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Ten aldehydes from both the aromatic and aliphatic series have been prepared by a two-step scheme. The crucial step 
in this scheme is the cleavage of an «-substituted p-dimethylaminobenzyl alcohol (III) by diazotized sulfanilic acid (Equa
tion 2). The intermediate aminocarbinols are prepared from Grignard reagents and p-dimethylaminobenzaldehyde; the 
latter compound thus furnishes the formyl group in the final product.

The synthesis of aldehydes and ketones by re
actions involving organometallic reagents is sharply 
limited because of attack of the reagent upon the 
product. Thus the scheme of Equation 1 involving 
a Grignard reagent succeeds only if the intermediate
(I) is sufficiently stable so that the carbonyl 
product (II) is not produced in the presence of the 
Grignard reagent, or if the product is itself un- 
reactive toward the reagent because of special 
structural features such as steric hindrance.1

RMgX +  R
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R' — Y RCOR' +  MgXY (1)

p-dimethylaminophenyl) is prepared and cleaved 
in a separate step. The technique has proved to be 
a convenient one for preparing small to moderate 
quantities of aldehydes in good yield and high 
purity.

The success of the method rests upon the ease with 
which p-dimethylaminophenylcarbinols (III) are 
cleaved by electrophilic reagents such as diazonium 
salts (Equation 2).
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The preparation of methyl ketones from a Grignard 
reagent and acetic anhydride at low temperatures2 
is a useful technique based on the former principle, 
as is the reaction of the Grignard reagent with 
amides and nitriles.1 The difficulties inherent in 
Equation 1 can also be surmounted by the use of 
organocadmium and organozinc reagents1’3 which 
do not attack ketones readily. This paper reports 
a general method for the preparation of aldehydes 
by a scheme analogous to Equation 1, in which 
the free carbinol corresponding to I (R/ = H;Y =

V

This type of cleavage reaction was observed by 
Quilico and Freri4 5 who showed that treatment 
of 4,4'-bis(dimethylamino)benzhydrol [III, R = 
p-CeHtNJCIDa] with p-nitrobenzenediazonium sul
fate produced the azobenzene (V, Ar = p-nitro- 
phenyl). Ziegler and his collaborators identified 
benzaldehyde as a product of reaction of leuco- 
Malachite Green with p-nitrobenzenediazonium 
chloride6 and also showed that a number of different 
para substituents could be displaced from aniline 
and phenol derivatives by diazonium salts.“ 
Earlier investigators had shown that p-dimethyl-

(1 ) D. A. Shirley, Org. Reactions, 8, 28 (1954).
(2) M. S. Newman and A. S. Smith, J. Org. Chem., 13, 

592(1948).
(3) J. Cason, Chem. Revs., 40,15 (1947).

(4) A. Quilico and M. Freri, Gazz. chim. ital., 62, 253
(1932).

(5) E. Ziegler and G. Snatzke, Monatsh., 84, 610 (1953).
(6) E. Ziegler, Österr. Chemikei-Ztg., 53, 31 (1952).
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TABLE I
p-DlMETHYLAMINOPHENYLCARBINOLS (III)

v— (CH3)2N—Cell.!—CHOH—R

R Yield, % M.P.

Analysis
Calcd. Found

C H N C H N

3-Methyl-l-butyl 55 50-51 75.97 10.47 6.33 75.88 10.37 6.39
2-Phenylethyl 74 69-71 79.96 8.29 5.48 79.81 8.04 5.62
Cyclohexyl 75 85-86 77.22 9.94 6.00 77.13 9.86 6.02
2-Chlorophenyl 50 94-95 68.84 6.17 5.36 68.86 6.12 5.34
2-Methoxyphenyl 58 79-80 74.68 7.44 5.44 74.81 7.27 5.35
3-Isopropylphenyl 60 53-54 80.25 8.61 5.20 80.31 8.40 5.24
2,5-Dimethylphenyl 60 73-74 79.96 8.29 5.48 80.05 8.29 5.48

aminobenzhydrol (III, R = CJR) was cleaved 
in similar fashion by bromine,7’8 nitrous acid,8 
and nitric acid.8 In all this previous work attention 
was focused upon the non-carbonyl product,
i .e . , the azobenzene derivative in the case of diazon- 
ium cleavage reactions. The carbonyl product was 
seldom isolated and characterized. Our attention 
was attracted to the synthetic possibilities of the 
reaction when it emerged in the form of a molecular 
rearrangement.9

Table I lists the amino carbinols (III) prepared 
from the appropriate Grignard reagent and p -  
dimethylaminobenzaldehyde. This inexpensive al
dehyde thus serves as the source of the formyl 
group in the final product.

In Table II are listed the aldehydes prepared by 
cleavage of the amino carbinols (III) with diazo- 
tized sulfanilic acid at pH 5-6 and temperature
0-5°. Choice of this diazonium salt provides the 
necessary electrophilic reactivity and ensures that 
the by-product (methyl orange) can be easily elimi
nated because of its insolubility in ether. The 
conditions of the cleavage reaction are ideal for 
the manipulation of sensitive aldehydes. Ether ex
tracts of the reaction mixtures contained nearly 
pure aldehydes as demonstrated by the distillation 
of colorless products with very little residue.

Smith and his students10 have evaluated methods 
previously described for accomplishing the con
version of RMgX to RCHO. In favorable cases 
the yields of aldehyde-bisulfite addition compounds 
from the reaction of ethyl orthoformate or ethoxy- 
methyleneaniline with the Grignard reagent were 
significantly higher than the yields reported here. 
However, our isolation of pure aldehyde probably 
constitutes a more realistic test of the synthetic 
applicability of the method. Furthermore, the 
scheme described here is a general one, working 
almost equally well for aliphatic aldehydes and

(7) G. .1. Esselen and L. Clarke, J. Am. Chem. Soc., 36, 
308(1914).

(8) E. P. Kohler and R. H. Patch, J. Am. Chem. Soc., 38, 
1205(1916).

(9) M. Stiles and A. J. Sisti, J. Org. Chem., 24, 268 (1959).
(10) L. I. Smith and M. Bayliss, J. Org. Chem., 6, 437 

(1941); L. I. Smith and J. Nichols, J. Org. Chem., 6, 489 
(1941).

TABLE II
Aldehydes P repared by E quation 2

2,4-DNP/
B.P./mm., m.p.,

Yield, found found
Aldehyde % (reported) (reported)

4-Methylpentanal 60 119-120/740 99-190
(121/747 )6 (99/

3-Phenylpropanal 64 71-72/1.5 155-157
(103/13/ (149/

Cyclohexanecar-
boxaldehyde 45, 69e 50-53/20 175-176

(55-57/20/ (173-174/
Benzaldehyde 80 5 241-243 

(2371*
2-Chlorobenzalde-

hyde 68 46-47/0.6 208-209
(132/60)' (209V

2-Methoxybenz-
aldehyde 75 79-80/1.5 252-254

(122/20/ (249-250)'
3-Isopropylbenz-

aldehyde™
2,5-Dimethylbenz-

82 59-60/0.4 212-213”

aldehyde 72 58-59/1.0
(220/738)°

1-JNI aphthaldehyde 70 105/0.5 256-257
(150/13/ (254-255)"

9-Phenanthralde-
hyder 50 m .p.100-101 

( 100-101 )’
a 2,4-Dinitrophenylhydrazone. 6 H. Brunner and E. H. 

Farmer, J. Chem. Soc., 1039 (1937). c E. Fischer and E. 
Holla, Ber., 31, 1992 (1898). d C. F. H. Allen and J. H. 
Richmond, J. Org. Chem., 2, 224 (1936). e Isolated as bisul
fite addition compound. 1 M. Mousseron, R. Jacquier, and 
R. Zagdoun, Bull. Soc. Chim., 1042 (1952). e Isolated as
2,4-dinitrophenylhydrazone. h R. L. Shriner, R. C. Fuson, 
and D. Y. Curtin, Systematic Identification of Organic 
Compounds, 4th ed., New York, J. Wiley & Sons, 1956, p. 283. 
* R. R. Dreibach and S. A. Shrader, Ind. Eng. Chem., 41, 
2879 (1949). 1 A. K. Macbeth and J. R. Rice, J. Chem. Soc., 
151 (1935). k F. B. Garner and S. Sugden, J. Chem. Soc., 
2882 (1927). 1 E. K. Harwill and R. M. Herbst, J. Org. 
Chem., 9, 21 (1944). m Calcd. for C10H12O: C, 81.08; H, 8.11. 
Found: C, 80.91; H, 8.22. n Calcd. for CI6H16N40 4: C, 58.53; 
H, 4.87; N, 17.08. Found: C, 58.54; H, 4.85; N, 17.18. 0 L. 
Gattermann, Ann., 393, 219 (1912). p G. M. Badger, J. 
Chem. Soc., 535 (1941). 5 B. A. Gingrass and W. A. Waters, 
J. Chem. Soc., 3508 (1954). ' The amino carbinol precursor 
of this aldehyde, prepared in the same manner as those in 
Table I, was used without purification. The yield may be 
taken as minimal. * C. A. Dornfeld and G. H. Coleman, 
Org. Syntheses, Coll. Vol. Ill, 701 (1955).
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being relatively insensitive to steric and electronic 
effects in the aldehyde moiety.

EXPERIMENTAL11

p-Dimethylarr.inophenylcarbinols (III). The new amino 
carbinols listed in Table I were prepared from the appro
priate alkyl- or arylmagnesium bromide and p-dimethyl- 
aminobenzaldehyde, except for the cyclohexyl derivative, 
which was prepared from cyclohexylmagnesium chloride. 
The halides (except m-bromocumene) and the aldehyde 
were commercial products. The Grignard reagents were pre
pared by reaction of the halides, in 2-3 volumes of ether, 
with a slight excess of magnesium. p-Dimethylaminobenz- 
aldehyde was added as a solution in benzene, and the reac
tion was stirred at room temperature for 2-10 hr. Hydrolysis 
was accomplished in aqueous ammonium chloride, the ether 
layer was dried over calcium sulfate, and the residue was 
recrystallized from benzene-petroleum ether (b.p. 30-60°) 
[except in the case of l-(4-dimethylaminophenyl)-4-methyl- 
l-pentanol, which was crystallized from petroleum ether 
alone].

p-Dimethylaminobenzhydrol, m.p. 69-70° (reported12 
69-70°) was prepared by the reduction of the ketone with 
sodium borohydride. p-Dimethylaminophenyl-l-naphthyl- 
carbinol, m.p. 98-99° (reported13 m.p. 97-98°) was pre
pared as described previously.13

Preparation of the aldehydes. Sulfanilic acid (60 g., 0.31 
mole) was dissolved in a solution of 18.4 g. of sodium car
bonate in 200 ml. of water, and diazotized at 0-5° by the 
addition of 64 mi. of coned, hydrochloric acid and a solution 
of 24.4 g. of sodium nitrite in 75 ml. of water in portions. 
When diazotizatior. was complete and a slight excess of 
nitrous acid w'as present, the solution was buffered by the 
addition of 70 g. of sodium acetate in 200 ml. of water (pH 
ca. 6). A solution o: 0.20 mole of the amino carbinol in 500

(11) Microanalyses by Spang Microanalytical Labora
tory, Ann Arbor, Mich. Melting and boiling points were not 
corrected for stem exposure.

(12) K. Albrecht, Ber., 21,3292 (1888).
(13) F. Sachs and L. Sachs, Ber., 38, 511 (1905).

ml. of acetone was then added, followed by an additional 
250 ml. of acetone. The mixture, which became red in a 
few minutes, was allowed to stir under a nitrogen atmosphere 
at 0-5° for 30 min. and then for an additional 30 min. after 
the removal of the ice bath. The mixture was diluted with 
water and extracted with ether. After removal of solvent from 
the dried solution, the aldehyde was distilled under an 
atmosphere of nitrogen.

Methyl m-bromobenzoale, b.p. 69-70°/0.2 mm. (reported14 
b.p. 122.5°/15 mm.), was prepared in 84% yield from 
commercial m-bromobenzoic acid b}' the method of Clinton 
and Laskowski.15

m-Bromophenyldimethylcarbinol. A solution of 150 g. 
(0.70 mole) of methyl m-bromobenzoate in 300 ml. of ether 
wras added to 2.25 moles of methylmagnesium bromide in
1.5 1. of ether and the mixture was stirred overnight. Hy
drolysis with aqueous ammonium chloride was followed by 
isolation in the usual manner. The product, 130 g. (85%), 
distilled at 79-80 °/0.24 mm.

Anal. Calcd. for C9HnBrO: C, 50.25; H, 5.16. Found: 
C, 50.10; H, 5.03.

m-Bromocumene. 16 m-Bromophenyldimethylcarbinol (130 
g., 0.60 mole) w'as hydrogenolyzed in three batches, each 
utilizing 3 g. of 5% palladium-on-charcoal catalyst in 200 ml. 
of glacial acetic acid and 1 ml. of 70% perchloric acid, 
under 40 lb. initial hydrogen pressure, at room temperature. 
Approximately 1 hr. was required for each reaction. After 
removal of the catalyst the combined acetic acid solutions 
were combined and about 75% of the acetic acid was re
moved under reduced pressure. The residue was diluted 
■with water and steam distilled. Fractional distillation 
yielded 96 g. (80%) of colorless liquid, b.p. 208-210° (re
ported17 b.p. 208-210°).

Ann Arbor, M ich.

(14) A. M. Kellas, Z. Physik. Chem., 24, 245 (1897).
(15) R. O. Clinton and S. C. Laskowski, J. Am. Chem. 

Soc., 70,3135 (1948).
(16) The synthesis of this compound was adapted from 

an unpublished procedure of Professor R. E. Ireland.
(17) E. C. Sterling and M. T. Bogert, J. Org. Chem., 4, 

20(1939).

[Contribution from the Department of Chemistry, Duke University]

C on d en sation  o f  A lkyl A ceta tes w ith  B en zop h en on e  by L ith iu m  A m ide to  Form  
/3-Hydroxy E sters. R elative E ase o f  S e lf-co n d en sa tio n  o f  E sters1

WILLIAM R. DUNNAVANT a n d  CHARLES R. HAUSER

Received February 8, 1960

The success of the aldol type of condensation of ethyl or isopropyl acetate with benzophenone by lithium amide in liquid 
ammonia to form the corresponding /3-hydroxy ester was found to be dependent on minimizing the self-condensation of the 
alkyl acetate before adding the ketone to the reaction mixture. This was accomplished either by adding the ketone very soon 
after the ester or by employing excess reagent over the one equivalent required to form the intermediate lithio ester. This 
was not necessary with i-butyl acetate. When two equivalents of lithium amide were used, the monolithio derivative of the 
0-hydroxv ester first formed in the condensation was converted to the dilithio derivative of the /S-hydrox}' ester. This was 
demonstrated by adding benzyl chloride to the reaction mixture to form the a-benzyl derivative of the /3-bydroxv ester. 
Consideration is given to the bearing of these results on the earlier general procedure for synthesizing 0-hydroxy esters and 
to the relative ease of self-condensations of the alkyl acetates.

Recently2 * 25 ethyl acetate was condensed with 
various ketones or aldehydes by means to two 
molecular equivalents of lithium amide in liquid

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

ammonia to form the corresponding /3-hydroxy 
esters. For example, this ester was condensed 
with benzophenone to give /3-hydroxy ester I in

(2) W. R. Dunnavant and C. R. Hauser, J . Ch-g. Chem.,
25, 503 (1960).
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yields of 80-84%. Similarly, isopropyl and t-  
butyl acetates were condensed with this ketone 
to produce j3-hydroxy esters II and III respectively.

(C6H5)2C—CH,COOR

Ah
I. R = C2H5 

II. R = CH(CH3)2
III. R = C(CH3)3

The general procedure involved the addition 
of the alkyl acetate to the reagent followed by the 
ketone after fifteen to twenty minutes. This time 
interval was allowed to permit the ionization of an 
a-hydrogen of the ester to form the lithio ester, 
which was presumably the reactive intermediate. 
The formation of such an intermediate might be 
expected to require only one equivalent of the rea
gent; indeed, this amount of reagent was satis
factory for the condensation of ¿-butyl acetate with 
benzophenone to form III. However, one equivalent 
of the reagent failed to effect the condensation of 
ethyl acetate with this ketone under similar con
ditions, and the ketone was largely recovered.

We have now found that ethyl acetate can be 
condensed with benzophenone by means of one 
equivalent of lithium amide provided the ketone 
is added immediately after the ester; this pro
cedure produced a 69% yield of /?-hydroxy ester 
I. On the other hand, when the ketone was added 
twenty minutes after the ester as in the earlier 
procedure, a 24% yield of acetoaeetic ester was 
obtained, and 89% of the ketone was recovered. 
Evidently most of this /3-keto ester was produced 
before the ketone was added, as about the same 
yield (28%) was realized on treating ethyl acetate 
alone with the reagent for twenty minutes. Some 
of the /3-keto ester appeared to be formed within 
a few seconds when the reaction mixture turned 
from gray to black, as the material obtained on 
stopping the reaction after such an observation 
gave a positive enol test with ethanolic ferric 
chloride. These results show that ethyl acetate is 
first converted very rapidly to its lithio derivative 
by an equivalent of lithium amide in liquid ammonia 
but that, unless the ketone is added immediately, 
this intermediate condenses with unchanged ester 
to form acetoaeetic ester. Both the (3-hydroxy 
ester and /3-keto ester are produced in the reaction 
mixture as their lithio derivatives (Scheme A).

Scheme A
LiNHj (CtH5)!C =0

CH3COOC2H5 ---------> LiCH2COOC2H5 -------------->
1 liq. NH 3 |
1------- 1------------------------ < (C6H5)2C—CH2COOC2H6

I
OLi

V LiCHsCOOGsHi I '
CH3COCH2COOC2H6 ------------------

Li
CH3COCHCOOC2H6 +  CH3COOC2Hf

Although ethyl acetate is first converted largely 
to its lithio derivative, the small amount of un
changed ester present in equilibrium is sufficient 
to lead to the formation of considerable acetoaeetic 
ester because ethyl acetate is regenerated continu
ally in the last step (see Scheme A).3

It should be mentioned that only a 22% yield 
of /3-hydroxy ester I was obtained on repeating 
the experiment in which the ketone was added 
immediately after the ester. However, in this 
run the ethyl acetate-lithium amide mixture had 
turned from gray to black before all of the ketone 
had been added indicating that self condensation 
of the ester had begun (see above). Actually the so- 
called immediate addition of the ketone required 
a few seconds, and the time lapse might have been 
slightly greater in the second experiment. Also, 
because of the tendency of the lithium amide to 
cling to the walls of the reaction vessel above the 
liquid medium, the use of just one equivalent of 
the reagent might sometimes result in slightly less 
than an equivalent entering into the reaction. 
This should favor the selfcondensation of the ester.

Similarly, isopropyl acetate reacted rapidly and 
largely with one equivalent of lithium amide in 
liquid ammonia to form its lithio derivative, which 
condenses either with benzophenone or with un
changed ester depending on how soon the ketone 
is added after the ester. Thus, an 82% yield of 
/S-hydroxy ester II was obtained when the ketone 
was added immediately after the ester, whereas 
only a 3% yield of the /3-hydroxy ester was isolated 
when the ketone was added twenty minutes after 
the ester. In the latter experiment a 50% yield of 
isopropyl acetoacetate was produced. These two 
courses of reaction are analogous to those repre
sented in Scheme A for ethyl acetate.

Thus, under appropriate conditions, ethyl and 
isopropyl acetates as well as ¿-butyl acetate can 
be condensed with benzophenone by means of one 
equivalent of lithium amide in liquid ammonia to 
form /3-hydroxy esters, I, II, and III, respectively 
(Equation 1).

LiNHi 1. (C(Hi)2C=0
CHjCOOR---------> LiCH2COOR---------------- s-

liq. NHi 2. NH4CI
I, II, or III (1)

R = C2H6, CH(CHs)2, or C(CH3)3

These results with one equivalent of lithium am
ide together with those with more than one equiva
lent of the reagent are summarized in Table I. 
The ionization-time column in this table indicates 
the period after adding the ester to the reagent 
before adding the ketone. The condensation time 
after adding the ketone was one hour, the reaction 
mixtures then being poured into ammonium 
chloride in liquid ammonia. This inverse neutrali-

(3) This last step may be effected by the lithium ethoxide 
formed as by-product in the condensation of lithio ethyl 
acetate with unchanged ester, but this would form ethanol 
which would then liberate ethyl acetate from the lithio ester.
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zation procedure was employed to minimize pos
sible cleavages of the /3-hydroxy esters, although 
it has been shown not to be required in the prepa
ration of /3-hydroxy ester I (see note 5 in ref. 2).

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  a n d  
B e n z o p h e n o n e  b y  L i t h i u m  A m i d e  u n d e r  V a r i o u s  C o n d i 

t i o n s

Exp.
No.

Alkyl
Acetate

Equiv.
LiNH2

Ioniz.
Time,
Min.“

/3-Hydroxy
Ester Yield, %

1 Ethyl 1 15-20 I O6
2 Ethyl 1 0* I 69, 22“
3 Ethyl 1.1 0.5 I 67
4 Ethyl 1.25 0.5 I 78
5 Ethyl 2 3 I 82
6 Ethyl 2 15-20 I 80-84*
7 Ethyl 3 20 I 60
8 Ethyl 4 20 I 58
9 Isopropyl 1 15-20 II 3 '

10 Isopropyl 1 0» II 82
11 Isopropyl 2 15-20 II 80*
12 ¿-Butyl 1 15-20 III 71*
13 ¿-Butyl 1.25 3 III 71
14 ¿-Butyl 2 15-20 III 876
15 ¿-Butyl 2.1 15-20 III 76
° The time allowed after adding the ester to the reagent 

before adding the ketone. 4 A 24% yield of acetoacetic 
ester was obtained; 89% of the ketone was recovered. * Al
though the ketone was added immediately after the ester, a 
few seconds probably elapsed. d In this experiment the ethyl 
acetate-lithium amide mixture turned black before all of 
the ketone was added. e Reported previously in ref. 2. 
1 K 50%-yield of isopropyl acetoacetate was obtained, and 
55% of the ketone was recovered.

It can be seen from Table I that the yields of I 
were more consistent with an excess of the reagent 
than with just one equivalent. Thus, even though 
the ketone was not added until thirty seconds after 
the ester, 1.1 and 1.25 equivalents of the reagent 
produced the /3-hydroxy ester in yields of 67% 
and 78% respectively (experiments 3 and 4). 
The latter yield is about as high as that (80-84%) 
obtained with two equivalents of the reagent when 
the ketone was added three or twenty minutes 
after the ester (experiments 5 and 6).

The fact that two equivalents of lithium amide 
but not one produced /3-hydroxy ester I when the 
ketone was added twenty minutes after the ester 
indicated that the extra equivalent of the reagent 
retarded the self-condensation of the ethyl acetate 
This was confirmed by treating ethyl acetate alone 
with two equivalents of the reagent for twenty 
minutes, after which no acetoacetic ester could 
be isolated. However, the selfcondensation of 
ethyl acetate was not stopped indefinitely by an 
extra equivalent of lithium amide, a 31% yield of 
acetoacetic ester being obtained with two equiva
lents of the reagent after two hours. A 40% yield 
of the /3-keto ester was realized with one equivalent 
of the reagent after only one hour.4

Besides retarding the selfcondensation of ethyl 
acetate, the extra equivalent of lithium amide 
was found to convert the monolithio /3-hydroxy 
ester I ' that is presumably first formed in the con
densation of lithio ethyl acetate with benzophenone 
(see Scheme A) to the dilithio /3-hydroxy ester 
I". This was established by treating the reaction 
mixture with an equivalent of benzyl chloride, 
which produded the a-benzyl derivative IV in 
61% yield (Equation 2).

1. 2LiNHi
CH3COOC2H6 ---------------- >

2. (CsIIs)!C = 0
Li

OLi

! 1. CjHsCHiCl
(C6H5)2C—C H C O O C Ä -------------->

2. NH,C1 

C6H5CH2

(CeHdAl—CHCOOCÄ (2) 

OH

IV was also obtained in 61% yield by treating 
/3-hydroxy ester I with two equivalents of lithium 
amide followed by one equivalent of benzyl chlo
ride.

That the benzylation product was the a-benzyl 
derivative and not the possible benzyl ether of fi-  
hydroxy ester I5 was supported by its infrared 
spectrum, which gave strong absorption at 2.8 
M indicating that the hydroxyl group had been 
retained. The structure of the benzylation product 
was established as IV by cleavage with sodium 
amide in liquid ammonia to form benzophenone 
and ethyl hydrocinnamate which was saponi
fied and isolated as hydrocinnamic acid (Equation 
3).6

NaNHj
I V ---------- > (C JI5),C = 0  +  C6H6CH2CH2COOC2H6 (3)

liq. NH.

Incidently, the type of alkylation of the dilithio 
/3-hydroxy ester illustrated in Equation 2 may 
furnish a useful method for synthesizing not only 
IV which appears not to have been prepared pre
viously, but also various other a-alkyl derivatives.

The condensation with two equivalents of lith
ium amide might appear to involve the intermediate 
formation of dilithio ethyl acetate, Va or Vb, 
which might add to the carbonyl group of benzo
phenone to form directly dilithio /8-hydroxy ester

(4) The yields of acetoacetic ester reported here may not 
represent the maximum amount of the /3-keto ester formed, 
as only 54% of the /3-keto ester was recovered in a blank 
experiment with two equivalents of the reagent for one 
hour.

(5) Another preferential benzylation of a carbanion over 
an oxide anion has been observed with the dianion
(C6H6)2C—O; P. J. Hamrick and C. R. Hauser, J. Am. 
Chem. Soc., 81,493 (1959).

(6) Reactions with sodium amide will be further con
sidered in a later paper by C. R. Hauser and W. R. Dunna- 
vant.
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Li2CHCOOC2H5 LiCH=C—OLi

OC,H5
Va Vb

I". However, lithium amide seems unlikely to be 
a sufficiently strong base to effect the secondary 
ionization that would be required to produce 
dilithio ethyl acetate. Indirect evidence against the 
formation of an appreciable amount of such 
a dilithio derivative is the previous observation7 
that treatment of ethyl acetate with two equiva
lents of lithium amide in liquid ammonia followed 
by two equivalents of benzyl chloride produced the 
monobenzyl derivative, ethyl 3-phenylpropionate 
(30%), but apparently none of the dibenzyl 
derivative of ethyl acetate. On repeating this ex
periment, we obtained, besides the monobenzylated 
ester, some stilbene (17%) which has previously 
been produced by the action of lithium amide 
in liquid ammonia on benzyl chloride.8 The forma
tion of this dimeric olefin may indicate the pres
ence of some essentially free lithium amide, al
though other bases in the reaction mixture might 
have effected the reaction.

The reactive intermediate in the condensation 
of ethyl acetate with benzophenone by two equiva
lents of lithium amide seems more likely to be es
sentially monolithio ethyl acetate, possibly coordi
nated with the extra equivalent of the reagent as 
in Via or VIb or in a dimer or trimer.

OLi
/

CIL—C
\

O -* LiNPL
/

C A
Via

0 —Li
/  \

CH„=C NH2
\  /

O— Li

C A 7
VIb

Some sort of coordination is indicated by the 
fact that an extra equivalent of lithium amide 
retards the selfcondensation of ethjd acetate (see 
above) whereas sodium amide, which should co
ordinate to a smaller degree, fails to exhibit such 
a retarding effect under similar conditions.6 The 
retarding of the selfcondensation of ethyl acetate is 
presumably the result of more complete ionization 
of its a-hydrogen leaving relatively less unchanged 
ester to enter into condensation with the lithio 
ester as required by theory.9 Apparently the two 
equivalents of lithium amide coordinate with the 
carbonyl as well as the alkoxide oxygen of ethyl 
acetate to make the ester an effectively stronger 
acid. This mat' lead to the formation of the co
ordinated monolithio derivative Via or VIb, or 
perhaps to an anion of VIb resulting from the

(7) C. R. Hauser and W. J. Chambers, J . Org. Chem., 21 
1524(1956).

(8) C. R. Hauser, W. R. Brasen, P. S. Skell, S. W. 
Kantor, and A. E. Brodhag, J. Am. Chem. Soc., 78, 1653 
1956).

(9) See C. RvHauser and B. E. Hudson, Org. Reactions,
Vol. I, 276 (1942).

ionization of a hydrogen on nitrogen. The more 
complete ionization of the a-hydrogen of ethyl 
acetate cannot be ascribed solely to a mass action 
effect by amide ion, as this base is effectively weaker 
in lithium amide than in sodium amide towards 
diphenylmethane, which has no point for coordi
nation of a metallic cation. Thus, whereas sodium 
amide in liquid ammonia converts this hydrocarbon 
to its anion which can be alkylated,10 lithium amide 
produces an insufficient concentration of the carb- 
anion for successful alkylation under similar condi
tions.11

Regardless of the structure of the intermediate 
lithio ethyl acetate, benzophenone must react 
preferentially with it rather than with excess lith
ium amide, as /3-hydroxy ester I was obtained in 
approximately 60% yield when three equivalents 
or even four equivalents of the reagent were em
ployed (see experiments 7 and 8, Table I). This 
result cannot be accounted for on the basis that 
benzophenone first adds reversibly an equivalent 
of lithium amide to form (C6H5)2C(OLi)NH2 
and that the lithio ethyl acetate then condenses 
with the ketone present in equilibrium, as the addi
tion of the amide is effectively irreversible in liquid 
ammonia. Thus, on first adding benzophenone to 
two equivalents of lithium amide followed by ethyl 
acetate, none of /3-hydroxy ester I was obtained and 
the ketone was largely recovered on acidification.

Tn Table 1, although the yields of ,8-hydroxy 
ester II from isopropyl acetate were about the same 
with one or two equivalents of the reagent under 
the appropriate conditions (experiments 10 and 11), 
those of /3-hydroxy ester III from ¿-butyl acetate 
appeared to be slightly higher with two or 2.1 
equivalents of the reagent (experiments 14 and 15) 
than with one or 1.25 equivalents (experiments 12 
and 13). This might indicate that the maximum 
yield with ¿-butyl acetate requires the conversion 
of the product to its dilithio derivative. Some of this 
derivative was evidently produced on treating 
/3-hydroxy ester III with two equivalents of the 
reagent, as subsequent addition of benzyl chloride 
gave VII (10%). The yield could probably be im
proved by longer reaction time (see Experimental).

C6HbCH2
I

(C6H5)2C—CHCOOC(CH3)3 

OH
VII

On the basis of the present results certain 
modifications may be made in the earlier procedure2 
for the synthesis of /3-hydroxy esters from ethyl 
acetate and various ketones or aldehydes. The time 
interval after adding the ester to the reagent before 
adding the ketone may now be shortened, if de-

(10) C. R. Hauser and P. J. Hamrick. Jr., J . Am. Chem. 
Soc., 79,3142(1957).

(11) Unpublished results of P. J. Hamrick and C. R. 
Hauser.
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sired, from fifteen to twenty minutes to three 
minutes or less (see Table I). If this time interval 
is so shortened, the full extra equivalent of lithium 
amide is not required even in the condensation of 
ethyl acetate with benzophenone. However, this is 
not necessarily true for the condensations of this 
ester with other ketones, with certain of which the 
further driving force furnished by the conversion 
of the product to its dilithio derivative may be 
required for maximum yield.

While the general procedure employing two 
equivalents of the reagent has previously been 
shown2 to produce good to excellent yields in the 
condensations of ethyl acetate with certain ketones 
having a-hydrogen, it has now been found not to 
be satisfactory with acetone, with which much 
tarry material was produced. However, a 44% 
yield of the corresponding /3-hydroxy ester VIII 
was obtained with 1.25 equivalents of the reagent 
under special conditions (see Experimental).

(CH3 )2C—CH2COOC2H5

Ah
VIII

R e la tiv e  ra te s  o f  s e lf-c o n d e n sa tio n s  o f  a lk y l  a ce ta tes. 
It has previously been observed in this laboratory12 
that ethyl acetate is selfcondensed by sodium 
triphenylmethide in ether somewhat faster than 
isopropyl acetate, and that these two esters are 
selfcondensed much more rapidly than ¿-butyl 
acetate (Scheme B).

Scheme B
(CtHt)iCNa

CH3COOR ------------- > NaCH2COOR +  (C6H5)3CH
| ether I

Y NaCH2COOR
CH3COCH2COOR --------------- ►

Na
CH3COCHCOOR +  CH5OOOR

Relative rates, R = ethyl > isopropyl > ¿-butyl

Similar to the observation made above in con
nection with Scheme A, a small amount of un
changed alkyl acetate present in the equilibrium of 
the first step is sufficient for the production of 
good yields of the selfcondensation product, as 
the alkyl acetate is regenerated continually in the 
last step. That the equilibrium of the first step, 
acid-base reaction is far on the side of the ester 
anion is strikingly illustrated by the almost im
mediate discharge of the characteristic red color of 
the sodium triphenylmethide reagent by a molecular 
equivalent of the alkyl acetate.

In line with these relative rates of selfcondensa
tions of alkyl acetates, treatment of ethyl and 
isopropyl acetates with equivalents of lithium

(12) Ph.D. thesis, B. Abramovitch, Duke University
(1942) p. 33.

amide in liquid ammonia for twenty minutes pro
duced considerable ethyl and isopropyl acetoace- 
tates, whereas similar treatment of ¿-butyl acetate 
gave no significant amount of its self-condensation 
product. Addition of benzophenone to the reaction 
mixtures after this time gave /3-hydroxy esters 
I, II, and III in increasing yields of 0%, 3% and 
71%, respectively (see Table I). However, the 
yield of the ethyl acetoacetate isolated was only 
about half of that of isopropyl acetoacetate (see 
notes b and f, Table I). This apparent discrepancy 
appears to have been due to some destruction of 
the former /3-keto ester4 or possibly to some attack 
of the lithium amide at the carbonyl group of ethyl 
acetate to form acetamide although an attempt to 
isolate this product was unsuccessful.

EXPERIMENTAL* 1942 13

Condensations of alkyl acetates with benzophenone by 
lithium amide (Table I). The preparation of the lithium 
amide in liquid ammonia and the apparatus used were de
scribed previously.2 After the blue color of the lithium metal 
had been discharged in the main body of the reaction mix
ture, the reaction flask was shaken manually to effect the 
conversion of particles of the metal on the walls above the 
liquid ammonia to lithium amide, which was obtained as a 
thick, white suspension.

In Table I are summarized the results obtained from the 
condensations of ethyl, isopropyl, and ¿-butyl acetates with 
benzophenone to form /3-hydroxv esters I, II anti III respec
tively. The fl-keto esters resulting from selfcondensations of 
ethyl and isopropyl acetates are noted in this table. Some 
typical experiments are described in detail below.

A. Experiments with ethyl acetate. In Experiment 1, a 
solution of 35.2 g. (0.4 mole) of ethyl acetate in an equal 
volume of dry ether was added to a stirred suspension of 
0.4 mole of lithium amide in 440 ml. of commercial, anhy
drous liquid ammonia. The reaction flask was then shaken 
manually to effect contact of the ester with small amounts 
of lithium amide on the walls of the flask above the main 
body of the reaction mixture. After stirring for 20 min.,
72.8 g. (0.4 mole) of benzophenone in sufficient ether to 
effect solution (140 ml.) was added. The reaction mixture 
was stirred for 1 hr. and was then inversely neutralized by 
pouring it with stirring into a solution of ammonium chlo
ride in liquid ammonia. The ammonia was evaporated on 
the steam bath as 300 ml. of ether was added. The resulting 
ethereal suspension was shaken with 200 ml. of cold water 
and the aqueous layer was extracted with several 100-ml. 
portions of ether. The combined ethereal solution was dried 
over magnesium sulfate and then evaporated. The residue 
was dissolved in boiling petroleum ether (b.p. 00-90°) and 
the solution treated with charcoal and filtered. The solution 
was stirred with cooling in an ice bath to precipitate 65 g. 
(89%) of crystalline benzophenone, m.p. 46—47°. The 
solvent of the filtrate was removed, and the residue was dis
tilled to yield 7.3 g. (24%) of ethyl acetoacetate, b.p. 73- 
74° at 14 mm; reported14 b.p. 74° at 14 mm. The product 
gave an infrared spectrum identical with that of the authen
tic fl-keto ester, and a positive enol test with ethanolic ferric 
chloride.

(13) The melting points were taken on a Fisher-Johns 
melting point apparatus. Infrared spectra were produced 
with a Perkin-Elmer Infracord using mineral oil mulls. The 
elemental analysis were by Galbraith Microanalytical 
Laboratories, Knoxville, Tenn.

(14) Heilbron, Dictionary of Organic Compounds, Vol. II, 
Oxford University Press, New York, N. Y., 1953, p. 486.
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In Experiment 2, 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 0.2 mole of lithium amide in 400 ml. of anhydrous liquid 
ammonia. As 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 solution 
of 36.4 g. (0.2 mole) of benzophenone in 73 ml. of ether was 
poured immediately into the addition funnel and allowed to 
run into the reaction flask as rapidly as possible, the addi
tion funnel being rinsed with a little ether. The mixture 
was stirred for 1 hr. and was then inversely neutralized with 
ammonium chloride. The ammonia was replaced by ether. 
After adding water and thoroughly extracting the aqueous 
layer with ether, the combined ethereal solution was dried 
and solvent evaporated. The residue was crystallized from 
petroleum ether (b.p. 60-90°) to give 37.2 g. (69%) of ethyl 
¿-hydroxy-/?,/3-diphenylpropionate (I), m.p. 86-87°; re
ported15 m.p. 87°. The filtrate was reduced in volume and 
cooled with stirring in an ice bath to give 5.3 g. (14%) of 
crystalline benzophenone, m.p. 46-47°, after two crystalliza
tions from petroleum ether (b.p. 60-90°).

Ethanol is a good crystallizing solvent for /3-hydroxy 
ester I, but isolation of benzophenone is made difficult by 
its high solubility in this solvent..

B. Experiments with isopropyl acetate. In Experiment 9, 
a solution of 25 g. (0.24 mole) of isopropyl acetate in an 
equal volume of ether was added to a stirred suspension of 
0.24 mole of lithium amide in 400 ml. of anhydrous liquid 
ammonia. After 15 min., a solution of 43.5 g. (0.24 mole) of 
benzophenone in 80 ml. of ether was adced. After stirring 
for 1 hr., the reaction mixture was inversely neutralized with 
ammonium chloride. The ammonia was replaced by ether 
and water was added. After several ether extractions of the 
aqueous layer, the combined ethereal solution was dried 
over magnesium sulfate and then evaporated. The residue 
was crystallized from 95% ethanol to yield 2.2 g. (3%) of 
isopropyl (¡-hydroxy-/?,/3-diphenylpropionate (II), as color
less, rod-shaped crystals, m.p. 101-102°.

Anal. Calcd. for C, 76.02; H, 7.09. Found:
C, 75.93; H, 7.03.

Reducing the volume of the filtrate and cooling gave
37.5 g. (86%) of benzophenone, m.p. 46-47°, after recrys
tallization from petroleum ether (b.p. 60- 30°). The filtrate, 
following removal of the ketone, was distilled to yield 8.8 g. 
(50%) of isopropyl acetoacetate, b.p. 78-80° at 10 mm., re
ported b.p. 79-80° at 11 mm.16 The /¡-keto ester gave a posi
tive enol test with ethanolic ferric chloride and reacted with 
aqueous cupric acetate to give a green crystalline salt, m.p. 
177-178°, after two crystallizations from aqueous metha
nol; reported17 m.p. 179-180°.17

In Experiment 10, a solution of 25 g. (3.24 mole) of iso
propyl acetate in an equal volume of ether was added to a 
stirred suspension of 0.24 mole of lithium amide in 400 ml. 
of liquid ammonia, followed immediately by 44 g. (0.24 mole) 
of benzophenone in 100 ml. of ether (see Exp. 2 with ethyl 
acetate). The resulting gray suspension was stirred for 1 hr. 
and was inversely neutralized with ammonium chloride. The 
ammonia was replaced by ether and water was added. After 
several extractions of the aqueous layer with ether, the 
combined ethereal solution was dried and evaporated. The 
residue was crystallized from petroleum ether (b.p. 60-90°) 
to give 56 g. (82%) of ester II as large colorless, rod-shaped 
crystals, m.p. 101-102°.

C. Experiments with t-butyl acetate. In Experiment 12, a 
solution of 20 g. (0.17 mole) of t-butyl acetate in an equal 
volume of ether was added to a stirred suspension of 0.17 
mole of lithium amide in 400 ml. of liquid ammonia. After

(15) H. Rupe and E. Busolt, Ber., 40, 4537 (1907).
(16) J. C. Shivers, M. L. Dillon, and C. R. Hauser, J. 

Am. Chem. Soc., 69, 119 (1947).
(17) C. Moureu and R. Delange, Compt. rend., 134, 46

(1902).

stirring for 15 min., 31 g. (0.17 mole) of benzophenone in 
60 ml. of ether was added. The resulting mixture was stirred 
for 1 hr. and was inversely neutralized with ammonium 
chloride. The ammonia was evaporated to dryness and the 
solid residue was treated with water and filtered. The dried 
solid was recrystallized from 95% ethanol to give 36.6 g. 
(71%) of /3-hydro.xy ester III, m.p. 93-94°; reported18 m.p. 
92-93°.

Benzylation of dililhio derivative I ' t o  form IV. .4. From 
ethyl acetate and benzophenone. To a stirred suspension of 
0.4 mole of lithium amide in 400 ml. of anhydrous liquid 
ammonia was added 17.6 g. (0.2 mole) of ethyl acetate in an 
equal volume of ether. After stirring for 15 min., 36.4 g. 
(0.2 mole) of benzophenone in 50 ml. of ether was added to 
form a dark blue, then dark gray suspension. The mixture 
was stirred for another 15 min., and 25 g. (0.2 mole) of 
benzyl chloride in 25 ml. of ether was added. An insoluble 
gray mass formed in the ammonia. Stirring was continued 
for 1 hr. and the reaction mixture was then inversely neu
tralized with ammonium chloride. The ammonia was 
evaporated and the solid residue was stirred with cold 
water. The resulting mixture was filtered. The solid cake 
was crystallized from ethanol to yield 42.2 g. (61%) of ethyl 
a-benzyl-/S-hydroxy-/3,(3-diphenylpropionate (IV), m.p. 109- 
109.5° after two crystallizations from ethanol. The infrared 
spectrum showed ester carbonyl absorption at 5.8 n and 
hydroxyl absorption at 2.8 y.

Anal. Calcd. for C?4H210 3: C, 79.97; H, 6.71. Found: C, 
79.99; H, 6.70. C, 80.06; H, 6.85.

B. From P-hydroxy ester I. To 0.07 mole of lithium amide 
in 400 ml. of anhydrous liquid ammonia was added 10 g. 
(0.037 mole) of /3-hydroxy ester I in 25 ml. of ether. After 
stirring for 30 min., 4.66 g. (0.037 mole) of benzyl chloride 
in 10 ml. of ether was added and the mixture was stirred 
for 1 hr., followed by neutralization with ammonium chlo
ride. The ammonia was evaporated and the residue was 
treated with water. The resulting mixture was filtered and 
the solid cake was crystallized from ethanol to yield 8.8 
g. (61%) of /3-hydro.xy ester IV, m.p. 109-110°. Reducing 
the volume of the filtrate gave 2.8 g. (28%) recover}' of 
/3-hydroxy ester I, m.p. 86-87°. The samples of IV prepared 
by the two methods gave identical infrared spectra and no 
mixed melting point depression.

Cleavage of p-hydroxy ester IV. To a stirred suspension of 
0.017 mole of sodium amide in 200 ml. of anhydrous liquid 
ammonia was added 5.0 g. (0.014 mole) of /3-hydroxy ester 
IV in ether solution. The resulting solution was stirred 
for 4 hr. and then was neutralized with ammonium chloride. 
The ammonia was replaced by ether and water was added. 
After thoroughly extracting the aqueous layer by ether, 
the combined ethereal solution was dried over magnesium 
sulfate and evaporated. The residue was treated with 
petroleum ether (b.p. 60-90°) and stirred in an ice bath to 
yield 2.1 g. (84%) of crystalline benzophenone, m.p. 47- 
48°. The sample gave no mixed melting point depression 
with, and an infrared spectrum identical with that of an 
authentic sample of benzophenone.

The petroleum ether filtrate was concentrated and the 
residue was refluxed with aqueous sodium hydroxide for 4 
hr. The cooled alkaline solution was extracted with ether 
and was then acidified to produce a cloudy solution. The 
acidified solution was extracted with ether and the ether was 
evaporated to yield a residual oil. The oil upon crystalliza
tion from petroleum ether (b.p. 60-90°) gave 1.62 g. (78%) 
of crystalline hydrocinnamic acid, m.p. 47-48°; lit.19 m.p. 
48.5°. The admixture melting point with an authentic 
sample w'as 47-48°. The infrared spectrum was identical in 
every respect with that of the authentic sample.

(18) K. Sisido, H. Nozaki, and 0. Kurihara, J . Am. Chem. 
Soc., 74,6254 (1952).

(19) C. Willgerodt and F. H. Merk, J. prakt. Chem., [2], 
80,196(1909).
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Benzylation of 6-hydroxy ester III to give VII. To a stirred 
suspension of 0.1 mole of lithium amide in 300 ml. of anhy
drous liquid ammonia was added 15 g. (0.5 mole) of 13- 
hydroxy ester III in 25 ml. of anhydrous ether. After stirring 
the resulting suspension for 20 min., 0.33 g. (0.5 mole) of 
benzyl chloride in 15 ml. of ether was added slowly. A gray 
precipitate formed immediately. The mixture was stirred 
for 1  hr. and was then inversely neutralized with ammonium 
chloride. The ammonia was evaporated and replaced by 
ether. Water was added and the aqueous layer was thor
oughly extracted by ether. The combined ether solution 
was dried over magnesium sulfate and evaporated to a color
less oily residue having the odor of benzyl chloride. Treat
ment of the residue with 95% ethanol permitted crystalli
zation of 3 g. (10%) of ¿-butyl a-benzyl-/3-hydroxy-/3,/S-di- 
phenylpropionate (VII) in the form of needle-like crystals, 
m.p. 104-105°. The infrared spectrum showed carbonyl 
absorption at 5.8 y, and hydroxyl absorption at 2.75 y.

Anal. Calcd. for C26H2S0 3 : C, 80.37; H, 7.26. Found: C, 
80.29; H, 7.19.

The filtrate from above was reduced in volume and cooled 
to yield 8 . 6  g. (57%) of recovered starting ester III, m.p. 
92-93° after a second crystallization from ethanol.

Treatment of ethyl acetate with excess lithium amide followed 
by benzyl chloride. To a stirred suspension of 1.0 mole of 
lithium amide in 600 ml. of liquid ammonia was added 44 
g. (0.5 mole) of ethyl acetate in an equal volume of ether. 
The resulting gray suspension was stirred for 2 min. and
126.6 g. (1 . 0  mole) of benzyl chloride in 80 ml. of ether was 
added. After stirring for 1 hr. the ammonia was replaced 
by ether and the resulting mixture neutralized with cold, 
dilute hydrochloric acid. There was obtained 33 g. (26%) of 
recovered benzyl chloride b.p. 6 6 - 6 8 ° at 2 0  mm., and 18.2 
g. (22%) of ethyl hydrocinnamate, b.p. 245-248° at 758 
mm.; reported20 b.p. 247° at 760 mm. The temperature of 
the distillate then rose rapidly to about 300°, at which 
temperature stilbene began to clog the column and appara-

(20) W. H. Perkin, J. Chem. Soc., 69, 1025 (1896).

tus. There was obtained 15.2 g. (17%) of crude stilbene, m.p. 
119-120°. After recrystallization from ethanol (Norit), the 
product melted at 122-123°; reported21 m.p. 124°.

Treatment of benzophenone with lithium amide followed by 
ethyl acetate. To a stirred suspension of 0.4 mole of lithium 
amide in 400 ml. of liquid ammonia was added 36.4 g. (0.2 
mole) of benzophenone in 100 ml. of anhydrous ether. The 
gray suspension was stirred for 20 min., and 17.6 g. (0.2 
mole) of ethyl acetate in an equal amount of ether was 
added. The resulting dark black solution was stirred for 1 hr. 
and was then neutralized with ammonium chloride. There 
was obtained 30.2 g. (84%) of recovered benzophenone, 
m.p. 47-48°, none of /3-hydroxy ester I being isolated.

Condensation of lithioethyl acetate with acetone. To a stirred 
suspension of 0.62 mole of lithium amide in 400 ml. of anhy
drous liquid ammonia was added 44 g. (0.5 mole) of ethyl 
acetate in an equal volume of ether. The resulting gray sus
pension was stirred for 2 min., and 21 g. (0.5 mole) of acetone 
(dried over magnesium sulfate) in a little anhydrous ether 
was added. The resulting black solution was stirred for 1 hr. 
and was then inversely neutralized with ammonium chlo
ride. The ammonia was replaced by 300 ml. of ether, and 
150 ml. of cold water was added. After thorough extraction 
of the aqueous layer with ether, the combined ethereal 
solution was dried and evaporated. The residue was distilled 
to give 16 g. (25%) of ethyl /3-hydroxy-/3-methylbutyrate 
(VIII), b.p. 175-176° at 738 mm.; reported22 b.p. about 
180°.

Anal. Calcd. for C7II14O3 : C, 57.51; H, 9.65. Found: C, 
57.41 ;H, 9.65.

When the reaction was repeated allowing the condensa
tion to proceed for 1 hr. instead of 10 min., a 25% yield 
of hydroxy ester VIII was obtained.

Durham, N. C.

(21) T. W. J. Taylor and A. R. Murray, J . Chem. Soc., 
2079(1938).

(22) A. Semljanizen and A. Saytzeff, Ann., 197, 73 (1897)
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A series of unsaturated dioxolanes, acetals, and acjdals based on a,/3-unsaturated aldehydes were prepared and oxidized 
with peracetic acid. The major products in most cases were the anticipated epoxides, but when noncyclic acetals were 
used, or when the reaction was catalyzed by sulfuric acid, the predominant products of oxidation were the corresponding
unsaturated esters. The novel peracid oxidation of acetals to

The literature concerning epoxides of a,/3- 
unsaturated aldehydes and their acetals and 
acylals is very sparse. The simplest member of the 
series, 2,3-epoxypropionaldehyde, has been re
ferred to often in connection with the autoxidation 
of fats but was synthesized and statisfactorily 
characterized only recently.1 Kogl prepared 2,3- 
epoxybutyraldehyde by lead tetraacetate cleavage 
of 2,3-6,7-diepoxyoctane-4,5-diol,2 and the epoxides

(1) G. B. Payne, J . Am. Chem. Soc., 80, 6461 (1958); 
81, 4901 (1959).

(2) F. Kögl and H. Veldstra, Ann., 552, 1 (1942).

esters was found applicable to saturated acetals also.

of 2-ethyl-2-hexenal and crotonaldehyde were pre
pared by sodium hypochlorite oxidation of the 
unsaturated aldehydes.3 The diethyl and ethylene 
glycol acetals of 2,3-epoxypropionaldehyde were 
prepared by dehydrochlorination of the chloro- 
hydrins,4 and three other acetals (the diethyl and 
ethylene glycol acetals of 2,3-epoxypropionaldehyde 
and the ethylene glycol acetal of 2,3-epoxy-3-phenyl- 
propionaldehyde) were prepared by perbenzoic acid

(3) C. Shaer, lido. Chim. Acta, 41, 614 (1958).
(4) K. Taufel and P. Sadler, Z. Untersuch. Lebensm., 65, 

540 (1933); Chem. Abstr., 27, 4702 (1933).
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oxidation of the olefins.5 6 The diethyl acetal of 2,3- 
epoxypropionaldehyde was also studied recently by 
Wright.6 In the total synthesis of lysergic acid an 
intermediate of this type was also prepared.7 Re
action of 2,3-dichloroaldehydes with sodium meth- 
oxide in methanol leads to the formation of the di
methyl acetals of 2,3-epoxyaldehydes.8 Finally, an 
acylal, the diacetate of 2,3-epoxybutyraldehyde, 
and its hydrolysis to methylglyceraldehyde were 
reported recently.9

R2 o—c h —r 3
I /

R— CH—C—CH
\  /  \  ^  

o  o —Ch 2
Epoxyalkyl dioxolanes 

VI. Rj = C8H6; R! = H; R;, =  CH3
R2 O—CH—R,

R i—C H = ¿ —CH 
\  

o —c h 2
Unsaturated dioxolanes 

Via. Ri =  C6H6; R, = H; RJ =  CH3

A series of epoxides of the cyclic acetals of a,/3- 
unsaturated aldehydes were conveniently pre
pared in good yield by epoxidation of the unsatu
rated dioxolanes with peracetic acid in ethyl acetate 
solution.10 Epoxides so prepared are listed in Table 
I; the unsaturated dioxolanes were prepared by 
standard methods by acid-catalyzed acetalization 
of the glycol and unsaturated aldehyde.

An unexpected reaction was observed when a 
noncyclic acetal (crotonaldehyde di-n-butyl acetal,
VII) was oxidized with peracetic acid. A higher 
temperature of reaction for a comparable conversion 
(based on peracid consumption) was required 
than for epoxidation of the cyclic acetals, and the 
major product was the unsaturated ester, butyl 
crotonate, VIII, in 73% yield.

CHjCOjH
CH3CH=CHCH(OC4H9) ,---------- > c h 3c h = c h c o 2c 4h 9

VII VIII

This reaction was found to be catalyzed by sul
furic acid. In fact, in the oxidation of an unsatu
rated cyclic acetal (Via) from which the epoxide
(VI) was isolated (45% yield) in the non-acid- 
catalyzed oxidation, none of the epoxide could be 
isolated from the acid-catalyzed oxidation. Only a 
high-boiling liquid which was difficult to purify 
could be isolated from the latter. The infrared 
spectrum and analysis of this liquid could be inter-

(5) J. P. Fourneau and S. Chantalou, Bull. Soc. Chim. 
France, 12, 8-15 (1945); Chem. Abstr., 40, 6465 (1946).

(6) J. B. Wright, J. Am. Chem. Soc., 73, 1694 (1957).
(7) E. C. Kornfeld, et al., J . Am. Chem. Soc., 78, 3087

(1956).
(8) S. Searles, Jr., E. K. Ives, and H. M. Kash, J. Org. 

Chem., 22, 919 (1957).
(9) G. Zasaki, J. Chem. Soc. Japan, Pure Chem. Sect., 78, 

113 (1957); Chem. Zentr., 1957, 6713.
(10) B. Phillips, F. C. Frostick, Jr., and P. S. Starchcr,

J. Am. Chem. Soc., 79, 5982 (1957).

TABLE I
Unsaturated D ioxolanes and E poxides

Com
pound Name Ri r 2 r 3

I 2-(l,2-Epoxypropyl )-l,3- 
dioxolane

c h 3 H H

la 2-( l-Propenyl)-l,3-dioxo- 
lane

c h 3 H H

ii 2-( 1,2-Epoxy propyl )-4- 
methy 1-1,3-dioxolane

CHs H c h 3

Ila 2-( 1-Propen yl)-4-methyl- 
1,3-dioxolane

c h 3 H c h 3

III 2-( 1,2-Epoxy-l-methyl- 
ethyl )-1,3-dioxolane

H c h 3 H

Ilia 2-Isopropenyl-l, 3-dioxolane H c h 3 H
IV 2-( 1,2-Epoxy-l-ethyl- 

pentyl )-l, 3-dioxolane
ra-C3H7 c 2h 5 H

IVa 2-( l-Ethyl-l-pentenyl)-l,3- 
dioxolane

n- C3H7 c 2h „ H

V 2-( 1,2-Epoxy-l-etkyl- 
pentyl )-4-methyl- 
1,3-dioxolane

n-C3H, C2Hs c h 3

Va 2-( 1-Ethyl-l-pentenyl)-4- 
methyl-1,3-dioxolane

n-C3H7 C Ä CH„

VI 2-( l,2-Epoxy-2-phenyl- 
ethyl )-4-methyl- 
1,3-dioxolane

C6H6 H c h 3

Via 2-( ß-S tyryl )-4-methyl-l, 3- 
dioxolane

c 6h 5 H c h 3

preted on the basis of a propylene glycol mono- 
cinnamate. The fairly large residues formed in the 
preparation of most of the epoxy-acetals may be 
attributable to this competing reaction.

Three saturated acetals (the diethyl acetals of 
butyraldehyde, benzaldehyde, and d-phenyl-/3- 
ethoxypropionaldehyde) were oxidized with per
acetic acid in the presence of sulfuric acid. These 
oxidations proceeded readily to give the cor
responding ethyl esters, in yields of 69, 90, and 61%

H +
R—CH(OC2H6)2 +  CH3C03H — >-

o
II

R—C—OCjHs +  C2H5OH +  HOAc
IX. R = n-C3Hr—
X. R = C6H6—

XI. R = C6H6—CH(OC2H5)—c h 2—

respectively. It was observed qualitatively that the 
oxidation proceeds most readily for those acetals 
in which an electron deficiency on the “aldehyde” 
carbon can be stabilized by an adjacent unsatura
tion.

In all the literature of peracids there is no indi
cation of this reaction. The oxidation of acetals to 
the corresponding acids by air or oxygen is known,11 
but the free acid is the exclusive or major product. 
Very little free acid was observed in the present 
peracid oxidation, and concentrations of the (pre
sumed) alcohol coproduct could not have been 
high enough for a mechanism involving interme
diate formation of free unsaturated acid followed

( I I ) J. C. Martin and J. P. Hawk, U. S. Patent 2,887,512, 
May 19, 1959.
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TABLE II
U n s a t u r a t e d  D i o x o l a n e s

Analysis
_______ Calcd. Found

Com- Yield, B.P., Equiv. Equiv.
pound % Mm. »D Notes Formula C H Wt. C H Wt.°

la 35 71/50 1.4380 b,C — — 114 _ __ 117
Ha 55 71-73/40 1.4304 d C7H12O2 65.59 9.44 128 64.80 9.28 132

Ilia — 31/10 1.4311
at 2 1 °

e C6Hi0O2 — — — — — —

IVa 71 8 6 - 8 8 / 1 0 1.4486 C10H18O2 70.54 10.66 170 70.59 10.64 171
Va 41 92-95/10 1.4441 c C11H20O2 71.69 10.94 184 71.74 11.04 187

Via 90 109/2 1.5428 d C12H1 4 0 2 75.76 7.42 190 76.33 7.62 189
° See ref. 15. b Reported6 b.p. 147°/760 mm. c No acid catalyst used. d 0.025% p-Methoxyphenol inhibitor added, and 

orthophosphoric acid catalyst used. e Prepared by H. A. Stansbury of this department.

by esterification. The ferrous ion induced decom
position of a-hydroperoxy ethers to esters is form
ally similar, although probably not mechanistically 
related, to the present oxidation.12 It is possible 
that oxidation of the acetal to the ester proceeds 
through a hemiacetal peracetate (A), the forma
tion of which would be catalyzed by strong acid

OR'

RCH=CH—C—H * 0 , —
P ^ V ch3
o -

■ RCH=CH—C—OR'

O

H O -C -C H ,

and which could decompose as indicated. A formal 
analogy is seen in the decomposition of acetalde
hyde monoperacetate (B) to two molecules of acetic

OH O
/  0  l

CH3—C—H II — >  2HO—C—CH3
C—c h 3

/
— 0 
B

acid.10 However, other plausible mechanisms for 
oxidation of the unsaturated acetal to ester may 
be written, and it is not possible at present to 
define the most likely.

Two 1,1 - diacetoxy - 2 - alkyl - 2,3 - epoxyalkanes 
(XII) were also prepared by peracetic acid epoxi- 
dation of the unsaturated acylals (XIII); the latter

R—CH=C—CHO
I

Ri

AC2O
boric-oxalic 

acid

R—CH=C—CH(OAc)2
I
R:

XIII

O
CH3CO.11 /  \

-----------> R-—CH—C—CH(OAc)2
I

Rt
XII

were made by reaction of the unsaturated alde
hydes with acetic anhydride, catalyzed by mixed

(12) N. A. Milas, R. L. Peeler, Jr., and O. L. Mageli, 
J. Am. Chem. Soc., 76, 2322 (1954).

boric-oxalic acid.13 These were l,l-diacetoxy-2- 
ethyl-2,3-epoxybutane (XII, R = CH3, Ri = 
C2H6) and l,l-diacetoxy-2-ethyl-2,3-epoxy hexane 
(XII, R = n-C3H7, lb  = C2H5.

EXPERIMENTAL

Preparation of unsaturated dioxolanes. The following 
preparations of 2-{l-ethyl-l-pentenyl)-l,3-dioxolane (IVa) 
illustrates the method which, with minor modifications, was 
used for the other dioxolanes listed in Table II.

The following mixture was refluxed for 13 hr. in a flask 
equipped with a condenser and Dean-Stark trap for con
tinuous removal of water as formed: 378 g. (3.0 moles) of 
2-ethyl-3-propylaerolein, 186 g. (3.0 moles) of ethylene 
glycol, 1000 ml. of benzene, and 1.9 g. of p-toluenesulfonic 
acid monohydrate. During this time 55 g. of water was 
removed. The reaction mixture was neutralized with 1.06 
g. of sodium carbonate and fractionated to give 361 g. 
(71% yield) of 2-(l-ethyl-l-pentenyl)-l,3-dioxolane, b.p. 
86-88°/10 mm., n3D° 1.4486; lit.,14 b.p. 98-101720 mm., 
n2D5 1.4510.

Anal. Calcd. for CioHuCb: C, 70.54; H, 10.66; equiv. wt., 
170.24. Found: C, 70.59; H, 10.64; equiv. wt., 171.16

Epoxidation of unsaturated dioxolanes. The preparation of 
2-{l,2-epoxypropyl)-4-methyl-l,3-dioxolane (II) is illustrative 
of the method used for preparation of the epoxides listed in 
Table III.

To 128 g. (1.0 mole) of 2-(l-propenyl)-4-methyl-l,3- 
dioxolane (Ha) was added 349 g. of a solution of peracetic 
acid in ethyl acetate10 (24.0%; i.e., containing 84 g. or 1.1 
moles peracetic acid) over a period of 4 hr. During this 
period the reaction mixture was stirred vigorousljq and the 
temperature was maintained at 40°. After an additional 
7 hr. at 40°, titration for peracetic acid10 indicated that 93% 
of the theoretical peracetic acid has been consumed. The 
cooled reaction mixture was fed into ethylbenzene under 
reflux at 30-40 mm. pressure, and a mixture of acetic acid, 
ethylbenzene, and ethyl acetate was removed at the head 
of the column. Fractionation of the residue gave 67 g. 
(46% yield) of 2-(l,2-epoxypropyl)-4-methyl-l,3-dioxolane, 
b.p. 81-83715 mm., n3D° 1.4291.

(13) This method of preparing acylals was developed and 
kindly furnished to us by L. W. McTeer, Development 
Department, Union Carbide Chemicals Company, U. S. 
Patent 2,866,813, December 30, 1958.

(14) H. R. Nace and E. P. Goldberg, J. Am. Chem. Soc., 
75, 3646 (1953).

(15) Double bond equivalent weights were determined by 
titration with bromine-sodium bromide reagent in methanol, 
a modification of the method outlined in S. Siggia, Quantita
tive Organic Analysis via Functional Group, 2nd ed., J. 
Wiley & Sons, N. Y., 1954, pp. 69-71.
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TABLE III
E p o x y a l k y l  D i o x o l a n e s

Analysis
Com
pound

Yield,
%

B.P.,
Mm. „30n d Formula

Calcd.
c H

Found
C H

I 28 70-73/9° 1 . 4 3 3 7 C8H10O3 — — — —
II 46 81-83/15 1.4291 c ,h 12o 3 58.31 8.39 57.83 8.32

III 64 78/20 1.4344 c 6h 10o3 55.37 7.75 55.17 7.72
IY 67 90-93/5 1.4426 CI0H18O3 64.49 9.74 63.79 9.55
V 66 57-60/.4 1.4382 C11H20O3 65.97 10.07 66.49 10.26

VI 45 111-112/1 1.5197 c 12h 14o3 69.88 6.84 70.79 7.16

° Reported5 b.p. 80°/18 mm.

Anal. Calcd. for C7H 12O3 : C, 58.31; H, 8.39; equiv. wt., 
144. Found: C, 57.83; H, 8.32; equiv. wt.,16149.

Oxidation of crotonaldehyde dibutyl acetal with peracetic 
acid. Crotonaldehyde dibutjd acetal was prepared by a 
known method17 and exhibited the following properties 
b.p. 96-99°/10 mm., n3Dl 1.4247.

Peracetic acid in ethyl acetate (117 g. of a 22.9% solution;
i.e., containing 26.8 g. or 0.352 mole peracetic acid) was 
added over a period of 1 hr. to 64 g. (0.32 mole) crotonalde
hyde dibutyl acetal. The temperature was maintained at 
60°, and titration for peracetic acid at the end of this 
period indicated that the theoretical amount was consumed. 
The cooled reaction mixture was fed into ethylbenzene 
under reflux at 35 mm., and ethylbenzene, acetic acid, and 
ethyl acetate were removed at the head of the column. 
Fractionation of the residue gave 33 g. (73% yield) of butyl 
crotonate, b.p. 75-80°/20 mm. A redistilled sample ex
hibited the following properties: b.p. 75-78°/20 mm., n3̂ 
1.4286.

Anal. Calcd. for CsHuCh: C, 67.57; H, 9.93; sapon. equiv. 
142. Found: C, 68.26; H, 9.92; sapon. equiv. 139.5.

A portion of the butyl crotonate obtained above was 
saponified and acidified in the usual fashion, giving crystal
line crotonic acid, m.p. and mixed m.p. with authentic 
trans-crotonic acid, 69-72°.

Oxidation of n-butyraldehyde diethyl acetal. The starting 
acetal18 was prepared by reaction of the aldehyde with 
ethanol in the presence of calcium chloride and exhibited 
the following properties: b.p. 142°, n™ 1.3904.

To n-butyraldehyde diethyl acetal (10 g., 0.07 mole) 
containing 1 drop of coned, sulfuric acid was added 23 g. 
of a solution of peracetic acid (5.7 g., 0.075 mole) in ethyl 
acetate over a period of 30 min. The mixture was warmed to 
40° and held there for 11 hr., at the end of which time 
titration for peracetic acid indicated a consumption of 
99.3% of the theoretical. The cooled solution was washed 
with aqueous sodium carbonate, the layers were separated, 
and the organic layer was fractionated. There was obtained 
4.0 g. of pure ethyl butyrate (b.p. 118-120°, n3D° 1.3864), 
in addition to 6 . 0  g. of a mixed ethyl acetate and ethyl 
butyrate fraction (b.p. 80-118°) which, by gas chromato
graphic analysis, contained 1.6 g. of ethyl butyrate. Yield 
was thus 5.6 g. or 69%. The infrared spectrum of the isolated 
ethyl butyrate was identical with the standard (Sadtler) 
spectrum.

Oxidation of benzaldehyde diethyl acetal. The starting 
acetal18 was prepared by reaction of benzaldehyde and ethyl

(16) Equivalent weight was determined by titration of 
epoxide group with pyridinium chloride-pyridine solution. 
See J. J. Jungnickel, E. D. Peters, A. Pclgar, and F. T. 
Weiss in Organic Analysis, Vol. I, Interscience Publishers, 
Inc., N. Y., 1953, p. 136.

(17) R. H. Saunders, U. S. Patent 2,573,678, November 6, 
1951.

(18) These acetals were prepared by H. E. Johnson of this
department, to whom we are indebted for furnishing generous 
samples.

orthoformate catalyzed by ammonium nitrate and ex
hibited the following properties: b.p. 75°/4 mm., n3n 
1.4742.

Benzaldehyde diethyl acetal (54 g., 0.3 mole) containing 
2 drops of coned, sulfuric acid wras treated with 109 g. of a 
solution of peracetic acid (26.6 g., 0.35 mole) in ethyl 
acetate. The addition required 3 hr., during which time the 
temperature was maintained at 26-40° by ice-water cooling. 
After standing for 20 hr., the mixture wras titrated tor per- 
acid, and it was found that the theoretical amount had been 
consumed. The solution was worked up as in the preceding 
experiment to give 41 g. (90% j'ield) of ethyl benzoate, b.p. 
87-90°/10 mm., n3D° 1.4993, the infrared spectrum of which 
was identical with that of an authentic specimen. From the 
distillation residue a small amount (ca. 0.5 g.) of benzoic 
acid (melting point and mixed melting point with an 
authentic sample, 117-119°) was isolated.

Oxidation of fi-phenyl-0-ethoxypropionaldehyde diethyl 
acetal. The starting acetal was prepared by the method of 
Haworth and Lapworth19 and exhibited the following 
properties: b.p. 127-130°/6 mm., n™ 1.4721.

3-Phenyl-3-ethoxypropionaldehyde diethyl acetal (37 g-, 
0.146 mole) wras mixed with 67 g. of a solution of peracetic 
acid in ethyl acetate (a 22.5% solution; i.e., containing 15 
g. or 0.198 mole peracetic acid) and held at 40-60° for 7 
hr. At this point 42% of the theoretical amount of peracid 
was consumed; upon adding 4 drops of coned, sulfuric acid 
the reaction became exothermic and warmed to 92°. After 
cooling, the solution was treated with 1 drop of cobalt 
naphthenate (to destroy peroxides) and 1.34 g. sodium 
acetate (to neutralize the sulfuric acid). Direct distillation 
of the reaction mixture gave 20 g. (61% yield) of ethyl 3- 
phenyl-3-ethoxypropionate, b.p. 122-130°/10 mm., n3D° 
1.4866.

The ester (6.4 g.) w7as saponified with potassium hydroxide 
(3.6 g.) in ethanol-water in the usual fashion to give crystal
line /S-phenyl-jS-ethoxypropionic acid (5.0 g.), m.p. 74-75° 
(ligroin).

Anal. Calcd. for CmHi4Os: C, 68.02; H, 7.27; equiv. wt,.,
194.2. Found: C, 68.47; H, 7.34; equiv. w7t., 195.3.

The melting point reported in the literature for this acid

(19) Utilization of a literature method for preparing 
cinnamaldéhyde diethyl acetal [R. D. Haworth and A. 
Lapworth, J . Chem. Soc., 121, 83 (1922)] gave, in our 
hands, 3-phenyl-3-ethoxypropionaldehyde diethyl acetal as 
the only isolable product; the boiling point of this product 
was indistinguishable from the boiling point of cinnamaldé
hyde diethyl acetal ( 127-130°/6 mm.) prepared by another 
method [M. M. Kreevoy and R. W. Taft, Jr., J . Am. 
Chem. Soc., 77, 5590 (1955)], the structure of which was 
confirmed by elemental analysis, infrared absorption spec
trum, and oxidation by the method of this paper to ethyl 
cinnamate. The index of refraction of the unsaturated acetal 
was appreciably higher (1.5091 at 30°) than that of the 
3-ethoxy compound.
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is 75° ;M these authors also reported its conversion to cin
namic acid by boiling hydrochloric acid, a result which we 
duplicated. A sample of the acid (0.6 g.) was heated to boil
ing with 25 cc. 6.01V hydrochloric acid and gave, on cooling, 
crystalline cinnamic acid (0.45 g.), melting point and mixed 
melting point with authentic cinnamic acid, 130-132°.

O x id a tio n  o f  2 - ( f3 -s ty ry l)-4 -m e th y l- l,S -d io x o la n e  (Via) w ith  
;peracetic  a c id  c a ta ly z e d  b y  s u lfu r ic  a c id .  To 76 g. (0.4 mole) 
of 2-(/S-styryl)-4-methyl-I,3-dioxolane containing 0.76 g. of 
sulfuric acid was added with stirring 157 g. of a 24.3% 
solution of peracetic acid in ethyl acetate ( i .e .,  containing 
38.0 g. or 0.5 mole peracetic acid) over a period of 1 hr. 
The reaction was exothermic from the outset, and the 
temperature was maintained at 25-33° by ice-water cooling. 
After an additional 4 hr. a t 30°, titration for peracetic 
acid indicated the theoretical amount had been consumed. 
Sodium acetate, 1.25 g., was added to neutralize the sulfuric 
acid. Distillation through a glass helix-packed column gave, 
after recovery of solvent and acetic acid, 23 g. (28% yield) 
of impure propylene glycol monocinnamate, b.p. ca . 195°/
1.25 mm., n3„° 1.5483.

A n a l.  Calcd. for Ci2H i40 3: C, 69.88; H, 6.84. Found: 
C, 71.92; H, 7.25.

l ,l -D ia c e to x y -2 -e th y l-2 -b u le n e .  To acetic anhydride (217 
g., 2.15 moles) containing 0.34 g. of a mixed boric-oxalic 
acid catalyst13 (1:1 molar ratio) was added 139 g. (1.42 
moles) of 2-ethylcrotonaldehyde over a period of 35 min. 
The solution was stirred constantly, and slight cooling was 
required to maintain a temperature of 30°. After the mix
ture had stood for an additional 20 hr., the catalyst was 
neutralized with 0.93 g. of sodium acetate, and the reaction * 44

(20) W. Schreuth, W. Schoeller and It. Streunsee, B e r .,
44, 1432 (1911).

mixture was fractionated directly to give 212 g. (75% yield) 
of l,l-diacetoxy-2-ethyl-2-butene, b.p. 88-90°/4 mm., n3,“ 
1.4339.

A n a l .  Calcd. for Ci0H i6O4: C, 59.98; Id, 8.05. Found: 
C, 60.58; H, 8.21.

1 .1 -  D ia c e to x y -2 ,S -e p o x y -2 -e th y lb u ta n e . To 200 g. (1.0 
mole) of l,l-diacetoxy-2-ethy 1-2-butene was added 396 g. 
of a solution containing 23.0% peracetic acid in ethyl 
acetate (91 g. or 1.2 moles peracetic acid). The addition and 
subsequent stirring (both a t 60°) required 4 hr., a t the end 
of which time the theoretical quantity of peracid was con
sumed. The cooled reaction mixture was fed to ethylbenzene 
under reflux in a still a t 30 mm. pressure while acetic acid 
and unchanged peracetic acid was removed continuously at 
the still head as an ethylbenzene azeotrope. Fractionation of 
the residue gave 119 g. (55% yield) of l,l-diacetoxy-2,3- 
epoxy-2-ethylbutane, b.p. 95-96 °/3.0 mm., n3D° 1.4289.

A n a l .  Calcd. for CioH i60 6: C, 55.54; H, 7.46. Found: 
C, 55.46; H, 7.42.

1 ,l-D ia c e to x y -2 -e th y l-2 -h e x e n e . This preparation based on 
2-ethyl-3-propyl acrolein and acetic anhydride was similar 
to that for l,l-diacetoxy-2-ethyl-2-butene. Yield of 1,1— 
diacetoxy-2-ethyl-2-hexene was 75%, b.p. 91-95°/2.0 mm., 
n3D° 1.4366.

A n a l .  Calcd. for C1TI20O4: C, 63.13; H, 8.83. Found: 
C, 63.48; H, 8.82.

1 .1 -  D ia ce to x y -2 ,8 -ep o x y -2 -e th y lh ex a n e .  The epoxidation of 
the above olefin was analogous to the preparation of
l,l-diacetoxy-2,3-epoxy-2-ethylbutane with the following 
results. Yield of l,l-diacetoxy-2,3-epoxy-2-ethylhexane was 
72%, b.p. 102-103 71.25 mm.; n3„° 1.4308.

A n a l .  Calcd. for Ci2H2o06: C, 59.00; H, 8.25. Found: 
C, 59.17; H, 7.90.

South Charleston, W. Va.

[Contribution from the Summit Research L aboratories, Celanese Corp. of America]

D eco m p o sitio n  o f  M ixed C arboxylic-C arbonic A n h yd rid es1 a

THOMAS B. WINDHOLZlb

R e ce ived  J u n e  2 2 , 1 9 5 9

The decomposition of a number of mixed carboxylic-carbonic anhydrides has been investigated and the occuring reactions 
established. I t  was found that the structures of both the carboxylic (Ri) and carbonic (R2) components have directing in
fluences on the possible paths of decomposition. Polar and steric effects as well as proposed reaction mechanisms are dis
cussed. A method of preferential ester formation from mixed anhydrides is demonstrated for ethyl benzoate.

The preparation and characterization of stable 
carboxylic-carbonic anhydrides was first reported

(l)(a) Part of this work has been presented before the 
Division of Organic Chemistry a t the 136th Meeting of the 
American Chemical Society, Atlantic City, September 1959.

by Tarbell and Leister.2 Since then it has been 
established34’313 that mixed carboxylic-carbonic an
hydrides decompose according to Equations A and B

(l)(b ) Present Address: Merck Sharp and Dohme Re
search Laboratories, Rahway, N. J.

O O
/  /

3 Ri—C—O—C—O—R 2

A  /
— Ri—C—O—R 2 -f- C 02

Ri—CO O—R,

Xo  +  ( ¿ = 0  +  C0 2

Ri—C i / '  R,

A [ C
o

2R, o —:R2 +  CO,
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Decomposition may occur exclusively by either 
path A or B, or by both paths simultaneously with 
the formation of ester, symmetrical anhydride, 
carbonate, and carbon dioxide. In the present 
work it has been found that in some cases the ratio 
of products formed may vary with the tempera
ture of decomposition. Certain mixed anhydrides 
which decompose equally by path A and B at 160°, 
yield more ester than symmetrical anhydride when 
the temperature of decomposition is raised to 200°. 
When the temperature is 250° however, ester is the 
only decomposition product. This fact suggests 
a secondary reaction (C) between symmetrical 
anhydrides and carbonates and it was possible 
to demonstrate this reaction experimentally by 
the preparation of certain esters in very good yields 
by this procedure at elevated temperatures. From 
these experiments it was concluded that at the de
composition temperatures reported in the table 
below, the isolated esters are formed only according 
to reaction path A, and the possibility of reaction C 
occurring under these conditions can be excluded.

The procedure for the preparation and quanti
tative decomposition of the mixed anhydrides is 
described in the experimental part and includes the 
volumetric determination of the amount of carbon 
dioxide formed. This amount was in good agree
ment with the ratio of ester to symmetrical anhy
dride that was obtained. Since the instability of 
some mixed anhydrides made it necessary to de
compose them in situ, it was necessary to de
compose all mixed anhydrides in this way without 
isolation and purification so ‘.hat standard condi
tions would be maintained. To ascertain whether 
the possibility of impurities present in the crude 
carboxylic-carbonic anhydride may influence the 
direction of decomposition, a number of stable 
mixed anhydrides were prepared and purified ac
cording to Tarbell and Leister2 and submitted to 
decomposition. These results were in good agree
ment with the values obtained with the crude mixed 
anhydrides. Decomposition temperatures for un
stable mixed anhydrides were determined in the 
original tetrahydrofuran solution in order to obtain 
information on their relative stabilities. In the iso
lation and characterization of reaction products 
heating was avoided to prevent any secondary 
reactions.

The results of the experiments with carboxylic- 
carbonic anhydrides are listed in Table I. Relative 
yields of esters and symmetrical anhydrides are 
considered sufficient to represent reaction paths 
A and B.

A number of mixed anhydrides derived from 
aliphatic acids decompose exclusively by path A 
(Experiments 1-5) while aromatic derivatives

(2) D. S. Tarbell and N. A. Leister, J .  O rg. C h e m ., 23, 
1149 (1958).

(3) (a) Preliminary communication: T. B. Windholz, J .  
O rg. ( 'h e m ., 23, 2044 (1958); (b) D. S. Tarbell and F. J. 
Longosz, J .  O rg. C h e m ., 24, 774 (19.59).

tend to decompose equally along paths A and B- 
The differences in reactivity are not fully under
stood, although steric factors are apparently sig
nificant. Directing influences of the alkyl radicals 
R2 have been examined only for a few typical 
examples. These experiments indicate that the more 
electron releasing isopropyl group favors easier 
decomposition by path A. Phenyl as R2 favors path 
B as shown by the high yields of symmetrical an
hydride obtained in Experiments 10 and 15. This 
effect is counterbalanced only in the cases where 
the acyl radicals have been shown to cause ester 
formation exclusively (c/. Experiment 5).

An SNrtype reaction mechanism, involving a 
six membered cyclic transition state is suggested

ip* c f  /W e
ll,— c C o ---------*■ R,— c + co2

o
0

to explain ester formation (path A) by intramolecu
lar decarboxylation.4 5 The disproportionation (path

B) can best be represented as in accordance with 
the disproportionation mechanism of phenyl chloro
formâtes suggested by Wiberg and Shryne.6

A number of experiments were made to influence 
the direction of decomposition of benzoic-ethyl 
carbonic anhydride, which was considered to be a 
suitable model compound. It was noticed that heat
ing the mixed anhydride in the presence of tri- 
ethylamine hydrochloride lowered the decompo
sition temperature and favored ester formation. 
Triethylamine alone lowered the decomposition 
temperature but the ratio of the products formed, 
remained unchanged. Boron trifluoride etherate 
has proved to be most efficient in directing the de
carboxylation of benzoic-ethyl carbonic anhydride. 
It lowered the decomposition temperature con
siderably and caused exclusively ethyl benzoate 
formation. Acid catalysis of this type substantiates 
the mechanism proposed for path A. This method 
of preparing esters from mixed anhydrides is being 
investigated further.

(4) R. Boschan: J .  A m .  C h em . S o c . 81, 3341 (1959) has 
postulated a four-membered cyclic transition state with acyl 
fission based largely on analogies with the preparation of 
nitrate esters from alkylchloroformates. The observation of 
Tarbell and Longosz, ref. 3b that ester formation proceeds 
with retention of configuration, supports our proposed 
mechanism.

(5) K. B. Wiberg and T. M. Shryne, J .  A m .  C h em . S o c .,
77, 2774 (1955).
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TABLE I
Decomposition of Carboxylic-Carbonic Anhydrides

O O

Ri■i—C—-0—C—O—R 2

% Products formed 
Symmet-

Decomp. Temp. rical An_
Expt.
No. Ri r 2 in THF

When
isolated

% of C 02 
formed“

Ester
(A)

hydride
(B)

1 c n - c h 2- - c 2h , 25 97 95s*

2 N02̂ y - C H 2-
/C H 3

— CH 

X c h 3

25 92 95“

3 NO„— < Q > - C H 2- C2Hj 25-40 94 90“

4 c h , - - -C2H5 35-60 92 90“

5 NO,— ^ y ~ C H 2-
- 0 25-40 88 90“

6 c h 3— c h 2- c h 2- - C 2H s 120-130 85 75e 15
c h 3
1

7 CH3- C -
1

- c 2h s 120-130 70 50 30
c h 3

8 V h -
( H y

/CH3
-CH

\lH ,
/ 20“ 60

9 O x
0 xCH- - c 2h 5

C 10“ 70

10
O x„  .CH-
O '

0 95“' o

11 no2̂ k -C 2Hs 150-160 77 50“ 50

" O -
12

o >
- c 2h s 150-160 72 50“ 50

13
O -

/CH3
—CH

x c h 3

160-170 78 60e 40

14 / r \ _ - c 2h s 175-185 72 50“ 50

15 O 0
/ 10 80“’“

“ Theoretical yield calculated for path A. s Distilled from the reaction mixture, characterized by boiling point, analysis and 
comparison of infrared spectrum with an authentic sample. “ See experimental part. “ Isolated from the reaction mixture, 
identified by analysis and melting point. “ Ratios of formed products were satisfactorily determined by preparing artificial 
mixtures of the expected products and comparing the infrared spectra. ? Decomposed in a few hours at room temperature. 
“ Diphenyl carbonate was isolated in nearly the same yield from the reaction mixture.

It should be mentioned that the decarboxylation 
of alkyl chloroformâtes is reported6 to be cata
lyzed by pyridine and boron trifluoride.

EXPERIMENTAL

Melting points are uncorrected. Microanalyses are by Mr. 
Grant Gustin of our Analytical Department. Infrared 
spectra were taken on a Perkin Elmer Infracord, Model 137.

Commercially available carboxylic acids, dry tetrahydro- 
furan, and dry triethylamine were used in all preparations. 
The chloroformâtes were obtained from the Food Machinery 
and Chemical Corporation and redistilled before use. All 
preparations and decompositions of mixed anhydrides were 
run in a closed system equipped for volumetric determina
tion of the carbon dioxide formed.7

(6) S. Nakanishi, T. C. Myers, and E. V. Jensen, J .  A m .
C h em . S o c ., 77, 5033 (1955).
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I. P r e p a r a t io n  o f  esters . A .  F r o m  a  m ix e d  a n h y d r id e . G lyco l 
d ib en zo a te . Benzcic-ethylene carbonic anhydride was pre
pared from benzoic acid and ethylene glycol bischlorofor- 
mate, according to the general procedure described below. 
The product isolated by crystallization from petroleum 
ether (b.p. 45-60°) melted a t 70-72° and had infrared bands 
a t 1820, 1740 cm-1.

A n a l:  Calcd. for Ci8H ii0 8: C, 60.40; H, 3.90. Found: C, 
60.27; H, 3.81.

The crystalline mixed anhydride was gradually heated 
and at 130°-150° approximately 72% of the theoretical 
carbon dioxide was eliminated. The infrared spectrum of the 
reaction products was identical with that of an artificial 
mixture of e<?u ¡molecular amounts of giycol dibenzoate, 
benzoic anhydride, and ethylene carbonate. When heating 
was continued to 250°, additional carbon dioxide was elimi
nated, and the mixture showed an increase in glycol diben
zoate content. In another experiment 3.58 g. (0.01 mole) of 
the same mixed anhydride was heated directly to 275°. A 
loss in weight of 0.82 g. was recorded, in good agreement with 
the nearly quantitative carbon dioxide elimination. The 
solid residue, after one recrystallization from methanol, 
yielded 2.20 g. (82%) glycol dibenzoate, m.p. 73-74°, unde
pressed by an authentic sample prepared from ethylene gly
col and benzoyl chloride.

B .  F r o m  s y m m e tr ic a l a n h y d r id e s  a n d  n e u tr a l  ca rb o n a tes. 
G lyco l d ib en zo a te . A mixture of 2.26 g. (0.01 mole) of benzoic 
anhydride and 0.88 g. (0.01 mole) of ethylene carbonate was 
heated and at 220-275°, 92% of the theoretical amount of 
carbon dioxide was formed. The cooled product was re- 
crystallized from methanol yielding 2.17 g. (80%) glycol 
dibenzoate, m.p. 73-74°. ■>

P h e n y l  benzoate. On heating equimolecular amounts of 
benzoic anhydride and diphenyl carbonate a t 205°-245°, 
90% of the ester melting a t 70°, was obtained.

A tte m p te d  p r e p a r a tio n  o f  e th y l benzoa te . No reaction took 
place between benzoic anhydride and diethyl carbonate at 
200°. Attempts to promote the reaction by heating the re
actants in the presence of ethyl benzoate, benzoic-ethyl car
bonic anhydride or boron trifluoride etherate also failed to 
produce the expected ester.

I I .  P r e p a r a t io n  a n d  d e c o m p o s i t io n  o f  m ix e d  c a rb o xy lic -c a r
b o n ic  a n h y d r id e s . A .  P r e p a r a tio n . A solution of 0.02 mole of 
carboxylic acid and 0.02 mole of triethylamine in 35 ml. 
tetrahydrofuran was cooled to —1° to —5°. To this stirred 
solution was added a solution of 0.02 mole of the chloro- 
formate in 15 ml. of tetrahydrofuran maintaining the above 
temperature during addition and for an additional 30 min. 
The stirred mixture was allowed to warm to room tempera
ture and held there for 30 min.

B .  D e c o m p o s itio n . 1 . S ta b le  c o m p o u n d s . When the mixed 
anhydrides were stable, i .e . no carbon dioxide evolution oc
curred a t this point, the precipitated triethylamine hydro
chloride was filtered, washed, and dried, and isolated in 
nearly quantitative yield. The salt was also checked for 
water solubility and its solution acidified to indicate any 
unchanged carboxylic acid. The tetrahydrofuran filtrate 
was concentrated i n  vacuo  to constant weight a t room 
temperature. The stable products obtained from experiments 
6, 7, 11, 12, 13, and 14 were heated without further purifica
tion, the carbon dioxide formed was determined and the 
decomposition products identified. The emphasis was on the 
identification of esters and anhydrides, since the more vola
tile carbonates were frequently evaporated during the con
centration step. Crystalline products were isolated and char
acterized, avoiding any heating. Ratios of oily products were 
satisfactorily determined by preparing artificial mixtures of 
the expected materials and comparing the infrared spectra.

(7) The apparatus was a modification of that described by
W. M. Schubert, J .  A m .  C h e m . S o c ., 71, 2639 (1949).

To check the results, experiments 11, 12 and 14 were also 
run with pure mixed anhydrides prepared as described by 
Tarbell and Leister.’ These had the same infrared spectra as 
the crude mixed anhydrides and on heating gave the same 
amounts of decomposition products. A few examples are 
given to illustrate typical procedures.

p -N itr o b e n z o ic -e th y l  ca rb o n ic  a n h y d r id e , 2  2.40 g. (0.01 
mole) was heated at 150-180° until evolution of carbon di
oxide ceased; a t this point 77% of the theoretical amount was 
collected. Treatment with petroleum ether (b.p. 45-60°) and 
ether yielded 0.80 g. of insoluble product having only an
hydride absorption. The filtrate on concentration gave a 
fluffy yellow powder which on crystallization from ethanol 
gave Ô.96 g. (49%) of ethyl nitrobenzoate, m.p. 56-57°. 
The 0.80 g. insoluble product was treated with cold ethyl- 
acetate and filtered yielding 0.71 g. (46%) of p-nitrobenzoic 
anhydride, m.p. 189°.

2 . U n s ta b le  c o m p o u n d s . Whenever the mixed anhydrides 
were unstable as shown by carbon dioxide evolution in their 
preparation, the reaction mixtures were kept for 2 hr. a t 0 °, 
cooled to —5° and the triethylamine hydrochloride filtered. 
Even in these experiments the salt was obtained in nearly 
quantitative yield. The cold filtrate was divided into two 
parts. One half was allowed to warm up to room tempera
ture and heated if necessary to complete the carbon dioxide 
elimination. The other half was concentrated i n  vacuo  with
out heating. The decomposition products were characterized 
and their ratios found to be almost identical in both cases.

p - N i tr o p h e n y la c e t ic - is o p r o p y l  ca rb o n ic  a n h y d r id e . The 
tetrahydrofuran filtrate decomposed at room temperature in 
30 min. After concentration, the reaction product (2.12 g.) 
was a semisolid material which showed only traces of an
hydride absorption in the infrared. Isopropyl p-nitrcphenyl- 
acetate,7 8 * 371 m.p. 33-34° was isolated by careful addition of 
water to an ethanol solution of the reaction product.

D ip h e n y la c e tic -e th y l  ca rb o n ic  a n h y d r id e . The tetrahydro
furan filtrate was refluxed for 20 min. No carbon dioxide was 
eliminated. The mixture was cooled, and concentrated to 
give a semicrystalline residue. On treatment with petroleum 
ether (b.p. 45-60°) ether, 3.15 g. of solid was obtained. 
After washing with cold ethanol, 2.70 g. (66.5%) of di- 
phenylacetic anhydride, m.p. 96-97° remained. The petro
leum ether-ether filtrate on concentration yielded 0.42 g. 
(9%) of ethyl diphenylacetate, m.p. 59°.

III. D ire c ted  d e c a rb o x y la tio n  o f  b e n z o ic -e th y l  ca rb o n ic  a n 
h y d r id e . When the mixed anhydride was prepared in tetra- 
chloroethane instead of tetrahydrofuran, the triethylamine 
hydrochloride did not precipitate. Carbon dioxide was elimi
nated on refluxing to 145° and was completed after 45 min. 
The solution was cooled, washed with water, and concen
trated. I t  contained 75% ethyl benzoate and 25% benzoic 
anhydride as shown by infrared analysis. Refluxing pure 
mixed anhydride in tetrachloroethane in the absence of tri
ethylamine salt produced no decomposition and the mixed 
anhydride was recovered unchanged after 1 hr. When pure 
benzoic-ethyl carbonic anhydride was heated in the pres
ence of triethylamine, decarboxylation started a t 120° and 
was terminated a t 140°. Equal amounts of ester and sym
metrical anhydride formed, as shown by infrared analysis.

Addition of 25% of the molar amount of boron trifluoride 
etherate to the mixed anhydride caused slow elimination of 
carbon dioxide accompanied by the evolution of heat. How
ever further heating was needed to complete gas evolution. 
After 30 min. the brown mixture was dissolved in ether, 
washed with dilute hydrochloric acid, bicarbonate solution, 
water, then dried and concentrated. I t  consisted of 85% 
ethyl benzoate and 15% benzoic anhydride. Addition of one 
molar amount of boron trifluoride etherate to the mixed an-

(8) H. P. Ward and E. F. Jankins, J .  O rg. C h e m ., 10 ,
371 (1945).
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hydride caused exothermic decarboxylation with elimination 
of the theoretical amount of carbon dioxide. The reaction 
mixture was worked up by hydrolizing the boron trifluoride 
complex that was formed. No more anhydride could be de
tected, the decarboxylation yielding ethyl benzoate exclu
sively, in excellent yield.

A c k n o w le d g m e n ts . The author expresses his 
appreciation to Dr. J. B. Clements and Dr. A. B. 
Conciatori for reviewing this manuscript and to 
Mr. Harry Barnum for skilled technical assistance. 

S u m m i t , N. J.
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K eton es as C ata lysts in  th e  R ed u ctio n  o f  Ar^m nhr tsItrmwM.
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ADNAN A. SAYIGH 
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The use of aromatic ketones in catalytic amounts in the methanolic sodium hydroxide reduction of o-nitrotoluene has con
siderably improved the yields of the desired azoxytoluene; further reduction of the latter and of azoxybenzene to their hy- 
drazo derivatives has been effected by the use of a catalytic amount of 9-fluorenone.

Aromatic hydrazo compounds are available v ia  
the reduction of azoxy or azo compounds,1-10 
which are intermediates in the properly controlled 
reduction of nitro compounds. The direct reduction 
of nitro compounds to the corresponding hydrazo 
derivatives can be accomplished with zinc dust and 
sodium hydroxide or electrolytically; both pro
cedures have been used to give the simplest member, 
hydrazobenzene.7-11

The chemical reduction of o-nitrobromobenzene 
to dibromohydrazobenzene is accomplished with 
the halo groups remaining intact12; many electro
lytic reduction procedures have been reported 
with yields varying from 50 to 95%.10'13

A magnesium-magnesium iodide system has 
also been employed as a reducing agent for the 
azobenzenes.14

(1) H. E. Bigelow and D. B. Robinson, O rg. S y n th e s e s ,  
Coll. Vol. Ill, 103 (1955).

(2 ) R. F. Nystrom and W. G. Brown, J .  A m .  C h em . S o c .,  
70,3738(1948).

(3) M. Busch and K. Schulz, Ber., 62, 1458 (1929).
(4) H. S. Fry and J. L. Cameron, J .  A m .  C h em . S o c ., 49, 

864 (1927); C. M. Suter and F. B. Dains, J .  A m .  C h em . S o c ., 
50,2733 (1928).

(5) H. E. Bigelow and A. Palmer, O rg. S y n th e s e s , Coll. 
Vol. H, 57 (1943).

(6) G. Bacharach and R. Weinstein, R ec . trav . c h im ., 54, 
932(1935).

(7) P. Ruggli and M. Kinovker, H e lv . C h im . A c ta , 17, 
396(1934).

(8) L. Zechmeister and P. Rom, A n n . ,  468, 128 (1929).
(9) C. Weygand, O rg a n ic  P r e p a r a t io n s , Interscience Pub

lishers, New York, 1945, p. 249.
(10) S. Swann, Jr., T e c h n iq u e  o f  O rg a n ic  C h e m is try , A. 

Weissberger, Ed., Vol. II, Interscience Publishers, New 
York, 1956, p. 486.

(11) L. Gattermann and H. Wieland, L a b o ra to r y  M e th o d s  
o f  O rg a n ic  C h e m is try , The Macmillan Company, New York, 
1938, p. 184.

(12) H. R. Snyder, C. Weaver, and C. D. Marshall, J .  
A m .  C h em . S o c ., 71, 289 (1949).

(13) S. Swann, Jr., T r a n s .  E le c tro ch em . S o c ., 69, 307
(1936); 77,479 (1940).

(14) W. E. Bachmann, J .  A m .  C h e m . S o c ., 53, 1524 
(1931).

The earliest method of reducing aromatic nitro 
compounds4 to their azoxyderivatives by the use 
of methanolic sodium methoxide is limited in its 
application, mainly because the reduction of the 
nitro compounds does not proceed beyond the 
azoxy stage, and it is confined to substituted 
nitrobenzenes in which the substituents are not 
affected by the reagent. Thus, in the case of o- 
chloronitrobenzene, considerable displacement of 
the chloride with methoxide ion occurs, and in the 
case of nitrotoluenes, extensive intramolecular 
oxidation-reduction takes place.1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

In order to extend the scope of this method to 
the reduction of azoxy and azo compounds to 
their hydrazo derivatives and to improve the 
yields of the former, a number of catalysts were 
investigated. In the reduction of o-nitrotoluene 
(Table I), the addition of 3-5% of a ketone as a 
catalyst to the reducing medium has considerably 
increased both the yield and the purity of azoxy
toluene; also, 9-fluorenone is an effective catalyst 
in the reduction of azo and azoxy benzene and 
toluene (Table I) to their corresponding hydrazo 
derivatives.

Bamberger, et a l.16 proposed that the formation 
of azoxybenzene in the reduction of nitrobenzene 
results from condensation between the inter
mediates phenyl hydroxylamine and nitroso- 
benzene; this has been further confirmed by Ogata, 
et a l . , 17 who also found that a rapid equilibrium 
takes place between phenyl hydroxylamines and 
nitrosobenzene. The poor yield of azoxytoluene 
encountered in the methanolic sodium hydroxide 
reduction of o-nitrotoluene could be attributed in

(15) C h em . Z e n tr . , 1 9 0 8 ,1, 1345; O. Fischer and E. Hepp 
B e r ., 26,2231(1893).

(16) E. Bamberger and E. Renauld, B e r ., 3 0 , 2278 
(1897); E. Bamberger and A. Rising, A n n . ,  3 1 6 , 257 (1901);
V. O. Lukashevich, C o m p t. re n d . a ca d . s c i . U .R .S .S . ,  2 1 , 
376 (1938); C h em . A b s tr . , 3 3 , 3769 (1939).

(17) Y. Ogata, M. Tsuehida, and Y. Takagi, J .  A m .  
C h e m . S o c ., 7 9 , 3397 (1957).
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TABLE I

Compound Catalyst, g. Product Yield, %

o-Nitro toluene“ None Azoxj-toluene 62
o-Nit.rotoluene“ 9-Fluorenone, 5 Azoxytoluene 93
o-Nitro toluene“ Benzant.hrone, 5 Azoxytoluene 90
o-Nitrotoluene“ Anthrone, 5 Azoxytoluene 84
o-Nitrotoluene“ Benzophenone, 5 Azoxytoluene 78
o-Nitro toluene“ Xanthone, 5 Azoxytoluene 76
Azoxybenzene4 None Azoxybenzene —
Azobenzene4 9-Fluorenone, 5 Hydrazobenzene 98
Azoxybenzene4 9-Fluorenone, 5 Hydrazobenzene 98
Azoxytoluene4 9-Fluorenone, 5 Hydrazotoluene 83

* “ In this experiment, 137 g. (1 mole) of o-nitrotoluene was reduced with 80 g. of sodium hydroxide and 80 g. of methanol. 
4 In  this experiment, 140 g. of azo or azoxy compound was reduced with 108 g. of sodium hydroxide and 192 g. of methanol.

large part to an extensive oxidation of the methyl 
group in o-nitrotoluene.16 The addition of a cata
lytic amount of a ketone, therefore, appears to 
decrease the extent of this side reaction by increas
ing both the rate of the formation of nitrosotoluene 
and its subsequent reduction to o-tolylhydroxyl- 
amine; the latter, in turn, condenses with the 
nitroso compound to give azoxytoluene. Similarly
9-fluorenone acts as a catalyst in the reduction of 
azo and azoxy compounds to their hydrazo deriva
tives with methanolic sodium hydroxide, a reagent 
quite ineffective for this reduction without the 
catalyst. In both of these cases, 9-fluorenone has 
presumably acted as an intermediary in the re
action; its role as a catalyst, therefore, must in
volve its initial reduction to fluorenol by the re
ducing medium, resulting in the formation of the 
rapid oxidation-reduction system18’19 fluorenone- 
fluorenol, equation (a), which is essential in effecting 
further reduction of the azo and azoxy compounds 
to their hydrazo derivatives. In fact, fluorenol was 
an equally effective catalyst in these reductions, and 
when fluorenone was refluxed in methanolic sodium 
hydroxide, it was converted quantitatively to 
fluorenol. The various steps in the reductions could 
be formulated by the following reaction sequence:
(a) Fluorenone +  CH3ONa — >  Fluorenol +  HCOONa

Fluorenone v Fluorenol
(b) Fluorenol +  ArNO 2 •— ■>

Fluorenone +  ArNO +  H20
(c) Fluorenol -f- ArNO ^ Fluorenone +  ArNHOH
(d) ArNHOH +  ArNO — > A rN =N A r +  H 20

I
___________  O

(18) R. H. Baker and H. Adkins, J .  A r t .  C h em . S o c ., 62, 
3305 (1940); H. Adkins, J .  C h em . E d ., 19, 218 (1942).

(19) We have found that this system could be used also 
as catalyst in effecting the reduction of 2-dimethylamino- 
methyl-4-methylphenol with methanolic 3odium hydroxide 
to 2,4-dimethylphenol at 90°, while in the absence of such 
catalyst temperatures as high as 220° are required; thus, 
R. B. Woodward and W. E. Doering, J .  A m .  C h em . S o c .,  
67, 860 (1945), reduced 7-hydroxy-8-piperidinomethyliso- 
quinoline to 7-hydroxy-8-methylisoquinoiine with metha
nolic sodium methoxide a t 220° for ten Lours, and similar 
conditions were used by Conforth, Conforth, and Robinson, 
J .  C h e m . S o c ., 682 (1942), in the reduction of piperidino- 
methylphenols.

O

(e) Fluorenol +  A rN =N A r •— *■
A rN =N A r +  Fluorenone +  H20

(f) A rN =N A r +  Fluorenol ^
ArNHNHAr +  Fluorenone

The mechanism for the base-catalyzed carbinol- 
carbonyl equilibrium was formulated by Wood
ward, et al.,20 in close analogy to Hammett’s 
mechanism for the Cannizzaro reaction,21 involving 
the direct transfer of hydrogen with its two bonded 
electrons from the carbinol carbon to the carbonyl 
carbon. Further, Doering and Aschner22 have 
demonstrated that the mechanism of the equilib
rium proceeds through a carbon to carbon transfer 
of hydrogen with its electrons, and was unaffected 
by substances which often inhibit free-radical 
chain reactions. The role of the alkoxide is prob
ably to facilitate hydride transfer (I, Process a)

and to increase the acceptor capacity of the carbonyl 
carbon (I, Process b). In fact, in the absence of 
alkoxide ion, such an equilibrium is too slow to be 
detectable.

Doering and Aschner23 have used the rapid 
oxidation-reduction system fluorenol—-fluorenone in 
the stereochemical equilibration of optically active 
secondary alcohols and the epimerization of 
fenchol.

To illustrate the mechanism of the fluorenol- 
catalyzed reduction of an aromatic nitro com
pound, nitrobenzene to azoxybenzene, two schemes 
could be written: (A) where the nitrogen, the 
least electronegative atom, is shown to be the

(20) R. B. Woodward, N. Wendler, and F. Butschy, J .  
A m .  C h em . S o c ., 67, 1426 (1945).

(21) L. P. Hammett, P h y s ic a l  O rg a n ic  C h e m is try , Mc
Graw-Hill Book Co., Inc., New York, N. Y., 1940, pp. 
350-353.

(22) W. von E. Doering and T. C. Aschner, J .  A m .  
C h em . S o c ., 75,393 (1953).

(23) W. von E. Doering and T. C. Aschner, J .  A r t .  C h em . 
S o c ., 71,838(1949).
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hydride acceptor, in analogy to the alkoxide re
duction of ketones, where the electropositive 
carbonyl carbon atom is the hydride acceptor; 
and (B) where the oxygen atom is the acceptor. 
There is, however, no evidence at this time in 
favor of either mechanism.
Scheme A:

Scheme B:

/'©
Co

X H

/OU ©
- 0 =N  -

A P
d

HNOH

A mechanism essentially similar to the above 
could be written for the further reduction of 
azoxy and azo compounds to the corresponding 
hydrazoderivatives.

E X PE R IM E N T A L 24

A z o x y to lu e n e . In a 1-1. four-necked round bottom flask, 
equipped with a thermometer, condenser, addition funnel, 
and Trubore mechanical stirrer, were placed 80 g. of sodium 
hydroxide flakes and 80 g. of methanol. The reaction flask 
was heated to reflux; 5 g. of 9-fluorenone was added; the 
temperature was 85°. o-Nitrotoluene (137 g., 1 mole) was 
then added dropwise, over a period of 1 hr. 35 min.; during 
the addition the temperature rose to 102°. Heating and stir
ring were continued for 5 hr., a t the end of which it was 
steam distilled to remove 9-fluorenone, o-toluidine, and any 
unreacted o-nitrotoluene. The temperature of the reaction 
mixture was not allowed to rise above 110 °; this was ac
complished by occasional addition of water.

The reaction mixture was cooled to 80° and extracted 
with 300 ml. of benzene, which was filtered in case insoluble 
tar was present. The benzene was evaporated on a steam 
bath by blowing with inert gas or it was distilled with 
vacuum. An oil was obtained which crystallized immediately 
on cooling to room temperature. The solid weighed 105.7 g. 
(93% yield); after one crystallization from benzene-hexane 
mixture, it melted a t 58-60° (reported56 m.p. 58.5°). Its 
infrared spectrum was identical with that of azoxytoluene.

(24) All melting points are corrected.

Catalysts other than 9-fluorenone used under the above 
conditions were: benzanthrone (3.5 g.), yield of azoxy
toluene, 90%; anthrone (5 g.), yield, 84%; benzophenone 
(5 g.), yield, 78%; xanthone (5 g.), yield, 70%.

H y d r a zo lo lu e n e . In a 1-1. three-necked round bottom 
flask equipped with condenser, thermometer, and Trubore 
stirrer, were placed azoxytoluene (140 g., 0.62 mole), sodium 
hydroxide (108 g.), methanol (192 g.), and 9-fluorenone 
(5 g.); the mixture was heated to reflux while agitating for 
46 hr.; the temperature was 96-98°. At the end of the reac
tion time, the reaction mixture became tan in color, and after 
addition of 400 ml. of methanol, it was cooled to room 
temperature and filtered. The solid was washed thoroughly 
with water to free the solid hydrazotoluene from sodium 
formate and alkali. After drying the solid hjxi razotoluene, 
it was crystallized from ethanol; it then weighed 110 g. 
(84% yield), m.p. 163-165° (reported m.p. 165°,25 26 150°27); 
its infrared spectrum showed it to be identical with hydrazo
toluene. In addition to hydrazotoluene, a mixture of azoxy- 
and azotoluene was also isolated.

H y d r a zo b e n z e n e . In a 1-1. three-necked, round bottom 
flask, equipped with condenser, thermometer, and Trubore 
mechanical stirrer, were placed azoxybenzene (140 g., 0.7 
mole), sodium hydroxide (108 g.), methanol (192 g.), and
9-fluorenone or 9-fluorenol (5 g.); the mixture was heated to 
reflux while agitating for 46 hr; the temperature was 96- 
98°. At the end of the reaction time the reaction mixture 
became tan in color and 500 ml. of water were added drop- 
wise to dissolve sodium formate and to precipitate the 
hydrazobenzene which was filtered with suction, washed 
thoroughly with about 1.5 1. of water, and dried thoroughly. 
The solid, after crystallization from ethanol, weighed 130 
g., amounting to a quantitative yield, m.p. 126-128° 
(reported m.p. 131,°28 29 127°,28 124°30). Its infrared spectrum 
showed it to be identical with an authentic sample of hy
drazobenzene.

9 -F lu o r e n o l. In a 500-ml. flask equipped with a ther
mometer, stirrer, and condenser were placed 54 g. of sodium 
hydroxide (A.R.), 96 g. of commercial methanol, and 5 g. of
9-fluorenone. The reaction mixture was heated to reflux with 
stirring for 5 hr; it was cooled and filtered. The solid con
taining sodium formate was washed thoroughly with water, 
dried, and found to weigh 5 g. (quantitative yield), m.p. 
148-150° (reported m.p. 158°,31 153°32). Its infrared spec
trum was identical with that of an authentic sample pre
pared according to Hochstein.33
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S y n th esis  o f  D in itrob en zom orp h olin es and a N ew  R ing S ystem , 
T riazo lob en zom orp h olin es1

HAROLD R. JURGENS ,2 ANNE L. BURTON, ALICE EICHENBAUM, a n d  LEALLYN B. CLAPP

R ece ived  M a r c h  3 1 , 1 9 6 0

Picramides (and related compounds, lb, lc) of /3-amino alcohols in which there are bulky groups on the a-carbon undergo 
ring closure with various bases to give substituted benzomorpholines (II). A nitro group in position 5 is reduced to an amine
(III)  and diazotization results in cyclization to a new ring system (IV), triazolobenzomorpholines.

