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Neo¢ Drawing.

This Inventlon relates to the production of
cyclic oxygen compounds and motre particularly
it concerns the production of alicyclic aleohols,
ketones and phenols from alicyclic amino com-~
pounds containing six-membered carboxylic rings
and one nitrogen atom, the rings being free from
substituents other than those containing exclu-
sively carbon and hydrogen atoms,

Cyclohexanol, cyclohexanone and their homo-
logues and analogues In general are extremely
valuable as solvents and as starting materials in
organic processes., Methods are already known
for the production of such alcohols and ketones
involving the hydrogenation of phenols in the
presence of catalysts.

The present invention is based upon the dis-
covery that alicyclic alcohols, alicyclic ketones and
also phenols may be prepared in highly satis-
factory yields in & simple manher from nltroge-
nous starting materials, In particular from certain
alleyclic amino compounds. By heatlng a com-
pound of the type described above, for example
clohexylaemine, methylcyclohexylamine, dicy-
clohexylamine, phenylcyclohexylamine, decahy-

dronaphthylamine, or mixtures thereof with a .

hydroxyl-containing compound, such as water or
an alcohol, in the presence of a hydrogenation
catalyst, alicyclic alcohols are formed together
with ammonla or ammonia substituted by the
radicle of the hydroxyl-containing compound.
Depending on the reaction conditions, these al-
cohols may be dehydrogenated to form allcyclic
ketones or phenols. .

In its broadest scope the invention involves
heating cyclohexylamine, dicyclohexylamine or
phenylcyclohexylamine or their homologues or
anglogues with & hydroxyl-containing compound
in the presence of a hydrogenation catalyst. Itlis
not necessary to carry out this reaction in the
presence of hydrogen.

As catalysts there may be used in particular the
metals of the 8th group of the Perlodic Table, in
particular the non-noble metals, or copper metal
or oxidic or sulfidic hydrogensation cataiysts. The
preparation and the composition of these cata-
lysts have extensively been studied and described
in connection with the catalytic hydrogenation of
aniline to form cyclohexylamine, with the produc-
tion of alcohols from fatty acids or thelr esters or
with the conversion of carboxylic acids, ammmonia
and hydrogen into amines or with the production
of amines from carboxylic acld nitriles. These
catalysts may be employed elther alone or applied
to the conventional carrler substances, such as
pumice stone, aluminium oxide, fused sllica gel
and the Hke. Tt will be understood that the above
given explanation of the catalysts is merely given
for purposes of fllustration and that the specific
catalyst 1s not an essential part of our invention
but that numerous modifications of these cata-
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lysts may be made without departure from the
spirit of our invention and that any other of the
catalysis employed in hydrogenations of the type
refarred to above may be used.

The reaction according to our invention is pref-
erably carried out under energetic conditions.
The catalysts should be employed in a highiy
active state and the process is conducted prefer-
ably at temperatures ranging from 80° to 400° C,
and in particular from 100° to 350° C. When
working at temperatures exceeding 250° C, there
may be formed cyclic ketones by dehydrogenation
of the alicyclic alcohols primarlly formed. The
formation of such ketones meay also take place to
a substantial extent below 250° C. A substantial
excess of the hydroxyl-containing compound over
that required to substitute a hydroxyl group for a
nltrogenous group, e. g. the amino group, for ex-
ample from 2 to 50 times, should be employed.
Sultable hydroxyl-containing compounds are In
particular water, and also low molecular aliphatlc
alcohols, such &s methanol, ethyl, propy! or butyl
alcohol and the like. It !5 selfunderstood that
higher alcohols may also be used but this does not
involve economic advantages because too larege &
radicle attached to the hydroxyl group simply eon-
stitutes a diluent decreasing the yield per unit of
time and reaction space and slowing up the
process.

The reaction may bhe carrled out In the liquid
phase or in the gas phasge. It is possible to em-
ploy inert solvents for the reactants or Mert di-
luent gases when working in the gas phase, Pres-
sure, when employed, may be within the range of
from 2 to 100 atmogpherés, but higher pressures,
such as 150, 200 or more may be employed.

The process may be conducted continuously for
example by leading a vaporous mixture of cyolo-
hexylamine and steam through a tube or & plu-
rality of tubes charged with a hydrogenation cata-
lyst. When working continuously in the liguid
phase, the lquid mixture of cyclohexylamine and
water or alcohol may be bolled undsr reflux or
may be pressed through a vessel wherein the cata-
lyst may be rigidly arranged. The liquid starting
material may also be allowed to trickle over the
catalyst while leading In counter-current a va-
porized hydroxyl-containing compound of the
kind defined above,

The actual temperature to be used depends on
the actlvity of the catalyst and on the time of
contact between the reactlon mixture and the
catalyst. In general, the time of contact should
be long enough to ensure that the starting mate-
rial introduced iz at least partly subjected to cy-
clohexanol formation before leaving the catalyst.
However, the temperature should not be so high
and the time of contact should not be so0 long as
to favor substantially the formation of aromatic
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or alicyclic hydrocarbons which may occur under
too energetic conditions.

Instead of cyclohexylamine or dicyclohexyl-
amine or phenylcyclohexylamine or their homo-
logues there may also be used mixtures of these
compounds, for example the mixtures obtained
in the hydrogenation of aniline or its homologues.

