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RS FEZR

K LIZHBWT, LT OKGEEZFEH L7z,

ADH alcohol dehydrogenase

Ala alanine

amim 1-allyl-3-methylimidazolium

APG5H the acetone powder of Geotrichum candidum NBRC 5767
Arg arginine

Asn asparagine

Asp aspartic acid

bmim 1-butyl-3-methylimidazolium

C12 dodecyl

CAL-B Candida antarctica lipase B

CPCD CP-Cyclodextrin-B-2,3,6-M-19

d day

DEME N, N-diethyl- >methyl- N-(2-methoxyethyl)ammonium
DEX CP-Chirasil-DEX CB

DMF N, N-dimethyl formamide

DMSO dimethyl sulfoxide

ee enantiomeric excess

emim 1-ethyl-3-methylimidazolium

eq. equivalent amount

Et ethyl

FAc fluoroacetate

5-FDA 5’-fluoro-5’-deoxyadenosine

4-FT 4-fluorothreonine

hexmim 1-hexyl-3-methylimidazolium

HPLC high-performance liquid chromatography

GC Gas chromatography

NAD" nicotinamide adenine dinucleotide

NADH reduced nicotinamide adenine dinucleotide

NADP" nicotinamide adenine dinucleotide phosphate
NADPH reduced nicotinamide adenine dinucleotide phosphate



methyl
2-(V-morpholino)ethanesulfonic acid
3-methyl-1-octylimidazolium
phenylalanine

pyridoxal phosphate

N-methyl- N-propylpiperidinium
room tempetature
Sradenosyl-L-methionine

serine

trifluoromethanesulfonyl
bis(trifluoromethanesulfonyl)amide
tris(hydroxymethyl)aminomethane
tryptophan

tyrosine

yield
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ERRRE L T, BESE. BUEY. IR, RERIR, RRBEHIR R & OERDMES
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RN AN=BIZ LD @EONAERE KT v AT, BB E DSy

Blo kX < ELTNG, 79
T, BB LCRINEIZ N 5. ¥ K- o RIS

T2, 910 EEEERE 0D Y 7L O R TR SNIRERRH
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1.3 A F itk 12

A T AR L EANCIRD K 5 72 B 2 R ofls 2y 100°C £ 721% 150°C LA
T (fEEL TV OIEZRFRL THATND,
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- HERRME
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s AFTUMETHDMEMMETH Y | E AR I TR
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KA > T | BUETIHEE, BR. HEBEEER L ONT~ L 2
WEPLR L TN D,
A A AREDEIRED 1 DIAEERISOBE (FaAD & LTHWS Z i
HF BN D, WICET HEEADDS A A U RIREERNC AW TAL R SURDE A
WrRsn<cng, 919
« ARKENIZEALERNTZD . REFITIEET 2082372 < . F5IZENLA]
RECTHAMAIETH D

- BHEOAR., BEI(EEMERS R T 5
CAFIENLLT 2K (DMF) RV AF LA LEFY K (DMSO) 7¢ &
DIET T N MERRVEVSEL & R OMmMEEZ A LTV D

« JRWREFIPFHIZ DT > TR L E Th D A A VHRIED 1 < FFET D,
Z DT DIThE & IRIRE CTOLFERIS TR D

© DA I RIRZ BRI IEIRST NV VI L TEETH D
1.4 BRERALLA U BHRGEOHE "

BRSSO ROSBER & U TR ERRIEN . Bt TIXAHSIABE A CRESE MR
EFRTOINEBESND LI hoTE, P17 U A—BE, AT
2T D BRE T A7 /L DO INIK3 B 2 i3 2 28 BUKMEBRBE Tl s
ThHHTAT NS 2T 2, bbb, BRERPUGE WA E S SR
DIFPUT X D SISHAE 23 FTRE T d D,

F7o. AEAESIEOFIR O 1 D& U TKESF TOMILTH D7 DEREEIC
BLWVWEEBZOLN TS, LML, UNRIEETH 2K &AM TH 5 A ILE
WY 53 Bl BSOS ALEE DT TH T < D AR 2 & A T2 B K O BEE AL BRI 35
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FY B, OO EMEL A A A REFE R S, A Z BT AR
ERTDI TN D,

BRI A VT2 & X OFEEZR RN, REbd D, FEBEEEZ WD Z
L CREEOFEEMME T T2 2 el ShThy, ¥ Sbic, RISICAREL
ERNDT0, RRBRELKEE DT 0L S 5 5.,

WA A R Z NS 2 TINODOMERZ MR TE D EHHFTE D,
A A AR I & DS BEO NS K < | SRR O B EAS R 512
720 R ATRERH R RS /e P AR CE 5 L X b T D, SbIT,
AF K Z WD Z & TRERDIEMEN B S L TR%ES LT Bl o
FEVIBELH S, D0 BEEE T, A AR OESIEINE L A E <
HERME L WO MENGERIRICE LW E VR D,

A F R TOARAEEDF] & L TlX, Rhodococcus &9 HKRZFIH L
o R UANST I RADEBRERRL SN (Fig. 1), 2V Z OIS,
Ry - KO MR TIT) LEBRT A — V%2 TR ICRIET 228, A4

BIE DG EIIRIEE T ROSITEIT T 5,

NC NC
Rhodococcus 312
CN CONH,
water: [bomim][PFg]
(4: 1)

Fig. 1 =k UANET I RO KRBT & 2 25 H

R IR BT, PRSI A T IR T T K - A FUiRiIED

R TH D,
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AF KD B EVEBEEE U THWZ O COARMB S E, UV X—F

(CAL-B) %#filfft L3 27 I FMERIETHD (Fig. 2). ¥ ZORIGICHBNT
TEEBEELCH I X UBET BT RNMEbRTWS, &5, V=%
(CAL-B) |LEMLKENFIET D LA 2 v Bamib L, @A 2 VB4
RTBHZEEFIALTY Y Badtr D= R ALRNHEITT5 2 &b R SR
T3,

OH CAL-B NH
CGng/\I( + NHs CeHls/ﬁ( 2

o] [bmim][BF,] o}
40°C, 24 h y. 40%

O O vom
0 0]

I I
R-C-OOH R-C-OH

H,0 \—/ H,0,
CAL-B
[bmim][BF,], rt

Fig. 2 A A ARIKD F % i O T B SR RO

F o, ARG OB R OFFERIEE O @ WA R E A0 LT A K6 T
HY . AFUEEEEREEE L THWEFSENT, ZhETHREZ<mbhTn
%, 192

PURBER ORERE S A A U RIRT TRILSE L Z LN TE 52 L3 45EE D
LEEENTVS (Fig. 3), P ZOMOKIEHICIBNTIE, 74 =k
MWETT 208, e R T2 NOAPEEE LTHYTHY , RGEET
H5HT T B REIZHHEIRIDN 0o T D,
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(0]
0 antibody 38C2
H +
OH .
)J\/ [bmim][PFg] OH
F3C F3C

14 d

I1st :y.21%
2nd :y. 89%
3rd :y.66%

Fig. 3 A A &I TOHURRE S

1.5 Geotrichum candidum % F\ = R K 12> 29

% LA MIFERAROF RGP HE L LTRSS TS, 2% 2
DT, JHEE TR T L 3 — VIR ERS, R s 8 OF RSk
MEE LCamon<Tns (Fig. 4), =&z, —FIDOE Fak o A7 L
TS T 54 FT AT AERT L TEONTWS, HATOIAWIL, hdD

/\NH
OH .
A _coocH; T ——~ mSOZNHz rUY T
5 S (RAEARE)
0o
HO
OH M H
g = ALt
OH Nt 3 (BOREAD
5 H O
CO,H
FsC
o O
@jﬁ — MDLZB?&S .
“NCH,Ph (LA b= URIREEH)
H3C i O’ NH
HsC

Fig. 4 JCFEME MR T V3 — VIHO A A
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ERaXF VAT AERLTLHILICE s THLATNS, SbHiZ, =FHD
LEMITHFEZE L TRLNTWD, 0K I ITRFEEE T HRKT L a— L8
FHEMAZRERTEARTH Y | il TLENRERIEDORIITEELZRETH 5,
Flo. TN a— VOB b, 7 R T AT e ROBEIILEZIT O LB TEER I
FHG ALY LIEFICERCTH D720, MR el & V7o G UGS 0 B %8
PITPTEY . ZOHhO—# & LT Geotrichum candidum (FFH e, L
7 JEE) @ NBRC 4597 #:° NBRC 5767 £ & Fl\ 2 FiER I BTV D
G. candidum IZEAORIKE T, FACAESN, B, TASATHERED
FEKIZHAEL, ZbH D G candidum IT¥EFE LW o B ITHER DN AT EE
Thd, £, FERRIEEDOT F ATk L THEBEILIEEDRIEFITEm WD,
AREERITE LTV D0, IRIEBHART TIEZ < OBERZMEN TN D728, AR
M ORFIRIFIRNZ ERZ, £ T 1 DOBERZTNIEEEZRT L DI
RHEET 20X, BOWARFIEETERDPEOILD Z & T, BAWEE 2 ik

WINETET 52 ENTED D ENMESIA TG, % Fi= LfEmEL
G candidum \Z & FEFNAHABEZELZENTZLICLE- T, IR BT La—)L

FOSTHRRIRIE L, 2020 P52 bzl 0303 cxz - LR

s (Fig. 5),

FS5H34E OH

9 FEET OH
RJ\ R)\
OH s ikRIRmBE O OH
R)\ RJ\ ' RN
OH
AL

R
Fig. 5 G. candidum % J\ 7= AR5
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T IR/ T NV VEHOT T IO KGHEEITRO®EY THh D
(Fig. 6), G. candidum DIRIEFRE 78 IR kT v a—LaEKFTRED
ESEOT NV a—NDHBT MBI D, AR LTS bR RIEB IO
SO HDOT N a— N ~LBIEINDHDT, SIKOT )V a—ixr bk
RIKOT Na— N ~LBEBRINDED, RAIKOT )V a— Vb Sz,
FERE LT RIROZRNPRTIFED Z L1725, G. candidum NBRC 4597 %
We GBI, R B~ OBETIEEN o TIERWed, 2o X 57t A 7 vid
FDOLRVN, G candidum NBRC 5767 Z % &, RIEDT /v — /)L DIHIA
RHPUCFED Z ERRESIN TS, L, ZOMKGHR CIHEEICEFR R
B-t RaFx i h AT L@ T&E vy, IEIIRICI3E R 3 RE S 41T

a3
R
StIfk
r OH | 0
S oA RJ\
+ E ‘
oW ‘
R .R/\E

__________

Fig. 6 Z7E IEKRTH/TVa—VEHOT 7 ¥ LD USHEHE

—IRACEIRIC X D BOGTIE, MiBERZIRINT 2 BN 20D, BEIRORAE
DR, BERICEFRIDR DD E N o leT AUy v H 5, LEDZ &L &2dET
D12, WIEEZT & hTHKT D HERERSNTND, ZOHECLYE
S NTZEIRE T B R X — LR, Eo iR OUINDBMLETH D D5,
T bAC KD HIRREEAE S L, IRIEEIR L D BIEMERE 2D L b T
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5, FD 1o E LT, G. candidum NBRC 5767 7 & b L il 4 (APGH)
RV, Mg L LT NADY, BflE LT 2-7m N —)b, BHlE LTA A

Uitk E N I VR S VRO RSN s TS (Fig. 7)., *?

OH

0
RJ\ =R)\
\ (S)
Immobilized

G. candidum NBRC 5767 NAD*
H .
NAD dried cell (APG5)
0 ionic liquid )Oi

Fig. 7 A A k% KISEEZ AW G candidum \Z X577 b v OARFIETT

— RN ZREETE M R T v 3 — VO G RIEIZIE (1) e XTI h s
SEORFEL. (2) T IR BT a— VEONZESE ., (3) T& KK
THha—VEHOT 78 G0 3 ORH D, T IR BT L a—VENDS
WFEE R TV a— VHEG D L& BFEREIR—EKICHW SN2, H
FHICHR BO% DU E T LINEHONFENE T 3 — V2155 2 &R
T&ERL, BOITREETLIMUOFRICER T2 Z ickh s, BREAHIEH
THEDICHLTEIR I Va—VEHOT 7' I{ERIGHEH TE X, 3
TR K 100% DI R THAIENET L a — VI E R D Z LN TE 5, T8 K
TNV —VEOT T MEKISE I N E TIZWL oG RNTH D3,
HOWMAGENRNZ ERNRETH o7, BEVWEEICHATES 7 EI%T
BT NVa—VEHOT T IMERIRICE LRGBS E. 4 A ik ERWDZ L
X oTHEETDHZLEHIBLL,
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1.6 7 v ROME L REBERT v RILEY

GHE 7 v FALEWIL, TR - BAl, MR, B, REEA, X7 7 A 3—,
e E=4—, EHG, BERIOELIHAIN, FRCBDOAFITEELTY
%, 0 ZnB0T o BHLAWIE, 1FEAEATHIELNEZLEDTHY .,
FHUIFBRREICEWAM 20 T DL FER T B R BATE L DB FEL T
W5,

ZD—F T, RRITHFIET DAY v FAEWM TH A OEFITKL > TN D
LOIIZEA LR, 7y RITMBHF T 13 FR (7 7—27HTIL1THFH) I
BERIUETHLIN, AT v R & RIFUTIT 13 FEHIZ & Lo

SRTHARN, ¥ ZRo0IEE A CIRBHC L A AFREELFHTHY . =
TR DBV L LTS SR TS
A7 o FILAMOME ZMBHIIE 7 v BB ORR A5 2 L RNEETH

% 38), 39)

7y RIRTOREE LT, BRuRP TRROEXRBEELZAL TWDZ &R
ZETF b, ZHIZED 2L OBRERWVEFRS MEOBEBEL L 2 HEHT 5,

DESEMEDORE ) C-F EAMOk~x 72ME, I OITIFAK7 v Fbs
MOVEICER T 5,

WIZ, ZONARIINE SBRET BN D, 7 v RIFLEITIIAEIZONT
/NE 72 JFF-C van der Waals £ (Bondi) 13/k3E 0 1.22 1% (1T 1.46 %) .
C-F G HAtT CHAEED 1.28 fF (ME#1E 1.62 %) TH V. KFEEHAL~D 7
Y FBN K D0 FIENBGIT AR+ TR/ TH D, £DD, HDHAK
DFHO—3TDKFEE 7 v FTEBEL THO T RO K E S OZE(LIX
DINTHY ., ERITL LD FEXATLZERMVIALZ ERHDH (=
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NPE LN
F7o. CF #EEORAE =3/ ¥— (485kd/mol) (X C-Cl #54 (339kd/mol) .
C-H 4 (414kJ/mol) = C-O #i#H (359kd/mol) DF TR THEERIZKE
W, ZINEL OB v FLEMDIEFIZBOSHEDIRNWER & 72> T\ D,
W RIKAAET B 7 » FALAWIC OV TR TN E 721y, 27
RIKCITHBRLRFE 2 &7 v BN O a7 o 2 5T DA% 3500
HHRHINTWDDIZR LT, A7 v BILEWITBHED & 2 A 18 L

W, 2D 9B 8 DIEFEEOMMIZ A SRR EIZ T v R EAT DO
RHONENIE T 5 DO TRIER RN =— g L LTIT6fEE 72 % (Fig. 8),

O HOOC, OH OH
r)ko_ HOOC._X_COOH F\JVET/vaaerH
- 7
F F OH o]
Fluoroacetate (FAc) (2R, 3R)-Fluorocitrate Fluorofatty acid
NH,
N A
N
%
0 < |2 OH
2 o0 N0~ NN COOH
HoN—S~
F 0 OH OH F NH;
Fluoroacetone Nucleocidin 4-Fluorothreonine (4-FT)

Fig. 8 KARAKT v A LAWY

F9°. 1943 T 7 U B OREKR Dichapetalum cymosum £V, F)HTO
RIRICTFET D2HE 7 v FbGHhE L RS ZE ) 7vAdr T4 — b
(FAc) WEIT BN D, Z DILAMITMORELMAED > & b3 < DWAFH
HY, LAHERESTLEMD 1 5 ThD, £z, bob bIELSFELT
HRIKEROEHE 7 v #EWTHY ., TEMIHERAL LRI TX
T3, ARH A T = X AORIFITEA TV, QR, 3R)-2-7 VA n 7 = UERIE
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INFuT v F-CoA L AXFHI nfROMEEIZLVIELN, 2 DTV A 1k
Ww ST 2MMP O RMEGIN DD, o-7 VA aBNBIZET 7V 0 OFEAR
Dichapetalum toxicarium TH.5iv, FAc 7 BIRIHIE AR L - TH LT
5o At LA B, TAF sV F U Y 8 FEOIFENHER SN
TW5%, F7= Acacia georginae > HIE 7 VA v T b OIFAED RIS LTV
2o

WAL, FUEMEX 7 VDU B RE Streptomyces calvus 7> 5
WA SN TV, TEMESTUN W e E OB D& E R b i E MK <

IR HEA TR, F7o, [A UHBRE Stereptomyces cattleya (S. cattleya)

Mo FAe & 470 ALt=r (4-FT) 2REgEsh<ns, 9 —o 8
cattleya DICHIZR ORI DA TH#HATEB Y | FHiZ . O’ Hagan
5137 v #E{vEEFE (5-fluoro-5-deoxyadenosine synthase) NfEfET 5 2 & &%
KL, RRAWT v BB DO EG RS DfRIIC M F I 72 IR K 5 A1
7 FEAMOEHR EOBENBIERSh TS, Y ComEE T ALY

ﬂ_“_‘ﬂf k qu\g‘;o

1.7 IAF ) F—F 2

D7 v FALEEE DIFIED MR S ITe S, cattleya 357 5 7 v FALE W OAHT
RICOVWTIEZ RN T E 720 (Fig. 9),

1986 2 B-F 7 Z LRTAME T =S~ A L B AEETHZ ETHMLAT
WNTZ GRS, cattleya D3 IERE 7 v SBALE W 2 HIBNICER D AL T 2 DDA~

v#EEMmE ) 7t Tk Z—F (FAc) LE/ 7 Fua ALt = (4-FT)

RED T Z EnmE s, ¥ BRLTIZIZORKIENRED L 5T ak A
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T AR T. OHagan © 2 L— 712 & 0 KIS0 T, 2 ot
S5 ;UL X D RS HSRE ORI L 0 FAc, 4-FT [ Z8iEMEE LTo 47+ b

