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Description

[0001] This invention relates to a process for the preparation of terpinolene epoxide (I) by epoxidation of terpinolene

[0002] Terpinolene epoxide is a valuable intermediate in the synthesis of terpinene-4-ol - an unsaturated tertiary
terpene alcohol that occurs naturally in a number of essential oils. Terpinene-4-ol finds use as a component in synthetic
essential oils which are compounded for use as flavors or perfumes. Because of high costs and uncertainty of supply
of the natural product, synthetic routes to terpinene-4-ol have been developed, e.g. via epoxidation route starting from
epoxidation of terpinolene. Nevertheless, there is still room for improvement with regard to the epoxidation step.
[0003] US 3, 676, 504 describes a process for the preparation of terpinolene epoxide by epoxidation of terpinolene
using organic peroxy acids, such as peracetic, perpropionic or m-chloroperbenzoic acid as oxidizing agents. The solvent
used is methylene chloride. The reactions with peroxy acids, however, are often very exothermic and require a proper
cooling and dilution for preventing explosions. This leads to a low space-time yield and makes such reactions not very
suitable for an industrial scale preparation.
[0004] US 4,257,948 describes a process for epoxidation of unsaturated organic compounds having at least one
double bond using hexachloroacetone and hydrogen peroxide. The compound to be epoxidized may be acyclic, cyclic
or polycyclic. Terpenic derivatives are mentioned as an example of monocyclic compounds. The reaction is effected in
a chlorinated organic solvent, such as methylene chloride or chloroform, and requires cooling prior to addition of hydrogen
peroxide. In industrial processes, however, it is desired to avoid cooling in order to save resources and energy.
[0005] It was accordingly an object of the present invention to provide an industrially simple process for the preparation
of terpinolene epoxide in good yields. In addition, the process should be environmentally friendly in order to reduce
unfavorable environmental effects.
[0006] Surprisingly we have found that these and further objects are, in part or in whole, achieved by the process
according to claim 1. In particular, the present invention is directed towards: A process for the preparation of terpinolene
epoxide of formula (I) (as defined above) wherein terpinolene is reacted with an oxidizing agent comprising hydrogen
peroxide in the presence of a catalytic amount of a halogenated ketone selected from halogenated di-(C1-C6)-alkyl
ketones and the reaction is carried out in the absence of a halogenated organic solvent and in a non-halogenated inert
organic solvent selected from non-halogenated aromatic hydrocarbons and any mixtures thereof.
[0007] Accordingly, said process for the preparation of terpinolene epoxide is a subject matter of the present invention.
[0008] The process according to the present invention entails a series of advantages and overcomes drawbacks of
the prior art processes. It can be carried out at a room temperature and does not require sophisticated cooling equipment.
The reaction time is short. The process does not utilize chlorinated organic solvents that are generally harmful to human
and environmental health and require special safety measures to be taken. Any and all of these advantages this saves
resources and energy. Terpinolene epoxide is obtained in good yields and the process provides a very good chemose-
lective epoxidation of the exocyclic double bond. Undesired side reactions leading to unwanted by-products are mini-
mized. Sometimes, the product can be employed in the next reaction step without purification. These advantages make
the process industrially simple and environmentally friendly.
[0009] Further embodiments of the invention are evident from the claims, the description and the examples.
[0010] The term "halogenated" as used herein refers to fluorinated, chlorinated, brominated or iodinated radical. Hal-
ogenated radical can be partially or fully halogenated, i.e. 1, 2, 3, 4 or 5 or all of the hydrogen atoms of a given radical
can be replaced by a halogen atom. A partially or fully halogenated radical is also termed "halo-radical". For example,
partially or fully halogenated alkyl is termed as "haloalkyl".
[0011] The halogenated ketone is selected from halogenated di-(C1-C6)-alkyl ketones, preferably from halogenated
di-(C1-C4)-alkyl ketones.
[0012] Alkyl chains of the alkyl radicals can be straight or branched. The prefix Cn-Cm denotes in each case the possible
number of carbon atoms in the group.
[0013] Examples of such radicals are:
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- C1-C4-alkyl: for example methyl, ethyl, n-propyl, isopropyl, n-butyl, 2-butyl (sec-butyl), isobutyl, tert-butyl;
- C1-C6-alkyl: C1-C4-alkyl as mentioned above, and also, for example, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-meth-

ylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-dimethylpropyl, 1-ethylpropyl, 2-ethylpropyl, n-hexyl, 1-methyl-
pentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2-
dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethyl-
propyl, 1-ethyl-1-methylpropyl or 1-ethyl-2-methylpropyl; preferably methyl, ethyl, n-propyl, i-propyl, n-butyl.

[0014] Preferably, the halogenated ketone of the present invention is selected from hexafluoroacetone, hexachloro-
acetone, perfluoromethylisopropyl ketone, perfluoromethylethyl ketone and any mixture thereof.
[0015] Even more preferably, the halogenated ketone of the present invention is selected from hexafluoroacetone,
hexachloroacetone and a mixture thereof. Preferably, the halogenated ketone of the present invention is hexachloroac-
etone.
[0016] Equally preferably, the halogenated ketone of the present invention is selected from perfluoromethylisopropyl
ketone, perfluoromethylethyl ketone and a mixture thereof. Preferably, the halogenated ketone of the present invention
is perfluoromethylisopropyl ketone.
[0017] The starting materials according to the present invention are known compounds that are commercially available
or can be prepared in a known manner.
[0018] Terpinolene is reacted with an oxidizing agent comprising hydrogen peroxide in the presence of a catalytic
amount of a halogenated ketone selected from halogenated di-(C1-C6)-alkyl ketones (preferably from halogenated
di-(C1-C4)-alkyl ketones) and the reaction is carried out in the absence of a halogenated organic solvent.
[0019] The reaction is carried out in a non-halogenated inert organic solvent. The solvent is selected from non-halo-
genated aromatic hydrocarbons and any mixtures thereof.
[0020] Examples of suitable non-halogenated aromatic hydrocarbons are benzene, toluene, ethylbenzene, cymene,
xylenes, mesitylene, any mixture thereof.
[0021] Peference is given to toluene and xylenes. Particular preference is given to toluene.
[0022] The volume ratio of the solvent to terpinolene is generally from 20:1 to 1:2, preferably from 8:1 to 1:2, more
preferably from 6:1 to 1:2, most preferably from 4:1 to 1:2.
[0023] In a preferred embodiment of the present invention, the epoxidation reaction is carried out in the presence of
an organic base.
[0024] The base is preferably selected from tertiary amines, pyridine, substituted pyridines, bicyclic amines and any
mixture thereof. Preference is given to tertiary amines, pyridine, substituted pyridines and any mixture thereof. Particular
preference is given to pyridine, substituted pyridines and any mixture thereof. Pyridine is especially preferred.
[0025] Examples of suitable tertiary amines are tri-(C1-C6)-alkylamines such as trimethylamine, triethylamine, trib-
utylamine and N,N-diisopropylethylamine; di-(C1-C6)-alkyl-phenylamines such as N,N-dimethylaniline and N,N-diethy-
laniline; N-methyl imidazole, N,N-dimethylaminopyridine Examples of suitable substituted pyridines are collidine, luti-
dines, picolines, N,N-dimethylaminopyridine.
[0026] Examples of suitable bicyclic amines are 1,8-diazabicyclo[5.4.0]undec-7-en, 1,5-diazabicyclo-[4.3.0]non-5-ene,
1,4-diazabicyclo[2.2.2]octane.
[0027] Preferably, the base of the present invention is selected from trimethylamine, triethylamine, tributylamine, N,N-
diisopropylethylamine, N,N-dimethylaniline, N,N-diethylaniline, N-methyl imidazole, pyridine, collidine, lutidine, picoline,
N,N-dimethylaminopyridine, 1,8-diazabicyclo-[5.4.0]undec-7-en, 1,5-diazabicyclo[4.3.0]non-5-ene, 1,4-diazabicyc-
lo[2.2.2]octane and any mixture thereof.
[0028] More preferably, the base of the present invention is selected from trimethylamine, triethylamine, N,N-diiso-
propylethylamine, N,N-dimethylaniline, pyridine, collidine, lutidines, picolines, N,N-dimethylaminopyridine and any mix-
ture thereof.
[0029] Most preferably, the base of the present invention is selected from pyridine, collidine, lutidines, picolines, N,N-
dimethylaminopyridine and any mixture thereof.
[0030] Particularly preferred base is pyridine.
