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28 7 Bl {FR 2 BRI = 4 e 1 K B 5 PR R R R
EFMEE IR AR 57T F % A E

FAAE, FAEX, AT, AR, R, FTRT
(TR A1 8%, TBK 400065)

FEE: LR ME—BR IR, A3 P 08t — AR BB A 4-4e-4-[ 3-( =T HL) -5,6-—%([1,2,4] =Wk J:[4,3-a]
MEEE-7(8H) -FE]-1-(2,4,5-Z R KE) T-2-1 (2) Xyt 10 J5 4 1 BUHE PR 25 90 PGt 51 7T S B T4 v [ 4
(8)-3-FHk-1-[3-( =P AL ) -5,6-— & [1,2,4 ] =PI [ 4,3-a ] MEWE-7 (8H) -5k ]-4-(2,4,5-, ZFAIL) T-1-fiid
((S)-1) WA TR, 258 I G TR AN ( Pseudomonas pseudoalcaligenes) XW-40. R GWF5T T /KA
BN IREE . pH . IRWIVREE | ANREVREE . K2V TR) S5 SN A AR AR I D AR R R R B . X R A
YN REAE T 329 B2 538 10 o/ L BFITTPERR 2. ZERME AT, ARG I T (S) -1, 438l 90% , ee>

99% .

KR J BN XW-40; BRIEIE S5 s AR TR PUfRslT

FESYES: Q814.1, 0643.3 XERFRERG: A
VY A7T ( Sitagliptin, Fidh44 Januvia) , {62744
H7-[ (3R)-3-F H-1-48-4-(2,4 ,5- =R EE) T
] -5,6,7,8-PUA-3-—H H E-1,2 ,4- =k 3[4, 3-
a | MEWE, J& Merck 23 Rl 55— Ti697 2 &Y
BEPRI I — KL RRE-IV (DPP-IV) #5755 %
SR | R F 3G RS R %O Xk 25 BV E TR %
4 IRFEBEZS AR L, POAhs VT AT B 2 A pL
RIFRigar st mmsiT g — 4T,
A (R) -Xwk A 25 5. HAT, FbsiTm
GAPIANER: 1) LL(R)-3-2455-4-(2,4,5- =5
ARH) TR R, fE B 5 3- =P 55,
6,7,8-U%-[1,2,4] =mM-[4,3-a] FFnLEgE & . B
PR IRBIPIASTT. ZPELAOCHEE (R) -3-2 Jk-4-
(2,4,5-ZFAH) TRIAR. Zeng 5 1L 2,4,
S-ZRCORH R N- i H 2 N i B &6 i
JR . o-BE R FVBGHR 2. KR AEERY . EAA.
Arndt-Fistert FHER N . K (R) -3-2 H-4-(2,4,
S-ZROREL) TR, HE SRS gL, ORI,
o FHAG 75 19 5 A M (O B 0 T . Tasnadi 25657 R
HE R ( Lipase PS IM) 374> (RS) -3-483%-4-(2,4,5-

Y i HEA: 2015-11-11; &= BHA: 2015-11-28.

ZHRAIE) TR O RT3 (R)-3-2k-4-(2,4,5-=
FAREE) THE, R 42% , ee 96% , 5 JE =PI
FFTFAELEREAR, TCBOSWART AL K xE. 2) LA 4-
AA-[3-( = IE) -5, 6-— A [1,2,4] =3f[ 4,
3-a]MLR-7(8H)-H]-1-(2,4,5- = A HL) T-2-
CRTFPERR 2) 9 J5O0RE, SRESE (LR AR FREG I
A BGHSNTT. AL ARFR A R SR A B S
HOFPEAEALTR 5 T Bh5R) CAnF-PEEEMEAL R . HfE
) RN £ P 20, Savile 251 B 3t F oK
TR BRI 1) E 2 4% S Ml ATA-117 fE AL A T 45 i 2
FeA N Paf s 7T, IR A B 1A 2 100 /L, 7
W) ee 1 99% , R HEAL Y 4 T 25 ) o ] 44
WA Z —. AT FPEE 2 498 5o (S)-1,
PO TR S IANE =2 AN C A S R N s S 2 B
AL P Al E T

