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(57) ABSTRACT

Provided that a method for inexpensively producing optically
active a-ionone with a high yield and a high asymmetric yield
and with good workability in a short process, and a perfume
composition comprising the optically active a-ionone
obtained by the aforementioned method. A method for pro-
ducing optically active a-ionone, comprising allowing a-ion-
one as a mixture of optical isomers to react with an esterifi-
cation agent, and hydrolyzing the obtained a-ionone enol
ester; a method for producing optically active a-ionone com-
prising subjecting c.-ionone as a mixture of optical isomers to
an asymmetric reduction, allowing the obtained optically
active a-ionol to react with an esterification agent to give an
optically active a-ionol ester, hydrolyzing the obtained opti-
cally active a-ionol ester after purification as necessary, and
then oxidizing the obtained optically active a-ionol; and a
perfume composition comprising thus obtained optically
active a-ionone.
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METHOD FOR PRODUCING OPTICALLY
ACTIVE ALPHA-IONONE

TECHNICAL FIELD

[0001] The present invention relates to a method for pro-
ducing optically active c-ionone that is useful as a perfume,
an intermediate for a pharmaceutical, a pesticide and the like.

BACKGROUND ART

[0002] ca-ionone is a compound found from various essen-
tial oils. It has a floral that is stronger than that of - or
y-ionone. Racemic a-ionone has a violet-like flavor(aroma),
and it is used as a perfume. On the other hand, optically active
a-ionone, (R)-c-ionone and (S)-a-ionone have been found in
the nature. The former (R) form has a unique and strong floral
flavor(aroma), such as a violet-like, fruit-like, raspberry-like
flavor. The latter (S) form has a unique and strong flavor
(aroma), such as a fresh juicy greenish flavor, including a
wood-like, cedarwood-like, raspberry-like, and f-ionone-
like flavor (aroma).

[0003] As a method for producing such optically active
a-ionone, Patent Document 1 describes a method for produc-
ing optically active a-ionone in 5 steps using 2,4,4-trimethyl-
2-cyclohexen-1-ol as a raw material. However, the method
described in Patent Document 1 contains a step of allowing
optically active 2,6,6-trimethyl-2-cyclohexen-1-ylacetalde-
hyde obtained as an intermediate to react with potassium
cyanide. Thus, this method has been problematic in that it has
poor workability and in that it is unfit for an industrial pro-
duction.

[0004] In addition, Non-Patent Document 1 describes a
method for producing (R)-(+)-a-ionone and (S)-(-)-a-ion-
one, that is optically resolving a-cyclogeranic acid to give
(R)-(+)-a-cyclogeranic acid and (S)-(-)-a-cyclogeranic
acid, and then using these compounds as raw materials. The
method, however, described in Non-Patent Document 1
requires 4 steps. Thus, this method is poor in terms of yield
and efficiency, and it is unfit for an industrial production.
Moreover, Non-Patent Document 1 describes a method for
puritying (R)-a-ionone in total 5 steps, that is epoxidation of
the double bond of the cyclohexene ring of (R)-ci-ionone.
This method, however, includes 5 steps, and thus it has been
problematic not only in that it is expensive, but also in that it
is unfit for an industrial production.

[0005] Patent Document 1: Japanese Patent [Laid-Open No.
10-84989

Non-Patent Document 1: Agric. Biol. Chem., vol. 51, No. 5,
1271-1275 (1987).

DISCLOSURE OF THE INVENTION

[0006] The present invention has been made under the
aforementioned circumstances. It is an object of the present
invention to provide a method for inexpensively producing
optically active c-ionone with a high yield and a high asym-
metric yield and with good workability in a short process, and
aperfume composition comprising the optically active a-ion-
one obtained by the aforementioned method.

[0007] As a result of intensive studies directed towards
achieving the aforementioned object, the present inventors
have found that desired optically active a-ionone can be
inexpensively obtained with a high yield and a high asym-
metric yield and with good workability in a short process by
a production method, which comprises allowing a-ionone as
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a mixture of optical isomers used as a raw material to react
with an esterification agent, hydrolyzing, and in particular,
enantioselectively hydrolyzing, or asymmetrically reducing
the obtained a-ionone enol ester, then allowing the reaction
product to react with an esterification agent, then isolating the
obtained ester body, for example, at least one diastereomer of
an ester body as a mixture of diastereomers, and then hydro-
lyzing the diastereomer, thereby completing the present
invention.

[0008] That is to say, the present invention is as follows:
1) A method for producing an a-ionone enol ester, compris-
ing allowing a-ionone as a mixture of optical isomers to react
with an esterification agent.

2) A method for producing optically active a-ionone, com-
prising hydrolyzing an c.-ionone enol ester.

3) A method for producing optically active a-ionone, com-
prising allowing a-ionone as a mixture of optical isomers to
react with an esterification agent and hydrolyzing the
obtained a-ionone enol ester.

3-1) The method according to 2) or 3) above, wherein the
hydrolysis is enantioselective hydrolysis.

3-2) A method for producing optically active a-ionone, com-
prising allowing a-ionone as a mixture of optical isomers to
react with an esterification agent, and enantioselectively
hydrolyzing the obtained c-ionone enol ester.

3-3) A method for purifying optically active a-ionone, com-
prising allowing a-ionone as a mixture of optical isomers to
react with an esterification agent, and hydrolyzing the
obtained a-ionone enol ester.

4) The method for producing optically active a-ionone
according to 2) or 3) above, characterized in that the hydroly-
sis is carried out in the presence of enzyme.

5) The method for producing optically active a-ionone
according to any one of 1) to 3) above, characterized in that
the a-ionone enol ester is a racemic form or an optically
active substance.

6) A method for producing an a-ionone enol ester, compris-
ing allowing a-ionone as a mixture of optical isomers to react
with an esterification agent, enantioselectively hydrolyzing
the obtained a-ionone enol ester in the presence of enzyme,
and obtaining an unhydrolyzed a-ionone enol ester.

6-2) A method for producing optically active a-ionone, com-
prising enantioselectively hydrolyzing the a-ionone enol
ester obtained in 6) above.

P 7) The method for producing optically active a-ionone
according to 6-2) above, characterized in that the optically
active a-ionone obtained in 6-2) above is an enantiomer of the
optically active a-ionone obtained by enantioselective
hydrolysis with enzyme.

8) A method for producing an ci-ionone enol ester, character-
ized in that subjecting a-ionone as a mixture of optical iso-
mers to an asymmetric reduction, and allowing the obtained
optically active a-ionol to react with an esterification agent.
9) The method according to 8) above, comprising purifying at
least one diastereomer of the obtained optically active
a-ionol ester.

10) A method for producing optically active a-ionol, com-
prising hydrolyzing the optically active a-ionol ester
obtained in 8) or 9) above.

11) A method for producing optically active a-ionone, com-
prising oxidizing the optically active a-ionol obtained in 10)
above.

11-2) A method for producing optically active a-ionone,
comprising subjecting a-ionone as a mixture of optical iso-
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mers to an asymmetric reduction, allowing the obtained opti-
cally active a-ionol to react with an esterification agent to
give an optically active a-ionol ester, hydrolyzing the
obtained optically active a-ionol ester, and then oxidizing the
obtained optically active a-ionol.

11-3) A method for producing the optically active a-ionone
according to 11-2) above, comprising subjecting a-ionone as
a mixture of optical isomers to an asymmetric reduction,
allowing the obtained optically active a-ionol to react with an
esterification agent to give an optically active a-ionol ester as
a mixture of diastereomers, isolating at least one diastere-
omer, hydrolyzing the obtained optically active at-ionol ester,
and then oxidizing the obtained optically active a-ionol.

12) An a-ionone enol ester.

12-2) The a-ionone enol ester according to 12) above, char-
acterized in that it has the following structure:

&)

wherein R' represents a hydrogen atom or an optionally sub-
stituted hydrocarbon group.

13) A perfume, comprising optically active a-ionone
obtained by the production method according to any one of 2)
to 7) and 11) above.

14) A perfume composition, comprising the perfume accord-
ing to 13) above.

15) The perfume composition according to 14) above, char-
acterized in that it is a flavor composition or a fragrance
composition.

16) A flavor composition, characterized in that the optically
active a-ionone obtained by the production method accord-
ing to any one of 2) to 7) and 11) above is included in a
perfume composition at 0.0000001% to 1% by mass based on
the total amount of the perfume composition.

17) A fragrance composition, characterized in that the opti-
cally active a-ionone obtained by the production method
according to any one of 2) to 7) and 11) above is included in
aperfume composition at 0.001% to 5% by mass based on the
total amount of the perfume composition.

18) A food and beverage, an oral care product, or a pharma-
ceutical, comprising the perfume composition according to
15) above.

19) A fragrance product, comprising the perfume composi-
tion according to 15) above.

P 20) Daily goods, comprising the perfume composition
according to 15) above.

21) A method for producing optically active a-ionone, com-
prising: a first step of allowing a-ionone as a mixture of
optical isomers to react with an esterification agent; a second
step of hydrolyzing the obtained c.-ionone enol ester to give
optically active a-ionone; a third step of subjecting the
obtained optically active ci-ionone to an asymmetric reduc-
tion to give optically active a-ionol; a fourth step of allowing
the obtained optically active a-ionol to react with an esteri-
fication agent to give an optically active a-ionol ester; a fifth
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step of hydrolyzing the obtained optically active a-ionol
ester; and a sixth step of oxidizing the obtained optically
active a-ionol.

[0009] When compared with the conventional methods, the
present invention can more inexpensively produce desired
optically active a-ionone with a higher yield and a higher
asymmetric yield, with better workability, and further in a
shorter process. In addition, the present invention also can
provide a perfume composition having good flavor (aroma)
persistence, stability and higher preference, using the opti-
cally active ai-ionone obtained by the production method of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0010] The a-ionone used in the present invention is 4-(2,
6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-one. It is c-ion-
one represented by formula (1):

[Formula 1]

@®

[0011] As described later, said a-ionone is a compound
having an optically active site at the 1-position of a cyclohex-
ene ring in the structural formula thereof (hereinafter simply
referred to as “1-position” at times)

[0012] The optically active substance of the aforemen-
tioned a-ionone is optically active a-ionone represented by
the formula (2):

[Formula 2]

@

[0013]

[0014] Said optically active substance of the aforemen-
tioned a-ionone is (S)-a-ionone represented by formula
(2A):

wherein * represents an asymmetric carbon atom.

[Formula 3]

@A)
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[0015] wherein * has the same meaning as described above,
or (R)-a-ionone represented by formula (2B):

[Formula 4]
(2B)
O
AN
[0016] wherein * has the same meaning as described above.
[0017] A method for producing the optically active a-ion-

one of the present invention, first, allows to react a-ionone as
a mixture of optical isomers with an esterification agent to
give an a-ionone enol ester. Either one of optical active sub-
stances of the obtained a-ionone enol ester is hydrolyzed to
give optically active ai-ionone and/or an c-ionone enol ester.
Subsequently, the obtained optically active a-ionone and
a-ionone enol ester are separately collected, namely, each of
them is fractionated. Further, the fractionated c.-ionone enol
ester is subjected to enantioselective hydrolysis to give the
second a-ionone.

[0018] In the present invention, a-ionone as a mixture of
optical isomers used as araw material may be either a racemic
form (that is, its optical purity is 0%; the same is applied
below) or an optically active substance.

[0019] When such c-ionone as a mixture of optical isomers
is a racemic form, it is a mixture of the optical isomers of the
a-ionone represented by the above formula (1), that is to say,
a mixture of the (S)-a-ionone represented by the above for-
mula (2A) and the (R)-c-ionone represented by the above
formula (2B).

[0020] On the other hand, when such a-ionone as a mixture
of optical isomers is an optically active substance, it has such
an optical purity that the amount of either one of optical
isomers is larger than that of the other optical isomer, thatisto
say, the amount of either the (S)-a-ionone represented by the
above formula (2A) or the (R)-a-ionone represented by the
above formula (2B) is larger than that of the other one. With
regard to the optical purity of a-ionone as a mixture of optical
isomers in a case where the a-ionone is an optically active
substance, the optical purity is the one in a case that the
amount of either one of optical isomers is larger than that of
the other optical isomer. Specifically, such an optical purity is
appropriately selected from the range, for example, of 1%e.e.
ormore, preferably from 1% to 99% e.e., and more preferably
from 5% to 95% e.e.

[0021] The cis-trans-isomerism of the double bond at the
2-position of the aforementioned ci-ionone as a mixture of
optical isomers is not particularly limited, and it may be a cis
form, a trans form, or a mixture thereof. In the present inven-
tion, the same holds for the optically active a-ionone, opti-
cally active a-ionone enol ester, optically active a-ionol, etc.
as described below.

[0022] Such a-ionone as a mixture of optical isomers to be
used may be either a commercially available product, or an
appropriately produced one. In addition, when an optically
active substance is used as o-ionone as a mixture of optical
isomers, optically active a-ionone that has been appropriately
produced may be used. Otherwise, optically active a.-ionone
obtained by the production method of the present invention
may also be used.
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[0023] An a-ionone enol ester obtained by allowing a-ion-
one as a mixture of optical isomers to react with an esterifi-
cation agent is, for example, represented by formula (3):

[Formula 5]
3)
(€]
P
\/&
[0024] wherein R' represents a hydrogen atom or an

optionally substituted hydrocarbon group.

[0025] Specific examples of the ci-ionone enol ester repre-
sented by the formula (3) include compounds as shown
below, and such a.-ionone enol esters include racemic forms
and optically active substances:

[Formula 6]
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[0026] The a-ionone enol ester represented by the above
formula (3) may be obtained in a racemic form or in an
optically active form depending on c.-ionone as a mixture of
optical isomers used as a raw material in the aforementioned
esterification. For example, when such a-ionone as a mixture
of optical isomers used as a raw material is a racemic form,
the obtained c-ionone enol ester is the form of a racemic
form. When such a-ionone is an optically active substance,
the obtained ci-ionone enol ester is an optically active a-ion-
one enol ester. Moreover, the optically active a-ionone enol
ester may be obtained in the form of a racemic form or an
optically active substance, depending on the type of an esteri-
fication agent used, reaction conditions, etc.

[0027] The optical purity of the optically active a-ionone
enol ester is appropriately selected from the range, for
example, of 1% e.e or more, preferably from 1% to 99% e.e.,
and more preferably from 5% to 95% e.c. What is more, the
obtained optically active a.-ionone enol ester can be subjected
to a post-treatment as described later or the like, as necessary,
to give an optically active substance having an optical purity
of substantially 100% e.e. The expression “substantially
100% e.e.” is used herein in the present invention to mean that
the optical purity is appropriately selected from the range of
80% e.e. or more, preferably 85% e.e. or more, more prefer-
ably 90% e.e. or more, and further more preferably 95% c.e.
or more (the same is applied below).

[0028] The optically active substance of the a-ionone enol
ester represented by the above formula (3) includes, for
example, an optically active a-ionone enol ester represented
by formula (3C):
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[Formula 7]
(30O
O
A
AN
[0029] wherein R' and * have the same meanings as

described above.

[0030] Specific examples of such an optically active a-ion-
one enol ester include an (S)-a-ionone enol ester represented
by formula (3A):

[Formula 8]

GA)

[0031] wherein R' and * have the same meanings as
described above, and

[0032] an (R)-c-ionone enol ester represented by formula
(3B):
[Formula 9]
(3B)
O
P
AN
[0033] wherein R' and * have the same meanings as

described above.

[0034] Moreover, when the c-ionone enol ester represented
by the above formula (3) is a racemic form, it is a mixture of
the (S)-a-ionone enol ester represented by the above formula
(3A) and the (R)-a-ionone enol ester represented by the
above formula (3B).

[0035] An esterification agent allowed to react with a-ion-
one as a mixture of optical isomers include, for example, an
acid anhydride and an acid halide. Specific examples of such
an esterification agent include a compound represented by
formula (11):
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[Formula 10]
an

[0036] wherein R' represents a hydrogen atom or an
optionally substituted hydrocarbon group, and A' represents
a leaving group.

[0037] In the formula (11), the optionally substituted
hydrocarbon group represented by R* include a hydrocarbon
group and a substituted hydrocarbon group.

[0038] Examples of a hydrocarbon group include an alkyl
group, an alkenyl group, an alkynyl group, an alkadienyl
group, an aryl group, and an aralkyl group.

[0039] Such an alkyl group includes a linear, branched, or
cyclic alkyl group having, for example, 1 to 20, preferably 1
to 15, and more preferably 1 to 10 carbon atom(s). Specific
examples of such an alkyl group include methyl, ethyl, n-pro-
pyl, 2-propyl, n-butyl, 1-methylpropyl, isobutyl, tert-butyl,
n-pentyl, 1-methylbutyl, tert-pentyl, 2-methylbutyl, 3-meth-
ylbutyl, 2,2-dimethylpropyl, n-hexyl, 1-methylpentyl, 1-eth-
ylbutyl, tert-hexyl [CH,CH,CH,C(CH;),—]|, 2-methylpen-
tyl, 3-methylpentyl, 4-methylpentyl, 2-methylpentan-3-yl,
heptyl, octyl, nonyl, decyl, lauryl, stearyl, cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl.

[0040] Such an alkenyl group includes a linear or branched
alkenyl group having, for example, 2 to 20, preferably 2 to 15,
and more preferably 2 to 10 carbon atoms. Specific examples
of such an alkenyl group include vinyl, propenyl, butenyl,
pentenyl, hexenyl, heptenyl, octenyl, nonenyl, and decenyl.

[0041] Such an alkynyl group includes a linear or branched
alkynyl group having, for example, 2 to 20, preferably 2to 15,
and more preferably 2 to 10 carbon atoms. Specific examples
of such an alkynyl group include ethynyl, propynyl, butynyl,
pentynyl, and hexynyl.

[0042] Such an alkadienyl group includes a linear,
branched, or cyclic alkadienyl group having two double
bonds in the chain of the aforementioned alkyl group and
having, for example, 4 or more, preferably 4 to 20, more
preferably 4 to 15 carbon atoms, and further more preferably
4 to 10 carbon atoms. Specific examples of such an alkadienyl
group include 1,3-butadienyl and 2,3-dimethyl-1,3-butadi-
enyl.

[0043] Such an aryl group includes an aryl group having,
for example, 6 to 20, and preferably 6 to 15 carbon atoms.
Specific examples of such an aryl group include phenyl,
naphthyl, anthryl, and biphenyl.

[0044] Such an aralkyl group includes an aralkyl group
having, for example, 7 to 20, and preferably 7 to 15 carbon
atoms, wherein at least one hydrogen atom, of the aforemen-
tioned alkyl group is substituted with the aforementioned aryl
group. Specific examples of such an aralkyl group include
benzyl, 1-phenylethyl, 2-phenylethyl, 1-phenylpropyl, and
3-naphthylpropyl.

[0045] A substituted hydrocarbon group [a hydrocarbon
group having a substituent(s)] includes a hydrocarbon group
wherein at least one hydrogen atom of the aforementioned
hydrocarbon group is substituted with a substituent(s). Spe-
cific examples of such a substituted hydrocarbon group
include a substituted alkyl group, a substituted alkenyl group,
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a substituted alkynyl group, a substituted alkadienyl group, a
substituted aryl group, and a substituted aralkyl group.
[0046] It is preferable to use an optionally substituted
hydrocarbon group having 1 to 6 carbon atom(s) among such
optionally substituted hydrocarbon groups.

[0047] A substituent include, for example, an optionally
substituted hydrocarbon group, an optionally substituted het-
erocyclic group, a halogen atom, a halogenated hydrocarbon
group, an optionally substituted alkoxy group, an optionally
substituted aryloxy group, an optionally substituted aralky-
loxy group, an optionally substituted heteroaryloxy group, an
optionally substituted alkylthio group, an optionally substi-
tuted arylthio group, an optionally substituted aralkylthio
group, an optionally substituted heteroarylthio group, an
optionally substituted acyl group, an optionally substituted
acyloxy group, an optionally substituted alkoxycarbonyl
group, an optionally substituted aryloxycarbonyl group, an
optionally substituted aralkyloxycarbonyl group, an option-
ally substituted alkylenedioxy group, a nitro group, an amino
group, a substituted amino group, a cyano group, a sulfo
group, a substituted silyl group, a hydroxy group, a carboxy
group, an optionally substituted alkoxythiocarbonyl group,
an optionally substituted aryloxythiocarbonyl group, an
optionally substituted aralkyloxythiocarbonyl group, an
optionally substituted alkylthiocarbonyl group, an optionally
substituted arylthiocarbonyl group, an optionally substituted
aralkylthiocarbonyl group, an optionally substituted carbam-
oyl group, a substituted phosphino group, an aminosulfonyl
group, an alkoxysulfonyl group, and an oxo group. Such an
optionally substituted hydrocarbon group, an optionally sub-
stituted heterocyclic group, a halogen atom, an optionally
substituted acyloxy group, an optionally substituted alkoxy
group, an optionally substituted aryloxy group, or the like
may be the same as those described in the present specifica-
tion. Such substituents may be appropriately selected from
groups that do not directly influence the production method of
the present invention.

[0048] With regard to such a substituted hydrocarbon
group, specific examples of a substituted alkyl group include
trifluoromethyl, methoxymethyl, and ethoxyethyl. Specific
examples of a substituted aryl group include tolyl (e.g. 4-me-
thylphenyl), xylyl (e.g. 3,5-dimethylphenyl), 4-methoxy-3,5-
dimethylphenyl, and 4-methoxy-3,5-di-tert-butylphenyl.
[0049] A leaving group represented by A’ may be either a
group having a function that is eliminated from an esterifica-
tion agent as aresult of the reaction of the agent with a-ionone
as a mixture of optical isomers to generate an a-ionone enol
ester, or a group having a function that is eliminated from an
esterification agent as a result of the reaction of the agent with
optically active a-ionol as described later to generate an
optically active a-ionol ester. The aforementioned leaving
group include, for example, an optionally substituted acyloxy
group and a halogen atom.

[0050] Such an optionally substituted acyloxy group as a
leaving group includes an acyloxy group and a substituted
acyloxy group.

[0051] Such an acyloxy group includes an acyloxy group
having 1 to 20 carbon atom(s) derived from carboxylic acid
such as aliphatic carboxylic acid and aromatic carboxylic
acid, and includes, for example, a group represented by
—OCOR? (wherein R? represents a hydrogen atom or a
optionally substituted hydrocarbon group). In the above
—OCOR?, the optionally substituted hydrocarbon group rep-
resented by R? is the same optionally substituted hydrocarbon
group as described in R' above.

[0052] Specific examples of an acyloxy group include
acetoxy, propionyloxy, butyryloxy, pivaloyloxy, pentanoy-
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loxy, hexanoyloxy, lauroyloxy, stearoyloxy, and benzoyloxy.
It is preferable to use an acyloxy group having 2 to 18 carbon
atoms among the aforementioned acyloxy group.

[0053] A substituted acyloxy group [an acyloxy group hav-
ing a substituent(s)] includes an acyloxy group wherein at
least one hydrogen atom of the aforementioned acyloxy
group is substituted with the aforementioned substituent(s).

[0054] A halogen atom as a leaving group includes a fluo-
rine atom, a chlorine atom, a bromine atom, and an iodine
atom.

[0055] When the esterification agent is an acid anhydride,
such an acid anhydride includes, for example, an acid anhy-
dride represented by formula (11-1), which corresponds to an
acid anhydride represented by the above formula (11)
wherein the leaving group represented by A' in the above
formula (11) is —OCOR? (wherein R? has the same meaning
as described above):

[Formula 11]

(€] (€]
RIJI\O)LRZ

[0056] wherein R' and R? have the same meanings as
described above.

[0057] Specific examples of such an acid anhydride include
acetic anhydride, propionic anhydride, maleic anhydride,
phthalic anhydride, succinic anhydride, pyromellitic anhy-
dride, itaconic anhydride, chloroacetic anhydride, benzoic
anhydride, oxalic anhydride, succinic anhydride, glycolic
anhydride, acrylic anhydride, methacrylic anhydride, citra-
conic anhydride, mesaconic anhydride, trimellitic anhydride,
and adipic anhydride. Such an acid anhydride may be either a
symmetric acid anhydride, wherein, in the above formula
(11-1), R* and R? are the same groups (R'=R?), or an asym-
metric acid anhydride, wherein R* and R* are different groups
(R'=R?). A symmetric acid anhydride, wherein R* and R* are
the same groups, is preferable.

