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The acid-catalyzed reactions have been studied using arenes such as p-cymene, p-sec-
butylbenzene, and p-cyclopentyl- and p-cyclohexyltoluene with olefins such as isobutylene,
l-methylcyclopentene, and 1- and 4-methyleyelohexene in the presence of hydrogen fluoride
and 96%; sulfuric acid as catalysts. The main reaction taking place was eyclialkylation which
was accompanied by a hydride transfer from a tertiary benzylic hydrogen to a cation of the
olefin. The eyclialkylation was of two types: type 1 in which the product resulted from de-
hydrodimerization of the aromatic hydrocarbon used in the reaction and type 2 in which the
product was derived from the interaction between the aromatic hydroearbon and the olefin.
In the cyclialkylation of p-cymene and p-sec-butyltoluene with isobutylene, the ratio of
products formed via type 2 reaction as compared to type 1 was 25.7 and 32.3, respectively, when
sulfuric acid was used as catalyst. In the presence of hydrogen fluoride the ratio of type 2 to
type 1 ranged from 2.1 to 5.6 when p-cymene was used as the aromatic and 4.2 when p-sec-
butyltoluene was employed. In the case of p-eycloalkyltoluenes with isobutylene, only cyeli-
alkylation of type 2 took place. Type 1 produects were the major components resulting from

the eyclialkylation of p-cymene and p-see-butyltoluene with methyleyclohexenes,

INTRODUCTION

Cyclialkylation reactions accompanied
by a hydride transfer was first reported
by one of us almost three decades ago (1-3).
It was observed that para and mela
substituted alkyltoluenes having a tertiary
benzylic hydrogen may undergo a hydride

?Hz CH,
<o
H
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abstraction by a tertiary cation generated
from an olefin. The identified products of
reaction resulting from p-cymene and
methyleyelohexene catalyzed by either
969, sulfuric aeid or anhydrous hydro-
gen fluoride were methyleyclohexane and
1,1,3,5-tetramethyl-3-p-tolylindan,1.?
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Subsequently it was shown that in the reaction of p-cymenc with isobutylene the
prineipal product of the reaction was 1,133 5-pentamethylindan, 2, formed from the
eyclialkylation of the p-cymene with the alkene and accompanied by hydride transfer (4).

CH,

+ 2CH3;C=CH,
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CH, CH,

Branched-chain aleohols which can generate
a tertiary cation in sifu can undergo a
similar reaction (5-7).

A thorough review of the eyclialkylation
of aromatic hydrocarbons involving hydride
transfer was published by Barclay (8).

p-Dialkylbenzenes  which contain &
secondary instead of a tertiary benzylie
hydrogen undergo a hydride transfer re-
action with tertiary olefins, but instead
of eyelialkylation the product of reaetion
consisted of diarylalkanes (9, 10).

H,C
CH,

H, CHQC(CH;;):;

3

Since the two types of eyclialkylation
reactions represented by Eqgs. (1) and (2),
respectively, depend on the olefins used,
it was decided to investigate the effect of
the structure of olefins upon the course
of cyclialkylation. Unlike branched-chain
olefins, the intcraction of straight-chain
olefins and of cyelohexene with p-cymene
in the presence of acids results in the
formation of see-alkyl- and cyclohexyl-p-
c¢ymene, respectively.

The olefins used in this study were
isobutylene, l-methyleyelopentene, and 4-
methyleyelohexene. The aromatie hydro-

CHs o
+ CHz;CHCH, (2)
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A detailed study of conditions and
produects of cyclialkylation of p-cymene
with isobutylene and its dimers and
trimers has recently been reported (71).
These authors have confirmed that the
main product of reaction of the tertiary
alkenes with p-cymenc in the presence of
cither sulfuric acid or hydrogen fluoride
catalysts consisted of pentamethylindan,
2, amounting to 99.39% based on reacted
p-cymene. The other minor hydrocarbons
present, less than 0.49; cach, consisted of
cyclialkylated compounds 1, 3, and 4.

