- 1 - DESCRI PTI ON PROCESS FOR PRODUCI NG OPTI CALLY
ACTI VE 3- HYDROXYPROPI ONl C ESTER DERI VATI VE Techni ca
Field The present invention relates to a process for
produci ng an optically active 3-hydroxypropionic
ester derivative wuseful as an-internediate for a

medi canent, in particular, an optically active

2- (hydr oxynet hyl ) - 3- phenyl propi oni ¢ ester derivative.

More particularly, the BﬁggﬁngFaﬁention relates to a
process for producing an optically active
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an optically active

2- (hydr oxynet hyl ) - 3- mrerpd rERivw o/Eest er deri vati ve

the process which is characterized by conprising
synthesizing a 2-fornylacetic ester derivative by
usi ng an acetic ester derivative available at |ow
FestinigafloFaeddest er and a base, and

stereosel ectively reducing the 2-fornyl acetic ester )
der i VER® BEeENEsEdRNBROR AALRdESc L Gupteceap disirepypducing
st ereosel ectively reducing the fornyl group thereof.
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ester derivative.

More particulariy, the present invention relates to a
process for producing an optically active 3-hydroxypropionic
ester derivative, in particular, an optically active
2- (hydroxymethyl) -3-phenylpropionic ester derivative, the
process which i1s characterized by comprising synthesizing a
2-formylacetic ester derivative by using an acetic ester
derivative available at low cost, a formic ester and a base,
and stereoselectively reducing the 2-formylacetic ester

derivative by use of an enzymatic source capable of

stereoselectively reducing the formyl group thereof.

Background Art

Conventionally, the following processes are known for
producing an thically active 3-hydroxypropionic ester
derivative.

1) A process for obtaining an optically active

2-substitued-3-hydroxypropionic acid by asymmetrically



2- oxidating 2-substituted-1, 3-propanedi ol by use of a
m croorgani sm (Chem Lett., 1979, Vol.11, 1379-1380).
2) A process for obtaining an optically active

3- hydr oxypropi oni c ester derivative by reducing a 0.1%
2-fornyl acetate ester derivati ve by use of a

m croorgani sm bel onging to the genus Candi da,

Rhodot orul a, or Torul opsis (Japanese Patent Lai d-Qpen
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compound used as a substraté is expensive and the

gliereosghackhviitiens Lewcin 1b7bheveaseiwheseotheso) .
2-position has a substi t uent except for a methyl

group2) Farpheteds efot nobthei Progess GticICe #ctive
substrate in use negatively affects the reducing
dchiydroxypiropaomicr estgandsmiaatian bpzyeducihe a 0.1%
concentration of a starting nmaterial is extrenely
PoworBgilacpratessetehader svanl v¢ dantusepodbhems cagogganism
I ndustrial process. On the other hand, for produ0|n% a
pelonmipdcE® ehegeius dandida v &hadet rmileonpPigTorulopsis
grocesses are known, cess for ob%alnlng et hyl
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et hyl phenyl propionate wth a sodi um net and eth
a methyl group. Furthermore, in the process 2), since a

substrate in use negatively affects the reducing activity of
amicroorganismand an enzyme, the concentration of a starting
material is extremely low. Both processes have significant
problems as an industrial proéess.

On the other hand, for producing a 2-formylacetic ester
derivative, the following processes are known.

3) A process for obtaining ethyl a- (formyl)
2-methyl-1,3-dioxolane-2-propionate by formylating ethyl
2-methyl-1,3-dioxolane-2-propionate with NaH and ethyl
formate, followed by subjecting todistillation purification
(Phosphorus and Sulfur, 1986, Vol.28, 330-345).

4) A process for obtaining crude ethyl
2-formylphenylpropionate by formylating ethyl
phenylpropionate with a sodium metal and ethyl

formate (Eur.J.Med.Chem., 1988 Vol.23, 53-62).



formate( Eur.J. Med. Chem, 1988 Vol .23, 53-62). - 3
However, in any one of the processes, a reaction
product contains an unreacted starting naterial and a
| arge anount of inpurities such as a mneral oi
derived fronmNaH Therefore; 3for obtaining a highly
purified product, a purification step using
distillation, crystallization or colum is required.

Ther eygyevor OthPHE B b2nede aheve skek, pé!trtéa!?ﬂ: iH#Prdduct
process to an |ndustr|al use. Sunmary of

aveat nenah eyt 0éd t Sita 2 D¢ RiHd ranrad a(ﬁdf @u MegBCeRount
it is an object of the present invention to provide a

pfocess iftdre sséumth ¥ s apriomici Ingi Bde optréd 8-bwn Nagt.i vEherefore,
3- hydr oxypropi onic ester derivative useful as an
ifotrevlpeai mimg faohighhgdiwankird produpér; ta gulrafication step
optically active 2-(hydroxynethyl)-3- phenylproplonlc
gstag destialaveonf ronystalhivamien o cedainy is required.
avai l abl e at | ow cost. The_present inventors conducted
TREERSINR PEORAFES BRNE Hened PRoYReFRT BWeF 1515 srehangrocess
onseqguent | have found a process for sinply
%POGGCFH 1 r&a§|E§Fry active 3-hydroxypropionic

ester derivative by synthesizing a 2-fornylacetic

ester derivative at a high purity froman acetic

gﬁﬁﬁﬁrgeBEV@§EV?n9¥ﬂtk ple at low cost by a sinple

proces er eose ectlvely reduci ng the
2-foraylacsticr %@rafﬁ%dé@ﬂo%@ﬁlﬁ%n%ftaﬁ%es, it is an

enzymati c source capable of stereoselectively

beduekRa the phent Diwipr {heE8roBaresd process for simply
producing an optically active 3-hydroxypropionic ester
derivative useful as an intermediate for a medicament, in
particular, an optically active

2- (hydroxymethyl) -3 -phenylpropionic ester derivative, from
a raw material easily available at low cost.

The present inventors conducted extensive studies on the
aforementioned object and consequently they have found a
process for simply producing an.optically active
3-hydroxypropionic ester derivative by synthesizing a
2-formylaceticesterderivativeat ahighpurity fromanacetic
ester derivative available at low cost by a simple process,
and stereoselectively reducing the 2-formylacetic ester
derivative by use of an enzymatic source capable of

stereoselectively reducing the formyl group thereof.. Based

on the finding, the present invention has been achieved.



on the finding, the present invention has been
achieved. 4 According to the present invention, there
is provided a process for producing a 2-fornylacetic
ester derivative represented by the general fornula
(2): R CO2R2 =.~ xG (2) wherke-Rl represents an al kyl
group having 2 to 10 carbon atons, an optionally
substituted aral kyl group having 5 to 15 carbon

at OB 8hr@nQPLd ONRd | SUBRL Isteed 131 +HQUP 1Ra%BY i ded
5to 15 carbon atons;  R2 represents an al kyl group
Baprbgedst 800preanbanat ame - refmgnaeptienakt¥r derivative
substituted aral kyl group having 5 to 15 carbon
acpreseanddXoyephesepherb]l Ebrmidaorn2K: characterized
by conprising the steps of: reacting an acetic ester
derivative represented by the general formula (1):
Rl,,.~C2R2 (1 ) where R1 and R2 are the sane as
descri bed above,swWith a b d a formc ester,

t her eby convertilﬁg ﬁé’Z ster derivative into
2-fornylacetic ester Yerivative represented by the
general fornula (2); 4m 5 re {ng inpurities from
the reaction mxture ijnts~<an o|2§§c | ay, gforned by
addi ti on of an organi c~§al vent d water‘thereto,
while transferring/dissol"ghng the derivative
represented by the general formula (2) into a
resul ti ng aqueous

where R, represents an alkyl group having 2 to 10 éarbon atoms,
an optionally substituted aralkyl group having 5 to 15 carbon
atoms, or an optionally substituted aryl group having 5 to
15 carbon atomsg; R; represents an alkyl group having 1 to 10
carbonatoms, oranopticnallysubstitutedaralkyl grouphaving
5 to 15 carbon atoms; and X represents H, Li, Na or K,
characterized by comprising the steps of:

reacting an acetic.ester derivative represented.by’the'

general formula (1):
R1\/002R2 (1)

where R; and R, are the same as described above,
with a base and a formic ester, thereby converting the acetic
ester derivative into 2-formylacetic ester derivative

represented by the general formula (2); and



| ayer. According to the present invention, there is

al so provided a process f or producing an optically
active 3-hydroxypropionic ester derivative

represented by the general forrmula (3): Rl CO 2R2 (3)

OH where R1 and R2 are the-same as described in the
general formula (1); and * represents an asymetric
carbon atom characterized by stereoselectively

r educi-&godi ffﬁé?%fﬁ%%é‘%rt%?%%b gLtV Rixture into an
represented by the general fornula (2): RL CO2R2 x(+
o2yanfcblapber eoRted Ry altli X I@PESent ok-BansanmBodiedpsand
as descri bed above, by use of an enzymatic source

vapebl thafeist emdddel ecanyedyrie@dics syl ¢ heg thiemierivative
group thereof. Furthernore, according to the present
repeaseohedihetlze gepepad\cdew lan( Dpintala xesact i weg aqueous
2- (hydr oxynet hyl ) - 3- (3, 4- net hyl enedi oxyphenyl ) - pr opi on
Layesster derivative represented by the genera

formula (4); O CO2R3 O OH  (4) where R3 represents an

al ky|®%F BAYPGSPESE- LAY PRI R offfere 1salsoprovided

aprocess forproducinganopticallyactive 3-hydroxypropionic

ester derivative represented by the general formula (3):

Ri~ s _~CO2R>

(3)
OH

where R; and R; are the same as described in the general formula
(1) ; and * represents an asymmetric carbon atom,
characterized by sterecselectively reducinga 2-formylacetic

ester derivative represented by the general formula (2):

R CO5Ry




and * represents an asymmetric carbon atom Moreover,
according to the present invention, there is provided

a 2-fornylacetic ester derivative represented by the
general formula (5): R4 CO2R5 0 X& (5) 0 7 where R4
represents an al kyl group ha®ing 2 to 6 carbon atons;

R5 represents an al kyl group having 1 to 10 carbon
atons; and X represents H, Li, Na or K Detailed
DSSA08LIe, K khesd uantd ORe Tasds 2565 asrki’@é‘éi"ﬂﬁled\’abbve

now be described in detail bel ow FiTst, conpounds
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In the formulas (1) , (2) and (3) Rl represents an
aleldylc igo i eh dvirmg 12 gtroud0 that-kot . atons, an optionally
substituted aral kyl group having 5 to 15 carbon atons,

or anFuvpheomakey asubstding ¢d ahgl pyesempt hawany iort,othere
15 carbon atons. Exanples of such an al kyl group
ﬁ@v@ﬁ@vzdﬁ@-E@-@@ﬁb@ﬁllﬁtéﬂtlvﬁcludes ethyl group

. n-propyl group, |so propyl roup, - but group
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yl Exanpl es of stituent _of suc
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15 carbon atons and an optionally substituted aryl
group having 5 to 15 carbon atons
« ~CO9R3

$

where R; represents an alkyl group having 1 to 10 carbon atoms;
and * represents an asymmetric carbon atom.

Moreover, according to the present invention, there is
provided a 2-formylacetic ester derivative represented by the

“general formula (5):

R4




i ncl ude hal ogen atons such as fluorine atom chlorine
atom and brom ne atom al kyl groups having 1 to 10
carbon atons such as nethyl group and ethyl group;

al koxy groups having 1 to 10 carbon atons such as

met hoxy group and et hoxy groldp;- nitro group; cyano
group; and net hyl enedi oxy group. Note that the nunber
of carbon atons of the aral kyl group and aryl group

h@fe@leSR | Qe&?f%s@ﬂﬂ%eén af kGar R AR nef 2 the s RO atoms;
group and aryl group al one wi thout 7i ncl udi ng the

Ry NS r i e10ts BONa Bk PRy rAfp Basibgt 1 tuenb. chweomlLonef; and
such a an optionally substituted aral kyl group having
¥ trepieseartlso® ,atdns Nanokute benzyl group,
o- chl orobenzyl group, m bronobenzyl group,
p- fl uor obenzyl group, p-nitrobenzyl group,
p- cyanobenzyl group, mmethox Y benzYl group, 3
DetadiligdyDdsediosny eBeflz YiiegEaypntiphenet hyl group,
naphthélnethyl %rpup, and pyridylmethyl group. . .
ExanpFB§ B¥eserh nveptionalllyl st desdralpd grodptall
gagiag 5 to 15 carbon atons include phenyl group,

Sch%or ophenyl group, m bronophenyl group,
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having 5 fo 18 carbon atons. Exanples of such an al kyl
guBERituted aralkyl group having 5 to 15 carbon atoms, or an
optionally substituted aryl group having 5 to 15 carbon atoms.

Examples of such an alkyl group having 2 to 10 carbon
atoms includes ethyl group, n-propyl group, iso-propyl group,
n-butyl group, sec-butyl group, tert-butyl group, n-pentyl
group, and hexyl group.

Examples of a substituent of such a an optionally
substituted aralkyl group having 5 to 15 carbon atomg and an
optionally substituted aryl group having 5 to 15 carbon atoms
include halogen atoms such as fluorine atom, chlorine atom,
and bromine atom; alkyl groups having 1 to 10 carbon atoms
such as methyl group and ethyl group; alkoxy groups having
1 to 10 carbon atoms such as methoxy group and ethoxy group;
nitrogroup; cyano group; andmethylenedioxy group. Note that
the number of carbon atoms of the aralkyl group and aryl group

refers to the number of carbon atoms of the aralkyl group and




having 2 to 10 carbon atons include preferably

n- propyl group, n-butyl group, and n-pentyl group;

and nore preferably n-butyl group. Exanples of such
an optionally substituted aral kyl group having 5 to
15 carbon atons include preférably benzyl group, and
3, 4- net hyl enedi oxy benzyl group; and nore preferably
3 4- et hyl enedi oxybenzyl group. In the formulas (1) ,

)yla@ﬁloﬁ%)alon@wiem@ﬁ RS A rRy Kb mBiRUPoRAEMbnlatoms
to 10 carbon atons, or an optionally substituted

afalkglibgratpehayvi ng 5 to 15 carbon atons. Exanpl es of
a 9 substituent of such an optionally substituted
ar al kigkagpbap offmndingab opt i bhadayirorb st o edaerd 1oyl group
may be nmade of the sanme groups as exenplified as
bﬁ@gagfért@nléraakpbngabgpsoﬁnaludeThenthbgroup,
carbon atons of such a substituent is not included in
Phé’@éoéfpbéﬁzaﬁalgk’ﬂlpgr BopremoRenzEkafsPEs  oP - Sheprahenzyl
al k group having 1 to 10 carbon atons_include
ﬁEP |- QrB&ErogﬁﬁﬁVlgHSBBp'anFEBQPbapéﬁﬁ grPBBtpropyI
ut grou sec- but rou
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LRUR | haV|ng 5 to 15 carbon atons i nclude a benzyl
grou o- chl orobenzyl group, m bronobenzyl group,

p- f'UQkQﬁﬁDéﬂ'ofEH&EHLaﬂJdﬁﬂﬂdﬂ%gﬂﬂysu&@%&ﬁuted aryl group
p- cyanobenzyl group, m neEthoxybenzyl group,

3a41ﬁgtbytenedl@&yb@ﬂzatogEOMﬂc1u§hepﬁbhyh greup,
napht hyl met hyl group, and pyridyl net hyl
o-chlorophenyl group, m-bromophenyl group, p-fluocrophenyl
group, p-nitrophenyl group, p-cyanophenyl group,
m-methoxyphenyl group, naphthyl group, pyridyl group, and
indolyl group.

Of them, a preferable R; is an alkyl group having 2 to
10 carbon atoms, and an cpticnally substituted aralkyl group
having 5 to 15 carbon atoms. Examples of such an alkyl group
having 2 to 10 carbon atoms include preferably n-propyl group,
n-butyl group, andn-pentyl group; andmore preferably n-butyl
group. Examples of such an optionally substituted aralkyl
group having 5 to 15 carbon atoms include preferably benzyl
group, and 3,4-methylenedioxy benzyl group; and more
preferably 3,4-methylenedioxybenzyl group.

In the formulas (1}, (2) and (3), R: represents an alkyl

grouphavingltx)lOCarbonatoms,orancgmionallysubstituted

aralkyl group having 5 to 15 carbon atoms. Examples of a



group; and preferably benzyl group. O them an al kyl

group having 1 to 10 carbon atons is preferable as
R2, nethyl group and ethyl group are nore preferable.
In the formula (4), R3 is an alkyl group having 1 to
10 carbon atons. Exanpl es-oP such an al kyl group
having 1 to 10 carbon atons include nethyl group,

et hyl group, n-propyl group, iso-propyl group,

BuPHEYkuBhOURE <886 ikt Wotd /R 1y E8hLt PUlYLa 3v@URy1 group
n- pentyl group, and hexyl group.” In the formulas (3)

an¢ing) 5 o NEPELEBBH Sa BOmE s WMEFRLTdIC magabO ik dd &R the same
In the formula (5), R4 is an alkyl group having 2 to 6

gavhps akoarRemfEXafipd@saoftistied Bow adrk\dragrkotlp dr@UnN@2 R, .
to 6 carbon atons include ethyl group, n-propyl

Fheupimbiesoe preppbn agramge £ sulbhtaybulgsbiipyesedshndtyincluded

group, tert-butyl group, n-pentyl group, and hexyl

grRotipospr eferBbhyally pr opgtipgréuBz- n-butyl group,

andn-pentyl group; andnore pref erably, n-but

group’g xR iee Phrofth a5l gy aqawypggao}ée havFagbon
to arbon ag npl es of such an al k group

ﬁSQF‘ﬁngC gde1Bet Yﬂﬁﬂravsnseithx udeCHRt hYTPH? lﬁb group,

et hy

n>bu Pyg #éUENISe%p%ﬂFyg IggFgﬁﬁQ%ggﬁ{qﬁfoﬁsrt—butyl
8, A TS PR B g

Yeolp, KetBP¥ group and tert-butyl group.

Examples of such an optionally substituted aralkyl group
having 5 to 15 carbon atoms include a benzyl group,
o-chlorobenzyl group, m-bromobenzyl group, p-£f£luocrcbenzyl
group, p-nitrobenzyl group, p-cyanobenzyl group,
m-methoxybenzyl group, 3,4—methy1enedioxybehzyl group,
rhenethyl group, naphthylmethyl group, and pyridylmethyl
group; and preferably benzyl group.

