DESCRI PTI ON PROCESS FOR PRODUCI NG ALPHA- HYDROXYKETONE COVPOUND Techni cal
Field The present invention relates to a process for produci ng an a-hydroxy
ket one cowpaormd4iBackground Art U S. Patent Published Applrijezind/oesvsNo.

2008/ 0051608 di scl oses, as a process for produci ng an a-hydroxyket one
conpound by a coupling reaction of an aldehyde conpound, a process using 1
, 3-di substituted i m dazolini um 2-carboxyl ate obtai ned by reacting an

i mdazoliniumsalt and carbon dioxide in the presence of a base as a

catal yst. Disclosure of the Invention The present invention provides: <1> A
process for producing an a-hydr oxykgl-one pgqpound whi ch conpri ses

subj ecting an al dehyde conpound to a coupling reaction in the presence of
an al koxyi m dazol i di ne conpound represented by the fornula (D :wherein Rl
and R2 independently represent a hydrogen atom a substituted or

RI and R may Gkeen ik W ERPUEENE R AT PonRrREToNG P hePRep N Ch™

5 Technical Field
The present invention relates to a process for

producing an a-hydroxyketone compound.

Background Art

10 U.S. Patent Published Application No. 2008/0051608
discloses, as a process for producing an a-hydroxyketone
compound by a codpling reaction of an aldehyde compound; a
process using 1,3-disubstituted imidazolinium—é—carboxylate
obtained by reacting an imidazolinium salt and carbon

15 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
20 compound which comprises subjecting an aldehyde compound to
a coupling reaction in the presence of an

alkoxyimidazolidine compound represented by the formula

(1) :



t he carbon atons to which Rl and R2 are attached, R3 and R4 independently
represent a substituted or unsubstituted al kyl group, or a substituted or
unsubst i twDedioayle7gr oup, and R5 represents an al kyl gr @apJrz@%06e® process
according to the above <1>, wherein the coupling reaction of the al dehyde
conpound is a honocoupling reaction of an al dehyde conpound represented by
the formula (2) : wherein R6 represents a hydrogen atom or a substituted
or unsubstituted al kyl group; <3> The process according to the above <1>,
wherein the coupling reaction of the al dehyde conpound is a cross coupling
reaction of an al gehyde conpound represented by the fornula (2) :wherein R6
represents a hydrpogen atom or a substituted or unsubstituted al kyl group,
and an al dehyde égnpound represented by the fornula (4): wherein R7 is
different from RG, ang_L presentz f hydrogen atom a substituted or

unsubsti tutedlal k grou a substituted or unsubstituted aryl group, or a
substltutegl ubstituted heteroaryl group; <4> The process according to
any one of the abbye <1> to <3>, wherein R3 and R4 independently represent
a

wherein R! and R? independently represent a hydrogen atom,
a.substituted or unsubstituted alkyl group, or a
substituted or unsubstituted aryl group, or R! and R? may
5 be combined with each other to form a ring together with
the carbon atoms to which R! and R? are attached, R® and R*
iﬁdependently represent a substituted or unsubstituted
“alkyl group, or a substituted or unsubstitutedvaryl group,
and R’ represents an alkyl group;
10 <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):

0O
.
R® H
15 wherein R® 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

20 the formula (2):



tertiary al kyl group having 4 to 10 carbon atonms, a cycl oal kyl group having
3 to 10 carbon atons, a phenyl group having an al kyl group having 1 to 10
car bon atworomvo4azehal ogen atom at the 2- and 6- positi ongcrhermebe7sor a
napht hyl group having an al kyl group having 1 to 10 carbon atons at the
2-position thereof; <5> The process accoyding 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- di et hyl phenyl group, a 2,6- dichlorophenyl group, a 2
,4,6-trinmethybphenyl group, or a 2 ,6-diisopropyl phenyl group;<6> The
process accorging to any one of the above <1> to <5>, wherein R5 is a
met hyl groug n ethyl gf®up, a propyl group, or a butyl group; <7> The
process acBording to the above <3>, wherein the al dehyde conpound
represented by the fornmula (2) is 3- nethylthiopropanal,.the al dehyde
Compound 1 SBPEStRt Bo BYDFRESFbPnal BYPAPIEY POPRal SEngas bats threa b2
a- hydr oxyket one conpound is 4- (nethylthio% - 2- 0x0-| - but anol ; <8>.
2- Met hoxy- ¥nsaepistpred gliyisgpPBRyl RPBheRy Pl AChYRPI§2BPPYPHe; and t he
| i ke. Best Mode for Carrying out the Invention

represented by the formula (4):

O

J\ (4)

5 R’ H
wherein R’ is different from R®, and represents a hydrogen
atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl grbup, or a substituted
or unsubstituted heteroaryl group:;

10 <4> The process according to any one of the above <1>
to <3>, wherein R® and R? 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

15 a halogen atom at the 2- and 6-positions thereof, or a
naphthyl group having én 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 R® and R® independently represent a tert-

20 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—trimethyl§henyl group, or a

2,6—diisopfopylphenyl group;



The present invention is directed to a process for producing an

a- hydr oxyket one conpound characterized in that a coupling reaction of an
al dehyde wonpounthers carried out in the presence of an achkgryowoeszol i di ne
conpound represented by the formula (1) : R3 0 R:D R4 (hereinafter
abbreviated to the imdazolidine (I)). In the formula (1), Rl and R2

i ndependently represent a hydrogen atom a substituted or unsubstituted

al kyl group, or a substituted or unsubstituted aryl group.Exanples of the
unsubstituted al kyl group include a |linear; branched or cyclic al kyl group

having 1 to 10 gggboﬁhété?gcégghagéoggggphé% QB@UBne?%fe%%%:a%%%%P<f%

propyl group, an isopropyl “grodp, a oup; an isobutyl group, a

sec-butyl gro a tert-butyl. grou a peptyl group e royp, a
cyclopropy?ogggap,wéeﬁ?éEl i e h@l@?%?%gr€%§?pgr%ﬁp?tgygy§¥é8ghtgl roup, a
yl g p
cycl ohexyl groug, a nenthyl g og& and the |ike. Exanples of the
subst it uenP*8PY hgraPRyloérSUBui &1 Ga8URA aryl group having 6 to 10 carbon
g

atons optionally_substituted wt i
P ¥7> The process Qc%%rhgﬁéttgn%h%yﬁ é%egQ%ge Q %&% n; to 10

5 the aldehyde compound represented by the formula (2) is 3-
methylthiopropanal, the aldehyde compound represented by
the formula (4) is formaldehyde, and the d-hydroxyketoné,
compound is 4f(methylthio)—2—oxo—1—butanol;

<8>. 2-Methoxy-1,3-bis[ (2, 6-diisopropyl)phenyl] -

10 imidazolidine; and the like.

Best Mode for Carrying out the Invention
The present invention is directed to a process for
producing an afhydréxyketone compound characterized in that
15 a coupling reaction of an aldehyde compound is carried out
in the presence of an alkoxyimidazolidine compound
represented by the formula (1):

R3
R J
j:l::.>>——o——R5 (1)
RY X
\s
(hereinafter abbreviated to the imidazolidine (1)).
20 In the formula (1), R! and R? independently represent

a hydrogen atom, a substituted or unsubstituted alkyl group,

or a substituted or unsubstituted aryl group. .



carbon atons such as a phenyl group, a naphthyl group, a 4- nethyl phenyl
group, a 4-nethoxyphenyl group, and the |ike; an al koxy group having 1 to
10 car borwatormen4omsti onal |y substituted with at | east onecflemod/nesat om such
as a nethoxy group, an ethoxy group, a propoxy group, an isopropoxy group,
a butoxy group, an isobutoxy group, a seg-butoxy group, a tert-butoxy
group, a trif luoronethoxy group, and the like; an al koxy group having 1 to
10 carbon atons substituted with an aryl group having 6 to 10 carbon atons
such as a benzyl oxy group, a 4-methyl benzyl oxy group, and the like; an

al koxy group haylngeteLoa20c6ar AR,BLATR EURSLY LYY e Mibh 13t 1 3lkoxyary|

group having 7 carbon a such as a 4-ne ybe zy oxy group, and

the |like; an al kox havi n o) arbon a u S |t ed wi t han
aryloxyary?lﬁ?%ﬁp %5% QEZOFO 88}%%r }antgroug % aHBEphgpoxybenzyloxy

