DESCRI PTI ON  METHOD FOR PRODUCI NG ALCOHOL AND CARBOXYLI C ACI D HAVI NG

OPTI CAL ACTIVITY TECHN CAL FI ELD The present invention relates to a nethod
of producing (S)-2-pentanol or (S)-2-hexanol which are industrially useful
conmpounds as internediate raw materials for pharmaceuticals,

agrichem cals, etc, which conprises allow ng mcroorgani sns belonging to
genus |ssatchenkia or the |ike, ap gggapzl tained by treating the above

m croor gani snms, and/or a culture obtal ne y culturing the above

m croor ga”ME‘PHO@F@PJPR@PL%IN@AE@@T?OE%%DE@@E@ LIU‘A?%’HA\HNGt he

present invention also relates to a net produci ng 2- pent anol or
(S)-2-hexanol which conprises ahppptAg aAdTEA$iormed cells wherein DNA
encodi ng a protein (carbonyl reductase) having ability to reduce a
carbonyl group to synthesize optically active al cohol, which is obtained
from the above m croorgani sns, has been expressed, a product obtained by
treati ngrEbenabaerigghl s, and/or a culture solution of the above cells, to
act on 2-pentanone or 2-hexanone. Moreover, the present invention al so

rel ates to optTkelprasedt ihvdtidn "R 3 ky ImdtBOP Y Cprodatify @)RLMahsbl
met hod thereof, and a nethod for producing optically active 3-nethyl

car boxy! {(8)-BhéxtnoBAGKERAMAuRA IHusefulrBbMpeuride as Gitefth itk Yaw heded ) er
(S)-2-pentanol or (S)-2-hexanol, a nethod involving reduction of

2- pent angi@miatetitalspr agtoiemicils,a sgndehioRr coimpfisdsy adliching amif@omadisms
gl uconol actone (J. Am Chem Soc., Vol. 123, pp. 5956-5961, 2001), or a
met hod i belohgih@go reedus Tdsachedki? obakatiboea yrodigt @btdital by tretingy ehdoasnie
(Japanese Patent Application Laid-Open No. 11-240894), has been known, for
exanpl e. mbooengenismkhagior areilhwe sblained byotulfuriay ithke dbave snictsirgailiy topét cal
purity of a product. 1 On the other hand, as a nethod for generating an
opt i cal | yn &cpéntancake carhdhiegadamgdy In addition, the present invention also relates to a
method of producing (S)-2-pentanol or (S)-2-hexanol which comprises allowing
transformed cells wherein DNA encoding a protein (carbonyl reductase) having ability to
reduce a carbonyl group to synthesize optically active alcohol, which is obtained from
the above microorganisms, has been expressed, a product obtained by treating the above
cells, and/or a culture solution of the above cells, to act on 2-pentanone or 2-hexanone.
Moreover, the present invention also relates to optically active 1-methylalkyl malonic

acid, a production method thereof, and a method for producing optically active 3-methyl

carboxylic acid.

BACKGROUND ART

As a method for chemically producing (S)-2-pentanol or (S)-2-hexanol, a
method involving reduction of 2-pentanone in the presence of a dendrimer of polyamide
amine and gluconolactone (J. Am. Chem. Soc., Vol. 123, pp. 5956-5961, 2001), or a
method involving reduction of 2-hexanone using optically active boron (Japanese Patent
Application Laid-Open No. 11-240894), has been known, for example. However, these

methods have not provided a satisfactory optical purity of a product.




using the cell mass of m croorgani sns and/ or a product obtained by treating

the above <cell mass, a nethod of the optically selective hydrolysis of an

ester by using mcroorganisnms to act on a racem c body ester conpound, so

as to generate an optically active alcoholic body, has been known

(Japanese Patent Application Laid-Cpen No. 10- 4998) However, this nethod

has been probl @'ﬁat}lé StHepg &%eﬁthgdvfé{' hgra 13%: gtl zg acﬁ@é %BRJ) 1c015 cﬁ?n
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ester thereof having un ereoc be “di scar
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ket o group generate an opt activ a~met hod for
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act on 2-pentanodne or 2-hexano een t rahedron
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problenatlc in that the optical purity or duction | evel a “product is
not sati %Et%&‘et @lcBholid) b8t hds EeelBk{tReh Qmp%éséepat@nmpﬂhda%h %@Icfﬁeheﬁb ment

of a cell mass used in 'the reaction such as immobilization of the cell

Nass or agefooBr HewaidMBALs m@&Red BhsSkechpréfahatid f ARS 8Nok@}ieRN afd irfthat
substrate added is low. Thus, this nethod has not been practical.

Opti cal | ylcatbl ¥€ad eBlf Eh@r@iﬂ%vn@hﬂiﬂsﬁe&%te@e&ﬁém NsHeORWBe tdsch@ed cpyimpound
useful as a pharnmaceutical or agrichem cal intermnedi ate. Moreover,

opti cal | wdéitibhVas a railddnyd steRbEIVER RElEing AScodRnb eRRInNENOKAo tg@mﬁﬁt(ﬁ
conpound useful as a pharmaceutical or agrichemical internediate.

Opti cal | geratievedr dptivatlipyktivé ylcohslicoBbdy, aCinethbé far ﬁmmaugcanmi‘cully astian
internediate of a barbituric acid derivative which exhibits neurodepressive
action (mkbholic body hlyeathiwiog ahickiobgantsiid e a2 2e35Hhont @F BhexInbe) had n
addition, optically active 3-nethyl hexanoic acid and optically active
3- net hyl blaelpkmmn ¢ Teteahiedronnii symoeary, vel. By niphe65Zed8 f,raosnpt Howevey, thid i ve
1-net hyl al kyl mal oni ¢ acid, are used as pharnaceutical internedi ates of
pr ost agl amdhaots hay alsbdadenlqnobl&amaneﬁethﬁiat}mndaptmap lpudgt bo pradaictieDiere] Nd.a
62-265279, for exanple). 2

product is not satisfactory, in that the method comprises a complicated pretreatment of a,

cell mass used in the reaction such as immobilization of the cell mass or acetone
treatment, and also in that the concentration of a substrate added is low. Thus, this
method has not been practical.

Optically active 1-methylalkyl malonic acid has been known to be a compound
useful as a pharmaceutical or agrichemical intermediate. Moreover, optically active
3-methyl carboxylic acid has also been known to be a compound useful as a
pharmaceutical or agrichemical intermediate,

Optically active 1-methylbutyl malonic acid is a compound useful as an
intermediate of a barbituric acid derivative which exhibits neurodepressive action (refer
to International Publication W000/24358, for example). In addition, optically active
3-methyl hexanoic acid and optically active 3-methyl heptanoic acid, which can be
synthesized from optically active 1-methylalkyl malonic acid, are used as pharmaceutical-
intermediates of prostaglandins or the like (Japanese Patent Application Laid-Open No.
62-265279, for example).




The synthesis of (S)-I-methyl butyl malonic acid using optically active

2- pentanol has been reported (J. Am Chem Soc., 1950, 72, 4695). However,
in order to obtain optically active 2-pentanol, this nmethod involves an
extrenely conplicated nethod, which conprises converting racem c body
2-pentanol to a plithal ate nonoester and resol vi ng it vvith br uci ne,
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of alcohol® to be optic us thr's netho |S|nef I cient.

Several pebbads oﬁﬁéalﬁrya{tﬁés% ﬁbﬁkﬁmﬁ {lﬁétPS&”l{?&MVés' fm %g{rﬂrg§ga%£nphcated

decar boxyl ati on “reaction met h oni ¢ aci een known

(refer t ﬁleﬁlodAWhléﬂqmpl%ég convel’ﬁﬁg rac%?mc 4)@8?12 Iﬁzﬁgme’thE PUhARME RhnobgerChi e,

1985, 9, 557, for exanple). However, since all of these nethods are
col l'ecti ygd h‘es%ﬁqhé '19%@13!%% %l‘l&ged‘%ysl%!'d{'@l%ﬁ RAYSdiRen, Shéd tieihbove
reaction control, and further require a h”tenperature (180' C), the

i ndustri gdmpaR iscraédl@éa e tbesPineahiedst besuﬁuf f FaMhdr; th® MBSl Rbighsl Ng an
additive to a substrate that is different fromthat of the present

I nvent i OBf G aARilialy SR Ynd BecrieBEIHgaideRNard relati Vel dr edbHtkatb@slcahslo been
known. It was exam ned whet her or not a nethod involving reflux in

acet oni t d b&optitallhgesopfeds atCRuO this ARARY iOXddiBcithef er to J. Am Chem Soc.,
1993, 115, 801, for exanple) or a nethod involving heating in the presence

of sulfuric acBeverilah@hodsofosgnthésetihg 3-AOBY cafboxylid 4did ioh dexabptyddticman be
applied to the substrate of the present invention. As a result, it was

found t hatactos o§rhethabilkyefhsiohicacidbaad beat kingvil (refer @adt iAom @Ram.nSéc.,
observed. Fromsuch a result, it was reveal ed that the nmethod of using an
addi t i vel980,Far Ag9nund Noweaaldoxsll &t Chime;, 4881,1991553] foa ckawple nddowtware can
be applied to sone conpounds, but cannot be applied to the other
conpoundsinc©alltdfehetehmethhdndre eollvetivaiy adfitmarmgthods oritg aorsebehtsp nausinga
solvent at a tenperature between approxi mately 100' C and 150' C has al so
been knodiffi¢ulefeactibn controlQagd fGiten requiBB83 higlBtengReaturef (AB0¥X)athd mdusttielhever ,
t here have been no reports

application of these methods is difficult.

A method of using an additive to a substrate that is different from that of the
present invention so as to carry decarboxylation at a low temperature has also been
known. It was examined whether or not a method involving reflux in acetonitrile in the
presence of copper oxide (refer to J. Am. Chem. Soc., 1993, 115, 801, for example) or a
method involving heating in the presence of sulfuric acid (refer to Org. Lett., 2002, 4,

1571, for example) can be applied to the substrate of the present invention. As a result,
it was found that a significant effect of accelerating the reaction was not observed.
'From such a result, it was revealed that the method of using an additive to carry out a
decarboxylation reaction at a low temperature can be applied to some compounds, but
cannot be applied to the other compounds.

On the other hand, a method of carrying out a reaction in a solvent at a

temperature between approximately 100°C and 150°C has also been known (refer to J.

Org. Chem., 1983, 48, 2994, for example). However, there have been no reports




3 regarding such a solvent effect. Further, since the reaction tenperature
required during decarboxylation is different depending on the type of a
substrate, the effect of carrying out a decarboxylation reaction at a | ow
tenperature in a solvent has not been clarified. In addition, these nethods
have never been considered fromthe viewpoint of safety such as the

control @facandonndi il ds Seper ahbtier, Thits m@feabﬂiﬁfﬁp{@%ir@%gréd@ﬁ%i 2'

application of such a decarboxylation reaction s ave rerml ne

met hod f QécashoiRRink Wfféif@ntocﬂ’ér? @b YorPGE Ve &f g%gmllam;ttu% efTB F carr§Rie

that is considéred to be a sy teﬁetl c precursor of optically active
1-met hyl Byt ¥ decaPdoRPabion 3&dcfion 8t 8 YW ’Eh@ﬁﬁe?atﬁ?etiﬁ%om?ﬁ%éé' r{?ﬁ peapdeEfien from

citronell ol has beén known (refer to ‘International Publication WOQO 24358,

for exanple). howussn, thBieSmIRIA hatidhePr@Shben RHoAFHERB! frdmithe WiBpdidt 655 @
mul ti-step nethod, which brings on a lowyield. In addition, as a nethod

for synt bemiyzbit a9 teplcb@bll ¥f agtonedioxiRt fetepREd Y| THR! GR6KleRS ti8kardhg
synthetic method involving an asynmetric 1,4-addition reaction has been

known (r éfdestriaDapplRhfieherisieh Ay iiboxAi@fidn rebdtion dfilhafedema¥apl e) . However,
since a sufficient optical purity cannot be obtained (50%e at the

maxi mun), thi sAgei hechddsfonaynihesieingCal opiisallg 46D admbthylisyyit hekinkd oder
optically active 3-nethyl hexanoic acid or optically active 3-nethyl

hept anoi ¢hands consideirahtcche aBendiptic Pesinzed of pttdpt Akl ymeatiyibigyl malonic
1-met hyl al kyl mal onic acid, an addition reaction of an organic copper
reagent tadaa sgnthein et mhvdivingy aiduvgoh &oin git@nelbs yinsticeh knawxi(kéfar 40 gr oup
has been known (refer to Helv. Chim Acta., 1985, 68, 212, for exanple).
However , Itthinstionst Tadlicatnn WE300/24%580 dorcexdaaple)f  &fovexpe nbis veethsd bmebednc
auxiliary group into a nolecule, and further, it 1is necessary to use an
equi val eptobdemativt incthatoit graa inwulG-eppenethedgehich daings g aalopr yiblde min rédjsiodj ng a
waste liquid treatnment. Thus, it cannot be said that this nmethod is
i ndust ri a$ hynesipyl foc ayithesidibg enweticallypctiva 1-methplpaniybmatihi@esterc @ ryreheténpound
has al so been known (refer to Japanese Patent Application Laid-Open No.
62- 26527 methask inenlving| a) . asioweside | 1,4+addisiono iqmotionishasi bend dapwad (refer to
stereochem stry can be obt ai ned

Tetrahedron Asym., 2001, 12, 1151, for example). However, since a sufficient optical

purity cannot be obtained (50%ee at the maximum), this method is not practical.

As a method for synthesizing optically active 3-methyl hexanoic acid or
optically active 3-methyl heptanoic acid, which can be synthesized from optically active
1-methylalkyl malonic acid, an addition reaction of an orgamic copper reagent to a
crotonic acid derivative having an asymmetric auxiliary group has been known (refer to
Helv. Chim. Acta., 1985, 68, 212, for example). However, this method requires
introduction of an expensive asymmetric auxiliary group into a molecule, and further, it
is necessary to use an equivalent amount of organic copper reagent causing a problem -
regarding a waste liquid treatment. Thus, it cannot be said that this method is
industrially applicable. Moreover, optical resolution of a racemic compound has also
been known (refer to Japanese Patent Application Laid-Open No. 62-265279, for
example). However, since compounds with desired stereochemistry can be obtained

only at 50% at the maximum by such resolution, this metbhod brings on poor efficiency.
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only at 50% at the maxi num by such resolution, this nmethod brings on poor
efficiency. 4 Myreover, a noiety of conpounds with undesired steric
configuration is discarded, resulting in an enornous environnental burden.
Furthernore, a nethod involving induction fromcitronellic acid or the

| i ke has al so been known (refer to US Patent No. 5136020, and Tetrahedron,

1977, 33pM@8Sver! Qrms%mk‘e&gn‘rﬂ%%dst r\"?lﬁ'l %g&&?ﬁ@df e tlcﬁ%Sfi'ﬁ LS &y éb&rd'efi terms

of multi -step procedure a ow Yyl e ere has een

nmet hod f t Z i I refer
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coupling with a nalonic ester follow ng bromnation at t ereafter,

even if ist3600, Iaadurafbhwmﬁptmwl by 8gd) Y& xRN0y Rl ARIMAI RasABédh and
crystalllzatlon is then repeatedly carried out, such an optical purity is

i ncr eas egrdbifatitinttGrnael Buhioas e ﬂécecﬂﬁ%’ﬁﬁdld@ﬂﬁelds to say, optically active
1-net hyl butyl malonic acid with high optical “purity required as a

phar maceut i cal Sall 8@tHeghelidie CRds iHREST Aeshealod @@n@g»ﬁth@ﬁzﬁgnbm@edcuw the
conventi onal methods, and thus, it has been desired that a nethod f

synt hesi 2imnghylbosy] aﬁamccwi@wm tol X, oMt Cuesr Sasl, 1950011 &m95purﬂwem
devel oped. Further, exanples of the synthesis of opti call y active

1- net hy| hepkdihg vk ﬁfﬁtlﬁbd #aik dedoridbe thdt @plibal Rty hodigiifibardls ddotdaped d@8H, 9,
557) and optically active I-methylpropyl malonic acid |labeled with a

radi oact itheecozipting mtith( 4 efabimid estdr. foRbwikgBimindbing, and 830 thetddPier, 6344 )1 0oy e
been known. However, these nethods are significantly disadvantageous

r egar di ngnducedistor opticalpphdtoat i anethyibtityat malohizngceide ad drgdtaltivation( & elienl 2
hours) is required during the reaction wwth a malonic ester, in that a
| ar ge anmpepehtedly caoledemtt, (b tn ropsicalopunity) isi mcreaspd oelg oo rgproximately
recrystallization of dicarboxylic acid, in that a high tenperature (180'C
i's requi 78%een Fhateisdp ayydpticalp actwe tlrmethy budyli malbhizt adidiedth hight dynidal
require high costs and are not efficient. Mreover, the optical purities of
such comppotinttquited es be;émmmutm@dxmﬂrwhq:mw’abmﬁmﬂmﬁqatmt be eyathesingd and
t hus a probl emthat
by the conventional methods, and thus, it has been desired that a method for synthesizing
the above compound without decreasing optical purity be developed.
Further, examples of the synthesis of optically active 1-methylheptyl malonic
acid (refer to Nouveau Journal de Chime, 1985, 9, 557) and optically active
1-methylpropyl malonic acid labeled with a radioactive element (refer to J. Am. Chem.
- Soc., 1980, 102, 7344) have been known. However, these methods are significantly
-disadvantageous regarding industrial application in that a long period of time (over 12
hours) is required during the reaction with a malonic ester, in that a large amount of
solvent (50 times volume) is required during recrystallization of dicarboxylic acid, in that
a high temperature (180°C) is required in a decarboxylation reaction, and in that these
methods require high costs and are not efficient. Moreover, the optical purities of such

compounds have been reported only in terms of optical rotation, and thus a problem that

precise optical purity is unknown has remained.




preci se optical purity is unknown has remai ned. 5 DI SCLOSURE OF THE

I NVENTION It is an object of the present invention to provide a novel

met hod for industrially sinply and inexpensively producing (S)-2-pentanol
or (S)-2-hexanol having higher optical purity, and preferably
(S)-2-pentanol or (S)-2-hexanol having an optical purity of 99.0%e or

greater. ﬂISCL@S%b?rT}?@Wg@OWe present invention to provide an

i ndustrial ©pro I on met ho r 1 nexpensively and efficiently producing

optically actiigs adoBREdOH AL gigsexﬁ%%ﬂtﬁnﬁ%fb\«%@a Hﬁéi glfétﬂ;a'd R tiﬁdﬁ%trfﬁug‘é.t hyl

carboxylic acid at hi'gh opti purity. a resu i ntensive studies

regar di nGinghlpraau sick bRy N foeid Sk sR2RRAERBObr @12 (BafoinBXARS! highth! o

are directed towards achi €ving the aforenentioned objects, tl pr ésent

i nvent or Spﬁ@Y?uﬁﬁyﬂlﬁh pleadradl i(BQZ%eﬁ%B%F&S)%ﬂﬁolnﬂM@M@gﬁmm@ﬁlcﬁ‘ngi ng
he li'ke, (S)-2- _

to genus Brettanonyces or pentanol or (S)-2-hexandl can be

sinply apg 0%t grldr! Y1taenRsBECShjdt oFghe’ itk ARRABoRTo FrolRIEAHAANGusATald
substrate. In addition, the presént inventors have isol ated carbonyl

reduct asgrofititéh raeheeas fo- ARMRNAANE YO and 2NRASHRN §réduclfN epicllly active
(S)-2-pentanol or (S)-2- hexancﬁ% andyDNA encodi ng ?he ag%e p?Eenz};r/me from

m croor ganhehplalkel anlin@adio g vptcdlssadtblerttcthyl Whbekyl®y i@ aehigh Rptiedl t he
af orenenti oned m croorgani sns, and have anal yzed t he nucl eoti de sequence
t her eof . pufifyr eover, the present inventors have found that a product of
interest, nanely, (S)-2-pentanol or (S)-2-hexanol can be obtained at high
optical purityAaadeafit ef intephivesidéantgatingrmn mpdactivtuatthgd af ($)eDpeaanaint
wherein the above DNA has been allowed to express, and then allow ng the
t r ansf or oe®)ezhesnol waticld uet dinéatted tvechrby athiedhg g sfoecmaltioved objekts, thend/ or
a culture solution of the above cells, to act on 2-pentanone or 2-hexanone
used as gpresaw imatrdorsdlave Fowridhtdmatropiag 4 b@tan egend! mivresrgamismk dengingotof ound
that a substitution reaction can be carried out while maintaining high
optical pgenust Brettanoropeesrarn thg lpt, | (Sa2tpentaniol we (S)-2-hexanol can be simply and
efficiently generated using 2-pentanone or 2-hexanone as a substrate. In addition, the
present inventors have isolated carbonyl reductase which reduces 2-pentanone or
2-hexanone to generate (S)-2-pentanol or (S)-2-hexanol and DNA encoding the above
enzyme from microorganisms belonging to genus Issatchenkia, which are one type of the
aforementioned microorganisms, and have analyzed the nucleotide sequence thereof.
Moreover, the present inventors have found that a product of interest, namely,
(8)-2-pentanol or (S)-2-hexanol can be obtained at high optical purity and at a high
_concentration by producing a transformant wherein the above DNA has been allowed to
express, and then allowing the transformed cells, a product obtained by treating the
above cells, and/or a culture solution of the above cells, to act on 2-pentanone or
- 2-hexanone used as a raw material.
Furthermore, the present inventors have also found that a substitution reaction
can be carried out while maintaining high optical purity by converting optically active

alcohol to a leaving group and then treating the resulting compound with a carbon

nucleophile, and that the obtained optically active compound is hydrolyzed and then

)




al cohol to a leaving group and then treating the resulting conpound with a
carbon nucl eophile, and that the obtained optically active conpound is
hydrol yzed and then 6 crystallized, so as to efficiently produce optically
active 1-methylal kyl malonic acid at high optical purity. Still further,

t he present inventors have established an industrially sinple and
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conventional nethod, and so that generation o oxl de can
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findings. That is'to say, the present invention provides the foll'owng

feat ur es pRfonidfeid iTe@REHE o dphicarly BREVAHINRIhYPEABHEI G cidBby deddgitixdi@lonWhi Cch

conprises al | owi ng m croorgani sns or transformed cells, a produ¢t obtained

by treat kdhabfhicGedbtiohRah 880h31¥E ot ukd®l kendiflofdhbtdre mialk e Sodefats Biad
m croorgani sns or cells, and/or a crude purified product or purified

product  gfosé ofahbudyivertRUME hddkod, radt i tha Meabngdn fdrosmba didkidd et gani sns
or cells, to act on 2-pentanone, wherein en a fresh cell nass of said

m cr oor gasutedtedor transfornmed cells, which has not been pretreated. with a
solvent, is allowed to act on 2-pentanone, (S)-2-pentanol having an

optical purityThd pi25&fténveention hgd BstheloniidtedBased onehak dthdiged t he
productivity thereof is 1 ing or nore of (S)-2-pentanol/g of dry cell nmass

wei ght/ hour. (ZhatAsmet kol thé ppesedu bivegti¢d)prévitiex areofolluwiad festoesi dfethe
al 'owi ng m croorganisnms or transforned cells, a product obtained by
t r eat i ngirsantonr cr oorgani sns or cells, a culture solution of said
m croorgani sms or cells, and/or a crude purified product or purified
product 6F A mesrdsoodyprodedng (3)s2-pkntansli which kbaiprieck 4ltcwing abidrootganzarsgani sns
or cell S,traflsci‘ormed cells, a product obtained by treating said microorganisms or cells, a culture
solution of said microorganisms or cells, and/or a crude purified product or purified
-product of a carbony! reductase fraction obtained from said microorganisms or cells, to
.act on 2-pentanone, wherein when a fresh cell mass of said microorganisms or
transformed cells, which has not been pretreated with a solvent, is allowed to act on
2-pentanone, (S)-2-pentanol having an optical purity of 95% e.e. or greater can be
generated, and the productivity thereof is 1 mg or more of (S)-2-pentanol/g of dry cell
mass weight/hour.
(2) A method of producing (S)-2-hexanol which comprises allowing microorganisms or
- transformed cells, a product obtained by treating said microorganisms or cells, a culture
solution of said microorganisms or cells, and/or a crude purified product or purified
product of a carbony! reductase fraction obtained from said microorganisms or cells, to
act on 2-hexanone, wherein when a fresh cell mass of said microorganisms or

transformed cells, which has not been pretreated with a solvent, is allowed to act on

2-hexanone, (S)-2-hexanol having an optical purity of 95% e.e. or greater can be




act on 2-hexanone, wherein when a fresh cell nmass of said m croorgani sns or
transforned cells, which has not been pretreated with a solvent, is allowed
to act on 2-hexanone, (S)-2-hexanol having an optical purity of 95%e.e.
or greater can be 7 generated, and the productivity thereof is | ng or

nore of (S)-2- hexanol/g of dry cell mass weight/hour. (3) A nethod for
pr oduci n t
wherein g]elgerﬁggt?g%ﬁ S ecttg&h%sgﬁﬁiﬁ%%rggx%&%(?? ?2%?1%% o?flg Mrg ckll

Br et t anOiceFeighROMS Candl da, genus Hortaea, genus Issatchenkla genus
Lodder onyces, genus Pichia, genus Rhodotorula, genus Arthrobacter, genus

Brevi bac{ari Hﬁ'i@th&?fﬂ%ﬁ)rgﬁﬁ&g%@tﬁbbﬁ{mmln%‘;@gﬁ E2RRCAvidtShigH pKiSal purity,

M crobactérium genus Cchrobactrum ge aracoccus, genus Rhi Zobium and

genus Rh%@fé@&%@mo?gaﬂlsﬂ@%le&@ﬂ @fdﬁ?‘i’hé)érﬁd;ﬁ@&ﬂswnﬁad enls BRALIRANRES, a
culture solution of Said m croorgani sns, /or a Crude purifi ed product

or puri f eehsPCANE g@ﬁu@H@ﬁﬁ&O B¥husd %gé{@ﬁ@akﬁl fobRed 1 8dHephAleRegerut PRISAI d

m cr oor gani sns, are al l owed to act on 2- pent anone or 2- hexanone so as to

gener at e gefu®) Rﬁomaﬁ;ﬁﬁ enfd Alrfrobich@X 388s. BledibabteiBin) @enhd CrinbBabisiiung,
(S)-2- pent anol or (S)-2-hexanol having high optical purity, wherein

transf or gehsC Sebbaciing ?dﬂu@l‘i&@éﬁ‘d@dﬂrﬁm ,C¢MRNPehioBadtAindS gelit Rhmeskchis,om

m croorgani sns sel ected fromthe group consisting of genus Br ettanonyces

genus Caagisd®higdhus, Hadt paas Boodscdcssqt ghpkie, obtmed boddesdisy cerl,
genus Pichia, genus Rhodotorula, genus Arthrobacter, genus Brevibacterium

genus Cr atiobagiatisiisma gelaurs sobeinact Ishids migeotganivhel ahdot er cride weifisl
Ochrobactrum genus Paracoccus, genus Rhizobium and genus Rhodococcus,
has beenpadduowved parifeedorpesduct aofphodadbngbtrédueede bifactioheabiaitgds fiioth ceid s, a
culture solution of said cells, and/or a crude purified product or
puri f i ednperodiganhisofs, arec aldwed ko med un tapenthncmet droP-hekdmeinaesb fis aongeatrdtecel | s,
are allowed to act on 2-pentanone or 2-hexanone, so as to generate
(S) - 2- pef$@hpentenol(@BYSP2Hexamdl . (5) The production nethod according to (3)
or (4) above, wherein the mcroorgani sns are
(4) A method for producing (S)-2-pentanol or (S)-2-hexanol having high optical purity,
wherein transformed cells wherein DNA encoding carbonyl reductase obtained from
microorganisms selected from the group consisting of genus Brettanomyces, genus
Candida, genus Hortaea, genus Issatchenkia, genus Lodderomyces, genus Pichia, genus
Rhodotorula, genus Arthrobacter, genus Brevibacterium, genus Crutobacterium, genus
Geobacillus, genus Microbacterium, genus Ochrobactrum, genus Paracoccus, genus
Rhizobium, and genus Rhodococcus, has been allowed to express, a product obtained by
treating said cells, a culture solution of said cells, and/or a crude purified product or
purified product of a carbonyl reductase fraction obtained from said cells, are allowed to
act on 2-pentanone or 2-hexanone, so as to generate (S)-2-pentanol or (S)-2-hexanol.
(5) The production method according to (3) or (4) above, wherein the microorganisms are
selected from the group consisting of Brettanomyces bruxellensis, Brettanomyces
anomalus, Candida famata, Candida krusei, Candida maltosa, Candida tropicalis,

Candida zeylanoides, Hortaea werneckii, Issatchenkia scutulata, Lodderomyces

elongisporus, Pichia angusta, Pichia besseyi, Pichia cactophila, Pichia segobiensis,




sel ected fromthe group consisting of Brettanomyces bruxellensis,
Brettanomyces anonal us, Candi da famata, Candi da krusei, Candi da naltosa,
Candida tropicalis, Candida zeyl anoi des, Hortaea werneckii, |ssatchenkia
scutul ata, Lodderomyces el ongisporus, Pichia angusta, Pichia besseyi,

Pi chia cactophila, Pichia segobiensis, 8 Pichia spartinae, Pichia

trehal oplpydigy, sﬁB%ﬁJeorP&%ﬁmW%ﬁphﬁ% H}@@@gpﬁa M&”%rthrﬁﬁc?b’r?ﬁ i 2

pol ychr onbgenes, Arthrobacter sp., cter su~~rous, Brevi eriium

but ani cUm-mEIHARP FohRNI oD dehBS AHHBEIERSp., B IPFICr UBIBARRT B BhERANN US.

M crobact eri um keratanol yti cum M crobacteri um saperdae, M crobacteri um
SP., M GLRRRGHET | WrioBStRABMT AXRLARRGASUM ERSRNCARIs: RSUOMBRASHMys SP-

(Pseudononas ovalis), Pracoccus$ denitrificans, Rhizobiumradi obacter, and

Rhodococ alisrodReteriifoT RERERAGH BEIRM NG BER6D08 | 3gbMe, MikrababREDRd §Or
produci ng (S)-2-pentanol or (S)-2-hexanol having high optical purity,

wher ei N WiasLEAEARE elacsum WORKRIbRCHING GfHifIpi,bO6hioPackin QPE (RieutibMonas
following (A to (F) has been allowed to express, a product obtained by

- treatingosdistl, CRAdcscci@NWeniirificdis] t RhRobHA Utddtdbatler Sadnd GBAddeco@ns 8p.l owed
to act on 2-pentanone or 2-hexanone, so as to generate (S)-2-pentanol or

(S) - 2- hex@ohebdchey iRy daea@btigstanf)r ot ei n having the amino acid sequence
shown in SEQ 1D NGO 1; (B) DNA encoding a protein, which has an am no acid
sequence (®afmiétkod oraprdéhaing (8)-2-panidhdli @n(S)D-hexabslt hdvid highafptioalepaity,
several amno acids with respect to the amno acid sequence shown in SEQ
| D NO 1wharein thnstbroigiscedlb) Wheryint DNAedbscébal ianan ony bf tredofowimg (2yne (iBsi ze
optically active alcohol; (C) DNA encoding a protein, which has an am no
aci d segbaenbeensimwatgtohaxpodssgy podduch Obtaoredriyr teatinghsatdheelbyand/'onaicdltsequence
shown in SEQ 1D NO 1, and which has ability to reduce a carbonyl group to
synt hesi z@ubpn pf sdifl yelds; arevaleeasiotoaict o DypeDidhohavi Adekdrmnauml &sobigteeraequence
shown in SEQ ID NO 2; (E) DNA having a nucl eotide sequence, which
conpr i se§S)a2-gentenolan (Shadiexanmd;, or
-(A) DNA encoding a protein having the amino acid sequence shown in SEQ ID NO: 1;

(B) DNA encoding a protein, which has an amino acid sequence comprising a deletion,

addition, or substitution of one or several amino acids with respect to the amino acid

sequence shown in SEQ ID NO: 1, and which has ability to reduce a carbony! group to

synthesize optically active alcohol;

{C) DNA encoding a protein, which has an amino acid sequence showing homology of

50% or more with the amino acid séquence shown in SEQ ID NO: 1, and which has

ability to reduce a carbonyl group to synthesize optically active alcohol;

(D) DNA having the nucleotide sequence shown in SEQ ID NO: 2;

(E) DNA having a nucleotide sequence, which comprises a deletion, addition, or

substitution of one or several nucleotides with respect to the nucleotide sequence shown

in SEQ ID NO: 2, and which encodes a protein having ability to reduce a carbonyl group

to synthesize optically active alcohol; and

(F) DNA having a nucleotide sequence, which hybridizes with the nucleotide sequence

shown in SEQ ID NO: 2 or a complementary. sequence thereof under stringent conditions,




substitution of one or several nucleotides with respect to the nucleotide
sequence shown in SEQ ID NO 2, and which encodes a protein having ability
to reduce a carbonyl group to synthesize optically active al cohol; and (F)
DNA havi ng a nucl eoti de sequence, which hybridizes with the nucl eotide
sequence shown in SEQID NO 2 or a conplenentary sequence thereof under
stringen it I3 3 = i biJ kit 50
reduce aa%cgl?%gdr? y !I:ﬁagragsu S %;[rgfég; ‘rllytgtlglgi a?g!?t?gtgﬁeg%ﬁ é/) Cgt:q%flggégﬁ%olﬁo%}{nk%S&A
net hod f gstidNQdbGidWlcdid- or (S)-3-nethyl carboxylic; acid represented by
the following formula (5): R I*~ICO2H (5) wherein R represents an al kyl
group cofi)aAnh&fod bP Bﬁ)&@f@%{)&t& %a-m&h?ﬁ @ﬁl%ﬁﬂ‘ics afid rePRYBATBA HyCthgar bon,
whi ch conpri ses decarboxylating (R -"or (S)-I|-nethylal kyl " mal oni c aci d
havi ng ﬂj@lbi“(;@%f@ﬁ]m@/@y represented by the following formula (1) in the
presence of a highly polar solvent and/or an additive for pronoting
decar boxylation: 1-ly CO2ZH R 1 CO2H wherein RL has the sane definition as
descri bed above, and * representg @eymetric carbon. (8) A nethod for
producing (R - or (S)- 1 -methylalKyl nal dMl ¢ aci d represented by the
following formula (1): R -1--r-CO2H CO2H wherein R represents an al kyl
gr ogp cowhaieiti RbreBresents ag atkyd Rr@iposthtaifing 3 tol EHBELatb s Ands ypigsefits an
car bon,

asymmetric carbon,

which comprises decarboxylating (R)- or (8)-1-methylalkyl malonic acid having
optical activity represented by the following formula (1) in the presence of a highly polar

solvent and/or an additive for promoting decarboxylation:

CO.H (1)
wherein R' has the same definition as described above, and * represents an asymmetric
carbon.

