and washed with several small portions 
of water; yield, 1.2 g. (63%), m.p. 350-353° dec. A pure 
sample (I) recrystallized from acetic acid (Norit-A)- 
water as colorless crystals melted at 352-353° dec., 5.95. 
6.38, 6.69, 6.95, 7.97, 9.63, 10.4, 10.6 and 11.5 M.

Anal. Calcd. for Ci0H-NO3: O, 63.49; H, 3.73: X, 7.41. 
Found: C, 63.43; H, 3.81; N, 7.36.

Product I was found by mixture melting point and infra
red spectral comparison to be identical with the sample of
6,7-methylenedioxycarbostyril prepared from 3,4-methylene- 
dioxy-6-aminocinnamic acid (lib).

Acetylation of 6-aminopiperonylidene-p-toluicline (Villa). 
A solution of G-aminopiperonydidene-p-toluidine4,6 (Villa,
2.5 g.) and 5 ml. of acetic anhydride (without prior purifica
tion) was allowed to remain at room temperature for 5 days. 
The orange colored crystalline product was collected and 
washed with hot methanol. The yellow colored crystalline 
residue weighed 1.2 g. and melted at 184-186°. Recrystalli
zation from methanol afforded a pure sample of 6-acet amino- 
piperonylidene-p-toluidine (VUIb) as yellow needles, m.p. 
186-188°, XL”' 3.05 and 5.90 p.

Anal. Calcd. for Ci6H36N203 (284); C, 67.59; H, 5.67; 
N, 9.85. Found: C, 67.61; H, 5.46; N, 9.65; mol. wt. (Rast.), 
279.

Cooling the combined methanol washings resulted in the 
isolation of 0.4 g. of 6-acetaminopiperonal (VII). The color
less needles melted at 161-162° (lit,.,4 m.p. 161-162°) after 
recrystallization from methanol; x’)"( 3.05, 5.88, 5.98, and 
6.14 p.

Anal. Calcd. for C10H9NO4 (207): O, 57.97; H, 4.38; N, 
6.76. Found: C, 57.60; H, 4.32; N, 6.83; mol. wt. (Rast), 
198.

When the reaction was carried out employing redistilled 
acetic anhydride and a 15-min. reaction period, only the 
Schiff base VUIb was obtained; while addition of water 
(1:2 water-acetic anhydride) and extension of the reaction

(9) A. Sonn and F. Benirschke, Ber., 54, 1730 (1921).

time to 24 hr. led to almost exclusive production of 6- 
acetaminopiperonal (VII).

The presence of 6,7-methylenedioxycarbostyril (I) was 
not detected.

6-Acetaminopiperonylidene-p-lohiidine (VUIb). A mixture 
of p-toluidine (0.10 g.) and 0.20 g. of 6-acetaminopiperonal, 
isolated from the acetylation of Villa, was heated at 120° 
in vacuo (water-aspirator for ca. 20 min.). Recrystallization 
from methanol gave yellow needles (0.10 g.), m.p. 186- 
188°. Mixture melting point and infrared spectral com
parison with the substance isolated above, (VUIb, m.p. 
186-188°), established the identical nature of both products.

6-Acelaminopiperonylic acid (IXa). A. By oxidation of 6- 
acetaminopiperonal (VII). A 1.8-g. sample of 6-acetamino
piperonal, prepared as described above (acetylation of 
Villa), 3.1 g. of silver nitrate, and 14 ml. of water was 
heated to reflux before slowly, and with frequent agita
tion, adding sodium hydroxide (1.2 g.) in 14 ml. of water. 
Heating at reflux was continued until the silver mirror dis
persed. After the reaction mixture wras filtered and the 
filtrate acidified with dilute hydrochloric acid, the light gray- 
colored crystalline product was collected and recrystallized 
from methanol. The colorless crystals weighed 1.6 g. (82.5% 
m.p. 239-240° dec. The product was shown (mixture melt
ing point and infrared spectral comparison) to be identical 
with an authentic sample of 6-acetaminopiperonylic acid 
(IXa) prepared as described below (procedure B).

B. From 6-aminopiperonyUc acid (IXb). The 6-nitropi- 
peronylic acid10 employed in this procedure was prepared by- 
silver oxide oxidation of 6-nitropiperonal.11

A mixture of 6-nitropiperonvlic acid (XI, 8.0 g.) ferrous 
sulfate (97 g.), water (150 ml.) and 1 ml. of coned, hydro
chloric acid was heated to 90° before adding 80 ml. of aque
ous ammonia (28%) over a 20-min. period. Heating on the 
steam bath and stirring were continued for 45 min. The 
hot reaction mixture was then filtered through C'elite and 
after washing the insoluble material thoroughly with water, 
the combined filtrate was acidified to pH 4.8 with hydro
chloric acid. At this point, it was found that the amino 
acid was still absorbed on the iron oxides. Consequently, 
the filter cake was suspended (with stirring) in 300 ml. of 
water and acidified to pH 2 with hydrochloric acid. The 
mixture was filtered and the filtrate adjusted to pH 4.8 
with aqueous ammonia. The dark colored precipitate was 
collected, dried, and heated at steam bath temperature 
with acetic anhydride for 1.5 hr. After cooling, the grayish- 
brown crystals were collected and recrystallized from 
methanol (Darco) to give colorless crystals, yield 0.7 g.. 
m.p. 240-241° dec., (cf. Ref. 6).

Anal. Calcd. for C10H0NOS: C, 53.81; 11. 4.06; N, 6.28. 
Found: C, 53.97: H, 4.14; N, 6.10.

Orono, M e.

(10) J. Jobst and O. Nesse, Ann., 199, 70 (1879).
(11) J. B. Ekeley and M. S. Klemme, J. Am. Chem. Soc., 

50,2711 (1928).
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The syntheses of methyl 1,2.3,4-tetrahydro-l ,4,4,6,7-pentamethyl-2-oxo-3-quinolineoarboxylate (XVI1 and methyl 1,2- 
dihydro-l,6,7-trimethyl-2-oxo-3-quinolinecarboxylate (X’LVI) from 3,4-xylidine (VII) are described. Reaction of XVI with 
guanidine followed by deamination of the product with nitrous acid gave the desired model compound, 5,10-dihydro-5,5,-
7,8,10-pentamethylpyrimido[4,5-b]quinoline-2,4(3H,4aH)dione (XXIII). Reaction of XLVI with guanidine afforded 2,10- 
dihydro-2-imino-7,8,10-trimethylpyrimido[4,5-b]quinoline-4(3H)one (L), which could not be deaminated with nitrous acid.

Riboflavin (I), in its cofactor form, owes its 
biological activity to its ability to accept electrons 
and be reduced to the dihydro form (II). Modi
fication or elimination of this redox system could 
be expected to result in compounds that behave as 
riboflavin antagonists. Thus, dichloroflavin (7,8- 
dichloro - 10 - ribitylisoalloxazine), in which the 
methyl groups were replaced by chloro, has a redox 
potential of E0 = —0.095 volt as compared to ribo
flavin with a potential of Ec = —0.185. It has been 
suggested2 that dichloroflavin is an antagonist be
cause of this difference in redox potential.

Replacement of the AVnitrogen of dihydroribo
flavin (l,5-dihydro-7,8-dimethyl-10-ribitylisoallox- 
azine) by a methylene group, as in III (R = 
ribityl), would be expected to have a profound effect

on the redox potential as compared to riboflavin. 
Similarly, replacement of the N6-nitrogen of di- 
hydroriboflavin by an isopropylidene group (IV. 
R = ribityl) fixes the molecule in the dihydro 
form, thus eliminating the redox system completely.

(1) This work was carried out under the auspices of the 
Cancer Rhcmotherapy National ¡Service Center, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Contract No. SA-43-ph-1892. This paper 
was presented in part at the 133rd Meeting of the American 
Chemical Society, San Francisco, Calif., April 16, 1958; 
see Abstracts, page 27-M. The opinions expressed in this 
paper arc those of the authors and not necessarily those 
of the Cancer Chemotherapy National Service Center. For 
the preceding paper in this series, cf. W. A. Skinner, H. F. 
Gram, and B. R. Baker, / .  Orr/. Chem., 25, 953 (1960).

(2) R. Kuhn, F. Weygand, and E. F. Möller, Rer., 76B, 
1044(1943).

Although IV is derived from dihydroflavin (II) 
rather than from riboflavin, the redox enzyme 
system employing riboflavin coenzymes utilizes 
both the oxidized and reduced forms; thus analogs 
of either I or II should be effective antagonists.

Little is known about the pyrimido[4,5-b]- 
quinolines, especially those substituted on the 10- 
position. The synthesis of 2,3,4,10-tetrahydro-2,4- 
dioxopyrimido [4,5-b ]quinoline-5-carboxylic acid 
(VI. R = H) and 2,3,4,10-tetrahydro-10-methyl-
2,4 - dioxopyrimido [4,5 - b ]quinoline - 5 - carboxylic 
acid (VI. R = CH3) starting with barbituric acid 
and isatin (V. R = Id) or A'-methyl isatin (V. R = 
CH3) has been described by King, et al.3 They re
ported that the 5-carboxyl derivative of VI (R =

H) was extremely resistant to decarboxylation, 
thus negating the use of this approach for the syn
thesis of compounds such as III.

In order to gain more information about this 
ring system, the 10-methyl group was substituted 
for the 10-ribityl to obviate any complications 
introduced by the sugar moiety in the evaluation 
of a synthetic path to III and IV. The attempted 
synthesis of these model compounds (III. R = CH3, 
and IV. R = CH3) is the subject of this paper.

3-Methylcrotonoyl chloride, when treated with
3,4-xylidine (VII) in the manner described4 for 
aniline and o- and p-toluidine, gave 3-methyl- 
3',4'-crotonoxylidide (VIII) in 84% yield. N- 
Methvlation of the anilide (VIII) with methyl 
iodide and sodium hydride in A%V-dimethylform- 
amide proceeded smoothly, the N,3-dimethyl- 
3',4'-erotonoxylidide (IX) being isolated as a 
pure distilled liquid in 84% yield. Cyclization of IX

(3) F. E. King, T. J. King, and G. B. Thompson, J. 
Chem. Soc., 552 (1948).

(4) J. Colonge and R. Chambard, Bull. sac. chim. France,
(5), 20,982(1953).
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with aluminum chloride in Skellysolve C5 afforded 
the crystalline 3,4-dihydro-l,4,4,6,7-pentamethyl- 
carbostyril (XI) in 82% yield,6 an over-all yield

(5) Skellysolve B and Skellysolve C are petroleum 
hydrocarbon fractions with boiling ranges of 62-70° and 
88-99°, respectively. They are supplied by Special Products 
Division, Phillips Petroleum Company, Bartlesville, Okla.

(6) In this ring closure, there was the possibility of ob
taining a mixture of two isomers through closure on either 
the 2- or 6-position of 3,4-xylidine. Since a sharp melting 
point was obtained after only two recrystallizations and 
since subsequent reactions gave readily crystallizable prod
ucts, it can be assumed either that the reaction was oriented 
mainly in one direction, or that the isomers are readily 
separable. Steric considerations suggest that closure on the
6-position of the 3,4-xylidino to give the desired carbostyril
(XI) would be favored. This prediction is borne out by the 
presence ill the infrared spect rum of a band at I 1.32 u assign
able to the out-of-plane vibrations of the isolated hydrogen 
atoms of a 1,2,4,5-tetrasubstitutod benzene ring.7 The corre
sponding absorption for the adjacent hydrogen of a 1,2,3,4- 
tetrasubstituted benzene ring would fall between 11.6 m and
12.5 g.7

of 69% based on VIII. The alternative route, in 
which cyclization of VIII with aluminum chloride 
is followed by iV-methylation of the resulting 
carbostyril (X), gave a 47% yield of XI based on
VIII. The difference in yield between the two routes 
was primarily due to a lower yield in the ring closure 
of VIII as compared to the ring closure of IX.

Treatment of the carbostyril (XI) with diethyl 
carbonate and sodium hydride in an effort to pre
pare ethyl l,2-dihydro-2-oxo-3-quinolinecarbox- 
ylate resulted in recovery of unchanged starting 
material. Condensation of XI with dimethyl 
oxalate and sodium hydride at 110-115° for 
four hours gave the crude glyoxalate (XII) as an 
oil from which a 22% yield of the crystalline 2,4- 
dinitrophenylhydrazone of XII could be obtained. 
In an effort to force this condensation to comple
tion, the reaction was run at 135-140° for four 
hours. The crystalline product obtained from this 
reaction in 60% yield was not the expected gly
oxalate (XII) but the enol ether ester (XVII), 
as shown by its analysis and infrared spectrum and 
its failure to form a 2,4-dinitrophenylhydrazone. 
The infrared spectrum contained a peak at 6.3 p, 
assignable to a vinyl double bond, which was not 
present in the spectrum of the glyoxalate (XII). 
Hydrolysis of XVII with dilute hydrochloric acid 
gave an oil which formed, in low yield, a 2,4- 
dinitrophenylhydrazone identical with that formed 
from the glyoxalate (XII). Treatment of the enol 
ether ester with acetic acid, benzoic acid, or tolu- 
enesulfonic acid also gave small amounts of the 
desired glyoxalate (XII) along with unchanged 
starting material and the enol ether acid (XIX). 
Saponification of the enol ether (XVII) formed an 
alcohol-insoluble sodium salt (XVIII), which 
showed strong carboxylate bands at 6.23 and 7.17 
¡1 in the infrared. Acidification of XVIII gave the 
crystalline enol ether acid (XIX), whose infrared 
spectrum still contained the 6.35 n band of the 
vinyl double bond. The normal saponification of 
the enol ether ester (XVII) is in sharp contrast to 
the behavior of the glyoxalate (XII) toward alka
line conditions, since the latter is not saponified 
but the oxalyl residue is cleaved with regeneration 
of the carbostyril (XI).

When the enol ether acid (XIX) was heated 
above its melting point at 180-190°, gas was 
evolved over a period of twenty minutes. When gas 
evolution had ceased, the residue was crystallized 
from Skellysolve B5 to give, not the expected 
aldehyde enol ether (XXIV), but the enol ether 
ester (XVII) in 30% yield. The mother liquor gave 
an oil in 35% yield that appeared to consist of a 
mixture of the desired aldehyde enol ether (XXIV) 
and free aldehyde (XXV), as shown by its in
frared spectrum, which showed enol ether double

(7) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, John Wiley and Sons, Inc., New York, N. Y., 1954, 
pp. 67, 68.
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bond absorption at 6.22 y and aldehyde absorption 
at 3.71 and 5.78 y.  Treatment of the oil with 2,4- 
dinitrophenylhydrazine gave the dinitrophenyl- 
hydrazone derivative of the aldehyde (XXV) in 
9% yield. These results could be explained on the 
basis that some of the enol ether acid (XIX) 
disproportionated to the enol ether ester (XVII) 
and the corresponding glyoxylic acid; the latter 
would be decarboxylated to the aldehyde (XXV). 
A second possible explanation is that the aldehyde 
enol ether (XXIV), formed by decarboxylation of 
the enol ether acid (XIX), transferred its methoxyl 
group to the enol ether acid (XIX) to generate 
the aldehyde (XXV) and the enol ether ester 
(XVII). Heating of the enol ether acid (XIX) in 
hot quinoline led to a product (or products) whose 
infrared spectrum showed the presence of carbonyl 
bands at 5.5 and 5.8 y ,  indicative of an anhydride, 
together with the loss of lactam carbonyl absorp
tion at 6.04 y,  suggesting that some type of skeletal 
rearrangement had taken place.

An interesting contrast to the reaction of di
methyl oxalate with the carbostyril (XI) was ob
served in the reaction of diethyl oxalate with XI 
under the same conditions. The yields of the ethyl 
glyoxalate corresponding to XII were low and 
variable (5-25%) and no detectable amount of the 
enol ethyl ether corresponding to XVII was ob
served.

The very nature of the sterically hindered 
system in the carbostyril (XI) that, led to limited 
success in the introduction of a functional group 
on C3 by a Claisen condensation was utilized to 
introduce a carboxyl at C3 in the following manner. 
There are many reports on the synthesis of /'i-oxo 
acids by a Grignard exchange reaction in sterically 
hindered methyl ketones.8 When a similar t ype ¿of 
reaction was attempted on XI with ethylmag- 
nesium bromide, no reaction occurred and start
ing material was recovered unchanged. Treatment 
of the carbostyril (XI) -with methyllithium gave 
an almost quantitative yield of l,4-dihydro-l,2,-
4,4,6,7-hcxamethylquinoline (XIII), the product 
to be expected from the normal addition of lithium 
reagent to the carbonyl, with no detectable amount 
of the desired lithium salt. Fortunately, reaction 
of XI with phenyllithium gave the lithium salt of 
XI, which was treated directly with carbon dioxide 
to give the desired 3-carboxylic acid (XV) in 24% 
yield together with considerable quantities of 
unchanged starting material. In a large-scale run,
l,4-dihydro-l,4,4,6,7-pentamethyl- 2 - phenylquino- 
line (XIV), the product to be expected from the

(S) (a) R. Adams and L. O. Binder, J. Am. Chem. Soc., 
63, 2773 (1941); (b) R. Adams, A. W. Anderson, and M. W. 
Miller, J. Am. Chem. Soc., 63, 1589 (1941): (c) R. Adams and
M. W. Miller, J. Am. Chem. Soc., 62, 53 (1940): (d) R. C. 
Fuson, W. O. Fugate, and C. H. Fisher, J. Am. Chem. Soc.,
6 1 , 2362 (1939); (e) E. P. Köhler and R. Baltzly, Am. 
Chem. Soc., 54, 4015 (1932).

normal addition of lithium reagent to the carbonyl, 
could also be detected.

When the carbostyril-3-carboxylic acid ( X \ ) 
was heated at its melting point of 150°, there was 
a smooth evolution of carbon dioxide and the 
carbostyril (XI) could be recovered, thus proving 
that the introduction of the carboxyl took place at: 
C3 without any change in the ring system. Re
fluxing of the 3-carboxylic acid (XV) with thionvl 
chloride gave the acid chloride of XV as a sirup. 
This sirup could be treated with aniline to give the 
crystalline anilide (XX), or with methanol to give 
the crystalline methyl ester (XVI). A more con
venient synthesis of the methyl ester (XVI) 
involved the treatment of the acid (XV) with meth
anol and acetyl chloride* 61 9 to give XVI in 77% yield 
in one step from the acid; the usual types of esteri
fication proceeded poorly.

The synthesis of 5,10-dihydro-5,5,7,8,10-penta~ 
methylpyrimido [4,5-b ]quinoline-2,4(3H,4aH)dione 
(XXIII) was attempted by the fusion of equal 
amounts of methyl l,2,3,4-tetrahydro-l,4,4,6,7- 
pentamethyl-2-oxo-3-quinolinecarboxylate (XVI) 
and urea. The product isolated from the reaction 
mixture was the 3-carboxamide (XXI). Condensa
tion of XVI with guanidine hydrochloride and 
sodium methoxide in refluxing V,V-dimethylform- 
amide resulted in a 54% Weld of 5,10-dihvdro-2- 
imino - 5,5,7,8,10 - pentamethylpyrimido[4,5 - bj- 
quinoline-4(4aH)one (XXII). Deamination of the 
2-imine (XXII) with excess sodium nitrite in acetic 
acid gave a 45-50% yield of a crude product which 
appeared to contain two components in approxi
mately equal amounts, as shown by paper chroma
tography using solvent A.10 Variation of the re
action conditions with respect to solvent, ratio of 
sodium nitrite to XXII, temperature, or time 
failed to give a product that was homogeneous, 
as shown by paper chromatography. The complete
ness of the reaction was very easily determined by 
the visual examination of the paper chromato
grams of the crude product of the deamination. 
The starting material (XXII) appeared as a blue 
fluorescent spot with Rf 0.82, while the two de
amination products appeared as yellow fluorescent 
spots with R/ values of 0.66 and 0.79, respectively.

Since the deamination of XXII under a variety 
of conditions appeared to have little or no effect 
on the formation of XXIII with the exclusion of 
the unknown by-product, efforts were directed 
toward the separation of this deamination mixture. 
The essentially complete insolubility of both com
ponents in any of the common solvents eliminated 
the possibility of purification by recrystallization.

(9) K. Freudenbcrg and W. Jakob, Ber., 74B, 1001
(1941).

(10) The paper chromatograms were run on Whatman 
No. 1 paper b3r the descending technique and spots were 
located by visual examination under ultraviolet light. The 
solvent systems used were: A, water saturated butanol; 
B, butanol-acetic acid-water (4:1:5).
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A differential solubility of the two components in 
concentrated hydrochloric acid made possible the 
purification of the faster moving of the two com
ponents by solution in concentrated hydrochloric 
acid followed by reprecipitation of the acid- 
soluble material with water. By this means, a 
15% over-all yield of 5,10-dihydro-5,5,7,8,10- 
pentamethylpyrimido[4,5-b]quinoline-2,4(3H,4aH)- 
dione (XXIII) hydrochloride was obtained. The 
hydrochloric acid-insoluble fraction still consisted 
of a mixture of the two components. Since the by
product was not obtained free of XXIII, its em
pirical formula could not be determined. Subsequent 
attempts to repeat this hydrochloric acid separation 
of XXIII from the by-product were not always 
successful.

A similar synthetic sequence for the preparation 
of 5,10-dihydro-7,8,10-trimet hylpyrimido [4,5-b ]-
quinoline-2,4(3H,4aH)dione (XL), starting with 
xylidine, is outlined in VII—»-XL. The key inter
mediate for this synthesis is 3,4-dih3rdro-l,6,7- 
trimethylcarbostyril (XXXIII). Many routes to 
its synthesis from 3,4-xylidine are apparent and 
a number of these were investigated. Since at-

CH,
CIL- 'V H
CH3k % M - c = °

IN

XXX
x c h 2 C1C'H2

CH3̂ V  _> C H ( T b r ^ %  X CH2
CH3k j N H 2 CH3k A N-C = 0  CH3k J ^ N -C- °

tempted fusion of 3,4-acryloxylidide (XXXI) 
with aluminum chloride gave no reaction and 
starting material was recovered unchanged, the 
Friedel-Crafts ring closures of the 3-halopropion- 
anilides (XXVI and XXVII) were examined.11 
The condensation of 3,4-xylidine (VII) with 3- 
chloropropionyl chloride gave the 3-chloropro- 
pionamide (XXVI) in 87% yield. Fusion of XXVI 
with aluminum chloride to give 3,4-dihydro-6,7- 
dimethylcarbostyril (XXXII) proceeded in a 12% 
yield. Cyclization of the corresponding 3-bromo- 
propionanilide (XXVII) gave similar .yields. Use of 
Skellysolve C5 as a solvent in the cyclization of the 
chloroanilide (XXVI) raised the .yield of carbo- 
styril (XXXII) to 27%. Substitution of benzene 
for Skellvsolve C in this reaction12 led to 3-phenyl- 
3',4'-propionoxylidide (XXVIII) instead of the 
desired carbostyril (XXXII). N-Methylation of 
the dimethylcarbostyril (XXXII) with sodium 
hydride and methyl iodide in Ar,AT-dimethylform- 
amide proceeded in 78% yield to 3,4-dihydro-
1,6,7-trimethylcarbostyril (XXXIII), a 21% over
all yield from the 3-chloropropionanilide (XXVI).

An effort was made to V-methylate the chloro
anilide (XXVI) previous to cyclization to the 
carbostyril, since a similar modification with the
3-methylcrotonanilide (VIII) gave a considerable 
increase in over-all yield of the carbostyril (XI). 
One of the by-products to be expected from the 
methylation of a d-chloroamide such as XXVI is 
the /3-lactam (XXX). That this possible side re
action was a reality was demonstrated by the 
presence in the infrared spectrum of the V-meth- 
ylation product of a /3-lactam carbonyl band at 5.73 
n in addition to the expected amide carbonyl band 
at 6.04 /x. When the /3-chloroanilide (XXVI) 
was subjected to the basic conditions of the N- 
methylation in the absence of methyl iodide, the 
/3-lactam could be isolated in a pure state. Un
fortunately, the mixture of /3-lactam (XXX) and 
trimethylanilide (XXIX) could not be separated 
by distillation; hence the over-all yield of XXXIII 
by the cyclization of XXIX as compared to XXVI 
would not be improved.

Treatment of the trimethylcarbostyril (XXXIII) 
with dimethyl oxalate and sodium hydride in N,N- 
dimethylformamide gave the glyoxalate (XXXV-
III), isolated as its 2,4-dinitrophenylhydrazone 
in 21% yield. There was no evidence for the 
formation of an enol ether of XXXVIII cor
responding to XVII, since the characteristic vinyl

(11) F. Mayer, L. v. Zutphen, and H. Philipps, Ber., 60, 
858 (1927), reported that iV-methyl-iV-acrylylaniline failed 
to cyclize to the dihydrocarbostyril with aluminum chloride. 
However, they were able to cyclize several .V-(/3-chloro- 
propionvl)anilides.

(12) The use of benzene as a solvent in Friedel-Crafts 
reactions involving aromatic rings more reactive than 
benzene has been described by R. Adams, T. A. Geissman, 
B. R. Baker, and H. M. Teeter, J. Am. Chem. Soc., 63, 
528(1941).
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double bond of the enol ether of XVII at 6.3 u 
in the infrared was absent in the crude product.

Condensation of XXXIII with diethyl carbo
nate using sodium hydride in .Y,.Y-dimethyl- 
formamide afforded ethyl 1,2,3,4-tetrahydro-l ,6,7- 
trimethyl-2-oxo-3-quinolinecarboxy_ate (XXXY) in 
42% yield. Saponification of the ethyl ester
(XXXV) gave a crystalline sodium salt of the acid
(XXXVI) containing the expected carboxylate 
bands in the infrared. Acidification of the sodium 
salt afforded the crystalline 3-carboxylic acid
(XXXVII) , m.p. 155°, which could be decarbox- 
ylated at 180° back to the starting trimethyl- 
carbostyril (XXXIII), thus showing that, no rear
rangements had taken place.

The contrast of reactivities and reaction prod
ucts between the trimethylcarbostyril (XXXIII) 
and the pentamethylcarbostyril (XI) is notable. 
The pentamethylcarbostyril (XI) with its sterically 
hindered 3-methvlene groups, fails to react with 
diethylcarbonate in contrast to the successful 
conversion of the trimethylcarbostyril (XXXIII) 
to its 3-carbethoxy derivative (XXXV). Similarly, 
the pentamethylcarbostyril (XI) reacted with 
methyl oxalate at 140° to give the glyoxalate enol 
ether (XVII), whereas the unhindered trimethyl
carbostyril (XXXIII) under the same conditions 
gave only the expected glyoxalate (XXXVIII) 
with no detectable amounts of the enol ether.

Reaction of ethyl 3-quinolinecarboxylatc (X- 
XXV) with hydrazine in boiling ethyl alcohol gave 
a crystalline compound whose elemental analysis 
agreed with that to be expected for the carboxylic 
acid hydrazide (XXXIV). It is conceivable that 
the product from the reaction of hydrazine and 
ethyl ester (XXXV) is a hydrate of the ring- 
closed pyrazolo[3.4-b]quinoline (XXXIX). It has 
been assigned the structure of the hydrazide 
(XXXIV), however, on the basis of the similarity 
of its ultraviolet absorption spectra to that of the 
ethyl ester (XXXV).

Attempts to convert the ethyl ester (XXXV) 
to a pyrimido[4,o-b]-quinoline (XL-XLII) by 
condensation with urea, guanidine, or thiourea 
under a large variety of conditions were un
promising; either low yields, intractable mixtures 
(as shown by paper chromatography), or both were 
obtained. Part of the difficulty appeared to be the 
further aromatization of the product(s) to com
pounds such as L-LI. To avoid the aromatization 
problem, the condensation of a more fully aromatic 
ester such as ethyl l,2-dihydro-l,6,7-trimethyl- 
2-oxo-3-quinolinecarboxylate (XLVH) with these 
agents was investigated.

One of the standard methods for aromatization 
of a compound such as XXXY to XLVII involves 
bromination, then dehydrohalogenaf ion. Treatment 
of the ethyl ester (XXXV) with bromine in carbon 
tetrachloride gave a sirup that could be separated 
into two components. The minor component proved

to be the expected ethyl 3-bromo-l ,2,3.4-tetra- 
hydro- 1,6.7 -trimethvl-2 - oxo - 3 - quinolinecarbox- 
ylate (XLIV), obtained in 23% yield. The main

"dibromide"

component from the reaction, although crystalline, 
could not be recrystallized without decomposition 
and the crude product gave somewhat variable 
analytical data. The bromine content was con
sistently high, approaching the value expected for 
a dibromide of XXXV. Treatment of this ‘di
bromide’ (XLIII) with saturated aqueous sodium 
bicarbonate gave ethyl 1,2-dihydro-1 ,6,7-trimethyl- 
2-oxo-3-quinolinecarboxylate (XLVII) in 29% 
yield based on the ethyl ester (XXXV). In con
trast, aqueous sodium bicarbonate had no effect 
on the monobromo ester (XLIV) and it could be 
recovered unchanged.

Thermal decomposition of the monobromo ester 
(XLIV) proceeded with elimination of the elements 
of the ethyl bromide to give l,2-dihydro-l,6,7- 
trimethyl-2-oxo-3-quinolinecarboxylic acid (XLV-
III) in 97% yield.13 Similarly, the ‘dibromide’ 
(XLIII) also gave the aromatic acid (XLVIII). 
The acid chloride, prepared from the acid (XLVIII)

(13) A possible mechanism for the pyrolysis of the bromo 
ester (XLIV) is illustrated below:
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with thionyl chloride, was treated with either 
methanol, ethanol, or aniline to give the methyl 
ester (XLVI) (74% yield), ethyl ester (XLVII) 
(78% yield), and anilide (61% yield), respectively. 
The ethyl ester (XLVII) prepared via the acid 
chloride of XLYIII was identical in all respects 
with the ethyl ester prepared by the sodium bi
carbonate treatment of the ‘dibromide’ (XLIII)

Treatment of the ethyl ester (XLVII) with hy
drazine hydrate gave a 95% yield of material 
which again is believed to be the hydrazide (XLV) 
rather than the pyrazolo[3,4-b]quinoline (LIX), 
since its ultraviolet spectrum is very similar to 
that of the carboxylic acid (XLVIII) and the ethyl 
ester (XLVII). The pyrazolo[3,4-b¡quinoline (LIX) 
with its longer conjugated system of double bonds 
would be expected to absorb at longer wave lengths 
than the acid (XLVIII) or ester (XLVII).

Condensation of the methyl ester (XLVI) 
with guanidine hydrochloride in methanolic so
dium methoxide followed by neutralization with 
acetic acid gave a material which was homogeneous 
on paper chromatography in solvent B10 * * * and which 
analyzed satisfactorily for the acetate salt of 2,10- 
dihydro-2-imino - 7,8,10 - trimethylpyrimido [4,5-b ]- 
quinoline-4(3H)-one (L). Treatment of L, either 
as the free base or its acetate salt, with nitrous 
acid under a variety of conditions gave no reaction 
as shown by paper chromatography10 and when the 
attempted deamination was carried out in acetic 
acid, the acetate salt of L could be recovered un
changed.

The failure of the 2-imine (L) to react with 
nitrous acid, compared with the facile reaction with 
nitrous acid of the 2-imine (XXII) and the many 
other examples of deamination of 2-aminopyrimi- 
dines with nitrous acid and/or mineral acid,14 
is surprising and negates the synthesis of compounds 
of type LI by this route.

E X P E R IM E N T A L 10' 15

8-Methyl-3',4'-crotonoxylidide (VIII). To a refluxing solu
tion of 60.7 g. (0.50 mole) of 3,4-xylidine (VII) in 100 ml. of 
benzene was added dropwise with stirring 29.6 g. (0.25 mole) 
of 3-methylcrotonoyl chloride16 in 75 ml. of benzene over 
a period of 80 min. As the addition proceeded, the aniline 
hydrochloride precipitated. After the addition was complete, 
the mixture was stirred under reflux for 1 hr. The mixture 
was cooled, then the hydrochloride was removed by filtration 
and washed with four 50-ml. portions of benzene. The filtrate 
was evaporated in vacuo and the brown, viscous residue taken 
up in 450 ml. of 60% ethanol, heated to boiling, treated with 
Norit, and filtered. The solution was cooled and an oil

il4)(a) E. A. Faleo and G. H. Hitchings, Ciba Foundation
Symposium on Chemistry of Biology of Plcridines, Little,
Brown and Company, Boston, 1954, p. 183; (b) G. W. 
Kenner and A. Todd in Heterocyclic Compounds, Volume \  I,
R. C. Elderfield, ed., John Wiley and Sons, Inc., Xew York,
N. Y., 1957, p. 278.

(15) Melting points were taken on a Fisher-Johns appara
tus and are uncorrected.

(16) L. I. Smith and V. A. Engelhardt, J. Am. Chem. Soc., 
71,2671 (1949).

separated which crystallized. The solid was collected and 
washed with 150 ml. of cold l.V hydrochloric acid, then 
with 100 ml. of water. The product, after being dried in 
vacuo over Drierite, weighed 43.0 g. (84%). A small sample 
was recrystallized from 75% methanol for infrared and ele
mental analysis, m.p. 102-103°; X,™r;m 3.01 (NH), 6.05 
(C = 0), 6.13 (C=C), 12.15 (trisubstituted phenyl).

Anal. Calcd. for GYHI7NO: C, 76.8: H, 8.43; N, 6.89. 
Found: C, 77.0; H, 8.49; X, 6.84.

3.4- Dihydro-4,4,6,7-t(tramethylcarboslyril (X). A stirred 
suspension of 25 g. (0.12 mole) of 3-methyl-3',4'-crotonoxyl- 
idide (VIII) in 250 ml. of Skellysolve C5 was treated with 
50 g. of anhydrous, powdered aluminum chloride. The mix
ture was stirred under reflux for 3.5 hr. The cooled mixture 
was decomposed with ice and treated with 20 ml. of 6.V hy
drochloric acid. The white, crystalline solid was collected, 
washed with 25 ml. of Skellysolve 0,5 and dried in vacuo 
at 60°; yield 17.2 g. (69%), m.p. 178-180°: X*“r((1) 3.11 
(NH), 5.89 (lactam C = 0), 11.23 (1,2,4,5-tetrasubstituted 
benzene).

The analytical sample was prepared from a pilot run by 
two recrystallizations from 60% ethanol with the use of 
Norit; white crystals, m.p. 176-178°.

Anal. Calcd. for CuHnNO: C, 76.8; H, 8.43; N, 6.89. 
Found: C, 76.9; H, 8.36; N, 6.88.

N,3-Dimethyl-3',4'-crolonoxylidide (IX). To a stirred 
solution of 10.2 g. (0.05 mole) of 3-methyl-3',4'-crotonoxyli- 
dide (VIII) in 85 ml. of V,V-dimethylformamide was added
1.30 g. (0.054 mole) of sodium frydride. The mixture was 
cooled in an ice bath while 8.5 g. (0.06 mole) of methyl iodide 
was added. After several minutes a white precipitate 
formed. The mixture was heated on the steam bath for 5 
min. The Ar,A’-dimethylformamide was distilled under re
duced pressure and the residue treated with 50 ml. of chloro
form. The resulting mixture was washed with two 50-ml. 
portions of water. The chloroform was removed under re
duced pressure and the product was distilled at 96° (0.025 
mm.) (bath temperature 110°); vield 9.0 g. (84%), a2D° 
1.5506; 6.03 (amide C =0), 6.15 (C=C), 7.32
(CHS), 12.35 (1,3,4-trisubstituted benzene).

Anal. Calcd. for ChHi9NO: C, 77.4; II, 8.81; X', 6.45. 
Found: C, 77.3; H, 8.86; X, 6.30.

3.4- Dihydro-l,4,4,6,7-pentamethylcarbostyril (XI). (A) A 
stirred mixture of 1.68 g. (0.0083 mole) of 3,4-dihydro-
4,4,6,7-tetramethylcarbostyril (X), 0.24 g. (0.01 mole) of 
sodium hydride, and 2.13 g. (0.015 mole) of methyl iodide 
in 15 ml. of Y.V-dimethylformamide was heated at 50-55° 
for 1 hr. The solvent was removed in vacuo and the residue 
dissolved in 25 ml. of methylene chloride. The resulting 
solution was washed with 25 ml. of water, dried over mag
nesium sulfate, then concentrated in vacuo. Distillation at
87-91° (0.050 mm.) (bath temperature 110-115°) yielded
l. 28 g. (68.2%) of product that solidified in the receiver,
m. p. 48-57°. A 1-g. sample was recrystallized from 2.5 ml.
of Skellysolve B,5 to give 0.5 g. of white crystals, m.p. 54- 
59°; 5.97 (lactam C = 0), 7.41 (CHS), 11.32 (1,2,4,5-
tetrasubstituted benzene).

Anal. Calcd. for C„H19NO: C, 77.4; H, 8.81; N, 6.45. 
Found: C, 77.1; H, 8.92; N, 6.83.

(B) To a stirred suspension of 15 g. (0.11 mole) of anhy
drous powdered aluminum chloride in 40 ml. of Skellysolve 
C5 was added 6.60 g. (0.030 mole) of JV,3-dimethvl-3',-4'- 
crotonoxylidide (IX) in 15 ml. of Skellysolve C.5 The mix
ture was then heated under reflux on the steam bath for 
100 min. The mixture was cooled and decomposed by adding 
ice. The resulting mixture was treated with 20 ml. of GN 
hydrochloric acid and the Skellysolve C5 layer separated. 
The organic solvent was removed in vacuo, leaving 6.76 g. 
of crude product, m.p. 57-60°. The crude material was re
crystallized from 15 ml. of Skellysolve B5; yield 4.27 g., 
m.p. 58-60°. The filtrate was treated with Norit and fil
tered hot. An additional 1.1 g. of colorless crystals was 
obtained, m.p. 58-60°. The total yield was 5.37 g. (81.5%).
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The infrared spectrum was identical with that of the carbo- 
styrii prepared by method A.

Methyl 1,2,3,4-tetrahydro-l ,¿,4,6,7-pcntamethyl-2-oxo-3- 
quinolineglyoxylate (XII). A mixture of 3.0 g. (0.014 mole) 
of 3,4-dihydro-l,4,4,6,7-pentamethylcarbostyril (XI) and
0.67 g. (0.028 mole) of sodium hydride in 15 g. of dimethyl 
oxalate and 15 ml. of X,X-dimethylformamide was stirred 
for 4 hr. at 110-115°. The solvent and excess dimethyl 
oxalate were removed in vacuo and the residue was taken up 
in a solution of 5 ml. of ethanol in 25 ml. of benzene. This 
solution was diluted with 50 ml. of chloroform and washed 
with 50 ml. of water. The chloroform solution was dried 
over magnesium sulfate and concentrated in vacuo. A light 
tan oil weighing 2.65 g. was obtained; X““(fl) 5.76 (ester 
C = 0), 6.03 (lactam C =0), 11.30 (1,2,4,5-tetrasubstituted 
benzene).

A 2,4-dinitrophenylhydrazone was prepared by dissolving 
0.523 g. (1.72 mmoles) of the residue of XII in 10 ml. of 
ethyl alcohol, then adding this solution to a freshly prepared 
solution of 0.4 g. of 2,4-dinitrophenylhydrazine in 2 ml. of 
coned, sulfuric acid, 3 ml. of water, and 10 ml. of ethyl 
alcohol. The resulting solution was stirred and heated on the 
steam bath at 60° for 2 min., then cooled in an ice bath. The 
yellow solid that precipitated was removed by filtration 
and dried; yield 0.185 g. (22.3%). The crude 2,4-dinitro
phenylhydrazone was recrystallized from 10 ml. of ethyl 
alcohol with the aid of Norit; yield 0.075 g. of orange-yellow 
crystals, m.p. 105-113°; X*^(w 5.82 (ester C = 0), 6.05 
(lactam C =0), 6.66 (NH and N 02), 7.47 (N02), 8.16 
(ester C—O—C).

Anal. Calcd. for CaH^sNsCb: C, 57.1; H, 5.21. Found: 
C, 57.1 ;H, 5.33.

.1/ ethyl 1,2,3,4-tetrahydro-a-methoxy-l ,4.4,6,7-penlamethyl- 
2-oxo-A“^-quinolinacetate (XVII). A stirred mixture of 2.0 
g. (9.2 mmoles) of 3,4-dihydro-l,4,4,6,7-pentamethylcarbo- 
styril (XI) and 0.48 g. (0.02 mole) of sodium hydride in 10 
g. of dimethyl oxalate and 10 ml. of X,X-dimeth}Iforma- 
mide was heated at 130-140° for 4.1 hr. The solvents and 
excess dimethyl oxalate were removed at 60° and 1 mm. 
pressure. The residue was treated with 25 ml. of etha
nol. This mixture was washed with one 50-ml. and one 25- 
ml. portion of water. The benzene was removed in vacuo 
at 65°, leaving the crude product as tan crj^stals; weight 
2.71 g. Recrystallization of 2.54 g. of the crystals from 35 
ml. of ethyl alcohol and 17 ml. of water gave 1.64 g. (60%) 
of white needles, m.p. 162-166°; 5.78 (ester C =0),
6.07 (lactam C = 0), 6.33 (C=C), 7.65, 8.28 (ester C—0 — 
C), 9.79 (ether C—0 —C), 11.28 (1,2,4,5-tetrasubstituted 
benzene).

Anal. Calcd. for CisH^NCh: C, 68.1; H, 7.31; N, 4.41. 
Found: C, 68.2; H, 7.18; N, 4.14.

This compound failed to give a 2,4-dinitrophenylhydra
zone even when it was refluxed with the reagent for 1 hr.; 
the enol ether was recovered unchanged.

Sodium 1,2,3,4-telrahydro-a-methoxy-l ,4,4,6,7-pentamethyl- 
2-oxo-Aa■Z-quinolinacetate (XVIII). To 0.20 g. (0.63 mmole) 
of recrystallized enol ether (XVII) was added 1 ml. of IX 
ethanolic. sodium hydroxide. After standing overnight, the 
mixture was heated on the steam bath for 75 min. under 
reflux. The cooled solution deposited white, flaky crystals. 
These were collected, washed with 1 ml. of ethyl alcohol, and 
dried; yield 0.17 g. (83%). The salt did not melt below 
295° and had 6.13 (lactam C = 0), 6.25, 7.20 (carbox- 
ylate ion), 11.27 (1,2,4,5-tetrasubstituted benzene).

Anal. Calcd. for CnH2oN01Na-H20: C, 59.5; H, 6.41. 
Found: C, 58.9; H, 6.42.

1,2,3,4-Tetrahydro-a-methoxy-l, 4,4,6,7-pentamethyl-2-oxo- 
A“ ■z-quinolinacctic acid (XIX). A suspension of 7.42 g. 
(0.0226 mole) of the sodium salt (XVIII) in a mixture of 
50 ml. of water and 50 ml. of chloroform was acidified with 
25 ml. of 6X hydrochloric acid, then shaken vigorously. 
The chloroform layer was separated, driec over magnesium 
sulfate, and concentrated in vacuo; yield 5.91 g. (86.5%), 
m.p. 168-176°. An analytical sample was prepared by re

crystallization from Skellvsolve B,5 then from 25% aqueous 
methanol, m.p. 175-177°.

Anal. Calcd. for C17H2,N04: C, 67.3; H, 6.98; N, 4.62. 
Found: C, 67.4; H, 7.12; N, 4.67.

A similar preparation had 3.8-4.2 (acidic OH), 5.76 
(carboxylic acid C = 0), 6.10 (lactam C = 0), 6.35 (C=C), 
9.47 (ether C—0 —C), no ester C—0—C at 7.65 or 8.28.

Acid hydrolysis of methyl 1,2,3,4-tetrahydro-a-methoxy-
l,4,4,6,7-pentamethyl-2-oxo-&a’3-quinolinacetate (XVII). A 
mixture of 0.06 g. (0.3 mmole) of the recrystallized enol 
ether (XVII) in 1 ml. of methyl Cellosolve and 2 ml. of 
6X hydrochloric acid was heated on the steam bath for 1 
hr. The solvents were removed in vacuo, leaving a colorless 
oil wi+h 5.77 (ester 0 = 0 ) , 6.03 (lactam 0 = 0 ),
7.81,8.75 (ester C—0 —C), no C=C at 6.33.

The above hydrolysis product was dissolved in 1.5 ml. of 
methanol and 2.0 ml. of 2,4-dinitrophenylhydrazine rea
gent. The solution was heated on the steam bath for 1 min. 
and then cooled in an ice bath. Twro drops of water wrere 
added. The yellow precipitate that formed was collected by 
filtration, washed with 1 ml. of 50%, methyl alcohol, and 
dried. The yellow solid melted at 70-85°. The infrared 
spectrum was similar to that of the 2,4-dinitrophenylhy
drazone previous^' prepared from crude XII; 5.85
(ester C = 0), 6.05 (lactam C = 0), 7.50 (N02).

1.2.3.4- Tetrahydro-l,4,4,6,7-pentamethyl-2-oxo-3-quinoline- 
carboxaldehyde (XXV) 2,4-dinitrophenyl hydrazone. Methyl
1,2,3,4-tetrahydro-a-methoxy-l ,4,4,6,7-pentamethyl- 2 - oxo- 
A“-3-acetate (XIX) (0.512 g., 1.68 mmoles) was heated in a 
bath at 180-190° for 17.5 min. The solid melted and a gas 
was evolved. The orange residue weighed 0.427 g. It wTas 
dissolved in 7.5 ml. of Skellvsolve B5 and the solution 
chilled. The yellow crystals that formed wrere collected on a 
filter and w’ashed with 2 ml. of Skellvsolve B.5 The crj'stals 
weighed 0.210 g., m.p. 135-165°; the infrared spectrum was 
almost identical with that of methyl 1,2,3,4-tetrahydro-a- 
methoxy-l,4,4,6,7-pentamethyl-2 - oxo-A“’3 - quinolinacetate
(XVII). The filtrate was concentrated in vacuo. The orange, 
viscous residue weighed 0.184 g.; X“” (w 3.71 (aldehyde 
CH, weak), 5.78 (ester and aldehyde C = 0), 5.99 (lactam 
C =0, 6.22 (;C=Cc), 7.43 (CH3), 11.41 (1,2,4,5-tetra
substituted benzene).

A solution of 0.163 g. (0.62 mmole) of the above crude 
aldehyde (XXV) in 2 ml. of ethanol was treated with 10 ml. 
of 2,4-dinitrophenylhydrazine reagent. Within 1 min. an 
orange precipitate formed. The mixture was warmed gently 
on the steam bath for 30 sec., then chilled. The amorphous 
precipitate was collected, washed with 2 ml. of chilled 
60% alcohol, and dried in vacuo; yield 0.09 g. (25%, 9% 
based on XVII), m.p. 135-165°. The infrared spectrum was 
almost identical with that of a previous^ prepared analytical 
sample, m.p. 273-274°; x“ %, 3.06 (NH), 6.02 (lactam 
0 = 0 ), 6.11 (aryl +  NH +  NO,), 7.54 (NO,), no ester 
0 = 0  about 5.8.

Anal. Calcd. for OH^NsOs: C, 59.3; H, 5.45. Found: 
C, 59.3; H, 5.22.

1.4- Dihydro-l,2,4,4,6,7-hexamethylquinoline (XIII). To 
a stirred solution of 0.01 mole of methyllithium prepared 
from 0.65 ml. (0.011 mole) of methyl iodide and 0.141 g. 
(0.021 mole) of lithium metal in 11 ml. of ether ŵ as added 
dropwise with stirring a solution of 1.1 g. (0.0050 mole) 
of 3,4-dihydro-l,4,4,6.7-pentamethvlcarbostyril (XI) in 5 
ml. of ether. The resulting solution was stirred for 25 min., 
then poured onto Dry Ice. After the Dry Ice had evapo
rated, the mixture was diluted with 60 ml. of ether, then 
re-extracted with 80 ml. of 0.25Ar sodium hydroxide. After a 
second extraction with 20 ml. of X sodium hydroxide, 
the ether layer was concentrated to dryness in vacuo to give
1.07 g. (99%) of a pink, crystalline solid, m.p. 107-120°. 
After three recrystallizations from Skellvsolve B,5 white 
crystals were obtained, m.p. 113.5-114.5°; x“ xr,m 6.00 
(C=C—N), 6.20, 6.59, 6.76 (aryl), 7.22 (CH3), 11.29 
(1,2,4,5-tetrasubstituted benzene).



A U G U S T  1 9 6 0 POTENTIAL ANTICANCEH AGENTS. XX X IV 1 3 7 5

Anal. Calcd. for CaH-jiN : C, 80.7: 11, 9.83; X, 0.51. Found: 
C, 83.2; H,9.81;X, 6.38.

1 pdyi^-Tetrahydro-l^y'hdp-pcnUinicthyl-S-oxo-S-quinoline- 
carboxijUc acid (XV) and 1,4-dihydro-l,4,4,6,7-peniamethyl- 
J-quinoline (XIV). Phenyllithium (0.01 mole) was prepared 
from 1.57 g. (0.01 mole) of 1 >romobenzene and 0.153 g. 
(0.022 mole) of lithium metal in 10 ml. of ether in the usual 
manner. To the stirred phenyllithium solution at room tem
perature was added 1.02 g. (0.0075 mole) of 3,4-dihydro- 
1,4.4,0,7-pentamethylearbostyril (XI) in 10 ml. of etl er. 
The addition was accompanied by an exothermic reaction. 

The resulting solution was stirred at room temperature for 
25 min., then poured onto powdered Dry Ice. After the 
Dry Ice had evaporated, the resulting mixture was diluted 
with 45 ml. of ether and extracted with three 35-ml. por
tions of saturated aqueous sodium bicarbonate solution. 
The combined alkaline extracts were acidified with dilute 
sulfuric acid and extracted with 50 ml. of methylene chlo
ride. The methylene chloride was removed in vacuo and the 
brown, viscous residue (0.65 g.) dissolved in hot benzene. 
The benzene solution was diluted with an equal volume of 
Skellysoive B.' treated with Xorit, and filtered. The chilled 
filtrate yielded 0.46 g. (2.3.4%) of white crystals of XV, m.p.
146-148° dee. A sample of a pilot preparation formed white 
crystals, m.p. 145 147° dec.: a 1:1 ratio of phenyllithium to 
XI was used and the yield was 7 . 7 ' 3 . 9 0  (carboxyl 
OH), 5.76 (acid C = b), 6.12 (lactam C=D), 7.30 (CH„ 
COOH), 11.53 ( 1,2,4,5-tetrasubstituted benzene).

Anal. Calcd. for (XHisXCh: C, 68.9; II, 7.33. Found: 
C, 69.1; 11,7.39.

A few milligrams of the recrystallized acid (XV) were 
heated at 169° until the evolution of gases had ceased 
(about 4 min.). The infrared spectrum of the solid residue 
was almost identical with that of an analytical sample of
3.4-dihydro-l,4.4,6.7-pentamethylcarbostyril 'X I j; \ “ 'i(I) 
5.90 I lactam C=D . 11.35 i 1.2,4,5-tetrasubstituted ben
zene i.

In a larger run, the ether solution of nonaeidic material 
was dried, then evaporated to dryness in vacuo; 1,4-dihydro-
l,4,4,6,7-pentumethyl-2-pheiiylquinoline (XIV) was ob
tained as a yellow oil, b.p. 158-160° (0.075 mm.):
6.02 (C=C—X i, 6.18 (aryl), 7.33 (methyl), 11.38 (1.2,45- 
tetrasubstituted benzene).

Annl. Calcd. for C;H -X : C. 86.6 ; H, 8.36; X. 5.05. 
Found: C. 86.0; H, 8.25; X, 5.06.

Mi thyl 1,3.5,4-letrahyilro-l,4,4,d.7-penlamethyl-2-oxo-3- 
qninoUnccarhax plate (XVI). (A) A mixture of 5.45 g. (0.021 
mole) of 1,2,3,4-tetrahydro-l,4,4,6,7-pentamethyl-2-oxo-3- 
quinolinccarboxylic acid 1 X\> and 10 ml. of thionyl chloride 
was refluxed for 40 min. The resulting solution was evapo
rated to dryness in vacuo and the last traces of thionyl chlo
ride were temoved by the addition and removal in vacuo of 
10 ml. of dry xylene. A solution of the resulting acid chloride 
in 20 ml. of methanol was refluxed for 30 min., then eva|K> 
rated to dryness in vacuo. The residue was dissolved in 20 
ml. of methylene chloride, then washed with 25 ml. of half- 
saturated aqueous sodium bicarbonate. The organic layer 
was dried over magnesium sulfate, then evaporated to dry
ness in vacuo. The residue was crystallized from 25 ml. of 
Skcllvsolve B5 to yield 4.86 g. S5', i of crystalline solid, 
in.]). 110 114 . Kerrystallization from Skcllvsolve B5 raised 
the melting point to 115-116.5°: X*“'1(ll 5.78 (ester C=(>),
6.01 (lactam C=D . 8.64 ester C- <>—C); 255
(t 9580).

Anal. Calcd. for CicH:tN< >6 C, 69.8; II, 7.69; X 5.09. 
Found: C, 69.8; H. 7.S6; X, 4.S5.

(B) To a solution of 10.0 g. (0.038 mole) of 1,2,3,4,-tetr.i- 
hv.lro- 1,4.4.6.7-pentamethyl-2-oxo- 3-quinolinecarboxylic 
acid (XV 1 in 100 ml. of methanol was added dropwise with 
swirling 10 ml. of acetyl chloride. The reaction mixture was 
refluxed for 30 min., then cooled to room temperature. After 
the addition of a second portion 5 nil. of aeet-1 chloride, 
the reaction mixture was refluxed for 1 hr. more, then con

centrated to dryness in vacuo. The residue was dissolved in 
100 ml. of benzene. The benzene solution was washed with 
two 75-ml. portions of saturated aqueous sodium bicarbonate 
and 75 ml. of water, then dried over magnesium sulfate and 
evaporated to dryness in vacuo to yield 9.30 g. of a white, 
crystalline solid. Recrystallization from 30 ml. of Skellv- 
solve C5 gave 8.12 g. (77%) of the methyl ester (XVI), m.p. 
110- 111°, the infrared spectrum of which was essentially 
identical with that of the analytical sample of procedure A.

1.2.8.4- Telrahydro-l ,4 ,4 ,6 ,7-pcntamethyl-2-oxo-d-(]uinoline- 
carboxanilide (XX). A solution of 0.26 g. (1.0 mmole) of
l, 2,3,4-tetrahydro-1,4.4,0,7-pentamethyl-2- oxo-3-quino
line carboxylic acid (XV) in 3 ml. of thionyl chloride was 
refluxed for 25 min. The excess thionyl chloride was 
removed in vacuo and the residue was dissolved in 7 ml. of 
acetone, then 0.25 ml. of aniline was added dropwise with 
stirring. After 20 min., the reaction mixture was poured in 
12 ml. of N  sulfuric acid and the resulting precipitate 
was filtered and washed with two 10-ml. portions of sodium 
carbonate solution to give 0.33 g. (97%) of the anilide (XX),
m. p. 232-234°.

An analytical sample was obtained by recrystallization of 
a similar preparation from aqueous ethanol to give white 
crystals, m.p. 234-236°: XLB,% 3.02 XH . 6.03 .amide 
C=U), 6.47 (amide XII), 13.23, 14.42 (phrnyh.

Anal. Calcd. for Cj.HjjXdE: C, 75.0: II. 7.19. Found: 
C, 74.6;II, 7.14.

1.2.8.4- Tetrahydro-l ,4,4,6,7-pcntamelhyl-2-oxo-S-qumoline- 
carboxainide (XXI). A mixture of 1.0 g. (3.65 mmoles) of 
methyl l,2,3,4-tetrahydro-l,4,4,6,7-pentamethyI-2-oxo-3- 
qumolinecarboxylate (XVI) and 1.0 g. of urea was fused 
at 235-245° for 13 min. After being allowed to cool to room 
temperature, the residue was powdered, then triturated 
with water. The water-insoluble material was filtered, then 
stirred for 30 min. in 10 ml. of coned, hydrochloric acid. 
A second 10-ml. portion of coned, hydrochloric acid was 
added and the suspension was stirred an additional 10 min., 
then filtered. The filtrate was concentrated to dryness in 
vacuo to yield 0.59 g. (54% i of the crude carboxamide
(XXI) , m.p. 205-225°. Purification was effected by re
dissolving the solid in 20 ml. of 6A’ hydrochloric acid, de
colorizing with Xorit, and filtering. The filtrate was diluted 
with 10 ml. of water, then cooled to 0 ° and filtered to yield 
0.25 g. of the amide (XXI), m.p. 215-220°: n 2.95
1 (>H, NH), 6.00 (amide 0 = 0 ).

Anal. Calcd. for CuHjuNsO»: C, 69.2: FI. 7.74: X. 10.8. 
Found: C, 68.9; IT, 7.73; X, 10.6.

i),10-Dihydro-2-imino-5,5,7,8,10-penUinielhylpyri mitlo- 
[4,5-b\quinoline-4{4aH)orie (X XI I .  A mixture of 0.95 
g. (3.45 mmoles) of methyl 1,2,3,4-tetrahydro-l ,4.4,6,7- 
pentamethyl-2-oxo-3-quinolinecarboxylate f.XVI), 0.45 g. 
(4.75 mmoles) of guanidine hydrochloride, and 0.44 g. 
(8.15 mmoles) of sodium methoxide in 10 ml. of freshly dis
tilled -Y,.Y-dimethvlformamide was heated at 120° for 5 
hr. At the end of this time, the mixture was cooled to 60° and 
20 ml. of water was added. The suspended solids all dissolved 
immediately and a crystalline precipitate of the product
(XXII) began to separate. The reaction was cooled to 0°, 
then filtered to yield 0.58 g. (54r , 1 of a cream-colored solid, 
m.p. >270°. Recrystallization from 30 ml. of methanol gave 
0.42 g. of while needles in two crops. This material was 
homogeneous on paper chromatography in solvent A.11 with 
a blue fluorescent spot at Ilf 0.82; :mJ1 326 f 12.700,, 
.'Wne 321 (« 11.600 ., X*%;%,307 u  12.8501.

Anal. Calcd. for C^H-iX-l): G, 67.6; H, 7.09; X, 19.7. 
Found: C, 67.7; II, 7.10; N, 20.0.

5,10-Dihydro-o,o,7.8,10-pentamethylpyriinido[4,o-b] quino- 
line-2,4{'4H,4aHjdione (XXIII). To a warm (50-60°) solu
tion of 1.0 g. of XXII in 150 ml. of glacial acetic acid was 
added dropwise with stirring a solution of 8 g. of sodium 
nitrite in 20 ml. of water. The solution turned a deep yellow. 
1'he reaction mixture was left at room temperature for 4 
hr., then a second S-g. portion of sodium nitrite in 20 mi. 
of water was added and the solution was stored at room
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temperature for Hi hr. The solution was evaporated to dry
ness in vacuo and the residue was washed with several por
tions of water to remove the inorganic salts, leaving 0.5 g. 
of insoluble, yellow solid; paper chromatography in solvent 
A10 showed two yellow fluorescent spots with Rf  values of 
0.00 and 0.70, respectively.

Extraction of 148 mg. of this solid with three portions of 
coned, hydrochloric acid totaling 7 ml. gave 37 mg. of an 
insoluble material which still contained a mixture of com
ponents as shown by paper chromatography. The acid 
solution was diluted with 42 ml. of water, then cooled to 
0° and filtered to yield 08 mg. of yellow solid that was 
homogeneous on paper chromatography in solvent A with a 
yellow fluorescent spot at 7% 0.87. A second reprecipitation 
from 2.5 ml. of coned, hydrochloric acid and 15 ml. of water 
gave the analytical sample: X'“,!,.,,,, 347 (e 9600), X ^ nl(I) 
342 (« 10,300),\'iJiM) 340 (*8200).

Anal. Calcd. for C,6H,,N.,02-IIC1: C, 59.7; H, G.26; Cl, 
11.0; X, 13.1. Found: C, 00.1; Id, 5.So; Cl, 70.8; N, 13.2.

S-ChloroS'/t'-propionoxylidirle (XXVI). To a refluxing 
solution of 80.1 g. (0.667 mole) of 3,4-xvlidine (VII) in 70 
ml. of acetone was added, with stirring, a solution of 42.6 
g. (0.333 mole) of 3-chloropropionyl chloride in 30 ml. 
of acetone over a period of 50 min. The solution was stirred 
under reflux for 1 hr. after the addition was completed. The 
cooled solution was poured into 500 ml. of L'V hydrochloric 
acid. The oil that separated solidified on cooling the mixture 
in an ice bath. The solid material was dried in vacuo over
night at 55° and recrystallized from 280 ml. of 05% aqueous 
ethanol with use of Xorit; yield til g. (87' <), m.p. 106-109°. 
A sample recrvstallized for analysis forme 1 white crystals, 
m.p. 109.5°; X™',M) 3.03 (XII),' 0.04 (amide C==<)), 6.46 
(amide NH), 12.22 (1,3,4-trisubstitutcd benzene).

Anal. Calcd. for CnHnClXO: C, 62.4; H, 6.66; Cl, 16.8; 
X, 6.61. Found: C, 62.7; H, 6.85; Cl, 16.6; X, 6.36.

Sri-Dihydro-d,7-(limethylctuimiuril (XXXII). A mixture 
of 20 g. (0.104 mole) of 3-ehloro-3',4'-propionoxylidide 
(XXVI) and 47 g. (0.35 mole) of anhydrous powdered 
aluminum chloride in 210 ml. of .Skellysolve C5 was heated 
under reflux with stirring for 2 hr. The stirred mixture was 
cooled, decomposed with ice, and treated with 30 ml. of 6.V 
hydrochloric acid. The white solid was collected on a filter 
and dried in vacuo at 60°; weight 23 g., m.p. 120-150°. The 
crude product was recrystallized from 65 ml. of ethanol with 
the use of Xorit; yield 7.1 g., m.p. 180-195°. The product 
was purified further by recrystallization from methanol- 
ethanol (95 ml.: 15 ml.); yield of pure product, 5.0 g. (30%). 
The colorless flat needles melted at 199-202°; XBB%, 3.12 
(XH), 5.96 (lactam C =0), 7.25 (methyl); 11.28 (1,2,4,5- 
tetrasubstituted benzene). The infrared spectrum was 
identical with that of an analytical sample which had been 
prepared in 12' ( yield by the fusion of aluminum chloride 
with 3-chloro-3',4'-propionoxylidide (XXVI).

Anal. Calcd. for CnHuNO: C, 75.4; H, 7.48; N, 7.99. 
Found: C’, 75.3; H, 7.71; N, 7.70.

3,4-Dihydro-l,6,7-trimethylcarbostyril (XXXIII). A stirred 
mixture of 8.9 g. (0.051 mole) of 3,4-dihydro-0,7-dimethyl- 
carbostyril (XXXII) and 1.30 g. (0.054 mole) of sodium 
hydride in 75 ml. of .V,.V-dimethylformamide was warmed 
gently on the steam bath until most of the sodium hydride 
had reacted. The mixture was stirred with ice cooling while
3.7 ml. (8.5 g., 0.060 mole) of methyl iodide was added. 
Stirring was maintained with ice cooling for 15 min. and 
then the mixture was warmed on the steam bath with occa
sional stirring for 15 min. more. The solvent was removed 
in vacuo and the residue suspended in 75 ml. of chloroform. 
The suspension was washed with two 125-ml. portions of 
water. The chloroform solution, dried ovtr magnesium sul
fate. was concentrated in vacuo. The residue (8.0 g.) was 
distilled, b.p. 109° (0.06 mm.) (bath temptrature 120-130°); 
weight 7.55 g. The oil was dissolved in 25 ml. of Skellysolve 
IF and the solution chilled to yield 7.50 g. (77.8',) of white 
crystals, m.p. 46.5-48.0°. A recrystallized sample melted

at 47.5-49.5°; xLB%, 5.95 (lactam C=()), 11.30 (1,2,4,5- 
tetrasubstituted benzene).

Anal. Calcd. for Ci»Hi:,XO: C, 76.2; H, 7.99. Found: C, 
76.3; H, 8.01.

l-{3r'i-Xylyl)-2-azelidinonc (XXX). A stirred solution of
8.64 g. (0.041 mole) of 3-chloro-3',4'-propionoxylidide 
(XXVI) in 75 ml. of A',.V-dimethylformamide was treated 
with 1.1 g. (0.046 mole) of sodium hydride. Hydrogen was 
evolved and the temperature of the reaction mixture rose 
to 35°. After 5 min. the vigorous reaction had subsided and 
the milky suspension was stirred 5 min. at 20°, then 5 min. 
on the steam bath. The solvent was removed in vacuo and 
the residue was dissolved in 50 ml. of benzene. The benzene 
solution was washed with two 50-ml. portions of water, dried 
over magnesium sulfate, and concentrated in vacuo. The 
residue (5.45 g.) distilled at 103-110° (0.15 mm.) (bath 
temperature 135-180°). The distillate (1.45 g.) was dis
solved in 21 ml. of Skellysolve B5-benzene (20: 1) and chilled. 
The white crystals were collected; yield 0.52 g. (7.2%), 
m.p. 101-103°. Recrystallization from benzene-Skellysolve 
B raised the m.p. to 104-105°; XBB% 5.76 (/3-lactam C=G),
6.65 (aryl), 7.21 (CH.;), 12.35 (1,2,4-trisubst.itut.ed benzene), 
no amide XH at 3.03 or 6.48.

Anal. Calcd. for C'nHuXO: C, 75.4; H, 7.48. Found: C, 
75.4; H, 7.57.

S-Chloro-N-nicthiil-S',/I'-propionoxutidide (XXIX). To a 
stirred solution of 5.0 g. (0.024 mole) of 3-chloro-3',4'- 
propionoxylidide ( XXVI) and 5.76 g. (0.30 mole) of methyl 
iodide in 25 ml. of .V,.V-dimethyifnrmamide was added 0.65 
g. (0.027 mole) of sodium hydride. Vigorous evolution of 
hydrogen occurred and the temperature rose to 50°. The 
mixture was chilled in an ice hath to 20° and an additional
2.28 g. of methyl iodide was added. The stirring with ice
cooling was continued for 15 min. The reaction mixture was 
poured into 350 ml. of ice water and the aqueous mixture 
was extracted with two 45-ml. portions of methylene chlo
ride. Concentration of the combined extracts in vacuo yielded 
3.55 g. of a viscous liquid that distilled at 96 100° (0.05 
mm.) (bath temperature 120-130°); weight 1.84 g. From 
its infrared spectrum the mixture was judged to be about 
a 2:1 mixture of the expected product (XXIX) and /3-lactam 
(XXX); 5.73 (/3-lactam 0 = 0 ), 6.04 (amide C =0),
12.13 ( 1,2,4-trisubstituted benzene ), no XH about 3.0.

Meth ill l .2,3.4-tct rah i/tlvo-l .6,1 -trimeth yl-d-oxn-S-qu inoline- 
ull/o.ruluic (XXXVIII) 2.4-dinilrophcnylhyilrazoni. A stirred 
mixture of 2.0 g. (0.011 mole) of 3.4-dihydro-l,6,7-tri- 
methylcarbostyril (XXXIII) and 0.54 g. (0.023 mole) of 
sodium hydride in 7.5 g. of dimethyl oxalate and 7.6 ml. of 
.Vj.V-dimethvlformamide was heated under reflux for 2.5 
hr. The solvent was removed in vacuo and the residue was 
suspended in 35 ml. of benzene. The excess sodium hydride 
was decomposed with 3 ml. of acetic acid. The resulting sus
pension was washed with 30 ml. of half-saturated sodium 
bicarbonate solution. The bicarbonate wash was extracted 
with 35 ml. of chloroform. The combined organic solutions 
were washed with 50 ml. of water, dried over magnesium 
sulfate, and concentrated in vacuo, finally at 80° (0.05 
mm.). A brown, viscous residue was obtained; weight 2.40 
g.; us 5.75 (ester C—<)), 6.00 (shoulder, ketone C—()),
6.06 (lactam C=G), 7.91 (ester C—O—C), no enol ether 
C=C at 6.3.

To a solution of 0.645 g. (2.34 mmoles) of the crude methyl
l, 2,3,4-tetrahydro-l,0,7-trimethyl-2-oxo-3- quinoliueglyoxyl- 
ate (XX.XVill) was added 18 ml. of freshly prepared 
met.hanolic 2,4-dinitrophenvlhydrazine reagent containing 
0.54 g. (2.7 mmoles) of the hydrazine. After several seconds, 
an orange precipitate formed and the mixture was heated 
to boiling on the steam hath and then chilled. The precipi
tate was collected on a filter and washed with 3 ml. of cold 
methanol. The moist precipitate was suspended in 25 ml. 
of water and the acid solution was neutralized with saturated 
sodium bicarbonate solution. The amorphous solid was 
collected on a filter and dried in vacuo; yield 0.22 g. (21%),
m. p. about 120-110°. Recrystallization from a mixture of
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methanol, ethanol, and ethyl acetate yielded a crystalline 
sample which melted at 252-255° and which was not quite 
pure; X™%, 3.02 (shoulder, NH), 5.78 (ester C = 0), 6.02 
(lactam C==0), 6.19 (aryl +  C=X), 6.65 (aryl +  XH +  
NOo), 6.93 (NOa), 11.51 (1,2,4,5-tet.rasubstituted benzene).

Anal. Calcd. for C;iH?iX50 7: C, 55.4; H, 4.65; X, 15.4. 
Found: C, 54.8; H, 4.74; X, 14.6.

Ethyl 1,2,3,4-letrahydro-l ,6,7-trimethyl-2-oxo-3-quinoline- 
carboxylate (XXXV). A stirred mixture of 5.0 g. (0.026 mole) 
of 3,4-dihydro-l,6,7-trimethvlearbostyril (XXXIII) anc
l. 3 g. (0.054 mole) of sodium hydride in 12.5 ml. of ethyl
carbonate and 12.5 ml. of .Y,.Y-dimethylformamide was 
refluxed for 1.1 hr. The volatile materials were removed 
in vacuo and the residue was dissolved in 100 ml. of benzene. 
The benzene solution was washed w ith 50 ml. of water, dried 
over magnesium sulfate, then concentrated in vacuo. The 
residue (4.88 g.) was dissolved in a solution of 14 ml. of ben
zene and 21 ml. of Skellysolve B,5 then chilled. The crys
talline material was collected and washed with 10 ml. of 
Skellysolve B5; yield 1.98 g., m.p. 90-95°. A second crop 
weighing 0.90 g., m.p. 85-95°, was obtained. The combined 
yield was 2.88 g. (42%). An analytical sample was prepared 
from a similar run by several recrystallizations from benzene- 
iSkellysolve B,5 m.p. 98-100°; XBB’(il) 5.78 (ester C=0), 
6.00 (lactam C = 0), 8.41 (ester C—O—C); 258
(c 10,400).

Anal. Calcd. for C^HisXO.c C, 68.9; H, 7.33. Found: C, 
69.1; H, 7.41.

1.2.3.4- Tetrah ydro-1,6,7-trimeth i/I-2-oxo-S-qu inolinecar- 
boxylic acid (XXXVII). A solution of 0.60 g. (2.3 mmoles) 
of ethyl l,2,3,4-tetrahydro-l,6,7-trimethyl-2-oxo-3-quino- 
linecarboxylate (XXXY) in 6 ml. of 1.25.Y sodium hy
droxide solution was refluxed on the steam bath for 1 hr., 
the resulting solution was chilled, and the white, crystalline 
sodium salt (XXXVI) was collected; yield 0.46 g. (79%),
m. p. 160-165°; X™’,w 6.04 (lactam C = 0), 6.20, 7.00 
(carboxylate).

To a suspension of 0.40 g. (1.58 mmoles) of the sodium 
salt (XXXVI) in 7.5 ml. of water, 5 g. of methylene chlo
ride, and 5 ml. of chloroform was added 2 ml. of 6.Y hydro
chloric acid. The mixture was shaken, then the organic layer 
was separated and concentrated to dryness in vacuo to give 
0.28 g. (80%1 of a white, crystalline solid, m.p. 160-161° 
dec. (rapid heating). Recrystallization from benzene- 
Skellysolve B5 gave white crystals, m.p. 154.5-155.5°, 
X%%% 5.77 (acid C =0), 6.08 (lactam C = 0).

Anal. Calcd. for C„H,5XO,: C, 66.9; H, 6.48; X, 6.01. 
Found: C, 66.9; H, 6.37; X, 6.03.

Pyrolysis of this acid (XXXVII) at 180° caused a vigorous 
evolution of gas. After 3.5 min., gas evolution ceased and 
the infrared spectrum of the resulting product was identical 
with that of 3,4-dih vdro-1,6,7-trimeth vlcarbostyril
(XXXIII); Xl” w 5.97 (lactam C=<)), 7.42 (CH,), 11.35 
(1,2,4,5-tet,rasubstituted benzene).

1.2.3.4- Tetrah ydro-1,6,7-trimethyl-2-oxo-3-quinolinecar- 
boxylic acid hydrazidc (XXXIV). A solution of 0.50 g. (1.92 
mmoles) of ethyl l,2,3,4-tetrahydro-l,0,7-trimcthyl-2-oxo- 
3-quinolinecarboxylate (XXXV) in 5 ml. of hydrazine 
hydrate and 5 ml. of ethanol was heated on a steam bath 
for 30 min., then poured into 100 ml. of water and kept at 
0° overnight. The white, flocculent precipitate was collected, 
washed with water, and dried in vacuo; yield 0.42 g. (91.5% ), 
m.p. 182.5-183.5°; xlB%, 3.02 (OH, XH), 6.00 (C=C and 
C=X), 7.39 fCH3), 11.40 (1,2,4,5-tetrasubstituted benzene); 
X ^Lm, 257 (<■ 10,350), X°'” mW 256 (e 10,550), x £ ,C , 254
(c 12,620).

An analytical sample was recrystallized from benzene, m.p. 
178-180°.'

Anal. Calcd. for C13H„XA>: C, 63.1; II, 6.93; X, 17.0. 
Found: C, 63.5; H, 7.21; X, 16.9.

Ethyl 3-bromo-l,2,3,4-tetraliydro-1,6,7-trimethyl-2-oxo-3- 
quimlinecarboxylate (XLIV) and ‘dibromide’ (XLIII). To a 
stirred solution of 2.61 g. (0.01 mole) of ethyl 1,2,3,4-tetra- 
hydro - 1,6,7 - trimethyl - 2-oxo - 3 - quinolinecarboxylate

(XXXV) in 20 ml. of chloroform was added dropwise 0.55 
ml. (0.011 mole) of bromine. After an initial induction 
period of a few minutes, the bromine color was discharged 
almost immediately after each drop was added. After the 
addition was complete, the orange solution was stirred for 
5 min., then the solvent was removed in vacuo with a bath 
temperature of 30°. Trituration of the resulting yellow oil 
with 40 ml. of benzene-Skellysolve B’ (1:1) caused crys
tallization of the ‘dibromide’ (XLIII) to occur. The orange- 
yellow crystals were removed by filtration to yield 1.20 g., 
m.p. 90°, resolidifying at 110-120° and remeiting at 245- 
248° (the melting point of XLVIII).

