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Studies in the Terpene Series. XIX.!

Hydroisomerization and Hydrogenolysis of

Cyclohexene, Methylcyclohexene and p-Menthene in the Presence of Hydrogenation
Catalysts

By HErMAN PiNEs, ALFRED RUDIN,? G. M. B3 anD V. N. [PATIEFF?
RECEIVED DECEMBER 7, 1953

The effect of hydrogen pressurc and temperature was studied upon cyclohexene, 4-methyleyclohexene and p-nenthene

(1-methyl-4-isopropylcyclohexene) in the presence of a nickel-Kieselguhr catalyst.
peratures the cyclohexenes undergo hydrogenation and hydrogenolysis accompanied by a skeletal isomerization.

At lower pressures and higher tan-
A similar

reaction occurred when nickel-alumina or copper—-alumina were used as catalysts.

The hydrogenolysis of pinane in a flow type
apparatus in the presence of hydrogenation cat-
alysts, such as nickel-Kieselguhr, nickel-alumina,
copper—alumina and nickel, yielded tetramethyl-
cyclohexanes, ¢- and p-menthane and a substantial
amount of alkylcyclopentanes admixed with bi-
cyclic dihydroterpenes.® The formation of the
latter two types of compounds indicated that
skeletal isomerization accompanied the hydro-
genolysis of pinane. The formation of alkylcyclo-
pentanes could have occurred through the isomeri-

pinane. A more detailed study was made of cyclo-
hexane since it was possible to deterniine the prod-
ucts of the reaction quantitatively by means of a
mass spectrograph.

Experimental Results

1. Cyclohexene and Cyclohexane.—The experi-
mental conditions and the composition of the prod-
uct obtained from the interaction of cyclohexene
and hydrogen over nickel-Kieselguhr catalyst arc
summarized in Table I. The extent of hydroisont

TABLE 1

HYDROISOMERIZATION AND HYDROGENOLYSIS OF CYCLOHEXENE OVER NICKEL-KIESELGUHR CATALYST

The molal ratio of hydrogen to olefins used in the experiinents was 4.5(=£0.3):1.

liquid per hour per ml. catalyst) was 0.49(=0.05).
for analysis.
They were calculated on benzene aud cyclohexane free basis.

Experiment 1 2

Temp., °C. 235 265

Pressure, atm. 2 1.7

Product composition, mole 3"
Cyclohexane 03.8 88,5
Benzene 1.7 5.4
Cyclopentane 0.7(28) 1.6(26)
Methylcyclopentane 65(24) 1.7(28)
n-Hexane Lo 0.4(7)
2-Methylpentane 4(16) 0.6(10)
3-Methylpentane 5(20) 1.1(18)
2,3-Dimethylbutane .3(12) 0.7(11}

» Analyzed by means of a mass spectrograph.

zation of alkylcyclohexanes during the hydrogen-
olysis of pinane. Inorder to test this hypothesis the
reactions of several monocyclic hydrocarbons were
investigated under experimental conditions similar
to those used in the study of the hydrogenolysis

(1) For Paper XVIII of this series see H. Pines, E. F. Jenkins and
V. N. Ipatieff, Turs Journar, T8, 6226 (1953).

(2) Universal Oil Products Company Predoctoral Fellow 1950-
1952.

(3) On leave of ahsence from Société Chimique Rhéne-Poulenc,
L.yon, France.

(4) Deceased, November 29, 1952.

(7) V. N. Ipatieff, FF. J. Pavlik and H. Pines, TH1s Jour~aw, 76,
D17 iann).

The hourly liquid space velocity (il

The product withdrawn during the period of 1.5-3 hours was submitted
Values given in parentheses represent the composition of hydrogenolyzed and hydroisomerized product.

3 4 5 6 T 8
293 268 230 275 293 262
1.5 5.5 105 105 10 45.5
5.1 960 99,1 Us.2 7.4 09,8
18.4 1.7 0.1 0.3
1.2(14) 0.4 2 .2(9)
2.2(26) 8 T T(30)
0.5(6) 1 2 L6(26)
1.7(20) R 1 .2(9)
1.5(18) 3 3 5 B(13) 0.1
1.0(12) 1 3 2 .3(13) 1

erization decreases sharply with the increase of
pressure (Fig. 1), and increases with the tempera-
ture of reaction (Fig. 2). The formation of cyclo-
pentane most probably from methylcyclopentane,
during hydrogenolysis is of interest in view of the
work of Haensel and Ipatieff,’” who found that a
methyl group linked to a tertiary carbon atom is
removed less readily than a methyl group on a
secondary carbon. Thus the paraffins, namely,
n-hexane and methylcyclopentanes found in the
reaction product would be expected to lose a methyl