An attempt to prepare the picryl ether of 2- 
amino-2-methyl-l-propanol by an adaptation of 
the method of Cope and Burg3 for synthesis of 
sulfonate esters of amino alcohols, (1) resulted in a
NaOCH2CH2NH2 -f- CeUsSCLCl — ^

C6H5SO,CH2CH2NH2 +  NaCl (1)

(CH3)2— CNH2—CH2ONa +  (0 2N)3C6H2C1 — >
Ila  +  NaCl (2)

product in which the elements of nitrous acid had 
unexpectedly been lost. (2) The product was identi
fied as 5,7-dinitro-3,3-dimethylbenzomorpholine, 
Ila  (Chart I). This product could arise either from 
displacement of a nitro group by alkoxy (a well 
known reaction4 5) in a previously formed pic- 
ramide(Ia to Ila) or from displacement of halogen 
by an amine in a previously formed ether. Neither 
reaction path has been used for benzomorpholine 
synthesis, where the simplest method appears to 
be ring closure on nitrogen, accomplished by re
ductive alkylation of a nitro group.6’6 The mech
anism of formation of the dinitrobenzomorpholines
(II) is under study, but it will be assumed in the 
remainder of the present paper that the picramides 
(or I) are the starting compounds for the cycli
zation to benzomorpholines (II).

The benzomorpholine ring is only formed when 
compound I carries strong electron-withdrawing 
groups in the 4,6-positions and a nitro as leaving 
group in position 2. With nitro groups in positions 
2 and 6, compound I will undergo ring closure 
when Y is — N 0 2, — CF3, — CN, but not when Y is 
— COO- . With nitro groups in positions 2,4 and 
—CF3 in position 6, ring closure could not be ef
fected.

One arresting feature of the ring closure is that 
the group attached to the amino nitrogen must 
have a semblance to the shape or bulk of a tert.- 
butyl group which, of course, must include the ¡3-

(1) This work was supported in part by a grant from the 
Research Corporation.

(2) Allied Chemical and Dye Fellow, 1957-1958.
(3) A. C. Cope and M. Burg, J .  A m .  C h em . S o c ., 74, 611

(1952).
(4) F. Reverd, O rg. S y n th e s e s , Coll. Vol. I., 219 (1941).
(5) R. Stoermer and H. Brockerhof, H er., 30, 1631 (1897).
(6) W. H. Strain and J. B. Dickey, U.S. Patent 2,381,935

(1945).

hydroxy for the displacing group. The picramides 
of ethanolamine, l-amino-2-propanol, 2-amino-3- 
butanol, 2-amino-l-butanol, and l-amino-2-methyl- 
2-propanol7 cannot be converted to benzomorpho
lines under the same conditions. Ring closures 
were effected in I (Y = N 0 2) when R and R ' 
were both methyl, both hydroxymethyl, one methyl 
or ethyl and the other hydroxymethyl. This sug
gests that the present reaction is another mani
festation of the unique character of geminal alkyl 
groups in accommodating ring closures.8 9

R '
I

R—C—CH,OH

Ia,b,c IIa,b,c,d,e,f

( N H .L S

N H ^ r
N.

"R'
O 

Illa .b

N = N

IVa.b.g.h
a. Y =  NO,, R  =  R ' =  CH3
b. Y =  CF,, R  =  R ' =  CH3
c. Y = CN, R =  R ' =  CH3
d. Y =  NOj, R =  C2H5, R ' =  CHjOH
e. Y =  NO2, R  =  CH3, R ' =  CH20H
f. Y =  NO,, R = R ' =  CH2OH
g. Y =  NIL, R =  R ' = CH3
h. Y =  NHCOCsH6, R =  R ' =  CH3

Chart I

A third factor not yet thoroughly investigated is 
the influence of base strength on ring closure. 
Sodium methoxide gave the best yields although 
excess of the amino alcohol (2-methyl-2-amino-l- 
propanol) gave a yield of 31% of Ila  from the cor
responding picramide, la. Sodium ethoxide, sodium 
hydride, and the sodium salts of the amino alcohols 
were less effective bases.

Identification of Ila  as 5,7-dinitro-3,3-dimethyl-

(7) Mr. Glenn C. Morrison carried out these experiments.
(8 ) E. R. Nelson, M. Maienthal, L. A. Lane, and A. A. 

Benderly, J .  A m .  C h a n . S o c ., 79, 3467 (1957).
(9) C. K. Ingold, J .  C h em . S o c ., 2676 (1922).
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benzomorpholine precludes the possibility of rear
rangement of the picramide la  to an amino ether 
(/3-amino-ferf.-butyl 2,4,5-trinitrophenyl ether) be
fore ring closure, as the amino ether would yield
6,8 - dinitro - 3,3 - dimethylbenzomorpholine. This 
pathway appeared to be in the realm of possibility 
as the conditions approximate those for the 
Smiles10 rearrangement.

The proof of structure of Ila was accomplished 
by reduction of the 5-nitro group to an amine and 
diazotization of the 5-amino group (Ilia) to effect 
a second ring closure to a new ring system, IVa. 
Of necessity the amino group in III is in position 5 if 
the subsequent ring closure occurs. If a Smiles 
rearrangement had occurred, a nitro group at 
positions 6 or 8 could not be reduced and cyclized 
by diazotization.

Comparison of the infrared spectra of the 
triazolo compounds IVa, IVb, and IYg (Fig. 1)

Fig. 1. Infrared spectra of 8-mtro-4,4-dimethyltriazolo- 
[l,5,4-d,e]benzomorpholine, IVa, and 8-amino-4,4-dimethyl- 
triazolo[l,5,4-d,e]benzomorpholine, IVg, in chloroform 
(0.1% soln.) with sodium chloride prism. (Perkin-Elmer 
model 137 Infracord spectrophotometer)

with the aminobenzomorpholines Ilia  and Illb  
suggests that medium intensity bands at 10.1-
10.2 n may be characteristic of the triazolo ring in 
this three-ring system. Benzotriazole has a peak 
at 9.92 n and Hartzel and Benson11 suggest that

(10) J. F. Bunnett and R. E. Zahler, C h em . R e vs .,  49, 
362(1951).

(11) L. W. Hartzel and F. R. Benson, J .  A m . C h em . S o c ., 
76,667(1954).

characteristic absorption bands of the 4-alkyl-v- 
triazole ring system may lie between 9.8 and 10.3 
M-

The new triazolobenzomorpholine ring system 
compares in stability with the 4H-triazoloquinoline 
ring system, the nearest analog in the literature.12 
The triazolo ring system is aromatic in character 
and, indeed, very stable as is illustrated by the 
fact that oxidation of benzotriazoles cleaves the 
benzene ring in preference to the triazole ring, 
yielding triazoledicarboxylic acids.

The nitro group in IVa (the last one remaining 
from the original starting compound, picryl 
chloride) was easily reduced catalytically with 
hydrogen in the presence of platinum to give 8- 
amino-4,4-dimethyltriazolo [l,5,4-d,e] benzomor
pholine13 (IVg). The amino group was easily 
diazotized and coupled with various reagents to 
give a series of dyes (Table I) related to benzomor
pholine dyes,14 15 patented for use in dyeing cellulose 
acetate rayon and nylon.

The secondary nitrogen in the morpholine ring 
of Ila was not alkylated by methyl iodide and no 
derivative could be obtained with phenylisothio- 
cyanate, Schotten-Baumann, or Hinsberg reagents. 
Nitrosation could not be effected with nitrous acid 
nor with nitrosyl chloride in pyridine. If the benzo
morpholine Ila has the properties of a dinitroaniline, 
one might expect to cleave the ring to an amino 
ether. This could not be done in aqueous media 
and sodium ethoxide in ethanol gave a reaction in 
which no fragments could be identified. The ether 
linkage in the benzomorpholine was not cleaved by 
hydrochloric or hydrobromic acid under strenuous 
conditions while 57% hydriodic acid and pyridine 
hydrochloride (at 220°) gave profound decom
position.

E X P E R IM E N T A L 16

P ic r a m id e s .  The picramides of ethanolamine, 16 m.p.
109.5-110.5°, 2-amino-l-butanol, m.p. 90-92°, l-amino-2- 
propanol, m.p. 132.5-133.5°, 2-amino-3-butanol, m.p. 100- 
102.5°, diethanolamine, m.p. 138-139.5°, and 1-amino- 
2-methyl-2-propanol, m.p. 160.6-161.6°17 were prepared 
by standard procedures except for the last (see ref. 17). Other 
picramides, lb  and Ic were not isolated but were used di
rectly to prepare the corresponding benzomorpholine. In
deed, these picramides could not be isolated in pure form.

(12) L. Ach and C. von Hofe, Ger. Patent 576,119 
(1933); C h em . A b s tr .,  27, 3780 (1933).

(13) R. G. Krupp and M. Kondas, J .  C h em . E d u c a tio n  
35, 397 (1958). See also “The Ring Index,” No. 1505, for 
nearest analog and the rules, pp. 605, 603.

(14) J. B. Dickey and G. J. McNally, U. S. Patent 
2,391,886 (1946); 2,442,345 (1948); J. B. Dickey and E. B. 
Towne, U. S. Patent 2,700,686 (1955).

(15) Melting points are corrected. Analyses by S. M. 
Nagy, Microchemical Laboratory, M.I.T., Cambridge, 
Mass.

(16) P. van Romburgh and C. W. Zahn, R e c . tra v . ch im ., 
57,437(1938).

(17) L. B. Clapp, E. A. Rick, W. B. Moniz, and V. B. 
Schatz, J .  A m . C hem . S o c ., 77, 5116 (1955).
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TABLE I
C o u p l i n g  C o m p o u n d s  o f  8 - A m i n o - 4 ,4 - d i m e t h y l t r i a z o l o [1 ,5 ,4 - c1,o ] b e n z o m o r p h o l i n e

Coupling Calcd. Found
Compound M.P. Color Yield, % Formula C H C H

Dimethylaniline 181-183° or.-yel. 76 Ci8ÍÍ20̂ 6O 64.26 5.996 64.28 6 .10
iliethylaniline 149-151 orange 82 C20H24N6O 65.91 6.64 66.66 6.52
a-N aphthylamine 245-247 dk. red 70 c 2„h 18n 6o 67.02 5.06° 67.03 5.21
Resorcinol 225 dec. or.-red 20 c 16h 16n 6o 3 59.07 4.65 59.96 4.71

“ Melting points uncorrected. * Caled.: A, 24.99. Found: N, 25.10. c Caled.: N, 23.45. Found: N, 22.80.

Various methods of recrystallization of compound la  re
sulted in a product, m.p. 103-110°, whose nitrogen content 
lay between the value calculated for picramide, 18.7%, 
and dinitrobenzomorpholine, 16.6%. The carbon content 
of the product also lay between that of the picramide and 
the dinitrobenzomorpholine. When an attem pt to prepare 
the picramide was made in the presence of excess amino al
cohol, Ha, instead, was obtained in 31% yield.

5 ,7 -D in itr o -3 ,3 -d im e th y lb e n z o rn o r p h o lin e , Ila . In a 2-1. 
three-necked flask fitted with a stirrer, dropping funnel, and 
a condenser carrying a calcium chloride tube was placed 
60.0 g. (0.24 mole) of picryl chloride in 600 ml. of absolute 
methanol. To this was added 46.5 g. (0.52 mole) of 2-amino- 
2-methyl-l-propanol and the solution was refluxed 45 min. 
Thirty grams (0.55 mole) of sodium methoxide in 200 ml. of 
absolute methanol was added over a period of 10 min. from 
the dropping funnel. The mixture was stirred 30 min. longer 
at reflux, cooled in ice, and the product removed and washed 
thoroughly with water and dilute methanol. In several runs 
the product weighed 40.5-45.1 g., m.p. 173-175.5°. Recrys- 
tallization from 800 ml. of benzene gave 29.0-35.6 g., 47- 
58% yield, m.p. 174.5-176°.

A n a l .  Calcd. for C10H11N3O5: C, 47.40; H, 4.35; N, 16.61. 
Found: C, 47.73; H, 4.50; N, 16.21.

The compound took up the calculated amount of hy
drogen in the presence of platinum oxide for two nitro 
groups but the product rapidly decomposed in air and was 
not further characterized.

7 -N ilr o -5 -a m in o -3 ,3 -d im e th y lb e n z o m o r p h o lin e , I lia . A mix
ture of 31.1 g. (0.123 mole) of I la  in 400 ml. of 95% ethanol 
and 200 ml. of 28% ammonium hydroxide wras stirred me
chanically at 45-55° while a slow stream of hydrogen sulfide 
was introduced at the bottom of the suspension over a
2.5- hr. period. The red solution was cooled in ice and the 
red product removed by filtration. Concentration of the 
filtrate at reduced pressure to 250 ml. gave a total of 18 g. 
of product. The product was washed with carbon disulfide 
and recrystallized from toluene to yield 15.6g. (57%) of
7-nitro-5-amino-3,3-dimethylbenzomorphcline, m.p. 180.5- 
183.5° dec. The reaction was carried out wdth some dis
patch since it oxidized rapidly in solution.

Vacuum sublimation gave an analytical sample and the 
compound was reasonablv stable after purification; m.p.
182.5- 184.5° dec.

A n a l .  Calcd. for C10IL3N3O3: C. 53.81; H, 5.87; N, 18.83. 
Found: C, 53.65; H, 6.17; N, 18.67.

A benzal derivative was prepared by the method of Vogel18 
and recrystallized from 95% ethanol, m.p. 160-163°.

A n a l .  Calcd. for Ci,H i7N ,0,: C, 65.58; H, 5.51; N, 13.50. 
Found: C, 65.32; H, 5.78; N, 13.64.

A monoacetyl derivative prepared bj" the method of 
Vogel19 was sublimed i n  v a e v o  to give an analvtical sample, 
m.p. 195-196.5°.

A n a l .  Calcd. for C12H 15N 3O4: C, 54.34; H, 5.70; N, 15.84. 
Found: C, 53.80; H, 5.58; N, 15.76.

(18) A. I. Vogel, A  T e x tb o o k  o f  P r a c t ic a l  O rg a n ic  C h em 
is tr y , Longmans, Green and Co., New York (1951), 2nd 
Ed., p. 625.

(19) Ref. 12, pp. 556-7.

8 -N itr o -4 ,4 -d im e th y l lr ia z o lo [ l ,5 ,4 -d ,e ]b e n z o m o rp h o lin e , IVa. 
Five grams (0.022 mole) of 7-nitro-5-amino-3,3-dimcthyl- 
benzomorpholine (Ilia )  was dissolved in 50 ml. of warm 20% 
sulfuric acid and then cooled to 0°. The solution was stirred 
mechanically during the addition of a solution of 1.7 g. 
(0.025 mole) of sodium nitrite in 10 ml. of water over a 10- 
min. period. The resulting mixture ivas stirred for 15 min. 
longer at 0-10°. Filtration and recrystallization from dilute 
ethanol yielded 4.9 g. (93%) of dark needles, m.p. 147-153°. 
Vacuum sublimation gave an analytical sample cf yellow 
needles, m.p. 151.5-153.5°.

A n a l .  Calcd. for C10H10N4O3: C, 51.28; H, 4.30; N, 23.92. 
Found: C, 51.43; H, 4.51 ;N, 24.36.

Comparison of the infrared spectra of compounds IVa 
and IVg is afforded in Fig. 1 .

8 -A m in o -4 ,4 - d im e th y l t r ia z o lo [ l ,5 ,4 -d ,e ]b e n z o m o rp h o lin e , 
IVg. A sample of 8-nitro-4,4-dimethyltriazolo[l,5,4-d,e]- 
benzomorpholine (0.92 g., 0.0039 mole) w'as dissolved in 
30 ml. of absolute methanol and reduced with hydrogen 
at 1 atm. in the presence of 0.25 g. of platinum oxide (pre
reduced). The theoretical volume of hydrogen was taken 
up. Removal of the solvent gave a slightly discolored product 
but vacuum sublimation at 186° (1 mm.) gave 0.50 g. 
(62%) of white cubic crystals, m.p. 217.5-220.5° dec. 
(darkens 214°).

A n a l .  Calcd. for C,0H12N4O: C, 58.81; H, 5.91; N. 27.43. 
Found: C, 59.17; H, 6.07; N, 27.39.

A benzoyl derivative, IVh, was recrystallized from dilute 
methanol and sublimed at 215° (1 mm.), m.p. 219.5-221.5°.

A n a l .  Calcd. for C„H 16N40 2: C, 66.22 ; H, 5.23; N, 18.17. 
Found: C, 66.28; H, 5.16; N, 18.01.

5 -N itro -7 -c y a n o -3 ,S -d im e th y lb e n z o m o rp h o lin e , lie . 3,5-Di- 
nitro-4-chlorobenzoic acid was obtained in 95% yield from 
p-chlorobenzoic acid as described in the literature.20 The 
acid was converted to an amide (m.p. 186°) by way of the 
acid chloride (m.p. 58°) according to directions of Linde- 
mann and Wessel21 in 83% yield.

A finely powdered mixture of 12.4 g. (0.051 mole) of 3,5- 
dinitro-4-chlorobenzamide was heated with 12 g. (0.084 
mole) of phosphorus pentoxide for 15 min. in a metal bath 
at 300-350°. The resulting pale yellow' nitrile was distilled 
from the reaction flask, b.p. 220-225° (15 mm.). Recrys- 
tallization of the solidified product from methanol gave
5.5 g. (48%) of short needles, m.p. 137-141°. The analytical 
sample by repeated recrystallizations from methancl melted 
at 143-144.5°.

A n a l .  Calcd. for C,H2N ,0 4CI: C,-36.94; H, 0.89; N, 18.46. 
Found: C, 37.01; H, 1.35; N, 18.30.

Three grams (0.013 mole) of 3,5-dinitro-4-chlorobenzo- 
nitrile wTas refluxed for 0.5 hr. with 2.5 g. (0.028 mole) of 
2-amino-2-methyl-l-propanoI in 60 ml. of absolute metha
nol. Addition of 1.6 g. (0.028 mole) of sodium methoxide in 
60 ml. of absolute methanol and refluxing 0.5 hr. longer gave
1.5 g. of orange product after evaporation of most of the 
solvent. Recrystallization from methanol yielded 1.2 g

(20) F. Ullmann and N. Wosnessensky, A n n . ,  366, 92
(1909).

(21) H. Lindemann and IV. Wessel, B e r ., 58B, 1221 
(1925).
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(39%) of 5-nitro-7-cyano-3,3-dimethylbenzomorpholine, 
fluffy orange crystals, m.p. 176-181°. A sublimed sample 
(160°, 1 mm.) was used for analysis, m.p. 180-181.5°.

A n a l .  Calcd. for CiiHnN30 3: C, 56.65; H, 4.76; N, 18.02. 
Found: C, 56.47; H, 4.92; N, 17.82.

By a procedure similar to that described for compound 
Ila  above, the following dinitrobenzomorpholines were 
obtained:

3 -H y d ro x y m e '.h y l-3 -e th y l-5 ,7 -d in ilr o b e n zo m o r p h o lin e , lid , 
orange crystals, m.p. 139.5-141°, 37%.

A n a l .  Calcd. for C„H 13N30 6: C, 46.64: H, 4.63; X, 14.84. 
Found: C, 46.51; H, 4.78; N, 14.90.

3 -H y d r o x y m e lh y l-3 -m e th y l-5 ,7 -d in itr o b e n z o m o r p h n lin e , lie, 
orange crystals, m.p. 147.2-148.6°, 47%.

A n a l .  Calcd. for C10HnN3O6: C, 44.61; H, 4.12: X, 15.61. 
Found: C, 44.84; H, 3.95; N, 15.80.

3 ,S -D ih y d r o x y m e th y l-5 ,7 -d in itr o b e n z o m o r p h o lin e , Ilf, yel
low powder, m.p. 158.5-160 dec., 31%.

A n a l .  Calcd. for C10H11N3O7: C, 42.11; H, 3.89; X", 14.73. 
Found: C, 41.93; H, 4.05; N, 14.64.

5 -N itro -7 - tr i f lu o rm n e th y l-3 ,8 -d im e th y lb e n zo m o r p h o lin e , lib. 
Two nitro groups are best introduced into 4-chlorobenzo- 
trifluoride one at a time as described by Friedrich and 
Schniepp.22 The first nitration gave 3-nitro-4-chlorobenzo- 
trifluoride in 84% yield23 and the second 3,5-dinitro-4-chloro- 
benzotrifluoride24 in 85% yield. Seven grams (0.026 mole) 
of the ainitro compound was dissolved in 50 ml. of absolute 
methanol. The solution was refluxed with 4.65 g. (0.05 
mole) of 2-amino-2-methyl-l-propanol for a few minutes, 
4.0 g. of sodium methoxide was added in 50 ml. of methanol,

(22) M. E. Friedrich and L. E. Schniepp, U. S. Patent 
2,257,093(1941).

(23) R. A. Benkeserand W. E. Buting, J .  A m .  C h em . S o c .,  
74,3011(1952).

(24) L. M. Yagupol’skii and V. S. Mospan, U k r a in .  
K h im . Z h u r . ,  2 1 ,81 (1955); C h em . A b s tr . , 49, 8866 (1955).

and refluxing was continued 10 min. The product was pre
cipitated by adding 50 ml. of water and recrystallized from 
90% methanol to yield 4.8 g. (67%) of 5-nitro-7-trifluoro- 
methyl-3,3-dimethylbenzomorpholine, golden needles, m.p. 
107-109°. A sublimed analytical sample melted at 108- 
109.5°.

A n a l .  Calcd. for CuHnNAF-,: C, 47.83; H, 4.01; X, 10.14. 
Found: C, 48.09; H, 4.19; N, 10.13.

5 -A m in o -7 - tr i j lu o r o m e lh y l-S ,8 -d u n e th y lb e n z o m o r p h o lin e , 
Illb . In the presence of 0.30 g. of platinum oxide (prere
duced) 1 g. of 5-nitro-7-trifluoromethvlbenzomorpholine was 
reduced quantitatively in 40 ml. of absolute methanol at 1 
atm. of hydrogen pressure in 1 hr. After removal of solvent 
the product was sublimed at 70° (1 mm.) to give 0.80 g. 
(90%) of white 5-amino-7-trifluoromethyl-3,3-dimethyl- 
benzomorpholine, m.p. 80-82°.

A n a l .  Calcd. for CnHi3N20F3: C, 53.65; II, 5.37; N,
11.38. Found: C, 53.88; H, 5.43; N, 11.30.

8 -T r i f lu o r o m e th y l-4 ,4 -d im e th y l lr ia z o lo [ l  ,5 ,4 -d ,e ]b en zo m o r-  
p h o lin e , IVb. A sublimed sample (0.27 g., 0.0011 mole) of 
5-amino-7-trifluoro-3,3-dimethylbenzomorpholine, I llb , was 
dissolved in 30 ml. of warm 50% sulfuric acid and then 
cooled in ice. An ice-cold solution of 0.12 g. (0.0017 mole) 
sodium nitrite in 10 ml. of water was added slowly over a
10-min. period with stirring. The reaction mixture was 
poured into 100 ml. of water and the white precipitate was 
collected. Recrystallization from dilute methanol gave 0.10 
g. (35%) of short white needles, m.p. 101-102.5°.

A n a l .  Calcd. for C„HI0N3OF3: C, 51.36; H, 3.92; N, 16.34. 
Found: C, 51.16; H, 4.09; N, 16.01.

A z o  D y e s  f r o m  8 -A m in o -4 ,4 -d im e lh y llr ia z o lo [ l ,6 ,4 -d ,e ] -  
b e n zo m o rp h o lin e , IVg. Standard procedures for diazotization 
of 8-amino-4,4-dimethyltriazolo[l,5,4-d,e]benzomorpholine 
and coupling with various compounds in sodium acetate 
solution were employed to obtain the dyes described in 
Table I. The dyes were all recrystallized from % ethanol.

Providence 12, R. I.

[Contribution from the Chemistry Department, M. S. University]

C h lorom éth y la tion  o f  Som e C oum arin  D erivatives

S. S. LELE, N. G. SAVANT, and SURESH SETHNA 

R ece ived  M a r c h  2 8 , 1 9 6 0

Several coumarin derivatives have been chloromethylated and the structures of the chloromethyl derivatives established 
by direct comparison of the methyl derivatives, obtained on reduction, with the known compounds or authentic specimens 
synthesized for this purpose.

The chlorométhylation of coumarins has not 
been studied so far. As chloromethyl derivatives 
are useful for the synthesis of a variety of com
pounds, the present work was undertaken. Cou
marin, 4-methylcoumarin, 4'-methyl-1,2-naphtha- 
a-pyrone, and 7,8-dimethoxy-4-methylcoumarin 
on chlorométhylation with paraformaldehyde and 
hydrogen chloride gave the corresponding 3- 
chloromethyl derivatives. Higher chloromethyl 
derivatives could not be obtained. The chloromethyl 
derivatives were reduced to the corresponding 3- 
meth.ylcoumarin derivatives and directly compared 
with the authentic specimens.

7-Methoxy-4-methylcoumarin with one mole 
of paraformaldehyde gave a mixture from which 
only the 6-chioromethyl derivative could be iso

lated in a pure state. This was reduced to 7-meth- 
oxy-4,6-dimethylcoumarin. With 2.3 moles of 
paraformaldehyde a mixture was obtained from 
which both the 3,6- and the 3,8-dichloromethyl 
derivatives were isolated. These were reduced to 
the corresponding 3,4,6-trimethyl- and 3,4,8- 
trimethylcoumarin, which were synthesized for 
comparison by the Pechmann condensation of 
ethyl-»-methyl acetoacetate with 4-methyl- and 
2-methylresorcinol respectively and subsequent 
méthylation of the hydroxycoumarins formed. 
The 3,6,8-trichloromethyl derivative was obtained 
by the further chlorométhylation of the above 
dichloromethyl derivatives and by the chloro
méthylation of 7-methoxy-4-methylcoumarin in 
ethylene dichloride in presence of zinc chloride.
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On reduction 7-methoxy-3,4,6,8-tetramethylcou- 
marin was obtained as seen by direct comparison 
with the methyl ether of the product from the 
Pechmann condensation of 2,4-dimethylresorcinol 
and ethyl-a-methyl acetoacetate. Attempts to 
chloromethylate 7-hydroxy-4-methyl-, 7,8-dihy- 
droxy-4-methyl-, and 5,7-dihydroxy-4-methyl- 
coumarin and its dimethyl ether resulted in the 
formation of polymeric products from which it 
was difficult to isolate a product with definite 
melting point.

7-Hjfdroxy-4-methylcoumarin-6-carboxylic acid 
and its methyl ester could not be chloromethylated 
in aqueous solution but in glacial acetic acid using 
anhydrous zinc chloride the 3,8-dichloromethyl 
derivatives were obtained. These were reduced and 
the products compared with the authentic speci
mens. Methyl-7-hydroxy-3,4,8-trimethylcoumarin-
6- carboxylate required for comparison was syn
thesized by the Pechmann condensation of methyl 
2,4-dihydroxy-3-methylbenzoate with ethyl-a- 
methyl acetoacetate. This was hydrolyzed to the 
corresponding acid which on decarboxylation gave
7- hydroxy-3,4,8-trimethylcoumarin.

Methyl-7-methoxy-4-methylcoumarin-6-carboxyl- 
ate on chlorométhylation gave only 7-meth- 
oxyr-3-chloromcthyl-4-methyIcoumarin-6-carboxylic 
acid, which was reduced to the corresponding 3,4- 
dimethyl derivative and compared with an authen
tic specimen.

All the chloromethylcoumarins have been con
verted into the acetoxymethyl and methoxy- 
methylcoumarins.

EXPERIMENTAL

All melting points are uncorrected.
C h lo ro m é th y la tio n s , (a) 4-Methyl-, 7-methoxy-4-methyl-, 

and 7,8-dimethoxy-4-methylcoumarin, and 4'-methyl-1,2- 
naphtha-a-pyrone have been chloromethylated as follows: 
A mixture of the coumarin derivative (0.02 mole) in mini
mum quantity of acetic acid (80%) and paraformaldehyde 
(0.02 mole) was treated with hydrogen chloride a t 60-70° 
for 1 hr. and the mixture was left overnight. Next day the 
product which separated as such or on dilution with water 
was filtered, washed with alcohol, and crystallized from 
benzene. When only monochloromethylation takes place, 
better yields of the products are obtained by using 2 to 3 
moles of paraformaldehyde. 7-Methoxy-4-methylcoumarinon 
chlorométhylation with 2.3 moles of paraformaldehyde gave 
a mixture which was separated by dissolving it in excess of 
hot benzene and allowing it to cool. The 3,8-dichloromethyl 
derivative started separating in the form of needles. After 
a time when the other isomer, which crystallized in the form 
of buds, started separating, the solution was filtered. The 
residue on further crystallization from benzene yielded the 
pure 3,8-dichloromethyl derivative. The filtrate on further 
cooling yielded the 3,6-isomer in a pure form.

(b) Coumarin, 7-hydroxy-4-methylcoumarin-6-carboxylic 
acid, its methyl ester and methoxy methyl ester were chloro
methylated as follows: A mixture of coumarin derivative 
(0.01 mole) in glacial acetic acid (50 ml.), paraformaldehyde 
(excess) and zinc chloride (0.01 mole) was heated on a 
steam bath and dry hydrogen chloride passed through it for 
1 hr. The chlorometh3’l derivative which separated on cool
ing as such or on dilution with water was further cr\-stal- 
lized from benzene.
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TABLE II

Reduction Products from Chloromethylcoumarins Described in Table I

No. Coumarin4 M.P. Formula
C, %

Found Caled.
H, %

Found Caled.

1 3-Methyl-4 92 — — — — —

2 3,4-Dimethyl-4 115 — — — — —
3 7-Methoxy-4,6-dimethyl-c 181 C12H12O3 70.08 70.58 5.68 5.88

7-Methoxy-3,4,6-trimethyI-tf 190 C13HX4O3 70.95 71.55 6.68 6.42
7-Methoxy-3,4,8-trimethyl-'4 188-190 C13ÍÍ14O3 71.15 71.55 6.06 6.42
7-Methox3r-3,4,6,8-tetramethyl-¿ 131 c „ h 16o 3 72.40 72.39 6.51 6.94

4 7-Hydroxy-3,4,8-trimethvl-6-oarbomethoxv-e 187 c „ h 14o 5 64.30 64.12 5.28 5.34
5 7-Hydroxy-3,4,8-trimethvl-6-carboxv-'f 280 C13H1205 62.80 62.90 4.62 4.83
6 7-Methoxy-3,4-dimethyl-6-carboxy- 4 248 CI4HI405 64.22 64.12 5.38 5.34
7 7,8-Dimet hoxy-3,4-dimethyl-4 109 C13H1404 66.85 66.60 5.96 6.00
8 3 ',4 '-Dimethyl-1,2-naphtha-a-pyrone- 4 199-200 — — — — —

° The products described here have been directly compared with the authentic specimens synthesized as indicated for 
each product. C. Mentzer and P. Meunier, B u ll .  S o c . C h im ., 10, 356 (1943) [C hem . A b s lr . , 38, 2649 (1944)]. 4 Peters and 
Simonis, B e r . , 41, 830 (1908). c Méthylation of 7-hydroxy-4,6-dimethylcoumarin prepared according to Yanagita, B e r .,  
71, 2269 (1938). ° Méthylation of the corresponding hydroxy derivative described in Table IV. e Pechmann condensation 
of methyl 2,4-dihydroxy-3-methylbenzoate with ethyl-a-methyl acetoacetate (described in Table IV). 1 Hydrolysis of 4. 
0 Hydrolysis of methyl 7-methoxy-3,4-dimethylcoumarin-6-carboxylate prepared according to Sethna and Shah, ./. I n d i a n  
C h em . S o c ., 15, 383 (1938). 4 Méthylation of 7,8-dihydroxy-3,4-dimethylcoumarin prepared according to Canter, Martin 
and Robertson, J .  C h em . S o c ., 1877 (1931). 4 Chakravarti, J .  I n d i a n  C h em . S o c ., 8, (407 1931).

TABLE III
Acetoxy and M ethoxymethylcoumarins from the Chloromethylcoumarins Described in Table I

S
No.

Derivative
Prepared M.P. Formula

c,
Found

%
Caled.

H, %
Found Caled.

1 A“ 105-107 C12H10O4 66.17 66.05 4.19 4.58
B4 126 C11H10O3 69.11 69.47 5.20 5.26

2 A 128 c ,3h 12o , 67.72 67.24 5.07 5.17
B 72 c 12h I2o 3 70.80 70.58 5.76 5.88

3 A 191 c „ h „ o 6 63.86 64.12 5.47 5.34
B 136 C13H1404 66.42 66.65 5.91 6.02
A 180 c i7h 18o 7 60.72 61.07 5.67 5.38
B 169 C15H1805 64.32 64.73 6.48 6.52
A 174 c ,7h 18o 7 61.40 61.07 4.98 5.38
B 174 C15H1805 64.50 64.73 6.58 6.52
A 203 C20H22O9 59.02 59.11 5.22 5.46
B 182 CnlfeO« 63.80 64.34 6.48 6.88

4 A 198 C18ÏÏ1809 57.29 57.14 4.36 4.76
B 138 Cl6His0 7 59.42 59.62 5.48 5.59

5 B 138 Ci6His0 7 Same as 4 B
6 B4 175 C15H1606 61.37 61.64 5.13 5.47
7 A 148 C15H1606 61.48 61.50 5.16 5.48

B 96 C14H1605 63.46 63.63 5.75 6.06
8 A 172 c 17h uo 4 71.85 72.30 5.10 4.96

B 116 CI6H1403 75.83 75.59 5.37 5.51

•A  =  Acetoxymethyl ; B =  Methoxymethyl. 4 The product obtained is methyl 7-methoxy-3-methoxymethyl-4-methyl- 
coumarin-6-carboxylate.

TABLE IV
Coumarins Synthesized by the Pechmann Condensation of Ethyl-o:-methyl Acetoacetate with Various Phenols

No. Phenol Coumarin Obtained M.P. Formula
c, %

Found Caled.
H, %

Found Caled.

1 4-Methvlresorcinol 7-Hydroxy-3,4,6-trimethyl- 266 C12H12O3 70.27 70.58 5.39 5.88
2 2-Methylresorcinol 7-Hydroxy-3,4,8-trimethyl- 274 O12H12O3 70.54 70.58 5.71 5.88
3 2,4-Dimethylresorcinol 7-Hydroxy-3,4,6,8-tetra-

methyl-
232 C13H14O3 71.20 71.54 6 .1 2  6 .4 7

4 Methyl 2,4-dihydroxy- 
3-methylbenzoate

7-Hydroxy-3,4,8-trimethyl-
6-carbomethoxy-

187 See Table II, No. 4
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The chloromethyl derivatives deteriorate when heated in 
aqueous or aqueous acetic acid solutions.

G en era l re d u c tio n  p ro ced u re . The chloromethyl derivative 
(0.5 g.) in acetic acid (8 ml.) and water (2 ml.) was treated 
during 0.5 hr. with zinc dust (0.5 g.) and the reaction mix
ture heated on a steam bath for 2 hr. in all. The reaction 
mixture was then filtered and poured into cold water. The 
methyl derivative which separated was crystallized from 
dilute acetic acid. I t  was necessary to add hydrochloric acid 
(0.5 ml.) in the case of 7-methoxy-3,6-dichloromethyl-4- 
methylcoumarin to prevent the formation of the diacetoxy- 
methyl derivative, and in the case of 7-hydroxy-3,8-dichloro- 
methylcoumarin and 7-methoxy-3-chloromethyl-4-methyl- 
coumarin-6-carboxylic acid to precipitate the product.

P e c h m a n n  c o n d e n sa tio n s . Equimolar proportions of ethyl- 
a-methyl acetoacetate and the required phenol were treated 
with sulfuric acid (80%) and kept for 24 hr. The next day 
the mixture was poured into water and the product obtained 
crystallized from rectified spirit (see Table IV).

A c e to x y  m c th y lc o u m a r in s  were prepared by refluxing the 
chloromethylcoumarin in glacial acetic acid -with fused 
sodium acetate for 2 hr. (see Table III).

i f e th o x y m e lh y lc o v m a r in s  were prepared by refluxing the 
chloromethylcoumarin with methyl alcohol in the presence 
of fused potassium carbonate for 6 hr. (Table III).

B a r o d a , I n d i a

[ C o n t r i b u t i o n  f r o m  t h e  F r i c k  C h e m i c a l  L a b o r a t o r y ,  P r i n c e t o n  U n i v e r s i t y ]

P yrid ine 1-O xides. VII. 3-N itrop yrid in e l-O x id e la

EDWARD C. TAYLOR a n d  JOHN S. DRISCOLLlb 

R ece ived  M a r c h  7 , 1 9 6 0

3-Aminopyridine was converted to 3-nitropyridine 1-oxide by three different routes, the preferable one being preliminary 
oxidation with peroxysulfuric acid to 3-nitropyridine, followed by Ar-oxidation w ith 40% peracetic acid. In agreement w ith 
expectation, the nitro group of S-nitropyridine 1-oxide could not be displaced by nucleophilic reagents such as methoxide 
ion and wras inert toward acetyl chloride. Treatment of 3-nitropyridine 1-oxide with phosphorus oxychloride gave a mixture 
of 2-chloro-3-nitropyridine and 6-chloro-3-nitropyridine, and treatment with acetic anhydride gave 3-nitro-2-pyridone.

The usefulness and versatility of pyridine-1- 
oxides as synthetic intermediates is due both to 
the facility with which the A'-oxide grouping can 
be introduced and selectively removed and to its 
unique amphoteric ability to facilitate both 
nucleophilic substitution and displacement re
actions and electrophilic substitution reactions.2 
For example, the ready accessibility of 4-nitro- 
pyridine 1-oxides by direct nitration of the N- 
oxides,3’4 and the ease with which such interme
diates can be converted into other 4-substituted 
pyridine derivatives by reductive and nucleophilic 
displacement reactions of the 4-nitro group have 
been extensively exploited by organic chemists 
concerned with synthetic manipulations in the 
pyridine field.2 The versatility of 4- (or 2-) nitro- 
pyridine-l-oxides as synthetic intermediates is 
due in part to conjugation of the nitro group with 
the Ar-oxide function, and a consequent ready 
displacement of the nitro group by attacking nucleo
philes. With the unconjugated isomer, 3-nitro
pyridine 1-oxide, however, such nucleophilic dis
placements of the nitro group would not be ex
pected, but facilitation of nucleophilic substitution 
in the 2-,4- and 6-positions should be observed.

(1) (a) This work was supported in part by a research 
grant (C-2251) to Princeton University from the National 
Cancer Institute of the National Institutes of Health, 
Public Health Service, (b) Monsanto Chemical Co. Fellow, 
1958-59; NSF Summer Teaching Fellow, 1959.

(2) For a recent review of pyridine-l-oxide chemistry, 
see A. R. Katritzky, Q u a r t. R e v ., 10, 395 (1956).

(3) H. J. den Hertog and W. P. Combi, R ec . T ra v . C h im .,  
70,581 (1951).

(4) E. Ochiai, J .  O ry . C h c m ., 18, 534 (1953).

Preference for the 2-position would be anticipated 
by analogy, as nicotinamide-l-oxide upon treat
ment with phosphorus oxychloride and phosphorus 
péntachloride yields exclusively 2-chloronicotino- 
nitrile,5 6 and 3-halopyridine 1-oxides upon treat
ment with acetic anhydride give only 3-halo-2- 
pyridones.6 An investigation of the chemistry of
3-nitropyridine 1-oxide thus appeared to be of 
both theoretical and possible synthetic interest.

3-Nitropyridine 1-oxide (III) has previously 
been prepared by the action of benzoyl nitrate on 
pyridine 1-oxide (very low yield)7 and by direct 
oxidation of 3-nitropyridine with hydrogen per
oxide in acetic acid (34% yield7 and 40% yield8). 
The use of commercial^ available 40% peracetic 
acid is a convenient alternative to the above con
ditions and affords comparable yields (40.5%). 
Alternative routes were investigated but were 
much less satisfactory. For example, direct oxi
dation of 3-aminopyridine with peroxytrifluoro- 
acetic acid gave a mixture of 3-nitropj'ridine (II) 
(21%) and 3-nitropyridine 1-oxide (III)(22%). 
An adaptation (I—»■ IV— V—>-V I—>-l 11 ) of the pro
cedure previously described by Brown9 for the 
preparation of 2-nitropyridine 1-oxide from 2-

(5) E. C. Taylor and A. J. Crovetti, J .  O ry. C h e m ., 19, 
1633(1954).

(6 ) M. P. Cava and B. Weinstein, J .  O ry . C h e m ., 23, 
1616(1958).

(7) E. Ochiai and C. Kaneko, P h a r m . P u l l .  { J a p a n ) ,  5, 
56(1957).

(8 ) A. R. Katritzky, J. A. T. Beard, and N. A. Coats, 
./. C h em . S o c ., 3680(1959).

(9) E. V. Brown, J .  A m .  C h em . S o c ., 79, 3565 (1957).
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aminopyridine gave 3-nitropyridine 1-oxide (III) 
in only 14% overall yield.

Kimura and Takano10 have recently reported 
that an attempt to prepare 3-nitropyridine (II) 
by oxidation of 3-aminopyridine with peroxysul- 
furic acid according to the method of Schickh11 
yielded only 3,3'-azoxypyridine (VII), and that 
further oxidation of VII was unsuccessful. Although 
no experimental procedure was reported, it was 
mentioned that Shindo12 was able to prepare II 
by Schickh’s method, in which the 3-aminopyridine 
was added to the peroxysulfuric acid. In this con
nection, Wiley and Hartman13 have reported that 
addition of peroxysulfuric acid to a solution of 3- 
aminopyridine in sulfuric acid yields 3,3'-azoxy- 
pyridine and not 3-nitropyridine, and we have con
firmed this result, even when 90% rather than 30% 
hydrogen peroxide was used. Thus, although 2- 
and 4-aminopyridines can be oxidized to the cor
responding nitropyridines by either mode of addi
tion,13-15 3-aminopyridine can be converted to
3-nitropyridine only by using the mode of addition 
originally specified by Schickh; namely, by addi- 
t ion of 3-aminopyridine to the peracid.

Treatment of 3-nitropyridine 1-oxide (III) with 
phosphorus trichloride resulted in smooth deoxy
genation to 3-nitropyridine (II), and catalytic 
reduction of III gave 3-aminopyridine (I). No 
apparent reaction took, place when III was heated 
under reflux with acetyl chloride, and over 80% 
of the starting material was recovered unchanged. 
By contrast, 2- and 4-nitropyridine 1-oxides react 
violently with acetyl chloride at room tempera
ture with copious evolution of nitrogen dioxide.4'9 
Refluxing III with methanolic sodium methoxide 
gave only a dark brown, tarry solid which rapidly 
absorbed water from the air and was not charac
terized. Analogous results were obtained when
2,6-dimethyl-3-nitropyridine 1-oxide was treated

(10) M. Kimura and Y. Takano, J .  P h a r m . S o c . J a p a n ,  
79,549(1959).

(11) O. von Schickh, A. Binz, and A. Schulz, B e r ., 69, 
2593(1936).

(12) H. Shindo, G hem . a n d  P h a r m . B u ll .  J a p a n ,  5, 172
(1957).

(13) R. H. Wiley and J. L. Hartman, J .  A m .  G hem . S o c ., 
73,494(1951).

(14) A. Kirpal and W. Bohm, B e r ., 64, 767 (1931 ).
(15) A. Kirpal and W. Bohm, B e r ., 65, 680 (1932).

with sodium ethoxide.16 In view of the failure of 
these attempts to effect nucleophilic displacement 
of the 3-nitro group in III, it is interesting that 
Katritzky, et al.z have reported the successful 
synthesis of 3-ethoxy- and 3-methoxypyridine 1- 
oxide by the action of the respective alkoxide on
3-chloropyridine 1-oxide.

A mixture of 2-chloro-3-nitropyridine (VIII) 
and 6-chloro-3-nitropyridine (IX) was obtained 
when 3-nitropyridine 1-oxide (III) was heated 
under reflux with phosphorus oxychloride. 3- 
Nitropyridine 1-oxide rearranges in 50% yield 
to 3-nitro-2-pyridone (X) upon heating with acetic 
anhydride.

Procedures have been recently described for the 
direct introduction of a nitrile group into the pyri
dine nucleus by nucleophilic attack of cyanide ion 
on an O-methyl salt of the N--oxide.17'18 Although
3-nitropyridine (pK 0.90 ±  0.1) is reported to give 
a methiodide,19 20 we have experienced difficulty in 
preparing the methiodide of 3-nitropyridine-l- 
oxide (pK — 1.2 ±  0 .1 ).20 Nevertheless, prelimi
nary results indicate that cyanonitropyridines are 
formed in small amounts when I I I  is subjected to 
this reaction. This work is still in progress.

E X P E R IM E N T A L 21

8 -A m in o p y r id in e  (I) was obtained from The Reilly Tar 
and Chemical Co. and sublimed a t 60°/0.1 mm. to give 
clear hydroscopic plates, m.p. 63-65° (lit.,22 m.p. 64°), 
which turn white upon exposure to air; p ic ra te , m.p. 201-  
202°.

3 -A c e ta m id o p y r id in e  (IV) was prepared as previously 
described23: m.p. 133-135° (lit. m.p. 133°).

3 -A c e ta m id o p y r id in e  1 -o x id e  (V). To a solution of 14.0 
g. of 3-acetamidopyridine in 15 ml. of acetic acid was slowly 
added 15 ml. of 40% peracetic acid, and the mixture was 
heated at 55° for 3 hr. and then at 65° for 4 hr. A catalytic 
amount of charcoal was added and the mixture heated 30

(16) M. Ishikawa, J .  P h a r m . S o c . J a p a n ,  65, 6 (1945).
(17) T. Okamoto and H. Tani, C h em . a n d  P h a r m . B u ll .  

J a p a n ,  7, 130 (1959).
(18) W. E. Feely and E. M. Beavers, J .  A m .  C h em . S o c ,, 

81,4004(1959).
(19) A. E. Tschitschibabin and A. W. Kirssanow, B e r ., 61, 

1223(1928).
(20) The lower pK of III as compared with II is in agree

ment with previous observations that heterocyclic A-oxides 
are weaker bases than their parent bases (a) C. C. J. Culve- 
nor, R ev. P u r e  a n d  A p p l ie d  C h e m ., 3, 83 (1953): (b) H. H. 
Jaffé and G .  O. Doak, J . A m .  C h em . S o c ., 77, 4441 (1955).

(21) All melting points arc uncorrected.
(22) F. Friedl, B er . 45, 128(1912).
(23) R. Camps, A r c h i v .  P h a r m . ,  240, 315 (1902).
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min. a t 50° to destroy residual peroxide. The acetic acid 
solution was then evaporated under reduced pressure and 
the yellow residue extracted with cold acetone to remove 
the last traces of acetic acid. The remaining almost color
less solid (11.7 g., 75%, m.p. 210-215°) was recrystallized 
from acetone to give colorless crystals, m.p. 216° (lit.,20b
215.5-216.5°).

8 - A m in o p y r id in e  1 -o x id e  (VI). A mixture of 10 ml. of 
10% aqueous sodium hydroxide, 50 ml. of 3% hydrogen 
peroxide, and 1.0 g. of 3-acetaminopyridine-l-oxide was 
heated under reflux for 1 hr., cooled to room temperature, 
an additional 25 ml. of 3% hydrogen peroxide added, and 
refluxing continued for an additional hour. The solution was 
then acidified with dilute hydrochloric acid to pH 
6 and evaporated to dryness under reduced pressure. 
The residual tan solid was extracted with 100 ml. of boiling 
ethanol and the filtered extract evaporated to dryness. The 
residue was then extracted with 150 ml. of chloroform. 
Evaporation of the chloroform extract under reduced pres
sure yielded 0.51 g. (71%) of light yellow crystals, m.p.
121-124° (lit.,24 m.p. 124-125°).

3 -N i tr o p y r id in e  1 -o x id e  (III). M e th o d  A .  To 25 ml. of 
dichloromethane cooled to 2 ° in an ice barii was added with 
stirring 1.88 ml. of 90% hydrogen peroxide followed by
12.5 ml. of trifluoroacetic anhydride. The solution was stirred 
for 10 min. and then 1.5 g. of 3-aminopyridine dissolved in 
15 ml. of dichloromethane was added dropwise over a period 
of 10 min. During the addition, the solution turned light 
green. The ice bath was removed and the solution was re
fluxed gently for 1 hr., during which time the color changed 
to light yellow. After cooling to room temperature, the 
solution was washed with two 100-ml. portions of water, 
and then with two 75-ml. portions of 10% aqueous sodium 
carbonate, the washings -were extracted with four 200-ml. 
portions of chloroform, and the chloroform extracts were 
combined and dried over anhydrous sodium sulfate. Evapo
ration to dryness under reduced pressure gave 0.50 g. (22.4%) 
of yellow needles, m.p. 165-167°. Recrystallization from 
ethanol raised the melting point to 172-173° (lit.,8 m.p. 
169-169.5°).

A n a l .  Calcd. for C5H4N20 3: C, 42.9; H, 2.9; N, 20.0. 
Found: C, 42.9; H, 3.0; N, 20.1.

The dichloromethane solution above was dried over 
anhydrous sodium sulfate and evaporated to dryness to give 
0.42 g. (21.2%) of 3-nitropyridine as an oil which solidified 
upon trituration to yellow needles, m.p. 38-39° (lit.22 m.p. 
41°).

M e th o d  B .  Over a period of 90 min. 50 ml. of 40% peracetic 
acid was added dropwise to a stirred solution of 21.5 g. of 
3-nitropyridine in 50 ml. of glacial acetic acid. The tempera
ture of the reaction mixture rose to 100° during the addi
tion. The dark red solution was stirred a t room temperature 
for 4 hr. and then at 75° (oil bath temperature) for 5 hr. I t  
was evaporated to one-half its volume under reduced pres
sure, 225 ml. of water added, sodium carbonate added to pH 
8, and the resulting dark brown solution extracted with 
eight 250-ml. portions of chloroform. The combined ex
tracts were dried over anhydrous sodium sulfate and evapo
rated under reduced pressure to give 14.4 g. of a yellow solid, 
m.p. 135-158°. Recrystallization from erhanol then gave
9.8 g. (40.5%) of 3-nitropyridine-l-oxide, m.p. 169-171°.

M e th o d  C . To a stirred solution of 5 ml. of chloroform, 
0.43 ml. of 90% hydrogen peroxide, and 3.1 ml. of trifluoro
acetic anhydride prepared as described above in Method A 
was added slowly a solution of 0.35 g. of 3-aminopyridine-l- 
oxide in 25 ml. of chloroform. After addition was complete, 
the reaction mixture was heated under reflux for 1 hr., cooled 
to room temperature, and extracted with two 50-ml. por-

(24) J. G. Murray and C. R. Hauser, J .  O rg. Cherti., 19, 
2008(1954).

tions of water followed by two 40-ml. portions of 10 % aque
ous sodium carbonate. The combined aqueous extracts 
were extracted with chloroform, and the combined chloro
form solutions and extracts were dried over anhydrous so
dium sulfate and evaporated under reduced pressure to 
give 0.15 g. (34%) of 3-nitropyridine-l-oxide, m.p. 169-171°, 
identical in all respects with the product obtained by 
Methods A and B.

R e d u c t io n  o f  3 -n i tr o p y r id in e  1 -o x id e  to 3 -n i tr o p y r id in e . To 
a stirred solution of 0.5 g. of 3-nitropyridine 1-oxide in 10 
ml. of chloroform at 0° was added 0.8 ml. of phosphorus tri
chloride, and the mixture was stirred at 0° for 5 min. and 
then at 70-80° for 1 hr. I t was then cooled to room tempera
ture, added to 125 ml. of ice water, and the aqueous layer 
separated and made alkaline (pH 10) with 10% sodium 
hydroxide. The alkaline solution was extracted with 100 
ml. of chloroform, and the chloroform solutions were com
bined, dried over anhydrous sodium sulfate, and evaporated 
under reduced pressure to give 0.19 g. (43%) of 3-nitropyri
dine, m.p. 38-40°, identical in all respects with an authentic 
sample.

R e d u c tio n  o f  3 -n itr o p y r id in e  1 -o x id e  to 3 -a m in o p y r id in e .  
A solution of 1.0 g. of 3-nitropyridine-l-oxide in 150 ml. of 
absolute ethanol containing 0.2 g. of platinum oxide catalyst 
was hydrogenated at room temperature for 16 hr. a t 40 
p.s.i. of hydrogen. Filtration of the catalyst and evapora
tion of the filtrate gave 3-aminopyridine as a tan oil in 
quantitative yield; p w r a le , m.p. 201- 202°.

R e a c tio n  o f  3 - n i tr o p y r id in e  1 -o x id e  w i th  p h o sp h o r u s  o x y 
ch lo r id e . A mixture of 2.0 g. of 3-nitropyridine-l-oxide and 
30 ml. of phosphorus oxychloride was stirred and heated 
slowly to reflux over a period of 1.5 hr. The solution was 
then heated under reflux for 1 hr. and the excess phosphorus 
oxychloride removed by distillation under reduced pressure 
to give 1.53 g. of a brown solid, m.p. 73-92°. Continuous 
sublimation a t 50-60°/0.1 mm. over a period of 2 weeks 
first yielded 0.68 g. (30%) of cubic crystals of 2-chloro-3- 
nitropyridine, m.p. 103-104° (lit.,25 m.p. 101-102°), fol
lowed by 0.19 g. (8.4%) of 6-chloro-3-nitropyridine, m.p. 
110° (lit.,26 m.p. 108-110°). A mixture of 2-chloro and 6- 
chloro-3-nitropyridine melted a t 85-94°.

A n a l .  Calcd. for C5H3N2O2CI: C, 37.9; H, 1.9; 17.7. 
Found (for V III): C, 37.9; H, 2.05; N, 17.4.

3 - N itr o -2 -p y r id o n e  (X). A mixture of 1.0 g. of 3-nitro
pyridine-l-oxide and 25 ml. of acetic anhydride was heated 
under reflux for 24 hr. and then evaporated under reduced 
pressure to near dryness. The residue was heated with 40 
ml. of water for 1.5 hr. the mixture filtered to remove a 
small amount of an insoluble, high-melting solid, and the 
filtrate evaporated to dryness under reduced pressure. The 
residue was suspended in 10 ml. of chloroform and the mix
ture filtered to give 0.52 g. of crude 3-nitro-2-pyridone, m.p. 
200-210°. This was refluxed in xylene for several hours, 
the solution filtered, and the filtrate concentrated under 
reduced pressure. Cooling gave 0.50 g. (50%), m.p. 220°. 
An additional recrystallization from boiling xylene raised 
the melting point to 224-225.5° (lit.,26 m.p. 224°).

A n a l .  Calcd. for C6H4N20 3: C, 42.9; H, 2.9; N, 20.0. 
Found: C, 43.0; H, 3.0; N, 20.1.

Acknowledgment. We are indebted to Dr. Wolf
gang Pfleiderer, Institut fur organische Chemie 
der Technischen Hochschule, Sutttgart, Germany, 
for carrying out the pK  determinations.

Princeton, N. J.

(25) A. E. Tschitschibabin and I. G. Bylinkin, J .  R u s s .  
P h y s .  C h em . S o c ., 50, 471 (1930); C h em . A b s tr . , 18, 1494 
(1924).

(26) A. E. Tschitschibabin, Z h u r .  R u s s .  F iz .  K h i m .  
O b shchestra , 46, 2141; C h em . Z e n tr .  1 9 1 5 -1 , 1066.
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/3,-y-DiliaIopropyla m in e s . II. l-A m in o-2 ,3 -d ich loro -3 -p h en y lp rop an es and
B is(/3 ,7-dichloropropyl)am ines

RONALD A . MITSCH a n d  NORMAN H. CROMWELL

R ece ived  M a r c h  2 3 , 1 9 6 0

The hydrochlorides of 1-piperidino-, 1-dimethylamino-, 1-dibenzylamino-, 1-methylbenzylamino-, and l-morpholino-2,3- 
dichloro-3-phenylpropane have been prepared by chlorine addition to the corresponding cinnamylamine hydrochlorides, 
obtained from the reaction of cinnamyl bromide with the corresponding secondary amine. These 0 , -y-dichloropropylamine 
hydrochlorides react very slowly with piperidine to produce triaminopropanes. The hydrochlorides of bis-A/,W-(2,3-dichloro- 
3-phenylpropyl)-l-benzylamine and the 1-methylamine analogue were prepared by chlorination of the corresponding N , N -  
dicinnamylamines. N-(2,3-Dichloro-3-phenylpropyl)-iV-(2,3-dichloropropyl)-l-benzylamine hydrochloride was also prepared 
by chlorination of A’-allyl-A'-benzylcinnamylamine hydrochloride. These compounds have been synthesized for pharma
cological testing as antitumor agents, etc.

As a continuation of a general program concerned 
with the synthesis of potential anticancer agents, it 
seemed of interest to obtain for pharmacological 
testing a series of compounds having the functional 
group arrangement represented by the general for
mulas A and/or C.1

C6H6— ¿-  

¿ ¿ 1  '

/  
- N ^

\
. C«Hb— d ------

¿ i  N f 7  c i  
/ +\  - 
B

c 6h 5—g — h — ¿ —

¿1 N ¿1
/  \
C

The relationship of the structural arrangements 
of A and C to that present in the nitrogen mustards 
is apparent. Compounds of type A and C might 
be expected to be converted to the potentially 
pharmacologically important2’3 intermediate qua
ternary ethylenimmonium chloride (B) in neutral 
or basic media.

A possible method of synthesis for compounds 
of structure A and/or C involves the addition of 
chlorine to cinnamylamines. It has been shown from 
a series of melting point experiments that a com
pound of type C may rearrange to the isomeric 
type A on heating to its melting point.1 The struc
tures of type A seem to be thermodynamically more 
stable than those of type C.

The necessary cinnamylamines were prepared 
readily by the reaction of cinnamyl bromide with

(1) N. H. Cromwell and A. Hassner, J .  A m .  C h em . S o c ., 
77,1568(1955).

(2) The vesicant properties of t,ris(|8-chloroethyl)amine 
and methylbis-(/3-chloroethyl)amine are well known, see: 
(a) K. Ward, J .  A m .  C h em . S o c ., 57, 914 (1935); (b) O. 
Eisleb, B e r ., 74, 1433 (1941); (c) K. A. Jensen and F. Lund- 
quist, D a n s k . T id s s k r .  F a r m ., 15, 201 (1941). These com
pounds have beer, called “nitrogen mustards” because of their 
relationship structurally and biologically with mustard gas.

(3) (a) A. Gilman and F. S. Philips, S c ie n c e , 103, 409 
(1946); (b) E. Boyland, B r i t .  J .  P h a r m a c o l., 1 , 247 (1946).

two equivalents of the respective secondary 
amine in ether or on refluxing in benzene solution. 
The conditions of reaction and the isolation tech
niques were varied somewhat in each case to ob
tain optimum yields of pure materials where pos
sible. In this way the A-cinnamylpiperidine, mor
pholine, dimethylamine, methylbenzylamine, and 
dibenzylamine hydrochlorides were usually ob
tained in good yields.

A/A-Dimethylcinnamylamine hydrochloride had 
previously been prepared by Mannich and Chang,4 5 
and later by Braun and Kohler,6 by heating cin
namyl bromide, and dimethylamine. iV-Bcnzyl- 
Ar-cinnamylmethylamine hydrochloride had also 
been previously prepared from benzyl bromide and 
A-methylcinnamylamine by Blicke and Zienty,6 
who found this compound to possess weak anti- 
spasmodic activity.

Because of the hygroscopic nature of the hydro
chloride salt of A,A-dibenzylcinnamylamine, this 
compound resisted purification and could not be 
isolated in the solid state, but remained as an oil. 
In the case of the less reactive cinnamyl chloride, 
a reaction temperature 50° higher was necessary 
to obtain a comparable yield of A'-cirmamyl- 
piperidine hydrochloride.

Chlorine was added to the cinnamylamine hy
drochlorides in chloroform solution to produce the
l-amino-2,3-dichloro-3-phenylpropane hydrochlo
rides. In this way 1-piperidino, 1-dimethylamino,
1-morpholino, 1-dibenzylamino, and 1-methylben- 
zylamino-2,3-dichloro-3-phenylpropane hydrochlo
rides were obtained in good yields.

The relatively low level of reactivity of the halo
gen atoms in the 1-amino-2,3-dichloro-3-phenyl- 
propanes is indicated by the fact that the free bases 
can be isolated from their hydrochloride salts in 
the presence of sodium hydroxide, and also by the 
severity of the conditions required to obtain their

(4) C. Mannich and Fu Tsong Chang, B e r . , 66B, 419
(1933).

(5) J. von Braun and Z. Kohler, B e r ., 51, 85 (1918).
(6) F. Blicke and F. B. Zienty, J . A m .  C h em . S o c ., 61,

775(1939).
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reaction with piperidine.7 When l-piperidino-2,3- 
dichloro-3-phenylpropane hydrochloride was re
fluxed for two days with five molar equivalents of 
piperidine in absolute ethanol, a low yield of the
l,2,3-tripiperidino-3-phenylpropane was obtained 
as shown by an ionic chlorine analysis of the isolated 
trihydrochloride salt.

To obtain another series of analogous materials 
for pharmacological testing, certain bis (/3,-y- 
dichloropropvl)amine hydrochlorides were made 
b3r adding chlorine to the respective unsaturated 
amine. In general, methods for preparation of the 
unsaturated amine similar to those reported by 
previous workers, in which an aqueous medium 
was employed, failed to proceed satisfactorily.8 
Even in anhydrous ether the reaction products 
of cinnamyl bromide with the primary amine were 
often brown colored oils which resisted further 
purification and were consequently used as such in 
the chlorination reaction. In this manner the hydro
chloride salt of Ar,iV-dicinnamylmethylamine and 
the free base iV,Ar-dicinnamylbenzlamine were 
prepared in fair yields.

AT-Allyl--Y-cinnamylbenzylamine hydrochloride 
was obtained by reacting cinnamyl bromide in 
ether solution with W-allylbenzylamine formed by 
the action of allyl bromide with benzylamine at 
room temperature. The hydrochloride salt of N,N- 
dicinnamylmethylamine had been previously pre
pared for antispasmodic studies by Blicke and 
Zienty.6

The preparation of the tetrachloro derivatives 
of the Ar,Ar-dicinnamyl- and Ar-allyl-A7-cinnamyl- 
amines was a relatively simple procedure because 
the unsaturated amine hydrochloride salts were 
quite soluble in chloroform. Thus, by adding chlo
rine to the unsaturated amine hydrochloride dis
solved in cold chloroform, the hydrochloride salts of 
bis(2,3 - dichloro - 3 - phenylpropyl) -1 -methylamine, 
bis(2,3 - dichloro - 3-phenylpropyl) -1 -benzylamine, 
and N - (2,3-dichloropropvl) -N  - (2,3-dichloro-3-
phenylpropyl)-l-benzylamine were obtained.

WThen the oily material from the reaction of allyl 
bromide with benzylamine in refluxing benzene, 
which was assumed to be AbA’-diallylbenzylamine 
hydrochloride, was chlorinated in chloroform, a 
material was isolated which possessed analytical 
percentages which could possibly be accounted for 
by the elimination of the benzyl group. Earlier re
ports state that dealkylation sometimes occurs 
with tertian' amines in carbon tetrachloride on 
adding bromine,9 with the possibility of hydrolysis 
not being excluded.

Several of the /3,7-dichloroamines reported here 
either have been or are being tested in mice for

(7) This property had been demonstrated with 1-amino-
2,3-dichloropropanes, see Ref. 1.

(8 ) A. Parthiel and H. von Broich, B e r ., 30, 018 (1897).
(91 H. Böhme and W. Krause, B e r ., 84, 170 (1951).

anti-tumor activity by the Cancer Chemotherapy, 
National Service Center, National Institutes of 
Health, Bethesda, Alaryland. They are also being 
tested for antihistaminic, anticonvulsant, adreno
lytic and preganglionic blockade activity by 
Smith, Kline and French Laboratories, Phila
delphia, Pennsylvania. The results of these tests 
will be reported elsewhere.

E X PER IM EN TA L10

C in n a m y l  b r o m id e .1'1 This material was prepared in 82- 
90% yields from cinnamyl alcohol and 48% hydrobromic 
acid by stirring at room temperature for 3 hr. Suitable 
purification was attained by separating and thoroughly 
mixing the greenish-oily layer with methanol, then dis
carding the methanol layer. Washing an ethereal solution of 
the bromide with water followed by drying and distillation 
gave a pure production, b.p. 91° (0.75 mm); t?2d5 1.6100.

X -C in n a m y ld im e lh y la n i in e  h yd ro ch lo rid e . The preparation 
of this amine was accomplished by slowly adding 2 molar 
equivalents of anhydrous dimethylamine dissolved in ether 
to a cooled ethereal solution of cinnamyl bromide. The di
methylamine hydrobromide was removed by filtration after 
stirring overnight. The ether solution was washed with 
water, dried, and saturated with dry hydrogen chlcride gas. 
The resulting colorless solid hydrochloride was removed 
and recrystallized from ethanol-ether in 82.5% yield, m.p. 
189-191° (lit.,12m.p. 188°).

A n a l .  Calcd. for CnH^NCl: C, 66.82; H, 8.16; X, 7.08; 
C1-, 17.94. Found: C, 67.46; H, 8.03; N, 6.93; C1-. 18.38.13

l -D im e th y la m in o -2 ,3 -d ic h lo r o -8 -p h e n y lp r o p a n c  h yd ro ch lo 
r id e . A 3.0-g. sample of the recrystallized hydrochloride of 
.Y-cinnamyldimethylamine was dissolved in 100 ml. of dry 
chloroform and tank chlorine gas passed into the cooled 
solution over a period of 30 min. After standing at room tem
perature for 3 hr. partial evaporation of the solvent gave 
the colorless product, 3.25 g. (80% j'ield); recrystallized 
from ethanol-ether, m.p. 171-172.5°.

A n a l .  Calcd. for CuHieXCU: C, 49.18; H, 6.00; X, 5.22; 
C l- , 13.07. Found: C, 48.85; H, 6.16; N, 4.94; Cl- , 12.96.

X - C in n a m y lp ip e r id in e  h yd ro ch lo rid e . This material was 
prepared from cinnamyl bromide and 2 molar equivalents 
of piperidine in ether solution at room temperature. The 
reaction mixture was worked up in the usual manner to give 
74-75% yields of the colorless hydrochloride salt, m.p. 
207-209°; recrystallized from ethanol-ether, m p. 207- 
208.5°.

A n a l .  Calcd. for C;4H2oXCl: C, 70.73; H, 8.48; X, 5.89; 
C l- , 14.91. Found: C, 70.78; H, 8.35; N, 5.81; Cl- , 14.82.

The amine hydrochloride was also prepared from cinnamyl 
chloride (Eastman-3286) and 2 molar equivalents of piperi
dine, both in ether, (46.5% yield) by stirring a t room tem
perature overnight, and in a 60% yield in refluxing benzene, 
m.p. 208.5-210°.

l - P ip e r id in o -2 ,3 -d ic h lo r o -3 -p h e n y lp r o p a n e  h yd ro ch lo rid e . 
This dichloro compound was prepared by dissolving X -  
cinnamylpiperidine hydrochloride in chloroform and saturat
ing with dry chlorine gas. The colorless hydrochloride salt 
was removed in an 85-95% yield by filtration after warming 
the chloroform solution and adding ether to induce crys

(10) All melting points reported here are those obtained 
by heating the sample at the rate of 3° per min. unless other
wise stated.

(11) L. Claisen and E. Tietze, B c r ., 58, 279 (1925).
(12) B e i ls le in , 12,1189.
(13) Direct Volhard titration was employed for the 

determination of ionic halogen.
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tallization: recrystallized from ethanol-ether, m.p. 171- 
172.5°.

A n a l .  Calcd. for C14H20NCI3: C, 54.48; H, 6.54; N, 4.54; 
Cl“, 11.46. Found: C, 54.58; H, 6.55; N, 4.39: Cl", 11.51.

N - B e n z y l - N - d n n a m y lm e th y la m in e  h yd ro ch lo r id e .’’ The hy
drochloride salt of this amine was prepared in an analogous 
manner from cinnamyl bromide and 2  molar equivalents of 
iV-benzylmethylamine in an ether solution at room tempera
ture. The product was exceedingly hygroscopic and recrys
tallization from ethanol-ether resulted in a colorless solid 
in 38.2% yield, m.n. 142-144° (Lit. ,6 m.p. 141-142°).

A n a l .  Calcd. for C17H20NCI: C, 74.57; H, 7.36; N, 5.12; 
Cl", 12.95. Found: C, 74.11; H, 7.40; N, 5.33; Cl", 12.83.

l - (N ) -B e n z y lm e th y la m in o -2 ,3 -d ic h lo r o -3 -p h e n y lp r o p a n e  
hydrochloride.. The dichloro derivative was made by dissolv
ing iV-benzyl-.Y-einnamylmethylamine hydrochloride in 
chloroform and saturating the cooled solution with dry 
chlorine gas. Evaporation of the solvent gave an 84.6% 
yield of a colorless oil which was very difficult to purify. 
After trying a variety of solvents a colorless solid in 47.6% 
yield was finally obtained from «-butyl alcohol-ether after 
cooling for 1 month; m.p. 122-124°.

A n a l .  Calcd. for C17H20NCI3: C, 59.23; H, 5.85; Cl, 30.86. 
Found: C, 59.47; H, 5.89; Cl, 30.79.

N -C in n a m y ld ib e n z y la m in e  h yd ro ch lo rid e . The crude hydro
chloride of this amine was prepared by dissolving dibenzyl- 
amine (19.7 g.) and cinnamyl bromide (9.8 g.) in 150 ml. 
of dry benzene and refluxing for 4 hr. The dibenzylamine 
hydrobromide was removed by filtration, after which the 
benzene solution was washed with water, dried, and saturated 
with dry hydrogen chloride gas. The hygroscopic hydro
chloride resisted purification and was therefore used as 
such in the following chlorination reaction.

l - (N ) -D ib e n z iy !a m in o -2 ,3 -d ic h lo r o -3 -p h e n y lp r o p a n e  h yd ro 
ch loride . A cooled, chloroform solution of Ar-cinnamyldi- 
benzylamine was saturated with dry chlorine gas. Evapora
tion of the solvent resulted in 1 2 .2  g. of a viscous brown 
colored oil, recrystallized successively from n-butyl alcohol- 
ether and ethanol-ether; 4.1 g. (31.8% yield), m.p. 93-95°.

A n a l .  Calcd. for C23H24NCI3: C, 65.65; H, 5.75; N, 3.33. 
Found: C, 65.51; H, 6.10; N, 3.34.

N - C in n a m y lm o r p h o l in e  h yd ro ch lo rid e . The procedure used 
was identical with that for IV-cinnamylpiperidine hydro
chloride, using cinnamyl bromide and morpholine. The 
hydrochloride salt was a colorless solid obtained in 78.4% 
yield, m.p. 209-210.5°.

A n a l .  Calcd. for C^ILsNClO: C, 65.12; H, 7.57; N, 5.84. 
Found: C, 65.18; H, 7.60; N, 5.86.

l -M o r p h o lin o -2 ,3 -d ic h lo r o -3 -p h e n y lp r o p a n e  h yd ro ch lo rid e .  
Purified jV-cinnamylmorpholine hydrochloride was dissolved 
in chloroform, saturated with chlorine, and ether added to 
crystallize the colorless solid in 99% yield, m.p. 163.5-165°.

A n a l .  Calcd. for Ci3H18NCLO: C, 50.26; H, 5.84; Cl, 
34.24. Found: C, 50.05; H, 5.88; Cl, 34.54.

N - A l ly lb e n z y ia m in e  h yd ro ch lo rid e . This amine was ob
tained while attempting to prepare Ar,lV-diallylbenzylamine 
hydrochloride by treating allyl bromide (0 .2  mole) with 
benzylamine (0.3 mole) in ether solution and stirring at 
room temperature for 3 days. The benzylamine hydrobro
mide was filtered and the ether extract washed with water, 
dried, and saturated with hydrogen chloride gas to give a 
4 7 .5 % yield of a cream colored solid, recrystallized from 
ethanol-ether, m.p. 143.5-144°.

A n a l .  Calcd. for CioHuNCl: C, 65.37; H, 7.67; N, 7.63. 
Found: C, 65.64; H, 7.36; N, 7.44.

N - A lly l - N - c in n a m y lb e n z y la m in e  h yd ro ch lo rid e . A 2.3-g. 
sample of A'-allylbenzylamine hydrochloride was dissolved 
in 10% sodium carbonate and extracted with ether. The 
ether filtrate was dried and to it was slowly added 1.23 g. of 
cinnamyl bromide. The mixture was warmed to reflux and 
stirred overnight. Filtration of the amine hydrobromide 
indicated 71% reaction. The ether filtrate was washed with 
water, dried, and saturated with dry hydrogen chloride gas 
to give 08.7% yield of a hygroscopic colorless solid which

resisted purification and was used as such in the chlorina
tion reaction.

N - ( 2 ,3 -D ic h lo r o -3 -p h e n y lp r o p y l) -N - (2 ,3 -d ic h lo r o p r o p y l) - l -  
b e n z y la m in e  h yd ro ch lo rid e . The crude oily hydrochloride of 
Ar-allyl-Ar-cinnamylbenzylamine from the above reaction 
was dissolved in chloroform, cooled, and saturated with 
chlorine gas. Adding ether precipitated 1.2 g. of a colorless 
solid, m.p. 139.5-141.5°.

A n a l .  Calcd. for C19H22NCI5 : C, 51.67; H, 5.02; Cl, 40.14. 
Found: C, 51.53; H, 4.69; Cl, 39.95.

N ,N -D ic in n a m y lb e n z y la m in e . Stirring 2  molar equivalents 
of cinnamyl bromide and three molar equivalents of benzyl
amine in ether for 40 hr. at room temperature precipitated 
99% of the expected by-product. The ether solution was 
washed with water, dried and evaporated to give a 6 6 % 
yield of a light orange colored oil, which was mixed with 
petroleum ether (b.p. 60-70°) and cooled to give a colorless 
solid, m.p. 62-64°; recrystallized from methanol, m.p.
64-65°; hydrochloride, m.p. 211-214°.

A n a l .  Calcd. for C25H25N: C, 88.45; H, 7.42; N, 4.13. 
Found: C, 88.40, H, 7.31; N, 4.18.

B is - N ,N - ( 2 ,3 -d ic h lo r o -3 - p h e n y lp r o p y l) - l -b e n z y la m in e  h y 
droch loride . A cooled solution of AyA’-dicinnamylbenzyl- 
amine hydrochloride in chloroform was saturated with 
chlorine gas. Partial evaporation of the solvent resulted in a 
yellow solid which was recrystallized from ethanol-ether to 
give an 87.2% yield of a colorless solid, m.p. 165-166°.

A n a l .  Calcd. for C25H26NCL: C, 57.99; H, 5.06; Cl, 34.24. 
Found: C, 58.15; H, 5.52; Cl, 34.04.

N ,N - D ic in n a m y lm e th y la m in e  h yd ro ch lo rid e . A gummy 
hygroscopic material which was used in the following chlo
rination reaction was obtained when 0.15 mole of a standard 
monomethylamine-ether solution and 0 .1  mole of cinnamyl 
bromide in ether were allowed to stir 1 2  hr. at room tempera
ture. Working up by the usual procedure and saturating with 
hydrogen chloride gas developed the product.

B is - N ,N - { 2 ,3 - d ic h lo r o - 3 -p h e n y lp r o p y l ) - l - m e th y la m in e  h y 
droch loride . The crude amine hydrochloride was saturated 
with chlorine in chloroform and the addition of ether pre
cipitated 3.6 g. (58%) of a colorless solid melting at 179- 
181°, after recrystallization from acetone-ether.

A n a l .  Calcd. for C19H22NCI»: C, 51.67; H, 5.02; Cl, 40.14. 
Found: C, 51.24; H, 5.11: Cl, 39.93.

N ,N -D ia l ly lb e n z y la m in e  h yd ro ch lo rid e . To a solution of 
allyl bromide (0.2 mole) in refluxing benzene was slowly 
added benzylamine (0.3 mole). After filtration the benzene 
filtrate was washed, dried, and saturated with hydrogen 
chloride gas, resulting in a dark brown oily hydrochloride 
(yield 55%) which was used as such in the subsequent 
chlorination reaction.

B is - N ,N - ( 2 ,3 -d ic h lo r o p r o p y l ) a m in e  h yd ro ch lo rid e . The 
crude dark brown colored unsaturated amine hydrochlo
ride from the previous experiment was chlorinated in 
the usual manner, except that the temperature was raised 
to 16°. Standing overnight, followed by evaporation, gave 
17.1 g. of a light tan colored oil. Recrystallization from 
ethanol-ether resulted in 3.5 g. of a colorless solid, m.p. 
178-179°.

A n a l .  Calcd. for C13HI6XC15: C, 42.71; H, 4.96; C6H12- 
NC1S; C, 26.16; H, 4.39; Found: C, 26.24; H, 4.26.

l ,2 ,3 - T r i ( N - p ip e r id in o ) - l - p h e n y lp r o p a n e  tr ih yd ro ch lo rid e . 
To a solution of 27.6 g. of redistilled piperidine in 300 ml. 
of absolute ethanol was slowly added 20.0 g. of 3-phenyl-
2,3-dichloro-l-piperidinopropane hydrochloride. The mixture 
was heated at reflux under nitrogen for 2 days. Evaporation 
of the ethanol solvent and addition of dry ether resulted in 
the by-product, piperidine hydrochloride. Filtration followed 
by drying of the ether filtrate and saturation with dry hy
drogen chloride gas gave a light tan colored solid. This was 
shaken in water and the insoluble residue removed by filtra
tion, after winch 10% sodium carbonate solution was added 
to liberate the free amine. The precipitated oil was extracted 
with ether and saturated with hydrogen chloride gas, yield-
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mg a light yellow colored salt, m.p. 188-192° after losing gas 
from 150-170°.

An ionic chlorine analysis indicates this material to be the 
trihydrochloride salt.

A n a l .  Calcd. for CaH«N,Cl,; Cl“, 22.70. Found: CR,
22.33.
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N ew  H eteroarom atic  C om pou nd s. VII. Chloro and  B rom o  
D erivatives o f  10-H ydroxy-10,9-borazarophenanthrene

MICHAEL J. S. DEWAR a n d  VED P. KUBBA

R ece ived  M a r c h  1 4 , 1 9 6 0

Chlorination or bromination of 10-hydroxy-10,9-borazarophenanthrene gave the 6,8-dichloro or dibromo derivatives. 
Further chlorination of 6,8-dichloro-10-hydroxy-10,9-borazarophenanthrene gave the 2,6,8-trichloro derivative. Syntheses 
of the ethers from 2- and 6-chloro-10-hydroxy-10,9-borazarophenanthrene are described.

In a previous paper1 we reported the nitration 
and chlorination of 10-methyl-10,9-borazarophen- 
anthrene (la) and the nitration of 10-hydroxy-
10-9-borazarophenanthrene (lb). We have now ex
amined the chlorination and bromination of lb.

Chlorination of lb with two moles of chlorine at 
room temperature gave, in good yield, a dichloro 
derivative which was shown to be 6,8-dichloro-10- 
hydroxy-10,9-borazarophenanthrene (Ha) by deg
radation to 3,5-dichloro-2-aminodiphenyl with 
cold concentrated sulfuric acid.1

When the chlorination was repeated with one 
mole of chlorine, Ila remained the sole isolable 
product. All attempts to obtain monochloro deriva
tives failed, even when less than one mole of chlo
rine was used. Since we had hoped to obtain a mix
ture of monochloro derivatives we began work on 
the synthesis of possible isomers; 2- and 6-chloro-

10 - hydroxy - 10,9 - borazarophenanthrene were 
readily obtained by hydrolysis of the correspond
ing 10-chloro derivatives1 and isolated as their 
anhydrides, I lia  and Illb , respectively. Since no 
monochloro derivatives could be obtained from 
lb and since the necessary starting material (2- 
amino-3-chlorodiphenyl) is inaccessible we did not 
synthesise the 8-chloro derivative.

Chlorination of lb with three moles of chlorine 
at a higher temperature gave 2,6,8-trichloro-10- 
hydroxy-10,9-borazarophenanthrene (lib) which 
on standing at room temperature lost water to 
form the corresponding ether (IIIc). The structure 
of IIIc was indicated by its synthesis from Ilia  
by chlorination.

Bromination of lb with two moles of bromine in 
acetic acid gave 6,8-dibromo-10-hydroxy-10,9- 
borazarophenanthrene which was isolated as the 
corresponding ether (Illd). The structure of Hid  
was shown by degradation to 2-amino-3,5-dibromo- 
diphenyl with concentrated sulfuric acid and by 
synthesis from 2-amino-3,5-dibromodiphenyl by 
the method previously described.* 213 2 The ultraviolet 
absorption spectra of these compounds in 95% 
ethanol solution are indicated in Table I.

D IS C U S S IO N

Theory suggests1 that the 8-position in 10,9- 
borazarophenanthrene should be the most reactive 
towards electrophilic substitution, followed closely 
by the 6-position. This was shown to be the case 
for nitration of la and lb while chlorination of 
la gave almost exclusively the 8-chloro derivative. 
Here we have shown that the 6- and 8-positions 
of lb are also the most reactive for chlorination 
and bromination.

The effect of a — E substituent (such as hydroxyl)
( 1 ) M. J. S. Dewar and Ved P. Kubba, T e tra h e d ro n , 7 ,

213 (1959).
(2) M. J. S. Dewar, V. P. Kubba, and R. Pettit, J .  

C h e m . S o c  , 3073 (1958).
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TABLE I
Ultraviolet Absorption

Com
pound ^max

Log
€max

Log
Cmin

Ila 222 4.5489 214 4.4693
234 4.6240 224 4.5448
242 4.5550 238 4.4593
268 4.0355 264 4.0254
276 4.0648 272 3.9428
326 3.8739 294 3.2138
338 3.8661 332 3.8114

350 2.7908
lib 218 4.5077 216 4.4926

224 4.5325 220 4.5031
228 4.5395 226 4.5204
282 4.1388 276 4.0762
328 3.9183 298 3.4516
342 3.9333 336 3.8881

356 2.9160

I lia 220 4.8607 216 4.8511
226 4.8644 222 4.8511
230 4.8700 228 4.8607
266 4.3910 262 4.3533
276 4.4154 270 4.2913
316 4.2150 286 3.7031
328 4.2354 320 4.1598

340 2.9761
Illb 220 4.8665 216 4.8488

224 4.8524 222 4.8488
238 4.7949 234 4.7866
244 4.7700 242 4.7652
272 4.4056 268 4.2679
324 4.1928 284 3.4897
336 4.2073 330 4.1425

348 3.3259
H id 222 4.8599 216 4.8349

236 4.8711 226 4.8501
268 4.3861 266 4.3738
278 4.3897 274 4.2800
326 4.1877 294 3.4830
340 4.2171 332 4.1457

350 3.3980

on the reactivity of an alternant hydrocarbon 
(such as phenanthrene) should be similar to that 
of replacing the corresponding ring carbon atom 
by a less electronegative atom (such as boron). 
Introducing a hydroxyl group into the 10-position 
of phenanthrene should therefore accelerate electro
philic substitution in the 2-, 4-, 6-, and 8-positions.3 
The 6- and 8-positions in 10-hydroxy-10,9-borazaro- 
phenanthrene should therefore be much the most 
reactive, the difference between them and the other 
positions being even greater than for 10,9-borazaro- 
phenanthrene itself.

Calculation1 suggests that the 2- and 4-positions 
should be the next in reactivity, the former prob
ably being the more reactive. (This should definitely 
be so if, as seems likely, the difference in electro
negativity between B~ and C is similar to that be
tween C and N +). Since the 4-position in phe
nanthrene seems to be sterically hindered to substi
tution4 and since the orientational effects of the

(3) M. J. S. Dewar, J .  A m .  C h e m . S o c ., 74, 3341 et seq .
(1952).

hydroxyl in lb should be similar to those of the 
boron, we can predict with assurance that the 2- 
position in lb should be the third in reactivity. 
It is therefore satisfactory that further chlorination 
of Ha gave the 2,6,8-trichloro derivative (lib).

We had hoped to compare the reactivities of 
the 6- and 8-positions of lb to chlorine by determin
ing the proportions of monochloro derivatives 
formed by chlorination. We were, however, unable 
to isolate any monochloro derivatives from the 
reactions; even when a deficiency of chlorine was 
used the dichloro derivative (lia) was the sole 
isolable product. This was surprising; for the 
monochloro derivatives of lb must be less reactive 
to electrophiles than lb itself, and la can be 
readily monochlorinated. The only reasonable 
explanation seems to be that the reactivity of lb is 
so great that the chlorination does not take place 
homogeneously. The chlorination was carried out 
by bubbling chlorine into a solution of lb in acetic 
acid; if under these conditions both lb and its 
monochloro derivatives react sufficiently rapidly 
with chlorine, the reation could be diffusion- 
controlled. The material in a layer of solution round 
each bubble of chlorine would then be completely 
chlorinated, the rest being unaffected. This ex
planation seems reasonable, for theory suggests 
that the 6- and 8-positions in lb should be much the 
most reactive, and also much more reactive than the 
corresponding positions in la. It seems quite feasible 
that lb should undergo a diffusion-controlled chlo
rination to Ha, while under similar conditions la 
reacts normally to give a monochloro derivative in 
good yield.

E X P E R IM E N T A L

B is (2 -c h lo r o -1 0 ,9 -b o ra z a ro -1 0 -p h e n a n th ry l)  e th er (Ilia ). A 
solution of 2-amino-4'-chlorodiphenyl (3.5 g.) in dry ben 
zene (50 ml.) was added dropwise with vigorous stirring to 
one of boron trichloride (2.8 g.) in dry benzene (250 ml.) 
and the mixture boiled under reflux for 4 hr. After removing 
the solvent, anhydrous aluminum chloride (0.5 g.) was 
added and the mixture heated to 190° for 3 hr. The resulting
2,10-dichloro-10,9-borazarophenanthrene was taken up in 
ether and washed with water. Evaporation of the dried or
ganic layer gave I l ia  which crystallized from benzene in 
light brown needles (2.8 g., 75%) m.p. 192-193°.

A n a l .  Calcd. for C2<HleON2ClîB2: C, 65.3; H, 3.6; N, 
6.4; Cl, 16.1. Found: C, 65.2; H, 3.9; N, 6 .6 ; Cl, 16.0.

B is {6 -c h lo ro -1 0 ,9 -b o r a za r o -1 0 -p h e n a n th ry l)  e th er ( Illb )  was 
prepared likewise in 69% over-all yield from 2-amino-5- 
chlorodiphenyl; the compound was crystallized from ben
zene in light brown prisms, m.p. 205-206°.

A n a l .  Calcd. for C24H i6ON2C12B2: N, 6.4; Cl, 16.1. Found: 
N, 6 .6 ; Cl, 16.0.

6 ,8 -D ic h lo r o - l  0 - h y d r o x y -10 ,9 -b o ra za ro p h e n a n th re n e  ( l ia ) . 
Chlorine, prepared from potassium permanganate (2.14 
g.) and coned, hydrochloric acid (13.3 ml.) was passed 
slowly into a solution of lb  (3.3 g.) in glacial acetic acid at 
room temperature. The solution was then poured into water, 
neutralized with sodium carbonate, and extracted with 
ether. Evaporation of the ether left crude l ia  (3.35 g., 76%), 
which was chromatographed on Peter Spence alumina, type

(4) M. J. S. Dewar and E. W. T. Warford, J .  C h e m . S o c .,  
3570 (1956).
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H, 100/200 mesh, from benzene/chlorofonn. Only one band 
could be detected by ultraviolet fluorescence; elution of this 
gave l i a  which crystallized from benzene in needles, m.p. 
263-264°.

A n a l .  Calcd. for C,2H,0NC12B: N, 5.3; Cl, 26.9. Found: 
N, 5.2; Cl, 26.2.

D e g r a d a tio n  o f  6 ,8 -d ic h lo ro -1 0 -h y d ro x y -1 0 ,9 -b o ra za ro p h e -  
n a n th re n e . The chloro compound (0.5 g.) was added to coned, 
sulfuric acid (25 ml.). After 3 hr. a t room temperature the 
solution was poured on ice, made basic with sodium hy
droxide, and extracted with ether. Evaporation of the ether 
left 2-amino-3 ,5-dichlorodiphenyl which crystallized from 
aqueous alcohol in white needles (0.27 g., 60%), m.p. and 
mixed m.p. 50-51°.

2 ,6 ,8 -T r ic h lo r o - l  0 - h y d r o x y - l  0 ,9 -b o rc z a ro p h e n a n th r e n e  
(lib ). Chlorine, prepared from potassium permanganate 
(3.92 g.) and coned, hydrochloric acid (24.4 ml.), was passed 
slowly into a solution of lb  (4.0 g.) in glacial acetic acid at 
90-100°. The solution was poured into water, neutralized 
with sodium carbonate, and extracted with ether. Evapora
tion of the ether gave l ib  which crystallized from benzene in 
white needles (4.9 g., 80%), m.p. 283-284°.

A n a l .  Calcd. for C12H70NC13B: C, 48.3; H, 2.3; N, 4.7; 
Cl, 35.7. Found: C, 48.6; H, 2.3; N, 4.5; Cl, 35.9.

B is (2 ,6 ,8 -tr ic h lo r o -1 0 ,9 -b o r a za r o -1 0 -p h e n a n th ry l)  e ther  
(IIIc). (a) Chlorination of I l ia  (2.0 g.) as above with 
chlorine prepared from potassium permanganate (1.3 g.) 
and coned, hydrochloric acid (10 ml.) gave IIIc (1.6 g., 
61%) which, after crystallization from benzene, melted at 
285-286°. (b) The same compound was obtained by allow
ing lib  to stand in air for 8 weeks at room temperature.

A n a l .  Calcd. for C24Hl2ON2Cl6B2: N, 4.8; Cl, 36.7. Found: 
X, 4.6; Cl, 36.8.

B is (6 ,8 -d ib r o m o -1 0 ,9 -b o ra z a ro -1 0 -p h e n a n th ry l)  e ther (H id), 
(a) Bromine (4.8 g.) in glacial acetic acid (15 ml.) was added 
to a solution of lb  (3.0 g.) in glacial acetic acid (100 ml.) a t 
50°. After 2 hr. a t 80° water was added and the crude 
dibromo compound (4.3 g., 80%) collected and crystallized 
from acetic acid, m.p. 295-296°. (b) The dibromo compound 
was synthesized as above from 2-amino-3,5-dibromodi- 
phenyl (2.5 g.) by successive treatment with boron tri
chloride and aluminum chloride, the yield of material, 
melting point, and mixed melting point 295°, being 1.6 g. 
(61%).

A n a l .  Calcd. for C24Hi4ON2Br4B2: N, 4.1; Br, 46.5. 
Found: N, 4.2; Br, 46.4.

C h i c a g o  37, I II .
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T h e O xidation  o f  2 ,3 -D ih y d ro p h th a la z in e -l,4 -d io n e  w ith  Lead T etra a ceta te . 
P h th a la z in e - l,4 -d i°n e  and l,4 -D ih yd rop yrid azin o [l,2 -b ]-  

p h th a la z in e -6 ,11-d ione

ROBERT A. CLEMENT 

R ece ived  M a r c h  16 , 1 9 6 0

Evidence is presented that the oxidation of 2,3-dihydrophthalazine-l,4-dione (phthalhydrazide) with lead tetraacetate 
produces, as the initial and unstable product of oxidation, phthalazine-l,4-dione. By taking advantage of its extraordinary 
reactivity as a dienophile, this compound was intercepted with butadiene as l,4-dihydropyridazino[l,2-6]phthalazine-6,ll- 
dione, the structure of which was firmly established.

We have found1 that the oxidation of diacyl 
hydrazides with lead tetraacetate according to 
equation 1 is a convenient method for the prepara-

O O

R— Ni l —NH— R +  Pb(OAc)4  >-
O O

R—<H—N = N —C—R +  2 HOAc +  Pb(OAc)2 (1)

tion of diacyl diimides, generally superior to the 
methods heretofore employed.2 However, when the 
reaction was applied to 2,3-dihydrophthalazine-l,4- 
dione (I) (phthalhydrazide), the expected product, 
phthalazine-l,4-dione(II), was not isolated. Con
trary to our experience with other diacyl hydrazides, 
gas was evolved during the oxidation and the ini

(1) Unpublished results, this laboratory.
(2) E. Mohr, J .  p r a k t .  C h e m ., II, 70, 281 (1904); R. Stolle 

B e r ., 45, 273 (1912); L. Horner and W. Naumann, A n n . ,  
587, 93 (1954); J. E. Leffler and W. B. Bond, J .  A m .  C h em . 
Soc.., 78,335 (1956).

(3) Diacyl hydrazides are intensely colored, generally red 
in solution.

tially highly-colored solution3 became quite colorless 
during the isolation procedure.

This paper is concerned with the results of an 
examination of the reaction of I with lead tetra
acetate and provides evidence that the initial 
product of oxidation is, indeed, the expected di- 
imide II which, however, is too unstable to be 
isolated or even to be preserved in solution. 
In the course of the investigation, there were pre
pared l,4-dihydropyridazino[l,2-6]phthalazine-6,-
11-dione (III) and 1,2,3,4-tetrahydropyridazino- 
[l,2-5]phthalazine-6,l 1-dione (IV), representatives 
of a heterocyclic ring system which, to the best of 
our knowledge, has not previously been described. 
Some of the transformations involved in this study 
are summarized in Fig. 1.

R E S U L T S

When the oxidation of 2,3-dihydrophthalazine-
1,4-dione (I) with one mole of lead tetraacetate 
was carried out in acetonitrile, there was obtained, 
initially, a lime-green solution which very rapidly 
deposited a fine, white, amorphous solid and which
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Pig. 1. Some transformations with 2,3-dihydrophthalazine-l,4-dione

became colorless in the course of a few hours. The 
amorphous solid was an intractable substance which 
was insoluble in all common solvents and which 
decomposed, usually explosively, when heated. 
Although this material could not be purified, it 
yielded an approximate analysis for phthalazine-
1,4-dione (II) and in view of its intractable nature 
and its lack of color it was formulated as a polymer
(II) „ of that compound. Closer inspection of the 
reaction mixture revealed the presence, in roughly 
equivalent amounts, of phthalic anhydride and un
changed I. At this point it appeared that oxidation 
of I was proceeding, simultaneously, according to 
Equations 2 and 3, that II was responsible for the 
color of the solution, and that because of its in
stability, II was being removed rather rapidly ac
cording to Equation 4 to form the polymer (II)„.

I +  Pb(OAc)4 — ■> II  +  2 HOAc +  Pb(OAc)2 (2)

I +  2Pb(OAc).4

0
II

a c  +  2 Pb(OAc)2 
>  + 2  HOAc

C +  (Ac) 20  +  N2

0

(3)

n i l - (II). ( 4 )

Confirmation of the validity of equation 3 was 
obtained in the oxidation of I with two moles of

lead tetraacetate. Phthalic anhydride and nitrogen 
gas were produced in essentially quantitative 
yield.

In view of the certain reactivity of II as reflected 
by Equation 4, and in view of the known reactivity 
of diacyl diimides as dienophiles,4’5 it seemed feas
ible to attempt the interception of II with buta
diene. In fact, when butadiene was added to the 
clear green solution, the green color disappeared 
immediately and there was produced 1,4-dihydro- 
pyridazino[l,2-6]phthalazine-6,ll-dione (III), the 
structure proof for which is outlined below. I l l  
was produced in an amount roughly equivalent to 
that of the polymer (II) n formed from the green 
solution in the absence of butadiene, and the 
amounts of unchanged I and phthalic anhydride 
obtained in the two experiments were also roughly 
equivalent. These observations indicated that III 
and (II)„ were derived from an identical precursor 
which most likely was II and which was responsible 
for the green color.

When the oxidation was carried out with buta-

(4) P. Baranger and J. Levisalles, B u l l .  soc . c h im . F ra n ce , 
704(1957).

(5) O. Diels, J. H. Blom, and W. Koll, A n n . ,  443, 242 
(1925); O. Diels and K. Alder, A n n . ,  450, 237 (1926); O. 
Diels, S. Schmidt, and W. Witte, B e r ., 71, 1186 (1938); K. 
Alder and H. Niklas, A n n . ,  585, 81 (1954).
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diene present from the start, III was obtained in 
a 90% yield. This result showed, beyond doubt, 
that the initial product of oxidation is II as de
fined by Equation 2. Because of its instability, 
however, II disappears according to equations 
4 and 5, reaction by the latter route consuming 
additional oxidant and, with a molar amount of 
oxidant, requiring one mole of I to remain un
changed for each mole of phthalic anhydride pro
duced. The reactivity of II as a dienophile, how
ever, is greater than its reactivities according

II +  Pb(OAc)4
+  Pb(OAc'/2

+  (Ae)20  +  N2
(5)

to Equations 4 and 5, and in the presence of buta
diene, II is intercepted by butadiene essentially as 
rapidly as it is formed.

The structure of III is of some interest since it is 
a representative of the heretofore-unknown pyrid- 
azino[l,2-6]phthalazine heterocyclic ring system. 
As expected from its structure, III readily absorbed 
one mole of hydrogen to yield a dihydro derivative 
which is formulated as 1,2,3,4-tetrahydropyrid- 
azino[l,2-6]phthalazine-6,ll-dione (IV). The struc
ture of III was proved by an alternative synthesis 
from phthalic anhydride and 1,2,3,6-tetrahydro- 
pyridazine (V). Further confirmation of structure 
III was obtained by its hydrolysis to phthalic acid 
and V, identified as its derivative, 1,2-dibenzoyl-
1,2,3,6-tetrahydropyridazine (VI).

The extraordinary reactivity of phthalazine-
1,4-dione (II) as a dienophile is worthy of note. 
Its reaction with butadiene was instantaneous even 
at 0° and at a concentration of ca. 0.05AI. The re
action of II with other dienes is currently under 
investigation as is the possiblity that it may undergo 
reaction with simple olefins by 1,2-cycloaddition.

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

O x id a tio n  o f  % ,3 -d ih yd ro p h th a la z in e -l,4 -d io n e  ( I )  w ith  lea d  
te traace ta te . A .  W ith  one m o le  o f  lead  te traaceta te . To a slurry 
of l 7 (4.59 g., 28.4 mmoles) and purified acetonitrile8 (150 
ml.) in a flask provided with a loose-fitting stopper and 
cooled in an ice bath, was added lead tetraacetate9 ( 12.6 g.,
28.4 mmoles), and the heterogeneous mixture was stirred 
magnetically. As reaction proceeded, some gas was evolved, 
the solution became thick with precipitated lead acetate, 
and the color of the solution changed from golden brown to 
lime green. At the end of 1.33 hr. a test for lead tetraacetate 
was negative, 10 and the reaction mixture was immediately

(6) Melting points were determined on a calibrated 
Fisher-Johns block. Infrared spectra were recorded on a 
Perkin-Elmer Model 21 Infrared Spectrophotometer. We are 
indebted to Mr. W. Saschek of this Department for the 
analyses.

(7) H. D. K. Drew and H. H. H att, J .  C h em . S o c .,  16
(1937).

(8 ) A. R. Ronzio and W. B. Cook, O rg. S yn th ese s ,  Coll. 
Vol. m ,  72 (1955).

(9) J. C. Bailar, Jr., In o rg . S y n th e se s ,  1 ,  47 (1939).

filtered and the filter cake washed with 50 ml. of acetonitrile 
to give an off-white precipitate and a clear, intense green 
filtrate.

The precipitate was stirred vigorously with 100 ml. of 
I N  nitric acid, filtered, and washed with water. I t  was then 
suspended in 100 ml. of water, and sufficient 2N  sodium 
hydroxide was added to dissolve most of the precipitate 
and to bring the solution to pH 10. The solution was then 
filtered and the filtrate was added to a mixture of 25 ml. of 
glacial acetic acid and 25 ml. of water. The resulting pre
cipitate was isolated by filtration and, after being dried a t 
110°, amounted to 1.41 g. (8.70 mmoles) of unchanged I, 
identified by its infrared spectrum.

The clear green filtrate from the initial filtration became 
cloudy with precipitate within 3 min., and after 3 hr. the 
solution was virtually colorless and had deposited a fine, 
white, amorphous precipitate which was collected by centrif
ugation and amounted to 0.71 g. [4.44 mmole of phthaloyl 
units on the basis of polymer (II),,]. The analytical sample 
was prepared by washing this material with 100 ml. of aceto
nitrile and possessed absorption in the infrared (potassium 
bromide pellet) a t 1700 (broad, carbonyl) and 1595 (car
bonyl-conjugated unsaturation) cm-1. I t  was insoluble in 
all the common organic solvents and in water, and decom
posed in the range, 190-290°, usually explosively.

A n a l.  Calcd. for (C8H4N2O2),,: N, 17.50. Found: N, 16.01.
The mother liquors from the isolation of the polymer (II)„ 

were evaporated to dryness under reduced pressure and 
the gummy residue was sublimed a t 100° and 1 mm. to yield
1.46 g. (9.74 mmoles) of phthalic anhydride, m.p. 125-131°, 
identified by the criteria of mixture melting point and infra
red spectral comparison.

B . W ith  tw o  m oles o f  lea d  te traaceta te . A slurry of I  (0.47 g., 
2.90 mmoles) in 40 ml. of acetonitrile was placed in a flask 
which was provided with a magnetic stirrer and a dumping 
arm which contained 2.60 g. (5.87 mmoles) of lead tetra
acetate. The flask was attached to a manometric system 
which was flushed with nitrogen and maintained a t atmos
pheric pressure and 28°. Reaction was initiated by dumping 
the lead tetraacetate into the acetonitrile solution. As 
reaction proceeded, the solution changed color from golden 
brown to green to colorless. After 1.5 hr. there was no further 
change in volume which, after correction for the partial 
pressure of acetonitrile and reduction to S.T.P., amounted 
to 68 ml. (103% of theory according to Equation 3).

The solution was then filtered and the filtrate was evapo
rated to dryness under reduced pressure. The residue was 
sublimed at 100° and 1 mm. to yield 0.41 g. (95% of theory 
according to Equation 3) of phthalic anhydride, m.p. 123- 
131°, identified by the criteria of mixture melting point and 
infrared spectral comparison.

C . W ith  on e m o le  o f  lead  te traace ta te  a n d  su b seq u en t a d d i
tio n  o f  b u ta d ien e . The reaction was run as in A  with 4.86 g. 
(30.0 mmoles) of I, 150 ml. of acetonitrile, and 13.3 g. (30.0 
mmoles) of lead tetraacetate. Unchanged I, isolated and 
identified as in A ,  amounted to 1.56 g. (9.63 mmoles).

I m m e d ia te ly  after filtration and before any precipitate 
had appeared, the clear green filtrate from the removal of 
unchanged I and lead acetate was stirred while a stream of 
butadiene was directed onto the solution. Within 1 m in .  
after initiation of the operation (within 3 min. after filtra
tion) the solution had become colorless and a white pre-

(10) To test for lead tetraacetate, ca . 0.1 ml. of the reac
tion mixture was added to ca . 5 ml. of dilute sulfuric acid, 
swirled for 1 min., and then poured into an aqueous solution 
of potassium iodide and starch. If lead tetraacetate (at this 
point, lead dioxide) were present, the characteristic deep 
blue color of the iodine-starch complex appeared. I t  was 
necessary to destroy II with aqueous acid prior to addition to 
the iodide-starch solution, as it oxidizes iodide to iodine, 
instantly. In fact, all diacyl diimides we have tested give 
an intense blue color when added directly to an acidic solu
tion of potassium iodide and starch.
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cipitate had appeared. The reaction mixture was immedi
ately connected to the water aspirator, and solvent was re
moved at reduced pressure to yield a white solid which was 
suspended in 100 ml. of water and stirred while the solution 
was adjusted to pH 10 with 2 iV  sodium hydroxide. Filtra
tion gave a pale orange solid which was stirred vigorously 
for 1 hr. in a mixture of 50 ml. of water and 5 ml. of glacial 
acetic acid and then filtered to yield, after being dried at 
110°, 1.30 g. (6.08 mmoles) of 1,4-dihydropyridazino[ 1,2-6]- 
phthalazine-6,11-dione (III), which possessed an infrared 
spectrum indistinguishable from that of the analytical 
sample described below.

The basic filtrate from the initial isolation of I II  was con
centrated to ca . 30 ml. and adjusted to pH 0 with coned, 
nitric acid. The buff-colored precipitate that appeared was 
isolated by filtration and, after being air dried, amounted to
l .  26 g. (7.60 mmoles) of phthalic acid, identified by its 
infrared spectrum and its neutralization equivalent (re
quired, 83; found, 85).

D . W i th  o ne  m o le  o f  lea d  te tra a ce ta te  i n  th e  p re sen ce  o f  b u ta 
d ie n e . 1 ,4 - D ih y d r o p y r id a z in o  [1,2-b] p h th a la z in e -6 ,1 1 -d io n e
(III). To a slurry of I  (4.05 g., 25.0 mmoles), butadiene (11.0 
g.), and acetonitrile (125 ml.) in a flask equipped with a 
loose-fitting stopper and cooled in an ice bath, was added 
lead tetraacetate (11.0 g., 24.8 mmoles); the mixture was 
stirred magnetically. As reaction proceeded, the solution 
became thick with precipitate, but a t no time was there 
visible a green color. At the end of 1.75 hr., solvent was re
moved from the reaction mixture under reduced pressure 
and the residue was stirred vigorously and in succession with 
100 mL of water, 100 ml. of 0.1.V nitric acid, 100 ml. of O.liV 
sodium hydroxide, and 100 ml. of water, being isolated by 
filtration after each operation. The final filtration afforded 
a tan solid which, after being dried a t 110°, amounted to
4.82 g. (90%) of I II  and which possessed an infrared spec
trum indistinguishable from tha t of the analytical sample. 
The analytical sample of I II  was obtained as fine white 
needles, m.p. 272-275° dec. (sealed capillary), after two re
crystallizations from acetic acid-water, and possessed ab
sorption in the infrared (3% in chloroform) at 1627 (car
bonyl) and 1604 (carbonyl-conjugated unsaturation) cm-1.

A n a l .  Calcd. for C12H 10N2O2: C, 67.28; H, 4.71. Found: 
C, 67.36; H, 4.88.

H y d r o g e n a tio n  o f  1 ,4 -d ih y d r o p y r id a z in o [ l ,2 -b ] p h th a la z in e -  
6 , 1 1 -d io n e  (III). l ,S ,3 ,4 - T e tr a h y d r o p y r id a z in o [ l ,2 -b } p h th a la -  
z in e -6 ,U - d io n e  (IV). A slurry of III  (0.149 g.) in glacial 
acetic acid (45 ml.) was hydrogenated in the presence of 
10% palladium-on-charcoal (0.10 g.), the reduction in 
volume corresponding to 99% of theory for the absorption 
of 1 mcle of hydrogen and being attained in 15 min. The 
reaction mixture was filtered, the filtrate was evaporated 
to dryness under reduced pressure, and the residue was crys
tallized from water to yield 0.124 g. (82%) of IV as white 
swords, m.p. 146°. The analytical sample was obtained, 
after two more crystallizations from water, as white swords,
m. p. 145.5-146.5°, or as very fine white needles, m.p. 156.0-

156.5°. An intimate mixture of the two forms melted at 
156.0-156.5°, and occasionally the lower-melting form re
solidified to remelt a t 156.0-156.5°. In the infrared (1% 
in chloroform) IV possessed absorption a t 1648 (carbonyl) 
and 1607 (carbonyl-conjugated unsaturation) cm-1.

A n a l .  Calcd. for C12H 12N2O2: C, 66.65; H, 5.60. Found: 
C, 66.75; H, 5 60.

1 ,8 ,8 ,6 -T e tr a h y d r o p y r id a z in e  (V). This material was pre
pared as previously described,4 b.p. 88-91 °/50 mm., n 2D5 
1.5126 (lit.4 b.p. 68.5°/20 mm.). 1 ,3 -D ib e n z o y l-1 ,2 ,3 ,6 - le tra -  
h y d r o p y r id a z in e  (VI) was prepared from V and benzoyl 
chloride in pyridine and, after recrystallization from ethanol- 
water, melted at 162.5-164.0° (lit.4 m.p. 160.5°) and pos
sessed absorption in the infrared (5% in chloroform) at 
1673 and (a shoulder) 1650 (carbonyl) cm-1.

A n a l .  Calcd. for C18H16N2O2: C, 73.95; H, 5.52. Found: 
C, 74.02; H, 5.89.

l ,4 - D ih y d r o p y r id a z in o [ l ,2 -b ] p h lh a la z in e -6 ,1 1 -d io n e  (III) 
f r o m  p h th a lic  a n h y d r id e  a n d  1 ,3 ,3 ,6 - te tr a h y d r o p y r id a z in e  (V). 
A mixture of phthalic anhydride (2.96 g., 20.0 mmoles) and 
V (1.68 g., 20.0 mmoles) in 50 ml. of water, 7 ml. of coned, 
hydrochloric acid, and 3 ml. of ethanol (to control foaming) 
■nas heated under reflux for 11 hr. At the end of this time 
the reaction mixture was cooled and filtered and the tan 
solid collected was washed with 50 ml. of water. This mate
rial, after being dried a t 110°, amounted to 3.31 g. (77%) 
of I II  and possessed an infrared spectrum indistinguishable 
from that of the analytical sample described above.

