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This invention relates to the production of
allcyclic alcohols; and more particularly it con-
cerns the production of such alcohols from cyclic
nitrogenous compounds containing six-membered
carboxylle rings and one nitrogen atom, the rings
being free from substituents other than those
contalning exclusively carbon and hydrogen at-
oms.

Cyclohexanol and its homologues and ana-
logues In general are extremely valuable as sol-
vents and as starting materials {n organic proc-
esses. Methods already are known for the pro-
duction of such alcohols involving the hydro-
genation of phenols in the presence of catalysts,

The present invention is based upon the dis-
covery that alicyclic alcohols may be prepated
in highly satisfactory yields in a simple manner
from starting materials different from phenols.
By heating a compound of the type described
above, for example cyclohexylamine, methylcy-
clohexylamine, dicyclohexylamine, decahydro-
naphthylamine, or mixtures thereof with hydro-
gen and a hydroxyl-contalning compound, such
as water or an alcohol, in the presence of & hy-
drogenation catalyst, alleyclic alcohols are formed
together with ammonia or ammonia substituted
by the radicle of the hydroxyl-containing com-
pound.

In its broadest scope the ihvention involves

heating cyclohexylamine or its homclogues or ¢

analogues or any compound capable of being
converted into or capable of ylelding cyclohex-
ylamine or its homologues or analogues with hy-
drogen and a hydroxyl-containing compound in
the presence of a hydrogenation catalyst.

As catalyst there may be used in particular
the metals of the 8th group of the Periodic Table,
in particular the non-noble metals, or copper
metal or oxydic or sulfidic hydrogensation cata-
tystg. The preparation and the composition of
these catalysts has extensively been studled and
described in connection with the catalytic hy-
drogenation of aniline to form cyclohexylamine,
with the production of alcohols from fatty acids
or with the conversion of carboxyllc aclds, am-
monia and hydrogen intc amines or with the
production of amines from carboxylic acid nitriles.
These catalysts may be employed either alone or
applied to the conventiona! carrier substances,
such &s pumice stone, aluminium oxide, fused
silica gel and the like. It will be understood
that the above given explanation of the catalysts
Is merely given for purposes of illustration and
that the specific catalyst is not an essential pari
of our invention but that numerous modifica-
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tions of these catalysts may be made without de-
parture from the spirit of our invention and that
any other of the catalysts employed in hydro-
genations of the type referred to above may be
used.

The reaction according to our invention is pref-
erably carrfed out under energetic conditions.
The catalysts should be employed in a highly
active state and the process Is conducted prefer-
ably at temperatures ranging from 160 to 400°C,
and in particular from 180° to 330°C. When
worklng in the vapor phase, it Is particularly
sultable to work at temperatures below 250°C;
the liquid phase process Is preferably conducted
at temperatures exceeding 220°C. A substantial
excess of the hydroxyl-containing compound
over that required to substitute a hydroxyl
group for a nitrogenous group, €. g. the ami-
no group, for example from 2 to 50 times,
should be employed. Suitable hydroxyl-contaln-
ing compounds are in particular water, and also
low molecular aliphatic alcohols, such as meth-
anol, ethyl, propyl or butyl aleohol and the like.
It is self understood that higher alcohols may
also be used but this does not involve economic
advanieges because too large a radicle attached
to the hydroxyl group simply constitutes a dilu-
ent decreasing the yleld per unit of time and re-
action space and slowing up the process.

The reactlon may be carrled out in the liquid
phase or in the gas phase, It is possible to em-
ploy inert solvents for the reactants or Inert
diluent gases when working In the gas phase.
By working under superatmospheric pressure it
is possible to maintaln a high hydrogen concen-
tration even when working with a considerable
excess of the hydroxyl-contalning compound.
The pressure, when employed, may be within the
range of from 10 to 250 atmospheres, but higher
pressures, such as 300, 400, 500 or more may be
employed.

