-1- DESCRI PTI ON PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE
3- HYDROXYPROPI ONI C  ESTER DERI VATI VE Techni cal Field

The present invention relates to a process for

producing 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, theDPBE€8ERTIDNvention relates to a
grocess for Eroducing an ogticall active 3
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optically active 2-(hydroxynethyl)-3-phenyl propi onic
ester derivative, t Tﬁﬁ(ﬁ%ﬁ%y i s characterized

by conprising synthesizing a 2-fornylacetic ester
derivative by using an acetic ester derivative
ngﬂﬁigging%IEOM/cost, a formc ester and a base, and
stereosel ectively reducing the 2-fornyl acetic ester
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ester derivative.

More particularly, 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 is 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 pptically active 3-hydroxypropicnic ester
derivative. |

1) A process for obtaining an optically active
2-substitued-3-hydroxypropionic acid by asymmetrically



oxi dating 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 ¢ ester derjvative by reducing a 0.1%
2-fornyl acetate ester derivative by use of a

m croorgani sm bel onging to the genus Candi da,

Rhodot orul a, or TprquEsis (Japanese Patent Lai d-Qpen
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conmpound used a substrate is expensive and the
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| ow. Bot h processes have sign n ens as

2-fornylacetic ester oW Ng
(Papeesses Fterkn@sid-Bpah MooCeDs ife@rageht.ai ni ng et hyl
a-(fornyl) 2-nethyl-1, 3-di oxol ane-2-propi onate by

f or nijbweiay, efhythe Zpnetdyt - 1), 3-ithexdi @nechrfduel eRAE as
with NaH and ethyl formate, followed by subjecting to
ageabstrateols pampehisdat and {IRhedpheose land iSultuis low in
1986, Vol .28, 330-345). 4) A process for obtaining
tReugeset Wyppreother ayPprthiPprivns ohauw i tusnty lesdemy  for
ethﬁgy phen%]pro ionate with a sodiumnmetal and et hyl
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substrate in use negatively affects the reducing activity of
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amicroorganismand an ehz’yme . 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 to distillation purification

(Phosphorus and Sulfur, 1986, Vol.28, 330-345).
4) A process for obtaining crude ethyl

2-formylphenylpropionate by formylating ethyl

phenylpropidnate with a sodium metal and ethyl

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



However, in any one of the processes, a reaction
product contains an unreacted starting material and a
| arge amount of inpurities sych as a mneral oi
derived f romNaH. Therefore, for obtaining a highly
purified product, a purification step using
crystallization or colum is required.
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- 3- phenyl propi oni ¢ eSt'er derivati ve,
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i nventors conducted extensive studies and consequently

Theyehawe prbblessangtobessd bove B HUTtAdUE EDGhad process
optically active 3-hydroxypropionic ester derivative

b9 spntthdypkihgl aus@-formnmyl acetic ester derivative at

a high purity froman acetic ester derivative

avai l able at | ow cost by a sinple process, and

stereosel ectively reducing the 2-fornyl acetic ester
%@W?@%Yi%g %RBLE%&%ﬁt%RPenzynatic source capabl e of

stereos electively reducing the fornyl group thereof.
Based on the finding, the disclosed process has been
achi ev segris a process for producing a

2-for '%é%?ﬁésu%éfolé?igsﬁ PRl ve
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 loy cost.

The present inventors conducted extensive studies and consequently they have

found a
process for simply producing an optically active
3-hydroxypropionic ester derivative by synthesizing a
2-formylacetic ester derivativeat 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
_ stereoseléctively reducing the formyl group thereof. " Based

on the finding, the disclosed process has been achieved. -



represented by the general fornmula (2): Rl CO2R2 \ O x0

(2) O where Rl represents an al kyl group having 2 to

10 carbon atonms, an optional]y substituted aralkyl

group having 5 to 15 carbon toms, or an optionally

substituted aryl group having 5 to 15 carbon at ons;

R2 represents an al kyl group having 1 to 10

car bopitiossd isor an optionally substitut ed

aral kyl grou havi n 5 to 15 carbon atons;: and X

raeé’rj%%c'@rﬁss r Qrodgimg B 2 cﬂ?ﬁt‘r“ﬁr@t%?@tzﬂéﬁ giter derivative
risi he steps of: cting an acetic ester

r\;%di geg ]t%é’m&glﬁer(é‘i) formula (1):

Rls_C()2R2 (1 ) vvhere Rl and R2 are the sanme as

descri bed above, wth a base and a formc ester,

t hereby converting the acetic ester derivative into

2-fornyl acetic r deri ‘@0 R, represented by the
general fornul aeRg)' %mﬁu ng inpurities from

the reaction m xture |nto an organic |ayer fornmed by
addi tion of an organi ' ent an vvater(ésereto,

whil e transferring/di éo VI ng t¢ derivat

represented by the genéNdl. fornul a (2) into a

resul ting aqueous | ayer. cllsclosed IS a process for
produci ng an optically active 3-hydroxypropionic
ester derivative represented by the general fornula
(3): O02R2

where R; represents an alkyl group having 2 to 10 carbon atoms,
an optiohally substituted aralkyl group ﬁaving 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 X representgs 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



Rl TC OH Hwhere R and R2 are the sane as descri bed

in the general formula (1); and * represents an

asynmetric carbon atom chagacterized by

stereosel ectively reducing a”2-fornylacetic ester

derivative represented by the general formula (2): Rl

Q2R2 O xC+O 0 - 6 where Rl, R2 and X represent the

same TRpWRIpsihsiniagcit ivstl favovehe bypagdd cof mdxture into an

enzymati c source capable of stereosel ectively

PeIRIAg AR fiRd dno@siditdrspiof PR ertipsic sspwent and
roduci ng an optically

ST BT HRY BF JB U kAT AL e e der vl ive

esent ed, by .t he eneral formula (3): R CORR2 (3)
R ey e et L Rl b arimiig 2 sthgous
$§¥é¥y1 atons, an optionally substituted aral kyl group

ving 5 to 15 carbon atons, or an optionally
substituted aryl group having 5 to 15 carbon at ons;
R2 represents an al kyl group having 1 to 10 carbon
at onBiscloszd iam ppeassrial producingost opticaihdadciva lSkyldraxypropionic
having 5 to 15 carbon atons; and * represents an
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a 2-fornylacetic ester derivative

-

Ri~_ % CO9R,
(3)
OH

where R; and R, are the same as described in the general formula
(1); and * represents an asymmetric carbon atom,
characterized by stereoselectively reducing a 2-foruylacetic

ester derivative represented by the general formula (2):

R1 CO2R2




represented by the general formula (2): RI CO2R2 x(D
(2) ~ 0 where RL and R2 are the sane as descri bed
above; and X represents H, Li, Na or K, to the action
of an enzymatic source capablse -of stereoselectively
reduci ng the fornyl group thereof, 6a wherein the R
configuration of the derivative represented by the
I )ard ' an enz tic._sourc

T e Rt T e A TS TR v
Biyehbanem £€ SerfFyma it QALK d Y AP &€2reoselectively
Gal actonyces, Ogataea, Pichia, Saecharonycopsis,
Badnbdhgbah%foﬁmgn 0§96AP ERSreSkEr i gmat onyces,
Torul aspora, Trichosporon, Yamadazyma, Achronobacter,
Cel | ul onronas, Devosia, Hafnia, Jensenia, Klebsiella,

M cr acofetaspeklt, terel & priViosda pesuiess fod prddRiingtandoptissly active 3-
capabl e of R-selectively reducing the fornyl group of
RREroygProRt PRECT epFEGENt B8LBYath@sf omepirgsEtast the the
?ég@g%iggg@&ﬁg@ §) the derivative represented by the

ormula (3) 1s produced by using an enzymatic source
which is derived froman m croorgani smof the genus of
Cystofillobasidiu Pi chi a, Eyo ot orul a, Torul aspor a,
WIlliopsis, Yarro ~. BeVesSve/2Mxr obact eri um or

(3)
OH

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 carbon atoms, or an optionally

substituted aralkyl group having 5 to 15 carbon atoms;

~and * represents an asymmetric carbon® atom, characterized

by subjecting a 2-formylacetic . ester  derivative

represented by the general formula (2):

R4 COsR5»

O @ (

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,

~



M crococcus and capabl e of S-selectively reducing the
fornyl group of the derivatiJE’represented by the

formula (2). In a second aspect, there is provided a
process for producing an optically active 3-

hydr oxypr opi oni c ester derivative represented by the
general, fornul a &3): Rl CO2R2 (3) . OH where R1
represBNtSCHh afk§l & omPHaaWFEH # 10fcathen derivative

atePfa st &Pt bonalleyy sabstid uys | Qup havi
56b to 15 ca?bon at oms, or énqog%soﬁgkﬁgégﬁbég?tB?gag an
FRAYRSfrlsupStiandagrisiely 1% derbuvadatfoons; R2 miepoeseainssm of

an, Al ar.Qtp E 'E 1 to 10 carbon atons, qQr an
optio%éb?? cgﬂbB %%k g m kyﬂf%ﬁgg%c$gggﬁg Qggiqﬂgmzces,
Garlbor catyeress,  andodatRid esentBianiasy Mekhce a9t opsis,
tonLdgh racterized by subjecting a 2-forhylaceric opeis
%@E&ﬁ—iﬁ&élﬁiﬁve re e (2): §épaigmatomyces,
ﬁ'@ﬁ:ﬁﬂ!h@p@ra@?@ri@& or&l,\’\’he'&ean&d R”2 al é%g&gﬁggacter
sane’” as describe ; d X_ﬂﬂﬂﬂigghﬁs ; , f
gelkulpgonns, actDewpoia,an kagyimti ¢ Jeasrcis, capabbpsotl la,
§ tﬁ tiv duciqg tge forggl roup. t her eof,
81 ELEL3E g, R r?f%e’e%i,at i YUeri 8& i ,&rratla, 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, Toxrulaspora,

Williopsis, Yarrowia, Devosia, Microbacterium, or

Micrococcus and capable of S-selectively reducirig the

- formyl group of the derivative represented by the formula

(2). : X

In a second aspect, there is provided a process for producing an optically active 3-
hydroxypropionic ester derivative represented by the

general formula (3):

(3)
OH

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

. atoms, an opticnally substituted aralkyl group having 5



represented by the fornmula (3) is produced by using an

enzymati c source which is d&sived froma m croorgani sm

selected fromthe group consisting of Candi da

tantXr ebbirbpnCamndingls, gloaebgsa, \4a 1 OpBBeiies/d » aryl

Candi da | acti s-condensi, Candi da magnori ae, Candi da

AR BB VEAAdP dACndri §2reaidialemigi Ry meprdiseantpi nen alkyl
bdaygwgppa) Gagdidg i ndji da :

tropicalis, ~Candida verzg{l |s,%%%%%to?gléul optionally

Sihrttivied Rhisdbydr gmoum heiviing, FRhedotl® utarbon atoms;
ni N nd .Rhodot orul a | act osa . and capabl e of

E%égelg%?l%ﬁa%P%%xﬁﬂﬂ%ﬁ?qqﬁ§?%ﬁrﬁ@rQﬁQnﬁﬁQﬁr t he
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S-configuration of the derivative represen¥ed y the

deFiwatd Ve eps eseadece dyb\thesigapeara lerfymatia &Ur ce

whi ch is derived from Candi da nmagnori ae and capabl e of

S- selectively reducing the fornyl 'group of the

derivative represented by the fornmula (2). 6¢c In a

third aspect, tRgre is ' a process for

produci ng an optic ag?gbgﬁgzhydroxypropionic ester

derivative representgld by the general forrmula (3): RL

C2R2 (3) OH where resent n al ké group
ons, 3 ptiona( 9

having 2 to 10 carbo
car bon

substituted aral kyl gPﬁﬁghhaving 5 tol
atons, or an optionally bstituted aryl group having

5 to .15 carbon atons; and R2 represents an

*

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
-represented by the formula (3) is p.z;oduced by using an
enzymatic source which is derived from é microorganism
selected from the group consisting of Candida

cantarellii, Candida glaebosa, Candida gropengiesseri,

Candida lactis~condensi, Candida magnoriae, Candida

maltosa, Candida maris, Candida mogii, Candida pini,

Candida rugbsa, Candida sorbophila, Candida tropicalis,

Candida versatilis, Rhodotorula aurantiaca, Rhodotorula

~glutinis, Rhodotorula graminis, and Rhodotorula lactosa

and capable of R-—sej:ectively 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 ffom Candida magnoriae and capable of S-

selectively reducing the formyl ‘group of the derivative

represented by the formula (2).



al kyl group having 1 to 10 carbon atons, or an
optionally substituted aral kyl group having 5 to 15
carbon atons,; and * repres8fits an asymmetric carbon
atom characterized by conprising the steps of:
reacting an acetic ester derivative represented by

t hg, denes Alpetoiriog & drdvViddy SprdReRbr whesieinBhnailicht AtRe 3-
the sanme as described above with a base and a f

Redtra X YRIRRIEHY T orRAERS ngl9HeY 2 Gkt | cFERFEF P flvabive the
dedied A ZFJ 04 aegt:i ¢ ester derivative represented by
t he gener al formJIa (2): 6d RL CO2R2 [le x(r) ~2)
where R1 and R2 are the sane as descri bed above; and X
represents H, Li, or K ing inpurities from
the reaction m xt [ B c&ﬁﬂﬁ?@anic | ayer . forned by
addi tion of an organi cysol vent and water thereto,

whil e transferring/disgol ving the Z vative
represented by the gengral formula ( )3 nto a
resul ti ng aqueous | ayer;~and stereosel ectively
reducing the derivative r@ldesented by the fornula
(2) by use of an enzymatic source capabl e of

| ect | d . f
wefe ot | sebreRrabancid e ToRmula i 7. 2 e kdycarbon
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ester derivative represented by the general formula
t@3)lS carbon atoms, or an optlonally substituted aryl

group having 5 to 15 carbon atoms; and R; represents an

alkyl group having 1 to 10 carbon atoms, or an optionally

substituted aralkyl g'roup 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):

Ri_-C02R2 (1)

where Ry and R, are the same as described above
w_ith a bgse and a formic ester,  thereby converting the
acetic ester derivative into a 2-formylacetic ester

derivative represented by the general formula (2):



In a fourth aspect, there is provi ded an optically
active
2- (hydroxynet hyl ) - 3- (3, 4- nEthernedloxyphenyI) pr opi on
ic ester derivative represented by the general
formula (4): CO2R3 O OH (4) 6e where R3 represents
an al kyl group having 1 to to carbon atons; and *
represents an as m’retricE%P atom In a fifth
aspect, there i vi d 2 | acetic ester
derivative representegi by the general formula (5) :
R4 CO2R5 x(r) (5) 7 ng%De R4 represents an al kyl
group having 2 to 6 c Y ato @25 repgzjents an
.10 carb at ons

al kyl group having 1
represents H Li, Na or Detail ed Di sclosure of the

I nvention The present invéntion will now be descri bed
in detail below First, conpounds involved in the
present inventi on Wi I | be described. In the formulas

‘ﬁfé%/‘f gZ) and represents an al kyl group
g AEd %aﬁf%nt%?oﬁémeana%pﬁeﬁ%ﬂ%ﬁd above; and X

.;Séﬁkfésjériﬂseq{,arﬁi,kyrha @oup having 5 to 15 carbon atons,

or an
removing impurities from the reaction mixture into

an organic_iéyer formed by addition of an organic soclvent
and water thereto, while transfer'r'ing/dissolving the
derivative represented by the general formula (2) into a
resultlng agqueous layer, and

stereoselectively reducing the derivative
represented by the formula (2) by ‘izse of an enzymatic
source capable of stereoselectively reducing the formyl
group of the derivati’ve represented by the formula (2),
thereby obtaining the:optical-ly activfe 3-hydroxypropionic

ester derivative represented by the general formula (3).