[0058] On the other hand, when the esterification agent is
an acid halide, such an acid halide includes, for example, an
acid halide represented by following formula (11-2), which
corresponds to an acid halide represented by the above for-
mula (11) wherein the leaving group represented by A' in the
above formula (11) is a halogen atom:

(11-1)

[Formula 12]

(11-2)
0

lel\ 2

A’

[0059] wherein A® represents ahalogen atom and R* has the
same meaning as described above.

[0060] Inthe formula(11-2), the halogen atom represented
by A? is identical to the halogen atom described in the above
leaving group represented by A'.

[0061] Specific examples of an acid halide include acetyl
chloride, acetyl bromide, acetyl iodide, propionyl chloride,
butyryl chloride, pivaloyl chloride, pentanoyl chloride, hex-
anoyl chloride, lauroyl chloride, stearoyl chloride, benzoyl
chloride, 1-naphthoyl chloride, phthaloyl chloride, 2.4-
dichlorobenzoyl chloride, and methacryloyl chloride. Such



US 2009/0216039 Al

esterification agents may be used appropriately singly or in
combination of two or more thereof.

[0062] When the aforementioned esterification agent is
allowed to react with a-ionone as a mixture of optical iso-
mers, it is preferable to use an acid anhydride among such an
esterification agent.

[0063] The amount of c-ionone as a mixture of optical
isomers used and the amount of an esterification agent used
are not particularly limited because they are diftferent depend-
ing on the type of the esterification agent used, etc. The
amount of such an esterification agent used is appropriately
selected from the range of generally 0.5 to 5 equivalents, and
preferably 0.8 to 2.0 equivalents, based on the a-ionone as a
mixture of optical isomers used as a raw material.

[0064] Esterification of allowing c-ionone as a mixture of
optical isomers to react with an esterification agent is prefer-
ably carried out in the presence of a basic substance. Such a
basic substance includes an inorganic base and an organic
base. Examples of an inorganic base include alkali metal
hydroxides such as lithium hydroxide, sodium hydroxide,
and potassium hydroxide; metal carbonates such as sodium
carbonate, potassium carbonate, magnesium carbonate, and
calcium carbonate; metal hydrogencarbonates such as
sodium hydrogencarbonate, and potassium hydrogencarbon-
ate; metal hydrides such as lithium hydride, sodium hydride,
and potassium hydride; and ammonia. Examples of an
organic base include alkali or alkaline-earth metal salts such
as lithium methoxide, lithium ethoxide, lithium-tert-butox-
ide, sodium methoxide, sodium ethoxide, sodium-tert-butox-
ide, potassium methoxide, potassium ethoxide, potassium-
tert-butoxide, potassium naphthalenide, sodium acetate,
potassium acetate, magnesium acetate, calcium acetate,
lithium diethylamide, lithium diisopropylamide, lithium bis
(trimethylsilyl)amide, sodium  bis(trimethylsilyl)amide,
potassium bis(trimethylsilyl)amide, lithium diphenylphos-
phide, sodium diphenylphosphide, and potassium diphe-
nylphosphide; organic amines such as triethylamine, diiso-
propylethylamine, N,N-dimethylaniline, piperidine,
pyridine, 4-dimethylaminopyridine, 1,5-diazabicyclo[4.3.0]
non-5-ene, 1,8-diazabicyclo[5.4.0Jlundec-7-ene, tri-n-buty-
lamine, and N-methylmorpholine; organic metal compounds
such as methyllithium, ethyllithium, n-propyllithium, isopro-
pyllithium, n-butyllithium, sec-butyllithium, tert-butyl-
lithium, phenyllithium, methylmagnesium chloride, ethyl-
magnesium  chloride, n-propylmagnesium chloride,
isopropylmagnesium chloride, n-butylmagnesium chloride,
sec-butylmagnesium chloride, tert-butylmagnesium chlo-
ride, phenylmagnesium chloride, methylmagnesium bro-
mide, ethylmagnesium bromide, n-propylmagnesium bro-
mide, isopropylmagnesium bromide, n-butylmagnesium
bromide, sec-butylmagnesium bromide, tert-butylmagne-
sium bromide, and phenylmagnesium bromide; and quater-
nary ammonium salts.

[0065] The amount of such a basic substance used is appro-
priately selected from the range of generally 0.5 to 10.0 molar
equivalents, and preferably 1.1 to 3 molar equivalents, based
on the a-ionone as a mixture of optical isomers used as a raw
material.

[0066] Esterification may be carried out in the presence of
a solvent, as necessary. Examples of such a solvent include
aliphatic hydrocarbons such as pentane, hexane, heptane,
octane, decane, and cyclohexane; aromatic hydrocarbons
such as benzene, toluene, and xylene; halogenated hydrocar-
bons such as dichloromethane, 1,2-dichloroethane, chloro-
form, carbon tetrachloride, and o-dichlorobenzene; ethers
such as diethyl ether, diisopropyl ether, tert-butyl methyl
ether, dimethoxyethane, ethylene glycol diethyl ether, tet-
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rahydrofuran, 1,4-dioxane, 1,3-dioxolane, 2-methyltetrahy-
drofuran, and cyclopentyl methyl ether; ketones such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, and
cyclohexanone; alcohols such as methanol, ethanol, 2-pro-
panol, n-butanol, 2-ethoxyethanol, or benzyl alcohol; polyal-
cohols such as ethylene glycol, 1,2-propanediol, 1,3-pro-
panediol, and glycerin; esters such as methyl acetate, ethyl
acetate, n-butyl acetate, and methyl propionate; amides such
as formamide, N,N-dimethylformamide, and N,N-dimethy-
lacetamide; sulfoxides such as dimethyl sulfoxide; cyano-
containing organic compounds such as acetonitrile; N-meth-
ylpyrrolidone; and water. Such solvents may be used
appropriately singly or in combination of two or more
thereof.

[0067] The amount of such a solvent used is different
depending on the type of an esterification agent used, the type
of the solvent used, etc. The amount of such a solvent used is
appropriately selected from the range of generally 1 to 100
times the volume, and preferably 10 to 50 times the volume,
based on the a-ionone as a mixture of optically isomers used
as a raw material.

[0068] The reaction temperature is different depending on
the type of an esterification agent used, the type of a solvent
used, etc. Such reaction temperature is appropriately selected
from the range generally from -75° C. to 50° C., and prefer-
ably from -40° C. to 0° C.

[0069] The reaction time is appropriately selected from the
range generally from 0.5 to 20 hours, and preferably from 1 to
10 hours.

[0070] The a-ionone enol ester represented by the above
formula (3) may be appropriately subjected to a post-treat-
ment or the like, as necessary. The resultant may be purified or
isolated, and it may be then subjected to hydrolysis.

[0071] Such a post-treatment may be carried out by any
conventional means. Specific methods include, for example,
solvent extraction, salting-out, crystallization, recrystalliza-
tion, various types of chromatography, and the like.

[0072] Thus obtained a-ionone enol ester is hydrolyzed to
give optically active ai-ionone and/or an c-ionone enol ester.
[0073] Examples of a mixture of a-ionone and an a-ionone
enol ester obtained by the enantioselective hydrolysis of the
a-ionone enol ester include a mixture wherein only the a-ion-
one is an optically active substance; a mixture wherein only
the a-ionone enol ester is an optically active substance; and a
mixture wherein both the a-ionone and the a-ionone enol
ester are optically active substances. There are the aforemen-
tioned cases, in the present invention, depending on the opti-
cal purity or chemical purity of the a-ionone enol ester used,
and the optical purity or chemical purity of the a-ionone as a
mixture of optical isomers used as a raw material.

[0074] Only optically active ai-ionone can be substantially
obtained by carrying out enantioselective hydrolysis. The
term “substantially” is used to mean a case where one optical
isomer is hardly contained in the other optical isomer. In the
present invention, however, depending on the intended use of
optically active ai-ionone or the like, the term “substantially”
also includes cases where one optical isomer is contained in
the other optical isomer within a range that does not impair
the properties thereof. Moreover, when only an a-ionone enol
ester is optically active as well, the term “substantially” also
includes cases where one optical isomer is contained in the
other optical isomer within a range that does not impair the
properties thereof, depending on the intended use of optically
active ai-ionone obtained by hydrolysis as described later.
[0075] When both the c.-ionone and the o.-ionone enol ester
are optically active substances, if the a-ionone as a mixture of
optical isomers used as a raw material is a racemic form,
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optically active a-ionone and an optically active a-ionone
enol ester are theoretically obtained in equivalent amounts.
However, there are also cases where such optically active
a-ionone and such an optically active a-ionone enol ester are
notnecessarily obtained in equivalent amounts, depending on
the reaction conditions for hydrolysis, the type of enzyme
used, etc.

[0076] The obtained optically active c-ionone and/or opti-
cally active a-ionone enol ester are obtained in the form of a
mixture. Thus, each of the optically active a-ionone and the
optically active a-ionone enol ester is fractionated from the
mixture, so that desired optically active c-ionone and/or a
desired optically active c.-ionone enol ester can be obtained.
[0077] The obtained optically active a-ionone has a higher
optical purity than that of the a-ionone as a mixture of optical
isomers used as a raw material. The term “higher optical
purity” used in the present invention means that the optical
purity of the obtained product is higher than that of a raw
material (the same is applied below). In this case, it means
that the obtained product has such an optical purity that a
larger amount of (S) form or (R) form a.-ionone is contained
than that of the c-ionone as a mixture of optical isomers used
as a raw material.

[0078] The optical purity of the obtained optically active
a-ionone is appropriately selected from the range, for
example, from 1% to 99% e.e., preferably from 5% to 99%
e.e., and more preferably from 10% to 99% e.e. Otherwise,
such an optical purity may also be substantially 100% e.e.
[0079] On the other hand, a remaining c.-ionone enol ester,
which has not been hydrolyzed, is obtained as a racemic form
oran optically active substance, and preferably obtained as an
optically active substance. When such an optically active
a-ionone enol ester is obtained, it can be an enantiomer of the
aforementioned hydrolyzed c-ionone enol ester. However,
such an optically active substance may not be necessarily
obtained in some cases, depending on the optical purity of
a-ionone as a mixture of optical isomers used as a raw mate-
rial.

[0080] The optical purity of the optically active a-ionone
enol ester is higher than that of the a-ionone as a mixture of
optical isomers used as a raw material. The optical purity of
the obtained optically active a-ionone enol ester is appropri-
ately selected from the range, for example, from 1% to 99%
e.e., preferably from 5% to 99% e.e., and more preferably
from 10% to 99% e.e. Otherwise, such an optical purity may
also be substantially 100% e.e.

[0081] The enantioselective hydrolysis of an a-ionone enol
ester includes a method of selectively hydrolyzing either one
of optical isomers. For example, such a method is preferably
carried out in the presence of enzyme. Such enzyme is pref-
erably hydrolase. Examples of such hydrolase include car-
boxylesterase, allylesterase, cholinesterase, and lipase. Spe-
cific examples thereof include lipase derived from
Aspergillus niger, lipase derived from Mucor javanicus,
lipase derived from porcine pancreas, lipase derived from
Pseudomonas aeruginosa, lipase derived from Pseudomonas
cepasia, lipase derived from Pseudomonas fluorescence,
lipase derived from Rhizopus sp., lipase derived from Rhizo-
mucor miehei, lipase derived from Candida rugosa, lipase
derived from Candida antarctica, and esterase derived from
porcine liver. Such hydrolases is more preferably lipase, and
particularly further more preferably lipase derived from bac-
teria such as genus Pseudomonas and genus Alcaligenes, and
lipase derived from Candida antarctica, etc. Moreover, a
commercially available hydrolase can also be used as hydro-
lase used in the present invention. Examples of such a com-
mercially available hydrolase that is preferably used herein
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include PS, PS-D, and PS-C (derived from genus Pseudomo-
nas) manufactured by Amano Enzyme Inc.; AK-20 (derived
from genus Pseudomonas) manufactured by Amano Enzyme
Inc.; AH (derived from genus Pseudomonas) manufactured
by Amano Enzyme Inc.; Lipase QL, QL.C, and QLG (derived
from genus Alcaligenes) manufactured by Meito Sangyo Co.,
Ltd.; and Novozym435 and NovozymCALB L manufactured
by Novozymes. Such commercially available hydrolases can
be directly used as it stands. In addition, enzymes used in the
present invention may be used appropriately singly or in
combination of two or more thereof.

[0082] Such enzymes may be directly added to a reaction
solution at a time, or may also be dividedly and intermittently
added to the reaction solution.

[0083] The amount of such enzyme used is appropriately
selected from the range of generally 0.01% to 100% by mass
(w/w), and preferably 0.1% to 50% by mass (w/w), based on
the a-ionone enol ester.

[0084] The enantioselective hydrolysis carried out in the
presence of enzyme may be carried out in the presence of a
solvent, as necessary. Examples of such a solvent include
hydrocarbons including aliphatic hydrocarbons such as pen-
tane, hexane, heptane, octane, decane and cyclohexane, and
aromatic hydrocarbons such as benzene, toluene and xylene;
halogenated hydrocarbons such as dichloromethane, 1,2-
dichloroethane, chloroform, carbon tetrachloride, and
o-dichlorobenzene; ethers such as diethyl ether, diisopropyl
ether, tert-butyl methyl ether, dimethoxyethane, ethylene gly-
col diethyl ether, tetrahydrofuran, 1,4-dioxane, and 1,3-diox-
olane; ketones such as acetone, methyl ethyl ketone, methyl
isobutyl ketone, and cyclohexanone; esters such as methyl
acetate, ethyl acetate, n-butyl acetate, and methyl propionate;
amides such as formamide, N,N-dimethylformamide, and
N,N-dimethylacetamide; sulfoxides such as dimethyl sulfox-
ide; cyano-containing organic compounds such as acetoni-
trile; N-methylpyrrolidone; and water. Such solvents may be
used appropriately singly or in combination of two or more
thereof.

[0085] The amount of a solvent used is not particularly
limited because it is different depending on the type of
enzyme used, the used amount, etc. Such amount is appro-
priately selected from the range of generally 0.5 to 100 times
the volume, and preferably 1 to 50 times the volume, based on
the a-ionone enol ester used as a raw material.

[0086] The reaction temperature is not particularly limited
because it is different depending on the type of enzyme used,
the used amount, etc. Such reaction temperature is appropri-
ately selected from the range generally between 0° C. and 70°
C., and preferably between 10° C. and 50° C.

[0087] The reaction time is not particularly limited because
it is different depending on the type of enzyme used, the used
amount, etc. Such reaction time is appropriately selected
from the range generally between 1 and 48 hours, and pref-
erably between 3 and 24 hours.

[0088] On the other hand, as described above, a remaining
a-ionone enol ester, which has not been hydrolyzed, is
obtained as a racemic form or an optically active substance,
and preferably obtained as an optically active a-ionone enol
ester of an optically active substance. In this case, such an
optically active a-ionone enol ester can be obtained as an
enantiomer of the hydrolyzed optically active a-ionone enol
ester. However, such an optically active substance may not be
necessarily obtained in some cases, depending on the optical
purity of a-ionone as a mixture of optical isomers used as a
raw material.

[0089] More specifically, suitable enzyme is selected from
among the aforementioned types of enzymes, and hydrolysis
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is carried out using the selected enzyme, so as to give the
optically active a-ionone represented by the aforementioned
formula (2), thereby obtaining the (S)-a-ionone represented
by the aforementioned formula (2A) or the (R)-a-ionone
represented by the aforementioned formula (2B), as
described above. In the present invention, preferably, the
(S)-a-ionone enol ester represented by the aforementioned
formula (3A) as an (S) form is substantially hydrolyzed, so as
to give the (S)-a-ionone represented by the aforementioned
formula (2A), although it depends on the type of enzyme
used, etc. In contrast, the (R)-a-ionone enol ester represented
by the aforementioned formula (3B) as an (R) form does not
substantially react with such enzyme. Thus, the obtained
(R)-a-ionone enol ester represented by the aforementioned
formula (3B) can be an enantiomer of the (S)-a-ionone enol
ester represented by the aforementioned formula (3A) which
has been hydrolyzed with enzyme.

[0090] Fractionation may be carried out by a conventional
method. After completion of such fractionation, the resultant
may be directly used, or may be appropriately subjected to the
aforementioned post-treatment, as necessary.

[0091] After enantioselective hydrolysis conducted in the
presence of enzyme, a mixture of optically active a-ionone
and an a-ionone enol ester is obtained. Thereafter, the opti-
cally active a-ionone and the a-ionone enol ester are sepa-
rately obtained, namely, they are fractionated from this mix-
ture. The fractionated a-ionone enol ester is then hydrolyzed
to give a-ionone, and preferably, a second optically active
a-ionone that can be an enantiomer of the optically active
a-ionone obtained by hydrolysis with enzyme.

[0092] In the present invention, more preferably, a mixture
of the (S)-a-ionone represented by the aforementioned for-
mula (2A) obtained by the aforementioned hydrolysis with
enzyme and the enol ester of an (R)-c-ionone that is an
enantiomer of the aforementioned (S)-a-ionone is subjected
to fractionation. Thus fractionated (R)-ai-ionone enol ester is
then hydrolyzed, so as to give an (R)-a-ionone that is an
enantiomer of the (S)-a-ionone represented by the aforemen-
tioned formula (2A).

[0093] When the second a-ionone is obtained in the form of
an optically active substance, the obtained optically active
a-ionone has a higher optical purity than that of the a-ionone
as a mixture of optical isomers used as a raw material. The
term “higher optical purity” is used herein to mean that the
obtained product has such an optical purity that a larger
amount of (S) form or (R) form a-ionone is contained than
that of the a-ionone as a mixture of optical isomers used as a
raw material.

[0094] The optical purity of the second optically active
a-ionone is appropriately selected from the range, for
example, from 1% to 99% e.e., preferably from 5% to 99%
e.e., and more preferably from 10% to 99% e.e. Otherwise,
such an optical purity may also be substantially 100% e.e. As
described above, the obtained optically active a-ionone may
be obtained in the form of a racemic form in some cases,
depending on the type of an a-ionone as a mixture of optical
isomers used as a raw material.

[0095] In order to obtain the second optically active a-ion-
one having a desired optical purity, the production method of
the present invention may also be carried out repeatedly. By
carrying out the present production method repeatedly, an
optically active a-ionone having an optical purity of substan-
tially 100% e.e. can be obtained.

[0096] In the present invention, such an optically active
a-ionone may not be needed to have an optical purity of
substantially 100% e.e., depending on the intended use or the
like. In such a case, optically active a-ionone having an
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optical purity, for example, from 10% e.e. to 90% e.e., and
preferably from 15% e.e. to 85% e.e. may be directly used. In
addition, the optical purity of the obtained optically active
a-ionone may also be adjusted, as appropriate, by altering
reaction conditions and the like. Moreover, in order to obtain
optically active a-ionone having a desired optical purity, the
production method of the present invention may be carried
out repeatedly. Otherwise, the obtained optically active
a-ionone may be mixed with another type of a-ionone (for
example, the optically active a-ionone obtained by the pro-
duction method of the present invention, the a-ionone as a
mixture of optical isomers, etc.).

[0097] Thehydrolysis of fractionated c.-ionone enol ester is
preferably carried out under acidic or basic conditions.
[0098] Examples of an additive used under acidic or basic
conditions include an acidic substance, a basic substance,
salts with an acid used in the aforementioned acidic substance
and a base used in the aforementioned basic substance, and a
buffer agent.

[0099] Examples of an acidic substance include inorganic
acid, organic acid, and Lewis acid.

[0100] Examples of inorganic acid include hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric acid, tet-
rafluoroboric acid, perchloric acid, and periodic acid.

[0101] Examples of organic acid include carboxylic acids
such as formic acid, acetic acid, valeric acid, hexanoic acid,
citric acid, chloroacetic acid, dichloroacetic acid, trichloro-
acetic acid, trifluoroacetic acid, benzoic acid, salicylic acid,
oxalic acid, succinic acid, malonic acid, phthalic acid, tartaric
acid, malic acid, and glycolic acid; and sulfonic acids such as
methanesulfonic acid, benzenesulfonic acid, p-toluene-
sulfonic acid, and trifluoromethanesulfonic acid.

[0102] Examples of Lewis acid include aluminum halides
such as aluminum chloride, and aluminum bromide; dialkyl
aluminum halides such as diethyl aluminum chloride, diethyl
aluminum bromide, and diisopropyl aluminum chloride; tri-
alkoxy aluminums such as triethoxy aluminum, triisopro-
poxy aluminum, and tri-tert-butoxy aluminum; titanium
halides such as titanium tetrachloride; tetraalkoxy titaniums
such as tetraisopropoxy titanium; boron halides such as boron
trifluoride, boron trichloride, boron tribromide, and a boron
trifluoride-diethyl etherate; and zinc halides such as zinc
chloride, and zinc bromide.

[0103] Examples of a basic substance are the same basic
substance as described above.

[0104] Examples of a buffer agent include acetate buffer,
Tris buffer, phosphate buffer, veronal buffer, borate buffer,
and Good’s buffer.

[0105] Such additives may be appropriately selected and
used, depending on acidic conditions or basic conditions,
which are conditions applied to hydrolysis.

[0106] The amount of such an additive used is appropri-
ately selected from the range generally from 0.1 to 100 times
the volume, and preferably from 1 to 50 times the volume,
based on the a-ionone enol ester.

[0107] The fractionated a-ionone enol ester may be hydro-
lyzed in the presence of a solvent, as necessary.

[0108] Examples of such a solvent used as necessary
include aliphatic hydrocarbons such as pentane, hexane, hep-
tane, octane, decane, and cyclohexane; aromatic hydrocar-
bons such as benzene, toluene, and xylene; halogenated
hydrocarbons such as dichloromethane, 1,2-dichloroethane,
chloroform, carbon tetrachloride, and o-dichlorobenzene;
ethers such as diethyl ether, diisopropyl ether, tert-butyl
methyl ether, dimethoxyethane, ethylene glycol diethyl ether,
tetrahydrofuran, 1,4-dioxane, 1,3-dioxolane, 2-methyltet-
rahydrofuran, and cyclopentyl methyl ether; ketones such as
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acetone, methyl ethyl ketone, methyl isobutyl ketone, and
cyclohexanone; alcohols such as methanol, ethanol, 2-pro-
panol, n-butanol, 2-ethoxyethanol, and benzyl alcohol; poly-
alcohols such as ethylene glycol, 1,3-propanediol, 1,2-pro-
panediol, and glycerin; esters such as methyl acetate, ethyl
acetate, n-butyl acetate, and methyl propionate; amides such
as formamide, N,N-dimethylformamide, and N,N-dimethy-
lacetamide; sulfoxides such as dimethyl sulfoxide; cyano-
containing organic compounds such as acetonitrile; N-meth-
ylpyrrolidone; and water. Such solvents may be used
appropriately singly or in combination of two or more
thereof.

[0109] The amount of such a solvent used is different
depending on the type of an additive, the type of the solvent,
etc. Such amount is appropriately selected from the range
generally from 0.5 to 1000 times the volume, and preferably
from 1 to 50 times the volume, based on the a.-ionone enol
ester.

[0110] The reaction temperature is different depending on
the type of an additive used, the type of a solvent used, etc.
Such reaction temperature is appropriately selected from the
range generally from 0° C. and 100° C., and preferably from
10° C. and 50° C.

[0111] The reaction time is appropriately selected from the
range generally from 0.5 and 10 hours, and preferably from 1
and 5 hours.

[0112] The obtained optically active c.-ionone may be sub-
jected to the aforementioned post-treatment or the like, as
necessary.

[0113] Herein, with respect to said obtained a-ionone,
when the aforementioned a-ionone as a mixture of optically
active substances used as a raw material is an optically active
substance, the aforementioned a.-ionone enol ester has almost
the same level of optical purity as that of said obtained a.-ion-
one. In this case, if ordinary hydrolysis is carried out, the
purity of the optically active a-ionone obtained by such
hydrolysis improves. That is to say, the obtained optically
active a-ionone is obtained a purified product from the opti-
cally active a-ionone used as a raw material.

