
DESCRIPTION PROCESS FOR PRODUCING ALPHA-HYDROXYKETONE COMPOUND Technical
Field The present invention relates to a process for producing an a-hydroxy
ketone compound. Background Art U.S. Patent Published Application No.
2008/0051608 discloses, as a process for producing an a-hydroxyketone
compound by a coupling reaction of an aldehyde compound, a process using 1
,3-disubstituted imidazolinium-2-carboxylate obtained by reacting an
imidazolinium salt and carbon dioxide in the presence of a base as a
catalyst. Disclosure of the Invention The present invention provides: <1> A
process for producing an a-hydroxyketone compound which comprises
subjecting an aldehyde compound to a coupling reaction in the presence of
an alkoxyimidazolidine compound represented by the formula (D :wherein R1
and R2 independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, or a substituted or unsubstituted aryl group, or
R1 and R2 may be combined with each other to form a ring together with 



the carbon atoms to which R1 and R2 are attached, R3 and R4 independently
represent a substituted or unsubstituted alkyl group, or a substituted or
unsubstituted aryl group, and R5 represents an alkyl group; <2> The process
according to the above <1>, wherein the coupling reaction of the aldehyde
compound is a homocoupling reaction of an aldehyde compound represented by
the formula (2) : wherein R6 represents a hydrogen atom, or a substituted
or unsubstituted alkyl group; <3> The process according to the above <1>,
wherein the coupling reaction of the aldehyde compound is a cross coupling
reaction of an aldehyde compound represented by the formula (2) :wherein R6
represents a hydrogen atom, or a substituted or unsubstituted alkyl group,
and an aldehyde compound represented by the formula (4): wherein R7 is
different from R6, and represents a hydrogen atom, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heteroaryl group; <4> The process according to
any one of the above <1> to <3>, wherein R3 and R4 independently represent
a 



tertiary alkyl group having 4 to 10 carbon atoms, a cycloalkyl group having
3 to 10 carbon atoms, a phenyl group having an alkyl group having 1 to 10
carbon atoms or a halogen atom at the 2- and 6-positions thereof, or a
naphthyl group having an alkyl group having 1 to 10 carbon atoms at the
2-position thereof; <5> The process according to any one of the above <1>
to <3>, wherein R3 and R4 independently represent a tertbutyl group, a
tert-pentyl group, a cyclohexyl group, an adamantyl group, a 2
,6-dimethylphenyl group, a 2,6- dichlorophenyl group, a 2
,4,6-trimethylphenyl group, or a 2 ,6-diisopropylphenyl group;<6> The
process according to any one of the above <1> to <5>, wherein R5 is a
methyl group, an ethyl group, a propyl group, or a butyl group; <7> The
process according to the above <3>, wherein the aldehyde compound
represented by the formula (2) is 3- methylthiopropanal, the aldehyde
compound represented by the formula (4) is formaldehyde, and the
a-hydroxyketone compound is 4- (methylthio) -2-oxo-l-butanol; <8>.
2-Methoxy-l, 3-bis [(2, 6-diisopropyl) phenyl] - imidazolidine; and the
like. Best Mode for Carrying out the Invention 



The present invention is directed to a process for producing an
a-hydroxyketone compound characterized in that a coupling reaction of an
aldehyde compound is carried out in the presence of an aikoxyimidazolidine
compound represented by the formula (1) : R3 0 R :D R4 (hereinafter
abbreviated to the imidazolidine (I)). In the formula (1), R1 and R2
independently represent a hydrogen atom, a substituted or unsubstituted
alkyl group, or a substituted or unsubstituted aryl group.Examples of the
unsubstituted alkyl group include a linear, branched or cyclic alkyl group
having 1 to 10 carbon atoms such as a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a decyl group, a
cyclopropyl group, a 2,2- dimethylcyclopropyl group, a cyclopentyl group, a
cyclohexyl group, a menthyl group, and the like. Examples of the
substituent of the alkyl group include an aryl group having 6 to 10 carbon
atoms optionally substituted with at least one alkoxy group having 1 to 10 



