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DESCRIPTION

[0001] This invention relates to a process for the preparation of limonene-4-ol of formula (II) by 
an epoxide ring opening isomerization of terpinolene epoxide of formula (I)

[0002] Limonene-4-ol 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 
that includes the step of epoxidation of terpinolene followed by the epoxide ring opening of the 
resulting terpinolene epoxide. Nevertheless, there is still room for improvement with regard to 
the step of the epoxide ring opening.

[0003] US 3, 676, 504 describes a process for the preparation of limonene-4-ol from 
terpinolene epoxide, wherein the epoxide ring is opened by the reaction with an aqueous 
amine leading to Ν,Ν-dimethylaminohydrin. In the next step, Ν,Ν-dimethylaminohydrin is 
oxidized with hydrogen peroxide followed by pyrolysis of the resulting N-oxide giving limonene- 
4-ol in relatively low overall yield. The multistep route, low yield of the final product and long 
overall reaction time makes this process not suitable for an industrial scale preparation.

[0004] GB 1 307 053 describes a process for the preparation of limonene-4-ol by an epoxide 
ring opening isomerization of terpinolene epoxide in the presence of a p-toluene sulfonic acid 
as an isomerizing agent (catalyst). The reaction is carried out without a base. After the reaction 
is finished, a base is added in order to convert the p-toluene sulfonic acid into a salt. This 
process, however, suffers from relatively long reaction times.

[0005] Gurudutt K N et al. "Acid-catalyzed Rearrangement of Terpinolene Oxide", Indian 
Journal of Chemistry, Vol. 24B, August 1985, pages 820-823 describes the preparation of 
limonene-4-ol from terpinolene oxide with para-toluene sulphonic acid in the absence of a 
base.

[0006] It was accordingly an object of the present invention to provide an industrially simple 
process for the preparation of limonene-4-ol in good yields. Another object of the present 
invention was to reduce the reaction time.
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[0007] Surprisingly we have found that these and further objects are, in part or in whole, 
achieved by the process of the present invention wherein terpinolene epoxide is subjected to 
an epoxide ring opening isomerization in the presence of a sulfonic acid and an organic base 
as a catalyst.

[0008] Accordingly, said process for the preparation of limonene-4-ol is a subject matter of the 
present invention.

[0009] The process according to the present invention entails a series of advantages and 
overcomes drawbacks of the prior art processes. It is a simple one-step synthesis leading to 
limonene-4-ol in very good yields. The reaction time is short and the process provides for a 
very good regiose-lectivity. Undesired side reactions leading to unwanted by-products are 
minimized. Sometimes, the product can be employed in the next reaction step without 
purification. These advantages make the process industrially simple and environmentally 
friendly.

[0010] Further embodiments of the invention are evident from the claims, the description and 
the examples. It is to be understood that the single features of the subject matter of the 
invention described herein 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.

[0011] The ring opening isomerization according to the present invention is carried out in the 
presence of a sulfonic acid and an organic base as a catalyst.

[0012] The term "sulfonic acid" as used herein refers to a compound having an -SO3H group 
bonded to a carbon atom.

[0013] Preferably, the sulfonic acid according to the present invention is selected from (C-|- 
C-|4)-alkylsulfonic acids, halo-(C-|-C6)-alkylsulfonic acids, (C-|-C6)-alkyl-(C6-C-|o)-arylsulfonic 
acids, camphorsulfonic acid and any mixture thereof.

[0014] In a preferred embodiment of the present invention, the sulfonic acid is selected from 
(C-|-C-|4)-alkylsulfonic acids, preferably from (C-i-Cßj-alkylsulfonic acids, most preferably from 
(C-|-C4)-alkylsulfonic acids. Suitable examples are methane sulfonic acid, dodecyl sulfonic acid 
and the like. Preference is given to methane sulfonic acid.

[0015] In another equally preferred embodiment of the present invention, the sulfonic acid is 
selected from halo-(C-|-C6)-alkylsulfonic acids, preferably from halo-(C-|-C4)-alkylsulfonic acids. 
Suitable example is trifluoromethane sulfonic acid and the like.