In a fourth aspect, there

is provided an optically active
2- (hydroxymethyl) -3-(3,4-methylenedioxyphenyl) -propionic

ester derivative represented by the general formula (4):

CO5R3




optionally substituted aryl group having 5 to 15
carbon atons. Exanples of such an al kyl group having 2
to 10 carbon atons includes %thyl group, n-propyl
group, iso-propyl group, n-butyl group, sec-butyl
group, tert butyl group, n-pentyl group, and hexyl

%%h npl es of a substituent of such a an
qﬂ% e F;?Pfﬁ?&a‘ﬁ R &d FalaB kYL dEotiRch Aion §0 S-ambara toms ;
QQQPQD]%&$Q§ aqg an ogtlonalj substituted aryl group

havi ng ééﬁﬂbn i cFHdROMat f8n at ons

such 3 fl orin chl orine atom and brom ne

at om QFQVﬁ P8t ﬁH ing 1 to 10 carbon atons such
dJAEtdad G QUR-RA I ups_hayi
to 10 c%r bon at'ons su}c@he%%&rlrg %&Qgﬁggrg%n‘asg?ﬁsa%ythe

Ge@Idrial Wdri@ 1 oup;. cyano group; and net hyl enedi oxy
group. Note that the nunber of carbon atons of the

aral kyl group and aryl group refers to the nunber of
carbon atons of the aral kyl group and - 8 aryl group
~al one wi thout jncluding éﬂs nber of carbon atons of
a substituent. | e 9 59 a an optionally
substituted aral kyl™group having 5 to 15 carbon atons
i ncl ude benzyl grou chl or obggzyl group,

m br onobenzyl group,]:=p uoro K§5 EP)

p- ni trobenzyl group,.Q:?yanob groug

m met hoxybenzyl group, 4-nethy|ened|oxybenzyl group,
phenet hyl group, napht hyt'net hyl group; and

pyridyl methyl group. Exanples of such an optionally
‘substituted aryl group having 5 to 15 carbon atons

i ncl ude phenyl graoup,




o- chl orophenyl group, m bronophenyl group,

p-fl uor ophenyl group, p-nitrophenyl group,

p- cyanophenyl group, m nethoxyphenyl group, naphthyl

group, pyridyl group, and_ BnQOIyI group. O them a

preferable Rl is an al kyl group having 2 to 10 carbon

atons, and an optionally substituted aral kyl group

having 5 to 15 carbon atons. Exanples of such an al kyl
WHEBE R FeRragents @ ollHl roup bayingc? et presfterablpms ;

n- propyl group, _n-butyl group, and n-pentyl group;
Raﬁ&ﬂ%@ﬁ@ﬂ%%%r%)pl FrsvEyRavngub toEX A deotomst and
«an ogtionall substjtuted_ aral kyl group having 5 to

15°REFBONC St Brslt ncl@d8% pfef erabl y benzyl . group, and

3, 4- et hyl enedi oxy benzyl group; and nore preferably

3, 4- et hyl enedi oxybenzyl group. In the formulas (1),

D%%&ifggo%§g?%§%u£gpggng%SIggeﬁ#Egh group having 1 to

car a , or an optionally substituted aralkyl

gr O PG LGk Q¥ 13t AR, bEXé@EE%SngE i‘nlgﬂt)e/}:ail

substituent of such an optionally substituted ara
b@reup having 5 to 15 carbon atons, nention may be
made of the sanme groups as exenplified as those for

an ariaddey,l compopnat Rivolvde irnuoherpfssat heveatams 911
~such a substituent is not included in those of an
badaiskylibgdoupInft 2 foExaipbebl of (Ucindn 34, kgy repdePents

having 1 to 10 carbon atons include nethyl group,
aptAY hrovgue rhav py |2 groubl ciaseprapyths grawpyptionally

n-butyl group, sec-butyl group, tert-butyl group,
SURHerit Y B @ KydngrRERYRA YR P tandS prafkemaisitpmeet Ryl an

rou et h rou nd tert-butyl grou
opgci?orgél ly SYJ_lbsgituEeg aryl group }%/avi%g 5 F?:o 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 atoms and an
optionally substitiuted aryl group having 5 to 15 carbon atoms
include halogen atoms such as fluorine atom, chlorine atom,
and bromi_ne 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;
nitro group; cyano grdup ;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



Exanpl es of such an optionally substituted aral kyl

group having 5 to 15 carbon atons include a benzyl
group, o-chlorobenzyl group, m bronobenzyl group,

p-fl uorobenzyl group, p-njtgopenzyl group,

p- cyanobenzyl group, m nethoxybenzyl group,

3, 4- net hyl enedi oxybenzyl group, phenethyl group,
napht hyl met hyl group, and pyridyl methyl group; and

ek erappya by Wit thowtpi notud heent hennahkg L oft capboen atoms
havinqll to 10 carbon atons is preferable as R2,

?ﬁn@nﬁ Qﬁ?ﬁﬁy%ﬂﬁ} ethyl group are nore preferable. In
T R TR L
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to 6 carbon atons include ethyl group, n-propyl

FOremSThyils grpueny nap®itilmetHyll Wr diQURnds @gridimethyl
group, tert-butyl group, n-pentyl group, and hexyl

agyoogp; preferably, n-propyl group, n-butylgroup, and
n-pentyl group; and nore pre f erably, n-butyl group.

I n t Bsanpiaal of (S)ch Ren ieptarnd Ky syteup thehachgrylt group
h%g(\}p(ég r5? ?:?30 ?LtSO rég.irbg)x(la g@o?nss ?Lfn c?Llfll%g %rl]ae?llyliy lgr%{:g))l:l P
o-chlorophenyl group, m-bromophenyl group, p-fluorophenyl
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 optionally 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, and n-pentyl group; and more 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

group having 1 to 10 carbon atoms, or an optionally substituted

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




10 carbon atons include nethyl group, ethyl group,

n- propyl group, iso-propyl group, n-butyl group

sec-butyl group, tert-butyl group, n-pentyl group,

and hexyl group; and prefeéﬁply, ethyl group. In the

formulas (2) and (5), Xis H, Li, Na or K and

preferably Na. Note that an optically active

2- (hydroxynet hyl ) - 3- (3, 4- met hyl enedi oxyphenyl ) - pr opi on
sylkst peyent ¢dr fvahi van repiessiigdiyst heufed murlsd kd) group

and a 2-fornylacetic ester derivative represented by
hRwEng &y R &5 ¢aYbar e tomoy Bentdepouatl Potnats ofi bbg Fame
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- propi ofate can be eas

ks oDRnaldd ey RSk ENIRXY SIARAME-BFbth1 group,

a
fol l owed by converting to ethyl “ester.
isbfrorepitiagebup, estiRit e grvabi, Ve ¢ SRIBFE BketipYe dPe-butyl

formula (2) can be produced by reacting an acetic
gmEsier n-gentyatdmeuy e pndsented gipubhedd pieifarb bl ywhé thy1

a base and a formc ester in an appropriate solvent.
grBwhpleddof sty arshdertndiuime spdiupm hydri de (NaH) ;

Iithiunh{dride (LiH ; metallic sodium (Na) ; and

al karerRPleet@f such an optionally substituted aralkyl group
having 5 to 15 carbon atoms include a benzyl group,
o-chlorobenzyl group, m-bromobenzyl group, p-fluorobenzyl
group, p-nitrobenzyl group, p-cyanobenzyl group,
m-methoxybenzyl group, 3,4-methylenedioxybenzyl group,
phenethyl 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),‘R3 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 (4), * represents an asymmetric

carbon atom.




al koxi des such as sodi um net hoxi de (MeONa); sodi um
et hoxide (EtONa), sodiumisopropoxide (iPrONa), and
pot assiumtert-butoxide (tBuOK). Preferably, mention
may be made of sodium hydri.de, metal |l i csodi um andan
al kal i ne netal al koxide, a nore preferably sodi um
hydri de (NaH). The anount of a base to be used is
preferably 1:1 to 1:15, nore preferably 1:1 to 1:5,
and g thendeamgleaf ébabl Ja 1i5 aro alkyd igrougr ievaigt Beto 6
nol.ar ratio of an acetic ester derivative (1) to a
RO RLANE- eSF@MPdEs Pat PUeh( 8 adkydseyoupxhapling 2 to
f the aforengntjoned form c ester i-nclude nethyl
‘ffo 67 P’é,at&"h°y+ﬂ?50¥§%ﬁé?wﬁ-%%@4 N BFRRY e, IHRIR pi §pyPropyl
formate, .n-butyl formate, .iso-putyl formate, and
T bul‘%sﬁutﬁf% e n?e%wutmf SR St hyPOFRE nEE P
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idy transesterificatedbythe side-product, alcohol.
Then, the ester groups of the acetic ester derivative

(1) andtherfdemubst 63) Ag desid abl iyl - avidg Theo 10
anount of formc ester to be used is preferably fél
degbbri3@toms.e Brefipiabl gflsdchoath: ADkyangrstpl havtbne 1 to
preferably 1:1 to 1:5 in ternms of the nolar ratio of

1#n carboincabemner ingbude adthyl( Hraup .aetbydi grespern-propyl
(acetic ester derivative (1) a formc ester).

- I S VPTLRYY! BRI oM WK Y RUWD i BRI I Y hdurip,

hydr ocar hon- based sol vents such as hexane,_ heptane,
tﬁéﬁi yl 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
is industrially available or easily synthesized from
industrially available materialé. For example, ethyl 3;{3,

4-methylenedioxypehnyl) -propionate canbe easily prepared by




and tol uene; ether-based sol vents such as diethyl

et her, tetrahydrofuran, 1, 4-dioxane, tert-butyl nethyl

et her, and di net hoxyet hane; hal ogen-based sol vents

such as nethylene chloride, chloroform and

1,1, 1-trichl oroet hane; nltr%ben-containing sol vent s

such as dinethyl formam de, acetoam de, fornmam de,

acetonitrile, and propionitrile; non-protic polar
hydroganstinghs ab-me et hghedd dxoxicdeynamic acid, followed by

N- met hyl pyrrol i done, and hexamet hyl phosphoric
cepVart#89 hAdethyéoRslbebased sol vent such as met hano

et hanol , n propanol, and n-butanol. The sol vents nay

be fSed W%ﬁ%%ﬂfr‘ S eRRbient Yokl v ToRreypREe@rby the

nor e react on tegaerature of the reaction is

ffam%?aéﬁp S850b8 oPEB °gfldbHorEAEF&REr 8Bl §oeBifoesber
dBEAEREL LT LR SRR M) GhHeERc e na «
fgfﬁ{@rgéggrtyﬁ £ﬁa&%#P§P5r?gth89Y n1X|ng |nd|V|dua

reagents 1s not "However, to

per frmp tde Jeasidpn WA« iy glg 'sehla&ahgawa M (NaH)

safety control a nethod of ng an acetic es

lﬂ_ﬂﬁimhyﬁﬁld@qLﬂfif)qrrﬁ&t?a]?ﬁi@éod§h1m{ ?n%%ﬂﬁémcéﬁﬁemetal
m xture of abase and a solvent is pre erably 13

aBopt Dyesl. suah ki sodkthask thdei @6 efMsDIRSt L Eode Vet h¥Ride
added therein gradually starts a reaction. Thus, the -
(B ) orsadium bescpifgbyxtdat ( bbtela by and usdtags him
addi tion speed of the derivative. The term
teytrRisi e ide sddHWKlus efriedieaiab livef eestivn mayehet nede of
erfornmed, by subjecting a base in an anount of

lllydﬂil% BEtABLEC St obhYane kg ldnamsntal abkexide,
arpc{ en{oerrea pf/eferably sodium hydride (NaH).

The amount of a base to be used is preferably 1:1 to 1:15,
more preferably 1:1 to 1’5f 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 formic 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 derivativé (1) and formic |

ester are desirably the same.



100 kg or nore, and still nore preferably 1000 kg or
nmore, and nost preferably 10000 kg or nore. The
addition tine of an acetic ester derivative and a

formc ester varies depengiEQ 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 is preferable that the

addi Therameymet it T2rimdgr sster| eshe Teedei Eqprefdeably 1:1
reaction nore safely by this nethod, it 1is preferable
tool i Her Bage nuRl esitlent ¢ Atticoh: b9 . andasfell IMhere preferably
concentration of the base in_the m xture of the base

Tadd B8 1sal venterasned phe medisgr mptder idfe@n w@etic ester
usual Ly _not.less than, 10% by weight, preferably not
BETRUT bbb By GEFBIE SShrs (ABPEA E/oRier SiBELPRbLve (1)
t % ight, and nost preferably not |ess than
a48%?€3g®§?éﬁp§'FurthernDre, in the reaction nethod

ment ﬁQ&lﬁﬂl@Q%f’a istol'vjezlltlp%%freﬁggl fntgl'glts %?a.c;éﬂgﬁ%;i?ltgfiude

added 1na mxture is owed tore

hi/iFBchYbbRCHEAs i 1héh £ £3GIHS HeSARR! Ald Eand NB¥ne,
controlling. the reaction safely. The 'reaction

ahdnpelattiee BeheirRbhgeAOkolabhitgUlathy adehlBedy 10dkher,
usual ly 20C or nore, preferably 30C or nore, and nore

tettdhygreferahl y14@Cdooxanee. téhe -bagglineBhi/2npenat-yr and
may be increased to a boiling point of the reaction

dsoethpsrethanen hhdogenebhordi sopeehoenedchnathingthylene
nethod, it is particularly preferable that the

chbpedfer afhbareforne dadel, Lsinsrirbdeorenahaness by

weight and the reaction tenperature is 20C or nore.
nitrogen-containing solvents such as dimethyl formamide,

acetoamide, formamide, acetonitrile, and propionitrile;
non-protic polar solvents such as dimethylsulfoxide,
N-methylpyrrolidone, and hexamethylphosphoric triamide; and
alcohol -based solvent suéh as methanol, ethanol, n—propaﬁol,
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, 1l to 20 hours.

In pérforming the reaction, amethod of mixing individual
reagents is not particularly limited. However,. to perform
the reaction in an industrial scale under safety control, a
method of adding an aéetic ester derivative and a formic ester

simultaneously toamixture of abaseanda solvent is preferably



Note that when the flowability of the reaction

solution decreases with the progress of the reaction,

a solvent may be added with the progress of the
reaction in order to perforgi the reaction snoothly
whi | e mai ntaining appropriate Stirring. Mre sinply,

it is sufficient that a solution containing an acetic
ester derivative and a formc ester dissolved in a
egpilored. niy tulaoesdodAf tee aomipleesbrrodetheative added
reaction, a 2-fornyl acetic ester derivative
theppasedtadudYLY L Fdichal Be3ehion. t fhwssathioreaction can
solu%ggn i s acconpanj ed by a | arge anpunt of

bENBREPLY eSORHEPL Y PAGPY r 3W Wak 129 o cxdiidolon ispeed of the
reactions ang side reactions as well as the renmining
AR %X?rapg?efQﬁr%n«%ﬁaqg%r esﬁﬁhﬁad?%ﬁﬁ~ §l@ refers
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of extensive st e pres I nVent ors,
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(2) and the reaction solution contalni"ng inmpurities

andembsoupghéfeiablyCoOba0t ki b wat-er, thereby
successfully .partitioning the al kaline nmetal salt of

t he Thd erdv taicet itcinesteet adericeatiicve stand demvaictiiveSand a
into the aqueous |ayer and the organic |ayer, 15
ferupecttstel yardgseatepdred ooy apoedtlagsesls: biydre reaction,
‘acidified wthan
- Prefarahky-¥ diany ssetpeest epderpyaf eyl 2y cofcainsedr innre,
_the aqueous layer is extracted and concentrated with
and stoljaRPE esBF S ERFPTY - theURENAEIMORE pr Feeshegmore, it

i?s ;é?é%%%%%n?%/ Ici?lg%t[:lt 'glg%it g&#{.*‘hi}ég St :'i_gé: oi; h?z ol[lgggis Cor less.

To perform the reaction more safeiy 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
- solvent 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 method mentioned above, it
is preferable that the substrate added in a mixture is allowed
to react for a shorter time by increasing the reaction
température, thereby contrelling the reaction safely. The
reaction temperature herein is not particularly defined, but

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



the target product with a high purity has been
successively devel oped. Now, an operation of

i solating and purifying the 2-fornylacetic ester
derivative represented by the formula (2) will be
descri bed bel ow. To renové ?ﬁpUrities present wth

the 2-fornylacetic ester derivative represented by the
formula (2) , water is added to the reaction solution
poerteaiahillyy 4 0Pteo?- horay| aries | kefst Bin desip@tdMerd Nay be
and inpurities, thereby selectively transferring the
1gcEgRsee ket &l bedlltingf paikw2 offorting ametditdest ewlution.
derivative (2)into the aqueous layer. |In this case,

i mpufienekhsuERagsipRelanperEpEledcdni thést wethod, it is
deri,vati v cansge repoved into the organic | ayer

PESHE-SPRGY PRE*FEGPLFoRRRBI Vadtcopeemiration (ff |the base
.| 0sj t t . 2-forn ti t deri vat i
1p0iOPA 08 LG inn P ERbuE Ehd CoiE adkiash LenperAsHTe
1 Ooge goncentrated to reduce its vol une.
%F%ernd?lv%?§?‘a commbpn extraction solvent such as

et hylio 88 L whisl Hﬁ@%lcgfgg;ﬁg&%t% t%gt byl %éyétjt&ﬁiyggggtion

tert-butyl met hyl ether, er, ‘of ne

debkerkde wayhbena $8s4 hor raac i QST 100651481t may
advance. After the alkaline nmetal salt of the

ba-ddtedy wacht tite @sefreder b¥ atie/eehdlibh it 888EeI{SHedRdrm
.di ssolved into the aqueous | ayer, the aqueous | ayer

theydse ti®on seveshedwhi i b ntehie tedmipr Spprastiofe stirring.
sol vent, thereby further successfully reducing
Merpuginp ks, iSubsequéfitbyenththat afsalhe iagueonsaliajey an
containing the 2-formylacetic ester derivative (2)
AGEthCaSREgR PoFivgtive and a formic ester dissolved in a
solvent, Vma‘y be added.

- After completion of the reaction, a 2-formyl acetic ester
derivative represehted 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 rawmaterials, for example,
the unreacted acetic ester derivative, formic ester, and the
base-derived mineral oil. To obtain the target compound at
a high purity, thesé impurities must be removed.

