WD 2011/ 162404PCT/ JP2011/ 064617 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
ALPHA- KETOCARBOXYLI C ACI D 5TECHNI CAL FI ELD [ 0001] The present

appl i cat iwo 2061/f6ed0ed, claimng the priorities based on trheJdapanese Pat ent
Application Nos. 2010-144589 (filed on June 25, 2010) and 2010-187917
(filed 10on August 25, 2010), and a wholg of the contents of these

applications is incorporated herein by reference. The present
invention relates to a process for producing an a-ketocarboxylic acid.
15BACKGROUND ART [ 0002] Al pha- ket ocar boxylic acids are known as

useful conpounds for an internedi a I eparation of pharmaceuticals
and agrichem cal s since a-ketocarb%@?F?g%%ggﬁﬁids can be converted to
a-am no acids by reductive am nat ion. [0003] As a process for
produci ng an a-ketocarboxylic acid, a process in which phenyl gl yoxal as an

-k | deh [
a- ket oal dehyde EROCESS FOR PRODUCING ALPHA-KETOCARBOXYLIC ACID

5 TECHNICAL FIELD
[0001]

The present application is filed, <claiming the
priorities based on the Japanese Patent Application Nos.
2010-144589 (filed on June 25, 2010) and 2010-187917 (filed

10 on August 25, 2010), and a whole of the contents of these
applications is incorporated herein by reference.

The present invention relates to a process for

producing an a-ketocarboxylic acid.

15 BACKGROUND ART
[0002]

Alpha-ketocarboxylic acids are known as useful
compounds for an intermediate 1in the preparation of
pharmaceuticals and agrichemicals since a-ketocarboxylic

20 acids can be converted to «oa-amino acids by reductive
amination.
[0003]

As a process for producing an a-ketocarboxylic acid, a

process in which phenylglyoxal as an oa-ketoaldehyde is

25 oxidized with concentrated sulfuric acid and sodium nitrite



250xi di zed with concentrated sulfuric acid and sodiumnitrite WO

2011/ 162404PCT/ JP2011/ 064617 2 to obtain benzoylformc acid, is disclosed
in J. MIlwoOQatiale240A: Chem cal, 2005, 235, pp.17-25. |n &daiJProanpe4alpr ocess
i n which phenyl gl yoxal is oxidized with di nethyl dioxolan to obtain

benzoyl formc acid, is disclosed in Og. ,Bionol. 5Chem, 2005, 3,

pp. 2310-2318. DI SCLOSURE OF | NVENTI ON PR&BLEM'TO BE SCLVED BY THE | NVENTI ON
[ 0004] 10An object of the present invention is to provide a new process for
produci ng an a-ketocarboxylic acid. MEANS FOR SOLVI NG THE PROBLEM [ 0005]

15As I f_th i o i di. f | wi h

oo 0ot U EPETLCMEEN S TR B L BB
i ti id he fal | ow .. 20 1 I .0, [

oresent | NUELS POV Osghhe Sl oungri 20, L Apronses oo Reodue no

by m xing a base, carbon dioxide, the a-ketoal dehgdg_anghalgorrpo%nd .
imethyldioxolan to

represent ed“b;f"hfld?f}n}?}é?r(lél-‘i])y.oxai 1s oxidized wit

obtain benzoylformic acid, is disclosed in Org. Biomol.

5 Chem., 2005, 3, pp.2310-2318.

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0004]
1Q An object of the present invention is to provide a new

process for producing an oa-ketocarboxylic acid.

MEANS FOR SOLVING THE PROBLEM
[0005]

15 As a result of the present inventors' intensive
studies for solving the above-described problem, the
present invention is accomplished.

[0006]
The present invention provides the followings:

20 [1] A process for producing an o—-ketocarboxylic acid,
comprising a step of oxidizing an o-ketoaldehyde by mixing
a base, carbon dioxide, the o-ketoaldehyde and a compound
represented by formula (2-1):

R2

N* =—C—Y
H X (2—-1)

R3 R4



R2-Nt CY RIBHI X-(2 -1 ) R4 WD 2011/ 162404PCT/ JP2011/ 064617 3 wherein R2
is an al kyl group optionally having a substituent or an aryl group

opt i onal lwohawimgioa substituent; R3 and R4 are independecathy2anoa@sky! group
optionally 5having a substituent or an aryl group optionally having a
substituent, or R3 and R4 conbi ne togeth%r to forma dival ent hydrocarbon
group optionally having a substituent or “a group of -CH=N- optionally
having a substituent; Y is a group of -S or -N(R5)-, in which R5 is an

al kyl 10 group optionally having a substituent or an aryl group optionally
havi ng a substituent, or R5 conbines together with R4 to forma dival ent
hydr ocar bon" 0% opt i onal |y having a substituent: and X- is an anion.

15[ 2] The prpocess according to the above item[1], wherein the
a- ket oal dehfdet S 2T 2bkpbuRBOHBpPRELRNED Ly hfad’rlrﬂﬂ & (dybspipuent or an

aryl group optionally having a substituent;
R®* and R! are independently an alkyl group optionally
5 having a substituent or an aryl group optionally having a
substituent, or R®* and R! combine together to form a
divalent hydrocarbon group optionally having a substituent
or a group of -CH=N- optionally having a substituent;
Y is a group of -S- or -N(R’)-, in which R® is an alkyl
10 group optionally having a substituent or an aryl group
optionally having a substituent, or R®> combines together
with R* to form a divalent hydrocarbon group optionally
having a substituent; and
X" is an anion.
15 2] The process according to the above item [1], wherein

the oa-ketoaldehyde 1is a compound represented by formula

(1) :

0 (o)

| (™
R C C H
wherein

R' is a hydrocarbon group optionally having a substituent
20 or a heteroaryl group optionally having a substituent,
and wherein the o-ketocarboxylic acid 1is a compound

represented by formula (3):



1111 R -G CGHwherein R is a hydrocarbon group optionally having a
substituent 20or a heteroaryl group optionally having a substituent, and
wher ei n twe 2atikeemgar boxylic acid is a conpound represerCedPryihHewtul a (3):
WO 2011/ 162404PCT/ JP2011/ 064617 4 0 0 11M R1-C-C-OH wherein R neans the
sane as defined above. [3] The process %ccording to the above item[1] or
[2], wherein the conmpound represented by ‘the fornula (2-1) is a conpound
represented by formula (2-2): HI R2.-Nrc Yx -(2-2) \/

0] 0]

|| 3

R c c OH
wherein R! means the same as defined above.

[3] The process according to the above item [1] or [2],
wherein the compound represented by the formula (2-1) is a

compound represented by formula (2-2):

N* Y X- (2—2)

5 wherein

R? and Y mean the same as defined above;
R® and R’ are independently a hydrogen atom, an alkyl group
optionally having a substituent or an aryl group optionally
having a substituent, or R® and R’ are bonded to each other

10 to form a ring together with carbon atoms to which they
attach, or R’ combines together with R®> to form a divalent
hydrocarbon group optionally having a substituent;
carbon double bond; and

15 X" means the same as defined above,

or a compound represented by formula (2-3):



C-C\R7 Rd/ 5wherein R2 and Y nean the sane as defined above; R6 and R7 are
I ndependently a hydrogen atom an al kyl group optionally having a

substi t uewo 20r1/med0ar yl group optionally having a substi Paear2010064R67 and R7
are bonded to each other 10to forma ring together with carbon atons to

whi ch they attach, or R7 conbi nes toget hgr with R5 to forma dival ent

hydr ocarbon group optionally having a substituent; CC represents a
carbon-carbon single bond or a carbon-carbon doubl e bond; and 15X- neans
the sane as defined above, or a conpound represented by formula (2-3): WO

2011/ 162404PCT/ JP2011/ 064617 5 H C
H

c
RZ—N"/ N

\_/

TN

R7

X- (2 —3)

wherein

R? and Y mean the same as defined above;

R’ is a hydrogen atom, an alkyl group optionally having a

substituent or an aryl group optionally having a
5 substituent, or R’ combines together with R> to form a

divalent hydrocarbon group optionally having a substituent;

and

X" means the same as defined above.

4] The process according to the above item [3], wherein
10 the compound represented by the formula (2-1) is a compound

represented by the formula (2-2).

[5] The process according to the above item [4], wherein in

the formula (2-2) Y is a group of —N(RSM—, R? and R® are

independently a 2,6-disubstituted phenyl group, R® and R’
15 are both a hydrogen atom, and Cz:“3represents a carbon-

carbon double bond.

[6] The process according to any one of the above items [1]

to [5], wherein the base is at least one base selected from

the group consisting of organic Dbases, alkali metal

20 carbonates and alkaline earth metal carbonates.



R2--N+/ N Y \/ N=C R7 wherein R2 and Y nean the sane as defined above; R7
is a hydrogen atom an al kyl group optionally having a substituent or an
aryl grouwwoopti/wesil y having a 5 substituent, or R7 combiraemit/ogether wth
R5 to forma dival ent hydrocarbon group optionally having a substituent;
and X- means the sane as defined above. [4] The process according to
the above item[3], wherein 10t he corrpour?d represented by the formula (2-1)
is a conpound represented by the formula (2-2). [5] The process according
to the above item[4], wherein in the fornmula (2-2) Yis a group of

-N(R5) - d R5 are independentl 2, 6-di subs ut ed he gro
and R7 15ar [jﬂ t/h é”jrﬂfiﬁ'sd:ge%oa‘st oﬁamﬁh’&l&% b&hH dgugfeéoﬁéﬁa’p raggfjésents

a carbon- o o _
comprising a step of oxidizing an o-ketoaldehyde 1in the
presence of carbon dioxide and a compound obtained by
bringing a base into contact with a compound represented by

5 formula (2-1):

R? Nt=—C——Y

: X (2—1)
R3 R4
wherein

R? is an alkyl group optionally having a substituent or an
aryl group optionally having a substituent;
R® and R! are independently an alkyl group optionally
10 having a substituent or an aryl group optionally having a
substituent, or R® and R! combine together to form a
divalent hydrocarbon group optionally having a substituent
or a group of -CH=N- optionally having a substituent;
Y is a group of -S- or -N(R°)-, in which R® is an alkyl
15 group optionally having a substituent or an aryl dgroup
optionally having a substituent, or R® combines together
with R? to form a divalent hydrocarbon group optionally
having a substituent; and
X" is an anion.
20 [8] The process according to the above item [7], wherein
the o-ketoaldehyde is a compound represented by formula

(1):



[6] The process according to any one of the above itens [1] to [5], wherein
the base is at | east one base selected fromthe group consisting of organic
bases, alweal2oiwmse4lt 20car bonat es and al kal i ne eart h net acTomrborabes. WO
2011/ 162404PCT/ JP2011/ 064617 6 [7] A process for producing an
a- ket ocarboxylic acid, conprising a step-of oxidizing an a-ketoal dehyde in
the presence of carbon dioxide and a congound obt ai ned by bringing a base
into contact with a conpound represented by 5forrmula (2-1): R2-NC Y I H X-(2
-1 ) R3R4 wherein R2 is an al kyl group optionally having a substituent or
an aryl group opf{io IIy having a substituent; R3 and R4 are independently
an al kyl group t| aIIy 10havin ? substituent or an aryl group
optionally havi igubstituent, g? R3 and R4 conbine together to forma
di val ent hyRtoc&bo®grodip optional |y having a substituent or a group of
-CH N optivtwddyn having a substituent; Y is a group of -S- or -N(R5)-, in
which R5 is an al kyl

R' is a hydrocarbon group optionally having a substituent

or a heterocaryl group optionally having a substituent,
and wherein the o-ketocarboxylic acid 1is a compound
5 represented by formula (3):

0O O
|| ®)

R C Cc OH
wherein R! means the same as defined above.

[9] The process according to the above item [7] or [8],
wherein the compound represented by the formula (2-1) is a

compound represented by formula (2-2):

VY
N* Y X- (2—2)

10 wherein
R* and Y mean the same as defined above;
R® and R’ are independently a hydrogen atom, an alkyl group
optionally having a substituent or an aryl group optionally
having a substituent, or R® and R’ are bonded to each other
15 to form a ring together with carbon atoms to which they
attach, or R’ combines together with R®> to form a divalent

hydrocarbon group optionally having a substituent;



15 group optionally having a substituent or an aryl group optionally having
a substituent, or R5 conbines together wwth R4 to forma dival ent

hydr ocar bwo 2griowsptoept i onal |y havi ng a substituent; and RCTiJB2ano@aimon.

20[ 8] The process according to the above item[7], wherein the

a- ket oal dehyde is a conpound representedgby formula (1): WO

2011/ 162404PCT/ JP2011/ 064617 7 0 O Il R1-C-C-H wherein R is a hydrocarbon
group optionally having a substituent or a heteroaryl group optionally
having a substituent, and wherein the a-ketocarboxylic acid is a conpound

5represent ed.-by fornula 3): 00 J1lIl RI-CC CH wherein R neans the sane
as defined bo »represents a carbon-carbon 51n e bond or a carbon-

carbon double bond; and
X~ means the same as defined above,

or a compound represented by formula (2-3):

R?——N* Y X- (2—3)

5 wherein
R? and Y mean the same as defined above;
R’ is a hydrogen atom, an alkyl group optionally having a
substituent or an aryl group optionally having a
substituent, or R’ combines together with R° to form a
10 divalent hydrocarbon group optionally having a substituent;
and
X~ means the same as defined above.
[10] The process according to the above item [9], wherein
the compound represented by the formula (2-1) is a compound
15 represented by the formula (2-2).
[11] The process according to the above item [10], wherein
in the formula (2-2) Y is a group of -N(R°)-, R’ and R®> are
independently a 2,6-disubstituted phenyl group, R® and R’
are both a hydrogen atom, and C::%3represents a carbon-

20 carbon double bond.



[9] The process according to the above item[7] or [8], wherein the
conpound represented by the formula (2-1) is a conpound represented by
formul a (Wo2p11/#8240411+ N X(2-2) / c,, R7 1l0Owherein R2 amdTNPIMaancdblie sane
as defined above; R6 and R7 are independently a hydrogen atom an al kyl
group optionally having a substituent or _an aryl group optionally having a
substituent, or R6 and R7 are bonded to dach other 15 to forma ring
together with carbon atonms to which they attach, or R7 conbi nes together
with R5 to forma dival ent hydrocarbon group optionally having a
substituent; _ WO 2011/162404PCT/ JP2011/ 064617 8 C—--g represents a

car bon- car boif Isi Tiyf e PBORESSr 3 ch? bGRYdRIHt e®ho EF %€ KESHE the

sane as defined above, or a conpound represented by formula (2-3): -
[7] to [11], wherein the base is at least one base selected

from the group consisting of organic bases, alkali metal
carbonates and alkaline earth metal carbonates.
5 [0007]
According to the present invention, a new process for

producing an a-ketocarboxylic acid can be provided.

MODES FOR CARRYING OUT THE INVENTION
10 [0008]
Hereinafter, the present invention will be described
in detail.
[0009]
There is no limit in selection of the a-ketoaldehyde
15 for use in the present invention if it is an aldehyde
having a carbonyl group at o-position. As the o-

ketoaldehyde, it is preferable to use a compound

represented by the formula (1). Hereinafter, the

compound represented by the formula (1) 1is sometimes
20 referred to as a compound (1).

[0010]

As to R' in the formula (1), the hydrocarbon group
optionally having a substituent may be an alkyl dgroup
optionally having a substituent, an alkenyl group

25 optionally having a substituent and an aryl (group



HCR2-N+ YX -( 2 -3) \/ N=CQ R7 S5wherein R2 and Y nean the sane as defi ned
above; R7 is a hydrogen atom an al kyl group optionally having a

substi t uewo 20r1/med0ar yl group optionally having a substi POEAP2010064RY7

conbi nes together with RS to form a 10di val ent hydrocarbon group optionally
havi ng a substituent; and X- neans the sa\%ﬁ as defined above. [ 10] The
process according to the above item[9] erein the conpound represented
by the formula (2-1) is a conpound 15represented by the formula (2-2).