TAFE REEMTH I ERENE, P F 20 2 SOLAmIET A

RYERTAFE REDHXORTERSNS ZEBHPIL TS, O

ZF LT, 2002 A\ Z DRIEZR DRI D 7 v Ffb 22 T A EEN ST 5 ) L
L-AF A= (SAM) THDZENGNY ., BNDOREIZT vEELENTIHN

JSE T DB (Z A Y F—8) 1Tk 5T A -5 T AT T ) v

(5-FDA) 2RSS - LAl Shiz,

Z D%, 2003 4EIC 7 LAY F—P ORISR 17 2004 FiCIET LAY F—
PRIEFDOIa—=2 7852 R E ORI e Sd, X B aa s SR 12
X B o b ROSHRE N S, P S SICRIRROMBNILIED b,
=0 5-FDA 5 57 LA 1-5-F 4% 2-D- U B—A-1-U i~ RH1% . * 5-
TG u-5F AR D) T r—A1-) VEEERELT, Y Trde T T
AFE REBR, “TFAcR P 4FT BERSHE LD EEZ LTINS, *©

ZD XIS cattleyaNTDO 7 v FALRINTIE E A ERIA S >oH D &
2B, IO —HOMGBRIT, A7 v RIEEWONRH &V BLED HIER
(CHUIRIRN S D TH DA, FHIERIET 2 DITRNIO 7 oAb A A > & R
ICBAT L7 v RIETH D, ZDOX I 707 v FBEROREHNIZNET
27202, ZHEWEERE T o ADDOE LWERAEEE LTHWS Z
ENTENL, AT v FAWDOAEBGKEIT) 2N TE LD TRV NG
HfFcE 5,

20



—_> F

H3’\T/<1 NH2 NHZ

N0 N—Xy NfN

2l ; ¢ |

T S-Me <N N/) F N N/)
6] 6]

Fluorinase
OH OH OH OH Purine nucleotide
S-Adenosyl-L-methionine 5'-Fluoro-5'-deoxyadenosine phosphorylase
(SAM) (5'-FDA)
F
OH O
OPO3% ... °
Y (o] =To}y
F  OH Isomerase OH OH
5-Fluoro-5-deoxyribulose- 5-Fluoro-5-deoxyribose-1-phosohate
1-phosphate
Aldolase
¥
0 OH O
HJ\ NADH Hok L-Threonine (k‘)\
o o
Fluoroacetaldehyde H Transaldolase-PLP
F dehydrogenase F F NH3
Fluoroacetate (FAc) Fluoroacetaldehyde 4-Fluorothreonine (4-FT)

Fig. 9 S cattleya \Z X &

RIZ S, cattleya HRD 7 NVA N F—FIC L D 7 v FCRE D FGHEREIZ D0
THERTVE,

HHRBEN T SAM & 5-FDA ~O 7 » F{b &l 2 7 A F—81%, 299
EOT I /BN LR0 . K 32kDa O FEEZ AT 5, XA MmAEITEGE X .
Z OEMERIIAEARZR - TBY, CRKitE N RIICIES R0 E I I
BUALEAE L TR0 RS TR« OHEE TR ST g, *©

X MG REERT L 0 . FERSEALICIB W T T Ak A F TR T D
fREES LD X O 7oM&EICINE D . SAM THEA SNEER- AT E S LB %

5 TW5 (Fig.10), ZL T, aryba—4F—rIa2b—T a3 b SAM A
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BONCREALTLED E 7 vt A T NIAVIAD 2L 725720, RUSTHET
L7gnWeEEZX LTINS,

DT NAY F—BRUSHEEIL, AL D RFETK LT T Ao A 3R
AEH L, ATF A= DBBET 5 Sn2 L Th D Z & D3 E a3 L Ok

BT~k BRFIC L 0 BB Shus, oY

[ Arg 270] | ser 269
|

(0]
/7 NH I
H2N + o, H, Asn 215 254 Phe
T ‘D o ,i
//,/O__A/ _O O//,
Asp 21 N, 'H H
Orriiny_+ e H W N
k HN

N /N ST
(6] o N
\\\\\\\\ \ </ f
H-O'
J F Trp 50

Fig. 10 74V F—E ORERE AL

INECTLENRART v BLEWAEFEIZK T2 7 v FEANIFERIC K
DITONTEIER, ZOLERTY v FEEWHRFFOmERER - ®ER SO
R kb 2T 5 e Vo MR EZRZ TS, (LFAERIEICEDLL AT »
FEWAEFELEE LT, AR EFIA T UL, MESEZHRTE 21T
Thbd, SOICHERORED 1 >Th 2 EEFEMEIC L FAEES 7 » Fik
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BV OFEI EFER T2 O TIIORFZEN LT b DO D B3 HIfFT& 5,

ZDOLHEBING, S cattleya HERD 7 v FEE (Z LAY F—8) %
MWT 7 v FICEMDOERRIEDOHE LR D Z LI Lz, IAvF IV F—EDOX
K& LT, SAM 25 5-FDA ~DEBRBPE S BEWITKRIT D Z EBETDH
a2 enb, A FVRiEERCTERDEOR EE2RART,

1.8 AT OMEE L HER%
AT WK LR & OMAE DOE THRE TX 2 IGHIZ OV T 21T > 72,
K LIEHENGRD > TEBY . LLTFICF OIS 2R3,

BmE T, RO R EZOES - BMIZOW TR,

BT, SECAEOMARESAN T B IR HJT V= VEHOT T
T IS E BT 5 BT, G candidum NBRC 5767 % 7= 7 & I (K ik
T3 — VEOSARSEIRB LS Rl Te, 778 MRS ZEBITSE 572
DI, BITSOS & SEREIROERAC SO RIRHCETL LR D D, £ DT,
T IR TV 3 — VDO SLIRE IR LSO S ETT T 2 2l D T2, oK
PER Y ~—IC@EEL L7z G candidum NBRC 5767 ORIEF K (APG5) &
7ok s BEEMR LTRIER IR Z W2 TEIZ DWW TR~ Tn 5,

BT T E IR T 3= VD RIET IV a—L~DT Tt UG
DIRFHZ DWW TR R7=, £9°, G candidum NBRC 5767 DIRILEKRIZE £ D
BREFMHEH L > Tar he—T52 8T 78k #ITESEL 2 L
iAle, WIZ, ZF b7 8IKT Va—~DiELae i 2 T2 d{bFiE
TeAl N A TeREt 24T o Tc, mIRIZT N oh RIKT Vv a— ~DEiuza D
HIEFR N Z T RO TR TV 5D,
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ENECIE 7 v EREEZE T LA Y F—B O tEm ECBIT A4 4 iEED
HRMHIZOWTEGR L TW5, BEE LEEEL W, BEx oA F kIR Th
L7,

FHIE T, WFFEOMEE &

Y

#BOREIZOWN TR,

24



F-F (Geotrichum candidum AW =5t I&EZHT7IL
O—)LEED MR EIREE I KIS

2.1 [FL®HIC

A F AARIKFIES BT 2 AHESIGE DOWFFRITREANTAT DI, %< DRENR
ENTEY . A A RIRIEHIZ 30T 2 B MR R S . ARt of 32 =
T FARPE, (LEBRIRNE, B REHENEINIE 2R & O R 2R IUE & o TR

P H S BT A TD U 7, 1901920

X T NIMEAMITARA R OA AR A RPRIA L LTHO B, b E
PR A I R CRE STV, 2 ZomT, R T RT
va—VEIFERMS, FEL S EogARARTPREKE LTER S, —
PRI 72 HBTEm M R T L a2 — VOB RIEICIE (1) TaExTuis hrnbo
RFBIE, (2) T IE RT3 — VEOKZSE], (3) TE KBTI
D VDT T ALRIED 3 50b 5 (Fig. 11), 2% Fax sy
bR JEREE T AA . R A AU BRI 100%0 IR C L FIE
TRET v a— VEHEROND, LU, TR IE RV — VD B
PETHRT NV a— VEHEGD & & BFEFRD—EKBICHNEND Z ERZU,
Z O, BERICER K 50% DI E T LNEALDOIFEME kT L2 — L
EBHZENTERL, BYIIEET A MOMRICENT S icnb, &
BaEAERT 70100 T8 IR BT A a— A EHOT T LS HME
T&E AL BEERAIIC I K 100% DGR TIAEET LV a — VI E G H 2 L TE

5o ZEIKRZHET Va—VEHOT 7 I{ERISIE I E TIZW L D0l S
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TG, 3036 L RSN LANE A TE T Rho T,
TS RO RETENE T N — VA 1S 2 OIREVIEEICE TE 5 5

IR TT NI VEDOT T RSO FERHE Sh T g,
WSl R KD YCEETE M T L 2 — L %45 2 7= ORI B IS T X 5

TR IEZHRT 3= VDT T IAEBOSIZIE U 72 {8 72 SO R OREGEITEL
DAHATZ,

0] FET OH (1)
0 kEsnm QA OH
OH F5e34&  OH

R)\ RN )

Fig. 11 gtk —h 7 v a— VO G Rkik

2.2 BEELT ' b R E A 2SI ERIREIER A

i CHE ORI NANT T RIS Z BT 2 BINT, Bl 7
WA T O SRR I LIS A SR A 7o, SRS LAVEL Z AU TIRML &
BOLA MR WY L TT T M AR s, O

A F AR T T G. candidum NBRC 5767 O7 & b izlgEk (LI APGH
L) AAWES R ORFETICHE N TRAMR Y v — (BL-100) TEE
69252 L CRENZEL, LW ThD SEDT L a—LOULHEN [ LT
LI EREESRTNS, P 20T M ShE CIROMEISETH D T 3

KT v a3 — VO SRR LS DWW TG 21T - 72 (Fig. 12), X
BRIZTEVY G. candidum NBRC 5767 O FEZ AW, R ~—THEEl L.
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A A AR TR & i Tz, B E LR R R A1 APG5 (39 mg) & #filE NAD”
(6.6 mg) Z/K (1.3mL) (2L, B{bAIL 7 a~FH ) (656 nL) &k
KMEAR U ~—BL-100 (195 mg) Z MMz A/XF 2 7 THZIRE TER L7, iz,
EERER (1.0 g) #RBREICAN, B E L Tlemim][BFd (2 mL) %
Mz =t%, WE(+)1-7==L=% /—/L (0.041 mmol) ZMx. 30CT 24

PR L7, Efa——7 L (5 mL x 4) THiH L7=1%, AEBEREL LT

RFHr (20 uL, 7.93x 10° mol) ZMA\VT, GC THiH L7 HR, RIED 1-
Tz = VB )V EIE 4T% (90% ee), BRILIKDOTE N7 =/ % 50% T
Bonl (Fig. 13), ZOER. G candidum NBRC 4597 O[E ELIKIEFE K %
ANFH T T T o 728 & AR SRS T RIEO T L=
— AREBBND T E RSt 20020 i JEEAIETEIR O PR AR HE Y

IVl U CRERR L T2,

OH O . (:JH
R)\ /—\ R)K R/\

(R)

NAD* Immobilized
APG5 NADH

Fig. 12 A A RINRESS THEEACHLE R K 2 IO 7o LR IR IR AL B
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START

RO

8. 15

bi.h
19, B8
1998
Tap

Fig. 13  EREOKISIZHIT D GC O ifs R (TrFFREH : RA 7 /L = —/1 19.008
53, SIET Va3 —119.98 5, N7 12 18.57 47)

Eead?

WIZA A AR O 21T 572 (Table 1), FRQRPHEETH 90% L)
WM T o Tz, T =4 U EMEA BRL OEAITE O HFMEN S L, 0
FChe b @ WIEFEMEE O T L 3 — V3G 5 L7z [emim] [BF.] £ B8 & U Cha
T5Z LI LT, ERRHAMICE T 2 HFMEDOEIZONTHTHNZ L 2 A,
48 FFREI G S5 & 9T%ee F TR M £ LT,

Table 1. [EE(LHRERZ W (£)-1-7 = = /L7 )L 22— )L D SEARRIR g
(ERIZ BT DA F iR DT & 25 b

Yield of Yield of %ee of substrate
ketone® (%)  alcohol® (%) (R)-alcohol® ¢

Substrate®  lonic liquid  Reaction time (h)

[emim][BF,4] 16 44 50 85

24 47 50 90

oH 48 50 47 97
[bmim][PFg] 24 32 69 48
[bmim][TFSA] 24 21 61 38
[emim][OTf] 24 3 97 3
[DEME][BF,] 24 47 54 83
[DEME][TFSA] 24 33 53 67

Reaction conditions: 30 ‘C; racemic alcohol: 0.041 mmol, ionic liquid: 2 mL, immobilized cell: 1.0 g

(immobilized cell was prepared from dried cell: 39 mg, NAD": 6.5 mg, H20: 1.3 mL, cyclohexanone: 65
u L and water-absorbing polymer: 195 mg).

2 Racemic mixture

b Determined by GC analyses.

¢ The absolute configuration was determined to R for all samples examined by comparing the GC

retention times with those of authentic samples prepared in the literature methods.67)
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Z LT, BREREMEICOW TR 21T o722, WTInoEE THLHIFT 508
FHREDOT )V a— w55 T ENTE e o7z (Table 2), HEBRILEMDOEE .
RUBVERICEBERNH D L BONDLT Va3 — L OSERENMEL 72 o7z,
NRUBUVBRNLD LB TWA T L a— L ThH(E£)4- T 2= )L-2-T X ) —)L
RVIEMIGED(£)-2-7 T ) — A TEH(E)1- 7 == vx ¥ ) — )L L E_RTIEE
[l UM DO 7 L a— A3 G iz’ Aafifb & o(2)- 2071 h—L (6
AF N5 NTT -4 =), £-B-BE FeF =27 /LD(£)-3-& Kaxyv

TH W 7 TV TIEBOSHEMED > T2,
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Table 2. A A ARKESISTCBT L EE(CTRBRE A Z W27 & IR 8T
Jb = — VEA O NEARSER B R U SIS O FE B R S

Yield of Yield of %ee of substrate

. o
Substrate Reaction Time (h) ketone® (%) alcohol® (%) (R)-alcohol® ¢
OH
: A 24 47 50 90
F OH
@/K 24 17 80 23
OH

/@A\ 24 24 88 27
F

OH
é/K 24 10 87 11
0
/@2\ 24 41 57 69
0
/@A\ 24 18 85 22
FsC

OH
@/\)\ 24 53 46 87

¢ OH
M)\ 24 41 57 62

OH O J<
MO 24 9 83 13

Reaction conditions: 30 ‘C; racemic alcohol: 0.041 mmol, ionic liquid: 2 mL, immobilized cell: 1.0 g

(immobilized cell was prepared from dried cell: 39 mg, NAD": 6.5 mg, H20: 1.3 mL, cyclohexanone: 65
u L and water-absorbing polymer: 195 mg).

a2 Racemic mixture

b Determined by GC analyses.

¢ The absolute configuration was determined to R for all samples examined by comparing the GC

retention times with those of authentic samples prepared in the literature methods.ZS)’ 60

d Determined by GC analyses after acetylation of remaining alcohol.
e Cycloheptanone was used instead of cyclohexanone.
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2.3 BEERIEEERZ B 72 SLASBIR BB LS

RITTE DR B B ECHIRE IR 2 W2 7 & SRR T7 L o — VO SRR
R SOS I BOSHE DR ST B S vz, £ olIL, wREE RIS
ENDHTE N ACKDEES, MIRBEZE LT Z & T 4 RO 72 58 <
ZFll-oEEZT, £, TE LSS, WREEREEL-ZOOT b
ICEDBRE~OFBIBHETE R, SHI2, mHMRRETH L MiREE NAD'
EMZHMELHDHOTEHAM LTV, £Z T, ZUV =T IAXA MY —
DEE D HER R UER LZEZORIEEEZ WD Z LI Lz, KIEHE
BaEHND & TT B P AL DA RECESA T RN L DB~ D
ARV ERS ZENTE, S OITHE LER LICER RO TERESETENED RV IREE
THIGHIEITT 2 LB Z NS, £, IRIEEEOPIZHIBERE N ZENLTND
72 NAD 2 N 2 5 B 720,

B EIE. 3% (wt/mol) Z U tm—L (15 g) & 1% (wt/mol) FERE—T 3 2
(5g) & 0.5% (wt/mol) RVU X7 k> (2.5¢g) #/K (500 mL) (Z&EN L, 11.2%
(wt/mol) KHoPO4 (5.59g) & 3.1% (wt/vol) KeHPO4 (1.56 g) &1z Chiiha
TERR L. BEE L7zt2. mANCRBRE COREEZITV. WRIKA 7 7 2aTK
R LER Lz, 20k, £HE LI2IKIEFEK (025 ¢ 27K (1.5 mL) T
WL, Yau~x$ /s (26 pL) ERY~— (025 g) MMz EEMLL, [H
ELER (1.5 g) 2B IZ AN, [emim][BF4 (3 mL) & A& (0.041 mmol)
EMZBEE L TS EIT -T2, FEITAREMEEZ D HT20(£)- 1- 7 = =)L =¥
J =T 30C, 24 R L7 A, RIED 1-7 === ¥ ) — L EIUH
49% (97% ee), BALIADT & N7 =/ v % 52% T 5= (Table 3),

Flo, AT VBEEEA TN EIT>THATH, IZTHMUEL Y OIEETH
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FET D FMEOT NV a— NV a155 2 LR TE 7z, [emim][BF4), [bmim][PFe],
[DEMEI[BF.]. [DEMEITFSA]ITEWEISHED RS 4L, FEHIZ @V IEAE T
REOTNVa—LE2ELNTZ, TOFT, SWIERTT Va3 — L &215 5 UE
PN E PN T Do 7z [emim] [BF 2 HWTHRF 2D 5 Z LIl L, £,
INETOAF REPF TCORERSTE Ao EmE LT, [emim][OTf]
X7 =F NN AN BRTH LI OMRLRET L LRI, ZD7

DRERETF LN EZ L b5, 2

Table 3. [EE(WIKIEEKRZ W Z(£)-1-7 = = /LT )b a2 — )L D SLARERIR g
{BEORZ BT DA A AR DO R Ft

Substrate®  lonic liquid Reaction Time (h) Yield of Yield of %ee of substrate
ketone® (%) alcohol® (%)  (R)-alcohol® ¢

OH  [emim][BF,] 24 52 49 97
[bmim][PFe] 24 43 52 97
[emim][OTf] 24 8 91 7
[DEME][BF,] 24 49 49 94
[DEME][TFSA] 24 32 42 98

Reaction conditions: 30°C; racemic alcohol: 0.041 mmol, ionic liquid: 8 mL, immobilized cell: 1.5 g
(immobilized cell was prepared from wet cell: 0.25 g, HoO: 1.5 mL, cyclohexanone: 25 u L and
water-absorbing polymer: 0.25 g).