carbon atoms such as a phenyl group, a naphthyl group, a 4- methylphenyl
group, a 4-methoxyphenyl group, and the like; an alkoxy group having 1 to
10 carbon atoms optionally substituted with at least one fluorine atom such
as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group,
a butoxy group, an isobutoxy group, a sec-butoxy group, a tert-butoxy
group, a trif luoromethoxy group, and the like; an alkoxy group having 1 to
10 carbon atoms substituted with an aryl group having 6 to 10 carbon atoms
such as a benzyloxy group, a 4-methylbenzyloxy group, and the like; an
alkoxy group having 1 to 10 carbon atoms substituted with an alkoxyaryl
group having 7 to 20 carbon atoms such as a 4-methoxybenzyloxy group, and
the like; an alkoxy group having 1 to 10 carbon atoms substituted withan
aryloxyaryl group having 12 to 20 carbon atoms such as a 3-phenoxybenzyloxy
group; an aryloxy group having 6 to 10 carbon atoms optionally substituted
with at least one alkoxy group having 1 to 10 carbon atoms such as a
phenoxy group, a 2-methylphenoxy group, a 4-methylphenoxy group, a
4-methoxyphenoxy group, and the like; an aryloxy group having 6 to 10
carbon atoms substituted with an aryloxy group having 6 to 10 carbon atoms
such as a 3- phenoxyphenoxy group, and the like; an acyl group having 2 



to 10 carbon atoms optionally substituted with at least one alkoxy group
having 1 to 10 carbon atoms such as an acetyl group, a propionyl group, a
benzylcarbonyl group, a Amethylbenzylcarbonyl group, a
4-methoxybenzylcarbonyl group, a benzoyl group, a 2-methylbenzoyl group, a
4-methylbenzoyl group, a 4-methoxybenzoyl group, and the like; a carboxy
group; and a fluorine atom. Examples of the substituted alkyl group include
a fluoromethyl group, a trifluoromethyl group, a methoxymethyl group, an
ethoxymethyl group, a methoxyethyl group, a benzyl group, a 4-fluorobenzyl
group, a Amethylbenzyl group, a phenoxymethyl group, a 2-oxopropyl group, a
2-oxobutyl group, a phenacyl group, and a 2- carboxyethyl group. Examples
of the unsubstituted aryl group include an aryl group having 6 to 10 carbon
atoms such as a phenylgroup, a 2-methylphenyl group, a 4-methylphenyl
group, a naphthyl group, and the like. Examples of the substituent of the
aryl group include an alkyl group having 1 to 10 carbon atom optionally
substituted with at least one alkoxy group having 1 to 10 carbon atoms or
fluorine atom such as a fluoromethyl group, a trif luoromethyl group, a
methoxymethyl group, an 



ethoxymethyl group, a methoxyethyl group, and the like; an alkoxy group
having 1 to 10 carbon atoms substituted with at least one alkoxy group
having 1 to 10 carbon atoms or fluorine atom such as a methoxy group, an
ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group, a pentyloxy
group, a cyclopentyloxy group, a fluoromethoxy group, a trif luoromethoxy
group, a methoxymethoxy group, an ethoxymethoxy group, a methoxyethoxy
group, and the like; and a halogen atom such as a fluorine atom, a chlorine
atom, and the like. Examples of the substituted aryl group include a 4-
chlorophenyl group and a 4-methoxyphenyl group. R1 and R2 may be combined
with each other to form a ring together with the carbon atoms to which R1
and R2 are attached, and examples of the ring include a cyclopentane ring
and a cyclohexane ring. In the formula (1), R3 and R4 independently
representa substituted or unsubstituted alkyl group, or a substituted or
unsubstituted aryl group, and R5 represents an alkyl group. Examples of the
unsubstituted alkyl group represented by R3 and R4 include a linear,
branched or cyclic alkyl 



group having 1 to 10 carbon atoms such as a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a tert-pentyl group, a
decyl group, a cyclopropyl group, a 2 ,2-dimethylcyclopropyl group, a
cyclopentyl group, a cyclohexyl group, a menthyl group, an adamantyl group,
and the like. Examples of the substituent of the alkyl group include an
aryl group having 6 to 10 carbon atoms optionally substituted with at least
one alkoxy group having 1 to 10 carbon atoms such as a phenyl group,
naphthyl group, a 4-methylphenyl group, a 4- methoxyphenyl group, and the
like; an alkoxy group having 1 to 10 carbon atoms optionally substituted
with at least one fluorine atom such as a methoxy group, an ethoxy group, a
propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group, a
sec-butoxy group, a tert-butoxy group, a trif luoromethoxy group, and the
like; an alkoxy group having 1 to 10 carbon atoms substituted with an aryl
group having 6 to 10 carbon atoms such as a benzyloxy group, a 4-
methylbenzyloxy group, and the like; an alkoxy group having1 to 10 carbon
atoms substituted with an alkoxyaryl group having 7 to 20 carbon atoms such
as a 4-methoxybenzyloxy group, and the like; an alkoxy group having 1 to 10
carbon 