(8) A method for producing (R)- or (S)-1-methylalkyl malonic acid represented by the

CO.H (1)

following formula (1):

wherein R' represents an alkyl group containing 3 to 5 carbon atoms, and * represents an
asymmetric carbon,
which comprises allowing optically active alcohol represented by the following
formula (2) to react with a sulfonylation agent:
R1\*/
OH (2)
wherein R' has the same definition as described above, and * represents an asymmetric

carbon, so as to obtain an optically active compound represenied by the following

10




whi ch conprises allow ng optically active al cohol represented by the
followng fornula (2) to react with a sulfonylation agent: R OH (2)
wherein RL has the same definition as descri bed above, and * represents an
asymmetric carbon, so as to obtain an optically active conpound
represented by the followng 10 forrmula (3): R X (3) wherein Rl has the
same def ghhdiiP)as described above, X represents a sul fonyloxy group, and
* represents an"asynmetric carbon; allowing the optically active conpound
to react with a carbon nucl eophile é._(rqe resented by the follow ng fornula
(9) in the presence of a base: 2 r (9) wherein each of R~ and W

i ndependent |y represents an ester grouf,(3a carboxyl group, or a cyano
group, wherein R~ and Wmay together forma cyclic structure, so as to

obt ai N awhefM REBAY the dah VEfiFIPOR AY A8sorBRE G5 Rokepitsdliea bR RWR%:HEs, Ml a
(4): R2 R 3 (4) wherein Rl, W and Whave the sane definitions as |

descri begndbempescaitin asi@R{BsCBBo@n asymmetric carbon, and hydrol yzi ng
the obtained optically active conpound. (9) (R -I-nethylal kyl malonic acid

or (S)-I-nethyllidviyb thel eticallpCGictivb adonii@uad tePidacikvithPEI dakbor0 hudledsgleor
greater, which is represented by the followng fornula (1):
represented by the following formula (9) in the presence of a base:

R2
(s
R™ (9

wherein each of R* and R? independently represents an ester group, a carboxyl group, or
a cyano group, wherein R? and R® may together form a cyclic structure, so as to obtain an
optically active compound represented by the following formula (4):
R1J*\‘,R2
R* @)
wherein Rl, R2, and R? have the same definitions as described above, and * represents an
.asymmetric carbon, and
hydrolyzing the obtained optically active compound.
(9) (R)-1-methylalkyl malonic acid or (8)-1-methylalkyl malonic acid having an optical
purity of 90%ee or greater, which is represented by the following formula (1):

1%/COQH
CO-H (1)

R

wherein R' represents an alkyl group containing 3 to 5 carbon atoms, and * represents an
asymmetric carbon.

(10) The (R)-1-methylalkyl malonic acid or (S)-1-methylalkyl malonic acid according to
(9) above, wherein R! represents an n-propyl group or an n-butyl group.

(11) A method for producing an optically active substance represented by the following
formula (6):

11




R1--1Y C2H CO2H wherein Rl represents an al kyl group containing 3 to 5
carbon atons, and * represents an asymmetric carbon. (10) The (R)- |
-met hyl al kyl malonic acid or (S)- 1 -nethylal kyl nmalonic acid according to
(9) above, wherein Rl represents an n-propyl group or an n-butyl group.

(11) A nethod for producing an optically active substance represented by
the followng formula (6): R4 X (46) wherein R~ represents an n-propyl
group, and X represents a sul fonyl'oxy” group, which conprises: allow ng

m croorgani sms or transformed cells Xongsining a carbonyl reductase having
activity to react with 2-pentanone to generate (S)-2-pentanol, wherein it

|5 abl e hc@aiR! ARt ndnpSObARbuAIAKY DOrdfesR nilfoRbbLY Mrolh, 95% €. €. or

greater when the fresh cell nmass thereof, which has not beén pretreated

Wi th a sol ventwhich comprRe8dalicvias imRFocteRBHHA e MansRBLed RE1IPCOREAY W Y
thereof is 10 nmg or nore of (S)-2-pentanol/g of dry cell mass wei ght/hour,

a producgarbbriydire@itdly hav@gldctoitp & teacivethORp&AMonERo Qenéaie! ($)-28pchttnblr €
solution of said mcroorganisns or cells, and/or a crude purified product

or puri fivaerehr @didciblofio @eaatRoM)l2-padaie] aaRide A€ obaeal Qhiray REDSE @B, cvai d
m'croorganl sms or cell s, to act on 2- pent anone, so as to convert 1t to

(S) - 2- pegiearo when alelfredhl i MgsstthereoR) tvatlicteBad o)t beerp pret@atel with 4 S6loént\ist h a
sul fonyl ation agent, so as to convert it to the optically active substance

r epr esenhlbsivddly td et apoR-@ehtanond, sar(dSthe pictuchvioetihadoff & 1pradued Agrarst
optically active substance represented by the followwng fornula (6): X (6)

wher ei n 9-2-partasdfpt of ainy recliuimaks graght/hoanda Xoroéyst estesinsd ys teathipy kady
group, which conprises: allow ng mcroorganisns or transfornmed cells
cont ai ni micraorganisms or cells, a culture solution of said microorganisms or cells, and/or a
crude purified product or purified product of a carbony! reductase fraction obtained from
said microorganisms or cells, to act on 2-pentanone, so as to convert it to (S)-2-pentanol;
and allowing the obtained (S)-2-pentanol to react with a sulfonylation agent, so as to
convert it to the optically active substance represented by the above formula (6).
(12) A method for producing an optically active substance represented by the following
formula (6):
R4~
X (6
wherein R* represents an n-butyl group, and X represents a suifonyloxy group,
which comprises: allowing microorganisms or transformed cells containing a
carbonyl reductase having activity to react with 2-hexanone to generate (S)-2-hexanol,
wherein it is able to generate (S)-2-hexanol having an optical purity of 95% e.e. or
greater when the fresh cell mass thereof, which has not been pretreated with a solvent, is
allowed to act on 2-hexanone, and the productivity thereof is 10 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, a product obtained by treating said

microorganisms or cells, a culture solution of said microorganisms or cells, and/or a

crude purified product or purified product of a carbonyl reductase fraction obtained from

12




carbonyl reductase having activity to react with 2-hexanone to generate
(S)-2-hexanol, wherein it is able to generate (S)-2-hexanol having an
optical purity of 95%e.c. or greater when the fresh cell mass thereof,
whi ch has not been pretreated with a solvent, is allowed to act on

2- hexanone, and the productivity thereof is 10 ng or nore of

S)-2-he ; S i , ' .
(S) 48 ?%{cﬂ)o? anfinYs GEdiIsM RSt W ?E%:éa%ﬂé sohshb %911\{%} gﬁ& g?ﬂg—g"liegﬁml,

treating sa m Troor gani sns or cel a cul'ture so

m croor g%?ﬂ 416 el bt5tai %Qéﬁb-@gg@&l%%&%{ with &d smPfr‘ogl %i%g%g?ﬁé sof dse

product of a carbonyl reductase tion obtalned

M Cr oor gagy : ; : = ' it to
S0P R the Bplialll R rsu&gaéxt%g?ﬁﬁgg&?gﬁ_b e 3BoVerofRAqE}.

(S)-2-hexanol; an oW ng the -hexanol to react with a

sul fonyl gid)omaaRitod §Qoffing %o (EPMYL(12) dhdve, WRRHORKHERbMpASIS ¥ Gcpubpst ance
represented by the above fofmula (6). (13) The method according to (11) or

(12) aboyBowiMy 188 optEdiNCIcticO RIbstARS r@ﬁng&e%@e@f&y f RN GY 9o kA8t &ﬂh%@@%dﬁ

active substance represented by form (6) to react with a carbon

nucl eophinhglesgileaspRb&edyy ﬂfé%ﬁ&tviﬂg%ﬂgglfaggm tle pRkendd dfidaid:€sence of a
base: 2 R 3 R (9) wherein each of and i ndependently represents an ester

group, a carboxyl group, or a cyanoR&roup, wherein and Wnmay together form
a cyclic structure, so as to conveq/t It to an optically active conpound
represented by the follow ng forrruRé* (7) ;xR JYR 2 R 3 (7) wherein Wand R3
have the sane definitions as descri bed afa%ve, and R4 represents an

n- propy! vgieesip eidh eMRhaklRY Indgpeidently tépresdnsirh@terf@oum madtixgyy group, or

(R -1-methyl butyl malonic acid or (R)-I-nethylpentyl rmalonic acid, which
conpr i sea;cyahd goupgwhdreindpt argiak] mapeigderter Sothss andie stepfuesohe &avert it

to an optically active compound represented by the following formula (7):

RﬂJ\,Rz
R ()

wherein R* and R® have the same definitions as described above, and R* represents an

| n-propyl group or an n-butyl group.

(14) A method for producing (R)-1-methylbutyl malonic acid or (R)-1-methylpentyl

malonic acid, which comprises; allowing the optically active substance represented by

formula (6) obtained by the method according to (11) or (12} above to react with a carbon

nucleophile represented by the following formula (9) in the presence of a base:

al

3

R™ 9
wherein each of R? and R? independently represents an ester group, a carboxyl group, or
a cyano group, wherein R?and R® may together form a cyclic structure, so as to convert it
to an optically active compound represented by the following formula (7):

R4 J\r R?

R®(7)

wherein R? and R’ have the same definitions as described above, and R* represents an

13




formul a (6) obtained . by the nethod according to (11) or (12) above to react
with a carbon nucl eophile represented by the followng formula (9) in the
presence of a base: 2 R 3 (9) wherein each of Wand Wi ndependently
represents an ester group, a carboxyl group, or a cyano group, wherein R~
and Wmay together forma cyclic structure, so as to convert it to an

opticall U] d by the following formula (7): R, Jy’
R2RS3 %’P; %gﬁj@n Wgﬂgut&\f/a%g\ﬁgeﬂﬁe sanme definitions as described above,
and R4 represefs, ?ﬁnglt:ﬁe olﬁﬁi‘ﬁ@& | orfiicatip a‘aﬁv@rboﬂlpla%d/ | 50 Q5 AMPeorRBA it to

hydrol yzi ng thée ob ed optically active conpound, so as to convert it to

(R-I- 1 Bnlin iﬁﬁ!d&u@ﬁbﬁ & (RHR)-nd T;HWIS 1RA: M* 45 Eseffelithy th
representﬁeb)é by the&? | ow ng ] for(m} | a e8 éﬁw C%EZ)I-Ilc C02 9‘j'q:'ISE vvheyrelen R~

has the gamvigefd rﬂguld@@: as descrl bed above (15) A et hod for produci ng
(R -3-nmethyl hexanoic acid or (R)-3-nmethyl heptanoic acid, which conprises
allowing the optically active substafc 62§Eresent ed by fornmula (6)

obt ai ned by the nmethod according trf Pﬁrl (12) above to react with a
carbon nucl eophile represented by th€0:dl | gy ng fornmula (9) in the
presence of a base: 2 ~3 R (9) wherein each 'of R~ and Wi ndependently

- 1 epr esenivheih RSheythgk@up definitiah RO¥YcriBE@EBovedr @ cyano group, wherein R~

and Wmay together forma cyclic structure, so as to convert it
(15) A method for producing (R)-3-methyl hexanoic acid or (R)-3-methyl heptanoic acid,
- which comprises allowing the optically active substance represented by formula (6)

obtained by the method according to (11) or (12) above to react with a carbon

nucleophile represented by the following formula (9) in the presence of a base:

R2
(3
R™ (9

wherein each of R? and R3 independently represents an ester group, a carboxyl group, or
a cyano group, wherein R? and R® may together form a cyclic structure, so as to convert it
to an optically active compound represented by the following formula (7):
R* J\(Rz
R ()

wherein R? and R? have the same definitions as described above, and R* represents an
n-propyl group or an n-butyl group,

hydrolyzing the obtained optically active compound, so as to convert it to

(R)-1-methylbutyl malonic acid or (R)-1-methylpentyl malonic acid represented by the

R4J\(002H

COsH (8)

following formula (8):

wherein R4 has the same definition as described above, and

- decarboxylating the obtained (R)-1-methylbutyl malonic acid or

14




to an optically active conmpound represented by the followng formula (7): R
4 -1YY3 R2 R (7) wherein Wand Whave the sane definitions as descri bed
above, and R4 represents an n-propyl group or an n-butyl group,

hydrol yzi ng the obtained optically active conpound, so as to convert it to
(R -1-nmethyl butyl malonic acid or (R)-I-nethylpentyl malonic acid

repr esen ormula (8): R4 -1y CO2H CO2H (8) wherein
R4 has t&gﬂégﬂn%thﬂg??t&%%\rﬁﬂ%%%escr| bed above, and decarboxyl ating the
obtained (R)-1-nmethyl butyl malonic acid or 14 (R)-I-nmethyl pentyl mal onic
aci d. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The enbodi nents of the
present BREMICE WOR CRRIBESRS DbpdTHE IRWENPHSNer, these contents are not

intended to limt the scope of the present invention. 1. Method for

produci ng opti ¢at kinbdainiotes af fehRbsens ieniibis WP he AREGBd Yeldvre ﬁ{bd&@v&he
met hod for producing (S)-2-pentanol or (S)-2-hexanol according to

present itivée Bbmterits bfe ot iReh@d ©finkk @RUCHPYoL (B presBRIThadRlon( OF
(S)-2-hexanol) which conprises allow ng m croorganl sns or transfornmed
cells, a product obtained by treating said mcroorganisns or cells, a
culture solution of said mcroorganisns or cells, and/or a crude purified
product ar Methiddf floe Srodieigid ®ptiedllvadtiat Rvenb] dthisidserohiiaek bPthediMeai ned from
said mcroorgani sns or cells, to act on 2-pentanone (or 2-hexanone),
wher ei n when aThé resthod dbt pieBeingf ($ed-Peita€s100r ¢SID-HEBar@dl dct@affz0toek
cells, which has not been pretreated with a solvent, is allowed to act on
2- pent angnseftoimveatiax & an@pthod (&) pﬂ)dpaln'ga(rsqlz lﬁanm(os)(oﬂ(is))ammdﬂommmmg an
opti cal purlty of 95%e.e. or greater can

comprises allowing microorganisms or transformed cells, a product obtained by treating

said microorganisms or cells, a culture solution of said microorganisms or cells, and/or a
crude purified product or purified product of a carbonyl reductase fraction obtained from
said microorganisms or cells, to act on 2-pentanone (or 2-hexanone), wherein when a
fresh cell mass of said microorganisms or transformed cells, which has not been
pretreated with a solvent, is allowed to act on 2-pentanone (or 2-hexanone),
(S)-2-pentanol (or (S)-2-hexanol) having an optical purity of 95% e.e. or greater can be
generated, and the productivity thereof is 1 mg or more of (S)-2-pentanol (or
(S)-2-hexanol)/g of dry cell mass weight/hour,

It is to be noted that the terms “2-pentanone” and “2-hexanone™ are used in the
present specification to mean 2-pentanone and 2-hexanone having a lineaér carbon chain.

‘As stated above, microorganisms or transformed cells used for the method of the
present invention are characterized in that when a fresh cell mass of the above
microorganisms or transformed cells, which has not been pretreated with a solvent, is
allowed to act on 2-pentanone {(or 2-hexanone), (S)-2-pentanol (or (8)-2-hexanol) having
an optical purity of 95% e.e. or greater can be generated, and the productivity thereof is 1
mg or more of (S)-2-pentanol (or (S)-2-hexanol)/g of dry cell mass weight/hour.

Examples of a solvent used herein may include acetone, toluene, dimethyl sulfoxide, and
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generated, and the productivity thereof is 1 ng or nore of (S)-2-pentanol
(or (S)-2-hexanol)/g of dry cell nmass weight/hour. It is to be noted that
the terns "2-pentanone” and "2-hexanone" are used in the present
specification to nmean 2-pentanone and 2- hexanone having a |inear carbon
chain. As stated above, mcroorganisnms or transformed cells used for the

met hod ob_ gﬁi?g es i i Q i L. f h cell
mass of IzhéeI a oi[/'e E}Fn&mcélg%‘rsggr?? %rn%%%?&p?l éﬁgﬁdﬁé c‘!:erﬁoéflﬁ{v%lwgﬁﬂ]ﬁgsé Eﬁr}gtscl been
pretreat gehiyd & ﬁnﬁ&gi‘ﬁ?rﬁt cell HassHrdAned dg)‘?%%gtf%n‘aﬁr 2R ARk, (K rnethod.

2- hexanone), (S)-2-pentanol (or (S)-2-h aving an optical purity of

95% e. €. fQf pdBShE" (I pdRaride " @H AR, [ PRGN isiY dN8EEFmed 1 1T

or nore of (S)-2-pentanol (or (S)-2-hexanol)/g of dry cell nmass

wei ght / heglls, w HesciPh pretHYER relgiest MK SbWer MY coRFLHER AGRh&NREInd
tol uene, dinethyl sulfoxide, and 715 2-propanol. Exanples of a pretreatnent

may i ncl ude diffieel $hotheGhetBod & bbtaRSRprotiditle rddBENOATHRE, $FHEY Bbihed3s RS |
mass and then drying it under reduced pressure. A nmethod for producing

(S) - 2- pentadap@bleor (S)-2-hexanol, using mcroorgani sns or transfornmed
cells, ich need such a pretreatnment, requires man power and cost for the

treatnent, andThé bﬂﬁaﬂ Bufify SUISY-2ESintdnde oS Heta@oDEinRdled RRY BEWSHDE L.
results. Thus, such a nethod is not preferable. The optical purity of

(S) - 2- pent grater,girefefbl 2 98 oF cgRRel aldadoftRiteRebBp99%.ete, or feagireat er,
preferably 98%e.e. or greater, and nore preferably 99% e.e. or greater. In
addi tion, the fredditionyithy @bdiEvitz- pESadgientinyl beayl beyl ohgnor en@t of
(S)-2-pentanol/g of dry cell nass weight/hour, preferably 2 ng or nore of
(S) - 2- pefdppbhtgnalg dofy drgl lcchaamsweinghght/hour, , prafereblpr &f angbly moregodr
nore of (S)-2-pentanol/g of dry cell mass wei ght/hour, further nore

pr ef er ab(§)-2-Pentagoldy afody ofll i8s- Fejghvrhawg| thgreoprederyblyeb | mpaes more of

wei ght/ hour, and particularly preferably 20 ng or nore of (S)-2-pentanol/g
of dry cé$)-2pastsneiéd ghdryruelirmasybraghtérqurt faethpr mdrecprieferdbly o0 nfShr oheaiinol
may be 1 ng or nore of
(S)-2-pentancl/g of dry cell mass weight/hour, and particularly preferably 20 mg or more
of (S)-2-pentanol/g of dry cell mass weight/hour.
Moreover, the productivity of (S)-2-hexanol may be 1 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, preferably 2 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, more preferably 5 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, further more preferably 10 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, further more preferably 20 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, further more preferably 50 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, and particularly preferably 100 mg or more
of (S)-2-hexanol/g of dry cell mass weight/hour.
As an example of the method for producing (S)-2-pentanol or (S)-2-hexanol
é.ccording to the present invention, a production method can be carried out, using a
transformed strain wherein DNA, which encodes a protein having the amino acid

sequence shown in SEQ ID NO: 1, or a protein that is a homolog of the above amino acid

sequence and has ability to reduce a carbonyl group to synthesize optically active alcohol
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(S)-2-hexanol /g of dry cell mass weight/hour, preferably 2 ng or nore of
(S)-2-hexanol /g of dry cell nass weight/hour, nore preferably 5 ng or nore
of (S)-2-hexanoUg of dry cell mass weight/hour, further nore preferably 10
ing or nore of (S)-2-hexanol/g of dry cell mass wei ght/hour, further nore
preferably 20 ng or nore of (S)-2-hexanol/g of dry cell mass wei ght/hour,

further mRéginRfi&f Ghpl YefeHedTo Q5 ‘@be%gﬂ;red(l@aé@" fexd le ﬁgsopéeelg§l¥02\’?%e{o mass

wei ght/ hour, and particularly prefera 100 ng or no xanol / g
- of dry cekpresBss wei ght/hour. As an exanple of the method for producing
(S)-2-pentanol or (S)-2-hexanol according to the present invention, a
.producti on -net wdhe apteit CapetifieatiGit carbdryl OrcBucthic? BSh ALY RIkaBE F R1iRitYhEF €1 N
DNA, which encodes a protein having the amno acid sedquence shown” in SEQ

1D NGO 1asphimetraly Gedudifi@la tdbonylOgmRLp kodiaihdie it ROMALEYI NRodsLehtaBgueNce
and has ability to reduce a carbonyl group to synthesize optically active

al cohol  cofpoiuet ebnaf tercoaivempliy tbebgidallg 4QivasalcsiINONShe QoG ATEn B
times), has been allowed to express. In the present specification,

car bony! caledlacidalseald@ingid protaa RS igeidst adthhgQds andésyR hitfakloymh@hsing a
carbonyl group contained in a carbonyl group-containing conpound so as to

convert iability togtpress! thy abeiel proted, agitodsct obtiitedast irstting thé@frafdorntak il At ed
by allowing a protein of interest acting as an enzyne, a transformnt

havi ng a&bltiitiet yolutiorxiherss, tdeacabayea peadtiinn soltiph Othdt tconbiimd e dathonyl
treating the transformant, or a culture solution thereof, to act on a
react i on gs@ipa¢antainingaconrmmungdiassa aulosmabonyd alsgr @npicoMADPIH g Nanidusd as a
substrate and al so contains NADPH or NADH as a coenzyne, and then
measur i ngoetrymeednd dtien mdasafing dtee rafucéd\DHHab ratdADINADPHher NABEL imthe
solution based on a change in the absorbance of the reaction solution. The
type of eceachonydlutien batedon achedgs in thhebprbseatof ithereattionrsohgionot
particularly limted, as long as it is an enzyne capable of generating
(S) - 2- pent anol Tée ty18) ecageonyh a¢ductase @l pethegresvet mveltidreisams meartidutartyr der
to nmeasure the carbonyl reductase activity
limited, as long as’it is an enzyme capable of generating (S)-2-pentanol or (S)-2-hexanol
from 2-pentanone or 2-hexanone.  In order to measure the carbonyl reductase activity
of the carbonyl reductase used in the present invention, a carbonyl group-containing
compound is used as a substrate. As such a carbonyl group-containing compound, not
only 2-pentanone or 2-hexanone, but also structurally similar compounds such as a
substituted compound or derivative thereof can preferably be used. An example of such
a structurally similar compound is 1-acetoxy-3-chloro-2-propanone.
The amino acid sequence of carbonyl reductase and a nucleotide sequence
encoding the above amino acid sequence have been clarified by the descriptions of the
present specification. Thus, as described later, using a probe produced based on a
nucleotide sequence encoding a part of or the entire amino acid sequence of carbonyl
reductase, DNA encoding carbonyl reductase can be isolated from any given
microorganisms having carbonyl reductase activity, and the carbonyl reductase can be

then obtained based on the DNA by common genetic engineering.

Moreover, as with purification conducted to complete the present invention,
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of the carbonyl reductase used in the present invention, a carbonyl
group-containing conpound is used as a substrate. As such a carbonyl
group-cont ai ni ng conpound, not only 2-pentanone or 2-hexanone, but al so
structurally simlar conpounds such as a substituted conpound or
derivative thereof can preferably be used. An exanple of such a

S Uot Ut Bl 8 T ALCOIPOUTEed £ oBF SR AL EILORE:R: PLARANPIE I, T o no

aci d seqle of ~car ase and a n uenc encoding the

above amngy Ch%?@%%ﬁ@%@@%g@ﬁ%ng!%@g irerg%g??é Eﬁﬁo%ﬁzl%girl@%:%ee? Wicllast he

present specrficati escri usin produced
based on I | i ] Qo acid
sequencetor SAFUEPEpHCHE AN GhsRIRR e REnt: Bl S 0 THULE, MR,

i sol at ed i 1. Cr i i, N r I ivity,
and tho Horpsk dokud EReiiE PARACMNERRor L B PRI sE RWERORE oo
genetic ghgl Uﬁﬁﬁfo@%teﬁ%e% Y gre%iﬁéct i), BEds Cﬁﬁ&ﬁa@%@ﬁ%%ﬁ?%&%aﬁﬁﬁﬁl ete

t he presént invention, car bonyl redlctase can ied from

M Cr 00T 98k 3 Wi R ,rgl?:ﬁPé’bc e&aﬁ,egalgﬁtﬂtasﬁé&cu@ Y Rhi¥bBiupL gani sns

havi ng encodi ng car bonyl reductase, as those selected fromthe

group co Q@du% RHedoQccle AHe pRIEabRPOM GERItuBES U Re GedidbAgenud PR hehlA ! aea,
genus | sSatchenkia, genus Lodderomyces, genus Pichia, genus Rhodotorul a,

genus Art br obagtRéfer ey uSedByEist BAGESLY 1BAtcRORIS]sGsaiieRARTaC! dcufilatd e R
Geobaci | lus, genus M crobacterium genus Ochrobactrum genus Paracoccus,

genus Rig@Ahdm F@ﬁ@xaﬁ?ﬁu%aﬁbﬁﬂofeqﬁétﬁ% deRsediehe tiRbisvatthiaita Sdahiiaae of
t he yeast of genus Issa chenkia. A preferably used yeast of genus

| ssat cheplgl aségulafeSREMINGIK ktdaifi G4 pattidhiRrly Preferabbtisddadsahe EobofXaRPh@ase
carbonyl reductase derived fromthe |ssatchankia scutulata var. scutulata

JCML828 st thi predeit PAkhiiGUbesalise RieEedelbhyinusets eSprobigctivardfupyicallesitbicase
of the present invention because it is excellent in ternms of production of

opti cal | ylcakdli v@hisabélbRahin ddn Be adkdingd Hivinh Jagin Oollahionl aeMitioorgadapan
Col l ection of Mcroorganisns (JCM, RIKEN Bi oResource Center.
(JCM), RIKEN BioResource Center.
| As carbonyl reductasé or DNA encoding the above enzyme which is used to
.produce (S)-2-pentanol by allowing them to act on 2-pentanone, those derived from
- microorganisms belonging to genus Brettanomyces, genus Candida, genus Hortaea,
genus Lodderomyces, or genus Pichia, can preferably be used.
More preferably, those derived from Brettanomyces bruxellensis, Candida
. tropicalis, Candida zeylanoides, Hortaea werneckii, Lodderomyces elongisporus, Pichia
segobiensis, Pichia spartinae, Arthrobacter globiformis, Arthrobacter oxydans,
Arthrobacter = polvchromogenes,  Curtobacterium  flaccumfaciens,  Geobacillus
stearothermophilus, Microbacterium testaceum, Ochrobactrum anthropi, Ochrobactrum
sp. (Pseudomonas ovalis), or Rhizobium radiobacter, can be used.
Specifically, those derived from the following stains can particularly preferably
be used: Brettanomyces bruxellensis NBRC 0629, Brettanomyces bruxellensis NBRC

0797, Candida tropicalis NBRC 0006, Candida zeylanoides CBS 6408, Candida

zeylanoides JCM 1627, Hortaea werneckii NBRC 4875, Lodderomyces elongisporus
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As carbonyl reductase or DNA encodi ng the above enzyne which is used to
produce (S)-2-pentanol by allow ng themto act on 2-pentanone, those
derived from microorgani snms bel onging to genus Brettanonyces, genus
Candi da, genus Hortaea, genus Lodderonyces, or genus Pichia, can
preferably be used. More preferably, those derived from Brettanomyces

bruxel | eﬂ%f&: 1%3?1’%%8 r.s*%ér%?%ﬁ’ﬁsj I(ﬁ\’/[ I%G)Qﬁl ﬁl@hi%zes E%eqﬁd 15'94:1t %ﬁlrx\FJc?eg'ek' by

Lodderonyces € chia 'segobi ensi spartinae,

Art hr obagj o% FohQNIGBREA S 1247 hr b&ktePX Y géobacﬂ?)]l gl erArtkrobacter

pol ychro nes, Curtobacterium flaccunfaci ens

st ear ot h?fif}?%%aﬁénes'\f) ?@ft@fﬁdﬂ% ¢ v%%r?ﬂ %%{) ORPEET 1 NEDL AR TEus

Ochrobactrum sp Pseudoni dnas oval IS iumra acter, can be

used. Sp%bﬁdtﬁeawo}ﬁhzz&;wﬁﬁf{@f i y9h, f RIbLAEE Okﬂe%rﬁbgné ﬁzms PN 11002
particularly preferably be used: Brettanomyces bruxellensis NBRC 0629,

Brett anoﬂ%ﬁ?&clnﬁﬂ&%dr&%ﬁn‘io 1AM9 4 10@”@2@%5:[[&@'5@&#&%3%1&9 OfAM
Candi da zeyl anoi des CBS 6408, Candida zeylanoides JCM Hort aea

ver necki i 20MB3RQABSIBicrdrAgA QEQILEHS JEAD ngs3, p@rcu;%baé#mwmr% 7 G 937,
segobi ensi s JCM 10740, Pichia sparti nae JCM 10741, Art hrobact er

gl obi f or WcErd¥BREH Nfl?:@’sezﬁﬁd:ﬁmﬁ!@@%ﬁs‘) NBRAans s OB Gun; ngPﬁlaﬂ@ﬁqﬁﬁas
pol ychr onogenes DSM 342, Curtobacterium fl accunf aci ens ATCC 12813

Geobaci | bugis) SNBRID 126520 plehitobsctNBRCspl 288Quddsmaachidiyy SBRar 02483, nayahi | us
. I AM 11002, Geobacillus stearothernophilus | AM 11004, Geobacill us

st ear ot h@nrephin tisiio lvter 120432049, cr obact eri um t est aceum JCM 1353,
Ochrobactrum ant hropi ATCC 49237, (Ochrobactrum sp. (Pseudononas ovalis)

NBRC 12950, Cchr i, usncathonyPductaseneBN Aosbimp thNBERovE2HPme which is
Ochrobactrurn sp. (Pseudonobnas ovalis) NBRC 12953, and Rhi zobi um
radi obactuesd toAponO:! 8S)-2 hergtahl thiyosllovaiag abshanyack oheZlhek-mmoae,othofNAevgilodi ng
t he above enzyme which is wused to produce (S)-2-hexanol by allow ng them
to act oifrofr heicarogaishbobdongng ved gehnonBratanoaygani gmms bE€hndida,ngets genus
Brettanomyces, genus Candi da, genus

Issatchenkia, genus Lodderomyces, genus Pichia, or genus Rhodotorula, can preferably

be used.

Of these, those derived from Brettanomyces anomala, Candida famata, Candida
krusei, Candida maltosa, Candida zeylanoides, Issatchenkia scutulata, Lodderomyces
elongisporus, Pichia angusta, Pichia cactophila, Pichia segobiensis, Pichia trehalophila,
and Rhodotorula minuta, can particularly preferably be used.

Specifically, those derived from the following stains can particularly preferably
be used: Brettanomyces anomala NBRC 0627, Candida famata ATCC 10539, Candida
krusei NBRC 1664, Candida krusei JCM 2284, Candida krusei JCM 2341, Candida
maltosa NBRC 1977, Candida zeylanoides CBS 6408, Issatchenkia scutulata var.
scutulata JCM 1828, Lodderomyces elongisporus NBRC 1676, Pichia angusta NBRC
1024, Pichia angusta NBRC 1071, Pichia cactophila JCM 1830, Pichia segobiensis ICM
10740, Pichiatrehalophila JCM 3651, Rhodotorula minuta NBRC 0879, Arthrobacter sp.
DSM 20407, Arthrobacter sulfurous (Brevibacterium sulfureum) JCM 1338,

Brevibacterium butanicum ATCC 21196, Brevibacterium sulfureum JCM 1485,
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| ssat chenki a, genus Lodderonyces, genus Pichia, or genus Rhodotorula, can
preferably be used. O these, those derived from Brettanonyces anonal a,
Candi daf anat a, Candi da krusei, Candi da naltosa, Candi da zeyl anoi des,

| ssat chenki a scutul ata, Lodderonyces el ongisporus, Pichia angusta, Pichia
cactophila, Pichia segobi ensis, Pichia trehalophila, and Rhodotorula

mi nut a, E?‘”’f’?o e dcedm c?én?%ﬂ':dcl@l%ﬁsﬁzﬂcrﬁ 88;‘:{1):}1%# t&no@ﬁ%ﬁr‘? Mg eved

fromthe W ng Stains can partl rly pre era

Brettano ,l};ggc (j@}ﬁl a 0 n
kr usei N?Rﬁ%ga%ﬁél da seclle JCM Zgggli @E%bgg%lésgﬁ \%\/%‘391?6?5(’:and| da

mal t osa NBRopkSfdm &ﬁm@gﬂmwhm ct%m&%’ét %: @&s%%ﬁa}%aaz&g ata
var. scutulata JCM 182 Lodderonyces el ongli sporus NBRC 1676 I a

angust a NBiR3, deg%acl?hlﬁl'&‘f (7 Hih o NBRG HONBR Pl 08B 2PeRLLARR  defird ik 830,
Pi chi a segobi ensis JCM 10740, Pichi atrehal ophila JCM 365 1, Rhodotorul a

m nut a NRBRO8ZM2, RAIHORAGESLLERer TANIM 204480 Riizbblnt ﬂi@ﬁ&a&ferqnwmsm
(Brevi bacterium sul fureum) JCM 1338, Brevi bacteri um butani cum ATCC 21196,

Br evi bached Rusddeabdus'spURTECMSHEBS, 19 Curtohacterium flaccunfaci ens ATCC
12813, M crobacterium keratanol yti cum NBRC 13309, M crohacterium saperdae

JCM 1352, M cr abaghethod 6 5BtainlNBREarboA Tredudtise iR GldultiteAo! Mic@Gdrgdniéshs, 49237,
Qchr obact rum sp. (Pseudononas ovalis) NBRC 12952, Ochrobactrum sp.

( PseudonmaramneomtnzyineNBREi chd0h Methisd 880BE usedl e Hok rek{ampan SarbbiBRGedd:2,
Rhi zobi um r adi obacter | AM 12048, Rhi zobi um r adi obacter | AM 13129, and

Rhodococ cats bs pobta#ié€d. by SB6 Ofolldsvim mRiiell Ofheodfofintintigned miotytgahbetscirse
froma culture of mcroorgani sns, a common enzyne purification method can
be used. cHaredxaaphediumacdnanyhlyniedd dit alse culaaa ofeadd) aiched Yy tdedivbglsoow ng
met hod. The aforenmenti oned m croorganisns are cultured in a medium
comonl ythas debyiare slhewaitotsuffeciaftlyygast , Tharhfters thévhiopstirgamisisoaretrbatvetedey ar e
allowed to sufficiently grow. Thereafter, the m croorgani sns are recovered,
and are then disintegrated in a buffer solution, to which a reducing agent such as DTT
(dithiothreitol) or a protease inhibitor such as phenylmethansulfonyl fluoride (PMSF) has
been added, so as to obtain a cell-free extract. From such a cell-free extract, carbonyl
reductase can be purified by the combined use of fractionation due to the solubility of a
protein (precipitation in an organic solvent, salting-out with ammonium sulfate, etc.),
cation exchange chromatography, anion exchange chromatography, gel filtration
chromatography, hydrophobic chromatography, hydroxyapatite chromatography, affinity
chromatography using chelate, pigment, antibody, etc., as appropriate.

For example, as described in the examples of the present specification, carbonyl
reductase can be purified to obtain almost a single band in an electrophoresis via anion
exchange chromatography using DEAE Sepharose Fast Flow (manufactured by
-‘Amersham Biosciences), hydrophobic interaction chromatography using Butyl Sepharose
4 Fast Flow (manufactured by Amersham Biosciences), anion exchange chromatography
using MonoQ (manufactured by Amersham Biosciences), gel filtration chromatography

using Superdex 200 (manufactured by Amersham Biosciences), etc.