2 Racemic mixture.

b Determined by GC analyses.

¢ The absolute configuration was determined to R for all samples examined by comparing the GC

retention times with those of authentic samples prepared in the literature methods.67)

Z LT, BERREICOWTHEZ L7 (Table4), 13L& A EDIE TRIGHE
B SEEIRBILOS D EIT LTe, L L, HEBRIEEM TIIA /L MIICE
B2 /T D560, W B2 HT 25 A I XELIFEMED T L3 — L)

FoONRNZ LG oTe, BISMNC AT T v FEIEZ AT 2ILEWICIR-
TE, BUSKHZEIT T Z &2k » T, HfF 2 68ME w7 v a—L %z
/DT ENTER, £lo, XUBUVRMLD LB TWA{bEm L& L T(+)-4-

T2V 2T K ) — VR T e T AR WHEME C(R)-4-T == -2-T X )
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—AREbNTe, £, BREEME L) 0T ) =V E RIS EET
HIEFIZEHOWAFMETWR)- T T h ) — NV E2H{GLIENTE, 612, B

Table 4. [ EALIR LA 2 F 72 BE Ry Bk

Substrated Reaction time (h) Yield of Yield of %ee of subatrate
ubstrate ketone® (%) alcohol® (%) (R)-alcohol® ¢
OH
j /L 24 52 49 97
F  OH
24 32 60 56
48 40 62 64
OH
24 38 60 65
192 46 49 89
F
OH

Q)\ 24 26 72 37
FsC
OH
24 35 64 48
48 40 64 62
0

H
/@)\ 24 52 48 94
OH
)Oi/\/\/\/\
24 43 39 97¢
® oH
)\AN
24 41 48 97

/o(/\)\
= 24 30 67 41
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BEOREFULEW & L) (B)-3- A7 T -2 A — L b (£)- A H h— &R
FTee (£)(B)-3-F 7 7 »-2-F— VITUGTENRFEFIT B < | FEFRITm e
TR (B34 7 T -2 — N Em/FGHITZN, (£)- AN A b — VT SUSHEDME D
STz, BEREBICAEWIIISERN @D >T, LIz -> T, ZOFEITRENEE
WZ6h LI T & 2O5EM R v a— VA S S T2 O R ENE T
bHENWZD, TNETHEINTWD G candidum = H\ N2 7 & IR kT

Jb = — VD SRR L5 20 12 G candidum NBRC 4597 % FIVL TN 5

7=, AW G candidum NBRC 5767 121X G. candidum NBRC 4597 T
Wi TE WIS (B IEEY) b TEAMENGENTWVWH LEE
Zbhb,

Table 4. [EE(WIRIEEEZ W IE RPN (i)

Yield of Yield of %ee of subatrate

. -
Substrate Reactiontime (N) | i onec (06) alcohol® (%)  (R)-alcohol®:d

OH

24 39 46 >99
\ /

Reaction conditions: 30°C; racemic alcohol: 0.041 mmol, ionic liquid: 8 mL, immobilized cell: 1.5 g
(immobilized cell was prepared from wet cell: 0.25 g, H2O: 1.5 mL, cyclohexanone: 0.025 mL and
water-absorbing polymer: 250 mg).

a Racemic mixture.

b Cycloheptanone was used instead of cyclohexanone.

¢ Determined by GC analyses.

d The absolute configuration was determined to R for all samples examined by comparing the GC

retention times with those of authentic samples prepared in the literature methods.zg)’ 6769

e Determined by GC analyses after acetylation of remaining alcohol.
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24 BE_EDELD

Gl PO JLN T B IR TR T v a— VEOT T & LS BT
HEMT, FPTET B IER BTV 3 — VOSSR & R T,
TR IR NV a—VEHOT T RS 2T S D I2IE. BE & ETH
FRFCHEIFHCE Z 20ENDH D, A 4 R, WoktERY ~— (BL-100)
THEEl LTz G candidum NBRC 5767 O 7 & NV HiE RN 7 b D SIET
A= ~DRTTEETT D2 ENRHRESNTNDID, EOXLEE BB
OGS Tdo 2 SEARIEIRIB LS 2 MEt LT, eIl BEE L& E W T
et L7, ST 2 FMEO T Vv a— L 255 2 LI TE oz, £ 2
TREIEL Lo IR E R 2 D TR IR IR LS Z2 5 A ot 2R, 759200
FREOT L a— A R3 G o, BAVEEICHEATED Z L 2P LT LT,
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2.5 Experimental for Chapter 2

Instruments. Gas chromatographic analyses were performed using a
Shimadzu GC-12A or GC-12B gas chromatogaraph with a Shimadzu C-R6A
or C-R8A Chromatopac equipped with chiral GC-columns (CP-Chirasil-DEX
CB; 50 m (DEX), CP-Cyclodextrin-B-2,3,6-M-19; 25 m (CPCD)). 'H-NMR
spectra were recorded with Varian Mercury (500 MHz) in CDCl; and the
chemical shifts are expressed in § (ppm) values with tetramethylsilane as an

an internal standard. Abbreviations of 'H-NMR signal patterns are as

follows: s, singlet; d, doublet; dd, double doublet; dt, double triplet.

Chemicals. Organic reagents were purchased from Nacalai Tesque, Inc.,
Wako Pure Chemical Industries, Ltd., Kanto Chemical Co., Inc., Aldrich
Chemical Company, Inc., Across Organics, Merck Ltd., Japan or Tokyo Kasei
Kogyo Company, Ltd. unless noted otherwise. BL-100 (water-absorbing
polymer), Geotrichum candidum NBRC 5767 and the Acetone Powder of G.
candidum NBRC 5767 (APG5) were kindly supplied by Prof. Matsuda at

Tokyo Institute of Technology.

Cultivation of Geotrichum candidum. 3% (wt/vol) glycerol (15 g), 1% (wt/vol)
yeast extract (5 g), and 0.5% (wt/vol) polypeptone (2.5 g) were mixed with
water (500 mL). The medium, adjusted to pH 6.2 with 11.2% (wt/vol) KH2PO4

(5.59 g) and 3.1% (wt/vol) KsHPO, (1.56 g), was placed in two 100 mL test

tubes (30 mL x 2) and two Sakaguchi flasks (220 mL x 2), sterilized (121 °C,
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20 min). Each medium in the two test tubes was inoculated with the stored
microbe of G. candidum NBRC 5767. Precultivation was curried out for 24 h
at 30 °C with shaking at 130 rpm. Each resulting mixture in the two test
tubes was poured into the separate Sakaguchi flasks. The cultivation was

carried out for 24 h at 30 °C with shaking at 130 rpm. The resulting mixture

was filtered to obtain the cells (about 5 g wet weight (wet wt)).

General procedure for the enantioselective oxidation of racemic secondary

alcohols with immobilized APG5 (immobilized APG5 condition). BL.-100 (195

mg) was added to a suspension of APG5 (39 mg), NAD" (6.5 mg),
cyclohexanone (65 1 L) in water (1.3 mL), stirred with a spatula. A racemic
secondary alcohol (0.041mmol) and the resulting powder (1.0 g) were added
in [emim][BFs (2mL). The mixture was stirred at 30 °C for 24 h and

extracted with ether (5 mL x 4). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield

and ee were determined by GC analyses of the ether extract.

Reaction time. Under the immobilized APG5 condition, 16 h, 24 h and 48 h

as reaction time was examined. The results are shown in Table 1.

Ioninc liquids. Under the immobilized APG5 condition, each of [bmim][PFg],
[bmim][TFSA], [emim][OTf], [DEME][BF.] and [DEME][TFSA] was used as

ionic liquid instead of [emim][BF4]. The results are shown in Table 1.
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Substrate specificity of immobilized APG5 condition.

(A)-1-Phenylethanol: racemic 1-phenylethanol (0.041 mmol) was subjected to
the immobilized APG5 condition. (£)-1-Phenylethanol; yield 50% (90%ee),
acetophenone; yield 47% (Determined by GC analysis. GC conditions: DEX,

130 C).

(A)-1-o Fluorophenylethanol: racemic 1-o-fluorophenylethanol (0.041 mmol)
was subjected to the immobilized APGbH condition.
(R)-1-o Fluorophenylethanol; yield 80% (23%ee), 1-(2-fluorophenyl)ethanone;

yield 17% (Determined by GC analysis. GC conditions: CPCD, 110 C).

(A)-1-p-Fluorophenylethanol: racemic 1-p-fluorophenylethanol (0.041 mmol)
was subjected to the 1mmobilized APGb condition.
(R)-1- p-Fluorophenylethanol; yield 88% (27%ee), 1-(4-fluorophenyl)ethanone;

yield 24% (Determined by GC analysis. GC conditions: CPCD, 120 C).

(R)-1-0Methylphenylethanol: racemic 1-o-methylphenylethanol (0.041
mmol) was subjected to the immobilized APG5 condition.
(R)-1-0-Methylphenylethanol; yield 87% (27%ee),
1-(2-methylphenyl)ethanone; yield 10% (Determined by GC analysis. GC

conditions: CPCD, 140 °C).

(A)-1-pMethylphenylethanol: racemic 1-p-methylphenylethanol (0.041
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mmol) was subjected to the immobilized APG5 condition.
(£)-1-p-Methylphenylethanol; yield 57% (69%ee),
1-(4-methylphenyl)ethanone; yield 41% (Determined by GC analysis. GC

conditions: CPCD, 120 °C).

(R)-1-p-Trifluoromethylphenylethanol: racemic
1-ptrifluoromethylphenylethanol (0.041 mmol) was subjected to the
immobilized APG5 condition. (&)-1-p-Trifluoromethylphenylethanol; yield
85% (22%ee), 1-(4-trifluoromethylphenyl)ethanone; yield 18% (Determined

by GC analysis. GC conditions: CPCD, 120 °C).

(R)-4-Phenyl-2-butanol: racemic 4-phenyl-2-butanol (0.041 mmol) was
subjected to the immobilized APG5 condition. (£)-4-Phenyl-2-butanol; yield
46% (87%ee), 4-phenyl-2-butanone; yield 53% (Determined by GC analysis.

GC conditions: CPCD, 150 C (yield); DEX, 130 C (ee) ).

(A)-2-Undecanol: racemic 2-undecanol (0.041 mmol) was subjected to the
immobilized APG5 condition. (&)-2-Undecanol; yield 48% (84%ee),
2-undecanone; yield 41% (Determined by GC analysis. GC conditions: CPCD,
155 C (yield); CPCD 130 °C (ee) after the product alcohol was acetylated to

determine ee by GC analysis).

(R)-Sulcatol: racemic sulcatol (0.041 mmol) was subjected to the immobilized

APG5 condition. Cycloheptanone was used instead of cyclohexanone.
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(B)-Sulcatol; yield 57% (62%ee), 6-methyl-5-hepten-2-one; yield 41%
(Determined by GC analysis. GC conditions: DEX, 100 °C (25 min)—10 C

/min—150 °C).

(R)-tButyl 3-hydroxybutanoate: racemic #butyl 3-hydroxybutanoate (0.041
mmol) was subjected to the immobilized APG5 condition. (&)-#Butyl
3-hydroxybutanoate; yield 83% (13%ee), #butyl 3-oxobutanoate; yield 9%

(Determined by GC analysis. GC conditions: DEX, 110 “C).

General procedure for the enantioselective oxidation of racemic secondary
alcohols with immobilized cell (immobilized cell condition). BL-100 (0.25 g)
was added to a suspension of wet cell (0.25 g) and cyclohexanone (25 1 L) in
water (1.5 mL), stirred with a spatula. A racemic secondary alcohol
(0.041mmol) and the resulting powder (1.5 g) were added in [emim][BF4] (3
mL). The mixture was stirred at 30 °C for 24 h and extracted with ether (5

mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were

determined by GC analyses of the ether extract.

Ioninc liquids. Under the immobilized cell condition, each of [bmim][PFgl,

[emim][OTfl, [DEME][BF4 and [DEMDI[TFSA] was used as ionic liquid

instead of [emim][BF4]. The results are shown in Table 3.
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Preparation of a racemic secondary alcohol.

Racemic 1-(2-thiophenyl)ethanol:"® NaBH, (1.949 g, 0.515 mol) was added to
1-(2-thiophenyl)ethanone (4.994 g, 0.0396 mol) in MeOH (130 mL) at 0 °C.
The resulting mixture was stirred at room temperature for 21 h, quenched
with saturated NH4C1 at 0 °C. The mixture was extracted with diethyl ether,
dichloromethane and brine. The organic extracts were washed with brine,

dried over anhydrous MgSO4, and concentrated. The crude product was
purified by distillation (63 °C/3 mmHg), giving a colorless oil (3.048 g, 60%).:
TLC R=0.30 (Hexane/AcOEt = 4/1); "H NMR (CDCly) 6 : 7.24 (dd, /= 4.9, 1.2
Hz, thiophene H-5,1H), 7.01-6.91 (m, thiophene H-3, 4, 2H), 5.14 (dt, J= 12.7,

6.4 Hz, -CHCHs, 1H), 1.97 (d, J = 4.6 Hz, OH, 1H), 1.61 (d, J = 6.3 Hz,

-CHCHs, 2H), 1.60 (s, -CHCHs, 1H).

Substrate specificity of immobilized cell condition.
(A)-1-Phenylethanol: racemic 1-phenylethanol (0.041 mmol) was subjected to

the immobilized cell condition. The results are shown in Table 4.

(R)-1-o0-Fluorophenylethanol: racemic 1-o-fluorophenylethanol (0.041 mmol)
was subjected to the immobilized cell condition. The results are shown in

Table 4.

(A)-1-p-Fluorophenylethanol: racemic 1-p-fluorophenylethanol (0.041 mmol)
was subjected to the immobilized cell condition. The results are shown in

Table 4.
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(R)-1-pTrifluoromethylphenylethanol: racemic
1-p-trifluoromethylphenylethanol (0.041 mmol) was subjected to the

immobilized cell condition. The results are shown in Table 4.

(R)-1-0Methylphenylethanol: racemic 1-o-methylphenylethanol (0.041
mmol) was subjected to the immobilized cell condition. The results are shown

in Table 4.

(A)-1-pMethylphenylethanol: racemic 1-p-Methylphenylethanol (0.041
mmol) was subjected to the immobilized cell condition. The results are shown

in Table 4.

(R)-4-Phenyl-2-butanol: racemic 4-Phenyl-2-butanol (0.041 mmol) was

subjected to the immobilized cell condition. The results are shown in Table 4.

(A)-2-Undecanol: racemic 2-undecanol (0.041 mmol) was subjected to the
immobilized cell condition. The results are shown in Table 4. The product

alcohol was acetylated to determine ee by GC analysis.

(R)-(B)-3-Octen-2-ol: racemic (£)-3-octen-2-ol (0.041 mmol) was subjected to
the immobilized cell condition. Cycloheptanone was used instead of
cyclohexanone. (£)-(£)-3-Octen-2-ol; yield 48% (97%ee), (£)-3-octen-2-one;

yield 41% (Determined by GC analysis. GC conditions: DEX, 90 C (36 min)
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—10 C/min—150 C)).

(R)-Sulcatol: racemic sulcatol (0.041 mmol) was subjected to the immobilized
cell condition. Cycloheptanone was used instead of cyclohexanone. The

results are shown in Table 4.

(R)-1-(2-Furanylethanol: racemic 1-(2-furanylethanol (0.041 mmol) was
subjected to the immobilized cell condition. Cycloheptanone was used
instead of cyclohexanone. (&)-1-(2-Furanyl)ethanol; yield 55% (81%ee),
1-(2-furanylethanone; yield 18% (Determined by GC analysis. GC

conditions: CPCD, 80 C (24 min)—10 “C/min—150 C) ).

(A)-1-(2-Thiophenyl)ethanol: racemic 1-(2-thiophenyl)ethanol (0.041 mmol)
was subjected to the immobilized cell condition. (%)-1-(2-ThiophenylDethanol;
yield 46% (>99%ee), 1-(2-thiophenyl)ethanone; yield 39% (Determined by GC

analysis. GC conditions: CPCD, 120 C).
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ZE SEIFZHT7ILI-ILEOTSEIIERE

5%

1 IIL®IZ

ZIE TOMERED B A A B T G candidum NBRC 5767 % H %
& SIERT N a—LDBNBILT D RS hoT, £ ZAT, G candidum
NBRC 5767 IZIZE{LIATH L7 bond SET LV a— V21T T RIET IV

DU ERT AMELEEN TS ERHONTND, P Zolkn, Sk
TILa—LOFBLE 7 BT — L ~OBILHE D RIS, R IET
NA—NDOBRFRINIES (Fig. 6), "% Z2C, 7 hond RIE7 L a—
NBIET AR A SMHRANC L 0 IENT 2 & TF T MRS EER L L )
EEZI, FDOEDDOHELE LT, RO3H>OHE 1) 7 oo SIET /L a—
NA~DETLHEIAE, (2) 7 br® RIET L a—L~0RLOEEL, (3) Sk

72— )LDk ~OREOIEMAL, BB TND

3.2 ~FY UEHEIZ BT D RFY
F. ERICEDOMER I b < RO RMEZ Ao 272018, O E
fbie k2 2e Gt 2 MGt L7z (Table 5), WEII(+)-1-7 ==1rx % ) — L% f]

W, EPSTEkicien, 20 REEIC AN G candidum NBRC 5767 O I-E

& (0.50g) Z/K (3mL) [ZBEIE, HE(H)1-7=z=1x=% /—/L (0.080
mmol) ZNx 30°CT 24 FFff], 130rpm TIEEZ LA, TR b7 =2/ U %
I#E 10%, (B)-1-7 ==X ) —)L&E 81% (85%ee) TiHDIL. T 7%

SAENHEST L7 (Entry 1), ¥£72. G candidum NBRC 4597 TlI~F 4 &
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LD b BTG 2795 2 L S ST g, 2P 22T Ak
YRBET T ORMERR 2TV, SOSHEDE N 2T~ T A, IRIEFEE (0.25 )
Z/K (1.5 mL) THEEIHE, ~FH > (3 mL) &HEHE (0.041 mmol) ZIMx
THRIGESELEZA, T 7= /) U EIE39%, (B)-1-7 ==)VTH ) — L%k
I 56% (85%ee) THFOLILZDS, 7 71 IMLITHEIT Lo > 7= (Entry 2),
E BT, IRIEFEERZRAMERY ~— (BL-100) CTREE(LT D L2 &> TG
Peom B2 AT, 1ZE A EZBITR N> (Entry 3), £z, &<
KEMZFNZAFH AEBEITRIER AR Z IR TS ST & 2 b2 b7 o
7= (Entry 4), BZ L BRE2LZEILIEDIDIT, ~FV UICHRITRA L
KTHSTHLIOIEEERDID, ZNHDOMENL, ~F o~ 4
v EIKRD THREER CIERIGED [ BT T IMbOEITRH E D HIFFTE
RN E DI LT,

Table 5. W EEEFICI T D5

Yield (%) %ee of
ketone alcohol  (R)-alcoholP

Entry  Immobilized® Solvent

1° - H,O 10 81 85
2 — hexaned 39 56 77
3 + hexane 42 58 73
4 - hexane 36 46 77

Reaction conditions: 30 ‘C at 130 rpm for 24 h in H20 (3 mL) or hexane (3 mL). Wet cell: 0.25 g,
(£)-1-phenylethanol: 0.041 mmol. @ Immobilized cell: 1.5 g (immobilized cell was prepared from wet
cell: 0.50 g, H20: 3.0 mL and water-absorbing polymer: 0.50 g). » Determined by GC analysis with
chiral column (Chirasil-DEX CB). The absolute configuration was determined to be R for all samples

examined by comparing the GC retention times with those of the authentic samples in the reference.67)
cWet cell: 0.5 g, (£)-1-phenylethanol: 0.080 mmol. ¢ with H20 (1.5mL).

