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Acid-Catalyzed Reactions of p-Alkyl- and p-Cycloalkyltoluenes 
with Olefins. Hydride Transfer Accompanying Cyclialkylation 

The acid-catalyzed reactions have been studied using arenes such as p-cymene, p-sec- 
butylbenzene, and ~cycIo~entyI- and p-c~~~lohexyItolueI~e with oIe6ns such as isobutylene, 
l-nlethy~~yc~opentene, and l- and ~-methyl~yclobexene in the presence of hydrogen fluoride 
and 96% sulfuric acid as catalysts. The main reaction taking place was cyclialkylation which 
was accompanied by a hydride transfer from a tertiary benzylic hydrogen to a cation of the 
olefin. The cyclialkylation 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 hydrocarbon and the olefin. 
In the cyclialkylstion of p-cymene and p-see-butyltoIuene 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-cyeloalkyltoh~enes with isobutylene, only cycli- 
alkylation of type 2 took place. Type 1 products were the major components resulting from 
the cy~Iialk~~lation of p-cymene and ~-set-butyitoluene with methylcyc~ohexen~~. 

INTR,OI)UCTION abstraction by a tertiary cation generated 

Cyclialkylation reactions accompanied from an olefin. The identified products of 

by a hydride transfer was first reported reaction resulting from p-eymene and 

by one of us almost three decades ago (1-3). methylcyclohexene catalyzed by either 
It was observed that joara and me2n 96% sulfuric acid or anhydrous hydro- 
substit,ut~ed alkyltoluenes having a t,ertiary gen fluoride were methylcyclohexane and 
benzylic hydrogen may undergo a hydride l,l,3,~-t.etr~methyl-3-~-tolylindan~l.3 
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Subsequently it, was shown that, in the reaction of ~+cymene wit,h isobutylene the 
principal product of t,hc reaction was 1,1,3,3,~-pt?ntamcthylindan, 2, formed from the 
cyclialky~at~on of the p-cymene with the alkeno and accompanied by hydride transfer (J). 

*+ 
+ 2CH,C=CH, - 

(2) 

AH, *3 

CH3 2 

Branched-chain alcohols which can generattt 
a tertiary cation $n situ can undergo a 
similar reaction (5-Y), 

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

~-~~ialkylb~nz~;n~~s which contain a 
secondary instead of a tertiary bcnzylic 
hydrogen undergo a hydride transfer re- 
action with tertiary olefins, but instead 
of cyclialkylation the product of reaction 
consisted of diarylalkancs (9, IO). 

A detailed st,udy of conditions and 
products of cyc~ialkylation of p-cymenc 
with isobutylene and its dimers and 
trimcrs has recently been rrport,ed (II). 
These authors have confirmed that the 
main product of reaction of the tertiary 
alkmes with p-cymene in the presence of 
either sulfuric acid or hydrogen fluoride 
catalysts consi&ed of pent,amethylindan, 
2, amounting to 99.3% based on react’cd 
p-cymene. The other minor hydrocarbons 
present, less t’han 0.4% each, consisted of 
cyclialkylated compounds l2 3, and 4. 

H3 

3 - 

(3) 

4 - 

Since the two types of cyclialkylation 
reactions represented by Eqs. (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 interaction of straight-chain 
olefins and of cyclohcxcnc with ~-cym~ne 
in the presence of acids results in the 
formation of sot-alkyl- and cyclohcxyl-p- 
cymcne, respectively. 

The olefins used in this study were 
isobutylene, l-methylcyclopentenc, and 4- 
rn~thylcy~lohexenc. The aromatic hydro- 

carbons employed wcrc p-cymene and 
p-see-but,yl-, p-eyclopentyl-, and p-cyclo- 
h~xylt~olu~ne. The expcrimcnt,s wit,h p- 
cymcnc and p-set-butyltolucne 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 
experiment&s were made with a,nhydrous 
hydrogen fluoride as catalyst. 
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lwsuL1~ to the organic material. The structure of 
the individuai compounds was deter~~in(?d 
by NMR and ms. 

