4

% 4’1} {t % DOI: 10.6023/cjoc201806012 g%itﬁi&%

Chinese Journal of Organic Chemistry

REVIEW

HELIRBBESNSEINFR T PRI FER
REMF wEFE & A BRI #HEXY KB

(CHEEZA TSR REERAG TR QA SH TEERESSERE Lig 201203)
CHBRFZEE B 201203)

WE  AEWEERASTREL S TR EE T ik —, BAWRE KIS S ar Ak B rErRe sl BE%E DNA
P56 BB LR B A TR BOR K 50, F 7038 AT DABRSE SRAS Btk 5 N F 7 BT 7 B2 00 . Pk, R AL AE AN x
PRUEAL BB TEBONIR R, BT 2 B A AEDDHEAL R th, BRI IR S B RE WS e SR 56 P LI S P Oy B — P rp e 1Y
FRmE. R PRILIE SR N ] T3 A A i, W2 — PRI, LR ) A S A TR O PR, ZRik
TR BRI MR R, HE R AT TR T e T, DU ERR SN B TR R
KRB AXTRUMEA; BV, BIEIE R B, SR

Recent Advances on Carbonyl Reductases for
Dynamic Kinetic Resolution
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Abstract Biocatalysis is a basic method of asymmetric catalysis for preparing chiral Active Pharmaceutical Ingredients,
which owns several “green merits”: chemo-, regio- and high enantioselectivity. As the development of DNA seqencing, DNA
synthesis and protein engineering, suitable enzymes can be efficiently developed for basic researches and industrial applica-
tions. Biocatalysis has been keeping as a hot spot in asymmetric synthesis recently. Carbonyl reductases have been widely used
for stereoselectively transforming ketones to chiral second alcohols with only one stereocenter. When combining with Dynam-
ic Kinetic Resolution (DKR), the bioreaction with carbonyl reductases can efficiently construct chiral alcohols with two stere-
ocenters in one step. This review highlights the method of its mechanism and nearly twenty examples from research papers and
patents for one decade. We attempt to analyze and conclude the characteristics of this method based on chemical structures and
enzymes. At last, a practical and developing research method is recommended in three steps: screening-racemization-balance
in sequence. It is hoped to be useful for future basic researches and industrial applications.

Keywords asymmetric catalysis; biocatalysis; carbonyl reductases; dynamic kinetic resolution
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Figure 1 Structures of pharmaceutical drugs
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Table 2 Industrial standard for carbonyl reductase
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Table 3 Comparison of cost in different scales
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Scheme 1 Dynamic kinetic resolution
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Scheme 2 Dynamic kinetic resolution catalyzed by carbonyl
reductases
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Scheme 3 Transformation of different ketones
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Ji BT i) S AN T PE FR ORI e SR BE (Scheme: 3). Fi
I 57 T B 7S AR BRI 512 S T 1 i ) 9 9T R 3R
F5.
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N 100%. 24 o f5r 9 3E BRI, AN TR R R I 040 JiR Pl B
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Scheme 5 Stereoselective reduction of compound 3
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(Lactobacillus brevis)lE I Z BT 7 =1 P SAARIEBEVE, ee
>99%, de=92%. B )5 2007 4, Codexis 2> AR IE X i
AR FF B (Lactobacillus  brevis) B it S B 17 & A Fi it
i, DA RYIRE . WA pH 5
My 2% HbR, G2, w20k e Tl ik
BORMZA T 5. (E AL H {8 KRED10 B it
JEIS, SN ERYIRE Sik 300 /L, RBEEALEE >96%,
FEBEREEIA 50%, WAL — 01k 5 R A~ F P
L, ee>99%, de>>99%"*). Rk S Ay S I i s R 1
FENALTT AR T R AF I JEAiti(Scheme 6).
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71453 (Scheme 7).
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Scheme 7 Synthesis of compound 13
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Scheme 9 Reduction of compound 19 by biocatalysis
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Dimitris [ A 538 1 B 56 J5 B X XURR Bl L0 A
VIHEAT X385 ST AR BRI SR ) 4% 25 3 AN TP ik (1)
WU 738, BB — B Bfiik 3] KRED-102 B4 sh 2580 5
2Ry, DO RIS R — NI BRI, e &
PEHOIIFRRR, 25 M BRE ] KRED-101 5 KRED-
A1B Bt} 88 AN IR R S = A F e, 2
M 1] 4% XU (Scheme  10). #fF 58 & R 326 — M BE ) I
b se 4 HC R RN R AE, %u%%Am&fﬂ—&ﬁ
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Scheme 10 Double reductions of compound 21