3.3 A A BRI RIEE TOPKMERY = —I2 & 5 EELDRE
WIZ, A A AR EOSE TOROSMED R 21T~ 12, 9, WokMER Y < —

Ik DEENDOFEZFHA L= (Table 6), IKIEFEIA (0.25g) Z/K (1.5 mL)
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TR L, WoKMERY ~— (0.25g) THETL5E L LARWGAT, £he
A A K lemim] [BFy] (8 mL) &RE(E£)1-7x=1x¥ /— (0.041
mmol) ZMA TRISZEAT 7o & T D, FUSMEZ R~ ZORE R, BWKMERY
~—TCREELLRVIED DX, BUSEDREWNZ LR nhole, 2D b, Hi
BT 7B IR RT3 — VORI LS T ek L7z

ZET, KoRISHERE BT S E b S,

Table 6. A A ARIKTIZI T 2WARMER Y ~—IZ LD EE(LDO R

Yield (%) % ee of

o
Entry  Immobilized®  o15ne aicohol (R)-alcohol®

1 - 38 57 64
2 + 28 69 40

Reaction conditions: stirred at 30 C for 24 h in [emim][BF4 (3 mL) with H2O (1.5 mL).
(#£)-1-Phenylethanol: 0.041 mmol. 2 Immobilized cell: 1.5 g (immobilized cell was prepared from wet
cell: 0.25 g, H2O: 1.5 mL and water-absorbing polymer: 0.25 g). » Determined by GC analysis with
chiral column (Chirasil-DEX CB). The absolute configuration was determined to be R for all samples

examined by comparing the GC retention times with those of the authentic samples in the reference.””

3.4 KOMEW, 1A BE, FRMEEEORE
KOVGEMNZRETT D720, KeMxTIKIEZRATEZ A, &L RISIE
AT L7eho72 (Table 7, Entry 1), ZORERNS ., A 4 R E MOSTAEBLIZ
NS EZFKRBBETHD EWVWZ D, RIZ, GFXPESRIMETIZT 22 & TS
MR EEBRELE, P P RAEEIC L DR EToE 2 A, THUE
EEWTA OGN0 (Entry 2, 3), E£70. HXMESRMTIZT 272 DITIG
RN LD RUEMED AL i~ 7= (Entry 3, 4), 50 mL =4 7 7 A 2 |ZFGTA
BRaeHES 2L LI ANTHISZITH) 2L T, BBEICR< ML oLz E
AL FUEDR EnoTe, WRIZ, A A URIKORETE LT, KERSVESA
7 ik lemim] [BF4), 7K IR S 57200 A A iR [bmim] [PFel % VT S
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Al L= (Entry 4, 5), 2% [bmim][PFel % v 7= & & 01T 9 2%, SOk
R < 97%ee &\ I IEFITEVIEFMEDT NV a— L afGH Z LN TE, £
7. 50 mL =/ 7 7 A=, 130 rpm, [bmim][PFe¢] TikATH. 98%ee &\ 9 [A]
HONFMEOT NV a— N %a2155 2 LN TEX7 (Entry 6), & 512, [emim][BF4
ZHWTIHREFRHX T CRIGZIToT2& 2 A, Entry 4 &2 M E L,
98%ee &) EVVEFMEDO T LV a— &S5 Z LR TE 72 (Entry 7)., L2

L. FOFHFIZBNTHT 7 I{ITHEIT Lo 72,

Table 7. /K. BUGSE#, REHE, A A ARIKOHE

Entry Reaction vessel Shaked Solvent Yield (%) % ee of
(3mL) ketone alcohol (R)-alcohol?
1 test tube 130 rpm [emim][BF,] 1 97 1
2 test tube 130 rpm [emim][BF,]® 40 53 75
3 test tube 280 rpm [emim][BF," 39 54 68
4 Erlenmeyer flask 280 rpm [emim][BF4]b 40 52 81
5 Erlenmeyer flask 280 rpm [bmim][PFg]® 39 44 97
6 Erlenmeyer flask 130 rpm [bmim][PFg]® 38 42 98
7° Erlenmeyer flask 130 rpm [emim][BF,]® 39 42 98

Reaction conditions: 24 h at 30 °C. Wet cell: 0.25 g, (£)-1-phenylethanol: 0.041 mmol. @ Determined by
GC analysis with chiral column (Chirasil-DEX CB). The absolute configuration was determined to be &
for all samples examined by comparing the GC retention times with those of the authentic samples in

the reference.’” b with H20 (1.5 mL). ¢ under O3 atmosphere.

3.5 WMz & 5 KISHEZAL

fE#E#l & LT NAD', NADH, v 7 a~¥H /o, 2-7 %) —Lafxlp
RETMA L Z L TRISHEDR 25 A 7= (Table 8), #BRE T 30°C. 24 KFfH
B E T o 7o, BIROFMITT 7 maet ) V2 BEER LIZSEE Th D08,
E el L2 WA b RSO E~9 2 & 3 0vo 7= (Entry 1), £72, NAD"
2 NADH Z /M Z TH IS ER S 20 -7 (BEntry 2,7), 2-7 03 — /L%

MMA D Z & TETORIGHEZ LT X5 EEXZN, 7 7% IMTHET Lo
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7= (Entry 3- 6, 8),

Table 8. {RUEEFNZ & 2 FOGHEZAb

- . a Cyclo- c Yield (% % ee of
Entry Immobilized NAD™@ NADH thanoneb 2-Propanol ketone a(lcghol (R)-alcohol®

1 - - - + - 48 46 98
2 + + - + - 49 48 97
3 - + - - + 11 83 12
4 + + - - + 16 72 20
5 + - - + + 29 71 38
6 + + - + + 28 69 40
7 + — + + - 48 48 96
8 + - + + + 28 72 39

Reaction conditions: 24 h at 30 C in [emim][BF4] (8 mL) with H20 (1.5 mL). (+)-1-Phenylethanol:
0.041 mmol. 2 5 mg. » 25 pL. ¢ 50 pL. ¢ Determined by GC analysis with chiral column (Chirasil-DEX
CB). The absolute configuration was determined to be & for all samples examined by comparing the

GC retention times with those of the authentic samples in the reference.67)

WIS, PHERZRNT S 2L T Fund ST L a— L ~DEILRIGE1T
HWEEDM X ZIE L, RIKT L a—L %248 95 L &2 (Table 9), 3V

ERNL L CTUATAIT— L EAFALE= AT FoEFHAVTREILER, 75
T Z 59, MOEBIKL o T L E -7, 728, Entry 2 TIZEE(L L
TREAIZ HW=%54%, Entry 3 Tl 50 mL =~ 7 A 2 C 280 rpm TR

L ChREZ @ o0 TREAZ W2 a 2 et L T b,

Table 9. [FHEAHNC L 5 MISHEZE(L

ihitora i Yield (%) %ee of

Entry Inhibitor Immobilized ketone alcohol (R)-alcohol®
1 allyl alcohol - 23 65 35
2 allyl alcohol +¢ 12 80 14
3 allylalcohol® - 21 68 29
4 methyl vinyl ketone - 31 56 54

Reaction conditions: stirred at 30 °C for 24 h in [emim][BF4d (3 ml with H.0 (1.5 ml).
(+)-1-Phenylethanol: 0.041 mmol. @ 0.5 mmol. » Determined by GC analysis with chiral column

(Chirasil-DEX CB). The absolute configuration was determined to be & for all samples examined by

comparing the GC retention times with those of the authentic samples in the reference.m) c

Immobilized cell: 1.5 g (immobilized cell was prepared from wet cell: 0.5 g, H2O: 3 mL, allyl alcohol: 1.0
mmol and water-absoring polymer: 0.5 g). 4 shaked at 280 rpm.
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3.6 [LEBTHE AW =T 7 & IS

INETORPNL, A A AREFTIET ' IR BT Va3 — VB AR
L7er RUMBILLINWZ ERg0roTe, T 78 MRS EERT D720
X, (1) R L72r b a2 mD T8 RT3 —VITEBT 50, HDWIE (2)
HRE LT b B AR LT HENE T Lo — L L R UM B 2 A9 % 71
—NANEBWT D 200 FEREZ LGNS (Fig. 14), £Z T, WMAHE»OHE
FEfToTe, ETIE AL b E2IEOT B IEBT IV a— VBT D
BEIZOWTOMFHI DWW TR A2 E S, TE, (L& TAl 2R & —HEIC
AN LI EoTTIvRT I/ BOT 7 IS EER LI L &

Turner &0 7 —FRHELTWD, P 2= (b eHlZ I A

D2 & ik,

OH >
R)\ \= R)K ' RTRT

Geotrichum candidum
NAD* NBRC 5767 NADH
resting cell

ionic liquid
OH \ 0
)\ < R)K

AV
AN

NaBH, in MES buffer
solution-[emim][BF,]

(1)

R

Fig.14 IRy va—HOT 7€ M{ERIe~O7 7 a—F

FATAREME A WD B T- 6 JEEIZ(X)-1-7 ==& ) — L& 7= (Table

10). G. candidum NBRC 5767 OIRILEEIE (0.25g) Z7&8/K (1.5 mL) T
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B, A A iElemim]l[BFy] (3 mL) #iNx, HE(X)1-7 ==X /) —
/b (0.041 mmol) , EioAl NaBHy (K3 &) Z#Mx7c& A, HFTHLIN
77 AT L. (Entry 1), BIHEMZ 52 LI2K->T pH 22 EDER
BENEZD, BENKIELTLED EEZXOND, £2C. G candidum
NBRC 5767 DIRIEHEKIZE ENDEER 2L ELSE DO, KOOV ITHE
EK MES Ny 77— (0.1M,pH7) /52 & TRESLEZIMA LI &L
TRER, 77 R L vi#EIT L (Entry 2), £72, WAKMERY ~—CREE
L LG ARG HERME T LT LE 57 (Entry 3), WkHER Y ~—& NaBHy
MBOGELTLEWY, TS K > TEERAILORENPRE S ED VRN RIE L
TLEIDOEEEbND, i, A4 A KIZ[bmim] [PFel 2 W CTIT95 &5 F
T fbiTiZ & A EH#IT L2 o 72 (Entry 4, 5), [bmim][PFelid/k LiRE Y (2<
Wiz, BICHIDHEBIZKIZHNRIE L T LES DB 6D, —F,
lemim] [BFJIZ/k SR E 0 G 5 726D, AKBA A ARIRIZ /3 L TR ISE T A
CHRT D DT, BIAANKIET LHELES TELHORELEEA S, &6, A
DiETEH|I NaBHsCN # AW TG 21T o720, 7 78 JMBITEIT LA o720
TEILANL NaBH4 2% LT 5 ST L7 (Entry 6, 7). RIS, FEEIRSPIRIE
FROBZWEL LT A, T 78OS LR EITHA LN (Entry 8
10), & L TR IoH| O E-Ple M 7 E i 72 5k 2 it L7 f6 R (Entry 11- 14) |
(B)-1-7 ==Vt ¥ ) — )L &R 96% 0 DI FHIE 99%ee TS Z E N TE T2
(Entry 13), ZDOFEENG . HHRRED NaBH, N MLET, MES Xy 77— &
[emim][BFJDENR 11 DR TH L EENHROBWERIETHD Z &R0 oT,
Z DBUGHRIE 99%ee &S HIFFIE D OJEFHIE TR O, IZIXTEERNICT 7 &
EREITT A BRI R FHEDO T L a— AR E LN ISR TH D L EZ
i, 72, Entry 13 O/ TIRIEEKR AL EE L TG Z A 7223, Entry
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3 & FEBRICRUSTEAME T L7z (Entry 15, 16), fifif#3% NAD 2Nz % Z & T4

BEOWRIEERTT 7% LIS AT S X 9 & L7zod, NAD & & oAl A EJE
RIS LT LEV, ZOREE( TR BT L2 > 72 (Entry 17), £
Too AT IR Z W THREEKR T TH 7 7 & I{LEOSTEIT L2, A&
R DA 3R B CIRINERIC /2 o 72 (Entry 18- 20), Z DD, A A UK
EHWD EARMOMMENRES TR D DT, A A EEREHCLREND D

1/\2_60

Table 10. {bF&EICHAIZHAW=T 7 & (bR 2

Entry  Substrate® lonic liquid NaBH, or Reaction Wet cell MES buffer Yield (%) %ee of
(3mL) NaBH;CN time (h) (9) (mL) ketone alcohol (R)-alcohol
1 1-Phenylethanol [emim][BF,] NaBH,(3.2eq.) 24 0.25 (1.5, H,0) 4 89 19
2 [emim][BF;] NaBH,4(3.1eq.) 24 0.25 1.5 6 88 31
3 [emim][BF,]°Y NaBH, (3.0 eq.) 24 025 15 10 81 12
4 [bmim][PFg] NaBH, (3.2 eq.) 24 0.25 15 28 59 34
5 [bmim][PFg]¢¢ NaBH, (3.0 eq.) 24 025 15 17 72 29
6 [emim][BF,] NaBH;CN (3.7eq.) 24 025 15 31 60 51
7 [bmim][PF¢] NaBH3CN (3.1eq.) 24 0.25 1.5 43 46 98
8 [emim][BF,] NaBH,4 (3.2 eq.) 24 0.50 15 10 81 39
9 [emim][BF,] NaBH, (3.5€q.) 24 0.25 3.0 8 86 55
10 [emim][BF,4] NaBH, (3.0 eq.) 24 0.50 3.0 20 65 98
11 [emim][BF;] NaBH,;(3.1eq.) 48 0.50 3.0 31 60 92
12 [emim][BF;] NaBH,4 (6.4 eq.) 48 0.50 3.0 0 95 99
13 [emim][BF,] NaBH,4 (9.0 eq.) 24 0.50 3.0 1 96 99
14 [emim][BF,] NaBH, (15 eq.) 24 0.50 3.0 10 86 92
15 [emim][BF,]Y NaBH, (9.0 eq.) 24 0.50 3.0 5 87 6
16 [emim][BF,]¢¢ NaBH, (9.0 eq.) 24 1.0 3.0 39 62 57
17f [emim][BF,] NaBH, (3.1eq.) 24 0.25 1.5 1 90 8
18 None NaBH, (9.1 eq.) 24 0.50 6.0 2 84 >99
19 2-Octanol? None NaBH, (9.0 eq.) 24 0.50 6.0 5 36 74
20  Sulcatol None NaBH, (9.0 eq.) 24 0.50 6.0 22 10 86

2 Reaction conditions: 24 h at 30°C; racemic alcohol: 0.041 mmol. Determined by GC analysis with
chiral column (Chirasil-DEX CB). The absolute configuration was determined to be R for all samples

examined by comparing the GC retention times with those of the authentic samples in the reference.m)
b Racemic mixture. ¢ Immobilized cell prepared from wet cell, MES buffer solution and water-absorbing

polymer was used. 4 Immobilized cell: 1.5 g. ¢ Immobilized cell: 3.0 g. f with NAD' (5 mg). s Determined
by GC analyses after acetylation of remaining alcohol.
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3.7 7 7 & ML DEE R R

AHETH 5202 L MES /Ny 7 7 — - [emim][BF4] (1:1) {E&WES T G
candidum NBRC 5767 OIRIEFE K & iZ=IeA| NaBH, 2 W RICE D 7 IR
TRRT V3= VRO T T IS O BEE R R OV TRl L 72 (Table 11),
FTARUB U RICEREEZ AT 2MEME L TU(H) 1 p AF LT ==
B )= NEHBICHWEE A (B 1-p AT N T ==V X ) — L EER 8T%,
WA 95%ee TH BN (Entry 2), <P UBNLD LB TV AR E L
(L) 4T 2= VT HZ -2 F— NV EHBEICHW A, (D47 z=VTH
22— VB ILER T9%, JEEAHE 96% CTH5 Z N TE 7= (Entry 3), F7-.
feE O AR faffba & L C(£)-(B)-3-4 7 7 v -2-4—/L (Entry 4,5) &(*)-
ANH b= (Entry 6) ZHEEIZHW, (B-(B)-3-47 7 -2-4—1 L (R)-
ANT b= EPREOIENSEFICEODEFAMETHE LN, £,
(E)(B)-3-F 7 T 24— &GS & &1, BlIARY L LT(2)-(B)-3-4
7T 22— )V DOFRLARD NaBH4IZ K- T, L4 BuuSVER LT 22427 & 7
> (LK 2%, Entry 4, U3 7%, Entry 5) &€ O&ELED 2-4 27 % 7 —/L (L
3R 13%, Entry 4, IX3R 13%, Entry 5) Z1G7-, & b2, EiEOfEMLEY &
LC(£)2-A47 &% ) — & HEIHH Lz (Entry 7- 9), K IEE{A (0.50 g) , MES
Ny 77— (3mL) ,[emim][BFs (3mL) @& &, &WVEFEME CR)-2-4 7
B )= NVE G5 ENTERP-T=Entry 7). BWVFEMENE LRV DIT
FRALSOGS DIREE DS =72 & B IRIEE RO EZ I L& 2 AERICH
VIR C(R)-2- 47 % /) —Nat55 2 L3 TE 72 (Entry 8, 9), KIZ, HEHE
WEE AT L2HEERLEYW THL(2)2--e FeXxvoF )b 72 L
(Entry 10) &£ (+)-1-(1-& Faxv=F1)F 7% L (Entry 11, 12) %7,

