WD 2012/ 026619PCT/ JP2011/ 069964 1 DESCRI PTI ON PROCESS FOR PREPARI NG
SULFUR- CONTAI NI NG 2- KETOCARBOXYLATE COMPOUND 5 Technical Field [0001]

The presewd 20mveedibon rel ates to a process for prepari n@Ca/JP2011/069964

sul fur-cont ai ni ng 2- ket ocarboxyl ate conpound. 10 Background Art [0002]

It is known that sulfur-containing 2-ketpcarboxyl ate conpounds such as

4- met hyl t hi o- 2- oxobutyric acid are, for 15exanple, useful internediates for
prepari ng nmedi canents and agrochem cals. [0003] A conventional process
for preparing a sulfur-containing 2-ketocarboxylate conmpound is disclosed
in, for 20 exanple, Non-patent Doc particul ar, Table 4 thereof
di scl oses a process of oxidizing D%g%%?&%g%g)&4 (met hyl thio)butyric acid
with an enzynme to prepare 4- (nethylthio)-2-oxobutyric acid.

PROCESS FOR PREPARING SULFUR-CONTAINING 2-KETOCARBOXYLATE

COMPOUND
5
Technical Field
[0001]
The present invention relates to a process for
preparing a sulfur-containing 2-ketocarboxylate compound.
10
Background Art
[0002]
It is known that sulfur-containing 2-ketocarboxylate
compounds such as 4-methylthio-2-oxobutyric acid are, for
15 example, useful intermediates for preparing medicaments and
agrochemicals.
[0003]
A conventional process for preparing a sulfur-
containing 2-ketocarboxylate compound is disclosed in, for
20 example, Non-patent Document 1. In particular, Table 4

thereof discloses a process of oxidizing D-2-hydroxy-4-
(methylthio)butyric acid with an enzyme to prepare 4-

(methylthio)-2-oxobutyric acid.

25 (Prior Art Documents)



WO 2012/ 026619PCT/ JP2011/ 069964 2 [ 0004] Non- pat ent Docunment 1:
Appl i ed M crobi ol ogy and Bi ot echnol ogy, 1988, vol.28, p.433-439 5Sumary of
| nvent i orwQRetMs@al Probl em) [ 0005] I n the aboveP@EAPROANEIOY OCeSS,
it is necessary to use an enzyne as a reagent. On the other hand, the
purpose of 10 the present invention is Zo0 provide a novel process for
preparing a sul fur-containing 2-ketocarboxyl ate conpound w thout using any
enzyme. (Solution to Problem 15[ 0006] The present inventors have
extensively studied on the process of a sulfur-containing 2-ketocarboxylic
acid, and thgpsgonpl eted the present invention. [0007] 20Nanely, the
present inventions are as follows: [1] A process for preparing a

sul f ur - cont ai ni §gn, 25 KehpcarRxplte COMPOWRL, IGUIP! i i AGoB18168yOf and
oxi di zing a hydroxyacetate conpound having an optlonally-subst|¥uted

sulfur-conég&ggggnaﬁggggﬁgggg ar,8ypat %i@%%L%b@” in the 25presence of a

vanadi um conpoun ur-Eontai ni hg

5 Summary of Invention
(Technical Problem)
[0005]
In the above-mentioned process, it is necessary to use
an enzyme as a reagent. On the other hand, the purpose of
10 the present invention is to provide a novel process for
preparing a sulfur-containing 2-ketocarboxylate compound

without using any enzyme.

(Solution to Problem)
15 [0006]

The present inventors have extensively studied on the
process of a sulfur-containing 2-ketocarboxylic acid, and
then completed the present invention.

[0007]
20 Namely, the present inventions are as follows:

[1] A process for preparing a sulfur-containing 2-
ketocarboxylate compound comprising a step of oxidizing a
hydroxyacetate compound having an optionally-substituted
sulfur-containing hydrocarbon group at 2-position in the

25 presence of a vanadium compound. The sulfur-containing



WO 2012/ 026619PCT/ JP2011/ 069964 3 hydrocarbon group used herein nmeans a
group conprising sulfur, carbon and hydrogen atons. [ 2] The process
of [1] whwoebr/i2b|est ep of oxidi zing a hydroxyacetate ceopoerndi/b@véng an
optional |l y-substituted 5sul fur-containing hydrocarbon group at 2-position

is carried out in the presence of oxygem [3] The process of [1] or
[2] wherein the step of oxidizing a hydroxyacetate conpound havi ng an
optional |l y-substituted sul fur-containing hydrocarbon group at 2- 10position
is carried out in the presence of an organic solvent. [4] The
process of [ .3l uherehn §h6LPr AL E $RIEN headls | sasirone Amsnts Sel

fromthe g
aronatic s
vanadi um ¢
consi sting

conpound and a

of [1] to
optionally
a congound

10

15

20

ected

roup consisting of a ketone solvent, a nitrile solvent and an

oLyent, c%?b[yﬁ} aﬁﬁfhgﬁg%g;%% af @y one of [1] to [4] wherein the

onpound I's at |eas _ onpound sel ected fromthe group
of aﬁ&j}' V%r‘%” LLAdl up N
eént aval'eAt "vanadi um OI'TpOUﬂd. e process O
5% erein the hydroxyacetat e.conpound havi an .
bR Sl R TN e RG RGP Be ARSI S o ¢
of Formula (1): HRL-S -(CH2)n-C H1
sulfur—contagnéng hyé%oéarbgn ngggp é%4 2-position is
carried out in the presence of oxygen.

[3] The process of [1l] or [2] wherein the step of
oxidizing a hydroxyacetate compound having an optionally-
substituted sulfur-containing hydrocarbon group at 2-
position 1is carried out in the presence of an organic
solvent.

[4] The process of [3] wherein the organic solvent is

at least one solvent selected from the group consisting of

e S T

onis

a ketone solvent, a nitrile solvent and an aromatic solvent.

[5] The process of any one of [1l] to [4] wherein the
vanadium compound is at least one compound selected from
the group consisting of a trivalent vanadium compound, a
tetravalent vanadium compound and a pentavalent vanadium
compound.

[6] The process of any one of [1] to [5] wherein the
hydroxyacetate compound having an optionally-substituted
sulfur-containing hydrocarbon group at 2-position 1s a

compound of Formula (1):

H
R1-S—(CH2)n-—C|—COQH (1)
OH



WD 2012/ 026619PCT/ JP2011/ 069964 4 wherein Rl is an optionally-substituted
Cl- 12 al kyl group, or an optionally-substituted C3-12 cycl oal kyl group; and
nis an iwbegero2e6f19l to 4, and t he sul f ur - cearaPRI1NG69964

2- ket ocar boxyl ate conpound is a 5conmpound of Formula (2): R1-S -(CH2)n-C
-CO2H(2) O wherein R1L and n are as defingd above. [ 7] The process of
[6] wherein RL is nethyl group and n is 2. 10 (Effects of the Invention)

[ 0008] The present invention provides a novel process for
preparing a sul fur-containing 2- ketocarboxylate conpound 15w t hout using

any enzynewhggégglgpIQnggnE JTBNLYS iéﬂﬂgﬂltuted Cr1o alkGReiJIAEES .

present invention is explal ne |n 20d tall
or an optionally-substituted Cj;-;; cycloalkyl group; and n

is an integer of 1 to 4, and

the sulfur-containing 2-ketocarboxylate compound is a

5 compound of Formula (2):
R1—s—(CH2)n—|CI—COQH (2)
o)

wherein R! and n are as defined above.
[7] The process of [6] wherein R! is methyl group and
n is 2.
10
(Effects of the Invention)
[0008]
The present invention provides a novel process for
preparing a sulfur-containing 2-ketocarboxylate compound

15 without using any enzyme.

Description of Embodiments
[0009]
Hereinafter, the present invention is explained in
20 detail.
[0010]
The process for preparing a sulfur-containing 2-
ketocarboxylate compound of the present invention comprises

a step of oxidizing a hydroxyacetate compound having an



[ 0010] The process for preparing a sul fur-containing 2-

ket ocar boxyl ate conpound of the present invention conprises a step of
oxi di zi ngwe 2binesyacet at e conpound having an WO PCT/JP2011/069964
2012/ 026619PCT/ JP2011/ 069964 5 optional | y-substituted sul fur-containing
hydr ocar bon group at 2-position. Hereinafger, a hydroxyacetate conpound
havi nganopti onal | y- substi t ut edsul f ur-cont ai ni ng hydrocarbon group at
2-position is optionally referred to 5 as a sul fur-containing

hydr oxyacet at e conpound. The oxi dation of the sul fur-containing

hydrOxyaceagg]foﬁgﬂgugqbgﬁie%g)enagd1>mefc%{teéﬂiﬁﬂ@shyafoea%@ﬁt d ion.

In the present reaction, -CH - 1 n the sulfur-containing hydroxyacetate

conmpound i s, oxi dj - GO,y and y 10 - t al ni
hydroxyace?%teég%%%gﬁ%ﬁnis cg%verlggﬁ$%fb %%elﬁégﬁiggéﬁgﬁﬁgg]E%dmﬂghnd
sul fur-confai ning 2-ketocarboxyl ate canmpaound. 011] he o
squur-con?%YﬁPﬁg hyaPoxya8g a gaég Sgﬁégl%HEE%S sﬁq%ﬁgﬁxﬁﬂﬂﬁﬁﬁQﬁfg
hydr ocar bo roup conprises sulfur, carbon and hydrogen, atons, and the
yelr ogen BB SHEFEABG 3 het suPT BPSShAPH: i My iy O bt DoR COEBAR el be
substituted with an roup which is inert in the present reaction. 20The
sul f uP- contdi nPng SMIFECHBTRIGHAS AHRX et 4t Gt edCRBPFEF: cont &' ng
hydr ocar bon group w thout any double/nultiple bond or an unsaturated

sul f ur - con®AL AR REORY @FoddrD ot b BETC N E Al BHed oRYRBPEYEEEBRE ShGRIROYTD12]

25The saturated sul fur-containing hydrocarbon group may
is optionally referred to as the present reaction. In the

present reaction, -CH (OH) - in the sulfur-containing
hydroxyacetate compound is oxidized to -CO-, and thereby

10 the sulfur-containing hydroxyacetate compound is converted
into the correspondent sulfur-containing 2-ketocarboxylate
compound.

