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Cyclohexanol is easily dehydrated to cyclohexene by the contact action
of alumina, silica, or other dehydrating agents, at about 300°.(1)The con-

version of cyclohexane derivatives into cyclopentane series, however, has 

been effected only by the action of the strong mineral acids such as 
hydriodic acid as Markonikoff(2) first observed, or only at higher tempera-

tures as Ipatiew(3) reported. The present author(4) previously observed that 

when Japanese acid earth is used as a contact material, cyclohexanol is

chiefly converted into methylcyclopentane at 350°, while at 250° it is

mainly changed into cyclohexene. A similar isomerisation was also ascer-
tained in the case of 1-methylcyclohexanol-(2). 

The present experiment was undertaken to examine the relation be-
twe3n the position of the methyl group in methylcyclohexanols and the yield 
of each reaction product and further to study the catalytic action of the 
earth on menthol. The methylcyclohexanols used in the experiment were 

prepared by the hydrogenation of pure cresols. Their physical constants
are shown in Table 1. 

Table 1.

I. 1-Methylcyclohexanol-(3). By passing 70g. of 1-methylcyclo-
hexanol-(3) on the earth heated at 250° ,42.6 g. of oil(d200,0.8183)and 8.9 g.

* An epitomized translation of the paper published in Vol. 29 of the Reports of the 
Tokyo Imperial Industrial Research Laboratory. 

(1) Ipatiew, J. Russ. Phys. Chem. Soc., 38 (1906), 96 ; Sendrens, Compt. rend., 144 
(1907), 1110; Brunnel, Bull. Soc. Chim., [3], 33 (1905), 270. 

(2) Ber., 30 (1897), 1226; Ann., 307 (1899), 340. (3) J
. Russ. Phys. Chem. Soc., 43 (1911), 1431. 

(4) This Bulletin, 1 (1926), 219.
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of water were obtained. The former, after subjected to fractional distilla-
tion ten times, gave the fractions shown in Table. 2. 

Table 2.

The residue was further separated into three parts, A, B, and C, by 
fractional steam distillation as shown in the table. 

The physical constants and results of elementary analyses of the frac-
tions show that the main reaction product is methylcyclohexane, while in 
the case of 1-methylcyclohexanol-(2) methylcyclohexene is mainly produced
under the same condition.(5)
When 1-methylcyclohexanol-(3)(150 g.)was treated similarly at 350°,

103.4 g. of oil (d200, 0.8075) and 20.0 g. of water were obtained. The former 

gave the fractions shown in Table 3 after ten times fractional distilla-
tions. 

Table 3.

(5) Inoue, This Bulletin, 1 (1926), 219.
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Table 3. (Concluded)

The first fraction of Table 3 mainly consists of methylcyclopentane, 
as its physical constants and chemical composition clearly show. The 
fractions with higher boiling points are, in this case, chiefly composed of 

dimethylcyclopentane, ethylcyclopentane, methylcyc ohexane, and a small
amount of methylcyclohexenes. Ol-Methylcyclohexene, which was con-

firmed to occur in the reaction product by the oxidation wi h nitric acid,

yielding thereby adipic acid(m. p.150°)andβ-methyladipic acid(m. p.88-

90°),can not be considered to have been formed by the simple dehydration

of 1-methylcyclohexanol-(3). It is probable that △2-or △3-methylcyclo-

hexene, originated by the dehydration of 1-methylcyclohexanol-(3) re-ar-
ranges itself to △1-methylcyclohexene, the most stable form of the three

isomers, by the contact action of the acid earth. The same experimental
fact was observed by Wallach(6) when 1-methylcyclohexanol-(3) was treated 
with zinc chloride and also by the present author and Ishimura(7) when 
methylcyclohexylamines were treated with Japanese acid earth. 

In ord 2r to get the more precise knowledge of the reaction products, 
the following experiment was performed. 

