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CONTINUOUS PROCESS FOR THE

PRODUCTION OF D,L’'MENTHOL
This is a continuation, of application Ser. No.
452,592, filed Mar. 19, 1974 now abandoned.

BACKGROUND

This invention relates to a continuous process for the
production of d,l-menthol, and to the catalyst used in
this process.

As it is known d,]-menthol, in the form produces in
the examples herof, is useful for example in perfumes.

It is known that d,l-methol can be obtained by the
batch catalytic hydrogenation of thymol and other
compounds which have the carbon skeleton of menthol
with at least one double bond and which are substituted
by oxygen in the 4-position It is also possible to obtain
d,l-menthol by racemising and/or rearranging d-men-
thol and the optically active or inactive stereoisomers of
menthol, for example by heating these compounds with
hydrogen in the presence of a hydrogenation catalyst. A
crude product containing d,l-menthol d,l-neomenthol
and d,l-isomenthol in a weight ratio of about 6 : 3 : 1
corresponding to a state of equilibrium, is generally
obtained, irrespective of the particular starting material,
both in the case of catalytic hydrogenation and in the
case of racemisation on account of the epimerisation
which takes place in both processes. In addition to the
two aforementioned stereoisomers, however, secon-
dary products such as d,l-neoisomenthol, menthone and
the stereoisomeric ketones, d,l-neomenthone and d,l-
isomenthone are also formed together with menthenone
and hydrocarbons (menthenes and menthane). The fact
that it is difficult if not impossible to reduce the forma-
tion of these secondary products and/or to rearrange
them into d,l-menthol, accounts for the considerable
disadvantages of conventional processes. In the process
according to U.S. Pat. Specification No. 2,843,636 for
example, nonreuseable hydrocarbons are formed in a
quantity of about 5%, whereas, as our own tests have
shown, approximately 7% of undesirable secondary
products are formed in the process according to U.S.
Pat. Specification No. 2,871,272 which does not give
any analytical data in respect of the resulting crude
product. '

These disadvantages become particularly noticeable
when attempts are made to carry out the processes,
described only in their batch form, in a continuous cycle
by separating the d,l-menthol from the product stream
by physical processes and recycling the. secondary
products. These undesirable secondary products accu-
mulate so quickly in the recycle stream that continuous
working becomes uneconomical.

THE INVENTION

We have now found that d,l-menthol can be obtained
by catalytically hydrogenating compounds which have
the carbon skeleton of menthol with at least one double
bond and which are substituted by oxygen in the 4-posi-
tion, and/or by rearranging optically active or inactive
stereoisomers of menthol at elevated temperature and
under pressure, provided that hydrogenation is carried
out continuously using a fixed-bed, cobalt catalyst con-
taining 10 to 40% by weight of manganese, based on the
total quantity of cobalt and manganese, the quantity of
hydrogen per mol preferably amounts to at least 10
times the quantity required to hydrogenate a benzene
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nucleus; at.a temperature in the range from 170° to 220°
C and under a pressure of at least 25 bars.

Thus, the invention provides a process for the pro-

duction of d,]-menthol, which comprises continuously
introducinginto a contacting zone containing a catalyst
for the reaction, an admixture of hydrogen and starting
material for contactifig of the hydrogen and starting
material with the catalyst for reaction of the hydrogen
and starting matetial to form the d,l-menthol, and main-
taining the temperature and pressure and residence time
in the contacting zone sufficient for the reaction, and
continuously withdrawing the d,l-mentho} from the
contacting zone.
_ The catalyst is a cobalt-manganese catalyst contain-
ing 10 to 40% by weight of manganese, based on the
total quantity of oxidic cobalt and oxidic manganese.
Preferably, the catalyst is the product of precipitating
the hydroxides or carbonates of cobalt and manganese,
calcining the precipitate to produce oxide of the cobalt
and manganese, and reducing the oxide with hydrogen,
and the reduced catalyst, when analyzed by X-ray pho-
tography in the absence of air does not show any re-
flexes attributable to the presence of crystalline cobalt
or crystalline maiigariese compounds.

The catalyst is a reduced cobalt-manganese oxide
effective to catalyzé hydrogenation of the starting mate-
rial to d,l-menthol.

The starting material is a compound having the car-
bon skeleton of menthol and is convertible to d,l-men-
thol by catalyti¢c hydrogenation, and has at least one
double bond and is substituted in the 4-position by oxy-
gen. Preferably, the starting material is of the formula:

CH,
. Ry
1-130—?-—0-13
R;
wherein:
R, is oxygen ot hydroxy
R, is hydrogen

R; is nothing,

there is at least one double bond in the compound.

The amount of. hydrogen is, preferably, at least 10
times the amount required to hydrogenate the benzene
nucleas, i.e., at least 10 times the amount required (i.e.,
utilized) to fully hydrogenate X moles of benzene,
wherein X is the number of moles of starting material.
Because the process of invention is carried out in the
presence of hydrogen, secundary dehydrogenation re-
actions are reduced.

The process of the invention can also be used for
production of d,l-menthol by rearranging optically ac-
tive or inactive isomers of menthol to form d,l-menthol.
The isomer can be at least one of d-menthol, I-menthol,
d-neomenthol, l-neomenthol, d-isomenthol, l-isomen-
thol, d,l-neomenthol, d,l-isomenthol.

