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Biocatalytic Desymmetrization of Dinitriles in Organic Synthesis

Ao, Yufei*? Wang, Qigiang” Wang, Dexian®’
(“ Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Molecular Recognition and
Function Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

(® University of Chinese Academy of Sciences, Beijing 100049)

Abstract In comparison with the chemical hydration and hydrolysis of nitriles, which usually involves harsh reaction condi-
tions and low selectivity, biocatalytic desymmetrizations of prochiral or meso nitriles are highly efficient, highly enantioselec-
tive and environmentally benign. Therefore, biocatalysis and biotransformation has offered an attractive and unique protocol
for the enantioselective synthesis of polyfunctionalized organic compounds that are not readily obtainable by other methods.
This review summarizes the biocatalytic desymmetrization of prochiral nitriles including glutaronitriles, malonitriles and meso
cyclic dinitriles during the past two decades.
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Scheme 1 Two distinct pathways for nitrile biodegradation

N ATTAR 955 T 1) & A 85 g HE 00 KR NZ ) 8 A 7L o
Brenner! ™\ g 5 /K i () Glu-Lys-Cys = MR IEXT AL,
SN TR ERER, iR i b
TR B W E T, Ky TS H5RMNIEFER
AR R A X B Bk Alcaligenes  faecalis
ZJUTBI0 HIfE/KGERGIEAT T RGBT, 4l THES
Jr eI A &5 i R A RS i v SRR 1 gt
R-Jwitk A S m M EAE 2. 5IEKEEEAE, KKE
A PR A V5 1 A, — MRS A — > AR IfIL 41 22k (non-heme
ion) & AE S I k4 (non-corrinoid colbalt)l’, & i 442507
HIE T Rhodococcus erythropolis AJ270 WG /K& B ik
ghify, JFHED AR L HLEE (Scheme 2), HPFEZE E ARG
HERBCALAL 7K 7T T A B 95k B =5, o — 7K )
TR A S e R B PR I e TV AL, LSRR X U SR
WL, e TV R . TG 7K G il R T e 7 A il £¢) 28 [
AT F— 81 b, e AT =2 [ R IA 1)
(8l Ohtaki 25438 T Rhodococcus sp. N-771 B K
fREE SRR SE R, RIN Ser-cis Ser-Lys ZH AL = B4,
Horp ez FIRR I F IR SR BURY) E Rk 1.

H TR I 28 A0 G 4 000 %) B 36 458 1 AR 7K e I T
W78 EBR A ) 1545 7D, (B R 5
N 50%, HARE, EXFRLBIAT AR E] 100 % # i
77 6 1) B — o LA P, DRI LA B g £ R P 7 L
i PR 25 0 BRA A P A S 7 Hh sl e B PR AN S, B DL
SN AT EE BRI ) BE 52 % (Scheme 3).

Path A nitrilase

"'\«,.)]\NHZ ,‘M")J\NHZ

B3 2 Rhodococcus erythropolis AJ270 [FIJfE 7K 4 B IHHETIHL
H

Scheme 2 Proposed mechanism of nitrile hydratase from Rho-
dococcus erythropolis AJ270
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BEEAEH, Hr A AR LU AR 2%, (B AR SR
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SRR AR T, 3 I 0 R 0t e 70 A il ) A it
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Scheme 3 Possible procedure of the hydrolysis of dinitriles
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FE B AN S S R 80 RS gt PR B 5 IR A
R E VIR, DIk, AR SCAA RS R R,
73 N VU R 7 A 48 SR S WD 25 0 R AL A P e A s 2
IR HAEAT WL B IR, 5 XX — 4 H 2
fiE R

1 ETFMR BRI EN R E YT LR
o

3-HUAR 3 T B 36 A 2 0 R AL A= W e A s B 1) TG
W, &R R A R L R BE KR = 2 A R —
LG 2P (1) B R AR, DRI X X SR Bt T T
PR, AR 2.

1991 4, Ohta PR i YARIE T 3-F 5. 3774
FEA 3-ZRHMEE I M 1 E Rhodococcus butanica
ATCC 21197(i% & Pk J5 KR ¥ 44 4 Rhodococcus rhodo-
chrous TFO 15564) 8440 T 19 LR FRAC A AL I
Fi(Eq. 1), RMA]UFEIER @AM T RA, RS
TR BRI R TR ) 2, REnl w] LA DU i = 2245
X WARGE =) S-3-2K H I A B -4-F AR T R (2¢), fE
FINNIRY) BRI S50 2 A5 TV M i) OB R 3R
Ja BT LR B, B AR S A I KA AN I K A
B AR AE IR s A TE A 4 2 0 T i ) 28 25 R 32 95 1tk
ITre, H R RATLLE H, BRI SRR A
AR ERCE, MBEERRE SR ERUREE 45 i %
VIAHZG, S EUATE: g 25 P I A R I JHL o) B g 31 e

