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The presenO 20em20on rel ates to a process for prepari n@Ca/JP2011/069965

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

It is known that sulfur-containing 2-ketopcarboxyl 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-ketocarboxyl ate conpound is disclosed
in, for DESCRIPTION

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)



20 exanpl e, Non-patent Docunent 1. In particular, Table 4 thereof discloses
a process of oxidizing D 2-hydroxy-4- (nethylthio)butyric acid with an
enzyme t ovprepanes2d- (met hylthio)-2-oxobutyric acid. WBCT/JP2011/069965

2012/ 026620PCT/ JP2011/ 069965 2 [ 0004] Non- pat ent Document 1: Applied
M crobi ol ogy and Bi ot echnol ogy, 1988, vot.28, p.433-439 5Summary of
I nvention (Technical Problem [0005] In the above-nentioned process,

it is necessary to use an enzynme as a reagent. On the other hand, the
purpose of 10 the present invention is to provide a novel process for
preparing aopsuglfiur-containing 2-ketocarboxyl ate conpound w t hout using any
enzyne. (Solution to Problem 15[ 0006] The present inventors have

extensivel y stugigd ggefntae PAGERSHOf 3 .Sul AT cont apAbR8biolo and
2- ket ocar boxyl at e, gn then conpleted the present invention. [8367]

20Nanel vy, hggtgkﬁﬁgﬂgﬁ?nvg@%%on%O§[%8asFﬁqgjmﬁgg [1] A process for

preparing a su r-contai ning’2- ket odarboxyl ate conpound conprising a step
of oxidizing a hydroxyacetate conpound havi ng an optionally-substituted
sul fur-cont ai ni ng hydrocarbon group at 2-position, in the

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-ketocarboxylate, 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, 1in the

25 presence of at least one catalyst selected from the group



25presence of at |east one catal yst selected fromthe group WO

2012/ 026620PCT/ JP2011/ 069965 3 consisting of a rutheniumnetal and a

rut heni unwoanpazesto The sul fur-contai ni ng hydrocar bon growppaedsdkes ei n
means a group conprising sul fur, carbon and hydrogen atons. [2] The
process of [1] wherein the step of oxidizing 5 a hydroxyacetate conpound
havi ng an optional |l y-substituted sul fur-containing hydrocarbon group at
2-position is carried out under pressurized condition. [3] The
process of [1] or [2] wherein the step of oxidizing a hydroxyacetate

conpound hayhagsaRngPtyonal Lytheddusulstdaiutgey syl fuine@ntd Nidibound.

hydr ocarbon group at 2- position is carried out Iin the presence of at |east

one_typi cakygeigh cGaTRAHRd soleck o, Lae S oHP panslating, ol of kal

nmetal conpound and an alkal'ine~earth mnetal ( process of
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group at 2-position is a conpound of Forrmula (1): WO o ,
2012/ 026626PEfPIP2OREAAHIYG5 hydrocarbon group at 2-position is

carried out under pressurized condition.

[3] The process of [1l] or [2] wherein the step of

oxidizing a hydroxyacetate compound having an optionally-

10 substituted sulfur-containing 'hydéocarbon group at 2-
position is carried out in the presence of at least one
typical metal compound selected from the group consisting
of an alkali metal compound and an alkaline earth metal
compound.

15 [4] The process of [3] wherein the typical metal
compound is an alkali metal hydroxide.

[5] The process of any one of [1l] to [4] wherein the
step of oxidizing a hydroxyacetate compound having an
optionally-substituted sulfur-containing hydrocarbon group

20 at 2-position is carriédAéut in the presence of oxygen.

[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 is a

compound of Formula (1):



4 R1-S -(C H2)n-CCO2H(1) OH wherein RI- is an optionally-substituted Cl-12
or an optionally-substituted C3-12 cycl oal kyl group; and n is an integer of
1 to 4, aWNO 2812660l f ur - cont ai ni ng 2- ket ocar boxyl at e colp@dR11/86986c0nmpound
of Formula (2): R1-S -(CH2)n-C -CO2H(2) O wherein R and n are as defined
above. [7] The process of [$6] wherein R - is nethyl group and
10n is 2. (Effects of the Invention) [0008] The present invention
provi des a novel process for 15preparing a sul fur-containing

2- ket ocar boxyl at e conpound

H
R1—S—(CH2)n—(f—COQH (1)
OH

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

5 the sulfur-containing 2-ketocarboxylate compound is a

compound of Formula (2):
R1—s—(CH2)n—cI:I—CozH 2)

O

wherein R! and n are as defined above.
[7] The process of [6] wherein R' is methyl group and

10 n is 2.

(Effects of the Invention)
[0008]
The present invention provides a novel process for
15 preparing a sulfur-containing 2-ketocarboxylate compound

without using any enzyme.

Description of Embodiments
[0009]
20 Hereinafter, the present invention is explained 1in
detail.
[0010]

The process for preparing a sulfur-containing 2-



wi t hout using any enzynme. Description of Enmbodi nents [0009] 20Hereinafter,
the present invention is explained in detail. [0010] The process for
prepari ngve 281R264620cont ai ni ng 2- WD 2012/ 026620PCT/ JP2®@CT/IeBRY6®IS

ket ocar boxyl at e conpound of the present invention conprises a step of

oxi di zing a hydroxyacetate conpound havimg an optional |l y-substituted

sul fur-contai ni ng hydrocarbon group at 2-position. Hereinafter, a

hydr oxyacet ate conmpound 5 having an optionally-substituted

sul fur-cont ai ni ng hydrocarbon group at 2-position is optionally referred to

as a sul f ukze8Bh2bBkiUahrdeKy e IE %@w@i,enﬂwqrﬁ»@&aﬂdrprb&ﬁdpw@es
sul fur-contai ning hydroxyacetate conpound is optionally referred to as the

present reQCf[s‘;@ib b t&@ldﬂ@lﬂ% e%enltiycﬁf"@§§!:18@tatg'|(cgfﬁpodrfh tR&ving an
sul fur-contai ni ng hydroxyacetate conpound i s oxidized to -CO, ang t her eby

th | fur _contal pi t ﬁ%@&&?@?" [ t
co(rarZgpo%gﬁ?Qég}iﬁgs}gggﬁtgg?ﬁi}é%%%}ai% ocar(goxy %’?é@%ﬁ%ﬁ .al %éﬁooc‘ﬁﬁup

In th t ' th | - i ni

be in the Rorr7er oS a8 aci  or S EPTE e 1Y LARAFRIE O COSURE T
H+- dissocjabl.e from COOH in. the hydrox a(‘teti acid is replaced 20 .wth a
catiof. Th83¥&PPon i ARl udeSPH-EP3eRAmES ziﬁugcﬁfgli r‘?el{]aqeﬁo%o% o wdd

l'ithiumiop, sodiumion and potagsium.ign; an alkaline earth nmetal ion such
as cal o unfYEROSAEPRRg S i Fbn2 ROGI4LePnary SRABATGHLY off SSGEH &8s T0

t et ramet hyl ammoni um i on and tetrabutyl anmoni um i on; and 25ammpni um i on.
as a sulfur-containing "hydroxyacetate compound. The

‘oxidation of the sulfur-containing hydroxyacetate compound
is optionally referred to as the present reaction. 1In the
10 present reaction, -CH (CH) - in the sulfur-containing
hydroxyacetate compound is oxidized to -CO-, and thereby
the sulfur-containing hydroxyacetate compound is converted
into the correspondent sulfur-containing 2-ketocarboxylate
compound.
15 [0011]
In the present reaction, the sulfur-containing
hydroxyacetate compound may be in the form of a free acid
or a salt. When it is in the form of a salt, H'
dissociable from COOH in the hydroxyacetic acid is replaced
20 with a cation. The cation includes, for example, an alkali
metal ion such as lithium ion, sodium ion and potassium
ion; an alkaline earth metal ion such as calcium ion and
magnesium ion; a quaternary ammonium ion such as
tetramethylammonium ion and tetrabutylammonium ion; and

25 ammonium ion.