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

‘thealkalinemetal salt of the 2-formylaceticester derivative

and impurities into the aqueous layer and the organic layer,



adjusted to preferably 5 or less, and nore preferably

3 or less by use of a common acid, for exanple, an
inorganic acid such suc as hydrochloric acid or

sul furic acid, or an organic_acid such as acetic acid

or citric acid, and thereaft®r; the 2-fornyl acetic
ester derivative (2) is extracted with the conmon
extraction sol vent nentioned above, followed by ‘
respeentivaliyng Afeesshet dobaihedtdieamnheyert he acddgdtied
product of a high chemcal purity can be efficiently
wibhainfid THee gufPryviscptétersdtsindemtvatebee (Ahrodd®%ined
by weight, and nore preferably, not |ess than 940 by
1ReFBfit 2aEPOEhel B Herl h &R raGteh@ndhsengesteated with an
extractian i adding an acid to a

fornmed b 1 .
OFGABLF 6T STl ORI HOIRINET FHRSPETFF i HHBP LY FEROving
i, dt th ti | uti , th .
cHRIRPIaLEE s ol 8t g 1SR e R P Yol bR pang
Parger . EFER '
tRET IR G oo M GRS & 1 b8 liEbessively

d@ﬁgg@%gd[ayer such as a reaction solvent. As a
result, the target product cannot be obtained with a

hi ghudalr idhy .of¥av e Mh W |1 0 @ik SR 988SSrf Mg the
produci ng an optically active 3-hydroxyproionic ester

2 deoinpl avet t epresentrd iatihe fgrmBdantcd) byceaedEBgmula
to the present invention. The optically active 3

(2 hywt bk ypr dlesvimcibest éelder. vabi vemovepieapant edebypirbsent
formula (3) can be obtained by 17 stereoselectively

Wil jdian g -Erenydpagl igr espevfdehivd binelzepredernted iy the

resence of an enzymatic source capabl e of

T bpdé) ediBited I8 redaditRytkasepstipn sploipi ot copgaining

the 2-formylacetic ester derivative (2) and impurities,
thereby selectively transferring the alkaline metai salt of
the2-formylaceticesterderivative (2) intotheaquecus 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 concentrated toreduce its volume. Alternatively, a common
extraction solvent such as ethyl acetate, toluene, hexane,
methyle;hyl 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 éster derivative (2) is transferred and

dissolved into the agueous layer, the'aqueous layer may be




2-fornylacetic ester derivative represented by the
formula (2). The term "enzymatic source” includes not
only an enzyne per se having the aforenentioned
reducing activity and a cu)fured product of a

m croor gani sm having the redlicing activity as well as

a processed product thereof. The term "cultured

product of a mcroorganisnmt refers to a culture
revhaghiedrw tonm ttdiencogmon cexabirad t teh lsoloentcuyl theedby further
mcrobial «cells. The term"a processed product
suﬁéﬁéﬁﬁulrlyf gedurdnaf dmpuasiddsise, a crude extraction

sol uti on, yﬂghlllzed nm croor gani sm cel
mi cr SEPERAVERT £¥I [Che PHPRENE a@eedhe lavaricgrbaiping the
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i nvention, such an enzymatic source capabl

sﬁbﬁfﬁ@sabéﬁﬁbvébidf@Qu@hﬁﬁlbh%cﬁgﬂ”%bdg&%%&éwkﬁér, the
derivative represented by the fornula (2) nay be any

2ofierfiglbveditr eptes Hegfioargar Jm)sdlcekedacted With the
group consisting of the genera Brettanonyces,
c@GandndextCayptonosolvenbe banydmpeds abo@al, adodhyees], by
Qgat aea, Pichia, Rhodotorula, Saccharonycopsis, - 18 -
cepgentdrabsngstBporobyktdmpeesIn this manner, the target

Sterlgnato nmyces, Tor ul aspor a, Trlchosgoron
pPYafue iyhﬁh%ﬁﬁﬁ%m%bﬁé%ﬁﬁrkﬁﬂFépéﬁbﬂ ficiently 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 is
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
a_Lctive 3-hydroxyproionic ester derivative represented by the
fprmula {3) according to the present invention.

Tﬁe optically active 3-hydroxyproionic ester derivative

represented by the formula (3) can be obtained by




Devosi a, Haf ni a, Jensenia, Klebsiella, Proteus,
Rhodococcus, Serratia, Cystofill obasidium
WIlliopsis, Yarrowia, Mcrobacterium and
Mcrococcus. O the enzymatjf sources nentioned above,
an enzymatic source capabl'e@ of R-selectively reducing
the fornyl group of a derivative represented by the
formula (2) includes preferably any one derived from
ShEReePobeghhyshy seedes bag f tloen Tdwngh anrur efsitdel Agrofila
t he genera Brettanomyces, Candida, Cryptococcus,
(%)bbﬂaﬁly%lh‘ffo%%?S%aF%cg%n%egf,lzmat:aéa,sow@ﬁi gapable of
Rhodot or ul a, acchar omycopsi s,_ Spori di obol us,
SEHBTOtol Ty bEeLY SrenTgrEf ohpecEOTHEL FHEBr & the
Teich ron, Yamadazyma, . Achronmpbacter
2 VTN BAGHEEe TvOs do: TUATH e Faen o0 v, e fpEmula
crococcus, Proteus, Rhodococcus, andSerratia. O the
enzymati c sources nentioned above, an enzynmatic
sour bk f I Lvel ¥ e r
R B e R e S T
péncdaldesy el eiatd Forafnensnder Fy¥gdciigMmidtivity and a
m croorgani sm sel ected fromthe group <consisting of
B el f & QPR SC A NDfed Usi c £octhaai eanhay ehyi the Casdiudang
gl aebosa, Candi da gropengi esseri, Candi da
adtaictitsy conadeEisl as @ampdicedse seegh gricaiic tCameirde fival Theaterm
Candida maris, Candida nogii, Candida ini, Candida
"Fulgoreed Grriiwat sof bophl¢uoorCamtisy redbeisatdsa culture
Candj da versatilis, Cryptococcus curvatus,

STt Ft FIUS 1B B CTebER | org b %p‘é‘ﬂ%ﬁ‘é}’%;,i microbial

: bar ces robertsi ae, | act omyces reessii at aea
ce T Y e, AR b h e s TR r o hadeREr e b ERits  For

eﬁ%ﬂﬁﬂé?ﬂétcrude 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 microbial 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
.stereoselectively reducing the formyl group of a derivative

represented by the formula (2) may be any one.dérived from

a microorganism selected from the group consisting of the

genera Brettanomyces, Candida, Cryptococcus, Debaryomyces,

Galactomyces,Ogataea,Pichia,Rhodotorula,Saccharomycopsis,



Pi chi a xyl osa, Rhodot orul a auranti aca, Rhodotorul a
glutinis, Rhodotorula gramnis, Rhodotorula |actosa,
Saccharonycopsi s sel enospora, Spori di obol us
johnsonii, Sporidiobolus salgmonicol or, Sporobol onyces
sal noni col or, Sterigmatonyces
hal ophi | us, Torulasporadelbrueckii Tri chosporonasteroid
es, . _Yanadazynma stipitis, Achr ompbact er xyl osoxi dans
%%35&%{ EPPERRAL OISR | HiRinkand t oY CRl FakBABARSTA
Cel | ul ononas uda, Devosi a ri bof |avina,_ Hafnia

Msrﬁ%ﬁﬂiur?@mw@%cwra geabuienppas,

McrocoEcEs IutEusE Pr oi g miEnst ans, Rhodocgccus
sSPILAL A EPLESEOENS,. A SRV TRLL SGHLST gg@gé’éua,

Mﬁ&éﬂ@éﬂyﬁﬁﬁprmmg&@gﬁﬁg formula (2) includes
—preferabty any

a m croorgani sm
sel eat edef éﬁﬂ?&&@lgr%@@@%ﬁﬂﬂﬂléﬁ SRR 8nzymatic
Candi da, of i I I obasi di um Pichia, Rhodotorul a,

sdnrdd aspabde oXVHdOpRsd Sivelaf FeWuaingeYasi formyl group of
M crobacteriumand M crococcus. An enzymatic source

a dapiabheiof rEpsekenteddytiiedoenala (Lheidaruids preoerably
a derivative represented by the formula (2) includes

any eher dbt yvadyf o adei cvedrijanisa $elecoegdismthe group
selected fromthe group consisting of Candi da

CORf N0t thpdesisra Bhgstananypespélandida peyprococcus,

i spol a, Rhodotorula glutinis var lutinis
D W &@E@&atf&wm&m@@mxmh
s\@g! IOESIS saturgﬁs v.ay sgturn%f 8 Yarromna

Sterigmatomyces, Torulaspora, Trichosporon, 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
aderivativerepresentedbythe formula (2) includespreferably
any one derived from a microorganism selected from the group
consisting of

Brettanomyces anomailus, Candida cantarellii, Candida

glaeboga, Candida gropengiesseri, Candida lactis-condensi,

Candida magnoriae, Candida maltosa, Candida maris, Candida

mogii, Candida pini, Candida rugosa, Candida sorbophila,

-Candida tropicalis, Candida versatilis, Cryptococcus

. curvatus, Cryptococcus terreus, Debaryomyces nepalensis,

Debaryomyces robertsiae, Galactomyces reessii, Ogataea




esteraromati cum and M crococcus | uteus. Asa

m cr oor gani sm capabl e of producing a reduction enzyne

derived fromthe mcroorganism either a wild type or

a nutant type maybe used. ternatively, a

m cr oor gani smtransfor nmed ]by a genetic engi neering

such as cell fusion and gene manipulation may be

used. The genetical |y nanipul ated mncroorganism
_;HEQHEGEEQNSMEB_E@ eﬁk&hﬁicﬁ@ﬂ@@_ﬂﬁlavnEGvaaa81bweeeée,

co pr|3|n a ste isol ating and/ or purifying the
P L8 aa Dioee s P AR CRsPe MICdotomSa)

!seguencel of the en % : a st g of obtalnlng a DNA
s SEHSD8S:a 2 eplé?f 01 2] n%l@gﬁgﬂfaecom

séﬂﬁ%ﬁ&%éﬁ%ﬁjﬁﬁa6ygﬁéigﬂ¥§§ aiﬁo&&rlﬂ%r hEtéﬁ&ﬁ@QhQﬁQEes
%%#é%ﬁiﬂgS%orﬁQMS%HkﬁH%qHTﬁ@dﬂfﬂﬁﬁﬁé?ﬁggﬁﬁ%éﬁé§ﬁgf?%des

YERILORS 4008 85, (ACh RSN BN £ 688x DEShs f 81BLS.
therern. For exanple a generar-liquid medium

dernittiai Midwghd hecd Dl magas ut imi ) onel 1usonbees 8By, be
used. Exanpl es of a .carbon source include saccharides
Ceikuiqmpnﬁmudeenmwwaﬂmxihmi1&WtwmoHafsdamlnEieﬂhaaehia

is,

and glycer fatty aci ds suchasol ei caci dandstearic
CaHE G Hie @laniitoid s Mietoescrapebeeesi |
and soybean oil. - 21 Exanples of a nitrogen source

s Bhedecocayyi @iy ¥ R@ bl S Ji Rhoderoaeus

en hat e, pepto ,
qgl CPO cus Sp p pc‘i.l’l(i1 Serratla. maxrcescens.

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 the genera Candida,

Cystofillobasidium, Pichia, Rhodotorula, Torulaspora,

Williopsis, 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 var. saturnus,




casam no acid, corn steep liquor, bran, and a yeast
extract. Exanples of an inorganic salt include

sul fates such as magnesium sul fate, zincsulfate, iron
i ronsul fate, coppersulf apdzganganese sul fate; sodi um
chl oride, cal cium carbonatef” dipotassium

hydr ogenphosphat e, and pot assi um di hydr ogenphosphat e.
Exanpl es of other nutrition sources may include a malt

Yaxrpyde dagodvat cext Peyesieuiriddiigviinape Migmitcterium
aerobically, usually for about 1 to 5 days in a :
SREgraFCEAtau. t 3nd MAgrecoscyd tlutieng -t enperature  of

10 tg 50C. The reduction reaction of the present
i nveht ASH TEPISET L F 3P Hebe By RERAUTE Y 3 uBdRehien erpyme

n _ der i T e (2)

BT AR S Sl Rpatr it et T § a1 ErBbrgaAmetRant
: f to. i at

B B BESERR, PATCUSHPELSH 4y ORLIRE e o

_ b§OEV%BheE@cb@n§§ﬁgeEEﬁgr?g#ﬁthgncgggcﬁhgﬁbneggé!ggne

acetate, butyl "acetate; uene, exane nay

dead: : S /
madeg latE@ﬂChh?nbépﬁgéat0nﬁhéaéén@@P@@ﬁE@?n#ﬁg§%%$?ed

enzyme, m croorgani smor processed prod

m$absbrghni sRORCEMid Bid D HE cBFPMRY 88n Ke VRSIIME by a

is usually used ina concentration of about 0. 1 to
P1OCehy wedrghit | s nglpr etepabFyisdl40ifg %My e it fying? the

The concentration of coenzyme NAD(P)H is usually
eRZYpe o fdeteposse By pavtepr wind lpr ef ditebhyiind. {0001 skquence

0.19; by nole based on the substrate.
of the enzyme, a step of obtaining a DNA sequence encoding
theenzymebasedontheaminoacidsequence,astepofobtaining
arecombinant microorganismby introducing the DNA intoanother
microorganism, and a step of culturing the recombinant
microocrganism to obtain the enzyme (the pamphlet of
W098/35025}) .

Any culture medium may be used for culturing a
microorganism to be used as an enzymatic source as long as
the microorganism can proliferate therein. For example, a
general liquid medium containing the following nutritional
sources may be used. Examplés'of a carbon source include
saccharides such as glucose and sucrose, alcohols such as
ethanolandglycérol;fattyacidssuchasoleicacidandstearic

acid and esters thereof; and oils such as rapeseed oil and

soybean oil.



The reaction tenperature is usually 10 to 60C and
preferably 20 to 50C. The pH of the reaction is
usually 4 to 9 and preferably 5 to 8. The tinme of the
reaction is usually 1 to 1 hours and preferably 1
to 72 hours. The reaction cah be perfornmed by adding a
substrate at a tinme or continuously. The reaction may
be perforned in a batch or continuous process. In the
redUfaTnl &8 ©f amitrogaresentrcenieal udn armomianpeni fate,
of. . an exgensive coenzyme in use can be significantly
SPEiiRelitE§t Bsi AgrEmeRERRy FEINREERPRosPha_nePaPEBRE |
system general |y used in, combination. Exanples of a
CRERPERR AT vERRO TP T isiier RiPon S991aMerRs Ga6TaCt -
met Y cose__dehydrogenase an I e. We
Uhe St o BB Ehendiit SO SuliGhrsy Soch as
L 0g: d _pr a.nlcrogr, IS Lch
B e e T B

aﬁ@&%ﬁﬁé&ﬂgéefkdﬁfaiéy:s%%?ﬁﬁ?ﬁ%ﬁo&gdgg’cgheﬁﬁﬁecarbonate,

dehydriogenase) capabl e regenerating a coenzyne

AUPSra i @h Ki@réfusHd HPhLAZY "Bnd Spodependsnt, into a

same host, mcroorganism or a processed product of

dilpdrogsgstigasista . an optically active 3
- hydr oxypropi oni ¢ ester derivative can be produced at

a | ExanA®s odsbthenaruani enhay nedu e eso urage ihedquideed malt
for the regeneration of coenzyne needs not separately
gl eand mesplesstdctsuch a transforned nicroorgani sm

as nentioned | .
Culturing is performed aerobically, usually for about

ltoS5days inamediumat pH 3 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 andlstirring 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 0.1to0100%byweight, andpreferably

1 to 60% by weight.



above include one transformed with a plasm d having
DNA encoding the reduction enzyne and DNA encodi ng an
enzyme capabl e of regenerating a coenzyne upon which
the reduction enzynme is dependent. As such an enzyne
capabl e of regenerating arf“enzyne, gl ucose
dehydrogenase is preferable and gl ucose dehydrogenase
derived fromBacillus nmegateriumis nore preferable.
Fur tHe geopgenszal ibosef masmzomyaNABKP) HEsT eniadfivao . 0001
coli is preferable. Mire preferably, exanples of such
£ 14%n Sy oRekRl %%P@@ﬁgaﬁgém i 10 Uefe toE8 e he by nicd ecbhied
HB101 %@%ECRG (Accessi on Nunber: FERM BP-6898
CRepBSi BrA@pt enber 28, 1999) transformed with a

redyction enzyme gene derived from Candi da magnal i ae
| FOOTES ST Loty RS e Syt lgerd der I8 Ar6m
' ateri Escherichia coli HB101 ( pNTDRGL)
P éé%%é§§36ﬁﬂﬁﬁﬁ%g$¢ﬁﬁg?M BP- 08458, deposited on August
25, 3QOBY; bE AN QLR tjqn, en
derivedﬁfroanev05|a ﬁ%%%PFZS?%§gY #%%%g§4§éﬁg%9398rably
sgtsicwse dehydrogenase gene derived from Bacill us

megat erium Escherichia coli HB101 (pNTRGGL)
(AcaessicameNoFbeRe RERMt Bbh b &isudangsiit ed 980JBOYAL Yand

22, 2002) transfornmed with a reduction enzyne gene
puEfenaddl f riomdRMddtarnrd a glutinis 24 | FO0415 and a

gl ucose dehydrogenase gene derived from Bacill us

megdter raartion can be performed by adding a substrate at
a time or continuously. The reaction may be performed in a
batch or continucus 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 systemgeneral lyused
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 16wer




Escherichia coliHBl 01 (pNTSGGL) (Accession Nunmber: FERM
P- 18449, deposited on August 6, 2001), transforned
with a reduction enzyne gene derived from Serratia
mar cescens | F012468 and azgiucose dehydr ogenase gene
derived from Bacillus negaterium Escherichia coli
HB101 (pTSBGL) (Accession Nunber: FERM BP-7119,
osited on April 11, 2000), transformed with a
C%g WEiTIh aBneyAEgehe sfBriGe detmomet roddecusgbneration
L F013867 and a gl ucose dehydrogenase gene derived
Of r DRFBEYTE | 12 Feat ePERATE ﬁHYEEEﬁE@F@@ra col i

dopdEI e e %é\ccﬁﬁeﬁggagg%ﬁéslmﬁgﬁgﬁgnﬁ%% pntioned
SN avenﬁigﬁ{ﬂa% ot P apTagnba REvERg B
Rt ond) LAY e R0 L AAMS U P P g G gpavme
c }fﬁtgls“@'dm%e@eﬁ%%%Qngaﬁ géé‘l'&%@e qfﬂgé{ @hﬁ%h thl Feduction

Tsukuba, | baraki , Japa

rsphe ik cleipaneelnit .HBAQ hu@hm ?@b'l%m@r g herating
HBlOl (pNTDRGL), Escherichia co B101 (pNT

arEsatwymiehicd vealde HBh@ﬂr@@E&B@k)asaﬁﬁeESEBE&éCQhé @Puéose
HB101 (pNTRS) have been internationally deposited

deinbrogdre B dipeisted Tieat yBad 1l bias enddate it han ragugdion
step of the present invention is performed in

PRkl on Firtheamosenz e ar dgete mdcironrgpstiem, or by

usi ng, a cul tured product of a transforned
Bef i g ¢ Breferable.

