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Process for preparing terpinene-4-ol

Description

The present invention relates to a process for preparing terpinene-4-ol of the formula (I) from
limonene-4-ol of the formula (l) via a hydrogenation reaction in the presence of a nickel catalyst.

CHj; CH,
Nickel
catalyst
() > )
H2
OH OH
H;C CH, H;C CHj;

Terpinene-4-ol (also referred to as “1-isopropyl-4-methyl-cyclohex-3-en-1-ol” or “p-mentha-1-en-
4-o0l”) is a monoterpene alcohol which is found in natural essential oils of many plants. This
compound finds use in industrial applications as synthetic perfume and flavoring agent or inter-
mediate thereof.

Because of the high costs and uncertainty of supply of the natural products, various synthetic
routes to terpinene-4-ol have been developed.

JPH0248541 (A) describes a process for the production of the terpene alcohols limonene-4-ol
and/or terpinene-4-ol from terpinolene-4,8-epoxide via an isomerization and/or hydrogenation
reaction using a copper catalyst. As suitable reaction solvents, aromatic hydrocarbons, alicyclic
hydrocarbons, saturated lower alcohols and glycols are mentioned. Specific reactions as recited
in the examples were performed in ethanol, cyclohexane or 1,4-butanediol as solvent. In case
terpinolene-4,8-epoxide is subjected to relatively low hydrogen pressures, limonene-4-ol is pri-
marily generated. However, in order to obtain primarily terpinene-4-ol, relatively high hydrogen
pressures are required, e.g. by increasing the hydrogen pressure towards the end of the reac-
tion. Reactors suitable for high-pressure reactions are very expensive and require a high level
of safety during operation. Besides, the reaction of limonene-4-ol conducted at higher pressures
generates relatively high amounts of by-products (e.g. isopropyl-methyl-cyclohexenes and p-
cymene) which reduce the yield and purity of the desired terpinene-4-ol.

US 3,676,504 describes the hydrogenation of limonene-4-ol to terpinene-4-ol in the presence of
Raney nickel as catalyst and ethanol as solvent. The hydrogenation reaction can be performed

at a relatively low hydrogen pressure and temperature providing terpinene-4-ol in relatively high
purity and good vield.

Nevertheless, there still remains room for improved or alternative routes for the hydrogenation
of limonene-4-ol (l) to terpinene-4-ol (l) which is suitable for industrial scale-up.
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It is therefore an object of the present invention o provide an improved or alternative process
for the catalytic hydrogenation of limonene-4-ol (1) to terpinene-4-ol (II) which provides ter-
pinene-4-ol (I1) in high purity and yield and can be performed in a simple and economical man-
ner and on an industrial scale.

These and further objects are in part or in whole achieved by a process for preparing terpinene-
4-ol of formula (Il)

CHj;

)

OH
H;C CHj;

said process comprising contacting limonene-4-ol of formula (1)

CHsy

()

OH
H5;C CH,

with hydrogen in the presence of at least one nickel catalyst and at least one inert organic sol-
vent selected from carboxylic acid esters.

Accordingly, the aforementioned process for preparing terpinene-4-ol (I1) is a subject matter of
the present invention.

It has now surprisingly been found that the nickel-catalyzed hydrogenation of limonene-4-ol (1)
to terpinene-4-ol (II) can be conducted in carboxylic acid esters as solvent while giving the de-
sired terpinene-4-ol (Il) in high purity and yield. This finding is all the more surprising and unex-
pected because it is known that carboxylic acid esters such as, for example, ethyl acetate, tend
to undergo hydrolysis under the conditions of a nickel-catalyzed hydrogenation. Another ad-
vantage of the process according to the present invention is that it is possible to use a limo-
nene-4-ol solution in the same carboxylic acid ester from a previous synthesis step without fur-
ther purification or with only minor purification. Consequently, it is not necessary to use pure lim-
onene-4-ol (1) as the starting material in the process of this invention. Thus, no tedious distilla-
tion procedures are required to separate limonene-4-ol (I) from the reaction mixture of the previ-
ous synthesis step. In addition, there is no need to replace the solvent used in the previous syn-
thesis step so as to avoid additional thermal stress imposed on the product.