WO 2012/ 026620PCT/ JP2011/ 069965 6 [ 0012] In the sul fur-containing
hydr oxyacet at e conpound, the sul fur-containing hydrocarbon group conprises
sul fur, cEpRer/@m@ohydrogen atons, and the hydrogen at oRCIrAe2utie@96% in t he
sul fur-cont ai ni ng hydrocarbon group nay be substituted with any group which
is inert in the present reaction. dhe sul fur-containing hydrocarbon
group may be a saturated sul fur-containing hydrocarbon group w thout any
10doubl e/ nul ti pl e bond or an unsaturated sul fur-containing hydrocarbon
group with one or nore double bonds. [0013] The saturated

sul fur-contgpnpng hydrocarbon group may be in a straight or branched chain
formor in acyclic form 15 Hereinafter, the straight or branched

saturated sul f ufyCeRpial ) 1N MYl ACAPAHY IR 98B0k §a 88 heBalhdoRinR!,M athd 0 as
a sul fur-containing saturated open-chain hydrocarbon group, and the cyclic

saturated syhbir:eentahnhng ?Z@f‘?@c DARQT OUR Ji Op&BﬂﬁﬂéééggﬂsﬁHﬁﬂr,to as

a sul fur-contal ni ng satura I ¢ hydrocarbon group. | The

] o OnkaEBLR0 B A5 AP oBt GRS, N HITARATROB: JOOHP SR Ll ad 0
, y i omet oup, ethyl thiomethyl” grotp, propylthionethyl
group5 25iigprqgﬁétf“gﬂ?%&@dcéHé§¥hi§§”t}%%&f@éé@%%ﬂ?théEOQEOUpma%' be
substituted with any group which is inert in the present
reaction.
The sulfur-containing hydrocarbon group may be a
saturated sulfur-containing hydrocarbon group without any
10 double/multiple bond or an unsaturated sulfur-containing
hydrocarbon group with one or more double bonds.
[0013]
The saturated sulfur-containing hydrocarbon group may
be in a straight or branched chain form or in a cyclic form.
15 Hereinafter, the straight or branched saturated sulfur-
containing hydrocarbon group is optionally referred to as a
sulfur-containing saturated open-chain hydrocarbon group,
and the <cyclic saturated sulfur-containing hydrocarbon
group 1is optionally referred to as a sulfur-containing
20 saturated cyclic hydrocarbon group.
[0014]
The sulfur-containing saturated open-chain hydrocarbon
group includes, for example, methylthiomethyl group,
ethylthiomethyl group, propylthiomethyl group,

25 isopropylthiomethyl group, tert-butylthiomethyl group, 1-



WO 2012/ 026620PCT/ JP2011/ 069965 7 (net hyl t hi o) et hyl group,
2-(methylthio)ethyl group, 1- (ethylthio)ethyl group, 2-(ethylthio)ethyl
group, 1l-wo(prapyd2ohi o) et hyl group, 2-(propylthio)ethyl pgroum1/869965

7

(methylthio)ethyl group, 2-(methylthio)ethyl group, 1-
(ethylthio)ethyl group, 2-{ethylthio)ethyl group, 1-
(propylthio)ethyl group, 2-(propylthio)ethyl group, 2-
(isopropylthio)ethyl group, 2-(tert-butylthio)ethyl group,
5 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
2,3-(dimethylthio)propyl group.
[0015]

10 The sulfur-containing saturated cyclic hydrocarbon
group includes, for example, cyclopropylthiomethyl group,
cyclobutylthiomethyl group, cyclopentylthiomethyl group,
cyclohexylthiomethyl group, 2-(methylthio)cyclopropyl group,
2- (methylthio)cyclobutyl group, 2-(methylthio)cyclopentyl

15 group, 2-(methylthio)cyclohexyl group, 4-
(methylthio)cyclohexyl group, 2-methyl-4-
(methylthio)cyclohexyl group, 2,4-(dimethylthio)cyclohexyl
group, 2-thiacyclohexyl group and 4-thiacyclohexyl group.
[0016]

20 The sulfur-containing unsaturated hydrocarbon group
includes, for example, 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-

25 (phenylthio)ethyl group, benzylthiomethyl group, 1-



(i sopropylthio)ethyl group, 2-(tert-butylthio)ethyl group, 5

1- (et hyl t hi o) propyl group, 2-(nethylthio)propyl group, 3-

(et hyl t Wwo)praapyd20gr oup, 3- (et hyl t hi o) propyl group, 3- pCprrepyi/béver) propyl
group, 3-(isopropylthio)propyl group and 2, 3-(di nmet hyl t hi o) propyl group.
[0015] 10The sul fur-containing saturatedgcyclic hydrocarbon group includes,
for exanple, cyclopropylthionmethyl group, cyclobutylthionethyl group,

cycl opentyl t hi omet hyl group, cycl ohexylthionethyl group,

2- (et hyl t hi o) cycl opropyl group, 2-(nethylthio)cyclobutyl group,

L L DL LS (1 iy gyl abegy it o
2 .0t DL SYELRTent LR, ekl Spve ol SRR AN o

4-t hi acycl ohexy oup. ur-cont ai ni‘ng unsa
hydr ocar bo gigwp i ncl udes, for exanple, 2-nethylthiophenyl group, 3-
nethylthioER yF group, 4-nethylthiophenyl group,

2- met hyl 4- et hylLt hi ophenyl_ group, 2, 4-(di et hyl t hi o),phenyl gro

e T b omet iy X RER RS ar Hihripart S it *4B0S Mot WHhur ere

25( phenyl t hi o) et hyl gr oup, benzyl t hj omet hyl gr oup, 1- WD )

2012/ B2662BPET/ $P20 PHEFEI06 5 B ety yIRAH 8@t AYI 16AGHp O (B RH6 7 et hy|
group, 2- thien¥l group, 3-thienyl group and 2-nethyl-3-thienyl group.
[0017] selectpdafpPrasthe R loweng GroWP WHi‘ch does not interfere

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 aralkyloxy group having 7 to 12 carbon atoms such
as benzyloxy group;
a cycloalkyloxy group having 3 to 8 carbon atoms such
15 as cyclopropyloxy 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;
20 a perfluoroalkyloxy group having 1 to 6 carbon atoms
such as trifluoromethoxy group and pentafluorocethoxy group;
a substituted or unsubstituted amino group (wherein
the substituted amino group has, for example, 1 to 12
carbon atoms) such as amino group, methylamino group,

25 dimethylamino group, © benzylamino group, tert-



5with the present reaction include at | east one substituent selected from
the following Goup 21: an al kyl oxy group having 1 to 12 carbon atons
such as MEOROKN026620up, et hoxy group, propyl oxy group, i £EHHBLGOP6r oup,
but yl oxy group, isobutyloxy group, sec-butyloxy 10group, tert-butyl oxy
group, pentyloxy group and hexyl oxy group; an aral kyl oxy group havi ng
7 to 12 carbon atons such as benzyl oxy group; a cycl oal kyl oxy
group having 3 to 8 carbon atons such

15ascycl opr opyl oxygr oup, cycl obut yl oxygroup, cycl opentyl oxy group and

cycl ohexyl g¥¥ody@HRbonylamidb @rh@XAndl @R RAVYxYE & Hoh lidnGiai P ofr i®)s
such as phenoxy group, 2-net hyl phenoxy group, 4-nethyl phenoxy group and