[0016] In another equally preferred embodiment of the present invention, the sulfonic acid is 
selected from (C-|-C6)-alkyl-(C6-C-|o)-arylsulfonic acids, preferably from (C-|-C4)- 
alkylphenylsulfonic acids. Suitable examples are p-toluene sulfonic acid and 2-naphthalene
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sulfonic acid. Preference is given to p-toluene sulfonic acid.

[0017] In yet another equally preferred embodiment of the present invention, the sulfonic acid 
is camphorsulfonic acid.

[0018] 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.

[0019] Examples of such radicals are:

• C-|-C4-alkyl: for example methyl, ethyl, n-propyl, isopropyl, n-butyl, 2-butyl (sec-butyl), 
isobutyl, tert-butyl;

• C-i-Cß-alkyl: C-|-C4-alkyl as mentioned above, and also, for example, n-pentyl, 1- 
methylbutyl, 2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2- 
dimethylpropyl, 1-ethylpropyl, 2-ethylpropyl, n-hexyl, 1-methylpentyl, 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-trimethylpropyl, 1-ethyl-1-methylpropyl or 1-ethyl-2-methylpropyl; 
preferably methyl, ethyl, n-propyl, i-propyl, n-butyl and the like;

• C-|-C-|4-alkyl: C-|-C4-alkyl as mentioned above, and also, for example, heptyl, octyl, nonyl, 
decyl, undecyl, dodecyl, tridecyl, tetradecyl, 6-methylheptyl, 7-methyloctyl, 8- 
methylnonyl, 9-methyldecyl, 10-methylundecyl, 11-methyldodecyl, 12-methyltridecyl, 13- 
methyltetradecyl and the like.

• C1-C4-haloalkyl: C-|-C4-alkyl as mentioned above which are partially or fully substituted 
by fluorine, chlorine, bromine and/or iodine, for example, chloromethyl, di-chloromethyl, 
trichloromethyl, fluoromethyl, difluoromethyl, trifluoromethyl, chloro-fluoromethyl, 
dichlorofluoromethyl, chlorodifluoromethyl, bromomethyl, iodomethyl, 2-fluoroethyl, 2- 
chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl, 2-chloro-2- 
fluoroethyl, 2-chloro-2,2-difluoroethyl, 2,2-dichloro-2-fluoroethyl, 2,2,2-trichloroethyl, 
pentafluoroethyl, 2-fluoropropyl, 3-fluoropropyl, 2,2-difluoropropyl, 2,3-difluoropropyl, 2- 
chloropropyl, 3-chloropropyl, 2,3-dichloropropyl, 2-bromopropyl, 3-bromopropyl, 3,3,3- 
trifluoropropyl, 3,3,3 trichloropropyl, 2,2,3,3,3-pentafluoropropyl, heptafluoropropyl, 1- 
(fluoromethyl)-2-fluoroethyl, 1 -(chloromethyl)-2-chloroethyl, 1 -(bromomethyl)-2- 
bromoethyl, 4-fluorobutyl, 4-chlorobutyl, 4-bromobutyl, nonafluorobutyl, 1,1,2,2,- 
tetrafluoroethyl, 1-trifluoromethyl-1,2,2,2-tetrafluoroethyl and the like;

• C-i-Cg-haloalkyl: C1-C4-haloalkyl and also, for example, 5-fluoropentyl, 5-chloropentyl, 5- 
bromopentyl, 5-iodopentyl, undecafluoropentyl, 6-fluorohexyl, 6-chlorohexyl, 6- 
bromohexyl, 6-iodohexyl, dodecafluorohexyl and the like;

• C6-C10-aryl: aromatic mono- or bi-cyclic ring having 6 to 10 carbon atoms, for example 
phenyl, naphthyl and the like;

[0020] The term "halogen" as used herein refers to fluorine, chlorine, bromine or iodine.
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Particular preference is given to fluorine and chlorine. Halogenated 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 termed below also "halo­
radical". For example, partially or fully halogenated alkyl is termed as "haloalkyl".