FATLATE L o — R, DA -3 rp i 1 —
PREEGERE BT T- VLR 2 X e ok £ 4538 I o (S) -3-52
He-1-[3-( = H ) -5,6-— [ 1,2,4 ] =MKIE[ 4,3~
al MEWE-7 (8H)-B]-4-(2,4,5- =5 R ) T-1-1
(FHERE(S) -1) IRUE DI BRI BR, 28 16S tDNA %5

EEWH . B\ N &3R5 H (CSTC2013yykfal0017 ) ( Application Development Progam Chongqing Municipality ( CSTC2013yykfal0017) ).
TEE BN FALE(1990-) , &, WitA. BRI Ui S AWl . TG, E-mail;1187635118@ qq. com( Yanchan Wei; (1990-),

female, M S. Research Fields: Biocatalysis and biotransformation, chiral synthesis) .

+ JHHIBER A, E-mail: xiasw@ cqupt. edu. cn.
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Iy % 2P IR BRI B ( Pseudomonas pseudoal-
caligenes ) XW-40. TEQG AL SN Z%AF B JE At 1, 5230

Pseudomonas pseudoalcaligenes XW-40

T FPEEECS) -1 B e W3R T o X Bl 3 ) £ A
4 i (Scheme 1).

- > NH, O
_—
—_—
(R)

Sitagliptin

30°C, pH7.0, 24h

Yield 99%, ee>99% CF,

CF,

K7~ 1 Pseudomonas pseudoalcaligenes XW-40 42l i fiifk 2 5 (S) -1
Scheme 1 Bioreduction of 4-oxo0-4-[ 3-( trifluoromethyl ) -5,6-dihydro-[ 1,2 ,4 ] triazolo [4,3-a]pyrazin- 7(8H)-yl] 4-(2,4,5-
trifluorophenly ) butan-2-one (2) to (S)-3-hydroxy -1-[ 3-( trifluoromethyl) -5,6-dihydro[ 1,2,4]
triazolo[ 4 ,3-a ] pyrazin-7(8H) -yl ]-1-(2,4 ,5-trifl-uoro-phenyl ) butan-1-one ( (S)-1)

1 KHES

1.1 £ 41

RO A I s T A R A, 4564
[3-( =@M HE)-5, 6- =& [1,2,4] =mIf[4, 3-a]
MEE-7(8H) -3 ]-1-(2,4,5- = A H) T-2-F[ (2)
W H R A ol BE 25 1L T A BRAS AL T iE 3-8 3%-1-
[3-( =) -5,6-—4([1,2,4] =meIf[4,3-a]llt
Bi-7(8H) -3 1-4-(2,4,5-Z 5 KI) T-1-0LL 2 K
JEURHE SCRR[ 14 ] 2R I SR AR IR A, 2R 2
P« k=1 1 (v/v) EE gL HAaRRER i g
AT al s A Al
1.2 XW/H*E
12,1 SAE Yo iR o . 5 5% 0 1 BRI 1 43
B ORI 1 g £HERES T 10 mL TCRK T, PR
RGBS, MRV 1 mL A ] 100 mL &4
Bl , 30 CHEFES ~7 d. PR A & AR BRI
B T B A L, 30 C R348 h. g4y
BRI ETEIEAS, PRk A KA T i AT V. R
Wb fERHATRE IR IR TR, TR r T4 CF, BN
HE— 25 T 1 1 PR R

(1) & HEHHFE KRB 012 gL,
(NH,),S0, 2.0 g/L, MgSO, - 7H,0 0.2 ¢/L,
CaCl, - 2H,0 0.01 g/L, FeSO, - 7H,0 0. 001 g/L,
Na,HPO, - 12H,0 1.5 g¢/L, KH,PO, 1.5 ¢/L, pH

7.0.
(2) FHrdigedt: SR, Bk 15 o/L.
)Rl HAWRO0.5 /L, FREFH

0.15 g/L, 187 0. 15 g/L, NaCl 0.5 g/L, %%k

1.0 /L, 5% 15 g/L.