4- phenyl phenyl Qho%yﬁoar%bf | w0y ok kyl oxy group; bayhng thfd Buear bon
atons such as trifluoronethoxy group” and pentafl uoroet hoxy group; a

a7 oup. has, “FOrYExaipTe 1PEGPES Cay Hah a one). SO ad” Gil ho 5 Qo T
2012) 026620PCIFI PIGT T BRosHE B -S04 P EFT Y8 T B RE" irod ana

5 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
10 a halogen atom such as fluorine atom and chlorine atom.
[0018]
Among the above-defined Group Pl, the alkyloxy
(alkoxy) group having 1 to 12 carbon atoms and the aryloxy
group having 6 to 12 carbon atoms may be substituted with,
15 for example, at 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
20 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

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



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 gwoupl2/aze@but yryl group, val eryl group, isoval ePgl/Jgeaaupeo9ei val oyl
group and 5benzoyl group; an acyl oxy group having 2 to 12 carbon
atons such as acetyl oxy group, propionyldxy group, butyryloxy group,

i sobutyryl oxy group, valeryl oxy group, isovaleryloxy group, pival oyl oxy
group and benzoyl oxy group; and 10a hal ogen atom such as fluori ne atom and
chlorine atom [0018] Anong t he above-defined G oup P1, the al kyl oxy
(al koxy) gnoupchaving 1 to 12 carbon atons and the aryl oxy group having 6
to 12 carbon atons may be substituted with, 15for exanple, at |east one

substituent sel ggted fromuihenkahlowmg (G £2: sul B2k dovd Y1 94 oup
having 1 to 12 carbon atons such as nethoxy group, ethoxy group, propyloxy

group, iso r ut vl isab _ ; " | oxy
20gr oup, tg ?Eéggé Sgyodgﬂrj%u p,E%e tyﬁ%%tglr%ugﬂan l%ﬁ%%%%ﬁtma an

aryloxy or gup aVLng. 80 k2 LRGN ALOMS SURh A ANGIOKL TGN, more
WD

2- met hyl phenoxy group, henoxy grou eny 1 group; and

ggiz? ;ggggﬁ%%%gé;g%g/g%gggg%ﬁﬁgagﬁfg&gﬁ%gé{%&%ége %&ﬁ@Ur—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 Cj;.;, cycloalkyl group, and n 1is an

10 integer of 1 to 4.

[0020]

In the above-defined R?—S—(CHﬂn—, the C;12 alkyl group
indicated in the definition of R! includes, for example,
methyl group, ethyl group, propyl group, isopropyl group,

15 butyl group, isobutyl group, tert-butyl group and octyl
group. The Cj3-12 cycloalkyl group indicated in the
definition of R! includes, for example, cyclopropyl group,
cyclobutyl group, cyclopentyl group and cyclohexyl group.

The substituent used in the definition of R!, i.e. in

20 "the optionally-substituted C;-1» alkyl groupi and the
optionally-substituted Cs-12 cycloalkyl group" includes, for
example, an inert group which does not interfere with the
present reaction. Preferably, the inert substituent may be

at least one selected from the following Group P3:

25 an aryl group having 6 to 20 carbon atoms such as



[ 0019] Theoptional | y-substitutedsul fur-containing hydrocarbon group is
preferably an optionally-substituted sul fur-containingsaturated hydrocarbon
gr oup; nor&0 2812426628r abl y an opti onal | y-substitut ed sul f RETIBRXHDEHO6Y

sat urated open-chai n hydrocarbon group; and even nore preferably a group
represented by R1-S-(CH2)n- wherein Rl is1an optionally-substituted Cl1-12
al kyl group or an optionally-substituted C3-12 cycl oal kyl group, and n is
an 10integer of 1 to 4. [0020] In the above-defined R-S-(CH2)"-, the
Cl-12 al kyl group indicated in the definition of R includes, for exanple,

met hyl  gr ogRen @t hydr SE®UP.1 -Rla@bitihyar OQPou%ﬁOpZ-Q'%hQﬁ@lJpgrlﬁ@Jt ¥hagraeup,
i sobutyl group, tert-butyl group and octyl group. The C3-12 cycl oal kyl

group indiﬁ@%ﬁ?l%ﬂeﬁ?@ debiupi.tion of Rl includes, for exanple, cyclopropyl
group, cyclobutyl group, cyclopentyl group and cycl ohexyl group. The

substi tuent Usegniggzgﬁe%ﬁii gﬁ&pﬁéﬁi ’litg'%bncaggohtg%oms such as

optional |l y-substitu y 0 and the optionally-substituted

not i nt or  BEBLY H SEREDr Gonr cxctin. pver rR 2o B e
naving 6 18500car BRVACGH: SGEHCas WABLSOTS Ohe0 SORCR P AL OIS
phenyl gr Og?bu%: 4 ehgthykgutg;log)% %}g%%fllt hgelan%r/](_)ggya%q:oaﬁp ngggylkpehxeyrygxyr oup:
group;
an aralkyloxy group having 7 to 12 carbon atoms such
as benzyloxy group:;
10 a cycloalkyloxy group having 3 to 8 carbon atoms such
as cyclopropyloxy group, cyclobutyloxy group,
cyclopentyloxy group and cyclochexyloxy group;
an aryloxy group having 6 to 12 carbon atoms such as
phenoxy group, 2-methylphenoxy group, 4-methylphenoxy group
15 and 4-phenylphenoxy group;
a perfluorcalkyloxy group having 1 to 6 carbon atoms
such as trifluoromethoxy group and pentafluorocethoxy group;
a substituted or unsubstituted amino group (wherein
the substituted amino group has, for example, 1 to 12
20 carbon atoms) §uch 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

25 group, valeryl group, isovaleryl group, pivaloyl group and



an al kyl oxy group having 1 to 12 carbon atons such as nethoxy group, ethoxy
group, propyl oxy group, isopropyloxy 5 group, butyloxy group, isobutyl oxy
group, se¥OROtNU26620 group, tert-butyl oxy group, pentyl oRETHPIUPOEAEH

hexyl oxy group; an aral kyl oxy group having 7 to 12 carbon atons such
as benzyl oxy group; 10a cycl oal kyl oxy grozip having 3 to 8 carbon atons such
ascycl opr opyl oxygroup, cycl obut yl oxygroup, cycl opentyl oxy group and

cycl ohexyl oxy group; an aryloxy group having 6 to 12 carbon atons
such as phenoxy group, 2-nethyl phenoxy group, 4-nethyl phenoxy group 15and
4- phenyl phga@axyyvar e¥pup; a perfluoroal kyl oxy group having 1 to 6 carbon
atons such as trifluoronethoxy group and pentafl uoroet hoxy group; a

substituted or Rs%l&;tll&)&lj} eégr%a NQaGE AYP 2( WhET €3 Nch BBofURS iUt 510

group has, for exanple, 20car bon atons) such as am no group,

et hyl am nacakgyB.y dp%hﬁy' a%%ﬁi;?l B nrsﬁlﬂ OISz group,

but oxycar bonyl group  and be M no group n acyl

gi0up a1 10,8893 B TR G By N, LU SEL A0t
plvalgyl groggloy OX%D@%%%%{%%E@%QPCT/ P2011GQE?%6§3<1
a halogen atom such as fluorine atom and chlorine atom.
[0021]
Among the above-defined Group P3, the aryl group
having 6 to 20 carbon atoms, the alkyloxy (alkoxy) group

10 having 1 to 12 carbon atoms and the aryloxy group having 6
to 12 carbon atoms méy be substituted with, for example, at
least one substituent selected from the above-defined Group
P2.

