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Green biosynthesis of chiral pharmaceutical chemicals

CHEN Xi"?, WU Fengli"?, FAN Feiyu"?, WU Qiaqing"?, ZHU Dunming"’

1 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

2 National Technology Innovation Center of Synthetic Biology, Tianjin 300308, China

Abstract: In nature, chirality is a common phenomenon and closely related to life, also significantly
influences the properties of the substance. The chemical synthesis of chiral pharmaceutical chemicals
has encountered challenges such as poor atom economy and process economy, serious environmental
pollution and waste of the resource. The biosynthesis route has the advantages of high selectivity and
environmental-friendliness. In recent years, the rapid developments in the accessible key enzymes,
understanding of catalytic mechanism, construction of new synthetic pathways of optical pure
intermediates, process development and scale-up production have made it possible to address the
challenges encountered in the production of active pharmaceutical ingredients, thus promoting a green
and sustainable pharmaceutical industry in China. This review summarized the achievements made in

this field by researchers at Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences.

Keywords: optical pure compounds; pharmaceutical chemicals; enzymatic catalysis; biosynthesis
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Figure 1 (S)-1 as intermediate for the synthesis of dextromethorphan, and chemo-enzymatic and enzymatic
synthesis of (S)-1. (A) Synthesis of dextromethorphan using (S)-1 as intermediate. (B) Synthesis of

dextromethorphan intermediate (S)-1 catalyzed by cyclohexylamine oxidase CHAO Y3211 and NH;3-BH; or
imine reductase IR40' "%,

http://journals.im.ac.cn/cjben



Mg FFUEESNERNKEENSH 4243

1.2 AT SRR A B E XBF T
AR

I MR I3 H DL A — B B [, 7R AR
R R, M 3 29 E A EIRFER . IRIK
T4 (suvorexant) T 2014 AFFRAGHEMESESE H
brr, FEERA LT, REARSERE A
LR Z R e RS R IR 259, H
TR T AR K AR PR HE (O BRGRE)! 7, JR ik
AR OCHEZE M BT — D T 1L,4- A E I
(R)-2, K12), HETCHE WA KA T
AU ETEL A AR 4 T RS RR A SR e A )
Fo s G WAL 50 F A e AL PR ROV SE | (43 BIlAT
TEFISICRAL . 48 5k 0 LR )Y 2 55 )
R, PRI i O R PR B AT SR B )0 ]
P AE o 38 X 95K B A A B BT R B
T JES 00 3~ PN B AN o R e it e Ak ] S B0 9 TR
Az v A B A B, T LT e B TR B 2
T LA-ZRERMEE (K 2),

FIHBI AR IET Y 4-[(2-F 5L 2 3E)(5-F-
2-TR I s ) 22 B 1-2- T i R i R R 12 A R
SRIEFA R AT 2 7 (Leishmania major) 1)
WA S5 IRT TS AL (R)-2, ee {H>99%, {H
HARIL R LA 0.027 Li(mmol-s), Fifij&XF IR1
HEATER BT AR Bl AR AR 61 1%
(XS AE 1 Y 194F/D232H, %585 KTE 10 h 14
AEME AL 100 mmol/L IKY, 77¥) (R)-2 B9 ee

7\
N_ N
0 °N al
cl N /N —>
yWLJ)
\@O ""Me
Me

Suvorexant

& 2

DTFALFERLE R AEERE S LK

{8 K 53 B A5 2R3 B >99% 1 81%1, I ik
Jirt it e £ 1) AN R s it e A S s Sk 9 TR 7 AR T
P e [RA G BB AL T — i PR A B TR Y R K
BT
1.3 HRERETT KB F P EAR & R

i v N A R B e o T 2 2R B Bk A
et FH 28 %) 3k 26y Jo RS0 Ra  AE ARORSE AT 5 [
FZAEFENER, GfEREN: . AL
TR I IR DA B 4 5 4 25 TR OC 2R Y BE ) A2
o KRR B AT U AR, SCRE R 5%
TR BT AEIR o (S)- K TR ((S)-3) & —Fh e
T AU AR R A e, AT A S R R
{8 T e A R 2 Rl s B 2 2 B2 A
5 oy RE BV B T g VS L bRk A L
(S)-3 T L L N, LR A AT A= 7
ol 4 SR AL R AR AR T G, BT O
SO RN, TESEPR R A P iR i
Z BRI

2 AT B BE AR AT TR IR T B0 OR BR A
(Myxococcus fulvus) BNV REA R IR51, SCEL
T M # dl B (myosmine) A XJ FR if R A AL
(S)-3, eeft>99% (& 3)%, s i & e 411k
ST OIRS1 S AT A L R A TR =
MR, BT REWEEE A 15 000 U L
bo ZEARC AR AL I O AR 200 t
AT, B IRR A A A A ol AR A
(S)-2 HH B

HN

N /O NH o

O%NQ"’Me :>:(_/N4<\N:<j\cl
0

Me
Amino ketone

(R)-2

Figure 2 Retrosynthetic route to suvorexant through intramolecular reductive amination.
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Figure 3 Imine reductase-catalyzed enantioselective
reduction to the intermediate of (§)-3.
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O O O
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¢ o 0
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4 EYECENHRTEERZEBRRENE A EXFRRIEE L IEPG ] i (ethyl secodione) &
JIC S A2 2 i 2 . IRACZRI s B BRIEIR SRR 2,2-XUBR-1,3-38 U A 250 B i g1
Figure 4 Biocatalytic desymmetric reduction of cyclodiones and its applications. (A) Desymmetric

carbonyl reduction of ethyl secodione as the key step in the production of levonorgestrel and gestodene. (B)
The desymmetric reduction of 2,2-disubstituted-1,3-cyclodiones catalyzed by carbonyl reductase?' !,

Cl

o

Br 1\ CO,H
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Figure 5 Enzymatic synthesis of the key intermediate of lusutrombopag"*..
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Figure 6 Enzymatic synthesis of a key intermediate of ruxolitinib™’).
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Figure 7 One-pot multi-enzymatic preparation of UDCA®!
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Figure 8 One-pot multi-enzymatic preparation of optical pure dihydrocarvenol™*"!
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Figure 9 One-pot multi-enzymatic synthesis of enantiomerically pure (R)- or (S)-2-hyrdoxyl butyrate!
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Figure 10 New and old production technology of L-aspartic acid™'!.
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Synthesis of B-hydroxy-a-amino acids employing L-threonine aldolase.
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