Of them, an alkyl group having 1 to 10 carbon atoms is
preferable as R, methyl group and ethyl group are more
preferable.

~ In the formula (4), R; is an alkyl group having 1 to 10
carbon atoms. Examples of such an alkyl group having 1 to
10 carbon atoms include methyl group, ethyl group, n-propyl
| group, iso-propyl group, n-butyl group, sec-butyl group,
tert-butyl group,'n-pentyl group, and hexyl group.

In the formulas (3) and (&), * represents an asymmetric

carbon atom.



preferably Na. Note that an optically active
2- (hydr oxynet hyl ) - 3- (3, 4- net hyl enedi oxyphenyl ) - pr opi on
ic ester derivative represented by the formula (4)
and a 2-fornylacetic ester derivative represented by
the formula (5) are a novell&onpound not described in
l[iterature. Next, a process for producing
2-fornylacetic ester derivative represented by the

formita € ddiehl® RESSER], 14Nl HdubBaving 2 to 6
describeJ%aFf?Ef?'aaégrivét%%gﬁfl)]ﬁEV?Lguﬁg ggéngz co

datbBadaabaye H:anpguhistdi aldah &‘ﬁa!ahﬂgﬂegﬁbu@aﬁhb!ng 2 to
synthesi zed from industrially available materials.

Fararbaanpt ens ehbildd-eH13;1 ghoupphhylrepedicpamnehbyd ) propyl
-propionate can be easily prepared by - 11
bydnpgenabiihgl 3gdenpt hgkenbdipXkygrompanteraebdtyl group,
foll owed by converting to ethyl ester. A

n-penhylaerur avtdrextiel iovauipveprebeeziehy ed ipyrapyd group,
formula (2) can be produced by reacting an_ acetic

BsPEEY L g&oupatdndn e e bareubh promereg fed er ¢y wie Rutyl
a base and a formc ester in an appropriate sol vent.
Bx8HpBles of such a base include sodi um hydride (NaH)
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group, iso-propyl group, n-butyl group, sec-butyl group,
tert-butyl group, n-pentyl group, and hexyl group; and
preferably, ethyl group.

In the formulas (2) and (5), X is H, Li, Na or K, and
preferably Na.

Note that an optically active
2~ (hydroxymethyl) -3- (3, 4-methylenedioxyphenyl) -propionic
ester derivative represented by the formula (4) and a
2-formylacetic ester derivative represented by the formula
(5) are a novel compound not described in literature.

Next, a process for producing 2-formylacetic ester
derivative represented by the formula (2) in the present
invention will be described.

First, a derivative (1) having R; and R; defined above
ig industrially available or easily synthesized from
industrially available materials. For example, ethyl 3;(3,

4-methylenedioxypehnyl) -propionate can be easily preparedby




|

and nore preferably sodi um hydride (NaH). The anount

of a base to be used is preferably 1:1 to 1:15, nore
preferably 1:1 to 1:5, and still nore preferably 1:1

to 1:3 in terns of the nolar ratio of an acetic ester
derivative (1) to a base {ddetic ester derivative

(1): a base). Exanples of the aforenentioned formc

ester include nmethyl formate, ethyl formate, n-propyl
E?H%b@nat;@ﬁgg,@%etﬂgﬂré@@ioiy Bubibmierd®t®, followed by
I So-butyl formate, and tert-butyl formate. Methyl

tontreteingdcet Byhyioessee.are preferable. Note that,

in the reaction according to the present invention,

al coh®l 2 + Bopmpthucerd @se gt s diepinadiicte freppasdyad oy the
ester under basic conditions, so that an acetic ester
ferinvaai v2) (¢ani be pasihigetrbnsesierifg can eabyt hesesieer

- product, al cohol. Then, the ester groups of the
desivatevecrepiers9Rted oY Dheafgrmolm ¢1) esitdr apbase and a
desirably the sane. 12 The anount of formc ester to
berusedeFEehr bRePBOAYPICRT12be 158bVERBre preferably | :

o oA o 556 SRS ot Rude ol e
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§Q%¥§P&e%o§u%ﬁ%é Qohplhﬁn Iﬁgéﬁ&cﬁ@e ' ('Rﬁédi%% ; sodium ethoxide
ydrocar bon-based solvents such as hexane, heptane,

*@EB@EQF; s88huhol H8PLopELNGL - bapeeNSP! VR SpStiehs BSm
di ethyl ether, tetrahydrofuran, 1, 4-dioxane,

tert-butyki®é hytpebkel , MRt erdPIBt haeyelibaneay be made of
hal ogen-based sol vents such as nethyl ene
sodiumhydride, metallicsodium, andanalkalinemetal alkoxide,
and more preferably sodium hydride (NaH) .

The amount of a base to be used is preferably 1:1 to 1:15,
more preferably 1:1 to 1:5, and still more preferably 1:1 to
1:3 in terms of the molar ratio of an acetic ester derivative
(1) to a base (acetic ester derivative (1): a base).

Examples of the aforementioned formie ester include
methyl formate, ethyl formate, n-propyl formate, iso-propyl
formate, n-butyl formate, iso-butyl formate, and tert-butyl
formate. Methyl formate and ethyl formate are preferable.

Note that, in the reaction according to the present invention,

alcohol is produced as a side product from a formic ester under

‘basic conditions, so that an acetic ester derivative (1) is

easilytransesterificatedbythe side-product, alcohol. Then,

the ester groups of the acetic ester derivative (1) and formic

-ester are desirably the same.



chloride, chloroform and 1,1, 1-trichloroethane;

ni trogen-contai ni ng sol vents such as di net hyl

formam de, acetoam de, formanide, acetonitrile, and

propionitrile; non-protic polar solvents such as

di met hyl sul foxi de, N-net hyll@yrrolidone, and

hexanet hyl phosphoric triam de; and al cohol - based

sol vent such as net hanol, ethanol, n-propanol, and

n- butemolamclh: 58l F&Ah S et e tused sddWliy prefeRably 1:1

conmbi nation of two types or nore. The reaction :

tenpemngtisee phretfbeabegct 1000 i1 1), efred abli Y1 mad® poe HOLably

and nore preferably, 0 to 50C. The reaction tinme of

Lhe teattbomni sepnefef abhy Molar 72athouwrs, ammkcenie ester

preferably, 1 to 20 hours. In performng the reaction,

denevabivef(lh ko agf oyl v edtial (aasdgenestes degtivative (1) :

particularly Iimted. However, to perform the

peherrdn fatan)industrial scale under safety control,

a nethod of adding an acetic ester derivative, and, a

for miExEREGs A fuFPANEBESEYT tH% 1R tHidfeT6RCEPAT BRHICAE
olvent is preferably 13 npl oyed. I n_this method

BKdr g et Pan cREar ARSI, B GRS HHET oM RSP RRIaP Py 2ene

r reactipn. -Ih he r t] c e
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kg or nore, nore preferably 100 kg or nore, and sti
R16rpief ecabbyotO8R, kgnar 1 Mof - tr 2kl oBsétpawé gr abl y
10000 kg or nore.
nitrogen-containing solvents such as dimethyl formamide,

acetoamide, formamide, acetonitrile, and propionitrile;
non-protic pelar solvents such as dimethylsulfoxide,
N-methylpyrrolidone, and hexamethylphosphoric triamide; and
alcohol-based solvent such as methanol, ethanol, n-propanol,
and n-butanol. The solvents may be used singly and in
combination of two types or more.

The reaction temperature of the reaction is preferably
-20 to 60°C, and more preferably, 0 to 50°C.

The reaction time of the reaction is preferably 1 to 72

| hours, and more preferably, 1 te 20 hours.

Inperforming the reaction, a method of mixing individual
reagents 1s not particularly limited. However, to perform
the reaction in an industrial scale under safety contrel, a
method of adding an acetic ester derivative and a formic ester

simultaneouslytoamixture of abaseandasolvent ispreferably



The addition tine of an acetic ester derivative and a
formc ester varies dependi ng upon the scale of the
reaction, preferably 1 hour or nore, nore preferably
3 hours or nore, and still nore preferably, 5 hours
or nore. Furthernore, it 1istdpreferable that the
addition tine is 72 hours or less. To performthe
reaction nore safely by this nethod, it 1is preferable

templRgedas eTh heh O ReCRbHAL 19 2@k ta DaSter H-ivative added
concentration of the base in the m xture of the base

ahdreinsgly@nillg swirpaatteatdairdy. daehuredthdeaction can
usually not less than 10% by wei ght, preferably not
kessatfkdy 2026 byplhedghy, adpest iy efrersatd it iwot dpesesl of the
t han 30% by wei ght, and nost preferably not |ess than
8% tigieght Thedratme r'imdestira aflheca dat tusad metieda refers
menti oned above, it is preferable that the substrate
&FdB ¢ 3 e M RAfeTeda bl ofieel et ol h e dc P2F6r 1B Fhgmopnt of
tinme i ncreasi ng the reaction tenperature, thereb
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h in.i icularly defined, b
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Loa @B%E?%%‘f%rég? O o B kg THE &89{%@' on tenperature
nmay be i ncréase Yo a b0|F?ng pornt "of the reaction

sol ut+Ra. ;hep; Lhe {RAt# U i ferd YR i A% ive and a
method, it Is particularly preferable that the

TORME Bt & 5t & O Rra@fi @ PaSEI nd iRt th8 S4B 1% Praction,
wei ght and the reaction tenperature is 20C or nore.

betgetrhbl ywhelothesf @i oty ptefdeabBACt ilburs or more,
Z(r)lldu;‘;:flnl more preferably, 5 hours or more. Furthermore, it
is preferable that the addition time is 72 hours or less.

To perform the reaction more safely by this method, it
is preferable to increase the concentration of a base. The
concentration of the base in the mixture of the base and a
- golvent is not particularly defined, but usually not less than
10% by weight, preferably not less than 20% by weight, more
preferably not less than 30% by weight, and most preferably
not less than 40% by weight.

Furthermore, in the reaction méthod mentioned above, it
is preferable that the substrate added in a mixture is allowed
to react for a shorter time by increasing the reaction

temperature, thereby controlling the reaction safely. The

reaction temperature herein is not particularly defined, but

usually 20°C or more, preferably 30°C or more, and more



decreases with the progress of the reaction, a solvent
may be added with the progress of the reaction in
order to perform the reaction snoothly while

mai nt ai ni ng appropriate stirring. Mre sinply, it is
sufficient that a solution cbhtaining an acetic ester
derivative and a formc ester dissolved in a solvent,
may be added. After conpletion of the reaction

;&r ff‘érr%ll GRbLCoShE e . dery atd 8 TP ﬁdmﬂ»sé

mul a ( in the reaction solutlon |s cconpanle
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deconposition reactions and side reactions as well as
t he r¥hannthg rasctbbverial serformeXaipl €ehisthethod, it is
unreacted acetic ester derivative, formc ester, and
thetipaderder pvedembbéeathat | thdcabtaritratieon afgehe base
conpound at a hlgh rity, these inpurities nust be
ASnBoEdleag Hhardiflia Er)m wexghhsang thediess thypn femperature
present inventors, they have found that the
2Sf8ﬁn9I@€em@Eeester derivative (2) and the reaction

cont st e T e AT e P9 Yo o son
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in the aqueous | ayer is extracted and concentrated _
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simply removing the inpurities into the organic
hageiandetkircoent vpobt/ai ahiga formic ester dissolved in a
solvent, may be added.

- After completion of the reaction, a 2-formyl acetic ester
derivative represented by the formula (2) in the reaction
solution is accompanied by a large amount of impurities
deriving from various decomposition reactions and side
reactions as well as the remaining rawmaterialsg, for example,
the unreacted acetic ester derivative, formic ester, and the
base-derived mineral oil. To obtain the target compound at
a high purity, these impurities must be removed.

As a result of extensive studies by the present inventors,
they have found that the 2—formylaéetic ester derivative (2}
and the reaction solution containing impurities are brought
into contact with water, thereby successfully partitioning

‘the alkalinemetal salt of the 2-formylacetic ester derivative

and impurities into the aqueous layer and the .organic layer,



the target product with a high purity has been
successively devel oped. Now, an operation of
isolating and purifying the 2-fornylacetic ester
derivative represented by the formula (2) will be

descri bed bel ow. To renpve ilfpurities present with

the 2-fornylacetic ester derivative represented by the
formula (2) , water is added to the reaction solution
¢epbattipglyt heaP-d:106 REl 36 i e S LBL AR 1 &Pd+ M8 d)dified
and inmpurities, thereby selectively transferring the

al kBlahres et ethe 3aFbraflatb€icesterderivative (2) contained
2-fornyl aceti cesterderivative (2) intotheaqueous

iayehe aduedihs slagse,id mpuratctes] sudhcasceheranedaeied an
acetic ester derivative can be renoved into the

organiic sayentcontaithiisgmanher r @getdeas s of vasmp 1y rérooying
virtually losing the target _2-fornylacetic ester o
geeilvRimid ieP)intm t e organddiayel aofd ¢kl krienthy obtaining
reaction sol utjion na§ be concentrated to reduce its,
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auch as sthyl acetate, toluene, hexane, nethylethyl
eYohePStert - butyl methyl ether, diethyl ether, or
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sol uti on vance.
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sol vent, thereby further successfully reducing

wiPHrilie¢ es.fooulsequwenicl ¥stbheadt edt ihe et teady By the
contai ning the

formula (2}, water isadded tothe reaction solutioncontaining
the 2-formylacetic ester derivative (2) and impurities,
thefeby selectively transferring the alkaline metal salt of
the2-formylaceticesterderivative (2) intotheagqueous layer.
In this case, impurities such as the unreacted acetic ester
derivative can be removed into the organic layer containing
the reaction solvent without virtually losing the target
2-formylacetic ester derivative (2).

Prior to addition of water, the reaction solution may
be concentratedtoreduce itsvolume. Alternatively, a common
extraction solvent such as ethyl acetate, toluene, hexane,
methylethyl ketone, tert-butylmethyl ether, diethyl ether,
or methylene chloride may be added to the reaction solution
in advance. After the alkaline metal salt of the

2-formylacetic ester derivative (2) is transferred and

dissolved into the agueous layer, the aqueous layer may be



2-fornylacetic ester derivative (2) with a high purity
is adjusted to preferably 5 or less, and nore
preferably 3 or |ess by use of a common acid, for
exanpl e, an inorganic acid such as hydrochloric acid
or sulfuric acid, or an orgaric acid such as acetic
acid or citric acid, and thereafter, the
2-fornylacetic ester derivative (2) is extracted with

trla@ra sGRAPIE It HeAsbinAtn SHweRit iRNEbL PReHt AN eby further
foll owed by concentrating the solution. In this

sRecess fiuhe vt aedetinpr oflparietea.hi gh chemcal purity
can be efficiently obtained. The purity is preferably

not | 8sbséehaan®Dy, innevel gift theahamre lpyet eratilaining the
| ess than 941 by weight. On the other hand, in the
eafeormydeeegicr gsteondesivpeiver h8d wWithddi highnpuridy is
to a reaction solution without a transferrin
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olutjon, both the target, product, a 2-forml acetic ,
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BreduaiAg 2R 0Pkl Yo raGhiYSe3BYdE QXUPEPLOPLE GSERT the
by th a (3)

derlva??ve represente e fornu accor di ng

temhbe BkesaBEibAVEeRiLeAr MBBr9BhbeakbYvact E¥e18wed by
- hydr oxyproionic ester derivative represented by the

tenowhar&8inganhbesobhiaiond byn lrhiStedeese) etid iedyget
reduci ng the fornyl group of the fornula
preduct of a high chemical purity canbe efficiently obtained.

The purity is preferably not less than 20% by weight,
and more preferably, not less than 94% by weight.

On the other hand, in the case where extraction 1is
performed by adding an acid to a reaction solution without
a transferring operation where water is added to the reaction
solution, both the target product, a 2-formylacetic ester
derivative and impurities such as an unreacted acetic ester
derivative are simultaneously extracted into an organic layer
such as a reaction solvent. As a result, the target product
cannot be obtained with a high purity.

Now, we will explain a process for producing an optically
active 3-hydroxyproionic ester derivative represented by the
formula (3) according to the present invention.

The optically active 3-hydroxyproionic ester derivative

represented by the formula (3) can be obtained by



(2) in the presence of an enzymatic source capabl e of
stereosel ectively reducing the fornyl group of the
2-fornylacetic ester derivative represented by the
formula (2). The term "enzymatic source" includes not
only an enzyne per se havinyg’the aforenentioned

reducing activity and a cultured product of a

m croorgani sm having the reducing activity as well as
@t@&@%%%&%@tﬁ&@dycEe&ﬂ@iﬁ@fth§h§o£ﬁ¥1ngf83ﬂ1dErQﬂe formula
product of a mcroorganism refers to a culture
se)utimoheopraisenag BECchabeakzyaaklis sbueukt vapdble of

m crobial cells. The term"a processed product

shereolse leetdve lyoreflor ingx ahpl €praydr ggeupxdbfatheon

sol ution, |yophilized m croorganismcell
ai-dosovdasesimccebtedrdediwt hvaceepresentadl hyr ¢ined formula
cells of mcroorganism These enzymatic sources can
gélused by imobilizing as an enzynme or mcrobial cel

by a known neans as they are. The inmpbilization can

be p&RfdrerEY "E?ZW§56W¥S%¥9%H i Yustsseneki P984 ai%r’nzyme
h f I i nki hod hysi
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I nventi ony SucC an enzymatil C ource capabre O

8ene9ss! get lhuehVask eggégge%%dfﬁm c@r%&e@f 2 The term

derivative represent formul a ( may be any

opelderewedrbratt arNhChoergarhamisaheckedrlr e/ bheulture
group consisting of the genera Brettanonyces,.

E€andtdan Coyphoaongusicbebasyoarces, orGalidetieaicRsScrobial
Qgat aea, Pichia, Rhodotorula, Saccharonycopsis,

cells. The term "a processed product thereof" refers to, for
example, a crude extraction solution, lyophilized
microorganism cell, microorganism cell dried with acetone,
and ground cells of microorganism. These enzymatic sources
can be used by immobilizing as an enzyme or micrcbial cell
by a known means as they are. The immobilization can be
performed by a known method to those skilled in the art (for
example, crosslinking method, physical adsorption method and
entrapment method) .