As a result of sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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and are then disintegrated in a buffer solution, to which a reduci ng agent
such as DIT (dithiothreitol) or a protease inhibitor such as

phenyl met hansul fonyl fluoride (PMSF) has been added, so as to obtain a
cell-free extract. From such a cell-free extract, carbonyl reductase can
be purified by the conbined use of fractionation due to the solubility of a

Pr ot o1 1 (REGR R bk Arbd BSIO SARD, SO Bl I YR pithhd AHFREY U

sul fate, "etc I'on exchange ¢ mat ogr a ani on exchange

chromat oglsaphlYe @ived | frbfaly é)“.[ssagl-l[ il ty‘%&.{tﬁr ’gay n&agygéﬁﬁﬂaabu@wm@ggﬁagr aphy,

hydr oxyapatite chromatography, grap using ch

pi gnent, (tﬁe@élhmqutmseeﬁtmqu r8RREIRS h@t‘FsA > ﬁxtﬁHPé Sonﬁﬁe@%?ﬁ ssr%@@p'gﬂ ]Elhg g

exanpl es of the presenf specification, onyl uct ase can

to obtai pf albWRfhafinganbieciandeight ﬁk&ﬁh&%@(ﬁ @@0 DaViifll BB @8 mdxGlange
chr omat ogr aphy usi ng DEAE Sephar ose Fl ow (manufactured by Anmersharn

Bi osci engesht thurshreRNeRIted By %élaf@lftﬂaﬁan aine 'ﬁbé&%ﬁl@bﬁ HIR1 (790 BuhifacegRegar ose
4 Fast Flow (manufactured by Anersharn Bi 0sci ences), ani on eéxchange

chr omat oby ah¥rshathi BidsdBRRE) ruﬁgaﬁﬁma@@ 3y, 0b0EDS harRnBiRse ireAt@S It isgel
filtration chromatogr aphy usi ng Super dex 200 (manuf act ured by Aner sham

Bi osci eng@sinedethat IESDAIr @54l nodbmep diodbsERs @FYA e sf Yt dmhde gel
el ectrophoresis 20 (hereinafter abbreviated as SD ), it was found

t hat t heapprasingitely 40@00dm. bonyl reductase derived fr om t he |ssatchanki a
scutul ata var. scutulata JCML828 strain (hereinafter, this enzyne is
referred to asDN/sé&fdddingadarboryks9dueninsicad del iolated b migd Slloyisy nethedybuni t
havi ng a nol ecul ar wei ght of approxi mately 40,000 Da, and that the

nol ecul aexamydeght thereof determ ned by gel filtration using Superdex 200
HR10/ 30 (manufactured by Amersham Bi osci ences) was approxi mately 40, 000
Da. From t heseFr#s vdrbsnyli reductaseais qunifidd thyathe lafABEniieneg mrethodwr thofike,sti ng
of a single type of subunit with approximtely 40,000 Da. DNA encodi ng
car bony| anddhe Natemomh dneino swlidseqhcoye ttheedfolsl thehnapatgeretdodThéreaftere itaizpl e.

“cleaved with an enzyme such as lysyl endopeptidase or V8 protease, and peptide
fragments are then purified by reverse phase liquid chromatography or the like.
Thereafter, amino acid sequences are analyzed with a protein sequencer, so as to
determine several amino acid sequences.

Primers used for PCR are designed based on the determined amino acid
sequences.  Using the chromosomal DNA of a carbonyl reductase-producing
microorganism strain or a cDNA library as a template, PCR is carried out with the PCR
primers designed from the amino acid sequences, so as to obtain a portion of the DNA of
the present invention. Thereafter, the obtained DNA fragment is used as a probe, and
the restriction enzyme digestion product of the chromosomal DNA of the carbonyl
reductase-producing microorganism sirain is introduced into a phage, plasmid, or the like.
A library obtained by transformation of Escherichia coli or a ¢cDNA library is used to

" carry out colony hybridization, plaque hybridization, or the like, so as to obtain DNA
encoding carbonyl reductase.

Moreover, it is also possible to obtain the DNA of the present invention by
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First, carbonyl reductase is purified by the aforenentioned nethod or the
like, and the N-term nal am no acid sequence thereof is then analyzed.
Thereafter, it is cleaved with an enzyne such as |ysyl endopepti dase or V8
prot ease, and peptide fragnents are then purified by reverse phase liquid
chromat ography or the like. Thereafter, amno acid sequences are anal yzed

B T N h L

Primers used r PCR are ghe erm-ne

sequenceprintdid 39 ckRAIHEBNE @%&ﬁﬁ%ﬂe %e%o@mc]g{\lg(? 'B?Qetd;o%qgggﬁﬁﬁfee rsg‘ﬁ*%ég &9

m croorganismstrain or a cDNA |1 brary as a tenpla I's car out
wi th t he ROfePhpplpihg Bestgoed ; ' i 0
erPhp m?he RAcE: (ﬁa{pﬁﬂ‘aﬁﬂ%ﬁﬁ%ﬁ%&?oﬁ%@h&%ﬁ Nehod SRirEStHe

obtain a portion o he present invention. Thereafter, the

obt ai ned cDNA 1 8 ¥B#Hon| lsreﬂﬁﬁgseaiﬁ'oéu&ﬁ%%ﬁ;\ergﬁfg?ﬁismmﬁﬁﬁ'ldif)ieﬁﬁliap@kﬁﬂ@{'3‘5"

di gestion product of the chronosonal e carbony

reduct as Edgmws?ﬂﬂg FlaficR Q/aBeict i Pedss Shdreindftértbfea@U 8 s MYIQuitr R688g).
plasmd, or the like. A library obtalned by transfornmation of Escherichia

coli or a CDNATht hiualeptiié segeficé @f BATDMAOMCOdH0BMbINNI lediidae RADRI aque
hybridi zation, or the like, so as to obtain DNA  encodi ng carbonyl

reduct as evhidbis ésulgted filoin the chkGBo@ss DN £ of theoRtALAnkhescifatohal Bartpla@sent
invention by 21 analyzing the nucleotide sequence of a DNA fragnent

obt ai ned JOW R, stehers apddstigbddCRovpyis BB Efovioin SBQEDANNO2t 0o the outside of the
known DNA, based on the obtai ned sequence, and then applying the RACE

(Rapi d anpl i fi Tht DNA eficelibgcabeisyl redideed INSDHY dahebe, ghnomNBNGK of dENA
car bonyl reductase-produci ng m croorganismstrain (Ml ecular Coning, 3

Ed., Col evhigr iingldtexbby thabafosmoenyioRed saethbér e Otladrivise, rsiricer thednticledide
Mol ecul ar A oning). The nucl eotide sequence of the DNA encodi ng car bonyl
r educt aseequsigtbi thevibNAhhdssees elaifed dsrdeseribed iahthe pesemedpe&ifidatidn, tithean
| ssat chanki a scutul ata var. scutulata JCM 1828 strain as described above,
i s as shelsn berob8Eaed by Mmmizal synthesis based on the nucleotide sequence shown in SEQ
ID NO: 2.

A homolog of DNA encoding IsADH]1 has an amino acid sequence comprising a
deletion, substitution, or addition of one or several amino acids with respect to the amino
acid sequence shown in SEQ ID NO: 1, within the range that does not impair carbonyl
group reductase activity. Herein, the number of amino acids to be deleted, substituted,
or added, is specifically 20 or less, preferably 10 or less, and more preferably 5 or less.

In addition, the homolog of ISADH1 means a protein having homology of at
least 50% or more, preferably 70% or more, and more preferably 80% or more, with the
amino acid sequence shown in SEQ ID NO: 1.

The homology search of the aforementioned protein can be carried out on the
DNA Databank of JAPAN (DDBIJ) or the like as a targef, using program such as FASTA
or BLAST. As a result of the homology search of the amino acid sequence shown in
SEQ ID NO: 1 performed on DDBJ as a target, using BLAST program, it was found that
among the known proteins, a protein showing the highest homology was the Ydr541cp

protein (SEQ ID NO: 3; Accession No. AAB64983) derived from Saccharomyces
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The DNA encodi ng carbonyl reductase |IsADH can be genomi c DNA or cDNA
which is cloned by the aforenentioned nethod. O herw se, since the

nucl eoti de sequence of the DNA has been clarified as described in the
present specification, it can also be obtained by chem cal synthesis based
on the nucl eoti de sequence shown in SEQ ID NO 2. A honolog of DNA

encodi NG LsAREE LIRS AgfaiaAd hie w@khSvs SHdGRSS %%B'%H%g@ﬁ%?‘%t i on,

substitution, or addition of one or 'several am no aci respect to the

anino aci d se@pRBeE, SHRW chibBRP2 KROYE it DWA heineo&iﬂg ﬂlépm%rérﬂgﬁﬁoﬁe&s not

i mpair carbonyl group reductase activity. Herein, the nunber of am no

aci ds t osReHiebetLAomdiHps tierddre dhictP lendiitedy pﬁ'@tefnpﬁﬂiﬁ% ANy R Pediictak €SS |
preferably 10 or less, and nore preferably 5 or less. Tn addition, the

honol og Lfivitg ADHI nmeans a protein having honol ogy of at [east 50% or nore,
preferably 70% or nore, and nore preferably 80%or nore, with the am no

acid sequence Shexdinple oSER E@Amco&nﬁﬁh@afbmnﬂgye%fe@@isqf)Nmﬁvmg the

af orenenti oned protein can be carried out on the Dat abank of JAPAN

( DDBJ) Q[ucnémﬁdbis&@eﬁsegmwiggg?mim; program such as FASTA or BLAST. As a
result of the honol ogy search of the am no acid sequence shown in SEQ ID

NO 1 perf or mesl homol¥Baf s EN@rege@dinﬁsmp}BLiﬁSIﬁdef N Ansncodinpasplotaind t hat
anong the known proteins, a protein showi ng the highest honol ogy was the

Ydr 54 1c phavingodreaminoSkid sddubkize mphxiss & ideletibie, suBABOASE Ir additiovied ohe om
Saccharonyces 22 cerevisiae, whose functions are unknown, and that it

showed hsenedabgwmimf aeid®owithMespay es theDhiAirenadd isaguehsd\Elidiwn $n BNG BMQNQE hg t he
af orenenti oned | sADH or a honol og thereof, which encodes a protein having
car bony| witkiduitie aeege Hut idoet yot Anpax @afiloaybirauperebasenaiditng Heeein, the

af orenenti oned protein is DNA having the nucleotide sequence shown in SEQ
D NO  2nundbdrarfodnsigo afcidshie BNAeletedo dilngitutsdyDifladded) isdgmcilivallebCodi ks, a
protetn preferably 30 or less, and more preferably 10 or less.

Persons skilled in the art can appropriately introduce a substitution, deletion,
insertion, and/or addition mutation into the DNA shown in SEQ ID NO: 2 by
site-directed mutagenesis (Nucleic Acids Res., Vol. 10, p. 6487 (1982); Methods in
Enzymol., Vol. 100, p. 448 (1983); Molecular Cloning, PCR - A Practical Approach, IRL
‘Press, p. 200 (1991)) or other techniques, thereby obtaining a homolog of the DNA
encoding IsADH]1.

It is also possible that homology search be performed on database such as the
DNA Databank of JAPAN (DDBJ) on the basis of the amino acid sequence of ISADH1 or
a portion thereof, or DNA encoding IsADH1 or a portion thereof, so as to obtain the
nucleotide sequence information of a DNA homolog encoding the protein of the present
invention. Based on the nucleotide sequence information, persons skilled in the art are
able to obtain the above DNA fragment from the deposited cell strains by PCR or the
like.

Furthermore, a homolog of the DNA encoding IsADH1 can also be obtained by

performing hybridization, such as the colony hybridization method, plaque hybridization
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having an am no aci d sequence conprising a deletion, substitution, or
addition of one or several amno acids with respect to the am no acid
sequence shown in SEQID NGO 1 wthin the range that does not inpair
carbonyl group reductase activity. Herein, the nunber of am no acids to be
del eted, substituted, or added, is specifically 60 or less, preferably 30

or |ess, n@MbdTiresPiRERr BIdk YaybBdRatibs ShethbE! §Hr!§N%kbfelp§1‘$d! ﬂoﬁlhﬁnyf" vdnan
appropriately introduce a substitution, deletion, 1nSertion, and/or

addi ti on piitfodtdaitmsHaQirotardING! AIAWAsE At thBeMNGingend ¥ondiidi ideoiad
mut agenesi s ( ucleisc aA%:nitgds Res., VoI.S 10,§§§. 6487 11(1 519182())1;1 Ii/ét hods in

Enzynol . endfdling ENDHP or 4450r{id® SreofMp £pHIMR! s B BBtainPOR A thit Bg&@dik@sa! _
Approach, IRL Press, p. 200 (1991)) or other techni ques, thereby obtaining

a honol ogvigfitt hehdhhn ‘@l hriTTofl tﬁé\mAlehcécﬁng,agl\&&)rambbﬁe préeht hesmiagy
search be perfornmed on dat abase such as the Dat abank of JAPAN ( DDBJ)

on the basisdabd rhd@ RNANGvaed § IGRHY SRl fdrsthPisd a4k prébepand ls%aaiﬁdaﬁy,eof :
or DNA encoding IsADH or a portion thereof, so as to obtain the

nucl eot i dectseipmgtice liSréponBhpa pasfferabloN® e 601 odgere Aad diong pidigablydto@ibp of
the present invention. Based on the nucl eotide sequence I nformation,
persons skidngerd in the art are able to obtain the above DNA fragnent from
the deposited cell strains by PCR or the 1like. Furthernore, a honol og of
t he DNA .encodi BgcH sADiiie afimemabtisonad bytridireidnbynethpels f canmibegcediyibd i elitzat i on,
such as the colony hybridization nmethod, plaque hybridization 23 nethod,-
or Sout heceridmot wihothe dictland descrieedimdylolmouBNG]qiggparthd likeom any gi ven
m croor gani sms havi ng carbonyl reductase activity under stringent
condi ti ons usi hbe Bkpresaorc SBNAgthias Abtidiees endeostringentt dvadémhs’as ewepriolle so
as to obtain DNA that hybridizes with it. The term"a portion" of the DNA
encodi ng présentpypseidicatiorf tof imeapthessrrleatide snquanne of BN/ elitairedreaapphiing heevi ng a
|l ength sufficient for the use as a probe, and specifically, such a length
is 15 bp celony ohyfaidizasions ewcdhsidy Baqusp hybritlizagen ,methdd, mEpethprme habrdizetior00 bp
" method, etc., using DNA used as a probe under stringent conditions. Examples of such
stringent conditions may include conditions wherein a filter on which DNA derived from
a colony or plaque or a fragment of the above DNA has been immobilized is subjected to
hybridization in the presence of 0.7 to 1.0 M sodium chloride at 65°C by the colony
hybridization method or plaque hybridization method, and thereafter, the filter is washed
with a 0.1 to 2 x SSC solution (wherein 1 x SSC consists of 150 mM sodium chloride and
15 mM sodium citrate) at 65°C.

The ‘thus isolated DNA encoding carbonyl reductase is inserted into a known
expression vector such that it can be expressed therein, so as to obtain a carbonyl
reductase expression vector. In addition, a transformant obtained by transformation
with this expression vector is cultured, so as to obtain carbonyl reductase from the above
transformant. Otherwise, such a transformant can also be obtained by incorporating
DNA encoding carbonyl reductase into the chromosomal DNA of a known host such that
the DNA can be expressed therein.

As a specific method for producing a transformant, the DNA of the present
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or longer. Each of the aforenmentioned hybridization nethods can be carried
out in accordance with the nethod described in Ml ecular Coning or the

| i ke. The expression "DNA that hybridizes under stringent conditions" is
used in the present specification to nean the nucleotide sequence of DNA
obt ai ned by applying the colony hybridization nethod, plaque hybridization
met hod, Hrehiied B MybaheHdZatd @bladiil RRbior &lrGr phdds! VegtoEN\ehidh GEhidP cRishf mbe
under stringent conditions. Exanples of such® stringent conditions may

i ncl ude eRadbidafRMsWNThSYeRIE, tid 15 PRstRE WssHRN Vaeest K liRdbdiReg Gh@ny of
pl aque or a fragnent of the above DNA has been imobilized is subjected to
hybri di z gel @itrodtgidiompl @SBNREefodthg! cdrBordyl Geddctndiiv e P idteRiuadd BRS @ by
the colony hybridization nethod or plaque hybridization nethod, and

t her eaf t host gef@mé,isota@ito trandpisBafd tahéliteahdgenk ihRrRaRorSBerdd®l uti on (wherein
1 x SSC consists of 150 nM sodi um chloride and 15 nM sodiumcitrate) at

65' C. The thusAt shé aime [PNhee DN digodiap bedtydnyl eRdaitase db& nBsebh@th ianto a
known expression vector such that it can be expressed therein, so as to

obt ai n apmatidienydpablecollietppesingxipr Bes ingidrotegdndms, linisatksbetdadyn thad at suaableor mant
obtained by transformation wth this expression vector is cultured, so as
t 0 obt ai promarttxobeyincomdratédito fhemxsild estehove 5°ttemnahooMwtDNAdando8the such
a transformant can al so be obtained by incorporating DNA encoding carbonyl
r educt asgreserttanvéndionh aodntlss madre Gtéfepdbly & tearmindt@she &icolpdritad intbhhe BB can
be expressed therein. As a specific nethod for producing a transformnt,
t he DNA déwnstreapy e ntermidas ithereoft | diheitgpdsnifrsndagalomoteo and pltasuhatov et or  or
a phage vector, which stably exists in mcroorganisns. Thereafter, the
t hus conseél pastiedadx pindtedi anlongcasothey srd atpravoteednd attermindter that hews beemi ss,
or DNA encoding carbonyl reductase is directly introduced into a host
genone, YBowR toofunetiens drn irisremganisman sised st hstsgenfe vieptoor agtromnterhendaf . At
the time, if the DNA encodi ng carbonyl reductase does not contain a
terminator that can be used in various types of microorganisms are described in detail in
“Biseibutsu-gaku Kiso Koza 8, Idenshi Kogaku (Basic Course 8 in Microbiology, Genetic
Engineering), Kyoritsu Shuppan Co., Ltd.,” for example. In particular, with regard to
yeasts, they are described in detail in Adv. Biochem. Eng. 43, 75-102 (1990), Yeast 8,
423-488 (1992), or the like, for example.
. The types of host microorganisms that are targets of being transformed for
expression of the carbonyl reductase of the present invention are not particularly limited,
as long as the host itself does not affect the present reaction. Specific examples of such
host microorganisms may include the following microdrgarﬁsms:
bacteria whose host vector system has been established, which belong to genus
Escherichia, genus Bacillus, genus Pseudomonas, genus Serratia, genus Brevibacterium,
genus Corynebaterium, genus Streptococcus, genus Lactobacillus, etc.;
actinomycetes whose host vector system has been established, which belong to
genus Rhodococceus, genus Streptomyces, etc.;

yeasts whose host vector system has been established, which belong to genus

- Saccharomyces, genus Kluyveromyces, genus Schizosaccharomyces, genus
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pronot er capabl e of expressing in host mcroorganisns, it is necessary that
a suitable pronoter be incorporated into the side upstreamof 5'-term nus
of the DNA strand of the present invention, and that nore preferably, a
term nator be incorporated into the side downstream of 3'-term nus
thereof. The types of such a pronoter and a term nator are not

particul foylngalcbﬁﬂréﬁ?cesﬁs%e!nﬁﬁ‘gY&?o\&rila?ygeﬁﬁ§ ?ri&foegeggg,r gﬂ%OMOQB%BMﬂﬁ, that

have been  known to function i n m croorgani sns sts. vector, a

pronot er gemdddhseilh genas Pichid) 3bnifaadd®idleRd dn various types of
ni croorgani sms are described in detail in “Biseibutsu-gaku Kiso Koza 8,

| denshi  Kogakum{offsiwho$eOhibst &edtot Rydtb@r RR1 e BétabGeal WhictEBALRE®S sBRs
Kyoritsu Shuppan Co., Ltd.," for exanple. In particufar, with fegard to

yeasts, WNwyospor, faasrAspeshiliuy, g@hﬁidephﬂloégbﬁun@i %éﬁﬂﬁ'[@iclﬁﬂﬁnné%tc. 75-102
(1990), Yeast 8, 423-488 (1992), or the like, Tor exanple. The types of

host m croor gapdintoig Uhakf@e@ehttdm@at fi@boldghists! HadTeired MREt fndicroofaRi@sssi on
of the carbonyl reductase of the present Invention are not particularly

| imted, indsdd ogeguas HstieriobBy, igt®el fBa9REs, Ngknaf f BRlvildbRrinhSS@AE zemed i on.
Speci fic exanples of such host m croorgani sns may include the foll ow ng
m cr oor g&lrgmebactbdanher Partivhiisly prefetred @tt@orgyiheintiade pear Mehaithisierd,

whi ch belong to genus Escherichia, genus Bacillus, genus Pseudonobnas,
genus Segemis @orygehagteriBnevi bact eri um  genus Corynebat eriurn, genus
Streptococcus, genus Lactobacillus, etc.; actinonycetes whose host vector
syst em has beeRr@sdabs ifohedodustive hofbe| teamgfarmanig erustrikhiodoeh acresombizatis
Streptonyces, etc.; yeasts whose host vector system has been established,
whi ch belvestgr soitgde fer aSaesthamd aymethodgeth veltuingy u diostyyaamsbe geried out in
Schi zosaccharonyces, genus 25 Zygosaccharomyces, genus Yarrow a, genus
Tri chospeéewudange rwish Rivbdigeps thad iatsromyenlys uiddninctha | feeld gf mudeRilahbialoggenus
Candi da, etc.; and nol ds whose host vector system has been established,
whi ch belbitegicdl eyeinestingleandoggrstia, engmseng\§ive regrinples they erettwdGégshabas por i um
genus Trichoderma, etc.

Molecular Cloning).

Specific examples of preferred host microorganisms, preferred means for
transformation of each type of microorganisms, a vector, a promoter, a terminator, and
others will be given below. However, these examples are not intended to limit the scope
of the present invention.

In the case of genus Escherichia, and in particular, Escherichia coli, examples of
a plasmid vector may include pBR and pUC plasmids. Examples of a promoter may
include those derived from lac (B-galactosidase), trp (tryptophan operon), tac, trc (fusion
of lac with trp), A phage PL, and PR. Examples of a terminator may include those
derived from trpA, phage, and rrnB ribosomal RNA.

In the case of genus Bacillus, examples of a vector may include a pUB110
plasmid and a pC194 plasmid. It is also possible to integrate it with a chromosome.
Examples of a promoter and a terminator may include the promoters and terminators of

enzyme genes, such as alkaline protease, neutral protease, or a-amylase.

In the case of genus Pseudomonas, examples of a vector may include a common
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Anong the aforenentioned m croorgani sns, preferred host m croorgani sns

i ncl ude genus Escherichia, genus Bacillus, genus Brevibacterium and genus
Corynebacterium Particularly preferred m croorgani snms include genus
Escherichia and genus Corynebacterium Procedures for production of a
transformant, construction of a reconbi nant vector suitable for a host,

and a mehfede@br SitdnEdtlisRed RS PseuBRoREs Sdd PSeidlnohds BLER] Egike th

techni ques that are comonly used in the field of nol ecuT bi ol ogy,

bi ol ogi calplanai nassdingd Witk d9eN8hd iGN RERITIAR dRpordialRd & elddged®Rihod
described in Ml ecular doning). Specific exanples of preferred host

i Cr 00r gegttéBased b8 fETOBDIARARTincRIding h 388 QEEREP Rorofut&RfiodsyieBli@kion
m croorgani snms, a vector, a pronoter, a termnator, and others will be

gi ven beli@ived e RSF 101 HESETBNAGRhE2A N3 BOt(10gH)pnded to |imt the scope
of the present invention. In the case of genus Escherichia, and in

particul ar, Eskhethiechdage Colfi ,gcfaNMBr@Sbafterivan,Pl @S MpaHivmast OBreMYadBGlimMde pBR
and pUC pl asm ds. Exanples of a pronoter may include those derived from

| ac ( P- ghicagtramintmas ekamblep of brvepop plagrin€lpéd pladmid @tork kech(dsysiian (Gehe,! ac
with tip), ?~ phage PL, and PR Exanples of a term nator may include those

derived 39,0@1t(i FS)).p Egenplenel a probBiotén dndsoterthinBiNAmdyrintlode s@asaisaipgasfus
Baci |l us, exanples of a vector may include a pUB110 plasm d and a pCl94
pl asm d. piomdtss ahd erpisgoblused m Asehede/dt eclit Wi th a chronpsone. Exanpl es
of a pronoter and a terminator may include the pronoters and term nators of
enzyne genes, kuche asasal lodl gomspr(atrgasbacteniant, r &  parttdas e Coaynebactaniymase.
In the case of genus Pseudononas, exanples of a vector may include a common
26 host gesrwrumystasmleseizbéctdraday imchRsleydammidaspiots sieh P15 d ifupasese
cepacia, or the like, a plasnmd associated with deconposition of a toluene
conpoundPaterfdApplisation dmadrOpen . i7- 18E788) on pEBTOL (MdsGen Gematl 136, 1g5a gene
necessary for autononous replication

211984)).

In the case of genus Saccaromyces, in particular, Saccharomyces cerevisiae,
examples of a vector may include YRp, YEp, YCp, and YIp plasmids. In addition, the
promoters and terminators of various types of enzyme genes, such as alcohol
dehydrogenase, glyceraldehyde-3-phosphate  dehydrogenase, acid phosphatase,
B-galactosidase, phosphoglycerate kinase, or enolase, are available.

In the case of genus Schizosaccharomyces, an example of a vector is a plasmid
vector derived from Shizosaccharomyces pombe described in Mol. Cell. Biol. 6, 80
(1986). In particular, pAUR224 is commercially available from Takara Shuzo Co., Ltd.,
and thus, it can easily be used.

In the case of genus Aspergillus, 4spergillus niger and Aspergillus oryzae have
vigorously been studied among molds. Integration thereof into a plasmid or
chromosome is possible. Promoters derived from extracellular protease or amylase can
be used (Trends in Biotechnology 7, 283-287 (1989)).

In addition, other than those as described above, host vector systems have been

established depending on various types of microorganisms, and they can be used, as
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derived from RSF1010) pKT240 (Gene, 26, 273-82 (1983)). In the case of
genus Brevibacterium in particular, Brevibacterium | actofernentum
exanpl es of a vector may include plasm d vectors such as pAJ43 (Gene, 39,
281 (1985)). Exanples of a pronoter and a term nator may include various
types of pronoters and term nators used in Escherichia coli. In the case
of genusafapymgbacterium in particular, Corynebacterium glutam cum
exanpl es of a vector may include plasm d vectors such as pCS 11 (Japanese

Patent Appli catfogdbveriothdeih MrodtfariSRd Aot typeBbPhost Mebior SRBEmCRRRL -
196, 175 (1984)). In the case of genus Saccarofyces, in particular,

Sacchar opy&esstaisavd Sh 3ﬂ@.nt_s RRAMHIRRIOT IR pheEdulir, RPMNerh 8o dRowWiR, a YER2e YOP,
and Ylp plasmds. In addition, the pronoters and term nators of varilous

types of agbanor IIRASISgosibteadtord:§ad8lin afiedheRANRSAscct JeR hakilieRpea- 3
- phosphat e dehydr ogenase, acid phosphat ase, 0-gal actosi dase,

phosphog(yaared 165, BHD394 (1985) enal plasts satleadpedeat, @omls,ngﬁd;mat@m PbtegRNUS
Schi zosaccharonyces, an exanple of a vector is a plasm vect or derived

from Shi asisgackirfeseymrotinsyiiketitesetenDsgthi 43 Mokschéetdia cBii @bll-flee e&Eact(ck986) .
In particular, pAUR224 is comercially avail able from Takara Shuzo Co.,

Ltd., awndechtpesm, hived@an easblighedeandsBeke shyiteinda preferably@enided. Asper gi | | us,
Aspergillus niger and Aspergillus oryzae have vigorously been studied
anong nol ds. | ht thgpaisemtrintdreionpfransiivitnedl qellatavidg e¢contliamoDANDNBbiamneibdssi bl e.
Pronmoters derived fromextracellul ar protease or anylase can be used
(Trends inzoBiocvitemhofdDNgyhav¥ing288u2&tide s8@8nre ehavdamboh piotein hatingthd draimot hose
as descri bed above, host vector systens have been established dependi ng on
vari ous tgigessquénati showor ganSE@s |DaNd:t heptcc anvixdousddch das obRdnabpyophei at e.
Mor eover, other than m croorgani sns, various types of host-vector systens
have aforementioned method, or transformed cells obtained by incorporation of the above

DNA into chromosomal DNA, or a product obtained by treating the above transformed

cells and/or a culture solution thereof, are allowed to act on 2-pentanone or 2-hexanone

acting as a reaction substrate, so as to asymmetrically reduce the carbony! group of the

above compound, thereby producing (S)-2-pentanol or (S)-2-hexanol.

In addition, in the present invention, a transformant having recombinant DNA

obtained by incorporating into a vector, DNA having a nucleotide sequence encoding a

protein, which has an amino acid sequence having homology of 50% or more with the

amino acid sequence shown in SEQ ID NO: 1 and which has ability to reduce a carbonyl

group to synthesize optically active alcohol, or transformed cells obtained by

incorporation of the above DNA into chromosomal DNA, or a product obtained by

treating the above transformed cells and/or a culture solution thereof, are allowed to act

on 2-pentanone or 2-hexanone acting as a reaction substrate, so as to asymmetrically

reduce the carbonyl group of the above compound, thereby producing (S)-2-pentanol or

(S)-2-hexanol.

Moreover, in the present invention, microorganisms selected from the group

consisting of genus Brettanomyces, genus Candida, genus Hortaea, genus Issatchenkia,
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been established in plants and animals. In particular, systens for allow ng
a large anmount of heterol ogous protein to express in animals including

i nsects such as silk worm (Nature 315, 592-594 (1985) or in plants such as
rapeseeds, corns, or potato, and systens wusing a cell-free protein
synthetic system such as an Escherichia coli cell-free extract or wheat
germ hayenReEsdResmPdss pRfus Fichis Nestuss REbESBruiiangMal RkdRinkciee %aﬁg In
the present invention, transformed cells having reconbi nant DNA obt ai ned by
i ncor por Bidvitthctdriub\Aehay/C Afohcititing YehtLGESHHIRRE Spdis MicRtbadteitiRl érishavi ng
the amno acid sequence shown in SEQID NO 1 into a vector which is

-obt ai nedOblirobhdrunf @narPataconad, g@hh%iz&ﬁurh!m%ﬁfuﬁﬂﬂloﬁﬁédc@ugm ot by
i ncorporation of the above j DNA into chronosonmal DNA, or a product

obt ai nedobiyintd eby i taghtingetirbabevd maRedoRgdidns, el bultudd dblitiod o8l their gbosel uti on
thereof, are allowed to act on 2-pentanone or 2-hexanone acting as a
react i onnsctbsignaitms, and/as o orwisypurified adduyt logdugificihprodactbonyl cgbony) of
the above conpound, thereby producing (S)-2-pentanol or (S)-2-hexanol. In
addi t i onreductasd drapties enbtainell diim athe #bove anRi@rgatismd) ase ngllovegionbiasanh DNA
obtained by incorporating into a vector, DNA having a nucl eoti de sequence
encodi ngZ2genfanatedm?-hetinohe hatingaas ardatiomaibdtrstequence dsgminregridatiyobtdgy of
50% or nore with the am no acid sequence shown in SEQ ID NO 1 and which
has abi | they carbonddgoeipa o€ dhboabove gomopgurklo thgmebh gwbdeciogt(Se-aFpoptamot iore

al cohol, or transformed cells obtained by incorporation of the above DNA

i nt o chr OwesbeminoDNA, or a product obtained by treating the above
transforned cells and/or a culture solution thereof, are allowed to act on
2- pent anone or Whehesughomécraengarigmasare albwead om asulost 2-gentanere 4s produce
asymmetrically reduce the carbonyl group of the above conpound, thereby

pr oduci n€S)¢3pemtagmn maigrsiorganisnisSpepngmea w | genivb Myeiiaomyicas.t Benysr Esedida,

i nvention, mcroorgani sms selected fromthe group consisting of genus

Br et t anoB§8¥s Hoglapas gemiidiLlwdderganigss.Hor t ses Bishiss tas awefigeably sbe wed.genus

Lodder onyces, genus.Pichia, genus Rhodotorula, genus Arthrobacter, genus
xampleS of microorganisms that are particularly preferably used herein may include

Brettanomyces bruxellensis, Candida tropicalis, Candida zeylanoides, Hortaea werneckii,
Lodderomyces elongisporus, Pichia segobiensis, Pichia spartinae, Arthrobacter
globiformis, Arthrobacter oxydans, Arthrobacter polychromogenes, Curtobacterium
Sflaccumfaciens,  Geobacillus  stearothermophilus,  Microbacterium  testaceum,
Ochrobactrum anthropi, Ochrobactrum sp. (Pseudomonas ovalis), and Rhizobium
radiobacter. Specific examples of such microorganisms preferably used herein may
include Brettanomyces bruxellensis NBRC 0629, Brettanomyces bruxellensis NBRC
0797, Candida tropicalis NBRC 0006, Candida zeylanoides CBS 6408, Candida
zeylanoides JCM 1627, Hortaea werneckii NBRC 48753, Lodderomyces elongisporus
NBRC 1676, Pichia segobiensis JCM 10740, Pichia spartinae JCM 10741, Arthrobacter
globiformis NBRC 12137, Arthrobacter oxydans DSM 20120, Arthrobacter
polychromogenes DSM 342, Curtobacterium flaccumfaciens ATCC 12813, Geobacillus
stearothermophilus NBRC 12550, Geobacillus stearothermophilus TAM 11002,

Geobacillus stearothermophilus TAM 11004, Geobacillus stearothermophilus 1AM
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Brevi bacterium genus Crutobacterium genus Geobacillus, genus

M crobacterium genus Ochrobactrum genus Paracoccus, genus Rhi zobium and
genus Rhodococcus, a product obtained by treating the above

m croorgani snms, a culture solution of the above m croorganisns, and/or a
crude purified product or purified product of a carbonyl reductase

fraction 190421 REGobEQEPiA e BRON S TCM A35920)cATbacilf Bl hiteC fa@ba@,n

2- pent anone or 2- hexanone act| ng as a reactlion substrate, " so as

asymret r i(fc%}dﬁécﬁﬁﬁ;k??(P&D@oﬁ&{ag%giiﬂgﬁﬁﬂel 1%56!&1%99&6%&9{%?}%%0%#&@ by

produci ng (S)-2-pentanol or ) - 2- hexanol . When such m croorgani sns are

al | oved 19zR01 NBR2- 126522 WRAF Habtridh O 8WIC EPselidmAidR PP NBRICC | 99539 8dhdS S
bel ongi ng to genus Brettanonyces, genus Candida, genus Hortaea, genus

. Lodder onyuembingt ralBsbierdriIaN a204@n preferably be used. Exanpl es of
m croorgani sns that are particularly preferably used herein may include

Brettanonyces Whesekhd®nshisroofguRibnthd afd QRb®8A 115, adtandli HRe.z@phangi sleduce
Hort aea werneckii, Lodderonyces el ongi sporus, Pichia segobiensis, Pichia

spar t i nags)-Ahekarbanicesorggliahs f)élbﬁf{%iﬁg tP\sédiis HragddimyR ¥y, Ganss CAdidy, @haet er
pol ychr onogenes, Curtobacterium flaccunfaciens, Geobacillus

- st ear ot hdssamhbinltiaisgenivh Godbiarohgiced) Pehes PRABUGBY: gl RBGEAGMENcanphsfoRbly
Ochrobactrum sp. (Pseudononas ovalis), and Rhi zobi um radi obacter. Specific
exanpl es befussdich m croorgani sns preferably used herein may include
Brettanomyces hruxellensis NBRC 0629, Brettanonyces bruxellensis NBRC
0797, Candi da OfdpesealBretddBrpc006omédandicstdidzacphangi OesliBEr 1540 & ardadidi da
zeyl anoi des JCM 1627, Hortaea werneckii NBRC 4875, Lodderonyces
el ongi sporalwsa,NBREIIGT Beylhalesa Betohyingis issutdidit,l Qedderoyedyi alompapbrimwae JCM
10741, Arthrobacter globiform s NBRC 12137, Arthrobacter oxydans DSM
20120, Adiithiobaegwsrta, Pothja hcavarhdoesPBM 3420biGuis, oPadtier ireiflbEtinyndslci ens
ATCC 12813, Geobacillus stearothernophilus NBRC 12550, Geobacillus
st ear ot hdihagelarila sninwgn danQeRticul@bopmfirhblydesisedr ot her mophi | us 1 AM 11004,
Ceobaci | | us stearot hernophilus |AM 29
Specific examples of microorganisms that are particularly preferably used herein
may include Brettanomyces anomala NBRC 0627, Candida famata ATCC 10539,
Candida krusei NBRC 1664, Candida krusei JCM 2284, Candida krusei JICM 2341,
Candida maltosa NBRC 1977, Candida zeylanoides CBS 6408, Issatchenkia scutulata
var. scutulata JCM 1828, Lodderomyces elongisporus NBRC 1676, Pichia angusta
NBRC 1024, Pichia angusta NBRC 1071, Pichia cactophila JCM 1830, Pichia
segobiensis JCM 10740, Pichiatrehalophila JCM 3651, Rhodotorula minuta NBRC 0879,
Arthrobacter sp. DSM 20407, Arthrobacter sulfurous (Brevibacterium sulfureum) JCM
1338, Brevibacterium butanicum ATCC 21196, Brevibacterium sulfureum JCM 1485,
Curtobacterium flaccumfaciens ATCC 12813, Microbacterium keratanolyticum NBRC
13309, Microbacterium saperdae JCM 1352, Microbacterium sp. NBRC 15615,
Ochrobactrum anthropi ATCC 49237, Ochrobactrum sp. (Pseudomonas ovalis) NBRC
12952, Ochrobactrum sp. (Pseudomonas ovalis) NBRC 12953, Paracoccus denitrificans
NBRC 12442, Rhizobium radiobacter 1AM 12048, Rhizobium radiobacter IAM 13129,

and Rhodococcus sp. ATCC 15960.
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12043, M crobacteriumtestaceum JCM 1353, Cchrobactrum ant hropi ATCC 49237,
Cchrobactrum sp. (Pseudononas ovalis) NBRC 12950, Cchrobactrurn sp.
(Pseudononas ovalis) NBRC 12952, Cchrobactrum sp. (Pseudonobnas ovalis)
NBRC 12953, and Rhi zobi um radi obacter | AM 12048. When such m cr oor gani sns
are allowed to act on 2-hexanone to produce (S)-2-hexanol, m croorgani sns

bel ongi ng €0 GRRHE\E o haleRicsr 20RRYRHAR s 4o gm&@{aefak%s%d genus

Lodder onmyces, genus Pic or genus can prefe e used.