The experiments were made in plastic The experimental conditions and the 
polyethylene bottles provided with a mag- composition of products obtained are 
netic stirrer and cooled by an ice bath. The summarized in Table 1. The formation 
product of the reaction was poured over of the cyclialkylated compound 2 can 
ice, washed with aqueous potassium car- be explained by a mechanism similar to the 
bonate and water, dried, and analyzed. one proposed previously and in which the 
For quantitative composition of the product first step in the reaction was Lhe transfer 
by glc a measured amount of tert-butyl- of a hydride from the isopropyl group of 
benzene as an internal standard was added p-cymene to t’he tertiary butyl cation (I). 

H" 

-I 
-H+ 

CH,=C-CH, 2 

bH, 

The formation of camp ouod 3 was explained by t.he cyclia~kylation of ~~~yrnene 
with 2,4~4-tr~methyl-l-penteno formed by the dimerization of isobutylene in the presence 
of the acid catalysts (Ii). Compound 4 is formed by a similar mechanism, however, the 
cyclialkylation may be accompanied by a skeletal rearrangement involving hydride and 
methide migrations. 

Another route for the formation of compound 4 was suggested as occurring from 
2,2,4-trimet~hylpentenes through skeletal rearrangement to 2,3,4-trimethylpentenes (I.@. 



f:I~:ACTIONS OF p-ALKYL- AND p-CYCLOAI,KYLTOI,Uli:NI~S 231 

Compound 1 was produced l>y a meeha- another p-cymyl cation to produce a 
nism proposed previously (1) and supported cation adduct. The latter by a subsequent 
recently (IS) in which p-cymyl cation is cyclialkylation accompanied by a transfer 
converted by a proton transfer into p-iso- of a proton to an olefin produces com- 
propenyltoluene which then reacts with pound 1. 

The ratio of the cychalkylated product,s, 
2 to 4, resulting from the interaction of 
p-cymene with isobutylene or its dimcr 
t,o the cyclialkylated compound 1 derived 
from p-cymene was in the range of 2.1 to 
5.6/l. In the case of sulfuric acid as catalyst 
the ratio was 2.5.6/l. 

The cyclialkylation reaction between 
p-cymene and isobutylene was also made 
using BFa.H3P04 complex as catalyst. 
The react,ion was carried out by bubbling 
isobutylenc into a stirred mixture of p- 
cymene and the catalyst at 50 and 90°C. 

At 50°C 34% of p-cymene charged 
underwent reaction and the product ob- 
tained consisted of 82oj, of compound 2 
and 11% of 1. The remainder was com- 
posed of small amounts of product consist- 
ing of at least 12 compounds. 

At’ 90°C the conversion of p-cymcne 
was 38% and the product was composed 
of 48% of 2 and 32y0 of 1, and the remaining 
product consisted of 14 minor components. 

The above results indicate that the 
temperature at which t’he reaction is 
carried out has an effect on the course of 
the cyciialkylation. At the lower tempera- 

ture the cyclialkylation of p-cymene wit,h 
isobutylcne is more favorable than the 
dehydrodimcrization of p-cymenc to form 
compound 1. At higher temperatures t,he 
selectivit,y of the cycIialkylation reaction 
is greatly affected. 

p-see-Butyltoluene-Isobutylene 

The interaction of t,he title compounds 
was made in the presence of 98a/, sulfuric 
acid and anbydrous hydrogen fluoride as 
catalysts. The composition of t,hc cycli- 
alkylated hydrocarbons produced from t,he 
reaction is given in Table 2. They were 
composed of products of condensation 
of isobutylene and its dimer with p-scc- 
butyltolu~ne tSo form 1,1,3,6-tetramethyl-3- 
ethylindan, 5, and 1,3,5-trimethyl-l-ethyl- 
3-neopentylindan, 6, and of dchydrodimcrs 
of butyltoluene, namely, 1,5-dimethyl-1,3- 
dicthyl-3-p-tolylindan, 7, and of 1,2,3,b 
tetramet,hyl-1-ethyl-3-p-tolyIindan, 8. 