It is preferred to use.a cobalt catalyst containing from
15 to 30% by weight and more particularly from 20 to
25% by weight of manganese. This catalyst may option-
ally be activated with small quantities of copper of up to
1% by weight, preferably from 0.05 to 0.5% by weight,
based on the total weight of the catalyst. In this way, it
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is possible where necessary to work at somewhat lower
temperatures under otherwise the same reaction condi-
tions. Similarly, it is also possible where necessary even
further to reduce the formation of high-boiling secon-
dary products such as dimenthones which, in cases
where a non-activated catalyst is used, generally make
up less than 0.05% by weight of the reaction product.

The process works with a fixed-bed catalyst in the gas
or trickle phase. The process according to the invention
is preferably carried out ‘with an excess of hydrogen of
about 20 times the quantity required to hydrogenate a
benzene nucleus. The preferred temperature range is
from 180° C to 210° C. The process is preferably carried
out under a pressure of higher than 100 bars and more
particularly under a pressure of higher than 200 bars.
The upper limit to the pressure applied is determined
both by technical and by economic considerations.
Under the reaction conditions applied, the hydrogena-
tion, racemisation and isomerisation stages of the pro-
cess according to the invention surprisingly take place
so mildly that the formation of unuseable secondary
products (hydrocarbons) is reduced by around 90% and
the formation of undesirable secondary products by
around 70% in relation to conventional processes.

The fact that the process according to the invention
can be successfully carried out must be regarded as
extremely surprising. Although nickel catalysts and
nickel-copper catalysts activated with small quantities
of manganese of up to about 5%, preferably with 0.3 to
0.7% of manganese, have already been proposed for the
production of saturated, cycloaliphatic alcohols from
phenols (cf. German Auslegeschrift No. 1,090,200), this
addition simultaneously promotes formation of the cor-
responding ketone (cf. German Patent Specification
No. 383,540). Thus, our own tests have shown that pure
activation of the cobalt catalyst, as known from Ger-
man Auslegeschrift No. 1,090,200, does not produce
any better results than a non-activated catalyst.

By contrast, it is possible with the catalyst used in the
process according to this invention to obtain not only
outstanding results in the hydrogenation of phenols, but
also excellent yields in the catalytic hydrogenation of
compounds which have the carbon skeleton of menthol
with at least one double bond and which are substituted
by oxygen in the 4-position, to form d,l-menthol, and in
the racemisation and/or rearrangement of d-menthol
and the optically active or inactive stereoisomers of
menthol. .

The starting materials used for the process according
to the invention are known (Ullmanns Enzoklypadie
der techn. Chemie, 3rd Ed., Munich 1966, Vol. 17,
pages 24, 25, U.S. Patent Specification No. 2,843,636).
The following are mentioned by way of Example: thy-
mol, menthone, 1-p-menthan-3-one of Merck Index, 8th
Ed., p. 654, menthenone, piperitone; pulegone of Merck
Index, 8th Ed. p. 838, 886, d-and l-menthol, d-and I-
neomenthol, d-and l-isomenthol, d,l-neomenthol, d,I-
isomenthol. These compounds can be used both individ-
ually and in admixture with one another.

The production of manganese-contajning cobalt cata-
lysts which can be used for the process according to the
invention is also known and can be carried out by con-
ventional methods cf. Catalysis Vol. I, pages 315 - 352,
New York, 1954 (Library of Congress Catalogue Card
No. 54-6801); Dolgow, Die Katalyse in der organis-
chem Chemie, pages 38 - 45, VEB Deutscher Verlag
der Wissenschaft, Berlin 1963; German Patent Specifi-
cation No. 1,568,188). '
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In general, the catalysts are prepared by precipitating
the hydroxides or carbonates from aqueous solutions ¢f
corresponding metal salts, followed by filtration. drving
and, optionally, calcination or decarbonisation. i.¢. con-
version into oxidic form.

If the resulting catalysts accumulate in powder form,
they can be prepared in known manner by compressing
the catalyst powder following the addition of. for exam:-
ple, 1 to 2% by weight of graphite as lubricant, breaking
up the resulting compressed powder and recompressing
it, i.e. with preconsolidation.

The catalysts thus obtained are subsequently con-
verted into the active form by reduction with hydrogen.

It can be particularly advantageous to reduce the
catalysts with hydrogen before they are used to such an
extent that, from the form Co,MnO, which can only be
detected by X-ray photography in the non-reduced
catalyst, the catalyst is obtained in the CoO-form
which, on analysis by X-ray photography, does not
show any reflexes attributable to the presence of crys-
talline cobalt or crystalline manganese compounds.

It can be of particular advantage directly to use the
catalysts obtained in active form. Accordingly, it is
advantageous to reduce the catalyst in the process appa-
ratus itself. After the active form of the catalyst has
been obtained by reduction with hydrogen, the reaction
conditions are adjusted in regard to temperature and
pressure, input of the starting material is commenced

‘and the process according to the invention is carried

out.

It can be advantageous to carry out the process ac-
cording to the invention in tubular reactors comprising
one or more tubes and to pass the starting materials ¢ves
the catalyst fixedly arranged in the reaction tubes. For
example, the reaction tubes can have lengths of from 2
to 20 meters and internal diameters of 20 to 800 mm.
The catalysts can have a grain size of, for example, 3 i
8 mm. The apparatus required for the process according
to the invention, and the method by which the proces:
is carried out, are well known in the art.