[0031] The molar ratio of the base to terpinolene can vary and is generally from 0.01:1 to 0.4:1, preferably from 0.02:1
to 0.3:1, more preferably from 0.02:1 to 0.25:1, most preferably from 0.02:1 to 0.2:1.
[0032] In a preferred embodiment of the present invention, terpinolene, halogenated ketone, and the solvent are pre-
charged in the reaction vessel and then the mixture is agitated, preferably under nitrogen atmosphere, before a premix
of the base and hydrogen peroxide is added.
[0033] In another preferred embodiment of the present invention, terpinolene, the base and the solvent are pre-charged
in the reaction vessel and then the mixture is agitated, preferably under nitrogen atmosphere, before a premix of the
halogenated ketone, and hydrogen peroxide is added.
[0034] In another preferred embodiment of the present invention, terpinolene, halogenated ketone, the base and the
solvent are pre-charged in the reaction vessel and then the mixture is agitated, preferably under nitrogen atmosphere,
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before hydrogen peroxide is added.
[0035] In another preferred embodiment of the present invention, terpinolene, halogenated ketone, and the solvent
are mixed together forming a first premix and the base, hydrogen peroxide and optionally a solvent are mixed together
forming a second premix. The both premixes are then fed to the reaction vessel, preferably under nitrogen atmosphere.
[0036] The process according to the present invention can be carried out under atmospheric pressure or under slightly
elevated or reduced pressure. Typically, the atmospheric pressure is employed.
[0037] The epoxidation according to the present invention is usually effected at a room temperature, e.g. at 20 to 25°C.
It can also be carried out at slightly elevated or reduced temperatures, e.g. at 5 to 40°C, preferably at 10 to 35°C and
more preferably at 15 to 30°C.
[0038] The pH of the reaction mixture can vary and is generally from 3 to 6, preferably from 4 to 5.
[0039] The molar ratio of the halogenated ketone to terpinolene can vary and is generally from 0.05:1 to 0.5:1, preferably
from 0.05:1 to 0.3:1, more preferably from 0.05:1 to 0.2:1, yet more preferably from 0.075:1 to 0.2:1 and most preferably
from 0.1:1 to 0.2:1. Excellent epoxidation yields can be obtained by using only a catalytic amount of the halogenated
ketone as defined herein. The process of this invention is carried out in the presence of a catalytic amount of the
halogenated ketone as defined herein. By "catalytic amount" as used herein, it is meant that the molar amount of the
halogenated ketone is relatively low in relation to the molar amount of terpinolene. For example, the catalytic amount of
the halogenated ketone used in this invention is such that the molar ratio of the halogenated ketone to terpinolene is
selected from any one of the aforementioned ratios.
[0040] The molar ratio of hydrogen peroxide to terpinolene can vary and is generally from 1:1 to 2:1, preferably from
1:1 to 1.8:1, more preferably from 1.1:1 to 1.7:1 and most preferably from 1.2:1 to 1.6:1.
[0041] Hydrogen peroxide is usually employed in form as aqueous solution, whereby the concentration of the solution
is not critical. Usually the solution comprises 10% to 70% by weight, preferably 50 to 30% by weight of hydrogen peroxide.
[0042] The addition of hydrogen peroxide to the reaction mixture generally occurs in course of 0.1 to 7 hours, especially
from 0.5 to 6 hours, more preferably from 1 to 5 hours.
[0043] Terpinolene epoxide of formula (I) can be further subjected to an epoxide ring opening isomerization leading
to limonene-4-ol, optionally followed by conventional hydrogenation to give ter-pinene-4-ol, as described, for example
in GB 1 307 053.
[0044] Terpinene-4-ol can in turn be used as a starting material for the synthesis of oxabicycloalkane herbicides, in
particular of (6)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane as described, for example
in US 4,487,945 or US 4,542,244.
[0045] (6)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane (herein also referred to as the
"exo-(6)- isomers", CAS RN 87818-31-3)