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

,CH3 -H+ HCHi, 

P-CH,C,H,C + - P-CH3CBH4C\ 
and p-C&C 

/ CH3 

‘W, CZHS \CHCH3 
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TABLE 1 

l<eaction of Isobutylene with p-Cymene 

Expt p-Cymene i-C,Hs p-Cymene/ p-Cymene Composition of cycli- 

Cg (mol)l IIg (moU1 i-C,Hs reacted alkylated product (70)” 
(molar ratio) (%) -.-- 

2 3 4 1 

lb 26.8 (0.2) 9 (0.16) l/O.8 47 71.7 6.6 16 
2b 26.8 (0.2) 2.0 (0.36) l/1.8 53.3 48.3 6.0 6.0 28.6 
3b 26.8 (0.2) 23.2 (0.4) l/2.0 96.2 48.9 7.5 3.2 27 
4b 13.4 (0.1) 32 (0.57) l/5.7 99.1 47.7 2.4 4.3 8.6 
60 6.7 (0.05) Large excess 83 66.3 12.6 3.5 3.1 

Molal ratio 
of compounds 
2 + 3 + 4/l 

4.9 
2.1 
2.2 
5.6 

25.7 

D Isobutane was found in the reaction product, but quantitative data are not available. 
b Catalyst : 15 g of HF. 
c Catalyst: 3.8 g of 96% HzSO*. 

As in the case of p-cymene, sulfuric acid 
catalyzes almost exclusively the conden- 
sation of ~-set-butylt,oluene with isobutyl- 
ene to form cyclialkylated compounds 5 
and 6. Hydrogen fluoride on the other hand 
produces also dchydrodimers of sec-butyl- 
toluene, namely, ‘7 and 8, the concentration 
of which in the cyclialkylat~ed product 
amounted to 19.1%. 

In order to demonstrate that the de- 
hydrodimers of p-see-butyltoluene are the 
products of dimerization of the correspond- 
ing olefins both 2-p-tolyl-1-butene and a 

mixture of 2-p-tolyl-l- and 2-butene were 
treated with hydrogen fluoride at 0°C. 
From the l-butcne compound the main 
dimer had t~he 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 olefins produced 
dimer 8 as the main component. 

In the presence of sulfuric acid the 
cyclialkylated product contained 25.65% 
of a neopentylindan, compound 6, as 
against 9.1% in the presence of hydrogen 
fluoride. The formation of 6 is the result of 

TABLE 2 

Reaction of Isobutylene with p-set-Butyltoluenea 

Catalyst Organic p-set-Butyl- Composition of cyclialkylated Ratio 
(g) material toluene product (%) b 5 + 6/7 + 8 

recovered reacted 
(?a m4 5 6 7 8 

HsSO, (4.3) 7.6 55.9 71.4 25.6 - 3.0 32.3 
RF (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-set-butyltoluene and 4.3 g (0.077 M) of isobutylene were used. 
b 



Rl~:ACTIONS OF p-ALKYL- AND p-CYCLOALKYLTOLUENW 233 

TABLE 3 

Reaction of Isobutylene with p-Cyclopentyltoluene” 

Catalyst 
(RI 

Isobutylene 
Cg (nl4 1 

Organic 
material 

recovered 
(n) 

p-cyclopentyl- 
toluene 
reacted 

( ‘9; 1 

Composition of cycli- 
alkylated product 

(%P 

9 10 11 

HzSOd (3.0) Large excess 13 81.5 
HF (5.0) 3.7 (0.07) 6.6 e 

lz p-Cyclopcntyltoluene used in each experiment 5.3 g (0.033 mol). 
b 

Y 10 11 12 - - - 

c Organic layer contained 1.31 g of diisobutylene. 
d Contains small amount of compound of M+ 216, to which structure of 1,2,2-trimethyl-Sp-tolylcyclo- 

hexane, 12, was assigned. 
e Not determined. 

interaction of the set-but’ylt’oluenc with 
2,4,4-trimethyl-1-pentene, a dimer of 
isobutylenc. 

p-Cyclopentyltoluene-Isobutylene 

Cyclialkylation of p-cyclopentyltolucna 
with isobutylcne was carried out in the 
presence of both 96% sulfuric acid and 
hydrogen fluoride (Tablr 3). Three cycli- 
alkylated compounds having structures 9, 
10, and 11 were separated and identified 
by means of nTMR and ms. Compounds 

9 (1,1,6-trimcthylspiro[cyclopentane-3,3’- 
indan]) and 11 (1,6-dimethyl-l-neopentyl- 
spiro[cyclopentane-3,3’-indan]) are prod- 
ucts from the cyclialkylation of p-cyclo- 
pcnt,yltoluene with isobut’ylenc and 2,4,4- 
t’rimethyl-l-pcntcne, respectively. 