However, the process according to the invention is
advantageously carried out as follows:

The excess hydrogen which is not consumed during
the reaction is recycled. The mixture of starting materi-
als, which is liquid or solid according to its composition,
is if necessary, liquefied by heating and suitably intro-
duced into the hydrogen circuit, for examplashy means
of an injection pump. The stream of hydrogen laden
with the starting material is heated in a heat exchanger
by the hot countercurrent output stream coming from
the reactor, subsequently brought to the reaction tem-
perature in a preheater and introduced into the reacior.
The temperature of the reactor is kept substantixiiy
constant at the reaction temperature selected both over
the entire length and over the entire cross-section of the
reactor. In order to dissipate the heat of the reaction
which is accompanied by a positive heat effect, cold
hydrogen can be introduced through gas-inlet openings
distributed over the length and circumference of tiz
reactor, in dependence upon the temperature of ihe
corresponding reactor zones, in such a way that the
quantity of heat required to heat it to the reaction tem:-
perature is just supplied by the heat of reaction. Al th:
same time, the quantity of starting material added to 11
hydrogen circuit is adapted in such a way that, during
the reaction, it consumes at least the hydrogen require.
in this way for keeping the reactor at constant tempor -
ture. Extra hydrogen required for the reaction is .




S o
duced into the hydrogen circuit before the starting
material is added. In addition, the reactor can be addi-
tionally cooled in conventional manner by dissipating
the heat of reaction through the reaction wall by exter-
nal cooling, for example with air or cooling liquids, or
if necessary may even be insulated against heat loss or if
necessary heated by external heating, External heating
can also be used for reducing the catalyst, as descnbed
above, and for starting up the reactor.

The “product stream” leaving the reactor whlch in
addition to the excess hydrogen and the reaction prod-
ucts, may contain inert constituents such as nitrogen or
methane, which may have been present in the hydrogen
used, is used in the heat exchanger for heating the
stream of hydrogen laden with starting material, as
described above, and at' the same time is cooled to a
considerable extent. In a following condenser, it is fur-
ther cooled to a temperature in the range of from about
20° to about 50° C. The liquid reaction products are
then separated and collected in a suitably designed sepa-
rator. The reaction products are taken out of the circuit
through a level-controlled outlet, so that there is no
unnecessary loss of pressure in the circuit. The hydro-
gen circuit is then brought back to such a pressure, for
example by means of a recirculating pump, that the
recycle stream has the reaction pressure selected at the
reactor inlet, taking into account the freed hydrogen
and starting material introduced under pressure and the
heat effect.

Depending on its ongm, the hydrogen can contain
inert constituents such as nitrogen or methane which
accumulate with time in the hydrogen circuit. To re-
move them, a component stream is removed from the
hydrogen circuit following removal of the reaction
products and replaced by an equivalent component
stream of fresh hydrogen which is either free from or
low in inert constituents. This can be done intermit-
tently or even continuously. With continuous replace-
ment, this fresh hydrogen is with advantage introduced
in con_]unctlon with the hydrogen required for the reac-
tion, which is added before the starting material, i.e. in
one stream at one point.

The d,l-menthol is advantageously separated off, for
example by distillation, from the reaction products re-
moved from the circuit and the remaining reaction
products returned as starting material to the reaction
following the addition of, for example, from 30 to 80%
by weight of thymol. The quantity of starting materials
added to the recycle stream thus obtained is with partlc-
ular advantage substantlally commensurate with that in
which d,]:menthol is removed. The hydrogen which is
not consumed in the reaction is also recycled, as de-
scribed above, the fresh hydrogen being advanta-
geously added to the hydrogen circuit before the start-
ing material in correspondingly adapted distribution in
such a way that the selected hydrogen pressure is maln-
tained in the reactor.

Where figures separated by an oblique line are quoted
as analytical data in the following Examples; they repre-
sent the results of independent double determinations.

Where thymol contents determined by UV-analysis
are quoted in the following Examples, they represent
the content of thymol and other aromatic compounds,
expressed as thymol.

The *“balance yield” quoted in the Examples is de-
fined as follows:

Weighed quantity of reaction products in percent of
the sum of the quantity of starting material used and the
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quantity of hydrogen theotetically required for its hy-
drogenatlon over the same period in each case. In the
riormal case, it should amount to around 100% within
the limits of error of the methods used for determina-

tion; otherwise the starting material or the reaction

products are lost through leaks in the system or with the
component stream of hydrogen removed to reduce the
inert-constituent content of the recycle stream.

. EXAMPLES

+ A tube 90 mm in internal diameter and 1800 mm long
filled with 12 liters of catalyst was used in the following
Examples. 30 Nm3 per hour of hydrogen and 2.4 liters
per hour of starting material were passed downwards
through the tube in the gas- or trickle-phase at a temper-
ature of from 205° C and under a pressure of 280 bars,
followed after condensation by continuous separation in
the liquid phase from the excess hydrogen gas stream.