is the racemic mixture containing equal parts of the two enantiomers (+)-2-exo-(2-Methylbenzyloxy)-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-oxabicyclo[2.2.1]heptane (herein also referred to as the "exo-(-)- isomer", CAS
RN 87819-60-1). The exo-(6)-isomers, the exo-(+)-isomer and the exo-(-)-isomer including their preparation and her-
bicidal properties are disclosed in EP 0 081 893 A2 (see Examples 29, 34, 35 and 62). Further preparation methods of
these compounds are described in US 4,487,945 (see Embodiments 46 and 48). The racemic mixture (6)-2-exo-(2-
Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane is also described in the The Pesticide Manual, Four-
teenth Edition, Editor: C.D.S. Tomlin, British Crop Production Council, 2006, entry 157, pages 195-196 with its common
name cinmethylin, its IUPAC name (1RS,2SR,4SR)-1,4-epoxy-p-menth-2-yl 2-methylbenzyl ether and its Chemical
Abstracts name exo-(6)-1-methyl-4-(1-methylethyl)-2-[(2-methylphenyl)methoxy]-7-oxabicyclo[2.2.1]heptane.
[0046] Any of terpinolene epoxide of formula (I), limonene-4-ol and terpinene-4-ol are valuable intermediates in the
preparation of (6)-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.
[0047] Any of terpinolene epoxide of formula (I), limonene-4-ol and terpinene-4-ol may be further converted into (6)-
2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane, any of its individual enantiomers or any
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non-racemic mixture thereof. Further conversion into (6)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyc-
lo[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.
[0048] Thus, in a further aspect of the present invention, there is provided a process for preparing (6)-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 comprising the steps of:

(i) preparing terpinolene epoxide of formula (I) (preferably limonene-4-ol, more preferably terpinene-4-ol) as de-
scribed herein, and
(ii) converting terpinolene epoxide of formula (I) (preferably limonene-4-ol, more preferably terpinene-4-ol) into (6)-
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.

[0049] The invention is illustrated by the following examples.

Example 1: Epoxidation in toluene (0.10 eq. hexachloroacetone)

[0050] 400.0 g (90%; 2.64 mol) terpinolene, 70.0 g (0.26 mol) hexachloroacetone, 8.26 g (0.11 mol) pyridine and 700
g (2.88 mol) toluene were placed in a 2000 mL glass reactor and 287.6 g (50%; 1.6 mol) H2O2 was added within 5h.
The resulting mixture was stirred overnight at room temperature. Thereafter, aqueous Na2SO3-solution 1620 g (10%)
was added. After stirring and phase split the solvent of the organic phase was evaporated. The distillation residue
contained 58% of terpinolene epoxide, which corresponds to a yield of 81.5%.

Example 2: Epoxidation in toluene (0.15 eq. hexachloroacetone)

[0051] 772.8 g (90.6%; 5.14 mol) terpinolene, 473.4 g (5.14 mol) toluene, 206.2 g (0.77 mol) hexachloroacetone and
16.4 g (0.21 mol) pyridine were placed in a 2500 mL glass reactor. 559.2 g (50%; 8.22 mol) H2O2 was dosed continuously
over 2 h at 20 - 22°C to the reaction mixture under vigorous stirring. The reaction mixture was stirred for further 6.5 h at
22°C.
[0052] Then phases were separated and water phase was collected in a bottle. To the organic phase in the reactor
was added 474.9 g (0.57 mol) sodium sulfite solution (15% in water) in portions and the mixture was stirred for 30
minutes. Phases were separated. To the organic phase in the reactor was added 463 g sodium hydroxide solution (10%
in water). After stirring and phase split the organic phase was washed three times with 342 g water in each case.
[0053] The solvent of the organic phase was distilled off at reduced pressure. The distillation residue (924 g) contained
68.2% of terpinolene epoxide (quantitative GC with internal standard), which corresponds to a yield of 80.5%.

