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2- OXO 4- (ALKYLTHI O OR ARYLTHI O 1-BUTANCL EMPLOYI NG

BACTERI A OF THE GENUS PSEUDOMAGNAS, RHODOCOCCUS, OR

BACI LLUS 5 Technical Field The present invention

relates to a process for producing a

sul fur-contai ni ng hydroxycarboxylic acid. 10

Background Art Hitherto, pagcarpreeogss for producing a

sul fur- containing hydroxycarboxylic acid, hydrolysis

of a hydroxynitrile conpound (cyanhydrin) has been

enpl oyed. Industrially, sulfuric acid is used as a
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m croorganismto convert it into a corresponding

hydr oxycar boxylic acid. However, in a process using

sulfuric acid as a 20 catalyst, a hydroxynitrile

gonﬁoundl| .rﬁ cted with sulfuric acid to produce, in

&G0 0H6Rt 6°F objective hydr oxycar boxylic acid, an

equi npl ar anount nmoni um _sulfate as a b gduct
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requi red, which makes production steps 25 conpllca t ed.
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Background Art

Hitherto, as a process for producing a sulfur-
containing hydroxycarboxylic acid, hydrolysis of a
hydroXynitrile compound (cyanhydrin) has been employed.
Industrially, sulfuric acid is used as a catalyst. Further,
for example, JP 58-15120 B, JP 2-84198 A and JP 4-40898
disclose hydrolysis of a hydroxynitrile compound by the
action of a microorganism to convert it into a
corresponding hydroxycarboxylic acid.

However, in a process using sulfuric acid as a
catalyst, a hydroxynitrile compound is reacted with
sulfuric acid to produce, in addition to the objective
hydroxycarboxylic écid, an equimolar amount of ammonium
sulfate as a by-product. Therefore, a step for recovering
the by-product is required, which makes production steps

complicated. Further, in a process for producing a
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2 hydroxycarboxylic acid conpound froma correspondi ng
hydroxynitril e conmpound by using a m croorgani sm

wo b@ses®ie such problens that the enzyme actip@t/yr2007/069126

possessed by the mcroorganismis inhibited by
degradation products fromthe5 hydroxynitrile
conpound, i.e., cyan, etc., and treatnent of a large
anount of an anmoni um salt produced is required,

t her eby acconpanying an increase in the production

ﬁ9aEOX¥Qh§BbQ§QE@ atitiheohp¥enti @Roh0aARoePESEbNAIng e
presen I nvention iIs to prOVIde a process f or

ga@%%yﬂgtéliélEHRFSQHBabQ'991H¥d50%¥8§599§¥hk§m,aEhQre are
ving no fear that a large anount of a by-product is

Qﬁgﬂu§§gbl@ﬁ\g EHSteEE&”EanﬁéVéHl{z%&g priésgedmgtthe

e present 1 nvention rovid proces

SEPSEHELIR P AR I Dl R e
epresents_a ?gdrogen a
a
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the formula ): WD 2008/038810 PCT/JP2007/869126 3
phereby acco panylng an increase 1n the production cost.

Disclosure of the Invention

An object of the present invention is to provide a
process for producing a sulfur-containing hydroxycarboxylic
acid having no fear that a large amount of a by-product is
produced, and the enzyme activity is inhibited.

That is, the present invention provides:

1. A process for producing a sulfur-containing a-
hydroxycarboxylic acid compound represented by the formula

(2) :

OH

Ry ///\\\\///L\\
s COOH

)
wherein R; represents a hydrogen atom, an alkyl group
having 1 to 8 carbon atoms, or an aryl group having 6 to 20
carbon atoms, which comprises subjecting a sulfur-

containing ketol represented by the formula (1):
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RL NN~ OH (1) wherein R1 is the same as defined
above, to the action of mcrobial cells of a

WwOR@so8ssgani sm bel ongi ng to the genus PseudonBaE$R2007/069126

Rhodococcus or Bacillus capable of converting 5 the
sul fur-containing ketol into a corresponding sul fur-
cont ai ni ng a- hydr oxycar boxylic acid conpound, or a
treated material thereof; 2. The process according to
the above 1, wherein the mcroorganismis that

bel onging to the genus Pseudononas, 10 or Rhodococcus
whi ch has been [tured in the presence of a primry
or secondary al ¢phol; 3. The process according to the
ahque 1 rei n®@te mcroorganismis that

seud nas putida, Pseudononas

di m nuta, Pseudononas nendoci na, 15 Rhodococcus

gl oberul us, ®modococcus erythropolis, Rhodococcus

r hodochrous, or Rhodococcus sp; 4. The process

di t t bov t.h
FECRRAR B wS%g?"ﬁega?aom%a%ﬂ%f'” E{%?€e?b§‘56 mﬁi@“’ ?%éi%n of
acco%gL ne of the above 1 i EE
ReET éi? 8 BLERIBREARLSBuPE 8ngFE@1£i6 §' genus

Pseudononas putlda | AML236, Pseudgnonas dj m nuta
Ferpionrnaps e IGABRLS CHENAS BAS LI EHE4$8PaPRR0AGCHERTE I ting
WD 2008/.038810 PCT/JP2007/ 069126 4 gl oberul us
Arecsybdfer-rRABABABARLs KEEPLhALBHBI RsCPEDEIB2RI1ING sulfur-

Rhodococcus rhodochrous ATCC15610, or Rhodococcus SE.
containing a-hydroxycarboxylic acid compound, or a treated

material thereof;

2. The process according to the above 1, wherein the
microorganism is that belonging to the genus Pseudomonas,
or Rhodococcus which has been cultured in the presence of a
primary or secondary alcohol;

3. The process according to the above 1 or 2,
wherein the microorganism is that belonging to Pseudomonas
putida, Pseudomonas diminuta, Pseudomonas mendocina,
Rhodococcus globerulus, Rhodococcus erythropolis,
Rhodococcus rhodochrous, or Rhodococcus sp;

4. The process according to the above 1, wherein the
microorganism is that belonging to Bacillus alvei;

5. The process according to any one of the above 1
to 3, wherein the microorganism is Pseudomonas putida
IF014164t, Pseudomonas putida IAM1236, Pseudomonas diminuta

JCM2788t, Pseudomonas mendocina 1F014162, Rhodococcus
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ATCC19148; 6. The process according to the above 1 or
4, 5 wherein the mcroorganismis Bacillus alvei

wo 88483819 7. The process according to any onepof/Jed0€7/069126

above 1 to 6, wherein Rl in the sulfur-containing
ketol represented by the formula (1) is an al kyl
group having 1 to 8 carbon atons; 10 8. The process
according to the above 2, wherein the prinmary or the
secondary al cohol is a primary or secondary al coho

gg\sib@g_u& us0nRCEaEB98, ARABBILBRELS e TPeHPHBEESS TFO12320,

cording to the above 8, wherein the prinmary or the

seeandary, 2l %Baloch%o&:sp @eem%io,15oécg%%escwst bs.