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

a reduction enzyme gene derived from Candida magnoliae IFO0705
and a glucose dehydrogenase gene derived from Bacillus

~megaterium;

Escherichia coli HB101 (PNTDRG1) (Accession Number: FERM

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

reduction enzyme gene derived from Devosia riboflavina

IFOl3584 andaglucose dehydrogenase gene derivedfromBacillus

-megaterium;

Escherichia coli HB101l (pNTRGG1) (Accession Number: FERM

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

reduction enzyme gene derived from Rhodotorula glutinis



as nentioned above or a processed product thereof as

an enzyne source, such a reaction maybe perforned by

addi ng an oxidative type NAD (P) lower in cost as a

coenzyne. An optically actﬁﬁe 3 - hydroxypropi onic

ester derivative (3) proddced through the reduction

reaction can be purified by any customary method. For

exa when a microorganism is used as an enzymatic
nﬁ%an@@t gf{.;laq:qage dehyde ogeimplse gene derived from Bacillus

2- (hydr oxymet hyl ) - 3- phenyl propi onate can be purified
mrl ng suspended matters such as microbi al
cells, .i ecess b entrifugation and
fil Ma&%ﬁ ﬁhéwp‘%%acmw:@ﬁsaﬁnm@ﬁrc FERM
pU acetat | uene, V|n
e %]géfn OSﬂi encf REE T o 'uc%%mg 'eststfﬁrég d'With a

r%lgé;tl!dng i t%%%ogr% caﬁ%%qu%%ef?gscem

T r | :
o ey aE B QA B 1us
meRpaigiefin; Whi ch shoul d not be construed as |imting
the invention. Reference Exanple 1. Preparation of
3- ( Bséhaet byrk enesi DxpREnybTSPEOPI @Rice il NEsbeE: FERM
First, 50 g of 3, 4-nethyl enedi oxy cinnam c aci d was
BRHMYIS, veedpos iRl min dfpreitthangl .200m )it he mandfvnederiath a
5% Pd/ C catal yst was added. The reaction system was
redasiticaeEng e ganed degdivegaremMistocoedua il uRBGs IROIR 867
hours.. After conpletion of the reaction, the Pd/C
angd, @4 FJ4COREs Jedrsaw SRR Idene ideFiverh € noss Bacddlus

et hanal qutlon was cooled to 5C and 37.1 g - 26
megaterlum, nd

Escherichia coli HB101 (pNTRS) (Accession Number: FERM

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

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

HB101 {pNTDRG1), Escherichia coli HB101 (pPNTRGG1} ,

Escherichia coli HB101 (pTSBG1l), and Escherichia coli HB101

(PNTRS) have been internationally depositedunder the Budapest
Treaty. |

In case that the reduction step of the present invention

isperformedincombinationwitha coenzyine regenerationsystem

or by using a cultured product of a transformed microorganism




of thionyl chloride was added dropw se for one hour.
After conpletion of the dropw se addition, the
et hanol solution was stirred for a further 3 hours
with keeping the inner tenperature at 5C After
conpl etion of the reaction,“7a solvent was distilled
of f under reduced pressure to obtain 54.7 g of an
orange concentrate. A part of the concentrate was
a$ Feat igmed abavy xeva pyrdriagsggeptoduen chexsafims an enzyme
chromat ography (HPLC) (colum: Li Chrosphere 100
SPRE B EFUCPsDTRALE Lanmainbe porformediinetding dyoxbdakive
Ltd., nobile phase; an aqueous sol ution of
EYIRS it E‘?)po%%g%? Ui dF P Eir 39 e pReRpREne
acetonitﬁlle: 1 m/mnute, detection

navéteny ﬁ?aﬁﬁsla{ﬁﬁcjlvg%vi’ éﬁ%ﬁ%@ﬁ&?%h‘?@;c @(:é)er i}erigvat ive
' . 49. 8 ) ' e
(IFRanedd (SR RREL Lo 2 8 RO I PSS 1
abk7 93 | 4.17-4.10 (2H .
v 5 o flensy® (5 honch el Kl
i%@i@ae?—iarf’r&ff?}iﬁﬁaéﬁ QAU rl%)@fé"&i/il active ethyl

2-fornyl - 3- phenyl propi onate To susperisi on so
2 cOntdidrng:thyil )9- DiplediMaitdg o Mardbd Hurlfi i Gy
of -ethyl 3-phenyl propionate and 8.2 g of ethyl
refrgrnEtie sveypeeraliste dnadrtogvd seiamdey micerdill fed1ane if
hour. Thereafter, the m xture was stirred at room
negaRsRt.uby céntrifupanien dhu thatmartepnldegtodcbing the
NaH and 25.9 g of ethyl formate were divided into
PRUPE PhiFR snafgasdchs phvenwaychddert hiskbpaehae pr toluene,
Afterwards, the solution mxture was stirred at room

Fatdie FES e tAfnder LRolupeiniassuas @nd
dizs%:iﬁl:i%ln tﬁ%fpl;acg lge:tgt'r Ejlguifehrga?{agﬁgle apnxgesrseuazgé Ioorntreatint_q it

chromatographically.

Best Mode for Carrying Out 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 —methylenedioxyphényl) -propionic ethyl ester

First, 50 g of 3,4-methylenedioxy cinnamic acid was
dissolved in 500 ml of ethanol. To the mixture, 59 of 5% pd/C
catalyst was added. The reaction system was replaced with

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

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

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




solution was extracted with ethyl acetate and the
extract was concentrated under reduced pressure to
obtain 32.4 g of a browmm o0ily concentrate. The
concentrate thus obtained §%§ purified by silica ge
col uim chromat ography to obitain 17.9 g of the titled
conpound as a transparent oily substance. Reference
Exanpl e 3: Process for producing nethyl

ob-tlgkenarl Fhgmeridemwesi edded dfbewise! Bor conp bwad .Weafter
obtained as a transparent oily substance in accordance

cone et Hen efhehadinieavwiss addRelenernde ethanpl & ubicepyas
t hat thyl _3-phenyl propionate and nethyl formate

SFAH’EP‘ES@H g H1 ‘F%%%X@Pugﬂm tiskaARAYE FhGHI IR Bemperature
et%%t fgrnate. Ref erence Exanple 4: Process for

ahrdduci AGEFEoFPBRYETION: B nfhe3XERER}PPF 02i ARAVENThEAS

i ai.ned as a transparent_ oi
S e U e A PR B Pe F T 540 7 f of an
Examy e t ] I
O§$% eﬁgﬁgfgbionafe é |g%%Fg%y?$$§$%§$%tﬁéVﬁgEggani?Pd

arl BeA D hetiydh ﬁeﬁ%&ﬁ@%&f@h&%ﬁ%@éﬁ&ﬁ{ﬁm)

Ref erence Exanpl'e 5. Process for

(T | RSEPROFO DI AN AE. g (e, td ¢ gl COMPUR, b,

obtai ned as a transparent oily substance 1 n accor
masitfndthereshivg MarrieL.tds , inolRefephage . fxampkeud fHGaton

that isobutyl 3 -phenyl propi onate and i sobutyl 28
Oﬁ%ﬂhﬁﬁnhaﬁﬁzéqkﬁﬁﬁﬂum;ﬁkhxﬂnﬁgeﬂﬁhdsﬁhaﬂmﬂwlpropionate

and ethyl formate.
acetonitrile=1:1, flow rate: 1 ml/minute, detection

wavelength: 210 nm, column temperature: 30°C). As a result,

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

'H NMR (400 Hz, CDCli) 6: 6.77-6.63 (3H, m), 5.93 (2H, s),

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

Reference Example 2: Process for producing ethyl

2-formyl-3-phenylpropionate

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, themixture was stirred at room temperature.
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. Aftérwards, the solution mixture was stirred at
roomtemperature for 15 hours. Afteralo%citricacidsolution

was added to the resultant rea_ction solution, the reaction



Exanpl e 1: Process for producing ethyl

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

First, 42.4 g of 60% NaH was suspended in 500 ni of

tetrahydrofuran (THF). 84.5 (purity: 93.7% by

wei ght) of ethyl 3- (3,41ﬁ% y| enedi oxyphenyl )

-propi onate was dissolved in 100 m of THE and added
. dropwi se to the suspension solution prepared above at
spbbhicamig axgractafiteith kehydsatenate subpbasizonract was

sol ution was raised in tenperature to 40C and stirred
CPRrenErat adresie 1 Radyced pregp ot rabsaias 2adde ¢ f a brown
ogiopmﬁse for 2.5 hours to the suspension solution and

Y CPEF S ake f uFRR&GOTT et e this abiaiined it nurdhied

oncentrated to about a

e, hal amount b

KVERhTR 197, (7B GEROMa GIEGBr¥d CPORRA TR el Bad fg OF the
T 0 dded d i t h

cORENbRopd Dol 3 ot AR P RS BTRE FHRSPRbERper atur o

at 10C or less. The aqueous |ayer was washed tw ce
with 200 Ml of hexane and the pH of the solution was

REEGHSHEL ERalpPe st NpLOREER! F 8L e rohydi AGhLOEL aci d.
€ solution Was €ex m of

2 1 Dbrmyie- anchéhelpsobj €64€6 to concentration under
reduced pressure to obtain 82.8 g of the titled

conpiund it 1Ede cohpoundl wasrdlita Died es @ogRaHBPavast o0ily

anal yzed by gas chromatography (GC) in the foll ow ng
S\gesithnd®nis) agadrdasckouhch the bem@dnTbnby amiighke f&ence

anaﬁysis conditions: - 29 Colum: TC FFAP 1 nx0.25 nm
Examp lg v fceitutd@ thirethylserpheayilpeopiogatei andgasthyl

He=8 kPa, detection: FID, Colum
formate were used in place of ethyl 3-phenylpropionate and

ethyl formate.

Reference Example 4: Process for producing isopropyl

2-formyl-3-phenylpropiconate

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

3-phenylpropionate and ethyl formate.

Reference Example 5: Process for producing isobutyl

2-formyl-3-phenylpropionate

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

Examplezzexceptthatisobutyl3-pheny1propionateahdisobutyl



tenperature: 150C, Detection tine: 4.0 mnutes in the
case of ethyl 2-fornyl-3- (3, 4-nethyl enedi oxyphenyl)
-propionate. Exanple 2: Process for producing ethyl
2-fornyl - 3-(3, 4- net hyl eneg\;gg(yphenyl ) - propi onat e
First, 7.91 g of 601 NaH suspended in 12 m of THE
and the solution was raised in tenperature to 40C.
11.0 g of ethyl 3- (3 ,4-nethyl enedi oxyphenyl)
fopmapeovare ased 11n @ lpcofoletdily if Grpliemywigrepionate and
di ssolved in 77.0 m of THE and added dropw se to the
- eEh¥pefiorBAtsol uti on prepared above for 5 to 14 hours.
After the suspension solution was stirred for one
hour, 3. 7 g of ethyl formate was addeddropw se to the
' hour s d_stirred for a
s £action mxture,
k react Pln xture
S COITC e a Vv o Slims eH—E= siads in an
abouyt: i t .ol ensl [ uti The
sus;tﬁelnjésls?éo'nbglzol\lxﬁtggonf V\%Hs° a eygr Q&é@%@%&@ %h 0 T of
tdeEEhy 890 FaAt (A Or deessga ch,a §ates t ;
al | ov\}éd to arlrlgi (nt ain tﬁé i%ﬁge?pltgg%)érr' a%%rg. %Fg%gpﬁé of
ettiiPRBI-q 3, ay fk t hyaeneids exk $ednylie AW OWS tea¥ef dV8So1ved
washed once with 180 ml of toluene, adjustedtopH 5 to
iy 1Wiot thl edhTeRtarad addbyidioshtDié o Blé GuspRth=r 86188ion
twce with 90 ml of toluene. After washed once with
PYRRared t dleov? gaihi todmyeempasa tone entAfdtead tihederesultant
" reduced pressure to obtain 11.2 g of the titled
- susPRIvReR Shieuwi3on chesi val sedr it ytefpéhet coapoo iy *casand

-.analyzed in accordance wth the process of Exanple 1,
S‘%/aa"sf%%% SYABYAB . 13 Ee it el forpaks gvaﬁcﬁrdc}ﬂ%@wgse

net . . ‘ .
FoIr ﬂwyg hours to the suspension solution and stirred for a

further 3 hours.

The reacticn 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 adj usted to 4.5 with concentrated
hydrochloric acid. The solution was extracted three times
with 500 ml orf toluene and then subjected to concentration
under reduced pressure to obtain 82.8 g of 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:



2-fornyl -3-(3, 4- net hyl enedi oxyphenyl )-pro ionate

First, 1.38 g of 60% NaH was suspended in 12 nml of

THF. Then, 2.4 g of nethyl 3-

(3, 4-net hyI enedi oxyphenyl) QOE?r opi onate was di ssol ved

in 12 m of THE and added opw se to the suspension
sol ution prepared above at roomtenperature. After

the suspension solution was raised in tenperature to
40C @oichmst i rTedrfap 1m0 8 et B.46 (gawird@iupdd b
formate was added dropwi se for 1 hour. Further, O.
Seferoe %BiNaH afdrgierguas : fs=d kPhordat ecpboe: 10, ded1umn
into four parts and each part was added separately.
tew%mhu@% 1500€ . sBetecthon kinee a8 winutrey iat theCease
;r hours. Aftera solvent was distilled off and the
© &5&1’10% Eoruyion (Jed-EehirherateaxyBhapyil ~RrARiPRate.
amount, the reaction solution was cooled in an ice

bat h and 40 m of water was added dropwise at a rate

Idoégsémf(% | nperature at 10C

tW|ce with 50 m

of tEGJﬁéﬁine? @fid tse @@%rﬁ@& oS sqgggeqm ﬁ{j 1@ng§r0f THF
reduced pressure to obtain . 2.63 g'of the title

arcdmurgd1utierchal eak shyr hh)ﬂ:e réﬂéﬂzf?é’ 4(5"(: 11.0 g
accordance with the process of anple 1, 96. 4%

ofbetheilght (3 m—m&x}ayménediofypheﬁglDﬁpabpduﬁaﬁg aidyh .o g
2-fornyl hexanoate First, 60 g of 6006 NaH was

ofs gdperldé@rimate0dent i sFelEvedniin 727 10 gnlofofehyl and added

. hexanoate was added dropwi se to the suspension

dzoRMkSr khs preparsdont seberior Mraratrd absveefor 5 to

14 hours. After the suspension solution was stirred for one
hour, 3.7gof ethyl formate was addeddropwise to the suspension
solution for 5 hours and stirred for a further 12 hours.
To the obtained 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 dro_pwise 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, adjustedtopH5 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 toobtain 11.2 g of the titled compound. The




t he suspension solution was raised in tenperature to
40C and stirred for 15 mnutes, 185.2 g of ethyl
formate was added dropw se for 6 hours. Furthernore,
30 g of 60% NaH and 92.6 %cpf ethyl formate were
divided into four parts and each part was added
separately. Afterward, the solution m xture was
stirred at 40C for 3 hours. After the solvent was
chipmi¢al eoot fy sl the acegoiimah, asolkmbilgmedasn accordance
concentrated to about a half anmount, the reaction
Wik uERBnPTRSetDoPEdEXARRe | te Wash98nd% A0y nvebghinat er
was added dropwise at a rate that allowed to nmaintain
the inner tenperature at 10C or |ess. The aqueous

-1 ayer ywas_washed _twice with 400 n] of toluene and
f; L Procegs for . prod _"';.,
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press t t gl e 76,8 h ] co n

che%ﬁ%ﬁﬁ”pgf??y? gifghhnge a%nsg%%%#ggﬁc% mﬁ#ﬁﬂtﬁghﬁHF‘

THah | oM NGy Sethochyvas 96. 6% by wei ght. GC anal ysis
condi tions: Columm: HP-5, 30 nx0.32 mm . D.

