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Studies in the Terpene Series. V.! The Action of Dilute Aqueous Salt Solutions
on 3,3,5-Trimethylcyclohexanol and 1,1,3-Trimethyl-X-cyclohexene

By V. N. IraTierF, HErRMAN PINES AND R. C. OLBERG

During the study of the dehydration of dicyclic
terpenic alcohols by meauns of dilute aqueous acid
acting salt solutions, it was found that in some
instances the formation of the hydrocarbons pro-
duced could uot be explained uuless the migration
of alkyl groups within the riug is assumed. In
order to throw wore light ou the mmechanisim of
the formmation of the various hydrocarbons, the
dehydration of monocyclic alcohols containing
a geminal carbon atomr was investigated. The
readily available 3,3,5-trimethylcyclohexanol was
selected for this study. It was found that by
treatment of this alcohol with an equal volume of
a 29, aqueous magnesiuun chloride solution at
350° dehydration is accompanied by a miethyl
group migration. The hydrocarbons forined con-
sisted of a mixture composed of 1,2,4- and 1,1,3-
trimethyl-x-cyclohexene. These hydrocarbons on
hydrogenationt vyielded the corresponding tri-
methylcyclohexanes which according to an in-
frared absorption analysis and dehydrogenation
consisted of 209, of 1,2,4- and 809 1,1,3-tri-
methylcyclohexae.  Although 1,2,4-trimethyl-
cyclohexane rnay exist as stereoisomers, the ab-
sorption spectra corresponded only to the refer-
ence samples. Similar isomerization occurred
when 1,1,3-trimethyl-x-cyclohexene was treated
with aqueous magnesium chloride solution under
conditions used for the carbinol. The 1,1,3-
trimethylcyclohexane, on the other hand, was
very stable toward the action of aqueous mag-
nesium chloride solution even at a temperature
of 400°.

The 1,1,3-trintethyl-x-cyclohexene was obtained
in almost quantitative yield from 3,3,5-trimethyl-
cyclohexanol by dehydration over activated
alumina at 375°.

A migration of methyl group during the de-
hydration of &,3,5-trimethylcyclohexanol was not
noticed when potassium hydrogen sulfate was
used as a dehydrating catalyst. Such a migration
was expected since a hydrogen transfer within
the carboniuin ion formed by the loss of the
hydroxy ion of this type of secondary alcohol
usually occurs in the presence of acid-type
catalvsts,  This hydrogen transfer would prob-
ably cause the formation of a neopentyl type of
carboniuni ion which would then undergo re-
arrangement similar to that of 2,2-dimethyl-
cyclohexanot.”

The dehydrogenation of 1,2,4- and 1,1,3-tri-
niethyleyvclohexane over platinized alumina cata-
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lyst? was studied. It was found that whereas
1,2,4-trimethylcyclohexane underwent dehydro-
genation at 240° to form 1,2,4-trimethylbenzene
to the extent of 729, 1,1,3-trimethylcyclohexane
under similar experimental conditions yielded
only 14% of aromatics. At 300° 1,1,3-trimethyl-
cyclohexane formed 809, of xylenes and liberated
hydrogen and methane in molal proportions of
2:1. The xylenes, according to ultraviolet ab-
sorption, were composed of 8% of o-, 839, of
m- and 9% of p-xylene. The formation of o-
and p-xylene is probably due to isomerization of
m-xylene during its formation.

Experimental Part

3,3,5-Trimethylcyclohexanol-Aqueous Magnesium
Chloride.—One hundred grams of the alcohol was heated
in an 850-cc. capacity rotating autoclave with 100 cc. of a
29, aqueous solution of niagnesium chloride at 350° for
three hours. The cycloalkenes which were ohbtained and
which distilled at 135-152° were submiitted to hydrogen-
ation at 100 atinosphercs pressure and at 80° in the pres-
ence of a nickel-kieselguhr catalyst. The hiydrogenated
product distilled at 137-142°. The infrarcd absorption
of this product showed that it cousisted of 207 of 1,2,4-
trinmethylcye ohexane.

Part of the hydrogenated product was passed over
platinized alumina at 240°. The gases formed from de-
hydrogenation contained ouly hiydrogenn. The dehydro-
genated material on nitration yielded a solid derivative
melting at 182°,  Mixed melting point with 3,5,6-trinitro-
1,2,4-trimethylbenzene showed 110 depression.

Infrared Spectral Analysis (by W. S. Gallaway).— The
infrared spectra were recorded on a large Gaertner spec-
trometer of the Littrow type equipped for automatic
recordinng. Using a cell which provided a liquid film of 0.1
ui., the spectra of Fig. 1 were obtaiued.

Dircct comparison of the sample recordings with tlhose
of pure liydrocarbous showed that ouly 1,1,3- and 1,2,4-
trimethiyleyclohexane were present in appreciable quanti-
ties. Therce appeared to be approximately 1 or 29 of
unidentified material present. Measureinent of the in-
tensities of the ahsorption at 8.6, 8.9, 9.7 aud 10.0 microus
followed by the application of Beer’s law vielded values
ranging from 18 to 22%, for the concentration of 1,2,4-
trintethyleyclohexare.

