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1,2-Bis-(p-methoxyphenyl)-cyclopentene

By GEORGE P. MUELLER, JouN G. FLECKENSTEIN AND WiLLiaM H. TALLENT

p-Methoxyphenylmagnesium bromide and 2-chlorocyclopentanone yielded 1,2-bis-(p-methoxyphenyl)-cyclopentene di-
rectly. Phenylmagnesium bromide with 2-phenylcyclohexanone gave a crystalline 1,2-diphenylcyclohexanol which was de-

hydrated to 2,3-diphenylcyclohexene.

Ultraviolet absorption data indicate greater steric interference between the aryl
groups in 1,2-bis-(p-methoxyphenyl)-cyclohexene than exists in 1,2-bis-(p-methoxyphenyl)-cyclopentene.

1,2-Bis-(p-

methoxyphenyl)-cyclopentane and the corresponding phenolic compounds are reported.

In continuing our studies of diarylcycloalkanes
we have synthesized 1,2-bis-(p-hydroxyphenyl)-
cyclopentane by a route similar to that used for
cyclohexestrol.!  2-Chlorocyclopentanone  was
treated with two moles of p-methoxyphenylmag-
nesium bromide and the cyclopentene isolated
directly without special treatment by dehydrating
agents. Again it has not been possible to isolate
any intermediate carbinol.
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The product from the Grignard reaction appeared
from the absorption spectrum to be 1,2-bis-(p-
methoxyphenyl)-cyclopentene and the position
of the double bond was confirmed by ozonization
to 1,3-bis-(p-methoxybenzoyl)-propane. This ole-
fin was obtained in low yield along with anisole,
b,p’ - dimethoxybiphenyl, 4,4"-dimethoxy - p - ter-
phenyl and a large quantity of intractable tar.
Despite the presence of formidable quantities of
these by-products, of which the biphenyl derivative
was most difficult to remove, all fractions from
several preparations were combined and carefully
examined chromatographically for the presence of
2,3-bis-(p-methoxyphenyl)-cyclopentene, but with-
out success. The only other identifiable product
found was p-methoxybiphenyl, undoubtedly arising
from reaction between the Grignard reagent and a
trace of anisole present.?

It has been shown that the reaction between 2-p-
methoxyphenyl- .or 2-chlorocyclohexanone and
p-methoxyphenylmagnesium bromide yields prin-
cipally the unsymmetrical olefin, 2,3-bis-(p-meth-
oxyphenyl)-cyclohexene,® and that the latter is
isomerized during alkaline demethylation to the
symmetrical olefin.! The anomaly attending for-
mation of the unsymmetrical cyclohexene in view
of the probable formation of a frams intermediary
carbinol and anticipated #rams elimination of
proximate tertiary hydrogen and hydroxyl sub-
stituents has been presented. In view of this it is
significant that in the present case the cyclopentene
formed is the isomer to be expected on the basis
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of previous considerations. As the most highly
conjugated and most stable isomer it was not
isomerized during demethylation, as shown by
comparing the absorption spectrum of the starting
material with the product, 1,2-bis-(p-hydroxy-
phenyl)-cyclopentene, and by methylation of the
latter to yield the original dimethyl ether.
In the reaction between p-methoxyphenylmag-
nesium bromide and the alicylic ketones mentioned
we have heretofore been un-
/ able to isolate any product
e l corresponding to the expected
\/

carbinol but have always ob-
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olefinicisomers. Thishasbeen
true even with a ketone in
which no adjacent tertiary
hydrogen atom was present.*
The ease of elimination of
water or of MgBrOH may be
due to activation of the tertiary
position by the attached p-methoxyphenyl group.
To test this assumption we repeated the reaction
between phenylmagnesium bromide and 2-phenyl-
cyclohexanone® and from the crude carbinol, as
previously obtained, were able to-isolate a crys-
talline product, m.p. 67-68°, analyzing correctly
for 1,2-diphenylcyclohexanol. The steric con-
figuration of this product has not yet been deter-
mined. When subjected to dehydration with
potassium acid sulfate or phosphoric acid a di-
phenylcyclohexene, m.p. 53-54°, was obtained
which may correspond with the product previously
reported by Parmerter. However, the slight differ-
ence in melting points of 1,2- and 2,3-bis-(p-
methoxyphenyl)-cyclohexenes may also exist in
the diphenyl series so that it is difficult to judge
whether or not our compound is identical with
Parmerter’s cyclohexene. The dehydration prod-
uct was shown to be 2,3-diphenylcyclohexene by
its absorption spectrum and by ozonization to an
acid, m.p. 149.0-150.4°, having the composition
of é-phenyl-0-benzoylvaleric acid. It is thus
apparent that while the ease of dehydration in this
series may be controlled by the nature of the aryl
group on the carbinol carbon, the same factors
control the direction of dehydration in 1,2-diphenyl-
as in 1,2-bis-(p-methoxyphenyl)-cyclohexanol.