In the enzymatic reduction step according to the present
invention, such an enzymatic source capable of
8tereoselectively reducing the formyl group of a derivative
represented by the formula (2) may be any one derived from

a microorganism selected from the group consisting of the

- genera Brettanomyces, Candida, Cryptococcus, Debaryomyces,

Galactomyces, Ogataea, Pichia, Rhodotorula, Saccharomycopsis,




18 Spori di obol us, Sporobol onyces, Sterigmatonyces,
Torul aspora, Trichosporon, Yamadazyma, Achronobacter,
Cel I ul omonas, Devosia, Hafnia, Jensenia, Klebsiella,
Prot eus, Rhodococcus, Serratia, Cystofill obasidium
WIlliopsis, Yarrowia, M crdBacterium and
M crococcus. O the enzymatic sources nentioned above,
an enzymatic source capable of R-selectively reducing
bperfaiayblas 0@@09@3b0@0ﬂ1%’e‘éat9ﬁ@clrg%&rt%%é%d BYréNespora,
formula (2) T ncludes V—arry—cmé—dm‘rverd—r"r—p_om
AritBoep6e6A| STaBLiLers, f AGHT GNEHAEOMP, CONBL Bbhdieh Of
the genera Brettanonyces, Candida, Cryptococcus,
Debasyampeds,iaGalacdanyLek]l ebgatata, Rictkiug, Rhodococcus,
Rhodot orul a, Saccharonycopsi s, Spori di obol us,
' Sporabdionfresef St bebgsid by cedil Torps Bspofarrowia,
Trichosporon, Yanmadazyma, Achronobacter,

umpDegipd| MicHptptais Jenseni a, Kl ebsiell a,
M crococcus, Proteus, Rhodococcus, andSerratia. O the .
enzyrfak ithes pFYRa tAEnE PBREes zﬂeﬁﬂ/felo%ﬁi @ﬁ’?yﬁat fg enzymatic

f R-selectively redycin

f
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inclu f b d f .
SRR e B a i OhE el B s O e By
%g %ﬁ@%@%&%g@?&ﬁ'éﬁm%@@' 984 SANLELEL LY £ hlgroup
osa da gropengiesserr,

béﬁ&ﬁt?ﬂ@@%ﬁﬁi eﬁéfgha%t%a%a @% d;éﬂﬁcpe@ SR OSEoccus,

Candi da nari s, Candrda
DEEOSPomFaddl) O@aﬁ@éb@rﬁp@ég, ogamééjp ﬂsm@i&almodotorula,
Candi da versatilTis, Cryptococcus
Saccharomycopsis, Sporidicbolus, Sporcbolomyces,

Sterigmatomyces, Torulaspora, Trichogporon, Yamadazyma,

Achromobacter, Cellulomonas, Devosia, Hafnia, Jensenia,

Klebsiella, Micrococcus, Proteus, Rhodococcus, and Serratia.

Of the enzymatic sources mentioned above, an enzymatic
source capable of R—Selectively'reducing'the formyl group of
aderivative representedbythe formula (2) includespreferably
any one derived from a microorganism selected from the group
consisting of

Brettanomyces anomalus, Candida cantarellii, Candida

glaebosa, Candida gropengiesseri, Candida lactis-condensi,

Candida magnoriae, Candida maltosa, Candida maris, Candida

mogii, Candida pini, Candida rugosa, Candida sorbophila,

-Candida tropicalis, Candida versatilis, Cryptococcus

. cuxrvatus, Cryptococcus terreus, Debaryomyces nepalensis,

Debaryomyces robertsiae, Galactomyces reessii, Ogataea




curvatus, Cryptococcus terreus, Debaryonyces

nepal ensi s, Debaryonyces robertsiae, Gl actomyces
reessii, Qgataea 19 mnuta var. minuta, Pichia
canadensis, Pichia silvicola, Pichia

xyl osa, Rhodot or ul a Rhodot or Wi%aaur anti aca, glutinis,
Rhodot orul a gram ni s, Rhodotorul a | actosa,
Saccharonycopsi s sel enospora, Spori di obol us

mehnsanivhr. Spenldhobel BB iasahABRBELSL 8T pf@ﬁi@bgipﬁy@@ﬁa
Sal moni col or, Sterignatonyces nalophi |

FQEHE&SW&K#EJ Rho@ckbtuTa ia@hﬁﬁﬁ@é@ﬁ&&tkﬁjdbﬂi&ﬁlla glutinis,
Yamadazyma stipitis, Achronobacter xylosoxi dans subsp.
gendbtpriudans;anfeliayl Bhodasofuba,l Celdad o8vanabaspmycopsis
Cel | ul onbnas uda, Devosi a ri bof |avina, Haf nia alvei,
sensnnpporaanBreui dipbilvbsi ehthgopi dnt Bporadiobolus

M crococcus |uteus, Proteus inconstans, Rhodococcus

; FERereRetemice® GHLIMORHEMI T at es
erratla mar cescens. Am enzynatlc source cqgable of
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fehecled; LLAD | Be, 0LoURoAROSERL] N9c0l1 Liiggene 8,
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pretenablycanytene, drhbdedobeas aryit BFEPHUAB] SRhodococcus |

selected fromthe group consisting of Candida
egghol Rhedococcus sp., and Serratia marcescens.

An enzymatic source capable of S-selectively reducing
the formyl group of a defivative represented by the formula
(2} includes preferably'any'one derived from a microorganism
selected from the group consisting of the genera Candida,

Cygtofillobagidium, Pichia, Rhodotorula, Torulaspora,

Willicopsis, Yarrowia, Devosia, Microbacterium and

Micrococcus.

An enzymatic source capable of S-selectively reducing
the formyl group of a derivative represented by the formula
(2} includes preferably any one derived from a microorganism

selected from the group consisting of Candida magnoliae,

Cystofillobasidium bisporidii, Pichia bispola, Rhodotorula

glutinis var. glutinis, Torulaspora globosa, Williopsis

saturnus var. mrakii, Williopsis saturnus wvar. saturnus,




Cystofillobasidi um bisporidii, Pichia bispola,
Rhodotorula glutinis var. glutinis, Torul aspora
gl obosa, WIlliopsis saturnus var. nrakii, WIIliopsis
saturnus var. saturnus, 20 Yarrow a lipolytica,
Devosi a ribofl avina, M crobaderium esteraromaticum
and M cro-coccus luteus. Asa mcroorgani sm capabl e of
produci ng a reduction enzyne derived fromthe
ViaghroRiganisp®lyeither pavieshid tYBEfobvangyt AlbrobdBCerium
maybe used. Alternati vel'y, a m croorgani smtransforned -
by targenabicd cangi Beer Migrsuobcas takkubusi on and gene
mani pul ati on nmay be used. The genetically nani pul at ed
M cr ods gami csmqrazthuicimeg satehe ah pewzyrs nganr déuobi @i apdyme
by a process conprising a step of isolating and/or
geriifednEr eth ¢ heankypeoranlciter filhber pHLLddrynhoke piitant
the am no aci d sequence of the enzyne, a step of
SpPsimAngeaoda sd4tiennaténedyi fgni¢reonryhen bxaegienmed
he am no acid seguenge, a St eg of obt ai ni,ngl a
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the enzyme based on the amino acid sequence, a step of obtaining

arecombinant microorganismby introducing the DNA intoanother
microorganism, and a step of culturing the recombinant
microorganism to obtain the enzyme (the pamphlet of
W098/35025) . |

Any culture medium may be used for culturing a
microorgaﬁism to be used as an enzymatic source as long as
the microorganism can proliferate therein. For example, a
general ligquid medium containing the following nutritional
sources may be used. Examples of a carbon source include
saccharides such as glucose and sucrose, alcohols such as
ethanol andglycerol; fattyacids suchasoleicacidandstearic
acid and esters thereof; and cils such asg rapeseed oil and

soybean oil.



et hanol and gl ycerol; fatty acids such as oleic acid
and stearic acid and esters thereof; and oils such as
rapeseed oil and soybean oil. 21 Exanples of a

ni trogen source include amonium sul fate, sodium
nitrate, di ammoni um hydrogerhosphate, peptone,
casam no acid, corn steep liquor, bran, and a yeast
extract. Exanples of an inorganic salt include

sul f ateSmpUEY S a I’ﬂﬂgﬁﬁ#rﬂ@b&%’cfeaiﬁelﬁ&@%nﬁdﬂﬁiﬁ!ﬁrﬁsulfate,
iron sul fate, copper sulfate and manganese sul f at e;

sodilum efltebitde, ddamabrtiuaanparatenphtsphbassi gépbtone,
hydr ogenphosphat e, and pot assi um di hydr ogenphosphat e.
Eraapliee atidt mrmeteebi bigsony desmayning lvedestaerabbct .
extract and nmeat extract. Culturing is perforned

aer obExarpyes wid ynpygaabousalt inchudmyilifintes such as
mediumat pH 3 to 9 and at a culturing tenperature _of
Tg9RESS U Supa S diits Ul Fabet ilgpnoTulint orecrper sulfate,
i nventi on can be gerforned by addi ng a substrate, the
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action conditions vary depend upon t
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Substrate

Culturing is performed aerobically, usually for about
lto5daysinamediumat pH3 to 9 and at a culturing temperature
of 10 to 50°C.

The reduction reaction of the present invention can be
performed by adding a substrate, the 2-formylacetic ester
derivative (2), a coenzyme NAD(P)H, and a cultured product
of the microorganism or a processed product thereof to an
appropriate solvent and stirring while controlling pH.

As a solvent to be used the reduction reaction, ethyl
acetate, butyl acetate, toluene, and hexane may be added.

Reaction conditions vary depending upon the enzyme,
microorganism or processed product thereof, substrate
concentration to be employed. A substrate is usually used
inaconcentrationofabout 0.1to100%byweight, andpreferably

1 to 60% by weight.



concentration to be enployed. A substrate is usually
used in a concentration of about 0. 1 to 100s by

wei ght, andpreferably 1 to 60% by weight. 22 The
concentration of coenzynme NAD(P)H is usually 0.0001

to 10006 by nole, and preferadbly, 0.0001 to 0.10 by
nol e based on the substrate. The reaction tenperature
is usually 10 to 60C and preferably 20 to 50C. The pH

of t hen& @agldon ria% 1 baUSE Iabeéhztﬁne‘)mﬁ%pﬁelf@ Labky 1v50t 001
8. The time of the reaction is usually 1 to 120 hours

a8 0% efemabky and préZehaply., dheosEad boN: GRP MR e based
performed by adding a substrate at a tine or

contheusubkyrafbe reaction nay be perfornmed in a
batch or continuous process. In the reduction step of
t he presendaciniv@nttiaipetdenimaointusedl an BXpENHEOPe and
coenzyme in use can be significantly reduced by using
Rrefenabiy RIADEP) FOt@generation system general ly used
in conbination. Exanples of a representative NAD(P)H
r egenBrARORIsTRE ffd Hel ol s useeRdy tsihg ghdcesererably
g g§drogenase and gl ucose. \Wen the same reduction

t Pon as above is performed using a cultured

ool o B 8 R0 L L PSR, g o
GERTPSR0d 1200208 e crevme (o0, ol ueose

roge capabl e of

The reaction can be performed by adding a substrate at
a time or continuocusly. The reaction may be performed in a
batch or continuous process.

In the reduction step of the present invention, the amount
of an expensive coenzyme in use can be significantly reduced
by using a coenzyme NAD (P) H regeneration systemgenerally used
in combination. Examples of a representative NAD(P)H
regeneration system include a method using glucose
dehydrogenase and glucose.

When the same reduction reaction as above is performed‘
- using a cultured product of a microorganism, which has beeb
transformed by introducing a gene of a reduction enzyme and
a gene of an enzyme (e.g., glucose dehydrogenase) capable of
regenerating a coenzyme upon which the reduction enzyme is
dependent{ into a same host microorganism, or a processed

product of the microorganism, an optically active

3-hydroxypropionic ester derivative canbe produced at a lower



regenerating a coenzyne upon which the reduction

enzyne i s dependent, into a sane host m croorgani sm

or a processed product of the mcroorgani sm an '
optically active 3-hydroxypropionic ester derivative

can be produced at a | ower- 28 <ost since an enzymatic
source required for the regeneration of coenzyne

needs not separately prepared. Exanples of such a
JRRSE 0n BB EALOAL HRBT SAS q%ah'ie@adfo@%\éerégshggst ion
one transformed wth a plasmd having DNA encodi ng

idFe dorfluGieOReeRZY ABtaBdpENAL8NGOgdir-BgagBaENZy ME

capabl e of regenerating a coenzyne upon which the

r educkEkanples sy Ridisa depaadenne dAS et @ih iefvydRent ioned
capabl e of regenerating an enzyne, glucose

édloydr dgefase breptebesdbkredndighueoptasdeiydaoiegabBa
derived fromBacillus nmegateriumis nore preferable.
Rcoldngotbe zeduchosh mheywer gadi BNR eEscHidngchnaenzyme
coli is preferable. Mre preferably, exanples of such
&aPeanef of MR e kalobty an FeRNEHEEUERON PEElEY itéig sedvFftion
HB101 QEQICRG (Accessi on Nunber: FERM _BP-6898, ,
FEFES et OrF enb &S PN 40T YIRGERG Rt REPRNSRAtINg

reduction enzyne ge derived from Candi da nol i.ae
05764 ard YOO O BRI et & Gore Abar ¢Bd 91BRPSe
e e R S I E e SR

%%e_f%@gﬁ)let. r afSHOLIRELIL E L @ o NGOICT) Q- SIVYUTR gene

erived from Devosia riboflavine
Escherichia coli ig preferable.

More preferably, examples of such a transformed
microorganism include:

Escherichia coli HB101 (pNTCRG) {Accession Number: FERM

BP-6898, deposited on September 28, 1999} transformed with

areductionenzymegenederivedfromCandidamagnoliaeIFOO705

and a glucose dehydrogenase gene derived from Bacillus

-megaterium;

Escherichia coli HB101 {pNTDRG1l) (Accession Number: FERM

EP-08458, deposited on August 25, 2003) transformed with a

- reduction enzyme gene derived from Devosia riboflavina
IF013584 andaglucose dehydrogenasegenederived fromBacillus

megaterium;

Escherichia coli HB101 (pNTRGG1) (Accession Number: FERM

BP-7858, deposited on January 22, 2002) transformed with a

reduction enzyme gene derived from Rhodotorula glutinis



| FO13584 anda gl ucose dehydrogenase gene
derivedfronBacillus negaterium Escherichia col
HB101 ( pNTRGGL) (Accession Nunber: FERM BP-7858,
deposited on January 22, 2002) transfornmed with a
reducti on enzyne gene derivezh f+ om Rhodot orul a
glutinis 24 |1F00415and a gl ucose dehydrogenase gene
derived fromBacillus negaterium Escherichia
a@loolBEQL ' (c{@gg&ﬁ; Nubehe o P -
depositedtgﬁQﬁfgﬁéf 6, 2001), trang?gﬂggg%&%%ﬁéﬁﬁ%&&ll&&
meduehr-aQmegnzyme gene derived from Serratia marcescens
FOIZ468and agl ucose dehydrogenase gene derived from
Baci | fgshepbghi & ol HEBTH ¢ pNTREa1 £ laic BB bn(phikéal) FERM
(Accession Nunber: FERM BP-7119, deposited on Apri
P1182800) depranskdr madAwgtiktas, r 2dott i onrenzfoemgéneith a
derived from M crococcus | uteus | FO13867 and a
Jedvesacuehpdvogeasve demévedr fved BeonpBasi mhyusescens
megat erium _and Escherichia coli HB101(pNTRS .
LRDA 2468 ONITHEF oS FERRY dBPIEBSAS I eafl promBacillus
Novenber 10, 2003), transforned with a reduction

L4dlé derived from These transfornmed

UL AL B M s
B DR PP bk oR PO LT RS cBAYT ) LRenSRLRREE yien o
%Eaﬂéﬂ&onEﬁQﬁH&héﬁ@&ék&v#@%%éFMﬁ%fgbééggﬁ1ute 5 IFO13867

Escherichia c¢ol 1™ HB101 (p
and a glucose dehydrogenase gene derived from Bacillus

megaterium; and
Escherichia coli HB101 (pNTRS) (Accession Number: FERM

BP-08545, deposited on November 10, 2003), transformed with
a reduction enzyme gene derived from |
These transformed microorganisms have been deposited at
the International Patent Organism Depogitary of the National
Institute of Advanced Industrial Science Technology (located
at Tsukuba Central 6, 1-1-1Higashi, Tsukuba, Ibaraki, Japan) .

Of them, Escherichia coli HB101 (pNTCRG), Escherichia coli

HB101 (pNTDRG1l}, Escherichia coli HB101 (pNTRGG1l),

Escherichia coli HB101 (pTSBGLl), and Escherichia coli HB10O1

(PNTRS) have been internationallydepositedunder the Budapest
‘Treaty.

In case that the reduction step of the present invention

isperformedincombinationwitha coenzyme regeneration system

or by using a cultured product of a transformed microorganism



HB101 (pNTDRGL), Escherichia coli HB101 (pNTRGGL),
Escherichia coli HB101 (pTSBGL), and Escherichia col
HB101 (pNTRS) have been internationally deposited
under the Budapest Treaty. In case that the reduction
step of the present inventi &% - s performed in
conbi nation with a coenzyne regenerati on system or by
using a cultured product of a transfornmed :
HE G G3HE S BbéVe ASaPHdRM BPONE Ot 1R fUSACES $0en zyme
product thereof as anenzyme source, such a reaction
goMrbe, prRIdIA red cbY cadih Be o r@vrehaid e adby Bg MMk {Bitive
| ower in cost as a coenzyne. An optically active 3
thpdr AP Bpi dowereshecoderayad i yeengPhe pr oduced
t hrough the reduction reaction can be purified by any
cust ckmpptieridy. aForve R ahpliepxwheapaoni cresdrggadésivative
is used as an enzymatic source, optically active ethyl
23 yaedsgattioudh shenyepropionareacairbeamubef perified
by renoving suspended matters such as _m crobi al )
B¥I 3Ry qystofseas §8tficdhy BeRtF iR dfeihg microorganism
filtration, extractipg t he roduct,mﬁLﬂ an o%%anic
$81 VBAT SHcARaSEYRFF tacRPar e orChbt GRNEY 3FehbYi Ay L

he,_organi c | vent under.reduced pressure and_.
a1 SeP OBy B L Cat P Btaer o L prtoRn, RupiTied by

b j [ y f ;

EEROLIAY bheofRaeThantany! Sihias HEL-BRERL hLie 42
QSCQ§§§£yPQ§r%@Eﬁrﬁ@%@b&&%ﬁ]&ﬂd M Y Qfn ©%3RLe%ing the
whi ch shoul d not be construed as limting the
phyeitt @ than organic solvent suchasethyl acetate or toluene,

removing the organic solvent under reduced pressure and
distilling the product under reduced pressure or treating it

chromatographically.