CN
=~
CN

1a~1c

Rhodococcus butanica
ATCC 21197 CO,H

(S)-2a, R = Bn; 59% vyield, 29% ee
(S)-2b, R = OBn; 68% yield, 90% ee
(S)-2¢, R = OCOPh; 71% yield, >99% ee

B f5 Turner VR4 A [E & 14 B 41 0 A 57
Rhodococcus SP 361, ¥— RINFEIEGLRY 1) 3-F23E K,
T 3 AT KRR SONAS BRI BER R Y 4 (Eq. 2),
AR IR, XN TAEERIRGE KR 3¢ M 3d 4
VIEEAR G TR P LAAS 30 -1 =4, 1 B L 2Kl 5 SR 1)
TR I L SR L PRI G AN I A AE .
TE SN I v I 5 21 B U B ) A
JIT DA 5 A ORI — A5 i 7K A0 8t e 7K A il
R R b, K 3 & BA S B K&
AL R 2 X0 PR AL s R A B Jie 7, B e e A R i
PEVERI B OK B DRI A e U 277 4, Forh Uk
KA R Rk A

y- 2 HE T RR(FIFR GABA) A HESN W P Ix 4 4 R 45t
rh R R T, A ST A 2 B

30°C,6h
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Rhodococcus SP 361

CN
o
CN

3a~3d

CO,H
RO @)
CN

(S)-4a, R = Bn; 73% yield, 83% ee
(S)-4b, R = Bz; 25% yield, 84% ee
(S)-4c, R = H; 52% yield, 22% ee
(S)-4d, R = MEM; 19% vyield, 61% ee
T, 91 U250 3 B AR (Pregabalin) & —FP SR AR TE R A-
EET BRI, W LAR RIGITHIARAE . 0 DA S 4158
RUEURE S5 95000, 29 R & 55 (Baclofen, B-4- & K3t -y-&
BT —MTFaY, SIEANMEH TR, &
ST R I A PURIN « 1697 = XM &S IG IR TE A,
W Fi R R- A SF S Im = T S-E &S, (HH Tk
2eal S AR, W B2y R e k. AT
ST EEET LR R-ESEGFE R, 2000 FHT)E,
TR A R TS T, A ATTE R Rhodo-
coccus erythropolis AJ270 ZEAN AL 3-SR I II7K
FRE I L, AR AR B i oo R B, /53] S-3-HUfR-4-
HHE T 6 (Scheme 4), H ] MENTIEE IS & R
R 6¢ H ee ATIE 63%, I PAERAE AU N a] AKX
KIEET ) ee 1, B2 FHURN B FIBEAC, R
ORI RO 4 iR, O B AT B RO i R
P, DAFR AR A EUARER I, s AT OR B A AR v A X Bk
M, U D5 0 T B AR P B T R AR e
YEF. Rhodococcus erythropolis AJ270 & HE/K & BRI
Wl K i, ELAE R N FR AT SR I8 A W% B B S H
M AR R, BT L RN 5 Z BTk Rhodococcus SP
361 AL B R, B — AN HEA S Pk

Rhodococcus erythropolis AJ270
CN
R%C>—<:
CN

Acetone
pH 7.0,30°C,20~84h
5a ~ 5d

@ CozH
R ||..<
CN

(S)-6a, R = CH3; 25% vyield, 95% ee
(S)-6b, R = F; 55% vyield, 32% ee
(S)-6¢, R = Cl; 25% yield, 63% ee
(S)-6d, R = H; 67% yield, 88% ee

pH7.0,30°C,48~65h

Rhodococcus erythropolis AJ270
Acetone

pH 7.0,30°C, 20 h

O
Tee
CN

(S)-6e; 60% yield, 83% ee

O=C
CN

5e

B3R 4 Rhodococcus erythropolis AJ270 ALK — 5 5 1)
FEXT A A AN S N

Scheme 4 Desymmetrization of prochiral glutaronitriles 5 by
Rhodococcus erythropolis AJ270
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2ORT A BT 4R IEIRE, 2002 4F, Rutjes PREIZL N
A& T AHIHE 5 LA (Scheme 5), 4tfl 14# H Rhodococcus
erythropolis NCIMB 11540 41k 3-F & FE R
(7), BRI R S3- T EIEA-FRE TR AT
T AN E ee {8, KHHEILSE RN 8, )5
I A AL SRR AT S-4-FR -2 R FLIRIE(9). %
PRIFIN & WK ARG /K SRR R K iy, 1535 %
A A SRR A3 A S SR B Fe B 4. 2445 P
3-FRHE G AR N R, O PR R Ak 38 P K OK B
i, FrfS B Ik R R ee oM 13%, WA EE E
GRG0 DA R ) S e 0 F R B E .