We have again used the ultraviolet absorption
spectra of these unsaturated compounds as means
of locating the position of the double bond. For
example, in Fig. 1 the spectrum of 2,3-diphenyl-
cyclohexene shows a maximum occurring at almost
the same wave length as that of styrene, 246 muy,
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Fig. 1.—Ultraviolet absorption spectra of 1,2-bis-(p-

methoxyphenyl)-cyclopentene, —; 1,2-bis-(p-methoxy-
phenyl)-cyclohexene, ----; 2,3-his-(p-methoxyphenyl)-
cyclohexene, - -— - —; 2,3-diphenylcyclohexene, — — —.

and appearing in almost exactly the same relation-
ship to that of 2,3-bis-(p-methoxyphenyl)-cyclo-
hexene as found for styrene relative to anethole.

The conclusion was drawn earlier from examina-
tion of molecular models and comparison of absorp-
tion curves that the two aryl groups in 1,2-bis-
(p-methoxyphenyl)-cyclohexene were more crowded
than those in cis-stilbene. The opposite effect
would be expected where the double bond must
conform to the geometry of the five-membered
ring, resulting in deformed valence angles and con-
sequently more spread between the aryl substituents
than exists in cis-stilbene. The argument follows
that used in describing the Mills-Nixon effect.®
Thus in Fig. 2 we have drawn to scale a model
of 1,2-diphenylcyclohexene in which as a first
approximation the cyclohexene ring is considered
planar and the angles adjacent to the double bond
are normal.” These assumptions result in very
little deviation of the internal angles of cyclohexene
from the normal and indicate that an actual picture
of this ring with its facility of assuming a puckered
configuration would show little deformation of the
double bond. The interference between ortho
positions of the benzene rings, however, is con-
siderable when compared with the 1,2-diphenyl-
cyclopentene model. In constructing the latter
it was found impossible to keep the 122 and 116°
angles and still construct a closed pentagon of regular
form. The figure presented is an attempt to make
the polygon as nearly regular as possible with
minimum deformation of the 122° bond angles.
The result shows very much less interference be-
tween the ortho hydrogen atoms. This effect
is apparent in the curves of Fig. 1 where we have a
diffuse maximum at 265 myu for 1,2-bis-(p-methoxy-
phenyl)-cyclohexene, and a more sharply defined
peak at 285 mu for 1,2-bis-(p-methoxyphenyl)-
cyclopentene. The correspondmg values for cis-
and trans-stilbene are 278 mu, € 10.4 X 1073, and
295 mu, € 24.5 X 1073, respectively.?
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Fig, 3.

Qualitatively, the cyclopentene structure allows
the two aryl groups to approach a coplanar con-
figuration with the result that the contribution of
the longest conjugated system to the excited state
is greater and the spectrum has more of the char-
acteristics of frans-stilbene absorption. Conversely
the 1,2-diarylcyclohexenes show great damping of
this contribution and are intermediate between
styrene and cis-stilbene in character.

Any complete explanation of the apparent
anomaly existing between dehydration of the cyclo-
pentanol and cyclohexanol structures requires
knowledge of their steric configurations. How-
ever, we believe that the ability of the double bond
to enter more completely into conjugation with
both aryl groups is part of 4he reason for its assum-
ing the most highly substituted position in the
five-membered ring.

Experimental

1,2-Bis-(p-methoxyphenyl)-cyclopentene.—A solution
containing 57.5 g. (0.487 mole) of 2-chlorocyclopentanone®
in 150 ml. of dry ether was added dropwise with stirring to
the Grignard reagent prepared from 24.3 g. of magnesium
turnings and 187 g. (1.0 mole) of p-bromoanisole in 250 mi.
of dry ether. The heat of reaction caused gentle refluxing
which was continued for one hour after the addition. The
solution, from which a red, viscous oil had separated, was
poured into 300 g. of ice and 75 ml. of concentrated hydro-
chloric acid. A solid separating at the interface was col-
lected and proved to be 0.3 g. of 4,4?-dimethoxy-p-ter-
phenyl, m.p. 272-275° after recrystallizatxon from benzene.?
The ether layer was separated, dried over magnesmm sulfate
and concentrated to yield 170 g. of a dark oil. On distilla-
tion this yielded 9.4 g. of oily crystals bo:lmg up to 140°
(0.02 mm.) and consisting mainly of 4,4’-dimethoxybi-
phenyl, m.p. 179.5-180.5°.1® The next fraction, b.p.
140-180° (0.02 mm.), amounted to 44.9 g. of an orange oil

