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The reactions of 1,3-dimethyl-4-ethylbenzene (I) and ethylmesitylene (III) with 4-methylcyclohexene in hydrogen fluoride
were carried out under conditions previously used with p-ethyltoluene, i order to evaluate the effect of increasing o-sub-
stitution on the hydrogen transfer process. It was found that although cycloalkylation remained about the same (5-8%)
throughout the series, the mole 9, of arene converted to hydrogen transfer products decreased markedly in the case of the
di-o-methyl substituted arene. The results are discussed in terms of the steric and polar effects of substituents on the reac-
tions involved. Of significance was the formation of m-xylene and 1,5-dimethyl-2,4-diethylbenzene in the above reaction of
1. It was found that these arenes arose not by conventional transalkylation of I, but by alternate cleavage of the hydrogen
transfer product, 1-(2,4-dimethylphenyl)-1-(2,4-dimethyl-5-ethylphenyl)-ethane (II), in the reverse reaction. The trans-
aralkylation of several additional diarylethanes to form monoclear arenes and triaryldiethanes was studied. The ratios of
the various arenes formed were compared with calculated values obtained by means of ''partial relative basicity’” factors.
There was reasonably good agreement except in cases in which steric factors prevailed. An ionic mechanism for the trans-

aralkylation reaction is discussed.

In previous studies in this series,!* it was shown
that certain alkyltoluenes undergo hydrogen trans-
fer and subsequent self-condensation on treatinent

dimethyl-4-ethylbenzene (I) and ethylmesitylene
(IIT1) as shown i1 equations 1 and 2.
By comparing tlie yields of diarylethanes and cy-
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with 4-methylcyclohexene in sulfuric acid or hydro-
gen fluoride. Thus, sec-alkyltoluenes (e.g., m- and
p-cymene) yielded substituted indans, while p-
prim-alkyltoluenes  afforded  1,1-diarylethanes.
Only conventional cycloalkylation was observed
with o-cymene and p-xylene.

It was the purpose of the present investigation
to ascertain and evaluate the effects of o-methyl
substitution on the course of the hydrogen transfer
and cycloalkylation reactions by studying 1,3-
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(1) For paper V of this series see H. Pines, D. R, Strehlau and V. N,
Ipatieff, Tuis Journat, 72, 5521 (1950).

(2) Taken in part from a dissertation submitted by J. T . :rign
to the Graduate School in partial fulfillment of the requirements ior
the Ph.D. degree, October, 1956.

(3) Universal Oil Products Co. Predoctoral Fellow, 1953—1956.

(4) (a) V. N. Ipatieff, H. Pines and R. C, Olberg, TH1S JOURNAL,
70, 2123 (1948); (b) H. Pines, A. Weizmann and V. N. Ipatieff,
ibid., 70, 3859 (1948); (c) H. Pines, D. R. Strehlau and V. N, Ipatieff,
ibid., T1, 3534 (1949); (d) 73, 1563 (1950).

cloalkylarenes (as a measure of rates k, and k)
with those found with p-ethyltoluene‘ under coin-
parable conditions, it was hoped that the desired
information could be obtained.

During the course of the investigation, it was
found that II was unstable under the reaction con-
ditions. This observation led to a study of the
direction of cleavage of II and other unsymmetrical
diarylethanes in hydrogen fluoride according to the
generalized equation 3, where A and B are alkyl-
benzene molecules.

Results

The reaction of 1.00 mole of ethylxylene (I) and
0.50 mole of 4-methylcyclohexene in 125 g. of hy-
drogen fluoride at 0-10° led to the products shown
in Table I.

The structures of the products in Table I were
proved by comparison with authentic samples as
described in the Experimental section. It is as-
sumed that 1,3-dimethyl-5-(1-methylcyclohexyl)-
benzene was formed on the basis of spectral evi-
dence and the reported orientation ou ¢-butylation
of m-xylene.? The corresponding product from I
is presumably 1,5-dimethyl-2-ethyl-4-(x-methyl-
cyclohexyl)-benzene, a secondary cycloalkylate.
Although the analogous alkylations of benzenet?

(5) M. J. Schiatter, ibid., 76, 4952 (1954).

(6) V. N. Ipatieff, E. E. Meisinger and H. Pines, bid., 72, 2772

£195M,
(7) J. Linsk, ibid., T2, 4257 (1950).
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@ Mole % yields based on arene charged as calculated on
a loss-free basis. Although the total of I accounted for
in the material balance was somewhat high by this method,
the interrelations are more evident. ® Mole %, yields based
on olefin charged. ¢ About 19, appeared to be 1,3-dimethyl-
S-ethylbenzene. ¢ No isomerization or transalkylation
products of III were detected. ¢ A negligible amount of an
isomeric tetraalkylbenzene seemed to be present. / Ap-
proximmately a 1:1 mixture of saturated and mono-unsatu-
rated dimmer, as determined by chromatographic and infra-
red analysis. ¢ Methylcycloliexene trimer; it was not
further investigated. * The diarylethane fractions appar-
ently contained two other isomers; II was proved to be the
major component. °* Physical properties and infrared spec-
tra indicated that the high boiling cuts were methylcyclo-
hexene polymers. VYield is expressed in terms of molar
equivalent of methylcyclohexene. ¢ Structural formulas
shown in eq. 1 and 2 if not shown in the table.

3.9

and toluene® are known to yield the tertiary cyclo-
alkylate, 7. ¢., the (1-methylcyclohexyl)-arene, only
secondary isomers were obtained from p-xylene.®®

1-(2,4-Dimethylphenyl)-1-(2,4-dimethyl- 5-ethyl-
phenyl)-ethane (II) was synthesized by the pre-
viously reported procedure'; subsequently, a
larger amount was needed, so the xylyllithium
compound was used in preference to the Grignard
reagent, affording a threefold increase in yield of
the 1,1-diarvlethanol, which was then hydro-
genolyzed directly to II in the presence of copper
chromite. Tlis result is in agreement with the re-
ported superiority of aryllithium compounds in
similar condensations in which steric hindrance pre-
vailed.!®

It was necessary to purify a commercial sample
of mesitvlene in order to prepare pure ethylmesity-
lene. In view of the nature of the arene contami-
nants present, this was accomplished conveniently

(8) B. S. Friedman, F. L. Morritz and C. J. Morrissey, TrHIS
JourNaL, T9, 1465 (1957).

(9) The alternate possibility that compound I yielded a tetra-
methyltetrahydrofluorene isomeric to that formed from p-cymene8 is not
favored by the experimental data, but cannot be categorically excluded
without further study.

(10) 1.. H. Schwartzman and B. B. Corson, Tuis Journar, 76,
781 £1051).
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by the procedure of Sclilatter®!! 7. e., by selective
alkylation with isobutylene, cliosen ns the most
convenient of several olefins tested. The mesi-
tylene, unable to uudergo ¢-butylation,!* was re-
covered by distillation.

The reaction of 0.60 mole of etliylmesitvlene
(I1I) and 0.30 mole of 4-methylevcloliexene in 75 g.
of hydrogeu fluoride afforded the products shown
in Table I.

The (methvlcvelohexyvl) derivative of IIT must
be 1,3,5-trimethyl-2-ethyl-4-(x-methylcyclohexyl)-
benzene, a secondary cycloalkylate. In this case
the formation of a tertiary cycloalkylate or a
tricyclic hydrocarbon is precluded by steric con-
siderations.

The synthesis of 1-(2,4,6-trimethylphenyl)-1-
(2,4,6-trimethyl-8-ethvlphenyl)-ethane (IV) was
not attempted by the previously applied methods,
as it was anticipated that steric factors would be
prohibitive. It was prepared bv the liydrogen
fluoride-catalyzed alkylation of IIT witl: methyl-
mesitvlcarbinol. A very low yield of crystalline
hydrocarbon identical with IV from the hydrogen
transfer reaction was separated from what ap-
peared to be vinylmesitvlene dimers by distillation,
chromatography and recrystallization.

Discussion
Steric Effects of o-Substitution.—The effects of
o-substitution on the hydrogen transfer reaction

may be seen by comparing tlie pertinent data in
Table IT.

TapLe 11
SUMMARY OF RpstLTs Or THE HYDROGEN TRANSFER Ri-
ACTIONS

Yield, mole 9%
Arene reacted (total)
Arene converted to diaryl-

ethanes® 49° 500 31 6.4
Arene cycloalkylated 13 5.4 7.5 5.6
Arene transalkylated 0.6 0 21 0
Ratio of hivdrogen trans-

fer? to cyvcloalkylation 1.9 4.6 3.5 0.57

e Based on arene charged (loss-free basis). ? Arene:
olefin ratio in charge was 5:4; all others 2:1. ¢ Results
from ref. 4c as recalecnlated on a loss-free basis. ¢ Includes

cveloalkylated diarvlethane derivatives. €29 niwole 9 of
the diarylethane was isolated as such. /45 mole 9} isolated
as the diarylethane. ¢ As shown in a later section, tranms-
alkylation by way of cleavage of diarylethanes followed by
hydrogen transfer consumes a portion of the latter.