H y d r o ly s is  o f  1 ,4 -d ih y d r o p y r id a z in o [ l,2 -b ]  p h th a la z in e -6 ,1 1 -  
d io n e  (III).  A mixture of III  (2.14 g., 10.0 mmoles, as ob
tained in D ) and potassium hydroxide (4.0 g., 71 mmoles) 
in 25 ml. of water was heated under reflux for 20.5 hr. At 
the end of this time, the homogeneous solution was ex
tracted with ten 50-ml. portions of methylene chloride and 
the aqueous layer was preserved for further treatment. The 
combined methylene chloride extracts were dried over 
potassium carbonate, filtered, and evaporated under reduced 
pressure to yield 0.56 g. of a pale yellow residue which pos
sessed an amine-like odor. This residue was dissolved in py
ridine (25 ml.), benzoyl chloride (3.00 g.) was added, and the 
mixture was stirred at room temperature for 3.5 hr. At the 
end of this time, the reaction mixture was poured into 400 ml. 
of water and stirred vigorously until the odor of benzoyl chlo
ride was no longer noticeable. Filtration yielded a tan solid 
which, after being dried a t 110°, amounted to 0.90 g. 
(31%) of VI, m.p. 152-160°, identified by mixture melting 
point and infrared spectral comparison with authentic VI 
described above.

The aqueous layer preserved after the methylene chloride 
extractions was acidified to pH 0 with coned, hydrochloric 
acid and the precipitate which appeared was filtered and 
air dried to yield 0.86 g. (52%) of phthalic acid, identified 
by its infrared spectrum and its neutralization equivalent 
(required, 83; found, 84).

C h i c a g o  37, I II .
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[Contribution from the Ohio State University Research Foundation]

R eaction s o f  T rich lorom eth y l- S u b stitu ted  s-T riazin es  
in  th e  P resen ce  o f  T ertiary A m in esla

EHRENFRIED KOBER16

R ece ived  F e b ru a r y  25 , 1 9 6 0

A method has been found which permits the stepwise replacement of one or two trichloromethyl groups attached to a s-  
triazine ring by alkoxy groups. By a variation of this method tertiary amine salts of 2-hydroxy-4,6-bistrichloromethvl-s- 
triazine can be synthesized from 2,4,6-tristriehloromethyl-s-triazine.

It is known that trichloromethyl groups attached 
to s-triazine rings can be replaced stepwise by amino 
or secondary amino groups1 2-3; the reaction involves 
elimination of trichloromethyl anions4 which som- 
bine with a proton to form chloroform. Whether 
one or more trichloromethyl groups are replaced 
by this reaction depends largely on the reaction 
temperature. The assumption that the nucleo
philic replacement of trichloromethyl groups at
tached to the s-triazine ring would also proceed 
with other suitable agents, e.g., alcohols was con
firmed by the reaction of 2,4,6-tristrichloromethyl- 
s-triazine (I) with ethanol in the presence of three 
moles of sodium ethoxide or sodium hydroxide 
which gave 2,4,6-trisethoxy-s-triazine (II) and 
cyanuric acid (III). Stepwise replacement of the 
trichloromethyl groups, however, could not be 
achieved by variation of the reaction temperatures. 
Even when the amount of base was varied from 
catalytic amounts to two equivalents, the inter
mediates, 2-ethoxy-4,6-bistrichloromethyl-s-tri- 
azine (V) and 2,4-bisethoxy-6-trichloromethyl- 
s-triazine (VIII), could not be isolated. If at a 
given temperature reaction took place at all, the 
sole reaction products were II and III, indicating 
that'—under the described conditions—the process 
cannot be stopped after the exchange of one or 
two trichloromethyl groups.

The desired stepwise replacement of trichloro
methyl groups by alkoxy groups was accomplished 
in the presence of aliphatic tertiary amines such as 
triethylamine. When the reaction of I with alcohols 
in the presence of triethylamine was carried out 
between 0° and room temperature, only one tri
chloromethyl group was replaced by an alkoxy 
group resulting in 2-alkoxy-4.6-bistrichloromethyl- 
s-triazines (IV-VII), while at reflax temperatures 
the reaction proceeded to give exclusively 2,4- 
bisalkoxy - 6 - trichloromethyl - s - triazines (VIII, 
IX).6 It was also possible to convert 2-alkoxy-
4,6-bistrichloromethyl-s-triazines to the 2,4-bis-

(1) (a) This article is based on work performed under 
Project 116-B of The Ohio State University Research 
Foundation sponsored by the Olin Mayhieson Chemical 
Corp., New York, N ,Y. (b) Olin Mathieson Chemical Corp., 
New Haven, Conn.

(2) A. Weddige, J .  p r a k l .  C h e m ., [2 ] 33,81 (1886).
(3) A. Kreutzberger, J .  A m .  C h e m . S o c ., 79, 2629 (1956).
(4) F. Arndt and B. Eistert, B e r ., 68, 136 (1935).

alkoxy-6-trichloromethyl-s-triazines by refluxing 
with the corresponding alcohol in the presence of 
triethylamine as demonstrated by the conversion 
of V to VIII and of VII to IX.

IV. R  =  CH3 
V. R  =  C2H 5 

VI. R =  CH(CH3)2 
VII. R = n-C JE  

VIII. R =  C2H 5; R i =  C2H 5 
IX. R  =  R-C4H 9; Ri = R-C4H 9 
X. R =  CH3; R, =  C,H3 

XXII. R =  CH2CF3

An attempt to synthesize a 2,4-bisalkoxy-6- 
trichloromethyl-s-triazine bearing two different 
alkoxy groups was not successful; 2-methoxy-4,6- 
bistrichloromethyl-s-triazine (IV)—upon refluxing 
with ethanol in the presence of triethylamine—did 
not give 2-ethoxy-4-methoxy-6-trichloromethyl-s- 
triazine (X) but instead 2,4-bisethoxy-6-trichloro- 
methyl-s-triazine (VIII), indicating complete trans- 
esterification of the methoxy group by ethanol.

The described method could also be successfully 
applied for the preparation of s-triazine derivatives 
of type XII from compounds of type XI.

R

N ^ N

C13C N CC13 
XI

R

N ^ N

CI3C N R, 
XII

X III. R =  CH3 XV. R  =  CH3; R: =  OC.H5
XIV. R =  C6H 5 XVI. R  =  CH3; R,, =  0-n-C 4H 9

XVII. R =  C6H5; R j =  OC2H 5

(5) The synthesis of compounds IV-V III from 2-chloro-
4,6-bistrichloromethyl-s-triazine by a different procedure 
has been described recently; H. Schroeder, J .  A m .  C h em . 
S o c ., 81,5658(1959).
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To obtain compounds XV, XVI, and XVII, 
the starting materials XIII or XIV, respectively, 
had to be refluxed in the appropriate alcohol in 
the presence of triethylamine.

The extension of the described method to other 
tertiary amines as well as to tertiary alcohols or 
phenols was investigated. From the results ob
tained we conclude that other aliphatic amines, 
such as tributylamine, and tertiary heterocyclic 
V-alkylamines, such as V-ethylpiperidine and V- 
methylmorpholine, can also be successfully em
ployed for the described method. Reaction, how
ever, could not be achieved in the presence of 
pyridine or N,N -dirnethylani 1 ine.

Trichloromethyl groups attached to the s- 
triazine ring could not be replaced by tertiary 
alkoxy or phenoxy groups. When compounds I or 
XIII were refluxed with tertiary butyl alcohol 
or phenol, only starting materials were recovered 
besides small amounts of unidentified products.

Although the conversion of 2,4,6-tristrichloro- 
methyl-s-triazine to the desired mono- or dialkoxy 
substituted trichloromethyl-s-triazines occurred in 
excellent yields, small amounts of solid by-products 
were isolated. These by-products, only slightly 
soluble in and not attacked by boiling water and 
ethanol, had the correct analysis in each case for 
the tertiary amine salts of 2-hydroxy-4,6-bis- 
trichloromethyl-s-triazine (XVIII-XXI), depend
ing on the tertiary amine used for the reaction.

XVIII. N(R)3, triethylamine 
XIX. N(R)3, tributylamine 
XX. N(R)3, V-ethylpiperidine 

XXI. N(R)3, V-methylmorpholine

The only explanation for the formation of these 
tertiary amine salts was that traces of water present 
in the reactants caused a side reaction, which in
dicated that the tertiary amine salts XVIII-XXI 
could be prepared exclusively, if water instead of 
an alcohol were employed in the reaction. This 
was confirmed by the formation of these salts 
(XVIII-XXI) when 2,4,6-tristrichloromethyl-s- 
triazine (I) was refluxed in water in the presence of 
the corresponding tertiary amines. The desired 
reaction could not be achieved in the presence of 
V,iV-dimethylamline or pyridine, although in the 
latter reaction small amounts of cyanuric acid
(III) could be isolated besides unchanged I.

Surprisingly, the tertiary amine salt XVIII 
was also formed, when 2,4,6-tristrichloromethyl- 
s-triazine (I) was treated with trifluoroethanol in 
the presence of triethylamine; not even traces of 
the desired 2 - trifluoroethoxy - 4,6 - bistrichloro- 
methyl-s-triazine (XXII) were obtained. Ap
parently, trifluoroethanol is too acidic and, there

fore, the reaction leads to the quantitative forma
tion of XVIII rather than to XXII.

The configuration of the tertiary amine salts 
XVIII-XXI was confirmed by their reaction with 
phosphorus oxychloride to give nearly quantita
tive yields of 2-ehloro-4,6-bistrichloromethyl-s- 
triazine (XXIII)6 and by their hydrogenolysis 
to give 2-hydroxy-4,6-dimethyl-s-triazine (XXIV)6 
directly and not the corresponding tertiary amine 
salt. This is in contrast to the reported hydrogenol
ysis of 2-hydroxy-4,6-bis(mono-, di-, or trichloro
methyl)-s-triazine mono-, di-, or trichloroacetami- 
dine salts which gave in each case the 2-hydroxy-
4,6-dimethyl-s-triazine acetamidine salt.6 Appar
ently, 2-hydroxy-4,6-dimethyl-s-triazine (XXIV) 
is not acidic enough to form salts with tertiary 
amines. This was confirmed by an experiment in 
which an ethanolic solution of XXIV and excess 
triethylamine were allowed to evaporate resulting 
in the quantitative recovery of XXIV.

Finally, the reaction of trichloromethyl substi
tuted s-triazines with mercaptans or hydrogen sul
fide in the presence of tertiary amines was investi
gated. The results of these experiments differ 
entirely from those obtained with alcohols or water 
and for this reason will be the subject of further 
investigations.

E X P E R IM E N T A L 7

R e a c tio n  o f  2 ,4 ,6 - tr is lr ic h lo ro m e th y l- s - tr ia z in e  (I) w ith  
e th a n o l i n  the  p re sen ce  o f  s o d iu m  e th o x id e  o r s o d iu m  h y d r o x id e .  
The reactants were refluxed in ethanol for 30 min. and, after 
cooling, the solvent removed i n  va cu o . The products ob
tained from the resulting residue by treatment with ethanol 
or petroleum ether (b.p. 90-97°) are listed in Table I.

TABLE I
Reaction of I  with E thanol in Base

Mole Compounds Obtained, %
Base Equivalents I I P I IP Unidentified

CîHsONa 0 .1 90 5 5 —

C2H5ONa 1 — 62 29 —

C2H5ONa 2 — 84 11 —

C2H5ONa 3 — 87 9 —

NaOH 1 — 9 35 56

a 2,4,6-Trisethoxy-s-triazine. 4 Cyanuric acid.

G en era l p ro ced u re  f o r  the  p r e p a r a tio n  o f  2 -a lk o x y -4 ,6 -b is -  
tr ic h lo r o m e th y l-s - tr ia z in e s . 2 -n -B u to x y -4 ,6 -b is tr ic h lo ro m e th y l-  
s - tr ia z in e  (VII). A 30-g. sample of triethylamine was added 
a t 0°, with stirring, to the solution of 33 g. of 2,4,6-tristri- 
ehloromethyl-s-triazine (I) in 200 ml. of n-butyl alcohol. 
The reaction mixture was kept overnight between 0° and 
room temperature. Triethylamine, excess butyl alcohol, 
and the chloroform formed were removed i n  va cu o  a t a 
maximum bath temperature of 20°. The oily residue was 
dissolved in 250 ml. of petroleum ether (b.p. 30^10°) where
upon a small amount of a solid by-product precipitated.

(6 ) H. Schroeder, J .  A m .  C h em . S o c ., 78, 2447 (1956).
(7) All melting points were determined with the Fisher- 

Johns apparatus; microanalyses were by Spang, Micro- 
analytical Laboratory, Ann Arbor, Mich.
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TABLE II
T e r t i a r y  A m i n e  S a l t s  o f  2-Hydroxy-4,6-bistrtchloromethyl-s-triazine

OH-N(R)3

N ^ N
c i 3c — W 3— cch

N

Com- Yield, C, % H, % Cl, % N, %
pound N (R )3 M.P. % Formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found

XVIII X C,H. 3 178-180 81.5 c „ h 16c i6n ,o 30.51 30.59 3.75 3.77 49.11 47.86 12.94 12.89

XIX N 106-108 76.5 C„H2aCl6N,0 39.48 39.63 5.46 5.49 41.14 41.11 10.83 10.73

XX c d b - t Q 215-
216.5

90.0 C12H16C16N40 32.38 32.20 3.62 3.94 47.81 47.81 12.59 12.60

XXI CH3—x Q o 202-204 100 C10H12Cl6N4O2 27.74 27.67 2.79 2.92 49.11 49.04 12.94 12.83

The petroleum ether was removed from the filtrate and the 
remainder distilled i n  va cu o , yielding 20.1 g. (72.5%) of 
2-?i-butoxy-4,6-bistriehloromethyl-s-triazii:e (VII); colorless 
liquid; b.p. 152-154° (0.7 mm.) (lit.5 b.p. 146 (0.3 mm.)), 
n2n 1.5282 (lit.5 ti”  1.5289).

A n a l .  Calcd. for C,H 9C1„N30 : C, 27.86; H, 2.34; N, 
10.83; Cl, 54.84. Found: C, 27.99; H, 2.26; N, 10.89; Cl, 
54.69.

The same product was obtained with V-ethylpiperidine 
instead of triethylamine; yield: 66%.

Other 2-alkoxy-4,6-bistrichloromethyl-s-triazines prepared 
by this procedure were 2-methoxy-4,6-b:strichloromethyl- 
s-triazine (IV, yield: 92%), 2-ethoxy-4,6-b:strichloromethyl- 
s-triazine (V, yield: 82.3%), and 2-isopropoxy-4,6-bistri- 
chloromethyl-s-triazine (VI, yield: 82.7%). Boiling points 
and refractive indices of these compounds corresponded 
closely with those reported in the literature.5

G en era l p ro c ed u res  f o r  the  p r e p a r a tio n  o f  2 ,4 -b is a lk o x y -6 -  
tr ic h lo r o m e th y l-s - tr ia z in e s . 2 ,4 -B is e lh o x y -6 - tr ic h lo r o m e th y l- s -  
tr ia z in e  (VIII). (a) The solution of 21.7 g. of tristrichloro- 
methyl-s-triazine and 20 g. of triethylamine in 400 ml. of 
ethanol was refluxed for 8 hr. Then the triethylamine, the 
excess ethanol, and the chloroform formed were removed 
by distillation and the oily residue was dissolved in 150 ml. 
of petroleum ether (b.p. 30-40°) whereupon a small amount 
of an insoluble by-product precipitated. The petroleum 
ether was distilled from the filtrate and the remainder dis
tilled i n  va cu o , yielding 11.6 g. (81.3%) o: 2,4-bisethoxy-6- 
trichloromethyl-s-triazine (VIII); b.p. 134r-135.5° (1.9 
mm.) (lit.5 b.p. 124° (0.1 mm.)), n^_ 1.5111 (lit.5rc3D° 1.5112). 
(b) This compound was also obtained by refluxing a solu
tion of 2-ethoxy-4,6-bistrichloromcthyl-s-triazine (27 g). 
and triethylamine (31.3 g.) in 150 ml. of ethanol for 7 hr.
2,4-Bisethoxy-6-trichloromethyl-s-triazine (VIII) was iso
lated from the reaction mixture as described above; yield: 
88.2%; b.p. 133.5-135.5° (1.9 mm.); n*D° 1.5108.

2 ,4 -B is -n -b u to x y -6 - tr ic h lo r o m e lh y l- s - tr ia z in e  (IX) was pre
pared from 2-n-butoxy-4,6-bistrichloromethyl-s-triazine and 
n-butyl alcohol in the presence of triethylamine by pro
cedure (b) as a colorless oil, b.p. 135-138.5° (0.1 mm.), 

1.5005; yield: 88.5%.
A n a l .  Calcd. for C^H.sCljNjCL: C, 42 06; H, 5.29; N 

12.27. Found: C, 42.24; H, 5.34; N, 12.76.
G enera l p ro c ed u re  f o r  th e  p r e p a r a tio n  o f  S -a lk o x y -4 -m e th y l-

6 - tr ic h lo ro m e th y l-s - lr ia z in e s . Compounds XV and XVI were 
obtained by refluxing 2-methyl-4,6-bistrichloromethyl-s- 
triazine (X III) in the appropriate alcohol in the presence 
of a tertiary amine for 6-8 hr. The reaction products were 
isolated in the same manner as described for the 2,4-bis- 
alkoxy-6-trichloromethyl-s-triazines.

S -E lh o x y -4 -n ie th y l-G -tr ic h lo r o m e lh y l-s - lr ia z in e  (XV) was 
obtained from X III (33 g.), ethanol (150 ml.), and jV-ethyl-

piperidine (30 g.) as a colorless oil, b.p. 94-95° (0.55 mm.); 
n™  1.5177; yield: 56%.

A n a l .  Calcd. for C7IIeCl3N30 : C, 32.77; H, 3.14; Cl, 41.46; 
N, 16.38. Found: C, 32.60; H, 3.24; Cl, 41.46; N, 16.36.

2 -B u lo x y -4 -m e th y l-6 - tr ic h lo r o m e th y l- s - tr ia z in e  (XVI) was 
obtained from X III (32.6 g.), n-butyl alcohol (200 ml.), 
and V-ethylpiperidine (30 g.) as a yellowish oil, b.p. 128- 
130° (0.6 mm.); n”  1.5088; yield: 33.5%.

A n a l .  Calcd. for C ^ C L N sO : C, 37.98; H, 4.25; N, 14.77. 
Found: C, 37.99; H, 4.21; N, 14.81.

G en era l p ro c ed u re  f o r  th e  p r e p a r a tio n  o f  S -a lk o x y -4 -p h e n y l-
6 -tr ic h lo ro m e th y l-s - tr ia z in e s . 2 - E th o x y -  4  -  p h e n y l  - 6 - tr ic h lo r o -  
m e th y l- s - tr ia z in e  (XVII). 2-Phenyl-4,6-bistrichloromethyl- 
s-triazine (20 g.) (XIV), ethanol (200 ml.), and triethyl
amine (39 g.) were refluxed for 8 hr. Triethylamine, excess 
ethanol, and chloroform were removed by distillation. The 
remainder solidified a t room temperature and was recrys
tallized from petroleum ether (b.p. 90-97°), resulting in 
crystals which proved to be 2-ethoxy-4-phenyl-6-trichloro- 
methyl-s-triazine (XVII); yield: 14.2 g. or 89%; m.p. 78- 
79.5°.

A n a l .  Calcd. for C,2H10Cl3N3O: C, 45.24; H, 3.16; Cl, 
33.39; N, 13.19. Found: C, 45.29; H, 3.27; Cl, 32.76; N, 
13.14.

G en era l p ro c ed u re  f o r  the  p r e p a r a tio n  o f  te r tia r y  a m in e  s a l ts  
o f  2 -h y d ro x y -4 ,6 -b is tr ic h lo r o m e th y l- s - tr ia z in e . T r ie th y la m in e  
s a lt  o f  2 -h y d ro x y -4 ,6 -b is tr ic h lo r o m e th y l-2 - tr ia z in e  (XVIII). A 
mixture of 2,4,6-tristrichloromethyl-s-triazine, (I, 43.35 g.), 
triethylamine (42.8 g.), and water (250 ml.) was refluxed, 
with stirring, for 3 hr. After cooling, the precipitated tri
ethylamine salt of the 2-hydroxy-4,6-bistrichloromethyl-s- 
triazine was filtered, yielding 35.3 g. or 81.5% of product, 
m.p. 173-177°. After one crystallization from dioxane the 
salt melted at 178-180°.

According to this procedure other tertiary amine salts 
were synthesized which are listed in Table II. The tributyl- 
amine salt separated from the reaction mixture as an oil. 
Addition of petroleum ether (b.p. 63-68°) and subsequent 
evaporation of the solvent resulted in crystallization of the 
salt. The triethylamine salt XVIII was also obtained, when
2,4,6-tristriehloromethyl-s-triazine (35 g.), trifluoroethanol 
(80 g.), and triethylamine (35 g.) were stirred a t 0° for 6 hr. 
Upon removing the low boiling material between 0° and 
20°, 32 g. (92%) of XVIII separated; m.p. 174-178°. A 
mixed melting point with an authentic sample showed no 
depression.

2 -C h lo ro -4 ,6 -b is lr ic h lo r o m e th y l-s - tr ia z in e  (X X III). The 
triethylamine salt XVIII (30 g.) was stirred and refluxed 
with phosphorus oxychloride (150 ml.) for 3 hr. The excess 
phosphorus oxychloride was removed i n  va cu o  and the re
sulting oil slowly added to a mixture of ice and water. The 
separated 2-chloro-4,6-bistrichloromethyl-s-triazine (X X III)
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was taken up with petroleum ether (b.p. 30-40°). After the 
solution had been concentrated to about 50 ml. and kept at 
— 20° for 5 hr., 11 g. of crystals precipitated.

A further crop of crystals (11.1 g.) was obtained, when the 
mother liquor was concentrated to about 25 ml. and cooled 
again to —20°, thus improving the yield of X X III to 
91.4%. The meking point of this compound was 56-57° 
and showed no depression with an authentic sample.

The tertiary amine salts XX and XXI, respectively, were 
converted into X X III by the same procedure; yield: 94.2% 
and 87%. resp.

£ -H y d r o x y -4 ,6 -d im e th y l- s - tr ia z in e  (XXIV). A mixture of the 
triethylamine salt XVIII (8.6 g., 0.02 mole), triethylamine 
(12.32 g., 0.12 mole), 2% palladium on carbon (12 g.), and 
methanol (150 ml.) was shaken at room temperature with 
hydrogen. After the absorption of hydrogen was complete, 
the catalyst was filtered and a solution of sodium hydroxide 
(4.8 g., 0.12 mole) in methanol (50 ml.) was added to the 
filtrate, whereby the triethylamine hydrochloride was con
verted into triethylamine and sodium chloride. After the

precipitated sodium chloride was removed by filtration, the 
filtrate was evaporated to dryness at reduced pressure. The 
residue was taken up with absolute ethanol, a further crop of 
insoluble sodium chloride removed by filtration, and the 
2-hydroxy-4,6-dimethyl-s-triazine (XXIV) precipitated with 
ether. The precipitate was sublimed in  va cu o  (bath tempera
ture 160-178° at 0.05-0.02 mm), yielding 2 g . (80%) of pure 
XXIV; m.p. 236-237° (lit.6 m.p. 230-231°). A mixed melting 
point with an authentic sample showed no depression.

By the same procedure, XXIV was obtained from the N -  
ethylpiperidine salt (XX), yield 84%.
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S y n th esis  and R eaction s o f  5 -B ro m o m eth y l- and  5-C hlorom eth yIu racil

JOHN A. CARBON 

R ece ived  M a r c h  £ 5 , 196 0

The chlorination of 6-methyl-2-methylmercapto-4-pyrimidinol (I) with Ar-chlorosuccinimide in the presence of benzoyl 
peroxide gives only the nuclear halogenated product, 5-chloro-6-methyl-2-methylmercapto-4-pyrimidinol (III), and not the 
isomeric 6-ehloromethyl derivative (II) as was previously assumed.* 5-ChloromethyIuracil (VI) was prepared by the reaction 
of 5-hydroxyraethyluracil (V) with thionyl chloride in the presence of pyridine. Similarly, the treatment of V with hydrogen 
bromide in glacial acetic acid results in the formation of 5-bromomethyluracil (VII). A few displacement reactions of these 
compounds are presented, including the preparation of the thiamine analog, 3-(2',4'-dihydroxy-5'-pyrimidylmethyl)-5-(2-
hydroxyethyl)-4-methydthiazolium bromide (XI).

The halogenated thymine derivatives, 5-bromo
methyluracil (VII) and the corresponding chloro 
compound (VI), have long been desired as reactive 
intermediates for the introduction of the thyminyl 
residue into other molecules.1 Although Johnson 
and his coworkers were successful in preparing 5- 
chloromethyl-6-methyluracil from the reaction 
of 6-methyluracil with chloromethyl methyl ether, 
the synthesis of 5-chloromethyluracil by this 
method was not possible.10 These workers appar
ently did not attempt the direct conversion of 5- 
hydroxymethyluracil (V) to the corresponding 5- 
halomethyl derivatives, as the former compound
(V) was erroneously thought to be quite unstable, 
decomposing readily to formaldehyde and uracil.1 2 
Recent work, however, has shown that 5-hydroxy- 
methyluracil (V) is a reasonably stable compound 
and may be prepared in good yield from uracil 
and formaldehyde in alkaline solution.3

(1) (a) D. Riehl ami T. B. Johnson, R ee . Irav. c h im ., 59, 
87 (1940); (b) M. M. Endicott and T. B. Johnson, J .  A m .  
C h em . S o c .t 63, 1286 (1941); (c) M. M. Endicott and T. B. 
Johnson, J .  A m .  C h em . S o c ., 63, 2063 (1941).

(2) T. B. Johnson and A. Litzinger, J .  A m .  C h e m . S o c ., 
58,1940(1936).

(3) R. E. Cline, R. M. Fink, and K. Fink, J .  A m .  C h em .
S o c ., 81,2521 (1959).

A compound, obtained by the interaction of N -  
chlorosuccinimide with thymine in chloroform 
containing benzoyl peroxide, was assigned the 5- 
chloromethyluracil (VI) structure in 1954.4 4 5 6 7 8 How
ever, this structural assignment seemed to us fairly 
unlikely, as (1) the chlorine in their compound 
was stable to boiling ethanol or water, whereas 
halomethylpyrimidines are notoriously labile com
pounds,lc-6 and (2) iY-chlorosucci n im ide is known 
to be ineffective in producing allylic substitution.6 
We have discovered that the compound of West 
and Barrett4 is, in reality, 5-chloro-6-ethoxy-5- 
methylhydrouracil, a compound previously ob
tained by Johnson and Sprague7 from another route. 
These findings are corroborated by a recent paper,8 
which has appeared since our work was completed.

Because of the above facts, it was desirable to 
investigate a second allylic chlorination reported 
in the West and Barrett paper.4 These workers ob-

(4) It. A. West and II. W. Barrett, J .  A m .  C h em . S o c .,  
76,3146(1954).

(5) T. Okuda and C. C. Price, J .  O rg. C h e m ., 24, 14
(1959).

(6 ) C. Djerassi, C h em . R e v s ., 43,271 (1948).
(7) T. B. Johnson and J. M. Sprague, J .  A m .  C h em . S o c .,  

59,2436(1937).
(8 ) J. H. Burckhalter, R. J. Seiwald, and H. C. Scarbor

ough, J .  A m .  C h em . S o c ., 82, 991 (1960).
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tained a compound, m.p. 230-235°, from the N -  
chlorosuccinimide reaction with 6-methyl-2-methyl- 
mercapto-4-hydroxypyrimidine (I) in chloroform 
containing benzoyl peroxide. Although correct 
analyses could not be obtained, these authors as
signed the compound the structure, 6-chloromethyl-
2-methylmercapto-4-hydroxypyrimidine (II), as 
it was converted by hot aqueous hydrochloric 
acid to 6-chloromethvluracil, a compound previ
ously prepared by Johnson, et a l .g Neither analy
ses nor infrared spectra were reported for the 
latter compound, however.

Several repetitions of the iV-chlorosuccinimide 
reaction with I did not give the 230-235° material. 
The only product, regardless of whether the re
action was carried out in dry chloroform or carbon 
tetrachloride, was a crystalline material, m.p. 
269-270°, and empirical formula C JItCINvOS. 
This substance was identified as the isomeric 
compound 5-chloro-6-methyl-2-methylmercapto-4- 
hydroxypyrimidine (III) by hydrolysis to the 
known 5-chloro-6-methyluracil (IV).9 10 In no case 
could we obtain the isomeric 6-chloromethyl deriva
tive (II).

Benzoyl 
N—Cl +  peroxide

OH

The synthesis of 5-chloromethyluracil11’12(VI) 
was accomplished simply by treating 5-hydroxy- 
methyluracil (V) with thionyl chloride in dry 
chloroform containing a little dry pyridine. The 
analogous 5-bromomethyl compound (VII) was 
readily obtained by treatment of V with hydrogen 
bromide in glacial acetic acid. As might be ex
pected from theoretical considerations, the halogen 
atom in these molecules is extremely reactive; 
e .g ., treatment with warm water or ethanol for 
only one to two minutes is sufficient to remove all

(9) T. B. Johnson and L. H. Chernoff, J .  A m .  C h em . S o c ., 
76,1742(1914).

(10) R. Behrend, A n n .  236, 57 (1886); T. B. Johnson and 
J .M. Sprague, J .  A m .  C h em . S o c ., 60, 1622 (1938).

(11) This compound has also been prepared by the 
chloromethylation of uracil in aqueous hydrochloric acid 
(see ref. 8 and 12). Although Skinner, e t a l. (ref. 12) state 
that attempts to convert 5-hydroxymethyluracil (V) to 
5-chloromethyluracil (VI) using thionyl chloride in pyri
dine gave only the quaternary salt formed from VI and 
pyridine, we have found tha t the reaction proceeds quite 
satisfactorily using slightly more than the theoretical quan
tity  of pyridine in chloroform.

(12) W. A. Skinner, M. G. M. Schelstraete, and B. R.
Baker, J .  O n ,. C h e m ., 25, 149 (I960).

the halogen. A virtually quantitative yield of 5- 
ethoxymethyluracil (VIII) can be obtained merely 
by recrystallization of either material from ethanol.

Although 5-bromomethyluracil (VII) could be 
obtained analytically pure by recrystallization 
from glacial acetic acid, we were unable to com
pletely purify 5-chloromethyluracil (VI) because 
of its extreme insolubility in all solvents tried 
(e .g ., glacial acetic acid, iV,Ar-dimethylformamide, 
diethylene glycol dimethyl ether, etc.). The struc
ture of VI was proven, however, by (1) conversion 
to 5-ethoxyrnethy 1 uraci 1 (VIII) in warm ethahol,
(2) conversion to 5-piperidinomethyluracil (X) 
by treatment with piperidine in dioxane solution, 
and (3) conversion to 5-acetoxymethyluracil (IX) 
in glacial acetic acid containing sodium acetate. 
The identical products could be obtained in a like 
manner from 5-bromomethyluracil (VII).

The availability of the 5-halomethyluracils has 
now made possible the ready preparation of 5- 
substituted aminomethyluracils, such as X, by 
simple substitution reactions. These compounds 
were previously obtained by roundabout methods, 
e.g ., 5-aminomethyluracil (thyminyl amine) was 
obtained by the Curtius degradation of uracil-5- 
acetic acid.13 * 57

OH
^  .CH2OH

SOC1,

OH

N:

HO N
V

HOAclHBr

CHClj 
pyridine H O ^  N

CH2C1

VI

OH OH

N
A .HO N

CH2Br

VII

OH OH

X  is
h o ^ n

C H 2OAc
. NaQAc ISK

Ac°H

„c h 2x

IX

OH
c h 2n

HO N
X

HO N
VI. X = C1

VII. X = Br

OH Br" ©
c h 2~ n

c h ,

s ' N h,ch,oh

c h 3

HO N CH2CH2OH
XI

Treatment of 5-bromomethyluracil (VII) in 
anhydrous diglyme or dioxane with 5-(2'-hydroxy-

(13) T. B. Johnson and A. Litzinger, J .  A m .  C h e m . S o c .,
57, 1139 (1935); A. Litzinger and T. B. Johnson. J .  A m .  
C h em . S o c ., 58,1936, 1940 (1936).
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ethyl)-4-methylthiazole gave an excellent yield 
of the thiamine analog, 3-(2,,4'-dihydroxy-5'- 
pyrimidylmethyl) - 5 - (2-hydroxyethyl) - 4-methyl- 
thiazolium bromide (XI). The use of diethylene 
glycol dimethyl ether rather than dioxane as sol
vent in this reaction is preferable, as the product 
is more readily crystallized and purified.

Biological testing of many of these compounds 
is now in progress and will be reported elsewhere.

e x p e r im e n t a l 14

5 -C h lo ro -6 -m e th y l-2 -m e th y lm e r c a p to -4 -h y d r o x y p y r im id in e
(IV). A mixture of 15.6 g. (0.10 mole) of 6-methyl-2-methyl- 
mercapto-4-hydroxypyrimidine, 15 16 14.7 g. (0.11 mole) of N -  
chlorosuccinimide, 3.63 g. (0.015 mole) of benzoyl peroxide, 
and 250 ml. of purified chloroform was heated under reflux 
for 16 hr. (drying tube). The mixture was cooled and the 
crystalline material filtered with suction and air-dried to 
give 10.5 g. of crude product, m.p. 267.5-269°. An additional
0.6 g. was obtained by concentration of the chloroform 
mother liquor and washing with water to remove succini- 
mide. Recrystallization of the combined solids from methyl 
Cellosolve gave 9.7 g. (51%) of colorless prismatic needles, 
m.p. 269-270° with sublimation; reported4 m.p. 270° dec.

A n a l .  Calcd. fcr C6H7ClX»OS: C. 37.79; H, 3.70; Cl, 
18.59; N, 14.6S. Found: C, 37.99: H. .3.65: Cl, 18.40; N,
14.85.

A repetition of this reaction using purified carbon tetra
chloride as solvent gave a 69.5% yield of product, which was 
identical in all respects with that obtained above. In no case 
could we isolate any of the isomeric compound, 6-chloro- 
methyl-2-methylmercapto-4-hydroxypyrimidine (II).

Hydrolysis of 1.9 g. (0.01 mole) of compound V with 25 
ml. of aqueous hydrochloric acid (1:1) at 100° for 5 hr. gave
l .  6 g. (100%) of 5 -c h lo ro -6 -m e lh y lu ra c il (IV), m.p. >300°. 
The infrared spectrum of this compound was identical with 
that of an authentic sample of IV, prepared by the method 
of Behrend.10

A n a l .  Calcd. for C6H 6C1N20 2: C, 37.39; H, 3.14; Cl, 22.08: 
N, 17.44. Found: C, 37.71; H, 3.25; Cl, 22.11; N, 17.64.

5 -B r o m o m e lh y lu r a c il (VII). Five grams (0.0352 mole) of 
5-hydroxymethyluracil (V)3 was added to 100 ml. of 32% 
hydrogen bromide in glacial acetic acid, and carefully 
warmed on the sream bath for 8 hr. (drying tube). The 
mixture was coaled, filtered with suction, and the colorless 
powder washed thoroughly with dry ether. There was thus 
obtained 5.7 g. (79.0%) of product, m.p. >330° (capillary) 
with slow decomposition. A small sample was recrystallized 
from glacial acetic acid to obtain colorless tiny needles,
m. p. >330° dec. This sample was dried overnight a t 100° 
i n  vacuo  for analysis.

A n a l .  Calcd. for C5H 5BrN20 2: C, 29.29; H, 2.46; Br,
38.98. Found: C, 29.32; H, 2.72; Br, 38.47, 38.55.

This material (VII) was extremely reactive toward water 
or ethanol, and was routinely stored in a vacuum dessicator 
over potassium hydroxide pellets.

5 -C h lo ro m e th y lu ra c il (VI). Five grams (0.0352 mole) of 
5-hydroxymethyluracil (V)3 was added to 50 ml. of purified 
chloroform containing 3.0 ml. dry p3Tidine, and, with me
chanical stirring, 5.5 g. (0.042 mole) of thionyl chloride in 
10 ml. of chloroform slowly added. The mixture was re
fluxed for 0.5 hr. (drying tube), and the colorless solid filtered 
with suction and washed with dry ether. This crude product 
weighed 5.75 g. (100%), sintered at 268-270° and decom
posed a t 315-320°. This compound could not be obtained

(14) All melting points are uncorrected and were taken 
on a Fisher-Johns melting point apparatus.

analytically pure because of its high reactivity toward 
hydroxylic solvents, coupled with its high insolubility in 
more inert solvents. An analysis for chlorine of the crude 
material was low.

A n a l .  Calcd. for CslLClNiCh: Cl, 22.08. Found: 17.89,
18.10.

The infrared spectrum of VI indicated a complete loss of 
the peak a t 2.9 n , usually assigned to the aliphatic hydroxyl 
group. The spectrum of the starting material (V) contains 
a strong peak a t this frequency.

Identical products were obtained from substitution reac
tions using either this compound (VI) or 5-bromomethyl
uracil (VII).

5 -E th o x y m e th y lu r a c i l  (VIII). 5-Bromomethyluracil (VII) 
(0.50 g.; 0.0024 mole) was boiled with 20 ml. of ethanol until 
a clear solution was obtained (about 3 min. required). Upon 
cooling, a colorless solid separated (0.30 g.;72 %), m.p.
212-214° dec. An analytical sample, prepared by recrystal
lization from ethanol, consisted of a colorless microcrystalline 
powder, m.p. 217-218° dec.

A n a l .  Calcd. for CiHioiSMX: C, 49.39; H, 5.92; N, 16.46; 
O, 28.23. Found: C, 49.57; H, 5.88; N, 16.61; O, 28.29.

This compound has been previously prepared by another 
route, reported3 m.p. 212°.

o -P ip e r id in o m e th y lu r a c i l  (X ).8 One gram (0.0049 mole) of 
5-bromomethyluracil (VII) was added portionwise to 15 
ml. of dry dioxane containing 2 ml. of piperidine. After re
fluxing gently for 75 min., the mixture was cooled to 5° 
and the colorless solid filtered with suction. This material 
was extracted with 15 ml. of boiling dioxane, filtered while 
hot to remove piperidine hydrochloride, and cooled to 5 °. 
The resulting product was recrystallized from ethanol to 
give 0.45 g. (44%) of colorless leaflets, m.p. >  300°. For 
analysis, a small sample was recrystallized from ethanol and 
dried i n  va cu o  a t 75°.

A n a l .  Calcd. for Ck>Hi5N30 2: C, 57.41; H, 7.22; N, 20.09. 
Found: C, 57.49; H, 7.34; N, 20.23.

This material is quite soluble in water, but only slightly 
soluble in cold ethanol or dioxane.

5 -A c e to x y m e th y lu r a c il (IX). 5-Bromomethyluracil (VII) 
(1.0 g.; 0.005 mole) was mixed with 10 ml. of glacial acetic 
acid containing 0.80 g. (0.01 mole) of anhydrous sodium 
acetate. The mixture was heated to reflux for 5 min., cooled 
to room temperature, and filtered with suction. Additional 
product was obtained by dilution of the acetic acid mother 
liquor with ether. The combined solids were recrystallized 
from w7ater to obtain 0.58 g. (63%) of colorless leaflets, 
m.p. 217-223° dec., when placed on the block a t about 160° 
and heated fairly rapidly. When heated slowly from room 
temperature, the compound did not melt under 300°.

A n a l .  Calcd. for C7H 8N20 4: C, 45.65; H, 4.38; N, 15.22. 
Found: C, 45.26; H, 4.89; N, 15.93.

This compound has been previously obtained by another 
route, but was presented without analytical data as m.p. 
>300°.3

3 - (2 ',4 '-D ih y d r o x y -o '-p y r im id .y h n e th y l) -5 - (2 -h ,y d r o x y e th y l) -
4 -m e th y lth ia z o liu m  b ro m id e  (XI). One gram (0.0050 mole) 
of 5-bromomethyluracil (VII) was added to 15 ml. of dry, 
redistilled diethylene glycol dimethyl ether containing 0.82 
g. (0.0057 mole) of 5-(2'-hydroxyethyl)-4-methylthiazole 
(Merck), and heated on the steam bath for 1 hr. (drying 
tube). The mixture was cooled and filtered with suction. 
The crude product (m.p. 221-222°) was recrystallized by 
dissolving in a minimum of hot methanol, filtering, and add
ing 2 volumes of dry diethylene glycol dimethyl ether. The 
colorless prisms thus obtained weighed 1.1 g. (63%), m.p.
219-221° dec. when placed on the block a t 180°. I t  melted 
a t 215-217° dec. when heated slowly from room temperature.

(15) R. List, A n n . ,  236, 1 (1886); H. L. Wheeler and H.
F. Merriam, .1m. C hem . J . ,  29, 478 (1903).
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A n a l .  Calcd. for C„H„BrN3C>3S: C, 37.94; H, 4.06; Br, 
22.95; N, 12.07. Found: C, 38.04; H, 4.36; Br, 22.93; N,
12.08.

The yield in a second run using three times the above 
quantities was 74%. The reaction could also be run in 
dioxane solution, but the gummy product was difficult to 
crystallize and purify.

A c k n o w le d g m e n t. The author would like to thank 
Mr. E. F. Shelberg and his staff for the micro
analyses and Mr. W. Washburn and his staff for 
the infrared absorption spectra.

N o r t h  C h i c a g o ,  I I I .

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  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 ]

P reparation  o f  Som e A lk y l-S u b stitu ted  M onohydroxam ic A cids, 
A -A cyl-O -a lkylhyd roxylam ines. I

JAMES H. COOLEY, WILLIAM D. BILLS, 1 a n d  JAMES R. THROCKMORTON1

R ece ived  M a r c h  28 , 1 9 6 0

In order to initiate a study of the reactions of the alkyl hydroxamates, the preparation of representative benzo-. aniso-, 
toluo-, aceto-, and propionhydroxamic esters has been carried out by the reaction of sodium and potassium salts of hy- 
droxamic acid with alkyl halides. Several dialkyl hydroxamates were also obtained as by-products in these reactions. The 
infrared spectra of these compounds were studied and the bands attributed to N—H stretching, C = 0  stretching, amide 
II, and C—0  stretching were observed.

The preparation of a number of hydroxamic 
acid esters has been carried out in order subse
quently to study their reactions. The reaction of 
a hydroxamic acid salt with an alkyl halide was 
used to prepare the hydroxamic acid esters.2’3 

Esters of aromatic hydroxamic acids were made 
using a procedure similar to that of Fuller and 
King,4 who prepared n-butyl benzohydroxamate. 
Potassium salts of the hydroxamic acids were pre
pared by the reaction of ethyl esters with hy- 
droxylamine and potassium hydroxide.5 In this 
preparation the potassium salt precipitates from 
methanolic solution. Barium toluhydroxamate was 
also prepared by the reaction of the mother liquor 
from the potassium toluhydroxamate preparation 
with barium chloride. When the potassium or 
barium salt, sodium carbonate, and a primary 
alkyl halide in alcohol-water solution were stirred 
together and warmed, the alkyl hydroxamates were 
obtained in good yields. A ferric chloride spot test 
was used to follow the reaction. This color test 
changed from an initial dark purple to a final pale 
red during an interval that varied from two days, 
when the solutions were refluxed, to three weeks,

(1) Taken in part, from the masters thesss of William D. 
Bills, June 1960, and James R. Throckmorton, June 1960, 
both at the University of Idaho. We are indebted to the 
Research Corporation for financial support provided
W.D.B. during the summer and fall of 1959, and for financial 
support provided J.R.T. through the summer of 1959. 
We wish to thank the National Science Foundation for 
a grant, NSF G8807, which paid for many cf the other costs 
of this work.

(2) H. L. Yale, C h em . R e v s ., 33, 209 (1944).
(3) F. Mathis, B u l l .  so c . c h im . F ra n c e , 5, D9 (1953).
(4) A. T. Fuller and H. King, J .  C h e m . S o c ., 963 (1947).
(5) C. R. Hauser and W. B. Renfrow, Jr., O rg. S y n th e s e s ,

Coll. Vol. H, 67 (1953); W. B. Renfrow and C. R. Hauser,
J .  A m .  C h e m . S o c ., 59, 2312 (1937).

when the solutions were stirred at room tempera
ture.

The aceto- and propionhydroxamic acid esters 
were prepared in essentially the same manner. 
Ethyl acetate and ethyl propionate, respectively, 
were allowed to react with hydroxylamine and 
sodium methoxide in absolute methanol, and with
out isolation of the hydroxamic acid salt an alkyl 
halide, sodium carbonate, and water were added 
to prepare the hydroxamic ester.

Both the aromatic and aliphatic acid ester3 were 
worked up in the same way. The alcohol was re
moved by distillation from the reaction mixture, 
and the product was taken up in chloroform. 
Extraction of the chloroform with sodium bicarbo
nate removed all unchanged carboxylic acid 
formed by saponification of the starting material. 
The hydroxamic ester was extracted from the 
chloroform with sodium hydroxide. This alkaline 
solution was acidified and the hydroxamic ester 
was taken up in chloroform.

Dialkylhydroxamate esters were found in a 
number of the preparations in the chloroform solu
tions after they had been extracted with sodium 
hydroxide. In a few cases these were purified, and 
in some cases they were found to be intractable 
oils. We are uncertain of the structures of the 
dialkylhydroxamates. The several possible isomeric 
structures are iV,0-dialkylhydroxamates(I) and 
syn- and anti- forms of the 0,0'-dialkylhydroxa- 
mates (II). All of the dialkyl benzohydroxamates

O R  OR
/  /  /

RC—N—OR R—d = N O R
I II

that have been reported in the literature have 
been assigned structure II.2-4’6-7 On the other
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TABLE I
H y d r o x a m ic  A c id  E s t e r s  P r e p a r e d  b y  t h e  S a m e  P r o c e d u r e  U s e d  t o  P r e p a r e  A l l y l . B e n z o h y d r o x a m a t e

Name M.P.“
Yield,"

% Analyses'
Benzyl benzohydroxamate 103-105° 65 Previously reported/ m.p. 103°
Methyl benzohydroxamate 63.5-64.5° 43 Previously reported/ m.p. 62°

C H N
Benzyl p-toluhydroxamate 127.5-129.5° 70 74.67 6.27 5.80

74.86 6.40 5.77
n-Propyl p-toluhydroxamate1’ 47-48° 53 68.37 7.82 7.25

68.53 7.82 7.23
n-Butyl p-toluhydroxamate17 50.5-51.5° 77 69.54 8.27 6.76

69.41 8.52 6.96
Allyl anisohydroxamate 52.8-54° 82 63.75 6.32 6.76

63.86 6.17 6.83
n-Propyl anisohydroxamate 83.5-84° 54 63.14 7.27 6.70

63.02 6.98 6.95
Propargyl anisohydroxamate 116-116.7° 47 64.37 5.40 6.82

64.48 5.62 6.60
n-Butyl anisohydroxamate17 67-67.8° 64 64.55 7.67 6.27

64.71 7.72 6.19
Benzyl anisohydroxamate 113-114.5° 45 Previously reported," m.p. 113°

0 All melting points are corrected and represent analytical samples. s The yields are based on the potassium salts of the 
hydroxamic acids.* The first line values represent calculated values, and the second line the analytical results. a See ref. 6 . 
* W. Lossen, Ann., 252, 226 (1889). f  Also isolated as a crystalline sodium salt during the extraction procedure. " These 
products were purified by vacuum sublimation. * W. Lossen, Ann., 281, 169 (1894).

hand the JV-alkvlation of ethyl ethoxycarbamate 
has been reported.8-10

The unsaturated hydroxamic acid esters, allyl 
benzohydroxamate and allyl anisohydroxamate, 
were hydrogenated using a platinum catalyst and 
low pressure. The resulting n-propyl benzohydroxa
mate and n-propyl anisohydroxamate were iso
lated directly in nearly quantitative yields. Similar 
results have been reported for the hydrogenation 
of cts-6-cyc lopen tena (e) tetrahydro-1,2-oxazin-3-
one.11

E X P E R IM E N T A L

Allyl benzohydroxamate,12 (N-benzoyl-O-allylhydroxyl- 
amine), and diallyl benzohydroxamate. A solution of 87.5 g. 
(0.50 mole) of potassium benzohydroxamate,6 72.5 g. (0.60 
mole) of allyl bromide, 25 g. of anhydrous sodium carbonate 
in 375 ml. of methanol, and 250 ml. of water was stirred 
for 24 hr. The methanol was removed by distillation and the 
residue was acidified with 12Ar hydrochloric acid. The crude 
product was taken up in four 100-ml. portions of chloroform 
and was washed with 10% sodium bicarbonate. The allyl 
benzohydroxamate was extracted from the chloroform with 
six 50-ml. portions of 6V sodium hydroxide. Diallyl benzo
hydroxamate remained in the chloroform. The combined 
sodium hydroxide extracts were acidified with 121V hydro
chloric acid and the aqueous solution was extracted with 
four 50-ml. portions of chloroform. The chloroform was 
removed by distillation and the residue which slowly solidi

(6) E. Beckman, Ber., 26, 2633 (1893).
(7) W. Lossen, Ann., 252, 170 (1889).
(8) L. W. Jones, Am. Chem. J., 38, 253 (1907).
(9) C. H. Hecker, Am. Chem. J., 50, 444 (1913).
(10) L. W. Jones and L. Neuffer, J. Am. Chem. Soc., 36, 

2202 (1914).
( 1 1 ) W. E. Noland, J. H. Cooley, and P. A. McVeigh, 

J. Am. Chem. Soc., 81, 1209 (1959).
(12) O. L. Brady and F. H. Peakin, J .  Chem. Soc., 226

(1930).

fied upon cooling to room temperature was recrystallized from 
ether and petroleum ether (b.p. 30-60°) mixture. The yield 
was 63.2 g. (68%), m.p. 62-63.5°. Two more recrystalliza
tions gave 55.1 g. (59%) of pure allyl benzohydroxamate 
m.p. 62.5-63.5°,6 7 8 9 10 11 12 13 * * reported12 m.p. 58°. vN_H 3160 in Nujol, 
3370, 3200 in chloroform, 3400, 3200 in potassium bromide; 
vc-o 1640 in Nujol, 1660 in chloroform, 1640 in potassium 
bromide; »Amid, ii 1500; vc-o 1300 cm-1.

Anal. Calcd. for Ci0HnNO2: C, 67.81; H, 6.26; N, 7.91. 
Found: C, 67.82; H, 6.22; N, 7.68.

A yield of 5 g. (5%) of diallyl benzohydroxamate, b.p.
101.5-102° a t 0.6 mm., n™  1.5312 was also obtained. 
vc- h 3120, 3040, 3010, 2950; vC_o 1660, vc_o 1270 cm. -1 
on pure liquid.

Anal. Calcd. for C13H15N 02: C, 71.86; H, 6.96; N, 6.45. 
Found: C, 71.72; H, 6.85; N, 6.34.

Propargyl p-toluhydroxamate (N-p-methylbenzoyl-O-pro- 
pargylhydroxylamine). When 110 g. (0.25 mole) of barium 
p-toluhydroxamate, 30 g. of sodium carbonate, 375 ml. of 
methanol, 250 ml. of water, and 68 ml. (104 g., 0.87 mole) 
of propargyl bromide were stirred together, 6 days were 
required for a ferric chloride test for hydroxamic acid to 
become very weak. The methanol was removed under 
reduced pressure, and the remaining mixture was acidified 
with 12V hydrochloric acid. A solid precipitated and was 
removed by filtration. Extraction of the organic material 
from this precipitate with acetone, and distillation of the 
acetone gave 69.0 g. of solid product. An additional 2 g. 
of product was obtained by extraction of the water solution 
with chloroform. The overall yield was 71 g. (75%). Two 
recrystallizations of 10 g. of this crude product from benzene 
gave 7.2 g. (55%) of pure ester, which was vacuum sublimed, 
m.p. 101.5-102.5°. v n - h  3450, 3350; vC-n 3300; vC-o 1675; 
VAmideii 1510; vc-o 1300 cm. -1  in chloroform.

Anal. Calcd. for CnHnN02: C, 69.83; H, 5.86; N, 7.40. 
Found: C, 70.05; H, 6.07; N, 7.35.

Allyl p-toluhydroxamate (V-p-methylbenzoyl-O-allyl- 
hydroxylamine) was prepared from barium toluhydroxamate 
in 74% yield, b.p. 138° a t 0.2 mm., n” ' “ 1.5531. v n - h

(13) All melting points were determined in capillaries in
an electrically heated aluminum block with a calibrated
thermometer.
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TABLE II
H y d r o x a m ic  E s t e r s  P r e p a r e d  b y  t h e  S a m e  P r o c e d u r e  U s e d  t o  P r e p a r e  B e n z y l  A c e t o h y d r o x a m a t e

Name M.P., B.P. » ‘d

Yield,®
% C

Analyses6
H N

Allyl acetohydroxamate 19-21 °c 80/1 mm. 1.4619 (23°) 24 52.15
51.49

7.88
7.70

12.17
12.05

Diallyl acetohydroxamate 93°/14 mm. 1.4586 (23°) 10 61.91
61.66

8.44
8.39

9.03
8.97

»-Propyl acetohydroxamate 7 2 7 0 .5  mm. 1.4403 (24°) 34 51.26
51.24

9.47
9.35

11.96
12.05

p-Nitrobenzyl acetohydroxamate 133.5-134°tf 31 51.43
51.88

4.80
4.93

13.33
13.41

Allyl propionhydroxamate6 l l ° c 74 .5 -767  
1 mm.

1.4618
(17.5°)

36 55.79
55.54

8.59
8.37

10.85
10.95

Ethyl benzoh3'droxamate 63-64.2° 28.5 Previously reported / 
m.p. 64-65°

° The yields are based on hydroxylamine and the products were distilled once. 6 The first line values represent calculated 
values and the second line the analytical results. c These melting points are not exact. a This melting point is correct and 
represents an analytical sample. e A crude yield of diallyl propionhydroxamate of 11% was also obtained in this prepara
tion.  ̂W. Lossen, B e r ., 24, 4059 (1891).

3220, rc-o 1650, VAmüe n  1500, v c - o  1310 cm. 1 on the pure 
liquid.

A n a l .  Calcd. for CuH13N 02: C, 69.09; H, 6.85; N, 7.32. 
Found: C, 69.28; H, 7.09; N, 7.12.

B e n z y l  a ce to h yd ro xa m a te  (N -a c e ty l-O -b e n z y lh y d r o x y la m in e )  
a n d  d ib e n z y l  a ce to h yd ro xa m a te . Sodium (23 g., 1 g.-atom) 
was dissolved in 600 ml. of absolute methanol, and a solu
tion of 34.75 g. (0.50 mole) of hydroxylair.ine hydrochloride 
in 500 ml. of absolute methanol was added to the sodium 
methoxide solution during a half hour period. The mixture 
was stirred during the addition and then chilled for 15 min. 
in an ice bath. Ethyl acetate (44 g., 0.50 mole) was added 
and the sodium chloride was removed by pumping the solu
tion under 2 p.s.i. of nitrogen through a sintered glass funnel. 
Three days later 750 ml. of methanol was removed by dis
tillation, and 100 ml. of water, 20 g. of anhydrous sodium 
carbonate, and 75.5 g. (0.60 mole) of benzyl chloride were 
added. To obtain a negative ferric chloride test it was neces
sary to stir this mixture for 2 days, and then reflux it 
briefly. The remaining methanol was removed by distil
lation, and the residue was acidified with 12V hydrochloric 
acid. The aqueous solution was extracted with four 100-ml. 
portions of chloroform. The combined chloroform extracts 
were washed with two 100-ml. portions of 5% sodium bicar
bonate. The weakly acidic hydroxamic acid ester was ex
tracted into two 100-ml. portions of 20% 3odium hydroxide 
while the neutral dialkyl hydroxamic aci.d ester remained 
in the chloroform solution. Removal of the chloroform and 
distillation of the product gave 10 g. (9%) of dibenzyl aceto
hydroxamate, b.p. 135-138° at 0.04 mm., m.p. 53-56°, 
which was recrystallized from ether-petroleum ether (b.p. 
30-60°), m.p. 5è-57°. v c - o  1670, v c - o  1260 cm. -1 in Nujol.

A n a l  Calcd. for C16H17N 02: C, 75.26; H, 6.71; N, 5.49. 
Found: C, 74.92; H, 6.56; N, 5.72.

The combined sodium hydroxide extracts were acidified 
with 12Ar hydrochloric acid, and the monoalkyl hydroxamate 
was taken up in two 100-ml. portions of chloroform. Removal 
of the chloroform and distillation of the resulting oil gave
58.7 g. (71%) of benzyl acetohydroxamate b.p. 124° at
0.07 mm., m.p. 46-48°, n 2D8 1.5343 on the supercooled liquid. 
i>n - h  3200, v c - o  1670, vAmide ii 1500, v c - o  1290 cm . -1  on 
the supercooled liquid.

A n a l .  Calcd. for C9H „N 02: C, 65.43; H, 6.71; N, 8.48. 
Found: C, 65.59; H, 6.75; N, 8.19.

n - P r o p y l  b e n zo h y d ro x a m a te  (N -b e n z o y l-O -n -p r o p y lh y d r o x y l-  
a m in e ). Platinum oxide (0.1 g.) was added to 7.4 g. (0.041 
mole) of allyl benzohydroxamate dissolved in 10 ml. of 95% 
ethanol and the mixture was shaken with 2 atm. of hydrogen 
in a Parr apparatus. Approximately 3.25 p.s.i. (0.038 mole) 
of hydrogen was taken up over a 6-hr. period. The catalyst 
was removed by filtration, and the ethanol was removed by 
distillation leaving 7.0 g. (93%) of a white solid. Recrj^stal- 
lization of this solid from ether-petroleum ether (b.p. 30- 
60°) gave a pure product m.p. 58-59°, mixed melting point 
with allyl benzohydroxamate 45-50°. Vacuum sublimation 
did not change the melting point. rN-H 3200, v c - o  1645, 
rAmide i i  1520, <-C- o  1300 cm. -1  in Nujol.

A n a l .  Calcd. for Ci0Hi3NO2: C, 67.01; H, 7.31; N, 7.82. 
Found: C, 67.11; H, 7.26; N, 7.65.

»-Propyl anisohydroxamate was also prepared by hydro
genation of allyl anisohydroxamate under these same condi
tions in 91% yield.

I n f r a r e d  sp e c tra . The following characteristic absorption 
peaks were observed in the infrared spectra of the V-acyl- 
O-alkylhydroxylamines reported here: In chloroform solu
tion ru-H 3450—3400 and 3300-3230, v c - o  1675—1660 and 
with the solid in Nujol or KBr m-H 3220-3160, i>c_o 1655- 
1630 cm. -1 were observed. A  weak band at 1530-1500 cm . -1 
appeared in all spectra and was considered to be similar to 
the amide II  band appearing in monosubstituted amides. 
The exact location of this absorption in the spectra of com
pounds which also contained an aromatic ring is uncertain. 
Four bands appeared in these spectra between 1600 and 1480 
cm-1. Three of these bands can be attributed to the aromatic 
ring and the other to Amide II. The band chosen as the 
amide II  band most nearly resembled in shape, location, 
and intensity the single band which appeared in this region 
with the aliphatic analogues. A comparison of the alkyl 
hydroxamates reported here with cjs-6-cycloper.tena(e)- 
tetrahydro-l,2-oxazin-3-oneu is interesting. The amide II 
absorption is absent from the latter compound and thus 
affords a parallel to the monosubstituted amide lactam case. 
A weak band at 1270-1310 cm. -1 attributed to C—O 
stretching also appeared. In the spectra of the dialkyl 
hydroxamates as pure liquids v c - o  1660-1670 and v c - o  
1270-1250 cm. -1 both strong bands were observed.

Moscow, I d a h o
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T h e R eso lu tion  o f  5 -A lly l- l-m e th y l-5 -( l-m e th y l-2 -p e n ty n y l)b a rb itu r ic  Acid

WILBUR J. DORAN 

R ece ived  M a r c h  11 , 1 9 6 0

Condensation o: diethyl allyl(l-methyl-2-pentynyI)malonate with methylurea gave a mixture of the a -  and /3-forms of
5-allyl-l-methyl-5-(l-methyl-2-pentynyl)barbituric acid. The a-form was conveniently prepared by condensation 
of ethyl allyl(l-methyl-2-pentynyl)cyanoaeetate with methylurea, followed by acid hydrolysis of the imino derivative (I). 

The /?-form was prepared by acid hydrolysis of 5-allyI-4-imino-l-methyl-5-(l-methyl-2-pentynyl)barbituric acid, which was 
prepared by iVRmethylation of 5-allyl-4-imino-5-(l-methyl-2-pentynyl)barbituric acid. The a-racemate was resolved a t the 
imino stage, while the /3-stereoisomers were obtained by allylation of d -  and Z-l-methyl-5-(l-methyl-2-pentynyl)barbituric 
acid. A study was made of the anesthetic activity of the enantiomorphs in relation to their chemical structure.

In the synthesis of a group of barbituric acids 
substituted at the 5-carbon with an acetylene 
containing side-chain, one was chosen for more ex
tensive study.1 This compound has undergone 
broad clinical investigation, and for this reason 
its chemistry is being reported.

The present work describes the preparation of 5- 
allyl-1- methyl - 5 - (1 - methyl - 2- pentynyl) barbit uric 
acid, and the resolution of its a -  and /3-forms into 
their enantiomorphs. Specific methods have been 
found for the preparation of the higher melting 
form, designated the a-form, and for the lower 
melting form, called the /3-form.

Condensation of diethyl allyl (l-methyl-2-penty- 
nyl) maionate with methylurea or the allylation 
of dZ-l-methyl-5-(l-methyl-2-pentynyI) barbituric 
acid (VIII) gave an oily mixture consisting of the 
two racemic forms. However, condensation of 
ethyl allyl(l-methyl-2-pentynyl)cyanoacetate with 
methylurea formed a relatively pure imino deriva
tive (I), which is designated as a-dZ-5-allyl-6- 
imino- l-methyl-5- (1 - methyl-2 - pentynyl) barbituri c 
acid (see Chart 1). The yield of I after one recrystal
lization from dilute ethanol was 75%, melting at 
86-88°, whereas the pure material melts at 92- 
94°. From I there was obtained by hydrolysis with 
dilute acid compound II, which has been desig
nated as a-dZ-5-allyl-l-methyl-5-(l-methyl-2- 
pentynyl)barbituric acid; when pure, II melts at 
96°.

The exclusive formation of the a-dZ-imino deriva
tive (I) and the resulting a-dZ-barbituric acid 
(II) results because the reaction of disubstituted 
cyanoacetic acid esters with alkylureas gives imino- 
barbituric acids in which the imino group is 
attached to a carbon atom of the ring which is 
adjacent to the alkylated nitrogen atom.2

Also, in the reaction of the sodium derivative of 
ethyl(l-methyl-2-pentynyl)cyanoacetate with allyl 
bromide, the composition of the resulting ester must 
be predominantly of one form.

However, the reaction of 5,5-disubstituted 4-

( 1 ) W. R. Gibson, W. J. Doran, W. C. Wood, and E. E.
Swanson, J .  P h a rm a c o l. E x p .  T h e r a p ., 125, 23 (1959).

(2) M. Conrad and A. Zart, A n n . ,  340, 326 (1905).

iminobarbituric acids with methyl iodide in a solu
tion of sodium in ethanol gives 5,5-disubstituted 4- 
imino-l-methyl barbituric acids.2

a - F o r m s . When a-(ZZ-5-al lyl-6-i mi no-1 -methyl-5- 
(l-methyl-2-pentynyl) barbituric acid (I) was 
treated with d-10-camphorsulfonic acid, the less 
soluble a-d-iminobarbituric acid-d-10-camphorsul- 
fonic acid salt (III) was obtained. Treatment with 
sodium bicarbonate solution gave the a-d-imino- 
barbituric acid (IV) (m.p. 96-100°, [a]|f +113.5°) 
which was hydrolyzed to the a-d-barbituric acid (V) 
(m.p. 104-106.5°, [a]x> +40.6°).

Filtrates from the recrystallization of the less 
soluble salt III were allowed to evaporate on the 
steam bath. Instead of obtaining the expected 
a-Z-imino base-d-10-camphorsulfonic acid salt, the 
a-Z-barbituric acid (Va) was isolated (m.p. 104- 
107°, [a]|f —40.0°). This obviously resulted from 
the hydrolysis of the imino compound and demon
strates its lability in strongly acid solution.

However, the a-Z-imino base (IVa) was obtained 
by treating the a-dZ-iminobarbituric acid (I) with 
half a molecular equivalent of d-10-camphorsul- 
fonic acid thereby separating the less soluble a -  
d-imino salt (III). The filtrate was treated with 
dZ-10-camphorsulfonic acid and the resulting a-Z- 
imino base-Z-10-camphorsulfonic acid salt (VI) 
was isolated. The a-Z-imino base (IVa) could also 
be purified by preparation of its hydrochloride 
salt (Vila).

The /3-enantiomorphs were obtained by resolu
tion of dZ-l-methyl-5-[l-methyl-2-pentynyl)- 
barbituric acid (VIII) by treatment with brucine, 
followed by reaction of the d- and Z-isomers with 
allyl bromide (see Chart 2). The /3-d- and /3-Z- 
acids prepared in this manner were slightly con
taminated with a-d- and a-Z-isomers respectively, 
and recrystallization of the reaction products gave 
the pure /3-d- and /3-Z-acids.

Neither/3-dZ-5-allyl-+imino-l-methyl-5-(l-methyl-
2-pentynyl) barbituric acid (XII) nor dZ-5-allyl-4- 
imino-5-(l-methyl-2-pentynyl) barbituric acid
(XIII), from which XII was prepared, formed a 
crystalline salt with d-10-camphorsulfonic acid.

Although the resolution of barbituric acids con-
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CHART 1
S y n t h e s is  o f  « - I s o m e r s

CH, CN
NaO CiH« I /

CíHjC ^C C H C H , +  NCCH2COjCjH5 -------------------------------------------->- CjHsC^CCHCH

0.5 mole dZ-RSOaH 

a-Z-Im ino B.A.-Z-RSOaH Salt
V I

\
\
a-Z-Im ino B .A . 

IV a

Va

H C l
---------------1
a -l- Im in o  B .A . HC1 Sa lt 

V i la

“ R S03H is 10-camphorsulfonic acid.

taming on asymmetric carbon has been reported,3'4 
the pharmacological data show only minor dif
ferences in the anesthetic potency of the enantio- 
morphs. However, in the compounds reported in 
this publication considerable differences were found 
in their anesthetic potencies (see Table I).

As mentioned above, the allylation of d - 1- 
methyl-5- (l-methyl-2-pentynyl) barbituric acid
(Xa) gave a mixture of /3-Z- and a-Z-acids, while 
Z-l-methyl-5-(l-methyl-2-pentynyl)barbituric acid
(X) gave a mixture of ¡3-d- and a-cZ-acids. This then 
shows that the configuration of the (l-methyl-2- 
pentynyl) side-chain is the same in the f$-l- and a -

(3) C.-M. Hsuc-h and C. S. Marvel, J .  A m .  C h em . S o c .,  
50, 855 (1928).

(4) E. C. Kleiderer and H. A. Shonle, J .  A m .  C h e m . S o c .,  
56, 1772 (1934).

TABLE I
An esth etic  P o ten cies  o f  th e  I som ers o f  5-A llyi.- 

1-m ethyl-5-( 1-m ethyl-2-pen ty n y l)ba rbitu ric  Acid 
(S odium  Sa lt) IV in  R ats

Com
pound

No. Isomer
AD50, 

Mg./Kg.
KDSO,

Mg./Kg.

Dura
tion,
Min

V a - d -  B.A. h 18 13
Va a-Z-B.A. 35 47 14
II a - d l-  B.A. 15 28 14

XI /9-d-B.A. 17 23 12
X Ia P -l-B.A. 7 15 13“
l ia 0 - d l - B .A . 10 19 14

“ Postanesthetic stimulant activity.

Z-acids (and in the /3-cZ- and a-d-acids), and the dif
ference between these two compounds must be at 
the 5-carbon atom of the ring.
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(A) S y n th e s is  o f  ß -E n a n l io m o r p h s

C l i ,

c 2H;c = c i H Br +  CH2(C02C2Hs)2

CHART 2
Sy n th esis  o p  /3-Isom ers

NaOC2H,
CH,

C2HsC=C<!)HCH(C02C Iie

f-l-CHj-5-Ra-B. A.-Brucine salt IX

I  HC1
¿-l-CHj-5-R-B.A. X

I  CH,=CHCH,Br

ß-d-B.A. -f- a-d-B.A.
XI V

(B) Synthesis of ß-dl-Acid (Ha)
CH,

d-l-CHj-5-R“-B.A.-Brucine salt IXa

j, h q

d-l-CHr-5-R-B.A. Xa

I  CH,=CHCH2Br

ß-1-B.A. + a-l-B.A.
X Ia Ya

° R is C^HsCs^CCHfCH,).

A striking difference in potency is seen between 
the /3-Z-acid (XIa) and the a-Z-acid (Va), in which 
the configuration of the (l-methyl-2-pentynyl) 
side chains is identical and that at the 5-carbon of 
the rings differ. This change in configuration at the
5-carbon results in a five-fold increase in potency 
of the /3-Z-form. Although the /S-Z-form is the most 
potent, its depressant action is accompanied by 
stimulating action making it less suitable for use 
as an anesthetic. Even though the a-Z-form is more 
potent than the a-dZ-form, the difference in potency 
is not sufficient to make the resolution commercially 
feasible. The a-dZ-barbituric acid has had extensive 
clinical use as an anesthetic.6

EXPERIMENTAL

The physical properties of the barbituric acid derivatives 
(with the exception of the starting materials) are listed in

(5) V. K. Stoelting, Current Researches Anesthesia & 
A n a lg e s ia , 3 6 , 49 (1957).

Tables II  and III. All of the melting points were taken by 
the capillary method, and temperatures are uncorrerted.

3-Hexyne-2-ol* was prepared by the reaction of ethyl- 
acetylenemagnesium bromide with acetaldehyde in 72% 
yield, b.p. 78-80° a t 60 mm., n 2D5 1.4445.

Anal. Calcd. for CeHmO: C, 73.42; H, 10.27. Found: 
C, 73.15; H, 10.33.

S-Bromo-3-hexyne. An ether solution of 3-hexyne-2-ol 
containing a catalytic amount of pyridine was treated with 
phosphorus tribromide. The bromide was obtained in 70% 
yield, b.p. 74-76° at 50 mm., n 2D5 1.4853-1.4858.

Anal. Calcd. for C«H#Br: C, 44.72; H, 5.63. Found: C, 
44.97; H, 5.78.

Ethyl{l-methyl-2-pentynyl)cyanoaeetate. An ethanol solu
tion of the sodium derivative of ethyl eyanoacetate was 
treated with 2-bromo-3-hexyne. The vield was 35%, b.p. 
104-107° at 5 mm., naD5 1.4483-1.4495“.

Anal. Calcd. for CnHuNO,: N, 7.25. Found: N, 7.06.
Ethyl allyl{t-methyl-2-pentynyl)cyanoacetate. An ethanol 

solution of the sodium derivative of ethvl(l-methyl-2- 
pentynyl)cyanoacetate was treated with allyl bromide. The

(6 ) 3-Hexyne-2-ol is listed with the “Special Acetylenic 
Chemicals” in the Farchan Laboratories price list A-4, 
April 1952.
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TABLE II
Physical P roperties of the «-Isomers

Com
pound

No. Compound M.P. M V t
Empirical
Formula

Nitrogen, %
Calcd. Found

I l l a-d-Imino B.A.4-d-RS03H c salt 215-217 + 30 .0 25 C24H 35N30 6S 8.51 8.30
VI «-Z-Imino B.A.-Z-RSCLH salt 210-213 - 2 8 .2 25 c 24h 35n 3o 6s 8.51 8.61
IV a-d-Imino B.A. 96-100 +  113.5 25 c 14h 19n 3o . 16.08 16.31
IVa a-Z-Imino B.A. 96-99 -1 1 3 .6 30 c 14h 19n 3o2 16.08 15.91

I a-dZ-Imino B.A. 92-94 C14H19N3O2 16.08 15.80
VII a-d-Imino B.A. HC1 214-216 + 9 .2 27 c 14h 20c in 3o2 14.11 13.88
V ila a-Z-Imino B.A. HC1 218 - 8 .2 28 c „h 20c in 3o2 14.11 13.24

a-dZ-Imino B.A. HC1 203 c 14h 2„c in 3o 2 14.11 13.84
V a -d -  B.A. 104-106.5 + 40 .6 31 c „ h 18n 2o 3 10.68 10.48
Va a-Z-B.A. 104-107 - 4 0 .0 28 C14HI8N203 10.68 10.44
II a -d l-Q . A. 96 c 14h 18n 2o 3 10 .68 10.83

« Concn. 5% in ethanol. 4 B.A. is 5-allyl-l-methyl-5-(l-methyl-2-pentynyl)barbituric acid. c 10-Camphorsulfonic acid.

TABLE III
P hysical Properties o f  the /3-Isomers

Com
pound

No. Compound M.P. [« IV t Formula
Nitrogen, %

Calcd. Found

IXa ri-l-CH-5-Rò-B. A.-brucine salt 135-150 — 50.4e’s 32 C34H40N4O7 9.08 8.86
IX Z-l-CH3-5-R-B.A.-brucine salt 103-110 -60.7= 29 C34H40N4O7 9.08 9.68
Xa + I-C H 3-5-R-B.A. 112-116 + 5 .0 30 c „ h I4n 2o 3 12.61 12.90
X Z-l-CH3-5-R-B.A. 114-118 - 5 .2 28 c „ h 14n 2o 3 12.61 12.36

VIII dZ-l-CH3-5-R-B.A. 89-92 ChH i4 î 2O3 12.61 12 .88
X II /S-dZ-imino B.A.e 142-143 C14H19N3O2 16.08 15.88
XI /S-d-B.A. 66-70 +  55.8 31 C14H18N2O3 10.68 10.45
XIa /3-Z-B.A. 68-70 - 5 6 .3 28 C14H 18N2O3 10 .68 10.72
Ha /S-dZ-B.A. 65-66 C14H 18N2O3 10.68 10 .68

X III 5-Ally l-4-NH=5-R-B. A. 233 C13H17N3O2 16.99 16.96

° Concn. 5% in ethanol. 4R is C2H5C=C CH (C H 3)— . c M d concn. 5% in chloroform. d M  3d —26.6° concn. 5% in ethanol. 
e B.A. is 5-allyl-l-methy]-5-(l-methyl-2-peritynyl)barbituric acid.

yield of ester was 92%, b.p. 105-115° at 1 mm., n 2D5 1.4582- 
1.4592.

A n a l .  Calcd. for C,4Hi9N 02: C, 72.07; H, 8.21; N, 6.00. 
Found: C, 71.80; H, 8.42; N, 6.21.

S y n th e s is  o f  a - iso m e r s . a - d l -S -A lly l-6 - im in o - l-m e th y l-B -  
( l - m e th y l-2 - p e n ty n y l) b a r b i tu r ic  a c id  (I). Ethyl allyl(l- 
methyl-2-pentynyl)cvanoaeetate was condensed with meth- 
ylurea by refluxing in a solution of two molecular equivalents 
of sodium in ethanol for 4 hr. Most of the ethanol was dis
tilled under vacuum, and the residue was dissolved in water. 
The aqueous solution was extracted with ether and acidified 
with acetic acid. The oil which separated crystallized on 
standing and was filtered. The «-cZZ-iminobarbituric acid (I) 
was rec.rystallized three times from dilute ethanol.

The hydrochloride of I was prepared in ether and recrystal
lized from acetone.

a -d l-B -A lly l- l - m e lh y l- 5 -{ l- m e th y l-2 - p e n ty n y l) b a r b i tu r ic  a c id  
(II). A mixture of 38 g. (0.15 mole) of the «-dZ-imino base
(I) , 20 ml. of coned, hydrochloric acid, and 380 ml. of water 
was refluxed with stirring for 1 hr. The a-iZ-barbituric acid
(II) separated as an oil that crystallized on cooling. I t  was 
filtered and recrystallized twice from dilute ethanol.

R e a c tio n  o f  a -d l-S -a l ly l -6 - im in o - l - m e th y l - 5 -{ l - m e th y l - 2 -  
p e n ty n y l)b a r b i tu r ic  a c id  w ith  d -1 0 -c a m p h o r su lfo n ic  a c id . A 
solution of 50 g. (0.19 mole) of I  in 100 ml. of acetone was 
added to a solution of 45 g. (0.19 mole) of d-10-camphor- 
sulfonic acid in 300 ml. of acetone. The less soluble n -d -  
imino base-d-10-camphorsulfonic acid salt (III)  was filtered 
and recrystallized twice from ethanol.

a -d -5 - A  lly l-6 - im in o -B -{  1 - m e th y l-2 -p e n ty n y l)b a r b i tu r ic  a c id
(IV). A suspension of 21 g. of I II  in water was neutralized

with a solution of sodium bicarbonate and the oil which 
formed crystallized. The solid was recrystallized twice from 
ethanol.

The hydrochloride (VII) of IV was prepared in ether and 
recrystallized from isopropanol.

a -d -S - A l ly l - l -m e th y l -6 - ( l - m e th y l - 2 -p e n ty n y l )b a r b i tu r ic  a c id
(V). The a-d-imino base (IV) was hydrolyzed in the same 
manner as the «-dZ-imino base (I). Recrystallization from 
dilute ethanol gave pure V.

a - l-B -A  l ly l-6 - im in o -5 -{  1 -m e th y l-2 -p e n ty n y l)b a r b i tu r ic  a c id  
(IVa). M e th o d  1. An acetone solution of the a-dZ-imino base
(I) was treated with half a molecular equivalent of d-10- 
camphorsulfonic acid. The less soluble salt I II  which formed 
was filtered. The filtrate containing the impure o-Z-imino 
base (IVa) was concentrated under vacuum to an oily 
residue. The hydrochloride (V ila) of IVa was prepared and 
recrystallized twice from isopropanol.

M e th o d  2 . The impure a-Z-imino base (IVa), as obtained 
above from the filtrate of the salt III, was purified by 
treating it with half a molecular equivalent of dZ-10-camphor- 
sulfonic acid in acetone solution. The «-Z-imino base-Z-10- 
camphorsulfonic acid salt (VI) precipitated and was filtered 
and recrystallized three times from ethanol.

The a-Z-imino salt obtained by either method 1 or 2 was 
neutralized with sodium bicarbonate solution and the base 
IVa recrystallized twice from dilute ethanol.

a-Z-5- Allyl-l-methyl-5-(l-methyl-2-pentynyl)barbituric 
acid (Va). M e th o d  1 . Evaporation to dryness on the steam 
bath of the acetone filtrate containing the more soluble 
a-Z-imino base-d-10-eamphorsulfonic acid ( I lia )  resulted in 
hydrolysis of the imino group giving the a-Z-barbituric acid
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(Va). The latter was recrystallized once from petroleum 
ether (b.p. 35-60°), once from methanol, and once from 
ethanol.

M e th o d  2 . The a-Z-imino base (IVa), obtained by method 
1 or 2 above, was hydrolyzed to Va as described for the 
a-cZZ-barbituric acid (II).

S y n th e s i s  o f  0 - is o m e r s . D ie th y l ( l -m e th y l - 2 - p e n ty n y l )m a lo n -  
ate . The sodium derivative of diethyl malonate was alkylated 
with 2-bromo-3-hexyne in alcohol solution. The ester was 
obtained in 77% yield, b.p. 123° at 7 mm., n2D5 1.4418- 
1.4423.

A n a l .  Calcd. for C13H20O4: C, 64.98; H, 8.39. Found: 
C, 64.79; H, 8.47.

d l- l - M e th y l -5 - ( l - m e th y l - 2 - p e n ty n y l )b a r b i tu r ic  a c id  (VIII). 
Diethyl(l-methyl-2-pentynyl)malonate was condensed with 
methylurea by refluxing in ethanol solution containing 2 
equivalents of sodium ethylate for 0.5 hr. The alcohol was 
distilled under vacuum, and the residue was dissolved in 
water and acidified with hydrochloric acid. The oil which 
separated crystallized on standing, and was filtered and the 
solid recrystallized twice from dilute ethanol.

R e a c tio n  o f  d l- l-m e th y l - 5 - ( l - m e th y l -2 - p e n ty n y l ) b a r b i tu r ic  
a c id  (VIII) w ith  b ru c in e . A solution of V III in absolute 
ethanol was added to a hot solution of an equimolecular 
amount of brucine in ethanol. After standing overnight, the 
less soluble Z-barbituric acid-brucine salt (IX) was filtered 
and recrystallized twice from absolute ethanol.

The filtrates from the less soluble salt (IX) were combined 
and concentrated, and the precipitate that formed was 
filtered and recrystallized once from methanol and once 
from ethanol giving the more soluble ¿-barbituric acid- 
brucine salt (IXa).

l - l-M e th y l -5 - ( l - m e th y l - 2 - p e n ty n y l )b a r b i tu r ic  a c id  (X). A 
suspension of IX  in water was acidified with hydrochloric 
acid. The precipitate which formed was filtered and recrystal
lized twice from dilute ethanol.

f } - d -5 - A l ly l - l -m e th y l-5 - { l-m e th y l-2 -p e n ty n y l)b a r b i tu r ic  a c id  
(XI). A mixture of an aqueous solution of the sodium salt of 
X and an equimolecular amount of allyl bromide was stirred 
for 17 hr. a t 40-50°. The oily product was separated from 
the mixture by ether extraction. The ether solution was 
extracted once with sodium bicarbonate solution and then 
with dilute sodium hydroxide solution. The solution of the 
sodium salt was acidified with acetic acid, and the oil which 
separated crystallized on standing. The /3-<Z-barbiturie acid 
(XI) was filtered and recrystallized three times from dilute 
ethanol.

Filtrates from the recrystallization of XI were allowed to 
evaporate and the precipitate that was obtained was 
recrystallized twice from dilute ethanol, m.p. 104-105°. I t 
was shown to be a-d-acid (V) when a sample mixed with 
authentic a-d-stereoisomer (V) showed no depression, m.p. 
104-106°; a sample mixed with the a-Z-stereoisomer (Va) 
showed a depression, m.p. 88-90°.

d - l -M e th y l -5 - ( l -m e th y l - 2 - p e n ty n y l )b a r b i tu r ic  a c id  (Xa). 
The d-acid was obtained from the more soluble brucine salt 
and was purified in a manner similar to that used for the 
Z-acid (X).

0-1-5-A  l ly l - l -m e th y l-5 -{  1 - m e th y l -2 - p e n ty n y l) b a rb itu r ic  ac id  
(XIa). The d-acid (Xa) was allylated in the same manner as 
the Z-acid (X). The product was recrystallized twice from 
dilute ethanol.

Filtrates from the recrystallization of X Ia gave some of 
the a-Z-acid (Va), which was identified by mixed melting 
point with authentic Va.

A lte r n a te  s y n th e s is  o f  0 - d l-5 - a l ly l- l - m e th y l- 5 - ( l -m e th y l- 2 -  
p e n ty n y l fb a r b itu r ic  a c id  (Ha). 5 - A U y l- ^ - im in o - 5 - { l -m e th y l- 2 -  
p e n ty n y l fb a r b itu r ic  a c id  (X III). To a solution of 23 g. (1 
mole) of sodium in 460 ml. of isopropyl alcohol was added 
45 g. (0.75 mole) of urea. The solution was cooled to 50° 
and 117 g. (0.5 mole) of ethyl allyl(l-methyl-2-pentynyl)- 
cyanoacetate was added. The solution was warmed at 60° 
for 4 hr. and then allowed to stand 92 hr. a t room tempera
ture. The isopropyl alcohol was distilled under vacuum, the 
residue was dissolved in water and the solution made 
neutral (pH 7.0-7.5) with dilute hydrochloric acid. The 
precipitate which formed was filtered and recrystallized twice 
from dilute ethanol.

0 -d l-5 -A lly l- i i .- im in o - l-m e th y l-5 - { l-m e th y l-2 -p e n ty n y l)b a r -  
b itu r ic  a c id  (XII). To a solution of 0.56 g. (0.024 mole) of 
sodium in 20 ml. of ethanol were added 6 g. (0.024 mole) 
of X III and 3.8 g. (0.024 mole) of methyl iodide. The solu
tion was allowed to reflux for 3 hr. The ethanol was distilled 
under vacuum and the residue was treated with water, 
giving an oily mixture. The mixture was neutralized with 
acetic acid and ether extracted three times. The ether solu
tion of la  was dried with anhydrous sodium sulfate and 
treated with hydrogen chloride in ether. The hydrochloride 
oiled out, but soon crystallized. I t was filtered, dissolved in 
water, and neutralized with sodium bicarbonate solution. 
The /3-dZ-iminobarbituric acid (XII) was recrystallized twice 
from dilute ethanol.

0 - d l -5 - A l ly l - l -m e th y l- 5 - ( l - m e th y l - 2 -p e n ty n y l) b a r b itu r ic  a d d  
(Ila). The hydrolysis of X II was carried out in a manner 
similar to tha t used for the a-dZ-imino base (I). The fi-d l-  
barbituric acid (Ila) was recrystallized twice from dilute 
methanol and once from dilute ethanol, m.p. 47-48°. The 
acid I la  was polymorphous for, on recrystallization from 
petroleum ether (b.p. 35-60°), it melted at 65-66°.
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S y n th esis  and R eaction s o f  4 -N e o p e n ty l-5 -t-b u ty l-l,2 -d ith io le -3 -th io n e

PHILLIP S .  LANDIS a n d  LYLE A. HAMILTON

R e ce ived  F e b ru a r y  2 9 , 1 9 6 0

The reaction of sulfur with triisobutylene at 200° yields exclusively 4-neopentyl-5-i-butyl-l,2-dithiole-3-thione. This 
compound has been characterized by physical and chemical analysis, including basic hydrolysis to 2,2-dimethylpropionic 
and 2,2-dimethyIvaleric acids. Chlorination of the thione followed by hydrolysis gives the ketone analog.

Olefins having methyl substituents or olefins 
which are easily converted to the methyl substi
tuted compound are known to react with sulfur and/ 
or phosphorus pentasulfide at elevated tempera
tures forming the pseudoaromatic l,2-dithiole-3- 
thiones. 1 An interesting example of this reaction 
is the formation of a mixture of 4-methyl-5-i- 
butyl-l,2-dithiole-3-thione and 4-neopentyl-l,2-di- 
thiole-3-thione by reaction of sulfur with diiso
butylene (a mixture of 2,4,4-trimethylpentene-l 
and 2,4,4-trimethylpentene-2) at 2 0 0 °.2 3 *

Triisobutylene is a readily obtainable olefin 
consisting primarily of 2,2,4,6,6-pentamethylhept- 
ene-3 and 1,1-dineopentylethylene.8 Since terminal 
olefins are isomerized to the methyl compound 
before reaction with sulfur in the formation of 1 ,2- 
dithiole-3-thiones, 1 reaction of triisobutylene with 
sulfur should give only 4-neopentyl-5-f-butyl- 
l,2-dithiole-3-thione, I.

CH, CH3

CH3—C—CH2—C=CH—C—CHs

CH3
I

CH3
I

c h 3

c h 3 c h 3

C H - C - C H — C -C H 2- C - C H 3

c h 3 c h 2
I

CH,
c h 3 c h 3

c h 3—c — —c = c —c h 2—c —c h 3 

c h 3 s  c = s  c h 3

I

with hydrogen sulfide. Unchanged triisobutylene 
was returned to the reaction flask by means of an 
efficient condenser. The reaction can be facilitated 
by the addition of preformed sulfurized triisobutyl
ene to the sulfur charge. This serves to reduce the 
viscosity of the sulfur and provides better olefin- 
sulfur contact, measurably increasing the rate of 
reaction.

Vacuum distillation of the product from this 
reaction gave a red oil distilling at 150-160° at 
1 mm. The distilled product had a refractive index 
(using the hydrogen red line) of 1.6475 and its 
empirical formula was C12H20S3. A 100-gram sample 
was fractionated under vacuum using a Piros- 
Glover spinning band column. Eighteen approxi
mately equal fractions were taken. Fractions 4-15 
(72% of the total distillate) had identical infrared 
spectra. Fractions 16-18 (10% of the total distil
late) showed a small band developing at 9.92 ¡x. 
If this contaminant is an isomer of the parent 
sulfur compound it must be present in less than

c h 3

c h 3- c — c  

c h 3
s  s

c h 3

c h 3

c — CH2—c —c h 3
I

c h 3

KOH

c h 3

c h 3- c — c = c — c h 2- c— c h 3
I

c h 3

c h 3

s
1
s
I

H

I
c = s
I

OK

i
c h 3

c h 3

-s

Reaction of triisobutylene with sulfur at 200° 
was carried out by dropping the olefin onto heated 
sulfur at atmospheric pressure. By-product hy
drogen sulfide was passed out of the condensing 
system and measured with a Wet Test Meter in 
which the water had previously been saturated

(1) B. Böttcher and A. Lüttringhaus, A n n . ,  557, 89 
(1945); A. Lüttringhaus, H. Koenig, and B. Böttcher, A n n . ,  
560, 201 (1947); N. Lozac’h, B u l l .  soc . c h im . F ra n c e , 840
(1949); B. Böttcher, B e r ., 81, 376 (1948); M. Voronkov, 
A. Broun, and G. Karpenko, J .  G en . C h e m . ( U .S .S .R . ) ,  
19, 1927 (1949).

(2) R. S. Spindt, D. R. Stevens, and W. E. Baldwin, 
J .  A m .  C h e m . S o c ., 73 , 3693 (1951).

(3) F. Whitmore, O rg a n ic  C h e m is tr y , D. Van Nostrand
Co., New York (1951), p. 49.
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5% of these fractions or less than 0.5% of the total 
distillate.

The structure of I is strongly supported by hy
drolysis with alcoholic potassium hydroxide, 
whereby two organic acids were obtained, 2,2- 
dimethylpropionic and 4,4-dimethylvaleric acids.

Further support of the structure is obtained from 
spectra. Only two types of protons are observed in 
the NMR spectra of I. The methyl peak occurs as 
a doublet with a chemical shift (with reference to 
water as an external standard) of 129 and 148 cps. 
The doublet results from two ¿-butyl groups with 
different environments. The methylene peak has a 
chemical shift of 66 cps. The CH3 to CH2 proton 
ratio is 8.4 to one.

Ultraviolet and infrared spectra of I were ob
tained and compared with the ultraviolet spectra 
of the analogs from diisobutylene. Strong absorp
tion maxima at 230, 248, 275, 321 and 414 mp are 
characteristic of the dithiole-3-thiones and attest 
to the aromaticity of this structure.

A comparison of the infrared spectra of I with
4-neopentyl-l,2-dithiole-3-thione and 4-methyl-5- 
¿-butyl-l,2-dithiole-3-thione was made. In all 
cases there is evidence for a carbon-carbon double 
bond, a thione group, and a carbon-sulfur bond.

Chlorination of I produced the dichloro-desthio 
derivative II which was readily hydrolyzed to 
the carbonyl compound III.

CH3 c h 3

I ICH3- C ---- C = = C - C H 2- C - C H 3
I I I  I

c h 3 s  c= s  c h 3
s

c h 3 c h 3
I 1 HOC H - C ---- C ^ = C - C H 2CCH3

CH3 S- ¿ - c i CH3 
s  ^ C 1 
II

c h 3 c h 3
I I

c h 3c — c = c - c h 2c c h 3 
I I I  I

c h 3 s  c = o  c h 3
s
III

I also undergoes reactions typical of 1,2-dithiole-
3-thiones. I t forms oximes and hydrazones with 
hydroxylamine and hydrazine reagents, quater
nary salts with alkyl halides, and well defined 
complexes with metal salts such as mercuric chlo
ride, silver nitrate, bismuth trichloride, antimony 
trichloride, stannic chloride, cadmuim chloride, 
and lead diacetates. Nitric acid cleaves the di- 
thiole ring yielding white solids which have not 
been characterized.

E X PER IM EN TA L

The stoichiometric equation for the preparation of 4- 
neopentyl-5-i-butyl-l,2-dithiole-3-thione is

Ci2Hm T  5 S — >• C12H20S3 T  2H2S

I t  was found expedient to catalyze the reaction with added 
sulfurized triisobutylene. This served to decrease the vis
cosity of the sulfur, provide better surface contact between 
olefin and sulfur, and measurably increased the rate of re
action. In addition, the catalyzed reaction gave little or no 
tarry residue.

P r e p a r a t io n  o f  /r n e o p e n ty l-5 -t-b u ly l- l,S -d ilh io le -3 ~ th io n e . 
C a ta ly ze d  re a c tio n . In a typical experiment 1280 g. of sulfur 
(40 moles) and 600 g. of sulfurized triisobutylene (from a 
previous run) were placed in a four-necked 5-1. flask fitted 
with an efficient condenser, a water-cooled stirrer, a ther
mometer, and a dropping funnel. A Wet Test Meter con
taining water saturated with hydrogen sulfide was con
nected to the condenser. With the flask contents heated at 
200-215°, 1344 g. (8 moles) of triisobutylene was added 
dropwise in 7.5 hr. Reaction was continued at 200° for 9 hr. 
and a total of 16.4 moles of hydrogen sulfide was evolved. 
The crude product was then vacuum distilled and the 
fraction (2476 g., 93% based on sulfur) boiling in the 
range 140-165° at 1-3 mm. was collected. The product con
tained 36.5% S and had a molecular weight of 255. Frac
tionation of 100 g. through a Piros-Glover spinning band 
column gave 75 g. of oil, b.p. 152° at 1 mm. An additional 
10 g., b.p. 157-159° at 1.3 mm., was obtained and was 
identical with the main fraction except for a small shoulder 
at 9.92 m in the infrared. Physical properties measured 
include d \ °  1.18 and n°° 1.6478.

A n a l .  Calcd. for CI2H20S3: C, 55.33; H, 7.74; S, 36.93; 
mol. wt., 260. Found: C, 55.14; H, 7.79; S, 36.74; mol. wt., 
265.

U n c a la ly z e d  re a c tio n . From 160 g. of sulfur and 168 g. of 
triisobutylene, treated as in the preceeding example except 
that 8.5 hr. reaction time was used after addition of the tri
isobutylene, there was obtained 147 g. (55%) of red oil, 
b.p. 155-185° at 1-3 mm.

A n a l .  Calcd. for C^H^S»: S, 36.93; mol. wt., 260. Found: 
S, 36.50; mol. w t . ,  255.

M e th y l  io d id e  a d d u c t o f  I. A solution of 3.0 g. of I  in 20 
g. of methanol mixed with 3.0 g. of methyl iodide gave yellow 
crystals on standing. Recrystallization from methanol gave 
pale yellow crystals, m.p. 159-161°.

A n a l .  Calcd. for Ci3H23S3I: S, 23.90; I, 31.54. Found: 
S, 22.59; I, 31.50.

M e ta l  co m p lexe s . M e r c u r ic  ch lo r id e  co m p le x . To a solution 
of 12 g. of I  in 30 ml. of acetone there was added 14 g. of 
mercuric chloride in 200 ml. of acetone. After stirring 5 
min. a heavy yellow precipitate formed. The precipitate was 
filtered, washed with hot acetone, and dried in a desiccator; 
yield, 20.5 g., m.p. 218-221 dec.

A n a l .  Calcd. for Ci2H20S3HgCl2: S, 18.08; Hg, 37.71. 
Found: S, 17.89; Hg, 39.00.

C a d m iu m  io d id e  co m p le x . The addition of 3.3 g. of cad
mium iodide in 100 ml. of isopropyl alcohol to a solution of
5.2 g. of I in 100 ml. of isopropyl alcohol gave 6.7 g. of a 
yellow precipitate. The precipitate was filtered, washed with 
solvent and dried, m.p. 145-148°.

A n a l .  Calcd. for (Cl2H20S3)2CdI2: S, 21.68; Cd, 12.68. 
Found: S, 21.10; Cd, 12 .2.

A number of other complexes have been prepared in
cluding ZnCl2-Ci2H20S3, m.p. 189-194°; PtCL,-2Ci2H20S3, 
m.p. 168-171°; and AgNO3-2Ci2H20S3, m.p. 145-149°.

P r e p a r a t io n  o f  II. Chlorination of 25 g. of I in 100 ml. of 
carbon tetrachloride maintaining the temperature at 30° 
by external cooling gave 25.5 g. of a light yellow solid, m.p. 
149-151°. Recrystallization from absolute alcohol raised 
the m.p. to 151-152°.

A n a l .  Calcd. for Ci2H20S2C12: S, 21.42; Cl, 23.70. Found: 
S, 22.1; Cl, 24.7.

P r e p a r a t io n  o f  4 - n e o p e n ty l-5 - t-b u ty l- l, %-dith io le -3 -o n e , III. 
The hydrolysis of the dichloro compound II  was accomplished 
by merely refluxing 200 g. of II  with 2000 ml. of water for 
32 hr. After discarding the acidic water layer the red residual
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oil was vacuum distilled collecting 92.5 g. of III, b.p. 132- 
135° at 0.6-0.8 mm.

A n a l . Calcd. for C12H20S2O: C, 58.98; H, 8.24; S, 26.23. 
Found: C, 59.13; H, 8.03; S, 26.06.

A lc o h o lic  h y d r o ly s is  o f  I. In a 4-1. flask there was placed 
260 g. of I, 1200 ml. of 20% potassium hydroxide and 1200 
ml. of 95% ethanol. This mixture was refluxed for 40 hr. 
and then carefully acidified with coned, sulfuric acid keep
ing the temperature below 50°. Copious amounts of hydro
gen sulfide were liberated on acidification and a small 
amount of sulfur was isolated by filtration. The acidified 
solution was separated and extracted with 1 1. of ether and 
the ether solution evaporated on a water bath at 60°. The 
residue, 140 g., was fractionated and gave two major 
acidic fractions: A, b.p. 149-152°, 36.2 g.; B, b.p. 179- 
185°, 30.5 g.

A was identified as trimethyl acetic acid by conversion 
first to the acid chloride, b.p. 135-140°, using thionyl 
chloride, and then to the anilide by refluxing with aniline, 
m.p. 131°, reported m.p. 129° for trimethylacetanilide.

A n a l .  Calcd. for CnHl5ON: N, 7.91. Found: N, 7.86.

The p-bromophenacyl ester of A (from 95% ethanol) 
melted at 75-76°, reported m.p. 76°.

A n a l .  Calcd. for C^HisCbBr: Br, 27.83. Found: Br,
27.78.

B was identified as 4,4-dime thy lvaleric acid by conversion 
to the amide and the anilide. B was refluxed with thionyl 
chloride and the acid chloride distilled. A solution of 5 
g. of aniline in 50 ml. of benzene was added to 5 g. of the 
acid chloride, the solution refluxed 30 min., washed with 
water, 10% hydrochloric acid and 10% sodium hydroxide, 
and finally concentrated to 20 ml. total volume. White 
crystals separated from solution and were recrystallized 
from ethanol, m.p. 141-142°. The reported melting point 
for 4,4-dimethylvaleranilide is 141°.

A n a l .  Calcd. for Ci3H i9ON: N, 6.82. Found: N, 6.83.
Conversion of the acid chloride of B to the amide with 

cold coned, ammonia gave white platelets, recrystallized 
from water, m.p. 139-141°; reported m.p. 140-141° for
4,4-dimethylvaleramide.

A n a l .  Calcd. for C7H15ON: N, 10.85. Found: N, 10.30.
P a u l s b o r o ,  N. J.

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  A p p l i e d  C h e m i s t r y ,  C o l l e g e  o f  E n g i n e e r i n g , U n i v e r s i t y  o f  O s a k a

P r e f e c t u r e ]

O rganic P olysu lfides. I I .1 P o lym orp h ism  in  D ibenzhyd ryl T etrasu lfide

JITSUO TSURUGI a n d  TAKESHIGE NAKABAYASHI 

R ece ived  M a r c h  11 , 1 9 6 0

Two polymorphs of dibenzhydryl tetrasulfide were found. Observations of mutual convertibility and of their melting 
behaviors and determinations of ultraviolet and infrared absorption spectra support the conclusion that the two forms are 
rotational isomers in the solid state.

Synthesis of a series of dibenzhydryl polysul
fides from mono- to hexasulfide was reported in 
the previous paper,1 in which the sulfur-sulfur 
linkages in these polysulfides were linear. Dibenzhy
dryl tetrasulfide had been prepared2 by conden
sation of two moles of the thiol with sulfur mono
chloride in carbon disulfide solution. The condensa
tion reaction was exothermic. When all the pro
cedures were carried out at temperatures below 
30° by cooling, white pillars (I) were obtained. 
On the other hand, when the reaction temperature 
exceeded 30°, a mixture of white pillars and pale 
yellow needles (II) was obtained. The higher the 
temperatures, the greater was the proportion of 
yellow needles. Recrystallization of a mixture of 
pillars and needles from a solvent mixture of ether- 
petroleum ether led to an increase in the proportion 
of II. After two recrystallizations the white pillars 
disappeared completely and all the crystals were 
composed of the yellow needles (II). Such poly
morphism was not found in other polysulfides prev
iously reported,1 e.g., dibenzhydryl tri- and tetra- 
sulfides and dibenzvl tri-, tetra-, and pentasulfides.

The ultraviolet absorption spectrum and molar

(1) P art I. J. Tsurugi and T. Nakabavashi,./. O rg. C h e m ., 
24,807(1959).

(2) J. Tsurugi and T. Nakabayashi, N ip p o n  K a g a k u  
Z a s s h i , 77,583(1956).

refraction of benzhydryl tetrasulfide II were re
ported in the previous paper.1 The spectrum of I 
overlapped with that of II within the experimental 
error. As II had1 linear .sulfur-sulfur linkages, by 
analogy, I would be expected to have the same 
sulfur linkages as II. Isomers such as III, IV and V 
are unlikely for the structure of I, as such a struc
ture should have a different ultraviolet absorption 
spectrum from that of the linear one. Moreover, 
if the polymorphism resulted from such branched 
type isomers, the other polysulfides should have 
similar polymorphs. As stated above, such poly
morphism could not be found in the other poly
sulfides.
(C6H5)2CHSSSCH(C6H6),

1
s

III
(C6H5)2CHS SCH(C6H 5)2

u
s s

Y

(C6H5)2CHSSSCH(CeH5)2

s
IV

The remaining possibilities are either that these 
polymorphs are rotational isomers of each other 
(possibility A) or that molecules having the same 
configuration aggregate to different crystal struc
tures I and II (possibility B). In order to decide 
whether the polymorphism of dibenzhydryl tetra
sulfide can be ascribed to possibility A or B, mutual
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Fig. 1 . A. Dibenzhydryl monosulfide. B. Dibenzhydryl 
disulfide. C. Dibenzhydryl trisulfide

D. Dibenzhydryl tetrasulfide (I). E. Dibenzhydryl tetra
sulfide (II). F. Dibenzhydryl pentasulfide

convertibility was attempted, and infrared absorp
tion spectra of I and II and of the related com
pounds were determined. X-ray diffraction patterns 
of I and II were also determined.

The melting point of II was in the range of 82-
830,1 while I began to melt at 73°, and in the range 
of 73-83°, solid remained mixed wdth melted sub
stance. I t melted completely at the same tempera
ture as the melting point of II, i.e., at 83°. However, 
when I was heated extremely slowly on the micro
scope hot stage, white pillars changed to pale 
yellow needles as soon as the former melted at 73°. 
The latter melted at 83°. This indicates that I was 
converted to II at 73°. Transformation of I to II 
was observed on recrystallization as stated above. 
The melt formed by heating I or II over 83° did 
not crystallize and remained as yellow viscous oil 
even after being kept at room temperatures. How
ever, when one pillar of I or one needle of II was 
added to the oil at the temperatures near 70°, 
the oil crystallized to yellow needles (II). Trans
formation from II to I was also successful by add
ing one pillar of I to a saturated solution of the 
melted compound in petroleum ether below 30°. 
Observations mentioned above indicate that two 
polymorphs are easily interconvertible, and II 
is more stable than I. Easy convertibility with 
each other again precludes the possibility of isomers

having branched sulfur chains. However, these 
observations do not decide whether possibility 
A or B is applicable.

Infrared absorption spectra of dibenzhydryl 
polysulfides, including I and II, were determined 
with a potassium bromide prism (12-25 n) and indi
cated in Fig. la-f. In general, assignment of C—S 
and S—S vibrations are considered to be difficult 
because of their very weak intensities and wide 
range of the absorptions and because of the tend
ency to be shifted easily by neighboring groups. 
Moreover, only a few examples in this range can 
be found in the literature. Therefore, it is necessary 
here to determine the spectra of the homologous 
compounds and to compare them with each other, 
in order to correlate an absorption band to a given 
structural bond. Of the three spectral bands which 
appeared in the range of 700-770 cm.-1 in Fig. 1, 
the central band near 716-727 cm.-1 can be cor
related with C—S vibration, and the other two to 
C—H out-of-plane deformations of monosubsti- 
tuted aromatic ring in benzhydryl group. The latter 
two are well defined as such3 and the former is ob
served in each spectrum of the polysulfides in
cluding the monosulfide. Moreover, no vibration

(3) J. L. 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 -  
cv le s , 2nd Ed., London, 1958, p. 350.
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except those of C—H out-of-plane deformations 
of phenyl groups can be expected with respect to 
dibenzhydryl polysulfides. Absorption bands in 
the region of 590-625 cm.-1 can be correlated with 
the dibenzhydryl group, because all these bands for 
each compound are observed in the same frequency 
except for those of the monosulfide. Moreover, 
infrared spectrum of dibenzhydryl ether was de
termined in potassium bromide region, and three 
bands (578, 601, and 617 cm.-1) were observed. 
Absorption bands near 500 cm.-1, which do not 
appear in the spectrum of dibenzhydryl ether, 
are correlated with C—S and S—S vibrations re
spectively, and that which does not appear in the 
spectrum for the monosulfide must be correlated 
to S—S vibration. The above considerations are 
summarized in Table I, in which some absorption 
bands are correlated to C—S and S—S bonds.

The identity period along the c axis of I and II 
were also determined by the x-ray rotating crystal 
method; these were 8.0 and 5.7 A for I and II 
respectively.

Whether possibility A or B is applicable to ex
plain the polymorphism may be decided by con
sidering the results obtained above and by refer
ring to some literature references on sulfur chemis-

TABLE I
A s s i g n m e n t  o f  C—S a n d  S—S V i b r a t i o n s  i n  D i b e n z 

h y d r y l  P o l y s u l f i d e s

C—S, 
Cm . -1

S—S, 
Cm . “ 1

[(CsH^CH^S 716.8 512.3 —

[(C6H6)2CH]2S 719.4 501.3 492.6
[(C6H 6)2CH].2S 716.3 500.5 486.1
[(CeH5)2CH]2S, I 726.2 511.8 487.8
[(C6H6)2CH]2S, II 714.3 501.3 491.4
[(C6H6)2CH]2S 725.7 506.3 489.5

try. Table I indicates that I and II have C—S and
S—S vibrations different from each other, and Fig. 
1 indicates that absorption bands of I have stronger 
intensities than those of II, in general. This dif
ference may be explained by an assumption that 
two polymorphs are rotational isomers of each 
other, and that II has better symmetry than I. 
Cymerman and Willis4 reported that weak S—S 
vibration was found in a spectrum of diphenyl 
disulfide, while the corresponding vibration could 
not be found in that of diphenyl disulphone be
cause of its symmetrical center. Woodrow, Car
mack, and Miller6 concluded from determination of 
dipole moments that n-hexadecyl tetrasulfide in 
benzene has three pairs of conformers, which result 
from rotation of S—S bonds. Thus, if one assumes 
that I is composed of one specific configuration 
among these conformers and II another, the slight

(4) J. Cymerman and J. B. Willis, J .  C h e m . S o c ., 1332 
(1951).

(5) C. C. Woodrow, M. Carmack, and J. G. Miller, J .  
C h em . P h y s . ,  19,951 (1951).

shift of the infrared absorption bands from I to 
II could be explained. The weaker intensities of 
bands of II than those of I could be attributed to 
a better symmetry of the former, while possibility 
B predicts nothing about the infrared spectra. 
The observations that the melted tetrasulfide does 
not crystallize even after long standing at room 
temperatures and that I, II, or their mixture is 
obtained depending on the temperatures during 
preparation are explained by assuming that poly
sulfides in liquid state or solution are in equi
librium of several configurations, and that the 
tetrasulfide can take two specific configurations 
depending on conditions under which it solidifies 
or crystallizes. The reason why benzhydryl tetra
sulfide has such rotational isomers in the solid 
state may be found in a similar example in the 
study of a series of polymethylene dihalides IX- 
(CH2)„X]. Brown and Sheppard6 found that tri
methylene diiodide alone has two solid rotational 
isomers, one stable (TT) and one metastable 
(TG) isomer, while no other polymethylene 
dihalides have such metastable solid isomers. 
In this case, the bulky iodine atoms located at 
both ends of the molecule and the specific chain 
length of methylenes may lead to a metastable solid 
rotational isomer. The same situation may hold 
for the series of benzhydryl polysulfides. The bulky 
benzhydryl end groups and specific sulfur chain 
length of the tetrasulfide may lead to such a meta
stable rotational isomer as well.

Palmer7 reported the configuration of sulfur 
monochloride, in which the dihedral angle between 
Cl—SS—Cl is near 100°. When the synthesis of 
benzhydryl tetrasulfide is carried out at lower tem
peratures, the product may be assumed to maintain 
the same or similar dihedral angles between 
<SiS2S3 and <SsS3S4 as that of sulfur monochloride. 
This configuration corresponds to I. On the other 
hand, at higher temperatures S—S bond rotation 
may occur owing to steric repulsion of each bulky 
dibenzhydryl group. This leads to a more coiled 
and more stable configuration, which corresponds 
to II. The x-ray diffraction pattern and infrared 
spectra which indicate better symmetry of II are 
in accord with the above assumption.

In summary, polymorphism of dibenzhydryl 
tetrasulfide may be interpreted as due to rotational 
isomerism, and all the experimental results and 
literature references cited support this assumption.