Ot hesewitBirihk MUVTSsBIPAB cBnccaabd Ee B} BetwEANE IS, dfaiph w/@aa!ﬁsi' da
mal t osa, Candi da zeyl anoi des, |ssatchenkia scutulata, Lodderomyces

‘el ongi spprefsably RietRéch QNGB P05 whi a Sa gk haRkKtHoR, subbtede ﬂlﬁ?’qg’,ozmd%ﬂ%llsat
Pichia trehal ophila, and Rhodotorula mnuta, can particularly preferably

be used. ofpewhdn thea¥amongs itifiatdiiCr DRHEREY, Fidkn (HIAeWpEnPEf § teb@sd ih the
preferably used herein may include Br ettanorryces anomal a NBRC 06

Candi da frdfmehe: ASEGUbIDRAY inhiGandi kae &t theBierdRatent GaRME zsb@uiﬁhm&l JCM
2284, Candi da krusei JCM 2341, Candida naltosa NBRC 1977, Candi da

zeyl anoi dagecfiB8id 08 a b@ﬂﬁé&hﬁ%d@mﬁaﬁ%ﬂuh@d A revétion Sﬂi‘s‘tlﬁ{ea&@ltﬂﬁ%slﬁaﬁ
Lodder onyces el ongi sporus NBRC 1676, Pichia angusta NBRC 1024, Pichia
angust a MBR@iténflly, Pi chia cactophila JCM 1830, Pichia segobiensis JCM
10740, Pichiatrehal ophila JCM 365 1, Rhodotorula M nuta NBRC 0879,
Arthrobacter sin tliRSir@hikfdn methbd odfachiee prauht irvedtion, Bire ordu cloe ailovn the
sul fureum) JCM _fU 1338, Brevibacterium butani cum ATCC 21196,
Br evi bactkrémentmubd massfornd @b d k8E:, mictowratiant duvingmchitmaglirddactiensctAdgC
12813, M crobacterium k-eratanol yti cum NBRC 13309, M crobacteri um saperdae
JCM 1352to st ondbacarbomnyl preyp-cMBRAinpSHhmounOdeactiaciubamatans 12-paitadie®r4 9237,
Ochrobactrum sp. (Pseudononas ovalis) NBRC 12952, GOchrobactrum sp.
( Pseudondrigsaneral ihe) abiBROrah2R5Bed Relsion cdumorianisty péliscmay ditdBRCHE 284,
Rhi zobi um r adi obacter | AM 12048, Rnhi zobi um radi obacter | AM 13129,
However, products obtained by treating the above cells, such as a freeze dried product, a
product obtained by physically or enzymatically disintegrating the above cells, a crude
purified product or purified product obtained by extracting a carbonyl reductase fraction
out of the above cells, or a product obtained by immobilizing the above on a carrier
including polyacrylamide gel and carragheenan as representative examples, can also be
used. With regard to the amount of transformed cells or microorganism cells, and/or a
product obtained by treating the above cells, to be added to the reaction solution, the cells
are added to the reaction solution such that the concentration of the cells can be generally
~between approximately 0.1% and 50% w/v, and preferably between 1% and 20% w/v, at
a wet cell mass weight. When a preparation such as an enzyme is used, the specific
activity of the enzyme is obtained, and the preparation is added to the reaction such that
the concentration of the cells can be within the above range.
In the production method of the present invention, it is preferable to add a
coenzyme NADP® or NADPH, or NAD" or NADH. The concentration of such a
coenzyme added is generally between 0.001 mM and 100 mM, and preferably between

0.01 and 10 mM.
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and Rhodococcus sp. ATCC 15960. 30 Moreover, 2-pentanone or 2-hexanone
acting as a reaction substrate is used wthin the range of a substrate
concentration generally between 0.01% and 90% w v, and preferably between
0.1% and 30% w v. Such a reaction substrate may be added all at once when
the reaction is initiated. However, fromthe viewpoint of a reduction in

~the influencewHeanme WastedhBodddnéRinki AP iPRIEE YR ﬁrefeTrQﬁe RS ACHERe Of
the accunul ation concentration of a product, It is desired to add a

react i onjmpdstiaheof PREJURHEN Hiicithicy tHAE SADPt qRIADY %éihefa‘?&i Bogt WA DPA
met hod of the present invention, in order to allowthe aforenentioned

transf or (RADEE) HeSre@énchited RONGDTES (NAMAY) NExeAHRABY kudiLdHGeh@Bti@Cettiody to
act on the carbonyl group-containing conmpound (reaction substrate) of

2- pent anarg bicludd: {Exansrethodt Gelizhg viie t NADE O(NERD L ebdustion dWilak 06F Gagi sm
cells my directly be used. However, products obtained by treating the

above cehdisroomgianiings thethsedaze (@) et pletbdCtof aaddfigodinCta ORhatidie dsyRiem,
physically or enzymatically disintegrating the above cells, a crude

puri fi ednperodrgahisors Hawingf dbélity o edtiedateONAD IR ANADH G éra NADH aNaar Hoayl
reductase fraction out of the above cells, or a product obtained by
i Mmobi | i prodyct dletaimbd by tomatiag tlar abee michedrgehisgs, pelepaphyd that ce Be bseania
carragheenan as representative exanples, can also be used. Wth regard to
t he anoumgeoératiomnsf oNEDPHe| (NADH) i (tegeaeging smneghtsy, sued ods aglupsseduct
obtained by treating the above cells, to be added to the reaction solution,
t he cel | dehyalregeadsted foonttee dedydtaogenasepl ulléan! sulzhydogenastie amitmenteidt i on
of the cells can be generally between approxinmately 0.1% and 50% w v, and
pr ef er abHghyiskeogomase, DYooagrhio 8¢il\ehydmigenase etalate ldehyhisgenasd, gitt.); ate@) a
preparation such as an enzyne is used, the specific activity of the enzyme
i s obt ai methodgidntreducingsiba afremantienedddgaetatingvozymma geriesthasweh be sd int he
concentration of the cells can be within the above range. In the production
met hod ofegenerabereeENALRN ENADSH asiwell a5 the BN abthe prescatidventiondetezymst, NADP+
or NADPH, or NAD+ or NADH. The concentration of such a
: - s0 as to allow them to express therein, when a transformant is produced.
Of these methods, it is preferable to add glucose, ethanol, formic acid, etc., to a
- reaction system in the method described in (1) above.
In addition, in the method described in (2) above, microorganisms containing the
aforementioned regenerating enzymes, cell mass-treated products such as a product
. obtained by treating a cell mass of the above microorganisms with acetone, a freeze dried
product, or a physically or enzymatically disintegrated product, crude purified products
or purified products obtained by extracting the above enzyme fraction, or products
obtained by immobilizing these products on a carrier including polyacrylamide gel or
carragheenan as representative examples, may be used. Moreover, commercially
available enzyme products may also be used.
In this case, with regard to the specific amount of the above regenerating
enzyme used, it is added at enzyme activity of generally 0.01 to 100 times, and
preferably 0.5 to 20 times, when compared with the carbonyl reductase of the present

invention,
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coenzyne added is generally between 0.001 mM and 100 nM and preferably
between 0.01 and 10 mM 31 Wen the aforenenti oned coenzyne is added, it
is preferable in terms of the inprovenent of production efficiency that
NADP+ (NAD) generated from NADPH (NADH) be regenerated to NADPH ( NADH).
Exanpl es of such a regeneration nethod may include: (1) a method utilizing

the NADP+ ( NADMok&slegtit Wal@@inbbés&m?ftomﬁlta cHBHRRT SAHoSIa bRIRR] ¥emhe (2) a
met hod of adding in a reaction system mcroorgani sns having ability to

gener at eafdffitntioNAPH g driceMnNARMAENARcRI as2 gluBbRAMC theOBiRi BEAsRY FlhEREl N
t he above m croorgani snms, or enzynes that can be used in regeneration of

NADPH  ( NAeMhlirddeagen 5miic ngidehv ihieeGke of Usihgaforghie cebodrodentse) aoehasd  or
format e dehydrogenase, al cohol dehydrogenase, am no acid dehydrogenase, or

or gani ¢ 2gqirébagehitdthe gasnstudinghirbBoldfihy dropaedyas eThehddifive amdultf sach aet hod
of introducing the aforenentioned regenerating enzyne genes that can be
used in compandr & parerally MARRIAN( NADH)d 29 tigks mdlat guibhANDf addhereaferaisient
invention into a host, so as to allowthemto express therein, when a

t r ansf or betheen sl pnddudenes GlolithegEvaeif)desed ioh the anhefisr abl2epdntanade or

gl ucose, ethanol, formc acid, etc., to a reaction systemin the nethod
descr i be@-herarfohy vadxbasea reanti@dohiateriah, in t he net hod described in (2) above,
m croorgani snms containing the aforenmentioned regenerating enzynes, cell
mass-treat ed pFathermers ue lthamethgr detatbed ob(BHi abesle,by ntettesl ohipcarpoetingmass
of the above m croorganisns with acetone, a freeze dried : product, or a
physi cal DN4oenerdipgraaitoaly] yedickisetaadr tie sldNgy ofitloet aforemegiqued i regedraingduct s
or purified products obtained by extracting the above enzyne fraction, or
pr oduct senzypesiintedhe ghiomrasbie; 2 meghadheSiatpdeddng bethdppes afdPNAdnta msingldi ng
pol yacryl am de gel or carragheenan as representative exanples, may be
used. MbFeh¥eso asclortrmstira) ¢ hostavith thebvestasnanhe methoduaftigtradycing bethsrpassed.

In this case, wth regard to the specific anount of the above regenerating
of DNA into an each different vector and then transforming a host therewith, can be used.

However, in the case of the method of introducing both types of DNA into an each
different vector and then transforming a host therewith, it is necessary to select vectors
while taking into consideration the incompatibility of both vectors.

When several genes are introduced into a single vector, it is also possible to
apply a method of ligating regions associated with expression control, such as a promoter
and a terminator, to each gene, or a method of allowing such genes to express as an
operon containing several cistrons, such as lactose operon.

The production method of the present invention is carried out in an aqueous
medium that contains a reaction substrate, transformed cells wherein DNA encoding
carbonyl reductase has been allowed to express, a product obtained by treating the above
cells, a culture solution of the above cells, and/or a crude purified product or purified
product of a carbonyl reductase fraction obtained from the above cells, various types of
coenzymes, which have been added as necessary, and a regeneration system thereof, or in
the mixture consisting of the above-described aquecus medium and an organic solvent.

In addition, the production method of the present invention is carried out in an
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enzynme used, it is added at enzyne activity of generally 0.01 to 100 ti nes,
and preferably 0.5 to 20 tines, when conpared with the carbonyl reductase
of the present invention. 32 Mreover, it is also necessary to add a
conpound acting as a substrate of the aforenentioned regenerating enzyne,
such as glucose in the case of using glucose dehydrogenase, formc acid in

the caseaglicousimedihar that @ofRihsds GeaRRRCsutRirate! RABRbrRhisnd- RIviRARboh t he
case of using al cohol dehydrogenase. The additive amount of such a

conpound réducges ecality beRngeeNtdgdn@nNBrefandmy®Rs, ¥R’ CfEY 8l Hatda,
preferably between 1 and 5 tines nolar equi val ént, based on the anount of

2- pent angegusO ssahérekian gereusu$ 8dd @6 mGcéss Agdnud PibRLE idedhs RHOIbIORIIADEaud N t he
nmet hod described in (3) above, a nethod of incorporating DNA encoding

car bonyl Artoigicesegand BreeidabRriah, t fpuafCruobeatione ¢ef@06BehRIIIRY ge@iZ Y Mes
into the chronmosone, a nethod of introducing both types of DNA into a

singl e Wictobactstums genud Orhsfbactiurd, Gesds Paratbdehs M@0t Rhizabignaogehad of

i ntroducing both types of DNA into an each different vector and then

t r ansf or hodo@chasta tpredwni dtainedrbyb erentdigg .the Hbwey anicrooigdridns; as euithrd he
met hod of introducing both types of DNA into an each different vector and
t hen tr asseliton nf thg shohosticrobmarisinshand/ér 4 audepasiiat protiactse pedfied pridacis
while taking into consideration the inconpatibility of both vectors. Wen
sever al @géaesrtangl reducteshufrectidmeimaincs ifrog thevaboive micicordanisatss sapassypése t o
apply a nethod of Iigating regions associated with expression control, such
as a prorbeesnzymas vehick haverkeeo addedasmchssgonend oreganeratibmslystdm gerendj og such
genes to_express as an _operon containing several cistrons, such as |actose
oper on. Théepriztiye epusistingtdidle dfoverieseritesequedusveetitmrand sneaganiesblant. i n an
aqueous nediumthat contains a reaction substrate, transfornmed cells

wher ei n DNA endBbeliafgrementiprasy pquesas cvnedivmh inslilss nwatct ondca thoffex gpletion. a
product obtained by treating the above cells, a culture solution of the
above celFxamplen @f grbudice selgEon mayfinelydp sediwan phosplnte.ifofassivm phosphate, tris,

sodium acetate, and sodium citrate. Examples of an organic solvent used herein may
include solvents in which a reaction substrate is highly dissolved, such as ethyl acetate,
- butyl acetate, toluene, chloroform, n-hexane, or dimethyl sulfoxide.

The method of the present invention is carried out at a reaction temperature
generally between 4°C and 60°C, and preferably between 10°C and 45°C, and at a pH
generally between pH 3 and 11, and preferably between pH 5 and 8. The reaction time
is generally between approximately 1 and 72 hours. In addition, the present method can
be carried out using a membrane reactor or the like.

After completion of the reaction, optically active alcohol generated according to
the method of the present invention can be | purified by appropriately combining
extraction with an organic solvent such as ethyl acetate or toluene, distillation, column

_ chromatography, crystallization, or the like, after a cell mass or protein contained in the

reaction solution has been separated by centrifugation, a membrane treatment, or the like.

2. Method for producing optically active 3-methyl carboxvylic acid
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product of a carbonyl reductase fraction obtained fromthe above cells,
various types of coenzynes, which have been added as necessary, and a
regeneration systemthereof, or in the mxture consisting of the
above-descri bed aqueous nmedi um and an organic solvent. In addition, the
production nmethod of the present invention is carried out in an 33 aqueous

medi um t hat copf &iengro@uétﬂﬁpmeﬂ{bds sbsHd g%e%entnin%ﬁﬁfng%héﬂgz haweng-nednpony|
reductase activity bel onging to genus Brettanonyces, genus Candi da, ‘genus

Hort aea, carbetylic dcssipedienisl dy tBeRllowiRdfiRrAY/GsS, genus Pichia, genus
Rhodot or ul a, ‘genus rthrobacter, genus Brevibacterium genus
Crut obacterium genus Geobacillus, genus M crobacterium genus
Ochrobactrum genus Paracoccus, gjﬁ‘ DAODium or genus Rbodococcus, a
product obtained by treating the ove nicré%}ganisns, a culture solution
of the above m croorgani sns, and/or a crude purified product or purified
product isofpradwzad bbpydesagblisslaina fof acpiicullyohtaid etinfetignlkiie radlonie acid
m croor gani snms, various types of coenzynes, which have been added as
necessar yepresaied byethenbswadt fommuky@) émticheesadke 068 highly pbRr RbIventraadaangi sti ng
of the above-described aqueous nmedi um and an organi c sol vent. The
af or ementdditiedfaquenosngediathokiylationdes wat er and a buffer sol ution.
Exanpl es of a buffer solution may_ include sodi um phosphate, potassium
phosphat e, tri By thesbdie foremde df)eR’ aapticssoti ailineir,t bratohed Fxayplie alkyl geoup
organi ¢ sol vent used herein may include solvents in which a reaction
subst r at eontginfrigghtoyS darbonlataek, seelcés asnerdpyl gamegt at -butylgrylp, anet-pangyl
tol uene, chloroform n-hexane, or dinethyl sulfoxide: The nethod of the
present ErBpnag gopiopyt graupedn mebutyl geoupean tisoamyl grper at acgclopente giohy.
between 4' C and 60' C, and preferably between 10'C and 45' C, and at a pH
gener al | Pliveasaersalopad 3ligh graps ingludparehereml erag we arbyt Soemdng-periyg
reaction tinme is generally between approximately 1 and 72 hours. In
addi t i ongrovReantepepy! grumoand amh isobutyt grauped Mere puefengd alkyk gtouaméncledsct or
or the like. After conpletion of the reaction, optically active al cohol
gener at ed® Bovepdigigpn @d ame-bul BsdPof the present invention can be purified
by appropriately conbining ] . )

- Farther, * represents an asymmetric carbon, which may be either an R-form or

an S-form. It is preferably an R-form, and the optical purity thereof is generally 80%ee
or greater, and preferably 90%ee or greater. In particular, since high optical purity is
required when it is used as a pharmaceutical material or intermediate, the optical purity
thereof is further more preferably 95%ee or greater, and particularly preferably 99%ee or
greater.

In the aforementioned decarboxylation reaction, the above compound may be
heated in the presence of a highly polar solvent and/or an additive for promoting
decarboxylation, or it may also be heated at a high temperature in the presence of a low
polar solvent or in the absence of a solvent. In terms of the easiness of industrial
application, it is preferable that the compound be heated in the presence of a highly polar
solvent and/or an additive for promoting decarboxylation, while reducing a reaction
temperature to be low. In general, such a decarboxylation reaction needs high

temperature conditions between 150°C and 200°C. Such a high temperature is close to
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extraction wth an organic solvent such as ethyl acetate or toluene,
distillation, colum chromatography, crystallization, or the like, after a
cell mass or protein contained in the reaction solution has been separated
by centrifugation, a nenbrane treatnment, or the like. 2. Method for
produci ng optically active 3-nethyl carbo& ylic acid 34 In the production
et hod othet seevipe REGREatiRMBA 0B coRPidrCAhdsVidAs kabStod-dmalinMko r&gRirBPX YoreC:

acid represented by the following formula (5): R ~*LICO2H (5) is produced
by decar pexiyd af tigi fof tediferatate Mserdid ddling MEthyddEdidk) lit FRLREY & 1@;& 8mount
represented by the above formula (1) in the presence of a highly polar

sol vent afitieatr dhus,adleierit Wbidiggd poaBtibWOredetc Repekalie0l . cohsidérRe talipve
formula (1), Rl represents a linear, branched, or cyclic alkyl group

cont ai ni agirdnély hargar danaddinom,, siace opaigalyn 40tips dpmbthglalitn, malknic Aidyis
group, an n-pentyl group, an isopropyl group, an isobutyl group, an
| soany| gemngly asolad atyataenteyilpegitotep whekha redigion is pareité buesh ml dofvengs;, dups
i nclude an n-propyl group, an n-butyl group, an n-pentyl group, an
i sopr opylis mpresspry thatitharcoipobud pé hgated pnd Meited pftef # haebeanl ddded ¢r owastarncl ude
an n-propyl group and an n-butyl group. Further, * represents an asymetric
car bon, Wovevenaiirrbe @nhdtehe carrilkl bor m ocomanSedcdomin d state svipre ftaatdins an
R-form and the optical purity thereof is generally 80%e or greater, and
pr ef er abbylyo@seldoandife theecompoundaist heatddawithsith beingi siredpheat adonductinvity i s
required when it is used as a pharneceutical material or internediate, the
optical pesdmas extiggedopods Merebesr, pince thprefiea alsk yof968ationcxcyrsimt due, toand
particularly preferably 99%e or greater. In the aforenentioned
decar box phtial wimperataneiring, theieacsioo\perfoompbimeb sedyentreis nobesabistid. n Thve, ipisesence
of a highly polar solvent and/or an additive for_pronDtin? o
preferable to use a solvent so as to deal with optically active 1-methylalkyl malonic acid
in the form of a solution or slurry.

On the other hand, since a large amount of carbon dioxide is generated as a
result of the reaction, when such a reaction is carried out on an industrial scale, it is
important to control the rate of generating carbon dioxide, so as to ensure safety.

From the viewpoint of the control of the rate of generating carbon dioxide, it is

preferable that a solution in which optically active 1-methylalkyl malonic acid is
dissolved, or optically active 1-methylalkyl malonic acid melted by heating, be
continuously added dropwise, so as to carry out the reaction. In such dropping method,
reaction control can easily be carried out, and a common reaction apparatus can be used.
In addition, it is also possible to use optically active 3-methyl carboxylic acid generated
as a result of the reaction as a solvent. In this case, since the reaction system does not
contain a solvent or the like that should be eliminated after the reaction, it preferably
results in low purification load.

Moreover, it is also possible to use a solvent having a boiling point higher than

that of the generated optically active 3-methyl carboxylic acid. The use of a reaction

solvent having a boiling point higher than that of the product enables prevention of the
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decar boxyl ation, or it may al so be heated at a high tenperature in the
presence of a low polar solvent or in the absence of a solvent. In terns
of the easiness of industrial application, it is preferable that the
conpound be heated in the presence of a highly polar solvent and/or an
additive for pronoting decar boxyl ati on, while reducing a reaction

t enper at Hﬁﬁn%%fgqléhﬂﬁ/ ofifhed Akent ﬁHP ?dﬁﬁgarbge%)ﬁlé@ﬁ' eﬁfiﬁﬁﬂa%nhé}ﬁeds

hi gh tenperature o et ween a high
tenper at H&ﬁng ofltqs %séd)b%créﬁset Bﬁ Vdcﬁ@e tB%% PLAHEx chacgd o di%tlﬁ Q

gl ass- I|n|ng eact or eqU|res ong erio
tenper at ff@ didtiFRteP?npRRht 8ring Hlsﬁﬂ%&ﬁ f thd I'eaEﬁGHJ k41680 'ﬂﬁﬂﬁnﬂm%

heat. Thus, a nerit obtained ffoma |low reaction tenperature is consﬁrdered

to be ePQaVi%@%' SOVt g@th d Hgﬁ@gﬂfﬂggfbmtsdsrﬁclﬁgﬁ’BBilﬁi%lﬂantQﬁlhblYtein]a dEiyibal ky!
malonic acidis generally a soli t ordinary tenperature, when a reaction

I's carri géhtgidér, i lﬁ‘gesﬁh&f@rﬁt 8f prbdudt SoNSRRRSANY d1§‘tﬁlatéd1eth6fb'5}[§’0ﬁ@€!:a@i% gheat ed
and melted after has been added to a reactor. However irring cannot

be carrlagtlnmoﬂéfﬁa;eﬁ@mmn reactor in a state where it contains only a
solid, and if the conmpound is heated w thout being stirred, heat

conduct i vity he s aRSpEXible iR bindiep keaclibh @ BIatioR] WhErell@ @plital 4dtivk Of
reacti on excursion due to partial tenperature rise, the reaction perforned

in no solveshyalksl nedlofieaddié tdotutiohhts adddd Qfopviase i@ raadaetdrounidze radselvent
so as to deal with optically active 1 -nethylalkyl malonic acid in the

form of presaireiforatactionsind wiereidthé bencpitbe optically, acﬁtrdélsenﬁhjd&fagﬁ)x&ﬁ@uﬂﬂ of
carbon dioxide is generated as a result of the reaction, when such a

react i onisi sontianonstyl distiiledn Bnthenchsstafl alch s edaetion Tdisitiﬂ:latibmmw]h@ntrei@ioﬁo nt r ol
the rate of generating carbon dioxide, so as to ensure safety. Fromthe
vi ewpoi ntomfol tiheasibntaroked afut,t ovel thet keatihg gime cah ibegshostr bdhusli genedéionidf i s
preferable that a solution in which optically active 1-nethylal kyl malonic
aci d i s inpwEpldueth heatingpivercaldng pedbi wé tifnenah ipyd fedakisl bensadpprassedaci d nel t ed
by heating, be continuously added dropw se, so as to carry out the
reaction. |n slich adscoppisaﬂ@ertetctmdﬁrt opmally active t-methytadlylemslonic beidcarri ed
out, and a conmon reaction apparatus can be used.

optically active 3-methyl carboxylic acid by a flow method comprising supplying an

optically active 1-methylalkyl malonic acid solution into a reaction apparatus that has

been heated. In the case of such a flow method, the supply of the solution to the

reaction apparatus is controlled, so as to control the rate of generating carbon dioxide.

In addition, since the heating time can be short, generation of impurity due to heating

over a long period of time can preferably be suppressed. As a reaction apparatus used

in a flow reaction, a tubular reactor, a thin-film distillatory, or a multistage tank flow

reactor is preferably used. In the case of the thin-film distillatory, it is also possible to

carry out the reaction under reduced pressure.

Examples of a solvent used in the aforementioned decarboxylation reaction may
include: ether solvents such as butyl ether, tetrahydrofuran, 1,2-dimethoxyethane,
dioxane, polyethylene glycol, polyethylene glycol dimethyl ether, or polytetrahydrofuran;

halogen solvents such as carbon tetrachloride or dichlorobenzene; alcohol solvents such

as butanol or ethylene glycol; ester solvents such as ethyl acetate, dioctyl phthalate,
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In addition, it is also possible to use optically active 3-nethyl
carboxylic acid generated as a result of the reaction as a solvent. In
this case, since the reaction system does not contain a solvent or the
i ke that should be elimnated after the reaction, it preferably results
in lowpurification | oad. Moreover, it is also possible to use a sol vent

havi ng adﬁ&ln{ghﬂl&fi‘ﬁﬂﬂ% gﬁﬂﬁ%’z‘dh Fet %?ttrl&ét{/lt ﬂ?fm& r%tﬁ%}%én@@éd Active

3-met hyl car I'C aci reaction vent aving a 0|I|ng
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acid is distilled as'a first dlstl I"at e conponent” during distrll ation of
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boi | i ng poi nf as a hi gh” boi ling point luent 1n a distillation container,

a | arge poBUihyl ?&n@ﬁ@&i&ctor%h[md aélarwemss s@ibShd Fdrafi@deidt ey dcitreasi ng

distillation efficiency is al so possible to conduct reaction

di stil| akéioents $he &4 Pyddin®)PL,bddidive, 36 iréEhyldming! MivdefhiH sl foRIdeNikd Hated
solution is added dropwi se to a reactor under reduce pressure for

react i onIt raandaleb B Pbskille & SN edvath dolvphisGalebitd Foim ¥Bodg REOYIIvERs Byl i ¢
acid is continuously distilled. In the case of such a reaction

di still agiven rad. hdd crd@actallow a Kighly'lad sibs@gtt oy ag additieé todissol e thetdie,
heating time can be short. Thus, generation of inpurity due to heating
over a | hipghlyppslaosbioénts sueh svscepomdiride, abiryhydeofatupp desabd. sulfoxide, plddine,
possi ble to convert optically active 1-nmethylal kyl nmalonic acid to
opti cal | yeatictacid @-watthyle prafdoably, argl grotic Ipylad sblvewtsiivigda gesup eitsetnel
supplying an optically active 1-nmethylal kyl malonic acid solution into a
r eact i onaxppastatgishe hadctivas subleens diaatthyl shifotile araperidihe,samh partfdutanly
nmet hod, the supply of the solution to the reaction apparatus is
control | petfersbleas to control the rate of generating carbon dioxide. In
addition, since the heating tine can be short, generation of inpurity due
to heating ovMoreoveandigler boidingf pointe solenisr ehieh abd ytebledsappr dsdedine As a
reacti on apparatus used

polyethylene glycol, polyethylene glycol dimethyl ether, polytetrahydrofuran, dioctyl

phthalate, diisononyl phthalate, ditridecyl phthalate, trioctyl trimellitate, liquid paraffin,
monomethylnaphthalene, isopropylbiphenyl, dibenzyltoluene, hydrogenated triphenyl, or
silicon oil, are used as high-boiling-point diluents during distillation.

Furthermore, as an amount of a solvent used, any given amount of solvent can be
used. [t is generally between 1 and 20 times, and preferably 1 and 5 times, at a volume
based on the volume of a raw material substrate.

It is also possible to use an additive for reaction promotion as a solvent. In
such a case, in order to dissolve or suspend optically active 1-methylalkyl malonic acid
therein, the additive is generally used at a volume between 0.5 and 20 times based on the
volume of a substrate. In order to reduce load such as the recovery of a solvent via
distillation, the amount of the additive is preferably between 0.5 and 3 times at a volume.

Examples of an additive used in the aforementioned decarboxylation reaction

may include: mineral acids such as sulfuric acid or hydrochloric acid; inorganic salts
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in a flowreaction, a tubular reactor, a thin-filmdistillatory, or a
multistage tank flow reactor is preferably used. In the case of the
thin-filmdistillatory, it is also possible to carry out the reaction
under reduced pressure. Exanples of a solvent used in the aforenentioned
decar boxyl ation reaction may include: ether solvents such as butyl ether,

h s 2 | ,
pol yet hyt en§5§ VR LA W@hﬂl‘j‘@ﬁgﬁd‘%" %S&ﬁ%’&?ﬂ%l# E%éﬁ& aridkior
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such as di net hyl formam de or N -rfethyl pyrrolidone: organic acid sol vents
such as f@hmas @flinein Oﬁ%&SﬁHbC cAleiifh BRRbSdeS6k vlfdﬁs%l@y%aﬁla&wm A8id
2,6-lutidine, or triethylam ne; dimethyl sulfoxide; and water. It may al so

be possi bhigydridedkicS Y Sdctic mBYHEdY 8r HiRhATd Schyldras anangy hkRER FRbivRMosS at
any given ratio. In order to allow a highly polar substrate or an additive

t o di ssohig thidieaedifives 4t Gk oivadaflp. SPlef@dBedmfillesds ACRIdANethAY Biclude a
t et rahydrof uran, di nethyl squOX|de pyridine, acetic acid, or water are

pr ef er abheavyanetabgilQbiteapPpintal 9Q1dechi Srdaaid hige W&ﬁbﬂl@fdhﬂét andlf a mixture
accelerating the reaction, such as dinmethyl sulfoxide or pyridine, are

parti cul dtergof. pMdrepadteged MRampieeiof ahi gldithe may dndladdtojsel \veldes pstidihe as
tetradecane, tridecane, polyethylene glycol, polyethylene glycol dinethyl
et her, paloyhétinehychtiofanhadride]iangd tayiixtpfetthadeat. e, A gaitalelyyprefelict adxaiple
ditridecyl phthalate, trioctyl trinellitate, liquid paraffin,
mononet hyf rewp kdditivenis, pyrsdipe,ophidh phealtivelgi mergarsivel medeias hther effienadfed
triphenyl, or silicon oil, are used as high-boiling-point diluents during
di stil | ak¢aterating theersmtien, @sl swhichnoambe afeparated! fremt a ysedijct arfyintgrest rbyanount
of solvent can be

distillation.

The amount of an additive used is generally between 0.01% and 50% by weight

based on the weight of a substrate. In order to avoid significant generation of carbon

dioxide and reduce purification load, it is preferable that the amount of an additive used

be controlled to the minimum necessary. Thus, the amount is preferably between 0.01%

and 5% by weight.

The reaction temperature is generally between 30°C and 200°C. The necessary

reaction temperature is different depending on reaction conditions such as the presence or

absence of an additive or the type of an additive used. From the industrial viewpoint, a

reaction performed at an extremely high temperature is restricted from the apparatus used,

and thus, it becomes difficult to carry out the reaction. In addition, temperature rise and

cooling require a long period of time. Hence, it is not desirable. The reaction

- temperature is preferably between 30°C and 130°C, and more preferably between 30°C

and 110°C.
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used. It is generally between 1 and 20 tines, and preferably 1 and 5 tines,
at a volune Dbased on the volune of a raw material substrate. It is also
possi ble to use an additive for reaction pronotion as a solvent. In such a
case, in order to dissolve or suspend optically active 1-nethyl al kyl
malonic acid therein, the additive is generally used at a vol une between

0.5 and 20 ti 95amsCHut BhiRethYlcHRnhic BctliHSALE by rePufifbmbRidiedUCe

| oad such as t eCovery of olvent "via distillation, anount of the
addi ti verdastigH 8f g i Exanpl es of an
additive used i%ﬁﬁﬁgbgpgggnentH%ﬁgﬁagg%%?%é%%ﬁ%@?%%myggggﬁgﬁg%nay i ncl ude:
m neral acids such as sulfuric acid or hydrochloric acid; inorganic salts
38 such as sodiumchloride or lithiumchloride; organic salts such as

sodi um aget Methodfor BIHAARINE BptiedIPdcEive AViaBhI RS Wellords agigdi um cyani de or
copper cyani de; heavy netal  salts such as copper chloride or iron

chl oride; heavyhdgjtalal19acdes 1 shéhylakyt aRp®lic QAT tAE preSéntVifiver®dhdan bRr gani ¢
bases such as pyridine, 2,6-1utidine, triethylam ne, benzyl anm ne,

1, 8- di azpleidaysd BY 2odvédling vpticEBe AdtiveOslcdhdt -1IdhRERIEE B¢ ItRe [fRlRvidl feahalae;

i norgani ¢ bases such as sodi um hydroxi de, cal ci um hydroxi de, or potassium
car bonat €): and acid anhydrides such as acetic anhydride or fumaric
anhydride. It nmay al so be possible to nux these additives at any given
ratio. Preferred exanples of an adgdit{ive may include a heavy netal salt, a
heavy nmetal oxide, an organic base,\ﬁﬁ acid anhydride, and a m xture
thereof. More preferred exanpl es of @R Gaditive may i nclude copper oxide,
pyridine 2,6-lutidine, acetic anhydride, and a m xture thereof A

par ti cul &ra yulfrngleyr gdupxsangs te obvdinan adidally aeiviescomypoudd nepresdntalhbyi the

rel atively inexpensive and has the effect of accelerating the reaction,
and whi cfolloavinhéorswfri3at ed from a product of interest by distillation. The
anount of an additive used is generally between 0.01% and 50% by wei ght
based on the wei ght of a substrate.p$g?prder to avoi d significant
generation of carbon dioxide and redgfe urification load, it is
preferable that the anmount of an addit V&) used

and then allowing the optically active compound to react with a carbon nucleophile

represented by the following formula (9):

R2
(3
R™ (9

so as to obtain an optically active compound represented by the following formula (4):
vaﬁ,Rz
R 4

and then hydrolyzing the obtained optically active compound.