Since the diarylethane formed in the p-ethyl-
toluene reaction was required for a reaction dis-
cussed below, it was of interest to prepare it by
the hydrogen transfer reaction. In an attempt to
increase the vield of the latter, a higher concentra-
tion of olefin was used in the charge; the effect of
this change is shown by comparing the data (col-

(11) M. J. Schlatter, '"Symposium on Petrochemicals in the Postwar
Years,” Publication No. 28, Division of Petroleum Chemistry of tlie
American Chemical Society, 1953, p. 79,

(12) M. S. Carpenter and W. M. Taster, J. Org. Chemn., 18, 77
(1954).
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umn 1) with that previously reported® (column 2).
The amount of arene reacting by all paths was
slightly increased, while the total amount converted
to diarylethanes and their cycloalkylates was about
the same. However, the net result was a sizable
decrease in diarylethane isolated, due to its under-
going secondary reactions with the larger amount
of olefin present. The amount of arene cycloalkyl-
ated also increased. It is noteworthy that a small
amount of transalkylation occurred in the present
case, as indicated by the toluene formed.

Comparison of the results in the last three col-
umns indicates the following trends caused by
methyl substitution ortho to the ethyl group, the
site of the hydride transfer which precedes self-
condensation of the arene: 1, The amount of arene
reacted by all paths is approximately unchanged
by a single o-methyl group, but decreases sharply
due to the double ¢-substitution in ethylmesitylene.

2, The conversion of arenes to diarylethanes and
their cycloalkylates is markedly decreased by
double o-methyl substitution. The apparent de-
crease in the case of the ethylxylene is probably
largely due to diversion of the initially-formed di-
arylethane to transalkylation products and their
derivatives (as discussed in point 4), rather than to
steric effects of the o-methyl group.

3, The extent of cycloalkylation is essentially
constant throughout the series; consequently, any
steric hindrance to cycloalkylation due to increas-
ing substitution must be counteracted by the polar
effects involved. It is of interest to note that the
usual cycloalkylate yields with unhindered arenes
are of the order of 70-809, based on olefin charged, 58
because competing hydrogen transfer reactions are
comparatively unimportant.

4, Little or no transalkylation was detected with
p-ethyltoluene or ethylmesitylene, while it occurred
to the extent of about 709, as much as the diaryleth-
ane isolated in the case of the ethylxylene. It should
be noted that, as demonstrated in a later section,
the transalkylation products (m-xylene and its
cycloalkylate and the tetraalkylbenzene) arose by
alternate cleavage of diarylethane II (see equation
3) followed by hydrogen transfer in a reaction analo-
gous to the reverse of equation 1. The extent of
cleavage in the corresponding reactions of p-
alkyltoluenes is practically indistinguishable, since
it occurs almost exclusively by a reversal of equa-
tion 1. Therefore, it is difficult to draw any clear-
cut conclusions as to the effects of one o-methyl
substituent from the net amount of diarylethane
formation.

5, The ratio of arene which underwent hydride
abstraction (half of the total of diarylethanes and
their transalkylates and derivatives thereof formed)
to that cycloalkylated by the attacking methyl-
cyclohexyl carbonium ion is seen to decrease from
4.6 to about 0.6 with increasing substitution. In
the latter case, the generally unfavored cycloalkyla-
tion reaction is relatively more facile than diaryl-
ethane formation.

It is of interest to contrast the polar and steric
effects of increasing substitution in the present re-
actions. The preferred orientation in the electro-
philic substitution of p-alkyltoluenes is ortho to the
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methyl group.!® Increasing methyl substitution
ortho to the ethyl group should have the twofold
effect of enhancing the electron density of the re-
maining positions toward nuclear attack and, in
addition, should stabilize the incipient a-arylethyl
carbonium ion.'* On the other hand, especially

TaBLE III
RESUL1S oF TRANSARALKYLATION REACTIONS
Cleav- Cleavage
Compound age ratio,
Expt.® chargedb A/Bad Remarks
@ No transalkylation
or isomerization
\
[
N
A-2 0 .. No transalkylation,
AN small amt. iso-
| merization.
AN
||
VAN
B-1 15 5 Some isomnerization
/ AN of II
|
AN II
f
e
B-2 II + 20 7 Cycloalkylation of

arenes occurred

Chiefly V formed
rather than tri-
aryldiethanes

y
!
B3 II + @ 20 5

Oa 0w 3
B4 II +
@ l
/\@
10
/ N
|
©/\
20 30
\

Cycloalkylation
rather than tri-
aryldiethane for-
mation occurred

AllA Small amount of

V isomerized

No isomzn. of VI
nor of p-ethyl-
toluene formed

\ VI
)\ 10 10 No isomzn. of VII;
negligible amt. of
m-xylene found

VII

a Reactants were stirred one hour with excess liydrogen
fluoride in the polyethylene apparatus at ice-bath tempera-
ture; see Experimental section for details. ? “Ring A’' is
written on the left side of the ethylidene bridge, ‘‘ring B”’
on the right (see equation 3). ¢ Based on loss-free moles of
mononuclear arene formed by both paths divided by moles di-
arylethane charged. ¢ Based on moles A/B using notation
defined in footnote 5. ¢ Molar ratio of Il:olefin charged
was 2:1. / Molar ratio of Il:benzene charged was 1:4.4.
¢ Molar ratio of Il:cyclane charged was 1:1.

(13) C. K. Ingold, ''Structure and Mechanism in Organic Chemis-
try,”” Cornell University Press, Ithaca, N. Y., 1853, p. 258.

(14) H. C. Brown, J. D. Brady, M. Grayson and W. H. Bonner,
THIS JOURNAL, T9, 1897 (1957).
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m the case of di-o-substitution, the accessibility of
tlie hydrogen which is to undergo hydridic transfer
is more limited, and the resulting ion is probably
destabilized by steric inhibition of resonance.
Examination of the Fisher~Hirschfelder models of
the diarylethanes produced in this series indicated
that while the first two exhibited essentially free
rotation around the connecting carbon of the
ethylidene bridge, IV could be asseinbled only with
difficulty and had severe steric restriction to such
rotation, indicative of the extreme hindrance to
nuclear alkylation in this case. The results in
Table II are in accord with the well known generali-
zation that steric effects increase markedly with
increasing steric requirements. Apparently polar
cffects are of secondary importance in such re-
actions.

Transaralkylation of Diarylethanes.—The isola-
tion of m-xylene (and its cycloalkylate) and 1,5-
dimethyl-2,4-diethylbenzene from the reaction of
ethylxylene (I) above indicated that the latter
underwent a typical transalkylation reaction.
However, under the conditions employed, ethyl
group transfer was unanticipated. The previously
reported reactions of p-alkyltoluenes in this series'!
were not complicated by analogous transfers and,
in addition, it is known that the ¢-butyl group can
be transferred froin 1,3-dimethyvl-2-ethyl-5-¢-butyl-
berizene to toluene or m-xylene in hydrogen fluoride
at 0° without affecting the ethyl group.>!! Inorder
to eliininate the possibility of conventional ethyl
group transfer, compound I was treated with hydro-
gen fluoride under identical conditions as in the
alkylation reaction except the olefin was omitted
(expt. A-1, Table III).

The arene was found to be completely stable.
Similarly, it was observed that 1,5-dimethyl-2,4-
diethylbenzene underwent no transalkylation under
the same conditions (expt. A-2).

In view of these results, diarylethane II was
siniilarly treated (expt. B-1). In this case, both
m-xylene and the tetraalkylbenzene were isolated
in addition to I.¥* Infrared spectra of the recov-
cred diarylethane cuts showed that IT had under-
gone partialisomerization. A higher boiling fraction
was also isolated which was shown to correspond to
a triaryldiethane. The reaction may be visualized
asillustrated in equations 4 and 3.

(15) Sclilatter (ref. 11) found di-t-butyvlbenzenes in the product
formed from the exhaustjve {-butylation of an ethylbenzene-isomeric
Xyvlene mixture; 1-(;-butylphenyl)-1-xylylethanes also were identified.
He suggested tlhiat thc former arcnes probably were formed by ¢-
butylation of cleavage products of these diarylethanes.