Best Mode for Carrying OQut the Invention

The present inventionwill be describedmore specifically
by way of examples, which should not be construed as limiting
the invention.

- Reference Example 1: Preparation of .

3-(3,4-methylenedioxyphenyl) -propionic ethyl ester

First, 50 g of 3,4-methylenedioxy cinnamic acid was
dissolved in 500 ml of ethanol. To the mixture, 5g of 5% Pd/C
catalyst was added. The reaction system was replaced with

hydrogen gas and stirred at 25°C for 6 hours. After completion

of the reaction, the P4/C catalyst was removed by filtration.

The resultant ethanol solution was cooled to 5°C and 37.1 g



3-(3, 4- net hyl enedi oxyphenyl ) - propi oni ¢ et hyl ester

First, 50 g of 3, 4-nethyl enedi oxy cinnanic acid was

di ssolved in 500 mM of ethanol. To the m xture, 5g of

5% Pd/ C catal yst was added.26The reaction system was
replaced wiwth hydrogen gas and stirred at 25C for 6
hours. After conpletion of the reaction, the Pd/C

eat ehyshy Vash I &FRYEe halty skl abbfRise Ther IesUhbamkt, After
et hanol solution was cooled to 5C and 37.1 g 26 of
tbinpykichlof tde avapwiddeddadl opvhs e Hoethagoh@dlution was
After conpletion of the dropw se addition, the

ethamet fool aifuphhems hatigwedh keeaihgrtheetniBhbeanserature
with keeping the inner tenperature at 5C After

abnpf@t | Gftefr duemplesadbnonf ahsolreent-iwas adissiiveheédwas
of f under reduced pressure to obtain 54.7 g of an
gLargélednebhtynder radysed presREreohecPRatR Mas’ g of an
t aken and anaJ%zed by hi or mance col um

hi gh f
ChiBREt S aPRyT T HPLCH P%%%I%ﬂﬁ%ﬁ.?@ﬁ?%@ﬁﬁ%\;% vigfp taken and
PR-8( E 50,1 4, 1. D. fact d by M
FRaLYERe, Br oniiheRet bt Retco, ot iR, FAROTFOu oty Perc)
h hat [ di :
ROSIBRR: 1 RELPOSbhTFS, Y a: BESRRAPTPORR i et it D
HeEEBehRea TiPuBTL 10 &\ TpbBTRE IS arituadis Solution
j g 13) S
S el S B s i e A T DY
2c8boh2trile=12156£{3H réte: 112001 (Bihute, dEeéertsse
Exanpl e 2: Process for producing ethyl
Watreleubt B phemyhpr eplamattemperature: 30°C). As a result,

it was observed that 49.8 gof the titled compound was obtained.

'H NMR (400 Hz, CDCli) &: 6.77-6.63 (3H, m), 5.93 (2H, s),

4.17-4.10 (2H, q), 2.86 (2H, t), 2.56 (2H, t), 1.27 (3H, t}.

Reference Example 2: Process for producing ethyl

2-formyl-3-phenylpropicnate

To a suspension solution containing 4.4 g of 60%NaH in
200 ml of THF, 17.8 g of ethyl 3-phenylpropionate and 8.2 g
of ethyl formate were added dropwise under ice cool for one
hour. Thereafter, themixturewas stirredat roomtemperature

for 15 hours. Furthermore, 14 g of 60% NaH and 25.9 g of ethyl

- formate were divided into three parts and each part was added

separately. Afterwards, the solution mixture was stirred at
roomtemperature forl15hours. AfterallO%citric acidsolution

was added to the resultant reaction solution, the reaction



To a suspension solution containing 4.4 g of 60%NaH in
200 M of THF, 17.8 g of ethyl 3-phenyl propionate and

8.2 g of ethyl formate were added dropw se under ice
cool for one hour. Thereaf ter, the m xture was

stirred at roomtenperature 2Tor 15 hours.

Furthernore, 14 g of 600-. NaH and 25.9 g of ethyl
formate were divided into three parts and each part

o3 udddedva s eRaraeld. wih @tt1dsScet fe SAIUEhORxt ract was
m xture was stirred at roomtenperature for 15 hours.
Abheent ri@edfurtidy +6édacéd pyelssirento wBsaadded 4 @ offthebrown
resultant reaction solution, the reaction 27 solution

wa s yexdnamitedh v .t hTeehydneoetatte aids bhe adxketactis pasified
concentrated under reduced pressure to obtain 32.4 g

bt aibioangebidolwncbrorategripbyconcehtadnel T Hug of the
obtained was purified by silica gel colum

ERCAREt 6§FRPHYCL BSoBt AFANSPageltopilHesubsEaege -

conmpound as a transparent oily substance. Reference
Exanpl e 3: Process for producing nethyl

LD 4 _§§ el Tner as,Lp. Reference Exanple 2 except
ate and nethyl formate

ver e HEet 4 b aempolul ik §bPQ§ﬁ¥&1g{§%! 20ahepaMnt oily

ethyl formate rence rocess

BLedUEHRE 15 RIRRHanc TMQEHthé)’ é&ﬁ%‘bﬁhﬁﬁ@?'a@é‘%ﬁﬁRef@@ence
titled conpound was obtained as a transparent o

eufaslpaece ¢Xc S O O BN AR\ SHTR HERARRE tRS ahEl methyl
Ref erence
formate were used in place of ethyl 3-phenylpropionate and

ethyl formate.

Reference Example 4: Process for producing isopropyl

2-formyl-3-phenylpropionate

The titled compound was obtained as a transparent olly
substance in accordance with the same manner as in Reference
Example 2 except that isopropyl 3-phenylpropionate and
isopropyl formate were used in place of ethyl

- 3-phenylpropionate and ethyl formate.

Reference Example 5: Process for producing isobutyl

2-formyl-3-phenylpropiocnate

The titled compound was obtained as a transparent oily
substance in accordance with the same manner as in Reference

Example 2 except that isobutyl 3-phenylpropionate and isobutyl



Exanpl e 2 except that isopropyl 3-phenyl propi onate and
i sopropyl formate were used in place of ethyl

3- phenyl propi onate and ethyl formate. Reference
Exanpl e 5: Process for producing isobutyl

2-f or nyl - 3- phenyl propi onate 28The titled conpound was
obtai ned as a transparent oily substance in accordance
with the sanme manner as in Reference Exanple 2 except
treanal SOREL¥ | uSe QBN @D @t@xg@ng -bseAY YhoB8onate and
formate were used in place of ethyl 3-phenyl propionate
anthyletbBymatermate. Exanple 1: Process for producing
et hyl

2-fornyl - 3- (3, 4- net hyl enedi oxyphenyl ) - propi onat e
First, 42.4 g of 60% NaH was suspended in 500 m of
teamphgdiof BrancecFHEPr8redycipdrethyl 93. 7% by wei ght)

of ethyl 3- (3,4-nethy|enedioxgphen ) -propionate

de & CHK 44, 4ruethylanedi oxEhanyl AdeEdaP deBatese to

t he sugfension sol ution prepared above at room

t enpefaFete. 42t 7 PhePPRNAR HRS ¥ nso1 QR ioh of

e Nk Rt e I ENE 4 e SE R
%tﬁ E%u—rc:,% t40_ itatel%%yi%%%q% [ hse%l Lilt) . r:‘:o%)q_%n%ttlerm;a?sd dg.g Eoi‘ved
ur ‘lY er g- orutli on was

"Hours’ e reactiton

LRI R NR Rebh ST D AR B PEucion
pOapHEt-caf a¥eler avasosfldedmde PRVHSE . AlABRUGH Bhd &ldsultant
that allowed to maintain the inner tenperature at 10C

8lsbBBSion solution was raised in temperature to 40°C and
stirred for 15minutes, 131 gof ethyl formate was added dropw‘ise
for 2.5 hours to the suspension solution and stirred for a
further 3 hours.

The reaction solution was concentrated to about a half
amount by evaporating the solvent and cooled in an ice bath.
Thereafter, 500 ml of water was added dropwise at such a rate
that allowed tomaintain the inner temperature at 10°C or less.
The aqueous layer was washed twice with 200 ml of hexane and
the pH of the solution was adjusted to 4.5 with concentrated
hydrochloric acid. The solution was extracted three times
with 500 ml of toluene and then subjected to concentration
under reduced pressure toobtain 82.8 gof the titled compound.
The chemical purity of the compound was analyzed by gas
chromatography (GC) in the following conditions, and was found
to be 94.7% by weight.

GC analysis conditions:



The aqueous | ayer was washed twice with 200 m of

hexane and the pH of the solution was adjusted to 4.5
with concentrated hydrochloric acid. The sol ution was
extracted three tines wth 500 mM of toluene and then
subj ected to concentrati o 4ghder reduced pressure to
obtain 82.8 g of the titled conpound. The chem ca
purity of the conmpound was anal yzed by gas

chr ongt pghA ( [ I 05,

was P%%Ind ?Qy e%%P jg/z)r@{}?\/\%e?gr%wnpvi g: Gﬂ?ﬁ%ﬂls re%[“%y eb
sefidhteonse . 29 cakeliwimgad CHeAPk ba e 28ctidh : PID, Column
(manufactured by G. Science Inc.), Carrier gas: He=B
kBapedetaeti: ons0%d DpeCelcitian temperal oimginuttddsin the case
Detection tine: 4.0 mnutes in the case of ethyl

piferhyd 23L03mFlndtHl énadtbyyphedybXxyphepybdhapeopionate.
Exanpl e 2: Process for producing ethyl

2-fornyl -3-(3, 4- net hyl enedi oxyphenyl ) - propi onat e

First, 7.91 g of 6000 NaH was suspended in 12 nl of
FEKRTDIRG2¢ hBTORERF] AATWRECEUFERE ﬁfﬁh}’]nr‘rper ature to

gluggce%r“]\sllrg%nl so1 u]i igoﬁ’fp?gﬁ ﬁgga‘g%%\%ggﬁe%?mge(? ?‘% H‘gng THE

h I d
Aortnt o RUERSTNAY Bt R EBRRRhbUER o 480 #he0 @
sespansi gn (3sql ek 89160l hOhangny sthbiedatorady 11.0 g

further 12 hours. To the obtained reaction m xture

350=tihy Df £ @hdae varas diaddadeandnt e, 6 agrtd ORHH éhkif £dded
was concentrated under reduced

dropwise to the suspension solution prepared above for 5 to

14 hours. After the suspension solution was stirred for one
hour, 3.7gof ethyl formate was addeddropwise tothe suspension
solution for 5 hours and stirred for a further 12 hours.
To the cobtained reaction mixture, 250 ml of toluene was
added and the reaction mixture was concentrated under reduced
pressure to obtain an about 10% by weight toluene suspension
solution. The suspension solution was added dropwise to 55
ml of water cooled at 10°C or less at such a rate that allowed
to maintain the inner temperature. After the organic layer
was discarded, the aqueous layer was washed once with 180 ml
of toluene, adjustedtopHb5 to 7with concentrated hydrochloric
acid, and extracted twice with 90 ml of toluene. After washed
‘once with water, the organic layer was concentrated under

reduced pressure to obtain 11.2 g of the titled compound. The



pressure to obtain an about 1026 by wei ght tol uene
suspensi on solution. The suspensi on sol ution was

added dropwise to 55 ml of water cooled at 10C or

| ess at such a rate that allowed to nmaintain the

i nner tenperature. After thes®rganic |ayer was

di scarded, the aqueous |ayer was washed once with 180

m  of toluene, adj usted to pH5 to 7 with
egama&hu?rfgaelhydéﬁcmé)rd&npcﬁmcﬂ ANdrenbiact ed L¥bs8dance
with 90 of toluene. After washed once with water,
twhehotpanpeokayer ofagxeaptent | aived oader bieddtent .
pressure to obtain 11.2 g of the titled conpound. The

30 chemcal purity of the conpound, as analyzed in
accordance wth the process of Exanple 1, was 98. 8%
byampilghf.: PEvaepEefB8r Prodesinfiomephyduci ng met hyl

2- fornyl-3 (3 4 nethylenedloxyphenyl -proplonate

THF. _Then, of heth'L 3:“
(3, 4 Wew;ft elne’bﬁ @(Qsh%ml‘yﬂ peGHPYRREB RS 18I S5 Hlved THE .

Eg ni of %H added dropwi se to the suspension
Fﬂflan pPef r@S ¥hove at roon1tenperature After

SresSiSREn L S Gy LRLaeh L0 PR e
0 o s BT ko
do¥ided bR t dnerRaeS, aﬂ@t@%@hé’@ﬁgp\éﬁ§léﬁwutlon was

separately. Afterwards, the solution mxture was

shiEeadi Rt eABErhotrd thoubse A §E1§r§@|ﬁb@.cnﬁ5\’t\ﬁ§mtes 3.46
distilled of ' f and the reaction sol ution

goot erdtirtatled oroagkowds advEd daopuitse £oe 1 eﬁ:@:ltrl.onFurther,
g(')l7u9ti Io?:'ne'o% NaH and 0.9 g of methyl formate were divided into
four parts and each part was added separately. Afterwards,
the solution mixture was stirred at 40°C for 3 hours.
Afterasolventwasdistilledoff andthereactionsolution
was concentrated toabout a half amount, the reaction solution
was cooled in an ice bath and 40 ml of water was added dropwise
at a rate that allowed to maintain the inner temperature at
10°C or less. The agueous layer was washed twice with 50 ml
of toluene and adjusted with concentréted hydrochloric acid
to pH 4.5. This was extracted twice with 50 ml of tqluene
and the extract was concentrated under reduced pressure to
cbtain 2.63 g of the titled compound. The chemical purity,

as analyzed in accordance with the process of Example 1, was

96.4% by weight.



was cooled in an ice bath and 40 ml of water was added
dropwise at a rate that allowed to maintain the inner
tenperature at 10C or | ess. The aqueous | ayer was

washed twice with 50 m  of toluene and adjusted with
concentrated hydrochloric acit -to pH 4.5. This was
extracted twice with 50 nl of toluene and the extract
was concentrated under reduced pressure to obtain
2830 0y :t PeckibkkedcprBaUBdngTBenghenl eatmPyhitkinoate
as analyzed in accordance with the process ol Exanpl e

1, wapir86, 48eby seigi .NaH wdxaperedioces® afl of THF
produci ng ethyl 2-fornyl hexanoate First, 60 g of 60%
Mald Wwas 1sgs peneetlyilnhefanok tef wibEaddad d2ofiwdsef to the
et hyl hexanoate was added dropwi se to the suspension
sulspensd onasl Yriepat kds @trepeoed @npecatiamperafthere . t Aéter
suspensi on solution was raised in tenperature to 40C

&he sespereton golls lginwees;a i8Sl zngtemp@taiwré @Dn'afb“é? and
was added dropwi se for 6 hours. Furthernore,

659 Rgd &Ry 95. Telmgt@ﬁ et hy1 2 fHrfated fney éoa'rr@t@eéﬁSnﬁéded

f t h dd d
R DRt e L o YO
th . istilled of
Bre LR So-ALLEdNE VRN 1HBS A0 bhrEE S0 M part
If t lLed
W' IR bepb R BP0l Mt oA ) SRR ERT e e Ble was
g@&grgaagta%@a\e%f% %Hgl n the i nner tenperature
t

0C or less e aqueous |ayer was washed twce
Wi th AB0enl toé iolvene wnd aditsl eedter PHird Scié tFeaction

solution was concentrated to about a half amount, the reaction
solution was cooled in an ice bath and 40 ml of water was added
dropwise at a rate that allowed to maintain the inner
temperature at 10°C or less. The aqueous layer was washed
twice with 400 ml of toluene and adjusted to pH 4.5 with
concentrated hydrochloric acid. This was extracted twice
with 700 ml of toluene and the extract was concentrated under
reduced pressure to obtain 76.8 g of the titled compound. The
chemical purity, as analyzed in accordance with the following
method, was 96.6% by weight.

GC analysis conditions:

Column: HP-5, 30 mx0.32 mm I.D. l(manufactured by J&W
Scientific Inc.), Carrier gas: He=125 kPa, Detection: FID,
Column temperature: 120°C, Detection time: 6.9 minutes for
ethyl 2-formylhexanoate, and 9.8 minutes for ethyl

2-hydroxymethylhexanocate.



concentrated hydrochloric acid. This was extracted

twwce with 700 m of toluene and the extract was
concentrated under reduced pressure to obtain 76.8 g

of the titled conpound. The chem cal purity, as

anal yzed in accordance with ¥he following nethod, was
96. 6% by wei ght. GC anal ysis conditions: Colum: HP-5,

30 nx0.32 mm 1.D. (manufactured by J&W Scientific

MICDR GG i18F EEﬁblqbﬁlzﬁlkEQ (PeERCLEPN: oFhB, (0.4m, 4),
Col umn tenperature: 120C, Detection time! 6. 9 mnutes
flon (et by &-far.md-exanqate, mand 2B (0.4, es)foL.24-2.37
et hyl 2-hydroxymet hyl hexanoate. 32 1H NWMR (400 Hz,
CPE13m)6: 0190423H0. 6H, d), 9.70 (0.4H, d), 7.0 (0.6H,
d, 4.16-4.27 (2H, m, 3.25 (0.4H, m, 1.24-2.37 (9H,
m, 0.90 (3H, t). Exanple 5: Process for producing

ethyI 2 fornylhexangate Flrst 62 of 60@6hbH was

raised, in tenperature to 4OC’ 56 of eth hexanoate
and gLt of & 1 1°% Atadihere §USEsrds ééomfh obs THF
d added dropwi se to the suspenS|on solutio
i) &

BPUBR &%%&Psteﬂp?aﬁtgrﬁrwn@of%r 56 g

h%L?Eh%f?I‘%’ﬁaﬂos A LR b il 9Py R Anorved
SHTAdIeh, 126 BT sng Tadhearanpl Lans £pachion. erJ.)grPESlutlon

O mM of toluene was t ant
ﬁkébék@d%o@@ nesinty aled ouﬂg@fs r egiicad sr&rlec&qwge £b@ three

obtai n an about 10% by wei ght tol uene
hours, 86 g of ethyl formate was added for 5 hours and the
solution mixture was stirred for a further 12 hours.