[ 11] The process according to the above item[10], wherein in the formula

(2-2) Y is a group of \$R5%)" R2 and R5 are mdependently a
2, 6-di subst‘?Rtiﬂt‘?erBa]p]h%H}ﬁ Houp, SRS hhtiet are both a hydrogen atom and

[0011]
As to R', the alkyl group may be linear or branched
C1-Ci2 alkyl groups such as a methyl group, an ethyl group,
5 a propyl group, an isopropyl dgroup, a butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a
pentyl group and a decyl group; and Cs3—Ci;» cycloalkyl groups
such as a cyclopropyl group, a 2,2-dimethylcyclopropyl
group, a cyclopentyl group, a cyclohexyl group and a
10 menthyl group.
[0012]
Examples of the substituent which the alkyl group may
have include a group selected from the following Group 1:
<Group 1>
15 a Ci—-Cio alkoxy group optionally having a fluorine atom;
a C;-Cyo aralkyloxy group optionally having a C;-Cip alkoxy
group;
a Cy;-Cyo aralkyloxy group having a C¢—Cio aryloxy group;
a Cg-Cip aryloxy group optionally having a C;-Cip alkoxy
20 group;
a Cg—Cio aryloxy group having a Ce¢—Cio aryloxy group;
a C,-Cip acyl group optionally having a C;-Ci;o alkoxy group;
a Ci-Cip alkylthio group;
a C,-Cip alkoxycarbonyl group; and

25

o))

halogen atom.



CC represents a carbon- WO 2011/162404PCT/JP2011/064617 9 [12] The
process according to any one of the above itens [7] to [11], wherein the
base i s avoOlensts2eone base sel ected fromthe group consi CrAgEi/0@6TaNI C
bases, al kali netal carbonates and al kaline earth netal carbonates. 5[0007]
According to the present invention, a new.process for producing an

a- ket ocarboxylic acid can be provided. S FOR CARRYI NG OQUT THE | NVENTI ON
10[ 0008] Hereinafter, the present invention will be described in
detail. [0009] There is no limt in selection of the

a-ketoaldehel(g&ln for use in the present invention if it is an al dehyde
havi ng a carbo group at a-position. As the aketoal dehyde, it is
preferable to use aéﬁgnpound ripresented by the formula (1). Hereinafter,

the conpound rept®séRfed™IRFR hér f GFIATRLER) Ofs Shetbi ey K%Y r 84°PB as a
conmpound (1). [0010 . As to RL in the formula (1), the hydrocarbon
group opti d?%‘ll‘%ﬁ#aiﬁ NRRBLRAbEt FLUeRiNRay? 198 AN EUdR  yrBRBhedYi 8KaNPy
havi ng a substituent, an al kenyl group 25optionally having a substituent
and an arylamyrefpoxy group, a’ propoxy group, an isopropoxy group, a
5 butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group and a trifluoromethyloxy group.
Examples of the C;-Cyo aralkyloxy group optionally
having a C;-Cip alkoxy group include a benzyloxy group, a 4-
methylbenzyloxy group and a 4-methoxybenzyloxy group.
10 Examples of the C;-C;9 aralkyloxy group having a Cg—Cio
aryloxy group include a 3-phenoxybenzyloxy group.
Examples of the C¢-Cipo aryloxy group optionally having
a C;-Cio alkoxy group include a phenoxy group, a 2-
methylphenoxy group, a 4-methylphenoxy group and a 4-
15 methoxyphenoxy group.
Examples of the Cg-Ci1po aryloxy group having a Cs-Cio
aryloxy group include a 3-phenoxyphenoxy group.
Examples of the C,-Cip acyl group optionally having a
C1—-Ci0 alkoxy group include an acetyl group, a propionyl
20 group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl
group, a 4-methoxybenzylcarbonyl group, a benzoyl group, 2-
methylbenzoyl group, a 4-methylbenzoyl group and 4-
methoxybenzoyl group.

Examples of the CC;-Cip alkylthio group include a

25 methylthio group, an ethylthio group and an isopropylthio



WO 2011/ 162404PCT/ JP2011/ 064617 10 optionally having a substituent. [0011]
As to R, the alkyl group nay be linear or branched Cl-Cl2 al kyl groups
such as awoebhwyie2guoup, an ethyl group, 5 a propyl groepl/Jamwii/septopyl
group, a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group and a decyl group; ?nd C3-C12 cycl oal kyl groups such
as a cycl opropyl group, a 2,2-dinethy|cy& opropyl group, a cyclopentyl
group, a cycl ohexyl group and a 10nent hyl group. [0012] Exanpl es of
t he substituent which the al kyl group may have include a group sel ected
fromthe followng Goup 1: <Goup 1> 15a Cl-Cl0 al koxy group optionally
havi ng a fIU&Hre atom a C7-C20 aral kyl oxy group optionally having a
Cl- C10 al koxy group; a C7-C20 aral kyl oxy. group having a C6-Cl0 aryl oxy
group; a FeEmee s 9F ok Sgrioupropt+ ‘F%/r]%%wgg 9% OrP- I HIox
20group; a C6-Cl10 aryl oxy group having a C6-Cl0 aryl oxy group; a C2_Cl10
acyl group WHFHOHAARPIKA i HC1AT (A | KBS YFE DR YL CAT@d®- al kyl t hi o
group; a C2_C10 al koxycarbonyl group; and

Examples of the halogen atom include a fluorine atom,

5 a chlorine atom and a bromine atom.
[0014]

Examples of the alkyl group having a group selected
from Group 1 include a chloromethyl group, a fluoromethyl
group, a trifluoromethyl group, a methoxymethyl group, an

10 ethoxymethyl group, a methoxyethyl group, a
methoxycarbonylmethyl group, a l-ethoxycarbonyl-2,2-
dimethyl-3-cyclopropyl group and a 2-methylthioethyl.

[0015]

As to R!, the alkenyl group may be linear or branched

15 C,-C;» alkenyl groups such as a vinyl group, a l-propenyl
group, l-butenyl group, 2-methyl-l-propenyl group; and Cs-
Ci2 cycloalkenyl group such as 1-cyclohexenyl group.

Examples of the substituent which the alkenyl group
may have include a group selected from the above Group 1.

20 [0016]

Examples of the alkenyl group having a group selected
from Group 1 include a 2-chlorovinyl group and a 2-
trifluoromethylvinyl group.

f[0017]

25 As to R', the aryl group may be C¢—Czo aryl groups such



25a hal ogen atom WO 2011/ 162404PCT/ JP2011/ 064617 11 [0013] In the

G oup 1, exanples of the Cl1-Cl0 al koxy group optionally having a fluorine

at om i nclwoeon/wetohoxy group, an ethoxy group, a propoxPCyIBR]1/ 0617

i Sopropoxy group, a 5butoxy group, an isobutoxy group, a sec-butoxy group,

a tert-butoxy group and a trifluoronethyggxy gr oup. Exanpl es of the

C7- C20 aral kyl oxy group optionally having~a Cl-Cl0 al koxy group include a

benzyl oxy group, a 4- nethyl benzyl oxy group and a 4-nmet hoxybenzyl oxy group.
10Exanpl es of the C7-C20 aral kyl oxy group having a C6-Cl0 aryl oxy group

i ncl ude a 3-phenqxybenzyl oxy group. Exanpl es of the C6-Cl ryl oxy
or oup. opt i GBI SPHERN G EEa. (B 07 TRy R TRpL | WETbiRe & BRERGAY BRBUBL & 2-
met hyl phenoxy group,  a 4-neth¥£phenoxy group and a 4- 15nethox%ghenoxi
gr oup. 9T Rt e5 BRPR RRY E69EQBPar W Sxy S Y h AR LB- EoSEYFY oxy
group include a 3-phenoxyphenoxy group. Exanpl es of the C2_Cl10 acyl
group opti sH&AUYB~ havi ng a Cl-Cl0 al koxy group include an acetyl group, a
propi onyl 20 group, a benzyl carbonyl group, a 4-nethyl benzyl carbonyl
group, a 4-MRAMoxybenzyl carbonyl group, a benzoyl group, 2- nethyl benzoyl
group, a 4-methyl benzoyl group and 4- nethoxybenzoyl group.
Exanpl®s of the Ean@l®al &f| thieo spiip iumitudeh acR5ibeh@mii oggp@mpnasn
ethylthio group and an isopropylthio
have include a group selected from the following Group 2:
<Group 2>
a C1-Cjo alkoxy group optionally having a fluorine atom or a
Ci-Cio alkoxy group;
10 a Cg-Cip aryloxy group optionally having a C;-Cip alkoxy
group;
a Cg—Cip aryloxy group having a C¢—C;p aryloxy group;
a C»-Cip acyl group optionally having a C;—-Cio alkoxy group;
a C1—-Ce¢ alkylenedioxy group;
15 a nitro group; and
a halogen atom.
[0019]
In the Group 2, examples of the C;-Cio alkoxy group
optionally having a fluorine atom or a C;-C;o alkoxy dgroup
20 include a methoxy group, an ethoxy group, a propoxy dgroup,
an isopropoxy group, a butoxy group, an isobutoxy group, a
sec-butoxy group, a tert-butoxy group, a pentyloxy group, a
cyclopentyloxy group, fluoromethoxy group, a

trifluoromethoxy group, a methoxymethoxy group, an

25 ethoxymethoxy group and a methoxyethoxy group.



WO 2011/ 162404PCT/ JP2011/ 064617 12 group. Exanples of the C2-Ci10

al koxycar bonyl group include a nethoxycarbonyl group and an et hoxycarbonyl
group. bBaopbasiecefo4t he hal ogen atom i nclude a fluorine aComP2BHOGaIOr I ne
atom and a brom ne atom [0014] Exanpl es of the al kyl group having a
group selected fromGoup 1 include a chI%;onethyl group, a fluoronethyl
group, a trifluoronethyl group, a nethox& t hyl group, an

10et hoxynmet hyl gr oup, anmet hoxyet hyl gr oup, a

met hoxycar bonyl net hyl gr oup, al- et hoxycarbonyl-2, 2- di met hyl- 3-cycl opropyl

i near or br ancHEEmE 50 B 7] Rardlo (o &UER RSPt HYR TovolBy RO
cyel onl Kenyt G617 SULHKEY 1 650k BhokBRIIAEr onp. BhentxyEsGRElEE of 1 hE
substituent which the al kenyl group may have include a group selected from
the above G HPhemPRN16JTOUP, FExAFELWPRINORY kK SRAURYr 8BS havi A a
group selected fromGoup 1 include a 2-chlorovinyl group and a 2-
trifluor omEReARA YRCRPHY pITOUP -
5 Examples of the C(C¢-Ci9 aryloxy group having a CeCig
aryloxy group include a 3-phenoxyphenoxy group.
Examples of the C,-Cip acyl group optionally having a
C,-Cio alkoxy group include an acetyl group, a propionyl
group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl

10 group and a 4-methoxybenzylcarbonyl group.

Examples of the C;-C¢ alkylenedioxy group include a
methylenedioxy group and an ethylendioxy group.

Examples of the halogen atom include a fluorine atom
and a chlorine atom.

15 [0020]

Examples of the aryl group having a group selected
from Group 2 include a 4-chlorophenyl group, é 4-
methoxyphenyl group and a 3-phenoxyphenyl group.
[0021]

20 As to R', the heteroaryl group may be C4;—C;o heteroaryl
group which has at least one hetero atom such as a nitrogen
atom, an oxygen atom and a sulfur atom. The specific
examples of the heteroaryl group include a 2-pyridyl group,

a 3-pyridyl group, a 4-pyridyl group, a 2-furyl group, a 3-

25 furyl group, a 5-methyl-2-furyl group and 2-chloro-3-



[0017] 25As to RI, the aryl group may be C6-C20 aryl groups such WO

2011/ 162404PCT/ JP2011/ 064617 13 as a phenyl group, a 2-nethyl phenyl group,
a 4- net hywphenyis2gnoup, a 1-napht hyl group, a 2-napht hylpcgrezpi/asdia styryl
group. [0018] 5Exanples of the substituent which the aryl group may have
include a group selected fromthe foll ow rgg G oup 2: <G oup 2> a Cl1-C10

al koxy group optionally having a fluori néd ®at om or a Cl- C10 al koxy group;
10a C6-Cl10 aryl oxy group optionally having a Cl-Cl0 al koxy group; a C6-Cl0
aryl oxy group having a C6-Cl0 aryl oxy group; a C2_Cl0 acyl group optionally
having a Cl- ClO al ko gr oup; a Cl1-C6 al kyl enedi oxy group; 15a nitro group;
and a hal oddfr Htigmt [%’Eﬁ‘gT In the Goup 2, exanples of the Cl-Cl0

al koxy grou[poé)zpzt]l onally having a fluorine atomor a Cl-Cl0 al koxy group

Examples of the compound (1) include phenylglyoxal, 4-

chlorophenylglyoxal, 2-methylphenylglyoxal, 4-fluoro
5 phenylglyoxal, 2-methoxyphenylglyoxal, 2,4-
dichlorophenylglyoxal, 2-nitrophenylglyoxal, 2-

naphthylglyoxal, 2-pyridineglyoxylaldehyde, methylglyoxal,

ethylglyoxal, n-propylglyoxal, isopropylglyoxal,

cyclohexylglyoxal, 4- (methylthio)-2-oxo-1-butanal,
10 vinylglyoxal and styrylglyoxal.

As the compound (1), a commercially available product
may be used. And also the compound (1) can be synthesized
according to a known method, such as a method in which
ketoalcohol is oxygen oxidized in the presence of a metal

15 catalyst. Such method can be found in JP 2000-336055 A,
for example.
[0023]
The step of oxidizing an o-ketoaldehyde (hereinafter
sometimes referred to as "the present reaction") may be
20 carried out by mixing a base, carbon dioxide, an o-
ketoaldehyde and a compound represented by the formula (2-
1). The present reaction may be carried out in the
presence of carbon dioxide and a compound obtained by
bringing a base into contact with a compound represented by

25 the formula (2-1).



20 include a nmethoxy group, an ethoxy group, a propoxy group, an iSopropoxy
group, a butoxy group, an isobutoxy group, a sec-butoxy group, a

tert - but owg 2grioepi04a pentyl oxy group, a cycl opentyl oxy @coupotibaeronmet hoxy
group, a trifluoromethoxy group,a nethoxynmet hoxy group, an 25et hoxymet hoxy
group and a net hoxyet hoxy group. WO 201%/162404PCT/JP2011/064617 14
Exanpl es of the C6-Cl0 aryl oxy group optignally havi ng a Cl1-C o al koxy
group include a phenoxy group, a 2- nethyl phenoxy group, a 4-nethyl phenoxy
group and a 4- net hoxyphenoxy group. Exanpl es of the C6-Cl0 aryl oxy
gr oup haVi”ﬂyﬂgﬁﬁ'CIO aryl oxy group include a 3-phenoxyphenoxy group.
Exanpl es of C2_C10 acyl group optionally having a Cl-Cl0 al koxy group

i ncl ude an acety| grou a propionyl group, a benz %c rgpnyl raup,
4- et hyl benay! cAIHGHAIE BT ouphEndFCRRRIRE HESSEERSYFEar By gy baphala
Exanpl es of the Cl-C6 al kyl enedi oxy group include a nethylenediox% group
and an ethyP@ﬂdioQ@eEﬁh%%gter somek iMpFesedrTERE KA Gyert aSoMPPReRudé a
fluorine atomand a chlorine atom 15[0020] . Exanpl es of the aryl
group havi g Ja ffouE seleciial BT otpvent el uble @eacEhPefophenyl group,
a 4- net hoxyphenyl group and a 3-phenoxyphenyl group. [0021] 20As to Fkl,
t he hét eroar3A23roup may be C4-Cl10 heteroaryl group which has at |east one
het ero atom such as a ngtrogen4aton1 an oxygen atomand a sul fur atom The
speci fi c exanpl & ofotRe ded eRoatyl theodprimudlaude-d )2- psird dyl kgt odpour
3-pyridyl group, a 4-pyridyl group, a 2-furyl group, a 3- 25furyl group, a
5- et hyl - 2-dfay ybegrloupando2- damach&d C,-C;, alkyl groups such as a
methyl group, an ethyl group, a propyl dgroup, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group,

10 a tert-butyl group, a pentyl group and a decyl group; and
C3-Ci2 cycloalkyl groups such as a cyclopropyl group, a 2,2-
dimethylcyclopropyl group, a cyclopentyl group, a
cyclohexyl group and a menthyl group.

