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same two compounds as are obtained with 1-meth- tion product is believed to be 1,4-di-(lr-methyl- 
ylcyclohexene. The rnonoalkylation product is cyclohexyl) -benzene. 
1-methyl-1-phenylcyclohexane, and the dialkyla- LVHITING, INDIAKA RECEIVED MARCH 3, 195U 

[ COXTRIBUTION FROM THE IPATIEPF f l I G H  PRESSURE AND CATALYIIC b B O R A T O R 1 ,  DEPARTMEXT OF CHEMISTRY, 
NORTHWESTERN UNIVERSITY] 

Studies in the Terpene Series. IX.' Isomerization Accompanying Cycloalkylation 
of Benzene2 

B Y  v. N. IPATIEFF, H. I<. APpELL3,4 \ND HERMAN PINES 

It was observed that the products from the re- 
action of benzene with dihydrolimonene (1- 
methyl-4-isopropylcyclohexene) and a mixture of 
p-menthenes, in the presence of hydrogen fluoride 
at  0-5", consisted of the same compound, 1- 
methyl-l-phenyl-4-isopropylcyclohexane.5 A hy- 
drogen shift had occurred so that reaction always 
took place a t  the carbon atom holding the methyl 
group.6 Further work showed that the reaction 
of benzene with menthol (2-isopropyl-5-methylcy- 
clohexanol) and roterpineol fdimethyl-(4- 
me thylcyclohexyl) nol] under the same con- 
ditions also yielded the same product as formed 
previously (Equation I). 
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hexanol produced a mixture of isomers. The 
greater amount of reaction had occurred at  the 
carbon atom holding the methyl group, but a sub- 
stantial amount had also occurred at  the carbon 
atom holding the ethyl group. 

The results from the reactions of benzene with 
1-ethyl-4-isopropylcyclohexanol and l-isopropyl- 
4ethylcyclohexanol were somewhat inconclusive 
because of the difficulty of analyzing the reaction 
product. It appeared, however, that the greater 
amount of reaction had occurred a t  the carbon 
atom holding the ethyl group. 

The structures of the cycloalkylated benzenes 
were determined by means of dehydrogenation. 
Naphthenes having a geminal alkyl group may be 
dehydrogenated under suitable conditions to yield 
aromatics with the elimination of alkyl groups? 
The gaseous product obtained from the dehydro- 
genation was analyzed on a mass spectrometer.8 
Identification of the gaseous products thus pro- 
duced made it possible to determine the position 
of the quaternary carbon atom. From the ratio 
of alkanes RH and K'H, produced from the de- 
hydrogenation it was possibIe to establish the 
amount of each isomer, as exemplified by the fol- 
lowing equations : 

The main product was always accompanied by 
ine material, melting at 
to the dicycloalkylated 
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a small amount of cry 
145O, which correspo 
benzene, presumably $-di-( 1- 
methyl - 4 - isopropylcyclohexy1)- 
benzene. 

In order to gain additional evi- 
R . < - - y ( - >  - k. _ _  K - 4 3 - 0  % $- R'€I 

Cr& -A1203 
--ex- deuce regarding the scope of the (Equation 111) 445" 

reaction, cyclohexanols with an R 
ethyl and methyl group and R ' - 4 7 L - ( F 7 >  K' x , ~ - >  ('7 '\ -t RH 
with an ethyl and isopropyl group 
were used to cycloalkylate benzene. 

The results obtained from the reactions of ben- 
zene with l-ethyl-4-methylcyclohexanol, l-ethyl- 
4-methylcyclohexene and 1-methyl-4-ethylcyclo- 
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(1) For paper VI11 of this series see H. Pines, R. C. Olberg and 
V. N. Ipatieff, THIS JOURNAL, 76, 533 (1948). 

(2) Taken from the dissertation submitted by H. R. Appell to 
the Graduate Faculty of Northwestern University in partial fulfill- 
ment of the requirements for the Ph D degree. 