(9) M., Godchot and F. Taboury, Compt. rend., 186, 332 (1913).
(10) This and all subsequent melting points were observed at fifty
magnifications with the Kofler apparatus and are corrected.
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which slowly crystallized with standing. This was recrys-
tallized from 300 ml. of alcohol and 34.5 g. of tan crystals
obtained, which became nearly colorless after several wash-
ings with cold alcohol, m.p. 80~120°. Repeated treatment
with Norite and fractional crystallization from 509%, aqueous
methanol eliminated much 4,4’-dimethoxybiphenyl and
gave 12.5 g. or 99, of 1,2-bis-(p-methoxyphenyl)-cyclo-
pentene, m.p. 87.5-80.0°. The material crystallized vari-
ously in the form of needles or hexagonal plates, both having
the same melting point and mixed melting point. Its solu-
tion in carbon tetrachloride slowly absorbed bromine. In
alcohol, Amax. were 238 mu (e 20,400), and 285 my (e 15,800).

Anal. Caled. for C3HqaO,: C, 81.89; H, 7.19. Found:
C, 81.51; H, 7.04.

Among various attempts to isolate 2,3-bis-(p-methoxy-
phenyl) cyclopentene the collected liquors from several
preparatious of the 1,2-isomer were concentrated and in
ethereal solution extracted with sodium hydroxide to remove
phenolic constituents. After washing with dilute acid and
water the ether sclution was concentrated and the residue
distilled to yield fractions boiling at 107-111°, 122-130°,
165-200° at 0.1 mm. with considerable residue remaining.
Fach fraction was treated by sublimation, chromatography
and crystallization, but the only new compound isolated in
addition to those already mentioned was p-methoxybi-
phenyl, m.p. 90°, found in the first fraction by absorption
on alumina and identified through its analysis, absorption
spectrum and melting point with an authentic sample.

Oxidation of 1,2-Bis-(p-methoxyphenyl)-cyclopentene.—
Ozonization of 100 mg. as previously described® and re-
crystallization of the product from methanol yielded 82 mg.
of 1,3-bis-(p-methoxybenzoyl)-propane,!! m.p. 95-97°.
After further purification the needles melted at 99.8-100.2°.

Anal. Caled. for Ci,HyO,: C, 73.06; H, 6.45. Found:
C,72.98; H, 6.20.

The 2,4-dinitrophenylhydrazone was prepared. This
crystallized poorly from ethyl acetate but yielded red micro
needles readily from 159, of methanol in pyridine; m.p.
245-246° (dec.).

Anal. Caled. for CanggNsOm:
Found: C, 55.65; H, 4.35.

1,2-Bis-(p-hydroxyphenyl) -¢cyclopentene.—Demethyla-
tion was carried out as before! using 0.50 g. of the dimethyl
ether and 1.25 g. of potassium hydroxide in 10 ml. of ethyl
alcohol. Completion of the reaction yielded 0.49 g., m.p.
195-205°, of material which after several recrystallizations
from aqueous ethanol melted at 209.5-211° (dec.). This
diphenol was soluble in dilute alkali but not in sodium bi-
carbonate solution; )\?EZ;’. ale: 937 myu (e 17,900), 280 mu
(e 14,460).

Anal. Calced. for CyH,40.: C, 80.92; H, 6.39. Found:
C, 81.12; H, 6.38.

Acetylation of 30 mg. of the phenol with 0.05 g. of an-
hydrous sodium acetate in 2 ml. of acetic anhydride gave
35 mg. of crude diacetate. Purification from aqueous
methanol gave 1,2 -bis- (p -acetoxyphenyl) - cyclopentene,
m.p. 136.2-137.0°, A¥3%8le: 930 my (e 18,770), 279 my
(e 13,140).

Anal. Caled. for CyHz04: C, 74.97; H, 5.99. Found:
C,74.97; H, 5.94.

Methylation of 1,2-bis-(p-hydroxyphenyl)-cyclopentene
in 20% sodium hydroxide with dimethyl sulfate gave the
corresponding dimethyl ether, m.p. and m.m.p. 86.5-88.0°.

1,2-Bis-(p-methoxyphenyl)-cyclopentane.—A solution of
3.1 g. of 1,2-bis-(p-methoxyphenyl)-cyclopentene in 100
ml. of acetone was shaken with 0.20 g. of palladium-char-
coal catalyst!? for 20 hours at 45 p.s.i. The removal of
catalyst and solvent left a waxy oil which crystallized from
509, aqueous ethanol to give 2.7 g. of white plates which
after further purification melted at 56.5-57.5°, )\?faZ"_ ale,
227 muy (e 19,610) and 278 mu (¢ 3,610).

Anal. Caled. for C,oH220.: C, 80.80; H, 7.85. Found:
C, 80.70; H, 7.55.