[0011]
In the sulfur-containing hydroxyacetate compound, the

15 sulfur-containing hydrocarbon group comprises sulfur,
carbon and hydrogen atoms, and the hydrogen atom included
in the sulfur-containing hydrocarbon group may Dbe
substituted with any group which is inert in the present
reaction.

20 The sulfur-containing hydrocarbon group may be a
saturated sulfur-containing hydrocarbon group without any
double/multiple bond or an unsaturated sulfur-containing
hydrocarbon group with one or more double bonds.

[0012]

25 The saturated sulfur-containing hydrocarbon group may



WO 2012/ 026619PCT/ JP2011/ 069964 6 be in a straight or branched chain form
or in a cyclic form Hereinafter, the straight or branched saturated

sul f ur - conbanmngsibydr ocarbon group is optionally referpretd/spmiascoscs

sul fur-cont ai ni ng saturated open-chain hydrocarbon group, 5 and the cyclic
saturated sul fur-containing hydrocarbon ggroup is optionally referred to as
a sul fur-containing saturated cyclic hydrocarbon group. [0013]

The sul fur-contai ning saturated open-chai n hydrocarbon 10group i ncl udes,
for exanple, nethylthionethyl group, ethylthionmethyl group,

ropyl t hi t hyl . {1, SORL.0 i l: ~gn, . Lernt-hu i I
grogz, 1- ne?%y??%?g é?h§|Bérgﬁ%ﬁggggﬁggﬁ§ﬁgﬁ?ﬁ?@fﬁiﬁkg%oﬁ%%h?quﬁhﬂx

(eoout 10 ORELDYVhAgEOUD, il UML) PLIY B BUReal o ater d LA Y )21 Y]

group, 2-(propy I'0) ét group, (1"Sopropy I 0)et group,
2-(tert-butylthio)ethyl .grou 1- (et hyl.t hi o) propyl, group,

> (et byl B BHBRGP BrebReeBeol, ERVRY oo PRt iR igrang terred to as a
3-(ethylthio)propyl group, 3- (propylthio)propyl. grou

3 (Fsopr oyt RE e EPBhI L GPEur HhF SRS 3o TRPrERRye h ST EPEBYPOBr S5 R 0014]
The sul fur-containing saturated cyclic hydrocarbon graqup includes, for
exanpPe, c§efopFBpyl EKFOAEL hyRTHFEEFS c§8@586f§PPﬁPgﬁéPﬂylh@Qﬁﬂfarbon
cycl opentyl t hi omet hyl group,_ 25cycl ohexyl thi omet hyl group, o

2- (net hyl t areyeycisp ongrldup, TeROTEFER/ H26639PCET/ ﬂﬂéé%lrrmrj@&nrmg

2- (et hyl t hi o) cycl obutyl group, 2-(nethylthio)cycl opentyl
saturated cyclic hydrocarbon group.

[0013]
The sulfur-containing saturated open-chain hydrocarbon
10 group includes, for example, methylthiomethyl group,
ethylthiomethyl group, propylthiomethyl group,
isopropylthiomethyl group, tert-butylthiomethyl group, 1-
(methylthio)ethyl group, 2-(methylthio)ethyl group, 1-
(ethylthio)ethyl group, 2-(ethylthio)ethyl group, 1-
15 (propylthio)ethyl group, 2—(pr§pylthio)ethyl group, 2-
(isopropylthio)ethyl group, 2-(tert-butylthio)ethyl group,
1- (methylthio)propyl group, 2-(methylthio)propyl group, 3-
(methylthio)propyl group, 3-(ethylthio)propyl group, 3-
(propylthio)propyl group, 3-(isopropylthio)propyl group and
20 2,3-(dimethylthio)propyl group.
[0014]
The sulfur-containing saturated cyclic hydrocarbon
group includes, for example, cyclopropylthiomethyl group,
cyclobutylthiomethyl group, cyclopentylthiomethyl group,

25 cyclohexylthiomethyl group, 2-(methylthio)cyclopropyl group,



group, 2- (et hyl t hi o) cycl ohexyl gr oup, 4-

(met hyl t hi o) cycl ohexyl group, 2- met hy1-4- (et hyl t hi o) cycl ohexyl group,

2, 4- (di mawbybidnizegieycl ohexyl 5group, 2-thiacycl ohexyl growpPaNd069964

4-t hi acycl ohexyl group. [0015] The sul fur-contai ni ng unsat ur at ed
hydr ocar bon group incl udes, forexanpl e, vinyl t hi onet hyl gr oup, 1-
(vinylthio)ethyl group, 2-(vinylthio)ethyl group,4- 10 nethylthio-I-butenyl
group, 4-methylthio-2-butenyl group, 2-nethylthiophenyl group,

3- et hyl t hi ophenyl group, 4- nethylthiophenyl group,

2- et hyl - 4 2 nmebhy lc
phenylth|o%gﬁﬁgyhgggﬁggggybl%Eggg%th?gfgghy zgyg%gmggﬂ?ﬁﬁ%nﬁﬁggﬁgaethyI

Cooneyl thi BTSRRI aroup” STERramyh G GRS TCRtMlony or s e

whi ch doss CRGETBb %?L?%ﬁ?é@%g%ﬁh e presenPLPBBEL i on | not ude TSt one.
having 1 1oe5rELFROR GYBNE s&xﬁ"°“%§h§%§%8rsa&et&y&&;§%da' SRRy owy
gL oUD, ! OB OB O 10U DHLYLLCL B2V L DML U, RS 0%
2012/026619PCT/JP2011/069964 8

[0015]

The sulfur-containing unsaturated hydrocarbon group

includes, for example, vinylthiomethyl group, 1-

(vinylthio)ethyl group, 2-(vinylthio)ethyl group, 4-

10 methylthio-l-butenyl group, 4-methylthio-2-butenyl group,
2-methylthiophenyl group, 3-methylthiophenyl group, 4-
methylthiophenyl group, 2-methyl-4-methylthiophenyl group,
2,4-(dimethylthio)phenyl group, phenylthiomethyl group, 1-
(phenylthio)ethyl group, 2~ (phenylthio)ethyl group,

15 benzylthiomethyl group, 1-(benzylthio)ethyl group, 2=
(benzylthio)ethyl group, 2-thienyl group, 3-thienyl group
and 2-methyl-3-thienyl group.

v[0016]
Examples of the inert substituent which does not

20 interfere with the present reaction include at least one
substituent selected from the following Group Pl:

an alkyloxy group having 1 to 12 carbon atoms such as
methoxy group, ethoxy group, propyloxy group, isopropyloxy

group, butyloxy group, isobutyloxy group, sec-butyloxy

25 group, tert-butyloxy group, pentyloxy group and hexyloxy



group; an aral kyl oxy group having 7 to 12 carbon atons such as

benzyl oxy group; a cycl oal kyl oxy group having 3 to 8 carbon atons
such 5asayol2oprmpsiboxygr oup, cycl obut yl oxygr oup, cycl operCyliexni/géoep and
cycl ohexyl oxy group; an aryloxy group having 6 to 12 carbon atons

such as phenoxy group, 2-nethyl phenoxy gy oup, 4-nethyl phenoxy group and

4- phenyl phenyl group; 10a perfluoroal kyl oxy group having 1 to 6 carbon
atons such as trifluoronethoxy group and pentafl uoroet hoxy group; an
optional |l y-substituted am no group (wherein the substituted am no group
has, for egggg%g, 1 to 12 carbon atons) such as am no group, mnethylam no
group, 15drnethyl am nogroup, benzyl am nogroup, tert- butoxycarbonyl am no

group and benzy&ﬁ%@&%&g&%@%&% OHQV'rin%yF AN 2EYL L OEOHP hauing, 2 0 12

carbon atons such as ac p,” propio group, butyryl group,

i sobutyryl grou al eryl group, isovaleryl group, pivaloyl group and
20benzoyl 6go§ﬁ$2yxoxy §ﬁ°§89|oxy group having 2 to 12 carbon atons such as

acetyl oxy group, propionyl oxy group, hutyryloxy, grgqu i sobut yryl ox roup,
val eryl oxy grouﬁ,gV§E9§Eé¥39§Xyg&Fﬁﬁb?”ﬁ¥V§1o IBgygggéﬁbogn&tﬁgﬁE6V¥%gy
group; and 25a hal ogen atom such as fluorine atomand chlorine atom WD
2012/ B26613PCT/ J ORFEFOE LY group, cyclobutyloxy group,

cyclopentyloxy group and cyclohexyloxy group;
an aryloxy group having 6 to 12 carbon atoms such as
phenoxy group, 2-methylphenoxy group, 4-methylphenoxy group
and 4-phenylphenyl group;
10 a perfluorocalkyloxy group having 1 to 6 carbon atoms
such as trifluoromethoxy group and pentafluoroethoxy group;
an optionally-substituted amino group (wherein the
substituted amino group has, for example, 1 to 12 carbon
atoms) such as amino group, methylamino group,
15 dimethylamino group, benzylamino group, tert-
butoxycarbonylamino group and benzyloxycarbonylamino group;
an acyl group having 2 to 12 carbon atoms such as
acetyl group, propionyl group, butyryl group, isobutyryl
group, valeryl group, isovaleryl group, pivaloyl group and
20 benzoyl group:
an acyloxy group having 2 to 12 carbon atoms such as
acetyloxy group, propionyloxy group, butyryloxy group,
isobutyryloxy group, valeryloxy group, isovaleryloxy group,
pivaloyloxy group and benzoyloxy group; and

25 a halogen atom such as fluorine atom and chlorine atom.