[0114] The process for producing the optically active
a-ionone of the present invention can also be carried out as
follows:

[0115] First, a-ionone as a mixture of optical isomers is
subjected to an asymmetric reduction to give optically active
a-ionol. Subsequently, the obtained optically active a-ionol
is allowed to react with an esterification agent to give an
optically active a-ionol ester. Herein, the obtained optically
active a-ionol ester may be a mixture of diastereomers in
some cases. For example, if the c-ionone as a mixture of
optical isomers used as a raw material is a racemic form, an
asymmetric carbon atom at 1-position of a cyclohexene ring
in the a-ionone skeleton is substantially a racemic form. In
addition, if the aforementioned ci-ionone is an optically active
substance and the optical purity thereof is not 100% e.e., an
asymmetric carbon atom at 1-position is optically active, and
the optical purity thereof is at almost the same level as that of
the a-ionone as a mixture of optical isomers used as a raw
material. Moreover, the optical purity of a carton atom at
2-position in an optically active c-ionol ester, namely, the
optical purity of a carbon atom at 2-position in the a-ionol
skeleton (a carbon atom to which a hydroxy group binds; the
same is applied below) is at almost the same level as the
optical purity of an optically active a-ionol obtained by an
asymmetric reduction of the a-ionone used as a raw material.
[0116] Subsequently at least one diastercomer of the
obtained optically active ai-ionol ester is purified, as neces-
sary, so as to improve the optical purity of asymmetric carbon
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atoms at 2-position thereof and at 1-position of a cyclohexene
ring. By such purification, at least one diastereomer of an
ester body from a mixture of diastereomers is isolated and
obtained. Thereafter, the optically active a-ionol ester
obtained by such isolation is hydrolyzed to give optically
active a-ionol. The obtained optically active a-ionol is then
oxidized, so as to give desired optically active a-ionone.
Herein, with regard to isolation of at least one diastercomer,
the optical purity of the optically active a-ionol ester is not
necessarily 100% e.e. The obtained optically active a-ionol
ester may contain the other diastereomer or a compound other
than the optically active c-ionol ester.

[0117] Asa-ionone as amixture of optical isomers thatis to
be subjected to an asymmetric reduction, the same a.-ionone
described above may be used. Such a-ionone may be either a
racemic form or an optically active substance. In addition, the
cis-trans ratio of the double bond at 2-position of the afore-
mentioned o-ionone is also the same as described above.
Moreover, when an optically active substance is used as
a-ionone as a mixture of optical isomers, the optically active
a-ionone obtained as described above may be used.

[0118] The a-ionol in the aforementioned optically active
a-ionol is 4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-
ol.

[0119] The optically active c-ionol obtained by an asym-
metric reduction is represented by formula (6):

[Formula 13]

)
OH

[0120] wherein * has the same meaning as described above.
[0121] Said optically active a-ionol represented by above
formula (6) is (S)-a-ionol represented by formula (6A):

[Formula 14]

(6A)

[0122] wherein * has the same meaning as described above,
or (R)-a-ionol represented by formula (6B):

[Formula 15]

(6B)
OH

[0123] wherein * has the same meaning as described above.
[0124] The optical purity of the asymmetric carbon atom at
2-position of the optically active a-ionol is appropriately
selected from the range, for example, from 1% to 99% e.e.,
preferably from 5% to 99% e.e., and more preferably from
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10% to 99% e.e. The aforementioned optical purity is used to
mean the optical purity of the asymmetric carbon atom at
2-position of the optically active a-ionol. However, there may
also be cases where the asymmetric carbon atom at 1-position
of the cyclohexene ring is also included.

[0125] In addition, when the ai-ionone as a mixture of opti-
cal isomers used as a raw material is an optically active
substance, the aforementioned optically active a-ionol is
obtained as an optically active a-ionol represented by for-
mula (6C), wherein the carbon atom at 1-position of the
cyclohexene ring thereof is an asymmetric carbon atom:

[Formula 16]
(60
OH
N
[0126] wherein * has the same meaning as described above.

[0127] The aforementioned asymmetric reduction is car-
ried out in the presence of a chiral catalyst. Moreover, in the
present invention, the aforementioned asymmetric reduction
is preferably an asymmetric hydrogenation.

[0128] Such an asymmetric hydrogenation is carried out in
the presence of a hydrogen source. Examples of such a hydro-
gen source include hydrogen gas and a hydrogen donor.
[0129] That is to say, examples of the asymmetric hydro-
genation used in the present invention include an asymmetric
hydrogenation conducted in the presence of hydrogen gas and
an asymmetric transfer hydrogenation conducted in the pres-
ence of a hydrogen donor.

[0130] A chiral catalyst is preferably a transition metal
complex, more preferably a chiral transition metal complex.
A transition metal complex that contains a transition metal
and a chiral ligand is preferably used as the aforementioned
chiral transition metal complex. Moreover, the chiral transi-
tion metal complex may be used to asymmetric hydrogena-
tion in situ.

[0131] A transition metal used for a chiral transition metal
complex is preferably a transition metal of the eighth group to
the tenth group of a periodic table of the elements.

[0132] An example of such a chiral transition metal com-
plex is a transition metal complex represented by the follow-
ing formula (12) or (13):

M, L,X,Y, 12)
M, L, XY, ]Z, (13)
[0133] In the above formulae, M represents a transition

metal from the eight group to the tenth group of a periodic
table of the elements; L represents a chiral ligand; X repre-
sents a halogen atom, a carboxylate group, an allyl group,
1,5-cyclooctadiene, or norbornadiene; Y represents a ligand;
Z represents anion or cation; each of m and n independently
represents an integer of 1 to 5; and each of p, q, and s inde-
pendently represents an integer of 0 to 5.

[0134] Transition metals from the eight group to the tenth
group of the periodic table of the elements, represented by M
in the formulae (12) and (13), are same or different, and
include ruthenium (Ru), rthodium (Rh), iridium (Ir), palla-
dium (Rd), nickel (Ni), and the like.
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[0135] Chiral ligands represented by L are same or differ-
ent, and include a monodentate ligand, a bidentate ligand, and
the like. A chiral ligand is preferably an optically active
phosphorus ligand, and more preferably an optically active
bidentate phosphorus ligand.

[0136] Such an optically active bidentate phosphorus
ligand may have an optically active site in a molecule thereof.
An example of such an optically active bidentate phosphorus
ligand is a phosphorus compound represented by the follow-
ing formula (14), wherein the compound has an optically
active site in the following formula:

R11R12P_Q1PR13R14 (14)

wherein each of R'* to R'* independently represents an
optionally substituted hydrocarbon group, an optionally sub-
stituted heterocyclic group, an optionally substituted alkoxy
group, or an optionally substituted aryloxy group; Q' repre-
sents a spacer; and further, R*' and R'? and/or R'? and R**
may bond with each other to form a ring.

[0137] Inthe formula (14), optionally substituted hydrocar-
bon groups represented by R'* to R'* are the same as the
aforementioned optionally substituted hydrocarbon group.

[0138] Examples of an optionally substituted heterocyclic
group includes a heterocyclic group and a substituted hetero-
cyclic group. Such a heterocyclic group includes an aliphatic
heterocyclic group and an aromatic heterocyclic group.

[0139] An aliphatic heterocyclic group includes, for
example, a 3- to 8-membered, and preferably 5- or 6-mem-
bered monocyclic, polycyclic or fused ring aliphatic hetero-
cyclic group having 2 to 14 carbon atoms and containing at
least one, and preferably 1 to 3 heteroatom(s) such as a
nitrogen atom, an oxygen atom, and/or a sulfur atom. Specific
examples of such an aliphatic heterocyclic group include
pyrrolidyl-2-one, piperidyl, piperidino, piperazinyl, mor-
pholino, morpholinyl, tetrahydrofuryl, tetrahydropyranyl,
and thioranyl.

[0140] An aromatic heterocyclic group includes, for
example, a 3- to 8-membered, and preferably 5- or 6-mem-
bered monocyclic, polycyclic, or fused ring aromatic hetero-
cyclic group having 2 to 15 carbon atoms and containing at
least one, and preferably 1 to 3 heteroatom(s) such as a
nitrogen atom, an oxygen atom, and/or a sulfur atom. Specific
examples of such an aromatic heterocyclic group include
furyl, thienyl, pyridyl, pyrimidyl, pyrazyl, pyridazinyl, pyra-
zolyl, imidazolyl, oxazolyl, thiazolyl, benzofuryl, benzothie-
nyl, quinolyl, isoquinolyl, quinoxalinyl, phthalazinyl,
quinazolinyl, naphthylidinyl, cinnolinyl, benzoimidazolyl,
benzoxazolyl, benzothiazolyl, and acrydinyl.

[0141] A substituted heterocyclic group [a heterocyclic
group having a substituent(s)] includes a heterocyclic group
wherein at least one hydrogen atom of the aforementioned
heterocyclic groups is substituted with the aforementioned
substituent, namely, a substituted aliphatic heterocyclic
group and a substituted aromatic heterocyclic group.

[0142] An optionally substituted alkoxy group includes an
alkoxy group and a substituted alkoxy group.

[0143] Such an alkoxy group includes, for example, a lin-
ear, branched, or cyclic alkoxy group having 1 to 20 carbon
atom(s). Specific examples thereof include methoxy, ethoxy,
n-propoxy, 2-propoxy, n-butoxy, 2-butoxy, isobutoxy, tert-
butoxy, n-pentyloxy, 2-methylbutoxy, 3-methylbutoxy, 2,2-
dimethylpropyloxy, n-hexyloxy, 2-methylpentyloxy, 3-meth-
ylpentyloxy, 4-methylpentyloxy, heptyloxy, octyloxy,
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nonyloxy, decyloxy, and cyclohexyloxy. The aforementioned
alkoxy group is preferably an alkoxy group having 1 to 10
carbon atom(s).

[0144] A substituted alkoxy group [an alkoxy group having
a substituent(s)] includes an alkoxy group wherein at least
one hydrogen atom of the aforementioned alkoxy group is
substituted with the aforementioned substituent.

[0145] An optionally substituted aryloxy group includes an
aryloxy group and a substituted aryloxy group.

[0146] Such an aryloxy group includes, for example, an
aryloxy group having 6 to 20 carbon atoms. Specific
examples thereof include phenyloxy, naphthyloxy, and
anthryloxy. The aforementioned aryloxy group is preferably
an aryloxy group having 6 to 14 carbon atoms.

[0147] A substituted aryloxy group [an aryloxy group hav-
ing a substituent(s)] includes an aryloxy group wherein at
least one hydrogen atom of the aforementioned aryloxy group
is substituted with the aforementioned substituent.

[0148] A spacer represented by Q' includes an optionally
substituted divalent organic group such as an alkylene group,
an arylene group, and a heteroarylene group and the like. In
addition, the aforementioned divalent organic group may
have at least one heteroatom or an atomic group, such as an
oxygen atom, a carbonyl group, a sulfur atom, an imino
group, and a substituted imino group, at an arbitrary position
of' the terminal position or in the chain of the aforementioned
organic group. A substituent in a substituted imino group
includes the aforementioned optionally substituted hydrocar-
bon group, and the aforementioned optionally substituted
heterocyclic group. Moreover, the aforementioned divalent
organic group may be substituted with the aforementioned
substituent(s).

[0149] An alkylene group includes, for example, an alky-
lene group having 1 to 10 carbon atom(s). Specific examples
thereofinclude methylene, ethylene, trimethylene, tetrameth-
ylene, pentamethylene, hexamethylene, heptamethylene,
octamethylene, nonamethylene, decamethylene, and propy-
lene.

[0150] An arylene group includes, for example, an arylene
group having 6 to 20 carbon atoms. Specific examples thereof
include phenylene, biphenyldiyl, binaphthalendiyl, and bis-
benzodioxoldiyl.

[0151] Anheteroarylene group includes, for example, a3 to
8-membered, and preferably 5- or 6-membered monocyclic,
polycyclic, or fused ring heteroarylene group having 2 to 20
carbon atoms and containing at least one, and preferably 1 to
3 heteroatom(s) such as a nitrogen atom, an oxygen atom,
and/or a sulfur atom. Specific examples thereof include bipy-
ridinediyl, bisbenzothioldiyl, and bisthioldiyl.

[0152] Examples of a divalent organic group having a het-
eroatom or an atomic group include —CH,—O—CH,—and
—CH,—0—CH,—.

[0153] Such divalent organic groups may be substituted
with the substituent(s) as described later.

[0154] Furthermore, when a spacer has an optically active
site(s), specific examples of such a spacer having an optically
active site(s) include 1,2-dimethylethylene, 1,2-cyclohexy-
lene, 1,2-diphenylethylene, 1,2-di(4-methylphenyl)ethylene,
1,2-dicyclohexylethylene, 1,3-dioxolan-4,5-diyl, biphe-
nyldiyl, and binaphthalendiyl. Examples of such a spacer
having an optically active site(s) include an (R) form, an (S)
form, an (R,R) form, and an (S,S) form.

[0155] An example of the case where R'' and R'? and/or
R'? and R'* bond with each other to form a ring is a case of
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bonding through, for example, an alkylene group to form a
phosphorus-containing ring. Such an alkylene group
includes, for example, a linear or branched alkylene group
having 1 to 6 carbon atom(s). Specific examples of such an
alkylene group include ethylene, propylene, trimethylene,
2-methylpropylene, 2,2-dimethylpropylene, and 2-ethylpro-
pylene. Specific examples of the formed ring include a phos-
phorane ring and a 2,5-dimethylphosphorane ring.

[0156] Specific examples of an optically active phosphorus
compound include optically active substances such as 1,2-bis
(anisylphenylphosphino)ethane (DIPAMP), 1,2-bis(alkylm-
ethylphosphino)ethane (BisP*), 2,3-bis(diphenylphosphino)
butane (CHIRAPHOS), 1,2-bis(diphenylphosphino)propane
(PROPHOS), 2,3-bis(diphenylphosphino)-5-norbornene
(NORPHOS), 2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis
(diphenylphosphino)butane (DIOP), 1-cyclohexyl-1,2-bis
(diphenylphosphino)ethane (CYCPHOS), 1-substituted-3,4-
bis(diphenylphosphino)pyrrolidine (DEGPHOS), 2.4-bis-
(diphenylphosphino)pentane  (SKEWPHOS), 1,2-bis
(substituted phosphorano)benzene (DuPHOS), 1,2-bis
(substituted phosphorano)ethane (BPE), 1-((substituted
phosphorano)-2-(diphenylphosphino)benzene (UCAP-Ph),
1-(bis(3,5-dimethylphenyl)phosphino)-2-(substituted phos-
phorano)benzene (UCAP-DM), 1-((substituted phospho-
rano)-2-(bis(3,5-di(t-butyl)-4-methoxyphenyl)phosphino)
benzene (UCAP-DTBM), 1-((substituted phosphorano)-2-
(di-naphthalene-1-yl-phosphino)benzene (UCAP-(1-Nap)),
2,2'-bis(diphenylphosphino)-1,1'-bicyclopentane  (BICP),
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), 2,2'-
bis(diphenylphosphino)-1,1'-(5,5',6,6',7,7'.8.8'-octahydrobi-
naphthyl) (Hg-BINAP), 2,2'-bis(di-p-tolylphosphino)-1,1'-
binaphthyl (TOL-BINAP), 2,2'-bis(di(3,5-dimethylphenyl)
phosphino)-1,1'-binaphthyl (DM-BINAP), 2,2'-bis
(diphenylphosphino)-6,6'-dimethyl-1,1'"-biphenyl
(BICHEP), (4,4'-bi-1,3-benzodioxol)-5,5'-diylbis(diphe-
nylphosphine) (SEGPHOS), (4,4'-bi-1,3-benzodioxol)-5,5'-
diylbis[bis(3,5-dimethylphenyl)phosphine] (DM-SEG-
PHOS), and [(45)-[4,4'-bi-1,3-benzodioxol]-5,5'-diyl]bis[ bis
[3,5-bis(1,1-dimethylethyl)-4-methoxyphenyl|phosphine]
(DTBM-SEGPHOS).

[0157] Asachiral ligand, in addition to the aforementioned
optically active bidentate phosphine ligands, a bisheterocy-
clic compound and the like can also be used.

[0158] Examples of ligands represented by Y are same or
different, and include neutral ligands such as an aromatic
compound, and an olefinic compound; amines, and the like.

[0159] Examples of such an aromatic compound include
benzene, p-cymene, 1,3,5-trimethylbenzene (mesitylene),
and hexamethylbenzene. Examples of such an olefinic com-
pound include ethylene, 1,5-cyclooctadiene, cyclopentadi-
ene, and norbornadiene. Examples of other neutral ligands
include N,N-dimethylformamide (DMF), acetonitrile, ben-
zonitrile, acetone, and chloroform.

[0160] Examples of amines include diamines including
aromatic diamines and aliphatic diamines such as 1,2-diphe-
nylethylenediamine (DPEN), 1,2-diaminocyclohexane, eth-
ylenediamine, 1,1-bis(4-methoxyphenyl)-2-isopropylethyl-
enediamine (DAIPEN), 1,2-bis(4-methoxyphenyl)
ethylenediamine, -1,2-dicyclohexylethylenediamine, 1,2-di
(4-N,N-dimethylaminophenyl)ethylenediamine, 1,2-di(4-N,
N-diethylaminophenyl)ethylenediamine, 1,2-di(4-N,N-
dipropylaminophenyl)ethylenediamine, 1,2-(N-
benzenesulfonyl)-1,2-di(4-N,N-dimethylaminophenyl)

ethylenediamine, 1,2-(N-p-toluenesulfonyl)-1,2-di(4-N,N-
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dimethylaminophenyl)ethylenediamine,  1,2-(N-methane-
sulfonyl)-1,2-di(4-N,N-dimethylaminophenyl)
ethylenediamine, 1,2-(N-trifluoromethanesulfonyl)-1,2-di
(4-N,N-dimethylaminophenyl)ethylenediamine, 1,2-(N-
benzenesulfonyl)-1,2-di(4-N,N-diethylaminophenyl)

ethylenediamine,  1,2-(N-benzenesulfonyl)-1,2-di(4-N,N-
dipropylaminophenyl)ethylenediamine, 1,2-di(4-
sulfonylphenyl)ethylenediamine, 1,2-di(4-
sodiumoxysulfonylphenyl)ethylenediamine, 1,2-
cyclohexanediamine, 1,2-cycloheptanediamine, 2.3-
dimethylbutanediamine, 1-methyl-2,2-

diphenylethylenediamine,
diphenylethylenediamine,
diphenylethylenediamine,
methoxyphenyl)ethylenediamine,
methoxyphenyl)ethylenediamine,
methoxyphenyl)ethylenediamine,
methoxyphenyl)ethylenediamine,
dinaphthylethylenediamine,
dinaphthylethylenediamine,
dinaphthylethylenediamine, bis[N-(2,4,6-trimethylphenyl)
methyl-1,2-diphenylethylenediamine, N,N'-bis
(phenylmethyl)-1,2-diphenyl-1,2-ethylenediamine, N,N'-bis
(mesitylmethyl)-1,2-diphenyl-1,2-ethylenediamine, and
N,N'-bis(naphthylmethyl)-1,2-diphenyl-1,2-ethylenedi-
amine; aliphatic amines including trialkylamine such as tri-
ethylamine; and aromatic amines such as pyridine.

[0161] When an asymmetric transfer hydrogenation is car-
ried out as an asymmetric hydrogenation, such amines are
preferable optically active substances, and more preferably
optically active diamine compounds such as optically active
aromatic diamines and optically active aliphatic diamines.

[0162] Examples of a halogen atom represented by X
include a chlorine atom, a bromine atom, and an iodine atom.

[0163] Informula (13), examples of anion represented by Z
include BF,, C10,, OTf, NO,, PF, SbF,, AsF,, BPh,, BH,,
BF,, Cl, Br, 15, and sulfonate. Herein, Tf represents a triflate
group (SO,CF,).

[0164]

[(R'),NH,]* 15

1-isobutyl-2,2-
1-isopropyl-2,2-
1-methyl-2,2-di(p-
1-isobutyl-2,2-di(p-
1-isopropyl-2,2-di(p-
1-benzyl-2,2-di(p-
1-methyl-2,2-
1-isobutyl-2,2-
1-isopropyl-2,2-

Examples of cation is represented, by formula (15):

wherein two R'® are same or different, and represent a hydro-
gen atom or an optionally substituted hydrocarbon group.
[0165] In the formula (15), the optionally substituted
hydrocarbon group represented by R'’ is the same as the
aforementioned optionally substituted hydrocarbon group.
Such optionally substituted hydrocarbon group represented
by R'? is preferably an alkyl group having 1 to 5 carbon
atom(s), a cycloalkyl group, an optionally substituted phenyl
group, an optionally substituted benzyl group, and the like.
[0166] Specific examples of cation include [Me,NH,]",
[Et,NH,]*, and [Pr,NH,]".

[0167] A preferred embodiment of the aforementioned
transition metal complex will be described below.

[1] Formula (12):
[0168]
M, L. XY, (12)

1) When M is Ir or Rh, X is Cl, Br or I. When L is a mono-
dentate ligand, m=p=2, n=4, and g=0. When L is a bidentate
ligand, m=n=p=2, and q=0.
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2) When M is Ru, (i) X is Cl, Bror I, and Y is trialkylamine.
When L is a monodentate ligand, m=2, n=p=4, and q=1.
When L is a bidentate ligand, m=n=2, p=4, and q=1.

(i) X is Cl, Br or I, and Y is a pyridyl group or a ring-
substituted pyridyl group. When L is a monodentate ligand,
m=1, n=p=21 and q=2. When L is a bidentate ligand, m=n=1,
p=2, and q=2.

(iii) X is a carboxylate group. When L is a monodentate
ligand, m=1, n=p=2, and q=0. When L is a bidentate ligand,
m=n=1, p=2, and q=0.

(iv) X is Cl, Bror I. When L is a monodentate ligand, m=p=2,
n=4, and q=0. When L is a bidentate ligand, m=n=p=2, and
q=0.

3)When M is Pd, (1) X is Cl, Bror . When L is a monodentate
ligand, m=1,n=2, p=2, and q=0. When L is a bidentate ligand,
m=n=1, p=2, and q=0.

(i1) X is an allyl group. When L is a monodentate ligand,
m=p=2, n=4, and q=0. When L is a bidentate ligand,
m=n=p=2, and q=0.

4) When M is Ni, (1) X is Cl, Bror I. When L is a monodentate
ligand, m=1,n=2, p=2, and q=0. When L is a bidentate ligand,
m=n=1, p=2, and q=0.

[2] Formula (13)
[0169]

M,L,X,Y 17 13)

m—n*p L gl&s

1) When M is Ir or Rh, X is 1,5-cyclooctadiene or norborna-
diene; Z is BF,, ClO,, OTf, PF,, SbF,, or BPh,; and
m=n=p=s=1, and q=0, or m=s=1, n=2, and p=g=0.

2) When M is Ru, (1) X is C1, Bror I, Y is a neutral ligand such
as an aromatic compound and an olefinic compound; and Z is
Cl, Br, I or sulfonate. When L is a monodentate ligand,
m=p=s=q=1, and n=2. When L is a bidentate ligand,
m=n=p=s=q=1.

(i1) When Z is BF,,, C10,, OTT, PF, SbF, or BPh,, and L is a
monodentate ligand, m=1, n=2, p=q=0, and s=2. When L is a
bidentate ligand, m=n=1, p=q=0, and s=2.

(iii) When Z is an ammonium ion, and L is a bidentate ligand,
m=2, n=2, p=5, and q=0.

3) When M is Pd and Ni, Z is BF,, C1O,, OTf, PF, SbF¢ or
BPh,. (i) When L is a monodentate ligand, m=1, n=2, p=q=0,
and s=2. (i1) When L is a bidentate ligand, m=n=1, p=q=0, and
s=2.

[0170] The aforementioned transition metal complex used
in the present invention can be produced by a known method.
For example, it can be obtained by allowing a chiral ligand to
react with a transition metal complex precursor.

[0171] The expression “obtained by allowing . . . to react .
..”is used herein to mean a transition metal complex obtained
by performing a post-treatment or the like, as necessary, a
transition metal complex isolated and/or purified after per-
forming a post-treatment or the like, a transition metal com-
plex obtained by direct use of a reaction mixture without
performing a post-treatment, isolation, purification, or the
like, etc.