R! in the aforementioned formulas (2), (3), and (4), is the same as described
above in the present specification.

In the aforementioned formulas (4) and (9), each of R? and R? independently
represents an ester group, a carboxyl group, or a cyano group, and preferably represents
an ester group. Herein, R* and R® may together form a cyclic structure such as

5-(1-methylalkyl)-2.2-dimethyl-1,3~-dioxane-4,6-dione.
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be controlled to the m ni num necessary. Thus, the anount is preferably
between 0.01% and 5% by wei ght. The reaction tenperature is generally
bet ween 30' C and 200' C. Thenecessary reaction tenperature is different
dependi ng on reaction conditions such as the presence or absence of an
additive or the type of an additive used. Fromthe industrial viewpoint, a
reaction perfof Dﬁagnr | t 1.8 | I Cit romthe
appar at us used, H@glr?gh%lﬁél}s, It ﬁggtﬁlﬁ%&gffegﬁgfﬁﬁ g%ggiﬁétﬁghaﬁfyt%@ﬂ?%aagt i on.
I n addi t \ R, astiEResAUY tBat'd L0 L equ | 194,00 4d.1 Me.
Hence, it i%sasr%ot d%si P aﬁ e.0§$ﬁgp%£%g?® ollr‘lslagttu;élr'rpeli]lrr éit%ﬂrr@% efqg*s]g%@gﬂ ea?agﬁy %et ween

30' C andjAef), Grafea Mk ekl P! MO yhfgs'e SncBRSOL Whdrol, 3 KaRofa! | Y

| A ,
active 3-methyl carboxylic acid-obtai ned af orenenti one reaction is

pref er abbyr§shnbof, | &dc?MOH@%{taﬂlé’lgsaIﬁU%I afcdhoRt %ﬁ(!lha}aék I eAgldbP Elaﬁﬁhél‘?mtm%- 3.

Met hod for producing optically active 1-nethyla mal oni ¢ acid The

opti cal | yrefGtddékatml®tn ltide niBha Gn@eindn@f the present invention can be
produced by convertfing optically active al cohol represented by the

fol I owing fornyl ahe (Bbove Rorfild ), X de/srbch@N¥l SA¥oOHP or&® atich OasOht ai N

an optically active conmpound represented by the fol'lowng fornmula (3): R1

X (3) anghetthw@BsionoMixh Grélie W@lﬂeﬁéﬁdlﬁbn?ﬁ)tx}y\g@mﬁﬂ ez sh18RE o grbus

carbon nucl eophile represented by the following formula (9)" R2 R 3 (9)
chloromethanesulfonyloxy group, or triflucromethanesulfonyloxy group. - X preferably

represents a methanesulfonyloxy group, p-toluenesulfonyloxy group,
nitrobenzenesulfonyloxy group, chloromethanesulfonyloxy group, or
trifluoromethanesulfonyloxy  group. X more preferably represents a

methanesulfonyloxy group or p-toluenesulfonyloxy group.

In the above formulas (1) to (5), * represents an asymmetric carbon, and the
optical purity thereof is generally 80%ee or greater, preferably 90%ee or greater, more
preferably 95%ee, and particularly preferably 99%ee or greater. Absolute
stereochemistry may be either an R-form or S-form. It is preferably an S-form in the
above formulas (2) and (3), and it is preferably an R-form in the above formulas (1), (4),
and (5).

Optically active alcohol used as a raw material can arbitrarily be synthesized by
a known method via an asymmetric reaction including the asymmetric reduction of a
ketone corresponding thereto or resolution with lipase. However, such a resolution
method has been problematic in that alcohol with an undesired stereochemistry or an
ester thereof should be discarded. It is preferable that the above optically active alcohol
‘be synthesized via the asymmetric reduction of a ketone wherein all the raw materials
can be used. A more preferred synthetic method of synthesizing optically active alcohol
comprises acting on a ketone, microorganisms or transformed cells, wherein a protein

having ability to reduce a carbonyl group even to an aliphatic ketone with a simple
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so as to obtain an optically active conpound represented by the foll ow ng
formula (4): R ,.~~R 2 R3 (4) and then hydrolyzing the obtained optically
active compound. R in the aforenentioned fornulas (2), (3), and (4), is
the sane as described above in the present specification. In the

af orenenti oned formulas (4) and (9), each of R~ and R3 independently

represen ter . . qr [ a.. r
or of or Aty P 88 o8 o S5 RNBsin o BN S OlidRor B roRUCUS Wl OBEL IBBE: oF o
cyclic s : o
-ﬁethy|aPE¥f§#%§%%§@ﬁ§?ﬁﬁﬁﬁﬁé%53?%9§ﬁé?ﬁﬁﬁ?§rone: 40 The al cohol conponent
of the above egtgEghouP cbﬁveﬁlgﬁgr Fbgﬁ&ﬂ%'aéﬁlré/ aldofibt ?égpreé%ﬁfedl BP%heSatle! S A

group that does not affect t eact | Preferred exanpl es y incl ude:

linear, hiabrhedio L5ufor§ldxs Bbiyis saifsﬂlpgﬁén SHE Ry @exyIekbgnol , et hanol ,
2-prop I ol ;

1- but anol , anol , “or “cycl ohexan and aryl al cohol's such as pheno

or naphthol. Mu®d RRheriiesd ranpl BardRY | AshpdendRidans! maibdetianel - 10
t he above formula (3), represents ‘a sul fonyl'oxy group such as a

et hanesgilefHanysntRsiyIHg@HR subh EQhiéﬁﬁﬁ&rﬂlfoﬂ?b’élﬁ%ﬁd@é%@ﬁhanesulfonyl anhydride;
ni t robenzenesul f onyl oxy group, chloronethanesul f onyl oxy group, or

trifl uor pusluE@ReFon 0 aYdRX Ysu@houp . pXolREedsaIfamly chloflE € se NpJoldenesuifonyl
met hanesul f onyl oxy group, p-toluenesul fonyl oxy group,

ni t r obenzriyeside;l anyluoMmahaepulfailAioaneidaresuti ony | 8K udsBePandalfonic
trifluoronethanesul fonyl oxy group. X nore preferably represents a

met hanessaiHydridé;axd ofie?wperits. p-t ol uenesul fonyl oxy group. In the above
formulas (1) to (5), * represents an asymetric carbon, and the optical
purity thereofPrefrgdnesdfdnylB9%egroups gr@alude, P»r ehahaldsylf@Odeegmwupgr eat er,
nore preferably 95% e, and particularly preferably 99%e or greater.
Absol ut ep-tslhenesolftrgil ngwipy amaitrdbenasnehidfongh drodmr M drloSnietianesulfonyRxy
preferably an S-formin the

group, and a trifluoromethanesulfonyl group. More preferred sulfonyloxy groups

include a methanesulfonyl group and a p-toluenesulfonyl group, which are industrially

inexpensively available.

The amount of a sulfonylation agent used in the aforementioned reaction is
between 1 and 10 equivalents, and preferably between 1 and 2 equivalents, based on the
amount of a substrate.

Examples of a solvent used herein may include: ether solvents such as ethyl
ether, propyl ether, butyl methyl ether, or tetrahydrofuran; halogen solvents such as
dichloromethane, chloroform, dichloroethane, or chlorobenzene; ester solvents such as
ethyl acetate or butyl acetate; hydrocarbon solvents such as hexane, benzene, or toluene;
amide solvents such as dimethylformamide or N-methyl pyrrdlidone; and nitrile solvents
such as acetonitrile. It may also be possible that several solvents selected from among
these solvents be mixed at any given ratio and be used. Preferred solvents include
dichloromethane, ethyl acetate, and toluene, which are inexpensive and are easily

recovered.

Any given amount of solvent may be used. The amount of a solvent is
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above formulas (2) and (3), and it is preferably an R-formin the above
formulas (1), (4), and (5). Optically active al cohol used as a raw
material can arbitrarily be synthesized by a known nmethod via an
asymmetric reaction including the asymetric reduction of a ketone
corresponding thereto or resolution with |ipase. However, such a resol ution

met hod hg&e?ﬁgnbamm Q%H??et!}lﬂ%:{]er b '&;gdgg,lleg&%ﬁelp 3%&1”@3@&& SBlume, base

st ereochérni stry or e i scarde I's preterable

that the,Rbw&,@RE LERW nBEdii 8 lf?tﬁﬁeh be synthesized via the asymmetric
reducti on of a ketone wherein a e raw materials can be used. A nore

preferred syntfiefi ﬁref@&ﬁ]@dtooiﬂléél N 38d 25 DRt lif hé Yaf ?1%%11% oﬁ!dcfé}%%er ei n

COI’TpI’I ses acti ng on a ket one, m croor gani sns or trans
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ketone with a sinple structure so as to synthesize optically active

al cohol gyridia; aetﬂd\aﬁbﬂgaﬁbqﬁs@p;ubﬁ ab sttt dr@ide, POdsOROG B hatd) 8r 3RRNA
protein, has been expressed. A method of ‘converting optically active

al cohol bRpfRasR! eBrdRrréd exaRAEE ard BFgAMIcAbAsE), drid RoflpleBiyddoOanelEH frel S
sul fonyl ation of a hydroxyl group. Such sulfonyl ation of a hydroxyl group

i ncl udestrietighniad amdipygidineiret hanesul f onyl agents such as net hanesul f onyl
chl oride or nethanesul fonyl anhydride; p-toluenesulfonyl agents such as

p-t ol uenesul f oTk¢ e@livalentdd aasPuied ivan asiouhomickssagnfoyRuirdeze acid, which is
trifluoronethanesul fonyl ati on agents such as trifluoronethanesul fonic

anhydr i dgencasity géreeatedgenbs-prithet.er it édbsilet®nhoONY eguivalemty, and priferably

met hanesul fonyl group, a p-toluenesul fonyl group, a nitrobenzenesul fonyl

group, alchi@ amitdians hakdédboy texamogt @i, substchta t Aibbaimiag ribdoHtemesdlak any |

group. More preferred sul fonyl oxy groups include a nethanesul fonyl group

and a p-sakvenesul f onyl group, which are industrially inexpensively

avai |l abl e. The anpunt of a sulfonylation agent used in the aforenentioned

reaction is The reaction temperature is generally between -20°C and 100°C, and its
optimum point is different depending on a leaving group to be introduced and/or reaction
conditions. In the case of a particularly preferable methanesulfonyl or
p-toluenesulfonyl group, the reaction temperature is preferably between 0°C and 40°C.

The reaction time can arbitrarily be determined. It is preferable to carry out the
reaction within 10 hours from the viewpoint of suppression of a production cost.

Examples of a carbon nucleophile represented by formula (9) used in the above
reaction may include a malonic ester, malonic acid, malononiirile, a malonic monoester,
cyanoacetic acid, a cyanoacetic ester, and meldrum acid. Preferred examples may
include a malonic ester, malononitrile, and a cyanoacetic ester. A more preferred
example is a malonic ester, which is industrially inexpensive and is easily hydrolyzed.

The type of the alcohol component of the above ester is not particularly limited,
as long as it is a group that does not affect the reaction. Preferred examples may
include: linear, branched, or cyclic alkyl alcohols such as methanol, ethanol, 2-propanol,

I-butanol, or cyclohexanol; and aryl alcohols such as phenol or naphthol. More

preferred examples may include methanol and ethanol.
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" between 1 and 10 equival ents, and preferably between 1 and 2 equival ents,
based on the amount of a substrate. Exanples of a solvent used herein may
i nclude: ether solvents such as ethyl ether, propyl ether, butyl nethyl

et her, or tetrahydrofuran; hal ogen solvents such as dichl oronet hane,

chl orof orm dichl oroet hane, or chl orobenzene; ester solvents such as ethyl

acetate or butvle 3ehal Sr IXaGenRoR a0l B0ke o uGh A, hexpns, 1 0enr gpe.

tol uene; am de so s such f ormam de or pyrro |done

and nitr éi@vﬁ%‘ré’%ﬁgﬁﬂ %ﬁgﬁ]?ﬂﬁuﬁcﬁt Q@h’t‘isrtfﬁkee tht rﬁ&ytoagl%gréﬁ )gagééﬁ&{ §r hhat

sever al vents sele rom anon ese SO vents at any given

ratio anélaﬁﬁ H5ifele enszﬁé ffésﬁl%yﬁﬁtréadﬂaﬁ'dﬁ%%l%ﬁbé ef@rggﬁaémﬁm aeglﬁ%q

acetate are | nexpensi ve and are €a recover

gi ven anpypby ﬁfxclé%zﬁﬂ?:nﬁt 1@%%ef*é@ablbsﬁrduseTi1€a1‘EBH‘ﬁﬂEIeQéh1ﬁz %ﬁ!)ééeé}hoﬁrﬁ is fitich
general |y between O tinmes volune, and preferably 3 and 10 tines

vol une, Q&a@@l tha@Rhat tNOhbIRate] Rhé BWOTRE GTsLEN a SABSA hﬁéleepﬂlfe i EetWe@ﬁ grable
to allow a base to coexist in the aforenentioned reaction. Exanples of a

base useghh8rRuivalthys, a8 | HER: profetbly beRARAS]. 3 WAl B chtivaleh! Bi¥ed OnOthe
pyri di ne; and 1 norganic bases such as sodi um hydr oxi de, pota55|um

car bonat gmott cFadiubERatdi car bonate. Preferred exanpl es are organi ¢ bases,
and nore preferred exanples are triethylamne and pyridine. The equival ent
of a base usedEi#&ingles dfRUBiscn@REsIBathY dferchfutibidd ZRchR6A (ilnair\/\lfﬂcﬁi&lei $netal
generally generated as a by-product. It is between 1 and 10 equi val ents,
and pr ef Rydideyconpoands 2uchiousi sedlv@nhgdridiaselthivin bidridorownil @iide combsindt e. A
base nay al so be used as a solvent. The reaction tenperature is generally
bet ween s’ &5 dhbieh)dii€hprapdaimide o Fotaseiind tieRiméthydiditheidenorgh@pe aditaly on a
| eaving group to be introduced and/or reaction conditions. In the case of
a parti cobmapdyndssadressaipbetyhithhan esisbpropylmaphesium bromide; alkaline metals such

Any

as sodium, potassium, or lithium; alkaline earth metals such as calcium or magnesium;
metal alkoxides such as sodium methoxide, sodium ethoxide, or potassium t-butoxide;
and inorganic bases such as sodium hydroxide or potassium carbonate. Preferred
examples may include metal hydride compounds, alkaline metals, and metal alkoxides.
More preferred examples may include sodium hydride, sodium, and sodium methoxide.

The amount of a base used is between 1 and 10 equivalents, and preferably
between 1 and 3 equivalents, based on the amount of a substrate.

Examples of a solvent used herein may include: ether solvents such as butyl
methyl ether, tetrahydrofuran, 1,2-dimethoxyethane, or dioxane; halogen solvents such as
dichloromethane, dichloroethane, or chlorobenzene; alcohol solvents such as methanol,
ethanol, or 2-propanol; hydrocarbon solvents such as hexane or toluene; amide solvents
such as dimethylformamide or N-methyl pyrrolidone; and dimethyl sulfoxide. It may
also be possible that several solvents selected from among these solvents be mixed at any
given ratio and be used. Preferred solvents include methanol, ethanol,
dimethylformamide, tetrahydrofuran, and toluene. @A more preferred solvent is

tetrahydrofuran, which is a highly polar solvent, in which the reaction smoothly
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p-tol uenesul fonyl group, the reaction tenperature is preferably between O C
and 40'C. The reaction tine can arbitrarily be determned. It is preferable
to carry out the reaction within 10 hours fromthe vi ewpoi nt of
suppression of a production cost. Exanples of a carbon nucl eophile
represented by fornula (9) used in the above reaction may include a mal onic

ester, ng}c%@és@esagh@wmﬂ ee@;lr,yé Blk 'ifm 8n TR0 ?argpgﬂ?%é{ tractiGy, 3MARGE pfé aci d,

a cyanoacetl c est er, rurn acild. Pre es may i nclude a

mal oni ¢ @éﬁt%maﬁah%&ftdde& Bot @aﬁge BroblRNORE Bld fexabfr - A more preferred
exanple is a malonic ester, which 1s industrially 1 hexpensive and is easily

hydrol yzed. Thﬁnwgl%@faxﬁdiﬁt FCEIPent CRAP ML ke THC 1RBANE £ S ShIvbrt ROT
particularly limted, as long as it is”a group that does not affect the

r eact | on geR @l bERFbcRXABTUNES20Miesi S ECsaskd BAGhe M@fﬁshﬁda T xﬁé’tﬁhélc
al kyl al cohol s such as net hanol, ethanol, 2-propanol, 1 -butanol, or

cycl ohexgitiratedndHwewker, &JSQQJE?E@ (IEACHG ﬁh@dﬁlﬁly ogﬂs@ﬂ%@t BQmallbbEouft &f er r ed

exanpl es may i nclude netha and et hanol . 43 e anount of a carbon

nucl eophisdigentsie préferahpdnased loyadeeleysre thel reabflor Pate. €M iiy BeRies 1DASEY thiest he
anount of a substrate. In order to suppress generation of a dialkyl form

gener at edolned ahé sdre podfeiably b&aetn Qrandf 4 finfdd holilthe agfd sulst vallge wftah a
single carbon nucleophile, it is preferable to use a carbon nucl eophile
whose aneubiraiess nmuch greater than that of the substrate. The anmpunt of
such a carbon nucl eophile is between | and 3 equival ents, and nore
preferably bet Bhencattidn tampe2atOreeiy icviadatinttetwdeasEd ad 1006C, anblnbpiddum

substrate. Exanples of a base used in the aforenentioned reaction may
i ncl ude: poit as diffigreinti digpendinpoamt= e hofas leawitigu proay dori dgbar nhicledphila or
hydri de; netal am de conpounds such as lithiumdiisopropylam de or
pot assi ungdetizmnenditibmli. silh azrdetd¢g suppgessiracemeration, tempativdds preférably carried
n-butyllithium or isopropylmagnesi um brom de; alkaline metals such as
sodi um put sissilemnteroperpivrd ivitin alrkadtiometimarthdt iseotite bngh &s theatase wihaor
magnesi um  metal al koxi des such as sodi um net hoxi de, sodi um et hoxi de, or
pot assi unsactipytodxhejeompound represented by the above formula (3) having a partlcularly
preferable methanesulfonyl or p-toluenesulfonyl group with a malonic ester, the reaction
temperature is preferably between 30°C and 100°C, and more preferably between 50°C
and 80°C.
The reaction time largely depends on the type of a leaving group or carbon
nucleophile or reaction conditions. It is preferable to carry out the reaction within 10
hours from the viewpoint of suppression of a production cost. However, since the
optical purity of a product decreases if harsh reaction conditions such as a high
temperature are applied to reduce the reaction time, it is necessary to select appropriate
conditions such as the reaction time, temperature, or a solvent.
When the optically active compound represented by formula (4) obtained by the
aforementioned reaction is converted to the optically active 1-methylalkyl malonic acid
represented by the above formula (1), the above compound represented by formula (4)

may be used in the form of a reaction solution without being purified. However, it is

preferable to purify it by methods such as distillation and/or extraction, so as to obtain
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and i norgani c bases such as sodi um hydroxi de or potassi um carbonate.
Preferred exanples may include netal hydride conpounds, al kaline netals,
and netal al koxides. More preferred exanples may include sodi um hydri de,
sodi um and sodi um net hoxi de. The amount of a base used is between | and 10
equi val ents, and preferably between | and 3 equival ents, based on the

amount ofyp acaw%ﬁ{f@mnetﬁﬁar@lﬁél&.h%gma%vlﬁgtﬁyﬂgg&ggﬁﬁ{ in may include: ether

sol vents such”as butyl tetr 1, 2- di met hoxyet hane,

or di oxane; hahaugampRl Uﬁﬁ‘h&t&!ﬁ@f@&veﬁir@‘ﬂh@%ﬁ@% E@}ﬂf‘oun‘a't%m PR 5@% or

chl or obenzene; al cohol sol vents such as et hanol hanol propanol

hydr ocar hafeth@la§N tndal Si6 Mhchp 1§1§>&ﬁé‘tﬁoﬂ’roft&|n¥}€ﬂﬁﬁg Al @@h %Hﬁ)r # Bfdhods
di met hyl f ormam dé or N-net hyl pyrrolidone; and di nethyl sulfoxide.” It may

al so be paspl Bl £cirBakylSEYES By HO0ANE MHettsteal ellafi tRMBERNE: tHESR. SO Ment s

be mixed at any given ratio and be used. Preferred solvents include

et hanol alsetpoadislk to appliyet dapklios AR ddesuch @F caleaion bf aefan@rgfotq@ td@nesterA NOI €
preferred solvent is tetrahydrofuran, which is a highly polar solvent, in

whi ch t hgroupafollowed Hyagidablysis 44HpWeYES $Si8 prefRMbloMy Edhvest t6aRpaicald geifyeom an
aqueous | ayer during extraction, and even the contam nation thereof does

not causé-méthplatiyd nfabenié Beidrexd singRBtepAya Bydtnd 3ol beehuseahy ahbamyr be
used. The anmpunt of a solvent is generally between 0.5 and 20 tinmes vol une
based onstepecambamsduadd. a raw material substrate. However, as long as the
reaction snoothly progresses, a smaller amount of solvent is preferably
used t o accel eEaamplehef a esagbntoused dh ¢he dfbrensentietakreactionamdy hcludee sminarall une,
and nore preferably between 2 and 4 tines volunme, based on the volune of a
subst r at ecid¥remch esc sulfurie enjie vathydeodhdorde meidal ingrganicwbases GuCh amd sddiGmC, and
its optimum point is different depending on the type of a |leaving group or
car bon nbgdreaplei Ipetassivay bpdrokigie, ©omitdssivns cafbonater end tovgmiip (hassssuch as
racerni zation, the reaction is preferably carried out at a |ow tenperature
wi thin aliediezatieycla[fd-Glhadechse-fen pocolomy. mé¢thoxile cBsdeméd sxamples of

such a reagent may include sodium hydroxide, potassium hydroxide, sulfuric acid, and

hydrochloric acid, which can industrially inexpensively be used.

Examples of a solvent used herein may include: ether solvents such as propyl

ether, tetrahydrofuran, 1,2-dimethyoxyethane, or dioxane; halogen solvents such as

dichloromethane, dichloroethane, or chlorobenzene; alcohol solvents such as methanol,

ethanol, or ethylene glycol; hydrocarbon solvents such as hexane or toluene; amide

solvents such as dimethylformamide or N-methyl pyrrolidone; organic acid solvents such

as formic acid or acetic acid; dimethyl sulfoxide; and water. It may also be possible to

mix several solvents selected from among these solvents at any given ratio and to use it.

In order to carry out hydrolysis, it is preferable to use water, or a mixed solvent system

consisting of water and a solvent capable of mixing with water. Examples of such a

solvent capable of mixing with water may include tetrahydrofuran, methanol, ethanol,

and acetic acid. A more preferred solvent is water.

Any given amount of solvent may be used. The amount of a solvent is

generally between 1 and 20 times volume, and preferably 2 and 8 times volume, based on
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reacti on of the conpound represented by the above fornula (3) having a
particularly preferabl e nethanesul fonyl or p-toluenesul fonyl group with a
mal oni c ester, the reaction tenperature is preferably between 30' C and
100' C, and nore preferably between 50*C and 800C. The reaction tine

| argel y depends on the type of a |eaving group or carbon nucleophile or
reactiony rkﬁhﬁl%%?ﬁra\khdt&}aqrsﬁﬁs‘?{a@l e to carry out the reaction within 10
hours fromthe viewpol nt of suppression of a production cost. However,
since the optigal o RidLiL Y. aq | es.if Cie0

condi tions such asoﬂ:?t H%h“ﬂ{”%n%ge%@éyg?gﬂ@%%@é% rtegl%ée %c{:y’t g rgbé%vgti on

time, itféﬁlmée@gﬁgu BusiPhfhe 8BRS ORGlaRlELy, C M HhoB ﬁ%lf@gﬁ ShEASE is

reaction tine, erature, oOr t. e optrc tive

d o . 1 « f I
conmpound nLeRLEREMN.CH RYprERIABIL 3o flﬂc):rlelgé%t tHen 5&1&%’_ ) rret%ir‘u Jl)?al&a?cgﬁﬁﬁﬂuﬁﬂ edrpe

reaction is converted to the optically active yl' mal onic acid

represen To%ica@ ?g@it}ﬁaﬁ&%\‘%ﬁlﬁﬁﬂﬂﬂnﬂs bloferablieoPhQVS GesBOU %Jeeaoﬁigﬁ@rrﬁpﬁgglb y

formla ( e used in the formof "a reaction sol ution wthout being
puri fi edpuligney elequirdd ivwhenPhd @omfpofind OisPUgddl ¥si 4 taes saedakSor
distillation and/or extraction, sOo as to obtain optically active 1

- et hyl alidg¢gimdmdtonite @sicdl pambyns okl gRFEraBl’ 94%ee OP AP bR Partdul@iyhod of

converting the above conpound to optically active 1-methylal kyl nalonic

acid is @réfatabgobmeep@‘gfeﬁbﬂ, ng an ester group and/or a cyano group to a
carboxyl group by an acid treatnment, an alkali treatnent, or the like. It

is also possiBuéh tosafiiayion 6180 $ ComBionodyabitiRatich BRhodr & ®BcipftattngCyano
group to an ester group followed by hydrolysis. However, it is preferable

t 0 converktystabs Gjpimi aadollytichCiiickieas dn eRfirdvt] AdclgwtaliBdtiON @Wngsisthgbisevlsingddye st ep
in a hydrated sol vent because the nunber of steps can be reduced. Exanpl es
of a reagelventusddtition) lidatingf ar thediitd, e@pgtals @act pestipiayed by lopaations Bathahs
acids such as sulfuric acid or hydrochloric acid; inorganic bases such as
sodi um leyoeenkiatiey, patlmgsionmolwedt adidden, and pheagaedipitampboryatals; frand tler gani ¢
bases s ucscr:lu?ics)n, and a method such as washing the generated crystals with a solvent.
Examples of a solvent used herein may include: ether solvents such as propyl
ether, methyl butyl ether, tetrahydrofuran, 1,2-dimethoxyethane, or dioxane; halogen
“solvents such as dichloromethane, chioroform, dichloroethane, or chlorobenzene; alcohol
solvents such as methanol, ethanol, 2-propanol, or ethylene glycol; ester solvents such as
ethyl acetate or butyl acetate; nitrile solvents such as acetonitrile or propionitrile;
hydrocarbon solvents such as hexane, heptane, benzene, toluene, or xylene; amide
solvents such as dimethylformamide or N-methyl pyrrolidone; dimethyl sulfoxide; and
‘water, It may also be possible to mix several solvents selected from among these
solvents at any given ratio and to use it. Preferred examples of a solvent may include
propyl ether, hexane, heptane, benzene, toluene, and ethyl acetate, which are inexpensive
and wherein the drying of crystals is easily carried out. More preferred examples may
include heptane, toluene, xylene, and ethyl acetate, which have relatively high flash point

and have good industrial handlability. A particularly preferred example is toluene,

wherein the solubility of a product of interest is kept within an appropriate range, the
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1, 8-di azabi cycl o[ 5. 4. 0] undecane-7-en or sodi um net hoxi de. Preferred
exanpl es of such a reagent nmay include sodi um hydroxi de, potassium

hydr oxi de, sulfuric acid, and hydrochloric acid, which can industrially

i nexpensively be used. Exanples of a solvent used herein may include: ether
solvents such as propyl ether, tetrahydrofuran, 1, 2- dinethyoxyethane or

di oxane; s&lﬁ&ﬁ%‘a'&iﬁ g'{?\ﬁﬁ%é SYED i8Sela ﬁ{,&?']ﬁ%{?ﬁ%&‘%ﬂﬁch di anoﬁo b%iﬂﬁﬂﬁyl 1 e

chl or obenzene; solvents suc hanol

glycol ;| bydiQofs eRingfl yehhsestiCh as hexane or toluene; amide solvents
such as drnethyl for r%l m%e o? N-net hyl pyrrolidone; organic acid solvents

- such as form gnachdedlanRhfl If ¢ M% dSUHgﬁXhl%untaBP a"‘@&l@ént it may

al so be possibletdo mx several solven ected from anong t hese

sol vent sgaerfAY bBiweRA I%HOS@@Hnésovélﬁﬁle' Basedl(ﬂl A ShIvhe: Sﬁrar Yav® Yhaterial
hydrolysrs, it is preferable to use water, or a mxed solvent system

consi st E\ﬂasﬁﬁte\NaEﬁ{ceQHéiaxﬂoﬁﬁo\f%%lv%ﬁpﬁtﬂsﬁac@itedﬂm&hmﬂe Yaldb fillizdnoangy! es of
such a solvent capable of mxing with water may include tetrahydrofuran,

et hanol theeédidOlthe s@AREnta§elsi ppasiirihte fb WBE @n RKGEREEEMSIP MRkt bS sdRb@r . Any
gi ven amount of solvent may be used. The anmount of "a solvent is generally

bet ween diiafita 2hgt lii@hiotofhd Parpoad GoérbteNiion antbiachidvedE SO bibfErablgased
on 46 the volunme of a raw nmaterial substrate. The optically active
1- met hy| alaky 1 20n@heniveluae] gnd afie pasterablydbetivhén ahaud o timeiblamelbased oa
conpound havi ng good crystallinity. Wien the optical purity thereof is not
suf fi ci ethe,voliimé 8f prat atapdelad siitetratecr ease the optical purity by
crystallization. The optical purity after crystallization is preferably
90% e or greater. Since a higher optical purity is required when the
conpound is used as a pharmaceutical material or internediate, the optical
purity i 8. nOpécgdhedaivalllmethsbiley] amalonieatidr, and particularly preferably
99%ee or greater. Such crystallization includes a comon crystallization
met hod of precThe patically aativest-aleshylalipl amadwiictacidnos thehprasenanineeationds ,a
recrystallization conprising dissolving by

compound represented by the following formula (1):

COsH 1

In the above formula (1), R' represents a linear, branched, or cyclic alkyl group
containing 3 to 5 carbon atoms, such. as an n-propyl group, an n-butyl group, an n-pentyl
group, an isopropyl group, an isobutyl group, an isoamyl group, or a cyclopentyl group.
Of these, R! preferably represents an n-propyl group, an n-butyl group, an n-pentyl group,
an isopropyl group, and an isobutyl group. R' more preferably represents an n-propyl
group or an n-butyl group.

In addition, * represents an asymmetric carbon, which may be either an R-form
or S-form. It is preferably an R-form, and the optical purity thereof is generally 80%ee
or greater, and preferably 90%ee or greater. Since high optical purity is required when
the above compound is used as a pharmaceutical material or intermediate, the optical

purity is more preferably 95%ee or greater, and particularly preferably 99%ee or greater.
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solvent addition, heating, or the |like, crystals once precipitated by
operations such as concentration, cooling, or solvent addition, and then
precipitating crystals fromthe solution, and a nethod such as washing the
generated crystals with a solvent. Exanples of a solvent used herein may

i ncl ude: ether solvents such as propyl ether, nethyl butyl ether,

hydr of | h
i chi or omet hanat® SEFsHL FEIARS Jv‘Eﬁaoroet‘?“rﬂa Sheuia0ey, BALAGED 1 300 RS uch 2
sol vent s .g4i6dr.as E@e{?o{h’e (fést&gﬁ}%m @f ap[le:ﬁ) hreShdI fe'ﬁﬁec?hy it uRSt er
a buty acet

sol vents suc S yl" acet at nitrile solvents such as

aceton't%%déﬁ(@'ih@ﬁl?%%ﬂ?ﬂi\;eﬁh&? hydrocar bon solvents such as hexane,

hept ane, nzene uene, or xylene; am de solvents such as

di met hyl f ormam de or N-net hyl pyrrolidone; dinethyl sulfoxide; and water.
It may al so be possible to m x several solvents selected from anong these
sol vent spataPy gl ven ratio and to use it. Preferred exanples of a sol vent
may include propyl ether, hexane, heptane, benzene, toluene, and ethyl

acet at e, Ewhinglt R (ol AT AHR0] ﬁmng@ﬁi&n Reth i), GHiNg Hﬂcr@f)rgﬁﬁ%ﬁ"sﬁ' sis
easily carried out. Mdre preferred exanples may include heptane, toluene,

xyl ene, and Iedlidn agehdé@orgihiseR BaNGaligd aS) vepeardtion hirbhashepainghe @afmd have

good industrial handlability. A particularly preferred exanple is toluene,

wher ei n hhemaﬁgaui:smsl%?ne@hng(wmmo@ﬁohm:a&@ﬁones kept within an
appropriate range, 47 solubility of inpurities mxed is relatively

hi gh, and whi cRaethablaiourtgpdsift @il Bkl shoGhyigtRbie Dwak itocslate] & 21Senl
t hereof. Any given amount of solvent nay be used. The anpbunt of a sol vent

is genepélligpibeichan consistin®dft3 s yeasiusRrdeagednofciuhel vl Difgr)ps /Iy aw
material substrate. Since the anpbunt of a solvent is associated with the
scal e of POLYRPAIONE@hdnufacured tHyeNdest Phdrniabential Wont Lidi)i 3i g/Lamaltapidaat € t o
use an extrenely small amount of solvent wthin a range in which the
pur pose f{mandhgtated by Pafcoprandal0 pd. giuboev@shnufictirsd fyaf dwoaBhpkuhindbakd20
times volunme, and nore preferably between | and 10 tines vol une, based on
t he vol ufe.dftda. r Bvwasathen rabbialhs tuladred at 30°C for 24 to 72 hours. 1 ml each of a
culture solution was collected from each of the obtained culture solutions, and a cell
mass was then collected by centrifugation. Thereafter, 0.04 ml of a Tris-HCI buffer
solution (pH 7.0) and 0.028 ml of desalted water were added to the collected cell mass,
50 that the cell mass was sufficiently suspended therein. Thereafter, 0.05 ml of 100 g/L
glucose and 0.02 ml of 12 g/L. NADP™ (manufactured by Oriental Yeast Co., Ltd.) were
added thereto. Subsequently, 0.01 ml of a solution obtained by dissolving 2-pentanone
or 2-hexanone used as a reaction substrate in 2-propanol resulting in a concentration of
100 g/L., was further added thereto, and the obtained mixture was reacted at 30°C for 20
hours.
After completion of the reaction, the reaction solution was extracted with ethyl
acetate. The generated (S)-2-pentanol or (S)-2-hexanol was then quantified. The
product was quantified by gas chromatography (GC) using an ethyl acetate extract.