(32

carbons employed were p-cymene and
p-sec-butyl-, p-cyclopentyl-, and p-cyclo-
hexyltolucne. The experiments with p-
eymene and p-sec-butyltoluene together
with isobutylene were made using hydrogen
fluoride and sulfuric acid as catalysts. Both
catalysts gave basically the same results.
Since, however, the reaction in the presence
of hydrogen fluoride was cleaner and the
product less complex than in the presence
of sulfuric acid, the remainder of the
experiments were made with anhydrous
hydrogen fluoride as catalyst.



RESULTS
p-Cymene—Isobutylene

The experiments were made in plastic
polyethylene bottles provided with a mag-
netie stirrer and cooled by an ice bath. The
product of the reaction was poured over
ice, washed with aqueous potassium ecar-
bonate and water, dried, and analyzed.
For quantitative composition of the product
by gle a measured amount of tert-butyl-
benzene as an internal standard was added

ELGAVI AND PINES

to the organie material. The structure of
the individual compounds was determined
by NMR and ms.

The experimental conditions and the
composition of products obtained are
summarized in Table 1. The formation
of the cyclialkylated compound 2 can
be explained by a mechanism similar to the
one proposed previously and in which the
first step in the reaction was the transfer
of a hydride from the isopropyl group of
p-cymene to the tertiary butyl cation ({).

+ 3/3
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CH,
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The formation of comp ound 3 was explained by the cyclialkylation of p-cymene
with 2,4,4-trimethyl-1-pentene formed by the dimerization of isobutylene in the presence
of the acid catalysts (11). Compound 4 is formed by a similar mechanism, however, the
eyclialkylation may be accompanied by a skeletal rearrangement involving hydride and
methide migrations.

O ALK /07} L

Another route for the formation of compound 4 was suggested as occurring from
2,2, 4-trimethylpentenes through skeletal rearrangement to 2,3,4-trimethylpentenes (12).
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Compound 1 was produced by a mecha-
nism proposed previously (1) and supported
recently (13) in which p-cymyl cation is
converted by a proton transfer into p-iso-
propenyltoluene which then reacts with

r +
-H
oL o
N i
-

The ratio of the eychialkylated products,
2 to 4, resulting from the interaction of
p-cymene with isobutylene or its dimer
to the eyeclialkylated compound 1 derived
from p-cymene was in the range of 2.1 to
5.6/1. In the case of sulfurie acid as catalyst
the ratio was 25.6/1.

The eyclialkylation reaction between
p-cymene and isobutylene was also made
using BF; H3;PO, complex as ecatalyst.
The reaction was carried out by bubbling
isobutylene into a stirred mixture of p-
cymene and the eatalyst at 50 and 90°C.

At 50°C 349, of p-cymene charged
underwent, reaction and the produet ob-
tained consisted of 829, of compound 2
and 119, of 1. The remainder was com-
posed of small amounts of produet consist-
ing of at least 12 compounds.

At 90°C the conversion of p-cymene
was 389, and the product was composed
of 489, of 2 and 329 of 1, and the remaining
produet consisted of 14 minor components.

The above results indicate that the
temperature at which the reaction is

carried out has an effect on the course of
the cyelialkylation. At the lower tempera~
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another p-cymyl cation to produce a
cation adduct. The latter by a subsequent
eyclialkylation accompanied by a transfer
of a proton to an olefin produces com-
pound 1.

|

(7)

SHUE

ture the eyclialkylation of p-cymene with
isobutylene is more favorable than the
dehydrodimerization of p-cymenc to form
compound 1. At higher temperatures the
seleetivity of the eyelialkylation reaction
is greatly affected.

p-sec-Butyltoluene—Isobutylene

The interaction of the title compounds
was made in the presence of 989, sulfuric
acid and anhydrous hydrogen fluoride as
catalysts. The composition of the eyeli-
alkylated hydrocarbons produced from the
reaction is given in Table 2. They were
composed of products of econdensation
of isobutylene and its dimer with p-sce-
butyltoluene to form 1,1,3,6-tetramethyl-3-
ethylindan, 5, and 1,3,5-trimethyl-1-ethyl-
3-neopentylindan, 6, and of dchydrodimers
of butyltoluene, namely, 1,5-dimethyl-1,3-
diethyl-3-p-tolylindan, 7, and of 1,2,3,5-
tetramethyl-1-ethyl-3-p-tolylindan, 8.