[0172] Anexample of such a transition metal complex pre-
cursor is the transition metal complex precursor represented
by formula (16):

IMX,Y,1Z, (16)

[0173] wherein M, X, Y, Z, p, q, and s have the same
meanings as described above.
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[0174] Specific examples of the transition metal complex
precursor represented by the above formula (7) used in the
present invention, wherein, in the above formula (7), the
transition metal represented by M is ruthenium, rhodium, and
iridium, include, for example, [RuCl,(benzene)],, [RuBr,
(benzene)),, [Rul,(benzene)],, [RuCl,(p-cymene)],, [RuBr,
(p-cymene)],, [Rul,(p-cymene)],, RuCl, (hexamethylben-

zene)| ,, [RuBr, (hexamethylbenzene)],, [Rul,
(hexamethylbenzene)],, [RuCl,(mesitylene)],, [RuBr,
(mesitylene)] ,, [Rul,(mesitylene)],, [RuCl,

(pentamethylcyclopentadiene)],, [RuBr, (pentamethylcyclo-
pentadiene)],, [Rul,(pentamethylcyclopentadiene)],,
[RuCl,(cod)],,, [RuBr,(cod)],,, [Rul,(cod)],,, [RuCl,(nbd)],,,
[RuBr,(nbd)],, [Rul,(nbd)],, RuCl; hydrate, RuBr; hydrate,
Rul; hydrate, [RhCl, (cyclopentadiene)],, [RhBr,(cyclopen-
tadiene)],, [Rhl, (cyclopentadiene)],, [RhCl, (pentamethyl-
cyclopentadiene)],, [RhBr, (pentamethylcyclopentadiene)],,
[RhI,(pentamethylcyclopentadiene)],, [RhCl,(cod)],,,
[RhBr,(cod)],,, [Rhl,(cod)],,, [RhCl,(nbd)],, [RhBr,(nbd)],,
[RhI,(nbd)],, [Rh(cod),|SbFs;, RhCl; hydrate, RhBr,
hydrate, Rhl, hydrate, [IrCl,(cyclopentadiene)],, [IrBr,(cy-
clopentadiene)],, [Irl,(cyclopentadiene)],, (IrCl, (pentam-
ethylcyclopentadiene)],, [IrBr, (pentamethylcyclopentadi-
ene)|,, [Irl,(pentamethylcyclopentadiene)],, [IrCl, (cod)],,
[IrBr,(cod)],, [Irl;(cod)],,, [IrCl,(nbd)],,, [ItBr,(nbd)],, [Ir],
(nbd)],,, IrCl; hydrate, IrBr; hydrate, and IrI; hydrate. Pro-
vided that, in the above formulae, n represents a positive
number, cod represents 1,5-cyclooctadiene, and nbd repre-
sents norbornadiene, respectively.

[0175] A method for producing a transition metal complex
used in the present invention will be specifically described
below. With regard to symbols used in the formulae of tran-
sition metal complexes as described below, L represents a
chiral ligand, Tf represents a triflate group (SO,CF;), Ph
represents a phenyl group, and Ac represents an acetyl group,
respectively. In addition, in order to avoid complexity, only
bidentate ligands are exemplified as specific examples of
chiral ligands.

[0176]

[0177] A rhodium complex can be produced according to,
for example, the method described in “The Forth Series of
Experimental Chemistry (4” Edition, Jikken Kagaku Koza)”
edited by The Chemical Society of Japan, vol. 18, Yuuki
Kinzoku Sakutai (Organometalic Complexes), pp. 339-344,
1991, (Maruzen). Specifically, such a rhodium complex can
be obtained by allowing bis(cycloocta-1,5-diene)rhodium (I)
tetrafluoroborate to react with a chiral ligand.

[0178] Specific examples of such a rhodium complex
include complexes as follows:

[RR(L)CI],, [RR(L)Brl,, [RR(L)I,, [Rh(cod)(L)BE,, [Rh
(cod)()ICIO,, [Rh(cod)(L)]PF,, [Rh(cod)(L)]BPh,, [Rh
(cod)(L)]JOTT, [Rh(nbd) (L)]BF., [Rh(nbd) (1)]C1O,, [Rh
(nbd)(L)]PF, [Rh(nbd)(L)]BPh,, [Rh(nbd)(L)]OTT, [Rh(L)
,ICIO,, [Rh(L),IPF,, [Rh(L),]OTE, [Rh(L),IBE..

[0179]

[0180] A ruthenium complex can be obtained according to,
for example, the method described in T. Ikariya et al., J.
Chem. Soc., Chem. Commun., 922 (1985), etc. Specifically,
such a ruthenium complex can be obtained by heating under
reflux and allowing [Ru(cod)Cl, ],, to react with a chiral ligand
in the presence of triethylamine in a toluene solvent. In addi-
tion, it can also be obtained by the method described in K.
Mashima et al., J. Chem. Soc., Chem. Commun., 1989, 1208,

Rhodium Complexes:

Ruthenium Complexes:
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etc. Specifically, a ruthenium complex can be obtained by
heating with stirring [Ru(p-cymene)l, |, and a chiral ligand in
dichloromethane and ethanol.

[0181] Specific examples of such a ruthenium complex
include complexes as follows:

Ru(OAc),(L), Ru,Cl(L),NEt;, [RuCl(benzene)(1)|Cl,
[RuBr(benzene)(I.)|Br, [Rul(benzene)(L)]I,  [RuCl(p-
cymene)(1)|Cl, [RuBr(p-cymene)(L)|Br, [Rul(p-cymene)
DI, [RuL)I(BE,),, [Ru@)I(CIO,),. [Ru(L)I(PF,),, [Ru
(LI(BPh,),, [Ru(L)I(OTH),, Ru(OCOCF,),(L), [{RuCl(L)
5} (—C1);][Me,NH,], [{RuCI(L)}2(w—C1);][Et,NH, ],
[{RuBK(L),} (+—CD,][Me;NHL I, [{RuBr(L),}(u—Cl),]
[Et,NH,], RuCl,(L), RuBr,(L), Rul,(L), RuCl,(L)(di-
amine), RuBr,(L) (diamine), Rul,(L)(diamine), [{Rul(L)},
(w—D);1[Me,NH, ], [{Rul(L)},(n—T);][Et,NH,], RuCl,(L)
(pyridine), RuBr, (L) (pyridine), Rul, (L) (pyridine).

[0182] Iridium Complexes:

[0183] An iridium complex can be obtained according to,
for example, the method described in K. Mashima et al., J.
Organomet. Chem., 428, 213 (1992), etc. Specifically, such
an iridium complex can be obtained by allowing a chiral
ligand to react with [Ir(cod) (CH;CN),|BF, by stirring in
tetrahydrofuran.

[0184] Specific examples of such an iridium complex
include complexes as follows:

[1r(L)CI],, [If(L)Br],, [1e(L)T],, [Ir(cod)(L)BE,, [Tr(cod)(L)]
ClO,, [Ir(cod)(LL)]PF,, [Ir(cod)(L)|BPh,, [Ir(cod)(L)]OTHL,
[Ir(nbd) (L)]BF,, [Ir(nbd) (L)]CIO,, [Ir(ubd) (L)]PF,, [Ir
(nbd) (L)]BPh,, [Ir(nbd) (L)]JOTT.

[0185] Palladium Complexes:

[0186] A palladium complex can be obtained according to,
for example, the method described in Y. Uozumi et al., J. Am.
Chem. Soc., 9887 (1991), etc. Specifically, such a palladium
complex can be obtained by allowing a chiral ligand to react
with n-allyl palladium chloride.

[0187] Specific examples of such a palladium complex
include complexes as follows:

PdC1,(L), (m-allyDPd(L), [(PA(L)IBF,, [(Pd(L)]CIO,, [(Pd
(L)]PF, [(PA(L)]BPL,, [(PA(L)]OTH.

[0188] Nickel Complexes:

[0189] A nickel complex can be obtained according to, for
example, the method described in “The Forth Series of
Experimental Chemistry (4” Edition, Jikken Kagaku Koza)”
edited by The Chemical Society of Japan, vol. 18, Yuuki
Kinzoku Sakutai (Organometalic Complexes), p. 376, 1991,
(Maruzen). In addition, it can also be obtained by dissolving
a chiral ligand and nickel chloride in a mixed solvent of
2-propanol and methanol and then heating them with stirring
according to the method described in Y. Uozumi et al., J. Am.
Chem. Soc., 113, 9887 (1991), etc.

[0190] Specific examples of such a nickel complex include
complexes as follows:

NiCL,(L), NiBr,(L), Nil(L).

[0191] The aforementioned transition metal complexes to
be used may be either commercially available products or
appropriately produced complexes.

[0192] Moreover, as such a transition metal complex used
in the present invention, a chiral ligand may be mixed with a
transition metal complex precursor, and the obtained mixture
may be directly used in an asymmetric hydrogenation without
performing isolation or purification. This is what is called an
asymmetric hydrogenation carrying out in situ.
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[0193] The amount of a chiral catalyst used differs depend-
ing on the used a-ionone as a mixture of optical isomers, the
used reactor, a reaction type, economical efficiency, etc. The
amount of such a chiral catalyst is appropriately selected from
the range generally from 1/10 to 1/100,000 by molar ratio,
and preferably from 1/50to 1/10,000 by molar ratio, based on
the a-ionone as a mixture of optical isomers.

[0194] When an asymmetric hydrogenation is carried out
as an asymmetric reduction in the presence of hydrogen gas,
any pressure of the hydrogen gas may be employed so long as
the reaction is carried out under a hydrogen atmosphere, or a
hydrogen pressure of 0.1 MPa may also be sufficient. In
consideration of economic efficiency, however, the pressure
of the hydrogen gas is appropriately selected from the range
generally from 0.1 to 20 MPa, and preferably from 0.2 to 10
MPa. Further, it is possible to maintain a high activity even at
1 MPa or less in consideration of economic efficiency.
[0195] When an asymmetric hydrogenation is carried out
as an asymmetric reduction in the presence of a hydrogen
donor, examples of such a hydrogen donor include an organic
compound and/or an inorganic compound. Any type of
hydrogen donor compound can be used, as long as it is a
compound capable of donating hydrogen as a result of a
thermal action or a catalytic action in a reaction system.
[0196] Examples of such a hydrogen donor include formic
acid or salts thereof, the combined use of formic acid with a
base, hydroquinone, cyclohexadiene, phosphorous acid, and
alcohols. Of these, formic acid or salts thereof, the combined
use of formic acid with a base, and alcohols are particularly
preferable.

[0197] Examples of the salts of formic acid in the afore-
mentioned formic acid or salts thereof include metal salts of
formic acid such as an alkali metal salts of formic acid and an
alkaline-earth metal salts of formic acid, ammonium salts,
and substituted amine salts.

[0198] Examples of the aforementioned combined use of
formic acid with a base include a combined use wherein
formic acid can be converted to the salts of formic acid in a
reaction system; and a combined use wherein formic acid can
be substantially converted to the salts of formic acid.

[0199] Examples of a base that forms the metal salts of
formic acid such as the alkali metal salts of formic acid and
the alkaline-earth metal salts of formic acid, ammonium salts,
substituted amine salts, etc., and a base used in combination
of formic acid, include ammonia, an inorganic base, and an
organic base.

[0200] Examples of analkali metal that forms salts together
with formic acid include lithium, sodium, potassium,
rubidium, and caesium. Examples of an alkaline earth metal
include magnesium, calcium, strontium, and barium.

[0201] Examples of an inorganic base include alkali or
alkaline-earth metal salts such as potassium carbonate, potas-
sium hydroxide, lithium hydroxide, sodium hydrogencarbon-
ate, sodium carbonate, potassium hydrogencarbonate,
sodium hydroxide, magnesium carbonate, and calcium car-
bonate; and metal hydrides such as sodium hydride.

[0202] Examples of an organic base include alkali metal
alkoxides such as potassium methoxide, sodium methoxide,
lithium methoxide, sodium ethoxide, potassium isopro-
poxide, lithium tert-butoxide, sodium tert-butoxide, and
potassium tert-butoxide; the acetates of alkali or alkaline-
earth metals, such as sodium acetate, potassium acetate, mag-
nesium acetate, and calcium acetate; organic amines such as
triethylamine, diisopropylethylamine, N,N-dimethylaniline,
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piperidine, pyridine, 4-dimethylaminopyridine, 1,5-diazabi-
cyclo[4.3.0]non-5-ene, 1,8-diazabicyclo[5.4.0Jundec-7-ene,
tri-n-butylamine, and N-methylmorpholine; organic metal
compounds such as methylmagnesium bromide, ethylmag-
nesium bromide, propylmagnesium bromide, tert-butylmag-
nesium chloride, tert-butylmagnesium bromide, methyl-
lithium, ethyllithium, propyllithium, n-butyllithium, and tert-
butyllithium; and quaternary ammonium salts.

[0203] Examples of alcohols used as hydrogen donors are
preferably lower alcohols having a hydrogen atom at a-posi-
tion. Specific examples include methanol, ethanol, n-pro-
panol, isopropanol, n-butanol, and sec-butanol. Of these, iso-
propanol is preferable.

[0204] The amount of a hydrogen donor used is appropri-
ately selected from the range generally from 0.1 to 100
equivalents, and preferably from 0.5 to 20 equivalents, based
on the a-ionone as a mixture of optical isomers.

[0205] An asymmetric reduction can be carried out in a
solvent, as necessary. Examples of such a solvent include
aromatic hydrocarbons such as benzene, toluene, and xylene;
aliphatic hydrocarbons such as pentane, hexane, heptane, and
octane; halogenated hydrocarbons such as dichloromethane,
chloroform, carbon tetrachloride, and dichloroethane; ethers
such as diethyl ether, diisopropyl ether, tert-butyl methyl
ether, cyclopentyl methyl ether, dimethoxyethane, tetrahy-
drofuran, dioxane, and dioxolane; alcohols such as methanol,
ethanol, 2-propanol, n-butanol, tert-butanol, and benzyl alco-
hol; polyalcohols such as ethylene glycol, 1,2-propanediol,
1,3-propanediol, and glycerin; amides such as N,N-dimeth-
ylformamide, and N,N-dimethylacetamide; ketones such as
acetone, and methyl isobutyl ketone; esters such as methyl
acetate, ethyl acetate, and butyl acetate; acetonitrile; N-me-
thylpyrrolidone; dimethyl sulfoxide; and water. Such sol-
vents may be used appropriately singly or in combination of
two or more thereof.

[0206] The amount of such a solvent used is different
depending on the type of a-ionone as a mixture of optical
isomers or economical efficiency. When an alcohol is used as
such a solvent, for example, depending on the type of a-ion-
one as a mixture of optical isomers used, the solvent can be
used in a low concentration of 1% or less, or without using
such solvents, or in a state where almost no solvents are used.
The amount of such a solvent used may be appropriately
selected, such that the concentration of the c.-ionone as a
mixture of optical isomers can be in the range generally from
5% to 50% by mass, and preferably 10% to 40% by mass.
[0207] An asymmetric reduction can be carried out in the
presence of an additive, as necessary. Examples of such an
additive include an acid, a fluorine-containing alcohol, abase,
a quaternary ammonium salt, a quaternary phosphonium salt,
a halogen, and a reducing agent.

[0208] Examples of an acid include inorganic acid, organic
acid, and Lewis acid.

[0209] Examples of inorganic acid include hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric acid, tet-
rafluoroboric acid, perchloric acid, and periodic acid.

[0210] Examples of organic acid include carboxylic acids
such as formic acid, acetic acid, valeric acid, hexanoic acid,
citric acid, chloroacetic acid, dichloroacetic acid, trichloro-
acetic acid, trifluoroacetic acid, benzoic acid, salicylic acid,
oxalic acid, succinic acid, malonic acid, phthalic acid, tartaric
acid, malic acid, and glycolic acid; and sulfonic acids such as
methanesulfonic acid, benzenesulfonic acid, p-toluene-
sulfonic acid, and trifluoromethanesulfonic acid.
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[0211] Examples of Lewis acid include aluminum halides
such as aluminum chloride, and aluminum bromide; dialkyl
aluminum halides such as diethyl aluminum chloride, diethyl
aluminum bromide, and diisopropyl aluminum chloride; tri-
alkoxy aluminums such as triethoxy aluminum, triisopro-
poxy aluminum, and tri-tert-butoxy aluminum; titanium
halides such as titanium tetrachloride; tetraalkoxy titaniums
such as tetraisopropoxy titanium; boron halides such as boron
trifluoride, boron trichloride, boron tribromide, and a boron
trifluoride-diethyl etherate; and zinc halides such as zinc
chloride and zinc bromide.

[0212] Such acids may be used appropriately singly or in
combination of two or more thereof.

[0213] The amount of such acid used is appropriately
selected from the range generally from 0.0001 to 100 equiva-
lents, and preferably from 0.001 to 10 equivalents, based on
the a-ionone as a mixture of optical isomers.

[0214] Examples of a fluorine-containing alcohol is prefer-
ably a fluorine-containing aliphatic alcohol. Specific
examples of such fluorine-containing aliphatic alcohol
include a saturated or unsaturated fluorine-containing ali-
phatic alcohol having 2 to 10 carbon atoms. Specific
examples of such fluorine-containing aliphatic alcohol
include 2,2,2-trifluoroethanol, 2,2-difluoroethanol, 3,3,3-tri-
fluoropropanol, 2,2,3,3,3-pentafluoropropanol, 2,2,3,3-tet-
rafluoropropanol, 3,3,4,4,4-pentafluorobutanol, 4.4,5,5,5-
pentafluoropentanol, 5,5,6,6,6-pentatluorohexanol, 3,3,4.4,
5,5,6,6,6-nonafluorohexanol, and 1,1,1,3,3,3-hexafluoro-2-
propanol. Such fluorine-containing alcohols may be used
appropriately singly or in combination of two or more
thereof.

[0215] The amount of such fluorine-containing alcohol
used is appropriately selected from the range generally from
0.01 to 100 equivalents, and preferably from 0.1 to 10 equiva-
lents, based on the c-ionone as a mixture of optical isomers.
[0216] Examples ofabaseinclude an inorganic base and an
organic base. Examples of an inorganic base include alkali
metal hydroxides such as lithium hydroxide, sodium hydrox-
ide, and potassium hydroxide; metal carbonates such as
sodium carbonate, potassium carbonate, magnesium carbon-
ate, and calcium carbonate; metal hydrogencarbonates such
as sodium hydrogencarbonate, and potassium hydrogencar-
bonate; metal hydrides such as lithium hydride, sodium
hydride, and potassium hydride; and ammonia. Examples of
an organic base include alkali or alkaline-earth metal salts
such as lithium methoxide, lithium ethoxide, lithium-tert-
butoxide, sodium methoxide, sodium ethoxide, sodium-tert-
butoxide, potassium methoxide, potassium ethoxide, potas-
sium-tert-butoxide, potassium naphthalenide, sodium
acetate, potassium acetate, magnesium acetate, calcium
acetate, lithium diethylamide, lithium diisopropylamide,
lithium bis(trimethylsilyl)Jamide, sodium bis(trimethylsilyl)
amide, potassium bis(trimethylsilyl)amide, lithium diphe-
nylphosphide, sodium diphenylphosphide, and potassium
diphenylphosphide; organic amines such as triethylamine,
diisopropylethylamine, N,N-dimethylaniline, piperidine,
pyridine, 4-dimethylaminopyridine, 1,5-diazabicyclo[4.3.0]
non-5-ene, 1,8-diazabicyclo[5.4.0Jlundec-7-ene, tri-n-buty-
lamine, and N-methylmorpholine; organic metal compounds
such as methyllithium, ethyllithium, n-propyllithium, isopro-
pyllithium, n-butyllithium, sec-butyllithium, tert-butyl-
lithium, phenyllithium, methylmagnesium chloride, ethyl-
magnesium  chloride, n-propylmagnesium chloride,
isopropylmagnesium chloride, n-butylmagnesium chloride,
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sec-butylmagnesium chloride, tert-butylmagnesium chlo-
ride, phenylmagnesium chloride, methylmagnesium bro-
mide, ethylmagnesium bromide, n-propylmagnesium bro-
mide, isopropylmagnesium bromide, n-butylmagnesium
bromide, sec-butylmagnesium bromide, tert-butylmagne-
sium bromide, and phenylmagnesium bromide; and the opti-
cally active substances (optically active diamine compounds)
and racemic forms of the aforementioned diamine com-
pounds exemplified as the aforementioned chiral ligands.
[0217] The amount of such a base used is appropriately
selected from the range generally from 0 to 100 equivalents,
and preferably from 0 to 10 equivalents, based on the a-ion-
one as a mixture of optical isomers.

[0218] Examples of a quaternary ammonium salt include a
quaternary ammonium salt having 4 to 24 carbon atoms.
Specific examples of such a quaternary ammonium salt
include tetrabutylammonium fluoride, tetrabutylammonium
chloride, tetrabutylammonium bromide, tetrabutylammo-
nium iodide, triethylbenzylammonium chloride, and tetrabu-
tylammonium triphenyl difluorosilicate.

[0219] The amount of such a quaternary ammonium salt
used is appropriately selected from the range generally from
01to 100 equivalents, and preferably from 0 to 10 equivalents,
based on a chiral catalyst.

[0220] Examples of a quaternary phosphonium salt include
a quaternary phosphonium salt having 4 to 36 carbon atoms.
Specific examples of such a quaternary phosphonium salt
include tetraphenylphosphonium chloride, tetraphenylphos-
phonium bromide, tetraphenylphosphonium iodide, methyl-
triphenylphosphonium chloride, methyltriphenylphospho-
nium bromide, and methyltriphenylphosphonium iodide.
[0221] The amount of such a quaternary phosphonium salt
used is appropriately selected from the range generally from
01to 100 equivalents, and preferably from 0 to 10 equivalents,
based on a chiral catalyst.

[0222] Examples of halogen include bromine and iodine.
[0223] The amount of such halogen used is appropriately
selected from the range generally from 0 to 100 equivalents,
and preferably from 0 to 10 equivalents, based on the a-ion-
one as a mixture of optical isomers.

[0224] Examples of a reducing agent include sodium boro-
hydride, lithium aluminum hydride, and lithium diisobutyl
aluminum hydride.

[0225] The aforementioned additives may be used appro-
priately singly or in combination of two or more thereof.
[0226] The amount of a reducing agent used is appropri-
ately selected from the range generally from 0 to 100 equiva-
lents, and preferably from O to 10 equivalents, based on the
a-ionone as a mixture of optical isomers.

[0227] An asymmetric reduction can be carried out in a
reaction system such as a batch system and a continuous
system. In addition, the reduction can be carried out in a
reactor used in this field, such as a flask, a reaction kettle, and
an autoclave.

[0228] The reaction temperature is different depending on
the type of a chiral catalyst used, the used amount, etc. The
reaction temperature, in consideration of economical effi-
ciency or the like, is appropriately selected from the range
generally from 15° C. to 100° C., and preferably from 20° C.
to 80° C. Moreover, the reaction can be carried out even at a
low temperature from -30° C. to 0° C., or at a high tempera-
ture from 100° C. to 250° C.

[0229] The reaction time is different depending on reaction
conditions such as the type of a chiral catalyst used, the used
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amount thereof;, the type of ci-ionone as a mixture of optical
isomers used, the concentration thereof, a reaction tempera-
ture, or the pressure of hydrogen. The reaction is terminated
after a reaction time from several minutes to several hours.
The reaction time is appropriately selected from the range
generally from 1 minute to 48 hours, and preferably from 10
minutes to 24 hours.

[0230] The obtained optically active c-ionol may be
directly used, or may be subjected to the aforementioned
post-treatment, as necessary.

[0231] The aforementioned asymmetric reduction is pref-
erably an asymmetric hydrogenation performed in the pres-
ence of a chiral catalyst and in the presence of hydrogen gas.
Such a chiral catalyst to be used is preferably the chiral metal
complexes such as, for example, RuCL,[(R)-BINAP][(R,R)-
DPEN], RuCL,[(R)-BINAP][(R)-DAIPEN], RuCl,[(R)-
TOL-BINAP][(R,R)-DPEN], RuCL,[(R)-TOL-BINAP][(R)-
DAIPEN], RuCL[(R)-DM-BINAP][(R,R)-DPEN], and
RuCL,[(R)-DM-BINAP][(R)-DAIPEN]. Herein, BINAP
indicates 2,2'-bis-(diphenylphosphino)-1,1'-binaphthyl,
TOL-BINAP indicates 2,2'-bis-(di-p-tolylphosphino)-1,1'-
binaphthyl, DM-BINAP indicates 2,2'-bis[bis(3,5-dimeth-
ylphenyl)phosphino]-1,1'-binaphthyl, DPEN indicates 1,2-
diphenyl-ethylenediamine, and DAIPEN indicates 1,1-di(4-
anisyl)-2-isopropyl-1,2-ethylenediamine, respectively.
[0232] Optically active a-ionol obtained by an asymmetric
reduction is allowed to react with an esterification agent to
give an optically active a-ionol ester.