WAREE TR BORHA R A AP AP T 5 mL Ff 7
Kigiderp, 30 °C | 180 r/min | F1E R FE IR IR 17 T
%9 48 h. WREFRWAE MR TR T 100 mL $2)E
KRR FREE S, 30 °C | 180 rv/min | FH IR % KR
%3535 48 h. BN (7 000 r/min, 10 min) ,
BERRERZE WP (0. 1 mol/L, pH 7.0) YR 2 ¥k, HH
BIF TR, 4 CTIRERA.

P T 90E | FR R B SR A 3 g, HiAy
[vi) A T 3 7 L.

PAREIR L. 5 mL SN & 1 g/L 2, 5% Fi4)
Wi, 10% (v/v) LB, 50 g( T5) /L Fik, 30 C.
180 r/min THRFG I 24 h, B0 EBRANML. S0
MR CHEHEHL, HPLC 2 5 AL R A=) ee {H.
1.2.2 Witk 40-1 %5 -l 05- 5 OBk SR L s
R 4] DNA, R84 5’ -AGAGTTTGATCCT-
GGCTCAG-3 " ( 16HF ) #l 5 ’-GGTTACCTTGT-
TACGACTT-3" (16HR) #:4F PCR §" 4. ¥ 347524
PeAb B B AR MR A BR A FISR A 16 S tDNA
e HER T, 35 GenBank HE HITHAEY) Y 16 S
rDNA JF 9 JEA A% R TRV 434
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1.2.3 Wik J s v s A 5 ml [
0.1 mol/L ZZ P, 10% (v/v) IKEETEHE ],
5% (w/v) HAGHE , 8 Ve AT TR 2 F02E 5™
B P XW-40 2, 75— iR T 4R Bz 12
ho RVRES O, U B, AR CERFE I,
HPLC & e AL FN W) ee fH.

1.2.4 il HUAE AW I SR 200 mL B R
F14 0.1 mol/L BFREFZE vpI (pH 7.0) , 10% (v/
v)DMSO, 5% (w/v) 2 4%, 10 ¢/L 5 FHEH 2 F1
80 g (TH)/L 28/ Hi i & XW-40 41l Jifg, 30
C . 180 v/min FR7 [ 24 h, B.O-ERRANM. E
B CRROBEZEIR(3%100 mL) , FIFABOK, To
IKGRBREN T4, WEMR 46 2 20 mL AcAy, REJRCAE 4
WP RS, CIRCHER © Arllk=1: 1(v/v) YL, BEM
IR 4 2 1.

1.2.5 3tk 77 E R H ROR HPLC 35 7E Ali-
gent-1000 =R AR A REAL . ARkAE: Cg 4
(250%x4.6 mm, 5 pum ), FEhHH: 7K/ 2 =70/30
(v/v), ;1 mL/min, £ : 268 nm, JEA .
25 C. 1 A2 (LR B B a1 4353 19. 7 min F1 26. 8
min. 24 ee {H R T HPLC I &, €545 4.
Chiracel AY-H(5%250 mm, 5 pum), W3t 1E2
tt/ Tk LB/ = 2 W =85/15/0. 1 (v/v/v) , Wil
1.0 mL/min, £ % . 268 nm, J&)J&. 25 C.
(S)-TAI(R)- 1 By L& B I [E] 43 5] 24 11. 3 min F
17.8 min. 1 f9 X W fA i & (ee)= (Ag-Ag)/(Ag+
Ap)x100% , HH Ay Ag 203005 (S) -1 FI(R)-1 1)
U T .

2 RS

2.12 AWEIR A 1 BN E KR ITIE

Ni %5V Soni 45 43 5l LA £ Bl ME— %
TN 98 v 75 60 5 8 5 SR A N, N-— -3
Pl -3- (2-WE W3 ) - 1- PR Jog Ay A oy T 1 e 1) A 2 ) T ok
TR LTS F TR 2 g5 A, AR
ALY ARG DA 125 iy 1358 vh o3 B HH REAS LUK L
ME—RIEAE Y 89 ANRIAR. Horb 24 SRR BEIS A
B T-PERR 2 38 50 FPEmE 1 R 1 50 T LR
T 5% 1 16 kR, Horbgm 5 40-1 Y TE pR R B
RERGEibEy & SUN AR C DO ST e oM AT B
PERR 2 38 )50 FHERE (S) -1 EAL RN T5% , ee>
99% . Z W R4 16S 1DNA %K%, 5 Pseudomonas
pseudoalcaligenes BYIEIE MR 100% , iy 44 NS P20

IR B il & ( Pseudomonas pseudoalcaligenes ) XW-40,
PRIT oh E AL SR AR L, fRECSy CCTCC
No: M2015521.