The reaction product was analysed by conventional
methods (for example UV-spectrography, gas chroma-

EXAMPLE |

The catalyst used in the following Examples (1 to 12)
was prepared as follows: To begin with, 32.5 kg of an
aqueous manganese nitrate (Mn(NO;),) solution with a
manganese content of 469 per kg of solution and a pH-
value of about 1, containing a small quantity of hydro-
gen peroxide to prevent the formation of manganese
dioxide, were adjusted to pH 4.5 by the addition with
stirring of a 24% by welght aqueous potassium carbon-
ate solution so that iron impurities were precipitated
and the precipitate was filtered off in the form of hy-
droxides. The same procedure was repeated using 112
kg of an aqueous cobalt chloride (CoCl3) solution with
a cobalt content of 45 g of Co per kg and a pH-value of
about 3.5, again to precipitate iron. The two solutions,
freed from iron hydroxide by filtration, were then com-
bined, admixed with a solution of 0.1 kg of copper sul-
phate, containing water of crystallisation (Cu SO~5H-
20) in 6 kg of water and then adjusted to a distinctly
alkaline pH by the addition with stirring of more potas-
sium carbonate solution in the concentration specified

‘above, which required approximately 100 kg of calcium

carbonate solution. The precipitate formed was sepa-
rated off from the mother liquor by filtration and
washed free from alkali with deionised water. It was
then dried at 105° C and decarbonised at 300° C by the
elimination of COQ,. After size reduction, it was
moulded into tablets 5 mm thick and 5 mm in diameter
following the addition of from 1 to 2% of graphite as
lubricant. One run produced about 10 kg of catalyst
with a powder density of about 1.25; a cobalt content of
49.7% by weight, a manganese content of 14.8% by
weight (= 22.9% by weight of the total quantities of
oxidic cobalt and oxidic manganese) and a copper con-

~ tent of 0.2% by weight.
12 Liters of the catalyst thus prepared were intro-

60
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duced into the reaction tube and reduced by initially
passing nitrogen through the reaction tube at 100°
C/normal pressure and then replacing the nitrogen,
while slowly increasing the temperature, with a ni-
trogen/hydrogen mixture with a continuously increas-
ing hydrogen content until finally at 300° C the nitro-
gen-hydrogen mixture had been completely replaced by
hydrogen. These conditions were maintained for sev-
eral hours until a sample of the catalyst, when analysed
by X-ray photography in the absence of air, did not
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show any reflexes attributable to the presence of crys-
talline cobalt or crystalline manganese compounds.

The temperature was then reduced to 205° C, the
hydrogen pressure increased to 280 bars and the starting
material immediately introduced at a rate of 2400 ml per
hour.

EXAMPLE 1

A mixture of 20% by weight of d-neomenthol (ap!8
= 18.5°), consisting of 94.6% of d-neomenthol, 4.9% of
d,l-menthol, 0.4% of menthone and 0.1% of hydrocar-
bons, and 80% of thymol (DAB VII), with a solidifica-
tion point of 49.4° C and a purity of more than 99%, was
used as a starting material in accordance with the gen-
eral conditions described above.

From this starting material, consisting of:

80.00% of thymol;

18.90% of d-neomenthol;

1.00% of d,l-menthol;

0.08% of menthone; and

0.02% of hydrocarbons
a reaction product of the following composition was
obtained

59.7% of d,l-menthol;

29.3% of d,l-neomenthol;

10.6% of d,l-isomenthol;

0.38% of menthenone, menthone and neoisomenthol;

0.04% of hydrocarbons; and

0.01% of residue (higher-boiling).

This corresponds to a ratio of 59.9% of d,l-menthol,
29.45% of d,-neomenthol, 10.65% of d,l-isomenthol;
the reaction product was optically inactive; a value of
ap?® = —0.1° had not been exceeded even after 2814
hours of operation. The reaction product had an OH-
number of 346/354; thymol could not be detected by
UV-analysis (<10 ppm). The balance yield amounted
to 99.4% of the theoretical yield.

EXAMPLE 2

A mixture of 80% by weight of thymol and 20% by
weight of d-menthol (ap!® = + 50°) was used as starting
material in accordance with the general conditions de-
scribed above. A reaction product of the following
composition was obtained:

59.6% by weight of d,l-menthol;

29.3% by weight of d,l-neomenthol;

10.6% by weight of d,l-isomenthol;

0.37% by weight of menthenone, menthone and

neoisomenthol;

0.05% by weight of hydrocarbons.

This corresponds to a ratio of 59.8% of d,l-menthol,
29.55% of d,l-neomenthol, 10.65% of d,l-isomenthol;
the reaction product was optically inactive. It had an
OH-number of 348 - 354; thymol could not be detected
by UV-analysis.

The balance yield amounted to 99.5% of the theoreti-
cal yield.

EXAMPLE 3

A mixture of 80% by weight of thymol and 20% by
weight of 1-menthol was used as starting material in
accordance with the general conditions described
above.

The composition of the reaction product obtained
was the same as in Example 1. The reaction product was
optically inactive and had an OH-number of 347/353;
thymol could not be detected by UV-analysis.
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8
The balance yield amounted to 99.8% of the theoreti-
cal yield.

EXAMPLES 4 and 5§

These Examples were carried out in accordance with
the general conditions described above, using as starting
material the mixture described in Example 1 of 20% by
weight of d-neomenthol and 80% by weight of thymol
(DAB 7) to which 10 and 20% by weight, respectively,
of a menthone of the composition:

99.8% by weight of menthone;

0.1% by weight of menthenone; and

0.1% by weight of hydrocarbons had been added.

EXAMPLE 4

The starting material had the following composition
according to analysis: ’

72.70% of thymol,

17.20% of d-neomenthol;

0.90% of d,l-menthol;

9.15% of menthone;

0.01% of menthenone; and

0.03% of hydrocarbons.

A reaction product of the following composition was
obtained:

59.5% of d,l-menthol;

29.4% of d,l-neomenthol;

10.6% of d,l-isomenthol;

0.4% of menthone and menthenone; and

0.07% of hydrocarbons.