[0233] Such an optically active a-ionol ester obtained by
esterification is represented, for example, by formula (7):

[Formula 17]
M
O
A
P
[0234] wherein R' and * have the same meanings as

described above.

[0235] Specific examples of such an optically active
a-ionol ester include an (S)-c-ionol ester represented by
formula (7A):

[Formula 18]

78
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[0236] wherein R' and * have the same meanings as
described above,

or an (R)-a-ionol ester represented by formula (7B):

[Formula 19]
(7B)

[0237] wherein R' and * have the same meanings as
described above.

[0238] In addition, when the a-ionone as a mixture of opti-
cal isomers used as a raw material is an optically active
substance, there is obtained an optically active c.-ionol ester,
wherein the carbon atom at 1-position of the cyclohexene ring
of the aforementioned optically active a-ionol ester is an
asymmetric carbon atom, which is represented by formula
(7C):

[Formula 20]
(70
O
A
N
[0239] wherein R' and * have the same meanings as

described above.

[0240] Specific examples of such an optically active
a-ionol ester include the compounds as shown below:

[Formula 21]

A

o) CH;

o

0 C,Hs
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[0241] Examples of the obtained optically active a-ionol
ester include an (S)-a-ionol ester, wherein the carbon atom at
position 2 is represented by the above formula (7A); and an
(R)-a-ionol ester, wherein the carbon atom at position 2 is
represented by the above formula (7B).

[0242] The optical purity of the carbon atom at 2-position
of such an optically active a-ionol ester is appropriately

18
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selected from the range, for example, from 1% to 99% e.e.,
preferably from 5% to 99% e.e., and more preferably from
10% to 99% e.e. The aforementioned optical purity is used to
mean the optical purity of the asymmetric carbon atom at
2-position of the optically active a-ionol ester. However,
there may also be cases where the asymmetric carbon atom at
1-position of the cyclohexene ring is included.

[0243] An example of an esterification agent is the esteri-
fication agent as described in the above section regarding the
reaction of a-ionone as a mixture of optical isomers with an
esterification agent. Such an esterification agent used in the
reaction with optically active a-ionol is preferably an acid
halide represented by the above formula (11-2), wherein the
leaving group represented by A' in the above formula (11) is
a halogen atom.

[0244] The amount of such optically active a-ionol used
and the amount of such an esterification agent used are not
particularly limited because they are different depending on
the type of the esterification agent used or the like. The
amount of the esterification agent used is appropriately
selected from the range generally from 1.0 to 10 equivalents,
and preferably from 1.0 to 5.0 equivalents, based on the
optically active at-ionol.

[0245] Esterification of allowing the optically active
a-ionol to react with an esterification agent is preferably
carried out in the presence of a basic substance. Such a basic
substance is the same basic substance as described in the
above section regarding the aforementioned esterification of
the a-ionone as a mixture of optical isomers.

[0246] The amount of such a basic substance used is appro-
priately selected from the range generally from 1.0 to 10
equivalents, and preferably from 1.0 to 5.0 equivalents, based
on the optically active a-ionol used as a raw material.

[0247] Esterification may be carried out in the presence of
a solvent, as necessary. Such a solvent is the same solvent as
described in the above section regarding the aforementioned
esterification of the a-ionone as a mixture of optical isomers.

[0248] The amount of such a solvent used is different
depending on the type of esterification agent used, the type of
the solvent, etc. The amount of such a solvent used is appro-
priately selected from the range generally from 0.5 to 100
times the volume, and preferably from 1 to 30 times the
volume of the optically active a-ionol used as a raw material,
based on the optically active a-ionol used as a raw material.

[0249] The reaction temperature is different depending on
the type of an esterification agent used, the type of a solvent
used, etc. Such reaction temperature is appropriately selected
from the range generally from 10° C. to 100° C., and prefer-
ably from 15° C. to 50° C.

[0250] The reaction time is appropriately selected from the
range generally from 0.5 to 10 hours, and preferably from 1 to
5 hours.

[0251] Thus obtained optically active a-ionol ester is puri-
fied as necessary, so as to give an optically active a-ionol ester
having a higher optical purity than that of the optically active
a-ionol ester obtained by esterification. That is, the obtained
optically active ai-ionol ester has such an optical purity that a
larger amount of the a-ionol ester of an (S) form or an (R)
form is contained than that of the optically active a-ionol
ester obtained by esterification. Moreover, it is also possible
to obtain each optically active a-ionol ester, wherein the
asymmetric carbon atom at 1-position of the cyclohexene ring
thereof is optically active.
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[0252] With regard to the optical purity of the optically
active a-ionol ester obtained by purification, the optical
purity of the carbon atom at 2-position is substantially 100%
e.e. Itis to be noted that the term “substantially 100% e.e.” has
the same meaning as described above, and such an optical
purity is appropriately selected from the range of 80% e.e. or
more, preferably 85% e.e. or more, and more preferably 90%
e.e. or more.

[0253] Furthermore, the optically active a-ionol ester
obtained by purification has a higher chemical purity than that
of'the optically active a-ionol ester obtained by esterification.
The term “higher chemical purity” is used herein to mean a
chemical purity higher than that of the optically active
a-ionol ester obtained by esterification, and it is substantially
100%. The term “substantially 100%” is used herein to mean
a chemical purity in which impurities such as a raw material
and an esterification agent, may be contained as components
other than the optically active a-ionone obtained by the pro-
duction method of the present invention, may be contained, so
long as such impurities does not impair the properties of the
aforementioned optically active a-ionone. A specific
example of a chemical purity that is substantially 100% is a
chemical purity of 80% more, preferably 85% or more, and
more preferably 90% or more.

[0254] Examples of a method of purifying an optically
active a-ionol ester include recrystallization, crystallization,
and optical resolution using an optical resolution agent or
microorganisms. Of these, recrystallization is preferable.
[0255] Recrystallization may be carried out by an ordinary
method applied in this field.

[0256] A solvent used in recrystallization is preferably a
solvent for dissolving an optically active a-ionol ester.
[0257] Examples of such a solvent include aromatic hydro-
carbons such as benzene, toluene, and xylene; aliphatic
hydrocarbons such as pentane, hexane, heptane, and octane;
halogenated hydrocarbons such as dichloromethane, chloro-
form, carbon tetrachloride, and dichloroethane; ethers such as
diethyl ether, diisopropyl ether, tert-butyl methyl ether,
dimethoxyethane, tetrahydrofuran, dioxane, and dioxolane;
alcohols such as methanol, ethanol, 2-propanol, n-butanol,
tert-butanol, and benzyl alcohol; polyalcohols such as ethyl-
ene glycol, 1,2-propanediol, 1,3-propanediol, and glycerin;
amides such as N,N-dimethylformamide, and N,N-dimethy-
lacetamide; acetonitrile; N-methylpyrrolidone; dimethyl sul-
foxide; and water. Such solvents may be used appropriately
singly or in combination of two or more thereof. Such sol-
vents are preferably aromatic hydrocarbons, aliphatic hydro-
carbons, alcohols, and water.

[0258] The amount of such a solvent used is different
depending on the type of an optically active a-ionol ester, the
type of the solvent, etc. Such amount is appropriately selected
from the range generally from 0.5 to 30 times the volume, and
preferably from 1 to 10 times the volume, based on the opti-
cally active a-ionol ester used as a raw material.

[0259] Recrystallization may be added a seed crystal to a
recrystallization solution, as necessary.

[0260] By such purification, an optically active a-ionol
ester having a higher optical purity than that of the optically
active o-ionol ester obtained by esterification can be
obtained.

[0261] The one optically active substance at 2-position is
preferentially obtained by the asymmetric reduction of
a-ionol as a mixture of optical isomers. Therefore, when an
optically active a-ionol ester obtained by esterification of the
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obtained optically active a-ionol is purified, optically active
substances at 1-position of a cyclohexene ring in the optically
active a-ionol ester can be easily separated. That is, as
described above, since the carbon atom at 1-position of a
cyclohexene ring in the a-ionone as a mixture of optical
isomers is an asymmetric carbon atom, there are two isomers.
If they are simply subjected to a reduction, four isomers are
generated, and thus it becomes difficult to obtain desired
optically active a-ionone. In contrast, by performing the
aforementioned asymmetric reduction, the obtained optically
active a-ionol substantially has two isomers. Hence, the
obtained optically active a-ionol is esterified to give an opti-
cally active a-ionol ester, and thus it becomes easier to sepa-
rate optical isomers.

[0262] Thus obtained optically active a-ionol ester or the
purified optically active a-ionol ester is hydrolyzed to give
optically active a-ionol having a higher optical purity than
that of the optically active a-ionol obtained by asymmetric
reduction.

[0263] With regard to the optical purity of the obtained
optically active a-ionol, the optical purity of the carbon atom
at 2-position is substantially 100% e.e. It is to be noted that the
term “substantially 100% e.e.” is used to mean that the optical
purity is appropriately selected from the range of 80% e.e. or
more, preferably 85% e.e. or more, more preferably 90% e.e.
or more, and further more preferably 95% e.e. or more.
[0264] The optically active a-ionol ester may be hydro-
lyzed by the same method as that for the aforementioned
a-ionone enol ester.

[0265] After completion of the hydrolysis, the aforemen-
tioned post-treatment or the like may be carried out, as nec-
essary.

[0266] The obtained optically active a-ionol is oxidized to
give desired optically active a-ionone. The obtained optically
active a-ionone has a higher optical purity than that of the
a-ionone as a mixture of optical isomers used as a raw mate-
rial. The term “higher optical purity” is used herein to mean
that the obtained product has such an optical purity that a
larger amount of (S) form or (R) form a-ionone is contained
than that of the a-ionone as a mixture of optical isomers used
as a raw material.

[0267] The optical purity of the optically active a-ionone
obtained by oxidation is appropriately selected from the
range, for example, from 1% to 99% e.e., preferably from 5%
to 99% e.e., and more preferably from 10% to 99% e.e.
Otherwise, such an optical purity may also be substantially
100% e.e.

[0268] Oxidation may be carried out according to a con-
ventional method. Such oxidation, for example, a method
using a compound usable as an oxidant, used as a catalyst in
the oxidation reaction.

[0269] Examples of an oxidant include oxygen, a metal
oxide, a peroxide, a perhalogeneacid salt, and an organic
oxidant.

[0270] Examples of a metal oxide include the oxides of
metals such as manganese, cobalt, iron, zirconium, cerium,
chromium, ruthenium, and copper. Specific examples thereof
include manganese oxide and potassium permanganate.
[0271] Examples of a peroxide include organic peroxides
such as performic acid, peracetic acid, perpropionic acid,
tert-butyl hydroperoxide, cumene hydroperoxide, benzoyl
peroxide, perbenzoic acid, metachlorobenzoic acid, per-
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phthalic acid, benzoyl peroxide, di-tert-butyl peroxide,
dicumyl peroxide, and tert-butyl perbenzoate; hydrogen per-
oxide; and ozone.

[0272] Examples of a perhalogeneacid salt include, for
example, periodic acid and sodium metaperiodate.

[0273] Examples of an organic oxidant include, pyridine
oxide, dimethylaminopyridine oxide, 2,2,6,6,-tetramethyl-1-
piperidinyl oxide, p-chloranil(tetrachloro-p-benzoquinone),
o-chloranil, tetrabromo-1,4-benzoquinone, 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone,  chlorobenzoquinone,  and
dichlorobenzoquinone.

[0274] Such oxidants may be used appropriately singly or
in combination of two or more thereof.

[0275] The amount of such an oxidant used is different
depending on the type of the oxidant, the type of a solvent, etc.
Such amount is appropriately selected from the range gener-
ally from 1.0to 100 equivalents, and preferably from 5.0 to 20
equivalents, based on optically active c-ionol.

[0276] Oxidation is preferably carried out in the presence
of a solvent. Examples of such a solvent include, aliphatic
hydrocarbons such as pentane, hexane, heptane, octane,
decane, and cyclohexane; aromatic hydrocarbons such as
benzene, toluene, and xylene; halogenated hydrocarbons
such as dichloromethane, 1,2-dichloroethane, chloroform,
carbon tetrachloride, and o-dichlorobenzene; ethers such as
diethyl ether, diisopropyl ether, tert-butyl methyl ether,
dimethoxyethane, ethylene glycol diethyl ether, tetrahydro-
furan, 1,4-dioxane, 1,3-dioxolane, 2-methyltetrahydrofuran,
and cyclopentyl methyl ether; ketones such as acetone,
methyl ethyl ketone, methyl isobutyl ketone, or cyclohex-
anone; esters such as methyl acetate, ethyl acetate, n-butyl
acetate, and methyl propionate; amides such as formamide,
N,N-dimethylformamide, and N,N-dimethylacetamide; sul-
foxides such as dimethyl sulfoxide; cyano-containing organic
compounds such as acetonitrile; N-methylpyrrolidone; and
water. Such solvents may be used appropriately singly or in
combination of two or more thereof.

[0277] The amount of such a solvent used is different
depending on the type of an oxidant, the type of the solvent,
etc. Such amount is appropriately selected from the range
generally from 0.5 to 100 times the volume, and preferably
from 1 to 30 times the volume, based on the optically active
a-ionol.

[0278] The reaction temperature is different depending on
the type of an oxidant used, the type of a solventused, etc. The
reaction temperature is appropriately selected from the range
generally from 10° C. to 100° C., and preferably from 15° C.
to 50° C.

[0279] The reaction time is appropriately selected from the
range generally from 0.5 to 48 hours, and preferably from 1 to
24 hours.

[0280] After completion of the reaction, the aforemen-
tioned post-treatment or the like may be appropriately carried
out, as necessary.

[0281] In the present invention, the obtained optically
active a-ionone represented by the above formula (2) may not
required to have an optical purity of substantially 100% e.e.
for some uses. In such a case, the obtained optically active
a-ionone represented by the above formula (2), which has an
optical purity from 10%e.e. to 90% e.e., may be directly used.
In addition, the optical purity of the obtained optically active
a-ionone may also be adjusted, as appropriate, by altering
reaction conditions and the like. Moreover, in order to give an
optically active a-ionone having a desired optical purity, the

Aug. 27, 2009

production method of the present invention may be carried
out repeatedly. Otherwise, the optically active substances of
the optically active c.-ionone obtained by the aforementioned
production method, namely, an (S) form and an (R) form, may
be appropriately mixed with each other, so that the optical
purity can be adjusted to a desired optical purity.

[0282] Each reaction in the production method of the
present invention may be carried out in an inactive gas atmo-
sphere, as necessary. Examples of such inert gas include
nitrogen gas and argon gas.

[0283] As stated above, the optically active a-ionone
obtained by the production method of the present invention is
highly optically active a-ionone, which has a higher optical
purity than that of the ci-ionone as a mixture of optical iso-
mers used as a raw material. The term “highly optically
active” is used herein to distinguish the optically active a-ion-
one as a raw material from the optically active a-ionone as a
product. The meanings of the term “highly optically active”
are the same as those described regarding the term “higher
optical purity.” In addition, when optically active a-ionone
having a relatively low optical purity, that is, a lower optical
purity is used, optically active c.-ionone having a high optical
purity, that is, highly optically active ci-ionone having a high
optical purity, can be obtained. The term “lower optical
purity” is used herein to distinguish the optically active a-ion-
one as a raw material from the optically active a-ionone as a
product. It means that the optical purity of the optically active
a-ionone as a raw material is lower than the optical purity of
the obtained optically active a-ionone. It is an optical purity
of 1% to 50% e.e., for example. Furthermore, when highly
optically active a-ionone having a high optical purity, such as
one having an optical purity, for example, from 80% to 99%
e.e., and preferably from 80% to 95% e.e., is used as a.-ionone
as a mixture of optical isomers used as a raw material, opti-
cally active a-ionone having a much higher optical purity can
be obtained. Still further, when optically active a-ionone is
used for the intended use described below, for example, if the
optically active a-ionone contains impurities, the aforemen-
tioned production method can also be used as a method of
puritying it.

[0284] The optically active a-ionone and a-ionone enol
ester obtained by the production method of the present inven-
tion, and in particular, such an a-ionone enol ester is useful as
aperfume, various types of intermediates for pharmaceuticals
and the like, etc.

[0285] Moreover, thus obtained optically active a-ionone
has a unique flavor(aroma) and the like, and it also has flavor
(aroma) persistency and stability. For example, (R)-ci-ionone
has a unique and strong floral flavor(aroma), such as a violet-
like, fruit-like, and raspberry-like flavor(aroma). On the other
hand, (S)-a-ionone has a unique and strong flavor(aroma),
such as a fresh juicy greenish flavor(aroma). Such (S)-a-
ionone has a wood-like, cedarwood-like, raspberry-like, or
p-ionone-like flavor(aroma). Using such optically active
a-ionone as a perfume, a perfume composition having higher
preference can be provided.

[0286] Ifthe optically active a-ionone obtained by the pro-
duction method of the present invention is used as a perfume
in a perfume composition, a perfume composition having the
aforementioned properties can be obtained. If it is used in
various types of foods and beverages, fragrance products,
daily goods and groceries, etc., their commercial values can
be enhanced.



US 2009/0216039 Al

[0287] The perfume compositions of the present invention
include a flavor composition and a fragrance composition.
[0288] The amount of the optically active a-ionone
obtained by the production method of the present invention
that is added into a perfume composition is not particularly
limited because it is different depending on the intended use
as a perfume composition, the form as a commercial product,
etc. When such a perfume composition is used as a flavor
composition, for example, the amount of the aforementioned
optically active a-ionone used is appropriately selected from
the range of generally from 0.0000001% to 1% by mass,
preferably from 0.000001% to 0.1% by mass, and more pref-
erably from 0.00001% to 0.01% by mass, based on the total
amount of the perfume composition. When such a perfume
composition is used as a fragrance composition, for example,
the amount of the aforementioned optically active a.-ionone
used is appropriately selected from the range of generally
from 0.001% to 5% by mass, and preferably from 0.01% to
2% by mass, based on the total amount of the perfume com-
position.

[0289] The perfume composition of the present invention,
as described above, can be used in foods and beverages,
fragrance products, products for daily use and general mer-
chandise, etc.

[0290] Examples of such foods and beverages, in which the
perfume composition of the present invention can be used,
include, beverages such as juice drink, fruit wine, milk bev-
erage, carbonated drink, soft drink, and drinkable prepara-
tion; frozen desserts such as ice cream, sherbet, and ice pole;
Japanese and Western confections; jam; candy; jelly; gum;
bread; favorite beverages such as coffee, cocoa, and tea prod-
ucts including red tea, oolong tea or green tea; soup products
such as Japanese soup, Western soup, and Chinese soup;
seasonings; various types of instant beverages and foods, and
snack foods.

[0291] Examples of anoral care product include, dentifrice,
oral cleanser, mouthwash, troche, and chewing gum.

[0292] Examples of a pharmaceutical include external
preparations for skin, such as poultice and ointment; and
internal agent.

[0293] Examples of a fragrance products include cosmetic
products including cleansing cosmetic products such as soap,
shower gel and facial cleanser, basic skin care products such
as face lotion, face cream, emulsion, facial mask, tanning
cream and sunscreen, and finishing cosmetic products such as
face powder, foundation, lip stick, rouge for cheek, eye
shadow and manicure; hair products such as shampoo, con-
ditioner, hair treatment, hair growth stimulant, hairdressing
and hair dye; fragrance products such as perfume or cologne;
bath products; bleaching agents, softening agents, dishwash-
ing liquids and laundry liquids; and cleansing agents for
health care materials such as disinfectants and insecticides.
[0294] Examples of products for daily use and general mer-
chandise include deodorant, environmental fragrance, and
car fragrance.

[0295] A compound used in a perfume composition, such
as the compound described in, for example, “Collection of
Well-known Prior Arts Perfume (Syuuchi Kanyo Gijyutsu-
syu Koryo),” (edited by Japanese Patent Office), or “Gosei
Koryo Kagaku to Syohhin Chishiki (Synthetic Perfumes,
Chemistry and Knowledge of Products),” Motoichi Indoh
(published by The chemical daily), can be used in the perfume
composition of the present invention. Such a compound can
be used in a perfume composition together with the optically
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active a-ionone obtained by the production method of the
present invention. In addition, such a compound can be added
as another component to the perfume composition of the
present invention. In addition to the aforementioned com-
pound, any types of other components can be added to the
perfume composition of the present invention, as long as they
can be used as perfume compositions. Specific examples of
the other components include liquid oil and fat, solid oil and
fat, wax, hydrocarbon, plant extracts, Chinese herbal ingre-
dients, alcohols, esters, long-chain fatty acid, surfactants such
as a nonionic surfactant, an anionic surfactant, a cationic
surfactant or an ampholytic surfactant, sterols, polyalcohols,
a moisturizer, a water-soluble polymer, a thickener, a coating
agent, a microbicide, an antiseptic, an ultraviolet absorber, a
retaining agent, an agent for providing cooling sensation, a
calefacient, a masking agent, a whitening agent, a sequester-
ing agent, sugar, amino acids, organic amino acids, a syn-
thetic resin emulsion, a pH adjuster, a skin nutrient, vitamins,
an antioxidant, an auxiliary agent used to support inhibition
of oxidation, ceramides, NMF (natural moisturizing factor),
collagen, urea, oil, powders, functional beads, capsules, a
metal chelator, salts, and gums.

[0296] The form of the perfume composition of the present
invention is not particularly limited, and any form of perfume
composition can be used. The form may be appropriately
selected and used, and includes, for example, liquid, solid,
powder, gel, mist and aerosol.

EXAMPLES

[0297] The present invention will be described in detail in
the following examples, comparative Examples, and test
examples. However, such examples are not intended to limit
the scope of the present invention.

[0298] The following instruments were used in the mea-
surement of physical properties or the like in the following
examples:

[0299] Gas chromatography (GC): Hewlett Packard 5890-
)il
[0300] Conversion rate: column; HP-5 (manufactured by

GL Sciences Inc.)

[0301] Optical purity: chiral column: CP-Chiralsil-Dex CB
(manufactured by Chrompack)

Example 1
Synthesis of a-lonone Enol Acetate

[0302]

[Formula 22]
(6]
\)k —_—
LDA
AC0
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-continued

[0303] To asolution prepared by dissolving 164 g of diiso-
propylamine in 3,500 ml. of tetrahydrofuran (THF) was
added dropwise 1,000 mL of a hexane solution of n-butyl-
lithium with stirring at =10° C., followed by stirring for 1
hour. Thereafter, a solution prepared by dissolving 260 g of
a-ionone (1) in 3,000 mL of THF was added dropwise to the
obtained solution at =10° C., followed by stirring for 1 hour,
and then 138 g of acetic anhydride was added dropwise at
-10° C. After completion of such dropwise addition, the
obtained mixture was subjected to react with stirring for 30
minutes. After completion of the reaction, the reaction mix-
ture was analyzed by GC. As a result, it was confirmed that the
conversion rate of the a-ionone was 90.9%. A post-treatment
was carried out by a conventional method, to give 295 gofa
crude product. The obtained crude product was distilled, to
give 221 g of desired a-ionone enol acetate (DM top 80° C.;
0.2 mmHg; 70% yield).

Example 2

Enantioselective Hydrolysis Using Enzyme

[0304]

[Formula 23]

(€]

o)]\ R .
\/&
(€]
.o“‘\\\)k +
(€]
O)]\R
AN

[0305] To a solution prepared by dissolving 51.42 g of the

a-ionone enol acetate obtained in Example 1 in 1,000 mL of
diisopropyl ether (IPE) were added 1,000 mL of an acetate
buffer (pH=4.6) and 2.57 g of lipase (manufactured by
Novozymes) derived from Candida antarctica. The obtained
mixture was subjected to react with stirring at 35° C. for 8

22
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hours. As a result of analysis using GC, it was confirmed that
the conversion rate was 41.7%. Subsequently, a post-treat-
ment was carried out by a conventional method, to give 49.3
g of a mixture of (R)-c-ionone enol acetate and optically
active a-ionone. The obtained mixture was distilled, to give
16.85 g of desired (S)-a-ionone (bp 56° C.; 0.1 mmHg; 40%
yield; optical purity: 66% e.e.) and (R)-enol acetate (3-R) (bp
67° C.; 0.1 mmHg; 45% yield)

Example 3

Synthesis of (S)-a-lonone Enol Acetate

[0306]
[Formula 24]
O
.\\\\‘\)J\
’ LDA
AC0
O
O)I\CH3
‘\“\\\/&
[0307] In example 1, the same reaction as described in

Example 1 was carried out, using 13.72 g of the (S)-a-ionone
having an optical purity of 66% e.e. obtained in Example 2
instead of 260 g of a-ionone (1), to give 17.28 g of (S)-a-
ionone enol acetate as a crude product. The obtained crude
product was distilled, to give 11.70 g of desired (S)-a-ionone
enol acetate (bp 80° C.; 0.2 mmHg; 70% yield).