Cleavage probably proceeds via the o-complexest
shown,'” and dependinug on whether the ring A- or
B-ethylidene bridge juncture is attacked by the
proton, either arene A or B is formed (I or m-xylene
in this case). The w-arylethyl cations R and R’
react chiefly with the excess II to yield triaryldi-
ethane products. Formation of a-complexcs is
further indicated by the intense color formation
which occurs on contacting diarylethanes with
hydrogen fluoride. Such nuclear-side chain scis-
sion is analogous to the mechanism postulated for
the acid-catalyzed dealkylation®® or cracking!®® of
alkylbenzenes.

The results of treatment of II with 4-methyl-
cyclohexene in hydrogen fluoride indicated that the
olefin had little effect on the direction and extent
of cleavage, the net result being cycloalkylation of
I, IT and m-xylene (expt B-2).

Cleavage of II in the presence of a 4-molar excess
of benzene proceeded to about the same extent as in
experiments B-1 and B-2, and the cleavage ratio
was about the same (expt. B-3). In this casc, the
excess benzeiie served as the acceptor rather than
II and 1-phenyl-1-(2,4-dimethylphenyl)-ethane (V)
was forined, along with a small amount of what ap-
peared to be 1-phenyl-1-(3,5-dimethylphenyl)-
ethane (the latter was probably formed by isomeri-
zation of V; see below).

The reversibility of equation 1 was tested by
contacting equimolar amounts of II and mcthyl-
cvclohexane inn the presence of hyvdrogen fluoride
(expt. B-4) As would be expected, the cleav-
age ratio was little changed, while the amount
was increased. Thus, diarvlethane formation is
reversible and little or no triaryldiethane forma-
tionn occurred; instead, the methyleyclohexyl
carbonium ions which formed appeared in the
products as the usual cycloalkyvlates. Aualogous
alkyl group interchange between a saturated hy-
drocarbon and an alkylbenzene previously has been
reported to occur i1 the presence of either hydro-
gen fluoride!! or aluminuni chloride.?***

These results resolve the apparently anomalous

(16) I1. C. Brown and J. I, Brady, Tais JorrrRNaL, T4, 3570 (19525,

(17) Of the numerous other possible s-complexes which muy e
formed, each with its usual number of resonance forms, only those
shown can lead to the observed results.

(18) 1. Schmerling, Iud. Eng. Chem., 45, 1447 (1053).

{19Y B, & Greensfelder. ¥, H. Voge and G N Good, /Ad 41, 2373
[PUEIEN

(207 C. 1. Thomas, tbid., 41, 2501 i),

2210 L Sehimerling, RW. Weleh and J. 1, Wesl, Tis lovksan. 78,
SHG (1156),

{22) V. N IpatiefT and H. Pines, ibid., §9, 56 (1937;.
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transfer of the ethyl group of I under non-trans-
ethylating conditions and demonstrate the inter-
mediacy of diarylethane II, which itself was shown
to undergo transaralkylation in the absence of a satu-
rated hydrocarbon.

In connection with the reactions in Table 1II,
certain minor points should be noted. Although
the reactions were performed on a small scale and
the data rounded off, the over-all balances were
quite good in most cases. In certain of the more
complex runs (expts. B-1 to B-4), the relationship
of the yields of m-xylene and the tetraalkylbenzene
were not as clear-cut as might be desired, and it is
felt that thisis in part due to secondary reactions of
cation R’ (equation 5). Even in the reaction of I
with methylcyclohexene, it is somewhat surprising
that R’ did not react in part with the excess of I
present in the reaction mixture.?® Apparently the
relatively stable R’ can preferentially abstract a
hydride from ethylarenes rather than alkylating
them. One further point that cannot be readily
explained is the apparent absence of ethyl group
transfer in the reaction of III with methylcyclo-
hexene. This may be due in large part to the fact
that a relatively small quantity of IV was actually
formed in the reaction, making the detection of
transfer products difficult.

Substituent Effects on Transaralkylation of
Diarylethanes. The results of the transaralkyla-
tion reactions of II suggested the possibility that
the procedure might be used to estimate the effect
of substituents in electrophilic displacements.
Consequently, several other diarylethanes syn-
thesized during the course of this study were sub-
jected to hydrogen fluoride treatment. The re-
sults are given in Table III.

Transaralkylation of 1-phenyl-1-(2,4-dimethyl-
phenyl)-ethane (V) proceeded to the extent of 109,
of the charged V, and m-xylene was the exclusive
mononuclear arene formed (expt. C). The re-
covered diarylethane cuts contained a small aniount
of an isomeric phenylxylylethane, the infrared
spectrum of which indicated it to be identical to
that formed in expt. B-3. Chromatography of a
high boiling cut yielded product corresponding to
a triaryldiethane formed by «o-phenylethylation
of V, in an amount equimolar to m-xylene.

Acid treatment of 1-p-tolyl-1-(2-methyl-5-ethyl-
phenyl)-ethane (VI) effected 209, cleavage of the
latter with the ratio of p-ethyltoluene to toluene
formed equal to 30 (expt. D). This explains why
no toluene or its alkylation products were found
in the previous studies®.*d of the hydrogen transfer
reaction of p-alkyltoluenes.

It was of interest to study the effects of an o- vs.
a p-methyl group; to this end, 1-(3,4-dimethyl-
phenyl)-1-(2,5-dimethylphenyl)-ethane (VII) was
synthesized and subjected to cleavage. Although
the ideal compound would be 1-p-tolyl-1-o-tolyl-
ethane, identification would have necessitated
labeling with radioactive carbon. Compound VII
might be expected to react very much like the latter
in the reaction under consideration, for presumably
the substitution of a methyl group on each ring

(23) The experimental data preclude the presence of significant

amounts of ‘“‘cross-products’’ formed by condensation of arene A or B
with R‘ or R, respectively.
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meta to the ethylidene bridge should have little net
effect on the cleavage ratio.

Compound VII, on contacting with hydrogen
fluoride, underwent 109,2* transaralkylation; ring
A with the o-methyl substituent was attacked in
10:1 preference to the p-substituted ring B (expt. E).
Only a trace of m-xylene was detected, indicating
that isomerization during the reaction was negli-
gible.

In the cleavage mechanism given for II in
equations 4 and 5, it is evident that the course of
the transaralkylation reaction depends on the
relative stability of the g-complexes formed in the
protonation step. Thus, one would expect a pre-
dominance of m-xylene formation from V due to the
possibility of simultaneous hyperconjugative stabili-
zation of o-complex C (equation 6), in contrast to
the corresponding complex of the phenyl group,
which lacks such stabilization. It was of interest

+I Hl
e VY N V4
Vv C

H+

i
\:5 i/\© ©
A7

(and other forms)

to attempt to correlate the cleavage ratios with the
“partial relative basicities”® at the ethylidene
bridge-substituted nuclear carbon atoms using the
method of Condon® and “‘partial relative basicity”
factors calculated by Brown and co-workers® from
the data on the relative basicity of polymethyl-
benzenes in hydrogen fluoride.? The methyl
values were used for the ethyl groups, which is a
fair approximation, since the latter appear only at
weakly activating m-positions in IT and VI. The
data are given in Table IV,

The data in Table IV show that the observed
cleavage ratio and that calculated from basicity
data are in good agreement for compoundsIIandV,
but the correlation fails by a large margin for VI
and VII. In the latter cases, the ring with a
methyl group ortho to the reaction site is cleaved
to a much greater extent than predicted from the
calculations (such an effect would be undetectable
with V due to the magnitude of the cleavage ratio).
Such anomalous behavior of o-substituted com-
pounds in electrophilic displacement reactions is
not unique. It has been encountered previously
in studies of the acid-catalyzed decarboxylation,

(24) Although all the transaralkylation reactions were carried
out under the same conditions, the amount of acid in excess varied.
Consequently, no conclusion could be drawn on the effect of structure
on the extent of cleavage (which varied from 10-20%,), for presumably
solubility effects could alter the latter to some degree. Differences
in solubility in hydrogen fluoride should not, however, affect the di-
rection of cleavage significantly.

(25) F. E. Condon, Tuis JoUurxar, T4, 2528 (1952).

(26) C. W. McGary, Jr., Y, Okamoto and H. C. Brown, ibid., 71,
3037 (1953).

(27) M. Kilpatrick and F. E. Luborsky, ¢bid., T8, 577 (1953).

(28) W. M. Schubert, ibid., T1, 2639 (1949).



TABLE IV

CorrELATION OF CLEAVAGE RATIOS IN THE TRANSARALKYL-
ATION OF DIARYLETHANES

Mononuc, Caled. “‘part, Obsd.
Com- Strue- cleavage rel. basicity’’ cleavage
pound ture® products ratio A/B  ratio A/B
\% A% m-CgHy(CHy)e 6.0 X 10¢ Al A
VI VI p-C.lH;CeH.CHj,
C:H;CH; 1.3 @37)° 30
VII VII  p-CeHy(CHa),
O—CGH4( CHa)g O . 35 10
11 11 I, m-CeHy(CHjy)e,
1,5-(CHj)s-2 4-
(CaHj)oCsH, 5.6 5

@ Corrected for a single o-substituent on ring A by using
the factor (10/0.33) derived from results with compound
VII. * Although both arenes from ring B attack were iso-
lated, values for thie observed cleavage ratio were in quite
good agreement in 4 reactions. ¢ For structural formulas
see Table III.

deacylation®® and detrimethylsilylation® of sub-

stituted aromatic compounds.