EX PER IM EN TA L

P r e p a r a t io n  o f  I. White pillars of I were prepared by con
densation of a slight excess of benzhydryl mercaptan (b.p. 
98-99°/0.03 mm.) and freshly distilled sulfur monochlo
ride.2 In a stream of nitrogen gas and protected against 
moisture, sulfur monochloride in carbon disulfide was

(6) J. K. Brown and N. Sheppard, P ro c . R o y .  S o c ., 231, 
555(1951).

(7) K. J. Palmer, J .  A m .  C h em . S o c ., 60, 2360 (1938).
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stirred into the mercaptan in carbon disulfide maintained 
ui a cooling bath below 30°. After standing for 4 hr., the 
solvent was evaporated under vacuum and the remaining 
oil was taken up in ether. The ether solution was stored in a 
refrigerator and white pillars were obtained from the yellow 
solution a few days later.

A n a l .  Calcd. for C26H22S4: C, 67.49; H, 4.79; S, 27.72. 
Found: C, 68.00; H, 4.86; S, 27.30.

P r e p a r a t io n  o f  II. Yellow needles of I I  were obtained by 
recrystallization of the white pillars from ether-petroleum 
ether (b.p. 33-46°). The analysis and physical properties 
of II, including ultraviolet spectrum, have been reported. 1' 2 
The ultraviolet spectrum of I  was identical with tha t of II 
within experimental error.

Infrared spectra of a series of dibenzhydryl polysulfides 
and dibenzhydryl ether in the range of potassium bromide 
were determined by using a Perkin-Elmer 21. Specimens 
were measured in a potassium bromide disk.

X-ray diffraction patterns of single crystals of I  and II  
were determined by the rotating crystal method. An iron

target was used (X =  1.93728 A), and the radius of the 
casset was 50 cm. Distances between equatorial line and 
first layer line and between the former and second layer 
line were 12 and 27.5 mm. respectively in the case of I, and 
those of I I 18 and 46 mm. respectively.
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S -A lk y lm ercap tosu ccin ic  A cids as Solid  D erivatives o f  O lefins, A lkyl B rom ides,
an d  M ereaptans

JOE G. HENDRICKSON1 a n d  LEWIS F. HATCH

R ece ived  M a r c h  2 1 , 1 9 6 0

Solid S-alkylmercaptosuccinic acids have been prepared from olefins, mereaptans, and alkyl bromides and their melting 
points and solubilities have been studied as a function of the structure of the alkyl group. These properties vary with struc
ture in a predictable manner. The acids are satisfactory solid derivatives for primary olefins and mereaptans and both 
primary and secondary alkyl bromides because of the ease with which the reaction can be effected, the good yields obtained, 
and the ease of purification. They have the added advantage of being acids; thus their neutralization equivalents may be 
obtained for confirmatory characterization.

In the present era of instrumental analyses by 
which compounds are characterized with scarcely 
a trace of chemistry, it may seem archaic to propose 
a new reagent for the preparation of a solid deriva
tive to be used as an aid in compound characteriza
tion. There are tunes, however, when a good crystal
line derivative is highly desirable, but hard to 
find. This is especially true with the olefins, mer- 
captans, and alkyl bromides.

2,4-Dinitrobenzenesulfenyl chloride2’3 is the most 
generally useful reagent fo r olefins4 5 and mer- 
captans.6 Other reagents which have been proposed 
include n itrosyl chloride, 4-mercaptobiphenyl,6 
other sulfhydral compounds,7 and silver 3,5- 
dinitrobenzoate plus iodine.8

(1) Dow Chemical Co. Fellow, 1951-52; American Oil 
Co. Fellow, 1953-54. Present address: Dow Chemical Co., 
Freeport, Tex.

(2) N. Kharasch, J .  C h e m . E d . , 33, 585 (1956).
(3) R. B. Langford and D. D. Lawson, J .  C h e m . E d . ,  

34, 510 (1957).
(4) N. Kharasch and C. M. Buess, J .  A m .  C h em . S o c .,  

71, 2724 (1949); (b) N. Kharasch and A. J. Havlik, J .  A m .  
C h em . S o c ., 75, 3734 (1953).

(5) H. Bohme and H. O. Stachel, Z .  A n a ly l .  C h e m ., 154, 
27 (1957).

(6 ) C. T. Lester, F. G. Rodgers, and E. E. Reed, J .  A m .
C h e m . S o c ., 6 6 , 1674 (1944).

The initial purpose of this investigation was to 
develop a satisfactory solid derivative for liquid 
olefins. The free radical addition of mercaptosuc- 
cinic acid to an olefin appeared to offer several 
desirable features. The reaction goes readily to 
give solid derivatives which are acids and can be 
titrated to confirm their identity. These deriva
tives also have the added advantage of ready 
synthesis by two independent methods. They can 
be formed by the free radical addition of the ap-
CHCOONa h +
|| +  RSH --------------------
CHCOONa

HSCHCOOH
I +  olefin

CHjCOOH

NaSCHCOONa
| +  RBr

CH2COONa

RSCHCOOH
I

CHsCOOH

(7) (a) G. Axberg and B. Homberg, B e r . ,  6 6 , 1193
(1933); (b) S. O. Jones and E. E. Reed, J .  A m .  C h e m . S o c ., 
60, 2452 (1937); (c) E. P. Kohler and H. Potter, J .  A m .  
C h e m . S o c ., 57, 1316 (1935); (d) W. H. Carothers, J .  A m .  
C h e m . S o c ., 56, 2008 (1935).

(8) B. I. Halperin, H. B. Donahoe, J. Kleinberg, and C. A. 
VanderWerf, J .  O rg. C h e m ., 17, 623 (1952).
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propriate mercaptan to disodium maleate and by 
the reaction of an alkyl bromide and the trisodium 
salt of mercaptosuccinic acid. These same reactions 
are also useful for the preparation of solid deriva
tives of alkyl bromides and mercaptans.

The various 5-alkylmercaptosuccinic acids pre
pared during this investigation and their physical 
properties are given in Table I.

Olefins. Prior to this work, cyclohexylmercapto- 
succinic acid was the only olefin derivative of 
mercaptosuccinic acid obtained directly from the 
olefin.9 This derivative was prepared by refluxing 
the olefin and mercaptosuccinic acid dissolved in 
acetic acid for ten hours or by irradiating the mix
ture for 117 hours using ultraviolet light. This did 
not appear to be a promising method for routine 
work.

The thermal addition of thioglycolic acid to 
olefins has been studied by Hoog and Eichwald.10 
The reaction was quantitative with primary 
olefins but low yields were obtained with highly 
hindered olefins. The free radical addition of thiol- 
acetic acid to cyclic olefins has been reported by 
Bordwell and Hewett.11

The addition of mercaptosuccinic acid to ole
fins was initiated by various compounds capable 
of furnishing free radicals under the prevailing 
reaction conditions. The reaction rates as a function 
of the catalyst were in the order: benzoyl peroxide > 
ascardole > a ,  a  '-bisisobutyronitrile >  peracetic 
acid. Benzoyl peroxide was used because of its 
greater catalytic activity. Methanol was the best 
reaction medium due to the solubility of the re
actants in it and its ease of removal from the reac
tion product.

Good yields of pure adducts were obtained with 
primary olefins. The 2-alkenes gave a mixture of 
two products which melted over a range of 5 to 
10° between the melting points of the 2-alky 1- 
and 3-alkylmercaptosuccinic acids. With 2-octene 
it was possible to isolate the 3-octyl isomer by 
recrystallization. The more highly hindered ole
fins such as 2,6-dimethyl-2-heptene and 2,4,4- 
trimethyl-2-pentene did not react; yet 2-methyl- 
2-pentene and 3-ethyl-2-pentene gave satisfactory 
yields. A mixture of equal amounts of 1-octene and
2,4,4-trimethyl-2-pentene gave a good yield of the 
n-octyl derivative. Polymers were formed with 
styrene, indene, and 2-phenyl-2-butene. Butyl 
vinyl ether and allyl alcohol apparently reacted, 
but solid derivatives could not be isolated. The 
following vinyl halides did not react: 2-chloro-2- 
butene, 2-bromo-2-butene, l,3-dichloro-2-butene, 
and /3-bromoslyrene. Allyl bromide apparently

(9) B. Weibull, A r h iv .  R e m i ,  M in e r a l i . ,  G eo l., 23-A, 
No. 18, 1947, p. 25.

(10) H. Hoog and E. Eichwald, R ee . Irav. c h in i ., 58, 481 
(1939).

(11) F. G. Bordwell and W. A. Hewett, J .  A m .  C h em .
S n c ., 79, 3493 (1957).

did not react, but allyl chloride gave a useful 
product in low yield (35%).

Mercaptans. The formation of 5-alky Imercapto- 
succinic acids by the addition of a mercaptan to 
disodium maleate followed the general procedure 
described by Chilcote12 and Bousquet.13

The present study was limited to the primary mer
captans between C< and C?, and nonyl, benzyl, and
3-phenylpropyl mercaptan. The yields were uni
formly high. Suitable derivatives could not be 
obtained from higher molecular weight mercaptans 
because of emulsion formation. Tertiary mer
captans did not react.

Alkyl bromides. 5-Alkvlmercaptosuccinic acids 
were obtained from twenty-one primary and 
secondary alkyl bromides and from two cyclohexyl 
bromides by reaction with trisodium mercapto- 
succinate. The highest yields were obtained from 
the primary bromides, but satisfactory yields were 
also obtained from the secondary bromides. Ter
tiary bromides did not produce products which 
could be isolated. The two cyclohexyl bromides 
gave low yields (6% and 9%). The reaction mix
tures were refluxed from four to twenty-four hours 
and the free acid was liberated by concentrated 
hydrochloric acid.

Recrystallization. The solubility of a number of
5-alkvlmercaptosuccinic acids was determined in 
toluene at 50°. Some of these solubilities are given 
in Table II and others are in Fig. 1. The data in 
Fig. 1 show that the solubility of the 5-alkylmer- 
captosuccinic acids is dependent upon the nature 
of the group attached to the sulfur atom forming 
the sulfide linkage. The 1-alkyl compounds are 
about twice as soluble as the 2-alkyl and several 
times more soluble than the 3-alkyl isomer. This 
difference in solubility has made it possible to 
separate 3-oetylmercaptosuccinic acid from its 
mixture with 2-octylmercaptosuccinic acid.

TABLE II
T h e  S o l u b i l i t y  o f  S - A l k y i . m e r c a p t o s u c c i n i c  A c i d s  i n  

T o l u e n e  a t  50.0°

RSCHCOOH

ilBCOOH

R

Grams per 
100 G. 

Toluene

1-Propyl 0.30
2-Butyl 0.46
Isobutyl 0.87
2-Methylbutyl 4.00
2-Methyl-2-butyl 0.14
2-Eth3'lbutyl 2.59
Octadecyl 3.70
Cyclohexyl 0.25
2-Cyclohexylethyl 1.90
3-Chloropropyl 0.67

(12) W. B. Chilcote, U. S. Patent 2,481,514 (1952).
(13) E. W. Bousquet, U. S. Patent 2,434,100 (1948).
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Position of sulfur otom on the alkyl group
Fig. 1. Influence of the type of alkyl group on the solu
bility of s-alkylmereaptosuccinic acid in toluene at 50.0°C.

The (S-alkylmereaptosuccinic acids retain both 
polar and nonpolar solvents very tenaciously. 
The best results were obtained by dissolving the 
derivative in diethyl ether and precipitating it with 
w-pentane. Usually one crystallization was suf
ficient to give an acceptable product, and the over
all recovery was about 70%. Compounds with a 
C12 or higher alkyl group were recrystallized from 
acetic acid. About twenty milliliters of solvent 
was used per gram of solid.

Melting 'points. The melting point of an S- 
alkylmercaptosuccinic acid is a function of the 
position of the substitution on the alkyl group 
(Fig. 2). The n-alkyl compounds have a melting 
point range of about 95° to 110°; the 2-alkyl isomers 
have a melting point range between 125° and 135° 
and the 3-alkyl isomers have a melting point range 
between 142 and 153°. There is the expected varia
tion in melting points of the straight-chain alkyl 
compounds with change in carbon content. Those 
with odd number of carbon atoms melt higher 
than the next higher, even numbered, homologue. 
There is also a correlation between melting point 
and the position of a methyl group on the alkyl 
group. There is a decrease of 7 to 10° in melting 
point as the methyl group moves from the 2 to 3 to 
4 positions in respect to the carbon-sulfur linkage.

The cycloalkylmercaptosuccinic acids have a 
melting point range of 142 to 153° when there are 
no alkyl groups adjacent to the carbon-sulfur link-

Fig. 2. Melting points of homologous ¡S-alkylmercapto- 
succinic acids

age. 2-Methylcyclohexylmercaptosuccinic acid has 
a melting point of 181°. 2-Cyclohexylethylmer- 
captosuccinic acid, however, melts at 117°.

Many of the melting points of the (S-alkylmer- 
eaptosuccinic acids reported by Chilcote12 are in
correct (Table I).

e x p e r im e n t a l

All melting points were taken using conventional melting 
point apparatus with calibrated Anschutz thermometers. 
All the reagents were commercial grade and used without 
further purification.

O le fin s . Two grams of mercaptosuccinic acid and 3 ml. of 
methanol were heated in a 10 X 75 mm. test tube until the 
acid had completely dissolved. The solution was cooled and 
1.00 ml. of olefin plus 0.10 g. of benzoyl peroxide were added. 
The test tube was tightly stoppered with a cork and shaken 
vigorously for 5 min. Because the olefin and methanol solu
tion initially formed a two phase system, it wTas necessary to 
use vigorous shaking to insure a high yield of derivative. 
The test tube w-as then allowed to stand at room tempera
ture until the desired amount of product had been formed. 
The crude crystals were washed into a 4 oz. bottle with 25 
ml. of water and then treated with 25 ml. of 6A7 hydro
chloric acid. The yield of product from this initial isolation 
was 1.3 to 1.9 g.

The crystals were recovered by vacuum filtration and 
washed with 25 ml. of 31V hydrochloric acid. They were 
dried for 15 min. on the filter and then for 12 hr. a t room 
temperature. One gram of the derivative was dissolved at 
room temperature in 10 to 15 ml. of diethyl ether; then, 
n-pentane was added until turbidity resulted. After ap
proximately 10% of the anticipated total amount of deriva
tive had crystallized, the material ŵ as filtered and the 
crystals discarded. n-Pentane was then added to the filtrate 
until essentially all of the derivative had crystallized. 
These crystals were filtered and were sufficiently pure for 
melting point determinations and analyses.

M e r c a p ta n s . The following materials were placed in a 50 
ml. Erlenmeyer flask: 20 ml. of 1.04/ disodium maleate, 2.0 
ml. of ethyl alcohol, 1.00 ml. of the mercaptan, and three 
or four boiling chips. The flask was equipped with a snugly 
fitting finger condenser and the contents were refluxed for 
2 to 4 hr. After the reaction mixture was cooled, the lower
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layer was separated and diluted with 10 ml. of eoncd. 
hydrochloric acid. The mercaptan derivative precipitated 
and was purified in the same manner as the products from 
the mercaptosuccinic acid-olefin reaction. The yield was 
usually in the range of 0.8 to 2.0 g.

A l k y l  b ro m id e s . The following materials were placed in a 
50-ml. Erlenmeyer flask: 1.00 ml. of mercaptosuccinic acid, 
2 ml. of n-propvl alcohol, 1.00 ml. of the alkyl bromide, 25 
ml. of 1.33.Y potassium hydroxide, and several boiling 
chips. The flask was fitted with a finger condenser and the 
mixture refluxed for 4 to 24 hr. If two lave'S were obtained 
upon cooling the reaction mixture, the aqueous layer was

extracted with an equal volume of re-pentane. Ten milli
liters of coned, hydrochloric acid was added to the aqueous 
layer and the precipitated derivative was recrystalhzed in 
the usual manner.

N e u tr a l i z a t io n  e q u iva len t. The S-alkylmercaptosuccinic 
acids were titrated with 0.07A7 8 potassium hydroxide to a 
phenolphthalein end-point in the presence of 5 ml. of ethyl 
alcohol and 40 ml. of water. The higher molecular weight 
derivatives (from 1-decene and higher) were titrated in a 
warm solution because of their limited solubility.

A u s t i n  12 , T e x .

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  c f  P h a r m a c o l o g y , T h e  H e b r e w  U n i v e r s i t y - H a d a s s a h  M e d i c a l  S c h o o l ]

S y n th esis  o f  6 -T hiou ric  Acid and Its  D erivatives1

GERSHON LEVIN ,2 ABRAHAM KALMUS, a n d  FELIX BERGMANN 

R ece ived  F e b ru a r y  I d ,  H )60

6-Thiouric acid and its derivatives are obtained in high yield and excellent purity by direct thiation of suitable 4-oxo-5,6- 
diaminopyrimidines and subsequent cyclization with urea. Phosphorus pcntasulfide attacks the 4-position selectively.

6-Thiouric acid (Ilia) is a substance of consider
able biological interest, because it represents the 
main metabolite of 6-mercaptopurine,3 a drug used 
for the treatment of leukemia. The synthesis of 
I lia  has proved a difficult task. Isolation of pure 
material from the reaction of uric acid with phos
phorus pentasulfide required the use of anion ex
changers,4’5 because of the formation of side- 
products, e.g. the participation of the 8-position 
in the reaction.5 These difficulties could be over
come if the mereapto group could be introduced 
at an earlier stage, i.e., before the purine ring is 
formed. Therefore, the thiation of appropriate 
pyrimidines, which—as far as we are aware—has 
not been studied previously, was attempted.

We have found that a smooth reaction takes 
place at the 4-keto group of 5.0-diaminopyrimidines, 
when heated with phosphorus pentasulfide. The 
difference in reactivity of the 2- and 4-keto groups 
of the aforementioned compounds is similar to the 
differences of reactivity7 of keto groups in equivalent 
positions in xanthines.6 Using this observation, 
the following syntheses were carried out: 1. 2,4-

(1) This work was supported in part by grant No. RG- 
6631 from the National Institutes of Hoalt i.

(2) Part of a Ph.D. thesis, submitted to the Faculty of 
Science, The Hebrew University, Jerusalem, 1960.

(3) (a) G. B. Elion, S. Bieber, and G. H. Hitchings, A n n .  
A'. F. A c a d . S c i . , 6 0 , 297 (1954); (b) L. Hamilton and G. B. 
Elion, .Iren. N .  Y .  A c a d . S c i . , 6 0 , 304 (1954); (c) G. B. Elion 
and G. H. Hitchings, F e d e ra tio n  P ro c ., 16 , 177 (1957).

(4) T. L. Loo, M. E. Michael, A. G. Garceau, and J. C. 
Reid, J .  A m .  C h e m . S o c ., 81, 3039 (1959).

(5) G. B. Elion, S. Mueller, and G. H. Hitchings, J .  A m .  
C h e m . S o c ., 81, 3042 (1959).

(6) (a) A. G. Beaman, J .  A m .  C h en ,. S o c ., 76, 5633 
(1954); (b) G. B. Elion, C ib a  F o u n d a tio n  S y m p o s iu m  o n  
C h e m is tr y  a n d  B io lo g y  o f  P u r in e s , London, J. & A. Churchill 
Ltd., p. 39 (1957).

Dihvdroxy-5,6-diaminopyrimidine (la)7 was con
verted to 2-hydroxy-4-mercapto-5,6-diaminopyrim
idine (Ila), the latter then being cyclized by fusion 
with urea to 6-thiouric acid (Ilia) in high yield. 
The product, as obtained, is practically pure, and 
can be easily recrystallized by acidification of a 
dilute solution of its sodium salt, without neces
sitating the use of an ion exchange column. 2. 
The same method, when applied to 1,2-dihydro-l- 
methyl-2 - oxo - 4-hydroxy-5.6-diaminopyrimidine
(lb) s gave 3-methyl-6-thiouric acid (Illb) in high 
yield and excellent purity. 3. Because of the great 
difference in reactivity of the 2- and 4-keto group 
in I, dithiation of la  or lb in a one-step reaction 
with phosphorus pentasulfide is not a suitable pro
cedure. Therefore, the following syntheses started 
with pyrimidines, already7 bearing a 2-thio group.

2-Mercapto-4-hydroxy7-5.6-diaminopyrimidine
(lc) 9 reacted smoothly with phosphorus penta
sulfide to give the dithio derivative (lie).10 The 
latter then was cyclized with urea to 2,6-dithiouric 
acid (IIIc). The spectral properties of our product 
are identical with those given by Elion, et al.f 
who have prepared this compound by interaction 
of 2,6-dichloro-8-hydroxypurine with thiourea,11 
but differ from the data reported by Xoell and 
Robins who obtained IIIc by7 thiation of 2-thiouric

(7) M. T. Bogort and D. Davidson, J .  A m .  C h em . S o c . ,  

55, 1667 (1933).
(8) (a) W. Traube, Ber. 33, 3035 (1900); (b) M. Polonov- 

ski, R. Vieillefosse, S. Guinand, and H. Jerome. B u ll .  S o c . 
C h im ., 80 (1946).

(9) (a) G. B. Elion, E. Burgi, and G. H. Hitchings, J .  
A m .  C h em . S o c ., 74, 411 (1952); (b) \Y. Traube. .4rere.. 331,71 
(1904).

(10) K. L. Dilie and B. E. Christensen../. .4m . C h e m . S o c ., 
76, 5087 (1954).

(11) P. C. Ray, G. C. Chakravarti, and P. K. Bose, 
J .  C h em . S o c ., 1957 (1923).
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TABLE I
P h y s i c a l  P r o p e r t i e s  o f  6 - T h i o u r i c  A c i d  a n d  I t s  D e r i v a t i v e s

Compound pH 1 Im
^maxj ni/Zj

pH 8 em pH 11 Rf“ Fluorescence4

6-Thiouric acid 260 8,550 244 10,700 235 17,980 0.28 Blue(Ilia ) 355 28,730 347 27,270 344 22,000
o-Methyl-6- 258 5,940 247 10,230 266 9,900 0 40 Blue

thiouric acid 358 23,960 357 26,730 344 20,990
(Illb )

2,6-Dithiouric 261 9,100 245 23,450 252 26,000 0.44 Blue
acid (IIIc) 298 2 1,10 0 283 20,100

366 17,800 357 19,000 352 13,200
3-Methyl-2,6- 262 11,030 255 24,180 241 13,420 0.57 Violet

dithiour.c 296 23,640 281 16,480 285 25,640
acid (H id ) 366 19,520 363 26,420 351 24,500

° Descending method. Solvent used: isopropyl alcohol, 65 vol.; dimethylformamide, 25 vol.; water, 10 vol. 4 Observed 
under a Mineralight ultraviolet lamp, emitting light of about 255 m*i.

acid1213 (see Table I). 4. The same series of 
reactions, when applied to l,2-dihydro-l-methyl-2- 
thio-4r-hydroxy-5,G-diaminopyrimidine (Id),14 led 
to 3-methyl-2,G-dithiouric acid (II Id) in 75% yield.

The spectral data and the Ilf values of the uric 
acid derivatives described are summarized in Table 
I.

O

HN

A n

n h 2
+ PA

n h 2

R
I

R
II

a. X =  O; R =  H
b. X = O; R = CH3
c. X = S; R = H
d. X = S; R = CH3

E X P E R IM E N T A L

2 - H y d r o x y -4 -m e r c a p to -5 ,6 -d ia m in o p y r im id in e  (Ila). 
Crude 2,4-dihydroxy-5,6-diaminopyrimidine (la), as ob
tained by reduction of the corresponding crude 5-nitroso 
derivative,7 (2.0 g.), and phosphorus pentasulfide15 (6.0 g.) 
in pyridine (100 ml.) were refluxed for 2.5 hr. with contin
uous stirring. The solvent was removed under reduced pres
sure and the residue decomposed by heating with water (50 
ml.) during 40 min. Upon standing overnight in the re
frigerator, brown crystals (1.5 g.) precipitated. By re
crystallization from dilute sulfuric acid, yellow prisms of the 
neutral sulfate of I la  were obtained, which decomposed 
slowly above 270°. For cyclization, however, the crude pre
cipitate is suitable.

A n a l .  Calcd. for CJM ^OS- ViHjSfVAHjO: c , 22.2; H,
3.7. Found: C, 22.5; H, 3.6.

6 - T h io u r ic  a c id  (Ilia ) . An intimate mixture of the diamine 
I la  (1.0 g.) and urea (1.5 g.) was heated for 20 min. at 180-

(12) C. W. Noell and R. K. Robins, J .  A m .  C h em . S o c ., 
81, 5997 (1959).

(13) We have observed that aqueous solutions of IIIc 
decompose, when standing at room temperature for about 
half an hour, as recognized by increasing turbidity. There
fore, spectral measurements require always the use of freshly 
prepared solutions.

(14 • W. Traube and F. Winter, A r c h . P h a r m ., 244, 11 
(19061.

(15i A gift of Oldbury Electro-Chemical Co., Niagara 
Falls, N. Y.

200°. The solid cake was dissolved in 5% sodium hydroxide, 
treated with Norit, and the filtrate acidified with dilute 
sulfuric acid. 6-Thiouric acid was obtained as yellow, micro
crystalline precipitate (1.0 g.; 90%). When a very dilute 
solution of this material in 5% sodium hydroxide was acidi
fied with dilute sulfuric acid, slow crystallization took place, 
yielding analytically pure I l ia  as 3'ellowish plates, dec. 
>300°. The product showed properties identical with those 
reported in the literature.4’5

1 .2 -  D ih y d r o - l-n ie th y l-2 -o x o -4 -m e r c a p lo -5 ,6 -d ia m in o p y r im i-  
d ii ie  ( lib ). Crude l,2-dihydro-l-methyl-2-oxo-4-hydroxy-
5,6-diaminopyrimidine ( lb )8 (1.5 g.), phosphorus pentasul
fide (5.0 g.) and pyridine (75 ml.) were refluxed for 4 hr. 
under continuous stirring. The starting material dissolved 
completely in the beginning and somewhat later the product 
( lib ) started to precipitate. After cooling, the crystals were 
filtered and boiled with water (30 ml.) for 15 min. Finally, 
the mercapto derivative was dissolved in 5% sodium hy
droxide and precipitated with glacial acetic acid: yield 1.0 g. 
(60%). For analysis the product was recrvstallized from 
dilute ethanol to give yellowish prisms, dec. >300°.

A n a l .  Calcd. for CiH8N4OS:C, 34.9; H, 4.7. Found: C, 
35.2; H, 4.7.

3 -M e th y l-6 - th io u r ic  a c id  (Illb ). An intimate mixture of the 
diamine ( lib ) (0.3 g.) with urea (0.45 g.), was heated to 180- 
195° for 20 min. The solid cake was dissolved in 5% sodium 
hydroxide, treated with charcoal, and the product precipi
tated by acidification with hydrochloric acid. Purification 
was effected by redissolving in sodium hydroxide and acidi
fication with glacial acetic acid. Pure I llb  consists of yellow
ish needles, which decompose >300°; yield 0.3 g. (75%).

A n a l .  Calcd. for C6H6N40 2S: C, 36.3; H, 3.0; N, 28.3. 
Found: C, 36.2; H, 3.1; N, 28.4.

2 ,4 -D i th io - 5 ,6 - d ia m in o p y r im id in e  (lie). 2-Mercapto-4-hy- 
droxy-5,6-diaminopyrimidine (Ic )9 (3.0 g.) and phosphorus 
pentasulfide (9.0 g.) in pj-ridine (150 ml.) were heated as de
scribed for Ila. Acidification of a solution of crude lie  in 5% 
sodium hydroxide with glacial acetic acid gave golden pris
matic needles; yield 2.4 g. (73%). The product proved 
identical with the product obtained from 2,4-dichloro-5- 
nitro-6-aminopyrimidine.10

2 ,6 -D ith io u r ic  a c id  (IIIc). Cyclization of lie  (0.5 g.) with 
urea (0.75 g.), as described above, gave 0.4 g. (69%) of 
yellow needles, dec. >300° The product was identical in 
every respect with the one described b}’ Elion, et a l .h

1 .2 - D ih y d r o - l - m e th y l-2 - th io - / f -h y d r o x y -5 ,6 -d ia m in o p y r im i-  
d in e  (Id ) .12 13 14 The method used deviates from the original 
procedure of Traube and Winter, 14 but gives better yields.
1 ,2-Dihydro-1-methyl-2-thio-4-hydroxy-6 - aminopyrimidine 
(4.2 g.) was dissolved in 5% sodium hydroxide (42 ml.), then 
sodium nitrite (2.3 g.) was added, and the mixture heated to 
40°. Under continuous stirring, glacial acetic acid (45 ml.) 
was added slowly, the bath temperature raised to 75° for 2
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hr. and to 100° for 10 min. After cooling, the greenish-violet 
5-nitroso derivative was filtered and, while still wet, was 
added portionwise with stirring to 80 ml. of water, kept at 
60-70°. Alternating with the nitroso compound, portions of 
sodium hydrosulfite were added in such a manner that com
plete reduction of each charge was effected before introduc
tion of a fresh lor of nitroso derivative. Upon cooling, the 
yellowish diamine (Id) crystallized in pclyhedric prisms, 
m.p. 278-280°; yield 3.5 g. (76%).

1 ,2 - D ih y d r o - l -m e th y l-2 ,4 -d i th io -5 ,6 -d ia m in o p y r im id in e  
(lid). Thiation of Id (2.0 g.) with phosphorus pentasulfide 
(7.0 g.) in pyridine (100 ml.) was carried out by the method

described above. lid  was obtained in yellow, prismatic 
needles, which decomposed above 300°; yield 1.9 g. (87%).

A n a l .  Calcd. for C5H8N4S2: C, 31.9; H, 4.3. Found: C, 
32.4; H, 4.5.

3 -M e th y l-2 ,6 -d ith io u r ic  a c id  (Illd ). Ring closure with urea 
was carried out as described above. By reprecipitation with 
5% sodium hydroxide and acetic acid, yellow plates de
composing above 300° were obtained; yield 85%.

A n a l .  Calcd. for C6H6N4OS2: N, 26.2. Found: N, 26.1.

J erusalem , I srael

[Co ntribution  from  th e  D iv isio n  of P hysical Scien ces , U n iversity  of C alifornia  at R iv e r s id e ]

S tereoch em istry  o f  th e  D esu lfu r iza tion  o f  T h iiran es w ith  M eth y l Iod id e1

GEORGE K. HELMKAMP and DAVID J. PET T IT T 2

R ece ived  A p r i l  11 , 1 9 6 0

The reaction of isomers of 2,3-dimethylthiirane with methyl iodide results in the formation of 2-butene, with greater than 
97% stereoselective desulfurization.

T h e  r e a c t i o n  o f  t h i i r a n e s  w i t h  m e t h y l  i o d i d e  

l e a d s  t o  t h e  f o r m a t i o n  o f  t r i m e t h y l s u l f o n i u m  

i o d i d e , 3 ’ 4  5 * * b u t  l i t t l e  i n f o r m a t i o n  h a s  b e e n  g i v e n  

i n  l i t e r a t u r e  c o n c e r n i n g  t h e  o l e f i n  f o r m e d  i n  t h e  

r e a c t i o n . 8  T h i s  d e s u l f u r i z a t i o n  h a s  b e e n  i n v e s t i 

g a t e d  w i t h  r e g a r d  t o  i t s  s t e r e o c h e m i s t r y ,  s i n c e  a  

p r o b a b l e  c y c l i c  s u l f o n i u m  i n t e r m e d i a t e  ( I )  w a s  o f  

i n t e r e s t  f o r  s t u d y i n g  g e n e r r d i z e d  t h i i r a n e  r i n g -  

o p e n i n g s .

W h e n  a s - 2 , 3 - d h n e t h y l t h i i r a n e  ( I I )  w a s  t r e a t e d  

w i t h  m e t h y l  i o d i d e  i n  r e f l u x i n g  a c e t o n e ,  cis-2- 
b u t e n e ,  i o d i n e ,  a n d  t r i m e t h y l s u l f o n i u m  i o d i d e  w e r e  

f o r m e d  i n  a p p r o x i m a t e l y  e q u i v a l e n t  a m o u n t s .  T h e

c h 3 c h 3

S'
H H 

II

+  3 CH3I
c h 3.

H

x :h 3

: = c
h
+ ,+ T-(CH3)3S 'I

(1) This research was supported by a grant from the 
Petroleum Research Fund administered by the American 
Chemical Society. Grateful acknowledgment is hereby made 
to the donors of said fund.

(2) Taken in part from the B.A. thesis o: David J. Pettitt, 
University of California at Riverside.

(3) M. Del6pi:ie and P. Jaffeux, C o m p t. re n d ., 172, 158 
(1921).

(4) C. J. Culvenor, W. Davies, and N. S. Heath, J .  
C h em . S o c ., 1949, 284.

(5) R. D. Schuetz and R. L. Jacobs, Abstracts of Papers
of the Division of Organic Chemistry, April, 1960. Mention
is made of the fact that 2-alkoxymethylthiiranes react with
methyl iodide to yield an olefinic compound corresponding 
to the thiirane employed.

p r o g r e s s  o f  s u c h  r e a c t i o n s  w a s  u s u a l l y  d e t e r m i n e d  

b y  g r a v i m e t r i c  a n a l y s i s  o f  t h e  s u l f o n i u m  h a l i d e  

w h i c h  p r e c i p i t a t e d  f r o m  s o l u t i o n .  A l t h o u g h  y i e l d s  

o f  b u t e n e  a n d  i o d i n e  w e r e  o c c a s i o n a l l y  h i g h e r  t h a n  

t h a t  o f  t h e  s a l t ,  m e a s u r e m e n t s  o f  b u t e n e  w e r e  

l i m i t e d  t o  v o l u m e  e s t i m a t i o n s ,  a n d  t i t r a t i o n  o r  

p h o t o m e t r i c  m e t h o d s  f o r  i o d i n e  w e r e  s o m e w h a t  

u n s a t i s f a c t o r y  b e c a u s e  o f  c h e m i c a l  i n s t a b i l i t y  o f  

t h e  a c e t o n e  s o l u t i o n s .  Y i e l d s  o f  s u l f o n i u m  i o d i d e  

v a r i e d  f r o m  a b o u t  1 5 %  t o  4 0 % ,  t h e  h i g h e r  v a l u e s  

a r i s i n g  f r o m  l o w  m e t h y l  i o d i d e / t h i i r a n e  r a t i o s  

i n  t h e  r e a c t i o n  m i x t u r e s .

T h e  e n t i r e  r e a c t i o n  s e q u e n c e  i n v o l v e d  t h e  c o n 

v e r s i o n s  c f s - 2 - b u t e n e - * - m e s o - 2 , 3 - d i m e t h y l o x i r a n e  

( m e s o - 2 , 3  -  e p o x y b u t a n e ) - » - «  s - 2 , 3  -  d i m e t h y l  t h i i r a n e  

— » - « s - 2 - b u t e n e .  T r a c e  c h r o m a t o g r a p h i c  a n a l y s i s  

s h o w e d  l e s s  t h a n  0 . 2 %  i n r o s - 2 - b u t e n e  i n  t h e  s t a r t 

i n g  o l e f i n  a n d  o n l y  1 . 6 %  i n  t h e  f i n a l  p r o d u c t .  

I n  a  s o m e w h a t  p a r a l l e l  s y n t h e t i c  s e q u e n c e ,  t h e  

m e s o - e p o x i d e  w a s  p r e p a r e d  f r o m  r e c r y s t a l l i z e d  

m e s o - 2 , 3 - b u t a n e d i o l ,  a n d  t h e  f i n a l  o l e f i n  w a s  f o u n d  

t o  c o n t a i n  3 . 0 %  / r a n . s - 2 - b u t e n e .  T h e  r e s u l t s  o f  

r e a c t i o n s  o f  meso- a n d  D L - i s o m e r s  a r e  g i v e n  i n  

T a b l e  I .  T h e  p r o c e s s e s  a p p e a r  t o  h a v e  a  h i g h  d e g r e e  

o f  s t e r e o s p e c i f i c i t y ,  f o r  t h e  s m a l l  a m o u n t  o f  c o n -

TABLE I
P roducts of D esu lfurization  of 2,3-D im eth y lth iira n es

Composition of
Thiirane
Isomer Source of Thiirane 1-

Butenes, 
c is -2-

% a
tra n s-'2 -

m eso cis-2-Butene 0 98.4 1 .6
m eso meso-2,3-Butanediol 0 97.0 3.0
DL Epoxide distilled from 

mixed isomers8 1.0 0 .6 98.4

“ Infrared spectra of the butenes showed no trace of iso
butylene. 8 Low-boiling fraction of Dow Chemical Co’s 
Butylene Oxides S.
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taminating isomer has arisen through an accumula
tion of racemized materials of a reasonably long 
series of synthetic intermediates. In the case of the 
DL-thiirane, the commercial mixed epoxide isomers 
used as starting materials contained major amounts 
of 1,2-epoxide and cis-2,3-epoxide, and distillation 
processes were ineffective for complete separation.

The low yields in the reactions can be accounted 
for by side reactions, the principal one probably 
involving molecular iodine and the thiirane, for 
iodine reacted quite rapidly with the thiirane in 
hydroxylated solvents such as ethanol or in ace
tone containing water.6 In these same solvents the 
desulfurization took place reasonably well, as 
indicated by formation of trimethylsulfonium iodide 
precipitate, but no iodine color developed until 
after prolonged reaction times. In very poor reaction 
solvents, such as saturated hydrocarbons, color 
again failed to develop. In this instance, it is pro
posed that the iodine never attained sufficient con
centration for detection, as the rate of its reaction 
with thiirane, although low, was considerably 
greater than its rate of formation.

A series of reaction intermediates proposed by 
Culvenor, Davies, and Heath4 accounts satisfacto
rily for the steric course of the desulfurization proc
ess if their diiodo compound (IV) is formed from 
its sulfonium precursor (III) with net retention of 
configuration, and this is followed by a trans- 
elimination. However, it is unnecessary to proceed 
as far as the dihalide, for the sulfonium precursor 
itself can lead directly to the appropriate alkene 
by an elimination reaction initiated by iodide ion 
attack on the secondary iodine atom.8'9

(6) Although bromine and chlorine have been shown to 
react with thiiranes,7 no mention is made of iodine.

(7) J. M. Stewart and H. P. Cordts, J .  A m .  C h em . S o c ., 
74,5880(1952).

(8 ) S. Winstein, D. Pressman, and W. G. Young, J .  A m .  
C h em . S o c ., 61, 1645(1939).

(9i J. Hine and W. H. Brader, Jr., J .  A m .  C h em . S o c ., 
77,361 (1955).

(10) C. E. Wilson and H. J. Lucas, J .  A m .  C h em . S o c ., 
58,2397(1936).

EXPERIMENTAL
m e s o -2 ,3 -E p o x y b u ta n e . m-2-Butene containing less than 

0.2 % of other butene isomers was converted by way of the 
chlorohydrin to as-2,3-epoxybutane according to the method 
of Wilson and Lucas10: yield, 30%; b.p. 58-60°, 735 mm.

In an alternate procedure, the meso-cpoxide was prepared 
from recrystallized meso-2,3-butanediol, m.p. 33.5-34.0°, 
by the same sequence of reactions previously used for the 
active isomer.11

d l - 3 ,3 -E p o x y b u ta n e . This epoxide isomer pair was isolated 
by fractional distillation of straight-chain butylene oxide 
isomers12 in a 2-meter column packed with glass helices: 
b.p. 53-54° (735 mm.). The original mixture of isomers 
contained about 40% each of meso-2,3-epoxybutane and
1,2-epoxybutane. As the desulfurization took place stereo- 
speeifically, the product composition (Table I) was con
sidered sufficient criterion of isomer purity. The conversion 
to thiiranes and treatment with methyl iodide actually 
served as a convenient tool for determining isomer distribu
tion in the epoxides.

3 ,3 -D im e th y lth iir a n e s . The c is  and tr a n s  isomers were pre
pared from the corresponding epoxides by the thiourea 
method of Bordwell and Andersen. 13 Yield and physical 
constants of the tr a n s  isomer were similar to those previ
ously reported for optically active 2,3-dimethylthiirane.14 
Redistilled c is  isomer gave the following constants: b.p. 
98.5° (735 mm.); n2D5 1.4684 (lit.,15 b.p. 51.0-51.5° a t 130 
mm. ;n 2D° 1.4765).

D e s u lfu r iz a t io n . Although the reaction between thiirane 
and methyl iodide could be carried out in the absence of 
solvent, the yields were low. Ordinarily, the two reactants 
were added to acetone and the mixture was allowed to stand 
a t room temperature, or the solution was refluxed in an ap
paratus designed for butene collection. In a typical reaction, 
to 20 ml. of dry acetone were added 5.0 g. of 2,3-dimethyl
thiirane and 24.5 g. of methyl iodide. The mixture was re
fluxed, and after 10-15 min. iodine color began to appear. 
The yield after 24 hr. of trimethylsulfonium iodide was ob
tained gravimetrically, of butenes volumetrically, and of 
iodine spectrophotometrically: trimethylsulfonium iodide, 
16% (1.9 g.); butenes, 41% (2.0 ml.); iodine, 36%. After the 
trimethylsulfonium iodide had been recrystallized three 
times from ethanol, it decomposed smoothly and com
pletely at 204-210° without any discoloration. Infrared 
and NMR spectra were consistent with the structure of the 
salt. Butene analyses were made on an Aerograph vapor 
phase fractometer.

When an identical reaction was carried out at room tem
perature, iodine color began to appear after 0.5 hr., and the 
yield of iodine after 24 hr. was only 7.4%. Under these 
conditions, the sulfonium salt, formed in 19% Held, showed 
traces of impurities, for some decomposition took place at 
100°. The bulk of the precipitate, however, exhibited the 
same features of decomposition as the trimethylsulfonium 
iodide.

R i v e r s i d e , C a l i f .

(11) G. K. Helmkamp, C. D. Joel, and H. Sharman, J .  
O rg. C h em ., 21,844 (1956).

(12) The authors are indebted to the Dow Chemical 
Co., Midland, Mich., for a generous sample of the mixed 
epoxide isomers.

(13) F. G. Bordwell and H. M. Andersen, J .  A m .  C h em . 
S o c ., 75,4959(1953).

(14) G. K. Helmkamp and N. Schnautz, T e tra h e d ro n , 2, 
304(1957).

(15) N. P. Neureiter and F. G. Bordwell, J .  A m .  C hem . 
S o c ., 81,578(1959).
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P o ten tia l A ntican cer A g en ts .1 X X X V III. A lk y la tin g  A gents R elated
to  P h en y la la n in e  M ustard. II

W. A. SKINNER, KAREN A. HYDE, HELEN F. GRAM, a n d  B. R. BAKER

[C o n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  B io l o g ic a l  S c ie n c e s , S t a n fo r d  R e s e a r c h  I n s t it u t e ]

R ece ived  M a r c h  4 , 1 9 6 0

Three alkylating agents related to phenylalanine mustard have been synthesized, namely, 3-Jwi-[bis(2-chloroethyl)amino]- 
phenyl¡-0-alanine (XI), 3-[4-[bis(2-ehloroethyl)amino]-3-chlorophenylj-DL-alanine (IV), and 3-{m-[bis(2-chloroethyl)- 
amino] phenyl ¡-V-formyl-DL-alanine (V I).

The increased selectivity of antitumor activity 
of phenylalanine mustard2-3 (I) over that of some 
of the other nitrogen mustards (HN2, Chloram
bucil, Nitromin) would- indicate that the phenyl
alanine moiety is a good carrier for alkylating groups. 
Replacement of the nitrogen mustard group of 
phenylalanine mustard with the diazonium group4 
gave a compound (II) effective against Ehrlich 
ascites and Leukemia L-1210 whereas 3-(p- 
diazoniumphenyl) propionic acid bisulfate III,5 
an analog of chlorambucil, was found to be in
active against Leukemia L-1210 and much less 
effective against Ehrlich ascites than was the 
diazonium compound derived from phenylalanine.

Biological test results6 on the meta-isomer of 
phenylalanine mustard (V)4 show that it has a 
more favorable chemotherapeutic index on Car
cinoma-755, Ehrlich ascites, and Cloudman mel
anoma S-91 than does phenylalanine mustard (I), 
that it is equally effective against Sarcoma 180, 
and Dunning rat leukemia,13 but that it is less 
effective against Leukemia L-1210.

Recently, the synthesis of 3-{p-[bis(2-chloro- 
ethyl)amino] phenyl}-/3-alanine (VII), the /3-amino 
acid isomer of phenylalanine mustard has been 
reported.7-8 * This compound was reported8 to 
inhibit completely the growth of the Walker-256

(1) This program is 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 not necessarily 
those of the Cancer Chemotherapy National Service Center. 
For the preceding paper of this series, c f. E. J. Reist, I. G. 
Junge, and B. R. Baker, J .  O rg. C h em . 25, 1673 (1960).

(2) F. Bergel, V. C. E. Burnop, and J. A. Stock, J .  
C h em . S o c ., 1223 (1955); F. Bergel and J. A. Stock, J .  
C h em . S o c ., 2409 (1954).

(3) L. F. Larinov, A. S. Khokhlov, E. N. Shkodinskaia, 
O. S. Vasina, V. I. Trusheikina, and M. A. Novikova, L a n c e t  
2 6 9 ,169(1955).

(4) H. F. Gram, C. W. Mosher, and B. R. Baker, J .  A m .  
C h em . S o c ., 81, 3103 (1959).

(o) W. A. Skinner, Helen F. Gram, and B. R. Baker. 
Paper X X X II of this series, J .  O rg. C h e m ., 25, 777 (1960).

(6) M. O. Greene, B. R. Baker, and J. Greenberg, manu
script submitted to C a n c er  R esea rch .

(7) N. G. Chernov, L. S. Yagushinskii, and A. Ya. 
Barlin, D o k la d y  A k a d .  N a u k  S .S . S . R . ,  126, 802 (1959).

(8 ) F. Bergel, J. M. Johnson, and J. A. Stock, C h e m . a n d
I n d . ,  47,1487 (1959).

X I X I I ,  R = OH X IV
X I I I ,  R = C l

tumor in rats when given at a dose of 20 mg./ 
kg. of animal weight. It also inhibited Sarcoma 
180 at a dose of 50 mg./kg. of animal weight.

T h i s  p a p e r  r e p o r t s  t h e  s y n t h e s i s  o f  3 - { m - [ b i s -  

( 2 - c h l o r o e t h y l )  a m i n o ]  p h e n y l } - / 3 - a l a n i n e  (XI) b y  

a  s y n t h e t i c  r o u t e  a n a l o g o u s  t o  t h a t  u s e d  i n  t h i s  

L a b o r a t o r y  f o r  t h e  s y n t h e s i s  o f  m e i a - p h e n y l -  

a l a n i n e  m u s t a r d 4  (V); h o w e v e r ,  a s  i s  u s u a l l y  e n 

c o u n t e r e d  w i t h  t h e  s y n t h e s i s  o f  n i t r o g e n  m u s t a r d s ,  

t h e  s e q u e n c e  h a d  i t s  i n d i v i d u a l  i d i o s y n c r a s i e s  

t o  b e  o v e r c o m e .  I n  a d d i t i o n  t o  XI, t w o  o t h e r  n i 

t r o g e n  m u s t a r d s  r e l a t e d  t o  p h e n y l a l a n i n e  m u s t a r d  

w e r e  s y n t h e s i z e d ,  n a m e l y ,  3 - { 4 - [ b i s ( 2 - c h l o r o e t h y l ) -  

a m i n o ] - 3 - c h l o r o p h e n y l } - D L - a l a n i n e  (IV) a n d  3 -
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\m -[bis(2 - chloroethyl)am ino] phenyl j - N  - formyl- 
DL-alanine (VI).

The synthesis of 3-(m-nitrophenyl)-/3-alanine-
(VIII) from m-nitrobenzaldehyde, ammonium ace
tate, and malonic acid according to the method 
used for the synthesis of (3-phenyl-^-alanine9 
gave VIII in 67% yield. Earlier attempts to pre
pare VIII by the method of Rodionov, et al.,w 
using m-nitrobenzaldehyde, aqueous ammonia, 
and malonic acid resulted in lower yields of VIII 
contaminated with m-nitroeinnamic acid. Paper 
chromatography11 proved to be useful in detecting 
whether samples of VIII were free of m-nitro- 
cinnamic acid. Compound VIII traveled with an 
R{ of 0.68 in solvent A and was ninhvdrin-positive 
while m-nitrocinnamic acid had an Rf of 0.91 in 
the same system when detected by its ultraviolet 
absorption.

3-(m-Nitrophenyl)-(3-alanine (Villj was con
verted to crystalline IX in quantitative yield using 
phthalic anhydride in pyridine followed by treat
ment with acetic anhydride. Esterification of IX 
with methanol saturated with hydrogen chloride 
afforded crystalline methyl jS-(m-nitrophenyl)-
l,3-dioxo-2-isoindolinepropionate (X) in 58% yield. 
Catalytic hydrogenation of X using 5% palladium 
on charcoal gave a quantitative yield of methyl 
8 - (m - aminophenvl) -1,3- dioxo -2-isoindolinepro- 
pionate (VIV) as a crystalline solid.

Hydroxyethylation of XIV with ethylene oxide 
in aqueous acetic acid afforded methyl /3-{m- 
[bis(2-hydroxyethyl)amino]phenyl} -1 ,3-dioxo-2- 
isoindolinepropionate (XII) in 85% yield as an 
analytically pure oil. This material traveled as a 
single spot (Rf 0.74) when chromatographed in 
solvent D u while the starting compound (XIV) 
had an R; of 0.59 in the same system. Chlorination 
of XII using thionyl chloride in refluxing chloro
form solution gave methyl 3- i m-[bis(2-chloro- 
ethyl lamino] phenyl} -1,3 - dioxo - 2 - isoindolinepro- 
pionate (XIII) in 49% yield. This compound 
traveled as a single spot (Rf 0.51) in solvent D on 
paper. The technique4 of dissociation of the hydro
chloride of XIII, produced upon chlorination of 
XII with thionyl chloride—namely, evaporation of 
a methanolic solution of the hydrochloride—- 
allowed the crystalline free base of X III to be ob
tained.

Previous experience in this laboratory with acid

(9) T. B. Johnson and J. E. Livak, J. Am. Chem. Soc., 
58,299(1936).

(10) W. M. Rodionov and E. Th. Malewinskaja, Ber., 
59,2952(1926).

(11) Paper chromatograms were run by the descending 
technique on Whatman No. 1 paper in solvent A, re-butyl 
alcohol-acetic acid-water (5:2:3); solvent B, re-butyl 
alcohol saturated with water; or solvent C, ammonium sul
fate-isopropyl alcohol-water (2:28:70); and on Schleicher 
and Schuell No. 2495 acetylated paper in solvent D, ben
zene-methanol-water (2:6:1). The compounds were detected 
by their ultraviole* absorption, and in the case of the amino 
acids, by the use of ninhydrin reagent.

hydrolysis of the A'-phthalyl blocked methyl ester 
of m-phenylalanine mustard was extremely useful 
in the hydrolysis of X III to XI. When X III was 
refluxed for three hours in concentrated hydro
chloric acid, the solution chilled and filtered to 
remove phthalic acid, then neutralized with 
sodium acetate to pII5, a yellow gum separated 
which could be extracted with chloroform. Con
centration of the chloroform extracts gave a sirup 
which on crystallization from acetone afforded 
3 - {m [bis (2 - chloroethyl) amino] phenyl j - ¡3 - alanine
(XI) as a white solid, m.p. 178-182°, in 45% yield. 
An analytical sample of XI, m.p. 185-188°, was 
obtained by solution of the crude solid in 20% 
hydrochloric acid followed by neutralization with 
sodium acetate to reprecipitate XI.

Ring chlorination of aromatic compounds often 
has a profound effect on their biological activities; 
hence, it was of interest to modify the structure of 
phenylalanine mustard by ring chlorination and 
determine what effect this had on its antitumor 
activity. In order to prevent over-chlorination 
and avoid the problem of separation of mixtures 
of mono- and dichlorinated mustard, I was chlorin
ated with one equivalent of sulfuryl chloride in 
acetic acid. From this reaction, a monochloro 
derivative of phenylalanine mustard, m.p. 166— 
173°, was obtained in 41% yield. As the amine 
group of I could be expected to control the orienta
tion of the incoming chlorine, the structure of the 
compound is probably 3-{4-[bis(2-chloroethyl) 
ammo]-3-chlorophenyl }-DL-alanine (IV). The ele
mentary analysis of IV would not allow one to 
distinguish it from the hydrochloride of phenyl
alanine mustard (I). That the compound isolated 
was not the hydrochloride wTas shown by the low 
ionic chloride value (0.45%). The absence of free 
carboxyl absorption in the infrared also supports 
structure IV as a zwitterion rather than the mustard
(I) hydrochloride with an unionized carboxyl.

Knunyants, Kil’disheva, and Golubeva12 re
ported the synthesis of AMormylphenylalanine 
mustard in 1956. The A—formyl derivative of l- 
phenylalanine mustard has been reported to be 
more effective on Dunning Leukemia than was 
phenylalanine mustard.13 Peptides of AWormyl- 
phenylalanine mustard have been synthesized and 
are reported to be less toxic then the parent mustard 
yet still showr decided antitumor activity.14

This paper reports the synthesis of 3-{m-[bis- 
(2-chloroethyl)amino] phenyl {-A^-formyl-DL-alanine
(VI) in 91% yield by treatment of m-phenyl-

(12) J. L. Knunyants, O. V. Kil’disheva, and N. E. 
Golubeva, Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Xauk, 
1956,1418.

(13) R. Jones, Jr., paper presented at the Clinical Sym
posium of the Cancer Chemotherapy National Service 
Center in Washington, D. C., Nov. 11, 1959; to be published.

(14) N. E. Golubeva, O. V. Kil’disheva, and J. L. Knun
yants, Doklady Akad. Nauk S.S.S.R., 119, 83 (1958); 
L. F. Larionov and Z. P. Sophina, Doklady Akad. Xauk 
S.S.S.R., 114, 1070 (1957).
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alanine mustard (V)4 with formic acid in acetic 
anhydride. The iV-formyl derivative (VI) was ob
tained as an analytically pure solid, m.p. 151-152°. 
The absence of any appreciable amount of m- 
phenylalanine mustard (V) as contaminant was 
shown by movement of VI as a single ninhydrin- 
negative spot (Rt 0.93) in solvent system A when 
spotted at 200 y whereas V could be detected at 
5 y using ninhydrin reagent and had an Rf of 
0.85 in the same solvent system.11

EXPERIMENTAL15

3-(m-Nitrophenyl)-0-alanine (VIII). A mixture of 30.2 g. 
(0.20 mole) of m-nitrobenzaldehyde, 20.8 g. (0.20 mole) 
of malonic acid, and 30.8 g. (0.40 mole) of ammonium ace
tate in 50 ml. of 95% ethanol was heated on a steam bath 
under reflux for 5 hr. The mixture was cooled to room tem
perature and filtered. The yellow solid was washed with 
20 ml. of 95% ethanol and the washings discarded. The re
maining solid was partially dissolved in 150 ml. of 2N 
hydrochloric acid at room temperature anc. the undissolved 
solid (m-nitrocinnamic acid) removed by filtration and 
washed with 10 ml. of water. The combined filtrate and 
washings were neutralized with 20 ml. of 15.V ammonium 
hydroxide solution. As the solution was cooled, a precipitate 
formed; yield, 28.0 g. (67%), m.p. 224-226° (lit.,10 m.p. 
226-227°); X™t, 4.75 (NH3+); 6.20 (aryl); 6.32, 7.12 
(COsri; 6.50, 7.35 (NO2); 12.1 (m-disubstituted benzene). 
The compound traveled as a single spot (R 0.68) in solvent 
system A11 and was ninhydrin-positive. The acid insoluble 
by-product, ?fi-nitrocinnamic acid, had an Rf of 0.91 in the 
same system when detected by its ultraviolet absorption.

The method of Radionov and Malewinskaja10 gave 20- 
30% yields.

0-(m-Nitrophenyl)-l,3-dioxo-2-i$oindolinepropionic acid
(IX) . A mixture of 9.42 g. (0.045 mole) of 3-(m-nitrophenyl)-
/3-alanine (VIII) and 6.62 g. (0.045 mole) of phthahc anhy
dride in 100 ml. of pyridine was refluxed until all the solid 
had dissolved (4 .5 hr.). The solution was concentrated in 
vacuo to a yellow oil which was dissolved in 30 ml. of acetic 
anhydride and refluxed for 10 min. The resulting solution 
was poured onto ice and acidified to pH 2 with coned, hydro
chloric acid. The gum which formed was triturated with 
the acid solution until solidification occurred; yield, 15.3 g. 
(100% ), m.p. 108-115°, of solvated crystals that -were pure 
enough for the next step. Several recrystallizations from 
chloroform-petroleum ether (b.p. 3 0 -60 °) gave an analytical 
sample, m.p. 158°; 5.63, 5.83 (phthaloyl and car
boxyl C = 0 ); 6.53, 7.42 (N02); 13.85 (phthaloyl). The 
compound traveled as one spot ( R t  0.95) in solvent system 
A11 (ninhydrin negative). In solvent D, IX traveled as a 
single spot ( R f  0.56). The starting materia) VIII had an R f  
of 0.66 in the same system (ninhydrin positive).

Anal. Calcd. for C17H12N2O6; C, 60.0; H, 3.55; N, 8.23; 
Found: C, 60.0; H, 3.44; N, 8.28.

Methyl 0-(m-nitrophenyl)-l,3-dioxo-2-isoindolinepropionate
(X) . To 20 ml. of methanol saturated with hydrogen chloride 
was added 3.05 g. (9.0 mmoles) of /3-(m-nitrophenyl)-l,3- 
dioxo-2-isoindolinepropionic acid (IX). The mixture was 
refluxed for 2 hr., then cooled to room temperature where
upon white crystals separated. The mixture was concen
trated in vacuo to about 10 ml., then chilled in ice to yield
1.86 g. (58%) of white solid, m.p. 117-121°, suitable for 
the next step.

An analytical sample was prepared by recrystallization 
from absolute ethanol, m.p. 116.5-118°; 5.75, 5.84
(phthaloyl and ester C = 0 ); 6.50, 7.38 (N02); 8.28 (ester

(15) Melting points were taken on a Fisher-Johns block 
and are uucorrected.

C—O—C); 13.78 (phthaloyl). The compound traveled as 
a single spot ( R ,  0.94) in solvent system Au and as a single 
spot ( R f  0 .26) in solvent svstem D .

Anal. Calcd. for C,SH„N20 6: C, 61.0; H, 3.98; N, 7.91. 
Found: C, 61.0; H, 4.15; N, 8.02.

Methyl 0-(m-aminophenyl)-l,3-dioxo-2-isoindolintpropio- 
nate (XIV). A mixture of 14.2 g. (0.040 mole) of methyl 0- 
(m-nitrophenyl)-l,3-dioxo-2-isoindoIinepropionate (X) and
1.5 g. of 5% palladium on charcoal (moistened with about 
10 ml. of methyl eellosolve) was suspended in 200 ml. of 
methanol and hydrogenated at 53 psig at room temperature 
until no more hydrogen was absorbed (2 hr.). The catalyst 
was filtered from the reaction mixture and washed well with 
methanol. The filtrate was concentrated in vacuo to a yellow- 
solid; yield 13.0 g. (100%), m.p. 130-132°, suitable for the 
next step.

An analytical sample, m.p. 131-133°, w-as obtained by re- 
ervstallization from methanol, then from chloroform- 
petroleum ether (b.p. 30-60°); X ^ ,  2.93, 2.99 (XH); 
5.63, 5.73, 5.82 (phthaloyl and ester C = 0 ); 6.21, 6.67 
(aryl); 8.27 (ester C—0 —C); 13.8 (phthaloyl). The com
pound traveled as a single spot (Rf 0.59) in solvent system 
D11 (ninhydrin negative).

A n a l .  Calcd. for C,8H16N20 4: C, 66.7; H, 4.97; N, 8.64. 
Found: C, 66.5; H, 4.92; N, 8.80.

Methyl 0- j m- [his{2-hydroxyethyl)amino]phenyl)-1,3-dioxo- 
2-isoindolinepropionate (XII). To a solution of 13.0 g. (0.040 
mole) of methyl 0-(ffi-aminophenyl)-l,3-dioxo-2-isoindoline- 
propionate (XIV) in 80 ml. of glacial acetic acid were added 
60 ml. of water and 22 ml. (0.44 mole) of ethylene oxide. 
The flask w-as stoppered and allowed to stand at room tem
perature for 24 hr. The solution was poured into 200 ml. 
of water and neutralized with solid sodium hydrogen car
bonate. The oil which separated was extracted with ethyl 
acetate, the extracts dried over anhydrous magnesium sul
fate, then concentrated in vacuo to a red-brown oil; yield, 
14 g. (85%); X“”M 2.95 (OH); 5.62, 5.72, 5.82 (phthaloyl 
and ester C = 0 ); 6.23, 6.63 (aryl); 8.50 (ester C—O—C);
9.30, 9.85 (C—OH); 12.81 (m-disubstituted benzene); 13.83 
(phthaloyl). The compound traveled as a single spot ( R f  
0.74) in solvent S3'stem D.n

Anal. Calcd. for C22H24N2O6: C, 64.1; H, 5.87; N, 6.79. 
Found: C, 64.0; H, 5.94; N, 6.63.

Methyl 0-{m-[bis(2-chloroethyl)amino]phenyl}-i,3-dioxo- 
2-isoindolinepropionate (XIII). To a solution of 19.0 g. 
(0.047 mole) of methyl /3-{m-[bis(2-hydroxyethyl)amino]- 
phenyl)-l,3-dioxo-2-isoindolinepropionate (XII) in 65 ml. 
of chloroform was added 9.0 ml. (0.124 mole) of thionvl 
chloride in 20 ml. of chloroform. This solution was refluxed 
for 2 hr. and then concentrated in vacuo to a dark sirup. 
Four 50-ml. portions of methanol were added and the solu
tion evaporated after each addition. After standing over
night under methanol, the sirup had solidified and was re
crystallized from ethanol to give 10.3 g. (49%) of a white 
solid, m.p. 105-111°, that was suitable for the next step.

A small portion was recr.ystallized three times from 
ethanol to give a constant melting solid, m.p. 115-116°; 
XlTi, 5.64, 5.74, 5.82 (phthaloyl and ester C=Oi; 6.22, 
6.67 (aryl); 8.32, 8.51 (ester C—O—C); 12.18 (m-disubsti- 
tuted benzene); 13.80 (phthaloyl); and no OH near 3 or
9-10 y. The compound moved as a single spot (Rt 0.51) in 
solvent 33-stem D .11

Anal. Calcd. for C22H22CI2N2O4: C, 58.7; H, 4.90; Cl, 15.8; 
N, 6.23. Found: C, 59.0; H, 5.15; Cl, 15.6; X, 6.43.

3-{m-[Bis(2-chloroethyl)amino]phenyl\-0-alanine (X I). A 
solution of 7.5 g. (0.021 mole) of methyl /3-{m-[bis(2-chloro- 
ethyl)amino]phen3-l) - 1,3 - dioxo - 2 - isoindolinepropionate
(XIII) in 75 ml. of coned, hydrochloric acid was refluxed 
for 3 hr. The solution was chilled in ice and the phthalic 
acid removed b3- filtration. The filtrate was neutralized 
with a saturated aqueous sodium acetate solution to pH 
5. The yellow gum which formed w-as extracted with three 
25-ml. portions of chloroform. The combined extracts were
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dried over anhydrous magnesium sulfate, then concen
trated in vacuo to a brown sirup. This sirup was dissolved in 
50 ml. of hot acetone and the solution allowed to stand 
overnight at room temperature. The white, powdery solid 
which had separated was collected and washed with ace
tone; yield 2.3 g. (45%); m.p. 178-182°. A portion of this 
solid was dissolved in 20% hydrochloric acid and neu
tralized with a saturated aqueous solution of sodium acetate 
causing a white solid to separate. The filtrate upon partial 
concentration in vacuo yielded an analytical sample of VII, 
m.p. 185-188°; 6.21, 6.30, 6.40 (NH3+, C02-, aryl);
6.63 (aryl, NH;+); 7.06 (C02_); 12.8 (m-disubstituted ben
zene): 13.5 (C—Cl). The compound (XI) traveled as a single 
ninhydrin and ultraviolet absorbing positive spot (R, 0.84) 
in solvent system A.11

Anal. Calcd. for C13H18CI2N2O2: C, 51.2; H, 5.92, Cl, 23.2; 
N, 9.18. Found: C 51.1; H, 6.06, Cl, 23.3; N, 9.20.

3- (4- [Bis(.S-chloroethyl)amino]-3-chlorophenyl}-vh-alanine
(IV). To a stirred suspension of 3.05 g. (0.010 mole) of 
3-jp-[bis-(2-chloroethyl)amino]phenylj-DL-alanine (I) in 
30 ml. of glacial acetic acid heated to 50° was added drop- 
wise in about 2-3 min. 0.85 ml. (0.010 mole) of sulfuryl 
chloride, maintaining the temperature between 50-55° by 
external cooling. Ten minutes after all the sulfuryl chloride 
had been added, the solution was concentrated in vacuo to 
5 ml., diluted with 10 ml. of water, and neutralized with 
saturated sodium acetate solution. The gum which separated 
was triturated with water until it solidified. Solution of 
the solid in 25 ml. of methanol and addition of water caused 
a dark gum to separate. After removal of this gum, further 
addition of water yielded a granular solid upon chilling; 
yield 1.4 g. (41%)", m.p. 166-173°; A™, 4.80 (NH3+);
6.09 (amino acid I); 6.65 (amino acid II); 6.31, 7.13 (C02_). 
The compound (IV) traveled as a single ninhydrin positive

spot (Rf 0.72) in solvent system C.11 The starting material
(I) traveled nearly the same (Ri 0.68) in that system.

Anal. Calcd. for CiaHnCUS^Ch: C, 45.9; H, 5.04; Cl,
31.3. Found: C, 45.5; H, 5.18, Cl, 31.3. An analysis for ionic 
chloride, carried out at 0°, gave 0.45%.

3-{m-[Bis(2-chloroethyl)amino]phenyl}-N-formyl-DL-ala- 
nine (VI). To a solution of 0.60 g (2.0 mmole) of 3-{m-[bis- 
(2-chloroethyljamino] phenyl }-r>ualanine (V) in 4 ml. of 
90% formic acid was added 1.2 ml. of acetic anhydride. 
The red colored solution was warmed at 50-55° for 30 
min. After cooling, the reaction mixture was diluted with 
20 ml. of water and the product slowly crystallized; yield; 
0.61 g. (91%), m.p. 145-150°. A sample for analysis was 
prepared by recrystallization from absolute ethanol, m.p.
151-152°; 2.99 (NH); 5.80 (acid C = 0 ); 6.19 (amide
C = 0); 6.64 (amide NH); 12.9 (m-disubstituted benzene). 
This compound (VI) traveled as a single spot (Rf 0.93) in 
solvent system A11 and had an Rf of 0.71 in solvent system 
B. The chromatograms were ninhydrin negative at 200 7 
while the starting amino acid (V) was detectable at 5 7 using 
ninhydrin reagent, thus showing less than 3% of (V) could 
have been present. Compound V had an Rf of 0.85 in 
solvent system A and R( of 0.48 in solvent system B.n

Anal. Calcd. for Ci4Hi8Cl2N20 3: C, 50.4; H, 5.42; Cl, 21.3; 
N, 8.40. Found: C, 50.5; H, 5.44; Cl, 21.0; N, 8.34.
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As part of a program concerned with the preparation of nitrogen mustards intended to exhibit biological specificity, the
8-bis(/9-chloroethyl)amino derivatives of xanthine, hypoxanthine, and adenine were synthesized.

In recent years large numbers of nitrogen 
mustards, i.e., compounds containing the bis- 
(d-chloroethyl)amino grouping, have been synthe
sized as potential antitumor agents. In the hope of 
increasing the biological specificity of these com
pounds the mustard group has been attached to 
various carrier molecules such as antimalarial 
drugs,3 amino acids4'5 steroids,6 * and carbohy
drates/ to name only a few.

(1) This work was supported, in part, by grants CY-3937 
and CY-2817 from the National Institutes of Health, Public 
Health Service.

(2) Present address, Monsanto Chemical Co., 
Everett, Mass.

(3) R. M. Peck, R. K. Preston, and H. J. Creech, J. Am. 
Chem. Soc., 81,3934 ( 1959).

(4) F. Bergel and J. A. Stock, J. Chem. Soc., 2409 (1954).
(5) F. Bergel and R. Wade, J. Chem. Soc., 941 (1959).
(6) W. J. Gensler and G. M. Sherman, J . Org. Chem., 23,

1227(1958).

In view of the hypothesis that double armed 
mustards exert their carcinostatic effects by react
ing with the phosphate groups of nucleic acids, 
thus causing cross-linking between adjoining double 
helices,8 it seemed of interest to synthesize com
pounds which would facilitate the likelihood of 
such cross-linking occurring.

This problem was approached in two ways, (a) 
by synthesizing 8,8'-bispurines,9 and (b) by syn
thesizing the 8-purinyl nitrogen mustards described 
in this communication. Incorporation of 8,8'- 
bispurines (or their deoxyribonucleosides) in neigh
boring deoxyribonucleic acid double helices might 
result in direct crosslinking, while incorporation of

(7) L. Vargha, L. Toldy, O Feher, S. Lendvai, J. Chem. 
Soc., 805 (1957).

(8) P. Alexander and S. F. Cousens, Biochem. Pharmacol., 
1,37(1958).

(9) H. G. Mautner, Abstracts, ACS Meeting, Cleveland, 
Ohio, April 1960.
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8-purinyl mustards might result in subsequent cross- 
linking by chemical reaction. The 8-position was 
chosen since bulky and reactive substituents in 
the 2- and 6-positions of purines would interfere 
with the hydrogen bonding required to form the 
Watson-Crick double helix, while the 9-position is 
required for deoxyribonucleosidation. Recently 
the synthesis of 5-bis(/3-chloroethyl)aminouracil, 
a compound with considerable antitumor activity,10 
has been reported. Here again the mustard group 
is attached in a position where interference with 
hydrogen-bonding or with ribonucleosidation is 
minimized. It would seem reasonable to assume 
that whenever reactive groupings are attached to 
metabolites to form “toxophorie antimetabolites,” 
these groups should not replace substituents re
quired for attachment to the receptor site but should 
be located in their vicinity.11’12

The following synthetic scheme was utilized:

CH2CH2OH
+  h î/

xc h 2c h 2oh

R
c h 2c h ,o h

soci,
CH2CH2OH >

R' N

•N
1 V

N 
H

-N
CH20H2C1/

xc h 2c h 2ci

R
—OH
—OH
—OH
—n h 2

R '
—OH
—n h 2
—H
—H

The reaction of 8-bromopurines with diethanol
amine proceeded smoothly in boiling ethylene glycol 
monomethyl ether under nitrogen. The 8-chloro- 
compounds were considerably less reactive. Re
action of the bis(/3-hydroxyethyl)amino com
pounds with thionyl chloride then yielded the 
desired mustards in the form of hydrochlorides. 
The only exception proved to be 8-bis(/3-hydroxy- 
ethyl)aminoguanine which, on being treated with 
thionyl chloride, did not yield the desired guanine- 
mustard. Considerable difficulties were encountered 
in obtaining analytical samples of all the bis- 
(d-chloroethyl) amino compounds reported on 
herein

Biological work with these compounds is now 
in progress and will be described elsewhere.

EXPERIMENTAL

8-Bromopurines. 8-Bromoadenine and 8-bromohypoxan- 
thine were prepared by the method of Kruger13 and 8-

(10) D. A. Lyttle and H. G. Petering, J. Am. Chem. Soc., 
80,6459(1958).

(11) B. R. Baker, Cancer Chemotherapy Kept., 1959, No. 
4, p. 1.

(12) H. G. Mautner, Yale J. Biol. Med., 32, 323 (1960).
(13) M. Kruger, J. Physiol. Chem., 16, 5 (1892).

bromoguanine and 8-bromoxanthine by the method of 
Fischer and Ruse.14

8-Bis(f}-hydroxyethyl)aminoadenine. A mixture of 5.3 g. 
(0.0248 mole) of 8-bromoadenine and 25 g. of diethanolamine 
in 50 ml. of ethylene glycol monomethyl ether was stirred 
mechanically and heated to boiling over a period of 20 hr., 
while being kept under nitrogen. The solvent was removed 
under vacuum and the residue extracted five times with 
25-ml. portions of hot acetone. Ethanol was added to the 
residual oil, and the resulting solid removed by filtration. 
Concentration of the combined washings and filtrate re
sulted in the separation of more material, the combined 
yield being 3.0 g. (50%). The product was recrystallized 
from hot water to yield a white powder melting at 245- 
249°.15 Ultraviolet spectrum. pH 1, Xmaï 300 my, emax 
16,700.

Anal.™ Calcd. for C9HhN60 2: C, 45.36; H, 5.92; N. 35.27. 
Found: C, 45.58; H, 6.01; N, 35.13.

8-Bis(f)-hydroxyethyl)aminohypoxanthine. This material 
was obtained from 8-bromohvpoxanthine and diethanol
amine in 49% yield and recrystallized from water to yield 
delicate white needles m.p. 250-255° dec. Ultraviolet spec
trum. pH 1, Xmax 260 mp, emai 16,800.

Anal. Calcd. for C9HI3N60 3.H20: C, 42.01; H, 5.87; N, 
26.22. Found: C, 42.18; H, 5.94; N, 25.78.

Water could be removed by heating the sample at 170° 
for 30 seconds.16

Calcd. for C9H13N50 3: N, 29.28. Found: N, 29.30.
8-Bis(i3-hydroxyethyl)aminoguanine. This compound was 

obtained in 89% yield by the reaction of 8-bromoguanine 
with diethanolamine in methyl cellosolve and recrystallized 
from a large volume of water; m.p. 321° dec. Ultraviolet 
spectrum. pH 1, Am»* 253 mp, emal 17,000.

Anal. Calcd. for C9HhN60 3: C, 42.51; H, 5.55; N, 33.05. 
Found: C, 42.59; H, 5.61, N, 32.96.

8-Bis((l-hydroxyethyl)aminoxanthine. This compound was 
obtained in 47% yield by the reaction of 8-chloroxanthine 
with diethanolamine in methyl cellosolve and recrystallized 
from water; m.p. 246° dec. Ultraviolet spectrum. pH 1, 
Amal 299 mp, emax 101,000.

Anal. Calcd. for C9H13N60 4: C, 42.35; H, 5.13; N, 27.44. 
Found: C, 42.37; H, 5.28; N, 27.32.

8-Bis(f3-chloroethyl)aminoadenine hydrochloride. A mixture 
of 0.4 g. (0.001678 mole) of 8-bis(|3-hydroxyethyl)amino- 
adenine, 10 ml. of thionyl chloride, and 0.5 ml. of dimethyl- 
formamide in 30 ml. of chloroform was refluxed under ni
trogen for 3 hr. The solvent was removed under vacuum 
and the residue dissolved in absolute ethanol which -was 
saturated with anhydrous hydrogen chloride. After cooling, 
0.5 g. (85.5%) of white product was obtained and recrys
tallized four times from ethanol-ether, m.p., 155-162°. 
Ultraviolet spectrum. Methanol, Xmal 295 mp, emax 15,900.

Anal. Calcd. for CgHuCbNe: C, 31.02; H, 4.05; N, 24.11; 
Cl, 40.73. Found: C, 30.95; H, 4.61; N, 24.19; Cl, 39.28.

8-Bis(f3-chloroethyl)aminohypoxanthine hydrochloride. This 
material was obtained from 8-bis(/3-hydroxyethyl)amino- 
hypoxanthine and thionyl chloride in chloroform in 88% 
yield and recrystallized from ethanol-ether to yield white 
crystals m.p. 190-193° dec. Ultraviolet spectrum. Meth
anol, A max 271 mp, emax 14,600.

Anal. Calcd. for CsFffiNsCbO-'/MUO: C, 33.61; H, 3.91; 
N, 21.77, Cl, 33.07. Found: C, 33.43; H, 4.04; N, 21.68; Cl, 
33.44.

8-Bis(0-chloroethyl)a7ninoxanthine hydrochloride. This ma-

(14) E. Fischer and L. Ruse, Ann., 221, 342 (1883).
(15) All melting points are uncorrected.
(16) Microanalyses were performed at Midwest Micro

labs, Minneapolis, Ind., and Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y.
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terial was obtained by an analogous procedure in 19% yield Anal. Calcd. for C9Hi2Cl3N50 2: C, 32.89; H, 3.68. Found: 
and recrystallized from ethanol-ether to yield white crystals, C, 33.14; H, 3.94. 
m.p. 155° dec. Ultraviolet spectrum. Methanol, Xmax
296 mu, emal 13,000. N ew  H a ven , C o n n .

[Co ntribution  from  th e  I n st itu ts  of I ndustrial  M e d ic in e , N ew  Y ork  U n iv e r sit t  M edical C e n t e r ]
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The epoxidation of squalene, isosqualene and tetracyclosqualene was examined. It is shown that epoxidation of squalene 
with peracetic acid proceeds stepwise. Di-, tetra- and hexaepoxysqualenes and diepoxytetracyclosqualene were isolated 
and studied. Some of the lead tetraacetate cleavage products of the diols derived from these epoxides were identified.

In a recent report from this laboratory3 the iso
lation and identification of squalene and isosqual
ene from cigarette smoke condensate was de
scribed. In view of the possibility that epoxides 
of squalene and isosqualene, which may also be 
present in cigarette smoke, may exhibit biological 
activity, these compounds were prepared. The rate 
of epoxidation of squalene and the preparation and 
examination of squalene epoxides are described in 
this report. These compounds are currently being 
examined for carcinogenic activity to mouse skin. 
In the course of this work isosqualene and tetra
cyclosqualene were prepared and some properties 
and reactions of these compounds were studied.

Raymond4 utilized the autoxidation of benzalde- 
hyde to epoxidize a number of unsaturated com
pounds including squalene. The products of the 
epoxidation were not isolated or identified.

Some studies on the rate of the peracetic acid 
oxidation of squalene were carried out in our work. 
Squalene was epoxidized at —12° with chloroform 
as solvent. Two moles of peracid are consumed 
within fifteen minutes; another two moles of per
acid are consumed only after two hours. For con
sumption of the last two moles of peracid it was 
necessary to allow reaction to proceed at 3° over
night.

Squalene was then treated with two, four, and 
six moles of peracetic acid in three experiments. 
The diepoxy product could not be purified as such. 
The crude product was catalytically hydrogenated 
and then purified by molecular distillation. The 
product had the correct analysis for diepoxyocta- 
hydrosqualene. From the other two experiments 
there were obtained a tetra- and a hexaepoxy- 
squalene. Tetraepoxysqualene absorbed two moles

(1) Aided by a grant from the American Cancer Society, 
Inc., New York.

(2) Presented in part at the Meeting-in-Miniature of 
the American Chemical Society, Brooklyn, N. Y., March 20, 
1959.

(3) B. L. Van Duuren and F. L. Schmitt, Chem. & Ind. 
(London), 1006 (1958).

(4) E. Raymond, J. chim. phys., 28, 480 (1931).

of hydrogen to give a product which had the cor
rect analysis for tetraepoxytetrahydrosqualene. 
The crude epoxides showed in their infrared ab
sorption spectra weak bands in the hydroxyl and 
carbonyl regions indicative of impurities. The pure 
distilled epoxides showed no absorption in the 3 p 
and 6 p regions but showed bands between 7.95 
and 8.08 p characteristic for 1,2-epoxides.5 Other 
infrared bands which are known to be character
istic for 1,2-epoxides6 7 ~8 e.g., at 11.0,11.7 and 12.1 p, 
do not appear in the squalene epoxides.

Early attempts to purify the epoxides by chroma
tography on acid washed alumina or on florisil 
were unsuccessful. The chromatographed products 
were usually viscous yellow sirups which showed 
intense hydroxyl (3 p) and carbonyl (5.8 p) absorp
tion in the infrared spectra.

Epoxidation of squalene with six moles of per- 
benzoic acid gave a product which from its ele
mentary analysis was a mixture of the tetra- and 
hexaepoxides. The product decomposed on vacuum 
distillation but by molecular distillation gave a 
liquid tetraepoxide. The hexaepoxide could not be 
obtained in pure form by the perbenzoic acid oxi
dation. Carbonyl, hydroxyl and aromatic absorp
tion in the infrared spectrum of the crude products 
suggested oxirane ring opening to hydroxybenzoate 
structures and possibly rearrangement reactions 
to keto-carbonyl-containing products. Filler and 
co-workers9 studied the nature of these side re
actions in the epoxidation of 1-substituted cyclo
hexenes.

Because of the difference in the rate of consump
tion of two, four, and six moles of peracid it became 
of interest to examine the partly epoxidized prod

(5) H. Tschamler and R. Leutner, Monatsh., 83, 1502 
(1952).

(6) R. A. G. Carrington, Anal. Chem., 31, 1117 (1959).
(7) W. H. Patterson, Anal. Chem., 26, 823 (1954).
(8) M. L. Brey and P. Tarrant, J. Am. Chem. Soc., 79, 

6533 (1957).
(9) R. Filler, B. R. Camara and S. M. Naqvi, J. Am. 

Chem. Soc., 81, 658 (1959).
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ucts in more detail. Several workers10-12 have re
ported poor yields of tetrahydroxystearic acid from 
the hydrolysis of the corresponding epoxy com
pound. With monoepoxy compounds, quantitative 
yields are usually obtained. Similarly, it was found 
in the present work that when the squalene epoxides 
were treated with aqueous acid, products were ob
tained which from their infrared absorption spectra 
contained carbonyl impurities. The viscous, resin
ous products could not be purified and were cleaved 
directly with aqueous lead tetraacetate. The alde
hydes and ketones obtained were examined by 
paper chromatography of their 2,4-dinitrophenyl- 
hydrazones and by the ultraviolet absorption spec
tra of the eluted spots. Quantitative recovery 
studies on the 2,4-dinitrophenylhydrazones of 
acetone and formaldehyde using these procedures 
showed that these derivatives can be recovered 
quantitatively. Hexaepoxysqualene gave only 10% 
of the expected yield of acetone. The hydrogenated 
di- and tetraepoxides each gave in different ex
periments 5 to 8.5% yields of acetone, assuming 
that in these two epoxides the double bonds at the 
ends of the squalene molecule were epoxidized. 
Both the di- and tetraepoxides gave traces of 
formaldehyde. Both these epoxides gave promi
nent high Rf spots suggesting the presence of the
2,4-dinitrophenylhydrazones of long chain carbonyl 
compounds. These results do not exclude the pos
sibility that the di- and tetraepoxides are mixtures 
in which different double bonds have been epoxi
dized. Such random epoxidation appears unlikely 
because of the rate data. The double bonds in squa
lene are all the same [C—CH=C(CH3)—C, trans] 
and should be equally susceptible to epoxidation. 
On the other hand, the double bonds at the ends 
of the squalene molecule may be more accessible 
and therefore epoxidize more rapidly. A similar 
observation was made in a study of the epoxidation 
of linolenic acid.10b In linolenic acid, the double 
bonds are in the 1,4-position from each other and 
in squalene they are in the 1,5-position. One would 
not expect considerable electronic effects from 
an epoxide group in diepoxylinolenic acid or in di- 
or tetraepoxysqualene upon the rate of epoxida
tion of the remaining double bonds in these com
pounds. Such electronic interaction probably does 
account for the epoxidation of 1,3-butadiene to 
give exclusively a monoepoxide.13’14

Using Heilbron’s procedure15 isosqualene was

(10) (a) D. Swern and G. B. Dickel. J. Am. Chem. Soc., 
76, 1957 (1954); (b) D. Swern and W. E. Parker, J. Org. 
('hem., 22, 583 (1957).

(11) A. F. Mackav and A. R. Bader, J. Org. Chem., 13, 
75 (1948).

(12) T. G. Green and T. P. Hilditch, Biochem. J., 29, 
1552 (1935).

(13) D. Swern, J. Am. Chem. Soc., 69, 1692 (1947).
(14) D. Swern, Chem. Revs., 45, 1 (1949).
(15) I. M. Heilbron, E. D. Kamm, and W. M. Owens, 

J. Chem. Soc., 1630 (1926).

obtained in this study from the isomeric hexa- 
chlorosqualanes by treatment with pyridine. The 
products were the same from both the hexachloro- 
squalanes by refractive indices and infrared spectra. 
It was found in this work that hexachlorosqualane 
is also readily dehydrohalogenated on a column of 
activated alumina to give a product which is very 
similar to isosqualene by its infrared absorption 
spectrum and refractive index. The absence of 
cyelized materials in isosqualene was established 
by quantitative hydrogenation with a rhodium- 
on-alumina catalyst (with platinum as a catalyst 
hydrogenation was much slower). Six moles of 
hydrogen were absorbed. Iodine values also in
dicated six double bonds, i.e., very little or no cy- 
clized material is present. Squalane obtained by the 
hydrogenation of squalene was identical in in
frared spectrum, density, and refractive index with 
that obtained from isosqualene.

A pure hexaepoxide of isosqualene could not be 
obtained. The product invariably decomposed on 
attempted molecular distillation. The crude epoxide 
was treated with dilute sulfuric acid and then 
cleaved with lead tetraacetate. Paper chromatog
raphy of the 2,4-dinitrophenylhydrazones indi
cated the presence of both formaldehyde and ace
tone. This result is expected from the infrared 
data concerning the positions of the double bonds 
in isosqualene.10 11 12 13 14 15 16

In the course of his studies, Heilbron15 fcund 
that squalene on treatment with 98% formic acid 
gave a new viscous high boiling liquid, named 
tetracyclosqualene, which from its iodine absorp
tion was concluded to have only two double bonds. 
Biichi17 proposed structure I for this compound.

In our experiments, it was found that tetra- 
cyclosqualene absorbs two moles of iodine and in a 
quantitative hydrogenation, two moles of hydrogen 
were absorbed. A Kuhn-Roth analysis gave 2.5 
carbon-methyl groups. Low carbon-methyl values 
were also obtained for squalene and isosqualene 
by Dauben and co-workers.16 Epoxidation of tetra- 
cyclosqualene with peracetic acid gave a viscous oil 
which had the correct analysis for diepoxytetra- 
cyclosqualene.

The infrared absorption spectrum shows only 
very weak carbon-carbon double bond absorp
tion in the 6 p region. A band at 12 p is suggestive 
of trisubstituted ethylenic structures. There is no

(16) W. G. Daubon, H. L. Bradlow, N. K. Freeman, 
D. Kritchevskv, and M. Kirk, J. Am. Chem. Soc., 74, 4321
(1952).

(17) See L. ltuzieka, Expericnlia, 9, 357 (1953).
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absorption at 11.25 p, suggesting the absence of 
terminal methylene structures.

Further information about the structure of 
tetracvclosqualene was obtained by comparison 
of the NMR spectra of squalene and tetracyclo- 
squalene in carbon tetrachloride solution. The 
spectrum of squalene shows the signals from the 
three types of protons in this molecule at 95 (= C — 
CH3), 118 (= C —CH2—) and 300 cps. (=CH) 
relative to tetramethylsilane as internal reference. 
Tetracyclosqualene showed peaks at 93, 116, 
and 300 cps. due to the same three types of protons 
and in addition a peak at 57 cps. which is ascribed

to the methyl protons of the grouping: H3C—C—.

These data are consistent with the proposed struc
ture for tetracyclosqualene, but this does not 
exclude the possibility that other double bond 
isomers are present.

Treatment of isosqualene with formic acid 
under the same conditions used for the cyclization 
of squalene15 gave a product which was indistin
guishable from tetracyclosqualene by its spectra, 
physical, and chemical properties.

In the course of this work a sample of the 2,4- 
dinitrophenylhydrazone of levulinaldehyde was 
required. Attempts to prepare levulinaldehyde from 
2-methylfuran by acid hydrolysis18 led mainly to 
resinous products. A convenient method for the 
preparation of levulinaldehyde was by the hy
drogenation of acetylacrolein. This substance could 
be readily prepared from 2-methylfuran via 2,5- 
dimethoxy-2,5-dihydro-2-methylfuran.19'20

E X P E R IM E N T A L

.411 melting points are corrected; boiling points are un
corrected.

Squalene. Commercial squalene (Eastman Kodak Co., 
90% squalene) was chromatographed on activated alumina, 
eluted with petroleum ether (b.p. 30-60°), and distilled in 
vacuum. The fraction boiling at 188-190°/0.2 mm. (re
ported,16 b.p. 213°/1 mm.) was collected; re2D5 1.4904, 
d25 0.8570, (R)n 134.92; (R)D calcd. for C30HM, 6 C=C: 
137.92 (reported16 n™ 1.4965, d18 0.8596, (R)n 139.6- 
139.9; r 2n 1.496216). Squalene prepared in this manner 
absorbed 5.9 moles of hydrogen.21

Isosqualene. (a) Pyridine method. Isosqualene was pre
pared from a mixture of the hexachlorosqualanes,15 chro
matographed on activated alumina, and distilled in vacuum 
under nitrogen. The product, n2D5 1.4890 (reported.15 n\° 
1.4990), absorbed 5.1 moles of iodine and in a quantitative 
hydrogenation 6 moles of hydrogen were absorbed.

(b) Alumina method. One gram of hexaehlorosqualane15 
(mixture of isomers) was dissolved in a minimum of chloro
form and chromatographed on activated alumina with 
petroleum ether (b.p. 30-60°) as eluent. A number of colored

(18) C. Harries, Ber., 31, 37 (1898).
(19) N. Clauson-Kaas and F. Limborg, Acta Chem. 

Scand., 1, 619 (1947).
(20) D. G. Jones, Brit. Patent 595,041, Nov. 25, 1947; 

Chem. Abstr., 42, 2992 (1948).
(21) Except where stated otherwise catalytic hydrogena

tions were carried out in tetrahydrofuran or dioxane with
5% rhodium-on-alumina (Baker and Co., Inc.) as catalyst.

bands rapidly developed at the top of the column and a 
colorless oil was eluted. The product, 0.51 g. (81% yield), 
was distilled in vacuum under nitrogen, n2D5 1.4902.

Anal. Calcd. for C30H50: C, 87.66; H, 12.26. Found: C, 
87.35; H, 12.44.

This material absorbed 6 moles of hydrogen and its infra
red and ultraviolet absorption spectra were identical with 
that of isosqualene prepared by the pyridine method.

Tetracyclosqualene. Squalene was cyclized with 98% 
formic acid as described by Heilbron.16 The dark brown 
crude product was chromatographed on activated alumina 
using petroleum ether (b.p. 30-60°) as eluent. The residue 
from the eluate was distilled in vacuum under nitrogen to 
give a 58% yield of a colorless viscous oil, b.p. 204-210°/0.4 
mm., ra2D5 1.5088, d2S 0.943, (R)n 129.5. (R)D calcd. for 
C30H50, 2 C=C: 131.00 [reported,15 b.p. 230-232°/3 mm., 
n”  1.5211, dis 0.9359, (R)D 133.2],

Anal. Calcd. for C30H60: C, 87.66; H, 12.26; 6 C—CH3: 
21.95%. Found: C, 87.77; H, 12.37; Kubn-Roth: 9.719 mg. 
required 6.00 ml. 0.01 A sodium Irydroxide, 9.27% C—CH3,
2.5 C—CH3 groups. The product absorbed 2.0 moles of 
hydrogen and 1.7 moles of iodine.

Cyclization of isosqualene. Isosqualene was cyclized with 
formic acid and the product worked up as described above 
for squalene. The light yellow viscous product, n2D3 1.5083, 
absorbed 2 moles of hydrogen and 2 moles of iodine in double 
bond estimations. The infrared absorption spectrum was 
identical with that of tetraC3rclosqualene.

Catalytic hydrogenation of squalene and isomers. Squalene, 
isosqualene, and tetracyclosqualene were all rapidly hydro
genated at atmospheric pressure. The catalyst-compound 
ratio was 2:1. The hydrogenation products were purified by 
chromatography on activated alumina followed by vacuum 
distillation. All three products were colorless oils. The 
products were as follows: (a) Squalane: obtained from 
squalene with the absorption of 6 moles of hydrogen, n2D5 
1.4462, d26 0.8076, (R)D 139.3; (R)D calcd. for C3oH62: 
140.74 [reported22: r 2d° 1.4534, d20 0.810; ( R ) d  140.9], 
(6) Squalane: obtained by the hydrogenation of isosqualene 
with the absorption of 6 moles of hydrogen, ra2„5 1.4470, 
d25 0.8121, (R)d 138.5. (c) Tetrahydrotetracyclosqualene: 
obtained from tetracyclosqualene, with the absorption of 
2 moles of hydrogen, n2D5 1.4968, d25 0.9452, (R)D 128.0, 
(R)d calcd. for C3oHM: 131.94.

Tetraepoxy squalene. A chloroform solution of perbenzoic 
acid, 307 ml. (0.181 mole; 0.0815 g. of perbenzoic acid/ml.) 
was added slowly to 10 g. (0.024 mole) of squalene in 10 ml. 
of chloroform cooled in an ice bath. The temperature was 
kept below 20°. After the addition was completed, the mix
ture was allowed to stand at 0° for 17 hr. The reaction mix
ture was washed with cold 5% sodium hydroxide and then 
with cold water. The chloroform solution was dried over 
anhydrous sodium sulfate, filtered, and the solvent removed 
at room temperature. The pale yellow oil was distilled in a 
Hickman type molecular still at 2 microns with a bath tem
perature of 100°. A clear mobile oil was obtained.

Anal. Calcd. for C30H50O4: C, 75.85; H, 10.61. Found: 
C, 76.07; H, 10.80.

Tetraepoxytetrahydrosqualene. Squalene, 2 g. (0.00488 
mole), was dissolved in 100 ml. of chloroform and cooled to
— 10°. Peracetic acid,23 4 ml. (0.0195 mole) saturated with 
sodium acetate was added with vigorous shaking. The per- 
acid was added at such a rate that the temperature did not 
rise above —10°. The addition required 1 hr. Shaking and 
cooling was then continued for 30 min. at —10° and between
— 5° and 0° for another 15 min. The reaction mixture was 
washed well with cold 5% aqueous sodium bicarbonate

(22) I. M. Heilbron, T. P. Hilditch, and E. D. Kamm, 
J. Chem. Soc., 3131 (1926).

(23) The peracetic acid used in this work was purchased 
from Becco Chemical Division, Food Machinery and 
Chemical Corp., and contained 380 g./l. of peracetic acid 
in glacial acetic acid.
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solution and then with cold water. The chloroform solution 
was dried over anhydrous sodium sulfate and the chloroform 
removed at room temperature. A colorless oil, 1.8 g., was 
obtained. The crude epoxide was hydrogenated in dioxane 
with Adams catalyst and distilled at 0.1 mm., bath tem
perature 230°.

Anal. Calcd. for CLoHmOu C, 75.22; H, 11.36. Found: 
C, 75.39; H, 11.37.

Diepoxyoctahydrosqualene. Squalene, 2 g. (0.00488 mole), 
was dissolved in 100 ml. of chloroform and the solution 
cooled to —10°. Peracetic acid, 1.95 ml. (0.00975 mole), 
saturated with sodium acetate was added slowly and with 
stirring to the squalene at —10°. After the addition was 
complete, the mixture was agitated for an additional 5 
min. The reaction mixture was extracted twice with cold 
10% aqueous scdium bicarbonate solution and washed with 
cold water. The chloroform solution was dried over anhy
drous sodium sulfate and the solvent removed at room tem
perature. Two grams of a elevar oil was obtained. One gram 
of the crude squalene epoxide was hydrogenated in dioxane 
with platinum as catalyst; 4.0 moles of hydrogen were ab
sorbed. The product was chromatographed on florisil, and 
distilled from a molecular still at 1 micron, bath tempera
ture 100°.

Anal. Calcd. for C3oHSs02: C, 79.89; H, 12.96. Found: 
C, 79.96; H, 13.09.

Diepoxytetracyclosqualene. Tetracyclosquaiene, 2 g. 
(0.00488 mole), in 200 ml. of chloroform was cooled to 
— 10° and peracetic acid, 1.95 ml. (0.00975 mole), saturated 
with sodium acetate added slowly and with stirring at —10°. 
The mixture was allowed to stand at 0° for 24 hr. The 
reaction mixture was washed first with cold 10% aqueous 
sodium bicarbonate and then with water. The chloroform 
solution was dried over anhydrous sodium sulfate and the 
solvent removed at room temperature. The oil}' product,
1.7 g., was distilled in vacuum at 0.4 mm., bath tempera
ture 250°, to give a viscous colorless oil.

Anal. Calcd. for C30H50O2: C, 81.33; H, 11.38. Found: 
C, 81.21; H, 11.30.

Hexaepoxysqualene. Squalene, 5.1 g. (0.0125 mole), was 
dissolved in 500 ml. of chloroform, cooled to —10° and 15 
ml. of peracetic acid (0.075 mole), saturated with sodium 
acetate, was added dropwise and with stirring. The mixture 
was agitated for 1 hr. at —10° and then stirred at 4° for 
24 hr. The solution was washed with aqueous sodium bicar
bonate and then with water, and dried over anhydrous 
sodium sulfate. Removal of the solvent left 5.3 g. of crude 
epoxide. The material was purified by m.olecular distillation 
at a bath temperature of 150°. A pale yellow oil was ob
tained.

Anal. Calcd. for C3oH5o06: C, 71.07; H, 9.94. Found: 
C, 72.03; H, 9.93.

Rate of epoxidation of squalene. Experiment A. One gram 
of squalene (0.0025 mole) dissolved in 50 ml. of chloroform 
was cooled to —5° in an ice-salt mixture and 4.0 ml. of

TABLE I
R ate of E poxidation  of Squa lene  w ith  P eracetic  Acid

Experiment A ( —3°) Experiment B ( —12°)
Reaction Moles peracid Reaction Moles peracid

time, used per mole time, used per mole
min. of squalene min. of squalene

3 4.76 3 1 26
16 5.18 12 1 .86
47 5.60 37 2.20

108 5.70 58 2.40
130 5.80 115 3.45
148 6.02 136 3.81

186 4.50
900“ 6.20

“ Allowed to react at 3° after 186 min.

peracetic acid (0.0195 mole), saturated with sodium acetate, 
added in one portion with stirring. The temperature in
creased to —3° and was maintained at this temperature. 
Aliquot portions were titrated at regular intervals for moles 
of peracid consumed. The results are given in Table I.

Experiment B. One gram of squalene (0.0025 mole) was 
dissolved in 150 ml. of chloroform and cooled to —12°; 
1.0 ml. (0.005 mole) of peracetic acid, saturated with 
sodium acetate, was added with stirring. Aliquot portions 
were titrated at regular intervals. When 2 moles of peracid 
per mole of squalene was consumed another 1.0 mil. of per
acid was added and the consumption of peracid followed by 
titration. When 4 moles of peracid were consumed, the last 
2 moles of peracid were added. The rate of epoxidation de
creased and the mixture was allowed to react at 3°. The 
results are shown in Table I.

Cleavage of squalene epoxides. All three of the squalene 
epoxides were hydrolyzed with aqueous sulfuric acid, cleaved 
with lead tetraacetate, and the aldehydes anc ketones 
examined as follows:

(a) Acid hydrolysis of epoxide. Five hundred milligrams of 
the epoxide, dissolved in 10 ml. of benzene, was refluxed 
with stirring in the presence of 10 ml. of 15% aqueous sul
furic acid for 5 hr. This procedure was found necessary in 
order to obtain a minimum of rearrangement products as 
evidenced by the infrared spectra. After cooling, the 
benzene layer was separated and the aqueous layer extracted 
with benzene (2 X 10 ml ).

(b) Lead tetraacetate cleavage of diols. The combined ben
zene solutions were added to the calculated amount of lead 
tetraacetate in 20 ml. of water and stirred at 100° under 
reflux for 2 hr. The aldehydes and ketones were then steam- 
distilled directly into the calculated amount of 2,4-dinitro- 
phenylhydrazine hydrochloride in aqueous-ethar.olic solu
tion. When the steam distillation was complete, the mixture 
in the receiver was heated to boiling, cooled, and extracted 
with benzene. The benzene extract was chromatographed on 
paper.

(cl Paper chromatography of 2,4-dinitrophemjlhydrazones. 
The derivatives were chromatographed on Whatman No. 1 
chromatographic paper using a system similar to that 
employed by Meigh.24 After the application of the spots, 
the paper was allowed to equilibrate in the chromatography 
tank for 12 hr. in the presence of the developing solvent. 
The chromatograms were automatically started25 and de
veloped with a saturated solution of methanol in cyclo
hexane by the ascending technique. The spots were detected 
by their visible color, eluted with dioxane, and their ultra
violet absorption spectra determined in dioxane. Concen
trations were determined by relating peak intensities of the 
longest wave-length band in the ultraviolet absorption 
spectrum with that of a solution of known concentration of 
the authentic compound. Where necessary, bands were 
rechromatographed. All solvents used were spectroscopically 
pure. The R f values of the derivatives of known aldehydes 
and ketones are given in Table II.

In an attempt to determine the presence of levulinalde- 
hyde and succindialdehyde derivatives, another chro
matographic system was required because both these 
derivatives and the reagent showed zero Rf with the cyclo- 
hexane-methanol system. Writh hexane-ether-methanol 
(20:30:1)26 as developing solvent, the reagent showed RF 
0.45 but the levulinaldehyde and succindialdehyde deriva
tives still remained at the origin. The concentrations of 
these two components were therefore not determined. The 
yields of acetone from the squalene epoxides are given in 
Table III.

Preparation of lerulinaldehyde-2,Jr dinitrophenylhydrazone. 
2-Methylfuran was treated with bromine in methanol at 
— 7° according to the procedure outlined by Clauson-Kaas

(24) D. F. Meigh, Nature, 170, 579 (1952).
(25) B. L. Van Duuren, Anal. Chem., 32, 732 (1960).
(26) I. Martin, Chem. & Ind. {London), 1439 (1958).
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TABLE II
Rf Values of 2,4-D im tro ph en y lh yd ra zo nes

__ _____ R f  Value
Hexane-ether-

2,4-DNP of
Cyclohexane-

methanol
methanol
(20:30:1)

Formaldohvde 0.25 —
Acetaldehyde 0.27 —

Isobutvraldehvde 0.53 —
Acetone 0.45 —
Tiglaldehyde 0.40 —
Levulinaldehyde 0.0 0.0
Succindialdehvde 0.0 0.0
2,4-D NP-reagent 0.0 0.45

TABLE III
Y ields  of Acetone from  C leavage of Squalexe  

E pox id es

Percentage Yield of 
Acetone on Basis of
2 Moles of Acetone

Epoxide Per Mole of Epoxide
Diepoxyoct ahydrosqualene 5.1, 8.5
Tetraepoxytetrahydrosqualene 5.0, 6.5
Hexaepoxysqualene 10.0

and Limborg19 to give 2,5-dimethoxy-2,5-dihydro-2-methyl- 
furan, b.p. 60-63°/'20 mm. (reported19 b.p. 46-56°/8 mm.). 
Hydrolysis of this product with dilute sulfuric acid gave 
3-acetylacrolein19 which gave a red crystalline 2,4-dinitro- 
phenvlhydrazone, m.p. 270-271° dec. from pyridine-

ethanol [reported for 3-acetylacrolein,27 28 m.p. 200° dec.]. 
Ultraviolet in dioxane: Xmax 404 mft emax 16,000; Xmax 450 
m/j, Cmax 15,220. The crude acetylacrolein was hydrogenated 
with Adams’ catalyst in tetrahydrofuran. One mole of 
hydrogen was absorbed. After filtration and removal of 
solvent the residue was converted directly to a 2,4-dinitro- 
phenvlhydrazone. The yellow needles were recrystallized 
from pyridine-ethanol, m.p. 233° (reported88 m.p. 234- 
235°). Ultraviolet in dioxane: Xmax 350 m^, Cmar 7530; 
^max 420 nm, €max 4530.

Anal. Calcd. for CnHieNgOg: C, 44.38; H, 3.51; N, 24.36. 
Found: C, 44.73; H, 3.64; N, 24.28.

Spectra. Infrared absorption spectra were measured with 
a Baird double-beam instrument with sodium chloride 
optics. Spectra were obtained of 5% solutions in chloroform 
and 5% solutions in carbon disulfide. In addition, spectra 
of liquids were determined qualitatively as thin films of 
pure liquids and spectra of solids were obtained from 
potassium bromide pellets.

Ultraviolet absorption spectra were obtained on a Process 
and Instruments automatic recording unit with a Beckman 
DU spectrophotometer.

NMR spectra were recorded and interpreted by Varian 
Associates, Palo Alto, Calif. Carbon tetrachloride was used 
as solvent with added tetramethylsilane as internal standard. 
Both the spectra reported were obtained at 60 M.C.
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The preparation of 3,3'-diallyldienestrol diacetate from 3,4-bis(4-hydroxyphenyl)-3,4-hexanediol is described. In the 
course of this synthesis, it was demonstrated that the migratory aptitude of substituents affected the competition between 
pinacol rearrangement and dehydration in the treatment of a pinacol with acetyl chloride.

The recently reported2 growth-promoting activ
ity of 3,3'-diallyldiethylstilbestrol and 3,3'-dial- 
lylhexestrol3 in ruminants made it desirable to 
synthesize other diallyl derivatives of synthetic 
estrogens. The preparation of 3,3'-diallyldienestrol 
diacetate (I) was of special interest as its parent 
compound, dienestrol diacetate, is in use as a 
poultry growth promotant.

(1) Presented at the 136th meeting of the American 
Chemical Society, Atlantic City, N. J., Sept. 13-18, 1959.

(2) O. O. Thomas, R. R. Woodward, J. T. Doty, and 
J. R. Queensberry, J .  Animal Sei., 18, 1498 (1959); I. A. 
Dyer and A. T. Ralston, J .  Animal Sei., 18, 1499 (1959).

(3) E. Kaiser and J. J. Svarz, J .  Am. Chem. Soc., 68,
636 (1947).

CH¿=CH—OUÏ

C H 3 C O O J  V

C H 3 C H 3

ÇH CH CH2-C H =C H 2

C— C—$  y—O O C C H 3  

I ~~

The synthesis of I was originally planned to 
start with 3,4-bis(4-allyloxyphenyl)-3,4-hexanediol 
(lib) and proceed through the dehydration product 
of this pinacol, the dienestrol diallyl ether, to the 
3,3'-diallyldienestrol and by subsequent acetylation 
to I.

By analogy with the dehydration of 3,4-bis(4- 
acetoxyphenyl)-3,4-hexanediol (lie) to dienestrol 
diacetate,4 we expected to obtain the dienestrol
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OR

Ila. R = H 
lib. R = C3H5 
Ile. R = CIRCO 
lid. R = H

R ' = H 
R ' = H 
R ' = H 
R ' = C3H5

diallyl ether by refluxing lib  with an acetyl 
chloride-acetic anhydride mixture. The product 
of this reaction was an oil which resisted all crystal
lization attempts. Nevertheless, it was subjected 
to the Claisen rearrangement in diethylaniline, 
and crystals with a melting point of 137-138° were 
isolated. However, this product was not the ex
pected 3,3'-diallyldienestrol, which actually was 
obtained with a melting point of 123-124° by two 
other synthetic routes which will be discussed 
later.

The identity of the substance obtained on re
fluxing lib  with an acetyl chloride-acetic anhydride 
mixture was deduced from the infrared absorption 
spectra of the oily reaction product and its Claisen 
rearrangement product. In the spectrum of the 
oil, a peak appeared at 5.86 n, and snifted to 6.02 r 
for the compound which melted at 137-138°. 
These peaks indicated the presence of a keto group 
which resulted from a pinacolone rearrangement.4 5

The pinacolone was prepared by a different 
route to prove that the acetyl chloride-acetic an
hydride treatment of lib  really yielded a pina
colone. In this process, the free phenolic pinacol 
(Ila), was rearranged to 4,4-bis(4-hydroxyphenyl)-
3-hexanone (Ilia) with hydrogen chloride in an 
ether suspension according to Adler, et al,6 With 
allyl bromide, the diallyl ether of Ilia, an oil, 
was prepared. This material had an infrared spec
trum identical with that of the oil obtained from the 
acetyl chloride-acetic anhydride reaction mixture, 
indicating that the two were identical with 4,4- 
bis(4-allyloxyphenyl)-3-hexanone (Ill-b). The 
Claisen rearrangement products (melting point 
137-138°) of both oils had identical infrared spec
tra and melting points. The mixed melting point 
showed no depression. These identical rearrange-

IHa. R, = H R2 = H
ll lb .  Ri = C3H5 R2 = H
lllc. R, = H R2 = C3H„

(4) E. C. Dodds, L. Golberg, R. Robinson, and L. Law- 
son, Nature, 142, 34 (1938); Pror. Roy. Sor. (London), B127, 
140 (1939).

(5) J. F. Lane and L. Spialter, ./. .1»». Chem. Soc., 73, 
4408 (1951).

(6) E. Adler, G. J. Gie, and H. v. Einer, U. S. Patent
2,421,401 (1947).

ment products were 4,4-bis(3-allyl-4-hydroxy- 
phenyl)-3-hexanone (IIIc) instead of 3,3'-diallyl- 
dienestrol. The presence of the p-allyloxy substit
uents in the aromatic groups of the pinacol caused 
pinacolone rearrangement to the corresponding 
diallyl ether during the acetyl chloride-acetic 
anhydride reaction. The expected dehydration to 
dienestrol diallyl ether did not take place.