{68) V. Haensel and V. N, Ipatieff, ibid., 68, 345 (1946).
(7) V. Haenscl and V. N. Ipatieff, Dul. Iorg. Chem.. 39, S50 01017,
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group with more facility than methylcyclopentane,
and yield #- and isopentane, respectively, none of
which was found. The results obtained presently
cannot be accounted for without the assumption
of skeletal rearrangement; this is significant since
in the study reported by Haensel and Ipatieff
none of the hydrogenolyzed hydrocarbons under-
went rearrangement. At atmospheric pressure
part of the cyclohexene undergoes dehydrogenation
to benzene.

In all the experiments listed previously unused
catalyst was used and the sample was withdrawn
during the period of 1.5-3.5 hours although it was
found that the activity of the nickel-Kieselguhr
catalyst did not change much over a period of 12
hours. Duplicate runs were made in many in-
stances and it was found that the results were re-
producible.

In order to determine whether the hydroisom-
erization reaction applies also to saturated hydro-
carbons, the effect of hydrogen upon cyclohexane
was investigated under conditions described for
experiment 4. The results were identical with
these obtained with cyclohexene.

The effect of copper—alumina and nickel-alumina
upon the hydrogenolysis and hydroisomerization
of cyclohexene was studied (Table IT). The extent
of isomerization in the presence of nickel-alumina
catalyst was more pronounced than in the case of
the copper catalyst. It was found that the pre-
vailing reactions were general for all the three
hydrogenation catalysts, although the extent of
the various reactions were different.

TABLE II

HYDROISOMERIZATION AND HYDROGENOLYSIS OF CycLo-
HEXENE IN THE PRESENCE OF COPPER—ALUMINA AND
NICKEL-ALUMINA CATALYST

The experiments were made at 290° and at 5.5 atmos-
pheres of pressure. The molal ratio of hydrogen to cyclo-
hexane used was 4.4 and the hourly liquid space velocity
was 0.45.

Experiment 9 10

Catalyst Cu-ALO; Ni-ALO;

Product composition, mole 95

Cyclohexane 90.7
Benzene 8.6
Cyclopentane .
3-Methylpentane 0.
2,3-Dimethylbutane
Methyleyclopentane
n-Hexane
2-Methylpentane
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2. Methylcyclohexene.—The experimental con-
ditions and the composition of the products ob-
tained from the interaction of methylcyclohexene
and hydrogen over nickel-Kieselguhr catalyst are
summarized in Table III. The composition of the
product was determined by selective dehydrogena-
tion and chromatographic separation as described
previously.® The product which did not undergo
dehydrogenation consisted of alkylcyclopentanes
which resulted from hydroisomerization and of
paraffins which were formed by the hydrogenolysis
of the cycloparaffins, The composition of these
hydrocarbons was determined by means of infrared
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Fig. 1.—Effect of pressure upon hydroisomerization and

hydrogenolysis of cyclohexane in presence of nickel-Kiesel-
guhr at 270 (£=5°).
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Fig. 2.—Eflect of temperature nupon hydroisomerization
and hydrogenolysis of cyclohexene in presence of nickel-
Kieselguhr.

spectral analyses.® The data obtained indicate
that the extent of hydrogenolysis and hydroisom-
erization is greater in the case of methylcyclo-
hexene than in the case of cyclohexene.

3. p-Menthene (1-Methyl-4-isopropylcyclohex-
ene).—The extent of hydroisomerization and
hydrogenolysis of p-menthene (Table IV) was about
the same as that of methylcyclohexene.

(8) The authors are indebted to Mr. Edmond Baclawski of the

Physics Department, Universal Oil Prodacts Company, for the infra-
red spectral analyses.
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TaBLE III

HyDROISOMERIZATION AND HYDROGENOLYSIS OF METHYL-
CYCLOHEXENE OVER NICKEL-KIESELGUHR CATALYST AT 265°
AND UNDER 6 ATMOSPHERES PRESSURE

The experiment was made at 266° and 5.5 atmospheres
of pressure. The molal ratio of hydrogen to methylcyclo-
hexene used was 4, and the hourly liquid space velocity was
0.50.