1-Methylcyclohexanol-(3) (76.0g.) was passed on the earth heated at
350° and 54.6 g. of oil(d00,0.8248)and 9.6 g. of water were obtained. The

oily substance .was treated with concentrated sulphuric acid to remove 

unsaturated hydrocarbons, and 30.9 g. of saturated hydrocarbons were left 

unaffected by the acid, which were then submitted to fractional distillation 
ten times, giving the fractions shown in Table 4.

(6) Ber. 35 (1902), 2823. 
(7) To be reported in next paper.
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Table 4.

As is seen in Table 4, the third fraction boiling between 89° and 92°

is noticed to consist mainly of dimethylcyclopentane from its physical con-

stants and the result of elementary analysis, whereas the sixth fraction

boiling between 98° and 101° is almost pure ethylcyclopentane.

II. 1-Methylcyclohexanol-(4) By passing 70.0g. of 1-methylcyclo-
hexanol-(4)on the earth heated at 250°, 42.0 g. of oil(d200,0.8112)and 9.8 g.

of water were obtained. The former, after ten times fractional distilla-
tions, gave the fractions shown in Table 5. 

Table 5.



1934] On the Catalytic Action of Japanese Acid Earth. V. 357 

The residue was further separated by fractional steam distillation into 
three parts, A, B, and C. 

The numerical data of Table 5 tell us that almost the same reaction 
took place as in the case of 1-methylcyclohexanol-(3) (cf. Table 2). 

When 1-methylcyclohexanol-(4) (150.0 g.) was passed on the earth
heated at 350° ,111.5 g, of oil(d200,0.8141)and 20.4 g. of water were ob-

tained, and the former was divided into fifteen portions by ten times 
fractional distillations (Table 6). 

Table 6.

As shown in Table 6, results quite analogous to those in the case of 
1-methylcyclohexanol-(3) (cf. Table 4) were obtained. 

The above-mentioned experiments show that all the three isomers of 
methylcyclohexanols undergo the similar isomerisation from the six-mem-
bered carbon-rings to the five-membered by the catalytic action of Japanese
acid earth heated at 350°, cyclopentane derivatives being produced. As

regards the influence of the position of the methyl group in the molecules 
of methylcyclohexanols on the total yield of cyclopentane derivatives, it is 
noticed that 1-methylcyclohexanol-(2) is the most easy to be converted into 
cyclopentane derivatives and 1-methylcyclohexanol-(3) and -(4) follow next, 
any distinguishable difference being hardly recognized between the latter
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two. 1-Methylcyclohexanol-(2) gives, however, the largest yield of cyclo-
pentane and 1-methylcyclohexanol-(4) the smallest, whilst 1-methylcyclo-
hexanol-(3) stands between the two. The mechanism of the formation of 
cyclopentane derivatives from methylcyclohexanols may be, therefore, ex-
plained schematically as follows :

Since ethylcyclopentane and 1,1-dimethylcyclopentane tend to be de-
composed to methylcyclopentane and it is difficult for 1,2- and 1,3-dimethyl-
cyclopentanes to produce it, it is very natural that 1-methylcyclohexanol-(2) 

gives the largest yield of methylcyclopentane and 1-methylcyclohexanol-(4) 
the smallest as stated above. The yield of methylcyclohexane in the
reaction carried out at 250°, on the contrary, is very small in the case of

1-methylcyclohexanol-(2), while in the case of 1-methylcyclohexanol-(3)
and -(4), methylcyclohexane is the main reaction 

product, and the yield of polymers is also in the same 
order. Markonikoff(8) obtained the hydrocarbon (I)
from △3-methylcyclohexene by shaking it with 50 per

cent. sulphuric acid.