Lane and Spialter7 used acidic reagents to study 
the competition between dehydration and pinacol 
rearrangement in the treatment of lie  and sug
gested a mechanism for dehydration with acetyl 
chloride. To Lane and Spialter’s findings, we can 
now add that not only the components of the acidic 
reagents but also the migratory aptitudes8 of the 
groups attached to the pinacol have a bearing upon 
the competition between pinacolone or diene 
formation. The rapidly migrating p-allyloxyphenyl 
groups direct the acetyl chloride reaction towards 
the pinacol rearrangement, and the retarding effect 
of the p-acetoxyphenyl groups permits the forma
tion of the proposed monoacetate intermediate of 
Lane and Spialter,7 which in turn dehydrates to a 
diene.

The hindering effect of the p-acetoxyphenyl 
group on the pinacol rearrangement was further 
demonstrated when lie  was treated with hydrogen 
chloride in an ether or methyl ethyl ketone suspen
sion. Contrary to the behavior of Ila ,6 which con
tains a free phenolic hydroxyl group, the diacetate 
(lie) did not undergo a pinacol rearrangement with 
hydrogen chloride, but was recovered unchanged.

The findings which point out the differences in 
the behavior of the diallyl ether lib  and the di
acetate lie  towards various acidic reagents are 
summarized in Table I.

TABLE I
P r o d u c t s  from t h e  T r e a t m e n t  of 3 ,4 - B i s ( 4 - h y d r o x y -  
p h e n y l  ) - 3 ,4 - h e x a n e d i o l  (Ila), Its D i a l l y l  Ether (lib) 

a n d  D i a c e t a t e  ( l i e )  w i t h  A c i d i c  R e a g e n t s

Starting
Material Reagent Product

Diacetate Acetyl chloride in acetic anhy- Dienestrol
(He) dride or methyl ethyl ketone diace-

Diacetate Hydrogen chloride in ether or
tate

No reac-
(He) methyl ethyl ketone tion

Diallyl Acetyl chloride in acetic anhy- Pinacolone
ether dride or methyl ethyl ketone (HIb)
(Hb)

Phenol Hydrogen chloride in ether Pinacolone
(Ha) (Ilia)

According to the evidence presented in Table I, 
the dehydration of the 3,4-bis(4-allyloxyphenyl)-
3,4-hexanediol to 3,3'-dialhddienestrol with acidic

(7) J. F. Lane and L. Spialter, Am. Chem. Soc.. 73, 
4411 (1951).

(8) G. H. Wheland, Advanced Organic Chemistry, second 
ed., John Wiley & Sons, Inc., New York, 1949, p. 515.
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reagents was prevented by the rapid shifting of a 
p-allyloxyphenyl group from the 3 to the 4 position 
of the hexanediol. To avoid this pinacol rearrange
ment, the p-ether linkages had to be eliminated. 
This was accomplished via the Claisen rearrange
ment, which transformed lib  into the oily 3,4- 
bis (3 - allyl- 4- hydroxyphenyl) - 3,4 - hexanediol, l id . 
This was acetylated and dehydrated in one step 
by using an acetyl chloride-acetic anhydride mix
ture. The resulting crystalline product was the 
desired 3,3'-diallyldienestrol diacetate (I).

For structural confirmation, 3,3'-diallyldien- 
estrol diacetate was also synthesized from dienestrol 
diallyl ether prepared from dienestrol with allyl 
bromide. The dienestrol diallyl ether was rear
ranged to the 3,3'-diallyldienestrol, a crystalline 
product, via the Claisen rearrangement. Subsequent 
acetylation of the rearranged compound yielded 
3,3'-diallyldienestrol diacetate (I), identical in 
melting point and infrared spectrum with the 
product obtained from the oily 3,4-bis(3-allyl-4- 
hydroxyphenvl)-3,4-hexanediol.

The estrogenic activity of 3,3'-diallyldienestrol 
was found to be in the range of 0 .2% of that of 
diethylstilbestrol. This assay, conducted by Dr.
H. D. Lennon of the Research Division of Armour 
and Company, was done by the immature-mouse 
uterine weight method of Evans, et al.9 The com
pound was injected subcutaneously in the test 
animals and its potency calculated from the stand
ard dose-response curve of diethylstilbestrol 
according to the general method of Bliss.10

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

Meso-3,4-bis(4-aldyloxyphenyl)-3,4-hexanediol (lib). A mix
ture of meso- and racmfc-3,4-bis(4-hydroxyphenyl)-3,4- 
hexanediols12 was acetylated and the rraeso-diacetate sepa
rated from the racemic diacetate b3r crystallization from 
butanol. Saponification of the meso-diacetate yielded pure 
meso-II-a.13 Twenty-four grams of meso-Il-a and 26 g. of 
anhydrous potassium carbonate were stirred with 100 ml. 
of methyl ethyl ketone and, at reflux temperature, 15.6 ml. 
of allyl bromide was added dropwise. Refluxing was con
tinued for 13 hr., the solid removed by filtration, and the 
filtrate evaporated. The residue was crystallized from 
ethanol and 24.5 g. of meso-3,4-bis(4-allyloxyphenyl)-3,4- 
hexanediol (lib), m.p. 134-136°, was obtained.

Anal. Calcd. for C24H3o0.i: C, 75.36; H, 7.90. Found: C, 
75.14; H, 7.95.

4,4-Bis{4-0'Uiiloxyphenyl)-S-hexanone (Illb). A 1.9-g. 
sample of 3,4-bis(4-allyloxyphenyl)-3,4-hexanediol (lib) was 
refluxed with a mixture of 10 ml. of acetyl chloride and 10 
ml. of acetic anhydride for 4 hr. The mixture was poured 
into 300 ml. of water, stirred, and extracted with ether.

(9) J. S. Evans, R. F. Varney, and F. C. Koch, Endo
crinology, 28, 747 (1941).

(10) C. I. Bliss, The Statistics of Bioassay, Academic 
Press, Inc., New York, 1952, p. 566, ff.

(11) Microanalyses were performed by Midwest Micro
lab., Inc., Indianapolis 20, Ind.

(12) Mr. W. E. Irwin from the Miles Chemical Co., 
Elkhart, Ind., furnished a generous sample of the 
pinacol mixture.

(13) E. Adler, IT. S. Patent 2 ,4 6 5 ,5 0 5  (1949).

The organic layer was dried over sodium sulfate and the 
ether was evaporated. The residue was an oil which could 
not be crystallized. The infrared absorption spectrum of the 
oil showed a peak at 5.86 y , indicating the presence of a 
keto group.

4.4- Bis(3-allyl-4-hydroxyphenyl)-3-hexanone (IIIc). The oil 
Illb , obtained in the previous step, was refluxed for 4 hr. 
with 20 ml. of diethylaniline in an atmosphere of nitrogen. 
After it had been cooled, the reaction mixture was poured 
into 300 ml. of 2N  hydrochloric acid, stirred vigorously, 
and then extracted with ether. The dried ether extract was 
reduced to a small volume. Petroleum ether (b.p. 40-60°) 
was added to the concentrated ether solution until a pre
cipitate began to form. The precipitate was removed by 
filtration and discarded. The filtrate was mixed with suf
ficient petroleum ether (b.p. 40-60°) to produce turbidity. 
Crystals formed when the mixture was chilled. They ware 
collected and dried. The yield of 4,4-bis(3-allyl-4-hydroxy- 
phenyl)-3-hexanone (IIIc) was 0.6 g., m.p. 137-138°. A 
ketone peak at 6.02 y  was present in the infrared spectrum 
of the compound.

Anal. Calcd. for CmIRsOs: C, 79.08; H, 7.74. Found: 
C, 79.15; H, 7.68.

4.4- Bis(4-hydroxyphenyl)-S-hexanone (Ilia). This com
pound was prepared according to the process of Adler, 
et al.6 by passing hjxlrogen chloride through an ether sus
pension of Ila. An oil (Ilia) was isolated from the ether 
solution. This oil solidified on standing. Compound Ilia  
showed a ketone peak at 5.93 y .

4.4- Bis(4-allyloxyphenyl)-3-hexanone (Illb) from Ilia. 
Five grams of compound I lia  was treated with allyl bromide 
in the same manner as described for the preparation of com
pound lib  from compound Ila.

An oil isolated from the reaction mixture had the same 
infrared absorption spectrum as the oil I llb  which had been 
obtained by the acetyl chloride-acetic anhydride treatment 
of 3,4-bis(4-allyloxyphenyl)-3,4-hexanediol. This identical 
spectrum proved that the compound wras 4,4-bis(4-allyIoxy- 
phenyl)-3-hexanone.

4.4- Bis(3-allyl-4-hydroxyphenyl)-S-hexanone (IIIc) from 
Illb. Five grams of compound Illb  prepared from I lia  was 
rearranged in diethylaniline as described for the preparation 
of compound IIIc from the oily product I llb  of the acetyl 
chloride-acetic anhj'dride reaction. A 4.3-g. sample of IIIc 
ŵ as obtained. This compound had the same melting point 
and infrared absorption spectrum as described previously, 
which identified it as 4,4-bis(3-allyl-4-hydrox}'phenyl)-3- 
hexanone.

Treatment of meso-3,4-bis{4-acetoxyphenyl)-S,4-hexanediol 
(lie) with hydrogen chloride. One gram of meso-3,4-bis(4- 
aeetoxyphenyl)-3,4-hexanediol (He) was suspended in 20 
ml. of ether, and hydrogen chloride gas was passed through 
the suspension for 8 hr. The suspension did not clear and 
the solid was collected from it on a filter. The melting point 
and infrared spectrum of the solid w-ere identical with those 
of the starting material. The filtrate was evaporated to 
dryness. Only traces of an oil remained after the ether had 
been evaporated. The same treatment was carried out in a 
methyl ethyl ketone suspension and again unchanged lie 
was recovered.

Dehydration of meso-3,4-bis(4-hydroxyphenyl)-3,4-hexane- 
diol (lie) with arctyl chloride in methyl ethyl ketone. Twenty 
grams of lie was refluxed with a mixture of 100 ml. of acetyl 
chloride and 100 ml. of methyl ethyl ketone for 22 hr. 
All of the solid dissolved. Water and ether were added, and 
after the acetyl chloride decomposed, the solvent layer was 
separated from the aqueous layer. The organic layer was 
dried over sodium sulfate and evaporated to dryness. The 
residue wras crystallized from ethanol and 5.2 g. of dienestrol 
diacetate, m.p. 120-122°, was obtained.

Dienestrol diacetate was obtained also from the racemic 
form of lie with acetyl chloride in the methyl ethyl ketone 
dehydration process.
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3,8-Diallyldienestrol diacetate from lib. To 15 ml. of di- 
ethylaniline, 1.91 g. of 3,4-bis(4-allyloxyphenyl)-3,4-hexane- 
diol (lib) was added and the solution refluxed under nitro
gen for 6 hr. The reaction mixture was poured into 200 ml. 
of 2N  hydrochloric acid, stirred, and then extracted with 
ether. The ether extract was washed with water, dried over 
sodium sulfate, and the solvent evaporated. The residue, a 
viscous oil, was used without further purification for de
hydration to 3,3'-diallyldienestrol diacetaee. The dehydra
tion was carried out by refluxing the oil, mcso-3,4-bis(3-allyl-
4-hydroxyphenyl)-3,4-hexanediol, with a mixture of 10 ml. 
of acetyl chloride and 10 ml. of acetic anhydride for 4 hr. 
Four hundred milliliters of water was added and the mix
ture extracted with ether. The ether extract was washed with 
a sodium bicarbonate solution, then with water, dried over 
sodium sulfate, and the ether evaporated. The residue was 
crystallized from ethanol and then recrystallized from an 
ether-petroleum ether (b.p. 40-60°) mixture. The 3,3'- 
diallyldienestrol diacetate melted at 145-147° and its yield 
was 0.25 g.

Anal. Calcd. for C28H3o04: C, 78.11; H, 7.02. Found: C, 
78.09; H, 7.18.

3,8'-Diallyldienestrol diacetate from dienestrol. Dienestrol 
was treated with allyl bromide in the same manner as 
described for the preparation of compound lib. Dienestrol 
diallyl ether was rearranged in diethylaniline to form 3,3'-

diallyldienestrol, which was then crystallized from an ether- 
petroleum ether (b.p. 40-60°) mixture and rccrystallized 
from dilute ethanol. The 3,3'-diallyldienestrol melted at 
123-125°.

Anal. Calcd. for C21H260 2: C, 83.21; H, 7.28. Found: 
C, 83.12; H, 7.35.

The 3,3'-diallyldienestrol quickly discolored upon ex
posure to air but remained colorless when the hydroxyl 
groups were acetylated. Acetylation with acetic anhydride 
or a pyridine-acetic anhydride mixture gave very poor 
yields but acetylation of the sodium salt of the 3,3'-diallyl- 
dienestrol with acetic anhydride produced the diacetate in 
good yields. Six grams of 3,3'-diallyldienestrol was dis
solved in 100 ml. of 30% aqueous ethanol containing 1.9 g. 
of sodium hydroxide. The solution was evaporated to dryness 
under reduced pressure and the residue refluxed for 7 hr. 
with 150 ml. of acetic anhydride. The acetic anhydride was 
decomposed with water and the remaining solid was col
lected on a filter and crystallized from ethanol. A 5.1-g. 
sample of 3,3'-diallyldienestrol diacetate was obtained. 
The compound was identical in melting point and infrared 
spectrum with the product obtained from the mcso-3,4-bis(4- 
allyloxyphenyl)-3,4-hexanediol (lib) through Claisen re
arrangement, acetylation, and dehydration.

Chicago 9, III.

[Contribution from the E astern R egional R esearch Laboratory and the D epartment of Chemistry,
St . J osephs College1]

S t e r o i d a l  S a p o g e n i n s .  L X I I I .  C h i a p a g e n i n ,  a  N e w  N o r m a l  (2 5  l)

A6- 1 2 / 3 - H y d r o x y s a p o g e n i n 2

SAMUEL SEROTA,3* ROBERT P. KOOB,3b and MONROE E. WALL3'

Received April 8, 1960

A new normal A5-12/S-hydroxysapogenin, for which the name chiapagenin is proposed, has been isolated from the tubers 
of Dioscorea chiapasensis Matuda.4 Unequivocal proof of structure was obtained by catalytic hydrogenation of chiapagenin 
followed by acidic isomerization at C25 to give the known 5a,12/3-hydroxysapogenin rockogenin. Reduction of the known 
normal A5-12-ketosapogenin correllogenin with lithium in liquid ammonia containing methyl alcohol gave chiapagenin.
Therefore the latter must be 12jS-hydroxyyamogenin.

During the course of investigations of the plant 
kingdom for steroidal sapogenins, a new sapogenin 
was isolated from Dioscorea chiapasensis Matuda4 
and identified. The two sapogenins present in this 
plant were separated by chromatography. The 
first product eluted was identified as the A5- 
normal (25 l) sapogenin, yamogenin, by direct

(1) Eastern Utilization Research and Development 
Division, Agricultural Research Service, United States 
Department of Agriculture, Philadelphia 18, Pennsylvania, 
and St. Joseph’s College, Philadelphia 31, Pennsylvania.

(2) Previous paper in this series, Steroidal Sapogenins. 
LXII, M. E. Wall and S. Serota, Tetrahedron.

(3) (a) Eastern Utilization Research and Development 
Division, Philadelphia 18, Pennsylvania. Abstracted from a 
thesis submitted to the Department of Chemistry, St. 
Joseph’s College, Philadelphia 31, Pennsylvania, in partial 
fulfillment of the requirements for the degree of Master of 
Science, (b) Professor of Chemistry, St. Joseph’s College, 
Philadelphia 31, Pennsylvania, (c) Eastern Utilization Re
search and Development Division, Philadelphia 18, Penn
sylvania.

(4) Identified by Dr. E. Matuda, Tnstituto Biologico, 
L'niversity of Mexico, Villa Obregon, Mexico, D. F.

comparison with an authentic sample. Further 
elution gave a more polar, obviously polyhydroxy, 
sapogenin. The melting points of the latter com
pound and its acetate did not correspond to any 
previously known sapogenin. The structure of the 
new sapogenin, for which the name chiapagenin is 
proposed, was established in the following manner. 
Analysis of the new sapogenin and its acetate 
showed two hydroxyl groups present and the typical 
C27 skeleton found in steroidal sapogenins. The 
infrared spectrum of chiapagenin diacetate showed 
this sapogenin to have the normal spiroketal 
side chain5’6 with bands characteristic of A6- 
unsaturation.7’8 This latter feature of the molecule

(5) AL E. Wall, C. R. Eddy, AI. L. AIcClennan, and Al. 
E. Klumpp, Anal. Chem., 24, 1337 (1952).

(6) R. N. Jones, E. Katzenellenbogen, and K. Dcbriner, 
J. Am. Chem. Soc., 75, 158 (1953).

(7) R. N. Jones, P. Humphries, F. Herling, and K. 
Dobriner, J. Am. Chem. Soc., 73, 3215 (1951).

(8) C. R. Eddy, AI. E. Wall, and Al. K. Scott, Anal. 
Chem., 25,266(1953).
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CHIAPAGENIN DIACETATE

Figure 1

was confirmed by the high negative optical rota
tion.9

The entire structure of chiapagenin was estab
lished by two independent paths. Catalytic hy
drogenation of chiapagenin gave a normal sapogenin

CORR ELLOGEN IN ROCKOGENIN
ACETATE

Figure 2

with the 5a-ring A/B fusion. This compound was 
not further characterized but was subjected to 
prolonged heating at reflux temperature in ethanolic 
hydrochloric acid. This is the well known iso re
action which converts normal sapogenins with the 
axial methyl group to the corresponding isosapog- 
enin (25 d ) with the more stable equatorial methyl 
group.10 The crude reaction product was chroma
tographed and the major product, after acetylation, 
was shown to be rockogenin diacetate,11'12 identical 
with an authentic specimen. As the iso reaction 
inverts only the asymmetric center at C25,10 and 
as under the experimental conditions used catalytic 
hydrogenation affects only the A6 moiety,13 chiapa- 
geniu must be 12/3-hydroxyyamogenin.

The second independent proof of structure in
volved the normal A6-12-keto sapogenin cor- 
rellogenin,14 which was reduced with lithium

(9) D. H. R. Barton and W. Klyne, Chem. Ind. 
(London), 755 (1648).

(10) For a comprehensive review of the iso reaction, 
cf. Fieser and Fieser, Steroids, Reinhold Pub. Corp., New 
York, 1959, pp. 818-22.

(11) R. E. Marker el al., J. Am. Chem. Soc., 69, 2167
(1947).

(12) R. Hirshmann, C. S. Snoddy, Jr., C. F. Hiskey, 
and X. L. Wendler, J. Am. Chem. Soc., 76, 4013 (1954).

(13) M- E. Wall, and S. Serota, ./. Am. Chem. Soc., 78, 
1747(1956).

(14) H. A. Walens, S. Serota, and M. E. Wall, J. Am.
Chem. Soc., 22, 182 (1957).

metal in liquid ammonia in the presence of meth
anol.15 This reaction when applied to hindered 
ketones gives the most stable hydroxyl16 which, 
in the case of the 12-ketone, should be the equa
torial 12/J-hydroxyl group. In accordance with this 
prediction, correllogenin acetate reduced in the 
above manner gave chiapagenin in excellent yield.

Steroidal sapogenins with a 12-hydroxyl group 
are of rare occurrence in nature. The only examples 
to date are rockogenin11 and agavogenin,11 which 
occur in a limited group of Agave species and are 
5a,125-hydroxysapogenins with the iso side chain. 
The isolation from D. chiapasensis Matuda of 
chiapagenin represents the first case of a 12- 
hydroxy sapogenin to be found in this genus. 
Oxygenation at C12 of any type is rare in the 
Dioscorea. In contrast to the Agave genus, where 
many species contain the 12-keto sapogenins 
hecogenin and/or manogenin,11 the 12-ketones 
gentrogenin and correllogenin have to date been 
found only in D. spiculiflora.li

E X PER IM EN TA L

Melting points were obtained with a Kofler16 micro melt
ing-point apparatus. Optical rotations were determined in 
chloroform solution. Infrared spectra were obtained with a 
Perkin-Elmer Model 21 double beam spectrophotometer 
with sodium chloride prism and cells.

Isolation of chiapagenin. Tubers of D. chiapasensis Matuda 
were collected17 at the Finca Monte Bella of Sr. Cristobal 
above San Sebastian, Guatemala. The sample was received 
dry and was ground to give 5.2 kg. of dry material. This 
material was boiled, with stirring, for 1 hr. with two separate
5-gallon portions of 70% isopropyl alcohol, the extract being 
drawn off each time; 5 gallons of 90% isopropyl alcohol was 
used for the third extraction. These alcoholic extracts were 
combined and concentrated by distillation to 8.6 1. which 
was refluxed 4 hr. with 1.3 1. of coned, hydrochloric acid. 
The crude precipitate was filtered, washed with 10 1. of 5% 
sodium bicarbonate solution followed by 6 1. of water, and 
the solids dried in a forced-air oven. This material was ex
tracted in a soxhlet extractor with 4 1. of heptane for 60 hr. 
The heptane solution of crude sapogenins was concentrated 
by distillation to 700 ml. and after standing at room tem-

(15) F. Sondheimer, O. Mancera, G. Rosenkranz, and C. 
Djerassi, J. Am. Chem. Soc., 75, 1282 (1953).

(16) Specification of brand names of equipment and ma
terial used does not imply endorsement over similar com
mercial products.

(17) Tubers were collected by Dr. Ernest P. Imlc, present 
address, Director of Research, American Cocoa Research 
Institute, 1741 K Street, N.W., Washington, D. C.
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perature for several days 3.8 g. of crude crystalline material 
was deposited. This was chromatographed on a Florisil 
column using benzene as solvent. The benzene eluates gave
1.4 g. of a monohydroxy sapogenin. This material (0.2 g.) 
was refluxed for 30 min. in 5 ml. of acetic anhydride in pyri
dine (1:1). The solution was evaporated to dryness in vacuo 
and the residue recrystallized from methyl alcohol to give 
needles, m.p. 194-197°. These crystals were identified as 
yamogenin acetate by comparison of its infrared spectra 
with that of an authentic specimen. Elution with benzene- 
chloroform (1:1) and chloroform gave 1.8 g. of chiapagenin 
which, after recrystallization from methvl alcohol, melted 
at 249-251°, [a]sD*° -126°.

Anal. Calcd. for C27H420 4: C, 75.31; H, 9.83. Found: C,
75.25 H, 10.06.

Acetylation of 0.2 g. of chiapagenin, as in the previously 
described manner, and recrystallization of the product from 
methyl alcohol yielded 0.14 g. rectangular needles, m.p. 
191-193°, [a]IT —127°. The infrared spectrum shows 
strong bands at 1739 and 1245 cm.-1 (acetate carbonyl and 
—C—O—C— stretching respectively) and bands at 988 and 
920 (strong), 900 and 850 (weak) cm.-1, all four bands at- 
tributed to the normal spiroketal system. Bands at 840 and 
805 cm._l are due to A5 unsaturation.

Anal. Calcd. for C31H460 6: C, 72.34; H 9.01. Found: C, 
72.65; H, 9.22.

Conversion of chiapagenin to rockogenin. A 0.272-g. sample 
of chiapagenin was dissolved in a solution cf 100 ml. of a 5% 
solution of glacial acetic acid in ethyl alcohol to which was 
then added 0.272 g. of platinum oxide. The mixture was hy
drogenated at 3 atm. for 21 hr. at room temperature. The 
platinum was filtered and all the solvent removed in vacuo. 
Infrared analysis showed the double bond had been satu
rated (absence of 805 and 840 cm.“1 bands). The white 
amorphous looking material which resulted was dissolved 
in 47 ml. of absolute ethyl alcohol. Concentrated hydro
chloric acid (7 ml.) was then added and the resulting solu
tion was refluxed 48 hr. Solvent was remeved in vacuo and 
the residue chromatographed on a Florisil column using 
benzene as solvent. Elution with chloroform gave a glass

which on crystallization from acetone yielded 60 mg. of 
crystals. This crystalline fraction was acetylated in the usual 
manner and gave crj-stals from methyl alcohol, m.p. 200- 
203. The infrared spectrum was identical with that of 
authentic rockogenin diacetate.

Conversion of correllogenin to chiapagenin. A 0.33-g. 
sample of correllogenin acetate was dissolved in a mixture of 
5 ml. of anhydrous ether and 5 ml. of anhydrous tetrahydro- 
furan in a 100 ml. two-necked round bottomed flask. The 
solution was added, with continued stirring, to a solution 
of liquid ammonia (25 ml.) containing 5 ml. of methyl alco
hol. Lithium wire, 0.2 g., cut in small pieces, was added 
rapidly. After 5 min. 2.0 g. of ammonium chloride was 
added and the evaporation of ammonia was hastened by a 
warm water bath. Water (50 ml.) was then added and the 
aqueous slurry extracted twice with 20-ml. portions of 
methylene chloride. The solvents were evaporated and the 
residue acetylated, using the procedure previously described, 
to yield 0.21 g. of short rectangular needles from methyl 
alcohol, m.p. 191-193°, and an infrared spectrum identical 
with that of natural chiapagenin diacetate.
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The principal fatty acids of Limnanthes douglasii seed oil are shown to include two previously unknown components: 
cts-5-eicosenoic (65%) and cis-5-docosenoit acid (7%). The oil also contains cis-13-docosenoic (erucic) acid (13%) and 10% 
of an unknown C22-acid.

Limnanthes douglasii or meadow-foam (fam. 
Limnanthaceae) is an annual herb native to 
coastal California and presently cultivated as an 
ornamental.3 A recent paper from this laboratory4 * 304

(1) One of the laboratories of the Northern Utilization 
Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture.

(2) Presented before the Division of Organic Chemistry, 
137th Meeting, American Chemical Society, Cleveland, 
Ohio, April 5-14, 1960.

(3) L. Abrams, Illustrated Flora of the Pacific States, 
Yol. I ll, Stanford University Press, Stanford, Calif., 1951,
p 46.

indicated that the seed oil of this species is highly 
unusual in containing 94% of fatty acids longer 
than C-18. The present paper will report isolation 
and characterization of three of the four principal 
fatty acids of Limnanthes douglasii seed oil.

Isolation of pure acids. Gas chromatographic 
analysis of the methyl esters of the mixed acids 
from Limnanthes oil indicated that the principal 
components were a C2o-monoene, a C22-monoene

(4) F. R. Earle, E. H. Melvin, L. H. Mason, C. H. 
VanEtten, and I. A. Wolff, J. Am. Oil Chemists’ Soc., 36,
304 (1959).
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TABLE I
Gas Chromatographic Analysis of M ethyl Esters of Limnanthes douglasii Seed Oil and Various Derived F ractions

Percent Acid

Type of Acid
Original

Oil
Hydrogen

ated Oil
Cone.

B

Countercurrent Dist.
Run I Run I Run II 

Trans. 310 Trans. 340 Trans. 640
Cio-sat. — tr tr
Ci2-sat. tr tr tr
Ci4-sat. tr 0.1 0.1
Ci6-sat. 0.4 0.5 0.1 — —

Cie-monoene 0.3 — —

Cig-sat. 0.3 1.7 0.2 — —

Cis-monoene 1.7 tr 0.4  j
Cis-diene 0.7 — - — —

Cis-triene tr — -  J
C20-sat. 1.0 65 0.7 1.2 0.1 1.1
C2irmonoene 65 0.5 66 37.6 97.2
C2<j-unknown 0.3 0.3 — —

C2i-monoene ( ?) — — tr 0.9 0.4
C22-sat. — 31 — — —

C22-unknown 10 — 2 — 0.4
C22-monoene 20 — 30 60.3 2.3 98.5
C^-unknown <1 — -- -

2.6 g. (A)

20.0 g. mixed acids

(C2Hs)20—_
crystallization
-4 5 °

insoluble soluble

insoluble

CH3OH—
crystallization
-25°

soluble

13.1 g. (B) 5.5 g. (C)
Fig. 1. Low-temperature crystallization of mixed fatty 

acids of Limnanthes douglasii seed oil

and a C22-“unknown” (see Table I). When the 
mixed acids were hydrogenated, these unsaturated 
components were converted to eicosanoic (ara- 
chidic) and docosanoic (behenic) acids (Table I). 
Concentrates of the monoenes (A and B) and of the 
unknown (C) were obtained by a sequence of low- 
temperature crystallizations (Fig. 1 and Table I) 
and by countercurrent distributions (Figs. 2 and 3). 
Concentrate B from the low-temperature crystal
lization scheme was shown by gas chromatography 
to contain 66% C20-monoene and 30% C22-monoene 
(Table I). A portion of this concentrate B was 
subjected to countercurrent distribution (Run I) 
in a 200-tube automatic Craig-Post apparatus. 
The solvent system acetonitrile-hexane6 was used 
and a total of 440 transfers were made by making 
use of an automatic fraction collector in which 
two transfers per tube were collected. This treat
ment effected only a partial resolution of the C20- 
and C22-nionoene components (Fig. 2 and Table I ) ; 
the C22-monoene appeared as a shoulder on the peak 5

(5) C. R. Scholfield, J. Nowakowska, and H. J. Dutton, 
J. Am. Oil Chemists’ Soc., 37, 27 (1960).

Fig. 2. Countercurrent distribution of methyl esters of 
Limnanthes douglasii seed oil fractions (Run I)

Fig. 3. Countercurrent distribution of methyl esters of 
Limnanthes douglasii seed oil fractions (Run II)

formed by the slower-moving C2o-monoene. A 
concentrate of C2o-monoene suitable for structural 
determination was obtained by pooling material 
from transfers 342 to 390, having 90 to 97% purity. 
A C22-monoene concentrate was obtained by pool
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ing material from appropriate tubes and was fur
ther fractionated by countercurrent distribution 
Run II (Fig. 3 and Table I). A small amount of 
C22-mouoene of ca. 98% purity was obtained by 
combining peak fractions from Run II. The pres
ence of a single double bond in acids from these 
fractions was confirmed by quantitative hydro
genation or iodine value.

Characterization of monoethenoid acids. The 
purified C2o-monoene was subjected to oxidative 
cleavage by both the permanganate-periodate 
method6 and the older permanganate-acetic acid 
method.7 Efforts were concentrated on applica
tion of the permanganate-acetic acid technique 
because of solubility difficulties encountered with 
the permanganate-periodate method. When sepa
ration of the degradation products by steam distil
lation was attempted in the usual manner, there 
was obtained in the distillate a very slightly steam- 
volatile acid, which tended to solicify in the con
denser and which unexpectedly proved to be 
pentadecanoic acid. The identity of this fragment 
was established by mixed melting point determina
tions on the free acid and on the p-bromophenacyl 
ester, and also by gas chromatographic analysis. 
The nonvolatile dicarboxylic acid fragment from 
the C20-monoene was proved to be glutaric acid. 
These cleavage products, together with the infrared 
spectrum (no maxima in the 10-11 p region), clearly 
established the structure of the C20-:nonoene as the 
previously unknown a.s-5-eicosenoic acid.

The purified C22-monoene was also cleaved 
by permanganate-acetic acid oxidation and was 
shown to be a mixture of two isomers: cfs-5-doco- 
senoic, another previously unknown acid, in com
bination with the familiar cis- 13-docosenoic (erucic) 
acid. The monobasic acid fragments from the C22- 
monoene were separated from the dibasic acids by 
solvent partitioning. Gas chromatographic analy
sis of the resulting monobasic acici fraction indi
cated that the principal fragments were nonanoic 
and heptadecanoic acids in a ratic of about 2:1. 
Several other fragments were present in small 
amounts; the work of Begemann and coworkers7 
indicated that the permanganate-acetic acid 
method suffers from the drawback of formation of 
secondary degradation products. The nonanoic 
acid fragment was isolated from the monobasic 
acid fraction by steam distillation and characterized 
as a p-bromophenacyl ester. The heptadecanoic 
acid fragment was crystallized from the nonvolatile 
residue after steam distillation and characterized 
by mixed melting point determination. A tridecane- 
dioic acid fragment, corresponding to nonanoic 
acid was isolated from the dibasic acid concen-

(6) R. U. Lemieux and E. von Rudloff, Can. J. Chem., 
33, 1701 (1955); E. von Rudloff, J. Am. Oil Chemists’ Soc., 
33, 126 (1956).

(7) P. H. Begemann, I. G. Keppler, and H. A. Boeke- 
noogen, Rec. trav. chim., 69, 439 (1950), and references 
cited therein.

trate and identified by mixed melting point. 
A glutaric acid fragment, corresponding to hepta
decanoic acid, was not isolated in a state of suf
ficient purity for characterization.

Isolation and partial purification of the C22- 
unknown have also been accomplished. An account 
of this work and of structural studies now in prog
ress on this acid will be given in a later paper.

DISCUSSION

The efs-5-eicosenoic acid found in Limnanthes 
oil appears to be unique. No other monoethenoid 
fatty acids with As-double bonds appear to have 
been recorded as triglyceride constituents in either 
the vegetable or animal kingdoms.8 Two other 
monoethenoid C2o-acids in glycerides have been 
reported: the 9- and 11-isomers. The occurrence of 
cfs-ll-eicosenoic acid in a number of vegetable and 
marine animal oils is well established.9 In contrast,
9-eicosenoic acid has thus far been found only in 
animal oils.10 11 The melting point of cfs-5-eicosenoie 
acid (26-27°) is about four degrees higher than 
melting points reported for the 9- and 11-iso
mers. 9b’u 5-Docosenoic acid is also unique; C22- 
monoenes in the fatty acid series previously re
ported as occurring naturally are the 11- and 13- 
isomers.9a

Correlations made by Lovem12 and by Klenk 
and Debuch13 have called attention to certain 
biogenetic patterns in unsaturated fatty acids. 
From their observations may be drawn the em
pirical generalization that double bonds in these 
acids tend to occur in positions 3n carbon atoms 
removed from one end of the chain (n being a 
small integer). Thus n = 3 for oleic and erucic acids 
and n = 4 for petroselinic acid. 5-Eicosenoic acid 
conforms to this pattern in the sense of having the 
integral value n = 5, counting the methyl group 
as Cx. In addition, it is significant that there are 
natural polyunsaturated C20-fatty acids having

(8) Human hair oil has been reported to contain several 
unusual monounsaturated free fatty acids, including a 5- 
tetradecenoic acid [cf. A. W. Weitkamp, A. M. Smiljanic, 
and S. Rothman, J. Am. Chem. Soc., 69, 1936 (1947)]. 
Note Added in Proof: A recent communication states that 
human fecal lipids contain several unusual Cis-monoethenoid 
acids, including 5-octadecenoic acid [cf. A. T. James, J. P. 
W. Webb, and T. D. Kellock, Biochem. J., 74, 21P (I960],

(9) (a) T. P. Hilditch, Chemical Constitution of Natural 
Fats, 3rd Ed., John Wiley & Sons, New York, 1956; 
(b) C. Y. Hopkins, M. J. Chisholm, and J, Harris, Can. J . 
Res., 27B, 35 (1949), and subsequent papers by Hopkins 
and Chisholm.

(10) Y. Toyama and T. Tsuehiya, J. Soc. Chem. Ind., 
Japan, 37, Suppl, binding 14 (1934); Chem. Abstr., 28, 
2208 (1934); W. Bergmann, S. M. Creighton, and W. M. 
Stokes, J. Org. Chem., 21,721 (1956).

(11) B. W. Broughton, R. E. Bowman, and D. E. Ames, 
J. Chem. Soc., 671 (1952).

(12) J. A. Lovem, J. Sci. Food Agr., 9, 773 (1958).
(13) E. Klenk and H. Debuch in Annual Reviews of 

Biochemistry, Vol. 28, ed. by J. M. Luck et al., Annual 
Reviews, Inc., Palo Alto, Calif., 1959, p. 39.
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A6-double bonds, e.g. the nutritionally essential 
5,8,11,14-eicosatetraenoic (arachidonic) acid. Cer
tain exceptions to this widespread biogenetic scheme 
are known, including 11-octadecenoic (vaccenic) 
acid and the A4-unsaturated acids of the Laura- 
ceae.12 5-Docosenoic acid, in common with these 
exceptions, does not conform to any biogenetic 
pattern that is now apparent.

EX PER IM EN TA L

General methods. The gas chromatographic analyses were 
carried out with a Burrell Kromatog K-5 instrument.14 
The columns were U-shaped glass tubings 1.25 to 2.75 m. 
in length and '/s- to 'A-inch inner diameter, packed with 
LAC-2-R-446 (a polyester of diethylene glycol-pen ta- 
erythritol and adipic acid) or Apiezon L (a hydrocarbon 
grease) supported by Johns-Manville Celite 445. The carrier 
gas was helium and the operating temperature ranged from 
185 to 250°, depending on the sample. For quantitative 
determination of composition, the areas under peaks were 
measured by the instrument’s automatic integrator. Mix
tures of acids were analyzed in the form of their methyl 
esters.

Except where otherwise noted, methyl esters were pre
pared by refluxing the desired mixture of acids 1 hr. in 
excess 1% sulfuric acid in methanol. Esters were isolated by 
ether extraction in the usual way; unchanged acids were 
removed by washing the ethereal solutions of esters with 5% 
potassium carbonate. When required for characterization 
work, fractionated esters were saponified by refluxing 1 hr. 
with 0.8Ar ethanolic potassium hydroxide.

Preparation of mixed fatty acids. Coarsely ground seeds of 
Limnanthes douglasii were extracted overnight in a Soxhlet 
apparatus with petroleum ether (b.p. 30-60°). The bulk of 
the solvent was evaporated on a steam bath under a nitrogen 
atmosphere, and the remainder was removed in vacuo with 
a rotating evaporator. The infrared spectrum of this oil 
showed no trans C =C  adsorption (10.3 u).

A 37.6-g. portion of Limnanthes oil was refluxed 30 min. 
with 240 ml. of 2N  ethanolic potassium hydroxide under a 
nitrogen atmosphere. The resulting solution was diluted 
with water and extracted with ether. Combined ether 
extracts were, in turn, extracted by water which was com
bined with the original alkaline liquor. Free fatty acids 
(35.0 g.) were obtained by acidification of the alkaline liquor 
and extraction with ether. A sample of methyl esters was 
prepared for gas chromatographic analj'sis by esterification 
with diazomethane (see Table I).

A portion of these mixed fatty acids were hydrogenated in 
ethanol with platinum oxide catalyst at room temperature 
and atmospheric pressure. The saturated acids, as well as 
the methyl esters prepared from them, were white crystalline 
solids (see Table I).

Low-temperature crystallizations (Fig. 1). Mixed fatty acids 
(20.0 g.) were dissolved in 440 ml. of ether and the solution 
was cooled slowly to —45°. After standing 2 hr., the filtrate 
was removed with a filter stick. The solid was redissolved 
in 117 ml. and cooled to —46° for 2 hr., yielding 2.551 g. of 
crystals (fraction A), m.p. 25-26.5°, iodine number 77. Gas 
chromatographic analysis of similarly prepared material 
indicated 90% C20-monoene and 6% C22-monoene.

Combined mother liquors from crystallizations of fraction 
A were evaporated and the resulting residue was crystallized 
from 360 ml. of methanol; 14.5 g. of solid was obtained after 
keeping the solution at —25° for 2 hr. This product was 
similarly crystallized from 360 ml. of methanol, and a yield 
of 13.1 g. of solid (fraction B) resulted, iodine value 89 (see

(14) The mention of trade names or products does not 
constitute endorsement by the Department of Agriculture 
over those not named.

Table I for gas chromatographic analysis of a similarly pre
pared fraction).

The combined mother liquors from crystallizations of 
fraction B yielded 5.5 g. of liquid (fraction C), iodine number 
125. According to gas chromatographic analysis, a similarly 
prepared fraction contained 37% C20-monoene, 10% C22- 
monoene, and 40% C22-"unknown.”

Fractionation by countercurrent distribution, (a) Run 1. 
Isolation of C^trmonoene. Fraction B was esterified as de
scribed under Methods. Methyl esters thus obtained (10.0 
g.) were subjected to a 440 transfer countercurrent dis
tribution in a 200-tube Craig-Post apparatus. The solvent 
system used was mutually saturated acetonitrile and 
hexane5 (8 to 1); 40 ml. of acetonitrile was placed in each of 
the 200 tubes. The methyl esters to be distributed were 
divided evenly among the first five tubes. The automatic 
operation of the instrument introduced 5 ml. of equilibrated 
hexane to tube 0 at each transfer stage. As hexane upper 
layers progressed past tube 200, they were decanted into an 
automatic fraction collector, combining two transfers per 
tube, and successively collected until 240 upper phases had 
been withdrawn. The weight curve obtained by evaporating 
solvent from contents of the various tubes is indicated in 
Fig. 2. Gas chromatographic analyses of selected tubes are 
indicated in Table I. On the basis of these analyses, contents 
of tubes 342-378 and 312-340 were combined and saponified 
to afford C20-monoene for structural elucidation. Combined 
acids from transfers 342-378 had an iodine value of 83.0; 
calculated for one double bond, 81.8. A portion of combined 
acids from transfers 342-378 was hydrogenated in ethanol 
with platinic oxide catalyst at room temperature and 
atmospheric pressure. The product obtained by filtration 
and evaporation melted at 74° without recrvstallization; 
the mixed melting point with authentic eicosanoic (arachidic) 
acid was 74-75°. Material from transfers 264-310. richest 
in C22-monoene, was combined.

(b) Run II. Isolation of Cir-monoene. Material from trans
fers 264-310, Run I, was subjected to a second distribution 
in the same manner, except that the material was recycled 
so that a total of 770 transfers were made. The weight curve 
obtained is given in Fig. 3. Gas chromatographic analysis 
of the peak tube (transfer 640) is shown in Table I. Material 
from transfers 576-640 was combined and saponified for 
structural elucidation. These combined acids (0.0472 g.), 
when hydrogenated quantitatively with platinum oxide in 
ethanol (room temperature, 1 atm.), absorbed 0.85 mole of 
hydrogen. The hydrogenated product, 0.0393 g., melted at 
71-78°. On recrystallization from ether-hexane, 0.016 g. was 
obtained, m.p. 78.5-79.5°; the mixed melting point with 
authentic docosanoic (behenic) acid was 78.5-79.5°.

Permanganate-periodate oxidation of Ci0-monocne.e A 
0.063-g. portion of C20-monoene (97% pure) and 0.083 g. 
of potassium carbonate were dissolved in 40 ml. of water. 
To this was added 1.0 ml. of 0.04H/ potassium permanganate 
and 0.334 g. of sodium periodate in 40 ml. of water. The mix
ture was stirred 24 hr., then reduced with sodium meta
bisulfite, acidified with hydrochloric acid, and extracted with 
ether. The mixed acids obtained by this oxidation were 
esterified without fractionation and analyzed by gas chro
matography. Pentadecanoic acid constituted 80% of the 
total monocarboxylic acids found. As the only dicarboxylic 
acid found was glutaric acid, it seems likely that the shorter 
chain monocarboxylic acids were secondary degradation 
products.

Permanganate-acetic acid oxidation of Cw-monoene.'' C2o- 
monoene concentrate (1.09 g.) was dissolved in 20 ml. of 
purified acetic acid. Finely ground potassium permanganate 
(8 g.) was added in portions over a period of several hours, 
during which the mixture was stirred continuously. The 
temperature did not exceed 40°. The mixture was diluted 
with water after standing overnight, reduced with sodium 
metabisulfite, and acidified with hydrochloric acid. The 
strongly acid solution was extracted repeatedly with ether. 
The ether was largely removed from the combined extracts
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by distillation and the residue steam distilled 5 hr. During 
this time, a solid acid distilled over very slowly and incom
pletely. Undistilled acids were recovered from the aqueous 
liquor by extraction with ether and by evaporation of com
bined extracts. The residue thus obtained was triturated 
repeatedly with petroleum ether (b.p. 30-60°). The soluble 
portion was filtered to remove traces of suspended insoluble 
matter (dicarboxylic acid fragments). Upon evaporation, 
the petroleum ether extracts yielded 0.431 g. of mono- 
carboxylic acid; an additional 0.182 g. was obtained from 
the steam distillate by extraction with ether. This cleavage 
fragment (0.034 g.) was recrystallized from aqueous meth
anol: 0.019 g. was obtained, m.p. 48-49°15 16; there was no 
depression on admixture with authentic pentadecanoic acid 
(m.p. 48-51°). A 0.123-g. portion was converted to the p- 
bromophenacyl ester. A yield of 0.116 g. of product was 
obtained, m.p. 68-72°; this yielded on recrystallization from 
aqueous ethanol 0.076 g., m.p. 75-76°; there was no de
pression on admixture with authentic p-bromophenacvl 
pentadecanoate (m.p. 75-77°).

The acidic aqueous liquors from the original oxidation 
mixture and those from the steam distillation were com
bined and extracted continuously with ether. A crude 
dicarboxylic acid fragment (0.172 g.) was obtained from the 
extract. Upon recrystallizing this from chloroform, 0.074 g. 
was obtained, m.p. 90-94°. Three additional recrystalliza
tions from chloroform or chloroform-benzene had little 
effect on the melting point, but there was no depression 
when mixed with authentic glutaric acid (m.p. 96-97°). 
The identity of this fragment as glutaric acid was confirmed 
by x-ray diffraction.

The glutaric acid fragment was obtained in a purer form 
when the Ow-monoene was subjected to permanganate- 
periodate cleavage by the general procedure of Lemieux 
and von Rudloff.6 Crude acid (0.056 g.), m.p. 86-90°, was 
recrystallized once from chloroform; a specimen was ob
tained having m.p. 94-95°. There was no depression of 
melting point or: admixture with authentic glutaric acid. 
The permanganate-periodate method was abandoned, 
however, because of the limited solubility of the acid in the 
oxidizing medium.

Pure cis-5-eicosenoie acid. A 0.110-g. portion of acid, ob
tained by saponification of combined transfers 342-378, 
m.p. 26-27° (ca. 97% pure 5-eicosenoic acid—see Table I), 
was recrystallized twice from aqueous methanol without 
observable change in melting point. Its infrared spectrum 
showed no trans C=C absorption (10.3 m).1'

Anal. Calcd. for C»oH3S0,; C, 77.4; H, 12.3. Found: C, 
77.3; H, 12.6.

Permanganate-acetic acid oxidation of C^-monoene. C22- 
monoene concentrate (0.99 g.) was oxidized essentially as

(15) Melting points were determined by a Fisher-Johns 
block and are uncorrected.

(16) Infrared spectra were measured as films on silver 
chloride plates with a Perkin-Elmer model 21 rock salt 
spectrophotometer.

described for the C3j-monoene. Combined ether extracts 
from the bisulfite-reduced, acidified oxidation medium were 
concentrated so as to remove most of the solvent. The 
residue was dissolved in 30 ml. of methanol and 3 ml. of 
water. The resulting solution was extracted four times with 
30-ml. portions of petroleum ether (b.p. 30-60°). The com
bined petroleum ether extracts were dried over sodium 
sulfate and evaporated, yielding 0.280 g. of semisolid, a 
concentrate of monocarboxylic acids. Upon evaporation, 
the aqueous methanol yielded 0.602 g. of dicarboxylic 
acids as a waxy solid.

Gas chromatographic analysis of the monocarboxylic acid 
concentrate indicated two principal fragments: nonanoic 
acid (27.8%) and heptadecanoic acid (21.9%). A portion 
(0.280 g.) of this material was separated by steam distilla
tion. Nonanoic acid (0.067 g.) obtained by ether extraction 
of the distillate was converted to a p-bromophenacyl ester. 
The crude yield was 0.020 g., m.p. 50-54°. After two re
crystallizations from aqueous ethanol and one from hexane, 
this derivative melted at 60-63°: the melting point was 
undepressed on admixture with authentic p-bromophenacyl 
nonanoate.

The nonvolatile monocarboxylic acid (0.110 g.) was ob
tained as a semisolid by petroleum ether extraction of the 
aqueous residue from steam distillation. After three re- 
crystallizations from methanol, this acid melted at 54-58°, 
undepressed on admixture with authentic heptadecanoic 
acid (m.p. 56-59°). A considerable depression (m.p. 48- 
62°) was observed on admixture with palmitic ac:d (m.p. 
62°).

The dicarboxylic acid concentrate obtained by cleavage 
of the C-22-monoene was dissolved in 10 ml. of chloroform. 
This solution was extracted repeatedly with 10-ml. portions 
of water, dried with sodium sulfate, and evaporated. A 
solid (0.111 g.), m.p. 77-95°, was obtained. This material 
was recrystallized twice from chloroform-hexane and once 
from aqueous ethanol: a sample was obtained, m.p. 110— 
111°; there was no depression on admixture with authentic 
tridecanedioic (brassylic) acid (m.p. 111-112°).

Combined acidified aqueous extracts from chloroform- 
water partitioning were extracted with ether. The product 
thus obtained, presumably containing glutaric acid, was not 
satisfactorily characterized.
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Ultraviolet absorption spectra are reported for a variety of hydrazones of benzaldehyde, substituted both on the terminal 
nitrogen and in the ring. The spectral features accord with the suggestion that the hydrazone group (> C = N —N <) is a 
strong electron-donor. Ar-alkyl- and A'-acylhydrazone groups are also electron-donors. A close parallel exists between the 
spectral relationships of the aniline-acetanilide series, on the one hand, and the benzaldehyde hydrazone—benzaldehyde acyl- 
hydrazone series on the other. Explanations of properties of hydrazones based on assumptions of electron-withdrawal by the 
hydrazone group are shown to be unnecessary.

Benzaldehyde hydrazone and its derivatives 
which bear alkyl or acyl groups on the terminal 
nitrogen and no more than one nuclear substituent, 
have simple ultraviolet absorption spectra, char
acterized by two maxima, one in the region of 
220-250 m/i, th e , other at longer wave lengths, 
270-400 m/x. Benzophenone hydrazone and its 
nuclear-substituted derivatives have similar spec
tral features. When alkyl groups are introduced on 
the terminal nitrogen of benzaldehyde hydrazone, 
bathochromic and hyperchromie displacements are 
observed. This^effect has been explained by in
voking resonance forms of type A.2 To explain the 
effect of ring substituents on the ultraviolet ab
sorption spectra3 and basicities4 of a series of benzo
phenone hydrazones, resonance forms of type B 
have been used as well as those of type A. The latter 
would be aided by electron-withdrawing groups in 
the ortho and para positions, while the former would 
be favored by electron-donating substituents in 
the ortho and para positions.

The earlier work dealt only with the effect of 
substituents on the terminal nitrogen of benzalde
hyde hydrazone, while the later work was concerned 
only with the effects of nuclear substituents in a 
series of benzophenone hydrazones. While the two 
series would be expected to parallel each other 
fairly closely, it would be of interest to compare 
the effects of substituents on the terminal nitrogen 
and in the nucleus of one series of compounds. 
In the course of studies on the chemistry of hy
drazines we have prepared a number of hydrazones 
of benzaldehyde and its nuclear-substituted deriva

(1) Present address: Union Carbide Research Institute, 
32 Depot Plaza, White Plains, N. Y.

(2) D. Todd, J. Am. Chem. Soc., 71, 1353 (1949).
(3) H. H. Szmant and C. McGinnis, J. Am. Chem. Soc., 

74,240(1952).
(4) H. F. Harnsberger, E. L. Cochran, and H. H. Szmant,

J. Am. Chem. Soc., T7,5048 (1955).

tives. For the present study we have determined 
the ultraviolet absorption spectra of these materials, 
as well as additional hydrazones which together 
form a series in which the substituents on the ring 
and the terminal nitrogen have been systematically 
varied.

The results, summarized in Table I (with 
additional data from the literature), show that the 
hydrazone group (> C = N —-N<) is a strong elec
tron-donating group, in the sense of formula A. 
The A-alkyl hydrazones are in the same class, the 
alkyl groups facilitating electron-release. The 
spectral changes, which accompany changes in the 
substituents para to the hydrazone or alkylhy- 
drazone groups, are closely related to the changes 
observed when substituents para to the more famil
iar electron-donating groups are varied.5 In the 
case of the hydrazones considered here, the in-

(5) L. Doub and J. M. Vandenbelt, J. Am. Chem. Soc., 69, 
2714 (1947). The two bands which are observed in most of 
the spectra of hydrazones appear to be the displaced first 
and second primary bands of benzene, as described by Doub 
and Vandenbelt. Following their terminology, the band of 
longer wave length is referred to as the first primary band 
and that of shorter wave length as the second primary band. 
Throughout the discussion, references to displacements of 
peaks mean the first primary band, for which more data are 
available. The second primary bands show similar but 
smaller displacements. In their work the two primary bands 
were present (and the secondary band was absent) when the 
para substituents were of opposite and fairly strong electronic 
types (e.g. methoxyl and carbonyl).

Whether the bands of long and short wave length in the 
spectra of a series of p-disubstituted benzenes are in fact 
related to each other as first and second primary bands can 
be determined by the general method of G. N. Lewis and
M. Calvin [Chem. Rev., 25, 273 (1939)], as applied to the ben
zene case by W. D. Kumler [J. Am. Chem. Soc., 68, 1184 
(1946)]. This method states that the relationship is estab
lished if (1) the ratio of wave lengths of the first primary 
band (X) to the second primary band (X ')  is always less than 
2 and increases as X increases, and (2) the ratio of molar 
absorbancy indices « '/e decreases as X increases. These cri
teria were adhered to sufficiently in the spectra of the 
hydrazones to serve as tentative establishment of the rela
tionship. The hydrazones bearing nitro groups were anoma
lous although consistent within themselves. (Both Doub 
and Vandenbelt and Kumler have remarked the spectral 
anomalies introduced by nitro groups.) Furthermore, the 
semicarbazones do not fit the pattern established by the 
hydrazones, but are consistent within their own group.
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TABLE I

Absorption Maxima“ of Aromatic Aldehydes and Hydrazones:

X
Y

O XXH, XXHCHs XX(CH,)2 XXHCOXH2

p-(CH3)2X 342(4.47)" - - 312c 313(4.40) 334(4.34)
— 225c 223(3.99) 233(4.02)

p-CHsO 277(4.17)tf 28R 284(4.32) 291(4.31) 292(4.35f
— sh 215(4.08) sh 218(3.95) J

H 246(4.12)“ 273(4.07)" 285(4.12)" 297(4.21)" 283(4 30)'
/ / / /

m-NOi 257(3.87 )>' 268(4.30 )• 294(4.27) — 284(4.30Ÿ
/ 210(4.20) — f

p-X02 268(4.02 )3 343(4.10) 374(4.26) 392(4.28)" 328(4.20)'
237(3.89) 246(4.01) 250(3.93) /

V-CN 257(3.98) 306(4.31) 326(4.29) — 303(4.47)
226(3.96) 235(3.98) — 218(4.14)

p-CH3S02 243(3.96) 299(4.27) 320(4.39) — 298(4.45)
225(4.12) 227(3.96) — 222(4.18)

“ The solvent for the hydrazones was 05% ethanol; absolute ethanol was required to dissolve the semicarbazones. Figures 
in parentheses are values of log e. 6 W. D. Kumler,./. Am. Chew. Soc., 68, 1184 (1946). c Log e not determined. a R. A. Mor
ton and A. L. Stubbs, J. Chem. Soc., 1940, 1847. « M. Itamart-Lucas and J. Klein, Bull. soc. chirr.., [5], 16, 454 (1940). f  Por
tion of spectrum reported included only higher X„,ax. a R. P. Mariella and R. R. Ran he, J. Am. Chem. Soc., 74, 521 (1952). 
" D. Todd, J. Am. Chem. Soc., 71, 1353 (1949). 1 P. Grammaticakis, Bull. Soc. chim., [5], 17, 690 (1950).1 P. Grammaticakis, 
Bull. soc. chim., [5], 20, 821 (1953). * For p-X(YCelfiCFL-XX(CH3)CI LCelb Xmax = 253,388 m|i; log t = 4.04, 4.34 [R. L. 
Hinman, J. A m. Chem. Soc., 78,2463 (1956)].

creased length of the resonating system causes 
both primary bands to be present when only the 
hydrazone group is on the ring (benzaldehyde 
hvdrazone). No other nuclear substituent is 
necessary. Thus, the introduction of other electron- 
donating groups para to the hydrazone group 
causes only small displacements cf the first pri
mary band (X) compared to that of the correspond
ing unsubstituted hydrazone. (Or, looking at it 
from the other end of the molecule, when an 
electron-donating group, such as methoxyl or 
dimethylamino is on the ring, increasing the elec
tron-donating ability of the hydrazone group in the 
para position (by putting alkyl groups on the termi
nal nitrogen) causes but slight bathochromic shifts 
compared to the unmethylated hydrazone with the 
same nuclear substituent.) When electron-with
drawing groups are para to the hydrazone group, 
large bathochromic shifts are observed relative 
to benzaldehyde hydrazone, and tne introduction 
of methyl groups on the terminal nitrogen causes 
large shifts toward the red.

These results are foreshadowed in the spectral 
changes which occur when the electron-withdraw
ing formyl group of the aldehyde is converted to 
the electron-donating hydrazone group. With 
electron-withdrawing groups on the ring, the con
version of aldehyde to hydrazone is accompanied 
by large bathochromic shifts of the first primary 
band. When electron-donating substituents are on 
the ring, however, the spectral changes are only 
slightly bathochromic (methoxyl), or actually hyp- 
sochromic (dimethylamino).6

(6) Similar effects a.rp observed in the benznphenone
series (ref. 3.)

The semicarbazones form an interesting class 
because the carbamyl group should withdraw elec
trons from the terminal nitrogen. It might be ex
pected then that polarization of type B would be 
favored. If this were the case, however, it would be 
difficult to explain why the semicarbazones of 
aldehydes absorb at longer wave lengths than the 
aldehydes themselves, even when an electron- 
donating substituent (methoxyl) is in the para 
position. (The formyl group should withdraw 
electrons more effectively than the semicarbazone 
group.) These problems are not encountered if it 
is assumed that the semicarbazone group, like the 
hydrazone group, donates electrons, but less ef
fectively than the latter.

An interesting parallel can be drawn between the 
hydrazone-semicarbazone pair and the aniline- 
acetanilide pair. The bathochromic shift and in
creased absorption of the high intensity band ob
served in passing from aniline to acetanilide has 
been ascribed to the extension of the conjugated 
system.7 Similar spectral effects are observed when 
the terminal nitrogen of benzaldehyde hydrazone 
is substituted by a carbamyl group.8 Conversion 
of p-methoxy-7 or p-dimethylaminoaniline9 to the 
corresponding acetanilide is also accompanied by 
bathochromic and hyperchromic displacements.

(7) H. E. Ungnade, J. Am. Chem. Soc., 76, 5133 (1954).
(8) Substitution of the terminal nitrogen by an aevl group 

effects a similar spectral change. Thus, for C6H5CH = 
NNHY, when Y = CON lb, xmaI = 283 (log <e 4.30); when 
X' = OOOH:t, Xmax = 280 (log e 4.30); Y = COC6H:„ 
Xmax = ‘295 (log € 4.35) fP. Grammaticakis, Bull. sec. chim.,
(5), 17,690(1950)].

(9) R. Grammaticakis, Bull. soc. cliim., (5), 18, 531
(1951).
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Similar shifts occur in passing from the hydrazone 
to the semicarbazone of a correspondingly nuclear- 
substituted benzaldehyde. When aniline bears 
an electron-withdrawing group in the para position, 
it absorbs at longer wave lengths than the cor
responding acetanilide, although the intensity 
of absorption of the anilide is frequently the larger 
of the two (e.g. p-aminobenzoic acid,5 Xmax 284, 
e 14000; p-iV-acetylaminobenzoic acid,7 Amax 
270, f 21,200). These changes are paralleled closely 
by those in a hydrazone-semicarbazone pair, 
substituted by electron-withdrawing groups. It 
is concluded, therefore, that the semicarbazone 
group (or any A-acylhydrazone group) donates 
electrons, like the acetylamino group and, like the 
latter, has less tendency to do so than the cor
responding unacylated amino form.

When both an acyl group and a methyl group 
are on the terminal nitrogen, the value of Amax 
is that observed when the acyl group alone is 
present plus a small increment for the effect of the 
methyl group. Thus, with p-nitrobenzaldehyde 
the methylhvdrazone has Amax 374 mp, the acetyl- 
hydrazone,8 A„ax 320 mp, and the A-methyl-A- 
acetylhydrazone,10 Amax 327 mp. Ramart-Lucas 
has reported a similar effect of introducing an acyl 
group in compounds such as anisaldehyde phenyl- 
hydrazone and anisaldehyde 1-acetyl-l-phenylhy- 
drazone.11

It is interesting that the parallel between the 
aniline-acetanilide and hydrazone-acylhydrazone 
pairs breaks down at this point, for introduction of 
a methyl group in acetanilide causes a drop in 
both Amax and e from 242 mfi (14,400) for acetani
lide7 to 228 mp (6000) for A-methylacetanilide.12 
A similar effect is observed when p-chloroacetani- 
lide is converted to the A’-methyl derivative.9 
This decrease, which does not seem to have been 
commented upon, is probably due to steric inhibi
tion of resonance. The acetyl group would be about 
equivalent to an isopropyl group, which together 
with the methyl, might cause some interference 
with planarity due to hindrance at the o-hydrogens. 
The presence of two large alkyl groups on the anilino 
nitrogen has been shown to have this sort of effect 
on the ultraviolet spectrum,13 14 and additional 
evidence can be found in the base strengths of 
A,A-dialkylanilines. Hindrance to planarity is 
evident even in A,A-diethylanilines.u The sug

(10) R. L. Hinman and D. Fulton, J. Am. Chem. Soc., 
80,1895(1958).

(11) M. Ramart-Lucas and J. Klein, Bull. soc. chim. 
[5], 16,454(1949).

(12) P. L. Southwick, D. I. Sapper, and L. A. Pursglove, 
J. Am. Chem. Soc., 72 , 4940 (1950).

(13) P. Rumpf and G. Girault, Compt. rend., 238, 1892 
(1954).

(14) See the chapter by H. C. Brown, D. H. McDaniel,
and O. Hafliger in E. A. Braude’s Determination of Organic
Structures by Physical Methods, Academic Press, New York,
1955.

gestion that steric interference exists in the N- 
methylacetanilides is supported by the spectra of 
the closely related phenylcyanamides. Phenyl- 
cyanamide itself shows Amax 232 mp, while A- 
methylphenylcyanamide has Ama* 235 mju15; p- 
nitrophenylcyanamide: Amax 313 mji; Ar-methyl-p- 
nitrophenylcyanamide: Amax 313 mp.16 The cyan- 
amide group undoubtedly donates electrons like 
the acetylamino group. However, as the cyano 
group is much smaller than the acetyl group the 
steric effects do not appear on introduction of an 
A-methyl group. In the hydrazone series the groups 
on the terminal nitrogen would be too far removed 
from the ring hydrogens to interfere with plan
arity.17

In the foregoing discussion it has been shown 
that the spectral features of the benzaldehyde and 
related hydrazones can be explained in terms of 
resonance structure A and without invoking formula
B. I t is also unnecessary to use formula B to explain 
the increase in basicity observed when benzophe- 
none hydrazone is substituted by an electron-donat
ing group such as methoxyl.4 Rather, the methoxyl 
groups merely decrease the ability of the hydrazone 
group to donate electrons to the ring. p-Methoxy 
aniline is likewise considerably more basic than 
aniline.18

Implicit in the discussion is the idea that hy
drazones are like vinylogs of aniline, in both of 
which the amino group is operating in the same 
way. The hydrazone group is therefore closely 
related to the vinylamine group, in which the amino 
function donates electrons in the same manner.19

Styrylamine would of course be a true vinylog 
of aniline. In this context the oximino group is 
also closely related, and the limited data available 
suggest that it probably donates electrons by a 
similar mechanism. As the ability of p-orbitals 
to overlap for bond formation decreases from nitro
gen to oxygen, the oximes should absorb at shorter 
wave lengths than the hydrazones (just as phenol 
absorbs at a shorter wave length than aniline), 
which is in fact observed: benzophenone oxime, 
Amax 253 mg,20 p-methoxybenzophenone oxime, 
Amax 270 mp,20 and p-nitrobenzophenone oxime, 
Amax 310 mp.21

(15) M. G. Seeley, R. E. Yates, and O. R. Noller, J. .4?//,. 
Chem. Soc., 73, 772 (1951).

(16) R. Huisgen and H. Koch, Ann., 591, 200 (1955).
(17) Throughout the discussion the question of stereo

isomerism of the hydrazone groups is ignored. It is assumed 
that all the compounds studied have the same configuration 
(presumably with the aldehyde hydrogen and the terminal 
nitrogen cis), not an unreasonable assumption in view of 
the common method of preparation.

(18) N. F. Hall and M. R. Sprinkle, J. Am. Chem. Soc., 
54,3469(1932).

(19) N. J. Leonard and V. Gash, J. Am. C h e m .  Soc., 76, 
2781 (1954), and subsequent papers.

(20) P. Grammaticakis. Bull. soc. chim., [5], 8, 427 (1941).
(21) A. Meisenheimer, Ann., 502, 162 (1033 i.
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TABLE II
Hvdrazones of N uclear Substituted Benzaldehydes: X CeILCH=N—Y

X Y M.P. Formula c
Calcd.

H N C
Found

H N

p - ( C H 3) 2N N H C H 3 50-52° c 10h 15n 3 67.74 8.53 — 67.41 8.69 —
p - ( C H 3) 2N N H C O N H j 224°(d)a C,oHi,N40 59.10 5.46 — 59.22 5.41 —

p-c h 3o N H C I L 49-51° C 9H i2N 20 --- — 17.06 — — 17.41
771-NOj n h c h 3 65-66° C 8 H 9 N 3 O 2 53.62 5.06 23.45 53.45 4.57 22.50
p-n o 2 N H C H 3 69-10105 C 8 H 9 N 3 O 2 53.61 5.06 23.43 53.74 5.10 23.65
p - C N N H j 66-67° c 8h ,n 3 66.17 4.86 — 66.25 4.52 —
p - C N N H C I L 66-97° c 9h 9n 3 67.90 4.53 — 67.74 5.03 —
p - C N n h c o n h 2 >250° c „h 8n 4o 57.44 4.28 — 57.36 4.19 —
P - C H 3 S O 2 NHj 149-150° C8H,oN20 2S — — 14.04 — — 14.08
p - C H 3S 0 2 NHCHj 118-120° c „h 12n 2o2s 50.94 5.70 — 51.35 5.66 —
p - C H 3S 0 2 n h c o n h 2 226-227° C,HuN,03S 44.80 4.60 — 45.13 4.38 —

a Reported m.p. 224° dec. (cor.) (F. Sachs and L. Sachs, Ber., 38, 525 (1905)). 5 Reported m.p. 93° (O. L. Brady and 
G. P. McHugh, J. Cheni. Soc., 121,1648 (1922).)

E X P E R IM E N T A L 22

Hydrazones. With the exception of p-anisaldehyde hydra- 
zone, these materials were prepared by the reaction of the 
aldehyde with a 10-20 fold molar excess of 85% hydrazine 
hydrate, according to the method of Curtius and Lublin.23 
p-Nitrobenzaldehyde hydrazone melted at 135-136° (lit.23 
m.p. 134°).

p-Anisaldehyde hydrazone, which could not be obtained 
by the above method, was prepared by the reaction of the 
corresponding azine with a 5-fold molar excess of 85% 
hydrazine hydrate. This method had been used previously24 
for the synthesis of w-methoxybenzaldehyde hydrazone. 
When the reaction was applied to anisaldehyde azine,24 
however, reaction appeared to take place, as evidenced by 
the gradual disappearance of the solid azine (and its char
acteristic yellow color), but after evaporation of the ether 
extracts of the reaction mixture, only azine was obtained. 
This experiment was repeated in the present work because 
it was felt that the azine obtained in the ether extract 
must have been formed from the desired hydrazone after 
extraction. The azine is relatively insoluble in ether. As 
traces of either acid or oxidizing agents will rapidly convert 
hydrazones of this type (see below under Stability of Hydra- 
zones) to azines, the ether was washed with 10% sodium 
hydroxide, dried, and passed down an alumina column to 
remove peroxides. When this ether was used for extraction 
of the reaction mixture, a pale yellow liquid was obtained 
after evaporation of the solvent in vacuo. When exposed 
to air the product rapidly deposited p-anisaldehyde azine as a 
yellow powder. I t was completely converted to the azine on 
attempted distillation. The spectrum was therefore deter
mined without purification or analysis of the material. The 
general shape of the spectrum, as well as the mode of syn
thesis and facile conversion to the azine leave little doubt 
that the liquid product was anisaldehyde hydrazone. p-Di- 
methylaminobenzaldehyde hydrazone could not be obtained 
even by the latter method.

Methylhydrazones and dimethylhydrazones. These com
pounds were all prepared by the reaction of an ethanolic 
solution of the appropriate aldehyde with a molar excess

(22) Melting points and boiling points are uncorrected. 
Spectra were obtained with a Cary Model 11 recording 
spectrophotometer, using silica cells of 1 cm. light path. 
Properties and analyses of new compounds are listed in 
Table II.

(23) T. Curtius and A. Lublin, Ber., 33, 2460 (1900).
(24) H. Franzen and T. Eichler, J. prakt. Chem., [2], 82,

241(1910).

of the hydrazine. A few drops of acetic acid were added, the 
mixture was heated to boiling, water was added until the 
solution became turbid, and the mixture was chilled. The 
crystals were filtered and recrystallized from ethanol-wate- 
mixtures. p-Dimethylaminobenzaldehyde dimethylhydrar 
zone melted at 72-73° (lit.25 m.p. 74-75°). p-Nitrobenzalde
hyde dimethylhydrazone melted at 112-113° (lit.25 m.p. 
112°). p-Anisaldehyde dimethylhydrazone was distilled, 
b.p. 123-124° (2.4 mm.) (lit.26 b.p. 120° (3 mm.).

Semicarbazones were prepared by a standard method.26
Stability of hydrazones. Hydrazones with electron-with

drawing groups in the para position were only slowly de
composed when exposed to moisture or air. Stability in
creased as methyl groups were introduced on the terminal 
nitrogen. The melting point and spectrum of p-nitro- 
benzaldehyde dimethylhydrazone were unchanged after 
standing overnight in an open beaker. The p-nitro deriva
tives were the most stable, as had been noted by Curtius 
and Lublin23 for the simple hydrazones of 0-, m-, and p- 
nitrobenzaldehyde. In 95% ethanol, Xm„  of a 1.30 X 10”4 M 
solution of p-nitrobenzaldehyde hydrazone remained con
stant at 237 and 343 m/j during 12 hr., and the absorbancy 
at the higher peak decreased from 1.62 to 1.45. During the 
same interval, X max of a 1.03 X 10”4 M  solution of p- 
cyanobenzaldehyde hydrazone decreased from 306 to 302 
and the second primary band at 226 mn changed to a barely 
discernible shoulder; the absorbancy of the first primary 
band decreased from 2.08 to 1.90 during this period.

Hydrazones with electron-donating groups on the ring 
were extremely unstable, rapidly undergoing oxidation and/ 
or hydrolysis when exposed to air. To save time in deter
mining spectra, concentrations of the hydrazones and 
methylhydrazones were not determined. The dimethyl
hydrazones were more stable and their concentrations were 
determined.

Acknowledgment. The author expresses his ap
preciation to Dr. David Todd of the Worcester 
Foundation for Experimental Biology for permis
sion to use his original data for the absorption 
spectra of the benzaldehyde hydrazones.2

I o w a  C i t y , I o w a

(25) R. H. Wiley, S. C. Slaymaker, and H. Kraus, J. 
Org. Chem,., 22,204(1957).

(26) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, 
The Systematic Identification of Organic Compounds, Fourth 
Ed., John Wiley & Sons, Inc., New York, 1956, p. 218.
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The optical rotatory dispersion curves of compounds having an aromatic center attached to an asymmetric carbon bear
ing a hetero atom have been shown to exhibit Cotton effects. The investigation of this property with a number of aralkyl
amines and alcohols has led to correlations with the absolute configurations. The portion of the curve in the visible spectrum 
can be fitted to the Drude equation, and the slopes thus obtained are shown to be an intrinsic property of the asymmetric 
center and additive.

Compounds which possess a weakly absorbing 
chromophore, such as the carbonyl group, in the 
vicinity of an asymmetric center display anomalous 
variation of optical rotation with wavelength show
ing Cotton effects in the region of ultraviolet 
absorption. This property has provided a useful 
means of assigning relative and absolute configura
tions to ketonic steroids by Djerassi and co-work
ers.3 Steroids such as equilenin4 which contain 
one or more aromatic rings gave plain curves 
leading to the conclusion that the aromatic ring 
did not produce Cotton effects. In contrast to this, 
the rotatory dispersion of ergosterol which possesses 
no aromatic group but conjugated double bonds 
shows a Cotton effect of pronounced magnitude.6 
On the other hand, the A3 4'6-steroids,6a the A7-9(U) 
-steroids6*5 and An'13(18)-and A12 * *>18-terpenoids6c failed 
to reveal anomalous RD curves in the region ex
amined.

It seemed likely that an aromatic ring in con
junction with an amino or hydroxyl function would 
produce optical rotatory dispersion curves exhibit
ing Cotton effects. The rotatory dispersion curves 
of relatively few alkaloids have been reported,6'7'8

( 1 ) Presented in part before the Organic Division of the 
American Chemical Society, 136th Meeting, Atlantic City,
N. J., September, 1959, p. 71P.

(2) On leave from the University of New Hampshire, 
1958-1959. Public Health Service Fellow, 1958-59. Work 
done at the Laboratory of the Chemistry of Natural Prod
ucts, National Heart Institute, National Institutes of 
Health.

(3) C. Djerassi, Optical Rotatory Dispersion: Applications 
to Organic Chemistry, McGraw Hill, New York, 1960.

(4) E. W. Foltz, A. E. Lippman, and C. Djerassi, J. Am. 
Chem. Soc., 77, 4359 (1955).

(5) Private communication from Dr. U. Weiss.
(6) (a) A. K. Bose and W. A. Struck, Chem. & Ind. 

(London), 1959, 1628; (b) C. Djerassi, O. Halpern, V. Hal- 
pern, and B. Riniker, J. Am. Chem. Soc., 80, 4001 (1958); 
(c) C. Djerassi, J. Osiecki, and W. Closson, J. Am. Chem. 
Soc., 81, 4587 (1959).

(7) T. M. Lowry, Optical Rotatory Power, Longmans, 
Green and Co., London, 1935, p. 326ff.

(8) (a) C. Djerassi, R. Riniker, and B. Riniker, J. Am.
Chem. Soc., 78, 6362 (1956); (b) E. E. van Tamelen, P. E.
Aldrich, and J. B. Hester, Jr., J. Am. Chem. Soc., 81, 6214
(1959); (c) J. M. Bobbitt, U. Weiss, and D. Hanessian, J.
Org. Chem., 24, 1582 (1959); (d) W. Wildman and H. M.
Fales, J. Am. Chem. Soc., 80, 6465 (1958); (e) H. G. Lee-
mann and S. Fabbri, 11 eh. Chim. Acta, 42, 2696 (1959).

Fig. 1. Optical rotatory dispersion curves of ( —)-a- 
methylbenzylamine (I), (+  )-a,p-dimethylbenzylamine (II) 
and their hydrochlorides in ethanol

and in order to establish a basis for the correlation 
of configurations with the curves, a group of a- 
arylalkylkamines and a-arylalkanolamines was ex
amined. When the aromatic ring was attached to 
an asymmetric center bearing a hydroxyl or amino 
function, the optical rotatory dispersion curves 
showed Cotton effects (one exception is discussed 
below).

The curve (Fig. 1) obtained for (S)-( —)-a- 
methylbenzylamine (I)9'10 gave a negative Cotton

(9) For nomenclature indicating absolute configurations, 
see R. Cahn, C. Ingold, and V. Prelog, Experientia, 12, 81
(1956).

(10) W. Leithe, Chem. Ber., 64, 2827 (1931).
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Fig. 2. Optical rotatory dispersion curves of ( +  )-l,2- 
diphenvlethylamine (V) and its hydrochloride and (dotted 
line) the curve calculated for the base (see text)

effect, while the curve for (-t-)-a-p-dimethylbenzyl- 
amine (II) was essentially of mirror image shape. 
This suggests that the configurations of these 
amines are also enantiomeric, II having the (Re
configuration. Some /3-arylalkylamines were also 
studied, and the simplest members of this group,
(S)-(+)-amphetamine (III) and (S)-(+)-de- 
oxyephedrine (IV) , gave plain curves as the salts 
in water.11 Both of these compounds gave anoma
lous curves, however, when their hydrochlorides 
were dissolved in ethanol. The shape of the curve 
was dependent upon the amount of water present 
in the alcoholic solution, the less the percentage of 
water, the more apparent the anomalous behavior.

A most interesting result was obtained when 
the open chain (+)-l,2-diphenylethylamine (V) 
was examined. The molecule may be considered 
the summation of (+ )-I and (+)-III, as the rela
tive positions of the two aromatic rings would cause 
the rotation of V to be intensely positive or negative. 
The curve showed no Cotton effect although V is 
an a-aralkyl amine. That this was reasonable was 
shown by calculating a curve for V based on the 
summation of the molecular rotation values for 
(+ )-I and (+)-III. The two curves are shown in

Fig. 3. Optical rotatory dispersion curves of ( — )-
tetrahvdropalmatine (VI) (■— -----) and its hydrochloride
(------ - )

Fig. 2, and the calculated curve shows no Cotton 
effect in agreement with that found for V. Thus 
the effects of the phenyl groups appear to be 
additive even though they are interacting on a 
single asymmetric center. From these rotatory 
dispersion data, (+)-V may be assigned the 
(R)-configuration. Pratesi and co-workers12 as
signed the same configuration to this amine (V) 
from a relatively complex series of chemical re
actions.

( —)-Tetrahydropalmatine (VI), one of the pro- 
toberberine alkaloids, has the amino function 
alpha to one aromatic ring and beta to the other and 
may be compared with (+)-l,2-diphenylethyl-

/N H ,

• c v  
H' \

CH,
( - H

/ T \
^  c h 3̂  / h

K,N-'' \ H_ H,k "  S CHiPh 

(+)-II (+Ì-III

CV H
*CH2PhCH,NH

(+)-iv

H

; cs
H2N ▼CH2Ph

(+)-v

(12) P. Pratesi, A. LaManna, and L. Fontanella, Il 
Farmaco (Pavia), Ed. sci., 10, 673 (1955).(11) W. Leithe, Chem. Ber., 65, 660 (1932).
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amine (V). In this case, however, the aromatic 
rings are not free to rotate and the confinement in 
a ring enhances the optical activity. This is in agree
ment with the discussion of similar open chain and 
cyclic compounds observed by Kauzmann, Walter, 
and Eyring.13 The curve of VI showed a negative 
Cotton effect of large rotatory power (Fig. 3). 
The sign of the curve is compatible with its ab
solute configuration14 which is enantiomeric to 
(+)-V and the same as (—)-I.

One property of these curves which has found 
limited application in recent studies is the con
version of the optical rotatory dispersion data to 
Drude equations.15 16 For plain curves, a one-term 
Drude equation is usually adequate to describe the 
curve, but for Cotton effect curves, a more complex 
equation is necessary. In the visible region of the 
spectrum, however, almost all of the curves can 
be adequately described by a one-term Drude 
equation, i.e., [<t>] = A/(X2 — X20) where [<f>] represents 
the molecular rotation at a given wave length16 
X (expressed in microns), and A and X0 are character
istic constants of the compound. I t is apparent that 
if a straight line is obtained by plotting l/[<f>] 
(abscissa), vs. X2 (ordinate), the slope of this line 
is A and the intercept is X0. The compounds which 
are reported in this study had values for X0 in the 
far ultraviolet in most cases.
As the slope, A, seemed to be more characteristic 

of the compounds than the Xo values, this quantity 
was used to determine the configurations. Appli
cation of this concept to the amines described above 
revealed that the values of A for ( — )-a-methyl- 
benzylamine (I) and (+)-a,p-dimethylbenzylamine 
(II) were —10.5 and +9.0 respectively. The fact 
that the slopes are of similar magnitude but of op
posite sign lends support to the assignment of con
figurations (vide supra). The substitution of methyl 
for hydrogen in the para position of the aromatic 
ring in II makes only a small contribution to 
the rotatory power in the visible region. Nerdel 
and co-workers17 examined a group of m- and p- 
substituted hydratropic acid derivatives and a 
similar group of m- and p-substituted V-acetyl- 
a-methyl benzylamines at five wave lengths in the 
visible region. The curves of these compounds in 
alcohol solution were fitted to one-term Drude

(13) W. J. Kauzmann, J. E. Walter, and H. Eyring, 
Chem. Rev., 26, 339 (1940).

(14) H. Corrodi and E. Hardegger, Helv. Chim. Acta, 39, 
889 (1956).

(15) See ref. 7, p. 120 et seq.
(16) Molecular rotation here is defined as in Lowry 

(ref. 7, p. 22) as one one hundredth of the specific rotation 
multiplied by the molecular weight. The symbol [4>] has been 
suggested by the late Dr. W. Moffitt and Dr. W. Klyne as 
an appropriate Greek letter to represent rotation rather than 
the symbol [M] used previously. This proposal is under 
consideration by the I. U. P. A. C. nomenclature com
mittee.

(17) F. Nerdel and H. Härter, Ann., 621, 22 (1959);
F. Nerdel and H. Wiirgan, Ann., 621, 34 (1959); F. Nerdel
and H. Liebig, Ann., 621, 42 (1959).

equations, the A-values of which did not vary with 
the position of the substituent. In addition, the plot 
of the A-values as ordinates against Hammett’s 
sigma constant18 as abscissas gave a straight line 
with a slope of O. The lack of an electronic effect in 
similar systems permitted the determination of 
some absolute configurations (vide infra).

In the case of (+)-l,2-diphenylethylamine (V), 
the slope as determined from the Drude equation 
was +26.3. This value is in good agreement with 
that calculated from the A-values of the individual 
components whose curves were summed above. 
The A-values for (+)-I, +10.5, and (+)-III, 
+  10.4, would predict a value of +20.9 for (+)-V. 
The hydrochlorides of amphetamine (III) and its
IV-methyl analog (IV) in aqueous solution gave 
values of close agreement, that of (+ )-III hydro
chloride being +10.1 and of (+)-IV hydrochloride 
being +9.9.

When a molecule possesses more than one 
asymmetric center, the rotation of the molecule 
has been assumed to be the summation of 
the rotations of each individual asymmetric 
center. Attempts to apply the Rule of Optical 
Superposition19 to relatively complex molecules 
using the D-line rotations have met with limited 
success. The slope of the Drude equation reflects in 
a single value the rotations over a large number 
of wavelengths and may also be considered the 
rotation at a single wave length, one micron. This 
arises from the fact that if X20 is relatively small 
compared with X2, the former term may be ignored 
and the value, A, is approximately equal to the 
rotation of the molecule at one micron.20 Applica
tion of this hypothesis to a group of alkanolamines 
indicated the feasibility of this approach.

Examination of two compounds of known ab
solute configuration,10 ( —)-ephedrine (VII) and 
(—)+-epbedrine (VIII), showed that these alka
loids gave negative Cotton effect curves, the A- 
values being —20.9 and —41.4 for the salts of 
VII and VIII, respectively (Fig. 4). If the contri
bution of the carbon bearing the amine salt group 
is ±9.9 (based on IV), the Ci-center would have 
a contribution of —30.8 in VII and —31.5 in VIII.

CH,

H—¿ —NHCHS
I

H—C—OH

¿ 6H6
(-)-V II

Using the shapes of the curves with the presence 
or absence of Cotton effects as guides and the A-

(18) L. P. Hammett, Physical Organic Chemistry, Mc- 
Graw-Hill, New York, 1940, p. 184ff.

(19) J. H. van’t  Hoff, The Arrangement of Atoms in Space, 
2nd Ed., Longmans, Green and Co., London, 1898, p. 160;
P. A. Guye and A. Gauthier, Compt. rend., 119, 740, 963 
(1894).

(20) M. Betti, Trans. Faraday Soc., 26, 337 (1930).

CH3

CH3NH- C—H

H— OH

CeH6
(-)-V III



1 7 8 2 LYLE v o l . 2 5

Fig. 4. Rotatory dispersion curves of ( — )-ephedrine 
(VII) sulfate (........... ), ( — )-\A-ephedrine (VIII) hydro
chloride ( ......... ), ( — )-halostachine (IX) hydrochloride
(-------) , ( — )-phenylephrine (X) hydrochloride (------- ), and
( — )-epinephrine (XI) hydrochloride (-------- )

Fig. 5. Optical rotatory dispersion curves of ( — )-ÿ-
ephedrine (VIII) (-------- ), ( — )-halostachine (IX) ( .......... ),
and ( — )-phenylephrine (X) (-------- ) in ethanol

values as significant confirmatory evidence, a group 
of a-arylalkanolamines was examined. One of the 
compounds failed to give adequate curves except 
as the salt because of racemization. The three 
compounds examined [halostachine (IX)21 phenyl
ephrine (X), and epinephrine (XI)] are all of physio
logical interest, the levorotatory isomer being the 
more active.22-23 The absolute configuration of 
epinephrine (XI) has been assigned as (R) on the 
basis of unequivocal chemical correlations.24 This 
configuration is the same as that of the Cj-center 
of ( — )-ephedrine, a fact of significant physiological 
interest. The other two alkanolamines (IX and X) 
were of unknown configuration.

c h 2n h c h 3
-  ~ ~H (—)-IX R = R ' = H

(— y x  R = H; R '—OH

R' (—)-XI R = P / = OH 
R

The optical rotatory dispersion curves of the 
salts of IX, X, and XI showed negative Cotton

(21) G. P Men’shikov and M. M. Rubinshtein, J. Gen. 
Chem. {USSR), 13, 801 (1943); Chem. Abstr., 39, 1172
(1945).

(22) W. Osten, Arzneimittel.-Forsch., 5, 84, 146 (1955).
(23) E. Voss, Am. Profess. Pharmacist, 19, 633, 719, 722, 

751 (1953).
(24) P. Pratesi, A. LaManna, A. Campiglio, and V. 

Ghislandi, J. Chem. Soc., 2069 (1958).

effects (Fig. 4). Of similar shape were the curves 
for the bases of IX and X (Fig. 5). Determination 
of the A-values for the salts of IX, X and XI gave, 
respectively, —34.9, —31.7, and —36.7 which are 
in good agreement with the calculated value of the 
Ci-center of ephedrine (VII) and i^-ephedrine
(VIII). The shapes of the curves and the A-values 
are strong evidence for assuming that all three of 
these compounds, IX, X, and XI, have the same 
absolute configuration, that is, the (R)-configura
tion.

Confirmation of the assignment (R) to (—)- 
halostachine (IX) was obtained unequivocally. 
The conversion of (R)-( —)-mandelic acid to the 
( — )-V-methylamide (XII) was effected through 
the acetonide with retention of activity. Attempts 
to form the amide from the ester gave a poor yield 
of XII with a large amount of racemization. Reduc
tion of XII, of 34% optical purity, with an excess 
of lithium aluminum hydride in tetrahydrofuran 
gave (—)-halostachine (IX). The product was 
approximately 54% optically pure, the degree of 
purity being increased by the isolation procedure. 
The amine crystallized from the reaction mixture 
with only 15% activity, and the oil remaining 
possessed the greater activity. The infrared absorp
tion spectra of pure (±)-amine and all fractions 
from the reduction were identical with that 
of pure (+)-IX , obtained by resolution of synthetic 
material. As the (—)-halostachine prepared from
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(—)-mandelic acid possessed the (R)-configuration, 
as XI does also, the absolute configuration of (—)- 
phenylephrine (X) must also be (R).

COOH 0 = C —O CH,
\  /  c

- >  H—C—o '  ^CH,
I1

Ph
0 = C —NHCH3

H— OH — >1

CHíNHCHI
H—C—OH

I1
Ph

1
Ph

XII IX

E X P E R IM E N T A D

All measurements of rotations were made on a Rudolph 
spectropolarimeter equipped with a rocking polarizer using 
zirconium and xenon arcs. The concentrations were not 
varied over the region investigated, but the path length 
ranged from 0.5 cm. to 2.0 dcm. The solvent was ethanol or 
water in the proportions specified, and the temperature was 
essentially constant between 22 and 25°. Measurements of 
the blank solutions were made at every wave length read, 
except in a few cases when averages were obtained from 
readings at every 5 m/x.

{ — 'i-a-Methyibenzylamine (I). R. D. (Fig. 1) in ethanol 
(c, 2.70): [ako -26.8°, [« ]»  -29.3°, [aks -176°, [a]290 
-167°, [a]*  -203°, [a ]274 -163°. A = -10.5.

( — '¡-a-Methyibenzylamine (I) hydrochloride. R. D. (Fig. 1) 
in 87% ethanol-water (c, 2.13): [ako —4.18°, [ako — 5.97°, 
[a]290 -82.7°, [aI276 -23.5°. A = -2 .2 .

(+ '}-a,p-Dimethylbenzi/lamine (II). R. D. (Fig. 1) in 
ethanol (c, 2.68): [ako i7.8°, [«1», 22.7°, [ako 455°, [ako 
144°. A = +9.0.

( +  ) -a,p-Dimelhylbenzylamine (II) hydrochloride. R. D. 
(Fig. 1) in ethanol (c, 4.25): [ako 8.22°, [ako 10.1°, [a]28o 
118°, [ako 106°, [«]*! 113°, [aim -150°. A = +5.1.

( +  i-Amphetamine (III). R. D. in ethanol (c, 2.81): [a+50 
20.9°,’ [ako 26.3°, [«W O O 0. A = +10.4.

( - Amphetamine (III) hydrochloride. R. D. in water (c,
0.785): [ako 16.5°, [«]*  20.1°, [a ]267 293°. A = +10.1. 
R. D. in ethanol (c, 2.484): [ajsso —0.54°, [ako —4.67°, 
[aI*  23.83°. R. D. in 50% ethanol-water (c, 1.241): [ako 
3.86°, [a]58o4.40°, [ako 20.06°.

(-\-)-Deoxyephedrine (IV). R. D. in ethanol (c, 1.956): 
[«kc 12.4°, [ako 17.7°, [«1» 138°. A = +8.9.

( -\-)-Deoxyephedrine (IV) hydrochloride. R. D. in water 
(c, 2.94): [ako 13.8°, [ako 17.1°, [ako-304 90° (sh,), 
[aks-Mo 108° (sh.), [a]278147°. A = +9.9. R. D. in ethanol 
(c, 2.26 to 400 mju, c, 3.23, 400-276 him): [«ko -4.98°, 
[ako -6.14°, [ako -32.7°, [«],oo -28.6°, [ako -32.3°, 
[a]„o -18.1°.

( + )-l,2-Diphenylethylamine (V). R. D. (Fig. 2) in ethanol 
(c, 2.68): [«]«<, 37.5°, [« k , 47.9°, [ako 795°. A = +26.3.

( + y i  ,2-Diphenylethylamine (V) hydrochloride. R. D. 
(Fig. 2) in ethanol (c, 1.02): [«]$» 102°, [ako 128°, [ako 
1720°. A = +86.7.

(-)-Tetrahydropalmatine (VI). R. D. (Fig. 3) in ethanol 
(c, 0.635): [«ko -232°, [«]„. -290°, [«ks -1920°, 
[ako -891°. A ----- 310.

( -)-Telrahydropalmatine (VI) hydrochloride. R. D. (Fig. 
3) in 95% ethanol (c, 0.412): [«ko —183°, [ajssi —227°, 
[«ko —1710°, [«]298 —1583°, [«]297 —1730°, [a]298.5 
-1670°. A = -269.

(-)-Ephedrine (VII). R. D. in ethanol (c, 3.16): [ako 
— 2.36°, [«ko —2.65°, [«ko —3.20° (broad trough), 
[«Is» 4.54°. This substance was not absolutely pure, con
taining some water of hydration.

(—yEphedrine (VII) sulfate. R. D. (Fig. 4) in 80% 
ethanol-water (c, 5.15): [«ko —28.1°, [aka —30.4°, [«]290 
—207° (broad trough), [aks —99°. A = —20.9.

( — yPseudoephedrine (VIII). R. D. (Fig. 5) in ethanol 
(c, 1.60): [«ko -42.6°, [«ko -52.5°, [«ko -268° (sh), 
[ako -323°, [aim -256°. A = -27.5.

( — yPseudoephedrine (VIII) hydrochloride. R. D. (Fig. 4) 
in ethanol (c, 1.57): [ako —53.1°, [«ko —65.6°, [«]2oo 
-434°, [ « k  -381°, [«ko -444°, [«ko -415°, [«k . 
-471°, [«]289 -414°. A = -41.4.

( — )-Phenylephrine (X). R. D. (Fig. 5) in ethanol (c, 
0.276): [ako —22.8°, [ako —29.5°, [«ko —88.4°, [aka 
-22.5°. A = -15.8.

( —)-Phenylephrine (X) hydrochloride. R. D. (Fig. 4) in 
ethanol (c, 1.22): [ako —39.3°, [ako —48.4°, [a]8i8 —232°, 
[ak i -190°, [«ko -220°, [ako -133°. A = -31.7.

(~yEpinephrine (XI). R. D. (Fig. 4) in 0.5N  hydro
chloric acid (c, 1.20): [ako —43.7°, [ako —53.2°, [a]»» 
-325°, [ako -250°, [ako -273°, [a]29o 732°. A = -36.7.

(Il)-( — yAT-Methylmandelamvle (XII). A solution of 1.46 
g. (0.0096 mole) of mandelic acid ( [a ]() —60°, 37% optically 
pure) in 4.5 ml. of acetone was cooled to —10° in an ice- 
salt bath, and 1.0 g. of coned, sulfuric acid was added drop- 
wise with stirring keeping the temperature below —5°. 
The solution was added slowly to an ice-cold solution of 2.1 
g. of sodium carbonate in 20 ml. of water. The flocculent 
precipitate was separated by filtration, washed with ice 
water, and dried under reduced pressure over calcium sul
fate. The acetonide which was contaminated with inorganic 
salts melted at 61-69°.

The crude acetonide was added in portions to a solution 
of 0.86 g. of methylamine in 8 ml. of methanol, and the mix
ture was allowed to stand at room temperature for 2 hr. 
The insoluble material was separated by filtration, washed 
with methanol, and discarded. The filtrate was concentrated 
yielding 0.85 g. (59.3%) of ( — )-N-methylmandelamide, m.p.
86-94°, [a]2D3 -26.1° (acetone, c, 1.32). The pure (± )- 
amide, prepared in a similar manner, melted at 96-98° 
after recrystallization from benzene; lit.25 26 m.p. of ( +  )-lV- 
methylmandelamide, 94-95°, [a]n not given. The infrared 
spectra in chloroform of the (±)-amide and the ( —)-amide
(XII) were identical, 3400 cm.-1 (OH, NH), 1675 cm.-1 
(amide).

Anal. Calcd. for C9H„N08: C, 65.44; H, 6.71; N, 8.48. 
Found: C, 65.43; H, 6.51; N, 8.34.

(Ry( — )-Haloslachine (XI). A suspension of 1.0 g. of 
lithium aluminum hydride in 20 ml. of tetrahydrofuran 
was mixed with a solution of 0.61 g. (0.004 mole) of ( — )-N- 
methylmandelamide ([«]”  —26.1°) in 30 ml. of tetrahydro
furan, and the mixture was heated under reflux for 18 hr. 
The reaction mixture was decomposed with 5 drops of water, 
and an excess of 30% sodium hydroxide was added until 
the organic layer separated. The tetrahydrofuran solution 
was decanted and the inorganic residue was triturated 
twice with the same solvent. The combined organic solutions 
were concentrated and hexane was added to the residue. 
The precipitate (0.3 g.) was separated by filtration, m.p. 
39-70°, and on recrystallization from hexane yielded 130 
mg. of hexane-insoluble material whose infrared spectrum 
indicated unreduced amide and 91 mg. of hexane-soluble 
crystals, m.p. 70-76°, [a]2D3 —4.60° (ethanol, c, 1.50, 15% 
optically pure), lit.*8 m.p. 75-76° [(±)-a-methylamino- 
methylbenzyl alcohol].

The filtrate from the 0.3 g. precipitate deposited 16 mg. 
of the amino alcohol, [a j+ —10.9° (ethanol, c, 0.80, 28.9% 
active). Concentration of the filtrate gave 73 mg. of an oil 
which failed to crystallize but whose infrared spectrum in 
chloroform was identical with the two crystalline fractions

(25) I. Heilbron, Dictionary of Organic Compounds, Vol. 
I ll, Oxford University Press, New York, 1953, p. 211.

(26) G. P. Men’shikov and G. M. Borodina, J. Gen. 
Chem. (USSR), 17, 1569 (1947); Chem. Abstr., 42, 2245
(1948).
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and with the optically pure amine (v id e  in fr a ) , 3300-3400 
cm.-1 (OH, NH), no carbonyl band, [a-]2,? —20.0° (ethanol, 
c, 2.48, 53.5% active). The total yield of amine was 30%; 
lit.21'«  m . p .  for halostachine, 43-45°, [a]D —47.03° (no 
solvent given).

R e so lu tio n  o f  (± ) - h a lo s ta c h in e . A solution of 2.3 g. of 
(±)-halostachine in acetone was added to an acetone solu
tion containing 3.48 g. of ( +  )-10-camphorsuIfonic acid (total 
volume =  60 ec.). On addition of ether. 3.64 g. of crystalline 
salt was obtained, m.p. 109-112°. [<*]2D3 +28.21° (acetone, 
c, 1.74). Three recrystallizations from acetone-ether gave 
0.65 g. of pure salt, m.p. 132-134°, [a]2,? +49.41°.

The amine (IX) was obtained from the salt by passage 
over ethyl acetate-washed Merck alumina using chloroform 
as solvent and 10% ethanol-chloroform as eluent. From 650 
mg. of salt 64.2 mg. of pure amine, [<x]2D5 +37.43° (ethanol, 
c, 2.37), was obtained. R. D. (Fig. 5) in ethanol: [a]95o

30.21°, \a ]&89 37.43°, [oil™ 172°, [« U  176°, [a].« 203°, 
[a]292 193°, [ahss 219°, [a ]*  182°, [a+76 187°, [a]ni 41°. 
A =  +18.0. A total of 151 mg. (74%) of the base was 
recovered from the salt.

The hydrochloride of IX melted a t 108-111°, [ < * ] 2d  

+  53.20° (water, c, 0.750): lit.25 m.p. 113-114°, [a]D 
+52.46°. R. D. (Fig. 4) in ethanol (c, 1.57): [a+so 48.6°, 
[a ¡589 59.1°, [a]292 362°, [a],» 346°, [a ]^  392° (sh.), [¡.b . 
447°, [or]*272 411 °. A =  +34.9.
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In tra m o le c u la r-In te rm o le c u la r P o ly m e riza tio n s o f Some  
Ph e n y l S u b s titu te d  Nonconjugated D io le fin s1

C. S. MARVEL AND E. J. GALL 

R ece ived  A p r i l  8 ,  1 9 6 0

The three hydrocarbons 2,5-diphenylhexadiene-l,5, 2,6-diphenylheptadiene-l,6 and 2,7-diphenyloctadiene-l,7 have been 
synthesized and polymerized to yield polymers with cyclic recurring units. The evidence indicates that five- and seven- 
membered rings form less readily than does the six-membered ring in such polymerization reactions.

The work reported here was undertaken to de
termine whether phenyl substituted nonconjugated 
diolefins of the type shown in formula I would 
undergo the intramolecular-intermolecular poly
merization reaction which has been successfully 
applied in a number of instances.2 While the work

Ç—(CH2),—C=CH2 —*■ -

c 6h 6 c 6h s

A l- c h 2- q  , c —

CßH,*; CçHs L (CH,)„ J
la. ti = 2 Ha. ti = 2
Ib. « = 3 I lb .  » = 3
Ic. n -  4 l ie .  « = 4

was in progress, we learned of the work of Field,3 
who has found that the heptadiene derivative (lb) 
readily yields a polymer with a cyclic recurring 
unit (lib) by all standard types of initiation. We 
have confirmed his experience.

The two homologous dienes (la and Ic) have been

(1) This work was carried out under the sponsorship of 
Contract AF-33(6.6>-5486 with the Materials Laboratory of

right Air Development Center, Wright-Patterson Air 
Force Base, Ohio. This paper may be reproduced for any 
purpose of the United States Government.

(2) G. B. Butler and R. J. Angelo, J .  A m . C h em . S o c ., 79, 
3128 (1957); C. S. Marvel and R. D. Vest, J .  A m . C hem . 
S o c ., 79, 5771 (1957); 81, 984 (1959); C. S. Marvel and J. K. 
Stille, J .  A m . C hem . S o c ., 80, 1740 (1958); J. F. Jones, 
J .  P o ly .  S c i . , 33,15 (1958) and others.

(3) N. D. Field, J .  Q rg. C h em ., 25,1006(1960).

synthesized from the corresponding diketones by 
application of the Wittig reaction.3-4 They poly
merize to yield soluble, powdery solids which are 
rather low melting and have low inherent vis
cosities. These polymers show very little absorp
tion in the infrared in the carbon-carbon double 
bond region. It seems obvious that these are low 
molecular weight polymers of the cyclic structures 
expected (Ha and lie). It is quite evident however, 
that there is less tendency to yield five-or seven- 
membered recurring units than is the case for 
six-membered recurring units.

EXPERIMENTAL

Melting points are uncorrected.
M o n o m ers:  2 ,6 -D ip h e n y lh e p ta d ie n e - l  ,6  (lb). This monomer 

was prepared according to the procedure reported by Field3 
and previously reported by us.5

2 ,7 -D ip h e n y lo c ta d ie n e - l ,7  (Ic). 1,+Dibenzoylbutane was 
prepared according to the procedure reported by Fuson and 
Walker.6

The conversion of 1,+dibenzoylbutane to 2,7-diphenyl- 
octadiene-1,7 (Ic) was similar to that described earlier for 
the preparation of 2,6-diphenylheptadiene-l,6 (lb). Phenyl- 
lithium was prepared in the usual wav from 86.4 g. (0.55 
mole) of bromobenzene and 9.7 g. (1.4 g.-atoms) of lithium 
metal in drv diethyl ether in 94.5% yield. A solution of 
0.455 mole of phenyl lithium was added to a slurry of 146 g.

(4) G. Wittig and U. Schollkopf, B e r ., 87,1318 (1954).
(5) C. S. Marvel and E. J. Gall, J .  O rg. C hem ., 24, 1494 

(1959).
(6) R. C. Fuson and J. T. Walker, O rg. S yn th e se s , Coll. 

Vol.II, 169(1943).
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(0.414 mole) of methjltriphenylphosphonium bromide in 
600 ml. of dry 1,2-dimethoxyethane. To the resulting yellow- 
brown solution was added a solution of 1,4-dibenzoylbutane 
(50 g.; 0.188 mole) in 450 ml. of dry 1,2-dimethoxyethane, 
and the mixture was stirred and heated under gentle reflux 
for 20 hr. After the usual work-up, the product isolated was 
a yellow-red colored solid. This solid was extracted with hot 
n-pentane, the insoluble material was isolated by filtration, 
and the pentane filtrate was evaporated to drj ness. The 
yellow solid was recrystallized twice from ethanol to give
34.2 g. (71%) of a white, crystalline solid (shiny plates), 
m.p. 47.5-48.5°. The infrared spectrum (10% in chloro
form) showed a small amount of absorption at 1685 cm.-1, 
indicating a small amount of ketonic impurity. Conse
quently, the solid product was treated with Girard’s T rea
gent, and recrystallized twice more from methanol. The 
crystalline material purified in this manner melted at 51.0- 
52.0°. The infrared spectrum7 (10% in carbon tetrachloride) 
showed the following important absorption maxima: 700 
cm.-1 (C6H5—); 895 cm.-1 (CR,R,=-CH2); 1025 cm.-1

(C6H5—); 1625 cm.-1 (C6H5— conjugated C = C  );
/  \

1800 cm. 1 (overtcne of 895 cm.-1). The NMR spectrum8 9 
(20% in carbon tetrachloride) was consistent with the 
structure of the expected diene.

A n a '.*  Calcd. for C20H22: C, 91.55; H, 8.45. Found: C, 
91.19; H, 8.82.

2 ,5 -D ip h e n y lh e x a d ie n e - l ,5  (la). 1,2-Dibenzoylethane was 
prepared according to a procedure reported by Weygand 
and Meusel.10

Phenyllithium was prepared in the usual manner. From
70.7 g. (0.45 mole) of bromobenzene and 8.3 g. (1.2 g.-atoms) 
of lithium metal, there was obtained 320 ml. of 1.24Af 
ethereal solution.

In a 2-1., three necked, round bottomed flask fitted with 
stirrer, dropping funnel, condenser, and nitrogen inlet tube 
was placed a slurry of 120.8 g. (0.338 mole) of methyltri- 
phenvlphosphonium bromide in 500 ml. of dry 1,2-di
methoxyethane. Over a period of about 45 min. a solution 
of 0.372 mole of phenyllithium in dry diethyl ether was 
added with stirring under nitrogen. As a considerable 
amount of the salt appeared not to have undergone reac
tion, the mixture was stirred and heated under gentle reflux 
overnight. A solution of 37.6 g. (0.158 mole) of 1,2-di- 
benzoylcthane in 300 ml. of dry 1,2-dimethoxyethane was 
then added dropwise with stirring over a period of about 
40 min. After stirring and heating under gentle reflux for 
an additional 20 hr., the solvents were removed to near 
dryness by distillation, and 1000 ml. of n-pentane was 
added to the oily red residue. The mixture was thoroughly 
shaken, the pentane solution was decanted, washed thor
oughly with water, and dried over anhydrous sodium sul
fate. The solvent was removed from the dried solution, 
leaving 12.0 g. of a mixture of red-colored liquid and yellow 
solid. Approximately 1000 ml. of water was added to the 
residue remaining after extraction with pentane, and the 
resulting aqueous solution was extracted thrpe times with 
pentane. This pentane solution was treated as described 
above, and, after the solvent had been removed, there was 
obtained 2.7 g. of a mixture of red-colored liquid and yellow 
solid.

(7) The infrared spectra were obtained from a I’erkin- 
Elmer model 21 spectrophotometer by Mr. P. E. McMahon, 
Mrs. M. Verkade, Miss C. Luebke, Mr. R. Johnson, and 
Mr. W. Dalton, University of Illinois.

(8) The NMR spectra were obtained from a Varian 4300- 
B spectrometer by Mr. B. Shoulders and Mr. O. Norton, 
University of Illinois.

(9) The microanalyses were performed by Mr. J. Nemeth, 
Mrs. F. Ju, Miss C. Higham, Miss J. Liu, and Mrs. A. S. 
Bay, University of Illinois.

(10) C. Weygand and W. Meusel, B e r ., 7 6 , 498 (1943).

The two mixtures were combined, 100 ml. of dry n-pen- 
tane was added, and the solution obtained was purified by 
chromatography on a column prepared from 270 g. of silicic 
acid (B and A Reagent, Code 1169). The solid obtained was 
recrystallized three times from methanol to give 2.77 g. 
(7.9%) of a white, crystalline solid (shim- plates), m.p. 
51.0-51.8°. The infrared spectrum (10% in carbon tetra
chloride) showed the following important absorption 
maxima: 895 cm.-1 (CRiR2= C H 2); 1495 cm.-1, 1570 cm.-1, 
1600 cm.-1 (C6H5—); 1625 cm.-1 (C6H5— -conjugated 
\  /

C = C  ); and 1795 cm.-1 (overtone of 895 cm. *). There
/  \
was no infrared absorption in the region 1675-1750 cm. l. 
The NMR spectrum was consistent with the structure of 
the expected diene.

A n a l. Calcd. for C1SH1S: C, 92.26; H, 7.74. Found: C, 92.08; 
H, 7.96.

P o ly m e rs . Polymer melting points were obtained by the 
capillary tube method. The lower temperature given is that 
at which the polymer begins to soften. The higher tempera
ture is that at which the polymer is a clear, flowing liquid. 
Yields are based on the amount of monomer allowed to 
react. Inherent viscosities were obtained in reagent grade 
benzene solution at concentrations of ca. 0.25 g. of polymer 
per 100 ml. of solution. The amounts of residual unsatura
tion in the polymers were roughly determined by comparing 
the intensities of the absorption maxima at 895-900 cm.-1 
in the polymer and monomer infrared spectra, both meas
ured in solution at the same concentrations. The spectra of 
all the polymers of each monomer were essentially alike. 
No attempts were made at quantitative infrared analysis.

P o ly m e rs  o f  2 ,6 -d ip h e n y lh e p ta d ie n e - l ,6 . (1) C a tio n ic  in i-  
t ia tio n :b o ro n  tr if lu o rid e . A solution of monomer (1.0 ml.) 
in 10 ml. of methylene chloride was placed in a 50-ml. flask 
equipped with a stirrer and gas inlet tube, and protected 
from moisture by a calcium chloride drying tube. The flask 
was cooled in a Dry Ice-acetone bath while the system was 
flushed well with nitrogen. While the solution was stirred, 
boron trifluoride gas was slowly bubbled in for about 2 min. 
The mixture under nitrogen was stirred at the cold tempera
ture for 1 hr. more and was then slowly poured into metha
nol. The white solid obtained was reprecipitated twice more 
from benzene into methanol to give 0.67 g. (67%) of a 
white, amorphous solid, m.p. 240-270°, [r?] inherent = 0.145. 
The presence of a small amount of residual unsaturation 
(3-5%) was shown by infrared absorption at 900 cm.-1. 
There was no absorption at 1625 cm.-1.

A n a l. Calcd. for (CuELo)*: C, 91.88; H, 8.12. Found: 
C, 91.55; H, 8.37.

