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Treatment of trans-2-phenylcyclopentanol with 85% phosphoric acid a t  90" gave in 22% yield a mixture of 1- and 3-phenj 1- 
cyclopentene, in which the ratio of 1- to 3-isomer was approximately 1 :3. In addition to these olefins, a considerable quan- 
tity of high-boiling material was also obtained. This material was exclusively obtained when the reaction was conducted a t  
150". It was found to contain a mixture of isomeric dimers r e d t i n g  from a reaction of the Friedel-Crafts type. 

The dehydration of t i  ans-2-phenylcyclohexanol 
with 85% phosphoric acid leads to a mixture of 
products which include 1-benzylcyclopentene, benz- 
alcyclopentane, 1-phenylcyclohexene, and 4-phen- 
ylcyclohexene.' The material considered a t  one 
time2 to  be the major product, 3-phenylcyclohex- 
ene, is also formed, but in very small amount. The 
ring contraction reaction, whose existence was de- 
tected only recently, may be ascribed to steric con- 
sequences arising from the fact that the preferred 
conformation of t? ans-2-phenylcyclohexanol in- 
volves an equatorial bonding for both the phenyl 
and hydroxyl groups. 

The phosphoric acid dehydration of tran.s-2- 
phenylcyclopentanol should not be subject to steric 
influences of this kind, since the cyclopentane ring 
is nearly planar, and the original considerations of 
Price and Karabinos2 should hold. The major prod- 
uct should be 3-phenylcyclopentene rather than 1- 
phenylcyclopentene. Pure samples of 1- and 3- 
phenylcyclopentene Tvere used in connection with 
another problem of this l a b ~ r a t o r y , ~  and since these 
samples were available, a separate investigation of 
the dehydration reaction was undertaken. The 
starting material was prepared by the action of 
phenyllithium on cyclopentene oxide, and by anal- 
ogy with relatedjve cyclohexene oxide reactions the 
product mas considered to be essentially pure trans- 
2-phenylcyclopentanol. A dehydration reaction 
was carried out under relatively mild conditions 
(90") with 85% phosphoric acid, and the products 
were separated by distillation to yield (a) a mis- 
ture of olefins in 22% yield, (b) a small amount of 

unchanged alcohol, and (c) a high-boiling residue 
from which was evaporatively distilled a viscous 
oil having the composition of a phenylcyclopentene 
dimer. 

The olefin misture gave analytical data corre- 
sponding to a phenylcyclopentene structure, and 
the infrared absorption spectrum was identical with 
that of 3-phenylcyclopentene, except for n-eak 
bands at  7.48, 7.57, and 10.48 p.  The infrared ab- 
sorption spectrum of 1-phenylcyclopentene shows 
strong bands at  these wave lengths. The composi- 
tion of the mixture was determined by three meth- 
ods. A refractive index plot for mixtures of 1- and 3- 
phenylcyclopentene in known proportion (values 
are in Table I) indicated that the reaction mixture 
contained 22% of 1-phenylcyclopentene. The e.;- 
tinction coefficient a t  2 5 5 . m ~  (A,,, for l-phenylcy- 
clopentene) for the mixture was determined and 
compared with observed ~ a l u e s  of for I- and 3- 
phenylcyclopentene (Table 11), and by calculatioii 
it  was found that 27% of the mixture consisted of 
the conjugated isomer. Extinction coefficient calcu- 
lations v-ere also made for the sharp infrared ah- 
sorption peak at  3.27 p (Table 111). This is a stretch- 
ing band for a =C-H group in a five-membered 
ring,4 and from the observed value for the mixture it 
was calculated that 237, of 1-phenylcyclopentene 
was present. 

In  view of the close correspondence obtained 
through the use of these three physical measure- 
ments, the olefin mixture resulting from the phos- 
phoric acid dehydration may be accepted as con- 
taining about 2570 of 1-phenylcyrlopentene. 9 n  
examination of the C-H stretching absorption 
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TA4BLE I 

A S D  MIXTURES 
PROPERTIES O F  1- 450 3-PHENYLCYCLOPEXTESE 

% of 
I-Phenyl 

Compounds 13.p., "C. mm. 72'd Isomer 

1-Phenylcyclopentene 118-121 25 1 5748 100 
3-Phenylcpclopentene 97-98 20 1 5390 0 
Mixed sample 1 1 5460 23 

Mixed sample 3 1 5491 36 
Mixed sample 4 1 5518 49 
Reaction product 96-113 19 1 5452 22(calc'd) 