(£)-2-1-& R mFn)F 7 X L AT TR E O R TIEF I &GS E
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TW@H)-2-(1-t FaxvoF)Frxrrazfionlk, £/, (£)-1-(1-k Fa¥x
VETFI)TF T L ATRIETERIC K D BSOS OB EE D VS IRIEE RO &
LT Z LT T2%ee £ CHFMEL M ETE 7, H_HET1-T7z=/Lx X/
— VDA MIICEBREE BT HHEEGITELEEMEDOT L a— LR G 7
MmoleZ b, FT7 XV UBRPIKEEIEIZIT WM % 58 5 72 O SOSTEDME
EEZOND, 6L, BERILAWELTU(E)1-Q7T7=1)=F ) — )L
(Entry 13, 14) &(+)-1-2-F 47 = =)= % /—/,L (Entry 15) Z Mz &
A, PREOIGE, EFIZEHEWVAFMETCWR-1-Q- 77 =) F ) — L

RB-1-Q-F A7 z=)V)H ) —)L&E-, EHIZE, TaX) —)LFERE L

Table 11. 7 7 & JIA(bLRURIZRT 2 BB R RIME

Entry  Substrate® NaBH, Wet cell Yield (%) % ee of
(eq.) (9) ketone alcohol (R)-alcohol®
OH
1 ©)\ 9.0 0.50 1 96 99
OH
2 //[:::]/i\\ 9.0 0.50 5 87 95
OH
3 [:::T/A\V/i\\ 9.0 050 15 79 96
4 )O\H/ 9.0 0.50 0 54 >99
C
5 B 9.0 0.75 0 58 >99
OH
6 _ 9.1 0.50 8 68 97
7 OH 9.0d 0.50 10 67 89
8 //L\ 9.0 0.75 10 74 99
9 CgHi1s 9.0d.e 1.00 14 85 98
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T(E)1-7 ==1-1-7 1, ) —)b (Entry 16- 18) L (£)-3-4 27 % / —/L (Entry
19,20) #HE L L THWEZE X, G candidum NBRC 5767 OIRIEFEIZ L 5
PR U BSOS IEF B o T2y, IRIEEROEZIEC L, JOSKMAZIEIX L7z &

CABWHFEMEDOR)-1-T == -1-Ta R ) — L E(R)-3-F T E ) — IV E

BN TEE, KPTOFTTE LS 203 b~ RV ICE T

Table 11. 7 7 & (LRSI 2 FEH M (i)

Entry  Substrate? NaBH, Wet cell Yield (%) % ee of
(eq.) (9) ketone alcohol  (R)-alcohol®

10 9.0° 0.75 21 56 >99
OH

11 9.0 0.50 5 77 21

12 OO 9.0f 6.00 35 42 72

OH
13 0 9.0 0.50 18 60 97
14 \ 9.1 0.50 16 66 >99
OH
S
15 \ 8.9 0.50 12 73 >99
OH
16 9.0 0.50 4 96 19
17 9.09 6.00 17 33 66
18 9.0" 6.00 32 49 >99
OH
19 )\/ 9.0¢ 0.50 3 90 16
20 CeHyy 9.0 3.00 9 41 97

Reaction conditions: 24 h at 30 °C in the mixture of MES buffer solution (3 mL) and [emim][BF4] (3
mL). racemic alocohol: 0.041 mmol. @ Racemic mixture. ® Determined by GC analysis with chiral
column (Chirasil-DEX CB or CP-Cyclodextrin-B-2,3,6-M-19). The absolute configuration was
determined to be R for all samples examined by comparing the GC retention times with those of the

authentic samples in the references.zg)’ 6769, 81, 82) MES buffer solution (4.5 mL), [emim][BF4] (4.5
mL). ¢Determined by GC analyses after acetylation of remaining alcohol. ¢ MES buffer solution (6.0
mL), [emim][BF4] (6.0 mL). f MES buffer solution (18.0 mL), [emim][BF4] (18.0 mL), 48 h. ¢ MES buffer
solution (36.0 ml), [emim][BF4] (36.0 mL).  MES buffer solution (18.0 mL), [emim][BF4] (18.0 mL), 51
h. i MES buffer solution (18.0 mL), [emim][BF4] (18.0 mL), 24 h.
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&7z, G. candidum NBRC 5767 DIRIEEEICE TV DBERIZ OV TE S0
STWRWA, RIET NV a— 3Bk T HBEE L SIKT L a— LBtk 2 E
FNNWLOFIELTWD &b, KPTOTFT 7' I{ERIGTIE 2 DO
BOMENMI Z IR TH#ITTHEEZX N TWD, T7bb, RET L
o — VICBAfR T D EER O BB &P K CTo T T & MBS O FEE 1
HTHD W2 D, SIET NV a— V3 BEfRT HBEHEOSE O AL B IAED
T v a— )L ORART HBEE O FE O HHEIPH XL D KW e, KD IERWIEE IS
HHTEDMUSRPEETE LB BND,

3.8 Lactobacillus kefir (.BBE 7 7 47) HEOT Va—AT ke FalfjF—E
ZRAWT 7' LG

I, B LTS b o B B LTt st 7 v = — L L JR) Ul i 2 A7
DTN T =BT LB L ST 7 RIS DN TR 720y,

TR IR BT Va3 = VDT T & HERISIZRB W TRRETTAN T IR A T
L7 N ERBUOEE CTOL T EIR BT Va3 — BT B E AT D,
Z LT, RPTHERLET B IE RT3 — DRI Ko TIRERNIC
BibSh, 7 hoBBBursnden) ZEn@vikshb, BEERTIRILESNT
R L2 b rd RIKT Vv a—VICARFEILTENIE, LVERMICT T &
b EITSEL T ENTEDITIT TH D, £z, EAl NaBH [T ER= L1
TIEL U EAEBRIEIT D e B S 7RV, TENICHWIZSE. KEX
JS LA B S 2R REMEA B 2 b, EMIETRWe o REEM D % <
TLEY, INHOEMMNG, 7 Nk RIET Va3 — WTELT L AR %
HAWBHZ L&z, FLAEDTVa—LT e RasrF—Bidsr bz Sk

FLaA— BT T A D THLN TS, O UL, R KT ALa—L 0
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TET BRI b o ST D, 0 2o TeililE TS
Lactobacillus kefir 53 ADH (E.C.1.1.1.2) #H\5Z LIz L7,

G. candidum NBRC 5767 DIRIEE{A & L. kefir >k ADH % MES /N v 7 7
— (0.1M,pH7) TS, A A RE, WEEZMZRE Lz, HEIT(H)-1-
7 x=)x X ) —)LiEHW= (Table 12), £9. &#tHl NaBHy #7257 7
B LRGSO AT NaBH, D1 0 \Z L. kefir B3k ADH (5 mg) fff LT
JGER AT A T 7' IMUITHEIT LR o7z (Entry 1), #&E#K MES /N v
Ty —DEEEFICLIZE A, T I Mo EITRET R 57 (Entry 2),
A R [bmim] [PFel 2 W2 & 2 A F T & I{LOEITME T L7z (Entry
3). L. kefir i3k ADH D&% 10 mg [ZHET &7 78 M b o RREEA TS

(Entry 4), We/kPEARY ~— (BL-100) T G. candidum NBRC 5767 DK 11
k& L. kefir ik ADH #[E & LIBa. 7 7 & IRITi#EIT L7227 - 72 (Entry
5, 7o, RICKE%Z 48 FFIZIEIX L Th, 24 FfD L& LD LR T2

(Entry 6), G. candidum NBRC 5767 OIRIEF K & [emim][BF4] & MES /X v
Try—DBE/FHICLIEEEL, mELRoT- (Entry 7). MLEORERNS,
7T T MERISIEH DRREEIT L2, JEEMEIR 90% & B2 2o Tz, L
kefir -2k ADH O&ZHEC L7 2 & THARDEITH A LI DNEEAERF T, &
DICRIGFHZIEIX L CTHIZEA EEWVWR RN 2h- T Z &b, L. kefir
k ADH 0% X0 < TUET 78 IR S HICHEITT 2 LIIHIFFTE 20,

Z OEEFE X NADPH # @i ICHWA Z LR b TW5, NADPH NS 7
ST ORISR EIT LN E WS Z e nEZ 54725, NADP A6 NADPH

RS T u e A MABALMEN D 5D L Bbhd, NADPH ZMx 2 5E6%E
ZHNDH0, EMlRRAERO TEAMTIIRNEEZE X 6ND,
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Table 12. L. kefir i3k ADH # H\\W7=7 7 & I{bXIG ?

lonic liqguid ADHfrom  Reaction Wet cell MES buffer Yield (%) %ee of

Entry

(3ml) L. kefir (mg) time (h) (9) (mL) ketone alcohol (R)-alcohol
1P [emim][BF,] 4.9 24 0.50 3.0 41 51 97
2 [emim][BF,] 5.0 24 0.50 15 24 64 83
3 [bmim][PFg] 4.9 24 0.50 15 42 57 >99
4 [emim][BF,] 10 24 0.50 15 18 78 84
5 [emim][BF,]° 4.9 24 0.50 15 29 59 30
6 [emim][BF,] 4.9 48 0.50 15 22 69 88
7 [emim][BF,]¢ 5.1 24 1.00 3.0 28 69 88

a Reaction conditions: 30°C at 280 rpm. (£)-1-Phenylethanol: 0.041 mmol. Determined by GC analysis
with chiral column (Chirasil-DEX CB). The absolute configuration was determined to be & for all
samples examined by comparing the GC retention times with those of the authentic samples in the

reference.67> b 250 rpm. ¢ Immobilized cell prepared from wet cell, ADH from L. kefir, MES buffer
solution and water-absorbing polymer was used. ¢ [emim][BF4] (6.0 mL).

39 FEZEDE LY

RTE TR LT & K 7 Vo — VO SEARRI R L i & J R S 4,
7 7% IMLIE DB E{T 272, MES /N 77— (0.1 M, pH 7) - [emim][BF4]

RAVAET C G. candidum NBRC 5767 DK IEFE A & L5580 4] NaBH, %
WieRE Wb Z ik oT, IR HRT AV a—VEHOT 7' IS L
B L7z, MES /Ny 7 7 — & [emim] [BFJ DEAEBZ AV 2 & C, B#E%
ZENSE, BIEAI NaBHAIZ X D7 b DT IIRT )L a— /L ~Dig T & Lt
EEBHZENTE, £ MES RNy 7 7 —& A 4 iEiElemim] [BFJ D&
TS, SHITMADIRIEEIRDOEDR, 7 7 & I(LOE#EIT & @ EMiE T AR
WMEGHT-DOEERBERTH L EEbhd, MES Ny 77— & A F UK
[emim] [BFJJDOEOEIGIT 111 DL &, b BWEERBE LI, & HITIRIEEEE
EMNZDIEERWVERNG N, G candidum NBRC 5767 IX[emim][BF4]
W T b D SIET IV a— L ~DETEIT ) 2 ENME SN TV DA,
BEEDR T v ST v a— W& 5 L0 NaBHy Y 7 B I{RT L2 —)L(C
BT D1F9 NIRRT LR ghole, o, TOFEIFIEFITERNZ A 7D
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TERT A= VI TTE D, JEEENE AT v 3 — VB A m O TR T
DIEDOEMBRFETHLEEZEZBND,

TR L7256 D NaBHy OfattE 2 < 2 & &0 KV BRI TFIEZBRRE T
578, NaBH, DRV IZ L. kefir 2k ADH Z W78 IR T ra—

NEDOT T8 LS #2, EZE VB Z &N TET,
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3.10 Experimental for Chapter 3

Instruments. Gas chromatographic analyses were performed using a
Shimadzu GC-12A or GC-12B gas chromatogaraph with a Shimadzu C-R6A
or C-R8A Chromatopac equipped with chiral GC-columns (CP-Chirasil-DEX

CB; 50 m (DEX), CP-Cyclodextrin-B-2,3,6-M-19; 25 m (CPCD)).

Chemicals. Organic reagents were purchased from Nacalai Tesque, Inc.,
Wako Pure Chemical Industries, Ltd., Kanto Chemical Co., Inc., Aldrich
Chemical Company, Inc., Across Organics, Merck Ltd., Japan or Tokyo Kasei
Kogyo Company, Ltd. unless noted otherwise. BL-100 (water-absorbing
polymer), Geotrichum candidum NBRC 5767 were kindly supplied by Prof.

Matsuda at Tokyo Institute of Technology.

Cultivation of Geotrichum candidum. How to cultivate of G. candidum was

shown at section 2.5.

Studies for the deracemization of racemic secondary alcohols in hexane

(Table 5).2

Entry 1: to a suspension of wet cell of G candidum NBRC 5767 (0.501 g) in

water (3.0 mL) in a test tube, racemic 1-phenylethanol (0.080 mmol) was

added. The mixture was shaken at 130 rpm for 24 h at 30 °C, extracted with

diethyl ether (5 mL x 5) by centrifugation (10 min, 8000 rpm). Dodecane

(7.93 x 10° mol) as an internal standard to determine chemical yield was
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added to ether extract. Ether layer (1 mL) was filtrated through Extrelut and
eluted with ether. Chemical yield and ee were determined by GC analyses of

the ether extract. The results are shown in Table 5.

Entry 2: to a suspension of wet cell (0.249 g) in water (1.5 mL) in a test tube,
hexane (3.0 mL) and racemic 1-phenylethanol (0.041 mmol) were added. The
mixture was shaken at 130 rpm for 24 h at 30 °C, extracted with ether (5 mL

x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 5.

Entry 3: to a suspension of wet cell (0.501 g) in water (3.0 mL), BL-100 (0.500
g) was added and the mixture was stirred with a spatula. Racemic
1-phenylethanol (0.041mmol), the resulting powder (1.501 g) and hexane (3
mL) were added in a test tube. The mixture was shaken at 130 rpm for 24 h
at 30 °C and extracted with ether (5 mL x 4). Dodecane (7.93 x 10° mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 5.

Entry 4: to a suspension of wet cell (0.2506 g) in hexane (3.0 mL) in a 50 mL
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Erlenmeyer flask, racemic 1-phenylethanol (0.041 mmol) was added. The

mixture was shaken at 130 rpm for 24 h at 30 °C, extracted with ether (5 mL
x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine
chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 5.

Effect of immobilization in [emim][BF4] (Table 6).

Without immobilization (Entry 1): to a suspension of wet cell of G. candidum
NBRC 5767 (0.250 g) in water (1.5 mL) in a test tube, [emim][BF4] (3.0 mL)
and racemic 1-phenylethanol (0.041 mmol) were added. The mixture was
stirred at 30 °C for 24 h, extracted with diethyl ether (5 mL x 4). Dodecane

(7.93 x 10° mol) as an internal standard to determine chemical yield was

added to ether extract. Ether layer (1 mL) was filtrated through Extrelut and
eluted with ether. Chemical yield and ee were determined by GC analyses of

the ether extract. The results are shown in Table 6.

With immobilization (Entry 2): to a suspension of wet cell (0.251 g) in water
(1.5 mL), BL-100 (0.2505 g) was added. The mixture was stirred with a
spatula. Racemic 1-phenylethanol (0.041mmol), the resulting powder (1.500
g) and [emim][BF4] (3.0 mL) were added in a test tube. The mixture was
stirred at 30 °C for 24 h and extracted with ether (5 mL x 4). Dodecane (7.93

x 10° mol) as an internal standard to determine chemical yield was added to
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ether extract. Ether layer (1 mL) was filtrated through Extrelut and eluted
with ether. Chemical yield and ee were determined by GC analyses of the

ether extract. The results are shown in Table 6.

Reaction vessels, shaking speeds and solvents (Table 7).
Entry 1: wet cell (0.249 g), [emim][BF4] (3.0 ml) and racemic 1-phenylethanol
(0.041 mmol) were added in a test tube. The mixture was stirred at 30 °C for

24 h, extracted with ether (5 mL x 4). Dodecane (7.93 x 10° mol) as an

internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 7.

Entry 2: to a suspension of wet cell (0.250 g) in water (1.5 mL) in a test tube,
racemic 1-phenylethanol (0.041 mmol) and [emim][BF4] (3.0 mL) were added.
The mixture was shaken at 130 rpm for 24 h at 30 °C, extracted with ether (5
mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine
chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 7.

Entry 3: to a suspension of wet cell (0.250 g) in water (1.5 mL) in a test tube,

racemic 1-phenylethanol (0.041 mmol) and [emim][BF4] (3.0 mL) were added.
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The mixture was shaken at 280 rpm for 24 h at 30 °C, extracted with ether (5

mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 7.

Entry 4: to a suspension of wet cell (0.249 g) in water (1.5 mL) in a 50 mL
Erlenmeyer flask, racemic 1-phenylethanol (0.041 mmol) and [emim][BF4]
(3.0 mL) were added. The mixture was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 7.

Entry 5: to a suspension of wet cell (0.251 g) in water (1.5 mL) in a 50 mL
Erlenmeyer flask, racemic 1-phenylethanol (0.041 mmol) and [bmim][PF¢]
(3.0 mL) were added. The mixture was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 7.
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Entry 6: to a suspension of wet cell (0.251 g) in water (1.5 mL) in a 50 mL
Erlenmeyer flask, racemic 1-phenylethanol (0.041 mmol) and [bmim][PFe]
(3.0 mL) were added. The mixture was shaken at 130 rpm for 24 h at 30 °C,
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 7.

Entry 7: to a suspension of wet cell (0.2497 g) in water (1.5 mL) in a 50 mL
Erlenmeyer flask, racemic 1-phenylethanol (0.041 mmol) and [emim][BF4]
(3.0 mL) were added. The mixture was shaken at 130 rpm for 24 h at 30 °C

under Oz atmosphere, extracted with ether (5 mL x 5). Dodecane (7.93 x 10”

mol) as an internal standard to determine chemical yield was added to ether
extract. Ether layer (1 mL) was filtrated through Extrelut and eluted with
ether. Chemical yield and ee were determined by GC analyses of the ether

extract. The results are shown in Table 7.

