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B8RS B Tt SRR AR BRIZIC — A2 H R IR B Y
BB A FRIE R 1T

AEH HEet B B EEXL
BREF  BEE  IXF

(B R A S5 TRE2EBE Jbat 100083)

FRE

WE BOPFERT 5 FRA R AICI MBI RN —AZ T IR(NADH) RS, I LUK R YRR PR N I
Yy, BT AR, BT RS AR FRIE IR RE ). SR WX SSEIRAL SRS a- MR A o-F2 5k
TRME, A EMREREB R, e TG A, i R R m o 26%.
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Synthesis of Cholate-Based Nicotinamide Adenine Dinucleotide
Hydrogen Models and Their Enzyme Mimic Asymmetric
Reduction Ability

Li, Dazhi Yang, Yunxu® Yang, Chao Huo, Baolong

Xue, Lingwei Yu, Feifei Wang, Aizhi
(School of Chemistry and Biological Engineering, University of Science and Technology Beijing, Beijing 100083)

Hu, Biwei

Abstract Five cholate-based nicotinamide adenine dinucleotide hydrogen (NADH) models have been designed and synthe-
sized. The asymmetric reduction of methyl benzoylformate by the NADH models was investigated under the catalyst of Mg®"
as complex center. The results indicated that these NADH models could reduce a-keto ester to a-hydroxyl ester, possessing the
ability of hydride transfer and the low ability of chiral reduction. The enantiomeric excess value of the reduced product was up

t0 26%.

Keywords cholic acid; NADH; chiral reduction; methyl benzoylformate

A T ORI e B MR e A% IR (W IR ) [nicotinamide
adenine dinucleotide (phosphate) hydrogen, NAD */
NADH]) ZAFAE T Edr e i AASE A b, ALt
JEAEIA L DA — LR, A — M T
iR, SALMHBEIL BRE —A% H IR(NADH) K H A R AL
EOLERABRED IE e rh, eI C( L
B o9 NI v o L 2 ke 7/ e o]
A 5 =) BAT B R e (. O FRIE 5t
W R a-BIFREE . BRI .

N T ARV o WAL FEE (IR I ), A TAE R
T TIRZ %5 ). ) NADH B YI 45k T, H
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AR 2 (W 5 1 W 1 e — N 5 2 A1k v ) 55 41
B NTEMHAEE M 1,4- 5 RE A COYRLE. i A R
FEX6F NADH AR 4> 1 B AL IR s [0, sl il i
R IR ARSI SISl 7 N VA v X
Jujtte 2] s HOBSRBIIEA T (R HLER AT 97 22 WS, NADH
FUASHLFN A SN ] BETE Jle— AN IR . XA
JVIRCL AN 42 i 3 1, e &8 1 ol i 3 1 A e A
L, L NADH K &9 v 1 Bt 26 0L [ OF i A
pllale1dsa=sh Tl - gsbopr s eh 1 4- S BEFR B — AN 7
A PSR B AR R 3 T, w413
HAFHERIE R, AHF=8) (5 WeaE e vk ey, ok
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TR ST L— R e, ik, Wi NADH #
R A HLA A 1 45 A O ORI DX 0 PR (R 1,4-4
nE e BR AT R TR P A — T 2% BE NSS4, e
FhRSE I PE RS, A, AR 2 i3 J5t il AL AT
T M FEVE I T P . Sz, RN 42 14 6 ke
RS RAR. 7RIS TF . NADH FAUMG &),
W COYIERA RIPE M EER DL K 48 A7, e,
BRI H AT A @ AR S A T LA B
o W P S 5 IR

AHERAE h—FRIE T 00 5 7, ARG 45 HA W
EVERH S TYEMI ol B 3 ANSEKIRIEIE [,
A BT 3 NHUK FSESE . PHER AT AEMEA
1% pHL ¥ SRR P PR35S > vh 2 R I AN [ (K47 4 A
PR A AR Ik A PR RS, IE R T 2E 4 f F 7 2
B, 2RI il VA R o 1 T T e EURE. TR A —
SEFIAET R, BHERAT A4 i LA —Fh = ZA A7 IR0
SRR E R AR TR BN, EHTZ R THEAREAIR
5T BIRESEE, SRR AR TR . IRER I K
FHEBAAEY. JFH, A SCERIRIE T IH S REX(R/S)-3-
HOE-2- i e AT AE AT i e A i oy, HAES
IR FOXF ARGl 5 E 99% LA IO DR AHRR IR K 45 &
SRR, IR A BRI B A= 3) iz
M. EAR IR LA 1 R AR R Pk S AR K 28 e %2 A
OH

(i) MeOH, HCI, r.t. 12 h
(ii) MsCl, DCM, TEA, 0°C, 2 h
(iiiy NaN3, DMF, 70 °C, 6 h
(iv) Ph3P, THF, H,0, reflux

12 h, then HCI, 12 h

PN YRS T R i A AT, H A9 5T NADH
MY, 5 IR SR 5, H AT oA .