The filtrate was cooled at 0° overnight, then filtered to 
yield 0.78 g. (23%) of almost white monobromide (XLIV), 
m.p. 120-125°, resolidifying at 130-135° and remelting at 
230-240°; X*B%) 5.70 (ester C =0), 6.03 (lactam C = 0 ,
8.03 8.12 (ester C—O—C), 11.26 (1,2,4,5-tetrasubstituted 
benzene).

Anal. Calcd. for CisH^BrNCh: C, 53.0; H, 5.33; Br, 23.5. 
Found: C, 53.3; H, 5.53; Br, 20.0. A satisfactory bromine 
analysis could not be obtained.

From a similar run, 1.00 g. of the dihydro ester (XXXV) 
and 0.20 ml. of bromine gave 0.55 g. of the 'dibromide’ 
(XLIII), m.p. 90-91°, resolidifying at 125-130° and re
melting at 246-248°; XB“r,m 5.78, 5.83 (ester C=()), 6.13 
(lactam C =0).

Anal. Calcd. for dibromide of XXXV: Br, 38.2. Found: 
Br, 37.8.

A solution of 102 mg. of the ‘dibromide’ (XLIII) in 5 ml. 
of chloroform was extracted with two 5-ml. portions of satu
rated aqueous sodium bicarbonate and 5 ml. of water. The 
aqueous layers were back-extracted with 5 ml. of chloro
form. The chloroform layers were combined and dried over 
magnesium sulfate, then evaporated to dryness in vacuo to 
yield 53 mg. of a yellow oil which crystallized on standing. 
The infrared spectrum of this material was identical with 
that of authentic ethyl l,2-dihydro-l,6,7-trimethyl-2-oxo- 
3-quinolinecarboxylate (XLVII).

Treatment of 101 mg. of the monobromide (XLIV) with 
saturated aqueous sodium 1 «carbonate under the same condi
tions gave a quantitative recovery of the starting mono- 
bromide (XLIV).

1,2-Dili ydro-1,6,7-trimeth yl-2-oxo-3-qu inolinecarhoxylic acid 
(XLVIII). A flask containing 0.348 g. (1 mmole) of ethyl 
3-bromo-l ,2,3,4-tetrahydro-1,6,7-trimethy l-2-oxo-3-quino- 
linecarboxylate (XLIV) was heated at 160° for 5 min. The 
bromoester melted and evolved a gas, then the melt resolidi
fied. The cream-colored crystalline residue weighed 0.228 
g. (98.6% yield), m.p. 235-250°. The crude acid (XLIII) 
was dissolved in 10 ml. of LV aqueous sodium hydroxide, 
then was washed with 10 ml. of chloroform. The aqueous 
layer was diluted with 10 ml. of water, then neutralized 
with 0.Y sulfuric acid. The cream-colored precipitate was 
filtered, washed with water, then dried to yield 0.224 g. 
(97%) of the carboxylic acid (XLVIII), m.p. 250-253°; 
C l  5.80 (acid 0 = 6 ) , 6.17 (lactam 0 = 0 , C=C), 11.44 
(1,2,4,5-tetrasubstituted benzene); 361 (t 8200),
>wL*> 353 (e 8450), xrn%‘,%, 341 (e 7900.

Anal. Calcd. for CisIIuXO;: C, 67.5; II, 5.67; X, 6.06. 
Found: C, 67.3; II, 5.74: X, 5.97.

Methyl 1,2-dih ydro-1,6,7-triniclhyl-2-oxo-3-quinolinecar- 
boxylate (XLVI). A solution of 2.0 g. (8.65 mmoles) of 1,2- 
dihydro-l,0,7-trimethyl-2-oxo-3-quinolinecarboxylie acid 
(XLVIII) in 16 ml. of thionyl chloride was refluxed for 1 hr. 
The reaction was evaporated to dryness in vacuo and the 
last, traces of thionyl chloride were removed by the addition 
and evaporation in vacuo of 10 ml. of dry benzene; X^“°!m
5.65 ( acid chloride C = 0).

The yellow, crystalline solid was dissolved in 25 ml. of 
benzene-methanol (1:1), then refluxed for 10 min. and left 
at room temperature overnight. Removal of the solvent in 
vacuo gave a crystalline residue which was dissolved in 
methylene chloride and washed with 10 ml. ol saturated 
aqueous sodium bicarbonate. Evaporation of the methylene
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chloride in vacuo followed by recrystallization of the residue 
from benzene gave 1.56 g. (74%) of Tie carbomethoxy 
derivative (XLVI), m.p. 153-157°, in two crops; X““r((1,
5.76 (ester C = 0 ), 6.11 (lactam C=() and aryl), G.22 (C=C),
11.32 (1,2,4,5-tetrasubstituted benzene).

Anal. Calcd. for C14IL5NO3: (1, 68.0; H, 6.10; X, 5.71. 
Found: C, 68.6 ; H, 0.21; X', 5.64.

Ethyl 1,2-dihydro-l ,6,7-trimethyl-2-oxo-3-quinolinecar- 
honjlate (XLYII) was prepared in 78% yield, m.p. 105,- 
100°, by the procedure described {or the carbomethoxy 
derivative (XIA’I i.

Recrystallization from benzene-Skellvsolve B5 raised the 
melting point to 100-110°; X ^ ((1. 5.78 (ester 0= 01 , 5.00,
6.07 (lactam C = 0 ); VjULm 350 (« 7400), 362 («
7400), KllZm  338 (<• 8200).

Anal. Calcd. for CaHuNOj: C, 69.5; H, 6.61; N, 5.40. 
Found: C, 69.2; H, 6.70; N, 5.24.

1 .¡¡-Dihydro-1,6,7-irimcthyl-2-oxo-'Ji-quinolinecarboxylic acid, 
hydrazide (XLV). A solution of 0.117 g. (4.5 mmoles) of 
ethyl l,2-dihydro-l,6,7-trimethyl-2-oxo-3-quinolinecarboxyl- 
ate (XLVIT) in 1.2 ml. of methanol was treated with 0.5 
ml. of hydrazine hydrate. After about 3 min., a crystalline 
precipitate separated. The resulting mixture was heated on a 
steam bath for 1 min., then diluted w'ith 10 ml. of water. 
The crystalline precipitate was filtered, then dried to yield 
0.105 g. (95%!. m.p. 215.0-215.5°; 3.07 (XH), 6.02
(C=()); 365 (t 7370), 3u0 (e 8800), X’„H„'(3nm
354 (e 7860).

Anal. Calcd. for Ci.HiiX',0;: C, 63.6 H, 6.16; N, 17.1. 
Found: C, 63.7; H, 6.32; X, 17.0.

2,10-Dihydro-2-imino-7,8,10-trimcthylpyrim ido [4,5-b |- 
quinoline-4(3H)one (L) acetate. A mixture of 290 mg. (3.06 
mmoles) of guanidine hydrochloride, 500 mg. (2.04 mmoles) 
of methyl 1,2-dihydro-l,6,7-trimethyl-2-oxo-3-quinolinecar- 
boxylate (XLVI), and 6 ml. of LV methanolie sodium 
methoxide was refluxed for 3 hr., then cooled and diluted 
with 25 ml. of water and 5 ml. of saturated aqueous sodium 
bicarbonate. The precipitate was filtered and washed with 
water, then dried to give 230 mg. of crude L as a yellow 
solid.

The acetate salt of L was prepared by heating 50 mg. of 
the above yellow solid in 30 ml. of 85% acetic acid on a 
steam bath for 30 min. After being allowed to cool, the 
supernatent liquid was separated by centrifugation and the 
solid was dried; yield 48 mg. of yellow solid, m.p. >300°, 
which was homogeneous on paper chromatography in solvent 
B10 with R f 0.57.

Anal. Calcd. for CuHhNsOHCjHjOî : C, 61.1; 11, 5.77; N,
17.8. Found: C, 61.0: H, 5.62; N, 17.5.
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The s}rnthesis of a series of 3-alkyl, 3-aryl, 3-alkoxymethyl, and 3-diaIkylaminomethyltriptych-boroxazolidines has been 
carried out. In addition, several triptyehboroxazolidines carrying reactive functional groups at the 3-position have been pre
pared including the 3-ohloromethyl, 3-hvdroxymethyl, 3-aminomethyl, and 3-eyanomethyl compounds. Certain of the reac
tions of the 3-ehloromethyl and 3-aminomethyltriptych-boroxazolidines have been investigated with particular reference 
to the linking of an amino acid moiety to the triptyeh-boroxazolidine moiety. Although the ehloromethyl compound proved 
to be of limited use in this respect, the aminomethyl compound has provided a boron-containing amino acid, a compound 
of possible interest in cancer chemotherapy.

The suggestion by Kruger that the neutron- 
induced disintegration of boron should he ap
plicable to cancer chemotherapy1 and the demon
stration by Christensen et alA that some of the 
amino acids selectively concentrate in certain 
tumor cells provided the incentive to investigate 
the synthesis of boron-containing amino acids.5 
The present work involves certain aspects of the

< 1) This work was supported, in part, by grant no. 
(JY-3275 from the National Institutes cf Health.

(2) Postdoctoral Research Associate 1958-1959.
(3) P. G. Kruger, Proc. Nall. Acad. Sci., 26, 181 (1940).
(4) H. N. Christensen and T. R. Riggs, J. Biol, ('hem., 

194, 57 (1952); H. XL Christensen, T. R. Riggs, H. Fischer, 
and I. M. Palatine, J. Biol. Chern., 198, I, 17 (1952); T. R. 
Riggs, B. A. Coyne, and H. X'. Christensen, J. Biol. Chem., 
209,395,413(1951).

(5) For another recent report of the synthesis of a boron- 
containing amino acid rf. H. R Snyder, A. J. Reedy, and 
\V. J. Lennarz, ./. Am. ('hem. .Sec., 80, 835 (1958).

chemistry of the triptyeh-boroxazolidine type of 
compound6 and had as its aim the incorporation of 
this moiety in an amino acid. Triethanolamine 
borate (I), the simplest triptyeh-boroxazolidine, 
was reported first in 1933 in a German patent7 8 
and investigated in much more detail by Brown 
and Fletcher1 and by Hein and Burckhardt.9 
It is with monosubstituted triethanolamine borates 
that the present paper is concerned, although from 
the standpoint of a therapeutic agent the trieth
anolamine borate ring is not the most desirable,

(6) This nomenclature is that suggested in the “Pre
liminary Report of the Advisory Committee on the Nomen
clature of Organic Boron Compounds.’’

(7) C. A. Rojahn, DRP 582,149 (Cent., 1933, II, 2704).
(8) H. O. Brown and E. A. Fletcher, J  Am. ('hem. Sor., 

73,2808(1951).
(9) F. Hein and R Burckhardt, Z. Anorg u. Ally, ('hem.,

268, 159(1952).
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as it undergoes fairly rapid hydrolysis. Much more 
stable is tripropanolamine borate, which has half 
life in water at 25° of 618 days, over 105 * * * * greater 
than the half life of triethanolamine borate.10 
Even in the symmetrically-substituted compound, 
however, the possibility of diastereoisomers exists 
(Ha and lib) and, in fact, Steinberg and Hunter10 
obtained evidence for two species in their tri
propanolamine borate preparation, one consider
ably more rapidly hydrolyzed than the other 
The species were not identified, but they may 
possibly be the two diastereoisomeric forms of 
II (a and b). The substitution of another group for 
one of the methyl groups in II obviously compli
cates the isomer problem further, and for this

reason the initial studies avoided unsymmetrically- 
polysubstituted triptychboroxazolidines. It had 
been hoped that both the isomer problem and the 
hydrolysis problem could be circumvented by 
using gem-dimethyl compounds. Unfortunately, 
trialkanolamines containing gem-dimethyl groups
(III) did not yield triptych compounds but gave 
instead what are thought to be noncyclic borate 
esters of structure IV. For these reasons the initial

work in this laboratory has been conducted on the 
simplest members of the series, viz., the mono- 
substituted t ri p (: ye h-boroxazoli dines.

Alkyl and aryl-substituted triptych-boroxazoli- 
dines. Although it is possible to obtain the triptych 
compounds from boric acid and the appropriate 
trialkanolamine, the preparation proceeds more 
smoothly and with fewer complications11 when a 
boric acid ester is employed. In the present instance, 
tri-n-butyl borate was generally used as the boron- 
ating agent, and the n-butylalcohol which was 
formed was removed by distillation. In this fashion 
compounds of structure V, VI, and VII were pre-

(10) H. Steinberg and D. L. Hunter, Ind. and Eng. Chem., 
49,174(1957).

pared, the products in all cases being rather high- 
melting, crystalline solids soluble in acetonitrile 
and dimethylformamide, less soluble in chloroform, 
and insoluble in ether, petroleum ether, dioxane

, / \
\ / W

v -IK  ° w  0

R,

R,

V
a. R, = H, lb  = CH3
b. It, = H, lb  = C2H5
c. R, = H, lb  = C H =C lb
d. Ri = H, R2 = CeH5
e. It, = lb  = CH,

tetrahydrofuran, etc. The requisite trialkanol
amines for compounds of structure V and VI were 
prepared from diethanolamine and the appropriate 
epoxide, the reaction being conducted in most 
cases in chloroform with a trace of water or ethanol 
as catalyst.12 The starting material for VII was 
obtained from o-aminophenol and excess eth.ylene 
oxide.13

Aikoxy-substituted triptych-boro.razclidines. Using 
boron trifluoride as a catalyst14 15 alcohols were con
densed with epichlorohydrin to yield l-alkoxy-2- 
hydroxy-3-chIoropropanes which were then con
verted to the corresponding epoxides by the action 
of sodium hydroxide.16 Using the same sequence of 
reactions as described above, compounds of struc
ture VIII were prepared. These materials are lower- 
melting than the alkyl- and aryl-substituted ana
logs (V, VI, VII) and are soluble in benzene. Of 
particular interest in this group is 3-diethoxy- 
methyltriptych-boroxazolidine (Ville), which was 
prepared16 from acrolein diethyl acetal by conver

g i) As Hein and Burckhardt observed, the use of boric
acid often leads to the formation of a low-melting, ex
tremely hygroscopic by-product which makes the purifica
tion of the triptych compound difficult. These authors sug
gested that this by-product was a boric acid salt of the trip
tych compound. On the basis of the similarity of the infrared
spectrum of the by-product with that of the polymer derived
from chloromethyltriptych-boroxazolidine {cf. later section) 
and with the knowledge that esters containing free B—OH 
groups are exceedingly susceptible to hydrolysis, it seems 
equally likely that the by-product is a cross-linked polymeric 
boric acid ester containing free B—OH groups.

(12) J. W. Headlee, A. R. Collett, and C. L. Lazzell, 
J. Am. Chem. Soc., 55, 1066 (1949).

(13) I. G. Farben, DRP 296,309 (1927).
(14) Cf. E. Levas and H. Lefebvre, Compì. rend., 222, 

555, 1439 (1946) for the use of boron trifluoride in similar 
condensations involving phenols.

(15) H. Flores-Gallardo and C. B. Pollard, J. Org. Chem.. 
12,831(1947).

(16) J. E. Wuller, masters thesis, Washington University, 
1957.
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n. R, = H, R, = CH;i
b. R, = H, Ra = C2H5
c. R, = H, R. = CHoCH=CH2
d. R, = H, Ro = CRC.-Hr,
o. R, = OC,H5, R2 = C2I1S

sion to the corresponding epoxide via the chloro- 
hydrin, reaction of the epoxide with diethanolamine, 
and horonation with boric acid to Ville.

Dialkylamino and alkylanjlamino-substituted trip- 
tych-boroxazolidines. The action of secondary amines 
on epichlorohydrin followed by treatment with 
base17 yielded l-dialkylamino-2,3-epoxypropanes. 
Treatment of these with diethanolamine followed 
bt’ treatment with tri-n-butyl borate provided 
compounds of structure IX. These materials

a. R, = R, = CH,
h. R, = R2 = C2H3
c. Ri = Rj = n-CJh
d. Ri = R-. = h-C4H9
e. Ri +  R2 = C,H80  (morphilinc)
f. Ri — R. = C/.H10 (piperidine)
g . R, =  CIR, R2 =  C6H5

are moderately high-melting, crystalline solids, sol
uble in benzene and acetonitrile, distillable in high 
vacuum without decomposition, and possessing 
only very weakly basic properties as indicated by 
failure to form salts with hydrogen chloride and 
hydrogen bromide and by only a very slow re
action with ethyl iodide.

Triptych-boroxazolidines substituted with reactive 
functional groups. The chloromethyl compound 
(XIa) was obtained from /3-chloromethyltrieth- 
anolamine (Xa), prepared by the action of dieth
anolamine on epichlorohydrin. This intermediate, 
which slowly polymerized as the result of intra
molecular quaternization, provided the triptych 
compound (XIa) in 93% yield if it were subjected 
soon after preparation to the action of triethyl 
borate. The hydroxymethyl compound (Xlb) was 
obtained from /J-hydroxymetbyltriethanolamine 
(Xb), prepared from l-chloro-2 3-dihydroxypro- 
pane, by the action of tri-n-butyl borate. The 
aminomethyl compound (XIc) was prepared by 
three routes, the one of choice involving the am- 
monation of Xa to /3-aminomethyltriethanol- 
arnine (Xc) followed by boronation with tri-n- 
butyl borate to XIc. Allylamine provided the start

07) H. Gilman, C. S. Sherman, C. C. Price, R. C. Elder- 
field, J. T. Maynard, R. H. Reitsema, L. Tolman, S. P. 
Massie, F. J. Marshall, and L. Goldman, J. Am. ('hem. 8 0 c.,
68, 1291(1946).

ing material for two further syntheses of this 
compound. Conversion to ethyl V-allylcarbamate 
(Xlla) followed by epoxidation to XUIa and treat
ment with diethanolamine yielded the trialkanol- 
amine derivative Xd which on hydrolysis provided 
Xc, convertible to XIc as indicated above. Al
ternatively, allylamine was converted to benzyl
V-allylcarbamate (Xd), which was then epoxidized 
to X lllb  and treated with diethanolamine to yield 
Xd. Boronation with tri-n-butyl borate gave 3-V- 
carbobenzoxyaminomethyltriptych - boroxazolidine 
(Xld) from which the benzyloxy group could be 
removed by catalytic hydrogenolysis, providing a 
third synthesis of XIc. The cyanomethyl compound

CH2CH2OH 
N—CH2CH2OH 

CHjCHClbR 
OH

X a. R = Cl
b. It = OH
c. It = NH.
d. R = NHCOT'dR,
e. R = CN

CH2=CHCH2NHC02R

XII a. R = CoH5
h. R = CH2C«H5

0
XI a. R = Cl

b. It = OH
c. R = Nili
d. R = NHCO-.CHCeH
e. R = CN

CH.---- CH CH2X H CO,R

XIII a. R = C.H5 
1». R = CH2C6H5

(Xle) was prepared by treating a methanolic 
solution of /3-chloromethjd-triethanolamine (Xa) 
with a concentrated aqueous solution of potassium 
cyanide to yield Xe, followed by boronation to 
Xle.

Reactions of triptych-boroxazolidines. The goal 
of this work, as yet incompletely realized, was to 
prepare compounds of the general structure XIV

(Y)—CHC0.H 

Xlb

XIV

where the bridge (Y) between the triptych-borox- 
azolidine moiety and the amino acid moiety in
volves a C—C link, an 0 —C link, or a N—C 
link. To this end, the compounds XIa and XIc 
appeared to be promising, and a number of experi
ments have been carried out with this pair of 
substances. Unfortunately, the chloromethyl com
pound (XIa) was ineffectual as a genera llv-useful 
alkylating agent. Thus, sodium methoxide. or 
magnesium methoxide in boiling xylene, potassium 
cyanide in dimethylformamide, cuprous cyanide 
in pyridine, sodio diethyl malonate,* 68 18 secondary

(18) As the possibility could not be excluded that the 
anion B(0R)3CH(C02C2H5)2_ would form and interfere with 
the alkylation, the reaction of sodio diethylmalonate with 
allyl bromide in the presence of one mole-equivalent of tri
ethyl borate was carried out. A 50% yield of diethyl allyl- 
malonate was obtained, indicating that the failure of XIa 
to yield a product is probably not due to this difficulty.
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Fig. 1. Infrared spectra of triptvehboroxazolidines in 1100 
cm.“*

Regions: (A) Triptychboroxazolidine (I). (Bl 3-Methyl- 
triptvchboroxazolidine (Va.) (C) 3-Hydroxymethyltriptych- 
boroxazolidine (Xlb). (I)) 3-Chloromethyltriptychborox- 
azolidine (XIa). (E) 2-Cyanomettiyltriptyehboroxazolidine 
(Xle). (F) 3-Benzoylanunomethyltriptyehboroxazolidine 
(XVIc). (G) A"-(d-triptvchl)oroxazolidinvlmethvl(glutamine 
(XVIIe)

amines in dimethylformamide, and hydrogen in 
the presence of palladium-charcoal all failed to 
react with XIa. Sodium methoxide in methanol 
or sodium ethoxide in ethanol, however, did react 
with XIa to yield the morpholine derivative XV 
when a 1:1 ratio of alkoxide to XIa was em
ployed or the alkoxymethylene triptych compound 
when a 4:1 ratio of alkoxide to XIa was used. A

h o c h 2c h x '

CFFOH

XV

CH2CH2OH
N-CH,CH,OII 

CHoCH----CH,
0

XVI

possible explanation for the formation of XV as
sumes a base-catalyzed alcoholysis to the trialk-

anolamine (Xa) which may then undergo elimi
nation of hydrogen chloride to form the epoxide 
XVI. Intramolecular reaction of XVI would yield 
XA', while intermolecular reaction of XVI with 
alkoxide ion followed by reboronation could yield 
Villa. Substitution products were also obtained 
through the action of potassium phthalimide and 
sodium acetate which led to XVIa and XVIb, 
respectively. Sodium hydride reacted with XIa, 
but the product (which appears to be a polymer) 
was not characterized.

Oa ^ o '
O

XVI

CÍFR

b. R = OCOCHj
c. II = NHCOC.FF
cl. R = NHCOXHC6Hs 
e R = NHCSNHCfiHj

The aminomethyl-triptych compound (XIc) 
was more amenable to reaction than XIa and, albeit 
with some reluctance, formed derivatives includ
ing the „V-benzoyl compound (XVIc), the urea 
derivative from phenylisocyanate (XVId), and 
the thiourea derivative from phenyl isothiocyanate 
(XVIe). Succinic anhydride reacted with XIc to 
yield XVIf, and phthalic anhydride gave, initially, 
the half amide XVIg which upon heating at 200° 
was converted to the imide XVIa, identical with 
the material obtained ría the chloromethyl com
pound. An alternate synthesis of XVIa involved 
the conversion of 3-phthalimido-l ,2-epoxvpropane 
to the corresponding triethanolamine derivative 
followed by boronation. DL-Phthalimidoglutamic 
acid anhydride reacted with XIc to yield the amino 
acid derivative XVIIa and with L-X-carbobenzyl- 
oxyglutamie acid anhydride to yield the amino 
acid derivative XVIIb. Catalytic hydrogenolysis 
of XVIIb furnished the free amino acid XVIIe 
as a crystalline, low-melting solid but so hygro
scopic that, an analysis could not be obtained.

O
XVII

o

V- CH.NHCOCH.CH .CHCOH
1

Ri R2

O

b. R! = H, R2 = CO-CHoCeHs
c. Ri = R» = H
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The structural assignment is based on the fact 
that the compound contains boron, gives a positive 
ninhydrin test, possesses certain bands in the 
infrared characteristic of the trip tych and amino 
acid moieties, and was prepared by a sequence of 
reactions which has been shown to lead to such com
pounds in related instances.

The present investigation has established the 
fact that the triptvch-boroxazolidine moiety may 
be incorporated as a unit into more complex 
structures even when the triptych compound is 
only monosubstituted and thus hydrolytically 
unstable. I t  is anticipated that further research in 
this area w ill extend the procedures described herein 
to the use of more highly-substituted trip tych com
pounds leading to the synthesis of substances of 
greater biological interest and u tility .

TABLE 1
D ia l k y  lamini I- a nd  Aryi.alkylaminomethyletiiyle.ne

O H,
/  \  /

O x i d e s  CH,----- CHCH2N
\

li.

Epoxide
R (¡roups Nitrogen, ' ,  Oxygen,

It, R, Korun :ia Calci!. Found Calcd. Found

ii-D-IL 
«-Crii,

IÎ-C-.H;
»-Crib,

(rii,,,NO 
<\:H,::XO

S.ÎH 
7 51»

<> <)i
7. ÓK

10.17 
S. 64

10.32 
S, 53

o x; c 7h „ n o . 9.78 9.92 11.18 11.05

c 0,11,5 NO 9.92 10.01 11.33 11.45

CH, Cell, C10H„NO 8.58 8.65 9.80 9.79

E X PE R IM E N T A L 19

Analytical methods. Epoxides containing no basic nitrogen 
were determined by first treating the sample with a 5% 
solution of pyridine hydrobromide in glacial acetic arid 
followed then by titrating with 0.1.V perchloric arid in glacial 
acetic acid using methyl violet as indicator. Epoxides con
taining basic nitrogen were determined by the method of 
Dnrbetaki.20 Basic nitrogen was determined by titration 
with O.l.Y perchloric acid in glacial acetic arid using methyl 
violet as indicator.21 In the ease of the triptych-boroxazoli- 
dines, which are such weak bases that they do not. titrate 
smoothly with perchloric acid, the following procedure was 
employed. A 0.2-0.3-g. sample of the compound was dis
solved in 50 ml. of 0.1 .V perchloric arid in acetic arid, 
and the solution was heated on the steam bath for 15 min. 
After cooling to room temperature, the excess perchloric 
arid was hark titrated with 0.1A sodium iretatc in glacial 
acetic acid. Boron content was determined by the method 
of Thomas22 which involves treating the borate ester with 
methanol and sulfuric acid, distilling the methyl borate 
which is formed into a receiver containing water, and 
titrating the resulting boric arid solution with sodium hy
droxide in the presence of mannitol.

()
/ '  \

Epoxides of the. general structure CH«----- CRlt'. All of
the epoxides used in the experiments described below in 
which It and It' arc H, alkyl, aryl, alkoxymethyl, or aryl- 
oxymethyl are readily available as items o: commerce or via 
syntheses described in the literature. The aminoalkylethyl- 
ene oxides, listed in Table I, were prepared by adding the 
appropriate secondary amine to epiehlorohydrin17 and main
taining the temperature over the 4-hr. period of addition 
at 20-25°. Aqueous sodium hydroxide was "hen added at such 
a rate that the temperature w>as maintained at 25-30°. The 
resulting epoxide was worked up in the usual way and puri
fied by distillation through a short Vigreux column.

Triethanolamine derivatives of general ■Iruclure (HOCH2 
CH«),X('H-;C(OH)RiR«. The triethanolamine derivatives

(19) All melting points were determined on a Kofier hot 
stage calibrated against compounds of known melting 
point. All boiling points are uncorrected. Infrared spectra 
were determined on a Perkin Elmer Model 21 instrument. 
We are indebted to Mrs. Franziska Schleppnik for most of 
the boron and nitrogen analyses.

■(20) A. J. Dnrbetaki, Anal. Chem., 30, 2024 (1958).
(21) E. F. Hillenbrand and C. A. Pentz, in Organic Analy

sis, Yol. Ill, Interscience Ine., New York, N. Y.. 1950, p. 
145.

(22) L. H. Thomas, J. Chem. Soc., 820 (1946).

listed in Table II were prepared in all rases by the addition 
of the appropriate epoxide to a chloroform solution of di
ethanolamine. After the initial exothermic reaction had sub
sided, the solution was refluxed for several hours and the 
product then worked up in the usual way and purified by 
distillation through a short Vigreux column. In the majority 
of instances a triacetyl derivative of the trialkanolamine was 
prepared, and in all such rases the analysis for nitrogen 
agreed closely with the calculated value.

TABLE II
.d-vScBSTITI TED TRIETHANOLAMINES

(HOOH2CH:),NCH2C(OH)R,R2

R Croups Nitrogen, O?/c
R, R, Formula Calcd. Found
H CH, c ,h „n o 3 8.68 8 ..71
H C«II5 CriL,NO, 7.90 1 ..93
H OH=CH CJI.tNO, 8.00 7..90
H C6H„ c ,2h ,9x o , 0.22 6 ..11
CH, CH, (AH,,NO, 7.90 / .97
H CHjOCII, c ,h ,9n o < 7.25 7..39
H OHjOCsHs 09H21XO.; 6.76 6 .90
II CH2OOH2CH=CH, CioHjiNOj 6.39 0 .25
H c h ,o c h 2c ,h , CuH^NO, 5.20 5 .20
H c h 2o c«h 6 C„H.,NO, 5.49 5 .51
H CH2N(CII,)j C9H22X2O3 13.58 13 .23
H CH2N(C2Ht)2 C„H26N20, 11.96 11 .67
H CH,N(n-CsH,)« C13H3CX2OS 10.68 10 .81
H CHjNfn-C.Ho'l, C.slL.N.O, 9.65 9 .71
H CH.l/__\) C„H,4N20, 11.24 11 .22

H ' ■H;X/ ^ c ,2h .,x 2o , 11.37 11 .39

CH,

H CH,N c „h 2în 2o , 10.44 10 20

Crii,

Triptyrh-horo.razolid.ines of general structure.

The three methods applicable to the synthesis of triptych" 
boroxazolidines are illustrated in the preparation of triptvch- 
boroxazolidine (triethanolamine borate) itself.
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TABLE III
^-Substituted T riptych-boroxazomdines

, R i

R;

R Groups
Recrystal

lization Boron, C'zo Nitrogen, %
R, R, M.P. Solvent3 Formula Calcd. Found Calcd. Found

H c h 3 197-198° a c7h 14b n o 3 0.33 6.26 8.19 8.18
li c2h 5 144-145° a C8Hi6BN03 5.91 5.93 7.65 7.79
H CH=CH, 155-156° t c8h „b n o 3 5.98 5.94 7.75 7.79
H c 6h 5 228-229° a C12H16BN03 4.64 4.72 6.01 6.27
c h 3 c h 3 178-180° a—e C8H16BN03 5.91 5.97 7.65 7.65
H c h 2o c h 3 89-90° b-P CgHi6BN O4 5.38 5.26 6.97 7.14
H CH20C.H5 119-120° b-p c ,h 18b n o 4 5.04 4.79 6.52 6.78
H CH2OCH2CH=CH, 73-74.5° b-p C10H1sBNOj 4.77 4.79 6.17 6.25
H c h 2o c h 2c6h . 108-110° b-P CuHjoBNO« 3.90 3.90 5.05 5.29
H c h 2o c6h 5 184-186° b-d C13H1sBN01 4.11 4.35 5.33 5.23
H CH2N(CH3), 152-153° b C9H19BN2Os 5.06 5.21 13.08 12.90
H CH2N(C2H6)8 136-137° b-p C11H23BN203 4.47 4.27 11.57 11.31
H CH2N(re-C3H7)o 126-127° b-p c 13h 27b n 2o3 4.01 4.03 10.38 10.40
II CH2N(n-C4H9)2 133-134° b-p C15ÎT3IBN 203 3.64 3.85 9.40 9.30
H c h 2>/__ 189-190° a-b c„ h 2,b n 2o4 4.23 4.37 10.92 11.06

H c h 2n ^ >

c h 3
/

188-189° a c 12h 23b n 2o3 4.20 4.33 11.02 11.00

H CH,N
\

c 6h 5

174-175° a-b c „h 21b n 2o3 3.92 3.98 10.14 10.30

“ Abbreviations for recrystallization solvents: a—acetonitrile, b—benzene, d- -dimethylformamide, e—ether, p—petroleum 
ether (b.p, 03-09°), t—toluene.

(A) Boric acid method. A mixture of 31.0 g. (0.5 mole) of 
boric acid and 75.0 g. (0.5 mole) of triethanolamine was dis
solved, with heating, in 100 ml. of dry dimethylformamide.23 
The water formed in the reaction was distilled off through a 
short Vigreux column, and after ca. 75 ml. of distillate had 
been collected (head temperature 148°) the solution was 
cooled to room temperature. The solid fraction was removed 
by filtration, washed with dimethylformamide, and dried to 
yield 75.1 g. (96%) of colorless crystals, m.p. 238-239° (re
ported7 m.p. 236.5-237.5°).

(B) Boric ester method. A 14.9-g. (0.1 mole) sample of tri
ethanolamine was added to 23.0 g. (0.1 mole) of tri-re-butyl 
borate. The initially turbid solution warmed and became 
clear and then deposited a solid. The butanol was removed 
by distillation, and the residue was dried to yield 15.7 g. 
(100%) of colorless crystals, m.p. 235-236°.

(C) From triacetyltriethanolamine. Triethanolamine was 
converted to the triacetate with acetic anhydride in acetic 
acid,24 and 13.8 g. (0.05 mole) of this product was treated 
with 11.5 g. (0.05 mole) of tri-re-butyl borate containing 0.1 
g. of sodium dissolved in 30 ml. of anhydrous re-butyl alco
hol. The solution was refluxed for 1 hr., and the butanol and 
butyl acetate were then removed under reduced pressure. 
The residue was recrystallized from chloroform-petroleum 
ether (b.p. 63-69°) to give colorless needles, m.p. 235-236°. 
The triptyeh-boroxazolidines listed in Table III were pre

(23) Technical grade dimethylformamide was dried over 
calcium hydride and then distilled. The fraction with b.p. 
150-151° was collected and stored over calcium hydride in 
brown bottles.

(24) L. W. Jones and G. R. Burnd. J. Am. Chem. Soc., 
47,2966(1925).

pared by the boric ester method, and the products were 
purified by recrystallization, in many cases after prior dis
tillation in a short path apparatus at 0.01 mm. or less.

trans-3,4-Tetramethylenetriptych-boroxazolidine (VI). A3.0- 
g. sample of cyclohexene oxide and 3.2 g. of diethanolamine 
in 30 ml. of chloroform was refluxed for 48 hr. The product 
consisted of 4.5 g. (74%) of a colorless, very viscous liquid 
which, upon boronation with tri-re-butyl borate gave VI in 
quantitative yield. Recrystallization from toluene-petroleum 
ether furnished colorless needles, m.p. 138-139°.

Anal. Calcd. for ChiHi8BN03: B, 5.07; N, 6.64. Found: 
B, 3.69; N, 6.67.

3,4-Dehydro-3,4-benzotriptych-boroxazolidine (VII). Boron
ation of 4.9 g. of V,Ar-bis(2'-hydroxyethyl)-o-aminophenol13 
with 5.8 g. of tri-re-butyl borate yielded a brown oil. This 
was extracted with boiling acetonitrile and the extract 
evaporated on the steam bath. The resulting semisolid 
residue was purified by distillation in a short path apparatus 
to yield colorless crystals, m.p. 155-156°.

Anal. Calcd. for CjoHi2BN03: B, 5.28; N, 6.83. Found: 
B, 5.21 ;N, 6.99.

3-Chloromethyltriptych-boroxazolidine (XIa). To a stirred 
and cooled solution of 21.0 g. (0.2 mole) of diethanolamine 
in 100 ml. of chloroform was slowly added 18.5 g. (0.2 
mole) of epichlorohydrin in 50 ml. of chloroform. The mix
ture was stirred overnight at room temperature, and the 
solvent was then removed under vacuum to leave 39.6 g. 
(100%) of /3-chloromethyltriethanolamine (Xa) as a vis
cous, yellow oil. A qualitative test indicated the presence 
of chloride ion (arising from quaternary compound), and 
distillation at 0.001 mm. decomposed the material. Conse
quently, it was used without purification and as soon as 
possible in the next step which consisted in treating with an
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equimolar amount of triethyl borate. In a reaction em
ploying 197.5 g. (1 mole) of crude Xa and 146 g. (1 mole) 
of triethyl borate, the ethanol was slowly distilled through a 
short column; when the head temperature reached 78°, 
200 ml. of dry toluene was introduced arid the distillation 
continued until the head temperature reached 82°. The 
resulting pale brown solution was cooled, and the white, crys
talline product was removed by filtration, washed with dry 
toluene and petroleum ether, and dried to yield 159 g. 
(81%) of material, m.p. 149-158°, pure enough for subse
quent reactions. Concentration of the mother liquor under 
reduced pressure and extraction of the residue with hot 
acetonitrile left a product which was dissolved in hot ben
zene-petroleum ether (b.p. 33-58°). When this solution was 
cooled, an additional 24 g. of product was isolated, m.p. 
150-153°, bringing the total yield to 171 g. (93%). An 
analytical sample was prepared by several recrystallizations 
from benzene-petroleum ether (b.p. 33-58°) and obtained 
as colorless needles, m.p. 153-155°.

Anal. Calcd. for C7H13BCINO3: B, 5.18; N, 6.70. Found: 
B, 5.28 N, 7.04.

3-Hydroxymethyltriptych-boroxazolidine ( Xlb). A solution 
of 22.1 g. (0.2 mole) of glycerine-ci-chlorchydrin25 and 42.0 
g. (0.2 mole) of diethanolamine in 100 ml. of ethanol 
was refluxed for 4 hr. The solvent was removed under reduced 
pressure, and the residue was dissolved in water and passed 
through an Amberlite IRA-400 column in the hydroxy form. 
The eluate was evaporated under reduced pressure and the 
residue was distilled in a short path apparatus to yield 22.8 
g. (63%) of a viscous, colorless liquid, b.p. 185-205° (3 
mm.). A center cut was taken for analysis:

Anal. Calcd. for C7H17NO4 : N, 7.81. Found: N, 7.88.
The tetraacetate was prepared by dissolving 2.0 g. of 

(¡-hydroxymethyltriethanolamine (Xb) in 10 ml. of acetic 
acid and 10 ml. of acetic anhydride and refluxing for 1 hr. 
The product was purified by distillation in a short path ap
paratus and obtained as a colorless, mobile liquid, b.p. 
160-165° (0.5 mm.).

Anal. Calcd. for C15H25X 08: X, 4.03. Found: N, 4.00. 
Addition of 8.7 g. of Xb to tri-re-butyl borate gave 9.2 g. 
(100%) of a glassy solid which crystallized after standing at 
room temperature for 3 months. Trituration with benzene- 
petroleum ether-acetonitrile removed a small amount of an 
oily impurity and left colorless crystals which did not have 
a sharp melting point but sintered over a rather wide range.

Anal. Calcd. for C,H14BN04: B, 5.68; N, 7.34. Found: 
B, 5.71; N, 7.40.

S-Aminomethyltriptych-boroxazolidine (XIc). (A) From 
Ethyl N-Allylcarbamate (XII). A solution of 25.8 g. (0.2 
mole) of ethyl rV-allylcarbamate in 200 ml. of methylene 
chloride was oxidized with peroxytrifluoroacetic acid ob
tained from 8.2 ml. of 90% hydrogen peroxide (0.3 mole) 
and 61 ml. of trifluoroacetic anhydride in 50 ml. of methylene 
chloride.26 The crude product w'as distilled through a short 
Vigreux column to give 22.7 g. (78%) of a colorless liquid, 
b.p. 95.5-96° (2 mm.).

Anal. Calcd. for C6HnN03: Epoxide oxygen, 11.02. Found: 
Epoxide oxygen, 11.00. A 19.3-g. sample (0.133 mole) of the 
product described above was dissolved ir. 50 ml. of chloro
form and treated with 13.9 g. (0.133 mole) of diethanolamine. 
The crude product, 33.2 g. (100%), could not be distilled 
without decomposition and was used without further puri
fication. A solution of 23.0 g. (0.092 mole) of this material 
in 50 ml. of 20% hydrochloric acid wras refluxed for 4 hr., 
the solvent and excess acid were removed under reduced 
pressure, and the residue was dissolved in 100 ml. of water 
and passed through an Amberlite IRA--00 column in the 
hydroxyl form. Evaporation of the eluate left a residue 
which was distilled in a short path apparatus to yield 16.1 g.

(25) T. H. Ryder and A. J. Hill, J. Am. Chem. Soc., 52, 
1521(1930).

(26) W. D. Emmons and A. S. Paga.no, J. Am. Chem. Soc., 
77,89(1955).

(98%)of/3-aminomethyltriethanolamine (Xc). Boronation of
8.9 g. of Xc with 10.7 g. of tri-re-butyl borate yielded 9.3 g. 
(100%,) of a thick, yellow oil Distillation at 185-195° (0.1 
mm.) gave a colorless oil which partially solidified after long 
standing at room temperature. Recrystallization from ben- 
zene-acetonitrile-petroleumether (b.p.63-69°) gave colorless 
crystals, m.p 60-66°, and it is this material that is com
pared (cf. below) with subsequent preparations. However, 
a second recrystallization from chloroform-petroleum 
ether (b.p. 63-69°) caused a sharp elevation in melting 
point to 115-116°, presumably another crystalline modi
fication.

Anal. Calcd. for C,H,sBX20 3: B, 5.70; N, 14.75. Found: 
B, 5.59; N, 14.87.

(B ) From benzyl N-allylcarbamate (Xllb). A 16.5 g. (0.1 
mole) sample of Xllb, prepared from allylomine and carbo- 
benzyloxychloride, was epoxidized with peroxytrifluoro
acetic acid26 to yield 10.0 g. (56%) of a colorless oil, b.p. 
150-151° (0.5 mm.).

Anal. Calcd. for CnHisNCh: Epoxide oxygen, 7.72. Found: 
Epoxide oxygen, 7.88. Treatment of 4.1 g. (0.02 mole) of 
this material wdth 2.1 g. (0.02 mole) of diethanolamine 
yielded 6.2 g. (100%,) of /3-carbobenzyloxyamidomethylt,ri- 
ethanolamine, a 5.6-g. sample of which was treated wdth 4.2 
g. of tri-re-butyl borate. The resulting product was recrys- 
tallized from acetonitrile to give 4.0 g. (68%) of 3-carbo- 
benzyloxyamidomethvltriptych-boroxazolidine (Xld), m.p. 
143-144°.

Anal. Calcd. for C15H21BN20 5: B, 3.38 Found: B, 3.56. 
The 3-aminomethyl compound (XIc) was prepared from Xld 
by dissolving 3.3 g. of the latter in 30 ml. of dry dimethyl- 
formamide, adding 10%, palladium on charcoal catalyst, and 
hydrogenolvzing for 55 hr. when 90% of the calculated 
volume of hydrogen had been absorbed. The product was 
wrorked up to give 1.8 g. (100%) of colorless crystals, m.p. 
63-65°, which did not depress the melting point when ad
mixed wdth a sample prepared by method A described 
above.

(C) From 0-chloromethyltriethanolamine (Xa). A solution 
of crude Xa, prepared as described above from 105 g. of 
diethanolamine and 94 g. of epichlorohydrin, in 200 ml. of 
chloroform W'as added wdth stirring over a period of 8 hr. to 
1 1. of coned, ammonia heated at 60°. After stirring and 
heating overnight the product was wmrked up to give 109 
g. (62%) of oil, b.p. 195-200° (0.01 mm.).

Anal. Calcd. for C,HlsX20 3: X, 15.72. Found: X, 15.48. 
The tetraaeetyl derivative of Xc was obtained as a slightly 
yelkwv oil, b.p. 175-180° (0.1 mm.).

Anal. Calcd. for Ci6H2GN207: NhnBic, 4.04. Found: X|MsiC, 
3.91. Treatment of Xc wdth tri-re-butyl borate yielded XIc as 
colorless crystals, m.p. 63-65°, showing no depression in 
melting point when admixed with material prepared by 
methods A or B.

S-Cyanomethyltriplych-boroxazoMdine (Xle). A solution of 
0.2 mole of /J-chloromothyltriethanolamine (Xa) in 80 ml. of 
methanol was cooled in an ice bath and treated, wdth stir
ring, wdth 13 g. (0.2 mole) of potassium cyanide dissolved 
in a small amount of water, the temperature during the addi
tion being maintained at 10-12°. The solution was allowed 
to stand at room temperature for 24 hr., and the small 
amount of solid that had formed was removed by filtration. 
The filtrate was evaporated, triturated wdth ethanol, and 
filtered and evaporated again, and the residue was then 
treated wdth tri-re-butyl borate and n-butyl alcohol until a 
clear solution resulted. Removal of the re-butyl alcohol by 
distillation left a brown crystalline material which was dis
solved in boiling acetonitrile, treated with decolorizing char
coal, and diluted with benzene to cloudiness. Upon chilling 
in an ice bath the impurities first separated as a black cake 
adhering to the walls of the flask. Decantation and further 
cooling then furnished the product as 14.5 g. of colorless 
raystals, m.p. 149-153°. Recrystallization from benzene- 
acetonitrile-ether gave colorless needles; m.p. 155-156° 
-KEr 2247 cm.-1 (nitrile).
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Anal. Calcd. for C8H13BX2(>3: B, 5.41; X|,„sic, 7.00. Found: 
B, 5.52; NbnSic, 7.18.

3-Hydroxymethyl-4-(S'-hydroxyethyl)morpholine (XV). An 
ethanol solution of 0-chloromethyltriethanolamine (Xa) 
prepared from 10.5 g. of opichlorohydrin and 21 g. of di
ethanolamine, was treated with 13.5 g. of sodium ethoxide 
in 150 ml. of ethanol. After stirring for 1 hr. and standing 
overnight at room temperature, the solvent was removed and 
the residue was distilled from the solid products to yield 12.3 
g. of a colorless, viscous liquid, b.p. 145-147° (2 mm.).

Anal. Calcd. for C7II17NO3: N, 8.60. Found: N, 8.82.
The diacetate of 2-hydroxymethyl-4-(2' hydroxyethyl) 

morpholine was obtained as a colorless oil, b.p. 120- 122° 
(0.8 mm.).

Anal. Calcd. for CnH2iN06: N, 5.71. Found: N, 5.55.
Reactions of triptych-boroxazolidines. Bromination of 3- 

vinyltriptych-boi oxazolidine (Vc). An 18.1-g. (0.1 mole) 
sample of Vc was dissolved in 100 ml. of chloroform, cooled 
in an ice bath, and treated with a solution of 16.0 g. (0.1 
mole) of bromine in chloroform. After 2 hr. standing at 
room temperature 3-( 1 ',2'-dibromoethyl)triptych-boro.xa- 
zolidine was isolated as 34.4 g. (100%) of a white powder, 
analytically pure but without a definite melting point.

Anal. Calcd. for C8HnBBr2X0 3: B, 3.16; X, 4.08. Found: 
B, 3.16; X, 4.02.

Sodium methoxide and 8-chloromethyltriptych-boroxazolidine 
(XIa). A mixture of 1.97 g. (0.01 mole) of XIa and 0.54 g. 
(0.01 mole) of sodium methoxide in xylene yielded, after 
refluxing for 5 hr., 1.56 g. of recovered starting material. A 
similar experiment with magnesium methoxide yielded the 
same result. However, when a 1.97-g. (0.01 mole) sample of 
XIa was refluxed with 0.54 g. (0.01 mole) of sodium meth
oxide in 25 ml. of methanol, sodium chloride precipitated 
and the product was shown to consist of 2-hydroxvmethyl-4- 
(2'-hydroxyethy])morphoIine (XV) and a very small amount 
of 2-methoxymethyltriptych-boroxazolidine (Villa). A 
similar experiment employing 4 moles of sodium ethoxide 
to 1 mole of XIa in ethanol yielded 65% of 2-ethoxymethyl- 
triptvch-boroxazolidine (VUIb) as a colorless solid, m.p.
115-117°, showing no depression in melting point when ad
mixed with VHIb prepared as described above.

Potassium phthalimide and 3-chloromethyllriplych-boroxazo- 
lidine (XIa). A mixture of 3.9 g. of XIa, 2.7 g. of potassium 
phthalimide, and 50 ml. of dimethylformamide was heated 
to reflux. From the turbid solution a white solid slowly pre
cipitated. After 3 hr. of refluxing, the mixture was cooled, 
the precipitate was removed by filtration, and the filtrate 
was evaporated to leave a residue which crystallized on 
standing, m.p. 252-260°. Recrystallization from acetonitrile- 
benzene gave 5.1 g. (81%) of colorless needles, m.p. 258-259°, 
identical with the material prepared from phthalimido- 
methyltriethanolamine and tri-n-butyl borate (XVIa) 
The latter material, after recrystallization and distillation in 
a short path apparatus, melted at 263-264°.

Anal. Calcd. for C16H17BX20 5: B, 3.42; X, 4.43. Found: 
B, 3 44; X, 4.55.

Sodium acetate and. 3-chloromethyltriptych-boroxazolidine 
(XIa). A mixture of 7.5 g. of anlwdrous sodium acetate,
9.7 g. of XIa, and 50 ml. of dry dimethylformamide was 
heated with stirring at 120-130° for 4 hr. The cooled mix
ture was separated from solid material by centrifugation, 
and the supernatant was evaporated to leave a brown resi
due. This was dissolved in benzene, filtered, and diluted with 
petroleum ether whereupon crystals slowly formed, m.p.
92-96°. Distillation and further recrystallization produced 
a colorless, rather hygroscopic waxy solid; m.p 128-130°, 
i K,,r 1742 cm. -1 (ester), 1250 em u1 (acetate). The hvgro- 
scopicity of the material precluded the obtention of significant 
analytical data.

Sodium hydride and 3-chloromethyltriptych-boroxazolidine 
(XIa). A slurry of 1.2 g. of 50% sodium hydride in mineral 
oil in dry dimethylformamide was added to a solution of 
5 g of XIa in dimethylformamide. Gas was evolved, sodium 
hydride was consumed, and sodium chloride deposited. After

heating at 90-110° for 2 hr., the mixture was worked up 
to give a glassy residue which after trituration with boiling 
benzene left a white powder, softening at 150° and decom
posing above 200°; i KBr strong flat band 1100-1000 cm. -1

Anal. Calcd. for C7HI2BX<)3: X, 8.69. Found: X, 8.36.
Benzoyl chloride and 3-aminomethyltriptych-boroxazolidine 

(XIc). A solution of 3.7 g. of XIc in chloroform was treated 
with 3 ml. of triethylamine followed, with cooling, by 2.8 
g. of benzoyl chloride in 10 ml. of chloroform, added drop- 
wise and with stirring. The product was a gum which, after 
failing to crystallize on long standing, was extracted into 
boiling benzene. The benzene solution was diluted with 
petroleum ether to cloudiness and crystals separated very 
slowly to give 2.0 g. (35%) of XVIc as a colorless solid; m.p.
145-146°, fKBr 3251 cm.”1 (amide X—II), 1642 cm. ” 1 (car
bonyl), 1529 cm.” 1 (secondary amide).

Anal. Calcd. for C 4Hi9BX20 j: B, 3.77; Xbaeic, 4.88. Found: 
B, 3.89; Nbaaic, 5.01.

Phenylisocyanale and 3-aminomethyltriptych-boroxazolidine 
(XIc). The urea derivative XVId was obtained from XIc 
and phenvlisocyanate as an oil which crystallized after 
several weeks at room temperature. Recrystallization from 
dioxane-dimethylformamide gave a 75% xield of colorless 
crystals, m.p. 205°.

Anal. Calcd. for C,,H2!)BX,04: X basic? 4. 59. Found: X basic?
4.64.

Phenylisothiocyanate and 3-aminomelhyllriptych-boroxazo- 
lidine (XIc). The thiourea derivative XVIe was obtained 
from XIc and phenylisothiocyanate as an immediately crys
tallizing compound which, after recrystallization from di- 
oxane-petroleum ether (b.p. 63-69°), was obtained as color
less crystals, m.p. 195-196°.

Anal. Calcd. for C14H20BX3O3S: B, 3.37; X basic? 4.48. 
Found: B, 3.36; Xba.ic, 4.36.

Phthalic anhydride and 3-aminomethyltriptych-boroxazoli- 
dine (XIc). To a solution of 3.7 g. of XIc in chloroform was 
added 3 g. of phthalic anhydride. An exothermic reaction 
took place, and a gummy precipitate separated. This was 
filtered and the filtrate was diluted with petroleum ether 
(b.p. 33-58°) to give 6.6 g. (100%) of a white powder, 
m.p. 146-148°, presumed to be the half amide XVIg.

Anal. Calcd. for Ci5H19BX20 6: B, 3.24; N, 4.19. Found: 
B, 2.71 ;N, 4.48.

When a 0.066-g. sample of XVIg was heated at 200°, 
it lost water and yielded 0.058 g. of colorless needles, m.p.
263-264°, identical with XVIa obtained as described above.

Succinic anhydride and 3-aminomelhyllriptych-boroxazoli- 
dine (XIc). In a fashion similar to that used with phthalic 
anhydride, XIc was converted to XVIf, m.p. 156-158°.

Anal. Calcd. for CnH19BX20 6: B, 3.79; Xbl_SiC 4.90. Found: 
B, 3.39; i w 4.81.

d  1,-Phtha.limidoglutamic acid anhydride and 3-aminometh- 
yltriptych-boroxazolidine (XIc). The reaction of 5.6 g. of 
XIc with 7.8 g. of BL-phthalimidoglutamic acid anhydride 
in chloroform yielded a gum which slowly crystallized to
13.4 g. (100%) of XVIIa as a colorless solid, m.p. 48-50°. 
Attempted recrystallization led to decomposition.

Anal. Calcd. for C2oH21BX30 8: B, 2.43; N 3.15. Found: 
B, 2.33; Nb..!«, 4.28.

i.-Carbobenzyloxyghitamic acid anhydride and 3-amino- 
methyltriptych-boroxazolidine (XIc). A solution of 5.6 g. 
of XIc and 7.9 g. of rarbobenzyloxyglutamic acid anhydride 
in chloroform was allowed to stand at room temperature for 
several hours and was then diluted with petroleum ether 
(b.p. 63-69°) causing the precipitation of 13.4 g. (100%) of 
XVIIb as a gum which crystallized after separation from the 
solvent, m.p. 84-94°. Purification by recrystallization was 
not attempted.

Anal. Calcd. for C24H28BN30 8: B, 2.41; Nbasic, 3.93. Found: 
B, 2.21; Nbasic, 3.90.

A 4.5-g. sample of XVIIb was dissolved in dry dimethyl
formamide and hvdrogenolyzed in the presence of 10% 
palladium on charcoal. After 4 days the uptake was 220 ml. 
(calculated 240 ml.), and the product was isolated by re-
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niovnl of the catalyst and the addition of benzene to the (COj- ;, 1513 cm. 1 (amide-II band), 1493 c m .'1 (amino
filtrate. The material that separated consisted of colorless, acid band-11), triptych pattern 1200-950 cm._1 The material
fine needles that were so hygroscopic that no significant gave positive tests for boron and for an amino acid (nin-
analytical data for boron and nitrogen could be obtained; hydrin).
m.p. 48-50°, vKBr 3125 cm.-1 (NH3+), 16G1 cm.-1 (amino
acid band-I), 1626 cm.-1 (amide carbonyl), 1558 cm.-1 St. L ouib, Mo.

[Contribution from the National Institute of Arthritis and Metabolic D iseases, National Institutes of Health, 
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3,4-Dihydro-7-methoxy-2(lH)naphthalenone has been converted to 2'-methoxy-2,5-dimet,hyl-9-oxo-6,7-benzomorphan 
mcthobromide (V). an interesting intermediate for the synthesis of neuropharmacologic agents. Pyrolysis of V gives a mix
ture of the base VII and the a,)3-unsaturat.ed ketone (VI). Compouna VII, readily convertible to the 9-demethyl analog
(VIII) of phenazocine (XI) is characterized by its avidity for water or alcohol with simultaneous disappearance of infrared 
carbonyl absorption in the presence of acids. The A'-phenethyl compound (VIII) is an effective analgesic in mice.

As reported previously,2 2'-hydroxy-5,9-di- 
methyl-2-phenethyl-6,7-benzomorphan (XI) is a 
promising agent for the relief of human pain. 
Of interest, therefore, was the 9-demethyl analog
(VIII) of XI, despite the fact that the related 
2'-hydroxy-2,5-dimethyl-6,7-benzomorphan (IX)3 
is only one third as effective in mice as the 9- 
methyl homolog (XII),3'4 the corresponding rela
tive of XI.

The most feasible route to VIII appeared to be 
via the A-m ethyl compound IX which hitherto 
has been prepared either from y-picolme meth- 
iodide in low yield3 or from phenylacetonitrile in 
a lengthy sequence.3'5 Still another possible ap
proach to IX would involve the intermediate 
bicyclic ketone met.hobromide (V) which was 
needed for other investigations as well. The synthe
sis of V from 3,4-dihydro-7-methoxy-2-(lH)naph- 
thalenone (I) as shown in Fig. 1 was achieved with
out particular difficulty.

Methylation of I by the method of Stork6 
gave the 1-methyl compound (II) in 80% yield. 
Dimethylaminoethylation (sodamide, benzene) of 
II and bromination of the hydrobromide salt of 
the resultant III yielded IV hydrobromide which, 
when neutralized with ammonia, cyclized rapidly

(1) Paper XIII, J. H. Agcr and E. L. May, ./. Org. Chem., 
25, 984 (1960).

(2) E. L. May and N. B. Eddy, J. Org. Chem., 24, 1435 
(1959).

(3) N. B. Eddv, J. G. Murphy, and E. L. May, J. Org. 
Chem., 22, 1370 (1957).

(4) E. L. May and .T. H. Agcr, J. Org. Chem., 24, 1432 
(1959).

(5) E. L. May and J. G. Murphy, J. Org. Chem., 20, 
257 (1955).

(6) G. Stork, R. Terrell, and J. Smuszkovicz, J. Am. 
Chem. Soc., 76, 2029 (1954).

X I  X T

Fig. 1. Synthesis nf 2'-hydroxy-5-methyl-2-phenethyl-
6,7-benzomorphan, VIII

to the quaternary compound V. Pyrolysis of V by 
dry distillation in a high vacuum led principally 
to tar, the only identifiable product being the 
a,/3-unsaturated ketone VI. However, if the py
rolysis were effected in boiling 1-octanol a 40% 
yield of the desired base VII could be obtained 
along with about 15% of VI. The use of either 
boiling 1-heptanol or 1-hexanol reversed this ratio, 
giving about 40% of VI and never more than 20% 
of VII. Hydrogenation of VI (palladium-barium 
sulfate), the ultraviolet and infrared absorption 
curves of which were consistent with the structure
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shown, afforded III. Wolff-Kishner reduction of 
VII, followed by O-demethylation of the product, 
gave IX. The latter was converted to VII in a 
five-step process as described previously2 for similar 
compounds.

Noteworthy was the disappearance of carbonyl 
absorption when VII (X^e“r 5.76 y) in the presence 
of water or alcohol was converted to a salt. The 
hydrochloride, hydrobromide, perchlorate, and 
picrate salts showed no carbonyl absorption in the 
infrared but always absorbed in the 3 y region.7 
Elemental analysis of these salts indicated the 
presence of the elements of water or alcohol de
pending upon which was present in the salt prepa
ration. Treatment of the salts with ammonium 
hydroxide instantaneously regenerated VII with 
its characteristic carbonyl (5.76 y) absorption. 
These facts permit the assignment of formula X 
for salts of VII, although an ethyleneimmonium 
structure (containing solvate water or alcohol) 
resulting from carbonyl-amine proton interaction8 
may be another possibility.

The iV-phenethyl compound VIII, ED50 0.48 
mg./kg. (mice, subcutaneous injection)9 is twenty 
times as potent as the A:-methyl parent (IX),3 four 
times as potent as morphine but only about half 
as effective as phenazocine (XI).2 The a,/3-un- 
saturated ketone (VI) was analgesicallv inert.

E X P E R IM E N T A L

Melting points were taken in a capillary (total immersion 
thermometers). Microanalyses are by Paula Parisius, Byron 
Baer, Evelyn Peake, Elizabeth Fath, and W. C. Alford of 
the institute’s service analytical laboratory.

3,4-Oihydro-7-melhoxy-l-methyl-2(lH)raphthalenone (II) 
srmicarbaznne. To 23.4 g. of I 10 and 25 ml. of benzene was 
added during 5-10 min. (stirring, nitrogen atmosphere) 14 
ml. of pyrrolidine. The mixture was refluxed for 45 min. 
(2.6 ml. of water distilled azeotropically) cooled, and added 
to 32 ml. of methyl iodide (stirring) so as to cause gentle 
refluxing. After an additional reflux period of 3-4 hr. 200 
ml of water was added and refluxing was resumed. After 
30 min. the benzene layer was shaken with a saturated solu
tion of sodium bisulfite, then dried and evaporated at the 
water pump. Distillation of the residue gave 19.6 g. of II, 
b.p 110-115VO.3-0.4 mm., n2£ 1.5544. A small sample 
was converted to the semicarbazone (semicarbazide hydro
chloride, sodium acetate, alcohol-water) in nearly quantita
tive yield: plates from 90% ethanol, m.p. 198-200°.

Anal. Calcc. for CYjH^XaOi: C, 63.14; H, 6.93. Found: 
C, 63.14; H, 6.73.

(7) With the demethoxy compound" corresponding to 
VII, it was possible, by using dry ether-hydrogen chloride, 
to obtain a hydrochloride salt showing strong carbonyl 
absorption at 5.74 a (in nujol). This was not achieved with 
VII and usually not with the demethoxy compound.

(8i For a leading reference cf. M. K. Bell and S. Archer, 
J. Am. Chem. Soc.: 82, 151 (1960).

(9) Test results are from X. B. Eddy, Chief, Section on 
Analgesics, and staff, by a method rt ported previously;
X. B. Eddv at d 1). Leimbach, J. Pharmacol. Exptl. Therap., 
107, 385 0953).

(10) B. W. llorrom and 11. E. Zaugg, J . Am. ('hem. Sor..
72, 721 (1950), (1. B. Diamond and M D. Suffer. ../ .4»,.
('hem So*-.. 74, 1126 I 1952 .

S,4-Dihydro-7-mcthoxy-l-methyi-l-(2-dimcthylaminoethyl )- 
2{lH)naphthalenone. (Ill)  hydrobromide. To 5 g. of sodamide 
in 60 ml. of dry, refluxing benzene (stirring) was added as 
rapidly as possible 24 g. of II in 60 ml. of dry benzene. 
After 1 hr. of refluxing 15 g. of 2-chloro-,Y,.Y-dimethylethyl- 
amine in 100 ml. of benzene was added during 1-2 hr. 
Refluxing and stirring were continued overnight. The ben
zene was washed twice with water and these washings 
extracted with ether. The combined ether and benzene 
extracts were shaken thrice with excess 10%, hj’drochloric 
acid. These extracts were made alkaline (ammonium 
hydroxide) and extracted with ether. The dried (sodium sul
fate) extracts were evaporated at the water pump leaving 
a residue which was distilled at 0.3 mm. (bath temperature 
170-180°) through a very short path giving 22.5 g. of crude
III. This in 150 ml. of dry ether was acidified with about 22 
ml. of 30% hydrobromic acid in acetic acid to give an oil 
which rapidly crystallized. After decantation (or filtration) 
the precipitate was slurried with 25 ml. of warm acetone. 
After keeping at —5° overnight the yield of III hydro- 
bromide was 26.5 g., m.p. 183-188°. It crystallized from 
acetone in small plates, m.p. 187-190°, A"%‘ 5.83 y.

Anal. Calcd. for CitH«(BrXO;: C, 56.15; H, 7.07; Br, 
23.35. Found: C, 55.88; H, 7.09; Br, 23.57.

3-Bromo-3,4-dihydro-7-mclhoxy-l-melhyl-l-(2-dimethyl- 
amincethyl)-2{lH)naphthalcnone (IY) hydrobromide. To a 
stirred refluxing solution of III hydrobromide in 200 ml. of 
acetic acid was added during 15-25 min. 12 g. (4 ml.) of 
biomine in 25 ml. of acetic acid. The solution was cooled 
under a stream of nitrogen and diluted with 300 ml. of 
ligroin (b.p. 30-60°) and 100 ml. of ether. After thorough 
cooling at —5°, solvents were decanted through a suction 
filter and the semisolid residue was stirred with 35 ml. of 
acetone to the disappearance of all lumps. After cooling 
overnight at —15°, filtering, and washing the precipitate 
with cold 2:1 acetone-ether, the yield of IY hydrobromide, 
m.p. 151-154° dec. was 21 g.11; needles from acetone, m.p. 
157-158° dec.

Anal. Calcd. for CieH-aBoN'CL: C, 45.63; H, 5.53. Found: 
C, 45.61; H, 5.83.

2’-Methoxy-2,o-dimelhyl-9-oxo-6,7-benzomorphan nietho- 
bromide (Y). Finely divided IV hydrobromide (21 g.), 100 
ml. of cold water, 100 ml. of ether, and 6 ml. of coned, 
ammonium hydroxide were shaken vigorously in a separatory 
funnel until all but a few small lumps had disappeared. The 
ethereal layer was transferred quickly to a 250-ml. round 
bottom flask. The aqueous layer was extracted twice with 
25-nrl. portions of ether. The combined ethereal extracts 
were evaporated to dryness at the water pump. The residue 
and 25 ml. of methanol were warmed to complete crystal
lization and kept at —5° overnight to give 12.3 g. of Y, 
m.p. 199-203°. The filtrate was evaporated to dryness and 
the residue was extracted thrice with ether.12 Crystalliza
tion of the residue from 5 ml. of methanol gave an additional 
1.0 g. of V. It crystallized from absolute alcohol in feathery 
crystals, m.p. 204-206°, A”“1/  5.75 y.

Anal. Calcd. for (%11—H r\(L: C, 56.48; H, 6.52. Found: 
C, 56.31; II, 6.36.

The mclhiodide prepared by aqueous potassium iodide

11; Careful addition of ether to the warmed filtrate 
followed by prolonged cooling ' — 5°) gave 5.0 g. more of 
IY hydrobromide. If the intermediate Y were desired, the 
filtrate from the 21 g. of I t ’ hydrobromide was evaporated 
to dryness and the sirupv residue (10 g.) was cyclized to
3.5 g. of Y as described for the 21 g. of IY hydrobromide.

(12) Evaporation of the ether extracts to dryness gave 
a residue which, in 10 ml. of acetone, was acidified to Congo 
Red giving from 2-5% of the «,3-un?.aturated ketone (YI) 
as the hydrochloride. Excess ammonium hydroxide or 
higher cvelization temperatures increased the yield of YI 
which was identified as described elsewhere in this paper. 
\Ye are indebted ;■> Hiroshi lvugita. visiting scientist from 
Osaka. Japan, for rhis observation.
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treatment of V crystallized from 95% ethanol in ellipsoids, 
m.p. 199-201°, JC f 5.71 y .

A n a l. Calcd. for C16II22IX02: C, 49.62; H, 5.73. Found: 
G, 49.49; H, 5.96.

P y r o ly s is  o f  V to VI a n d  VII. A mixture of 3.0 g. of V 
and 13 ml. of 1-octanol13 14 was immersed in a bath preheated 
to 210°, stirred, and refluxed until solution was complete 
; 10-12 min.). After cooling under nitrogen, ether was added. 
The mixture was extracted thrice with excess 5% hydro
chloric acid. Addition of ammonium hydroxide to the com
bined extracts gave an oil which was dried in ether. Evapora
tion of the ether and evaporative dis illation of the residue- 
at 150-175° (bath temperature)/!).5 mm. gave 1.5 g. of 
oil. This was dissolved in 10 ml. of acetone, and the solution 
was filtered from a little solid and acidified to a pH of 6-
6.5 with hydrogen chloride. After cooling to —15° for 1 
hr., 0.25 g. of 7 -n ie th o x y - l-m e lh y l- lA 2 -d im e lh y la m in o e th y l) -  
2 { lH )n a p h th a le n o n e  (VI) hydrochloride, m.p. 203-206°, 
was obtained; prisms from alcohol-ether, m.p. 206-208°, 
K Z ' 0.01 m, X™,i0H 340 my (e 26,400).

Anal. Calcd. for C15H22C1N02: C, 64.98; H, 7.51; Cl, 11.98. 
Found: C, 64.66; H, 7.69; Cl, 11.73.

The combined filtrate and acetone-ether washings from 
the 0.25 g. of VI hydrochloride above were acidified to 
Congo Red and kept at —15° overnight giving 1.0 g. of the 
h yd ro ch lo rid e  (X. II = H, A = Cl) of VII, m.p. 125-128°. 
It crystallized from alcohol-ether in slim rods, m.p. 130- 
132°, A“"'/1 2.96, 3.11 y (no carbonyl absorption).

A n a l. Calcd. for C15H21XO,-HC1-HjO.» C, 56.68; H, 7.61. 
active H(5), 1.57. Found: C, 56.52; H, 7.61; active H, 
1.59.

Treatment of the hydrochloride (X. R = H, A = Cl) 
with ammonium hydroxide and extraction with ether gave, 
after evaporative distillation at 0.2 mm. (bath temperature 
150°), 2'-rnethoxy-2,5-dimethyl-9-oxo-0,7-benzomorphan
(VII), KZT’ 5.76 y . It gradually becomes discolored on stand
ing.

A n a l. Calcd. for Cif,HiSX02: Cl, 73.44; H, 7.81. Found: 
C, 73.02; H, 7.79.

The h yd ro h ro m id r (X. R = II, A = llr) of \  II crystallized 
from acetone in cubes, m.p. 132-134°, \"'"x 3.1 y  (no car
bonyl absorption).

A n a l. Calcd. for C, J  [ 2, X Or H B r % 2 ff2 O: C, 50.99; H,
6.56. Found: C, 50.91; H, 6.70.

The p ic ra le  prepared from VII with alcoholic picric acid 
crystallized from alcohol acetone ir. yellow prisms, m.p. 
155-157° (gas evolution), X™/1 3.1 y (weak) with no car
bonyl absorption. It may be formulated as X (It = CTE, 
A- = picrate anion).

A n a l. Calcd. for C2.11,X /C ,: C, 53.07; II, 5.42. Found: 
C, 53.39; H, 5.57.

Preparation and recrystallization of the picrate from 
aqueous acetone gave yellow plates, m.p. 120-122°, A™/ 
2.96 (broad, medium) and no carbonyl absorption. This X 
(R = H, A“ = picrate anion) is a hemihydrate.

A n a l. Calcd. for C ^H ^N W A H jO : C, 50.30; II, 5.05; 
1I20, 5.40. Found: C, 50.57; II, 5.05; loss in wt. (105-110°),
6.73.

The dried sample showed no absorption in the 3 y  region 
and relatively weak absorption at 5.71 y .

Anal. Calcd. for C2iH22X,().j: C, 53.16; II, 4.68. Found: 
C, 53.62; II, 4.80.

(13) The use of 1-hexanol or 1-heptanol gave 40', c of VI 
and 15% of VII; pyrolysis by dry distillation gave a little 
VI, no VII, and principally tar.

(14) Evidently X (It = H, A = Cl) is a monohydrate. 
The hydrate water was indeterminate by loss in weight. 
All salts (X) prepared of VII could be reconverted to VII 
with aqueous ammonia. The perchlorate prepared in alcohol 
absorbed (nujol) at 2.85 and 3.19 y  (ao carbonyl band) and 
melted at 117-121°. Analysis indicated the presence of 1 
mole of ethanol. Thus it is formula:ed as X (It = C2H5, 
A = CIO,).

Conversion of VI to III. A mixture of 1.0 g. of VI hydro
chloride, 0.3 g. of 5% palladium-barium sulfate, and 10 ml. 
of absolute ethanol absorbed 1.1 molar equivalents of hydro
gen during 0.5-1 hr. The filtered solution was evaporated to 
dryness at the water pump. The residue (III hydrochloride) 
crystallized from 5 ml. of acetone in a yield of 0.75 g.; rods 
from ethanol-ether, m.p. 165-168°, Am„! 5.82 y .

Anal. Calcd. for C16H24C1X0: C, 64.53; H, 8.12. Found: 
C, 64.52; H, 8.26.

This hydrochloride was converted to the hydrobromidc 
salt which melted at 187-190° alone or in mixture with the 
III hydrobromidc prepared directly from II. The infrared 
spectra of the two were identical.

2'-Hydroxy-2,.5-dimelhyl-d,7-benzomorphan (IX). T wo 
grams of X (It = H, A = Cl) or 2 g. of crude VII, 2 g. 
of potassium hydroxide, 2 ml. of 95% hydrazine, and 15 ml. 
of triethylene glycol were kept at 170-175° for 4-5 hr., 
cooled, and treated with water. Two ether extractions and 
drying and evaporation of the extracts gave 1.4 g. of sirup. 
This and 10 ml. of 48%. hvdrobromic acid were heated under 
reflux for 20 min. The cooled solution was made alkaline 
with ammonium hydroxide and extracted thrice with 
chloroform. The dried (sodium sulfate) chloroform extracts 
were evaporated at the water pump. The residue crystal
lized from 5 ml. of acetone to give 1.0 g. (65% based on X, 
R = H. A = Cl) of IX, m.p. 209-214° which proved to be 
identical with that described previously.3

2'-Hydroxy-d-melhyl-2-phenc.thyl-6,7-benzoniorphan (VIII) 
hydrobromule. Mcthylation of 1.0 g. of IX with ethereal 
diazomethane containing a little methanol gave 0.9 g. of 
evaporativelv distilled (bath temperature 150-175°, pressure 
0.3 mm.) methyl ether. This in 6 ml. of chloroform was 
added during 45 min. (stirring) to 0.5 g. of cyanogen bromide 
in 5 ml. of chloroform. The solution was refluxed for 3 hr. 
and evaporated to dryness at the water pump. The residue 
and 18 ml. of 6% hydrochloric acid were refluxed for 3 hr. 
cooled, made alkaline with ammonium hydroxide, and 
extracted with chloroform. The dried chloroform extracts, 
on evaporation to dryness in vacuo, gave 0.7 g. of sirup. 
This base, 15 ml. of methanol, 5 ml. of water, and 0.8 g. of 
potassium carbonate were treated (stirring) with 0.8 ml. of 
phenylac etyl chloride during 5-10 min. The mixture was 
diluted to 100 ml. with water, extracted with ether, and the 
ether extracts washed with dilute hydrochloric acid. 
Evaporation of the dried (sodium sulfate) ether extracts to 
thorough dryness gave 1.1 g. of crude phenylacetamide 
derivative which was treated slowly with 15 ml. of 1.3M 
ethereal lithium aluminum hydride (stirring). The mixture 
was refluxed for 10-15 hr., decomposed with 5 ml. of water, 
and the ether decanted and dried over sodium sulfate. 
Acidification of the ether with 33% hydrobromic-acetic 
acid, decantation, and trituration of the oil with a little 
acetone gave 0.4 g. of hydrobromide of the methyl ether of 
VIII, m.p. 376-278°. This material, 4 ml. of 48% hydro
bromic acid, and 2 ml. of 33% hydrobromic-acetic acid 
were refluxed and stirred vigorously for 30 min. and evapo
rated to dryness at the water pump. A little absolute 
ethanol was added to the residue and the evaporation 
repeated. The residue was then decolorized (Xorit) in 
boiling alcohol and the filtrate again evaporated to dryness 
Trituration of the residue with acetone gave 0.3 g .  of VIII 
hydrobromidc. m.p. 220-225°. It crystallized from acetone 
in blades, m.p. 237-238°.