Conditions for GC are as follows:

Column: B-DEX120 (manufactured by SUPELCO; 30 m x 0.25 mm ID, 0.25 pm film)
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4. Optically active 1-nethylal kyl mal onic acid The optically active

1-met hyl al kyl malonic acid of the present invention is a conpound
represented by the following formula (1): R11,tyCO2H CO2H In the above
formula (1), R represents a |inear, branched, or cyclic al kyl group
containing 3 to 5 carbon atonms, such as an n-propyl group, an n-butyl

group, a@aﬁ1eﬁ’eﬁé¥l5mgﬁﬁﬁ'% h{aplsbsopropyl group, an isobutyl group, an
i soarnyl group, or a ¢ pentyl group. O these, Rl preferably represents

an n-pro l4 y s r |
gr oup, %1\151%{ ﬁé&g rél r@gﬁd ]%rf%rrgummc erarhtg QS) eﬂtégglén?@ a?\‘tﬁ %{r?%l
group Ol’qgéaltllﬁ-cgﬁl(?] %9 dln addition, * represents an asymmetric car bon,
whi ch may be eit A Rform or Sform It is preferably an R-form and
the opti ¢ahpBFir Yorli 51%1{ dsge@eneral |y 80%e or greater, and preferably
90%e or gr eat er. Si |gh optical purity is required when t he above
corrpoundDe&cﬁ§@¢I@sQﬁ)oghar maceutical material or internmediate, the optical
purity is nore preferably 95%e or greater, and particularly preferably
99%e or G &AlRsdzu @8-1BRAe present invention will be nore specifically
described in the follow ng exanples. However, the descriptions of these
exanples are not intended to limt the scope of the present invention.
EXAMPLES Exanple A (Production of al cohol having optical activity, using
i croor gani smsThé *gsults Af afuagnifietionl F G DPRIUSTH HERBERA 1A Tabf) 1 2amk tHeanol
from 2-pentanone and m croorgani sns generating (S)-2-hexanol from

2- hexanorsulaehqueitifiaiti@ust (Sy-Rasexainolcee khawid @ Tblshown in Table | was
inoculated in 2.5 m of liquid mediumconsisting of 5 g/L yeast extract
(manufactured by Difco), 5 g/L POLYPPTONE( manufactured by N hon

Phar maceutical Co., Ltd.), 3 g/L malt extract
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(manuf actured by Difco), and 20 g/L glucose (manufactured by N hon Shokuhin
Kako Co., Ltd.). It was then aerobically cultured at 30'C for 24 to 72
hours. 1 m each of a culture solution was collected fromeach of the
obtained culture solutions, and a cell mass was then collected by
centrifugation. Thereafter, 0.04 ml of a Tris-HCl buffer solution (pH 7.0)
and 0. 028,pj. jof desalted water were added to the collected cell mass, so
that the cgll mass was sufficiently suspended therein. Thereafter, 0.05 m

of 100 g%ast%eﬁ%ﬁg% @dz'ge@%j‘mfr&ﬁ 23!%11%{ bnNADP+ (nanufactured by Oriental
Yeast Co bsequently,..0.01 nm of a solution

obt ai ned i,.8sol vi ng 2-pentanone or 2-hexanone as . i
substr at ectélyln&?ﬁf)ropanol resulting in a concentrat i%(ﬁd%%f 180(5&183?@&%%2
further added thereto, and the obtained mxture yas reagcted ap, 30; C for 20
hours. After conpletion of the reaction, the reaction solution was
extracted with ethyl acetate. The generated (S)-2;J
(S)-2-hexanal wa quant i fi.e c 0d N

1 d h DI odu quan ied by~ ga
h i hyl ) diti f
2o Fon| ounaRereR WA o T e R Sort B 30 | i 0725 in D,
0-25 ~t MLkl 0, FALEGLs 16 15 M hghaic gbi L 1350, Col umyremper of ur e

50' C during quantification of (S)-pentanol, and 65 uring “quantification

of (S)- h%@%ﬁﬂ%ﬁ{s& ure for inject il@l’-?' FZO%%C tﬁcti on: i:d 250-SC GC.

Shi madzu esults of quantification of (Sj-2-pentanol are 'shown

i n Tabl e(%{nd%%_g%ﬁ%i igasul ts of quanti fdé‘sa&@n of (1%6' 2- hexaﬂﬂj are Sshown

in Tabl e

Candida zeylanoides JCM 1627 1.45 100 S
Hortaea werneckii NBRC 4875 1.34 100 S
Lodderomyces elongisporus NBRC 1676 1.25 100 s
Pichia segobiensis JCM 10740 1.16 100 s
Pichia spartinae JCM 10741 1.48 100 8

Bacteria generating (S)-2-pentanol from 2-pentanone

Cell strain Product Optical purity of
concentration product
(g/L) (Toe.e)
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Yeast generating (S)-2-pentanol from 2-pentanone Cell strain Product
Optical parity of concentration product (g/L) (%e.e.) Brettanonyces
bruxel I ensis NBRC 0629 1.07 100 s Brettanonyces bruxellensis NBRC 0797
1.18 100 s Candida tropicalis NBRC 0006 1.17 100 s Candi da zeyl anoi des
CBS 6408 1.36 100 s Candi da zeyl anoi des JCM 1627 1.45 100 s Hortaea

wer necki iy 100 S Lodd | ongj sporus N 1676 1. 25
100 s P c’ﬁ“.éaﬁgégéﬁ’b?ﬁﬁ’?’g JCM 10740 %%tcg%ﬁ P LR spar finae JOM 10741
1.48 10045 Ligrggnerating (S)- 2-pent fro pent angRe OeII strain
Pr oduct t| ca?lteggrl tygof concentrati on pro uct P%L) (%(ra196 ) 51°

Arthroba‘gé.%;o Egpbk&fhrgbg% 12137 1. %%N?g 3 ESMAgﬁgrobact ?ggoxydags DSM

20120 1 terpolychronngenes 2. 36

St car of hories f%@%ﬂﬁ@@é%ﬁc&li%?cé% Baci 1 164 st ear 0t er mopfi | us
| AM 1190}%”315;&9111}3 Othgﬁﬁ%%l%u us stggggﬁ;&rggﬁphl I f'§4| AM 11q%ﬁ 1.48 100 S

Geobaci | Pis ‘St ear ot ernmophirTus 1AM 1 100 M crob erium’
test aceupd, JIM A3 drothemISohiius IAM 11002 1.39 100 s
Geobacillus stearothermophilus IAM 11004 1.48 100 8
Geobacillus stearothermophilus 1AM 12043 1.06 100 s
Microbacterium testaceum JCM 1353 1.2 100 s
Ochrobactrum anthropi ATCC 49237 1.47 100 s
Ochrobactrum sp.
(Pseudomonas ovalis) NBRC 12950 1.02 100 s
Ochrobactrum sp.
(Pseudomonas ovalis) NBRC 12952 1.49 100 s
Ochrobactrum sp.
(Pseudomonas ovalis) NBRC 12953 1.57 100 S
Rhizobium radiobacter IAM 12048 1.1 100 S
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Ochr obactrum

s Rhi zobi um
(S) - 2- hexanol

ant hr opi

r adi obact er

from 2- hexanone Opti cal

concent r ghy 92 of product
dll a

100 s Can

famata ATCC 10539 1.20 93.0 s

a

100
100 Yga“%%”‘

% (PRl

1.51 100 s

ATCC 49237 1.47 100 s
oval i s) NBRC 12950 1.02 100 s

12952 1.49 100 s Cchrobactrum sp.

Ochrobactrum sp. (Pseudononas
Cchrobactrum sp. (Pseudononas ovalis) NBRC
(Pseudononas ovalis) NBRC 12953 1.57 100
| AM 12048 1.1 100 s 52 Table 2 Yeast generating
purity Cell strain Product

(g/L) (%Brettanonyces anomal us NBRC 0627 1.23
Candi da krusei JCM 2284 0. 68

;ngﬁg 00 s Candida krusei NBRC 1664 1.10
9 ) 100 s Candida zeyl anoi 6408

| ssat chenki a scutul ata varscutul ata JCM 1828 1.07 91.
Lodder onyces el ongi sporus NBRC 1676 1.58 100 s

S
Pi chi a angusta NB(%&cai%lﬁﬁ

1.1 s Pichia angusta NBRC 1071 0.94 100 S Pighi i1 a JeM.1830
1. Sgeggggﬁs Pi chi a segobiensis JCM 10740 1.48 100 %ﬁu@tcg&%ﬁu%%y Ot% ©

(g/L) (% e.e.)

Brettanomyces anomalus NBRC 0627 1.23 100 s
Candida famata ATCC 10539 1.20 930 s
Candida krusei JCM 2284 0.68 100 s
Candida krusei JCM 2341 0.88 100 s
Candida krusei NBRC 1664 1.10 100 s
Candida maltosa NBRC 1977 1.48 100 s
Candida zeylanoides CBS 6408 1.51 100 s
Issatchenkia scutulata var.scutulata JCM 1828 1.07 918 s
Lodderomyces elongisporus NBRC 1676 1.58 100 s
Pichia angusta NBRC 1024 1.16 100 s
Pichia angusta NBRC 1071 0.94 100 s
Pichia cactophila JCM 1830 1.30 939 s
Pichia segobiensis JCM 10740 1.48 100 s
Pichia trehalophila ICM 3651 1.16 100 s
Rhodotorula minuta NBRC 0879 0.92 100 s
Bacteria generating (S)-2-hexanol from 2-hexanone

Optical purity
Cell strain Product concentration  of product

{g/L) (% e.e.)

Arthrobacter sp. DSM 20407 1.04 100 s
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Pichia trehal ophila JCM 3651 1.16 100 s Rhodotorula m nuta NBRC 0879 0.92
100 s Bacteria generating (S)-2-hexanol from 2-hexanone Optical purity
Cell strain Product concentration of product (g/L) (%e.e.) Arthrobacter
sp. DSM 20407 1.04 100 s 53 Arthrobacter sulfureus JCM 1338 1.26 100 s
(Brevi bacteri um su~fureum Brevibacterium butani cum ATCC 21196 1.12 100 s

Br evwflg@tfg;eigggﬁr%%ureum JCM 1485 0.5 100 s Curtobacteriunflaccunfaciens

M crobact eri um ke Alegkyticum N 13309 1. 100 s
régfi; E«%h%‘ &?e JCM 1352 1. 25 10{) S r}‘}%#gcr obact er%::gu%m sp. NB@@ 615
8% um ant hropi ATCC 49237 0.91 100 s GCchrobactrurn sp.

g\F/’Z?p ?gﬂ un%%lgéi%%mNBRC 12952 1.58 1051 @gefnﬁpgobactrurmé%% 1( PseLi%Bm)nas

73 100 s Paracocclus ri ficans 2442 917100

131 et SRR Gococous sp. aToc TG0 22 100 05 or ynebadPer fum

%

hyd 't%?f%ctz)cqgfln?nsz tﬂ‘é'z@umfaczens ATCC 12813 - 1.29 100 s
Microbacterium keratanolyticum NBRC 13309 1.16 100 s
Microbacterium saperdae JCM 1352 1.25 100 s
Microbacterium sp. NBRC 15615 0.68 100 s
Ochrobactrum anthropi ATCC 49237 0.91 100 s
Ochrobactrum sp. (Pseudomonas ovalis) NBRC 12952 1.58 100 s
Ochrobactrum sp. (Pseudomonas ovalis) NBRC 12953 1.73 100 s
Paracoccus denitrificans NBRC 12442 1.91 100 s
Rhizobium radiobacter IAM 12048 0.91 100 s
Rhizobium radiobacter IAM 13129 0.79 993 s

Rhodococcus sp.

ATCC 15960 1.22 100 s
(Corynebacterium hydrocarboclastum)

(2) Isolation of carbonyl reductase derived from Issatchankia scutulata var. scutulata
JCM1828 strain

The Issatchankia scutulata var. scutulata JCM1828 strain was cultured in 2 L of a
medium (80 g of glucose, 20 g of yeast extract (manufactured by Difco), and 40 g/L
peptone (manufactured by Kyokuto Pharmaceutical Industrial Co., Ltd.)), and a cell mass
was then prepared by centrifugation. 150 g of the obtained wet cell mass was
suspended in 10 mM potassium phosphate buffer (pH 7) and 0.1 mM DTT (hereinafter
simply referred to as a “buffer”), and it was then crushed with DYNO-MILL KDL

(manufactured by Shimaru Enterprises Corp.). Thereafter, the cell mass residue was
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(2) Isolation of carbonyl reductase derived fromlssatchankia scutul ata
var. scutulata JCML828 strain The |ssatchankia scutulata var. scutul ata
JCM 82 8 strain was cultured in 2 L of a nedium (80 g of glucose, 20 g of
yeast extract (manufactured by Difco), and 40 g/L peptone (manufactured by
Kyokut o Pharnmaceutical Industrial Co., Ltd.)), and a cell mass was then

pr epar ed : {54 | 1 e & |

D1 ePar edchnRgal 5] HUBRRAon 1 50u0PLyblics AP R aGklcaflBE TEUEDOC

(her ei nalyehdded WthY cLIREREEHaliGo Booheeitdibflotho A%add miRbidiimikished
with DYNG-MLL KDL (manufactured by Shimam Enterprises Corp.). Thereafter,
the cell waBSBed RH AURMESI G ol GLAAUARONtCLARL DrlsiiRkd Ofis hliffied @yobt ai n

a cell-free extract. Thereafter, PEGO000 was ad o the ree

extract téntAfARGENt Mk Ohtafled OQuthatarNtral NBeR DhBREY W XIHEE ex®Ringehen
left at rest at 4°'C for | hour. Thereafter, the precipitate was elim nated
by cent ghibou@@idradhy TRRgOMEAMed: ENBEANFINRS(midM@Phchi#bd €6y efmbRhaR! On
exchange chronmat ography using E Sepharose Fast Fl ow (manufactured by
Arer shami@c@ﬁeéﬁ,nﬁf&bphmari@@mabﬁ dhiérBABE bR 1B a2 S cpbhoseisi FestBut yl
Sepharose 4 Fast Flow (manufactured by Amersham Bi osciences), anion
exchangeFidw Bt dadtafdybyuaindgshaMoBRRrien@RY fatdnué:etaibe ANiehsiariphy using
Bi osci ences), and Gel filtration chromatography using Superdex 200
(manuf acMumed) yaifestaiRdbyBiraseiiRne Bidsciehled)nahd Gal Biiytion tledbatcaassphef
interest could be purified to a single band in el ectrophoresis. During
puri fi causiag, Stjeedactld0d (yvaoffagtarddoby! AhegsleimSBiovdEsneERssy abatbyarbeayit i ng
the reaction solution containing an enzyne solution (100 nM Tris-HC (pH
7.5), 0. 8Rlucraké dPADERIst acdldDberrified ce b @dglc3banldl in elecRophicrpdsnone) at 37' C and
t hen cal cul ating the anmount of NADPH consunmed based on a decrease in the
absor bance at Bafingpurificationt tie aviagyné pabbnylfredintasaheashensaed bSREATRAMAX
190 (manufactured by Ml ecular Devices) was used. It is to be noted that
the act i et seacipesdatign tontainings amvengynie sobotion {1 0NGMPH risddCL (pHL rfud)e 0i32 t he
af orenenti oned reaction was defined as 1 U

mM NADPH, and 2 mM 1-acetoxy-3-chloro-2-propanone) at 37°C and then calculating

the amount of NADPH consumed based on a decrease in the absorbance at 340 nm. For
the measurement of the absorbance, SPECTRAmax 190 (manufactured by Molecular
Devices) was used. It is to be noted that the activity necessary for consuming 1 nmol of
NADPH for 1 minute in the aforementioned reaction was defined as 1 U.

The results regarding purification of carbonyl reductase derived from the

Issatchankia scutulata var. scutulata JCM 1828 strain are shown in Table 3.
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The results regarding purification of carbonyl reductase derived fromthe

| ssat chanki a scutul ata var. scutulata JCM 828 strain are shown in Table 3.
Table 3 Purification step Total activity Total protein anount Specific
activity Purification Yield (U (nmg) (Ung) magnification (0/0 Cell-free
extract 1360 16800 0.0810 1 100.0 PEGG000 surfactant 693 4680 0.148 1.83

51.0 DEAf,Sepharose FF 857 266.0 3.22 39.8 63.0 Butyl Sepharose 4 FF 488
10.6 460562 35.Q MnoQ 592 3 11 190 2351 43 5 Superdex2QQ 348 1 038 335

4141 25. BuifGonSidper d%&@&w@,pt ¥ pi&eaacalnbm at shdige Rwﬂ?f bGRLAGN Stefs shown in
the above Table 3 was analyzed by pol yacryl am de gel el ectrophoresis
(SDS-PAGE). As a result, iy was foundgighat the puidd)i edatmiei N Waggal most
a single-band, _and that the mplecular _—weight thereof was approximately

40, 000 Deep-feddxirastibstrate spgcificity ofgod sADHL W thzipegar d to vari s _
car bonyl conpounds, a reaction solution (100 MM Tris-HCl (pH 7.5), 0.32 nmM
NADPH, apghesnodufiMasubstratgy cont ai ni nggg he carbonylsg reduct age sol 4l on
purified in (2) above was prepared, and it was reacted at 370C. The anount
of NADPHpegmsttamd rFn the rgacti on sol ukéi®n was noniiared basegk on tdig
absorbance at 340 nm so as to nmeasure carbonyl reductase activity to each
conpoundpuyl B@hardsbverrreasur egent of t he afsor bance, SBECTRAmMaX 5390 359
(manuf actured by Mol ecul ar Devices) was used. The relative activity of

car bonyl me®quct ase to eachsssubstrate @genpound obt aigsaed whenasar bongls
reductase activity to 1l-acetoxy-3-chloro-2-propanone was defined as 100 is
shown i nswpakdkmod4. 56 Tabl essd 1.038 335 4141 25.6

The superdex200 active fraction at the purification step shown in the above
Table 3 was analyzed by polyacrylamide gel electrophoresis (SDS-PAGE). As a result,
it was found that the purified protein was almost a single band, and that the molecular

weight thereof was approximately 40,000 Da.

(3) Substrate specificity of IsADHI

With regard to various carbonyl compounds, a reaction solution (100 mM
Tris-HCI (pH 7.5), 0.32 mM NADPH, and a 2 mM substrate) containing the carbonyl
reductase solution purified in (2) above was prepared, and it was reacted at 37°C. The
amount of NADPH consumed in the reaction solution was monitored based on the
absorbance at 340 nm, so as to measure carbonyl reductase activity to each compound.
For the measurement of the absorbance, SPECTRAmax 190 (manufactured by Molecular
Devices) was used. The relative activity of carbonyl reductase to each substrate
compound obtained when carbonyl reductase activity to 1-acetoxy-3-chloro-2-propanone

was defined as 100 is shown in Table 4.
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Substrate Relative activity 1 -acetoxy-3 -chloro-2-propanone 100 Et hyl
4-chl oro- 3-oxobutyrate 212 Ethyl 3-oxobutyrate 25.5 Acetoin - D acetyl

2, 3-pentadi one Trace FEthyl pyruvate Trace Ethyl 3-nmethyl-2-oxobutylate
Trace Acetophenone Propi ophenone Trace Phenoxyacetone 3-propionyl pyridine
11.2 2,2,2-trifluoroacet ophenone 53.8 Phenyl pyruvic acid 12.2 Ethyl
benzoylagﬁﬁghe Trace Ethyl nicotinoylacetate 20.7 p-hydroxybenzal dehyde -
p- chl orobenzal dehyde 58.0 2-norbornanone_-_3-qguinuclidi hone Trace

Activity cannq% be .detected Trace: a slight lev of activity is detected

(4) Analysis oF'°3WRo acid sequence of |SADH ThRSri¥efiisHYt hat cont ai ned

oo e s SRS o g 0 SO 1
Ethyl 4-chloro-3-oxobutyrate 212
Ethyl 3-oxobutyrate 25.5
Acetoin -
Diacetyl -
2,3-pentadione Trace
Ethyl pyruvate Trace
Ethyl 3-methyl-2-oxobutylate Trace
Acetophenone -
Propiophenone : Trace
Phenoxyacetone -
3-propionylpyridine 11.2
2,2, 2-trifluoroacetophenone 53.8
Phenylpyruvic acid 12.2
E;thyl benzoylacetate Trace
Ethyl nicotinoylacetate 20.7

p-hydroxybenzaldehyde -
p-chlorobenzaldehyde 58.0
2-norbornanone -

3-quinuclidinone Trace

—: Activity cannot be detected

Trace: a slight level of activity is detected

(4) Analysis of amino acid sequence of ISADH1

The fraction that contained carbonyl reductase of Superdex200 at the
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Thereafter, the N-termnal amno acid thereof was anal yzed by the Edman
nmethod, so as to determne the N-termnal am no acid sequence of 18
residues. The results are shown in SEQID NO 4. In addition, the purified
carbonyl reductase was digested by the digestion nethod using |ysyl
endopepti dase (Tanpakushitsu Ji kken Note (Protein Experinent hbte) vol . 2,

Separat egﬁfi%%af&r?g'%e A BeRP) BRiRAIE) o 8 BRI Bt gk, .
~tRPC C2 é:) Cﬁxe%(l FernfifA] aﬁﬁ1§8tal:f&“cﬁé e8f‘wa{9ﬁalzi9éln ﬁE'Eglnﬁa?lC}HﬁLﬂﬁ L fasone

type of t fractionated peptide pea lyze nan

met hod. %aﬂ&ets&%ﬁé merﬁc{?eﬁhaoamﬁs 391dss%ﬂﬂéﬁ%%f'1§ éééﬁ@ﬁ{%u' The tpaf@(ghofim (5)

Anal ysi s of sequence of DNA encodi ng I'sADHL an ctio transf or mant
The | ssajrepokipanecut ul ata var. scutul ata JCNH828 strain mes cultured in
the medium described in (2) above, and a cell mass was then prepared.

Genomi ¢ DNA obkalaa@i@hoﬁr 8 tplnﬁﬁeel darbBIyS MABSctR%! LS tRgesid By ORagedtionsue
kit (manufactured by Q agéen) and was then purified. Based on the obtained

genom ¢ BRfkod WAy SRS nIY PAHRBSZ@H RN B R Ndié BNl PkRiRnendioRd)SCr i pt
Il Reverse Transcriptase manuf actured by Invitrogen), in accordance wth

t he prot @6RIS YodedHades!, ey, e dshio dbMinty pasidel Mo % SREE tEnicpRateded.
That is, a sense degenerate primer was synthesize ased on the N-term nal

ani no acu@lngaeu@f@@@hﬁéwmum (RERAhING b AREERIA Biokdlerdcdy; gRPEEC2@Nd an
anti sense degenerate prinmer was synthesized based on the ‘internal amno

aci d seqBen¥3 s fomtractiotdtOnl D T dmindhecidusd@enddd@isesuansesof thretlaaf are
shown in SEQID NOS: 6 and 7, respectively. Using such two types of

primers, fidegargsdpeptidERenlasvap anbigratty dite Eimas BNthed. tTe daaatisdhbakin
scutulata var. scutulata JCML828 strain. As a result, an anplified

f ragment aatl saquemox isnghioednyin 350 HPNQvadls observed. 58 This DNA fragnent was
' subjected to agarose gel electrophoresis, so as to cut out

(5) Analysis of sequence of DNA encoding IsADH]1 and production of transformant

The Issatchankia scutulata var. scutulata JCM1828 strain was cultured in the
medium described in (2) above, and a cell mass was then prepared.

Genomic DNA obtained from the cell mass was extracted with DNeasy tissue kit
{manufactured by Qiagen) and was then purified. Based on the obtained genomic DNA,
cDNA was synthesized using reverse transcriptase, SuperScript 1I Reverse Transcriptase
(manufactured by Invitrogen), in accordance with the protocols included therewith.

Two types of primers were synthesized. That is, a sense degencrate primer was
synthesized based on the N-terminal amino acid sequence shown in SEQ ID NO: 4
obtained in (4) above, and an antisense degenerate primer was synthesized based on the
internal amino acid sequence shown in SEQ ID NO: 5. The nucleotide sequences
thereof are shown in SEQ ID NOS: 6 and 7, respectively. Using such two types of
primers, degenerate PCR was performed on the ¢cDNA of the Issatchankia scutulata var.
scutulata JCM 1828 strain. As a result, an amplified fragment of approximately 350 bp

was observed.
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a band of approximtely 350 bp. It was then purified using MnEl ute Cel
Extraction Kit (manufactured by Q agen) and recovered. The obtai ned DNA
fragnent was ligated to the pGEM Teasy Vector (manufactured by Pronega),
and the Escherichia coli DH5a strain (manufactured by Toyobo) was then
transforned therewith. The transformant strain was allowed to grow on an

LB agar nediu b‘rﬂdl J fﬁ}lrw' b0 o ~ fter i
several col onir@g,g co %Jﬁgﬁ I re%{éu:ggﬁ&vc\l/e{é%ggrro r&?éq%e&{cr Oﬁgﬁrﬁggtshgasﬁg%({ﬁgner
(manuf ac 5]ﬁgc oned ?ﬂﬂit Il W Qregq) . and
t he si zeéHo tifl%’plﬁ;rlsertg)d3 r gmﬁﬁg&&tmﬁﬁ{eggﬁéﬁgg’?&iﬁé oﬁg‘frt mtg whi ch
a DNA fr I t i d { e 2 ed in
an LB nedi um c%‘%%%ibk{t%%g%@om\@?&‘?‘%?&anﬁ }ge??l{tgﬁpf“jﬂ‘?g%%ﬁeérm W?;lj gﬂg %’lq{)j was
purifie @@q@f [ ' i 50 Usi ng
t he pur fi?llgg%l p as‘%g%,e%tc ﬁ’g @%{}lfeygﬁéﬁm’%’ﬁiﬁ‘enﬁ%@%# &?ﬁéﬁsﬁ%gﬁhggc%ﬁl?ﬂm%%
anal yzedsthyn {(Ransuet ey H{énﬁiggboj'%mﬁen TRARsERh&T MASHRUCTIROLhAGoseMence
is shown in SEQID NO 3. Subsequently, based on the genom c DNA of the
| ssat chagldi@ wag Wiehal ao ?&v o W a4A rﬁ%%n%éiﬁiﬁg%nrpﬁ% Pﬁf@%{t}%fﬂﬂfACE
reaction was synthesized according to the method déescribed in ecul ar
C oni ng, TRéEaftdaispas detral eolonRELoboryrthitdet PERGKARSried Gt shRlthe € peidlerby the
met hod described in the sane above publication. For the reactions, two
types of (igef@achized bl iPfoREsd RNG tIENOMO phimeSERT RN bY FeoEedd, M ©B sizaer e
desi gned based on the aforenentioned nucl eoti de sequence were used. As a
resul t off theénselad eRgmeanahy Hied @hfinfpd. f A edioggnatd WaRNeNDN Avfragrhéie JRACE
reactions, the putative cDNA sequence of the present carbonyl reductase is
shown i nintépbd® wd3d NBsidkded fNbe tiveAdd, Wanchlehrsd dniandeB eneldgie dobiaidihg 19bove
DNA is showmm in SEQ ID NO 1. A nucleotide sequence encoding the am no
aci d sequgndengiicit. | Mheffa@et, @ Il W pbidet ubing SHAPré) 8In Mini Prep Kit
Subsequent |y, based on the above sequence shown in SEQ ID NO 11, the 59
(manufactured by Qiagen).

Using the purified plasmid, the nucleotide sequence of the inserted DNA was
analyzed by the dye terminator method. The determined nucleotide sequence is shown
in SEQ ID NO: 8.

Subsequently, based on the genomic DNA of the Issatchankia scutulata var.
scutulata JCM1828 strain, cDNA used in RACE reaction was synthesized according to
the method described in Molecular Cloning, and thereafter, 5°- and 3°-RACE reactions
were carried out by the method described in the same above publication. For the
reactions, two types of gene specific primers shown in SEQ ID NOS: 9 and 10 which
were designed based on the aforementioned nucleotide sequence were nsed.

As a result of the sequence analysis of amplified gene fragments via the RACE
reactions, the putative cDNA sequence of the present carbonyl reductase is shown in
SEQ ID NO: 11, and an amino acid sequence encoded by the above DNA is shown in
SEQ ID NO: 1. A nucleotide sequence encoding the amino acid sequence shown in
SEQ ID NO: 1 is shown in SEQ ID NO: 2.

Subsequently, based on the above sequence shown in SEQ ID NO: 11, the
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nucl eoti de sequence shown in SEQ ID NO 12 and the nucl eoti de sequence

shown in SEQ ID NO 13 were synthesized as priners used in cloning. Using

100 ~d of a reaction solution that contained 50 pnol each of the

aforenentioned priners, 1000 nrnol each of dNTP, 250 ng of the cDNA of the

| ssat chanki a. scutulata var. scutulata JCML 828 strain, 10 gl of ExTagq DNA

pol ynmer a . tio ciAr | 5. units
) ide QuhESle &1?;%1 ﬁé@%fc%yié; aaﬁ&' Ry gﬁ%%@tfcge Scegg]gﬁ(:’e H8m>in

of ExTaq pol ymerase (manufacture ara e consisting
¢ denat . ot . . , . o)

of Jenat St YINGP Cucke B ML lct 80REFIAIG P Choniodl IWERL 1087 o1 5
(manuf actbfgh Biuldn tﬁ?%@@éﬁl@ﬁ 504 dabi? Bf Be éf&%n{%%ﬁéﬁgﬁim%, oHhQnN was

anal yzed by agarose ge ectrophoresis. As a res speci fic band was

det ect ed eachls¥ BPP, 23BN SNRE cDRACHE AR [SQkdHahRA BRG1RA VA & G TE9 1M RE! ut e
PCR Purification kit (manufactured by Q agen). The purified DNA fragnment

vas di geska, 1044 brESsLE ONAIAREILS0 B Bt ARl mardis e by oblant

was then subjected to agarose g el ectrophoresis, and a band portion of

i nterest PIAS a6dt5 Qs o?f@alagn_dm SliyRRrad8 S maRufactur & by STAREraBRYCH FRle
Extraction kit (manuf act ured by agen), and was then recoveréd. The
obt ai ned céMfstinagmRAbtuyaRonl (ogat el mindtk)) aphkalih (b8, hach®ehnd Slodgsisad Wi th
EcoR and Xbal, using Ligation high (manufactured by Toyobo), and the
Escheri cif2Cedl imidifd) Qs Sichadted \Bastiibe Nerhp@mipOPTED Y trhaduff@nhred adyeMIThe
transformant strain was allowed to grow on an LB agar nedi um containing 50
~tg/ M aRgseirdd)i N.A aoeticrolofngic APCRCieablEdh Wakitivhewas ankfyeel byt agaoseagelt 0
confirmthe size of the inserted fragnent. A transformant, into which a
DNA fr agekntropiioresis.er £sh ravak, £ gpesifilead was degectddaserted, was cultured in an
LB medi um contai ning 50 ~Lg/m anpicillin. Thereafter, a plasmd was
purified usingTht Adfoemenpioned reactiRire poKition( mamupadfied adidyy Minkhen) PCRo as
to obtain pUCl sADH . The nucl eoti de sequence of the DNA inserted into the
pl asmi d Rasfieatainykié dmayufattueedbe Qiegan)nahe porfibd N ASramens was, dig¢stadas
found that the nucleotide sequence of the

with restriction enzymes EcoRI and Xbal, and the resultant was then subjected to agarose

gel electrophoresis, and a band portion of interest was cut out. The band portion was
purified using Qiagen Gel Extraction kit (manufactured by Qiagen), and was then
recovered. The obtained DNA fragment was ligated with pUC118 that had been
digested with EcoRI and Xbal, using Ligation high (manufactured by Toyobo), and the
Escherichia coli JM109 strain was then transformed with the ligate.

The transformant strain was allowed to grow on an LB agar medium containing
50 pg/ml ampicillin, and colony direct PCR was then carried out, so as to confirm the
size of the inserted fragment.

A transformant, into which a DNA fragment of interest was considered to be
inserted, was cultured in an LB medium containing 50 pg/ml ampicillin. Thereafter, a
plasmid was purified using QIAPrep Spin Mini Prep Kit (manufactured by Qiagen), so as
to obtain pUCIsADHI1.

The nucleotide sequence of the DNA inserted into the plasmid was analyzed by

the dye terminator method. As a result, it was found that the nucleotide sequence of the
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60 inserted DNA fragnent corresponded to the nucl eoti de sequence shown in
SEQID NGO 2. (6) Synthesis of (S)-2-pentanol, using Escherichia coli
transfornmed with DNA encoding |sADH The transfornmant obtained in (5)
above was cultured in 10 series at 30*C for 30 hours in 100 m of Circle
G ow medi um (manufactured by BI O 101) containing anpicillin (50 ~Lg/m).

The obt a Q@r@edCEN*&/ ﬁ@ef}ffﬁﬁ%ﬁﬁé‘#fﬁwg {0 &G Bt de HGRNCO Bno@l th sE& TP NRENt anol

‘'was synt hesi zed ng net hod using 2-pentanone as a . substrate.
20 ng of20.6 g/L NADP+ (manufactured by Oiental Yeast Co., Ltd.), 10 m of
IM Tris-HC buffer (pH 7.0), 40 m of 100 g/L glucose, 20 ng of gl ucose
dehydrogenase (manufactured by Amano Seiyaku; 76 units/ng), and | g of

2- pent anone (manufactured by Tokyo Chem cal Industry Co., Ltd.; Neat) were

added t o(6} BvaRbistdTgSRDGIBMRBL, WRRRUEschHEHEAINRDE trahb@rabd HihSONA XicdiRghas
reacted %6? Syg*c fo({ﬁ8ﬁhg{1r s. The pH during the reaction was kept at ng 7.0
by additisam@f 2 M sodi um carbonate. After conpletion of the reaction, the

reaction solution was extracted with ethyl acetate, and the generated

('S) - 2- pent anol Th@fakdierY aBlaidedaf (5 (vl WasCalliufdl 1WAD edies keSO CHHor BSI N
the ethyl acetate solution by gas chromatography (GC). Conditions for GC

are as fhbirovia: 161l ECirbEXG2Ow (MediubaiiaheficlayedSUPEBRD, 180 &dntaiflingd nm
ID, 0.25 ~tmfilm Carrier: He 1.5 m/mn, split 1/50 Col unmm tenperature:

50' C Teampicitinr@0f jog/mlyj eltel otaind8 kel med ek icdilectbd By2otiTughiiorShindadzu
oo 1A (S)-2-pentanol was synthesized by the following method using 2-pentanone as a
substrate.

20 mg of 0.6 g/L. NADP" (manufactured by Oriental Yeast Co., Ltd.), 10 ml of
1M Tris-HCI buffer (pH 7.0), 40 ml of 100 g/L glucose, 20 mg of glucose dehydrogenase
(manufactured by Amano Seiyaku; 76 units/mg), and 1 g of 2-pentanone (manufactured
by Tokyo Chemical Industry Co., Ltd.; Neat) were added to 10 g of the aforementioned
cell mass. The obtained mixture was reacted at 30°C for 8 hours. The pH during the
reaction was kept at pH 7.0 by addition of 2 M sodium carbonate. After completion of
the reaction, the reaction solution was extracted with ethyl acetate, and the generated
(S)-2~pentanol was then quantified.

Quantification was carried out using the ethyl acetate solution by gas
chromatography (GC).

Conditions for GC are as follows:

Column: B—DEXlﬁo (manufactured by SUPELCO; 30 m x 0.25 mm ID, 0.25 pm film)
Carrier: He 1.5 ml/min, split 1/50

Column temperature: 50°C

Temperature for injection: 250°C

Detection: FID 250°C
GC: Shimadzu GC-14A
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61 As a result of the neasurenent, it was found that the yield of
(S)-2-pentanol was 0.99 g, and that the optical purity thereof was greater
than 99.0%.e. (7) Synthesis of (S)-2-hexanol, using Escherichia coli
transfornmed with DNA encoding [|sADHL Using the transformant obtained in
(6) above, (S)-2-hexanol was synthesized from 2-hexanone acting as a

substrate by thg afreduloyd tAE mBRbliesteni2® Wi RindP it ﬂfe%rimg?pﬂfﬁ?@ﬁtfaﬁﬁtﬂsed by
Oiental Yeast Co., Ltd.), 10 mM of 1M Tris-HCO buffer (pH 7.0), 40 m of

100 g/ L 9l9gcnand thé tHEbiicalopui ) eyl ReRE8aHEn 90 maauf act ured by Amano
Sei yaku; 76 units/ng), and 1 g of 2-hexanone (manufactured by Tokyo

Chem cal Industry Co., Ltd.; Neat) were added to 10 g of the aforenentioned
cell mass. The obtained m xture was reacted at 30' C for 6 hours. The pH

during t(® Symlsis eh(S)ashds@pbl, akingHEsehbkikhia 200 itkanofbr@td 2vifd BN &ioding
carbonate. After conpletion of the reaction, the reaction solution was
extract etkAWHh et hyl acetate, and the generated (S)-2-hexanol was then
guantified. Quantification was carried out using the ethyl acetate sol ution
by gas chr onaUsmgathbytrdnSformatipobiainednia (69 rab&,a(S§-2alsexhndll @us sythesirad:
P- DEX120 (manufactured by SUPELCO, 30 in x 0.25 nimID, 0.25 ~Lrn film
Carri er : fiiden 2-hExavioherbetingsad 4 $ubktat® bgahe follovénpercétodr e: 65' C  Tenperature
for injection: 250'C Detection: FID 2500C GC. Shimadzu GC-14A As a result
of the measured@mg of 0.6yl NADR] (mhaifa¢theedybyeOdicntal Y8ist Tdiekidoll 0 walsof 0. 99
g, and that the optical purity thereof was greater than 99.0%.e. 62

1M Tris-HCl buffer (pH 7.0), 40 ml of 100 g/L glucose, 20 mg of glucose dehydrogenase

(manufactured by Amano Seiyaku; 76 units/mg), and 1 g of 2-hexanone (manufactured

by Tokyo Chemical Industry Co., Ltd.; Neat) were added to 10 g of the aforementioned

cell mass. The obtained mixiure was reacted at 30°C for 6 hours. The pH during the

reaction was kept at pH 7.0 by addition of 2 M sodium carbonate. After completion of

the reaction, the reaction solution was extracted with ethyl acetate, and the generated

(S)-2-hexanol was then quantified.