, ‘ h 6t 0 b t I bstituted
u th at T eastoRRee PRaNG ah ot RabPRGYE B6OTD: g B ly, it

phenoxy group, a 2-nmethyl phenox u henoxy group, a

4- ot hoxypRERBYY SFEUB: aRd: PREYPPKL: gaﬁuaryﬁo§y¥éﬁoaﬁoﬁﬁv.ﬁa 8 1o 10
carbon atons substituted mnth an aryl oxy group havin to 10 carbon atons
such &s a BSOoPREXbXJHABROXT ﬁ?GuButXﬁdgFﬁépklﬁeteéﬁ gB§V1gBSQtha@ing 2

pentyl group, a decyl group, a cyclopropyl group, a 2,2-
dimethylcyclopropyl group, a cyclopentyl group; a
cyclohexyl group, a menthyl group, énd the like.
Examples of the substituent of the alkyl group include

10 an aryl group havihg 6 to 10 carbon atoms optionally
substituted with at least one alkoxy g;oup-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

15 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 trifluoromethoxy
group, and the like; an alkoxy group having 1 to 10 carbon

20 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

25 -alkoxy group having 1.to 10 carbon atoms substituted with



to 10 carbon atons optionally substituted with at | east one al koxy group
having 1 to 10 carbon atons such as an acetyl group, a propionyl group, a
benzyl carwongio/giwap, a Anet hyl benzyl carbonyl group, a PCT/JP2009/067871

4- met hoxybenzyl car bonyl group, a benzoyl group, a 2-nethyl benzoyl group, a
4- et hyl benzoyl group, a 4-nethoxybenzoyd group, and the |like; a carboxy
group; and a fluorine atom Exanples of the substituted al kyl group include
a fluoronethyl group, a trifluoromethyl group, a nethoxynethyl group, an

et hoxynmet hyl group, a nethoxyethyl group, a benzyl group, a 4-fluorobenzyl

group, a Aggt Q;&k%%x rga&eu ahabgﬂgxwﬁtt%y'zo%%%maa%-o%ogm%wlasgraoup, a
2- oxobutyl grou Sroup - carboxyethyl group. Exanpl es

of Lhe unsybgh gaa%g ﬁ&§h09§,0§98h ¢ ud Fp%Sf%%F‘ PP IR0 66 0 130 car bon

atons such a oup; oup, t hyl phenyl

group, a nagﬁ%Pﬁd%group y?g tE?H ﬁ;g?ﬁltf e%é%% the s%g%tb%%ent of the

aryl group grou carbon aton1opt|onally

bstituted yith at |east h 1 t0,10 carbon at
Fl'or i ne. af bRPECA-BUEaR Y aBRotet Ryt OgFBUBoRA L T IHGPoRS Ay PGP By, o

nethoxynethyl roup
groug a Z—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 arylbxy
group having 6 to 10 carbon atoms éuch as a 3-
phenoxyphenoxy group, and thevlike; an acyl group having 2

.10 to 10 carbon atoms optiohally substituted with at least one
alkoxy group having 1 to 10 carbon atbms such as an acetyl
group, a propionyl group, a benzylcarbonyl group, a 4-
methylbenzylcarbonyl group, a 4-methoxybenzylcarbonyl group,
a benzoyl group, a 2—methylben20yl group, a 4-methylbenzoyl

15 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

20 group, .a benzyl group, é-4—fluorobenzyl group, a 4-
methylbenzyl 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

~ 25 aryl group having 6 to 10 cérbon atoms such as a phenyl



et hoxynet hyl group, a methoxyethyl group, and the like; an al koxy group
having 1 to 10 carbon atons substituted with at | east one al koxy group
havi ng 1 wo 20D/@arébon atoms or fluorine atom such as a merhep/ge70Tp, an

et hoxy group, a propoxy group, an isopropoxy group, a butoxy group, an

i sobut oxy group, a sec-butoxy group, a tert-butoxy group, a pentyl oxy
group, a cyclopentyl oxy group, a fluoronethoxy group, a trif |uoronethoxy
group, a methoxynet hoxy group, an ethoxynethoxy group, a methoxyet hoxy
group, and the like; and a hal ogen atom such as a fluorine atom a chlorine

atom and -gpsléy,ks- ZEPﬁQEHZ?EhQBthEréﬁBS Lt utﬁ@tg?xgﬁgh%p gridglpyde a 4-

t
chl or opheny oup and a et hoxyphenyl group. may be conbi ned

wi th each gggﬁggkgdgggﬁgg ghggFgggggﬂg( with the carbon atonms to which Rl

and R2 are a exanples of the ring include a cycl opentane ring

and a CyCIOhexa???é%Q%sO%@ £Hg gﬁ%gﬁ%gggﬁk’oEBSﬁgdagéli%g%?%nqﬁgﬁhﬁe

representa subs unsubs al'ky roup, ~“or bstituted or

unsubSt 11 Ued S 9ESUB.n 160 231 R RRELSE0 ShH] cltoup Grarples of the

branc?ed OéuEXEELStQEKXEth at least one alkoxy group having 1 to 10
carboh atoms or fluorine atom such as a fluoromethyl group,
a trifluoromethyl group, a methoxymethyl group, an |
ethoxymethyl group, a methoxyethyl group, and the like; an
alkoxy group having 1 to 10 carbon atoms substituted with

10 at least one alkoxy group having 1 to 10 cafbon 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 cyclopentyioxy group, a fluoromethoxy

15 group, a trifluoromethoxy 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 sﬁbstituted aryl group include a 4-
20 chlorophenyl gfoup and a 4—méthoxyphenyl group.
R! and R?> may be combined with each other to form a

'ring together with the carbon atoms to which R' and R? are
attached, and examples of the ring include a cyclopentane
ring and a cyclohexane ring.

25 In the formula (1), R® and R* independently represent



group having 1 to 10 carbon atonms such as a nmethyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl group, a

sec- but ylwgnrouwp41m7t ert - butyl group, a pentyl group, a PETUPDONDEIB7IQr oup, a
decyl group, a cyclopropyl group, a 2 ,2-dinethylcycl opropyl group, a

cycl opentyl group, a cyclohexyl group, g nmenthyl group, an adamantyl group,
and the |ike. Exanples of the substituent of the al kyl group include an
aryl group having 6 to 10 carbon atons optionally substituted with at |east
one al koxy group having 1 to 10 carbon atonms such as a phenyl group,

naphthyl g Ogﬁbs@iéagsgthpnﬁgx%Sgﬁgaeedaaﬂkggghgggéghgey%lgrOUD, and 1 he

i ke; an al koXy group having car bon ionally substituted

with at |east pon | yorine_at suc s_a_nethoxy group.sa roup, a

bt opoxy or aups Cahe FedopEoina B b LS ety b8 TP Re SR BE R et e

sec- but oxy &ro P2 tert-butoxy group, a trif |uoronmethoxy group, and the
oig gt

li ke; an af o#p°H8ving 1 to 10 carbon atons substituted with an aryl
group having 6 to 10 _carbgn atons such,as. a be 0X roup, a 4-

Tyl banzyl oxyEGBabSSant FRE FRRGbSAACIFEOxg 6V buBYALD: AERES SRS Car bon
atons_substituted with an al koxyaryl groug havina 7 to 20 carbon_atons such
as a 2- met PBx§hed2y| BxylBFbupe andlipmert i Reanghed| RExGYgroGpahsYiing 1 to 10

car bon

group having 1 to 10 carbon atoms such as a methyl group,
an ethyl group, a propyl group, an isoprole‘group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
groﬁp, a pentyl group, a tert-pentyl groﬁp, a decyl group,

10 a cyclopropyl group, a'2,2—diméthyl¢yclopropyl 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

15 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

20 Propoxy group, an.iséprOpOXy group; a butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group, a
trifluoromethoxy group, and the like; an alkoxy group
having 1 to 10 carbon atoms substituted with an aryl group
having 6 to 10 carbon atoms suchias a beniyloxy group, a 4-