The reaction product was optically inactive and had
an OH-number of 342/352; thymol could not be de-
tected by UV-analysis.

The balance yield amounted t0 99.7% of the theoreti-
cal yield. ’ '

EXAMPLE 5

By adding 20% by weight of menthone of the compo-
sition specified in Example 4 to the starting material
used in Example 1, and using the resulting starting mate-
rial under the general conditions described above, a
reaction product of the following composition, accord-
ing to analysis, was obtained:

59.6% of d,l-menthol;

29.3% of d,l-neomenthol;

10.6% of d,l-isomenthol;

0.45% of menthone and menthenone; and

0.05% of hydrocarbons. '

It did not have any optical rotation; its OH-number
amounted to 342/350; the thymol content according to
UV-analysis amounted to less than 0.02% by weight.

The balance yield amounted to 99.6% of the theoreti-
cal yield.

EXAMPLE 6

The mixture described in Example 1 was used as the
starting material in accordance with the general condi-
tions described above, following the addition of 10% by
weight of a 99.7% by weight menthenone (rest men-
thone) which according to analysis had the following
composition:

66.05% of thymol;

15.70% of d-neomenthol;

0.85% of d,l-menthol;

8.40% of menthone;

9.00% of piperitone; and

0.03% of hydrocarbons.
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A reaction product of the following composition,
according to analysis, was obtained.
59.6% of d,l-menthol;
29.19% of d,l-neomenthol;

10.8% of d,l-isomenthol; T s

0.42% of menthone and menthenone; and

0.05% of hydrocarbons.

It was optically inactive and had an OH-number of
-342/350; according to UV-analysis, the reaction prod-

uct had a thymol content of less than 0.02% by weight. 10

The balance yield amounted to 99.8% of the theoreti-
cal yield.

EXAMPLE 7

A mixture of 10% by weight of d-neomenthol (ap!® 15

= 18.5°) of the composition described in Example 1,
10% by weight of d,l-neomenthol (100%) and 80% by
weight of thymol (DAB 7), was used as staiting mate-
rial in accordance with the general condmons descnbed

above. 20

A reaction product of the following composmon was
obtained:

59.7% of d,l-menthol;

29.4% of d,l-neomenthol;

10.5% of d,l-isomenthol; . 25

0.4% of menthones; and

0.04% of hydrocarbons.

The reaction product had an OH-number. of 348/352
and a thymol content according to UV-analysis of less

than 0.01%. The reaction product was optically inac- 30

tive.
The balance yield amounted to 99.8 % of the theoreti-
cal yield.

EXAMPLE 8 ‘ 35

A mixture of 10% by weight of d-neomenthol of the
composition described in Example 1, 10% by weight of
d,l-isomenthol (100%) and 80% of thymol (DAB 7),
was used as starting material in accordance with the

general conditions described above. 40

A reaction product of the following composition was
obtained:

59.8% of d,l-menthol,

29.2% of d,l-neomenthol;

10.6% of d,l-isomenthol; : 45

0.4% of menthones, and

0.04% of hydrocarbons. _

The reaction product had a rotation of ap? = 0.1°
and an OH-number of 340/354; according to UV-anal-

ysis, it had a thymol content of less than 0.01%. 50

The balance yield amounted to 99.7% of the theoreti-
cal yield.

10
EXAMPLE 9

A reaction product of the following composition was
obtained in accordance with the general conditions
described above from a starting material consisting of
75% by weight of d,l-neomenthol and 25% by weight
of d,l-isomenthol:

59.2% of d,-menthol; .

26.9% of d,l-neomenthol;

10.8% of d,l-isomenthol;

0.4% of menthone; amd

0.03% of hydrocarbons.

It was optically inactive and had an OH-number of
345 to 350.

The balance yield amounted to 99. 7% of the theoreti-
cal yield.

EXAMPLE 10

A mixture of the following composition was used as
starting material in accordance with the general condi-
tions described above:

60.0% of thymol; -

30.0% of d,l-neomenthol;

8.0% of d,l-isomenthol;

1.6% of d,l-menthol;

0.04% of menthone; piperitone; and

0.02% of hydrocarbons.

A reaction product of the following composition was
obtained:

59.7% of d,l-menthol;

29.2% of d,l-neoinenthol;

10.7% of d,l-isomenthol;

0.04% of menthoné; and

0.040f hydrocatrbons.

The reaction prodiict was optically inactive and had
an OH-number of 345/353, even after 1874 hours of
operation; thymol could not be detected UV-analysis.

The balance yield amounted to 99.6% of the theoreti-
cal yield.

EXAMPLE 11

Mixtures of 50 to 70% by weight of thymol with 50 to
30% by weight of d-neomenthol or d-menthol were
used as starting material in accordance with the general
conditions described above. In Table I below, column 1
gives the composition of the starting material, column 2
the balance yield of d,l-menthol in percent of the theo-
retical, whilst the other columns give the contents in the
reaction product of d,l-neomenthol, d,l-isomenthol,
menthone and other ketones, also hydrocarbons, the
OH-number, the optical rotation and the thymol con-
tent, calculated from the UV-absorption.

