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Biocatalytic Preparation of a (S)—piperidinol by Alcohol Dehydrogenase and
Its Product Inhibitory Mechanism
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(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. Key Laboratory of Industrial
Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract. (S)-N-Boc-3-hydroxypiperidine ((S)-NBHP) is a key chiral intermediate for the synthesis
of ibrutinib treating mantle cell lymphoma. Asymmetric reduction of N-Boc-3-piperidone (NBPO)
catalyzed by alcohol dehydrogenase is the most promising method for (S)-NBHP synthesis. After
screening of the alcohol dehydrogenase library, Kp ADH from Kluyveromyces polyspora showed
excellent catalytic efficiency on NBPO, with specific activity of pure enzyme as high as 83.9 U/mg
and the product enantiomeric excess value of 97.0% (S). Coupled cofactor regeneration reaction was
established by introducing glucose dehydrogenase, and the effects of monoaquous phase, biphasic
phase, ionic liquids and different substrate concentrations on the conversion were explored. The
results indicated that high concentration product (S)-NBHP had inhibitory effect on Kp ADH, and the
inhibitory kinetic analysis showed that it belonged to non-competitive inhibition. The inhibition of
(S)-NBHP on KpADH catalytic reaction could be reduced and the conversion efficiency could be
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improved by using single monoaquous phase catalysis. The inhibition of asymmetric reduction of

NBPO catalyzed by alcohol dehydrogenase was studied, which could provide guidance for the

enzymatic preparation of (S)-NBHP.

Keywords: (S)-N-Boc-3-hydroxypiperidine, alcohol dehydrogenase, monoaqueous phase catalysis,

product inhibition, non-competitive inhibition
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Table 1 Screening results of alcoholdehydrogenases library

KpADH NADPH 5.68+0.21 97.0 (S) Kluyveromyces polyspora
CgKR1 NADPH 0.38+0.01 99.0 (S) Candida glabrata
PAR NADPH 0.18+0.02 99.0 (S) Corynebacterium sp. ST-10
Cg26 NADPH 0.17+0.01 99.0 (R) Candida glabrata
RpCR NADPH 0.06+0.00 9.9 (R) Rhodococcus sp. p52
CgKR2 NADPH 0.03+0.01 82.7 (R) Candida glabrata
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Fig. 1 Reaction conversion curves at different substrate
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%2 KpADH BHRMiEFHMULER

Table 2 Optimization results of KpADH inmonoaqueous phase reaction system

B e ik NADP ¥ /(mmol/L)
1 PBS 7.0 - 0 12 99.1 97.1(9)
2 PBS 7.0 5% 2B 0 1 62.6 97.0(9)
3 PBS 7.0 5% 0 1 475 97.2(5)
4 PBS 7.0 5% SR 0 1 485 97.5(5)
5 PBS 7.0 5% BT 0 24 98.2 97.2(9)

TE: IR RO R | e AR R A AR AL ], AR R O 10 mL, R LS 500 mmol/L, £17% 1.2 g #i %4 ,35 mg

KpADH Y& 1 i Fy #1 20 mg BmGDH 1 i K5 .
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L (G A SR B PRV SR, Kp ADH 78 138 2
WM VI 5 75 50 (DES) v il g &I, AW 8 3]
BARMF AR
2.7 R H & (S)-NBHP

ISR R AR ZR AR A ) 4 SR T R R i AT fT
B s B R B4R & 1 AT AE 24 h N A AL 8 R
500 mmol/L. NBPO, ik E| 99.6% 55 /L%, WK 4, ¥t
e 12 I by 3 B, IR NBPO 32 7 ¥% i OF 5¢ 4 %
627791 (S)-NBHP, H ™= Py dE s T K AR 1A & | A
T 5 R Ak, R X TS R R, A
Bl 0 e, B A0 TR e AR5 0 T 7 40 1 s fi

* 3 BHBEF X KpADH & /189 % K 7= ¥ F K ¥ B & BE
Table 3 Effect of organic solvents on KpADH activity and
partition coefficient of products and substrates

8
= 100 = =

RN 50%11

A B

PBS 7.0(*f )

CiE S 25 907#1.7 160 3.6
iEBEdE 40 868+18 1.0 0.1

53 bt 45 934+33 16 02

1FE 2k 35 965+47 21 02

b7 R 32 96.7+53 33 04

AR R — T e 4.8 <0.1 — —
LR T TR 18 54+04 182 158
AR 1.4 <01 355 836
LT 0.7 <01 545 129
PR -0.2 <0.1 — —

x4 FHERMERAMRLER

Table 4 Optimization results of biphasic reaction system

50 I
Z)‘Ei“l‘iﬁl
=

e | PRV B
(mmol/L) R

%
92.8 98.9(5)

6 PBS7.0  50% W 0 8
7 PBS7.0 50% ZF:T T 0 12 97.6 98.4(S)
8 PBS7.0 50% BMIN-PF, 0 6 633 97.0(5

TE I ) SR 26 1k A 9 AN T4 A 728 Ak 0 I TRD 5 S R 4K 3R
10 mL, IR BE N 500 mmol/L, £ 1.2 g #i 2 .35 mg
KpADH V5 1M #3 F1 20 mg BmGDH ¥+ i K5 .

BE L Ad 22 55 2040 ] e B (459.9+118.6) mmol/L, fif LA
SV REL A, FBAN, SRR R, KA PLE
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