[0022]

15 The substituted C;-12 alkyl group and the substituted
Ci-12 cycloalkyl group in R! includes, for example, benzyl
group, naphthalene-l-ylmethyl group, naphthalene-2-ylmethyl
group, 4-methylbenzyl group, 3,4-dimethylbenzyl group, 4-
methoxybenzyl group, 3,4-dimethoxybenzyl group, 4-

20 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

25 group, l-phenylethyl group, 2-phenylethyl group, 1-



12 benzoyl group; an acyl oxy group having 2 to 12 carbon atonms such as
acetyl oxy group, propionyloxy group, butyryl oxy group, isobutyryloxy group,
val eryl oxXlyogptas62bsoval eryl oxy group, 5pival oyl oxy groBpTARZ1bEH265 | oxy
group; and a hal ogen atom such as fluorine atom and chlorine atom

[ 0021] Anong the above-defined G oup3P3, the aryl group having 6 to 20
carbon atons, the al kyl oxy (al koxy) group 10 having 1 to 12 carbon atons
and the aryl oxy group having 6 to 12 carbon atons may be substituted wth,
for exanple, at |east one substituent selected fromthe above-defined G oup

P2. [0022] (haphensubstitukedeEhyi2 ahkyhpgroup @b sdHsti 1yt ek 1Gar 12

cycl oal kyl group in Rl includes, for exanple, benzyl group,

napht hal engyhyyl met hyl 19(@%&1@9@5&@@9@&&3- yl met hyk-ggoup, 4-net hyl penzyl
group, 3,4-dimef hyl benzyl group, 4- net oxygenzyl group,

e BUEERELASE R, ANkl Bt Ry v
R b e e
4-met gyl phengxymet iyl 23T ouR, ARiery) SHiwl  9524Rk, 2~ PRevd SIIW) SEeyp: -
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-
‘10 methylphenoxy)ethyl group, 2-phenylcyclopropyl group and 4-
phenylcyclohexyl group.
[0023]
R! is preferably a substituted or unsubstituted alkyl
group having 1 to 12 carbon atoms; more preferably an alkyl
15 group having 1 to 4 carbon atoms which may be optionally
éubstituted. with phenyl group; and even more preferably
methyl group.
[0024]
When  the optionally-substituted sulfur-containing
20 hydrocarbon group at 2-position of the hydroxyacetate

compound 1is represented by R'-S-(CHy)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



WO 2012/ 026620PCT/ JP2011/ 069965 13 (napht hal ene- 1-yl ) et hyl

roup, 1- (napht hal ene- 2-yl )et hyl group, 1-(4-nethyl phenyl)ethyl group,
- (3, 4- awvoeviyizpdrenyl ) et hyl group, 1-(4-methoxyphenyl ) @CHygP20d1/669965

- (3, 4-di net hoxyphenyl ) et hyl group, 1-(4-phenylphenyl)ethyl 5 group,

- (4- phenoxyphenyl ) et hyl group, 2-(nethoxy)ethyl group, 2-(ethoxy)ethyl

oup, 2-(isopropyloxy)ethyl group, 2-(butyl oxy)ethyl group,

(i sobutyl oxy)ethyl group, 2- (sec-butyl oxy)ethyl group,

2-(tert-butyl oxy)ethyl group, 2- (phenoxy)ethyl group,

2- (2- et hykphgbaxy) ebhy| rerRUpa 2¢{#- 1Omedpyl PhenD%y) £&1Wtr840UPe as

2- phenyl cycl opropyl group and 4- phenyl cycl ohexyl group. [0023] Rl is
preferablyc@mgagﬁHIQ§§ed ar %@%%@?éd”@%%%ﬁﬂé@@fEHHEH%JE%UﬂEbénEé&é¥n§aFbon
atons; nore preferably an aPkyI 15 group having 1 to 4 carbon atons which
may be optj It i-th s ph r 1yand even nore preferably
nmet hyl groh agkggigFPaﬁgnHFﬁgoggpi3%a??§%§%%§?ﬁgdfed sul fur-containing 20
hydr ocar bo Og&g;p at 2-position of the hydroxyacetate conpound is
represented by R1-S-(CH2)"-, the hydroxyacetate conmpound is depicted as a

conpoynd of For o}n%g&é%inaﬁglérs _Jﬁrﬁ%ﬂlzclens_,c _gg)%H( ]éx)amgjevwerflhnyﬁrlogygp are

r

g
1
1
1
g
2

as defi ned above.

methylthiopropionic acid, 3-tert-butylthio-2-
hydroxypropionic acid, 3-benzylthio-2-hydroxypropionic acid,
3-ethylthio-2-hydroxypropionic acid, 2-hydroxy-4-
(methylthio)butyric acid, 4-ethylthio-2-hydroxybutyric acid,
10 2-hydroxy-4-propylthiobutyric acid, 4-benzylthio-2-
hydroxybutyric acid, 2-hydroxy-5-(methylthio)pentanoic acid,
5-(ethylthio)-2-hydroxypentanoic acid, 2-hydroxy-5-
(propylthio)pentanoic acid, 5-(benzylthio)-2-
hydroxypentanoic acid, 2-hydroxy-6- (methylthio)hexanoic
15 acid, 6-(ethylthio)-2-hydroxyhexanocic acid, 2-hydroxy-6-
(propylthio)hexanoic 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,
20 JP-2006-109834 A.
[0026]
Hereinafter, the step of oxidizing the sulfur-
containing hydroxyacetate compound is explained. In the
step, the sulfur-containing hydroxyacetate compound 1is

25 converted into the correspondent sulfur-containing 2-



WO 2012/ 026620PCT/ JP2011/ 069965 14 conpound of Fornula (1) is optionally
referred to as Conmpound (1). A preferred exanple of the sul fur-containing
hydr oxyackpane/@espound i s Conpound (1). [0025] 5ConpouR@T{UR3011/peMerdes, for
exanpl e, 2-hydroxy-3- nethylthiopropionic acid, 3-tert-butylthio-2-

hydr oxypr opi oni ¢ aci d, 3-benzyl thi o-2-hyds oxypropi oni ¢ acid,

3-et hyl t hi o- 2- hydr oxypr opi oni ¢ acid, 2-hydroxy-4- (nethylthio)butyric acid,
4- et hyl t hi o- 2- hydroxybutyric acid, 10 2-hydroxy-4-propylthiobutyric acid,
4- benzyl t hi 0-2- hydroxybutyric acid, 2-hydroxy-5-(nethylthio)pentanoic

acid, 5-(ekbybthirBbxgihydr @&mg@@h@n%@o@@ihd ithe M@t Jreaction.
(propyl t hi o) pent anoi caci d, 5- (benzyl t hi 0) - 2-

hydr oxypentggei¢aci d, 2- hydr oxy- 6- (et hyl t hi o) hexanoi ¢ 15 acid,
6- (et hyl t hi 0) - 2- hydr oxyhexanoi ¢ aci d, 2-hydroxy-6- (propylthio)hexanoic

aci d, 6'(benzy|%H%O%E%égﬁqrgé¥p%ﬁ%gohﬁ %?f@fﬁ&j tfhtgﬁgﬁg%ﬂence of

Compound (1) nmay be conmercially avail able or nmay be prepa according to

the pr°°esﬁtdﬁﬁéégfggeggatgﬁgf%x%@HE%te%Q%E%%PQ§k%gﬁ%ﬁﬁb€¥%%§¥5¥¥n%n%Ee

Her ei naf t er, _ OXi di Zi ng the sulfur-con nit roxyac
compotind | uSEBBAVEY et i b RSP PEEhBRASHTPEaM Por KB T2 =00
2012/0266292§léJQ§3}1ég@§ ggt selected from the group consisting of
ruthenium metal and the ruthenium compound is optionally
referred to as a ruthenium catalyst.
[0028]
10 The ruthenium compound includes, for example,
ruthenium oxide and ruthenium hydroxide.
[0029]
Regarding the ruthenium catalyst, at least 9©one
catalyst selected from the group consisting of ruthenium
15 metal and a ruthenium compound is preferably a carrier-
supported catalyst (hereinafter, optionally referred to as
a carrier-supported ruthenium catalyst).
The carrier includes at least one selected from the
group consisting of, for example, active carbon, alumina
20 (A1,03), silica (S1i03), zeolite, diatomaceous earth,
magnesium oxide, titanium oxide, zirconium oxide,
hydroxyapatite, and hydrotalcite. The carrier preferably
has a large surface area in order to increase the activity

of the catalyst.