(1) Rhodococcus erythropolis
CN NCIMB 11540
o—_
Bn CN

pH 7.0, 30 °C

(2) CH,N,, EtOH, Et,0

7
OH
CO,CH; :
Qum —_—
Bn’ :CN = N0
(S)-8; 70% yield, 96% ee H

(S)-9, 96% ee

B 5 r-gika T 4- R IRERT A 9
Scheme 5 Chemoenzymatic approach to S-4-hydroxypiperi-
dines 9

Y ] % ek A ] 9 245 40 37 % (Lipitor) f4) 58 2 1 4
R-3-$23E-4-FFE THR(11), 2002 4F, Diversa 2 a P H:
LR st — PP B ROEFEVEIIE K AR, mT LUK
3B NE 10 EXFRAFEAN R3-FEH-4-F 5L TR
(11), H ee (HRIIE 95%, (ARAETBN IR 1) ee E
B 88%, AT 3RAT BN i RO ik R I R AL W, R
F R AN AR (1) 7%, it K&k, m243R18 1 A)
PAE =) ee {HIE 98% 1 AL f(Scheme 6). [FIFEN T &
B R-3-$23-4-FFE T F2(11), 2006 4, Bergeron %514 i
T M Pseudomonas fluorescens B Al 1 B K AR TR
Nitrilase BD9750 f#4k 3-F23E 5 — i 10) /K il [ B, 7
pH 7.5 264 T &M 16 h, JLF-LAE & 17 A o6
2 LU R IR 1.

2009 4, Brady W@AH"%F Rhodococcus rhodo-
chrous ATCC BAA-870 {4k 3-HU K i 12 12X #5
WAL AT T W FE(Eq. 3), ML EIIAH
REAE U INGR, JRVEARE N FR I 7)) ee (HARAIR, (2
2 F2 Rl IR PR I 3 R A I R DA e gk 5 b A5 )
BEFERIR Y 13, SRR S A I 7K Bl A I i 7K A
B, VNN 13b~13c 7 REUCAT R T K&
AN EAT R W R, T P i 7K i il A 5 e PR I £
P, Y 12 R EK GRS TE A A S AN e i B 2
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cN Nitrilase COOH
HO{ —— Ho —
CN CN
10 (R-11
OH OH O

AR Sanalrs
o Q

Lipitor

F

B 6 WE-FEER R-3-FEE-4-FETR 11
Scheme 6 Chemoenzymatic approach to R-4-cyano-3-
hydoxybutyric acid (11)

CN Rhodococcus butanica ATCC BAA-870
o

CN MeOH, 30°C, 48 h
12a~12c

COyH
RO < 3)
CN

(S)-13a, R = H; 72% yield, 5% ee
(S)-13b, R = Bn; 35% yield, 92% ee
(S)-13c, R = Bz; 26% vyield, 99% ee

FAP b AR, B S B K gl k4T 3l ) S A o i
13 P FAKT 50%.

2013 4F, VFIE 27 U AZH AN 2 35 W AR R 4 S [ 4
T T AN 3-(4-FORIE) - I S R AR P AL
B RO A8 B EEF AR RIT 7T TAE, AT\ SE56 = ORiE
FAY A T 7K AR T D R PR PR T O LR X — SR B RS
TR B B R Gibberella intermedia WX12, 1AL
RLZEAF LA 90%F 7 A5 S-4-FHE-3-(4-FURT)- T
2, H ee (ERT 99%. B, ABAZEHE—DiRkiE T
R A -l A T PE 259 S-Pregabalin £l R-Baclofen
B T TAE(Scheme 7, B2 9S40 2), ABATT0R
T — R B MK E g, JFRILE AW
BjNIT6402 1 HsNIT HA RS 1) S k#6140 544 KA

{CN Nitrilase <C02H
R —_— R
CN CN

14a ~ 14b
(S)-15a, R =Isobutyl; 100% yield, 94% ee
(S)-15b, R = 4-Chlorophenyl; 99% yield, 98% ee

NH,
R
:COZH

(S)-16a, S-Pregabalin
(R)-16b, R-Baclofen

_—
_—

BR 7 fh2E-FE KRB A & Pregabalin (16a)F1 Baclofen
(16b)

Scheme 7 Chemoenzymatic approach to S-pregabalin (16a) and
R-baclofen (16b)
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14 51 F0 S 8L, #AT DUR m AR5 2] ee E
HERIR Y 15, F AT G4 A £ 7 E R S B A
P D FT B4 2 B AL R AT 45 B F 1 2454 S-Pregabalin 1
R-Baclofen.

2013 4F, Nojiri AP iR IE 1 1 {2k &
X F AP TFPEZ Y (Scheme 8), 5 24 HUH 2 KL 845
ANIE], AR ATIASE FH 2 A I 7K - T R Tt fi K A 1 1) T ik
Comamonas sp. KNK SR SZHL 3-BUAC R Bk % 17 #2255
FRACAEIEA, T DU m 7 2 A W B A5 2 R 4
BRI B E G FR TR 4 18, A e & HIB L BiiE RS
HHE N AE NI R B AL 2 B A AR )G S-Pregabalin A
R-Baclofen.