3{meﬂlwi&%h§§ﬂﬂpfé 1kt d waSPATs 861883 5n 12
He=125 kPa, Detection: FID, "Colum-tenperature: 120C,

mIDef E&iF zon ddded dfopwiseuiceshe 8ispehBYbn solution prepared
2-fornyl hexanoate, and 9.8 minutes for ethyl

akovey gk poametaypbhertnoat e AL &2 thbHs MR 4N b1 uEDGh3)as
6: 11.42 (0.6H, d), 9.70 (0.4H, d), 7.0 (0.6H d),

rag. S8l An2EngEratyre 802680 (and,strrel 2421 Bhin(8ks, ) .46

0.90 1g?:H tg. )
g of methyl férmate was added dropwise for 1 hour. Further,

0.7 g of 60% 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.
Afterasolventwasdistilledoffandthereactionsolution
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
1_0°C or less. The aqueous layer was washed twice with 50 ml
3 of toluene and adjusted with concentré.ted hydrochlioric acid
to pH 4.5. This was extracted twice with 50 ml of toluene
and the extract was concentrated under reduced pressure to
obtain 2.63 g of the titled compound. The chemical purity,
asg analyzed in aqcordance with the process of Example 1, was

96.4% by weight.




Exanpl e 5: Process for producing ethyl

2-fornyl hexanoate First, 62 g of 60% NaH was

suspended in 126 mM of THE and the suspension was
raised in tenperature to 40C. 56 g of ethyl hexanoate
and 86 g of ethyl fornmate wier € dissolved in 250 ml of
THE and added dropw se to the suspension sol ution
prepared above for 5 to 20 hours. After stirring for
Exfirebe HouProcgss gobf peofiytihgr efhel wasfaddethéranbate
hours and the solution mxture was stirred for a

fur tiHerst? i £ TP % el sag sasrendsct ion 680xmlir ef THF
1,200 m of toluene was added and _the resultant
ang y{4rk 9eSf coriBht Raxaronhaeras addedddpPpYise et othe
obt ai n. an aﬁo t. 10% by wei ght tol uene suspension
SETRTRT L. SPGB AR BHC BR B et BN SETDRE A6 onat BFEET
tcool ed to.10C 051 tess at a rate that allowed to o
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g adebahpl Akt deehedd oRced 1t MVELRN phhes YiifREEh part
| ayer was concentrated under reduced pressure to

wasbtaided Sepafatidiar. t Aftedwaedpound. sdhatebamerture was
purity, as analyzed in accordance with the process of

sthxangl e, 4 00ds £97 20houltys .\wei ght.  Exanpl e 6: Process
for producing ethyl 2-fornylbutyrate - 33 The titled
conpdiisd s cotaiendd vas gitstdvind esi Iof fs @t ddee reartion

cordance with the process of Exanple 4 except that

c
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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. (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-hydroxymethylhexanoate.




4, was 96.4% by weight. 1H NWVR (400 Hz, CDC13) 3:
11.42 (0.6H, d), 9.70 (0.4H, d), 7.0 (0.6H, d),
4.15-4.28 (2H, m, 3.17-3.21 (0.4H, m, 1'.23-2.29
(5H, m, 0.96-1.05 (3H, n). Exanple 7: Process for
produci ng ethyl 2-fornyl heparoate The titl ed
conpound was obtained as a brown oily substance in
accordance with the process of Exanple 4 except that

et (deptanoarevassused. kp pbage, of) etbBybo (0.4H, d),
hexanoate. The chem cal purity, as analyzed in

7 decordahce)w thlthe .p7oc2Es wof , Exadpl(@ .44, was 96279%2.37
by weight. iH NWR (400 Hz, CDC13) 3: 11.43 (0.6H, d),

(F1700) 0. QLH?Od§3H 7Eh. (0. 6H, d), 4.16-4.27 (2H, m,
3.23-3.27 (0.4H, n) 1.21-2.06 (11H, nm, 0.85-0.91
(3H m. Exanple 8: Process for producing ethyl

2-fo nyloctanoate Ied conpound was obtalne as
l 4 7

eth octa e

of .2 ) £ %R Rt endeeaae 3tf;aw‘??9 b

_an@%geia%g,%pgn%gg%f %ggceawsze Kitre Bhog S aEu "y Exggﬁﬂg 8 g

ofl %:tﬁ%/l( gu?aﬁ'@?ﬁg):e ?11%082 eg 0%%;7 e‘(%)éiy&H%o%mngfi%gg) d38%solved

| 1r( i@tﬂ mITb,f 'ﬂiﬁ&n@éﬁdé& ArevBat beh£%a8Pk8 s onPEQLES Son

for producing et hyl
pradarad) labdve3 f4rnBt iy | Bnethumey phafylke)- BEORFOAGE for three
First 2. 0 g of 600-. NaH was suspended in 30 m of
hotHEs arkd tthefsespgisifommatkutresnaddsdcbotredl houP€ and the

Then, 6.0 g of
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 undexr

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 the organic layer wasdiscarded,
the aqueous layer was washed once with 570 ml of toluene. The
aqueous layer was adjusted to pH 5 to 7 with concentitated
hydrochloric acid, and then extracted t.wice 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




et hyl 3-(3, 4-net hyl enedi oxyphenyl ) - propi onate (purity:
92. 1 o byweight) was dissolved in 20 Ml of THE and
added dropwi se to the suspension solution prepared
above. After 4 ml of ethyl formate was added at 0C,
the sol ution was returned t3 room tenperature and
stirred for a further 20 m nutes. The reaction
sol ution was heated to 40C and stirring was further
contlileLieiit 1 edkoupoldBdwaibp8aahbala e dl-ohfl,oidassubstance
generation was observed. After conpletion of gas
igyerocadaoee vheh ridec piroresel of iExamnmEse 4anadgedhay ethyl
‘HPLC (Col um: Li Chrosphere 100 PR-8(E), 250mx4.0 nmm
bytyimnte wiegnueadtin gdane Mrekhyl dhexanvisliid ¢ fhaschemhcal
aqueous sol ution of phosphat e/ potassi um
PR HyMr 8§cHphbsprare acaestanrerilid:the Proene s afeExample
m / m nu‘{ e,. déet ect c‘)k-P wavel engt h: 210 nm col um
44 Herk Jte: PBOSLIRYE - was observed that raw materials
1 ined. Then, |lg of NaH and 4 ml_of ethyl formate
o, SR 03800 520 R Te Badt  bh. S0l (01 R oAtk o179 eb0 o, 4,
; . nerAt.i r [ leted. i
7 Bt M B e S M0 G Lh T R
: z [ t t efyh al.sy were observed to
12{%%%% r?“'I)h'e?'9iagr;;ﬁig{f(@Na ﬂ'annz) 4 m of ethyl
formate were added to the reaction solution. 35 After
conpl eti on of gas generation, the reaction solution
Exsam el ymettaagaifor Jinekid ey revhymt 2 fedsy Mt ancate
observed to slightly remain, further Tg of NaH and 8
m Ghedtihlled comptend werseckidaiztged astdhbroeactilgneubstance
_solution. Since the raw materials were observed to
- incefpbrdangedisdppbigr prohess et Exanplast erarapmahed. ethyl
After pH was adjusted to 7 to 8 with hydrochloric _
heptiagroadeny®s ¥6ecatrPhaserfeihyes ermnahext Fhet¢hpmical

M.ner al .
purll?:y, as analyzed in accordance with the process of Example

4, was 96.7% by weight.

H NMR (400 Hz, CDCls;) 6: 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), 0.85-0.21 (3H, m).

Example 8: Process for producing ethyl 2-formyloctanocate

The titled compound was obtained as a brown oily substance
in accordance with the process of Example 4 except that ethyl
octanocate was used in place of ethyl hexancate. The chemical
purity, as analyzed in accordance with the process of Example

4, was 95.4% by weight.



oil contained in NaH was renoved by a separatory

funnel in accordance with a |iquid- separatory
operation. The obtained ethyl acetate |ayer was
concentrated to obtain 4.75 g of the titled conpound
as an orange oil. The chenm3éal- purity, as analyzed in
accordance with the process of Exanple 1, was 80.20%

by wei ght. Exanple 9: Process for producing optically
*HagivirY § 4@0h Yz, @@%meﬂft Byl )o3echeay! psophopat &y, Ay,
liquid medium (pH 7.0) was prepared so as to contain

7 4% @f. g ucise,4 QOLa3% of7 yezist wXfract3-3. 3% o6 . 4ER RN,
0.7% of (NH4)2HPO4, 0.01% of Nad , 0.08% of

1 NGEQ4. 88H20L, 31D, 0062 ©f88 ZhBD4. 7H20, 0. 009% of
FeSO4. 7H20, 0. 0005% of CuSO4.5H20, and 0. 001% of
MSH.4 to 5 H2O The liquid nmedium was di spensed to
Iarge test tubes |%_an annunt of 5 n1 per each tube
OMT [ & ; b 30h i
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suspensi on sol ut’i on,

922-1fx0syki ghphemd @i@@b@ﬁé‘&%ﬂ ﬁ)’h‘ﬂl Q>f5I‘H'ﬁ‘ a8l sadedlaMpwise
phosphate buffer containing 20 ng of gl ucose were

tont kxednspeastdn solaacion pespatrelieahwvidn aatapyr 4nd of ethyl
shaken at 30C for 24 hours. After the reaction, the
foreadtisl eassabldetoatwadl exitteaciodditdiohhwakshykturned to room

temperatureandstirred fora further 20minutes. Thereaction
solutionwas heated to 40°Cand 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 ocbserved
‘that rawmaterials 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.



acetate of the sanme volune. The anounts of the
substrate and the product in the extract were
anal yzed by gas chronmat ographic (GC) nethod to obtain
a conversion rate (%9 . The product was purified by
thi n-1ayer chromat ography @?LCD and anal yzed by HPLC
to determne its optical purity. The results are shown
in Table 1 (conversion rates are 20 to 100% . The
Arnat yenpleahont oo saneheeh clibal ithie reidolsnfsaludien was
conversion rate and the optical purity are as follows.
ar@l yaread yegyasircondiinicen $heColawmma tEG-iRRAP web-anob B3 dmho
|.D. (manufactured by G. Science Inc.), Carrier gas:
s Het B0l k Pgmapet, e EtirsherFL @, o Tdlaiandt 8 mpleradt gtbylibognate
Detection tinme: 4.0 mnutes in the case of ethyl .
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Conversion rate (o) = Product anbunt/(substrate anmount
actofHcH i AARUNE duXd188pERbE 6l diHdtidiYee)re bt Bined
/" (A+B) x100 (A and B represent the anounts of
etldfr egpandienYagaanta ® rcaantthaAdd) to38btalabl e74 g of the
titled compound as an orange oil. The chemical purity, as

analyzed inaccordancewiththeprocess of Examplel, 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 yeast -extiact, 1.3% of KH,PO,, 0.7%
of .(NH4)2HPO4, 0.01% of NacCl, 6.08% of MgS0,-7H,0, 0.006% of
ZnS0,4-7TH0, 0.009% of FeS0,7H0, 0.0005% of CuS0,5H,0, and
0.001% of MnS044 to 5 H;O0. 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




Steric M croorganism Optical purity configuration
%.e. rettanomyces anonmal us | FO 0627 86.8 (R) Candi da
cantarellii I'FO 1261 53.1 (R) Candi da gl aebosa | FO
1353 6.0 (R) Candi da gropengi esseri |FO 0659 77.8 (R
Candi da | actis-condensi I'FO®1286 87.1 (R) Candida
magnol i ae | FO 0705 65.5 (R) Candida maltosa | FO 1977
70.3 (R Candida marls | FO 10003 75.2 (R) Candida
sofogiion F@ARG 43 th (RterCandi daigpenddddnl324153f1a 0.1
(R) Candida rugosa | FO 0591 64.6 (R) Candida
M iHea ED eS8 @..5)(.R) 0.CGandi dé thepmtatdsibFQrell
1403 78.5 (R} Candida versatilis IFO 1228 88.1 (R
SUGBARVEIL wiremt s nFEL1sthy. 6 (R) O yptococcus
terreus I FQ 0727 37.3 (R) Debaryonyces nepal ensis | FO
Yz 3o Ry Wik A tilees aisher Pdhhef) £0 1o Mplsosghate

2
Gal act ii 1FO 10823 72.2 (R t
oufgdg SOPER RAAAA MO GNP e T e b karBdRcEach
| FO,_0976 68,7 (R) ichi densi g | FO 0973 77.4 (R
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th%9§gaé€’i8n(, @he 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 gas chromatographic
(GC) method to obtain a conversion rate (%). The product was
purified by thin-layer chromatography (TLC) and analyzed by
HPLC to determine its optical purity. The results are 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 analysis conditions:

Column: TC-FFAP, 5 m x 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 inthe case
of ethyl 2-hydroxymethyl-3-phenylpropionate.

HPLC analysis conditions:

Column: Chiralcel AS, 250 mm x 4.6 mm I.D. (manufactured
by Daicel Chemical Industries, Ltd.), Eluant:
hexane:isopropancl=98:2, 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.




odotorul a aurantiaca IFO 0754 4.5 (R) odotorul a

gramnis IFO 0190 32.5 (R) Rhodotorula lactosa | FO

1423 16.5 (R) accharonycopsis sel enospora | FO 1850

54.8 (R) poridiobol usjohnsgnii | FO 6903 40.0 (R

pori di obol us sal noni col of PEO 1035 6.0 (R

por obol onyces sal noni col or I FO 1038 4.8 (R

teri gmat onmyces hal ophilus | FO 1488 23.6 (R
CoTwealsdsponrratee| (3rluec rnodue® C8HLuE) Gubddtrate amount +

Trichosporon asteroides | FO 0173 47.7 (R Yanadazynma
predugitt esoB®)160683017.0 (R) Cystofill obasi di um

bi sporidii I FO 1927 24.8 (S) 9ichia bispola | FO 0803
0P1;3cal(§;rwm(oaraﬂ)a glAtBl EA+BY X190 U and B FEpOEe?nt the

43. 7 Tor ul aspor.a gl obosa, | FO 0016_76. 5 (S)
a“WF’FFoB& SOLFESAIS NG enARqNa 10 FEHPP)3 ()

Wl liopsis saturnus var. saturnus |FO 0992 10.8 (9

Yarrowa |i of Pica IFO 0746 4.4 S 39 Exanple 10:

Process for producing optically active ethyl

2- (hydr oxynet hyl ) - 3- phenyl propi onate Conversion rate .

and optical purity were determ ned in accordance with

the sane manner as in Exanple 9 except that each of

the m croorgani sns shown in Table 2 was cultured in a

[iquid nmedium (pH 7. 0) consisting of 1. 5% of

glycerin, 0.5% of yeast extract, 1.3% of KH2PO4, 0.7%

of (NH4) 2HPO4, 0.01% of Nad, 0.08% of MySO04. 7H20,

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



FeS04. 7H20, 0.0005% of CuSO4. 5H20, and 0. 001% of
MiS04.4 to 5 H20. The.results are shown in Table 2
(conversion rates are 20 to 100%9. Table 2 Opti cal
Steric Mcroorganismpurity configuration %.e.
chronobact er xyl osoxi danssubi$p.deni tri fcans | FOL5125
83.4 (R) Cellulononasfim 1F015513 63.6 (R)
Cel | ul ononas sp. JCM 2471 65.4 (R) Cel |l ul onbnas uda
Talre 3747 19.3 (R) afnia alvei IFO 3731 85.6 (R

ensenia canicruria | FO 13914 74.2 (R ebstk@l | g
pl ant i col aMidréord@daidmd 80. 1 (R) OftRuPuiGRsi@bol FO
12931 81.6 (R) Rhodococcus er)thl%ggol i s | FO 12320
LR Bl GPFFRACOUS SaULAGEL 37 0 n
CHE% e)rlumesteraro |gm 25 RS)
é{ ¢ process fo ciln tlcall)f ctijve
Caéthﬁyglae@ﬂ( hydr oxynet hy|F 33%emyl p| onat éRA |ijqui d
Cadidi propéngidsserd) was pr dpaneth so as77130 cont akh 4%
Coliig 0o8s-cbhddie of yeast patipget § 1.83% of| K , 10. 7%
Caggza’a ;?%y@lgypm 0. 01% gfp 0. 054) off My . TH20,
Ca i 40 ZnSO4. 7 7OO Q FeJ04. ,
BUROBEYEST  Cus0n 5H20, BRd770. 901903t Nn304¥4 td 5
(Capgide mie | i qui d medi umibRd Qﬂ3s bendéd tlo | 4Rbe tlest
Candidemogin an anount of 3F@043er | eadh.8t ude ang)
Candida pini IFO 1327 53.1 ®)
Candida rugosa IFO 0591 64.6 (R)
Candida sorbophila IFO 1583 90.1 R)
Candida tropicalis IFO 1403 78.5 R
Candida versatilis IFO 1228 88.1 R}
Cryptococcus curvatus IFQ 1159 17.6 R)
Cryptococcus terreus _ IFO 0727 373 (R)
Debaryomyces nepalensis IFO 0039 72.0 (R}
Debaryomyces robertsiae IFO 1277 60.8 (R)
Galactomyces reessii 1IFO 10823 72.2 R)
Ogataea minuta var. minuta IFO 0975 78.1 (R)
NPichia canadensis IFO 0976 68.7 (R)
Pichia canadensis IFO 0973 714 (R}
Pichia silvicola IFO 0807 374 (R)
Pichia xylosa IFO 0950 43.9 (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 54.8 (R)
Sporidiobolus johnsonii IFO 6903 40.0 (R)
Sporidiobolus 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 248 (S}
Pichia bispola IFO 0803 13.3 (S
Rhodotorula glutinis var. glutinis IFO 0697 43.7 (S)
Torulaspora globosa IFO 0016 76.5 A,
Williopsis saturnus var. mrakii {FO 0895 9.3 S)
\Williopsis saturnus var. saturnus IFO 0992 10.8 (S)
|Yarrowia lipolytica IFO 0746 4.4 (S)



the test tubes were sterilized by steamat 120C for 20
m nutes. The liquid nmediumwas inocul ated each of the
m croorgani sms  shown in Table 3 by a platinum | oop
and i ncubated with shaking_ at 30C for 2 to 3 days.
M crobial cells were centrifugally collected from
each culture solution, and washed with water. After
ice cold acetone was added, the cells were dried under
Exagthibedl pr éssoresd of abtpirodacthgneptt é&Ul ¢ acobiral echyl
cells. 5 nmg of the acetone dried mcrobial cells, 2
2 nhyodraest e thyl ¥ of mpiter8y enyi pnape onat e, 10 ngy of
glucose, 1 ng of NAD (or NADP), 0.5 m of 0.1M
phoSisHates SHeEY EatepRBs. tha@élOPBrlﬁrbf veret dgkenméngtein
wer e added to each test tube with a cap _and shaken at
AT JHiCco X ikl ShesgpeequRRRLY, 2¢ K %’f??é“P](ﬁJ@r §KF6Rtakhat

ek 5‘%"%%%?agpr%am%’{sag%né%peié%Ea’s% & oRulERed in
= (A ahed v R0 e;ins“ﬁg?éf%%% A r%?glymw 0.5%
o(Jedity L be g i
of&’mldaosg@hoe@ 4@5&%1@23%@08%% %n L€ {Sgtﬁﬁ 5

troplcalls

Fé%%ﬁ%? 62000§ 20%30550%@1266351!1&”6” éoyﬁrof”ﬂaﬂ%%"é&) 5
H,O. The results are shown in Table 2 (conversion rates are

20 to 100%).