Mixed sample 2 1 5477 33 

862 
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TABLE I1 
ULTRAVIOLET ABSORPTION SPECTRA DATA 

Compounds €256 X % of 1-Phenyl Isomer 

1-Phenylcyclopentene 10.71 100 
3-Phenylcyclopentene 0.43 0 
Xeaction product 3.17 27 (calc’d) 

TABLE I11 
INFRARED ABSORPTION SPECTRA DATA 

Compounds ea.zra p % of 1-Phenyl Isomer 

1-Phenylcyclopentene 37.7 100 
3-Phenylcyclopentene 53 .7  0 
Reaction product 50 .0  23 (calc’d) 

a See Experimental Section for details. 

bands in a high-resolution infrared spectrophotom- 
eter gave no indication of the presence of a four- 
membered ring i ~ o m e r ; ~  the rather unlikely possi- 
bility that  a ring contraction occurred in this reac- 
tion was therefore eliminated. The preparation of 
the 1-phenylcyclopentene used as a reference com- 
pound involved the dehydration of l-phenylcyclo- 
pentanol under conditions essentially identical to 
those employed to obtain the mixture of olefins from 
trans-2-phenylcy clopentanol. The fact that  an 8 1 % 
yield of 1-phenylcyclopentene was obtained in the 
former reaction is sufficient proof that it does not 
rearrange or polymerize under these conditions. 
Therefore, from the composition of the mixture of 
olefins produced, it may be concluded that the origi- 
nal arguments of Price and Karabinos2 hold for 
the dehydration of trans-2-phenylcyclopentanol, 
and that the ring contraction observed for the six- 
membered analog is correctly ascribed to conforma- 
tional relationships. 

When the dehydration was carried out a t  150”, 
no olefinic material boiling in the proper range was 
obtained. Instead, the chief product was a high- 
boiling viscous oil from which was separated by 
evaporative distillation a sample that gave analyti- 
cal data corresponding to the phenylcyclopentene 
dimer. The fact that  this sample absorbed 0.97 
mole-equivalent of hydrogen when catalytically re- 
duced indicated that the dimer was probably a Frie- 
del-Crafts product resulting from the addition of 
the aromatic ring of one phenylcyclopentene mole- 
cule to  the olefinic bond of a second molecule. The 
hydrogenated sample was subjected to strong oxida- 
tion conditions with potassium permanganate, and 
the organic acids were separated into an acetone- 
soluble and an acetone-insoluble fraction. The two 
fractions were found by paper chromatographic 
analysis and paper electrophoresis studies to contain 
benzoic acid and a mixture of phthalic acids, re- 
spectively (Tables IV and v). The phthalic acid mix- 
ture corresponded most closely in its properties to  
a mixture of isophthalic and terephthalic acids. The 
ultraviolet absorption spectra of authentic samples 
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FIGURE 1. ULTRAVIOLET ABSORPTION SPECTRA. A, iso- 

phthalic acid; B, terephthalic acid; C, acetone-insoluble 
acid mixture from dimer oxidation; D, “synthetic” mixture 
of isophthalic acid (28.6%) and terephthalic acid (71.4%). 
All spectra were taken in 0.1% sodium hydroxide solution. 

of these two acids were compared with that of the ox- 
idation product mixture, and calculations from these 
spectra indicated that the mixed acids consisted of 
28% isophthalic acid and 72% terephthalic acid. A 
mixture of this composition was made from authen- 
tic specimens, and the ultraviolet absorption spec- 
trum of the “synthetic” mixture mas compared with 
that of the mixed oxidation products. The results are 
in Figure 1 ; the “synthetic” and isolated mixtures 
gave almost identical ultraviolet spectra. 

TABLE IV 
PAPER CHROX4TOGRAPHIC DAT.4 

Acid 

Benzoic 
Mixture Id 
Phthalic 
Isophthalic 
Terephthalic 
Mixture IIe 
Trimesic 
Succinic 
Oxalic 
Malonic 

0.93 
0.91 
0.76 
0.87 
0.85 
0.86 
0.81 
0.70 

0.36 

Rr Values 
Bb CC 

0.91 0 . 9 1  
0.89 0.93 
0.83 0.88 
0 .88  0.92 
0.87 0.90 
0 .88  0.91 
0.85 
0 . 8 3  0.78 

0 .25  
0.71 

a n-Butyl alcohol, acetic acid, water ( 4 : l : l ) .  tert- 
sec-Butyl alco- 

Acetone-soluble oxida- 
Butyl alcohol, acetic acid, mater ( 2 : l : l ) .  
hol, formic acid, water (15:3:2). 
tion product. e Acetone-insoluble oxidation product. 