Example 4
Enantioselective Hydrolysis Using Enzyme

[0308]

[Formula 25]
e}

PR

o) CH;

‘\\\\\\/&
(€]
.o“‘\\)k +

—_—



US 2009/0216039 Al

-continued

[0309] The same reaction as described in Example 2 was
carried out using 3.48 g of the (S)-a-ionone enol acetate
obtained in Example 3, to give 3.27 g of a mixture of (S)-a-
ionone and (R)-a-ionone enol acetate as a crude product. The
obtained mixture was purified by column chromatography, to
give 1.14 g of desired (S)-a-ionone (40% yield; 95% e.e.).

Example 5
Hydrolysis of (R)-a-Ionone Enol Acetate

[0310]
[Formula 26]
(€]
o)]\
\ LiOH
(€]
AN
[0311] A solution prepared by dissolving 0.75 g of lithium

hydroxide (LiOH) in 12 mL of water was added to a solution
prepared by dissolving 6.10 g of the (R)-c-ionone enol
acetate obtained in Example 2 in 24 m[. of methanol at aroom
temperature. The obtained mixture was subjected to react
with stirring at a room temperature for 1 hour. Thereafter,
termination of the reaction was confirmed by GC, and a
post-treatment was then carried out by a conventional
method, to give 5.30 g of a crude product. The obtained crude
product was purified by column chromatography, to give 4.62
g of desired (R)-a-ionone (92% yield; optical purity: 44%
e.e.).

Example 6
Synthesis of (R)-a.-Ionone

[0312] 79.0 g of the a-ionone enol acetate obtained in
Example 1 was subjected to enantioselective hydrolysis by
the same method as that applied in Example 2. Thereafter, it
was confirmed that the conversion rate of the a-ionone enol
acetate was 83%. The reaction mixture was purified by col-
umn chromatography on silica gel to give 6.1 g of (R)-a-
ionone enol acetate (8% yield). Subsequently, the obtained
(R)-o-ionone enol acetate was hydrolyzed by the same

23
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method as that applied in Example 5, followed by distillation
and purification, to give 4.6 g of desired (R)-a-ionone (92%
yield; 99.9% e.e.).

Example 7
Asymmetric Hydrogenation of a-Ionone
[0313]
[Formula 27]
(6]
‘\“\\\)k
. 5
Ru cat.
H

e

,‘o\“\\/\

[0314] Under a nitrogen atmosphere, 18 mg of RuCl, [(S)-
DM-BINAP][(S)-DAIPEN], 200 mg of potassium carbonate
(K,CO;), 14 mL of 2-propanol (IPA), and 2.8 g of the (S)-a-
ionone obtained in Example 4 were mixed. After deaeration,
hydrogen was introduced to a predetermined pressure (3
MPa), and the obtained mixture was subjected to an asym-
metric hydrogenation with stirring at 30° C. for 18 hours, and
the reaction pressure was then returned to the constant pres-
sure. It was confirmed by GC that the raw material disap-
peared, and a post-treatment was then carried out by a con-
ventional method, to give 2.72 g of desired optically active
a-ionol (95% yield; C9-OH: 90% e.e.).

Example 8
Esterification and Purification by Recrystallization

[0315]

[Formula 28]
OH
..\\\‘\\/:\ —_—
e}
)kAr

lle)

AN

(1) Esterification

[0316] In 27 mL of toluene was suspended 2.72 g of the
optically active a-ionol obtained in Example 6, and 2.2 mI of
triethylamine was then added to the suspension. The obtained
mixture was stirred at a room temperature. Subsequently,
2.61 g of p-nitrobenzoyl chloride (Ar=p-nitrophenyl group)



US 2009/0216039 Al

was added to the mixture, and the obtained mixture was then
subjected to react with stirring at a room temperature for 3
hours. Thereafter, it was confirmed by TLC that the raw
material disappeared, and a post-treatment was then carried
out by a conventional method. Thereafter, the resultant was
purified by column chromatography, to give 3.50 g (73%
yield) of optically active a-ionol ester in the form of a crystal.

(2) Purification by Recrystallization

[0317] The crystalline optically active o-ionol ester
obtained in (1) above was dissolved in a heptane-toluene
mixed solvent at —25° C., and the solution was then crystal-
lized on standing for 2 days, to give 1.12 g of desired optically
active a-ionol ester in a 31% yield (94% d.e. or more).

Example 9
(1) Hydrolysis of Optically Active a.-lonol Ester
[0318]

[Formula 29]
(€]
A
H KOH
.\\\‘\\/\

Mille}
s

[0319] In 10 mL of methanol was dissolved 1.12 g of the
optically active a-ionol ester obtained in Example 8, and 215
mg of potassium hydroxide was then added thereto. The
obtained mixture was subjected to react with stirring at a
room temperature for 2 hours. Thereafter, it was confirmed by
TLC that the reaction had been terminated, and a post-treat-
ment was then carried out by a conventional method, to give
0.61 g of desired optically active a-ionol (98% yield).

(2) Oxidation Reaction
[0320]
[Formula 30]
(:)H (€]
.\\“‘\\/?\ . o‘“\\\)k
MnO,
[0321] In 6 mL of toluene was suspended 0.61 g of the

optically active a-ionol obtained in (1) above, and 4.06 g of
manganese dioxide was then added thereto. The obtained
mixture was subjected to react with stirring at a room tem-
perature for 38 hours. As a result of GC, it was confirmed that
the conversion rate was 93%. Thereafter, manganese dioxide
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was removed by filtration, and the solvent was then distilled
away under a reduced pressure. Thereafter, the residue was
purified by column chromatography, to give 0.49 g of desired
optically active a-ionone (82% yield). As a result of analysis
using chiral GC, it was confirmed that the optical purity of the
obtained optically active a-ionone was 99% or more.

Example 10

(1) Asymmetric Hydrogenation of a.-Ionone (Race-
mic Form)

[0322] Under a nitrogen atmosphere, 64 mg of RuCl, [(S)-
DM-BINAP][(S)-DAIPEN], 720 mg of K,CO;, 100 mL of
IPA, and 20 g of a-ionone as a racemic form were mixed.
After deaeration, the obtained mixture was subjected to an
asymmetric hydrogenation at 30° C. and a hydrogen pressure
of'3 MPa for 21 hours. The reaction pressure was returned to
the constant pressure. It was confirmed by GC that the raw
material disappeared, and a post-treatment was then carried
out by a conventional method, to give 20.2 g of desired
optically active a-ionol (100% yield; 90% e.e.; 0% d.e.).

@

[0323] To a mixed solution of 20 g of the optically active
a-ionol obtained in (1) above with 200 mL of toluene was
added 16 mL of triethylamine. Thereafter, 20 g of p-nitroben-
7oyl chloride was added to the obtained mixture with stirring
under cooling on ice. Thus obtained mixture was subjected to
react with stirring at a room temperature for 3 hours. It was
confirmed by TLC that the raw material disappeared, and a
post-treatment was then carried out by a conventional
method. The resultant was purified by column chromatogra-
phy, to give 35 g of optically active a-ionol ester in the form
of'a crystal (98% yield).

[0324] The obtained optically active a-ionol ester was
crystallized twice by dissolving in a toluene-heptane mixed
solvent, to give an optically active a-ionol ester (90% d.e.).

Examples 11 and 12 and Comparative Example 1
Rose-Like Fragrance Compositions

[0325] Rose-like fragrance compositions as shown in Table
1 below were prepared by using (R)-a-ionone (Example 11)
and (S)-a-ionone (Example 12) each having an optical purity
of 70% e.e., and a-ionone as a racemic form [manufactured
by SIGMA-ALDRICH] (Comparative Example 1). It is to be
noted that the unit of each numerical value in formulation
examples as shown in the table is “part by mass” (the same is
applied below).

TABLE 1

Formulation examples of rose-like fragrance compositions

Example Example Comparative

Ingredient 11 12 Example 1
Geraniol 400.0 400.0 400.0
Geranium oil 60.0 60.0 60.0
Nerol 200.0 200.0 200.0
Phenyl ethyl 90.0 90.0 90.0
alcohol

Eugenol 10.0 10.0 10.0
Linalol 15.0 15.0 15.0
Geranyl acetate 35.0 35.0 35.0
Orris oil 10.0 10.0 10.0
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TABLE 1-continued
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TABLE 2-continued

Formulation examples of rose-like fragrance compositions

Formulation examples of gardenia-like fragrance compositions

Example Example Comparative Comparative

Ingredient 11 12 Example 1 Ingredient Example 13 Example 14 Example 2
Rhodiny! formate 20.0 20.0 20.0 Hydroxycitronellal 200.0 200.0 200.0
Nonanal 1.0 1.0 1.0 Phenyl ethy! alcohol 80.0 80.0 80.0
Undecanal 2.0 2.0 2.0 Phenylacetaldehyde 7.5 7.5 7.5
Dodecanal 2.0 2.0 2.0 Citronellol 45.0 45.0 45.0
Vanillin 7.0 7.0 7.0 Cinnamy! alcohol 70.0 70.0 70.0
Musk T 8.0 8.0 8.0 Coumalin 25.0 25.0 25.0
Rose oil 100.0 100.0 100.0 Heliotropin 75.0 75.0 75.0
(R)-a-ionone 40.0 — — (R)-a-ionone 100.0 — —
(S)-a-ionone — 40.0 — (S)-a-ionone — 100.0 —
Racemic-a-ionone — — 40.0 Racemic-a-ionone — — 100.0

Dipropylene glycol Balance Balance Balance
Total 1000.0 1000.0 1000.0

Total 1000.0 1000.0 1000.0

Test Example 1
Test example 2
Evaluation Test
Evaluation Test
[0326] The rose-like fragrance compositions prepared in o .
Examples 11 and 12 and Comparative Example 1 were sub- [0329] The gardenia-like fragrance compositions prepared

jected to a sensory evaluation, in which 5 perfumers having 5
or more years of experience evaluated the compositions.
[0327] Asaresultofthe sensory evaluation, all the panelists
evaluated that the rose-like fragrance composition obtained in
Example 1, to which (R)-a-ionone had been added, had an
aroma of an intense fresh gorgeous floral note, and that the
rose-like fragrance composition obtained in Example 2, to
which (S)-a-ionone had been added, had an aroma of an
intense fresh juicy greenish note. In contrast, they evaluated
that the rose-like fragrance composition obtained in Com-
parative Example 1, to which a racemic form had been added,
had a natural aroma, but that such an aroma lacked strength
and had somewhat miscellaneous impressions.

Examples 13 and 14 and Comparative Example 2
Gardenia-Like Fragrance Compositions

[0328] (R)-ca-ionone (Example 13) and (S)-a-ionone (Ex-
ample 14) each having an optical purity of 70% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 2) were used to prepare gar-
denia-like fragrance compositions as shown in Table 2 below,
such that such a-ionones were contained in a concentration of
10% by mass based on the total amount of the composition.

TABLE 2

Formulation examples of gardenia-like fragrance compositions

Comparative
Ingredient Example 13 Example 14 Example 2
Dimethyl benzyl 40.0 40.0 40.0
carbinol
Methy! phenyl 95.0 95.0 95.0
carbinyl acetate
Neroli oil 25.0 25.0 25.0
Isoeugenol 40.0 40.0 40.0
Rose de Mai Absolute 10.0 10.0 10.0
Ylang ylang oil 70.0 70.0 70.0
Benzyl acetate 40.0 40.0 40.0
Jasmine Absolute 10.0 10.0 10.0

Lyral 60.0 60.0 60.0

in Examples 13 and 14 and Comparative Example 2 were
subjected to a sensory evaluation, in which 5 perfumers hav-
ing 5 or more years of experience evaluated the compositions.
[0330] Asaresultofthe sensory evaluation, all the panelists
evaluated that the gardenia-like fragrance composition
obtained in Example 13, to which (R)-a-ionone had been
added, had an aroma of an intense fresh gorgeous floral note,
and that the gardenia-like fragrance composition obtained in
Example 14, to which (S)-c-ionone had been added, had an
aroma of an intense fresh juicy greenish note. In contrast, they
evaluated that the gardenia-like fragrance composition
obtained in Comparative Example 2, to which a racemic form
had been added, had a natural aroma, but that such an aroma
lacked strength and had somewhat miscellaneous impres-
sions.

Examples 15 and 16 and Comparative Example 3
Carnation-Like Fragrance Compositions

[0331] (R)-a-ionone (Example 15) and (S)-a-ionone (Ex-
ample 16) each having an optical purity of 60% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 3) were used to prepare car-
nation-like fragrance compositions as shown in Table 3
below, such that such a.-ionones were contained in a concen-
tration of 2% by mass based on the total amount of the
composition.

TABLE 3

Formulation examples of carnation-like fragrance compositions

Comparative
Ingredient Example 15 Example 16 Example 3
Eugenol 250.0 250.0 250.0
Isoeugenol 250.0 250.0 250.0
Vanillin 10.0 10.0 10.0
Amyl salicylate 50.0 50.0 50.0
Benzyl salicylate 50.0 50.0 50.0
Phenyl ethy! alcohol 60.0 60.0 60.0
Rose oil 10.0 10.0 10.0
Rhosinol 100.0 100.0 100.0
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TABLE 4-continued

Formulation examples of carnation-like fragrance compositions

Formulation examples of Osmanthus-like fragrance compositions

Comparative Comparative
Ingredient Example 15 Example 16 Example 3 Ingredient Example 17 Example 18 Example 4
Phenylacetaldehyde 10.0 10.0 10.0 y-decalactone 20.0 20.0 20.0
Carnation Absolute 10.0 10.0 10.0 Cis-3-hexenol 10.0 10.0 10.0
Methy! eugenol 30.0 30.0 30.0 Ethyl hexanoate 20.0 20.0 20.0
Ylang ylang oil 10.0 10.0 10.0 Linalyl acetate 50.0 50.0 50.0
Hydroxycitronellal 20.0 20.0 20.0 (R)-a-ionone 50.0 — —
a-terpineol 50.0 50.0 50.0 (S)-a-ionone — 50.0 —
Black pepper oil 10.0 10.0 10.0 Racemic-a-ionone — — 50.0
Tolu balsam resinoid 30.0 30.0 30.0
Benzoin resinoid 20.0 20.0 20.0 Total 1000.0 1000.0 1000.0
Pimiento oil 10.0 10.0 10.0
(R)-a-ionone 20.0 — —
(S)-a-ionone — 20.0 —
Racemic-a-ionone — — 20.0 Test Example 4
Total 1000.0 1000.0 1000.0 Evaluation Test
[0335] The Osmanthus-like fragrance compositions pre-
Test Example 3 pared in Examples 17 and 18 and Comparative Example 4

Evaluation Test

[0332] The carnation-like fragrance compositions prepared
in Examples 15 and 16 and Comparative Example 3 were
subjected to a sensory evaluation, in which 5 perfumers hav-
ing 5 or more years of experience evaluated the compositions.
[0333] Asaresultofthe sensory evaluation, all the panelists
evaluated that the carnation-like fragrance composition
obtained in Example 15, to which (R)-a-ionone had been
added, had an aroma of an intense fresh gorgeous floral note,
and that the carnation-like fragrance composition obtained in
Example 16, to which (S)-c.-ionone had been added, had an
aroma of an intense fresh juicy greenish note. In contrast, they
evaluated that the carnation-like fragrance composition
obtained in Comparative Example 2, to which a racemic form
had been added, had a natural aroma, but that such an aroma
lacked strength and had somewhat miscellaneous impres-
sions.

Examples 17 and 18 and Comparative Example 4
Osmanthus-Like Fragrance Compositions

[0334] (R)-c-ionone (Example 17) and (S)-a-ionone (Ex-
ample 18) each having an optical purity of 85% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 4) were used to prepare
Osmanthus-like fragrance compositions as shown in Table 4
below, such that such a.-ionones were contained in a concen-
tration of 5% by mass based on the total amount of the
composition.

TABLE 4

Formulation examples of Osmanthus-like fragrance compositions

Comparative
Ingredient Example 17 Example 18 Example 4
Linalol 100.0 100.0 100.0
a-terpineol 100.0 100.0 100.0
Phenyl ethyl 480.0 480.0 480.0
alcohol
Citronellol 120.0 120.0 120.0

y-undecalactone 50.0 50.0 50.0

were subjected to a sensory evaluation, in which 5 perfumers
having 5 or more years of experience evaluated the composi-
tions.

[0336] Asaresultofthe sensory evaluation, all the panelists
evaluated that the Osmanthus-like fragrance composition
obtained in Example 17, to which (R)-a-ionone had been
added, had an aroma of an intense fresh gorgeous floral note,
and that the Osmanthus-like fragrance composition obtained
in Example 18, to which (S)-a-ionone had been added, had an
aroma of an intense fresh juicy greenish note. In contrast, they
evaluated that the Osmanthus-like fragrance composition
obtained in Comparative Example 4, to which a racemic form
had been added, had a natural aroma, but that such an aroma
lacked strength and had somewhat miscellaneous impres-
sions.

Examples 19 and 20 and Comparative Example 5
Violet-Like Fragrance Compositions

[0337] (R)-a-ionone (Example 19) and (S)-a-ionone (Ex-
ample 20) each having an optical purity of 50% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 5) were used to prepare vio-
let-like fragrance compositions as shown in Table 5 below,
such that such a-ionones were contained in a concentration of
15% by mass based on the total amount of the composition.

TABLE 5

Formulation examples of violet-like fragrance compositions

Comparative
Ingredient Example 19 Example 20 Example 5
Benzyl acetate 100.0 100.0 100.0
Bergamot oil 100.0 100.0 100.0
Methylionone 500.0 500.0 500.0
Benzyl isoeugenol 40.0 40.0 40.0
Ylang ylang oil 20.0 20.0 20.0
Jasmine Absolute 20.0 20.0 20.0
Cassie Absolute 20.0 20.0 20.0
2,6-nonadienal 2.0 2.0 2.0
Cis-3-hexenol 1.0 1.0 1.0
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TABLE 6-continued

Formulation examples of violet-like fragrance compositions

Formulation examples of heliotrope-like fragrance compositions

Comparative Comparative
Ingredient Example 19 Example 20 Example 5 Ingredient Example 21 Example 22 Example 6
Ethyl nonenoate 10.0 10.0 10.0 Caraway oil 70.0 70.0 70.0
Mimosa Absolute 5.0 5.0 5.0 (R)-a-ionone 80.0 — —
Orris Concrete 25.0 25.0 25.0 (S)-a-ionone — 80.0 —
Hydroxycitronellol 7.0 7.0 7.0 Racemic-a-ionone — — 80.0
(R)-a-ionone 150.0 — —
(S)-a-ionone — 150.0 — Total 1000.0 1000.0 1000.0
Racemic-a-ionone — — 150.0
Total 1000.0 1000.0 1000.0
Test Example 6
Evaluation Test
Test Example 5 ] ] -
. [0341] The heliotrope-like fragrance compositions pre-
Evaluation Test pared in Examples 21 and 22 and Comparative Example 6
[0338] The violet-like fragrance compositions prepared in were subjected to a sensory evaluation, in which 5 perfumers

Examples 19 and 20 and Comparative Example 5 were sub-
jected to a sensory evaluation, in which 5 perfumers having 5
or more years of experience evaluated the compositions.
[0339] Asaresultofthe sensory evaluation, all the panelists
evaluated that the violet-like fragrance composition obtained
in Example 19, to which (R)-a-ionone had been added, had
an aroma of an intense fresh gorgeous floral note, and that the
violet-like fragrance composition obtained in Example 20, to
which (S)-a-ionone had been added, had an aroma of an
intense fresh juicy greenish note. In contrast, they evaluated
that the violet-like fragrance composition obtained in Com-
parative Example 5, to which a racemic form had been added,
had a natural aroma, but that such an aroma lacked strength
and had somewhat miscellaneous impressions.

Examples 21 and 22 and Comparative Example 6
Heliotrope-Like Fragrance Compositions

[0340] (R)-c-ionone (Example 21) and (S)-a-ionone (Ex-
ample 22) each having an optical purity of 65% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 6) were used to prepare
heliotrope-like fragrance compositions as shown in Table 6
below, such that such a.-ionones were contained in a concen-
tration of 8% by mass based on the total amount of the
composition.

TABLE 6

having 5 or more years of experience evaluated the composi-
tions.

[0342] Asaresultofthe sensory evaluation, all the panelists
evaluated that the heliotrope-like fragrance composition
obtained in Example 21, to which (R)-a-ionone had been
added, had an aroma of an intense fresh gorgeous floral note,
and that the heliotrope-like fragrance composition obtained
in Example 22, to which (S)-a-ionone had been added, had an
aroma of an intense fresh juicy greenish note. In contrast, they
evaluated that the heliotrope-like fragrance composition
obtained in Comparative Example 6, to which a racemic form
had been added, had a natural aroma, but that such an aroma
lacked strength and had somewhat miscellaneous impres-
sions.

Examples 23 and 24 and Comparative Example 7
Lilac-Like Fragrance Compositions

[0343] (R)-a-ionone (Example 23) and (S)-a-ionone (Ex-
ample 24) each having an optical purity of 99.9% c.e.
obtained in the examples, and a-ionone as a racemic form
[manufactured by SIGMA-ALDRICH] (Comparative
Example 7) were used to prepare lilac-like fragrance compo-
sitions as shown in Table 7 below, such that such a.-ionones
were contained in a concentration of 2% by mass based on the
total amount of the composition.

TABLE 7

Formulation examples of heliotrope-like fragrance compositions

Formulation examples of lilac-like fragrance compositions

Comparative Comparative
Ingredient Example 21 Example 22 Example 6 Ingredient Example 23 Example 24 Example 7
Heliotropin 150.0 150.0 150.0 a-terpineol 215.0 215.0 215.0
Coumalin 30.0 30.0 30.0 Hydroxycitronellol 200.0 200.0 200.0
Ethyl vanillin 30.0 30.0 30.0 Heliotropin 100.0 100.0 100.0
Cinnamy! alcohol 60.0 60.0 60.0 Linalol 80.0 80.0 80.0
Methy! anisate 30.0 30.0 30.0 Phenyl ethy! alcohol 90.0 90.0 90.0
Anisaldehyde 30.0 30.0 30.0 Phenylacetaldehyde 15.0 15.0 15.0
Geraniol 80.0 80.0 80.0 Jasmine Absolute 30.0 30.0 30.0
Phenyl ethyl 110.0 110.0 110.0 Benzyl acetate 70.0 70.0 70.0
alcohol Indole 5.0 5.0 5.0
Benzyl acetate 90.0 90.0 90.0 Ylang ylang oil 10.0 10.0 10.0
Jasmine Absolute 100.0 100.0 100.0 Anisic alcohol 80.0 80.0 80.0
Mimosa base 70.0 70.0 70.0 Coumalin 10.0 10.0 10.0
Ylang ylang oil 70.0 70.0 70.0 Phenylpropy! alcohol 10.0 10.0 10.0
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TABLE 8-continued

Formulation examples of lilac-like fragrance compositions

Lilac-like fragrance compositions

Comparative Comparative

Ingredient Example 23 Example 24 Example 7 Ingredient Example 25 Example 26 Example 8
a-hexylcinnamaldehyde 30.0 30.0 30.0 Heliotropin 45.0 45.0 45.0
Acetophenone 10.0 10.0 10.0 Cinnamy! alcohol 150.0 150.0 150.0
Styrax resinoid 20.0 20.0 20.0 a-terpineol 150.0 150.0 150.0
y-undecalactone 0.5 0.5 0.5 (R)-a-ionone 75.0 — —
p-cresyl methyl 1.0 1.0 1.0 (S)-a-ionone — 75.0 —
ether Racemic-a-ionone — — 75.0
(R)-a-ionone 20.0 — —
(S)-a-ionone — 20.0 — Total 1000.0 1000.0 1000.0
Racemic-a-ionone — — 20.0
Dipropylene glycol Balance Balance Balance
Total 1000.0 1000.0 1000.0 Test Example 8

Evaluation Test

Test Example 7 [0347] The lilac-like fragrance compositions prepared in

Evaluation Test

[0344] The lilac-like fragrance compositions prepared in
Examples 23 and 24 and Comparative Example 7 were sub-
jected to a sensory evaluation, in which 5 perfumers having 5
or more years of experience evaluated the compositions.
[0345] Asaresultofthe sensory evaluation, all the panelists
evaluated that the lilac-like fragrance composition obtained
in Example 23, to which (R)-a-ionone had been added, had
an aroma of an intense fresh gorgeous floral note, and that the
lilac-like fragrance composition obtained in Example 24, to
which (S)-a-ionone had been added, had an aroma of an
intense fresh juicy greenish note. In contrast, they evaluated
that the lilac-like fragrance composition obtained in Com-
parative Example 7, to which a racemic form had been added,
had a natural aroma, but that such an aroma lacked strength
and had somewhat miscellaneous impressions.