2 FIFMRZERRIHENRCEDRER
B

A B R (R 25 AR A ZE W K e S L 5 R K 5K
R BT DUR LA 5%, WoEREM S T&
Ji, A A BN S s AR AE AR 1 R SRz B
FAERG HOR, MET R T RERIEY, SRR
BT FIEA K o A7, SNALE S TR B B
AR o SEIL TR HI R B ROL 407, e, B
e Al S NSE T A B T 2 7 AR 7 T B S B
b a-BIERR, FB TP RIRAAE RIR A IERR 1) & 2
VARG, BN G REKE R o i EA
AR T EWR T KAWL, T BLZR RN YY) 3
FAEHRTE 2,2- “HUR I G &

CONH, Comamonas sp. KNK
\(_<CONH2 30°C, 20

@{CONHZ Comamonas sp. KNK
Cl
CONH;, 30°C,24h

17b (R)-18b; 74% yield, 98% ee

=<

17a (R)-18a; 94% yield, >99% ee

CO,H CO,H
CIM —
CONH, NH,

1993 4, Ohta /NP YR 1 — IS RIE 12
SR AE D3 4K [ N (Scheme 9), ARATTAHE A 2 /i 42 21 (1)
Rhodococcus rhodochrous ATCC 21197(Z% ¥ fi K4
A Rhodococcus rhodochrous TFO 15564) 841 i /E 5 I
A ZEAE T KA 2-HIE-2-T FE P9 5 19a FFLL 949%™
L 96% ee MEAFE] R ML 2- Mgk -2- T L UK 20a,
L KB AR R IR KM SRR LA 78% 1) 77 2 AE
B S PRI IETR 21a. (& X AEDFEAL I FE AT T T,
WAL IR Scheme 9 Fizw, A 19 1 %62 fiiK
GG AR IR A Tk e 22, BT ME E
1z 22 /£ BA R Pt O BEI K G 1 F T & A2 250
AHAR A B R A6 Y ) BRI I SRR TR 774 20. 2004 4F, %
IR PR IE T S8 AR, MY RIS, FR5E T

— 1 2,2- ZHURTE G I 20 FRAGAE M A IRSE(Eq.
4), KI Rhodococcus rhodochrous TFO 15564 1E/K fiftix
I, S 1) R R S6 Rt a6 A B I 57 B A RS Ar
BH Sz B re s me). Forb, AR FHA N, S 3 2
iy BUGEE R IR SR ZRBEECR IR )RR 20 A
AR ee [H(>95%). 2R A G o Ar B9 H A TN,
&VE’JXTEJ%J‘?E%‘* MR KBRS, HrMEmBsc g%, A
P4 210 ik i e AT etk REZE
(S-o-methyldopa) 7] LLYA J7 /& ML e, 4% A A 22 00 & 1
FERTE IR, VB3 R ZMEA I EAEA NG BT IH 1)
MH(Eq. 5), R 200 BRAGAE e Ak I B i 45 21 14 772 4
20h AT HERANE K2 B, DL 73%M 80" 2453
ee 1H79 98% ) H B 2 (R4 23.

CO,H CO,H
—_—
CONH, \(<NH2

S-Pregabalin

R-baclofen

BR 8  1h2E-Bh /K B A B Pregabalin (16a)Fl! Baclofen (16b)
Scheme 8 Chemoenzymatic approach to S-pregabalin (16a) and R-baclofen (16b)

J<CN Rhodococcus butanica ATCC 21197

pH 6,30°C, 24 h

: COH _CO,H
R™ "CONH, NH, * HCI

_»R

19a, R = n-C4Hg (R)-20a, R = n-C4Hg, 94% yield, 96% ee (S)-21a, 78% yield
)<CN nitrile hydratase J<CONH2 amidase j<COzH
—_—
fast CONH, slow R™ "CONH,
22 pro (R)-selective (R)-20

B 9 Rhodococcus butanica ATCC 21197 fEAL A )15 19 B 2= SRR A= W64k [ v
Scheme 9 Desymmetrization of prochiral malonitriles 19 by Rhodococcus butanica ATCC 21197
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s
J(CN Rhodococcus rhodochrous IFO 15564 _COH @ FEIE.
R™ “cn oC. 4 ~ R
pH6,30°C,1~7d CONH, CN
~ ~ N Rhodococcus sp. CGMCC 0497
19b ~ 19h (R)-20b ~ 20h |// )8 -
CO.H COH COH X pH7.0,20°C,7d
2 2 2

/\/<CONH /\/<CONH \/\/<CONH2 252~ 25h

(R)-20b, 1d (R)-20c, 1d (R)-20d, 1 d Ny CONH,
81% yield, 75% ee 72% yield, 95% ee 76% yield, 49% ee |// CO,H