[ 0017] Anmong the above-defined Goup P, the al kyl oxy (al koxy) group
having 1 to 12 carbon atons and the aryl oxy group having 6 to 12 carbon

at omrs maywbeofunsher 5Ssubstituted with, for exanple, at pceastolon®9cs
substituent selected fromthe foll ow ng G oup P2: an al kyl oxy group
having 1 to 12 carbon atons such as net hpxy group, ethoxy group, propyloxy
group, isopropyloxy group, butyl oxy group, isobutyloxy group, sec-butyl oxy
10group, tert-butyloxy group, pentyloxy group and hexyl oxy group; an
aryl oxy group having 6 to 12 carbon atons such as phenoxy group,
2-nethy|ph@@@§y]group, 4- et hyl phenoxy group and 4-phenyl phenyl group; and
15a hal ogen atom such as fluorine atomand chlorine atom [0018]

Theopti onal | y- sulishbt Uasisul {weroaLallog budrocarben graup i ppefes abl y

an optionally-s tute ur-contai ningsatu hydrocar bon “gr oup; nor e

open. chai n RVEPBED: Boa B S iEnd evbrt aey e ivar ePaRry =08 2R Rttt e

of an opt BRAIPy- EREER urbd T 1320y GPORTRY] Hralib, BAA nbFs 4B eger

of 1 %O 4'sug%%%g%gégzggﬁ%EFT%%gzoé%égg g?4eﬁp least one substituent
selected from the following Group P2:

an alkyloxy group having 1 to 12 carbon atoms such as
methoxy group, ethoxy group, propyloxy group, isopropyloxy
group, butyloxy group, isobutyloxy group, sec-butyloxy

10 group, tert-butyloxy group, pentyloxy group and hexyloxy
group;

an aryloxy group having 6 to 12 carbon atoms such as
phenoxy group, 2-methylphenoxy group, 4-methylphenoxy group
and 4-phenylphenyl group; and

15 a halogen atom such as fluorine atom and chlorine atom.
[0018]

The optionally-substituted sulfur-containing
hydrocarbon group 1s preferably an optionally-substituted
sulfur-containing saturated hydrocarbon group; more

20 preferably an optionally-substituted sulfur-containing
saturated open-chain hydrocarbon group; and even more
preferably a group represented by R!-S-(CH,),— wherein R! is
an optionally-substituted Ci-12 alkyl group or an

optionally-substituted Cs.;; cycloalkyl group, and n is an

25 integer of 1 to 4.



[ 0019] In the above-defined R1-S-(CH2)n-, the Cl1-12 al kyl group
indicated in the definition of R includes, for exanple, nethyl group,

et hyl gromp,2or@pstb group, isopropyl group, 5butyl groupcTissmhubesvegr oup,
tert-butyl group and octyl group. The C3-12 cycl oal kyl group indicated in
the definition of R includes, for exanple, cyclopropyl group, cyclobutyl
group, cyclopentyl group and cycl ohexyl group. The substitutent used in the
definition of RI, i.e. in 10 "the optionally-substituted Cl1-12 al kyl group
and the optionally-substituted 03-12 cycl oal kyl group” includes, for
exanpl e, apphgjt substituent which does not interfere with the present
reaction. Preferably, the inert substituent may be at | east one sel ected

fromthe foll owng o] = - nyk_ uwp _hawi to a@%m]tons
such as phenylmggoﬁg? %Bﬁggh?ﬁéﬁnggoﬁp,gzgggﬁﬁiﬁyﬁhggé%ﬁmaﬁéQX? 2

met hyl phen 'd?EQEQa lee%%gnd%%ﬁ%h%ﬁ%ﬁgrgypRha@ﬂgidhéézlgofakggﬁgﬁkggs

such” as nmethoxy group, et hoxy ~group,” propyl oxy “group, '1’sopf opy

oroup. pertTaky " gRot arr ey PeRyPor onsrve Hodn Y aPREPBYY S mavi ng
favi ng 31 BUBV L aroEn oS COUCHL. Ve 9085/ GIBHrOREH Y P8 PP GOBR4 DEE L

cyel ohexy 65998y oup: Tre * 2 Lty i Wavi NBOALEECas dar boat o

such as phenox roup, 2-nethyl phenox roup, 4-nethyl phenox roup 5and
4-phenyIBh@ﬁ§¥gigi@DBPf Eﬂein%l%des,)%ék eﬁgmple, c%cgoprop¥lggrgﬁp,

cyclobutyl group, cyclopentyl group and cyclohexyl group.
The substitutent used in the definition of R', i.e. in
10 "the optionally-substituted Ci;_;» alkyl group and the
optionally-substituted Cs-1» cycloalkyl group" includes, for
example, an inert substituent which does not interfere with
the present reaction. Preferably, the inert substituent
may be at least one selected from the following Group P3:
15 an aryl group having 6 to 20 carbon atoms such as
phenyl group, 1l-naphthyl group, 2-naphthyl group and 4-
methylphenyl group;
an alkyloxy group having 1 to 12 carbon atoms such as
methoxy group, ethoxy group, propyloxy group, isopropyloxy
20 group, butyloxy group, isobutyloxy group, sec-butyloxy
group, tert-butyloxy group, pentyloxy group and hexyloxy
group;
an aralkyloxy group having 7 to 12 carbon atoms such
as benzyloxy group;

25 a cycloalkyloxy group having 3 to 8 carbon atoms such



a perfluoroal kyl oxy group having 1 to 6 carbon atons such as
trifluoronmethoxy group and pentafl uoroet hoxy group; an

opt i onal lyeoutraksdiat ed ami no group (wherein the substit prcedpzuri/negr oup
has, for exanple, 1 to 12 carbon 10at ons) suchasani nogroup, net hyl am nogr oup,
di met hyl am nogr oup, benzyl am nogr oup, t ertt7 but oxycar bonyl am no group and
benzyl oxycar bonyl am no group; an acyl group having 2 to 12 carbon
atons such as acetyl group, propionyl group, butyryl group, isobutyryl
15group, val eryl group, isovaleryl group, pivaloyl group and benzoyl group;

an acyl oxy,group | 19 G o2 carggguggons sgfglggu@§gg¥boxygﬁggﬁb,
i Sobutyry

pr opi onyl oxy group, butyryl oxy group, oxy group, ~val eryl oxy

, Lyal ayl I ; d
o hal ogen 7t BeanY 18P BroRRe a B, BT ek ey IR A g0y @ O "
Anong t he above-defingq G oup P3, the ar bon

atons, the alkyﬁgx?r?ap%gk§3(ﬁﬁ%u%aﬁk%%v¥kégaq¥§ €%¥%§$ngE§F§%%&%#&“%he
aryl oxy gro R havi ng 6 FZO%%/ 2%619PCT/%€2011/Q6%Q‘4 12 to 12 canpon
toms ey BECRHRY: PrARRa G TREHOPIGRARY) 87 4P| 20 Qe FETSHIY (TP
selected 1L o hMEnaRg EndnokyegroupyP P2 [002]
a perfluorocalkyloxy group having 1 to 6 carbon atoms
such as trifluoromethoxy group and pentaflﬁoroethoxy group:;
an optionally-substituted amino group (wherein the
substituted amino group has, for example, 1 to 12 carbon
10 atoms) such as amino group, methylamino group,
dimethylamino group, benzylamino group, tert-
butoxycarbonylamino group and benzyloxycarbonylamino group;
an acyl group having 2 to 12 carbon atoms such as
acetyl group, propionyl group, butyryl group, isobutyryl
15 group, valeryl group, isovaleryl group, pivaloyl group and
benzoyl group:;
an acyloxy group having 2 to 12 carbon atoms such as
acetyloxy group, propionyloxy group, butyryloxy group,
isobutyryloxy group, valeryloxy group, isovaleryloxy group,
20 pivaloyloxy group and benzoyloxy group; and
a halogen atom such as fluorine atom and chlorine atom.
[0020]
Among the above-defined Group P3, the aryl group

having 6 to 20 carbon atoms, the alkyloxy (alkoxy) group

25 having 1 to 12 carbon atoms and the aryloxy group having 6



5The substituted 01-12 al kyl group and the substituted 03_12 cycl oal kyl
group in Rl includes, for exanple, benzyl group, naphthal ene-I -yl nethyl
group, napA2ARYEE92-yl net hyl group, 4-nethyl benzyl gr oRpT/IP2011/069964

3, 4-di net hyl benzyl group, 4- nethoxybenzyl group, 3, 4-dinethoxybenzyl
group, 4- 10phenyl benzyl group, 4-phenoxybenzyl group, mnethoxynet hyl

gr oup, et hoxynet hyl group, i sopropyl oxynet hyl group,

but yl oxymet hyl gr oup, i sobut yl oxynet hyl gr oup, sec- butyl oxynmet hyl group,
tert-butyl oxynmet hyl, phenoxynethyl group, 2-nethyl phenoxynmethyl group,