10

15

20

25

30

35

WO 2017/144336 PCT/EP2017/053467

Thus, the present invention also relates to the use of a carboxylic acid ester (preferably any one
of the preferred carboxylic acid esters as described herein, in particular ethyl acetate) as a sol-
vent for the nickel-catalyzed hydrogenation of limonene-4-ol of formula (1), in particular in the
presence of Raney nickel.

Further embodiments of the present invention are evident from the claims, the description and
the examples. It is to be understood that the features mentioned above and still to be illustrated
below of the subject matter of the invention can be applied not only in the combination given in
each particular case but also in other combinations, without leaving the scope of the invention.

Limonene-4-ol (also referred to as “1-Isopropenyl-4-methyl-cyclohex-3-en-1-ol” or “p-mentha-
1,8-diene-4-ol”) of the formula (1) used as a starting material in the process of this invention is a
known compound that is commercially available or can be prepared in a known manner, for ex-
ample, as described in US 3,676,504, GB 1 307 053 and JPH0248541 (A).

Preferably, limonene-4-ol of formula (1) is prepared by isomerization of terpinolene epoxide of
the formula (lII)
CH;

(I

0]
H;C CHj;

Terpinolene epoxide of the formula (Ill) is a known compound that is commercially available or
can be prepared in a known manner, for example, as described in US 3,676,504.

In another embodiment, the terpinolene epoxide of the formula (111) is further subjected to hydro-
genation. Thus, limonene-4-ol (I) may be prepared by subjecting terpinolene epoxide of the for-
mula (1) to isomerization and/or hydrogenation. In a preferred embodiment, the isomerization
and/or hydrogenation of the terpinolene epoxide of the formula (lll) is/are carried out in the pres-
ence of at least one copper catalyst, preferably at least one copper chromite catalyst. In another
preferred embodiment, the isomerization and/or hydrogenation of the terpinolene epoxide of the
formula (l11) is/are carried out in the presence of the at least one inert organic solvent selected
from carboxylic acid esters (preferably any one of the preferred carboxylic acid esters as de-
scribed herein, in particular ethyl acetate). More preferably, the isomerization and/or hydrogena-
tion of the terpinolene epoxide of the formula (1) is/are carried out in the presence of at least
one copper catalyst (preferably at least one copper chromite catalyst) and at least one inert or-
ganic solvent selected from carboxylic acid esters (preferably any one of the preferred carbox-
ylic acid esters as described herein, in particular ethyl acetate). Thus, a mixture comprising lim-
onene-4-ol of the formula (1), terpinene-4-ol of the formula (II) and the at least one inert organic
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solvent selected from carboxylic acid esters (preferably any one of the preferred carboxylic acid
esters as described herein, in particular ethyl acetate) is obtained from the aforementioned
isomerization and/or hydrogenation procedures.

The process according to the present invention is carried out in the presence of at least one
nickel catalyst.

The term "nickel catalyst” as used herein refers to a catalyst comprising nickel including, for ex-
ample and without limitation, zero valent nickel, nickel in an ionic form, and nickel in an alloy.
The nickel catalyst may be any nickel-containing catalyst suitable for hydrogenation reactions.

For example, nickel catalysts useful in the present invention include but are not limited to the
following materials:

(1) relatively pure metallic nickel that may be in finely subdivided form;

(2) metallic nickel further modified with small amounts of other metals such as cobalt, chromium
and zirconium; and

(3) metallic nickel in pure form or modified with small amounts of other metals supported on an
inert carrier such as kieselguhr, charcoal, clays, alumina, etc.