[0026]

15 Examples of the substituent which the alkyl group may
have include a group selected from the following Group 3:
<Group 3>
a Cg—Cio aryl group optionally having a C;-Cig alkoxy group;

a C;—-Cio alkoxy group optionally having a fluorine atom;

20 a benzyloxy group optionally having at 1least one group
selected from the group consisting of C;-C;p alkoxy group,
C1-Ci0 alkyl group and C-C;o aryloxy group;

a C¢Cio aryloxy group optionally having a C;-C;¢ alkoxy

group;

25 a Cg-Cipo aryloxy group optionally having a Ce¢-Cip aryloxy



WO 2011/ 162404PCT/ JP2011/ 064617 15 pyridi nyl group. [0022] Exanpl es
of the conmpound (1) include phenyl gl yoxal, 4-

chl or ophewgl2giyiozelt, 2- met hyl phenyl gl yoxal , 4-fl uoro PCT/JP2011/064617
5phenyl gl yoxal , 2- met hoxyphenyl gl yoxal , 2, 4- di chl or ophenyl gl yoxal ,

2-ni trophenyl gl yoxal , 2- napht hyl gl yoxal ,, _2- pyrldlneglyoxylaldehyde

nmet hyl gl yoxal , ethyl gl yoxal, n-propylgly&g i sopropyl gl yoxal ,
cycl ohexyl gl yoxal , 4- (net hyl t hi 0) - 2- oxo- 1- butanal, 10viny|g|yoxal and
styryl gl yoxal . As the conmpound (1), a commercially avail abl e product

may be used. And also the conpound (1) can be synthesized according to a
known net ho#f;°'¥ath as a nethod in which ketoal cohol is oxygen oxidized in
the presence of a nmetal 15catal yst. Such nmethod can_ be found in JP

2000- 336055 A 2-For aS¥EnfIt© Uy (Wztéionally PriELRg & Of Coxi ¥ 59RY HrPUP/
a- ket oal dehyde (hereinafter sonetines referred to as "the present
reaction") FeSABPROXPOIERALPi e@®ut by ni xi ng a base, carbon dioxide, an
aket oal dehyde and a compound represented by the fornula'(2- 1). The present
reaction mey beueain¢editeut in the presence of carbon dioxide and a
conpound obtained by bringing a base into contact with a conpound
represent edl®22bt he formula (2-1).
In the Group 3, examples of the CgC;p aryl group

optionally having a C;-Ci¢ alkoxy group include a phenyl

group, a naphthyl group, 4-methylphenyl group and 4-

methoxyphenyl group.

10 Examples of the C;-Cio alkoxy group optionally having a
fluorine atom include a methoxy group, an ethoxy group, a
propoxy dgroup, an 1isopropoxy group, a butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group
and a trifluoromethyloxy group.

15 Examples of the benzyloxy group optionally having at
least one group selected from the group consisting of C;-Cio
alkoxy group, C;-Cip alkyl group and CsCio aryloxy group
include a benzyloxy group, a 4-methylbenzyloxy group, a 4-
methoxybenzyloxy group and a 3-phenoxybenzyloxy group.

20 Examples of the C¢-Cip aryloxy group optionally having
a C;-Cip alkoxy group include a phenoxy dgroup, a 2-
methylphenoxy group, a 4-methylphenoxy group and a 4-
methoxyphenoxy group.

Examples of the Cg-Cip aryloxy group having a CeCio

25 aryloxy group include a 3-phenoxyphenoxy group.



WO 2011/ 162404PCT/ JP2011/ 064617 16 [0024] Hereinafter, the conpound
represented by the formula (2-1) (hereinafter sonetines referred to as a
conmpound W0-2011/1624041) ) for use in the present inventi onPC3/JHBEUNdoED.

5[ 0025] As to R3 and R4 in the formula (2-1), the al kyl group nay be
| i near or branched Cl1-Cl12 al kyl groups s %h as a nethyl group, an ethyl
group, a propyl group, an isopropyl groug, a butyl group, an isobutyl
group, a sec-butyl group, 10 a tert-butyl group, a pentyl group and a
decyl group; and C3-Cl2 cycl oal kyl groups such as a cycl opropyl group, a

2,2- dinmethylcycl opropyl grouyp, a, cyclopentyl group, .a cyclohexyl,group and
a menthyl gr oup.CE)‘f%@?]ﬁls 185%&& eCs2‘%¥° taﬁ‘eymsugﬁPPu@rﬁ)tt]\%{ag‘r]ryt ﬁég‘é}’%}l 4gr oup
may have include a_group selected fromthe followng Goup 3: <Goup 3> a
C6- C10 ar yIclgFémpaégﬂxbﬁnaHII%PFha\}PﬁéuSleClal’é:l@CﬁtW&xygﬁ?BHp; 3% RPIOB10 ¥l koxy
group optionally having a fluorine atom 20 a benzyloxi groug optionally
havi ng at |9¥#3tP.on@ gPelYdERReEbray If r 65PHRe gRoubH BDORBY SPERGYbFaLROTYH
al koxy group, C1-Cl10 al kyl group and C6-Cl0 aryl oxy group; a C6-Cl0 aryl oxy
group opti &Ry Havi Tiee tth IV vl ko Ry buhroPBa TEPENBO YL yIbBRYPgr dup
optionally having a C6-Cl0 aryloxy WD 2011/162404PCT/JP2011/ 064617
5 methylbenzoyl group, a 4-methylbenzoyl group and 4-
methoxybenzoyl group.
[0028]
Examples of the alkyl group having a group selected
from Group 3 include a fluoromethyl group, a
10 trifluoromethyl group, 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, a phenacyl group and a 2-carboxyethyl group.
15 [0029]
As to R® and R® in the formula (2-1), the aryl group
may be C¢Cio aryl groups such as a phenyl group, a 2-
methylphenyl group, a 4-methylphenyl group and a naphthyl
group.
20 Examples of the substituent which the aryl group may
have include a group selected from the above Group 2.
[0030]
Examples of the aryl group having a group selected

from Group 2 include a 4-chlorophenyl group and 4-

25 methoxyphenyl group.



17 group;
car boxy gr

phenyl group, a naphthyl group, 4-nethylphenyl group and 4- nethoxyphenyl
group. 1OExanples of the Cl1-Cl0 al koxy g

a C2_C10 acyl group optionally having a Cl1-Cl0 al koxy group;

a

oup; and a fluorine atom 5[0027] In the G oup 3, exanples
of the CowQR0uiamgd04gr oup optionally having a Cl-Cl0 al kexy/Jgroaupsdercl ude a

I
atominclude a net hoxy group, an ethoxy é oup, a propoxy group, an

i sopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group,

tert-butoxy group and a trifluoronethyl oxy group. 15Exanples of the

benzyl oxy

group consi

aryl oxy gr

met hoxybenzy! oxy!®yr bip dedmails. p

géf optionally having at | east one group selected fromthe
#ﬁb]of Cl-d o al koxy group, Cl-Cl10 al kyl group and C6-C10

up optionally having a fluorine

oup include a benzyIOXﬁégégup sa 4-methyl benzyl oxy group, a 4-

C6- C10 aryl oxy group optionally having a Cl-Cl0 al koxy group include a

phenoxy gr

met hoxyphenoxy group.

o, fare- anedhyd peehokydgosarboa 49 FRipy PphéRdRY g iV il &8 4-
Exanpl es of the C6-Cl0 aryl oxy group

havi ng a CesWst 2814 0)ar griougriond udd a-SHpNenorphendry ygr Bagingwoa
2011/ 162404PCT/ JP2011/ 064617 18 Exanpl es of the C2-Cl0 acyl group

optional | y idvdtnigfeent.  Exdriobgs gpduplienctiuvelantadetddoqprhgn droup
group, a benzyl carbonyl group, a 4-nethyl benzyl carbonyl group,
4- met hoxybenrylwder boayl gedoplevebermzmup,gr oap, ¥inylidene  group, a

pr opi onyl

10

15

20

25

cyclopentane-1,2-diyl group, a cyclohexane-1,2-diyl group
and an o-phenylene dgroup. Examples of the substituent
which the divalent hydrocarbon group may have include an
alkyl group optionally having a substituent and an aryl
group optionally having a substituent. Examples of the
substituent which the group of -CH=N- may have include an
alkyl group optionally having a substituent and an aryl
group optionally having a substituent. Examples of the
alkyl group include linear or branched C;-C;» alkyl groups
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 and a decyl
group; and Cs-Ci» cycloalkyl groups such as a cyclopropyl
group, a 2,2-dimethylcyclopropyl group, a cyclopentyl group,
a cyclohexyl group and a menthyl group. Examples of the
aryl group include Cg-Cig aryl groups such as a phenyl group,
a 2-methylphenyl group, a 4-methylphenyl group and a
naphthyl group.

[0032]

vbBRZINExR GG, COBRL I ahBPESEE t he

a

a



5net hyl benzoyl group, a 4-nethyl benzoyl group and 4- met hoxybenzoyl group.
[ 0028] Exanpl es of the al kyl group having a group sel ected

fr omG oup80nel wdewit| uor omet hyl group,a 10 trifl uor omet hpCTgPZUPD64a17

met hoxynet hyl group, an ethoxymethyl group, a nethoxyethyl group, a benzyl
group, a 4-fluorobenzyl group, a 4-nethyb enzyl group, a phenoxynet hyl
group, a 2-oxopropyl group, a 2-oxobutyl “group, a phenacyl group and a

2- car boxyet hyl group. 15[ 0029] As to R3 and R4 in the fornmula (2-1),
the aryl group may be C6-Cl0 aryl groups such as a phenyl group, a 2-

of the' substi {ucht BRI B TR B yrh GFbn R Hdve 4 ol ucks 67 bih SBPUEt ba

fromthe above C}Oﬁf'z' [ 0030] Exanpl es_of the aryl group havi ng a
group sel edt® Peont BoUp 25 neFareRed 4 snfer oph&Hyl er%{&?yaﬁ Ch.'as a
25met hoxyphenyl group. WO 2011/162404PCT/ JP2011/064617 19 [ 0031] I n

the fornul &¢%hy) IrBuRndaR4eHBY lcFfsiRe tHdRERYL t STPWPm andivaP&ErPYL
hydr ocar bon group optionally having a substituent or a group of -CH=N
optional | y fiefimg & Batipstgreiant . ExahpPledtpt gheudi val EAE-RYPEYdcErBYR  gr oup
i ncl ude an ethyl ene group, a vinylidene group, a cyclopentane-1, 2-diyl
group,da cyxlohekaretil 29dbyd, gt qupnnt anoepphanykehepgnoup. JEREPpRad of
t he substituent which the dival ent hydrocarbon group may have include an
a decyl group; and Cs-C;; cycloalkyl groups such as a
cyclopropyl group, a 2,2-dimethylcyclopropyl group, a
cyclopentyl group, a cyclohexyl group, a menthyl group and
an adamantyl group.
10 [0033]
Examples of the substituent which the alkyl group may
have include a group selected from the following Group 4:
<Group 4>
a Ce—Cyo aryl group optionally having a C;-Cipo alkoxy group:;
15 a C1—-Cip alkoxy group optionally having a fluorine atom;
a C;-Cy0 aralkyloxy group optionally having a C;-C;p alkoxy
group;
a C;-Cyp aralkyloxy group having a Ce—Cip aryloxy group;
a Cg-Cip aryloxy group optionally having a C;—-C;p alkoxy
20 group:;
a Cs—Cip aryloxy group having a Ce¢—Cio aryloxy group; and
a C,-Cio acyl group optionally having a C;-Cip alkoxy group.
[0034]

In the Group 4, examples of the C4-C;o aryl group

25 optionally having a C;-C;o alkoxy group include a phenyl



10al kyl group optionally having a substituent and an aryl group optionally
havi ng a substituent. Exanples of the substituent which the group of -CH=N
may have wochude24m al kyl group optionally having a subgCrieznt/oaety an aryl
group optionally having a substituent. Exanples of the 15 alkyl group

i nclude linear or branched Cl1-Cl12 al kyl foups such as a nethyl group, an
et hyl group, a propyl group, an isopropyf group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a pentyl group and a decyl
group; and C3-Cl12 cycl oal kyl groups such as a cyclopropyl 20 group, a

2, 2-di met hyl cycl opropyl grqup, a cycl opentyl _.qgr cycl ohexyl gro and
a ment hyl é?ﬁ%%? Efamﬁ%éighgirugﬁgaﬁ’gﬁihﬁ%?ﬁki%ﬁépg%-Cﬁﬁo%PyIa%&ou E such
as a phenyl group, .a 2-nethyl phenyl group, a 4-nethyl phenyl group and a
napht hyl gﬂﬁ%&oxzfaw IRRYE>011/ 162404PCT/ JP2011/ 064617 20 As to R2
and R5 in the formula (2-1), the al kyl group may be |inear_or branched

Cl-Cl2 al kyl gr GuFRsigsh ofs R anétinfho gHotxy it ¥MyPPHiovpL LR BROPYY @roup,
an isopropyl group, a butyl ?roup, an i sobutyl group, a sec-butyl group, 5
a tert-butyiluprdms atgeniprlgfeup, methaty pereyP, grbus t&ekYa TR gRoup
and C3-Cl12 cycl oal kyl groups such as a cycl opropyl group, a

2, 2- diSmet hpropolxapr opphprgr oap, isopyrsinspent gikogpeupa PuliYohexplbgr o, a

ment hyl group and an adamantyl group. 10[0033] Exanpl es of the
substi t uentiseiiudloxtyhegadbyl gr ospcnibyt diay e dinvsirudea a tgrdupuseizact @dofip om
the followng Goup 4. <Goup 4> a C6-010 aryl group optionally having a
Cl- C10 al kexyd @r dup;f it ogle tCh cd )k ayyougr oup optional |y having a fluorine
atom a C7-C20 aral kyl oxy group optionally having a Cl-Cl0 al koxy group; a
C7- C20 aral kyl ok agidwys havfi ngha C6,€1Q aayhdkylgrgupgroup op@ai&tal 9
aryl oxy group optionally having a Cl-Cl0 al koxy 20group;
having a C;—-Cio alkoxy group include a benzyloxy group, a 4-
10 methylbenzyloxy group and a 4-methoxybenzyloxy group.
Examples of the C;-Cyo aralkyloxy group having a Cg—Cio
aryloxy group include a 3-phenoxybenzyloxy group.
Examples of the Cs—-Cip aryloxy group optionally having
a C;-Cio alkoxy group include a phenoxy group, a 2-
15 methylphenoxy group, a 4-methylphenoxy group and a 4-
methoxyphenoxy group.
Examples of the Cg-Cio aryloxy group having a CsCio
aryloxy group include a 3-phenoxyphenoxy group.
Examples of the C,-Cio acyl group optionally having a
20 Ci1—Cio alkoxy group include an acetyl group, a propionyl
group, a benzylcarbonyl group, a 4-methylbenzylcarbonyl
group, a 4-methoxybenzylcarbonyl group, a benzoyl group, 2-
methylbenzoyl group, a 4-methylbenzoyl group and 4-
methoxybenzoyl group.

25 {0035]



a C6-C o aryloxy group having a C6-Cl0 aryl oxy group; and a C2_C o acyl
group optionally having a Cl-Cl0 al koxy group. [0034] In the
G oup 4, weammlwzef the C6-CLO aryl group 25opti onal | yPhauPrgl/ec4€lr C10

al koxy group include a phenyl WD 2011/162404PCT/JP2011/064617 21 group, a
napht hyl group, 4-nethyl phenyl group and %— met hoxyphenyl group.