From these data, it was concluded that the reac- 
tion leading to a dimeric structure was one of the 
Friedel-Crafts type, in which steric hindrance pre- 
vented reaction in the o-position. The reaction oc- 
curred in approximately 3 : 7 ratio for m: p addition; 
and as a result of evidence presented above concern- 
ing the stability of 1-phenylcyclopentene, i t  was 
assumed that the 3-position of the cyclopentane 
ring was involved. The structure of the dimers may 
therefore be represented by: 
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In  addition to m,p-isomerism, the olefinic bond of 
the dimer might be expected to occur in one or both 
of the two positions indicated in the formula. It 
was assumed that the conjugated and non-conju- 
gated isomers would have ultraviolet spectra simi- 
lar to those of 1- and 3-phenyl~yclopentene~ re- 
spectively. On this basis it was calculated that the 
mixture contained 58% of conjugated isomers. Con- 
tinued exposure to the reaction conditions mould 

TABLE V 
PAPER ELECTROPHORESIS DATA 

Acid Cm. Moveda 

Benzoic 7 5  
Mixture I* 7 7  
Phthalic 10 3 
Isophthalic 10 2 
Terephthalic 10 4 
Mixture 11' 10 4 
Trimesic 12.2 

a Conditions: 0.1 iY ammonium acetate buffer, pH 8.7, 
5-6 ma., 5.0 v./cm., four hours. The data given are corrected 
for electroosmosis. Acetone-soluble oxidation product. 

Acetone-insoluble ovidation product. 

presumably increase the amount of conjugated iso- 
mers, and this estimate should therefore be taken 
only as an indication that complete conversion to a 
conjugated system does not occur in phosphoric 
acid a t  150" during a four hour period. 

In  the case of both the phenylcyclopentenes and 
the mixture of isomeric dimers it has been assumed 
that the double bond was not in a 4-phenylcyclo- 
pentene position. This assumption may not be com- 
pletely justified, in view of the isolation of a small 
amount, (67,) of 4-phenylcyclohexene from the de- 
hydration of ~r~ns-2-phenylcyclohexanol.~ The pres- 
ence of a few percent of 4-phenylcyclopentene in the 
olefin fraction isolated in this work might have es- 
caped detection. 

The literature contains several examples of de- 
hydrations of substituted cyclopentanols, but none 
are directly comparable to  these experiments. The 
dehydration-decarboxylation of methyl 2-phenyl- 
3-hydroxycyclopentanecarboxylate in boiling 50% 
hydrochloric acid gave 427, of l-phenylcyclopen- 
tene as the sole isolated p r ~ d u c t , ~  but in the ab- 
sence OF stereochemical assignments for the substit- 
uents it, is not possible to determine the course of 
the dehydration. The phthalic anhydride dehydra- 
tion of two stereoisomers of 2-methyl-5-isopropyl- 
cyclopentanol gave the same product, l-methyl-3- 
isoprop,ylcyclopentene, and this was interpreted by 

(7) Baker, F. Glockling, and J. F. W. McOmie, J .  
Cham. SOC., 3357 (1951). 

the author as meaning that the alkyl groups were 
cis in each stereoisomer.8 From a study of the acid- 
catalyzed dehydration of the two racemic forms of 
2-isopropylcyclopentanol, Vavon and BarbierQ con- 
cluded that the rate of dehydration was much 
greater for the cis isomer, but the position of the 
double bond in the isopropylcyclopentene products 
was not determined. Vapor-phase dehydrations 
with aluminum oxide catalysts have been reported 
for 2-methyl cyclopentanol, to give predominantly 
I-methylcy~lopentene~o along with some of the 3- 
methyl isomer, and for 2,2,4- and 2,4,4-trimethyl- 
cy clopentanol, to give 3,3,5-t rimet hylcy clopentene 
(from both alcohols), 1,4,4-trimethylcyclopentene 
(from the 2,4,4-isomer), and 1,2,4-trimethyIcyclo- 
pentene (from the 2,2,4-isomer).I1 A related vapor- 
phase dehydration over alumina, that of 1,2-dieth- 
ylcyclohexanol to  give 1-ethyl-2-ethylidenecyclo- 
hexanol, was recently described by Karabinos. l2  

EXPER11\.ZEKTAL13 

trans-d-PhenylcyclopentanoL To 1 1. of a 0.73 N solution of 
perbenzoic acid in chlor~form, '~ chilled in ice, there was 
added 45.0 g. of cyclopentene. This solution was held for one 
week a t  0-5". The solution then \vas washed Kith 10% 
sodium hydroxide and water, dried, and distilled to yield 
14.3 g. (25%) of cyclopentene oxide, b.p. 99-99.5" (757 
mm.), n*z 1.4350 (reported16 b.p. 100-101", nzz 1.4321). 