Preferably, the nickel catalyst is Raney nickel.

Raney nickel is a well-known and commercially available hydrogenation catalyst which was de-
scribed originally in U.S. Patent No. 1,638,190. Raney nickel may be prepared by alloying nickel
and aluminum and leaching out the aluminum with alkali o expose nickel as a finely divided po-
rous solid in which form nickel is an effective hydrogenation catalyst.

Since Raney nickel is highly pyrophoric when dry, it is typically supplied as a 50% slurry in wa-
ter. Thus, a certain amount of water may still be present in the Raney nickel catalyst at the time
of its application.

In another embodiment, an anhydrous (or substantially anhydrous) Raney nickel catalyst is
used in the present invention. The anhydrous (or substantially anhydrous) Raney nickel catalyst
may be prepared by washing the moist Raney nickel paste with a solvent selected from ethanol,
ethyl acetate or a combination of both. Preferably, the anhydrous (or substantially anhydrous)
Raney nickel catalyst is prepared by first washing the moist Raney nickel paste with ethanol and
subsequent washing with ethyl acetate. In this regard, the term “substantially anhydrous” as
used herein means that trace amounts of water contained in the Raney nickel catalyst can be
tolerated.

The molar ratio of the nickel catalyst to limonene-4-ol (1) can vary and depends on the form and
composition of the nickel catalyst and the reaction conditions used, but is generally from 0.01:1
to 0.5:1, preferably from 0.05:1 to 0.3:1 and more preferably from 0.1:1 to 0.2:1.
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The inert organic solvent used in the process of this invention is selected from carboxylic acid
esters. By “inert organic solvent” is meant an organic solvent which, under the reaction condi-
tions of the process of this invention, does not enter into any appreciable reaction with either the
reactants or the products.

In a preferred embodiment of the present invention, the carboxylic acid ester is selected from
esters of the general formula R'COOR? wherein R' is hydrogen or a group selected from C4-Cy-
alkyl, Cs-Cs-cycloalkyl, Cs-C1o-aryl and Ce-C1o-aryl-C4-Cs-alkyl and R?is a group selected from
C1-Cs-alkyl, C3-Ce-cycloalkyl, Cs-C1o-aryl and Ce-C1o-aryl-C+-Cy-alkyl, each of the aforemen-
tioned groups optionally being substituted with one or more substituents selected from C4-Cs-
alkoxy.

The organic moieties mentioned in the definition of the variables R' and R? and their substitu-

ents are collective terms for individual enumerations of the individual group members. All hydro-

carbon chains, e.g. alkyl chains, can be straight-chain or branched, the prefix C.,-Cm denoting in

each case the possible number of carbon atoms in the group.

Examples of such radicals are:

— C4-Cs-alkyl: for example methyl, ethyl, n-propyl, isopropyl, n-butyl, 2-butyl (sec-butyl), isobutyl
and tert-butyl;

— Cs-Ce-cycloalkyl: monocyclic saturated hydrocarbon group having 3 to 6 ring members, such
as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl,

— C4-Cs-alkoxy, for example, methoxy, ethoxy, propoxy, butoxy, 1-methylpropoxy, 2-
methylpropoxy and 1,1-dimethylethoxy;

— Ce-Cqo-aryl: aromatic mono- or bi-cyclic ring having 6 to 10 carbon atoms, for example phe-
nyl, naphthyl and the like;

— Ce-Cio-aryl-C4-Cys-alkyl: a Ce-Cio-aryl substituent as defined herein that is linked to the carbon
atom of the carboxylic acid moiety by a saturated alkyl group having from one to four carbon
atoms, e.g. phenyl-(CH>).-.

More preferably, the carboxylic acid ester is selected from esters of the general formula
R'COOR? wherein R is hydrogen or C4-Cs-alkyl and R?is a group selected from C4-Cs-alkyl,
Cs-Cs-cycloalkyl, Cs-Cig-aryl and Ce-Cio-aryl-C4-Cs-alkyl.