Exanpl es of the Cl-Cl10 al koxy group optig ally having a fluorine atom

i ncl ude a nmet hoxy group, an ethoxy group, a 5 propoxy group, an isopropoxy
group, a butoxy group, an isobutoxy group, a sec-butoxy group, a

C7- G2 aral kyl o< GPOLES OBt it 1§ L Kibi A A TCI P Roxy GhouptActtde a
arou. ) Heb i dritnaes 'be”Z S r ﬁﬁggsabfv‘n;"é’%ﬂ%%g%%ﬁé' g
aryl oxy group include a 3- phenoxybenzylox rou? anpl es_of the
C6- C10 ar y| BQURyr cugpreorf Pyl hatvP - aad@e@w aPKBRp/ gﬂo@ﬁmﬁepeaéyak
phenoxy group, a 2- 15nethyl phenoxy group, a 4-nethyl phenoxy group and a 4-
met hoxypher@sQuRyr odpd- methylgﬁaﬁﬁﬂe§r@ﬁpbh@-@$39QﬁXWQ§®Nbr@E%uﬁavﬁné‘a
C6- C10 aryl oxy group include a 3-phenoxyphenoxy group. Exanples of the
C2_C10° acyloxprgprybtdorapl y2hexdpgtwl group and a phenacyl group.

[0036]

As to R? and R®> in the formula (2-1), the aryl group

may be C¢-Cyo aryl groups such as a phenyl group, a naphthyl

group, a 2-methylphenyl group, a 4-methylphenyl group, a

10 2,6-dimethylphenyl group, a 2,4,6-trimethylphenyl group and

a 2,6-diisopropylphenyl group.
[0037]

Examples of the substituent which the aryl group may
have include a group selected from the following Group 5:

15 <Group 5>
a Ci1—-Cio alkoxy group optionally having a fluorine atom or a
C:-Ci1o alkoxy group; and
a halogen atom.

[0038]

20 In the Group 5, examples of the C;-Cio alkoxy group
optionally having a fluorine atom or a C;-Cio alkoxy group
include a methoxy group, an ethoxy group, a propoxy dJgroup,
an isopropoxy group, a butoxy group, an isobutoxy group, a

sec-butoxy group, a tert-butoxy group, a pentyloxy group, a

25 cyclopentyloxy group, fluoromethoxy group, a



20 C1-Cl10 al koxy group include an acetyl group, a propionyl group, a
benzyl carbonyl group, a 4-nethyl benzyl carbonyl group, a

4- met hoxywenaylsadobonyl group, a benzoyl group, 2- net hypCharzoybesgroup, a
4- et hyl benzoyl group and 4- met hoxybenzoyl group. 25[0035] WO

2011/ 162404PCT/ JP2011/ 064617 22 ?ﬁples of the al kyl group having a
group selected from G oup 4 include a nefhoxynet hyl group, an ethoxynethyl
group, a methoxyethyl group, a benzyl group, 4-fluorobenzyl group, a

4- met hyl benzyl group, a phenoxynet hyl group, a 2- 5oxopropyl group,

2- oxobutyl qgr. and henacyl_group. and R5 in the
formila (2L e S ieoup GrepHse. 08- cz@e%wya%&aéysucﬁragpa ohefly|
group, a napht hyl ro , a 2-net en a 4-net hyl phenyl group, a
102, 6- di metSh Oﬁ%@ﬁsﬂ B oW ?‘Ky@pt %‘é‘?’gﬁﬁﬁ%’ﬁ%gﬁ‘?%p and a

2, 6- d||sopropylphenyl groug nEIes of the substituent
whi ch the aryi vé Pn&QkﬁQQ?gﬁEﬁ$ dBréefed o riofHa e 9 of ORI ng
G oup 5: 15<C}oup 5> a Cl Cl10 al koxy group optionally having a fluorine

atom or a GRACE) HHledneggradiy®- and a hal ogen atom [0038] 20In the Goup 5,

exanpl es of the Cl1-Cl0 al koxy group
5 [0039]

Examples of the aryl group having a group selected
from Group 5 include a 4-chlorophenyl group, a 4-
methoxyphenyl group and a 2, 6-dichlorophenyl group.
[0040]

10 In the formula (2-1), R* and R®> may combine together
to form a divalent hydrocarbon group optionally having a
substituent. Examples of the divalent hydrocarbon group
include polymethylene groups such as an ethylene group, a
trimethylene group and a tetramethylene group, a vinylidene

15 group, a cyclopentane-1,2-diyl group, a cyclohexane-1,2-
diyl group and an o-phenylene group. Examples of the
substituent which the divalent hydrocarbon group may have
include an alkyl group optionally having a substituent and
an aryl group optionally having a substituent. Examples of

20 the alkyl group include linear or branched C;-C;» alkyl
groups 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 and a
decyl group; and Cs3-C;, cycloalkyl groups such as a

25 cyclopropyl group, a 2,2-dimethylcyclopropyl group, a



optionally having a fluorine atomor a Cl-Cl0 al koxy group include a

met hoxy group, an et hoxy group, a propoxy group, an i Sopropoxy group, a
but oxy grwopptliar240dobut oxy group, a sec-butoxy group, aPCEIP2UDE%Y7 gr oup,
a pentyl oxy group, a 25cycl opentyl oxygroup, fl uoronet hoxygroup,a WO

2011/ 162404PCT/ JP2011/ 064617 23 trifluorg t hoxy group, a nmet hoxynet hoxy
group, an et hoxynet hoxy group and a net ho ggthoxy group. Exanpl es of
t he hal ogen atominclude a fluorine atomand a chlorine atom 5[ 0039]
Exanpl es of the aryl group having a group selected from Goup 5 include a
4- chl or ophenyl. gro a_4- nethox enyl group_and a, 2, 6-di chl or ophenyl

o oup. | L 00401 AT RHe RSt an 5V ontrvdn G Ry o R E R f e BREFRY o
form a dival ent hydrocarbon grqup optional havi ng a substituent. Exanples
of The i v Ao ¥R OEaF Bon GOuF AR JHRS HERG nbE Moot or TP e AUSE an
et hyl ene group, a trinethylene group and a tetranethyl ene group, a

vi nyl i dene aSdgr AIEPE GRIWpent andtat Y HRRAN Y} o%houRy c?cﬂﬁﬁ%ﬁ%ﬁépﬁ?éyldi yl
group and an o-phenyl ene group. Exanples of the substituent which the

di val ent hy@id8ar %ﬂQﬁé%?ﬁ%ﬂrﬁﬁ@PEﬂclude an al kyl group optionally
having a substituent and an aryl group optionally having a substituent.
Exanples of(000 % he al kyl group include |linear or branched Cl1-Cl12 al kyl
groups such as a nethyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl drouphe afoirmabat P-di euphea aeiprbutgpregenpedabyekt - bayyl
group, a pentyl group and a decyl group; and C3-Cl2 cycl oal kyl groups such
as a WO 20kl /HeR40A PG JP201 146646t hloride ion, a bromide ion and an

iodide ion; alkanesulfonate ions optionally having a

fluorine atom, such as a methanesulfonate and a
10 trifluoromethanesulfonate; acetate ions optionally having a
halogen atom, such as a trifluoroacetate and a

trichloroacetate; a nitrate ion; a ©perchlorate 1ion;
tetrahaloborate ions such as a tetrafluoroborate and a
tetrachloroborate; hexahalophosphate ions such as a
15 hexafluorophosphate; hexahaloantimonate 1ions such as a
hexafluoroantimonate and a hexachloroantimonate;
pentahalostannate ions such as a pentafluorostannate and a
pentachlorostannate; and tetraarylborate ion optionally
having a substituent, such as a tetraphenylborate, a
20 tetrakis (pentafluorophenyl)borate, a tetrakis|[3, 5~

bis{trifluoromethyl)phenyl]lborate.

[0042]
The compound (2-1) is preferably a compound
represented by the formula (2-2) (hereinafter sometimes

25 referred to as a compound (2-2)) or a compound represented



24 cycl opentyl group, a cyclohexyl group and a nenthyl group. Exanples of

the aryl group include C6-Cl0 aryl groups such as a phenyl group, a

2- met hyl phorgivgesmap, a 4- et hyl phenyl group and a naphhfluPzmoo@s1s[ 0041]

In the formula (2-1), the anion represented by X- nmay be halide ion such as

a chloride ion, a bromde ion and an i odi ge i on; al kanesul fonate ions

optionally haV| ng a fluorine atom such 43 a met hanesul fonate and a

10t ri fl uoronet hanesul fonate; acetate ions optionally having a hal ogen atom

such as a trifluoroacetate and a trichloroacetate; a nitrate ion; a

per chl oratgﬁ; trahal oborg e ions such as a tetrafluorgborate and a
or%ﬁ% $

tet rachl or PERAhAI bpRdspHEEE SigRd tedc P oRe Hmas, T dphOsphat e

hexahal oanti nonate i ons such as a hexafl uoroanti nonate and a

hexachl or o@ntGARARNE (et lahal B3t arivet B TIRLY stichPBROW Beht af | uor ost annat e

and a pent achl orostannate; and tetraaryl borate ion optionally having a

substituentl00d&kh as a tetraphenyl borate, a

20t et r aki s( pent af | uor ophenyl ) bor at e, at etraki s[ 3, 5-

bi s(trifl uoronmetfd ) presgntboraeetip0042% Tt chephownd( 2prpiferpldfver Bl y a

conpound represented by the formula (2-2) (hereinafter sonetines

25r ef € r ed ntiociagy atloonpoopdu@- 22 20r o d@mPounch rspFes erd Boon VWioxide

2011/ 162404PCT/ JP2011/ 064617 25 by the fornula (2-3) (hereinafter sonetines

referred t mms aasonpetkedog2deéhydenor eMgref epablfgrabdgppourite ( 2p2¢sent
reaction is carried out by mixing the compound (2-2), a
base, carbon dioxide and an o-ketoaldehyde. In addition,
the present reaction is carried out preferably in the

10 presence of carbon dioxide and a compound obtained by
bringing a base into contact with the compound (2-2) or (2-
3), more preferably in the presence of carbon dioxide and a
compound obtained by bringing a base into contact with the
compound (2-2).
15 Hereinafter, the compounds (2-2) and (2-3) will be

described.

(0044]

In the formulae (2-2) and (2-3)}, R? and Y mean the

same as defined in the formula (2-1). When Y is a group of
20 -N(R®)- in the formulae (2-2) and (2-3), R®° means the same
as defined in the formula (2-1). X~ means the same as

defined in the formula (2-1).
[0045]
In the formulae (2-2) and (2-3), Y is preferably a

25 group of -N(R°)-



[ 0043] The present reaction is carried out preferably by 5 mxing the
conpound (2-2) or (2-3), a base, carbon di oxi de and an a- ket oal dehyde.
pr ef er ablwQ 2bhieteptogsent reaction is carried out by m xi RgTURB1T0GMEOUN
(2-2), a base, carbon dioxide and an a-ketoal dehyde. In addition, the

pr esent

Mor e

reaction is carried out preferablﬁ in the 10 presence of carbon
di oxi de and a conpound obtai ned by bri ngiig
conmpound (2-2) or (2- 3),

a base into contact with the
nore preferably in the presence of carbon dioxide

and a conpound obtained by bringing a base into contact with the conpound
(2-2). 15Fb{qLﬂ§fter, t he conpounds (2-2) and (2-3) will be descri bed.
In the formulae (2-2) and (2-3), R2 and Y nmean the same as
defined in the fornula 2-1). When Y is a group of 20-N(R5)- in the
fornul ae (2-2) atd E2 eBFOIWEHﬁbaﬁ%‘%he d&mel isPRefPRERD| thete dlor AEPET

[ 0044]

(2-1). X

means the sanme as defined in the fornula (2-1). [0045]

In the formnieae] R2)angh®R(2xR)a bulky Werwr abl Yore2BgpEapabl vs NRR5ROdA
2011/ 162404PCT/ JP2011/ 064617 26 [ 0046]

10

15

20

25

R® are both a bulky group. R? and R®> may be the same group
or may be a different group from each other.
[0047]

As to R? and R®, examples of the bulky group include
C,—Ci; tertiary alkyl groups such as a tert-butyl group and
a tert-pentyl group; Cs-Cio cycloalkyl groups such as a
cyclopropyl group, a 2,2-dimethylcyclopropyl dgroup, a
cyclopentyl group, a cyclohexyl group, a menthyl group and
an adamantyl group; phenyl groups having substituents at
least on 2-position and 6-position, i.e. 2,6-disubstituted
phenyl group, such as a 2,6-dimethylphenyl group, a 2,6-
dichlorophenyl group, 2,4,6-trimethylphenyl group and 2, 6-

diisopropylphenyl group; and naphthyl groups having a C;—-Cig

alkyl group at 2-position, such as a 2-methylnaphthyl group.

As the substituent included in 2,6-disubstituted phenyl
group, a C;-Ci2 alkyl group and halogen atoms are
exemplified.

The bulky group is preferably a tert-butyl group, a
tert-pentyl group, a cyclohexyl group, an adamantyl group
or a 2,6-disubstituted phenyl group, more preferably a 2, 6-
disubstituted phenyl group, still more preferably a 2,6-

diisopropylphenyl group.

WO



In the fornmula (2-2), it is preferred that at |least one of R2 and R5 is a
bul ky group. Mre preferably, R2 and R5 are both a bul ky group. R2 and R5
may be thwo=zaneiegtoeup 5or nay be a different group frompeaamr2wmt/bewt7 [ 0047]
As to R2 and R5, exanples of the bulky group include C4-Cl12 tertiary alkyl
groups such as a tert-butyl group and a tert-pentyl group; C3-Cl10
cycl oal kyl groups such as a 10 cycloproﬁiﬁ group, a

2, 2-di met hyl cycl opropyl group, a cyclopentyl group, a cyclohexyl group, a
ment hyl group and an adamantyl group; phenyl groups having substituents at
| east on Z-ng%éLgn and 6-position, i.e. 2,6-disubstituted phenyl group,
such as a 2;6- t hyl phenyl group, a 2,6- 15 di chl orophenyl group,
2,4,6-trinethyl phenyl groyp and 2,6- djisopropyl phenyl group; and napht hyl
groups havi ng a-%f-é?o%alg% {h?n&P%Tugapdgrgﬂoﬁ?“%d%h-ﬁ% Ege formulae

2- met hyl napht hyl group. As the substituent included in 2,6-disubstituted
phenyl groubz,‘%) CIne122aPky| t§Podd Kad HAWY PR Bt oosl AReapoexekprnched
The bul ky group is preferably a tert-butyl group, a tert-pentyl group, a
cycl ohexyl @réup, 2dkYAdEaRBAPY| S§CBu@Sora dneliey Hi Gu®ari t ake@tpiéngirogivoup
nore preferably a 2,6- disubstituted phenyl group, still nore preferably a
2, 6- 25dii soprowpHyheaybugrouph MOROIAY 1 6 2404RCT/ aP20Ully D64ABIR7 [p0048]
As to R6 in the fornula (2-2) and R7 in the fornmulae (2-2) and (2-3), the
al kyl groupiselyubel | gmeap,ora beanchetyCl-g@kdiral kgl tgrdups: tstichgasup, met hyl
group, an ethyl group, 5 a propyl group, an isopropyl group, a butyl group,
an i sobut ylpgnioyp, geogecabdt §| dgeplipgrauper arBuCy+Cgr oyploa ljeit yirogpaup
and a decyl group; and C3-Cl0 cycl oal kyl groups such as a cycl opropyl
group, a 2,2uch neddylaydyefiroppydpydr odgoud,Cyal opentylimgtaypcyalopeopyaxyl
group and a 10nent hyl group. Exanples of the substituent which the alkyl
group may haveupnclaide: i gisumx wel eptdpd frem idielaese/ 1G oipup and  a

10 menthyl group.
Examples of the substituent which the alkyl group may
have include a group selected from the above Group 3.
Examples of the alkyl group having a group selected
from Group 3 include a fluoromethyl group, a
15 trifluoromethyl group, 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 dgroup, a 2-oxobutyl
group, a phenacyl group and a 2-carboxyethyl group.
20 [0049]
As to R® in the formula (2-2) and R’ in the formulae
(2-2) and (2-3), the aryl group may be Cs—Ci;p aryl groups
such as a phenyl group, a 2-methylphenyl group, a 4-
methylphenyl group and a naphthyl group.