The process may be conducted continuously for
example by leading a vaporous mixture of cyclo-
hexylamine, steam and hydrogen through g tube
or a plurality of tubes charged with a hydrogena-
tion catalyst. When working continuously in the
liquid phase, the liquid mixture of cyclohexyl-
amine and water or alcohol may be pressed
through a vessel whereln the catalyst may be rig-
idly arranged, while at the same time leading
hydrogen in the same direction in a cycle through
the vessel. The llquid starting material may also
be allowed to trickle over the catalyst while lead-
Ing in hydrogen in counter-current together with
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a vaporized hydroxyl-containing compound of
the kind deflned above.

The actual temperature to be used depends on
the activity of the catalyst and on the tlme of
contact between the reaction mixture and the
catalyst. In general, the time of contact should
be long enough to ensure that the starting mate-
rial introduced is at least partly subjected to
cyclohexanol formation before leaving the cata-
lyst. However, the temperature should not be so
high and the time of contact should not be s0
long as to favor substantially the formation of
aromatic or alicycllec hydrocarbons which may
oceur under too energetic conditions.

A preferred embodiment of our Invention con-
sists In using as starting materials nitrogenous
aromatic compounds which are capabie of being
converted under reaction conditions into cyclo-
hexylamine or its homologues and analogues as
deflned above. Suitable compounds of this type
are, for example, aniline, naphthylamine, di-
phenylamine or their alkyl substitution prod-
ucts, e. g. toluidines or phenylcyclohexylamine or
even nitrobenzene, nitrosobenzene, phenylhy-
droxylamine, the nitrogenous group of which is
easily converted into an amino group during or
before the hydrogenation of the benzene nucleus.

Generally speaking, the reaction conditions for
converting one of the aromatic nitrogenous com-
pounds of the kind referred to above Into alicyelic
alcohols are similar to those used In the produc-
tion of alicyclic alcohols from alicyclic amines.
A substantial excess of the hydroxyl-containing
substance should be employed. In selecting the
hydrogenation catalyst care should be taken that
the benzene nuclei are hydrogenated. Metals of
the 8th group of the Periodic Table are particu-
larly satisfactory in this respect. The reaction
conditions should be chosen accordingly: in par-
ticular, the reaction is preferably carried out un-
der increased pressure and at temperatures ex-
ceeding 250° C, if nitrohydrocarbons are the
starting materials.

The following Examples serve to illustrate varl-
ous modifications of our invention. It is, how-
ever, not restricted to these Examples. The parts
are by welght unless otherwise stated.

Example 1

100 parts of nickel carbonate are intimately
mixed with 4 paris of chromic acid anhydride
and the whole then reduced In a stream of hy-
drogen.
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10 parts of cyclohexylamine, 10 parts of water ~

and 1 part of the catalyst are charged Into a stir-
ring autoclave and heated at 300°C with hydro-
gen under a pressure of 250 atmospheres for
some hours. The reaction mass is allowed to
cool, filtered off from the catalyst and admixed
with sulphurle acid in order to eliminate the
basic compounds. The cyclohexanol 1s then puri-
fied by distilation. 5 parts of cyclohexanol are
thus obtalned corresponding to a yield of 90 per
cent calculated on the amount of cyclohexyl-
amlne converted.

When starting from 10 parts of diecyclohexyl-
amine or of a mixture of equal amounts of cyclo-
hexylamine and dicyclohexylamine, cyclohexanol
is formed under otherwise ldentical conditions in
a 93 per cent yleld, Good ylelds are also oh-
tained when lowering the reaction temperature to
250°C, the time of the reaction belng somewhat
longer.
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Example 2

A mixture of 10 parts of aniline, 30 parts of
methanol and 1 part of a copper catalyst applled
to silica gel (copper content 20 per cent; chromic
oxide content 0.9 per cent) are filled into & stir-
ring autoclave. Hydrogen is then pressed in at
room temperature under a pressure of 30 atmos-
pheres. The whole is then heated to 300°C,
whereby the pressure reaches 276 atmospheres.
The reaction mixture is allowed to cool and the
pressure is released. A mixture of hydrogen and
methylamine escapes. The reaction mixture is
filtered off and worked up in the manner de-
scribed in Example 1. Cyclohexanol is thus ob-
tained in a yleld of 82 per cent.

Example 3

100 parts of cobalt carbonate are intimately
mixed with 4 parts of chromic acid anhydride
and the whole is reduced in a stream ¢f hydrogen.