25 The carrier-supported ruthenium catalyst may be



15 ket ocarboxyl ate conpound t hrough the present reaction. [0027] The
present reaction is carried out in the presence of at |east one catal yst
sel ect ed WP@M2A16624r oup consi sting of 5 rutheni um et alPCRAE21/pe0éFeni um
conpound. Hereinafter, at |east one catal yst selected fromthe group

consi sting of rutheniumnetal and the rutéheni um conpound is optionally
referred to as a ruthenium catal yst. [0028] 10The rut heni um conpound

i ncl udes, for exanpl e, ruthenium oxide and rutheni um hydroxi de. [0029]
Regardi ng the ruthenium catal yst, at |east one catal yst selected fromthe

group consighinBgcohinyt RRRIIUML1ES M Bl e Ailghk v Ly he Rt URaGO RO WL dSred
preferably a carrier-supported catalyst (hereinatter, optionally referred

to as a CabyiéﬁpﬁaEEQBbe ukHERgnURcatal yst) derivative WM F I & g.
i ncludes at | east one Selected fromthe group consisting of, for exanple,

act i ve ‘car hgoy gl i ng. 20( A 209), 8] Jd 028, 02) zeoL Lt e, g At QuEsEguBear th,
magnesi um oxi de, t1tani um oxi de, zi rconi'um oxi de, "hydroxyapatite, and

hydrotal cite., The carrier .preferabl. as_a.lar r f area, | der to
et eace. R agETy ByREpxi R R iy Butu®l SR RS AR tHERE o

Cata|¥5t ng %%pég%fgﬁ2g8§§$zggggéép%g}1éggggggation method, and if

necessary, the resultant is treated by burning or hydrogen
reduction.
[0030]
The amount of the ruthenium catalyst used herein may
10 vary depending on the form therecf. For example, it may be
in the range of 0.1 wt% to 100 wt®% of the sulfur-containing
hydroxyacetate compound. The amount of ruthenium contained
in the ruthenium catalyst is preferably 0.001 mol or more
per 1 mol of the sulfur-containing hydroxyacetate compound;
15 and from a practical viewpoint, it should be 0.5 mol or
less per 1 mol thereof.
[0031]
Preferably, the present reaction is carried out in the
presence of at least one typical metal compound selected
20 from the group consisting of an alkali metal compound and
an alkaline earth metal compound.
[0032]
The alkali metal compound includes, for example, an
alkali metal carbonate such as sodium carbonate, sodium

25 bicarbonate, potassium carbonate, potassium bicarbonate,



16 comrercially available. Alternatively, it nmay be prepared by supporting
rut henium netal or a derivative thereof (e.g. rutheniumnitrate, sulfate,
format e, WOV B6628ar bonat e, hal ogen, hydroxi de or oxi dECTIR2U1KE69965
above-nentioned carrier 5 by coprecipitation nethod or inpregnation

met hod, and if necessary, the resultant 13 treated by burning or hydrogen
reduction. [0030] The anmount of the ruthenium catal yst used herein may 10
vary depending on the formthereof. For exanple, it nay be in the range of
0.1 mt%to 100 wt % of the sul fur-containing hydroxyacetate conpound. The

anount of futhenhum Loy @nedahn thecH il eAydrbeahal ystbdisa i ef ahabl yn 0. 001
nol or nore per 1 nol of the sul fur-containing hydroxyacetate conpound;

15and fro Chictall HyRWRAl Lt houl . Qaihd e - I
t her eof . [%%]é%ig e%{?‘ij\r‘Hef er ablIQ%/e, %hce p?gsgﬁggﬁgactyi@glr? i gééaﬁﬁtgﬁg%%‘%ﬂ?n

the pr esenﬁgd%xgh{el gast Ilgtgfl_itu}{lpih I |- J3Bt@l conmpound sel ected 20fromthe
ali net

group consisting of an a conpound and an al kaline earth netal

conpound. [0032E83rbal aliﬂguaég*%ﬂi HEEQi ngﬁggﬂgdinQHé eJ(” fggnple,

an al kali netal onate “such as sodi'um car bona sodi'um i"dar bonat e,
ggag? Egg&%gég%g%;gifﬁgggggggflgéCa%g%@%teh@égz carbonate such as
magnesium carbonate and calcium carbonate, and an alkaline
earth metal hydroxide such as magnesium hydroxide and
calcium hydroxide.
Preferably, the typical metal compound is at least one
10 compound selected from the group consisting of an alkali
metal hydroxide and an alkaline earth metal. More
preferably, the typical metal compound is an alkali metal
hydroxide, and even more preferably sodium hydroxide or
potassium hydroxide.
15 [0033]
The amount of the typical metal compound used herein

is preferably 0.5 mol or more per 1 mol of the sulfur-

containing hydroxyacetate compound, and there is no upper

limit thereof. However, from a practical viewpoint, it
20 should be 2 mol or less per 1 mol thereof.
[0034]

Preferably, the present reaction is carried out in the
presence of oxygen.
The oxygen used herein may be oxygen gas which is

25 undiluted or diluted with an inert gas such as nitrogen, or



17 lithium carbonate and |ithium hydrogen carbonate, and an al kali netal

hydr oxi de

al kaline e
car bonat e,
hydr oxi de
conpound i
an al kal

such as sodi um hydr oxi de, potassi um hydroxi de and |ithium

hydr oxi deWOPRhE/®b4Eal i ne earth metal conpound includes, POT/JPBIEREEE e, an
arth netal carbonate such as magnesi um carbonate and cal ci um
and an al kaline earth netal hygroxi de such as nagnesi um
and cal ci um hydr oxi de. Preferably, the typical netal
s at | east one 10conpound sel ected fromthe group consisting of
metal hydroxide and an al kaline earth metal. More preferably, the

typi cal ne
preferably

bﬁgzggarr&%ﬂﬁ the aial kath sgbatibydr e;sled@xi@@@h YR MHEL air
sodi um hydr oxi de or potassi um hydr oxi de. [ 0033] The

amount  of Fn%g bypheabcast gk chorpoynd ysed hengin ds Pefgfapl y 0.5 mol or
| of the sul fur-containing hydroxyacetate conpound, and there

| kgl gl St ol MU cel e, 4 gphoul

nore per 1
IS no uppe
be 2 nol o
reaction i
used herei

r | ess per ere Pr ef

ied out.in th -
RS Bty gbn e i R | € 3B lRAL LI B S AR TRE AR
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mpoun there 1s no u
[0035]

Preferably, the present reaction is carried out in the
presence of a solvent.