4- met hyl pheaomneamsbnlé%ﬁgpméypB@ngh%tst&ytltugrwml%rphw lilp 168, 0 1-
(napht hal ene- 1-yl ) et hyl group, 1- (napht hal ene-2-yl) et hyl group,

1-(4-met hyhgageyb%@t Exbsgaguentls(e?zeéte@ LY Ipfee i ol £ iU Rs roup
1- (4- et hoxyphenyl ) et hyl group, 1-(3,4-di nmethoxyphenyl)ethyl group,

1-(4- pheny%ghenyl)ethyl 20 group, 1-(4-phenoxyphenyl)ethyl group,

2- (et hoxy) ef hyl group, 2-(ethoxy)ethyl group, 2-(isopropyloxy)ethyl group,
2- (butylox¥é8% % group, 2- (|sobutyloxy)ethyl group, 2- (sec-butyl oxy)ethyl
group, ut yl oxy) et hyl group, 2- (phenoxy) et hyl group,

%gﬁﬂ f??LL’QS?lﬂﬁé)e%}ﬁgﬂﬁf”M W0 255950 %@pfgﬁ?%éﬁéh%%&%ﬂf%d
0022
Opt 1 onal | yCaabaEy PUBER Kk £ eyt gRouAnIRE Tpr ofoF BRI BReal ™ B bup

having 1 to 4 carbon
group, naphthalene-l-ylmethyl group, naphthalene-2-ylmethyl

group, 4-methylbenzyl group, 3,4-dimethylbenzyl group, 4-
methoxybenzyl group, 3,4-dimethoxybenzyl group, 4-
10 phenylbenzyl group, 4-phenoxybenzyl group, methoxymethyl
group, ethoxymethyl group, isopropyloxymethyl group,
butyloxymethyl group, isobutyloxymethyl group, sec-
butyloxymethyl group, tert-butyloxymethyl, phenoxymethyl
group, 2-methylphenoxymethyl group, 4-methylphenoxymethyl
15 group, l-phenylethyl group, 2-phenylethyl group, 1-
(naphthalene-1-yl)ethyl group, 1-(naphthalene-2-yl)ethyl
group, l-(4-methylphenyl)ethyl group, 1-(3,4-
dimethylphenyl)ethyl group, 1-(4-methoxyphenyl)ethyl group,
1-(3,4-dimethoxyphenyl)ethyl group, 1-(4-phenylphenyl)ethyl
20 group, 1- (4-phenoxyphenyl)ethyl group, 2- (methoxy)ethyl
group, 2-(ethoxy)ethyl group, 2-(isopropyloxy)ethyl group,
2- (butyloxy)ethyl group, 2-(isobutyloxy)ethyl group, 2-
(sec-butyloxy)ethyl group, 2—(tert~butyloxy)ethyl group, 2-
(phenoxy)ethyl group, 2-(2-methylphenoxy)ethyl group, 2-(4-

25 methylphenoxy)ethyl group, 2-phenylcyclopropyl group and 4-



5atonms which may be optionally substituted with phenyl group;

and even nore

preferably nmethyl group. [0023] When the optionally-substituted
sul f ur - conbanmngsibydr ocar bon group at 2-position of thechydiaxya@eet at e
10conpound is represented by Rl--S-(CF12)n-, the hydroxyacetate conpound is

depicted as a conmpound of Formula (1): RIS - (CH2 )n- C- CO2H( 1) OH
wherein RL and n are as defined above. Herei nafter, the conpound of
Formula (1) is optionally referred to as 15Conpound (1). A preferred

exanpl e of the sul fur-containing hydroxyacetate conpound is Conpound (1).

[ 0024] rrodndnEd) 1 Bebu for exanple, 2-hydroxy-3-
met hyl thio rog? cach g g gutylthlo 2- 20hydr oxypr opi oni

3- benzylth| ydroxyproplonlc acid, 3-ethylthio-2-hydroxypr
2- hydr oxy- £

c acid,
opi oni ¢ aci d,

thylthlo)butyrlc aC|d 4- ethylthlo 2- hydr oxybutyric aC|d

2. hydr oxy- 5- { moyl EhEGTSERERIG: - hcPBE LUE: 3012 PBEE LECT Y RAO LI Do06B4 14

group; more preferably an alkyl group having 1 to

4 carbon

5 atoms which may be optionally substituted with phenyl

group; and even more preferably methyl group.

[0023]

When the optionally-substituted sulfur-containing

hydrocarbon group at 2-position of the hydroxyacetate

10 compound is represented by R'-S-(CHz)n—, the hydroxyacetate

compound is depicted as a compound of Formula (1):

H
R1—S—(CH2)n—?—COQH (1)
OH .
wherein R! and n are as defined above. Hereinafter, the

compound of Formula (1) 1is optionally referred to as

15 Compound (1). A preferred example of the sulfur-containing

hydroxyacetate compound is Compound (1).

[0024]

Compound (1) includes, for example, 2-hydroxy-3-

methylthiopropionic acid, 3-tert-butylthio-2-

20 hydroxypropionic acid, 3-benzylthio-2-hydroxypropionic acid,

3-ethylthio-2-hydroxypropionic acid, 2-hydroxy-4-

(methylthio)butyric acid, 4-ethylthio-2-hydroxybutyric acid,

2-hydroxy-4-propylthiobutyric acid, 4-benzylthio-2-

hydroxybutyric acid, 2-hydroxy-5-(methylthio)pentanoic acid,



5- (et hyl t hi 0) - 2- hydr oxypent anoi caci d, 2- hydr oxy- 5-

(propyl t hi o) pent anoi caci d, 5- (benzyl t hi 0) - 2-

hydr oxy pewbanmimeabd, 2- hydr oxy- 6- ( net hyl t hi 0) hexanoi ¢ aeicaJrP2011/069964

6- (et hyl t hi 0) - 2- hydr oxyhexanoi ¢ aci d, 2-hydroxy-6- 5(propylthio)hexanoic
acid, 6-(benzylthio)-2-hydroxyhexanoic acid and salts thereof.

Conmpound (1) nmay be conmercially avail able or nay be prepared according to
t he process described in, for exanple, JP-2006-109834 A. 10[ 0025]
Hereinafter, the step of oxidizing the sulfur-containing hydroxyacetate

cormpound i 5_exp},gh PRA,) LB-HBABLEGPEREALSAEE | ON, Jd1g sul Tury L0 ng
I e ul fur-

hydr oxyacetate conpound I's conve into the correspondent

< car i od gaeep £ ERE) PR AR <Oy "R Van28iitih compound. LOOLA F0THE T
{Fival ont D4HBHTHRFEORBBaRY, ACier ava BHCVATad IR INGoUHE dragiore ©
Phe. compounal dompFr EE T4 Lo BRGU ARPAE5APHERA o dvalBHee of THATIBHE

trivalent vanadi um conpound neans .t hat the conpound WO )
2012/ B26619PEIPYPEH19) b6EgRgic acid, 6-(benzylthio)-2-hydroxyhexanoic

acid and salts thereof.

Compound (1) may be commercially available or may be
prepared according to the process described in, for example,
JP-2006-109834 A.

10 [0025]

Hereinafter, the step of oxidizing the sulfur-
containing hydroxyacetate compound is explained. In the
present reaction, the sulfur-containing hydroxyacetate
compound 1is converted 1into the correspondent sulfur-

15 containing 2-ketocarboxylate compound.
[0026]

The present reaction is carried out in the presence of

a vanadium compound.
[0027]

20 The wvanadium compound includes, for example, a
divalent vanadium compound, a trivalent vanadium compound,
a tetravalent vanadium compound and a pentavalent wvanadium
compound. The divalent vanadium compound means that the
compound comprises a vanadium atom having a valence of two,

25 the trivalent vanadium compound means that the compound



15 conprises a vanadi um atom having a val ence of three, the tetraval ent
vanadi um conpound neans that the conpound conprises a vanadi um at om havi ng
a val encewofofamzsgi9and t he pentaval ent vanadi um conpoungcheana1/bévaés t he
conmpound 5conprises a vanadi um atom having a val ence of five. [0028]

The di val ent vanadi um conpound i ncl udes,14 or exanpl e, vanadi um oxi de (VO).
The trival ent vanadi um conpound i ncl udes, for exanple, 10vanadium (111)
havi ng acetyl acetonates as a ligand [e.g. vanadium (111)

tris(acetyl acetonate)]. The tetraval ent vanadi um conpound i ncl udes,

for exanpl gom@ﬂg@ga'aenxliamy&nagitum GoPoHNds RavidngAcst ylcﬁe@eoln@é)ﬁé as a

ligand [e. anadium (1V) 15 oxyacetyl acetonate], oxovanadi um

oxal at e, S I . di
br o[ ni t111 BORKFRELRDFT oS AEPPRRE; pESTBP RSOl TR | SR8 Fandhum RouR
The pent aval ent . vanadi um ¢ oung hnglgggs, f%%&%xa%p% f%%Qad%ﬁEiqgﬁpounds

(V) such a§0@85?5ﬁ§v3n383?§} m26-80ta Jitlith Vanaaat'e€“afd amvori tmVanadat e;
nmet avanadat e co unds uch as sodi um net avanadat e, tassi um
netavanadaP%?tﬁgg?ﬁﬂgnn§gh?aéngaﬁ8@BPBPg}rﬁﬁ??&xy%%ﬁiovgﬁﬁﬁiﬁﬁﬂRﬁqn%md
oxo(2-propano|ato)[2,6-pyridinedicarboxylato(2-{-N1,02,06,vanadiun1(\0.