Table 1

Balance d,l-menthol d,l-neo- d,l-iso-  menthone and thymol
Starting yield % of % by menthol % menthol % others % by - hydrocarbons  OH- Uv- optical
material . theoretical . weight - by weight by weight weight: % by weight number - analysis rotation
70 % thymol 99.5 % 59.6 29.3 10.7 0.4 0.04 348/ 18 ppm <0.1°
30 % d-neo- 348
menthol ) ‘
60 % thymol 99.6% 59.7 29.3 10.6 0.4 0.03 346/ 11 ppm < 0.1°
40 % d-neo- 348
menthol .
50 % thymol 99.8 % 59.5 29.6 10.6 0.4 0.03 348/ 12 ppm <or
50 % d-neo- 353
menthol
70 % thymol 99.5 % 59.4 29.7 10.8 0.5 0.04 346/ 8 ppm <0.1°
30 % d-menthol ' © 354
60 % thymol 99.9 % 59.8 29.3 10.9 0.3 . 006 347/ 12 ppm <0.1°
40 % d-menthol - . 348
50 % thymol 99.8 % 59.6 29.4 10.8 0.4 004 i, 350/ 2 ppm < 0.1°
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, Table I-continued
Balance  d,1-menthol  d,l-neo- d,l-iso-  menthone and thymol
Starting yield % of % by menthol % menthol % others % by hydrocarbons OH- Uv. optical
material theoretical weight by weight by weight weight % by weight number  analysis rotation
50 % 1-menthol - ) ) 353
tioned concentration. The precipitate formed was sepa-
EXAMPLE 12 precip p

Mixtures of thymol and/or optically active or inac- 10
tive stereoisomers of menthol whose exact composition
(purity) was not analyzed in detail, were used as starting
material in accordance with the general conditions de-
scribed above. In Table II below, column 1 gives the
composition of the starting material, column 2 the bal-

rated from the mother liquor by filtration and washed
free from alkali with deionised water. It was then dried
at 105° C and decarbonised at 300° C. After size reduc-
tion, it was moulded into 5 mm thick, 5 mm diameter
tablets following the addition of 1 to 2% of graphite as
lubricant. The resulting catalyst then had the manga-
nese content specified in Table III below, based on the

ance yield in % of the theoretical whilst the remaining 15 total quantities of cobalt and manganese.
columns give the composition and properties of the 12 Liters of the catalyst thus prepared were then
reaction product, as in Table I. introduced into the reaction furnace and reduced as
Table II
Reaction product

Balance d,1-menthol  d,1-neo- d,l-iso-  menthone and hydro- thymol
Starting yield % of % by menthol % menthol % others % carbons % OH- Uv.- optical
Material theoretical weight by weight by weight by weight by weight number analysis  rotation
30 % thymol 99.7 59.8 29.3 10.8 0.3 0.05 352/ 9 ppm < o.r°
70 % d-menthol 353
40 % athymol 99.8 59.5 29.7 10.7 0.5 0.04 348/ 4 ppm —
60 %, d,1-nco- a35l
menthol
20 % thymol 99.6 59.4 29.7 10.9 0.3 0.04 346/ — < 0.1°
30 % 1-menthol 350
50 % d,1-neo- 99.9 59.6 29.2 10.9 04 0.03 347/ 7 ppm —
menthol 350
40 % d,1-iso-
menthol
20 % thymol 100.0 59.7 294 10.8 0.4 0.02 347/ 6 ppm < 0.1°
20 % d-neomenthol 351
20 % d,1-iso-
menthol
20 % d-neomenthol 99.6 59.5 29.8 10.6 04 0.04 348/ 11 ppm < 0.1°
20 % d,1-iso- 353
menthol

described in Example I until a sample of the catalyst
EXAMPLE II b P IS

The catalyst used in the following Examples (13 to 40
16) was prepared as follows:

As in Example I, the quantity specified in Table ITI
below of aqueous manganese nitrate solution having a
manganese content of 46 g per kg of solution and a
pH-value of about 1, containing a small quantity of 45
hydrogen peroxide to prevent manganese dioxide for-
mation, was adjusted to pH 4.5 by the addition with
stirring of a 24% by weight potassium carbonate solu-
tion, and hence the iron impurities were precipitated
and filtered off in the form of hydroxide. The same
procedure was then repeated with 112 kg of an aqueous
cobalt chloride solution with a Co-content of 45 g per
kg of solution and a pH-value of about 3.5, again to
precipitate iron. The two solutions freed from iron hy-

50

when analysed by X-ray photography in the absence of
air, did not show any reflexes attributable to the pres-
ence of crystalline cobalt or crystalline manganese com-
pounds.

The temperature was then reduced to 205° C, the
hydrogen pressure increased to 280 bars and the starting
material immediatedly introduced at a rate of 2400 ml
per hour, in accordance with the general conditions
described above.

EXAMPLES 13 to 16

In Examples 13 to 16 the same starting material is
used as in Example 1.