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

Ezample 1

Over & catalyst which contalns 100 parts of
nickel, 2 parts of chromium, oxide, 1.5 paris of
zine oxide and 2 parts of barium oxide, which is
deposited on pumice stone and which has been re-
duced in hydrogen at from 300 to 325° C there
are led at 180° C the vapors of cyclohexylamine
and water (ratio by weight 1:3) at a rate of 7
grams of cyclohexylamine per hour for one liter
of the catalyst. The cyclohexylamine 15 com-
pletely converted under these conditions., The
vapors emerging from the catalyst are condensed,
the condensate 15 freed from water and then dis-
tilled, There 15 obtained for 4 parts of cyclo-
hexanol containing cyclohexanone, 1 part of di-
cyclohexylamine.

This dicyclohexylamine may be added to fresh
cyclohexylamine which Is to be subjected to the
eonversion and thus also be converted into cy-
clohexanol. The yield of eyclohexanol may thus
be Increased to from 93 to 95 per cent of the
amount calculated on the amount of cyciohexyl-
smine used.

Ezample 2

Vaporized dicyclohexylamine and steam (ratio
by weight 1:4) are led at 200° C over a catalyst
as described in Example 1 at a rate of 8 grams
of dicyclohexylamine per hour for 1 liter of the
catalyst, The vapors emerging from the cat-
alyst are condensed, the condensate freed from
water and subjected to & fractional distillation,
There are obtained smali amounts of benzene and
phenol, 80 per cent of a mixture of cyclohexanol
and cyclohexanone bolling from 155 to 165° C and
about 35 per cent of a mixture of dicyclohexyl-
amine and phenylcyclohexylamine.

This mixture may be subjected again to the re-
action with steam, whereby the yleld of cyclohex-
anol (including the cyclohexanone formed there-
from by dehydrogensation) Is increased to almost
90 per cent.

Exzample 3

Over g catalyst which has been used for some
time for the conversion of dicyclohexylamine ac-
cording to Example 2, there are led at 280° C a
vaporous mixture of dicyclohexylamine and wa-
ter (ratio by weight 1:5) at & rate corresponding
to that used in Example 2. The condensate ob-
talned 1s freed from water and then distilled.
There are obtained 88 per cent of cyclohexanone
contalning amall amounts of cyclohexanol, 3 per
cent of phenol and 25 per cent of dicyclohexyl-
amine containing a small amount of phenyleyele-
hexylamine.

Example 4

Over & reduced catalyst which contains 100
parts of copper, 1.4 parts of zinc oxide and 3
parts of barlum oxide and which is deposited
on pumice stone, there is led a vaporous mixture
of eyclohexylamine and water (ratio by weight
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1:3) at a rate corresponding to that used in Ex-
ample 2. The condensate obtained is freed from
water and distilled. There are obtained 71 per
cent of cyclohexanone, containing 8 per cent of
cyclohexanol, 7 per cent of phenol and 16 per
cent of & mixture of dicyclohexylamine and phen-
yleyclohexylamine.

When carrying out the process at 340 C under
otherwise identical conditions, there are obtained
from the anhydrous condensate 33 per cent of
cyclohexanone, 39 per cent of phenol and 21 per
cent of a mixture of dicyclohexylamine and phen-
¥leyclohexylamine,

Exzample 5

100 parts of cyclohexylamine, 100 parts of wa-
ter and 10 parts of the pulverized and reduced
catalyst described In Example 1 are bolled under
reflux for 48 hours. There are obtained then 84
arts of cyclohexanol) and 15 parts of amino com-
pounds which may also be converted Into cyclo-
hexanol. -

Erxgmple 6

Over 1000 cubic centimeters of reduced tung-
sten sulfide there are led per hour at 270° C 12
grams of a mixture of cyclohexylamine and steam
(ratio by weight 1:3). By condensing the reac-
tion gases and distilling the condensate, there are
obtalned for 100 parts of cyclohexylamine 70
parts of cyclohexanone, containing about 8 per
cent of cyclohexanol, and 22 parts of g mixture
of dicyclohexylamine and phenylcyclohexylamine.

Example 7

Over 100 cubic centimeters of a reduced zinc
oxlde-copper catalyst containing 2.4 parts of zinc
oxide and 2.5 parts of barlum oxide for each 100
parts of copper, there are led per hour at 330°
C 12 grams of a vaporous mixture of cyclohexyla-
mine and water (ratio by welght 1:3). By con-
densing the reactlon gases and distilling the con-
densate, there are obtained for 100 parts of cyclo-
hexylamine, 58 parts of cyclohexanone which
contain 6 per cent of cyclohexanol, 5 parts of
phenol and 27 parts of & mixture of dicyclohex-
ylamine and phenylcyclohexylamine.

Ezxample 8§

25 cubic centimeters of a mixture consisting of
75 parts of butenol and 25 parts of cyclohexyla-
mine per hour are vaporized and led at 200° C
over 1000 cublc centimeters of the catalyst de-
seribed In Exemple 1. The reactlon gases are
condensed. In the course of 36 hours there are
thus obtalned 119 grams of butanol, 173 grams of
cyclohexanol, containing about 40 per cent of
cyclohexanone, 54 grams of dibutylamine and
261 gramg of tributylamine.

Example 9

10 parts of cyclohexylamine, 30 parts of meth-
anol and 1 part of the reduced and pulverized
catalyst described In Example 1 are charged in
8 pressure-tight vessel. 5 atmospheres of nitro-
gen are pressed in at normal temperature and
the whole is slowly heated to 300° C, whereby the
pressure is Increased to 450 atmospheres. The
reaction mixture is freed from the catalyst and
distilled. Cyclohexanol, containing 7 per cent of
cyclohexanone Is obtalned in good ylelds besldes
rngxllxture of cyclohexylamine and dicyclohexyla-
mine.
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