Still more preferably, the carboxylic acid ester is selected from esters of the general formula
R1COOR? wherein R is hydrogen or C4-C4-alkyl and R?is C4-Cs-alkyl or C3-Ce-cycloalkyl.

Even more preferably, the carboxylic acid ester is selected from esters of the general formula
R'COOR? wherein R is hydrogen or C1-Cs-alkyl and R?is C4-Cs-alkyl.

Yet even more preferably, the carboxylic acid ester is selected from esters of the general for-
mula R'COOR? wherein R' and R? are C4-Cy-alkyl.
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In another embodiment, the carboxylic acid ester is selected from methyl formate, ethyl formate,
n-propyl formate, iso-propyl formate, n-butyl formate, iso-butyl formate, sec-butyl formate, tert-
butyl formate, methyl acetate, ethyl acetate, n-propyl acetate, iso-propyl acetate, n-butyl ace-
tate, iso-butyl acetate, sec-butyl acetate, tert-butyl acetate, n-propyl propionate, methyl butyrate,
ethyl butyrate, n-butyl n-butyrate, cyclohexyl acetate, and any mixture thereof.

Preferably, the carboxylic acid ester is selected from C+-Cy4-alkyl acetates, in particular a C4-Cs-
alkyl acetate selected from ethyl acetate, n-propyl acetate, n-butyl acetate, and any mixture
thereof. Particular preference is given to ethyl acetate.

The carboxylic acid ester is usually used in excess relative to limonene-4-ol (1) used as the
starting material. The molar ratio of the carboxylic acid ester (preferably the C+-Cs-alkyl acetate,
in particular ethyl acetate) to limonene-4-ol (1) is generally from 0.5:1 to 10:1, preferably from
1:1 to 5:1 and more preferably from 1.5:1 to 3.5:1.

According to the process of this invention, limonene-4-ol (1) is contacted with hydrogen in the
presence of at least one nickel catalyst and at least one inert organic solvent selected from car-
boxylic acid esters.

It is expedient to carry out the process of this invention at a hydrogen overpressure. The hydro-

gen overpressure used in the present invention can vary widely and is usually from 5 mbar to 8

bar, preferably from 10 mbar to 6 bar, more preferably from 50 mbar to 6 bar, even more prefer-
ably from 10 mbar to 3 bar and yet more preferably from 100 mbar to 3 bar.

Optionally, an inert gas can be used in combination with hydrogen, especially for excluding oxy-
gen from the reaction medium. Suitable inert gases include but are not limited to nitrogen.

The temperature used in the present invention can also vary widely and is usually from 0 to
75°C, preferably from 20 to 70°C, more preferably from 30 to 70°C, even more preferably from
35 to 70°C and yet more preferably from 40 to 60°C.

In a particularly preferred embodiment of the process of this invention, the hydrogen overpres-
sure is from 10 mbar to 3 bar and the temperature is from 35 to 70°C.

In an especially preferred embodiment, the hydrogen overpressure is from 100 mbar to 3 bar
and the temperature is from 40 to 60°C.

The reaction time can vary in a wide range and depends on a variety of factors such as, for ex-
ample, temperature, pressure, or the equipment used. Typical reaction times are in the range of
from 1 to 15 hours, preferably 1 to 6 hours and more preferably 1 to 3 hours.

The process of this invention may be conducted in a batchwise or continuous manner. The re-
actor used can be a stirred tank reactor, packed column or a combination thereof.
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In the batch process, limonene-4-ol (1), the inert organic solvent selected from carboxylic acid
esters (preferably ethyl acetate) and the nickel catalyst (preferably Raney nickel) may be com-
bined in a suitable reactor to form a reaction mixture, and the reaction mixture is held at a suita-
ble temperature and hydrogen pressure (normally under agitation) until a desired degree of con-
version is obtained.