The solvent includes, for example, a ketone solvent
such as acetone and methylethylketone, a nitrile solvent
such as acetonitrile and propionitrile, an aromatic solvent
such as toluene and benzotrifluoride, water, and a mixed
solvent thereof. The solvent is preferably water, a ketone
solvent or an aromatic solvent; and more preferably water
or toluene.

The amount of the solvent used herein is not limited
to a particular amount, but from the viewpoint of
volumetric efficiency, the amount is preferably not more
than 100 parts by weight per 1 part by weight of the
sulfur-containing hydroxyacetate compound.

[0036]

In the present reaction, the addition order of each

reagent 1s not limited. A preferred embodiment of the

procedure includes, for example, a procedure which

comprises mixing the sulfur-containing hydroxyacetate

present

gen
nert



oxygen fromthe air. In addition, the oxygen fromthe air nmay be diluted
with an inert gas such as nitrogen. The anpbunt of oxygen used herein
is preferapl29121026620 or nore per 1 nol of the sul fur-conP&TAPHY1/069965

hydr oxyacet ate 5conpound, and there is no upper limt thereof. [0035]
Preferably, the present reaction is carri®ed out in the presence of a

sol vent. The sol vent includes, for exanple, a ketone solvent 10 such as
acetone and net hyl et hyl ketone, a nitrile solvent such as acetonitrile and
propionitrile, an aromatic solvent such as toluene and benzotrifl uoride,
wat er, andcgmpby¥gd, sebveehtt har Q?bicyle me@lave orpduETRIAR V@i um

ket one sol vent or an aronmatic solvent; and nore preferably water 15or

tol uene. catal§§€,aHHHnEh@B hhgisgl vert mised Rereid dg/qaef, linmted to a
particul ar anmount, but fromthe viéwpoint of volunetric¢ efficiency, the
anount is Epﬁggﬁably not nore than 100 parts by weight per 1 part by weight
of the 20s ur-contai ni ng hydroxyacet ate conpound. [0036] In the
present reactio th itio of c ea .1Ls N lim .
preferred enbod?ﬂ%ntsgéggﬂ% p?%gé ﬁ?% i%%?uggé, %%$£%§§nﬁ$%? éﬂgéggedﬁne
whi ch_25conpri ses m xi ng the sul.fur-containing,hydroxyacetate,. WO

2012/ 826620PEHF S BB T EPGRSS6S TS ihBburi, "EBR9eNPr o8 Sty 81 SR Al Bhpound

and a rut henium catal yst, and.then m xing the. m xture and ox n.
a pressuéﬁ ed con itQOn. Pf%feragTy, Et %ﬁ; ca¥%$ed out

under a normal pressure condition or a pressurized

condition; and more preferably, it is carried out under a

pressurized condition. The pressurized condition is, for
10 example, 0.2 to 10 MPaG (gauge pressure).
[0038]

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

15 ‘reaction mixture and the amount of the ruthenium catalyst.
Preferably, the reaction temperature 1s in the range of
20°C to 150°C. When the reaction temperature is lower than
20°C, the present reaction tends to proceed slowly, while
when it is higher than 150°C, the selectivity rate of the

20 present invention ténds to decrease.

[0039]

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

25 resonance spectrum analysis, and infrared absorption



[ 0037] The present reaction nmay be carried out under a 5reduced
pressure condition, a normal pressure condition or a pressurized condition.
Pr ef er abl WO 2012/G26628ar ri ed out under a normal pressure cE®AAIPRIANIE@O6T]
pressuri zed condition; and nore preferably, it is carried out under a
pressurized condition. The pressurized comdition is, for 1l0exanple, 0.2 to
10 MPaG (gauge pressure). [0038] The reaction tenperature of the
present reaction may vary depending on factors such as the concentration of
t he sul fur-containing hydroxyacetate conpound contained in the 15 reaction
m xture andptBeramodAkt19kikhe ruthenium catalyst. Preferably, the reaction
tenperature is in the range of 20C to 150C. Wen the reaction tenperature
is lower thapsgdpC the present reaction tends to proceed slowy, while when
it is higher than 150C, the selectivity rate of the 20present invention

tng{‘ﬂiﬁéc’sﬂﬁﬁrzi?égs[ : rcﬁ%%aet'ogF;%C%?S%%ﬁ??%?ﬁsﬁ@e”%"-%%t?fﬁﬁ%%aé%‘%%% 2phy.
and i ni ar S0 BBR LN E b I E S b Baa0BaT Y E01 1T 0R00es 20 et
anal ysi s. exa sul f ur - cont ai nin %15%toc%rq§§ylate

004 F | h
o Lan e cEAMBACEedy ardle nkSF BT PatL. A dher ghuge Y F1 18608

remove the ruthenium catalyst, and the filtrate 1is

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
10 isolate the sulfur-containing 2-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 filtered to remove the
15 ruthenium catalyst; the filtrate is mixed with a water-
immiscible solvent, extracted, concentrated, and cooled to
isolate the sulfur-containing Z2-ketocarboxylate compound.
The water-immiscible solvent includes, for example, ban
ester solvent such as ethyl acetate and an ether solvent
20 such as methyl tert-butyl ether. In addition, the amount
of the water-immiscible solvent used herein is not limited

to a particular amount.
The isolated sulfur-containing 2-ketocarboxylate
compound can be purified by methods such as distillation,

25 column chromatography and crystallization.



5 conpleted, the resultant reaction mxture is filtered to renove the

rut heni um catal yst, and the filtrate is optionally neutralized with m neral
aci ds sucwoasg12813bd2ari ¢ aci d and hydrochl ori c aci d. ThenPCTHE20H/RE%6%e can be
concentrated, cooled, or mxed with for exanple, acetone to 10isol ate the
sul fur-contai ni ng 2-ketocarboxyl ate conpound as a solid. In case that the
sul fur-containing 2- ketocarboxylate conpound is a |lipophilic conpound, it
may be isolated as follows. After the reaction is conpleted, the resultant
reaction mxture is filtered to renove the 15 ruthenium catalyst; the
filtrate i gopuxed Wwith a water-inm scible solvent, extracted, concentrated,
and cooled to isolate the sul fur-containing 2-ketocarboxyl ate conpound. The

wat er -i mmi sci bl gpgol V@ﬁﬁthQEBQ%éinﬁﬂg eX MY 0 AR 30! VeUmSbiety as
ethyl acetate and an ether solvent 20 such as nethyl “tert-butyl "ether. In

addi ti on. L DepauBHTL, ofc e, Ll LI §r50LYEThaUs S NTEIhd P ot

limted to articulfa

Thei sol at edsyl f ur - t ai_ni - ket Qcar I 0 can
ourified bouRg nhaged, e si,%tout‘ﬁagﬂqgﬁl Hefdrocark 5 ot 89P aphy ofhe
crystgllizat%on. rﬁ 2015/92%6%0PCTQé5§0;;/069965.21 L0§41%