Anal.™ Calcd. for C2,H2r,BrXQ: C, 64.94; II, 6.75. Found: 
C, 65.00; II, 6.7.3.

The base (AIM; melted at 155.5—156.5°, prisms from 
methanol-water.

Anal. Calcd. for C2iH25XO: C, 82.04: IT, 8.20. Found: 
C, 82.08; H, 8.38.

Betuesda 14, Mn.

(15) After drying (water pump) for 60 hr. at 60-65°.
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The trivial name “liriodenine” is proposed for a yellow pigment isolated from yellow poplar heartwood. Liriodenine has 
the composition CnH90 3N, and a melting point of 282°. Oxidation with chromic acid yields an acid which is decarboxylated 
at the melting point to form benzo[g]quinoline-5,lt)-dione. A second pigment containing methoxyl as well as nitrogen was 
also isolated, but the quantity of this material was not sufficient for proper characterization.

Colorless alkaloids have been reported in the 
bark of the yellow poplar tree (family Magnoliaceac) 
but they were not well characterized.1 2’- More re
cently, a lignan diglucoside was isolated from the 
inner bark.3 The extractives of the wood, on the 
other hand, have received but little attention. 
Yellow poplar heartwood is usually olive-yellow to 
olive-brown in color, but in trees of rapid growth, 
the color may be distinctly yellow. On exposure to 
air and light, the surface darkens. The color of the 
wood is of some importance in the lumber and is a 
disadvantage in groundwood pulp prepared from 
this species.4’5

The benzene-soluble extractives of the heart- 
wood consist of a complex mixture of substances, 
some of which are highly colored. Paper chroma
tography results in a yellow spot with a bright yellow 
fluorescence. Attempts to isolate the substance 
responsible for the yellow spot led to a crystalline 
pigment, which, however, was not fluorescent. 
The trivial name “liriodenine” is proposed for this 
pigment, which melts at 282° and has the com
position CJ;fI.,0;..X. Liriodenine is basic and is 
extracted from benzene solution with dilute 
hydrochloric acid along with a mixture of other 
colored materials. It is slightly soluble in benzene 
or chloroform, but is nearly insoluble in ethanol 
and ether. It is soluble in aqueous acids, and forms 
a stable rose-colored solution in concentrated sul
furic acid which changes to yellow on addition of 
potassium nitrate.

The low ratio of hydrogen to carbon in liriodenine 
suggested the presence of a condensed ring system, 
but distillation with zinc dust did not form any 
recognizable products. Tests for methoxyl and 
methylenedioxv groups were negative. An acetate 
was not formed under any of the usual acetylating 
conditions. The absence of hydroxyl groups was 
supported by the lack of any absorption band in the

(1) J. U. Lloyd and C. G. Lloyd, Pharm. R.imdsch., 4, 
No. 8, 109 ( 188(> '.

(2) P. Morel and P. Totain, Assoc, franc, avance, sci. 
Congrès Nîmes, 41 Session, 810 (1912).

(3) E. E. Dickey, J. Org. ('hern., 23, 179 (1958).
(4) S. D. Weds and J. D. Hue, U. S. Dept. Agr. Dept.. 

Bull. No. 1485, 1927. 101 p.
(5) R. M. Kingsbury, F. A. Simmonds, and E. S. Lewis.

Tappi, 32, 273 (1949).

3 p. region in hexachlorobutadiene mulls, and by the 
lack of shift in the ultraviolet spectrum in alkaline 
ethanolic solution. A monooxime, m.p. 271°, was 
formed on refluxing with hydroxvlamine in pyridine 
solution, indicating that one of the oxj'gens was 
present as a carbonyl group.

Liriodenine was reduced by catalytic hydrogena
tion to a colorless material which readily reverted 
to the original material on exposure to air. When 
warmed with 1% sodium hydroxide containing a 
small amount of sodium hydrosulfite and some 
ethanol to promote solubilization, liriodenine 
formed a blood-red solution which returned to 
yellow on shaking in the air. It was slowly de
colorized to a strongly fluorescent solution by boil
ing with a mixture of aqueous acetic acid, dilute 
hydrochloric acid, and tin. The behavior with re
ducing agents suggested a quinone grouping similar 
to that present in anthraquinone.

Liriodenine when treated with chromic acid in 
dilute sulfuric acid solution formed a red-colored 
insoluble material which was resistant to oxidation 
and which may have been a chrome lake. In more 
concentrated sulfuric acid at elevated temperatures, 
chromic acid oxidation resulted in the formation of 
water-soluble materials which were not isolated. 
By proper choice of conditions, it was possible to 
oxidize liriodenine to a water-insoluble mono- 
carboxv acid CidLOiX with a melting point of 
335-336°. The acid decomposed at the melting 
point with the evolution of gas and the formation 
of a crystalline sublimate which was identified 
as benzo[g]quinoline-5,10-dione by comparison 
with a sample synthesized by the method of Clemo 
and Driver.6 The infrared spectra of the two ma
terials were identical, and there was no depression 
in the mixed melting point.

Identification of the sublimed needles permits a 
partial formulation of liriodenine as I and the acid 
obtained on oxidation as II. A melting point of 
355- 357° has been reported7 for benzo[g]quinoline-
4-carboxy-5,10-dione, and thus it seems likely 
that the carboxyl group is not in the I- position.

(0) G. R. Clemo and G. W. Driver. ,/. ('hem. Soc., 829 
(1954).

(7) A. Etienne and A. Stachelin, Bull. soc. chim. France, 
1954, 748; Chem. Absir. 49, 9920.
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dried. The yield was 0.267 g. After crystallizing two times 
from n-butanol, the melting point was 271°.

Anal. Calcd. for C17IT0N2O3: C, 70.34; H, 3.47; N, 9.65. 
Found: C, 69.68; H. 3.34; N, 9.45; residue from combustion 
0.5%.

Oxidation with chromic acid. Liriodenine (0.1 g.) was dis
solved in 8 ml. o: 1:1 (v./v.) coned, sulfuric acid-water by 
warming, and the solution was diluted with 3 ml. of water. 
After cooling to room temperature, 0.2 g. of chromic oxide 
dissolved in 1 ml. of water and 4 ml. of 1:1 sulfuric acid- 
water was added gradually over a 1-hr. period. After stand
ing at room temperature for 15-16 hr., the solution was di
luted with 40 ml. of water and was heated in a steam bath 
for 1 hr. The final reaction mixture was cooled to room tem
perature, and the resulting light-colored product filtered anti 
washed with water. The oxidation product was dissolved in 
dilute ammonium hydroxide and was reprecipitated by acidi
fication with hydrochloric acid. The yield was 0.08 g. The 
crude product had a melting point of about 330°, and on 
melting formed a sublimate of yellow crystals. The material 
was soluble in hot formic, acetic, and nitric acids, but satis
factory conditions for recrystallization were not found. 
It was purified by dissolving in 2% ammonium hydroxide, 
heating the solution, and neutralizing with hydrochloric 
acid. After several such treatments, the melting point was 
335-336° on rapid heating.

Anal. Calcd. for C„H,04N: C, 66.41; H, 2.79; N, 5.53. 
Found: C, 66.33; H, 2.83; N, 5.60.

xc,Hi0n 254 (log e 4 49); 325 m/U (iog „ 3.5Q). X̂ s0H
305 m/x (log e3.41).

Small amounts of the sublimed needles were obtained by 
mixing 10 mg. of the oxidation product with 20 mg. of pre
cipitated calcium carbonate and heating in a 3-inch test 
tube to 335°. After resubliming, the needles melted at 275- 
277°. Benzojg] quinoline-5,10-dione synthesized by the 
method of Clemo and Driver6 melted at the same tempera
ture, and the mixed melting point was not depressed.

X ^ i0H 250 mM (log e 4.49), 326 mM (log * 3.46). A ^ ‘on 
304 m/x (log 6 3.55).

Isolation of the second yellow pigment. In the isolation of 
liriodenine, the mother liquors were rechromatographed 
on alumina columns by eluting with chloroform as long as 
additional liriodenine could be crystallized from the mate
rial eluted as a yellow band. The mother liquors from these 
operations still had a very strong yellow color. They were 
combined, evaporated to dryness, and the solids crys
tallized from 95% ethanol to give a small amount of orange 
needles (0.01% dry wood basis). Further crystallizations 
from ethanol and from benzene gave a constant melting 
point of 235-236°.

Anal. Found: C', 68.54, 68.01; H, 4.90, 4.96; methoxyl, 
33.5, 33.5; equivalent weight by titration, 359, 360.

xc2hi0h 2 n  mM (a 91.4)j 245 m/x (a 86.5), 273 m/x (a 91.2), 
355 m/x (a 30.3).

A ~  228 m/x (a 62.5), 257 m/x (a 61.2), 318 m/x (a 18.2), 
X 500-700 m/x (a 0.0).

The remaining crystals were recrystallized by dissolving 
in a small volume of chloroform and adding two to three 
volumes of low boiling petroleum ether. The resulting crys
tals melted at 235-236°.

Anal. Found: C, 68.60, 68.56; H, 4.77, 4.91; methoxyl,
28.8. Additional crystals melting at 235-236° were obtained 
from the mother liquors from isolation of the first product 
by crystallizing the mother liquor solids once from ethanol 
and once from benzene.

Anal. Found: C, 68.99; H, 4.93; N, 4.30; methoxyl, 28.3.
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The previously unreported desapogossypol was prepared by déméthylation of the hexamethyl ether. Desapogossypol was 
converted to the hexaacetate, to desapogossypolone tetraacetate and to hydrodesapogossypolone octaacetate. The hexalllyl 
ether of apogossypol has been prepared and carried through a Claisen rearrangement which involved two ortho- and two 
para-rearrangements in each molecule. Epoxidation of apogossypolone tetramethyl ether and desapogossypolone tetra- 
methyl ether gave in both cases the corresponding 2,3,2',3'-diepoxy derivatives.

Gossypol (I), the principal pigment of cottonseed, 
must be chemically altered or removed during the 
processing of cottonseed for most uses. There is po
tentially available about 30,000 tons of gossypol per 
year from cotton produced in the United States. The 
large amount of gossypol available, the reactive 
nature of the molecule, and its deleterious effects in

(1) A report, of work conducted under contract with the
U. S. Department of Agriculture and authorized by the Re
search and Marketing Act. The contract is being supervised 
by the Southern Utilization Research and Development 
Division of the Agricultural Research Service.

(2) Post-doctoral Research Fellow, 1958-59.

cottonseed processing and utilization are the reasons 
for a continuing program in these laboratories on 
the chemistry of gossypol and closely related deriva
tives. Our earlier work has involved a study of the 
reduction of gossypol with lithium aluminum 
hydride3 and the formation of gossypol anils with 
a wide variety of primary amines.4

Apogossypol (II), apogossypol hexamethyl ether
(3) D. A. Shirley and W. C. Sheehan, J. Am. Chcm. Soc., 

77,4606(1955).
(4) (a) D. A. Shirley and W. C. Sheehan, J. Org. Client., 

21, 251.(1956); (b) V. W. Alley and I). A. Shirley, J.Org. 
Chem., 24, 1534 (1959).
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(III) and desapogossypol hexamethyl ether (IV) 
are long-known and easily obtainable derivatives of 
gossypol.5 6 Much use was made of these derivatives 
in work on the structure of gossypol,6 but the 
closely related desapogossypol (V) has not been re
ported. AVe prepared this latter substance by dé
méthylation of desapogossypol hexamethyl ether 
using pyridine hydrochloride.7 Acetylation of 
desapogossypol with acetic ahydride in pyridine 
produced the hexaacetate (ArI) which upon oxida
tion with chromic anhydride in acetic acid gave

OH
)2

H O % % \% C H 3
V

OCOCHs
C lh C O O X V 'X —)2
CH3C O o k ^ k ^ C H 3

OCOCHj
VIII

OCOCII j
c h 3c o o X | X Y “)2
c h 3c o o W A ^ c h 3

VI

C!I:C O O |^ Y  Y ~)o 
C H sC O o k X x Jc 'lI ;

VII 0

= isopropyl 
group

desapogossvpolone tetraacetate (VII). Reduction 
of the binaphthoquinone (VII) with zinc dust in 
acetic acid8 produced hydrodcsapogossypolone 
octaacetate (VIII).

Apogossypol (II) was converted *o its hexaallyl 
ether (IX) with allyl bromide and potassium car
bonate in acetone. The product was a viscous liquid 
at room temperature which could not be crystal
lized; however elemental analyses and the infrared 
spectra were in accord with the indicated structure.

AA’e carried out a Claisen rearrangement of 
apogossypol hexaallyl ether (IX) in boiling di- 
methylaniline containing acetic anhydride. It was

(5) C. II. BoLtnrr, Cottonseed and Cottonseed Products, 
A. E. Bailey, ed.. Interscience Publishers, New York, 1018, 
p j) .  2 3 7 - 9 .

(6) (a) Roger Adams and B. R. Baker, J. Am. Chem. 
Soc., 63, 535 (1941); (b) D. A. Shirley and AV. L. Dean, 
./. Am. Chem. Soe., 79, 1205 (1957); (c) J. D. Edwards and 
•I. L. Cashaw, Am. Chem. Soe.. 79, 1205 1957): (o ) J .  1). 
Edwards and J. L. Cashaw, J. Am. Chem. Soc.. 79, 2283
(1057) ; (d) .1. D. Edwards, J. Am. Chem. Soc.. 80, 3708
(1058) .

(7) M. Gates, J. Am. Chem. Soc.. 78, 1300 (1950).
(8i Roger Adams and D. J. Buttcrbaugh, J. Am. Chem.

Soc., 60,2174(1938).

anticipated that one para- and one ortho-rear
rangement would take place in each half of the 
molecule. The solid product from the rearrangement 
could not be obtained in a sharp-melting form, but 
elemental analyses and the infrared spectrum were 
in accord with the expected product X from rear
rangement followed by acetylation of hydroxyl 
groups.

1,4-Naphthoquinones undergo epoxidation to 
give the 2,3-epoxy derivatives.9 The action of a 
mixture of 30% hydrogen peroxide and sodium 
carbonate in an alcoholic solution of apogossypolone 
tetramethyl ether (XI) yielded the corresponding 
epoxide (XII) in 83% yield. A similar epoxidation 
of desapogossypol hexamethyl ether (XIII) to 
XIAr occurred in 40% yield.

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

Desapoijossi/pol (V). Six grams of pyridine hydrochloiide 
was heated to 100° ami 1.4 g. (3.5 mmoles) of desapogossypol 
hexamethyl ether were added. The mixture was heated under 
an atmosphere of nitrogen at 105-200° for 10 hr. Water 
(50 ml.) was added to the cooled reaction mixture, and the 
white solid removed by filtration and recrystallizcd (char
coal) from methanol containing a small amount of water. 
The product, was 330 mg. of white crystalline solid which did 
not melt but started to decompose about 280°.

-4no!. Calcd. for CAHiaOg: C, 69.83; H, 4.80. Found: 
C, 69.44, 69.35 ; H, 4.71, 4.98.

(9) L. F. Ficser, W. P. Campbell, E. M. Fry, and VI. D. 
Gates. ./. Am. Chem. Sor., 61, 3219 (1939).

(10) Melting points were taken on a Ivofler Hot Stage 
Microscope. Microanalyses are lw Weiler and Strauss, 
Oxford, England. All infrared spectra were obtained by the 
potassium bromide disk technique on a Perkin Elmer Model 
21 infrared spectrophotometer.
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The filtrate from the treatment of the above reaction mix
ture with water was extracted with three 50-ml. portions of 
ether. The ether was evaporated and the residue crystallized 
from equal volumes of methanol and water. There was ob
tained 500 mg. of white crystalline solid which melted at 
190—193°. This material is apparently a hydrate of desapo- 
gossypol.

Anal. Calcd. for C22Hi8CV1.oH:>0 : C, 65.20; H, 5.18. 
Found: C, 65.33, 65.19; H, 5.05, 5.14.

Desapogossypol hexaacetate (VI). To a solution of 100 mg. 
of the desapogossypol hydrate obtained above in 2 ml. of pyri
dine was added 1 ml. of acetic anhydride. The mixture was 
heated to boiling and then allowed to stand at room tempera
ture for several hours after which it was poured into crushed 
ice. After hydrolysis of the anhydride, the precipitated 
crystals were collected, washed with water, dried, and re- 
crystallized from ethyl acetate-petroleum ether (b.p. 30- 
60°). There was obtained 123 mg. (74%) of white crystalline 
product, m.p. 270-274°.

Anal. Calcd. for C34H30O12: C, 64.76; H, 4.80. Found: C, 
64.75, 64.39; H, 4.98, 4.88.

Desapogossypolone tetraacetate (VIII). To a solution of 200 
mg. of desapogossypol hexaacetate in 10 ml. of boiling glacial 
acetic acid was added with stirring 1.5 ml. of a solution con
sisting of 40 g. water, 8 g. sulfuric acid, and 5.3 g. chromic 
anhydride. After heating for 2 min. the mixture was poured 
into ice and water. The reaction mixture was extracted with 
ether and the yellow extracts washed with water and the 
ether evaporated. The residue was dissolved in 15 ml. boiling 
benzene and petroleum ether (b.p. 60-80°) added to cloud 
point. Cooling precipitated an oil and the mother liquor was 
treated with more petroleum ether to a hot cloud point. 
Cooling precipitated 80 mg. of yellow crystalline solid. 
This was recrystallized in the same manner as before from 
ethyl acetate petroleum ether to yield 35 mg. of yellow crys
talline product, m.p. 137-140°.

Anal. Calcd. for C30H22O1»: C, 62.72; H, 3.86. Found: 
C, 62.20, 62.13; H, 3.97, 4.04.

Hyelrodesapogossypolone octaacelalc (VIII). Two hundred 
milligrams of desapogossypol hexaacetate was oxidized as 
described above. Unrecrystallized product from the oxida
tion (110 mg.) was dissolved in 5 ml. of acetic anhydride 
and 0.1 g. of freshljr fused sodium acetate added. The mix
ture was heated under reflux for 15 min. during which time 
2.0 g. of zinc dust was added in portions and the color of the 
solution changed from deep yellow to nearly colorless. The 
mixture was filtered and excess water added to the filtrate. 
After standing overnight the semisolid product was crys
tallized from 95% ethanol yielding 30 mg. of product melt
ing around 150-160°. This was recrystallized from ethyl 
acetate-petroleum ether (b.p. 30-60°) to give 16 mg. of 
white crystalline solid, m.p. 245-247°. A second crystalli
zation from the same solvent mixture raised the m.p. to 258- 
261°.

Anal. Calcd. for CasH-iOns: C, 61.13; H, 4.59. Found: C, 
60.84, 60.94; H, 4.50, 4.52.

.1 poyossypol hexaallylether (IX). A mixture of o.O g. (0.011 
mole) of freshly prepared apogossypol,1' 50 ml. of anhydrous 
acetone, 10.0 g. (0.083 mole) of allyl bromide and 12 g. of 
freshly ignited and finely powdered potassium carbonate 
was stirred and heated under reflux for 48 hr. Excess (200 
ml.) water was added and the oil which precipitated was 
separated and extracted with ether. The ether solution was 
dried, the ether evaporated, and the residual oil dissolved 
in petroleum ether (b.p. 30-60°). This solution was placed 
on a 2 X 20 cm. column of 60-100 mesh Florisil adsorbant. 
This adsorbant is effective in retaining partially alkylated 
molecules of the gossvpol type which contain hydroxyl 
groups. The column was eluted with petroleum ether (b.p. 
30-60°) until the eluate was colorless. Evaporation of solvent 
left 5.6 g. (74%) of yellow viscous oil. The product could not

be crystallized from a wide variety of solvents. Pouring an 
alcoholic solution of the product into an ice water slurry 
caused formation of a white solid precipitate which was re
converted to an oil on warming to room temperature. The 
infrared spectrum of the product showed a sharp band of 
medium intensity at 6.06 u characteristic of a noneonjugated 
carbon-carbon double bond.11 12

Anal. Calcd. for CseHaOe: C, 78.63; H, 7.74. Found: C, 
78.67, 78.32; H, 7.90, 7.74.

Claisen rearrangement of apogossypol hexaallyl ether. A solu
tion of 2.5 g. of apogossypol hexallyl ether, 10.0 g. of N,N- 
dimethylaniline, and 5.0 g. of acetic anhydride was heated 
to a reflux under an atmosphere of nitrogen for 5 hr. The 
reaction mixture was poured into a mixture of 7 ml. of coned, 
hydrochloric acid and 100 g. of crushed ice. The precipi
tated gummy solid was dissolved in hot acetic acid treated 
with charcoal and the resulting solution poured into an ice 
water slurry. The precipitated solid weighed 2.5 g. Frac
tional crystallization from benzene-petroleum ether (b.p. 
30-60°) gave a series of fractions ranging in melting point 
from 115-120° (more soluble) to above 200° (less soluble). 
All the fractions gave quite similar and clean-cut infrared 
spectra and similar carbon and hydrogen analytical values. 
The spectra contained a sharp intense band at 5.63 p indica
tive of the presence of acetylated hydroxyl groups in the 
rearranged product. The carbon-carbon double bond of the 
allyl groups appeared at 6.00 p. The product is proposed to 
be l,l',7,7'-tetraacetoxy-3,3'-dimethyl-4,4',8,8'-tetraallyl- 
5,5' - diisopropyl - 6,6 ' - diallyloxy - 2,2' - binaphthyl (X).

Anal. Calcd. for CsiHiiOio: C, 74.48; H, 7.12. Found: C,
74.25, 74.50; H, 7.32, 7.31.

Claisen rearrangement in the absence of the acetic anhy
dride was tried in several experiments. Infrared spectra on 
crude products indicated the presence of rearranged mole
cules, but attempted purification to sharp melting product 
was not successful and elemental analytical values were of 
no value since reactant, intermediate and expected product 
molecules are isomeric.

Eporidation of apogostypolonc tetramethyl ether (XI). A 
solution of 80 mg. of apogossypolone tetramethyl ether8 in 
15 ml. of absolute ethanol at 45° was treated with 1 ml. of 
30% hydrogen peroxide and 1 ml. of a saturated aqueous 
solution of sodium carbonate. After 5 min. during which 
the yellow color of the solution was discharged, the reaction 
mixture was poured into excess water and the precipitated 
white solid was crystallized from a mixture of ethanol and 
water. There was obtained 70 mg. (83%) of white crystalline 
product. The product melted at 242-245° after a prior melt
ing and resolidification at a lower temperature. The tem
perature of this first melting varied sharply with rate of 
heating of the sample. Further recrystallization did not alter 
the higher melting point. This behavior upon melting may 
represent a transformation from a less stable to a more stable 
diastereomeric form among the various possible stereo
chemical forms of XII. On the basis of the nature of the 
reaction and elemental analytical values, the product (XII) 
is designated as 3,3'-dimethyl-5,5'-diisopropyl-6,6',7,7'- 
tetramethoxy-2,2'-binaphtho-1,1 ',4,4'-quinone-2,3,2 ',3 '-di
oxide.

Anal. Calcd. for ( 1 1  L: C, 66.42; H, 5.92. Found: C,
66.12, 66.45; H, 5.62,5.78.

Epoxidation of desapogossypolone tetramethyl cthtr (XIII). 
A mixture of 0.5 ml. of 30% hydrogen peroxide and 1 ml. 
of a 10% aqueous sodium carbonate solution was added 
at 45° to a solution of 40 mg. of desapogossypolone tetra
methyl ether (X III)8 in 10 ml. of ethanol and 3 ml. of di- 
oxane. The reaction mixture was held at 45° for 1 hr. and 
its yellow color persistec. An additional 1 ml. of peroxide 
solution and 1 ml. of sodium carbonate solution were added 
and the mixture heated to 70°. After a few minutes the yellow

(12) L. F. Bellamy, The Infrared Spectra of Complex Mole
cules, John Wiley and Sens, New York, N. Y., 1958, p. 36.(11) E. P. Clark, J. Biol. Chem., 78, 159 (1928).
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color was discharged. The mixture was added to 50 ml. of 
water and cooled to precipitate 30 mg. of white solid. This 
was recrystallized once from a mixture of ethanol, dioxane, 
and water, once from a mixture of benzene and hexane, and 
once from a mixture of benzene and ethanol to produce 17 
mg. (40%) of white crystalline solid dioxide XIV, m.p. 
237-241°.

Anal. Calcd. for C26H22O10: C, 63.15; H, 4.49. Found: C, 
63.35, 62.88; H, 4.64, 4.69.

Acknowledgment. We should like to express our 
appreciation to the U. S. Department of Agriculture 
for financial support and to Dr. V. L. Frampton 
and Mr. T. II. Hopper, Southern Utilization Re
search and Development Division, New Orleans, 
La., for their continued interest and aid.

K n o x v ille , T e n n

[Contribution  from  th e  D epa rtm en t  of C h em istry , B ra nd eis  U n iv er sity ]

F riedelin  and R elated  C om pou nd s. I I I .1,2 T he Iso la tio n  o f  F r ied elan e-2 ,3 -d ion e
from  Cork Sm oker W ash Solids

VINA YAK V. KANE and ROBERT STEVENSON

Received February 3, UJOO

Friedelane-2,3-dione has been identified as a constituent of “cork smoker wash solids” and cnaracterized as a monoacetate, 
monobenzoate, monomethyl and quinoxaline derivative. Huang-Minlon reduction of the dione yielded friedelane; a selective 
reduction gave friedelin (friedelan-3-one).

The nature of the constituents of cork, the bark 
of Quercus suber, has been the subject of con
siderable investigation, much of which has been 
reviewed.1 2 3 Of these constituents, friedelin (I) and 
cerin (IL R = H) were established as triterpenoids 
by the work of Drake4 5 6 7 8“9 and Ruzicka10'11 and their 
respective collaborators, and their structure eluci
dation has been completed.1'12-13 Xo fewer than nine 
di- or trioxygenated friedelanes have recently been 
isolated from the bark of Siphonodon australe 
Benth.14 15-16 * 76

A resin obtained as a by-product in the manu
facture of corkboard by steam-baking, known as

(1) Part I, G. Brownlie, F. S. Spring, It. Stevenson, and
W. S. Strachan, J. Chem. Soc., 2419 ( 1956).

(2) Part II, G. Brownlie, F. S. Spring, and It. Stevenson,
Chem. Soc., 216 (1959).
(3) For review, see H. Mader, Encyclopedia of Plant Phys

iology, Vol. 10, 282.
(4) N. L. Drake and R. P. Jacobsen,./. Amer. Chem. Soc., 

57,1570(1935).
(5) N. L. Drake and S. A. Shrader, J  Amer. Chem. Soc., 

57, 1854(1935).
(6) N. L. Drake and W. P. Campbell, J. Amer. Chem. 

Soc., 58,1681 (1936).
(7) N. L. Drake and W. T. Haskins, J. Amer. Chem. 

Soc., 58, 1684(1936).
(8) N. L. Drake and J. K. Wolfe, J. Amer. Chem. Soc., 

61,3074(1939).
(9) N. L. Drake and J. K. Wolfe, J. Amer. Chem. Soc.., 

62,3018(1940).
(10) L. Ruzicka, O. Jeger, and P. ltingnes, IIciv. Chim. 

Acta, 27,972 ( 1944).
(11) G. W. Perold, K. Meyerhans, O. Jeger, and L. 

Ruzicka, Hclv. Chim. Acta, 32, 1246 (1949).
(12) E. .1. Corev and J. J. Ursprung, / .  Amer. Chem. Soc., 

78,5041(1956).
(13) T. Takahashi and G. Ourisson, Bull. soc. chim. 

F rance, .353 ( 1956).
(14) J. L. Courtney and R. M. Gascoigne, J. ('hem. Soc., 

2115(1956).
(15) J. L. Courtney, R. M. Gascoigne, and A '/. Szumer.

J. ('hem. Soc.. 2119 ( 1956)

“smoker wash solids,” has been utilized previously12 
as a convenient source of friedelin. Although the 
isolation of friedelin in a crude state by solvent 
extraction of this product is exceedingly simple, 
considerable losses are incurred in the purification 
and little is known concerning the nature of the 
contaminants. This paper is concerned with the 
isolation and identification of frieaeIane-2.3-dione 
from this source.

Purification of an extract of this resin by chroma
tography yielded a fraction, eluted from alumina by 
chloroform, from which a substance, CjoILhCk, 
was readily crystallized. The characteristic ultra
violet and infrared absorption spectra of this sub
stance indicated that, the two oxygen functions were 
present as an enolized a-diketone system,16 a con
clusion confirmed by formation of a monoacetate, 
mcnobenzoate and quinoxaline derivative.

Although it was suspected that the isolated prod
uct was friedelane-2,3-dione, the considerable 
divergence in the empirical constants of the natural 
product17 and its derivatives and those reported for 
the synthetic product10-12 (see tabic) necessitated 
independent characterization.

This Work Ref. 10 Ref. 12
Friedelane-2,3-dione m.p. 274- m.p. 265° m.p. 267-

277° 269°
l«]i,-25° [ck]d + 18°

Friedelune-2,3-dione m.p. 308- m.p. 283-
end acetate 310° 285°

[<*]d —22° [a ]D + 3 °
Friedelane-2,3-dione m.p. 317- m.p. 301- m.p. 311-

end benzoate 319° 303° 313°
[«]o —35° D ii,+26°

(10) L. F. Fieser and R. Stevenson, J. Amcr. Chem. Soc.,
76, 1728 (1050) report the corresponding spectral data for 
eholestane-3:4-dione (as its mono-cnol) and its acetate in 
which good agreement is found.
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Reduction of the diketonc by the IIuang-Minlon 
method gave the hydrocarbon, friedelane, identi
fied by direct comparison with an authentic speci
men, and consequently restricted the possible 
formulations to friedelane-l,2-dione, friedelane-
6,7-dione, or friedelane-2,3-dione (III). A decision 
in favor of III was reached by conversion of the 
diketone to friedelan-3-one. Treatment of the di
ketone with lithium aluminum hydride in ether 
solution, followed by acetylation, gave a keto- 
acetate. Although the homogeneity of the latter 
was not established (it clearly differed from cerin 
acetate II, R = CH3CO—), it was readily de- 
acetoxylated by zinc dust in acetic acid solution to 
give friedelan-3-one, identified by comparison with 
authentic ketone and oxime.

I II

Friedelane-2,3-dione was first obtained10 as a 
minor product of chromic acid oxidation of cerin 
(II. R = H). It was suggested that of the two 
enol forms (IIIA) and (IIIB), the dione existed as 
IIIA, (R = H) since the derived benzoate (IIIA. 
R = C6H6CO—) could also be prepared by oxi
dation of friedelin enol benzoate. The preparation 
of the benzoate (IIIA. R = C6H6CO—) and re
generation of the dione by gentle alkaline hydroly
sis, has been repeated by Corey and Ursprung.12 
Their specimens, kindly supplied by Professor
E. J. Corey, were undepressed on mixed melting- 
point determination with our samples, establishing 
their essential identity.

The dione was recovered unchanged after treat
ment with ethereal diazomethane, but was con
verted to the monomethyl ether by refluxing with 
boron trifluoride etherate in methanol solution, a 
method previously used17 18 for conversion of choles- 
tane-3,4-dione to 4-methoxycholest-4-en-3-one. The 
ultraviolet bathochromic shifts found by substi
tution of an a-methoxyl (+18 m/x) and a-acetoxyl 
(+5 mfi) in the friedel-3-en-2-one system19 agree

(17) The dione conceivably is an artifact resulting from 
the oxidation of friedelin or cerin.

(18) R. Stevenson and L. F. Fieser, J. Amer. Chem. Soc., 
78, 1409(1956).

(19) The ultraviolet absorption maximum reported for
friedel-3-en-2-one is 237 m# (Ref. 12).

well with the respective corresponding values of 
(+22 m/i) and ( +  6 m/r) in the cholest-4-en-3- 
one system. In their structural studies on the bitter 
principle, quassin, Robertson and co-workers20 
have drawn attention to the lack of ultraviolet 
absorption data on enol ethers derived from a- 
diketones, a chromophore believed present in both 
quassin and neoquassin. Their observed value of the 
absorption maximum (264 m/a) due to the methyl 
ether of the enolized diketone appears rather high 
when compared with their reported maxima of the 
derived dione enol (271 mp) and dione enol acetate 
(233 m/i) and in view of bathochromic shifts for 
methoxyl and acetoxyl groups reported here.

E X P E R IM E N T A L 21

Isolation of friedelane-2,8-dione. (a) Cork resin (589 g.) 
was stirred overnight with ethanol (2 X 2 1.), the insoluble 
residue extracted at room temperature with chloroform 
( 2 X 2  1.), and the chloroform removed to give a light 
brown solid (124 g.). Much of the color was removed by 
boiling this extract twice with acetone (500 c.c.) and filtra
tion. The acetone-insoluble residue was crystallized twice 
from chloroform, the filtrates combined and evaporated to 
give a solid (53 g.) which was dissolved in a minimum volume 
of benzene and filtered through a column of alumina (Merck, 
acid-washed). After elution with benzene (2.5 1.) yielded a 
white solid (crude friedelin), elution with chloroform (800 
c.c.) gave a yellow-brown solid (2.2 g.), two crystallizations 
of which from chloroform-acetone gave a solid (430 mg.), 
m.p. 235-268°, A 5.82, 6.01, 6.03 n, which was taken up in 
benzene and chromatographed on a column (20 X 1.5 cm.) 
of alumina (Woelm, grade 1, almost neutral). The fraction 
eluted by benzene-chloroform (1:3, 600 c.c.) gave friedelane-
2,3-dione as soft needles, m.p. 276-277° (unchanged on 
recrystallization from chloroform-methanol), [a]D +25° 
(c, 1.9), X 276 mu (« = 11,500), X 2.92, 6.01, 6.12

Anal. Calcd. for Csot+Ch: C, 81.76; H, 10.98. Found: C. 
81.5;H, 11.0.

(b) Extraction of cork resin (12 g.) with chloroform in a 
Soxhlet apparatus for 5 hr. yielded a dark brown gum (7.5 
g.), a solution of wilich in benzene was filtered through a 
column (13 X 1" diameter) of alumina (Woelm, almost 
neutral). After elution with benzene (3.5 1.), chloroform (2.5
l. ), chloroform-methanol (1:1, 1 1.), chloroform-methanol 
(1:1, 1 1.) gave a semisolid gum which on three crystalli
zations from chloroform-methanol gave the dione (60 mg.),
m. p. 270-274°, [a]D +25° (c, 1.6).

Friedelane-2,3-dione-3-enol acetate. A solution of friede-
lanedione (24 mg.) in pyridine (1.5 cc.) and acetic anhydride 
(1.5 cc.) was heated at 100° for 10 min., diluted with water, 
and the precipitate (20 mg., m.p. 300-305°) crystallized 
from chloroform-methanol to give the dione enol acetate as 
fine needles, m.p. 308-310°, [a]n +22° (c, 1.6), X 242 m/i 
(10,600), X 5.70, 5.90, 6.13 [i. I t retains solvent of crystalli
zation tenaciously.

Anal. Calcd. for CaoHsoCVCIROH: C, 76.99; H, 10.26. 
Found: C, 76.85; H, 10.1. Calcd. for CmIR A : C, 79.62; H,
10.44. Found (after prolonged drying): C, 80.0; H, 10.9.

Friedelane-8,3-dione-8-enol benzoate. A mixture of friede- 
lanedione (25 mg.) in pyridine (0.5 cc.) and benzoyl chloride 
(0.5 cc.) was warmed to effect solution and allow’ed to stand 
overnight. Addition of methanol precipitated a solid (25

(20) K. R. Hanson, D. B. Jaquiss, J. A. Lamberton, A. 
Robertson, W. E. Savige, J. Chem. Soc., 4238 (1954).

(21) Rotations and infrared absorption spectra were 
determined in chloroform solution and ultraviolet absorp
tion spectra were determined in 95% ethanol solution.
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mg., m.p. 317-319°) which crystallized from chloroform- 
methanol to give the dione enol benzoate as fine needles, m.p. 
317-319°, [a]D +35° (c, 1.6), X 231 mM (16,900), X 5.77, 
5.97, 6.13 fi.

Anal. Calcd. for C37H520 3: C, 81.57: H, 9.62. Found: C, 
81.4; H, 9.7.

Huang-Minlon reduction of friidclane-2,3-dione. The dione 
(104 mg.) was suspended in diethylem glycol (14 cc.), po
tassium hydroxide (1 g.) and hydrazine hydrate (99-100%;
1.5 cc.) added. The mixture was heated under reflux for 30 
min., the condenser removed until the reaction mixture 
temperature reached 210° and refluxing continued for a 
further 5 hr. Water (30 cc.) was added, the mixture ext racted 
with chloroform, the extract washed with water, dried 
(sodium sulfate) and evaporated to give a solid, which crys
tallized from chloroform-methanol to give friedelane as 
needles, m.p. and mixed m.p. 251-252°, [a]D +22° (c, 
0.62).

Anal. Calcd. for C3gH52: C, 87.30; H, 12.70. Found: C, 
87.5; H, 12.6.

Friedelane-2,3-dione quinoxaline derivative. A mixture of 
the dione (50 mg.), o-phenylenediamine hydrochloride (100 
mg., freshly sublimed) and sodium acetate (150 mg.) in 
acetic acid (50 cc.) was refluxed for 2 hr., cooled, [toured 
into water, and the product collected by filtration. Three 
recrystallizations from chloroform-methanol gave the quin
oxaline as slightly yellow smad needles, m.p. 248-251°, 
X 239 (19,950) and 322 mM (7,10C), lit.,’1 m.p. 244-246°.

Anal. Calcd. for C36H52X2: C, 84.32; H, 10.22. Found: C, 
83.8; H, 9.9.

Friedelane-2,3-dione methyl ether. Boron trifluoride etherate 
(3.5 cc.) was added to a suspension of t ie dione (50 mg.) in 
methanol (80 cc.), the mixture refluxed for 2 hr., the re
sultant solution diluted with water, and the product col
lected by filtration. Three recrystallizations from chloro
form-methanol gave the methyl ether as needles, m.p. 248- 
251°, [a]D +27°, +32° (c, 1.4, 1.0), X 255 mM (6200), X 6.00,
6.21 y.

Anal. Calcd. for C3iH5o02: C 81.88; H, 11.08. Found: 
C, 81.6; H, 11.1.

Conversion of friedelane-2,S-dione to friedelin (fricdelan-3- 
one). A solution of the dione (55 mg.) in ether (35 cc.) was

added to lithium aluminum hydride (200 mg.) in ether (50 
cc.), the mixture heated under reflux for 15 min. and allowed 
to stand overnight at room temperature. Working up in the 
usual way yielded a hydroxy ketone, m.p. 218-221°, from 
chloroform-methanol, X 2.90, 5.85 y. Acetylation by treat
ment with acetic anhydride and pyridine at 100° gave an 
acetoxy ketone, m.p. 218-221°, [a]n —50° as needles from 
methanol.

Anal. Calcd. for G+H3:03: C, 79.28; H, 10.81. Found: 
C, 79.1 ;H, 10.7.

Zinc dust (10 g.) was added portionwise to a solution of 
the acetoxy ketone (80 mg.) in acetic acid (50 cc.) and the 
mixture heated under reflux for 22 hr. After filtration and 
evaporation of the solvent, the residue was extracted with 
rhloroform and the extract washed with water and dried 
(sodium sulfate). On removal of the chloroform, the residue 
was dissolved in benzene and chromatographed on alumina 
(5 g. Woelm, Grade I). Elution with benzene (4 X 50 cc.) 
gave fractions 14 mg. (m.p. 235-242°), 9 mg. (m.p. 248- 
255°), 9 mg. (m.p. 248-255°) and 40 mg. (m.p. 244-252°). 
The last three were combined, recrystallized once from 
chloroform-methanol and once from ethyl acetate to give 
friedelin, m.p. and mixed m.p. 255-260° (capillary), 268- 
270° (vacuum).

I t yielded friedelin oxime which, after recrystallization 
once from benzene and once from dioxane, melted at 287- 
290°, melting point and mixed melting point with authentic 
sample, m.p. 297-300° (vacuum).
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Beckmann rearrangement of the mcnoxime of 3/9-acetoxy-5,16-pregnadiene-ll,20-dione, III, gave 17-acetamino-3/3- 
acetoxy-5,16-androstadiene-ll-one, IV. Conditions were found for selective borohydride reduction of the 11-ketone group 
without attack at the W-acetyl enamine function to form, after hydrolysis and reacetylation, 3/3-acetoxy-l l/3-hydroxy-5- 
androstene-17-one.

There is currently great interest in steroidal 
compounds which combine the structural features 
of C -ll oxygenation and the C-5 ohfinie bond. This 
interest arises from the high degree of bioactivity

(1) Eastern LTtilization Research and Development 
Division, Agricultural Research Service, United States 
Department of Agriculture.

(2) Previous paper in this series, Steroidal Sapogenins.
LVIII, A. M. Woodbury, et al., J. Econ Rot., in press. Pre
sented at 137th national ACS meeting, Cleveland, Ohio,
April 1960.

shown by many compounds (in particular 6-fluoro 
and 6-methyl derivatives) potentially derivable 
from precursors possessing the A6 and C -ll oxy
genation functions.3 Previously such derivative 
types were usually prepared by the process of 3- 
ketalation of 11-oxygenated A4 *-3-ketones,3 the

(3) See for example formulation III of A. B iwers, L. 
Cuel.ar Ibanez, and H. J. Ringold, Tetrahedron, 7, 138 (1959) 
and the many references cited by A. Bowers, E. Denot, 
M. B. Sanchez, L. M. Sanchez-Hidalgo, and H. J. Ringold, 
J. Am. Chem. Soc., 81,5234 (1959).
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A4 bond migrating to the 5,6 position during the 
ketalation. The 11-oxygenation of these compounds 
typically derives from microbiological hydroxvla- 
tion.4

In view of the importance of these derived syn
thetic hormones, we wish to report the preparation 
of several A5-ll-oxygenated precursory andro- 
stene compounds derived by chemical procedures 
from the steroidal sapogenin, gentrogenin, (boto- 
genin). These derivatives possess the special feature 
of a 3/3-hydroxy-5-enc system as well as 11-oxy
genation. Direct microbiological C -ll hydroxyla- 
tive procedures for preparing such compounds 
could not have been applied since, in general, an 
already formed A4-3-ketone system is probably 
prerequisite for C -ll direct hydroxylation.4

In previous papers from this laboratory we had 
described the preparation of the 12-ketone, gentro
genin,5’6 its conversion to 11-keto diosgenin, I,7 
and the side-chain degradation of I to yield the 
key intermediate 3/3-acetoxy-5,16-pregnadiene-ll,-
20-dione, II.8 More recently the degradation of 11- 
ketodiosgenin to the 11-oxo-16-dehydro pregnene, 
II, was carried out using several modifications of 
our previously described procedure. These varia
tions are presented in detail, as they seem to be 
generally applicable to degradation of C-ring oxy
genated sapogenins.

Conversion of I to the corresponding pseudo- 
sapogenin diacetate was carried out by heating 
in acetic anhydride at 180°.9 Oxidation of the 
latter without isolation was accomplished in a one- 
phase acetic acid-ethylene chloride aqueous chro
mium trioxide mixture at —5°. For best yields it was 
necessary to conduct the oxidation at this tempera
ture and to maintain low temperature during the 
reduction of excess chromic ion with sodium 
metabisulfite. The oxidation intermediate, 11- 
ketodiosone, was not isolated. On treatment with 
refluxing acetic acid,10 3/3-acetoxy-5,16-pregna- 
diene-ll,20-dione,8 II, was obtained in 60% yield. 
The Beckmann rearrangement of AIG-20 ketosteroid 
oximes discovered by Tendick and Lawson in 
1943, U.S. Patent 2,335,616, and utilized by 
Rosenkranz, Mancera, Sondheimer, and Djerassi11

(4) S. H. Eppstein, et at., J. Am. Chem. Soc., 76, 3174 
(1954).

(5) H. A. Walens, S. Scrota, and M. E. Wall, J. Orq. 
Chem.,22 ,182(1957).

(6) ¡VI. E. Wall, J. J. Willaman, T. Perlstcin, D. S. 
Correll, and II. S. Gentry, J. Am. Pharm. Assoc. (»Sc;. Ed.), 
46,155(1957).

(7) E. S. Rothman and M. E. Wall, J. Am. Chem. Soc., 
79,3228(1957).

(8) E. S. Rothman »and M. E. Wall, 81, 411 (1959). Sec 
also O. Halpern and C. Djerassi, J. Am. Chem. Soc., 81, 
439 (1959) for the 11a hydroxy congener of the compound 
II.

(9) M. E. Wall and S. Scrota, J. Am. Chem. Soc., 79, 6481
(1957).

(10) A. F. B. Cameron, el al., J. Chem. Soc., 2807 (1955).
(11) G. Rosenkranz, O. Mancera, F. Sondheimer, and

C. Djerassi, J. Org. Chem., 21, 520 (195G).

in unsubstituted C-ring compounds was applied 
to compound II. Treatment of II with hydroxyl- 
amine hydrochloride as in the procedure of Rosen
kranz, Mancera, Sondheimer, and Djerassi11 gave 
the monoxime, 3/3-acetoxy-5,16-pregnadiene-ll,20- 
dione 20-monoxime, III, in 61% yield. On treatment 
with p-acetamidobenzenesulfonyl chloride, Beck
mann rearrangement occurred.11 The intermediate 
iV-acetyl enamine, IV, was obtained in an impure 
light yellow-orange crystalline form from which a 
small sample of the pure colorless material was 
obtained by recrystallization. The impure substance 
was used without purification in the subsequent 
steps, as its infrared and ultraviolet spectra were 
quite similar to those of the pure substance. 
The ultraviolet maximum of the V-acetyl enamine 
IV, X̂ ax011237 m/i, e = 7640, was similar to the ab
sorption values for unacvlated enamines reported 
by Leonard and Locke12 and similar to that of the
11-desoxy analog of the present compound de
scribed by Rosenkranz, Mancera, Sondheimer, 
and Djerassi.11 The infrared spectrum of IV with 
bands at .3450, 1720, 1686, and 1493 cm.-1 was in 
reasonable agreement with published values for the 
corresponding 11-desoxyamide." On hydrolysis of 
IV11 followed by reacetylation, 3/3-acetoxy-5- 
androstene-11,17-dione, X’, was obtained in 70% 
yield. The structure of V is based on analogy with 
the 11-desoxy compound,11 on the elemental »analy
sis, and on the infrared absorption spectrum which 
showed bands at 1707 (11-ketone) and 1740 cm.“1 
(acetate and 17-ketone).13

We became interested in preparing the inter
mediate, 3/3,11 /3-dihydroxy-5-androstene-17-one,

(12) N. J. Leonard, and D. M. Locke, J. .4in. Chem. Soc.. 
77,437 (1955).

(13) After the researches reported in this paper were 
completed, we noted a report by M. Martin-Smith, J. 
Chem. Soc., ,523 (1958), in which was reported the prepara
tion of V by an unusual route. This worker observed that 
3/3-acetoxy-l 7«-hydroxy-5a-pregnano-l 1,20-dione on chro
mic acid oxidation gave 3/3-acetoxy-5a-androstane-l 1,17- 
dione which on further oxidation gave, in low yield, the cor
responding Sa-hydroxy derivative. On dehydration the latter 
gave a compound identical in all physical properties and in
frared spectrum with V.
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VI. From VI one could prepare 11 /3-hydroxy-4- 
androstene-3,17-dione14 which is the starting point 
for the synthesis of 9a-fluoro-17a-methyl-ll/3,- 
17 /3-dihydroxy-4-androstene-3-one, (halotestin).15 
Hitherto the latter steroids have been available 
only through the microbiological oxidation of
4-androstene-3,17-dione.4 Although compound VI 
might have been prepared from V by forming the 
17-monoketal or monoenamine followed by lith
ium aluminum hydride reduction of the 11-ketone 
and removal of the protective group, we felt that 
it might be preferable to retain and utilize the 
enamine grouping in IV as an already existing 
blocking group thereby saving two reaction steps. 
Reasoning that it might be possible to reduce the
11-ketone group without attacking the unsaturated 
amide linkage, several reduction systems were in
vestigated. Lithium aluminum hydride, in the 
several solvents tried, seemed to reduce the A16 
double bond, as did sodium boroiiydride in iso
propanol or diethylene glycol dimethyl ether. 
In these cases the products showed infrared amide, 
hydroxyl, and NH bands but did not show selective 
ultraviolet absorption near 238 m,u. However, use 
of sodium borohydride in methanol gave the de
sired VI, after hydrolysis, in 35% yield. The hy
drolysis could be carried out in either acid or basic 
media but in the latter case was difficult to drive 
to completion. Structure proof was based on ob
servation of correct analytical values; the infrared 
absorption spectrum showing a single carbonyl 
band at 1740 cm.“1 (17-ketone); and the fact that 
monoacylation at C-3 followed by oxidation of VI 
gave the 11,17-diketone V identical with the di
ketone directly derived from hycrolysis of IV. 
Acetylation of VI under mild conditions gave the 
3/3-acetoxy-11/3-hydroxy derivative Via. In the 
course of chromatography of the acetylated mother 
liquors of Via, ll/3-hydroxy-3,5-androstadiene-17- 
one, VII, was isolated as a by-product. Structure 
assignment of VII was based on correct analytical 
values, characteristic ultraviolet spectrum16 with 
maxima at 230, 23G, and 245 m/i, X,™011 236 mju, e 
= 21,900, and infrared spectrum showing bands at 
3600 (hydroxyl), and 1743 cm.-1 (17-ketone) 
as well as bands at 3060, 865, 821, and 811 cm.“ 1 
characteristic of the conjugated system. Other 
acid-induced dehydration by-products may have 
been formed but could not be isolated.

EXPER IM E N TAL17

Sfi-Acetoxy-5,16-pregnadiene-ll,20-dione, II. One hundred 
grams of 11-keto-diosgenin acetate,7 I, were heated with

(14) M. E. Herr and F. W. Hey], J. Am. Chem. Soc., 75, 
5927(1953).

(15) M. E. Herr, J. A. Hogg, and It. H. Levin, J. Am. 
Chem. Soc.,78, 500 (1956).

(10) L. Dorfman, Chem. Rev., 53, 47 (1953).
(17) We wish to thank S. Serota for determination of opti

cal rotations, It. Kelly for elemental analyses, and O. 
Leander and A. Smith for spectral determinations.

250 ml. of acetic anhydride containing 0.1% v/v glacial 
acetic acid for 21 hr. a t ISO0." After cooling, sufficient water 
was added to decompose all the acetic anhydride. The vol
ume was brought to 1500 ml. with acetic acid and an equal 
volume of ethylene chloride was added. The solution was 
cooled to —8° in an ice-salt bath. To this solution was added 
a solution of 50.0 g. of chromic acid in 1500 ml. of 90% 
acetic acid, precooled to +7°. The oxidant was added over 
a period of 30 min. at such a rate that the temperature did 
not rise above —2C. The reaction was then allowed to pro
ceed another 30 min. Excess chromium trioxide was then 
reduced with a solution of 50 g . of sodium metabisulfite in 
400 ml. of water, precooled to —4°, and added at such a rate 
that the temperature did not exceed —2°. To the reduced 
solution was added 5 1. of 20% sodium chloride solution, 
and the lower layer consisting of ethylene chloride was 
drawn off. The aqueous solution was then repeatedly ex
tracted with ether; the combined organic layers were washed 
noth sodium bicarbonate solution until neutral and dried 
with anhydrous sodium sulfate. The solvents were removed 
in vacuo and the residual glassy 11-keto-diosone refluxed 2 
hr. with 1 1. of glacial acetic acid. The acid was removed 
in vacuo, the residue taken up in heptane; the last traces of 
acetic acid were removed by washing with sodium bicar
bonate solution and the heptane was dried with anhydrous 
sodium sulfate. The crude heptane solution of II was passed 
through a Florisil18 column; elution with benzene followed 
bv evaporation of solvent and crystallization from methanol 
gave 47 g. of II,» m.p. 183°, [a] ”  -1.7°.

Conversion of 8f}-accloxy-5,16-pregnadiene-ll,20-dione, II, 
to its monoxime, III. A mixture of 6.89 g. of II, 35 ml. of 
absolute ethanol, 10 ml. of pyridine, and 2.34 g. of hydroxyl- 
amine hydrochloride was refluxed for 35 min. On cooling 
crystals formed and were collected. Dilution of the filtrate 
with water gave additional crystalline material. The com
bined crops, after recrystallization from methanol, gave
4.34 g. (61%) of C-20 monoxime, m.p. 214-217°. The 
analytical sample melted at 217° to a pink liquid X°"!OH
234.5 mM, e = 15,200, [a] k  -24.7°.

Anal. Calcd. for C?3H3i04N: N, 3.63. Found: N, 3.58.
17-Acetamino-30-ac.ctoxy-5,16-androstadiene-ll-one, IV. 

The monoxime Ifl, 4.31 g. in 12.3 ml. of dry pyridine, was 
treated with 5.27 g. of p-acetamidobenzenesulfonyl chloride 
in 12.3 ml. of pyridine at 0°, and was stirred at 10° for 2 hr. 
and at 26° for 2 additional hr. The mixture was then stirred 
into crushed ice whereupon a thick emulsion separated. 
Extraction with methylene chloride-hexane was carried 
out, and solid matter collecting at the interface was collected 
with the organic layer. Evaporation of the solvent in vacuo 
gave an orange syrup which on repeated re-evaporation 
in vacuo with a little methanol was freed of pyridine traces, 
whereupon the residue spontaneously crystallized. Ite- 
crysta.lization from methanol gave needles, m.p. 220-225° 
(dark red melt), [aJk ±  0; ;%"cls 3450 (NH), 1721 (ace
tate); 1690 (amide +  ketone), 1492 cm.“1 (NH), 237
mn, e = 7,640.

Anal. Calcd. for Cs-lbiXOp C, 71.66: H, 8.11: X. 3.63. 
Found: C, 71.60; H, 8.10; X, 3.61.

S8,llp-Dihydrozy-o-androsten-17-one, VI. The enamine 
amide, IV, 2.15 g., in 20 ml. of dry methanol (distilled from 
magnesium turnings) was treated with 235 mg. of sodium 
borohydride at room temperature for 20 hr. A fresh charge 
of 225 mg. of sodium borohydride was added and the mix
ture was again let stand for 20 hr. The suspension was 
then diluted with methylene chloride and hexane and was 
shaken with dilute aqueous sodium dihj’drogen phosphate 
to destroy excess reagent. The organic layer w-as separated 
and dried with sodium sulfate. An aliquot refluxed with 5% 
methanolic-aqueous potassium hydroxide for 1 hr. showed 
persisting infrared bands at 1735 and 1665 cm.“1 although 
their intensity was reduced relative to an untreated aliquot.

(18) Specification of brand names of materials used does 
not imply endorsement over similar commercial products.
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I'he remainder of :he material was evaporated to dryness, 
redissolved in 45 ml. of methanol, IS ml. of ON aqueous 
hydrochloric acid was added and the mixture was refluxed
1.5 hr. The cooled mixture was extracted with methylene 
chloride-hexane which on concentration gave 720 mg. of 
crystalline product, m.p. 173-190°. Recrvstallization from 
ether gave blades, m.p. 192-197°. The analytical sample 
from hexane gave rosettes, m.p. 190-192°, [a)2,,' —20.

Anal. Caled, for C|(H'«0>: O, 74.96; H, 9.27. Found: 
C, 74.62; H, 9.41.

1 l@-Hydroxy-S,o-androstadiene-17-one, VII. The mother 
liquors from the preceding preparations were evaporated 
to dryness, dissolved in benzene, and placed on a short 
column of Florisil. Elution with benzene gave a noncrystal
line orange glassy material followed by 39 mg. of a crystalline 
fraction. Recrystallization of the latter from methanol and 
from aqueous methanol gave broad blades having a high 
vapor pressure near the melting point. The melting point 
under very slow temperature-rise conditions was 161.5-165°, 
but a moderate rate of heating on open microscope slide 
gave the value 178-179°, [a]2/  +52.1°, 3600 (single
sharp), 1743 (v. strong), 821, 811, 865 cm.-1, ultraviolet 
absorption bands occurred at 230. 237, 245 my, A™,"0" 
237 m/x, e - 21,900.

Anal. Caled, for C, 79.68; H. 9.15. Found: C,
79.61 ;H, 9.30.

Further elution of the column with ether gave 60 mg. 
of VI.

Sfi-Acetoxy-l 10-hydroxy-5-androstene-17-one, Via. The 3/3,- 
118-dihydroxy-17-ketone, VI, 100 mg., was let stand 16 hr. 
in a mixture of 2 ml. of pyridine and 1 ml. of acetic anhydride. 
Dilution with water, extraction with ether, and washing 
the ether free of acetylation mixture with dilute hydro
chloric acid and with dilute sodium bicarbonate gave, after 
evaporation, the required monoacetate. Recrystallization 
from hexane gave spindles undergoing transition beyond 
200°. At 216° the primary crystal forms began to melt 
before transition of crystal form was completed. Decom
position and reddening supervened, the lase crystal of the 
stable phase disappearing at 231°, [a]”  —17.1°. The

analytical sample melted cleanly at 232°, after undergoing 
transition, but did not decompose.

Anal. Calcd. for C.iIImOu C, 72.SO; H, 8.73. Found: 
C, 72.71; H, 8.61.

3[l-Acetoxy-o-androstene-ll,20-dione, V. (a) From Via. 
38-Aeetoxy-118-hydroxy-17-ketone, Via, 500 mg., was dis
solved in 6 ml. of pyridine at 10° and treated with a slurry 
of 500 mg. of chromium trioxide in 6 ml. of cold pyridine.15 
After standing 16 hr. at room temperature the mixture 
was diluted with ice water and with ether. Dilute hydro
chloric acid was added to make the aqueous phase dis
tinctly acid, and enough dilute sodium bisulfite was added 
to reduce chromium to the trivalent state. At this point 
emulsified solid brown matter went into solution and the 
phases separated cleanly. The organic layer was separated 
and washed with water, dilute sodium bicarbonate, and 
saturated sodium chloride. The residue on evaporation gave 
500 mg. of colorless crystalline residue, m.p. 163-167°. 
After crystallizing from methyl acetate and from methanol, 
the product melted from 172-174°, [a]2/  +38°; Martin- 
Smith13 gives m.p. 171°, [<*)n +38°.

Anal. Calcd. for C .^sO y C, 73.22; H, 8.19. Found: C, 
72.81 ;H, 8.37.

(b) From IV. A 5-g. sample of the Ar-acetyl enamine, 
IV, was dissolved in 110 ml. of 5% ethanolic potassium 
hydroxide and refluxed for 1 hr. The cooled flask contents 
were diluted with water and extracted with ether. The 
organic layer was washed with 2N  hydrochloric acid to re
move yellow coloration, with dilute sodium bicarbonate, 
and with saturated sodium chloride. An aliquot of this 
material did not show persisting acetate infrared bands. 
The solvent was evaporated and the residue was aeetylated 
with acetic anhjAride-pyridine mixture at room temperature 
overnight. The product, crystallized from methanol, was 
obtained in 74% yield and was identical with the sample 
described in part (a).

P h i l a d e l p h i a  18, P a .

(19) G. I. Poos, G. E. Arth, R. E. Beyler, and L. II. 
Sarett, J. Am. Chem. Soc., 75, 422 (1953).
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A-nor-58-androstan-3-one (VIII) and A-nor-D-homo-58-androstan-3-one (XIV) have been prepared. A comparison of 
their rotatory dispersion curves, together with the corresponding curves obtained from the epimeric mixtures which re
sulted when thex' were treated with base, showed that the strain induced in VIII by the trans-C/'D fusion and confor- 
mationally transmitted to the A/B fusion was not of importance in determining the position of equilibrium at the latter 
juncture.

The hydrindane and hydrindanone systems, be
cause of their apparent relative simplicity and wide 
occurrence in nature, have furnished a challenge 
to conformational analysis to interpret the relative 
stabilities of the cis and trans junctures. Although 
a large amount of work directed at such an inter
pretation has been carried out,2 ever, a qualitative

(1) Paper VIII, N. L. Allinger, R. B. Hermann, and C. 
Djerassi, .7. Org. Chem., 25, 922 (1960).

understanding of these systems is lacking in certain
cases.

One effect which must in principle influence the 
stability of a hydrindanone juncture as in the A/B 
rings of a compound such as VIII and which has not 
previously been considered in this connection, is the 
effect of the strained Irans C/D fusion as relayed

(2) See ref. 1 for summary and references.
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to the A/B fusion by conformational transmission.3 
While an effect of this kind can be assumed to occur, 
its importance in influencing the stability of the 
A/B juncture cannot be estimated from available 
data.

With this type of structure the equilibrium lies 
very far on the side of the cis isomer, compared 
with other apparently similar compounds and theo
retical predictions.1 If the strained C/D fusion 
were indeed responsible for the comparatively 
great stability of the cis forms in VIII, then com
pound XIV should not be analogous to VIII in this 
respect. An experimental comparison of the equi
librium points between the A/B cis and A/B 
trans forms of VIII and of XIV therefore seemed in 
order.

R E S U L T S  A N D  D IS C U S S IO N

A-nor-50-androstane-d-one (VIII) has previously 
been described in the literature.4 A new synthesis of 
it was used in the present work. This synthesis, 
which is outlined on the flow sheet, began from 
o.j-androstane-3,17-dione (III). The keto-group 
at C-3 was selectively reduced with sodium boro- 
hydride5 to give IV. A Wolff-Kishncr reduction6 7 
of IV gave V, which was oxidized' to VI and then 
to VII. This diacid was treated with acetic anhy
dride4 which cyelized it to VIII.

The synthesis of XIV began from isoandroster- 
one (IX). The 3-hydroxyl was acetylated, and the 
ring expansion8 was carried out in several steps, 
by forming the cyanohydrin4 at C-17, catalytic 
reduction of the nitrile to the amine, and rear
rangement by the Tiffeneau-Demjanov method 
upon treating the amine with nitrous acid. The 
resulting keto group was removed by the Wolff- 
Ivishner method,6 which gave the known D- 
homo-5a-androstan-3|8-ol (X). Chromic acid oxi
dation of this alcohol yielded the 3-ketone (XI). 
Perbenzoic acid oxidation9 of XI yielded a lactone

(3) (a) I). H. R. Barton, A. J. Head, and P. J. May, ./. 
Chem. Soc., 935 (1957). (b) C. Djerassi, O. Halpern, V. 
Halpern, and B. Riniker, J. Am. Chem. Soc., 80, 4001
(1958).

(4) L. Ruzieka, V. Prelog, and P. Msister, Hell’, (.'him. 
Ada, 28, 1051 (1945).

(5) E. Elisberg, H. Vanderhaeghe, and T. F. Gallagher,
-4m. ('hem. Soc., 74, 2814 (1952).

(6) Huang-Minlon, J. Am. Chem.. Soc. 68, 2487 (1946).
(7) B. Heath-Brown, I. M. Heilbron, and E. It. H. Jones, 

J. Chem. Soc., 1482 (1940).
(8) (a) R. O. Clinton, R. G. Christiansen, H. C. Neu

mann and S. C. Laskowski, J. Am. Chem. Soc., 79, 6475 
(1957). (b) M. W. Goldberg and R. Monnier, Helv. Chim. 
Acta, 23, 376 (1940).

(9) V. Burckhnrdt and T. Reiehstein, Heir. Chim. Acta, 
25, 1434(1942).

XII, to which the D-homo-4-hydroxv-3,4-seco-5a- 
androstan-3-oic acid lactone structure was assigned 
by analogy with the oxidation of cholestan-3- 
one.

The lactone (XII), upon treatment with alkali, 
opened to the corresponding hydroxy acid which 
was oxidized to the dioic acid (XIII) with chro
mium trioxide. Treatment of XIII with acetic 
anhydride4 gave the ketone XIV.
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The ketones isolated (VIII and XIV) can both 
be assigned the 5-3 configuration (A/B cis) on 
the basis of their rotatory dispersion curves. The 
curves are nearly identical for the two ketones, 
and quite similar but epimeric with those of the 
model compound XV.10 The alternative oa struc
tures would be expected to yield curves similar to 
those found for XVI.10 The assignments are 
unambiguous, as the molecular amplitudes are 
large (over 10,000°) and for VIII and XIV the 
predicted sign of the Cotton effect is positive, as 
found, while for the 5a-epimers it would be nega
tive.

If the peracid rearrangement had gone with 
migration of *he other possible alkyl group, then 
XI would have led eventually to A-nor-D-homo- 
oa-androstan-2-one instead of to XIV. Qualita
tively the Cotton effect curve for this compound 
would be similar to that of XIV but the ampli
tudes would differ considerably. Closely similar 
models (2-keto-A-norcholestane and 3-keto-A-nor- 
cholanic acid respectively10) have [a] +  23,300 
and [a] +  14,350 respectively. The value for 
XIV is [a] -f- 12,700 which is additional support for 
the structure assigned.

XV 14/3
XVI 14a

Earlier studies1 have shown the ease and accuracy 
of measuring equilibrium constants by means of 
optical rotations in the ultraviolet. The rotatory 
dispersion curves of pure VIII and the equilibrium 
mixture obtained upon treatment of VIII with base 
were measured and were nearly identical. It can 
therefore be estimated that the equilibrium mix
ture contains more than 95% of the 53 epimer under 
the conditions used. This is a larger percentage than 
the theory1 calls for and is analogous to what was 
found with the previously studied A-nor system. 
When the curves for XIV and the equilibrium 
mixture of epimers obtained by treatment of XIV 
with base were compared, again the equilibrium 
amount of the 53 epimer was >95%.

Therefore it may be concluded that the equi
librium point in the epimerization at C-5 is not 
noticeably affected by the presence or absence of a 
strained C/D fusion, and conformational transmis
sion does not appear to be important in effecting 
this equilibrium.

(10) C. Djerassi, R. Riniker, and B. Riniker, J. Am.
Chem. Soc., 78, 6362 (1956). For further details of this rota
tory dispersion approach see C. Djerassi, Optical Rotatory 
Dispersion Applications to Organic Chemistry, McGraw-Hill, 
New York, 1960, p. 41.

E X P E R IM E N T A L

170-Acetoxn-r>0-nndrostan-S-nnc IT). The synthesis of this 
compound was carried out beginning with testosterone. 
Hydrogenation of testosterone acetate furnished a mixture 
of isomers epimeric at. carbon 5 from which 17/8-acetoxv-5/8- 
androstane-3-one was isolated" in 52% yield, m.p. 139- 
144°; lit," m.p. 143-145°.

~>0-A>itlrostane-17f}-ot-i-one (II). Compound I, 9.77 g., 
was heated for 1 hr. in a refluxing solution containing 8.4 g . 
of potassium hydroxide in 115 ml. of 85';) methanol. The 
reaction mixture was poured into water and extracted with 
chloroform. The chloroform (extracts were dried, the solvent 
was evaporated, and the residue was crystallized from ether- 
petiolcum ether (b.p. 60-90°) to yield 7 g. (82V)) of II in 
two crops, m.p. 140-1,3° (lit.12 m.p. 142-143°).

.7/3-4mlrostane-3,17-i‘Jone. (III). Compound II, 1 g., in 5 
ml. of acetic acid was treated with 0.24 g. of chromium tri
oxide in 10 ml. of 90%. acetic acid. The mixture was allowed 
to stand for 2 hr. at roam temperature and was then diluted 
with 100 ml. of water The resulting solution was kept, at 0° 
overnight and the solid was collected, wt. 0.79 g. (79(7), m.p. 
122-128° (lit.,12 m p. 131-132°).

3,4-8eco-3f3-a.ndrosian-3,4-dioic acid (VII). Sodium boro- 
hydride reduction of III according to Klisberg, Vander- 
haegho, and Gallagher5 gave a mixture of 3«-hydroxy- and 
3j8-hydroxy-5/3-androstan-17-one in 82% yield. Two grams 
of this material was heated under reflux for 1 hr. with 25 ml. 
of diethylene glycol containing 1.2 g. of 95%. hydrazine and 
4 g. of potassium hydroxide. The condenser was then re
moved and the mixture was allowed to distill until the tem
perature of the vapors reached 190°. After heating the mix
ture under reflux for an additional 4 hr. it was cooled, poured 
into water, neutralized with hydrochloric acid, and the solu
tion was extracted with ether. The ether solution was 
washed and dried, and the ether was evaporated. The re
sulting mixture of 3a-hvdroxy- and 3/3-hydroxy-5/3-andros- 
tanes was then taken up in 25 ml. of acetic acid and mixed 
with a solution composed of 10 ml. of 90', acetic acid and 
0.5 g. of chromium trioxide. The mixture was allowed to 
stand at room temperature for 1 hr. and was then poured 
into water and the solution was extracted with ether. The 
ether phase was dried and the solvent was evaporated. The 
residue was found by chromatographic examination still to 
contain considerable 3-hvdroxy-5/3-androstane. The crude 
ketone, 1.3 g., was dissolved in 40 ml. of 90%. acetic acid 
containing 1.5 g. of chromium trioxide, and the solution was 
heated under reflux for 3 hr.1 The cooled solution, diluted 
with 6N  sulfuric acid, was extracted with ether. The ether 
layer was then extracted with dilute sodium hydroxide. 
Extraction of the aqueous phase with ether furnished 200 
mg. of neutral material. The basic solution was acidified 
and extracted with ether. The dried ether extracts gave 
crude VII, which was recrystallized from ether-pentane, 
wt, 370 mg. (18% ), m.p. 242-245° (lit.1 m.p. 253-255°).

A-.\'or-d0-androslan-i-one (VIII). Compound VII was 
converted to VIII in 30% yield following the known pro
cedure,1 m.p. 91-92°, lit.,1 nip. 89-91°. R. 1 >. in methanol 
(c 0.09): [abon +98°, [a%■, +142°, [aInn, +2550°. [a+72.5 
— 1806°, [a¡.„.ft, — I 190. After this curve was obtained a drop 
of 40% aqueous potassium hydroxide was added, the solu
tion was allowed to stand overnight, and the curve was re
determined. The equilibrium curve was very similar to the 
original one, [aho.s +2352°, [0+ 77.5 —1638°.

30-Acetoxy-5a-aiidrostan-17-one. Compound IX, 2.0 g., 
was converted to the acetate by heating with 2 ml. of acetic 
anhydride at 60° for 8 hr. The cooled mixture was diluted 
with water and the mixture was extracted with ether. The 
ether solution was washed in turn with dilute hydrochloric

(11) Private communication from I)r. O. Mancera of 
Svnte.x, S. A.

(12) L. F. Fieser and W.-Y. Huang, J. Am. Chem. Sac., 
75,4837(1953).
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acid, sodium bicarbonate solution, and w ater. The solution 
was dried, the ether was evaporated, and the residue was 
the crude acetate, 2.2 g. (90%), ra.p. 110-114° (Jit.13 m.p. 
103-104°).

D-Homo-Sa-arjlrostan-30-ol (X). Compound IX. 2.2 g., 
was dissolved in 35 ml. of ethanol and the solution was 
cooled to —5°. Potassium cyanide, 12.8 g., was added and 
then 0.0 ml. of acetic acid was added during a few minutes 
with stirring. The mixture was then stirred and allowed to 
come to room temperature. After standing overnight, the 
mixture was poured into water. The resulting mixture was 
extracted with ethyl acetate The organic phase was sepa
rated, filtered, treated with charcoal, and the solvent was 
evaporated. The residue was dissolved in 75 ml. of acetic 
acid, 0.5 g. of platinum oxide was added, and the nitrile 
was hydrogenated at atmospheric pressure. The uptake of 
hydrogen ceased at the theoretical point, and the catalyst 
was removed by filtration. The bulk of the acetic acid was 
evaporated at reduced pressure, the residue was dissolved 
in water and the aqueous solution wras filtered through a 
Celite pad and concentrated to a volume of 50 ml. Two 
milliliters of acetic acid was then added, the solution was 
cooled in ice, and an aqueous solution containing 1 g. of 
sodium nitrite was added. The resulting solution was 
allowed to stand overnight and t.he precipitate was col
lected, washed wnth water, and dried, wt. 1.4 g. A total 
of 3.9 g. of this crude material from combined runs was 
reduced with 3 g. of anhydrous hydrazine using 9 g. of po
tassium hydroxide in 60 ml. of iiethylene glycol as de
scribed for the preparation of V. The product was isolated 
as before, taken up in benzene, and chromatographed on 100 
g. of alumina with benzene. Two fractions were obtained, 
and separately purified by crystallization from benzene- 
pentane. The first fraction yielded 0.5 g., m.p. 158-163° 
(lit.4 for the 3a isomer, m.p. 168-169°), and the second 
vielded 1.0 g., m.p. 146-150° (lit.4 for 3/3 isomer, m.p. 143- 
143.5°).

D-Hom.o-Sa-androstan-8-one (XI). One gram of D-homo- 
5a-androstan-3/3-ol was oxidized wnth 0.24 g. of chromium 
trioxide in 25 ml. of 90% acetic acid by allowing the mixture 
to stand overnight. The reaction product was isolated by 
diluting the mixture with water and extracting with ether. 
The other extracts were washed and dried; evaporation of 
the ether gave 0.9 g. (90%) of XI, m.p. 164-166° (lit..4 
m.p. 168.5-170°).

D-Homo-4-hydroxy-3,4-seco-5a-androstan-3-oic acid lactone
(XII). Compound XI, 1.37 g., was allowed to stand over
night at 5° in a chloroform solution containing 1.31 g. of 
perbenzoie acid. The remaining perbenzoic acid was then 
destroyed by shaking the solution with excess potassium 
iodide in 5% sulfuric acid followed by sodium thiosulfate.

(13 )(a) T. Reichstein and A. Lardon, Helv., 24, 955 (1941)- 
(b) H. M. E. Cardwell, J. W. Cornforth, S. R. Duff, H. 
Holtermann, and R. Robinson, Chain. Soc., 361 (1953).

The organic layer was washed and dried and the solvent was 
evaporated. The residue was crystallized from methylene 
chloride-hexane and gave 700 mg. of material, m.p. 210- 
215°, and a second crop, 200 mg., m.p. 205-210°. A sample 
was recrystallized from hexane several times, m.p. 217-218°.

Anal. Calcd. for C;:Jh«02: C, 78.89; H, 10.59. Found: C, 
77.80; H, 10.31.

D-Homo-3,4-seco-5a-androslan-3,4-dioic acid (XHI).jCom- 
pound XI. 700 mg., was saponified by heating under reflux 
in methanol with 2 g. of potassium hydroxide. The cooled 
solution was diluted with water and extracted with ether. 
The ether phase was dried, the solvent was evaporated, and 
the residue was taken up in 30 ml. of acetic acid. To this 
solution was added 700 mg. of chromium trioxide in 7 ml. 
of 90% acetic acid. The solution was left at room tempera
ture for several hours, and the product was isolated as 
described for XI. After crystallization from ethyl acetate 
there was obtained 330 mg. (43%) of material, m.p. 222- 
227°. A small sample was recrystallized for analysis, m.p. 
224-226°.