Compounds 7 and 8 were formed from
the interaction of p-tolyl-sec-butyl cation
with the generated olefins, aceording to the
mechanisms given for the formation of
compound 1.

CH

s CH

3
p-CegHyC

CaHs N cHeH;
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TABLE 1

Reaction of Isobutylene with p-Cymene

Expt p-Cymene -CiHs p-Cymene/ p-Cymene Composition of cyeli- Molal ratio
[g (mol}] [g (mol)] 1-C4Hs reacted alkylated product (%) of compounds
(molar ratio) (%) 2+3+4/1
2 3 4 1

1% 26.8 (0.2) 9 (0.16) 1/0.8 47 717 66 16 4.9
2 26.8 (0.2) 2.0 (0.38) 1/1.8 53.3 483 6.0 60 286 2.1
3 26.8 (0.2) 23.2 (04) 1/2.0 96.2 489 75 32 27 2.2
4% 134 (0.1) 32 (0.57) 1/5.7 99.1 47.7 24 43 8.6 5.6
5¢ 6.7 (0.05) Large excess 83 66.3 12.6 3.5 3.1 25.7

@ Isobutane was found in the reaction product, but quantitative data are not available.

b Catalyst: 15 g of HF.
¢ Catalyst: 3.8 g of 96% H:SO0..

As in the case of p-cymene, sulfuric acid
catalyzes almost exclusively the conden-
sation of p-sec-butyltoluene with isobutyl-
ene to form cyclialkylated compounds 5
and 6. Hydrogen fluoride on the other hand
produces also dehydrodimers of sec-butyl-
toluene, namely, 7 and 8, the concentration
of which in the ecyclialkylated product
amounted to 19.19%,.

In order to demonstrate that the de-
hydrodimers of p-sec-butyltoluene are the
products of dimerization of the correspond-
ing olefins both 2-p-tolyl-l1-butene and a

mixture of 2-p-tolyl-1- and 2-butene were
treated with hydrogen fluoride at 0°C.
From the 1-butene compound the main
dimer had the structure of 7 with an
admixture of a compound of similar molecu-
lar weight and probably a stereoisomer of 7.
A mixture of the two olefing produced
dimer 8 as the main component.

In the presence of sulfuric acid the
cyclialkylated produet contained 25.6%
of a neopentylindan, compound 6, as
against 9.19, in the presence of hydrogen
fluoride. The formation of 6 is the result of

TABLE 2

Reaction of Isobutylene with p-sec-Butyltoluene®

Catalyst Organic p-sec-Butyl- Composition of cyclialkylated Ratio
(g) material toluene product (%)? 54+ 6/7+8
recovered reacted
(&) (%) 5 6 7 8
H,S0, (4.3) 7.6 55.9 714 25.6 — 3.0 323
HF (3.0) 9.0 56.1 71.7 9.1 7.8 11.3 4.2

a In each experiment 7.4 g (0.05 M) of p-sec-butyltoluene and 4.3 g (0.077 M) of isobutylene were used.

oy oy Oy, o, -

5 2

7
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TABLE 3
Reaction of Isobutylene with p-Cyclopentyltoluenes

Catalyst Isobutylene Organic p~-Cyclopentyl- Composition of eyecli-
(g) (g (mol)] material toluene alkylated product
recovered reacted VM
() (%) —
9 10 11

H,80,4 (3.0) Large excess 13¢ 81.5 55.6 33.54 10.8

HF (5.0) 3.7 (0.07) 6.6 e 23.3 60.7¢ 3.9
« p-Cyclopentyltoluene used in each experiment 5.3 g (0.033 mol).
b

Y 10 11 12

¢ Organic layer contained 1.31 g of diisobutylene.