present 1 nvention, a sultur- contalnin

H¥889§X3§Eboxy|ic aci d conpound can be efficiently
pro

Ucéd Wi thout any fear that a |arge anount of a

oy, b duct b BLOgUcedaagaLls SRVIE BELLY Ll

i nhi br'ted. orm ng nventi oh
reinafter, the process of the present .inventj il

BEeEs piat REami FRoPRESGLPFy? S cBREAL ARG RErss Lr083a3t]

represented by the 25 fornula (1%, and t he

sul f ur - conTHPNPRECRAr %5 RAMbBSy FPcaNb 206aPEaBRT03POVe 1

PCT/ JP2007/ 069126, 5 acid conpound represented by the

£6r ful HhespineRamt e ofSuthier w342 oth lbertqﬂav'%/erﬂfelsented

to 8 carbon atons of Rl include
by the formula (1) is an alkyl group having 1 to 8 carbon

atoms;

8. The process according to the above 2, Qherein the
primary or the secondary alcohol is a primary or secondary
alcohol having 1 to 5 carbon atoms; and

9. The process according to the above 8, wherein the
primary or the secondary alcohol is l-propanol.

Aécording to the present invention, a sulfur-
containing hydroxycarboxylic acid compound can be
efficiently produced without any fear that a large amount
of a by-product is produced, and the enzyme activity 1is

inhibited.

Best Mode for Performing the Invention

Hereinafter, the process of the present invention will
be explained.

In the sulfur-containing ketol represented by the

formula (1), and the sulfur-containing hydroxycarboxylic
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a methyl group, an ethyl group, a propyl group, an
i sopropyl group, a butyl group, an isobutyl group, a't

w2008h38810gr oup, a pentyl group, a hexyl group,prEr/iepineoi2e

group, and an octyl group. Further, exanples of the
aryl group having 6 to 20 carfpon atons of Rl include
a phenyl group, a tolyl group, a xylyl group, a
napht hyl group, and the like. Rl in the

sul fur-containing ketol conpound represented 10 by

EgﬁdfQBHBBQnélkeb§eQEﬁE@HaBPYtHQ abkyl19r oup, havbmgids of

carbon atons he sul fur-cont ai ni ng

ng grﬂég?zge M}gp %faﬁb%ﬁ n@ogads egpssﬁegfcsﬂsbxftﬁe include

ornu }s produce process of e
h

PRSP LT LGPV GPP ERORAS, £ o
. d f
eraypslspva 9%811%.@8?“ 95PLD- TRE fl:%%%%u% JrohHE = «-

: b d d, I b

EBGRL1 A5°PRact: BRTGP.a9REERY I EnrGBYopPERTE0 & ﬁsmé group,
and parafornaldeh de using a thiazoliniu an
BARdeaRsOEhYA| gEPY (foFuéigﬁﬁre?XgﬂB SﬁpﬁggggePﬁfg tgrouP

Application No.2006-199127) or a sjim]lar reaction.
WPEFBElélt@e?pscéFbann?EPﬁér@gnBSrﬁQﬁl%P?r%%RQﬁPYl group, a

mat erial thereof to be used as a catalyst in the i
pPoYEsIrenp, 28 KhéYpr @5eHP. i AveAPRBRAYmyraePrangnd the like.
m crobial cells or treated WD 2008/ 038810

PCT/ JR20D7/ 1089 1961 L@ Teeeld & ing heateof emnpeiindsremkgpented
are mcrobial cells of a mcroorgani smbelonging to
bhethenfisrmséaddidnas, preferably an alkyl group having 1 to
8 carbon atoms.

The sulfur-containing hydroxycarboxylic acid compound
represented by the formula (2) which is‘produced by the
process of the present invention from the corresponding
sulfur-containing ketol compound represented by the formula
(1), and recovered from a reaction mixture may be in the
form of a salt.

The compound of the formula (1) can be produced, for
example, by a coupling reaction of 3-methylthiopropion-
aldehyde and paraformaldehyde using a thiazolinium salt and
a base as catalysts (for example, see Japanese Patent
Application No.2006-199127) or a similar reaction.

Microbial cells of a microorganism or a treated

material thereof to be used as a catalyst in the process of

the present invention may be any microbial cells or treated
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Rhodococcus or Bacillus capable of converting a
sul fur- containing ketol into a correspondi ng

walogusssoont ai ni ng a 5 hydroxycarboxylic aci d,p@ngh2007/069126

treated materials thereof. Exanples thereof include
mcrobial cells or treated nwterials of a

m cr oorgani sm bel onging to the genus Pseudonbnas such
as Pseudononas putida, Pseudonobnas dinmnuta, or :
Pseudononas nendoci na, a m croorgani sm 10 belonging to

hbecgenus Bhedespcsysrsuchs ash&podpsoatesobhDbes Ul siSof a
Rhodococcus erythropolis, Rhodococcus rhodochrous, or

%Jeﬁespggﬁsﬁ Pbe18AdiAg M ET ORE ge@mgn pbelangbRgst o the
genus us such as Bacillus alvei. Preferred

ﬁﬁgggkgﬁsbgcgydgaglﬁﬁgp'@é%gﬁ%éso9rc$ﬁ§§£€gn&5a sul fur-

materia a m croor gani el onging to the genus

Eagggfgfﬁ kéHSD ﬁﬁ%gﬁgggggﬁéy%ogafg r§uﬁ§ur ontaining o-

dococc er yt ; ococc odochr ous, or
Furt
ﬁ;gFggggggkg%ﬁ%l&gg%rg;?g%e{g ey epErplenelusoc.

i croorganj sm bel on to.th enus Rhodococcu
AR R S TR TS et e
ge0|f| exgngles t her eof |ncluge nm cropi aj ceIIs or
Bafed aPSCBPORIFR EFBOP GEAT ST Bf - Pl oHENAS
utida |1F014164t, Pseudononas putida | AML236,
eudenenas aneh nat aP25udeReI81PUpidtdohpRddomonas
nmendoci na | FO14162, Rhodococcus WO 2008/ 038810
POTL DPPAO7PDEEI2BAORORR BHBRAFAS I AT CCE FHTET ORFSUBEHE cus
erythropolis 1F012320, Rhodococcus rhodochrous
pFoMGEN0, t@hb@@c@%@@% gbodococcus such as Rhodococcus

globerulus, Rhodococcus erythropolis, Rhodococcus
rhodochrous, or Rhodococcus sp., and a microorganism
belonging to the genus Bacillus such as Bacillus alvei.
Preferred examples include microbial cells or treated
materials of a microorganism belonging to the genus
Rhodococcus such as Rhodococcus globerulus, Rhodococcus
erythropolis, Rhodococcus rhodochrous, or Rhodococcus sp.
Further preferred examples include microbial cells or
treated materials of a microorganism belonging to the genus
Rhodococcus such as Rhodococcus rhodochrous, or Rhodococcus
sp.