25[ 0029] 9PFPH15#B28619PEF ¥B28EPM06956AT168 Valencs, &fefdliSy, the vanadi um
conmpound is at |east one conpound sel ected fromthe group consisting of

trival ent V8RA481 um conpounds, tetraval ent vanadi um conpounds and

pent aval ent vanadi um conpounds. Mre preferably, the
The divalent vanadium compound includes, for example,

vanadium oxide (VO).
The trivalent vanadium compound includes, for example,
10 vanadium (III) having acetylacetonates as a ligand [e.g.
vanadium (III) tris(acetylacetonate)].

The tetravalent vanadium compound includes, for
example, tetravalent oxyvanadium compounds having acetyl-
acetonates as a ligand [e.qg. vanadium (IV)

15 oxyacetylacetonate], oxovanadium (IV) oxalate, and [2,2'-
[1,2-ethanediyl bis[nitrilo-kN]methylidyne]]bis[phenolate-

kKO]]1 (2-) Joxovanadium (IV).
The pentavalent vanadium compound includes, for

example, vanadate compounds (V) such as sodium vanadate,

20 potassium vanadate and ammonium vanadate; metavanadate
compounds (V) such as sodium metavanadate, potassium
metavanadate, and ammonium metavanadate; trialkoxy-
oxovanadium (V): and oxo (2-propanoclato) [2, 6-pyridine-

dicarboxylato(2-)-N1,02,06]vanadium (V).

25 [0029]



5vanadi um conpound is at |east one conpound selected fromthe group
consisting of vanadium (111) tris(acetyl acetonate), oxovanadi um (IV)

oxal at e, wenath/u2me16! V) oxyacetyl acetonate, trial koxyoxoremgadzaamwgevds sodi um
nmet avanadate (V), potassium nmetavanadate (V), amoni um

10net avanadate(V),[2,2' -[1, 2-ethanedi ylbjg[nitril o-

KN] net hyl i dyne] ] bi s[ phenol at e- k0] ] (2-)] oxovanadi un(1V),

andoxo( 2- propanol at 0) [ 2, 6- pyri di nedi car boxyl at o( 2-) - N1, 02, 06] vanadi um
(V). Even nore preferably, the vanadi um conpound is at |east one conpound
selected fromt 5¢c L st naod 2' < ~£1 hanediy1bj Ltrddo-

KN] et hyl i dyne] Fg?gfgﬁgﬁ%ra?@?iq‘i (2-%%%x§vc{£‘?mpé’§lir§&n(?\%/),b¥ P& S
andoxo( 2-p t - pyricdinedi.car at =)z N1 02.06] v i (V).
0030] 20 mraRaaghd: Ut o A et s s i "B AT

on, for exanpl the _concentirati on,of the reaction,.m xture. The, anount is
preferablyvggﬁgiuﬂnlC8Ppﬁﬁpgsper%ft§gwagfnﬁhevgﬁﬁﬁﬁfghon9%3%%%?5 ané

hydroxyacetatg coggo nd& and.froma practjcal vi oint, it ould.te 0.5
25mol or | RERTPEALE ol VERERAUR. iBP2815F0266181¢F 4 ] Ba 17 0031]
5 vanadium compound is at least one compound selected from

the group consisting of vanadium (II1)

tris(acetylacetonate), oxovanadium (IV) oxalate, vanadium
(IV) oxyacetylacetonate, trialkoxyoxovanadium (V), sodium
metavanadate (V), potassium metavanadate (V), ammonium

10 metavanadate (V), [2,2"-[1,2-ethanediyl bis[nitrilo-
kKkN]methylidyne] ]bis[phenolate-x0]] (2-) J]oxovanadium (IV),
and oxo {(2-propanolato) [2, 6-pyridinedicarboxylato(2-) -
N1l,02,06]vanadium (V). Even more preferably, the wvanadium
compound is at least one compound selected from the group

15 consisting of [2,2'-[1,2-ethanediyl bis[nitrilo-
kKN]methylidyne] ]bis[phenolate-x0]] (2-) ]oxovanadium (IV),
and oxo (2-propanolato) [2, 6-pyridinedicarboxylato(2-) -
N1,02,06]vanadium (V).

[0030]

20 The amount of the vanadium compound used herein may
vary depending on, for example, the concentration of the
reaction mixture. The amount is preferably 0.001 mol or
more per 1 mol of the sulfur-containing hydroxyacetate
compound; and from a practical viewpoint, it should be 0.5

25 mol or less per 1 mol thereof.



Preferably, the present reaction is carried out in the presence of oxygen.
The oxygen used herein nay be oxygen gas which is 5 undiluted or diluted
wi th an iwenbixgassisuch as nitrogen, or oxygen fromthe acmgrtni/esded i on,
the oxygen fromthe air may be diluted with an inert gas such as nitrogen.
The ampbunt of oxygen used herein is prefierably 1 nol or nore per 1 nol of
t he sul fur-contai ning hydroxyacetate 10conpound, and there is no upper
limt thereof. [0032] Preferably, the present reaction is carried out
in the presence of an organic sol vent. The organic solvent is
at |east opgyspjvent selected 15fromthe group consisting of, for exanple,
Eﬁo Sel ;
a ketone solvent, a nitrile solvent and an aromatic sol vent. The ketone
sol vent include np , t hyl a . .
met hyl i sobut yl BrorebafigmLhe ﬁggégﬁgelﬁ?g%%})ﬁdgé %E%?qg%%%lte,m the
acetonitrile and grogionitrile. The aromatic 20 sol vent includes, for
exampl e, tBFTRARECxYT eRBYIE Nyl benzene and benzotrifluoride. Preferably,
the organic solvent is at |east ane splvent selected fromthe group.
consisting of atBtomXY%det BAflriteraHy Benzobfi fq)ﬁ/dﬁrbega‘?hew}gﬁ%olﬁntlsof t he
sol vent used herein is not limted 25to a particul ar anount, but fromthe
vi ewpdi nt %$d1¥wﬁ?@19FOQB%§§P@IW3P§0§T/689g§4gf§ FHChNESr P L& Greifdy, the
amount is preferably not nore than 100 parts by weight per 1 part by weight
of the sul ¢xygeonfaPni ﬁ@eh%ﬁoxyédbt%ﬁ%l%mfbou%fa@ powgsp from the adir

may be diluted with an inert gas such as nitrogen.
The amount of oxygen used herein is preferably 1 mol
or more per 1 mol of the sulfur-containing hydroxyacetate
10 compound, and there is no upper limit thereof.
[0032]
Preferably, the present reaction is carried out in the
presence of an organic solvent.
The organic solvent is at least one solvent selected
15 from the group consisting of, for example, a ketone solvent,
a nitrile solvent and an aromatic solvent. The ketone

solvent includes, for example, acetone, methylethylketone

and methylisobutylketone. The nitrile solvent includes,
for example, acetonitrile and propionitrile. The aromatic
20 solvent includes, for example, toluene, xylene,

ethylbenzene and benzotrifluoride. Preferably, the organic

solvent 1is at least one solvent selected from the group

consisting of acetone, acetonitrile and benzotrifluoride.
The amount of the solvent used herein i1s not limited

25 to a particular amount, but from the viewpoint of



5In the present reaction, the addition order of each reagent is not

limted. A preferred enbodi nent of the procedure includes, for exanple, a
pr ocedur evehhdn2eappri ses m xi ng the sul fur-containing gdnexyacedet e
conpound, an organi ¢ sol vent and a vanadi um conpound, and 10t hen m xi ng the
m xture and oxygen. [0034] The presgnt reaction nay be carried out
under a reduced pressure condition, a normal pressure condition or a
pressuri zed condition. Preferably, it is carried out 15 under a nornal
pressure condition or a pressurized condition; and nore preferably, it is

carried ougoyﬁgg%g%n%fp%cw,ur eneongdiddan. i%h%r@ 1iZedoeongdiftd on

is, for exanp (gauge pressure [ 0035] 20The reaction

t enper at ur ft p t actio r di . to as
t he concen??g?idgﬁ%f%%%ggku ?uﬁé%%ﬂ?g?ﬁfﬁg %y %ﬁgac tatgglggﬁpoéﬁdﬁﬂﬁ£1
cont ai ned inl%he_reagtlon niFtHre and the amount of, the vanadi um conpound.
The reacti dh tBhpePRLEFBIY 'K fﬁéyﬁgﬁég 5f COPPSHEFdably 0C 25t0 130C, nore
preferably §8%§§° 100C, further nore WO 2012/ 026619PCT/JP2011/069964 19
preferably[ o 80C, and even nore preferably roomtenperature (about
25C) to 55C. When the reaction tenperature is |ower than 0C, the present
reactPon tends &8 pHSceRBEEPB FeaRLod mhehe i AR PGt T 4Han©13RECH he
5sel ectivity rate of the present invention tends to decrease. [0036]

The reacti 82@antbel sioArtor EMbyednal yRi e iRt IRl s coborligsngascf the
chromat ogr aphy, hi gh performance |iquid chromatography, thin-|layer

chr omat ogrepagednuel earmveifrdi ¢ fOresoprsaRlepectdr uNPBEAGEYSFS, afdich

i nfrared absorption
comprises mixing the sulfur-containing hydroxyacetate

compound, an organic solvent and a vanadium compound, and
10 then mixing the mixture and oxygen.
[0034]
The present reaction may be carried out under a
reduced pressure condition, a normal pressure condition or
a pressurized condition. Preferably, it is carried out

15 under a normal pressure condition or a ©pressurized
condition; and more preferably, it is carried out under a
normal pressure condition. The pressurized condition is,
for example, 0.2 to 10 MPaG (gauge pressure).