When the above hydrocarbon undergoes the thermal decomposition, it
may m st probably be decomposed to methylcyclohexane and △3-methyl-

(8) Chem. Zentr., 1904. I, 1346. 
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cyclohexene or methylcyclohexadiene -and therefore cyclohexene is most

easy to occur in the reaction product which is originally rich in△3-methyl-

cyclohexene as in the case of 1-methylcyclohexanol-(3) or -(4), whereas
there is no possibility for 1-methylcyclohexanol-(2)to produce △3-methyl-

cyclohexene and it is not difficult to anticipate the poor yield of methyl-
cyclohexane in the latter case, which the above experiments have actually

shown. 

III. Menthol. With regard to the catalytic action of Japanese acid 

earth on menthol, Ono's paper(9) was published some years ago. While his 
experiment was carried out in liquid state, the present author treated 

menthol in vapour phase with the earth and some interesting facts hitherto 
unknown were manifested.

By passing 150.0 g. of menthol(m.p.,42°; [α]18, -48°19')on the earth

heated at 230°, 94.50 g. of oil(d00,0.8137)and 5.8 g. of water were obtained,

and the former gave the fractions shown in Table 7 after subjected to 
fractional distillation ten times. 

Table 7.

(9) This Bulletin, 1 (1926), 250.
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As is seen in Table 7 it is obvious that the main reaction products are 
menthane and menthene.

When menthol(200.0 g.)was passed on the earth heated at 350°,19.7 g.

of light oil boiling under 100°, 155.0 g. of heavy oil boiling above 100°

(d00, 0.8061), and 18.2 g. of water were obtained. The oily substances were 
fractionated ten times and the fractions shown in Table 8 were obtained. 

Table 8.

The fractions boiling near 70° in Table 8 are methylcyclopentane,

which was confirmed by the examination of physical constants and results 

of elementary analyses and further by the oxidation, with concentrated
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nitric acid, succinic acid(m. p.,177-179°)and acetic acid being thereby

found in the oxidation products. Among the fractions boiling between 100°

and 200°, those boiling between 160° and 170°predominate in quantity,

which seem to be composed of menthene when their densities and refractive 

indices are considered, but from the fact that they give nitrosochloride or 

nitrosite with difficulty and also from the calculation of bromine values, the 

content of menthene was found to be only less than 10 per cent. They 

probably consist of menthene, menthane, and p-cymene. The presence of

p-cymene was confirmed as follows: the fraction boiling between 171°and

175° was nitrated and the resulting nitro-compound was reduced, amino-

cymene being then isolated as benzoyl derivative(m. p.,135-136°, probably

a mixture of two isomers). The physical constants of the fraction boiling
between 140°and 150°well accord with those of isopropylcyclopentane. It

is not determined, however, whether that substance is actually present or

not. It is remarkable that the fraction boiling between 156°and 159°has a

minimum density. This fraction was treated with concentrated sulphuric 

acid to remove unsaturated hydrocarbons and remaining saturated hydro-

carbons were once more fractionated (Table 9). 

Table 9.

The main portion given in Table 9 is the first fraction boiling between

152° and 154°, which consists most probably of methylisobutylcyclopentane,

by the thermal decomposition of which the above-mentioned cylcopentane 

may be produced. Thus the transformation of menthol by the contact

action of Japanese acid earth heated at 350° may be represented by the

following scheme :
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Thus the author has reached the conclusion that in the case of menthol 
the contact isomerisation from the six-membered carbon-ring to the five-
membered also takes place in a manner just analogous to the case of 
methylcyclohexanols or methylcyclohexylamines. 

A more accurate information of the composition of the reaction products 
was furnished by the following experiment.
Menthol(200 g.)was treated similarly at 350° and 151.4 g. of oil

(d00, 0.8152) was obtained, which, giving 138.4 g. of saturated hydrocarbons 
after treated with concentrated suphuric acid, was fractionated as shown in 
Table 10. 

Table 10.
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Table 10. (Concluded)

As is seen in Table 10, the presence of menthene, cyclopentane, and 

methylisobutylcyclopentane is manifested by the physical constants and 
results of elementary analyses of the fractions with the boiling points 

corresponding to these substances respectively. 

The Tokyo Imperial Industrial Research Laboratory, 
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