25 methylbenzyloxy group, and the like; an alkoxy group having:



atons substituted with an aryl oxyaryl group having 12 to 20 carbon atons
such as a 3-phenoxybenzyl oxy group, and the |ike; aryloxy group having 6 to
10 car borwatormen4omti onal |y substituted with at | east oneCalJRmoy0€p8TILP
having 1 to 10 carbon atonms such as a phenoxy group, a 2-nethyl phenoxy
group, a 4-nethyl phenoxy group, a 4-nethpxyphenoxy group, and the like; an
aryl oxy group having 6 to 10 carbon atons substituted with an aryl oxy group
having 6 to 10 carbon atoms, such as a 3-phenoxyphenoxy group; and an acyl
group having 2 to 10 carbon atons optionally substituted with at |east one

XY 1 CPeBAYb 185 b8 0031 BB 2L ONPRUGRCASARNAREBIY LI |

propiﬁnylbgrouP, ab enzyl carbonyl group, a net hyl benzyfc

4- met hoxybenzyl ¢ nyl .gr.ou a_benzoyl group _2- roup, a
4. et ! DEREEST b B2 O aCA: RPRaRSBanSssT SFotp ! SRA PP RE e anpl o5 of
the substituted al kyl ,group. include nmet hoxymet hyl. _group, et hoxymet hyl
groEpiba nﬁfﬂﬁaye?%éltg?oggkeé Bani}?oé¥oaﬁ?¥8 h§¥ﬁﬂgr§b§ﬁzgp 6?5&8% a 4¥
met hyl benzyl group, a.phenoxynethyl group, a 2-oxopropyl grou
2-oxobutyla@?%%psﬁhﬁtégbﬁﬁ a%&thgﬂugFYEgéﬁﬁFX% SFgPHeXGHgBHSE?tg?egoaryl
group represented by R3 and R4 include an aryl group having 6 to 20

car boPat on825ReR akOWS phBAYI 2§r Bup PRERAHHPRYFY §PEYpITeup, and the

like; aryloxy group having 6 to 10 carbon atoms optionally
substitufed with at least one alkoxy group havingvl to 10
carbon atoms»such as- a phenoxy group, a 2-methylphenoxy
group, a.4—methylphénoxy group, a 4-methoxyphenoxy group,

10 and the like; an aryioxy 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

15 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

20 methoxymethyl group, anvethoxymethyl gréup, 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

25 by R® and R? include an aryl group having 6 to 20 carbon



met hyl phenyl group, a 4-nethyl phenyl group, a 2,6- dinethylphenyl group, a
2 ,4 ,6-trinethyl phenyl group, a 2,6- diisopropyl phenyl group, and the
| i ke. Exawpl2em/m@i7éfhe substituent of the aryl group i nclpataprznny/aé®yl group
having 1 to 10 carbon atons substituted with at |east one fluorine atom
such as a fluoronmethyl group, a trif lugrpnethyl group, and the |ike; an
al kyl group having 1 to 10 carbon atons substituted with at | east one
al koxy group having 1 to 10 carbon atons such as a net hoxynet hyl group, an
et hoxynmet hyl group, a methoxyethyl group, and the like; an al koxy group
having 1 t o n_at hO sybsti i at _| east one
fluorine a§8é$8rggpﬁo§§ g?@ﬁ%gkgvggéL§'tg ?éb%gbggnggkg Su?ﬁ as a net hoxy
group, an ethox rQup, a Propaoxy._ar i Sopr Xy _group, a but ox
meggﬁgggenggogﬁ?eg, R %H&ig%gngﬁ §r§%§ 8 20U y

group, an 1§ XYy séc- butoxy grou ert-buf'éxy group, a
pentyl oxy grou cl opent yl ox rqup, .a.fluor t hoxy group, a.trif
Iuoronetho§§m§EBMg?ﬁ§nﬁgtﬁ5? ﬁét%ogygggoﬁﬁfmﬁﬁgéggﬁfﬁ t BEXYFgr Su, oa

nmet hoxyet hgx roup, _.and the like; and hal ogen ato such as | uori ne
atom a chgbiF%BrﬁgﬁﬁPﬂﬁﬁﬁ tﬁEOPPke?n%xﬁﬁﬁlg%QSf tﬁ%a@B §Fi9§?$ Caryl group
i ncl ude a 4-chl orophenyl group, a 4-nethoxy8henyl group.and a 2, .
6-dicﬁ|0r05H€ﬁyFt§?BEp9f he aryl group include” an”alkyl group having

1 to 10 carbon atoms substituted with at least one fluorine

atom suth as a fluotomethyl group, a trifluoromethyl grdup,
and the like; an_alkyl group having 1 to 10 carbon atoms
substituted with at least.one alkoxy group having 1 to 10

10 carbon atQms 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

15 propoxy group, an isopropoxy group, a butoxy group, an
isobutoxy group, a sec—butoxy group, a tert—butoxy group, a
péntyloxy group, a cyclopentyioxy groﬁp, a fluoromethoxy
group, a trifluoromethoxy group, a methoxymethoxy group, an
ethoxymethoxy group, a methoxyethoxy group, and the like;

20 and halogen atoms such as a fludrine atom, a chlorine atom,
and the like. Examples of the substitutéd aryl group
include a 4-chlorophenyl group, a 4-methoxyphenyl group and
a 2,6—dichlorophenyl group.

Either R® or R! is preferably a bulky group, and both

25 R® and R* are more preferably bulky groups. When‘both R?



Either R3 or R4 is preferably a bulky group, and both R3 and R4 are nore
preferably bul ky groups. Wen both R3and R4 are bul ky groups, R3 and R4 may
be the sawe 2bwidey76gr oups or different bul ky groups. ExamplraBo$/oéisa bul ky
group include a tertiary alkyl group having 4 to 10 carbon atonms such as a
tert-butyl group, a tert-pentyl group, and the like; a cycloal kyl group
having 3 to 10 carbon atons such as a cycl opropyl group, a 2

, 2-di met hyl cycl opropyl group, a cyclopentyl group, a cycl ohexyl group,

ment hyl group, an adamantyl group, and the like; a phenyl group substituted

wi th alkyl ;g50RP L3 Baykg)gg}ohgleR@aaﬁenRata ardiae @%@g%m@{tyon( s) at
the 2- and 6 p03|t|ons sucth~as 2 ,6-di met hyl phenyl group, a

, 6- dlchlor r | ph LQUR,
,6-diisopr ﬁgﬁeng 8§?§ngaén§UQﬁg Fgghggand%%ép ?h3|B§r§S%éh?ﬁb§1|tuted

wth an al k%?ng ouR; Ayl ”QB%EEQa%QKSE‘& n %% hab i e 42¢ROS it 'c%’}:b%‘ﬁCh as a

2- nethylnag group, an ese groups, a tert-buty

I e A et
orerePrca. LRSRpRES 6F CTHOCRNKYE GFGUB Pegroden ca By RSLPRE 63673 | i near
or branched al kyl group having.1l to 4 carhon atons
such as a cyclopropyl group, a 2, 2 dlmethylcyclopropyl
group, a cyclopentyl group, a cyclohexyl group, menthyl
grdup,.an adamantyl group, and the like; a phenyl group
substituted with alkyl group(sj having 1 to 10 carbon atoms
10 and/or halogen atom(s) at the 2- and 6-positions sudh 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
15 a 2-methylnaphthyl group, and the like. Among these groups,
a tert-butyl group, ‘a tert-pentyl group, a cyclohexyl group,
an adaméntyl 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.
20 Examples of the alkyl group représented by R® 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
isopropyi group, a butyl group, an isobutyl group, a sec-
butyl group, a tert—butyi group, and the like. Aﬁong these

25 groups, a methyl group, an ethyl group, a propyl group and



such as a nethyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl group, a secbutyl group, a tert-butyl group, and
t he |i ke.wormrg4itegse groups, a nethyl group, an ethyl @Ccoup008068Tpy|
group anda butyl group are preferred. Wien both R3 and R4 are bul kygroups,
R5 is preferably a nethyl group in viewpf stability of the im dazolidine
(1) . Exanples of the imdazolidine (1) include 2-nethoxy- 1
,3-di-tert-butylimdazolidine, 2-ethoxy-l, 3-di-tertbutylimdazolidine,
2-n-propoxy-1, 3-di-tertbutylimdazolidine, 2-nethoxy-l, 3-dicyclohexyl

i m dazol i dans tg 5%??*&%% are p%%%'r%exym@nd%% @amgndZRpr@p@xyuiky
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butylimidazolidine, 2-n—propoxy—1,3—di—tert—

| butylimidazoiidine( 2-methoxy-1,3-dicyclohexylimidazolidine,
2fethoxy?l,3—dicyclohexylimidazolidine, 2-propoxy-1,3-
dicycloheXylimidazolidine, 2-methoxy-1,3-