atoms substituted with an aryloxyaryl group having 12 to 20 carbon atoms
such as a 3-phenoxybenzyloxy group, and the like; aryloxy group having 6 to
10 carbon atoms optionally substituted with at least one alkoxy group
having 1 to 10 carbon atoms such as a phenoxy group, a 2-methylphenoxy
group, a 4-methylphenoxy group, a 4-methoxyphenoxy group, and the like; an
aryloxy group having 6 to 10 carbon atoms substituted with an aryloxy group
having 6 to 10 carbon atoms, such as a 3-phenoxyphenoxy group; and an acyl
group having 2 to 10 carbon atoms optionally substituted with at least one
alkoxy group having 1 to 10 carbon atoms such as an acetyl group, a
propionyl group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl group, a
4-methoxybenzylcarbonyl group, a benzoyl group, a 2-methylbenzoyl group, a
4- methylbenzoyl group, a 4-methoxybenzoyl group, and the like. Examples of
the substituted alkyl group include a methoxymethyl group, an ethoxymethyl
group, a methoxyethyl group, a benzyl group, a 4-fluorobenzyl group, a 4-
methylbenzyl group, a phenoxymethyl group, a 2-oxopropyl group, a
2-oxobutyl group and a phenacyl group. Examples of the unsubstituted aryl
group represented by R3 and R4 include an aryl group having 6 to 20
carbonatoms such as a phenyl group, a naphthyl group, a 2- 



methylphenyl group, a 4-methylphenyl group, a 2,6- dimethylphenyl group, a
2 ,4 ,6-trimethylphenyl group, a 2,6- diisopropylphenyl group, and the
like. Examples of the substituent of the aryl group include an alkyl group
having 1 to 10 carbon atoms substituted with at least one fluorine atom
such as a fluoromethyl group, a trif luoromethyl group, and the like; an
alkyl group having 1 to 10 carbon atoms substituted with at least one
alkoxy group having 1 to 10 carbon atoms such as a methoxymethyl group, an
ethoxymethyl group, a methoxyethyl group, and the like; an alkoxy group
having 1 to 10 carbon atoms optionally substituted with at least one
fluorine atom or alkoxy group having 1 to 10 carbon atoms such as a methoxy
group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy
group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group, a
pentyloxy group, a cyclopentyloxy group, a fluoromethoxy group, a trif
luoromethoxy group, a methoxymethoxy group, an ethoxymethoxy group, a
methoxyethoxy group, and the like; and halogen atoms such as a fluorine
atom, a chlorine atom, and the like. Examples of the substituted aryl group
include a 4-chlorophenyl group, a 4-methoxyphenyl group and a 2 ,
6-dichlorophenyl group. 



Either R3 or R4 is preferably a bulky group, and both R3 and R4 are more
preferably bulky groups. When both R3and R4 are bulky groups, R3 and R4 may
be the same bulky groups or different bulky groups. Examples of the bulky
group include a tertiary alkyl group having 4 to 10 carbon atoms such as a
tert-butyl group, a tert-pentyl group, and the like; a cycloalkyl group
having 3 to 10 carbon atoms such as a cyclopropyl group, a 2
,2-dimethylcyclopropyl group, a cyclopentyl group, a cyclohexyl group,
menthyl group, an adamantyl group, and the like; a phenyl group substituted
with alkyl group (s) having 1 to 10 carbon atoms and/or halogen atom(s) at
the 2- and 6-positions such as a 2 ,6-dimethylphenyl group, a 2
,6-dichlorophenyl group, a 2 ,4,6-trimethylphenyl group, a 2
,6-diisopropylphenyl group, and the like; and naphthyl groups substituted
with an alkyl group having 1 to 10 carbon atoms at the 2-position such as a
2-methylnaphthyl group, and the like. Among these groups, a tert-butyl
group, a tert-pentyl group, a cyclohexyl group, an adamantyl group, a 2
,6-dimethylphenyl group, a 2,6- dichlorophenyl group, a 2
,4,6-trimethylphenyl group and a 2 ,6-diisopropylphenyl group are
preferred. Examples of the alkyl group represented by R5 include a linear
or branched alkyl group having 1 to 4 carbon atoms, 