[0035]

20 The reaction temperature of the present reaction may
vary depending on factors such as the concentration of the
sulfur-containing hydroxyacetate compound contained in the
reaction mixture and the amount of the wvanadium compound.
The reaction temperature is in the range of, preferably 0°C

25 to 130°C, more preferably 10°C to 100°C, further more



spectrum anal ysis. [0037] For exanpl e, the sulfur-containing

2- ket ocar boxyl ate conpound can be isolated as follows. After the reaction
is 15 cowpletxdesibhe resultant reaction mxture i s coneemtypzatiedsosend t he
m xture is optionally neutralized with mneral acids such as sulfuric acid
and hydrochl oric acid. Then, the m xture; gan be concentrated, cool ed, or

m xed wth, for exanple, acetone to isolate the sulfur-containing 2-
20ket ocar boxyl ate conpound as a solid.In case that the sul fur-containing
2- ket ocar boxyl ate conpound is a |ipophilic conpound, it may be isolated as

fol | ous. ﬁfﬁ:@%e&gﬁl?ea@@i’@”ﬂé g0 Rl et ety (R erullbant rELEELERY MEdhre 1S

mxed with a water-imm sci bl e sol vent, extracted, 25concentrated, and

cooled to %é@%g%gthgg sg%éggﬁgogga&?ingo_Vg%2$12/OQQQ;QPQE&%E§%%;£$§§964 20

2- ket ocar bo e conpo wat ef -i ni sci bl'e sol vent inc 0

exanpl e, ap _ester, solvent such as, et hyl..acet.ate an et her_.sal vent . such
as net hyl ESWP?BﬁFgfeefﬁ%rf?%?%ng?Poﬁ,C?hgjgﬂnﬂﬁ Q% Qtﬁg%%%ﬁgﬂiﬁﬁﬁ%%ible

5sol vent used herein is nat linited to a particular a nt. o~ INe

i sol ated shPf BFPESﬁ?‘aiSri'Oﬁf’ng- ng&c%r%*b‘?&lg‘ieléoﬁﬁSE}ﬁangg‘ﬁ“bel%ﬁ'fi by
met hods such_as distillation, colum chromatography and crystallization.
[0038P 10TRABLGFEAVIESNLETRI RG21RE BEESES Y FAVESHSBuUiEnds "to decrease.

[0036]

The reaction can be monitored by analytical methods
such as gas chromatography, high performance 1liquid
chromatography, thin-layer chromatography, nuclear magnetic

10 resonance spectrum analysis, and infrared absorption
spectrum analysis.
[0037]
For example, the sulfur-containing 2-ketocarboxylate
compound can be isolated as follows. After the reaction is
15 completed, the resultant reaction mixture is concentrated,
and the mixture is optionally neutralized with mineral
acids such as sulfuric acid and hydrochloric acid. Then,
the mixture can be concentrated, cooled, or mixed with, for

example, acetone to isolate the sulfur-containing 2-

20 ketocarboxylate compound as a solid. In case that the
sulfur-containing 2-ketocarboxylate compound is a
lipophilic compound, it may be isolated as follows. After

the reaction is completed, the resultant reaction mixture
is mixed with a water-immiscible solvent, extracted,

25 concentrated, and cooled to isolate the sulfur-containing



prepared by the above-nenti oned process has an optionally-substituted
sul fur-contai ni ng hydrocarbon group. The optionally-substituted

sul f ur - conbanmngs1bydr ocar bon group in the sul fur-cont aiPiTg2011/069964

2- ket ocar boxyl ate conpound is the 15same as that of the above-nenti oned
sul fur-contai ni ng hydroxyacetate conmpoungly Thesul fur-contai ni ng

2- ket ocar boxyl at econpound i ncl udes, for exanple,

3- et hyl t hi o- 2- oxopropi oni ¢ acid, 3-
tert-butylthio-2-oxopropionicacid, 3-benzylthi o-2- 20 oxopropionic acid,

3-ethyl thig- 'e‘B?SQEEBBE(. mgeeag&&nﬁ&mcﬁmt hyi i Q-ﬁigggx%mx&slgcis%lvent

4- et hyl t hi o- 2- oxobutyric aci 0XO0- 4- propyl t utyric aci

&-benzyl thi pe2u8ugbut yolo el & MeLVILNLG: 2:0%08AR apgig aelderpyy,

5-(ethylthio o%opent anol ¢ ‘acid, -oxo-g-(propy hi o) pent anoi
25(benzyl t hi 0) - 2- oxopent anoi caci d, 6-net hyl t hi g-2- = WD :

2012/ 055619PEN7 S Ba 0T 062007 0% FoxChEiahDi & sd] qas Tethyl tert-butyl

6- (et hyl t hi o) - 2- oxohexangi c_aci d, ,2- ox06- (propyl t hi o) hexanoi.c aci d,

o (benayl tREBF 2 o SRe it oLt o Shrd SorAAt i oS (BRI T S o
Hereinafter, the present invention is _ illustrated in myre detail wth sonme
exanpPes. FOOYOTLI HSEHeNEEPLBWLAg "OkakdMes % dén o PRI A R ¥ Mas 10
anal yzed with high performance |iquid chronmatograph ;ﬂpnufactured by

Shi madzu Cor por aRPon) 18Rdétethe &HAINSI€oBERdNELNGNs Rt I BRx ¥t ®ach

conversion rate and each selectivity rate were cal cul ated using the
formul ae s@empopafowan be purified by methods such as distillation,

column chromatography and crystallization.
[0038]

10 The sulfur-containing 2-ketocarboxylate compound
prepared by the above-mentioned process has an optionally-
substituted sulfur-containing hydrocarbon group. The
optionally-substituted sulfur-containing hydrocarbon group
in the sulfur-containing 2-ketocarboxylate compound is the

15 same as that of the above-mentioned sulfur-containing
hydroxyacetate compound.

The sulfur-containing 2-ketocarboxylate compound
includes, for example, 3-methylthio-2-oxopropionic acid, 3-
tert-butylthio-2-oxopropionic acid, 3-benzylthio-2-

20 oxopropionic acid, 3-ethylthio-2-oxopropionic acid, 4-
methylthio-2-oxobutyric acid, 4-ethylthio-2-oxobutyric acid,
2-oxo-4-propylthiocbutyric acid, 4-benzylthio-2-oxobutyric
acid, 5-methylthio-2-oxopentancic acid, 5-(ethylthio)-2-
oxopentanoic acid, 2-oxo-5-(propylthio)pentanocic acid, 5-

25 (benzylthio)-2-oxopentanoic acid, 6-methylthio-2-



15[ 0041] Analysis Conditions: LC columm: Lichrosorb-RP-8 Col um
tenperature: 40C Mbil e phase: acetonitrile/water = 5/95 20Addi tive agent:
sodi um 1-\wOrvegswbf onat e Concentrati on of additive ageRCT/JR2B1/69864 L pH of
nobi | e phase: pH 3 (adjusted by adding 40 % phosphoric acid) Flowrate: 1.5
m./ m n 25Detection wavel ength: 210 nm M 2012/ 026619PCT/ JP2011/ 069964 22
Measurenent tinme: 60 mn [0042] Cal cul ation of Conversion rate: Conversion
rate (%9 = 5100 (% - [Peak area of Conpound (1) (%]

oxohexanoic acid, 6-(ethylthio)-2-oxohexanoic acid, 2-oxo-
6- (propylthio)hexanoic acid, 6-(benzylthio)-2-oxohexanoic
acid and salts thereof.
(Example)
5 [0039]
Hereinafter, the present invention is illustrated in
more detail with some examples.
[0040]
In the following examples, each reaction mixture was
10 analyzed with high performance liquid chromatograph
(manufactured by Shimadzu Corporation) under the analysis
conditions shown below, and each conversion rate and each
selectivity rate were calculated using the formulae shown
below.
15 [0041]
Analysis Conditions:
LC column: Lichrosorb-RP-8
Column temperature: 40°C
Mobile phase: acetonitrile/water = 5/95
20 Additive agent: sodium l-pentanesulfonate
Concentration of additive agent: 2.5 mmol/L
pH of mobile phase: pH 3 (adjusted by
adding 40 % phosphoric acid)
Flow rate: 1.5 mL/min

25 Detection wavelength: 210 nm



[0043] Cal cul ation of Selectivity rate: Selectivity rate (%9 = [Peak area
of Conpound (2)] / 10(Peak area of all products) x 100 [0044] Exanple 1

A 25 nL rEeery02eqai pped with a nagnetic stirring bar w&TOREMYeI¢d t h 150
ng of 2-hydroxy-4-(methylthio)butyric 15 acid, 5 g of acetone and 12 ng of
triisopropoxyoxovanadi um (V), and the mxture was stirred for 38 hours at
room tenperature under oxygen atnosphere. After the reaction was conpl eted,
the solvent was distilled away fromthe reaction m xture, and to the
resultant m xture was added 1 20g of 1 N hydrochloric acid. A portion of the
reacti on m xturge¥asranahy¥zedmby Bpghiperformance |iquid chromatography to
find that the conversion rate of 2- hydroxy-4-(nethylthio)butyric acid was
16 % and tggogg ectivity rate of 4-(methylthio)-2-oxobutyric acid was 2551
% WD 2012/ 026619PCT/ JP2011/ 069964 23 [0045] Exanple 2 A 25 nmL

t I L .G St LL b h d wth 150 f
A%, cOULPRESg M BcTeBRkie s chiug bar ves chared i th 150 m o