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

ldchromobacter xylosoxidans subsp.denitrificans  IFQO 15125 83.4 ~(R)
Cellulomonas fimi : IFO15513 63.6 R)
Cellulomonas sp. JCM 2471 65.4 R)
Cellulomonas uda IFO 3747 19.3 (R}
Hafnia alvei : IFO 3731 35.6 R)
Vensenia canicruria IFO 13914 74.2 (R)
Klebsiella planticola IFO 3317 80.1 R
[Proteus inconstans IFO 12931 81.6 R
Rhodococcus erythropolis 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 liquid medium (pH 7.0) was prepared so as to contain
4% glucose, 0.3% of yeast extract, 1.3% of KH2P04,'0.7% of

(NH,) ;HPO;, 0.01% of NaCl, 0.08% of MgSO,7H,0, 0.006% of



i chia canadensis I FO 0976 <2 - 53.6 98.0 ichia
canadensis | FO 0973 <2 - 72.3 96.4 ichia silvicola
| FO 0807 <2 - 11.6 83.1 Saccharonycopsis
sel enospor| FO 1850 <2 - 9.7 33.6 Torul aspora gl obosa
| FO 0016 55.1 82.5 49.6 53%%"Exanple 12: Process for
produci ng optically active ethyl 2-
hydr oxynet hyl al kanoate First, 5 ng of the acetone
Zxig0LUHID Crooki 6% o |me st ATed 0 igotEeangd eukh, Ry efhd
each type of the ethyl 2-fornylal kanoates shown in
0Table 4f MGEBOw dfo §l He®se,THe rig.cpfi NABR i ufh warl ddbpensed
0. 1M phosphate buffer (pH=6.5), and 0.5 nl of ethyl
tackiade teih UkRfedn GreANPUES O] ShalnwPeR gachptihe and
shaken at 30C for 24 hours. After the reaction, the
the Aeeitdrieest Were s hnsd Lisad Ax séea ath 180Ry Foxd miauses -

%? sane volunme. The, anpu the strate and the

pE e D e glagcroorgamsms
SEARTH L6V £ () SR 0, QB2 ol BEs BT L Rcing
aéQQF?!PQrB?QEﬂB é%%g di cﬁ&ﬁp%ﬂg%%a]%p%%%%ggéntgggugally

pur yer “Chromndt ograp

céeseadd @roﬂﬂé&&‘ﬁ e W rdBTa et §ﬁa" vF‘a?sﬂeQ@ v\ﬂf?:tl'l' Gater.

purity. The results are shown in ‘Tab

Afinat Yigies cobadh dé Ohise aias SlHaw, beh@vv:eﬂﬁs we@% am-ale)ﬂsuﬁder
conditions: Colum: HP-5, 30 mx0. 32 nm

rédiddrprebacirer ed dbtalid\acs8tioret dfied lmicc)obiGHr kedls. 5
gas: He=125 kPa, Detection: FID, Colum tenperature:

mg 20T, tietazatiwre tdried euicrdlmiakscébls, 2 g of ethyl
2-fornyl hexanoate and 9.8 m nutes for 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,



2- hydr oxymet hyl hexanoate; HPLC anal ysis condition:
Columm: Chiralcel OD-H 0.46x25 cm|.D. (manufactured
by Daicel Chem cal Industries, Ltd.), Eluant:
hexane: i sopropanol =95:5, Flowrate: 0.5 m/mn.
Detection: 210 nm Col urn4iernperature: 40C, Detection
time: 3. 06 mnutes for a (R
- 2- hydr oxynet hyl hexanoi ¢ ethyl derivative and 37.4
Tabwites for a (S) -2-hydroxynmethyl hexanoic ethyl
derivative Table 4 Comver.si-on ('\m“l na_]_M_g_r_g_g_r_g_a_[%m_
Subst r at éﬂﬂ?r@&r@maran ty oval|%e eNAQJat aed. i nutMARE ¢
minuta Ethyl 2-formyl butyr d€evegorggOpticalo [§BREsianhy Optical
2-fornyl hexanoate 45 96.7 |t hipfe2- f oM ocft arféfat e 4]P‘mt¥
75.0 Pichia Canadensis_ thyli2-fernyl Butyrate &3 _37. Foe®
CdR8:d6 mapapliide T or ny| hemome 35<74.6 Ethyl 10.0 353
,Ca%d,ﬁgy,mzpct anoat e 63y 1hoRijchica Canadensifs Ef pyl 97.4

yrat 89 4 C973 Et hyl 2- fornyl exano
gio p%{zEth I orm octaﬁoate 61 71. gn’pl e 385

86 Baeqlis, produC| i dal Y acti ve 180
Caﬁi’-@ﬁ}?@?@%fmet hyl ) - 31iEhé&#3Bl |r optoni ¢ est er] Retdnbi na?s
Ogageh edrivahiaa ndedth HBIBALOYNTCRE: (Accessi dn shénber : 99.1
| |PibHE I BRnE898) was | pasodat gd kn 50 mi. of 12 %3¥T nedyggn

| Pzéh?a ca%&%?" ning 1.6@@hoAr i[Pepsone, 1.0%|of ;ygast 64

|pidiia Sibfzhra 2Nd IFO0807 | <2 - 11.6 83.1
Saccharomycopsis selenospora IFQ 1850 <2 - 9.7 336
Torulaspora globosa IFO 0016 55.1 82.5 49.6 53.8

Example 12: Process for producing optically active ethyl

2-hydroxymethyvlalkanoate

First, 5 mg of the acetone dried microbial cells obtained
in Example 11, 2 mg of each type of the ethyl 2—formy1alkanoatés
shown in Table 4, 10 mg of glucose, 1 mg of 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 hours. 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 gé.s 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.



0.506 of Nad, pH=7.0) sterilized in a 500-m

Sakaguchi Flask and incubated while shaking at 37C

for 18 hours. To 1 m of the resultant culture
solution, 10 ng of each type of the

2-f or nyl - 3- phenyl propi onit %sters shown in Table 5, 1

nmg of NADP, and 10 ng of gl ucose were added and the

m xture was stirred at 30C for 2 hours. After
GCoapheysba obnfibheioracti on, the conversion rate and
optical purity of the product were analyzed in the
sanmeCommesr RE-5 n HExampd £ 29 .mod e, I oGl rinsf af teusdd iRy, T &W
Table 5 (The conversion rates are all 100% . Table 5
Scupstifie Bec ol QRacalepwrasy Hegdidc kPaz Wegeetion: FID,
configuration 1 0 R2=Methyl 93 (R) Ethyl 89 (R
Codunpr bpyperatoye : | 530%ut Petrrtirn Bisepl 6 - PAmipusesssor

i ti I ti { hyl
egﬁif%%? gﬁ%h}@?%%%lﬁégje%?/ag %ﬁ% @ﬁ%ﬁ?%inﬂEn9staar opi on
f the R nbi t Escheri chi Ii
2 e B R e B e e i 2 e ot 3 SO\

i i, i 1. 6% of tripeptone, 1.0% of yeast
- uPEé HH&ing%a%Sgggg% 070 pep 0 y

extract,” a ad, pH=7.0) sterilized in a

500-@@1@@.}@ Hehi _@ang i i '
at 37C or’ %8 E%&rasﬁs#% l? %'4%5?ﬁéﬁ%égmd§%ﬂ?§l{l%rdeby
D&Dtel | Cemidéa 1UTOAuSt AYés, Ltd.), Eluant:

2-fornyl - 3- (3, 4- net hyl enedi oxyphenyl ) - propi onate, 1 ng
hetane:isopropanol=95:5, Flow rate: 0.5 ml/min. Detection:

210 nm, Column temperature: 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 rate purity
% % e.e.
Ogataeq 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 IEthyl 2-formylbutyrate 63 375
{IFO 0976 : Ethyl 2-formylhexanoate 35 74.6
Ethyl 2-formyloctanoate 63 87.0
Pichia Canadensis Ethyl 2-formylbutyrate 89 - 481
fIFO 0973 Ethyl 2-formylhexanoate 55 91.5
Ethyl 2-formyloctanoate 61 71.0

Example 13: Process for producing optically active

2- (hydroxymethyl) -3-phenylpropionic ester

Recombinant Escherichia coli HB101 (pNTCRG) (Accession

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



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 Exanpl € $3 The results are shown in
Table 6 (The conversion rates are all 100%. Table 6
Optical Steric Mcroorganismpurity configuration %
{(eoetabing aolds HEL @k(GpNDERRE , FERM:BBf6888:s 05ttt , Bnd
coli HB1O1(pNTDRG ) FERM BP-08458 12.5 (R) E. coli

0 HE Of( BACRCGH=TERVsBRr785&ed8i8 £ R0 0-ml 8ekhguchl Flask
HB101( pNTSGGL) FERMP-18449 61.3 (R) JE. col

amMB1 01 YIRSBEL )WHEERM BRKATLD a42. 7 °CSfokExaspheuts. To 1 ml
Process for producing optically active ethyl 2-

ohydicokFRELRFPRI Kahbate SAH 4Srbe 16f nghef RecdhbyRanef the
E%S:heri chi 61}{9(:0' i shown jn Table was. i nocul ated in

2 BTy It 2P RERR IR &REETS ﬁém@. g9 Tble 5, 1 mg of
' 1.0% of t t d 0.5% of Nadl,

s DERh Ut OF ok Bote e d Gt i Bk pa s rrea
' i | haki t 37C.for 1 . TJo. 1 m

at, FYRAESE 2 Hifs S AERS BonBlEeioh of FBEPeadfim Mene

f oof '
cdRE SarBkdle bl diiial SLEROPRIRINO0M0aLB: RSl vrea
irdithd Rend XarR A% Shi Ekedpak 30C T198 reliO SardNfdiRivm

conpl etion of the reaction, the conversion rate and
iroMabda PpuiritHey danvdss iprodtitiedneire alal yimad)i.n t he

Table 5
Substrate - co.r, |Optical purity Steric
m Z2 % e.c. configuration
o
Ry=Methyl 93 (R)
Ethyl 89 (R}
1s0-Propyl 6 S)
iso-Butyl 72 (R)

Example 14: Process for producing optically active ethyl

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

Each type of the Recombinant Escherichia c¢oli 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 fér 18 hours. To 1 ml of the resultant
culture solution, 10 mg of ethyl

2-formyl-3-(3,4-methylenedioxyphenyl) -propionate, 1 mg o'f

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



same manner as in Exanple 12. The results are shown in

Table 7 (The conversion rates are all 100%. 45 -

Tabl e 7 Conversion Optical Steric M croorganism

Substrate rate purity configuration % %e.e. E. coif

HB101( pNTCRG) Ethyl 2-formAbutyrate 100 71.9 (S)

BERM BP- 6898 Et hyl 2-fornyl hexanoate 100 15.4 (S)

Et hyl 2-fornyl octanoat100 59.2 (R) E. coil

whHB161 6 pNEBREL) 3BPyfor- 1 vyt Hut Wt HMhP4td IS f the

ERM BP- 08458 Et hyl 2-forinyl hexanoate 91 8.8 (R

reapyion. frdvenedes adban £a88 oSl c&l pruolity of the product

HBI O (pNTRGGL) Ethyl 2-fornylbutyrate 12.5 - - ERM

wepe 7858l 484 2Df tghenpRRexaridag e a3010 £ mrRe 9. The results

t hyl 2-fornyl oct anoate 99 65.4 R E. coil HB101(pTSBGl)

AEeh§hovns dPnyEBheyPal ENe7CERVETERPD FERRPBPrP1281 100%) .

t hyl 2- f or nyl hexanoate 63 77.0 (R)

t hyl 2-fornyl octanoate 52 41.9 (R) Exanple 16: Process
produci ng ethyl (R

Téglrlﬁyéroxynethyl)-3-(3,4-methy|enediOxy

phenyl ) - propi onat e Reconbi nant | E€pkiesli chi Stegiol 1 | HB101

(PNTCRG) (X¥e@easgintm Nunber: FERMUEE: 68&3figwason

inoculated in 50 M of 2 x YT pedjym (conbainihg 1.6%

£ Qb1 HE1REPNPCRG) 1- VVFPRM/BRGROC KL T 955, and ;. 5% of

‘ E.N%QHMQ%&TB){G%?“#Eﬁéﬁ‘hf‘-@ﬁa pO0 E’*E Sakagyghi -l ask
E%BSH BHBRTREGH! | © FRRRIBAYR! 37&8. or 18 phursi To
£ HB101(pNTSGG1)  FERMP-18449 | 613 (®)
E. coli HB101(pTSBG1) FERMBP-7119 | 429 S

Example 15: Process for producing optically active ethyl

2-hydroxymethylalkanoate

Bach type of the Recombinant Escherichia coli shown in

Table 7 was inoculated in 50 ml of 2 x YT medium (containing
1.6% of tripeptone, 1.0% of yeast extract, aﬁd 0.5% of NaCl,
pPH=7.0) sterilized in a 500-ml Sakaguchi Flask, and incubated
while shéking 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%).



of the resultant culture solution, 87 g of the ethyl
2-fornyl -3-(3, 4- net hyl enedi oxyphenyl ) - pr opi onat e
obtained in Exanple 1, 27.5 ng of NADP, and 89 ng of
gl ucose were added and the m xture was stirred at 30C
for 24 hours. After conpl &3 on of the reaction, the
reaction solutionwas extracted wth toluene and the
extract was concentrated to obtain 84.1 g of a bl own
Tably %ubstance The chem cal purity and opti cal

oL Al zod.i1n tha camm aRner

IJUI i L y UI L hC |~JI dubl VVCT C u.llul yl. T \- e 1\- Ster\{c
as 46 Exanpl p T. chem cal H‘IPWS&RR/L Ongiga
SWaﬂr/{gfqnlégopfl cal plri ty a&é . 49%ge. Fhe )rB‘H’t%t Rudpurg

fln 1H NVR (Anﬂ iz %r1q 73-6_56
%‘ E thyg,z-fonnalbztz"rae 23 (4 q ,713. 76- 3.(81
&w 98 2 95 2E€gl -BEmylpxanogte 27 IQQH, t 154 HxanpSe
17: Process f or__jpthyti2réirmglontehdayd 100 59.2 (R)

E. (dRHRH (BNIDROIEEI )-famiBudraeet Hyl qoedi pxps 2 (s
FERNEBY-L3458" Opi onajeeyRe: 1heﬁﬁ&at£sche§ﬂ chia ol i HBJ(ﬂﬁl
(erCRG) (Access 81 2 ﬁd:l%RM BP936893) YRS
Eé ‘ffl‘one §U }i)-forrfl I)Bu até'eb;g;ﬁS\me G |||'I1'g—].—6'9/’f1—D v
ER 15179 7.0) st ]?’Eoé%‘y f’lxaﬁoaé‘bc ml3OSakagagﬁ Fl asqy
RAC ¥ 1R Bafr 50..
. ?ﬂ"H%WlfPfféBF}é)sul ﬁ'ﬁlz'ﬁ)@lﬂﬂbﬁ@a%l dti off, 1] 862.§ df thf@)

FERM: BR 7119 thyl 2-formylhexanoate 63 77.0 R)
2-fornyl -3-(3, 4- foemgditasoaphdny| 32- pr ppébpatle (&)
obtained in Exanple 1, 2.5 ng of NADP, and 1.9 g of
gl ucose were added and the reaction m xture was