In the case of VII, ring A with the o-methyl
substituent was cleaved in 10:1 preference to the
p-methyl-substituted ring B. This caused the
observed ratio to be about 30 times greater than
the calculated one. By application of this factor,
the low value from VI gave a corrected ratio of 37,
which is of the order of magnitude of the observed
one. The use of the correction factor is justified
in that the steric situation at the reaction site should
be quite similar in VI and VII; consequently, any
enhancement of cleavage by the relief of steric
strain should be of the same miagnitude in both
cases.

It is seen that the general method shows some
promise in competitive cleavages of variously
substituted diarylalkanes in order to gain additional
data on the relative steric and polar properties of
functional groups in the reaction of electrophilic
displacement by hydrogen.

In conclusion, the present results seem to favor
a carbonium jon process for the transfer of «-
arylethyl groups, in accordance with the view of
Burwell and Shields®! on the mechanism of the
transfer of secondary and tertiary alkyl groups.
This would parallel the findings of Brown and co-
workers®? on the mechanism of arene alkylation
with alkyl halides. The recently suggested modi-
fication® of the McCaulay-Lien Sx2 transalkyla-
tion niechanism?® wherein a localized w-complex is
proposed as the species involved in the rate-deter-
mining nucleophilic displacement step offers a more
detailed picture of what may occur, but does not
clearly explain why certain structural types of
localized w-coniplexes can undergo hydride transfer
with the solvent, while other types do not enjoy
sufficient free carbonium ion character to allow re-
arrangement of the migrating group.

(29) W, M. Schubert and H. K. L.atourette, Tms JourNar, T4, 1829

152y,

( (2 1. A, Benkeser and 1. 1L ryaak, ibii, 76, 6353 {1054).
(31) R. L. Burwell, Ir., and A. D, Shiclds, ibi., TT, 2766 (1951
(32) HF. Jungk, C. R. Smoot and H., C. Brown, ibid., T8, 2185

1056).

( (33; H. C. Brown and C. R. Smoot, ibid., T8, 2176 (1958).

(34) D. A. McCaulay and A. P. Lien, ¢b¢d., 756, 2411 (1953).
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Experimental®

I. The Reaction of 1,3-Dimethyl-4-ethylbenzene with 4-
Methylcyclohexene in Hydrogen Fluoride. A. Synthesis
of Reactants. 1. 1,3-Dimethyl-4-ethylbenzene (I).—
2,4-Dimethylacetophenone was prepared from 3.80 moles of
aluminum chloride, 3.50 mole of acetyl chloride and 3.00
moles of m-xylene (#%p 1.4973, 989, purity estimated by
infrared spectroscopy), using 1 1. of carbon disulfide as sol-
vent, The ketone was obtained in 929, yield, b.p. 118-
120° at 20 mm., #%p 1.5342 (lit.* b.p. 92-94° at 5 mm.,
n®p 1.5340). One ml. was subjected to hypoiodite cleav-
age by a modification of the procedure of Shriner and
Fuson?’; the product yielded white needles of 2,4-dimethyl-
benzoic acid, m.p. 123.5-125° (lit.*® m.p. 126-127°), on re-
crystallization from Skellysolve C.

The ketone (202 g.) was hydrogenolyzed® in 200 ml. of
pentane at about 180-200° and initial hydrogen pressure
132 atm. in the presence of copper oxide—altinina catalyst®
(20 g.). The arene was obtained in 739, yield; redistilla-
tion through an efficient column afforded material boiling
at 184.0-185.2° at 748 mm., n%®p 1.5029 (lit.*! b.p. 188.4°
at 760 mm., »®p 1.5038). The infrared spectrum was cs-
sentially identical to the published one (A.P.I. No. 736).42
The viscous bottoms from the initial distillation deposited
5 g. of crystals on standing. The crude solid was treatecd
with Norit and recrystallized from pentane; it melted at
105-106°. This product may have arisen by hydrogcioly-
sis of the dypnone condensation product of the ketone, lead-
ing ultimately to bis-1,3-(2,4-dimethylplienyl)-butaue.

Anal. Caled. for CyHae: C, 90.16; H, 9.84. TFouud:
C, 90.58; H, 10.00.

2. 4-Methylcyclohexene.—The olefin was prepared by
dehydration of 4-methyleyclohexanol on alumina at 420°.
The product (779, yield) had b.p. 100-104°, n¥p 1.4418
(lit.43s 102.7°, n®p 1,4414), and its infrared spectrum was
identical to the published one (A.P.I. No. 899).42

B. The Alkylation Reaction.—The rcaction was carried
out by the previously described procedure,* using 134 g.
(1.00 mole) of I and 48 g. (0.50 mole) of 4-methyleyclohexenc
in 125 g. of hydrogen fluoride. The organic product (174
g.) was subjected to a total of nine distillations using Vig-
reux, Podbielniak** Hypercal and Whirling Band aud
Piros—Glover* columns. The composition of the individual
cuts was deterinined by infrared spectral analysis after the
compounds were identified®® and characterized as follows.
Yield data are given in Table I.

1. Methylcyclohexane hoiled at 41° at 98 nun. (99° cor.
to 7)60 mm,), #¥p 1.4233 (lit.43® b.p. 100.9°, »¥p 1.4231)
(IR).

2. m-Xylene lhad b.p. 74.5° at 95 mun. (139° cor. to
760 mm,), n®p 1.4893 (lit.*%* b.p. 139.1°, n¥p 1.4972)(IR).
The index was lowered by the preseuce of 89 of methyl-
cyclohexane as determined by infrared analysis. A sample

(33) Infrared spectral analyses were performed on a double beam
recording infrared spectrophotometer (Baird Associates, Inc., Cam-
bridge, Mass.) by the base-line method of N. Wright, Ind. Eng. Chem.,
Anal. Ed., 18, 1 (1941). Additional details and spectrograms of a
number of the hydrocarbons used in this study are given in the Ph.D.
thesis of J. T. Arrigo, Northwestern University Library.

(36) C. 8. Marvel, J. H. Saunders and C. G. Overberger, Tus
JoURNAL, 68, 1085 (1940).

(37) R. L. Stiriner and R. C. Fuson, **The Systematic Identification
of Organic Compounds,’” 3rd ed,, John Wiley and Sons, Inc., New York,
N. Y., 1948, p. 138.

(38) N. A. Lange, "Handbook »f Chemsstry,”’
Publishers, Inc., Sandusky, Ohio, 1049, p. 478,

(39) Hydrogenations were performed in a rotating autoclave or a
Magne-Dasli autocluve (Autoclave Engincers, Inc., Irie, ’a.).

(40) V. N. Ipatieff and V. Haensel, TH1s JoUurNat, 64, 520 (1942).

(41) S. F. Bircly, R, A. Dean, F. A, Tidler and R. A. Lowry, ibid.,
71, 1362 (1949).

(42) American Petrolewn Instilute Research Yroject 44, Catalig
of Selected Infrared Absorption Spectrograms.

(43) (a) S. W. Ferris, “ITandbonk of Hydrocarbons,” Academic
Press, Inc,, New York, N, V., 1055, p. 150; (b) p. 151; () p. 1325
G1) p. 180; (e) p. 158,

(44) Podbielniak, 1nc., Chicago, 111,

(45) H. 8. Martin and Co., Evanston, Ii1.

(46) The notation *'IR’ indicates that the infrared spectrum of
the particular componeut was identical with that of an authentic
reference sample.

Tth ed., Haudbuok
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was acetylated¥ and the 2,4-dinitroplhenylhydrazone of the
ketone prepared, m.p. 173-175° (lit.¥ 174.5-176°).

3. Compound I boiled at 117° at 94 mm. (186° cor. to
760 mut.), »®p 1.5033-1.5041. The infrared spectrum was
almost identical to that of the starting material except for
the presence of a weak band at 11.83 w, probably due to
slight isomerization to 1,3-dimethyl-5-ethylbenzene (lit.
analytical band 11.83 wu).

4. 1,5-Dimethyl-2,4-diethylbenzene liad b.p. 78.9° at
4.5 mm. (224° cor. to 760 mm.), #n®p 1.5075, 4%, 0.8818;
MRpD caled. 54.02, obsd. 54.82 (IR). The preceding inter-
mediate cut contained a negligible amount of an isomeric
arene with a very weak band at 11.70 u, possibly 1,5-di-
methyl-2,3-diethylbenzene.