IR R = SR AR AN T A A R (R SR, 6 TR
AR 85 24T 3h 2538 B30 71 22 9% 70 [ R A A 55 1) S 491
18, Danchet 2" & T BANMAEAIEE 7. 8 JLIAHH
MEHIBh BN 127 70 U5k, VR TR 1 11 AP AR TR, 45
RFUIRST 7.8 FTCHRILH A [F] ) SLARIEFENE. o
% R} (Kloekera magna)¥ T 7 JUHARILE E WKk
BME, ee=94%, de=100% (Eq. 2); SRTX}T 8 JCIR, Zf
A DL AL S B ) BEAT . A NI S 1 2 BR 1 B 1R
(Beauveria bassiana)55 Ik ¥ E %% W (Mucorgriseocyanus)
A LA SLAR GG A B AL Y (Eq. 3).
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Scheme 11 Reduction of compound 28
122 #1%& a1 KEF
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BRI 7 TAE 16 B A] LIS I FEE T 5 5 R AR R s
WX G Y OE, it — 2B R ) IR 5 R A
PE. B XSk B T 98 30K & £ BE T 18 (Thermoanaero-
bacter ethanolicus ADH, TeSADH)#EAT 2 A B ciis, o
Eﬁfﬁ% AR/, O HAR AL ST AR R B, R 3R
AR WI10A, LT3 a-SARENT A VAT FR 1)
i—jJiSJU? R1E ee=99%, de=84% (Eq. 4).
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33, SRIEIMIE T 70 B AL 5 EE, 4 YDL124W il
Al E LR AS 34, IR 91%, ee>98%, de>
98%. BT W5 r= W5t Bgid A R s e, K
YDIR AN REIA B2 1.3 g/L. A4 CRRIRIE [ N.AE pH 5.6
A TEHT, WHEY S THEIE. REHAEY 34 2 A
th, RSB E LB I KA 1FM%EE 37 (Scheme 12). 1%
PV, R TR, BT R R R T
SE5K 5 T e, a0 2 0 g TAE S A BT
U, A IR Bk PRI FE BRI AN AL

WOEt SO,Cl, ©)J\KU\OEt YDL124W

H, O H

yield: 91% ee > 98%, de > 98%

Ph
N70 H3O+ I%IHBZO
“‘\HCOZMe - r OEt

OH
36 37

ER 12 AW 37 4 Rk
Scheme 12 Route of synthesizing compound 37

2011 4 Marocco S5 Hi3E 1 — 40 8 R 0L -
TEBRER, 1RER RGP IR N N B B IE R i 2 5h A 30 /)
PR H S EY) syn-(1R,25)-39 (Scheme 13). #FFTA
RIFIE T 20 FhERIR RN, Hh =F i YBR149W.
YHR104W. YDR368W RIS AR FEYE, ee>
99%, de>90%, FEALF>98%, JRMIMKREL 1 g/L. KN
%A pH 7.0 5 E 28 C, REMLEW 38 ) T lE. 1
F YDR368W 4% syn-(1R,28)-39 F*¥I)5, FHAME R
PRI & B R, BINA GRSy L8, S G, A
— € N FF K 1T 5% (Scheme 14).