(3) Universal Oil Products Company Predoctorate Fellow (1947- 

(4) Univerqal Oil Products Cornpang, Riverside, Illinois 
( 5 )  This compound was also obtained by W. W. Thompson of our 

laboratories from the sulfuric acid catalyzed reaction of benzene 
with dihydrolimonene (unpublished work). 

(8 )  It has previously been shown that if a tertiary carbon atom is 
part of the ring, reaction will occur a t  that position, V pi. Ipatieff, 
E E. lvfeisinger and H Pines, Tars JOURNAL, 72, 2772 (1950). 
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Dehydrogenation of known mixtures, given in 
Table I1 indicate the reliability of the method. 
Ethyl groups are cleaved more readily tha:i 
methyl, making it imperative to have dehydrogen- 
ation as complete as possible. Dehydrogenation 
of hydrocarbons which may have an isopropyl 
group attached to the quaternary carbon atom, 
given in Table 111, give inconclusive results, prob- 
ably due to side reactions occurring during dehy- 
drogenation. 

In order to determine the behavior of hydrocar- 
bons containing an isopropyl group attached t o  a 

171 V Y Ipatieff, H Piues and K c Olberg, THIS J O U R S I ~ I .  68, 

(8) \Za% spectrometer annlybrS were made by J B Grutkd, Uii. 
1709 I194hi 

iersal Oil Products Companv, Riverside, Illinois. 



Sept., 1950 ISOMERIZATION ACCOMPANYING CYCLOALKYLATION OF BENZENE 4261 

TABLE I1 
DEHYDROGENATION OF KNOWN COMPOUNDS 

Dehydro- Gaseous products and 
genated, their ratios 

Compound % CHh CnHs Hn 
1-Methyl-1-phenylcyclo- 

hexane (XI) 85 26 . . 74 

hexane (XII) 98 1 27 72 

and (XII) 50 11 15 74 

and (XII) 95 14 15 71 

TABLE I11 

l-Ethyl-l-(?-tol~l)-cyclo- 

1 : 1-mole mixture of (XI) 

1 : 1 mole mixture of (XI) 

DEHYDROGENATION OF BENZENE CYCLOALKYLATES 
Dehydrogenation product- 

Cyclo- -Gaseous products and their- 

agents Liquid CH4 CiHs CiHa Hi 

I 4-Isopropylbiphenyl 21 3 5 71 
I1 4-Isopropylbiphenyl 24 1 2 73 
I11 4-Isopropylbiphenyl 26 1 1 72 
V 4-Methylbiphenyl 15 11 . . 74 
VI 4-Ethylbiphenyl 23 1 T  . .  60 
VI1 4-Ethylbiphenyl 22 6 1 71 
VI11 4-Ethylbiphenyl 7 12 4 77 
I X  4-Isopropylbiphenyl 7 13 4 76 
X Unknown mixture 5 1 3 9 1  

quaternary carbon atom toward dehydrogena- 
tion, benzene was cycloalkylated with x-isopro- 
pylcyclohexene. From previous observations,6i9 
the sole product should be 1-isopropyl- l-phenyl- 
cyclohexane. This material gave considerable 
amounts of methane, ethane and propane upon 
dehydrogenation and yielded a liquid product 
from which no pure compound could be isolated. 
Such unusual behavior would not be expected from 
any other theoretically possible cycloalkylate. 

Experimental 
Cycloalkylating Agents 

1 -Methyl4-isopropylcyclohexene (I) .-Prepared by the 
hydrogenation of 136 g. (1 mole) of d-limonene using 15 g. 
of nickel on kieselguhr'" a t  30" under 50 atmospheres of 
hydrogen; yield 128 g. (930/0), b. p. 170°, n% 1.4540. 

Menthol (11) .-Prepared by the hydrogenation of 490 
g. (3.26 M )  of thymol using 70 g. of nickel on kieselguhr 
at 115" under 100 atmospheres of hydrogen; yield 426 g. 
(91%), b. p. 140' (41 mm.). 