In the continuous mode, a mixture of limonene-4-ol (1) and the inert organic solvent selected
from carboxylic acid esters (preferably ethyl acetate) may be passed through or over a bed or
body of the nickel catalyst, preferably Raney nickel (which may be under agitation), at a suitable
temperature and hydrogen pressure to form a product stream, and the desired product may be
recovered from the stream by conventional methods such as fractional distillation.

In one embodiment of the present invention, limonene-4-ol (1) and the inert organic solvent se-
lected from carboxylic acid esters (preferably ethyl acetate) are charged into a reactor under in-
ert gas atmosphere (preferably nitrogen atmosphere) to give a first mixture, the nickel catalyst
(preferably Raney nickel) is added to the first mixture to give a second mixture, and the second
mixture is held at a suitable temperature and hydrogen pressure {(normally under agitation) to
give terpinene-4-ol (ll). Preferably, limonene-4-ol (1) is dissolved in the inert organic solvent se-
lected from carboxylic acid esters (preferably ethyl acetate). Thus, in a preferred embodiment, a
solution of limonene-4-ol (1) in the inert organic solvent selected from carboxylic acid esters
(preferably ethyl acetate) is charged into a reactor under inert gas atmosphere (preferably nitro-
gen atmosphere), the nickel catalyst (preferably Raney nickel) is added to said solution to give a
mixture and said mixture is held at a suitable temperature and hydrogen pressure (normally un-
der agitation) to give terpinene-4-ol (II). For example, the concentration of limonene-4-ol (1) in
the aforementioned solution is from 50 to 10% by weight, preferably 50 to 25 % by weight rela-
tive to the total weight of the solution.

In another embodiment of the present invention, limonene-4-ol (1), the inert organic solvent se-
lected from carboxylic acid esters (preferably ethyl acetate) and the nickel catalyst (preferably
Raney nickel) are charged into a reactor under inert gas atmosphere (preferably nitrogen at-
mosphere) to give a mixture, and said mixture is held at a suitable temperature and hydrogen
pressure (normally under agitation) to give terpinene-4-ol (ll).

In yet another embodiment of the present invention, the inert organic solvent selected from car-
boxylic acid esters (preferably ethyl acetate) and the nickel catalyst (preferably Raney nickel)
are charged into a reactor under inert gas atmosphere (preferably nitrogen atmosphere) to give
a first mixture, limonene-4-ol (1) is added to the first mixture to give a second mixture, and the
second mixture is held at a suitable temperature and hydrogen pressure (normally under agita-
tion) to give terpinene-4-ol (Il).

Terpinene-4-ol (II) can be isolated from the final reaction mixture by using conventional separa-
tion methods such as, for example, distillation.
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In a preferred embodiment, the nickel catalyst is removed from the final reaction mixture, for ex-
ample by conventional separation methods, preferably by filtration.

More preferably, the nickel catalyst and the carboxylic acid ester are both removed from the fi-
nal reaction mixture, for example by using conventional separation methods (e.g. by filtration,
distillation, solvent extraction, or the like).

In an even more preferred embodiment, the nickel catalyst is removed from the final reaction
mixture (preferably by filtration) and the carboxylic acid ester is subsequently removed from the
mixture obtained from the step of removing the nickel catalyst (e.g. preferably by distillation at
reduced pressure).

In particular, the nickel catalyst is filtered off from the final reaction mixture to give a filtrate, and
the carboxylic acid ester is subsequently removed from the filtrate, preferably by distillation at
reduced pressure.

The aforementioned work-up procedures may already provide terpinene-4-ol (ll) in relatively
high purity. If necessary, terpinene-4-ol (ll) can be subjected to conventional purification steps.
For example, terpinene-4-ol (Il) may be purified by rectification under reduced pressure.