10 diadamantylimidazolidine, 2-methoxy-1,3-
diphenylimidazolidine, 2—methoxy;1}3—bis[(2,6—
diisopropyl)phenyl]imidazolidine, 2-methoxy-1,3-bis[(2,4,6-
trimethyl)phenyl]imidazolidine, 2-ethoxy-1,3-bis[(2,6-
diisopropyl)phenyl]imidazolidine, 2—ethoxy—l(3—bis[(2,4,6ﬁ

15 trimethyl)phenyl]imidazolidine, 2-propoxy-1,3-bis[(2,6-
diisopropyl)phenyl]imidazolidine, prropoxy—1,3—bis[(2,4,6—

» trimethyl)phenyl]imidazolidine, 2—butoxy—l,3—bis[(2,6—
diisopropyl)phenyl]imidazolidine, 2—buto§y—1,3—bis[(2,4,6—
trimethyl)phenyl]imidazolidine, 2—isopropoxy—1,3—bis[(2,6;

- 20 diisopropyl)phenyl]imidazolidine, 2—isopropoxy41,3- |
bis[(2,4,6-trimethyl)phenyl]imidazolidine, 2-methoxy-4,5-
dimethyl-1,3-bis[ (2, 6-diisopropyl)phenyl]limidazolidine, 2-
methoxy-4, 5-dimethyl-1,3-bis[ (2,4, 6-
trimethyl)phenyl]imidazolidine, 2—ethoxy—4,5—dimethyl—i,3—

25  bis[(2,6-diisopropyl)phenyl]limidazolidine, 2-ethoxy-4,5-



di i sopropyl) phenyl] im dazolidine, 2-isopropoxy-l, 3- bis [(2,4,
6-trinmethyl) phenyl] imdazolidine, 2-nethoxy-4, 5- dinmethyl-1, 3-bis [(2,

6- di i soprwpyebjo/@imnyl ] i m dazolidine, 2- methoxy-4, 5-dipoEtIRI09/HG783E bi S
[(2, 4, 6- trimethyl) phenyl] im dazolidine, 2-ethoxy-4, 5-dinethyl-I,
bis [(2, 6-diisopropyl) phenyl] imdazolj4ine, 2-ethoxy-4 ,5-dinethyl-1,

3-bis [(2,

4,6-trimethyl) phenyl] imdazolidine, 2- nethoxy-4

,5-dichloro-1, 3-bis [(2, 6- diisopropyl )phenyl] imdazolidine,

2- met hoxy-
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2-methoxy-4-methyl-1,3-bis[ (2,4, 6-
trimethyl)phenyl]limidazolidine, 2-methoxy-1,3-bis[(2,6- -
dichloro)phenyl]imidazolidine, 2fmethoxy—l—tert-butyl—3—
phenylimidazolidine, 2—methoxy—l—cyclohexyl—3—[(2,6—
diisopropyl)phenyl]imidazolidine, 2-methoxy-1l-phenyl-3-
[(2,4,6—trimethyl)phenyl]imidazolidine, 2-ethoxy-l-tert-
butyl-3-[(2,6-diisopropyl)phenyl]imidazolidine and 2-
ethoxy-1l-tert-butyl-3-[(2,4, 6-
trimethyl)phenyl]imidazolidine.

.The imidazolidine (1) can be produced, for example,

accordance with the method described in J.vAm. Chem.. Soc.

127, 9079 (2005).

The o-hydroxyketone compound can be produced by

.carrying out a coupling reaction of an aldehyde compound

20

25

the presence of the imidazolidine (1).

The aldehyde compound is not limited as long as it i

a compound having at least one formyl group in the molecule.

in

in

]

The coupling reaction in the present invention includes a

homocoupling reaction in which the same aldehyde compound

are coupled, and a cross coupling reaction in which

S



The a- hydroxyket one conpound can be produced by carrying out a coupling
reaction of an al dehyde conpound in the presence of the im dazolidine (1)
The al dehyodeomomapwand is not limted as long as it is arPcompmowde’danvi ng at

| east one fornyl group in the nolecule. The coupling reaction in the
present invention includes a honocoupling reaction in which the sane

al dehyde conpounds are coupled, and a cross coupling reaction in

whi chdi f f erent al dehyde conpounds are coupl ed. The honocoupling reaction

i ncl udes a honmocoupling reaction of an al dehyde conmpound represented by the

formula (2 iéf@?%ﬁ%'glggh ?grg%ﬁﬁggngshggrogg% atgm or a substituted or

unsubstitute group”(herei ter br evi ‘to the al dehyde (2)). By
t he honocoupl i ng, reactiaon e t he aId e e conpound
represented by ?H ormul-a ?ﬁfg rwﬁere%% ﬁé%?gdgg %e?% S ove%

h ft b ted t d t 3
Crose caupFFAG ERBRPRoAN AQFGUYE  CHPBOEA o P r g chekct %gﬁ%s ERE W dohy de
(2) and an al dehyde conpound represented by the fornula (4): wherein R7 is
di fferent ﬁ?bn1R6 and represents a hydrogen

/ﬂ\\ (2)
6

5 R H

wherein R® represents a hydrogen atom, or a substituted or
unsubstituted alkyligroup (hereinafter abbreviated to the
aldehyde (2)). By the homocoupling reaction of the
aldehyde (2), an a—hydroxyketone compouhd represented by

10 the formula (3):

OH

whereih R® is as defined above (hereinafter abbreviated to
the a-hydroxyketone (3)) 1is obtained.
" The cross coupling feaction includes a cross coupling
15 reaction of the aldehyde (2) and an aldehyde compound

represented by the formula (4):

/ﬂ\\ (4)
.

H

wherein R’ is different from R% and represents a hydrogen
atom, a.substituted or unsubstituted alkyl group, a
20 substituted or unsubstituted aryl group, or a substituted

or unsubstituted heteroaryl group (hereinafter abbreviated



atom a substituted or unsubstituted al kyl group, a substituted or
unsubstituted aryl group, or a substituted or unsubstituted heteroaryl
group (heweinafusers7abbr evi at edto t he al dehyde (4)) . ByPchmarzwogssstioupl i ng
reaction of the aldehyde (2) and the aldehyde (4), an oc-hydroxyket one
conpound represented by the fornmula (5) ;g wherein R6 and R7 are as defined
above, an a- hydroxyketone conpound represented by the fornula (6) : wherein
R6 and R7 are as defined above, or a m xture thereof is produced. The
production ratio varies depending on a particular kind of substituents R6

ond 7. anoaby; ongaoh LTy P, el getiyslycarpduned Eramples of he

unsubstrtu e a linear
branched o] ycli.c aIkyI rou in 1 ar hon o2 nmet hyl
or oo oo EoRELERTLEY (2B 215, PR, AR0tnk Bl afer IR s b0 RR R RS, T
an isobuty rou a sec-hu ro ter group, a pentyl group, a
decyl grouﬁ?ggoﬁgglBﬁP6ﬁ§an¥8u§¥ §H§ ??rﬁrﬁﬁtﬁ§¥6yclopropyl group, a

cycl opentyl group, a cycl ohexyl group, a nmenthyl group, and the

| i ke. Exanpl es the substituent of the alkyl group include an al koxy group
having 1 to 6 rbon atons optionally substituted with at | east one
fluorine atom slych as g/ net hoxy gr(@jp, an et hoxy group, a propoxy group, an

R6

- OH
5 wherein R® and R’ are as defined above, an o-hydroxyketone

compound represented by the formula (6):
0O

R® (6)

OH
wherein R® and R’ are as defined above, or a mixture
thereof is prodeced. The prodection ratio varies_depending
10 on a particular kind of substituents R® and R7, and any one
of them may be seleetively predUCed.