_COH :_COH :_CO,H
ph<

CONH, CONH, CONH,

(R)-20e, 4 d (R)-20f, 7 d (R)-20g, 3 d

84% vyield, 23% ee  48% yield, >99% ee 90% yield, >99% ee

CONH2

R)-20h, 3 d 20i,1d
95% yleld 98% ee 16% yield, 13% ee

(2) Br, NHCOzMe
(R)-20h ONH 2 MeONa (S)-23
73% yield, 98% ee

HO _
T eon
HO

NH,
24, (S)-a-methyldopa

2003 4F, Z=fH GRS PN S R R e, il AiE
A NG 7K G e AT K A B8 Y B AR Rhodococcus  sp.
CGMCC 0497, 43 AL 2-F 2R 3L 5 —Ji5(25) 1 2-
- 2-R T AL 27 K R S L, 349 LA i e 2R A5
Fll v 624l B SRR P ) 26 (Scheme 10), 4%
RiFE 20 CHEATI AR AR B E T 30 CHE.
MUV RERA Y 25 1R RIRYIBT, R BIEZBAR, 7
B7 d ARESEMURN, H IR A PR
(25b~25¢) Bl & AR AR AL & B 25h) I, 72 258
s 4 PAA B R A0 27 MRV, RN R KK
P, ITEE 1 dtBELL 90% LA b 7 2245 A R =4
26. 1EE X R MALHIHFEAT T %2 (Scheme 11), L 2-F
Fe2-REN 5 (25a) A JEMIAE 30 C AT A FAL
N, B 66 hoJE, AL R RE L S-28a(7 K
56%, ee 15 93%) HLFIEFL IR R-29a(7 % 33%, ee {H 52%)
B 272077 5 8%) IR &4, KM 112 h )&, 1 PAfS
FIFRFIEIRIR 29a(7= 5K 44%, ee {H 1%)F1 L BEIE IR TR
26a(7= % 52%, ee fH 95%)HIIEEH), R ULIE 30 C Rt
17 IR B I FE I N 2 A A K EHE T A1 H e 1) #5
FEFRTR 29 HERK, BRARIRE AT AKHIH] 29 2Bk, 45
B E 45 K B AT HEM Rhodococcus sp. CGMCC
0497 ¥ /K G B LA BAR I S BLE R FEBAR ) S-ik
PR, Tk i /KA T EL A A T s S R L = 1Y) R-1E
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(R)-26a, X = H; 96% yield, >99% ee
(R)-26b, X = p-CHa; 58% yield, >99% ee
(R)-26¢, X = p-OCHg; 58% yield, >99% ee
(R)-26d, X = p-F; 80% yield, >99% ee
(R)-26e, X = p-Cl; 83% yield, >99% ee
(R)-26f, X = p-Br; 81% yield, >99% ee
(R)-26g, X = m-Cl; 85% yield, 98% ee

)-

(R)-26h, X = 0-Cl; 65% yield, 99% ee

XN CONH:  Rhodococcus sp. CGMCC 0497
|/ = CONH,
X

pH7.0,20°C,1d
27a~27h

N CONH,
|// CO,H

R)-26a, X = H; 94% yield, 97% ee
R)-26b, X = p-CH3; 98% yield, >99% ee
R)-26¢, X = p-OCH3; 93% yield, >99% ee
R)-26d, X = p-F; 95% yield, >99% ee
R)-26e, X = p-Cl; 95% yield, >99% ee
R)-26f, X = p-Br; 94% yield, >99% ee
R)-26g, X = m-Cl; 91% yield, 96% ee
R)-26h, X = 0-Cl; 92% yield, 97% ee

B 10 Rhodococcus sp. CGMCC 0497 4L P — i 25 FI R —
Pl 27 (4 2SR RRALAE W A S

Scheme 10 Desymmetrization of prochiral malonitriles 25 and
malonamides 27 by Rhodococcus sp. CGMCC 0497

+

Bn\‘/CN Rhodococcus sp. CGMCC 0497 Bn - _CN Bn,] CN
+

CN pH 7.0,30°C, 66 h CONH, CO,H
25a (S)-28a (R)-29a
56% yield 33% yield
Bn.| CONH, 93% ee 52% ee
CONH,
27a
8% yield

Bn CN Rhodococcus sp. CGMCC 0497 Bn,,| CN
+

CN pH 7.0,30°C, 112 h CO,H
25a (R)-29a
44% yield
Bn,,,’/CONHz 1% ee
CO,H
(R)-26a
52% yield
95% ee

B 11  Rhodococcus sp. CGMCC 0497 HEAL LA IR 5T
Scheme 11 Research for mechanism of the desymmetrizations
by Rhodococcus sp. CGMCC 0497
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2006 4, Rutjes /NHPxt —HURH —HEAJEY 30 1
ZRIRACE DA S S HEAT T WIE BT FE(Eq. 6), ARAT1AE
F Rhodococcus erythropolis NCIMB 11540 ¥ 41 fg {1k,
1337 — RHRFE AR Y 31, HAhBARE N IE
I AT DL B 7 R A B ee (H mik 98% 4
31c(fE & FRoRLE =W 4a % R ), i W1 2 11 R 14 i 7K
AR TR E 1R BA B Rk