25 Examples of the substituent which the aryl group may



Exanpl es of the al kyl group having a group sel ected

frona oup3i ncl udeaf | uor onet hyl group,a 15 trifluoronethyl group, a

met hoxymewbybiigwowp, an et hoxymet hyl group, a net hoxyet irgir/JJgrooupeseer benzy
group, a 4-fluorobenzyl group, a 4-nethyl benzyl group, a phenoxynet hyl
group, a 2-oxopropyl group, a 2- oxobutyl group, a phenacyl group and a

2- car boxyet hyl group. 20[ 0049] 8 R6 in the formula (2-2) and R7 in
the forrmulae (2-2) and (2-3), the aryI group may be C6-Cl0 aryl groups such
as a phenyl group, a 2-nethyl phenyl group, a 4- nethylphenyl group and a

ht hyl 25 | f the substituent h th WO
2011/ 162404B0H JRBOATT D64 G178 RaVE: Tt b '?Sakaoz% GEPLRFrom (o

above G oup 2. Exanpl es. of the ar p havin roup s
from Group 2 | ndPRRP - O oFdpiery oo ot e RS FEEPaup
5[ 0050] In the formula 2), R6 and. R7 may be bonded to each other

to forma ri%RP t &F&URer 2wi LRC &?Sonaat%n%h%%r%?%%y% hedF HR adtid ERanfiles of

such a ring include a cycl opentane ring, a cyclohexane ring and a benzene

ring. 10[ o0%Ijhoxyphenyl t®eo¥®Rr mul a (2-2), preferably, R6 and R7 are

i ndependently a hydrogen atom or an al kyl group optionally having a

substituent[OGidtle preferably, R6 and R7 are both a hydrogen atom 15[ 0052]

In the formulae (2-2) and (2-3), R5 and R7 may conblne together to forma

di val ent hydr ocairtbobhgr 6apmopti dﬁaIZI)y Rdviamg R'suewt iteudrendexahpl eschbf t he

di val ent hydrocarbon group include polynethyl ene groups such as an ethyl ene

20group, a dtheret hyl €oemgraaupiagd tegedthreamstityh energoouptamsvi thyl whéok

group, a cycl opentane-1,2-diyl group, a cycl ohexane-1,2-diyl group and an

0- phenyl eneciggpupat Exanpl es afxdmel ssibsbift uenictwhi eh thegdi vedehide a

hydr ocar bon group may have include an al kyl group optionally having a
cyclopentane ring, a cyclohexane ring and a benzene ring.

10 [0051]

In the formula (2-2), preferably, R® and R’ are
independently a hydrogen atom or an alkyl group optionally
having a substituent, more preferably, R® and R’ are both a
hydrogen atom.

15 [0052]

In the formulae (2-2) and (2-3), R®> and R’ may combine
together to form a divalent hydrocarbon group optionally
having a substituent. Examples of the divalent hydrocarbon
group include polymethylene groups such as an ethylene

20 group, a trimethylene group and a tetramethylene group, a
vinylidene group, a cyclopentane-1,2-diyl group, a
cyclohexane-1,2-diyl group and an o-phenylene group.
Examples of the substituent which the divalent hydrocarbon

group may have include an alkyl group optionally having a

25 substituent and an aryl dgroup optionally having a



25substituent and an aryl group optionally having a WO

2011/ 162404PCT/ JP2011/ 064617 29 substituent. Exanples of the al kyl group

i ncl ude Iwoearv/we4obr anched Cl-Cl2 al kyl groups such as acCEaPql/ogweoup, an
et hyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl § roup, a pentyl group and a decyl
group; and C3-Cl12 cycl oal kyl groups such®as a cycl opropyl group, a 2, 2-

di met hyl cycl opropyl group, a cyclopentyl group, a cycl ohexyl group and a
ment hyl group. Exanples of the aryl group include C6-Cl10 aryl groups such

as a phenyl grou a 102-peth L henyl , grou 4- et hyl phenyl .group and a
napht byl orouest Pty - Eany BRRaY; oBRTHbi S SrORRMYnBREAK, 425208 82
represents a carbon-carhon dgubhe bond. 15 0%5%% TFe specific
exanpl es of PXIRCRYApGuntiy 2225V n FLRIPSL, §UGP- t2F t SouPGFPHL dFSYRm an
chloride, 1,3-di-tertbutylimdazoliniumchloride,
1, 3-di cycl ohEXY i AFaHPol iUrPEPPYEi JECUP, 3-3ft cyEPBRERY i MIPRFol i B GHtYL
chloride, 1,3- 20di adamantylim dazolium chloride, 1,3-
diadanantylgﬁ@%ﬁﬂoﬁpnﬂﬁmhﬂﬂﬁ%iQﬁQUH433dﬁﬁﬁ€ﬁV¢Wﬁ(ﬂﬁﬂﬂﬁMﬂ@Cﬁ?éﬁT@@FYl
1, 3-di phenyl i m dazol i nium chl oride, 1,3-bis[(2,6-
di i sop?opyl 9priary| 13 meerzoy] ungebier i ded 1a3-desyl2, group; and C3-Ci:
di i sopropyl ) phenyl ]i m dazolinium chloride, 1,3-bis[(2,4,6-
25t ri met hyl §yhkesl §y i dazoinumsetdhor iede, a1, ydlapipul 6-group;, a 2,2-
dimethylcyclopropyl group, a cyclopentyl group, a
cyclohexyl group and a menthyl group. Examples of the aryl
group include C4—Cio aryl groups such as a phenyl group, a
10 2-methylphenyl group, a 4-methylphenyl group and a naphthyl
group.
[0053]

In the formula (2-2), C=—¢C preferably represents a

carbon-carbon double bond.
15 [0054]

The specific examples of the compound (2-2) include
1,3-di-tert-butylimidazolium chloride, 1,3-di-tert-
butylimidazolinium chloride, 1,3-dicyclohexylimidazolium
chloride, 1,3-dicyclohexylimidazolinium chloride, 1,3-

20 diadamantylimidazolium chloride, 1,3-
diadamantylimidazolinium chloride, 1,3-diphenylimidazolium
chloride, 1,3-diphenylimidazolinium chloride, 1,3-bis[ (2, 6-
diisopropyl)phenyl]limidazolium chloride, 1,3-bis[ (2, 6-
diisopropyl)phenyl]limidazolinium chloride, 1,3-bis[(2,4,6-

25 trimethyl)phenyl]imidazolium chloride, 1,3-bis[(2,4,6-



S

"'"'"'D.D.Q.U D.D."'"Q.D.D.O

2011/ 162404PCT/ JP2011/ 064617 30 trimet hyl)phenyl]i m dazolinium chloride,
imethyl-1, 3-bis[(2,4,6-trinmethyl)phenyl]imdazoliumchloride,

i metwoely/@2494s[ (2, 4, 6- trinmethyl)phenyl]im dazol i mcumarzhi/osdsctre,

i methyl-1, 3- 5bis[ (2, 6-diisopropyl)phenyl]im dazoliumchloride, 4,5-
hyl-1, 3- bIS[(2 6- di i sopropyl ) phenyl ]jm dazol i ni um chl ori de,

|chIoro 1, 3-bis[(2,6- dllsopropyl)pﬁ%%yl]lnldazollun1chlor|de

i chloro-1, 3- bis[(2,6-diisopropyl)phenyl]imdazoliniumchloride, 4,5-
henyl-1, 3-bis[ (2,4, 6-trimethyl)phenyl]imdazoliumchloride,

i phenyl1-1, 3-bi , 4, trinmet hen |n1dazoI|n|un1chIor|de

i f) uorwam%t%yi[éé?wﬁﬂ %@bﬁ?ag%ﬁ)ﬁ@ng LbitdEso t um enl ori de

i fluoro- 1 3-bis 6- 15d||sopro phen %lnldazollnlun1chlor|de
hyl -1, % bqiérp%éhzlalt?.%§w?)6h ngfr}mﬁitéa OPRERYEALBLAgeolium

hyl 1, 3 bis[(2,4,6-trinmeth phenyl ]i m dazol i ni um chl ori de,

1,3 bi s[(2 G P BRSO ) Hhangie n zb}?umélﬁl@rﬂdé 1, 3-

bi s[ (2, 6-dichl or)phenyl]im dazoliniumchloride, 1-tert-

20but yl - 3- phiehye tiny Hoploe vk éhiderdéiniumechlpgide, 34, pheapeithivdazelPini um
chl oride, 1-cyclohexyl-3-[(2,6- diisopropyl)phenyl]imdazoliumchloride,
1-cyc|bhexyu18L(%(QT@iﬁ$®§D@pEbyPhphEhyimidﬁdai@umnthhpchﬁgnideﬁ—

1- phenyl 3-[(2, 4, 6-trimethyl)phenyl]im dazolium chl ori de, 1-phenyl -

253-[ (2, 4, 6dime ey hyl ) pheny( | 2 pbddzdsoprapythpbengé ) ititlerbd inWam

2011/ 162404PCT/ JP2011/ 064617 31

butyl - 3-[ ( %16t i dopr opy+d phehytd+ ) Barosi ym 6kl ori de, 1-
tert-butyl-3-[(2, 6-diisopropyl)phenyl]imdazoliniumchloride,
1-tert-butydiBsdf2ody by pheh et iyl dphenylhi shdazebeymigcblaicleoro-1, 3-
l-tert-butyl- 3-

bis[ (2, 6-diisopropyl)phenyl]limidazolinium chloride, 4,5-

o- & =1

-h-h-b-b-hi—‘-bb-c}.-h-b-b

10 diphenyl-1,3-bis[ (2,4, 6-trimethyl)phenyl]limidazolium
chloride, 4,5-diphenyl-1,3-bis[(2,4,6~
trimethyl)phenyllimidazolinium chloride,
4,5-difluoro-1,3-bis[ (2, 6-diisopropyl)phenyl]imidazolium
chloride, 4,5-difluoro-1,3-bis[ (2, 6-

15 diisopropyl)phenyl]imidazolinium chloriae, 4-methyl-1,3-
bis[(2,4,6-trimethyl)phenyl]imidazolium chloride, 4-methyl-
1,3-bis[(2,4,6-trimethyl)phenyl]imidazolinium chloride,
1,3-bis[(2,6-dichlor)phenyl]imidazolium chloride, 1,3-
bis[ (2, 6-dichlor)phenyl]imidazolinium chloride, l-tert-

20 butyl-3-phenylimidazolium chloride, 1l-tert-butyl-3-
phenylimidazolinium chloride, l-cyclohexyl-3-[(2,6-
diisopropyl)phenyl]imidazolium chloride, l-cyclohexyl-3-
[(2,6-diisopropyl)phenyl]imidazolinium chloride, l-phenyl-
3-[(2,4,6-trimethyl)phenyl]imidazolium chloride, l-phenyl-

25 3-[(2,4,6-trimethyl)phenyl]imidazolinium chloride, 1l-tert-



5[(2,4,6-trinethyl)phenyl]imdazoliniumchloride, 3-(2,6-

di i sopropyl ) phenyl-4, 5-di net hyl t hi azol i um chl ori de, 3-

phenyl- 4 \sodonetsbioltt hi azol i um chl ori de, 3-benzylt hi azol ipaFJetiioné4der and
3-(2,4,6-trinethyl)phenyl-4,5- dinethylthiazoliun1ch|oride. 10[ 0055] The
speci fic exanples of the conpound (2-3) qclude
1, 4-di methyl-1H 1, 2, 4-tri azol - 4-i um chi orid 1,3, 4-
triphenyl-1H1,2,4-triazol-4-iumchloride and

6, 7- di hydr 02- pent af | uor opheny1-5H pyrrol o[ 2, 1-c] -1, 2, 4-triazolium

compounds A1 o ¢ e G4 B2 oR AL nfcul CoRpORAALL he. CORSFF Tl o by

"i odi de", bronld "met hanesul| f onat e" 20"tr|fluoronethanesulfonate
"nitrate", b?ﬁﬁcﬁﬂ?ﬁ%ﬂ%ﬁ[(Ztéﬁ?%&$%6¥%%%}b?%@nylié@%%@ﬁ?%FBBBWate"
"hexafluorophosphate" "hexaf | uor oanti nonate", "hexachl oroanti nonate",

" pent af | uordst g el - @$ﬁﬁﬂQﬁ%ﬂbr%sfé%n%{@* tetraphenylborate

25"t etraki s(pent af | uor ophenyl ) borate" or tetrak|s£3 5-

2011/ 162404RGHIRRON P IoEn6h I7impdar el v f ¢lybp bhee hy 7]éﬁéhyb]1§?ﬁat3€" are

exenplified. [0057] As the conmpound (2-1), a commercially

avai | abl e pi6hu&161naﬂmﬁtm$kkph¢mﬂlb@&nd@h@lt@n@®uﬂUlQQld¢,c&n(BeG—

5synt hesi zed according to the nethods described in J.

Or ganonet aldi ics Ghesp \Soph G0B] 49( 20@Dhethyl thiazolium chloride, 3-
phenyl-4,5-dimethylthiazolium chloride, 3-benzylthiazolium
chloride and 3-(2,4,6-trimethyl)phenyl-4,5-
dimethylthiazolium chloride.

10 [0055]

The specific examples of the compound (2-3) include
1,4-dimethyl-1H-1,2,4-triazol-4-ium chloride, 1,3,4-
triphenyl—1H41,2,4—triazol—4—ium chloride and 6, 7-dihydro-
2-pentafluorophenyl-5H-pyrrolo[2,1-c]-1,2,4-triazolium

15 chloride.

[0056]

In addition, as the compounds (2-2) and (2-3), the
compounds in which "chloride" of the above compounds is
substituted by "iodide", "bromide", "methanesulfonate",

20 "trifluoromethanesulfonate", "nitrate", "perchlorate”,
"tetrafluoroborate”™, "tetrachloroborate”,
"hexafluorophosphate", "hexafluorcantimonate”,
"hexachloroantimonate", "pentafluorostannate"”,

"pentachlorostannate", "“tetraphenylborate",

25 "tetrakis (pentafluorophenyl)borate” or "tetrakis[3, 5-



Organonetallic. Chem Soc., 73, 2784 (2008), or the like. [0058]

The anobunt of the conpound (2-1) to be used is 1l0Opreferably from0.001 to
0.5 nol, worelpefoer ably from0.01 to 0.3 nol per nol e etCTarkat/oaktehyde.

[ 0059] The base for use in the present reaction is preferably at

| east one base selected fromthe group c%%sisting of 15organi c bases,

al kali nmetal carbonates and al kaline earth netal carbonates. [0060]
Exanpl es of the organic bases include tertiary am ne such as triethylan ne,
trioctyl am ne, diisopropylethylam ne 20and 4-di nmet hyl am nopyri di ne;

ni trogen-cqntaj.ning alicyclic, C 0, na gy

b G azabitye] o By S e SO i P8ES: (ire spupdi 6152 o) - 5- decene;
nitrogen-co&hg%ﬂtng aromati ¢ conmpounds such as pyridine and i m dazol e; and
al kali neta xi de such as sodi um net hoxi de and sodi um 25et hoxi de. WD
2011/ 162404PCT/ JP2011/ 064617 33 Exanpl es of the al kali netal
carbonat es i ncl Jtfe sB@?unFBQPBBHQtef2§8qumQﬁ(ﬁﬁTﬂﬁ%ﬁh@liﬁtaggﬁﬁﬁ?ble

car bonat e,
product may be used. And also the compound (2-1) can be
5 synthesized according to the methods described in J.
Organometallic. Chem. Soc., 606, 49 (2000), J.
Organometallic. Chem. Soc., 73, 2784 (2008), or the like.
[0058]
The amount of the compound (2-1) to be wused is
10 preferably from 0.001 to 0.5 mol, more preferably from 0.01
to 0.3 mol per mole of o-ketoaldehyde.
[0059]
The base for use in the present reaction is preferably
at least one base selected from the group consisting of
15 organic bases, alkali metal carbonates and alkaline earth
metal carbonates.
[0060]
Examples of the organic bases include tertiary amine
such as triethylamine, trioctylamine, diisopropylethylamine
20 and 4-dimethylaminopyridine; nitrogen-containing alicyclic
compounds such as 1,8—diazabicyclo[5.4.0];7—undecene and
1,5,7-triazabicyclo[4,4,0]-5~-decene; nitrogen-containing
aromatic compounds such as pyridine and imidazole; and
alkali metal alkoxide such as sodium methoxide and sodium

25 ethoxide.



pot assi um bi carbonate, |ithium carbonate and |ithium bicarbonate. 5Exanpl es
of the alkaline earth netal carbonates include nagnesi um carbonate and

cal ci um caplonateet04 As the base for use in the pre®emtJPriafosson, the
organi c bases are nore preferable. [0061] 10The anpunt of the base to be
used is usually from0.001 to 3 nol, preggrably fromO0.001 to 0.5 nol, nore
preferably from0.01 to 0.3 nol per nol e 0of a-ketoal dehyde. [0062] The
carbon dioxide for use in the present reaction nmay 15 be in either form of
gaseous carbon dioxide, a solid carbon dioxide (i.e. dry ice) or
supercritical carbon dioxigde., The eous, carbon di oxi de.may ke dil.uted
with an inert g %‘%%esasoﬁiW%gae]rﬁa he R n(fa]gl?o?ﬁéeﬁaf'ﬁfﬁ%ug?o§?8éu{no be
used is 20 preferably one nole or. nore per nol e, of a-ketoal dehyde.