4 Contains small amount of compound of M* 216, to which structure of 1,2,2-trimethyl-3-p-tolylcyelo-

hexane, 12, was assigned.
¢ Not determined.

interaction of the sec-butyltoluene with
2,4 4-trimethyl-1-pentene, a dimer of
isobutylenc.

p-Cyclopentylioluene—Isobutylene

Cyeclialkylation of p-eyclopentyltoluene
with isobutylene was carried out in the
presence of both 969, sulfuric acid and
hydrogen fluoride (Table 3). Three eycli-
alkylated compounds having structures 9,
10, and 11 were separated and identified
by means of NMR and ms. Compounds

ol

-H

e — £

9 (1,1,6-trimethylspiro[ eyclopentane-3,3’-
indanl) and 11 (1,6-dimethyl-1-neopentyl-
spiro[ cyclopentane-3,3’-indan]) are prod-
ucts from the cyclialkylation of p-cyclo-
pentyltoluene with isobutylene and 2,4,4-
trimethyl-1-pentene, respectively.

The formation of compound 10, 3a,4,4,6-
tetramethyl-1,2 3,3a,8 8a-hexahydroeyclo-
pent[aJindene, could be explained by the
initial addition of tertbutyl cation to the
generated 1-p-tolyleyclopentene, followed
by methide migration and cyclialkylation.

9

~HT ~CH;
B ——

(10)
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This formation of 10 seems to be the first
example whereby an alkyl cation from the
original olefin used in the reaction adds
to the p-tolyl olefin which is generated in
the reaction.

According to NMR evidence structure 12,

o = o
l_“*/

The nmr spectra indicate the presence
of some minor material with M+ 216 to
which structure 12a was assigned. Ring
expansion of a cation from a five- to a
six-membered ring in the presence of acids
is a common occurrence in hydrocarbon
chemistry.

p-Cyclohexyltoluene—Isobutylene

The title compounds were submitted to
a cyclialkylation in the presence of hy-
drogen fluoride under experimental condi-
tions described in Table 3. The ecycli-
alkylated product 13, 1,1,6-trimethyl-3-
spiro[cyclohexane Jindan, was the major
product identified. It amounted to 75.29,
of the 48.39 of p-cyclohexyltoluene reacted.

ELGAVI AND PINES

1,2,2-trimethyl-3-p-tolylcyclohexane, was
assigned to the butylated p-tolyleyclo-
pentane with mass of 216. This compound
was most probably formed from cation
10a through ring expansion followed by
hydride abstraction.

(11)

12a

p-Cymene, p-sec-Butyltoluene, and p-Cyclo-
pentyltoluene with 1-Methylcyclopentene

The title aromatic hydrocarbons were
submitted to a reaction with 1-methyl-
cyclopentene in the presence of hydrogen
fluoride as catalyst. In each experiment was
used 0.02 mol of the aromatics, 0.04 mol
of the olefin, and 2 g of the catalyst.

In the reaction of p-cymene with 1-
methylcyclopentene it was found that
949, of the olefin was converted to
methylcyclopentane and 36.59, to two
hydrodimers. The hydrodimers with a
ratio of 1.0 to 1.78 had a relative retention
time of 1334 and 1428 vs tert-butylbenzene
of 671 used as an internal standard. The
cyclialkylated product 14, 3a,5,8,8-tetra-
methyl-1,2,3,3a,8,8a-hexahydrocyclopent-
[aJindene, was composed of a mixture of
cis and trans isomers. Of the 8.59, of p-
cymene which underwent reaction the
yield of 14 was 849.
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p-sec-Butyltoluene on reaction with 1-
methyleyclopentene produced mainly de-
hydrodimers of methyleyclopentene. Ac-
cording to ms and NMR the latter were
identical with the dehydrodimers formed
in the presence of p-cymene. About 979,
of the p-sec-butyltoluene employed in the
reaction was recovered.

1-Methyleyclopentene likewise produced
dehydrodimers when allowed to react in
the presence of p-cyclopentyltoluene and
hydrogen fluoride. About 899; of the
aromatic used in the reaction was recovered.
Some small amounts of produet with high
retention times were also recovered but
owing to their low yiclds were not ex-
amined further.

p-Cymene-1-methylcyclohexene

The ecyclialkylation experiments using
the title hydrocarbons were first made by
one of us in 1948 (1) when the analytical
tools for separation and identification of
products were less refined than at the
present. The cyclialkylation reaction was
thus repeated at 0 to 7°C using 969
sulfuric acid as the catalyst and a molal
ratio of aromaties to olefins of 2:1. The
product was separated on a 4-m column
composed of 5%, SE-30 on Chromosorb G,
60 to 80 mesh, and analyzed by ms and
NMR. It consisted of 19.69, of compound
15, 4a,6,9,9-tetramethyl-1,2,3 4 4a,9,9a-
heptahydrocyclohexa[a Jindene, 71.79, of
compound 1, 4.79, of an unidentified
compound, and 4.69% of cight minor
products.