Accelerators (Table 8).

Entry 1: to a suspension of wet cell (0.251 g) and cyclohexanone (25 L) in
water (1.5 mL) in a test tube, racemic 1-phenylethanol (0.041 mmol) and
[emim][BF4] (3.0 mL) were added. The mixture was stirred at 30 °C for 24 h,

extracted with ether (5 mL x 4). Dodecane (7.93 x 10° mol) as an internal
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standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 8.

Entry 2: to a suspension of wet cell (0.499 g), NAD" (10.1 mg) and

cyclohexanone (50 1 L) in water (3.0 mL), BL-100 (0.499 g) was added. The
mixture was stirred with a spatula. Racemic 1-phenylethanol (0.041mmol),
the resulting powder (1.499 g) and [emim][BF4] (3.0 mL) were added in a test
tube. The mixture was stirred at 30 °C for 24 h and extracted with ether (5

mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 8.

Entry 3: to a suspension of wet cell (0.251 g), NAD" (5.0 mg) and 2-propanol

(50 L) in water (1.5 mL) in a test tube, racemic 1-phenylethanol (0.041
mmol) and [emim][BF4] (3.0 mL) were added. The mixture was stirred at 30
°C for 24 h, extracted with ether (5 mL x 4). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 8.
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Entry 4: to a suspension of wet cell (0.501 g), NAD" (10.0 mg) and 2-propanol

(100 1 L) in water (3.0 mL), BL-100 (0.499 g) was added. The mixture was
stirred with a spatula. Racemic 1-phenylethanol (0.041mmol), the resulting
powder (1.499 g) and [emim][BF4] (3.0 mL) were added in a test tube. The
mixture was stirred at 30 °C for 24 h and extracted with ether (5 mL x 4).

Dodecane (7.93 x 10° mol) as an internal standard to determine chemical

yield was added to ether extract. Ether layer (1 mL) was filtrated through
Extrelut and eluted with ether. Chemical yield and ee were determined by

GC analyses of the ether extract. The results are shown in Table 8.

Entry 5: to a suspension of wet cell (0.252 g), cyclohexanone (25 ;L) and
2-propanol (50 1 L) in water (1.5 mL), BL-100 (0.2501 g) was added. The
mixture was stirred with a spatula. Racemic 1-phenylethanol (0.041mmol),
the resulting powder (1.500 g) and [emim][BF4] (3.0 mL) were added in a test
tube. The mixture was stirred at 30 °C for 24 h and extracted with ether (5

mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 8.

Entry 6: to a suspension of wet cell (0.499 g), NAD" (10.1 mg), cyclohexanone

(50 1 L) and 2-propanol (100 1 L) in water (3.0 mL), BL-100 (0.499 g) was
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added. The mixture was stirred with a spatula. Racemic 1-phenylethanol
(0.041mmol), the resulting powder (1.501 g) and [emim][BF4] (3.0 mL) were
added in a test tube. The mixture was stirred at 30 °C for 24 h and extracted
with ether (5 mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to
determine chemical yield was added to ether extract. Ether layer (1 mL) was
filtrated through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 8.

Entry 7: to a suspension of wet cell (0.499 g), NADH (10.1 mg), and
cyclohexanone (50 1 L) in water (3.0 mL), BL-100 (0.500 g) was added. The
mixture was stirred with a spatula. Racemic 1-phenylethanol (0.041mmol),
the resulting powder (1.499 g) and [emim][BF4] (3.0 mL) were added in a test
tube. The mixture was stirred at 30 °C for 24 h and extracted with ether (5

mL x 4). Dodecane (7.93 x 10° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. The results are shown in

Table 8.

Entry 8 to a suspension of wet cell (0.501 g), NADH (10.1 mg),
cyclohexanone (50 u L) and 2-propanol (100 x L) in water (3.0 mL), BL-100
(0.499 g) was added. The mixture was stirred with a spatula. Racemic

1-phenylethanol (0.041mmol), the resulting powder (1.501 g) and
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[emim][BF4] (3.0 mL) were added in a test tube. The mixture was stirred at
30 °C for 24 h and extracted with ether (5 mL x 4). Dodecane (7.93 x 10™ mol)
as an internal standard to determine chemical yield was added to ether
extract. Ether layer (1 mL) was filtrated through Extrelut and eluted with
ether. Chemical yield and ee were determined by GC analyses of the ether

extract. The results are shown in Table 8.

Inhibitors (Table 9).

Entry 1: to a suspension of wet cell (0.249 g) and allyl alcohol (34.2 u L, 0.5
mmol) in water (1.5 mL) in a test tube, racemic 1-phenylethanol (0.041
mmol) and [emim][BF4] (3.0 mL) were added. The mixture was stirred at 30
°C for 24 h, extracted with ether (5 mL x 4). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 9.

Entry 2: to a suspension of wet cell (0.500 g) and allyl alcohol (68.4 n L, 1.0
mmol) in water (3.0 mL), BL-100 (0.5004 g) was added. The mixture was
stirred with a spatula. Racemic 1-phenylethanol (0.041mmol), the resulting
powder (1.500 g) and [emim][BF4] (3.0 mL) were added in a test tube. The
mixture was stirred at 30 °C for 24 h and extracted with ether (5 mL x 4).

Dodecane (7.93 x 10° mol) as an internal standard to determine chemical

yield was added to ether extract. Ether layer (1 mL) was filtrated through
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Extrelut and eluted with ether. Chemical yield and ee were determined by

GC analyses of the ether extract. The results are shown in Table 9.

Entry 3: to a suspension of wet cell (0.2512 g) and allyl alcohol (34.2 L, 0.5
mmol) in water (1.5 mL) in a 50 mL Erlenmeyer flask, [emim][BF4] (3.0 mL)
was added. After the mixture was shaken at 280 rpm for 30 min at 30 °C,
racemic 1-phenylethanol (0.041 mmol) was added, shaken at 280 rpm for 24
h at 30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 9.

Entry 4: to a suspension of wet cell (0.249 g) and methyl vinyl ketone (40.8
v L, 0.5 mmol) in water (1.5 mL) in a test tube, racemic 1-phenylethanol
(0.041 mmol) and [emim][BF4] (3.0 mL) were added. The mixture was stirred
at 30 °C for 24 h, extracted with ether (5 mL x 4). Dodecane (7.93 x 10 mol)
as an internal standard to determine chemical yield was added to ether
extract. Ether layer (1 mL) was filtrated through Extrelut and eluted with
ether. Chemical yield and ee were determined by GC analyses of the ether

extract. The results are shown in Table 9.

Deracemization of racemic secondary alcohols with a chemical reducing

agent (Table 10).
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Entry 1: the wet cell (0.250 g) was suspended in water (1.5 mL) in a test tube,
followed by addition of [emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041
mmol) and NaBH, (0.0050 g, 0.13 mmol). The whole was stirred at 30 °C for

24 h, extracted with ether (5 mL x 4). Dodecane (7.93 x 10° mol) as an

internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 10.

Entry 2: the wet cell (0.2502 g) was suspended in MES buffer solution (0.1 M,
pH 7) (1.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0049 g, 0.13 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 3: to a suspension of wet cell (0.5001 g) in MES buffer solution (0.1 M,
pH 7) (3.0 mL), BL-100 (0.5007 g) was added. The mixture was stirred with a
spatula. The resulting powder (1.5001 g), [emim][BF4] (3.0 mL), racemic
1-phenylethanol (0.041mmol) and NaBH, (0.0047 g, 0.12 mmol) were added

in a 50 mL Erlenmeyer flask. The whole was shaken at 280 rpm for 24 h at
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30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an

internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 10.

Entry 4: the wet cell (0.250 g) was suspended in MES buffer solution (0.1 M,
pH 7) (1.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[bmim][PFe] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH4
(0.0050 g, 0.13 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 5: to a suspension of wet cell (0.5001 g) in MES buffer solution (0.1 M,
pH 7) (3.0 mL), BL-100 (0.5007 g) was added. The mixture was stirred with a
spatula. The resulting powder (1.5031 g), [bmim][PF¢] (3.0 mL), racemic
1-phenylethanol (0.041mmol) and NaBH, (0.0047 g, 0.12 mmol) were added
in a 50 mL Erlenmeyer flask. The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an
internal standard to determine chemical yield was added to ether extract.

Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
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Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 10.

Entry 6: the wet cell (0.2497 g) was suspended in MES buffer solution (0.1 M,
pH 7) (1.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH3CN
(0.0096 g, 0.15 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 7: the wet cell (0.250 g) was suspended in MES buffer solution (0.1 M,
pH 7) (1.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[bmim][PFe] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH3CN
(0.0081 g, 0.13 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 8: the wet cell (0.5001 g) was suspended in MES buffer solution (0.1 M,
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pH 7) (1.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0050 g, 0.13 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 9: the wet cell (0.2499 g) was suspended in MES buffer solution (0.1 M,
pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0055 g, 0.15 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 10: the wet cell (0.4999 g) was suspended in MES buffer solution (0.1
M, pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of

[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,

(0.0047 g, 0.12 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
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standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 11: the wet cell (0.4998 g) was suspended in MES buffer solution (0.1
M, pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0048 g, 0.13 mmol). The whole was shaken at 280 rpm for 48 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 12: the wet cell (0.5006 g) was suspended in MES buffer solution (0.1
M, pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0100 g, 0.26 mmol). The whole was shaken at 280 rpm for 48 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown i1n Table 10.
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Entry 13: the wet cell (0.5009 g) was suspended in MES buffer solution (0.1
M, pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0141 g, 0.37 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 14: the wet cell (0.5009 g) was suspended in MES buffer solution (0.1
M, pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol) and NaBH,
(0.0234 g, 0.62 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 15: to a suspension of wet cell (0.4999 g) in MES buffer solution (0.1 M,
pH 7) (3.0 mL), BL-100 (0.2490 g) was added. The mixture was stirred with a

spatula. The resulting powder (1.4991 g), [emim][BF,] (3.0 mL), racemic
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1-phenylethanol (0.041 mmol) and NaBH, (0.0140 g, 0.37 mmol) were added
in a 50 mL Erlenmeyer flask. The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 10.

Entry 16: to a suspension of wet cell (0.9991 g) in MES buffer solution (0.1 M,
pH 7) (3.0 mL), BL-100 (0.4997 g) was added. The mixture was stirred with a
spatula. The resulting powder (3.0004 g), [emim][BF4 (3.0 mL), racemic
1-phenylethanol (0.041 mmol) and NaBH, (0.0142 g, 0.38 mmol) were added
in a 50 mL Erlenmeyer flask. The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 10.

Entry 17: the wet cell (0.2505 g), NAD" (0.0050 g) was suspended in MES
buffer solution (0.1 M, pH 7) (1.5 mL) in a 50 mL Erlenmeyer flask, followed
by addition of [emim][BF4] (3.0 mL), racemic 1-phenylethanol (0.041 mmol)

and NaBH4 (0.0048 g, 0.13 mmol). The whole was shaken at 280 rpm for 24 h

at 30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an
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internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 10.

Entry 18: the wet cell (0.5000 g) was suspended in MES buffer solution (0.1
M, pH 7) (3.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
racemic 1-phenylethanol (0.041 mmol), NaBH4 (0.0141 g, 0.37 mmol) and
MES buffer solution (0.1 M, pH 7) (3.0 mL). The whole was shaken at 280
rpm for 24 h at 30 °C, extracted with ether (10 mL, 5 mL x 3) by
centrifugation (10 min, 8000 rpm). Dodecane (7.93 x 10 mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 10.

Entry 19: the wet cell (0.5001 g) was suspended in MES buffer solution (0.1
M, pH 7) (6.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
racemic 2-octanol (0.041 mmol) and NaBH, (0.0139 g, 0.37 mmol). The whole
was shaken at 280 rpm for 24 h at 30 °C, extracted with ether (10 mL, 5 mL x
3) by centrifugation (10 min, 8000 rpm). Dodecane (7.93 x 10° mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.

Chemical yield was determined by GC analyses of the ether extract. Ee of
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2-octanol was determined by GC analyses after acetylation of remaining

alcohol. The results are shown in Table 10.

Entry 20: the wet cell (0.5002 g) was suspended in MES buffer solution (0.1
M, pH 7) (6.0 mL) in a 50 mL Erlenmeyer flask, followed by addition of
racemic sulcatol (0.041 mmol) and NaBH, (0.0140 g, 0.37 mmol). The whole
was shaken at 280 rpm for 24 h at 30 °C, extracted with ether (5 mL x 5).
Dodecane (7.93 x 10° mol) as an internal standard to determine chemical
yield was added to ether extract. Ether layer (1 mL) was filtrated through
Extrelut and eluted with ether. Chemical yield and ee were determined by

GC analyses of the ether extract. The results are shown in Table 10.

General procedure for the deracemization of racemic secondary alcohols with
the G. candidum- NaBH, system. The wet cell of G. candidum NBRC 5767
(0.50 g) was suspended in MES buffer solution (0.1 M, pH 7) (3 mL) in a 50
mL Erlenmeyer flask, followed by addition of [emim][BF4] (3 mL), a racemic
secondary alcohol (0.041 mmol), and NaBH4 (9.0 eq., 0.37 mmol). The whole
was shaken at 280 rpm for 24 h at 30 °C, extracted with ether (5 mL x 5).

Dodecane (7.93 x 10° mol) as an internal standard to determine chemical

yield was added to ether extract. Ether layer (1 mL) was filtrated through
Extrelut and eluted with ether. Chemical yield and ee were determined by

GC analyses of the ether extract.

Preparation of a racemic secondary alcohol.
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1:70)

Racemic 1-(2-thiophenyl)ethanol:"” how to prepare this alcohol was shown at

section 2.5.

Substrate specificity of the G. candidum- NaBH, system (Table 11).

(A)-1-Phenylethanol: racemic 1-phenylethanol (0.041 mmol) was subjected to
the G. candidum- NaBH4 system. (£)-1-Phenylethanol; yield 96% (99%ee),
acetophenone; yield 1% (Determined by GC analysis. GC conditions: DEX,

130 C).

(A)-1-pMethylphenylethanol: racemic 1-p-methylphenylethanol (0.041
mmol) was subjected to the G candidum- NaBHs; system.
(£)-1-p-Methylphenylethanol; yield 87% (95%ee),
1-(4-methylphenyl)ethanone; yield 5% (Determined by GC analysis. GC

conditions: CPCD, 120 °C).

(R)-4-Phenyl-2-butanol: racemic 4-phenyl-2-butanol (0.041 mmol) was
subjected to the G. candidum- NaBH, system. (£)-4-Phenyl-2-butanol; yield
79% (96%ee), 4-phenyl-2-butanone; yield 15% (Determined by GC analysis.

GC conditions: CPCD, 150 C (yield); DEX, 130 C (ee) ).

(R)-(B)-3-Octen-2-0ol: (Entry 4) racemic (Z)-3-octen-2-ol (0.041 mmol) was
subjected to the G. candidum- NaBH4 system. (£)-(£)-3-Octen-2-ol; yield 54%
(>99%ee), 2-octanol; yield 13%, 2-octanone; yield 2% (Determined by GC

analysis. GC conditions: DEX, 90 ‘C (36 min)—10 ‘C/min—150 C) ).
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(Entry 5) The wet cell (0.7494 g) was suspended in MES buffer solution (0.1
M, pH 7) (4.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4 (4.5 mL), racemic (£)-3-octen-2-ol (0.041 mmol), and NaBH4
(0.0140 g, 9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.
(R)-(E)-3-Octen-2-ol; yield 58% (>99%ee), 2-octanol; yield 13%, 2-octanone;
yield 7% (Determined by GC analysis. GC conditions: DEX, 90 ‘C (36 min)

—10 C/min—150 C)).

(R)-Sulcatol: racemic sulcatol (0.041 mmol) was subjected to the G
candidum- NaBHs system. (&)-Sulcatol; yield 68%  (97%ee),
6-methyl-5-hepten-2-one; yield 8% (Determined by GC analysis. GC

conditions: DEX, 100 °C (25 min)—10 ‘C/min—150 °C).

(R)-2-Octanol: (Entry 7) racemic 2-octanol (0.041 mmol) was subjected to the
G. candidum- NaBHy system. (R)-2-Octanol; yield 10% (89%ee), 2-octanone;
yield 10% (Determined by GC analysis. GC conditions: CPCD, 100 C
(yield); CPCD 100 °C (ee) after the product alcohol was acetylated to
determine ee by GC analysis).

(Entry 8) The wet cell (0.7500 g) was suspended in MES buffer solution (0.1

M, pH 7) (4.5 mL) in a 50 mL Erlenmeyer flask, followed by addition of
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[emim][BF4] (4.5 mL), racemic 2-octanol (0.041 mmol), and NaBH, (0.0139 g,

9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. (£)-2-Octanol;
yield 74% (99%ee), 2-octanone; yield 10% (Determined by GC analysis. GC
conditions: CPCD, 100 °C (yield); CPCD 100 °C (ee) after the product
alcohol was acetylated to determine ee by GC analysis).

(Entry 9) The wet cell (0.9998 g) was suspended in MES buffer solution (0.1
M, pH 7) (6 mL) in a 50 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (6 mL), racemic 2-octanol (0.041 mmol), and NaBH, (0.0140 g,
9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. (£)-2-Octanol;
yield 85% (98%ee), 2-octanone; yield 14% (Determined by GC analysis. GC
conditions: CPCD, 100 C (yield); CPCD 100 C (ee) after the product

alcohol was acetylated to determine ee by GC analysis).

(R)-2-(1-Hydroxyethyl)naphthalene: the wet cell (0.7505 g) was suspended in
MES buffer solution (0.1 M, pH 7) (4.5 mL) in a 50 mL Erlenmeyer flask,

followed by  addition of [emim][BF4] (4.5 mL), racemic
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2-(1-hydroxyethyl)naphthalene (0.041 mmol), and NaBH4 (0.0140 g, 9.0 eq.,

0.37 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C, extracted
with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an internal standard to
determine chemical yield was added to ether extract. Ether layer (1 mL) was
filtrated through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract.
(R)-2-(1-HydroxyethyDnaphthalene; yield 56% (>99%ee), 2-acetonaphthone;

yield 21% (Determined by GC analysis. GC conditions: CPCD, 150 C).