[0021] Preferably, the sulfonic acid of the present invention is selected from methane sulfonic 
acid, dodecyl sulfonic acid, trifluoromethane sulfonic acid, p-toluene sulfonic acid, 2- 
naphthalene sulfonic acid, camphorsulfonic acid and any mixture thereof.

[0022] More preferably, the sulfonic acid of the present invention is selected from methane 
sulfonic acid, dodecyl sulfonic acid, p-toluene sulfonic acid, camphorsulfonic acid and any 
mixture thereof.

[0023] Most preferably, the sulfonic acid of the present invention is selected from methane 
sulfonic acid, p-toluene sulfonic acid and any mixture thereof.

[0024] The molar ratio of the sulfonic acid used as the catalyst to terpinolene epoxide can vary 
and is generally from 0.01:1 to 0.5:1, preferably from 0.02:1 to 0.4:1, more preferably from 
0.03:1 to0.3:1and most preferably from 0.04:1 to 0.2:1.

[0025] The base according to the present invention is preferably selected from tertiary amines, 
pyridine, substituted pyridines, bicyclic amines and any mixture thereof.

[0026] In a preferred embodiment of the present invention, the base is selected from tertiary 
amines. Examples of suitable tertiary amines are tri-(C-|-C6)-alkylamines such as 
trimethylamine, triethylamine, tributylamine and Ν,Ν-diisopropylethylamine; di-(C-|-C6)-alkyl- 
phenylamines such as Ν,Ν-dimethylaniline and Ν,Ν-diethylaniline; N-methyl imidazole, N,N- 
dimethylaminopyridine and the like. Preference is given to triethylamine and N,N- 
dimethylaminopyridine. Particular preference is given to triethylamine.

[0027] In another equally preferred embodiment of the present invention, the base is selected 
from pyridine and substituted pyridines. Examples of suitable substituted pyridines are 
collidine, lutidine, picoline, Ν,Ν-dimethylaminopyridine and the like. Preference is given to 
pyridine and Ν,Ν-dimethylaminopyridine. Particular preference is given to Ν,Ν- 
dimethylaminopyridine.

[0028] In another equally preferred embodiment of the present invention, the base is selected 
from bi-cyclic amines. 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 and the like.

[0029] Preferably, the base of the present invention the is selected from tri-(C-|-C6)-alkylamines 
such as trimethylamine, triethylamine, tributhylamine and Ν,Ν-diisopropylethylamine; di-(C1- 
C6)-alkyl-phenylamines such as Ν,Ν-dimethylaniline and Ν,Ν-diethylaniline; N-methyl 
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imidazole, pyridine, collidine, lutidine, picoline, Ν,Ν-dimethylaminopyridine, 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 
and any mixture thereof.

[0030] More preferably, the base of the present invention the is selected from tri-(Ci-Ce)- 
alkylamines such as trimethylamine, triethylamine, tributylamine and N,N- 
diisopropylethylamine; di-(C-|-C6)-alkyl-phenylamines such as Ν,Ν-dimethylaniline and N,N- 
diethylaniline; N-methyl imidazole, pyridine, collidine, lutidine, picoline, Ν,Ν- 
dimethylaminopyridine, and any mixture thereof.

[0031] Most preferably, the base of the present invention is selected from tri-(C-|-C6)- 
alkylamines such as trimethylamine, triethylamine, tributylamine and N,N- 
diisopropylethylamine; pyridine, collidine, lutidine, picoline, Ν,Ν-dimethylaminopyridine, and any 
mixture thereof.

[0032] Particularly preferred base is selected from trimethylamine and Ν,Ν- 
dimethylaminopyridine.

[0033] In one preferred embodiment of the present invention, the base is used in the form of a 
free base. In this case said the base may form a salt with the sulfonic acid used as a catalyst 
after both of them are added to the reaction mixture.

[0034] In another preferred embodiment of the present invention, the base is used in the form 
of a salt with a sulfonic acid that may be the same or different to the sulfonic acid used as the 
catalyst. Preference is given to salts of the base with methanesulfonic acid or p-toluene 
sulfonic acid.