Anal. Caled. for Cr2His: C, 8882, II, 11.18.
C, 89.04; H, 11.09.

Nitration failed to vield a characterizable derivative, and
acetvlation gave a ketone which formed no 2,4-dinitrophen-
vlhydrazone under ordinary conditions, in accordance with
reported behavior of di-¢-substituted acetoplienones such as
2,6-dimethvlacetophenone.’® Benzovlation yielded a white
crystalline solid, m.p. 1235-126.5° (IR). Oxidation® of 1
ml. of arene with dilute nitric acid in a sealed tube, followed
by refluxing of the recrystallized acid 5 hours with 3 ml, of
thionyl chloride (excess reagent was then distilled off),
then esterification by refluxing 2 hours with 10 ml. of meth-
anol, afforded, after thie usual work-up, lustrous, white
leaflets of tetramethyl pyromellitate, m.p. 143-143.5°
(1it.% n1.p, 143-144°).

Synthesis of 1,5-Dimethyl-2,4-diethylbenzene.—Acet-
ylation of I (0.50 mole) was carried out with 0.58 mole of
acetyl chloride and 0.64 niole of aluntinum chloride in 167
ml. of carbon disulfide. The yield of ketone was 86%,
b.p. 147.5-149° at 25 mm., #®p 1.5334; it formed white
needles on cooling, ni.p. 26.5-27° (lit.5! b.p. 140-150° at
20 nuu., m.p. 27°). Hydrogenolysis of 0.18 miole of ketone
in 30 nl. of pentaite with 4 g. of copper oxide-alumina at
200-260° and initial hydrogen pressure 117 atm. gave a
10.2 g. (369%) vield of redistilled arene, b.p. 107° at 17 mm.
(224° cor. to 760 wny), #®p 1.5078, d®, 0.8793; MRD
caled. 54.02, obsd. 54.86 (lit.*! b.p. 105° at 15 mm., which
is 225° cor. to 760 mn.). Beuzovlation afforded a white
crystalline solid, ni.p. 125-126.5°.

Anal. Caled. for CyHy:0: C, 85.66; I, 8.33. Found:
C, 85.33; H, 7.97.

5. Dimethyldicyclohexyl boiled at 120-122° at 9 1.,
n2p 1.4803, d?% 0.8806; M Rp caled. 62.45, obsd. 62.69
(lit.4e 96-98° at 5 1mn., #¥p 1.4860, d*; 0.8858). The cut
contained olefinic coniponents (see ethyvhnesitylele section
where dinlers were further characterized.

6. 1,3-Dimethyl-5-(1-methylcyclohexyl)-benzene lhad
b.p. 137.5-140° at 8.5 mm1., »®D 1.5254, d%, 0.9350; A Rp
caled. 65.67, obsd. 66.34. The infrared spectrum exhibited
the characteristic pattern of a 1,3,5-trisubstituted ben-
zene$? in the 5-6 u region (IR).

Found:

Anal. Caled. for CpHze: C, 89.04; H, 10.96. TFFound:
C, 88.57; H, 10.90.
Acetylation yielded no characterizable product, but

benzoylation gave lustrous white crystals, m.p. 80.5-82°.

Anal.  Caled. for Co2HyO: C, 86.24; H, 8.35. Found:
C, 86.61; H, 8.26.

Synthesis of 1,3-Dimethyl-5-(1-methylcyclohexyl)-ben-
zene.—m-Xylene (0.10 mole) was alkylated with 0.050
mole of 4-methiylcyclohexene in 5 g. of hydrogen fluoride.
The cycloalkylate cuts were redistilled to yield 4.4 g. (44%)
of arene, b.p. 154.5° at 26 wmm., »®p 1.5257, 42, 0.9328;
MRD caled. 65.67, obsd. 66.60. Benzoylation afforded lus-
trous white plates, m.p. 80-81°.

7. 1,5-Dimethyl-2-ethyl-4-(x-methylcyclohexyl)-benzene
had b.p. 142° at 4 mm., »®Dp 1.5332 (after chromatography

(47) H. Pines and A. Shaw, J. Org. Chem., 20, 373 (1955).

(48) R. B, Williams, S. H. Hastings and J. A, Anderson, Jr., Anal.
Chem., 24, 1911 (1952),

(49) H. Pines, A. V. Grosse and V. N. Ipatieff, Tais JOURNAL, 61,
640 (1939).

(30) D. E. Read and C. B. Purves, bid., T4, 116 (1952).

(51) E. Philippi, R. Seka and N. Froeschl, 4»xn., 428, 300 (1922).

(52) C. W. Young, R. B, DuVall and N. Wright, Anal. Chem., 23,
700 (1851).

TRANSARALKYLATION OF DIARYLETHANES

on silica gel’®%), d%, 0.9525; MRp caled. 74.91, obsd.
75.04. The infrared spectrum in the 5-6 u region was not
clearly defined enough to allow a choice between a 1,2,4,5-
or 1,2,3,5-tetrasubstituted benzene structure.

Anal. Caled. for C;Hg: C, 88.62; H, 11.38. Found:
C, 88.90; H, 10.98.

Acetylation, benzoylation, nitration aud sulfonamide®
and aroylbenzoic acid’? preparation reactions all failed to
vield a characterizable derivative. Oxidation with dilute
1itric acid followed by esterification afforded a low yield of
tetramethyl pyromellitate, m.p. 141.5-142.5°, mixed m.p.
with the authentic sample prepared above was undepressed.

8. 1-(2,4-Dimethylphenyl)-1-(2,4-dimethyl-5-ethylphen-
yl)-ethane (II) had b.p. 174° at 4 mm., #*p 1.5543, d%,
0.9682; MRD caled. 87.34, obsd. 88.22 (IR). The usual
methods failed to yield characterizable derivatives of the
diarylethanes encountered in this study.

Anal. Caled. for CeHz: C, 90.16; H, 9.84.
C, 90.35; H, 9.70.

Synthesis of II.—2,4-Dimethylbromobenzene was pre-
pared® from 1.61 moles of m-xylene, 1.66 moles of bromine
and 1 g. of iron powder. The product, 193 g. (64%;
worked up according to the method of Smith®), boiled at
105-106° at 33 mm. (205-206° cor. to 760 uun.), »%p
1.5514, d%, 1.361; MRpD caled. 43.31, obsd. 43.41 (lit.®
b.p. 205-207°). Oxidation®! of the halide with chromic
acid yielded 4-bromio-3-methylbenzoic acid, in.p. 207-208°
(1it.8? m.p. 209°).

Compound Ila was prepared by condeusing the above
halide with 2,4-dimethyl-5-ethylacetophenone by the Grig-
nard method and also by the addition of the aryllithium com-
pound to the ketone. The yields of carbinol were 15 and
479, respectively (Tables V-VII). While dehydration and
subsequent selective hydrogenation of the resulting diaryl-
etliene were facile, it was found to be miore couvenient to
hydrogenolyze the carbinol directly (769 vield) to II.

9. Isomeric Diarylethanes.—In the diaryl boiling range,
two compounds presumably isomeric to II were detected
in minor amounts. The higher boiling one was found
clhiefly in a cut of b.p. 184° at 3.5 ., #®p 1.5452, 4%,
0.9546; MRD caled. 87.34, obsd. 88.28. The main band
of II at 12.22 u was present only to a small extent in the
infrared spectrum of this cut, while a medium intensity
11.84 x band characteristic of the isomer also was exhibited.

Anal. Caled. for CyHse: C, 90.16; H, 9.84. Found:
C, 90.30; H, 10.09.

The lower boiling compoutd was found in highest coucen-
tration in a cut haviug b.p. 167° at 4.5 mum., »¥p 1.5536,
d®, 0.9716; MRD caled. 87.34, obsd. 87.82. Cliromatog-
raplhy yielded a purified fraction (2®p 1.5548) which ex-
hibited infrared bands of rather low inteusity at 11.70 and
11.80 g, and a sharper, more intense characteristic band at
12.20 .

Anal. Caled. for CyoHag:
C, 90.09; H, 10.09.

In order to exclude the possibility that the lower boiling
compound was bis-1,1-(2,4-dimethylphenyl)-ethane (VIII)
the latter was syntliesized by the usual methods (Tables
V-VII). The infrared spectrum of VIII had a main band
at 12.27 u, with a niedium intensity band at 11.50 g, and
was readily distinguishable from that of the unidentified
lower boiling compound above.

Found:

C, 90.16; H, 9.84. Found:

(53) B. J. Mair and A. F. Forziatti, J. Research Natl. Bur. Standards,
82, 151, 165 (1944).

(54) B. J. Mair, tbid., 84, 435 (1945).