such as a methyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl group, a secbutyl group, a tert-butyl group, and
the like. Among these groups, a methyl group, an ethyl group, a propyl
group anda butyl group are preferred. When both R3 and R4 are bulkygroups,
R5 is preferably a methyl group in view of stability of the imidazolidine
(1) . Examples of the imidazolidine (1) include 2-methoxy- 1
,3-di-tert-butylimidazolidine, 2-ethoxy-l, 3-di-tertbutylimidazolidine,
2-n-propoxy-l, 3-di-tertbutylimidazolidine, 2-methoxy-l, 3-dicyclohexyl
imidazolidine, 2-ethoxy-l, 3-dicyclohexylimidazolidine, 2-propoxy-l, 3-
dicyclohexylimidazolidine, 2-methoxy-l, 3- diadamantylimidazolidine,
2-methoxy-l, 3- diphenylimidazolidine, 2-methoxy-l, 3-bis [(2,6-
diisopropyl) phenyl] imidazolidine, 2-methoxy-l, 3-bis [(2,4,6- trimethyl)
phenyl] imidazolidine, 2-ethoxy-l, 3-bis [(2,6- diisopropyl) phenyl]
imidazolidine, 2-ethoxy-l, 3-bis[(2,4,6- trimethyl) phenyl] imidazolidine,
2-propoxy-l, 3-bis [(2, 6- diisopropyl) phenyl] imidazolidine, 2-propoxy-l,
3-bis [(2,4,6- trimethyl) phenyl] imidazolidine, 2-butoxy-l, 3-bis [(2,6-
diisopropyl) phenyl] imidazolidine, 2-butoxy-l, 3-bis [(2,4,6- trimethyl)
phenyl] imidazolidine, 2-isopropoxy-l, 3-bis [(2, 6- 



diisopropyl) phenyl] imidazolidine, 2-isopropoxy-l, 3- bis [(2,4,
6-trimethyl) phenyl] imidazolidine, 2-methoxy-4, 5- dimethyl-1, 3-bis [(2,
6-diisopropyl) phenyl] imidazolidine, 2- methoxy-4, 5-dimethyl-l, 3-bis
[(2, 4 , 6- trimethyl) phenyl] imidazolidine, 2-ethoxy-4, 5-dimethyl-l, 3-
bis [(2, 6-diisopropyl) phenyl] imidazolidine, 2-ethoxy-4 ,5-dimethyl-1,
3-bis [(2, 4,6-trimethyl) phenyl] imidazolidine, 2- methoxy-4
,5-dichloro-l, 3-bis [(2, 6- diisopropyl )phenyl] imidazolidine,
2-methoxy-4 ,5-diphenyl- 1 ,3-bis [(2,4, 6-trimethyl) phenyl]
imidazolidine, 2-methoxy- 4 ,5-dif luoro-1, 3-bis [(2, 6-diisopropyl)
phenyl] imidazolidine, 2-methoxy-4-methyl-l, 3-bis [(2,4,6- trimethyl)
phenyl] imidazolidine, 2-methoxy-l, 3-bis [(2, 6- dichloro) phenyl]
imidazolidine, 2-methoxy-l-tert-butyl-3- phenylimidazolidine,
2-methoxy-l-cyclohexyl-3- [(2,6- diisopropyl) phenyl] imidazolidine,
2-methoxy-l-phenyl-3- [(2,4, 6-trimethyl) phenyl] imidazolidine,
2-ethoxy-l-tertbutyl- 3- [(2, 6-diisopropyl) phenyl] imidazolidine and 2-
ethoxy-l-tert-butyl-3- [(2,4,6- trimethyl) phenyl] imidazolidine . The
imidazolidine (1) can be produced, for example, in accordance with the
method described in J . Am. Chem. Soc, 127 , 9079 (2005) . 



The a-hydroxyketone compound can be produced by carrying out a coupling
reaction of an aldehyde compound in the presence of the imidazolidine (1) .
The aldehyde compound is not limited as long as it is a compound having at
least one formyl group in the molecule. The coupling reaction in the
present invention includes a homocoupling reaction in which the same
aldehyde compounds are coupled, and a cross coupling reaction in
whichdifferent aldehyde compounds are coupled. The homocoupling reaction
includes a homocoupling reaction of an aldehyde compound represented by the
formula (2) : wherein R6 represents a hydrogen atom, or a substituted or
unsubstituted alkyl group (hereinafter abbreviated to the aldehyde (2)). By
the homocoupling reaction of the aldehyde (2), an a-hydroxyketone compound
represented by the formula (3) : wherein R6 is as defined above
(hereinafter abbreviated to the a-hydroxyketone (3) ) is obtained. The
cross coupling reaction includes a cross coupling reaction of the aldehyde
(2) and an aldehyde compound represented by the formula (4): wherein R7 is
different from R6, and represents a hydrogen 