[0035] The sulfonic acid is usually used in excess with respect to the base. The molar ratio of 
the sulfonic acid used as the catalyst to the organic base calculated as a free base can vary 
and is generally from 4:1 to 1.01:1, preferably from 3:1 to 1.05:1, more preferably from 2.5:1 to 
1.1:1 and most preferably from 1.8:1 to 1.2:1.

[0036] The epoxide ring opening isomerization according to the present invention is preferably 
carried out in an inert organic solvent.

[0037] The solvent is preferably selected from aliphatic hydrocarbons, halogenated aliphatic 
hydrocarbons, aromatic hydrocarbons, halogenated aromatic hydrocarbons, carboxylic acid 
esters, ethers, ketones or nitriles.

[0038] Suitable aliphatic hydrocarbons contain 5 to 10 carbon atoms, for example, n-pentane, 
n-hexane, n-heptane, n-octane, n-nonane, n-decane and their isomers, petroleum ethers, 
cyclohexane, methylcyclohexane, any mixture thereof and the like.

[0039] Examples of suitable halogenated aliphatic hydrocarbons, are methylene chloride,
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chloroform, 1,2-dichloroethane, any mixture thereof and the like.

[0040] Examples of suitable aromatic hydrocarbons are benzene, toluene, ethylbenzene, 
cymene, xylenes, mesitylene, any mixture thereof and the like.

[0041] Examples of suitable halogenated aromatic hydrocarbons are chlorobenzene, 
dichlorobenzene, any mixture thereof and the like.

[0042] Examples of suitable carboxylic acid ethers are ethyl acetate and the like.

[0043] Examples of suitable ethers are dioxane, anisole, tetrahydrofurane, 
methyltetrahydrofurane, methyl-tert-butylether, cyclopentylmethylether, any mixture thereof 
and the like.

[0044] Examples of suitable ketones are acetone, methyl ethyl ketone, diethyl ketone, t-butyl 
methyl ketone, methylisopropylketone, any mixture thereof and the like.

[0045] Examples of suitable ketones are acetonitrile, propionitrile, any mixture thereof and the 
like.

[0046] In one embodiment of the present invention, terpinolene epoxide and the solvent are 
pre-charged in the reaction vessel and then the sulfonic acid and the base are added.

[0047] In another embodiment of the present invention the sulfonic acid, the base and the 
solvent are pre-charged in the reaction vessel and then terpinolene epoxide is added.

[0048] 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.

[0049] The ring opening isomerization according to the present invention is usually effected at 
-10 to 60°C, preferably at 0 to 40°C and more preferably at 10 to 30°C.

[0050] The starting materials according to the present invention are known compounds that 
are commercially available or can be prepared in a known manner.

[0051] Terpinolene epoxide of formula (I) can be prepared, for example, as described in US 3, 
676, 504.

[0052] Limonene-4-ol may be further subjected to a conventional hydrogenation to give 
terpinene-4-ol, as described, for example in GB 1 307 053.

[0053] Terpinene-4-ol can in turn be used as a starting material for the synthesis of 
oxabicycloalkane herbicides, in particular of (±)-2-exo-(2-Methylbenzyloxy)-1-methyl-4- 
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isopropyl-7-oxabicyclo[2.2.1]heptane as described, for example in US 4,487,945 or US 
4,542,244.

[0054] (±)-2-exo-(2-Methylbenzyloxy)-1-methyl-4-isopropyl-7-oxabicyclo[2.2.1]heptane (herein 
also referred to as the "exo-(±)- 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-(±)-isomers, the exo-(+)-isomer and the exo-(-)-isomer including their 
preparation and herbicidal 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 (±)-2-exo-(2-Methylbenzyloxy)-1-methyl- 
4-isopropyl-7-oxabicyclo[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 common name cinmethylin, its IUPAC name (1 RS,2SR,4SR)-1,4-epoxy- 
p-menth-2-yl 2-methylbenzyl ether and its Chemical Abstracts name exo-(±)-1-methyl-4-(1- 
methylethyl)-2-[(2-methylphenyl)methoxy]-7-oxabicyclo[2.2.1]heptane.