ATt hough { (RATRASEACS 1 180 GH™ (HECRARAM L% FOLSF+ HAT edRTPPRRECUstal | y 100
nmol or less fromthe viewpoint of productivity. [0063] 25The present
reaction mBP LS THIT iR DROFAFE hetl N YheCaXieP RS/ 382404 PEFRTIP2011/ 064617
34 presence of a solvent. There is no limt in selection of the
organi ¢ solBAgRrhdnate does not hi nder the present reaction. Exanples of the

sol vent include ether solvents such as tetrahydrofuran,
5 Examples of the alkaline earth metal carbonates

include magnesium carbonate and calcium carbonate.

As the base for use in the present reaction, the
organic bases are more preferable.
[0061]

10 The amount of the base to be used is usually from
0.001 to 3 mol, preferably from 0.001 to 0.5 mol, more
preferably from 0.01 to 0.3 mol per mole of a-ketocaldehyde.
[0062]

The carbon dioxide for use in the present reaction may

15 be in either form of gaseous carbon dioxide, a solid carbon
dioxide (i.e. dry ice) or supercritical carbon dioxide.
The gaseous carbon dioxide may be diluted with an inert gas
such as nitrogen.

The amount of the carbon dioxide to be wused 1is

20 preferably one mole or more per mole of oa-ketoaldehyde.
Although the upper 1limit of the amount is not limited, it
is usually 100 mol or 1less from the viewpoint of
productivity.

[0063]

25 The present reaction may be carried out further in the



5 nethyl-tert-butyl ether, cyclopentyl nethyl ether and diisopropyl ether;
ester solvents such as ethyl acetate and butyl acetate; aromatic sol vents
such as twbuengiéatvd chl or obenzene; nitrile solvents suclrCagrzoevemitril e
and propionitrile; and a m xture thereof. 10The anmount of the solvent to be
used is usually 100 parts by wei ght or Igis per part by weight of

aket oal dehyde, while this anmount is not IMmted. [0064] In the present
reaction, the order of blending the 15 reactants is not limted. In the
preferred enbodi nent, for exanple, a-ketoal dehyde, the conpound (2-1) and
carbon di oxi de, optional Ig sol vent are m xed, and then, a base is added
to the reSLﬁrtea%‘?n%x?ﬂrae. %ﬁY%mf’ﬁ xing is preferably carried out under an

at nosphere of an_inert,gas 20such as nitrogen. [006 The present
reaction may ben%téer?? ehgo{li’ nBer rlé‘dtf‘@élc?%l%uﬁ’g éle nodt A&l pr égéﬁfﬁé‘tor

i ncreased pressure. Preferably, the present reaction is carried out under
25nor mal  prigsstif e 9925 M ealeBdpF eddisr PTeSAP L012RT62204PCTHIPWRLAF 064617
35 [ 0066] A tenperature for the present reaction may vary dependi ng
on the ki ndBhEahoRmt BICHie copRtnO 1 venys apdckhesbhgerebygeChs&an  and
is preferably from-20 to 150C, 5 nore preferably fromO to 100C. Wen the

reaction t émpersturer isoutpplC oethegher cycheprexitydt i it toget | oBheat eapends
to beconme higher. When the reaction tenperature is 150C or |ower, the

oxi dat i on rdaictdrrrnh dehear résdeousolwenta hilgheasserbyli areyate0pode7]

Progress of the present reaction can be confirned by anal ytical neans such

as gas chr dmstygr eptetate gh-seoriat hanceol vepii g chuohat agr aphyuenhi nahdyer
chlorobenzene; nitrile solvents such as acetonitrile and
propionitrile; and a mixture thereof.

10 The amount of the solvent to be used is usually 100
parts by weight of less per part by weight of o-
ketoaldehyde, while this amount is not limited.

[0064]
In the present reaction, the order of blending the

15 reactants is not limited. 1In the preferred embodiment, for
example, o-ketoaldehyde, the compound (2-1) and carbon
dioxide, optionally a solvent are mixed, and then, a base
is added to the resultant mixture. This mixing 1is
preferably carried out under an atmosphere of an inert gas

20 such as nitrogen.

[0065]
The present reaction may be carried out under reduced
pressure or normal pressure or increased ©pressure.

Preferably, the present reaction 1is carried out under

25 normal pressure or increased pressure.



chr omat ogr aphy, nucl ei ¢ magneti cresonancespectrum 15anal ysis, or infrared

absorption spectrum anal ysis. [0068] After conpletion of the

reacti on,we-2ketfisesmnboxyl i c acid may be brought out by aPproemdup&@eéin which

the resultant reaction mxture is optionally neutralized with 20 m neral

acid such as sulfuric acid, hydrochloric3%cid or the Iike and then

concentrated and cooled. Alternatively, a-ketocarboxylic acid may be

brought out by a procedure in which an aqueous al kali solution such as

aqueous sodi um hydroxide is added to the resultant reaction m xture to

25pr epare ag%?ﬁgﬁous solution of an alkali salt of a- WO

2011/ 162404 2011/ 064617 36 ketocarboxylic acid, and then the resulting

aqueous al kalin s%%t sol ution if washed with a solvent inmmscible to water
al§ serp

and is then neut FRETHNY xt Tt e Qnd?bf st BFEFLLAD SFAY sBPVENt

imm scible to water g;g ?g?ester solvents such as eth acetate, and ether

|
sol vent s s4PeRding t kbOfly PRgt REPUNEL @ Tanfdtmt COPeWRA | M7 Sti BPE

solvent to be used is not limted. . The obtai ned a-ketocarboxylic
acid may belpurbasedtpy bE0disedd |andons egleferabinontayr aphyto 150°C,
crystallization or the |ike. [0069] According to the process of the

preserft i nvertd ompreimraixdanplissont hed f dld oidyCa- ket Bbanbokbiki crasttdsonan be
15 produced: benzoylform c acid, 4-chloro-benzoylformc acid,
2- met hyl benzoydmortmme acs d; 26T lawro-dienzoytHeorox tdacidn deaction rate
met hoxy- benzoyl form c acid, 2-nitro-benzoylform c acid,
2, 4- di chl orterizbnzioy| becpime &ciglher2- naphéhoyhtomAastagird, temperature is
aoxo- 2- pyri di neacetic acid, pyruvic acid, 2-oxobutanoic acid,

150°C or lower, the oxidation reaction can be carried out

with a higher selectivity.
10 [0067]
Progress of the present reaction can be confirmed by

analytical means such as gas chromatography, high-

performance liquid chromatography, thin-layer

chromatography, nucleic magnetic resonance spectrum
15 analysis, or infrared absorption spectrum analysis.

[0068]

After completion of the reaction, o-ketocarboxylic
acid may be Dbrought out by a procedure in which the
resultant reaction mixture is optionally neutralized with

20 mineral acid such as sulfuric acid, hydrochloric acid or
the like and then concentrated and cooled. Alternatively,
o—ketocarboxylic acid may be brought out by a procedure in
which an aqueous alkali solution such as agquecus sodium
hydroxide is added to the resultant reaction mixture to

25 prepare an aqueous solution of an alkali salt of o-



20 2-oxopentanoi c acid, 3-nethyl-2-oxobutanoic acid, a-oxocycl ohexaneacetic
aci d, 4-(nethylthio)-2-oxo-butanoic acid, 2-oxo-3-butenoic acid and

2- 0X0- 4- phenyi8249at enoi ¢ aci d. EXAVMPLES WO 2011/ 162402PTTP20R20M617064617
37 Hereinafter, the present invention will be described in nore
detail by way of Exanples. [0071] (Exanpl g 1) 5A 50 ml schrenck tube

equi pped with a nagnetic rotor was charg wi t h phenyl gl yoxal nonohydrate
(260 ng), 1,3- bis[(2,6-diisopropyl)phenyl]imdazoliumchloride (50 ng) and
t et rahydr of ur an (5 g) under a nitrogen atnnsphere and the resulting

mmumvwztwr Jeanmnl t 10t enperature of. the mxture in a
wat er bat h ktOBEPH Y ice £516 g%% t& heﬁﬁg&{ﬁ&pganaqgegus
di azabi cycl o[ 5, 4, 0] - 7- undecene (23 was further added thereto so as to

initiate tHe fELAs oﬁal‘énaoi%l?ﬁlxﬂﬁr é’%dstwlr%da 8P 1 YeRburEMAFCAPLBom
tenperature. At 30 minutes 15and 1 hour following the start of reaction,
dry ice (1% wadeddderdt ois héheBachehral kEafe, andpestinpatpd Appdfor
conpl etion of the reaction, the solvent was distilled off fromthe reaction
m xt ure tc>QﬁM$ﬁ&ﬂ%#§@¢40m1solld cont ai ni ng benzoyl formic acid. 20[0072]
Determ nation of Yield ~Methanol (5 g) was added to the obtained
yel | ow sol i d, arthe d0Wwéekabensstubilentof watieretay she yéstaromel ianéswas
further added thereto, to obtain nmethyl benzoylformate. 25A net hanol
sol uti on conich nang ettty lobd e et meahyll ether solvents such as methyl
tert-butyl ether. The amount of the immiscible solvent to
be used is not limited.
The obtained o-ketocarboxylic acid may be purified by
10 distillation, column chromatography, crystallization or the
like.
[0069]
According to the process of the present invention, for
example, the following a-ketocarboxylic acids <can be
15 produced: benzoylformic acid, 4-chloro-benzoylformic acid,
2-methylbenzoylformic acid, 4-fluoro-benzoylformic acid, 4-
methoxy-benzoylformic acid, 2-nitro-benzoylformic acid,
2,4-dichloro-benzoylformic acid, 2-naphthoylformic acid, o-
oxo-2-pyridineacetic acid, pyruvic acid, 2-oxobutanoic acid,
20 2-oxopentanoic acid, 3-methyl-2-oxobutanoic acid, oa-0oxo-

cyclohexaneacetic acid, 4-{methylthio)-2-oxo-butanoic acid,

2-oxo-3-butenocic acid and 2-oxo-4-phenyl-3-butenoic acid.

EXAMPLES

25 [0070]



WO 2011/ 162404PCT/ JP2011/ 064617 38 benzoyl formate was anal yzed with a gas
chromat ography internal standard nethod to determ ne the yield of nethyl
benzoyl f ovoaba/fee49mn phenyl gl yoxal . As a result, the yielPdTa®16864611 n ot her
wor ds, benzoylformi c acid was obtai ned 5from phenyl gl yoxal at a yield of
68% or nore. [0073] (Exanple 2) 3 100 M stainless-steel pressure
reaction tube equipped with a nagnetic rotor was charged with

10phenyl gl yoxal nonohydr at e(260ng), 1, 3-bi s[ (2, 6-

di i sopropyl ) phenyl]im dazoliumchloride (50 ng) and tetrahydrofuran (5 Q)

under a nitrogen, at nospher e, d the resultin 1 Xture coql ed i dr
e barh at | Jol TGS | BBY PG boPeabl i i o o T8 RgR were
15added to the cool ed nifture, t he_pressure reaction tube was seal ed. The
reacti on was® {9 &8F Gt t@y§w?¥r?%gﬁ¥?@9 @3ulting mixture for 2 hours at

60C. After conpletion of the reaction, the solvent was distilled off from
the reacti oPhikkture to obtain a yel |l ow solid containing 20benzoyl formc
acid. [0074] Determ nation of Yield Met hanol (5 g) was added to
t he obt ai ned%AM G ol i d, and a 10% hexane sol ution of

trimethyl silyldi azonet hane was 25further added thereto, to obtain nethyl
benzoyd formate. A 50 ml schrenck tube equipped with a magnetic rotor

was charged with phenylglyoxal monohydrate (260 mg), 1,3-
bis[(2,6-diisopropyl)phenyl]imidazolium chloride (50 mg)
and tetrahydrofuran (5 g) under a nitrogen atmosphere, and
the resulting mixture was stirred while maintaining the
10 temperature of the mixture in a water bath at 25°C. Dry
ice (1.0 g) was added to the mixture, and 1,8-
diazabicyclo[5,4,0]-7-undecene (23 mg) was further added
thereto so as to initiate the reaction, and the mixture was
stirred for 2 hours at a room temperature. At 30 minutes
15 and 1 hour following the start of reaction, dry ice (1 g)
was added to the reaction mixture, respectively. After
completion of the reaction, the solvent was distilled off
from the reaction mixture to obtain a vyellow solid
containing benzoylformic acid.
20 [0072]
Determination of Yield
Methanol (5 g) was added to the obtained yellow solid,
and a 10% hexane solution of trimethylsilyldiazomethane was
further added thereto, to obtain methyl benzoylformate.

25 A methanol solution containing the obtained methyl



WO 2011/ 162404PCT/ JP2011/ 064617 39 A net hanol sol ution containing the
obt ai ned net hyl benzoyl formate was anal yzed with a gas chronmat ography

i nt er nal woandaweksonet hod to determ ne the yield of nethpCThenaoyésbor nat e
from phenyl gl yoxal . As a result, the yield 5was 35% In other words,
benzoyl form c acid was obt ai ned fron1phe%é gl yoxal at a yield of 35% or
nore. [0075] (Exanple 3) O mM stainless-steel pressure
reaction tube 10equi pped with a magnetic rotor was charged with
phenylglyoxalnnnohydrate(ZOOng) 1, 3-bis[(2, 6-

di i sopropyl imdazoliumchloride (30.pg) and tetrahydrofuran

inder o n SRR %%%%%%rewasanaa%éﬂ%% PiFE o are WALYEBAFEHTPRYY dry
ice bath at. -7OC 15 After dr ce (2 g nd sodi bi carb )
were added TR LoRFRACRF s e hothe e ERrBE e at oy (AL GhoTELBNdY
The reactiqon was carried out by stirring the resulting mxture for 6_hours
at 60C. ;MWQﬁn%RﬁﬁﬁQﬁW%ﬁFo?r?%epP§8¥%96M°x?He SOtV et TR bi sERRI ¥dedff
fromthe 20reaction mxture to obtain a yellow solid containing
benzoyl f or &S aP8: [ GO7EILITRE eV Rr Aat i RGP YYiLergic acid was ON@?hﬁﬁél (5

g) was added to the obtained yellow solid, 25and a 10% hexane sol ution of
trimethyl siT50mirhemetthye<absat a yield of 68% or more.

[0073]
(Example 2)
A 100 ml stainless-steel ©pressure reaction tube
equipped with a magnetic rotor was charged with
10 phenylglyoxal monohydrate (260 mg), 1,3-bis[ (2, 6-
diisopropyl)phenyl]imidazolium chloride (50 mg) and
tetrahydrofuran (5 g) under a nitrogen atmosphere, and the
resulting mixture was cooled in a dry ice bath at -70°C.
After dry ice (2 g) and potassium carbonate (520 mg) were
15 added to the cooled mixture, the pressure reaction tube was
sealed. The reaction was carried out by stirring the
resulting mixture for 2 hours at 60°C. After completion of
the reaction, the solvent was distilled off from the
reaction mixture to obtain a yellow solid containing
20 benzoylformic acid.
[0074]
Determination of Yield
Methanol (5 g) was added to the obtained yellow solid,
and a 10% hexane solution of trimethylsilyldiazomethane was

25 further added thereto, to obtain methyl benzoylformate.