atom, a substituted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, or a substituted or unsubstituted heteroaryl
group (hereinafter abbreviatedto the aldehyde (4)) . By the cross coupling
reaction of the aldehyde (2) and the aldehyde (4), an oc-hydroxyketone
compound represented by the formula (5) : wherein R6 and R7 are as defined
above, an a-hydroxyketone compound represented by the formula (6) : wherein
R6 and R7 are as defined above, or a mixture thereof is produced. The
production ratio varies depending on a particular kind of substituents R6
and R7, and any one of them may be selectively produced. Examples of the
unsubstituted alkyl group represented by R6 and R7 include a linear,
branched or cyclic alkyl group having 1 to 10 carbon atoms such as a methyl
group, an ethyl group, a propyl group, an isopropyl group, a butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a
decyl group, a cyclopropyl group, a 2 ,2-dimethylcyclopropyl group, a
cyclopentyl group, a cyclohexyl group, a menthyl group, and the
like.Examples of the substituent of the alkyl group include an alkoxy group
having 1 to 6 carbon atoms optionally substituted with at least one
fluorine atom such as a methoxy group, an ethoxy group, a propoxy group, an



isopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, a trif luoromethoxy group, and the like; an alkoxy group
having 1 to 10 carbon atoms substituted with an aryl group having 6 to 10
carbon atoms such as a benzyloxy group, a 4-methylbenzyloxy group, and the
like; an alkoxy group having 1 to 10 carbon atoms substituted with an
alkoxyaryl group having 7 to 20 carbon atoms such as a 4-methoxybenzyloxy
group, and the like; an alkoxy group having 1 to 10 carbon atoms
substituted with an aryloxyaryl group having 2 to 20 carbon atoms such as a
3-phenoxybenzyloxy group, and the like; an aryloxy group having 6 to 10
carbon atoms optionally substituted with at least one alkoxy group having 1
to 10 carbon atoms such as a phenoxy group, a 2-methylphenoxy group, a
4-methylphenoxy group, a 4-methoxyphenoxy group, and the like; an aryloxy
group having 6 to 10 carbon atoms substituted with an aryloxy group having
6 to 10 carbon atoms such as a 3- phenoxyphenoxy group, and the like; an
acyl group having 2 to 10 carbon atoms optionally substituted with at least
one alkoxy group having 1 to 10 carbon atoms such as an acetyl group, a
propionyl group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl group, a
4-methoxybenzylcarbonyl group, a benzoyl group, a 2-methylbenzoyl group, a
4-methylbenzoyl 



group, a 4-methoxybenzoyl group, and the like; an alkylthio group having 1
to 10 carbon atoms such as a methylthio group, an ethylthio group, an
isopropylthio group, and the like; an alkoxycarbonyl group having 2 to 10
carbon atoms such as a methoxycarbonyl group, an ethoxycarbonyl group, and
the like; and halogen atoms such as a fluorine atom, a chlorine atom, a
bromine atom, and the like. Examples of the substituted alkyl group include
a chloromethyl group, a fluoromethyl group, a trif luoromethyl group, a
methoxymethyl group, an ethoxymethyl group, a methoxyethyl group, a
methoxycarbonylmethyl group, a 1-ethoxycarbonyl- 2
,2-dimethyl-3-cyclopropyl group and a 2-methylthioethyl group. Examples of
the unsubstituted aryl group represented by R7 include aryl groups having 6
to 20 carbon atoms such as a phenyl group, a 2-methylphenyl group, a
4-methylphenyl group, a naphthyl group, and the like. Examples of the
substituent of the aryl group include an alkyl group having 1 to 10 carbon
atoms substituted with at least one fluorine atom such as a fluoromethyl
group, a trif luoromethyl group, and the like; an alkyl group having 1 to
10 carbon atoms substituted with at least one alkoxy group having 1 to 10 



carbon atoms such as a methoxymethyl group, an ethoxymethylgroup, a
methoxyethyl group, and the like; an alkoxy group having 1 to 10 carbon
atoms optionally substituted with at least one fluorine atom or alkoxy
group having 1 to 10 carbon atoms such as a methoxy group, an ethoxy group,
a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group, a
sec-butoxy group, a tert-butoxy group, a pentyloxy group, a cyclopentyloxy
group, a fluoromethoxy group, a trif luoromethoxy group, a methoxymethoxy
group, an ethoxymethoxy group, a methoxyethoxy group, and the like; an
aryloxy group having 6 to 10 carbon atoms optionally substituted with at
least one alkoxy group having 1 to 10 carbon atoms such as a phenoxy group,
a 2-methylphenoxy group, a 4-methylphenoxy group, a 4-methoxyphenoxy group,
and the like; an aryloxy group having 6 to 10 carbon atoms substituted with
an aryloxy group having 6 to 10 carbon atoms such as a 3-phenoxyphenoxy
group, and the like; an acyl group having 2 to 10 carbon atoms optionally
substituted with at least one alkoxy group having 1 to 10 carbon atoms such
as an acetyl group, a propionyl group, a benzylcarbonyl group, a
4-methylbenzylcarbonyl group, a 4- methoxybenzylcarbonyl group, and the
like; a nitro group; a halogen atom such as a fluorine atom, a chlorine
atom, and 