Eﬁn{glreeqmat Bed 24 MW ci Y @M POTRIeL i on of the

reactrom, the reactTomnm sorutTormrwas
- (hydroxymethyl) -3~ (3, 4-methylenedioxy

phenyl) -propionate

Recombinant Escherichia coli 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 veast extract, and
0.5% of NaCl, pH=7.0) sterilized in a 500-ml Sakagﬁchi 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 oily substance. The chemical purity and optical

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




extracted wth 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 sane nanner as in
Exanpl e 9. The chenical pur$®y was 96.8% and the
optical purity was 98. 0%e. The product had an (R)
configuration. - 47 1H NWR (400 Hz, CDCl13) 8:
EBamif16.962 TBelchenicalIhifidy wag 96 .82 dAdkoopttalpurity
3.70 (3H, s) , 2.96-2.90 (1H, nm , 2.82-2.75 (2H, nm.
wERahpl €%¢68. Prloeassodwrt praduzh nRetdytfiguration.
(S)-2-(hydroxynet hyl)-3-(3, 4- net hyl enedi oxy
Ibéﬂﬁ%l§4®0d¢ﬂﬁnﬁﬁﬁﬁameéonﬁlﬁaﬁﬁ E$cHaHi, chia SobPBR KBEQLs),
ﬂTSBGﬂ% Accessi on  Nunber: FERM BP-7119) was
i hdch AP ePHmABe T 7613 £4% (BH. nli dm95-Coddal AEng) L. 6987

ﬁé tripeptone, 1.0% of yeast extract, and 0.56 of

- pH=7.0) sterilized in a 500-m Sakaguchi Fl ask
and i ncubated while shaking at 37C for 18 hours. To 50
m  of the resultant culture solution, 0.5 g of the

E é ie ogess roducing me

1 .
opi onat e
and 0.5 g of
S —adde d xture was
pﬁémylpqpﬁépﬁgﬁafgr 24 hours Adter conpletlon of the
reaction, thé réaction solution was extracted with
t ol Reem@nichdrite BEexhead chd@sce DD B0 RleHTeRG) Obhétdssion
0.49 g of a blown oily substance. The chem cal purity
Nzmice OpHERM BPHEBDY) ofad heceuddied iws® abady zed ymmédeum

same manner as in Exanple 9. The chemical purity was
(gmigainiygg 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 rﬁixture 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. Thé 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.




the optical purity was 43.0%e. The product had an (S)
configuration. 1H NWMR (400 Hz, CDCl3) 8: 6.73-6.56
(3H, M, 5.93 (2H, s), 4.12-4.23 (2H, q), 3.76-3.64
(2H, M, 2.95-2.69 (3H, m 1.27 (3H, t). 48
Exanpl e 19: Synthesis of “efflyl" (R)
- 2- hydr oxynet hyl hexanoate Reconbi nant Escherichi a
coli HB101 (pNTRS) (Accession Number: FERM BP-08545)
"IWeBIR NQowl alzed dpaisp & ©f 72-&. 87 (] um) , (somd a(mngs)
1.6%of tripeptone, 1.0% of yeast extract, 0.50 of
3 NHCH3 - @hd 2850 g, Gf. 74 Ihb‘:HSLﬁ)f.-a299'$l-l2090p1-];W 6), 2.82-2.75
sterilized 1in a 500-m Sakaguchi Flask and i ncubated
(3&hi I® shaking at 30C for 40 hours. To 25 ml of the
resultant culture solution, 1,000 units of glucose
dehydrogenase (nanufactured by Anano Enzyme Inc.),

2-f nylh anoate of NAD, 4 ¢
epdg@ ﬁ%;r in( H20 were added,
OC for 24 hours

M Si= y¥odi um
Xi r e to the culture solutlon t o adj ust
q pq —\qugsconpl etion of the reaction, 100 m
of REE}S\'nb@ﬁﬁh%tﬁs@ﬁérﬁgﬂfg d&u i Bg1bgaehrenga {Agdégblon

for extraction and the orgamc | ayer s dis
Nufde UNEREMIESIUELD PLASSIhEcuTRe A 86 m1 RS @B@?@ Wediumn
was purified by silica gel chromatography to obtain
(camtaiindref hyle% ER) £2ipygeoxgnelhgkher apead €. exfheadt elahd
was 90% and the optical purity was 93.6% e.e. Note
0 .tHavfaialy sipdi=for0 Jopteradl.izpdr it \a WA9 -pér $akagdchs Flask
foll ows. The product was derivatized wth a HPLC
aridabaiciubpg tagewhi(18, sbakdihgi &t obezdyr dlsl boude), Bmd0 ml

of the resultant culture solution, 0.5 g of the ethyl

Fes|
sgw
@Pen
¢ho
(\ DO

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 solution 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 9. The chemical purity was 96.8% and
the optical purity was 43.0%ee. The product had an (S)

- configuration.

'H NMR (400 Hz, CDCli) 8: 6.73-6.56 (3H, m), 5.93 (2H, s),
4.12-4.23 (2H, q), 3.76-3.64 (2H, m), 2.95-2.69 (3H, m), 1.27

(3", t).




anal yzed by HPLC using a Chiralcel OD-H colum, 0.46 x

25 cm |.D. (manufactured by Daicel Chem cal

I ndustries, Ltd.). 'H NWR (400 Hz, CDC13) 3:

4.13-4.24 (2H, q), 3.72-3.79 (2H, m, 2.53-2.59 (1H

M, 1.5-1.7 (2H, n), 1.24 %87 (7H, n), 0.9 (3H, t).

49 Exanple 20: Synthesis of ethyl (R

- 2- hydr oxynet hyl hept anoate The titled conpound was
Egbtipil aclb asyathesispaf enthyd () -gubstianggmeihylhexanocate

accordance with the process of Exanple 19 except that

et hyReoniipimas th s creoaitah v alsie HELD Ip {pdERSH  éhhykssion

2-fornyl hexanoate. The yield was 9000 and the opti cal
Npmbiary FEB%BBwéééSlhva‘ﬂNRn(mumasz 0DEL3Y1 6£ mxlﬂl‘ deddum

é , 3.69-3.79 (2H,  m, 2.53-2.,59 (1H, .

Oaﬁainsgg(lzﬂi ME tFiPSPLoDs. (JHOSPT yeRe: @aqqrapj: 0.5%

licability According to the process of

ndustrial _ A
of I3 Lt S st o L suﬂ-ga,gssd BreDEGTsPApperi 1ized
[l 3, -.h
L%?%@f.r@i; FRAGRAY A B i g bely ‘@lﬁ.@ﬁ%ﬁm at
t 5 Al N5 .
36“@%&%%38&?5\/(5 ‘1% Qgttﬁ r(%x i%}e%yi%gpg\%ﬁ?ure soluélon,

rocess for produciing an op
1hw@qzwzpdsoeﬂfo i Gc88ked SGbhySe ' GRIAFEIEH-Y bl En
gener al forrm?a ((:3): Rel%éé T =" (Rl E/h ane
Enzyme Inc.), 2.5 g of ethyl 2-formylhexancate, 3 mg of NAD,

4 g of glucose, and 50 mg of zinc sulfate-7H,0 were added, the
culture solution was stirred at 30°C for 24 hours while adding
‘2.5 M agqueous solution of sodium hydroxide dropwise to the
culture solution to adjust to pH 6€.5. After completion of
the reaction, 100 mlL of ethyl acetate was added to the reaction
solution for extraction and the organic layer was distilled
off under reduced pressuré.. Thereafter, the product was

purified by silica gel chromatography to obtain an oily ethyl
(R) -2-hydroxymethylhexanoate. The yield was 90% 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, CDC1l;) 8: 4.13-4.24 (2H, qg), 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).



T ~3) OH where Rl 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;
R2 represents an alkyl @grédp having 1 to 10 carbon
atons, or an optionally substituted aral kyl group
having 5 to 15 carbon atonms; and * represents an
Exaenohee? 0 t Synahleei sab D s hghatrct 2rivdcb:ohye tshibl legdt Sitb st e
2-formyl acetic ester derivative represented by the
gen@hal tibled| coniyundRivaGORRE Q1A @2) a Oramspardit andly
R2 are the sanme as described above; and X represents
Sufys tancenin Greqerdanaamvisbt o pofocss sen yiramipd. es d@rasecept
capabl e of stereosel ectively reducing the fornyl

Ehgito i iHe Pedormyl Rapi@naat & R Usadt iiguikacsh of athyl

erivative represented py the forpula (3) is_produced
2B AR G ro iy nRb R o BB AP ErR ther PREhERE s by

1 ¢k-QQorgani smof the genus of Brettanonyces,
Wa%:%g?%@bccus, Debaryonyces, Gal actonyces, (Qgat aea,

1 %hﬁ@i h ORSI $, - » Spor i di, obol u

H p_orog%?%sﬁ%’e?&g%gr?gn%t%ﬁigeé? (%gfu‘ii)Z’spa'o‘rGa'g,_3'79 (2H,

m) Tr £ CB9SPOE N ¥appdazy R, 1 Aghr papbapt en, 201 3¢ (95, m),
Cel | ul ononas, Devosi a, Hafnia, Jensenia, Klebsiella,

0.9 (3H, t). ‘

Industrial Applicability

According to the process of the present invention, it
is possible to simply produce an optically active
3-hydroxypropionic esterderivativeuseful as an intermediate

of a medicament from inexpensive starting materials.




M crococcus, Proteus, Rhodococcus, or Serratia, and
capabl e of R-selectively reg@cing the fornyl 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 froman m croorgani smof the genus of
Cystofillobasidium Pichia, Rhodotorula, Torul aspora,
W liopsis, Yarrow a, Devosh®ISM crobacterium or
M crococcus and capabl e of S-selectively reducing the
fornyl group of the derivative represented by the
formula (2). 2. The process according to claim1l
whergin_in the ormulas.(2) and (3), Rl is an alkyl
Larods TRUTFS (610 PRt g SPar s ot ye 3-
hgdibsk i oot @l kykt@rouperhavingeS teptsseatban by the
atons, 3. The process -according to clarm-1 or 2
ISRRF2t nfeFHEEFe Cdhiiguration of the derivative
represented by the formula (3) is produced by using,
as the R-selective enzymatic source, an enzynatic
source derived fRQa , masod ismselected fromthe
group consisting o tanomnyces anomal us,
Crypt ococcus curvatus,| Cryptococcus terreus,
Debar yonyces nepal ensi Debaryonyq§§ robertsi ae,
Gal act omyces reessii, ataea 52 mnuta var. mnuta,
Pi chi a canadensis, Pichi éﬁk#vicola, Pi chia xyl osa,
Sacchar onycopsi s sel enosp ,  Spori di obol us
j ohnsoni i, Sporidiobol us sal noni col or,
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 substitﬁted aryl
group having 5 to 15 carbon atoms; R; represents an alkyl
group having 1 to 10 carbon atoms, or an optionally
substituted aralkyl group having 5 to 15 carbon atoms;
and * represents an asymmetric carbon atom, characterized
by subjecting a 2-formylacetic ester derivative

represented by the general formula (2):

R4 COsRs

O L@ (9

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,



Spor obol omyces sal noni col or, Sterignmatomyces

hal ophi l us, Torul aspora de%frueckii, Tri chosporon

asteroids, Yanmadazynma stipitis, Achronobacter

xyl osoxi dans subsp. denitrificans, Cellulononas fim,

Cel I ul oronas SP., Cellul ononas uda, Devosia

ri boflavina, Hafnia alvei, Jensenia canicruria,

Klebsiella planticola, Mcrococcus |uteus, Proteus

i ncOMTERY! RhBBocdtc RO IHFDpEIT 5, Of Rné#6coGas @ tive
réfbhre FOHOEOBGUS RLIC £ o AN SEFT)AL | & p%%@%%%ﬁﬁnéytﬁgiﬁaean

process according to claim1l, 2, or wher el n

ez el lebt | yeukeheywhicl $euderiveda feuht wr ed qroedyenicin of

cherichia.coli_ HB101 (pNT FERM BP- 08458)
t%cﬁgﬁ%higf coH g@é—*z@ﬁ@&ﬁﬁgﬂ%aaryomwes,

G£S£d§1@d5m36d5¥h§, col | Ob’B&@éa( pTSB@l):hEQRM BP'SM&I‘&[‘YCOPS:'LS,
Escherichia coli HBILO1 (gNTRS)_("FERM BP- 08545); or a
Seokdkei Wi nduct t RBREBPOLMYTRE, pr oces Stddeitiass

Té%&ﬂéﬁggfﬁ,z ﬁ@%%%%%g&&%n? CPRLL YL ahk On HeHobact r,
re the— (3)

Colvl weimpnass t PevBsgel ectHafhismnzydatsensaur ckledsiclla,

M cmaéé & ,f’guh;cgefégée% EXSM%; Oc?rr gagle%_patia, and
cdpystld | b Oase Ub el BeBPoreéditind €RbarBirapRel droup of the
Rhodotorula glutinis var. glutinis, Torul aspora
defi orysiare nARTsTRsied duf drhrustemmulan i oW | | i opsi s
sat V, : , n¥a | ] VL [
e e ot L
thv cfoooeckais (But égs pro@luced 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).

2. The process according to claim 1 wherein in the
formulas (2) and (3), R; is an alkyl group having 2 to 10
carbon atoms or an optionally substituted axalkyl group

having 5 to 15 carbon atoms.

3. The process according to c¢laim 1 or 2 wherein the R
configuration of the derivative represented by the
formula (3} is produced by using, as the R-selective
enzymatic source, an enzymatic source derived from a
microorganism selected from the group consisting of

Brettanomyces anomalus, Cryptococcus curvatus,

Cryptococcus terreus, Debaryomyces nepalensis,

Debaryomyces robertsiae, Galactomyces reessii, Ogataea




6. The process according to claim1l1, 2, or 5 wherein
the S-selective enzymatic sgyrce is a cultured pr oduct
of Escherichia coli HB101 ?pNTDRG&)(FERM BP- 08458) ,

or Escherichia coli HB101 (pTSBGL) (FERM BP-7119); or
a processed product thereof. 7. A process for
produci ng an optically active 3- hydroxypropionic

mestgr der|vat|v§ repéeaented bg the, nergL forgﬁ&féola,

POEIQUR havi ggl%gao 10 CaBQ@Bha@bﬁ o gmsoptl onl1dhospora,
suBs |tut§ aral kyl group haV|ngg§ pto 15 carbon =

pl lmeEe i substRe Nt GEOe LIS  groafndEAIPT ,
Sﬁof@b&?oﬁ?ﬁggr'§§qﬂ§§183%6&%pr§§89&§mggoﬁk5§% ﬁgf¥ﬂhllus,

Teubsd spotad ardbkbkugbamm,haV|ﬁgﬂ&ﬂompﬂiawnkxna&ﬁanﬁnds,

and.* re resents an as tri.c carbon atom
Y RSB | 2 S BYE L) GOAFRRCPaE ok n PAATEL RS Subsp.

d&r@itﬁlﬂfic\!@néepf@-ﬂrﬂﬁ%n@héshe gengral formildmédds Rlsp.,
uﬂmzp'exU)(a O where RIand mrmFTﬁFKEWzﬁL

%&m@@mbo& anBeXosiapr ggbpifd aMing,, MafoiaK, glyei,
nz SO c bl e

JéggéﬁEg % yﬁﬁgbglggla gﬁtlggfa, Micrococcus

luteus, Proteus inconstans, Rhodococcus erythropolis,

Rhodococcus equi, Rhodococcus Sp., and Serratia

marcescens.

4, The process according to claim 1, 2, or 3 wherein

the R-selective enzymatic source is a cultured product of
Escherichia coli HB101 (pNTDRG1) {FERM BP-08458},
Escherichia coli HB101 (pNTSGGL) (FERM P-18449)},

.Escherichia coli HB101 (pTSBG1) {FERM BP-7119), or

FEscherichia coli HB101 (pNTRS) (FERM BP-08545); or a

processed product thereof.

5. The process according to claim 1 or 2 wherein the S
configuration of the derivative represented by the
formula (3) 1is produced by using, as the S-selective
enzymatic source, an enzymatic source derived from a
microorganism selected from the group consisting of

Cystofillobasidium bisporidii, Pichia bispola,

Rhodotorula glutinis wvar. glutinis, Torulaspora globosa,

Williopsis saturnus var. mrakii, Williopsis saturnus var.

saturnus, Yarrowia lipolytica, Devosia riboflavina,

Microbacterium esteraromaticum, and Micrococcus luteus.




group thereof, wherein the R-configuration of the
derivative represented by g@e formula (3) is produced
by using an enzymatic source which is derived froma
m croorgani sm selected fromthe group consisting of
Candida cantarellii, Candida gl aebosa, Candi da
gropengi esseri, Candida |actis-condensi, Candida

magnqri ae, Candida ma|tosa, Candi.da paris, Candid ,
6 ool 15 CRRAFAA P THCC bl B8 Flgudn, Lcad] G ¢ wherein
tI8Or HOPdI & @ 1 k@NEhh Spnd £ ORI §8LkSe 162RAIEA theksAbidod®ict of

Rhodot orul a auranti aca, Rhodotorula glutinis,

Egghpint@rid a geafi nii®1l0dnd RSHRG©F Ul BERMct BBalB4RE), or
r | - ect y r j fo up of
B EORE AL (SEEL ShRIELY BTYERTE FERMIERY S IO e -
pSomded)waidwn: afhddwofleri vati ve represented by the
formula (3) is produced by using an enzymatic source
which is derived from Candi da nagnori ae and capabl e of
75 92l goldadly rRAUCING I8 AP BH  HRURAN Y Nective 3-
derivative represented by the fornmulla (2). "8. The
hyshsoessr adcoridi nettee | aller fvahevei nreheefRensetlecbyve the
ﬁn%y td rceyi.s a cultured product of Escherichia
9o fﬁaé%%Tﬁ?b ) (FERM BP-6898) or Escherichia coli
HB101 ( pNTRGGL) (FERM BP-7858); or a processed product

thereof. 9. The rding to claim?7 wherein
is a cultured

the S selective
product of Escherichig coli HB101 (pNTCRG (FERM

BP-6898) or a procesged product the(r:‘?j)f.