(2) C a tio n ic  in i t ia t io n  .- tita n iu m  te tra ch lo r id e . In the dry 
box, in an atmosphere of nitrogen, a small amount of ti
tanium chloride (0.12 g.; 0.00063 mole) was dissolved in 3 
ml. of anhydrous, purified ra-heptane, contained in a 2-ounce 
bottle. The monomer (5.0 ml.) was added to this solution, 
and the mixture was thoroughly shaken. An almost immedi
ate reaction took place, as heat was liberated, the mixture 
turned dark brown and became very viscous. After the 
stoppered bottle had stood at room temperature for 78 hr., 
30 ml. of methanol was added to precipitate the polymer 
and decompose the catalyst. The solid obtained was repre
cipitated from benzene into methanol to give 2.6 g. (52%) 
of a powdery solid, m.p. 115-130°; Minherent = 0.051. 
Infrared analysis indicated a small amount of residual un- 
saturation; approximately 5-10% of that of the monomer.

(3) A n io n ic  in i t ia t io n  .-phenyl l i th iu m . The diene (2.0 g.) 
was dissolved in 1,2-dimethoxyethane (6.0 g.) in a 2-ounce 
bottle. The solution was flushed well with dry nitrogen, and 
the bottle was stoppered with a serum cap. While the solu
tion was cooled in powdered Dry Ice ( —40° to —50°), 
a solution of phenyllithium in diethyl ether (1 ml. of 0.99A' 
solution; 0.99 mmole) was added by means of a hypodermic 
syringe, and, after thorough shaking, the mixture was 
cooled for an additional 3.5 hr. At the end of this time, there
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was no apparent change in viscosity of the solution. After 
standing a t room temperature for 18 hr., however, the entire 
mixture had solidified. Methanol (100 ml.) was added, and 
the white solid (1.9 g.) was isolated by filtration on a Buch
ner funnel. This solid was completely dissolved in 40 ml. of 
benzene, and was reprecipitated by filtration into 400 ml. of 
methanol. There was obtained 1.7 g. (85%) of a white, 
powdery solid, m.p. 275-290°; h i inherent =  0.2G. Residual 
unsaturation: 5-10%.

(4) Free radical initiation-.cumene hydroperoxide. The 
monomer (1.0 ml.) containing approximately 40 mg. of 
cumene hydroperoxide was sealed off under nitrogen in a 
small test tube, and was kept in boiling water for 5 days. 
The polymer obtained was an opaque, nonflowing plastic, 
which was, however, soft, not brittle, and could easily be 
scratched. The softening point of this plastic material, taken 
on a hot stage, was 85°. I t  was completely soluble in ben
zene; precipitation into methanol gave 0.56 g. (56%) of a 
white powder, m.p. 240-270°; h]inherent =  0.128. Residual 
unsaturation: approximately 3%.

(5) Thermal polymerization. The monomer (1.0 ml.) was 
sealed under nitrogen in a small test tube, and was kept in 
o-dichlorobenzene, heated to its reflux temperature, for 5 
days. The polymer obtained was a clear, nonflowing plastic, 
which, however, was soft and could easily be scratched. Its 
softening point, taken on a hot stage, was 90°. This plastic 
solid was completely dissolved in benzene, and was pre
cipitated into methanol to give 0.54 g. (54%) of a white 
powdery solid, m.p. 260-290°; h] inherent =  0.154. Residual 
unsaturation: approximately 3 %.

(6) Ziegler-type polymerization. The catalyst was pre
pared in a dry box in an atmosphere of nhrogen by adding 
titanium tetrachloride (0.12 g.; 0.00063 mole) to a solution 
of aluminum triisobutyl (0.1 g.; 0.0005 mcle) in dry n-hep- 
tane (2.05 g.). The monomer (5.0 g.) was added, and the 
mixture was allowed to stand under nitrogen in a stoppered 
bottle at room temperature for 72 hr. After precipitation 
into methanol, there was obtained 2.79 g. 156%) of a white 
powdery solid, m.p. 185-200°, h i inherent =  0.041. Residual 
unsaturation: 5-10%.

Polymers of 9,7-diphenyloctadiene-l,7. (1) Cationic initi- 
ation:boron trifluoride. The procedure used was the same 
as tha t described above for the boron tri luoride-initiated 
polymerization of 2,6-diphenylheptadiene-l,6. From 1.0 g. 
of monomer there was obtained 0.06 g. (6%) of solid polymer 
after two precipitations from benzene into methanol. Poly
mer m.p. 115-150°; no residual unsaturation (no infrared 
absorption a t 900 or 1625 cm.-1); h]inherent =  0.021.

Anal. Calcd. for (C2oH22)z: C, 91.55; H, 8.45. Found: 
C, 91.10; H, 8.51.

(2) Cationic initiation titanium tetrachloride. Under condi
tions like those described above for the titanium te tra
chloride-initiated polymerization of 2,6-diphenvlhepta- 
diene-1,6, this monomer (1.5 g.) was allowed to react with 
the catalyst (0.12 g.; 0.07 ml.) in 5.5 ml. of purified n-hep- 
tane for 40 hr. a t room temperature. At the end of this time, 
the reaction was quenched by the addition of 10 ml. of 
methanol. There was obtained an oily, viscous liquid, in
soluble in the solvent. The solvent was carefully decanted, 
the oil was dissolved completely in benzene, and precipitated 
into methanol to give 0.70 g. (47%) of a tan-colored powder, 
m.p. 87-128°; hiinh.r.m =  0.039. Residual unsaturation: 
approximately 2-5%.

(3) Ziegler-type polymerization. The catalyst was prepared 
as described above. From 2.0 g. of monomer there was ob
tained 1.5 g. of a white, powdery solid, m.p. 95-157°; 
[77] inherent =  0.040. This polymer possessed no residual un- 
saturation.

Polymers of ê/t-diphenylhexadiene-1,5. (1) Catiomc initi- 
ation:boron trifluoride. The procedure used was the same 
as that described above for the boron trifluoride-initiated 
polymerization of 2,6-diphenylheptadiene-l,6. From 0.4 g. 
of monomer there was obtained 0.33 g. (83%) of a white 
powdery solid, m.p. 185-210°; [77] inherent = 0.083, after 
three precipitations from benzene into methanol. Residual 
unsaturation: 5-10%.

Anal. Calcd. for (CuHu)z: C, 92.26; H, 7.74. Found: C, 
91.35; H, 7.41.

(2) Free radical initiation .-cumene hydroperoxide. The 
monomer (0.50 g.) containing approximately 25 mg. of 
cumene hydroperoxide was sealed off under nitrogen in a 
small test tube and was kept in boiling water for 5 days. 
The tube was then opened, and the contents were poured 
into 100 ml. of methanol. The white, insoluble solid was 
isolated and reprecipitated from benzene into methanol to 
give a very small amount (11 mg.) of white, powdery solid, 
m.p. 150-170°. The amount isolated was not sufficient for a 
viscosity measurement. Residual unsaturation: <5% .

(3) Ziegler-type polymerization. The catalyst was again 
prepared by using aluminum triisobutyl and titanium tetra
chloride in a mole ratio of 0.8. From 0.5 g. of monomer there 
was obtained 0.29 g. (58%) of a white, powdery solid, m.p. 
157-177°; [y]inherent =  0.072. Residual unsaturation: 3-5%.

Urbana, III.

[Contribution from the Department of Chemistry of the University of South Carolina]

T h e  Reaction  o f Fre e  Radicals w ith  Non-benzenoid A rom a tic  Hydrocarbons.
I I .  6-A lky lfu lve ne s and Benzofu lvenes
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Kinetic studies of the reactivity of a series of 6,6-dialkylfulvenes and benzofulvenes toward free radicals have provided 
fairly definite evidence that these substances like their phenyl substituted counterparts undergo radical attack at one of 
the ring positions and not a t the external 6-position. The experimental evidence seems to favor the 2-position as the site 
of radical attack.

The reactivity of various phenyl substituted 
fulvenes and benzofulvenes toward free radicals 1

(1) To whom inquiries should be sent: Department of
Chemistry, Oregon State College, Corvallis, Ore.

and the site of radical attack on these molecules 
were the subjects of a previous paper.* That study

(2) J. L. Kice and F. M. Parham, J. Am. Chem. Soc., 80,
3792 (1958).
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provided convincing evidence that 6,6-diphenyl- 
fulvene (Ic) and 6,6-diphenylbenzofulvene (lie) 
are attacked by radicals at the ring positions and 
not at the external 6-position. For several reasons 
we felt that this result did not ensure that 6,6-

la. R = R ' = CH3

lb. R = CH3; R ' = < ^ ^ -

lc. R = R'  = C5H5

lib . R = CH3; R '= < ^ ) -  

IIc. R = R ' = C6H5

Ilia . R = CH3; R ' = H 

Illb . R =  ’ R, = H

replacement of methyl by cyclohexyl will be much 
less and the reactivity of lb should not differ 
greatly from that of dimethylfulvene. Similar 
arguments apply to the benzofulvenes Ila and lib.

RESULTS AND DISCUSSION

la and Ila were prepared by published pro
cedures,6’7 and the new compounds lb and lib  
were synthesized by analogous methods. The re
activity of the four compounds toward methyl 
methacrylate radicals (Equation 1) was determined 
by the retardation-of-polymerization method.4 
The results are shown in Table I as values of k t, 
together with values for the ratio k /̂kz, which can 
also be obtained from the kinetic data.

CH3
/  4.

~ C H 2C- +  Fulvene — > RF- (1)
\

COOCH,
(R-)

dialkylfulvenes and benzofulvenes would also 
react in similar fashion, and we therefore thought 
it desirable to carry out experiments which would 
elucidate the site of radical attack on such alkyl 
substituted fulvenes and benzofulvenes.

Regrettably, the most direct approach, the ex
amination of the products produced when a radical 
source is decomposed in benzene solutions of di- 
methylfulvene or dimethylbenzofulvene, has in 
our hands proved unsatisfactory. The products 
of the reaction of 2-cyano-2-propyl radicals with 
either compound were intractable gums and viscous 
oils.3 Although the physical properties and chemi
cal behavior of these materials afford some quali
tatively useful information, we felt that kinetic 
studies of the reactivity of certain alkyl fulvenes 
and benzofulvenes would provide more conclusive 
results.

In the dibenzofulvenes (III), where radical 
attack certainly occurs at the external 6-position, 
replacement of the methyl group in 6-methyldi- 
benzofulvene (Ilia) with a cyclohexyl group 
(Illb) leads to a 2000 fold decrease in the reactivity 
of the double bond toward methyl methacrylate 
radicals.4 5 This is undoubtedly due to increased 
steric hindrance to radical attack at the 6-posi
tion.4’6 Similarly, one would expect, if radical attack 
on 6,6-dimethylfulvene (la) took place at the 6- 
position, that replacement of one of the methyl 
groups by a cyclohexyl, as in 6-methyl-6-cyclo- 
hexyliulvene (lb), would lead to a drastic decrease 
in reactivity toward methacrylate radicals. On 
the other hand, if radical attack occurs at one of 
the ring positions, the steric consequences of the

(3) We have not studied other radical sources since we 
learned that Dr. W. B. Smith of Ohio University plans work 
in this area.

(4) J. L. Kice, J  ■ Am. Chem. Soc., 80, 348 (1958).
(5) M. Szwarc and F. Leavitt, J. Am. Chem. Soc., 78,

3590 (1956).

OIL

RF- +  CH2= d /  X -  R- (2)
\

COOCH,
kt

RF- +  R- •— > stable products (3)
k,

2R F -----*■ stable products (4)

The results show that substitution of a cyclo
hexyl for a methyl causes no marked decrease in 
reactivity either with the fulvenes or the benzo
fulvenes. This would therefore seem to be con
vincing evidence that the site of radical attack on
6,6-dialkylfulvenes and benzofulvenes is at the 
ring positions and not at the external 6-position.8

(6) J. Thiele and K. Merck, Ann., 415, 257 (1918).
(7) J. Thiele, Ber., 33, 666 (1900).
(8) The possibility that the observed retardation occurs 

through chain transfer of one of the alkyl group hydrogens 
to the methacrylate radical (Equation 5) seems very un

/ C H 3

c h 2r  - *  
COOCH;,

/ A h  
~  C H ;CH

x c o o c h 3
(5)

+ +

Q 9
C H ^ C H , C H / X i H r

likely for the following reasons: (i) The rate of such a 
reaction as Equation 5 should probably be about the same 
for dimethylfulvene, dimethylbenzofulvene, and dimethyl- 
dibenzofulvene. For the latter compound previous kinetic 
studies3 have shown that the rate of Equation 5 cannot be 
more than l/100th the reactivity of la  or I la  and may 
actually be much less, (ii) Szwarc9 has shown tha t with 
methyl radicals the rate of hydrogen-atom transfer from 
dimethyldibenzofulvene is much lower than the rate of 
addition to the external double bond, a fact which also 
indicates a rather low reactivity for these hydrogens in 
homolytic transfer reactions.

(9) F. Carnock and M. Szwarc, J. Am. Chem. Soc., 81, 
4138 (1959).
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TABLE I
R a t e  C o n st a n t s  f o r  R e a c t io n  of M e t h a c r y l a t e  

R a d ic a ls  w it h  Al k y l f u l v e n e s

Com
pound

h  x 10"2
(L./mol.-1/

Sec."1)
(fca/fcs) X 

1010

la 1.8 50
lb 0.85 17

Ha 0.23 9
lib 0.65 2

Although the fcj values clearly indicate that 
radical attack on the dialkylfulvenes and benzo- 
fulvenes occurs at the ring positions, they do not 
tell us whether the reaction responsible for the 
observed retardation involves attack on the 2- or 
the 3-position. We are inclined, however, to believe 
it is the 2-position for the following reasons: 
The (ki/ki) values for all four of the compounds 
are much smaller than that observed in the same 
system for the styryl radical1 [{k3/ k 3) X 1010 = 
104]. As we doubt that the internal double bond of 
radical IV would provide much stabilization, we 
would expect that IV, if formed, would behave in

a fashion similar to V and would show a (k2/ k 3) 
of the same order of magnitude as the styryl radical. 
On the other hand, VI, resulting from attack at 
the 2-position, should have considerable additional 
stabilization and a considerably smaller k t /k 3 
value, reflecting its lower reactivity. The results in 
Table I are thus in much better accord with attack 
at the 2-position for all four of the fulvenes and 
benzofulvenes studied, although before attaching 
too much significance to this conclusion, one 
should recall that one recent experience10 has shown 
k2/ k 3 is not always a reliable measure of the reso
nance stabilization of a radical.

It is of interest to compare the behavior of the
6 ,6-dialkylfulvenes and benzofulvenes with their 
phenyl substituted counterparts.2 In both cases 
going from the fulvene to the benzofulvene pro
duces no large change in reacrivity (/q). However, 
going from 6,6-diphenylfulvene to diphenylbenzo- 
fulvene causes a 400 fold increase in k2/ k 3 while 
with the alkyl substituted compounds the k2/ k 3 
values of the benzofulvenes are actually somewhat 
smaller than those of the fulvenes. In the phenyl 
substituted series the large increase in k2/k 3 on 
going from fulvene to benzofulvene was attributed 
to a change from the 2- to the 3-position as the site 
of radical attack leading to retardation. One must

(10) J. L. Kief* and F. Taymnormn, ./. /1m. ('hem. Hoc.,
81,3405 (1950).

consequently inquire why such a change is not 
also observed in the alkyl substituted case. We 
believe the reason is as follows. For maximum 
stabilization of the radicals VII and VIII (which 
would result from attack at the 2-position of the 
diphenyl compounds) it is necessary that at least 
one of the phenyl groups be able to be approxi

mately coplanar with the 5-membered ring. This is 
possible for VII (from diphenylfulvene), but it is 
not possible for VIII, where the bulky R-group on 
one side and the aromatic ring on the other pre
vent either 6-phenyl group from even approaching 
coplanaritv. Consequently radical VIII is not 
stabilized to the same extent as VII. As a result, 
VIII and the radical resulting from attack at the
3-position (IX), where one phenyl can still achieve 
approximate coplanarity, become of comparable 
stability. As the 3-position probably offers some
what less steric hindrance to radical attack, it is 
the reaction at this site which predominates for 
diphenylbenzofulvene. On the other hand, in the 
alkyl fulvenes the radicals resulting from attack 
at the 2-position are approximately equall3r stabi
lized for both fulvenes and benzofulvenes, with the 
result that the k2/ k 3 values do not differ very 
greatly, and the site of radical attack responsible 
for retardation remains the same.

Exponents of the use of free valence as a means 
of predicting the preferred position for radical 
attack would expect that with the fulvenes the
6-position should intrinsically be the most re
active.11 12 Our finding that dialkylfulvenes undergo 
radical attack at the ring positions does not, how
ever, constitute evidence contradicting the correct
ness of predictions based on free valence, as one 
would expect that steric hindrance from the alkyl
6-substituents would bring about an enormous 
decrease in the rate of reaction at the 6-position, 
as witness our previous observation that 6,6-di- 
methylbenzofulvene is at least 106 times less re
active toward methacrylate radicals than dibenzo- 
fulvene itself. Under such circumstances the less 
hindered ring positions might easily become more 
reactive than the 6-position. We had hoped to be 
able to investigate this point more fully through 
study of fulvene itself, but unfortunately despite 
numerous careful attempts we were unable to 
to repeat the recent reported preparation of this 
compound.12a Angus and Bryce-Smith12b have

(11) E. D. Bergmann, “The Fulvenes,’’ Chap. 3 in 
Progress in Organic Chemistry, V. 3, Academic Press, New 
York, N. Y., 195.5; rf. pp. 90-6.

(12) (a) J. Thiec and J. Wiemaim. Hull. h o c . chim. Fr . 
[5]', 23, 177 (1950). (b) H. .1. F. Angus and D. Bryce- 
Smith, ./. Chian. Sue., 1409 (1900).
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also recently reported inability to repeat Thiec 
and Wiemann’s work.

E X P E R IM E N T A L

Preparation of fulvenes. Dimethylfulvene (la). This was 
prepared by the method described by Thiele.7 After puri
fication by fractional distillation, the center cut, b.p. 43- 
44°/10 mm., was degassed on the vacuum line and distilled 
into a number of small ampoules which were then sealed 
and stored in the dark at —20°. Ia melts slightly above 0° 
and when stored as described shows no evidence of dimer 
or po.ymer formation even on relatively prolonged storage.

Diriethylbenzofulvcne (Ha). The preparative procedure of 
Thiele and Merck6 was followed with the additional pre
caution that the reaction mixture was kept under a nitrogen 
atmosphere. The reaction mixture was poured into water 
and the organic layer was taken up in benzene. The benzene 
layer was washed repeatedly with water, dried over sodium 
sulfate, and the benzene removed under reduced pressure. 
The residue was fractional!}- distilled through a short 
Vigreux column, and Ha was collected as a yellow oil, 
b.p. 89-93 °/2 mm. Confirmation of the purity of lia  
was provided by comparison of its ultraviolet absorption 
spectrum with that previously reported.13 Purified Ha was 
stored under nitrogen at 0° until used.

Methylcyclohexylfulvene (lb). Methyl cvclohexyl ketone 
was prepared by the method described by van Woerden.14 
A mixture consisting of 25.2 g .  (0.2 mole) of the ketone and
13.2 g. (0.2 mole) of freshly distilled cyclopentadiene was 
added with stirring to a solution of 5 g. of sodium in 75 ml. 
of ethanol. The solution was stirred at room temperature for 
3 hr. under nitrogen, at the end of which time it was poured 
into 250 ml. of water. The fulvene which separated was 
taken up in methylene chloride; the methylene chloride solu
tion was washed with water, dried over sodium sulfate, and 
the methylene chloride removed under reduced pressure. 
The crude fulvene was purified by two fractional distilla
tions under reduced pressure through a Vigreux column. 
There was obtained 8.0 g. (23%) of pure 6-methyl-6-cyclo- 
hexvlfulvene, b.p. 72-73°/0.5 mm. Ultraviolet absorption 
spectrum in isooctane Xm„, 360 my (log e, 2.5).

In view of the considerable sensitivity of fulvenes to 
oxygen, lb was converted for analysis to its hexahydro 
derivative, 1-cyclopentyl-l-cyclohexylethane. Six grams of 
lb  was hydrogenated over platinum oxide in ethanol at 25° 
and 15 p.s.i. After 3.5 hr. the catalyst was removed by filtra
tion, the solvent evaporated, and the residue distilled. 
There was obtained 3.5 g. (56%) of 1-cyclopentyl-l-cyclo- 
hexylethane, b.p. 103-104°/7 mm.

Anal. Calcd. for C13H24: C, 86.58; H, 13.42. Found: 
C, 86.12; H, 13.04.

6-Methyl-6-cyclohexylbenzofulvene (lib). To 4 g. of sodium 
in 200 ml. of ethanol was added 16.7 g. (0.132 mole) of 
methyl cyclohexyl ketone and 20 g. (0.17 mole) of freshly dis
tilled indene. The solution was refluxed under nitrogen for 
8 hr. I t was then poured into water and the organic layer 
was taken up in methylene chloride. The methylene chloride 
solution was washed and dried and the solvent removed 
under reduced pressure. The crude product was chromato
graphed on alumina using hexane as eluant and 100 g. of 
alumina for each 10 g. of crude product. The hexane was 
removed and 'he residues containing the benzofulvene were 
heated at 60-65° at 12-14 mm. pressure in order to remove 
unchanged indene. The residue from this treatment was then

(13) A. Pullman, et al., Bull. soc. chim. France, [5], 18, 
702 (1951).

(14) S. van Woerden, Rec. trav. chim., 45, 135 (1926).

distilled in a molecular still (bath temp., 140°; pressure, 
0.05 mm.) giving 6.0 g. (20%) of lib . Ultraviolet absorption 
spectrum in isooctane: Xmajt, 322 myu (log e, 3.79); 309 m y  
(log e, 3.86).

Four grams of lib  was hydrogenated over palladium- 
charcoal in ethanol solution for 4 hr. at room temperature 
and 15 p.s.i. The catalyst was removed by filtration, and 
the solvent was evaporated. The residue was distilled under 
reduced pressure giving 3.0 g. (74%) of l-(l-cyelohexyl-l- 
ethvl-)indane, b.p. 143-145°/3 mm.

Anal. Calcd. for C17H21: C, 89.41: H, 10.59. Found: C, 
89.57; H, 10.81.

Methyl methacrylate and 2,2’-azobisisobutyronitrile were 
purified as previously described.15

Procedure for kinetic runs. For all of the compounds the 
procedure was the same as that previously used for dibenzo- 
fulvene.4

The results of the individual runs are given in Table II. 
The method of obtaining the k, and fe/fe values from these 
data has been described.4 In the present work the best plots 
were obtained in the various eases as follows: Ia and lb, 
c = 0.075; Ila, c = any value less than 0.1; lib, c = any 
value less than 0.01.

TABLE II
R e s u l t s  o p  I n d iv id u a l  K in e t ic  R u n s  a t  50° in  M e t h y i 

M e t h a c r y l a t e

Com
pound

(AIBN) 
X 103 

(moles/1.)

(Fulvene) 
X 103

(moles/1.)
0 X
1Q2«

Ia 5.41 67.0 23.8
4.58 39.2 30.6
9.62 50.1 28.0
2.72 59.1 25.2
2.91 37.9 32.1

12.7 47.3 29.1
6.17 40.3 31.5

lb 4.93 42.0 28.5
2.75 34.4 29.7

10.4 52.4 26.6
10.7 47.0 28.8
3.84 24.3 36.6
5.69 103 15.8

Ila 5.57 20.9 64.5
5.34 46.3 44.7
5.37 81.3 31.8
2.46 45.6 40 T

10.7 46.1 49.5
lib 5. 74 38.8 20.2

6.08 109 8.30
6.18 49.3 16.8

10.4 59.6 15.3
2.82 57.4 13.7

0 <{> — R/Rn, where R = rate of polymerization in the 
presence of the fulvene and R« equals the rate in the absence 
of the fulvene at the same initiator concentration; R.n = 
1.36 X 10-4(AIBN)172.

Acknowledgment. We gratefully acknowledge 
the financial support of the National Science 
Foundation through NSF Grant G-4205.

C o l u m b ia , S. C.

(15) J. L. Kice, J. .4 m.. Chem. Soc., 76, 6274 (1954).
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Decompositions of o-methyl-, o-benzyl-, and o-phenylbenzoyl peroxides have been studied in carbon tetrachloride in the 
presence and absence of iodine and iodine plus water (Tables I-IV). In carbon tetrachloride alone, for the o-methyl com
pound the ratio of decarboxylation tc intramolecular hydrogen transfer is 2.5 to 1. The radical derived from hydrogen transfer 
undergoes cross-termination with the trichloromethyl radical and like-termination. In the o-benzyl compound intramolecular 
hydrogen transfer occurs to the exclusion of decarboxylation or attack on the adjacent ring. In the o-phenyl compound 
decarboxylation occurs to the extent of 26% and, in confirmation of previous reports,1 2 3’4 intramolecular aromatic substitution 
is an important process (38% yield o: 3,4-benzcoumarin, IX). Decompositions of the peroxides in carbon tetrachloride in the 
presence of iodine and water result in substantial increases in yields of the corresponding acids, suggestive of the ability of 
the scavenger to compete with the intramolecular reactions.

Of the many detailed investigations of diacyl 
peroxides1 little attention has been directed toward 
the ori/io-substituted benzoyl peroxides.2-4 The 
possibilities of intramolecular reaction that mem
bers of this class offer and the information that 
might be obtained thereby with respect to com
petition between intra- and intermolecular proc
esses has prompted the present study of the de
composition of o-methyl-, o-benzyl-, and o-phenyl
benzoyl peroxide.

RESULTS

The o-substituted benzoyl peroxides employed 
in this study were subjected to thermal decompo
sition principally under three sets of conditions: 
a) in carbon tetrachloride; b) in carbon tetra
chloride containing iodine: c] in carbon tetra
chloride, iodine and water. The cata are summarized

(1) (a) C. Walling, Free Radicals in Solution, John Wiley 
and Sons, Inc., New York, N. Y., 11)57, Ch. 10. (b) E. L. 
Eliel, S. Meyersor., Z. Welvart, and S. II. Wilen, J. Am. 
Chem. Soc., 82, 2936 (1960), and references cited therein.

(2) (a) W. Cooper, J. Chem. Sac., 3106 (1951); 2408
(1952). (b) A. T. Blomquist and A. J Buselli, J. Am. Chem. 
Soc., 73, 3883 (19.51). (c) D. F. DeTar and A. Illynsky, 
J. Am. Chem. Soc., 17, 4411 (1955). i d) J. E. Leffler, R. D. 
Faulkner, and C. C. Petropoulas, J. Am. Chem. Soc.., 80, 
5435(1958).

(3) G. W. Kenner, M. A. Murray, and C. M. B. Tylor, 
Tetrahedron, 1,259 (1957).

(4) D. B. Dennev and P. P. Klemchuk, J. Am. Chem. Soc., 
80,3289(1958).

TABLE I
P roducts o f  D ecom position  of o-T oluoyl P ero x id e  

at 80°

Yield in Moles 
per Mole of Peroxide

Products

Carbon
tetra

chloride®

Carbon
tetra

chloride,®
iodine®

Carbon 
tetra

chloride,® 
iodine and 

water

Carbon dioxide 1.2e
Hexachloroethane .67
o-Chlorotoluene 1.1
o-Iodotoluene .98 .07
o-Cresyl o-toluate .04 .02 .02
Phthalide .1 .2 .08
o-Toluic acid .48 1.7
o-(0,8, d-Trichloroethyl)- .44

benzoic acid
1,2-Di-o-carboxyphenyl- .04

ethane
“ Initial peroxide concn., 0.055M. ® Initial iodine concn., 

0.25M. c Average of three determinations: 1.14, 1.19, 1.38.

in Tables I—III. The assignment of structure to
o-(d,/3,,0-trichloroethy 1) benzoic acid (Table I) is 
based on conversion to homophthalic acid by 
hydrolysis under strongly acidic conditions and 
dehydrochlorination with base to give a compound 
of the expected analysis and ultraviolet absorption 
spectrum for o-(/3,/3-dichlorovinyl)benzoic acid. 
The characterization of the high melting acid frac-

TABLE II
P roducts of D ecom position  of o-B enzylbenzoyl P er o x id e  at 80°

Product

Yield in Moles per Mole of Peroxide

Benzene®
Carbon

tetrachloride®

Carbon 
tetrachloride® 
and iodine®

Carbon 
tetrachloride,® 

iodine® and water
o-Benzylbenzoic acid 0.63 0.64 0.99 1.2
3-Phenylphthalide .62 .66 .89 .75
1,2-Di-o-carboxyphenyl- .35 .34

l,2-diphenylethanec

Initial peroxide concn., 0.036.1/.® Initial iodine concn., 0.35A/ . c Mixture of meso and dl material.
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TABLE III
P roducts o f  D ecom position  o f  o-P henylbenzoyl 

P er o x id e  a t  80°“

Products

Yield in Moles per Mole of Peroxide
Carbon

tetrachloride
Carbon tetrachloride, 

iodine, and water
Carbon dioxide 0.53
o-Chlorobiphenyl 0.39
3,4-Benzcoumarin 0.77 (0.49s) 0.88
o-Phenylbenzoic acid 0.18(0.31s) 0.84
“Dimeric acid” 0.05
Fracticns A, B, and C (0.2)

0 Initial peroxide concn., 0.017M. 6 Data of Kenner, 
Murray and Tylor, ref. 3.

tion from o-benzylbenzoyl peroxide as a mixture 
of meso- and d/-l,2-di-o-carboxyphenyl-l,2-di- 
phenylethane (Table II) is based on the con
version of the mixture to the corresponding meso- 
and di-dimethyl esters, separation of the esters into 
the two pure components (possessing markedly 
similar infrared spectra but differing in melting 
point), and establishment of the identity of the 
higher melting diester with the major product 
obtained from the decomposition of di-f-butyl 
peroxide in the presence of methyl o-benzylbenzoate 
by the Khar&sch coupling reaction.5 6 The major 
product of the decomposition of o-phenylbenzoyl 
peroxide, 3,4-benzcoumarin, has been reported 
by two groups3'4 since the start of this work. 
The materials referred to in Table III as dimeric 
acid and Fractions A, B and C were not obtained 
in pure form. The principal component of the 
dimeric acid is considered to be 3,3'-(di-o-carboxy- 
phenyl)biphenyl (I) on the basis of the marked 
similarity in infrared spectrum to o-phenylbenzoic 
acid, the probable mode of formation, and de-

carboxylation to a material exhibiting a prominent 
mass spectral peak at mass number 306, the ex
pected parent peak for a quaterphenyl. Fractions 
A, B, and C are halogen-containing mixtures 
showing absorption in the infrared characteristic of 
acids (Fraction A) and of lactones of the 3,4- 
benzocoumarin type (Fractions B and C). A 
search for hexachloroethane in the products of 
decomposition of o-phenylbenzoyl peroxide failed 
to reveal any of this material. Vapor phase chro
matographic control experiments showed that it 
would have been detected if present at a level 
above 0.02 mole per mole of peroxide. Vapor phase 
chromatography likewise failed to reveal the 
presence of biphenyl.

(5) M. S. Kharasch, H. C. McBay, and W. H. Urry, J. 
Org. Chem., 10, 401 (1945).

The negligible amount of carbon dioxide from 
the decomposition of o-benzylbenzoyl peroxide 
prompted the examination of the extent of decar
boxylation in the decomposition of p-benzylbenzoyl 
peroxide. Decomposition in carbon tetrachloride 
at 80° afforded carbon dioxide (1.06 moles per 
mole of peroxide), hexachloroethane, p-chloro- 
diphenylmethane (0.98 mole per mole of peroxide), 
p-benzylbenzoic acid (0.2 mole per mole of per
oxide), and two unidentified fractions. Vapor 
phase chromatographic analysis failed to reveal 
diphenylmethane in the p-chlorodiphenylmethane 
fraction.

The rates of decomposition of the peroxides in 
carbon tetrachloride were measured at concentra
tions approximating those of the product studies, 
both in the presence and absence of styrene.6 
The data are summarized in Table IV. The rates

TABLE IV
D ecom position  o f  Su bstitu ted  B enzoyl P ero x ides  

in  Carbon  T etrach lo rid e  at 80°

Substituent

Initial
Concn.,

M

Styrene
Concn.,

M

Carbon
Dioxide

Evolution,
%“

fc, X 10‘, 
Sec.“1

Hydrogen 0.017 b 90* 0.30s
o-Methyl 0.055 0 ~60 1.15

0.049 1.0 1.0
o-Benzyl 0.033 0 trace 1.34

0.010 0 1.31
0.037 1.0 1.34

p-Benzyl 0.007 0 53 2.9
0.014 0.2 2.4

o-Phenyl 0.019 2.1
0.017 26 2.0
0.016 1.0 2.5
0.015 1.0 2.6

“ Based on two moles per mole of peroxide. 6 Ref. 6, rate 
measured in the presence of 3,4-dichlorostyrene. c Ref. 8.

of the or//io-substituted peroxides are within a 
factor of three and all are several-fold faster than 
benzoyl peroxide. Of the benzoyl peroxides re
ported by Blomquist and Buselli substitution in 
the ortho-position (o-methoxy, o-nitro, o-phenoxy,
o-chloro, and o-methyl) resulted in an increase in 
rate of decomposition, measured in acetophenone 
solution. Substitution in the meta- and para- 
positions in general produces a smaller effect on 
rate2b'6 (p of —0.38 in dioxane at 80°).6 Comparison 
of the rates in the presence and absence of styrene 
in this study is suggestive of the absence of induced 
decomposition in the isolation experiments em
ploying o-benzyl- and o-phenylbenzoyl peroxide 
and of 15-20% induced decomposition in the ex
periments with o-phenylbenzoyl peroxide and of
15-20% induced decomposition in the experiments 
with o-methyl- and p-benzylbenzoyl peroxide.

(6) C. G. Swain, W. H. Stockmayer, and J. T. Clarke, 
J. Am. Chem. Soc., 72,5426 ( 1950).
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DISCUSSION

The rate-determining step in the thermal de
composition of benzoyl peroxide has been shown 
to be homolytic fission of the oxygen-oxygen 
bond7 since decomposition in carbcn tetrachloride 
in the presence of iodine and water (proceeding 
at the same rate as in carbon tetrachloride alone) 
afforded a high yield of benzoic acid, i.e., capture 
of carboxylate radical by iodine followed by hy
drolysis of the acyl hypoiodite to acid. DeTar 
and Lamb recently have confirmed this result8 
and have extended the technique to the problem 
of determination of multiple bond cleavage in the 
rate-determining step of decomposition of S- 
phenylvaleroyl peroxide. The high yields of acid 
obtained by subjection of the ori/io-substituted 
peroxides of this study to the conditions of Ham
mond and Softer may be interpreted in the same 
way, viz. oxygen-oxygen fission in the rate-de
termining step, assuming that here also the rates 
of decomposition are independent of the iodine 
and water.

Following rate-determining fission of the oxygen- 
oxygen bond in o-toluoyl peroxide, four possibili
ties are open to the radical II: a) termination 
reactions, b) reactions with scavengers, c) de
carboxylation, and d) hydrogen transfer to afford 
the o-carboxybenzyl radical. From the decompo
sition in carbon tetrachloride in the presence of

II
(a) R-j(b) S

Products

iodine and water o-toluic acid was obtained in 85% 
yield. The capture of II by iodine of initial con
centration 0.25M  indicates that this process is 
occurring at a time later than that required for 
primary9 (cage) reaction, and thus indicates that 
the decarboxylation and hydrogen transfer ob
served in the absence of scavengers must occur 
principally after separation of the original radical 
partners. The phthalide isolated from the iodine- 
water experiments sets an upper limit of 4% on 
the extent of hydrogen transfer within the solvent 
cage. In the absence of added scavengers, decar
boxylation and hydrogen transfer account for 90% 
of radical II, with the former proeess proceeding 
approximately two and one-half times faster than 
the latter. In comparison, decomposition of 
benzoyl peroxide in toluene at 84° results in 74-77% 
decarboxylation and in benzene at 80° in 80-86%

(7) G. S. Hammond and L. M. Soffer, J. Am. Chem. Soc., 
72,4711(1950).

(8) D. F. DeTar and R. C. Lamb, J. Am. Chem. Soc., 81, 
122(1959).

(9) R. M. Noyes, J. Am. Chem. Soc., 77, 2042 (1955).

decarboxylation.8 If one attributes the 8% de
crease in decarboxylation in toluene vs. benzene to 
abstraction of benzyl hydrogen by benzoate, one 
obtains a ratio of rate of decarboxylation to hy
drogen transfer (intermolecular analog of path d) 
of ten to one, suggestive of a small (several-fold) 
advantage for the intramolecular reaction over the 
intermolecular counterpart. That the advantage 
is not larger may be associated with the geometry 
of the transition state for the intramolecular hy
drogen transfer which would appear to be unfavor
able for stabilization by the ring ic electrons of 
the developing benzyl radical, a restriction that 
obviously does not apply to the intermolecular case. 
The principal fate of the o-methylphenyl radical, 
formed by loss of carbon dioxide from II, is chain 
transfer with the solvent to give o-chlororoluene 
and the trichloromethyl radical. The correspondence 
in yield of o-chlorotoluene with yield of carbon 
dioxide indicates that intramolecular hydrogen 
transfer within the o-methylphenyl radical to give 
the benzyl radical, if operative at all, is unimpor
tant. The o-carboxybenzyl radical derived from hy
drogen transfer in II appears to be of sufficient 
stability to achieve statistical distribution and is 
ultimately consumed by cross-termination with the 
trichloromethyl radical giving o-(/3,|8,d-trichloro- 
ethyl)benzoic acid(III) and like-termination giving
1,2-di-o-carboxyphenylethane (IV). In the presence

0X H 2CC13
r

XOOH
III

of iodine the o-chlorotoluene is replaced by a com
parable amount of o-iodotoluene, and some o- 
toluic acid is formed. The latter may be attributed 
to hydrolysis of acyl hypoiodite by adventitious 
moisture. Under all of the conditions of Table I 
a constant, small amount (2-4%) of o-cresyl o- 
toluate is obtained, attributed to cyclic esier for
mation or cage reaction.

The principal feature of the decomposition of
o-benzylbenzoyl peroxide (Table II) is the clean
ness of the reaction. The increased lability of the 
benzhydryl hydrogen (over benzyl hydrogen, 
compare Tables I and II) results in hydrogen trans
fer to the exclusion of decarboxylation. The four 
products obtained in this decomposition, account-

ing for over 95% of the peroxide, are easily deriv
able from termination reactions of radical VI: 
disproportionation to give equal amounts of 3- 
phenylphthalide and o-benzylbenzoic acid; re
combination to give meso- and (il-1,2-di-o-carboxy-
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phenyl-l,2-diphenylethane.10 The increase in yield 
of o-benzylbenzoic acid from decomposition of the 
peroxide in carbon tetrachloride in the presence 
of iodine and water indicates that efficient scaven
gers can compete with the hydrogen transfer re
action and points to capture of a minimum of 60% 
of V by iodine. (The 37% of 3-phenylphthalide 
from this experiment probably is derived from 
capture of VI by iodine followed by conversion to 
the lactone although conceivably some of the lac
tone might arise from the acyl hypoiodite of V.) 
The increase in yield of acid under these conditions 
may be interpreted in terms of hydrogen transfer 
occurring later than the time required for a cage 
reaction and indicates that the hydrogen transfer is 
intramolecular rather than intermolecular. Further 
evidence in favor of intramolecular hydrogen trans
fer within radical V, the inherently more attractive 
path, is found in the greatly reduced importance 
of hydrogen transfer in the decomposition of p- 
benzylbenzoyl peroxide in which substantial 
amounts of carbon dioxide are evolved in spite of 
the availability to intermolecular abstraction proc
esses of benzhydryl hydrogen.

The product data for o-benzylbenzoyl peroxide 
indicate abstraction of hydrogen in preference to 
attack on the neighboring aromatic ring. o-Phenyl- 
benzoyl peroxide3’4 represents a case in which the 
principal choices available to the carboxylate 
radical are attacked on the adjacent aromatic ring 
or decarboxylation. The importance of the former 
path is reflected in the isolation of 3,4-benzcou- 
marin (IX) in 36% yield, in confirmation of the 
results of Kenner, Murray, and Tylor,3 and of 
Denney and Klemchuk,4 and in the decreased ex
tent of decarboxylation in this system. The obser-

0  O
VIII IX

vation of 80-86% decarboxylation of benzoyl 
peroxide in benzene8 vs. 26% decarboxylation of o- 
phenylbenzoyl peroxide in carbon tetrachloride 
indicates an advantage for the intramolecular 
process over the intermolecular counterpart. The 
absence of hexachloroethane from the product 
mixture and the complexity of this mixture are

(10) Conversion of VI to VII is a further possibility but 
such a formulation is neither required by the data nor able 
to account as satisfactorily for the formation of the coupling 
product of VI.

9HC6H6 
O

OH
VII

A comparison at equal radical concentrations of the effi
ciency toward polymerization of styrene of o-benzylbenzoyl 
peroxide vs. benzoyl peroxide indicates that the former is 
about, half as efficient as the latter.

suggestive that radical VIII or, alternatively, the 
pi complex related to VIII is formed to an impor
tant extent and is of moderate stability, ultimately 
disappearing by disproportionation (formation of
3,4-benzcoumarin), by cross-termination reactions 
with trichloromethyl radical (Fractions A, B, C) 
generated in the formation of the o-chlorobiphenyl 
and by like termination reactions leading to a large 
number of possible products (including dimeric 
acid I). Of the 2-biphenylyl radicals derived from 
decarboxylation of o-phenylbenzoate radicals, two- 
thirds are converted to o-chlorobiphenyl by chain 
transfer with the solvent, leaving a maximum of 
one third that may be consumed via an intra- 
molecularly complexed species. Decomposition of 
the peroxide in carbon tetrachloride in the presence 
of iodine and water affords a small increase in yield 
of 3,4-benzcoumarin (44% vs. 36%) and a large 
increase in yield of o-phenylbenzoic acid (42% 
vs. 9% in carbon tetrachloride alone) indicative 
of the occurrence in the absence of added scaven
gers of decarboxylation after separation of the origi
nal radical partners, in agreement with the other
o-substituted cases of this study.

The possible formation of VIII to the extent of 
74% (based on the observation of 26% decarboxyl
ation) and destruction by paths in addition to the 
one leading to formation of lactone IX (36%) 
further complicates interpretation of the isotope 
effect, kH/k D, of 1.32 observed in the conversion 
of 2-(2-deuterophenyl)benzoyl peroxide4 to the 
(partially) deuterium-labeled 3,4-benzcoumarin 
and consideration of the related question of reversi
bility in the formation of VIII from the carboxylate 
radical.

The decomposition of o-phenoxybenzoyl per
oxide to yield phenyl salicylate20 may represent a 
case exhibiting the further possibility of association 
of carboxylate radical with the aryl carbon at
tached to the oxygen, resulting in over-all phenyl 
migration, a process that also appears to be oper
ative in the conversion of silver 3,3,3-triphenyl- 
propionate to phenyl 2,2-diphenylacrylate by the 
action of bromine in carbon tetrachloride.11

I t is of interest to compare the data of the 
diaroyl peroxides of this study with the diacyl 
peroxides, 5-phenylvaleroyl peroxide,12’8 and e- 
phenylcaproyl peroxide.13 In these cases a substan
tial percentage of the products appears to arise 
from cage (and/or cyclic) reactions. The carbox
ylate radicals that escape cage reaction undergo 
decarboxylation.14 Although intramolecular hy

(11) J. W. Wilt and D. D. Outhoudt, / .  Org. Chem., 23, 
218 (1958).

(12) D. F. DeTar and C. Weis, J. Am. Chem. Soc., 78, 
4296(1956).

(13) C. A. Grob and H. Kammuller, Helv. Chim. Acta, 40, 
2139(1957).

(14) For thermochemical evidence on the greater exo- 
thermicitv of carbon dioxide loss from alkylcarboxylate 
than from arylcarboxylate, see L. Jaffe, E. J. Prosen, and 
M. Ssswarc, J . Chem. Phys., 27, 416 (1957).
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drogen transfer apparently cannot compete with 
decarboxylation in these cases, intramolecular 
reactions may occur within the resulting primary 
carbon radicals, as seen in the isolation of tetralin 
in 30% yield from the decomposition of 5-phenyl- 
valeroyl peroxide in benzene12 and of 5,6-diphenyl- 
decane in 14% yield from the decomposition of 
e-phenylcaproyl peroxide.13-16

E X PER IM EN TA L

o-Toluic acid was prepared by carbonation of the Gri- 
gnard reagent derived from o-bromotoluene (Eastman white 
label). Recrystallization from benzene-hexane afforded ma
terial, m.p. 104-105° (lit. m.p. 104-105°).

o-Toluoyl peroxide was prepared by the general method15 
of Price and Krebs utilizing ether instead of toluene as 
solvent for the o-toluoyl chloride (prepared from the acid 
and thionyl chloride and distilled before use). Recrystalli
zation of the crude product from ethanol afforded o-toluoyl 
peroxide as colorless needles, m.p. 54.5-55° (lit.,!b m.p.
52.5-53.5°) in a yield of 78%.

o-Cresyl o-toluate was prepared by reaction of o-toluoyl 
chloride and o-cresol in ethyl ether containing an equivalent 
of pyridine. After 16 hr. at 25° the mixture was filtered, the 
ether was washed three times with dilute hydrochloric acid, 
three times with dilute sodium hydroxide solution, with 
water and dried over magnesium sulfate. Filtration, re* 
moval of the ether, and distillation of the residue afforded 
the ester, b.p. 135-136° at 1 mm., n°D7 1.5651.

Anal. Calcd. for CxsHuOj: C, 79.62; H, 6.24. Found: C, 
79.80; H, 6.40.

Decomposition of o-toluoyl peroxide (See Table I). A. In  
carbon tetrachloride. A 6.0-g. sample (22 mmoles) of the per
oxide in 400 ml. of carbon tetrachloride was placed in a flask 
equipped with a gas inlet tube and condenser. The top of the 
condenser was connected to a trap and this in turn to a gas 
washing bottle, protected from the atmosphere by an 
Ascarite-filled tube, containing a standardized barium 
hydroxide solution. The peroxide solution was swept with 
nitrogen for 1 hr. with the barium hydroxide bottle dis
connected. The bottle then was connected, the nitrogen 
flow was decreased, and the peroxide solution was heated at 
reflux for 20 hr. Carbon dioxide yield, determined by titra
tion of the excess hydroxide in the barium hydroxide solu
tion by standard perchloric acid, was 26.1, 25.1, 30.4 mmoles 
in three decompositions.

One half of the carbon tetrachloride solut.on was reduced 
to dryness through a 20-inch Vigreux column. The residue 
was treated with pentane, filtered from a small amount of
1,2-di-o-carboxyphenylethane (see below), and chroma
tographed on a silica gel column in pentane. The first com
pound eluted by pentane was hexachloroethane, 1.05 g. 
Recrystallization from ligroin afforded material, m.p. 188- 
189° (sealed tube); mixed melting point showed no de
pression. The second component eluted by pentane was
o-chlorotoluene, 0.64 g., n2D° 1.5247 (lit. ra2D° 1.5247) of identi
cal infrared spectrum with an authentic sample. From a 
control experiment with hexachloroethane and o-chloro- 
toluene, 60% of the former and 33% of the latter were re
isolated in pure form by the above procedure. Elution with 
pentane-ether (10: 1) afforded 0.11 g. of o-cresyl o-toluate, 
identical in infrared spectrum with that cf the authentic 
sample. Elution with pentane-ether (5:1) yielded 1.2 g. 
of an acid, o-(/3,/3,/3,-trichloroethyl)benzoic acid contaminated

(15) For examples of related intramolecular aromatic 
substitution reactions, see S. Wlnstein, R. Heck, S. Lap- 
porte, and R. Baird, Experientia, 12, 138 ¡1956); see also
D. B. Denney and P. P. Klemchuk (ref. 4).

(16) C. C. Price and E. Krebs, Org. Syntheses, Coll. Vol. 
IH, 649 (1955).

with a small amount of phthalide. Recrystallization from 
ligroin afforded the pure acid, m.p. 113-114°.

Anal. Calcd. C.II70 2C1.,: C, 42.64; H, 2.78; Cl, 41.97; neut. 
equiv. 254. Found: C, 42.44, 42.70; H, 2.80, 3.19; Cl, 41.42, 
41.93; neut. equiv., 251.

A 350-mg. sample of this acid was added to 1 ml. of coned, 
sulfuric acid and heated on a steam bath for 1 hr. Six milli
liters of water was added and heating was continued for 1 hr. 
The solution was cooled to room temperature and extracted 
with benzene. Upon cooling the aqueous solution to 0°, 
crystals separated. One recrystallization from water afforded 
200 mg. of homophthalic acid, m.p. 175° (lit.,17 m.p. 175°). 
The infrared spectrum was identical in all respects with an 
authentic sample of homophthalic acid prepared from 
indene.

Elution of the silica gel column with pentane-ether (1:1) 
afforded 0.12 g. of 1,2-di-o-carboxyphenylethane. Recrys
tallization from 95% ethanol gave material, m.p. 228- 
230° (lit.,18 m.p. 231°). The diacid was esterified with 
diazomethane and the dimethyl ester was recrystallized 
from methanol yielding material, m.p. 99-100° (lit.,18 m.p. 
100°).

The second half of the original carbon tetrachloride solu
tion of the peroxide decomposition was heated under reduced 
pressure to remove solvent and the bulk of the hexachloro
ethane and o-chlorotoluene. Treatment of the residue with 
petroleum ether (b.p. 30-60°) afforded 0.11 g. of a colorless 
solid, crude 1,2-di-o-carboxyphenylethane, m.p. 180-220°, 
raised to m.p. 225-229° by recrystallization from ethanol. 
The petroleum ether filtrate was chromatographed on 
alumina. Elution with benzene-ether (7:1) afforded 0.16 g. 
of phthalide, m.p. 73-74° after recrystallization from ligroin 
(b.p. 90-100°); mixture melting point with an authentic 
sample gave no depression and infrared spectra were 
identical.

B. In benzene. Analysis was made only for 1,2-di-o-car
boxyphenylethane. A 2.2-g. sample of o-toluoyl peroxide in 
40 ml. of benzene was heated at reflux for 24 hr. during which 
time a small amount of precipitate appeared. The mixture 
was cooled, filtered, giving a residue of 109 mg. of 1,2-di-o- 
carboxyphenylethane, m.p. 231-232°.

C. In carbon tetrachloride containing iodine. A solution of 
6 g. of o-toluoyl peroxide and 25 g. of iodine in 400 ml. of 
carbon tetrachloride was heated at reflux for 17 hr. The 
solution was cooled and the supernatant liquid was decanted 
from the precipitated iodine. Excess iodine was destroyed 
by extraction of the cooled solution with sodium bisulfite 
solution. The dried carbon tetrachloride layer was reduced 
to a small volume, diluted with petroleum ether (b.p. 30- 
60°) and chromatographed on silica gel. Elution with 
petroleum ether afforded 3.59 g. of o-iodotoluene, n™ 1.6030 
(lit. n2d 1.6085), identical in infrared spectrum with authen
tic material. A control experiment identical in procedure to 
the actual product isolation indicated 80% recovery of o- 
iodotoluene. Elution with petroleum ether-ether (100:1) 
afforded 0.1 g. of o-cresyl o-toluate. Elution with petroleum- 
ether-ether (10:1) afforded 1.3 g. of o-toluic acid, m.p.
104-105°, mixed m.p. 104-105°. Elution with pet. ether- 
ether (5:1) afforded 0.28 g. of a compound, m.p. 122-128°, 
that was not identified. (Sublimation afforded material, 
m.p. 135-136°.) Elution with petroleum ether-ether (4:1) 
afforded 0.62 g. of phthalide, m.p. 72-73°; mixed melting 
point showed no depression.

D. In  carbon tetrachloride containing iodine and water. A 
mixture of 3 g. of o-toluoyl peroxide, 27 g. of iodine, 75 ml. of 
water, and 200 ml. of carbon tetrachloride was heated at 
reflux for 20 hr. Excess iodine was destroyed by extraction 
with bisulfite solution. The bisulfite solution was extracted 
with ether and the combined ether-carbon tetrachloride

(17) O. Grummitt, R. Egan, and A. Buck, Org. Syntheses, 
Coll. Vol. HI, 449 (1955).

(18) C. Fischer and R. Wolffenstein, Chem. Ber., 37, 
3219(1904).
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phases were extracted with sodium hydroxide solution. 
Acidification with hydrochloric acid, extraction of the 
aqueous phase with ether, drying of the ether phase over 
magnesium sulfate, filtration, and removal of the ether 
afforded 2.6 g. of o-toluic acid, m.p. 103-104°; mixture 
melting point showed no depression.

o-{f},f}-Dichlorovinyl)benzoic acid. A 400-mg. sample of 
°~($,/3,/3-trichloroethyl)benzoic acid, 1 g. of potassium hy
droxide, and 30 ml. of 95% ethanol was heated on a steam 
bath for 0.5 hr. Dilution with water and acidification with 
hydrochloric acid gave a solid. Recrystallization from iso
octane afforded 200 mg., m.p. 117-118°, Æ  in ethanol 
(e = 8,040), X290 (e = 2,250).

Anal. Calcd. for CÆOîCb: C, 49.81; H, 2.78; Cl, 32.66. 
Found: C, 50.03; H, 2.63; Cl, 32.95.

o-Benzylbenzoic acid was prepared by the reduction of
o-benzoylbenzoic acid according to the procedure of Barnett, 
Cook, and Nixon,19 m.p. 115-117° (lit.,19 m.p. 118°).

o-Benzylbenzoyl peroxide. To a solution of 30 g. of o- 
benzylbenzoic acid in 100 ml. of anhydrous ethyl ether was 
added 6 ml. of pyridine followed by the slow addition of 15 
ml. of thionyl chloride with stirring (magnetically). The 
mixture was stirred for 3 hr. at room temperature and fil
tered to remove the pyridine hydrochloride. Removal of 
the ether under reduced pressure afforded a light yellow 
oil, o-benzylbenzoyl chloride. This liquid was dissolved in 
150 ml. of petroleum ether, (b.p. 30-60°). After standing at 
room temperature for 30 min. the solution was filtered to 
remove a small amount of insoluble matter and cooled to 
— 80°, resulting in the separation of the acid chloride as 
a semi-solid mass. When the acid chloride was needed, the 
petroleum ether layer was decanted and the acid chloride 
was dissolved in 120 ml. of ether. To this ether solution was 
added 6 g. of sodium peroxide and 10 drops of water. The 
mixture was stirred for 6 hr. at 0° during which time 1 ml. 
of water was added. The mixture was filtered and the filtrate 
was evaporated to dryness under reduced pressure. The 
colorless residue was dissolved in 50 ml. of chloroform and 
poured into 250 ml. of methanol with stirring, resulting in 
the slow precipitation of needles, 18 g. The 18-g. sample was 
dissolved in 20 ml. of chloroform, added to 100 ml. of 
methanol and cooled, yielding 16 g. (53% yield based on 
acid), m.p. 72.5-73°.

Anal. Calcd. for C2aH220 4: C, 79.60; H, 5.25. Found: C, 
79.41; H, 5.07. Iodometric analysis indicated a purity of 
99 ± 1 % . J

Décomposition of o-benzylbenzoyl peroxide (see Table II). 
Description of decomposition in carbon tetrachloride is 
reported in detail. Data on decomposition in benzene, in 
carbon tetrachloride and iodine, in carbon tetrachloride in 
the presence of iodine and water are summarized in Table II. 
Product isolations were made by the procedure described 
below and those described under o-toluoyl peroxide.

In carbon tetrachloride. A 12-g. sample of o-benzyl
benzoyl peroxide in 800 ml. of carbon tetrachloride was de
composed at refiux temperature under slow nitrogen flow for 
20 hr. as described above for o-toluoyl peroxide. A white pre
cipitate appeared in the carbon tetrachloride solution as the 
reaction progressed. The yield of carbon dioxide was negli
gible. The carbon tetrachloride reaction mixture was cooled 
and filtered affording a residue of 4.2 g. This material was 
dissolved in sodium carbonate solution and reprecipitated 
by hydrochloric acid, 4.1 g. dec. p. 270-290°, insoluble in 
methanol or benzene, fairly soluble in acetone. The acid 
gave analyses corresponding to l,2-di(o-carboxyphenyl)-
1,2-diphenylethane, a mixture of the meso and dl modifica
tions.

Anal. Calcd. for CîsHîîÔ : C, 79.60; H, 5.25; neut. eq., 
211. Found: C, 79.32; H, 5.29; neut. eq., 222.

A 2.0-g. sample of the acid was esterified with diazo-

(19) E. de B. Barnett, J. W. Cook, and I. G. Nixon, 
J. Chem. Soc., 508 (1927).

methane. Repeated recrystallizations from methanol- 
benzene gave a dimethyl ester, m.p. 207-207.5°.

Anal. Calcd. for CMH260 4: C, 79.98; H, 5.82. Found: C, 
80.01; H, 5.96.

The infrared spectrum of this material was identical 
with the material prepared by use of the Kharasch coupling 
reaction5 on methyl o-benzylbenzoate (see below). From 
the mother liquors a second isomer was obtained, m.p.
143-145°, markedly similar in infrared spectrum to the 
207° compound.

Anal. Calcd. for C3oH260 4: C, 79.98; H, 5.82. Found: C, 
79.77; H, 6.00.

One half of the original carbon tetrachloride filtrate from 
the peroxide decomposition was reduced to dryness under 
reduced pressure, dissolved in ether, and extracted with 
aqueous sodium hydroxide solution. Acidification afforded
2.0 g. of crude o-benzylbenzoic acid, identical in infrared 
spectrum to authentic material. Reprecipitation and recrys
tallization from acetic acid gave material, m.p. 114-117°, 
mixed melting point with authentic sample 115-117°. The 
ether solution from which the o-benzylbenzoic acid had been 
extracted was dried over magnesium sulfate, filtered, and 
evaporated leaving 1.95 g., m.p. 110-115°, of crude 3-phenyl- 
phthalide of identical infrared spectrum with authentic 
material. Recrystallization from 95% ethanol gave material, 
m.p. 114—115°; mixture melting point with an authentic 
sample of 3-phenylphthalide20 gave no depression.

Subjection of a portion of the original decomposition solu
tion (after removal of the dimeric acid by filtration) to 
chromatography on silica gel afforded only the same two 
products reported above, o-benzylbenzoic acid and 3-phenyl
phthalide.

1,2-Di{o-carbomethoxyphenyl)-l,2-diphenylethane. A solu
tion of 8.6 g. of methyl o-benzylbenzoate (b.p. 167-170° at 
10 mm., lit.,19 b.p. 320° at 760 mm., prepared by Fischer 
esterification of the corresponding acid) and 6.0 g. of di-f- 
butyl peroxide was heated at 125° for 52 hr. Repeated re- 
crystallizations of the residue from acetone afforded 3.5 g. 
(40% yield) of material, m.p. 204-205°, identical in infra
red spectrum with the diester derived from the diacid isolated 
from the peroxide decomposition above, mixture m.p. 204- 
206°.

Reaction of silver o-benzylbenzoaie with iodine. A 175-ml. 
portion of carbon tetrachloride was distilled from phos
phorus pentoxide into a flask containing 10 g. of silver o- 
benzylbenzoate (prepared by the usual procedure—addition 
of aqueous silver nitrate solution to an aqueous solution of 
the acid at pH of 9, followed by filtration, washing, and 
rigorous drying of the silver salt). An 8-g. sample of iodine 
was added and the mixture was heated at reflux for 17 hr. 
The mixture was filtered and excess iodine was destroyed 
by extraction of the filtrate by sodium bisulfite solution. 
From the filtrate was isolated 1.0 g. of 3-phenylphthalide 
and 3.3 g. of o-benzylbenzoic acid by the procedure described 
above.

Effectiveness of o-benzylbenzoyl peroxide in polymerization of 
styrene. A 0.044-g. sample of the peroxide was dissolved in 
25 ml. of freshly distilled styrene. To a second 25-ml. portion 
of styrene was added 0.145 g. of benzoyl peroxide. To a 
third flask was added 25 ml. of styrene alone. The solutions 
were heated for 1 hr. at 80°, cooled, and poured into 200 ml. 
of methanol. The polystyrene (softening point 125-165°) 
obtained from the sample of pure styrene, the benzoyl 
peroxide-initiated sample and the o-benzylbenzoyl peroxide- 
initiated sample amounted to 0.1 g., 4.6 g., and 2.1 g., respec
tively. In conjunction with the first order rate constants 
for decomposition of these two peroxides (see Table IY), 
the polystyrene yields indicate that o-benzylbenzoyl peroxide 
is approximately half as effective as benzoyl peroxide in 
initiating the polymerization of styrene.

o-Phenylbenzoic acid was prepared from fluorenone by

(20) F. Ullmann, Ann., 291,23 (1896).
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the procedure of Gutsche and Johnson,21 m.p. 112-113° 
(lit.21 m.p. 110-113°).

o-Phenylbcnzoyl chloride was prepared by the action of 
thionvl chloride on the, acid. Distillation afforded material, 
b.p. 99.5-101° at 0.3 mm. (lit.,22 b.p. 169° at 16 mm.). 
Some closure to fluorenone occurs during distillation (weak 
carbonyl absorption in the infrared at 1728 cm.-1).

o-Phenylbenzoyl peroxide was prepared by the general pro
cedure of Price and Krebs.16 The toluene solution of product 
was taken to a residual oil under reduced pressure. The oil 
solidified on treatment with pentane. Recrystallization 
from benzene-petroleum ether (b.p. 30-60° ) afforded mate
rial of dec. p. 101.5-102.5° (lit.,3'4 dec. p. 107-108°).

Anal. Calcd. for C26Hi80 4: C, 79.17; E, 4.60. Found: 
C, 79.27; H, 4.65.

Decomposition of o-phenylbenzoyl peroxide in carbon tetra
chloride (Table III). A 1-g. sample of the peroxide in 150 ml. 
of carbon tetrachloride was decomposed under slow nitrogen 
flow for 21 hr. at reflux temperature as described above for 
o-toluoyl peroxide. Carbon dioxide yield amounted to 0.53 
mole per mole of peroxide. (A duplicate run gave the same 
value: 0.53 mole.) Concentration of the carbon tetrachloride 
solution through a 20-inch Vigreux column to a small volume 
and cooling afforded 0.05 g. of base-soluble material, referred 
to below as dimeric acid, dec. p. 282-286°. Extraction of the 
carbon tetrachloride solution with sodium bicarbonate and 
acidification with hydrochloric acid afforded 0.09 g. of crude 
o-phenylbenzoic acid. Two reprecipitations from an alkaline 
solution by acid yielded material, m.p. 110-113°, mixed 
m.p. 110-113°. The carbon tetrachloride solution of the 
remaining products of decomposition of the peroxide was 
chromatographed on 25 g. of acid-washed alumina eluting 
with carbon tetrachloride. The first fraction solidified on 
standing, 0.15 g. o-chlorobiphenyl. Recrystallization from 
petroleum ether (b.p. 30-60°) gave material, m.p. 33-34°, 
mixed melting point wdth authentic material 33-34° (lit., 
m.p. 32°). Vapor phase chromatography of a portion of the 
crude material gave a small peak (carbon tetrachloride) 
and a large peak (o-chlorobiphenyl). No bands ascribable to 
hexachloroethane or to biphenyl were present. The second 
fraction, eluted with carbon tetrachloride-ether (50 to 1), 
was 0.29 g. of crude 3,4-benzeoumarin. Three recrystalliza
tions from petroleum ether afforded material (prepared by 
the procedure of Graebe and Schestakow, lit.,23 m.p. 92.5°), 
m.p. 92-94°.

From a parallel experiment employing 10 g. of peroxide 
were obtained three additional fractions (A, B and C) corre
sponding to 17% of the peroxide by weight. Extraction of 
the carbon tetrachloride solution with bicarbonate afforded a 
third layer at the interface which was separated, dissolved 
in methanol-water, and acidified affording 0.9 g. of precipi
tate, Fraction A. Repeated recrystallizations failed to give 
a pure material: broad decomposition range, 143-147°; 
poorly defined infrared spectrum with broad absorption at 
1710 cm.-1.

Anal. Found: C, 67.05; H, 4.01; Cl, 14.82. Chroma
tography of the dried carbon tetrachloride solution afforded, 
in addition to the fractions described above, Fraction B, 
0.57 g., eluted with ether and Fraction C, 0.3 g. eluted 
with ether-methanol (10:1). Repeated recrystallizations of 
Fractions B and C afforded samples of dec. p. 140-144° and 
161-164° respectively, poorly defined infrared spectra wdth 
broad absorption at 1725 cm. -1 (Fracticn B) and 1730 
cm.-1 (Fraction C).

Anal, of Fraction C. Found: C, 60.65; H, 3.62; Cl, 21.71.
Control experiments. A solution of 30.8 mg. of hexachloro

ethane in 150 ml. of carbon tetrachloride was treated 
exactly like the solution of peroxide decomposition products. 
The yield from the chromatogram was 19.1 mg. (62% re

(21) C. D. Gutsche and W. S. Johnson, J. Am. Chem. 
Soc., 68,2239 (1946).

(22) W. Schlenk and E. Bergmann, Ann., 464 , 33 (1928).
(23) C, Graebe and P. Scheetakow, Ann., 284, 317 (1895),

covery), m.p. 183-186° (sealed tube). Mixtures of hexa
chloroethane and o-chlorobiphenyl were easily separated 
and distinguished by vapor phase chromatography on a 
silicone-firebrick column.

Chromatography on alumina of a synthetic mixture of 
0.106 g. of o-chiorobiphenyl and 0.045 g. of 3,4-benz- 
coumarin afforded 0.087 g. of the former, m.p. 31-33° (82% 
recovery) and 0.035 g. of the latter, m.p. 91-93° (78% 
recovery).

Decarboxylation of ‘'dimeric acid” from o-phenylbenzoyl 
peroxide. A mixture of 0.039 g. of the material, dec. p. 282- 
286°, 0.364 g. of copper chromite and 5.5 ml. of quinoline 
was heated at reflux for 2 hr. After cooling, 20 ml. o: ether 
was added and the mixture was poured into 50 ml. cf 10% 
hydrochloric acid. The mixture was filtered and the filtrate 
was extracted with ether. The ether layer was washed with 
10% hydrochloric acid, with wrater, dried over magnesium 
sulfate, and the solvent removed. The residue w'as dissolved 
in benzene and chromatographed on a column consisting of 
an upper layer of 1 g. of alumina and a low'er layer of 3 g. 
of silica gel. Elution with benzene afforded 8 mg. of tan 
solid. Sublimation at 155° and 0.3 mm. gave slightly tan 
materia., m.p. 79-93° (lit.,24 m.p. of l,3-(diphenvl)biphenyl
84.5-85°). Mass spectral analysis showed a major peak at 
mass 306 (calcd. mol. wt., 306).

Decomposition of o-phenylbenzoyl peroxide in the presence 
of iodine and water (Table III). A mixture of 1.31 g. of the 
peroxide, 4.55 g. of iodine, 3.64 ml. of water, and 100 ml. of 
carbon tetrachloride was heated at reflux for 10 hr. and 
worked up by the above procedure and that described in the 
corresponding experiment wdth o-toluoyl peroxide.

p-Bcnzylbenzoic acid was prepared by the reaction of oxalyl 
chloride and diphenylmethane according to the procedure of 
Liebermann.25 Recrystallization from benzene afforded 
material, m.p. 161-162° (lit., m.p. 155-156°).

p-Benzylbenzoyl peroxide was prepared by the method 
described above for o-benzylbenzoyl peroxide. Recrystalli
zation from carbon tetrachloride-methanol afforded the 
peroxide, m.p. 87-88°. Iodometric analysis indicated a 
purity' cf 99 ±  1%.

Anal. Calcd. for C28H22O4: C, 79.60; H, 5.25. Found: 
C, 79.49; H, 5.30.

p-Chlorodiphenylmethane w'as prepared by Wolff-Kishner 
reduction of p-chlorobenzophenone, affording material, 
b.p. 118° (1 mm.), ?i2D7 1.5840 (lit.,26 b.p. 298° at 743 mm.).

p-Benzylphenyl p-benzylbenzoate was prepared by the reac
tion of p-benzylbenzoyl chloride (crude, from 2 g. of acid 
by the action of thionyl chloride) and 2 g. of p-benzydphenol 
in 20 ml. of pyTidine. After 15 hr. at 25° the mixture was 
poured into water and the precipitate w'as recry'soallized 
from hexane, 1.4 g., m.p. 70-71°.

A?ml. Calcd. for C20H22O2: C, 85.68; H, 5.86. Found: C, 
85.87; H, 6.06.

Decomposition of p-benzylbcnzoyl peroxide in carbon tetra
chloride. A 6.37-g. sample (15.1 mmoles) of the peroxide in 
1500 ml. of carbon tetrachloride was decomposed under 
slow nitrogen flow for 60 hr. as described above for o-methyl- 
benzoyl peroxide. Yield of carbon dioxide was 15.9 mmoles. 
The carbon tetrachloride was removed through a 24-inch 
Vigreux column. The residue was dissolved in ether and 
extracted fifteen times with 50-ml. portions of 5% sodium 
bicarbonate solution. The bicarbonate solution w'as acidified 
and extracted with ether; the ether w'as dried over mag
nesium sulfate, filtered, and evaporated giving 0.63 g. of 
crude p-benzylbenzoic acid, m.p. 118-123°. Recrystallization 
from petroleum ether (b.p. 70-90°) afforded material, m.p. 
153-155°, mixed m.p. 154-156°. The original ether layer 
containing the neutral products of the peroxide decomposi
tion was evaporated, dissolved in petroleum ether, filtered

(24) G. F. Woods and F. T. Reed, J. Am. Chern. Soc., 71, 
1348(1949).

(25) C. Liebermann, Chem. Ber., 45, 1207 (1912).
(20) P, J. Montagne, Ree. trav. chim,. 26, 267 (1907).
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from a small amount of insoluble matter, and chromato
graphed on 30 g. of acid-washed alumina. The first fraction 
was hexachloroethane, 0.63 g.

The second fraction, 3.0 g. of a colorless liquid, 
1.5842 was identified as p-chlorodiphenylmethane by iden
tity of infrared spectrum with that of authentic material 
and by chromic acid oxidation in acetic acid to p-chloro- 
benzophenone, m.p. 73-74° after recrystallization from 
ethanol, mixture m.p. 73-74°. The p-chlorodiphenyl- 
methane fraction gave a single peak on gas phase chroma
tography on a firebrick-silicone column with no peak at the 
position shown by an authentic sample of diphenylmethane. 
The third fraction, eluted from the alumina by ether, was 
a semisolid which resisted attempts at purification. The 
infrared spectrum was similar to but not identical with that 
of p-benzylphenyl p-benzylbenzoate.

Kinetic determinations were made in carbon tetrachloride 
at 80°, following the peroxide concentration by iodometric

analysis.27 Initial concentrations closely approximated the 
conditions of the product studies. The data are summarized 
in Table IV.

Acknowledgment. This work was supported, in 
part, by a grant from the Camille and Henry 
Dreyfus Foundation, Inc. which we gratefully 
acknowledge. We also wish to express our apprecia
tion to Dr. Theophilus Fayiga of Nigerian College 
of Technology, Ibadan, Nigeria, who carried out 
some of the preliminary experiments on o-toluoyl 
peroxide during his tenure of a fellowship under the 
Foreign Students Summer Program in 1954.

Cambridge 39, Mass.
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A mixture of aluminum chloride and lithium aluminum hydride was shown to cleave tetrahydrofuran to n-butyl alcohol. 
There appears to be a direct relationship between the maximum amount of ra-butyl alcohol produced under extended reflux 
and the theoretical amount of aluminum hydride produced. Although the reduction of most compounds with lithium alumi
num hydride in tetrahydrofuran does not result in cleavage, the reduction of alkyl halides and benzylphosphonium halides 
under these conditions gave n-butyl alcohol and hydrocarbon in nearly equivalent amounts. Dioxane, diethoxyethane and 
di-n-butyl ether were cleaved with the mixed reagent, but at a much slower rate than was tetrahydrofuran.

Because of its unique solvent properties tetrahy
drofuran has found extensive and successful use as 
a solvent for reductions with lithium aluminum hy
dride. However, during an investigation of the re
ductive cleavage of benzylphosphonium com
pounds3 with lithium aluminum hydride in tetra
hydrofuran, it was found that an excess of hydride 
was required for high yields and n-butyl alcohol was 
formed as a by-product by the reductive cleavage 
of the solvent. Therefore, a research program was 
undertaken in order to investigate this unusual re
ductive cleavage.

In general, the ether bond is resistant to attack 
by lithium aluminum hydride and other complex 
hydrides at temperatures to 80-100°.4 5’6 When the 
oxygen is part of a ring possessing strain, such as 
ethylene oxide and thebain, or containing the N— 
C—O— grouping, cleavage takes place, but ordi
nary cyclic ethers, such as tetrahydrofuran, tetrahy- 
dropyran, and dioxane, are reported to be stable.

(1) This work was done in fulfillment of a contract with 
the Army Chemical Corps.

(2) Army Chemical Corps Postdoctoral Fellow, 1957-59.
(3) W. J. Bailey, S. A. Buckler, and F. Marktscheffel, 

J. Org. Chem., in press.
(4) P. Karrer, Angew. Chem., 62, 334 (1950).
(5) N. G. Gaylord, Reductions with Complex Metal Hy

drides, Interscience Publishers, Inc., New York, N.Y.,
1956.

Of course, activated ethers, such as allyl ethers and 
cyclohexyloxyacetic acid,6 are known to be cleaved 
under vigorous conditions. It has been reported7 
that during the reduction of active carbon dioxide 
at 0° or active acetyl chloride at —78° in diethyl 
carbitol 4 to 7% of inactive ethanol was formed. In 
addition, Karrer et at.,* showed that lithium alumi
num hydride in the presence of cobaltous chloride 
would cleave phenyl benzyl and phenyl allyl ethers 
in refluxing ethyl ether.

More recently, a mixture of lithium aluminum 
hydride and aluminum chloride has been suggested 
as a more specific reducing agent.9 Eliel et al,10 
recently have applied this reagent to the reduction

(6) M. Mousseron, M. R. Jacquier, M. Mousseron-Cavet, 
and R. Zagdoun, Bull. soc. chim. France, [5] 19, 1042 
(1952).

(7) J. D. Cox and R. J. Warne, Nature, 165, 563 (1950); 
J. D. Cox and R. J. Warne, J. Chem. Soc., 3167 (1950); 
and R. Ostwald, P. T. Adams, and B. M. Tolbert, J. Am. 
Chem. Soc., 74,2425 (1952).

(8) P. Karrer and A. Chatterjee, Helv. Chim. Acta, 33, 
802 (1950); P. Karrer and O. Rütner, Helv. Chim. Acta, 
33,812(1950).

(9) B. R. Brown, J. Chem. Soc., 2756 (1952); E. Wiberg 
and A. Jahn, Z. Naturforsch., 7b, 580 (1952); R. F. Nystrom, 
J. Am. Chem. Soc., 77,2544(1955).

(10) E. L. Eliel and M. Rerick, J. Org. Chem., 23, 1088
(1958); E. L. Eliel and V. G. Badding, J. Am. Chem. Soc., 
81,6087(1959).
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TABLE I
Cleavage of Tetrahydrofuran

Experi
ment
No.

LiAlPL,“
Mole

AlClj,6
Mole

Tetra
hydro

furan, hfl. Temp., °C.

Time of 
Heating, 

Hr.

Method of 
Addition of 
Reactants'

Isolation
Procedure1*

Yield of 
ji-Butyl 

Alcohol, G.

Yield 
Based 

on A1H3,
%

le 0.166 0.0395' 350 Reflux 11 M A 12.1 103
2» 0.216 0.052a 700 Reflux 25.5 M A 24.0 156
3' 0.19 0.048a 1150 Reflux 20 M A 20.7 146
4 0.1 0.15 414 Reflux 13.8 N B 11.7 119
5 0.1 0.1 364 Reflux 12 O B 10.2 104
6 0.1 0.033 264 Reflux 13.8 N B 11.5 117
7 0.05 0.005 132 Reflux 13.8 N B 0.18 12
8A 0.075 0.0228 200 30 3 N C 0.29 4
8B 0.075 0.0228 200 30 71 N c 1.55 21
9A 0.04 0.0133 106 105-110 1 N D 0.67 17
9B 0.04 0.0133 106 105-110 3 N D 1.66 42
9C 0.04 0.0133 106 105-110 16 N D 3.32 84

10A 0.04 0.0133 106 105-110 16 N D 3.67 93
10B 0.04 0.0133 106 105-110 24 N D 3.83 97
11 0.04 0.0133 106 105-110 26 N D 3.95 100
12 0.04 0.0133* 100 81 17.5 N D 1.93 49
13A 0.04 0.0133* 100 80 73 N D 2.29 58
13B 0.04 0.0133* 100 80 145 N D 2.61 06
14 0.04 0.0133' 100 100 24 N D 3.39 86
15A 0.04 0.0133* 100 100 72 N E 3.27 83
15B 0.04 0.0133* 100 100 144 N E 3.32 84
16 0.107 0.033 170' Reflux 9 P F 3.78 96
17 0.04 0.0133* 100 100 24 N D 2.52 64

° Added as a standard solution in tetrahydrofuran unless otherwise specified. b Commercial grade unless otherwise speci
fied. c Method M involved the formation of aluminum chloride or aluminum hydride during the reaction by reduction of a 
halogen compound. Method N involved the addition of a solution of aluminum chloride in tetrahydrofuran to the solution 
of lithium aluminum hydride. Method O involved the addition of a solution of lithium aluminum hydride in tetrahydro
furan to a solution of aluminum chloride. Method P involved the addition of a lithium aluminum hydride solution to a ben
zene solution of aluminum chloride. d Method A involved the decomposition of the reaction mixture with a 20% sodium 
potassium tartrate solution, followed by extraction with ether and subsequent concentration of products. Method B in
volved removal of 70-85% of the tetrahydrofuran by distillation at atmospheric pressure, followed by decomposition of the 
residue with cold dilute sulfuric acid. Method C involved the removal of the tetrahydrofuran under reduced pressure over 
a 1-hr. period and treatment of the residue as in method B. Method D involved the removal of the tetrahydrofuran from 
the cold reaction mixture under 30-35 mm. pressure, followed by treatment of the residue as in method B. Method E in
volved the cooling of the reaction mixture with ice for 15 min. before treatment as in method D. Method F involved the 
direct decomposition of the reaction mixture with dilute sulfuric acid. e Reduction of benzyl chloride. '  No aluminum 
chloride added; maximum amount theoretically produced from reduction of the benzyl chloride. 0 Reduction of methyl- 
ethylpentylphosphonium iodide. A No aluminum chloride added; maximum amount theoretically produced from reduction 
of methylethylpentylphosphonium iodide. * Sublimed aluminum chloride. 1 Plus 60 ml. of benzene.

of acetals and ketals to the corresponding ethers 
and of cyclic acetals and cyclic hemithioacetals to 
the corresponding hydroxyethers and thioethers. 
A similar reagent, hydrogen chloride or bromide 
plus lithium aluminum hydride or sodium borohy- 
dride, has been used to cleave the acetal ring of spi- 
rostanols or spirostenols of sapogenins.11 The use 
of p-toluenesulfonic acid or hydrogen sulfide in 
place of the hydrogen chloride was ineffective.

Although the electrophilic cleavage of tetrahy
drofuran, such as polymerization with boron tri
fluoride12 and formation of 5-chlorobutyl acetate 
with acetyl chloride and zinc chloride,13 is known, 
the reductive cleavage has not been reported. By 
use of vapor-phase chromatography we have veri
fied that, in contrast to the reduction of the benzyl-

(11) H. M. Doukas and T. D. Fontaine, J. Am. Chem. 
Soc., 73, 5917 (1951); 75, 5355 (1953).

(12) H. Meerwein, Angew. Chem., 59, 168 (1947).
(13) I. H. Helberger and H. Lautermann, Ann., 586, 

158(1954).

phosphonium compounds which produced an 
equivalent amount of n-butvl alcohol,3 the reduc
tion of acetone in tetrahydrofuran or treatment of 
tetrahydrofuran alone with an excess of lithium alu
minum hydride produced no detectable amount of 
n-butyl alcohol. Similarly, the addition of sodium 
chloride or lithium chloride had no effect. How
ever, when benzyl chloride was reduced with an ex
cess of lithium aluminum hydride, toluene plus 
nearly an equimolar amount of n-butyl alcohol were 
formed. Similarly, when aluminum chloride was 
added to tetrahydrofuran plus lithium aluminum 
hydride, n-butyl alcohol was produced. A reason
ably comprehensive study was conducted on the 
reduction with the aluminum chloride-lithium alu
minum hydride mixture, and the results are fisted 
in Table I. Because of the difficulty in the deter
mination of small quantities of n-butyl alcohol 
in a relatively large volume of tetrahydrofuran, the 
experiments were carried out on a large scale. 
Even so, the values are probably accurate only
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TABLE II
Cleavage of Other Ethers

Solvent
Volume,

Ml.
LiAlH4,°

Mole
A1C13,6
Mole Temp., 0

Time of 
Heating, 

Hr.

Method 
of Addi
tion of 

Reactants'

Isola
tion

Proce
dure'1 Product Yield, G.

Di-n-butyl ether 340 0.1 0.033 Reflux 26.5 N F n-Butyl alcohol 0.45
Dioxane 720 0.1 0.033 Reflux 31 N F 2-Ethoxyethanol 0.91
Dioxane 720 0.1 0.033 Reflux 24 N F 2-Ethoxyethanol 0.87
1,2-Diethoxyethane 400 0.198 0.0606 95-105 24 N F 2-Ethoxyethanol 4.16

a~4 See footnotes for Table I.

within ±10%. Nevertheless, the total number of 
experiments allows several definite conclusions:
(1) The amount of n-butyl alcohol produced does 
not appear to depend on the order of addition of 
the three components. (2) The amount of n-butyl 
alcohol increases with increasing temperatures and 
time of reaction, reaching a maximum value after 
the mixture is heated under reflux from ten to 
twenty hours. (3) Although a variation in the 
ratio of aluminum chloride to lithium aluminum 
hydride from 1:0.68 to 1:3 did not appreciably af
fect the amount of n-butyl alcohol produced, there 
did appear to be a relationship between the amount 
of aluminum hydride that could be produced and 
the amount of alcohol obtained. If it is assumed that 
the equation5

AlCb +  3LiAlH4 — >  4A1H3 +  3LiCl

is applicable to these conditions, a fair agreement is 
obtained between the maximum amount of n-butyl 
alcohol produced and the maximum amount of alu
minum hydride present, as indicated in the last 
column of Table I. Although this relationship holds 
quite well for the reduction of benzyl chloride with 
lithium aluminum hydride, more butyl alcohol is 
produced during the reduction of the benzylphos- 
phonium salts than this relationship would predict. 
Since it has been shown that the reduction of alkyl 
halides takes place in two steps with the first step 
quite rapid,14 one would expect that with an excess 
of hydride the reaction would proceed as follows:

CsHsCILCl +  LiAlEh — >- C6H5CH3 +  LiCl +  A1H,

The reduction of the benzylphosphoDium salts 
may be more complex. Although Wiberg and Go- 
sele15 reported that no reductive cleavage of tetra- 
hydrofuran occurred with aluminum hydride, an 
apparent duplication of their experimental condi
tions in our laboratory produced n-butyl alcohol16 
but in a lower yield than obtained in the other re
ductions with lithium aluminum hydride. Since it

(14) J. E. Johnson, R. H. Blizzard, and H. W. Carhart, 
J. Am. Chem. Soc., 70, 3664 (1948).

(15) E. Wiberg and W. Gosele, Z. Naturforsch., l ib , 485
(1956).

(16) In a private communication Dozent Dr. W. Zeil,
Phys. Chem. Inst., Technische Hochschule, Karlsruhe, 
Germany, reported spectroscopic evidence for the cleavage 
of tetrahydrofuran by aluminum hydride.

has been shown that aluminum hydride and tetra
hydrofuran form a 1:1 complex and that the 
strength of the complex actually increases the re
ducing power of lithium aluminum hydride by aid
ing in the removal of a hydride ion,17 it seems prob
able that this complex is involved in the reductive 
cleavage. The function of the aluminum complex 
apparently is to weaken the carbon-oxygen bond so 
that a rearrangement or an attack by a hydride rea
gent can proceed. Much more extensive data are 
required before an exact mechanism can be formu
lated with any certainty.

A1H3

Since extensive cleavage took place with tetrahy
drofuran, a study with other solvents that have 
been used for reductions with either lithium alu
minum hydride alone or in mixtures with aluminum 
chloride was undertaken and the results are sum
marized in Table II. Thus at 105-110° 1,2-diethoxy- 
ethane and dioxane gave 19 and 8% yields, respec
tively, of 2-ethoxyethanol based on aluminum hy
dride, while di-n-butyl ether gave a 5% yield of n- 
butyl alcohol. The yield of the cleavage product 
appears to increase with the stability of the 7r- 
complex with aluminum hydride.

It can be concluded that tetrahydrofuran is not a 
good solvent for reductions with the lithium alu
minum hydride-aluminum chloride reagent unless 
the reduction proceeds extremely rapidly. If a long 
period of reflux is required, a solvent with a much 
lower complexing power should be selected.

E X P E R IM E N T A L

All solvents were freshly distilled from lithium aluminum 
hydride before use. The amounts of each product of the 
reaction were determined by vapor-phase chromatography 
on a Perkin-Elmer Vapor Fractometer, Model 154-B. An 
internal standard of benzene or toluene was used with the 
“C” column (silicone grease on Celite). All heating under 
reflux was carried out with a heating mantle unless speci
fied. When part of the solvent was removed by distillation 
at atmospheric pressure before further treatment of the 
residue, this time is included in the indicated reaction time. 
The reductions of acetone, benzyl chloride, and phosphonium

(17) L. W. Trevoy and W. G. Brown, J. Am. Chem. Soc., 
71,1675 (1949); N. L. Paddock, Nature, 167,1070 (1951).
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salts were carried out in a three-necked flask equipped with 
a mechanical stirrer. All other reductions were carried out 
by heating under reflux without stirring.

The standard solutions of lithium aluminum hydride in 
tetrahydrofuran were prepared as follows: A mixture of 62 
g. of hydride in 2 1. of solvent was heated under reflux for 
6 hr., cooled overnight and then filtered through glass wool 
under nitrogen. The concentration of lithium aluminum hy
dride was determined by the addition of an excess of 0.1 A" 
hydrochloric acid, followed by back-titration with standard 
O.LV sodium hydroxide solution and by the addition of an 
excess of a standard solution of iodine in benzene, followed 
by back-titration with a standard sodium thiosulfate 
solution.18

Reduction of benzyl chloride in tetrahydrofuran. To a stirred 
solution of 6.3 g. (0.166 mole) of lithium aluminum hydride 
in 300 ml. of tetrahydrofuran, heated under reflux, was 
added a solution of 20.0 g. (0.158 mole) of benzyl chloride 
in 50 ml. of tetrahydrofuran over a 30-min. period. After 
the solution had been heated under reflux for an additional
5.6 hr., 270 ml. of tetrahydrofuran was removed by distilla
tion through an 18-inch, helix-packed column over a 5-hr. 
period. The residue was diluted with 300 ml. of ether and 
cooled in an ice bath while 400 ml. of a 20% sodium potas
sium tartrate solution was added. After the aqueous layer 
was extracted with two 75-ml. portions of ether, the com
bined ether layers were dried over magnesium sulfate. The 
solvents were removed by distillation through a 10-inch, 
helix-packed column to yield 25.3 g. of a residue which was 
shown by vapor-phase chromatographic analysis to con
tain 12.1 g. (0.163 mole) of n-butyl alcohol and 12.5 g. (86%) 
of toluene as well as 0.7 g. of tetrahydrofuran.

A similar experiment with acetone in place of benzyl 
chloride gave no amount of n-butyl alcohol detectable by 
vapor-phase analysis, as described above.

Cleavage of tetrahydrofuran with a lithium aluminum hy
dride-aluminum chloride mixture. To a standard solution 
containing 1.52 g. (0.04 mole) of lithium aluminum hydride 
in 66 ml. of tetrahydrofuran was added as rapidly as pos
sible with shaking a mixture of 1.78 g. (0.0133 mole) of 
aluminum chloride in 40 ml. of tetrahydrofuran. During 
the addition the solution became warm and a white fog (not 
hydrogen chloride) was produced. After the mixture had 
been heated under mild reflux for 26 hr. in an oil bath (105— 
110°),19 most of the tetrahydrofuran was removed by dis-

(18) H. Felkin, Bull. soc. chim. France, [5: 18, 347 (1051).

filiation under reduced pressure (15 mm.) at room tempera
ture over a 30-min. period. The residue was added to dilute 
sulfuric acid (prepared from 15 ml. of coned, sulfuric acid, 
60 g. of ice and 86 ml. of wrater), and the resulting solution 
was extracted with three 50-ml. portions of ether. The ether 
extracts were then extracted with 40 ml. of a 5% sodium bi
carbonate solution and two 20-ml. portions of water. The 
combined aqueous extracts were neutralized and extracted 
with 30 ml. of ether. After the combined ether layers had 
been dried over magnesium sulfate, the ether plus some tet
rahydrofuran was removed by distillation through a 10-inch, 
helix-packed column. An analysis of the residue by vapor- 
phase chromatography showed the presence of 3.96 g. (0.0535 
mole) of n-butyl alcohol. (In a similar vapor-phase analysis 
of the distillates, no additional n-butyl alcohol was detected. ) 
If it is assumed that 1.78 g. (0.0133 mole) of aluminum 
chloride can yield 1.6 g. (0.0532 mole) of aluminum hydride 
and that 1 mole of re-butyl alcohol is produced for every mole 
of aluminum hydride present, 3.95 g. (0.0532 mole) of re-butyl 
alcohol is expected. On this basis, the actual amount of re- 
butyl alcohol obtained was 100.3% of the theoretical amount.

Cleavage of tetrahydrofuran with aluminum hydride. A 
solution of 1.72 g. (0.04 mole) of lithium aluminum hydride 
in 100 ml. of dry ether was heated under reflux for 5 hr. 
and then transferred through a fritted-glass filter into a solu
tion of 1.72 g. (0.0133 mole) of freshly sublimated aluminum 
chloride in 200 ml. of dry ether. After the mixture had been 
allowed to stand for 10 min., it was filtered and the ether 
was removed from the filtrate by distillation under reduced 
pressure at 0°. To the dry residue was added 100 ml. of 
tetrahydrofuran, and the resulting solution was heated for 
24 hr. at 100°. (The solution then contained a small amount 
of a gray precipitate.) When the solution was worked up as 
described above, the vapor-phase chromatographic analysis 
showed the presence of 2.52 g . (0.034 mole) of re-butyl alco
hol. With the stated assumptions, this corresponds to a 64% 
yield.

C o l l e g e  P a r k , M d .

(19) After the mixture had been heated for about 2 
hr., there was observed a gray voluminous precipitate which 
was not dissolved by the dilute sulfuric acid during decom
position of the mixture. Wiberg and Gosele16 observed a 
similar precipitate from the heating of a solution of alumi
num hydride in tetrahydrofuran.

[Co n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  M a r y l a n d ]
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Polymerization of optically active 3-methyl- 1-pentene, [<x]2D° +33.49°, with a Ziegler catalyst gave a low melting atactic 
fraction, ]a]2D3 +  94.9°, and a high melting isotactic fraction, [«]% — 257°. The high melting fraction, m.p. 271—278°, was 
insoluble in boiling xylene but soluble in toiling 1,1-ditolvlethane and was almost entirely crystalline. In contrast, the 
polymer from dl-3-methyl-l-pentene melted at 229-237°, was soluble in boiling 1,1-diphenvlethane, and was composed of 
equal parts of amorphous and crystalline phases. Copolymerization of a mixture containing 40% tf-3-methyl-l-pentene and 
60% 4-methyl-l-pentene gave a copolymer with [«]% +112.4°.

In a program to determine the correlation of 
chemical structure with physical properties of poly-

(1) Previous paper in this series, J. Org. Chem., 24, 545
(1959).

(2) Presented before the Division of Pob’mer Chemistry 
at the 137th Meeting of the American Chemical Society,
Cleveland, Ohio, April 1960.

mers, the effect of symmetry on the crystallinity 
of polymers has been of particular interest. Earlier

(3) This work was supported in part by a grant from the 
Nationa. Science Foundation.

(4) Office of Naval Research Fellow, 1955-57; Good
year Tire and Rubber Co. Fellow, 1957; Dunlop Research 
Fellow, 1957-58.
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work3 has shown that the symmetrical poly-1,2- 
dimethylenecyclohexane was a highly crystalline 
material melting at 165°. However, the introduc
tion of a methyl group in an asymmetric manner 
in the 4-position, even though it decreased the 
extent of crystallinity, did not appreciably affect 
the melting point.5 6 7 8 It was of interest, therefore, 
to determine how asymmetry in the side chain 
affects the crystallinity of polymers. In addition 
to these derivatives of the cyclic dienes, the crys
talline polyolefins were an interesting series for 
the study of *he relationship. Natta, et al.,1 have 
shown that by the use of stereospecific catalysts a 
series of highly crystalline isotactic polymers from 
alpha olefins could be prepared. I t was shown by x- 
ray studies that these isotactic polymers contained 
long sequences, if not the entire chain, of similar 
configurations of the asymmetric carbon atoms. 
When the side chain was increased from methyl 
to n-butyl, the melting point of the isotactic poly
mer decreased from 160° to below room tempera
ture. Also, the effect of a branched side chain was 
quite large; the change of the side group from 71- 
propyl to isopropyl increased the melting point of 
the isotactic polymer from 80 to 240°. A very 
curious phenomenon occurred with the introduc
tion of a second asymmetric center in the side 
chain of an isotactic polyolefin. For example, the 
stereoregular polymer derived from d,Z-4-methyl-l- 
hexene melts at 188, while the polymer from the 
related 5-methyl-1-hexene, which is symmetrical, 
melts at 130°. At first glance this high melting 
point would be difficult to explain unless there was 
some order of the asymmetric centers in the side 
chains as well as in the main chain. However, Natta8 
feels that, on the basis of relatively high solubility 
and inferior sharpness of the x-ray photographs, 
the side chains have a random distribution of d 
and l configurations.

In order to determine just what effect this asym
metry in the side chain had on the physical proper
ties of the polymers, it was necessary to prepare 
the polymers from both a racemic and an optically 
active olefin. The simplest optically active olefin 
for this purpose appeared to be 3-methyl-l-pentene. 
This olefin seemed to be an excellent candidate for 
study, as it would produce an optically active poly
mer with the asymmetric center in the side chain 
immediately adjacent to the asymmetric center in 
the main chain to produce a notable effect on the 
properties.

(5) W. J. Bailey and H. R. Golden, J. Am. Chem. Soc.,
76, 5418 (1954).

(6) W. J. Bailey, Proceedings of Joint Army-Navy-Air 
Force Elastomer Research and Development Conference, 
Washington, D. C., 1954, p. 113.

(7) G. Natta, P. Pino, P. Corradini, F. Danusso, E. 
Mantica, G. Mazzanti, and G. Moraglio, J. Am. Chem. Soc.,
77, 1708 (1955).

(8) G. Natta, Stereospecific Catalysis and Isotactic Poly
mers (English translation of a review article), Milan, Italy,
1957.

A preliminary study of the method of preparation 
of the Ziegler catalyst from triisobutylaluminum 
and titanium tetrachloride showed that aging the 
catalyst at an elevated temperature gave a very 
active catalyst for the production of a stereoregular 
polymer. With such a catalyst a polypropylene 
that consisted of 95% of ether-insoluble isotactic 
material was produced. In a similar manner, 
polymers were obtained from 1-octene and a mix
ture of isomeric hexenes and ¿,¿-3-methyl-1 -pentene. 
When pure d,¿-3-methyl-l-pentene,9 which had 
been treated with sodium, was used, a 12% yield 
of solid polymer was obtained. This material was 
separated into four fractions by successive extrac
tions with cold benzene, hot xylene, hot p-cymene, 
and hot 1,1-diphenylethane. The major fraction 
that was soluble in refluxing 1,1-diphenylethane was 
shown to melt at 229-237°10 with the aid of a po
larizing microscope. X-ray studies indicated that 
this polymer was composed of about equal portions 
of a crystalline phase and an amorphous phase. 
Even though the exact configuration of this frac
tion is not known, it appears not to be an isotactic 
polymer with a random distribution of the asym
metric carbons in the side chains as reported by 
Natta for poly-5-methyl-l-hexene.8 The relatively 
low solubility and high melting point indicate that 
this fraction probably is an isotactic polymer 
with at least long sequences of regularity of con
figuration of the asymmetric centers in the side 
chain. The more soluble fractions of this racemic 
polymer probably contain some crystalline iso
tactic polymer with a random distribution of con
figurations in the side chain.

In order to determine the effect on the rotation of 
the incorporation of an optically active olefin into a 
polymer, the copolymerization of ¿-3-methyl-l- 
pentene and 4-methyl-1-pentene was studied. 
As a mixture of isoamyl and active amyl alcohols 
was more readily available than the pure active 
amyl alcohol, a mixture containing 40% ¿-3- 
methyl-l-pentene and 60% 4-methyl-l-pentene was 
prepared in a series of model reactions for the prepa
ration of the pure optically active olefin.9 Thus, 
the mixture of alcohols was treated with thionyl 
chloride to give a mixture of the corresponding chlo
rides, which was converted to the Grignard reagents. 
Treatment of the Grignard reagents with formalde
hyde, followed by esterification with butyric 
anhydride, gave a mixture of d-3-methylamyl and
4-methylamyl 7i-butyrates. Pyrolysis of this mix
ture of esters gave the mixture of olefins. Copoly
merization with an aged catalyst gave a 5% yield 
of a benzene-soluble copolymer, [a]d +112.4°.

(9) W. J. Bailey and E. T. Yates, J. Org. Chem., in press.
(10) Gaylord and Mark (N. G. Gaylor and H. F. Mark, 

Linear and Stereoregular Addition Polymers: Polymerization 
with Controlled Propagation, Interscience Publishers, Inc., 
New York, N. Y., 1959, p. 321) list the specific gravity for 
poly-3-methyl-l-pentene as 0.83 but give no other data.
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An infrared study indicated that the copolymer was 
composed of about equal portions of the two mono
meric units. It is interesting that polymerization 
causes such a significant increase in rotation. One 
cannot be sure whether part of this change is due to 
asymmetric induction in the polymer chain or to 
the change of the groups around the active center, 
but at least part of it must be due to the retention 
of a helical conformation of the polymer chain in 
solution.

When a sample of d-3-methyl-l-pentene, which 
was estimated from vapor-phase chromatography 
and rotational values to be at least 96% pure,9 
was polymerized with an aged catalyst, an 11% 
yield of polymer was obtained. Extraction of this 
material with xylene produced a small amount of 
a fraction, [a]f>3 +94.9, that was only partially 
crystalline. As its properties were quite similar to 
those of the copolymer described, it was assumed 
that this fraction was mostly atactic. The major por
tion, m.p. 271-278°, was soluble in refluxing 1,1- 
ditolylethane. It was shown by x-ray studies as well 
as by observations with the polarizing microscope 
that the xylene-insoluble fraction was almost entirely 
crystalline; in fact, it was so crystalline that it was 
completely soluble in 1,1-ditolylethane only at tem
peratures above its melting point. This limited solu
bility made it extremely difficult to determine the 
optical rotation with any degree of accuracy with the 
instruments available. However, when a hot solu
tion of this fraction was cooled, a small portion re
mained in solution and had an [a]£f —257°. 
Because the amount that remained in solution was 
small, it was not possible to determine whether this 
soluble portion is representative of the crystalline 
fraction or is only a minor component. However, 
x-ray studies indicate that the xylene-insoluble 
fraction is almost entirely crystalline and the crys
talline phase present is different frcm the crystal
line phase of the poly d,Z-3-methyl-l-pentene. (Of 
course, different crystalline structures are possible 
even if the structures of the polymers are related.)

Of the possible configurations of the crystalline 
phase, three isotactic systems are considered to be 
the most likely, with the same configurations in the 
side chain in every monomer unit but different end 
groups—all d configurations in the main polymer 
chain, all l configurations, and a block copolymer of 
the two. As two of the iso tactic polymers are di- 
astereoisomers, they have different rotations and 
solubilities and should be separable. Of course, the 
presence of an asymmetric center in the monomer 
will favor the formation of one of the configurations 
in the polymer chain so that one of the diastereo 
forms will predominate. If the crystalline fraction 
can be separated into two or more different polymer 
forms, an insight into the structure of isotactic 
polymers could be obtained. From the high crystal
linity of the xylene-insoluble fraction one would 
conclude that it is probably not a block copolymer

of equal portions of the two diastereo forms. Of 
course, asymmetric induction would favor a block 
copolymer containing predominantly one form or 
the offier.

Thus the presence of the asymmetric atom in the 
monomer had considerable influence on the forma
tion of the asymmetric centers in the polymer chain, 
and accordingly had a profound influence on the 
properties of the final polymer.

It is interesting that, although the molecular 
weights of these polymers are not known with any 
accuracy,! the molecular rotation of these materials 
must be extremely high.

CH,
TiCIj

active CH3—CH2—CH—CH=CH2 ------->*
[a]2!? +  33.49° Al(isobutyl)3

-C H 2—CH— CH.—CH— CH.—CH-
* 1 * 1 * !

CH3—CH1 CH3—CHI CHs—CH 1
c h 2 CH21 c h 21
c h 3 CH, _ CHï

atactic fraction, [a]2D3 +94.9°; isotactic fraction, [a+D5— 257° 

EXPERIMENTAL11

Polymerization procedure. Triisobutylaluminum was re
moved from a rubber-capped bottle with hypodermic syringe. 
A medicine dropper was used to handle titanium tetra
chloride. Reasonable care was taken to keep all air and 
moisture from the polymerization flask. The materials were 
tested by the polymerization of propylene, 1-octene, and a 
mixture of isomeric hexenes. To a 200-ml. flask were added 
100 ml. of dry xylene, 2.0 ml. of triisobutylaluminum, and 10 
drops of titanium tetrachloride. The flask was swept with 
nitrogen and then stoppered and heated in an oil bath at
59-62° for 30 min. Propylene, dried by passage through a 
column of activated alumina, was bubbled through the mix
ture for 1.5 hr. while the temperature was kept at 60-65°. 
The reaction mixture was cooled and poured into 100 ml. 
of a 50:50 acetone-concd. hydrochloric acid solution. The 
crude polymer was removed by filtration and extracted 
with boiling methanol. The yield was 2.0 g. of isotactic 
polypropylene, m.p. 156-161° (reported11 12 m.p. 158-160°).

Freshly distilled 1-octene (10.6 g.) was heated under 
reflux with sodium for 1 hr. and polymerized in a manner 
similar to that described above. The polymerization was 
carried out with stirring in a stoppered flask heated at 93- 
96° for 27 hr. To remove the catalyst, the cooled reaction 
mixture was poured into 100 ml. of a 50:50 acetone-concd. 
hydrochloric acid solution. When the xylene layer was 
added to methanol cooled in an ice bath, a gummy polymer 
coagulated. The polymer was extracted with boiling meth
anol and then placed in a vacuum desiccator to remove the 
last trace of solvent. The yield of polymer was 1.4 g. (13%). 
The approximate molecular weight, determined by the Rast 
method, was 1400.

A mixture of olefins, shown by vapor-phase chromatogra
phy to be a four-component mixture containing 4-methyl-

(11) The authors are grateful to Dr. E. R. Lippincott,
C. E. White, and W. R. Feairheller for the infrared spectra 
and aid in their interpretation. The spectra were obtained 
on a Beckman IR-4 spectrometer.

(12) G. Natta, A New Class of Polymers from Alpha- 
Olefins Having an Exceptional Regularity of Structure, paper 
presented in Rome, Italy, December 11, 1954.
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1-pentene, re-l-hexene, 3-methyl-l-pentene, and 2-methvl-
1-pentene, was treated in a similar manner. In an 8-ounce, 
screw-capped bottle were placed 50 ml. of dry xylene, 2 ml. 
of triisobutylaluminum, and 25 drops of titanium tetra
chloride. After the bottle was swept with nitrogen, it was 
stoppered and heated in an oil bath at 100-111° for 1 hr. 
The mixture was cooled to room temperature, and 5.22 g. 
of the mixed olefins, which had been treated with freshly cut 
sodium for 2 hr., was added. The bottle again was swept 
with nitrogen, and the cap was replaced and sealed with 
paraffin. The reaction mixture was stirred with a magnetic 
stirrer and heated at 110-120° for 50 hr. When the reaction 
mixture was poured into a large volume of methanol, a 
white polymer precipitated. The copolymer, which was 
removed by filtration, amounted to 0.85 g. (16%).

Polymerization of d,l-3-methyl-l-pentene. In an 8-ounce, 
screw-capped bottle were placed 50 ml. of dry xylene, 1.6 
ml. of triisobutylaluminum, and 25 drops of titanium tetra
chloride. After the bottle was swept with nitrogen, it was 
capped and heated in an oil bath at 115-126° for 1 hr. The 
catalyst mixture was cooled to room temperature and 4.85 
g. of d,/-3-methyl-l-pentene,9 which had been treated with 
freshly cut sodium for 2 hr., was added. After the bottle 
again was swept with nitrogen, the cap was replaced and 
sealed with paraffin. The mixture was stirred with a mag
netic stirrer and heated at 120-132° for 7 days. After the 
cooled reaction mixture was poured into a large volume of 
methanol, 0.60 g. (12%) of a white polymer was removed 
by filtration. Fractionation of the polymer resulted in the 
following fractions: benzene-soluble, 0.09 g.; xylene-soluble, 
0.05 g.; hot p-cymene-soluble, 0.03 g.; and refluxing 1,1- 
diphenylethane-soluble, 0.12 g. The fraction of poljuner 
which was soluble in refluxing 1,1-diphenylethane appeared 
to be highly crystalline and melted at 229-237°.

Polymerization of d-3-melhyl-l-penlene. The procedure was 
similar to that described for the polymerization of the cor
responding racemic olefin. Dry nitrogen was bubbled 
through 50 ml. of dry xylene in an 8-ounce, screw-capped 
bottle for 1 hr., followed by the addition of 1.6 ml. of 
triisobutylaluminum and 25 drops of titanium tetra
chloride. The bottle was swept with nitrogen, capped, and 
stirred at 112-118° for 1 hr. The catalyst mixture was cooled 
to room temperature and 6.28 g. of d-3-methyl-l-pentene,3 
which had been treated with freshly cut sodium for 1 hr., 
was added. The bottle was swept with nitrogen, capped, and 
sealed. The reaction mixture was stirred while it was heated 
on an oil bath at 125-130° for 7 days. When the cooled mix
ture was added dropwise to a large volume of stirred meth
anol, a white polymer precipitated and was removed by 
filtration. The yield of crude polymer was 0.69 g. (11%). 
Fractionation yielded 0.08 g. of xylene-soluble polymer and 
0.45 g. of a xylene-insoluble, crystalline polymer. The specific 
rotation of the xylene-soluble polymer, as determined in 
xylene, was [a]2J  +94.9°. The xylene-insoluble polymer, 
m.p. 271-278°, was soluble in hot 1,1-ditolylethane. When 
a solution of this polymer in hot 1,1-ditolylethane was 
allowed to cool to room temperature, most of the polymer 
precipitated and was removed by filtration with the aid 
of Celite. The filtrate had a negative optical rotation. 
Evaporation of the solvent and weighing of the residual 
polymer led to calculation of an apparent specific rotation 
of M 2d5 -257.2°.

Synthesis of a mixture of d-2-methyl-n-amyl n-butyrale and 
f-methyl-n-amyl n-butyrate. By use of the procedure of 
McKenzie and Clough,13 14 201.2 g. (2.29 moles) of a mixture 
of about 60% d-amyl alcohol and 40% isoamyl alcohol 
(a2Q —2.98°, 1:1.0) in 300 ml. of anhydrous ether was 
allowed to react with 286 g. (2.40 moles) of thionvl chloride 
in the presence of 5 ml. of pyridine. Distillation of the 
reaction products yielded 180.9 g. (74%) of the correspond
ing amyl chlorides, b.p. 97-99°, [a]“  +0.86° (1:1.0).

(13) A. McKenzie and G. W. Clough, J . Chem. Soc., 699
(1913).

By the use of the procedure described previously,* the 
Grignard reagent from 123.6 g. (1.15 moles) of a mixture of 
d-2-methyl-re-butyl chloride and isoamyl chloride (a“  
+0.77°, 1:1.0) was treated with formaldehyde. Distillation 
of the reaction products through a 6-inch, helix-packed 
column yielded 56.7 g. (48%) of a mixture of the correspond
ing hexyl alcohols, b.p. 147-154°, a“  +3.61° (1:1.0). This 
mixture of isomeric hexyl alcohols was esterified with 130 
ml. of chloroform, 73.9 g. (0.94 mole) of pyridine, and 95.9 
g. (0.90 mole) of butyryl chloride. The reaction mixture was 
treated as described previously.9 Distillation of the residue 
yielded 95.0 g. (94%) of a mixture of about 60% d-3- 
methyl-re-amyl re-butyrate and 40% 4-methyl-re-amyl 
re-butyrate, b.p. 86-91° (18-23 mm.), a“  +3.89° (1:1.0).

Pyrolysis of a mixture of d-3-methyl-n-amyl n-butyrate atid 
4-methyl-n-amyl n-butyrale. Five separate pyrolyses were 
run on 53.0 g. (0.31 mole) of the mixture of esters (a2D4 
+3.89°, 1:1.0) by essentially the same method that was 
employed in the pyrolyses of the d,l- and the d-3-methyl- 
re-amyl re-butyrates9 at 515-530°, with an addition rate of 
20 drops per minute. Distillation of a washed and dried 
re-butyl ether solution of the combined pyrolysates through 
a 6-inch, helix-packed column yielded 8.0 g. (31%) of a mix
ture of d-3-methy 1-1 -pentene and ‘1-methyl-1-pentene, b.p. 
51-53°, +13.15° (1:1.0); and 13.0 g. (25% recovery)
of unpyrolyzed starting material. The yield of olefin, based 
on unrecovered butyrate, was 44%. On the basis of the 
observed optical rotation of the mixture of olefins relative 
to that of pure d-3-methyl-1-pentene,9 the composition was 
approximately 40% d-3-methyl-l-pentene and 60% 4- 
methyl-l-pentene.