Examples of the unsubstituted alkyl group represented
by R® and R’ include a linear, branched or cyclic alkyl
group having 1 to 10 carbon atoms such as a methyl -group,

15 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.



i sopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, a trif |uoromethoxy group, and the |ike; an al koxy group
havi ng 1 wo 200/@arébon at onms substituted with an aryl greap/Jrzed/neysdl to 10
carbon atons such as a benzyl oxy group, a 4-methyl benzyl oxy group, and the
| i ke; an al koxy group having 1 to 10 carfgn atons substituted with an

al koxyaryl group having 7 to 20 carbon atons such as a 4-net hoxybenzyl oxy
group, and the like; an al koxy group having 1 to 10 carbon atons
substituted with an aryl oxyaryl group having 2 to 20 carbon atons such as a

3- phenoxybenzy! exyngt aUpo capflot BepLike,cal AYaxy J9IQHP HRGNG R 11 el0

carbon atons op y substituted with at [east one~al Koxy group having 1

to 10 carbgn S S henoxy gro 2- yl oup, a
4-nethy|phéﬁo§§9§§3u§%gﬁg ?%g?ngﬁpﬁgngxgggpggpfq§# £ g§%$%§}%;n aryl oxy
0 0" 10 oaP BB AL BREosHer ag a 3o e IHERORS 8P ollp SCka Eng ©i ket an
acyl group having 2 to 10 carbgn atons optionally substituted with at | east
one al koxy™GFBEBYhITPHE 12P0 168 r BERVRY ofts PETER*ds 9N Ree  group, a
propi onyl group, a benzyl carbonyl group, a 4-nethyl benzyl carbonyl group, a
4- met Roxyb&R2PFeRPEYNGFOHPoup, PHLBENZ Y PUBr 0GP, 18PV retNy 95ENPay @ gr oup, a

4- et hyl benzoyl .
sec-butoxy group, a tert-butoxy group, a trifluoromethoxy

group, and the like; an alkoxy group having 1 to 10 carbon
atoms substituted with an aryl'group having 6 to.lO_carbon
atoms such és.a behzyloxy group, a 4-methylbenzyloxy group;
10 aﬁd 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
15 3—phéno§ybenzy102y group, and the like; an aryloxy group
having 6 to 10 darbon atoms optionally substituted with at
least one alkoxy group haying 1l to iO carbon atoms such as
a phenoxy group, a 2-methylphenoxy group, a 4-methylphenoxy
group, - a 4-methoxyphenoxy group, and the like; an aryioxy
20 group having 6 to 10 carbon atoms substituted with an
aryloxy group having 6 to 10 carbon atoms such as a 3-
phénoxyphenoxy group, and the like; an acyl group having 2
to 10 carbon atoms optionally substituted with at least one
alkogy.group having 1 to 10 carbon atoms such as an acetyl

25 group, a propionyl group, a benzylcarbonyl group, a 4-



group, a 4-met hoxybenzoyl group, and the like; an alkylthio group having 1
to 10 carbon atons such as a nethylthio group, an ethylthio group, an

i sopropylwbizologuoiep, and the |ike; an al koxycarbonyl greap/Jrzoed/neys2 to 10
carbon atons such as a net hoxycarbonyl group, an ethoxycarbonyl group, and
the |like; and hal ogen atons such as a florine atom a chlorine atom a
brom ne atom and the |ike. Exanples of the substituted al kyl group include
a chl oronethyl group, a fluoronethyl group, a trif |uoronethyl group, a

met hoxynet hyl group, an ethoxynethyl group, a nethoxyethyl group, a

met hoxycar fopy ny® §r8LBOX%CaLhERUl; lcarbonyl
, 2- dinethyﬁgg %ﬂﬁ% &%%é up%gngga 2- nethy%thlogpﬁinSEOSSy Eggﬁ%¥gs of

the unsubst i gg§§§¥§ sk odpo g 5 SRLERBEbERBY1RG gl Ude safud o avi ng ©

to 20 carbon a heny group, heny roup,

4- et hyl ph h d_t Kk I f
substlgugngné? ?LgugrQthP%H% ¥58 i gbugglﬁyp ébguglﬁavﬁgg %ﬁk%lf& car bon
atons substituted with t ri ne at om suc uoronethyl

o oup. "ot PFPUPLBRBIBETI gy oF Faaﬁantﬁ R Bean o5 Ry eGP AV ng 1 to

10 carbon atons substitfuted with at | east one al kox roup havi 1
group, an ethylthio group, an ESOpropylthXoggro p,a ggt£et0 0

like; an alkoxycarbonyl group having 2 to 10 carbon atoms
such as a methoxycarbonyl éroup, an ethogycaernyl group,
and the like; and halogen atoms such‘as a fluorine atom, a
‘chlorine atom, a bromine atom, and the like. vExamplés of

10 fhe substituted alkyl group include a chloromethyl group, a
fluoromethyl group, a trifluoromethyl group, a
mefhoxymethyl group, an ethoxymethyl group, a methoxyethyl
group, a methoxycarbonylmethyl group, a 1—eth§xycarbonyl—
2,2—dimethyl—3—cyclopropyi group and a 2-methylthioethyl

15 group.

Examples of the unsubstituted aryl group represented
by R’ include aryl.groups having 6 to 201carbon atoms such
as a phenyl group, a 2-methylphenyl group, a 4-methylphenyl
group, a naphthyl group,.and the like. Examples of the

20 subétituent of the aryl group include an alkyl group having
1 to'lO 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
subétituted with at least one alkoxy group having 1 to 10

25 carbon atoms such as a methoxymethyl group, an ethoxymethyl



carbon atons such as a net hoxynet hyl group, an ethoxynethyl group, a

met hoxyet hyl group, and the |ike; an al koxy group having 1 to 10 carbon

at ons optwonaldpisabstituted with at | east one fl uori nepatrgmmyoeskioxy
group having 1 to 10 carbon atonms such as a nethoxy group, an ethoxy group,
a propoxy group, an isopropoxy group, ajutoxy group, an isobutoxy group, a
sec- butoxy group, a tert-butoxy group, a pentyloxy group, a cyclopentyl oxy
group, a fluoromethoxy group, a trif |uoromethoxy group, a methoxymet hoxy
group, an et hoxynet hoxy group, a methoxyethoxy group, and the like; an

aryl oxy_or gup,favh o 19y 40n 63" BABLAL OORAOPLECAZLLY agb%&ikwgﬁgr% h at

| east one Y group having carbon atons such as a noxy group,
a 2-nmet hyl phenoxy. grou a_4: et hyl phen , < Y 0 group,
and the i ReT B A bPoky GroRERNaLPRg BoEboth ey saRe Eous e BarT: dred wi(h
an aryl oxy. group. havi 6.to 10 carbon.atons such as_a_3- phenoxyphenoxy
group, andlgﬁ%tl??%;%gﬁ°5&9? 6?8@p°ﬁa9%ﬁ8x§ §5°'1H §8¥58ﬁ gt ﬁs§§ptionally
substituted with at | east one aIkoxg grou having 1 % 10 carbon atons such
as an acet §RERPBUPLOES pFBERoATI 2gFPEEPC*Y Béﬂ??rchbS ngérgﬁﬁPpa a

4- et hyl benzyl car bonyl group, a 4- nethoxybenzyl carbonyl group, and the
like;da ni PFOPYFBHUBLOEP hafBgeRCREBRPEHCATAYPa I BBFPKE EFgHP'athlorine

atom and .
~isobutoxy group, a sec-butoxy group, a tert-butoxy group, a

pentyloxy group, a cyclopentyloxy group, a fluoromethoxy
group, a trifluoromethoxy group, a methoxymethbxy group; an
ethoxymethoxy group, a methoxyethoxy group, and the like;
10 an aryloxy gfoup having 6 to lO'carboﬁ atomé 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”héﬁiﬁ§A6 to 10 carbon atoms
15 substituted with an aryloxy groué having 6 to 10 carbon
atoms such as a 3—phenoxyphenoky group, and the like; an
acyl gfoup having 2 to 10 carbon atoms optionaily
substituted with at least one alkoxy groﬁp having 1 to 10
carbon,étoms such as an acetyl group, a propionyl group, a
20 benzylcarbonyl groﬁp, a 4-methylbenzylcarbonyl group, a 4-
. methoxybenzylcarbonyl group, and the iike; a nitro group; a
halogen atom sﬁch as a fluorine atom, a chlorine atom, and -
the like; and an alkylenedioxy group having 1 tb 6 carbon
atoms such as a methylenedioxy group, énd the like.