OH oH O
BRI 5 /\/L/OMe L -OMe
“OMe * “OMe
cl Cl

syn-(1R,2S)-39  syn-(15,2R)-39

OMe OMe
4> /\rJ:’/ /k/JD/OMe

cl
anti-(15,25)-39  anti-(1R,2R)-39

L/OMe
)K( “oMe

BR 13 LEY 38 KL R

Scheme 13 Bioreduction of compound 38
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K4 THLGR
Table 4 Results of screening

No. AL syn-(1R,28)-39  anti-(15,25)-39
1 YOLI151w ND 64% de
2 YGLI157w 12% de ND
3 YGLO39w ND 56% de
4 YNL331c 79% de ND
5 YOR120w 77% de ND
6 YBR149w 95% de ND
7 YHR 104w ND 92% de
8 YDR368w 95% de ND
9 LR RE 18% de ND
YDRgsW M E/OMe o E/O'Na+
BN

HsC,, o
N “OMe — B\, ONa*

cl HoH
Q ﬁ/OMe syn-(1R,2S)-39 41
)J\( “SOMe €€ > 99%, de = 95% R
Cl
%8 oH O 0
H JDI/OMe H3C/h,,£ 5,\\\\H O'Na*
YHR104W “oMme H I<O'Na+
Cl le}

anti-(1S,2S)-39
ee > 99%, de = 92%

trans-(1S,2S)-42

ER 14 BERN GRS
Scheme 14 Route of fosfomycin

1.2.3 #&BE R AT E M

2 RUNAREJRE TR, R? L . L. AR
HAbI T3, R ORI, Gefdh o si e, BItin
iR B RT DA IE s ST A g 8 M ) A A S T T I o
PRAS T P ok () XU P B RS R AT A2 ) (Scheme: 3). HI T
P2 LT B ] 4, DRI SCHR R T8 51520

Perrone 25 708 S A 75 Bk BTG R4 54 43 i3
BB IF IR T, PN RATRE T 5 MR AR,
AT RN M AL, I S 20 R B A A A AR
fe. AR SR8 1 07k 3 B AR B 1 e R o B AR I BR(K Ty -
veromyces marxianus) "] ULE EARIEFEVE(ee=97%, de>
99%) il % syn-(2R,3S)-44 (Eq. 5).

O O OH O

)J\|/U\o PN Kluyveromyces /_\)J\ o

marxianus H

o) - = O\©\ (5)
: Cl Cl

43 syn-(2R,3S)-44
ee 97%, de>99%

124 #H& A KA
2 RUNIESEE T EUE ], R AMSEE . FE. AYdLEg
HoAh g R 3, R ONEFE BT A R, BRI IE R
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AT DL I ST AR 9 1 1R I 5 12 0 T M T ok % A
T A OB ) R A AT A (Scheme 3).

1993 4 Ramesh [ PAPIZE A B A2 B BER, 5@
X5 A BB AE [ ) SR AT R B %, B3RS —
kB B AF S ARk #4012 AL D0 B B (Hansenula
polymorpha) SC13865, ee>>99%. SAT X T M j 37 A%
P43 B DX 5k 32k B 1 (de > 50%) M A HE AR (Eq. 6). BT Ji
A RESE A DR AR AE 2 PhEREEIE SR B, T4 T 1R ki)
SRR, WORBEAT SR A RIS, IR BCR ] RE
2 SO

" o
Ph)J\ NH O  Hansenula olymorpha Ph)J\NH 1)
SC 13865 H
oMe — ~Some ©
0 OH
45 46
80% vyield, 50% ~ 60% de
>98% ee

Kataoka 5P 78 N B30T T — 2% Do R BB A
Y% ik, BP DAL SRR B MR, |z Ik PRk
W IR, 22758 15 LA IR BRI ) 2 O PR
. 1ZHIPA 2006 FE MR FERE (Rhodococcus erythropo-
lis) MAK154 i 1) 22 Jik A B U8, 12 PR IEE R B 3R
BRI ST ARE IR, ee>99%, de>>99% (Scheme 15).
SRITZBR I 2 R S =AM 5, SRR FEAL
40 g/L. BT 2011 4E, Kataoka Z558VExof B A= B A7 7E ()
BRpE, TR T B AR UE TAR, 0k B S
PEREAR I SR X IR S = i 32 R R e R
YIRFEEATIE R A 100 /L. ZH & BRI HEER T
NZEANYER b=