(55) B. J. Mair, J. W. Westhaver and ¥. D. Rossini, fad. Eng. Chem.,
42, 1279 (1950).

(56) Reference 37, p, 194,

(67) N. D. Cheronis and J. B. Entrikin, "*Semimicro Qualitative
Organic Analysis,”’ Thomas Y. Crowell Co., New York, N. Y., 1947,
p. 316.

(58) Ng. Ph. Buu-Hoi and P. Cagniant, Buill. soc. chim., 151 10,
151 (1943).

(69) L. I. Smith, ““Organic Syntheses,’’ Coll. Vol. 1I, John Wiley and
Sons, Inc., New York, N. Y., 1943, p. 95.

(60) Reference 38, p. 403,

(61) Reference 37, p. 198.

(62) I. M. Heilbron, ‘‘Dictionary of Organic Compouurls,’”” Vol. I,
Oxford University Press, New York, N Y., 1934, p. 207.
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TasrLe V
SYNTHESES OF 1,1-DIARYLETHANOLS
Reactants Yield, B.p
Halide Ketone Carbinol,® ethanol reb °C. M, 7
Broimobeuzene 2,4-Dimethyvlacetopliecnone  1-Plienyl-1-(2,4-dimethylphen-  43° ... ..
vl)- (Va)
2,4-Dintethylbromobenzene 2,4-Dimethylacetophenone  Bis-1,1-(2,4-dimethylphenyl)- [
(VIIIa)
2.5-Dimethylbromobenzenc  3,4-Dimethylacetoplienone  1-(3,4-Dimethylphenyl)-1-(2,53- 7D 164165 3 1.5746
dimethylphenyD)-%¢ (VIIa)
2,4-Dimethylbromobenzene 2,4-Diniethyl-5-ethyl- 1-(2,4-Dimethylpheuyl)-1-(2,4- 13 185 4 15875

acetophenone dimethyl-3-cthviphenyD-"¢ {1la}

* Synthesized from equimnolar amounts of organic reactants on a 0.2-0.3 mole scale by the Grignard method. * Based on
ketone charged. ¢ Although tlhe products were hydrolyzed with aqueous ammonium chloride and distilled from a small
amount of potassiuni carbonate, partial dehydration occurred and the yields of crude carbinol are approximate. ¢ Car_rled
out under nitrogen using lithinm rather than magnesium. No density was determined on the extremely viscous carbinol.
¢ Caled. for C;sH»O: C, 853.00; H, 872, Found: C, 85.12; H, 8.29. 7 Obsd. d%; 1.003; }MRD calcd. 88.86, obsd. 92.01.
The infrared spectrum indicated the presence of a small amount of olefin, Caled. for CHO: C, 83.08; H, 9.28. Found:
C, 85.68; H, 8.88. ¢ The organolithium method afforded a 479, vield of Ila, #¥p 1.5644.

TaBLE VI
SYNTHESES OF 1,1-DIARYLETHENES
Analvses,
Carbitul Yield, B.p. 1/ R1» C fonnd
charged T'roduct.® cthene b ¢, Alin nVhy Ry olysd. C 11
\a 1-Phcenyl-1-(2,4-dimethyIphenvl)-© (VD) %9 156 50 1.0R06 00886 T1.NT 92.32  T.47
VIlla  Bis-1,1-(2,4-dimethylphenyl)-¢ (VII1D) 84 147 4 1.5796 L9784 80.15H 91.87 8.51
Vila 1-(3,4-Dimethylphenyl)-1-(2,5-dimethyiphenyD)-* 02 147-148 3 1.5859 .9780 81.16 91.62 8.32
(VIIb)
Ha 1-(2,4-Dimethiylphenyl)-1-(2,4-dimethyl-3-ciliyl- 85 178 & 1.5747 U675 90.26 91.05 &.69

phenyl)-® (1Ib)
" The carbinols were dehydrated with anhydrous oxalic acid in refluxing benzene.
for CeHys: C, 92.26; H, 7.74; 1[Rp 68.43.
C, 90.85; H, 9.15; A Rp 88.87.

& Based an carbinol charged.  © Caled,
4 Caled. for CisHag: C,91.47; H,8.33; MRp 77.67. ¢ Caled, for CyHa:

TasLe VI
SYNTHESIS OF 1,1-DIARVLETIANES

Anpalyses,
Oleiin Yield, By 11 Ro "% fhund
sharged Product,® ethane b *C. Al PR oy obsd. S H
b 1-Phenyl-1-(2 4-dimethylphenyD-"" (\') 6 142 3 13063 D8NG .05 91,71 S.21
VIILh  Bis-1,1-(2,4-dintethylplhenyl)-** (V1ID) 41 140-142 3.5 1.5613 L9600 T9.65 01.14 042
\'h 1-(3,4-Dimethyiphenyl)-I-(2,5-dimethyl- 95 143-146.5 3 1.5630 L9680 R8O.100 90.77 9.D3

phenyl)-¢ (VIID)

11b 1-(2,4-Dimethylphenyl)-1-(2,4-dimer hyl-H- B e © S 1 1.5567 SOD3 8927 905 08

cthylphenyD)-#* (1D

" T'he olefins were hvdrogeaated with copper chromile i pentuae at 125 1707 wid 80 13D atm. initial hydrogen pressure.
“ Bused on olefin charged. » Caled. for CisHis: C, 91.38; H, 862; MR 63.90. Chromatography of the amorphoui
2 t-dinitrophenyihydrazone of the acetviated V failed to give any crystalline derivative. ¢ '1-Phenyl-1-m-xylylethane
ltas been reported to have h.p. 150-160° at 10 mm., »2°p 1.53590 and 425, 0.9801; 1. NX. Petrova and O. \'. Shvarts, J. (_r_rn.
Chem, (U.8.85.R.),20,2168(1950); C.4.,45,7075(1951), < Caled. for CygHye: C,00.69; H,9.31; MRp78. 14 /R, Anschiitz,
nn., 235, 299 (1886), reported b.p. 169--172° at 11 mum., 29, 0.966. ¢ Caled. for CyoHus: C, 90.16; H, 9.84; IfRD 8/.349.
11 was also made in 76%, vield by the hvdrogenolysis of carbinol I1a in absolute ethanol with copper chromiite at 220-240
aud 110 atin. initial hydrogen pressure.

10. Higher boiling products above the diaryl rauge werc
assimined to be mainly cycloalkylated diaryl isomers along
with minor amounts of methylevclohexene polyvmers.

1I. The Reaction of Ethylmesitylene with 4-Methylcyclo-
hexene in Hydrogen Fluoride. A. Synthesis of Ethylmesi-

Tapre V1II

IPURIFICATION OF MBISITVLENE

Purily of
recov. Co-cals

Rerov, Co-range

Oletin usel satts, wt. 759

tylene (III).—A commercial mesityvlene sample was ob-  Cyclohiexenc 58 Isomeric Ce-arenes -
tainted and infrared analysis showed it to contain 689, mesi- removed

tylene®® aecompanied by the isomeric ethiyltoluenes and tri- 4-Methyleyelohexene 18 b
uicthyvlbenzenes.  Hypercal fractionation over sodium el - Johexene” 4

vielded distillate equal to 90 wt. %% of the charge, boiling 4'}\.1“ 1yleyclohexene o Y
163.0-165.5°.  Rather than purification through mesityl- Diisobutylene oF '
enesulfonic acid,’ an alternate method was used. Five Isobutylene 61 b

small-scale alkylations were carried out using 0.10 mole of
an impure cut containing 909 mesitylene, 0.050 mole of
olefin and 6-10 g. of hydrogen fluoride, with 1 hour stirring
time. The composition of tlie recovered Cy-arene distilla-
tion cuts was determined by infrared analysis. The results
are summarized in Table VIII.

¢ Based on weight of impure arene chiarged. ? Isonteric
arenes essentially completely removed. ¢ Purified mesityl-
ene was charged. ¢ C,cuts contaminated by minor aniounts
of non-aromatic impurities.

Since isobutvlene gave thie highest yield of uncontami-

(33) A reference sample of 00.7¢, pure mesitylene was ohtained
through the courtesy of the Indos! Chemical Co., Chicago, 111
(1) 1. 1. Smith and O. W. Cass, TH1s JoCrNAC, B4, 1603 (1U32).

nated mesitylene, it was used in the large:scale.puriﬁcatit nt.
The remaining Hypercal cuts (256 g., 7377 mesitylene) were
combined and treated with 1.07 moles of isobutylene in the
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presence of hydrogen fluoride (5 moles). The product
(284 g. after work-up) was roughly distilled and all mesityl-
ene-containing fractions were combined (184 g.) and frac-
tionated through the Hypercal. The purified mesitylene (151
g., 39%) was used in the synthesis below (IR).