To the resultant reaction mixture, 1,200 ml of toluene
was added and the resultant mixture was concentrated under
reduced pressure to obtain an about 10% by weight toluene
suspension solution. This was added dropwise to 280 ml of
water cooled to 10°C or less at a rate that allowed to maintain
the inner temperature. After theorganic layer wasdiscarded,
the agueous layer was washed once with 570 ml of toluene. The
aqueous layer wasg adjusted to pH 5 to 7 with concentfated
hydrochloric acid, and then extracted twice with 280 ml of
ethyl acetate. Afterwashedoncewithwater, theorganic layer
was concentrated under reduced pressure to obtain 55 g of the

titled compound. The chemical purity, as analyzed in

accordance with the process of Example 4, was 97.2% by weight.

Example 6: Process for producing ethyl 2-formylbutyrate



suspensi on solution. This was added dropw se to 280 ni

of water cooled to 10C or less at a rate that all owed

to maintain the inner tenperature. After the organic

| ayer was discarded, the aqueous |ayer was washed

once with 570 ml of toluerme.33The aqueous |ayer was

adjusted to pH5 to 7 with concentrated hydrochloric

acid, and then extracted twice with 280 nl of ethyl

acet atige t i A £QcotRTRRd WAE Bbvh i He Wkt brblif ANgAdISstance

| ayer was concentrated under reduced pressure’to

ohtadgoiargcoivithechd iproee seoop miachp TEhe eshesptc@hat ethyl

purity, as analyzed in accordance with the process of

Enayphee 4raanased’/i2-flady ofeeghty]l heBeanmpates .6: TReockssical

for producing ethyl 2-fornylbutyrate 33 The titled

BBlpbUndswaBabprafinedagsordpnoanwidii $heupsreaee ofi Bxample

accordance with the process of Exanple 4 except that

&t hyRs B8t §F e Vﬁ%9€§ed in place of ethyl hexanoate.

The chen1ca| purity, as analyzed in accordance wth
 BRpled: 411wA3 98: 986 b we? gh . (A HEWRD) |
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352,29 H, 5 H, Exanpl e 7:
%r%%ess % b Jﬁﬂzlng t%y?Q §%Tﬁ§p%eptanoate The
titled conpound was obtained as a brown oily substance
in accordance with the process of Exanple 4 except

Ehabhpet hyl phepian0BbL YBSAUSEEy | &y Ace- af Méptanoate

exanoat e. e chem Ca purirty, asS analyze
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in accordance with the process of Example 4 except that ethyl
heptanoate was used inplace of ethyl hexancate. The chemical
| purity, as analyzed in accordance with the process of Example
4, was 96.7% by weight.

'H NMR (400 Hz, CDCls) &: 11.43 (0.6H, d), 9.70 (0.4H, d),
7.1 (0.6H, d), 4.16-4.27 (2H, m), 3.23-3.27 (0.4H, m},

1.21-2.06 (11H, m), 0.85-0.91 (3H, m).

Example 8: Process for producing ethyl 2-formyloctanoate

‘The titled compound was obtainedas a brown oily substance
in accordance with the process of Example 4 except that ethyl
octanoate was used in place of ethyl hexanoate. The chemical
purity, as analyzed in accordance with the process of Example

4, was 95.4% by weight.



1H NVR (400 Hz, CDC13) 8: 11.43 (0.6H, d), 9.70 (0.4H,
d, 7.1 (0.6H d), 4.16-4.27 (2H, m, 3.23-3.27

(0.4H, m, 1.21-2.06 (11H, n), 0.85-0.91 (3H, nm.
Exanpl e 8: Process for producing ethyl

2-fornyl octanoate The titdedt conpound was obt ai ned as

a brown oily substance in accordance with the process

of Exanple 4 except that ethyl octanoate was used in

Pi: e O 86 Ntk , Ney@ngatee. 1 Theschemegal a) pusi vy, (8%am, a),
anal yzed in accor dance mnth t he process’ of “Exanp 4,
was 95..4%, by)weught-4347 '(bH, i) NVR. £400 . piz, (ﬁIEﬁS)mB,
11.43 (0.6H, d), 9.70 (O. 4H d, 7.0 (0.6H d),

4.26-4.28 ((2BH,mn) ,302883(2H,(0)4H, m, 1.25-1.88

(13H m, 0.88 (3H, t). Conparative Exanple 1: Process
for producing ethyl

2- fornyl-3 (3 4 nethylenedloxyphenyl) proplonate

and the suspen3|on solutfon was coofed to OC Then
8- ﬁogm}(ﬁ. m(ﬁv,ﬁ methylenedloxyphenyl) -propionate

2 A S YR IRU PESBL SRS PO o BB ana
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beai i AQG PRE s SlildddIR@ANaS2 b wltckﬁnﬁ%t& el dropwise
About 30 mnutes after heating, gas generation was

obstievedspert i € s60Bl ehipterRiregpshgeacr alitdy 4 e f ethyl
reaction solution was analyzed by HPLC (Col umm:
EoCihaosphigs eaddd RR 8°CE) the 2801 inch whs returned to room
temperatureandstirred fora further 20minutes. Thereaction
solutionwas heated to 40°C and stirring was further continued.
About 30 minutes after heating, gas generation was observed.
After completion of gas generation, the reaction solution was
analyzed by HPLC (Column: LiChrosphere 100 PR-8 (E}, 250 mmx4 .0
mm I.D., manufactured by Merck Ltd., Mobile phase: an agqueous
solution of phosphate/potassium dihydrogenphosphate:
acetonitrile=1:1, flow rate: 1 ml/minute, detection
wavelength: 210 nm, column temperature: 30°C), it was observed
that raw materials remained. Then, 1g of NaH and 4 ml of ethyl
formate were added to the reaction solution and stirred at
40°C. Gas generation started again and completed in about
15 minutes. As the reaction solution was analyzed again, the

raw materials were observed to still remain. Then, 1g of NaH

and 4 ml of ethyl formate were added to the reaction solution.



mml. D. , manufactured by Merck Ltd. , Mbile phase:
an aqueous solution of phosphate/ potassi um

di hydr ogenphosphate: acetonitrile=1:1, flowrate: 1
m /m nute, detection wavelength: 210 nm colum
tenperature: 30C), it was ob¥erved that raw materials
remai ned. Then, | g of NaH and 4 m of ethyl fornmate
were added to the reaction solution and stirred at

A0€er&sm 1 &k b@rgAagé ?éh@gfa@g@hrﬂ a0 -e9ppl shedb it ion was

about 15 m nutes. he reaction sol ution was

anallyzed agaif. (Hfncd avhdeTatHl i Se¥dBs ORSS Wshd®red to
still remain. Then, Ig of NaH and 4 m of ethyl
Banighté yweema dddeth ttthemhe gr eaAamrsdBUn] af e3hylAfbemnate
conpl etion of gas generation, the reaction solution

Wese airddy redthgaieactSonceoleiomw rfHbinere ahe nasr aterials
observed to slightly remain, further | g of NaH and 8
Heref ofsryVefiotparempheteliddégdappethe Fbacreantion was
solution. Since the raw materials were observed to

EERPILBRERE - di AEPpeRF, Wahadd BaEerdir Ve 81wt Rggegchloric
Gerd, ST 2gBbrhPatnadatncn Pet pernaraR At oHineral
P A sr S bp it R S S TR i oh ATty funnel in
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EEADOUACL 8BS &N L ANGE SOk dncdREr §PEICALREALL ¥, 78Sy of the
analyzed in accordance with the process of Exanple 1,

vas186. d8mpoull MEi ghtord@emdel 9! THeOGBeMmikal purity, as
produci ng optically active ethyl 2-(hydrox
ehbylred-iphenydpiapionitle the process of Example 1, was 80.20%

by weight.

Example 9: Process for producing optically active ethyl

2- (hydroxymethyl) -3 -phenylpropionate

A liquid medium (pH 7.0) was prepared so as to contain
4% of glucose, 0.3% of vyeast extfact, 1.3% of KH;PO,, 0.7%
of (NH,).HPO,, 0.01% of NaCl, 0.08% of MgS0, 7H,O, 0.006% of
ZnS0,4-TH,O, 0.009% of FeS0,7H.0, 0.0005% of CuS80,5H,0, and
0.001% of MnSO;4 to 5 Hx0. The liquid medium was dispensed
to large test tubes in an amount of 5 ml per each tube and
the test tubes were sterilized by steamat 120°C for 20 minutes.
The liquid medium was inoculated with each of the
microorganisms shown in Table 1 by a platinum loop and the
medium was incubated with shaking at 30°C for 2 to 3 days.

Microbial cells were centrifugally collected from the culture



A liquid nmedium (pH 7.0) was prepared so as to contain

40 of glucose, 0.30 of yeast extract, 1.30 of KH2PO4,

0.70 of (NH4)2HPO4, 0.01% of Nad , 0.08% of

MpSO4. 7H2O, 0. 006% of ZnSO4. 7H20, 0. 009% of

FeSO4. 7H2O, 0. 0005% of CuSOB&GH20, and 0. 001% of

MSH.4 to 5 H2O The liquid nmediumwas di spensed to

| arge test tubes in an anount of 5 nl per each tube

abduttBa, t Rabnéabest MerL: &t ednd i sashdnaest aaman1138Ca 0.1

for 20 m nutes. The [iquid nmediumwas inoculated with

Blagphoephbhbe Butfepr gomi &%) shaws mn ddEbtRelmbyrabial cell
plati num | oop and the nediumwas incubated with

shakkengianh 80Cuftbon2 omd daysthyM crobial cells were

centrifugally collected fromthe culture 36 solution,

washsoyw 8 hphanglpangicnspendutl iOn 51mhiofos . DMipheephate
hosphate buffer (pH 6.5) 0.5 m of the m_crobial cell

gg§§§ﬁsq:<@;ﬁta§é}3tﬁg ], M géﬁcgﬁﬁwere mixed, placed in each

2-fornyl - 3-phenyl propi onate, and 0.5 m of a 0.1 M
Eﬁé§p¥1‘é@% Wil fefaR orfryl ﬁbﬁgeyoah@ Bf 5@9@&5@0\]@@8&3 After
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chromat ography (TLC) and anal yzed by HPLC t

pakeENeaey tthiepligalr phrbinktodfbaphesuris) &[rﬁi shewyzed by

in Table 1 (conversion rates are 20 to 100x). The
HRALYSe slet@rdiitieons s anwek @ T ghatiitgn nEhdadssdlors Bhre shown

in Table 1 (conversion rates are 20 to 100%).

The analysis conditions and calculation methods for the
conversion rate and the optical purity are as follows.
GC analysig conditions:

Column: TC-FFAP, 5 mx 0.25 mm I.D. (manufactured by GL
Science Inc.), Carrier gas: He=30 kPa, Detection: FID, Column
temperature: 150°C, Detection time: 4.0 minutes in the case
of ethyl 2-formyl-3-phenylpropionate: 12.0minutes in the case
of ethyl 2-hydroxymethyl-3-phenylpropionate.

HPLC analysis conditions:

Column: Chiralcel AS, 250mm x 4.6 mm I.D. (manufactured
by Daicel Chemical Industries, Ltd.), Eluant:
hexane:isopropanol=28:2, Flow rate: 1.0 ml/min. Detectioﬁ:
210 nm, Column temperature: 40°C, Detection time: 16.1 minutes

for R configuration and 18.3 minutes for S configuration.



conversion rate and the optical purity are as foll ows.
GC anal ysis conditions: Colum: TG FFAP, 5 mx 0.25 nm
|.D. (manufactured by G. Science Inc.), Carrier gas:
He=30 kPa, Detection: FID, Colum tenperature: 150C,
Detection time: 4.0 minutes3’n-the case of ethyl 2
-fornyl -3 -phenyl propionate: 12. 0 mnutes in the case
of ethyl 2-hydroxynethyl - 3-phenyl propi onate. HPLC ,
abalysssosongié i 095 = Gotodiict Ghd@hiel sufiss t 206 'hdunt +
4.6 mm1.D. (manufactured by Daicel Chem cal

pbpdastti &mouht d. s}, 1dd uant:  hexane: i sopropanol =98: 2,
Flowrate: 1.0 m/mn. Detection: 210 nm Col umm
ophpendtpure t v0Eae Pet ¢BtBO/A (BkBEx146. (BnbndtesepleseRt the
configuration and 18.3 m nutes for S configuration. 37
TBavRES| oh earecgpyndiny oot kel /AxbbstBlat e anount
+ product anount) x 100 Optical purity (see) = (A-B)

/| (A+B) x100 (A and B represent the anounts. of
correspondi ng enantioners and A>B). 38 - Table 1
Steric Mcroorganism Qptical purity configuration
%.e. rettanonyces anomal us | FO 0627 86.8 (R) Candi da
cantarellii 1FO 1261 53.1 (R) Candida gl aebosa | FO
1353 6.0 (R :



Candi da gropengi esseri |IFO 0659 77.8 (R) Candi da

| acti s-condensi | FO 1286 87.1 (R) Candi da magnoli ae

| FO 0705 65.5 (R) Candida nmaltosa | FO 1977 70.3 (R
Candida maris I FO 10003 75.2 (R) Candida nogii |FO
0436 43.8 (R) Candida pim 3%0 1327 53.1 (R) Candida
rugosa | FO 0591 64.6 (R) Candida sorbophila I FO 1583
90.1 (R} Candida tropicalis IFO 1403 78.5 (R

Cahdedd versatilis IFO 1228 88.1 (R) Cryptococcus

curvatus TFO 1159 17.6 (R) Cryptococcus| t esggus || FO
0727 37.3 ( Rlicohgimysainyces nepal jcat pufitd BRERrafign 0 (R)
Debar yorryces robertsi ae | FO 1277 6@3&, (E‘%
[ ST ea

o ﬁ?“%g’ﬁﬁ"?i’ef o | FO ouPsE 17 (BF2 i ki 4R
ggﬁg@eﬁgfﬂgf iro 0976 68. 7IEOR26! 9i|chi*d-lcan der@ s IfFO
OorliarglachosgR) i chia si | FCcBbA I|FO €807 B7. 4R(R)
Cokdidu geypengiasséArO 0950 431F9 (6B |hodotsor ul a a@y ant| aca
t’EchQ:ﬁ@ﬂ:s%mﬁiefz.sR) hodot OEFW Bggrqm rS"TSl |'F 01&9 325

otlorul a | act osa ﬁéZ\ % ( )

6’7} rW%)/co sis sel enosp&ra g B (F?z

g %‘l 6’%5 j ohnsoni i 818963 {40. (R) )
Candida maris IFO 10003 75.2 (R)
Candida mogii IFO 0436 43.8 (R)
Candida pini 1IFO 1327 53.1 (R)
Candida rugosa IFO 0591 64.6 (R)
Candida sorbophila IFO 1583 90.1 (R)
Candida tropicalis IFO 1403 78.5 (R)
Candida versatilis TIFO 1228 8.1 (R)
Cryptococcus curvatus IFO 1159 17.6 (R)
Cryptococcus terreus IFO 0727 37.3 (R)
Debaryomyces nepalensis IFO 0039 72.0 (R)
Debarvomyces roberisiae IFO 1277 60.8 (R)
Galactomyces reessii IFO 10823 72.2 (R)
Ogataea minuta var. minita IFG 0975 78.1 (R)
Pichia canadensis IFO 0976 68.7 (R)
Pichia canadensis IFO 0973 77.4 (R)
Pichia silvicola 1FO 0807 374 (R)
Pichia xylosa IFO 0950 439 (R)
Rhodotorula aurantiaca IFO 0754 4.5 (R)
Rhodotorula graminis IFO 0190 325 (R)

" \Rhodotorula lactosa IFO 1423 16.5 (R)
Saccharomycopsis selenospora IFO 1850 548 (R)
Sporidiobolus johnsonii IFO 6903 40.0 (R)
Sporidiobofus salmonicolor IFO 1035 6.0 (R)

Sporobolomyces salmonicolor IFO 1038 4.8 (R)
Sterigmatomyces halophilus IFO 1488 23.6 (R)
Torulaspora delbrueckii IFO 0381 90.6 (R)
Trichosporon asteroides IFO 0173 47.7 (R)
Yamadazyma stipitis IFO 10063 17.0 (R)
Cystofillobasidium bisporidii IFO 1927 24.8 (S)

Pichia bispola IFO 0803 - 13.3 (S)
Rhodotorula glutinis var. glutinis IFO 0697 437 {(S)
Torulaspora globosa IFO 0016 76.5 EAY)
Williopsis saturnus var. mrakii IFO 0895 9.3 ()

\Williopsis saturnus var. saturnus IFO 0992 10.8 (S)

Yarrowia lipolytica IFO 0746 4.4 (S)
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H.0. The results are shown in Table 2 (conversion rates are

20 to 100%).

Table 2
Optical Steric
Microorganism purity  |configuration
%e.e.