Experiment 11
Product composition, ¢
1. Toluene 4
2. Methylcyclohexane 88
3. Saturated C; hydrocarbons other than
methylcyclohexane 8
Composition of fraction 3,* 65
trans-1,2-Dimethylcyclopentane 0-5
cis- and trans-1,3-dimethyleyclopentunc 25-30
Ethylcyclopentane 0--3
n-Heptane 15-20
3-Methylhexate 15-20
2-Methylhexane 0-6
2,3-Dimethylpentane 0-4

@ The composition of fraction 3 was determined by nieans
of infrared analysis.

TaBLE IV

HYDROISOMERIZATION AND HYDROGENOLYSIS OF p-MEN-
THENE (1-METHYL-4-ISOPROPYLCYCLOHEXENE)

Experinient® 12 13 14 13
Catalyst Ni(K) Ni(K) Ni-AlO; Cu-ALO;
Temp., °C. 262 262 260 289
Pressure, atm. 5.5 15.5 7.5 6.5
Product composition, wt. %: 3 7 26
1. Aromatics® d .. 7 26
2. p-Menthaue 88 98 88.5 70
3. Paraffins and alkyl-
cyclopentanes® 8 2 4.5 4
Anal. and composition of 3,
%
Carbon 85.30 85.24 83.34 85.38
Hydrogen 14.72 14.90 14 .62 14.68
Refractive index, n2n 1.4215 1.4227 1.4332 1.4311
Alkylcyclopentanesd 72 60 80 80
Paraffins® 28 40 20 20
Paraffins® 28
@ The molal ratio of hydrogen p-menthaune = 5.5. * Com-

posed of over 909, p-cymene. ¢ Hydrocarbons which did
not undergo dehydrogenation when passed over platinum-—
alumina catalyst at 290°. 9 Calculated from the carbon
and hydrogen analysis with 9, C and % H corrected to
100.0%.

Discussion of Results

The hydrogenation of cyclohexene and alkyl-
cyclohexenes in the presence of nickel-Kieselguhr
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catalyst is accompanied, especially at the lower
hydrogen pressures, by a skeletal isomerization.
This type of isomerization was not noticed during
the selective demethanation of paraffinic hydro-
carbons.®” The difference in the behavior of
nickel-Kieselguhr catalyst could probably be
attributed to the fact that Haensel and Ipatieff
in their studies partially deactivated the catalyst
by heating it in a stream of hydrogen at 538° for
12 hours prior to its use, and thereby probably
destroying the acidic properties of the catalyst.

The skeletal isomerization accompanying the
hydrogenation and hydrogenolysis of cyclohexenes
implies that the reaction proceeds probably wvic
an ionic mechanism. This may occur either
through a presence of source of protons on the nickel
-Kieselguhr catalyst or through a formation of a
polar bond between the hydrocarbon and the
catalyst.

The extent of hydroisomerization of p-menthene
is much less than that observed for pinane® It
appears therefore that the hydroisomerization of
pinane does not proceed through alkylcyclohexanes
but probably through the formation of bicyclic
hydrocarbons of the type of bornylane. These
hydrocarbons on hydrogenolysis would form alkyl-
cyclopentaties. The presence of bicyclic hydro-
carbons, others than pinane, was observed in the
reaction products obtained from pinane.

Materials

Cyclohexene was prepared by dehydration of cyclohex-
anol over activated alumina at 420°, It distilled at 82.2° at
750 mm., n2p 1.4462°,

4-Methylcyclohexene was prepared by dehydration of 4-
methylcyclohexanol.?

p-Menthene (1-Methyl-4-isopropyl-x-cyclohexene).~—1-
Menthol (Eastman Kodak Company) was dissolved in
equal volume of #-hexane and dehydrated at 425° by pass-
ing it over activated alumina. The p-menthene distilled
at 167-169°, #?p 1.4518, [a]%-SD 57°,

Nickel-Kieselguhr was obtained from Universal
Products Company.10

Copper-alumina contained 13 parts by weight of copper
oxide per 100 parts of alumina.?

Nickel-alumina was composed of 75%, nickel and 259, by
weight of alumina.®

Apparatus and procedure were the same as described pre-
viously.5

Oil
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(9) V. N. Ipatieff, 1£, E. Meisinger and H, Pines, THIS JoUrNAL,
T2, 2772 (1950).

(10y V. N. Ijasiefl and B, i Corson, Dul. Eng. Chem., 26, 1838
(1934).