Anal. Calcd. for C20H32O4: C, 71.38; H, 9.59. Found: C, 
70.96; H, 9.37.

. \.-nor-D-homo-Sf}-androstan-3-one (XIV). Compound XIII, 
330 mg., w'as dissolved in 5 ml. of acetic anhydride and the 
mixture was heated under reflux for 1 hr. The excess acetic 
anhydride was distilled at reduced pressure, and the residue 
was heated under reflux for a few minutes at a pressure of 
100 mm. The pressure was then lowered to 20 mm. and the 
mixture was distilled. The distillate was dissolved in ether 
and the solution wras washed first with dilute sodium hy
droxide, then with wrater. The ether solution was dried and 
the solvent was evaporated. The residue was sublimed to 
yield XIV, wrt. 100 mg., m.p. 118-121°. After chroma
tography on alumina with hexane-ether, the material w'as 
crystallized from hexane, m.p. 124-125°. The compound 
showed a strong carbonyl band at 5.72 n in chloroform. 
It. D. in methanol (c 6.09): [a]Too +70°, [ajsss +130°, 
[aW ; +2600°, [a]272.5 -2040°, [a]262.» -1640°. After this 
curve was obtained, a drop of 40% aqueous potassium hy
droxide was added to the solution. The basic solution was 
allowed to stand overnight and the rotatory dispersion curve 
was redetermined. This curve was nearly identical with the 
original one. [a]3i2 5 +2620° and [a] 272 3 —2120°.

Anal. Calcd. for C„H3„0: C, 83.15; H, 11.02. Found: C, 
83.33; H, 11.04.

Acknowledgment. The authors are indebted to 
Dr. Carl Djerassi of Stanford University for ob
taining the rotatory dispersion curves reported 
hereiu, and for furnishing the compounds used as 
starting materials in this work, and to the Public 
Health Service (Grant E-2267) for financial support.

D etroit  2, M ic h .



AUGUST 1 9 6 0 DIPO LE MOMENTS OF SOME KETOSTEROIDS 1 4 0 3

[Contribution from the Metcalf Chemical Laboratories of Brown University 

and the Department of Chemistry of The R ice Institute]

T h e D ip o le  M om en ts o f  A n d rostan -17-on e, T e s ta n - l l-o n e , and
T es ta n e - ll,1 7 -d io n e

HAROLD R. NACE a n d  RICHARD B. TURNER

Received February 1!>, 1960

The dipole moments of androstan-17-one, testan-ll-one, and of testane-ll,17-dione derived from dielectric constant 
measurements of benzene solutions of these compounds at 25° are, respectively, 3.0, 3.0, and 4.1 D. The result obtained for 
testane-ll,17-dicne is significantly lower than the value of 4.6 D calculated for this substance, a discrepancy which is sug
gestive of an interaction between the two carbonyl groups, postulated previously for 11,17-diketosteroids on the basis of 
infrared evidence only.

In 1949 Jones, Humphries, and Dobriner1 ob
served that the infrared absorption maximum as
sociated with the 17-carbonyl group in 17-keto- 
steroids is displaced from its normal position (1742- 
1745 cm.-1) to 1748-1754 cm.-1 in compounds pos
sessing both an 11- and a 17- carbonyl function. 
Similar displacements have been observed in 21- 
acetoxy-20-ketosteroids1'2 and in 12a- and 12/3- 
acetoxy-ll-ketosteroids3 but not in the structurally 
related 17/3-acetoxy-16-keto derivatives.4 5 Although 
the origins of these shifts are not clearly under
stood, the suggestion has been made that they 
result from the interaction of dipolar functions 
that are proximate in space through a direct field 
effect.4'6 This suggestion has prompted us to search 
for anomalies in the dipole moment of testane-
11,17-dione (III) in which the relative position 
of the two carbonyl groups is fixed by their in
corporation in a rigid ring system.

E X P E R IM E N T A L

The dielectric constants of benzene solutions (25°) of 
androstan-17-one, testan-ll-one, and testane-11,17-dione 
were determined at 200 kc./sec. using the same capacitance- 
conductance bridge, test cell, and circuit as employed pre
viously.6

Materials. The benzene used in the present work was puri
fied by the method of the previous investigation.6

Androstan-17-one. 3/3-Benzoyloxyandrostan-17-one7 (2.2 
g. m.p. 220-221°) was pyrolyzcd under reduced pressure at 
420° for 0.5 hr. The resulting material was taken up in ether,

(1) R. N. Jones, P. Humphries, and K. Dobriner, J. Am. 
Chem. Soc., 71,242 (1949).

(2) R. N. Jones, V. Z. Williams, M. J. Whalen, and K. 
Dobriner, J . Am. Chem. Soc., 70, 2030 (1948); R. N. Jones,
P. Humphries, F. Herling, and K. Dobriner, ./. Am. Chem. 
Soc., 74,2820(1952).

(3) D. H. W. Dickson and J. E. Page, J. Chem. Soc., 
447(1955).

(4) L. J. Bellamy and R. L. Williams, J. Chem. Soc., 861 
(1957).

(5) R. N. Jones and C. Sandorfy, Techniques of Organic 
Chemistry, IX, "Chemical Aspects of Spectroscopy,” ed. A. 
Weissberger, Interscience Publishers (1956), pp. 462-498.

(6) H. R. Nacc and R. B. Turner, J. Am. Chem. Soc., 75, 
4063(1953).

(7) B. Ruzicka, M. W. Goldberg, and J Meyer, Hell),
('him. Ada, 18,210 0  935).

washed with dilute sodium hydroxide, and evaporated to 
dryness. Separation of the olefinic product from unchanged 
starting material was accomplished by treatment with 
methanolic potassium hydroxide, followed by filtration of a 
petroleum ether solution of the hydrolysate through alumina. 
Hydrogenation of the crude unsaturated ketone over plati
num and subsequent oxidation with chromium trioxide fur
nished 603 mg. of androstan-17-one, m.p. 118-119°. A pure 
product, m.p. 121-122°,8 1745 cm.-1, was obtained by
recrystallization from aqueous methanol.

Testan-ll-one. A mixture of 820 mg. of testane-11,17- 
dione (prepared as described below), 1.5 g. of potassium 
hydroxide, 0.5 ml. of 85% hydrazine, and 15 ml. of diethyl
eneglycol was heated under a reflux condenser at 170° for 
0.5 hr. The condenser was then removed and the tempera
ture was allowed to rise to 200°, where it was maintained 
for a period of 2 hr. The product was isolated by ether ex
traction and crystallization from aqueous methanol; 403 
mg., m.p. 115.5-118.5°. Several recrystallizations from 
aqueous methanol afforded a pure sample melting at 119- 
120°, >72 1713 cm.-1

Anal. Calcd. for C19H3oO: C, 83.15; H, 11.02. Found: 
C, 82.99; H, 11.10.

Testane-11,17-dione. 3a-Hydroxytestane-ll,17-dione (3.0 
g., m.p. 187-188°)9 was converted into the corresponding 
benzoate (3.6 g., m.p. 223-225°) by treatment with benzoyl 
chloride and pyridine. Three recrystallizations from meth
ylene chloride-petroleum ether (b.p. 30-60°) afforded the 
analytical sample, m.p. 226-227°.

Anal. Calcd. for CssHsjOj: C, 76.44: H, 7.90. Found: 
C, 76.29; H, 8.02.

Pyrolysis of the benzoate was carried out under reduced 
pressure at 400° for 1 hr. The resulting product was hydro
genated over palladized charcoal in a mixture of ethanol 
and benzene and yielded 1.5 g. of testane-ll,17-dione melt- 
at, 139-142°. The analytical sample, m.p. 144-145°,
1716, 1751 cm.-1, was obtained after two recrystallizations 
from aqueous methanol.

Anal. Calcd. for C19H280 2: C, 79.12; H, 9.79. Found: 
C. 79.06; H, 9.91.

R E S U L T S  A N D  D IS C U S S IO N

lo r the dilute solutions studied both the density 
change, Ad, and the dielectric constant increment, 
Ae, were proportional to the weight per cent solute, 
W, within experimental error. The average values 
of Ae/TU and Ad/W  were used to calculate the 
solute polarization, Pi, and the dipole moment,

(8) A. Butenandt and H. Dannenbaum, Z. physiol. Chem., 
229, 192(1934).

(9) Supplied through the courtesy of Dr. E. B. Hershberg, 
Schering Corp.
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iu, from the relations employed previously.6 The 
solute electronic polarization, PE2 = 81.2, calculated 
hv Kumler,10 for androstane-3,17-dione was used for 
testane-ll,17-dione, and a value of P e2 =*= 81.2 
for androstan-17-one and for testan-ll-one was 
derived from the group refractions given by 
Smyth.11 Measured solution dielectric constants, 
«12, densities, dVi, and weight per cent values, IF, 
are listed in Table I.

TABLE I
M e a s u r e m e n t s  i n  B e n z e n e  a t  2 5 °

w ei2 dvi

Androstan-l 7-one
1.2013 2.315 0.8738
0.7658 2.301 0.8740
0.5884 2 292 0.8738
0.3199 2.283 0.8726

Testan-ll-one
1.1573 2.311 0.8741
0.9072 2.307 0.8740
0.7146 2.299 0.8738
0.3329 2.283 0.8722

T estan-11,17-dione
1.1473 2.363 0.8751
0.8705 2.324 0.8742
0.7048 2.315 0.8738
0 3952 2.298 0.8732

The values obtained for the dipole moments of 
the various compounds were: for androstan-17- 
one (I), 3.0 D; for testan-ll-one (II), 3.0 D; 
and for testane-ll,17-dione (III), 4.1 D. For 
purposes of comparison with the experimental 
result, the theoretical dipole moment of testan-
11,17-dione was calculated as follows. The values 
of 3.0 D obtained for androstan-17-one and for 
testan-ll-one were assumed for the individual 
moments of the two carbonyl functions in the 
dione (III), and the angle ç between these groups

(10) W. D. Kumler,./. Am. Chem. Soc., 67, 1901 (1945).
(11) C. P. Smi'th, Dielectric Constants and Molecular 

Structure, Chemical Catalog Co. (Reinhold Publishing 
Corp.), New York, N. Y (1931).

was derived by measurement of the direction cosines 
of the carbon-oxygen bonds in a carefully con
structed Barton model12 of testan-11,17-dione, 
which was mounted in a fixed position with respect 
to the coordinate system. Use of the relation

COS ip — COS ai COS «2 +  COS ft COS ft +  COS 71 COS 72

gave a value of 81.5° for <p, and the resultant 
moment calculated for testane-ll,17-dione was
4.6 D. The discrepancy of 0.5 units between this 
value and the experimental quantity lies outside 
the limits of error of the method and provides 
independent evidence for the interaction theory, 
which hitherto has been supported by spectro
scopic data only.

The precise nature of the phenomenon is, of 
course, not defined by the dipole moment results. 
It may involve mutual suppression of polar contri
butions to the hybrid structures of the carbonyl 
groups through the held effect, or alternatively 
an expansion of the carbonyl-carbonyl angle 
(<p) by dipolar repulsion.13 The possibility that 
strains set up by the incorporation of two trigonal 
carbon atoms in the irans-fused C/D ring system 
may also be involved cannot be dismissed. It is 
especially worthy of note, however, that both 
spectroscopic and dipole moment anomalies of 
appreciable magnitude are observed in a system 
possessing 1,4-dicarbonyl groups that are nearly 
orthogonal and in which dipolar interactions should 
hence be minimal.

P r o v i d e n c e , R. I.
H o u s t o n , T e x .

(12) D. H. R. Barton, Chemistry and. Industry, 1139
(1956).

(13) The value calculated for ¡p from the observed mo
ments of androstan-17-one, testan-ll-one, and testane-11,17- 
dione is 90.4° as compared with 81.5° obtained from the 
model.
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A bsorption Spectra o f  Steroids in  C oncentrated  Su lfuric  Acid. III. S tru ctu ra l 
C orrelations. A nalysis o f  th e  300-600 My  R eg ion 1

SEYMOUR BERNSTEIN and ROBERT H. LENHARD

R ece ived  J a n u a r y  7, I 9 6 0

Certain structural correlations for the spectra of steroids in concentrated sulfuric acid are proposed in the 300-600 ni/u 
region. Generally, hvdroxylated steroids will exhibit selective absorption in the 300-600 m/j region. An associated hydroxyl 
absorption region, 220-278 m y ,  has been previously established. 1 3a- or 3/S-Monohydroxylated steroids will probably possess 
a maximum in the 300-350 uim region. Some evidence is presented for the selective absorption of the eorticoid dihvdroxyace- 
tone side chain between 450-549 ma, especially in the region 474-490 m y .  Selective absorption in the 300-399 him region may 
also be attributed to the ketone function, especially in the region 300-325 m/j. An associated ketone absorption region, 
220-278 niM, has been previously established. 1 Steroids which contain isolated double bonds may be correlated with selective
absorption in the 400-449 him region.

In the previous paper of this series,1 certain 
structural correlations for the spectra of steroids 
in concentrated sulfuric acid were proposed in the 
220-300 mp region. It is our purpose here to sug
gest the possibility of additional structural cor
relations, especially in the 300-600 n.y region of 
the spectrum. As previously, these observations 
are based on the analysis of the spectra of 177 com
pounds.2

For convenience, the 300-600 mg region has been 
divided mto five regions: A, 300-399 rnp; B, 400-549 
mg (three subdivisions); and C, 550-600 mg. The 
number of compounds which exhibit selective absorp
tion in these regions are listed in Table I. It will be 
noted that no compound hi our catalog exhibited 
selective absorption in the 550-600 mg region.3 The 
discussion which follows will lie according to the 
above designated regions.

A. 300-399 Mu Region.4 The following considera-

TABLE I
N umber of Compounds with M aximum“ in R egion 

300-600 Mm

Region, Mm 
(inclusive)

No. of Compounds 
with Maximum“'“

.1 300-399 151
11 400-549 211

400-449 117
450-499 85
500-549 9

c 550-600 0

“ i .e ., maximum, plateau, or inflection. b A large number 
of compounds exhibited two or more maxima over the region 
300-600 him, and were counted accordingly more than once.

(1) Paper II, S. Bernstein and R. H. Lcnhard, J .  O n j. 
C h e w ., 19, 1269(1954).

(2) This number does not include derivatives such as 
acetates, when the parent free steroid was available. Also, 
estrogens, steroid alkaloids, and ethylene ketals are not 
included.

(3 ) I t is not inferred that there are no steroids which show
selective absorption in this region. Recently, L. L. Smith
and \Y. H. Muller, J .  O rq. C h e w ., 23, 960 (1958), have ob
served a Xm»s 56S him 132) for A^-pregnadienc-Od, 11/3-
epoxy-16«, I7«,21-;riol-3,20-dione 16,21-diacetate.

tions support the proposal that selective absorption 
in the 300-399 mg region may be attributed pri
marily to the ketone and hydroxyl groups. In this 
connection, let us first examine the spectra of 
saturated and unsaturated ketosteroids which 
do not contain either an a,/3-uiisaturatcd ketone or 
a hydroxyl group. These compounds may he 
arbitrarily classified as “11011-eonjugatcd” ketones. 
In Table II are listed 11 such compounds with

TABLE II
Absorption M axima ok N oncoxji gated K etones

Compound (No.) Xm;ix Mm (L'i L .)

Androstane-3,11,17-trione
(ID

Etiocholane-3,11.17-trion?

none [321(18)]“

(15) none
Androstane-3,17-dione (18) 302 (595 )
Etiocholane-3,17-dione (21 ) 
A7-Allopregnene-3,20-dione

302(540)

(55) 289(132)(I ;),* 322(209)
Pregnane-3,20-dione (79) 237 ( .159) (I)
A7-Cholestene-3-onc (163) 240 (86), 317(189)
Cholestane-3-onc ( 165) 312(152)
Coprostane-3-one (107)
A7'22-Ergostadiene-3-one

235(91)(I), 316 (146), 477(12)

(172) 238(103), 312(272)
Ergostane-3-one (177) 240(46), 313(125)

“ For all practical purposes, this compound is considered 
as showing no selective absorption. 6 The symbol, I  desig
nates an indention or plateau.

(4) It has already beem indicated that a,/3-unsaturated 
ketosteroids exhibit selective absorption between 279-302 
niM (inclusive). Thus, there is in this case a minor over
lapping in certain aspects of the structural correlations. 
I t should also be borne in mind that the following chromo- 
phores exhibit selective absorption in this region, i .e ., 6/3- 
hydroxy-A’-3-ket.one (= A 4’6-3-ketone) at about 343-346 
him (based on three examples); 3/3-hydroxy-A5-7-ketone 
(= A 3'5-7-ket,one) at about 355 him (based on one example); 
AJ-3,6-diketone at about 348 m/u (based on one example); 
and, Ali4-3-ketone at about 327 niM (based on one example). 
In regard to the last ehromophore, L. L. Smith and IV. H. 
Muller, tor. c it . , have suggested that the combination of 
selective absorption in the 247-267 niM region and in the 
295-318 him region is characteristic of the Al' J-3-ketone 
moiety in t he eorticoid series.
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which display a band in this region, the overall 
score of 136/161 or 84% offers a high degree of 
assurance for the correlation of selective absorption 
for a hydroxylated steroid in this region.

TABLE III
Absorption  M axima of H ydroxylated  Steroids

Xo. of 
Compounds

Type Xo. of Positive
Compound Combinations Total Xo. Hange

Monoöls 8 90/97 302-399 mp
Diols 18 32/33 300-391 mp
Triols 11 11/13 300-398 him
'Petrols 2 2/2 330-332 mp
1 Vnlols i 1/1 360- 378 m/i

Total score: 300-399 iiu
136/140
(93%)

Overall score:
136/161
(84%)

In Table IV 97 monohydroxylated steroids are 
tabulated according to the location and configura
tion of the hydroxyl group. A tentative conclusion 
may be stated that most 3a- or 3/1-monohydi'oxyl- 
ated steroids will show selective absorption in the 
300-350-mp region. This correlation is based on 
the fact that 63 out of 75 such steroids absorb 
selectively within this range. Ten C3-monohy- 
droxylatcd steroids do not conform to this cor
relation; however, these compounds show selective 
absorption between 351-399 mg.

TABLE IV

Monoöls

X’o. Cpds. 
‘‘Positive’/  
Total Xo. Range

3 a 15/15 \ 11 307-350 m/4 
i 4 351-389 m/i

3/3 58/60 )52 304-350 mp 
) 6 351-399 nip

6/3 1/1 344 m p
11a 3/3 318-381 mp
11/3 2/2 318-380 mp
17a 1/4 302 mp
17/3 8/10 302-395 mp
21 2/2 354-372 mp

Total Scoro 90/97 (93% . 302-399 mp

In regard to steroids monohydroxylated at 
other positions, no such correlation may be stated 
(or attempted) due to the insufficient number of 
examples available.

In Fig. 2 is given the spectrogram of andro- 
stanc-3/j-ol (No. 37), with its absorption maximum 
at 312 mg, illustrative of the structural correlation 
of hydroxylated steroids showing selective absorp
tion iD the 300-399 mg region.
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B. 400-549 mil region. Our catalog contains 67 
compounds which contain one to four double bonds 
and which are not conjugated with a ketone func
tion. In Table V these compounds are tabulated 
according to the degree of unsaturation. Fifty-nine 
(88%) of these compounds show selective absorption 
in the 400-449 mg region. Thus, if appears that 
unsaturated (non-conjugated) steroids generally 
will have selective absorption in this region. 
However, this correlation must be used with con
siderable caution as all-told our catalog contains
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Infrared Spectra o f  Iso top ica lly  Labeled C om pou nd s. I I .1 C om pounds  
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The infrared spectra of some C 13 and deuterium labeled diisopropylcarbinols, diisopropylmethanes, 1,1-diisopropylethyl- 
enes, diisopropvl ketoximes, and diisopropylcarbinylamines were investigated. The 1236 c m r 1 frequency of diisopropyl
carbinol is shown to be an O—H deformation and the 1096 cm. -1 frequency a skeletal vibration. The 1115 cm . “ 1 frequency of 
hydrocarbons is a skeletal vibration and the 920 cm . “ 1 a methyl rocking mode. The shifts observed upon ( )-deuteration of 
alcohols and oximes are in better agreement with calculations based on the reduced masses of (O—H) and (()—D) than on (H) 
and (D ). The C = N  stretch of oximes is less pure than either the C = 0  stretch of ketones and acids or the C==C stretch of ethyl- 
enes. The C—N stretch of aliphatic amines is much less coupled with other vibrations than the C—O stretch of alcohols, and 
quite different from the C—X stretch of anilines. Examples of displacements to higher wave numbers upon substitution with 
heavier isotopes are reported.

The infrared spectra of isotopically labeled di
isopropyl ketones were reported in the iirst paper of 
this series.1 Evidence was presented there indicat
ing that the 1024 cm.-“1 frequency of diisopropyl 
ketone is an uncoupled vibration. Furthermore, 
it was shown that useftd information could be 
obtained by examining the spectra of compounds 
isotopically labeled at various atoms. These facts 
prompted the examination of the infrared spectra of 
compounds derived from diisopropyl ketone.

This paper reports the spectra of isotopically' 
labeled diisopropylcarbinols, diisopropylmethanes,
1,1-diisopropylethylenes, diisopropyl ketoximes, 
and diisopropylcarbinylamines. As in the case of 
diisopropyl ketones the purity of the samples used 
for infrared analysis was ascertained by vapor 
phase chromatography. The procedure followed 
in obtaining the spectra and analyzing them was 
the same as the one used for the ketones.

The pertinent spectral frequencies, the experi
mental frequency differences (A„), and some cal
culated A„ values of the investigated compounds 
are presented in Tables I-V. The frequencies of 
diisopropylcarbinols (Table I) and diisopropyl 
ketoximes (Table IV) were determined in carbon 
disulfide. All other frequencies were determined in 
solutions of carbon tetrachloride, with the excep
tion of the frequencies of the amines in the region 
of 800 cm.-1 which were determined in carbon di
sulfide.3 Each spectrum was taken in various con
centrations, the range being from 3% to 12%.

DISCUSSION

Diisopropylcarbinols. The infrared spectra of 
alcohols have been the subject of frequent discus
sion in the literature,4 * * 4 5 6 7 8 9 10 11 12“11 due to the uncertainty of

(1) Part 1. G. J. Karabatsos,./. O rg. C h e m ., 25, 315 (I960).
(2) Present address: Department of Chemistry, Michigan 

State University, East Lansing, Mich.
(3) Due to the reactivity of (liisopropylcarbinylaminc with

carbon disulfide the frequencies in the 800 cm. -1 region were
determined immediately after solution of the amine in car
bon disulfide.

band assignment in the 1500-1000 cm.“1 region. 
The most controversial frequencies are the ones in 
the 1250 cm.-1 and 1100 cm.“1 regions, assigned 
either to 0 —H deformations or to the coupled 
C—O and C—C stretchings. It appeared reasonable 
that the spectra of isotopically labeled diisopropyl
carbinols might shed some light on the controversy.

The data of Table I show that five frequencies 
are strongly affected by O-deuteration and un
affected by either C13 substitution or C-deuteration. 
Two of these frequencies, 3610 cm.“1 and 3470 
cm.“1, are the well known O—H stretches of the 
monomer and its hydrogen bonded complex, 
respectively.12 The other three frequencies, 1380 
cm.“1, 1236 cm.“1, and 1117 cm.“ 1, are O—H 
deformations with one of them perhaps due to the 
hydrogen bonded complex.

The 1096 cm.-1 frequency (1100 cm.“1 region 
frequency of alcohols) is not an O—II deformation 
as some investigators have suggested. Neither is it 
a simple C—O stretch or the result of only C—O 
and C—C coupled stretches. The magnitude and 
nature of its shifts upon isotopic substitution, 2 
cm.“1 upon C13 substitution, 31 cm.“1 upon 2,4-

(4) H. H. Zeiss and M. Tsutsui, J .  A m .  C h em . S o c ., 75, 
897(1953).

(5) M. Davies, J .  C h em . P h y s . , 16, 267 (1948).
(6 ) H. D. Noether, ./. C h em . P h y s . , 10, 693 (1942).
(7) A. Borden and E. F. Barker, J .  C h e m . P h y s . ,  6 , 553 

(1938).
(8 ) E. F. Barker and P. Bosschleter, J .  C h e m . P h y s .,  

6,563(1938).
(9) A. V. Stuart and G. B. B. M. Sutherland, J .  C h em . 

P h y s . . 24, 559 (1956).
( 10 ) P. Tarte and R. Deponthiere, B u l l .  S o c . C h im . B e lg ., 

66 , 525 (1957).
(11) E. L. Eliel, C. O. Price, R. J. Convery, T. J. Prosser, 

S p e c lr o c h im . A d a ,  10 , 423 (1958).
( 12 ) II is interesting to note that the experimental shifts 

of both 3610 cm. “ 1 and 3740 cm . “ 1 frequencies, 950 cm. “ 1 
and 886 cm.“ 1, respectively, are in better agreement with 
the shifts calculated from the reduced masses of (O—H) and 
(()—D), than they are with the shifts calculated from the re
duced masses of (H) and (D). It appears tha t the hydrogen is 
vibrating against the effective mass of the oxygen, and not 
against the effectively infinite mass of the whole molecule.
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TABLE I
I nfrared  S pectral  F r eq u en c ies  of D iisopro py lca rbin o ls"

Compound Wave Number (Cm. *)
2,4-Dimethyl-3-pentanol 3610 3470 1380 1236 1152 1117 1096 993 977 848
2,4-DimethyI-3-pentanol-3-C13 3610 3470 1380 1236 1147 1117 1094 982 966 844
A„ Experimental'’ 5 2 11 11 4
A, Caled, from (yc-o) and (i¿c>3_o) 25 24 22 22 19 1.023
A„ Caled, from (yc-c) and (nc13-c) 23 21 19 19 17 1.020
2,4-Dimethyl-3-pentanol-0-d 2660 2584 1000 915 1143 807 1105 993 982 843
Ay Experimental“ 950 886 380 321 9 310 - 9 - 5 5
Ay Caled, from (hh) and (¿id) 1055 1016 1.414
A» Caled, from (mo- h) and (yo-i>) 
2,4-Dimethyl-3-pentanol

983 944
1152 1096 977 848

1.374

2,4-Dimethy 1-3-pen tanol-3-d 1145 1097 926 844
Ay Experimental“ 7 - 1 51 4
2,4-Dimethyl-3-pentanol-2,4- d2 1065 941
Ay Experimental“ 31 36

“ Determined in carbon disulfide solutions. b in is the reduced mass calculated from the unlabeled alcohol and yz the reduced 
mass calculated from the labeled alcohol. c Difference between the frequencies of the labeled compound and the correspond
ing frequencies of 2,4-dimethyl-3-pentanol. The Ac’s between the frequencies of 2,4-dimethyl-3-pentanol-3-C13 and 2,4-di
me thyl-3-pentanol-0-d-3-C13 were identical with the Ac’s between the frequencies of 2,4-dimethyl-3-pentanol and 2,4-di- 
methyl-3-pentanol-O-d.

dideuteration, and displacement to higher fre
quencies (1105 cm.-1) upon O-deuteration, sug
gest that it is a complex skeletal vibration char
acteristic of alcohols. The 1152 cm.-1 and 848 
cm.-1 frequencies are also skeletal vibrations, 
the latter being equivalent to the 858 cm.-1 
frequency of diisopropyl ketone.

The spectrum of diisopropylcarbinol shows two 
strong bands at 993 cm.-1 and 977 cm.-1 The 
data of Table I suggest that the 993 cm.-1 fre
quency is a skeletal vibration with no contribu
tion from a C—H mode of either the tertiary or the 
secondary hydrogens. The 977 cm.-1 frequency, 
having strong C—H contributions, behaves upon
O-deuteration like the 1096 cm.-1 frequency. 
Since either one or two strong bands appear in the 
spectra of many aliphatic alcohols in this region, 
the possibility of the usefulness of these bands as 
diagnostic tools, in conjunction with the 1100 
cm.-1 frequency, is under examination.

Diisopropylmethanes. In the infrared spectra of 
saturated hydrocarbons the assignment of the 1115 
cm.-1 and 920 cm.-1 frequencies to specific vibra
tions has been rather difficult, and a great deal of 
controversy exist in the literature as to which fre
quency is the skeletal C—C stretch and which is the 
C—CH3 rocking vibration.13-17 The data presented 
in Table II suggest that the 1164 cm.-1 frequency 
of diisopropylmethane (1115 cm.-1 region), shifted 
to 1156 cm.-1 upon C13 substitution, is a skeletal 
vibration rather than a methyl rocking mode. * 14 15 16 17

( 13) N. Sheppard and D. M. Simpson, Quart. Rcvs. (Lon- 
don), 7,19(1953).

(14) K. W. F. Kohlrausch and F. Kdpol, Z. Phys. Chem., 
B26,209 (1934).

(15) F. T. Wall and C. R. Eddy, J. Chem. Phys., 6, 107 
(1938).

(16) S. Silver, J. Chem. Phys., 8, 919 (1940).
(17) N .  Sheppard and D . AI. Simpson, J. Chem. Phys., 

23,582(1955)

On the other hand, the 916 cm.-1 frequency (920 
cm.-1 region) is unaffected by C13, which is com
patible with the methyl rocking mode.

TABLE II
I nfrared  Spectral  F r eq u en c ies  of D iiso pr o py l

m eth a nes“

Compound Wave Number (Cm. *) { y 2 / y i ) ' /2

2,4-Dimethylpentane 1164 982 916 867
2,4-Dimethylpentane-

3-C13 1156 972 916 862
Ay Experimental 8 8 5
Ay Caled, from (yc-c)

and (mcu_r) 23 19 18 17 1.020

“ Determined in carbon tetrachloride solutions.

TABLE III
I nfrared  Spectral  F req u en cies  of D iiso pr o py l- 

et h y le n es“

Compound Wave Number (Cm.-1) {y2/yi)C-

1,1-Diisopropyl-
ethylene 1639 1101 1036 891

1,1-Diisopropyl-
ethylene-1-C13 1608 1097 1035 891

Ay Experimental 31 4 1 0
Ay Caled, from (yc-c)

and (ncI!-c) 32 22 20 18

a Determined in carbon tetrachloride solutions.

The 982 cm.-1 and 867 cm.-1 frequencies are 
assigned to skeletal vibrations, the latter being 
equivalent to the 858 cm.-1 and 848 cm.-1 fre
quencies of diisopropyl ketone and diisopropyl
carbinol, respectively.

1,1-Diisopropylethylenes. The infrared spectrum of
1,1 - diisopropylethylene - 1 - C13 exhibits few 
differences from that of 1,1-diisopropylethylene. 
The 1639 cm.-1 frequency, the C=C  stretch, is 
lowered upon C13 substitution to 1608 cm.-1, a
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TABLE IV
I n frared  S pectral F req u en c ies  of D iisopro py l  K eti x im es“

Compound Wave Number (Cm.-1) ( m ? / m i) 1/,j

2,4-DimethyI-3-pentanone
oxime 3571 3257 1656 1314 1233 1221 1163 1153 1062 1023 941 865

2.4-J)imethyl-3-pentanone-3-
O13 oxime 3571 3257 1629 1309 1232 1214 1151 1152 1050 1015 941 863

A,. Experimental
A,. Caled, from (mc- s ) and

27 5 1 7 12 1 12 8 2

Í 36 25 23 1 .022
A,- Caled, from imc_c)and 

I m c  o_c)
2.4-Dimethyl-3-pentanone

32 20 1.020

oxime-O-d 2602 2387 1642 1074 990
Ar Experimental 969 870 14 240 213
Ar Caled, from (mi) and ( m d ) 
Ar Caled, from (mc_n) and

1046 954 1.414

(mo—d) 972 887 1.374

n De'erminod in parboil disulfide solutions.

shift of 31 cm-1. Calculations based on the re
duced masses of (C=C) and (C13=C ) predict a 
shift of 32 cm-1. However, as in the case of di
isopropyl ketone, one cannot ascertain the degree 
of coupling between C=C  and C—C without the 
aid of the spectrum of l,l-diisopropylethylene-2- 
C13.

The 891 cm.-1 frequency, the = C H 2 bending, 
behaves upon C13 substitution as expected.

Diisoproptjl ketoximes. Examination of the data 
of Table IV reveals that the C =N  stretch (1656 
cm.-1) of diisopropylketone oxime has stronger 
contributions from other vibrations than either the 
C = 0  or C =C  stretches of diisopropyl ketone and
1,1-diisopropylethylene; upon C13 substitution 
it is lowered to 1629 cm.-1, or shift of 27 cm.-1, as 
compared to 36 cm.-1 calculated from the reduced 
masses of (C=N) and (C13= N ). Furthermore, 
upon 0-deut,eration it is shifted to 1642 cm-1.

O-deuteration strongly affects five frequencies. 
The 3571 cm.-1 and 3257 cm.-1 frequencies are 
the 0 —H stretchings of the monomer and its 
hydrogen bonded complex, respectively.13 It is 
interesting to note that two of the 0 —H deforma
tions,19 1314 cm.-1 and 1233 cm.-1, seem to be 
coupled with other vibrations, as shown by their 
shifts, 5 cm.-1 and 1 cm.-1 respectively, upon C13 
substitution. It should be further noticed that the 
magnitude of their shifts upon O-deuteration is 
much smaller than expected.

The N—0  stretch of the oximes is supposed to 
occur in the 950 cm.-1 region.19 The 941 cm.-1 
frequency of diisopropyl ketoxime, a very strong 
band, is most likely the N—0  stretch. I t should be

(18) As in the case of diisopropylcarbinol the experimental 
shifts are in much better agreement with calculations based 
on the reduced masses of (O—H) and (O—-D) than (H) and 
(D).

(19) A. Palm ar.d H. Werbin, C a n . J .  C hetr ,., 32 , 858 (1954) 
have assigned the 1265 cm . -1 frequency of a-benzaloximes 
to the O—H bending.

noticed that it is unaffected by either C13 substi
tution or O-deuteration.

Although certain other frequency changes are 
observed upon isotopic substitution, assigning of 
the affected frequencies is not possible from the 
available data.20

Diisopropylcarbinylamincs. The C—X stretch 
of aliphatic amines has not been definitely identi
fied. Colthup21 suggests that absorptions of ali
phatic amines in the 1220-1020 cm.-1 region cor
respond to C—AT stretches. In the spectrum of 
diisopropylcarbinylamine (Table V) the only 
frequency strongly affected by C13 substitution, 
and the only strong band in the 1220-1020 cm.-1 
region, is the 1117 cm.-1 The experimental shift, 
22 cm.-1, is in fair agreement with the 24 cm.-1 
shift calculated from the reduced masses of (C—X) 
and (C13—X).22 The extent to which the C—X 
stretch may be coupled with C—C vibrations can
not be ascertained from the present data. The fact 
that it is unaffected by either N, Ar-dideuteration or 
C-deuteration at carbon three, indicates that it 
is not coupled with either X—H vibrations or 
C—H vibrations of carbon three.

In an attempt to compare the C—N stretch of 
aliphatic amines with the corresponding stretch 
of anilines, the spectrum of aniline-N16 (a sample of 
the labeled aniline was kindly provided by Profes-

(20) The 1103 cm . -1 frequency has the same shape as, 
but it is weaker than, the 1203 cm . -1 frequency of diiso
propyl ketone. Since both frequencies show the same shift, 
12 cm . -1 .and 13 cm. -1  respectively, upon C 13 substitution, 
it is possible that the 1163 cm. -1 is the asymmetric C'=N 
stretch. The 865 cm.- ;  frequency is the same band found 
in the spectra of diisopropyl ketone (858 cm.-1), diiso
propylcarbinol (848 cm.-1) and diisopropylmethane (867 
cm.-1). Evidently, it is characteristic of the 2,4-dimethyl 
3-pentyl group.

(21) N. B. Colthup, J .  O p t. S o c . A m . ,  40 , 397 (1950).
(22) I t  is interesting to note that the C—O stretch of 

diisopropylcarbinol (1096 cm .-1) is coupled with other vibra
tions to a much larger extent than the C—X stretch of 
diisopropylcarbinylamine.
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TABLE V
IX F R A R K l)  S l 'I C T R A I .  F R E Q U E N C IE S  O F  I  ) lIS O I* R O P Y U 'A R B IX Y I,A M  IX E S *

Compound Wave Numi ler (Cm.-1) ( p . / p i ) ' ^

2,4-l)imoth\T3-pentvlamine 1613 1348 1258 1117 919 807"
2,4-Dimethvl-3-pentvlamine-3-t1,3 1613 1258 1095 919 804*
A„ Experimental 22 3
A„ Calcd. from ( p c s )  and ( p c M s ) 24 1.0 22
2,4-Dimethvl-3-pent vlamine-.Y,.Y-fL 1118 1348 1258 1117 8036
A„ Experimental 495 4
2,4-Dimethvl-3-pentylamine-3-d 1613 1254 1258 1117 919
A,, Experimental 94

“ Determined in carbon tetrachloride ;solutions. h 1 letermined in carbond isulfide.

sor E. L. Eliel) was examined. The only frequency 
of aniline affected by X 15 substitution is a strong 
band at 1271 cm.-1 (carbon tetrachloride solution) 
which is shifted to 12G7 c m . T h e  magnitude of the 
shift, only 4 cm.-1, suggested that the C—X 
stretch of aniline is strongly coupled with other 
vibrations. Examination of the spectra of aniline- 
X, X-d2 and aniline-X, X-ob-X15 showed a displace
ment of the C—N stretch to 1302 cm.-1 and 1298 
cm.-1, respectively. Such displacements to higher 
wave numbers upon heavier isotope substitution 
were observed in the spectrum of diisopropyl- 
carbinol upon O-deuteration (frequencies 1096 
cm.-1 and 977 cm.-1, Table I). That this displace
ment is common in the spectra of AT,iV-dideuterated 
anilines is shown by Table VI.

TABLE VI
C arbon-N itrogen  Stretch  of An il in e s  and A x il in es- 

N,N-rfj

Undeut. Deut. 
Compound Compound

Compound (Cm.-1) (Cm.-1) A„(Cm. *)

Aniline 1271 1302 31
Aniline-N15 1267 1298 31
2-Bromoaniline 1307 1326 19
4-Bromoaniline 1274 1304 30
2,4,6-Tribromoaniline 1271 1284 13
2-Methylani line 1269 1307 38
3-Methvlaniline 1292 1314 22
4-Methylaniline 1271 1302 31
2-Methoxyaniline 1271 1307 36

One could explain these results by invoking the 
noncrossing over rule of two vibrations possessing 
the same symmetry properties. (In the case of 
anilines the vibrations would be the X—H de
formation around 1600 cm.-1 and the C—N 
stretch.) Calculations which would either confirm 
or refute the above suggestion are under considera
tion.

EXPERIMENTAL

2 ,4 -D im e th y l-S -p e n ta n o l-S -C 13. A soluticn of 2,4-dimethyl- 
3-pentanone-3-C13 (2 g.) in anhydrous ether (20 ml.) was 
slowly added, a t room temperature, to a dispersion of 
lithium aluminum hydride (0.5 g.) in anhydrous ether (55

ml.) with constant stirring. The product was heated a t re
flux for 1 additional hr. Cold water (1 ml.), followed 
10% aqueous sodium hydroxide (0.5 ml.), was added and the 
mixture was allowed to stand overnight. The ether solution 
was filtered through anhydrous sodium sulfate, the ether 
evaporated, and the residue (about 2 g.) was vapor phase 
chromatographed.

2 .4 -  D im e th y t-S -p e n ta n o l-O -d . A solution of 2,4-dimethyl- 
3-pentanol (0.2 g.) in anhydrous ether (5 ml.) was shaken 
for 15 hr. with heavy water (5 g.). The ether layer was 
separated, dried over anhydrous sodium sulfate, the ether 
was evaporated, and the residue was vapor phase chroma
tographed. 2,4-Dimethyl-3-pentanol-0-d-3-C13 was pre
pares from 2,4-dimethyl-3-pentanol-3-C13.

2 ,/ f-D im e th ii l-3 -p e n ta n o l-S -d  was prepared bjr reduction 
of the ketone with lithium aluminum hydride.

2 .4 -  D i) iK 'th !il-3 -p en t(in o l-2 ,4 -d i was prepared by reduction 
of the dideuterated ketone with lithium aluminum hydride.

2 .4 -  D im e th y lp e n ta n e -8 -C ,s. Preparation of this hydrocar
bon will be described elsewhere.

1 ,1 -D iiiio p r o p y le th y le n e . Preparation of 1,1-diisopropyl- 
ethvlene was achieved by application of the Wittig reaction.23 24 
Triphenylmethylphosphonium iodide (5 g.)2J was added to 
a solution of phenyllithium (1.1 g.) in ether (100 ml.). Stir
ring was continued for 3 hr. the color of the reaction mixture 
turning orange-brown. Slow addition of a solution of 2,4- 
dime'hyl-3-pentanone (1.4 g.) in ether (10 ml.) resulted 
in the discharge of the orange color and the formation of a 
fine gray-white precipitate. Stirring was continued for 1 
additional hr. at room temperature, followed by 3 hr. of 
steam reflux. The ether layer was separated, washed with 
5% aqueous hydrochloric acid, 10% aqueous sodium bicar
bonate, and water, and dried over anhydrous magnesium 
sulfate. The ether was driven off and the residue was vapor 
phase chromatographed. The yields of 1 ,1-diisopropvlethyl- 
ene did not exceed 35%,. 1 ,1-Diisopropylethylene-l-C13 was 
prepared by using 2,4-dimethyl-3-pentanone-3-C13.

Preparation of the oximes was accomplished by use of 
standard methods. Preparation of the amines was achieved 
by reduction of the corresponding oximes with lithium 
aluminum hydride (deuteride).25
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(1954).

(24) A. Michaelis and H. V. Soden, A n n .  C h e m ., 229, 
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L abeling F atty  A cids by Exposure to T ritiu m  Gas. 
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E. P. JONES , 3 L. H. MASON,3 5 H. J. DUTTON ,3 and R. F. NYSTROM*

R ece ived  J a n u a r y  15 . lUfiO

Unsaturatcd fatty acid esters react at room temperature on exposure to gaseous tritium by addition of tritium to a double 
bond and with little or no substitution of tritium for hydrogen. Evidence for addition to olefinie bonds, rather than substitu
tion for hydrogen, has been obtained from gas-liquid and liquid-partition chromatography of both the initiated fatty acids 
and the tritiated products after mild oxidative cleavage. Tritiated fatty acid esters appear on chromatograms at positions 
of the next less-saturated member of the isologous series. The position of addition of the tritium is deduced from the radio
activity of the monobasic and dibasic acids produced by oxidation.

Tritium labeling of methyl esters of saturated 
fatty acids by the Wilzbac.h gas-exposure technique6 
is described in the first paper6 of this series. The 
expected substitution of hydrogen by tritium gas 
was found to take place giving the desired labeled 
fatty acids with high specific activity and with 
only small amounts of radiation-induced impurities. 
Results are presented herein on gas exposure and 
analysis of two members of the Cm unsaturated 
fatty acid ester series—methyl oleate and linoleate—• 
in which addition to the double bond, not substitu
tion, is found to occur. This discovery not only 
holds significance to those interested in the labeling 
of unsaturated fatty acids but shows the need for 
caution when labeling olefinie compounds by the

A tritium source containing approximately 1 curie 
was employed for the irradiation of gram samples of 
the methyl esters. Activities incorporated in an 18- 
day period were 8-14 me. Of this total radioactiv
ity, 76% to 82% was recovered in the purified fatty 
acid fraction. In agreement with earlier results6 for 
saturated fatty esters, little activity remained in 
the acid aqueous layer after ether extraction. Also 
activity in the unsaponifiable fraction was found to 
be due partly to labile tritium exchanged by the 
ethanol present in the ether layer. The effectiveness 
of chemical purification procedures in removing 
labile tritium, and evidence for the structure of the 
tritiated methyl esters will be given in the following 
sections.

TABLE I
T ritiu m  I ncorporation  and D istr ib u tio n  in  M ethyl  Oleate  and M ethyl  L in o lea te  

by th e  G as E x po su re  T ech n iqu e

Tritium Distribution of Tritium, Cc-

Methyl Exposure Incorporated Unsaponi- Acid Fatty
Ester (Days) (Me.) fiable Labile aqueous acids

Oleate 18 8.3 14.0 7.7 1 .2 70.5
Linoleate 18 14.4 12.9 5.3 0.3 81 .5

gas-exposure technique and for establishing the 
type of labeling which has taken place.7

RESULTS

Data on the irradiation and chemical purification 
of methyl oleate and linoleate are given in Table I.

(1) This is a laboratory of the Northern Utilization Re
search and Development Division, Agricultural Research 
Service. U. S. Department of Agriculture.

(2) This paper was presented before Division of Organic 
Chemistry, 135th National Meeting of American Chemical 
Society, Boston, Mass., April 5-10, 1959.

(3) Address: Northern Regional Research Laboratory, 
Peoria, 111.

(4) Address: Radiocarbon Laboratory, University of 
Illinois, Urbana, 111.

(5) K. E. Wilzbach, J .  A m .  C lient. S o c ., 79, 1013 (1957).
(6) R. F. Nj'strom, L. H. Mason, E. P. Jones, and H. J.

Dutton, J .  A m .  O il C h e m is ts ’ S o c ., 36, 212 (1959).

Methyl oleate. The results of gas chromatography 
and subsequent liquid scintillation counting of 
methyl oleate immediately after tritium irradiation 
are given in Fig. 1. This pattern is similar to that 
for the saturated ester6 in showing a small amount 
of rapidly eluted radioactive material coincident 
with the solvent peak which is thought to be cither 
residual tritium gas or solvent molecules containing 
labile tritium. However, the pattern differs from 
that for the saturated esters in that the major ra
diochemical peak is eluted prior to the inactive 
oleate peak. Similar behavior of the major radio
chemical component is shown in Fig. 2 for the 
liquid-partition chromatogram of the oleic acid 
preparation after saponification, exchange of labile

(7) H. J. Dutton and R. F. Nystrom, Proceedings of the 
Symposium on Advances in Tracer Applications of Tritium, 
New York, N. Y., October 31, 1958, pp. 8-15.
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F:g. 1. Gas chromatogram of methyl oleate immediately 
after exposure to tritium gas

tritium, and acidification. Moreover, this assay 
technique could be used as a preparative method 
for isolating radiochemicallv pure methyl tritio- 
stearatc (56 curies per millimole for the addition of 
T2 (pure) to C=C). It will become apparent that 
this shift is not an isotopic effect;8 lather, the radio
chemical peaks in Figs. 1 and 2 are coincident with 
the positions of methyl stearate and stearic acid, 
respectively, and the radioactive methyl stearate is 
produced by the saturation of the double bond in 
methyl oleate with tritium.

After chemical purification and méthylation of 
the oleic acid by diazomethane (Fig. 3), the effec
tiveness of our purification procedures can be dem
onstrated by gas chromatograph}-. The gas analysis 
shows that labile tritium is absent in the solvent 
peak, confirms the shift in position of the radio
chemical compound compared to inactive methyl 
oleate, and establishes that the radiochemical prod
uct behaves chemically and chromatographically as 
a methyl ester of stearic acid. Ir_ further experi
ments, the coincidence of this radiochemical peak 
with that for methyl stearate was established by 
adding inactive methyl stearate to the tritiated 
methyl oleate sample.

On periodate-permanganate oxidation of the 
chemically purified tritiated oleic acid, the acids 
w ere separated on a liquid-partition column de
signed for separating monobasic acids as one peak 
from the separate peaks of the Cio, C9, and C9 di
basic acids. Two major peaks corresponding to 
monobasic acids and azelaic acid were obtained, 
lie Fig. 4 radiochemical activity is coincident ivith 
the peak for unresolved monobasic acids and the 
azelaic acid is inactive.

Subsequent resolution of the monobasic peak on 
a liquid-partition chromatographic column de
signed specifically to separate the expected mono
basic acids shows (Fig. 5) that the pelargonic acid 
is also inactive and that the radiochemical activity 
is coincident with titratable amounts of stearic 
acid coming from a known methyl stearate impurity

18) K, E. Wilzbach and P. Riesz, Science. 26,748(1957).

Fig. 2. Liquid-partition chromatogram of a mixture of 
chemically purified tritiated oleic acid and carrier oleic acid

in the original untritiated methyl oleate prepara
tion. The radioactivity of this stearic acid and the 
inactivity of the pelargonic and azelaic acids were 
confirmed (not shown) by gas chromatography of 
the mixture of their methyl esters and by radio
chemical assay of the fractions.

Methyl linoleate. Gas-chromatographic data for 
the tritiated methyl linoleate before (Fig. 6) chemi
cal purification show the displacement of the radio
active peak from the inactive parent methyl 
linoleate to the position expected for methyl oleate. 
The coincidence of positions for the tritiated lino
leate with methyl oleate was confirmed by gas 
chromatography of a mixture of inactive methyl 
oleate and tritiated methyl linoleate and by observ
ing coincidence of peaks.

The addition of tritium to methyl linoleate can 
occur at two positions: the 9,10-double bond and the

T ri t ia f io n  of L inoleic Acid

CH3(CH2)r CH=CH-CH2-CH=CH(CH2)7C02H 

‘ H3\/  H3

/
12, 13 H3 Oleic 

| [ 0]

C9 Mono-* 
C9 Di-

\
9, 10 H3 "Oleic'

[ol|

i t  Mono- C6 Mono-
C9 Di- Ci2Di-*

[0]

* R adioactive
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Fig. 3. Gas chromatogram of tritiated methyl nip,ate after saponification, alcohol exchange, acidification, and méthylation

Fig. 4. Partition-chromatogram of mono- and dibasic acids 
from tritiated oleic acid after oxidative cleavage

12,13-double bond. After oxidation of tritiated 
methyl linoleate, subanalytical amounts of radio
active pelargonic and radioactive dodecanedioic 
acid are anticipated. The major constituents ex

Fig. 5. Liquid-partition chromatogram of the monobasic 
peak of Fig. 4

pected from the inactive linoleic acid are eaproic 
and azelaic acids. (Malonic acid is not eluted from 
the chromatogram used.)

Confirmation of the radioactivity of the C12 di-
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Fig. 8. Liquid-partition chromatogram showing the 
resolution of the monobasic peak of Fig. 7 (added pdargonic 
acid and dodecanedioic acids)

Fig. 6. (ias chromatogram of methy linoleatc after 
exposure to tritium gas but before chemical purification

basic (dodecanedioic acid) and the C9 monobasic 
(pelargonic) acids, as well as the inactivity of the 
major constituents, caproie and azelaic acids, is 
found in Figs. 7 and 8. Fig. 7 shows that all 
radioactivity is in the region of the titrated mono
basic peak, and no activity is present in the azelaic 
or suberic acid peaks; the latter is found in the 
acidic mixture probably because of the presence of 
an ester, unsaturated at the Cs position, in the 
original methyl linoleate. Similar and confirmatory 
data by gas chromatography were obtained but are 
not presented. To separate the two activity peaks 
associated with the titratable monobasic peak, a
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special column was designed for better separation of 
these two acids. In the chromatogram shown in Fig. 
8, small amounts of pelargonic and dodecanedioic 
acids were added to the monobasic acids (peak of 
Fig. 7) for identification purposes. The chromato
gram shows that the monobasic acid fraction is in
deed composed of active pelargonic acid, inactive 
caproic acid, and active dodecanedioic acid. Esti
mates of the relative activity in the pelargonic and 
the C*i2 dibasic acids lead to the conclusion that the 
12,13 unsaturated carbons are the preferred posi
tion of attack by tritium over the 9,10 carbons by 
a ratio of about 1.4:1.0.

DISCUSSION

The results of the investigations demonstrate 
the need for extreme care in establishing the struc
ture of radiochemical products formed by the tech
nique of gas exposure to tritium. The conclusions 
suggest that addition of tritium may be the general
ized or usual reaction for olefinic compounds. It is 
of considerable interest that exposure of methyl 
linoleate did not result in the formation of methyl 
stearate but only one of the two double bonds was 
reduced.

Separation by chromatography of the radiochemi
cal products from their inactive isologous parent 
results in isolation of fatty acids of extremely high 
specific activities. If the addition comprises one 
hydrogen and one tritium atom, the activity of the 
labeled product amounts to 28 curies per millimole.

Although the main object of this research was to 
produce or prepare randomly and substitutively 
labeled unsaturated fatty acids, it has not been 
achieved. Instead, labeled octadecanoates and oeta- 
decenoates were formed with high specific activities, 
and tney may have many uses where the number 
and not the position of double bonds is important.

Fig. 7. Liquid-partition chromatograms of the mono- 
and dibasic acids from tritiated linoleic ac:d after oxidative 
cleavage

EXPERIMENTAL

Tritiation of methyl oleale. One gram of methyl oleate 
(Hormel Institute) and 1 curie of tritium gas were placed
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in a glass tube 25 mm. in diameter and 65 mm. long. This 
ampoule was rotated to provide continuously renewed thin 
films of the ester. After 18 days, the excess tritium was re
moved and the residue was refluxed for 1 hr. with 0.6 ml. 
of 50% sodium hydroxide diluted with 10 ml. of ethanol. 
On addition of 25 ml. of water, the unsaponifiable material 
was removed by extraction with five successive 25-ml. por
tions of ether. Removal of labile tritium was accomplished 
by distillation of 1.5 1. of anhydrous ethanol from the soaps 
in 50-ml. batches. Finally, 9 ml- of IN  hydrochloric acid 
was added and the organic acids extracted with four suc
cessive 25-ml. portions of ether.

Gas chromatography of tritiated methyl oleate. Methyl oleate 
after exposure to tritium gas as well as after tritiation, 
saponification, alcohol exchange, acidification, and méthyla
tion (with diazomcthane) was examined for chemical and 
radiochemical purity by gas chromatography on a 5-ft. 
Resoflex 296 column a t 205° in the “Aerograph” instru
ment.9 Simultaneously with the recording of thermal con
ductivity, an ion chamber-electrometer system recorded 
radioactivity (ion current) on the gas stream issuing from 
the thermal conductivity cell.10 Alternatively radioactivity 
was determined by trapping the methyl esters in the effluent 
gas stream in vials containing 15 ml. of scintillation solution 
for minute intervals and by subsequent assay in the auto
matic “Tri-Carb Scintillation Spectrometer.” 9

Liquid partition chromatography of tritiated acids. Chemical 
and radiochemical purity of tritiated fatty acids (after alco
hol exchange, et".) was determined by the liquid-liquid

(9) Since the Department of Agriculture does not recom
mend the products of one company over those of another, 
the names are furnished for information only.

(10) L. H. Mason, H. J. Dutton, and L. Bair, J . Chroma- 
tog. ,2 ,322 (1959).

partition chromatographic procedure of Nijkamp11 which 
employs a methanol-isooctane solvent system on a silicic 
acid column. Alternate 1-ml. eluate fractions were (a) 
titrated in a nitrogen atmosphere with 0.2.V potassium hy
droxide to a thymol blue end-point using a Gilmont Micro
buret, and (b) diluted with 15 ml. of scintillation solution for 
assay of radioactivity with an automatic “Tri-Carb Scin
tillation Spectrometer.” Quenching of fluorescence by fatty 
acids and by the chromatographic solvent was negligible.

Degradation of tritiated esters. Oxidative cleavage of the 
double bonds in the tritiated esters was accomplished b}' the 
method of Jones and Stolp12 after addition of the inactive 
ester to the tritiated ester. This method involved saponi
fication of the ester, oxidation of the acids as soaps at room 
temperature with periodate-permanganate solution, and 
subsequent extraction of all ether-soluble acids in a con
tinuous extractor. Only traces of radioactivity remained in 
the aqueous layer. Removal of ether gave the acids for 
chromatographic identification.

Liquid-liquid partition chromatography of monobasic and 
dibasic acids from methyl oleate. Upper and lower phases of a 
water-alcohol-benzene mixture at equilibrium comprised 
the mobile and immobile phases, respectively. Silicic acid 
was used as the solid support.12 All monobasic acids emerge 
as one peak and dibasic acids appear as separate peaks. 
Alternate 1-ml. eluate fractions were titrated and assayed 
with the scintillating spectrometer. Monobasic fractions 
were combined, acidified, and extracted. The acids were 
identified by the chromatographic procedure of Nijkamp,1 
titrated, and assayed for radioactivity.

P eo ria  and U rbana , I II .

(11) H. J. Nijkamp, Anal. Chim. Acta., 10, 448 (1954).
(12) E. P. Jones and J. A. Stolp, ,J. Am . Oil Chemists, 

Soc., 35,71 (1958).

[Co ntribution  trou  th e  N aval Sto res  R esearch  Station  1

Esters o f  Som e A cids Derived from  T erpenes2

B. A. PARKIN, J r., and G. W. HEDRICK

Received December 2S, 1959

The preparation of vinyl monomers for use as internal plasticizers for polyvinyl chloride from acids derived from terpenes 
led to the preparation of six new vinyl esters. Acylpinolic acids were prepared by reaction of pinolic acid with the respective 
anhydrides and direct reaction with the acids in the presence of an acid catalyst. From the substituted pinolic acids, pinolic 
acid, pinonic acid, and 3-(l-methyl-l-hvdroxyethyl)heptanedioic acid y-lactone, the new vinyl esters were prepared by vinyl 
interchange with vinyl acetate in the presence of mercuric sulfate catalyst. Ethyl esters of these acids were prepared by 
azeotropic removal of water from the reaction mixture wdth p-toluenesulfonic acid as catalyst. The pinonic and pinolic ethyl 
and propyl esters have been previously reported. The identity of the ethyl esters obtained bs’ direct esterification and those 
obtained by catalytic reduction of the vinyl esters was established by means of infrared analyses.

The propyl and allvl esters of pinolic and pinonic acids were prepared by direct esterification in the presence of p-toluene- 
sulfonic acid. Dehydration and rearrangement of pinolic acid in the presence of p-toluenesulfonic acid was observed but not 
reported in detail.

In the course of investigating terpene derived 
materials for use in the preparation of polymeriz
able monomers of interest as internal plasticizers 
for polyvinyl chloride, vinyl esters were prepared 
from a number of terpene acids and derivatives of 
these acids. Two allyl esters were also prepared.

(1) One of the laboratories of the Southern Utilization 
Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture.

(2) Presented at the meeting of the American Chemical 
Society, Atlantic City, New Jersey, September 13-18, 1959.

For comparison purposes the corresponding ethyl 
and propyl esters were prepared by reduction of the 
unsaturated esters and by direct esterification.
The acids involved in this work were pinonic 

[3 - acetyl - 2,2 - dimethylcyclobutaneacetic acid), 
pinolic [3-(l-hydroxyethyl)-2,2-dimethylcyclobu- 
taneacetic acid], pinolic acid acetate, pinolic acid 
propionate, pinolic acid butyrate, 3-(l-methyl-l- 
hydroxyethyl)heptanedioic acid y-lactone, pinic 
acid [3-carboxy-2,2-dimethylcyclobutaneacetic 
acid], and several monoalkyl pinates. The esters
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TABLE I
A c y l a t e d  P i n o l i c  A c i d s

Saponification ____ ______ Analyses
B.P.°, Equivalent Empirical Carbon ___Hydrogen

Acid M.P.° Mm. Found Calcd. Yield, K, Formula Calcd. Found Calcd. Found

Pinolic acid acetate 71-73 126/0.1 113.5 114 60" C12H20O4 63.13 63.23 8.83 8.79
Pinolic acid propionate — 132/0. 1 123.7 123 45" C13H22O4 64.43 64.97 9.15 9.31
Pinolic acid butyrate — 140/0.1 130.5 130 404 C14H24O4 65.59 65.14 9.44 9.56

a Maximum yield from anhydride proci¡as; yield generally less than 40%. 4 By catalytic process; yield genera ly about
the same under same conditions.

TABLE II
V i n y l  E s t e r s  o f  T e r p e n e  D e r i v e d  A c i d s

B.P.°,
Hydrogenation 

G./Molc Hj Empirical
Analyses

Carbon Hydrogen
Acid Mm. «D5 Calcd. Found Yield, % Formula Calcd. Found Calcd. Found

Pinonic 118/5.0 1.4640 210.26 208 69.5 C12H 18O3 68.54 68.10 8.63 8.63
Pinolic 114/3.0 1.4669 212.28 208 62.2 ChHmO, 67.89 68.57 9.50 9.50
Pinolic acid acetate 138/2.5 1.^5459 254.34 249 61.6 C„H™>0, 6 6 .11 66.18 8.72 8.78
Pinolic acid propionate 145/2.0 1 .-532 268.34 265 53 C .T h A 67. 18 67.18 9.01 9.16
Pinolic acid butyrate 122/ 0 .1 1 .4507 282.37 281 54 ^16^26,0; 68.05 68.07 9.28 9.41
3-(l-Hydroxy-l-methyl- 

ethyl)heptanedioic acid 
-/-lactone 149/0 2 Solid 226.26 227.2 56 C12H18O4 63.13 63.62 7.98 8.08

of the monoalkyl pinates ¿are covered by two 
publications.3

The cfs-dZ-pinonic acid used was prepared by 
potassium permanganate oxidation of a-pincne.3 4 
The pinonic acid was reduced to cfs-dZ-pinolic 
acid by catalytic hydrogenation in alkaline media 
over platinum oxide catalyst. The procedure is a 
modification of that given by DeliSpme and Korean.5
3-(l-Methyl-l-hydroxyethyl)heptanedioic acid 7 - 
lactone was prepared from homoterpenyl methyl 
ketone, 3-( l-methyl-l-hydroxyethyl)-6-ketohep- 
tanoic acid 7 -lactone, via the AVilgerodt reaction.6 
The acylated pinolic acids were made from pinolic 
acid by reaction with acids in the presence of their 
anhydrides and esterification in the presence of p- 
toluenesulfonic acid with azeotropic separation of 
the water formed. Physical constants for the 
three acylpinolio acids prepared are given in Table 
I. The acylation of pinolic acids is complicated by 
the ease of dehydration and molecular rearrange
ment of this compound in the presence of dehy
drating agents or strong acids. The behavior of 
pinolic acid under such conditions is currently 
under study and results should be published later.

V in y la tio n  of th e  acids w as ca rried  o u t b y  th e  
v in y l in te rch an g e  p rocedu re  of A delm an7 using 
v iny l a c e ta te  a n d  m ercuric  a c e ta te -su lfu r ic  acid

(3) J. B. Levis and 6 . W. Hedrick, J .  O rg. C h e m ., in 
press.

(4) H. B. Summers, Jr., G. W. Hedrick, F. C. Magne, 
and R. Y. Mayne, I n d .  E n g . C h e m ., 51, 549 (1959).

(5) M. Delepine and A. Horeau, H u ll. soc. c h im ., 4, 31 
(193/).

(6) N. J. Halhrook and R. A7. Lawrence, unpublished 
results.

(7) R. L. Adelman, J .  O rg. C hen-., 14, 1357 (1949).

catalyst. Physical constants of the vinyl esters 
prepared are given in Table II. The vinyl esters 
were catalytically reduced over 5% palladium on 
carbon. (Erratic results were obtained when 
platinum oxide was used.) The identity of the 
ethyl esters obtained with those prepared by 
direct esterification was established by infrared 
analyses. Vinylation of pinonic acid was also 
accomplished by the Reppe process.8

The allyl, ethyl, and propyl esters were prepared 
by direct esterification over acid catalyst in ben
zene or chloroform solution. The physical constants 
of the esters of pinonic acid, substituted pinolic 
acids, and 3-(1 -hydroxy-l-methylethyl)heptane- 
dioic acid lactone are given in Table III. The physi
cal properties of the ethyl, propyl and allyl esters of 
pinolic acid are given in Table IV. The esters of 
pinolic acid were characterized by direct methods. 
Vapor phase chromatography showed only minor 
impurities, refractive indices of vinyl ar.d allyl 
reduction products were in good agreement with 
the indices of the materials produced by direct 
esterification, and hydrolysis allowed isolation of 
good yields of unchanged pinolic acid. The ethyl 
and propyl esters of pinonic and pinolic acids were 
previously reported by Le-Van-Thoi.9

EXPERIMENTAL

The cfs-rii-pinonic acid used was obtained bv oxidation of 
a-pinene with potassium permanganate.4

(8) J. AV. Copenhaver and M. H. Bigelow, A c e ty le n e  a n d  
C a rb o n  M o n o x id e  C h e m is try , Reinhold Publishing Corp., 
New York, 1949, p. 59.

(9) Le-Van-Thoi, A n n .  c h im ., 10 , 35-91 (1955).
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TABLE III
E t h y l , P r o p y l , a n d  A l l y l  E s t e r s

Molecular _________ Analyses
Weight Empirical Carbon Hydrogen

Esters B.P.°, Mm. „2571 D Caled. Found Yield, % Formula Caled. Found Caled. Found
Ethyl piñonate 96-98/1.5 1.4496 212.28 210" 80-88 C12H20O3 — — — ------

Propyl piñonate 125-128/5.0 1.4493 226.30 225" 76 C13H22O3 68.99 68.66 9.81 9.88
Allyl piñonate 138-139/5.0 1.4611 224.28 220" 85 C13H20O3 69.61 69.14 8.99 9.05
Ethyl pinolate 

acetate 76-78/0.5 1.4416 255.32 257“ 75 C14H24O4 65.59 65.77 9.44 9.68
Ethyl pinolate 

propionate 98-99/0.15 1.4423 270.36 268“ 65 C15H26O4 66.63 66.90 9.69 9.87
Ethyl pinolate 

butyrate 110- 112 / 0 .10 1.4415 284.39 283“ 67 C16H28Û4 67.57 67.62 9.92 10.00
Ethyl-3-( 1-methyl- 

1-hydroxyethyl) 
heptanedioate 
Y-lactone 122-124/0.25 1.4527 228.28 232“ 69 C12H20O4 62.58 63.10 8.74 8.96

“ Determined by saponification equivalents. s Determined from hydrogenation (g./molo H2 absorbed).

TABLE IV
P i n o l i c  A c i d  E s t e r s

Molecular Weight
Esters B.P.°, Mm. »D Caled. Found Yield, %

Ethyl pinolate 116-120/1.0 1.4539 214.30 216“ 53.6
Propyl pinolate 153-154/1.0 1.4542 228.33 230“ 69.2
Allyl pinolate 134-137/2.0 1.4619 226.31 225s 69.5

“ Determined by saponification equivalents. s Determined from hydrogenation (g./mole H2 absorbed) values.

c is -d l-P in o l ic  a c id .s Crystalline, c is -d l-pinonic acid (736 
g., 4 moles) was dissolved in excess alkali (200 g., 5 moles 
of sodium hydroxide in 1200 ml. water) and the solution was 
made up to 2 1. The solution was hydrogenated in a rocking 
autoclave in the presence of platinum oxide (1.4 g.) a t 1500- 
1800 p.s.i.g. hydrogen pressure. Hydrogen absorption was 
rapid during most of the run but the last mole was absorbed 
very slowly. After hydrogen absorption ceased (about one 
week), the mixture was filtered and the solution acidified by 
slow dropwise addition of coned, sulfuric acid. The mixture 
was filtered and the crystalline pinolic acid washed free of 
sulfuric acid with water and air dried. Some oil, probably 
frirox-pinolic acid, precipitated with the crystals, m.p. 91- 
96°. The melting point can be readily raised to 100-101° 
by recrystallization from water or ether-petroleum ether 
mixtures.

c is -d l-P in o l ic  a c id  aceta te , a n h y d r id e  m e th o d . A solution of 
cfs-cM-pinolic acid (46.5 g., 0.25 mole) in glacial acetic acid 
(70 ml.) was added slowly (3 hr.) to a stirred solution of 
acetic anhydride (50 ml., 0.53 mole) in glacial acetic acid 
(50 ml.) heated a t reflux. After the addition was completed 
the mixture was heated for 30 min. longer. Water (20 ml.) 
was added and the acetic acid was distilled under vacuum. 
Distillation of the residue gave yields of 30-60%.

c is -d l-P in o l ic  a c id  aceta te, c a ta ly tic  m e th o d . A solution of 
cis-df-pinolic acid (186 g., 1 mole) in 400 ml. of chloroform 
and a solution of 240 ml. glacial acetic acid and 20 g. p -  
toluenesulfonic acid in 200 ml. of chloroform were dried by 
azeotropic distillation of water with return of chloroform 
to the solution. The pinolic acid solution was added slowly 
(4 hr.) to the acetic acid-p-toluenesulfonic acid solution 
heated at reflux and the water formed was removed azeo- 
tropically. After the reaction was complete, the mixture was 
cooled and washed wfith 200 ml. of water. The wash was ex
tracted with 25-30 ml. of chloroform and the extract com
bined with the original chloroform solution. The solution 
was stripped under 30-35 mm. pressure to a pot tempera
ture of about 100°. The residue was washed to remove

residual acetic acid, distilled bulb-to-bulb and then through 
a 2 X 20 cm. column packed with 6 mm. glass helices.

Generally a more crystalline material was obtained by the 
catalytic procedure. Pinolic acid propionate and butyrate 
■were made by the above procedures but the yields were 
generally not as good.

d l-3 -(  1 -M e th y l - 1 -h y d ro x y e th y l )h e p ta n e d io ic  a c id  y - la c to n e  
was prepared from homoterpenyl methyl ketone v ia  the 
Wilgerodt reaction according to the procedure of Ilalbrook 
and Lawrence.6

c is -d l - V in y l  p iñ o n a te . The vinylation procedure followed 
in each instance is tha t given by Adelman7 except that the 
vinyl acetate to acid ratio was increased from 6 :1  to 1 2 : 1 . 
c is -d l-Pinonic acid (184 g., 1 mole) was placed in a 2-1. 
flask with 0.5 g. of copper resínate. Vinyl acetate (1110 ml., 
12 moles) was distilled into the flask and cooled below 
30°. Mercuric acetate (4.0 g., 0.0126 mole) was added and 
dissolved by stirring the mixture. Sulfuric acid (0.5 ml., 
0.0093 mole) was added dropwise with very vigorous stir
ring. The flask was swept with nitrogen and allowed to 
stand at room temperature for 3 days. Sodium acetate (2 
g., 0.024 mole) was added and the mixture xvas stirred 30 
min. The excess vinyl acetate and most of the acetic acid 
formed in the reaction were removed by distillation under 
reduced pressure (25 mm.) to a pot residue temperature of 
80°. The residue was then washed with water (2 X 50 ml.) 
and exhaustively extracted wfith saturated sodium bicar
bonate solution to remove any unchanged acid. After drying- 
over anhydrous sulfate, the residue was distilled to give 
water-white vinyl piñonate.

The other vinyl esters were prepared by this same pro
cedure except vinyl-3-(l-meth}‘l-l-hydroxyethyl)heptane- 
dioic acid y-lactone, which crystallized from the dried ether 
solution, on cooling, m.p. 47.8—48.6°. Distillation of this 
material generally resulted in considerable loss by poly
merization or decomposition. The distilled material super 
cools and if not seeded may not crystallize.

In the case of vinyl pinolate the reaction mixture was



1 4 2 0 STARCHER, FROSTICK, AND PH ILL IPS VOL. 25

maintained at about 0° during and after addition of the sul
furic acid in order to avoid formation of the vinvlidene com
pound at the hydroxyl group. Inasmuch as the reaction 
would be expected to be slower at this lower temperature, 
the reaction time was extended to 5 days.

The vinylation of pinonic acid was accomplished by the 
Reppe procedure using pinonic acid in toluene with zinc 
pinonate as a catalyst. The yield of crude product, b.p. 
115-150°, 1 mm., 393 g., was 80%. Fractionation of the 
crude product gave colorless vinyl pinonate (Table II), 
50% yield, and 30% yield of a slight amber colored material. 
The second material was not completely characterized. 
However, it absorbed two equivalents of hydrogen and had 
an empirical formula, CiJhnO.,. Polymers from bulk poly
merization with benzoyl peroxide had the appearance of 
polystyrene foam and were insoluble in common solvents 
indicating crosslinking had taken place. Obviously two 
acetylene molecules had reacted with one molecule of pinonic 
acid. Vinylation of 3-( l-methyl-l-hydroxyethylJheptane- 
dioic acid 7-lactone by the same procedure was unsuccessful.

C h a ra c te r iza tio n  o f  c is -d l-v in y l  p in o ln te . A l()-g. sample of 
freshly distilled vinyl pinolate was reduced over 0% palla
dium on carbon. Alcohol (50 ml., 95%) was used as the 
solvent and catalyst concentration was about 1%. After 
the reduction was completed, the solution was filtered 
and evaporated. Vapor phase chromatography showed the 
residue to contain ethyl pinolate with minor peaks corre
sponding to impurities in the vinyl pinolate. Five grams of 
the material was hydrolyzed by heating on the steam bath 
for about 4 hr. with excess 6N  sodium hydroxide. The hy
drolysis mixture was extracted with ether to remove the 
ethanol and the extracted solution was acidified. The acidi
fied solution was extracted with three 15-ml. portions of 
ether; the ether solution was dried over sodium sulfate, 
filtered, and evaporated to yield 4.03 g., 91% of crystalline 
pinolic acid, m.p. 94.8-9(5.4. Mixed melting point with an

equal quantity of 103-104° pinolic acid was 99-102.5°. 
Allyl and propyl esters also allowed good recovery o: pinolic 
acid on hydrolysis and chromatographed samples showed 
even less impurities than the ethyl ester.

c is -d l-E th y l  p in o n a te . c is -d l-Pinonic acid (736 g., 4 moles) 
was placed in a flask with 95% ethanol (1 L, 17 moles), 
chloroform (1 1.), and p-toluenesulfonic acid (20 g.). The 
mixture was refluxed through a 2 X 20 cm. protruded metal 
packed column and the water which separated was removed 
through a liquid decanter. After separation of "water ceased, 
the mixture was cooled, and treated with water until no 
further phase separation was noted. The chloroform layer 
was washed with sodium bicarbonate solution until the 
wash remained basic to pH paper and then dried over sodium 
sulfate. Evaporation and distillation of the residue yielded 
water-white ethyl pinonate.

The allyl and propyl esters of pinolic acid were pre
pared by this method. The ethyl ester, however, (probably 
because of long heating periods necessary to remove the 
water) is difficult to obtain in pure form if catalyst concen
trations as high as this are used. Azeotropic removal of water 
from a mixture of pinolic acid ethanol and benzene in the 
absence of added catalyst has produced the purest c is -d l-  
ethyl pinolate although the yield was only about 50%,.

Slow dehydration of the pinolic acid esters will take place 
if heating is continued beyond the time required to evolve 
one mole of water.
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S yn th esis  o f  Som e Special Types o f G lycidic Esters

PAUL S. STARCHER, FREDERICK C. FROSTICK, J r ., a n d  BENJAMIN PHILLIPS

R e c e iv e d  J a n u a r y  2 0 , 1 9 6 0

Glycidic esters have been found to undergo an ester exchange reaction with a w ide variety of alcohols without concomitant 
destruction of the. epoxide function. This exchange reaction was used for the preparation of certain unsaturated glycidic esters 
and diepoxides which are not readily obtained by other routes. Di-, tri-, and tetraepoxides containing the glycidic ester 
grouping have also been prepared by epoxidation of the corresponding unsaturated esters with anhydrous peracetic acid. 
The relative merits of these methods for the synthesis of glycidic esters are discussed.