15

Results similar to those reported for
sulfuric acid were obtained when using
hydrogen fluoride as catalyst and a ratio

235

of p-cymene to methyleyclohexene of
2 (1). The weight composition of com-
pound 1 was 84.19, and that of 15, 15.99.
When the ratio of p-cymene to 1-methyl-
cyclohexene used was changed to 1:1.5
(0.05 M:0.075 M), the distribution of the
products of reaction altered considerably.
The ecyclialkylated product according to
gle was composed of 849 of compound 15
and only 169, of the dehydrodimer of
p-cymenc compound 1.

In one particular experiment 9.6 g (0.1
mol) of 1-methyleyclohexene and 0.05 mol
of p-cymene were allowed to react under
stirring in the presence of 2 g of hydrogen
fluoride at 0 to 6°C. After washing and
drying, the recovered organic layer, 15.2 g,
was analyzed by gle.

Retention Areca Product
time (%)
138 27.6 Methyleyelohexane
352 19.4 p-Cymene
1057 18 Dimer of methyl-
1179 1.7 loh )
1912 925 cyclohexene (7
1751 27.2 Compound 15
2205 18.9 Compound 1

All of the methyleyclohexene was con-
sumed. The cyclialkylated product was
composed of 599, of compound 15 and
419, of 1.

p-sec-Butyltoluene—Methylcyclohexenes

p-sec-Butyltoluene, 0.02 M, was allowed
to react with 1- and 4-methyleyclohexene
in the presence of hydrogen fluoride as
catalyst (Table 4). The reaction proceeded
according to Eqgs. (1) and (2), resulting
mainly in the dehydrodimerization of p-
sec-butylbenzene with the formation of
compounds 7 and 8, the latter being the
major product. The interaction of 1-methyl-
cyclohexene with the title aromatic hydro-
carbon resulted in the formation of com-
pound 16, 4a,6,9-trimethyl-9-cthyl-1,2,3 4,
4a,9,9a-heptahydrocyclohexala Jindenc.



236

ELGAVI AND PINES

TABLE 4

Reaction of 1- and 4-Methylcyclohexene with p-sec-Butyltoluene

HF z-Methyl p-sec-Butyltoluene Composition of cyecli- Molal ratio
(g) cyclohexene alkylated product (%) 16/(7 + 8)
(mol) Charged Reacted
(mol) (%) 16° 7 8
2 1- (0.04)b 0.02 51.4 37.2 16.0 46.8 0.59
2.5 4- (0.06)° 0.03 33.6 31.9 23.2 449 0.47
o
NS
16

b Of the 1-methylcyclohexene charged 34.49%, was converted to methyleyclohexane and 99, to hydrodimers.
¢ Of the 4-methylcyclohexene charged 199, was converted to methyleyclohexane.

4-Methyleyclohexene yielded results simi-
lar to those for 1-methyleyclohexene which
indicates that isomerization of the 4-isomer
to the 1-isomer precedes the cyeclialkylation
reaction. The ratio of compounds produced
via Eq. (2) to those formed via Eq. 1 was
either 0.59 or 0.47, depending on the
methyleyclohexene employed. In the case
when isobutylene was used as olefin, the
ratio was 4.2 when HF was used as catalyst
and 32 when sulfuric acid was employed.