(11) S. G. P. Plant and M. E. Tomlinson, J, Chem. Soc.. 856 (1935).
(12) W. H, Hartung. Tuis Jour~aL, 50, 3370 (1928).

C, 556.34; H, 4.30.
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1,2-Bis-(p-hydroxyphenyl) -cyclopentane . —Alkaline de-
methylation of 5.1 g. of the dimethyl ether with 12.5 g of
potassium hydroxide in 100 ml. of ethyl alcohol at 210° for
24 hours gave an alkaline solution which was concentrated,
diluted with water, extracted with ether and then acidified
to precipitate an oil which was taken into ether. The latter
solution was washed with aqueous sodium bicarbonate and
water and evaporated, leaving 4.5 g. of brown crystalline
product, m.p. 110-180°. On crystallization from benzene
0.9 g. of material first appeared which on further purification
proved to be 1,2-bis-(p-hydroxyphenyl)-cyclopentene, m.p.
206-209° (dec.). Crystallization of the remainder of mate-
rial from ethanol, aqueous ethanol, benzene, carbon tetra-
chloride and ligroin gave white needles, m.p. 109-111°.
Until highly purified, this product melted at 50~54° with
resolidification and final melting at the higher temperature.
It was soluble in alkali and insoluble in aqueous sodium bi-
carbonate. As other phenols in this series the ferric chlo-
ride test was negative. In alcohol the Amax, were 226 mu
(e 13,740), 279 myu (€ 3,220).

Anal. Caled. for CyHyg0s: C, 80.28; H, 7.17. Found:
C,80.03; H, 7.11.

Hydrogenation of 115 mg. of 1,2-bis-(p-hydroxyphenyl)-
cyclopentene in 25 ml. of acetone over palladium-charcoal
catalyst as before yielded, after recrystallization from aque-
ous ethanol, 112 mg. of white plates melting at 49-54°,
solidifying and remelting at 106-109°. After one recrys-
tallization from ligroin the m.p. and m.m.p. with the ahove
was 107-109°.

Acetylation of 0.60 g. gave 0.65 g. of 1,2-bis-(p-acetoxy-
phenyl)-cyclopentane, m.p. 69.5-70.8° after six recrystalli-
zations from methanol and aqueous methanol.

Anal. Caled. for CyH20,: C, 74.53; H, 6.55. Found:
C,74.71; H, 6.44.
1,2-Diphenylcyclohexanol .—Phenylmagnesium bromide
was treated with 2-phenylcyclohexanone exactly as de-
seribed®and 73 g. (77%) of a viscous yellow oil was obtained
from the ethereal extract. After three days 20 g. of crys-
talline material had separated which was isolated and re-
crystallized twice from n-hexane. This was 1,2-diphenyl-
cyclohexanol, m.p. 67-68°.

Anal. Caled. for C;3Hz0,: C, 85.67; H, 7.99. Found:
C, 85.81, 85.86; H, 7.99, 8.04.
2,3-Diphenylcyclohexene .—Crystalline 1,2-diphenylcy-
clohexanol, 7.0 g., was stirred for four hours at 100° with
an equal volume of 859, phosphoric acid and the mixture
diluted with water and extracted with benzene. The
benzene extract was concentrated and distilled, the fraction
boiling at 158-170° (2 mm.) being redistilled to yield 2.5 g.
of the olefin, b.p. 145-150° (2 mm.) which crystallized in
three days. Recrystallization of this from methanol gave
needles, m.p. 53.2-53.8°, which reacted rapidly with po-
tassitm permanganate in acetone, Apax. 246 mu (e 11,680).

Amnal. Caled. for CisHys: C, 92.26; H, 7.74. Found:
C,92.29; H, 7.75.

Dehydration of the oil from which the crystalline car-
binol was obtained also gave the same product. For ex-
ample, the phosphoric acid procedure as described yielded
309% of crystalline material which on further purification
gave 2,3-diphenylcyclohexene. Again, heating a mixture
of 25 g. of potassium acid sulfate with 25 g. of oily carbinol
at 150-160° for three hours with removal of the water
formed, dissolving the product in benzene and distilling as
before gave 8.5 g. (369%) of the same crystalline olefin. This
required further purification.

Ozonization of 2,3-diphenylcyclohexene, 2.3 g., was
carried out in 80 ml. of ethyl acetate and the ozonide treated
as described for the formation of acids.’® An oil obtained
from the washed ethereal extract crystallized on standing
and was recrystallized three times from benzene-petroleum
ether to give 0.3 g. of an acid, m.p. 149.0-150.4°. Analyti-
cal values agree with those calculated for the expected but
unrecorded 3-phenyl-§-henzoylvaleric acid.

Anal. Caled. for CsH30;: C, 76.57; H, 6.43. Found:
C,76.79; H, 6.46.
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