A previous paper in this series described the 
preparation of saturated alcohol esters of a,/3- 
epoxy acids by treatment of the esters of <*,/?- 
unsaturated acids with peracetic acid.1 The present 
paper deals with the synthesis of some special 
types of glycidic esters, many of which are new, 
by methods which include 1) an exchange reaction 
of epoxy esters with alcohols, 2) an extension 
of the previously described peracetic acid epoxida
tion,1 and 3) a combination of methods 1) and 2). 
Structural considerations govern the choice of 
method for the synthesis of a given glycidic ester. 
Other methods for the preparation of glycidic

(1) D. L. MacPeek, P. S. Starcher, and B. Phillips, J .  
A m .  C h em . S o c ., 81, 680 (1959).

esters include the Darzens method2 and the treat
ment of esters of a,/3-unsaturated acids with 
peroxytrifluoroacetic acid.3

Esters of a, /3-epoxy acids may be exchanged with 
alcohols under mild conditions without destruction 
of the oxirane rings. This appears to be a general 
reaction which works with saturated and unsatu
rated alcohols and glycols (Table I). Success with 
the ester exchange reaction depends on carrying it 
out under mild conditions ((30° or below) in the 
presence of aleoholates of the alkali and alkaline

(2 ) M. S. Newman and B. J. Magerlein, O rg a n ic  R e a c tio n s ,  
V, 413 (1949).

(3) W. D. Emmons and A. J. Paga.no, J .  A m .  C h em . S o c ., 
77,89(1955).
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earth metals. Such catalysts actively promote ester 
exchange without causing extensive side reactions 
of the epoxide ring. In contrast, titanium tetra- 
butylate and aluminum isopropylate are not useful 
catalysts, as they do not appear to catalyze the 
exchange reaction except at higher temperatures 
where the epoxide rings are destroyed. Acidic 
catalysts, such as mineral acids, boron trifluoride, 
and aluminum chloride, attack the epoxide ring 
excessively even under mild conditions.

hlanjr of the unsaturated alcohol esters of glycidic 
acids are useful epoxy vinyl monomers.4'5 We have 
found the ester exchange method tc be a hue and 
unambiguous synthetic route to these unsaturated 
esters of glycidic acids (Table I). A saturated al
cohol ester of an «,/3-unsaturated acid is first epoxi- 
dized,1 and the epoxy ester is then exchanged with 
an unsaturated alcohol. This procedure avoids 
several difficulties which are usually encountered 
in epoxidizing an unsaturated alcohol ester of an 
«,/3-unsaturated acid. For instance, mixtures of 
monoepoxides or mixtures of monoepoxide and 
diepoxide may be produced when the epoxidation 
is not sufficiently selective.5 In other cases, where 
the double bond in the alcohol portion is more 
easify epoxidized than the double bond in the 
acid portion of the ester, the double bond in the 
alcohol portion of the ester is selectively epoxidized. 
For example, allvl crotonate, when treated with 
approximately an equimolar amount of peracetic 
acid, yields give idyl crotonate instead of allyl
2,3-epoxybutvrate.5 Although the selective epoxi
dation of allyl 2-ethyl-2-hexenoate to the cor
responding glycidic ester (e.g., allyl 2,3-epoxy-2- 
ethylhexanoate) has been reported,5 this synthesis 
is not general, being confined to those esters (usu
ally allyl or vinyl) in which the double bond in the 
alcohol portion is relatively electron-poor and in 
which the «,0-double bond in the acid portion is 
substituted with electron-donating groups.6

Di- and polvepoxides constitute an important 
class of compounds which have wid2spread use as 
resin intermediates7 and as plasticizers and stabi
lizers for chlorine-containing resins.8 However,

(4) H. C. Stevens and F. E. Kung, U. S. Patent 2,680,109 
(1954).

(5) F. C. Pros.ick, Jr., B. Phillips, and P. S. Starcher, 
J .  A m .  C h em . S o c ., 81, 3350 (1959).

(6) D. Sworn, J .  A m .  C hem . S o c ., 69, 1092 (1947 ).
(7) (a) See especially A. M. Paquin, E p x x y d v e r b in d u n g e n  

und. E p o x y d h a r z e , Springer-Verlag, Berlin, 1958, and 1. 
Skeist, E p o x y  R e s in s , Reinhold Publishing Corp., New 
York, New York, 1958. Some more recent examples include: 
(b) B. Phillips, F. C. Frostick, Jr., C. W. McGary, Jr., and 
C. T. Patrick, Jr., U. S. Patents 2,890,194; 2,890,209; 
2,890,210 (1959). (c) B. Phillips, P. S. Starcher, C. W. 
McGary, Jr., and C. T. Patrick, Jr., U. S. Patents 2,890,195- 
97(1959).

(8 ) (a) R. Van Clove and II. It. Mullins, I ra i. A  E m j.  
C h em ., 50, 873 (1958). (b) F. P. Greenspan and R. J. Gall, 
I n d .  &  E n g . C h em ., 45, 2722 (1953). (c) L. P. Witnauer,
H. B. Knight, W. E. Palm, R. E. Ivoos, W. C. Ault, and D. 
Swern, I n d .  &  E n g . C h e m ., 47, 2304 (1955).

polyepoxides which contain one or more a,¡3- 
epoxyacyloxy groups have been very rare. The only 
diepoxides of which the authors are aware that con
tain the glycidic ester group are those obtained 
from the condensation of aromatic dialdehvdes or 
diketones with «-haloesters9 via the Darzens 
method; e.g., dimethyl 3,3'-p-phenylenebis (2,.3- 
epoxybutyrate). We have used the ester-exchange 
method to prepare diepoxides of a different type 
from those obtained by the Darzens route. This 
method lends itself readily to the preparation of 
diepoxides, either through an intermediate un
saturated glycidic ester or directly by an exchange 
reaction between a glycidic ester and a glycol. 
In some cases the exchange method offers the only 
practical route. For example, treatment of 6- 
methyl-3-cyclohexenemethyl crotonate with per
acetic acid gave 3,4-epoxy-6-methylcyclohexane- 
methyl crotonate,6 but further treatment of the 
monoepoxide resulted only in destruction of most 
of the epoxy function and a very" low yield of diepox
ide (Table II). The preparation of 3,4-epoxy-6- 
methylcyclohexanemethyl 2,3-epoxybutyrate (and 
many other diepoxv esters) can be accomplished 
in much better yield by the following reaction se
quence in which the ester exchange technique is 
used:

O O

CH J'H--=CHC-OCH, CHjC 0 oh>CH3CH -CH C-O CH ,
V

L'H.OH (J
II O

WH, CHjCH CHC—OCH2—% %  CHaC-o-OHV  CHX J
0
II

CH3GH—CHC—OCHo—t N..
'  1  w 1

0  CJW

However, the direct epoxidation method with an
hydrous peracetic acid is superior in those cases 
where there is not too great a disparity in the epoxi
dation rates of the two unsat.urated sites and where 
neither of the resulting oxirane rings is extremely 
sensitive to acetic acid under the conditions re
quired for epoxidation (Table II).

In the special case where all of the oxirane rings 
to be formed are of the glycidic ester type and where 
the olefinie precursors are highl.y resistant to 
epoxidation, the ester exchange method appears 
to be superior to direct epoxidation. Ethylene glycol 
bis(2,3-epoxybutyrate) was prepared in 45% 
yield by exchange of ethylene glycol with ethjd
2,3-epoxybutyrate, while epoxidation of ethylene 
glycol dicrotonate gave only a 29% yield of the 
same diglycidic ester (Tables I and II). Ir. both 
cases the corresponding monoepoxides were also 
formed. However, suitably substituted «,/3-un-

(9) W. Zerweck, W. Kunge, and G. Rolling, German 
Patent 955,947 (1957). C h em . Z e n tr . 128, 6905 (1957).
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saturated esters, sucli as the 2-ethyl-2-hexenoic 
esters of 1,5-pentanediol, Irimethylolpropane, and 
pentaerythritol, afford the corresponding di-, 
tri-, and tetraglycidates in good yield by direct 
epoxidation with anhydrous peracetic acid (Table
II).

EXPERIMENTAL

G enera l p ro c ed u re  fo r  enter exch a n g e . Sodium met ho.xide 
(2-10  mole [ based on epoxy ester) was dissolved in the 
appropriate alcohol (2-10  moles) in a still kettle equipped 
with a condenser maintained at —5°. Then the ester of the 
a , 0-epoxy acid was added and the reaction mixture refluxed 
under reduced pressure, the kettle temperature being kept 
at about 40°. During the period of reflux, the low-boiling 
alcohol was removed from the still head until no more was 
obtained. The kettle residue was then cooled to room tem
perature, the catalyst destroyed with an equivalent of acetic 
acid, and the mixture filtered, if necessary. The products 
were isolated >v fractional distillation. In some cases 
metallic sodium, magnesium alcohólate, or other catalyst 
was substituted for the sodium methoxide. A summary of 
the results is found in Table I.

G enera l p ro ced u re  f o r  e p o x id a tio n . The techniques were 
similar to those, previously described. 1 In the preparation of 
di- or polyepoxides an excess of 25-30% peracetic acid 
solution10 in either ethyl acetate or acetone was used. The 
oxidations were continued until the peracetic acid con
sumption leveled out at its decomposition rate a t the tem
perature employed. The volatile components were removed 
by feeding the reaction mixture dropwise into a kettle con
taining ethylbenzene under reflux at 50° under reduced 
pressure. The solvent, acetic acid, and excess peracetic acid 
were removed continuously at the still head. After removal 
of the excess ethylbenzene the epoxides were purified by 
distillation except in the cases of the trimethylolpropane 
and pentaerythritol esters. In these cases the epoxy esters 
were vacuum stripped, diluted with toluene, washed with 
sodium carbonate solution and water, and dried by vacuum 
stripping. A summary of the results is found in Table II.

South C harleston , W. V a .

( 10 ) 13. Phillips, F. ('. Frnstiek, Jr., and P. S. Starcher 
J . A m .  ( 'h e m . >Soc.. 79, 5082 (1057); sec also B. Phillips, P. S 
Sturdier, and B. I). Ash, J .  Ortj. C he in ., 23, 1823 (1958).

[Contribution  from  Southern  R egional R esearch  L aboratory,1 U nited  States D etartm ent of A g ricu ltu re]

R eaction  o f  E piclilorohydrin  w ith  A m m on ia , A n ilin e , and D ie th a n o la m in e

JOHN B. McKELVEY, BEVERLY G. WEBRE, and RUTH R. 13ENERITO

R ece ived  F e b ru a r y  1, 106 0

The reaction of epiclilorohydrin with ammonia, aniline, and diethanolamine in various reaction media has been investi
gated. The hydrochloride of V,.Y,.Y-tris(3-chloro-2-hydroxypropylfamine and .Y,.Y,.Y-tris(2,3-epoxypropyl)anune have 
been prepared from the crude reaction product of ammonia and epiclilorohydrin in a 1:3 mole ratio in methanol. Formation 
of l,3-dichloro-2-propanol, when ammonia or ammonium chloride and epiclilorohydrin are treated in aqueous medium, has 
been demonstrated. .Y-(3-Chloro-2-hydroxypropyl)aniline, .V-(2,3-epoxypropyl)aiiiline, and V, V-bis(2,3-epoxypropyl)- 
aniline have been isolated. A'-(3-Chlon>-2-hydroxypropyl)-.Y,A'-bis(2-liydroxyothyl)amine has been prepared and it has been 
demonstrated that, this compound slowly forms a quaternary salt, probably by eyelization.

In the synthesis of polyepoxide finishing agents 
for cotton, it became necessary to prepare certain 
iV-substituted amine epoxides. The iY-(3-chloro-2- 
hydroxypropvl) amines, obtained by addition of 
epichlorohvdrin to an amine, were dehydrohalo- 
genated to the respective epoxides. An interesting 
chlorohydroxyamine, Ar,Ar,Ar-tris(3-chloro-2-hy- 
droxypropyl)amine (I), formed by saturating epi- 
ehlorohydrin with ammonia gas at room tempera
ture in a five-day reaction is mentioned by Faucon- 
nier,2 3 4 but no yields are given. In our experience with 
this reaction, one is apt to obtain an alcohol- 
insoluble resin, as it is difficult to know when cpi- 
chlorohydrin is saturated. Other references to the 
action of epiclilorohydrin and ammonia,3-10 are

(1) One of the laboratories of the Southern Utilization 
Research and Development Division, Agricultural Research 
Service, L:. S. Department of Agrii ulture.

(2) A. Fauconnier. C o m p t. ren d ., 107, 115, 250 (1888).
(3) (). Stallman, U. S. Patents 1,977,250-253 (Oct. 16, 

1934).
(4) R. Stahn, U. S. Patent 2,120,513 (June 14, 1938).
(5) R. R. Bottoms, IT. S. Patent 1,985,885 (Jan. 1 , 1935).
(6 ) E. Krumbein, D.D.R. Patent 5,321 (Sept,. 24, 1954).

concerned chiefly with aqueous ammonia, and fre
quently the conditions imposed could scarcely be 
classed as mild. The only compound definitely 
isolated was l,3-diamino-2-propanol in the work by 
Bottoms,5 6 7 * 9 10 11 12 who carried out the reaction in the 
presence of strong alkali. Aqueous solutions of 
ammonium salts, such as ammonium chloride, have 
been reported to react with epiclilorohydrin.11-12 
The kinetics of the reaction were determined, 
but no products were isolated. The action if liquid 
ammonia on epichlorohydrin is not reported in the 
literature. Neither have the present investigators 
been successful in isolating and identifying the

(7) Shell Chemical Corp., N. Y., E p ic .h lo ro h y th  in , Tech
nical Booklet SC: 49-35, 2nd. Ed., 1953. p. 26.

( 8 1 J. II. Daniel, Jr., C. <1. Landes, and J. 1). Pollard, 
U. S. Patents 2,573,956 957 (Nov. 6 , 1951).

(9) L. Rarmstaedter, A n u . ,  148, 119 (1868).
(10) W. 11. Paterson and T. Skei, U. S. Patent 2,648,633 

(Aug. 11, 1953).
(11) II. K. Sen, C. Barat, and P. P. Pal, P ro c . l o t h  I n d ia n  

S e i .  C ongr. 146 (1928).
(12) S. Banerjee and II. K. Sen, .7. I n d ia n  ( 'h e m . S o e ., 9, 

509(1932).
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products between liquid ammonia and epichloro- 
hydrin. When the reaction was carried out in a 
Dewar flask in the presence of excess liquid am
monia, only a small amount of a thick yellow liquid 
whose analysis corresponded to a mixture of the 
mono- and bischlorohydroxyamines was isolated. 
When epichlorohydrin and liquid ammonia in a 
3:1 mole ratio were treated in a bomb, only a brown, 
partially water-soluble resin was formed.

From exploratory experiments, it was known to 
us that 3% aqueous ammonia solubilized epichloro
hydrin in a few hours at 25°. Certain condensation 
products as well as 1,3-dichloro-2-propanol (II), 
ammonium chloride, and possibly I were easily 
extracted from the mixture. It was also observed 
that slow addition of ammonia gas to epichloro
hydrin in dioxane solution caused small quantities 
of ammonium chloride to precipitate. When the 
gas was slowly passed into a petroleum ether solu
tion of epichlorohydrin, a clear, highly viscous 
liquid separated within a few hours. This liquid 
was dehydrohalogenated to yield some N,N,N- 
tris(2,3-epoxypropyl)amine (III). The reaction 
was frequently accompanied by ammonium chlo
ride formation. With these facts in mind, it occurred 
to us that I should be formed if ammonia and 
epichlorohydrin were allowed to react in a mutual 
solvent such as a lower aliphatic alcohol in the 
absence of water. By analogy with the Sturkov 
reaction,13 which is concerned with the reaction 
of epichlorohydrin and aromatic amine hydro
chlorides, it was thought that aqueous ammonium 
chloride should form the desired chlorohydrin.

From aqueous solutions of ammonia or ammo
nium chloride and epichlorohydrin (1:3 mole ratio) 
or methanol-water solutions of ammonium chloride 
and epichlorohydrin (1:4 mole ratio), II could 
always be isolated in 50 to 80% yields from the 
ether extract of the reaction mixture. Attempts to 
isolate chlorohydroxyamines from the extracted 
aqueous layers were unsuccessful. A pasty white 
solid which was soluble in alcohol and water but 
insoluble in acetone or dioxane was obtained. 
Attempts to dehydrohalogenate this solid, which 
contained 5.32% nitrogen, resulted in the forma
tion of a resin which was insoluble in water and 
alcohol. Results of these investigations are similar 
to the experimental results of Claus14 15 with ammonia 
and epichlorohydrin.

Ammonia or amines are said to add to epichloro
hydrin7-13’16 by the following series of reactions: 

O
/  \

R,NH +  CH2—CIICHoCl — >- R 2NCH2CH0HCH 2C1 (1)
R,NCH2CH 0H (TI2C1 +  R-NH — >

1UNCH.CH- CH2 +  RjNH.HCl (2)
\  /

O
RoNCHjCII—CH, — >  R2NOH2CHOHCH2N R2 (3)

where R = H, alkyl Or aryl groups.

To account for the presence of II, it is necessary 
to consider the presence of the amine hydro
chloride. It is well known17 that epichlorohydrin 
undergoes hydrolysis easily in the presence of a 
basic solution to form glycerol and liberate chlo
ride ions. Also, the amine hydrochloride, on hy
drolysis, produces some hydrochloric acid which 
reacts with epichlorohydrin according to the 
following well established reaction:

O
/  \

CH2—CHCH2C1 +  HC1 — >- CH2ClCHOHCH2Cl (4)
II

Removal of the hydrochloric acid by the forma
tion of II leaves the system alkaline. According to 
Eastham,18 the reaction between ammonia and 
ethylene oxide in water can be represented by the 
following equation:

O
/  \

NH3 +  CH2—CH2 -1- H X ------------------------- >
any source of protons

H3N +—CH2—CH2OH 4- X -  (5)

A similar reaction can account for the formation of 
the di- and triethanolamines.

The present work has been concerned largely 
with the reaction of ammonia and epichlorohydrin 
in various solvents in attempts to prepare V- 
(3-chloro-2-hydroxypropyl)amine (IV), and N,N- 
bis(3-chloro-2-hydroxypropyl)amine (V) as well 
as I according to the mechanism of equation (1). 
Compound IV had not been isolated previously, 
but its hydrochloride was reported by Gabriel and 
Ohle19 and Tomita.20 Smith,16* from kinetic studies 
in which the products were not isolated, claimed 
that the main reaction between ammonia and 
epichlorohydrin is the formation of IV, which is 
dehydrohalogenated faster than epichlorohydrin 
to form the amino glycide. Neither compound V nor 
its hydrochloride had been reported previously. 
While V has not been isolated in this work, evidence 
points to its presence in the reaction, because oc
casionally when distilling III, a somewhat lower 
boiling epoxide or polymer has been isolated in 
small quantities. In this investigation, I has not 
been obtained in the crystalline form (m.p. 92- 
93° reported by Faueonnier2) but rather as an 
exceedingly viscous liquid which when stripped

(13) I. T. Strukov, K h im .  F a r m . P r o m ., Xo. 2, 11 (1934); 
through C hetn . A b s tr . 28, 5421 (1934).

(14) A. Claus, A n n . ,  168, 1 (1873).
(15) A. M. Paquin, E p o x y v e r b in d u n q e n  u n it E p o x y h a r z e ,  

Springer, 1958, pp. 183-181S.
(16) (a) L. Smith and T. Nilsson, ./. p r a k t .  C h a n . , 162, 

03 (1943); (b) L. Smith, S. Mattson, and S. Audersson, 
A c ta  U n it '. L u n d e n s is , 42, No. 7, 1-18 (1946).

(17) \Y. J. C. Ross, C lient. F oe., 2257 (1950); H. J. 
Lichtenstein and G. H. Twigg, T r a n s . F a r a d a y  F oe., 44, 
905(1948).

(18) A. M. Eastham, R. de B. Darwent, and P. W. 
Beaubien, C a n . J .  C he tn ., 2 9 , 575 (1951).

(19) S. Gabriel and H. Ohle, B e r ., 5 0 , 819 (1917).
(20) M. Tomita, Z .  p h y s io l. C he tn ., 158, 42 (1920).
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under vacuum gave a clear plastic solid. The analy
sis of the crude material points largely to I con
taminated with V. Compound III was the main 
product on dehydrohalogenution.

The reaction between ammonia and epichloro- 
hydrin appears to take several courses, depending 
on the amount of water present in the system. 
Thus, in absolute ethanol, absolute methanol, or 
petroleum ether, it has been established that I 
has been formed, because the triepoxy derivative
(III) can be prepared from the reaction product, 
and there is no evidence for the formation of II 
as a byproduct. Small amounts of ammonium chlo
ride were present. However, when an aqueous me
dium is used, as in the Strukov reaction, II always 
occurred and could either be extracted from the 
aqueous solution or distilled from the mixture. 
In aqueous medium, about one-third of the epi- 
chlorohydrin was used in forming II and the re
action required three to five days for completion.

A number of investigations have been concerned 
with the aniline-epichlorohydrin reaction,21-24 but 
only in recent years25’26 have relatively mild con
ditions been used. Homer26 prepared N,N-bis- 
(3-chloro-2-hydroxypropyl) aniline (VI) by a modi
fied Strukov reaction,13 which required a reaction 
time of three to five days, and further converted 
the chlorohydrin to Ar,X-bis(2,3-epoxypropyl)- 
aniline (VII). In this investigation, if dioxane were 
substituted for part of the water in the solvent 
medium, the reaction was complete within five 
hours. One objective of the present work was to 
obtain Af-(3-chloro-2-hydroxypropyl) aniline (VIII) 
and W-(2,3-epoxypropyl) aniline (IX), which Homer 
did not report. The only mention of the latter 
compound is in the work of Zetzsche and Aeshli- 
mann23 who isolated a few drops of a liquid having 
the correct nitrogen content from the mixture of 
aniline and epichlorohydrin in toluol, which was 
kept at a high temperature for four days. Accord
ing to Dains,24 aniline and epichlorolrydrin form 
no solid or readily purified derivative under mild 
conditions. In this investigation, when aniline 
(0.2 mole) and epichlorohydrin (0.3 mole) were 
treated in aqueous ethanol at the reflux tempera
ture according to the method of Davies and Savige,25 
a mixture of mono- and bischlorohydrins which 
could not be distilled without decomposition was 
obtained. We have found that the desired chloro
hydrin can be prepared by the reaction of aniline 
and epichlorohydrin with or without solvents. 
When aqueous alcohol is used as the solvent me

(21) A. Fauconnier, C o m p ì. R e n d ., 106, 005 (1888).
122) T. Fukagawa, B e r ., 68B, 1344 (1935).
(23) F. Zetzsche and F. Aeschlimann, H elv . C h in i. A c ta ,  

9,708(1920).
(24) F. B. Dains, R. Q. Brewster, J. S. Blair, and W. C. 

Thompson, J .  A m .  C h em . S o c ., 44, 2037 (1922).
(25) W. Davies and W. E. Savige, . C h em . S o c ., 890 

(1950).
(20) R. F. Homer, J .  C h em . S o c ., 3090 ( 1950)

dium, about a third of the starting material is con
verted to water-soluble quaternary compounds, 
whereas only 5-6% of quaternary compounds is 
obtained when no solvent is used. The evidence for 
compound formation was deduced from the sharp 
increase in viscosity, and decrease in hydrobromic 
acid titration as performed by the Durbetaki 
Method.21 * 23 24 25 27

Little has been reported in regard to the action of 
epichlorohydrin on the three ethanolamines other 
than the work of Pierce and Wotiz28 29 30 31 on diethanol
amine. The latter neither isolated nor characterized 
their reaction products. Exploratory experiments 
showed that mono-, di-, and triethanolamines 
react exothermically with epichlorohydrin. The 
ionic chlorine content of the reaction mixture 
increases with time even when the reaction tem
perature has been kept under 30°. Reactions other 
than those illustrated in Equations 1-5 have been 
reported, especially with secondary amines, where 
some form of cyclization has been encoun
tered.29-31 We have found a similar phenomenon 
in the exceedingly vigorous reaction between di
ethanolamine and epichlorohydrin. It was found 
that initially, the liquid reaction product from the 
diethanolamine-epichlorohydrin reaction is 20- 
25% insoluble in chloroform or dioxane and gels on 
standing. After a week at 25°, practically all the 
reaction product is chloroform insoluble. The change 
is quite rapid if dioxane is the reaction medium or 
if the reaction product is heated in an oven at 70° 
for a few hours. The decrease in solubility in chloro
form has been found to be accompanied by an 
increase in ionic chlorine content and a decrease in 
trivalent nitrogen content caused by a quaterni- 
zation of the desired Ar-(3-chloro-2-hydroxypropyl)- 
amine. Apparently in the reaction of amines and 
epichlorohydrin, a considerable variety of products 
may be obtained by varying temperature, molar 
ratio of reactants, reaction media, and the basicity 
of the amine.32

EXPERIMENTAL

P r e p a r a t io n  o f  c ru d e  N  , N  ,N - tr is (S -c h lo r o -2 -h y d r o x y p r o -  
p y l ) a m in e  (I) f r o m  a m m o n ia  a n d  e p ic h lo r o h y d r in . To 200 
ml. of chilled methanol ( 1 °) in a stoppered flask, ammonia 
gas or liquid ammonia was added until 4.8 g. (0.282 mole) 
were absorbed. Then 78.3 g. (0.846 mole) of Fisher33 reagent

(27) A. J. Durbetaki, A n a l .  C h e m ., 28, 2000 (1956).
(28) J. S. Pierce and J. J. Wotiz, J .  A m .  C h em . S o c ., 6 6 , 

879(1944).
(29) R. Rothstein and K. Binovic, C o m p t. r e n d ., 236, 

1050(1953).
(30) D. L. Heywood and B. Phillips, J .  A m .  C h e m . S o c .,  

80,1257(1958).
(31) N. S. Drozdov and O. M. Cherntzov, J .  G en . C h em . 

( U S S R ) ,  4, 969 (1934); through C h em . A b s tr . , 29, 2148 
(1935).

(32) J. B. McKelvev, Beverly G. Webre, and E. Klein, 
J .  O rg. C h e m ., 24, 614 (1959).

(33) Trade names have been used to identify materials 
used in the work, and such use does not imply encorsement 
or recommendation by the U. S. Department of Agriculture 
over other products not mentioned.
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grade epichlorohydrin (b.p. 114-116°) were added and the 
solution was stirred in a water bath overnight at 26°. After 
16 hr., the odor of ammonia had disappeared. The final 
solution (pH 8 ) did not give a precipitate with silver ni
trate, but in time a brown mirror formed. Volume reduction 
in a rotary evaporator yielded 76.7 g. of a clear, glassy solid 
which did not flow a t 25°. I t  did not crystallize a t Dry Ice 
temperatures nor could it be recrystallized from alcohol or 
dioxane. I t  was not soluble in absolute ether or dioxane, 
but dissolved -when a few milliliters of methanol were added 
to either solvent. No ammonium chloride precipitated 
from its dioxane solution. The product was quite soluble 
in water, 15% sodium hydroxide, and dilute hydrochloric 
acid. I t  was slightly soluble in acetone or methyl ethyl ke
tone. I t  did not form an insoluble picrate or a quaternary 
salt with methyl iodide. The aqueous solution gave a slight 
turbidity with silver nitrate and then a silver mirror.

A n a l .  Calcd. for C9H 18CI3NO3: Cl, 36.15. N, 4.75. Found: 
Cl, 34.84. N, 5.17.

That I  i3 present in the above ammonia-epichlorohydrin 
reaction product may be proved by the precipitation of its 
hydrochloride (X) after the crude reaction mixture is 
treated with excess hydrochloric acid. A 15-25% yield of 
X, (m.p. 175°) could be obtained by recrystallization of the 
solvent-free crude hydrochlorides from ethanol or acetone 
a t Dry Ice temperatures.

A n a l .  Calcd. for C9H 18,C13N03.HC1(X): total Cl, 42.9; 
ionic Cl, 10.73, N, 4.2. Found: total Cl, 42.2; ionic Cl, 
10.86. N, 4.19.

When a 1:1 mole ratio of epichlorohydrin (92.5 g.) and 
ammonia gas (17 g.) was mixed in methanol, a cloudiness 
developed in a few days. At the end of 15 days, ammonia 
could still be detected, and 10.5 g. (0.2 mole) of ammonium 
chloride had precipitated showing the chloride end of the 
epichlorohydrin molecule was attacked. Evaporation of the 
methanol revealed a sticky, white solid which was not in
vestigated.

P r e p a r a t io n  o f  N , N  ,N - tr i s (2 ,8 - e p o x y p r o v y l ) a m in e  (III). 
When 53.4 g. (0.19 mole) of the above mentioned crude 
chlorohydrin formed in methanol was agitated for a 0.5 hr. 
in 150 ml. of dioxane a t 25° with 42 g. o: powdered 87% 
potassium hydroxide (0.64 mole), there was obtained 
after stripping the solvent 37.3 g. (0.2 mole) of a lemon 
colored oil. Substitution of 98% sodium hydroxide for potas
sium hydroxide and lowering of temperature to 1-5° re
sulted in a similar yield of crude oil. When these crude oils 
were distilled a t reduced pressure, they resinified violently, 
after only a small portion had distilled. Dilution of the crude 
oils with anhydrous ether or especially carbon tetrachloride 
caused separation of small amounts of a waxy solid which 
was insoluble in water and common solvents.

A n a l .  Found N, 8.1; Cl, 0.0; ash, 0.0.
The undistilled, but solvent treated epoxides showed 

oxirane oxygen contents of 23%. The purified oils obtained 
by use of potassium hydroxide and sodium hydroxide could 
be distilled to give yields of 30 and 56%, respectively, based 
on the epichlorohydrin.

When 12 g. of the partially purified epoxide was distilled, 
approximately 6 g. of water-white distillate, b.p. 123-124°, 
2 mm., was obtained.

A n a l .  Calcd. for C9H 15NO3 (III): N, 7.6; oxirane oxygen,
25.9. Found: N, 7.4; oxirane oxygen, 25.8; w”  1-4737; d I s
1.1214.

Compound III  was soluble in water, aqueous alkali and 
acids, carbon tetrachloride, and benzene, but was insoluble 
in aliphatic hydrocarbons. Within a few weeks, III  turned 
to a hard brown resin insoluble in common solvents. How
ever, it has been kept in a dessicator over phosphorus pen- 
toxide for several months. Methyl iodide and III  (4:1 mole 
ratio) reacted a t 26° to form a viscous, water-soluble, 
noncrystalline mass.

A n a l .  Calcd. for CioH iSIN 0 3: I, 38.8; oxirane oxygen, 14.7. 
Found: I, 36.9; oxirane oxygen, 12.4.

P r e p a r a t io n  o f  the  h y d ro ch lo rid e  o f  N ,N ,N - tr is { 3 -c h lo r o -2 -

h y d r o x y p r o p y l) a m in e  (X). When III  was dissolved in dry 
ether and gassed with dry hydrogen chloride, a brown viscous 
mass which barely flowed was formed. When a similar ex
periment was conducted in absolute methanol, a thick vis
cous mass was formed after evaporation of the solvent.

A n a l .  Found: N, 4.1; Cl, 36.7.
After long standing, crystals separated from the brown 

viscous mass. Recrystallization from absolute ethanol 
yielded white crystals (X), m.p. 175°; lit.,2 m.p. 173°. Pure 
X  was soluble in methanol.

A n a l .  Calcd. for CsH.sCbNOj.HCl (X): total Cl, 42.9; 
ionic Cl. 10.72. N. 4.2. Found: total Cl, 42.1; ionic Cl, 10.80
N, 4.2.

P r e p a r a t io n  o f  N ,X ,X - tr i s (3 - c h lo r o -2 - h y d r o x y p r o p y l ) a m in e
(I) f r o m  i t s  h yd ro ch lo rid e  (X). When X was treated with 
silver oxide, a light yellow' oil -which solidified within a few 
days was formed. Analysis of the oil by the method of Dur- 
betaki27 indicated a trivalent nitrogen content of 18.2% 
instead of the theoretical 4.75% for I. Hence, silver oxide 
not only reacted with the ionic chlorine of X but also caused 
dehydrohalogenation with the resultant formation of 
epoxide. These results w'ere similar to those obtained by 
Tomita20 with compound IV.

Results of potentiometric titrations of X with sodium 
hydroxide showed that the first rapid reaction was between 
sodium hydroxide and the ionic chloride and hydrogen ions. 
The slower reactions were due to the dehydrohalogenation of 
the chlorohydrins with the resultant formation of epoxides. 
Therefore, an exact equivalent of sodium hydroxide solu
tion was added to an aqueous solution of X, and the resultant 
solution was extracted immediately with chloroform. After 
the chloroform was stripped, a colorless viscous oil was ob
tained. Continued evacuation at 2 mm. resulted in a waxy 
solid which did not flow at room temperature.

A n a l .  Calcd. for C9H18CI3NO3: total Cl, 36.15; ionic Cl,
O. 0; trivalent N, 4.75; total N, 4.75. Found: ionic Cl, 0.60; 
trivalent N, 4.56; total N, 4.38.

F o r m a tio n  o f  1 ,8 -d ic h lo ro -2 -p r o p a n o l ( I I ) f r o m  ep ich loro 
h y d r in . When 92.5 g. epichlorohydrin (1.0 mole) and 5.6 g. 
of ammonia (0.33 mole) were allowed to react in 300 ml. 
of water, the time required for complete solution was 3 days 
a t room temperature with stirring. When the clear, colorless, 
aqueous solution was extracted with ether, 18 g. (0.14 mole) 
of a colorless liquid res died (b.p. 172-174°).

A n a l .  Calcd. for C3H6C120 : Cl, 55.0. Found: Cl, 54.8.
When 5.35 g. (0.1 mole) of ammonium chloride dissolved 

in 150 ml. of water (pH 5) was agitated with 27.7 g. (0.3 
mole) of epichlorohydrin the pH rose to 7-8 in 2.5 hr. The 
epichlorohydrin layer had approximately disappeared in a 
day, and the solution was homogeneous and colorless in 3 
days. The clear liquor which was ether extracted, dried and 
distilled, yielded 11 g. (0.08 mole) of liquid; b.p. 171-173°; 
d l \  1.3513; lit. b.p. 174°; dj°, 1.361.

A n a l .  Calcd. fo rG ttC IO : Cl, 55.0. Found: Cl, 54.6; N, 0.0.
R e in v e s t ig a t io n  o f  th e  S tr u k o v  re a c tio n . When 17.4 g. (0.1 

mole) of p-phenetidine hydrochloride (m.p. 235°) was par
tially dissolved in 150 ml. of water and 27.8 g. (0.3 mole) of 
epichlorohydrin was added, there resulted a yellow, two- 
layer mixture. A cloudiness developed within 2 hr., and a 
deep red to brown-black color developed overnight. After
4.5 days, there resulted a brown oily mass of crystals on the 
bottom of the flask, while the water layer was a deep pink. 
The ether extract of the water layer contained 6.4 g. of a red 
liquid which when distilled 3delded 4.0 g. (0.03 mole) of a 
water-w'hite liquid (b.p. 170-171°).

A n a l .  Calcd. for II: Cl, 55.0. Found: Cl, 54.5.
A carbon tetrachloride extract of the brown insoluble mass 

•yielded 15 g. of a crystalline solid (m.p. 80°).
A n a l .  Calcd. for C2H5OC6H4N(CH2CHOHCH2Cl)2: Cl, 

22.0. Found: Cl, 21.7.
Some unchanged p-phenetidine hydrochloride from the 

ether extracted water layer was also obtained. The reaction 
did not go to completion, and on the basis of the phenetidine,
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a 46% yield of purified AT,Ar-bis(3-chloro-2-hydroxypropyl)p- 
phenetidine was obtained.

P r e p a r a tio n  o f  N - (3 -c h lo r o -2 -h y d r o x y p r o p y l)a n i l in e  (VIII). 
To 9.3 g. (0.1 mole) of Eastman33 White Label aniline was 
added 9.25 g. (0.1 mole) of epichlorohydrin in a stoppered 
flask. After thorough mixing, a 0.1-g. sample of the liquid 
required 12.72 ml. of 0.0856A' hydrobromic acid in glacial 
acetic acid for a Durbetaki22 titration. A like aliquot was 
titrated with only 6.40 ml. of the acid after 90 hr. of reaction 
time. The time of efflux in an Ostwald visrometer was 128.6 
sec. at the start and over 12 hr. after a reaction time of 90 
hr. The reaction mixture was dissolved in ether and washed 
with water four times. After the ether solution was dried 
and stripped, 17 g. of a thick, reddish brown oil was obtained.

A n a l .  Calcd. for C9H12C1N0: Cl, 19.1; N, 7.5. Found: 
Cl, 18.9; N, 7.0.

Attempts to distill the oil a t 2 mm. resulted in decomposi
tion a t 158-160° with formation of a thick, resinous polymer.

P r e p a r a t io n  o f  N -(#,3 - e p o x y p r o p y l )a n i l in e  (IX). To 18.5 
g. of epichlorohydrin (0.2 mole) wras added 18.6 g. of aniline 
(0.2 mole) and the reaction mixture was allowed to stand at 
25° for 5 days in a stoppered flask. The product was ex
tracted with ether, w'ashed with water, dried, and agitated 
with 15 g. of powdered potassium hydroxide for 3 hr. a t 25°. 
After filtration and evaporation of the ether, 28 g. remained. 
On vacuum distillation at 2-3 mm. pressure, 2.3 ml. of a 
compound which proved to be aniline w'as collected a t 56- 
58°, and then the temperature rose to 101-103°. A portion 
of the material resinified in the flask. The fraction collected 
at 101-103° was redistilled and boiled at 99-101° a t 1-2 mm. 
pressure. A 50% yield was obtained. The product was a 
light lemon-colored, almost odorless liquid (d™  1.1042) and 
was insoluble in water.

A n a l .  Calcd. for C9H 11NO: N, £.4; oxirane oxygen, 10.7. 
Found: N, 9.4; oxirane oxygen, 10.8.

P r e p a r a t io n  o f  N ,N -b is { 2 ,3 -e p o x ¿ p r o p y l fa n i l in e  (VII). To 
a mixture of 100 ml. wTater and 85 ml. of dioxane were added
25.9 g. of aniline hydrochloride (0.2 mole) and 37.0 g. of 
epichlorohydrin (0.4 mole). The resulting clear solution de
posited a heavy oil in about 4-5 hours. When the oil was de- 
hydrohalogenated with powdered potassium hydroxide in 
ether, approximately a 50% yield of VII was obtained, 
b.p. 185-187°, 10-12 mm.; lit. b.p. 165°, 1 mm. In contrast 
to IX, VII is reasonably stable.

A n a l .  Calcd. for Ci2H i5N 0 2: N, *3.8; oxirane oxygen, 15.6. 
Found: N, 6.7; oxirane oxygen, 15.4.

P r e p a r a t io n  o f  N - ( 3 -c h lo r o -2 -h y d r o x y p r o p y l)N ,N -b is { 2 -h y -  
d r o x y e th y l)a m in e  (XI). According to the procedure of Pierce 
and Wot.iz28 42 g. (0.4 mole) of diethanolamine (Union 
Carbide Chemicals Company)33 was added to 40 g. (0.44 
mole) of epichlorohydrin, after the individual reactants

had been chilled to 6 °. Agitation in an ice and salt bath 
kept the temperature from rising above 10- 1 1 °, during the 
vigorous initial exothermic reaction. The material wras kept 
a t this temperature for 3 hr., at the end of W'hich time the 
temperature wars increased to 18-20°, and finally, to 26° 
overnight. After evacuation under a bell-jar, the resultant 
clear, slightly viscous liquid was soluble in water (pH 8) 
or methanol, and gave a strong chloride ion test. I t  could 
not be distilled w ithout decomposition a t 2-3 mm. pressure. 
Only partial solubility resulted when it wras mixed with 
chloroform or dioxane. By the Volhard titration, it contained 
2.75% ionizable chlorine (15.5% of the theoretical chlorine 
content).

A n a l .  Calcd. for C7H 16CINO3: total Cl, 18.0; ionizable Cl, 
0.0; N, 7.1; trivalent N, 7.1. Found: total Cl, 18.6; ionizable 
Cl (Volhard), 2.8. N, (Kjeldahl), 6.7; trivalent N (Dur
betaki), 7.1.

When 40 g. of the above product was added to 150 ml. of 
chloroform, approximately 11 -1 2  g. of a turbid liquid sepa
rated. The chloroform soluble product (XI) appeared ini 
tially in good yield (75%).

A n a l .  Found: trivalent N (Durbetaki), 6 .6 .
I t  slowly quaternized on standing. Attempts to dehydro- 

halogenate the chloroform soluble portion of XI with 
powdered caustic only resulted in the formation of a thick, 
water-soluble, liquid polymer w'hich could not be distilled.

The chloroform insoluble liquid was stripped of excess 
solvent and analyzed. Now 77% of the total chlorine was 
ionic, and very little of the nitrogen was in the trivalent 
state. I t  would appear reasonable to believe that the chloro
form insoluble, waxy solid is the dihydrochloride of 2,5-bis- 
(2-hydroxyethylaminylmethyl)-p-dioxane by analogy to 
the work of Heywood and Phillips.29

A n a l .  Calcd. for C14H30N 2CI2O6: ionizable Cl, 18.06; N,
7.1. Found: total Cl, 19.1; ionizable Cl (Volhard), 14.71; N 
(Kjeldahl), 6.4; trivalent N (Durbetaki), 0.6.

The formation and identification of such polymers con
taining quaternary ammonium ions are of interest in the 
preparation of ion exchange celluloses such as “ECH- 
TEOLA” ,34 but are beyond the scope of this investigation.
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(34) E. A. Peterson and H. A. Sober, J .  A m .  C h em . S o c .i
78, 751 (1956).
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O x id a t io n  o f  H in d e r e d  P h e n o ls .  X . E ffe c t 
o f  4 - S u b s t i t u e n t s  u p o n  t h e  B e h a v io r  o f

2 ,6 - D i- t - b u ty lp h c n o x y  R a d ic a ls

C linton  D. C ook  and N iles  D. C ilm our  

R ece ived  J a n u a r y  If, 1 9 6 0

It is now established that the oxidation of tri- 
substituted phenols having bulky ortho substituents 
may produce phenoxy radicals of considerable 
stability.1 As the reactions of such phenoxy 
radicals vary with the para substituent, it was 
of interest to prepare a series of 2,6-di-f-butyl- 
phenols having a variety of substituents in the 4- 
position and to study their behavior in the various 
reactions typical of phenoxy radicals (Equations
1-3).

R R R
I II

Bu Bu

Bu =  ¿-butyl

Specific compounds are designated throughout 
the text by symbols after the number, indicating 
the nature of R. Substituents considered are 
phenyl, triphenylmethyl, benzhydryl, chloro, 
bromo, nitro, cyano, benzoyl, acetyl, a-methoxy- 
ethyl, and 1-butyl.

(1) For leading references see (a) C. I). Cook and B. E.
Norcross, J .  A m .  C h e m . S o c . 81, 1170 (1959); and (b) E.
Muller, A. Shirk, and K. Scheffler, B e r . 92, 474 (1959).

As evidenced by the formation of an intense 
color on oxidation of the appropriate phenols with 
an alkaline ferricyanidc solution and by subsequent 
reactions, the following radicals were of at least 
moderate stability (i.c., capable of existence for at 
least a few minutes at room temperature): II- 
C6H5 (violet), 11- (C el 15) ;{C (green), II-(C6H5)2CH 
(blue), II-CX (blue), II-C JI5CO (blue), II- 
CH3CO (blue), and II-CH(CH,)OCH* (blue) . 2

Radicals II-C6H6, II-(C«H5),C, II-CN, II-C6- 
H5CO, and II-CH3CO underwent reaction with 
oxygen much less readily than does 2,4,6-tri-/- 
butvlphenoxy7 (II-i-CdfR), the rates, as judged by 
loss of radical color, being in the order II-CsIR >
II-(C,H5)s > II-C6H6CO > II-CN. Il-Cflh re
acted with oxygen at not more than one tenth the 
rate of Il-t-Cdl.,, and II-CX at not more than one 
hundredth the rate of II-f-ChHg. Acceptable yields 
of peroxides III-(XII and IV-CcthCO were ob
tained from the corresponding radicals. Radical
II-(C6H6)3C gave an unidentified product which 
either was not a peroxide of type III or IV or which 
had a unique mode of decomposition as it did not 
initiate polymerization of acrylonitrile. The lowered 
reactivity of these radicals toward oxygen may be 
due to the increased opportunities for resonance 
stabilization3 in the cases of II-C6H5, II-CN, and
II-CeHsCO or in part to a lowered electron density 
on the para carbon. In this respect it is interesting 
to note that room temperature treatment of the 
silver salt of tribromophenol with benzene con
taining a trace of iodine, warming the salt with 
benzene, or treatment of 2,4,4,6-tetrabromo-2,5-

(2) Since the completion of this work Müller and co-work
ers have published rather complete descriptions of radicals
Il-Celh,11’ and II-CX3"’3b and have vorv briefly mentioned 
radicals II-iC 6H6)30  and II-CdLCON Radical II-Cf,H, 
was first reported5 in connection with an EMR study but 
its chemistry was not defined at that time. Reactions which 
almost certainly must involve radical II-C0II5 have also been 
reported recently but the radical was not observed directly.6

(3) (a) K. Lev, K. Scheffler, A. Ricker, and E. Muller
Z .  X a lu r fo r s c h . 13b, 460 (1958).

(3) (b) E. Midler, A. Rieker, K. Ley, R. Mayer, and K. 
Scheffler, B er. 92, 2278 (1959).

(4) (a) E. Müller, R. Mayer, and K. Ley, A n jc w .  C h em . 
76,73(1958).

(4) (b) E. Midler, K. Ley, K. Scheffler, and R. Mayer, 
B e r . 91,2682 (1958).

(5) J. E. Wertz, O. F. Koelseh, and J. L. Vivo, J . C h em . 
P h y s . 23, 2194 (1955).

(C) W. R. Hatchard, R. G. Lipscomb, and F. W. Stacy,
J .  A m .  C h em . Soc . 80, 3li3(i (1958).

(7) C. D. Cook and R. (1. Woodworth, A m . C h em . 
S o c . 75,6242 (1953).

(8 ) See G. M. Ooppinger, J .  . lw. ( 'h e m . Soc. 79, 501 
(1957): K. Dimroth, F. Kalk, and G. Neubauer, B e r . 90, 
2058 (1957); and ref. 10.
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cyelohexadiene-l-one with mercury yields a bril
liant blue solution which over a period of an hour 
or so yields a polymeric material.9" 11 (See Jd<js. 4 
and 5.) Saturation of such solutions, which presum
ably contain the 2,4,6-tribromophcnoxy radical, 
with oxygen does not produce a peroxide; nor is 
there any apparent diminution of the intensity of 
the blue color. Apparently the tribromophenoxv 
radical is also relatively unreactive toward oxygen.

The phenoxy radicals II-fCeH^CH and II- 
CH(CH3)OCH3 underwent fairly rapid further 
oxidation either by disproportionation or with 
excess alkaline ferricyanide. Radical II-(C6HB)2CH 
gave the expected111 compound, 2,6-di-£-butyl-4- 
benzhydrylidine-2,5-cyclohexadiene-l-one (see Eq.

Fe(CN),- 3

0

« 7o
(6)

c OH
/ 1 \

C.H, 1 C„H- 
H

I I-(C«H5)2CH

C.H '('Mi.

6), and II-CH(CHs)OCH, gave 2,6-di-i-butyl-4- 
acetylphcnol (I-CII3CO), presumably by way of 
hydration of an intermediate quinonemethide and 
subsequent cleavage of the hemi kctal (Eq. 7). 
Further oxidation of I-CIECO produced a fairly 
stable phenoxy radical, II-CIECO.

Alkaline ferricyanide oxidation of the p-chloro 
(I-Cl) and p-bromo (I-Br) phenols gave dimeric 
products, Y-Cl and V-Br, presumably by way of 
radic als II-C1 and II-Br. 12 rl'he ultraviolet spectrum 
of Y-Cl was almost identical with l.l'-dihvdro- 
3,5,3'5' - tetra - t  - butyl - 2,5,2'5' - biscyclo- 
hexadiene-4,4'-one (V, R = H) produced from 2,6- 
di-f-butylphenol by Kharasch and Joshi.13 Com
pound V-Br was an ill-defined, impure solid which 
evolved bromine on standing at room temperature, 
on warming, or on solution in ethanol, to produce 
the corresponding diphenoquinone (VI). Shaking 
either V-Cl or V-Br with mercury also gave VI. 
In view of the reversibility of the addition of bro
mine to 2,4,6-tri-f-butylphenoxy (II-t-GjHg)7 these 
reactions are not surprising. Müller4 has recently 
prepared the same compounds (V-Cl and V-Br) 
by oxidation of I-Cl and I-Br with II-TC4H9, 
and reports identical behavior.

Oxidation of the p-nitrophenol (I-NOj) with 
alkaline ferricyanide yields directly the dipheno
quinone VI. This result is reminiscent of the loss 
of a carboxyl group on oxidation of 3,5-di-i-butyl-
4-hydroxy benzoic acid.14 The ready reversibility of 
addition of nitrogen dioxide to H-i-CJI97 makes a 
dimer of type: A' a very reasonable intermediate. 
However, all attempts to isolate such a product 
failed.

EXPERIMENTAL

I
o

CHj
II-CH (OH3)OCH -

(9) Unpublished work with John A. Eberwein.
(10) See W. H. Hunter, A. 0 . Olson, and E. A. Daniels, 

J .  A m .  C h e m . S o c . 38, 1761 (1916); W. H. Hunter and G. 
H. Woolett, J .  A m .  C h e m . S o c . 43, 131 (1921).

i l l )  G. Staffin and C. C. Price have obtained similar 
polvmers from 2,6-dimethyl-4-bromophenoxy. R u b b e r  W o r ld  
139, 408 ( 1958). See also A. S. Hays, H. S. Blanchard, G. F. 
Entires. .J. \Y. Kustance, J .  A m .  C h em . S o c . 81, 6335 (1959).

A. P r e p a r a t io n  o f  the  p h e n o ls . Phenols I-CeHs, 15 I-Cl, 16
I-Br, 17 and I-CN17 were prepared by known methods and 
had the properties cited in the original literature. Com
pound I-NO2 was kindly supplied by H. Shapiro of the Ethyl 
Corporation, recrystallized from ethanol, m.p. 153-154°.

8 .6 -  D i-l-bu l!/l-.'r tr ip h e n n lm e th y lp h e n o i (I-(CVH AC). A solu
tion cf 20.6 g. (0.01 mole) of 2,6-di-i-butylphenol and 26.0 g. 
(0.01 mole) of triphenylcarbinol in 75 ml. of glacial acetic 
acid was treated with 5 ml. of coned, sulfuric acid at room 
temperature. After 5 hr. the crystals were filtered, washed 
with water, and recrystallized from ethanol to give 22 g. 
(50%) of colorless crystals, m.p. 179.5-180°; XraaI 284 npi; 
ema* 2650 (cyclohexane).

A n a l .  Calcd. for C^RkO: C, 88.15; H, 8.07. Found: C, 
88.41 :H, 8.09.

3 .6 -  D i- t -b u ly l-4 -d ip h e n y lm e th y lp h e n o l (I-(C6H5)2CH)—. A 
solution of 4.0 g. (0.02 mole) of 2,6-di-f-butylphenol and 3.6

(12) For evidence of the transient existence of a similari 
reactive phenoxy radical, 2,6-di-i-butylphenoxy, see E- 
Müller, K. Ley, and G. Sehlehte, B e r . 91, 2670 (1958).

(13) M. S. Kharasch and B. S. Joshi, J .  O rg. C h em . 22, 
1435,1439(1957).

(14) C. D. Cook, E. S. English, and B. J. Wilson, J .  Org. 
C h em . 23, 755 (1958).

(15) G. H. Stillson, D. W. Sawver, and C. K. Hunt, 
J .  A m .  C h e m . S o c . 67, 303 ( 1945).

(16) H. H art and F. A. Cassis, J .  A m .  C h e m . S o c . 73, 
3179(1951).

(17) L. A. Cohen. J .  Org. C h em . 22, 1333 (1957)
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g. (0.(12 mole) of benzhydrol in 50 ml. of glacial acetic acid 
was treated with 2.5 ml. of coned, sulfuric acid a t room 
temperature. After 3 hr. the resulting crystals were filtered, 
washed with water, and recrystallized from n-hexane to 
give 7.5 g. (~100% ) of colorless crystals, m.p. 134-134.5°,

284 m/n; era;.„ 2980.
2 .6 -  D i-b u ty l-A -b e n zo y lp h e n o l (I-C6H5CO)—. Aluminum 

chloride, 13.3 g. (0.1 mole), was added to 40 ml. (0.43 mole) 
of freshly distilled benzoyl chloride and the flask swirled 
until complex formation seemed to be complete. Using an 
ice bath to keep the temperature below 25°, 20.6 g. (0.1 
mole) of 2,6-di-'-butylphenol was slowly added. The mixture 
was allowed to stand for an hour in an ice bath, then taken 
up in benzene, and washed with 4M  sodium hydroxide. 
Evaporation of the benzene and recrystallization from 
petroleum ether (b.p. 90-120°) gave 17 g. (559c) of white 
crystals, m.p. 124-125°. A mixture melting point with an 
authentic specimen18 gave no depression.

2 .6 -  D i- t-b u ly t-4 -a c e ty lp h e n o l (I-CH3CO)—. At 0°, 3.5 g. 
(0.25 mole) of aluminum chloride was added to 25 ml. of 
acetyl chloride and, when solution was complete, 4.12 g. 
> 0.02 mole) of 2,6-di-f-butylphenol was slowly added. After 
45 minutes the mixture was poured into diluted hydrochloric 
acid containing cracked ice and then extracted with n -  
iiexane. Evaporation of the excess hexane gave 3.2 g. (70%) 
of white crystals, m.p. 145-148°, recrystallized from n -  
hexane, m.p. 147-148°.

A n a l .  Calcd. for C16H2J0 2: C, 77.37; H, 9.74; MW, 248.35; 
Found: C, 77.39; H, 9.87; MW, 255 (cryoscopic, benzene).

2 .6 -  D i.- l-b u ly l-4 -(a -m e lh o x y e th y l)p h e n o l (I - C H ( C H f) O C H 3) 
was prepared by the addition of methanol to 2,6-di-i-butyl- 
4-ethylidene-2,5-cyclohexadiene-l-one according to the 
method of Cook and Norcross.1 *“ The material was ob
tained in essentially quantitative yields, m.p. 105-105.5° 
after recrystallization from acetonitrile-ivater solutions.

A n a l .  Calcd. for Ci7H280 2: C, 77.22; H, 10.62; MW, 
264.39; Found: C, 77.56; H, 10.18; MW, 261 (cryoscopic, 
benzene).

B. P r e p a r a t io n  o f  p e r o x id e s . The peroxides were prepared 
by oxidizing the phenols with a twofold excess of alkaline 
potassium ferricyanide solution in oxygen-saturated ben
zene.7

B is ( l,B -d i- t-b u ty l-3 -b e n z o y l-2 ,4 -c y c lo h e x a d ie n e -6 -o n e ) p e r 
o x id e  (IV-CeH.CO)—■. Two grams of I-CeHjCO gave 0.22 
g. (8%) of the above peroxide, m.p. 132-134° dec. after re- 
crystallization from ethyl acetate.

A n a l .  Calcd. for C^HUOe: C. 77.51; H, 7.74. Found: 
C. 77.70; H, 7.68.

The ultraviolet spectrum X„BX 262 m,u, cmax 23,000; 
km»* 317 m/i, 6max 5000 (cyclohexane) indicates that this 
peroxide has the structure IV-C6H 5CO. 19 When 0.1% of the 
peroxide was added to acrylonitrile and the solution -warmed 
to 70° under a nitrogen atmosphere, polymer started to pre
cipitate within 2 min.

B is (S ,B -d i- t-b u ty l-1  - p h e n y l-2 ,B -c y c b h e x a d ie n e -4 -o n e ) p e r
o x id e  (III-iCeHshC)—. Oxidation of 2 g. of I-CsHs for 8 
hr. gave 1.8 g. (87%) of light yellow crystals, m.p. 145-147° 
dec. after recrystallization from acetonitrile; reported,lb 
m.p. 146-148° dec.

C. P r e p a r a t io n  o f  d im e r s . A mixture of 10 g. of potassium 
ferricyanide, 2 g. of potassium hydroxide, 75 ml. of water, 
and 50 ml. of benzene w7as placed in a flask and flushed 
with oxygen-free nitrogen. A solution of 0.01 to 0.02 mole 
of the appropriate phenol (I-Cl, I-Br, I-N 02) in 25 ml. of 
benzene was rapidly added and the mixture vigorously 
stirred for 2 to 5 min. The solutions were separated and the 
benzene layer cried and taken to dryness in a rotary vacuum 
drier.

l ,l '-D ic h ilo r o -3 ,B ,8 'S '- te tr a - l-b u ty l-b is -2 ,2 ' ,6 ,3 '-cyc lo h exa -

(18) T. H. Coffield, A. H. Filbey, G. C. Ecke, and A. J. 
Kolka, J .  A m .  C h em . S o c . 79, 5023 (1957).

(19) A. F. Bickel and E. C. Kooyman, J .  C h em . S o c . 3211
(1953).

d ie n e -4 ,4 '-o n e  (V'-Cl)—. Oxidation of 2.6 g. (0.01 mole) 
of I-Cl as above gave 2.09 g. (77%) of the above dimer 
V-Cl, recrystallized from ethyl acetate to m.p. 148.5- 
150°; reported, 12 m.p. 150-151°; Xrn„x 242 m^, ems, 16,600 
(cyclohexane).20

A n a l .  Calcd. for C2,H „0 2C12: C, 70.13; H, 8.41; Cl, 14.79; 
MW, 479.51; Found: C, 70.48; H, 8.49; Cl, 14.75; MW, 482 
(cryoscopic, benzene). Attempted recrystallization from 
ethanol or shaking a benzene solution with mercury gave 
quantitative yields of diphenoquinone (VI) as identified by 
comparison of ultraviolet spectra and mixture melting 
points with an authentic specimen.11

Oxidation of 2.85 g. (0.01 mole) of I-Br as above gave 2.3 
g. (81%) of impure yellow crystals -which decomposed over a 
wide temperature range ( 110 ° up) and which decomposed 
on standing, on solution in polar solvents, or on shaking in 
benzene with mercury to give the diphenoquinone VI. The 
material showed an ultraviolet max a t 242 m p , emal = 
~25,000 and gave a molecular weight (cryoscopic, benzene) 
of 538. Calculated for V-Br, 570.6.

Very rapid oxidation of I-NOj with limiting amounts of 
ferricyanide gave only the diphenoquinone VI and unchanged 
I-NO-. Use of excess ferricyanide led to quantitative vields 
of VI.

D. O ther o x id a tio n s . 2 ,6 -D i- t-b iity l-4 -b e n zh y d r y lid in e -2 ,B -  
c y c lo h e x a d ie n e -l-o n e—. A solution of 3 g. (0.08 mole) of 
I-(C„H6)2CH in 25 ml. of benzene was stirred with 20 g. 
(0.06 mole) of potassium ferricyanide and 10 g. (0.25 mole) 
of sodium hydroxide in 100 ml. water. The solution turned 
brilliant blue and gradually faded to deep orange. Removal 
of the benzene and recrystallization of the residue gave 2.6 
g. (87%) of orange crystals, m.p. 178.5-179°, Xm»* 261 m/i. 
fmfli 16,700 (cyclohexane).

A n a l .  Calcd. for CnlBoO: C, 87.30; H, 8.15. Found: C, 
87.40; H, 8.10.

O x id a tio n  o f  2 ,6 -d i-t-b u ty l-4 -m e th y lm e th o x y m e th y lp h e n o l  
( I - C H ( C H f) O C H f)  to  2 ,6 -d i- t-b u ty l-4 -a c e ty lp h e n o l (/- 
C H A C O )—. A solution of 730 mg. (0.0027 mole) of I-CH- 
(CH3)OCH3 in 20 ml. benzene was oxidized with a solution 
of 5 g. (0.011 mole) potassium ferricyanide and 1 g. (0.025 
mole) of sodium hydroxide in 25 ml. of water. The layers were 
separated and the benzene layer was washed with water 
and dried over sodium sulfate. After removal of the benzene 
140 mg. (20%) of product was obtained, m.p. 144-147°. 
Mixed melting point and infrared spectrum showed the 
sample to be identical with I-CH3CO.

Acknowledgment. The authors gratefully ack
nowledge support for this work from the National 
Science Foundation.

D epa rtm en t  of Chem istry
U n iversity  of Verm ont
B urlington , Vt .

(20) Reported for V, R = H, X^* 242 m p ,  £mal =  15,000 
ref. 13.

H e x a c h lo r o a c e to n e  a s  a  N o v e l S o u rc e  o f  
D ic h lo r o c a r b e n e

P ankaja  K . K adaba and J ohn  O. E dwards 

R ece ived  F e b ru a r y  8 , 196 0

Edwards, Evans, and Watson1 carried out an 
electrometric study on dilute aqueous solutions of

(1) E. G. Edwards, D. P. Evans, and H. B. Watson, J .
C h e m . S o c ., 1942 (1937).
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halogenated ketones and discovered the presence 
of halide ions in the solutions and of chloroform in 
solutions of hexachloroacetone. They explained 
these observations as resulting from, not the ioni
zation of ketones, as was thought earlier,2 but from 
hydrolyses of two types: an alkyl halide type 1, in 
the case of mono- and dihalogenated ketones, and 
a haloform type 11, in the case of polyhalogenated 
ketones containing the —CX3 group, which 
involves attack upon the carbonyl carbon. The

O 0

R— C—CHoX +  HoO R—C—CHoOH +  HX. . . (1)

R—C—CX3 +  H20  — ^  R—C—OH +  CH X ,........  (2)

electron attractive character of the halogen atoms
0

II
in R—C—CX3 render the carbonyl group highly 
reactive towards nucleophiles, thereby enabling the 
—CX3 to break away with the electron pair by 
which it was originally linked to the carbonyl 
carbon. They found this reaction to be prominent 
in ketones which have three halogens linked to the 
same carbon atom, and in hexachloroacetone 
the carbonyl group is so activated that this change 
occurs to the almost complete exclusion of reaction 
1 .

From the results of these authors, hexachloro
acetone would be expected to yield dichlorocarbene 
in a nonprotonic medium in the presence of a base 
like sodium methoxide. Further, the methyl tri- 
chloroacetate3 formed in the first step would then 
react with more methoxide to yield more dichloro
carbene in a similar manner. Thus, for every mole

O

C13C—C—CC13 +  c h 3c r  —
o
I!

C13C—C—OCII3 +  :CC12 +  C l-

o

C13C— C—OCH3 +  CH.,0- — >-
o

CH30 —b — OCH3 +  :CC12 +  Cl~

of hexachloroacetone, there could result two moles 
of dichlorocarbene.

The carbene hypothesis has been tested here by 
the introduction of carbene acceptors and has in
deed been found to be the case. Experiments have 
been carried out using three acceptors. In the first 
case, a mixture of benzalaniline in dry petroleum

(2) H. B. Watson and E, D. Yates, J .  Chern . S o c ., 1214 
(1932).

(3) W. E. Parham and E. E, Schweizer, J .  O rg. C h e m ., 24, 
1733 (1959).

ether containing sodium methoxide was treated 
with hexachloroacetone and the adduct (1,2- 
diphenyl-3,3-dichloroethylenimine) was obtained 
as the sole reaction product in 61% yield. Our 
product had the same melting point reported by 
Fields and Sandri4 5 and underwent rearrangement 
to the a-chloro-a-phenylacetanilide. In the second 
case, a mixture of cyclohexene and sodium meth
oxide in petroleum ether was treated with hexa- 
chlorcacetone to yield the expected 7,7-dichloro- 
bicyclo[4.1.0]hcptane (dichloronorearane) in 43% 
yield based on olefin. There was also obtained a 
stable, colorless, crystalline solid (10% yield based 
on hexachloroacetone). Similar results were ob
tained with 2-methyl-2-butene, the latter also 
yielding (in addition to l,l-dichloro-2,2,3-trimethyl- 
cyclopropane) the same crystalline compound. The 
solid melted at 86-87° and contained chlorine. 
It was insoluble in water but dissolved readily in 
bases and underwent fast hydrolysis in basic 
solutions. The solid showed no precipitation with 
alcoholic silver nitrate and gave a positive carbyl- 
amine test. Its infrared spectrum showed a strong 
absorption at 3525 cm.-1 and a weak band at 3225 
c m r1 Analysis gave C, 13.98%; H, 0.93% and Cl, 
79.65%. All of the above observations are in agree
ment with the expected behavior of hexachloroiso- 
propyl alcohol; this compound had been synthesized 
by Geiger, et. al.s but its chemical properties were 
not investigated by them. The strongly acidic 
nature of the hydroxyl group of this compound is 
explained as due to the presence of two strong 
electron withdrawing groups on the carbon atom 
to which the hydroxyl group is attached.

The reduction of hexachloroacetone to form 
hexachloroisopropyl alcohol occurred exclusively in 
the reactions wherein olefins were present. This 
indicated that either the olefin itself, or its dichloro
carbene adduct, is involved in the reduction. How
ever, a mixture of dichloronorearane and hexa
chloroacetone in dry petroleum ether containing 
sodium methoxide. under conditions identical 
with earlier experiments, failed to yield the alcohol. 
Also, no reduction was observed (either by isola
tion or by infrared analysis) when an excess of 
cyclohexene was treated with hexachloroacetone 
in the absence of sodium methoxide. The reaction is 
highly interesting and further investigations should 
be carried out on the chemistry of this reduction.

The yields obtained with hexachloroacetone as 
carbene source were not as large as with ethyl tri- 
chloroacetate3 as carbene source. However, hexa
chloroacetone certainly is a dichlorocarbene source 
of ready availability at low price and might be 
desirable as a source of dichlorocarbene for large 
scale preparations.

(4) E. K. Fields and J. M. Sandri, C h e m . &  I n d .  { L o n d o n ) ,  
1216 (1959).

(5) M. Geiger, E. Usteri, and Ch. Granacher, H elv . C h em . 
A c ta ., 34, 1335 (1951).
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EXPERIMENTAL

1,2 - D i  p h e n y l-3 ,3 -d ic h lo ro e th  y len  ¡m in e  Hexachloroacetone 
(97%, technical grade, Baker and Adams) (20 g., 0.1 mole), 
was added with stirring under dry nitrogen, over 1 hr. to 
a mixture of commercial sodium methoxide (5.1 g., 0.1 mole) 
(Matheson, Coleman, and Bell) and benzalaniline6 (!) g., 
0.05 mole) in dry petroleum ether (b.p. 37-39°) (200 
ml., treated to remove any unsaturation present), cooled 
in an ice bath. Stirring was continued for 5-6 hr. 
under nitrogen, with the reaction mixture cooled in ice and 
water. The flask was then stoppered and kept overnight. 
It was then filtered and the residue separately treated with 
water, to remove inorganic materials; the desired product 
remained, 5 g., m.p. 05-08°. From the petroleum ether 
solution was obtained another 3 g. of product, m.p. 95-08° 
(total yield, 61%). Careful crystallization of a sample from 
petroleum ether gave creamy white crystals, m.p. 98-99° 
(reported, 1 2 m.p. 98-99°), identical with the product ob
tained by using ethyltriehloroacetate3 in place of hoxa- 
chloroacetone.

The compound has a characteristic unpleasant odor and 
precipitates silver chloride from an alcoholic solution of 
silver nitrate. It undergoes rearrangement in water; the 
reaction is very slow at room temperature but is complete 
in 30 min. at 100°, to give a-chloro-o-phenvlacetanilide in 
quantitative yields. The amide was crystallized from 
acetone-petroleum ether mixture to give colorless crystals, 
m.p. 148-149° (reported, 1 m.p. 146-148°).

7 ,7 -D ic h lo ro b ic y c lo \4 .1 .0 ]h e p ta n e  ( d ic h lo ro n o rc a ra n e ). The 
reaction was carried out in essentially the same manner as 
before. I t was then poured into cold water, extracted with 
ether, the ether extracts dried over anhydrous sodium 
sulphate, and concentrated. The residue was distilled 
through a short fractionating column and the dichloro- 
norcarane collected at 78-70.5°/15 mm. (reported7 b.p. 
78-79°/15 mm.).

A n a l .  Calcd. for C7H,0C12: C, 50.0; H, 0. 1 ; Cl, 43.0. 
Found: C, 50.80; H, 5.95; Cl, 43.23.

The oily residue left behind in the distillation flask, on 
cooling solidified to give hexachloroisopropyl alcohol which 
crystallized from hexane to give colorless, stout crystals, 
m.p. 86-87° (reported5 m.p. 87-87.5°).

A n a l .  Calcd. for C3H2OCl6: C, 13.50; H, 0.76; C'l, 7!).75. 
Found: C, 13.08; H, 0.93; Cl, 79.65.

Four experiments with variation in reactant concentra
tions gave yields of dichloronorcarane ranging from 34 to 
43%. Yields of hexachloroisopropyl alcohol varied from 3%, 
to 10%; the higher values were obtained with short reaction 
times and with equimolar amounts of hexachloroacetone 
and sodium methoxide.

1 ,l-D ic h lo ro -& ,2 ,3 -tr im e th y lc y c lo p ro p a n e . Hexachloroace
tone (53.0 g., 0.2 mole) was added with stirring over 1.5 
hr. under dry nitrogen, to a cold mixture of sodium meth
oxide (10.8 g., 0.2 mole) and 2-methyl-2-butene (150 ml., 
excess). The mixture was stirred for 3.5 hr. and worked up 
in the same manner as above. Fractional distillation yielded 
the product (b.p. 144°)7 mixed with small amounts of 
methvltrichloroacetate (b.p. 154°). The ester was de
stroyed by refluxing with a 15% aqueous solution of potas
sium hydroxide (50 ml.) for 15 min., and 1,1-dichloro-
2,2,3-trimethvlcyclopropane distilled at 69.5°/55 mm., 
yield 7 g. (23%), (reported7 b.p. 69-70°/55 mm.).

A n a l .  Calcd. for CYHi0CI2: C, 47.1; H, 6.6 ; Cl, 46.3. 
Found: C, 46.93; H, 6.66; Cl, 46.60.

From the residue was obtained hexachloroisopropyl 
alcohol, 4.0 g., m.p. 86-87°, identical in properties with 
that obtained in the reaction using cyclohexene.

R e a c tio n  m ed ia . After the above data were obtained, 
Dr. Francis T. Smyth found that more consistent yields

(6) O rg. S y n th e s e s , Coll. Vol. I, 80 (1941).
(7) W. von E. Doering and A. K. Hoffmann, J .  A m .  C h em . 

S o c .. 76, 6162 (1954).

could be obtained if 5 ml. of methanol were added to the 
petroleum ether solvent.

Acknowledgment. The authors are grateful to 
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M e t c a l f  C h e m i c a l  L a b o r a t o r i e s  

B r o w n  U n i v e r s i t y  
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Hexachloroacetone as a Source 
of Diehlorocarbene

F. W. G r a n t  a n d  W. B. C a s s i e  

F e b ru a r y  I S ,  1H60

Since the original observation of Doering and 
Hoffman1 that cyclopropane derivatives are formed 
by the reaction of chloroform, olefins, and potas
sium (-butoxide, a number of attempts have been 
made to increase the efficiency of this conversion 
by varying the base2,3 and the chlorinated species.3 
Recently, Parham and Schweizer3 have developed 
an elegant procedure based on ethyl trichloro- 
acetate as the progenitor of the diehlorocarbene 
intermediate in this reaction. Yields of cyelo- 
hexene adduct of up to 79%, based on triehloro- 
acetate, were obtained using sodium methoxide 
as the base.

The reaction of sodium methoxide with hexa
chloroacetone presents a mechanistically similar 
situation where the latter reagent has the ad
vantage of offering two equivalents of dichloro- 
carbene per molecule. Preliminary experiments

o r -
ChCCOCCL — :CC12 +  CP +  CffCCOOR

o r -
ChCCOOR — >■ :CC12 +  CP +  CO(OR)2

carried out with cyclohexene as the carbene ac
ceptor have resulted in a 59% yield of 2,2-di- 
chlorobicyclo[4.1.0]heptane based on the indi
cated stoichiometry.

EXPERIMENTAL4

2 ,2 -D ic h lo ro b ir y c lo \4 .1 .0 ]h e p ta n e . Sodium (5.75 g., 0.25 g.- 
atoms) was added in portions to 30 ml. of anhydrous 
methanol. Excess methanol was removed by heating and 
flushing with dry nitrogen. Hexachloroacetone5 (26.5 g., 0.10 
mole) was added dropwise with stirring to a mixture of the 
sodium methoxide and 82.0 g. ( 1.0 mole) of cyclohexene at 
0-5°. Stirring was continued for 5 hr. a t this temperature

(1) W. von E. Doering and A. K. Hoffman, J .  A m .  
C h e m . S o c ., 76, 6162 (1954).

(2) H. E. Winberg, J .  O rg. C h e m ., 24, 264 (1959).
(3) W. E. Parham and E. E. Schweizer, J .  O rg. C h e m ., 24, 

1733 (1959).
(4) Boiling points are uncorrected.
(5) We wish to thank the General Chemical Division of 

Allied Chemical Corporation for a sample of this material.
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and for 10 hr, a t 25°. Water was added and the organic layer 
separated, dried, and distilled. A 19.5-g. (59%) yield of 
product, b.p. S5-87°/22 mm., was obtained and charac
terized by comparison of the infrared spectrum with that of 
an authentic sample. 1

Acknowledgment. We wish to thank Prof. E. R. 
Trumbull of Colgate University for making avail
able the infrared spectrophotometer.
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Chromic Acid Oxidation of Cyclohexanols 
to Cyclohexanones

A l l e n  S. H u s s e y  a n d  R o b e r t  H .  B a k e r

R ece ived  F e b r u a r y  2 2 , 1 9 6 0

Having invested several hours in the preparation 
of 4-ethylcyclohexanol,1 we were reluctant to carry 
out the time-honored oxidation with Beckmann’s 
chromic acid" by the usual procedure.3 This pro
cedure involves the addition of the alcohol in 
portions,3 or all at once,4 to the chromic acid solu
tion and the yields are realatively low (SO-70%1’4).

By reducing the considerable excess of sodium 
dichromate commonly used3 to 20% more than the 
stoichiometric amount, using the stoichiometric 
quantity of sulfuric acid, and adding these reagents 
in aqueous solution to a warm slurry of 4-ethylcyclo
hexanol in water, the yield of 4-ethylcyclohexanone 
was increased from 70-75% ! to 90%. A similar 
procedure increased the yield of 2-methylcyclo- 
hexanone from 50-60%5 to 80% and of menthone, 
from 85%3 to 94%.