Terpinene-4-ol (1) (either in pure form or contained in a mixture obtained from any one of the
aforementioned work-up procedures) may also be used in one or more subsequent reaction
steps. For example, terpinene-4-ol (II) may be used as a starting material for the synthesis of
oxabicycloalkane herbicides, in particular of (+)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopro-
pyl-7-oxabicyclo[2.2.1]heptane as described, for example in US 4,487,945 or US 4,542,244.

(+)-2-ex0-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane (herein also re-

ferred to as the "exo-(z)- isomers”, CAS RN 87818-31-3)
@ W O\D O\D

is the racemic mixture containing equal parts of the two enantiomers (+)-2-exo-(2-Methylben-
zyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane (herein also referred to as the "exo-(+)-
isomer", CAS RN 87818-61-9) and (-)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabi-
cyclo[2.2.1]heptane (herein also referred to as the "exo-(-)- isomer", CAS RN 87819-60-1). The
exo-(t)-isomers, the exo-(+)-isomer and the exo-(-)-isomer including their preparation and herbi-
cidal properties are disclosed in EP 0 081 893 A2 (see Examples 29, 34, 35 and 62). Further



10

15

20

25

30

35

40

WO 2017/144336 PCT/EP2017/053467
9

preparation methods of these compounds are described in US 4,487,945 (see Embodiments 46
and 48). The racemic mixture (*)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicy-
clo[2.2.1]heptane is also described in the The Pesticide Manual, Fourteenth Edition, Editor:
C.D.S. Tomlin, British Crop Production Council, 2006, entry 157, pages 195-196 with its com-
mon name cinmethylin, its IUPAC name (1RS,2SR,4SR)-1,4-epoxy-p-menth-2-yl 2-methylben-
zyl ether and its Chemical Abstracts name exo-(+)-1-methyl-4-(1-methylethyl)-2-[(2-
methylphenyl)methoxyl]-7-oxabicyclo[2.2.1]heptane.

Terpinene-4-ol (1) is a valuable intermediate in the preparation of (x)-2-exo-(2-Methylben-
zyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane, any of its individual enantiomers or
any non-racemic mixture thereof.

Terpinene-4-ol (Il) may be further converted into (+)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-iso-
propyl-7-oxabicyclo[2.2.1]heptane, any of its individual enantiomers or any non-racemic mixture
thereof. Further conversion into (+)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicy-
clo[2.2.1]heptane, any of its individual enantiomers or any non-racemic mixture thereof can be
accomplished by methods known in the art such as, for example, those described in

EP 0 081 893 A2 and US 4,487,945.

Thus, in a further aspect of the present invention, there is provided a process for preparing
(*)-2-ex0-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane, any of its indi-
vidual enantiomers or any non-racemic mixture thereof comprising the steps of:
(i) preparing terpinene-4-ol of formula (II) as described herein, and
(ii) converting terpinene-4-ol of formula (Il) into ()-2-exo-(2-Methylbenzyloxy)-1-methyl-
4-isopropyl-7-oxabicyclo[2.2.1]heptane, any of its individual enantiomers or any non-
racemic mixture thereof.

The invention is illustrated by the following examples without being limited thereto or thereby.
Example 1

6 g (0.102 mol) Raney-nickel (previously washed with ethanol and ethyl acetate) and 71 g ethyl
acetate were placed in the reaction vessel. 318.7 g of a solution containing 27.93 w/w% limo-
nene-4-ol (0.5848 mol) and 6.07 w/w% terpinene-4-ol (0.1254 mol) in ethyl acetate were added.
The reactor was purged with nitrogen and hydrogen (very slow stirring). Then reaction mixture
was pressurized with 100 mbar H, under vigorous stirring and heated to 50°C. The temperature
of the reaction mixture was held between 50°C and 58°C with cooling. Hydrogen adsorption
was competed after 2 h. Then reaction mixture was cooled to 25°C and the pressure was re-
leased. The catalyst was filtered off through a layer of diatomaceous earth. The remaining cata-
lyst was washed with ethyl acetate. Filtrate and wash ethyl acetate were combined and ethyl
acetate was distilled off at reduced pressure (distillation residue: 145.8 g). Quantitative gas
chromatography (GC) (GC with internal standard) of the distillation residue showed a terpinene-
4-ol concentration of 69.2% and 0% for limonene-4-ol. This corresponds to a yield of 90.4% for
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terpinene-4-ol (referred to the limonene-4-ol in the starting mixture, without the pre-existing ter-
pinene-4-ol). Additional terpinene-4-ol was found in the distillate (1.35% yield). The total yield
for terpinene-4-ol (referred to the limonene-4-ol in the starting mixture, without the pre-existing
terpinene-4-ol) was 91.95%.