[0055] Limonene-4-ol and terpinene-4-ol are valuable intermediates in the preparation of 
(±)-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.

[0056] Limonene-4-ol and terpinene-4-ol may be further converted 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. Further conversion 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 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.

[0057] Thus, in a further aspect of the present invention, there is provided a process for 
preparing (±)-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:

1. (i) preparing limonene-4-ol (preferably terpinene-4-ol) as described herein, and
2. (ii) converting limonene-4-ol (preferably terpinene-4-ol) 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.
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[0058] The invention is illustrated by the following examples without being limited thereto or 
thereby.

Example 1:

Isomerization with dimethylaminopyridinium mesylate (DMAP mesylate) and 
methanesulfonic acid as catalysts.

[0059] 2 g (0.012 mol) terpinolene epoxide and 80 g (0.94 mol) dichloromethane were 
charged into the reaction vessel. 0.26 g (0.0012 mol) DMAP mesylate and 0.06 g (0.0006 mol) 
methanesulfonic acid were added. The mixture was stirred for 3 h at 25°C. Then, 50 ml water 
was added and the mixture was stirred for 2 minutes. Phases were separated and the organic 
phase was washed with 50 ml saturated aqueous NaCI-solution. After drying with sodium 
sulfate the solvent was distilled off at reduced pressure. The distillation residue contained 57% 
of limonene-4-ol, which corresponds to a yield of 63%.

Example 2:

Isomerization with triethylammonium mesylate and methanesulfonic acid as catalysts

[0060] 10 g (0.06 mol) terpinolene epoxide and 200 g (2.36 mol) dichloromethane were 
charged into the reaction vessel. 1.2 g (0.006 mol) triethylammonium mesylate and 0.3 g 
(0.003 mol) methanesulfonic acid were added. The mixture was stirred for 3 h at room 
temperature. Then 50 ml water was added and the mixture was stirred for 2 minutes. Phases 
were separated and the organic phase was washed with 50 ml saturated aqueous NaCI- 
solution. After drying with sodium sulfate the solvent was distilled off at reduced pressure. The 
distillation residue contained 61% of limonene-4-ol, which corresponds to a yield of 62.5%.

Example 3:

Isomerization with 4-dimethylaminopyridine and methanesulfonic acid as catalysts

[0061] 1.1 g (0.009 mol) 4-dimethylaminopyridine and 357 g dichloromethane were charged 
into the reaction vessel. 1.3 g (0.014 mol) methanesulfonic acid was added. The mixture was 
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stirred for 30 minutes. Then 250 g dichloromethane and 15 g (0.09 mol) terpinolene epoxide 
were added. The mixture was stirred for 4.5 h at room temperature. The dichloromethane 
solution was washed with 200 ml water and then with 200 ml saturated aqueous NaCI-solution. 
After drying with sodium sulfate the solvent was distilled off at reduced pressure. The 
distillation residue contained 58% of limonene-4-ol, which corresponds to a yield of 62%.

Example 4:

Isomerization with dimethylaminopyridinium tosylate (DMAP tosylate) and 
methanesulfonic acid as catalysts

[0062] 2 g (0.012 mol) terpinolene epoxide and 80 g (0.94 mol) dichloromethane were 
charged into the reaction vessel. 0.38 g (0.0012 mol) DMAP tosylate and 0.06 g (0.0006 mol) 
methanesulfonic acid were added. The mixture was stirred for 6 h at room temperature. Then 
50 ml water was added and the mixture was stirred for 2 minutes. Phases were separated and 
the organic phase was washed with 30 ml saturated aqueous NaCI-solution. After drying with 
sodium sulfate the solvent was distilled off at reduced pressure. The distillation residue 
contained 56% of limonene-4-ol, which corresponds to a yield of 59%.