Infrared spectra indicate the once-distilled prod
ucts to be somewhat less contaminated by unoxi
dized alcohol than they are when prepared by the 
usual procedure,4’6 and the method has the distinct 
advantage that it can be used safely to oxidize 
secondary alcohols in several mole batches. Con
siderable saving of oxidizing agent is also realized.

It seems quite reasonable to ascribe the improved 
yield of product to the excess of alcohol over oxidiz
ing agent during the reaction as carried out by this 
procedure. The carboxylic acid oxidation products, 
which result from secondary oxidation of the ketone, 
seldom amount to more than 4-5% of the product.

This procedure is a modification of that developed 
by Jones and co-workers6 wherein acetone solutions 
of unsaturated secondary alcohols maintained below 
30° are titrated with standard chromic acid solu

(1 ) W. Ziegenbein, A. Schaeffler, and R. Kaufhold, 
H er., 88, 1906 (1955).

(2) E. Beckmann, A n n . ,  250, 325 (1889).
(3) L. T. Sandborn, O rg. S y n th e s e s , Coll. Vol. I, 340

(1941).
(4) E. Knoevenagel, A n n . ,  297, 175 (1897).
(5) A. S. Hussey and R. H. Baker, Unpublished observa

tions.

tion. (2.67M in chromium trioxide, 4.3M in sul
furic- acid). The latter procedure is the preferred one 
for alcohols with other easily oxidized functions or 
for small scale preparations.

E X PER IM EN TA L

4 -E th y lc y c lo h e x a n o n e . A solution of 120 g. (0.400 mole, 
20% excess) of sodium dichromate dihydrate ar.d 135 g. 
(1.33 mole) of 96% sulfuric acid in 500 ml. of water was 
added over 40 min. to a well stirred slurry of 128.0 g. (1.00 
mole ) of 4-ethylcyclohexanol1 and 200 ml. of water in a 2-1. 
3-neck flask fitted with a dropping funnel, condenser, and 
mechanical stirrer. The mixture became greenish-black 
within the first 2 min. and the temperature rose from 30° to 
68° during the addition of the first half of the oxidizing 
agent. Immediately after the addition of the reagent was 
complete, the temperature began to fall and in 25 min. was 
a t 55°. The mixture was cooled, extracted twice with 400 
ml. of 3:1 ether-pentane and the extracts were washed 
several times with -water. The dried extracts furnislied 113.6 
g. (90%) of 4-ethylcyclohexanone which distilled a t 109- 
112°, 50 mm. ( n aDs 1.4533) and 4.9 g. of alkali-soluble residue. 
An infrared spectrum of the product (12% chloroform) 
showed no hydroxyl absorption at, 2.7-3.0 y .

2 -M e th y lc y d o h e x a n o n e . By a similar treatment, 114.0 g. 
(1.00 mole) of 2-methylcyclohexanol and 200 ml. of water 
gave 89.3 g. (80%) of 2-methylcyclohexanone (b.p. 104- 
107° at 116 mm.; n 2D3 1.4473) when 120.0 g. of sodium di
chromate dihydrate and 135 g. of sulfuric acid '96%) in 
500 ml. of water were added over 45 min. The temperature 
rose to 60“ and stirring was continued for 20 min. after the 
addition was complete. A highly purified sample prepared 
earlier by the alternate procedure3 had n 2,3 1.4472.

l-M e n th o n e . (-Menthol (101.7 g., 0.652 mole) and 200 ml. 
of wrater were similarly treated, but at an initial temperature 
of 60°, with 77.7 g. (0.261 mole) of sodium dichromate 
dihydrate and 88.9 g. (0.870 mole) of 96% sulfuric acid in 
400 ml. of water to give 94.0 g. (94%) of ¿-menthone, b.p.
116-119° at 41 mm.; 1.4490; [a]2J  -28 .9° (a 2J  -25.6°, 
neat). The addition of oxidizing agent required 40 min. 
during which time the temperature was maintained at 65 to 
72° by external heat. The mixture w-as stirred for 40 min. 
additional time and then was cooled and worked up in the 
usual way. By the alternate procedure the yield is 82-85%.3

D e p a r t m e n t  o f  C h e m i s t r y

N o r t h w e s t e r n  U n i v e r s i t y

E v a n s t o n , III .

(6) K. Bowden, J. M. Heilbron, E. R. H. Jones, and B. C. 
L. Weedon, J .  C h em . S o c ., 39 (1946); E. R. H. Jones et a t., 
J .  C h em . S o c ., 457, 2548, 3019 (1953). See also C. Djerassi, 
R. R. Engle, and A. Bowers, J .  O rg. C h e m ., 21, 1547 (1956).

A Difficulty Encountered in the Use of 
Methyltriphenylphosphonium Iodide in 

the Wittig Reaction

C a r o l  H .  C o l l i n s 1 a n d  G e o r g e  S. H a m m o n d 2

R ece ived  F e b ru a r y  2 4 , I 9 6 0

In connection with another study, we have at
tempted to prepare methylenecyclopentane from

(1) Present address: University of Wisconsin, Madison, 
Wisconsin.

(2) Present address: California Institute of Technology, 
Pasadena, California.
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cyclopentanone by means of the Wittig reaction. 
Descriptions of procedures generally indicate that 
any methyltriphenylphosphonium halide may be 
used to prepare the desired triphenylphosphine- 
methylene. The halide is usually the bromide,3 
although the chloride has also been used.4 We have 
experienced considerable difficulty in the use of 
the iodide. Four attempts were made, following 
the procedure of Sondheimer and Mechonlan,5 
but using triphenylmethylphosphonium iodide (pre
pared from triphenylphosphine and methyl iodide, 
m.p. 179-180°) instead of the bromide. When 
attempts were made to filter or centrifuge the 
precipitate, presumed to be triphenylphosphine 
oxide, after the completion of the reaction of the 
reagent with cyclopentanone, a dark green semi
solid formed on contact with air or moisture. This 
interfered with the separation. As a final product, 
only a rather viscous, dark colored liquid, which 
showed no olefinic or methylenic bands in an in
frared spectrum, could be isolated from the tetra- 
hydrofuran solution.

It is felt that this difficulty is due to the pres
ence of some iodine containing byproduct, as sub
stitution of methyltriphenylphosphonium bromide 
in the reaction sequence allows the preparation of 
the desired methylenecyclopentane.

C h e m i s t r y  D e p a r t m e n t

I o w a  S t a t e  U n i v e r s i t y

A m e s ,  I o w a

(3) See the references listed in the following reviews: 
(a) U. Schollkopf, A n g e w . C h e m ., 71, 260 (1959); (b) J. 
Levisalles, B u l l .  S o c . c h im . (F r a n c e ) , 1021 (1958); (c) G. 
Wittig, E x p e r ie n l ia , 12 , 41 (1956).

(4) G. Wittig and U. Haag, C h e m . B e r ., 88, 1654 (1955).
(5) F. Sondheimer and R. Mechonlan, ./. A m .  C h em . 

S o c ., 79,5029 (1957).

Preparation of Ferrocene from Anhydrous and 
Hydrated Ferrous Chloride in Alcohol

W i l l i a m  F. L i t t l e , R o b e r t  C .  I v o e s t l e r , 

a n d  R o b e r t  E i s e n t h a l

R ece ived  F e b r u a r y  8 , 1 0 6 0

Two convenient laboratory preparations of 
ferrocene in high yields have been reported.1 
In the original report of the preparation of ferro
cene from anhydrous ferrous chloride and cyclo- 
pentadiene in anhydrous aliphatic amine solvents,2 
it was mentioned that low yields of ferrocene could 
be obtained with ferrous chloride, cyclopentadiene, 
and sodium methoxide. Lindstrom and Barusch3 
reported that ferrocene can be conveniently pre
pared in 43% yield from cyclopentadiene, anhy

(1) G. Wilkinson, O rg. S y n th e s e s ,  3 6 ,31 (1956).
(2) L. Birmingham, D. Seyferth, and G. Wilkinson, 

J .  A m . C h em . S o c ., 7 6 , 4179 (1954).

drous ferrous chloride, and sodium ethoxide in 
ethanol. We wish to submit an experimental pro
cedure for this preparation leading to 90% yield 
of ferrocene. Since the starting materials are identi
cal in our preparation and that of Lindstrom and 
Barusch, the principal differences in the two pro
cedures lie in the order of addition of reactants, 
our use of a 10% excess of base, and a longer re
action time in our preparation. Excess base was 
found crucial in the observation that commercial 
hydrated ferrous chloride can also be used in the 
preparation with a sacrifice in yield:

CSH10 +  FeCl2-4H20  +  NaOC2H5 ----------J- C,0H,nFe
CiHiOH

When iron (II) chloride-4-hydrate is used, the 
addition of slightly more than six moles of sodium 
ethoxide per mole of ferrous chloride is necessary, 
and yields up to 30% can be realized. Attempts to 
remove the hydration water by azeotropic distil
lation (added benzene) of part of the alcohol from 
the solution of ferrous chloride prior to the addition 
of base did not improve the results. Use of potas
sium hydroxide as the base in place of sodium 
ethoxide failed to yield any ferrocene.

Commercial anhydrous ferrous sulfate gave no 
ferrocene by this method, presumably due to the 
insolubility of ferrous sulfate in alcohol.

EX PER IM EN TA L

U se o f  a n h y d r o u s  fe r r o u s  ch loride . To a suspension of 1 
mole of ferrous chloride in 400 ml. of dry tetrahydrofurau, 
prepared in the usual manner1 from 108 g. of anhydrous 
ferric chloride and 30 g. of iron powder, was added under 
nitrogen a solution of sodium ethoxide, prepared by dis
solving 50.5 g. (2.2 moles) of sodium in 800 ml. of absolute 
ethanol. A blue-green precipitate was formed, and to the 
thick slurry was added with stirring 132 g. (2.0 moles) of 
freshly distilled cyclopentadiene in one portion. After about 
10 min. the slurry had taken on an orange hue ami the tem
perature had risen to 45°. The mixture was stirred for 3 
hr. without heat. At the end of this time crystals of ferrocene 
had precipitated, and 200 ml. of water was added slowly, 
followed by the addition of 0.5 g. of sodium hydrosulfite 
and sufficient dilute hydrochloric acid to reduce the small 
amount of the blue ferrocinium ion formed. Addition of 2 1. 
of water completed the precipitation of the ferrocene, which 
was collected by filtration. The crude product was recrys
tallized from a mixture of 1 1. of petroleum ether (b.p. 90- 
100°) and about 200 ml. of methylene chloride to yield 138 
g. of ferrocene, m.p. 174.5-175.5°, and an additional 29.5 g. 
melting a t 172-174° from evaporation of the mother liquor. 
The total yield of ferrocene from this procedure was 90%.

U se o f  h y d ra te d  fe r r o u s  ch loride . A solution of 19.9 g. (0.1 
mole) of iron(II) chloride-4-hydrate in 300 ml. of absolute 
ethanol was prepared and de-oxygenated with nitrogen 
introduced under the surface of the solution through a 
fritted disk. A small amount of iron powder was added to 
reduce any ferric ions present. The mixture was allowed to 
reflux for an hour and was cooled to room temperature. At 
the end of the reflux period the solution had turned from

(3) (a) M. E. Barusch and E. G. Lindstrom, U. S. Patent
2,834,796, May 13 (1958); C h e m . A b s lr . , 52, 16360 (1958); 
(b) E. G. Lindstrom and M. E. Barusch, Abstracts of the
131st Meeting of the American Chemical Society, Miami, 
Fla.. April7-12,1957.
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green to colorless. To this solution was added with stirring 
a solution formed by adding 14.9 g. of sodium (0.65 mole) to 
500 ml. of absolute ethanol. A greyish white precipitate 
was formed immediately, and to the slurry was added at 
once 13.2 g. (0.2 mole) of cyolopontadioiie. The mixture was 
stirred at room temperature for 3 hr. and was thru brought 
to reflux for 3 hr. The volume of the solution, filtered 
through asbestos, was reduced to 300 ml., and 1700 ml. of 
water was added. The ferrocene precipitated and after 
drying weighed 5.6 g. for 30% yield melting a t i 69-172°.

A c k n o w le d g m e n t .  The authors would like to thank 
the American Enka Company and the R. J. 
Reynolds Tobacco Company for fellowships (1959- 
GO) held by Eisenthal and Koestlcr respectively.

T h e  V e n a b l e  C h e m i c a l  L a b o r a t o r i e s  

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 o r t h  C a r o l i n a  

C h a p e l  H i l l ,  X .  C .

Potassium Hydroxide as a Catalyst for the 
Condensation of Propiolic Acid or 

Propiolic Esters with Ketones

E l m e r  K .  l ì  a l m o  a n d  L o n s  P. R e m s b e r c i , J r . 1

R ece ived  J a n u a r y  I S ,  11)60

In previous communications’ 3 we have reported 
that sodamide in liquid ammonia will bring about 
the condensation of ethyl propiolate with various 
cyclic ketones to yield either acetylenic carbinols
(1) or esters of substituted acrylic acids (II), de
pending upon the ketone used.

NaNH>, then
H—C = C —C< H »CTL H-----(D-< > ---------------->

| I I+andH-0
OH
I

—C—C = C —COOCsH*

—1 —-O XaNHs, then
1 1 —c= c—C< H ¡CJU + ------------s-

— ( ;— ]I H + andH iO

—C= 0  

- c -
Í

C H =C H —COOCîH6 
II

the condensation of both propiolic acid and of 
ethyl propiolate with certain ketones. It was found 
that propiolic acid will add to cyclohexanone in the 
presence of a solution of potassium hydroxide in 
aqueous alcohol to yield the acetylenic carbinol.

Furthermore, a suspension of powdered potas
sium hydroxide in ether brought about, the conden
sation of ethyl propiolate with ctndohexanone in as 
high yields as were obtained using sodamide in 
liquid ammonia as the condensing agent.2 Likewise, 
a suspension of powdered potassium hydroxide in 
ether brought about the condensation of the acyclic 
ketone, diethyl ketone, with ethyl propiolate. In 
this case the product was isolated as the crystal
line 4-ethyl-4-hydroxy-2-hexynoic acid (III).

H—(.'=( '—COOC jH... 
+

C2H, C = ( ' - C 0 0 C 2H5/
(■

C 2H s—C—C -H s \ KO,b thcn / \
Â  ‘ \H+ and H20 C T L  OH
u  \  . X  ,

CjH,, c ^ c —COOH
C , H S / C H ,

.< CH: ,
CsH5N0 - ( ’= 0  » ¡/it y

VI /  " ^ O H
, (UH,

n h , / h 2o  - l n

CjH5 CHj—CH2—CONHj C2H5

N :

c 2h , o h  c 2h - oh

VII V

IV

NH./H20

r
c = c - c o n h 2

This acid was further characterized through its 
crystalline amide (V) which was prepared through 
the ester (IV). The structure of the acid was estab
lished by conversion through the lactone (VI) to the 
amide (VII) of the known 4-hydroxy-4-ethylhexa- 
noic acid. An authentic sample of this amide was 
obtained from the lactone which was prepared by 
the procedure of Hepworth.6

In the case of the diethyl ketone and ethyl pro
piolate, powdered potassium hydroxide in ether 
gave as good a yield of III, as did sodium hydride in 
ether. No identifiable condensation product was ob
tained when the condensation was attempted with 
sodamide in liquid ammonia as the condensing 
agent.

EXPERIMENTAL

The ability of potassium hydroxide to bring 
about analogous condensations of acetylene with 
ketones is well known.4 * This fact prompted us to 
try potassium hydroxide as a condensing agent for

(1) Taken in part from the master’s degree thesis of Louis 
1’. Remsherg, Jr., June, 1956.

(2) \Y. E. Bachmann and E. K. Raunio, J .  A m .  C h em . 
S o c ., 72,2530(1950).

(3) W. E. Bachmann, G. I. Fujimoto, and E. K. Raunio, 
./. A m .  C h e m . S o r ., 72, 2533 (1950).

(4) Louis F. Fieser and Mary Fieser, O rg a n ic  C h e m is try ,
third edition, D. C. Heath and Co., Boston, 1956, p. 91.

C o n d e n sa tio n  o f  p ro p io lic  a c id  w ith  c y c lo h e x a n o n e . A solu
tion containing 25 g. (0.36 mole) of propiolic acid, 38 g. 
(0.39 mole) of cyclohexanone, 35 g. (0.52 mole, based on 
85Vc purity) of potassium hydroxide, 5 ml. of water, and 100 
ml. of ethanol was allowed to stand at room temperature for 
2 days. The solution was refluxed for 10 min., cooled, di
luted with 250 ml. of water, and was washed with three 
portions of ether (washings discarded). The aqueous layer 
was acidified with sulfuric acid and was extracted with three 
35-ml. portions of ether. Removal of the ether under re
duced pressure left 50 g. of acidic material from which 18 
g. of /3(l-hydroxycyelohexane)propiolic acid crystallized

(5) H. Hepworth, ./. ( 'h e m . S o c .. 115, 1207 (1919).
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upon standing. A  recrystallized sample melted at 1 *22 
124.5°; reported for % l-hydro.xyovelohexane)propiolic acid: 
125°,612 3 -12 6 °.1 2

C o n d e n s a t i o n  o f  e t h y l  p r o p i o l a t c  w i t h  c y c l o h e x a n o n e  a n d  

w i t h  d i e t h y l  k e t o n e .  T he following procedure was used to 
condense both cyclohexanone and diethyl ketone w ith ethyl 
propiolatc. A  solution containing 5.0 g. (0.05 mole) of ethyl 
propiolate and 5.0 g. (0.05 mole) of cyclohexanone was 
added to a suspension of 4 g. of powdered potassium  h y
droxide in 50 m l. of ether. T he m ixture was shaken fre
quently over a period of 1 hr. and was then poured into cold 
water. N eu tral m aterial was rem oved by ether extraction; 
the solution was acidified and extracted w ith three small 
portions of ether. A fter rem oving the ether from the extract, 
the residue was k ep t under a current of air until it crystal
lized. A  2.77-g. sam ple of /3( t-hydroxycyclohexane)propiolic 
acid (m .p. 123-126 ° after recrystallization  from benzene- 
alcohol) was obtained.

T he same procedure was used to condense ethyl propiolate 
(40 g.) w ith diethyl ketone (35 g.). 4-H ydroxy-4-ethyl-2- 
hexynoic acid ( II I)  was obtained in 2 2 %  yield, m .p. (after 
repeated recrystallizations from  carbon tetrachloride)
79.5-80°.

A n a l .  Calcd. for C 8H r>()3: C, 61.52; H, 7.75. Found: 
C, 61.60; H, 7.57. T h e same product was obtained in a 19 %  
yield when sodium hydride was substituted for the p o tas
sium hydroxide.

A m i d e  o f  f - h y i r o x y - f - e t h y l - 2 - h e x y n o i c  a c i d .  A  sample of 
4-hydroxy-4-ethyl-2-hexynoic acid was esterified b y  re
fluxing w ith absolute alcohol containing a little  coned, sul
furic acid. The ester distilled a t 136-139°, 14.5 mm. Upon 
standing for several days w ith a saturated am m onia solu
tion, the ester was converted into the crystalline am ide; 
m.p. 107.8-108.3° after recrvstallization  from  chloroform.

A n a l .  Calcd. for C 8H I3()jN : C, 61.93; H, 8.44. Found: 
C, 61.79; H, 8.64.

A m i d e  o f  f - h y d r o x y - f - e l h y l h e x a n o i c  a c i d .  4-H ydroxy-4- 
ethylhexynoic acid (1.35 g.) in 40 ml. of ethanol was shaken 
with 0.05 g. of platinum  oxide under hydrogen (35 p.s.i.) 
until absorption of hydrogen ceased. A fter rem oval of the 
alcohol from  the filtered solution, the lactone of 4-hydro.xy- 
4-ethylhexanoic acid was purified b y  distillation, b.p.,
10 5-110 °, 12 mm. T his lactone was allowed to stand with 
frequent shaking w ith a saturated solution of am m onia in 
water. T h e amide of 4-hydroxy-4-ethylhexanoic acid gradu
a lly  crystallized from  the solution, m.p., 120 -121°, after 
recrystallization from  chloroform.

A n a l .  Calcd. for C 8H 17OoN: C, 60.36; H, 10.76. Found: 
C, 60.57; H, 10.71.

There was no depression in m elting point when this amide 
was mixed w ith  an authentic sample of the amide (prepared 
from the lactone of 4-hydroxy-4-ethylhexanoic acid which 
in turn was prepared b y  the m ethod of H epw orth .5

D e p a r t m e n t  o f  P h y s i c a l  S c i e n c e s

U n i v e r s i t y  o f  I d a h o

M o sco w , I d a h o

(6) L. J. H avnes and E. R . II. Jones, J .  C h e m .  S o c . ,  503
(1946).

Ketal versus Ilem iketal Formation 
for Cyclohexanone and Methanol

D . G . K ubler1 and L. E. Sayeioney2

R ece ived  D ecem b er 15, 19 5 9

We have found, in agreement with Loret.te, 
Howard, and Brown,3 4 that ketal formation occurs

to a significant extent for cyclohexanone and 
methanol. Lorette et a l. have shown also that, in 
general, ketal formation from ketones and alcohols 
occurs to a significant extent under the proper 
conditions. Our investigation was started because 
of the obvious discrepancy between the work of 
McCoy et a.l . f  who also observed ketal formation 
for these reactants, and of Wheeler,5 who concluded 
that hemiketal formation is the predominant re
action even at mole ratios as high as 100:1 of 
methanol to cyclohexanone.

The approximate equilibrium constant has been 
determined for ketal formation from cyclohexanone 
and methanol at three mole ratio levels. The values 
of K x were calculated from mole fractions, with the 
concentrations of all of the constituents having 
been determined by chemical analysis. The results 
are shown in Section I of Table I. It is thus seen 
that Kx is reasonably constant over a rather large 
mole ratio range.

The yields of ketal, based on chemical analysis 
are 28, 59, and 71% for the 2:1, 8:1, and 15:1 
mole ratio mixtures, respectively. These yields are 
considerably less than those previously reported 
by (McCoy et aid  but are in line with the yield 
(4G%) obtained by Lorette et aid  for a 4:1 mole 
ratio.

The reaction mixtures, which had been analyzed 
chemically were then diluted in 1,4-dioxane and 
the concentrations of cyclohexanone were de
termined by means of the ultraviolet spectrum (car
bonyl absorption). In a similar manner, the 
analyzed mixtures were diluted in (-butyl alcohol 
and these solutions were analyzed for cyclohexanone 
by means of the ultraviolet and the infrared spectra. 
The concentrations of the other constituents of the 
equilibrium were calculated on the basis of the con
centrations of cyclohexanone and the stoichiometry 
for ketal formation. The values of Kx (mole frac
tion) are shown in Table I-B (ultraviolet dioxane), 
Table I-C (ultraviolet ¿-butyl alcohol) and Table
I-D (infrared - t - butyl alcohol). The values of 
K,„ (molarities) are also shown and are seen to vary 
by a factor of 10 to 20 as the mole ratio was changed 
from 15:1 to 2:1.

On the basis of these results we conclude that 
ketal formation is the predominant reaction whether 
the reaction is conducted neat or in an inert solvent 
and Kx is approximately 0.15 at 27° ±5. The re
sults by spectral analysis appear to be somewhat 
less reliable than the results by chemical analysis

(1)  A uthor to  whom inquiries should be addressed. Pres
ent address: H am pden-Sydney College, H am pden-Sydney, 
Vn. F orm erly w ith Union Carbide Chem icals C om pany, 
] livision of Union Carbide Corporation.

(2) D evelopm ent D epartm ent, Union C arbide C hem icals 
C om pany, South Charleston, \V. V a.

(3) N. U. Lorette, W . L. H oward, and J. H. Brow n, Jr., 
J .  Org. C h e m . ,  24, 1731 (1959).

(4) It. E . M cC o y, A . E . B aker, and It. S. G ohlke, Org. 
C h e m . ,  2 2 ,1 1 7 5 (1 9 5 7 ).

(5) O. H. W heeler, ./. A m .  C h e m .  S o c . ,  79, 4191 (1957).
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but dearly are of the same order of magnitude. 
The value of Kx is 0.19 calculated from the 46% 
yield for a 4:1 mole ratio under the conditions used 
by Lorette et al.3

We have concluded also that hemiketal existence 
is negligible for this system. This is based upon the 
fact that we obtained essentially the same values of 
Kx for the reaction by chemical analysis and by 
spectral analysis. The chemical analysis for ketone 
cannot distinguish between ketone and hemiketal 
(that is aldehydes and ketones are quantitatively 
determined by oximation in neutral or basic alco
holic solutions). However, the determination of 
carbonyl absorption in either the ultraviolet or in
frared regions of the spectra should not include 
hemiketal or hydrated carbonyl.6 Therefore, the 
combination of chemical analysis of neat reaction 
mixtures and spectral analysis for carbonyl in 
inert solvents should be an excellent method to 
determine the extent of hemiacetal formation in 
the presence of acetal for those systems where both 
equilibria occur to significant extents. We are in
vestigating currently the effects of structure of the 
carbonyl reactant on the mechanism of this reaction 
which leads to hemiacetal and acetal in some cases 
and to acetal only in other cases.

We can only conjecture the reasons as to why 
Wheeler failed to detect ketal formation. First 
and foremost it would appear that in some manner 
his dioxane solutions became contaminated with 
an appreciable amount of water after having been 
dried and before the measurements were made. 
If we assume for the purposes of calculation that 
the Kx value we obtained is correct, then Wheeler’s 
solutions must have contained approximately 0.5% 
water (0.25.1/). With this assumption Kt was cal
culated for the concentration range he used.7 
The average value of Kx was found to be about 0.14 
and was fairly constant over the range.

Calculation of the equilibrium constants for 
acetal formation should be made on the basis of 
mole fractions and not molarities. Little is known 
of the activity coefficients of the equilibrium consti
tuents6 and the reaction is of the general type,

A  + 2 B  C +  D

for which there is a net decrease in the total number 
of molecules. Therefore,

(6) N. C. Melchior, J .  A m .  Ch em . S o c ., 71, 3051 (1949).
(7) K x  values were calculated for ketal formation based 

on the data for the eight runs shown in Table I of Wheeler’s 
article5 and assuming the dioxane was 0.25M  in water. The 
values, from top to bottom, were 0.150, 0.160, 0.161, 0.116, 
0.125, 0.136, 0.135, 0.131.

(8 ) S. Glasstone, T e x tb o o k  o f  1‘hysic.aI C h e m is tr y . 2nd
ed., 1). Van Nostrand Co., Inc., New York, 1956, p. 822.

where nA = moles A, etc., N = total moles, and 
Km = K  for molar concentrations and is volume
(F) dependent.8 It follows that

K x = K „  ^  (2)

Since Kx appears to remain constant for this 
system and N  is a variable while V is essentially a 
constant for the reaction conducted in a solvent, 
then Km must vary inversely with A7.9 However, 
we must point out that we did not include the moles 
of solvent in our Kx calculations. In an approximate 
calculation of Kx including the moles of solvent 
for the data of Table I-B, Kx varied from about 
6 to 1 to 0.4 as the mole ratio was varied from 2: l 
to 8:1 to 15:1. However, the solutions were be
coming much more concentrated in this same order 
and Kx is seen to be approaching the value for the 
neat reactions. Because of this and because we 
wanted to compare Kx for the neat reaction mix
tures with those for the solvent mixtures we have 
not included the moles of solvent in our calcu
lations.

To verify further that ketal formation occurred 
under the conditions similar to those used by 
Wheeler, a solution of dioxane was prepared which 
was ‘¿AM  in methanol, 0.144/ in cyclohexanone, 
and 0.14/ in hydrochloric acid. After allowing 
several hours at room temperature for the mixture 
to equilibrate the acid was neutralized and the 
mixture was distilled. A fraction was obtained which 
contained 71.5% 1,1-dimethoxycyclohexane and 
24.1% cyclohexanone and represented a 62% 
yield of t he ketal.

Wheeler has applied the ultraviolet method to 
the determination of the ring size of ketones based 
on the extents of hemiketal formation.10 This 
method would appear to be quite valid except that 
it is based upon ketal formation and not hemiketal 
formation.

EX PE R IM E N T A L 11

P u r i f ic a t io n  o f  rea g en ts  a n d  so lv en ts . Commercial cyclo
hexanone was purified by fractional distillation a t 50 mm. 
A series of mid-fractions was collected for which the boiling 
point was 73° and had ?%“ 1.4498 over the range. 
This material was 98.3% pure by chemical analysis (oxima
tion) and no impurities could be detected by mass spec
trometry.

The methanol was AAA grade and was 99.4% pure by 
chemical analysis (phthalation) and contained a maximum 
of 0.03% water (Karl Fischer reagent).

(9) We are indebted to Dr. O. D. Bonner of the Univer
sity of South Carolina for pointing out this relationship to 
us.

(10) O. H. Wheeler and J. L. Mateos, A n a l .  C h e m ., 
29,538(1957).

i l l )  We wish to thank Mr. R. G. Lowther for help in 
conducting many of these experiments.
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A sample of 1,1-dimethoxycyclohexane was prepared as 
described by McCoj* et a l.;*  n \ 'j  1.4395; purity, 99.8% 
(oximation).

The dioxanc was purified by treatment with sodium boro- 
hydride to remove peroxides, followed by distillation which 
provided a material which contained negligible absorption 
over the range of 250 to 850 mg. The distillate was then 
redistilled from lithium aluminum hydride to remove last 
traces of water. This solvent was not satisfactory for use in 
the infrared work because it showed some absorption in the 
carbonyl region ¡5.8 m) which was not removed by either 
the sodium borohydride or lithium aluminum hydride 
treatment.

i-But.yl alcohol was purified by distillation and was found 
to be free of carbonyl absorption in both the infrared and 
ultraviolet region of the spectrum. This material contained 
less than 0.01% water (Karl Fischer).

C h e m ic a l a n a ly s e s . The determinations of the equilibrium 
concentrations for the neat mixtures were made by the fol
lowing methods from Siggia:12 total carbonyl, as cyclohexa
none and 1,1-dimethoxycyclohexar.e, by the hydroxylamine 
method (1 hr. reaction time in a steam bath); cyclohexanone 
by the hydroxylamine-pyridine method (1 hr. reaction time 
at 27° ± 5°); methanol by the phthalic anhydride-pyridine 
method (5 min. reaction time in a steam bath) and water 
by the Karl Fischer reagent.

To check the validity of these methods, a synthetic mix
ture of all components including the catalyst was made hav
ing near the equilibrium concentrations for a 2 :1  mole ratio 
mixture (set up for K x — 0.172). The value of K x based on 
the analyses of the mixture was 0.157 which compares very 
well with the values shown in Table I-A. A further check of 
the methods is furnished by the results shown in Table I-A. 
In all three cases the total analysis is essentially 100% 
and the moles of ketal per 100 g. of mixture is essentially 
equal to the moles of water per 100 g. of mixture.

The values of K z  are considered to be only approximate 
inasmuch as the samples were not maintained a t a constant 
temperature. In all cases, however, room temperature was 
27° ±5°.

S p e c tr a l  a n a ly s e s . The ultraviolet measurements were 
made using a Carey Model 11 spectrophotometer. The 
solutions were run with either dioxanc or ¡-butyl alcohol, as 
appropriate, in the comparison cell. Solutions of cy
clohexanone in dioxane (Xmax = 287 mg; « = 15.77) 
and ¿-butyl alcohol (Amal = 28-1 mg, e =  15.74) followed 
Beer’s law over the concentrations checked in the ultra
violet.

The infrared measurements were made using a Perkin- 
Elmer Model 21 spectrophotometer. The samples were run 
in a 0.079 mm. sodium chloride cell and ¿-butyl alcohol was 
used as a blank. Because these solutions did not follow Beer’s

law, a curve was constructed for log j  versu s  the concentra
tion of cyclohexanone in ¿-butyl alcohol. The values used 

(for Xm„x = 5.83 M) were: log j  =  0.071, 0.136, 0.230, 0.332
for corresponding values of molaritv of 0.0205, 0.0407, 
0.0710,0.104.

The solutions which were analyzed spectrally were made 
from the neat reaction mixtures of Table I-A with the 
appropriate solvent. The concentrations used are shown 
in Tables I-B, I-C, and I-D. The solutions were analyzed for 
cyclohexanone content and rechecked after about an hour—• 
no variations were noted.

T h e  D e v e l o p m e n t  D e p a r t m e n t  

U n i o n  C a r b i d e  C h e m i c a l s  C o m p a n y  

S o u t h  C h a r l e s t o n , W. Va.

(12) S. Siggia, Q u a n tita tiv e  O rg a n ic  A n a ly s i s  v ia  F u n c t io n a l  
G ro u p s, 2nd ed., John Wiley and Sons, Inc., New York, 1957.

Cyanocarbon Chemistry. XVI.1
1,1,2,2-Tetracyanocyclopropane

R. M. S c r i b n e r , G. N. S a u s e n ,  a n d  W. W. P r i c h a r d

R ece ived  F e b ru a r y  12 , 1 9 6 0

In the course of studies in the field of cyano- 
carbon chemistry, we have developed four inde
pendent syntheses of 1,1,2,2-tetracyanocyclopro- 
pane (I). Whereas 3-alkyl- and 3,3-dialkyl-l, 1,2,2- 
tetraeyanocyclopropanes have been prepared by 
earlier workers,2’3 synthesis of the simplest member 
of the series has not been reported previously.

1,1,3,3-Tetracyanopropane4 was brominated by 
A'-bromosuccinimide in acetonitrile to give an 89- 
93% yield of an unstable dibromo derivative, prob
ably l,3-dibromo-l,l,3,3-tetracyanopropane (II). 
Addbion of a solution of this compound in acetone 
to aqueous potassium iodide gave a 78% yield of 
the cyclopropane I. A smaller yield (28%) of I was 
obtained by reaction of an ethyl acetate solution 
of the dibromo compound with aqueous potassium 
cyanide. Proof of the structure of I is based on 
elemental analysis, molecular weight measurements, 
and infrared and proton-magnetic resonance spec
tral analyses.

(XC'sC----- C(CX '2 BrC(CN)2CH2C(CN)2Br
\  /

CH,
I II

Addition of ethereal diazomethane to a solution 
of tetracyanoethylene5 in tetrahydrofuran was ac
companied by a vigorous evolution of nitrogen 
and precipitation of I, isolated in 38% yield after 
recrystallization. It is of interest that treatment of 
ethjd diazoacetate with tetracyanoethylene gave 
neither a cyclopropane nor a pyrazoline. Instead 
there was obtained an unstable compound, Cio- 
H6N60 2, that spectral evidence indicated may have 
been a 4-ethoxyearbonyl-5-tricyanovinyl-l,2,3-tri-

(1) Paper XV, C. L. Dickenson, J .  A m .  C h em . S o c ., in 
press.

(2) S. Wideqvist ( A r k i v  K e m i ,  M in e r a l .  G eo l., B20, No. 
4, 8 pp. (1945); C h em . A b s tr . , 41, 1621 (1947) reports the 
preparation of 3-alkyl- and 3,3-dialkyl-l,1,2,2-tetrac,yano- 
cyclopropanes by the reaction of bromomalononitrile and 
potassium iodide with aldehydes or ketones. The method 
was unsuccessful when applied to the synthesis of I from 
formaldehyde. Cf. also S. Wideqvist, A r k iv  K e m i ,  M in e r a l .  
G eol., :4B, No. 37, 13 pp. (1941); C h em . A b s tr . ,  3 6 ,79 (1942).

(3) R. P. Mariella and A. J. Roth, III [J . O rg. C h e m ., 22, 
1130 (1957)] report the syntheses of 3-allyl-l,l,2,2-tetra- 
cyanocyclopropanes by the action of bromine on alkvlidene 
hisfmalononitriles).

(4) O. Diels and B. Conn, H er., 56, 2076 (1923).
(5) T. L. Cairns, R. A. Carboni, D. D. Coffman, V. A. 

Engelhardt, R. E. Heckert, E. L. Little, E. G. McGeer, B. 
C. McKusick, W. J. Middleton, It. M. Scribner, C. W. Theo
bald, and H. E. Winberg, ■]. Am. C hem . S o c ., SO, 2775
(1958).
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azole,6 formed by addition of the diazoacetic ester 
to a carbonitrile group of the tetracyanoethylene.

The third synthesis of I was carried out by modi
fication of a published procedure2 for the prepara
tion of 3-alkyl-l,l,2,2-tetracyanocyclopropanes by 
the action of bromomalononitrile and potassium 
iodide on aldehydes. Use of aqueous formaldehyde 
in this reaction gave a 68% yield of I.

The most convenient preparation of I (in 85% 
yield) consisted of adding bromine water to an 
aqueous solution of malononitrile and formalde
hyde in the presence of a trace of /3-alanine.

Evidence for the delocalization of the electrons 
of cyclopropane ring systems7 made it of interest 
to determine whether the hydrogen atoms of I 
were activated by the carbonitrile groups to such 
a degree that they would undergo reaction com
monly associated with “active methylene” com
pounds. However, I was recovered unchanged after 
treatment with bromine in carbon tetrachloride, 
.V-bromosuccin;mide in boiling acetonitrile, selen
ium dioxide in boiling dioxane, hot sulfuryl chlo
ride (with and without benzoyl peroxide added), 
and diazotized m-chloroaniline. Like the 3-alkyl- 
and 3,3-dialkyl-l,l,2,2-tetracyanocyclopropanes re
ported by Wideqvist,2 1 was soluble in 1.1/ sodium 
hydroxide, presumably by saponification of one or 
more of its carbonitrile groups.

EXPERIMENTAL

1 ,3 - D ib r o m o - l ,1 ,3 ,3 - te tra c y a n o p r o p a n e  II). A solution of 
10.0 g. (0.07 mole) of 1,1,3, S-tetraiyanopro]>ane1 (m.p. 
133-135°) in 140 ml. of acetonitrile was stirred under an 
atmosphere of nit rogen while 24.8 g. (0.14 mole) of A:-bromo- 
suceinimide was added in small portions over a period of 15 
min. The orange solution was stirred overnight at room 
temperature and solvent was removed under reduced pres
sure (25°) to give a white solid. After trituration with suc
cessive portions of water and drying a t reduced pressure, the 
solid weighed 19.1 g. (91% yield) and melted at 124-129° 
dec. This compound was sensitive toward heat and efforts 
to purify it caused decomposition.

A n a l .  Caled. for CVlTBroX.,: Br, 52.94. Found: Br,
51.45.

1 ,1 ,2 ,2 -T e tra c y a n o c y c lo p ro p a n e  (I). M e th o d  A .  A solution 
of 3.0 g. (0.01 mole) of l,3-dibromo-l,l,2,2-tetracyanopro- 
pane (II) in 10 ml. of ethyl acetate was added dropwise 
with vigorous stirring over a period of 35 min. to a solution 
of 1.37 g. (0.21 mole) of potassium cyanide in 4 ml. of water 
maintained a t —12° to —20°. The solution was stirred for 
an additional 40 min. while the temperature gradually rose 
to 15°. The organic layer was separated and washed with 
water, dried over magnesium sulfate, and evaporated to 
dryness under reduced pressure. Sublimation of the dark 
brown residue at 150° (0.03 mm.) gave 0.40 g. (28% yield)

(6 ) Analogy for such a reaction is to be found in the 
reaction of diazornethane with methoxycarbonyl cyanide to 
give a 1,2,3-triazole [cf. Thesing and Witzel, A n y  n r .  C h c m ., 
68, 425 (1950)1. Methoxycarbonyl cyanide, like tetracyano
ethylene, has an electrophilic substituent adjacent to a 
carbonitrile group.

(7) C f. for example E. N. Trachtenberg and C. Odian,
,/. A m .  Che.m. S o c ., 80, 4018 (1958) and G. W. Cannon,
A. A. Santilli, and P. Shenian, ./. A m .  C h em . S o c ., 81, 4264 
(1959k

of white solid, m.p. 224° dec.8 The infrared spectrum of this 
compound in potassium bromide showed the following 
bands: 3.23, 3.32 (C—H), 4.43 (C = N ), 6.90, 7.01, 8.25, 
9.07, 9.88 (cyclopropane?), 13.69 and 14.06 y . The proton 
magnetic resonance spectrum of a sample dissolved in deu- 
terated acetone showed a single peak a t —108 c.p.s.9

A n a l .  Calcd. for CtH^X,: C, 59.16; H, 1.42; X, 39.42; 
mol. wt., 142. Found: C, 59.39: H, 1.54: X, 39.38: mol. wt. 
(ebullioscopic m acetone) 138, 136.

A solution of 14.2 g. (0.086 mole) of potassium iodide in 
35 ml. of water was added with stirring to a solution of 
3.0 g. (0.01 mole) of l,3-dibromo-l,l,3,3-tetracyanopropanc
(II) in 15 ml. of acetone. The solution was allowed to stand 
for 15 min. and then filtered to give, after washing and dry
ing, 1.1 g. (78%) of 1,1,2,2-tetracyanocyclopropane, m.p. 
223° 8 The infrared spectrum of this sample was identical 
with that of I obtained above.

M e th o d  B . A dry solution of 2.8 g. (0.067 mole) of diazo
methane in 200 ml. of ether was added in portions (15 min.) 
with stirring to a solution of 8.5 g. (0.067 mole) of tetra
cyanoethylene5 in 100 ml. of dry tetrahydrofuran. After 
evolution of gas had ceased, the yellow solution was stop
pered loosely and allowed to stand for 2 days at room tem
perature, by which time it had turned bright red in color 
and had deposited a white solid. Removal of the solid by 
filtration and recrystallization from benzene-ethanol gave
3.6 g. (38%) of white crystals, m.p. 223-225° dec.8 The 
infrared spectrum of this compound was identical with that 
of I obtained by Method A.

A n a l .  Found: X, 38.95.
Evaporation of the red ethereal solution remaining after 

removal of I left 6.5 g. of a dark red solid, m.p. 85-110°, 
that showed signs of extensive decomposition on standing 
for several days at room temperature. Attempts to recry s- 
tallize this substance and to eliminate nitrogen by boiling in 
benzene gave no isolable compounds.

M e th o d  C. To a solution of 5.2 g. (0.04 mole) of bromo
malononitrile in 20 ml. of tetrahydrofuran diluted with 1 
ml. of water was added 1.6 g. (0.02 mole) of 37%. formalin 
followed by 6.6 g. (0.04 mole) of potassium iodide in 8 ml. of 
water. When the exothermic reaction had subsided, the mix
ture was diluted with a little water and filtered. The pre
cipitate so obtained was washed with dilute potassium iodide 
solution and then with water, giving 2.2 g. of crude I (68% 
yield). Recrystallization from methanol (0.7 g./35 ml.) 
gave needles having an infrared absorption spectrum identi
cal with that of I obtained by Method A.

A n a l . Found: C, 59.26, 59.16: H, 1.58, 1.66; X’, 39.57,
39.64.

M e th o d  D . A solution of 13.2 g. (0.2 mole) of malononitrile 
in 100 ml. of water was mixed with 8.1 g. (0.1 mole) of 37% 
formalin in a 2-1. flask equipped with a stirrer and a dropping 
funnel. Fifty milligrams of /3-alanine was added to the solu
tion and a solution of 5.15 ml. (0.1 mole) of bromine in 500 
ml. of water was added during 5 min. The colorless solution 
was warmed to 45°, stirred for 1 hr., and cooled in ice. The 
white crystalline product removed by filtration weighed 12.0 
g. (85%) and was nearly pure I.

A d d i t io n  o f  e th y l d ia zo a ce la te  to te tra c ya n o e th y len e . To 10.2 
g. (0.15 mole) of tetracyanoethylene5 dissolved in 125 ml. of 
dry tetrahydrofuran was added with stirring 20 g. (0.18 
mole) of ethyl diazoacetate. After the solution had been 
allowed to stand for 5 hr. a t room temperature, 600 ml. of 
cyclohexane was added. After 3 days the clear, orange solu
tion was decanted from about 5 g. of black tar and evapo
rated under reduced pressure (40°). During the evaporation

(8 ) The melting point is strongly dependent on the rate 
of heating. Samples were placed on a hot stage preheated 
to 200°.

(9) Obtained by means of a Varian Model 4300 high- 
resolution spectrometer operating at an R /  field of 56.4 Me. 
per second. Spectra were calibrated in terms of displace
ments in c.p.s. from the proton resonance of water.



1442 NOTES v o e . 25

process dark, gummy material precipitated until about 
two thirds of the original volume of liquid remained, at 
which time a yellow solid began to precipitate. At this point 
the clear solution was decanted again from the solid and 
evaporated to dryness under reduced pressure. Recrystalli- 
zation of the yellow residue (20 g.) from 500 ml. of benzene- 
ethyl acetate (1 2 : 1 ) gave 16 g. of yellow amorphous solid, 
m.p. 120-123°. An analytical sample was prepared by two 
more crystallizations from benzene, carried out quickly in 
order to minimize decomposition. Samples stored a t room 
temperature underwent considerable darkening after several 
days. The infrared spectrum (potassium bromide) showed 
bands a t 2.95 /i (NH), 3.35 ,u (CH), 4.45 a and 4.55 ¡i (con
jugated C =N ), 5.74 fi (ethoxycarbonyl), and 6.25 m (con
jugated C = C  or C =N ). The ultraviolet spectrum (ethanol) 
showed absorption peaks a t 423 ma («Xm„  2200), 273 m/i 
(«>w* 1840), 245 m u  (eXmal 4600'' and 215 (eXm„, 5330).

A n a l .  Calcd. for C,0H«N6O2: C, 49.59; H, 2.50; N, 34.70; 
mol. wt., 242. Found: C, 50.05; H, 2.66: N (Dumas) 33.56, 
33.81: N (Kjeldahl) 24.02, 23.89; mol. wt. (ebullioscopic in 
acetone) 233, 259.

Cen tra l  R esearch  D epartm ent  
E x perim en ta l  Station  
E . I. d u  P ont de N emours & C ompany , I n c . 
W ilm ington  98, D e l .

Improved Preparation of Triphenylmethyl 
Perchlorate and Fluoroborate for Use in 

Hydride Ion Exchange Reactions1

H yp J . D a u ben , J r ., L ew is  R .  H o n n en ,2 and K en n eth  
M. H arm on3

R ece ived  M a r c h  7, 1 0 6 0

The synthesis of tropenium (cycloheptatrienyl- 
ium) salts by hydride ion abstraction from cyclo- 
heptat.riene by trityl (triphenylmethyl) carbon- 
ium ion4 has been extended recently to the prepa
ration of a series of substituted tropenium ions,5 
several 7r-tropenium ion-metal carbonyl com
plexes,6,7a perinaphthenium ion,7a triphenylcyclo- 
propenium ion,7b and various substituted triphenyl- 
met hylcarbonium ions.'b

(1) Supported in part by Office of Ordnance Research, 
U. S. Army.

(2) Allied Chemical and Dve Corporation Fellow, 1956-
1957.

(3) National Science Foundation Predoctoral Fellow, 
1956-1958. Present address, Department of Chemistry, 
Harvey Mudd College, Claremont, California.

(4) II. J. Dauben, Jr., and D. L. Pearson, Abstracts, 
126th Meeting, American Chemical Society, New York, 
N. Y., Sept. 13, 1954, p. 18-0.

(5) (a) H. J. Dauben, Jr., F. A. Gadecki, K. M. Harmon, 
and I). L. Pearson, J .  A m .  C h em . S o c ., 79, 4557 (1957); 
(b) H. J. Dauben, Jr. and K. M. Harmon, Abstracts, 134th 
Meeting, American Chemical Society, Chicago, 111., Sept. 9,
1958, p. 35-P; (c) K. M. Harmon, Ph.D thesis, University 
of Washington, 1958.

(6) H. J. Dauben, Jr. and L. R. Honnen, J .  A m .  C h em . 
S o c ., 80, 5570 (1958); Abstracts, 15t,h Southwest Regional 
Meeting, American Chemical Society, Baton Rouge, La., 
Dec. 3, 1959, p. 89.

(7) (a) I,. It. Honnen, Pli.D. thesis, University of
Washington, 1960; (b) L. L. McDonough, Ph.D. thesis,
University of Washington, 1960.

R—H +  (C6H5)3C +,Y ' — ^  R+,Y - +  (C6H5)3CH

In 'he course of these studies it was found that 
when trityl halides were used as the hydride ion 
abstracting reagents, reaction was slow (except 
in sulfur dioxide solvent) and halide salts formed 
frequently had undesirable properties, c.g., tro
penium chloride and bromide were quite hygro
scopic,6 7'8 some substituted tropenium ions reacted 
with halide ions at their substituent groups,6 
and perinaphthenium halides were found to be only 
transiently stable.7a For these reasons, use of other 
trityl salts, particularly those with anions of low 
nucleophilicity, was investigated. Trityl perchlo
rate and trityl fluoroborate were found to give rapid 
hydride ion exchange in a number of different sol
vents and aromatic carbonium ion salt products of 
unusual stability.4-7 The consequent need for con
venient routes to these trityl salts led to an examina
tion of the known preparative methods, and has re
sulted in a simplified procedure for the prepara
tion of trityl perchlorate and a convenient new 
synthesis of trityl fluoroborate.

Trityl perchlorate has been prepared by essen
tially three different methods: (i) from trityl 
chloride and silver perchlorate in nitrobenzene on 
precipitation by benzene addition9; (ii) from 
trityl chloride or triphenylcarbinol in nitrobenzene 
or ether and 71% perchloric acid, followed by re
moval of all water by evaporation in a desic
cator9'1"; and (iii) from triphenylcarbinol in acetic 
anhj’dride and 71% perchloric acid, the product 
separating partially from concentrated solution, 
or by evaporation of dilute solutions in a vacuum 
desiccator.10 Method i suffers from the disadvan
tages of the need for prior preparation of trityl 
chloride and the use of explosive silver perchlorate, 
and method ii requires complete removal of water by 
slow, and potentially dangerous, evaporation. 
Method iii, on the other hand, employs a conven
ient starting material and removes the water by 
reaction with acetic anhydride, but possesses the 
disadvantage, even when run in concentrated solu
tion, of furnishing conveniently and directly only 
moderate yields of pure product. However, be
cause of the lower solubility of the salt product in 
acetic anhydride than in acetic acid, conduct of 
the reaction of triphenylcarbinol and 71% per
chloric acid in an adequate excess of acetic anhy
dride leads to the direct separation of yellow 
c^stals of trityl perchlorate in 76-92% yield. 
Circumvention of the evaporation step not only 
greatly simplifies the preparation but also avoids 
formation of a dark-colored product that is not 
satisfactory for most hydride ion exchange re
actions; decomposition of substituted tropenium

(8) CJ. W. v. E. Docring and L. II. Knox, J .  A m .  C h em . 
S o c ., 76, 3203 (1954).

(9) M. Gombcrg and L. H. Cone, A n n . ,  370, 142(1909).
(10) Iv. A. Hofmann and II. Ivirmreuther, H er., 42,4856

(1909).
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and perinaphthenium perchlorate salt products 
appears to be strongly influenced by impurities in 
the tritvl salt use in the exchange reaction.

Trityl fluoroborate has been prepared by Seel11 
from trityl chloride or tritanol and preformed acetyl 
fluoroborate in chloroform or sulfur dioxide, 
followed by ether precipitation, or from the chlo
ride with equivalent amounts of acetyl fluoride 
and boron trifluoride on similar work-up. These 
related methods give good yields but are incon
venient to use routinely, primarily because of 
difficulties involved in the preparation of the acetyl 
fluoride and acetyl fluoroborate reactants. Wits- 
chonke and Kraus12 have employed addition of 
boron trifluoride to trityl fluoride in benzene for 
the preparation of the fluoroborate salt but the 
properties reported for their trityl fluoride and 
fluoroborate products are probably indicative of 
the presence of impurities. Similar difficulty in the 
preparation of pure trityl fluoride has been en
countered by others.'’0,13 As neither method pro
vides a convenient route to this salt from readily 
available reactants, attempts were made to adapt 
the excess acetic anhydride method to the prepara
tion of trityl fluoroborate. Triphenylcarbinol and 
48% fluoroboric acid in acetic anhydride produce 
trityl fluoroborate but due to its greater solubility, 
compared with trityl perchlorate, direct separation 
of the product may not be effected by the use of 
excess acetic anhydride, and only moderate yields 
may be realized by addition of large volumes of 
dry ether. However, conduct of the reaction of 
tritanol with 43% fluoroboric acid in excess pro
pionic anhydride furnishes directly on cooling 
yellow crystalline trityl fluoroborate in 95% yield. 
Trityl fluoroborate prepared by this extremely 
convenient procedure is very satisfactory for use 
in hydride ion exchange reactions, and has been 
used to prepare fluoroborate salts of a number of 
different types of aromatic carbonium ions.

When first prepared both of these trityl salts are 
brilliant yellow to orange compounds, depending 
on crystal size, and both contain traces of acid 
anhydride solvent, which does not interfere with 
the hydride ion exchange reaction but may be 
removed almost completely by trituration with 
dry ether. Recrystallization of both salts may be 
effected from minimum quantities of acetonitrile, 
but recoveries are low unless the mother liquor is 
recycled. In most organic solvents trityl fluoro
borate is appreciably more soluble than trityl 
perchlorate. Trityl perchlorate keeps well in the 
dark at deep-freeze temperatures but darkens on 
exposure to light; the causative factors and the 
course of this decomposition are not fully known 
but low yields of 9-phenylfluorene have been

(11) F. Seel, Z .  a n o rg . a llg em . C h e m ., 250, 331 (1943).
(12) C. R. Witschonke and C. A. Kraus, J .  A m .  C h em . 

S o c ., 6 9 , 2472 (1947).
(13) C. G. Swain and R. B. Mosely, J .  A m .  C h em . S o c .,  

77, 3727 (1955).

isolated from darkened samples.14 Trityl fluoro
borate is much more stable and, once dried, may 
be stored in a desiccator without protection from 
light. This increased stability, coupled with the 
explosive nature of the perchlorate salts of trityl 
and tropenium ions (particularly when complexed 
with metal carbonyls6,78), makes trityl fluoroborate 
the preferred compound for the preparation of 
aromatic carbonium ion salts by the hydride ion 
exchange reaction.

For routine preparations it is not necessary to 
isolate the trityl salt before conducting the hydride 
ion exchange reaction. For example, tropenium 
fluoroborate may be prepared in quantity and in 
good yield (89%) from triphenylcarbinol, 48% 
fluoroboric acid and cycloheptatricne in essentially 
a single step by adding cycloheptatriene to the 
yellow solution of triphenylcarbinol and fluoro
boric acid in acetic anhydride until the color is 
discharged and then flooding with ether to effect 
separation of the product. Use of acetic, rather 
than propionic, anhydride in this sequence avoids 
separation of the trityl fluoroborate and thereby 
enables rapid and complete hydride ion abstraction 
on addition of the cycloheptatriene. Caution should 
be used in extending this simplified procedure to the 
preparation of tropenium perchlorate as darkened 
samples result, and impurities are known to increase 
the shock sensitivity of this explosive product.

Impurities in the triphenylcarbinol reactant 
markedly affect the color and the stability of the 
trityl perchlorate or fluoroborate produced by the 
above methods. Commercially available samples 
of triphenylcarbinol vary in color from white to 
yellow and it has been found that only white 
samples that give colorless solutions in the acid 
anhydride furnish products with good color and 
stability. The yellow impurities in commercial 
triphenylcarbinol usually can be removed by 
chromatography over alumina using 25% benzene- 
75% pentane as eluant and subsequent evaporative 
recrystallization from acetone or benzene. Satis- 
factory triphenylcarbinol may also be synthesized 
by a modification of the standard method of prepa
ration of trityl chloride16 as described in the Ex
perimental.

E X P E R IM E N T A L

T r ip h e n y lc a r b in o l . The procedure of Hauser and Hudson15 
for the synthesis of trityl chloride was modified and the work
up of the reaction mixture altered so as to effect hydrolysis 
to the carbinol. Pure white, commercially sublimed alumi
num chloride (Baker and Adamson; 425 g., 3.19 moles) 
was placed in a 5-1. three-necked flask equipped with a 
mechanical stirrer, a large Allihn condenser, and a 500-ml.

(14) On the other hand, it has been reported tha t surface 
darkening of trityl perchlorate crystals does not alter their 
X-ray pattern nor affect conductivity of their solutions 
(private communication from N. N. Lichtin, Boston Uni
versity).

(15) C. R. Hauser and R. E. Hudson, Jr., O rg. S y n th e s e s ,
Coll. Vol. Ill, 842 (1955).
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pressure-equalizing dropping funnel, and thiophene-free
benzene (Baker and Adamson Reagent Grade; 1.30 1.,
14.6 moles) added with stirring and external cooling in an 
ice bath. A solution of carbon tetrachloride (Baker Analyzed; 
335 ml., 3.48 moles) in benzene (0.50 1., 6.63 moles) was 
added with continued stirring and ice bath cooling over the 
period of about 90 min.; adequate cooling must be used to 
moderate the quite exothermic reaction. Stirring of the dark 
red reaction mixture was continued for 30 min. in the ice 
bath and for about 8 hr. at room temperature. The reaction 
mixture was poured into an enamel bucket half-filled with 
chopped ice and the bucket heated on a steam cone until 
all of the red color of the aluminum chloride complex had 
disappeared. The separated benzene layer was washed 
thoroughly several times with water and twice with dilute 
sodium hydroxide, concentrated until almost all solvent 
had been removed, and allowed to cool to room tempera
ture before placing in a refrigerator to crystallize. Separation 
of the successive crops by concentration of mother liquors 
and recrystallization from the recovered benzene by the 
usual cascade procedure gave four crops of triphenyl- 
carbinol: (i) 249 g., white, m.p. 162.5°; (ii) 243 g., verj’- 
slightly yellowr, m.p. 161.5-162.5°; (iii) 118 g., tan, m.p.
159.5-161.5°; (iv) 34 g., brown, m.p. 152-158°; total 
yield, 644 g., 77%. Material from the first three crops is 
satisfactory for the preparation of trityl perchlorate or 
fluoroborate.

T r ip h e n y lm e th y l  p erch lo ra te . Triphenylcarbinol (20.0 g., 
0.077 mole) was dissolved in acetic anhydride (Mallinckrodt 
Reagent Grade; 225 ml., 2.38 moles) i:i a 500-ml. round 
bottomed flask fitted with a drying tube by warming on a 
steam cone. After cooling to room temperature or slightly 
below, 71% perchloric acid (Baker and Adamson Reagent 
Grade; 15 ml., 0.18 mole) was added in portions (0.5 ml.) 
with cooling at such a rate that the temperature was main
tained at or slightly below room temperature to avoid 
formation of a darkened product; cooling during addition of 
the first third of the perchloric acid is done best under a 
stream of tap water to avoid cocrystallization of triphenyl- 
carbinol and trityl perchlorate, after which an ice bath 
may be used. Separation of the perchlorate salt began 
during addition of the first few portions of perchloric acid 
and was completed, after all of the perchloric acid had been 
added, by cooling in an ice bath for a t least 30 min. As 
moisture in the air rapidly hydrolyzes the product on simple 
suction filtration, removal of the mother liquor is effected 
best by use of a large dropper. The moist crystalline residue 
w'as rinsed with dry ether (5 X 25 ml.), the ether rinses 
removed by a dropper, and the yellow crystals of trityl per
chlorate dried in the flask by evacuation before transferral 
to a tightly stoppered amber bottle for storage in a deep
freeze refrigerator; yield, 85% (22.5 g.). Cold, dry ethyl 
acetate or acetonitrile, followed by dry pentane, also may 
be used for rinsing without appreciable decrease in yield. 
The product contains a trace of acetic anhydride impurity, 
which does not interfere with its use in hydride ion exchange 
reactions, and may be removed by recrystallization from a 
minimum volume of hot, dry acetonitrile. Recovery of 
trityl perchlorate as yellow prisms, m.p. 143° (lit.,10 m.p. 
143-144°), was only 40-50% but may be increased by reuse 
of the mother liquor as solvent for recrystallization of 
successive portions. Somewhat larger proportions of the 
acetic anhydride and perchloric acid reactants may be used 
to lessen the possibility of cocrystallization of triphenyl- 
carbinol and trityl perchlorate during the reaction; tri- 
phenylcarbinol (1.0 g., 0.0038 mole), acetic anhydride (15 
ml., 0.16 mole), and 71% perchloric acid (1.25 ml., 0.015 
mole) by the above procedure gave a yield of 76% (1.0 g.), 
and cooling of the mother liquor in a deep-freeze refrigerator 
furnished an additional 16% (0.21 g.).

A dry solid sample of trityl perchlorate (c a . 2 g.) in a 
stoppered flask exposed to ordinary overhead fluorescent 
lights for about 2 weeks gradually darkened to a deep red- 
purple color. The solution resulting from partial dissolution

of this darkened sample in acetonitrile (ca. 4 ml.) and treat
ment with pentane (ca . 100 ml.) was decanted and evapo
rated to dryness. Chromatography of a pentane solution 
of the residue on alumina using pentane as a developer 
gave as the first fraction, on evaporation, a colorless crystal
line residue (85 mg., ca. 6%) of 9-phenylfluorene, m.p. 146- 
146.5° after three recrystallizations from pentane (lit. ,16 
m.p. 147-148°); X™fN, 258(sh), 265, 275(sh), 292,
and 303.5 mp , virtually identical with that reported17 for
9-phenylfluorene in ethanol. Other materials from the 
chromatogram were isolated in quantities too small to iden- 
tifv.

A n a l .  Calcd. for Ch,Hu : C, 94.17; H, 5.82. Found: C, 
93.85; H, 5.89.

T r ip h e n y h n e th y l  flu o ro b o ra te . In a 1-1. round bottomed 
flask equipped with a diying tube triphenylcarbinol (45 
g., 0.17 mole) was dissolved in propionic anhydride (Dis
tillation Products White Label Grade, redistilled: 450 ml.,
3.49 moles) by v'arming on a steam cone. After cooling to 
about 20° under a water tap, 48%> fluoroboric acid (Har- 
shaw Chemical Co.; 45 ml., 0.38 mole) was added in small 
portions (ca . 0.5 ml.) with swirling and cooling under a water 
tap so as to maintain temperature at 15-25°; excessive 
heating or excessive cooling (induces cocrystallization of 
triphenylcarbinol) must be avoided to obtain a satisfactory 
yield of pure product. Separation of yellow crystals of 
trityl fluoroborate began well before an equivalent of the 
acid had been added and was completed, after the remaining 
acid had been added, by cooling in an ice bath for about 30 
min. The bulk of the supernatant liquid was removed by 
decantation and discarded, as little trityl fluoroborate is 
recoverable from this mother liquor. Residual amounts of 
solvent wrnre removed by a large dropper and the mass of 
crystals triturated with portions of cold, dry ether (25 ml.) 
until the washings, also removed by a dropper, were color
less (ca . 5 washings); prolonged contact with ether should 
be avoided, as trityl fluoroborate (or perchlorate) slowly ab
stracts hydride ion from ether to produce triphenylmethane. 
Rinsing by cold, dry ethyl acetate followed by dry pentane, 
may also be used, but with slight decrease in yield. Vacuum 
drying of the moist residue in the flask afforded yellow 
crystals of trityl fluoroborate (54 g., 95%) suitable for use 
in hydride ion exchange, reactions. Removal of residual 
traces of propionic anhydride may be effected by recrystal
lization from a minimum volume of hot, dry acetonitrile 
with only low recovery (ca . 25%) unless a recycling tech
nique is employed; use of a small volume of solvent, removal 
of the hot solution by a dropper, cooling to effect crystal
lization, and continued reuse of the saturated mother liquor 
for recrystallization of successive portions gave greatly 
increased recovery; yellow prisms, m.p. ca . 200° dec.18 
(lit., m.p. 215° dec. ,11 m.p. 195-196“12). Recrystallized trityl 
fluoroborate may be stored in a tightly stoppered bottle 
or in a desiccator over a good desiccant a t room tempera
ture and exposed to light without discoloration or decom
position for a period of at least several months.

T r o p e n iu m  flu o ro b o ra te  b y  i n  s i t u  tech n iq u e . Triphenyl
carbinol (40 g., 0.165 mole) was dissolved in acetic an
hydride (400 ml., 4.23 moles) by heating on a steam cone 
in a 1-1. round bottomed flask. After cooling to room tem
perature, 48%i fluoroboric acid (25 ml., 0.21 mole) w'as added

(16) C. K. Ingold and J. A. Jessop, J .  C h e m . S o c ., 708
(1930).

(17) R. N. Jones, J .  A m .  C h em . S o c ., 6 7 , 2021 (1945).
(18) Trityl fluoroborate shows no real melting point- 

but decomposition with blackening and gas evolution 
usually begins around 200°; a sample recrystallized from 
propionic anhydride showed the highest initial decomposi
tion range, 207-210°. The melting point of 215° dec. 
reported by Seel11 is probably somewhat too high, as the 
melting point given for triphenyl carbinol in the same paper 
is at least 5° higher than any found in the literature or in 
the present work.
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in portions w ith external cooling b y  cold w ater to m aintain  
this tem perature, and then cycloheptatriene (9 1 %  cyclo- 
heptatrien e-7%  toluene sam ple, generously supplied b y  the 
Shell C hem ical Co.) added w ith sw irling to the solution in 
an ice bath  until th e characteristic yellow' color of tr ity l 
carbonium ion had vanished and precipitation of tropenium  
fluoroborate had comm enced. D ry  ether (600 m l.) was added 
to  precipitate the rem ainder of the salt, and the w hite 
m icrocrystalline product filtered and washed w ith  ether; 
yield of tropenium  fluoroborate, 8 9 %  (23.5 g.), m .p. r a .  

210° d ec.,19 XS H2S0* 273.5 (e 4320) (lit.5»: m.p. > 210 ° 
dec., A9” ' H2S0'! 273.5 mM (e 4350)).

D e p a r t m e n t  of C h e m is t r y  
U n i v e r s i t y  of W a s h in g t o n  
S e a t t l e  5, W a s h .

(19) T ropenium  fluoroborate also does not show a defi
nite m elting point; darkening begins a t about 210° and 
continues to abou t 260-270° where the last trace of crystal 
faces disappears and on ly a crum bled darkened pow der 
remains.

Triphenylm ethyl Isothiocyanate

A n t o n i o  I l i c e t o , A n t o n i n o  F ava, 
a n d  U g o  M a z z u c c a t o

R e c e iv e d  J a n u a r y  15 , 1 9 6 0

This report deals with the structure of the 
product (I) m.p. 138-138.5°, which is obtained in 
the reaction of triphenylmethyl (trityl) halides 
(chloride or bromide) with alkali thiocyanates1“3 
or thiocyanic- acid.4 This compound is also re
ferred to in the recent literature2’6 as trityl thio
cyanate. Experimental evidence obtained by us 
shows that the compound is trityl isothiocyanate.

The infrared absorption spectrum of I shows a 
complex band with a maximum at 2046 cm.-1 
(chloroform). Position, intensity, and form of the 
band are characteristic of isothiocyanates, and not 
of thiocyanates which show a weaker (by a factor 
of 10) sharp absorption band around 2150 cm.-1 
(These two bands have been ascribed to the asym
metric stretching vibration of the isothiocyano- 
and thiocyano- groups respectively.)6

Elbs reports that I can be distilled at high temper
ature without undergoing any change.1 Its high 
thermal stability has been confirmed in an experi
ment , in which I was heated at 150 ° for two hours and 
was recovered unaltered. If I were a thiocyanate,

(1) K. Elbs, B e r . 17, 700 (1884).
(2) C. G. Swain, C. B. Scott, and R. H. Lohmann, J .  

A m .  C h em . S o c ., 75,136(1953).
(3) H. Bredereck and E. Reif, B e r ., 81, 426 (1948).
(4) E. Bilmann and N. V. Due, B u l l .  S o c . C h im ., [4], 

35,384(1929).
(5) C. G. Swain and D. C. Dittmer, J .  A m .  C h em . S o c .,  

77,3924(1955).
(6) For a detailed discussion of the infrared spectra of I 

and similar isothiocyanates see: U. Mazzuccato, A. Foffani, 
A. Iliceto, and G. Svegliado; paper presented a t the meet
ing of European Molecular Spectroscopists, Bologna (Italy) 
Sept. 7-12 (1959).

one would expect it to isomerize readily under 
these conditions. This prediction is based upon the 
consideration of the thermal isomerization rate of 
arylmethyl thiocyanates: While benzyl thiocyanate 
is known to isomerize with great difficulty (repeated 
distillation at 250°),7 benzhydryl thiocyanate isom- 
erizes at a measurable rate at 70° (half-time, sixty- 
six hours in methyl ethyl ket one) and its 4-methyl de
rivative isomerizes with greater ease (half-time four 
hours under the same conditions) .8 This and other an
cillary evidence (solvent and salt effects) all showing 
that the isomerization reaction proceeds through an 
electron deficient transition state, point out that the 
isomerization is facilitated by increasing the ability 
of the organic substrate to support a positive charge. 
The inference therefore is that trityl thiocyanate 
would isomerize very rapidly. The fact that upon 
heating, I remains unaltered indicates that it 
already is an isothiocyanate.

Thioureas can be obtained by the reaction of I 
with amines. Thus, allylamine reacts with I yield
ing an adduct which has been proved to be 1- 
trityl-3-allylthiourea.

Assumption that I is a thiocyanate has led in the 
past to some misunderstanding about its reactivity 
toward amines. Such is the case of Swain and Ditt
mer concerning the ‘aminolysis’ of I.5 These work
ers report that, while aniline rather rapidly reacts 
with I giving the quaternary ammonium thio
cyanate, no reaction is observed with n-butyl- 
amine, even after months.9 It has been presently 
established that n-butylamine reacts readily with 
I, both in the pure state and in cyclohexane solu
tion, to give an adduct which, while not showing 
any reaction of thiocyanate ion, appears to be 1- 
trityl-3-n-butylthiourea.

The above evidence points out the isothiocyanate 
structure of I. It must be emphasized, however, 
that owing to its organic residue, I is an isothio
cyanate of a particular nature. The peculiarities 
of its chemical behavior arise from the stability of 
the trityl carbonium ion and the consequent 
cleavage, contrary to most isothiocyanates, of the 
alkyl carbon-to-nitrogen bond, (1) :10
(C6H 6)3C—NCS ^ ± 1  (CeHsfiC+NCS-

( C 6H 6)3C + +  N C S -  (1)

Because of this, the reaction of I with a nucleo
phile may frequently lead to displacement of the 
thiocyanate ion. In such cases, the familiar reactions 
of isothiocyanates with nucleophiles (arising from

(7) H . H ennicke, A n n . ,  3 4 4 , 24 (1906).
(8) A. Iliceto, A. F ava, and U . M azzuccato, T e t r a h e d r o n  

L e t t e r s ,  N o . l l ,  27(1960).
(9) Swain and D ittm er’s statem ent as to  the u nreactivity  

of I tow ards n-butylam ine was based solely on the lack of 
form ation of th iocyanate ions.6

(10) A s expected, the cleavage occurs unim olecularly: 
T his is shown b y  the solvolysis of I ,2 and b y  the kinetics of 
the isotopic exchange between I and labeled th iocyanate 
ions w hich is first order in I and zero order in S C N -  (A, 
Iliceto, A , F av a , and S. Bresadola, to  be published).
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attack on the carbon atom of the — N-—C—S 
group) may he totally absent.

To put it generally, the outcome of the reaction 
of I with a nucleophile, N, wall ultimately depend 
upon the competition between displacement, (2), 
and attack on the isothiocyanate carbon atom, 
(3):

i'C6H 5):iC + +  X ---->  products 12)

(CVHs7,0- --X= 0 —S +  N ---->  products. (3)

Which course a particular reaction will take 
depends, in a given medium, on the nature of 
the nucleophile and, for a given nucleophile, on the 
reaction medium. (Displacement is expected to 
be favored in the more polar solvents and in the 
reaction with the weaker nucleophiles.)

This situation is well illustrated by the reaction 
of I with different amines in different media: In 
cyclohexane, n-butylamine gives the corresponding 
thiourea exclusively, while aniline although re
acting very slowly, gives displacement of thio
cyanate ion. In the absence of solvent, the reaction 
pattern is not altered, except that the reaction with 
aniline appears to be considerably accelerated. 
These findings are consistent with the high nucleo- 
philicity of n-butylamine compared with aniline, 
and the low ionizing power of the media. The high 
reactivity, towards displacement, of aniline in pure 
aniline, can probably be ascribed to electrophilic 
catalysis (due to the relatively high acidity of 
aniline). On the other hand, the reaction course 
with n-butylamine may be notably altered in a 
solvent of high ionizing power, such as acetonitrile: 
in this medium, besides the thiourea, a sizeable 
amount of ammonium thiocyanate :s also formed. 
Thus the more polar solvent favors the displace
ment reaction which occurs by way of a rate de
termining ionization.

In the light of these observations it is not sur
prising that some aspects of the chemical behavior 
of I have deceived earlier workers.11

EXPERIMENTAL

Solvents and chemicals were commercial reagent grade. 
Trityl chloride was recrystallized before use, 12 m.p. I l l — 
11 2 °.

I n fr a r e d  sp ec tra . A Perkin-Elmer double beam Model 
21 instrument with sodium chloride optics was used. The 
solvent was carbon tetrachloride.

S u l fu r  a n a ly s is  i n  the  a d d u c ts  o f  I w ith  a m in e s . To the 
extent that amines react with I giving either displacement 
or addition to the carbon-nitrogen double bond, sulfur in 
the reaction product will either be as th:ocyanate ion or 
thiourea. The adducts were analyzed for thiocyanate ion 
by exaustively extracting their benzene solution with dilute 
aqueous alkali and titrating the acidified aqueous extract 
with standard bromate, 13 * using naphthoflavone as end point

(11) H. L. Wheeler, A m .  C h em . J o u r . ,  26, 345 (1901).
(12) C. R. Hanser and B. E. Hudson, Jr., O rg. S y n th e s e s ,  

Coll. Vol. I ll, 846 (1955).
(13) F. P. Treadwell and C. Mayr, Z e i t .  a n o rg . C h em .,

92,127(1915).

indicator. Thiourea-type sulfur was determined by weighing 
silver sulfide precipitated from the ethanolic solution of 
the adducts by means of ammoniacal silver nitrate . 11

T r ip h c n g lin e lh y l  iso th io c y a n a le  (I). To a solution of 2.78 
g. (0.01 mole) of tritj-l chloride in 10 ml. of acetone was 
added a solution of 1.2 g. (0.012 mole) of potassium thio
cyanate in 30 ml. of the same solvent. The mixture, after 
4 hr. a t room temperature was filtered, evaporated to 8 ml. 
i n  vacuo  and cooled to 0° for a few hours. Two and one half 
grams of colorless crystals, m.p. 136-138°, separated. 
Additional product (0.2 g.) was recovered by diluting the 
mother liquor to 50 ml. with water, and recrystallizing the 
precipitate from acetone; total yield, 90%; m.p. 138-138.5° 
after recrystallization from acetone. The ultraviolet spec
trum of I is characterized by an absorption band with 
maximum at 254 mu; emax 2800.15

In an experiment, I was heated at 150° for 2 hr. After this 
treatment neither its melting point (also in mixture with un
treated I) nor its infrared spectrum show'ed any change.