Example 2

Another hydrogenation experiment was performed under the same reaction conditions as in Ex-
ample 1 but starting with 629.9g of a solution containing 11.81 w/w% limonene-4-ol (0.4888
mol) and 2.53 w/w% terpinene-4-ol (0.1033 mol). 113.7 g of distillation residue were obtained.
Quantitative GC (GC with internal standard) of the distillation residue showed a terpinene-4-ol
concentration of 75.24% and 0% for limonene-4-ol. This corresponds to a yield of 93.85% for
terpinene-4-ol (referred to the limonene-4-ol in the starting mixture, without the pre-existing ter-
pinene-4-ol).

Example 3

16.7 g Raney-nickel (water wet, 34% water; 0.188 mol) were purged in the reaction vessel with
5 g of water. 1297 g of a solution containing 32.0 w/w% limonene-4-ol (2.728 mol) and 7.1
w/w% terpinene-4-ol (0.60 mol) in ethyl acetate were added. The reactor was purged with nitro-
gen and hydrogen (very slow stirring). Then reaction mixture was pressurized with 100 mbar H;
under vigorous stirring and heated to 50°C. The temperature of the reaction mixture was held at
50°C with cooling. Hydrogen adsorption was completed after 5 h. Then reaction mixture was
cooled to 25°C and the pressure was released. The catalyst was filtered off through a filter
cloth. The remaining catalyst was washed with ethyl acetate. Filtrate and wash ethyl acetate
were combined and ethyl acetate was distilled off at reduced pressure (distillation residue:
854.6 g). Quantitative gas chromatography (GC) (GC with internal standard) of the distillation
residue showed a terpinene-4-ol concentration of 58.5% and 0% for limonene-4-ol. This corre-
sponds to a yield of 96.76% for terpinene-4-ol (referred to the limonene-4-ol in the starting mix-
ture, without the pre-existing terpinene-4-ol). Additional terpinene-4-ol was found in the distillate
(1.04% vyield). The total yield for terpinene-4-ol (referred to the limonene-4-ol in the starting mix-
ture, without the pre-existing terpinene-4-ol) was 97.8%.

Comparative Example 1

16.7 g Raney-nickel (water wet, 34% water; 0.188 mol) were purged in the reaction vessel with
5 g of water. 1297 g of a solution containing 31.8 w/w% limonene-4-ol (2.712 mol) and 7.0
w/w% terpinene-4-ol (0.59 mol) in ethanol were added. The reactor was purged with nitrogen
and hydrogen (very slow stirring). Then reaction mixture was pressurized with 100 mbar Hz un-
der vigorous stirring and heated to 50°C. The temperature of the reaction mixture was held at
50°C with cooling. Hydrogen adsorption was completed after 7.5 h. Then reaction mixture was
cooled to 25°C and the pressure was released. The catalyst was filtered off through a filter
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cloth. The remaining catalyst was washed with ethanol. Filtrate and wash ethanol were com-
bined and ethanol was distilled off at reduced pressure (distillation residue: 802.5 g). Quantita-
tive gas chromatography (GC) (GC with internal standard) of the distillation residue showed a
terpinene-4-ol concentration of 59.5% and 0% for limonene-4-ol. This corresponds to a yield of
92.41% for terpinene-4-ol (referred to the limonene-4-ol in the starting mixture, without the pre-
existing terpinene-4-ol). Additional terpinene-4-ol was found in the distillate (3.05% yield). The
total yield for terpinene-4-ol (referred to the limonene-4-ol in the starting mixture, without the
pre-existing terpinene-4-ol) was 95.46%.