Claims

1. A process for the preparation of terpinolene epoxide of formula (I)

wherein terpinolene is reacted with an oxidizing agent comprising hydrogen peroxide in the presence of a catalytic
amount of a halogenated ketone selected from halogenated di-(C1-C6)-alkyl ketones and the reaction is carried out
in the absence of a halogenated organic solvent and in a non-halogenated inert organic solvent selected from non-
halogenated aromatic hydrocarbons and any mixtures thereof.

2. The process according to claim 1, wherein the halogenated ketone is selected from hexafluoroacetone, hexachlo-
roacetone, perfluoromethylisopropyl ketone, perfluoromethylethyl ketone and any mixture thereof.
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3. The process according to claim 1 or 2, wherein the halogenated ketone is hexachloroacetone.

4. The process according to any one of claims 1 to 3, wherein the non-halogenated aromatic hydrocarbon is toluene.

5. The process according to any one of claims 1 to 4, wherein the epoxidation is carried out in the presence of an
organic base.

6. The process according to claim 5, wherein the base is selected from tertiary amines, pyridine, substituted pyridines,
bicyclic amines and any mixture thereof.

7. The process according to claim 5 or 6, wherein the base is pyridine or substituted pyridines.

8. The process according to any one of claims 5 to 7, wherein the pH of the reaction mixture is from 3 to 6.

9. The process according to any one of claims 1 to 8, wherein the molar ratio of the halogenated ketone to terpinolene
is from 0.05:1 to 0.5:1.

10. The process according to any one of claims 1 to 9, wherein the molar ratio of hydrogen peroxide to terpinolene is
from 1:1 to 2:1.

11. The process according to any one of claims 1 to 10, wherein the epoxidation is carried out at 5 to 40°C.

12. The process according to any one of claims 1 to 11, wherein the terpinolene epoxide of formula (I) is further subjected
to an epoxide ring opening isomerization leading to limonene-4-ol.

13. The process according to claim 12, wherein limonene-4-ol is further reduced to give ter-pinene-4-ol.

14. The process according to any one of claims 1 to 13, wherein the terpinolene epoxide of formula (I), limonene-4-ol
or terpinene-4-ol is further converted into (6)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyc-
lo[2.2.1]heptane, any of its individual enantiomers or any non-racemic mixture thereof.

Patentansprüche

1. Verfahren zur Herstellung von Terpinolenepoxid der Formel (I)

wobei Terpinolen mit einem Wasserstoffperoxid umfassenden Oxidationsmittel in Gegenwart einer katalytischen
Menge eines halogenierten Ketons, das aus halogenierten Di-(C1-C6)-alkylketonen ausgewählt ist, umgesetzt wird
und wobei die Reaktion in Abwesenheit eines halogenierten organischen Lösungsmittels und in einem nichthalo-
genierten inerten organischen Lösungsmittel, das aus nichthalogenierten aromatischen Kohlenwasserstoffen und
Mischungen davon ausgewählt ist, durchgeführt wird.

2. Verfahren nach Anspruch 1, wobei das halogenierte Keton aus Hexafluoraceton, Hexachloraceton, Perfluormethy-
lisopropylketon, Perfluormethylethylketon und einer Mischung davon ausgewählt wird.

3. Verfahren nach Anspruch 1 oder 2, wobei es sich bei dem halogenierten Keton um Hexachloraceton handelt.
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4. Verfahren nach einem der Ansprüche 1 bis 3, wobei es sich bei dem nichthalogenierten aromatischen Kohlenwas-
serstoff um Toluol handelt.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Epoxidation in Gegenwart einer organischen Base erfolgt.

6. Verfahren nach Anspruch 5, wobei die Base aus tertiären Aminen, Pyridin, substituierten Pyridinen, bicyclischen
Aminen und einer Mischung davon ausgewählt wird.