The formation of compound 10, 3a,4,4,6- 
tet’ramethyl-1,2,3,3a,8,Xa-hexahydrocyclo- 
pent[a]indcnc, could be explained by the 
initial addition of tcrtbutyl cation to the 
generated I-p-tolylcyclopcntcne, followed 
by methidc migrat’ion and cyclialkylation. 

+ (CH,),C+ - 

& 
/\+ x-_- 
\ 

(10) 



234 ELGAVI AND PINES 

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, 

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

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 cycli- 
alkylated product 13, 1,1,6-trimethyl-3- 
spiro[cyclohexane]indan, was the major 
product identified. It amounted to 75.2% 
of the 48.3y0 of p-cyclohexyltoluene reacted. 

& / \ I 

(11) 

p-Cymene, p-see-Butyltoluene, and p-Cyclo- 
pentyltoluene with I-Methylcyclopentene 

The title aromatic hydrocarbons were 
submitted to a reaction with l-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 l- 
methylcyclopentene it was found that 
9.4% of the olefin was converted to 
methylcyclopentane and 36.5% 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&tetra- 
methyl-1,2,3,3a,8,8a-hexahydrocyclopent- 
[alindene, was composed of a mixture of 
cis and trans isomers. Of the 8.5% of p- 
cymene which underwent reaction the 
yield of 14 was 84%. 

13 
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p-set-Butyltolucne on reaction with l- 
methylcyclopentene produced mainly de- 
hydrodimers of methylcyclopentene. Ac- 
cording to ms and NMR the latter were 
identical with the dehydrodimers formed 
in the presence of p-cymene. About 9770 
of the p-set-butyltoluene employed in the 
reaction was recovered. 

1-Methylcyclopentene likewise produced 
dchydrodimcrs when allowed to react in 
t’he presence of p-cyclopentyltoluene and 
hydrogen fluoride. About S97,, of the 
aromat’ic used in the reaction was recovered. 
Some small amounts of product wit’h high 
retention times were also recovcrcd but 
owing to their low yields wcrc not cx- 
amined further. 

p-Cymene-I-meth,ylcyclohexene 

The cyclialkylation experiments using 
the title hydrocarbons were first made by 
one of us in 1948 (1) when the analytical 
tools for separation and identificat’ion of 
products were less refined than at the 
present. The cyclialkylation reaction was 
thus repeated at 0 to 7°C using 96y0 
sulfuric acid as the catalyst and a molal 
ratio of aromatics to olefins of 2: 1. The 
product was separated on a 4-m column 
composed of .‘i% SE-30 on Chromosorb G, 
60 to 80 mesh, and analyzed by ms and 
NMR. It consisted of 19.6y0 of compound 
15, 4a,6,9,9-tetramethyl-1 2 3 4 4a,9,9a- > , > 1 
heptahydrocyclohexa[a]indenc, 71.77, of 
compound 1, 4.77, of an unidentified 
compound, and 4.67, of tight minor 
products. 

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

of p-cymene to methylcyclohexcnc of 
2 (1). The weight composition of com- 
pound 1 was 84.17, and that of 15, 15.9%. 
When the ratio of p-cymene to l-mcthyl- 
cyclohexene used was changed to 1: 1.3 
(0.05 M:0.075 M), the distribution of the 
products of rcact’ion altered considerably. 
The cyclialkylated product according to 
glc was composed of X47, of compound 15 
and only 1670 of the dehydrodimcr of 
p-cymenc compound 1. 

In one particular experiment 9.6 g (0.1 
mol) of I-methylcyclohexene 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 glc. 