Comparative Example 1:

Isomerization in toluene/acetone with p-toluenesulfonic acid as catalyst

[0063] 50 g (0.30 mol) terpinolene epoxide (92.2%) and 217.5 g (2.36 mol) toluene were 
charged into the reaction vessel. A solution of 1 g (0,005 mol) p-toluenesulfonic acid 
(monohydrate) in 13.2 g (0.23 mol) acetone was added. The mixture was stirred for 47 h at 
room temperature. 36 g sodium bicarbonate solution (5%) was added and the mixture was 
stirred for 45 minutes. Water was removed by azeotropic distillation. Precipitated salt was 
filtered off and washed with toluene. Filtrate and wash toluene were combined and toluene was 
distilled off with a 30 cm column. The distillation residue contained 51% of limonene-4-ol, which 
corresponds to a yield of 58%.

Example 5:

Isomerization in acetone (dried) with triethylammonium tosylate and p-toluenesulfonic 
acid as catalysts
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[0064] 3.2 g (20 mmol) terpinolene epoxide (95%) and 30 mL (23.7 g) acetone (dried) were 
charged into the reaction vessel. The mixture was cooled to 5-10°C and treated with 170 mg (1 
mmol) of p-toluenesulfonic acid and 274 mg (1mmol) of triethylammonium tosylate. The 
mixture was stirred for 1 h at room temperature (25°C). The mixture was extracted with methyl 
tert-butyl ether and water, washed with sodium bicarbonate solution, dried and evaporated. 
The residue contained 45% of limonene-4-ol (quantified), which corresponds to a yield of 51 %.

Comparative Example 2:

Isomerization in acetone (dried) with p-toluenesulfonic acid as catalyst

[0065] 3.2 g (20 mmol) terpinolene epoxide (95%) and 30 mL (23.7 g) acetone (dried) were 
charged into the reaction vessel. The mixture was cooled to 5-10°C and treated with 170 mg (1 
mmol) of p-toluenesulfonic acid. The mixture was stirred for 1 h at room temperature (25°C). 
The mixture was extracted with methyl tert-butyl ether and water, washed with sodium 
bicarbonate solution, dried and evaporated. The residue contained 38% of limonene-4-ol 
(quantified), which corresponds to a yield of 43%.

Example 6:

Isomerization in acetone (not dried) with triethylammonium tosylate and p- 
toluenesulfonic acid as catalysts

[0066] 3.2 g (20 mmol) terpinolene epoxide (95%) and 30 mL (23.7 g) acetone (not dried) 
were charged into the reaction vessel. The mixture was cooled to 5-10°C and treated with 170 
mg (1 mmol) of p-toluenesulfonic acid and 274 mg (1 mmol) of triethylammonium tosylate. The 
mixture was stirred for 1 h at room temperature (25°C). The mixture was extracted with methyl 
tert-butyl ether and water, washed with sodium bicarbonate solution, dried and evaporated. 
The residue contained 26.2% of limonene-4-ol (quantified), which corresponds to a yield of 
28.4%.

Comparative Example 3:

Isomerization in acetone (not dried) with p-toluenesulfonic acid as catalyst
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[0067] 3.2 g (20 mmol) terpinolene epoxide (95%) and 30 mL (23.7 g) acetone (not dried) 
were charged into the reaction vessel. The mixture was cooled to 5-10°C and treated with 170 
mg (1 mmol) of p-toluenesulfonic acid. The mixture was stirred for 1 h at room temperature 
(25°C).

[0068] The mixture was extracted with methyl tert-butyl ether and water, washed with sodium 
bicarbonate solution, dried and evaporated. The residue contained 13.3% of limonene-4-ol 
(quantified), which corresponds to a yield of 14.4%.
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1. Fremgangsmåde til 
formlen (II)

ch3

OH
H3C ch2
hvor terpinolenepoxid med

ch3

o
h3c ch3
underkastes en
nærværelse af
katalysator.

selektiv

fremstilling af limonen-4-ol med

formlen (I)

epoxidringsåbnende isomerisering i
en sulfonsyre og en organisk base som

5

15

2. Fremgangsmåde ifølge krav 1, hvor sulfonsyren er valgt 
blandt (C1-C14) -alkylsulfonsyrer, halogen- (Ci-Ce) -
alkylsulfonsyrer, (Ci-Ce) -alkyl- (Ce-Cio) -arylsulfonsyrer,
kamfersulfonsyre og en hvilken som helst blanding deraf.