R 12 EMERA 1 BREME KRG
Table 1 Screening of microbial strains for the

bioreduction of 2 to 1

Microbial ~ Conversion ce _
strain /(%) /(%) Configuration
40-1 75 >99 S
40-2 69 >99 s
60-1 68 >99 S
28-1 62 08 S
50-1 10 599 s
38-1 9 599 s
55-1 14 95 s
11-3 8 96 E
42-1 7 61 E
10-1 23 6 S
10-2 20 %9 X
39-1 45 599 s
57-1 11 49 R
57-2 8 08 g
60-3 9 >99 s
60-2 13 78 s

Screening conditions; Reaction mixture (5 mlL) contained
phosphate buffer (0.1 mol/L, pH7.0), 10% (v/v) EiOH,
5% (w/v) glucose, 1 g /L2, and 50 g dry weight cells /L.
30 C, 180 r/min, 24 h

2.2 £WE R R B SR

2.2, 1 JREVERGAERE  AUTPRRR 2 FERERR R
T WP P R BERRARR. D DR UE A W 3 IS IO A
HEAT , BRI ZR P A K P VA P 70 b 2. T
FE T 6 FHORHE P B v 790 X0 28 Al M T XW-40
SN AT TPEER 2 38 5O FAERE(S) -1 iFefk
AR BERE R (2 2) . SRR, JGigin
AR PR R, 287 (B S I R XW-40 44
JEAT R B R A i NS R B PR . L K P i
FIAEL, 10% (v/v) —H I (DMSO) f77E T, i
PERR 2 PFEIER Ry, 2 — 2 TR, FefbR
it DMSO ¢ &2 38 K M ek /1N , 50% (v/v) 52U L
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R 2 KBRERHBFIXEFHRLEE XW-40
R 2 BRE 4L 20 X BRI S 40 R20E 100 S L
Table 2 Effect of water-soluble cosolvents on conversion
and enantioselectivity of 2 bioreduction by 2 S
P. pseudoalcaligenes XW-40 ® :Eg%ersmn’%
E60F 160
Co-solvent Conversion ee( % ) % i
> o
(10% v/v) /(%) Configuration 5 40t 440
None 1 >99(S)
20t 120
Ethanol 57 >99(S) \
Acelonilrile 25 >99 ( S) o 18 20 38 4‘0 50 0
Concentration of DMSO/(% v/v)
DMSO 92 >99(S)
) [€] 1 DMSO ¥ B2 Xof e Al 32 RS R e 1) 52 1
Methanol 87 >99(5) Fig. 1 Effect of DMSO concentration on the conversion
THF 0 - and enantioselectivity
Dimethylformamide 45 99(S)

Reaction mixture (5 mL) contained phosphate buffer (0. 1
mol/L, pH7.0), 10% (v/v) Co-solvent, 5% (w/v) glu-
cose, 1 ¢ /L 2 and 50 g dry weight cells /L. 30 °C, 180 1/
min, 12 h

T AREH T (K 1), LLUROFE LSS 10% (v/v)
DMSO Sy

2.2.2 i JE A pH VEPEAT 1 TR0 A B (pH
5.0,0.1 mol/L) | #ilg —S4-HiRE — 4 (pH 6.0 ~

1000 @ S 1100
—e— Conversion/ %

801 —e—eel/% 180
’ /N
2 60} 160
/ N\ ¢
g ]
S 40} / \ 140

/ )Y
20f / 120
0 )
5 6 7 8 9 10

pH

7.0, 0.1 mol/L) | = HIBLEAIE H b-ERMR (pH 8.0 ~
9.0, 0.1 mol/L) 3 DM AR, % pH X, fbR
A e P A SE IR (18] 2a) . pH<6 I, FAE AR
%, MURHALREE pH BT R. pH 7.0 R
A RFALR, BUARE pH 3R TIFEAR. pH 424
XXt MR FENE B W R . RN T 30 CL B
PERBEIR L T ok, =T 30 °C, DR P e A
I SRR , e A A Bl T BE T o 1T A AF (P 2b)
TR P9 A X T PR RS R 3 A B A A S R .