25 Examples of the substituted aryl group include a 4-



the like; and an al kyl enedi oxy group having 1 to 6 carbon atons such as a
nmet hyl enedi oxy group, and the |ike. Exanples of the substituted aryl group
i ncl ude awé-0tlm@iwphenyl group, a 4-net hoxyphenyl grouppramdPz00%667871
phenoxyphenyl group. Exanples of the unsubstituted heteroaryl group
represented by R7 include a heteroaryl gyQup having 4 to 10 carbon atons
whi ch contain at | east one heteroatom such as a nitrogen atom an oxygen
atomand a sul fur atom for exanple, a pyridyl group, a furyl group, a
5-nmet hyl furyl group, and the |like. Exanples of the substituent of the

het er oar yl [ d al'kyl, _gr [ 1 0 ory_at ons
substitutegg&ggﬁpg?ﬁ?gagf%gﬁé %|§0%f%§%§ #Fg éhgg%u Fﬁ%%?hg%thyl group, a

trifluoronethyl gr La e like; an al kyl group having 1 to 10 carbon
at ons subspﬁ é égp%%sﬁlagqugét one an al koxy group having 1 to 10 carbon

atome such 2o 2pIShASRITELI) 018U, 20 SLIBHBLINL. oo g et e )
subst! Ut et Lh B heBgl cone LLua ne 2ol or 1 ke Oraup hay 1g, o 10
Isoprgpoxycggggg’a%oggt%ﬁXC%rg%%%a?g gioqgggéyo%%oﬂgte%o%%%ﬁPgigﬁyEQJOUp’ a
a nitﬁogen atom, an oxygen atom and a suifur atom, for
ekample, a pyridyl group, a furyl group, a 5—methylfuryl
group, and the like. Examples of the substituent of the
heteroaryl group ihclude an alkyl gfoup having 1 to 10
10 ‘carﬁon atoms subsfituted with at least one fluorihe 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 afoms such as a methoxymethyl group, an
15 ethoxymethyl group, a méthoxyethyi group, and the like; an
alkoxy group having 1 to 10 carbon atoms obtionally
substituted with at least one fluorine atom or aikoxy group
having 1 to 10 carbon atoms such as a methoxy group; an
ethoxy group, a propoxy group, an isopropoxy group, a
20 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

25 6 to 10 carbon atoms optionally substituted with at least



tert-butoxy group, a pentyloxy group, a cyclopentyloxy group, a

fl uoronet hoxy group, a trifluoronethoxy group, a nethoxynethoxy group, an
et hoxymetwoxyloguolep, a net hoxyet hoxy group, and the |ikeCcTammegéiexy group
having 6 to 10 carbon atons optionally substituted with at | eastone al koxy
group having 1 to 10 carbon atons such agya phenoxy group, a

2- met hyl phenoxy group, a 4-nethyl phenoxy group, a 4-nethoxyphenoxy group,
and the like; an aryl oxy groups having 6 to 10 carbon atons substituted
with an aryl oxy group having 6 to 10 carbon atons such as a 3-

phenoxyphepaky ,91.8un. o280t hevihke 2B 36Ylagboup haying.2:f <10 car bon

atons optionally su itu east one al koxy group having 1 to 10

b t h a i I I bonyl
oroup, a 4PRsBPRy) BaRDr o ponsEogBnsRoR Y, BERK, I, & B IEREAG ol

group, ne onyl P, ybenzy oup,

and the like; a nitro up; and a hal ogen atagm such .as a _fluqri.ne atom a
chl ori ne a?ﬁﬁ?pana'éﬁ@g%BngpgfﬁﬁﬁVegrS Prpeh u%%?i?u?gd 78 &A%Y group

ol ude @ 2-ehLorpeyiLavL shovh. Exampl e gl Lhe gl deinude () Lacl ude ar
1-butyl al dehyde, cycl opepitaneeatboal dghyde, oyl ohexaneqar hoal dehyde.
phenoxyphenoxy group, and the like; an acyl group having 2
to 10 cérbon atoms optionally substituted with at least dne
alkoxy group having 1 to 10 carbon atoms suéh as an écetyl
group, a propionyl group,;a benZylcarbonyl group, a 4-

10 methylbenzylcarbonyl gréup, a 4—méthoxybenzylcarb§nyl 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.

15 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,

20 l—methylcyclohexanecarboaldehyde, 2,2-dimethylnonanal,
methyl 2,2-dimethyl-3-oxopropanocate, and the like. A
polymer of formaldehyde such as paraformaldehyde can also
be used.

Examples of the.aldehyde (4) include the above

.25 described aliphatic aldehyde; an aromatic aldehyde such as



di et hyl propanal , 3-net hyl t hi opropanal , 2 , 2-di net hyl but anal ,

1- met hyl cycl ohexanecar boal dehyde, 2 , 2-di net hyl nonanal, nethyl 2

, 2- di met hwb-28toaqoropanoat e, and the |ike. A polyner of pConrmiogledrgtie such
as par af or mal dehyde can al so be used. Exanples of the al dehyde (4) include
t he above described aliphatic al dehyde; san aromati c al dehyde such

asbenzal dehyde, 4-f | uorobenzal dehyde, 4-nitrobenzal dehyde, 3-

br onobenzal dehyde, 2-chl orobenzal dehyde, 4- nethyl benzal dehyde,

3- met hoxybenzal dehyde, 3, 4,5- trimethoxybenzal dehyde, 3

, 4- met hy| easﬂkgmgﬁgéal d@hw‘aorébeaaa%@ﬁ?h@ehmd%,lt%@em%ﬂdéﬁ%ean@ﬂ
heteroaronatlc al dehydé such as plcollnea dehyde nlcotlnealdehyde and the

like. bggmgggﬁﬁgggeﬁ?ggouad %ﬁ%@hh&hﬁ%%ﬂ'%b'e al dehyde conpounds

can be use or those prodlced nown met can al so be used. The

I f h d h
abencs ofeEhiEPeket0eRYAE) ygem%gﬁﬁ%"@%w%%?%ﬁ’%%déaia%f}m e hydr oear bon
sol vent s Sﬁch a

hydr ocar bo r§3F§88§¥ gﬁgﬁléék gﬁfaéglOhgane%%%gﬁggdb%%% lbf%g :Lghatlc
haloggnategagxgﬁoa?& g9d29lvegt%hguﬁgk2§ and a heterocaromatic

aldehyde such-as.picoiinealdehyde,'nicotinealdehyde; and

the like.

As the aldehyde compound, commercially available
aldehyde compounds can be used, or those produéed by a

10 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; aliphétic

15 hyﬁrocarbon solvents such as pentané, 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

20 as ethylbacefate,.and the.like; amide solvents such as N,N-
dimethylformamide, N,N-dimethylacetamide, and the like;
alcohol solvents such as_hethanol, ethanol, and the like;
and water. In practice, the amount of the solvent used is
not limited, but is usually_lOO_parts by weight based on 1

25 part by weight of the imidazolidine (1) in view of volume



di chl or onet hane, dichl oroethane, chloroform and the |ike; ether solvents
such as diethyl ether, nethyl tert-butyl ether, tetrahydrofuran, and the

| i ke; estwo08ml04eT87S such as ethyl acetate, and the |ikecTarugoestvent s
such as N, Ndi net hyl formam de, N , N-di net hyl acet am de, and the |ike;

al cohol solvents such as nethanol, ethanp}, and the like;, and water. In
practice, the amount of the solvent used i1s not limted, but is usually 100
parts by weight based on 1 part by weight of the im dazolidine (1) in view
of voluneefficiency. In the case of the honmocoupling reaction, the anount
of the imgﬁ%'&ghg?.(l) used is usually fromO0.005 to 0.5 nol, and
preferably tromO. to 0.3 nol per nol of the al dehyde conpound. In the

iaed b usual |y i GRC0CO08 Ph Gres RBPeCsRT R syt o B A 0. 3 ol
Case of thecFBBs BolArPug PeRcton o0e 141 AeNyaeTeamiBT BF GELdTY used
the' al dohyBEL( 25 HnBRALERBa i & TaEnOBUIRY Saroli s Sdedil e Weocoupl | ng
reaCtgon Oglggﬁyggdgg%gguggz 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.
10 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 R® is a non-bulky group
is used, the homocoupling reaction of the aldehyde (2)
15 proceeds comparatively satisfactorily. When the aidehyde
(2) in which R® is a non-bulky group and the aldehyde (4)
in which R’ is a non-bulky group are used, the cross
coupling reaction of the aldehyde'(Z} and the aldehyde (4)
proceeds comparatively safisfactorily.. Even when-the
20 aldehyde (2) in which R® is a nén—bulky group, or the
aldehyde (4) in which R’ 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