(R)-1-(1-Hydroxyethyl)naphthalene: (Entry 11) racemic
1-(1-hydroxyethyl)naphthalene (0.041 mmol) was subjected to the G
candidum- NaBHy4 system. (£)-1-(1-Hydroxyethyl)naphthalene; yield 77%
(21%ee), 1-acetonaphthone; yield 5% (Determined by GC analysis. GC
conditions: CPCD, 160 °C).

(Entry 12) The wet cell (6.0000 g) was suspended in MES buffer solution (0.1
M, pH 7) (18 mL) in a 200 mL Erlenmeyer flask, followed by addition of
[emim][BF4 (18 mL), racemic 1-(1-hydroxyethyl)naphthalene (0.041 mmol),
and NaBH, (0.0140 g, 9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm
for 48 h at 30 °C, extracted with ether (10 mL, 8 mL, 3 mL x 6) by

centrifugation (1 min, 8000 rpm). Dodecane (7.93 x 10 mol) as an internal

standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract.

(A)-1-(1-Hydroxyethylnaphthalene; yield 42% (72%ee), 1-acetonaphthone;
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yield 35% (Determined by GC analysis. GC conditions: CPCD, 160 C).

(R)-1-(2-Furanylethanol: racemic 1-(2-furanylethanol (0.041 mmol) was
subjected to the G. candidum- NaBH,4 system. (£)-1-(2-Furanyl)ethanol; yield
60% (81%ee) (Entry 13), 66% (>99%ee) (Entry 14), 1-(2-furanylethanone;
yield 18% (Entry 13), 16% (Entry 14) (Determined by GC analysis. GC

conditions: CPCD, 80 C (24 min)—10 “C/min—150 °C) ).

(A)-1-(2-Thiophenyl)ethanol: racemic 1-(2-thiophenyl)ethanol (0.041 mmol)
was subjected to the G. candidum- NaBH4 system.
(R)-1-(2-Thiophenyl)ethanol; yield 73% (>99%ee), 1-(2-thiophenyl)ethanone;

yield 12% (Determined by GC analysis. GC conditions: CPCD, 120 C).

(R)-1-Phenyl-1-propanol: (Entry 16) racemic 1-phenyl-1-propanol (0.041
mmol) was subjected to the G candidum- NaBHs; system.
(£)-1-Phenyl-1-propanol; yield 96% (19%ee), 1-phenyl-1-propanol; yield 4%
(Determined by GC analysis. GC conditions: DEX, 115 C).

(Entry 17) The wet cell (5.9989 g) was suspended in MES buffer solution (0.1
M, pH 7) (36 mL) in a 500 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (36 mL), racemic 1-phenyl-1-propanol (0.041 mmol), and NaBH,4
(0.0139 g, 9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (9 mL, 3 mL x 5). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.

Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.

83



Chemical yield and ee were determined by GC analyses of the ether extract.
(£)-1-Phenyl-1-propanol; yield 33% (66%ee), 1-phenyl-1-propanol; yield 17%
(Determined by GC analysis. GC conditions: DEX, 115 C).

(Entry 18) The wet cell (6.0006 g) was suspended in MES buffer solution (0.1
M, pH 7) (18 mL) in a 200 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (18 mL), racemic 1-phenyl-1-propanol (0.041 mmol), and NaBH,4
(0.0140 g, 9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm for 51 h at
30 °C, extracted with ether (10 mL, 8 mL, 3 mL x 6) by centrifugation (1 min,

8000 rpm). Dodecane (7.93 x 10®° mol) as an internal standard to determine

chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. (£)-1-Phenyl-1-propanol;
yield 49% (>99%ee), 1-phenyl-1-propanol; yield 32% (Determined by GC

analysis. GC conditions: DEX, 115 C).

(R)-3-Octanol: (Entry 19) racemic 3-octanol was subjected to the G.
candidum- NaBH, system. (£)-3-Octanol; yield 90% (16%ee), 3-octanone;
yield 3% (Determined by GC analysis. GC conditions: CPCD, 115 C (yield);
CPCD 115 C (ee) after the product alcohol was acetylated to determine ee
by GC analysis).

(Entry 20) The wet cell (3.0004 g) was suspended in MES buffer solution (0.1
M, pH 7) (18 mL) in a 200 mL Erlenmeyer flask, followed by addition of
[emim][BF4] (18 mL), racemic 3-octanol (0.041 mmol), and NaBH, (0.0140 g,

9.0 eq., 0.37 mmol). The whole was shaken at 280 rpm for 24 h at 30 °C,

84



extracted with ether (10 mL, 8 mL, 3 mL x 6) by centrifugation (1 min, 8000
rpm). Dodecane (7.93 x 10° mol) as an internal standard to determine
chemical yield was added to ether extract. Ether layer (1 mL) was filtrated
through Extrelut and eluted with ether. Chemical yield and ee were
determined by GC analyses of the ether extract. (£)-3-Octanol; yield 41%
(16%ee), 3-octanone; yield 9% (Determined by GC analysis. GC conditions:
CPCD, 115 C (yield); CPCD 115 C (ee) after the product alcohol was

acetylated to determine ee by GC analysis).

Deracemization of racemic secondary alcohols with the alcohol
dehydrogenase from Lactobacillus kefir (Table 12).

Entry 1: the wet cell of G. candidum NBRC 5767 (0.5006 g) and ADH from L.
kefir (4.9 mg, 2.0 units) were suspended in MES buffer solution (0.1 M, pH 7)
(3 mL) in a 50 mL Erlenmeyer flask, followed by addition of [emim][BF4] (3
mL) and racemic 1-phenylethanol (0.041 mmol). The whole was shaken at
280 rpm for 24 h at 30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x

10”° mol) as an internal standard to determine chemical yield was added to

ether extract. Ether layer (1 mL) was filtrated through Extrelut and eluted
with ether. Chemical yield and ee were determined by GC analyses of the

ether extract. The results are shown in Table 12.

Entry 2: the wet cell (0.5001 g) and ADH from L. kefir (5.0 mg, 2.0 units)
were suspended in MES buffer solution (0.1 M, pH 7) (1.5 mL) in a 50 mL

Erlenmeyer flask, followed by addition of [emim][BF4 (3 mL) and racemic
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1-phenylethanol (0.041 mmol). The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 12.

Entry 3: the wet cell (0.4995 g) and ADH from L. kefir (4.9 mg, 2.0 units)
were suspended in MES buffer solution (0.1 M, pH 7) (1.5 mL) in a 50 mL
Erlenmeyer flask, followed by addition of [bmim][PFs] (3 mL) and racemic
1-phenylethanol (0.041 mmol). The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 12.

Entry 4: the wet cell (0.5005 g) and ADH from L. kefir (10.0 mg, 4.0 units)
were suspended in MES buffer solution (0.1 M, pH 7) (1.5 mL) in a 50 mL
Erlenmeyer flask, followed by addition of [emim][BF4 (3 mL) and racemic
1-phenylethanol (0.041 mmol). The whole was shaken at 280 rpm for 24 h at

30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an

internal standard to determine chemical yield was added to ether extract.

Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
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Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 12.

Entry 5: to a suspension of wet cell (0.4995 g) and ADH from L. kefir (4.9 mg,
2.0 units) in MES buffer solution (0.1M, pH 7) (1.5 mL), BL-100 (0.2500 g)
was added. The mixture was stirred with a spatula. The resulting powder
(1.500 g), [emim][BF4] (3.0 mL) and racemic 1-phenylethanol (0.041 mmol)
were added in a test tube. The mixture was stirred at 30 °C for 24 h and
extracted with ether (5 mL x 5). Dodecane (7.93 x 10° mol) as an internal
standard to determine chemical yield was added to ether extract. Ether layer
(1 mL) was filtrated through Extrelut and eluted with ether. Chemical yield
and ee were determined by GC analyses of the ether extract. The results are

shown in Table 12.

Entry 6: the wet cell (0.4995 g) and ADH from L. kefir (4.9 mg, 2.0 units)
were suspended in MES buffer solution (0.1 M, pH 7) (1.5 mL) in a 50 mL
Erlenmeyer flask, followed by addition of [emim][BF4] (3 mL) and racemic
1-phenylethanol (0.041 mmol). The whole was shaken at 280 rpm for 48 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 12.
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Entry 7: the wet cell (0.9998 g) and ADH from L. kefir (5.1 mg, 2.0 units)
were suspended in MES buffer solution (0.1 M, pH 7) (3.0 mL) in a 50 mL
Erlenmeyer flask, followed by addition of [emim][BF4] (3 mL) and racemic
1-phenylethanol (0.041 mmol). The whole was shaken at 280 rpm for 24 h at
30 °C, extracted with ether (5 mL x 5). Dodecane (7.93 x 10 mol) as an
internal standard to determine chemical yield was added to ether extract.
Ether layer (1 mL) was filtrated through Extrelut and eluted with ether.
Chemical yield and ee were determined by GC analyses of the ether extract.

The results are shown in Table 12.
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FME LAV F—EIZLE3T7vHRIERRIZCETSRE
R E

4.1 IZTWIT

EHE T » FACBWIIRIE, =L, Bk Lo THERE EREBELE LTH
WICEFICER SR TWS, %9 S s o3k AT RCORE A& E
B Lo RALKFERE AW L B T » REMEREEE LTRSS TV D,
BHEERIC X 2 7 » BRI F ISR VIR ERE /172 £ Dk L WS T T T
I 7o, REREESZEMDOH TR THLEEZEZXOND, DRI 15
Mh, IV ZETREICRE SN Y vy #MEEWOEIEDRENLE L SN
TRY . EEAEEOF S W72 SOGSRME TRISHEIT T 2 Frie, Rt
HBRIPEICIHEEDNEE > TV D,

7 v EMEEY HITBEERIIME T F ) FT—E RN TWNDEDATH
%o ZNF U F—VIIHHMRE Streptomyces cattleya 7 HREEA SN HEEFETH Y |
STT N L AFA=r (SAM) & 5-7NMAu-5-TAXTTT )
(5-FDA) IZEMT 2FEE L LTHLNTWS (Fig. 15), Z D XK 9 72 Mk
D7 A A F P DERET v RS NTACEM N TE DBEFROHREHL
EFTRNWZ LG, 207 v FbEER (T4 ) F—E8) 20D HEE, %
ETEREICRE SN EMRIETH DA MMEEZ W27 v FLEM OB RIED
BRI OB D EWIFFCE 5, L LR s, ZOo7A0FYF—EBDREE L
T. SAM » 5 5-FDA ~OLEHNHEPME LEMRIZRIT D Z LR Hivd,
ZIT, AFVIEERND Z EIC ko TEBHFEOM EEikd, A 4 Rk
ODAERMEEZRTZ LT LT,
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NH
H3N/,I 0 NH2 2
N
/N | NN </ | SN
¢ _ Fluorinase P
ts—Me N7 N7 NT N
€ 7N F
0 KF  L-Methionine O
OH OH OH OH
S-Adenosyl-L-methionine 5'-Fluoro-5'-deoxyadenosine
(SAM) (5'-FDA)

Fig. 15 714U+ —8BE2H\ =7 v F L

4.2 AEATNZ Y FT—BD 7 v R R T 54 & BRIEDHR

Z)vAF )+ —+¥ (E.C.2.5.1.63) % TrissHCl1/¥> 77— (pH 8.0) TIEML
721k (200 w L, 1 mg/mL) (238 SAM (50 nmol) . KF i#i% (1 mM in H2O,
2 pmol) ZiNx, TrissHCl /Xy 77— (pH 8.0, 1 mL) Z TN TR
SH7- L&, 5-FDA [FEWHE 5.7% THOLND, ZORISOERHE 0 X
LB L LTA A R TTT v BN ZAT o T2 3T L s o 72 (Fig.

16)

SAM Fluorinase in Tris-HCI buffer pH 8.0(1 mg/mL, 200 yL), 1 MKF (2 ¢L) 5-FDA

0,
(50 nmol) 50 mM Tris-HCI buffer (pH 8.0, 1 mL), 37 °C y.5.1%
SAM Fluorinase powder, 1 M KF (2 ¢ L) 5.FDA
(50 nmol) [emim][BF,] or [DEME][BF,] (200 g L), 37 °C, 0.v.n. No reaction

Fig. 16 Z#vE TOEBRFER

B, FEETHRARZL DI, BEILIIVEDODKPMLETHLEEZ BN
5o I T, INANF—VORENEZKNY ., BEFZEDOE I LER K E
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RFF T D IO R ) ~—IC XD BHEMZIT o 70, S 61T, FHEMMHR %
AFAARET THND 2 & THRRACZeE ST 5 Z & 2ilAiiz (Table 13),
Fo HEMT D2 & THIREORR O ZE T 5 LB 2 BN EIT- 7,

Z)F ) =Bk (200 1L, 1 mg/mL). SAM (50 nmol) . KF &% (2 u
mol) ZW/KMAR YU ~—BL-100 (20 mg) TREE({L L. Tris-HCL /Y 7 7 — (800
pL) 72034 A AR (800 u L) &M% 37°C T 6 K& &#1T - 7= (Fig. 17),
ZD#%, 5-FDA Z#x—7 /L (10 mLx 10) THiH L7=t&. =—7 VIR % RAE
L HPLC CE& L7z, o RIGHITEFE L TV D= — T LA E N CTHEL
et 1IRIROS 2TV, [FRROBMECEEZIT o 72, £vE 3 H £ TV K
L7z,

5'-FDA was extracted with diethyl ether

5

[ recovered reaction system ]

removed
diethyl ether

second cycle

+ fluorinase in 50 mM ™,
' Tris-HCI buffer i
(200 u L, 1 mg/mL)
SAM 50 nmol

—> KF 2 umol

. water-absorbing
“ polymer 20 mg

buffer solution (800 u L)
or

ionic liquid (800 pL)

Fig. 17 BE@Et7 4V F—¥ic k257 v RS

91



F9. ML LT TrissHCL Ny 7 7 — 2RI W TS 2R AT L 25,
B EAL LR Do To G B IS TEWENK 8 55D 2 I T L7es, EEkd 5
Z Ik o CTHAANREIC 2 572 (Entry 12), LU, #itHERC NNy 77—
b 4L, BERRUCICUE R K E RS> T LE ST h 2 [FIH TN
L, 3[EH T 5-FDA ZERTERholz, £ LT, Kixled 4 ik % A
WTHETZ T 272, £ T =4 A0 BFy O A F A iRIK TRARETZE Z A,
B LEZDZ RS- (Entry 1- 5), S BT, BFAUELICA 4
V= NVBREGLA T URIETIE, A XY VU LABROFMOME (A FED
BCRHAD DRFBEHDB R DE EEBBFENW LT 2B THD Z &R nnoT

(Entry 1-4), £72. [bmim][BF4, [hexmim][BF4] & [DEMEI[BF4 Tid, /v
T y— R TEMmENE EL (Entry 3- 5), —J . [emim][BF4],
[amim][BF4J TiZ, N> 77— L A_EERHEPME T L2 (Entry 1, 2), KRIZ,
T = AL BF U DA A IR TR 21T > 72 (Entry 6- 11),
[bmim][PFsl, [emim][OTf], PP13 TFSA O4&1E, /Sy 77— & b~ TEHE)
FMF LTz (Entry 6- 8), [DEMEI[TFSA] [bmim][TFSAI, [BusP(C12)][BF4]
TIEA A ERR =T T TLEWV,5-FDA % HPLC THH TE 270 -

7= (Entry 9- 11),
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Table 13. [EELT7 VAV F—FBD 7 v BALKISZBIT DA A L iRIE DR 5

Entry IL or Buffer Conversion yield (%)?
first second third

Total Ratio®

1 [emim][BF,] 1.7 10 07 3.4 87
2 [amim][BF,] 16 16 1.2 i 3.4 87
3 [bmim][BF,] 28 21 06 | 54 138
4 [hexmim][BF,] 49 33 11 ; 9.1 233
5 [DEME][BF,] 29 18 12 i 5.9 151
6 [bmim][PFy] 27 03 01 | 30 77
7 [emim][OTf] 1.3 09 04 ; 2.6 67
8 PP13 TFSA 1.8 P -b i 1.8 46
9 [DEME][TFSA] -b i

10 [bmim][TFSA] b ;

11 [BusP(C12)][BF,]  -°

12 Tris-HCI buffer 34 05 P 39 100

a Reaction condition: immobilized cell was prepared from fluorinase in Tris-HCl buffer solution (1

mg/mL, 200 uL), 2 umol KF, SAM 50 nmol, and water-absorbing polymer 20 mg, 37 °C, 6 h, Tris-HCl
buffer or ionic liquid (800 pL). » 5'-FDA was not isolated. ¢ Ratio of total conversion yield of ionic
liquid/Tris-HCI1 buffer.

4.3 EEILTZNVA Y F—B DT v RACKISIZRBIT 5 5 0kEt

I E CTORBICIESISRIE DN 2 512 L hs o TEHBENRED LTV D,
Tris-HC1 Ny 7 7 —Z e & & VRS Ny 7 7 — bl S hic 2 &b,
AFBEDOLELRY) ~v—nb Ry 77 —OHHEBEZ > T D EB T2,
R 3% Lo 72 [bmim] [PFlIZAK LB U S22 W EE TH L2, KU ~—
FONy 77— —F URNEHEMNTLEN, ZEONY 7 7 =R S
TLEIDEERS, o, oA A U ARIRITKEIRS D2, A A L WRIKH
Ny Typ—bax =T OEMEE, Ny 77 —0fiHa R LTWVWLHD

ELEbhD, £I T, MR, KPR, N ~—, WHOBZHEC L TR
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J5&{T-o 72 (Table 14), ¥#HIZ[DEME]BF] % fv 7z, BEEE, KF A,
[DEMEI[BF.] Z 0 L7z & 2 AEBENFRITED B2 o 7208, 3 [ HITAH#HR
o LR (Entry 2), £72, AU ~—IZ X D@ ENTA A ikiEkF o
BB RSN HEA TS Z L s, R v —DOREHC LM R, BHRRITET L
TLE-7 (Entry3), ZO%HE, 1HENDS 3EHE TEENED L /2o
7otz 1EH ORIGKREIZ 6 KT 5 BT 720 & vy Entry 2 O T 1
Bl H OO 2 1R L CRR A T2 & 2 A Entry 2 & 7] CEWSIR TH - 7=,
DT ENL, —EDED 5-FDA DB ERSNIZORISHET L2 2> TLZE
5 LRETE D,

Table 14. B2 it D S w5t

Entry Fluorinase solution 1M KF Water-absorbing [DEME][BF,] Conversion yield (%) |

(mL)? (#L)  polymer (g) (mL) first second third : Total
1 200 2 0.02 0.8 29(6h) 1.8 1.2 i 5.9
2 400 4 0.02 2.0 32(0h) 1.1 20 | 63
3 400 4 0.04 2.0 14@6h) 15 1.6 45
4 400 4 0.02 2.0 23(1h) 25 1.4 i 6.3

a Fluorinase in Tris-HCI buffer solution (1 mg/mL). » Reaction condition: immobilized cell was prepared
from fluorinase in Tris-HCI buffer solution (1 mg/mL), 1M KF, SAM 50 nmol, and water-absorbing

polymer, 37 °C, 1 h, [DEME][BF4].