Dimethyl-(4-methylcyclohexyl) -carbinol (111) .-Pre- 
pared by the hydrogenation of a-terpineol using nickel on 
kieselguhr a t  50" under 100 atmospheres of hydrogen, 
b. p. 97' (14 mm.), ~ * O D  1.4663. 

p-Menthene-(x) (IV) .-Ninety grams of menthol was 
passed over 100 ml. of Harshaw alumina pills a t  450 ' and 
an hourly space velocity of 0.75; yield 71.6 g. (go%), 

1 -Ethyl-4-methylcyclohexene (VI) .-Seventy-five 
grams of 1 -ethyl-4-methylcyclohexanol was passed over 
100 ml. of Harshaw alumina oills at 350" and an hourlv 

alkylating ratios 

b. p. 170°, n2"D 1.4552. 
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space velocity of 0.75; yield; 58 g. (89%), b. p. 14Q0-, 
~ S D  1.4526. 

The remaining cycloalkylating agents, listed in Table 

(9) It has repeatedly been observed that reaction takes place in 

(IO) V. N. Ipatieff and B. B. Corson, I n d .  Eng. Chen., SO, 1039 
the cyclohexene ring at a tertiary carbon atom. 

(1938). 
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Y$d, Carbon, 5" Hqdrogen, yo 
C'ompouud L 02 ' *' \ Im.  0' n% Calcd Found Calcd Pound 

1 -Ethyl-4-methylcyclohexitnol 7 3  186-190 1 )  9064 1 4698 
l-Methyl-4-ethylcyclatKxanol* 80 38-54 4 9037 1 1582 7 5  98 i6 15 12 77 1% til 
l-Ethyl-4-isopropylcyclohexanol* 50 16s YI) .YO55 1 4684 77 58 77 26 13 03 13 34 
1-Isopropyl-4-ethylcyclohe~anol" 10 163 108 9087 1 3fili7 77 i X  77 32 13 03 18 0,; 

I!', were prepared by the actioti of an alkyl magnesium 
halide upon the appropr:ate ketone." 

Cycloalkylations 
These reactions Rere carried out by * I  procedure de- 

scribed previously." Usually, 0.1 to  0.0 mol of cyclo- 
alkylating agent was used, with 2 mols of benzene and 10 
mols of hydrogm Etmride for each mol o€ cycloakylating 
agent. The excess h = n e  was removed a t  atmospheric 
pressure and the cycloalkylate vacuum distilled tbrougb 
a five plate column. The first (iy0 was discarded and then 
the product collected until the vapor temperature began 
to  rise rapidly. 

The dicycloalkylated product resulting from the reac- 
tions in which p-menthenes or their progenitors were used 
crystallized from the distillations bottoms. Recrystalli - 
zation from 1 : 1 ethanol-chloroform gdve needle-like 
crystals believed to  he [p-di-( 1-methyl-4-isopropylcyclo- 
hexyl)-benzene] . The yield was 5--8<; , hased on the 
cycloalkylating agent; ni. p. 143-144". 

-4nuL. Calcd. for Cje€€r?: C, 88.04; H ,  11 .96. Found: 
C, 88.07; 13, 11 3.1. 

Hydrogenatioti of 20 g. of the dicyclodkylate using -1 
g. af niekd on k i e e u f r r  at 120" and 100 atm. of hydrogen 
gave the completely satwated compound, correspanding to 
[ I ,4 - di - ( 1 -methyl -4 -isopropylcyclohexyl) -cyclohexane] 
and melting a t  81-85'. 

A d .  Calcd. for QsHas: C ,  86.68; H, 13.39. Found: 
C,  86.37; H, 13.36. 

None of the ather cycloalkylating agents yielded d 
crystallizable dicycloalkylate . 