100l ™ = = g ~ 100
80+ e //\ —e— Conversion/% J 80
—a—ee/%
®
Y \ 160
4 8
S a0t {40
20+ \\\\ 420
0 . T 0
15 20 25 30 35 40 45 50
Temperature/°C

P2 pH (a) FEE (b)) X A0 e e 1 14 52 )
Fig. 2 Effect of pH (a) and Temperature (b) on the conversion and enantioselectivity.
Reaction mixture (5 mL) contained buffer (0.1 mol/L), 10% (v/v) DMSO, 5% (w/v) glucose, 1 g /L 2 and
50 g dry weight cells /L. 180 t/min, 12 h.
(a): pH5.0~9.0,30 C; (b): pH7.0, 20 ~50 C

2.2.3 JROPMIE AL PRI E TIRYIHK
JE R 200 M e 6 X6 g A1 - PGS R PR 2. 25 %

WAERYIRIE T, JLPATEAERYANS]. HIEY
WERT 6 o/ LI, SALRBHIRY I R B T

PIHE/NT 6 o/ LI, FeAbRBA MR TRE, ol B, al UL 5 (9 e M) 00 B i o I i A — 7 19 41
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hoF

1k %529 %

i, (ECRM R A ARV, SRR 10 ¢/
L, FALRA R3] 80% (18 3a). xR FR I 1l
AT XW-40 41 i 0 JiE 0 A 50 v B T 32 1. 24
AN BE /N T 80 g (T ) /L ST BRI, e bR bl

100 = B NP —) 4100
(a)

80 180 8
2
S g
o
2 oof {60 8
Z 5
£ £
g 40 F
S 40 E
<
]
=

20 —e— Conversion/% 120

—a— Enantiomeric excess/%
0 : . . ; L - . . . 0

1 b Y A = « - o o 10
1 “ K} L} S 0 7 o 7 iv

Substrate concentration/(g/L)

Conversion/%

RN BE S ORGP B R T, SR Y
R e BE AN BE 3 B AL R (18 3b). S T A
B SRS N RERS 22 DA SR HEA T, TR P vk JEE R 4
JHe BE 7350 0 10 g/ L AN 80 g (5 ) /L -

100} {100
(b)

80t 180 N
v
3
=
60+ 160 ¢
g
g
40+ {40 =
=
<
£
=
& =

201 —e— Conversion/% 20

—sa— Enantiomeric excess/%
0 = 0

1 M a0 An =0 PN on  on
v U Sv av SU U v o v

Cell concentration/(g/L)

P 3 R (a) FIZRHEHCEE (b) X6 B A4 520
Fig. 3 Effect of substrate concentration (a) and cell concentration (b) on the conversion and enantioselectivity
Reaction mixture (5 mL) contained phosphate buffer (0.1 mol/L, pH 7.0), 10% (v/v) DMSO and 5% (w/v) glucose.
30 C, 180 r/min, 12 h.
(a):1~10 g/L 2, 50 g dry weight cells /L; (b): 1 g/L2,5~85 g dry weight cells /L.

2.2.4 BRI BTN FER AU R,
X 28 7 AR R T XW-40 200 JH i AL i J5L 2 &
(S)-1 {9 S g R kAT T 0F5E. i 18l 4 ml g, LA
80 g(TH) /L 4 N WAL, AlfE 24 h A
$ 10 o/ L RTFPERR 2 424050 5O F1ERE (S) -1,
FEER>99% , ee >99% .