WO 2011/ 162404PCT/ JP2011/ 064617 40 further added thereto, to obtain nethyl
benzoyl formate. A nethanol solution containing the obtained nethyl benzoyl
formte va© 20naléywed With a gas chronmat ography internal peranziar/de4set hod t o
determine the yield of nethyl 5 benzoylformate from phenyl glyoxal. As a
result, the yield was 50% In other wordg benzoyl form c acid was obt ai ned
from phenyl gl yoxal at a yield of 50% or m)re [0077] (Exanple 4) 10A 50 ml
schrenck tube equipped with a magnetic rotor was charged w th phenyl gl yoxal
nonohydr at e (260 ny), 1 3 bis[ (2,4, 6-trinethyl )phenyl ]i m dazol i ni um
tetrafl uorqgbora 5 tetrahydrofuran ( er ;a |tro n

at m)sphere% anla E}Hén suﬁ qﬁ‘ngﬁrkt uFén&E%népgrre%ﬁ%m f%ﬁl& nt aIfl%fh}ﬁlt he
t enper at ure of t m xture in a water bath at ZSCDr 0 s added
to the mx TATRS A b, Y, 011 e i 25 e vabr FERY her
added thereto S0 as toinitiate the reactlon and the mxture was stirred
for 2 hour ¢7derRgl o?ﬁﬁréﬁir%’é‘?a{“ﬁFEO Ato RR BRI BRIt BRCaNdelohr PeFMBh ng
the start of reaction, dry ice (1 g).was added to the reaction m xture,
respect i velRENZaMIcho TS efilTQS'h Ibffelﬂﬁ%ghé%ﬂon Aghé Jaiskerit vidke dYseid ed
off fromthe reaction mxture to obtain a yellow solid containing

benzoyl f or Mag ati%d. 23poerdler WO RdHE,1/kena0ybErrnPe0 BTAig646s7 obtained

from phenylglyoxal at a yield of 35% or more.
[0075]
(Example 3)

A 100 ml stainless-steel pressure reaction tube

10 equipped with a magnetic rotor was charged with
phenylglyoxal monohydrate (200 mg) , 1,3-bis[(2,6-
diisopropyl)phenyl]imidazolium chloride (30 mg) and

tetrahydrofuran (5 g) under a nitrogen atmosphere, and the

resulting mixture was cooled in a dry ice bath at -70°C.
15 After dry ice (2 g) and sodium bicarbonate (50 mg) were

added to the cooled mixture, the pressure reaction tube was

sealed. The reaction was carried out by stirring the

resulting mixture for 6 hours at 60°C. After completion of

the reaction, the soclvent was distilled off from the
20 reaction mixture to obtain a yellow solid containing

benzoylformic acid.

[0076]

Determination of Yield

Methanol (5 g) was added to the obtained yellow solid,

25 and a 10% hexane solution of trimethylsilyldiazomethane was



41 Determ nation of Yield Met hanol (5 g) was added to the obtained
yel l ow solid, and a 10% hexane solution of trinethylsilyldiazonet hane was
further awOeditteetet o, to obtai n nmethyl benzoyl f or mat e. PCH/IR0TRDGIATOI
solution containing the obtai ned nethyl benzoylformte was anal yzed with a
gas chromat ography internal standard netQBd to determine the yield of

nmet hyl benzoyl formate from phenyl gl yoxal " "As a result, the yield was 9% In
ot her words, benzoylform c acid was obtai ned 10from phenyl gl yoxal at a
yield of 9% or nore.55% of phenyl gl yoxal used as the starting material was
recover ed. {ee

0Q79]  (Ex | e A 100 tainl esss
b essur o dHETEIT | GOECTsCHUFBELE" wi 1h higTet fetPdor PRAZSTAR BBAC i ¢ h
phenyl gl yoxal non drat e(260ny), 1, 3-bi .2,,6- .
BT Sopr ooyt phORSFE P dar st TR ehFREaSE8E ngiPand REa sty OFEFEKL (5 o
under a nitrogen atnosphere, and the resulting m xture was cooled in a dry
i ce bath atterARylIiognadq eWafy 3Rl 2eq) whit @ 9as chromatography
1, 8-di azabi cycl o[ 5, 4, 0] - 7-undecene (23 ) were added to the cool ed
m xture, tRAGHESSUreterdRIHoRCLhPE vta%ng@aqa@al.nerhéheeafclﬁ% asmehbriied
out by stirring the resulting mxture for 2 hours at 25C. After conpletion
of the readtargey titemadia ehtomaBhangiglveyadt f 25f rormetiel eakhe oiiaildt ure

to obtain a yellow solid WD 2011/162404PCT/JP2011/ 064617 42 contai ni ng
benzoyl f or Mas aed¥. [ G08GJther words, benzoylformic acid was obtained

from phenylglyoxal at a yield of 50% or more.
[0077]
(Example 4)

10 A 50 ml schrenck tube equipped with a magnetic rotor
was charged with phenylglyoxal monohydrate (260 mg), 1,3-
bis[(2,4,6-trimethyl)phenyl]imidazolinium tetrafluoroborate
(50 mg) and tetrahydrofuran (5 qg) under a nitrogen
atmosphere, and the resulting mixture was stirred while

15 maintaining the temperature of the mixture in a water bath
at 25°C. Dry ice (1.0 g) was added to the mixture, and
1,8-diazabicyclo[5,4,0]-7-undecene (23 mg) was further
added thereto so as to initiate the reaction, and the
mixture was stirred for 2 hours at a room temperature. At

20 30 minutes and 1 hour following the start of reaction, dry
ice (1 g) was added to the reaction mixture, respectively.
After completion of the reaction, the solvent was distilled
off from the reaction mixture to obtain a yellow solid
containing benzoylformic acid.

25 [0078]



Determ nation of Yield Methanol (5 g) was added to the obtained yell ow
solid, 5 and a 10% hexane solution of trinethylsilyldi azonet hane was
further awOdedivteetoet o, to obtain nethyl benzoyl f or mat e. PATAR2M#NGI1S Ol Ut i ON
cont ai ning the obtained nethyl benzoylformate was anal yzed with a gas
chromat ography i nternal standard mnet hod 49 determ ne the yield of nethyl
10benzoyl formate from phenyl gl yoxal. As a'result, the yield was 7% | n ot her
wor ds, benzoylform c acid was obtai ned from phenyl gl yoxal at a yield of 7%
or nore.45% of phenyl gl yoxal used as the starting material was recovered.
[0081] 15( l e 6), . 2100, mM stainless-steel pressure reaction tube
equi pped w %?%%Wﬁﬁ#ﬁﬁQ%:%%f%VQV%s charged wi th phenyl gl yoxal nonohydrate

(200 ny), 1,4-di hyl-1 , 2,4- triazol-4-iumiqodi de 5 and ..

t et r ahydr of ur an r{%tr@ynobgk%éerwaas rﬁ‘%ﬁ%%e‘f‘no aﬁ?ﬁ)s%ﬂ%?le?é‘inﬂen?%%wr 284t ng

m xture was cooled in a dry ice bath at -70C. After dry ice (2 and
triethyl amdi¥ @d %)h%@féfy RS 1P tCh’é %HP%EFIH%WL‘,L%%‘“%%@%%“
reaction tube was seal ed. The reaction was carried out by stirring the
resul ti ng AYWeE f 6AdehotireTre5at 66T, ORREM cBRPN¥L| PERFOYhECFRAEE} on,
the solvent was WO 2011/ 162404PCT/JP2011/ 064617 43 distilled off fromthe

reaction mi’t ukrethenebt aisPlartidn owcssltpdnédgt ai theg BER2dyeCor irethgid.

[ 0082] Determ nation of Yield 5Methanol (5 g) was added to the obtained
yel | ow sol ingnzoylformate was analyzed with a gas chromatography

internal standard method to determine the yield of methyl

benzoylformate from phenylglyoxal. As a result, the yield

was 9%. In other words, benzoylformic acid was obtained
10 from phenylglyoxal at a yield of 9% or more. 55% of

phenylglyoxal used as the starting material was recovered.

[0079]

(Example 5)

A 100 ml stainless-steel pressure reaction tube

15 equipped with a magnetic rotor was charged with
phenylglyoxal monohydrate (260 mg) , 1,3-bis[ (2,6~
diisopropyl)phenyl]imidazolinium chloride (50 mg) and

tetrahydrofuran (5 g) under a nitrogen atmosphere, and the
resulting mixture was cooled in a dry ice bath at -70°C.
20 After dry ice (2 g) and 1,8-diazabicyclo[b5,4,0]-7-undecene
(23 mg) were added to the cooled mixture, the pressure
reaction tube was sealed. The reaction was carried out by
stirring the resulting mixture for 2 hours at 25°C. After
completion of the reaction, the solvent was distilled off

25 from the reaction mixture to obtain a yellow solid



and a 10% hexane sol ution of trinethylsilyldiazonethane was further added
thereto, to obtain nethyl benzoylformate. A nethanol solution containing
t he obt aiweadometsbuph benzoyl formate was anal yzed with apgagruhi/oamtogr aphy
10 internal standard nethod to determne the yield of nmethyl benzoylformte
from phenyl gl yoxal . As a result, the yield was 25% In other words,
benzoyl form c acid was obtai ned from phenyl gl yoxal at a yield of 25% or
nore. [0083] 15(Exanple 7) A 100 m stainless-steel pressure reaction
t ube equi pped with a nmagnetic rotor was charged w th phenyl gl yoxal
nonohydr at e_ ( 200. ng%_g 6 7-dingro.— 2- 4
pent af | uoro% réth?/ & p?/?rl;%)?% ?T%‘f-i?ﬁ, 4-triazolium 20 tetrafl uoroborate
(27 mg) and (ﬁﬁ%ﬁﬁhydrofuran (3 g) under a nitrogen atnosphere, and the
resul ting m was cooled in a dry ice bath at -70C. After dry ice (2 Q)
and 1, 8- diazabic CI&5,4, 0] - 7-undecene (10 ng) were added to the cool ed
m xt ure, tl‘%efpﬁ'@égriﬁ et i bhetdbe was seal ed. The 25reaction was carried
out by stirring the resulting mxture WD 2011/162404PCT/JP2011/ 064617 44
for 6 hours at AfREhaneer (2o%pleds odddedt he FeacPPbaineAeYsdloEntonas,
distilled off fromthe reaction m xture to obtain a yellow solid containing
benzoy? f or md axi 0? [lDogape sBel et hvha®f ohrbheYhil gilyldipBpRahbBRNESWEF was
added to the obtained yellow solid, and a 10% hexane sol uti on of
tri met hyl si fyt ez omsideshethasetart hee addedin havediy,l t benbosil Gonrahyl
benzoyl formate. A nethanol solution containing the obtained nethyl 10
benzoyl f or mat emgdibaapadl yzeodlwiidn a gasteimdmat ogthphy dbttesimeal smabndaid
met hod to determne the yield of nethyl benzoylformate from phenyl gl yoxal .
As a resul therdwyVictmhvas &8 dmabyhed witlh, bengayl f ohrbnadoydaphy
obt ai ned from phenyl gl yoxal at a yield of 10% or nore. 15[0085] (Exanple 8)
A 100 M stiaitdesst sseehdprassidt@odeacd | @atéuhéneqithepedi atid hof neghelli c
rotor was charged with phenyl gl yoxal nonohydrate (200 ng), 3-(2, 6-

10 benzoylformate from phenylglyoxal. As a result, the yield

was 7%. In other words, benzoylformic acid was obtained
from phenylglyoxal at a vyield of 7% or more. 45% of

phenylglyoxal used as the starting material was recovered.
[0081]
15 (Example 6)

A 100 ml stainless—-steel pressure reaction tube
equipped with a magnetic rotor was charged with
phenylglyoxal monohydrate (200 mg), 1,4-dimethyl-1H-1,2,4-
triazol-4-ium iodide (25 mg) and tetrahydrofuran (3 g)

20 under a nitrogen atmosphere, and the resulting mixture was
cooled in a dry ice bath at -70°C. After dry ice (2 g) and
triethylamine (10 mg) were added to the cooled mixture, the
pressure reaction tube was sealed. The reaction was

carried out by stirring the resulting mixture for 6 hours

25 at 60°C. After completion of the reaction, the sleent was



20 dii sopropyl ) phenyl-4,5-di net hyl t hi azolium chl oride (21 ng) and
tetrahydrofuran (3 g) under a nitrogen atnosphere, and the resulting

m xture WO 2000l624i N a dry ice bath at -70C. After dryPCcerari@digj46emnd

1, 8-di azabi cycl o[ 5, 4, 0] - 7-undecene (11 ng) were added to the cool ed

m xture, the pressure 25reaction tube ma3 seal ed. The reaction was carried
out by WD 2011/162404PCT/JP2011/ 064617 g stirring the resulting m xture
for 6 hours at 60C. After conpletion of the reaction, the solvent was
distilled off fromthe reaction m xture to obtain a yellow solid containing

benzoyl form c ac'f. g& g8?% De% rmnatian _of .Yield NEthanoI was
AR Eeteshi il g e S G Sl s Sl ARG AL
trinethylsh%¥tﬂ§azonethane S fur% er added, thereto, to obtain nethyl
benzoyl f or 1A GRn b Wt HARTRE0Y ut PHR CoRt AP ni ng the obtai ned net hyl
benzoyl formate was anal yzed with a gas chromat ography internal standard
nmet hod to de}%d ne the yield of nmethyl benzoylformate from phenyl gl yoxal .
As a result, the yield was 9% In other words, benzoylform c acid was
obt ai ned 157gAHHEYIRR yokaliatda yield of 9% or nore. [0087] (Exanple 9)
A 100 M stainless-steel pressure reaction tube equipped with a magnetic
rotor Was char géteviiane Dot hyl iy oxad¢dsopgiha, gobpsned gellow solid,
di i sopropyl ) phenyl ]im dazoliumchloride (50 ng) and tetrahydrofuran (3 g)
under a nitaryen Hhosphere, sahdt ide eEsturinaghw xilyédhagonebhedei wag dry
ice bath at -70C. After dry ice (2 g) and
1, 8- di azabi byrctld 5, 4ddled/- thdeeéne 28¢ 1 bhipimemethgdedbénzohéfoonkéd.
m xture, the pressure
A methanol solution containing the obtained methyl
benzoylformate was analyzed with a gas chromatography
10 internal standard method to determine the yield of methyl
benzoylformate from phenylglyoxal. As a result, the yield
was 25%. In other words, benzoylformic acid was obtained
from phenylglyoxal at a yield of 25% or more.
[0083]
15 (Example 7)

A 100 ml stainless-steel ©pressure reaction tube
equipped with a magnetic rotor was charged with
phenylglyoxal monohydrate (200 mg), 6, 7-dihydro-2-
pentafluorophenyl-5H-pyrrolo[2,1,c]-1,2,4-triazolium

20 tetrafluoroborate (27 mg) and tetrahydrofuran (3 g) under a
nitrogen atmosphere, and the resulting mixture was cooled
in a dry ice bath at -70°C. After dry ice (2 g) and 1, 8-
diazabicyclo[5,4,0]-7-undecene (10 mg) were added to the

cooled mixture, the pressure reaction tube was sealed. The

25 reaction was carried out by stirring the resulting mixture



WO 2011/ 162404PCT/ JP2011/ 064617 46 reaction tube was seal ed. The reaction
was carried out by stirring the resulting mxture for 2 hours at 25C. After
conpl eti omoabittteesoneacti on, the sol vent was distilled ofPCTHPZIMI/MDIO1T €acti on
m xture to obtain a yellow solid 5containing pyruvic acid. [0088]

Determ nation of Yield Met hanol (5 ,g) was added to the obtained

yel l ow solid, and a 10% hexane sol ution 3% trimethylsilyldi azonet hane was
10 further added thereto, to obtain nmethyl pyruvate. A nethanol sol ution
cont ai ni ng the obtained nethyl pyruvate was anal yzed with a gas

chr omat ogr aphy inter nal stangarddgfthod to determ ne the gield,of met hyl

pyruvate fr e tRM T yakat O Gas il TomR Het {91 9f whke 288afhighnefhe
15words, pyruvic acid was, obt in d f om t hyl gl yoxal at a yi.eld of 2% or
Tor 6. | NDUSFRI VAN APPEFCABH B 1 Ty  FEOGTE 26FHRE pF BGerk T FivkRR | B Naiiisefhl as
a process faor produciégihthe a- ket ocar boxylic acids_which are_known as

useful conpRERID fryehl St hedi Rt hnine BeeparAfPHRL6f 2phdr maceuti cal s

and agrichem cals since the aketocarboxylic acids can be converted to
a-am no aci P84 25reductive amination. WO 2011/ 162404PCT/ JP2011/ 064617 47

5 Determination of Yield

Methanol (5 g) was added to the obtained yellow solid,
and a 10% hexane solution of trimethylsilyldiazomethane was
further added thereto, to obtain methyl benzoylformate.
A methanol solution containing the obtained methyl

10 benzoylformate was analyzed with a gas chromatography
internal standard method to determine the yield of methyl
benzoylformate from phenylglyoxal. As a result, the yield
was 10%. In other words, benzoylformic acid was obtained
from phenylglyoxal at a yield of 10% or more.