Retention Area 
time (5%) 

Product 

138 27.6 Methylcyclohexane 
3.32 19.4 p-Cymene 

1057 

1179 1.7 
1212 

1.8 1 

Dimer of mcthyl- 
2.5 cyclohexcne ( ?) 

1751 27.2- Compound 15 
2205 18.9 Compound 1 

All of the methylcyclohexenc was 
sumed. The cyclialkylatcd product 
composed of 59% of compound 15 
4170 of 1. 

p-set-Butyltoluene-Methylcyclohexenes 

con- 
was 
and 

p-set-ButJyltoluene, 0.02 M, was allowed 
to react with l- and 4-methylcyclohexcne 
in the presence of hydrogen fluoride as 
catalyst (Table 4). The reaction proceeded 
according to Eqs. (1) and (a), resulting 
mainly in the dehydrodimerization of p- 
set-butylbenzene with the formation of 
compounds 7 and 8, the latter being the 
major product. The interaction of l-mcthyl- 
cyclohcxene with the tit’lc aromatic hydro- 
carbon rcsultc>d in the formation of com- 
pound 16, 4a,6,9-trimcthyl-9-ethyl-1 3 3 4 J-f , , 
4a,9,9a-heptahydrocyclohcxa[a]indcnc. 
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TABLE 4 

Reaction of I- and 4-Methylcyclohexene with p-set-Butyltoluene 

HF x-Methyl p-set-Butyltoluene Composition of cycli- Molal ratio 

k) cyclohexene alkylated product (yc,) lb/(7 + 8) 
(mol) Charged Reacted 

b-4 83 16a 7 8 

2 I- (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 44.9 0.47 

16 - 
b Of the I-methylcyclohexene charged 34.4y0 was converted to methylcyclohexane and 9”j0 to hydrodimers. 
c Of the 4-methylcyclohexene charged 19% was converted to methylcyclohexane. 

4-Methylcyclohexene yielded results simi- 
lar to those for 1-methylcyclohexene which 
indicates that isomerization of the 4-isomer 
to the l-isomer precedes the cyclialkylation 
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 
methylcyclohexene 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 8 
in. column containing 10% 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 icesalt 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 glc. 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 react’ion. 
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The olefin was bubbled or dropped p-set-Butyltoluene. The title hydrocarbon 

slowly into a flask containing a magnetically was prepared by the three-step process from 

stirred mixture of the aromatic hydrocarbon p-methylacetophcnonc (1 .O mol), ethyl- 
and 96 to 98% sulfuric acid, keeping the bromide (1.1 mol), and magnesium (1.06 g) 
tempcraturc of reaction at 5 to 10°C. in ether as solvent. 

- 

EtMgBr 
p-CH3C6H,COCti, . p-CH,C,H,ClOHl(CH,)(C2Hs) 

-H,O 
* 

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 7070 yield, based 
on the starting p-methylacetophcnone, 
were composed of a mixture of three 
isomers, bp 20X-210°C : (a) 2-p-tolyl-cis- 
2-butene, 35.6% ; (b) 2-p-tolyl-1-butene, 
7.7%; and (c) 2-p-t’olyl-trans-2-butene, 
55.57,. These were separat’ed by prepara- 
tivc gc and analyzed by ms (M+ = 146) 
and NMR (CCL). Isomer (a): 1.6 (3H, d, 
CH,CH), 1.91 (3H, s, CH,-C), 2.25 (3H, s, 
ArCH3), 5.58-5.65 (lH, q, CHCHs), 6.84- 
7.22 (4H, q, ArH). Isomer (b) : 1.04 (3H, t, 
ethyl CHs), 2.28 (3H, s, ,4rCHa), 2.4 (2H, 
q, ethyl CH2), 5.0 (2H, d, CHr=), 7.1 (4H, 
q, ArH). Isomer (c) : 1.54 (3H, d, CH&H), 
1.95 (3H, s, CH,-C), 5.3-5.7 (lH, q, 
CH-CH,), 6.98 (4H, s, ArH). 