R CN Rhodococcus erythropolis NCIMB 11540

CN pH 7.0, 30 °C
30a ~ 30d
R.| CONH
oo ®
CN

31a, R = Ph; 90% yield, 15% ee

31b, R = n-Pr; 65% yield, 58% ee
31c, R = n-heptyl; 85% yield, 98% ee
31d, R = Bn; 94% yield, 23% ee

2011 47, T MEREUR A A 5 A g 7K B Tl AN L e
FKFEBERH T % Rhodococcus erythropolis AJ270 SEIL T —
BEIEEURA b 32 1R BRI A K il i), LA
B A AR B E G AL B BRI, TR T
WSE ee {l, ¥ HBRNFRIREE ™) 33(Eq. 7), PR
AL SONE R B2 P DASR b R b, (E 2 2 PR AIG S B
HEAE A, YR U S A U BRI, 78
ee THECR, MR BRI R A, SN R
Xf I PRI AR, B S, AT R BT AT, b 3
e BB S5 T LK R e S 1A 2850 23 A Sk e i 43 1)
(Eq. 8), HARHUEE b 75 &4 XU B AR IR, #n] A
£ 1 h WIERURMAFE] ee (KT 95%HI™ IR A 34g
BIAh). st LEEAE YA =Y 33 A1 35 A AR LK
W, BRI R WY, {H 2 BARBEOK il 51X
FRRPIHIE BRI E, SRYA S A 2, R
AR ) SL AN AN 7 RO 3 R R E T i TR
AER; AR B AR RN, S A T R T
PUIEH.

3 BRI ETRCEDRE K
R

FHEC T AT FPE G, OCT PE REFRIR G 1 2 X0 7R
AR DA S B HRGE B /D, 3X— 7 T2 BT = A
WIHTRIR IR A Z, File 562 E
Re A R & A BN N AE, 53— J7 T2 T H T
PEF=WILE G R IR PP B 25 L [ B A R T K.

1998 4F, Sugai A1 Ohta 2527 # [l Rhodococcus rho-
dochrous TFO 15564 B 240 i At P9 VH e 7S To IR 30 — Ji
Je RN B AE AR I R, TT LAAS BIAH I ) KR4,
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R2
J<CONH2 (1) Rhodococcus erythropolis AJ270, 30 °C
R" “CONH,

2) CH,N, or BnBr
32a~32h (2) CHN,
R2
< _CO,R? %
R" “CONH,
(R)-33a~ 33h
_CO,Bn :_CO,Bn Z_COBn
# CONH, /V<CONH2 \MCONHQ
(R)-33a,0.5 h (R)-33b, 5 h (R)-33¢, 1.3 h

85% yield, 91% ee  80% yield, 72% ee 87% yield, 98% ee

)\/%COZBI’] %\/20023” = CO,CH3
CONH, CONH,  Bn™ "CONH,
(R)-33d,0.7 h (R)-33e, 25 h (R)-33f, 8 h

85% yield, 43% ee 73% yield, 44% ee 99% yield, >99.5% ee

|
_CO,Bn k

Pha A~ \/%COZBn

CONH, CONH,

(R)-33g, 115 h (R)-33h,31.5h
84% yield, >99.5% ee  ggv, yield, 41% ee

H,N

J<CQNH2 Rhodococcus erythropolis AJ270 ‘<C02H 8

1 v
R" "CONH, 30°C R™ “CONH,
34a~ 34h (R)-35a ~ 35h

HZI\!;CO y H2l\‘l< H,N
. COzH CO,H

Z CONH, 7 ™"conm ' ‘<CONH2

(R)-35a, 40 min
87% vyield, 97% ee

(R)-35b, 50 min
93% yield, 97% ee

(R)-35¢, 40 min
98% yield, 99% ee

HoN

HoN
$§K\jl<COZH o eox

CONH, CONH, CONH,

(R)-35d, 25 min (R)-35e, 25 min (R)-35f, 60 min
96% yield, >99.5% ee 80% yield, 97% ee 83% vield, >99.5% ee