[ Achromobacter xylosoxidans subsp.denitrificans  IFO 15125 83.4 (R
Cellulomonas fimi IFO15513 63.6 R)
Cellulomonas sp. JCM 2471 65.4 (R)
Cellulomonas uda IFO 3747 193 (R)
Hafnia alvei TIFO 3731 85.6 (R)
Uensenia canicruria IFO 13914 74.2 {R)
Klebsiella planticola IFO 3317 80.1 " (R)
Proteus inconstans IFO 12931 81.6 (R
Rhodococcus ervthropolis IFO 12320 75.8 (R)
Rhodococcus equi IFO 3730 88.5 (R)
Microbacterium esteraromaticum IFO 3752 25.5 (s

Example 11: Process for producing optically active ethyl

2- (hydroxymethyl) -3-phenylpropionate

A ligquid medium (pH 7.0) was prepared so as to contain
4% glucose, 0.3% of yeast extract, 1.3% of KH;PO,, 0.7% of

(NH4) ;HPO,, 0.01% of NaCl, 0.08% of MagS0,-7H,O, 0.006% of



Optical Steric Mcroorgani smpurity configuration
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ensenia canicruria IFO 13914 74.2 (R) lebsiella
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ebhyhrge- (bydroxlyeethylan Saghery|lgfr Gpmdnate eéchi gquibd and
medi um (pH 7.0) was prepared so as to contain 4%
ghactm t @b 8Yswel eymast laxtadaoy stEaBla Dl 2 KM PO 2 0mistes.
(NH4) 2HPO4, 0.01% of Nad , 0.08% of MyS04. 7H20,
Eheo%%md Wdlz%ﬁfSG’AlS?m@w@aD@@W@? HebSbe. W}E?c)oorganlsms
0. 0005% of . cuSO4. 5H20, and 0. 001% of MSO. 4
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ubes, an_amount. of 5 nl per, each tube and the
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m Cr oor gani sns own 1 n I num

RRfel-ncibatad Whbhosbaldd%aded, the cells were dried under

reduced pressure to obtain acetone dried microbial cells. 5
mg of the acetone dried microbial cells, 2 mg of ethyl
2-formyl-3-phenylpropionate, 10 mg of glucose, 1 mg of NAD
(or NADP), 0.5 ml of 0.1M phosphate buffer (pH=6.5) and 0.5
ml of ethyl acetate were added to each test tube with a cap
and shaken at 30°C for 24 ours. Subsequently, the same
operation.as in Example 9 was performed to determine a
conversion rate and optical purity. The results are shown

in Table 3.
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Example 12: Process for producing optically active ethyl

2-hydroxymethylalkanocate

First, 5 mg of the acetone dried microbial cells obtained
inExample 11, 2mg of each type of the ethyl 2-formylalkanocates
shown in Table 4, 0.5 ml of

10 mg of gluccse, 1 mg of NADP,

0.1M phosphate buffer (pH=6.5), and 0.5 ml of ethyl acetate
were added to each test tube with a cap and shaken at 30°C
for 24 hourg. After the reaction, the reaction solution was
extracted with ethyl acetate of the same volume. The amounts
of the substrate and the product in the extract were analyzed

by gés chromatographic (GC) method to obtain the conversion

rate (%). The product was derivatized with a HPLC labeling

agent (3,5-dinitrobenzoyl chloride), and purified by
thin-layer chromatography (TLC), and thereafter analyzed by
HPLC to determine the optical purity. The results are shown

in Table 4. The analysis conditions are shown below.
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ba@cgﬂaeﬂéﬂzlggﬁ_eg Msé%ss%%t i f l(:%}ugﬁt)_ , Carrier

gas teCtI on um tenperature:

E@Q%e@é@ﬁfbﬂanbif@S § %mﬁ%a.@c%f@r 5 ﬁl'-lmhlln Detection:
fornyl hexanoate and 9.8 m nutes for ethyl

ﬁlbw,oﬁdlﬁ%ﬂ)ﬂéﬂ@é@%@&%. 40°C, Detection time: 3.06 minutes
for a (R) -2-hydroxymethylhexanoic ethyl derivative and 37.4

minutes for a (S) -2-hydroxymethyl hexanoic ethyl derivative.

Table 4
Conversion| Optical
Microorganism Substrate tate purity
% % e.e.
Ogataea minuta var. minuta  [Ethyl 2-formylbutyrate 90 88.7
IFO 0975 Ethyl 2-formylhexanoate 45 96.7
Ethyl 2-formyloctanoate 41 75.0
Pichia Canadensis Hthyl 2-formylbutyrate 63 37.5
IIFO 0976 Ethyl 2-formylhexanoate 35 74.6
IEthyl 2-formyloctanoate 63 87.0
Pichia Canadensis Ethyl 2-formylbutyrate 89 48.1
IFO 0973 Ethyl 2-formylhexanoate 55 91.5
[Ethyl 2-formyloctanoate 61 71.0

Example 13: Process for producing optically active

- {hydroxymethyl} -3 -phenylpropionic ester

Recombinant Escherichia coli HB101l (pNTCRG) (Accession

Number: FERM BP-6898) was inoculated in 50 ml of 2 x YT medium



HPLC anal ysis condition: Columm: Chiralcel OD H,

0.46x25 cm|.D. (manufactured by Daicel Chem cal
Industries, Ltd.), Eluant: hexane:isopropanol =95: 5,
Flowrate: 0.5 m/mn. Detection: 210 nm Col um
tenperature: 40C, Detection43me: 3. 06 mnutes for a
(R) -2-hydroxynet hyl hexanoi ¢ ethyl derivative and 37.4
mnutes for a (S) -2-hydroxynethyl hexanoi c et hyl

debhyathveg 1Takl 654 SON 10 e velsr eQEgaRESMINg
Substrate rate purity %e.e. Ogataea nminuta var.

m. st af By, 2ubor oyl Sy Bl £2PA 88 Fo0 IO LRKEyuchi Flask
t hyl12-fornyl hexanoate 45 96.7 thyl2-fornyl octanoate
4hd7InGuBeebbawkanadgnsksnghyt 23 fanmdbutsy taherH3 34. D ml
O 0976 Ethyl 2-fornyl hexanoat35 74.6 Et hyl

2£f ohendesntdreodt 63.187re Sotht aoCancdensps Erdlyltype of the
2-fornyl butyrat89 48.1 | FO 0973 Et hyl
2-fermyllhéxpheay3propisnichgs e midvotiandabéeed, 21mg of
Exanpl e 13: Process for producing optically active
PEDRy i hBEIRA J1BCHPRHGES ﬁé‘ﬁie&ﬁ@?égﬁ &l Resist haht rred
Escherichia coli HB101l_ (pNTCRG_(Accession Number:

RERRP BP-T6808) heuEsi- nok it af Pl S0l 9R ot thex rercid@Punthe
‘eé)% F%%gggglﬁ%tn az%l_'d gg%gga&rﬁupr%%tyogf thé'pgr%)dchxggz_% analyzed

in the same manner as in Example 9. The results are shown

in Table 5 (The conversion rates are all 100%).

Table 5
Substrate coR Optical purity Steric
©/\E =2 % e.e. configuration
~o
R,=Methyl 93 R)
Ethyl 89 (R)
iso-Propyl 6 (S)
iso-Butyl 72 (R)

Example 14: Process for producing optically active ethyl

2- (hydroxymethyl) -3- (3, 4-methylenedioxyphenyl) -propicnate

Each type of the Recombinant Escherichia coli shown in

Table 6 was inoculated in 50 ml of 2 x YT medium {(containing
1.6% of tripeptone, 1.0% of yeast extract, and 0.5% of NaCl,
PH=7.0)} sterilized in a 500-ml Sakaguchi Flask, and incubated
while shaking at 37°C for 18 hours. To 1 ml of the resultant
culture solution, 10 mg of ethyl

2-formyl-3-(3,4-methylenedioxyphenyl) -propionate, 1 mg of

NAD (or NADP}, and 10 mg of glucose were added and the mixture




Fl ask and i ncubated while shaking at 37C for 18
hours. To 1 m of the resultant culture solution, 10
ng of each-type of the 2-fornyl-3-phenyl propionic
esters shown in Table 5, 1-ngtof NADP, and 10 ng of
gl ucose were added and the m xture was stirred at 30C
for 2 hours. After conpletion of the reaction, the

v rat.e ,an [ it r
an% )‘%’eg 7 gtthe%sgrr]g&rra%ﬁljé?@%% |%‘f%xlt rﬁ%“@&%%#%h & Ehe
&%&@Eﬁ%ﬁﬂﬁhéb@ﬂﬁeréﬂdﬁ@ﬁk@éidaﬁﬁl@QDﬁ@ESt?%ﬂEﬁ@ﬁroduct
are all 100% . Table 5 Substrate Optical purity Steric
6e2 2219 By £ed dont hg waalkl mdinndr B2~MetENEn A2 ¢ R) THE bybults
89 (R iso-Propyl 6 (S) iso-Butyl 72 (R) Exanple 14:
Brec ehowhorinpTatlei Ag (Thei cahlgradbnveaeehybhre all 100%) .
2- (hydr oxynet hyl ) - 3- (3, 4- net hyl enedi oxyphenyl ) - pr opi on
ate Each type of the Reconbi nant Escherichia coli
shown in Table 6 was inoculated in 50 m of 2 x YT
Fe®ilémb(contai ning 1.6% of tri peptone 1. 0% of yeast

EXtract, and 0. 5% of NaC, — prE tsqeri lsgegg M a
500- i Sakagughi . Ehask, and incubalgp shaki ng
at 37Cfor 18 hours To 1 m of th,(/a resu ta%tl cilture

g 5 101%&%1;%)5@ hﬁ%ﬁ?;ﬁ?@he”ﬁ%'pmpi %ate 1 ng

E. coli HB101(pNTRGG1) FERM BP-7858 78.3 (R)
E. coli HBIO1(pNTSGG1) FERM P-18449 61.3 (R)
F. coli HB101(pTSBGI1) FERM BP-7119 42.9 (S)

Example 15: Process for producing optically active ethyl

2-hydroxymethylalkancate

Each type of the Recombinant Escherichia coll shown in

Table 7 was inoculated in 50 ml of 2 x YT medium (containing
1.6% of tripeptone, 1.0% of yeast extract, and 0.5% of NacCl,
PH=7.0) sterilized in a 500-ml Sakaguchi Flasgk, and incubated
while shaking'at 37°C for 18 hours. To 1 ml of the resultant
culture solution, 10 mg of ethyl type of ethyl 2-formyl

alkanoate shown in Table 7, 1 mg of NAD {(or NADP), and 10 mg
of glucose were added and the mixture was stirred at 30°C for
2 hours. After completion of the reaction, the conversion
rate and optical purity of the product were analyzed in the
same manner as in Example 12. The results are éhown in Table

7 (The conversion rates are all 100%).

0.5% of NaCl, pH=7.0) sterilized in a 500-m Sakaguchi




NAD (or NADP) , and 10 ng of glucose were added and

the m xture 44 was stirred at 30C for 2 hours. After
conpl etion of the reaction, the conversion rate and
optical purity of the product were analyzed in the
same manner as in Exanple 9.45The results are shown in
Table 6 (The conversion rates are all 100%. Table 6

Optical Steric Mcroorganismpurity configuration %
@a81e%E. coli HB101(pNTCRG FERM BP-6898 95.7 (R) E.
coli HRIQOI(pNTDRG]) EFRM BP-08458 12 5 (R) F coli
HB101( pNTRGE ) FERM BP- 7858 78. 3 ([RQenvemiong dpytical Steric
HBLOMIPMTIBOST) FERM P- 18uampts1. 3 (|R) rate cp| purity [ configuration
HBL Ol(pTSBGl) FERM BP-7119 42.9 (9 FEXanpl eks:
Preolt €83 0 F(pNTERG u il 2 dpdinythatyirate act | vidoet hyl71.9 (S)
IPERM @Pasgysret hyl ai atfernfyickanoype| ofiobhe | Rasanb| nants)
Escherichia coli fhithylolBRb#e 7| WaRoi npcubat ed i ryg)
PU,FHEI 1 GNTDORG )™ AT LR70 9T o4 S
ﬂ;@%%&%g 1(8!% § F{{“%é% ang?so. S%Q NaCl 25
P .0) sterilize s I akagu@wi :IaUQJ , and
rethat-ed—whide Agmyloctgneaie ok 180 ol U3 1ol 1 oY
ok HE1DURNTRGGED [Ehyl edermylaheats on| 185ng|of -ethyl -
[tERDE BBf786% hy| 2- f ¢t P-forgyibsranatte [shodth ih PASI e 7, @
mg of NAD (or NADPthyl ademyctmoatof| gl $os¢ Wwede pdde@)
Aol HBeO i RIBG1 hys Rifeigtbugiat80q f or7 2| heoms. | Af t@y
RERWDBEL100 Of t he|Big@gifbranihekdi@ate ONVeEESi ON  77.0 (R)
thyl 2-formyloctanoate 52 41.9 (R)
Example 16: Process for producing ethyl (R)-
2- (hydroxymethyl) -3- (3, 4-methylenedioxy
phenyl) -propicnate
Recombinant Escherichia coli HB101l (pNTCRG) (Accession

Number: FERM BP-6898) was inoculated in 50 ml of 2 x YT medium
(containing 1.6% of tripeptone, 1.0% of yeast extract, and
0.5% of NaCl, pH=7.0) sterilized in a 500-ml Sakaguchi Flask
and incubated while shaking at 37°C for 18 hours. To 550 ml
of the resultant culture solution, 87 g of the ethyl
2-formyl-3-(3,4-methylenedioxyphenyl) -propionate obtained
in Example 1, 27.5 mg of NADP, and 89 mg of glucose were added
and the mixture was stirred at 30°C for 24 hours. After
completionof thereaction, thereactionsolutionwasextracted
with toluene and the extract was concentrated to obtain 84.1
g of a blown olly substance. The chemical purity and optical

purity of the product were analyzed in the same manner as in




rate and optical purity of the product were anal yzed
in the sane manner as in Exanple 12. The results are
shown in Table 7 (The conversion rates are all 100% .
45 - Table 7 Conversion Optical Steric M croorgani sm
Substrate rate purity configiration % %e.e. } E
coli HB1O1(pNTCRG thyl2-fornyl butyrate 100 71.9 (S) 1
FERM BP- 6898 t hyl 2-f or myl hexanoate 100 15.4 (S) '
Eﬁﬁh%i&@ﬂnyTﬁé%ﬁE%ﬁE%IBﬁ%fﬁ%ﬁ%é5%.g%aﬁ@ﬂheoptical urity
HB101( pNTDRGL) t hyl 2-fornyl butyrate 100 94.2 (S) F%RM
RBs084585ELhy| Tize o sdiydth exad et e(191 dbrfF idRrathtdiy)
2-forloctanoate 93 0.4 S) E. coil HB101(pNTRGA)
thyimr f orowy |21 et e,)13.:56- 73 -BERM BPH78RS, 5.93 (2H, s),
t hyl 2-f or nyl hexanoate 30 94.6 (R) Ethyl
2-flérdyRactathoal e 97653 464 RRHgahl , BBEGLEp FSBGEH, Evhyl. .27
2-fornyl butyrate 77 62.8 (R} ERM BP-7119
t(ﬁﬁlﬁzgor nmyl hexanoate 63 77.0 (R)
thyl 2-fornyl octanoate 52 41.9 (R) Exanple 16: Process
for producing ethyl (R

hyl 3,

B

. coli HB101
Wwas
tai ning 1. 66

Recombinant Escherichia ceoli HB101 (pNTCRG) (Accession

Number: FERM BP—.6898) was inoculated in 50 ml of 2 x YT medium
(containing 1.6% of tripeptone, 1.0% of yeast extract, and
0.5% of NaCl, pH=7.0) sterilized in a 500-ml Sakaguchi Flask
and incubated while shaking at 37°C for 18 hours. To 50 ml
of the resultant culture solution, 1.89 g of the methyl

2-formyl-3- (3, 4-methylenedioxyphenyl) -propionate obtained
in Example 1, 2.5 mg of NADP, and 1.9 g of glucose were added
and the reaction mixture was stirred at 30°C for 24 hours.
After completion of the reaction, the reaction solution was
extracted with toluene and the extract was concentrated to
obtain 1.82 g of a blown oily substance. The chemical purity
and optical purity of the product were analyzed in the same
manner as in Example 9. The chemical purity was 96.8% and
the optical purity was 98.0%ee. The product had an (R)

configuration.



0.5% of NaC, pH=7.0) sterilized in a 500-m Sakaguch
Fl ask and i ncubated while shaking at 37C for 18

hours. To 550 ml of the resultant culture solution,

87 g of the ethyl

2-fornyl - 3- (3, 4- met hyl enedi &4 phenyl ) - propi onat e
obtained in Exanple 1, 27.5 ng of NADP, and 89 ng of
gl ucose were added and the mxture was stirred at 30C
Formad DY Siz Aldrgr, CRIPECYLOB. 6 [BR TRRCLEODS he
reaction solution was extracted with foluene and the
extragt 6nWaR K, 0ngerd r'ad €84, os pptaivs-849b (THOM)g blemw2. 75
oi ly substance. The chem cal purity and optica

faH, ty) of the product were anal yzed in the same nmanner
as in 46 Exanple 9. The chem cal puritywas 96.
5%ndt he optical purity was 96.4%e. The product had

an (R) configuration. 1H NVR (400 Hz, CIK13) S:
xanpsesgs oggssst uging gt 23(2Hq),

(3H, t).