Table III below shows the Example No., the quantity
of aqueous manganese nitrate solution and copper sul-
phate solution used to produce the catalyst, the manga-

droxide by filtration were combined, admixed with the 55 nese content of the catalyst based on the total quantity
quantity, specified in Table III below, of a solution of  of cobalt and manganese and the composition and anal-
0.1 kg of copper sulphate, containing water of crystalli- ysis of the reaction product, in the same way as Tables
sation. Co(SO,)-5H;0 in 6 kg of water and a distinctly Iand IL
alkaline pH adjusted by the addition with stirring of The corresponding values of Example 1 are also
more potassium carbonate solution in the aforemen- shown in the Table for comparison.
Table IIT
Reaction product
menthone
d,}-men-  d,l-neo- d,l-iso- and
Mn(NO;),- CuSO,  Catalyst Mn- thol menthol menthol  others
Example  solution solution content % by . % by % by % by hydro- Uv- optical OH-
No. kg kg % weight weight weight weight  carbons  analysis rotation  number
13 12.57 0.1 10.15 57.1 27.8 9.4 1.5 43 400 ppm —0.4° 318/327
13a after 32 days of operation 576 275 9.2 1.7 4.5 450 ppm  —0.8° 312/317
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13
o Table Ili-continued’
Reaction product
_ menthone
3 . .+ o dl-men-" d]l-neo- d,l-iso- and
o Mn(NO,); CuSO,- " Catalyst Mn- thol . menthol menthol  others
Exsmple  solution  solution  comtent = % by % by % by %by  hydro- UV- optical OH-
N, kg kg % . .- weight weight weight weight carbons analysis rotation  number
147 245 0l 18 05 58.2 28.1 10.2 1.3 2.2 300 ppm -0.3* 3277342
Original catalyst for companson ;
1 325 0.1 229 59.7 29.3 10.6 0.38 0.04 10ppm —0.1° 346/364
15 45.0 0.1 29.2 58.3 272 10.3 1.1 24 400 ppm  —0.3° 329/341
16 67.5 0.1 38.2 56.3 275 11.4 1.1 4.6 430 ppm = —0.3° 319/322
16 after 18 days of operation 56.6 27.8 104 0.9 4.3 500ppm & —0.6° 318/323
EXAMPLE 17 15

This Example demonstrates the use of a catalyst that
is not activated with copper.

A non-copper-activated catalyst, having a manganese
content was identical with that of the catalyst prepared
in accordance with Example I, was prepared in accor-
dance with the procedure of Example I, but without
addition of the copper sulphate solution. 12 liters of this
catalyst were introduced into the reaction tube and
reduced as described in Example 1. The temperature
was. then reduced to 205° C, the hydrogen pressure
increased to-280 bars and the starting material immedi-
ately. introduced at a rate of 2400 ml per hour. Hydro-
gen was introduced at the rate of 30 Nm3 per hour.

The same mixture as in Example 1 was used as the
starting material in accordance with the general condi-
tions described above. A reaction product of the follow-
ing composition was obtained:

59.7% by weight of d,I-menthol;

29.3% by weight of d,l-neomenthol; -

10.6% by weight of d,l-isomenthol;

0.38% by weight of menthenone, menthone and

neoisomenthol;

0.04% by weight of hydrocarbon, and

0.02% by weight of residue (higher-boiling, cf. Ex-

ample 1). .

The reaction product was optlcally inactive and had
an OH-number of 347/354; thymol could not be de-
tected by UV-analysis.

Companson with Example 1 shows that the composi-
tion of the reaction product is substantially the same
except for the larger residue. .

'EXAMPLE 18 (comparison Example)

20

25

35

45

Thi$ Example demonstrates the use of a cobalt cata- -

lyst activated solely with manganese.

A catalyst was prepared in the same way as described
in Example I, except that only 1.4 kg as opposed to 32.5
kg of aqueous mangaiiése nitrate solution were used.
The necessary quantity of potassium carbonate solution
was also correspondingly smaller. The ' catalyst thus
prepared contained 1.21% by weight of manganese,
based on the total quantity of cobalt and manganese. 12
Liters of the resulting ¢atalyst were subsequently intro-
duced into the reaction furnace and reduced as de-
scribed in Example I uritil a'sample of the catalyst, when
analysed by X-ray photography in the absence of air,
did not show any reflexes attributable to the presence of
crystalline cobalt or crystalline manganese compounds.

The temperature was then reduced to 205° C, the
hydrogen pressure increased to 280 bars and the starting
material immediately introduced at a rate of 2400 m! per
hour in accordance with the general conditions de-
scribed above.

50

The starting material used in Example 1 was used as
the starting material; the reaction product had the fol-
lowing composition:

57.0% by weight of d, l-menthol

27.5% by weight of d,l-neomenthol;

9.7%. by weight of menthenone, menthone and

neoisomenthol; and

4.2% by weight of hydrocarbons.

The reaction product had an OH-number of 319/326
and a thymol content of 450 ppm (UV-analysis); ap?® =
—0.6°,

Catalysts according to the prior art (U.S. Patent
Specification Nos. 2,843,636 and 2,871,272).

Comparison Example a)

A copper chromite catalyst of the following composi-
tion:

58.9% of CuO;

38.1% of Cr,0;; and

3.0% of H,0O
was moulded into 5 mm diameter, 5 mm thick tablets
following the addition of 1 to 2% by weight of graphite
as lubricant. These tablets were broken up and re-
moulded into tablets 5 mm in diameter and 5 mm thick.

12 Liters of the resulting catalyst were introduced
into the reaction tube described above and reduced by
initially passing nitrogen through the reaction tube at
100° C/normal pressure and then replacing the nitro-
gen, while slowly increasing the temperature, by a ni-
trogen-hydrogen mixture with a continuously increas-
ing hydrogen content until finally at 350° C the nitro-
gen-hydrogen mixture had been completely replaced by
hydrogen. This temperature was maintained for several
hours.

The temperature was then reduced to 200° C, the
hydrogen pressure increased to 280 bars and the starting
material described in Example 1 introduced at a rate of
2400 ml/hour.