HoN
\/\\\"kCOZH

H,N HoN

CO,H
Ph \\~"<COZH /\\‘< 2
S NNCONH, CONH,

(R)-35¢g, 330 min (R)-35h, 35 min
74% yield, 94% ee 84% yield, 98% ee

JER A P B 4R 25 ) R 5 5 A KB o) 2 B 1) 33 58 N ST A
EPFEHAE RO, MRS LS G 36 1, Tl LA
T6%r = ZH 74% ee (EHAF R FFIERIR ™) 37, &Y b
ANEHWREEY) 38, 42), 1 LA RG240 ) 5t
RN IR ER =), B4 Bk 41 1E R, mTLL
PERT=Y) 39 1) ee fH. XN S FEREAT PELIAIT 5T 5 1
T T RN, AT 8 ZREEY) 38 FEARA XS
WL e B IS K & B AE N o i 41, RS TE
Tk Fe /K AR A L R 2 5 AR CRIR IR AN R IR =, R
JSF [T B3 B 1 32 BRI Tk e 7K A B (Scheme 12).
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BHLE
CN Rhodococcus rhodochrous
IFO 15564 CO2H
CN 45~24h CN
36 37, 76% yield, 74% ee
CN Rhodococcus rhodochrous
CE IFO 15564 @:CO?H
.
CN 45~24h CONH,
38 39, 39% yield, 83% ee

CO,H
40, 33% yield

CONH;  Rhodococcus rhodochrous CO,H
CE IFO 15564 Q .
CONH; 45~24h CONH,
4 COH 39, 39% yield, 97% ee
: :COZH
40, 39% yield
Rhodococcus rhodochrous
C[CN IFO 15564 CECOZH
+
CN 45~24h CONH,
42 43, 22% yield, 95% ee
oo
CO,H

44, 24% yield

CECN nitrile hydratase C[CONHZ amidase
| — >
CN non-selective CONH, 1R, 6S-selective
38 41
©:COZH
CONH,
(1R, 6S)-39

B 12 Rhodococcus rhodochrous TFO 15564 fEAK N VH JiE HY
FSTCHIR I HI K AR

Scheme 12 Desymmetrization of meso cyclic dinitriles by
Rhodococcus rhodochrous IFO 15564

2012 4, TR HGE T Rhodococcus ery-
thropolis AJ270 20 B A A4 P34 e 204 B0 — Tt fik 42 1) 25
SERRALAE AL S N(Eq. 9), SR AR o e I ise %
PEAE R IRIR 1) 43, Bt A EHUREE AL RH B3 hn,
JOLIS ] ZE K B~ 2 PRAG. MR IR b5 AU (42¢e)
H AR B B AT SRR =1, AE 2B Lo R
(42g)RILH THARPIRT WUEFENE. (A —RAE, B
1k 2,5- Bk DU AU 42a ()25 FRAL I N R AR H
1, T LA 94%I 7= e —Ba 19 3 19 g XAl =47 2-FR2 ik
-S-TR R SE DD AL g (43h). BE S, ZIRE AP
AR ERE FLNETE 1,3-FR G 1,3-3F 6 ki 1)
ERIRA DAL SN, 5 22 i BT T e E R
A 42 WAL R BAR L, R EPRAS B EE)
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7 B 3 i S B TR R AAR . W T R B K A T AT LA
1R-Xof e Mk i AL 1,3-3F 1% 56 S 407 A 0 1 B4
FEAKHN R, T B fc /K AR DA e P 1.S-5%of i 3¢ A A
13-FR % % 44 1SR BERG KRS, FF DL i T ik
94% ¥ 77 & A= i 1y o't 2 41 P 1) SR i B R TR T 45
(Eq. 10), J2J8738 552 2] P b B FE A7 BEA50RE F 8K
MR, G R AN B AR L5 i 258 Ak M e fz 7 3
AR, TR RIS A AT B ERA R i H AR5 &
[ o Pk i 25

CONH; (1) Rhodococcus erythropolis CONH,
AJ270, 30 °C
N—R N—R (9)
(2) CH,N, or BnBr
CONH, COzR'
42 43
CONH, CONH, CONH,
NH N—CHs3 N—\_
CO,CHj CO,CHj3 CO,CHj
43a,1h 43b, 60 h 43c,96 h
96% yield, 96% ee  80% yield, 60% ee 60% yield, 95% ee
CONH, CONH CONH
N—Bn | NH NH
CO,CHj4 CO,Bn CO,Bn
43d, 96 h 43e,1h 43f,1h
15% yield, >99.5% ee  96% yield, >99.5% ee 90% yield, >99.5% ee
CONH, CONH,
CO,Bn CO,H
43g,1h 43h,12h,19g

74% yield, 67% ee 94% yield, >99.5% ee

[F) BN AR AR R 2 IR JE IR T A WA T IR AE B K
HAT A AL AW L 1 B P2 (Scheme 13), il
MTCA LR FRAL AL AL S N3 B T4 43h 45
Bh, JEE UG R R R E R B AR OBE, DU s I e =
BT BT 49 DLREH-1,4- R E R
EW51; IWULEH ZAFHE LI 45a N IEEL, 1
o 2 BRI b I o- N BRI AP S52.