2,4,6-Trimethylacetophenone was prepared by a modifica-
tion of the method of Noller and Adams.® It was obtained
in 83%, yield, b.p. 133-134° at 31 mm., »®D 1.5169 (lit.%
b.p. 134.5-135° at 31 mm., »¥p 1.5158). The ketone
(160 g., 0.99 mole) was hydrogenolyzed at 190-215° with
15 g. of copper chromite and initial hydrogen pressure of 119
atm. The purified I1I boiled at 121-123° at 47 mm. (211-
213° cor. to 760 mm.), #®p 1.5102 (lit.#¢ b.p. 212.4°,
1n®p 1.5074) and amounted to 89 g. (629 vield).

The bottoms from the initial rough distillation was frac-
tionated to yield 19.4 g. (129%) of methylmesitylcarbinol,
b.p. 120-123.5° at 8 mm., m.p. after recrystallization from
cthanol 71.5-73° (lit.#” b.p. 93° at 2 mm., m.p. 72-72.5°).

B. The Alkylation Reaction.—Arene III (89 g., 0.60
mole), 4-methylcyvclohexene (28.8 g., 0.30 mole) and hy-
drogen fluoride (75 g.) were contacted and worked up
following the usual procedure, yielding 111 g. of product.
Five distillations and subsequent infrared analysis allowed
the identification of the following products. Yield data are
given in Table I.

1. Methylcyclohexane boiled at 98-102°, »®¥p 1.4220-
1.4232 (IR).

2. Compound III had b.p. 136° at 85 mm. to 83° at 9
mm. (210-212° cor. to 760 mm.), #¥p 1.5091-1.5103; no
isomerization was detected (IR).

3. Methylcyclohexene dimers were separated into two
types by cliromatography of cuts boiling in the range of
104° at 5 mm. to 128° at 4 mm., »®¥p 1.4881 and 1.4948.
The saturated dimer had »®p 1.4777, d%: 0.8750; MRp
caled. 62.45, obsd. 62.86. The unsaturated dimer was
niore strongly adsorbed on silica gel, but yielded no index
plateau. The separations were conveniently followed by
the permanganate test for unsaturation.® Approximately
equal amounts of both types were found to be present. The
cuts had n%p 1.5023-1.5067 and were distilled free of solvent
to yield tlie main portion with #2p 1.5032, 4%, 0.9010;
MRp caled. 61.98, obsd. 63.15. The infrared spectrum
indicated the presence of a cis-disubstituted double bond
absorbing at 14.24 4.9

4. 1,3,5-Trimethyl-2-ethyl-4-(x-methylcyclohexyl)-ben-
zene boiled at 155-158.5° at 3 mm. and after chromato-
graphic removal of cyclodlefinic impurities, an analytical
sample had »®p 1.5383, 4%, 0.9824; MRp caled. 74.32,
ohsd. 77.85.

Anal. Caled. for CisHzg: C, 88.46; H, 11.54.
C, 88.20; H, 11.40.

Nitration vielded no cliaracterizable derivative.

5. Methylcyclohexene trimers boiled chiefly at 158.5—
181° at 3 mm., »®p 1.5247-1.5291. Chromatography of
the lower index cut vielded a small saturated cut, z¥p
1.5038, followed by 8 cuts with #®p increasing to 1.5307,
which gave positive permanganate tests. The infrared
spectrum of the first cut resembled that of dimethyldicyclo-
hexyl, while subsequent fractions exhibited a 14.14 p band
due to ¢is-disubstituted olefins.

6. 1-(2,4,6-Trimethylphenyl)-1-(2,4,6-trimethyl-3-ethyl-
phenyl)-ethane (IV) was found in highest concentration in a
cut boiling at 181-196° at 3 mm., »®¥p 1.5410. Chromatog-
raphy of the 1.96-g. cut freed it of olefin trimer and IV was
desorbed; it was mixed with absolute ethanol in the later
fractions. These were freed of solvent and had »¥p
1.5502-1.5621 (negative test for unsaturation). Stirring
withi cold absolute ethanol caused a solid to deposit, which,
after decolorization with Norit and several recrystallizations
fromm ethanol, yielded white needles, m.p. 78.5-79.0°.
The infrared spectrum (carbon disulfide solvent) was iden-
tical to that of the authentic sample described below, and
a mixed melting point with the latter was undepressed.

Anal. Caled. for CypHy: C, 89.74; H, 10.26, Found:
C, 89.31; H, 10.08.

(65) C. R. Noller and R, Adams, THIS JOURNAL, 46, 1889 (1924),

(66) R. T. Morrison and M, Wishman, 7bid., 76, 1059 (1954).

(67) D. V. Nightingale and H. D. Radford. J. Org. Chem., 14, 1089
(1949).

(68) V. N. Ipatieff, W. W. Thompson and H. Pines, TH1s JOURNAL,
70, 1658 (1948).

(69) H, L. McMurry and V. Thornton, dsal. Chene,, 24, 318 {1u32).
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Synthesis of IV.—Arene III (0.35 mole) was stirred with
methylmesitylcarbinol (0.12 mole) in the presence of 84 g.
of hydrogen fluoride by the usual procedure. The worked-
up, blue fluorescent organic product yielded 909 of unre-
acted arene along with a small amount of mesitylene, 8.75
g. of high-boiling, viscous liquid and 6 g. of resinous bottoms.
The product cuts were carefully refractionated and the
lower boiling fractions (158-181° at 1 mm., »¥®p 1.5638-
1.5658) gave a positive test for unsaturation. Their infra-
red spectra had bands at 10.40, 11.24, 12.54 and 14.29 u
and a main 11.75 ¢ band. These were consistent with olefin
structures of the type formed by dimerization of the sub-
stituted styrene arising by dehydration of the carbinol, ¢.e.,
1,3-bis-mesityl-x-butenes. The cuts boiling at 181-183° at
I mm., #¥p 1.5651, were chromatographed and deposited
crystals on standing. Filtration after cooling yielded a fil-
trate which gave a positive test for unsaturation. Decolori-
zation and recrystallization of the solid gave about 0.5 g. of
white needles, m.p. 78.5-79° (negative test for unsatura-
tion). The infrared spectrum had main bands at 11.55 and
11.82 x. Nitration failed to yield a crystalline derivative.

7. Higher boiling products above the diaryl range gave
a positive test for unsaturation, and after infrared examina-
tion it was concluded that they consisted mainly of niethyl-
cyclohexene polymers.

III. Transaralkylation of Diarylethanes and Related
Reactions.—The reactions were carried out on a small scale
in a 75-ml. polyethylene bottle equipped witli small bore
polyethylene addition and vent tubes and a stainless steel
stirrer in a bored Teflon stopper. The reactants and liydro-
gen fluoride were stirred for one hour at ice-bath tempera-
tures and the mixtures were worked up as usual using pen-
tane solvent to minimize losses.

A. Mononuclear Arenes in Hydrogen Fluoride. 1. 1,3-
Dimethyl-4-ethylbenzene (I), 20 g., and 28 g. of livdrogen
fluoride vielded 13.9 g. of recovered product, b.p. 181-
182°, =»®p 1.5033-1.5037. Its infrared spectrumi was
identical to that of the charged arene.

2. 1,5-Dimethyl-2,4-diethylbenzene, 2.0 g., was treated
with 5 g. of hydrogen fluoride. The recovered product (1.15
g.) had b.p. 112° at 22 mm. (223° cor. to 760 mm.), #¥D
1.5073, and its infrared spectrum indicated tliat apparently
minor isomerization occurred (weak 12.74 p band), but no
1,3-dimethyl-4-ethylbenzene could be detected.

B. 1-(2,4-Dimethylphenyl)-1-(2,4-dimethyl-5-ethyl-
phenyl)-ethane (II) Reactions.—1. Compound II (9.32
g., 35 mmol.), was treated with 8 g. of hydrogen fluoride
and the deep pink complex, after working up, yielded 7.51
g.of recovered arenes (see Table IX for product distribution).

Tlie triarvldiethane components were extremely viscous
and strongly blue fluorescent under ultraviolet light (prob-
ably due to the presence of small amounts of condensed ring
aromatics) and boiled in the range of 211-216° at 1 .
Chromatography on silica gel (using benzene solvent and
absolute ethanol as desorbing agent) vielded center cnts
having #¥p 1.5713. The infrared spectrumn was qualita-
tively very similar to that of II.

Anal. Caled. for CyHy: C, 90.39; H, 9.61.
C, 90.04; H, 9.30.

2. Compound II (20.0 g., 75 mmol.), 3.6 g. (37 mmol.)
of 4-methylcyclohexene and 3 g. of hydrogen fluoride vielded
22.6 g. of product which was first roughly distilled and the
cuts subjected to three careful fractionations. The results
are given in Table IX.