Examples 25 and 26
Lilac-Like Fragrance Compositions

[0346] (R)-c-ionone (Example 15) and (S)-a-ionone (Ex-
ample 16) each having an optical purity of 70% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 8) were used to prepare
lilac-like fragrance compositions as shown in Table 8 below,
such that such a-ionones were contained in a concentration of
7.5% by mass based on the total amount of the composition.

TABLE 8

Lilac-like fragrance compositions

Comparative

Ingredient Example 25 Example 26 Example 8
Phenyl ethyl alcohol 250.0 250.0 250.0
Phenylacetic acid 25.0 25.0 25.0
Methy! phenylacetate 10.0 10.0 10.0
Dimethylbenzyl 25.0 25.0 25.0
carbinol

Jasmine Absolute 10.0 10.0 10.0
Benzyl acetate 50.0 50.0 50.0
a-hexylcinnamaldehyde 60.0 60.0 60.0
Citral 20.0 20.0 20.0
Methylacetophenone 35.0 35.0 35.0

Oranthiol 95.0 95.0 95.0

Examples 25 and 26 and Comparative Example 8 were sub-
jected to a sensory evaluation, in which 5 perfumers having 5
or more years of experience evaluated the compositions.
[0348] Asaresultofthe sensory evaluation, all the panelists
evaluated that the lilac-like fragrance composition obtained
in Example 25, to which (R)-a-ionone had been added, had
an aroma of an intense fresh gorgeous floral note, and that the
lilac-like fragrance obtained composition in Example 26, to
which (S)-a-ionone had been added, had an aroma of an
intense fresh juicy greenish note. In contrast, they evaluated
that the lilac-like fragrance composition obtained in Com-
parative Example 8, to which a racemic form had been added,
had a natural aroma, but that such an aroma lacked strength
and had somewhat miscellaneous impressions.

Examples 27 and 28 and Comparative Example 9
Production of Shampoo Products

[0349] The rose-like fragrance composition prepared in
Example 11 (Example 27), the rose-like fragrance composi-
tion prepared in Example 12 (Example 28), and the rose-like
fragrance composition prepared in Comparative Example 1
(Comparative Example 9) were used to produce shampoo
products. The following ingredients were stirred, while heat-
ing at 80° C., until they became homogenized. Thereafter, the
obtained mixture was cooled to 35° C., to give each desired
shampoo product.

[Compositions of shampoo products] (% by mass)

Sodium lauryl sulfate 40.00
N-coconut oil fatty acid acyl-N-carboxymethoxyethyl- 10.00
N-carboxymethylethylenediamine disodium

Coconut oil fatty acid diethanolamide (2) 2.00
Butylene glycol 2.00
Citric acid 0.35
Sodium chloride 0.10
Methylparaben 0.20
Propylparaben 0.10
Tetrasodium edetate 0.10
Rose-like fragrance composition 0.50
Purified water Balance
Total 100.00
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Test Example 9
Evaluation Test

[0350] The shampoo products produced in Examples 27
and 28 and Comparative Example 8 were subjected to a
sensory evaluation, in which 5 skilled panelists evaluated the
aroma of each shampoo product.

[0351] Asaresultofthe sensory evaluation, all the panelists
evaluated that the shampoo product of Example 27, to which
a rose-like fragrance composition containing (R)-c-ionone
had been added, had an aroma of an intense fresh gorgeous
floral note, and that the shampoo product of Example 28, to
which a rose-like fragrance composition containing (S)-c.-
ionone had been added, had an aroma of an intense fresh juicy
greenish note. Moreover, they further evaluated that such
shampoo products produced in Examples 27 and 28 were
excellent in terms of diffusibility and had a fresh, natural
sensation. In contrast, all the panelists evaluated that the
shampoo product of Comparative Example 9, to which a
rose-like fragrance composition containing c-ionone as a
racemic form had been added, had a natural aroma, but that
such an aroma lacked strength and had somewhat miscella-
neous impressions.

Examples 29 and 30
Production of Shower Gel Products

[0352] The gardenia-like fragrance composition prepared
in Example 13 (Example 29) and the gardenia-like fragrance
composition prepared in Example 14 (Example 30) were used
to produce shower gel products having the following ingre-
dients.

[Compositions of shower gel products] (% by mass)

Dibutylhydroxytoluene 0.05
Methylparaben 0.10
Propylparaben 0.10
Tetrasodium edetate 0.10
Potassium chloride 0.20
Glycerin 5.00
Coconut oil fatty acid diethanolamide (2) 3.00
Sodium polyoxyethylene lauryl ether acetate (3E.O.) 10.00
(30%)

Coconut oil fatty acid amide propyl betaine solution 25.00
(34%)

Potassium myristate (40%) 25.00
Gardenia-like fragrance composition 0.50
Purified water Balance
Total 100.00

Comparative Example 10
Production of Shower Gel Products

[0353] Shower gel products were produced in the same
manner as those in Examples 29 and 30 with the exception
that the gardenia-like fragrance composition prepared in
Comparative Example 2 was used instead of the gardenia-like
fragrance compositions prepared in Examples 13 and 14.

Test Example 10

Evaluation Test

[0354] The shower gel products produced in Examples 29
and 30 and Comparative Example 10 were subjected to a
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sensory evaluation, in which 5 skilled panelists evaluated the
aroma of each shower gel product.

[0355] Asaresultofthe sensory evaluation, all the panelists
evaluated that the shower gel product of Example 29, to which
a gardenia-like fragrance composition containing (R)-a-ion-
one had been added, had an aroma of an intense fresh gor-
geous floral note, and that the shower gel product of Example
30, to which a gardenia-like fragrance composition contain-
ing (S)-a-ionone had been added, had an aroma of an intense
fresh juicy greenish note. Moreover, they further evaluated
that such shower gel products produced in Examples 29 and
30 were excellent in terms of diffusibility and had a fresh,
natural sensation. In contrast, all the panelists evaluated that
the shower gel product of Comparative Example 10, to which
a gardenia-like fragrance composition containing a-ionone
as a racemic form had been added, had a natural aroma, but
that such an aroma lacked strength and had somewhat mis-
cellaneous impressions.

Examples 31 and 32 and Comparative Example 11
Production of Cosmetic Cream Products

[0356] The lilac-like fragrance composition prepared in
Example 23 (Example 31), the lilac-like fragrance composi-
tion prepared in Example 24 (Example 32), and the lilac-like
fragrance composition prepared in Comparative Example 7
(Comparative Example 11) were used to produce cosmetic
cream products having the following ingredients.

[Cosmetic cream products] (% by mass)

Stearyl alcohol 6.0
Stearic acid 2.0
Hydrogenated lanolin 4.0
Squalane 9.0

Octyl decanol 10.0
Glycerin 6.0
Polyethylene glycol 1500 4.0
Polyoxyethylene (25) cetyl ether 3.0
Glycerin monostearate 2.0
Methylparaben Adequate amount
Ethylparaben Adequate amount
Lilac-like fragrance composition 0.1
Purified water Balance
Total 100.00

Test Example 11
Evaluation Test

[0357] The cosmetic cream products produced in Examples
31 and 32 and Comparative Example 11 were subjected to a
sensory evaluation, in which 5 skilled panelists evaluated the
aroma of each cosmetic cream product.

[0358] Asaresultofthe sensory evaluation, all the panelists
evaluated that the cosmetic cream product of Example 31, to
which a lilac-like fragrance composition containing (R)-o.-
ionone had been added, had an aroma of an intense fresh
gorgeous floral note, and that the cosmetic cream product of
Example 32, to which a lilac-like fragrance composition con-
taining (S)-a-ionone had been added, had an aroma of an
intense fresh juicy greenish note. Moreover, they further
evaluated that such cosmetic cream products produced in
Examples 31 and 32 were excellent in terms of diffusibility
and the feeling of fine texture, and that such products seemed
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fresh, high-quality products. In contrast, all the panelists
evaluated that the cosmetic cream product of Comparative
Example 11, to which a lilac-like fragrance composition con-
taining o-ionone as a racemic form had been added, had a
natural aroma, but that such an aroma lacked strength and had
somewhat miscellaneous impressions.

Examples 33 and 34 and Comparative Example 12
Production of Powder Detergents

[0359] The lilac-like fragrance composition prepared in
Example 25 (Example 33), the lilac-like fragrance composi-
tion prepared in Example 26 (Example 34), and the lilac-like
fragrance composition prepared in Comparative Example 8
(Comparative Example 12) were used to produce powder
detergents having the following ingredients.

[Powder detergents] (% by mass)
C14-15 alkyl ethoxy sulfonate 5.5
C12-13 linear alkyl sulfonate 12.7
C12-13 alkyl ethoxylate 0.5
Aluminosilicate (76%) 254
Soap 3.0
Zeolite 23.0
Sodium silicate 1.0
Sodium carbonate Balance
Sodium sulfate 4.0
Sodium sulfite 1.0
Enzyme 1.0
Acrylic acid-maleic acid copolymer 2.5
Fluorescent dye 0.3
Silicon 0.3
Lilac-like fragrance composition 0.3
Purified water 3.0
Total 100.00
Test Example 12
Evaluation Test
[0360] The powder detergents produced in Examples 33

and 34 and Comparative Example 12 were subjected to a
sensory evaluation, in which 5 skilled panelists evaluated the
aroma of each powder detergent.

[0361] As aresult of the sensory evaluation, evaluated that
the powder detergent of Example 33, to which a lilac-like
fragrance composition containing (R)-a-ionone had been
added, had an aroma of an intense fresh gorgeous floral note,
and that the powder detergent of Example 34, to which a
lilac-like fragrance composition containing (S)-c.-ionone had
been added, had an aroma of an intense fresh juicy greenish
note. Moreover, they further evaluated that such powder
detergents produced in Examples 33 and 34 was excellent in
terms of diffusibility and had a fresh, natural sensation. In
contrast, all the panelists evaluated that the powder detergent
of Comparative Example 12, to which a lilac-like fragrance
composition containing c-ionone as a racemic form had been
added, had a natural aroma, but that such an aroma lacked
strength and had somewhat miscellaneous impressions.

Examples 35 and 36 and Comparative Example 13

Production of Fabric Softeners

[0362] The heliotrope-like fragrance composition prepared
in Example 21 (Example 35), the heliotrope-like fragrance
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composition prepared in Example 22 (Example 36), and the
heliotrope-like fragrance composition prepared in Compara-
tive Example 6 (Comparative Example 13) were used to
produce fabric softeners having the following ingredients.

[Fabric softeners] (% by mass)

Dialky! dimethyl ammoniurn chloride 15.0
POE (30) lauryl ether 3.0
Fatty acid 1.0
Dimethylpolysiloxane 0.5
Ethylene glycol 5.0
Antiseptic Adequate amount

Sequestering agent Adequate amount
Heliotrope-like fragrance composition 0.3
Purified water Balance
Total 100.00

Test Example 12
Evaluation Test

[0363] The fabric softeners produced in Examples 35 and
36 and Comparative Example 13 were subjected to a sensory
evaluation, in which 5 skilled panelists evaluated the aroma of
each fabric softener.

[0364] Asaresultofthe sensory evaluation, all the panelists
evaluated that the fabric softener of Example 35, to which a
heliotrope-like fragrance composition containing (R)-a-ion-
one had been added, had an aroma of an intense fresh gor-
geous floral note, and that the fabric softener of Example 36,
to which a heliotrope-like fragrance composition containing
(S)-a-ionone had been added, had an aroma of an intense
fresh juicy greenish note. Moreover, they further evaluated
that such fabric softeners produced in Examples 35 and 36
were excellent in terms of diffusibility and had a fresh, cool-
ing sensation. In contrast, all the panelists evaluated that the
fabric softener of Comparative Example 13, to which a helio-
trope-like fragrance composition containing c-ionone as a
racemic form had been added, had a natural aroma, but that
such an aroma was not strong and had somewhat miscella-
neous impressions.

Examples 37 and 38 and Comparative Example 14
Peach Flavor Compositions

[0365] (R)-a-ionone (Example 37) and (S)-a-ionone (Ex-
ample 38) each having an optical purity of 70% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 14) were used to prepare
peach flavor compositions as shown in Table 9 below, such
that such a-ionones were contained in a concentration of
0.05% by mass based on the total amount of the composition.

TABLE 9

Peach flavor compositions

Comparative

Ingredient Example 37 Example 38 Example 14
Isoamyl acetate 10.0 10.0 10.0
Isoamyl 2- 10.0 10.0 10.0

methylbutyrate
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TABLE 9-continued
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TABLE 10

Peach flavor compositions

Apricot flavor compositions

Comparative Comparative

Ingredient Example 37 Example 38 Example 14 Ingredient Example 39 Example 40 Example 15
Isoamyl valerate 20.0 20.0 20.0 dA;i};Lzzzohexyl 0.2 0.2 0.2
ggﬁimte . 03'8 . 03'8 . 03'8 Bitter almond oil 11.5 115 115

Y . . . Isoamyl acetate 7.5 7.5 7.5
Ethyl decanoate 2.0 2.0 2.0 Isoamy! butyrate 75 75 75
Ethyl butyrate 100.0 100.0 100.0 Isoamyl formate 10.0 10.0 10.0
Ethyl propionate 50.0 50.0 50.0 Isoamyl isovalerate 15.0 15.0 15.0
Linalyl butyrate 2.0 2.0 2.0 Ceylon cinnamon oil 0.5 0.5 0.5
Linalol 40.0 40.0 40.0 Ethyl acetate 14.5 14.5 14.5
a-terpineol 10.0 10.0 10.0 Ethyl butyrate 4.5 4.5 4.5
Benzyl formate 10.0 10.0 10.0 Ethyl hexanoate 10.0 10.0 10.0
Hexanal 5.0 5.0 5.0 Ethyl isovalerate 50.0 50.0 50.0
Cis-3-hexenol 20.0 20.0 20.0 Geranium oil 0.5 0.5 0.5
Benzaldehyde 150.0 150.0 150.0 Isoamyl 0.1 0.1 0.1
Lemon oil 10.0 10.0 10.0 phenylacetate
y-decalactone 50.0 50.0 50.0 Jasmine Absolute 9.5 9.5 9.5
v-heptalactone 100 10.0 100 Lemon oil 50 5.0 5.0
y-octalactone 200 200 20.0 Neroli oil 185 18.5 18.5
v-nonalactone 100.0 100.0 100.0 Orange ol 10.5 10.3 10.3

Propyl cinnamate 0.2 0.2 0.2
y-undecalactone 150.0 150.0 150.0 Rose Absolute 3.0 3.0 3.0
Damascone 0.1 0.1 0.1 y-undecalactone 200.0 200.0 200.0
Vanillin 10.0 10.0 10.0 Vanillin 85.0 85.0 85.0
(R)-a-ionone 0.5 - - (R)-a-ionone 9.5 — —
(S)-a-ionone — 0.5 — (S)-a-ionone — 9.5 —
Racemic-a-ionone — — 0.5 Racemic-a-ionone — — 9.5
Ethanol Balance Balance Balance Ethanol Balance Balance Balance
Total 1000.0 1000.0 1000.0 Total 1000.0 100.0 1000.0
Test Example 14 Test Example 15
Evaluation Test Evaluation Test

[0366] The peach flavor compositions prepared in [0369] The apricot flavor compositions prepared in

Examples 37 and 38 and Comparative Example 14 were
subjected to a sensory evaluation, in which 5 flavorists having
5 or more years of experience evaluated the compositions.

[0367] Asaresultofthe sensory evaluation, all the panelists
evaluated that the peach flavor compositions of Examples 37
and 38, to which (R)-a-ionone and (S)-a-ionone had been
added respectively, had a natural, deep, and fresh flavor. In
contrast, they evaluated that the peach flavor composition of
Comparative Example 14, to which a-ionone as a racemic
form had been added, did not have such a natural, deep, and
fresh flavor.

Examples 39 and 40 and Comparative Example 15
Apricot Flavor Compositions

[0368] (R)-a-ionone (Example 39) and (S)-a-ionone (Ex-
ample 40) each having an optical purity of 85% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 15) were used to prepare
apricot flavor compositions as shown in Table 10 below, in
such a way that such a-ionones were contained in a concen-
tration of 0.95% by mass based on the total amount of the
composition.

Examples and 40 and Comparative Example 15 were sub-
jected to a sensory evaluation, in which 5 flavorists having 5
or more years of experience evaluated the compositions.

[0370] Asaresultofthe sensory evaluation, all the panelists
evaluated that the apricot flavor compositions of Examples 39
and 40, to which (R)-a-ionone and (S)-a-ionone had been
added respectively, had a natural, deep, and fresh flavor. In
contrast, they evaluated that the apricot flavor composition of
Comparative Example 15, to which a-ionone as a racemic
form had been added, did not have such a natural, deep, and
fresh flavor.

Examples 41 and 42 and Comparative Example 16
Strawberry Flavor Compositions

[0371] (R)-a-ionone (Example 41) and (S)-a-ionone (Ex-
ample 42) each having an optical purity of 55% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 16) were used to prepare
strawberry flavor compositions as shown in Table 11 below, in
such a way that such a-ionones were contained in a concen-
tration of 0.33% by mass based on the total amount of the
composition.
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TABLE 12

Strawberry flavor compositions

Passion fruit flavor compositions

Comparative Comparative
Ingredient Example 41 Example 42 Example 16 Ingredient Example 43 Example 44 Example 17
Amyl acetate 17.0 17.0 17.0 Ethyl butylate 11.0 11.0 11.0
Amyl butyrate 75 7.5 7.5 Cis-3-hexenol 3.0 3.0 3.0
Amyl valerate 75 7.5 7.5 Hexanol 5.0 5.0 5.0
Anethole 0.8 0.8 0.8 Benzaldehyde 2.0 2.0 2.0
Benzyl acetate 425 425 42.5 Ethyl hexanoate 19.0 19.0 19.0
Butyric acid 75 7.5 7.5 Cis-3-hexenyl 2.0 2.0 2.0
Cinnamy! isobutyrate 3.5 35 35 acetate
Cinnamyl valerate 4.8 4.8 4.8 Linalol 70.0 70.0 70.0
Cognac oil 0.8 0.8 0.8 Linalol oxide 4.0 4.0 4.0
Diacetyl 5.0 5.0 5.0 Hexyl butyrate 25.0 25.0 25.0
Ethyl acetate 25.0 25.0 25.0 Hexyl hexanoate 15.0 15.0 15.0
3-octanone 75 7.5 7.5 a-terpineol 5.0 5.0 5.0
Ethyl cinnamate 26.0 26.0 26.0 Citoral 15.0 15.0 15.0
Ethyl heptanoate 13 1.3 1.3 Cis-3-hexenyl 4.0 4.0 4.0
Ethyl 3-methyl-3- 130.0 130.0 130.0 butyrate
phenylglycidate Cis-3-hexenyl 5.0 5.0 5.0
Ethyl propionate 75 7.5 7.5 hexanoate
Ethyl valerate 30.0 30.0 30.0 (R)-a-ionone 6.0 — —
Raspberry ketone 2.5 2.5 2.5 (S)-a-ionone — 6.0 —
Lemon oil 0.5 0.5 0.5 Racemic-a-ionone — — 6.0
Maltol 35.0 35.0 35.0 Ethanol Balance Balance Balance
Methy! anthranilate 33 33 33
Methy! cinnamate 17.8 17.8 17.8 Total 1000.0 1000.0 1000.0
Methyl 0.3 0.3 0.3
heptinecarboxylate
Methy! salicylate 33 33 33
Neroli oil 0.3 0.3 0.3 Test Examp]e 17
Orris resinoid 0.8 0.8 0.8
y-undecalactone 293 293 29.3 Evaluation Test
Vanillin 35.0 35.0 35.0
(R)-o-ionone 33 - - [0375] The passion fruit flavor compositions prepared in
(S)-a-ionone — 3.3 — Examples 43 and 44 and Comparative Example 17 were
Racemic-a-ionone — — 33 subjected to a sensory evaluation, in which 5 flavorists having
Ethanol Balance Balance Balance 5 or more years of experience evaluated the compositions.
Total 1000.0 1000.0 1000.0 [0376] Asaresultofthe sensory evaluation, all the panelists
evaluated that the passion fruit flavor compositions of
Examples 43 and 44, to which (R)-a-ionone and (S)-a-ion-
one had been added respectively, had a natural, deep, and
Test Example 16 fresh flavor. In contrast, they evaluated that the passion fruit
. flavor composition of Comparative Example 17, to which
Evaluation Test . . -
a-ionone as aracemic form had been added, did not have such
[0372] The strawberry flavor compositions prepared in a natural, deep, and fresh flavor.

Examples 41 and 42 and Comparative Example 16 were
subjected to a sensory evaluation, in which 5 flavorists having
5 or more years of experience evaluated the compositions.
[0373] Asaresultofthe sensory evaluation, all the panelists
evaluated that the strawberry flavor compositions of
Examples 41 and 42, to which (R)-c-ionone and (S)-a-ion-
one had been added respectively, had a natural, deep, and
fresh flavor. In contrast, they evaluated that the strawberry
flavor composition of Comparative Example 16, to which
a-ionone as aracemic form had been added, did not have such
a natural, deep, and fresh flavor.

Examples 43 and 44 and Comparative Example 17
Passion Fruit Flavor Compositions

[0374] (R)-c-ionone (Example 43) and (S)-a-ionone (Ex-
ample 44) each having an optical purity of 75% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 17) were used to prepare
passion fruit flavor compositions as shown in Table 12 below,
in such a way that such a.-ionones were contained in a con-
centration of 0.6% by mass based on the total amount of the
composition.

Examples 45 and 46 and Comparative Example 18
Pear Flavor Compositions

[0377] (R)-a-ionone (Example 45) and (S)-a-ionone (Ex-
ample 46) obtained in the examples and c-ionone as a race-
mic form [manufactured by SIGMA-ALDRICH] (Compara-
tive Example 18) were used to prepare pear flavor
compositions as shown in Table 13 below, in such a way that
such c-ionones were contained in a concentration of
0.0005% by mass based on the total amount of the composi-
tion.