p-Cyclopentyltoluene. Prepared from p- 
bromotoluene (139 g, 0.825 mol) and 
cyclopentanonc (64 g, 0.76 mol) by the 
Grignard reaction. The carbinol thus ob- 
t’ained was refluxcd for 3 hr with potassium 
hydrogen sulfate (30 g). The product 
p- (I-cyclopentcnyl) toluene, distilled at 
1:SS”C (3 cm), solidifies on standing to 
white plates, mp 66 t’o 67°C. Yield: 70 g 
(YjS’%) based on cyclopcntanone. NMR 
(CClJ: 1.8-2.8 (9H, m, aliphatic H), 2.25 
(3H, s, ArCH3), 6.0 (IH, broad s, olcfinic 
H), 7.0 (4H, m, ArH). This olefin was 
hydrogenated in absolute ethanol on 5yo 
l’d/C at 25 psi overnight. Distillation 
under atmospheric pressure at 24O”C, gave 
p-cyclopcntyltolucnc (.58 g, total yield 
48%). ms (Mf = 160). NMR (CCL): 
1.1-2.1 (XH, m, cyclopentyl hydrogcns), 
2.25 (3H, s, ArCHa), 2.9 (IH, m, &t-H), 
6.94 (4H, s, ArH). 

Hydrogenation of the mixture of p-sec- p-Cyclohezyltoluene. Prepared by the 
butanyl-p-tolurnes in the presence of ri% Grignard m&hod from p-bromotoluene 
l’d,/C in absolute ethanol at 30 psi gave (139 g, 0.82.5 mol) and cyclohexanone (70 g, 
p-see-butyltolucne in a 91% yield and t’wo 0.715 mol), according to the m&hod 
other by-products (9.1 g, 8.87e) which described for p-cyclopentyltoluene. The 
wcrc not analyzed. The tit’lo compound int’ermcdiate p-cyclohexenyltolucne was 
was isolated by spinning band distillation distilled at 265 to 270°C (116 g, total yield 
(bp 19%194°C). ms (Mf = 148). KMR 817,). The olefin was hydrogenated to give 
(CCL) : 0.8 (3H, t, ethyl CH,), 1.2 (3H, d, p-cyclohexyltoluene. NMR (CCII) : 1.2-1.6 
CH-CH,), 1.5 (2H, q, CH,), 2.2.5 (3H,s, and 1.6-2.1 (9H, 2 m, cyclohexyl H), 2.28 
ArCH,), 2.45 (IH, m, ArCH), 6.92 (4H, s, (3H, s, ArCH3), 2.45 (lH, broad d, tcrt-H), 
ArH). 7.0 (4H, s, ArH). 
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~~~~ti~cat~on of the Confounds 

l-4 Isolated and analyzed by means of 
NMR and ms. 
ms: M+ = 202, 187 (M-CH,), 173 
(M-C&). NMR (CCL): 0.8 (3H, t, 
CHXH,), 1.20 (3H, s, CH, gem t,o 
ethyl), 1.24 (6H, s, gem CH1), 1.52 
(ZH, q, GHzCH3), 1.86 (2H, m, cyclic 
CH,), 2.27 (3H, s, A&H& 6.75, 6.81 
(3H, two s, ArH). 
ms: Mf = 2<58, 243 (M-CHB), 229 
(M-Et), 187 (M-GHu). NMR (CCL): 
0.8 (3H, t, W&Hz), 1.0 (9H, s, 
tert-Bu), 1.2 (3H, s, CH, gem to Et), 
1.3 (3H, s, CH, gem to neopentyl), 
1.35-1.6s (4H, m, two CH2 groups), 
1.7 (2H, s, cyclic CHt), 2.27 (3H, s, 
ArCHs), 6.75, 6.81 (3H, d, ArH). 
ms: M+ = 292, 263 (M-Et). NMR 
(Ccl,) : 0.8 (6H, partly hidden triplet, 
2CH3), 1.24 (3H, s, CHa), 2.0 (GH, two 
overlapping quartets and a singlet, 
3CHz), 2.25, 2.35 (6H, 2 s, ArCH3), 
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-C&), 263 
(M-~H~CH~). NMR (CCL) : 0.8 (3H, 
t, CH3--CH2), 1.1 (3H, s, CHs gem 
to ethyl), 1.4 (3H, R, CH3 /3 to aromat~ic 
ring), 1.6 (2H, q, CHZ-CH,), 2.1 (3H, 
d, CH,-CH), 2.3 (lH, q, tert-H, 
partsly hidden), 2.2-2.3 (6H, two S, 