OH

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 carbon atoms, or an optiocnally
substituted aralkyl group having 5 to 15 carbon atoms;
and * represents an asymmetric carbon atom,

characterized by subjecting a 2-formylacetic ester

derivative represented by the general formula (2):

R CO5R,

O O

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

represents H, Li, Na or K, to the action of an enzymatic



55 10. The process according to claim7 wherein, in
the fornmulas (2) and (3), is an n-butyl or 3, 4-
nmet hyl enedi oxybenzyl group. 11. A process for
produci ng an optically active 3- hydroxypropionic
ester derivative represented by the general formula
(3): RL C2R2 (3) OH where Rl represents an al kyl

havi 10 carbo at.o n tiona

SEeE; Bahils: 9%, F proapcnaoingosy cedE L npne fornyl
gBbOPBLh&Fe@h, optional |y substltuted aryl group having

5 to .15 carbon atons; and R2 represents an al kyl

group having 1 to 10 carbon atons, or an optionally

SUbS&ﬁéf@fg aE%JkleQEQHPlQSXéPEOQ t9n45 Sﬁ%onixmvatlve

ents an asynmetric carbon a

re@mﬁ$mmtﬂdzbg byunoﬁprmalag {the S$ep$odhcedeag¢|nglag an

acetlc est er der|vat|ve represeg%gd t he genera

DI LS ( EPUTRE- Yorgio 1 JoRhBRS RECHN R REGHL TN sT

séE%@té@ deﬁﬁémbedtﬁgove Wl a basgiaRdng fOIH C candida
ester, thereby convertlng t acetic esfer derivative

Cﬂﬁ%@ﬂ@#on&ﬂﬁ%ﬁcEﬁﬁﬁﬁﬁkHQEﬂMEram&mh',5
-Cgﬁﬁiﬁfneﬁ%%tlgtggﬁ%éggl,56CandgggR2nmgnor1ae, Candida

maltosa, Candida maris, Candida mogii, Candida pini,

Candida rugosa, Candida sorbophila, Candida tropicalis,

Candida versatilis, Rhodotorula aurantiaca, Rhodotorula

glutinis, Rhodotorula graminis, and Rhodotorula lactosa

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 Candida magnoriae and capable of S-

selectively reducing the formyl group of the derivative

represented by the formula (2).

8. The process according to c¢laim 7 wherein the R-
selective enzymatic source 1is a cultured product of

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

Escherichia coli HB101 (pNTRGG1l) (FERM BP-7858); or a

processed product thereof.

9. The process according to claim 7 wherein the S~
selective enzymatic source is a cultured product of

Escherichia c¢oli HB101 (pNTCRG) (FERM BP-6898) or a

processed product thereof.



E) (D where R1 and R2 are the sane as descri bed above;
and X represents H Li, Nagor K renoving inpurities
fromthe reaction mxture into an organic |ayer
formed by addition of an organic solvent and water
thereto, while transferring/dissolving the derivative
represented by the general formula (2) into a

es ueous ste eosel ctive

10 Sttt B T oaP Y e ohRsBReat by (TS tEhiml i the
féDulys usesz ahENZYPR} i CR, SOWECe HAPaRlBLOf1l  or 3, 4-

stereosel ectively reducing the fornyl group of the
nfehy e ipeseht @80y t he formula (2), thereby

obtaining the optically active 3-hydroxypropionic

ester derivative represented by the general fornula
113) .A I2roddwms priimess_oza:m:bm:digwg dro cdpstiama]l’llw\h@rcej’mfe 3-
hi the fornul as % % 2% and (3) is an al kyl

B R T t9%49 ca BBhV%‘Ebﬁﬁ oFeBﬁeéﬁPFSHal py the

gsnbsdl tedegl By atky! group having 5 to 15 carbon

atons. 13. The process according to claim1l or 12

wherein, in the formulas (1), (2) and (3), Rois an

al kyl group havi on atons. 14. The

process accordinggi Eiz or 13 wherein the

enzymati c source capabfe of stereoselectively

reduci ng the fornyl grpup of the dercsgztlve

represented 57 by thef fornmula (2) erived froma

m croorgani sm bel ongi to the genus Brettanomyces,

Candi da,

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; and R, represents an
alkyl group having 1 to 10 carbon atoms, or an optionally
substituted aralkyl group 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):

Rin_-CP2R2 (1)

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

derivative represented by the general formula (2):



Crypt ococcus, Debaryonyces, (Gl actomyces, Qgataea,

Pi chi a, Rhodotorula, Saccharomycopsis, Sporidiobol us,
Spor obol onmyces, Steri gmatoré/ es, Torul aspor a,

Tri chosporon, Yamadazyma, Achronobacter, Cell ul onbnas,
Devosi a, Hafnia, Jensenia, Klebsiella, Proteus,
Rhodococcus, Serratia, Cystofillobasidium WIIiopsis,
Yarrow a, M crobacterium or Mcrococcus. 15. The
process according to claim 14 wherein the R
configuration R43he de O@giﬂ represented by the
formula (3) is pro d by Using an enzymatic source
which is derived fro i croorgani sm bel onging to the
genus of Brettanomnyc ndi da,@rypto 2: us,
Debaryonyces, Gal actdryces, Ogxt aea, PiZ E

Rhodot or ul a, Saccharbng‘/ opsi s, Spori di obol us,

Spor obol omyces, Sterig onyces, Torul aspora,

Tri chosporon, Yamadazyma, Achronopbacter,

Cel | ul ononas, Devosia, Hafnia, Jensenia, Klebsiella,

M crococcus, Proteus, Rhodococcus or Serratia and
witapabRe eahdR-Belaet i vkty shagducangdeberfibedy|algroup ehd X
the derivative represented by the formula (2). 16. The

TR TSRS cort nd'? P 1% m 15 wherein the enzymatic
sour £6n&@PRb! enplirResekectiye FaduGtdQich MeLt¥Bd into
froma mcroorgani smsel ected fromthe group
agopsdaninglayeBr éoraadnpyresddabmhuef Gandirganic solvent
cantarel lii,, Candi da gl aebos Candi da_gr,opengi.esseri,
NPT acF PSP EBRten e Tan i as R AL Sang | the
deted $05tve CaggidaebedshyCandi derd®gil , f&andiga(pj ninto a
Candi da rugosa, Candi da sorbophila, Candida
rqu*ﬁ%ﬁgi%gueous layer; and

stereoselectively reducing the derivative

represented by the formula (2) by use of an enzymatic
source capable of stereoselectively reducing the formyl
group of the derivative represented by the formula (2},
thereby obtaining the optically active 3-hydroxypropionic

ester derivative represented by the general formula (3)}.

12. The process according to claim 11 wherein, in the
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.

13. The process according to claim 11 or 12 wherein, in
the formulas (1), (2) and (3), Rpis an alkyl group having

1l to 10 carbon atoms.

14, The process according to claim 11, 12, or 13 wherein
the enzymatic source capable of stereoselectively

reducing the formyl group of the derivative represented



Candi da versatilis, Cryptococcus curvatus,

Crypt ococcus terreus, Deba[yonyces nepal ensi s,

Debar yonmyces 58 robertsiael’ Gal act onyces reessii,

Qgataea m nuta var. mnuta, Pichia Canadensis, Pichia

silvicola, Pichia xylosa, Rhodotorula aurantiaca,

Rhodot orul a glutinis, Rhodotorula gramnis,

Rhodot orul a | actosa, Saccharonycopsi s sel enospora,
b¥porhali obmtmislg ohfSoniils dEpairvedi obfidans sal moirireolraani sm

or opol onyces sal noni col or, Sterigmatonyces ,
b ?Qﬁﬁﬁ?us,t?oruF§§bonﬁQﬁH%rueéEEEgEﬁﬁﬁgﬁasporgﬁndlda,

Ccapb s Qb &sus ,YamagR UM ofilyi-Rist | S, cACAEOHMPAES eI ogataea,
Xyl'oSoxi dans subs _p. denitrificans, Cerrurononas

Pic¢hia, ceRhglefemadasp. . Saceha upmyieemsi fida, Spoaissiopolus,
sed Rl Aglna.. Hafni a abyel o lepseplascant Cruridy y aspora,
anti col a; Ut eus, Profegerord

Ti NConsiarts;, Rhogdobooees, et fontgied diss r Roddodcgusas,
egui , Rhodococcus sp. and Serrati g marcescens. 17.

Eﬁéhﬁkﬁmces = di ngZERSENA8m 16 : e  Eroteus,

RIESHY R dfs SOUSELr£aPAD! ecob e Bregh ephbygi LRAUCHIAN jiopsA s,
culture product of Escherichia cofi

YEGINFGRG) (HERMbRR6898),, Bsdhariatieruwnl i HB101
(pNTDRGL) ( FERM BP- 08458), Escherichia coli HB101
(pPNTRGGL) ( FERM BP- 7858), Escherichia coli HB101

15 pNIHECL perbeBMsP- 184484i ngEseherdicing ¢al i wiiBd®dn the R
(pTSBGL) (FERM BP-7119) or Escherichia col

CHEFEMIATERS) ( FERM BPeOSSELVadive  preRiedsd 95t odi¥t the

fcilgfgnesaof (338 1 ING RIARESS B5FOLELAY 1o Ol Mkt MheLlBce

which 1is derived from a microorganism belonging to the

genus of Brettanomyces, Candida, Cryptococcus,

Debaryomyces, Galactomyces, Ogataea, Pichia, Rhodotorula,

Saccharomycopsis, Sporidiobolus, Sporobolomyces,

Sterigmatomyces, Torulaspora, Trichosporon, Yamadazyma,

Achromobacter, Cellulomonas, Devosia, 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).

l6. The process according to «c¢laim 15 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 wversatilis, Cryptococcus curvatus, Cryptococcus

terreus, Debaryomyces nepalensis, Debaryomyces




configuration of the derivative represented by the

formula (3) is produced by using an enzymati c source

which is derived froma m ctorgani sm bel onging to the

genus of Candi da, Cystofill obasidium Pichia,

Rhodot orul a, Torul aspora, WIliopsis, Yarrow a,

Devosia, M crobacterium or M crococcus and capabl e

of S 59 selectively reducing the formyl group of the
roezivaiive CGalpasemtess byrddes fior mdget{E®a IOnufbze var.

rocess accprding, to clai.m 18 rein the .enzymati g . .
nfidite RaBEe ofeelerdid ve Piibtho: oLrAGSTHe, mifichia
x@roup, of REb@oElerhvat i ¥arhapigsgnt edknbyotbeufiar myiatinis,
R(2) I's derived froma mcroorgani smselected fromthe

I st ngdHERNCAAHL da nagﬁbpﬁ§£9rUla lactosa,

%% ég' #ﬁ% idiu j Ldii, Ei .'$ 'E | a,. .
3 éﬁ 6& g%?%tiﬁ%igéégggkgfuts OS?B oBb ngojohnsonll,
S obdissho W4 | sepsibaisatlorpusSyarobohmkees \dbllmonpsiod or,

saturnus var. saturnus, Yarrow a |ipolytica, vosi a .,
SESHISANES M CPBURRIL L el O i R

TMSHOGAGEUS | Ut eHSte2B84id5he processagespidi Ng t @telaks,
I8 or I9 wherein"theé €nzymati c Source %gpable 0

Achraneadhal y redrikopexidens f or nplibgpaup oflepiigrificans,

C%grv_; lvﬂépvaes Lg_g{g{?jgf %&l{;@oﬁéheag orgguF!.?Hég%%l&for&nas uda,

DeSAGRGr { FERVE BPn6898)3 friischativehi, a SatéerdBlOtanicruria,
( pNT, ) (FERM BP-08458), aor Escherichia coli HB101
K FERMEBRIERIS), * oMIgTAGacEdiSed pildglsy — Broteus

iddRahhs, 2ﬁhoé@c%@bh%ahéfy@ﬁf&ﬁ@lis, Rhodococcus equi,

)
Rhodococcus sp. and Serratia marcescens.

17. The process according to claim 16 wherein the
enzymatic source capable of R-selective reduction is a
culture product of Escherichia coli HB101 (pNTCRG) (FERM
BP-6898}), Escherichia c¢oli HB101 (pNTDRG1) (FERM BP-
08458), Escherichia coli HB101 (pNTRGGl) {FERM BP-7858),
Escherichia coli HB101 (pNTSGG1) (FERM P-18449),
Escherichia coli HE101 {pTSBG1l} (FERM BP-7119) or
Escherichia coli HB101 (pNTRS) (FERM BP-08545) ; or a

processed product thereof.

18. The process according to claim 14 wherein the S
configuration of the derivative represented by the
formula (3) 1is produced by using an enzymatic source
which is derived from a microorganism belonging to the

genus of Candilda, Cystofillobasidium, Pichia,

Rhodotorula, Torulaspora, Williopsis, Yarrowla, Devosia,

Microbacterium, or Micrococcus and capable of 5-



met hyl enedi oxyphenyl ) - propi oni c ester derivative

represented by the general formula (4): O CO2R3 OH

(4) 60 where R3 represents°@n al kyl group having 1 to

10 carbon atons; and * represents an asymetric

carbon atom 22. A 2-fornylacetic ester derivative

represented by the general fornmula (5): R4 CO2R5 .0

XO (5) where R4 represents an al kyl group having 2 to
sélearbonly aredsriRE rigpy efenhgl agralukylofgr bhp hEningtlve

to 10 carban tong; and X represents H, Li, Na or K
TeIRregHAt -ﬁ%¥ %2%??%@ %t &F derivative according to

claim 22 wherein, in the general fornmula (5), R5 is an

ethyl group. 24. The 2-fornylacetic ester derivative
12ccoflR ngP¥ecees ai aAFQPrdEn23 Wwher 1AL nlBhe wheneds the

R e S A O A ST

farmoyl degrauprofesbef dersivapliyepreduesagtad bpt ichel Ifprmula
cti,ve 3-hydroxypropionic ester derivative useful as
(B il oo B bdh artl Fha A ShospoReEoa. Lrom the

- grBUer tehsi Morey specthheabhymabie1BEeSeRlystofillobasidium

bisporidii, Pichia bispola, Rhodotorula glutinis var.

glutinis, Torulaspora globosa, Williopsis saturnus var.

mrakii, Williopsis saturnus var. saturnus, Yarrowia

lipolytica, Devosia riboflavina, Microbacterium

esteraromaticum and Micrococcus luteus.

20. The process according to claim 18 or 19 wherein the
enzymatic source capable of S$-selectively reducing the
formyl group of the derivative represented by the formula

(2) 1is a cultured product of Escherichia coli HB101

(PNTCRG) (FERM BP-6898), Fscherichia coli HRBI101

(PNTDRG1) {FERM BP-08458), or Escherichia coli HB101

(pTSBG1) (FERM BP-7119): or a processed product thereof.

21. An optically active 2-(hydroxymethyl)-3-(3,4-
methylenedioxyphenyl)-propionic ester derivative

represented by the general formula (4):

O * COZRS

(4)



invention is directed to a process for producing an
optically active 3-hydroxy éopionic ester derivative
conprising reacting an acetic ester derivative
avai l able at |ow cost with a base and a form c ester,
t hereby converting the acetic ester derivative into a
2-fornylacetic ester derivative, and thereafter,
stereospecifically reducing the fornmyl group of the
VERFE VB | YRPBYS@RES ofNal Léyydy reHtquP v B9 chpabl d Gofcarbon

atz&ﬁé eoseh ect L yel ¥ LedUcl NG, LG LOF ! - 8F04R QLohhe
erivative.

22. A Z2-formylacetic ester derivative represented by the

general formula (5):

Ry CO,Rs
@ x® (5)
~o

where Ry represents an alkyl group having 2 to 6 carbon
atoms; Rs represents an alkyl group having 1 to 10 carbon

atoms; and X represents H, Li, Na or K.

23. The Z2Z-formylacetic ester derivative according to
claim 22 wherein, in the general formula (5), Rs is an

ethyl group.

24. The 2-formylacetic ester derivative according to
claim 22 oxr 23 wherein, in the general formula (5), Rs is

an ethyl, propyl, butyl, pentyl or hexyl group.



ABSTRACT

The present invention is to provide a process for simply
producing an optically active 3-hydroxypropionic ester
derivative useful as a medicament intermediate from an
inexpensive material. More specifically, the present
invention is directed to a process for producing an optically
active 3-hydroxypropionic ester derivative comprising
reacting an acetic ester derivative available at low cost with

a base and a formic ester, thereby converting the acetic ester

~derivative into a 2-formylacetic ester derivative, and

thereafter, stereospecifically reducing the formyl group of
the derivative by use of an enzymatic source capable of

stereoselectively reducing the formyl group of the derivative.