A solution of phenyllithium was prepared from 2.5 g. of 
lithium shavings and 27 g. of bromobenzene in 200 ml. of 
ether. The cyclopentene oxide (14.3 g.) was added dropwise 
to this solution while i t  was stirred vigorously. The mixture 
was heated under reflux for 3.5 hours, and the product was 
isolated in the usual way after the addition of water. Dis- 
tillation gave 9.6 g. (40%) of trans-2-phenylcyclopentanol~ 
b.p. 110-113° (2mm.1, n'g 1.5478. 

Anal. Calc'd for CIIHlaO: C, 81.44; H, 8.70. Found: C, 
81.38; H, 8.82. 

The phenylurethan was prepared; m.p. 82-83' (Kofler 
stage) after recrystallization from hexane. 

Anal .  Calc'd Cl~Hld'TO~: C, 76.84; H, 6.81; S, 4.98. 
Found: C, 77.03: H, 6.73; N, 4.85. 

Dehydration reaction. A mixture of 5.0 g. of trans-2-phenyl- 
cyclopentanol and 5.0 ml. of 85% phosphoric acid was 
stirred and heated at  90" for 4 hours. An equal volume of 
water was added, and the products were extracted with 
benzene. The benzene solution was washed with water and 
distilled. There was obtained 1.0 g. (22%) of an olefin mix- 
ture, b.p. 96-113" (19 mm.), n: 1.5452. 

Anal. Calc'd for CllH12: C, 91.61; H, 8.39; Found: C, 
91.35; H, 8.36. 

Further distillation at  1 mm. gave 0.8 g. of unreacted 
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(11) S. F. Birch and E. A .  Johnson, J .  Chem. Soc., 1493 

(12) J. V. Karabinos and A. T. Ballun, J .  A m .  Chem. SOC., 

(13) Analyses were carried out by Clark nficroanalytical 

(14) G. Braun, Org. Syntheses, Coll. Vol. 1, 431 (1941). 
(15) R. B. Rothstein and M. Rothstein, Compt. rend., 

567(1931). 

Croxton, J .  Am. Chem. SOC. 70, 4139 (1948). 

(1951). 

76,1380 (1954). 
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209,761 (1939). 
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starting material. The viscous residue was subjected to 
evaporative distillation to give a small quantity of CZ2Hz1 
isomers. In  a second experiment the dehydration reaction 
was carried out at 150" for 4 hours with the same quantities 
of reactants. ?;io distillate was obtained when the products 
of this reaction were heated to 233" at 1 mm.; evaporative 
distillation at 140" (1-2 p )  gave a small quantity of a clear 
viscous oil. The Rast molecular weight was found to be 286 
(calc'd for C221124J 288). 

Anal. Calc'd for C, 91.61; H, 8.39. Found: C, 
91.37; H, 8.17 

Hydrogenatton of the dimer fraction. The hydrogenation of 
126 mg. of the mixed dimeric products was carried out a t  
room temperature and atmospheric pressure in ethanol 
with a 10% palladium-carbon catalyst. The reduction re- 
quired 0.97 mole-equivalent of hydrogen and was complete 
in 35 minutes The catalyst was removed by filtration, and 
the solvent was evaporated to yield a viscous oil which was 
not characterized. It was subjected immediately to oxida- 
tion. 

Oxidation of Ct2H26 fraction. The hydrogenated dimer 
fraction was suspended in water (5 ml.). The mixture was 
heated a t  95-looo and stirred for 9 hours during which time 
small portions of potassium permanganate were added 
periodically (a total of 1.5 g. was used). The manganese 
dioxide was removed by filtration, and the solution was 
washed with ether. The aqueous mixture was acidified to 
pH 1 with hydrochloric acid, and the organic acids were 
removed by continuous extraction with chloroform. The 
total yield of organic acids was 42 mg: this was triturated 
with acetone to yield two fractions: Mixture I, an acetone- 
soluble fraction, and Mixture 11, an acetone-insoluble frac- 
tion. 