Quantification was carried out using the ethyl acetate solution by gas
chromatography (GC).
Conditions for GC are as follows:

Column: B-DEX120 (manufactured by SUPELCO; 30 m x 0.25 mm ID, 0.25 pm film)

Carrier: He 1.5 ml/min, split 1/50

Column temperature: 65°C

Temperature for injection: 250°C

Detection: FID 250°C

GC: Shimadzu GC-14A

As a result of the measurement, it was found that the yield of (S)-2-hexanol was

0.99 g, and that the optical purity thereof was greater than 99.0%e.e.
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(8) Synthesis of (S)-2-pentanol, using Escherichia coli transfornmed with
DNA encodi ng |sADHL (scal e-up) Using the transformant obtained in (6)
above, (S)-2-pentanol was synthesized from 2-pentanone acting as a
substrate by the follow ng nethod. 84 ing of NADP+ (manufactured by
Oiental Yeast Co., Ltd.), 240 m of I M Tris-HCl buffer (pH 7.0), 118 g

of gl ucogg, ; f 1 vdr , ,

Sei yaku; éﬁ Gg yﬁlﬁ}egﬁg P%??b ;bﬁgﬁggﬂ Slg%lg }%ggée’jﬁ?g% 8?1% %gﬁ%dé ?V&?e]%ﬁ%%ﬁ%%% o]
Chem cal y s ideyieGpy: Ltd.; Neat) were added to 140 g of the

af orenenti1 oned™ cel""mass (corresponding to approximately 42 g of dry cell

mass wei ght). ﬁﬂﬁ%%@é ZI%%SfOIF@ng&ﬁHe% ‘Edé% M‘@cﬁre?fg\}gﬂp&ﬁaﬁ&ewﬁg KifictiAeqd 2

reacti on volune o taln xture s'reacted at” 30" C for 16

hours. ThemPHpeiaAdG abtifs bERGIHsRRRShE $Plioving Ridihod. O by addition of 2 M
sodi um carbonate. After conpletion of the reaction, the reaction solution

was extracted gd iy ef Mnﬁc(tqﬁéﬁleactﬁ@@ Hyhérigﬁﬁﬁﬁ%ﬁob&.,shcﬂ%pﬂmt ANQf Was then
quantified. As a result of the neasurenent, it was found that the yield of
(S) - 2- penfiametl buEsS YFH2 79), and ?h@r §0BoRPA(F ahg PHH idlvcokd eddfirodesasgr eat er
than 99.0%.e. (9) Synthesis of (S)-2-hexanol, using Escherichia coli

transf or ieshufdiite@N) ANERASEgakd; FORINHs SO2LRT 2D Y oP9LitdnbRe [hanFhairant

obtained in (6) above, (S)-2-hexanol was synthesize from 2- hexanone
acting aby TolpPShémical hdubthe CoQITt@viNeg:)Rirbaddeddd 1D Obf tNARRSrefBRMdHedCt ur ed
by Oriental Yeast Co., Ltd.), 50 Ml of 1M Tris-HC buffer (pH 7.0), 54 ¢
of gl ucosdl n26s (Wrekpdldugoaecasebyidiatgemase of depoell acly iy Amnafiogi yaku;
76 units/ng), and 15 g of 2-hexanone (nmanufactured by Tokyo Chem cal

| ndust r ydésalted kstatkr ; wdNesldpd we tlee adgack tcoa péhcgonfvolunge af debhenTheobinedel |
mass (corresponding to approximately 15 g of dry cell mass weight).

Ther eaf t siixturedwsatdaedd wa36rC s Gdowd. t Tht pel dickigihe reqtidnreackdpoat yHI une
of 500 m . The obtained m xture was reacted at 30'C for 7.5 hours. The pH
during tAé® byemiditiconof&d celddm abrbphihte63 After completion of the reaction, the reaction

solution was extracted with ethyl acetate, and the generated (S)-2-pentanol was then
quantified. As a result of the measurement, it was found that the yield of (S)-2-pentanol

was 17.2 g, and that the optical purity thereof was greater than 99.0%e.e.

(9) Synthesis of (S)-2-hexanol, using Escherichia coli transformed with DNA encoding
IsADH]1 (scale-up)

Using the transformant obtained in (6) above, (S)-2-hexanol was synthesized
from 2-hexanone acting as a substrate by the following method. | |

30 mg of NADP" (manufactured by Oriental Yeast Co., Ltd.), 50 ml of 1M
Tris-HCl buffer (pH 7.0), 54 g of glucose, 20 mg of glucose dehydrogenase
(manufactured by Amano Seiyaku; 76 units/mg), and 15 g of 2-hexanone (manufactured
by Tokyo Chemical Industry Co., Ltd.; Neat) were added to 50 g of the aforementioned
cell mass (corresponding to approximately 15 g of dry cell mass weight). Thereafter,
desalted water was added to the mixture to a reaction volume of 500 ml. The obtained

mixture was reacted at 30°C for 7.5 hours. The pH during the reaction was kept at pH
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7.0 by addition of 2 M sodium carbonate. After conpletion of the reaction,
the reaction solution was extracted with ethyl acetate, and the generated
(S)-2-hexanol was then quantified. As a result of the nmeasurenent, it was
found that the yield of (S)-2-hexanol was 15.1 g, and that the optical
purity thereof was greater than 99.0%.e. Exanple B (Production of

opticall che(g cal, i

Syt hosi 35 {HGTEERN BuTatbatleey %é?aﬁng@i%ﬁ%?ﬂ? bR Radtlon .,
of (S)-25 ) 1 amg(%é

di CI(‘1| Z)r ors;r'gkt“?l E‘lgﬁgﬁé V\S/e?gtr%téyegﬁtﬁ oetgyilz)(%%)et%é a%r ee- %é}é%ht?ii &2 The m xeglIl

sol uti on qWasife0! ed LRshitef t}fé'lﬂeﬁuéﬁlén@]lt (?véﬁfcﬂmmét)thé)?ﬁ S AGY

chl ori de vvas t hen added dropwi se thereto. ereafter ained m xture

wass St 1 v 157108, 538 e e Gifical dﬁxﬁt@aﬁéreafwé@grehepfhaﬁ99@%@ ed anmoni um

chl ori de aqueous sol ution of water were added to the reaction
solution, and the reaction vvas termnated. The m xture was extracted with
80 m of diethyl ether. An organic |ayer was then washed with 20 ml of a

sat ur at e@xamplyB (PRoabittin SHopldbISPa e Uatox9lic a8l byQhbmlcaPbyntisisye, and was
then dried wth magnesi um sul fate. The solvent was distilled away, so as

to obt ai (ELarbplg 198ysthusde of §)-L2metiafanemulorppeisie pent ane. The obt ai ned
conpound was used in the subsequent reacti on wi t hout being purified. |

H- NVR(400VHz, CBG43) 887.95fimoel=ARHaee)3 Y, (Sh-Aéianbt0. 938 ZmBH)71 mmol) of
1.34-1.50(in' 2H), 1.50-1.63(mIH), 1.67-1.77(mIH), 3.00(s,3H),

4. 77- 4. 8tfigthylaning, Exdndl ml 3f dishidrogsiitnefwere added to a 200-ml three-neck flask.
(R) -di ethyl (I-nmethyl butyl)mal onate 8.5 g of the crude

(S) - 2- metharmist fohytlonxyap eodlad enoiot, Aumbd. 36nmEX 560 | mbl) ofl tethagedBBugimol )
of diethyl malonate, and 22 ml of DW were added to a 200-m
eggp! ant <blade dvas|tharkaddEdelropwinel tlsottot | Ghesvafters dwl chdainad imdetuleatvhs stirell 3.5 g
(88 mml) of 60% sodi um hydride in mneral was then added thereto.
Ther eaf t dor, 3@ henwbs. ai Tredeafier, d0umé ofassatitrated ecinadniGf’ dBldrate &queous solutind t hen
at 80'C for 3 hours. Thereafter, 40 mMl 64 of a saturated amoni um chl ori de
aqueous ¢gofl dPinglnofamaien Gerel added vatherrcamion satidied, twd theareaction was terminated.
The mixture was extracted with 80 ml of diethyl ether. An organic layer was then
washed with 20 ml of a saturated ammonium chloride aqueous solution and 20 ml of
brine, and was then dried with magnesium sulfate. The solvent was distilled away, so as
to obtain 8.5 g of crude (S)-2-methanesulfonyloxy pentane. The obtained compound
was used in the subsequent reaction without being purified.

'H-NMR(400MHz,CDCls) 50.95(t,J=7.2Hz, 3H), 1.42(d,J=6.3Hz,3H), 1.34-1.50(m,2H),
1.50-1.63(m,1H), 1.67-1.77(m,1H), 3.00(s,3H), 4.77-4.86(m,1H).

(Example 2) Synthesis of (R)-diethyl(1-methylbutyl)malonate
8.5 g of the crude (S)-2-methanesulfonyloxy pentane obtained in Example 1,
14.2 g (88 mmol) of diethyl malonate, and 22 ml of DMF were added to a 200-ml
eggplant-shaped flask. The mixed solution was cooled on ice bath, and 3.5 g (88 mmol)
. of 60% sodium hydride in mineral was then added thereto. Thereafter, the obtained

mixture was stirred at 60°C for 5 hours, and then at 80°C for 3 hours. Thereafter, 40 ml
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reaction solution at roomtenperature, and the reaction was term nated. The
m xture was extracted with 100 m of ethyl acetate. An organic |ayer was
then washed with 20 nl of a saturated amoni um chl ori de agueous sol uti on,
20 M of water, and 20 ml of brine, and was then dried w th nmagnesi um

sul fate. The solvent was distilled away, and the residue was then purified

by sili C%fﬁ%htu%?é&él’%n%ﬁf&%lﬂ@ﬂ&@@ u§9%1§ﬁ 1?911&3?(?]311 Bf Watef eécﬁﬁh% higss
oil; 33.8 mol; yield: 72% of (R)-diet ? met buty)na onat e.

| H- NIVR( 49%11 GHatidh £%089(& e@t&@zaﬁﬁ}h Qaat?@&fiwl BerfliBatdd) - The mlxture
L27(t,J=7.1Hz,6H), 1.15-1.46 H),220231(m111 3.22(d, J=8.1Hz, I

4 19(q, Jwhs ektrhited Mith (EXANBf @th?b acYAt NeAhorenid Byed %va@ﬁkh%é&ﬁéd/lwlﬂﬁaioom c
acid 7.77 g (33.5 mmol ) of the {R)-diethyl (I-nethyl butyl)mal onate obtained

in  ExanmphleofZa sdtbraleddamhiddRiviiehloride Rudd¥ sReticiN20VEl OF kfkeeraME 00l of
solution, 3.9 mM of ethanol, and 15.4 nl, of water were added to a 200-m

eggpl ant bsihanad wisabkn dfibe with meghesBloy Eiﬂ(ﬂ{te WerBhe 16drt Bvad ldidllleq 2w, énd5
hours, and 9 nml of concentrated hydrochloric acid was added to t

react i on tisodesidiue wag thengaivi fledriyevilidaised coBenashrbMat@raphy sot 43@o DB | ri.cm g to be
acidic. Sodiumchloride was added to the m xed solution for saturation, and
it was {ddorlesoilad3 8dnmbl; lyicl@072%) of (RotdisthyliCatediiyébutmaparus | ayer was
extracted again with 50 nl of ethyl acetate, and an organic |ayer was
dried wi {H-NBRUONHEZGDEL) FO89EI+6.0Hz,315)a0.98(dIH0.61d3Hyay, and the residue
was then crystallized from58 m of hexane and 5.8 mnl of ethyl acetate, so
as to obtld7ft,B=773HnonHi e gbat #Hor 3.26-2.31 (&, [H), 3128(d,J38. Bzl 1HR1%) of

(R -(I-nmethylbutyl)malonic acid. As a result of chiral analysis, it was
found t hdt1%gé=7.08e4tRl purity thereof was 99. 3%e (Supel co P-DEX120, inj.
300" C, FID 250'C, Det. 250'C, Oven 130'C; 3-nethyl hexanic acid generated
by decar boxyl ati on duri ng i nj ection was anal yzed). 'H NVR(400MHz, CDC 3)

50. 9I(t J=6. 8Hz, 3H), 1(7 8Hz, 3H), 1.22-1.40(m2H), 65

1. 40- 1. 5EExaraply 3) @m@eﬂsg (Rr)rﬂll-meﬂlsllsﬂxlamalﬁmcaazi | H), 10.67(brs, 2H).

7.77 g (33.5 mmol) of the (R)-diethyl(l-methylbutyl)malonate obtained in

Example 2, 16.1 g (100 mmol) of a 25% sodium hydroxide aqueous solution, 3.9 ml of
ethanol, and 15.4 ml of water were added to a 200-ml eggplant-shaped flask. The
mixed solution was reacted at 60°C for 1.5 hours, and 9 ml of concentrated hydrochloric
acid was added to the reaction solution at room temperature, so as to convert the solution
to be acidic. Sodium chloride was added to the mixed solution for saturation, and it was
then extracted with 100 ml of ethyl acetate. An aqueous layer was extracted again with
50 ml of ethyl acetate, and an organic layer was dried with sodium suifate. The solvent
was distilled away, and the residue was then crystallized from 58 ml of hexane and 5.8
ml of ethyl acetate, so as to obtain 4.73 g (white platy crystal; 2.71 mmol; yield: 81%) of
(R)-(1-methylbutyl)malonic acid. As a result of chiral analysis, it was found that the
optical purity thereof was 99.3%ee (Supelco B-DEX120, inj. 300°C, FID 250°C, Det.
250°C, Oven 130°C; 3-methyl hexanic acid generated by decarboxylation during
injection was analyzed).

'H-NMR(400MHz,CDCLs) 50.91(t,J=6.8Hz,3H), 1.06(d,J=6.8Hz,3H), 1.22-1.40(m,2H),
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(Exanmpl e 4) Synthesis of (S)-2-nethanesul fonyl oxy hexane 6.3 g (62 mmol,

99. 7%e) of (S)-2-hexanol, 13 nil (93 mmol) of triethylamne, and 126 ni

of ethyl acetate were added to a 300-m three-neck flask. The m xed
solution was cooled on ice bath, and 5.7 nil (74 mol) of methanesul fonyl
chl oride was then added dropmﬁse thereto. Thereafter, the obtained m xture

was sti r e { 88RO nilbes ey 6a7ker-7 8, 1, @R a@g&grated ammoni um

chl ori de aqueou ut| on a “of ‘wat’er “wer e to the reaction
solution, and the reaction was term nated. An aqueous | ayer was separ at ed.
An organi c layer was then washed with 20 nil of a saturated anmmoni um

chloride E%ﬁgea)s%ﬂhteg@ef@)dz %thhsﬂfonprdx@qm%d was then dried wth
magnesi um sul fate. "The sol vent was distilled away, so as to obtain 10.8 g

of crude (S)-33pihaassdl donvieexys t‘@)xmexansh%om @Ngehdt m&ﬂﬁlmeused
in the subsequent reaction w thout Being purified. ' H NVR(400Wz, CDd , )

80. 92(t dnd - 1262 m3Hf, ethyP acetatd ShBle4dded! tod g (TD0ImP 03k flasid. 5Phel i | H)
1.68-1.79(mIH), 3.00(s,3H), 4.75-4.84(mIH). (Exanmple 5) Synthesis of

(R) - di et RylutioRwds| conridhyd fee e, hid 5 onal gwﬂﬂm&)mopifneﬂiaﬁe@[ﬂdﬂﬂ chloride was
(S) - 2- net hanesul f onyl oxy hexane obtai ned in Exanpl e 4 19.2 g (120 nmol)

of di et hyhenmatiésinideopvitel thetel | TerddMer Miiceomdihed thiktare2®8s tirred for 30
eggpl ant - shaped flask The m xed solution was cooled on ice bath, and 4.8 g

(120 ni mmihjitesf Théestd] 40t \odrai sdeurhted mrﬂ@ds:ahmv@ﬁoridmua@kmmthﬂ #1do20
Thereafter, the obtained mxture was stirred at 60'C for | hour, and then
at 80' C fodrof3whtetimgre addeelrteaht e€actibn Gohitlonpind tiateuttinedaatemmitiasd. ciror i de
aqueous solution and 10 nil of water were added to the reaction solution
at room tagongresayere waarsdpirbedr edat drpanivakiybe mas nhte dvashdh evith 20umé ofles
extracted with 100 nil of ethyl acetate. An organic |ayer was then washed
wi th 30 safuraéd aeremigmiohéoridanddvedshsd@ion hnd20 buli ofehrirgen dndvass tthemdded ed
with 66 magnesium sulfate. The solvent was distilled away, and the residue
was t hen vithr intgasgiunhpulfite.i cBhgsilvosiwasidigiiled mtaygsoaasity obson 48.8tgofdrtidé n
12.0 g (colorless oil; 49 mmol;

(S)-2- methanesulfonyloxy hexane. The obtained compound was used in the subsequent

reaction without being purified.

'H-NMR(400MHz,CDCl) 80.92(1,J=7.1Hz,3H), 1.25-1.45(m.,4H), 1.42(d,J=6.3Hz,3H),

1.55-1.65(m, 1H), 1.68-1.79(m,1H), 3.00(s,3H), 4.75-4.84(m,1H).

(Example 5) Synthesis of (R)-diethyl (R)-(1-methylpentyl)malonate

10.8 g of the crude (S)-2-methanesulfonyloxy hexane obtained in Example 4,
19.2 g (120 mmol) of diethyl malonate, and 32 ml of DMF were added to a 200-ml
eggplant-shaped flask. The mixed solution was cooled on ice bath, and 4.8 g (120
mmol) of 60% sodium hydride in mineral was then added thereto. Thereafter, the
obtained mixture was stirred at 60°C for 1 hour, and then at 80°C for 3 hours.
Thereafter, 50 ml of a saturated ammonium chloride aqueous solution and 10 ml of water
were added to the reaction solution at room temperature, and the reaction was terminated.
The mixture was extracted with 100 ml of ethyl acetate. An organic layer was then

washed with 30 ml of water twice, and with 30 ml of brine, and was then dried with
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yield: 82% of (R -diethyl (I -nmethylpentyl)malonate. 'H NVR(400vHz, CDC13)
80.89(t,J=6.9Hz, 3H), 0.98(d,J=6.6Hz,3H), |.27(t,J=7.1Hz, 6H),
1.15-1.45(m6H), 2.17-2.29(mIH), 3.22(d,J=8.1Hz,|H), 4.19(q,J=7.1Hz, 4H).
(Exanpl e 6) Synthesis of (R)-(I-nethylpentyl)malonic acid 11.7 g (48 muol)
of (R)-diethyl (I-nethyl pentyl)nmal onate obtained in Exanple 5, 23 g (144
mol ) - of nasRa¥ars Qdine) hYHE QXlves: @%@gﬁpeéaw J B4 th -rgsimg\léf Wgés Efchgiﬁl‘?ﬁfed and

24 nil of "'water were added to a 100- eggplant - shape e m xed

sol uti onpyagicar @@%ﬁﬂn@hh&%a%ér@%h)g sBOMT B, 0B 1530 Y {coRirlesOBACAD kB H

hydrochloric acid was added to he reaction solution at roomtenperature,

SO0 as toyieigerd) oriir)-artiit i 1oRethiRar@ehfbgate. Sodi um chl ori de was added to
t he m'xeﬁ sol ut/tigonmf%)r s}g?(urati 2#3 gﬁ%ﬁit was then extracted w th 120m of

et hyl acHialdR(AUNMELEDGC;) ayer m@.@{ﬂ}%@f@gmgai n witHod@ rid e1es,388,hy!
acetate, and an organic |layer was dried with sodium sul fate. The sol vent

was di st i 27ad=7ameIDand the-1r45%ngsre), was2 1 nem Rpy iRl | | z.gg(cnism}%zm?,l of
hexane and 18 nil of ethyl acetate, so as to obtain 6.5 g (vvhite col umar

crystal ; 438(qy.1HyiH).d: 72% of (R -(I-methyl pentyl)mal onic acid.
" H NMR(400VHz, CDC13) 80.90(t,J=6.7Hz, 3H), |.07(d, J=6. 8HZ, 3H),
1.21-1.41(M5H), 1.46-1.56(mIH), 2.22-2.33(mIH), 3.39(d,J=7.3Hz, | H).
(Exanmpl e 7) Synthesis of (R)-3-nethyl hexanoic acid 4.56 g (26.2 mol) of
(R - (I - mEidtayridbe 6y Synthdsimna (R (il dnathylpemematonixadippl e 3 was added to a 50-ni
eggpl ant - shaped fl ask, and the tenperature was then increased to 180'C
Aft er gener at il f48gamohast (Be-eiethd( mediydpkniylhmalohatt vb@inedsin Bxaiphy 5,
stirred for 10 mnutes, and it was then cooled to roomtenperature. The
obt ai ned2¢ g4 pmodcf a 26% sedsms bpdresidediqueousaolutionds.§trll dfxthamo], and 24s t o
obtain 2.05 g (colorless oil; boiling point: 77'C/ 3 nmHg; 15.7 mol;
yi el d: eodgoforateiRyes: addedytiohret Btroilcegrpiani-shaped flaskul Thefmixedisolationvedsysi s,
it was found that the optical purity thereof was 99. 2%e (SUPELCO
reacted at 60°C for 2 hours, and 13 ml of concentrated hydrochloric acid was added to
the reaction solution at room temperature, so as to convert the solution to be acidic.
Sodium chloride was added to the mixed solution for saturation, and it was then extracted
with 120ml of ethyl acetate. An aqueous layer was extracted again with 40 ml of ethyl
acetate, and an organic layer was dried with sodium sulfate. The solvent was distilled
away, and the residue was then crystallized from 90 ml of hexane and 18 ml of ethyl
acetate, so as to obtain 6.5 g (white columnar crystal; 35 mmol; yield: 72%) of
(R)-(1-methylpentyl)malonic acid.
'H-NMR(400MHz,CDCl3) 80.90(t,J=6.7Hz,3H), 1.07(d,J=6.8Hz,3H), 1.21-1.41(m,5H),

1.46-1.56(m, 1H), 2.22-2.33(m,1H), 3.39(d,J=7.3Hz, 1H).

(Example 7) Synthesis of (R)-3-methylhexanoic acid

4.56 g (26.2 mmol) of (R)-(1-methylbutyl)malonic acid obtained in Example 3
was added to a 50-ml eggplant-shaped flask, and the temperature was then increased to
180°C. After generation of gas had been terminated, the mixture was further stirred for

10 minutes, and it was then cooled to room temperature. The obtained crude product
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P- DEX120, inj. 250-C, FID 250-C, Det. 250'C, Oven 130'C).
" H NMR(400VHz, CDC13) 80.90(tJ=7.1Hz, 3H), 0.96(d, J=6. 6Hz, 3H),
1.16-1.44(m4H), 1.91-2.05(mIH), 2.15(dd,J=14.9,8.1HzJH),
2.35(dd,J=14.9,5.8Hz,1H), 11.00(brs,IH. (Exanple 8) Synthesis of
(R) -3-net hyl heptanoic acid 3.00 g (15.9 nmol ) of

R -(I- I a
(R) - (I - metydBrRetd ! g@%@ﬁg gls%% 0230356 bbkdin @@%ﬁ% les¥a, E&ﬂﬁg pofind

20-m eggpl ant™ shape t'he terrperature en I 'hcrea

180' C. Af7t7@d§/39ﬁﬂﬁ{§t1501‘nﬁﬁol%?el&‘aéb)@fﬁf‘ COO é%%hﬁ&anbieeacm.xwésrwﬁﬁt bgir ther

stirred for 10 mnutes, and’ it was the to roomtenperature. The

obt ai ned cafrkid gndly <36l UE twas\WRBInS YRt e sbtical iﬁﬁ&ﬂyuﬂﬁb@of tds| 4, 2%@@ (§QPEECU3
obtain 1.69 g (coIorIess oi I'; boiling point: 4 mrHg;

yi el d: 744ExX120Rhi. 3508 fB/[U@ﬁm anpict 230+, Ovéﬁmﬁom CDCl3)
80. 89(t, J=6. 8Hz, 3H) . 0. 97(dJ=6, 8z 30) . T.17-1.39(m 6H), 1.88-2.03(mIH),

2.14(ddJ 4H4NMr8(40®MHzlﬂDc%) Bo(gib, Bt H{:QBEI) W96 dti=6. 61z, 36 br 56-1 | H)lgm 4@i?xarml e
9) Synthesis of (R)-3-nethyl hexanoi ¢ aci d (pyri di ne sol vent) 1.0 5

mol ) of 1(R)-2.0baneH)y2.bsday|B-18b®ni 1§z, 88), . 387dd,2=14.9 SISIRYIH neowes, eH).added
to a 15-nm stoppered test tube under nitrogen atnosphere, and the
tenperature was then increased. The reaction was initiated at 90'C, and
the tenperature was then increased to 130'C over 115 minutes. Thereafter,
t he r eactErampiel8)Syotheviasf {R)-3-mesthylBéptamiaicl afidr 30 m nutes, and it was then
cooled to roomtenperature. As a result of the analysis by HPLC the
conver si on r at 8.08as (15909 nfiteo]) CEXR)l-mefiGipehyyiirhashie aafd ¢Htrindd ie Ekyhplexanoi c
acid (DVMsO solvent) 2.00 g (11.5 muol) of (R)-(I -nethyl butyl)mal onic acid
and 4 nl vois ddBDtaver2®-mb 8ggdatecshapedaflddk; mhd deofeppesdure esds ther éncueaded to
ni trogen atnosphere, and the tenperature was then increased. The reaction
was initil&0ed. aAfigogerCratamcbitdas hhé bper ermimmatada thet hxture iwesrfeshedstined f40' C
over 75 mnutes. Thereafter, the reaction solution was further stirred for
20 mi nut &), mimdes; andviiswash Srencwoleddtot worotimreestper affbe ebtalsedacuds praduof t he
anal ysis by HPLC, the conversion rate was 100. 0%

was subjected to vacuum distillation, so as to obtain 1.69 g (colorless oil; boiling point:

86°C/4 mmHg; 11.7 mmol; yield: 74%) of (R)-3-methylheptanoic acid.
'H-NMR(400MHz,CDCls) §0.89(t,J=6.8Hz,3H), 0.97(d,J=6.8Hz,3H), 1.17-1.39(m,6H),
- 1.88-2.03(m,1H), 2.14(dd,J=14.9,8.1Hz,1H), 2.35(dd,J=14.9,5.9Hz,1H), 11.36(brs,1H).

(Example 9) Synthesis of (R)-3-methylhexanoic acid (pyridine solvent)

1.00 g (5.8 mmol) of (R)-(1-methylbutyl)malonic acid and 2 ml of pyridine were
added to a 15-ml stoppered test tube under nitro gen atmosphere, and the temperature was
then increased. The reaction was initiated at 90°C, and the temperature was then
increased to 130°C over 115 minutes. Thereafter, the reaction solution was further
stirred for 30 minutes, and it was then cooled to room temperature. As a result of the

analysis by HPLC, the conversion rate was 100.0%.

(Example 10) Synthesis of (R)-3-methylhexanoic acid (DMSO solvent)
2.00 g (11.5 mmol) of (R)-(1-methylbutyl)malonic acid and 4 ml of DMSO were
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(Exanpl e 11) Synthesis of (R)-3 -nethyl hexanoic acid (addition of pyridine)
2.00 g (11.5 nmmol ) of (R -(I-nmethylbutyl)mlonic acid and 182 ng (2.3 nmol)
of pyridine were added to a 15-m stoppered test tube under nitrogen

at nosphere, and the tenperature was then increased. The reaction was
initiated at 100*C, and the tenperature was then increased to 150' C over

95 ' 15
m Nut ggge 3?9 %r%aa@ %]é%ércoo ?@1‘% Rfer MRb ré Wl A te a]”atf"rg e

m nut es, to roomt rrperat As ar of the

anal ysi StH%)i idblebsed! hthO%X@cfcgid?Jtas Ak éﬁa%Bé%?cW g(fﬁéatgﬂb@ra%é W %H%ﬁs' s of

(R) - 3- et hyl hexanol ¢ aci Ion o mml ) o

(R) - (1 - mpichoskfbiky | oBE O S AL ntnded 2PBeiBidc2 1 ?@i@hﬁn sBlutibn 4wl #Eqkicycl o
[2.2.2] octane (DABCO were added to a 1o5- st oppered test tube under

ni t r ogensakdER M RimARd ahd & WEPRH 20U tWadofmNeRApbRarEashy a rifift L@t i ON
was initiated at 100' C, and the tenperature was P hen increased to 140' C

over 95 mhdNKieby HPTIE tieaddn®ersidnn@te wactdmssol ution was further stirred for
15 m nut es, dylt was then cooled to roomtenperature. As a result of the

anal ysi s by HPLC, the conversion rate was 100.0% (Exanple 13) Synthesis
of (R)-3-nethyl hexanoic acid (addition of DBU) 2.00 g (11.5 mol ) of

(R) - (I - mghaent V) Symhaaiy of (RY43dmamheihdRnoig adid (&idmsd of pyeidine)
1, 8-di azabi cycl o[ 5. 4. 0] - 7-undecene (DBU) were added to a 15-m stoppered

test tube und200my (11 So@mMAL GOEY)HERcthalbdtyl healbiopeidaindr Es2wag (2.8afimol)
i ncreased. The reaction was 69 initiated at 11 OC, and the tenperature
was t henof ppidiasedrd aldtd @ & 16uel st&thenddushicttibe uddee mitedderatmbdphereeand then
solution was further stiffed for 20 mnutes, and it was then cooled to
room t eneerpetatne. wAs thenesndréased. t Mhearakiion Swiyy ihitated thel 0000y andi tie rat e
was 100. 0% (Exanple 14) Synthesis of (R)-3-nethyl hexanoic acid (acetic
anhydr i dengmratines tvap thérdinvecased Ity diSDYC lowed 9 bm@esmolBereaffiter, the reaction
(R -(lI-methylbutyl)malonic acid and 2 ml of pyridine were

solution was further stirred for 15 minutes, and it was then cooled to room temperature.

As a result of the analysis by HPLC, the conversion rate was 100.0%.

(Example 12) Synthesis of (R)-3-methylhexanoic acid (addition of DABCO)

2.00 g (11.5 mmol} of (R)-(1-methylbutyl)malonic acid and 258 mg (2.3 mmol)
of 1,4-diazabicyclo{2.2.2]octane (DABCO) were added to a 15-ml stoppered test tube
under nitrogen atmosphere, and the temperature was then increased. The reaction was
initiated at 100°C, and the temperature was then increased to 140°C over 95 minutes.
Thereafter, the reaction solution was further stirred for 15 minutes, and it was then
cooled to room temperature. As a result of the analysis by HPLC, the conversion rate

was 100.0%.

(Example 13) Synthesis of (R)-3-methythexanoic acid (addition of DBU)
2.00 g (11.5 mmol) of (R)-(1-methylbutyl)malonic acid and 350 mg (2.3 mmol}
of 1,8-diazabicyclo[5.4.0]-7-undecene (DBU) were added to a 15-mi stoppered test tube

under nifrogen atmosphere, and the temperature was then increased. The reaction was
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added to a 15-nl stoppered test tube under nitrogen atnosphere, and 294 ngy

(2.88 mmol ) of acetic anhydride was then added thereto. The m xture was

stirred at room tenperature for 2 hours and then at 40'C for 1 hour, and

it was then cooled to room tenperature. As a result of the analysis by

HPLC, the conversion rate was 99.8% (Exanple 15) Synthesis of

(R) - 3- et ' ' ILi S ' (o ) M7 : ) of
h%tleg&@n@bfc,%:lddﬂl@teﬁgéﬂaaﬁge s érlr%ﬁ ?ga_rg?@mll)z@ Odver §¢ tnimufty®.

(R -(I-net utyl ) mal oni ¢ aci of sulfuric acid

wer e addqdefeariar, e FackbAPRERA 78S fufthRestde for™ 0 HAGERs AP HPRES Sherdnd

t he tenperature was tahen increased. The reaction was initiated at 1300C,
and the cbSBPeS 2ddth SeiBSrafuldeN ADETERSEEr e h8Rsis BVAPL &0HheBJAVESRRM rate

Thereafter, the reaction solution was furtherf sti'rred for 20 m nutes, and
it was tkhep1000kgd to roomtenperature. As a result of the analysis by
HPLC, the conversion rate was 100.0% (Exanple 16) Synthesis of

(R) - 3-net hyl hexanoic acid (addition of Fe304) 2.00 g (11.5 mmol) of

(R -(1-nmethyl butyl)malonic acid and 40 ng (2 ww% of iron oxide (Fe304)

wer e addeBxdnipla 14PSpithedi® pPEEN nietisiihdab6icliRilactid AMPFEAd SRS RNSiRine and
the tenperature was then increased. The reaction was initiated at 130" C,

and the sblesmgrature was then increased to 180' C over 100 m nutes.
Thereafter, the reaction solution was further stirred for 20 m nutes, and

it was then cotloed (58 maasl) bR ahethglbutyl fnAsnid acrisdndt2 sl of paidinalwsd s by
HPLC, the conversion rate was 100.0% (Exanple 17) Synthesis of

(R) - 3- nettgddiexaltomt s@ppeted skt tube aindef nico gaestmobphedy iatie 292 n}D(208 & thindd) nmol )
of (R -(Il-nethylbutyl)malonic acid, 82.8 ng (0.58 mml) of copper (1)
oxi de, anfl KBtial ardfydedet was tthéd eadded ethattied The amiGreniwak| stivkedurad etoom
nitrogen atnosphere, and the m xture was heated to reflux. After the
r eact i on téropergtutvo fors? hbhe amidethet iad @ 080! fot ilolouspsnd dovaedtien oot to room
tenperature. As a result of the analysis by HPLC, the conversion rate was
64. 3% ( Exapghiard 8)ASy rashl oif sheoalyRis- 18- HBL Gy theexarasion aate avas 98.846ldi t i ves)
3.00 g (17.2 nunol) of (R -(l-methylbutyl)mnmalonic acid was added to an
(Example 15) Synthesis of (R)-3-methylhexanoic acid (addition of sulfuric acid)
2.00 g (11.5 mmol) of (R)-(1-methylbutyl)malonic acid and 113 mg (1.15 mmol)
of sulfuric acid were added to a 15-ml stoppered test tube under nitrogen atmosphere, and
the temperature was then increased. The reaction was initiated at 130°C, and the
- temperature was then increased to 180°C over 100 minutes. Thereafter, the reaction

solution was further stirred for 20 minutes, and it was then cooled to room temperature.

As aresult of the analysis by HPLC, the conversion rate was 100.0%.

