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It is shown that the product from the Hofmann elimination of 3-phenylpropyltrimethylammonium hydroxide is I-phenyl- 
propene accompanied by varying amounts of 3-phenylpropene. It is concluded that 3-phenylpropene is the primary product, 
and that under the conditions necessary for the elimination it rearranges to 1-phenylpropene. It is suggested that while a 
similar explanation probably is valid in explaining the source of other abnormal Hofmann products, other routes are also 
open to give abnormal products. Thus, evidence is presented to indicate that the product obtained by Rogers and Ingold 
in the decarbethoxylation and Hofmann elimination of 3,3-dicarbethoxy-4-phenylbutyltrimethylammonium hydroxide is 
ethyl 1-benzylcyclopropanecarboxylate. 

Recently we have presented evidence indicating 
the occurrence of a cis elimination in the formation 
of 1-phenylcyclohexene by a Hofmann elimination 
from trimethyl-trms-2-phenylcyclohexylammonium 
hydr0xide.l In  this work we showed that 3-phenyl- 
cyclohexene, the intermediate which would arise if 
a normal trans elimination occurred,2 does not re- 
arrange t o  1-phenylcyclohexene, the observed prod- 
uct,a under the conditions of the reaction. In  view 
of this it seemed of interest to  investigate some other 
examples of the Hofmann elimination in which the 
observed product arises by means of a rearrange- 
ment. 

There are several examples of abnormal Hofmann 
elimination products in the literature. Thus the 
final Hofmann elimination in the exhaustive meth- 
ylation of piperidine gave l13-pentadiene (rather 
than the expected 1,4-pentadiene)* and the Hof- 
mann elimination of 3-phenylpropyltrimethylam- 
monium hydroxide gave 1-phenylpropene rather 
than the expected 3-phenylpr0pene.~~~ Also, the 
Hofmann elimination and decarbethoxylation of 
3,3 -diearbethoxy - 4 - phenylbutyltrimethylammon- 
ium hydroxide was reported to give ethyl iso-a- 
benzylcrotonate rather than the expected ethyl-a- 
benzylvinylacetate.7 We decided to study one of 
these reactions in order to  establish its course. 

Reinvestigation of the Hofmann elimination of 
3-phenylpropyltrimethylammonium hydroxide has 
confirmed the observation that the major product 
is 1-phenylpropene. However, under the normal 
conditions for this reaction (almost anhydrous qua- 
ternary ammonium hydroxide heated at  120-130") 
about 9% of 3-phenylpropene is also found. Under 
the same conditions exogenous 3-phenylpropene 
isomerizes to  the same mixture of phenylpropenes. 
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Reducing the contact time of the product with un- 
reacted quaternary ammonium hydroxide raised 
the 3-phenylpropene content of the product to  13y0 
and in the presence of some water as much as 36% 
of the product was 3-phenylpropene. This indicates 
that 3-phenylpropene is the original product and 
that this is rearranged under the reaction conditions 
to 1 -phenylpropene. 

4CH2CH2CH2&(CHa)30H - -+- , 
+CH,CH=CH, - +CH=CHCH3 

In order to  determine the facility with which 3- 
phenylpropene isomerizes under basic conditions, 
a brief kinetic s h d y  was carried out. It was found 
that in 0.1 normal ethanolic potassium hydroxide a t  
100" the isomerization has a half-life of about 25 
hours. The very much more rapid isomerization 
under ordinary Hofmann conditions indicates that 
an almost anhydrous quaternary ammonium hy- 
droxide melt has a greater basicity than would be 
expected from its concentration of hydroxide ion (in 
the case of 3-phenylpropyltrimethylamnionium 
hydroxide the hydroxide ion is about five molar). 
The decrease of base strength of hydroxide ion on 
solvation has been attributed to hydrogen bond- 
ing.8 The possible leveling effect of water on base 
strength in general has also been discu~sed.~ 

No reaction was observed when 3-phenylpropyl- 
trimethylammonium hydroxide was refluxed in 
aqueous solution for 32 hours. Arnold and Richard- 
son3 found that both cis and trans-trimethyl-2- 
phenylcyclohexylammonium hydroxide react in 
about one hour in refluxing water to give a 70Oj, 
yield of 1-phenylcyclohexene. Since a trans elimina- 
tion from trimethyl-trans-2-phenylcyclohexylam- 
monium hydroxide to give 3-phenylcyclohexene 
mould have to go by loss of an unactivated hydro- 
gen, this reaction would be expected to proceed at  
about the same rate as the elimination reaction of 
3-phenylpropyltrimethylammonium hydroxide. Ac- 
tually it goes under much less vigorous conditions, 
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and this can be interpreted as further evidence' 
for the occurrence of a cis elimination in this case. 