Dehydrogenations 
The dehydrogenations were conducted in a vertical fnr- 

riace with a ebrmnia on alumina catalyst, promoted with 
cerium and potassium,la a t  435" and an hourly 5p'ier w- 
locity of 0.03. The exit gas was analyzed by a iiid\z 
spectrometer. A lo($ pentane solution of the liquid prod- 
uct was prepared and passed through :L %foot, 8-mm. glas5 
tube filled three-quarters t h r q h S O 0  Dervison 
siXiea ge3.14 The arornatic as eluted with alcohol 
and then distiILed under vacuum. If the presence of more 
than @ne compound was suspected, three cuts were taken 

meliting point witb an authentic specimen was not dis- 
persed. 

Derivatives 
The methyl ester melted at  114-135". 

Derivatives of the hydrocarbons were prepared hy acety- 

lation foilowed by prep,ir,ttioii of the 2,4-dinitrophenyl- 
hydrazones .*6 

If more than one isomer was present in the cycloalkyla- 
tion products, a pure derivative could not be isolated. 
The derivatives resulting ffom the dehydrogenation prod- 
ucts of cycloakkylates consisting of more than one isomer 
had to be purified by passing a benzene solution through 

column of Harshaw activated alumina, 80-200 mesh 
The first and last portions of t4e eluent were discarded 
and the pure derivative crystallized from the central por- 
tion. 

TABLE L- 
I)INITROPHENYLHI!I)RAZOSES Or i l C E T Y l  ATED HYDRQCAK- 

H013 

M p. O! Nitrogen, ( ,  

Flydrocarbou d e r ,  ' C  Vormula Calcd Pounrl 

1-Methyl-1-phenyl-4-isopropyl - 
cyclohexane 202-203 CL~II,UN&, 12 79 l d  00 

4-Methylbiphenyl 230-232 C2ilI1Rh-404 14 36 14 22 
I-EthylbiphenyI JX7-L'L'Cl C ~ ~ H I d \ ~ i O r  13 58 13 21 
4-Isopropylbip henylphenyi- 

cyclohexane 1,jfi- 16'7 C&28s404 1 3 ,  19 13 41 

Thr derivatives of -Line thylbiphenyl arid 4-ethyIbi- 
phenyl were prepared from known compounds. Because 
their melting points are so close and because they do not 
depress each other's melting point, analytical data were 
obtained far the derivatives from the dehydrogenation 
product of the l-ethyl-4-methylcyclohexanol cycloalkyl- 
,I te. 

- 1 d .  €alcd. for C21Hl&40,: X> 14.33. Fountl. 
14 l%J. Calcd. for CzzH,oN404: S ,  13.58. Found: S,  
1 3  37 . 

Summary 
l'he reaction of betlzene with disubstituted cy- 

clohexenes in the presence of hydrogen fluoride 
was accompanied by a hydrogen shift. Dihydro- 
limonene, p-nienthene-(x), menthol and dihydro- 
terpineol yielded I-me thyl- 1-phenyl-4-isopropyl- 
cyclohexane. 1 - ethyl - 1- 
methyl-, 1 -ethyl-l-isopra~~vl- and l-isopropyl-4- 
cthylc~.clohexanol 011 reaction with benzeuc 
formed ;F mixture o f  liyrlrocarbons. The phenyl 
group was attached Ixedotninantly to the carbon 
atom on. the c~clol ie-~vl  ring holding the smallest 
'ilkyl groiq). 

rhe follumiiig iicu coiiipounds have been pre- 
p i  rrri 1 i ncthvl--4-rthyl-, I -ethyl--l-isoprol)\-1 , 

1 - Methyl - 4 - ethyl-, 

J 1 1 ( 1  1 ISJPlU~)  1 JI.rth~-~c~crluhrxanul. 
t V h ~ S I U % ,  11 LihUlb K ~ C b l \ / b l J  b b B K I  AL(I .!I] l L J , 8 1 1  
_I _I_ 

(1;) t I  Piiir 4 \ \ ~ I L ~ U A T I U  ~ i i j l  L 'Y I f t u l w H ,  I n i -  i t s <  h ~ l i i  70.  
>a.-,q I l ' i , Y i  