the like; and an alkylenedioxy group having 1 to 6 carbon atoms such as a
methylenedioxy group, and the like. Examples of the substituted aryl group
include a 4-chlorophenyl group, a 4-methoxyphenyl group and a 3-
phenoxyphenyl group. Examples of the unsubstituted heteroaryl group
represented by R7 include a heteroaryl group having 4 to 10 carbon atoms
which contain at least one heteroatom such as a nitrogen atom, an oxygen
atom and a sulfur atom, for example, a pyridyl group, a furyl group, a
5-methylfuryl group, and the like. Examples of the substituent of the
heteroaryl group include an alkyl group having 1 to 10 carbon atoms
substituted with at least one fluorine atom such as a fluoromethyl group, a
trifluoromethyl group, and the like; an alkyl group having 1 to 10 carbon
atoms substituted with at least one an alkoxy group having 1 to 10 carbon
atoms such as a methoxymethyl group, an ethoxymethyl group, a methoxyethyl
group, and the like; an alkoxy group having 1 to 10 carbon atoms optionally
substituted with at least one fluorine atom or alkoxy group having 1 to 10
carbon atoms such as a methoxy group, an ethoxy group, a propoxy group, an
isopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group, a



tert-butoxy group, a pentyloxy group, a cyclopentyloxy group, a
fluoromethoxy group, a trifluoromethoxy group, a methoxymethoxy group, an
ethoxymethoxy group, a methoxyethoxy group, and the like; an aryloxy group
having 6 to 10 carbon atoms optionally substituted with at leastone alkoxy
group having 1 to 10 carbon atoms such as a phenoxy group, a
2-methylphenoxy group, a 4-methylphenoxy group, a 4-methoxyphenoxy group,
and the like; an aryloxy groups having 6 to 10 carbon atoms substituted
with an aryloxy group having 6 to 10 carbon atoms such as a 3-
phenoxyphenoxy group, and the like; an acyl group having 2 to 10 carbon
atoms optionally substituted with at least one alkoxy group having 1 to 10
carbon atoms such as an acetyl group, a propionyl group, a benzylcarbonyl
group, a 4- methylbenzylcarbonyl group, a 4-methoxybenzylcarbonyl group,
and the like; a nitro group; and a halogen atom such as a fluorine atom, a
chlorine atom, and the like. Examples of the substituted heteroaryl group
include a 2-chloropyridyl group. Examples of the aldehyde (2) include an
aliphatic aldehyde such as formaldehyde, acetaldehyde, propionaldehyde,
n-butylaldehyde, cyclopentanecarboaldehyde, cyclohexanecarboaldehyde,
2-methylpropanal, 2,2- 



dimethylpropanal, 3-methylthiopropanal, 2 ,2-dimethylbutanal,
1-methylcyclohexanecarboaldehyde, 2 ,2-dimethylnonanal, methyl 2
,2-dimethyl-3-oxopropanoate, and the like. A polymer of formaldehyde such
as paraformaldehyde can also be used. Examples of the aldehyde (4) include
the above described aliphatic aldehyde; an aromatic aldehyde such
asbenzaldehyde, 4-f luorobenzaldehyde, 4-nitrobenzaldehyde, 3-
bromobenzaldehyde, 2-chlorobenzaldehyde, 4- methylbenzaldehyde,
3-methoxybenzaldehyde, 3,4,5- trimethoxybenzaldehyde, 3
,4-methylenedioxybenzaldehyde, 1- naphthoaldehyde, and the like; and a
heteroaromatic aldehyde such as picolinealdehyde, nicotinealdehyde, and the
like. A s the aldehyde compound, commercially available aldehyde compounds
can be use'd, or those produced by a known method can also be used. The
coupling reaction of an aldehyde compound is usually carried out in the
presence of a solvent. Examples of the solvent include aromatic hydrocarbon
solvents such as toluene, xylene, chlorobenzene, and the like; aliphatic
hydrocarbon solvents such as pentane, hexane, heptane, and the like;
halogenated hydrocarbon solvents such as 