o OH

O =
e ©)J\/ AADH Y
HN._ HN._ HN
8

4
.
47 NADPH NADP™ -y s

PR TR T
GDH

ER 15 AW 47 WEYE R
Scheme 15 Bioreduction of compound 47

2013 4RIl PREE LA 2454 49 B, Merck 2 B &
N RV I I R — 4% 0 O B I Y R SR R R 4T 3h & 3h
J1EEE R G g 2. B FE N a5 A i 2 2R AT i
IERAG B W AETF R BT 5 ) IR 5 B CDX-901. 1E
OIS FE TR AR R B, R BUR N AL
FEA, BB F0 8 Mz B AT 08, 32 s Ho0 A L )
HI 52 1. 200 7 e 3845 FRAZ /R CDX-108, # 4k & M
PIREREEZ 100 g/L, HHE>95%, 7Y ee>99%,
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de>99% (Eq. 7).

OH

49

2

o O OH O

DX-01
OMe CDX-018 OMe e
NHBoc NHBoc

50 51

92% yield
99% de; 99% ee

125 Hib

B I T TG R 08 30 I 1 Dy P2 R I T R B
KUAZ T AN K T O AR, T B Ak 2208 i
TIEERR Z, IR SR R AR R 588 R AR R
Friest ZCONRIE T AT DA, STAA 3G 45 M AR50 Jor s 366 ) et
2 SsADH10, Z8 i KM 52 i B2 ik 80 C. Kzt
Al 5N S1F /R dsE, AR SRR 2(S)-
A IR T T 7T B % (Scheme 16).

H._0 H. -0
(RY, .. (S)
O ™
~
(R)-52
OH
NADH

SsADH10
EtOH
pH 8,80 C
yeild 92% ee 99%

Oy OH

Me

54 (S)-ibuprofen

B 16 AiidFHIE K
Scheme 16 Synthesis of (S)-Ibuprofen

2 WG

HI AT IR B, SRFEE RS 5 3h A8 1
PR EIE =800 — R RIS 7 R TR
ﬁ%@?ﬁ%%i%@?ﬁﬂﬁ #EﬁTﬁEM$~
FESF AR F LR R e AL, =23 55 e pi s 2>
e 5 11

B, EHEIF SR GG, T 2K TR
AETIT T B SR BRI SR . W B 3 B = AR

o B AT SCHR, ARGE R AU, %'TEE%%%%iE,
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H IR TR R, (LI, Rk L R
W JRBPE, Z T LA R R IR O AR IR, AL
P AR R Al s s A AT A, =2 A SR i B
H bR A SRR, EE ST IR A, f i 75 ik 5 0 T g 11
BPAE B, BRI IE SRS O KR ) TR o, il
i 12 b 22 o E S Ak S R, T Ak AT S A,
AR SR, A RS IR R BN T 3h A& 8 J1 4R 4,
% B PR PR AT T P SR — R R X TR % 1 (e >
99%); 2 fry B AR BRI B (de > 95%). %o Btk 5 1
Gy TSI, At e 5 T SR 30 5 B I 11 [ P %o 7
FYEBH o7 1Tk S R 518 K78 BAG HE A e 1) 74
HERRME. R, FERT = 250818 0 VR T ik B R I 2 Bk
PR ST AREBEME RIS O, B AT DR e B A &
X WL B (ee > 99%), (HIEAT I/ AEXT WL BEPE(UT de
> 80%) 1 $ 5 14 5 B AE W) aE A AR, i Ik AR 1 O e
WF B, STEEHEAT v, B RARRE, AT R
%, CAHASRASE AR BV R EE. H AT,
AREEH KERIVRZERE, W0 -k Rk QEEd!
AN IE RN B K B % kAT A0