I reacts with allylamine (for reaction conditions see be
low, under ‘‘reaction of I with n-butylamine in cyclohex
ane” ) to give l-trityl-3-allylthiourea, m.p. 177-177.5°. 
This has been compared and shown to be identical (mixed 
melting point and infrared spectrum) with a sample pre
pared from tritylamine and ally 1 thiocyanate.3

N - n - b u ly l tr i ly la m in e  was obtained from trityl chloride 
and n-butylamine (five-fold excess). After recrystallization 
from ethanol it melted at 52.5-53.5°.

A n a l .  Calcd. for CiaEbsN: C, 87.57; H, 7.99; N, 4 .4 4 .  
Found: C, 87.77; H, 7.91; N, 4.40.

N - n - b u ty l tr i ty la m in e  h yd ro ch lo rid e  was obtained by bub
bling dry hydrochloric acid into a benzene solution of the 
amine, m.p. 166-167°.

A n a l .  Calcd. for C,-H26NC1: N, 3.98; Cl, 10.07. Found;
N, 3.95; Cl, 10.21.

R e a c tio n s  o f  I w ith  n -b u ty la m in e :  1 - tr i ly l-S -n -b u ty lth io u r e a .  
(a) I n  c yc lo h exa n e . The amine (0.146 g., 2.0 mmoles) was 
treated with I (0.301 g.; 1.0 mmole) dissolved in cyclohexane 
(10 ml.). After filtration and washing with petroleum ether 
(b.p. 40-60°), an adduct was obtained, m.p. 132-134° 
(0.355 g., 959c yield).

(b) W ith o u t  so lven t. In 1 ml. of amine 0.301 g. (1.0 mmole) 
of I was dissolved and left a t room temperature for 12 
hr. Evaporation to drj-ness gave a quantitative yield of an 
adduct, m.p. 132.5-133.5°.

Both raw materials obtained under (a) and (b) above, were 
shown not to contain any appreciable amount of ionizable 
thiocyanate. Two recrystallizations from acetone gave 1- 
trityl-3-ra-butylthiourea m.p. 134-134.5°.

A n a i .  Calcd. for C24H 26N2S: C, 76.95; H, 7.00; N, 7.48; 
S, 8.56. Found: C, 77.36; H, 7.13; N, 7.25; 8, 8.44. Analysis 
of the thioureic sulfur gave 8.49%.

(c) I n  a ce to n itr ile . A solution of 0.301 g. (1.0 mmole) and
O. 146 g. (2.0 mmoles) of I in 4 ml. of acetonitrile was heated 
a t 60° for 1 hr. Thereafter, aliquots of the solution were 
titrated for thiocyanic and thioureic sulfur giving 20% and 
78% of the total sulfur respectively. The remaining solution 
was added to dilute aqueous alkali and benzene. The 
benzene layer wras evaporated to dryness i n  va cu o  and the 
residue extracted with cyclohexane. The solid residue con
sisted of pure l-trityl-3-n-butylthiourea. From the cyclo-

(14) II. Salkowski, B e r ., 26, 2498 (1893); H o u b e n -W e y l ,  
M e th o d e n  d e r  O r g a n is h e n  C h em ie , George Thieme, Stuttgart 
(1953) Band II, 599; G. Losco and C. A. Peri, C h im ic a  
I n d u s t r i a ,3 3 ,5 5 7  (1951).

(15) The ultraviolet spectrum of I could support the 
view that I is an isothiocyanate, as can be seen from the 
close similarity with the spectra of benzyl and benzhydryl 
isothiocyanates. Like I, the latter show an absorption 
maximum in the same region with approximately the same 
intensity. Benzyl and benzhydryl thiocyanates, on the other 
hand, show, in that region, absorption of lower intensity 
without any well defined maximum.
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hexane solution .V-n-butyltritylamine hydrochloride was 
precipitated by bubbling in dry hydrochloric acid. After 
washing with boiling acetone the melting point was 165- 
166°, undepressed on admixture with an authentic sample.

R e a c tio n  o f  I  w ith  a n i l in e , (a) I n  c yc lo h exa n e . In 5 ml. of 
cyclohexane containing 0.093 g. (1.0 mmole) of aniline, 
0.150 g. (0.5 mmole) of I was dissolved, sealed in a vial and 
heated at 80° for 5 hr. After this time the solution showed 
a slight cloudiness which disappeared on extraction with 
water. The water layer titrated for thiocyanate ion ac
counted for 2.8c/c  of the total sulfur. No thioureic sulfur 
was detected in the cyclohexane layer. 'Phis, evaporated 
to dryness, left a residue which, crystallized form acetoni
trile, yielded I, m.p. 136-137°. Accounting for the solu
bility of I in acetonitrile, 93% recovery of unchanged I was 
obtained.

(b) W ith o u t  so lven t. In 1 ml. of aniline 0.301 g. (1.0 mmole) 
of I was dissolved under gentle heating. After a few hours 
at room temperature, the excess aniline was removed i n  
vacuo . From the residue taken up in ethanol, A’-phenyltri- 
tylamine (85%) was crystallized, m.p. 149-150° flit..,16 
m.p. 149-150°).

condensation with isocyanates in the presence of 
excess amine. Reaction takes place at the 1’—II 
and a - O—II groups, respectively, to give salts of the 
corresponding carbamoyl derivatives (II and III). 
Tertiary amine half-salts of phosphonic acids con
dense at the weakly acidic 0 —H group with the 
formation of salts of the half-carbamoyl es
ters (IV). products analogous to those formed from

(AIbCHCOOH

CON HR 
I

C6H5CIICOOH

(ICON HR 
Til

O

C6H5POH

CON HR. 
II
O
T

C6H5POH

(ICON HR 
IV

C h e m i c a l  I n s t i t u t e s  o f  t h e  F a c u l t y  o f  S c i e n c e  

U n i v e r s i t i e s  o f  P a d o v a  a n d  C a m e r t n o  

V i a  L o r e d a n  6 ,  P a d o v a , I t a l y

(16) M. Gomberg, B e r ., 35, 1829 (1902).

Reaction of Salts of Organophosphorus Acids 
with Isocyanates1

R o b e r t  B. F o x  a n d  W i l l i a m  J. B a i l e y

R eceived  J a n u a r y  8 . 1 9 6 0

A general analogy in reactivity may be drawn be
tween the a-hydrogen atom of a carboxylic acid 
and the P-hydrogen atom of a monobasic phos- 
phinic acid, RP(0)H(0H). Reactions involving 
the carboxyl group and isocyanates are, of course, 
well known. In addition, Blicke and Zinnes2 have 
shown that a carboxylic acid possessing an ac
tivated a-hydrogen, such as phenylacetic acid, 
forms an Ivanov reagent which can be condensed 
with phenyl isocyanate and the product hydro
lyzed to yield Ar-phenyl phenylmalonamic acid
(I). The base-catalyzed condensation involving the 
phosphorus-hydrogen group in dialkyl phospho- 
nates with isocyanates to give dialkyl c.arbamoyl- 
phosphonates is also well established.3

We have found that the tertiary amine salts of 
phenylphosphinic. acid and mandelic acid undergo

(1) Based on a portion of the doctoral thesis submitted 
to the University of Maryland in June 1959 by Robert B. 
Fox; presented in part a t the 130th meeting of the American 
Chemical Society at Atlantic City, N. J., September 1956, 
Abstracts p. 50-0.

(2) F. F. Blicke and H. Zinnes. J .  A m .  C h em . S o c .. 77, 
4849(1955).

(3) (a) R. B. Fox and D. L. Venezky, J .  A m .  C h em . S o c .,
78, 1661 (1956). (b) A. N. Pudovik and A. V. Kuznetsova, 
Z h u r .  O b sh ch e i K h i m .  25, 1369 (1955). (c) A. N. Pudovik, 
I. V. Konovalova, and R. E. Krivonosova, Z h u r .  O bshchei 
K h im . ,  26, 3110 (1956). (d) E. C. Ladd and M. O. Harvey,
Canadian Patent 509,034 (1955).

mandelic acid. The acids themselves are readily 
formed from the salts by treatment with excess min
eral acid. These products are obtained in excellent 
yield, and salt formation therefore appears to be a 
suitable method for preventing an undesired reac
tion between an acidic group and an isocyanate. In 
a single experiment, treatment of phenylphosphinic 
acid with excess isopropylmagnesium bromide, 
followed by reaction with phenyl isocyanate, gave a 
low yield of II after hydrolysis of the bromomagne- 
sium salt. No further investigation of this reaction 
was carried out, but it is possible that a phosphorus- 
Ivanov reagent was formed as an intermediate 
prior to the addition of the isocyanate.

Triethvlamine appears to be the most useful 
salt-forming reagent in this reaction from the stand
point of ease of handling of the products; Ar-ethyl- 
morpholine and diethylcyclohexylamine gave hy
groscopic salts and no reaction involving the phos
phorus compound was observed in the presence of 
pyridine or under Schotten-Baumann conditions. 
Anilinium and n-butylammonium salts gave only 
the urea derivatives. Benzene or other hjrdrocar- 
bons in which the starting salts, prepared in situ by 
mixing equimolar amounts of acid and amine, are 
somewhat soluble are suitable solvents; an at
tempted reaction in acetone with phenylphosphinic 
acid was unsuccessful. Attempts to prepare the tri- 
ethylamine salt of phenylphosphinic acid in car
bon tetrachloride led to a vigorous reaction from 
which triethylamine hydrochloride precipitated. It 
is possible that the trichloromethyl derivative has 
been formed as appears to be the case with dialkvl 
phosphonates.4

EXPERIMENTAL5

T r ie th y la m m o n iu m  p h e n y l(p h e n y lc a r b a m o y l)p h o s p h in a le .  
To a stirred two-phased mixture of 14.2 g. (0.1 mole) of

(4) F. R. Atherton and A. R. Todd, J .  C h em . S o c ., 674
(1947).

(5) All melting points were taken in sealed capillary 
tubes and are corrected; those accompanied by decomposi
tion gave a gas. but sintering did not take place.
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phenylphosphinic acid, 50 ml. o: triethylamine, and 50 ml. 
of benzene was added 13.1 g. (0.11 mole) of phenyl isocyanate 
over a period of 20 min. During the addition, the tempera
ture of the mixture rose to 55° since no external cooling was 
used. After being stirred for an additional 45 min., the slurry 
was filtered and the precipitate washed with ether and 
petroleum ether to yield 34 g. (00%) of crude salt. Recrys- 
tallization from hot 2 :1  acetone-chloroform solution gave 
purified material, m.p. 165-167° dec.

A n a l .  Calcd. for CI9H2,X20 3P: C, 62.96: H, 7.51: P, 8.54. 
Found: C, 63.31; H, 7.75: P, 8.36.

T r ie ih y la m m o n iu m  p h e n y l!  p -e h lo ro p h e n y lc a r b a m o y l)p h o s -  
p h in a te , m.p. 170-170.5° dec. (from ethanol) was prepared 
similarly in a 78% yield.

A n a l .  Calcd. for Ci9H26C1X26>3P: C, 57.45: 11, 0.60; P, 
7.80. Found: C, 57.50; H, 7.13: P, 7.76.

A similar reaction carried out in acetone with phenyl iso
cyanate gave no precipitate even after being heated under 
reflux for 2 hr. Concentration of the solution gave an oil 
which on treatment with water deposited a nearly theoreti
cal yield of diphenylurea. The same result was obtained 
with pyridine as the base in ber zone o~ by shaking phenyl 
isocyanate with sodium phenvlp'.iosphinate in 10% aqueous 
sodium hydroxide. The aniline and n-butylamine salts 
without excess amine gave only diphenylurea and A 
1m t.yl-iV'-phenylurea, respect ively.

P h e n y l(p h e n y lc a r b a m o y l)p h o s p h in ic  a c id  (II. It = Cells). 
A filtered solution of 34.7 g. of the crude triethylamine salt 
of phenyl(phenylearbamoyl)phosphinic acid in 75 ml. of 
water was treated with 10.3 ml. of coned, hydrochloric acid. 
The resulting oil solidified to give 22.4 g. (90%) of the acid: 
two recrystallizations from hot water afforded colorless 
needles, m.p. 153.0-153.5° dec.

A n a l .  Calcd. for C13H 12N 0 3P: C, 59.76; H, 4.64: P, 11.9; 
neut. equiv., 261.2. Found: C, 66.11: IT, 5.42; P, 12.4, neut, 
equiv., 260.5.

P h e n y l(p -c h lo r o p h e n y lc a r b a m o y l)p h o s p h in ic  a r id , m.p.
161.5-162° dec. (from water, acetone, or methanol) was also 
prepared in this way in 98% vield.

A n a l . Calcd. for Cl3H„ClXO;P: C, 52.81; II, 3.75; P, 
10.5: neut. equiv., 295.7. Found: C, 52.99; H, 4.29; P, 10.4; 
neut. equiv., 297.4.

P h en y l(2 ,o -< licM o ro p h e n y lca r lia m o y l',p h o sp h in ir  a r id  was 
prepared without isolation of the intermediate salt. 2,5- 
Dichlorophenyl isocyanate (9.4 g., 0.05 mole) was added 
rapidly to a stirred mixture of 7.1 g. (0.05 mole) of phenyl
phosphinic acid and 5.05 g. (0.05 mol?) of triethylamine 
cooled in an ice bath. After 5 min. the cold reaction mass was 
taken up in 50 ml. of methanol and the resulting mixture was 
filtered; the filtrate was diluted with an equal volume of 
water and the aqueous solution was treated with an excess 
of coned, hydrochloric acid to precipitate 10.2 g. (62%) of 
the crude acid, m.p. 141-143°. Two recrystallizations from 
hot benzene gave analytically pure material, m.p. 153°.

A n a l .  Calcd. for Ci3H i0X()3P: neut. equiv., 330.1. Found: 
neut. equiv., 330.2, 329.0.

A filtered aqueous solution of the hygroscopic reaction 
mass formed from equimolar amounts of phenylphosphinic 
acid, triethylamine, and »-butyl isocyanate was treated 
with a large excess of hydrochloric acid to precipitate a 71% 
yield of crude p h e n y l{ n -h ii ty lc 'ir b a m o y I )p h o s p h in ic  a c id . 
Several recrystallizations from acetone and, finally, one from 
water afforded a product melting at 95° followed by resolidi
fication and remelting at 116°, which appeared to be the 
monohydrate of this acid.

A n a l .  Calcd. for CnHuXOd’: C, 50.95; H, 6.23; neut. 
equiv., 259.3. Found: C, 50.84; II, 7.01; neut. equiv., 259.

P h e n y l (p h e n y lc a r b a m o y lo x y )a r e i ic  a r id  (III. R = C6H5). 
A mixture of 4.56 g. (0.03 mole) of mandelic acid and 3.03 g. 
(0.03 mole) of triethylamine in 30 ml. of benzene a t 30° 
was treated with 3.57 g. (0.03 mole) of phenyl isocyanate 
over a 5-min. period. After being heated under reflux for 2 
hr., the clear solution was conceirrated to give 7.5 g. (67%) 
of crude salt. This represented only the first crop of material

deposited: no attempt at complete recovery was made since 
subsequent crops came down as oils. Repeated recrystalli
zation of the salt afforded material melting at 122.5-123.5°. 
Treatment, of a filtered hot aqueous solution of the crude 
salt with excess coned, hydrochloric acid precipitated the 
urethan of mandelic acid, m.p. 149.5-150.0° dec. (from ben
zene) (reported m.p. 147-149° dec.6 and 150- 15207 8).

A n a l .  Calcd. for (Y.HnXOp neut. equiv., 271.2. Found: 
neut. equiv., 270.5.

Authentic mandelanilide, m.p. 149-150° (from diisopro
pyl ether), prepared directly from mandelic acid and phenyl 
isoevanate in the absence of base6,8 greatly depresses the 
niching point of the above urethan.

M o d ifie d  I r a n o v  re a c tio n . To a solution of isopropylmag- 
nesium bromide heated under reflux (prepared from 0.22 
mol? of magnesium and 0.26 mole of isopropyl bromide in 
150 ml. of diethyl ether) was added 14.2 g. (0.10 mole) of 
phenylphosphinic acid in 150 ml. of benzene over a 55-min. 
period. The evolution of a gas was apparent, and near the 
end of the addition, a black semisolid mass began to form. 
After being stirred for 1 hr. at 59° the mixture was cooled 
and 11.9 g. (0.1 mole) of phenyl isocyanate was added rap
idly; no gas formation or heat generation was observed dur
ing this addition. After the mixture was heated under re
flux for 2 hr. and was allowed to stand overnight, the result
ing gray solid was broken up and the mixture added to 300 
ml. of 10% aqueous ammonium chloride. No products other 
than diphenylurea were isolated from the organic layer, but 
treatment of the aqueous phase with coned, hydrochloric 
acid precipitated 3.5 g. (13.5%) of an acid, m.p. 147- 
149° dec., which did not depress the melting point of the 
phenyl(phenylcarbamoyl)phosphinic acid described above.

T r ie ih y la m m o n iu m  p h e n y lc a r b a m o y l p h e n y lp h o s p h o n a te . 
At 25° (water bath) 6.55 g. (0.055 mole) of phenyl isocyanate 
was added in 15 min. to a slurry prepared from 5.05 g. 
(0.05 mole) of triethylamine and 7.9 g. (0.05 mole) of phenyl- 
phosphonie acid in 150 ml. of dry acetone. After the mixture 
had been stirred for 1 hr. at room temperature, the precipi
tate was removed by filtration and washed with ether to give
18.3 g. (97%) of the salt, m.p. 128.5-129.5° dec., without 
further purification.

A n a l .  Calcd. for C19H27X20 4P: C, 60.30; H, 7.18; X, 7.39; 
P, 8.19. Found: C, 60.29; II, 7.08: X, 7.36; P, 8.18.

When this reaction was carried out at 55°, gases absorbable 
by Asraritc were formed in an amount approaching the 
theoretical for carbon dioxide. The fact that sealed tubes 
containing the pure salt at room temperature developed 
pressure over a period of weeks indicated considerable in
stability.

By the above method were prepared samples of very 
hygroscopic and thermally unstable crude t r ie th y lc m m o n iu m  
n -b u iy lc a rb a m o y l p h e n y lp h o s p h o n a te , m.p. 87.5-89° dec. (from 
benzene) in 69% yield and t r ie ih y la m m o n iu m  p h e n y lc a r b a 
m o y l  n -b u ty lp h o sp h o n a te , m.p. 93-94° dec. in 61% yield.

P h e n y lc a r b a m o y l  h yd ro g en  p h e n y lp h o s p h o n a te  (IV. R = 
CiH-,). A solution of the triethylamine salt of phenylcarba
moyl hydrogen phenylphosphonate in dilute hydrochloric, 
acid (neutral or alkaline solutions of this salt decompose 
fairly rapidly with the formation of insoluble material) was 
treated with coned, hydrochloric acid to precipitate a solid 
which after being washed with diethyl ether gave 13.1 g. of 
the crude arid, m.p. 71-72° dec. Recrystallization from cold 
aqueous acetone gave analytically pure material, m.p. 
67.5° dec.; upon melting, this substance evolved a gas, re
solidified, and then melted at 176-182°.

A n a l .  Calcd. for C,3H|2XT0 4P: neut. equiv., 277.2. Found: 
neut. equiv., 276, 278 in 50% aqueous acetone.

A sample of this arid was heated a t 150° and the evolved 
gases passed through Drierite. Only carbon dioxide was

(6 ) E. Fischer and II. O. L. Fischer, B e r ., 4 7 , 779 (1914).
(7) H. Aspelund. A c ta  A c a d . A b o e n s is ,  M a th ,  e l P h y s .  

12, Xo. 5, 1 (1940).
(8 ) A. Haller, C o m p t. re n d ., 121, 191 (1895).
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shown to bp present by the infrared spectrum of the gases. 
Recrystallization of the residue from isopropyl alcohol gave 
material having an infrared spectrum identical with that 
of dianilinium diphenylpyrophosphonate.9

P h en ¡/¡ca rb a m o yl h yd ro g en  n -b u ty lp h o sp h o n a tc , m.p. 84- 
84.5° dec., neut. equiv., 257, 259 (ealcd. 257.1), and n -b u ty l-  
carbam .oyl hydrogen  p h e n y lp h o s p h o n a le , m.p. 52.5-55° dec., 
were prepared similarly.

N a v a l  R e s e a r c h  L a b o r a t o r y ,

W a s h i n g t o n ,  D. C.

U n i v e r s i t y  o f  M a r y l a n d ,

C o l l e g e  P a r k , M d .

(9) R. R. Fox and W. J. Bailey, in press.

Reactions of Vanillin and Its Derived 
Compounds. X X IX .1 3,3',4,4'-Tetrahydroxy- 

benzil and Its Reduction

I r w i n  A .  P e a r l , H o r a c e  B. F a b e r , Jr., 
a n d  W a n e r  C .  H o l m a n

R ece ived  F e b ru a r y  2 5 , I 9 6 0

The need for 3,3',4,4'-tetrahydroxybenzoin for 
testing in programs on the respiration and scab 
resistance of potatoes2 led to a study of the prepa
ration of this compound and other related products. 
Recent studies on vanillil and its reduction3'4 
indicated that the various monomoleeular reduc
tion products of vanillil could be prepared directly 
from vanillil by the use of various reducing systems. 
Accordingly, studies were made on the preparation 
of 3,3/,4,4'-te:rahydroxybenzil from vanillil and 
its use as a starting material for the preparation of 
its reduction products.

3,3',4,4'-Totrahydroxybenzi 1 (I) was first pre
pared by Barger and Ewins5 from piperil by treat
ment with phosphorus pentachloride followed by 
hydrolysis and more recently by Schales,6 who 
treated 0.5 g. veratril (II) with 100 volumes of 
hydrobromic acid in acetic acid at 125-135°. 
The procedure of Schales was applied to vanillil
(III) on a relatively large scale, but the melting 
points of the products obtained from several ex
periments varied somewhat and did not correspond 
with reported values for I. Vanillil was then 
demethvlated with pyridine hydrochloride under 
conditions reported by Erdtman and Lindberg7 8

( 1 ) For paper XXVIII of this series, see ./. O rg. C h em . 22, 
1240 ( 1957).

(2) L. A. Schaal and G. Johnson, P h y to p a th o lo g y  45, 
02i) ( 1955).

(3) I. A. Pearl, J .  A m .  C h em . S o c . 74, 4260 (1952).
(4) I. A. Pearl, J .  A m .  C h em . S o c . 74, 4593 (1952).
(5) G. Barger and A. J. Ewins, ./. C h em . S o c . 93, 737

(1907).
(6) O. Schales, A r c h . B io c h e m . B io p h y s . 34, 56 (1951).
(7) H. Erdtman and B. Lindberg, .4cia C h em . S c a n d . 3, 

982(1949).

and Hearon, Lackey, and Mover3 for the déméthyl
ation of conidendrin. Under these conditions the 
desired I was obtained in good yield. An attempt 
to demethvlate vanillil with aluminum bromide 
under conditions employed for the production of 
protocatechualdehyde from vanillin9 resulted in 
almost quantitative recovery of the starting ma
terial.

Reduction of I under conditions previously em
ployed for the reduction of vanillil4 and syringil10 
gave several of the monomoleeular reduction 
products of I, but there appeared to be very little 
correlation between reduction of I and those of 
vanillil and syringil. The reduction products were 
characterized by means of their methyl ethers, 
acetates, and ultraviolet absorption spectra.

I. R, == TU = H V. R, = IU = R, = II
II. R, == R, = CH, VI. R, = R. = CH:l; R, = 11

III . R, == H; IU = CH, VII. Ri = IU = 1U = CIUCO
IV. R, == R, = CIUCO

RM/— , 
R , ° ^

H

H- /— vOR2 

- C - (  OR
H OR.

- c A W
H Ó H H

V ili. R, = R , = H XII. R, = IU = H
IX. R, = H II r) X X III. R, = H; R., = CH,

X. R, = R , = CH XIV. R, = IU = CH,C< )
X I .  R ,  =  C IU C O ; IU =  O H ,

EXPERIMENTAL11

3 ,3 ',4 ,4 '- T e tr a h y d r o x y b e n z i l  (I). A mixture of 50 g. of I I I 3 
and 50 g. of freshly precipitated, dry pyridine hydrochloride 
in a 500-ml. flask fitted with an air condenser was heated 
to 160° until complete solution resulted. The temperature 
was raised to 190-200°, and gentle refluxing was main
tained for 2 hr. The clear melt was dissolved in 800 ml. of 
hot (70°) water, and the resulting solution was heated to 
boiling and filtered. The filtrate was acidified with 6.Y hydro
chloric acid and allowed to stand at 20° overnight. The re
sulting dark-colored crystalline precipitate was filtered and 
washed with a little cold water to yield 40 g. (78%) of crude 
I  dihydrate. The dark crystals were recrystallized from water 
in the presence of decolorizing carbon and air dried to yield 
light orange needles of I dihydrate melting first a t 125-130° 
with gas evolution, solidifying, and melting again at 231- 
234°. Boiling the dihydrate with benzene under reflux and 
a water-separatory head gave dehydrated crystals melting 
at 234-236°. Barger and Ewins5 dried their product in an 
oven a t 110° and obtained the anhydrous product. These 
authors reported the analysis of the dihydrate from water, 
but did not report its melting point. The ultraviolet ah-

(8) W. M. Hearon, H. B. Lackey, and W. W. Moyer, 
./. A m .  C h e m . S o c . 73, 4005 (1951).

(9) I. A. Pearl and D. L. Beyer, J .  A m .  C h e m . S o c . 75, 
2630(1953).

(10) I. A. Pearl, J .  O rg . C h e m . 22, 1229 (1957).
(11) All melting points are uncorrccted. Ultraviolet 

spectral data are for solutions in 95%. ethanol and were ob
tained by Mr. Lowell Sell. Analyses were performed by the 
Analytical Department of The Institute of Paper Chemistry 
and by Huffman Mieroanalytical Laboratories, Wheat ridge, 
Colorado.
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sorption spectrum was essentially identical with that re
ported earlier for I I I 12 and indicated the following maxima: 
hnai 232 my , e 21550; Xmax 289 m/x, e 16300; Xm« 325 m/x, 
e 18300.

A solution of 50 g. of III  in 500 ml. of boiling glacial acetic 
acid was treated with 100 ml. of 48% hydrobromic acid, 
and the mixture was boiled under reflux for 3 hr. and allowed 
to cool. The reaction mixture was concentrated to one-half 
volume under reduced pressure, and the residue wras diluted 
with 3 1. of water and allowed to stand overnight. The heavy 
precipitate was filtered, washed, and air dried to yield 44 g. 
of product as light yellow crystals. Recrystallization from 
water gave bright yellow crystals melting a t 113° with gas 
evolution, solidifying, and remelting at 2 33-235°. Analysis 
indicated the monohydrate of I. The ultraviolet absorption 
spectrum was identical with that of the dihydrate.

A n a l .  Calcd. for CuHi20 7: C, 57.54; H, 4.14. Found: C, 
57.25; H, 4.57.

Acetylation of either the monohydrate, the dihydrate, 
or the parent anhydrous I with acetic anhydride in pyridine, 
and recrystallization from ethanol gave yellow needles of 
3,3',4,4'-tetraacetoxybenzil (IV) melting at 133-134°: 
Xmal 268 mu, e 21000'.

A n a l .  Calcd. for C22H i8Oio: C, 59.73; H, 4.10. Found: 
C, 59.73; H, 4.15.

Méthylation of any of the three forms of I with dimethyl 
sulfate and alkali and recrystallization of the product from 
glacial acetic acid yielded yellow crystals melting a t 220- 22 1° 
and not depressing a mixed melting point with authentic I I .4

8 ,3 ' ,4 ,4 '~ T c tr a h y d r o x y b e n z o in  (V). A solution of 5 g. of I 
dihydrate in 200 ml. of hot water was treated with 25 ml. of 
glacial acetic acid and 5 g. of granulated tin. The mixture 
was heated on the steam bath for 1.5 hr. and filtered. The 
precipitate was washed with hot water, and the combined 
filtrate and washings were concentrated under reduced 
pressure. After standing at room temperature, the solution 
deposited 1.2 g. of tan crystals which were recrystallized 
from water in the presence of decolorizing carbon to yield 
light tan needles of V hemihydrate melting a t 186-188°. 
The ultraviolet absorption spectrum was identical with that 
of authentic veratroin (VI) and indicated the following 
maxima: Xm„  232 m ^  e 19750; Xmal 281 m y ,  e 14780; Xmax 
325 m y ,  e 17250.

A n a l .  Calcd. for ChH i306.5: C, 58.90; H, 4.46. Found: C, 
58.92; H, 4.59.

Acetylation with acetic anhydride in pyridine yielded 
3,3',4,4'-tetrahydroxybenzoin pentaacetate (VII) as color
less needles from ethanol melting a t 182-183°.

A n a l .  Calcd. for CMH220n: C, 59.26; H, 4.56. Found: 
C, 59.68; H, 4.32.

3 ,S ',4 ,4 '-T e lr a h y d r o x y d e o x y b e n z o in  (VIII). A solution of 
5 g. of I dihydrate in 200 ml. of hot water was treated with 
10 g. of granulated tin and then slowly with 10 ml. of coned, 
hydrochloric acid. The mixture was heated on the steam bath
1.5 hr. and filtered. The precipitate was washed with hot 
water, and the combined filtrate and washings were con
centrated under reduced pressure. After standing several 
days at room temperature the solution dîposited 2.2 g. of 
dark crystals which were recrystallized from water in the 
presence of decolorizing carbon to yield light tan crystals 
of V III monohydrate melting at 196-198° and having the 
following maxima in its ultraviolet absorption spectrum: 
Xma* 231 m/x, e 18800; Xmax 281 m/x, « 11950; Xmax 310 m/x, 
e 8720. The ultraviolet absorption spectrum was identical 
with that of deoxyvanilloin (IX).

A n a l .  Calcd. for CuHnOe: C, 60.43; H. 5.07. Found: C, 
60.59; H, 5.19.

Acetylation with acetic, anhydride in pyridine yielded 
3,3',4,4'-tetraacetoxydeoxybenzoin (X) as light yellow 
needles from ethanol melting at 127-128° and having the 
following maximum in its ultraviolet absorption spectrum:

(12) I. A. Pearl and E. E. Dickey, J .  A m .  C h e m . S o c . 74,
614(1952).

Xmax 293 m y ,  « 26950. The spectrum was essentially identical 
with that of deoxyvanilloin diacetate (XI).

A n a l .  Calcd. for C22H20O9: C, 61.68; H, 4.71. Found: C, 
61.55; H, 4.74.

V III was also prepared by reduction of I dihvdrate with 
tin amalgam and hydrochloric acid13 in cither aqueous 
or dilute ethanolic solution.

3 ,8 ' ,4 A '~ T e tr a h y d r o x y b ib e n z y l (XII). A solution of 5 g. 
of I dihydrate in 200 ml. of hot water was treated with 10 g. 
of zinc dust and heated to boiling. The mixture vras re
moved from the source of heat and treated portionwise with 
40 ml. of coned, hydrochloric acid. The solution de
colorized after the first addition. The mixture was allowed 
to stand 5 min. after the last addition and filtered hot. 
The zinc residue was washed with water, and the combined 
filtrate and washings were concentrated by distillation under 
reduced pressure. The concentrated solution deposited 
crystals upon standing at room temperature. The crystals 
were filtered and recrystallized from water to give 4.0 g. of 
X II as tan crystals melting a t 15 1- 15 2°. The ultraviolet 
absorption spectrum had a maximum at 283 m y  (e 6750) 
and was essentially identical with that of bivanillyl (X III) 
except for a slight maximum in the latter a t 230 m y .

A n a l .  Caled. for ChH „0 4: C, 68.28; H, 5.73. Found: C, 
68.31; H, 6.15.

Acetylation and recrystallization from ethanol yielded 
3,3',4,4'-tetraacetoxybivanillyl (XIV) melting a t 148- 
149° and having the following maxima in its ultraviolet 
absorption spectrum: Xmas 266 m y ,  e 1680; Xm,x 272 m/x, 
1660.

A n a l .  Calcd. for C22H220 8: C, 63.76; H, 5.35. Found: C, 
63.70; H, 5.33.

U n s u c c e s s fu l  re d u c tio n s  o f  I .  Attempted reductions of I 
with zinc and ammonium chloride, aluminum and hydro
chloric acid, aluminum amalgam and ammonium hydroxide, 
tin amalgam and hydrochloric acid, sodium borohydride, 
sodium trimethoxyborohydride in alkaline solution, sodium 
hydrosulfite in alkaline solution, zinc and sodium hydroxide, 
and Raney nickel alloy in sodium hydroxide solution under 
conditions reported previously4’ 10' 13 resulted in either the 
recovery of starting material or in the production of highly 
colored tarry materials from which no crystalline products 
could be isolated.

T h e  I n s t i t u t e  o f  P a p e r  C h e m i s t r y

A prLETO N , Wis.

(13) I. A. Pearl and W. M. Dehn, J .  A m .  C h em . S o c . 60, 
57(1938).

Decomposition of Acyl Nitrates. Reaction of 
Trifluoroacetic Anhydride w ith Nitric Acid

R o b e r t  B o s c h a n

R ece ived  J a n u a r y  39, 19 6 0

A low yield of fluoropicrin (III) has been ob
tained from the reaction of trifluoroacetic anhy
dride (I) with nitric acid at 100°. The formation of 
this material very likely proceeds via the inter
mediate trifluoroacetyl nitrate (II), which decom
poses as shown in a manner similar to that pre
viously postulated in the conversion of alkyl chloro
formâtes to nitrate esters1 and of dialkyl carbamyl

(1) R. Boschan, A m . C hem . S o c ., 81, 3341 (1959).
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(CF3C0)20  +  HNO3 CFjCOOH +  
I

The mass spectrum showed the expected cracking pattern 
for a compound with the structure trifluoronitromethane.

l/2( CF3C 0)20  +  1/2N ,05 

/  /  IV
CF3C 00N 0 2

CF3N 02 +  CO, 

III

chlorides to nitramines1 2 by treatment with silver 
nitrate. Probably the reason for the low yield of 
III is the reversible conversion to nitrogen pent- 
oxide (IV). The formation of IV from I and nitric 
acid has been demonstrated previously3; IV would 
certainly decompose very rapidly at 100°, thus pre
venting the formation of III.

The reactions of perfluorobutyric anhydride and 
of perfluorosuecinic anhydride with nitric acid were 
tried, but in neither case was any nitro compound 
found in appreciable amount. Probably in these 
cases IV is formed and decomposes too rapidly to 
allow formation of nitro compounds. Neither of 
these anhydrides is completely miscible with nitric 
acid as is I, and this would doubtlessly affect the 
reversibility of the reaction in which IV is formed.

\
II
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C h e m i s t r y  D i v i s i o n

U. S .  N a v a l  O r d n a n c e  T e s t  S t a t i o n

C h i n a  L a k e , C a l i f .

Pyrolysis of 9(ll)-Dehydroergosterol Peroxide 
Acetate

W e r n e r  B e r g m a n n 1 a n d  M a r t i n  B .  M e y e r s 2

R eceived  F e b ru a r y  17 , 1 9 6 0

The thermal or base-catalyzed treatment of 
epidioxide rings attached to secondary-secondary 
or secondary-tertiary carbon atoms ordinarily 
gives rise to disproportionation into either or both 
a ¡3,y-epoxy ketone and/or a keto-allylic alcohol3:

EXPERIMENTAL

R e a c tio n  o f  tr i f lu o r o a c e tic  a n h y d r id e  w ith  n i t r i c  a c id . A 
mixture of 21.0 g. (0.10 mole) of trifluoroacetic anhydride 
and 6.3 g. (4.20 cc., 0.10 mole) of 100% nitric acid was 
placed in a hydrogenation bomb liner and inserted in a 
stainless steel bomb. The heater was turned on, and in less 
than an hour the reaction mixture was up to 100°. The mix
ture was maintained a t this temperature for about an addi
tional 5.5 hr., and then was gradually allowed to cool to 
ambient temperature and allowed to remain overnight. The 
gas was bled into a standard nitrometer tube (240 cc.) and 
then into a liquid nitrogen trap. Fourteen fillings of the 
nitrometer tube (total 3360 cc.) were required to bleed 
all the gas from the bomb. The gases were passed through 
a molecular sieve vapor phase chromatography column 
which irreversibly removed carbon dioxide, nitrogen dioxide, 
and water. A pure sample of fluoropicrin was thus obtained 
and eluted from the column. Three 5-cc. aliquots of the 
original gas sample yielded sufficiently pure fluoropicrin 
to give a good infrared spectrum. The amount of helium 
(which had been used as carrier gas in the vapor phase 
chromatograph) and air in the gas sample were determined 
by mass spectrometry. The weight of the gas sample was 
measured by weighing the gas sample tube before and after 
evacuation. From these data it was calculated that 0.815 g. 
(7.09%) of pure fluoropicrin v'as obtained in the reaction.

The fluoropicrin was characterized by means of its infra
red and mass spectra. The infrared spectrum showed the 
reported4 asymmetrical stretch vibration peaks at 6.13 ¡j. 
and 6.18 n  and the symmetrical stretch vibration peak at 
7.78 ju. The entire infrared spectrum was similar to the 
reported5 spectrum of l-chloro-l,l,2,2-tetrafluoro-2-nitro- 
ethane.

(2) W. P. Norris, J .  A m .  C h em . S o c ., 81, 3346 (1959).
(3) J. II. Robson, J .  A m .  C h em . S o c ., 77, 107 (1955).
(4) R. N. Haszeldine and J. Jander, J .  C h e m . S o c .. 4172 

(1953).
(5) R. N. Haszeldine, J .  C h em . S o c ., 2525 (1953).

Where the epidioxide ring is attached to two 
tertiary carbon atoms, as in ergosterol peroxide
(I), there must be a rearrangement for dispropor
tionation to take place. This is observed when I 
is refluxed in a hydrocarbon solvent at around 200°. 
Two major products are formed, ergost-22-ene- 
5,6a-epoxy-7-one-3/3-ol (II) and ergosta-8,22-diene- 
5,6a-epoxy-3/3,7a-diol (III), where the oxygen 
function has migrated from Cs to C?.4 The assign
ment of the nuclear double bond to the A8 position 
was made by oxidation of the 3-monoacetate of 
III to 3/3-acetoxyergosta-8,22-diene-5,6a-epoxy-7- 
one (IV), which when treated with potassium 
iodide in glacial acetic acid gave the known 3/3- 
acetoxyergosta-5,8,22-triene-7-one (V). It was 
thought that further support for the correctness 
of this assignment could be made by pyrolysis of 
9(ll)dehydroergosterol peroxide acetate (VI), 
which by proceeding in analogous manner to 
ergosterol peroxide (I) would produce the /3,7- 
epoxy ketone VII and VIII: Basic isomerization 
of VII should then lead to IV.

(1) Deceased.
(2) Central Research Laboratories, General Mills, Inc., 

2010 East Hennepin Avenue, Minneapolis 13, Minnesota.
(3) (a) W. Bergmann and R. J. Conca, J .  O rg. C h e m ., 

18, 1104 (1953); (b) E. J. Agnello, R. Pinson, Jr., and G. D. 
Laubach, J .  A m .  C h em . S o c ., 78, 4756 (1956); (c) R. B. 
Woodward and R. H. Eastman, J .  A m .  C h em . S o c ., 72, 339 
(1950); (d) T. G. Halsall, W. J. Rodewald, and D. Willis, 
P ro c . C h em . S o c ., 1958, 231.

(4) W. Bergmann and M. B. Meyers, C h em . &  h i d .
(L o n d o n ) , 1958, 655; A n n . ,  620, 46 (1959).
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VIII

Under conditions sufficient to isomerize I, i.c., 
one hour refluxing in decane-dodecane mixtures 
(b.p. 195-200°), VI was recovered unchanged, 
and prolonged reflux of VI in dodecane (b.p. 
214°) in the presence of atmospheric oxygen gave 
only dark unpurifiable oils. The desired pyrolysis 
was successfully accomplished by refluxing YI 
in dodecane under nitrogen for periods of sixty to 
ninety minutes. Work up of the reaction mixture 
quickly demonstrated that VI behaves in a highly 
complex manner on thermal breakdown. On cooling 
there was deposited a crystalline solid (15-17% 
yield) (IX). If after filtering IX the mother liquors 
were allowed to stand three to four weeks, an oil 
was slowly deposited which amounted to 20-40% 
by weight of the starting VI. This oil exhibited 
hydroxyl absorption and a broad band at 5.78 p 
in the infrared. Attempts to purify the oil by crys
tallization or chromatography were unsuccessful. 
The hydroxyl absorption in this mixture is possibly 
caused by tertiary hydroxyl groups, as the oil was 
unchanged after treatment with chromic acid- 
pyridine complex.

When, after having deposited all insoluble matter, 
the mother liquors were chromatographed on 
alumina, elution with 19:1 hexane-benzene yielded 
about 24% (by weight of starting material) of the 
dcoxygenated 9(ll)dehydroergosterol acetate (X). 
The only previously reported cases of thermal 
reversal of epidioxide formation have been in the 
polynuclear aromatic series where, for example, 
rubrene peroxide loses 80% of its oxygen on heat
ing under vacuum.5 Xo detectable amounts of 
ergosterol are produced on pyrolysis of I; therefore 
the formation of X must be taken as an indication 
of the great reluctance of VI to rearrange.

If Florisil were substituted for alumina as the 
absorbent for chromatography of the mother 
liquors, after the 9(ll)dehydroergosterol acetate
(X) had been removed, elution with 49:1 hexane- 
acetone produced a ketone (1.6% yield) which was 
assigned structure VII (3/3-acetoxyergostu-9(ll),-
22-diene-5,6a-epoxy-7-one as it exhibited
5.86 p (a,/3-epoxy ketone) and 12.52 p (epoxide).* 307 6

(5) W. Bergmann and M. J. McLean, Client. R e v s ., 28,
307 (1941).

Elution of VII from unneutralized alumina brought 
about isomerization of the /3,7-double bond and 
yielded a compound which was shown to be identi
cal with IV and thus unambiguously establishing 
the location of the nuclear double bond in III at 
A8. Continued elution of the Florisil column gave 
rise to very small amounts of other compounds 
with ketonic functions.

The compound IX, isolated by cooling of the 
pyrolysis mixture, showed in the infrared neither 
hydroxyl or carbonyl absorption other than the 
original acetate carbonyl but did possess two 
sharp bands of medium intensity at 5.94 and 6.06 
p, which were also found in the reduction products 
of IX. These bands were probably not caused by a 
conjugated dienoid system, as IX exhibited no 
noticeable absorption in the ultraviolet above 220 
mji. When IX was allowed to react with chromic 
acid-pyridine complex, starting material was re
covered unchanged. Saponification of IX with 
methanolic potassium hydroxide gave the free 
alcohol XI which like IX had two bands of medium 
intensity at 5.89 and 6.02 p in the infrared. Elemen
tal analyses of IX and XI showed IX to be iso
meric with the starting VI and this was supported 
by a micro-Rast molecular weight determination 
on IX. Acid treatment of IX gave rise to an un
purifiable hydroxy ketone. The acid sensitivity of 
IX combined with its stability towards basic rea
gents is strikingly similar to the properties which 
Agnello, Pinson, and Laubach7 reported for 3/3- 
acetoxvei'gosta - 6,22-diene -8,14a :9,11a: - diepoxide 
(XII). When XII was treated with hydrochloric 
acid in acetone, an amorphous product was ob
tained, Xm„x 256 m/x. It therefore seems plausible 
that IX may have the dicpoxide structure XIII:

Although an intermediate dicpoxide is not found 
on rearrangement of ergosterol peroxide (I) or its 
acetate, compounds with such structures have been 
observed in several other rearrangements of 
epidioxides.8 The slowly precipitated oil obtained 
from the pyrolysis may arise from the thermal 
breakdown of IX, as the diepoxide pseudoascaridole

(6) C f., F. Sallmann and O. Tamm, H elv . C h im . A d a ,  39, 
1340 (1950); R. H. Bible, Jr., C. Placek, and R. 1). Muir, 
J .  O rg. C he in ., 22 , 007 (1957).

(7) E. J. Agnello, R. Pinson, Jr., and G. D. Laubach, 
J .  A m .  C hein . S n c ., 78, 4750 (1950).

(8 ) (a) O. Matie and 1). Sut,ton, J .  C lient. S u e ., 349 
(1953); (b) < >. A. Runquist, Ph.I). dissertation, I'niversity 
of Minnesota (1950); (c) G. Dufraisse and J. J. Basselier, 
C o m p t. re n d ., 248, 700 (1959); (d) G. O. Schenk, A n g e w .  
C h e m ., 04, 12 (1952); (e) H. Hock and M. Siebert, H er., 87, 
554 (1954).
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gives rise to at least eight different products when 
held at high temperatures for extended periods.9

The presence of at least one epoxide group in 
IX was shown by its reduction to a diol (XIV) 
with lithium aluminum hydride; acetylation of 
XIV by acetic anhydride in pyridine indicated 
that the reduced epoxide was attached at one end 
to a tertiary carbon atom as only one of the hy
droxyl groups in XIV (presumably the one at 
3d) was esterified.

EXPERIMENTAL10

P y r o ly s is  o f  !>{1 l)d eh yd ro erg o s te ro l p ero x id e  aceta te (VI). A. 
Under a stream ef nitrogen, 20 g. of 0(11 )dehydroergosterol 
peroxide acetate11 was refluxed in 125 ml. of n-dodecane for 
75 min., then allowed to stand in the refrigerator overnight. 
Filtration afforded 3.25 g. of I X ,  m.p. 187-105°. A portion 
of this material (630 mg.) was placed on 15 g. of alumina 
and eluted with 19:1 benzene-hexane. After «»crystallization 
from methanol, the analytical sample of IX was obtained as 
plates, m.p. 192-105°; [a]D +243° (r. 1.41).

A n a l .  Oalcd. for C30H.nO.-,: C, 76.88; II, 9.46; mol. wt., 468. 
Found: C, 76.70; H, 9.61; mol. wt., 473 (micro-Rast- in 
camphor).

Saponification of IX was effected by refluxing a solution 
of 100 mg. of the steroid acetate in a mixture of 0.3 g. of 
potassium hydroxide, 0.5 cc. of water, and 20 cc. of methanol 
for 90 min. Water was added to incipient precipitation and 
cooling gave 72 mg. of a solid (XI), which was «»crystal
lized from aqueous methanol, m.p. 172 -175°; [a]u +274° 
(c  1.04).

A n a l .  Calcd. for (+ J f,,0 :i: C, 78.82: H, 9.92. Found: C, 
78.75; H, 10.14.

B. In a similar manner 1.0 g. of VI was refluxed 1 hr. in 
a-dodecane under nitrogen. After standing overnight, the 
solid IX (162 mg., 16%) was removed and the filtrate placed 
on 30 g . of alumina. Elution with 19:1 hexane-benzene 
yielded 228 mg. (24(4) of 9( 1 l)dehydroergosterol acetate
(X), which after recrvstallization from methanol melted at
148.5-151°; Xmax 310% 10,000), 324 % 11,600), and 339 mM 
(« 7800); lit.12: m.p. 147.5-149.5°; X,„„x 311 (e 10,500), 324 
(e 12,100) and 341 mg (e 7500). Further elution of the column 
produced mixtures.

S 0 -A ce to xy e r( io s ta -9 (1 1 ) , 2 2 -d ie  ne-5 , 6  a -e p o x y -7 -o n e  (VII). 
The final filtrate from part A in the pyrolysis of VI was 
placed on 300 g. of Florisil and all the 9(11) dehydroergo- 
sterol acetate (X) present, was removed by elution with 
99:1 hexane-acetone. Elution with 49:1 hexane-acetone then 
gave 325 mg. (1.6%) of VII, m.p. 146.5-149°, which was 
obtained as small needles after «».crystallization twice from 
methanol, m.p. 149.5-150.5°; [a]i> +29.6° (c 1.149).

A n a l .  Calcd. for C30H44O4: C, 76.88; Id, 9.46. Found: C, 
76.22; H, 9.65.

3f}~: 1 c e to xye rg o s ta -8 ,2 2 -d ien e -5 ,6 a -ep o xy-7 -o n e , (IV). A
benzene solution of 50 mg. of VII was placed on 5 g. of 
unneutralized alumina. After 2 hr. the steroid was eluted 
with ether and recrystallized from methanol to give material, 
m.p. 196.5-205°, whose infrared spectrum was identical 
with that of 3/3-acetoxvergosta-8,22-diene-5,6«-epoxv-7-one
(IV): lit.1: m.p. 209-210°.

(9) E. Rick, Ph.D. dissertation, Yale University (1959).
(10) All melting points are corrected. Rotations were 

measured in chloroform at 25° in a 1 decimeter tube using 
a photoelectric polarimeter. Infrared spectra were deter
mined in potassium bromide windows. The ultraviolet 
spectra were determined in absolute alcohol.

(11) A. Windaus and O. Linsert, .-In«., 465, 157 (1928).
(12) R. Antomicci, S. Bernstein, 1). (liancola, and K. J. 

Sax, J .  O rg. C h tm ., 16, 1159 (1951).

R ed u ctio n , o f  IX. To a slurry of 1.2 g. of lithium aluminum 
hydride in 50 cc. of ether there was added 500 mg. of IX. 
After standing 4 hr. a t room temperature, a saturated 
aqueous solution of ammonium chloride was carefully added. 
The ethereal layer was separated and the aqueous portion 
extracted with chloroform. The organic material was com
bined, dried, and evaporated giving 395 mg. of XIV which 
on recrvstallization from acetone melted at 206-210° dec.; 
[«In +211° (c  1.04). Satisfactory elemental analyzes for 
XIV were not obtained.

One hundred milligrams of XIV was treated overnight 
with acetic anhydride in pyridine. Workup in the usual 
manner gave 63 mg. of a solid which was «»crystallized from 
methanol-chloroform and obtained as platelets, m.p. 245.5- 
248.5°; |« |„  +210° <c 1.12); X™r 2.93, 5.75, 5.89, 6.02 M.

A n a l .  Calcd. for C.k>H«0 4: C, 76.88; H, 9.46. Found: C, 
76.71 ; II, 9.20.

R ea c tio n  o f  IX icith a c id . To a solution of 100 mg. of IX 
in 20 cc. of (boxane, there was added a solution of 100 mg. of 
p-toluenesulfonic acid in 2 cc. of water and 3 cc. of (boxane. 
After standing 18 hr. at room temperature, the reaction mix
ture was poured into water and extracted with chloroform. 
The extracts were washed, dried, and evaporated to yield 
85 mg. of an oil, which was obtained as an amorphous solid 
from hexane, m.p. 161-163°; 2.93, 5.74, 5.79 (shoulder),
5.93 M-

S t e r l i n g  C h e m i s t r y  L a b o r a t o r y

Y a l e  U n i v e r s i t y

N e w  H a v e n , C o n n .

The Synthesis of 2-Chloromethyl-5- 
alkylhydroquinone Dim ethyl Ethers by a 

Controlled Chloromethylation

G r e g o r y  J. L e s t i n a  a n d  H o m e r  W. J. C h e s s m a n

R ece ived  F e b ru a r y  24 , 106 0

During the course of our work some hvdro- 
quinone dimethyl ethers of Types la and lb were 
needed.

la. R = CH,
II». R = C8H„

Neither compound had been reported in the 
literature and a convenient preparation of this 
class of compounds was not apparent. In fact, an 
attempt to prepare la by the chloromethylation of
2,5-dimethoxytoluene1 had yielded only 5,5'- 
methylenebis(tohihydroquinone dimethyl ether)
( I I ) /

(1) G. .hirini and T. Bacchetti, G azz. 
760(1950).

c h in i. H al., 80,
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However, it appeared likely that la had been formed 
as a precursor to II and our experience with the 
chlorométhylation reaction led us to believe that 
la could be obtained in good yield by properly ad
justing the reaction conditions.

When 2,5-dimethoxytoluone was slowly added 
to a chlorométhylation mixture as 55-60°, yields 
of la from 55-65% were obtained. This mode of 
addition of reagent differs from those generally 
applied1 2 in which either all reactants are mixed at 
once or formalin is added slowly to the reaction 
mixture.1 The position of the chloromethyl group 
was shown by converting la to the known 2,5- 
dimethoxy-p-xylene (III).3

This technique of chlorométhylation, when 
applied to n-octylhydroquinone dimethyl ether 
gave lb in comparably good yield, and it is reason
able to assume that other alkyl- or arvl-subsfitufed 
hydroquinone dimethyl ethers tan be chloro- 
methylated with similar ease.

EXPERIMENTAL4

5 -C h lo ro m e lh y U o lu h y d ro q u in o n e  d im e th y l  e ther (la). Gase
ous hydrogen chloride was buhl'led into a well-stirred mix
ture of 200 ml. of 35% formaldehyde, 100 ml. of coned, hy
drochloric acid, and 400 ml. of dioxane for 15 min. at such a 
rate that the temperature of the mixture remained between 
55-00° with no external heating. To this mixture 152 g. 
( 1.0 mole) of 2,5-dimet.hoxytoluenc was added, dropwise, 
over a period of 20 min., while the tem[>erature was main
tained between 55-60°. When the addition was completed, 
the passage of hydrogen chloride was stopped. The mixture 
was cooled and poured into 2 1. of ice water and 300 ml. of 
ethyl ether. The aqueous layer was extracted twice more 
with 250-ml. portions of ether. The combined ether ex
tracts were washed with cold water until the washings were 
neutral to litmus, then dried with anhydrous magnesium 
sulfate, and evaporated under reduced pressure. The residue 
was distilled through a 4-in. Vigreux column to give 110 
130 g. (55-05%) of colorless liquid, b.p. 144-153°/!4-10 
mm., which solidified on cooling. Recrystallization from 
acetonitrile gave white crystals, m.p. 01.5-02.5°.

A n a l .  Calcd. for CioHisClCL: C, 50.0; H, 0.5; Gi, 17.7. 
Found: C, 59.8; H, 6.5; Cl, 17.5.

A portion of the residue from the distillation flask was 
recrystallized from 95% ethanol to give II, m.p. 147-148°.1

2 ,5 -D im e lh o x y -p -x y le n e  (III). A mixture of 1.0 g. of la  in 
150 ml. of ethyl acetate containing 1.0 g. of 10% palladium 
on charcoal cata.yst was hydrogenated at 45 p.s.i. and 25°. 
After 1 hr., the mixture was filtered to remove the catalyst 
and the filtrate evaporated to give a white solid which, after 
recrystallization from hexane, gave 0.5 g. of white crystals, 
m.p. 108-109° (lit..3 m.p. 108°). A mixed melting point with 
authentic III  was not depressed and the infrared spectra of 
the two were identical.

o -n -O c ty lh .y d ro a u in o n e  d im e th y l  e ther. To a mixture of 2 
g. of 10%, palladium on charcoal catalyst in 150 ml. of acetic 
acid was added 20.4 g. (0.1 mole) of 2-n-caprylyliydroquinone 
dimethyl ether.6 The mixture was hydrogenated a t 50 p.s.i. 
a t 25° anil hydrogenation was complete overnight. The

(2 ) R. C. Fuson and C. II. McKeeve:-, O rq. R e a c tio n s , 
Vol. I, 03 (1942).

(3) E. Noelting and P. Werner, l ie r . , 23, 3251 (1890).
(4) All melting points were measured :n capillary tubes 

and are uncorrected.
(5) J. H. Cruickshank and R. Robinson, J .  C hen i. Soc., 

2064(1938).

catalyst was filtered and the acetic acid removed under re
duced pressure. The residue was distilled to give 21.3 g. 
(85%,) of slightly yellow liquid, b.p. 128-132°/1 mm., 
re25 1 4979.

1A n a l . Calcd. for C16H260 2: C, 76.8; H, 10.4. Found: C, 
76.5; H, 10.3.

B -C h lo r o m e th y lS -n -o c ty lh y d r o q u in o n e  d im e th y l  e th er (lb). 
The reaction was performed exactly as described for the 
preparation of la. From 100 g. (0.4 mole) of n-octvlhydro- 
quinone dimethyl ether there was obtained, after distillation, 
75 g. (62%) of colorless liquid, b.p. 170-173°/'0.4 mm., 
which solidified on cooling. Recrystallization from acetoni
trile gave white crystals, m.p. 51-52°.

A n a l .  Calcd. for C17H27C102: C, 68.3; H, 9.1; Cl, 11.9. 
Found: C, 68.5; H, 9.0; Cl, 11.8.

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

R o c h e s t e r  4, X . Y.

2-Aminothiazolesulfonamides

C a r l  Z i e g l e r , E l e a n o r  K .  K u h l , 

a n d  J a m e s  M. S p r a g u e

R ece ived  N o v em b er 5 , 1951)

The sulfonation of 2-acetamidothiazoles with 
chlorosulfonic acid has been reported by several 
investigators, but the structure of the resulting 
sulfonyl chlorides has been a subject of contro
versy.1-3

Backer and co-workers4’5 considered the products 
that they obtained from 2-acetamidothiazole and
2-acetamido-4-methylt,hiazole to be 5-sulfonyl chlo
rides (I). This assignment of structure by these 
investigators was based on previous work which 
proved the point of attack of electrophilic agents, 
such as nitric acid and bromine, to be the 5 position 
of the thiazole ring.

However, Postovskii and Belaya,3 who carried 
out the reaction under similar conditions, inter
preted the reaction as occurring on the acetamido 
group to yield the acetylsulfamyl chlorides (II). 
Postovskii6 later concluded, on the basis of in
frared absorption spectra, that this interpretation 
was in error and that the products were thiazole-5- 
sulfonyl chlorides.

The amides derived from these sulfonyl chlorides 
afford a ready solution to the problem. Hydrolysis 
of the acetyl derivatives that arise from the reaction

( 1 ) H. E. Faith. ./. A m .  C h a n . S o c .. 74, 5799 11952): 
69,2033(1947).

(2) C. 1). Hurd and H. L. Wehrmeister, J .  A m . ( 'h e m .  
S o c ., 71,4008 (1949).

(3) I. Ya. Postovskii and T. S. Belaya, C o m p t. R en t!. 
A c a d . S c i .  U .R .S .S .  40, 326 (1943); C h em . A b s tr . 39, 1151
(1945).

(4) II. J. Barker and J. de Jonge, R ec. trav. c h im ., 62, 
158(1)43).

(5) II. J. Barker and J. A. K. Buisman, R ec. trav. c h im .,  
63,228(1944).

(6 ) I. Ya. Postovskii and T. S. Mamykina, Z h u r .  O bshchei 
K h tn i .  2 3 , 1765 (1953); C h a n . A b s tr . 49, 300 (1955); S. G. 
Bogomolov, Yu. X. Sheinker and I. Ya. Postovskii, Z h u r .  
O bshchei K h im . ,  24, 539 (1954); C h em . A b s tr . 48, 8654 (1954).
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T A B L E  I

so 2n h 2

R'NH N R2

Analysis11

M.P. Caled. Found
R 1 R 2 uncorr. Formula n  or /o H, % N, % c, % H, % N, % Yield, %

p-H02CC6H4S02 H 297-298 C10H 9N3O6S3 33.05 2.50 11.56 32.60 2.70 11.42 50“
p-h o 2c c 6h 4s o 2 c h 3 298-300 c „ h „ x 3o 6s3 35.00 2.94 11.14 35.09 3.22 11.06 19“
c 6h 5so 2 c h 3 201-203 C10HnN3O4S3 36.03 3.33 12.61 36.27 3.49 12.60 54“
p-n c c 6h 4c o c h 3 260-262 C,2H10N4O3S2 44.70 3.13 17.38 44.89 3.08 17.36 76“
C6H5—CH=CHCO c h 3 244-245 C13H12N303S2 48.27 4.05 12.98 48.34 4.07 12.96 52“
c 6h 6—c h = c h s o 2 c h 3 239-240 c 15h 21n 3o 6s3ô 43.05 4.82 10.04 43.51 4.90 10.07 24“
CsH7CO c h 3 166-167 c 8h 13n 3o 3s2 36.49 4.98 15.96 36.36 4.83 15.95 33
CHjCO c 6h / 301-303 ChHuN jO Ä 44.43 3.73 14.13 44.94 3.90 13.6 30
H C .H / 271 dec. c 9h 9n 3o 2s2 42.34 3.55 16.46 42.95 3.85 16.17 72

“ From the amine and the appropriate acid chloride. 6 Solvated with isopropanol. c We are indebted to Mr. K. B. Streeter 
and his associates for the microanalyses. “ C f. ref. 8 .

of the sulfonyl chlorides with ammonia or amines 
would, in one case, lead to a 2-thiazolylsu If amide
(IV), and in the other to a 2-aminothiazole-5- 
sulfonamide (III). As 2-aminothiazoles can be 
diazotized and coupled with a-naphthyldimethyl- 
amine to give characteristic dyes,7 III would be 
expected to undergo this reaction but IV would not.

The work of the previous investigators was re
peated in our laboratories and the products sub
jected to the diazo test. Acid hydrolysis of the acetyl 
derivatives in all instances (R = H, CII3 or Celle) 
yielded products that gave a diazo color ; therefore, 
these products must have the 5-sulfonamide struc
ture III and not the sulfamide structure IV.

S02C1 SCLNHR'
1. R'iNH,
2. Hvdrolvsis

CHjCONH N R  H,N N R
1IJ

UH,COM! N R

In addition to the compounds prepared by 
Backer et al., the 4-phenyl derivative (R = C6H5) 
was also prepared and found to possess structure 
III ; this compound has been reported by Bas and 
Rout.8 Several sulfonyl and acyl derivatives of the 
aminosulfonamides (III) were prepared through 
reaction with the appropriate sulfonyl or acyl 
chloride. The formation of these derivatives under 
the conditions employed also supports structure
III. These compounds are recorded in Table I.

(7) J. M. Sprague, A. H. Land, and C. Ziegler, J .  A m .  
C h em . S o c ., 68, 2155 (1946).

(8 ) B. Bas and M. K. Rout, J .  I n d i a n  C h em . S o c ., 32, 663
(1955).

EX PERIM EN TA L

S u l fo n y l  ch lo r id e s. The method of Backer et a id  was used, 
except that prolonged heating of the chlorosulfonic acid 
solutions was found unnecessary. Heating longer than 2 
hr. on the steam bath did not increase the yield of product.

S u lfo n a m id e s . Crude, moist sulfonyl chloride was added 
to a large excess of liquid ammonia according to the method 
of Roblin and Clapp.9 Hydrolysis to the 2-aminothiazole-5- 
sulfonamides was carried out in acidic medium by the 
method of Backer.4 The diazotization and coupling test 
was carried out as previously described.7

D er iva tives . Of the compounds listed in Table I, most were 
prepared by the reaction of a 2-aminothiazole-5-sulfonamide 
with the appropriate acyl chloride or sulfonyl chloride in 
pyridine solution.

2-Methylamino-4-methylthiazole, prepared by the method 
of Burtles et a l .,10 was acetylated with acetic anhydride. 
Subsequent treatment with chlorosulfonic acid gave a crude 
sulfonyl chloride. This was treated with liquid ammonia to 
give a low yield (<1% ) of 2-acetylmethylamino-4-methyl- 
thiazole-5-sulfonamide, m.p. 204-206°.

A n a l .  Calcd. for C,H„N30 2S2: C, 33.72; H, 4.45; N, 
16.86. Found: C, 34.20; H, 4.80; N, 16.84.

M e r c k  S h a r p  a n d  D o h m e

R e s e a r c h  L a b o r a t o r ie s

W e s t  P o i n t , P a .

(9) R. O. Roblin, Jr., and J. W. Clapp, J .  A m .  C h em . S o c . 
72,4890(1950).

(10) R. Burtles, F. L. Pj^man, and J. Roylance, J .  C h e m . 
S o c ., 589 (1925).

Potential Anticancer A gents.1 XXXV. 
Nonredox Analogs of Riboflavin. II.

Synthesis of 3,4-Dihydro-4,4,6,7- 
tetram ethyl-l-(l-D -ribityl)carbostysil

E l m e r  J .  R e i s t , H a r l a n  P .  H a m l o w , I r e n e  G. J u n c a , 
R. M . S i l v e r s t e i n , a n d  B . R. B a k e r

R ece ived  F e b ru a r y  8 , 19 6 0

A recent program in these laboratories devoted 
to the synthesis of antagonists of riboflavin, such as



1456 NOTES v o l . 25

X, us potential anticancer agents2 involved the 
synthesis of 3,4-dihydro-4,4,6,7-tet.ramethyl-l-(l- 
n-ribityl)carbostyril (VI) as a key intermediate. 
One of the more attractive synthetic sequences of 
VI involves the alkylation of 3,4-dihydro-4,4,6,7- 
tetramethylearbost-yril (V) with 2,3,4,5-tetra-O- 
acetyl-l-D-(p-tolylsulfonyl)rihitol (III). Model 
studies showed that alkylation of the carbostyril
(V) with butyl bromide or butyl tosylate to give 
the V-butyl derivative (IV) proceeded in satis
factory yield.

The synthesis of the 1-tosvlate (III) was ac
complished in two steps from 2,3,4,5-tctra-O- 
acetyl-n-ribose (I).3 4 Hydrogenation of tetraacetyl- 
u-ribosc (I) with Raney nickel in ethyl acetate- 
acetic acid1 gave a 76% yield of crude 2,3,4,5- 
tetra-O-acetyl-D-ribitol (II) which could be crystal
lized in low yield from benzeno-Skcllysolvo B.6 A 
more satisfactory procedure consisted of a direct 
tosylation of the crude tetraacetyl-n-ribitol (II) to 
give the crystalline 1-tosvlate (III) :n 39% over-all 
yield from I.

Several attempts to condense the sodium salt 
of the carbostyril (V),2 prepared from sodium 
hydride, with the tosylate (III) in AW-dimethyl- 
formamide at 100° were unsuccessful. With a 
three-hour reaction time, a mixture of tosylate
(III) and carbostyril (V) was recovered. Use of 
a twenty-four hour reaction time brought decom
position of the tosylate (III), recovery of carbo
styril (V), and no evidence for the ribityl carbo
styril tetraacetate (VII).

An alternative method for the synthesis of the 
ribitylearbostyril (VI) commenced with A7-(l- 
D-ribityl)-3,4-xylidine (VIII). Since various at
tempts to accomplish a selective X-acylation or 0- 
acylation of the ribitylxylidine (VIII) resulted 
in mixtures of 0- and V-acylated derivatives 
of VIII, the preparation of the di-O-isopropylidene 
derivative (XII) was investigated; the latter could 
then presumably be acylated with 3-methylcrotonyl 
chloride to IX without the complications of 0- 
aeylation.

(1 ) Tliis work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Contract No. SA-43-ph-1892. The opinions 
expressed in this paper are those of the authors and are not 
necessarily those of the Cancer Chennrherapy National 
Service Center.

(2 i For the preceding paper in this series, r f . E. J. Reist,
H. P. Hamlow, I. G. Junga, It. M. Silverstein, and B. It. 
Raker,./. U n j. ( 'h e m ., 25, 1368 (1960).

(31 II. Zinner, B c r ., 83, 418 (19507
(4) Hydrogenation of I with Ilaney nickel in dioxane has 

been described by Fox.5 Substitution of ethyl acetate-acetic 
acid as a solvent, gives a smoother reaction and avoids pos
sible O-acetyl migration caused by the alka ine catalyst.

to) H. H. Fox, ./. O rg. C h c m ., 13, 580 (1948).
(6 ) Skellysolve B and Skellysolve C are petroleum hydro

carbon fractions with boiling ranges of 62-70° and 88-99°, 
respectively. They are supplied by the "special Products
Division, Phillips Petroleum Co., Bartlesville, Okla.
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Treatment of .Y-(l-n-ribityl)-3,4-xylidine (VIII) 
with acetone in the presence of alkanesulfonic acid 
and t opper sulfate for three hours gave a crude 
product which proved to be a mixture of the ex
pected diacetone derivative (XII) and a mono
acetone derivative (XI).7 The monoacetone deriva
tive (XI) could be crystallized in 12% yield. This 
crystalline material was converted to an A7,0,0- 
triacetate in quantitative yield. The triacetate 
showed O-acetate and .V-acetate absorption of 
approximately equal intensity in the infrared, 
indicating that the carbonyl of the Ar-acetyl has 
twice the extinction coefficient of the carbonyl of 
the O-acetyl.

(7) The assignment of the 3,4-position for the monoace
tone derivative is based on the observation that extended 
treatment of the ribitylxylidine (VIII) under aeetonating 
conditions failed to drive the reaction any further to com
pletion and the same amount of monoacetone derivative 
relative to diacetone derivative was obtained. Any 2,3- and/ 
or 4,5-monoacetone derivative would be expected to yield 
eventually the diacetone derivative (XII).
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In a second acétonation reaction, the crude acé
tonation mixture was distilled to separate the 
products XI and XII from other by-products. 
Acetylation of an aliquot of the distillate, followed 
by infrared examination of the resulting acetate 
mixture, showed that mono- and diacetone com
pounds were present in approximately equal 
amounts, each in 30-35% yield. The pure diace
tone derivative was obtained by distillation through 
a small Vigreux column.

Based on the above information, a more satis
factory technique was developed for the separa
tion of the mono- and diacetone derivatives 
(XI and XII, respectively), utilizing a solvent 
partition system of hexane-methanol-water (7:7:2). 
The hexane layer contained virtually pure diacctone 
derivative in 37% yield while the aqueous layer 
contained all the monoacetone derivative essentially 
free of diacetone derivative. This separation was 
particularly useful for large-scale separations, 
since distillation caused considerable decompo
sition.

Reaction of the diacetone derivative (XII) 
with 3-methylcrotonyl chloride gave Ar-(2,3:4,5- 
di-0-isoprop\-lidene-l-D-ribityl)-3-methyI-3',4'-rro- 
tonoxylidide (IX) in quantitative yield as a 
gum. Cyclization of this amide (IX) with an
hydrous aluminum chloride in Skellysolve C6 gave 
an aluminum chloride complex of the diacetone 
derivative of the carbostyril (VI). In order to 
break this complex, it was necessary to use warm, 
strong acid. Since this acid treatment caused partial 
doacetonation, the remainder of the acetone block
ing groups were removed by refluxing the crude 
product in methanolic hydrochloric acid. Crystal
lization from 50% ethanol gave a 20% yield of
3,4-dihydro-4,4,6,7-tetramethyl-l-(l-D-ribityl)-car- 
bostyril (VI). That this compound was the de
sired carbostyril (VI) and not the uncyclized 3- 
methylcrotonoxylidide was clearly demonstrated 
by its infrared spectrum. The product had no 
band at 6.13 p characteristic of the double bond in 
the acyl group of IX. Good evidence for ring 
closure to a carbostyril (VI) was evidenced by the 
presence of an X—C band at 7.06 p which has been 
present in all the model l-alkyl-3,4-dihvdrocarbo- 
styrils,2 but absent in their open-chain anilide 
precursors, including IX.

EXPERIMENTAL8

l-B u ty l-3 ,4 -d ih n d ro -4 ,4 ,(> ,7 -te tra m K th y lca rb o s ty r il (IV). A 
mixture of 9.0 g. (0.04 mole) of 3,4-dihydro-4,4,6,7-tctra- 
motliy learbosty ril (V)2 and 1.2 g. (0.05 mole) of sodium hy
dride in 75 ml. of benzene was heated under reflux with

(S) Melting points were taken on a Fisher-Johns appara
tus and are unrorrorted. Paper chromatograms were run by 
the descending technique on Whatman No. 1 paper and 
the spots were located by visual examination under ultra
violet light. The solvent systems used were n-butyl alcohol- 
methyl ethyl ketone-water (5:3:2) (solvent A) and 5% 
aqueous disodium phosphate (solvent B).

stirring for 23 hr. The benzene was removed in  vacuo  
and the solid sodium salt suspended in 125 ml. of A’,Ar-di- 
methviformamide. The mixture was heated a t 100 ±  2° 
with stirring while a solution of 6.5 g. (0.05 mole) of butyl 
bromide in 10 ml. of AyV-dimethylformamide was added 
dropwise over about 10 min. The suspension cleared as the 
mixture was heated with stirring for 80 min. The solvent 
was removed under reduced pressure and the viscous residue 
extracted with 100 ml. of benzene. The extract was washed 
with 100 ml. of water, dried over magnesium sulfate, and 
concentrated i n  vacuo . The residual product (10.4 g., 91%) 
was recrystallized from 50 ml. of Skellysolve B6 with the 
use of Norit; yield 7.1 g. (62%) of colorless crystals, m.p.
62.5-63.5°; XlB;(w 6.04 (amide C=G), 11.30 (1,2,4,5-tetra- 
substituted benzene), no NH in 3.0 region.

A n a l .  Calcd. for C„H,.-,N<>: C, 78.7; Ii, 9.72; N, 5.40. 
Found: C, 78.4; H, 9.52; N, 5.65.

Similar yields were obtained using re-butyl tosylate.
% ,3 ,4 ,5 -T c tra -O -a ce lt/l-n -r ib ilo l (II). A solution of 6.0 g. 

(0.02 mole) of 2,3,4,5-tetra-O-acetyl-n-ribose ( I )3 in 25 ml. of 
ethyl acetate was treated with 2.2 g. of Norit, heated to boil
ing, and filtered. The filtrate was treated with 25 ml. of 
ethyl acetate and 10 nd. of glacial acetic acid. Raney nickel 
(W-5, 2 g.) was added and the mixture hydrogenated over
night under a pressure of 41 lb. The catalyst was removed 
by filtration and washed with 25 ml. of ethyl acetate. The 
filtrate was neutralized with saturated sodium bicarbonate 
solution. The sodium bicarbonate solution was separated 
and washed with three 25-ml. portions of methylene chloride. 
The combined organic solutions were concentrated in  vacuo . 
The residue weighed 4.8 g. (80%). The crude product was 
dissolved in 30 ml. of benzene-Skellysolve B6 (3:2), treated 
with Norit, heated to boiling, and filtered. The solvents 
were removed i n  vacuo  and 4.57 g. (76%) of a viscous oil 
was obtained which was suitable for the preparation of the 
1-tosvlate (III); X“™,,,, 2-87 (OH), 3.37 (CH), 5.47 (acetate 
C=<)), 8.17,9.50 (C—()—C).

In a similar run using dioxane as the solvent for the hydro
genation,6 recrystallization from Skellysolve O  gave a 4%, 
yield of colorless needles, m.p. 56-58°, along with a 15%, 
yield of oil which crystallized on standing; 2.90 (OH),
5.70 (acetate C = 0 ), 8.20 (ester C—O—C).

A n a l .  Calcd. for C[:tHo0O3: C, 48.8; II, 6.30. Found: C, 
49.3; H, 6.61.