4.4 EEILTINVAV FT—BDT7 v RILRKISIZHE LA A iR

RTTEOFE RO YHFTEE TIT ORI O RIFRETOFRE RN S . IS L
THHFEE KFOBELZFIZ U 2 < UTHERFZ1T 9 2 &1 L7z (Table
15), 74U F—8E@EK (400 1L, 1 mg/mL), SAM (50 nmol) , KF i&Fi& (4
pmol) ZWKMERY ~—BL-100 (20 mg) THEEL L. TrissHCl /Ny 7 7 —
(2 mL) F7213 4 A K (2 mL) 21 % 37°CC 1R %17 - 7= (Fig. 18),
ZD#%., 5-FDA Z#——7 /L (10 mLx 10) THiH L7=tk. =—7 VIR % BfE

L HPLC TE® L7z, o UGHIIHRF L TV L —T L2 E T THEL
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7otz 1RRHIBUS 21TV, [ARROBIETERZ1T o7z, Tz 5 BIH £ TH Y K

L7,

5'-FDA was extracted with diethyl ether

=

[ recovered reaction system ]

removed
diethyl ether

second cycle

/ fluorinase in 50 mM ",
' Tris-HCI buffer k
(400 ¢ L, 1 mg/mL)
SAM 50 nmol

- KF 4 pmol

. water-absorbing
. polymer 20 mg

buffer solution (2 mL)
or
ionic liquid (2 mL)

Fig. 18 [EENTZNAV F—PIc kD7 v E S (FEHRED

wANZ, TrissHCL N> 7 7 —H1Tf7 9 LSEIZ IR 3 Bl H TRt S e o
A, b EIHETHRIHTE 3.9%0 5 9.4% (EELLARWEGE LB L 1.6 %) F
TEBFE LM ESEHZ A TE7 (Entry 6), RIZ, 7= EAL25 BFL O
A F ARETHFEZ1T 272 (Entry 1- 3), [DEME][BFJH CREE(LEESR 2
7o & &, TrissHCl Ny 77 —% iz & & L0 LB TEBRRITE - 72

(Entry 1), LrL, A IFY UV ULARIIRWMIBHZAET 514 4 RIKTHD
[hexmim][BF4] & [octylmim][BFy % W72 E81%. Ny 77 —Z2 izt & &

LT 1.3~1.4 o shRizim L L= (Entry 2,3), £72. 7 =4 2 EALA
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PFs DA 4 AR CTHF 21T>7 (Entry 4, 5), BF RO A A GIED L& &
[FERIZ, A XY U U LBRICEWBHAZ AT 51 4 U IEIK T o 5 [hexmim] [PF]
& loctylmim][PFe] 2 AV TRt 23 772, [hexmim][PFel & IV 7= & 0% 1.7
ECEH R m E L7 (Entry 5), $:IZ. [octylmim][PFe] % HIv 72 & =13,
TrissHC1 Ny 7 7 — & e & 2D 2.4 % (FE{LET TrissHCL N 7 7 —H
TN ZEAT>T2 & E DK 445) IZETH EL7 (Entry 4),

WMHFFEE TOMIEN S, 74 Y F—FDORIGETIE SAM & 5-FDA 23 5 i
FETHEREEICR D B2 6N TWD, ZDA F AAREDOFUSFHR TIL, AERRL
72 5-FDA 23 A A RIS 5 72 DI R T 5 & % 2 B, RN
M ETo0EEZZOND, ZOZENDL, ELRDIEBNFEON EDOT-DIC
E WA A RIRIZ 5-FDA Z s S & A EEE L B b, £72. PFs
ROAFARETIEIAN Y 77 —BHH SN2 E DL EBEMET LI E X
LD, FOSHZHERF T 27DICNZ Ny 77— MR 572 8 DR
AINRETE L B b,

Table 15. EEL7 VAV F—ED 7 v HLRINTE LT A A WK

Entry IL or Buffer Conversion yield (%)?
first second third fourth fifth '@ Total Ratio®

1 [DEME][BF,] 23 25 14 10 13 8.5 90
2 [hexmim][BF,] 47 32 18 13 15 12.5 133
3 [octylmim][BF,] 45 38 26 11 07 12.7 135
4 loctymim][PFg 198 26 04 > b | 228 243
5 [hexmim][PFg] 129 27 03 b -b 15.9 169
6 Tris-HCI buffer 2.5 35 27 05 0.2 9.4 100

a Reaction condition: immobilized cell was prepared from fluorinase in Tris-HCI buffer solution (1

mg/mL, 400 pL), 4 pmol KF, SAM 50 nmol, and water-absorbing polymer 20 mg, 37 °C, 1 h, ionic liquid
(2 mL). ? 5'-FDA was not isolated. ¢ Ratio of total conversion yield of ionic liquid/Tris-HC1 buffer.
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45 FENEDE LD

SAM % 5-FDA (& 5 MUSZ T 2R Th 2 7 A4 U F—EB AR
fili 2 A2 7 BALEM OB BIEDOBFRFIZ D723 5 LHIFRFTE 5, Lol
TNF Y F=BIIROSHEMRN 2D A F iR VWD 2 & TROGHED M =
ERST, £, A A VRIET TV F—VIZ LD 7 v BRI ET L
RN WKMERY ~ — TREE LEERE DO D ITKZIRFF S, A F HRIR
P COMR O ET S, £, EHERIZ K > THAME b AIREIZ 2o 7o,
S b, RUEMEER ESED72DIC, RISHKRIFEE 2 Tk Ia A iRz i
FHUTRER, BRI Lo A A U RIKE R 5 Z &N TE e, Wi
[hexmim][BF4l, [octylmim][BF4l, [octylmim][PFs], % 7=1%[hexmim][PFe]% M
WD Z LIk o TUEEIL LW T Triss HCI N v 7 7 — &2 N2 & & L 2.2
~4 R EE L ENTE, Fi, loctylmim] [PFel 23 & L CHW =
& &1L 5-FDA OB R 2K A 510 LS E5 2 LN TE e, A A ik z 1
WAHZEN, BEIETZNVAY F—BIZLD 7 v BERISD KGR EIZA 2T
bHZ WL LT,
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4.4 Experimental for Chapter 4

Instruments. DNA analysis was performed using CEQ8000 (Beackman
Coulter). HPLC analyses were performed using a Shimadzu LC-10ADVP
Liquid Chromatogaraph with Shimadzu C-R8A Chromatopac equipped with
Shimadzu SPD-10AVP UV-VIS Detector, DGU-12A Degasser, Shim-pack

GVP-ODS (10L x 4.6), and Shim-pack VP-ODS (150L x 4.6).

Chemicals. Organic reagents were purchased from Nacalai Tesque, Inc.,
Wako Pure Chemical Industries, Ltd., Kanto Chemical Co., Inc., Aldrich
Chemical Company, Inc., Across Organics, Merck Ltd., Japan or Tokyo Kasei
Kogyo Company, Ltd. unless noted otherwise. BL-100 (water-absorbing
polymer) was kindly supplied by Prof. Matsuda at Tokyo Institute of

Technology.

Preparation of fI4 protein. Z. coli BL21(DE3) pLysS were used for fluorinase
production. The fluorinase gene (/74) was amplified from the Streptomyces

cattleya NBRC 14057 genome using primers reported previously.48) Only a
single, silent mutation in /4 was detected by CEQ8000 DNA analysis
(Beackman Coulter). The fI4 was cloned in pET28b+ (Novagen) and

consequently fused to the His-tag-containing peptide in the N-terminal of the

enzyme, termed pETfIA. The 74 protein was purified by Ni**-affinity

column.
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General procedure for fluorination rection with immobilized fluorinase.
Table 13: the 4 protein (200 1 L, 1 mg/mL) in 50 mM tris-HC1 buffer (pH
8.0), 50 nM of S-adenosyl-L-methionine (SAM) and KF in water (1 mM in
H20, 2 1 L) were mixed, and then the water-absorbing polymer (BL-100, 20
mg) was added into the above mixture and then stirred quickly. An ionic
liquid (800 1 L) was added to the resulting immobilized /4 protein, and
then the mixture was stirred for 6 h at 37 °C, and then the 5-FDA was
extracted with diethyl ether (10 mL x 10), and analyzed by HPLC. After the
remained diethyl ether in the reaction system was removed under dynamic
vacuum, the recovered reaction system was used in the second cycle. After
the recovered reaction system was stirred for 1 h at 37 °C, the product
(5-FDA) was extracted with diethyl ether (10 mL x 10), and analyzed by
HPLC. After the system was worked up similarly, the recovered reaction
system was reused in the third cycle. HPLC conditions (Shim-pack VP-ODS

(150L x 4.6), eluent, MeOH / 10 mM pH 7.0 KH2PO4, =1/ 4, 0.75 mL/min).

Table 14, Entry 1: the fIA protein (200 p L, 1 mg/mL) in 50 mM tris-HCI
buffer (pH 8.0), 50 nM of S-adenosyl-L-methionine (SAM) and KF in water (1
mM in H20, 2 p L) were mixed, and then the water-absorbing polymer
(BL-100, 20 mg) was added into the above mixture and then stirred quickly.
[DEMEI][BF4] (800 1 L) was added to the resulting immobilized 4 protein,
and then the mixture was stirred for 6 h at 37 °C, and then the 5-FDA was
extracted with diethyl ether (10 mL x 10), and analyzed by HPLC. After the

remained diethyl ether in the reaction system was removed under dynamic
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vacuum, the recovered reaction system was used in the second cycle. After
the recovered reaction system was stirred for 1 h at 37 °C, the product
(5-FDA) was extracted with diethyl ether (10 mL x 10), and analyzed by
HPLC. After the system was worked up similarly, the recovered reaction
system was reused in the third cycle. HPLC conditions (Shim-pack VP-ODS
(150L x 4.6), eluent, MeOH / 10 mM pH7.0 KH2PO4, = 1/ 4, 0.75 mL/min).

The results are shown in Table 14.

Entry 2: the fI4 protein (400 x L, 1 mg/mL) in 50 mM tris-HC] buffer (pH
8.0), 50 nM of S-adenosyl-L-methionine (SAM) and KF in water (1 mM in
H:20, 4 u L) were mixed, and then the water-absorbing polymer (BL-100, 20
mg) was added into the above mixture and then stirred quickly.
[DEME][BF4] (2 mL) was added to the resulting immobilized 74 protein, and
then the mixture was stirred for 6 h at 37 °C, and then the 5-FDA was
extracted with diethyl ether (10 mL x 10), and analyzed by HPLC. After the
remained diethyl ether in the reaction system was removed under dynamic
vacuum, the recovered reaction system was used in the second cycle. After
the recovered reaction system was stirred for 1 h at 37 °C, the product
(5-FDA) was extracted with diethyl ether (10 mL x 10), and analyzed by
HPLC. After the system was worked up similarly, the recovered reaction
system was reused in the third cycle. HPLC conditions (Shim-pack VP-ODS
(150L x 4.6), eluent, MeOH / 10 mM pH7.0 KH2PO4 = 1/ 4, 0.75 mL/min).

The results are shown in Table 14.
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Entry 3: the fI4 protein (400 x L, 1 mg/mL) in 50 mM tris-HC] buffer (pH
8.0), 50 nM of S-adenosyl-L-methionine (SAM) and KF in water (1 mM in
H:20, 4 u L) were mixed, and then the water-absorbing polymer (BL-100, 40
mg) was added into the above mixture and then stirred quickly.
[DEME][BF4] (2 mL) was added to the resulting immobilized /4 protein, and
then the mixture was stirred for 6 h at 37 °C, and then the 5-FDA was
extracted with diethyl ether (10 mL x 10), and analyzed by HPLC. After the
remained diethyl ether in the reaction system was removed under dynamic
vacuum, the recovered reaction system was used in the second cycle. After
the recovered reaction system was stirred for 1 h at 37 °C, the product
(5-FDA) was extracted with diethyl ether (10 mL x 10), and analyzed by
HPLC. After the system was worked up similarly, the recovered reaction
system was reused in the third cycle. HPLC conditions (Shim-pack VP-ODS
(150L x 4.6), eluent, MeOH / 10 mM pH7.0 KH2PO4, = 1/ 4, 0.75 mL/min).

The results are shown in Table 14.

Entry 4: the fI4 protein (400 x L, 1 mg/mL) in 50 mM tris-HC] buffer (pH
8.0), 50 nM of S-adenosyl-L-methionine (SAM) and KF in water (1 mM in
H:20, 4 1 L) were mixed, and then the water-absorbing polymer (BL-100, 20
mg) was added into the above mixture and then stirred quickly.
[DEME][BF4] (2 mL) was added to the resulting immobilized /4 protein, and
then the mixture was stirred for 1 h at 37 °C, and then the 5-FDA was
extracted with diethyl ether (10 mL x 10), and analyzed by HPLC. After the

remained diethyl ether in the reaction system was removed under dynamic
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vacuum, the recovered reaction system was used in the second cycle. After
the recovered reaction system was stirred for 1 h at 37 °C, the product
(5-FDA) was extracted with diethyl ether (10 mL x 10), and analyzed by
HPLC. After the system was worked up similarly, the recovered reaction
system was reused in the third cycle. HPLC conditions (Shim-pack VP-ODS
(150L x 4.6), eluent, MeOH / 10 mM pH7.0 KH2PO4 = 1/ 4, 0.75 mL/min).

The results are shown in Table 14.

Table 15: The 74 protein (400 u L, 1 mg/mL) in 50 mM tris-HC1 buffer (pH
8.0), 50 nM of S-adenosyl-L-methionine (SAM) and KF in water (1 mM in
H:20, 4 1 L) were mixed, and then the water-absorbing polymer (BL-100, 20
mg) was added into the above mixture and then stirred quickly. An ionic
liquid (2 mL) was added to the resulting immobilized 4 protein, and then
the mixture was stirred for 1 h at 37 °C, and then the 5-FDA was extracted
with diethyl ether (10 mL x 10), and analyzed by HPLC. After the remained
diethyl ether in the reaction system was removed under dynamic vacuum,
the recovered reaction system was used in the second cycle. After the
recovered reaction system was stirred for 1 h at 37 °C, the product (5-FDA)
was extracted with diethyl ether (10 mL x 10), and analyzed by HPLC. After
the system was worked up similarly, the recovered reaction system was
reused in the third cycle. The third, fourth and/or fifth cycle was worked up
similarly. HPLC conditions (Shim-pack VP-ODS (150L x 4.6), eluent, MeOH /

10 mM pH7.0 KHsPO, =1/ 4, 0.55 mL/min, 0.65 mL/min or 0.75 mL/min).
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FHE &

5.1 AR DK

# _# I, G candidum NBRC 5767 O E(LRILE R Z VT, A 4 i)k
R TOT 7 IR BT V3 — VOSBRI RS 2 iR A T, A A R
fhlemim] [BFJ # B WS Z & T, AFTHE SN TS G candidum
NBRC 4597 O FEE/CKRIEFERZ Tz~ PRI C O NLIRII IR L X
i 292 L IRV ISR LTI T E D K S RoTe, EBbIT, A4
IR D ARFETENE, RN &0 D KD ODIREEICARM Z BN W2 FEE &
EZbNhD,

FoETIX, 78IRS HBT V-V EOT T bR ERE LT, G
candidum NBRC 5767 DIRILFE{K%Z =7 T A 2lZ AL, MES /Ny 7 7 —|Z
W S 721% . [emim][BF4 & E (T2 IR T va—8EH) LAbFETH
NaBH, Z M4 TR SH 5 2 LTI IR BTV a—VHOT 71 JIbKS
ZIEM LTz, KPIZBIT DT 78 IMBUS & MBIAWETEISR LT <
&%, £/, lemim] [BFJZAEBLCHAW S Z & THIHBEEZ BHICTE | ILRE
M ES®22ENTERE, —FH T, NaBHs OV IZ L. kefir HRDT V21—
NT e Rarf—82 052 & TRORZETHRNLRT 78 IMLRIGDFE
\CEHE DT HI ENTET,

FWETIL, 7VvF ) F—BO7 v BCIEDISMER Eo7=, WD
EALZATV, BUSEREE & U T TrissHCL AR R0 A A ik a VT 7 v Fbx
JRE AT, BEEMRT D2 & TR IR LEAFREIZAR Y . A 4 U HIKZ V%
L TCEMNEEZE LA ESED I ENTEL, ZOZEND, A4 VIRIE
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MEENTZNF D FT—EBD 7 v BN IB I D SO tEm BICHFETH L 2 &
RS LT,

WIS A LT, A A RIEITEER 2RI U7 BOGY O RS A 2h7a s
HTHLHZEEZROEMNITE L, BRARA T VIRIEZRETT 5 2 & THERDK
JoMEZ R B S 2 LN TE, EEER LR G D T RS DOREEE
CbEHTHD LR,

5.2 % DRE

A RIS LibFE Al 2 =T 7 (LG T, REICE > TEED
ERELEL T 572D TEMINETH D, ZORBEE RS 5 ITITRIEE R
IZEEN TV L HEER OIETTIRN SEEALIE~DOZEHEN TE H L 52T DM ER
bbd, THTDHI L THIBERZROMHEENER, HROBZMOTZ N TES L
EZbhb,

L. kefir HROT )Va—Tt Rarr—Ex AT 7t ST
THWRIEFEEICE EN D MR OMWEBRIEELWET L LNEETH D,

INF Y F—EERWET v BRSO SR EIZ oW TiE, A A iRk
DA XYV T LBROMGHAD RFEFHPRNE EBHB RN LT DB RS
N57H, L0 EWEREEZRFOA A VIREERFT 2 SV EEDbRD, %
fo. I E o TRy 7y — b SN2 &b USEEHERFT 27201
OGSO Ny 77— MR DB EODHRNDBMETH DL EEZBND, KET
TR BRLIH SN T L ATRENE S H 2 O TR L MNEMERH D,
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