EXPERIMENTAL
Gas Chromatography

A preparative gas chromatograph
(Perkin~Elmer F-21) equipped with a
flame ionization detector and a 13 ft X §
in. column containing 109, Apiezon L
(grease) on Chromosorb W, 60 to 80 mesh,
non-acid-washed with nitrogen as carrier
gas, was used for preparative separations.
A gas chromatograph (F & M Model 720)
equipped with a thermal conductivity
detector and a 6 ft X 0.25 in. column, with
helium gas as a carrier, was used for
product analysis as well as for purification

of samples. This gc was connected to an
Autolab Computing Integrator for chroma-
tography (Packard). Chromatograms were
obtained with temperature programming
from 100 to 280°C at 4°C/min.

Hydrogen Fluoride-Catalyzed Reactions—
General Procedure

Anhydrous hydrogen fluoride was passed
through a spiral 3 ft X  in. copper tube,
cooled in crushed dry ice, and dropped into
a polyethylene bottle (50 ml) which con-
tained the aromatic hydrocarbon cooled
in an ice—salt bath. The olefin was bubbled
or dropped during periods of 10 to 35 min
with magnetic stirring. After the addition,
stirring was continued for 10 min and a
certain amount of tert-butylbenzene was
added as internal standard for the yield
analysis by gle. The organic phase was
separated and washed with a potassium
hydroxide solution and then with water
until neutral reaction. Chromatograms of
such mixtures were taken for determination
of the yields of the different products
obtained in each reaction.
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Sulfuric Acrd-Catalyzed Reactions—General
Procedure

The olefin was bubbled or dropped
slowly into a flask containing a magnetically
stirred mixture of the aromatic hydroecarbon
and 96 to 989, sulfuric acid, keceping the
temperature of reaction at 5 to 10°C.

EtMgBr
p-CH3CgH4COCHS

H
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Synthesis of Aromatic Hydrocarbons

p-sec- Butyltoluene. The title hydrocarbon
was prepared by the three-step process from
p-methylacetophenone (1.0 mol), cthyl-
bromide (1.1 mol), and magnesium (1.06 g)
in ether as solvent.

~H0

P~CH3CgH4C(OH) (CH3 H{CoHy) —F—»

2
P—CH3CgHaCaHy ———> p- CH3CgH CH(CH3)(C,H)

The alcohol produced in the first step was
dehydrated to butenyltolucnes by allowing
it to reflux in the presence of 30 g of
potassium acid sulfate for 2 hr.

The olefins formed in 709, yield, based
on the starting p-methylacetophenone,
were composed of a mixture of three
isomers, bp 208-210°C: (a) 2-p-tolyl-cis-
2-butene, 35.69%,; (b) 2-p-tolyl-1-butene,
7.7%; and (c) 2-p-tolyl-trans-2-butene,
55.59,. These were separated by prepara-
tive ge and analyzed by ms (M* = 146)
and NMR (CCly). Isomer (a): 1.6 (3H, d,
CH;CH), 1.91 (3H, s, CH,-C), 2.25 (3H, s,
ArCH;), 5.58-5.65 (1H, q, CHCH;), 6.84~
7.22 (4H, q, ArH). Isomer (b): 1.04 (3H, t,
ethyl CHs), 2.28 (3H, s, ArCH;), 2.4 (2H,
q, ethyl CH,), 5.0 (2H, d, CHs=), 7.1 (4H,
q, ArH). Isomer (¢): 1.54 (3H, d, CH;CH),
1.95 (3H, s, CH;-C), 5.3-5.7 (1H, q,
CH-CHsy), 6.98 (4H, s, ArH).

Hydrogenation of the mixture of p-sec-
butenyl-p-toluenes in the presence of 59
Pd/C in absolute ethanol at 30 psi gave
p-sce-butyltoluene in a 919 yield and two
other by-products (9.1 g, 8.89;) which
were not analyzed. The title compound
was isolated by spinning band distillation
(bp 192-194°C). ms (M+ = 148). NMR
(CClLy): 0.8 (3H, t, ethyl CH,), 1.2 (2H, d,
CH-CH,), 1.5 (2H, q, CH,), 2.25 (3H,s,
ArCHy), 2.45 (1H, m, ArCH), 6.92 (4H, s,
ArH).