20

3. Fremgangsmåde ifølge krav 1 eller 2, hvor sulfonsyren er 
valgt blandt methansulfonsyre, dodecylsulfonsyre, 
trifluormethansulfonsyre, p-toluen-sulfonsyre, 2- 
naphthalensulfonsyre, kamfersulfonsyre og en hvilken som helst 
blanding deraf.

25

4. Fremgangsmåde ifølge 
hvor basen er valgt 
substituerede pyridiner, 
helst blanding deraf.

et hvilket som helst af kravene 1-3, 
blandt tertiære aminer, pyridin, 

en hvilken sombicykliske aminer og

et hvilket som helst

30

5. Fremgangsmåde ifølge
hvor basen er valgt blandt trimethylamin, 
tributylamin, N,N-diisopropylethylamin,

af kravene 1-4, 
triethylamin, 

N,N-dimethylanilin,
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N,N-diethylanilin, N-methylimidazol, pyridin, collidin, 
lutidin, picolin, N,N-dimethylaminopyridin, 1,8- 
diazabicyclo[5.4.0]undec-7-en, l,5-diazabicyclo[4.3.0]non-5-en 
og 1,4-diazabicyclo[2.2.2]octan.

5

10

15

20

25

30

35

6. Fremgangsmåde ifølge et hvilket som helst af kravene 1-5, 
hvor basen er valgt blandt triethylamin og N,N- 
dimethylaminopyridin.

7. Fremgangsmåde ifølge et hvilket som helst af kravene 1-6,
hvor basen anvendes i form af en fri base eller i form af et 
salt med en sulfonsyre, der kan være identisk med eller 
forskellig fra den sulfonsyre, der anvendes som katalysator.

8. Fremgangsmåde ifølge krav 7, hvor basen anvendes i form 
af et salt med methansulfonsyre eller p-toluensulfonsyre.

9. Fremgangsmåde ifølge et hvilket som helst af kravene 1-8, 
hvor det molære forhold mellem den sulfonsyre, der anvendes 
som katalysator, og terpinolenepoxid er på fra 0,01:1 til 
0,5:1.

10. Fremgangsmåde ifølge et hvilket som helst af kravene 1-9, 
hvor det molære forhold mellem den sulfonsyre, der anvendes 
som katalysator, og den organiske base beregnet som fri base 
er på fra 4:1 til 1,01:1.

11. Fremgangsmåde ifølge et hvilket som helst af kravene Ι-
ΙΟ, hvor isomeriseringen 
opløsningsmiddel.

udføres i et inert organisk

12. Fremgangsmåde ifølge krav 11, hvor opløsningsmidlet er 
valgt blandt alifatiske carbonhydrider, halogenerede 
alifatiske carbonhydrider, aromatiske carbonhydrider, 
halogenerede aromatiske carbonhydrider, carboxylsyreestere, 
ethere, ketoner eller nitriler.

13. Fremgangsmåde ifølge et hvilket som helst af kravene 1-
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12, hvor isomeriseringen udføres ved -10 til 60 °C

14. Fremgangsmåde ifølge et hvilket som helst af kravene 1-
13, hvor limonen-4-ol endvidere reduceres til opnåelse af

5 terpinen-4-ol.

15. Fremgangsmåde ifølge et hvilket som helst af kravene 1-
14, hvor terpinolenepoxid med formlen (I) fremstilles via 
epoxidering af terpinolen.

10
16. Fremgangsmåde ifølge et hvilket som helst af kravene 1-
15, hvor limonen-4-olen eller terpinen-4-olen endvidere 
omdannes til (±)-2-exo-(2-methylbenzyloxy)-l-methyl-4- 
isopropyl-7-oxabicyclo[2.2.1]heptan, en hvilken som helst af

15 de individuelle enantiomerer deraf eller en hvilken som helst 
ikke-racemisk blanding deraf.