The reaction product obtalned had the following
composition: :

56.2% of d,l-menthal,

27.6% of d,l-neomenthol,

10.4% of d,l-isomenthal, . _

1.7% of menthenone, menthone and neoisomenthol;

and

4.1% of hydrocarbons which corresponds to a ratio

of 59.7% of d,-menthol, 29.2%, 11.1% of d,l-
isomenthol.

After 456 hours, of operation, the optical rotation
amounted to ap?® = —0.2°, The reaction product ob-
tained had an OH-number of 319/334 (calculated 326).
According to UV-spectral analysis, the reaction prod-
uct had an unreacted thymol content of 0.05 - 0.1%.
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Comparison Example b)

Commercial-grade water-moist Raney nickel was
moulded in an inert gas atmosphere (nitrogen) into 5
mm thick, 5 mm diameter tablets. The resulting tablets
were size-reduced under water and remoulded water-
moist into 5 mm thick, 5 mm diameter tablets following
the addition of 1 to 2% by weight of graphite as lubri-
cant.

12 Liters of the catalyst thus obtained were intro-
duced under water into the reaction furnace described
above. The catalyst was then dried by initially passing
nitrogen through the reaction tube at 100° C/normal
pressure and then replacing the nitrogen, while slowly
increasing the temperature, by a mixture of nitrogen
and hydrogen with a continuously increasing hydrogen
content until finally at 200° C the nitrogen-hydrogen
mixture had been completely replaced by hydrogen.

The temperature was then increased to 210° C, the
hydrogen pressure to 280 bars and the starting material
described in Example 1 was introduced at a rate of 2400
mi/hour.

A reaction product of the following composition was
obtained:

56.1 of d,l-menthol;

27.3% of d,l-neomenthol;

10.4% of d,l-isomenthol;

1.4% of menthenone, menthone, neoisomenthol; and

4.8% of hydrocarbons
corresponding to a specific ratio of

59.8% of d,l-menthol;

29.1% of d,l-neomenthol; and

11.1% of d,l-isomenthol.

After 287 hours of operation, the optical activity
ap? = —0.3% the reaction product had an OH-number
of 314 to 325. According to UV-spectral analysis, it had
an unreacted thymol content of less than 0.05%.

The balance yield amounted to 98.5% of the theoreti-
cal yield.

What is claimed is:

1. In a process for production of d,l-menthol by con-
tacting a starting material which is a compound having
the carbon skeleton of menthol and which is convertible
to d,l-menthol by catalytic hydrogenation, and having
at least one double bond and being substituted in the
4-position by oxygen, with hydrogen in the presence of
a catalyst for hydrogenation of said starting material, in
a contacting zone, at a temperature, pressure, and resi-
dence time sufficient for the hydrogenation to form said
d,l-menthol, the improvement which comprises em-
ploying as said catalyst a cobalt-manganese catalyst
containing 20 to 25% by weight of manganese, based on
the total quantity of cobalt and manganese, and acti-
vated with up to 1% by weight of copper based on the
total weight of the catalyst, and operating the process
continuously by continuously introducing said starting
material and hydrogen into the contacting zone and
continuously withdrawing the d,l-menthol from the
contacting zone.

2. A process according to claim 1, the temperature
being 170° to 220° C, the pressure being at least 25 bars,
and the amount of hydrogen being at least 10 times the
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amount required to fully hydrogenate X moles of ben-
zene, wherein X is the moles of starting material.

3. A process according to claim 1, the catalyst being
the product of precipitating the hydroxides or carbon-
ates of cobalt and manganese, calcining the precipitate
to product oxide of the cobalt and manganese, and re-
ducing the oxide with hydrogen, the reduced catalyst
when analyzed by X-ray photography in the absence of
air showing no reflexes attributable to the presence of
crystalline cobalt or crystalline manganese compounds.

4. A process according to claim 1, the starting mate-
rial being of the formula:

CH;

Ry
HiC—C—CH;
R;

wherein:

R, is oxygen or hydroxy

R; is hydrogen or nothing and when

R; is nothing, the isopropylidene group is bonded to

the ring by a double bond, and there is at least one
double bond in the compound.

§. A process according to claim 1, wherein the cata-
lyst is activated with from 0.05 to 0.5% by weight of
copper based on the total weight of the catalyst.

6. A process according to claim 1, wherein the hydro-
genation is carried out at a temperature in the range of
from 180° C to 210° C

7. A process accordmg to claim 1, wherein the hydro-
genation is carried out under a pressure of higher than
100 bars.

8. Process according to claim 7, wherein hydrogena-
tion is carried out under a pressure of more than 200
bars.

9. A process according to claim 6, wherein the hydro-
genation is carried out under a pressure of higher than
100 bars.

10. A process according to claim 9 wherein the cata-
lyst is used immediately after its reduction.

11. Process of claim 1, wherein the starting material is
at least one of thymol, menthone, 1-p-menthan-3-one,
menthenone, piperitone, pulegone d-menthol, 1-men-
thol, d-neomenthol, l-neomenthol; d-isomenthol, 1-
isomenthol d,l-neomenthol, d,l-isomenthol.

12. Process of claim 2, wherein the starting material is
at least one of thymol, menthone, 1-p-menthan-3-one,
menthenone, piperitone, pulegone d-menthol, l-men-
thol, d-neomenthol, l-neomenthol, d-isomenthol, I-
isomenthol, d,l-neomenthol, d-l-isomenthol.

13. Process of claim 1, wherein the starting material is
thymol.

14. Process of claim 2, wherein the starting material is

thymol.
* * ® & %
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