15 [0085]

(Example 8)

A 100 ml stainless-steel pressure reaction tube
equipped with a magnetic rotor was charged with
phenylglyoxal monohydrate (200 mg) , 3-(2,6-

20 diisopropyl)phenyl-4,5-dimethylthiazolium chloride (21 mg)
and tetrahydrofuran (3 g) under a nitrogen atmosphere, and
the resulting mixture was cooled in a dry ice bath at -70°C.
After dry ice {2 g) and 1,8-diazabicyclo[5,4,0]-7-undecene
(11 mg) were added to the cooled mixture, the pressure

25 reaction tube was sealed. The reaction was carried out by



CLAIMS 1. A process for producing an a-ketocarboxylic acid, conprising a
step of oxidizing an a-ketoal dehyde by m xi ng 5a base, carbon dioxide, the
a- ket oal dwbypda/med4a conpound represented by fornula (2PCrJIPRAI/NGE6Y | H X' (2
-1 ) R3R4 wherein R2 is an al kyl group optionally having a substituent or
an aryl group optionally having a substiydent; 10R3 and R4 are

i ndependently an al kyl group optionally having a substituent or an aryl
group optionally having a substituent, or R3 and R4 conbi ne together to
form a dival ent hydrocarbon group optionally having a substituent or a

f -CH=EN | ] .substit t: 15 Y S-
R S R L S

I pt | ] bsti t t 5 nmbi t ith
RA to.t or mAbRu O G %%E% ?%oaﬁtéi‘oaﬁp'%%%‘aﬂsvwﬁhg%% ahacutt ey
and 20X- is_an anion. he process according.to cIa|n11 erein tge
aketoaldehfﬁ?qs;EP%onB%%ﬂBl?%prﬂéé P& by °f oM 1)@ ow 'soll

2011/ 162404PCT/ JP2011/ 064617 48 0 0O
containing benzoylformic acid.

5 [0086]

Determination of Yield
Methanol (5 g) was added to the obtained yellow solid,
and a 10% hexane solution of trimethylsilyldiazomethane was
further added thereto, to obtain methyl benzoylformate.
10 A methanol solution <containing the obtained methyl
benzoylformate was analyzed with a gas chromatography
internal standard method to determine the yield of methyl

benzoylformate from phenylglyoxal. As a result, the yield

was 9%. In other words, benzoylformic acid was obtained
15 from phenylglyoxal at a yield of 9% or more.

[0087]

{Example 9)

A 100 ml stainless—-steel pressure reaction tube

equipped with a magnetic rotor was charged with

20 methylglyoxal (150 mg), 1,3-bis[ (2,6~
diisopropyl)phenyl]imidazolium chloride (50 mg) and
tetrahydrofuran (3 g) under a nitrogen atmosphere, and the
resulting mixture was cooled in a dry ice bath at -70°C.
After dry ice (2 g) and 1,8-diazabicyclo[5,4,0]-7-undecene

25 (11 mg) were added to the cooled mixture, the pressure



MI R1-CCHwerein (1) R is a hydrocarbon group optionally having a
substituent or a heteroaryl group optionally having a substituent,

andwher eiwot2ha/m240e@t ocar boxylic acid is a compound repr esearadi/bsacior nul a
(3): wherein RL neans the sane as defi ned above. 3. The process
according to claim1l or 2, wherein the cggpound represented by the formla
(2-1) is a conpound 10represented by formula (2-2): R2-Nr X X-(2-2) R6R7
wherein R2 and Y nean the sane as defined above;

reaction tube was sealed. The reaction was carried out by

stirring the resulting mixture for 2 hours at 25°C. After

completion of the reaction, the solvent was distilled off

from the reaction mixture to obtain a vyellow solid
5 containing pyruvic acid.

[0088]

Determination of Yield

Methanol (5 g} was added to the obtained yellow solid,

and a 10% hexane solution of trimethylsilyldiazomethane was
10 further added thereto, to obtain methyl pyruvate. A

methanol solution containing the obtained methyl pyruvate

was analyzed with a gas chromatography internal standard

method to determine the yield of methyl pyruvate from

methylglyoxal. As a result, the yield was 2%. In other
15 words, pyruvic acid was obtained from methylglyoxal at a

yield of 2% or more.

INDUSTRIAL APPLICABILITY
[0089]

20 The present invention is useful as a process for
producing the o-ketocarboxylic acids which are known as
useful compounds for an intermediate in the preparation of
pharmaceuticals and agrichemicals since the o-
ketocarboxylic acids can be converted to o-amino acids by

25 reductive amination.



R6 and R7 are independently a hydrogen atom an al kyl group optionally
havi ng a substituent or an aryl group optionally 15 having a substituent,

or R6 andwB2oarw249ended to each other to forma ring togerheriwédarcar bon
atons to which they attach, or R7 conbines together with R5 to forma
divalent WO 2011/162404PCT/ JP2011/06461%,49 hydrocarbon group optionally
havi ng a substituent; G --C represents a carbon-carbon single bond or a

car bon-car bon doubl e bond; and X- neans the sane as defined above, 5or a
conpound represented by fornmula (2-3): R2-14+ NX-(2-3) N=C R7 wherein R2
and Y nean the sane as defined above;CEAIP§ a hydrogen atom an al kyl group
optionally having a substituent or an aryl group optionally having a 10
substituent, or R7 conbines together with R5 to form a dival ent hydrocarbon
group optionally having a substituent; and

1. A process for producing an o-ketocarboxylic acid,
comprising a step of oxidizing an oa—-ketoaldehyde by mixing
5 a base, carbon dioxide, the o-ketoaldehyde and a compound

represented by formula (2-1):

R? N*—C——Y
H X (2-1)
R3 R4
wherein

R? is an alkyl group optionally having a substituent or an
aryl group optionally having a substituent;

10 R® and R* are independently an alkyl group optionally
having a substituent or an aryl group optionally having a
substituent, or R®? and R*! combine together to form a
divalent hydrocarbon group optionally having a substituent
or a group of -CH=N- optiocnally having a substituent;

15 Y is a group of -S- or -N(R’)-, in which R® is an alkyl
group optionally having a substituent or an aryl group
optionally having a substituent, or R®> combines together
with R* to form a divalent hydrocarbon group optionally
having a substituent; and

20 X" is an anion.

2. The process according to <c¢laim 1, wherein the o~

ketoaldehyde is a compound represented by formula (1):



X- nmeans the sane as defined above. 154. The process according to claim 3,
wherei n the conpound represented by the formula (2-1) is a conpound

repr esentwo 2by/tsbw4f ormul a (2-2). 5. The process accor diPag/Jpwithaicm 4,
wherein in the formula WD 2011/162404PCT/JP2011/ 064617 50

2, 6-disubstituted phenyl group, R6 and Rjgare both a hydrogen atom and C
bond. C represents a carbon-carbon doubl e 56. The process according to
claim1l1, wherein the base is at | east one base selected fromthe group
consi sting of organic bases, alkali netal carbonates and al kaline earth
metal carbonateg, 1@y. A process for producing an a-ketocarboxylic acid,

|| ™
Cc Cc

R1

wherein
R' is a hydrocarbon group optionally having a substituent

or a heteroaryl group optionally having a substituent,

and wherein the o-ketocarboxylic acid 1is a compound
5 represented by formula (3):
o 0]
|| 3)
R!'—C—C—OH

wherein R! means the same as defined above.

3. The process according to claim 1 or 2, wherein the

compound represented by the formula (2-1) 1s a compound

10 represented by formula (2-2):
T
C
w7 Oy X- (2-2)

R? and Y mean the same as defined above;

R® and R’ are independently a hydrogen atom, an alkyl group

optionally having a substituent or an aryl group optionally
15 having a substituent, or R® and R’ are bonded to each other

to form a ring together with carbon atoms to which they

attach, or R’ combines together with R® to form a divalent



conprising a step of oxidizing an a-ketoal dehyde in the presence of carbon
di oxi de and a conpound obtai ned by bringing a base into contact with a
conpound wepraseatoed by fornmula (2-1): R2-NC- Y | H X-(2 PCTOP01RBGRE17
15wherein R2 is an al kyl group optionally having a substituent or an aryl
group optionally having a substituent; R% and R4 are independently an al kyl
group optionally having a substituent or gn aryl group optionally having a
20substituent, or R3 and R4 conbine together to forma dival ent hydrocarbon
group optionally having a substituent or a group of -CH=N- optionally
having a substituent; Y is a group of.-S _or -N(R5)-, in which R5 is an
Byl Vo SoR e S8y bRARIHY S RAnt o P ShAFFERRavi ng
substituent .or.an aryl group optionally having a substituent, or RS

conbi nes t&%et * ORITEF SRE St 0P f 6RFPRNACRAPERt hiRF 6t aPBBA Goup GBEPSRal |y
having a substituent; and 5X- is an anion. 8. The process according to
claim7, wWEERM tHketbrdens@de is a conmpound represented by fornula

(1: 00 _
X~ means the same as defined above,

5 or a compound represented by formula (2-3):
|
C
2 Z
R X" (2—3)

\__/
\

R7
wherein

R? and Y mean the same as defined above;

R’ is a hydrogen atom, an alkyl group optionally having a

substituent or an aryl group optionally having a
10 substituent, or R’ combines together with R°® to form a

divalent hydrocarbon group optionally having a substituent;

and

X" means the same as defined above.

15 4. The process according to claim 3, wherein the compound
represented by the formula (2-1) is a compound represented

by the formula (2-2).

5. The process according to claim 4, wherein in the formula

20 (2-2) Y is a group of -N(R®)-, R? and R’ are independently a



111 R -C-CH wherein 10R is a hydrocarbon group optionally having a
substituent or a heteroaryl group optionally having a substituent, and
wher ei n twe 2atikeemgar boxylic acid is a conpound represerCedPryihHewtul a (3):
OO0IlIlIl R-CGCCOH wherein R neans the same as defined above. 15 9. The
process according to claim7 or 8, whereicn the conpound represented by the
formula (2-1) is a conmpound represented by formula (2-2): WO

2011/ 162404PCT/ JP2011/ 064617 52 HI C R2-N4"/ X

2,6-disubstituted phenyl group, R® and R’ are both a

hydrogen atom, and C——C represents a carbon-carbon double

bond.

5 6. The process according to claim 1, wherein the base is at
least one base selected from the group consisting of
organic bases, alkali metal carbonates and alkaline earth

metal carbonates.

10 7. A process for producing an o-ketocarboxylic acid,
comprising a step of oxidizing an o-ketoaldehyde in the
presence of carbon dioxide and a compound obtained by
bringing a base into contact with a compound represented by

formula (2-1):

R2 N*=—C——Y
H X (2—1)
R3 R4
15 wherein

R’ is an alkyl group optionally having a substituent or an

aryl group optionally having a substituent;

R® and R! are independently an alkyl group optionally

having a substituent or an aryl group optionally having a
20 substituent, or R® and R! combine together to form a

divalent hydrocarbon group opticnally having a substituent

or a group of -CH=N- optionally having a substituent;

Y is a group of -S- or -N(R’)-, in which R®> is an alkyl



YX -(2 - 2) \/ 6/c - ¢\ RR7 wherein R2 and Y nean the sane as defined
above; R6 and R7 are independently a hydrogen atom an al kyl group

opti onal Iwohau/mwgtoa substituent or an aryl group opti on2CIryPEhavésay a
substituent, or R6 and R7 are bonded to each other to forma ring together
wi th carbon atons to which they attach, Qn R7 conbi nes together with R6 to
form a dival ent hydrocarbon group optionally having a substituent; CC
represents a carbon-carbon single bond or a carbon- 10carbon doubl e bond,;
and X- nmeans the sane as defined above; or a conpound represented by

fornul a (Z_égéugﬁ %p%%bﬂa@lgx ngigé a substituent or an aryl group

optionally having a substituent, or R> combines together
with R!' to form a divalent hydrocarbon group optionally
having a substituent; and

5 X" is an anion.

8. The process according to <c¢laim 7, wherein the o-

ketoaldehyde is a compound represented by formula (1):

(0] (o]
| ™
R! Cc Cc H
wherein
10 R' is a hydrocarbon group optionally having a substituent

or a heteroaryl group optionally having a substituent,

and wherein the o-ketocarboxylic acid is a compound
represented by formula (3):

0] o]

I @)

Cc c

R OH
wherein R! means the same as defined above.

15
9. The process according to claim 7 or 8, wherein the
compound represented by the formula (2-1) 1is a compound

represented by formula (2-2):



\/ NCQ R7 wherein R2 and Y nean the sane as defined above; and 15R7 is a
hydr ogen atom an al kyl group optionally having a substituent or an aryl
group optwortaily24eavi ng a WO 2011/ 162404PCT/ JP2011/ 064@LT/IBD 18064617 t uent ,
or R7 conbines together with R5 to form a dival ent hydrocarbon group
optionally having a substituent; and X- ans the sane as defined above. 5
10. The process according to claim9, whefein the conpound represented by
the formula (2-1) is a conmpound represented by the fornmula (2-2). 1011. The
process according to claim10, wherein in the fornula (2-2) Y is a group of
-N(R5)-, R2 and R5 are independently a 2, 6-disubstituted phenyl group, R6
and R7 are both a drogen atom and C---C represents a carbon-carbon

doubl e bond. 15 12’.1rThe process according to claim7, wherein the base is
at | east one base ggelected fromthe group consisting of organic bases,

al kal'i met a,lqzﬁrNWaNe and al kaline earth netal carbonates.

\ / X (2—2)

/p———C
RS \R7
wherein

R? and Y mean the same as defined above;
R® and R’ are independently a hydrogen atom, an alkyl group
optionally having a substituent or an aryl group optionally

5 having a substituent, or R® and R’ are bonded to each other
to form a ring together with carbon atoms to which they
attach, or R’ combines together with R®> to form a divalent
hydrocarbon group optionally having a substituent;

10 carbon double bond; and

X" means the same as defined above;

or a compound represented by formula (2-3):

T

C

y
N7 Dy X" (2—3)

/

N—-=~C,

R7
wherein

R? and Y mean the same as defined above; and
15 R’ is a hydrogen atom, an alkyl group optionally having a

substituent or an aryl group optionally having a



10

15
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substituent, or R’ combines together with R®> to form a
divalent hydrocarbon group optionally having a substituent;
and

X~ means the same as defined above.

10. The process according to claim 9, wherein the compound
represented by the formula (2-1) is a compound represented

by the formula (2-2).

11. The process according to c¢laim 10, wherein in the
formula (2-2) Y 1is a group of —N(RS)—, R? and R® are
independently a 2,6-disubstituted phenyl group, R® and R’

are both a hydrogen atom, and C=——C represents a carbon-

carbon double bond.

12. The process according to claim 7, wherein the base is
at least one base selected from the group consisting of
organic bases, alkali metal carbonates and alkaline earth

metal carbonates.