The results of Example 3 and Comparative Example 1 demonstrate that the use of a carboxylic
acid ester (i.e. ethyl acetate) as reaction solvent according to this invention gives a higher yield
of terpinene-4-ol at a shorter reaction time (yield: 97.8%, reaction time: 5 h) as compared to the
known use of ethanol (yield: 95.46%, reaction time: 7.5 h). The improvement of 2.34% in the
yield at an even shorter reaction time is significant in view of the fact that the process of this in-
vention is intended for the production of terpinene-4-ol on a large industrial scale.
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Claims
1. A process for preparing terpinene-4-ol of formula (Il)

CHj;

)

OH
H;C CHj;

said process comprising contacting limonene-4-ol of formula (1)

CHsy

()

OH
H5;C CH,

with hydrogen in the presence of at least one nickel catalyst and at least one inert organic
solvent selected from carboxylic acid esters.

2. The process according to claim 1, wherein the nickel catalyst comprises Raney nickel.

3. The process according to claim 1 or 2, wherein the carboxylic acid ester is selected from
esters of the general formula R'TCOOR? wherein R' is hydrogen or a group selected from
C1-Cs-alkyl, C3-Ce-cycloalkyl, Cs-C1o-aryl and Cs-Cio-aryl-C1-Cys-alkyl and R?is a group se-
lected from C1-Cas-alkyl, Cs-Ce-cycloalkyl, Ce-Cro-aryl and Ce-C1o-aryl-C1+-Cq-alkyl, each of
the aforementioned groups optionally being substituted with one or more substituents se-
lected from C4-Cs-alkoxy.

4. The process according to any one of claims 1 to 3, wherein the carboxylic acid ester is se-
lected from C4-Cy-alkyl acetates.

5. The process according to any one of claims 1 to 4, wherein the carboxylic acid ester is
ethyl acetate.

6. The process according to any one of claims 1 to 5, wherein the temperature is from 35 to
70°C.

7. The process according to any one of claims 1 to 6, wherein the hydrogen overpressure is
from 10 mbar to 3 bar.
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The process according to any one of claims 1 to 7, wherein limonene-4-ol of formula (1) is
prepared by isomerization of terpinolene epoxide of the formula (111)

CHj;

(I

0]
H;C CHj;

The process according to claim 8, wherein terpinolene epoxide of the formula () is further
subjected to hydrogenation.

The process according to claim 8 or 9, wherein the isomerization and/or hydrogenation are
carried out in the presence of at least one copper catalyst.

The process according to any one of claims 8 to 10, wherein the isomerization and/or hy-
drogenation are carried out in the presence of the at least one inert organic solvent se-
lected from carboxylic acid esters.

The process according to claim 11, wherein a mixture comprising limonene-4-ol of the for-
mula (1), terpinene-4-ol of the formula (I1) and the at least one inert organic solvent se-
lected from carboxylic acid esters is obtained.

The process according to any one of claims 1 to 12, wherein terpinene-4-ol of the formula
(I1) is further converted into (+)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicy-
clo[2.2.1]heptane, any of its individual enantiomers or any non-racemic mixture thereof.

Use of a carboxylic acid ester as a solvent for the nickel-catalyzed hydrogenation of limo-
nene-4-ol of formula (1).

The use according to claim 14, wherein the nickel-catalyzed hydrogenation of limonene-4-
ol of formula (1) is carried out in the presence of Raney nickel.
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