3. Compound II (6.0 g., 22 mmol.), 7.5 g. (9¢ nunol.)
of benzene and 8 g. of hydrogen fluoride yielded the products
listed in Table 1X. Phenylxylylethane cuts were conibiied
and redistilled to give a heart cut boiling at 138-142° at 5
mm., %D 1.5577. The infrared spectrum was qualitatively
identical to that of authentic V (synthesis and physical
constants given in Tables V-VII), having main bands at
12.18 and 14.35 u. There was one significant difference in
that the spectrum exhibited a weak 11.78 x band absent from
that of the reference sample (see part C below).

4. Compound II (4.72 g., 18 mmol.), 1.74 g. (18 mmol.)
of methylcvclohexane and 12 g. of hvdrogen fluoride gave
4.85 g. of distilled product (Table IX). No cuts of %D
greater than 1.5546 were obtained, hence little or no forma-
tion of tricyclics occurred.

C. 1-Phenyl-1-(2,4-dimethylphenyl)-ethane (V) in Hy-
drogen Fluoride.—Compound V (13.5 g., 64 muwol.), was
treared with 8 g, of hiydrogen fluoride and affonted 11.6 g.

Tound:
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of distillate composed of the following products: m-xylene
(7 mmol.), V recovered (49 mmol.) and triaryls (7 mmol.).
Recovered V had b.p. 144-150° at 7 mm., #»¥p 1.5640-
1.5657. Its infrared spectrum was identical to that of the
starting material except for a relatively weak 11.78 u band
wlhich decreased in intensity in the higher boiling cuts.

TaABLE IX
REeacrrons oF II 1N HYDROGEN PLUORIDE

Experiment B

Product (unol.*) 1 o 3 4°
m-Xylene 01 .. 006 2
1.3-Dimethyl-4-ethiylbenzene (I) 5% 13 3 9
1,5-Dimetliyl-2,4-diethylbenzene 1 3 0.2 0.7
1,3-Dimethyl-5-(1-methiylcyclo-

liexyl)-benzeue .. 3 0.2
1,5-Dimethyl-2-ethyl-4- (x-meth-

vieyelohexyl)-benzene . 9 .. 3
11 recovered 21° 50 14 11
Methyleyclohexyt-(1T) . 6
Triaryldicthancs 7 6
I-Pheuyl-1-(2,4-dimethylphenyl)-

cthane (V) .. .. B

“ Products on loss-frec basis except in expt. B-3. *One
nnol. of methyleyclohiexene dimer also formed. ¢ Methyl-

cycloliexane (12 mmol.) was recovered. ¢ Contained a sniall
amount of the 5-ethyl isomer. ¢A minor aniount of II
underwent isonierization. 7 Includesa small amount of the
3,5-dimethyl isomer.

It is probable that some isomerization to 1-phenyl-1-(3,5-di-
methylplienyl)-ethane occurred, the latter being respousible
for the appearance of the 11.78 u band (1,3,5-trisubstituted
arcnes are known to have bands in the 11.75-12.05 g
region®®). The triarvl components boiled about 185° at 2
mm.; chromatography yielded purified niaterial having
#¥p 1.5858. It was of interest that the infrared spectrum
had a 5-6 u pattern rescmbling that of a monosubstituted
arene.

Anal.  Caled. for Callus:
C,91.70; H, 8.35.

D. Synthesis and Cleavage of 1-p-Tolyl-1-(2-methyl-5-
ethylphenyl)-ethane (VI). 1. Synthesis of VI.—p-Meth-
vlacetoplienone was prepared in 77% yield by the acetyla-
tion of tolienct; it had b.p. 116-118° at 27 mm., n%¥p
1.5342 (lit.* b.p. 108° at 18 mm., #®p 1.5348). The ke-
toite was hydrogenolyzed in pentane at 230-260° and 101
atni. initial hydrogen pressure. Hypercal redistillation

C, 91.66; I, 8.34. Tound:
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afforded a 78%, vield of p-ethiyltoluene, b.p. 161-162°, %D
1.4948 (lit.4% b.p. 162.0°, n®p 1.4950), essentially free of
the small amounts of ¢- and m-isomers (main bands at 13.27
and 12.80 u,* respectively) initially detected in the roughly
distilled product.

The reaction of p-ethyltoluene (60 g., 0.50 mole) with
4-methylcyclohexene (38.4 g., 0.40 niole) in the presence
of 104 g. of hydrogen fluoride was carried out and tlhe prod-
nets isolated as previously reported.** The physical con-
stants of the individual products corresponded well with the
recorded values.* The following distribution was ob-
tained (with nioles in parentheses): metlivlcyclohexane
(0.16), toluene (0.0032), p-cthyltoluene (0.20), dimethyl-
dicycloliexyl (0.028), mono-unsaturated methylcyclohexene
dimer (0.013),  4-ethyl-2-(x-methylcyclohexyl)-toluene
(0.074), VI (0.080), methylcyclohexyl derivative of VI
(0.031) and triaryls (0.016). The infrared spectrum of
VI was identical to the published onc.4

2. VIin Hydrogen Fluoride.—Compouud VI (11.9 g., 50
mmol.) was stirred with 8 g. of hydrogen fluoride and
vielded the following products (total 10.9 g.): toluene (0.3
nimol.), p-ethivltoluene (10 mmol.), VI recovered (34 mmol.)
and triaryls (7 mmol.). No isomerization of p-ethyltolueue
or VI was detected. The highest boiling fraction (160-
1057 at 1 mun., 2% 1.5603) deposited a minute amount of
vellnow solid whiclh melted in the range of 136-145° after re-
crystallization from ethanol. It was iutensely yellow
fluorescent in ultraviolet light and its infrared spectrum ex-
Libited a strong 12.56 x band (carbon disulfide solvent).
The sutall amount precluded any furtlier characterization of
this compound which was probably an alkylanthracene.
Cliromatography of tlie distillation bottoms (#%p 1.582)
failed to effect any separation of the triaryl components.

E. Synthesis and Cleavage of 1-(3,4-Dimethylphenyl)-
1-(2,5-dimethylphenyl)-ethane (VII). 1. Synthesis of
VII.—The compound was prepared in good over-all yield
viq the organolithium method followed by the usnal steps
(Tables V-VII),

2. VII in Hydrogen Fluoride.--~-Compound VII (23.8 g.,
100 mimol.) was stirred with 10 g. of hydrogen fluoride and
vielded 22.9 g. of distilled product consisting of the following
compounds: o-xylate (0.8 mmol.), p-xylene (9 mnol.),
VII recovered (79 muol.) and bis-(a-xylylethyl)-xylenes
{10 mmal.). Ouly a trace of m-xylene was detected in the
xylene fraction and recovered VII cuts had infrared spectra
identical to that of the starting niaterial. The triaryl ent
boiled at 190-195° at 1 mm. and the chromatographec
material had #%p 1.5842. Its infrared spectrum strongly
resembled that of VII.
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Base-catalyzed Hydrocarbon Cleavage Reactions: A Novel Wurtz-type Reaction'?

By HERMAN PiNES AND LUKE ScHAAP?
ReCEIVED MARCH 10, 1958

The major products of the reaction of 3-methyl-3-phenyl-1-chlorobutane with potassium were found to be 2,5-dimethiyl-
2,5-diphenylhexane and ethylene which were formed by an elimination reaction followed by a Wurtz-type condensation,

3-Phenyl-1-chloropropane gave a much smaller yield of 1,4-diphenylbutane.

Diarylalkanes such as 2-methyl-2,4-diphenyl-

pentane and 2-methyl-2-plienyl-4-p-tolyvlpentane were cleaved by potassium at 180° to yield cumene and cumene with

p-cynlene, respectively, but were not cyclized to form indans.

The potassium-catalyzed ethylation of arylal-
kanes was previously reported to yield indansin addi-

(1) Paper XIV of the series of Base-catalyzed Reactions. For
paper XIIT see H. Pines and L. Schaap, Tuis JournaL, 80, 3076
(1958).

(2) Taken in part from a dissertation submitted by L. Schaap in
partial fulfillment of the requirements for the Ph.ID. degree, August,
1957,

(3) Predoctoral {cllow: Universal Oil Products Co.,
1956-1957; Standard Oi1 Co. (Indiana), 1955—1956.

1954-1055,

Tlie mechanisms of the reactions are discussed.

tion to the expected ethylated products.* These
probably were formed by tlie attack of the primary
carbanion produced in the reaction on the aromatic
nucleus as illustrated for the reaction of cumene.

In the course of the investigation of the cycliza-
tion reaction, 3-niethyl-3-phenyl-1-chlorobutane
(VI) was treated with potassium in refluxing cyclo-

(1) L. Schaap and I1. Pines, Tuis Jovryar, 79, 4067 (1957).