Specific examples thereof include microbial cells or
treated materials of a microorganism of Pseudomonas putida
IFO14164t, Pseudomonas putida IAM1236, Pseudomonas diminuta

JCM2788t, Pseudomonas mendocina IF014162, Rhodococcus
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ATCC19148, or Bacillus alvei |1F03343t, which is
cultured in the presence of water. Preferred exanples

WO robusks1d m crobial cells or treated materi alBCEOiP2007/069126

m croorgani sm'of Rhodococcus gl oberul us ATCC15076,
Rhodococcus erythropolis, |FG12320, Rhodococcus
rhodochr ous ATCC15610, or Rhodococcus sp. ATCC19148,
and further preferred exanples include mcrobial cells
or treated materials of a mcroorganismof 10

g@e@egggggsA@béﬁgghGOU§h6&8Eééé§9 8ryRhPER6 95 UBF612320,
TCC19148, which is cultured in the presence of water.

RiEA6ALRGLLOhBEOBRAGESSARECE 61 B! CRABLIOLDYENL! 9. ! he
Boxyr st

car boxyl group of ur-contar ni ng ketol represented

R¥CCEB?4§02§Pb§ag}h Bgna99e e9§5§§43@ndwﬂ#§hh¥gr95Y£ured in

group can e pre erentrally oxidized

spLetecential §§GQX£9£Zedprﬁfgﬁgeaeg;g@%fsenfnéf@aethe

OXId ifon o0
sul fide

referential progresses .as_co
BESLEEERL L pmrgsE e Bntafarng Fepbla i EHboi8dnion of
 Cr.oorganis | ongi ng_t g§ Pseudononas % .
gheﬂosggsgéugkﬂgﬁaggﬁat%Eﬁci LBaonBRdSCar it a7t fopoLis
Pseudononas nendoci na, the n1crooggan|sn1belo%% ﬁ
E5@12a%%usRhaeaseseeasr€a€ﬂ0%§0¢m beotetsd gl obef ?ﬁ%coccus
Rhodococcus erythrogolls Rhodococcus rhodochr ous
RRodbESEERL48p. angy vﬁ%hﬁ¥cP%%F@55¢§n%X%%p%%@.h©0¥%ﬂe
the 25 genus Bacillus such as Bacillus alvei, which is
nsedophal hee s 20087 p88820 PETURbY 79 b6y 1pEcr@organism of
present invention, can be cultured using a culture
Rbddaapcfus chbdachnguyahToGssed ¢rovr Bapdeagccubi e
appropriately
ATCC19148, which is cultured in the presence of water.

According to the process of the present invention, the
carboxyl group of sulfur-containing ketol represénted by
the formula (1) can be reduced, and the hydroxyl group can
be preferentially oxidized. The "preferentially oxidized"
used herein means that the oxidation of the primary
hydroxyl group preferentially progresses as compared with
sulfide oxidation of the sulfur-containing ketol.

The microorganism belonging to the genus Pseudomonas
such as Pseudomonas putida, Pseudomonas diminuta, or
Pseudomonas mendocina, the microorganism belonging to the
genus Rhodococcus such as Rhodococcus globerulus,
Rhodococcus erythropolis, Rhodococcus rhodochrous, or

Rhodococcus sp., or the microorganisms belonging to the

genus Bacillus such as Bacillus alvei, which is used in the



contain a carbon source, a nitrogen source, an organic
salt, an inorganic salt, and the Iike. 5 Exanpl es of

wo b@soasgsbon source contained in the culture nedi/mP007/069126
i ncl ude gl ucose, sucrose, glycerol, starch, alcohol,
organi c acid and nol asses. As @l cohols, particularly,
primary or secondary al cohols having 1 to 5 carbon
atons are preferred, and.exanples thereof include
met hanol, 10 et hanol, 1-propanol, 2-propanol,

%r@%%ﬁ@ohnvgnﬁﬁbhy|chn BéoﬁﬁmﬁhreénQ51n a culture medium
2-di nmet hyl -1 -propanol. By culturing t%e above

%b%fggﬁgagaﬁalbaréoaglhgﬁgoaﬁgbﬂﬂbhg w@hgehaapﬁk5999gtely
I's added, reactivity can be enhanced. Exanples of

%gk%ggﬁn SQHEBSn'QShggg yg&ﬁ&t?égéﬁcgouggét Eﬁt5§ﬁgn1c salt,

tone, casam no aci xtract soybean

8%“9§or388E9 s§E§ep BqERE gLton seed powder, dry

at e an sodlun1n|trate and
anic .salt and the jnor

exanplLes o 0 n
el UBESEBP G éh?%n Gerbohoratets C@ﬂiﬁ%%?%g, offbnulture
car.bhonat e, nopot assi um 20 phos ot assi yum

BROS Pt 6 R PO HE S S PbORACE S AR E bR he ?gf"éCH aleonol,
magnesi um sul f at e, copper sul f at sul fate

PaRRBUS SGiflatBdalialeshsPt cﬁFo?iﬂ%éogianBPQElSFl?ﬁéY'
culture nmethod include_solid culture, and_liqujd

PULRAFE PEeSECPUSRrYUPLGPROLF| BakiRgl LuFe, 5j gRTboB atoms
fermentor culture, etc.). WO 2008/ 038810

PCY/ pPeferred128d 9xameles| theEeeEnpRratde enahlaROpH

of aliquid culture nediumare not particularly
ethined, a$-papprasolhey-mrepgnol, l-butanol, 2-methyl-1-

propanol, and 2,2-dimethyl-l-propanol. By culturing the
above microorganism in a culture medium to which an alcohol
is added, reactivity can be enhanced. Examples of the
nitrogen source include yeast extract, meat extract,
peptone, casamino acid, malt extract, soybéan powder, corn
steep liquor, cotton seed powder, dry yeast, ammonium
sulfate and sodium nitrate, and examples of the organic
salt and the inorganic salt include sodium chloride,
potassium chloride, sodium carbonate, monopotassium
phosphate, dipotassium phosphate, calcium carbonate,
ammonium acetate, magnesium sulfate, copper sulfate, zinc
sulfate, ferrous sulfate and cobalt chloride.