‘25 usually from -20 to 200°C.



proceeds conparatively satisfactorily. Wen the al dehyde (2) in which R6 is
a non-bul ky group and the al dehyde (4) in which R7 is a non-bul ky group are
used, thewonosm4ewapling reaction of the al dehyde (2) amrdtuRmogheishyde (4)
proceeds conparatively satisfactorily. Even when the al dehyde (2) in which
R6 is a non-bul ky group, or the al dehydey{4) in which R7 is a non-bul ky
group is used, the cross coupling reaction of the al dehyde (2) and the

al dehyde (4) proceeds conparatively satisfactorily. The reaction
tenperature of the coupling reaction is usually from-20 to 200 OC . The

coupl i ng_ eact i i 86315 hed QUL cay TN G e AIARNE AUt ) and

the i m dazolidine (1) necessary, a solvent, and the mxing order is

not 'im’teqilpgﬂgggggsﬁgg%lﬁtu%@ea ATREQUAN:RA L3RI, (1) eidH dazol [ di ne

(1) is usua e ‘al dehyde conpoun n the case of the cross

coupling reaction, the imdazolidine, (1 n.be added .to m.xt ur.e of two
i s of alGERVSET FonfotRaY oy CHE. COCUEISITG: S D ‘And ind M e
conmpound can be ~to.the other al dehyde

added sinmul t aneous in parall el
conpound. In théncgggsc888ppgng»Feé%??&ﬁ?p&&ﬁﬁb5&6FFH§DVe§gF?ons of
respe%tlve,atdehyge conp?¥?ds may o %ra%%e%he si.de Eﬁ%ﬁﬁh? . In orde .to

imidazolidine 1s usua to e compoung
In the case of the cross coupling reaction, the
imidazolidine (1) can bé added to a mixture of two kinds of
aldehyde compounds, or the imidazolidine (1) and one
aldehyde compound can be added simultanebusly in’parallel.
10 to the other aldehyde compound. In.the cross coupling
'reaction, homocoﬁpling reactions of respective aldehyde
compounds may occur as the side reaction. 1In order to
suppress the progress of the homocoupling reactions, it is
preferred to add the imidazolidine (1) and one aldehyde
15 compound whicﬁ easily undergoes the homocoupliﬁg 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
20 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.

25  The proceeding of the coupling.rgactibn can be



suppress the progress of the honmocoupling reactions, it is preferred to add
the i mdazolidine (1) and one al dehyde conpound whi ch easily undergoes the
honocouplwogotoaaciston, to the ot her al dehyde conpound wecehprthogsssot easily
undergo the coupling reaction, simultaneously in parallel. In the case of
the cross coupling reaction of the al dehyde (2) and the al dehyde (4), when
the al dehyde (4) is fornal dehyde, it is preferred to add the i m dazolidine
(1) and the al dehyde (2) sinultaneously in parallel to formal dehyde . The
coupling reaction may be perfornmed under a normal pressure or under

pressurizaliop; Thg p Ogesghognfe& hAe sRURLIDG Leacti an gan becanfirmed by
anal'ys ﬁ

a conventi ona s“means Such as gas ronatography hi gh "per f or mance

I d ch t hy, . t hi h t , the lik
A:"?lglr (he SORBRAEPBRABRY(nd Rl B o ERE Sat TP ST BRS CBRMn can be
ted b trat | t t t Th | d

a-hydr §xykﬁ%ﬁﬁggﬁ%iahggmggg%g?ﬁVfLBBR |88 b Tebventi onal

purification nmeans such as di t|IIat| col unn Chrona ogr aphy, or the
|i ke. Exanpl es OftERet g ehGars ?Eé?ﬁn@ cBHﬁoﬁﬁ&cFﬁ8§ robt&i Red
5 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.

10 Examples of the a-hydroxyketone compouhd thus obtained
include 2—hydroxyacetéldehyde, 3-hydroxy-2-butanone, 4-
hydroxy-3-hexanone, 5fhydroxy—4—éctanone, 2-hydroxy-1-(4-
methoxyphenyl)—2—phenylethanohe, 2-hydroxy-1-(4-
chlorophenyl)—2—phenylethanone, 2—hydroxy—l—(2—

15 fluorophenyl)—prhenylethanone, 4—(methylthio)—2—oxc;l—
butanol, 1l-hydroxy-2-propanone, l-hydroxy-2-butanone, 1-

hydroxy-2-pentanone and 2-hydroxy-1-cyclohexanone.

Examples
20 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.

25 | A 50 mL flask replaced with nitrogen was charged with



i ncl ude 2-hydroxyacet al dehyde, 3-hydroxy-2-butanone, 4- hydroxy- 3-hexanone,
5- hydr oxy- 4- oct anone, 2-hydroxy-1|- (4- nethoxyphenyl) -2-phenyl et hanone,

2- hydr oxywb-201(0441h1 or ophenyl ) - 2-phenyl et hanone, 2- hydProxyPo09/(&871

fl uorophenyl) -2-phenyl et hanone, 4- (nethylthio) -2-oxo-Ibutanol,

| - hydr oxy- 2- pr opanone, | -hydroxy-2-butanope, 1- hydroxy-2-pentanone and

2- hydroxy-1| -cycl ohexanone . Exanples Hereinafter, the present invention
will be illustrated in detail by neans of the foll owi ng Exanples, but the
present invention is not limted thereto. Exanple 1 A 50 nL flask repl aced

w th nitrogen wesoghar geds Wit pbe04agsa géagxgvghgng/gﬁ,im@a%iziqi%&%wp

phenyl] imdazofiniumtetra uoro net hanol . To the

resul ting QL%EQE?uo}oéo?ét8faﬁd”%tBaB?'m%%h%&%ﬁﬁ 0%oltM%sQ%E%EEQE Xide Was

added dropw se at room tenperature-over m nutes. The resulting  m xture

was stirred.agB%gﬁggé?nEErg%ugiyggksgo ?gpﬁP%g%nt%%nlcﬁygggﬁkg;ed. To the

resi due thUs*® I n g of I's uoronet hyl’) “benzene was added
and hen BB esLPL et od ol L g perpuedy LAt on e G rate vas
5 minutes. The resulting mixture was stirred at room
temperature for 2 hours and then concentrated.. To the
residuevthus dbtained, 5 g of 1,3—.
bis(trifluoromethyl)benzene was‘added_and then the
precipitated solid was removed by.filtration. The filtrate
10 was concentrated to obtain 430 mg of 2—methoxy-1,3—v
bis{(2,6—diisopropyl)phényl]imidazolidine as a pale yellow
crystal, yield: 97%. |
!H-NMR (5/ppm, CDCli, tetramethylsilane group as é standard

substance): 1.30 (m, 24H), 3.10 (m, 4H), 3.44 (s, 3H), 3.85.