FLR, XS 5 S A A T T e 1 Ak A
2013 4 Gotor 1 BNV 70 S8 5t 15 B A% 43 P 25
(Scheme 7). W 738 83 07 1 AN [F) B 2% 1 5o AN 75 2211
BT THIE, RIAE 1%~3%= L& T, 1
IR AT I e, 3 1830 e A F Do B 4 7 g P 4 14
N, W R LA - PO EH T e, BT
DL o-H RR M SR S5t FL e e T TH e 5. Apple-
gate 2517 GERN IR IR B S PR EWl, RIUEHR o-H
1 pK, fH1E 7.5~12.5 (H,0 8, DMSO) % T Jigtk. 1H2E,
XHARFZ, 2016 4FE Merck B\ K %k, TR
T pK, BN 18, 5RI7E pH 9 M2k T Ll sh&5h
F1535% 3 (Scheme 9). B e 75 1T IR 5] 5 4K %
. BRI . SRS T E0E
o S WY U R AT e, IR SR E AR
i

It S PR O iR AR Ak 2 5 T A AR R AR 4
SEUL R R SRR (). P A AR, TR
P FASFIE o B9 e S 5 8 O SR B,
I 2% 5 5 B0 J 3 I R AN T 9 T Ik R 3R AT IR
JE, M FRAR AR X e ade 35 . R 24l a4 1 E 22
VR DL AELE 22 S0, AT DAE i o i e R, LA
55 34 JE T A VT L. IXRE A AT 7R [R]— i 0L 25 4% P 3
17, TR v b S P T M R OBk

3 IL,\—F' EE

AL EE ILIE SR M 2 5 B3 1A v e
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NS BIEAT TS i, A SRR I R EEE,
F IR ARl AT W O Y R i S e
i HRE M BB T, S Ja SEBLPN T S SR )T
K2 T7E BT A A A 7T 1 26 A ) SRR F) 2 A
w0, WAAZ TR O ESERE . W, =R Tk
Befe i J e e B HEBR %5 (Scheme 17), VETEAT HLE K
B RE AL T R I R A A L FH IR

P IHEIE SR AL 1 B A5 3N 1 v 0 5 < G A i
WHIZhZASZ 1A PR AR 55 HoAb, (HEAT H 5 DUy
sl RIEIE SR B RAT — 8 BRAIL S e S R A K R i
175 RNLZEAFRAN, HEALFIREFEEE ], F AL rIHk
HIE T M A 2R LR B BSOS T BUB A, — 20
B EIE I FREE JR B, (3R] P SCHLEE AL T2
PEALAE. KA S A UL SRS &, W
HEEAPURNRISER, FFrm A NI it a5 2R
U T AN A B 154 T ik, AR B 7 ]
R R BN, S R e, AT

OH O

R Y ~o

OH 0 R

R Y07

5\\

X
OH O
A
X
OH

e DRI, il S AT LR AR R, O
FHOR R IR, 200 2 A 2 4 R T A 1 M LA 52 30
(1, [RIERBATAT LA A R 2 S By R, 5 AN F AR SR
FIE IR BEAT A R &, B L& B 5T LU
IS Z AR 258 HE B DA A = (A i 2. Sk
LA SR S B A RS, BEREANERE
FESLIEF AWML TC S S 8 R T ROR, HK
m EEE R e AE, REEMMEL . AHLE MR EA K
EEYUH. BEE BT ECR S R RS K, R A2
B MEED 5 8 A OSSR B, B AL
K 2 5 4 e PO A (R A 70 EL A A A T 1k 25 W ) i % o
JEBLSE Tz B A5 B .

Bugt b ER R A a Rk Bt T il Tk AR
TR LB R AR, o EBERRE T AR
W TR AL WF 7T SRR AL 0 5 B L.

o) OH O OH O
2 R2
R1 R _— R1)\5/ e R1 Y O/ E— R.]/k_E/U\OH
R3 = NH, NH,
/ \\ OH OH
1/k/N02 R —— 1/k/\
OH OH O RV % RO N
NH, NH,
I N NS — RJ\:)LO/
N N

K= 17

EilsaEE3 e

Scheme 17 Transformation of functional groups
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