Examples of the culture method include solid culture,
and liquid culture (test tube culture, flask culture, jar

fermentor culture, etc.).
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such a range that the mcroorganismto be used in the
present invention can be grown. For exanple, the
wGeosossB1d tenperature is usually in a range oOPCEIRO7/069126

15 to 45C, and the pHof a liquid culture nmediumis
usually in a range of about 4to 8 The culture tine

can be appropriately selected depending on culture
conditions, and is usually about 1 to 7 days. 10 The
cultured mcrobial cells can be used as such in the

procegseotulih@rBr eeppLrhBYeBt kAR aFPH HEI RO1AGGEAbEAl ture
ceIIs as such, for exanple, (1) a cultured liquid

FHH‘a?@nng% paediasiaved 9&m§%éd”b§r99ka£s06hé§ 8F€ in
ected by centrifugatidon of a cultured |qu

Eﬁghuglrgﬂbéo%ﬁgtb¥h 5m9§ BSr&Qﬁlg I Lgched, s n(the
? ﬂ H %uf

necessary, "as wet Ing wt er or

Egr%t A%LSEQ Ethgé' Egﬁppg?ggaseggmkmgrgFﬁ%:PF%ture

nven rea I'Ia e mcro

obt ai ned as descrl d above can be _used | e
PRuPerases 26 HﬁPéEEXlanélEaBgﬁ18FoBP8PtEisng 15%, and

t th I
bhRaRB! oferc 1 RROPRLEPEr BESTHEr S5f USHALEYORS] 2 cEFPE® of
subjected tg |y h|||zat|on treatment or al kal i
?P@HFnénFo Bhys?gﬁle bRrenkymEt Feal P aPRFOBFéately

m crobial cells, or crude enzymes separated and 25

sstpateadIPPERALAEsENt FRATBECNGPBAT BESNSFURRAeiS BRBA1LY
WO 2008/ 038810 PCT/JP2007/069126 10 treated materi al
phertidéstan’i Aaigbi-l i zed material of the

af orenenti oned treated material prepared by a known
met hodhe cultured microbial cells can be used as such in

the process of the present invention. For using microbial
cells as such, for example, (1) a cultured liquid medium
can be used as such or (2) microbial cellé are collected
by centrifugation of a cultured liquid medium, followed by
using the collected cells (if necessary, as wet cells after
washing with buffer or water).

Alternatively, in the process of the present invention,
a treated material of the microbial cells obtained as
described above can be used. Examples of the treated
material include microbial cells treated with an organic
solvent (e.g., acetone, ethanol, etc.) after culture
thereof, microbial cells subjected to lyophilization
treatment or alkali treatment, physically or enzymatically
disrupted microbial cells, or crude enzymes separated and

extracted from these treated materials. Further, the
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The process of the present invention is usually
perfornmed in the presence of water. In this case,

wovd0en388p0 My be in a formof a buffer. Exanpl BST/é#206v/069126

buffering agent used in the buffer include alkal
nmetal salts of phosphoric aciid such as sodi um
phosphat e, potassi um phosphate, etc., and al kal

netal salts of acetic acid such as potassium acetate,
etc. 10 Alternatively, the process of the present

tRegRtHORateanaleipentiaesedni imhbBi PL ge@Nfgtotinat 8 the
and a hydrophobic organic solvent. Exanples of the

hydr-aphabl 6neHgaREEte80MYEBLi A0 Peepsedal BG! HURnEFhERSthod.
such as ethyl formate, ethyl acetate, propyl acetate,

bUty|TﬁgeE§E@es§tB¥ltﬁé BEEBLAPAL Rve AU ¥h 9509593@19
etc., alcohols such as n- butyl alcohol, n-anyl

g ggehegeﬁHC£xg gkgegahe skcwate9r0n§hlehb dEQSé[bﬁgﬁer

zene uene xy ene, c., ers suc

Bancbe! Y] aother, of! Logptoay! eng& | gEang bPELytng

4 f n ena I oc ons 2 suc
th
roRt ?g°%ﬁé}ao%hep PEReF. 1 ?%Qus? efkarfindhal 88185 o

ven i on _can f.ormed, i e presgnce of

bePhaRac iyt SHARI Re” Sorguh: Enepbere! BRaASE Lenor
t he hydrophilic organi solve sed include
RNESRBFES sughCas ﬁ%éhaﬁbﬁ V@?Eﬁgs?ﬁg%%lﬁ acetic acid such
PCT/ JP2007/ 069126 11 ethanol etc., ketones such as
aEePOR@SSRER, aCqhAtRY h8ES- such as di et hoxymet hane,

tetrathrofuran di oxane, etc., as
ternatively, the process of the present invention

can be performed in the presence of water and a hydrophobic
organic solvent. Examples of the hydrophobic organic
solvent to be used include esters such as ethyl formate,
ethyl acetate, propyl acetate, butyl acetate, ethyl
propionate, butyl propionate, etc., alcohols such as n-
butyl alcohol, n-amyl alcohol, n-octyl alcohol, etc.,
aromatic hydrocarbons such as benzene, toluene, xylene,
etc., ethers such as diethyl ether, diisopropyl ether,
methyl-t-butyl ether, etc., and halogenated hydrocarbons
such as chloroform, 1,2—dichloroethane; etc., as well as a
mixture thereof.

Further, the process of the present invention can also
be performed in the presence of water and a hydrophilic
organic solvent. Examples of the hydrophilic organic

solvent to be used include alcohols such as methanol,
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well as a m xture thereof. The process of the present
invention is usually 5 perfornmed in a range of a pH of

w0 hes/asggeous | ayer of 3 to 10, but the pH maypdBIP2007/069126

appropriately changed in such a range that the
reacti on proceeds. The processjof the present
invention is usually perforned in a range of about O
to 60C, but the 10 tenperature may be appropriately
changed in such a range that the reaction proceeds.

d0BaRb0Cee8COf kBEORESSSNENT AYEREEOnES &88a) l¥nd ethers
perfornmed in a range of for about 0.5 hour to about 10

§¥ﬁ'?STB§e€9g99ﬁ8£h$$e$h@ef?éﬁ%&?@f&?@ndef&ﬁiﬁéﬁegtc., as
y, after 15 conhpletion of addition of the starting

Q@Efrééla %%Eturéh€he§ Lfur-containing ketol

neasarlng the anount of the sulfur-containing ketol

it . vt . 9

E i SoPERRDs gab ' Ehe ke g Th ki TR R 11 Wty

T trati ft tartj teri al | . E.
SOPFOPRGanta: Rl RE Ree8T Frhlnel pratebe siot nbefrncthes o

i t i |1 t high t han 50% V), d

e Babi P “eEntay g RRTOPTLaRT bE SRR FTols 00y @ range
sequentially added to a reaction systemin order to

HBRRt BPR 5e28t EOMCRRPTEEF®n of the sul fur-containing

ketol in the WD 2008/ 038810 PCT/JP2007/069126 12
react TBR BYERHF aPfokhe coretant . PR hEOprbeesduadtlY he

present invention, if necessary,
performed in a range of about 0 to 60°C, but the

temperature may be appropriately changed in such a range
that the reaction proceeds.

The process of the present invention is usually
performed in a range of for about 0.5 hour to about 10 days.
The endpoint of the reaction can be confirmed by, after
completion of addition of the starting material, i.e., the
sulfur-containing ketol, measuring the amount of the
sulfur-containing ketol in the reaction mixture by, for
example, liquid chromatography, gas chromatography or the
like.