Fox5 reported a melting point of 55-57°.
2 ,3 ,4 ,5 - T e lr a -0 -a c e ty l- l -n -{ p - to ly h x d fo n y l) r ib i to l (III). A 

solution of 4.57 g. (0.014 mole) of the crude 2,3,4,5-tetra-O- 
acetyl-l-D-ribitol (II) in 25 ml. of pyridine was cooled in an 
ice bath with stirring while 3.3 g. (0.02 mole) of p-tolylsul- 
fonyl chloride was added in portions. The temperature was 
kept below 5°. The solution was stirred and cooled in an ice 
bath for 1.5 hr. protected from moisture, and allowed to 
w’arm to room temperature overnight. The brown solution 
was poured into 300 ml. of ice water. The oil which formed 
soon solidified to a white solid and was collected on a filter 
and dried; yield 4.32 g. (63%), m.p. 98-101°. The crude 
product was recrvstallized from 25 ml. of ethanol with the 
use of Norit: yield 3.44 g. (50%) of white crystals, m.p. 
103-104°. This compound had an infrared spectrum identi
cal with that of the analytical sample prepared in a pilot run.

The analytical sample had m.p. 104-105°; 6.75
(acetate C = 0 ) , 8.14 (ester C—O—C), 7.38, 8.42, 8.54 
(sulfonate).

A n a l .  Calcd. for CNTTeOnS: C, 50.6; H, 5.52; S, 6.75. 
Found: C, 50.8; H, 5.67; S, 7.15.

X -(3 ,4 -0 - I s o p r o p ! jl id c n c - t- \> -r tb ily l) -3 ,4 -X ! ll id in e  (N I) a m i  
A’- ( 2 ,3 : 4 ,o - d i - O  - iso p r o p y lid e n e  - I - n - r i b i l y l) - 3 ,4  - x y l i d i n e  
(N il). A mixture of 12.0 g. (0.047 mole) of A -(1-n-ribityl)-
3,4-xylidine (VIII) and 10 g. of anhydrous cupric sulfate in 
150 ml. of acetone was cooled to 2-3° in an ice-salt bath, 
then a solution of 11.5 ml. of cthanesulfonic acid in 20 ml. of 
acetone was added dropwise with stirring. After the addi
tion was complete, the mixture was stirred with continued 
cooling for 4 hr., then left at room temperature overnight.
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The reaction mixture was filtered and the filter cake was 
washed with 20 ml. of acetone. The combined filtrate and 
washings were poured into 400 ml. of cold 10% aqueous 
sodium carbonate. The resulting basic mixture was ex
tracted with 300 ml. of methylene chloride. The methylene 
chloride layer was evaporated to dryness i n  va cu o  to give 
a sirupy mixture of mono- and diacetcne derivatives (XI 
and XII). The crude mixture was partitioned in the solvent 
system hexane-methanol-water (7:7:2) (336 ml.) to give
5.8 g. (32%) of crude monoacetone derivative (XI) in the 
methanol-water layer and 5.4 g. (32%) of crude diacetone 
derivative (X II) in the hexane layer wh.ch was satisfactory 
for the Fricdel-Crafts cyclization.

Trituration of the crude monoacetone derivative (XI) with 
cold hexane caused the sirup to crystallize. Recrystallization 
from 50 ml. of hexane and 3 ml. of absolute ethanol gave
2.85 g. of a white crystalline material, m.p. 101-102°, the 
infrared spectrum of which was essentially identical with 
that of the anatytical sample. No effort was made to obtain 
a second crop.

The analytical sample, prepared from a similar run, melted 
at 103-104° after two recrystallizations from Skellysolve 
B “-ethanol and had 2.94 (NH, OH), 7.24 (CH3),
9.50 (C—O—C), 12.34 (1,3,4-trisubstituted benzene).

A n a l .  Calcd. for CI6H26N 0 4: C, 65.1; II, 8.53; N, 4.74. 
Found: C, 65.0; H, 8.72; N, 4.39.

To 0.2 g. (0.61 mmole) of crystalline ,V-(3,4-0-isopropyli- 
dene-l-n-ribityl)-3,4-xylidine (XI) was added a solution of 
1 ml. of pyridine and 1 ml. of acetic anhydride. The solution 
was allowed to stand for 2 days protected from moisture and 
then was poured into 100 ml. of ice water. The oil which 
separated was extracted with 50 ml. of methylene chloride. 
The extract was washed with 50 ml. of 5% sodium bicarbon
ate solution and 50 ml. of water, and dried over magnesium 
sulfate. The solution was concentrated i n  vacuo ; yield, 0.35 
g. of N , 0,0-triacetvl derivative of XI as a tan, viscous 
oil wdiich did not crystallize; Xj),1™,,,, 5.74 (acetate C = 0 ),
6.01 (amide C = 0 ), 8.15 and 9.35 (acetate C—O—C). 
The relative intensities of the amide and acetate carbonyl 
absorption were almost equal.

A small portion of the crude diacetone derivative (XII) 
was acetylated in the manner described above for the mono
acetone derivative (XI). The infrared spectrum of the 0- 
diacetate showed an O-acetate/.V-acetata intensity ratio of 
1:17 in the C = 0  region, indicating less than 5% contamina
tion by the monoacetone derivative.

An analytical sample of the diacetone derivative 
(XII) was obtained by distillation of "he crude material 
after one partition treatment, b.p. 135-140° (0.025 mm.); 
XS£(W 2.96 (NH), 7.31 (CHd, 9.31 (C—O—C).

A n a l .  Calcd, for C19H29NO4: C, 68.0: H, 8.71; N, 4.18. 
Found: C, 67.9; H, 8.83; N, 4.64.

A small portion of the distilled product was acetylated, 
using acetic anhydride and pyridine. The infrared spectrum 
shoveed only a trace amount of O-acctam compared to N -  
acetate.

3 ,4 -D ih y d .r o -4 ,4 ,6 ,7 - te tr a m e lh y l- l - ( l -v - r ib i iy l) c a r b o s ty r il
(VI). To a stirred solution of 5.3 g. (1.6 mmoles) of Ar-(2,3 :-
4,5-di-0-isopropylidene-l-n-ribityl)-3,4-xvlidine (N il) in 13 
ml. of dry pyridine was added dropwise 2.3 g. (1.9 mmoles) 
of 3-methylcrotonyl chloride with ice cooling. The addition 
time was 5 min. A precipitate formed and the resulting mix
ture was stirred with ice cooling for 2 hr. and then stirred 
a t 30° for 18 hr. protected from moisture. The volatile 
materials were removed i n  ra c u o  and th:; residue dissolved 
in 50 ml. of methylene chloride. The methylene chloride 
solution was washed with 50 ml. of saturated sodium bi
carbonate solution and concentrated i n  vacuo . The residue 
was dissolved in a small amount of toluene and then con
centrated i n  vacuo . This procedure was repeated several 
times. The last traces of solvents were removed in. vacuo  a t 
60° a t 0.1 mm. to yield 7.0 g. (theory 6.7 g.) of crude 
N -(  2,3:4,5-di-O-isopropyIidene-l-n- rihityl)- 3 - methyl- 3 ',4 - 
crotonoxylidide (IX); X̂ ™(il> 6.05 (amide C = 0 ) , 613

(shoulder, >C=C<), 7.30 (CH3), 9.37 (C O—C), no ester 
C =Q  in the 5.8 region.

The crude IX  (7.0 g., 1.6 mmoles) was dissolved in 80 ml. 
of Skellysolve Cs and treated with 8.0 g. (0.060 mole) of 
powdered, anhydrous aluminum chloride. The mixture was 
stirred under reflux on the steam bath for 2 hr. The resulting 
mixture was decomposed with ice and the Skellysolve C de
canted from the gummy residue. The residue was suspended 
in 125 ml. of chloroform and heated to boiling with 100 ml. 
of 6.V hydrochloric acid. The mixture was cooled, shaken 
vigorously, and the chloroform layer separated. The aqueous 
layer was extracted with 25 ml. of chloroform. The combined 
chloroform solutions were washed with 3N  hydrochloric 
acid, dried over magnesium sulfate, and concentrated i n  
va cu o ; weight 6.5 g. The infrared spectrum of this material 
showed that not all of the isopropylidene groups had been 
removed. The residue was dissolved in 150 ml. of methanol, 
treated with 6 ml. of 6N  hydrochloric acid; the solution was 
heated under reflux on the steam bath for 1 hr. and then con
centrated i n  vacuo . The residue (5.72 g.) was dissolved in 
110 ml. of hot 50% aqueous ethanol, treated with Norit, 
filtered, and chilled. The crystals were collected and dried 
i n  vacuo ; yield 0.35 g., m.p. 69-71°. The fihrate was 
concentrated and a second crop of 0.75 g., m.p. 60-70°, 
was obtained; total yield 1.10 g. (20.4%). Rccrystallization 
of the first crop from aqueous alcohol with use of Norit gave 
white crystals that softened at 85°, partially melted at 
about 100°, then melted at 115-200°; X^'%, 2.95 (OH),
6.05 (lactam C = 0 ) , 8.92, 9.59 (C—O—), 11.37 (1,2,4,5- 
tetrasubstituted benzene), no C = C  at 6.13.

A n a l .  Calcd. for C18H,7N 0 5: C, 64.1; II, 8.07; N, 4.15. 
Found: C, 64.5; H, 8.16; N, 4.01.

The filtrate from the second crop was concentrated to ob
tain a third crop; however, only an oil separated. The infra
red spectrum of this oil was similar to that of the product.

Paper
Chromatography 

Analytical 
sample 

Second crop 
Oil

R f  in Solvent 
System A

0.87
0 .86
0.88

Mother liquor 0.00
0.85

R f  in Solvent 
System B

0.00
0.00
0.58
0.71
0.00

The oil contained little or no product. The mother liquor 
may have had additional product.
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M e n l o  P a r k , C a l i f .

Action of Hydroxylamine, Hydrazine 
Hydrate, and Phenylhydrazine on 

2-Acetoaceto-l-naplithol

A b d  E i. m a g e d  A m i n  S a m m o u r

R eceived  N o v em b er 2 5 , ll)5 'J

Decently Schbnberg, Fateen, and Sammour' 
have reported the reaction of I with hydroxylamine
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hydrochloride, hydrazine hydrate, and phenyl- 
hydrazine hydrochloride. They have shown that 
I reacts with hydroxylamine hydrochloride in 
boiling pyridine to give an isoxazole derivative 
Ilia  or Illb.

The author has found that 2-acetoaceto-l- 
naphthol (II) reacts with hydroxylamine hydro
chloride in boiling ethyl alcohol leading to the same 
2-[5(or 3)-methyl-3 (or 5)-isoxazolyl]-l-naphthol 
(Ilia or Illb). An alcoholic solution of the product 
gives a violet color with alcoholic ferric chloride 
solution. It yields a monobenzoyl derivative. Ilia  
or Illb  was recovered unchanged when boiled with 
10% sodium hydroxide for one hour, followed by 
acidification with dilute hydrochloric acid. The 
stability towards alkali was to be expected as, 
according to Claisen,1 2 * 446 3,5-disubstituted isoxazoles 
are very resistant to alkaline degradation.

The action o: hydrazine hydrate on 2-acetoaceto-
1-naphthol (II) in alcohol leads to 2-[5(or3)-methyl- 
3(or 5)-pyrazolyl]-l-naphthol (IVa or IYb). It 
is identical with that obtained when hydrazine 
hydrate is allowed to react with I. The product 
gives a green color with alcoholic ferric chloride and 
yields a dibenzoyl derivative.

I

IVb

N H ,N H , II

The reaction of I with phenylhydrazine hydro
chloride in pyridine gives a compound Va or Vb

(1) A. Schönfcerg, A. Fateen, and A. Sammour, J. Am. 
Chem. Son., 78, 4689 (1956).

(2) L. Claisen, Ber., 36, 3672 (1909).

which was regarded as a pyrazole derivative-
2-[1-Phenyl-5 (or 3)-methyl-3(or 5)-pyrazolyl]-l- 
naphthol (Va or Vb) was also obtained from the 
action of phenylhydrazine with 2-acetoaceto-l- 
naphthol (II) in alcohol. It gives a violet color 
with alcoholic ferric chloride solution.

1159

H
I

c  c — c h 3

N ---- N -C .H i

C,H,NHNH,

II

E X P E R IM E N T A L

2-{5{or S)-Methyl-8(or 5yisoxazolyl]-l-naphthol (Ilia  or 
Illb). A mixture of 4 g. of hydroxylamine hydrochloride and 
5 g. of 2-aeetoaceto-l-naphthol3 in 50 ml. of ethyl alcohol was 
refluxed for 4 hr., cooled, and diluted with water. The 
deposit formed (4.3 g., 85%) was filtered; on crystallization 
from benzene, it yielded yellowish crystals which were 
proved by melting point and mixture melting point (181°) 
and the violet color with alcoholic ferric chloride to be 2- 
[5(or 3)-methyl-3(or o)-isoxazolyl]-l-naphthol (Ilia  or 
Illb). Its monobenzoyl derivative crystallized as colorless 
crystals from dilute ethyl alcohol (m.p. and mixture m.p. 
126°).

2-[5(or 3)-Melhyl-3(or 5)-pyrazolyl\-l-naphlhol (IVa or 
IVb). 2-Acetoaceto-l-naphthol (3 g.), hydrazine hydrate 
13 ml.), and ethyl alcohol (30 ml.) were heated under reflux 
for 20 min. and cooled, water was added, and the solid 
collected, washed, dried (3 g. 97%), and crystallized from 
benzene as colorless leaflets. The product was proved to bn 
2-[5(or 3)-methyl-3(or 5)-pyrazolyl]-l-naphthol (IVa or 
IVb) by melting point and mixture melting point (171°), 
the deep green color with alcoholic ferric chloride solution 
and lack of color with coned, sulfuric acid. The dibenzoyl 
derivative was prepared (Schotten-Baumann method) and 
crystallized from dilute alcohol as colorless crystals, (m.p. 
and mixture m.p. 144-145°). It dissolved in coned, sulfuric 
acid yielding a yellow solution.

2-[-Phenyl-G(or Symethyl-8(or 6)-pyrazolyl\-l-naphthol 
(Va or Vb). 2-Acetoaceto-l-naphthol (2 g.), phenylhydrazine 
(1 ml.) and ethyl alcohol (20 ml.) were heated under reflux 
for 2.5 hr., the solution concentrated to half its volume, and 
water added. The precipitate (1.8 g., 72%) was crystallized 
from petroleum ether (b.p. 100-120°) giving almost colorless 
crystals which were proved to be 2-[l-phenyl-5(or3)-methyl- 
3(or 5)-pyrazolyl]-l-naphthol (Va or Vb) by melting point 
and mixture melting point (143°). Its alcoholic solution gives 
a violet color with alcoholic ferric chloride solution.

D e p a r t m e n t  o f  C h e m i s t r y  
F a c u l t y  o f  S c i e n c e  
A ’i n  S h a m s  U n i v e r s i t y  
C a i r o , E g y p t , U .A .R .

(3) G. Witting, Fr. Bengert, and H. E. Richter, Ann.,
446, 155(1926).



1460 NOTES VOL. 25

A m eb ic id es . I I .  A cyl D eriv a tiv es  o f
2 -A m in o -1 ,4 -n a p h th o q u in o n e

P r i c e  T r u i t t , F r a n k  M . W o o d , J r .,1 
a n d  R o b e r t  L. H a l l -

Received March 4, 1960

Buu-Ho'f2 reported that the 1-naphthylamine, 
p-phenylenediainine, 1,5-naphthylenediamine and 
similar derivatives of 2-chloro-1,4-naphthoquinone 
were capable of inhibiting the growth of the tubercle 
bacillus. Calandra and Adams3 prepared amino 
derivatives of 2 - chloro - 1,4 - naphthoquinone by 
treating 2,3-dichloro-l,4-naphthoquinone with

(1) Research Fellows of Parke, Davis & Co., 1950- 
1953.

(2) Xg. Ph. Buu-Hoi, Bull. soc. chim., 11, 578 (1944).
(3) J. C. Calandra and E. C. Adams, J. Am. Chem. Soc.,

4804 (1950).

amino acids, aminoalkanes aminobenzene, sulfon
amide and aminopyridines and found them active 
against acid-producing bacteria. Thus, it seemed 
feasible to prepare a number of 2-acylamino-3- 
chloro-1,4-naphthoquinones to test for biological 
activity. As these compounds were found to exhibit 
amebicidal activity, it was logical to replace the
3-chloro with various substituted amino groups to 
determine the effect of this change on amebicidal 
activity. This change in structure did indeed en
hance the amebicidal activity.

The preparation of 2-amino-3-chloro-l,4-naph- 
thocuinone by the action of ammonia on 2,3- 
dichloro-1,4-naphthoquinone has been reported by 
Fries and Ochwat,4 who also found that this com
pound was easily acetylated. The activity of the 
chlorine was greatly enhanced by the acetylation

(4) K. Fries and P. Ochwat, Ber., 56B, 259 (1921); 
Ber., 56, 1291 (1923).

TABLE I
2 - A c y l a m i n o n a p h t h o q u i n o n e  D e r i v a t i v e s

0I'
C -R

R W
Yield,

% M.P. ° Formula

Anah'sis 
Xitrogen, %

Caled. Found

1 CIL Cl 60 218-219“
2 --NIIC14H2: 95 141-142 C26H38N2O3 6.57 6.78
3 XIICVEb 88 202-204*
4 c2h 5 Cl 85 190-192“ CI3H,0XO3Cl
5 —NHChH-íj 80 124-125 C27H40N2O3 6.36 3.38
6 —XH(2-Butyl) 88 111-113 C17H20N2O3 9.33 9.30
7 - XHCr.Hs 85 182-183 C19H17N203 8.75 8.67
8 —XH(p-Tolyl) 85á 165-100“ C20H18N2O3 8.38 8.56
9 —NH(o-Tolyl) 90 165 dec. Q29H18N203 8.38 8.39

10 c3h 7 Cl 90 164-165' CI4H12N()3Cle
11 —XH( 1-Butyl) 48 148-149 c ,8h 22n 2o 3 8.91 8.83
12 —XH(l-Heptvl) 50 120-122 c 2,h 2sn 2o 3 7.80 8.07
13 —XIICI4H29 85 112-114 c2,h 42x 2o3 6.23 6.10
14 —XHCcHs 75 207-208 c29h ,8x 2o3 8.38 8.29
15 —XH(p-Tolyl) 89 149-150 c2,h 29x 2o3 8.04 8.02
16 ?:-C4h 9 Cl 51 162-103“
17 —XHC.JI,,. 50 109-110 c29h 44n 2o3 5.98 0.10
18 c „h 23 Cl 20 133-134 C22H2sN 03C1a 3.59 3.51
19 —XH(l-Butyl) 00 124-127 C26H38iS< 2O3 0.57 6.63
20 —XH(l-Hentvl) 04 108-110 C29H44N2O3 5.98 6.11
21 —XH(C14H29) 61 125-120 C36H5SN2O3 4.94 5.11
22 c 17h 35 Cl 54 133-134 C2sH4„X03CP 2.95 3.19
23 —XH(l-Butyl) 33 123-124 C32H50N 2̂  ̂ 3 5.49 5.41
24 —X H ( 1 -Hepty 1 ) 66 115-110 C35H54N2O3 5.07 5.24
25 XHCulLc 51 129-130 c42h 2„n 2o3 4.30 4.37
20 —XH(p-Toivl) 83 162-103 c36h 18n 2o3 5.14 5.34
27 c h c i2 Cl 50 218-219 c ,2h 6x o 3ci3j 4.40 4.44
28 —XH(l-Butvl) 05 151-152 C16H16N203C12 7.89 7.95
29 —XH(l-Heptyl) 37 141-142 C19H22N203C12 7.05 7.09
30 —XHC14Hn9 54 128-130 C26ÌÌ36̂  2O3CI2 5.65 5.97
31 —XH(p-Tolyl) 76 203 dec. C19H14N2O3CI2 7.20 7.16

“ Reported'1m.p. 218--219°. 4 Reported m.p. 203°. c Reported6 m.p. 188-189 °. a Darkened at 940 but regained orange
color as the temperature rose above 100°. e See ref. 2. 1 Reported6 m.p. 162-163c'. s Reported6 m.p. 161°. * Caled .: Cl, 9.12;
found: Cl, 9.31 . 1 Caled. : Cl, 7.51; found: Cl, 7.69. 1Caled.: Cl, 33.38; found: Cl, 33.61.
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and these workers found that the halogen readily 
reacted with amines.

Acyl groups were selected for use in this work 
that ranged from two to eighteen carbons. The 
dichloroacetyl group was included as a representa
tive as the group is found in chloroamphenicol.6 
Hoover and Day6 have recently reported the 
synthesis and use of some 2-acylamino-3-amino-
1,4-naphthoquinones in the formation of two 
substituted lH-naphthimidazole-4,9-diones.

Although none of the compounds reported in 
this paper have high amebicidal activity, certain 
features which correlate this activity with structure 
are of interest. The lauric acid and stearic acid 
derivatives, No. 18-20 were inactive in the amebi
cidal and tubercular tests. Propionic acid and 
butyric acid derivatives were the most active, 
and compound No. 9 exhibited the highest activity 
of any of those tried in the two tests mentioned 
above. This compound was amebicidal at a dilu
tion of 1:50,000.

E X P E R IM E N T A L

Acylation of 2-amino-S-chloro-l,4-naphthoquinone. A mix
ture of 1 mole of 2-amino 3 chloro 1,4-naphthoquinone and 
3 moles of the desired acyl halide in 10 parts of dioxane was 
refluxed for 12 :o 15 hr.

A yellow solid separated when the mixture was cooled. 
This solid was removed and recrvstallized from a 50:50 
mixture of methanol and dioxane. Most of the acyl deriva
tives were yellow to tan in color and somewhat light sensi
tive. The data for these compounds are included in Table I.

2-Ac.ylamino-3-alkyl {or aryl)amino-l,4-naphthoquinones. 
To a hot solution of 0.01 mole of 2-acylamino-3-chloro-
1,4-naphthoquinone in 25 ml. of dioxane was added 0.02 
mole of the selected amine. The solution was refluxed for 
2 hr., cooled, and filtered. The red product was recrystal
lized from ethanol. The data for these compounds are given 
in Table I.

D e p a r t m e n t  o f  C h e m i s t r y

N o r t h  T e x a s  S t a t e  C o l l e g e

D e n t o n , T e x .

(5) M. C. Robstock, H. M. Crooks, J. Controulis and
Q. It. Batz, J. Am. C'hem. Soc., 71, 2458 (10401.

(0) J. R. K. Hoover and A. R. Day, J. Am. Chem. Soc.., 
76, 4148 (1054).

C o n v e rs io n  o f  l-0 -A Ie th y I-i.-so rb o .se  to  
“ a ” -L -G Iu c o sa c c h a rin ic  A cid  by  A lkali

J o h n  C .  S o w d e n  a n d  I r e n e  I - l in c j  M a o  

Received February Id, 1060

Recent studies by Kenner and his associates have 
indicated certain general rules, based on the Nef- 
Isbell mechanism,1 relating the effects of substi-

(1) H. S. Isbell, J. Research Xatl. Bur. Standards, 32, 45 
(1044). For a review of the chemistry of the saocharinic 
acids, including theories of the mechanism of their formation, 
see J. C. Sowden, Advances in Carbohydrate Chem., 12, 35 
(1057).

tution in a sugar molecule to the course of its 
conversion to saocharinic acids. For example, 
treatment of l-O-niethyl-n-fruetoso,- 3-0-methyl- 
n-fructose,2 3 and 4-O-methyl-D-fructose4 with aque
ous calcium hydroxide is reported to lead, re
spectively, to the preferential formation of the 
saceharinic, metasaccharinic, and isosaceharinic 
acid structures.

From the above results, it was to be expected 
that a new acid of the saceharinic acid class, 2-C- 
mothyl-L-.r//fo- or 2-C'-methyl-L-hy;ro-pentonio acid, 
would be the principal product from the treatment 
of 1-0 -methyl-L-sorbose with aqueous calcium 
hydroxide. Accordingly, we have examined the 
latter reaction in an effort to obtain a reference 
compound for further studies of alkaline isomeri
zation in the galactose family of sugars. 1-0 - 
Alethvl-L-sorbose was prepared in amorphous form 
by methylation of 2,3:4,6-di-0-isopropylidene- 
L-sorbose, followed bv hydrolysis of the iso- 
propylidene groups. After reaction of the meth
ylated ketose with aqueous calcium hydroxide, 
paper chromatography revealed the presence of at 
least eight components in the product. The mixture 
was partially separated by column chromatography 
on powdered cellulose and. although we were un
successful in our attempts to isolate and identify 
either of the two new saceharinic acids indicated 
above, there was obtained in low yield a crystalline 
product that proved to be the enantiomorph of 
the known ‘V ’-n-glucosaccharinio lactone (2-C- 
methyl-»-n6o-pentonic 7 -lactone5).

OH.OCH;:
I

CHOH
I

on- COH 011- 
-----> II ------ ^

HOCH
I

CH,OH 
II

C H 0 O C H 3I
COH
II
COH Nef-Isbell
I ------------>HOCH mechanism
!

HOCH

CH2OH
III

The unexpected format ion of “a”-i,-glucosacchari- 
nie acid may be explained by assuming an initial in

(2) J. Kenner and (1. N. Richards, J. Chem. Soc., 1784 
(1054).

(3) J. Kenner and Ci. N. Richards, J. Chem. Soc., 278 
(1954).

(4) J. Kenner and G. N. Richards, J. Chem. Soc., 1810 
( 1955).

(5) J. C. Sowden and D. R. Strobach, J. Am. Chem. Soc., 
82, 954 (I960).

CO,H
I

HOCCH3
I

HOCH
I

HOCH

CHoOH

IV

C H 2 O C H 3

C = 0
I

HOCH
I

HCOH
I

HOCH
I
CH,OH

I
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version of configuration at C-4 of the 1-0-mcthyl- 
L-sorhose, I, by way of the 3,4-enediol,6 II, followed 
by operation of the Nef-Isbell mechanism on 1-0- 
methjd-L-cryihro-hexose-2,3-enediol, III. Alterna
tively, it is conceivable that fragment recombina
tion is involved in the conversion of I to IV.7

EXPERIMENTAL

ê,$:4,6-Di-0-isopropylidene-l-0-methyl-ij-sorbose. 2,3:4,6- 
Di-O-isopropylidene-msorbose8 * (m.p. 77-73°) was methyl
ated by the Haworth procedure according to the general 
directions of Hibbert and co-workers3 for the méthylation 
of methyl 4,6-O-benzylidene-a-D-glucopyranoside. The prod
uct was isolated from the cooled méthylation reaction mix
ture by extraction with ether. The extract was washed with 
water, dried over sodium sulfate, and concentrated to a 
crystalline residue. The crude product (90% yield) was 
recrystallized from ethanol by the addition of water to give 
pure 2,3:4,6-di-O-isopropylideno-l-O-methvl-i,-sorbose, m.p. 
54-55°, [a]2n2 —11° in acetone, c 4.

Anal. Calcd. for C„H220 6: C. 56.9; H, S.08. Found: C, 
57.0: H, 8.12.

1-0-Melhyl-L-sorbose. A solution of 5 g. of the above 
product in 50 ml. of 50% ethanol, containing 0.175% of 
hydrogen chloride, was heated at 80° for 12 hr. The cooled 
solution was de-ionized over Duolite A-4, decolorized, and 
concentrated at reduced pressure. The resulting pale yellow 
sirup, obtained in nearly quantitative yield, showed a 
methoxyl content of 15.8% (calculated for 1-0-methyl- 
r.-sorbose, 16% OCHr,).

Reaction of l-O-methyl-j^sorbosc and calcium hydroxide. A 
solution of 65 g. of 1-O-methyl-n-sorbose in 1200 ml. of 
oxygen-free water was treated with 55 g. of calcium hy
droxide. After 16 days at room temperature, acid produc
tion, as determined by successive decationization and titra
tion of aliquots, had practically stopped. The solution was 
then filtered, saturated with carbon dioxide, again filtered, 
and passed over Amberlite IR-100 cation exchange resin to 
remove calcium ions. Decolorization and concentration at 
reduced pressure then gave 48 g. of a light-colored, acidic 
sirup.

Samples of the above simp were subjected to descending 
chromatograph}- on Whatman no. 1 paper with n-butyl 
alcohol-ethanol-formic acid-water (45:5:1:49 by volume). 
Spraying the thoroughly dried papers with bromcresol 
green showed a strong zone at R / 0.76, whereas spraying 
with ammoniacal silver nitrate revealed strong zones with 
R / values of 0.60, 0.52, 0.43, and 0.28 with weaker zones 
at 0.66, 0.38, and 0.16. In the same solvent system, the 
following known compounds showed R / values as follow's: 
lactic acid, 0.76: “ot’-n-glucosaccharinic lactone,0.52; “«”-n- 
isosaccharinic lactone, 0.43; "a”-T>-galactometasaccharinic 
lactone, 0.28; 1-O-methyl-L-sorbose, 0.27; and i.-sorbose 0.12.

Jeolation and identification of " a”-\.-glucosacch.arinic lactone. 
A sample of the above acidic sirup was extracted continu
ously with ether for 1 day to remove the bulk of the lactic 
acid. The residue (1.33 g.) was chromatographed through a

(6) Evidence for the participation of the 3,4-enediol in 
the alkaline isomerization of hexoses is given by J. C. 
Sovvden and R. R. Thompson, .7, Am. Chen. Soc.. 80, 1435
(1958).

(7) Evidence for fragment recombination in the formation 
of “oC-D-glucosaccharinic acid from D-mannose and alkali is 
given by J. C. Sowden, M. G. Blair, and T>. J. Kuenne,
7. Am. Chem. Soc.., 79, 6450 (1957).

(8) We are indebted to Dr. J. A. Aeschlimann, Hoffman-
La Roche, Inc., Xutley, N. J., for the generous gift of this 
substance.

(O') T. H. Evans, I. Levi, W. L. Hawkins, and II. Hibbert,
Can. 7. Research, 20, 175 (1942).

column containing 150 g. of Whatman Standard Grade 
cellulose powder, using the developing solvent mixture de
scribed above. Fractions of 5 ml. each were collected and 
examined by paper chromatography. Fractions 91-99, 
which showed the presence only of the two components with 
respective 11 / values of 0.43 and 0.52, were pooled and con
centrated to yield 0.242 g. of simp. Crystals appeared in this 
sirup after several months, and these were used to inoculate 
the main, sirupy reaction product. After several days, there 
was obtained 1.0 g. of crude crystals, m.p. 159-161°, R / 
0.52. P.ecrystallization from water gave pure ‘V ’-L-gluco- 
saccharinic lactone (2-C-methyl-T.-n7>o-pontonic --lactone), 
m.p. 162-163°. |»If;’ -93.4° in water, c 1. The correspond
ing constants for "n' +  i-glueosacoharinic lactone10 are m.p. 
160-161°, f«]j, +93.5° in water. The infrared spectra of the 
enant.icmorphic lactones were identical.

Anal. Calcd. for C6H,n05: C, 44.4; H, 6.21; equiv. wt., 162. 
Found: C, 44.7; H, 6.29; equiv. wt., 161.

Acetonation1 of “a”-i.-glurosaccharinie lactone gave the
2,3-O-isopropvlidene derivative, m.p. 60-62°, [«]% +39.5° 
in chloroform, c 2. The corresponding constants for 2,3-0- 
isopropylidene-2-r-methyl-n-?-?ho-pentonic 7-laotone7 are 
m.p. 62-63° and [«]% —38.4° in chloroform, c 3.4. The 
enantiomorphic acetonated lactones showed identical infra
red spectra.

‘V-n-Glueosaccharinic lactone gave a phenylhydrazide 
with m.p. 164-165° and [«ly —50° in water, c 1. The 
reported11 constants for 1 V ’-n-glucosaecharinic phenyl
hydrazide are m.p. 167-169° and [a]n +50.3° in water.

Recrystallization of a mixture of equal parts of a-n- and 
“a”-L-glucosaccharinic lactones from water gave the race 
mate, m.p. 155-156°, [<*RJ 0° in water.
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(10) C. Scheibler, Ber., 13, 2212 (1880).
(11) E. Fischer and F. Passmore. Ber.. 22, 2728 (1889);

i. V. Nef. .4«».. 376, i nom i.
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D is t i l la te s . X X IX . I d e n t i f ic a t io n  o f  5 -M e th y I-

h .7-d  ¡h y d ro -1 .5 -p y r in d in o
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In a previous article1 the isolation of two di- 
hvdropyrindines from California petroleum and a 
new method of synthesis for the methyl-6,7- 
dihydro-1,5-pyrindines were described. One of the 
dihydropyrindines from petroleum was identi
fied as 2-methyl-6,7-dihydro-l,5-pyrindine, while 
the other was assumed to be an isomer with the 
methyl group located in the cyclopentane ring.

We wish to report the identification of this second 
dihydropyrindine as 5 - methyl - 6.7 - dihydro - 1,5-

(1) E. L. Lochte and A. G. Pittman, 7. Am. Chem. Soc., 
82,469 (I960).
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pyrindine (Ha). This is the first report of the oc
currence of this compound from any natural source.

The isomeric 5- and 6-methyl-6,7-dihydro-l,5- 
pyrindines (Ha and lib) were synthesized by uti
lizing the method previously reported for the prep
aration of methyl-6,7-dihydro-l,5-pyrindines.1 The 
reaction of pyrrolidine with 3-methylcyclopen- 
tanone resulted in the formation of the enamines 
la and lb, which in turn were converted to the di- 
hydropvrindines Ha and lib.

Separation of the isomers Ila  and lib  was ac
complished by fractional recrystallization of their 
pi crate derivatives. This operation yielded a picrate 
melting at 135-136° and another melting at 147- 
149°. This latter picrate proved identical with the 
picrate (m.p. 147-149°) of the petroleum base 
previously isolated.1

The position of the methyl group in the two 
amines obtained via the enamine synthesis was 
established by an alternate synthetic route. Dieck- 
mann has shown2 that during the base-catalyzed 
intramolecular cyclization of diethyl /3-methyl- 
adipate, the product obtained consists mainly of 
2-carbethoxy-4-methylcyclopentanone (III), while 
the isomeric 2-earbethoxy-3-methylcyclopentanone 
(VI) occurs to a smaller extent. Monocyanoethyla- 
tion of this product, followed by a reductive ring 
closure and subsequent dehydrogenation and de- 
carbethoxylation, would then be expected to pro
duce 6-methyl-6,7-dihydro-l,5-pyrindine (lib) as 
the major product.

CH3
c h 3-

cooc, ti
ri in iv °

CH,= CHCN
— 5 ÏF ----- '

c h 2c h 2c n

IT COOC2H5 N H 
H

COOC2H5

CHr;

V lib

H.Ni

COOC2H5
I------- c h 3

'V 'C O O C ,H >1
0
VI

c h 3
c h 2c h 2c n

COOC,Hs
VII VIII

ring by passing the vapors of the amine slowly 
over palladium-on-charcoal at 350°. When the

COOC2H5
Pd-C 
350'

H
IX

mixture of V and VIII, which had been obtained 
previously, was submitted to this treatment, the 
product, after conversion to picrate derivatives, 
was found to consist of an 80:20% mixture of 
135-136°: 147-149° melting picrates. According 
to the reasoning outlined above, the picrate which 
melted at 147-149° corresponds to the derivative 
of 5-methyl-6,7-dihydro-l,5-pyrindine (Ha), as 
it is not the major product. Consequently, 5- 
methyl-6,7-dihydro-l,5-pyrindine is the structure 
of the petroleum base in question.

E X P E R IM E N T A L 3' 4

Enamines of S-methylcxyclopentanone (la and lb). The 
enamine preparation was carried out in the manner previ
ously reported1 using 80 g. of 3-methyIcyclopentanone (0.82 
mole) and 125 g. of pyrrolidine (1.8 moles). The 3-methyl- 
cyclopentanone was prepared by the oxidation of 4-methyl- 
cyclohexanol to 0-methyladipic acid by the method of Hart
man5 and cyclization of 0-methyladipic acid by distilling 
with barium hydroxide according to the method of Harries 
and Wagner.5

Monocyanoethylation of la and lb. Monocyanoethylation 
of the crude mixture of la and lb was conducted as before 
during the monocyanoethylation of cyclopentanonepyrroli- 
dine enamine1 except that reflux time was continued for 16 
hr. After hydrolysis and work-up in the usual manner the 
product was distilled through a Todd column packed with 
glass helices yielding 74 g. of colorless liquid (60%), b.p. 
97° (0.5 mm.), n™ 1.4615.

Anal. Calcd. for C9H13NO: C, 71.52; H, 8.61; N, 9.27. 
Found: C, 71.42; H, 8.68; N, 9.52.

5- and 6-Meth.yloctahydro-l ,5-pyrindine. The ketonitrile 
mixture obtained in the preceeding preparation was reduc- 
tively cyclized as before in the preparation of oetahvdro-1,5- 
pyrindine.1 Work-up and distillation gave a colorless liquid, 
b.p. 88° (29 mm.), n2D7 1.4757.

Anal. Calcd. for C9H17N: neut. equiv. 139.2. Found: neut. 
equiv. 138.3.

5- and 6-Methyl-6,7-dihydro-1,5-pyrindine (Ila and lib). 
Dehydrogenation of the mixture of 5- and 6-methyloctahy- 
dro-l,5-pyrindine over 30% palladium-on-charcoal in the 
vapor phase at 310° yielded a colorless liquid, b.p. 207° 
(753 mm.) n™ 1.5230.

Anal. Calcd. for C9HnN : neut. equiv. 133.2. Found: neut. 
equiv. 133.0.

This dehydrogenated product was converted to the pic
rate derivatives by treatment with a saturated solution of 
picric acid in 95% ethanol. Fractional recrystallization of

An investigation of the model compound 4a- 
carbethoxyoctahydro-l,5-pyrindine (IX) to de
termine the most convenient method of removing 
the bridge carbethoxy group was initiated. The 
bridge carbethoxy group could be removed with 
simultaneous dehydrogenation of the piperidine

(2) W. Dieckmann, Ann., 317, 27 (1901); W. Dieckmann 
and A. Groenevelc, Ber., 33, 595 (1900).

(3) All melting points are corrected; all boiling points are 
uncorrected. Microanalyses were performed at the Huff
man Microanalytical Laboratories, Wheatridge, Colo.

(4) Neutralization equivalents were determined by non- 
aqueous titration by the method of J. S. Fritz, Anal. Chem., 
22,1028(1950).

(5) W. W. Hartman, Org. Syntheses, Coll. Vol. I, 19, 
Note 1. (1941).

(6) Harries and Wagner, Ann., 410, 36 (1915); see also 
Thorpe and Kon, Org. Syntheses, Coll. Vol. I, 192 (1941).
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the solid thus obtained from 95% ethanol gave a pierate, 
m.p. 135-136°, as the major fraction. This pierate was sub
sequently shown to be the derivative of 6-methy 1-6,7- 
dihydro-l,5-pyrindine (lib).

Anal. Calcd. for CisHuNiCb: C, 49.72; H, 3.86. Found: 
C, 49.73; H, 3.93.

Two grams of this pierate was converted to the free base 
(lib) by treatment with coned, ammonium hydroxide. The 
free base (lib) was dried over sodium hydroxide and dis
tilled giving a colorless liquid, b.p. 208° (751 mm.), n2£
1.5239, ill2 1.0007.

Anal. Calcd. for C9HuN: neut. equiv. 133.2. Found: ncut. 
equiv. 132.1.

.4 i-typhnate derivative of the amine (11 b) was made m.p. 
156-157°.

Anal. Calcd. for Ci5H14N40 8: C, 47.62; H, 3.70. Found: 
C, 47.79; H, 3.72.

Another pierate, m.p. 147-149c, was obtained in smaller 
amounts during the fractional recrystahization mentioned 
above. This pierate was subsequently shown to be the de
rivative of 5-methyl-6,7-dihydro-l,5-pyrindine (Ha). A 
mixed melting point with the petroleum: base pierate pre
viously isolated,1 m.p. 147-14!)°, showed no depression. 
The infrared spectra of the petroleum oase pierate (m.p.
147-149°) and the synthetic base pierate were identical.

Anal. Calcd. for C15Hi4N40 7: C, 49.72; H, 3.86; N, 15.46. 
Found: C, 49.88; H, 4.08; N, 15.40.

Conversion of 100 mg. of this pierate to the free base 
(Ha) by treatment with ammonium hydroxide yielded a 
liquid which, after drying and distillation, boiled at 207-208° 
(746 mm.).

.4 slyphnate derivative of Ila was prepared by adding about 
30 mg. of the amine (Ila) to aboiv 1 cc. of a saturated solu
tion of styphnic acid in 95% ethanol. Recrystallization from 
95% ethanol yielded small yellow needles, m.p. 172-173.5°.

-Inch. Calcd. for CisHijN-iOs: C, 47.0; H, 3.7. Found: C, 
47.5; H, 3.8.

6,7-Dihydro-l,o-pyrindine (X) from Aa-carbethoxyoctahy- 
dro-1,5-pyrindine (IX). One-half gram of the aminoester
(IX), prepared according to Albertson,7 was slowly distilled 
through 30% palladium-on-charcoal which was held be
tween 350-360°. As before, hydrogen was used as a carrier 
gas for the vapers. The reaction w as complete in 48 hr. The 
product was converted to a pierate derivative and after two 
recrystallizations from 95% ethanol gave 0.28 g. (31%) of 
pierate, m.p. 180-181°. This pierate showed no melting 
point depression on admixture with an authentic sample of 
the pierate derivative of X.

Alternate synthesis of 5- and 6-methyl-6,7-dihyd.ro-l,5- 
pyrindine (Ila and lib). Dieckmann condensation of di
ethyl jS-methyladipate afforded the /S-ketoester mixture (III 
and VI) b.p. 117-119° (16 mm.); (lit.,2 m.p. 107-108°,
11-12 mm.). This mixture was monocyanoethylated by 
adding 17 g. of acrylonitrile (0.32 mole) slowly with stirring 
to 52 g. of the mixture of /3-ketoesters (III and VI) (0.30 
mole) in 60 g. of 1,4-dioxane containing 4.2 g. of Triton B. 
The temperature of the reaction mixture wras maintained 
between 30-40° by external cooling during the addition. 
After 45 min. the addition w-as complete and the reaction 
mixture was stirred an additional hour. After adding about 
40 cc. of diethyl ether to the reaction mixture it was washed 
briefly with 5% hydrochloric acid, then once with water. 
After drying over sodium sulfate, the solvents were re
moved in vacuo and the residue distilled giving 48 g. of 
colorless material (73%), b.p. 136° (0.5-1 mm.), rrD° 1.4642.

Anal. Calcd. for Ci2Hn0 3N: C, 64.57; H, 7.62. Found: C, 
64.58; H, 7.73.

The monocyanoethylated product (IV and VII) obtained 
above was then reduetively cvclized as in the preparation 
of octahydro-1,5-pyrindine.1 After removal of Raney nickel 
and ethanol, the product was distilled giving a colorless 
liquid, b.p. 151° (35 mm.).

(7) X. F. Albertson, J. Am. Chem. Soc., 72, 2594 (1950).

Aral. Calcd. for CiTRiNCF: neut. equiv. 211.3. Found: 
neut. equiv. 212.7.

The aminoester mixture (V and VIII) w'as dehydrogenated 
and decarbethoxylated in the manner described in the 
preparation of X. The product obtained by this procedure 
was chromatographed on a preparative gas chromatographic 
unit* and the amines (Ila and lib), which occurred as a 
single peak, were collected. This material was treated with 
equimolar quantities of picric acid in 95% ethanol. The 
melting point of the crude pierate mixture which resulted 
was 121.5-127.5°. This corresponds to an 80:20% mixture 
of 135-136:147-149° melting picrates according to a pre
viously prepared melting point mixture diagram of the two 
isomers. After four recrystallizations of a portion of this 
crude pierate mixture 146 mg. of pierate, m.p. 135-136°, was 
obtained which did not depress the melting point of the 
135-136° melting pierate obtained by the enamine route. 
The filtrates from the recrystallizations were combined and 
solvent removed under reduced pressure. After twelve 
recrystallizations of the crude pierate residue which re
mained, 24.3 mg. of pierate, m.p. 147-149°, was obtained. 
This pierate, m.p. 147-149°, showed no melting point de
pression on admixture with the pierate, m.p. 147-149°, 
obtained by the enamine route. The filtrates from the last 
recrystallizations were combined and solvent removed under 
reduced pressure. The residual crude pierate, after drying, 
consisted of 106 mg. and melted at 113-117°. According to 
the melting point mixture diagram of the two isomeric 
picrates this residue corresponded to a 45:55% mixture of 
135-136°: 147-149° melting picrates.

Department op Chemistry

The University op Texas

A u s t i n , T e x .

(8) See ref. 1 for a description of the gas chromatographic 
apparatus.

Six a n d  T w elve C a rb o n  F lu o ro c a rb o n  
D eriv a tiv es  o f  S u lfu r  H ex aflu o rid e

R. D. Dresdner, T. M. Reed III,
T. E. Taylor, and J. A. Yor.xo

Received February 1, 1,960

Electrochemical reactions of organic sulfides 
in anhydrous hydrogen fluoride have received some 
attention in recent years.1 This work extends these 
investigations to include hexyl and phenyl sulfide. 
As in previous work, the compounds R/SF4, 
(R/jsSF-i, R/F and R/-R/ (where R/ is (AF^ or 
cyclo CeFn) were isolated or detected. The yields 
of isolahle product were low for phenyl sulfide. 
Many of the above products that were liquids at 
25° were purified by preparative scale chromatog

(1) (a) A. F. Clifford, H. K. El-Shamv, H. J. Emeleus, 
and R. N. Haszeldine, J. Chem. Soc. 2372 (1953). (b) W. 
A. Severson, T. J. Brice, and R. I. Coon, 128th Meeting 
ACS, Minneapolis, Minn., Sept. 11-16, 1955. (c) R. Dresd
ner, J. Am. Chem. Soc. 79, 69 (1957). (d) F. W. Hoffman, 
T. C. Simmons, R. B. Beck, H. V. Holler, T. Ivatz, R. J. 
Koshir, E. R. Larsen, J. E. Mulvaney, F. E. Rogers, B. 
Singleton, and R. S. Sparks, J. Am. Chem. Soc. 79, 2424 
(1957). (e) R. D. Dresdner and J. A. Young, J. Am. Chem. 
Soc. 81, 574 (1959). (f) J. A. Young and R. D. Dresdner,
J. Org. Chem. 24, 1021 (1959). (g) R. N. Haszeldine and F. 
Nyman, J. Chem. Soc. 2684 (1956).
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raphy in one-inch columns packed with hexade- 
cane on an inert support.2 The products that were 
solids at 25° were further purified by the method 
of Tatlow3 * using hot heptane for the recrystal
lizations.

Freon 112, 1,2-difluoro-l, 1,2,2-tetraehloroethane, 
was an excellent solvent for the solid products and 
molecular weights were determined by the freezing 
point depression method in this medium. The molal 
freezing point constant was determined using per- 
fluorodicyclohexyl as the standard. Raoult’s law was 
observed at concentrations up to 0.06 molal. Semi- 
quantitative purity estimations of all the products 
reported were determined by vapor phase chromatog
raphy using in all cases for the liquids both a polar 
substrate such as the ethyl ester of Kel-F acid 8114 
and a nonpolar substrate such as hexadeeane. These 
were run at various flows of nitrogen carrier gas and 
at temperatures between 80 and 100°. Very 
significant changes in purity (as determined by 
the integrated areas under the various chroma
tographic peaks) were noted before and after pre
parative scale purifications on narrow boiling frac
tions obtained by fractionation. In all cases only 
minor impurity components, 1-2%, were observed 
in the purified materials.

Both compounds, hexyl and phenyl sulfide, 
yielded some extremely high boiling (210-240° 
at 0.1 mm.) resinous products. One such sample was 
used to prepare a chromatographic column on 
which the purity of the purified solid products could 
be estimated. These products were dissolved in 
Freon 113 and injected into the unit operated at 
200°.

The electrochemical cell and operation pro
cedures were very similar to those described prev- 
iouslyld,e although minor alterations were made in 
the overhead reflux condenser to prevent the per- 
fluorocyclohexane from clogging. Products ac
cumulated at two points: in the cold traps at the 
end of the gas train and as the less volatile fluoro
carbon layer that accumulated at the bottom of 
the cell. In each operation the cell-retained prod
ucts were siphoned from the cell into a poly
ethylene separatory funnel and separated from a 
small layer of hydrogen fluoride. This fluoro
carbon material was neutralized with dilute aqu
eous sodium bicarbonate, dried, filtered, and frac
tionated in appropriate equipment.

EXPERIMENTAL

Results from hexyl sulfule. Four hundred and seventy 
grams of (C6H i;i)2S (2.3 moles) was electrolysed at 4.0 volts 
and at about 10 amperes and yielded 1041 g. of products 
during 340 hr. of operation. The main product by weight, 
411 g., was a mixture of C6FM isomers, b.p. 57.2-58.0°,

(2) T. M. Reed, J. F. Walter, R. Cecil, and R. D. Dresd
ner, Ind. and Eng. Chem. 51, 271 (1959).

(3) G. B. Barlow and J. C. Tatlow, J . Chem. Soc. 4695
(1952).

m.w. 338, 1.2501: reported1 for n-CJ'T, b.p. 57.32°
ra2D2° 1.2515. This material was analysed by chromatography 
using a 40-font column with hexadeeane on inert, acid 
washed Celite; the main component appeared to present as 
75% by weight while another peak representing 20%, 
seemed to be isomeric and about 5% was probably non- 
isomeric impurity. An aliquot of the material was subjected 
to preparative scale chromatographic purification in which 
all but a small amount of the apparent isomeric impurity 
was removed. The refractive index at 25° of this purified 
material was 1.2498.

The second largest fraction by weight amounted to 234 
g. and boiled between 117.8 and 118.5°. On chromatographic 
analysis this material demonstrated a main peak of about 
74% by weight and seven other impurity peaks. An aliquot 
of this was purified chromatographically until all but about 
1%, of the impurities were removed. It had the correct 
analysis for perfluorohexylsulfur pentafluoride, C6F i:iSF5, 
calcd. MRd 41.28, mol. wt. 448; observed values: MRp
41.77, n2D5 1.2829, %5 1.8910, b.p. 118.2°, m.p. -31.5 to 
— 30.5°, mol. wt. 446.

Anal. Calcd. for C6F13SF5: F, 76.60: S, 7.18. Found: F, 
76.7; S, 6.99.

A fractionation flat was encountered in the vacuum frac
tionation of the higher boiling materials which condensed to 
a slush. This occurred at 65° and about 1 mm. The fraction 
amounted to 100 g. It was filtered at 0°. The residues began 
to melt at 50°. After several recrystallizations from hot 
heptane the white crystals reached a constant melting 
point of 71-72°. A purified sample was analysed chroma
tographically using a stationary phase of the highest boiling 
resin recovered from the cell residues. Only about a 2% 
impurity was detected under the conditions of the tests. 
Molecular weights of the compounds were determined. 
About 50 g. of the material, which analysed correctly for 
perfluorodihexylsulphur t.et.rafluoride, was recovered, calcd. 
mol. wt. 746; found mol. wt. 725, 730, m.p. 71-72°.

Anal. Calcd. for C^F^nS: F, 76.4; S, 4.30. Found: F, 76.8; 
S, 4.41.

At 85°, 51 mm., a fraction amounting to 51 g. was ob
tained that by analogy with other work should have been 
C,,Fo6. It had a wide melting range beginning at 10° and 
showed three equal peaks when it was analysed on the 
fluorocarbon resin.

Results from phenyl sulfide. Four hundred grams of phenyl 
sulfide (2.1 moles) electrolysed at 5.1 volts and about 10 
amperes yielded 925 g. of products during 267 hr. of opera
tion. The effluent gas product was mainly perfluorocyclo- 
hexane, which amounted to 375 g. of crude product, puri
fied by sublimation. The crude material was placed in a large 
stoppered glass filter funnel. As perfluorocyelohexane 
condensed on the walls of the funnel the trapped liquid im
purities passed through the filter and were removed via 
a stopcock. The process was repeated until no more liquid 
was collected. The vapor above the subliming solid had a 
composition of 99.3% of one component, as analysed chro
matographically. The purified material had a molecular 
weight of 300. Three hundred grams was recovered.

A fraction amounting to 30 g. was recovered in the frac
tion that boiled between 109.5 and 110.5°. Chromatographic 
purification yielded a product in which the main component 
was 98.9%. Analysis showed this material to be perfluoro- 
cyclohexylsulphur pentafluoride, c-C6FnSF5, calcd., mol. 
wt. 408, MRd 39.08; observed mol. wt. 404, m2d° 1.3041, 
d25 1.9530, MRd 39.67, b.p. (micro) 110.5°, m.p. glass.

Anal. Calcd. for C6F16S: F, 74.40; S, 7.83. Found: F, 74.00; 
S, 7.87.

A second fraction was isolated at 88° and 35 mm. which 
amounted to 117 g. of a slush. The slush was filtered, washed 
with water and acetone, and dried. The crude material

(4) A. M. Lovelace, W. Postelnek, and D. A. Rausch, 
Aliphatic Fluorine Compounds, Reinhold Publishing Corp., 
New York, 1958, page 74.
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melted at 65.2-67.2°. Chemical analysis showed only a 
trace of sulfur. The material was recrystallized from boiling 
heptane several times to a constant melting point of 75.5- 
76.0°. This agrees with the reported3 value for perfluoro
dicyclohexyl. This compound was analysed by vapor phase 
chromatography using the fluorocarbon resin column and 
appeared to be 99% one component. The infrared spectrum 
of a melt agreed exactly with that for perfluorodicyclohexyl 
as determined by Tatlow.3 The carbon and fluorine analyses 
of the compound were within 0.3% of the calculated values.

A final fraction was isolated at 126° and 37 mm. This was 
a slush amounting to only 12 g. Six grams of crude filtration 
residue melted at 65-67.5°. It decomposed at 180 to 200° 
and accordingly could not be analysed by vapor 
phase chromatography. At lower temperatures the 
development, time teas so long that only one broad low peak 
was obtained. Consequently, the material was recrystallized 
from hot heptane to a constant melting point of 90-91°. 
Analysis and molecular weight by the cryoscopic method 
in Freon 112 indicated that the purified material was the 
perfluorodicyclohexylsulphur tetrafluoride, (CsFuIjSFj, mol. 
wt. 670; observed mol. wt. 660, m.p. 90-91°.

Anal. Calcd. for Cj.FmS: F. 73.73: S, 4.77. Found: F, 
73.38; S, 4.81.

In both of the reported operations considerable material 
boiling well above the highest boiling products reported was 
obtained. This is not uncommon in low voltage electrolyses 
in hydrogen fluoride.

Better yields of the cyclic derivatives would probably 
have been obtained if the starting sulfide had been the cyclo
hexyl sulfide instead of the phenyl derivative. Further evi
dence for this statement is apparent from the fact that, in 
general, unsaturated compounds even though resonance 
stabilized tend to run poorly in 'he cells and frequently 
cause corrosion of the electrodes. Although the corrosion in 
this case was not as severe as that generally encountered 
with unsaturated materials, nickel nearing compounds were 
found in the cell in some quantity. Furthermore, they were 
observed to react with water quite violently with the evolu
tion of heat and sparks.
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The use of ion exchange resins has been largely 
limited to aqueous solutions or polar solvents. To 
a certain extent this is because of the generally 
higher degree of resin swelling than that which 
occurs in nonpolar solvents. It is not necessary for 
a resin to swell in order to exhibit an appreciable 
ion exchange capacity. However, swelling helps 
to accommodate larger exchanging particles (mole
cules or ions).1 Many organic compounds show

(1) R. Kunin, G. W. Bodamer. Ind. Em,. Chem., 45, 2577 
(1953).

limited solubilities in polar solvents or react with 
them. Studies show that Dowex-50 is effective in 
removing various aromatic amines from a solution 
of the amine in anhydrous 1,2-dimethoxyethane.2 
The degree of swelling of the ion exchange resin is, 
as might be expected, a function not only of the 
solvent but also of the extent to which the resin 
is crosslinked. The rate of adsorption of the amine 
is a function of the steric requirements of the amine 
as well as the degree of swelling and hence the 
porosity of the resin. By selectively swelling the 
ion exchange resin it is possible to get a “molecular 
sieve” effect where the rate and extent of adsorp
tion is sharply dependent upon the steric require
ments of the amine. The use of Dowex-50 in 1,2- 
dimethoxyethane was decided upon as a result 
of an investigation of the degree of swelling of 
Dowex-50 in a number of anhydrous ethers.

As can be seen from an examination of Table 
I. the resin is not only swollen to a rather high 
degree in 1,2-dimethoxyethane, but there is also 
a strong variation of the degree of swelling with 
the extent of divinylbenzene crosslinkage.

TABLE I
Swelling of Dry D ow ex-50 in the Hydrogen Form

Cross
linkage Max.

(C71 /o Swell-
Di vinyl- ing, Time,
benzene) Solvent % voi. hr.

4 Water 215 0.25
4 CIIjOCHìCHjOCHj 110 0.5
4 CH3(OCH2CH2)2OCH3 92 1
4 1,4-Dioxane 100 24
8 Water 115 0.25
8 CH3OCHoCH»OCHs 93 2
8 CH3(OCH2CH2),OCH3 80 2
8 1,4-Dioxanc

Water
75 24

12 85 0.25
12 CH3OCH2CH2OCH3 60 2
12 CH3(OCH2CH2)2OCH3 55 2
12 1,4-Dioxane 35 48

It is seen that the degree of swelling decreases 
with increasing crosslinkage in each case. The rate 
of swelling in dioxane is slow, requiring forty- 
eight hours for maximum swelling in the case of 
the 12% crosslinked resin. The degree of swelling 
for 1,2-dimethoxyethane and also dimethyl ether 
of diethylene glycol is appreciable and differs 
markedly for resins of different crosslinkage. 
Moreover the time required for attainment of 
maximum swelling is reasonable.

Table II summarizes the results of the batch- 
wise extraction of some arylamines by Dowex-50 
preswollen in 1,2-dimethoxyethane. The amine 
uptake is stated as milliequivalents of amine ad
sorbed per gram of resin (dry basis).

(2) Ansili Ethor-121. All glycol ethers were supplied by 
Ansul Chemical Co., Marinette, Wis.
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TABLE II
Adsorption  of Some Arylam ines a t  25° by  D ow ex-50 in  1,2-D im eth o xy etha ne  (m eq . / g .)

Time, hr.
Amine 1 2 3 4 5 0 24 96 120

Aniline 2.1 2.3
4% Crosslinked Resin 

2.6 2.7 2.9 3.5 3.5 3.5
AyV-Dimethylaniline 0.9 1.7 2.3 2.5 2.6 2.7 3.2 3.3 3.3
3,5-Dimethylaniline 1.3 1.5 1.7 2.0 2.1 2.2 3.0 3.3 3.3
2,4-Dimethylaniline 1.1 — 1.5 1.7 1.9 2.2 2.6 2.8 2.8
AT-Methvlaniline 1.1 1.4 1.5 1.6 — 1.7 2.6 2.7 2.7
2,5-Dimcthylaniline 1.1 — 1.4 1.7 1.9 2.0 2.3 2.6 2.6
2,6-Dimethylaniline 0.8 0.9 1.1 1.7 — — 2.2 2.5 2.6

Ar,Ar-Dimethylaniline 0.9 1.7
8% Crosslinked Resin 

2.3 2.5 2.6 2.7 3.1 3.3 3.3
Aniline 0.9 0.9 1.2 1.3 1.4 — 2.4 2.7 2.8
3,5-Dimethylaniline 0.9 1.1 1.3 1.4 — 1.6 2.5 2.6 2.6
2,5-Dimethylaniline 0.8 O.S 1.0 1.1 — — 2.0 — 2.5
2,4-Dimethj-laniline 0.7 — 0.7 0.7 0.9 1.2 1.6 2.1 2.2
2,6-Dimethylaniline 0.5 0.7 0.7 0.8 0.9 1.4 1.8 1 .8

Aniline 0.3 0.8
12% Crosslinked Resin 

1.1 1.1 1.2 1.4 1.9 2.4 2.4
3,5-Dimethylaniline 0.5 0.7 1.2 1.3 1.4 — 1.9 2.3 2.3
./V,AT-Dimethylaniline 0.5 0.6 0.7 0.8 0.9 0.9 1.7 2.2 2.3
2,4-Dimethvlaniline 0.2 0.3 0.4 0.5 0.6 — 1.0 1.5 1.5
2,5-Dimethylaniline 0.1 0.3 0.4 0.5 0.5 — 1.0 1.5 1.5
2,6-Dimethylaniline 0.2 0.3 0.5 0.5 0.6 .... 0.9 1.3 1.4

It is noted that at constant temperature and 
concentration the rate of adsorption is a function 
of the resin crosslinkage and the type of methyl 
substituted amine. The values for the 4% cross- 
linked resin illustrates the behavior of the resin 
with the largest pores. Here the amines are ad
sorbed in the order aniline>3,5-dimethylaniline 
or Af,Al-dimethylaniline, >2,4-dimethylaniline > N- 
methylaniline >  2,5-dimethylaniline > 2,6-di- 
methylaniline. Apparently steric factors are im
portant although the relative position of N,N- 
dimethylaniline may be attributed to difference 
in base strength. As might perhaps be expected in 
this case the differences in amine uptake are not 
well pronounced. The amines fall generally into two 
groups, aniline, A%V-dimethylanilinc, and 3,5- 
dimethylaniline in the more strongly adsorbed 
group and the other amines of the series in a some 
what less strongly adsorbed group.

The 8% crosslinked resin illustrates the behavior 
of a resin of intermediate porosity. Here the order 
of adsorption is IV,Ar-dimethylaniline >  aniline 
or 3,5-dimethylaniline >  2,5-dimethylaniline > 2,4 
dimethylaniline >  2,6-dimetli3daniline. The posi
tion of N,N-dimethylaniline with respect to aniline 
can only be explained on the basis of differences in 
base strength. The other amines are adsorbed in an 
order consistent with their relative steric require
ments.

The 12% crosslinked resin illustrates the be
havior of the resin -with the finest pores. The 
ortho methyl-substituted amines apparently do not 
penetrate the resin to any great extent and are

largely adsorbed almost identically. AIpV-Dimethyl- 
aniline is adsorbed somewhat less strongly than 
either of these. Apparently the steric requirements 
of the two Af-methyl groups compensate for any 
enhanced basicity.

EXPERIMENTAL

The resins in the hydrogen form were washed first, with 
the ether to be used in the swelling experiments, then with 
anhydrous diethyl ether, and then dried in vacuo at 60° for 
at least 72 hr. The ethers were dried over sodium hydroxide, 
refluxed over sodium borohydride in a nitrogen atmosphere 
to remove peroxides, and then distilled under nitrogen. The 
purified ethers were kept over calcium hydride under an 
atmosphere of nitrogen. All swelling determinations were 
made dilatometrically at 25°.

The amines used for the batchwise extraction of the aryl
amines from anhydrous l,2-dimethox3rethane were of the 
highest purity available. These were dried over sodium 
hydroxide and redistilled at reduced pressure. In each case 
12 meq. of amine and 1.5 g. (dry weight) of the preswollen 
resin (the capacity of this resin in water is 5.3 meq. per g.) 
were present in a volume of 85 ml. The experiments were 
run in pear-shaped flasks which were well sealed to prevent 
loss by evaporation and were fitted with mechanical stirrers. 
The design of the flasks was such as to keep the resin particles 
well dispersed throughout the solution during the experi
ments. The flasks were immersed in a thermostat a t 25°. 
Two-milliliter samples of the solution were periodically with
drawn in duplicate, and the concentration of the amine deter
mined potentiometrically as described in the following sec
tion. Several blank runs were made with resin and solvent 
in the absence of amine. Initially, under the experimental 
conditions used, the acidity due to the resin was negligible. 
However, this acidity increased slightly over a period of 
days and since at the same time the concentration of the 
amine had decreased, a correction had to be made for the 
values at 120 days. This correction in no case amounted to
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a litre of more than 0.1 ml. of 0.1.V sodium hydroxide per 
aliquot. A correction also was made for the quantity of 
amine removed in the course of analysis. The extracted 
samples were analyzed by titration with 0.1A hydrochloric 
acid in 1:1 ethylene glycol-isopropyl alcohol solvent.3 The 
end points were determined potentiometrically.

Department of Chemistry

Rutgers, The State University of New Jersey

N ewark, N. J.

(3) S. Palit, hid. Eng. Chem., 18, 246 (1946).

A D im e r  o f  S t j  r e n e :
1,2 -D ip h e n y lc y c lo b u ta n e

Irving S. Bengelsdorf 1 

February 19, 1960

The treatment of styrene with refluxing aqueous 
sulfuric acid yields two dimeric hydrocarbons, the 
linear, unsaturated 1,3-diphenyl-l-butene, and the 
cyclic, saturated l-methyl-3-phenylindaii.'2'3 The 
free radical or thermal polymerization of stryene, 
on the other hand, leads to high molecular weight 
polymers. If the thermal reaction is conducted, 
however, in the presence of polymerization inhibi
tors such as picric acid,4 iodine,5 or si/m-trinitro- 
benzene,6 one again observes the formation of 
cyclic, saturated dimeric hydrocarbons.6 These 
dimers are structurally different from l-methyl-3- 
phenylindan. The present paper presents evidence 
that one of the dimers produced from the free radi
cal inhibited thermal polymerization of styrene is
1,2-diphenylcyclobutane, a head-to-head dimer 
of styrene. Thus, the chromic oxide oxidation of the 
dimeric mixture yields 1,2-dibenzoylethane (di- 
phenacyl, succinophenone) J This represents the 
first definite evidence for the preparation4'6 and 
presence of 1,2-diphenylcyclobutane.

—  C6H5COCH2CH2COC6H6
c ä - J ------

(1) Present address: Texas-U. S. Chemical Co., TEXUS 
Research Center, Parsippany, New Jersey.

(2) M. J. Rosen, J. Org. Chem., 18, 1701 (1953).
(3) B. B. Corson, J. Dorsky, J. E. Nickels, W. M. Kutz, 

and H. I. Thayer, J. Org. Chem., 19, 17 (1954).
(4) F. R. Mayo, J. Am. Chem. Soc., 75, 6133 (1953).
(5) F. R. Mayo, personal communications.
(6) The author has observed a similar oligomerization of 

«-methyl styrene in the presence of iodine and ultraviolet 
radiation.

(7) M. Pailer and U. Müller, Monalsh-Chcmic, 79, 615
(1948) have shown that the chromic oxide oxidation of
1,2,3,4-tetraphenylcyclobutane (isolated from the photo
chemical dimerization of stilbene) yields 1,2-diphenyl-
1,2-dibenzoyIethane (bidesyl).

E X P E R IM E N T A L

Styrene. Commercial styrene was washed free of inhibitor 
with aqueous sodium hydroxide, dried, and distilled through 
a 1-meter packed column at reduced pressure.

Dimerization reaction. A solution of 0.4 g. iodine in 200 g. 
styrene was refluxed for 16 hr. (146°). \acuum distillation 
separated the amber-colored reaction product into 100 g. of 
recovered monomer, 77 g. solid polymer, and 19 g. liquid 
oligomer. The latter was washed with aqueous sodium 
bisulfide and mercury to remove codistilled iodine and then 
distilled to yield 7 fractions (b.p. 124-160°/0.5 mm., 
1.5864-1.5961).8

Fraction 3 (n™ 1.5913) was submitted for analysis.
Anal. Calcd. for C,6Hi6: C, 92.1: H, 7.8; mol. wt. 208; H2 

absorption, 0.00 mole. Found: C, 92.5; H, 7.9; mol. wt. 196 
(benzene); FL absorption, 0.03 mole.

The infrared spectra of the individual fractions differed 
from that of the separately prepared sulfuric acid dimer.2 
Significant différences are the presence in the latter of the 
methyl group absorption at 1376 cm.-1 and the trans- 
unsaturation band at. 966 cm.- 1

Oxidation of the dimer. Chromium trioxide (4 g.) was added 
over a period of 40 min. to a solution of dimer (1 g.) in 40 
ml. glacial acetic acid at 50°. The temperature rose to 73° 
during the oxidation. Extraction with aqueous sodium bi
carbonate gave no acidic product. After numerous wash
ings, chromatograms on silica gel, and fractional sublima
tions of the residue, a small yield of colorless crystals of 
diphenacyl (m.p. 143-145°, lit.,9 m.p. 144-145°) was 
obtained. It gives the described green color in coned, 
sulfuric acid solution.

Ancl. Calcd. for Cir,HnO>: C, 80.6; H, 5.9. Found: C, 
80.9; H, 5.5.

The diketone reacts with 2,4-dinitrophenj-lhydrazine to 
yield a brilliant crimson derivative (m.p. 219-221°). This 
may be the pyridazine which can arise by the condensation 
of the —NHNH2 function with both carbonyl groups.

Anal. Calcd. for CMIieN,!),: N, 14.0. Found: N, 14.0.
The ins-2,4-dinitrophenylhydrazone of 1,2-dibenzoyl- 

ethane is reported to be orangeyyellow in color and to melt 
at 250° dec.10 11

Conclusive identification of the oxidation product as 1,2- 
dibenzoylethane was established by an independent sj'n- 
thesis of the diketone by the zinc dust-acetic acid reduction 
of 1,2-dibenzoylethylene.10 The latter was prepared by the 
Friedel-Crafts condensation of fumaryl chloride with ben
zene.11 An attempted synthesis of the diketone involving 
the sulfur dehydrogenation of the methyl groups of two 
acetophenone molecules was not successful.

The infrared spectrum (potassium bromide) of the oxida
tion product was identical with that of the authentic sample 
of 1,2-dibenzoylethane. Absorption bands are observed at 
3060, 2905, 1680, 1598, 1582, 1445, 1396, 1372, 1352, 1256, 
1220, 1178, 1074, 1062, 1024, 988, 946, 927, 918, 858, 775, 
736, and 692 cm.-1

Other reactions. Attempts to isolate definite products from 
the dimers by (a) ozonization in carbon tetrachloride solution

(8) A recent personal communication from F. R. Mayo 
and K. Griggs states that the application of gas chromato
graphic and infrared techniques reveals that a typical dimer 
obtained from the iodine-inhibited thermal polymerization 
of styrene consists of a mixture of 1,2-diphenylcyclobutane, 
1-phenylnaphthalene, 1-phenyltetralin, and other com
ponents. The 1-phenyltetralin is isolated in greatest yield.

(9) W. Borsche, 8. Kettner, AI. Gilles, H. Kühn, and R. 
Manteuffel, Ann., 526, 1 (1936).

(10) C. F. H. Allen, D. M. Young, and M. R. Gilbert, 
J. Org. Chem., 2, 235 (1937).

(11) R. E. Lutz, C. F. H. Allen, and F. P. Pingert, Org. 
Syntheses, Coll. Vol. Ill, 248 (1955).
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at —78°, (b) bromination with -Y-bromosuceinimide fol
lowed by dehydrobromination, (e) nitration with nitric 
acid-sulfuric acid at 0°, and (d) oxidation with basic aqueous 
potassium permanganate were unsuccessful in spite of de
tailed crystallization, chromatographic, and sublimation 
techniques. These results are in keeping with the now- 
determined complexity of the dimeric mixture.8

Acknowledgments. The author is grateful to Dr. 
J. R. Ladd and Mr. C. Kamienski for their syn
thesis of the authentic sample of 1,2-dibenzoyl- 
ethane.

General E lectric R esearch Laboratory 
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Communications t o  t h e  e d i t o r

P r e p a r a t io n  a n d  C h e m is try  o f  
T e tr a c v a n o e th y le n e  A n io n  R a d ic a l

Sir:
This report describes the synthesis and prelimi

nary study of the chemical properties of the anion 
radical of tetracyanoethylene (TONE —). The 
physical properties of TCNE“ , including spectral 
and electron paramagnetic resonance data, are be
ing reported concurrently.1

Work in this laboratory has previously estab
lished that TCNE is an unusually strong 7r-acid, 
readily giving complexes with a variety of w-bases;
e.g., xylene, mesitjdene, etc.2 In these complexes 
there is only partial electron transfer, as indicated 
by their diamagnetic properties.

Recently, derivatives of TCNE have been syn
thesized in which there is complete electron trans
fer, as demonstrated by electron paramagnetic 
resonance (EPR) studies. For example, reaction of 
potassium with TCNE in the vapor phase has 
given a purple solid identified as the ion radical 
K+TCNE“ .* The less reactive sodium amalgam

NO ON
\

K +  C = C ---->
/  \

NO CN

rN t: CN

\ CN

and sodium naphthalenide also convert TCNE to 
Na+TCNE“  at room temperature. Such metals as 
magnesium, aluminum, zinc, and even copper are 
oxidized by TCNE in acetonitrile solution at room 
temperature to form the corresponding metal tetra- 
cyanoethylenides. In addition, nickel carbonyl 
undergoes oxidation and decarbonylation with

(1) The existence of stable metal tetracyanoethylenides 
was first recognized by Prof. S. I. Weissman, Washington 
University, St. Louis; see W. D. Phillips, J. C. ltowell, and
S. I. Weissman, J. Chem. Phys., in press.

(2) R. E. Merrifield and W. D. Phillips, J. Am. Chem. 
Soc., 80, 2278 (1958).

TCNE to yield Xi(TCNE“ )2. Certain anions have 
also been found to convert TCNE to TCNE — and 
the reaction of TCNE with potassium or sodium io
dide provides a convenient laboratory synthesis of 
TCNE-r-.

3KI +  2TCNE — > 2K+TC NE- +  KI„

Tetracyanoethylene (17.0 g., 0.133 mole) and 
potassium iodide (30.0 g., 0.181 mole) were added 
to 500 ml. of acetonitrile at room temperature with 
stirring. The potassium iodide dissolved, and 11.4 
g. (.51% yield) of K+TCNE“ crystallized from 
the dark yellow solution. The bronze-colored prod
uct was purified by recrystallization from aceto
nitrile. Anal. Calcd. for C6N4K: C, 43.10; N, 33.51. 
Found: C, 43.19; N, 33.43.

K+TCNE“ in the solid state is stable to usual 
atmospheric conditions for several weeks, and the 
compound can be heated at 150° in an inert at
mosphere for three hours without apparent change. 
In solution, however, the ion radical is quite sensi
tive to oxygen and, to a lesser degree, to water. 
Reaction of K+TCNE“ with water gives a 76%; 
yield of potassium tricyanoethenolate.3 The action 
of dilute hydochloric acid on K+TCNE“ produces 
an equimolar mixture of TCNE and tetracyano- 
ethane.4 In addition, TCNE“  is oxidized to 
TCNE in 65% yield by silver trifluoroacetate.

The studies of the synthesis and properties of 
TCNE^ are continuing and will be reported 
shortly.

C o n t r ib u tio n  N o. (314
C en tr a l  R esea rc h  D epa r tm en t
E x pe r im e n t a l  Station
E. I. d u  P ont  de  N em o urs & Co.
W ilm ing to n , D e l .

Received May 4, 1960

(3) W. J. Middleton, E. L. Little, D. D. Coffman, and V. 
A. Engelhardt, J .  A m .  C h e m .  S o c . ,  80, 2795 (1958).

(4) W. J. Middleton, R. E. Heckert, E. L. Little, and C.
G. Krespan, J. Am. Chem. Soc.. 80, 2783 (1958).
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