dichloromethane, dichloroethane, chloroform, and the like; ether solvents
such as diethyl ether, methyl tert-butyl ether, tetrahydrofuran, and the
like; ester solvents such as ethyl acetate, and the like; amide solvents
such as N ,Ndimethylformamide, N ,N-dimethylacetamide, and the like;
alcohol solvents such as methanol, ethanol, and the like; and water. In
practice, the amount of the solvent used is not limited, but is usually 100
parts by weight based on 1 part by weight of the imidazolidine (1) in view
of volumeefficiency. In the case of the homocoupling reaction, the amount
of the imidazolidine (1) used is usually from 0.005 to 0.5 mol, and
preferably from 0.01 to 0.3 mol per mol of the aldehyde compound. In the
case of the cross coupling reaction, the amount of the imidazolidine (1)
used is usually from 0.005 to 0 .5 mol, and preferably from 0.01 to 0.3 mol
per mol of the aldehyde compound to be used in a smaller amount. In the
case of the cross coupling reaction, one aldehyde compound is usually used
in an amount of 1 mol or more per mol of the other aldehyde compound. When
the aldehyde (2) in which R6 is a non-bulky group is used, the homocoupling
reaction of the aldehyde (2) 



proceeds comparatively satisfactorily. When the aldehyde (2) in which R6 is
a non-bulky group and the aldehyde (4) in which R7 is a non-bulky group are
used, the cross coupling reaction of the aldehyde (2) and the aldehyde (4)
proceeds comparatively satisfactorily. Even when the aldehyde (2) in which
R6 is a non-bulky group, or the aldehyde (4) in which R7 is a non-bulky
group is used, the cross coupling reaction of the aldehyde (2) and the
aldehyde (4) proceeds comparatively satisfactorily. The reaction
temperature of the coupling reaction is usually from -20 to 200 0C .The
coupling reaction is carried out by mixing the aldehyde compound (s) and
the imidazolidine (1) and, if necessary, a solvent, and the mixing order is
not limited. In the case of the homocoupling reaction, the imidazolidine
(1) is usually added to the aldehyde compound. In the case of the cross
coupling reaction, the imidazolidine (1) can be added to a mixture of two
kinds of aldehyde compounds, or the imidazolidine (1) and one aldehyde
compound can be added simultaneously in parallel to the other aldehyde
compound. In the cross coupling reaction, homocoupling reactions of
respective aldehyde compounds may occur as the side reaction. In order to 



suppress the progress of the homocoupling reactions, it is preferred to add
the imidazolidine (1) and one aldehyde compound which easily undergoes the
homocoupling reaction, to the other aldehyde compound which does not easily
undergo the coupling reaction, simultaneously in parallel. In the case of
the cross coupling reaction of the aldehyde (2) and the aldehyde (4), when
the aldehyde (4) is formaldehyde, it is preferred to add the imidazolidine
(1) and the aldehyde (2) simultaneously in parallel to formaldehyde . The
coupling reaction may be performed under a normal pressure or under
pressurization. The proceeding of the coupling reaction can beconfirmed by
a conventional analysis means such as gas chromatography, high performance
liquid chromatography, thin layer chromatography, NMR, IR, or the like.
After the completion of the reaction, the a- hydroxyketone compound can be
isolated by concentrating the resulting reaction mixture. The isolated
a-hydroxyketone compound may be further purified by a conventional
purification means such as distillation, column chromatography, or the
like. Examples of the a-hydroxyketone compound thus obtained 



include 2-hydroxyacetaldehyde, 3-hydroxy-2-butanone, 4- hydroxy-3-hexanone,
5-hydroxy-4-octanone, 2-hydroxy-l- (4- methoxyphenyl) -2-phenylethanone,
2-hydroxy-l- (4- chlorophenyl) -2-phenylethanone, 2-hydroxy-l- (2-
fluorophenyl) -2-phenylethanone, 4- (methylthio) -2-oxo-lbutanol,
l-hydroxy-2-propanone, l-hydroxy-2-butanone, 1- hydroxy-2-pentanone and
2-hydroxy-l-cyclohexanone . Examples Hereinafter, the present invention
will be illustrated in detail by means of the following Examples, but the
present invention is not limited thereto. Example 1 A 50 mL flask replaced
with nitrogen was charged with500 mg of 1 ,3-bis [(2, 6-diisopropyl)
phenyl] imidazolinium tetraf luoroborate and 3 g of methanol. To the
resulting mixture, 1.4 mL of a methanol solution of 1 M sodium ethoxide was
added dropwise at room temperature over 30 minutes. The resulting mixture
was stirred at room temperature for 2 hours and then concentrated. To the
residue thus obtained, 5 g of 1,3- bis (trifluoromethyl) benzene was added
and then the precipitated solid was removed by filtration. The filtrate was
concentrated to obtain 430 mg of 2-methoxy-l, 3- 