A ..7- y [ S P
R 2- hydr oxyme hyI) 3- (3 4- nethylenedloxy
Reconbi nant Escherichia coli HB101
(pNTQ$ga e Nunpe P 6 9 .
-1 nocula e“gjlnarg%—l%@&‘iﬁhaﬁn%% um ( 2 ﬁAccie%%/lon

S P08 3 yRE 0 g
@Bgntﬁfﬂpﬁéeﬂ whide shald e, 376sf ek agguéﬁtrg@tSOand

of the resultant culture solution, 1.89 g of

UES%}df NaCl, pH=7.0) sterilized in a 500-ml Sakaguchl Flask
2-fornyl - 3- (3 4- met hyl enedi oxyphenyl) - propi onat e

ghfiaimefbated while shaking at 37°C for 18 hours. To 50 ml

of the resultant culiure solution, 0.5 g of the ethyl
2-formyl-3-(3,4-methylenedioxyphenyl} -propionate obtained
in Example 1, 2.5 mg of NADP, and 0.5 g of glucose were added,
and the reaction mixture was stirred at 30°C for 24 hours.
After completion of the reaction, the reaction scolution was
extracted with toluene and the extract was concentrated to
obtain 0.49 g of a blown oily substance. The chemical purity
and optical purity oﬁ the product were analyzed in the same
manner as in Example 2. The chemical purity was 96.8% and
the optical purity was 43.0%ee. The product had an (S)
configuration. |

'H NMR (400 Hz, CDCl;) &: 6.73-6.56 (3H, m), 5.93 (2H, s),
4.12-4.23 {(2H, g), 3.76-3.64 (2H, m), 2.95-2.69 {(3H, m), 1.27

(3H, t).



in Exanple 1, 2.5 ng of NADP, and 1.9 g of gl ucose
were added and the reaction mxture was stirred at
30C for 24 hours. After conpletion of the reaction,
the reaction solution was extracted with toluene and
the extract was concentratedi8 o obtain 1. 82 g of a
bl own oily substance. The chemical purity and optica
purity of the product were analyzed in the same

HY 1 8f eﬂlﬁ/lchﬁ

an (Rkec@ﬁﬁihgﬁfamé@lﬁbrfc?hlal"éd‘iMRH(Bﬁm M@Nzﬁ@cﬁl@xe@essmn
6.73-6.62 (3H M 593 (2H S), 3.77-3.67 (2H m ,

Fui@et3HER) BP-288652. 194k (ABcuMhtedZ4 8204 of 4 2HT Mk dium

Exanpl e 18: Process for produci ng et hyl

((Spn2aimjdgokxy fetdily [ DrideB otenelihpkenfdrexsgt extract, 0.5%

benzyl ) - propi onat e Reconbi nant Escherichia coli HB101

CFTBBGL) éAdcessigrot NMimvesulFERE BRO,1p#=as sterilized

inoculated_in 50 m_of 2 x YT nedium (containing 1.6%

éfl ﬁrE98pmén%akq%%lbe%%i'sta@tlr%bataﬁﬁj whi Isyshpking at
pH=7.0) sterilized in a 500-m Sakaguchi Fl ask

§HdC fr‘ﬂé—’u‘%%th@@r\ﬁhl | Bo ek} R Hie FPEULEANLEC Wh RS SPdubhon,

g‘t' IQ)Q fultlg.] o§ lgltu%rgsecgehgagogghgtséopmanugagturectl %y Amano
il n@-ﬁgﬁfﬁr e L T SRS

d
CEREA R R el TR e %ﬁi??%?ggsﬁp}fbu‘i“%%%?%? the
Eﬁ@%ﬁk@%oi@lﬁéﬁ%@ O SALULEONo WA oy 24 hours while adding

2.5 M agueous solution of sodium hydroxide dropwise to the

culture solution to adjust to pH 6.5. After completion of
the reaction, 100 ml of ethyl acetate was added to the reaction
solution for extraction and the organic layer was distilled
off under reduced pressure. Thereafter, the product was

purified by silica gel chromatography to obtain an oily ethyl
(R) -2-hydroxymethylhexanocate. The yield was 920% and the

optical purity was 93.6% e.e. Note that analysis for optical
purity was performed as follows. The product was derivatized
with a HPLC labeling agent (3,5-dinitrobenzoyl chloride), and
analyzed by HPLC using a Chiralcel OD-H column, 0.46 x 25 cm
I.D. (manufactured by Daicel Chemical Industries, Ltd.).

'H NMR (400 Hz, CDCl,;) &: 4.13-4.24 (2H, q), 3.72-3.79 (2H,
m), 2.53-2.59 (1H, m), 1.5-1.7 (2H, m}, 1.24-1.37 (7H, m},

0.9 (3H, t).



extracted wth toluene and the extract was
concentrated to obtain 0.49 g of a blow oily
substance. The chemical purity and optical purity of
the product were analyzed in the sane nanner as in
Exanpl e 9. The chem cal puri4dy -was 96. 8% and the
optical purity was 43.0%e. The product had an (S)
configuration. 1H NWR (400 Hz, CDCl13) S: 6.73-6.56

ﬁﬁ&hpﬂ%ﬂcﬁ-

19: Syrd hed 1 PkoRbbYhd(hs - oty thiex WEhhy-hexpaeahe oily
Reconbi nant Escherichia coli HB101 (pNTRS) (Accession
BlunbeancEERVEBRo08545) wiach thechtddesk off Exthnihl®fl 92except
YT nmedium (containing 1.6% of tripeptone, 1.0% of
ybabt etkyt a2t fobmplhepfaddte wndgd Bedyinmfpder of ethyl
sul fate7H2O, pH=7.0) sterilized in a 500-m Sakaguch
Fraskmyhiekapodbe ed The Véed Hakdn @ 0kt andoted optd@al purity
hours. To 25 m of the resultant culture solution,
¥28087#ABt s of gl ucose dehydrogenase (nanufactured by

no Enzyme | nc. .. of eth

, 2.5
ﬁfWWI@@x%aFBF?LS) i &f-%ﬁAré,-244y(§Hof Yk uose;3and (2H,

5 [ f at e7H20 r ed,.the . cult
“s}gr ks 583{1‘%@5250&{3 Bl & ol 1 ﬂ%%'h%rglﬁ%ﬁy 3;%33??1‘@, m) .
?.g @gﬁqugfus sol uti on of sodi um hydroxi de dropw se to
he 'Culturé solution to adjust to pH 6.5. After

conpletion of the reaction, 100 ml of ethyl acetate
was added to the reaction solution for extraction and
tﬂ@ugfgggicAtﬁygéaM@§iQ%stiIIed of f under reduced
pressure. Thereafter, the product was

According to the process of the present invention, it

is possible to simply produce an optically active
3-hydroxypropionicester derivativeuseful as an intermediate

of a medicament from inexpensive starting materials.




purified by silica gel chromatography to obtain an
oily ethyl (R)-2-hydroxynethyl hexanoate. The yield
was 90% and the optical purity was 93.6% e.e. Note
that analysis for optical purity was perfornmed as
foll ows. The product was deridatized wth a HPLC

| abel i ng agent (3, 5-dinitrobenzoyl chloride), and
anal yzed by HPLC using a Chiralcel OD-H colum, 0.46 x

25 cm 1.D. (manufactured by Daicel Chenical

I ndustries, Ltd.). 1H NWR (400 Hz, CDCl1l3) S:

4.13-4.24 (2H, q), 3.72-3.c¢hf&H, m, 2.53-2.59 (1H, .

m, 1.5-1.7 (2H, m, 1.24-1.37 (7H m, 0.9 (3H t).

49 ExgnplesdForSihesisind aetmdrufRacetic ester derivative
- 2- hydr oxymnet hyl hept anoate The titled conpound was
akbaiesedtas byt thaspanentlotbymuiabstpnce in

accordance with the process of Exanple 19 except that

et hyl 2-fornyl heptanoate was used in place of ethyl
2-fornyl hexanoate. The yield was 90% and the opti cal
purity was 87%gs. 1H NI\/RgéOéqHz, CDC13) S: 4.13-4.24
(2H, q), 3.69-3."%9 ~22323-2.59 (1H, m,

1.44-1.69 (2H m, 1.¥2-1.36 (9H m, 0.9 (3H t).

I ndustrial Applicabilifty cordin o0 the process of

the present inventionjii isp let £2npl y

produce an optically iwve 3-§§droxypro i onic ester
derivative useful as an Ir(yernediate of a nedi canent
frominexpensive starting materials. 50

where R; represents an alkyl group having 2 to 10 carbon atoms,
an optionally substituted aralkyl group having 5 to 15 carbon
atoms, or an optionally substituted aryl group having 5 to
15 carbon atoms; R; represents an alkyl group having 1 to 10
carbonatoms,oranoptionallysubstitﬁtedaralkylgrouphaving
5 to 15 carbon atoms; and X represents H, Li, Na or K,
characterized by comprising the steps of:

reacting an acetic ester derivative represented by the

general formula (1):

Rixn_~C02R2 (1)

where R; and R, are the same as described above,



CLAI M5 1. Aprocess for producing a2-fornyl acetic ester
derivative represented by the general fornmula (2): Rl
,CO2R-2 "0 X(r) (2) where Rl represents an al kyl
group having 2 to 10 carbon atons, an optionally
substituted aral kyl group ha&adng 5 to 15 carbon

atons, or an optionally substituted aryl group having
5to 15 carbon atonms; R2 represents an al kyl group

BaYhngpl <k0a 14 EBIHHQE% RhePBpOPLEARA Yrg the acetic

substituted ara group having 5°to 15 car bon

é%@@? dapdvicrenr §ﬁ€8t§ ti-fékmyﬁ@céﬁléﬁ es@@ﬁr%fﬁég%
by conprising the steps of: reacting an acetic ester

gepiruabhyedr Bpr eRenyefeby1t brmgeaeral ;formila (1):
R',,~CO2R2 (~ ) where Rl and R2 are the sanme as

dedcri bed above, 51 wth a base and a formc ester,

t hereby converting the acetic ester derivative into a

2- f orrgrharciend cirgsdert ey i fuat \the repcédemt edxbyrehénto an
general formula (2); and renoving inpurities fromthe
pEgenienlavr uEerned Purrddirtgat ©1 ayeprieniedspyvent and

addi tion of an organic solvent and water thereto,
\WﬁF?é thenaier M Fd?%%%?@?%@”ﬁ%édb%??%‘é%ﬁl@é‘he derivative

%gggﬁ%gg@ft&ﬁgge gggﬁ.aflorfm%rlrar.u 285 31'21220 a resualtlng agueous

layer.

2. The process according to claim 1 wherein, in the formulas
{1) and (2), R; is an alkyl group having 2 to 10 carbon atoms
oranoptionallysubstitutedaralkyl grouphaving5to 15 carbon

atoms.

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

formulas (1) and (2), Ryis an alkyl group having 1 to 10 carbon

atoms.

4. The process according to claims 1, 2, or 3 wherein the
base is sodium hydride, sodium metal, or an alkaline metal

alkoxide,

5. The process according to claim 1, 2, 3, or 4 wherein the
reaction is performed by adding the acetic ester derivative

and the formic ester to a solvent containing the base.



2. The process according to claim1 wherein, in the
formulas (1) and (2), R is an alkyl group having 2
to 10 carbon atonms or an optionally substituted
aral kyl group having 5 to 15 carbon atons. 3. The
process according to claim B2Or- 2 wherein, in the
formulas (1) and (2) , Reis an alkyl group having 1 to
10 carbon atons. 4. The process according to clains

5. 2,7RE Frobessi dbddn iR I3 SisuipRYdL hdehe SPEL UM on

i
netal, or  an al kaline netal alkoxide. 5. The process

6o £ Bemd @ i¢l Bh8 sblvdnt3coftadnihgr€id talke né€aelsds0fhan
is perforned by adding the acetic eSter derivative

and bhevd D GRS her at A S eRindeR it BE 2 6® BaSRore.
52 6. The process according to claim5 wherein the
reaction is perforned in the solvent containing the
base not |ess than |00 by weight and at a reaction
ffenpek apurecst ROC prodwrmyg Fn Fpiorbks dorive
produci ng an optically active 3-hydroxypropionic ester
debydapPrypreppprasencegebydenevagener aerrepantrad(Ry: the
COR2R2 T T~3)_. OH where R represents an al kyl group
H50ERgL2EPE™dacdPhon atoms, an optional ly

substituted aral kyl group having 5 to 15 carbon

Ri~ x _~CO2R>

(3)
OH

where R; represents an alkyl group having 2 to 10 carbon atoms,
an optionally subgstituted aralkyl group having 5 to 15 carbon
atoms, or an optionally substituted aryl group having 5 to
15 carbon atoms; R; represents an alkyl group having 1 to 10
carbonatoms, oranoptionallysubstitutedaralkyl grouphaving
5 to 15 carbon atoms; and * represents an asymmetric carbon
atom,

. characterized by subjectinga2-formylaceticesterderivative

represented by the general formula (2):

R CO,R,




atons, or an optionally substituted aryl group having
5 to 15 carbon atons; R2 represents an al kyl group
having 1 to 10 carbon atons, or an optionally
substituted aral kyl group having 5 to 15 carbon
atons; and * represents an @ymretric carbon atom
characterized by subjecting a 2 -f ornylacetic ester
derivative represented by the general formula (2): Rl

Y. =, [
RS S Rl T
theract kanoef gkan enzymatic source capabl e of
stereosel ectively reducing the fornyl group thereof,
whertaenatheoR e68nhni 8HEREONCOEchP8edeEbYBI & VEE
represented by the fornmula (3) is produced by using an
enzyebkbitegbtivety whdaobihg drei Yedmilograup thereof,

m croorgani sm of the genus of Brettanomyces,

Cr y pt @teceiss thBebarybinycest, i @abadhengeesyat Ogatepagsented
Pi chia, Saccharonycopsis, Sporidiobol us,

Spotbdofonyels, (35t disi gradoapdeby UDing agpengymatic source
Tri chosporon, Yanmadazyma, Achronopbacter,

WBLFH 8F0AGELVEEY 65PE, 2 HRLAFAOTI3RASENPA, LRE B23TeS| af

M crococcug,sProteus, Rhodococcus, or Serra;ia, and

o Sse duBFRGTYRBY FBF m/ Pl e bRy Ges
he. derivative represented by the fqrnula. :or the
b3S saEE, BichEal CHLERARLSN OYpb S,  SRPR G 0RINST |

Sporobolomyces, Sterigmatomyces, Torulaspora, Trichosporon,

Yamadazyma, Achromobacter, Cellulomonas, Devosgia, Hafnia,

Jensenia, Klebsiella, Micrococcus, Proteus, Rhodococcus, or

Serratia, and capable of R-selectively reducing the formyl
group of the derivative represented by the formula (2); or

the S configuration of the derivative represented by the
formula (3) is produced by using an enzymatic source which
is derived from an microorganism of the genus of

Cystofillobasidium, Pichia, Rhodotorula, Torulaspora,

Williopsis, Yarrowia, Devosia, Microbacterium, or

Micrococcus and capable of S-selectively reducing the formyl

group of the derivative represented by the formula (2).

8. The process according to ¢laim 7 wherein in the formulas
(2) and (3), R; is an alkyl group having 2 to 10 carbon atoms
oranoptionallysubstitutedaralkyl grouphaving5to 15 carbon

atoms.




formula (3) is produced by using an enzymatic source
which is derived froman m croorgani smof the genus
of Cystofillobasidium Pichia, Rhodotorula,

Torul aspora, WIIliopsis, Yarrow a, Devosi a,

M crobacterium or M crococsus- and capabl e of
S-selectively reducing the fornyl group of the
derivative represented by the fornula (2). 8. The

Ry ane (5% Tl AR Cor S A o il D T e
cankeR 2Le BN OF éﬁb(&gffﬁgﬂiﬁk5¥§§¥é§éﬂfﬁa %ﬁgkh%lformula

group~having 5 to 15 carbon atonms. 54 process
a8l ShReahec8R M5 Ing! & vherekaItheiRe &%M@bbaﬁce
of the derivative represented by the formula (3) is
phadieath e sShnge dasited R-aehadidrcereani@idcl ected from
source, an enzymatic source derived froma
rhergorgaross selingted Betmenthgcge aupnmednsd sCirggtofoccus
Brett anomyces anomal us, Cryptococcus curvatus,

CuypeSUSG cisyPepreasysDebakrguRy cBsbatpalgnsEsnepalensis,

Debar yonyces robertsiae, CGal actonyces reessii, Cgataea
REBEEXQ@XEE%WEEEEE%_EEEh|ﬁ_ééEﬁEEHEEE repefih, OJataea

si.lvicola, Pichia xylosa, Saccharonycopsis
BAREREs BBFa _sBBEE ' Bbghis _ﬁaaﬁgaﬁ£¥ Ebshia gbsrigola,

galﬁgmcoiori gg ﬁboloEa salnnnlcolor I 2 bolus
i%gﬁggﬁggr0§28§£§Egbgingggﬁggﬁxggl§£'péﬁbiobolomyces

eshhuhorpRas fsgérlgﬁgkghgaeeaﬁa§eghlEﬁg'U&egamaépagé

@albelidEkdi, Trichosporon asteroids, Yamadazyma stipitis,

Achromecbacter xylosoxidans subsp. denitrificans,

Cellulomonas fimi, Cellulomonas sp., Cellulomonas uda,

Devosia riboflavina, Hafnia alvei, Jensenia canicruria,

Kiebsiella planticola, Micrococcus luteus, Proteus

inconstans, Rhodococcus erythropolis, Rhodococcus equi,

Rhodococcus sp., and Serratia marcescens.

10. The process according to claim 7, 8, or 9 wherein the
R-selective enzymatic source is a cultured product of

Escherichia coli HB101 (pNTDRG1) (FERMBP-08458), Escherichia

coli HB101 (pNTSGGLl) (FERM P-18449), Escherichia coli HB101

(pTSBG1) (FERM BP-7119), or Escherichia coli HB101l

{ONTRS} (FERM BP-08545); or a processed product thereof.



Kl ebsiella planticola, Mcrococcus |uteus, Proteus

i nconst ans, Rhodococcus erythropolis, Rhodococcus
equi, Rhodococcus sp., and Serratia marcescens. 10.
The process according to claim7, 8 or 9 wherein the
R-sel ective enzymatic sourcé&sis a cultured product of
Escherichia coli HB101 (pNTDRGL) (FERVBP-08458),
Escherichia coli HB101 (pNTSGG ) (FERM P-18449),

EECnar (o ol TRI0L FhNTRS) (RERw 5. Sosio ol the o

BERELGS LG PEAAVE Lt H &8O rat3%e FlprLBEnREACBSSthe formula
according to claim?7 or 8 wherein'the S configuration

0f ) tikepsiedhvad byeud B esemirds bye1 86t { 0& MiHlz3maltdk $Surce,
produced by using, as the S-selective enzymati c
aneheematdn snmatieeisedfeendent ¥edotyami am selected from
m croorgani sm sel ected from the group consisting of

s gobiupl abesi sii iurg bf Spetiodiiil loPashdaumbiisgaira,dii, Pichia
Rhodotorula glutinis var. glutinis, Torulaspora

bisbota, Bodobprisa salwe Hyss vear . rﬁhlkfrin,lSNI PBphi gpoT

saturnus__ var. saturnus, Yarrow a | i po tl ca, Devosia
' v 1ig hﬁpgﬂﬁﬁaturnus

M crococcus | uteus 12._ The process accordln ,
¥R g ytuBng, Mlmermeﬁ%&ﬁ&h

@ourcg |§ a, cuItured Eroduct of gfcherlchla cow

HB101 (pTSBGﬂ) ( FERM BP- 7119) or a processed product
thereof. 13. A process for producing an optically

Qt'Wﬂma%r%%%k@%&%%%&ﬁ%ﬂbctsséfﬁlﬁef'%ﬁtb&ell wherein the
represented by t

S-selective enzymatic source is a cultured product of

Egcherichia coli HB101 (pNTDRG1) (FERM BP-08458), or

Escherichia coli HB101 (pTSBG1) (FERM BP-7119) ; or a processed

- product thereof.