7. Verfahren nach Anspruch 5 oder 6, wobei es sich bei der Base um Pyridin oder substituierte Pyridine handelt.

8. Verfahren nach einem der Ansprüche 5 bis 7, wobei der pH-Wert der Reaktionsmischung 3 bis 6 beträgt.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei das Molverhältnis des halogenierten Ketons zu Terpinolen
0,05:1 bis 0,5:1 beträgt.

10. Verfahren nach einem der Ansprüche 1 bis 9, wobei das Molverhältnis von Wasserstoffperoxid zu Terpinolen 1:1
bis 2:1 beträgt.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei die Epoxidation bei 5 bis 40 °C durchgeführt wird.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei das Terpinolenepoxid der Formel (I) ferner einer Isomerisierung,
bei der eine Epoxidringöffnung stattfindet und Limonen-4-ol anfällt, unterzogen wird.

13. Verfahren nach Anspruch 12, wobei Limonen-4-ol ferner zu Terpinen-4-ol reduziert wird.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei das Terpinolenepoxid der Formel (I), Limonen-4-ol oder
Terpinen-4-ol ferner in (6)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptan, eine seiner
enantiomerreinen Formen oder ein nichtracemisches Gemisch davon umgewandelt wird.

Revendications

1. Procédé pour la préparation d’époxyde de terpinolène de formule (I)

le terpinolène étant mis à réagir avec un agent oxydant comprenant du peroxyde d’hydrogène en présence d’une
quantité catalytique d’une cétone halogénée choisie parmi des di-C1-6-alkylcétones halogénées et la réaction étant
mise en œuvre en l’absence d’un solvant organique halogéné et dans un solvant organique inerte non halogéné
choisi parmi des hydrocarbures aromatiques non halogénés et de quelconques mélanges correspondants.

2. Procédé selon la revendication 1, la cétone halogénée étant choisie parmi l’hexafluoroacétone, l’hexachloroacétone,
la perfluorométhylisopropylcétone, la perfluorométhyléthylcétone et un quelconque mélange correspondant.

3. Procédé selon la revendication 1 ou 2, la cétone halogénée étant l’hexachloroacétone.

4. Procédé selon l’une quelconque des revendications 1 à 3, l’hydrocarbure aromatique non halogéné étant le toluène.
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5. Procédé selon l’une quelconque des revendications 1 à 4, l’époxydation étant mise en œuvre en présence d’une
base organique.

6. Procédé selon la revendication 5, la base étant choisie parmi des amines tertiaires, la pyridine, des pyridines
substituées, des amines bicycliques et un quelconque mélange correspondant.

7. Procédé selon la revendication 5 ou 6, la base étant la pyridine ou des pyridines substituées.

8. Procédé selon l’une quelconque des revendications 5 à 7, le pH du mélange réactionnel étant de 3 à 6.

9. Procédé selon l’une quelconque des revendications 1 à 8, le rapport molaire de la cétone halogénée sur le terpinolène
étant de 0,05:1 à 0,5:1.

10. Procédé selon l’une quelconque des revendications 1 à 9, le rapport molaire du peroxyde d’hydrogène sur le
terpinolène étant de 1:1 à 2:1.

11. Procédé selon l’une quelconque des revendications 1 à 10, l’époxydation étant mise en œuvre à une température
de 5 à 40 °C.

12. Procédé selon l’une quelconque des revendications 1 à 11, l’époxyde de terpinolène de formule (I) étant en outre
soumis à une isomérisation avec ouverture du cycle époxyde menant au limonène-4-ol.

13. Procédé selon la revendication 12, le limonène-4-ol étant en outre réduit pour donner le terpinène-4-ol.

14. Procédé selon l’une quelconque des revendications 1 à 13, l’époxyde de terpinolène de formule (I), le limonène-4-
ol ou le terpinène-4-ol étant en outre converti en (6)-2-exo-(2-méthylbenzyloxy)-1-méthyl-4-isopropyl-7-oxabicy-
clo[2.2.1]heptane, en l’un quelconque parmi ses énantiomères individuels ou en un quelconque mélange non ra-
cémique correspondant.
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