100 F o—g —3 1100

80 180
®
2
g
60 160 %
g 2
= 5
e] g
> S
40 + 140 =
s
=
=

20+ —e— Yield/% 420

—e— Enantiomeric excess/%
0 n 1 1 1 1 {’\
5 10 15 20 25
Time/h

P 4 i T XW-40 ZRREARALIR IR 2 455 1 A E] e
Fig.4 Time-course of (S)-1 from 2 by P. pseudoalcaligenes XW-40.
The bioreduction was carried out under the following reation
conditions : 0.1 mol/L phosphate buffer (pH 7.0), 10%
(v/v) DMSO, 5% (w/v) glucose, 10 g/1.2 and 80 g
dry weight cells/I.. 30 C, 180 r/min, 24 h

2.3 Hl & AR EWIE IR I B

T Hl#(S)-1, 78200 mL WP ANA 2 g
A TPEER 2 F1 16 g( TH) ZE/™ i Ml & XW-40
A, 30 °CF 0 24 h, [ A HPLC 45 iS4 Sy
SEA. GAEML, HEEIE BT 1.8 ¢ THERE(S)-1
A, 2 EIE90% , ee>99%. [a],”=23.3
(C=1, CHCL). "H NMR (400MHz, DMSO-D, ) :
52.46-2.48 (m, 1H), 2. 67-2.79 (m,3H), 3. 90-
3.97(m,2H) ,4.00-4.09 (m,2H), 4.21-4.26 (m,
1H), 4. 84-5. 06 ( overlapping m, 3H), 7. 40-7. 48
(m, 2H). "C NMR(100MHz, DMSO-D,) : 835.4,
37.3,38.3,40.1,41.3,42.1,43.0, 43.7, 67.3,
105.1, 115.2, 117.3, 119.5, 123.0, 142.3, 144.4,
146.5, 148.7, 151.0, 154.8, 156.8, 170.2.

R

FEATTIN 38 v 1 ) — AR BEAE AN XS FR A i It
2 5T 2 BOBE PRI 25 vY A A 7 T O B T v ] A
(S)- 1 M HAk, 28585 fiv 44 9 287 B AR 58 7
( Pseudomonas pseudoalcaligenes) XW-40. % & #f
PR R J B LA A TR A I T 52 M AN =
AR R, SRt U 1 R R 5 ik 10 ¢/,
JRE>99% , ee >99% . T2 B A FRL I T XW-
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40 J& T 2 RBAVE R, A B S B TR R H A B JE
i DR DR AR A T i R R 308 R

SR, MR TARIEAE AT . AT AL

DRSS

(AL I 07 05 D P A BT T O B T4 o ) A 4

iy —

FoBTEAE.
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Highly Enantioselective Bioreduction of Prochiral Ketone to a
Chiral Intermediate of Sitagliptin by Whole Cells of
Pseudomonas pseudoalcaligenes XW-40

WEI Yan-chan, XIA Shi-wen” , HE Cong-lin, XIONG Wen-juan,
XU Hong-mei, HE Xiang-yu
(College of Bio-informatics, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract ; A bacterial strain isolated from soil with acetophenone as the sole carbon source, identified by 16S rDNA

and designated as Pseudomonas pseudoalcaligenes XW-40, is capable of reducing enantioselectively 4-oxo-4-[ 3-
(trifluoromethyl) -5,6-dihydro-[ 1,2,4 ] triazolo[ 4,3-a | pyraz in-7 (8H)-yl)-1-(2,4, 5-trifluorophenly ) butan-2-
one(2) to (S) -3-hydroxy-1-(3-( trifluoromethyl ) -5,6-dihydro[ 1,2 ,4 Jtriazolo[ 4 ,3-a ] pyrazin-7 (8H) -yl ] -4-(2,
4 ,5-trifl-uorophenyl ) butan-1-one ( (S) -1), a chiral intermediate for the production of sitagliptin. The effects of

bioreduction conditions such as water-soluble cosolvents, temperature, pH, substrate concentration, cell concentra-

tion and reaction time on the conversion and enantioselectivity were studied. The whole cells of Pseudomonas pseud-

oalcaligenes XW-40 is tolerant towards prochiral ketone 2 at concentration as high as 10 g/L. Under the optimal

conditions, the preparative-scale reaction yield (S)-1 in 90% isolated yield and >99% ee.

Key words: Pseudomonas pseudoalcaligenes XW-40; carbonyl reductase; bioreduction; chiral alcohol; sitagliptin