p-Cyclopentyltoluene. Prepared from p-
bromotoluene (139 g, 0.825 mol) and
cyclopentanone (64 g, 0.76 mol) by the
Grignard reaction. The carbinol thus ob-
tained was refluxed for 3 hr with potassium
hydrogen sulfate (30 g). The product
p-(1-cyclopentenyl) toluene, distilled at
155°C (3 em), solidifies on standing to
white plates, mp 66 to 67°C. Yield: 70 g
(589,) based on cyclopentanone. NMR
(CCly): 1.8-2.8 (9H, m, aliphatic H), 2.25
(3H, s, ArCH3;), 6.0 (1H, broad s, olefinic
H), 7.0 (4H, m, ArH). This olefin was
hydrogenated in absolute ethanol on 59
Pd/C at 25 psi overnight. Distillation
under atmospherie pressure at 240°C, gave
p-cyclopentyltoluene (58 g, total yield
489.). ms (Mt = 160). NMR (CCly):
1.1-2.1 (8H, m, cyclopentyl hydrogens),
2.25 (3H, s, ArCH;), 2.9 (1H, m, tert-H),
6.94 (4H, s, ArH).

p-Cyclohexyltoluene. Preparcd by the
Grignard mecthod from p-bromotoluene
(139 g, 0.825 mol) and cyclohexanone (70 g,

0.715 mol), according to the method
described for p-cyclopentyltoluene. The
intermediate p-cyclohexenyltoluene was

distilled at 265 to 270°C (116 g, total yicld
81%). The olefin was hydrogenated to give
p-cyelohexyltoluene. NMR (CCly): 1.2-1.6
and 1.6-2.1 (9H, 2 m, cyclohexyl H), 2.28
(3H, s, ArCH), 2.45 (1H, broad d, tert-H),
7.0 (4H, s, ArH).
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Tdentification of the Compounds

1-4

5

Isolated and analyzed by means of
NMR and ms.

ms: Mt = 202, 187 (M-CH;), 173
(M-C:H;). NMR (CCly): 0.8 (3H, t,
CH.CH,), 1.20 (3H, s, CH; gem to
ethyl), 1.24 (6H, s, gem CHj), 1.52
(2H, ¢, CH,CHj;), 1.86 (2H, m, cyclic
CH.), 2.27 (3H, s, ArCHs), 6.75, 6.81
(3H, two s, ArH).

ms: Mt = 258, 243 (M-CHj), 229
(M-Et), 187 (M-C;Hy,). NMR (CCly):
0.8 (3H, t, CH;CH,), 1.0 (9H, s,
tert-Bu), 1.2 (3H, s, CH; gem to Et),
1.3 (3H, s, CH; gem to neopentyl),
1.35-1.65 (4H, m, two CH, groups),
1.7 (2H, s, cyclic CHy), 2.27 (3H, s,
ArCH,), 6.75, 6.81 (3H, d, ArH).

ms: M+ = 292 263 (M-Et). NMR
(CCly): 0.8 (6H, partly hidden triplet,
2CH;), 1.24 (3H, s, CHy), 2.0 (6H, two
overlapping quartets and a singlet,
3CH,), 2.25, 2.35 (6H, 2 s, ArCH;),
6.92 (7H, broad s, ArH). This com-
pound was also obtained by dimeriza-
tion of 2-p-tolyl-1-butene in hydrogen
fluoride.

ms: M+ = 292 277 (M-CHjy), 263
(M-CH,CH;). NMR {(CCl,): 0.8 (3H,
t, CHy-CH,), 1.1 (3H, s, CH; gem
to ethyl), 1.4 (3H, s, CH; 8 to aromatic
ring), 1.6 (2H, q, CH-CHj;), 2.1 (3H,
d, CHsCH), 2.3 (1H, q, tert-H,
partly hidden), 2.2-2.3 (6H, two s,
ArCHjy), 6.7-7.1 (7H, m, ArH). This
compound was also obtained by dimeri-
zation of a mixture of 2-p-tolyl-cis- and
{rans-2-butene.

ms: M+ = 214, 199 (M-CHs), 185
(M-C.Hy), 171 {M-C;H,), 157 (M-
C.Hy), 143 (M-C;Hyy), 129 (M-CsH1a),
and 128 (M-86); loss of 2CH; and
4CH, groups. NMR (CCly: 1.0-1.8
(8H, m, (CH,)s), 1.25 (6H, s, gem
CH;B to aromatic ring), 1.85 (2H, s,
CH.8 to aromatic ring), 2.3 (3H, s,
ArCH,), 6.7-6.9 (3H, m, ArH).