Conversion rate (%) =

o°

5 100 (%) - [Peak area of Compound (1) (3)]
[0043]
Calculation of Selectivity rate:
Selectivity rate (%) =
[Peak area of Compound (2)] /
10 (Peak area of all products) x 100
[0044]
Example 1
A 25 mL reactor equipped with a magnetic stirring bar
was charged with 150 mg of 2-hydroxy-4-(methylthio)butyric
15 acid, 5 g of acetone and 12 mg of triisopropoxyoxovanadium
(V), and the mixture was stirred for 38 hours at room
temperature under oxygen atmosphere. After the reaction
was completed, the solvent was distilled away from the
reaction mixture, and to the resultant mixture was added 1
20 g of 1 N hydrochloric acid. A portion of the reaction
mixture was analyzed by high performance ligquid

chromatography to find that the conversion rate of 2-

oe

hydroxy-4- (methylthio)butyric acid was 16 and the
selectivity rate of 4-(methylthio)-2-oxobutyric acid was

25 51

oL



5 acid, 5 g of acetone and 13 ng of vanadium (1V) oxyacetyl acetonate, and
the m xture was stirred for 6 hours at roomtenperature under oxygen
at nospherwo 26f@661bhe reacti on was conpl eted, the sol vertTvem1diebéd | ed
away fromthe reaction mxture, and to the resultant m xture was 10 added
1 g of 1 Nhydrochloric acid. A portion pf the reaction mxture was
anal yzed by high performance |iquid chromatography to find that the
conversion rate of 2- hydroxy-4-(methylthio)butyric acid was 11 % and t he
sel ectivity rate of 4- (rret hyl t hi 0) - 2- oxobutyri c acid was 1554 % [0046]
Exanpl e 3 A 25 reactor equipped with a magnetic stirring bar was
char ged vmth zi‘%&) ny of 2- hydroxy-4-(nmethylthio)butyric 20 acid, 5 g of
acetonitri Eg Eg 13 mg of vanadium (1V) oxyacetylacetonate, and the mixture
was stirred fofr T9 hours at room tenperature under oxygen atnosphere. After
eted, .the solvent was, distilled, awa

t he reaction wa I y..foramth
reaction m xt uré‘ Egméllt Ore[ah torres?ﬁpfjaﬁﬁe% X%E}ge vva?g??g&&e(ftllrgrl&g ?DENT
hydr ochl ori c ac A portl t he 2012/ 0266 9PCT/ 9964 24
reaction rﬁ”??urc 'i%z ﬁg%ymﬂl Sx\oﬁe?‘f r?é‘ﬁ’ce‘l ka%ttlj‘h’ YofEphy to
find that the conver5|on rate of 2- r oxy-.4- (rrethylthl 0) but.yric aC|d was
9 % afAd t hecidrectividy 95t eaSFtﬁnFrrelaI‘??Itrﬁ%) -9 oxBbut YAREHEY wes/ 555 %
[0047] Exanpl e 4 A 25 nmL reactor equipped with a nagnetic stirring
bar was charyegehvtRCe50NAgSof aPh FicoR-2AVNCRetRA tSHiid)aad Vi AY%E 1.5
g of benzotrifluoride, 0.75 g of acetonitrile, 0.75 g of acetone and 13 ng
of vanadi uﬁt(ll\QO%xyaméﬁyﬁﬁelé?oﬂm@er andyaea nkimesehass - st | AEEETT dThe4

hours at room tenperature under oxygen atnosphere. After the reaction was
conpl et ed, rehetsohvens wampdesed,| sdeasmyvent was distilled away from

the reaction mixture, and to the resultant mixture was
10 added 1 g of 1 N hydrochloric acid. A portion of the
reaction mixture was analyzed by high performance liquid

chromatography to find that the conversion rate of 2-

o

hydroxy-4-(methylthio)butyric acid was 11 and the
selectivity rate of 4-(methylthio)-2-oxobutyric acid was
15 54 %.
[0046]
Example 3
A 25 mlL reactor equipped with a magnetic stirring bar
was charged with 150 mg of 2-hydroxy-4-(methylthio)butyric
20 acid, 5 g of acetonitrile and 13 mg of vanadium (IV)
oxyacetylacetonate, and the mixture was stirred for 19
hours at room temperature under oxygen atmosphere. After
the reaction was completed, the solvent was distilled away

from the reaction mixture, and to the resultant mixture was

25 added 1 g of 1 N hydrochloric acid. A portion of the



15fromthe reaction mxture, and to the resultant m xture was added 1 g of
1 N hydrochloric acid. A portion of the reaction m xture was anal yzed by
hi gh per fwormaroredioqui d chromat ography to find that thepconvansoemes at e of
2- hydroxy-4-(methylthio)butyric acid was 11 % and the 20sel ectivity rate
of 4-(methylthio)-2-oxobutyric acid was A1 % [0048] Exanple 5

A 25 nlL reactor equipped wwth a nagnetic stirring bar 25was charged with
150 ng of 2-hydroxy-4-(nmethylthio)butyric WO 2012/026619PCT/JP2011/ 069964
25 acid, 7.5 g of acetonitrile and 17 ng of vanadium (I111)

tris(acet yl:@geg%ﬁt Rix Al t\pgsméﬁal'ir)%fé’@sb?t I g %QEfgﬁmQHHés 13it<{JiQPm

t enper at ure under oxygen at nosphere. ter the reaction was conpleted, the
fanYEPte ﬁéh%ﬁé%%%gpﬁ%%ﬁ rof éheclhraq:acttih%n HBQEEEE'oﬁ“dr%Q?thc?fr%—u! tant
_ gof 1 hydrochl ori ¢ "aci d. portiron o he reaction
mxture g, analyzg Rusll ghpe LoRace, Lo ghromsyograpinglo, g {hat
the 10selectivity fate of g (PP YL EALRY: 289 Y UL BuRGh T o3 %ad 0040)

5 55 %.
[0047]
Example 4
A 25 mL reactor equipped with a magnetic stirring bar
was charged with 150 mg of 2-hydroxy-4-(methylthio)butyric
10 acid, 1.5 g of benzotrifluoride, 0.75 g of acetonitrile,
0.75 g of acetone and 13 mg of vanadium (IV)
oxyacetylacetonate, and the mixture was stirred for 24
hours at room temperature under oxygen atmosphere. After
the reaction was completed, the solvent was distilled away
15 from the reaction mixture, and to the resultant mixture was
added 1 g of 1 N hydrochloric acid. A portion of the
reaction mixture was analyzed by high performance liquid
chromatography to find that the conversion rate of 2-
hydroxy-4- (methylthio)butyric acid was 11 % and the
20 selectivity rate of 4-(methylthio)-2-oxobutyric acid was
41 %.
[0048]
Example 5

A 25 mlL reactor equipped with a magnetic stirring bar

25 was charged with 150 mg of 2-hydroxy-4-(methylthio)butyric



A 10 nL reactor equipped with a magnetic stirring bar 15 was charged with
150 ng of 2-hydroxy-4-(nmethylthio)butyric acid, 3.75 g of acetone and 6 ny
of ammoniwooetevanadate (V), and the m xture was stirr edTiiezo196c%eurs at
room tenperature under oxygen atnosphere. After the reaction was conpl et ed,
the solvent was distilled away fromthe 20reaction m xture, and to the
resultant m xture was added 1 g of 1 N hydrochloric acid. A portion of the
reaction m xture was anal yzed by hi gh performance |iquid chromatography to
find that the conversion rate of 2- hydroxy-4-(nmethylthio)butyric acid was

20?2?le 826%28?@/ 3 Bgo%tlllef(ogggﬁ&g%&gﬁé%/@§ o%glg] hng) rrél e bigi{é‘i%tlﬁ‘?{egc?‘?f e
caui pped Wi0. 7. TBONELEC, SELELNG AT R VS ENBLOCE i Ly 4504wl 54

2- hydr oxy- yric’aci acetoni trrte and
and th ure was stirred for, 96 hour,s room

oxovanadi al at e,

Cemper at ur £° t(iﬁﬁela%)éﬂfg"&h SERGEBREPES RPEEF (Rt %ﬂswa%r%om#\eﬁ & "the
solvent was distilled away fromthe actio ture,

osultant BSt BPEChIS ARdE) COMPIALOEN Tir SORPEPEc ag: d Sk I Y ¢ he
reaction mxture was analyzed. b hlgh perfornance |Iqtld chr.omat ography to

find Phat fReMcBRYeFSRER1PEL BigFUFE, hedfoky- ANE né@ﬁﬂ 530 BRIHIRE aBS was

5 % and the 15selectivity rate of 4- gnethylthlo) -oxobutyric acid was 30
% [0051] added 1 g of 1 N hydrochloric acid A portlon of the

reaction mixture was analyzed by high performance liquid

chromatography to find that the conversion rate of 2-

hydroxy-4- (methylthio)butyric acid was 17 % and the
10 selectivity rate of 4-(methylthio)-2-oxobutyric acid was

33 %.