Copolymerization of d-3-methyl-l-penlene and 4-methyl-
1-pentene. To 50 ml. of dry xylene in an 8-ounce, screw- 
capped bottle were added 1.6 ml. of triisobutylaluminum 
and 25 drops of titanium tetrachloride; a brown precipitate 
formed. The catalyst mixture was activated by heating at
119-129° for 75 min. To the mixture was added 2.55 g. of 
the previously described mixture of olefins which had been 
treated for 1 hr. with freshly cut sodium. After it was stirred 
at 130-137° for 7 days, the reaction mixture was poured into 
a large volume of methanol and 0.13 g. (5%) of precipitated 
copolymer was removed by filtration. The crude product 
was purified by solution in boiling xylene and reprecipita
tion with methanol to yield 0.11 g. of white polymer. A 
melting point determination on a hot-stage microscope with 
crossed Nicol prisms showed that the copolymer started to 
shrink at 68° and was melted at 193°. The copolymer was 
completely soluble in benzene; the specific rotation, as deter
mined in benzene solution, was [a]°D6 +112.4°. The co
polymer was melted on a salt plate and the infrared spec
trum of the film was determined. Bands at 1360 and 1380 
cm.-1 indicated the presence of isopropyl groups con
tributed by 4-methyl-l-pentene units in the polymer. The 
infrared spectrum of a film of the xylene-soluble fraction of 
the polymer of d-3-methyl-l-pentene9 had one band at 
1380 cm .'1 but otherwise was similar to that of the co
polymer.

X-ray diffraction studies.1* Attempts to pull fibers from 
the xylene-insoluble fraction of poly-d-3-methyl-l-pentene 
failed because of the high melting point; apparently, decom
position occurs at these elevated temperatures. For these 
reasons, powder patterns were run on both the active poly
mer and the corresponding racemic polymer. The crystalline 
phases of the two polymers were not the same but the 
amorphous regions of each appeared quite similar. Dr. 
Ashby reports: “The d,l polymer has both crystalline and 
noncrystalline phases present in about equal proportions. 
The optically active polymer also has both crystalline and

(14) The authors are grateful to Dr. George Ashby and 
Dr. Frank X. Werber of the Washington Research Center, 
W. R. Grace and Co., for the X-ray studies as well as their 
interpretation.
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noncrystalline material present, but in this case most of the the interchain distance (9.4 A) large pendant groups are 
sample is crystalline. In both samples the noncrystalline probably on the polymer chain.” 
phases have the same interchain distance, suggesting that
these phases are very similar. Because of the magnitude o f  C o l l e g e  P a r k , Md.

[C o n t r ib u t io n  fr o m  t h e  M id w e s t  R e s e a r c h  I n s t it u t e ]

Reactions o f S ilanes w ith  P e n ta e ry th rito l and P ip e ra zine 1 2 3 4 5
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Possible reactions for the preparation of linear polymers containing the alternate silane-pentaerythritol and silane-pipera
zine groups were investigated. Although prototype compounds were prepared by several procedures, attempted polymeriza
tion reactions failed to yield the desired polymers.

In the search for new polymer systems with 
good thermal stability, certain condensation prod
ucts of silanes with pentaerythritol or piperazine 
could provide linear, rigid chains For example:

o - c h  c h 2- o x

/ s i \  X /
o - c h /  c h 2- o x

X

/ C H 2- C H 2x  

- N  /  

c h - c h /

?

4 — S i—  

R  _

/ O - C H ,  / C H - 0  ^  /

' c  C H 3^ s i - f V s i - c H 3 

x o - c h 2 \ j h 2- o ' /  —  x
X

Several U. S. patents2-4 report that the addition 
of pentaerythritol in varying amounts to silicone 
resins as a cross-linking agent gives resins which 
are superior to the unmodified resins, but no 
evidence was found that pentaerythritol has been 
used as an integral part of a silane polymer. In such 
a polymer, the absence of a d-hydrogen, as well as 
the rigidity of the chain, may contribute to thermal 
stability. No piperazine polymers containing silicon 
have been reported. The silicon-nitrogen bond is 
known to be very thermally stable if no hydrogen 
is attached to the nitrogen atom.6 Polymers con
taining silicon-nitrogen bondings have been de
scribed by Cheronis.6’7’8

We obtained the prototype compound, 3,3,9,9-

(1) This research was supported iu whole or in part by 
the United States Air Force under Contract AF 33(616)- 
3675, monitored by the Materials Laboratory, Wright Air 
Development Center, Wright-Patterson Air Force Base, 
( )hio.

(2) J. E. Dereich, U. S. Patent 2,684,354 (July 29, 1954).
(3) J. T. Goodwin, Jr., U. S. Patent 2,686,740 (Aug. 17, 

1954).
(4) J. L. Speier, U. S. Patent 2,576,486 (Nov. 27, 1951).
(5) R. R. McGregor, Silicones and Their Uses, McGraw- 

Hill Book Co., Inc., New York, 1954, p. 228.
(6) N. D. Cheronis, U. S. Patent 2,579,416 (Dec. 18, 

1951).
(7) N. D. Cheronis, U. S. Patent 2,579,417 (Dec. 18, 

1951).
(8) N. D. Cheronis, U. S. Patent 2,579,418 (Dec. IS,

1951).

tetramethyl - 2,4,8,10-tetraoxa - 3,9 - disilaspiro [5.5] - 
undecane by three procedures.
Procedure No. 1 was previously described by 
Davydova.9 None of these syntheses is a high 
yield reaction likely to produce high molecular 
weight materials during polymerization.

61.5%
1. C(CH2OH)4 +  2(CH3)2Si(OAc)2 ------->

40.4%
2. C(CH2OAc)< +  2(CH3)2Si(OC2H5)2 ----------- ^

Al(OisoPr)3 

low yield
3. C(CH2OH)4 +  2(CH3)2Si(OC2H5)2 ------------ »-

p-toluene- 
sulfonic acid

CH3 O—CH2 CH2—O Cls
\  /  \  /  \  /

Si C Si
/ \  / \  / \

c h 3 o—c h 2 c h 2—o c h 3

A fourth method used in the attempted prepara
tion of dioxasilacyclohexane ring structure gave 
only a polymer. It is reported that chlorotri- 
methylsilane and pentaerythritol, in the presence 
of pyridine, gave a 90% yield of the tetrakistri- 
methylsilyl derivative.10 However, when we treated 
pentaerythritol and dichloromethylphenylsilane in 
the presence of pyridine, a polymer rather than the 
bicyclic compound, 3,9-dimethyl-3,9-diphenyl-2,-
4,8,10-tetraoxa-3,9-disilaspiro [5.5] undecane was ob
tained.

A portion of the polymer that flowed at 170° had 
a molecular weight of about 2000. The largest 
part, however, was benzene insoluble and could be 
drawn into fibers. The ratio of elements calculated 
from elementary analyses indicated that the 
amount of cyclization in the polymer was low.

Polymerization reactions generally resulted in 
the formation of insoluble and infusible products 
containing unchanged functional groups. The 
properties of the polymers suggest that a highly 
crosslinked structure is formed in preference to the

(9) V. P. Davydova, and M. G. Voronkov, Zh.ur. 
Obsc.hei.KUm., 28, 1879 (1958).

(10) M. M. Sprung, J. Org. Cheni., 23, 58 (1958).
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linear structure that would result if the reaction 
had produced a series of rings.

When ethyl orthosilicate and pentaerythritol 
tetraacetate were heated in cyclohexane in the 
presence of aluminum isopropylate. about 56% 
ethyl acetate was recovered in the distillate. A 
toluene soluble resin was obtained which formed a 
transparent brittle film on curing. Heated, the 
material gave visual evidence of decomposition 
between 250° and 320°. Elemental analyses in
dicated that the postulated polymer backbone had 
not been obtained and showed that the material 
contained a ratio of about two pentaerythritol 
groups per silicon atom.

Treating pentaerythritol with silicon tetraacetate 
gave only a small amount of the expected acetic 
acid. The product, however, was insoluble in aro
matic solvents.

When pentaerythritol tetraacetate and p-phen- 
ylenebis(diethoxymethylsilane) were condensed 
in the presence of a Lewis acid, only a 24% re
covery of the theoretical ethyl acetate was ob
tained, but the resulting polymer was infusible 
and insoluble in benzene, toluene, and diethyl 
ether.

In studying the piperazine-silane system, no 
difficulty was encountered in the preparation of the 
prototype compound, A%V-bis (trimethylsilyl) -
piperazine, by the dehvdrohalogenation of the 
piperazine-chlorotrimethylsilane adduct with tri- 
ethylamine, although the yield of the product was 
somewhat low (34%).

CH»—CH2

2(CH3)3SiCl +  HN
\

OH, -C H ^

NH +  2(C2H5)3N ■

CH»-

(OHj)aSi—N

-CH2
\

\
N—Si(CH3)3 +  2(CjH6)sN-H(’1

/
C H r- CH2

Attempts to prepare a polymer from piperazine 
and dichlorodimethylsilane gave a product con
taining distillable materials. The results of analyses 
for elements on the distillates from two experiments 
approximated the ratio of elements that would 
indicate a structure with two silane units for each 
piperazine unit. Although the properties of the 
two distillates were not identical—probably be
cause of the different degree of hydration of the 
starting piperazine samples—the over-all degree 
of polymerization was low. The basic unit obtained 
by the reaction of equimolar quantities of dichloro
dimethylsilane and piperazine had the structure:

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

3,3,9,9-Tetramethyl-2,4,8,10-tetraoxa-3,9-disilaspiro[5.5]- 
undecane. A 100-ml. round bottom flask equipped for dis
tillation through a short Vigreux column was charged with 
14.8 g. (0.1 mole) of diethoxydimethylsilane, 15.2 g. (0.05 
mole) of pentaerythritol tetraacetate, 0.2 g. (0.001 mole) of 
aluminum isopropoxide, and 25 ml. of cyclohexane. While 
75 ml. of the cyclohexane-ethyl acetate azeotrope was dis
tilled from the mixture, constant volume was maintained 
by the addition of cyclohexane. When an insoluble material 
formed in the reaction flask and no more ethyl acetate was 
found in the distillate as determined by vapor phase chroma
tography, 50 ml. of toluene was added. The distillation was 
continued with the collection of additional ethyl acetate 
(total recovery—about 100%). The residue was distilled at 
atmospheric pressure and 5.0 g. (40.4%) of the product was 
obtained boiling 230-240°, m.p. 135° (reported,9 m.p. 
136°).

Anal. Calcd. for C,H20O4Si2: C, 43.50; H, 8.12. Found: 
C, 43.36;H,8.17.

With Davydova’s procedure, 0.30 mole of diacetoxydi- 
methylsilane and 0.15 mole of pentaerythritol gave 61.5% 
of the same product boiling 243-260° (mostly between 243- 
245°).

When 17 g. (0.12 mole) of pentaerythritol, 34.0 g. (0.26 
mole) of diethoxydimethylsilane, and 1 g. of p-toluenesulfonic 
acid were heated, ethanol distilled from the mixture. Dis
tillation of the product, a viscous white mass, gave a small 
amount of the same material, melting at 130-132°.

Pentaerythritol and diethoxymethylphenylsilane. After a 
mixture of 17 g. (0.13 mole) pentaerythritol, 54.7 g. (0.26 
mole) of diethoxymethylphen3Tlsilane, and 1 g. of p-toluene- 
sulfonic acid was heated at reflux for 3 hr., unchanged 
pentaerythritol was removed by filtration and a portion of 
the filtrate was heated at 110° for 72 hr. A flexible, elastic 
film was obtained.

Pentaerythritol and dichloromethylphenylsilane. To a 
stirred mixture of 27.2 g. (0.20 mole) of pentaerythritol and 
126 g. (1.6 mole) of pyridine was added 76.4 g. (0.40 mole) 
of dichloromethylphenylsilane dropwise over a 1-hr. period 
with no attempt to control the temperature. In order to 
maintain stirring throughout the addition, several portions 
of anhydrous ether were added. When the product had 
cooled to room temperature, it was filtered and the filtrate 
was washed with several portions of ether. The combined 
filtrate and ether washings were concentrated by downward 
distillation to .yield a soft, tacky residue. This residue was 
redissolved in ether and benzene, the solution was washed 
with water, and the solvents were again removed by dis
tillation. After devolatilizing the residue for 3 hr. at 0.5 
mm. and 140°, 56 g. of a tacky material remained which 
could be drawn into long fibers. Qualitative tests for nitrogen 
and chlorine were negative. The product was divided into 
two fractions by collecting the material which flowed through 
a hole in the bottom of an aluminum evaporating dish heated 
at 170°. The less fluid, benzene insoluble fraction, which 
constituted the major portion of the material, was labelled 
“A” ; the other fraction, “B.” The molecular weight of frac
tion B determined cryoscopically in benzene was 2,215 and 
2,180. Empirical formulas, calculated from analysis for
elements, are tabulated below.

Sample C H Si Empirical Formula

A 57.41 6.96 13.59 Cio. oHi4.4O2. ?Si
B 59.51 6.36 15.70 C8.8Hn.3O2.0Si

OH,
!

(ITT—(’ll.
/  \

(11) All melting points and boiling points are uncorrected. 
Vapor phase chromatography was performed with a Perkin-

-si—:< X- -Si— ) Elmer 154B Vapor Fractometer. Elemental analyses were
1 \  / 1 / performed by Spang Mieroanalytical Labs., Ann Arbor,

c h 3 c h 2—c h 2 c h 3/ Mich.



1806 BREED, HAGGERTY, AND H ARVEY v o l . 25

Reaction of pentaerythritol and silicon tetraacetate. After
13.2 g. (0.05 mole) of silicon tetraacetate and 6.8 (0.05 
mole) of pentaerythritol were heated at 120° for 2 hr., the 
acetic acid was distilled from the reaction mixture. Residual 
acetic acid was removed at room temperature with water 
aspirator vacuum. The weight loss was 5.5 g. (theory 12.0 g.) 
and only part of the residue toluene soluble. Evaporation 
of the solution of the soluble portion gave an oil which did 
not cure to a solid at 130°.

Reaction of pentaerythritol tetraacetate and ethyl ortho
silicate. A mixture of 10.4 g. (0.05 mole) of redistilled ethyl 
orthosilicate, 15.2 g. (0.05 mole) of pentaerythritol tetra
acetate, 0.2 g. of aluminum isopropylate, and 25 ml. of 
cyclohexane was heated to reflux and the cj'clohexane-ethyl 
acetate azeotrope was removed at 73° until vapor phase 
chromatography indicated no more ester was being dis
tilled. Toluene was added to the mixture and the distillation 
was continued; however only 56% of the theoretical ethyl 
acetate could be obtained. A film, formed by the evaporation 
of the solvent from the resin solution, was cured at 130° 
for several days and gave a transparent brittle solid which 
exhibited visual evidence of decomposition at 250-320°.

Anal. Calcd. for CsHgChSi (the theoretical polymer): 
C, 37.48; H, 5.03; Si, 17.53. Found: C, 42.86; H, 5.95; Si,
8.50.

After 8-months’ storage, the resin solution had gelled and 
additional ethylacetate had formed as indicated by odor.

Pentaerythritol tetraacetate and p-phenylenebis{diethoxy- 
methylsilane). A mixture was prepared from 7.6 g. (0.025 
mole) of pentaerythritol tetraacetate, 8.7 g. (0.024 mole) 
of p-phenylenebis(diethoxymethydsilane),12 and 0.1 g. of 
ferric chloride. When this mixture was heated 20 hr. from 
115° to 165°, the volatile products were collected in a Dry 
Ice trap. Vapor phase chromatographic analysis indicated 
that only 2.08 g. of ethyl acetate (23.5%) had been re
covered. The polymer was infusible and insoluble in ben
zene, toluene, and diethyl ether.

N,N-bis(trimethylsilyl)piperazine. A stirred solution of 5 
g. (0.06 mole) piperazine in 200 ml. of anhydrous ether was 
heated to reflux to dissolve the piperazine and then 12.6 g.

(12) L. W. Breed, F. Baiocchi, and C. Bolze, WADC 
TR 57-143, Part II, p. 20 (1957).

(0.12 mole) of chlorotrimethylsilane was added dropwise. 
After the chlorosilane was added, 11.7 g. (0.12 mcle) tri- 
ethylamine was introduced. Filtration gave triethylamine 
hydrochloride (m.p. 254°) and a solution that was fraction
ally distilled to give 4.7 g. (34%) of V,Ar-bis(trimethvlsilyl)- 
piperazine boiling at 210-216°.

Anal. Calcd. for C]0H26N2Si2: C, 52.11; H, 11.37; N, 
12.15; Si, 24.37. Found: C, 52.63; H, 10.85; N, 12 21; Si, 
24.31.

Piperazine and dichlorodimethylsilane. Two attempts 
were made to prepare a polymer by the reaction of equi
molar quantities of piperazine and dichlorodimethylsilane. 
Freshly distilled dichlorodimethylsilane and fresh anhy
drous piperazine (Eastman, practical) were used.

After a stirred mixture of 20 g. (0.23 mole) of piperazine, 
47 g. (0.46 mole) of triethylamine, and 750 ml. of anhydrous 
ether was heated to reflux, a solution of 30 g. (0.23 mole) of 
dichlorodimethylsilane in 200 ml. of anhydrous ether was 
added cropwise during 4 hr. Heating and stirring were con
tinued for an additional 3 hr., and then the cooled mixture 
was filtered and the residue was w'ashed with ether. The 
combined filtrate and washings were evaporated ir. vacuo 
yielding 39 g. of a reddish solid still containing some solvents. 
A portion of the product was purified by short path dis
tillation, and about half the material was obtained as a white 
crystalline, moisture sensitive product boiling between
120-15C ° at 2-4 mm.

In a second experiment using a fresh lot of piperazine, a 
total of 84 g. of ether-insoluble solids separated. Evapora
tion of the ether gave 7.0 g. of a white solid, melting 105- 
115°, which distilled in a short path column mostly between 
200-25C ° at 0.07 mm.

Anal. Calcd. for C8H20Cl2N2Si2 (Ar,iV-bis(chlorodimethyl- 
silyl)piperazine): C, 35.41; II, 7.4.3; Cl, 26.13; N, 10.33; 
Si, 20.70. Found (1st experiment): C, 36.69; H, 8.08; Cl, 
22.99; N, 9.92; Si, 21.98. Found (2nd experiment): C, 40.75; 
H, 8.69; Cl, 3.93; N, 11.52; Si, 24.00.

The ratio of elements in the first experiment is C, 7.8; 
H, 20.5; N, 1.8; Si, 2.0 and in the second experiment is C, 
7.9; H, 20.2; N, 1.9; Si, 2.0 or equivalent to about one pipera
zine unit, C4H8N2, to two silane units, 2C2H6Si, in both 
cases.

K ansas C ity 10, Mo.
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Effect of Sodium in the Preparation of 
Organolithium Compounds

C o n r a d  W. K a m i e n s k i  a n d  D o n a l d  L. E s m a y  
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The sodium content of the lithium metal has 
been reported recently to affect the ease of prepa
ration of p-dimethylaminophenyllithium,1 of tert- 
butyllithium,2 and of n-butyllithium3 by the metal-

RX +  2Li---->  RLi +  LiX (1)

organic halide reaction (1). These observations 
prompt us to report some results we have obtained 
in this connection. While the most striking effects 
have been observed by us in preparations of p- 
dimethylaminophenyllithium and ferf-butyllithium, 
we have also determined that the ease of prepara
tion of n-butyllithium and phenyllithium is affected 
to some extent by the sodium content of the lithium 
metal

In our hands, lithium metal containing less than 
0.005% sodium4 could not be made to react at all 
with p-bromodimethylaniline in ethyl ether. Excel
lent yields (over 95%) of p-dimethylaminophenyl- 
lithium were obtained when either lithium wire or 
lithium ribbon containing about 0.02% sodium5 
was treated with p-bromodimethylaniline in ethyl 
ether.

In comparative reactions of the two grades of 
lithium metal with bromobenzene and with n-butyl 
bromide in diethyl ether, the differences in yields 
were considered significant for n-butyllithium (15% 
or greater) but not for phenyllithium (less than 
10%). In both cases the physical appearances and, 
to a lesser extent, the rate of the reactions were 
affected by the amount of sodium present in the 
lithium metal. The best over-all preparations of 
phenyllithium and n-butyllithium were obtained 
using the lithium metal containing about 0.02% 
sodium.6

The ease of preparation of organolithium com
pounds in hydrocarbon solvents has also been found 
by us to be related to the sodium content of the

(1) J. B. Wright and E. S. Outsell, J. Am. Chem. Soc., 
81,5193(1959), ref. 10.

(2) M. Stiles and R. P. Mayer, J. Am. Chem. Soc., 81, 
1497 (1959) ref. 38b.

(3) J. A. Beel, W. G. Koch, G. E. Tomasi, D. E. Ilerman- 
sen, and P. Fleetwood, J. Org. Chem., 24, 2036 (1959).

(4) Lithium Corp. of America “low-sodium” grade 
lithium.

(5) Lithium Corp. of America “regular” grade lithium
as currently produced.

lithium metal used. For example, we have been 
able to prepare ferf-butyllithium in pentane con
sistently in yields over 80% provided that we use 
a dispersion prepared from lithium metal containing 
2% sodium.

We do not know at this time the critical or opti
mum concentration of sodium in the lithium metal 
that is necessary to ensure that a satisfactory 
organolithium preparation can be made. Prelimi
nary results indicate that this concentration varies 
with the organic halide substrate used. Additional 
studies are being carried out.

E X P E R IM E N T A L

p-Dimethylaminophenyllithium. A. In a 250-ml., three 
necked, round bottomed flask, equipped with mechanical 
stirrer, reflux condenser, and dropping funnel (the latter 
two fitted with gas inlets for argon), was placed 1.2 g. of 
finely cut lithium metal ribbon (“regular”6 grade) and 50 
ml. of anhydrous ethyl ether. The lithium metal was cut 
directly into the flask in an exit flow of argon to keep the cut 
surface shiny. To the stirred suspension in the flask was 
added, all at once, 3-4 ml. of a solution of 15.6 g. (0.078 
mole) of p-bromodimethylaniline6 in 60 ml. of ether. On 
heating the mixture to reflux the reaction was initiated after 
about 5 to 10 min. time as evidenced by a reddish brown 
coloration of the suspension and pitting of the metal sur
face. The remainder of the solution was added over a 1-hr. 
period with refluxing evidenced throughout. Stirring and 
refluxing were then continued over a 3-hr. period with a 
gradual brightening and disappearance of the metal. After 
allowing the mixture to cool, the contents of the flask were 
filtered through a glass wool plug (under argon) into a 
100-ml. graduated dropping funnel (total volume, 101 ml.). 
A 2-ml. aliquot of the clear supernatant liquid was taken, 
hydrolyzed, and titrated with standard acid, using thymol 
blue as indicator (yield, 97%). The remaining solution in the 
dropping funnel was carbonated by gradual addition to a 
Dry Ice-ether slurry. The crude yield of p-dimetfniamino- 
benzoic acid (m.p. 200°, lit., m.p. 240-241°) obtained after 
work-up was 65%.

B. This was a duplicate of Run A except that “low so
dium” 4 lithium metal was used. No reaction was observed 
even on prolonged refluxing and stirring after addition of 
the total amount of p-bromodimethylaniline. When small 
chips of “regular”6 grade lithium metal were added to this 
mixture immediate, vigorous reaction with these chips was 
observed. However, reaction ceased as soon as the chips 
were used up.

C. This was a duplicate of Run A except that lithium ware 
was used. Results were essentially identical with those of 
Run A.

tert-Butyllithmm. In a 1-1., three necked, round bottomed 
flask, equipped with mechanical stirrer, reflux condenser, 
and dropping funnel (the latter two fitted with gas inlets for 
argon) was placed 120 g. of lithium dispersion [15% in a 
petrolatum (20%)-mineral oil (65%) mixture] and 200 
ml. of dry, “unsaturate-free”7 n-pentane. The lithium metal

(6) The p-bromodimethylaniline used in these runs was 
Eastman Kodak’s practical grade which was recrystallized 
once from Synasol before use (m.p. 53-55°, lit. m.p., 55°).
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contained 2% of sodium. The mixture was stirred and 
heated to reflux. The dropwise addition of a solution of
92.6 g. (1.0 mole) of ferf-butyl chloride7 8 in 250 ml. of dry 
“unsaturate-free” n-pentane was then begun. After addition 
of about 5 ml. of the halide solution, the rate of reflux in
creased appreciably and the source of heat was removed. 
The remainder of the halide solution was then added over 
a 2.5-hr. period, at a rate such that sustained reflux was 
maintained throughout the addition. The reaction mix
ture was stirred for 0.5 hr. longer. The product solution 
was then filtered away from the residue of lithium chloride 
and excess metal through a sintered glass niter tube,9 into 
a graduated dropping funnel (total volume, 589 ml.). Three- 
milliliter aliquots of the clear solution were then taken, 
hydrolyzed in flasks containing 10 ml. of standard 0.5N 
acid, and back-titrated with standard 0.1X base to a 
phenolphthalein end point. The yield of ¡erf-butyllithium 
(based on ¿erf-butyl chloride) was 89%.

R e s e a r c h  L a b o r a t o r i e s

L i t h i u m  C o r p . o p  A m e r i c a , I n c .
M i n n e a p o l i s  1 6 , M i n n .

(7) The w-pentane was a 99 mole % (Phillips “Pure” ) 
grade which had been stirred with coned, sulfuric acid for 
3 days, separated, washed with 5% sodium bicarbonate 
solution, washed with water, dried over calcium chloride 
(anhyd.) and, finally, dried over sodium ribbon.

(8) The ferf-butyl chloride was obtained from Matheson, 
Coleman and Bell (purified grade); b.p. 51-52°, n2E°, 1.3851.

(9) Ace Glass Co., Cat. No. 8575—porosity “E.”

The Preparation of Grignard Reagents under 
Helium and Argon

F. H. O w e n s , R. P. F e l l m a n n , a n d  F .  E .  Z i m m e r m a n  

Received March 8, 1960

Grignard reagents prepared by conventional 
methods generally contain excess magnesium halide 
arising from a Wurtz-type reaction (Equation 1), 
and various preparative methods have been used to 
avoid this undesirable reaction.1 2 Several investi
gators2 have shown that the course of a Grignard

2RX +  Mg — R—R +  MgX2 (1)

reaction can be altered by varying the amount of 
magnesium halide.

Recently we have found that the preparation of 
Grignard reagents under helium or argon, rather 
than the customary nitrogen or ether, consistently 
leads to higher yields and to smaller amounts of 
coupling products. The Grignard reagents listed 
in Table I were prepared by the dropwise addition 
of the organic halide to a 10% excess of magnesium 
metal in ether. The Grignard reagents prepared 
under helium or argon were clear, almost colorless

(1) M. S. Kharasch and O. Reinmuth, Grignard Reactions 
of Nonmetallic Substances, Prentice-Hall, Inc., New York, 
1954, Chap. II.

(2) C. G. Swain and H. B. Boyles, J. Am. Chem. Soc., 73, 
871 (1951); E. T. McBee, O. R. Pierce, and J. F. Higgins, 
J. Am. Chem. Soc., 74, 1736 (1952); A. C. Cope, ,/. Am. 
Chem. Soc., 56, 1578 (1934); R. C. Huston and A. H. 
Agett, J. Org. Chem., 6, 123 (1941).

TABLE I
G r i g n a r d  R e a g e n t s  P r e p a r e d  u n d e r  H e l i u m , A r g o n , 

N i t r o g e n , a n d  E t h e r

Halide
Prepared

under Yield,“ %
Excess 

Halide,6 %

n-Butj-l chloride Helium 99.0 0.0
re-Butyl chloride Nitrogen 91.0 2.2

n-Butyl bromide Helium 97.5 1.1
n-Butyl bromide Argon 97.8 1.0
n-Butyl bromide Nitrogen 80.1 15.2
n-Butyl bromide Ether 89.0 7.7

Cyclohexyl bromide Helium 68.3 38.5
Cyclohexyl bromide Nitrogen 30.5 75.4

Bromobenzene Helium 99.0 0.0
Bromobenzene Argon 95.2 2.1
Bromobenzene Nitrogen 85.0 8.0
Bromobenzene Ether 88.3 5.7

Iodoberzene Helium 81.0 10.2
Iodobenzene Nitrogen 70.4 16.5

Benzyl bromide Helium 91.3 7.6
Benzyl bromide Nitrogen 62.2 20.3
Benzyl bromide Ether 53.0 25.8

“ Based on the acid titration. b The per cent excess halide 
is the quotient of the difference between the total base and 
halide titrations and the total base titration.

solutions while those prepared under nitrogen or 
ether were cloudy, dark-colored solutions. One- 
milliliter samples were titrated with hydrochloric 
acid and with silver nitrate to determine the amount 
of excess halide. The values shown represent the 
average of several experiments in which the re
producibility was excellent.

The principal advantages which accrue from this 
method are that (1) purification of the purging gas 
is unnecessary; (2) higher yields of the Grignard 
reagent are obtained; and (3) there is little or no 
contamination by coupling products. Furthermore, 
dilution of the halide with ether is not required so 
that concentrated solutions of the Grignard reagent 
are obtainable, and only 10% excess magnesium 
is used as compared with the one- to three-mole 
excess used in some preparations.1

E X P E R IM E N T A L

Magnesium. Domal High Purity, sublimed magnesium 
granules (Dominion Magnesium Co., Ltd., Haley, Ont.) 
was used.

Diethyl ether. Mallinckrodt analytical reagent ether con
taining 5 X 10“f % sodium diethyldithiocarbama'e was 
used without further treatment.

Organic halides were obtained from Distillation Products 
Industries and were dried over calcium chloride prior to use.

Nitrogen. Prepurified grade (Air Reduction Sales Co.) con
taining less than 0.002% oxygen and 0.0012% water was 
used without further treatment.

Helium was obtained from the Matheson Co., Inc. 
Minimum purity, 99.99%, used without further treatment.

Argon, obtained from the Matheson Co., Inc. Minimum 
purity, 99.998%, was used without further treatment.

Preparation of the Grignard reagents. The apparatus con
sisted of a three necked, round bottom flask equipped with 
a Dry Ice reflux condenser attached to a mercury bubbler,
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a Teflon stirrer, and a pressure-equalizing dropping funnel. 
One neck of the flask was equipped with a rubber serum 
cap through which gas was admitted via a hypodermic 
needle which allowed the gas to pass over the mixture. When 
no purging gas was used, the Dry Ice condenser was re
placed by an air-cooled condenser, and the ether was allowed 
to reflux so that a small amount constantly escaped from 
the top of the condenser which was protected from the 
atmosphere by a drying tube containing Drierite.

The Grignard reagents listed in Table I were prepared 
by the dropwise addition of the organic halide to a 10% 
excess of the magnesium metal in ether so that the final 
Grignard solution was approximately 2Ar in RMgX. When 
all of the halide had been added, the solution was heated 
under reflux from 2-3 hr., allowed to cool to room tempera
ture, and was transferred to rubber serum-capped bottles 
by means of a hypodermic syringe. One-milliliter samples 
were titrated with O.UV hydrochloric acid and with 0.1 N  
silver nitrate using the Volhard method.3

R o h m  & H a a s  C o .
B r is t o l , P a . * 1951

(3) W. Reiman, III, J. D. Neuss, and B. Naiman, Quan
titative Analysis, McGraw-Hill Book Co., Inc., New York,
1951, p. 270.

A Test for Peroxides in Vinyl Ethers

R . K .  SUMMERBELL AND D . KAREN ANDERSON IÍYDE 

Received, April 8, 1960

The hazards involved in evaporating or distill
ing ethers that contain peroxides are well recog
nized. In safety conscious laboratories a routine 
test is employed periodically to make certain that 
samples of ethers that have developed a dangerous 
peroxide content are discarded. The usual test1 
is to add acidified or neutral aqueous or alcoholic 
iodide to the suspected sample, or vice versa and 
a brown coloration is positive. The test is readily 
performed quantitatively. 2a’b The purpose of this 
note is to point out that this test as usually per
formed is not valid in the presence of vinyl ethers 
and to suggest a modified procedure with which 
vinyl ethers do not interfere.

The reason for the failure of the usual form of the 
test is the immediate reaction of the liberated 
iodine with the vinyl ether. We became interested 
in the reaction when, during preliminary studies 
of the relative rates of iodine liberation by isomeric 
tetrachlorinated dioxanes,3 we noticed that addi
tion of water caused a rapid fading of the iodine 
color. Apparently the double bonded product from 
which vicinal halogens had just been removed by

(1) Reagent Chemicals, Am. Chem. Soc. Specifications 
(1955), American Chemical Society, Washington, D. C.

(2) (a) K. V. Kopatnur and M. Jelling, J. Am. Chem. Soc., 
63,1432(1941).

(b) Union Carbide Chemical Co. Ethers and Oxides Book
let number 4764B (1957).

(3) A qualitative difference in rates was first observed by 
Milton Cooper, Ph.D. dissertation, Northwestern Univer
sity, 1955.

iodide ions was in turn adding back the iodine. 
The related parent compound, dioxene, was found 
to react with aqueous iodine as fast as mixing took 
place. It was then realized that a dioxene was a 
type of vinyl ether and that the observed reaction 
was closely related to the valuable quantitative 
method of Siggia and Edsberg4 for determination 
of vinyl ethers by titration with aqueous meth- 
anolic iodine. These authors do not mention 
interference by peroxides, perhaps because it is so 
obvious, nor did they have occasion to point out 
the corollary: that vinyl ethers would negate the usual 
peroxide test. In view of the increasing commercial 
availability of vinyl ethers and the extreme hazards 
of handling ethers that contain peroxides, we think 
the corollary should be emphasized.

There is some evidence available concerning the 
course of these related reactions. Siggia and Eds
berg4 isolated an iodine-containing organic product 
from the reaction of methanolic iodine with butyl 
vinyl ethers, the analysis of which was consistent 
with the formula of an iodoacetal, I. The following 
mechanism explains this result:
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In the case of our modified vinyl ether, II, the re
action would proceed further:
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We have identified the glyoxal and the ethylene 
glycol by isolation of appropriate derivatives. The 
intermediate, Illb , is the iodine analogue of one 
postulated by Salomaa.6 To account for the first 
order kinetics of the hydrolysis of trans-2,3- 
dichloro-p-dioxane,6 he proposed that the hydroly
sis of I lia  was much more rapid than that of the 
parent dichloro compound. The iodine compound, 
Illb , should hydrolyze even faster. There is no 
evidence for the formation of an intermediate diiodo

(4) S. Siggia and R. L. Edsberg, Anal. Chem. 20, 762 
(1948).

(5) P. Salomaa, Acta. Chem. Scand., 8, 744 (1954).
(6) R. K. Summerbell and Hans E. Lunk, J. Am. Chem. 

Soc., 79,4802 (1957).
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compound as proposed some years ago in a related 
situation.7 8

The proposed mechanism led us to the prediction 
that the use of a solvent less polar than aqueous 
methanol would materially reduce the velocity 
of iodine uptake by vinyl ethers. This was found to 
be the case. As the ratio of methanol to water was 
increased, the reaction tended to become more 
quantitative3 with ordinary vinyl ethers, but also 
to take considerably more time to reach completion. 
By using a solvent of sufficiently low dielectric 
content, it should be possible to so reduce the rate 
of iodine uptake that interference with the usual 
peroxide test would be inconsequential. Peroxide- 
free dioxane was found to be the solvent of choice 
for this purpose, as considerable water must be 
admixed before the rate of uptake of iodine be
comes appreciable. The use of pure dioxane as the 
major solvent component thus serves as a single 
and practical modification of the iodide test for 
peroxides in ethers, a modification that makes the 
test valid in the presence of vinyl ethers.

We have made several incidental observations 
concerning the Siggia and Edsberg method. 
I t does not work at all for 2,3-diphenyl-p-dioxene.9 
This compound was not only inert to aqueous 
methanolic iodine, in which it was insoluble, but also 
to aqueous methanolic iodine solutions, in which it 
was completely soluble. Failure of this type of vinyl 
ether to react is probably due to the stabilization of 
the double bond by resonance with the phenyl 
groups. The general inferiority of water to meth
anol as a solvent may be due to the tendency 
toward halogen-catalyzed polymerization,10 particu
larly when two phases are permitted, or even when 
the limit of solubility is approached. In some cases, 
Siggia and Edsberg observed a somewhat un
satisfactory end point due to reappearance of 
iodine on standing. This could be due to air oxida
tion, but also could be caused by the following 
sequence:

R R

xC — H I - ( b - H
/ HOH

I + ---->
\

X — H H — C — O H

O— R 0 — R
I V

R R
1 H+, I- i

I — C — H
I

--------- > H — C —
1

C
/  X

C
/  \

H  O H  O

(7) V. I. Easton, J. Applied Chem. U.S.S.R., 12, 1387 
(1939); Chem. Abstr., 34, 3233 (1940).

(8) Dioxene, unlike other vinyl ethers, reacted practically 
quantitatively with aqueous iodine.

(9) R. K. Summerbell and D. R. Berger, ./. Am. Chem.
Soc., 81,633(1959).

As both water and methanol are present and com
peting for the carbonium ion, some of the un
stable hemiacetal, IV, as well as the acetal that was 
actually isolated, I, would form. The iodine 
regeneration from this source can be prevented 
by buffers which reduce the hydrogen ion concen
tration. The reported failures4 of the method in the 
case of lauryl vinyl ether and octadecyl vinyl 
ether result because if water is present, two phases 
and polymerization result, while if water is ex
cluded, the initial attack of positive iodine is so 
slow that no reaction is observed. Probably at 
least cne component of the solvent must be capable 
of participation in the reaction,11 explaining the 
failure of the determination using carbon tetra
chloride.4

E X P E R IM E N T A L

Aqueous iodine and dioxene. Standard iodine solutions, ap
proximately QAM, containing also 80 g. of iodate-free po
tassium iodide per 1. were prepared by exact weighing of 
pure icdine. Arsenious oxide and sodium thiosulfate solu
tions for back titration were standardized against the iodine 
solutions.

Dioxene, 0.0123 mole, dissolved in 150 ml. of water con
taining sodium acetate-acetic acid buffer required 0.0117 
moles of iodine for an iodine/ether ratio of 0.951 to give a 
pale coloration. In a similar experiment when no buffer was 
used, the iodine/ether ratio was 0.931. Substitution of 
methanol for part of the water did not change the iodine/ 
ether ratio. Rapid addition of excess iodine and back titra
tion with sodium thiosulfate gave an iodine/ether ratio of 
0.949.

The products of reaction were proved by the preparation 
of derivatives. To a reaction mixture of dioxene titrated 
with aqueous iodine was added an excess of p-nitrophenyl- 
hydrazine hydrochloride in water. After slight warming on a 
steam bath, a dark orange precipitate was formed. I t  gave 
the characteristic blue color with alcoholic sodium hy
droxide, and a mixed melting point with a pure example of 
glyoxal p-nitrophenyl osazone was not depressed. A solu
tion of 7.3 g. of dioxene in water was titrated with iodine to a 
pale yellow end point. The total volume of the reaction solu
tion was 150 ml. To half of this solution was added enough 
20% sodium hydroxide to make the solution basic. A 1.5- 
ml. portion of benzoyl chloride was added, and the mixture 
shaken vigorously with intermittent additions of base. 
The dibenzoate of ethylene glycol which formed had a melt
ing point of 71.5-72.5°. The yield was 9%. In earlier experi
ments, a less concentrated solution was used and no benzoate 
was isolated. Model experiments using the calculated amount 
of ethylene glycol in the present dilution gave about the 
same yield, but when the concentration was halved, the 
yield was cut to the vanishing point.

Failure of 2,3-diphenyl-p-dioxene to react. 2,3-Diphenyl- 
p-dioxene9 (0.2072 g., 0.00087 mole) was placed in a glass- 
stoppered Erlenmeyer flask with 150 ml. of methanol and
10.00 ml. of 0.092311/ iodine solution. Solution was com
plete. After shaking the solution for 10 min., it was titrated 
with sodium thiosulfate solution, 10.05 ml. being required. 
A blank containing 10.00 ml. of the iodine solution required 
exactly the same volume of thiosulfate solution. In a similar 
experiment in which the methanol was omitted, a suspen
sion of the diphenyldioxene also failed to react with any 
aqueous iodine. The starting material was unaltered.

(10) D. D. Ely and J. Saunders, J. Chem. Soc., 4167 
(1952); 1668 (1954).

(11) K. Kozaki and R. A. Ogg, Jr., J. Am. Chem. Soc. 
64,709(1942).
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O th er  v in y l  e thers a n d  a q u e o u s  io d in e . Dihydropyran 
(0.0063 mole) was added to sodium acetate-acetic acid 
buffered water solution, excess standard iodine added and 
the excess back titrated; iodine consumed, 0.0039 mole for 
an ether/iodine ratio of 0.62. The ratio was raised to 0.73 in 
a similar experiment by the addition of 3 drops of pyridine as 
a polymerization inhibitor. I t  was raised still further to 
0.91 by employing 80 ml. of methanol as the solvent. Di
vinyl ether (0.0109 mole), when titrated without buffer, re
quired 0.0091 mole of iodine for a ratio of 0.83. On standing, 
the iodine color was regenerated. In a  similar experiment 
buffered to pH 7 with phosphate, iodine was not regenerated. 
Vinyl ethyl ether, vinyl butyl ether, and dioxadiene gave 
iodine/ether ratios of 0.478, 0.381, and 1.58, respectively. 
In the latter case, even though enough methanol to ensure 
solution was used, an ether-insoluble solid was formed, 
direct evidence of extensive polymerization.

P e ro x id e  te s t. A laboratory sample of ordinary dioxane 
from a bottle that had been in use several weeks gave a dis
tinct yellow color when a few drops were added to an acidi
fied aqueous solution of potassium iodide. Few samples of 
dioxane that have been exposed to the air and have not 
been specifically purified fail to give this test. When 3 drops 
of vinyl butyl ether was added to 1 ml. of the same dioxane, 
no test for peroxides could be obtained with water solu
tions if the volume of the water were equal to that of the 
dioxane. However, if only a few drops of aqueous potassium 
iodide and a drop of hydrochloric acid were added to a 
similar mixture of vinyl ether and the same dioxane, a 
strong test was obtained. Using mixtures of vinyl ethers 
and an ether known to contain peroxides, a positive test 
was always obtained in a 3:1 dioxane-water solution. The 
dioxane used as solvent was, of course, peroxide-free. 11 A 
negative test was always obtained when the same ether- 
peroxide-vinvl ether mixtures were subjected to the usual 
aqueous iodide test where water was present in large pro
portion.

An alternative test for the presence of peroxides in ether,2b 
the appearance of a pink or red coloration in the ether on 
shaking with ferrous thiocyanate solution, did not work in 
the presence of vinyl ethers, even though the samples under 
examination were known to contain large amounts of perox
ides. In another experiment, a bright pink color was obtained 
by using a sample of typical sideshelf ethyl ether. When 
re-butvl vinyl ether was added to this test solution, the color 
gradually faded. The formation of black mercurous oxide 
on13 shaking with a globule of metallic mercury was pre
vented by the presence of small percentages of vinyl ether 
in samples of ether tha t would otherwise give the test.

Acknowledgment. We wish to thank the E. I. 
du Pont Co. and the Research Corp. for research 
assistantsbips held by D.K.A.H.

N orthwestern University
E vanston, I II .

( 12) K. Hess and H. Frahm, B e r ., 71, 2627 (1938); 
R. N. Feinstein, J .  O rg. C h e m ., 24, 1172 (1959).

(13) C. R. Noller, C h e m is tr y  o f  O rg a n ic  C o m p o u n d s , W. 
B. Saunders Co., Philadelphia, 1951, page 139.

Attem pted Therm al Rearrangem ent o f 
Cyclopropylcarbinyl Phenyl Ether

H arold Hart and J ames A. Wrede

R ece ived  M a r c h  SO, 1 9 6 0

The cyclic nature of the transition state and the 
intermediacy of dienones in the Claisen rearrange

ment has been thoroughly established.1 The cyclo
propyl group sometimes displays chemistry similar 
to that of a carbon-carbon double bond.2 It seemed 
possible, therefore, that the cyclopropylcarbinyl 
group might replace the allyl group in the Claisen 
rearrangement. A plausible mechanism can be 
envisioned and is depicted (1) for the thermal rear
rangement of cyclopropylcarbinyl phenyl ether (I)

Compound I was synthesized by two independ
ent methods: displacement by phenoxide ion on 
cyclopropylcarbinyl tosylate, and reduction of

2,2-dibromocyclopropylcarbinyl phenyl ether (II), 
the latter being prepared by the carbene reaction3 
on allyl phenyl ether.

When Compound I was refluxed (214°) for 
eighteen hours, or heated in a sealed tube at 300° 
for ten hours, it was recovered unchanged (identical 
infrared spectrum, negative ferric chloride test).4 * * 
I t is apparent, then, that the cyclopropylcarbinyl 
group does not behave like an allyl group in the 
Claisen rearrangement, at the ordinary tempera

(1) For a review7, see D. J. Cram in M. S. Newman* 
S te r ic  E ffe c ts  i n  O rg a n ic  C h e m is try , John Wiley & Sons, 
Inc., New York, N. Y., 1956, pp. 295-303. For subsequent 
work, see especially D. Y. Curtin and R. J. Crawford, 
J .  A m .  C h em . S o c ., 7 9 , 3156 (1957); F. Kalberer and H. 
Schmid, H e lv . C h im . A c ta , 40, 13, 779 (1957); W. Haegele 
and H. Schmid, H elv . C h im . A c ta , 41, 657 (1958); P. Fahrni 
and H. Schmid, H e lv . C h im . A c ta , 42, 1102 (1959); H. L. 
Goering and R. R. Jacobson, J .  A m .  C h em . S o c ., 80, 3277
(1958); W. N. White, D. Gwynn, R. Schlitt, C. Girard, 
and W. Fife, J .  A m .  C h em . S o c ., 80, 3271 (1958).

(2) For reviews, see R. A. Raphael in E. H. Rodd T h e  
C h e m is tr y  o f  C a rb o n  C o m p o u n d s , Elsevier Publishing Co., 
Amsterdam, 1953, Vol. IIA, pp. 25-28; E. Vogel, F o rtsc h r . 
C h em . F o rsc h ., 3, 430 (1955); E. Vogel, A n g e w . C h em ., 
72, 4 (1960).

(3) W. von E. Doering and A. K. Hoffmann, J .  A m .  
C h e m . S o c ., 76, 6162 (1954).

(4) Compound I was readily attacked both by acid and
by potassium metal; the products have not yet been identi
fied.
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tures at which the rearrangement is generally 
executed.5 6

EXPERIMENTAL6

2 ,2 -D ib ro m o c y c io p ro p y lc a r b in y l p h e n y l  e ther (II). To a 
stirred suspension of anhydrous potassium ¿-butoxide (0.5 
mole) in a solution of 165 g. (1.2 moles) of allyl phenyl 
ether and 100 ml. of pentane there was added, during 1 hr.,
126.5 g. (0.5 mole) of bromoform. After 5 hr. a t room tem
perature (200 ml. of pentane was added to facilitate stir
ring), hydrolysis, extraction with pentane, drying over 
magnesium sulfate and distillation gave 133 g. of recovered 
allyl phenyl ether and 41.2 g. of material, b.p. 119-126° at 
1 mm. which solidified a t room temperature. After several 
recrystallizations from ethanol, the product (31.5 g., 21%) 
melted a t 53-54°.

A n a l .  Calcd. for Ci0Hi0Br2O: C, 39.23; H, 3.27; Br, 
52.32. Found: C, 39.21; H, 3.31; Br, 52.43.

C y d o p r o p y lc a r b in y l  p h e n y l  e ther (I). A .  R e d u c t io n  o f  II. 
To a mixture of 100 ml. of 95% ethanol, 60 g. of Haney 
nickel-aluminum alloy, and 10 g. (0.033 mole) of II  was 
added in 1 hr. 600 ml. of 10% sodium hydroxide.7 After two 
additional hours of reflux the mixture was filtered and the 
nickel was washed successively with 100 ml. of 10% sodium 
hydroxide and with 400 ml. of pentane. The aqueous layers 
were poured into 400 ml. of coned, hydrochloric acid, then 
extracted with pentane. The combined pentane extracts 
gave 3.0 g. (62%) of cydopropylcarbinyl phenyl ether (I), 
b.p. 51-53° at 2 mm., 1.5199.

A n a l .  Calcd. for Ci0HI2O: C, 81.04; H. 8.17. Found: C, 
81.11; H, 8.29.

B .  D is p la c e m e n t o n  c y d o p r o p y lc a r b in y l  to sy la le  b y  p h e n -  
o x id e  io n . Cydopropylcarbinyl tosylate was prepared by a 
procedure analogous to that used by Bergstrom and Siegel8 
for the benzenesulfonate. p-Toluenesulfonyl chloride (19.0 g.,
O. 1 mole) and 50 ml. of methylene chloride was added, at 
— 3 to + 3 °  during 45 min. to a mixture of 26.4 ml. of 2,4,6- 
collidine and 7.2 g .  (0.1 mole) of cydopropylcarbinol. 
Additional methylene chloride (25 ml.) was added, the 
mixture was stirred a t 0° for 2 hr., and the collidine then 
neutralized with 25 ml. of 10N sulfuric acid, the tempera
ture being kept below 15°. Layers were separated, the 
aqueous layer was extracted with methylene chloride, and 
the combined organic layers extracted with three 20-ml. 
portions of ice cold 2.5N  sulfuric acid, then dried over 
potassium carbonate. The solvent was removed under 
reduced pressure with no external heat.

The red oil which remained was dissolved in 50 ml. of 
anhydrous ether and added at 0° over 30 min. to a suspension 
of sodium phenoxide (from 250 g. of phenol and 34.5 g. of 
sodium) in 200 ml. of ether. The solution was stirred at room 
temperature for 1.5 days, refluxed for 4 cays, filtered, and 
washed successively with 10% alkali and with water. After 
drying and removal of the solvent there was obtained 3.5 
g. (23%) of crude product which on fractionation gave
1.0 g. of pure cydopropylcarbinyl phenyl ether, w2D5 1.5199, 
whose infrared spectrum was identical with that prepared 
above.

A tte m p te d  th e r m a l re a rr a n g e m e n t o f  I. One milliliter of I 
was refluxed (214°) at atmospheric pressure for 6 hr. The 
infrared spectrum was unchanged, and 12 hr. of additional 
reflux also resulted in no change. One milliliter of I, sealed

(5) Pyrolysis of certain cydopropylcarbinyl derivatives 
at 500-520°, however, does lead to rearrangements; see 
C. G. Overberger and A. E. Borchert, J .  A m .  C h em . S o c .,  
82, 1007 (1960).

(6 ) Analyses by Spang Microanalytical Laboratory,
P. O. Box 1111, Ann Arbor, Mich.

(7) D. Papa, E. Schwenk, and B. Whitman, J .  O rg. 
C h e m ., 7, 587 (1942).

(8 ) C. G. Bergstrom and S. Siegel, J .  A m .  C h em . S o c .,
74, 145 (1952).

in an 11-ml. tube, was heated at 300 ±  4° for 10 hr., and 
recovered unchanged (infrared spectrum, negative ferric 
chloride test).

Acknowledgment. We are deeply indebted to the 
Upjohn Company, Kalamazoo, Michigan, for 
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Synthesis o f /3- Lactones from /3-Hydroxyacids

E. T esta, L. F ontanella, and L. Mariani

R ece ived  A p r i l  1, 1 9 6 0

As a part of a study on compounds active on the 
central nervous system1 2 3 4 5 6 7 8 9 we recently described a 
new general method of synthesis of /3-lactones, 
(diazotization of a,a-disubstituted /3-aminoacids 
in acetic acid at low temperature).2 The /3-lactones 
are useful intermediates for pharmacologically 
active compounds (a-alkyltropic acids and deriva
tives, :,a’b dihydro l,3-oxazine-2,4-diones,4 a-methyl- 
atropine6).

Many /3-lactones are recorded in literature, which 
were obtained by different methods.6 However, 
recently two processes for the .preparation of /3- 
lactones by dehydration of the corresponding /3- 
hydroxyacids have been published; Diassi and 
Dylion7 cyclized yohimbic acid to the correspond
ing /3-lactone by means of pyridine and ethyl chloro- 
formate; Sheehan, et al,8 cyclized M-trityl-L- 
serine by means of iV,iY'-diisopropylcarbodiimide. 
Their work prompted us to communicate our ex
periences in this field.

EX PERIM EN TA L

When a benzene solution of a,a-diethyl-/3-hydroxypropi- 
onic acid2,5'9 was treated a t 10° to 15° with 1 mole of 
thionyl chloride and 1 mole of pyridine, and water added 
after 30 min. and the mixture extracted with benzene a 
crystalline compound separated from the aqueous layer.

(1) Paper XV of this series see E. Testa, L. Fontanella,
G. F. Cristiani, and L. Mariani, H elv . C h in i. A c la , 42, 2370
(1959).

(2) E. Testa, L. Fontanella, G. F. Criastiani, and L. 
Mariani, A n n . ,  in press.

(3) (a) R. Fusco and E. Testa, F a rm a c o  [E d . ìct.], 12 , 
828 (1957); (b) E. Testa, F a rm a c o  [E d . sc i.] , 12,837 (1957).

(4) E. Testa, L. Fontanella, G. F. Cristiani, a n i G. G. 
Gallo, J .  O rg . C h e m ., 24, 1928 (1959).

(5) G. Melone, A. Vecchi, G. Pagani, and E. Testa, 
J .  Org. C h e m ., in press.

(6 ) H. E. Zaugg, O rg. R e a c tio n s , 307 (19541.
(7) P. A. Diassi and C. M. Dylion, J .  A m .  C h em . S o c ., 80, 

3746(1958).
(8 ) J. C. Sheehan, K. Hasspacher, and Y. Lieh Yeh, 

J .  A m .  C h e m . S o c ., 81,6086 (1959).
(9) B. J. Ludwig, J .  A m . C h em . S n c ., 72, 5329 (1950).
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The compound was identified as bis(/3-carboxy-/3-ethylbutyl) 
sulfite, m.p. 142-144° (from ethyl ether-petroleum ether 
(b.p. 45-60°)).

A n a l .  Calcd. for ChH2607S: C, 49.69; H, 7.71, S, 9.48. 
Found; C, 49.65; H, 7.65; S, 9.51.

The organic layer was dried over sodium sulfate and dis
tilled; 8.5% of a ,a -d ie th y l-( l-p r o p io la c to n e  (I) was isolated, 
b.p. 65°-70° (7 mm., air bath).

A n a l .  Calcd. for C7H12O2: C, 65.59; H, 9.43. Found: C, 
65.59; H, 9.44.

Compound I was identical with an authentic sample of 
a,a-diethyl-/3-propiolactone.2 Its structure was confirmed 
by conversion of I into the known a,a-diethyl-/S-hydroxy- 
propionic acid2'4.» (m.p. 60-62°); the infrared spectrum 
of I shows a typical band at 1815 cm . _1

The cyclization reaction with thionyl chloride and pyri
dine occurred also with a-phenyl-a-n-propyl-j3-hydroxypro- 
pionic acid2,4: the corresponding /3-lactone2 (b.p. 110-115°/ 
0.5 mm., air bath) was isolated in 5.3% yield. In this case, 
no formation of a sulfite derivative was noted. The lactone 
shows a typical band at 1815 cm. " 1 a-Phenyl-a-n-propyl-/S- 
propiolactone was hydrolized to the known a-phenyl-a-n- 
propyl-/3-hydroxypropionic acid10 (m.p. 104-107°).

The method described allows the preparation of /3-lactones 
directly from /3-hydroxycarboxylic acids, though in low 
yields.

Organic Syntheses Dept.
Research Laboratories of Lepetit S.p .A.
Milan, Italy

(10) E. Testa, L. Fontanella, G. F. Cristiani, and F. 
Fava, A n n . ,  619, 47 (1958).

a-Oximino Ketones. VIII. The Second Order 
Beckm ann Rearrangem ent in Alcohols

Arthur F. F erris, Grannis S. J ohnson, 
and F rancis E. Gould

alcohols. The yields of esters obtained by the 
action of acetic anhydride on solutions of four

R

O NOH
AC2O--------------------- 5

R'ONa +  R"OH

O

R— C—OR" +  R '—C=»N

a-oximino ketones in alcoholic sodium alkoxides 
are reported in Table I. No attempt was made to 
isolate the low molecular weight nitrile products 
obtained when II' was hydrogen or a methyl group, 
but when R ' was the phenyl group benzonitrile was 
obtained as expected. The tendency of the anhy
dride to react with the oxime instead of the al
cohol can be explained on the basis discussed pre
viously,2 namely that the oxime anion is much mere 
effective in attacking anhydride than the neutral 
alcohol molecule.

The fact that esters are obtained when the second 
order Beckmann rearrangement is carried out in 
alcohols provides additional confirmation for the 
mechanistic interpretation of the reaction pre
sented previously.115 Thus if the rearrangement 
involves first formation of the acylated a-oximlio 
ketone and second concurrent departure of the 
acetate anion and shift of the electron pair bet we m 
the oxime carbon and the carbonyl carbon to form 
a nitrile and an oxocarbonium ion, it would be 
expected when the solvent is an alcohol that tie  
oxocarbonium ion would attack the alcohol or 
combine with the alkoxide anion to form an ester, 
and that is exactly the result observed. The

R ece ived  M a r c h  3 , 1 9 6 0

When a-oximino ketones possessing the anti 
configuration are treated with strong acids or acid 
chlorides, or when they are dissolved in aqueous 
base and treated with acylating agents, they are 
cleaved to nitriles and carboxylic acids, a reaction 
which has been termed a “second order” Beck
mann rearrangement.1 Recent work in this labora-

O NOH O

R—C—C—R ' R—If—OH +  R 'C = N
Base in water

tory has shown that when a salt of 2,6-dioximino- 
eyclohexanone in alcoholic base is treated with an 
acid anhydride, it is cleaved to ethyl 5-cyano-2- 
oximinovalerate.2

It has been found now that formation of esters is 
characteristic of simple a-oximino ketones as well 
as of 2,6-dioximinocyclohexanone when the second 
order Beckmann rearrangement is carried out in

( 1 ) (a) A. H. Blatt and R. P. Barnes, J .  A m .  C h e m . S o c .,  
56, 1148 (1934); (b) A. F. Ferris, J .  O rg. C h e m ., 25, 12
(1960). References to earlier work are given in these papers.

(2) A. F. Ferris, G. S. Johnson, F. E. Gould, and H. 
Stange, J .  O rg. C h e m ., 25, 1302 (1960).

O N O H  O  X O “ Na+
II II No01i > II il 

R - C - C - R '  H'OH r - C - C — R'
O
IL

R—C -  R'C=X -  ALL
R O H / '  TOR"

o  ^  ^  O
II ... II

R—C—OR" +  H R -C -O R "

alternative hypotheses that the reaction is initiated 
by attack of the alkoxide ion on the carbonyl 
carbon or involves concurrent attack at the 
carbonyl carbon and departure of the acetate ion 
have been considered in earlier work3 and re
jected on the basis of the fact that treatment of an 
a-acyloximino ketone in alcohol with an amine or 
other weak base leads to formation of the same 
ester product obtained when alkoxide is used.

EXPERIMENTAL4

a - O x im in o  ke to n es . 2-Oximino-l-phenyl-l-propanone and 
a-benzil monoxime were purchased from Distillation Prod- 3 4

(3) A. F. Ferris, G. S. Johnson, and F. E. Gould, J -  
O rg. C h e m ., 25, 496 (1960).

(4) All melting points and boiling points are uncorrected.

il HI
R - t / C - R '
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TABLE I
Second Order Beckmann R earrangements of «-Oximino K etones in Alcohols“

O NOH 

R - i - I U

a-Ox:mino Ketone
Alcohol

Products and Yields6
R R ' Ester Nitrile

C6H6 c h 3 CHjOH C6H5C 02CH3 (54%) C

CJLOH C6H5C 02C2H6 (73%) c

c 6h 5 c 6h 5 C2H6OH C6H5C02C2H5 (75%) C6H5CN(81% )
c 6h 5c h 2 CöHö c 2h 6o h C6H5CH2C 02C2H5 (43%) C6H5CN (52%)
c 6h 6c h = c h H c 2h 5o h C6H5CH=CHCO,C2H5 (57%) c

“ In all cases the base was the sodium alkoxide corresponding to the alcohol and the acylating agent was acetic anhydride. 
6 All yields are based on starting a-oximino ketone not recovered. c Not isolated.

ucts Industries, Rochester, N. Y. 1,3-Diphenyl-l-oximino-
2-propanone has been described previously.lb l-Oximino-4- 
phenyl-3-buten-2-one was prepared by the method of 
Foulds and Robinson6 using butyl instead of isoamyl nitrite. 
I t  melted a t 137-130° (lit.,6 m.p. 143-144°).

R e a rr a n g e m e n ts . Two typical experiments are described 
below. The other rearrangements were carried out and prod
ucts worked up in essentially the same manner.

R e a rr a n g e m e n t o f  a -b e n z il  m o n o x im e  i n  e th a n o l. A solution 
of sodium ethoxide in ethanol was prepared by dissolving
12.0 g. (0.52 g.-atom) of sodium in 1500 ml. of ethanol, and
112.5 g. (0.50 mole) of a-benzil monoxime was dissolved in 
it. During 30 min. 55.0 g. (0.54 mole) of acetic anhydride 
was added dropwise with stirring. The temperature rose 
steadily to a maximum of 55°, then dropped to 30° during 
the next 30 min. The ethanol was evaporated under reduced 
pressure, and the residue was taken up in 500 ml. of ether. 
The solid which failed to dissolve (sodium acetate) was re
moved by filtration and washed with ether. The filtrate was 
washed with two 200-ml. portions of 5% sodium bicarbonate 
solution and dried over magnesium sulfate. Evaporation 
of the ether under reduced pressure left a mixture of solid 
and liquid. The mixture was taken up in 200 ml. of hexane, 
and the solid, which failed to dissolve, was recovered by 
filtration, washed with hexane, and dried. The filtrate 
separated into two layers. The upper (hexane) layer was 
removed, and the lower layer was washed with several small 
portions of hexane until it crystallized. The solid recovered 
by filtration amounted to 40.0 g. and that from the filtrate 
to 2.5 g. The 42.5 g. of solid was shown to be unchanged 
a-benzil monoxime by melting point and mixed melting 
point.

The hexane solution was evaporated under reduced pres
sure, and the liquid residue was distilled i n  va cu o . Three 
fractions were obtained: I, 12.0 g., b.p. 81.5-82.5° (19 mm.), 

1.5257; II, 25.0 g., b.p. 82.5-101° (19 mm.), n™  1.5162; 
and III, 24.0 g., b.p. 101-102° (19 mm.), n2D5 6 1.5041. Fraction 
I gave an infrared spectrum identical with that of benzo- 
nitrile and Fraction I II  a spectrum identical with that of 
ethyl benzoate. Fraction II  was estimated from its index of 
refraction to contain 56% benzonitrile and 44% ethyl 
benzoate. Total recoveries thus were 26.0 g. (81%) of benzo
nitrile and 35.0 g. (75%) of ethyl benzoate.

R e a rr a n g e m e n t o f  l-o x im in o -4 -p h e n y l-3 -b u tc n -2 -o n e . A solu
tion of sodium ethoxide in ethanol was prepared by dis
solving 10.0 g. (0.435 g.-atom) of sodium in 1000 ml. of 
ethanol, and 52.5 g. (0.30 mole) of l-oximino-4-phenyl-3- 
buten-2-one was added. Some solid, probably sodium salt 
of the oxime, remained in suspension. Then 43.0 g. (0.42 
mole) of acetic anhydride was added with stirring during 
30 min., the temperature being kept at 20-30° by cooling. 
After stirring 15 min. more the mixture was filtered and the

(5) R. P. Foulds and R. Robinson, J .  C h e m . S o c ., 103, 
1768(1913).

(6) L. Claisen and O. Manasse, B e r ., 22, 529 (1889).

solvent was evaporated under reduced pressure. The residue 
was taken up in 250 ml. of ether, and the ether solution 
was filtered, washed with 100 ml. of 5% sodium bicarbonate 
solution, dried over magnesium sulfate, and evaporated. 
The liquid residue was distilled under reduced pressure to 
give 35.0 g. of ethyl cinnamate, b.p. 142-146° (19 mm.), 
containing a little solid. On redistillation there was obtained
30.0 g. (57%) of pure ethyl cinnamate, b.p. 114° (2.6 
mm.), n2D8 1.5555. The infrared spectrum of this material 
was identical with that of authentic ethyl cinnamate.

Chex:ical Research and Development Center
F ood Machinery and Chemical Corp.
P rinceton, N. J.

The Preparation o f Three K etone Acetals by 
Alcohol Interchange w ith  Dioxolanes

N. B. Lorette and W. L. H oward 

R ece ived  F e b ru a r y  1 5 , 1 9 6 0

The usual methods for the preparation of 
ketals are the reaction of an ortho ester with a 
ketone1 and the addition of two moles of an alcohol 
to a substituted acetylene.2 Recently a method 
for the preparation of ketals directly from simple 
ketones and alcohols was reported.3 The success of 
this method is dependent upon the use of a low 
reaction temperature (< —20°) because the 
amount of the ketal formed is inversely related to 
the temperature of the reaction mixture. Each of 
the above methods requires either an uncommon 
reagent or inconvenient temperatures.

Two ketals have now been prepared by using 
readily available dioxolanes and methanol.

CH2—CHCH.R' CH2—CHCH2R '
I I  ' IO O OH OH
\  /  H+ +

C +  2CH3OH RC(OCH3)2CH3
/  \

R  CH3
R = CH3, C2H5

___________  R ' =  H, OH
(1) L. Claisen, B er ., 2 9 ,1005 (1896).
(2) D. B. Killian, G. F. Hennion, and H. A. Nieuwland, 

J .  A m .  C h em . S o c ., 56, 1384 (1934).
(3) N. B. Lorette, W. L. Howard, and J. H. Brown, Jr., 

J .  O rg. C h e m ., 24, 1731 (1959).
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The reaction is shifted in the direction of the ketal 
by continuous removal of the ketal as an azeo
trope with an excess of the alcohol used. The equi
librium also can be shifted in the direction of the 
ketal by decreasing the temperature and even at 
temperatures of 30 to 60° the reaction is rapid and 
this method of ketal preparation is effective.

This reaction has been used for the preparation 
of acetone dimethyl and diethyl acetals from 2,2- 
dimethyl-4-methylol-l,3-dioxolane and butanone 
dimethyl acetal from 2-ethyl-2-methyI-4-methylol-
1,3-dioxolane. The reaction also provides a con
venient method for the methanolysis of isopropyli- 
dene derivatives of diols, as the by-product ketal 
can be easily removed as its azeotrope with meth
anol at 61°.

EXPERIMENTAL

The undistilled residue of the reaction solution was made 
basic with sodium methylate and distilled. The distillate 
was 0.65 mole of 2-ethyl-2-methjd-4-methylol-l,3-dioxolane 
and the residue was 0.33 mole of glycerine which had the 
same infrared spectrum as a pure sample.

P r e p a r a t io n  o f  a ce tone  d ie th y l  ace ta l. In the manner already 
described, a solution composed of 1 mole of 2,2-dimethyl-4- 
methylol-l,3-dioxolane, 15 moles of ethanol, and 0.5 g. of 
p-toluenesulfonic acid was slowly distilled at 100 mm. pres
sure. A 385-ml. fraction of distillate (b.p. 33-36°) was 
collected which was shown by infrared spectroscopy to be 
6.8% (vol.) of acetone diethyl acetal. No attem pt was made 
to separate the acetone diethyl acetal from the ethanol.

Organic Basic Research Laboratory
T he D ow Chemical Co.
Freeport, T ex.

Preparation o f 2,2-DiaIkyl-4-pentenoic Acids

E ffe c t  o f  te m p e r a tu re  o n  the  e q u i l ib r iu m . Samples A and B 
of 15 ml. each were taken from a common stock solution 
composed of 0.25 mole of 2,2-dimethyl-4-methylol-l,3- 
dioxolane, 1.0 mole of methanol, and 1 drop of sulfuric acid. 
For a period of 10 min. sample A was kept at 62° and B at 
0°. At the end of this time, the solutions were made basic 
by the addition of 5 ml. of a stock solution of sodium meth
ylate in methanol. By infrared spectroscopy the per cent of 
dioxolane converted to acetone dimethyl acetal was deter
mined for each sample: A, 17%; B, 21%. The conversion 
was estimated by computing the initial and final concen
trations of acetone dimethyl acetal calculated from its ab
sorption coefficient determined in solutions of similar com
position with an authentic sample. The precision is about
5%.

P r e p a r a tio n  o f  acetone d im e th y l  ace ta l. A solution com
posed of 1 mole of 2,2-dimethyl-4-methyIol-l,3-dioxolane, 
15 moles of methanol, and 1 drop of sulfuric acid was dis
tilled through a 3-foot column packed with 1/8-in. helices 
and equipped with an automatic distillation head. The 
pressure was 220 mm. and the overhead temperature was 
32-35°. (At atmospheric pressure methanol and acetone 
dimethyl acetal form an azeotrope, b.p. 61-62°, the com
position of which is 45% and 55% by weight respectively.) 
With a reflux ratio of 20 to 30, 156 g. of a mixture of metha
nol and acetone dimethyl acetal was collected. The distillate 
contained 0.72 mole of acetone dimethyl acetal. Following 
the procedure described by Bond and Klar,4 the azeotrope 
solution was washed with 13-15% aqueous sodium hydrox
ide solution, dried with potassium carbonate, and distilled 
to give pure acetone dimethyl acetal, b.p. 80° (760 mm.), 
n2D5 1.3748 (lit.2 b.p. 78-80°, n2D° 1.3746).

Using 1 mole of 2,2,4-trimethyl-l,3-dioxolane, 6 moles of 
methanol, and 0.5 g. p-toluenesulfonic acid a 52% yield of 
acetone dimethyl acetal was obtained.

P r e p a r a t io n  o f  b u ta n o n e  d im e th y l  ace ta l. A solution com
posed of 1 mole of 2-ethyl-2-methyl-4-methylol-l,3-dioxo- 
lane, 14 moles of methanol, and 1 drop of sulfuric acid was 
distilled. (At atmospheric pressure methanol and butanone 
dimethyl acetal distill as an azeotrope, b.p. 64.5°, 18.5% 
acetal by weight.) The pressure was 220 mm. and the over
head temperature was 33-36°. After 325 ml. of distillate 
was collected with a reflux ratio of 20, the distillation was 
stopped. After adding 150 ml. of xylene to the distillate, 
it was washed three times with 10% sodium hydroxide 
solution, dried with potassium carbonate, and distilled at 
atmospheric pressure. A 25-ml. (0.18 mole) fraction of 
butanone dimethyl acetal was collected, b.p. 106-107° 
(760 mm.), 1.3918 (lit.3 n2D4 1.3915).

(4) G. C. Bond and L. A. Klar, U. S. Patent 2,827,495
(1958).

K ent C. Brannock, Herman S. P ridgen, 
and Benjamin T hompson

R ece ived  M a r c h  16 , 1 9 6 0

The rearrangement of the enolate anions of allyl 
esters, where either R or R' is aryl, is well known.1 2

R
:c = g"

R O
I IIc = c - c - c - c - o  
I

R '

,9

It has also been reported that allyl acetate gives 4- 
pentenoic acid on treatment with sodium.2 In the 
present investigation, however, treatment of allyl 
acetate with sodium hydride gave allyl acetoacetate 
as the only identifiable product.

A more favorable case for rearrangement to 
occur was that of an allyl ester of an acid having 
only one hydrogen atom in the «-position, as such 
compounds do not ordinarily undergo the aceto- 
acetic ester condensation. Treatment of allyl iso- 
butyrate and methallyl isobutyrate with sodium 
hydride gave 2,2-dimethyl-4-pentenoic acid and
2,2,4-trimethyl-4-pentenoic acid, respectively. 
When sodium methoxide or potassium feri-butoxide 
was used instead of sodium hydride, no rearrange
ment products were obtained.

EXPERIMENTAL

2 ,2 -D im e th y l - f - p e n te n o ic  a c id . A mixture of sodium hy
dride, 36 g. (1.5 moles), dispersed in mineral oil and 200 ml. 
of toluene was heated to 110°, and allyl isobutyrate, 192 g. 
(1.5 moles), was added dropwise over a 3.5-hr. period. Heat
ing was continued for 1 hr. at 110°. The reaction mixture

(1) (a) R. T. Arnold and S. Searles, Jr., J .  A m .  C h e m . S o c ., 
71, 1150 (1949); (b) R. T. Arnold, W. E. Parham, and R. M. 
Dodson, J .  A m .  C h em . S o c ., 71, 2439 (1949); (c) R. T. 
Arnold, U.S. Patent 2,526,108 (1950); (d) P. N. Craig, 
U.S. Patent 2,618,637 (1952); (e) R. T. Arnold and G. E. 
Ullyot, U.S. Patent 2,650,231 (1953).

(2) Heou-Feo Tseou and Yih-Teh Yang, J .  C h in e s e  C h em . 
S o c ., 5, 224 (1937); C h e m . Z e n tr . , 108, II, 3309 (1937).
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became quite thick and difficult to stir as the reaction pro
ceeded. The mixture was cooled and 25 ml. of methanol was 
added to decompose any unused sodium hydride. Then 600 
ml. of 7% hydrochloric acid solution was added. The organic 
phase was separated and distilled to give, after removal of 
toluene and other low-boiling materials, 126 g. (66%) of
2,2-dimethyl-4-pentenoic acid, b.p. 82-83° (4 mm.), n f f  
1.4337; reported3 b.p. 104-108° (20 mm.)

A n a l .  Calcd. for C7IL 2O2: C, 65.6; H, 9.4; neut. equiv. 128. 
Found: C, 65.7; H, 9.5; neut. equiv. 129.

2 ,2 ,4 -T r im e th y l-4 -p e n te n o ic  a c id . Under the conditions 
described above, methallyl isobutyrate and sodium hydride 
gave 2,2,4-trimethyl 4 pentenoic acid in 68% yield, b.p. 
78-81° (1.5-2 mm.), ra1 2D° 1.4421.

A n a l .  Calcd. for GsHnCh: C, 67.6; H, 9.9; neut. equiv. 
142. Found: C, 67.2; H, 9.9; neut. equiv. 143.

R esearch Laboratories
T ennessee E astman C o .
D ivision op E astman K odak Co.
K ingsport, Tenn.

(3) R. F. Brown and N. M. Van Guliek, J .  A m .  C h em . 
S o c ., 77,1092(1955).

C atalytic Interaction o f 2-Vinylpyridine and 
Hydrogen Sulfide1

L. H. Klemm and D avid R eed 

R ece ived  M a r c h  4 , 1 9 6 0

Moore and Greensfelder2 have described the 
synthesis of benzothiophene in 60% yield from 
styrene and hydrogen sulfide using a flow apparatus, 
a ferrous sulfide-alumina catalyst, and a tempera
ture of 600-625°. Besides benzothiophene and 
unchanged starting materials other substances 
identified in the effluent were hydrogen, a tar-like 
polymer, and small amounts of benzene, ethene, 
and probably ethane. By use of similar conditions 
we have been able to isolate, albeit in only 1.6% 
yield, a compound which appears to be the previ
ously unknown thieno [3,2-5] pyridine (I) from 2- 
vinylpyridine and hydrogen sulfide. Other products 
identified in the gases condensable above — 70° from

the reaction effluent were ethyl mercaptan, di
ethyl sulfide, pyridine, thiophene, sulfur, and hy
drogen sulfide, but not unchanged 2-vinyl pyridine. 
A material balance showed that at least half of the 
nitrogen atoms in the influent were retained on the 
column, perhaps as polymeric or strongly ad-

(1) Abstracted from the M.S. thesis of David D. Reed, 
University of Oregon, June 1957. Further details concerning 
the apparatus used may be obtained by consultation of this 
thesis.

(2) R. J. Moore and B. S. Greensfelder, J .  A m .  C h em . 
R oc., 69,2008 (1947).

mp
Fig. 1. Comparison of ultraviolet spectra. Large graph:

— -----  thieno[3,2-6]p y rid ine ;---------qu ino line;-------------
2-vinylpyridine. Inset graph: --------- benzothiophene:
---------naphthalene;--------- styrene.

sorbed3 species. The formation of the products can 
be rationalized by the assumption that hydrogen 
sulfide adds to 2-vinylpyridine to form the inter
mediate 2-(2-pyridyl)ethyl mercaptan (II) which 
undergoes hydrogenolysis (by hydrogen sulfide) 
to ethyl mercaptan, pyridine, and sulfur and de- 
hydrocyclization to I. In addition, condensation of 
ethyl mercaptan with 2-vinylpyridine followed by 
hydrogenolysis and subsequent dehydrocycliza- 
tion could account for the formations of diethyl 
sulfide and thiophene, respectively.

Structure I was assigned to the faintly yellow 
liquid obtained from fractional distillation of the 
crude reaction product on the basis of its b.p. 
(82-84°/2 mm., estimated b.p. 240°/760 mm.; 
cf. quinoline,4 5 b.p. 239°), its ultraviolet absorption 
spectrum (nearly a composite of the spectra of 
quinoline6 and 2-vinylpyridine,6 cf. the spectrum

(3) In preliminary chromatographic studies conducted 
in this laboratory the unusually strong adsorbability of 
aromatic nitrogen heterocycles (as compared to the corre
sponding arenes) on alumina has been noted.

(4) R. L. Shriner, R. C. Fuson, D. Y. Curtin, T h e  S y s te m 
a tic  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 , 4th ed., J. Wiley 
& Sons, New York, 1956, p. 297.

(5) R. A. Friedel and M. Orchin, U ltra v io le t S p e c tr a  o f  
A r o m a t ic  C o m p o u n d s , J. Wiley & Sons, New York, 1951.

(6) R. P. Mariella, L. F. A. Peterson, and R. C. Ferris, 
J .  A m .  C h e m . S o c ., 70,1494 (1948).



OCTOBER 1960 NOTES 1 8 1 7

of benzothiophene5 with the spectra of naphthalene5 
and styrene,7 Fig. I),8 its reaction with methyl 
iodide to form a high melting solid containing both 
nitrogen and sulfur, and its conversion to a crystal
line picrate of elementary analyses appropriate for 
I monopicrate.

Hansch and Carpenter9 1 were unable to isolate 
any thienopyridine upon treating 4-vinylpyridine 
with hydrogen sulfide in the manner of Moore 
and Greensfelder.2 Instead, they obtained a yellow 
liquid which formed a crystalline dipicrate and was 
presumed to be |8„3-di(4-pyridyl) ethyl sulfide.

EX PE R IM E N T A L

The apparatus used was modified from that previously 
reported.1’ 2 The ferrous sulfide-alumina catalyst was pre
pared by impregnating activated alumina (Fisher Scientific 
Co., 8-14 mesh) with 1.25A7 aqueous ferric nitrate solution, 
sulfiding, and calcining.2 Commercial hydrogen sulfide was 
used directly from the cylinder. 2-Vinylpyridine (Reilly 
Tar and Chemical Corp., Indianapolis) was distilled from its 
inhibitor just prior to use. In a typical run which furnished 
maximum yields of total products condensable above 0°, 
the reaction temperature was 603 ±  3°; the flow rates of 
hydrogen sulfide and 2-vinylpyridine were 475 ml./min. 
and 29.5 g./hr., respectively (molar ratio 4.1:1); the calcu
lated contact time (assuming the catalyst bed was a total 
void, i .e . , 700 ml.) was 24 sec.; and the total reaction time 
was 80 min.

The dark liquid (15 g.) which collected in air- and ice 
water-cooled receivers was distilled under reduced pressure 
in a nitrogen atmosphere. From earlier fractions of distillate 
were obtained ethyl mercaptan (positive colorimetric test 
with sodium nitroprusside, converted to ethyl 2,4-dinitro- 
phenyl sulfide), diethyl sulfide (converted to sulfone), pyri
dine (converted to picrate), thiophene (converted to 2- 
mercurichloride derivative), and sulfur. Sulfur and each of 
the preceding crystalline derivatives were identified by 
melting point and mixture melting point with authentic 
samples of the same substances.

T h ie n o [ 3 ,8 - b \p y r id in e  (I) was collected from the higher 
boiling fraction as a yellow liquid, b.p. 82-84° (2 mm.), 
yield 0.8 g. (1.6%); X ^ l0H 230 m y  (log < 4.42), 278 (3.71), 
285-290 (3.65)-shoulder, ca . 315 (2.4)-shoulder; soluble in 
ethanol, ether, benzene, and dilute hydrochloric acid; in
soluble in water and aqueous sodium hydroxide. I  darkened 
upon exposure to air a t room temperature for a few hours, 
but it remained yellow for several weeks when stored under 
nitrogen at 0°.

Treatment of I  with an equimolar quantity of picric acid 
in methanol gave green-yellow needles of p ic r a te , recrystal
lized from ethyl acetate to constant m.p., 195.5-197.5°.

A n a l .  Calcd. for Ci3HsN40 7S: C, 42.86; H, 2.21; N, 15.38; 
S, 8.80. Found: C, 43.17; H, 2.18; N, 15.38; S, 8.26.

Treatment of I with excess methyl iodide gave pale 
yellow needles, presumably the methiodide, m.p. 217- 
219.5° with previous darkening, not obtained sufficiently 
pure for elementary analysis but giving positive qualitative 
sodium-fusion tests for the presence of nitrogen and sulfur.

Department of Chemistry
University of Oregon
E ugene, Ore.

(7) G. Allard, H e lv . C h im . A c ta , 19, 1270 (1936).
(8) W. Herz and L. Tsai, J .  A m .  C h em . S o c ., 75, 5122

(1953) have noted a “marked resemblance” between the 
spectra of isoquinoline and thieno[2,3-e]pyridine.

(9) C. Hansch and W. Carpenter, J .  O rg. C h em ., 22, 
936 (1957).

3-Hydroxy coumarins

K. N. T rivedi and Suresh Sethna 

R e c e iv e d  M a r c h  3 0 , 1 9 6 0

3-Hydroxycoumarin has an inhibiting effect on 
the growth of avena roots1 and 3-aminocoumarins, 
which are intermediates in the synthesis of 3- 
hydroxycoumarins, are found to have antibacterial 
properties.2 The present work deals with the syn
thesis of some substituted 3-hydroxycoumarins 
and a study of the pattern of substitution in 3-hy- 
droxycoumarin.

5-Bromo-, 3,5-dibromo-, 3-nitro-, 5-nitro-, and
3,5-dinitrosalicylaldehyde, methyl 2,4-dihydroxy-
3-formylbenzoate and 2,4-dihydroxy-3-formylaceto- 
phenone were condensed according to Shaw, 
McMillen, and Armstrong3 with acetylglycine in 
the presence of sodium acetate and acetic an
hydride and the 3-acetamidocoumarins formed hy
drolyzed with alcoholic 3Ar-hydrochloric acid to the
3- hydroxycoumarins. The intermediate 3-amino- 
coumarins could not be isolated even under con
trolled hydrolysis with acid or alkali.

The ketonic character of the 3-hydroxycoumarin 
has been shown by the formation of a phenylhy- 
drazone and a quinoxaline derivative with o- 
phenylenediamine.4 I t  is now found that 3-hy
droxycoumarin gives the isonitroso derivative with 
nitrous acid. With bromine in acetic acid it gave 
the 4-bromoderivative and with iodine and iodic 
acid the 4-iodo derivative, both of which gave the 
original coumarin on reduction with zinc and acetic 
acid. Further bromination did not succeed, but 
the 6-bromo- and 6,8-dibromo-3-hydroxycoumarin 
were brominated in the 4-position. 3-Acetoxycou- 
marin underwent Fries migration to give the 4- 
acetyl derivative which was also obtained in the 
Friedel-Crafts acetylation of 3-hydroxycoumarin. 
On oxidation it gave salicylic acid. 3-Hydroxy- 
coumarin when treated with formaldehyde gave
4- 4'-methylenebis(3-hydroxycoumarin).

E X PER IM EN TA L

S y n th e s i s  o f  3 -h y d r o x y c o u m a r in s . An equimolecular mix
ture of the salicylaldehyde derivative, acetylglycine, and 
anhydrous sodium acetate and acetic anhydride (2 moles) 
was heated on a steam bath for 1 hr. The 3-acetamido- 
coumarin derivative obtained on dilution with water was 
crystallized from acetic acid (Table I).

The acetamidocoumarin was dissolved in a minimum 
quantity of alcohol and refluxed with 3N  hydrochloric acid 
for 3 to 4 hr. The 3-hydroxycoumarin obtained on cooling

(1) R. H. Goodwin and G. Taves, A m .  J .  B o ta n y , 37, 224
(1950).

(2) G. Rodighiero and C. Antonello, B u l l .  C h im . F a r m .,  
97, 592 (1958).

(3) K. N. F. Shaw, A. McMillen, and M. D. Armstrong, 
J .  O rg . C h e m ., 21, 601 (1956).

(4) E. Erlenmeyer, Jr., and W. Stadlin, A n n . ,  337, 283 
(1904).
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TABLE I
3-Acetamidocoumarin Derivatives

3-Acetamido- _______ Analyses
No. Aldehyde coumarin M.P. Formula Found Calce.

1 5-Bromosalicylaldehyde 6-Bromo-,“ 261-262° CnH80 3NBr Br, 28.57 Br, 28.36
2 3,5-Dibromosalicylaldehyde 6,8-Dibromo-, 279° CnH70 3NBr2 Br, 44.66 Br, 44.32
3 5-Nitrosalicylaldehyde 6-Nitro-, 278° ChH80 5N2 N, 11.09 N, 11.3
4 3-Nitrosalicylaldehyde 8-Nitro-, 268° c uh 8o 5n 2 N, 11.14 N, 11.3
5 3,5-Dinitrosalicylaldehyde 6,8-Dinitro-, 225° C11H7O7N3 N, 14.54 N, 14.33
6 Methyl-2,4-dihydroxy-3- 

formylbenzoate
5-Acetoxy-6-

carbo-
methoxy-,

255° Ü15H13O7N N, 4.57 N, 4.52

7 2,4-Dihydroxy-3-formyl-
acetophenone

5-Acetoxy-6-
acetyl-,

290° Ci6HI30 6N N, 4.95 N, 4.62

“ F. W. Linch ( / .  C h em . S o c ., 1758 (1912)) prepared it by a different route and gave the m.p. 266°. The hydrolysis of this 
product with dilute sulfuric acid did not give the 3-aminocoumarin derivative as reported by Linch but gave the 3-hydroxy- 
coumarin derivative.

TABLE II
E-Hydroxycoumarin D erivatives

Analyses
No. 3-Hydroxycoumarin M.P. Formula Found Calcd.

1 6-Bromo-, 252° C9H50 3Br Br, 33.23 Br, 33.02
2 6,8-Dibromo-, 261° C9H4OsBr2 Br, 49.82 Br, 50.0
3 6-Nitro-, a 256° c 9h 5o 5n N, 6.9 N, 6.76
4 8-Nitro-, 220° c 9h 5o6n N, 6.7 N, 6.76
5 6,8-Dinitro-,

5-Hydroxy-6-carbomethoxy-,
185° c 9h 4o7n 2 N , 10.8 N, 11.11

6 225° CnHsOe C, 60.24 
H, 3.62

C, 60.0 
H, 3.64

7 5-Hydroxy-6-acetyl-,

OOCO C„H80 6 C, 55.52 
H, 3.02

C, 55.9 
H, 3.39

8 4-Bromo-,“ 210° C9H50 3Br Br, 33.15 Br, 33.02
9 4,6-Dibromo-,4 273° C9H40 4Br2 Br, 50.15 Br, 50.0

10 4,6,8-Tribromo- , e 230° C9H9OsBr3 Br, 59.6 Br, 60.1

0 Obtained by the bromination of 3-hydroxycoumarin. 4 Obtained by the bromination of 6-bromo-3-hydroxyeoumarin. 
c Obtained by the bromination of 6,8-dibromo-3-hydroxycoumarin.

was crystallized from alcohol (Table II). All the 3-hydroxy- 
coumarins gave a characteristic green coloration with 
alcoholic ferric chloride, and were soluble in sodium hy
droxide solution in the cold on standing.

4 - Is o n itro so -S ,S -d ik e to c h ro m a n . A mixture of 3-hydroxy 
coumarin (1 g.) in a minimum quantity of acetic acid and 5 
ml. coned, hydrochloric acid was kept in an ice bath and 
sodium nitrite solution (0.5 g. in 5 ml. of water) was added 
dropwise. Sodium bicarbonate solution was added to neu
tralize the solution, which was then extracted with ether. 
The product obtained from ether crystallized from a ben- 
zene-ligroin mixture in stout yellow needles, m.p. 185° 
dec.

A n a l .  Calcd. for C9H50 4N: N, 7.3. Found: N, 7.1.
B r o m in a t io n s . To 3-hydroxycoumarin or its derivative in 

acetic acid a molecular quantity of bromine in acetic acid 
was added and the reaction mixture stirred for 0.5 hr. The 
product which separated was crystallized from acetic acid 
(Table II).

4 - Io d o -S -h y d r o x y c o u m a r in . To 3-hydroxycoumarin (1.72 
g.) and iodine (1.16 g.) dissolved in a minimum quantity of 
alcohol, iodic acid (0.4 g.) was added with stirring. The 
product which separated was filtered and crystallized from 
alcohol as pale yellow needles, m.p. 223° dec.

A n a l .  Calcd. for C9H60 3I: I, 44.06. Found: I, 43.74.
R e d u c t io n s . 4-Bromo- or 4-iodo-3-hydroxycoumarin (0.5 

g.) was dissolved in acetic acid (25 ml.) and zinc dust (1 g.) 
was added. The reaction mixture was refluxed for 2 hr. I t 
was filtered hot and diluted with water. The product

which separated was crystallized from alcohol; melting 
point and mixed melting point with 3-hydroxycoumarin 
was 151°.

S -A c e to x y c o u m a r in  was obtained by heating 3-hydroxy- 
coumarin with pyridine and acetic anhydride. I t  crystallized 
from benzene in colorless needles; m.p. 105-106°. I t  did 
not give any coloration with alcoholic ferric chloride.

A n a l .  Calcd. for CnH30 4: C, 64.71; H, 3.93. Found: 
C, 64.81; H, 4.3.

4 -A c e ty l-S -h y d r o x y c o u m a r in . A mixture of 3-acetoxy- 
coumarin (1 mole) and anhydrous aluminum chloride (2 
moles) was heated in an oil bath at 140° for 2 hr. The reac
tion mixture was worked up as usual. The product obtained 
was dried and extracted with hot petroleum ether (b.p.
60-80°). The product obtained on repeated crystallization 
from the same solvent gave colorless needles, m.p. 85°. 
The same product was obtained in the Friedel-Crafts 
acetylation of 3-hydroxyeoumarin (1.6 g.) by heating it 
with anhydrous aluminum chloride (2.5 g.) and acetic anhy
dride (4 ml.) on a steam bath for 3 hr. I t gave a green colora
tion with alcoholic ferric chloride.

A n a l .  Calcd. for CnH80 4: C, 64.71; H, 3.93. Found: C, 
64.84; H, 3.88.

T h e  S :4 -d in itr o p h e n y lh y d r a z o n e , prepared as usual, melted 
a t 236-238° dec.

A n a l .  Calcd. for CnHnC>7N4: N, 11.59. Found: N, 11.7.
O x id a t io n . 4-Acetyl-3-hydroxycoumarin (1 g.) was dis

solved in sodium hydroxide (10%; 10 ce.) and heated with 
potassium permanganate (0.5 g.) on a steam bath for 3 hr.
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The product obtained on working up as usual melted at 
156°. Mixed melting point with salicylic acid was not 
lowered.

4 ,4 '- M e th y le n e b is (3 -h y d r o x y c o u m a r in ) . A mixture of 3- 
hvdroxycoumarin (1 g.), alcohol (20 ml.), and formalin 
(40% soln. 3 ml.) was refluxed for 3 hr. The separated 
product was filtered hot and crystallized from alcohol as 
colorless needles, m.p. 266°.

A n a l .  Calcd. for C^H^O«: C, 67.85; H, 3.57. Found; 
C, 67.46; H, 3.35.

Chemistry D epartment 
Faculty o f  Science 
M. S. University o f  Baroda 
Baroda-2, I ndia

The M echanism  o f the Rearrangem ent o f 
2-Phenyl-4-hydroxym ethy]ene-5-oxazolone1,J

C. G. Stuckwisch and Dan D. P owers’

R e c e iv e d  F e b r u a r y  2 9 , 1 9 6 0

Synthetic work directed toward the synthesis of 
the erronously postulated thiazolidine-oxazolone 
structure for penicillin led to a considerable advance 
in the chemistry of oxazolones. During the course of 
these studies a substance isomeric with 2-benzyl-4- 
hydroxymethylene-5-oxazolone was isolated from a 
reaction involving the latter compound. This 
isomeric compound was subsequently proved to be 
2-benzyloxazole-4-carboxylic acid.4a Later several 
examples of the same general type of rearrangement 
came to light. The reaction can be formulated in 
general as an intramolecular rearrangement of 5- 
substituted oxazoles having a carbonyl carbon at
C4.4b

O

N— C—A - R '

r - A  <u
\  /

0

N—

R - A
\  /  

o

c J - R 4

L r -

A direct interchange of It' and R," is rather un
likely. A more plausible mechanism, suggested by 
Cornforth,4b involves oxazole ring opening at C2 
followed by recyclization at the carbonyl oxygen.

O

N---- C—'

n - h  A
\  /

0

R '

o-
R ' N---- C = C —R '

>  R—A A—R '
+  ^

O
O

N— C—C—R"

r - A  A - r 4
\  /  

o

(1) Abstracted from a Masters thesis by Dan Powers.
(2) Presented before the 134th meeting of the American 

Chemical Society, Chicago, 111., Sept. 12, 1958.

We have substantiated this mechanism with C 14as 
a tracer.

CeHäCOCl
HjNCHsC

HN—CHs 
><OOH I I CHfOCiH.).
------ s- CsH— C CI4= 0 ------------- s-

O OH
H O

N— C=COC2H6
)  ! O H -

CsHs—C C l4= 0  — >
\  /

CeHs

N— C—CH 
lì II OH-

C6H — C C14—o -  — >-
\  /

0 O
0 O
II -  JlN---- C—CH N -II - C —CH

I

— A A 14— 0 -  — CeHg—C C 14—0 -
l \  / 1 II

HO O HO 0

o

N— C—C14—0 -  2 ! C u o ,  a

C6H5- - l  L :  
\  /  

o

H

N----C—H

C6Hr -A l  
\  /  

O

-H
+  C>40 2

Table I shows that all of the radioactive carbon 
was in the carbon dioxide obtained by decarboxy
lation of the rearrangement product, 2-phenyl- 
oxazole-4-carboxylic acid.

TABLE I
Counting Data for P ertinent Compounds

Compound
Sample, 

Wt., Mg.
Count® 

per Min.

Back
ground 
Count 

per Min.

Av. 
Count’ 

per Min.

2-Phenyloxazole- 106.2 2946 28
4-carboxylic
acid

76.2 3024 28 2957

Barium carbonate 129.3 3166 30
122.1 3156 30 3131

2-Phenyloxazole 238.5 31 30 0

“ After coincidence correction was applied. 6 All samples 
were of infinite thickness so that the total count is propor
tional to the specific activity.

Several attempts were made to prepare 2-phenyl- 
5-ethoxyoxazole-4-carboxylic acid from 2-phenyl- 
4-bromo-5-ethoxyoxazole v i a  reaction with cuprous 
cyanide and with n-butyllithium. Neither reaction 
was successful under a wide variety of conditions.

(3) Present address: Department of Chemistry, Wash
ington University, Seattle, Wash.

(4) H. T. Clarke, J. R. Johnson, and Sir Robert Robin
son, T h e  C h e m is tr y  o f  P e n ic i l l in , Princeton University Press, 
Princeton, N. J., 1949: (a) p. 694, (b) pp. 699-700, (c) p. 
803.
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EXPERIMENTAL

H ip p u r ic -c a r b o x y l- C u  a c id . Glyeine-l-C14 (3.48 m C./ 
mM.; 0.5 mC. total activity; 10.8 mg.) was dissolved in 
water, and diluted to 10 ml. in a 10-ml. volumetric flask. 
Five cubic centimeters of this solution was pipeted into a 
solution prepared by dissolving 5.4 g. of inactive gtycine 
and 12.5 g. of sodium hydroxide in 75 ml. of water. Benzoyl 
chloride (10 g.; 8.5 ml.) was then added and the mixture 
shaken vigorously until solution of the benzoyl chloride 
was complete. The solution was then acidified, filtered with 
suction, washed with water, and pressed as free of water as 
possible. The crude mixture was thoroughly mixed in the 
filter with two separate portions of ethyl ether and filtered. 
The yield of crude hippuric acid was 10 g. (78%).

2 -P h e n y l-4 -e th o x y m e th y le n e -5 -o x a zc lo n e -5 -C l i . The 10 g. 
of hippuric acid obtained in the preceding preparation was 
mixed with 10 g. of inactive hippuric acid, added to a flask 
containing 12 ml. of acetic anhydride and 20 ml. of ethyl 
orthoformate and treated as previously described.40 The 
yield of oxazolone was 5 g. (22%).

2 -P h en y lo xa zo le -4 -ca rb o xy lic -ca .rb o xy l-C u  a c id . The hydrol
ysis and rearrangement of the oxazolone were carried out 
according to the procedure of Cornforth and Cookson.6 
The yield of a 2-phenyloxazole-4-carboxylic acid was 1.2 g. 
(67%).

D ec a r b o x y la tio n  o f  2 -p h en y lo x a zo le -4 -c a rb o x y lic -c a rb o x y l-C l i  
a c id . The acid was decarboxylated by distilling over copper- 
(II) oxide (bath temperature 270-280°). The carbon dioxide 
was absorbed in 0.2iV barium hydroxide solution. The pre
cipitated barium carbonate was isolated by filtration, washed 
successively with distilled water, acetone and ether, dried, 
and then counted.

The oxazole distillate was dissolved in ether and washed 
with aqueous sodium bicarbonate. The ether solution was 
dried, the ether evaporated, and the residual 2-phenyl- 
oxazole counted. The melting point of the picrate was 115- 
116° and was undepressed when mixed with an authentic 
specimen.

the abstraction of a hydrogen atom from the carbon 
atom adjacent to the oxygen producing a free radi
cal, which undergoes decomposition into an alkyl 
radical and the carbonyl-containing compound.

R 2COR' — >  R 2C = 0  +  R'-

The investigation of 2-methoxytetrahydropyran
(I) was undertaken to determine if this cyclic 
acetal could be rearranged to methyl valerate (II) 
via the following free radical chain sequence:

I
B - +  I

•CH 2(CH 2)3C 0 2C H 3

B-
A-

—  C H 3(C H 2)3C 0 2C H 3 +  A-

II

The reaction of radical A- to form radical B- is the 
same type of elimination encountered in the re
action of Kuhn and Wellman. However, in the case 
of the cyclic radical A-, the elimination reaction 
amounts to a rearrangement of the radical.

Reactions in which di-f-butyl peroxide was 
thermally decomposed in the presence of 2-meth
oxytetrahydropyran have shown that rearrange
ment does in fact take place. Listed in Table I 
are the products obtained by heating 2-methoxy
tetrahydropyran with di-i-butyl peroxide at 120- 
130°. "

TABLE I
P r o d u c t s  O b t a i n e d  f r o m  t h e  D e c o m p o s i t i o n  o f  D i - f -  

B u c y l  P e r o x i d e  i n  2 - M e t h o x y t e t r a h y d r o p y p .a n

Acknowledgment. The authors are grateful to 
the University of Wichita for a special grant for 
financial support of this investigation.

C h e m i s t r y  D e p a r t m e n t  
U n i v e r s i t y  o f  W i c h i t a  
W i c h i t a  8 , K a n .

(5) J. W. Cornforth and E. Cookson, J .  C h em . S o c ., 
1086(1952).

The Free Radical Induced Rearrangem ent 
o f 2-M ethoxytetrahydropyran to M ethyl 

Valerate

E a r l  S .  H u y s e r 1 

R ece ived  M a r c h  1 4 . 1 9 6 0

Acetals have been reported to react in a free 
radical chain reaction induced by alkoxy radicals 
yielding hydrocarbons and carbonyl-containing 
compounds as the main products.2 The mechanism 
proposed to account for these products involves

(1) Present address: Department of Chemistry, Univer
sity of Kansas, Lawrence, Kan.

(2) L. P. Kuhn and C. Wellman, J .  O rg. C h e m ., 22, 
774(1956).

Moles 
Run 1“ Run 2s

¿-Butyl alcohol 0.21 0.18
Acetone trace trace
Methane trace trace
Methyl valerate 0.12 0.13
Residue 0.048 (m.w. 412) (12.5 g.)

Recovered
2-Methoxytetrahydropyran 0.08 0.25
Di-i-butyl peroxide 0.03 0.017

a 0.39 mole I, 0.15 mole di-i-butyl peroxide. 4 0.48 mole 
I, 0.12 mole di-i-butyl peroxide.

The valerate ester was detected by the appear
ance cf a strong ester carbonyl absorption at 5.76 
p in the infrared spectrum of the fraction collected 
at the boiling point of 2-methoxytetrahydropyran 
and methyl valerate (127°). The gas-liquid parti
tion chromatographic analysis of this fraction 
showed the presence of two components with 
retention times corresponding to methyl valerate 
and 2-methoxytetrahydropyran. Chemical evi
dence of a valerate ester was obtained by prepara
tion of the p-toluidide of valeric acid from the mix
ture. Conversion of the methyl ester to the 71-butyl 
ester through an ester exchange reaction yielded 
n-butyl valerate which could be separated by distil
lation.
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The molecular weight of the residue obtained in 
Run 1 was 412. This implies that there are 3.56 
methyl valerate or 2-methoxytetrahydropyran units 
per mole of residue. The formation of derivatives 
of succinic and tricarballylic acid esters by de
composition of peroxides in the presence of esters 
has been reported by Karasch, Jensen, and Urry.3 
This suggests that the residue in this reaction may 
well be formed by similar free radical reactions of 
methyl valerate leading to structures such as Ilia  
and Illb. The infrared spectrum of the residue of

c 3h 7c h c o 2c h 3

c 3h Ì ih c o 2c h 3

I l ia

c 3h ,c h c o 2c h 3

C3H7Ì c 0 2CH3
I

c 3h ,c h c o 2c h 3
I llb

Run 1 was very similar to that of the radical 
coupling product obtained from the reaction of 
methyl valerate and d¡-¿-butyl peroxide. This 
spectrum does, however, contain several absorption 
bands (9.25, 9.45, and 9.68 n) which are similar 
in wave length, intensity ratio, and band shape to 
2-alkyl substituted 2-methoxytetrahydropyran. 
This suggests that part of the radical coupling 
reactions involve radical A- yielding structures 
such as IIIc and Hid in the residue. The molecular

C3H7CHC02CH3

/  o c h :!

O ’
IIIc

c 3h 7c h c o 2c h 3

c 3h 7c c o 2c h 3

IIIc!

weight of the residue indicates that tetramers and 
probably higher molecular weight coupling prod
ucts are also present.

These products and their observed distribution 
can be satisfactorily accounted for by the following 
sequence of reactions:

1) (CH3)3COOC(CH3)3 — ^  2(CH3)3CO-

6) 2C------>- I l ia

7) (CH3)3CO-, A- or B. +  I l ia  — >
(CH3)3COH or I or II  +  C3H,CC02CH3

C3H7i l I C 0 2CH3
D-

8) C- +  D ------^  I llb

8b) A- +  C------>- IIIc
8c) A- +  D ------^  H id

In reactions leading to radical coupling products, 
a relationship exists between the amount of initiator 
and the amount of coupling products. The stoichi
ometry requires one mole of initiator per mole of 
dimeric product and an additional mole of initiator 
for each additional unit in the product. The residue 
in Run 1, 0.047 mole of material with an average of
3.56 units per molecule, requires 0.12 mole of initia
tor which is in agreement with the peroxide con
sumed in the reaction.

The presence of radical B- in the reaction mix
ture was demonstrated by employing a terminal 
olefin, 1-octene, as the radical scavenger. Addition 
of radical B- to 1-octene would give the adduct 
radical which on chain transfer with I would yield 
methyl tridecanoate as the 1:1 addition product.
9) B- +  C6H13C H = C H 2 — ^  C6H13CH(CH2)6C 02CH3
10) C6H13CH(CH2)6C 02CH3 +  I  — > C12H25C 02CH3 +  A-

The presence of methyl tridecanoate in the 1:1 
addition product was confirmed by conversion of 
the ester to the p-toluidide. The infrared spectrum 
of the 1:1 addition product, however, indicated 
the presence of an undetermined amount of ma
terial containing a tetrahydropyran ring. Although 
it has not been specifically identified, the appear
ance of absorption bands at 9.25, 9.45, and 9.68 n 
which are similar in wave length, intensity ratio, 
and band shape to those of a 2-alkyl-2-methoxy- 
tetrahydropyran, indicates that the material may 
be 2-octyl-2-methoxytetrahydropyran resulting 
from the addition of the unrearranged radical A- 
to the terminal olefin.

A- +  C ,H „C H _C H . -  Q _ o c h _

0  c h 2c h c 6h I3

2) (CH3)3CO- +  I — ^  (CH3)3COH +  J -O C H ;
o
A-

O

3) A----- > .CH2CH2CH2CHÌjOCH3
B-

4) B- +  I — II +  A-
5) (CH3)3C0-, A- or B- +  II — >

(CH3)3COH -f CH3CH2CH2CHCO,CH3 
or

I or II  C-

(3) M. S. Karasch, E. V. Jensen, and W. H. Urry, J .  
O rg. C h e m ., 10,386(1945).

EXPERIM ENTAL4

The 2-methoxytetrahydropyran was prepared by a method 
described previously6 and distilled a t 63-64° a t 85 mm.; 
ra2Ds 1.4227. The di-i-butyl peroxide (Shell Chemical Co.) was 
redistilled before using; b.p. 47° a t 75 mm.; n2n5 1.3887. A
10-foot column packed with Dow Corning 550 Silicone Fluid 
on Celite with helium as the carrier gas wras used for the gas- 
liquid partition chromatographic analysis.

(4) All melting points and boiling points are uncorrected. 
The author is indebted to Dr. W. J. Potts of the Spec
troscopy Laboratory of the Dow Chemical Co. for aid in 
interpreting the infrared spectra.

(5) G. F. Wood and D. M. Kramer, J .  A m .  C h em . S o c .,
69,2246(1947).
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R e a c t io n  o f  2 -m e th o x y te tr a h y d r o p y r a n  w ith  d i - t-b u ty l  p e r
o x id e . A reaction mixture consisting of 46 g. (0.39 mole) of 
2-methoxytetrahydropyran and 21.5 g. (0.15 mole) of di-Z- 
butyl peroxide was heated a t 120-125° for 44 hr. During 
the course of the heating, material boiling a t 83-90° was 
distilled through an 8-inch Vigreux column as fast as it was 
formed. At the end of the heating period the reaction mix
ture was distilled through the same column and material 
boiling up to 120° was combined with the earlier cut. The 
combined fractions (21.0 g.) were analyzed by infrared as 
0.21 mole of ¿-butyl alcohol and 0.03 mole of unchanged di- 
Z-butyl peroxide. The reaction mixture was further distilled 
until the pot temperature reached 200° yielding 23 g. of 
material boiling a t 120-129°. Analysis of this fraction by 
gas-liquid partition chromatography showed two peaks, 
■with retention times identical to 2-methoxytetrahydropyran 
and methyl valerate. Infrared analysis of the mixture showed 
a very strong ester carbonyl absorption a t 5.76 y .  Both infra
red analysis and gas-liquid partition chromatography showed 
the ester content of the mixture to be 40%, The distillation 
residue amounting to 19.5 g. had a molecular weight of 412. 
The infrared spectrum of the residue showed it to consist 
mainly of a product similar to that obtained from the reac
tion of di-Z-butyl peroxide and methyl valerate with addi
tional absorption bands a t 9.25, 9.45 and 9.68 n-

p - T o lu id id e  o f  va ler ic  a c id . A  portion of the ester-containing 
mixture was added to the reaction mixture of ethylmag- 
nesium bromide and p-toluidine in ether. Hydrolysis yielded 
the p-toluidide of n - valeric acid which after recrystallization 
from dilute alcohol melted a t 70°; reported6 m.p. 70°. A 
mixed melting point with an authentic sample showed no 
depression.

n - B u t y l  va lera te . In another reaction 56 g. (0.48 mole) of 
2-methoxytetrahydropyran and 17.5 g. (0.12 mole) of di- 
Z-butyl peroxide were heated at 125-130° for 23 hr. During 
the course of the heating, 16.5 g. of material was distilled 
through an 8-inch Vigreux column a t 82-85° which on 
infrared analysis proved to consist of 13.5 g. (0.18 moles) of 
/-butyl alcohol, a trace amount of acetone, and 2.5 g. of 
unchanged peroxide (0.017 mole). Further distillation at the 
end of the heating period yielded 42 g. of material boiling at
126-128° leaving a high boiling residue (pot temperature 
210°) amounting to 12.5 g. Infrared analysis of the distillate 
showed it to consist of 32% methyl valerate (0.13 mole) and 
the remainder, unchanged 2-methoxytetrahydropyran. This 
mixture was refluxed for 6 hr. in 100 g. of n-butyl alcohol con
taining 0.025 g. of metallic sodium. During the course of 
the refluxing, 4.2 g. of methyl alcohol (0.13 mole) were re
moved by distillation through an 8 inch Vigreux column. 
The unchanged n-butyl alcohol and 2-methoxytetrahydro
pyran were removed by further distillation. The infrared 
spectrum of this mixture showed no ester carbonyl present. 
The remaining material was n-butyl valerate which distilled 
a t 119-121° at 104 mm. (n2D5 1.4143) and amounted to 17 
g. (0.11 mole). The infrared spectrum of this material was 
identical with that of an authentic sample of n-butyl 
valerate.