4 HEXRBNFHERVNEXNRUEDELR

l\L

B T BRIE T AT DM T A, w8 R R R T
AT DAE R Ay, 13 TR B T 1 PO A 2 X R
A AL [N AT AFRIE. 2007 4E, Rutjes B4
FRIE T LR R S R IS KRB, AT PIRIRY =4
i B R AR (53) A — S G 2R AR (56) 1 2 X AR AL A2 4
Ak [ i (Scheme  14), J B =4 LA B 356 1 fiae A B4
HRRNE, HohxtFEY 53, Ki/KERE Nitrilase 106

Chin. J. Org. Chem. 2016, 36, 2333~2343



Chinese Journal of Organic Chemistry

REVIEW

(1) Rhodococcus erythropolis AJ270, 30 °C

RZ
(10)

HzNoc\G—cow2
K

(2) BnBr

Me _“\lr Me = Me B
H2NOC\©‘COZBn HZNOC@COZBn H2NOC~©‘COZBn H2NOC\©,COZBn

45a,42 h
93% yield, >99.5% ee

45b, 46 h
91% yield, >99.5% ee

OH

Me o
H2NOC~©‘COZBn H2NOC\©‘COQBn H,NOC

45e, 30 h
90% yield, >99.5% ee

45f, 168 h
0% yield

(1) CbzCl
(2) SOCl,
(3) MeOH

CONH, CONH,  sOCl,

DMF
N-Cbz — >
90%

NH

91%
CO,H

43h

CO,CH;
46

(1) Hp, Pd/C, MeOH
(2) o-Bromobenzyl
bromide, Agzo

CONH,

N—Cbz

n

2%

K

CO,CH;
46
(1) O3

92% yield, >99.5% ee

55% yield, >99.5% ee

CN

N—Cbz

CONH2

COZCH3

(2) Me,S
Et;SiH, BF5"OEt,

R1
H2NOC—6<COZBH
45

45¢, 38 h 45d, 37 h

92% yield, >99.5% ee

Ph
e ‘\\\Me
CO,Bn  H;NOC CO,Bn

45g, 168 h 45h, 168 h
39% yield, >99.5% ee

Nzy

N~
SYSN N A
—N

NN LiAIH,
THF

—_—

83%

NaN3, ZnBr,
i-PrOH/H,0O

—_—

58% N-CHjs

N—-Cbz

CO,CH;
a7

CO,H
48

(1) NaBH,, LiCl
(2) Cul, DMGC

OH
49

80%
51

Me o
H2NOC\©,COZBn ®)

45a

76%

HNT
OAGACOan

52

BR 13 ZFRA AT e AL b R B

Scheme 13  Synthetic applications of desymmetrization

Nitrilase 106

B

Q

NC—-P~_-CN
53

11% yield, >99% ee

o,/ Nitrilase 104

NC—S<~_-CN
56

57% yield, >99% ee

NC—P~_-CONH,

NC—-S ~—~CONH, +

0\\;:

NC—P~_-co,H

(S)-55
51% yield, 70% ee

O\\ : +

(S)-54

\ / N\ :‘\\

NC—S~_-CO,H
(R)-58
20% yield, 77% ee

(S)-57

B 14 LURJE T 9Tk oL A IR 230 R A6 A A e A

Scheme 14 Desymmetrization of prochiral dinitriles by nitrilase

FEIH B X RSS2 Rt e A i P B S Tk A
P 54; TxET Y 56, FE/KfREE Nitrilase 104 R H
S5 PR R Al R, A BT AR 4l ) SRR B e R )
57. AEF NPT A SRR IR =) H AN 2 I e =4 id—
SR B, T (R R FE R TR, (AR — R
5 7K A At T A T 2 IS S B A B eI — I

7‘%7
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WG IEAEAMII, Sheldon PRAEZHPE 2006 FEmARE T

A G K e Bl LA T 7K B 1 IR B I — I R 45
T RS
5 ZRERE
g —HVER KRR, BTN RS
http://sioc-journal.cn/ 2341



BIHE

2 IR A P e A ST L 28 F N A T P I AR
BRI 2Tk, AMEETHEM L BA BRI S,
P30 F7 22 4% 73 10 05 3k 25 X R AL S B B i 7 AR T A
100%; JEA St m] LI 1T 2 Fh ol 2 ST 10 773k
8 SN AR AR AN ELIE R i A 2 R R L U
BRI, X SR S AT 2 0 B A AR e A T VR K
J A il g FL e AL SR T IR By AR ) 2 B REAL T P
ARER AR T 3%, T UATIUAL: BB 0T 25 A e Rt
R FEE S IR AL B T R AN ORI, BEE AR HoR
JEH IR RAL M EH BRI AW E, KI5 2000
PRAC A A ST 2 2 R A N R 70 T 7
HIT P B T e — i JER A JC L A e IR — i R
LR FRAC e AL SN (AN BT IR R i3k — P R X —
G R EE RIS AT, B IR
IAE ML A R b 2 3 2 T TR R )
HUEPREAWBARZ IR, JERE— P45 3R 7 7 B
Beits ML BRI RAC A TTES 2N 2 B BT
Wt e PR R K 4 B 22 M IR & U AR P WAL B A PR W
PRI S,
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