[0049]

Example 6

A 10 mL reactor equipped with a magnetic stirring bar

15 was charged with 150 mg of 2-hydroxy-4-(methylthio)butyric
acid, 3.75 g of acetone and 6 mg of ammonium metavanadate

(V), and the mixture was stirred for 96 hours at room
temperature under oxygen atmosphere. After the reaction

was completed, the solvent was distilled away from the

20 reaction mixture, and to the resultant mixture was added 1
g of 1 N hydrochloric acid. A portion of the reaction
mixture was analyzed by high performance liquid

chromatography to find that the conversion rate of 2-

oe

hydroxy-4-(methylthio)butyric acid was 7 and the

25 selectivity rate of 4-(methylthio)-2-oxobutyric acid was



Exanple 8 A 60 nL autoclave was charged with 1.50 g of 2- 20

hydr oxy-4- (nmet hyl thi o) butyric acid, 7.57 g of acetonitrile, 1.02 g of

tri et hyl anone12ane129 ng of a vanadi um conpound shown i npcCrgrii/esweéor nul a
(G1), i.e., oxo(2- propanol ato)[ 2, 6-pyridi nedi carboxyl ato(2-) -

N1, 02, 06] vanadi um (V) whi ch was preparedh@ccording to the 25process
disclosed in Inorg. Chem, Vol.35, p.547-548 (1996), WO

2012/ 026619PCT/ JP2011/ 069964 27 and the m xture was stirred. After the

aut ocl ave was pressurized to 0.8 MPaG (gauge pressure) with 30 % oxygen /
70 % nitrogeng the mxture was heated to 50C and stirred for 24 hours. A
portion of the reaction m xture was 5 analyzed by high performance liquid
chronatogrﬁg?goﬁo find that the conversion rate of

2- hydroxy-4- (et hyl thio)butyric acid was 87 % and the selectivity rate of
4- (met hyl t hi 0) - 2- gxobutyric acid was 46 % ON-rl10 (C1) 1 o' o-

10[ 0052] Exa&p%e 9 y ( ) 1)

A 10 mL reactor equipped with a magnetic stirring bar

5 was charged with 150 mg of 2-hydroxy-4-(methylthio)butyric
acid, 7.5 g of acetonitrile and 8 mg of oxovanadium (IV)
oxalate, and the mixture was stirred for 96 hours at room
temperature under oxygen atmosphere.  After the reaction

was completed, the solvent was distilled away from the

10 reaction mixture, and to the resultant mixture was added 1
g of 1 N hydrochloric acid. A portion of the reaction
mixture was analyzed by high performance liquid

chromatography to find that the conversion rate of 2-

hydroxy-4- (methylthio)butyric acid was 5 % and the
15 selectivity rate of 4-(methylthio)-2-oxobutyric acid was
30 %.
[0051]
Example 8
A 60 mL autoclave was charged with 1.50 g of 2-
20 hydroxy-4- (methylthio)butyric acid, 7.57 g of acetonitrile,

1.02 g of triethylamine and 29 mg of a wvanadium compound
shown in the below Formula (C-1), i.e., oxo (2-
propanolato)[2,6—pyridinedicarboxylato(2—)—

N1,02,06]vanadium (V) which was prepared according to the

25 process disclosed in Inorg. Chem., Vol.35, p.547-548 (1996),



Exanpl e 9 A 60 nL autoclave was charged with 1.50 g of 2-

hydr oxy-4- (nmet hyl thio)butyric acid, 6.40 g of acetonitrile, 0.89 g of

tri et hyl anone12ane180 ng of a vanadi um conpound 15shown iPoTiIRE1D@490RY
Formula(C2),i.e.,[2,2'-[1,2- ethanediyl

bi s[nitrilo-KN] nmethylidyne]]bis[phenol ateKO ] (2-)]oxovanadi um (1V) which
was prepared according to the process disclosed in Catal. Conmun., Vol.8,

p. 1336- 1340 (2007), and the m xture was stirred. After the autoclave 20
was pressurized to 0.5 MPaG (gauge pressure), the m xture was heated to 50C

and stirregd for 18 houis A RQLtion piedhe raaekion ALxtilG MRS &nglyzed by
hi gh performance WO 2012/ 026619PCT/JP2011/ 069964 28 |i quid chromat ography

0.1 0, L RG- OBL ) Bnar 88501 g2y dL R L LU MMMy 91
ik PR i e
s Wi it sohodhis Sl el oo ARG U
ketOcérboxﬁpﬁ%ﬁzﬁgnﬁﬁuﬁégh performaé%e[ﬁ{qugh C romagggrgpﬂy %o find

that the conversion rate of 2-hydroxy-4-(methylthio)butyric
acid was 87 % and the selectivity rate of 4-(methylthio)-2-

[+

oxobutyric acid was 46 %.
4
0 X 0]
r?‘(V) (€1
—0

10 [0052]
Example 9
A 60 mL autoclave was charged with 1.50 g of 2-
hydroxy-4- (methylthio)butyric acid, 6.40 g of acetonitrile,
0.89 g of triethylamine and 30 mg of a vanadium compound
15 shown 1in the Dbelow Formula (C-2), i.e., [2,2'-[1,2-
ethanediyl bis[nitrilo-xN]methylidyne]]bis[phenolate-
KO]] (2-) Joxovanadium (IV) which was prepared according to
the process disclosed in Catal. Commun., Vol.8, p.1336-1340
(2007), and the mixture was stirred. After the autoclave
20 was pressurized to 0.5 MPaG (gauge pressure), the mixture
was heated to 50°C and stirred for 18 hours. A portion of

the reaction mixture was analyzed by high performance



WO 2012/ 026619PCT/ JP2011/ 069964 29 CLAIMS 1. A process for preparing a
sul fur-contai ning 2- ketocarboxyl ate conpound conprising a step of

oxi di zi ngwe 20B/hycddpoxyacet at e conpound havi ng an opti onaciryPsubssbéut ed
sul fur-cont ai ni ng hydrocarbon group at 2-position in the presence of a
vanadi um conmpound. 2. The process of cliggm 1 wherein the step of oxidizing
a 10 hydroxyacetate conpound having an optionally-substituted

sul fur-cont ai ni ng hydrocarbon group at 2-position is carried out in the
presence of oxygen. 3. The process of clainms 1 or 2 wherein the step of
15 oxi di zi . [y QEM% u avi pL. i AU et d
squur-con?ggﬁfﬁgqﬁy roggﬁg%ﬁﬂéfggg g?ng-%gggi??g% %29€§%%¥%§ g%?biﬁ}§he
presence of, _ ni,c . .pro o] | aigp 3 swh [ n

organic so%v§299§g9a€ ﬁ§§§¥92%81§2ﬁ3£§?l§el%???d %?%h]fﬁ% d?oggﬁ%oﬁgggting
of a ketone solvent, a nitrile solvent,and, an,aronatic l.vent..5. The
process ofsgiﬁc%ﬁglsy cf%ﬁ?n;é% tg_xmﬁkg E?ng 55_ﬂfpbut§%lc beid Wi
2012/02661gEgJ/JP2011/069964 30 the group consisting of a trival ent

vanadi um ¢ 6und, a tetraval ent vanadi um conpound and a pent aval ent
vanadi um conpound. 56. The process of any one of clains 1 to 5 wherein the
hydr oxyacet at e compund havi ng an optional | y-substituted sul fur-containing

hydr ocar bon gr agN22position is a conpound of Formula (1):
) ©2
00O
5

(Industrial Applicability)
[0053]
It is known that sulfur-containing 2-ketocarboxylate
10 compounds such as 4-methylthio-2-oxobutyric acid are, for
example, useful intermediates for preparing medicaments and
agrochemicals. The present invention is an industrially
applicable process for preparing sulfur-containing 2-

ketocarboxylate compounds.



HRL-S -(CH2)n-C -CO2H 1 OH 10wherein R is an optionally-substituted

Cl- 12 al kyl group, or an optionally-substituted C3-12 cycl oal kyl group; and
nis an iwbegero2e6f19l to 4, and t he sul f ur-cont ai NiPOY/JP2011/069964

2- ket ocar boxyl ate conpound is a conpound of Fornula (2): R1-S -(C H2)n-C
-co2H 0 o wherein R and n are as defineggabove. 7.The process of claimb®6
wherein R is nmethyl group and n is 2.

CLAIMS

1. A process for preparing a sulfur-containing 2-
ketocarboxylate compound comprising a step of oxidizing a
5 hydroxyacetate compound having an optionally-substituted
sulfur-containing hydrocarbon group at 2-position in the

presence of a vanadium compound.

2. The process of claim 1 wherein the step of oxidizing a
10 hydroxyacetate compound having an optionally-substituted
sulfur-containing hydrocarbon group at 2-position 1is

carried out in the presence of oxygen.

3. The process of claims 1 or 2 wherein the step of
15 oxidizing a hydroxyacetate compound having an optionally-
substituted sulfur-containing hydrocarbon group at 2-
position 1is carried out in the presence of an organic

solvent.

20 4. The process of claim 3 wherein the organic solvent is
at least one solvent selected from the group consisting of

a ketone solvent, a nitrile solvent and an aromatic solvent.

5. The process of any one of claims 1 to 4 wherein the

25 vanadium compound is at least one compound selected from



10

15

WO 2012/026619 PCT/JP2011/069964

30

the group consisting of a trivalent vanadium compound, a
tetravalent vanadium compound and a pentavalent vanadium

compound.

6. The process of any one of claims 1 to 5 wherein the
hydroxyacetate compound having an optionally-substituted
sulfur—-containing hydrocarbon group at 2-position is a

compound of Formula (1):

H
R1—S—(CH2)n—C|)—C02H (1)
OH

wherein R! is an optionally—substituted Ci-12 alkyl group,
or an optionally-substituted Cs-.12 cycloalkyl group; and n
is an integer of 1 to 4, and

the sulfur-containing 2-ketocarboxylate compound is a

compound of Formula (2):
R1—S——(CH2)n—(ﬁ—COZH (2)

O

wherein R! and n are as defined above.

7. The process of claim 6 wherein R' is methyl group and

n is 2.