10 parts of aniline, 10 parts of water and 1
part of the catalyst are heated in a stirring auto-
clave to 300°C, while simultaneously pressing in
hydrogen under a pressure of 250 atmospheres.
During the reactlon the hydrogen pressure is
partly released three times in order to remove as
far as possible the ammonia formed. After hy-
drogen is no longer absorbed, the reaction mix-
ture is allowed to cool and filtered off from the
catalyst. The oily layer of the flltrate is sub-
jected to an azeotropic distillation with bengene
in order to remove water. The cyclohexano] re-
maining back is purified by fractional distilla-
tion. The aminic bodies mostly mono- and di-
cyclohexylamine, obtained as by-products are
again used for the preduction of cyclohexanol.
The yield is 6.5 parts of cyclohexanol,

Example 4

20 parts of nickel oxide, 6 parts of copper oxide
and 1 part of chromic oxide are precipitated on
7.3 parts of pumice stone. The catalyst is then
reduced,

Over this catalyst there is led per hour 90 times
its volume of hydrogen admixed with 3.5 per cent
per volume of vaporous aniline and 25 per cent
per volume of steam. The mixture emerging
from the catalyst 1s condensed. From the con-
densate the ammonia dissolved therein is removed
by gently heating and from the hydrogen the am-
monia 1s also removed.

The ammonia-free condensate is vaporized in
a stream of ammeonia-free hydrogen and led over
o calalyst of the above described composition
under the same conditions. This process is re-
peated twice. The condensate obtained by cool-
ing the reaction mixture emerging from the
fourth catalyst is practically free from amines.
The agueous part of the condensgate is given back
into the mixture to be led over the first catalyst.
The yleld of crude cyclohexanol 15 102 parts for
100 parts of amniline.

Erample 5

Over 100 liters of a nickel catalyst activated
by chromium, zinc and barium applied to pumice
stone (the catalyst contains per 100 parts of nick-
€l 2 parts of chromium oxide, 1.5 parts of zinc
oxide and 2 parts of barium oxide) there is led
per hour at from 189 to 190°C a mixture of 8,000
liters of hiydrogen, 1,500 grams of vaporized ani-
line and 6,000 grams of steam. The gas mixture
emerging from the catalyst 1s suitably condensed
whereby two condensates are obtained, the first
consisting of crude cyclohexancl and the second
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of water free from ammonla. The residual gas
cons{sting of hydrogen and ammonia is freed
from ammonia. The hydrogen s agaln mixed
with vaporous aniline and steam and thus again
used for the reaction.

The crude cyclohexanol which containg small
amounts of cyclohexanone 1s led together with
hydrogen under 200 atmospheres pressure in the
same direction over a nickel catalyst as described
in Example 4 contained in a vertically arranged
tower, The product thus obtained is separated
by a fractional distillation into cyclohexanol and
into amines which are given back into the first
stage of the precess. The yleld of cyclohexanol
amounts to from 94 to 96 per cent of the theo-
retical yield.

Ezample 6

12.3 parts of nitrobenzene, 10 parts of water
and 1 part of the catalyst described in Example
1 are treated at 300°C with hydrogen under a
pressure of 250 atmospheres for 6 hours. The
reaction product is filtered off from the catalysi
and then subjected to a fractional distillation.
Cyclohexano! is thus obtained In =z yield of 94
per cent of the theoretical yleld.
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Ergmple 7

15. parts of para-toluldine, 10 parts of water
and 1 part of the catalyst described in Example
1 are heated in a stirring autoclave to from 260°
to 280° C while simultaneously pressing in hy-
drogen under 250 atmospheres pressure. During
the reaction the pressure is released twice to 150
atmospheres.

The reaction mixture is worked up in the man-
ner described in Example 1, whereby para-meth-
vlcyclonexanol is obtalned in a yleld of 91 per
cent.

Exzample 8

10 parts of decahydronaphthylamine, 10 parts
of water and 1 part of the catalyst described in
Example 1 are heated in a stirring autoclave to
from 280° to 300° C while continuously maintain-
ing a hydrogen pressure of 250 atmospheres. The
pressure is released three times down to 100 at-
mospheres. Decahydronaphthol s thus obtained
in a 90 per cent yleld.
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