The concentration of the starting material, i.e., the
sulfur-containing ketol in the process of the present
invention is usually not higher than 50% (w/v), and the
sulfur-containing ketol can be continuously or sequentially
added to a reaction system in order to maintain a

concentration of the sulfur-containing ketol in the
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for exanple, a sugar such as glucose, sucrose,
fructose, etc., a surfactant such as Triton X-100

wq tegossar ed trade 5 mark), Tween 60 (regi st ermd/imac®eo126

mark), etc. can be added to a reaction system After
conpl etion of the reaction, the objective

sul fur-containi ng hydroxycarboxylic acid conpound
corresponding to the sul fur-containing ketol can be 10
recovered froma reaction m xture by performng

QQQE%EBEOQ?EtQﬁshlhbgétH§H5t§HEh as_extraction with an
organi ¢ solvent and concentration. The recovered

sul fuk: t ai-Aj hydr c i € Ld: gpNpeokn
e RS0 BEORA NS ENLCRLROLHL el POk ety

gg§tgkgﬁ%¥8n Qrﬁgggrlgbgh agsgiacggéFSE§E¥OS%PEfrgct?%e,

process t he sent 1 nventron w e expl al ne

apee dgtghkfgg%gg%bgu yanTE%@?Rl?ﬁ%?QE %Q?ﬁgégggsérade

o ~“the present I'nvention i s no

KRB ny REAPG. B0oNECPLB AT BHa) CRO9BOMALS T abkeeciFppdd 2dded

with a magnetic stirrer was charged with 23.7 g of
8ongt RSRERT6Pr SBFBRAI dehyde, 17.7 g of

par af or mal dehyde, 4 g of 3-ethy|benzothiazo|ing| ,

br oni B€teAngOTBOCEi6R PEr EPBUFERGF1IQR athBopbIcctive
tenperature, and the 25 mixture was stirred. To this
fikfurscaataabnded 1ydrgxyraverrpbss 03884 ocompound

PCT/ JP2007/ 069126 13 triethylam ne, a tenperature was
farsedreddangi heekhal sul Euperanip &nbng gReELOhn@ak he

m xture was stirred at the
recovered from a reaction mixture by performing

conventional post-treatment such as extraction with an
organic solvent and concentration. The recovered sulfur-
containing hydroxycarboxylic acid compound can be further
purified by column-chromatography, distillation or the 1like,
if necessary.

The process of the present invention will be explained
in more detail below by way of Examples, but the processlof
the present invention is not limited to these Examples.
Reference Example 1
Synthesis of 4-methylthio-2-oxo-1-butanol

A 200 mL flask equipped with a magnetic stirrer was
charged with 23.7 g of 3-methylthiopropionaldehyde, 17.7 g
of paraformaldehyde, 4 g of 3-ethylbenzothiazolinyl bromide
and 100 g of tert-butanol at a room temperature, and the

mixture was stirred. To this mixture was added 1.3 g of
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same tenperature for 24 hours. After conpletion of the
reaction, 100 g of ethyl acetate was added, the

wooosssgionas 5 washed twice with 20 g of wat erpcEmMERVINGI126

resulting organic |ayer was concentrated. The
resulting oil was distilled umder reduced pressure,
15 g of 3-nethylthiopropioal dehyde was recovered as a
fraction at a distillation tenperature of 45 to 50C
(0.5 to 0.6 kPa), and 15g of a fraction 10

cheeehpathehe, f hagkhpBrAL uak @ag'§5h5é§tt8nan internal
tenperature o 85 to 95C (0.3 kPa) was obtai ned. Wen

EQ%BEEQ%E%”O% ¥8s a%‘r?éygﬁéj &yx&x%a%aci‘ré’t{@ho&i ANV he

area percentage ne

%Hﬁ£h¥ERE59£tar8x92%/9HtﬂBQ% masAfQQk?&gﬁ @Elﬁn of the

concentrati on raction

UEEEIEQ bXO@ l%CgFﬁgéggcegg gnpasAg&?%d ﬁh?okﬁgture was

aritiés mer expe ation w
ace%ate

ASRpTEiiB5 . 5 BRo2P. Bubsnbrthas B} BB W ERURE AP oroanic
cetate : n-hexa The sol vent s distil]e
gPVertBaébFﬁPﬁeTtﬁaéeéf a%??aE?FBﬁ bfg ot wd5°8i st fheq

4- (met hyl t hi Q) - 2- oxo-1- 20 butangl havin [ 0

9298 ghsILRPENBEBFFAPRY APed aér§e%%5@¥1ﬁ%%ﬂga?pa%aldehyde
2.0 g of a fraction having a purity of_82% (gas

YREORBEBYPAPAY28r BalpeFrEéffage Aethdbillghice temperature

fractions were all solidified at a roomtenperature.
Speébrap BTG OF . Z-{ored hyl kB o) -andXdd -dutanbta@sion

1H NVR (5ppm DMBO-d6, TMS standard): 2.05 (s, 3H),
2h62e¢nﬁfVErzoﬁsagggamOAPcatJpz@gstosngson1uemp§rature of
2.70 (m 2H), 4.06 (s, 2H), 5.13 (bs, 1H) M5 niz

gpetat DURC | (M eNskRy) wdSoHt3nddr) , WG (20 ,fd03Xion A was
analyzed by a gas chromatography area percentage method, 4-
(methylthio)-2-oxo-1l-butanol was contained at concentration
of 40%. The fraction A was further purified by a silica
gel column. After low polar impurities were expelled by
elution with ethyl acetate : n-hexane =1 : 4, 4-
(methylthio)-2-oxo-1-butanol was eluted with ethyl

acetate : n-hexane = 2 : 4. The solvent was distilled off
to obtain 1.4 g of a fraction of 4~ (methylthio)-2-oxo-1-
butanol having a purity of 91% (gas chromatography area
percentage method) and 2.0 g of a fraction having a purity
of 82% (gas chromatography area percentage method). These
fractions were all solidified at a room temperature.

Spectral data of 4-(methylthio)-2-oxo-1l-butanocl

'H-NMR (8ppm, DMSO-d¢, TMS standard): 2.05 (s, 3H), 2.62 (m,



(19), 86 (5), 75 (55), 61 (100) Exanmple 1 5 Production
of sul fur-containing hydroxycarboxylic acid conpound

wa bespssshd ur - cont ai ni ng ketol according to thepCcHIE0es®9126
of the present invention Into a test tube was placed 5
m of a sterilized nedium (obtai ned by adding 20 g of
1-propanol, 5 g of 10 pol ypeptone, 3 g of yeast
extract, 3 g of neet extract, 0.2 g of anmoni um
sulfate, 1 g of potassium di hydrogen phosphate and

013,920 omagnesiym qubkatg, heptahydnat gpko in)L of
wat er, and then adjusting pHto 7.0), and the nedi um

was EVQC%E@ﬁ%@iWEt@n%@ﬁglﬁg}Q_%%QaRGZPGMGVQ!@@6tQ2é5,I103

odococcus rhodochrous. The i nocul ated nedi um was

Rh

i ng—cyl ur g 0C.4n erobi c conditions.
Z??Z( %goﬁgﬁétignq§P§fhgchﬁP8?e, m crobial cells were
ngﬁéﬁ%eq by centrifugation to obtain Iive nmicrobia