(Example 16) Synthesis of (R)-3-methylhexanoic acid (addition of Fe;04)

2.00 g (11.5 mmol) of (R)-(1-methylbutyl)malonic acid and 40 mg (2 wt%) of
iron oxide (FeaQ4) were added to a 15-ml stoppered test tube under nitrogen atmosphere,
and the temperature was then increased. The reaction was initiated at 130°C, and the
temperature was then increased to 180°C over 100 minutes. Thereafter, the reaction

solution was further stirred for 20 minutes, and it was then cooled to room temperature.
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eggpl ant - shaped fl ask under nitrogen atnosphere, and the tenperature was
then increased. The reaction was initiated at 130'C, and the tenperature
was then increased to 180' C over 75 minutes. Thereafter, the reaction
solution was further stirred for 15 mnutes, and it was then cooled to
roomtenperature. As a result of the analysis by HPLC, the conversion rate

was 100 Q% e SR by G4 ok IP12S REOBNHARPASKATRIERS 10 18 are shown in

the following Table 5.771 React 1 on Addi ti ve Anmount
Sol vent Anpbunt Tinme Invert ratio tenperature/'C 9 Pyridine 2 VR 90 to 130
2.4 h 100% 10 DVsO 2 VR 100 to 140 1.6 h 100% 11 Pyridine 0.2 MR 100 to

150 1.8 FREGR O &) ME . 6 Q00 MR 100 t
120 1 5 (AR 177STHES 0&&%&%@5@%&93@% BORAF cobpei T biag M 20% 1°

0.1 MR 130 to i Y, 4 : 20
005 NR CHBON 10 9 80 & R eaon 1b 10t aR At e e

Synt hesi gogHer (Fox&tdah 20a8Lbf fRydi@kile R adRd4d 4 L0Pi] AAsietiddr riesiant e
solution that contained 100 g (1.13 nol; 100%e) of (S)-2-pentanol,; and

149 g (latosphérp, 8id tHel @bNileaw i ReatedS fefRBIAEAied the Zeabtise et Bbers, fHeask.
The obt ai ned solution was cooled to 5 C, and 156 g (1.36 m) of

met hanes tdabOoy boluidrl @t B6ole@ s todantead@edud OpW Sesilhef ik analliebeafnier, the
obtai ned m xture was stirred

the conversion rate was 64.3%.

(Example 18) Synthesis of (R)-3-methylhexanoic acid.(no additives)

3.00 g (17.2 mmol) of (R)-(1-methylbutyl)malonic acid was added to an
eggplant-shaped flask under nitrogen atmosphere, and the temperature was then
increased. The reaction was initiated at 130°C, and the temperature was then increased
to 180°C over 75 minutes. Thereafier, the reaction solution was further stirred for 15
minutes, and it was then cooled to room temperature. As a result of the analysis by
HPLC, the conversion rate was 100.0%.

The results of the aforementioned Examples 9 to 18 are shown in the following

‘Table 5.
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(Example 19) Synthesis of (S)-2-methanesuifonyloxy pentane

417 g of an ethyl acetate solution that contained 100 g (1.13 mol; 100%ee) of

(S)-2-pentanol, and 149 g (1.47 mol) of tricthylamine, were added to a 2-L separable

flask. The obtained solution was cooled to 5°C, and 156 g (1.36 ml) of methanesulfonyl

chloride was then added dropwise thereto.

Thereafter, the obtained mixture was stirred

at room temperature for 1 hour, and 440 g of water was added to the reaction solution to

terminate the reaction.

chloride solution was then added to an organic layer,

An aqueous layer was eliminated, and 267 g of a 10% sodium

Thereafter, the pH of the aqueous

layer was converted to be neutral by addition of a 5% sodium hydrogencarbonate

aqueous solution.

The aqueous layer was eliminated, and the solvent was then distilled

away. Thercafter, addition of toluene and concentration were repeated twice, so as to

obtain 191 g (light brown oil; chemical purity: 93.5%; 1.07 mol; yield: 94.6%) of crude
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solution was once renoved fromthe flask, and 421 g (4.05 nol) of
concentrated hydrochloric acid was added to the flask. Thereafter, the
reaction solution was added dropwi se thereto. The pH of the m xed sol ution
was pH 1.1. The m xed solution was then extracted with 717 g of ethyl
acetate. An organic |layer was washed with 532 ml of 0.26 M hydrochloric

aci d, an tm‘eﬁﬁégﬁ%n}'}ﬁgﬁ?gﬁﬁn@ stilled away, followed by substitution

with tolu resu was crystallized from974 g of toluene, so as
to 73 obtain 170 g (white platy crystal; purity: 95.3 % 0.931 mol ;
yield: 81.7% of (R -(l-methylbutyl)nal onic acid. As a result of chiral

anal ysi s¢edatnpt@s0y @nmcksisnatrbJagth-apt-hieal reof was 99. 7%e.
( Exanpl e( 22) p\é%nt)hsel"gll S SoS ( ;) Strr%'?lh I hey)%@#gl)%ﬁla(.{(l:ll 89 g of pyridine was

added to a L71eg%m1aﬂ9tm§1lj%@%d% 4@&%%@%& mﬁﬁﬁzﬂﬁrbu ﬁ{cm%p 8F THFAREt he
tenperature was then incréased to 11 Thereafter, a solution obtained

by di ssohdteldo J1&1‘143)09 -thi’ §Daribld fladkiir D8BY g Q79 Hind¥ of Rbth] R iat 240

| oni c
acid in 147 g of pyridine was added dropw se thereto Oover 5 hours. Eﬂ

obt ai nedof THF W8 aM8&d dldbivaRrtoThd FdaBlor Slutio AU tenfRehthie HMRSednIENCEREl ed to
roomtenperature, so as to obtain 329 g of a pyridine solution of

(R) - 3- megg¢rd, hedaiel dbtafed midrd wagIhéd wRkhdd itha?®d sbs TRF. HRLE, reddtionas
found that the conversion rate was 100% and that the yield was

quant i t agdlvgon Wadheated toa Ptipeditif: S@lveéd 65PC had 700 aal 266 giB8rig: §0.128 ol )
of (R)-3-nethyl hexanoi c acid obtained by the reaction was subjected to

vacuum di 28ithbRtdfatudalS)appicthensBilfinyldxy patine &l 284t oL MHA netecaddad di ne,
t hereby obtaining 197 g of crude (R)-3-nethyl hexanoic acid. 190 g of the
crude ( Rhetetoret Tydrbefieanbie obadnddl mixguteewis feaadd uaderapfiuo fornbhalry, dhd 6B8rt, so
as to obtain 152 g (colorless oil; 1.17 nol; yield: 90% purity: 99.3% of
(R) - 3- nethybhexatooi wasacdded Abemto esubdonof teatperaabreanalysesfier) tconamtratedund
that the optical purity thereof was 99.5%e. | NDUSTRI AL APPLI CABI LI TY

hydrochloric acid was added to the mixture, so as to control the pH of the mixture at pH

6to 7. An aqueous layer was eliminated, and the solvent was then distilled away, so as

to obtain 443 g (colorless oil; purity: 59.9%; 1.15 mol; yield: 90.5%) of crude

(R)-diethyl(1-methylbutyl)malonate.

(Example 21) Synthesis of (R)-(1-methylbutyl)malonic acid

439 g (purity: 59.9%; 1.14 mmol) of crude (R)-diethyl(1-methylbutyl)malonate,
6,650 g (4.04 mol) of a 25% sodium hydroxide aqueous solution, and 797 ml of water
were added to a 4000-ml separable flask. The obtained mixture was reacted at a
temperature between 65°C and 70°C for 6 hours, and it was then cooled. The reaction
solution was once removed from the flask, and 421 g (4.05 mol) of concentrated
hydrochloric acid was added to the flask. Thereafter, the reaction solution was added
dropwise thereto. The pH of the mixed solution was pH 1.1. The mixed solution was
then extracted with 717 g of ethyl acetate. An organic layer was washed with 532 m} of
0.26 M hydrochloric acid, and the solvent was then distilled away, followed by

substitution with toluene. The resultant was crystallized from 974 g of toluene, so as to

73




According to the nethod of the present invention, (S)-2-pentanol or
(S)-2-hexanol that is an industrially useful conmpound as an internedi ate
material for pharmaceuticals, agrichemcals or the like, can be obtained
at high optical purity and at a high concentration. According to the
present invention, optically active 1-nethylalkyl malonic acid 74 and
opticall i - mathy r li i hat. ef ul .p ceutical
or agriéh%%%ggﬁ gﬁﬁ%&%ﬁh?’ é%ﬁ%%hlﬁg ob g%ng% §?§hﬁgﬁ0§p¥%§%I§%ZHlt§wby an

i nexpens ;(N%g laﬁfithﬁlglft%lgn‘_ﬂ%ﬁc Lnglushi iﬁ){a]fl‘esﬁli Q¢ léﬁfrgloghaﬁsgsﬁf] W wad Toddd Pl A

met hod o oduci'ng 2- pent ano ch conprises OW Nng m cr oor gani sns
or trans,gheRduls) threofiwR 9948icc0bt ai ned by treating said m croorgani sms
or cells, a culture solution of said mcroorganisns or cells, and/or a
crude purified product or purified product of a carbonyl reductase
fraction obtained fromsaid mcroorganisns or cells, to act on

2- pent angRemMBOR LR PuthbeoB( ) RaRHMdxaiBe Scf said m croorgani sms or
transforned cells, which has not béen pretreated with a solvent, is

al | oned to act 89n: 3fR8MIARORMRs dddkd ZoPENLBNQepiAYkRpea ARt kRl Bitbpdy Of
95% e.e. or greater can be generated, and the productivity thereof is | ny

or nore @fm&s%hm%' BED RN Rindirat@le HRY el IncFRSSR Wel U, hQWerealer, A dWRbthad Of
producing (S)-2- hexanol whi ch conprises allow ng m croorgani sns or

t ransf or weahiedl Bsdiselpingduots Clecahnel Rty €490 &f $R)-( -Heeydialtglamaimt Or
cells, a culture solution of said mcroorganisns or cells, and/or a crude
puri fi edapidotiutd7 @r of pytidink edtap addhdc Uropiwise EGidto Nysler reduGisaASThé rededihan

obt ai ned from said mcroorgani snms. or cells, to act on 2-hexanone, wherein
when a f mestureelab furdss stifred 8ol hwt et ganisshisn odoled tanshDlcipdratale] so asvhi ch
has not been pretreated with a solvent, is allowed to act on 2-hexanone,
(S) - 2- hexanblairth334 g@fampyoinecallutinn off (R)ef-midBidleexancioracl eatses resah oiche

analysis by HPLC, it was found that the conversion rate was 100%, and that the yield
was quantitative.

754 g of a pyridine solution that contained 169 g (1.29 mmol) of
(R)-3-methylhexanoic acid obtained by the reaction was subjected to vacuum distillation
at approximately 50 Torr, so as to eliminate pyridine, thereby obtaining 197 g of crude
(R)-3-methylhexanoic acid. 190 g of the crude (R)-3-methylhexanoic acid was rectified
at approximately 10 Torr, so as to obtain 152 g (colorless oil; 1.17 mol; yield: 90%;
purity: 99.3%) of (R)-3-methylhexanoic acid. As a result of chiral analysis, it was

found that the optical purity thereof was 99.5%ee.

INDUSTRIAL APPLICABILITY

According to the method of the present invention, (S)-2-pentanol or
(S)-2-hexanol that is an industrially useful compound as an intermediate material for
pharmaceuticals, agrichemicals or the like, can be obtained at high optical purity and at a
high concentration.

According to the present invention, optically active 1-methylalkyl malonic acid
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generated, and the productivity thereof is 1 ng or nore of (S)-2-hexanol/g
of dry cell mass weight/hour. 3. A nethod for producing (S)-2-pentanol or
(S) - 2-hexanol having high optical purity, wherein mcroorgani sns sel ected
fromthe group consisting of genus Breffanonyces, genus Candi da, genus
Hortaca, genus Issatchenkia, genus Lodderonyces, genus Pichia, genus

Rhodot or thd Bptig@BHSchvd BLakagt ﬁ:‘&gboglgﬁb' Sachl eﬂ{étb tﬁé’e’ﬁﬂ”hs %Qﬂﬁaceutlcal or

Crut obact eri um denus Geobacr | enus Mcro cterlun1 genus

Cchr Obach%ﬂ’éﬁenﬁédl Yster@TiRES €4t Be oBRMEN RHAPHHN pRIG BLM MmeRPARREAGRUS, a
product obtained by treating said nlcroorganlsns a'culture solution of

sai d m CeARiddNh&PrialdnediRtion nsdiksle purified 76 product or purified
product of a carbonyl reduct ase fraction obtained fromsaid

m croorgani sns, are allowed to act on 2-pentanone or 2-hexanone, so as to
generate (S)-2-pentanol or (S)-2-hexanol. 4. A nethod for producing
(S)-2-pentanol or (S)-2-hexanol having high optical purity, wherein
transforned cells wherein DNA encodi ng carbonyl reductase obtained from
m croorgani sns selected fromthe group consisting of genus Brettanonyces,
gel Il UN Candi da, genus Hortaea, genus |ssatchenkia, genus Lodderonyces,
genus Pichia, genus Rhodotorula, genus Arthrobacter, genus Brevibacterium
genus Cratobacterium genus Geobacillus, genus M crobacterium genus
Ochrobactram genus Paracoccus, genus Rhizobium and genus Rhodococcus,
has been allowed to express, a product obtained by treating said cells, a
culture solution of said cells, and/or a crude purified product or
purified product of a carbonyl. reductase fraction obtained fromsaid
cells, are allowed to act on 2-pentanone or 2-hexanone, so as to generate
(S)-2-pentanol or (S)-2-hexanol. 5. The production nethod according to
claim3 or 4, wherein the mcroorganisns are selected fromthe group
consi sting of Brettanomyces bruxellensis, Brettanonyces anonalus, Candida
famat a, Candi da krusei, Candida naltosa, Candida tropicalis, Candida

zeyl anoi des, Hortaea werneekii, |ssatchenkia scutulata, Lodderonyces
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el ongi sporus, Pichia angusta, Pichia besseyi, Pichia cactophila, Pichia
segobi ensis, Pichia spartinae, Pichia trehal ophila, Rhodotorula m nuta,
Art hrobacter oxydans, Arthrobacter polychronogenes, Arthrobacter sp.,
Art hrobacter sul furous, Brevibacterium butanicum Curtobacterium

fl accunf aci ens, Geobacillus stearothernophilus, M crobacterium
kerat anol yti cum M crobacteri um sapgidagsgM crobacteriurn sp.,

M crobacteriumtestaceum Ochrobactrum anthropi, Gchrobactruni sp.
(Pseudononas, ovalis), Pracoccus denitrificans, Rhizobium radi obacter, and
Rhodococcus sp. (Corynebacterium hydrocarboclastum. 6. A nethod for
produci ng (S) - 2- genhael Uf (pRodimneXasb-pBAMhAY Whidh QRhirRbs REGWinY.
wherein transformed cells, wherein deScribed in any one of the

fol | ow nghicrédrghrikmt @r thhsfBAgePQER. 2blMBEBFneX BY 8 atindsddd gsiebreabispisned by
treating said cells, and/or a culture solution of said cells, are al |l owed

to act opr delpgnd 3G WlutdonBR AAANRicrEOrgRishd ordEIR! ah&/of ) crAmBeRirATRAl OF
(S)-2-hexanol: (A DNA encoding a protein having the am no acid sequence

shown i npfE@:t Br Nedirified peducDNA encadbmd eedit@bei flactiohi 6ltaited BOmarkdo acid
sequence conprising a deletion, addition, or substitution of one or

several migroorgagisas onckls,respesh 2tsentdiRnafivi@eRCivlen 8 €GB RER nSdye Wi shid SEQ
ID NO 1, and which has ability to reduce a carbonyl group to synthesize

opti cal | piaobigusisak aghednsfor@kd D¥hs ewhietl Ing ot ek rdtreatiddi whh masoleentaizi no
aci d sequence showi ng honol ogy of 50%or nore with the am no acid sequence
shown i nalkiGd & MD onl 2-pentinedn, B )-Basentambi hiatipgtah speatal pudtycall 95yd.c.goroup to
synt hesi ze optically active al cohol; (D) DNA having the nucl eotide sequence
shown i ng@SEEr b bipeRrat¢d)anDiife pradictiyity thaebfstli e os ague ol S)-2apéntinol/g
conprises a deletion, addition, or substitution of one or several
nucl eot i dedrywietlhnase sypégitt/oor.t he nucl eoti de sequence shown in SEQ ID NO 2,
and which encodes a protein having ability to reduce a carbonyl group to
synt hesi ze2.optA owithod clqrpduring (Dibhexaanbiwhich comprises allowing microorganisms

or transformed cells, a product obtained by treating said microorganisms or cells, a

culture solution of said microorganisms or cells, and/or a crude purified product or

purified product of a carbonyl reductase fraction obtained from said microorganisms or

cells, to act on 2-hexanone, wherein when a fresh cell mass of said microorganisms or

transformed cells, which has not been pretreated with a solvent, is allowed to act on

2-hexanone, (S)-2-hexanol having an optical purity of 95% e.e. or greater can be

generated, and the productivity thereof is 1 mg or more of (S)-2-hexanol/g of dry cell

mass weight/hour.

3. A method for producing (S)-2-pentanol or (S)-2-hexanol having high optical

purity, wherein microorganisms selected from the group consisting of genus

Brettanomyces, genus Candida, genus Hortaea, genus Issatchenkia, genus Lodderomyces,

genus Pichia, genus Rhodotorula, genus Arthrobacter, genus Brevibacterium, genus

Crutobacterium, genus Geobacillus, genus Microbacterium, genus Ochrobactrum, genus

Paracoccus, genus Rhizobium, and genus Rhodococcus, a product obtained by treating

said microorganisms, a culture solution of said microorganisms, and/or a crude purified
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(F) DNA having a nucl eoti de sequence, which hybridizes with the nucl eotide
sequence shown in SEQ ID NO 2 or a conplenentary sequence thereof under
stringent conditions, and which encodes a protein having ability to reduce
a carbonyl group to synthesize optically active alcohol. 7. A nethod for
producing (R)- or (S)-3-nmethyl carboxylic acid represented by the

fol l ow ngrgfdaém!r pidifHled BrdducCUy (Slrpoif]CEeubtal ﬂa%ﬂBﬁsg&Eﬁe@nﬁ&hkl%dgr oup

cont ai ni 3to at ons represents an asymmetric car

Whi ch copptrbsRandRe AaRONYIWd RYadiRia 2 Qa%b aBb#Y | s /)1

having 78 1ropt ical activity rep?ese%t nhe foP ovml)ng Sfoor g&(‘ 1§ﬂe| n the
presence g)tz_gerﬁh&nloy _@,gxan%pl vent and/ or an additive for pr om)t i ng

decar boxyl ation: -1ly CO2H wherein R1L has the same definition as

descri bed @bOV&,maH@h rf@ﬂ%meﬁlg @) AR diC(S)SRRE@Re! Bavify RN nf:zﬂf
producing (R)- or (S)-1-nethylalkyl malonic acid represented by

fol I owl ngurfigr MkRid tansfoRREd ckils whb%lm SHB6difk RaffbnyERIGAER Sbt%.ﬁleﬁl kyl

group containing 3 to 5 carbon atons, and represénts an asymmetric carbon,

}Nh: fh COoffbfn BEFodtizhliving geloftd ¢kl theaGbiyy Bomli@ PRI ey Bitiahedys, bhfis
ol | owi ng

Candida, genus Hortaea, genus Issatchenkia, genus Lodderomyces, genus Pichia, genus

Rhodotorula, genus Arthrobacter, genus Brevibacterium, genus Crutobacterium, genus
Geobacillus, genus Microbacterium, genus Ochrobactrum, genus Paracoccus, genus
Rhizobium, and genus Rhodococcus, has been allowed to express, a product obtained by
treating said cells, a culture solution of said cells, and/or a crude purified product or
purified product of a carbonyl reductase fraction obtained from said cells, are allowed to
act on 2-pentanone or 2-hexanone, so as to generate (8)-2-pentanol or (8)-2-hexanol.

5. The production method according to claim 3 or 4, wherein the microorganisms
are selected from the group consisting of Brettanomyces bruxellensis, Brettanomyces
anomalus, Candida famata, Candida krusei, Candida malfosa, Candida tropicalis,
Candida zeylanoides, Hortaea werneckii, Issatchenkia scutulata, Lodderomyces
elongisporus, Pichia angusta, Pichia besseyi, Pichia cactophila, Pichia segobiensis,
Pichia spartinae, Pichia trehalophila, Rhodotorula minuta, Arthrobacter oxydans,
Arthrobacter polychromogenes, Arthrobacter sp., Arthrobacter sulfurous, Brevibacterium
butanicum,  Curtobacterium  flaccumfaciens, Geobacillus  stearothermophilus,
Microbacterium keratanolyticum, Microbacterium saperdae, Microbacterium sp.,
Microbacterium testaceum, Ochrobactrum anthropi, Ochrobactrum sp. (Pseudomonas .
ovalis), Pracoccus denitrificans, Rhizobium radiobacter, and Rhodococcus sp.
(Corynebacterium hydrocarboclastum).

6. A method for producing (S)-2-pentanol or (8)-2-hexanol having high optical

purity, wherein transformed cells, wherein DNA described in any one of the following
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formula (2) to react wwth a sulfonylation agent: Rl OH (2) wherein R has
the sane definition as descri bed above, and represents an asymetric
carbon, so as to obtain an optically active compound represented by the
following forrmula (3): R X (3) wherein R1 has the sane definition as
descri bed above, X represents a sulfonyloxy group, and * represents an

aSymTE” a@ﬁﬂﬁb béth! ARG t{) Q)Spr% 'aﬁj%(# Bltain\éﬁ qmaapgg?jg%eﬂ%ﬁg/o%t h a

car bon n represen OWI ng rormnu

presence ﬁ{ur@ sDREEn oRsaidRefls, (42 a lg&eﬁl"@c? L& &h Qg:%ﬁ'taﬂ(gne% ARg.R3né NdeRagdent Iy

represents an ester group, a carboxyl group, cyano group,” wherein R-
and W may.lp4e g})eﬁ Eml%rggﬁhlk&ﬁﬂqucture, so as to obtain an optically

active compoun resente ollowing formula (4): RR R2 R 3 (4)

wherei n By pRA erﬁ:BQmE% 18 ﬁeﬂ%lgsﬁﬁ"anﬂﬁ& h&ﬂtsb&f&ic@%diﬁ?&rsm%émVﬁ and

represents an asymmetric carbon, and hydrolyzing the obtai ned optically

active cogpoNdendddidoR plotétRL ﬂﬂcﬁ'ﬁ‘a‘é'anrﬁhﬁﬁ'a‘élcﬁéé Hete domlprlst Bé’llaﬁdnk)"
mal oni ¢ acid having an opt ical purity of 90%e or greater, i ch
repr esenh@dtiby, dheubk@futioni oTbnbdrisveral hhind acills GdHresPedt Mo the amino ac1d
- sequence shown in SEQ ID NO: 1, and which has ability to reduce a carbony! group to
synthesize optically active alcohol;
(C) DNA encoding a protein, which has an amino acid sequence showing homology of
50% or more with the amino acid sequence shown in SEQ ID NO: 1, and which has
ability to reduce a carbonyl group to synthesize optically active alcohol;
(D) DNA having the nucleotide sequence shown in SEQ ID NO: 2;
(E) DNA having a nucleotide sequence, which comprises a deletion, addition, or
substitution of one or several nucleotides with respect to the nucleotide sequence shown
in SEQ ID NO: 2, and which encodes a protein having ability to reduce a carbonyl group
to synthesize optically active alcohol; and
(F) DNA having a nucleotide sequence, which hybridizes with the nucleotide sequence
shown in SEQ ID NO: 2 or a complementary sequence thereof under stringent conditions,
‘and which encodes a protein having ability to reduce a carbonyl group to synthesize
optically active alcohol.
7. A method for producing (R)- or (S)-3-methyl carboxylic acid represented by the

following formula (5):

wherein R represents an alkyl group containing 3 to 5 carbon atoms, and * represents an

asymmetric carbon,

which comprises decarboxylating (R)- or (8)-1-methylalkyl malonic acid having

78




CO2H wherein Rl represents an al kyl group containing 3 to 5 carbon atons,
and * represents an asymetric carbon. 10. The (R)-I-nethyl al kyl mal onic
acid or (S)-I-nethylalkyl malonic acid according to claim9, wherein Rl
represents an n-propyl group or an n-butyl group. 11. A nethod for
produci ng an optically active substance represented by the follow ng
formul a Y : IRe] B :

&]gt}cal Ectfkffltﬁ( r&ﬁ)es %{Jf&e@é}{%{)@ﬁfg%ﬁﬁﬁﬁ ("[1511:11"&51? P%@gﬁcegfﬁqﬁ%%l?grgl%

represent a su nyl oxy gr conpri ses ow ng mcCr ani sns or

transforgmglerﬁgh%r&gg&ﬂ{i%ﬂgp?%%i(?g@%gg%{b(;x? yehase having activity to react

w th 2-pentanone to generate entanol’,” wherein it is able to
generate (S)-2-pentanol having an optical purity of 95% e.e. or. greater
when the fresh cell mass thereof, +etPQells not  been pretreated with a
solvent, is allowed to act on 2-pent aogne, ﬁnd t he productivity thereof is
10 ng or nore of (S)-2-pentanol/g of dry cé | mass wei ght/hour, a product

obt ai nedwh¥retd RAthh§ theSRfé dFRiMBLCELILABES BFoVR! akEk [rSpresentihrt Bdynmekidt i on
of said m croorganisns or cells, and/or a crude purified product or
purifi edcgpegluct of a carbonyl reductase fraction obtained from said

m croorgani sns or cells, to act on 2-pentanone, so as to convert it to

(S) - 2- pent@nol A mettisll x| RYIREnG (¥E)- WRt(B)-NadcthPlatid] ReNéEBAkid Rpfdambd Wyt h a
sul fonyl ati on agent, so as to convert it to the optically active substance
r epr esenthedolywingefoahadgl f:ormul a (6). 12. A nethod for producing an
optically active substance represented by the followng formula (6): R4 X
(6) wherein represents an n-butyl F?]r upbozglnd X represents a sul fonyl oxy

group, boH 1y
wherein R' represents an alkyl group containing 3 to 5 carbon atoms, and * represents an
asymmetric carbon,
which comprises allowing optically active alcohol represented by the following
formula (2) to react with a sulfonylation agent:
Rl
s
OH (2)
wherein R' has the same definition as described above, and * represents an asymmetric
carbon, so as to obtain an optically active compound represented by the following
formula (3):
R\
X (3)
wherein R' has the same definition as described above, X represents a sulfonyloxy group,
and * represents an asymmetric carbon; |

allowing the optically active compound to react with a carbon nucleophile

represented by the following formula (9) in the presence of a base:

R2
r3
R” (9
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whi ch conprises: allow ng m croorganisns or transforned cells containing a
carbonyl reductase having activity to react with 2-hexanone to generate
(S)-2-hexanol, wherein it is able to generate (S)-2-hexanol having an
optical purity of 95%e.e. or greater when the fresh cell mass thereof,
whi ch has not been pretreated with a solvent, is allowed to act on

2- hexanofBereftheh v AT UCtindedndEhey Fe?f‘esbr?fts R c88r BFouPfDh 8aiBbxyl group, or
(S)-2-hexanol /g of dry cell nass wei'ght/hour, a préduct obtained by
treatinga §pdrd grohys; WAREAA N SN FOTm&PIdgstheAfdtt 4 &ycfic 3Lt 5o & toStdln an

m croorgani sns or cells, and/or a  crude purifi'ed product or purified
product  @hticall¢ ALRRYOmpRME GeReeniddast 1he Fodbkiab Te@mits e sai d m croor gani sims
or cells, to act on 2-hexanone, so as to convéert it to (S)-2-hexanol; and
al l ow ng the obtained (S)-2-hexanol to react with a sulfonylation agent, so
as to convert it to the optically ity & subst ance represented by the
above formula (6). 13. The nethod accor@fi ng@dho claim 1l or 12, which
further conprises a step of allowing the optically active substance

r epr esentvaerehyRf, ®uhdR{ Bive the sede defihitions ac adsbfibed shiskeail™ tpresemsagent ed
by the following fornmula (9) in the presence of a base: 2 R 3 (9) wherein
each of &FmanelriRsatbodepeindent|ly represents an ester group, a carboxyl
group, or 81 2 3 a cyano group, wherein R and R may together forma cyclic
structure, so lasirdlyzingribeobtained optically appitve cadnbpyuraict i ve conpound represent ed
by the following fornmula (7): RIyR2 R 3 (7) wherein and R3 have the sane
definiti o adRodswethpktkydboslepicaacdd Rr (Bpr-esdniadkpnmatonie apil hayingipnor an
n-butyl group. 14. A method for producing (R)-I|-nethyl butyl malonic acid or
(R) - | - meoptidappwrtitylof 90%ee or greater, which is represented by the following formula (1):

1)3;\‘,002H
COH (1)

R

wherein R' represents an alkyl group containing 3 to 5 carbon atoms, and * represents an
asymmetric carbon.

10. The (R)-1-methylalkyl malonic acid or (S)-1-methylalkyl malonic acid according
to claim 9, wherein R' represents an n-propyl group or an n-butyl group.

11. A method for producing an optically active substance represented by the
following formula (6):

Ri_-
X (6)
wherein R* represents an n-propyl group, and X represents a sulfonyloxy group,
which comprises: allowing microorganisms or transformed cells containing a

carbonyl reductase having activity to react with 2-pentanone to generate (S)-2-pentanol,
wherein it is able to generate (S)-2-pentanol having an optical purity of 95% e.e. or
greater when the fresh cell mass thereof, which has not been pretreated with a solvent, is
allowed to act on 2-pentanone, and the productivity thereof is 10 mg or more of

(S)-2-pentanol/g of dry cell mass weight/hour, a product obtained by treating said
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mal oni ¢ acid, which conprises; allowng the optically active substance
represented by fornula (6) obtained by the nethod according to claiml| |
or 12 to react with a carbon nucl eophile represented by the foll ow ng
formula (9) in the presence of a base: 2 R ,3 R (9) wherein each of and
R3 i ndependently represents an ester group, a carboxyl group, or a cyano

group, V"ﬁﬁ&%bfgaﬂysﬁﬁdorw,éiﬁ?’ at QR S61utiBR erasél?cV ﬁhbr%o?rf]j%}eég{s%lecei}lgfj Taﬁtfé’ of @

convert it to an optically active conpound repres by t | owi ng

formul a triMe pRrididd pdddchol forifidaes:8iikt Bt adfbo ﬂ?ﬁﬁﬂﬁctﬁébeﬁﬁﬁ'ﬁ dhefihdd £h@ns as

descri bed above, and Wrepresents an n-propyl group or an n-butyl group,

and hydr e4dij zhib&otd¥aisab & efld 18Rk %Qlﬁén%%é/ Q0 GO PP O3HArt iBR @I-2LSeneRmayert it
to (R -I-nmethylbutyl malonic acid of (R)-I-methyl pentyl mal onic aci

repr esenhed abywingethef sHthiawd (rgs;) - Demahél foBdeactwith @ dktforltidn (dhknt, Woedseion R~
es

has the same definition as ciibed above. 15. A nmethod for producing

(R) - 3- methlerdiewahe IoPuaallyChcﬁﬁfe ciDstarcaRéft¥denfAtyah® bboveXotflula\@p). ch conpri ses
allowing the optically active substance represented by fornula (6) 82

obt ai ned bj2.t ha pethved fec pesdlichy b 6ptivally ldetive dubsta@ed aagiesaitdd bg err bon
nucl eophile represented by the following formula (9) in the presence of a
base: 2 fd¥lowing formula (6):

R~
X ()
wherein R* represents an n-butyl group, and X represents a sulfonyloxy group,
which comprises: allowing microorganisms or transformed cells containing a
carbonyl reductase having activity to react with 2-hexanone to generate (S)-2-hexanol,
wherein it is able to generate (S)-2-hexanol having an optical purity of 95% e.e. or
greater when the fresh cell mass thereof, which has not been pretreated with a solvent, is
allowed to act on 2-hexanone, and the productivity thercof is 10 mg or more of
(S)-2-hexanol/g of dry cell mass weight/hour, a product obtained by treating said
microorganisms or cells, a culture solution of said microorganisms or cells, and/or a
crude purified product or purified product of a carbonyl reductase fraction obtained from
said microorganisms or cells, to act on 2-hexanone, so as to convert it to (8)-2-hexanol;
and allowing the obtained (S)-2-hexanol to react with a sulfonylation agent, so as to
convert it to the optically active substance represented by the above formula (6).
13. The method according to claim 11 or 12, which further comprises a step of
allowing the optically active substance represented by formula (6) to react with a carbon

nucleophile represented by the following formula (9) in the presence of a base:

R2
!/3
R (9

wherein each of R? and R? independently represents an ester group, a carboxyl group, or
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C3 R (9) wherein each of R~ and independently represents an ester group, a
car boxyl group, or a cyano group, wherein and may together forma cyclic
structure, so as to convert it to an optically active conmpound represented
by the followng formula (7): RI~rR2 R 3 (7) wherein and have the sane
definitions as described above, and R~ represents an n-propyl group or an

n-Duty! 60 I plerah G IR Gk ALBEHe ORI GALN, Sl GAIMBURRverER s f O

convert it"to -1 - met hyl but yl nic aci net hyl pentyl nmal onic

aci d repjoesespRalPYctivi&onipRth@WhekehRuBy the f&)dwig%ﬁaﬂﬂm H CO2H (8)

wherein R~ has the same definition as déscri bed ove, and decarboxyl ati ng
the obtained (R)-I-nmethylbutyl malonjc gcid or (R)- 1 -nethylpentyl
mal oni ¢ acid. 83 R4J\/R
R* ()
wherein R? and R® have the same definitions as described above, and R* represents an
n-propyl group or an n-butyl group.
14. A method for producing (R)-1-methylbutyl malonic acid or (R)-1-methylpentyl
malonic acid, which comprises; allowing the optically active substance represented by

formula (6) obtained by the method according to claim 11 or 12 to react with a carbon

nucleophile represented by the following formula (9) in the presencé of a base:

R2
r3
R™ (9

wherein each of R? and R? independently represents an ester group, a carboxyl group, or
a cyano group, wherein R* and R® may together form a cyclic structure, so as to convert it
to an optically active compound represented by the following formula (7):
R4J\/R2
R (7
wherein R? and R? have the same definitions as described above, and R* represents an
n-propyl group or an n-butyl group, and
hydrolyzing the obtained optically active compound, so as to convert it to
(R)-1-methylbutyl malonic acid or (R)-1-methylpentyl malonic acid represented by the
following formula (8):
R4/|Y002H
CO-H (8)
wherein R* has the same definition as described above.
15. A method for producing (R)-3-methyl hexanoic acid or (R)-3-methyl heptanoic

acid, which comprises allowing the optically active substance represented by formula (6)
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obtained by the method é,ccording to claim 11 or 12 to react with a carbon nucleophile

represented by the following formula (9) in the presence of a base:

R2
(3
R™ (9

wherein each of R? and R? independently represents an ester group, a carboxyl group, or
a cyano group, wherein R? and R® may together form a cyclic structure, so as to convert it
to an optically active compound represented by the following formula (7):
R4J\,R2
R® (1)

wherein R* and R® have the same definitions as described above, and R* represents an
n-propyl group or an n-butyl group,

hydrolyzing the obtained optically active compound, so as to convert it to
(R)-1-methylbutyl malonic acid or (R)-1-methylpentyl malonic acid represented by the
following formula (8):

R4 Lr,cozH

CO2H (8)
wherein R has the same definition as described above, and

decarboxylating the obtained (R)-l1-methylbutyl malonic acid or

(R)-1-methylpentyl malonic acid.
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