It seems probable that many Hofmann elimina- 
tion reactions that give abnormal products when 
carried out under vigorous conditions4 proceed by 
formation of a normal primary product followed 
by a base-catalyzed rearrangement. However, this 
is not always the case. 

Thus Ingold and Rogers6 reported that they ob- 
tained ethyl iso-a-benzylcrotonate from an at- 
tempted Hofmann elimination of 3,3-dicarbethoxy- 
4-phenylbutyltrimethylammonium ethoxide. They 
found that hydrolysis of this ester gave an acid, 
m.p. 107', which was isomeric with the a-benzyl- 
crotonic acid obtained by the base-catalyzed isom- 
erization of a-benzylvinylacetic acid. Also, this 
acid, which gave an amide, m.p. 82-83', could be 
prepared by treating ethyl a-benzyl-y-bromobuty- 
rate with alkali. This preparation is reminiscent of 
many cyclopropane syntheses; indeed, the decom- 
positioii of the quaternary ammonium ethoxide is 
analogous to the preparation of ethyl l-acetamido- 
cyclopropanecarboxylate by the decomposition of 
3 -acetamid0 - 3,3 - dicarbethoxypropyltrimethylam- 
monium hydroxide. lo 

1-Benzylcyclopropanecarboxylic acid is reported 
to be a solid, m.p. 103'11 and 106.5-108°.12 The 
melting point of the amide is 840.11 The corre- 
spondence of the melting points and consideration of 
the methods of preparation suggest that the product 
obtained by Ingold and Rogers was ethyl l-benxyl- 
cyclopropa~iecarboxylate. This is thus another ex- 
amplelo of the formation of a cyclopropane ring by 
a displacement, of trimethylamine when a stable 
anion is formed gamma to the nitrogen during a 
potential Hofmann elimination reaction and illus- 
trates another source of abnormal Hofmann prod- 
ucts. 

COzEt 
I + 

I 
+-CHzC-CHzCHzN(  CHI)^ + 

C02Et CHaCH20- 
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The absence of phenylcyclopropane in the product 
from the elimination reaction of 3-phenylpropyl- 
trimethylammonium hydroxide indicates that a 
hydrogen f l  to a trimethylammonium group is more 
easily lost to give a double bond than a hydrogen a 
to a phenyl group and y to a trimethylammonium 
group to give a cyclopropane ring. 

EXPERIMENTAL 

i2Iaterials. 3-Phenyl-1-bromopropane, b.p. 108-109" at 10 
mm., was prepared by refluxing 3-phenyl-1-propanol with 
twice its weight of 48% HBr for eight hours.13 3-Phenyl- 
propyltrimethylammonium bramzde was prepared by reflux- 
ing 3-phenyl-1-bromopropane with trimethylamine in 
alcohol solution.14 Recrystallization from an ethanol-ethyl 
acetate mixture gave colorless crystals, m.p. 148-152". 
3-Phenylp7apyltrzmethylamnianium hydraxade was prepared 
by passing an aqueous solution of the bromide over a column 
of the ion exchange reiin .lwzberlzte IR21-400 (hydrouide 
form) and eluting the column with water until the eluate 
was essentially neutral.16 The water then was evaporated 
under a vacuum on a steam-bath, the last traces of water 
being removed by an azeotropic distillation with methanol 
and benzene. 3-Phenylpropene was prepared by coupling 
phenylmagnesium bromide and allyl bromide.16 The product 
had b.p. 156-157", nzg 1.5114. 