INto a screwopening test tube was placed 1 ni
f 0.1 M2 ot assi um phosphat uffer H 7). the.
ProRucartnrd SRuERE loPaaRAg, Ry AL kPG FRbK i g, 88 ic
suspension. To t suspensi on s. added 1 of a
SORPETRE el pa T e R Penee it BloseBaning 5O sha
then the resulting m xture was shaken at 30C for 7
BEy§ess5OAf £BE ES%ﬁFQFi&HVSPtPHQ reaction, 0.5 m of
t he WD 2008/ 038810 PCT/ JP2007/ 069126 15 reaction

ni xt ukBtRasd §&apl EHPeAVREr PhREREbPalmlcef| 8 fbpeilized

renoved fromthe sanple m xture, the anount of
geﬁ}@mox?bgained by adding 20 g of l-propanol, 5 g of

polypeptone, 3 g of yeast extract, 3 g of meet extract, 0.2
g of ammonium sulfate, 1 g of potassium dihydrogen
phosphate and 0.5 g of magnesium sulfate heptahydrate to 1
L of water, and then adjusting pH to 7.0), and the medium
was inoculated with ATCC1561Q strain belonging to
Rhodococcus rhodochrous. The inoculated medium was
shaking-cultured at 30°C under aerobic conditions. After
completion of the culture, microbial cells were separated
by centrifugation to obtain live microbial cells. 1Into a
screw-opening test tube was placed 1 ml of a 0.1 M
potassium phosphate buffer (pH 7), the live microbial cells
were added thereto to prepare a suspension. To the
suspension was added 1 mg of a starting material (4-
methylthio-2-oxo-1-butanol), and then the resulting mixture

was shaken at 30°C for 7 days.

After completion of the reaction, 0.5 ml of the
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met hyl t hi obutyric acid produced was anal yzed by |iquid
chromat ography. As a result, the concentration of the

w@200s/0388100xYy- 4- net hyl t hi obutyri c aci d producedpcws2007/69126

g/L. Content analysis conditions Colum: Cadenza
CD-C18 (4.6 mf x 15 cm 3 n) 19 manufactured by

I mt akt) Mobil e phase: 0.1% aqueous trifl uoroacetic
acid as A 10 solution, nmethanol as B solution Tine
(mn) Asolution (% : B solution (%9 0 80 20 10 80

2082c29080m2Rt42e30a80s8fp1388.1 REtEQ mEkevbialeceD1d were
m/mn Colum tenperature: 40C Detection: 220 nm 20

Exarpka %rBEOQHQtBQHpQE saykiuracophai BBAnt of 2-hydroxy-4-
hydroxycarboxylic acid conpound from

RﬁkﬁgﬁtBQBbﬁk EEQ 5@&8'ﬁésaeeganaagoahQ@yzeaos9S§l§&1d

resent venti on test tube was p aced

thrBustehrabASy A8, T OhHHH 63 E% B PYpBhgt daotoae e 2-

BePasY P aGhe Ry B Bhut PR, 81 papeoaicgactagofals: ot
LY 2l 98N 1ysis conditions

Column: Cadenza CD-C18 (4.6 mmf x 15 cm, 3 pm)
(manufactured by Imtakt)

Mobile phase: 0.1% aqueous trifluoroacetic acid as A

solution, methanol as B solution

Time (min) A solution (%) : B solution (%)
0 80 : 20
10 80 : 20
20 | 50 : 50
30 50 : 50
30.1 80 : 20

Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm

Example 2

Production of sulfur-containing hydroxycarboxylic acid

compound from sulfur-containing ketol according to the

-process of the present invention

Into a test tube was placed 5 ml of a sterilized

medium (obtained by adding 20 g of l-propanol, 5 g of
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phosphate and 0.5 g of magnesi um sul fate heptahydrate
tol L of water, and then adjusting pHto 7.0), and

wo hesosdium 5 was i nocul ated with ATCC19148 stpy@¥/§pP2007/069126

bel onging to Rhodococcus sp. The inocul ated nmedi um
was shaking-cultured at 30C ypder the aerobic
condition. After conpletion of the culture, mcrobia
cells were separated by centrifugation to obtain live
m crobial cells. Into a 10 screw opening test tube was

%ﬁggggé?|V60§?COQ §e§@t99£@§§eyn1@hgsgbaﬁ@a@uéﬁgfa&@kio 2

robi al cel were added thereto to

ﬁgS?a&ﬁméﬁHﬁpSG?kQE‘e T? &th SYSRENSIRN YRS a Adged 1

arting natefi
t t hio-2-0x0 b é% ?&g e
éh P a%%sésaaﬂeﬁkgﬁg %§ %@gggég %éﬁégﬂ§&fgke to 1

o Iet on of reac L on %1 ? ctlon
ﬁ] uV% hs %%ﬁpf%%n i‘?%?th?%r %? ce fs merethe medium
renoyed f he, sa t he anpunt . of
B Ry RS L ALt ho Rt R GBRTL I CS LR g Dbt a0
anal yzed by liquid 20 chromatography. As a result, th
BBAdeRPFatF ofPof The %noﬁvﬁ?%%% m¢%%$%yv%ﬁ.%%%ky?Qccultured
acid produced was 0.43 g/L. Content analysis
8bndP1G onslago| v aCxduinty £ OGN 4. A fher xorplahion of

(manufactured by Intakt) 25 Mbile phase: 0.1%
bgoecoubtturef | Dbebakediccatl d woratsepraated by
2008/938810.PCT/JP2007{069;26 17 A sol ution, nethano
asnBriblugat oon TEoeck by Nivolni¢orb{3d ceBlsol uinm a
(%
screw-opening test tube was placed 1 ml of a 0.1 M
potassium phosphate buffer (pH 7), the live microbial cells
were added thereto to prepare a suspension. To the
suspension was added 1 mg of a starting material (4-
methylthio-2-oxo-1-butanol), and then the resulting mixture
was shaken at 30°C for 7 days.

After completion of the reaction, 0.5 ml of the
reaction mixture was sampled. After microbial cells were
removed from the sample mixture, the amount of 2-hydroxy-4-
methylthiobutyric acid produced was analyzed by liquid
chromatography. As a result, the concentration of the 2-
hydroxy-4-methylthiobutyric acid produced was 0.43 g/L.