The question of the existence of various ¢is and trans
isomers of the 1,2 4-form is not of importatice here since
such an excellent match is obtained between the three
spectra of Fig. 1. Omc can conelude from these data that
the various isomers appear in nearly the sainie proportion
in the sample as they do i the pure hydroearbon which
wis preparcd by hydrogenating 1,2 4-trimethylbenzene,
Some variation iu isonter ratio between sample and refer-
ciice material is expeeted, however, aud is probably the
Dasis for the spread in the calculated coniposition.

Preparation of 1,1,3-Trimethyl-x-cyclohexene and 1,1,3-
Trimethylcyclohexane.—3,3,5-Trimethylcyclohexanol was
passed over activated alumina at 375° at an hourly liquid
space velocity of one. The hydrocarbons obtained dis-
tilled at 130°-at 745 mum., %, 0.7885, #2% 1.4397; yield
056, It did not form a solid nitrosite with eitlier amyl
nitrite or cthyl nitrite. On hydrogenation at 60° in the
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presence of nickel-kieselguhr catalyst and at 100 atmos-
pheres hydrogen pressure, it yielded 1,1,3-trimethyleyclo-
hexane boiling at 135° at 747 mm., 4% 0.7783, n¥p 1.4200.
According toinfrared absorption analysis, this hydrocarbon
was 99.59, pure, as compared with 1,1,3-trimethylcyclo-
hexane prepared by the same method and which was
purified by means of distillation on a column of seventy-
five plate efficiency and at a reflux ratio of fifty to one.
Center cuts of the distillate were used for reference infrared
spectral analysis.

1,1,3-Trimethyl-x-cyclohexene-Aqueous Magnesium
Chloride.—Seventy-three grams of the hydrocarbon was
heated with 80 cc. of an aqueous 2%, solution of mag-
unesiam chloride under the same experimental conditions as
described for 3,3.5-trimethylcyclohexanol. The recovered
vroduct, which distilled between 133 and 152° after
hydrogenation, consisted of 1,2,4- aud 1,1,3-trimethyl-
cyclohexane,

1,1,3-Trimethylcyclohexane-Aqueous Magnesium Chlo~
ride.~—Fifty grams of this hydrocarbon was heated for
three hours at 400° with 50 cc. of a 2%, aqueous mag-
nesium clhiloride solution. The recovered lhiydrocarbon
consisted, according to physical constants and infrared
absorption aualysis, of uunchanged 1,1,3-trimethyleyelo-
hexarmne,

Dehydrogenation of 1,1,3-Trimethylcyclohexane.—1,1,3-
Trimethyleyclohexane was passed at a rate of 10 cc. per
hour over 80 cc. of 10-14 mesh activated alumina containing
7% of platinuni, placed in a glass tube of 12 mun. diameter.
At 240°, 149 and at 300°, 807 of the hydrocarbon under-
went dehydrogenation with liberation of gases consisting
of 679, of hydrogen and 33¢% of methane. The liquid
product on nitration yielded trinitro-m-xylene melting at
181°, no depression in melting point was noticed when
mixed with a known sample of trinitro~m-xylene.

Dehydration with Potassium Hydrogen Sulfate.—3,3,5-
‘Trimethyleyclohexanol, 100 g., was mixed with 100 g. of
potassium hydrogen snlfate and heated to reflux in a dis-
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Vol. 6%

tilling flask. The dehydration product was distilled off as
formed. The temperature in the distillation flask varied
between 160-265°; mostly near 265°. The vapor tem-
perature varied between 92-123°; mostly at 120-123°.
Product cousisted of 12-cc. water layer and 81.5-g. hydro-
carbon layer; yield 949,. The hydrocarbon layer was
distilled on modified Podbielniak column.

Fraction B. p., °C. Grams n¥p
1 128-131 18.9 1.4392"
2 131-132 39.0 1.4397
3 132-139 15.65 1.4415
4 139-149 3.45 1.4492
Bottonis 4.05 1.4592

A twetlty per cent. miixture of fractions 1-4, 15.5 g.,
was hydrogenated with nickel-kielselguhr catalyst in a
125-cc. autoclave at 60° and 73 atmospheres hydrogen
pressure,

Infrared absorption analysis of the resulting hydrogen-
ated product indicated that it consisted of 1,1,3-trimethyl-
cyclohexane; 1,2,4-trimethylcyclohexane was absent.
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Summary

The dehydration of 3,3,5-trimethylcyclohexanol
by means of 29, aqueous magnesium chloride solu-

" tion at 350° was accompanied by isomerization;

the hydrocarbons obtained consisted of 209, of
1,2,4-trimethyl-x-cyclohexene.

The treatment of 1,1,3-trimethyl-x-cyclohexene
with the same catalyst under the same condition
yielded 1,2,4-trimethyl-¥-cyclohexene.

1,1,3-Trimethylcyclohexane does not undergo
isomerization when heated with aqueous mag-
nesium chloride solution at a temperature of 400°.

1,1,3-Trimethylcyclohexane was prepared by
dehydration of 3,3,5-cyclohexanol by means of
activated alumina at 375°.

1,1,3-Trimethylcyclohexane underwent dehy-
drogenation in the presence of platinized alumina
at 300°; m-xylene was produced with the libera-
tion of two moles equivalent of hydrogen and one
mole equivalent of methane.
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