13. A process for producing an optically active
3-hydroxypropionic ester derivative represented by the

general formula (3):

Ri~x_~CO2R2

3)
OH

where R; represents an alkyl group having 2 to 10 carbon atoms,

an optionally substituted aralkyl group having 5 to 15 carbon



general formula (3): RlL TCO2R2 (3) OH where R1

represents an al kyl group having 2 to 10 carbon atons,
an optionally substituted aral kyl group having 5 to 15
carbon 56 atons, or an optionally substituted aryl
group having 5 to 15 carborséat-ons; R2 represents an
al kyl group having 1 to 10 carbon atons, or an
optionally substituted aral kyl group having 5 to 15

n OoQ%; * r - I-C..C
AFEHA" BEPER: ofbbna [P SRR S A A S e o el 5 co
est &5 -d6h | YAlhYE .M BRSESEMEH BY aiRG106P808 nd-PidBhato 10
(2): RL CO2R2 x(r) (2) Owhere R "and R2 are the
£aRBoASARECdPEH cRBO¥AA 1 AR UN staRi eSS 1 ’HF] diouPBaving
or K, to the action of an enzymatic source capabl e of
st eo eDs etexbdy eltypmseduadng tdierd osmg g1 agpuinkereaf carbon
wherein the R-configuration of the derivative
pépmesent edby the f ornula (3)
i sproducedbyusi nganenzymati ¢ source which is derived
themaateird rediyasisincelng add formladed igresiger derivative

consi sting of Candida cantarellii, Candi da gl aebosa,
CSRYPESN§FEpEIgLBSsepnerEhn8PERULact£S- condensi ,
Candi da

R CO5R

where R; and R; are the same as described above; and X represents

H, Li, Na or K,

to the action of an enzymatic source capable of

stereoselectively reducing the formyl group thereof,
wherein the R-configuration of the derivative

representedby the formula (3) isproducedbyusinganenzymatic

source which is derived from a microorganism selected from

the group consistingof Candida cantarellii, Candidaglaebosa,

Candida gropengiesgsseri, Candida lactis-condensi, Candida

magnoriae, Candida maltosa, Candida maris, Candida mogii,

Candida pini, Candida rugosa, Candida sorbophila, Candida

tropicalis, Candida versatilis, Rhodotorula aurantiaca,

Rhodotorula glutinis, Rhodotorula graminis, and Rhodotorula



magnori ae, Candi da maltosa, Candida maris, Candida
nmogii, Candida ini, Candida rugosa, Candi da
sorbophila, Candida tropicalis, Candida versatilis,
Rhodot orul a aurantiaca, Rhodotorula glutinis,
Rhodotorul a gram ni s, and Rfodotorula 57 |actosa and
capabl e of R- selectively reducing the fornyl group of
the derivative represented by the formula (2); or the
- fi i riMvat e
FAEABRL L0 L I8 AR, FeBnesani ol BbEarons

Wi ghe berdohkyed LepM-Gandbdapyagner eaendnd g@pab&@
of S-seleciively reducing the fornyl group of the

deri vahé e dpRieseRkednys chleadoivar Bvd 2eprédenttha by the
process according to claim13 wherein the R-selective
€nzynmbi ¢3350UECeroGuded Ut urseichepraed weizvafatEec benrchi ahich
coli HB101 (pNTCRG ( FERM BP-6898) or Escherichia col

BB XD4r 1 e\ ROGCRMHBERM BRI853)s and capsiieast 8dspiedutvely
thereof. 15.- The process according to claim13

wedueingt hbeStenhett §ueup anfz e idersowtdeys gegresented by
cul tured product of Escherichia coli HB101 (pNTCRG
therfrsmdso8f)or a processed product thereof. 16.

The process according to claim 13 wherein, in the
formulas (2) and (3) , R is an n-butyl or 3, 4

ST O QNN DRl PSSRSO percccive
B3LShafOL MALLUE (81 SAPEEL Pl PRk G RNE]. cols

HB101 (pNTCRG) (FERM BP-6898) or Escherichia coli HB101

(pNTRGG1) (FERM BP-7858); or a processed product thereof.

15. The process according toclaim 13 wherein the S-selective

enzymatic source is a cultured product of Escherichia coli

HB101 (pNTCRG) {(FERM BP-6898) or a processed product thereof.

16. Theprocessaccordingtoclaiml13 wherein, inthe formulas

(2) and (3}, Riigann-butylor3, 4-methylenedioxybenzyl group.

17. A process for producing an optically active
3-hydroxypropionic ester derivative represented by the

general formula (3):

(3)
OH




58 where R represents an al kyl group having 2 to 10
carbon atons, an optionally substituted aral kyl group
having 5 to 15 carbon atons, or an optionally
substituted aryl group having 5 to 15 carbon at ons;

and R2 represents an al kyl- g®up having 1 to 10

carbon atons, or an optionally substituted aral kyl

group having 5 to 15 carbon atons, ; and * represents

an asymetric carbon atom characterized by

conprising the steps of: reacting an acetic ester
derivative represented by the general formula (1):

R %6 ~CO2R2 (1 ) where Rl and R2 are the sanme as

daseki e @hoyentd bR 21 1BAS6rang e fHPRGE3$b /arbon atoms,
t hereby converting the acetic ester derivative into a
anfestydagely eustecuded amsd 1vel gireppesenieg sbyo ttecarbon
general formula (2): RL CO2R2 O x0 (2) O where R and
RRoase bheasaopt hsnakblke rewisst dbhoves] sand Xnoepr kegnhg 5 to
H, Li, Na or K/ renoving inpurities fromthe reaction
Abxtcarbonngbonn; angdd ¢arapsenter mad aByyaddreipnheving 1
an organjc solvent and 59 water thereto, while

£ Pas FBEPPRGItEMSEs oPY BRGCR hiorfek 1 W e 1 thE fhes@iked ByoUP

the,%eneral fornul a (%2 into a resultiqg a%yeous .
having 5 to 15 carbon atoms, ; and * represents an asymmetric

carbon atom,
characterized by comprising the steps of:
reacting an acetic ester derivative represented by the

general formula (1}:

R 022 (1)

where R; and R, are the same as described above
with a base and a formic ester, thereby converting the acetic
ester derivative into a 2-formylacetic ester derivative

represented by the general formula (2):

R CO5R,

where R; and R; are the same as described above; and X represents
B, Li, Na or K;
removing impurities from the reaction mixture into an

organic layer forxmed by addition of an organic solvent and




| ayer; and stereosel ectively reducing the derivative
represented by the forrmula (2) by use of an enzynatic
source capabl e of stereoselectively reducing the
fornyl group of the derivative

r epr esent edbyt hef or mul a (2) sther eby obt ai ni ng the
optically active 3 -hydroxypropionic ester derivative
represented by the general fornmula (3). 18. The

PP A A AR g
£85D08enBLONY Ol A5 OPA1 983N aSUlisLAL Lo AR sous

aV|ng 15 carbon atons The process
a8 @fdlgﬁdto cIa|n117 or 18 wherein, in the fornulas
(1), (2) and (3), R2is an alkyl group having 1 to 10
car bqgt@jéﬁ@alezﬁlvﬂlgz RledRRS igather deAgvi 0ied afepddsented
18, or 19 wherein the enzymatic source capabl e of
By etleoseimeiliav gy beduse ngf tahre enfagmatlicgsoupcef capeble of
derivative represented by the formula (2) j is derived
$reneas el ecoovghyirenubehgrigienforoyi lprayenes the derivative
Brettanomyces, Candi da, pt ococcus, Debaryonyces,
cabnesenyeeby t@@a’f‘tca@allapi( %%: shepabr@bsRGPANT the optically
Saccharonycopsis, Sporidi obol us, A Sporobol onyces
aFeiYY %apaﬁiyeéypr%ﬂenagﬁ&%r de¥ivabLppFBRIesented by the

%gg%?%fygaﬂ@gﬁ Eyﬁbacter Cel | ul ononas, 60 Devosi a,

i ebsi ell a, Proteus, Rhodococcus,
Serratia, Cystofillobasidium WIIiopsis, Yarrow a,
M crobacterium or M crococcus.

18. Theprocessaccordingtoclaiml?wherein, inthe formulas
(1), (2), and (3), R; is an alkyl group having 2 to 10 carbon
atoms or an optionally substituted aralkyl group having 5 to

15 carbon atoms.

19. The process according to claim 17 or 18 wherein, in the

formulas (1), (2) and (3), R,is an alkyl group having 1 to

10 carbon atoms.

20. The process according to claim 17, 18, or 19 wherein the
enzymatic source capable of stereoselectively reducing the
formyl group of the derivative represented by the formula (2)
is derived from a microorganism belonging to the genus

Brettanomyces, Candida, Cryptococcus, Debaryomyces,

Galactomyces, Ogataea, Pichia, Rhodotorula, Saccharomycopsis,

Sporidiobolus, Spoxrobolomyces, Sterigmatomyces, Torulaspora,

Trichosporon, Yamadazyma, Achromobacter, Cellulomonas,




21. The process according to claim20 wherein the R
configuration of the derivative represented by the
formula (3) is produced by using an enzynmatic source
which is derived froma mcroorgani smbelonging to
t he genus of Brettanonyces, 60Candi da, Cryptococcus,
Debaryonyces, Gl actonyces, Ogataea, Pichia,

Rhodot orul a, Sacchar omycopsi s, Spori di obol us,

895 nggﬂﬁﬁgahi?ﬁgéﬁggf?ﬂ%ﬁg§511%g%#§ag&§?Rh?dococcus,
HHL?Q‘,;UQQ, sté?i’?fb},é‘asg%i ﬁ\hg’ wiff%%ﬂf@,’r rﬂﬁ?&dfﬂ | &,

R2paBh8-ErRumsebecii ¥RbYok@dyCi Nng the fornyl group

of the derivative represented by the formula (2). 22.

The process according to claim2l1 wherein the

enzymati c source capable of R-selective reduction is

deri VEde fpomess iyt igani tsom cied jec t2ed whreomitrhesIgr Gup

consi sting of Brettanonyces anonal us, Candi da

canf agetrationGanditoa degliastioss rEpmdisg¢ated by the formula
ropengi esseri, Candida |actis-condensi, Candida .

g&bnﬂoﬁr Preducafdiyd s st @8 £N20FH Idh SREFFS, Wity ilgaderived

nogi i, Candida pini, Candida rugcosa, Candi da

§B?E6bﬁFF59°rE%%H$H§QAQﬂﬂ%ﬁﬂF@,lﬁ%ﬁﬁ?ﬂ%CV%EE%EE%E%QXEEEr

g égt acocgus cur \(/:at gIS; ’el%égt OCOCCU% erreus Cos (’)gataea,
g?gﬁg 9 ﬁg oéggéfégiSé@gﬁ$§§m¥g%ﬁg¥§61 QEQé{%%sﬁ?s,
%beéﬂo@g@gg g%&géigmé%@g@%@, %{d{aﬂ, gk 4thBhSoron,

PRASHAL PR CORSh BomSBLEPES POFa1 1 9POhbALOPODESosia, Hafnia,
mﬁ%@, Sporidrobof us -

Jensenia, Klebsiella, Micrococcus, Proteus, Rhodococcus or

Serratiaandcapableof R-selectivelyreducingthe formyl group

of the derivative represented by the formula (2).

22, The process according to claim 21 wherein the enzymatic
source capable of R-selective reduction is derived from a
microorganism selected from the group consisting of

Brettanomyces anomalus, Candida cantarellii, Candida

glaebosa, Candida gropengiesseri, Candida lactis-condensi,

Candida magnoriae, Candida maltosa, Candida maris, Candida

mogii, Candida pini, Candida rugosa, Candida sorbophila,

Candida tropicalis, Candida versatilis, Cryptococcus

curvatusg, Cryptococcus terreus, Debaryomyces nepalensis,

Debaryomyces robertsiae, Galactomyces reessii, Ogataea

minuta var. minuta, Pichia Canadensis, Pichia silvicola,




sal noni col or, Sporobol omyces sal noni col or,

St eri gmat onyces hal ophi | us,

Tor ul aspor adel bruecki i, Tri chosporonast eroi ds,
Yamadazyma stipitis, Achronobacter xyl osoxi dans subs
p. denitrificans, Cellul ohmmias fim, Cellul ononas
sp.., Cellulononas uda, Devosia ribof |lavina, Hafnia
al vei, Jensenia canicruria, Klebsiella planticola,

Ml%{g% %éél%ssal,l'%gégtorpﬁf gﬂ%ah@gggéf$£ddo%%%oi%0§fﬁglnls,

ﬁbﬁ%&%@ugﬁ 1§§£§§§% ﬁﬁodgESrHEQQﬁﬁﬁxQQF°§9¢$ﬂa£8mchPS1s

source cdapdpr e Ol

e&@h@%%b¥§ r§€89l598b6§u§ %Hhﬁgéﬁlprogg§£1d96bolus

Eschehieblar, cddr s mt N PRGN EBVICER- §84b8¢matomyces
Escherichia coli HBIOI (pNTRGEL) ( FERM BP-7858),

Radbphi thsa Toehil aHBbeh dqbESEER) (IFERM dhd8dkt)n asteroids,
Escherichia coli HB101 (pTSBGL) (FERM BP-7119) or
Esubdrzghbastbpi EiBE0 1ApNFREPLEERR BPLO8EHL]ansrsabsp.
processed product thereof. 24. The process accordlng
genaExi fi ganahefel hul pworas c fani i guEal IGHOBPNAHESD - -
derivative represented by the fornula (3) IS produced ,
Reves ke pibetdaving; dadaipalies r gapgenia

n1croorEan|s§?%Zlong:ng 50 t he genus of Candlda;
&ol:'ea SI_‘].%COIXQ aSWI %*}gﬁoggé 8ﬂs| er¥r Qgréég{llguclaﬁédgéoccus

I f ot derj | : th
| %§h§¥th%§§_ g%_ gﬁé §%§X§E£¥§t£§P@g§8g£8@n$gin124

wherein the enzymatic

23. The process according to claim 22 wherein the enzymatic
source capable of R-selective reduction is a culture product

of Escherichiacoli HB101 {pNTCRG) (FERMBP-6898), Escherichia

coli HB101 (pNTDRG1) (FERM BP-08458), Escherichia coli HB101

(pPNTRGG1) (FERM BP-7858), Escherichia coli HB101

(pPNTSGG1} (FERM P-18449), Escherichia coli HB101l

(pTSBGLl) (FERMBP-7119) or Escherichia coli HB101 (pNTRS) (FERM

BP-08545}; or a processed preoduct thereof.

24. The process according to c¢laim 20 wherein the S
configuration of the derivative represented by the formula
(3} is produced by using an enzymatic source w.hich is derived
from a microorganism belonging to the genus of Candida,

Cystofillobasidium, Pichia, Rhodotorula, Torulaspora,

Williopsig, Yarrowia, Devosgsia, Microbacterium, or




source capable of S-selectively reducing the fornyl
group of the derivative represented by the fornul a
(2) is derived from a mcroorgani smselected fromthe
group consisting of Candida magnoli ae,

Cystofill obasi di um bi spori-digz -Pi chia bi spol a,

Rhodot orula glutinis var. glutinis, Torul aspora

gl obosa, WIlIliopsis saturnus var. nrakii, WIIliopsis

MEHQEB&MQ nﬁégég Sof ¥ALLQWR 3 LER géd&@ll}@%ﬂésfgrmyl

erlun1esteraro tic

%fke{l CQgCUfe! &égﬁéat;,@é ﬁgﬁfegéﬂfe&ésbﬁ%ﬁé dfé‘ﬂnﬁ?a (2).

24 or ereint enzymati C source capabl
of S-selectively reducing the fornmyl group of the
derivative represented by the formula (2) is a
gBl.t uriedl picedidet agtokathericilaigobs WiBhEin the enzymatic
(pNTCRG) (FERM BP-6898), Escherichia coli HB101
6 pNF BRGIp {HERMIEBP- 884681 j ve by restidmigchha oty HE10hp of
(pTSBGL) (FERM BP-7119); or a processed product
therdsfivarsveAneppesented ctheeformula (2) is derived from
2- (hydr oxynet hyl ) - 3- (3, 4- et hyl enedi oxyphenyl ) - pr opi on
A i GraengameTy a8l eet ed freseh BUHPHR pelgbpeiayg of Candida

formula (4): OCRR3 O/ *OH_ (4) 63_ where R3
s GrSapkid 1gPaahdkani ysRorHiis, REERa dpbwRo1a,
*
gﬂd reEEesegts an as nne |c carb E atEnl 28 giobosa

ﬁ%ﬂf&gﬁsigrgykgrﬁég var. mrakii, WllllOpSlS saturnus var.

saturnus, Yarrowia lipolytica, Devosia riboflavina,

Microbacterium esteraromaticum and Micrococcus luteus.

26. The process according to claim 24 or 25 wherein the
enzymatic source capable of S-selectively reducing the formyl
group of the derivative represented by the formula (2) is a

cultured product of Escherichia coli HB101 (pNTCRG) (FERM

BP-6898), Escherichia coli HB101l (pNTDRG1l) (FERM BP-08458),

or Escherichia coli HB101 (pTSBGl) (FERM BP-7119%9); or a

processed product thereof.

27. An optically active
2- (hydroxymethyl) -3- (3, 4-methylenedioxyphenyl) -propionic

ester derivative represented by the general formula (4):

®) % CO2R3

(4)



R4 CO2R5 X(+ (5) O where R4 represents an al kyl group

having 2 to 6 carbon atons; R5 represents an al kyl
group having 1 to 10 carbon atons; and X represents
H, Li, Na or K 29. The 2-fornyl acetic ester
derivative according to claigh -28 wherein, in the
general formula (5), R5 is an ethyl group. 30. The
2-fornylacetic ester derivative according to claim 28
or 29 wherein, in the general formula (5), R4 is an
ethyl, propyl, butyl, pentyl or hexyl group.

where R; represents an alkyl group having 1 to 10 carbon atoms;

and * represents an asymmetric carbon atom.

28. A 2-formylacetic ester derivative represented by the

general formula (5):

R4

@
G

where R, represents an alkyl group having 2 to 6 carbon atoms;
Rs represents an alkyl group having 1 to 10 carbon atoms; and

X repregsents H, Li, Na or K.

29. The 2-formylacetic ester derivative according to claim

28 wherein, in the general formula (5), Rs is an ethyl group.

30. The 2-formylacetic ester derivative according to claim
28 or 29 wherein, in the general formula (5), Ry is an ethyl,

propyl, butyl, pentyl or hexyl group.