Content analysis conditions

Column: Cadenza CD-C18 (4.6 mmf x 15 cm, 3 pm)
(manufactured by Imtakt)

Mobile phase: 0.1% aqueous trifluorocacetic acid solution as
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0 80 20 10 80 20 5 20 50 50 30 50 50 30.1 80 20
Flowrate: 0.5 m/mn Colum tenperature: 40C 10

wdedosossson: 220 nm Exanple 3 Production of PCT/JP2007/069126

sul fur-cont ai ni ng hydroxycar boxylic acid conpound
from sul fur-containing ketol acrording to the process
of the present invention 15 Into a test tube was
placed 5 ml of a sterilized nedium (obtained by
adding 20 g of glucose, 5 g of polypeptone, 3 g of

veash ulbhaChetBadodf aBeat sextitaeh, 0.2 g of anmoni um
sulfate, 1 g of potassium di hydrogen phosphate and

9ired (RfinfagneshurLsukfiahe %?ptaﬁyg6ﬁh€1bﬁ 1520 L of
wat er, and then adjusting pH 7.0), and t he medi um

s inocul ated with k03343t straln beponging to

acillus alvei. The inocul ated medi um was
i?aking-cultured at C under .aerobi gjcondi tions.

ter conpletion of the culturé, mcrobial cells were
2$parated by centrlf gatlon to obtain.25 live

crobial cells. I'nto a screm#openlng est tube was WO
§$08/038810 PCT/JP2088/069126 .18 plagﬁd 1m of ao0.1

pot assi um phosphat € buffer (pH 7), he live

m_cr.obi al [ r her r
3091°b al cells we e88dded t e:eto t028 epare a

Flow rate: 0.5 ml/min
Column temperature: 40°C
Detection: 220 nm
Example 3
Production of sulfur-containing hydroxycarboxylic acid
compound from sulfur-containing ketol according to the
process of the present invention

Into a test tube was placed 5 ml of a sterilized
medium (obtained by adding 20 g of glucose, 5 g of
polypeptone, 3 g of yeast extract, 3 g of meat extract, O.
g of ammonium sulfate, 1 g of potassium dihydrogen
phosphate and 0.5 g of magnesium sulfate heptahydrate to 1
L of water, and then adjusting pH to 7.0), and the medium
was inoculated with IF03343t strain belonging to Bacillus
alvei. The inoculated medium was shaking-cultured at 30°C
under aerobic conditions. After completion of the culture,
microbial cells were separated by centrifugation to obtain

live microbial cells. 1Into a screw-opening test tube was
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suspensi on. To the suspension was added 1 ng of a
starting material (4-nethylthio-2-o0xo-1-butanol), and

wo bewg/osdser 5 resul ting mixture was shaken at 306¢1/9¥200:0069126

days. After conpletion of the reaction, 0.5 m of the
reaction m xture was sanpled. After mcrobial cells
were renoved fromthe sanple m xture, the anmount of
2- hydroxy-4- methylthiobutyric acid produced was

anal yzed by liquid 10 chromat ography. As a result, the

ceneeat Rakhonroh the ©- pRydsaX¥mdpRBERKAERI BAYEXE! ¢pH 7),
acid produced was 0.03 g/L. Content analysis

%?@d?ﬁbgn iggbﬂ 1 g@qggz@egg'g&ﬁe&4th@?@£oxtégp%ooa§e a

manut actured by Intakt) 15 Mobile phase:
il : . , . .
%ggﬁgﬁgﬁkhk %Sf%ﬂ%?%h§¥?§§9?§fhgékgggga 1Am§?é§t§°%tartlng

as B solution ution

| i, 0
Bgeibi8l, S pmelnishlo-3 0 FondPafBats BHa PheROrRE
40C 25 De i 220 WD 2008/.038810
pefpiﬁgﬁe7%g%%%§§ wg§ Sgg%ﬁﬁ|@t4§995d§%¥i%% Hys-

sul Tur 0Nt al n9g Ydr SXYERLPORELLS08%" §.5 m1 of the
reaction mixture was sampled. After microbial cells were
removed from the sample mixture, the amount of 2-hydroxy-4-
methylthiobutyric acid produced was analyzed by liquid
chromatography. As a reéult, the concentration of the 2-
hydroxy-4-methylthiobutyric acid produced was 0.03 g/L.
Content analysis conditions

Column: Cadenza CD-C18 (4. émmf x 15 cm, 3 um)
{(manufactured by Imtakt)

Mobile phase:.O.l% aqueous trifluoroacetic acid solutiqn as

A solution, methanol as B solution

Time (min) A solution (%) : B solution (%)
0 80 : 20
10 80 : 20
20 50 : 50
30 50 : 50
30.1 80 : 20

Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm
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conpound from sul fur-containing ketol according to the
process of the present invention 5 Into a test tube

woemspbseed 5 ml of a sterilized nedi um (obtapaEgPy/069126

adding 20 g of 1-propanol, 5 g of polypeptone, 3 g of
yeast extract, 3 g of neat extyqct, 0.2 g of ammoni um
sulfate, 1 g of potassium di hydrogen phosphate and
0.5 g of magnesium sul fate heptahydrate to 1 10 L of
wat er, and then adjusting pHto 7.0), and the nedi um
@Q%m%qgcqlated wi th each of Pseudononas putida

| FO14164t, Pseudononas putida | AML236, Pseudonobnas

gkggggkaoﬁcw%7§§&quggsﬂg%ggggg7g§agg§y%§5569%ﬂ1é2acid

coccus gl oberu ococcus

' | E 0 i 1 h_i ‘
SRR 3y, A0 CBh o R ERt b asgl gt cne
condi tion ompl etion, of the culture,

Ny %' ﬁfteE % g@ nv e}

REOFS8EaP L 5P PREPE SepAVEIEA By centrifugation to
obtain live mcrobial cells. Intp a.screw openi
Lost G058 fabeohi aBed Tom PErcadod 1™ B6t sSr ok 1zed
phosphat e buf f er % H7), 20 éhe Iivi nicrobiTI gellsf
ferduBqdenteraret BYt 89prBgar8 9 °SuspBRSPBROITo >t Ae®
suspensi on was added 1 of a starting _materia
PRLYBERYPRRY 03290%6- YEBSTaRSFFaChnd3t HeAft Rgat extract, 0.2
resul ting mxture was shaken at 30C for 5 days, or 10
daps. apmpeiuBoRBléaten of 9t RE PehafpdH™ G1BYRFOGETt he
25 reaction mxture was sanpled. After mcrobial cells
worep@t2068A088810 PETMIPREsILDGgRR6at20herBREETrREBNTO 1
the sanple m xture, the anmount of 2-hydroxy-4- '
ey waheobuapdi thaoi ddpreddvedpilascanalyzednbythequedium
was inoculated with each of Pseudomonas putida IF014164t,
Pseudomonas putida IAM1236, Pseudomonas diminuta JCM2788t,
Pseudomonas mendocina IF014162, Rhodococcus globerulus

ATCC15076, and Rhodococcus erythropolis IF012320 strains.
Each inoculated medium was shaking-cultured at 30°C under
aerobic conditions. After completion of the culture,
microbial cells were separated by centrifugation to obtain
live microbial cells. 1Into a screw-opening test tube was
placed 1 ml of a 0.1 M potassium phosphate buffer (pH 7),
the live microbial cells were added thereto to prepare a
suspension. To the suspension was added 1 mg of a starting
material (4-methylthio-2-oxo-1l-butanol), and then the
resulting mixture was shaken at 30°C for 5 days, or 10 days.
After completion of the reaction, 0.5 ml of the

reaction mixture was sampled. After microbial cells were



chr omat ogr aphy. The results are shown in Table 1.