TABLE 13

Pear flavor compositions

Comparative
Ingredient Example 45 Example 46 Example 18
Amyl acetate 670.0 670.0 670.0
Amyl valerate 65.0 65.0 65.0
Benzyl acetate 10% 12.5 12.5 12.5
Ethyl acetate 40.0 40.0 40.0
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TABLE 14-continued

Pear flavor compositions

Mango flavor compositions

Comparative Comparative
Ingredient Example 45 Example 46 Example 18 Ingredient Example 47 Example 48 Example 19
Ethyl butyrate 6.5 6.5 6.5 Furfural 1.0 1.0 1.0
Ethyl decanoate 1.0 1.0 1.0 Cis-3-hexenol 3.0 3.0 3.0
Ethyl heptanoate 1.0 1.0 1.0 Limonene 7.0 7.0 7.0
Ethyl hexanoate 0.5 0.5 0.5 5-methyl furural 1.0 1.0 1.0
Ethyl octanoate 1.0 1.0 1.0 y-nonalactone 8.0 8.0 8.0
Geranyl propionate 50.0 50.0 50.0 y-octalactone 1.0 1.0 1.0
Hexyl acetate 1.0 1.0 1.0 Terpinolene 3.0 3.0 3.0
Lemon oil 1.5 1.5 1.5 (R)-a-ionone 1.0 _ _
Orris resinoid 1% 2.5 2.5 2.5 (S)-a-ionone o 1.0 o
sfos‘l:“/l\bsolute 1% 22 22 22 Racemic-a-ionone 1.0 — 1.0
anillin . . .
(R)-a-ionone 1% 05 - - Ethanol Balance Balance Balance
(S)-a-ionone 1% — 0.5 —
Racemic-a-ionone 1% o o 0.5 Total 1000.0 1000.0 1000.0
Ethanol Balance Balance Balance
Total 1000.0 1000.0 1000.0
Test Example 19
Test Example 18 Evaluation Test
Evaluation Test [0381] The mango flavor compositions prepared in
[0378] The pear flavor compositions prepared in Examples Examples and 48 and Comparative Example 19 were sub-

45 and 46 and Comparative Example 18 were subjected to a
sensory evaluation, in which 5 flavorists having 5 or more
years of experience evaluated the compositions.

[0379] Asaresultofthe sensory evaluation, all the panelists
evaluated that the pear flavor compositions of Examples 45
and 46, to which (R)-a-ionone and (S)-a-ionone had been
added respectively, had a natural, deep, and fresh flavor. In
contrast, they evaluated that the pear flavor composition of
Comparative Example 18, to which a-ionone as a racemic
form had been added, did not have such a natural, deep, and
fresh flavor.

Examples 47 and 48 and Comparative Example 19
Mango Flavor Compositions

[0380] (R)-ca-ionone (Example 47) and (S)-a-ionone (Ex-
ample 48) each having an optical purity of 80% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 19) were used to prepare
mango flavor compositions as shown in Table 14 below, in
such a way that such a-ionones were contained in a concen-
tration of 0.1% by mass based on the total amount of the
composition.

TABLE 14

Mango flavor compositions

Comparative
Ingredient Example 47 Example 48 Example 19
Acetic acid 7.0 7.0 7.0
Benzyl alcohol 50.0 50.0 50.0
Butyric acid 16.0 16.0 16.0
3-carene 10.0 10.0 10.0
Citral 2.0 2.0 2.0
p-cymene 10.0 10.0 10.0
Ethyl dodecanoate 9.0 9.0 9.0
Hexanoic acid 13.0 13.0 13.0
Hexanol 6.0 6.0 6.0

y-hexalactone 2.0 2.0 2.0

jected to a sensory evaluation, in which 5 flavorists having 5
or more years of experience evaluated the compositions.

[0382] Asaresultofthe sensory evaluation, all the panelists
evaluated that the mango flavor compositions of Examples 47
and 48, to which (R)-a-ionone and (S)-a-ionone had been
added respectively, had a natural, deep, and fresh flavor. In
contrast, they evaluated that the mango flavor composition of
Comparative Example 19, to which a-ionone as a racemic
form had been added, did not have such a natural, deep, and
fresh flavor.

Examples 49 and 50 and Comparative Example 20
Raspberry Flavor Compositions

[0383] (R)-a-ionone (Example 49) and (S)-a-ionone (Ex-
ample 50) each having an optical purity of 60% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 20) were used to prepare
raspberry flavor compositions as shown in Table 15 below, in
such a way that such a-ionones were contained in a concen-
tration of 10.5% by mass based on the total amount of the
composition.

TABLE 15

Raspberry flavor compositions

Comparative
Ingredient Example 49 Example 50 Example 20
Amyl acetate 250.0 250.0 250.0
Amyl butyrate 7.5 7.5 75
Anethole 0.3 0.3 0.3
Methyl N- 0.5 0.5 0.5
methylanthranilate
Ethyl acetate 30.0 30.0 30.0
Ethyl butyrate 37.0 37.0 37.0
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TABLE 16-continued

Raspberry flavor compositions

Raspberry flavor compositions

Comparative Comparative
Ingredient Example 49 Example 50 Example 20 Ingredient Example 51 Example 52 Example 51
Ethyl 3-methyl-3- 10.0 10.0 10.0 Vanillin 40.0 40.0 40.0
phenylglycidate Methylionone 30.0 30.0 30.0
Geraniol 6.5 6.5 6.5 Hexyl acetate 10.0 10.0 10.0
Raspberry ketone 8.0 8.0 8.0 Cis-3-hexenyl acetate 10.0 10.0 10.0
Jasmine Absolute 10% 3.5 35 35 Methy! salicylate 10.0 10.0 10.0
Lemon oil 6.5 6.5 6.5 Benzaldehyde 5.0 5.0 5.0
Maltol 1.5 1.5 1.5 Ethyl benzoate 10.0 10.0 10.0
Dimethy! disulfide 0.5 0.5 0.5 Methy! butanol 10.0 10.0 10.0
a-irone 30.2 30.2 30.2 Bornyl salicylate 10.0 10.0 10.0
Rhosinol 5.0 5.0 5.0 Clove oil 10.0 10.0 10.0
y-undecalactone 5.0 5.0 5.0 Geranium oil 10.0 10.0 10.0
Vanillin 43.0 43.0 43.0 Hexyl alcohol 5.0 5.0 5.0
(R)-a-ionone 105.0 — — Cis-3-hexenol 5.0 5.0 5.0
(S)-a-ionone — 105.0 — Coumalin 10.0 10.0 10.0
Racemic-a-ionone — — 105.0 Orris Concrete 15.0 15.0 15.0
Ethanol Balance Balance Balance Ethyl acetate 10.0 10.0 10.0
Ethyl caproate 10.0 10.0 10.0
Total 1000.0 1000.0 1000.0 Isoamyl caproate 10.0 10.0 10.0
Anisic aldehyde 5.0 5.0 5.0
Diacetyl 2.0 2.0 2.0
(R)-a-ionone 30.0 — —
Test Example 20 (S)-a-ionone — 30.0 —
Racemic-a-ionone — — 30.0
Evaluation Test Ethanol Balance Balance Balance
[0384] The raspberry flavor compositions prepared in Total 1000.0 1000.0 1000.0
Examples 49 and 50 and Comparative Example 20 were
subjected to a sensory evaluation, in which 5 flavorists having
5 or more years of experience evaluated the compositions. Test Example 21
[0385] Asaresultofthe sensory evaluation, all the panelists .
g Evaluation Test
evaluated that the raspberry flavor compositions of Examples
49 and 50, to which (R)-c.-ionone and (S)-o.-ionone had been [0387] The raspberry flavor compositions prepared in

added respectively, had a natural, deep, and fresh flavor. In
contrast, they evaluated that the raspberry flavor composition
of Comparative Example 20, to which a-ionone as a racemic
form had been added, did not have such a natural, deep, and
fresh flavor.

Examples 51 and 52 and Comparative Example 21
Raspberry Flavor Compositions

[0386] (R)-c-ionone (Example 51) and (S)-a-ionone (Ex-
ample 52) each having an optical purity of 80% e.e., and
a-ionone as a racemic form [manufactured by SIGMA-AL-
DRICH] (Comparative Example 21) were used to prepare
raspberry flavor compositions as shown in Table 16 below, in
such a way that such a-ionones were contained in a concen-
tration of 3% by mass based on the total amount of the
composition.

TABLE 16

Raspberry flavor compositions

Comparative
Ingredient Example 51 Example 52 Example 51
Ethyl 3-methyl-3- 400.0 400.0 400.0
phenylglycidate
Acetoin 3.0 3.0 3.0
Benzylideneacetone 100.0 100.0 100.0
Methoxy acetoxy 60.0 60.0 60.0
acetophenone
Benzyl acetate 50.0 50.0 50.0
Phenyl ethyl alcohol 50.0 50.0 50.0
Essence of Portugal 50.0 50.0 50.0

Examples 51 and 52 and Comparative Example 21 were
subjected to a sensory evaluation, in which 5 flavorists having
5 or more years of experience evaluated the compositions.
[0388] Asaresultofthe sensory evaluation, all the panelists
evaluated that the raspberry flavor compositions of Examples
51 and 52, to which (R)-a-ionone and (S)-a-ionone had been
added respectively, had a natural, deep, and fresh flavor. In
contrast, they evaluated that the raspberry flavor composition
of Comparative Example 21, to which a-ionone as a racemic
form had been added, did not have such a natural, deep, and
fresh flavor.

Examples 53 and 54 and Comparative Example 22
Production of Peach-Like Carbonated Drinks

[0389] The peach flavor composition prepared in Example
37 (Example 53), the peach flavor composition prepared in
Example 38 (Example 54), and the peach flavor composition
prepared in Comparative Example 14 (Example 22) were
used. In accordance with the formulation example as shown
below, the ingredients as shown below were mixed, and 60
parts by mass of purified water was then added to the mixture,
to prepare peach syrup. Thereafter, 4 parts by mass of car-
bonated water was added to 6 parts by mass of thus prepared
syrup, to give a carbonated drink.

[Formulation example] (% by mass)

Maltitol syrup 8.0
Aspartame 0.01
Polydextrose syrup 6.3
Peach 5-times concentrated fruit juice 0.7
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-continued
[Formulation example] (% by mass)
Citric acid (crystal) 0.1
Peach flavor composition 0.2
Menthol 0.0002
Menthoxypropanediol 0.00002
Test Example 22
Evaluation Test
[0390] The carbonated drinks produced in Examples 53

and 54 and Comparative Example 22 were subjected to a
sensory evaluation, in which 5 skilled panelists evaluated the
flavor of each carbonated drink.

[0391] Asaresultofthe sensory evaluation, all the panelists
evaluated that the carbonated drink of Example 53, to which
apeach flavor composition containing (R)-a-ionone had been
added, had a flavor of an intense fresh and breezy note, and
that the carbonated drink of Example 54, to which a peach
flavor composition containing (S)-a-ionone had been added,
had a flavor of an intense fresh, juicy note. Moreover, they
further evaluated that such carbonated drinks produced in
Examples 53 and 54 were excellent in terms of diffusibility
and had a fresh variation of notes with time. In contrast, all the
panelists evaluated that the carbonated drink of Comparative
Example 22, to which a peach flavor composition containing
a-ionone as a racemic form had been added, had a natural
flavor, but that such a flavor lacked strong and had somewhat
miscellaneous impressions.

Examples 55 and 56 and Comparative Example 23

Production of Pear-Like Distilled Spirit (Syohchuh)-
Based Highball Beverages

[0392] The peach flavor compositions prepared in
Examples 45 and 46 and Comparative Example 18 were used.
In accordance with the formulation example as shown below,
the ingredients as shown below were mixed, and purified
water was then added to the mixture, to prepare 300 parts by
mass of liqueur. Thereafter, 4 parts by mass of carbonated
water was added to 6 parts by mass of thus prepared liqueur,
to give a distilled spirit-based highball beverage.

[Formulation example] (% by mass)
Xylitol 28.0
Pear 5-times concentrated fruit juice 6.0
60% ethanol 85.0
Citric acid 1.7
Peach flavor composition 1.0
Menthol 0.0005
Menthy! lactate 0.0001
Purified water Balance
Total 300.0
Test Example 23
Evaluation Test
[0393] The pear-like distilled spirit-based highball bever-

ages produced in Examples 55 and 56 and Comparative
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Example 23 were subjected to a sensory evaluation, in which
5 skilled panelists evaluated the flavor of each distilled spirit-
based highball beverage.

[0394] Asaresultofthe sensory evaluation, all the panelists
evaluated that the pear-like distilled spirit-based highball bev-
erage of Example 55, to which a peach flavor composition
containing (R)-a-ionone had been added, had a flavor of an
intense fresh and breezy note, and that the pear-like distilled
spirit-based highball beverage of Example 56, to which a
peach flavor composition containing (S)-c-ionone had been
added, had a fresh, juicy flavor of an intense fresh and juicy
note. Moreover, they further evaluated that such pear-like
distilled spirit-based highball beverages produced in
Examples 55 and 56 were excellent in terms of diffusibility
and had a fresh variation of notes with time. In contrast, all the
panelists evaluated that the pear-like distilled spirit-based
highball beverage of Comparative Example 23, to which a
peach flavor composition containing c-ionone as a racemic
form had been added, had a natural flavor, but that such a
flavor lacked strength and had somewhat miscellaneous
impressions.

Examples 57 and 58 and Comparative Example 24
Production of Raspberry Jams

[0395] In accordance with the formulation example as
shown below, raspberry was cooked over low heat. After it
was boiled, granulated sugar, lemon juice, and brandy were
added to the boiled raspberry, and the obtained mixture was
further cooled over medium heat for approximately 10 min-
utes, while skimming the scum at times and paying attention
not to scorch. Thereafter, the resultant was cooled to a room
temperature, and each of the raspberry flavor compositions
prepared in Examples 51 and 52 and Comparative Example
21 was then added respectively thereto, to give a raspberry
jam.

[Formulation example]

Raspberry
Granulated sugar
Lemon juice

250 g
175 g

Y4 of a whole
lemon
58
0lg

Brandy
Raspberry flavor composition

Test Example 24
Evaluation Test

[0396] Theraspberryjams produced in Examples 57 and 58
and Comparative Example 24 were subjected to a sensory
evaluation, in which 5 skilled panelists evaluated the flavor of
each raspberry jam.

[0397] Asaresultofthe sensory evaluation, all the panelists
evaluated that the raspberry jam of Example 57, to which a
raspberry flavor composition containing (R)-c-ionone had
been added, had a flavor of an intense fresh and breezy note,
and that the raspberry jam of Example 58, to which a rasp-
berry flavor composition containing (S)-a-ionone had been
added, had a flavor of an intense fresh and juicy note. More-
over, they further evaluated that such raspberry jams of
Examples 57 and 58 were excellent in terms of diffusibility
and had a fresh variation of notes with time. In contrast, all the
panelists evaluated that the raspberry jam of Comparative
Example 24, to which a raspberry flavor composition con-
taining o-ionone as a racemic form had been added, had a



US 2009/0216039 Al

natural flavor, but that such a flavor lacked strength and had
somewhat miscellaneous impressions.

Examples 59 and 60 and Comparative Example 25
Production of Strawberry Sauces

[0398] In accordance with the formulation example as
shown below, strawberry and granulated sugar were cooked
over medium heat, while skimming the scum at time. After
they were boiled, lemon juice was added thereto, and they
were then blended. Thereafter, the obtained mixture was
cooled to a room temperature. Subsequently, each of the
strawberry flavor compositions prepared in Examples 41 and
42 and Comparative Example 16 was then added thereto, to
give a strawberry sauce.

[Formulation example]

Strawberry 250 g
Granulated sugar 175 g
Lemon juice Y4 of a whole
lemon
Strawberry flavor composition 0lg
Test Example 25

Evaluation Test

[0399] The strawberry sauces produced in Examples 59
and 60 and Comparative Example 25 were subjected to a
sensory evaluation, in which 5 skilled panelists evaluated the
flavor of each strawberry sauce.

[0400] As aresultofthe sensory evaluation, all the panelists
evaluated that the strawberry sauce of Example 59, to which
a strawberry flavor composition containing (R)-c-ionone had
been added, had a fresh, pleasant flavor of an intense fresh and
breezy note, and that the strawberry sauce of Example 60, to
which a strawberry flavor composition containing (S)-ca-ion-
one had been added, had a flavor of an intense fresh and juicy
note. Moreover, they further evaluated that such strawberry
sauces of Examples 59 and 60 were excellent in terms of
diffusibility and had a fresh variation of notes with time. In
contrast, all the panelists evaluated that the strawberry sauce
of Comparative Example 25, to which a raspberry flavor
composition containing c-ionone as a racemic form had been
added, had a natural flavor, but that such a flavor lacked
strength and had somewhat miscellaneous impressions.

Examples 61 and 62
Preparation of Rose-Like Fragrance Compositions

[0401] (R)-c-ionones having an optical purity ranging
from 5% e.e. to 95% e.e. (in increments of 5% ec.e.) and
(R)-a-ionone having an optical purity of 99% e.e. or more
were prepared. Subsequently, such (R)-c-ionones were used
instead of (R)-a-ionone having an optical purity of 70% ec.e.
in Example 11, to prepare rose-like fragrance compositions
(Example 61). In addition, (S)-a-ionones were used instead
of such (R)-a-ionones in Example 61, to prepare rose-like
fragrance compositions (Example 62).

Examples 63 and 64
Preparation of Rose-Like Fragrance Compositions

[0402] With regard to (R)-a-ionone having an optical
purity of 70% e.e. that included at 4% by mass in the rose-like
fragrance compositions prepared in Example 11, its mixed
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amount was appropriately changed from 10 ppm to 50% by
mass, to prepare rose-like fragrance compositions (Example
63). In addition, (S)-a-ionones were used instead of such
(R)-a-ionones in Example 63, to prepare rose-like fragrance
compositions (Example 64).

Test examples 26 to 29
Evaluation Test

[0403] The rose-like fragrance compositions prepared in
Examples 61 and 62 and the rose-like fragrance compositions
prepared in Examples 63 and 64 were subjected to an evalu-
ation test, in which 5 perfumers having 5 or more years of
experience evaluated the aforementioned compositions by
the following method.

Evaluation Test:

[0404] The rose-like fragrance compositions prepared in
Examples 61 to 64 were subjected to an evaluation test, and
they were evaluated according to a 2:2 points discrimination
method (which is a method used to discriminate between two
types of samples A and B, which comprises showing samples
A and B as identified samples to panelists so that they can
memorize the characteristics thereof, then showing the two
samples as unidentified samples so that the panelists are
allowed to point out a sample different from sample A, and
then determining whether a difference exists between the two
types of samples based on the number of correct answers
obtained by performing the aforementioned operation several
times; Shin Sato, “Kannoh Kensa Nyuhmon (Introduction to
Sensory Test)”, p. 54 (Oct. 16, 1978, published by Union of
Japanese Scientists and Engineers (JUSE) Press. Ltd.).
[0405] As a result of the evaluation test, it was found that
the rose-like fragrance compositions prepared in Examples
61 and 62 (Test example 26 and 27), which achieved an
optical purity of 10% e.e. or more, even using either (R)-a-
ionone or (S)-a-ionone, significantly exhibited the effect of
the optical purity. In addition, such rose-like fragrance com-
positions, which had an optical purity of 30% e.e. to 95%e.e.,
more significantly exhibited the effect of the optical purity.
Moreover, such rose-like fragrance compositions, which had
an optical purity of almost 50% e.e. to 85% e.e., further more
significantly exhibited the effect of the optical purity.

[0406] Furthermore, it was also found that even using either
(R)-a-ionone or (S)-a-ionone, it may be better that the rose-
like fragrance compositions prepared in Examples 63 and 64
(Test example 28 and 29) are used within the range from 20
ppm to 20% by mass. A rose-like fragrance composition used
in a mixed amount of 20 ppm or more exhibited a clearer
mixing effect than that of a rose-like fragrance composition
used in a mixed amount of less than 20 ppm. Moreover, it was
found that a rose-like fragrance composition used in a mixed
amount of 20% by mass or less had a better balance of the
flavor of the fragrance composition than that of a rose-like
fragrance composition used in a mixed amount of more than
20% by mass.

Examples 65 and 66
Peach Flavor Compositions

[0407] (R)-a-ionones having an optical purity ranging
from 5% e.e. to 95% e.e. (in increments of 5% e.e.) and
(R)-a-ionone having an optical purity of 99% e.e. or more
were prepared. Subsequently, such (R)-c-ionones were used
instead of (R)-a-ionone having an optical purity of 70% e.e.
in Example 37, to prepare peach flavor compositions (Ex-
ample 65). In addition, (S)-a-ionones were used instead of
such (R)-a-ionones in Example 61, to prepare peach flavor
compositions (Example 66).
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Examples 67 and 68
Peach Flavor Compositions

[0408] With regard to (R)-a-ionone having an optical
purity of 70% e.e. that included at 0.05% by mass in the peach
flavor compositions prepared in Example 37, its mixed
amount was appropriately changed from 0.01 ppm to 50% by
mass, to prepare peach flavor compositions (Example 67). In
addition, (S)-a-ionones were used instead of such (R)-a-
ionones in Example 67, to prepare peach flavor compositions
(Example 68).

Test Examples 30 to 33
Evaluation Test

[0409] The peach flavor compositions prepared in
Examples 65 and 66 and the peach flavor compositions pre-
pared in Examples 67 and 68 were subjected to an evaluation
test, in which 5 perfumers having 5 or more years of experi-
ence evaluated the aforementioned compositions by the same
method as that described in the aforementioned test examples
26 to 29.

[0410] As a result of the evaluation test, it was found that
the peach flavor compositions prepared in Examples 65 and
66 (Test example 30 and 31), which had an optical purity of
10% e.e. or more, even using either (R)-a-ionone or (S)-a-
ionone, significantly exhibited the effect of the optical purity.
In addition, such peach flavor compositions, which had an
optical purity of 30% e.e. to 95% e.e., more significantly
exhibited the effect of the optical purity. Moreover, such
peach flavor compositions, which had an optical purity of
almost 50% e.e. to 85% e.e., further more significantly exhib-
ited the effect of the optical purity.

[0411] Furthermore, it was also found that even using either
(R)-a-ionone or (S)-a-ionone, it may be better that the peach
flavor compositions prepared in Examples 67 and 68 (Test
example 30 and 31) are used within the range from 0.2 ppm to
20% by mass. A peach flavor composition used in a mixed
amount of 0.2 ppm or more exhibited a clearer mixing effect
than that of a peach flavor composition used in a mixed
amount of less than 0.2 ppm. Moreover, it was found that a
peach flavor composition used in a mixed amount of 20% by
mass or less had a better balance of the flavor or taste of the
fragrance composition than that of a peach flavor composition
used in a mixed amount of more than 20% by mass.

INDUSTRIAL APPLICABILITY

[0412] The present invention provides a method for pro-
ducing optically active c-ionone that is useful as a perfume,
various types of intermediates, etc. This production method is
able not only to give desired optically active a-ionone with a
high yield and a high asymmetric yield, but also it is indus-
trially extremely useful.

1-11. (canceled)

12. A method for producing optically active a-ionone,
comprising:

allowing a-ionone as a mixture of optical isomers to react

with an esterification agent, and

hydrolyzing the obtained c-ionone enol ester.

13. A perfume, comprising an optically active a-ionone
obtained by the production method according to claim 12.

14. A perfume composition, comprising the perfume
according to claim 13.
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15. A food and beverage, an oral care product, or a phar-
maceutical, comprising the perfume composition according
to claim 14.

16. The method according to claim 12, wherein the
hydrolysis is enantioselective hydrolysis.

17. A perfume, comprising an optically active a-ionone
obtained by the production method according to claim 16.

18. A perfume composition, comprising the perfume
according to claim 17.

19. A food and beverage, an oral care product, or a phar-
maceutical, comprising the perfume composition according
to claim 18.

20. The method for producing optically active a.-ionone
according to claim 12, comprising enantioselectively hydro-
lyzing the a-ionone enol ester in the presence of enzyme.

21. A perfume, comprising an optically active a.-ionone
obtained by the production method according to claim 20.

22. A perfume composition, comprising the perfume
according to claim 21.

23. A food and beverage, an oral care product, or a phar-
maceutical, comprising the perfume composition according
to claim 22.

24. The method for producing an a-ionone enol ester,
comprising obtaining an a-ionone enol ester that has not been
hydrolyzed in the hydrolysis according to claim 12.

25. A method for producing optically active a-ionone,
comprising:

subjecting a-ionone as a mixture of optical isomers to an

asymmetric reduction,

allowing the obtained optically active c-ionol to react with

an esterification agent to give an optically active a-ionol
ester,

hydrolyzing the obtained optically active c-ionol ester, and

then

oxidizing the obtained optically active a-ionol.

26. A perfume, comprising an optically active a-ionone
obtained by the production method according to claim 25.

27. A perfume composition, comprising the perfume
according to claim 26.

28. A food and beverage, an oral care product, or a phar-
maceutical, comprising the perfume composition according
to claim 27.

29. An o-ionone enol ester.

30. The a-ionone enol ester according to claim 29, char-
acterized in that said a-ionone enol ester has the following
structure:

3)

wherein R* represents a hydrogen atom or an optionally sub-
stituted hydrocarbon group.

31. The a-ionone enol ester according to claim 29, char-
acterized in that said c-ionone enol ester is an optically active
substance.