15  (m, 4H), 4.85 (s, 1H), 7.24 (m, 6H)

Example 2
A 50 mL ﬁlask replaced with nitrogen was charged with
440 mg of 1,3-bis[(2,6-diisopropyl)phenyl]imidazolinium.
20 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,

25 10 g of toluene was added and then the precipitated solid



bis [(2, 6-diisopropyl) phenyl] im dazolidine as a pale yellow crystal,
yield: 97% 1H NWR (d/ppm CDC 3, tetranethylsilane group as a standard
subst anceyw0 20108@176m 24H), 3.10 (m 4H), 3.44 (s, 3H), 2c8Oriaop/oemsl, 4.85
(s, IH, 7.24 (m 6H) Exanple 2 A 50 nL flask replaced with nitrogen was
charged with 440 ng of 1 ,3-bis [(2, 6-did sopropyl) phenyl] im dazolinium
chloride and 3 g of nethanol. To the resulting mxture, 1.0 nL of a

met hanol solution of 1 M sodium et hoxi de was added dropwi se at room
tenperature over 5 mnutes. The resulting m xture was stirred at room

t enper at ur aéO£eaoogagkégngl&gsgﬁgeﬂc'eat btedn Tosbhe ienl dus Lius (bt ai ned,

10 g of toluene was a d an en the precipitated solidwas renoved by

filtration,to o taln sglgzégn ccqntai BkggégAgg%Pgiﬁlhldgzgﬁadhg%

6- d||SOpropyT? p%e%y of rdrne”. equi pped with a refl ux

d tub th 2.0 f | deh d 20 f
Lol uene. The reBup?i 5%?‘8‘@%@3@, Fﬁé‘r?s%‘éx éﬁégeﬁis%rté Be i xture
wer e added dropwi se Qoth of _a solu ion c%ntal g % g é§ -bis [(2,6-
d||sopropy‘1"§‘S BayPsE |W+H%z%rPan8 oBE&F 8Hm3 Y9&ng" | § Pdn obt ai ned

by n1X|ng 2.0 g of 3-nethylthiopropanal -
toluene The résulting mixture was adjusted to 40°C, and

then to the mixture were added dropwise both of a solution
containing 2—methoxy—i,3—bis[(2,6—
diisopropyl)phenyl]limidazolidine obtained above, and a
solution obtained by mixing 2.0 g of 3-methylthiopropanal

10 and 10 g of toluene simultaneously in parallel over 4 hours.
After completion of the dropwise éddition, the resulting
mixture was stirred at 405C for 8 hours, and then cooled to
room temperature to obtain a reaction mixture containihg-4—
(methylthio)—2—oxo¥1-butanol. Analysis by a gas

i5 - 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
20 According to the present invention, an o-hydroxyketone
compound can be produced in a good yield, and thus the

present invention is industfially advantageous.



and 10 g of toluene simultaneously in parallel over 4 hours After
conpletion of the dropw se addition, the resulting mxture was stirred at
40C for 8wbaorend1mnd t hen cool ed to room tenperature toPalbR29/B67BACE | ON
m xture containing A- (nethylthio) -2-oxo-l-butanol . Analysis by a gas
chromat ography internal standard nethod ygveal ed that the yield of 4-
(met hyl t hi 0) -2-oxo-1-butanol was 75% and the recovery ratio of
3- et hyl t hi opropanal was 22% |Industrial Applicability According to the
present invention, an a-hydroxyketone conpound can be produced in a good
yield, and thus t he present invention % ry&dustrially advant ageous. CLAI M5 1
A process for produci ng an or-hydroxyketone conpound whi ch conpri ses
subj ecting an al dehyde conpound to a coupllng reaction in the presence of
an al koxyi m dazol i di ne conpound represented by the formula (D : wherein R1

and R2 independently resent en_atom a bstl uted o

unsubst it ut ed aﬁkyl 6r888 €8f £°§u§§9%3668§ & Ghdd §iﬁy&Ft§’aryl group, or
R1 and R2 na be congln d with each o a%her t.o forn1ﬁ rlg%- ethercynth t he
car bon atoﬁﬁ PBURA; SRBPR3 S5Pe SEPYACHERI RE AndeR Bripdiind 't

5 a coupling reaction in the presence of an

alkoxyimidazolidine compound represented by the formula

(1)
R3
R2 J»
t:[::.:>———o——R5 (1)
RY N
\s

wherein R!' and R? independeutly represent a hydrogen atom,
10 a substituted or unsubstituted alkyl group, or a
substituted or unsubstituted aryl group, or R! and R? may
be combined with each other to form a ring together with
the carbon atoms to which R! and R? are attached, R® and R*
independently represent a substituted or unsubstituted
15 alkyl group, or a substituted or unsubstituted aryl group,

and'RS'represents an alkyl group.

2. The process according to claim 1, wherein the
coupling reaction of the aldehyde compound is a
20 homocoupling reaction of an aldehyde compound represented

by the formula (2):



i ndependently represent a substituted or unsubstituted al kyl group, or a
substituted or unsubstituted aryl group, and R5 represents an al kyl group.
2 . The pwocemm4damcording to claim 1l , wherein the couplPcmgprreees7soin of the
al dehyde compound i s a honocoupling reaction of an al dehyde conpound
represented by the formula (2) :wherein 6 represents a hydrogen atom or a
substituted or unsubstituted al kyl group. 3 . The process according to
claiml1 , wherein the coupling reaction of the al dehyde conpound is a cross
coupling reaction of an al dehyde conpound represented by the formula (2)
wherein R6 represents a hydrogen atom or a substituted or unsubstituted

al kyl group, @gnd an al dehyde conpound represented by the fornula (4)
wherein R7 | ifferent f#bm R6, and represents a hydrogen atom a
substituted®or uhsubstituted al kyl group, a substituted or unsubstltuted
aryl group, . or S ituted unsubstitute heteroaryl 4. . The
process ac@BFﬁFﬁB Fo 5ﬁ9r835ngF élgyﬁﬁofepo g Mrwfér & 7 uﬁ% tﬁf or

i ndependent | resent e tlar aIkyI group having 4 to 10 carbon atons,
a cycloalk9P¥§L88btUted ERRS AR 8N

5 3. The process according to claim 1, wherein the.
coupling reaction of the aldehydé compound is a cross
coupling reaction of an aldehyde compound represented by

the formula (2):

.
R® H
10 wherein R® represents a hydrogen atom, or a substituted or

unsubstituted alkyl group, and an aldehyde compound

represented by the formula (4):

J\ (4)

R’ H
wherein R’ is different from R6,'and represents a hydrogen
15 atom, a substituted or unsubstituted alkyl group, a

substituted or unsubstituted aryl group, or a substituted

or unsubstituted heteroaryl gioup.

4. The process according to any one of claims 1 to 3,
20 wherein R® and R* 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



having 3 to 10 carbon atons, a phenyl group having an al kyl group having 1
to 10 carbon atons or a hal ogen atomat the 2- and 6-positions thereof, or
a napht hywogooup@iteavi ng an al kyl group having 1 to 10 cachommb/oers7iat t he
2-position thereof. 5 . The process according to any one of clains 1 to 3 ,
wherein R3 and R4 independently representga tert-butyl group, a tert-pentyl
group, a cycl ohexyl group, an adamantyl group, a 2 , 6-di nethyl phenyl group,
a 2,6- dichlorophenyl group, a 2 ,4,6- trlnethylphenyl group, or a 2 ,

6- d||sopropylphenyl group. 6 . The process according to any one of clains 1

to 5, wherein Ré?ﬁénngEEOyhogrg% bna tgﬁgy groHBlwﬁeRr%Q% %ra|§§hor a

but yl grou%ro9p ocess accor erein yde
d d by th f h | t hi |, th
ol denyde compaiRacr EpPLsERtEd BT PRS: éﬂ% aapﬁ‘% PEPIR BBR388 “Mnd tne
hyd Kk d 4- ylthjo t
sy oxelone somaundL2,by (sl el Lt pro Lt B

thereof.

5. The process according to any one of claims 1 to 3,
wherein R® and R4 independently représént a tert-butyl
group, a tert-pentyl grbup, a cyclohexyl group, an
adamantyl group, a 2,6-dimethylphenyl group, a 2,6-

10 dichloréphenyl group, a 2,4,6—trimgthylpheﬁyl group, Or a

2,6-diisopropylphenyl group.

6. The process according to any one of claims 1 to 5,
wherein R®> is a methyl group, an ethyl group, a propyl

15 group, or a butyl groﬁp.

7. The process according to claim 3, wherein the

aldehyde compound represented by the formula (2) is 3-
methylthiopropanal, the aldehyde compound represented by
20 the formula.(4) is formaldehyde, and the o-hydroxyketone

compound is 4- (methylthio)-2-oxo-1l-butanol.

8. 2-Methoxy-1,3-bis[ (2, 6-diisopropyl)phenyl]-

imidazolidine.