Table 1 Strain Reaction Concentration of tine
w@2doy/dsssxy - 4- (days) nethylthiobutyric acid precuged7/069126

(g/L) Pseudononas putida | F014164t 10 0.43

Pseudononas putida | AML236 5 @7 Pseudononas

di m nuta JCWM788t 10 0.45 Pseudononas nendoci na 10

0.25 1F014162 Rhodococcus gl oberulus 5 0.02

ATCC15076 Rhodococcus erythropolis 5 0.05 1F012320 5

?%Hk%%ﬁ %Q%hy§h% %Qﬁgi@'%ﬁ%t@ggunﬁhecﬁQ%Bﬁ% 6 €18ydroxy-4-

(manuf actured by I ntakt)

M% tﬂq%%%t %%h@ﬂﬂeQQ%dh eE'%QEOQEQEQEeaCbg %6qud

on as sol ution, methanol as B solutio

fﬁpgﬁg58%%58 O'uﬁhg 6gg%1§5 fég _f%gogﬁ%Ta91§01?Q

Table 1

Strain Reaction |Concentration of
time 2-hydroxy-4-
(days) methylthiobutyric
acid produced
(g/L)
Pseudomonas putida IF0l14164t 10 0.43
Pseudomonas putida IAM1236 5 0.27
Pseudomonas diminuta JCM2788t |10 0.45
Pseudomonas mendocina 10 0.25
IF014162
Rhodococcus globerulus 5 0.02
ATCC15076
Rhodococcus erythropolis 5 0.05
IF012320

Content analysis conditions

Column: Cadenza CD-C18 (4.6 mmf x 15 cm, 3 um)
(manufactured by Imtakt)

Mobile phase: 0.1% aqueous trifluorocacetic acid solution as
A solution, methanol as B solution

Time (min) A solution (%) : B solution (%)

0 80 : 20
10 80 : 20
20 50 : 50
30 50 : 50
30.1 80 : 20

Flow rate: 0.5 ml/min

Column temperature: 40°C



Flow rate: 0.5 ml/mn Columm tenperature: 40C WO
2008/ 038810 PCT/ JP2007/ 069126 21 Detection: 220 nm
wo nasisissical Applicability According to the presEniP007/069126
invention, a sulfur- 5 containing hydroxycarboxylic
acid conpound can be efficiently produced. WO
2008/ 038810 PCT/ JP2007/ 069126 22 CLAIMS 1. A process
for producing a sulfur-containing a- hydroxycarboxylic
acid conpound represented by the formula (2) : OH R~
RN -t50602) 2vaenal N RL represents a hydrogen atom an
al kyl group having 1 to 8 carbon atons, or an aryl
group having 6 to 20 carbon atons, which conprises
subj ecting a sul fur- containing ketol represented by

trhauker llaA%églcgblﬂt?; 10 (1) wherein RL is the

sane as efl t he action of

According to the present invention, a sulfur-
containing hydroxycarboxylic acid compound can be

efficiently produced.



m crobial cells of a m croorgani smbelonging to the

genus Pseudonobnas, Rhodococcus or Bacillus capabl e of
waennyesssing the sul fur-containing ketol into BCT/JP2007/069126

correspondi ng sul fur 15 contai ni ng a- hydroxycarboxylic

acid compound, or a treated nmterial thereof. 2. The

process according to claim1, wherein the

m croorganismis that belonging to the genus

Pseudononas, or Rhodococcus whi ch has been cul tured

in the presence of a WO 20Q8/038810 PCT/ JP2007/ 069126

23 primary or secondary al cohol. 3. The process

accor d.ng hOpehabLlopt growlelfhna LOPrNLCEORLINLAN o-

0 Sse a,

is that be ging to ononas” put | Pseudononas

0B g BORUSSIRER RO B, DPUSEAEEYSHS e rormuns

rggdochrous, or Rhodococcus sp. 4. The process

4 ording to claim1, wherein the mcroorganismis

that belonging to Bacillus alvei. 5. The process

according to anptone of claims 1 to 3, 10 wherein the

m croorgani smigq Pseudononas putida | F014164t,
eudonmopas put dda | AML236, Pseudononas di m nuta

J , do Q@é mendoci na | FO014162, Rhodococcus

gl oberul us ATCC15076, Hhodococcus erythropolis

| F012320, Rhgglococcus rhodochrous ATCC15610, or

Rhodococcus 'sp. ATCC19148. 15 6. The process accordi ng

toclaim1 or 4, wherein the mcroorganismis

BherkinsRal xepreFoszaa  hydrayrn pricdes Sraccofdl rir Qup

any one of clainms 1 to 6,

having 1 to 8 carbon atoms, or an aryl group having 6 to 20

carbon atoms, which comprises subjecting a sulfur-

containing ketol represented by the formula (1) :

0O

S

1)
wherein R; is the same as defined above, to the action of
microbial cells of a microorganism belonging to the genus
Pseudomonas, Rhodococcus or Bacillus capable of converting
the sulfur-containing ketol into a éorresponding sulfur-
containing a-hydroxycarboxylic acid compound, or a treated
material thereof.
2. The process according to claim 1, wherein the

microorganism is that belonging to the genus Pseudomonas,

or Rhodococcus which has been cultured in the presence of a
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wherein RL in the sul fur-containing ketol represented
by the fornmula (1) is an alkyl group having 1 to 8

wez00Bo33sB0 atons. 8. The process accordi ng to EIBEIFE/069126

wherein the primary or the secondary al cohol is a
primary or secondary al cohol gmving 1 to 5 carbon
atons. 9. The process according to claim8, wherein
the 25 primary or the secondary al cohol is

1- pr opanol .

primary or secondary alcohol.

3. The process according to claim 1 or 2, wherein
the microorganism is that belongingbto Pseudomonas putida,
Pseudomonas diminuta, Pseudomonas mendocina, Rhodococcus
globerulus, Rhodococcus erythropolis, Rhodococcus
rhodochrous, or Rhodococcus sp.

4. The process according to claim 1, wherein the
microorganism is that belonging to Bacillus alvei.

5. The process according to any one of claims 1 to 3,
wherein the microorganism is Pseudomonas putida IFO014164t,
Pseudomonas putida IAM1236, Pseudomonas diminuta JCM2788t,
Pseudomonas mendocina IF014162, Rhodococcus globerulus
ATCC15076, Rhodococcus erythropolis IF012320, Rhodococcus
rhodochrous ATCC15610, or Rhodococcus sp. ATCC19148.

6. The process according to claim 1 or 4, wherein
the microorganism is Bacillus alvei IFO03343t.

7. The process according to any one of claims 1 to 6,
wherein R; in the sulfur-containing ketol represented by
the formula (1) is an alkyl group having 1 to 8 carbon
atoms. |

8. The process according to claim 2, wherein the
primary or the secondary alcohol is a primary or secondary
alcohol having 1 to 5 carbon atoms.

9. The process according to claim 8, wherein the

primary or the secondary alcohol is l-propanol.