bis [(2, 6-diisopropyl) phenyl] imidazolidine as a pale yellow crystal,
yield: 97%. 1H-NMR (d/ppm, CDCl 3, tetramethylsilane group as a standard
substance): 1.30 (m, 24H), 3.10 (m, 4H), 3.44 (s, 3H), 3.85 (m, 4H), 4.85
(s, IH), 7.24 (m, 6H) Example 2 A 50 mL flask replaced with nitrogen was
charged with 440 mg of 1 ,3-bis [(2, 6-diisopropyl) phenyl] imidazolinium
chloride and 3 g of methanol. To the resulting mixture, 1.0 mL of a
methanol solution of 1 M sodium ethoxide was added dropwise at room
temperature over 5 minutes. The resulting mixture was stirred at room
temperature for 1 hour and then concentrated. To the residue thus obtained,
10 g of toluene was added and then the precipitated solidwas removed by
filtration to obtain a solution containing 2-methoxy-l, 3-bis [(2,
6-diisopropyl) phenyl] imidazolidine . A 50 mL flask equipped with a reflux
condenser tube was charged with 2.0 g of paraformaldehyde and 20 g of
toluene. The resulting mixture was adjusted to 40C, and then to the mixture
were added dropwise both of a solution containing 2-methoxy-l, 3-bis [(2,6-
diisopropyl) phenyl] imidazolidine obtained above, and a solution obtained
by mixing 2.0 g of 3-methylthiopropanal 



and 10 g of toluene simultaneously in parallel over 4 hours After
completion of the dropwise addition, the resulting mixture was stirred at
40C for 8 hours, and then cooled to room temperature to obtain a reaction
mixture containing A- (methylthio) -2-oxo-l-butanol . Analysis by a gas
chromatography internal standard method revealed that the yield of 4-
(methylthio) -2-oxo-l-butanol was 75% and the recovery ratio of
3-methylthiopropanal was 22%. Industrial Applicability According to the
present invention, an a-hydroxyketone compound can be produced in a good
yield, and thus the present invention is industrially advantageous.CLAIMS 1
. A process for producing an or-hydroxyketone compound which comprises
subjecting an aldehyde compound to a coupling reaction in the presence of
an alkoxyimidazolidine compound represented by the formula (D : wherein R1
and R2 independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, or a substituted or unsubstituted aryl group, or
R1 and R2 may be combined with each other to form a ring together with the
carbon atoms to which R1 and R2 are attached, R3 and R4 



independently represent a substituted or unsubstituted alkyl group, or a
substituted or unsubstituted aryl group, and R5 represents an alkyl group.
2 . The process according to claim 1 , wherein the coupling reaction of the
aldehyde compound is a homocoupling reaction of an aldehyde compound
represented by the formula (2) :wherein R6 represents a hydrogen atom, or a
substituted or unsubstituted alkyl group. 3 . The process according to
claim 1 , wherein the coupling reaction of the aldehyde compound is a cross
coupling reaction of an aldehyde compound represented by the formula (2) :
wherein R6 represents a hydrogen atom, or a substituted or unsubstituted
alkyl group, and an aldehyde compound represented by the formula (4) :
wherein R7 is different from R6, and represents a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted or unsubstituted
aryl group, or a substituted or unsubstituted heteroaryl group. 4 . The
process according to any one of claims 1 to 3 , wherein R3 and R4
independently represent a tertiary alkyl group having 4 to 10 carbon atoms,
a cycloalkyl group 



having 3 to 10 carbon atoms, a phenyl group having an alkylgroup having 1
to 10 carbon atoms or a halogen atom at the 2- and 6-positions thereof, or
a naphthyl group having an alkyl group having 1 to 10 carbon atoms at the
2-position thereof. 5 . The process according to any one of claims 1 to 3 ,
wherein R3 and R4 independently represent a tert-butyl group, a tert-pentyl
group, a cyclohexyl group, an adamantyl group, a 2 ,6-dimethylphenyl group,
a 2,6- dichlorophenyl group, a 2 ,4,6-trimethylphenyl group, or a 2 ,
6-diisopropylphenyl group. 6 . The process according to any one of claims 1
to 5 , wherein R5 is a methyl group, an ethyl group, a propyl group, or a
butyl group. 7 . The process according to claim 3 , wherein the aldehyde
compound represented by the formula (2) is 3- methylthiopropanal, the
aldehyde compound represented by the formula (4) is formaldehyde, and the
a-hydroxyketone compound is 4- (methylthio) -2-oxo-l-butanol . 8.
2-Methoxy-l, 3-bis [(2, 6-diisopropyl) phenyl] - imidazolidine . 