Paper chromatography of acid fractions. Mixture I1 and 
reference compounds, with the exception of benzoic acid, 
were employed a t  a concentration of 10 mg. of acid per ml. 
of 1% sodium hydroxide solution. For benzoic acid and mix- 
ture I acetone solutions (10 mg./ml.) were preferred. One 
drop of each solution was spotted on each strip. The solvent 
systems are indicated in Table IV; the paper was Whatman 
I, and the ascending method was used. The acids were de- 
tected with an indicator. This was prepared from a 0.04% 
solution of Bromcresol Green in 95% ethanol by adjusting 
to a blue-green color with 1% sodium hydroxide solution. 
The acids appear as yellow areas, while sodium hydroxide 
appears as a blue area (Ri values of 0.240.30, 0.60-0.62. 
and 0.22-0.23 respectively, for columns A, B, and C in Table 
IV). This general method for the chromatography of salts 
is based on the poorly understood phenomenon of salt hy- 
drolysis during paper ~ h r o m a t o g r a p h y . ~ ~ 4 ~ ~ ~  

Paper electrophoreszs of acad fractions. The apparatus was 
a variation of a hanging-paper design. Compounds were 
spotted a t  1.5-em. intervals along a center line on a What- 
man 1 paper strip 42 cm. long and 26.5 em. wide. This strip 
then was draped over a glass rod with the ends dipping 1 em. 
into electrode compartments filled with 0.1 N ammonium 
acetate buffer, pH 8.7. The strip was allowed to wet by 
capillary action. Electrophoresis then was carried out a t  

(16) H. K. Berry, H. E. Sutton, L. Cain, and J. S. Berry, 
Biochemical Institute Studies. I V .  Individual Metabolic 
Patterns and Human  Disease: An Exploratory Study Utiliz- 
ing Predominantly Paper Chromatographic Methods, Uni- 
versity of Texas Printing Division, Austin, Texas, 1951, 

(17) F. H. Pollard, J. F. W. McOmie, and I. I. M. Elbeih, 

(18) K. Yamaguchi, J .  Pharm. Soc. Japan,  73, 1285 

p. 49. 

J .  Chem. Soc., 470 (1951). 

(1 953). 

200 v. and 5-6 ma. for 4 hours. The positions of the aromatic 
acids were established by scanning for ultraviolet absorption 
with a densitometer (Photovolt Model 525) and a mercury 
light source. The values in Table V are for maximum den- 
sity. Urea was used as a neutral reference compound for the 
determination of electroosmosis. It was detected as a yellow 
spot by spraying the appropriate portion of the strip after 
electrophoresis with a 0.5% solution of p-dimethylamino- 
benzaldehyde in 1.0 N hydrochloric acid. 

Speetroscopy. Comparisons of infrared spectra were made 
with a Perkin-Elmer Model 21 spectrophotometer and liquid 
samples. Ultraviolet measurements were made in ethanol 
with a Cary Model 11 MS Spectrophotometer. A study of the 
C-H stretching bands of 1- and 3-phenylcyclopenteneJ and 
of the olefin fraction boiling at 96-113" (19 mm.), was 
carried out on a Beckman IR-3 spectrophotometer. For the 
data in Table 111, concentrations of 0.337, 0.336, and 
0.338 mole/liter respectively for these three compounds in 
carbon tetrachloride were used, with a 0.4". cell and the 
same slit width in each case. Details of this method for 
studying individual C-H bonds may be found in another 
paper.* 

Reference compounds. Phenylcyclopentanol was prepared 
by the action of phenylmagnesium bromide on cyclopenta- 
none following the general procedure described by Ze1in~ky.l~ 
It was dehydrated by stirring with an equal volume of 85% 
phosphoric acid for 4 hours at 90". This gave i-phenykyclo- 
pentene in 30% over-all yield from cyclopentanone. The 
yield from I-phenylcyclopentanol was 81 %. The physical 
properties given in Table I are in good agreement with 
values reported in the literature. The ultraviolet absorption 
spectrum of the product (Amax 255 mp, emax 10.7 X loa) 
is interesting in view of the recent studies of Overberger and 
Tanner20 concerning the effect of LY- and p-alkyl substituents 
on the ultraviolet absorption spectrum of styrene. Ap- 
parently cyclization nullifies some of the steric influence of 
an a-substituent. The ultraviolet absorption spectrum of 
l-phenylcyclohexeneZ1 (A,,, 248, emax 12.2 X loa) shows a 
similar effect. 

S-Rromocyclopentene was prepared by action of X-bromo- 
succinimide on the olefin. It was converted to 3-phenylcyclo- 
pentene by reaction with phenylmagnesium bromide. The 
procedure used was analogous to that of reported22~2s prepa- 
rations in which 3-chlorocyclopentene was the starting 
material. In  the present synthesis the product was obtained 
in 16% over-all yield from cyclopentene. Its physical prop- 
erties (see Table I) were in good agreement with the reported 
values. The ultraviolet absorption spectrum showed much 
fine structure and was qualitatively and quantitatively very 
similar to that of phenyl~yclopentane.~ 
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