Analysis of 1- and 3-phenylpropene mzxtures. The 
method of analysis used was that of Berti." He showed that 
the refractive index is a linear function of composition for 
mixtures of 1- and 3-phenylpropene. I n  our opinion the 
best value for the refractive index of 3-phenylpropene1* is 
n2g 1.5082. The many higher values reported are probably 
due to contamination with bromobenzene, a starting mate- 
rial which boils quite clove to the product. We used nz: 
1.5491 for the refractive index of l -phenylpr~pene.~~ 

Hofmann degradataon of S-phenylpropyltrimethylamnionzum 
hzjtlroxzde. ( A  ). The quaternary ammonium hydroxide from 
13.0 g. (0.05 mole) of 3-phenylpropyltrimethylammonium 
bromide was decomposed in a molecular still a t  120-130" 
at  10-20 mm.; Pyreu wool was used to contrd bumping. 
The crude product was diluted with pentane, and mashed 
successively with dilute HC1, water, and sodium bicarbonate 
solution. Distillation gave ( I )  0.4 g., b.p. to 17l0,  n'g 
1.5448; (2) 1.3 g., b.p. 171-173', n2{ 1.5455; (3) 1 0  g ,  
b.p. l73", nz: 1.5460. There mas a total of 2.7 g. (4670) of 
product, composite nz2 1.5455. This corresponds to 9% 
3-phenylpropene. The infrared spectrum of (2) appeared 
to be identical with that of 1-phenylpropenc. (American 
Petroleum Institute Catalog of Infrarcd Spectra, Spectrum 
No 330). 

( B ) .  The quaternary ammonium hydroxide from 13.0 g. 
(0.05 mole) of 3-phenylpropyltrimethylammonium bromide 
was added dropffise to a flask heated to 130-135" and 
evacuated through a Dry Ice-propanol cooled trap to 0.5- 
1.0 mm. The rate of addition u'as such that the previous 
drop had completely decomposed and distilled before another 
drop was added. The material in the cold trap was diluted 
with ligroin anti worked up as described above. Distillation 
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gave 4,:3 g. (73';;)  of phenylpropencs, composite n2; 1.5439 
(130/; 3-phcnylpropene). 

(C). The cluat,ernary ammonium hydroxide from 13 g. 
(0.05 niole) of 3-phenylpropyltrinicthylammoniuni hydrox- 
ide dissolved in 250 ml. of water when refluxed for 32 
hoiirs using a continuous liquid-liquid separator gave no 
water-insoluble product. This same solution on concentra- 
tion to about 85 ml. and addition of 48 g. (0.85 mole) of 
solid potaasiuin hydroxide reacted in three hours. The 
water-insoluble steam-distillable product on working up 
in the usual w:iy and distilling gave (1) 1.15 g., b.p. 165- 
I iO" ,  n'," 1.5381; (2) 2.45 g., b.p. 170-172', n'," 1.5434. 
The total product wclighed 3.60 g. (647,) and had a coni- 
posite n*i 1.5418 ( lSyG 3-phenylpropene). 

(1)).  A solution of 13.0 g. (0.05 mole) of Y-phenylpropyl- 
trimethy1:Lmmonium bromide and BO g. (1.07 moles) of 
pof:issimn hytlroxide in 100 ml. of water on decomposition 
as i n  C gavr 1.5 g. (215.1) of product in 5 hoiirs, n2: 1.5313 
( 3 !i .2 5( 3-phen ylpropene ). 

Zsottzcrization of d-phen&mqene. ( A ) .  il mixture of 3.0 g. 
of  .?-phenylpropene :md the quat,crnary ammonium hydrox- 
idc ol)t:rincd froin 6.5 g. (0.025 niole) of 3-phenylpropyl- 

trimethylammonium bromide was heated ill a moleeular 
still a t  130" for 30 minutes at atmospheric pressure :tiid 
then at  20 mm. at  the same temperature until no nioi'e 
product dist,illed over, On working up in the usual way, 3.75 
y. of product was obtained, nz$ 1.5455, (9% allylbenzene). 
Assuming a yield similar to that in the Hofrnaiin reaction 
carried out under similar conditions, this corresponds to an 
807, recovery of hydrocarbon from the added 3-phenyl- 
propene. 

( B ) .  Ten-ml. aliquots of ail ethanolio solution 0.1 S in 
potassium hydroxide and 1.0 X in 3-phenylproper~e were 
sealed in Pyrex vials, placed in a 100" steam-bath, and 
removed at  appropriate time intervals. The vials then were 
cooled, opened, diluted with water, acidified with hydro- 
chloric acid, extracted with pentane, and the pentane was 
washed with bicarbonate solution, dried, and evaporated. 
The residue then was analyzed by means of refractive index. 
The results showed that :t half-life for :~pproach to cquilili- 
rium under these conditions is 25 hours. 
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