A&H& 6.7-7.1 (7H, m, ArH). This 
compound was also obtained by dimeri- 
zation of a mixture of 2-p-tolyl-cis- and 
trans-Bbutene. 
ms: M+ = 214, 199 (M-C%), 185 
(M-C2Hj), 171 (M-C&H& 157 (M- 
&H,), 143 (M-C&H,,), 129 (M-CCH,,), 
and 128 (M-86); loss of 2CHz and 
4CH, groups. NMR (CCL): 1.0-1.8 
(SH, m, (CH2)J, 1.25 (6H, s, gem 
CH& to aromatic ring), 1.85 (2H, S, 

CHg to aromatic ring), 2.3 (3H, S, 

ArCH,), 6.7-6.9 (3H, m, ArH). 

10 

11 

12 

13 

14 

15 

16 

ms: M+ = 214, 199 (M-(X), 153 
(M-C&H& 171 (M-C&H,), 157 (M- 
CaHs). NMR (CCL): 1.04-1.05 (6H, 
2 s, gem CHS), 1.2 (3H, s, /3 to aro- 
matic ring), 2.3 (3H, s, ArCHB), 
3.01-3.09 (lH, d, tert-II). 
ms: M+ = 270, 255 (M-CH,), 199 
(M-C5HIJ. NMR (CC&): 1.0 (9H, s, 
tert-Bu), 1.2 (3H, s, gem CH,), 114 
(2H, s, -CH,-), 1.6-2.0 (lOH, broad 
peak, 4CHz), 2.28 (3H, s, ArCHs), 6.8 
(3H, m, ArH). 
ms: M+ = 216, 201 (M-C-I,), 173 
(M-CHs and 2CH2), 171 (M-3CHs), 
157 (M-3CH3 and CHZ), 143 (rVI-3CH3 
and 2CH2), 131 (M-CHa, 2CHz, and 
C(CH&), 118 (M-&HI&). NMR 
(CC&): 0.51, 0.58 (3H, d, CH, far 
from aromaGc ring), 0.87, 0.95 (6H, 
2 s, gem CH,), 1.25-1.90 (8H, m, 
aliphatic hydrogens), 2.30 (3H, s, 
ArCHz), 7.04 (4H, s, ArH). 
ms: M+ = 22S, 213 (M-CHE), 185 
(M-C&), 171 (M-C,H,), 157 (M- 
&H,,), 143 (M-CsH& 131 (M- 
C7H,,). NMR (CCL): 1.3-1.8 (lOH, 
broad band, cyclohexyl H), 1.9 (2H, s, 
CH,), 2.28 (3H, s, ArCHa), 6.8, 1.9 
(3H, two s, ratio 1:2, ArH). 
ms: Mf = 214, 199 (M-CH,), 185 
(M-C&H& 171 (M-C&H& 143 (h!I- 
C&H,,). NMR. (CCL) : 1.18 (9H, s, 
3CH,), 2.28 (3H, s, ArCHs), 6.8 
(3H, 2 s, ArH); small signals, coneen- 
trated in the region 0.8-1.9 ppm, 
account for the aliphatic hydrogens. 
ms: Mf = 228, 213 (M-CH,), 199 
(M-CzHii), 185 (M-C&H?), 171 (M- 
C&HI)), 157 (M-CaH,,). NMR (CCL): 
1.0-2.0 (9H, m, eyclohexyl II), 1.24 
(9H, s, 3(X3), 2.28 (3H, s, ArCH,), 
6.7-6.9 (3H, m, ArH). 
ms: M+ = 242, 226 (&f-C&), 218 
(M-C&I,). NMR (CCL) : 0.78 (3H, t, 
CHS-CH2), 1.18 (6H, s, 2CH3), 1.3-2.0 
(llH, m, cyclohexyl hydrogens and 
the ethyl CR2 quartet half-hidden), 
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