T h e  rea c tio n  o f  2 -m e th o x y te tra h y d ro p y r a n  a n d  1-octene. 
Over a period of 24 hr. a solution consisting of 1-octene 
(33.6 g., 0.30 mole) and di-Z-butyl peroxide (8.8 g., 0.06 
mole) was slowly added to 2-methoxytetrahydropyran (150 
g., 1.29 moles) heated to reflux temperature (127°). On dis
tillation through an 8 inch Vigreux column, the reaction 
mixture yielded about 6 g. of Z-butyl alcohol and 124 g. of 
unchanged 2-methoxytetrahydropyran. The residue was 
distilled through a 12-inch Holzmann column and yielded a 
fraction amounting to 6.0 g. (b.p. 90-110° a t 0.7 mm., n2D5 
1.4430) which on infrared examination was found to consist 
mainly of methyl tridecanoate. Absorptions at 9.25, 9.45, 
and 9.68 n  in the infrared spectrum of the sample indicate * 1948

(6) R. L. Shriner and R. C. Fuson, 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, Inc., New York, N. Y.,
1948, p. 222.

the presence of a pyran ring but are different from those of 
2-methoxytetrahydropyran. Reaction of a portion of the 
1:1 addition product with the reaction mixture obtained 
from ethylmagnesium bromide and p-toluidine yielded the 
p-toluidide of n-tridecanoic acid; m.p. 87-88°, reported7 
m.p. 87°. A high boiling residue amounting to 30 g. remained 
after distillation of the 1:1 addition product (pot tempera
ture 150°), presumably telomeric products.

E. C. B e i t t o n  R e s e a r c h  L a b o r a t o r y

T h e  D o w  C h e m i c a l  C o .
M i d l a n d , M i c h .

(7) W. H. Urry and E. S. Huyser, J .  A m .  C h em . S o c ., 75, 
4876(1953).

Adducts w ith N- Substituted Acrylam ides1

I r w i n  L. H o n i g b e r g 5 a n d  W a l t e r  H .  H a r t u n g 3 

R ece ived  F e b ru a r y  2 3 , 1 9 6 0

Acrylamides, especially the iV-substituted prod
ucts, appear as attractive reagents for the synthesis 
of isomers and analogs of amino acids and peptide
like compounds. The reactions which come under 
consideration may be summarized as in Fig. 1. 
Reactions of type (c) are adaptations of the Michael 
reaction4 and of type (b) have been employed by 
Mattocks and Hartung.6

E X P E R IM E N T A L

A c r y la m id e s . By allowing acrylyl chloride6 to react with 
an appropriate amine, the following V-substituted acryl
amides were obtained: Acrylanilide7 (I), m.p. 105-106°; p- 
acrylotoluidide8 (II), m.p. 140-141°; diethyl acrylamido- 
malonate9 (III), CwHisNOs, yield 56%, m.p. 106-107°; ethyl 
acrylamidoacetate10 (IV); diethyl acrylamidobenzylmalo- 
nate11' 12 (V), C17H21NO6, yield 62%, m.p. 84-86°.

From cinnamyl chloride13 and diethyl aminomalonate was 1 2 3 4 5 6 7 8 9 10 11 12 13

(1) No. 21 in Amino Acid Series. For No. 20 see L. Neela- 
kantan and W. H. Hartung, J .  O rg. C h e m ., 24, 1943 (1959). 
Work done at the University of North Carolina.

(2) Supported in part by funds from the Sterling-Win- 
throp Research Foundation and in part by the American 
Foundation for Pharmaceutical Education. This assistance 
is gratefully acknowledged. Present address: Midwest Re
search Institute, Kansas City, Missouri.

(3) Present address: Medical College of Virginia, Rich
mond, Virginia.

(4) C f. C. S. Marvel and M. P. Stoddard, J .  O rg. C h e m ., 
3 ,  198 (1938); J. R. Shekelton and C. D. Lewis, J .  A m .  
C h em . S o c ., 67,310 (1945).

(5) A. M. Mattocks and W. H. Hartung, J .  A m .  C h em . 
S o c ., 68,2018 (1946).

(6) Prepared by the procedure of H. C. Brown, J .  A m .  
C h em . S o c ., 60, 1325 (1938), and C. H. Stempel, et a l., J .  
A m . C h em . S o c ., 72, 2299 (1950), in yields of 70-80%.

(7) M. Moureu, B u ll .  soc . c h im . F ra n c e  [3] 421 (1893).
(8 ) M. Moureu, B u ll .  soc . c h im . F ra n c e  [3] 422 (1893).
(9) Calcd.: N, 6.11. Found: N, 5.95, 6.13.
(10) See under compound IX  below.
(11) Calcd.: N, 4.37. Found: N, 4.24, 4.14.
(12) The intermediate is described by J. H. R. Beaujon 

and W. H. Hartung, J .  A m .  P h a r m . A s s o c ., 41,578 (1952).
(13) H. Meyer, Sitzber., A k a d .  Wfss. W ie n ,  M a th ,  

n a tu r iv .  K l .  A b t H B ;  110,329 (1901).
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(a) R C H =C H —COC1 +  Ri—NH2 — > RCH=CHCONHR 1

I. R = H, Rj -  —CeHs
II. R =  H, Ri =  p-CH3—Gen,—

III. R  = H, R, = —CH(C02C2H s )2

IV. R  =  H, R 3 = —CH2C 0 2C2H6

c o 2c 2h 5

!
V. R  =  H, Ri = —C—CH2—CsH s

I
c o 2c 2h 5

VI. R  =  —CeHs, Rj = —CH (C02C2H 5)2

(b) R.NH 2 +  RCH =CH CO N HR 1 — > R 2NH—CHR—CH2—CONHRi

VII. R  =  H, R, = —CeH5, R 2 = —CHüCsH s 
Vi l i .  R = H, Ri = —C(C02C2H5)2i R 2 =  —CH2C6H6 

IX. R  = H, Ri = CH2C 02C2H6, R 2 = — CH2C,H5
C 02Et
I

(c) R5—CH +  RC H = C  II—C ON H R !
I

C 02E t

C 02C2H6

R3C—CHR—CH2COXIIR i
I

c o 2c 2h 6
X. R  = H, R, =  —C6H5, R3 = —C2H5

XI. R  =  H, Ri = —C6H6, R3 = —NHCOCH,
X II. R = H, R, = —C6H6, Rs = NHCOOCH2C6H6

Fig. 1. Synthesis of amino acid isomers and analogs, using V-substituted acrylamides

obtained diethyl cinnamamidomalonate14 * (VI), Ci6H ,9N 05, 
yield 91%, m.p. 92-94°.

A m in e  a d d u c ts . p -B e n z y la m in o p r o p io n a n il id e  h yd ro ch lo rid e
(VII). A solution of 7.4 g. of I (0.05 mole) and 10.9 g. of 
benzylamine (0.10 mole) in 25 ml. of anhydrous ethanol was 
placed in a stoppered flask a t room temperature for 2 days 
with occasional shaking. The solution was then transferred 
to an evaporating dish and the alcohol evaporated on a hot 
water bath, the residual red viscous oil was taken up in 
ether, washed with ten 10-ml. portions of water to remove 
excess benzylamine, and dried over sodium sulfate. To the 
dried ethereal solution was added 0.05 mole hydrogen 
chloride dissolved in 16 ml. of ethanol; the flocculent pre
cipitate which formed was augmented by allowing the solu
tion to stand overnight in the refrigerator. The crude yield 
of crystals was 13.5 g., 93%. Recrystallized from water, the 
product melted 200-261°.

A n a l .  Calcd. for Ci6H19N20Cl-2H20 : N, 8.57. Found: N,
8.55, 8.63.

D ie th y l  P -h e n z y la .m in o p ro p io n a m id o m a lo n a te  (VIII). A 
solution of 2.29 g. of III  (0.01 mole), 1.17 g. of benzylamine 
(0.011 mole) in 10 ml. of absolute ethanol, in a stoppered 
flask was shaken intermittently; after 5 hr. I l l  had all dis
solved ; after 48 hr. the ethanol and excess benzylamine were 
removed under reduced pressure. As the residual product 
was low melting, it rras converted to the hydrochloride; 
yield, practically quantitative; m.p. 238-239°.

A n a l .  Calcd. for CnH25N20sCl: X, 7.51. Found: N, 7.46, 
7.66.

E th y l  /3 -b e n zy la m in o p ro p io n a m id o a c e ta le  h yd ro ch lo rid e  (IX). 
A solution of 1.6 g. of IV (0.01 mole) and 1.17 g. of benzyl
amine (0.001 mole) in 4 ml. of absolute ethanol was allowed 
to stand at room temperature for 24 hr. To this was added 
0.365 g. hydrogen (chloride (0.01 mole) in dry ethanol; on 
cooling a crystalline precipitate formed; a second crop was 
obtained by adding ether to the mother liquors; the com
bined products were recrystallized from ethanol, obtained
2.0 g., yield 66.5%, m.p. 197-198.5°. This product was a 
hemihydrate.

A n a l .  Calcd. for Ci4H21H20 3Cl-V2 H20 : N, 9.04. Found: 
X, 9.04, 9.02.

The melted salt, on cooling solidified without apparent 
decomposition and remelted a t 173-175°, and is very 
hygroscopic; this is presumably the anhydrous salt.

(14) A n a l .  Calcd.: C, 62.94; H, 6.26; N, 4.58. Found:
C, 63.39; H, 6.31; N, 4.76.

M ic h a e l  a d d it io n s . 4 ,4 -D ic a rb e th o x y c a p ro a n ilid e  (X). To a 
stirred solution of sodium ethoxide, prepared from 0.077 g. 
of sodium (0.0033 g.-atom) in 30 ml. of anhydrous ethanol 
■was added 3.76 g. of diethyl ethylmalonate (0.02 mole); 
then was added 2.94 g. of I (0.02 mole). The solution was 
warmed for 5 hr. to 70-80° and then allowed to stand at 
room temperature for 4 days; the solution was transferred 
to an evaporating dish, by addition of acetic acid the pH 
was adjusted to 6, and the ethanol evaporated in a current 
of air. The crude product crystallized partially, the crystals 
were removed, weighing 5.2 g., 77.5%; recrystallized from 
ethanol-water, m.p. 89°.

A n a l .  Calcd. for CigH^NOs: N, 4.17. Found: N, 3.98, 3.99.
4 -A c e ta m id o -4 ,4 -d ic a rb e th o x y b u ty r o a n ilid e  (XI). To a 

stirred solution of 0.080 g. sodium (0.0035 g.-atom) in 40 ml. 
of ethanol was added 4.5 g. of diethyl acetamidomalonate 
(0.0275 mole); when solution was complete there was added 
3.65 g. of I (0.0275 mole). After 30 min. of intermittent 
stirring solution was complete. The container was stoppered 
and sealed with paraffin and allowed to stand for 2 days, at 
which time there was a solid mass of crystals. The product 
was transferred to an evaporating dish, neutralized with 
acetic acid (3 drops), and the ethanol evaporated in stream 
of air. The resulting solid, crystallized from dilute ethanol, 
weighed 4.1 g., yield, 40%, and melted 143°.

A n a l .  Calcd. for Ci8H24N206: N, 7.69. Found: X, 7.77, 
7.42.

4 -C a r b o b e n zy lo x y a m id o -4 ,4 -d ic a rb e th o x y b u ty ro a n ilid e  (XII). 
To a solution of 0.80 g. of sodium (0.0035 g.-atom) in 30 ml. 
anhydrous ethanol was added 6.18 g. diethyl carbobenzyl- 
oxyaminomalonate12 (0.02 mole), followed by 2.94 g. of I 
(0.02 mole); the container was stoppered, sealed with 
paraffin, and allowed to stand at room temperature for a 
week. The reaction mixture developed a red color. The solu
tion was then transferred to an evaporating dish, neutral
ized with acetic acid (3 drops), and the alcohol removed 
in a stream of air. The red-brown residue was crystallized 
several times from dilute ethanol, affording 7.7 g. of color
less crystals, yield 85%, m.p. 99-100°.

A n a l .  Calcd. for C24H28X20 7: N, 6.14. Found: N, 5.93, 
6.14.

E th y l  c in n a m a m id o g ly c in e  (X III) b y  d e c a rb e th o x y la tio n  o f
V I .  Acrylamidomalonic esters, containing within a single 
molecule all the requisite functional groups to undergo the 
Michael reaction, were examined for possible pyrrolidone 
formation,16 perhaps, according to a scheme that may be 
indicated as follows:
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R—C H = C H
C Ä O O C .

tH
C,H5OCXW \ CO

■N"
I

H

catalytic
base

:i — c h — c h 2
C ?H 6O O C \ i ,  l,o

c ?h 5o o c ^  \  /
IN!
H

Accordingly a solution was prepared from 0.023 g. of sodium 
(0.001 g.-atom) in 250 ml. of anhydrous ethanol, and to this 
was added 2.73 g. of VI (0.009 mole); the container was 
fitted with a reflux condenser with calcium chloride tube at 
the upper opening. The solution was refluxed for 12 hr.; it 
was then neutralized with acetic acid, the first portion of 
ethanol was removed by distillation, and the final portion 
was allowed to evaporate a t room temperature. The product, 
weighing 2.0 g., crystallized first from dilute ethanol and then 
from benzene-petroleum ether (b.p. 30-60°), melted at 
107-108°. The expected pyrrolidinone melts 96-98°.16 The 
product still gave a positive test for ethylenic bond; molecu
lar -weight determination gave values of 220-230.

A n a l .  Calcd. for Ci2HI5N 0 3, m.w., 233: C, 66.95; H, 6.44; 
N, 6.01. Found: C, 66.98, 66.89; H, 6.35, 6.40; N, 5.86, 5.94.

An authentic sample of ethyl cinnamamidoacetate was 
prepared from cinnamyl chloride and ethyl glycinate, m.p. 
109°; the melting point when mixed with product obtained 
was not depressed.

Such decarbethoxylation probably proceeds by the same 
mechanism by -which diethyl diphemdmalonate and diethyl 
phenvlethylmalonate form ethyl diphenylacetate and ethyl 
a-phenylbutyrate, respectively, when heated in an alcoholic 
solution containing an equivalent of sodium ethoxide.16

M e d ic a l  C o l l e g e  o f  V i r g i n ia

R ic h m o n d , V a .

(15) G. H. Cocolas and W. H. Hartung, J .  A m .  C h em . 
S o c ., 79,5203(1957).

(16) A. C. Cope and S. M. McElvain, J .  A m .  C h em . S o c .,  
54,4319(1932).

1 -Alkyl-3 -(a,a,a-trifluorotolylsulfonyl)ureas

H a r r y  L. Y a l e  a n d  F r a n c is  S o w i n s k i

Chart I
HC1

HONO NHS
o- and ni-F30 —C6H4NIL ------- >  ArSChCl — >

SO2
CICOOC2H5

ArS02NH2 --------------- >- ArS02N H C 00C 2H 5
RNHi
------ > o- and m-F,C—CsHiSOsNHCONHR

sis of the p-derivative differed only in the proce
dures used for the preparation of the interme
diate (a,a,a - trifluoro - p - tolyl)sulfonamide
(Chart II A,B)

Chart II

CIS0?H> p-F3C -C 6H4S02C1 Ahu 
(A)

2 Steps as 
in (I) above

p -f 3c —c 6i i 4so 2n h 2 ------------->
a p-f 3c—c 6h 4—so 2n h c o n h r

C1SO.H
m-F3C—C6H4NH2 -----------> F3C

o-CaH4Cl2

(1) HONO
(2) H 3PO2 CISOjH

P-F3C— C6H4S03Na --------?-

S03H

n h 2

(3) NaOH
p-F3C— c 6h 4so 2ci

I NH.

R ece ived  A p r i l  6 , 1 9 6 0
(B)

We are reporting the preparation of a group 
of l-alkyl-3-(a,a,a-trifluorotolylsulfonyl)ureas(I). 
These compounds are now being evaluated for 
hypoglycemic activ ity .1

S02—NH—C—NHR 

CF3

The literature on the procedures which may be 
employed for the synthesis of compounds like I 
has been reviewed recently.28 *’1* In our approach, 
the a,a,a-trifluoro-o- and -m-tolyl derivatives 
were prepared as shown in Chart I. The synthe-

(1) The role of the trifluoromethyl group in medicinal 
chemistry has been reviewed by H. L. Yale, J .  M e d . P h a r m .  
C h e m ., 1,121 (1959).

(2a) D. R. Cassady, C. Ainsworth, N. R. Easton, M. 
Livesey, M. V. Sigal, Jr., and E. Van Heyningen, J .  O rg. 
C h e m ., 23, 923 (1958); (b) F. J. Marshall and M. V. Sigal, 
Jr., J .  O rg. C h e m ., 23, 927(1958).

Kracker and Herrlein38 have reported that one 
mole each of a,a,a-trifluoro-m-toluidine and chloro- 
sulfonic acid in o-dichlorobenzene at 180° gave 
4 - amino - a,a,a - trifluoro - 0 - toluenesulfonic acid. 
Similarly, Zitscher and Kehlen3b stated that a,a,a- 
trifluoro-m-acetotoluidide and an excess of fuming 
sulfuric acid in tetrachloroethane at 145° gave
4-acetamido-a, a, a-trifluoro-o-toluenesulfonic acid. 
Neither group of workers provided proof for their 
structural assignments. We have repeated4 the 
procedure described by Kracker and Herrlein 
and obtained an amino-a, a, «-trifluorotoluenesul
fonic acid whose infrared spectrum was identical 
with that obtained from the 2-amino-a,a,a-

(3a) H. Kracker and F. Herrlein, U.S. Patent 2,119,882,
June 7, 1938; (b) A. Zitscher and H. Kehlen, U. S. Patent
2,141,893, Dec. 27, 1938.

(4) This experiment was carried out by Dr. W. B. 
McDowell of the Chemical Development Section, Squibb 
Institute for Medical Research.
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TABLE I
C o m p o u n d s  o f  t h e  G e n e r a l  F o r m u l a  F 3C—C6H4—SO2NHY

Position Analyses, %
of Calcd. Found

—CFa Y Formula Yield, % M.P. C H N C H N

2 —H C7H6F3N 0 2Sa 80 186-188 37.36 2.69 37.34 3.06
3 —H c 7h 6f 3n o 2s 6 65 1 1 1 - 1 1 2 37.36 2.69 37.29 2.58
4 —H C7HeF3N 0 2Sc 6 8 176-177 37.36 2.69 37.30 2.63
2 —c o 2c 2h 6 C1oH ioF3N 0 4Sî’ 87 131-132 40.41 3.39 40.93 3.63
3 ---CO2C2H 5 CIoH1„F3N 0 4Sd 69 68-69 40.41 3.39 40.36 3.58
4 —c o 2c 2h 6 C,oH1„F3N 0 4S‘i 81 93-95 40.41 3.39 40.47 3.69
2 —CONHCiHs-n C12H 15F 49 134-135 44.44 4.66 8.64 44.50 4.88 8.95
2 —CONHC6Hu C14H 17F3N20 3Sa 52 172-173 47.98 4.89 7.99c 47.71 4.84 8.27
3 —CONHCiHg-n C12HI5F3N20 3Sc 63 113-114 44.44 4.66 8.64 44.41 4.79 8.80
3 —CONHCsHu c 14h 17f 3n 2o 3s c 42 132-133 47.98 4.89 7.99/ 48.76 5.16 7.89
4 —CONHC4H 9-71 C12H 15F 3^ 2 0 3 8 ^ 62 127-128 44.44 4.66 8.64 44.42 4.51 8.65
4 —CONHC6H„ c 14h „ f 3n 2o 3s c 43 177-178 47.98 4.89 7.99 48.13 5.01 8.08

0 Recrystallized from 95% ethanol. b Recrystallized from benzene. c Recrystallized from aqueous ethanol. a Recrystallized 
from benzene-hexane (1:1). e Calcd.: S, 9.15; Found: S, 9.01. •f Calcd.: S, 9.15; Found: S, 9.43.

trifluoro-p-toluenesulfonic acid prepared according 
to Chart II, A. Furthermore, each sulfonic acid, 
when subjected to the sequence of reactions indi
cated in Chart II, A and B, gave identical sulfon
amide and carbamate derivatives. The structure 
of the product from the Kracker and Herrlein 
procedure is, consequently, 2-amino-a, a, a-tri- 
fluoro-p-toiuenesulfonic acid and it may be in
ferred that the Zitscher and Kehlen product must 
have been 2-acetamido-a:,a,a-trifluoro-p-toluene- 
sulfonic acid.

Two observations made during the synthesis 
of the l-alkyl-3-(a,a,a-trifluorotolylsulfonyl)ureas 
are worthy of mention. In this series of sulfonyl- 
ureas, there was a great tendency to form fairly 
stable salts with the excess of amine present dur
ing the reaction with the carbamate. These could, 
in some instances, be isolated and were stable to 
recrystallization. Decomposition was effected by 
solution in warm aqueous sodium hydroxide fol
lowed by acidification with dilute hydrochloric 
acid. In addition, with cyclohexylamine, a small 
amount of dicyclohexylurea was isolated as a 
by-product of the reaction.

E X P E R I M E N T A L

All melting points and boiling points are uncorrected.
The preparation below is typical of the syntheses in the 

o- and TO-tolylsulfonylurea series.
Analytical data not given in the text will be found in 

Table I.
l - B u ty l - 8 - { a ,  a ,a - tr i f lu o r o -o - to ly ls u l} o n y l)u r e a . a , a , a - T r i -  

f lu o r o -o - to lu e n e s u l fo n y l  c h lo r id e .6 a , a , a-Trifluoro-o-toluidine,6
48.6 g. (0.3 mole), 105 ml. of coned, hydrochloric acid, and 
30 ml. of glacial acetic acid a t —5 to 0° were treated drop- 
wise, with a solution of 22.8 g. (0.3 mole) of sodium nitrite 
in 45 ml. of water. The diazotized solution was allowed to 
warm to 4° and then added to 6 g. of cuprous chloride in

(5) This procedure described is essentially that of H. 
Meerwein, G. Dittmar, R. Gollner, K. Hafner, F. Mensch, 
and O. Steinfort, C h e m . B e r ., 90, 841 (1957).

(6) Obtained from Maumee Chemical Co., Toledo 5, 
Ohio.

400 ml. of a saturated solution of sulfur dioxide in glacial 
acetic acid, also at 4°. The vigorous reaction accompanied 
by considerable frothing caused a rise in temperature to 
27°. One-half hour later, the reaction mixture was poured 
into 1 1. of ice-water and the product extracted with ether. 
The ether extract was washed until neutral with saturated 
aqueous sodium bicarbonate solution, then dried, concen
trated, and distilled to give 53.5 g. (72% yield) of the 
s u l fo n y l  ch lo ride , b.p. 123-126° (5 mm.).

A n a l .  Calcd. for C7H4C1F30 2S: C, 34.37; H, 1.65. Found: 
C, 34.29; H, 1.75.

a ,a ,a -T r i f lu o r o -o - to lu e n e s u l fo n a m id e . To 550 ml. (8.1 
moles) of coned, aqueous ammonia was added a solution of 
66.1 g. (0.27 mole) of the sulfonyl chloride in 50 ml. of an
hydrous ether, dropwise. The mixture was warmed gradu
ally to 70°, kept a t 70° for 1 hr., cooled, the solid filtered and 
recrystallized from aqueous ethanol to give 48.7 g. (80% 
yield) of the s u l fo n a m id e , m.p. 184-185°.

E th y l  (a ,a ,a - tr i f lu o r o -o - to ly ls u l fo n y l)c a r b a m a te . To 47.7 g. 
(0.21 mole) of the sulfonamide, 76.3 g. of anhydrous potas
sium carbonate and 250 ml. of dry acetone was added 30.4 
g. (0.28 mole) of ethyl chloroformate. The mixture was 
stirred and refluxed overnight, cooled, and the solid filtered 
with suction, dissolved in 500 ml. of water, the aqueous 
solution filtered, and the filtrate acidified with dilute hydro
chloric acid. The solid which separated was filtered and 
dried to give 54.5 g. (87% yield) of carbamate, m.p. 130- 
132°. An analytical sample was recrystallized twice from 
benzene and melted at 131-133°.

l -B u ty l-3 - ( a ,a ,a - tr i f lu o r o - o - to ly ls id fo n y l ) u r e a . A solution 
of 23.4 g. (0.08 mole) of the carbamate in 36.5 g. (0.5 mole) 
of n-butylamine was concentrated at 5 mm. and room tem
perature to remove excess amine and the residue heated by 
means of an oil bath a t an internal temperature of 115- 
120° at 5 mm. for 3 hr. and then cooled. The residual solid 
was dissolved in warm 1 % aqueous sodium hydroxide solu
tion, the solution acidified with dilute hydrochloric acid, 
the precipitated solid filtered and recrystallized from aque
ous alcohol to give 12.7 g. (49% jdeld) of product, m.p. 
134-135°.

l - B u ty l - 3 - ( a ,a ,a - tr i f lu o r o - p - to ly ls u l fo n y l ) u r e a . (Chart II, 
A) 2 -N itr o - a ,a ,a - tr i j lu o r o - p - to lu e n e s u l fo n y l  ch lo r id e?  Chlo
rine gas was passed into a stirred suspension of 408 g. (0.9 
mole) of 4,4'-bis(trifluorometh}-l)-2,2'-dinitrodiphenyldi- 
sulfide7 8 in 1800 ml. of 90% acetic acid at such a rate that 
the temperature was maintained at 50-55°. The oxidation

(7) This procedure is alluded to by A. H. Knight, Brit. 
Patent 732,121, but no experimental details are presented.

(8) A. I. Kiprianov and L. M. Yagupolskii, Z h u r .  O bshchei 
K h im . ,  22, 2209 (1952); C h em . A b s tr . , 47, 4769 (1953).
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required about 5 hr. Excess chlorine was swept out with 
nitrogen, the mixture was filtered, and the filtrate concen
trated i n  va cu o  on the steam bath. The residual oil was ex
tracted with 500 ml. of toluene, the extract was treated 
with Darco, filtered, dried, and concentrated to give 434 g. 
(81% yield) of crude sulfonyl chloride as a dark oil. This 
was used without further purification.

P o ta s s iu m  2 -n i ir o a ,a ,a - tr i f lu o r o -p - lo lu e r ,e s u lfo n a le . A sus
pension of 5.8 g. (0.02 mole) of 2-nitro-a,a,a-trifluoro-p-tolu- 
enesulfonyl chloride, 3 g. (0.02 mole) of anhydrous potassium 
carbonate, and 24 ml. of water was stirred and refluxed for 
1 hr., filtered, and cooled to give 6.1 g. (98% yield) of the 
potassium salt, as broad yellow plates. An analytical sample 
was recrystallized from 90% ethanol; when heated in an 
open flame, the compound decomposed without melting.

A n a l .  Calcd. for C7H3F3K N 05S: K, 12.64. Found K, 12.39.
2 - A m in o - a ,a ,a - tr i f lu o r o - p - to lu e n e s u l fo n ic  a c id . The solu

tion of the potassium salt obtained as ir. the previous ex
ample by the treatment of 428 g. (1.48 moles) of 2-nitro- 
a,a,ar-trifluoro-p-toluenesuIfonyI chloride with 225 g. (1.64 
moles) of anhydrous potassium carbonate and 1750 ml. of 
water, was reduced by the procedure of Wertheim.9 10 The 
yield of air-dried amino derivative was 286.4 g. (80%). 
An analytical sample was obtained from dimethylforma- 
mide-ether; this material decomposed in an open flame 
without melting.

A n a l .  Calcd. for C7ir6F3X 0 3S: C, 34.85; H, 2.51. Found: 
C, 34.78; H, 2.62.

S o d iu m  a ,a ,a - tr i f lu o r o -p - to lu e n e s u l fo n a te . '°  To the diazo- 
nium compound obtained from 270 g. (1.12 moles) of the 
amino compound7 was added dropwise 582 ml. (5.6 moles) 
of 50% hypophosphorous acid, maintaining the temperature 
at 0 to 5°; the reaction mixture was kep* for 48 hr. a t 5°, 
filtered, and the filtrate concentrated to about one fourth 
its original volume and cooled. The precipitated solid was 
filtered and extracted with 3 1. of boiling methanol. The 
methanol extract was made strongly alkaline with 50% 
aqueous sodium hydroxide, concentrated, and cooled to give
182.4 g. (65% yield) of the sodium sulfonate.

a ,a ,a - T r i f lu o r o - p - lo lu e n e s u l fo n y l  ch lo rid e . To 116.5 g. 
(1.0 mole) of chlorosulfonic acid was added in small portions 
a total of 49.6 g. (0.2 mole) of the sodium sulfonate. Subse
quently, the mixture was heated for 1 hr. on the steam bath, 
cooled somewRat, and poured on about 1 kg. of ice. The 
crystalline sulfonyl chloride which separated was filtered, 
washed well with water, and used directly in the next step.

a ,a ,a -T r iJ lu o r o -p - to lu e n e s u l fo n a m id e . The sulfonyl chlo
ride obtained in the previous step was added rapidly, with 
stirring, to 600 ml. of cold coned, aqueous ammonia, the 
mixture was slowly warmed by means of a steam bath to 
75-80° and kept at this temperature for 1 hr. The mixture 
was cooled, the solid filtered and reerystallized from aqueous 
alcohol to give 30.6 g. (68% yield over-all for the last two 
steps) of sulfonamide, m.p. 176-177°.

E th y l  a ,a ,a - lr i f lu o r o -p - to ly ls u l fo n y lc a r b c m a te . Employing 
the procedure described above, 30.6 g. (9.14 mole) of the 
sulfonamide, 49 g. (0.35 mole) of anhydrous potassium car
bonate, and 19.6 g. (0.18 mole) of ethyl chloroformate 
afforded 28.6 g. (71% yield) of the crude ethyl carbamate, 
m.p. 85-87°. An analytical sample reerystallized from 
benzene-hexane (1:1), melted at 93-95°.

l -B u ty l - S - ( a ,a ,a - tr i f lu o r o - p - lo ly ls u l} o n y V u r e a . From 8.9 
g. (0.03 mole) of the ethyl carbamate and 11.5 g. (0.1 mole) 
of n-butylamine, by the procedure above, there was ob
tained 6.0 g. (62% yield) of product, m.p. 127-128° after 
recrystallization from aqueous ethanol.

A lte r n a te  p ro c ed u re  to  e th y l a ,a ,a - tr i f lu o r o - p - to ly ls u l fo n y l -  
ca rb a m a le . Chart II, B. «,»,«-Trifluoro-m-toluidine and 
chlorosulfonic acid according to the procedure of Kracker

(9) E. Wertheim, O rg. S y n th e s e s , Coll. Vol. II, 471 (1943).
(10) This compound was screened for ascaricidal activity 

but no description of its synthesis is reported; c f. J .  A m .
P h a r m . A s s o c ., 38,570 (1949).

and Herrlein3* gave a 95% yield of an amino-c.',a,a-tri- 
fluorosulfonic acid whose infrared spectrum was identical 
with 'h a t obtained above. This acid, 241 g. (1.3 mole), 
when diazotized and the diazonium group reductively 
eliminated, gave 146 g. (59% yield) of sodium a ,a ,< x-lri-  
j lu o ro -p - to lu e n e su ljo n a te .

A n a l .  Calcd. for C-H,F3N a03S: S, 12.92. Found: S, 12.97.
The sodium salt, 17.4 g. (0.07 mole) and 46.5 g. (0.39 mole) 

of chlorosulfonic acid gave the s u l fo n y l  ch lo r id e , and this 
without purification was treated with 200 ml. cf coned, 
aqueous ammonia to give 9.8 g. (62% yield in two steps) 
of a ,a ,a - tr i f lu o r o -p - to lu e n e s u l fo n a m id e , m.p. 176-177°; a 
mixture melting point with the product obtained above was
176- 177°, and the infrared spectra of both products wTere 
identical. The sulfonamide, 9.8 g., gave an 81% yield of 
ethyl a ,a ,a c - lr iflu o ro -p - to ly ls u lfo n y lc a rb a m a le , m.p. 93-94°; a 
mixture melting point with the product obtained above 
was 93-94°, and the infrared spectra of both products were 
identical.

I s o la t io n  o f  the  c y c lo h e x y la m in e  s a lt  o f  l- c y c lo h e x y l-3 -  
(a ,a ,c - tr i f lu o r o - p - to ly ls u l fo n y l)u r e a  a n d  1 ,3 -d ic y c lo h e x y lu r e a  
f r o m  th e  re a c tio n  o f  c y c lo h e x y la m in e  w ith  a ,a ,a - tr i f lu o r o - p -  
to ly lsu lfo n y lc a r b a m a le . A solution of 20.8 g. (0.07 mole) 
of ethyd a,a,a-trifiuoro-p-tolylsulfonylcarbamate and 50 g. 
(0.5 mole) of cyclohexylamine was treated as above. The 
pyrolysis product crystallized spontaneously and was re
crystallized from aqueous ethanol to give the pure salt, m.p.
177- 179°.

A n a l .  Calcd. for C14H„F,N20,S-CeH„N: C, 53.44; H, 6.73; 
N, 9.35. Found: C, 53.25: H, 6.29: X, 9.43.

The salt was dissolved in 300 ml. of warm 0.5A7 aqueous 
sodium hydroxide and filtered from 0.9 g. of 1,3-dicyclo- 
hexvlurea, m.p. 226-227°.11 The warm filtrate was acidified 
with aqueous hydrochloric acid. The precipitated solid was 
filtered and reerystallized from 95% ethanol to give 10.5 g. 
(43% yield) of l-cyclohexyI-3-(a,a,a-trifluoro-p-tolylsul- 
fonyl)urea, m.p. 177-178°.

Acknowledgment. The authors are indebted 
to Mr. J. F. Alicino and his associates for the 
microanalyses reported and to Dr. Nettie Coy 
and Miss Barbara Keeler for the infrared spectra.

T h e  S q u i b b  I n s t i t u t e  f o r  M e d i c a l  R e s e a r c h

N e w  B r u n s w i c k , N .  J .

(11) A. Skita and II. Rolfes, B e r ., 53, 1242 (1920) have 
reported the melting point for 1,3-dicyclohexylurea as 229- 
230°.

Indole-3-alkanamides

D o n a l d  G. C r o s b y , J a m e s  B .  B o y d , 
a n d  H e r b e r t  E. J o h n s o n

R ece ived  A p r i l  1 2 , 1 9 6 0

Since the first implication of indole-3-acetic 
acid in the growth of plants,1 the series of indole-
3-alkanoic acids has received a great deal of at
tention from both chemists and biologists. Although 
the acetic acid was first prepared by Ellinger in
1904,2 3 it was not until twenty-one years later that 
its amide was reported3 and still another twenty-

(1) F. Kogl, A. J. Ilaagen-Smit, and H. Erxleben, Z .  
p h y s ic l .  C h e m ., 228,90(1934).

(2) A. Ellinger, B e r ., 37,1801 (1904).
(3) R. Majima and T. Hoshino, B e r ., 58, 2046 (1925).
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TABLE I
I nDOLE-3-ALKANAMIDES

% N Growth Stimulation“
Compound M.p. Yield, % Calcd. Found 10 " W 1 0 ~ &M 10'~*M

Indole-3-acetamide 149-151° 70 16.1 __ 400 90 0
Indole-3-propionamide 131.5-133° 80 14.96 14.8 70 0 0
Indole-3-butyramide 117-118° 40 13.9 13.8 100 120 0
Indole-3-valeramide 127-128° 87 13.0 12.9 50 0 0
Indole-3-caproamide 134.5-136° 99 12.2 11.9 350 400 300

“ Per cent of control elongation. Indole-3-acetic acid a t 10 8 M  =  400. Values greater than 40 are statistically-significant 
at the 1% level. b A n a l ,  calcd. for C11H12N2O: C, 70.2; H, 6.43. Found: C, 70.4; H, 6.70.

seven years before the biological activity of this 
amide was described.4 5 Despite the wide variety of 
derivatives of other indole acids which have been 
examined, and the importance ascribed to their 
effect on plant growth, no data have been avail
able on the preparation and biological properties 
of other simple amides of this series.

Early attempts to prepare indole amides through 
the intermediate acid chlorides were unsuccessful,6 
although Shaw and co-workers later were able to 
obtain indole-3-acetamide by this method.6 In the 
present work, amides were prepared by reaction of 
an ethereal solution of the acid chloride, prepared 
from the acid and phosphorus pentachloride, with 
excess concentrated ammonium hydroxide followed 
by isolation and recrystallization. Their properties 
are shown in Table I.

Ammonolysis of methyl indole-3-propionate has 
been mentioned in the literature.7 However, the 
melting point of the product was 205°, 72° higher 
than that of our preparation. Upon repetition of 
the ammonolysis of the ester, we obtained a com
pound which exhibited a melting point, mixed melt
ing point, and infrared spectrum identical with 
those of indole-3-propionamide obtained through 
the acid chloride. In addition, hydrolysis of both 
amide samples to indole-3-propionic acid was 
demonstrated through the use of paper chroma
tography.

The purified amides were bioassayed by the 
method of Kitsch and Nitsch,8 in which elongation 
of sections of oat first-internodes was measured. 
The results presented in Table I are distinctly 
different from those obtained with the correspond
ing acids.9 In general, the amides exhibit a lower 
order of activity than the acids; the possibility

(4) J. A. Bentley and S. Housley, J .  E x p t l .  B o ta n y , 3, 
393(1952).

(5) J. W. Baker and F. C. Happold, B io c h e m . J . ,  34,
657(1940).

(6) K. N. F. Shaw, Armand McMillan, A. G. Gudmund- 
son, and M. D. Armstrong, J .  O rg. C h e m ., 23,1171 (1958).

(7) H. T. Huang and C. Niemann, / .  A m .  C h em . S o c .,  
74,5963(1952).

(8) J. P. Nitsch and Colette Nitsch, P la n t  P h y s io l . , 31, 
94(1956).

(9) C. H. Fawcett, R. L. Wain, and F. Wightman, N a 
tu re , 181,1387(1958).

that the high value for indole-3-acetamide at 10 _4- 
M  could be due to the presence of a small amount 
of indole-3-acetic acid present as an impurity is 
unlikely because of the chromatographic homo
geneity of the sample. The high degree of stimula
tion observed with the caproamide is unusual and 
does not coincide with the lowered activity of the 
corresponding indole-3-caproic acid relative to the 
acetic acid or with the decreasing activity of the 
other amides as chain length increases.

EXPERIMENTAL10

G en era l p r e p a r a tio n  o f  a m id e s . The indole-3-alkanoic acid 
was dissolved or suspended in anhydrous ether in a flask 
equipped for the exclusion of moisture. The mixture was 
stirred magnetically and chilled while a 10% molar excess 
of phosphorus pentachloride was added, and stirring was 
continued for 1 hr. The resulting solution was then added 
dropwise to a large excess of coned, ammonium hydroxide 
which was stirred and chilled in ice during the addition. 
After 30 min., the ether was removed in a stream of air or 
nitrogen, the aqueous layer filtered, and the solid remaining 
on the filter washed with cold water and air dried. Chloro
form, ethyl acetate, and benzene were found to be suitable 
solvents for recrystallization of the crude amides.

B io a s s a y . Sections of first internodes of dark-grown oat 
seedlings ( A r e n a  s a l iv a  L., Var. Brighton), 4.0 mm. in 
length, were rotated at 1 r.p.m. in citrate-phosphate buffer 
(pH 5.0) which contained 2% sucrose. The indole amides 
were incorporated in the buffer a t concentrations of 10 
to 10~7Af, and at the end of about 20 hr. the final length of 
each section was measured with the aid of a photographic 
enlarger. Results were expressed as the average increase in 
length of eight sections compared with that of the controls.

Acknowledgment. We wish to express our ap
preciation to Mr. Quentin Quick and his group for 
microanalyses, to Mr. Roy Spencer, Jr., for the 
bioassay measurements, and to Dr. H. E. Fritz 
for gifts of indole-3-valeric and indole-3-caproic 
acids.

N o t e  A d d e d  i n  P r o o f . In May, 1960, C. H. Fawcett, R. 
L. Wain, and F. Wightman [P roc . R o y a l  S o c . S e r ie s  B ,  152, 
231 (I960)] reported synthesis of several of these indole-3- 
alkanamides by ester ammonolysis.

R e s e a r c h  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.
S o u t h  C h a r l e s t o n ,  W. Va .

(10) All melting points were measured in a Vanderkamp 
block and are corrected.
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L - T y r o s y l - L - p h e n y la la n in e

F. H. C. Stewart 

R ece ived  F e b ru a r y  22 , 19 6 0

The dipeptides derived from L-tyrosine and l - 
phenylalanine have been mentioned in the litera
ture from time to time, mainly in connection w ith  
enzymatic hydrolysis studies.1'2 In  particular, 
L-tyrosyl-L-phenylalanine and various derivatives 
are referred to, but in only a few cases have any 
of these compounds been obtained pure and 
characterized. The synthesis of the pure dipeptide 
and several of its derivatives by conventional 
methods is described here.

EXPERIMENTAL

N  ,0 -B is c a r b o b e n z o x y -h - ty r o s in e . There are considerable 
differences in the reported properties of this derivative.

Treatment of L-tvrosine in the normal way with excess 
carbobenzoxy chloride and alkali gave a noncrystalline white 
powder, m.p. 85-86°; [a]2D2 +  3.7° (c 10, acetic acid), 
l ’annemann, Marx, and Arens3 give m.p. 115-121° (indefi
nite); [a] d4 5° +-1-5° (c 10, acetic acid), while Katchalski 
and Sola4 report colorless needles, m.p. 117°; [a]2D° —5° 
(c 10, acetic acid).

N ,0 -B is c a r b o b e n z o x y - 'iA y r o s y \- \J-p h e n y la la n in e . An ice 
cold solution of 3.0 g. of Ar,0-biscarbcbenzoxy-L-tyrosine 
and 0.7 g. of triethylamine in 14 ml. of tetrahvdrofuran was 
treated dropwise with 0.9 g. of isobutyl chlorocarbonate. 
After stirring for 5 min. a solution of 1.1 g. of L-phenyl- 
alanine in 6.4 ml of N  NaOH was added i:i one lot. The mix
ture was stirred for 30 min., and acidited. The oil which 
separated soon solidified and was recrysiallized from ethyl 
acetate-hexane, yield 3.1 g. (78%) m.p. 179-181°. Recrys
tallization from ethanol raised the m.p. to 182-184°- [o]” '  
+ 6.1 ° (c 1, acetic acid).

A n a l .  Caled. for C34H3o0 8N;: C, 68.4; H, 5.4; N, 4.7. 
Found: C, 68.6 ; H, 5.6; N, 4.7.

N -C a r b o b e n zo x y - it- ty ro s y l-h -p h e n y la la n in e . A dried ethereal 
solution of the azide obtained in the usual way6 from 6.2 g. 
of .V-carboberizoxy-iMyrosy] hydrazide was mixed with an 
ether solution of ethyl L-phenylalanate obtained from 4.3 
g. of the hydrochloride. The mixed solution was kept over
night at 0° and the precipitated irude ethyl Ar-carbobenz- 
oxy-n-t\Tosyl-L-phenylalanate filtered and washed with 
ether. The yield of amorphous solid was 5.0 g. (55%).

Treatment of 2.0 g. of this ester with 9.2 ml. of N  sodium 
hydroxide and 5 ml. of dioxane, followed by acidification, 
gave iV-carbobenzoxy-n-tyrosyl-L-phenylalanine, which was 
recrystallized from aqueous ethanol. Yield, 1.7 g. (90%), 
m.p. 175-176°; [a] d2° +2.1° (c  1, N  sodium hydroxide).

A n a l .  Caled. for C^HoeOciv.: C, 67.5; H, 5.6; N, 6.0. 
Found: C, 67.6- H, 5.8; N, 6.0.

The compound was also obtained in low yield (11%; 
m.p. 174.5-175.5°) by a mixed anhydride coupling of N -  
carbobenzoxy-L-tyrosine with L-phenylalanine using iso
butyl chlorocarbonate.

(1) K. Blau, and S. G. Waley, B io c h e m . J ., 57, 538 (1954).
(2) L. E. Baker, J .  B io l .  C h e m ., 193, 809 (1951).
(3) H. J. Pannemann, A. F. Marx, and J. F. Arens, 

R e c . trav . c h im ., 78, 487 (1959).
(4) E. Katchalski and M. Sela, J .  A m .  C h em . S o c ., 75, 

5284(1953).
(5) C. R. Harrington and R. V. Pitt-Rivers, B io c h e m . J . ,

38,417(1944;.

k -T y r o s y l -v -p h e n y la la n in e . A solution of 3.4 g. of AT,0 -  
biscarbobenzoxy-iMyrosyl-L-phenylalanine in 30 ml. of 
4M hydrogen bromide in glacial acetic acid was warmed to 
70° for 10 min., cooled and diluted with ether. The oily pre
cipitate was dissolved in water and the solution neutralized 
to litmus with aqueous potassium carbonate. On addition 
of ethanol the dipeptide separated slowly as colorless needles 
of the monohydrate, yield 0.8 g. (42%), m.p. 308-310° 
dec.; [n ] j°  +17.7° (c0.5, 2.Y hydrochloric acid). The water 
of hydration was very firmly bound.

A n a l .  Caled. for ¿..H^OslNb: C, 62.3; H, 6.4; N, 8.1. 
Found: C, 62.4; H, 6.5; N, 8.3.

The dipeptide was also obtained by treating Ar-carbo- 
benzcxy-n-tyrosyl-L-phenylalanine with hydrogen bromide 
in acetic acid at room temperature. Recrystallized from 
water, m.p. 310-312° dec.; [«]2D2 5° +17.2° (c 0.267, 2 N  
hydrochloric acid).

N -F o r m y l- i f- ty r o s y l-h -p h e n y la la n in e . The ethyl ester6 was 
obtained in very poor yield by the A+V'-dicyclohexylcarbo- 
diimi le7 coupling of M-formyl-L-tyrosine and ethyl L-phenyl
alanate. I t  was repeatedly recrystallized from aqueous 
ethanol, m.p. 174-175°; [a]2D10 +2.4° (c 1, ethanol). Treat
ment of 50 mg. of the ester with 0.4 ml. of A’ sodium hy
droxide, followed by acidification gave 40.6 mg. (88%) of 
the product, which formed colorless needles from aqueous 
ethanol, m.p. 247-248° dec.

A n a l .  Caled. for C19H20O5N2: N, 7.9. Found: N, 7.8.
This derivative was also obtained by warming 100 mg. 

of L-tyrosyl-L-phenylalanine with 0.6 ml. of a 2:1 mixture 
of 90% formic acid and acetic anhydride. I t  was recrystal
lized from aqueous ethanol, m.p. 246-247° (alone and 
mixed with above product), yield 35 mg. (30%).

Acknowledgment. The author is indebted to Dr.
V. du Vigneaud in whose laboratory at Cornell 
University Medical College, New York, this work 
was partly carried out, and to Mr. J. Albert for 
the rnicroanalyses.

Chemical R esearch Laboratories
Commonwealth Scientific and I ndustrial
R esearch Organization,
M elbourne, Australia

(6 ) R. W. Roeske, unpublished work.
(7) J- C. Sheehan and G. P. Hess, J .  A m .  C h e m . S o c ., 

77,1067(1955).

An U nusual Transfer Reaction in the Steroid 
Series

N. L. Wendler and D. T aub 

R ece ived  F e b r u a r y  2 6 , 1 9 6 0

The unusual reactivity of the ketolic system, 
3a-acetoxy-17a-hydroxy-17/3-methyl - d  -  homo - 5/3- 
androstane-ll,17a-dione (I), has been referred to 
recently.1 The reaction of this substance with 
methanesulfonyl chloride in pyridine at 0° affords, 
in addition to the normal mesylate (II),la an iso
meric substance, m.p. 142-144° (25-30%), exhibit
ing strong hydroxyl absorption in the infrared.

(1) (a) N. L. Wendler, D. Taub, S. Dobriner, and D. K. 
Fukushima, J .  A m .  C h em . S o c ., 78, 5027 (1956) Footnote 14. 
See also (b) N. L. Wendler and D. Taub, J .  O rg. C h e m ., 23, 
953(1958).
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This compound consequently has been formulated 
as the inner aldol (III).2 On refluxing in pyridine 
(conditions which convert II-»-Vla), III was trans
formed to the pyridinium salt of a sulfonic acid, 
assigned structure IV on the basis of the following 
evidence:

The pyridinium salt was water soluble and could 
be titrated with perchloric acid to give an equiva
lent weight in excellent agreement with that cal
culated for IV or an isomer. Treatment of the pyri
dinium salt in methanol with ethereal diazomethane 
converted it to the corresponding methyl ester 
IVa. This ester exhibited no maximum in the ultra
violet, but possessed OH absorption at 2.83 y. as 
well as intense double bond absorption at 6.04 y 
in the infrared. Although this ester was essentially 
inert to neutral permanganate, it did react slowly 
with osmium tetroxide thereby chemically con
firming the presence of a double bond.

II III IV. r  = c5h 6n h
I IVa. R = CH3

V VI VII

The lack of ultraviolet absorption is inconsistent 
with the isomeric possibility IX; the data are in
compatible as well with the alternate structure VIII 
as this double bonded type, e.g. VI, exhibits no 
double bond absorption in the infrared under com
parable conditions of measurement (see Experi
mental) and is readily oxidized by neutral perman
ganate to the etiobilianic acid VII.1 Finally, the 
NMR spectrum was consistent with IVa and, by 
establishing the absence of any D-ring methyl 
group, clearly eliminated structures VIII and IX.3

(2) E. Romann, A. J. Frey, P. A. Stadler, and A. Eschen- 
moser, [H elv . C h im . A c ta . , 40,1900 (1957) Footnote 13] have 
reported a similar reaction:

We are grateful to Professor R. B. Woodward for calling this 
reference to our attention.

(3) The authors are grateful to N. R. Trenner and B. 
Arison for the NMR determination.

The formation of the exomethylenic system IV 
would appear to constitute an example of the 
Arnold-Schinz mechanism of cyclicly assisted de
hydration.4

EXPERIMENTAL5

R e a c tio n  o f  S a -a c e lo x y -1 7 a -h y d r o x y -1 7 0 -m e th y l-D -h o m o -  
5 0 - a n d r o s ta n e - l l ,17 'a -d io n e  (I) w ith  m e th a n e s u l fo n y l  ch lo ride . 
A solution of 4.1 g. of I  in 15 cc. of anhydrous pyridine was 
treated a t 0° with 4 cc. of methanesulfonyl chloride and 
allowed to stand a t 0° for 16 hr. The reaction product was 
treated with ice and ether. The ether extract was washed 
successively with dilute aqueous hydrochloric acid, potas
sium bicarbonate, and sodium chloride solution. The washed 
ether solution was dried over magnesium sulfate, filtered, 
and evaporated to the point of incipient turbidity. This 
solution deposited 1.5 g. of I II  over a period of several 
days. Recrystallization from acetone-hexane afforded III  
as slender prisms, m.p. 142-144° dec., X^"°l 3 y  (OH);
5.85 y  ( 0 = 0 ) ;  5.8 y , 8 y  (OAc), 7.4 y , 8 .6  y  (OS02).

A n a l .  Calcd. for C24H36O7S: C, 61.54; H, 7.70; S, 6.84. 
Found: C, 61.65; H, 7.70; S, 6.49.

P y r i d i n i u m  s a lt (IV). A solution of 3 g. of I II  in 50 cc. of 
pyridine was refluxed for 2 hr. and evaporated to dryness 
i n  va cu o . The residue was crystallized from acetone-ether,
2.8 g., m.p. 145-150° X^i”1 2.97 y  (OH/NH); 5.89 y  (C = 0 ), 
5.79, 8 y  (OAc), 6.1, 6.42 y  (Pyridine).

A n a l .  Calcd. for C29H4I07NS: C, 63.62; H, 7.49; N, 2.74; 
S, 5.86; Eq. wt., 547. Found: C, 63.88; H, 7.17; N, 2.57; 
S, 6.01; Eq. wt., 533.

M e th y l  ester (IVa). Treatment of the pyridinium salt
(IV) in methanol solution with an excess of ethereal diazo
methane afforded the methyl ester (Via) crystallized from 
ether, m.p. 180.5-182°, x£«cl1 2.83 y  (OH); 5.8-5.85 y , 
8 y  (C = 0 , OAc); 7.3 y , 8.5-8.6 y  (OSO2), 6.04 y  (C =C ).

A n a l .  Calcd. for C25H38O7S: C, 62.24; H, 7.88; S, 6.64. 
Found: C, 62.46; H, 7.85; S, 6.71.

The above ester (100 mg.) was recovered essentially un
changed after oxidation with potassium permanganate 
(200 mg.) in acetone (15 cc.) a t 25° for 2 hr. or after refluxing 
for 1 hr.

A16-f  7 - M e lh y l-D -h o m o -5 0 -a n d r o s te n e -3 a ,l l0 ,1 7 a - tr io l  (V I). 
A solution of 100 mg. of the A“-** ketone (V)1 in 20 cc. of 
ether was reduced with 200 mg. of lithium aluminum l^dride 
at room temperature for 5 hr. The isolated triol (VI) crys- 
stallized from ether, m.p. ca . 280° X ^ 01 2.81, 3.03 y  (OH).

A n a l .  Calcd. for C2iH340 3: C, 75.45; H, 10.18. Found: 
C, 75.49; H, 9.87.

M e r c k  S h a r p  &  D o h m e  R e s e a r c h  L a b o r a t o r i e s

D i v i s i o n  o f  M e r c k  & Co., I n c .

R a h w a y ,  N. J.

(4) R. T. Arnold, H elv . C h im . A c ta ., 32, 134 (1949); H. 
Schinz and G. Schappi, H e lv . C h im . A c ta . 30, 1483 (1947).

(5) Melting points were taken on a micro hot stage and 
are corrected. Infrared spectra were determined on a Baird 
Associates Infrared Spectrophotometer.

Configuration and Conform ation o f 3-Bromo- 
hesperetin Triacetate. Dimorphs o f Hesperetin 

T riacetate1,2

J. H .  L o o k e r  a n d  M y r o n  J. H o l m 3 

R ece ived  M a r c h  21 , 1 9 6 0

Hesperetin (I), the aglycon of the important 
glycoside hesperidin, has been investigated rather
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intensively recently. Of particular interest stereo- 
chemically is a study which establishes the ab
solute configuration of (—)-hesperetin.4 The present 
note describes spectral and chemical data which 
establish the configuration and conformation of
3-bromohesperetin triacetate (II).

Hesperetin (I) was obtained from hesperidin 
by a new, simple method involving heating of the 
glycoside for 60 to 72 hours in 2% sulfuric acid in 
50% ethanol. Acetylation of racemic I gave the 
triacetate III, which is dimorphous, m.p. 126.5- 
127° and 143.5-144.5°. Carbon-1 lydrogen analyses 
for both high and low-melting forms were in agree
ment with theory for the triacetate. Neither form 
lost weight at 100° in vacuo, thus indicating that 
solvation is not responsible for the different melt
ing points. Interconversion of high and low- 
melting forms was readily effected (Experimental). 
Thus III is considered dimorphous. Confirmation 
was obtained from infrared spectral data6 (Experi
mental). Solution spectra of the two forms are 
identical, but solid state spectra of the individual 
dimorphs differ.

Our melting point data confirm Perkin’s ob
servation6 of a melting point in the vicinity of 127° 
for III. However, as other workers7 have assigned 
a chalcone tetraacetate structure to a hesperetin 
acetylation product, m.p. 127°, the structure of 
this substance has been reinvestigated. Acetyl 
determination under acidic conditions revealed 
the presence of only three acetoxyl groups. A ferric 
chloride test was negative, precluding the pos
sibility of a hydroxytriacetoxychak one structure.

(1) From the M.S. (1956) and Ph.D. (1958) theses of 
Myron James Holm.

(2) This investigation was supported in part by a research 
grant (E-1703) from the National Institute of Allergic and 
Infectious Diseases, Public Health Service

(3) DuPont Postgraduate Teaching Assistant, 1956- 
1957; Standard Oil of Indiana Foundation Fellow, 1957-
1958.

(4) H. Arakawa and M. Nakazaki, C h e m . &  I n d .  ( L o n 
d o n ) , 1960, 73.

(5) F. A. Miller, in O rg a n ic  C h e m is try , Vol. I l l ,  edited 
by H. Gilman, John Wiley and Sons, New York, N. Y.
(1953), p. 139.

(6) A. G. Perkin, J .  C h em . S o c ., 1031 (1898).
(7) F. Tutin, J .  C h e m . S o c ., 2054 (1910); O. A. Oesterle 

and R. Kueny, A r c h . P h a r m ., 253, 383 (1915); Y. Asahina,
J. Shinoda, and M. Inubuse, J .  P h a r m . S o c . J a p a n ,  48, 207
(1928). The procedure of Tutin was identical with that of 
Perkin, except for reaction period. Tutin characterized his 
product by acetyl determination in basic midium. The other 
workers cited herein utilized acetic anhydride and sodium 
acetate for acetylation. In our hands, the latter procedure 
gave hesperetin triacetate.

The infrared spectrum in carbon tetrachloride 
showed a band at 1691 cm.-1, indicative of a 
carbonyl group of a flavanone.* 1958 8 The ultraviolet 
spectrum also indicates a flavanone, as the in
tensity of the broad band at 3140 A is not as great 
as that expected for a chalcone.9 The product 
gives a positive magnesium-hydrochloric acid test 
for a flavonoid,10 although the color develops 
rather slowly. We conclude that the acetylation 
product of hesperetin, m.p. 127°, is the flavanone 
derivative (III).

3-Bromohesperetin triacetate (II), first described 
by Zemplen and Bognar,11 was prepared by their 
general procedure, as recently described.12 The
3-bromo derivative (II) loses hydrogen bromide in 
presence of silver acetate-acetic anhydride,12 
and in pyridine, even at —5°, with formation of 
diosmetin triacetate. The latter reaction in partic
ular involves ready elimination of hydrogen bro
mide, and thus the hydrogen at carbon-2 is very 
probably trans to the bromine at carbon-3.13 
Infrared spectral data for methylene chloride solu
tions of II and III show that the keto carbonyl 
bands are at 1698 and 1693 cm.-1, respectively. 
The small spectral shift of 5 cm.-1 indicates that 
the bromine alpha to the carbonyl group probably 
is in an axial position.14 Accordingly, the trans- 
hydrogen at carbon-2 also must be axial, as indi
cated in formula II. The conformation of II is the 
expected one if the Corey rule15 pertaining to 
bromination of ketosteroids under kinetic conditions 
is extended to the flavanone (III). However, the 
detailed mechanism may be different in the present 
case, as the bromination is effected under irradia
tion with ultraviolet light. These conditions could 
lead to homolytic steps in the early stages of the 
bromination. However, the hydrogen bromide 
subsequently produced may catalyze enolization, 
and the enol usually postulated then could partici
pate in an ionic bromination process. In view of 
the apparent conformational stability of II, 
it is likely that the hydrogen atom at carbon-2 in 
I and III also is axial.

EXPERIMENTAL16

H y d r o ly s is  o f  h e s p e r id in . A 5.0-g. quantity of hesperidin 
was suspended in a solution of 2.5 ml. of coned, sulfuric 
acid in 250 ml. of 50% aqueous ethanol, heated until solu

(8) H. L. Hergert and E. F. Kurth, J .  A m .  C h e m . S o c ., 
75, 1622 (1953).

(9) Recent data supporting this statement are presented 
by M. Shimokoriyama, J .  A m .  C h em . S o c ., 79, 214 (1957).

(10) For leading references, see S. Rangaswami and
T. R. Seshadri, P ro c . I n d i a n  A c a d . S c i . , 16A, 129 (1942).

(11) G. Zemplen and R. Bognar, B e r ., 76B, 454 (1943).
(12) J. H. Looker and M. J. Holm, J .  O rg. C h e m ., 24, 

1019 (1959).
(13) A review of the four centers in a plane generalization 

is given by D. H. R. Barton, J .  C h e m . S o c ., 1030 (1953).
(14) R. N. Jones, D. A. Ramsay, F. Herling, and K. 

Dobriner, J .  A m .  C h em . S o c ., 74, 2828 (1952).
(15) E. J. Corey, J .  A m .  C h e m . S o c ., 76, 176 (1954).
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tion was complete (usually ca . 75 hr.) and then an additional 
5 hr. The pH was adjusted to between 4 and 5. Most of the 
alcohol was removed by distillation, the residual solution 
filtered while hot, and the filtrate allowed to cool. The light 
tan, crude, crystalline hesperetin was collected by filtration 
and air-dried; yield, 1.78 g. (72%), m.p. 225-227° with soft* 
ening a t 218°. The crude product was recrystallized by 
solution in hot isopropyl alcohol (10-11 ml.), cooling, and 
permitting the mixture to stand 12 hr. in a refrigerator. 
The recrystallized hesperetin (1.15 g.) melted at 228- 
229.5° (lit.,6’17 m.p. 226°). The purest hesperetin obtained 
in this study melted a t 228.5-229.2°. By sublimation, a 
product, m.p. 232.8°, has been previously reported.18

D im o r p h o u s  f o r m s  o f  h e s p e re tin  tr ia ce ta te . A 7.00-g. quan
tity  of hesperetin, m.p. 226-228°, was dissolved in a mixture 
of 45 ml. of acetic anhydride in 45 ml. of pyridine and per
mitted to stand at room temperature for 24 hr. The mixture 
was poured into 800 ml. of crushed ice-water, and the 
precipitated product collected and dissolved in 100 ml. of 
boiling 95% ethanol. Cooling the ethanol solution at 0° for 
12 hr. gave 8.00 g. (80%) of the crude triacetate. Recrystal
lization from 75 ml. of 95% ethanol gave 7.50 g., m.p. 141.5- 
143.5°, and two additional crystallizations gave 6.68 g. 
of hesperetin triacetate, m.p. 143.5-144.5°. In another 
example of this purification, the melting point after the 
fourth crystallization was 143.5-144.2°. After a fifth 
crystallization hesperetin triacetate, m.p. 126.5-127°, was 
obtained.

A n a l .  Calcd. for C22H20O9: C, 61.67; H, 4.71; CH3CO,
30.14. Found: (For dimorph, m.p. 126.5-127°): C, 61.89; 
H, 4.78. (For dimorph, m.p. 143.5-144.5°): C, 61.94; H, 
4.98; CH3CO, 29.6. The residue from the acetyl determina
tion was isolated, recrystallized from ethanol and shown 
to be hesperetin by melting point and mixed melting point 
determination.

Hesperetin triacetate, m.p. 143.4-144.2°, was dissolved in 
hot 95% ethanol, and the resulting solution filtered into a 
flask containing seed crystals of the dimorph, m.p. 126.5- 
127°. Upon cooling, the total separated hesperetin tri
acetate was collected, air-dried, and found to melt 126.5- 
127°. When the dimorph, m.p. 126.5-127°, was melted on a 
Kofler hot stage19 and held at 130-135° for several minutes, 
crystals grew in the melt and remelted between 145 and 
147°. Samples of both dimorphs were weighed, dried in a 
drying pistol i n  va cu o  for 1 hr., and reweighed. No change 
in weight was observed.

In Nujol mull, the infrared spectrum of the dimorph, 
m.p. 143.5-144.5°, showed strong or medium absorption 
bands at 1760, 1685, 1618, 1581, 1520, 1444, 1330, 1279, 
1269, 1212, 1190, 1136, 1130, 1076, 1060, 1028, 903, and 
809 cm-1. The Nujol spectrum of the dimorph, m.p. 126.5- 
127°, showed strong or medium absorption bands a t 1755, 
1670, 1616, 1570, 1515, 1438, 1331, 1282, 1262, 1249, 1210 
(broad), 1180, 1129, 1074, 1060, 1025, 899, and 817 cm’ 1. 
In carbon tetrachloride solution, the dimorphs gave identical 
infrared spectra, showing absorption bands a t 1775, 1691, 
1618, 1437, 1369, 1327, 1188 (broad), 1127, 1073, 1023, 
and 898 cm-1. The ultraviolet absorption spectrum of the 
high-melting dimorph in absolute ethanol showed maxima 
a t 220 m/i ( t 38.7 X 103), 259 m/x (« 11.2 X 10s), and 314 
m/x ( e 3.89 X 103), and minima a t 241 mxx (e 6.22 X 103) 
and 288 m/x (« 1.81 X 103).

3 -B r o m o h e sp e r e tin  tr ia ce ta te . This substance was prepared 
as previously described.11-12 In a potassium bromide pellet, 
the infrared spectrum of 3-bromohesperetin triacetate

(16) Melting points are uncorrected and were observed 
in capillary tubes. The infrared measurements were carried 
out with a Perkin-Elmer Model 21 double-beam recording 
spectrophotometer. A Cary recording spectrophotometer 
was employed for ultraviolet spectral measurements.

(17) F. Tiemann and W. Will, B e r . , 14, 951 (1881).
(18) R. Seka and G. Prosche, M o n a ts h ., 69, 284 (1936).
(19) L. Kofler, A n g e w . C h e m ., 51, 703 (1938).

showed strong or medium absorption bands at 1771, 1692, 
1620, 1580, 1517, 1432, 1372, 1273, 1202, 1180, 1127, 1071, 
1022, 903, and 810 cm-1.

D io s m e tin  tr ia ce ta te  f r o m  3 -b ro m o h e sp e re tin  tr ia ce ta te  a n d  
p y r id in e .  A 0.5-g. sample of 3-bromohesperetin triacetate 
was dissolved in 20 ml. of cold pyridine and stored for 1 week 
a t —5°. The mixture was then placed in a desiccator con
taining coned, sulfuric acid. The desiccator was evacuated 
and stored at —5°. When all of the pyridine had been 
absorbed by the sulfuric acid, the reaction vessel was 
removed and the residue triturated with cold methanol. 
After standing a t ca . 5° overnight, 0.29 g. (70%) of diosmetin 
triacetate was collected by filtration and recrystallized 
from methanol; m.p. 195-197° (lit. m.p.20 195-196°). The 
solid state spectrum (potassium bromide pellet) was identical 
with that of diosmetin triacetate obtained as previously 
described.12

A n a l .  Calcd. for C22HI80 9: C, 61.97; H, 4.26. Found: 
C, 62.55, 62.28; H, 4.30, 4.27.

A v e r y  L a b o r a t o r y

T h e  U n i v e r s i t y  o f  N e b r a s k a

L i n c o l n ,  N e b .

(20) A. Lovecy, R. Robinson, and S. Sugasawa, J .  C h em . 
S o c ., 817 (1930).

Steroidal Esters o f  3-IndoIeacetic A cid1-3

J o h n  F. H o f e r t  a n d  H a r o l d  M. S e l l  

R ece ived  M a r c h  2 9 , 1 9 6 0

As alterations of the lyophilic properties of the 
alcohol portion might enhance the activity for 
parthenocarpic fruit induction in the tomato,4-6 
steryl esters of 3-indoleacetic acid have been 
prepared and tested for biological activity.

Attempts to synthesize the esters using 3-indole- 
acetyl chloride6-7 and free sterol in pyridine8 re
sulted in the formation of a highly insoluble orange- 
red material. The preparation of the esters was 
accomplished by using the free sterol, silver carbo
nate, and approximately twice the theoretical 
amount of acyl chloride in benzene or petroleum 
ether. The products were purified by recrystalli
zation to constant melting point followed by re
moval of the final traces of free sterol with digi- 
tonin.9 1 2 3 4 5 6 7 8 9

(1) Journal Article No. 2594 of the Michigan Agricultural 
Experiment Station.

(2) This research was supported by a grant from the 
National Science Foundation.

(3) From the masters thesis of J. Hofert, Michigan State 
University.

(4) H. M. Sell, S. H. Wittwer, T. L. Rebstock, and
C. T. Redemann, P la n t  P h y s io l . , 28, 481 (1953).

(5) L. E. Weller, S. H. Wittwer, and H. M. Sell, J .  A m .  
C h e m . S o c ., 77, 4937 (1955).

(6) E. Shaw and D. W. Woolley, J .  B io l .  C h e m ., 203, 979
(1953).

(7) K. N. F. Shaw, A. McMillan, A. G. Gudmundson, 
and M. D. Armstrong, J .  O rg . C h e m ., 23, 1171 (1958).

(8) J. F. Norris, and G. W. Rigby, J .  A m .  C h e m . S o c .,  
54, 2088 (1932).

(9) L. F. Fieser, N a tu r a l  P r o d u c ts  R e la te d  to  P h e n a n th r e n e ,  
Reinhold Publishing Corp., New York, 1949, p. 102.
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TABLE I
PROPERTIES of Steryl 3 -Inooleacetates

0

R Formula \L P .a

M n
in

CHCI3
Yield,4

%
Carbon

Caled. Found
Hydrogen 

Caled. Found
Nitrogen 

Caled. Found

Cholesteryl c 37h 63n o 2 194.5-195 -3 6 80 81.7 82.0 9.8 9.8 2.6 2.7
Ergosteryl c 38h 61n o 2 179-180 - 7 6 23 82.4 82.3 9.3 9.2 2.5 2 .7
7-Dehydrocholesteryl c 37h 51n o 2 169-170 -5 5 11 82.0 82.0 9.5 9.3 2.6 2.5
Cholestanyl c 37h 55x o 2 172-173 +  13 64 81.4 81.4 10.2 10.2 2.6 2.5
/3-Sitosteryl c 39h 37x o . 153-154 -3 2 7 81.9 81.7 10.0 9.9 2.4 2.5

° Corrected. 4 Based on crude material.

Physical properties of the steryl 3-indoleacetates 
prepared are reported in Table I. Cholesteryl, 
cholestanyl, and sitosteryl esters displayed indole 
absorption (280 to 300 m/t), v.'hereas the ergosteryl 
and 7-dehydrocholesteryl esters also exhibited 
absorption for their conjugated diene system.

EXPERIMENTAL

R e c r y s la l l iz a t ic n  o f  3 - in d o le a c e tic  a c id . Ten grams of com
mercial 3-indoleaeetic acid was dissolved in 350 ml. of 
peroxide-free ethyl ether. The small amount of solid remain
ing was removed by filtration. Two hundred milliliters of 
dry petroleum ether10 (b.p. 40-45°) was then slowly added 
to the filtrate. The solution was stored in the refrigerator 
overnight a t —10° and yielded 8.1 g. of white crystals, 
m.p. 169-170°. This material was used for the synthesis of
3-indoleacetyl chloride.

A .  P r e p a r a t io n  i n  benzene . C h o les te ry l 3 -i~idoleaceta te. Equal 
weights (3.0 g.) of cholesterol (0.008 mole, recrystallized 
from 95% ethanol and dried i n  va cu o  at 100°), silver car
bonate (0.01 mole) and freshly' prepared 3-indoleacetyl 
chloride7 (0.016 mole) were shaken in 10 ml. of anhydrous 
thiophene-free benzene for 18 hr. at 30°. The silver chloride 
and carbonate were then removed by suction filtration and 
washed with 10 ml. of benzene. The filtrate was concen
trated to dryness under reduced pressure and the residue 
treated with hot methanol. The white to gray' crystals which 
failed to dissolve were collected by' filtering the hot solution. 
Upon cooling the filtrate to room temperature an amorphous 
powder precipitated (total yield of crude product based on 
cholesterol was 80%). One gram cf the combined material 
was treated with 0.8 g. of digitonin.9 The final product was 
recrystallized from chloroform-95% ethanol and weighed 
0.67 g.

E r g o s te r y l  3 - in d o lea ce ta te . The procedure previously de
scribed for the preparation of cholesteryl 3-indoleacetate 
was followed through removal of the silver residues. Con
centration of the filtrate i n  va cu o  was aided by bubbling 
nitrogen through the solution. Two solid fractions were 
obtained, one from filtration and the other from evapora
tion of the benzene. Complete removal of the solvent yielded 
a brown tar which could not be purified. The two fractions 
were recrystallized separately by dissolving in enough 
chloroform to effect solution and adding an equal volume of 
95% ethanol. The two white crystalline fractions were com
bined and treated with digitonin.9 Pinal recrystallization of

(10) Washed with sulfuric acid, water, dried over calcium 
chloride, and distilled over sodium.

the product involved dissolving in ethyl ether, evaporation 
of the solvent at room temperature until crystals oegan to 
form, and then adding to this solution an equal volume of 
petroleum ether (b.p. 40-45°).

7 -D eh yd ro c h o lc s te ry l S -in d o lea ce ta te . Using 7-dehydro- 
cholesterol, 3-indoleacetyl chloride and silver carbonate, the 
mixture was heated at 30° for 18 hr. and filtered. After most 
of the benzene had been removed by' concentration in an 
atmosphere of nitrogen under reduced pressure, a brown oil 
formed. Enough chloroform was added to the oil to produce 
a homogeneous solution which was then volatilized and 
cooled by passing a stream of nitrogen over the surface. 
The cooling and concentration caused a brown oil to form 
from which the cold chloroform was decanted. Addition of 
95% ethanol to the supernatant liquid precipitated white 
crystals which after two-fold recrystallization from chloro
form-95% ethanol resulted in the analytical product.

B .  P r e p a r a t io n  i n  p e tr o le u m  ether. C h o le s ta n y l 3 - in d o le -  
aceta te. Equal weights (3.94 g.) of cholestanol (0.01 mole), 
freshly prepared 3-indoleacetyl chloride (0.02 mole) and 
silver carbonate (0.1 mole) were refluxed gently' in a round 
bottom flask heated by a water bath at 40-45° in 110 ml. 
of dry petroleum ether (b.p. 40-45°). A motor stirrer kept 
the silver carbonate in suspension during the heating period 
while hydrogen chloride passed through the condenser. 
After 2 hr. of heating 10 ml. of dry benzene was added and 
the temperature was maintained until hy'drogen chloride 
evolution ceased. Thirty milliliters more benzene was added 
and the water bath temperature increased to 55-60° for an 
additional 30 min. After filtering the silver salts from the 
warm solution, fractions of material were obtained by addi
tions of petroleum ether. Recrystallizations from absolute 
ethanol gave the crude products (64% based on cholestanol). 
Treatment with digitonin and final recrystallization from 
chloroform-95% ethanol gave the purified product.

3 - S i to s te r y l  3 - in d o lea ce ta te . Proportions of sterol, 3-indole
acetyl chloride, silver carbonate, and solvent were used as 
in the previous preparation. After 3 hr. of heating, hvdrogen 
chloride production ceased, 40 ml. of dry benzene was 
added and the bath temperature raised to 45-50° for an 
additional 2 hr. Concentrating the filtrate, removing the 
silver precipitates, and adding petroleum ether (b.p. 40- 
45°) gave material which was treated with Xorite A, 
recry'S'.allized three times from 95% ethanol and then 
purified further by digitonin treatment, A final recrystal
lization from 95% ethanol gave fluffy flakes of the ester.

B io lo g ic a l p ro p e r tie s . Biological activity of the steroidal 
esters was determined by employing the tomato ovary 
test11 and using 3-indoleacetic acid as a control. For all

(11) S. H. Wittwer, U n iv . o f  M i s s o u r i  B u ll . , 371 (1943).
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practical purposes, the steryl esters were inactive in this 
test.

Department o r Agricultural Chemistry 
Michigan State University 
East Lansing, M ich.

The Effect o f Solvent on the U ltraviolet 
Absorption Spectra o f Phosphine Oxides and 

Sulfides

V. Baliah and P. Subbarayan 

R ece ived  A p r i l  18 , 1 9 6 0

From a study of the effect of solvent on the 
ultraviolet absorption spectra of sulfones, it was 
suggested1 that the sulfur-oxygen bond in sulfones 
is semipolar and not doubly covalent. It was 
interesting to study in a similar way the nature of 
the phosphorus-oxygen and phosphorus-sulfur 
bonds in phosphine oxides and phosphine sulfides, 
respectively.

From the data recorded in Table I it is seen that 
the solvent effect on the absorption spectra of 
phosphine oxides and phosphine sulfides is analo
gous to that observed for sulfones.1 With change of 
solvent from cyclohexane to ethanol there is 
practically no change in Xmal for phosphine oxides 
and sulfides, while for ketones, there is a consider
able bathochromic shift. This shift is even more 
pronounced for p-nitrosodimethylaniline. In the 
case of ketones and p-nitrosodimethylaniline, polar 
structures (I and II) make a more significant 
contribution to the excited state than to the ground 
state; the excited state is thus more stabilized in 
a polar solvent and a red shift of the Xmax is seen 
to occur with change of solvent from cyclohexane

0 “

« ¿ O J h O  (c h , ) ^ < > n - o -
I II

to ethanol. If the phosphorus-oxygen and phos
phorus-sulfur bonds in phosphine oxides and sul
fides are semipolar, both the ground and excited 
states are zwitterionic (as illustrated by III and
IV) and they will be stabilized almost to the same 
extent in a polar solvent. Hence there will be no

(1) V. Baliah and Sp. Shanmuganathan, J .  P h y s .  C h em .,
62, 255 (1958).

significant change in X„,„ with change of solvent. 
Such a semipolar concept of the phosphorus- 
oxygen linkage in phosphine oxides is in conformity 
with the experimental evidence supplied by the 
parachors,* 62 2 dipole moments,3 and bond refractions.4

TABLE I
Solvent E ffect on the Absorption Spectra of T riaryl- 
phosphine Oxides, T riarylphosphine Sulfides, and 

D iaryl Ketones“

c 6h i2 C2H6OH
^max £max ^max emax

(C6H5)3PO 224 23,000 224 26,100
(p-CH3C6H4)3PO 231 32,800 232 35,500
(p-CH3O C 6H4)3PO 244 43,700 246 46,000
(p-CH3-C6H4)3PS 227 30,800 227 30,300
(p-CH30-C6H4)3PS 240 35,300 242 35,300
(C6H5)2CO 249 18,900 253 17,500
(p -CH3-C6H4)2CO 258 22,100 265 20,600
(p-CILOCelLkCO 279 22,300 295 21,900
p-(CH3)2N-C6H4'NO 393 23,800 428 28,600

“ The high intensity bands only are given. Wave lengths 
are in my .

EXPERIMENTAL

T r i - p -a n is y lp h o s p h in e  o x id e . A saturated solution of po
tassium permanganate was added in excess to tri-p-anisyl
phosphine5 (3.5 g.) dissolved in glacial acetic acid. After 2 
to 3 hr., sodium bisulfite was added to decolorization and 
the acid was neutralized carefully with ammonium hy
droxide. The oil (3 g.) tha t was obtained solidified on cool
ing and scratching with a few drops of ether. Recrystalliz
ation from petroleum ether (b.p. 60-70°) gave shining 
needles, melting at 142-143°.

A n a l .  Calcd. for C21H210 4P: C, 68.45; H, 5.74. Found: C, 
68.03; H, 5.64.

T r i - p -a n is y lp h o s p h in e  su lf id e . A mixture of tri-p-anisyl
phosphine6 (3.5 g.) and sulfur (0.4 g.) in carbon disulfide 
(25 ml.) was refluxed for 2 hr. Distillation of the carbon 
disulfide left an oily product (3.2 g.) which solidified on 
cooling. I t  crystallized from ethanol as colorless needles and 
melted a t 109-110°.

A n a l .  Calcd. for C21H2i0 3PS: C, 65.63; H, 5.51. Found: 
C, 65.12; H, 5.36.

T r i - p - to ly lp h o s p h in e  o x id e . To p-tolylmagnesium bromide 
prepared from magnesium (5.2 g.) and p-bromotoluene 
(36.7 g.) dissolved in sodium-dried ether (100 ml.) was added 
phosphoryl chloride (7.6 g.) in dry ether (50 ml.) during the 
course of 0.5 hr. with vigorous shaking and cooling in a 
freezing mixture. The resulting complex was decomposed 
with a saturated solution of ammonium chloride and the 
ether layer was separated. The aqueous layer was extracted 
twice with ether and the combined ether extracts were 
washed with sodium hydroxide solution to remove any 
di-p-tolylphosphinic acid formed. The ethereal extract was 
dried with anhydrous sodium sulfate and the ether was re
moved by distillation. The oily product (12 g.) that was left

(2) S. Sugden, J. B. Reed, and H. Wilkins, J .  C h e m . S o c .  
127,1525(1925).

(3) K. A. Jensen, Z .  a n o rg . a llg em . C h e m ., 250, 268
(1943).

(4) R. G. Gillis, J. F. Horwood, and G. L. White, J .  A m e r .  
C h e m . S o c ., 80,2999 (1958).

(5) F. G. Mann and E. J. Chaplin, J .  C h em . S o c ., 527
(1937).
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over solidified on cooling and scratching. Recrystallization 
from benzene gave crystals melting a t 145°. Miehaelis,6 
who prepared it by the oxidation of tri-p-tolylphosphine, re
ported the same melting point.

Triphenylphosphine oxide, m.p. 153-154°, was obtained 
from triphenylphosphine7 by the method of Miehaelis and 
Soden.8 Tri-p-tolylphosphine sulfide, m.p. 185-186°, was 
prepared by the action of sulfur on tri-p-tolylphosphine6 as 
described by Miehaelis.6 p,p'-Dimethoxybenzophenone, 
m.p. 143-144°, was prepared by the method of Bergmann 
and Harvey.* p,p'-Dimethylbenzophenone, m P- 93-94°, 
was obtained by the Friedel-Crafts reaction of p-toluovl 
chloride with toluene. The sample of p-nitrosodimethyl- 
aniline used was recrystallized from petroleum ether (b.p. 
30-50°) and melted at 94-95°.

D epartment op Chemistry 
Annamalai University 
Annamalainagar 
Madras State, I ndia

(6) A. Michaelis, A n n . ,  315, 43 (1901).
(7) J. Dodonow and H. Medox, B e r ., 61, 907 (1928).
(8) A. Michaelis and H. Soden, A n n . ,  229, 305 (1885).
(9) E. Bergmann and J. Harvey, B e r ., 62, 916 (1929).

Preparation o f D ifunctional Cyanoalkylsilanes 
by the Grignard Reaction

B. Kanner and E. J. P epe 

R e c e iv e d  A p r i l  1 1 , I 9 6 0

Recent reports that the reaction of methyl- 
magnesium bromide with 0-cyan oethyltrichloro- 
silane in diethyl ether results in a low yield of a 
mixture of products1 and that a tertiary amine is 
required as a cosolvent for improved results2 has 
prompted us to report on a brief investigation along 
similar lines. By carrying out the Grignard 
reaction at —50° in tetrahydrofuran solution, 
greatly improved selectivity of the Grignard reagent

TABLE I
R eaction P roducts of /S-Cyanoethyltrichlorosilane 

with Grignard Reagents at —50°“

Mole-% Conversion to
/S-NCfCHjV /3-NC(CH2)2-

RMgCl SiRCb SÌR2C1

Methyl 73 7
Ethyl 69 9

“ Grignard reagents and /8-cyanoethyltrichlorosilane were 
allowed to react in equimolar amounts. See Experimental 
section.

(1) G. D. Cooper and M. Prober, Presented before the 
Division of Organic Chemistry a t the 136th National Meet
ing of the American Chemical Society, Atlantic City, N. J., 
September 1959.

(2) M. Prober, U. S. Patent 2,913,472 (1959).

is realized, workup of the products is simplified, 
and difunctional 0-cyanoethylchlorosilanes are 
readily isolated in good yield. The results of the 
reaction of methyl- and ethylmagnesium chlorides 
with d-cyanoethyltrichlorosilane are summarized 
in Table I.

The effect of reaction temperature on product 
distribution was examined for the reaction of 
méthylmagnésium chloride with 0-cyanoethyltri- 
chlorosilane. The results are summarized in Table 
II.

TABLE II
E ffect of T emperature on Selectivity in the R eaction 
of /S-Cyanoethyltrichlorosilane with Méthylmag

nésium Chloride“

Reaction
Temperature

Mole-% Conversion to
/3-NC(CH2)2-

Si(CH3)Cl2
0-NC(CH2)2-

Si(CHa)iCl

-5 0 ° 73 7
-3 0 ° 61.6 10.6
+  5° 52.4 16.1

“ Grignard reagent and /S-cyanoethyltrichlorosilane were 
allowed to react in equimolar quantities.

It is noteworthy that as the reaction temperature 
is raised from —50° to +5° the conversion to
0-cyanoethyldichloromethylsilane falls about 20% 
while an equivalent amount of Grignard reagent 
is consumed by the formation of by-product 0- 
cyanoethylchlorodimethylsilane. I t is likely that 
at 20-35° reaction of the Grignard reagents will 
be rather nonselective. In addition, at these tem
peratures attack of the cyano group by the Gri
gnard reagent probably becomes important. From 
these results it is concluded that for optimum con
version to difunctional cyanoalkylsilanes the re
action with Grignard reagents should be carried 
out at —30° or lower.

EXPERIMENTAL

All experiments were carried out following essentially 
the same procedure. Workup of the reaction products was 
simplified by removal of the salts by filtration while the 
reaction mixture was still cold.

p -C y c n o e th y ld ic h lo r o m e th y ls i la n e  (I). To 3.3 moles of /3- 
cyanoethyltrichlorosilane (II) in 1.4 1. of tetrahydrofuran 
previously cooled to —50° with a Dry lee-acetone bath 
there was added over a 2-hr. period the Grignard reagent 
prepared from 80 g. (3.3 moles) of magnesium turnings 
treated with excess methyl chloride in 1 1. of tetrahydro
furan. The reaction mixture was stirred for an additional 
hour as it was allowed to warm to +10° and then rapidly 
filtered. The filtrate was stripped of solvent under vacuum 
and refiltered. Flash distillation gave 457 g. of crude product 
which was fractionally distilled a t atmospheric pressure 
through a 20-inch column packed with Helipak Hastelloy 
B (0.1 inch X 0.05 inch X 0.1 inch) rated at 20 plates. 
The forerun b.p. 200-214°/750 mm. (60 g., hydrolyzable 
chlorine, 34.7%) was a mixture of 34 g. (7% conversion) 
of |8-cyanoethylehlorodimethylsilane (ealed. hydrol. chlorine, 
24.0%) and 26 g. of I. The presence of minor amounts of 
I I  and /3-cyanoethyltrimethylsilane cannot be rigidly
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excluded. The main fraction (379 g. +  26 g. from forerun = 
405 g. or 73 moIe-% conversion) was I, b.p. 215°/750 mm., 
n”  1.4550 (hydro!, chlorine, 42.3%; calcd., 42.2%).

6 -C y a n o e th y le th y ld ic h lo r o s ila n e  (III). Similar treatment of 
254 g. (1.35 moles) of II with ethylmagnesium chloride pre
pared from 36.4 g (1.5 moles) of magnesium turnings and 
97 g. (1.5 moles) of rihyl chloride in a total of 1 1. of tetra- 
hydrofuran at —50° gave after filtration and removal of 
the solvent, 205 g. of crude product. Fractional distillation 
gave 168 g. total (conversion, 69 mole-%) of III  as the 
main product (hydrol. chlorine, 37.9%; calcd., 38.9%) b.p. 
234-235°/751 mm. and a forerun b.p. 200-234°/751 mm. 
(hydrol. chlorine, 34.8%) consisting of a mixture of 21.5 
g. (conversion, 9 mole-%) of /3-cyanoethylchlorodiethyl- 
silane (calcd. hydrcl. chlorine, 20.2%) and 5 g. of III.

Silicones D ivision 
Union Carbide Corporation 
T onawanda, N. Y.

Reactions o f t-B u tyl Hypochlorite

D. E. Winkler and G. W. Hearne 

R ece ived  M a r c h  2 3 , 1 9 6 0

¿-Butyl hypochlorite is a highly reactive and 
versatile intermediate. Walling1 has recently shown 
that in the presence of light or free radical ini
tiators it leads to the free radical chlorination 
of hydrocarbons. Good yields of allylic chlorides 
are claimed from many olefins with little or no 
competing addition to the double bond. An older 
and more familiar reaction of ¿-butyl hypochlorite 
is its reaction with olefins in the presence of water 
and a small amount of acid (acetic) to produce 
chlorohydrins.2'3 If water is excluded and the t- 
butyl hypochlorite and olefin are treated with a 
primary or secondary alcohol in the presence of a 
small amount of p-toluenesulfonic acid, a chloro- 
hydrin ether results. 4 5-s If acetic acid is substituted 
for alcohol, then a chlorohydrin ester is the 
chief product.4'6

We have found that if ¿-butyl hypochlorite is 
added to a solution of an olefin in ¿-butyl alcohol 
containing more than a catalytic amount of sul
furic acid, then a sulfate of the following general 
formula results:

(1) C. Walling, B. B. Jacknow, and W. Thaler, 136th 
Meeting Am. Chem. Soc., Atlantic City, N. J., Sept. 13-18,
1959.

(2) W. E. Hanby and H. N. Rvdcn, .7. C h e m . S o c .,  
114(1946).

(3) C. G. Harford (to Arthur D. Little, Inc.) U. S. Patent 
2,107,789.

(4) C. T. Irwin and G. T. Hennion, J .  A m .  C h e m . S o c ., 
63,858(1941).

(5) C. G. Harford (to Arthur D. Little, Inc.) U. S. Patent 
2,207,983.

(6) C. G. Harford (to Arthur D. Little, Inc.,) U. S.
Patent 2,054,814.

Cl H O H Cl

i t—i — di—o —s - O - U  —R 
I I  !l I I

H R  O R  H

where R may be hydrogen or an alkyl group. By
products of the above reaction are believed to be 
a chloro^-butyl ether and a chloroacid sulfate of 
the starting olefin.

Phosphoric acid may be used in place of sulfuric 
acid to give phosphate esters.

EXPERIMENTAL

t - B u ty l  h yp o ch lo r ite . A modification of the method de
scribed by Teeter and Bell7 * 20 was used. Chlorine (171 g.,
2.4 moles) was bubbled into a solution of 96 g. (2.4 moles) 
of sodium hydroxide and 133 g. (1.8 moles) ¿-butyl alcohol 
in 1550 g. of water at a temperature of 15-20°. The top oil 
layer was separated and washed with 200 ml. of 10% Bodium 
carbonate, twice with water, and once with a saturated 
sodium chloride solution. The product was recovered in 88% 
yield based on alcohol. I t  was 99% pure by analysis for 
active chlorine.

B is (2 -c h lo r o c y c lo h e x y l) s u lfa te . To a solution of 18.5 g. 
(0.25 mole) of ¿-butyl alcohol in 150 ml. of benzene there 
was added 13.3 ml. (0.25 mole) of coned, sulfuric acid while 
stirring and maintaining the temperature at 25°. Cyclo
hexene, 41 g. (0.5 mole) was then added, followed by 54.5 
g. (0.5 mole) of ¿-butyl hypochlorite which was added drop- 
wise at 25°. Reaction was immediate. The product was 
washed with water and after removing the solvent under 
vacuum the solid was crystallized from cyclohexane. The 
purified product weighed 32 g. (39% yield) and melted at 
94°.

A n a l .  Calcd. for C12H2o0 4SC12: C, 43.5; H, 6.1; S, 29.0; 
Cl, 21.4. Found: C, 43.4; H, 6.1; S, 29.2; Cl, 21.3.

The chief by-product was probably l-chloro-2-i-butoxy 
cyclohexane. A cut from a Claisen distillation, b.p. 86-97°/ 
20 mm., weighed 38 g. (40% yield).

A n a l .  Calcd. for Cu>H19OC1: Cl, 18.6. Found: Cl, 19.6.
B is ( l - c h lo r o -2 -p r o p y l) s u l fa te . To a solution of 74 g. (1.0 

mole) of ¿-butyl alcohol in 200 g. of benzene there was added 
49 g. (0.5 mole) of coned, sulfuric acid while stirring and 
cooling. To this solution maintained at 0-5° there was 
added simultaneously 108.5 g. (1 mole) of ¿-butyl hypo
chlorite and slightly more than 1 mole of gaseous propylene. 
The product was neutralized with aqueous sodium hy
droxide and washed with water. Claisen distillation gave 
56 g. of material (22% yield) boiling 106-114°/1 mm.

A n a l .  Calcd. for C6H120 4SC12: C, 28.7; H, 4.82; S, 28.3; 
Cl, 12.7. Found: C, 29.0; H, 4.8; S, 28.1; Cl, 12.5.

T r is (2 -c h lo ro c y c lo h e x y l)p h o sp h a te . To a solution of 26 g. 
of 85% phosphoric acid (0.23 mole) in 74 g. (1.0 mole) of 
¿-butyl alcohol and 200 g. of benzene there was added 82 
g. (1.0 mole) of cyclohexene followed by the dropwise addi
tion of 108.5 g. (1.0 mole) of ¿-butyl hypochlorite at 20-25°. 
After 2 hr. at this temperature the reactants were heated for 
1 hr. a t 40° for completion. The product was neutralized 
with I N  sodium hydroxide and thoroughly washed with 
water. The solvent and medium boiling products were re
moved from a Claisen still to a kettle temperature of 100° 
at 1 mm. The residue was taken as product and corresponded 
to a 34% yield.

A n a l .  Calcd. for C18H3„PC13: C, 48.2; H, 6.75; P, 6.92; Cl,
23.8. Found: C, 49.6; H, 7.0; P, 6.0; Cl, 23.1.

Shell D evelopment C o .
E meryville, Calif.

(7) H. M. Teeter and E. W. Bell, O rg. S y n th e s e s , 32,
20 (1952).
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a-Indanone from  /3-PropioIactonc

Kenneth L . R inehart, Jr ., and D avid H. Gustafson

R ece ived  F e b ru a r y  12 , 1 9 6 0

The preparation of a-tetralone by condensation of 
benzene with 7-butyrolactone in the presence of 
excess aluminum chloride was reported several 
years ago.1’2 This reaction does not appear to 
have been extended to the preparation of a -  

indanone from /3-propiolactone, although a mix
ture of /3-phenylpropionic acid (62%) and phenyl 
vinyl ketone (15%) was obtained in one study,3* 
while no product—/3-phenylpropionic acid was 
expected—was isolated in another.81. In the present 
report use of excess aluminum chloride has given 
a-indanone in ca. 80% yield when the lactone was 
added to an excess of aluminum chloride and 
benzene. The reverse order of addition (aluminum 
chloride added to lactone and benzene) 1’2 gave 
only a 30% yield.

The present method has the usual advantage 
of a one-step synthesis from available starting 
material and presumably can be extended to the 
preparation of substituted and polycyclic com
pounds. Previous one-step procedures employed 
the much more expensive /3-chloropropionyl chlo
ride (55% yield)4 and acrylyl chloride (3% yield).5 
a-Indanone also has been prepared from indene6 
and indane7-8 by oxidative procedures; from (3- 
phenylpropionic acid by cyclization with poly

11) W. E. Truce and C. E. Olson, J .  A m .  C h em . S o c .,  
74,4721(1952).

(2) C. E. Olson and A. R. Bader, O rg. S y n th e s e s , 35, 95
(1955).

(3) (a) F. W. Shaver, U.S. Patent 2,587,540 (1952): c f. 
C h em . A b s tr . , 46, 9603c (1952). (b) R. V. Christian, Jr., J .  
A m .  C h em . S o c ., 74, 1591 (1952).

(4) R. T. H art and R. F. Tebbe, J .  A m .  C h em . S o c ., 
72,3286(1950).

(5) E. P. Kohler, A m .  C h em . J . ,  42, 375 (1909).
(6) R. A. Pacaud and C. F. H. Allen, O rg. S y n th e s e s , Coll. 

Vol. II, 336 (1943). Earlier references are found annotated 
herein.

(7) H. Hock and S. Lang, B e r . d eu t. chem . G es., 75B, 
1051(1942).

(8) P. de Radzitsky and J. C. Balacéanu, Brit. Patent
770,478(1957).

phosphoric acid,9-10 with fluosulfonic acid,11 with 
trifluoroacetic anhydride,12 and with aluminum 
chloride-sodium chloride;13 and from /3-phenyl- 
propionyl chloride by cyclization with aluminum 
chloride.14

EXPERIMENTAL

A solution of 43.5 g. (0.605 mole) of 0-propiolactone in 
100 ml. of benzene was added dropwise during 45 min. to a 
stirred mixture of 300 g. (2.25 moles) of anhydrous aluminum 
chloride and 400 ml. of sodium-dried, thiophene-free benzene. 
The mixture was heated for 18 hr. under reflux, cooled, and 
poured over ice and hydrochloric acid. The aqueous layer 
was extracted with ether and the combined organic phases 
were washed with water, O.IjV potassium hydroxide solu
tion and water, then dried over sodium sulfate. Solvent was 
removed by flash distillation and the residue w-as distilled 
through a 30-cm. spiral-w'ound column with total reflux 
head. Indanone (61.5 g., 77%) boiled a t 84-85°/1.5 mm., 
m.p. 40° (lit.9 m.p. 40-42°); its 2,4-dinitrophenylhydrazone 
melted a t 256.5-257.5° (lit.15 m.p. 258°).

The distillation residue (46.5 g.) was extracted with 
petroleum ether (b.p. 60-80°) in a Soxhlet extractor. Con
centration of the extract yielded 10.1 g. of yellow oil, whose 
infrared spectrum showed it to be mainly indanone. The oil 
was dissolved in a minimum of ethanol and added to a solu
tion o: 15 g. of 2,4-dinitrophenylhydrazine in ethanol. The 
immediate precipitate of indanone-2,4-dinitrophenylhydra- 
zone was filtered and crystallized from ethyl acetate, then 
from glacial acetic acid; wt., 7.4 g. (4%), m.p. 256-257°. 
The total yield of indanone was thus 81%.

Acknowledgment. The authors wish to express 
their appreciation to the Materials Laboratory, 
Wright Air Development Division, Wright-Pat- 
terson Air Force Base, Ohio, for financial assist
ance.
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Ureana, I II .

(9) H. R. Snyder and F. X. Werber, J .  A m .  C h em . S o c ., 
72, 2965 (1950).

(10) J. Koo, J .  A m .  C h em . S o c ., 75, 1891 (1953).
(11) W. Baker, G. E. Coates, and F. Glockling, J .  C h em . 

S o c ., 1376(1951).
(12) R. J. Ferrier and J. M. Tedder, J .  C h em . S o c ., 1435

(1957).
(13) D. B. Bruce, A. J. S. Some, and R. H. Thomson, 

J .  C h em . Soc.., 2403 (1953).
(14) W. S. Johnson and H. J. Glenn, J .  A m .  C h em . S o c ., 

71,1092(1949).
(15) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, T h e  

S y s te m a tic  Id e n ti fic a tio n  o f  O rg a n ic  C om pound ,s , 4th ed., John 
Wiley and Sons, New York, 1956, p. 318.
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Communications t o  t h e  e d i t o r

The Reaction o f N -Chlor obenzainide w ith 
Potassium  Fluoride

Sir:
We should like to report an unusual example of 

the Hofmann reaction occurring in a nonaqueous 
medium. A mixture of 15.5 g. (0.1 mole) of A- 
chlorobenzamide1 and 2.9 g. (0.05 mole) of anhy
drous potassium fluoride in 100 ml. of dry benzene 
was refluxed for 12 hr., during which time the mix
ture became orange colored. After cooling, filtra
tion gave 13.5 g. of colorless solid from which the 
organic material was extracted with and recrystal
lized from ethanol to yield Ar-benzoyl-A'-phenyl- 
urea, m.p. 206 208° (reported, 206°).2 A portion of 
the alcohol solution gave a positive test for chloride 
ion with silver nitrate, whereas A-chlorobenzamide 
does not.

This reaction of A’-chlorobenzamide with potas
sium fluoride also takes place when dry cyclohexene 
is used as solvent. Refluxing 15.5 g. (0.1 mole) of A- 
chlorobenzamide with 5.8 g. (0.1 mole) of potas
sium fluoride gave 14.5 g. of precipitate from which 
the urea was extracted. This would seem to indicate 
that formation of phenyl isocyanate is the rate-de
termining step in the reaction, and is followed by 
immediate reaction with A’-chlorobenzamide to 
form the urea. If this were not the case, the pre
dominant reaction would be simply the formation of 
a mole of phenyl isocyanate when equimolar propor
tions of reactants were used. The reaction does not 
occur in the absence of potassium fluoride, since 
refluxing a mixture of A-chlorobenzamide and dry 
benzene yields no urea.

A probable mechanism of formation is suggested 
below, with phenyl isocyanate as the likely inter
mediate. The same product, Ar-benzoyl-Ar'-phenyl- 
urea, was obtained by the authors by refluxing A- 
chlorobenzamide with phenyl isocyanate in dry 
benzene and purifying the product by recrystalliza- 

* tion from ethanol.
The reaction of A’-chlorobenzamide with phenyl 

isocyanate is probably best represented as :
C6H6—N = C = 0  +  CeHsCONH

Cl
C,HS—N = C -----N—COC6H6

I !
OH Ci

( '6HsN HGO—N—COCjHs +  HoO — >•
I

Cl
C6H5NHCONHCOC6H5 +  HOC1

(1) G. R. Eliot, J .  C h e m . S o c ., 121, 203 (1922).
(2) M. A. Spielman and F. I Aus t i n ,  J. Am. Chem. Snc., 

59, 2658 (1937).

Although the chlorine-containing addition product 
has not been isolated and identified, it would be 
anticipated that its hydrolysis would be rapid to 
yield the urea. Preliminary results do not distin
guish between formation of A-fluorobenzamide 
followed by dehydrofluorination and rearrange
ment,

C6H6CONH +  K + F - — >  C6H5CONH +  K+Cl“
I !

Cl F

CeHsCONH —► HF +
I

F

C6H6 - l -N C6H6NCO

and a mechanism involving behavior of fluoride ion 
as a base:
C6H6CONH +  F -  — > HF +  [C6H5CO—N—Cl]

i ,
O

C1- + C6H5C—N. CJhNCO

The latter would agree with a publication3 in
dicating the applicability of fluoride ion as a base 
for decarboxylation, and with the mechanism of the 
Hofmann rearrangement in aqueous media. This 
suggests a possible general usefulness of potassium 
fluoride as a base in anhydrous media for many 
reactions, which is currently being studied.

The authors are grateful for a grant from the Re
search Corporation in support of this work.

D e p a r t m e n t  o f  C h e m i s t r y  L e o n  R a n d

U n i v e r s i t y  o f  D e t r o i t  M a r v i n  J. A l b i n a k

D e t r o i t  21, M i c h .

Received February 16, 1960

(3) A. N. Nesmeyanov, K. A. Pecherskaya, and G. Y. 
Uretskaya, A k a d .  N a u k .  S .S . S . R . ,  O tdel. K h im .  N a u k ,  
I z v e s t iy a , 240 (1948).

Crystalline G lucom annan from  Slash Pine

Sir:
In 1951, Yundt1 reported the isolation of a 

crystalline fragment from slash pine hemicellulose 
which contained mannose units. Other sugar units 
were not fully identified. Later a similar crystal
line material was isolated by Nelson2 who found 
that glucose as well as mannose residues were 
present.

(1) A. P. Yundt, T a p p i ,  34, 94 (1951).
(2) R. Nelson, Buckeye Cellulose Corp., personal com- 

munication.
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Using the techniques suggested by Yundt, with 
slight modifications, and starting with a slash pine 
holocellulose, a crystalline glucomannan was iso
lated, which, on hydrolysis, gave 77% mannose 
and 23% glucose. Small amounts of ash, but no 
other sugar units were present.

The sugars were identified chromatographically 
and by the preparation of crystalline derivatives. 
The rod-shaped crystals were about 2.5 n  long and 
showed strong birefringence under polarized light. 
X-ray powder diagrams and chromatographic data 
were obtained at various stages of the purification, 
in the course of which other sugar units (xylose 
and galactose) were gradually removed. The final 
X-ray diffraction of the dry material showed rela
tively sharp peaks.

In future work, the degree of polymerization of 
the glucomannan fragment, its physicochemical 
properties, and the oligosaccharides obtained on 
graded hydrolysis will be studied.

The Institute of Paper Chemistry

Appleton, Wis.

John M. Vaughan 

Louis E. Wise 

L eRoy Borchardt

Received July 18,1960

Preparation of 1,2,3,4,5-Penta-
methylcyclopentadiene, 1,2,3,4,5,5-Hexa- 

methylcyclopentadiene, and 1,2,3,4,5-Penta- 
me thylcyclopen tadi enylcarbinol

S i r :
The author wishes to report the synthesis of the 

novel compounds: 1,2,3,4,5-pentamethylcyclo-
pentadiene (I), 1,2,3,4,5,5-hexamethylcyclopenta- 
diene (II), and 1,2,3,4,5-pentamethylcyclopenta- 
dienylcarbinol (III). These compounds have been 
unavailable thus far due to inherent difficulties in 
the exhaustive methylation of cyclopentadiene. 
They are of obvious interest as nondimerizing 
cyclopentadiene derivatives, for instance, in photo
isomerization reactions.1 Of special interest are the 
derived nonclassical cations, one of which is in
tensely colored.2

Preparation of I : Treatment of tiglaldehyde with 
2-butenyl-2-lithium3 gave di(sec)-2-butenylcarbi- 
nol (IV), b.p. 56.3° (1.5 mm.) n g  1.4719 p(C=C) 
1632 cm.-1 (m). Oxidation of IV with active 
manganese dioxide4 in pentane gave di(sec)-2- 
butenyl ketone (V) in good yield, b.p. 58.0° (4.2 
mm.) raf? 1.4731. A ™ 11239.6, 328 m y . ,  1.22 X

f l)  D. H. R. Barton, H e lv . C h im . A c ta , 42, 2604 (1959).
(2) L. deVries, J .  A m .  Chern . S o c ., in press.
(3) A. S. Dreiding and R. F. Pratt, J .  A m .  Chern . S o c ., 

76, 1902 (1954).
(4) F. Attenburrow et a l., J .  C h em . S o c , 1097 (1952).

104, 47. j>(C=C—C = 0), 1642 cm.-1 (vs). Cycliza- 
tion of V in formic acid-phosphoric acid in accord
ance with the Nazarov ring closure5 gave :n good 
yield 2,3,4,5-tetramethylcyclopent-2-en-l-one (VI)
b.p. 59.8° (3.3 mm.) ng* 1.4772. \S £ i0H 236, 302 
my, w ,  1.39 X 104, 97.6. p(C=0), 1700 cm.-1 
(vs); p(C=C), 1650 cm.-1 (s). Treatment of VI 
with methyllithium gave the expected tertiary 
alcohol as the initial product. Water was lost 
spontaneously upon addition of a trace of iodine; 
distillation of the product yielded I (75%), b.p. 
58.3° (13.5 mm.) n$  1.4748. Mass spec. mol. wt. 
136. \ “ e232 (sh), 248, 265 (sh) mM 2780, 
3180, 2730. y(C=C—C=C), 1653 cm."1 (m), 1620 
cm.-1 (w).

Preparation of I I : Addition of I to one equivalent 
of sodamide6 in liquid ammonia gave smoothly 
pentamethylcyclopentadienyl sodium (VII); addi
tion of one equivalent of methyl iodide to VII gave 
II (67% yield), b.p. 52.8° (6.4 mm.) rc2D° 1.4719; 
mass spec. mol. wt. 150. X“°x0tane 252.4 my emax 
4140. v(C=C—C=C) 1654 cm.-1 (m), 1620 cm.-1 
(w). A characteristic strong band occurred at 1080 
cm.-1 nmr spectrum (40 M.c.) in c.p.s. rel. to 
internal Si(CH3)4 capillary: —36.4, rel. area 6 
(jem-dimethyl); —67.8, rel. area 12 (four vinyl 
methyl groups).

Preparation of III: VII was prepared as above. 
The ammonia was removed, finally in vacuo. The 
residue was dispersed in tetrahydrofuran (distilled 
from lithium aluminum hydride); 1 equivalent of 
ethyl chloroformate (VIII) was now added. After
1-hr. reflux, sodium chloride was removed by 
filtration. Tetrahydrofuran and excess VIII were 
removed by distillation. The ester residue was re
duced with lithium aluminum hydride in ether. 
The product was III in 52% yield, b.p. 65.5° (1.1 
mm.) nf? 1.4955. The distillate crystallized, m.p. 
30.5°: X isooctane 262.4 mju (e, 3230); v ( 0 —H), 
3580 cm.-1 (vs); v ( C = C —C=C) 1656 cm.-1 (m); 
v ( C —0) 1040 cm.-1 (vs).

Anal. Calcd. for I (Ci0Hi6): C, 88.14; H, 11.86. 
Found: C, 87.89; H, 12.02. Calcd. for II (CnFU): 
C, 87.90; H, 12.10. Found: C, 87.74; H. 11.91. 
Calcd. for III (CnHlsO): C, 79.44; H, 10.93. 
Found: C, 79.71; H, 10.99. I, II, and III were 
homogeneous in vapor phase chromatography. 
Absorption above 3000 cm.-1 or at 870-900 cm.-1 
characteristic of exocyclic methylene is absent in 
the infrared spectra of all three compounds. IV, V, 
and VI gave satisfactory C—H analyses.

California Research Corporation L. deVries

R ichmond, Calif.

Received July 11, 1960

(5) E. A. Braude and F. A. Coles, J .  Chem. Soc., 1430 
(1952).

(6) C.R.Hauser et a l., O rg. Syntheses, Coll. Vol. Ill, 291
(1955).
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