ThesuPf ur - BBRE PRI hY ~ 3 PREFSERF O yT Mt Storpdttt preparEd Byarhen group
above-nentlonegﬁp ocess has an optiopal |l y- substituted sul fur-caontai.ning
hydr ocar bohBgESEp. SHHd U5 Rt: DRI - SUBST PERTRORKLR Fiir SOBROEPHI g The
hydr ocarbon group in the sul fur-containing 2-ketocarboxyl ate conpound is
the sane a82PBat 28f thetab&¥fe- kBt i GhOY SSIHLEGS aish NG ARG %t e
conpound. The sul fur-containing 2- ketocarboxyl ate conpound may be in the
formof a hyésoxypgetageor gomaPundwhen i tThHS i PUhEF FIROILIRIRGI t,2H
di ssoci able from COCH in the sul fur-containing 2- ketocarboxylate is

repl aced wkehogachrkyhahki clompsunide meah®ersin hehab§oeml pét ed fomg arcith t he

sul fur-cont ai ni ng hydroxyacet ate conpound. 15[ 0042]
10 or a salt. When it is in the form of a salt, H'

dissociable from COOH in the sulfur-containing 2-
ketocarboxylate is replaced with a cation which is the same
as the above-listed cation 1in the sulfur-containing
hydroxyacetate compound.
15 [0042]
The sulfur-containing 2~-ketocarboxylate compound
includes, for example, 3-methylthio-2-oxopropionic acid, 3-
tert-butylthio-2-oxopropionic acid, 3-benzylthio-2-
oxopropionic acid, 3-ethylthio-2-oxopropionic acid, 4-
20 methylthio-2-oxobutyric acid, 4-ethylthio-2-oxobutyric acid,
2-oxo-4-propylthiobutyric acid, 4-benzylthio-2-oxobutyric
acid, b5-methylthio-2-oxopentanoic acid, 5-(ethylthio)-2-
oxopentanoic acid, 2-oxo-5-(propylthio)pentanoic acid, 5-
(benzylthio)-2-oxopentanoic acid, 6-methylthio-2-

25 oxohexanoic acid, 6-(ethylthio)-2-oxohexanoic acid, 2-oxo-



Thesul f ur - cont ai ni ng2- ket ocar boxyl at econpound i ncl udes, for exanple,

3-net hyl t hi o- 2- oxopr opi oni ¢ acid, 3-

tert - but YWORDER/R6@Ropr opi oni caci d, 3- benzyl t hi 0-2- oxopr @ITEIRA2A 1/86906F,

3-et hyl t hi 0- 2- oxopropionic acid, 4- 20 methylthio-2-oxobutyric acid,

4- et hyl t hi o- 2- oxobutyric acid, 2-oxo0-4-pzompylthiobutyric acid,

4- benzyl t hi o- 2- oxobutyric acid, 5-nethylthio-2-oxopentanoic acid,

5- (et hyl thio)-2- oxopentanoic acid, 2-oxo-5-(propylthio)pentanoic acid, 5-
(benzyl t hi 0) - 2- oxopent anoi ¢ acid, 6-nmethylthio-2- WD

2012/ 02662QPChird P20 h40688&ANn32 ¢ 6alRPY Id-hisalexanoif) -acidhk
6- (benzylthig§ Zﬁgxohex2n0|cnacfd gnd saltguthereof {%xawM(ﬁh%ﬁ?ﬁﬁﬁﬁ

FbrelnafteQClBhgngrgggeg %ﬂggggfon is illustrated in nore detail with sone
exanpl es. [0044] the foll ow ng exanpl es, each reaction
m xture was

(Example)
5 [0043]
Hereinafter, the present invention is illustrated in
more detail with some examples.
[0044]
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 [0045]
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



10anal yzed with high performance |iquid chromatograph (manufactured by
Shi madzu Cor poration) under the analysis conditions shown bel ow, and each

conver si onoraix2e62d each selectivity rate were cal cul at edTus2ngoédes
formul ae shown bel ow. 15[ 0045] Analysis Conditions: LC colum:

Li chrosorb-RP-8 Col unm tenperature: 40C Mpbil e phase: acetonitril e/ water
sodi um 1- pent anesul fonate Concentration of additive
2.5 mol /L pH of nobile phase; pH 3 (adjusted by adding 40 %
1.5 nL/m n 25Detection wavel ength: 210 nm WO

5/ 95 20Additive agent:

agent :

phosphoric acid) Flow rate:

2012/026620PCT/ﬁggg&}éﬁ@%@6§ime: 60 min

10

15

20
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[0046]
Calculation of conversion rate:
Conversion rate (%) =

100 (%) - [Peak area of Compound (1) (

oe
-
—

[0047]
Calculation of Selectivity rate:
Selectivity rate (%) =
[Peak area of Compound (2)] /
(Peak area of all products) x 100
[0048]
Example 1
A 60 mL autoclave was charged with 150 mg of 2-
hydroxy—-4- (methylthio)butyric acid, 2.29 g of water, 45 mg
of potassium hydroxide and 100 mg of 5 % Ru/Al,0;
(manufactured by Wako Pure Chemical Industries, Ltd.), and
the mixture was stirred. After the autoclave was
pressurized to 2 MPaG (gauge pressure) with 30 % oxygen /
70 % nitrogen, the mixture was heated to 80°C and stirred
for 6 hours. A portion of the reaction mixture was
filtered to remove Ru/Al,;03;, and the filtrate was analyzed
by high performance liquid chromatography to find that the
conversion rate of 2-hydroxy-4-(methylthio)butyric acid was

11

oe

and the selectivity rate of 4-(methylthio)-2-

Q

oxecbutyric acid was 42 %.



23 Measurenent tinme: 60 mn [0046] Cal cul ation of conversion rate:
Conversion rate (%9 = 5100 (% - [Peak area of Conpound (1) (%] [0047]

Cal cul at i 20f2/08ed28ctivity rate: Selectivity rate (% =PCPIRWIHI@460f
Compound (2)] / 10(Peak area of all products) x 100 [0048] Exanple 1

A 60 nL autoclave was charged with 150 ng4 of 2-

hydr oxy-4- (et hyl thio)butyric acid, 2.29 g of water, 45 ng 15 of potassium
hydr oxi de and 100 ng of 5 % Ru/ Al 203 (manuf actured by Wako Pure Chemi cal

| ndustries, Ltd.), and the m xture was stirred. After the autoclave was
pressurizedobag? MPaG (gauge pressure) with 30 % oxygen / 70 % nitrogen,
the m xture was heated to 80C and stirred 20 for 6 hours. A portion of the
reaction ngxture-was filtered to remove Ru/Al 203, and the filtrate was

anal yzed by high performance |liquid chromatography to find that the

e Py P LRSS DA Ol o264 e J ppencphe

hydroxy-4- (methylthio)butyric acid, 2.25 g of toluene and

5 100 mg of 5 % Ru/Al,03 (manufactured by Wako Pure Chemical
Industries, Ltd.), and the mixture was stirred. After the
autoclave was pressurized to 2 MPaG (gauge pressure) with
30 $ oxygen / 70 % nitrogen, the mixture was heated to 80°C
and stirred for 6 hours. A portion of the reaction mixture

10 was filtered to remove Ru/Al,03, and the filtrate was
analyzed by high performance liquid chromatography to find
that the conversion rate of 2-hydroxy-4-(methylthio)butyric
acid was 2 % and the selectivity rate of 4-(methylthio)-2-
oxobutyric acid was 49 %.