10 ms: M+ = 214, 199 (M-CHy), 185

11

12

13

14

15

16

(M-C,H;), 171 (M-C;Hy), 157 (M-
C.Hg). NMR (CCly): 1.04-1.05 (6H,
2 s, gem CH;), 1.2 (3H, s, 8 to aro-
matic ring), 2.3 (3H, s, ArCH;),
3.01-3.09 (1H, d, tert-H).

ms: M+ = 270, 255 (M-CH;), 199
(M-C:;Hy). NMR (CCly): 1.0 (9H, s,
tert-Bu), 1.2 (3H, s, gem CHy), 14
(2H, s, —CHy-), 1.6-2.0 (10H, broad
peak, 4CH,), 2.28 (3H, s, ArCH3), 6.8
(3H, m, ArH).

ms: M+ = 216, 201 (M-CHj), 173
(M-CH; and 2CH,), 171 (M-3CH;),
157 (M-3CH; and CH,), 143 (M-3CH;
and 2CH,), 131 (M-CH,;, 2CH,, and
C(CHy),), 118 (M-C:Hiy). NMR
{CCly): 0.51, 0.58 (3H, d, CH; far
from aromatic ring), 0.87, 0.95 (6H,
2 s, gem CHjy), 1.25-1.90 (8H, m,
aliphatic hydrogens), 2.30 (3H, s,
ArCH;), 7.04 (4H, s, ArH).

ms: M+t = 228, 213 (M-CH,), 185
(M-C;Hy), 171 (M-C,Hy), 157 (M-
Can), 143 (M—CsHm), 131 (E\’I*
C.Hy;). NMR (CCly): 1.3-1.8 (10H,
broad band, cyclohexyl H), 1.9 (2H, s,
CH,), 2.28 (3H, s, ArCHjy), 6.8, 1.9
(3H, two s, ratio 1:2, ArH).

ms: M+ = 214, 199 (M-CH,;), 185
(M-C:H;), 171 (M-C;H;), 143 (M-
C:H). NMR (CClL): 1.18 (9H, s,
3CH;), 2.28 (3H, s, ArCH;), 6.8
(8H, 2 s, ArH); small signals, concen-
trated in the region 0.8-1.9 ppm,
account for the aliphatic hydrogens.
ms: M+ = 228 213 (M-CH,;), 199
(M-C.H;), 185 (M-C;Hp), 171 (M-
C4H9), 157 (M-CsHu) NMR (0014)
1.0-2.0 (9H, m, ecyclohexyl H), 1.24
(8H, s, 3CH;), 2.28 (8H, s, ArCHjy),
6.7-6.9 (3H, m, ArH).

ms: Mt =242 226 (M-CH;), 213
(M-C.H;). NMR (CCly): 0.78 (3H, t,
CHs"CHg), 1.18 (GH, S, 2CH3), 1.3-2.0
(11H, m, eyclohexyl hydrogens and
the ethyl CH,; quartet half-hidden),
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2.28 (3H, s, ArCH;), 6.78, 6.82 (3H,
two partly overlapping singlets, ArH).

CONCLUSION

The cyeclialkylation of p-sec-alkyl- and
cycloalkyltoluenes with isobutylene, 1-
methyleyelopentene, and 1- and 4-methyl-
cyclohexene in the presence of either 969
sulfuric acid or anhydrous hydrogen fluoride
results in two types of reaction which are
exemplified by Egs. (1) and (2) in the
text.

Type 2 reaction was predominant in the
cyclialkylation of the aromatic hydro-
carbons with isobutylene. Sulfuric acid
as compared with hydrogen fluoride as
catalyst favors type 2 reaction.

Products of type 1 reaction were the
major components of the cyclialkylation
of p-cymene and p-sec-butylbenzene with
methyleyclohexenes when an  excess of
aromatics over the olefins were used.
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