15 [0050]
Example 3

A 60 mL autoclave was charged with 150 mg of 2-

hydroxy-4- (methylthio)butyric acid, 2.25 g of water, 45 mg
of potassium hydroxide and 100 mg of 5 % Ru/Al,03, and the

20 mixture was stirred. After the autoclave was pressurized
to 2 MPaG (gauge pressure) with nitrogen, the mixture was
heated to 80 °C and stirred for 6 hours. A portion of the
reaction mixture was filtered to remove Ru/Al,0s3, and the

filtrate was analyzed by high performance liquid

25 chromatography to find that the conversion rate of 2-



WO 2012/ 026620PCT/ JP2011/ 069965 24 [0049] Exanple 2 A 60 nL autocl ave
was charged with 150 ng of 2- hydroxy-4-(nethylthio)butyric acid, 2.25 g of
t ol uene awNo 20R/020@20ny of 5 % Ru/ Al 203 (nmanuf actured by WARKGPRUL/@6IDem ca

| ndustries, Ltd.), and the m xture was stirred. After the autoclave was
pressurized to 2 MPaG (gauge pressure) wsh 30 % oxygen / 70 % nitrogen

the m xture was heated to 80C and stirred for 6 hours. A portion of the
reaction mxture 10 was filtered to renove Ru/ Al 203, and the filtrate was
anal yzed by high performance |liquid chromatography to find that the

conver si onhar8x9t42-(hrdhe1y hdo( BRERHilhi 0dBudyr ivasaci d was 2afwandchde
selectivity rate of 4-(nethylthio)-2- oxobutyric acid was 49 % 15[ 0050]

Exanpl e 3 selectév@@yntrﬁﬁéQQhﬁVQ—%ﬁgtﬁgﬁEagg)WQLQX%%Qt@&iQ; dzid was
hydr oxy-4- (net hyl t hi 0) butyric acid, 2.25 g of water, 457ng of potassium
hydroxi de gpd,100 nmg of 5 % Ru/ Al 203, and the 20 mixture was stirred.

After the autoclave was pressurized to 2 MPaG (gauge pressure) wth

ni t rogen, 8 @thure was heated to 80 C and stirred for 6 hours. A portion
of the reactron"m xture was filtered to renove Ru/Al 203, and the filtrate
was aEaIyzEd bélhigh performance |iquid 25chromat ography to find that the
convePsi on~fal'8~6f *2- WD 2012/ 026620PCT/ JP2011/ 069965 25

hydr oxy-4-(methylthjo)hutyric acid was 2 % and the selectivity rate of

4- (et hyl t hi o)-é-o&@bdﬁlyria&‘té?& YWas"ef o %argeé with 150" mg 'SE" 27

hydroxy-4- (methylthio)butyric acid, 2.25 g of water, 45 mg
of potassium hydroxide and 220 mg of Ru(OH),/Al,0s; (see,
Angewandte Chemie International Edition 2002, Vol.41,
10 p-4538-4542), and the mixture was stirred. After the
autoclave was pressurized to 2 MPaG (gauge pressure) with
nitrogen, the mixture was heated to 80 °C and stirred for 6
hours. A portion of the reaction mixture was filtered to
remove Ru(OH),/Al,03, and the filtrate was analyzed by high
15 performance liquid chromatography to find that the
conversion rate of 2-hydroxy-4-(methylthio)butyric acid was
2.5 % and the selectivity rate of 4-(methylthio)-2-

oxobutyric acid was 39 %.

20 (Industrial Applicability)
[0052]
It is known that sulfur-containing 2-ketocarboxylic
acid compounds such as 4-methylthio-2-oxobutyric acid are,
for example, useful intermediates for preparing medicaments

25 and agrochemicals. The  present invention is an



[ 0051] S5Exanple 4 A 60 nL autoclave was charged with 150 ng of 2-

hydr oxy-4- (et hyl thio)butyric acid, 2.25 g of water, 45 ng of potassium
hydr oxi dewardi222e62fy of Ru( OH) x/ Al 203 (see, Angewandt e EREQAPB1ILAE6TMat i onal
Edition 2002, Vol .41, 10 p.4538-4542), and the m xture was stirred. After
the autocl ave was pressurized to 2 MPaGA{@auge pressure) with nitrogen, the
m xture was heated to 80 C and stirred for 6 hours. A portion of the
reaction mxture was filtered to renove Ru(COH)x/ Al 203, and the filtrate was
anal yzed by high 15 performance |liquid chromatography to find that the
conver si onj hah8t et a21 by dr@m-i4-bRt hyhtddogHut ¥hiC aglephadasg?. Shane t he
selectivity rate of 4-(nmethylthio)-2- oxobutyric acid was 39 %

20(1 ndust r g}t APRE hgabLkbEX:akBBR9h ic acid kdmpdunRin that

sul fur-contal ni ng 2-ketocarboxyliC acid conpounds such as

4- et hyl t hi 0- 2- oxobutyric acid are, for exanple, useful internediates for
preparing nedi canents 25and agrochem cal s. The present invention is an 26
industrially applicable process for preparing sulfur-containing

2- ket ocar boxylic acid conmpounds. WD 2012/ 026620PCT/ JP2011/ 069965 27 CLAI M5
1. A process for preparing a sulfur-containing 2-



ket ocar boxyl at e conpound conprising a step of oxidizing a 5 hydroxyacetate
conpound havi ng an optional |l y-substituted sul fur-containing hydrocarbon
group at wWeposymsen in the presence of at |east one cat acygp2mebeoéed from
the group consisting of a rutheniummetal and a rutheni um conpound. 102. The
process of claim1 wherein the step of oxydizing a hydroxyacetate conpound
havi ng an optional |l y-substituted sul fur-containing hydrocarbon group at
2-position is carried out under pressurized condition. 153. The process of
claiml or 2 wherein the step of oxidizing a hydroxyacetate conpound havi ng
an optional ly-substituted sul fur-contaiarfag hydrocarbon group at 2-
position is carried out in the presence of at |east one typical netal
conpound sel ected fromthe group consisting 20of an al kali netal conpound
and an al kaline earth nmetal conpound. 4. The process of claim3 wherein the

typi cal netal cqmpaqund is an_al kali_ netal hydroxide.. W - B
2012/ 026620PCT/ FP2d1 60065 38 5P 35 6tess® of s&ﬁfué\r?goél W% 1°To 4

wherein th te f oxidi zi ng a hydroxyacetate conpound havi ng,.an

oDt onal |y XELCRF PO 66 (G FPHGS R APBed bUEiD: Bhp AU 17 on i s

carried out in the presence of oxygen. 5 6. The process of any onge of glains

1 to 5 wheP¥Ppoxpyacetate compound™ having an optionally-substitute
sulfur-containing hydrocarbon group at 2-position in the

presence of at least one catalyst selected from the group

consisting of a ruthenium metal and a ruthenium compound.

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

carried out under pressurized condition.

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

typical metal compound selected from the group consisting

20 of an alkali metal compound and an alkaline earth metal
compound.
4. The process of claim 3 wherein the typical metal

compound is an alkali metal hydroxide.

25



hydr oxyacet at e conpound having an optional |l y-substituted sul fur-containing
hydr ocarbon group at 2-position is a conpound of Forrmula (1): R1-S -(C
H2) n- C - OBQR0H/12¢62Y 100H wherein RI- is an optional |l y-sREZHIPRUI1/EEISL- 12

al kyl group, or an optionally-substituted C3-12 cycl oal kyl group; and n is
an integer of 1 to 4, and the sul fur-containing

2- ket ocar boxyl ate conpound is a 15conpound of Fornula (2): RL-S -(CH2)n-C
-CR2H 11(2) 0 wherein R and n are as defined above. 7.The process of claim
6 wherein RL is nethyl group and 20n is 2.

5. The process of any one of claims 1 to 4 wherein the
step of oxidizing a hydroxyacetate compound having an
optionally-substituted sulfur-containing hydrocarbon group

at 2-position is carried out in the presence of oxygen.

5
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 1is a
compound of Formula (1):
H
R1—S—(CH2)n—(|3—COQH (1)
10 OH
wherein R' is an optionally-substituted Ci.;» alkyl group,
or an optionally-substituted Cj-12 cycloalkyl group; and n
is an integer of 1 to 4, and
the sulfur-containing Z2-ketocarboxylate compound is a
15 compound of Formula (2):
R1—S—(CH2)n—CI.i,—C02H (2)
O

wherein R! and n are as defined above.

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

20 n is 2.