0 PR T PP REA G ) 2 B A HLA e
(44, MIXZEAL A T DL AR 2 AN [ g (A AL
AP T2 A 25551 o i RR BRI o AR FR IS
JRAFBIME2E 7Y o-FRIE TR IR A & B2 Tl e 1) -1
JUkl, BAT BN A, Rk, ASSCR IR/ A
FARFHEIE, BRI & T SASHT L NADH A7
&Y 5a~5c¢, 9, 11. 7ERIRLAYI, FENHPR B 484
ANF 1, 4- 5 e R CRYALE, A HEER 1T 1 i
DA KR RS A o . (R R B AR AR, SR JES) EA  e
FIFPEIR R E; 75 COL, AT GIAAFEER, na
JRF FAEEUHER B Z R, DMEIH T RO R, 1
TR AL A W 0 T PR I8 JsU PRI 9T 3% FH i FH 04 2R R G R
F IR A S AT

1 HR5UE

1.1 BBEZ-NADH &AL SRS A

SIHIR B0 NADH #ERALASWIRI& %, 1558 LUH
B2 1 ARl 2 PRGN BEE AR RN 3a-
FRRLREAR i P e hlh I TR U SR TS SR T B SN ko
ARF, 5B R R LA ) 34-8 R AR AH R g,

BOP, DMF, TEA
rt.,3h

R = H, NH,, COOH

N328204, NaHCO3
H,O0/MeOH/DCM

R i
X
- N
N
@) Br
a:R" =H,b:R" =NHy, ¢c: R —,57( OH o
(6]
Bl 1 JHR-NADH B4 Sa~5c 15 A
Figure 1 The synthetic route of cholate-based NADH models 5a~5¢
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—  HN C|>H oH
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29204 -
_NaHCO3 Br NHt
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T Br NA
NP 0 PN P
\ OH \ ©
— OH
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1,4-dibromobutane
DMF, 60 °C,5h
0— OH

N HN oH oH
O
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1,2-diamino-cyclohexane HN/,

\OH NaOH, MeOH (1R,2R)-
o OH H,0, rit., %h
X X
N
N
Y O
N 3a N 6

@«W
WW

N323204
_ NaHCOg

“H,0/MeOH
DCM, r.t.

BOP, DMF, TEA, r.t., 3 h

@% W

B

CH W
e
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DMF
60°C,5h

B2 JHER-NADH LAY 9 Hil 10 15
Figure 2 The synthetic route of cholate-based NADH models 9 and 11

R = R BRIk B SRR 5 o Y, RS I ik

SRR ECERIR ER 2 I RS R R AT (B 1), SR
ik 70%.

3-G L IR G 46 1R 46 (2) 5 MR Ak & W LE B 1
6AF K BOP MIVEH R4t DMRLFHF=2 145 21 iR/
Bk &4 3a~3c(3rb 3b MEBEIR K C(5)-NH, #%
Blitk, MIMAFIRIELE BOP EH 44, 3 WCPATSLE:
FERLE 90% 4. SHIE G R G ) 3a~3e HFRIRARE
N-ZRHAb N, 2B Ot Y (e e 2 £ da~de, %RV
JUFREE R, P28 100%. N-Z5b vy, thér
W) 3b v LA E R AR RS A Y, 3a AT 3¢ W5 2E7E
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WEFA b, MRS IIIEREIS N i3 3 R, AR 128
HUBCA IR A A T 2 ORI S R I, e TR HL 2K

2, AT e U 1 2. fn, SRAHE
Tl Eh, 7EBRYE. G, BRI AAE R nE 24
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HPR FH G 3a Bk g, 75 200tk ne e/ iR 28 4k &
M6, 77Zik 82%. HAr BOPTEAE N5 (1R2R)- A2 i
FiAEE, 19 2)(1R,2R)-IA O A e (R A T ik g it i/
W&*%ﬂﬁ$7wsl2quMFﬁ%%,ﬁL¢

T B B 87K 90%), izt
5%&~&n&ﬁ& TR N 20E R RN AE R
W BRI A N R R ERIE 50N 1,4-
WHEIE AL B4 9(7F7 5 85%). M T NIL e It A/ PR
ST T ERIRBEAA B 10077 95%), LUE
AR R BN JR 13 BB L A ) 1177 65%).

1.2 FEEZ-NADH 152Uk 5497+ 2 B Bt B B2 FR B B9 AS X
FRIZJR

AR PETC/K e R B AE A fRE AR, 2 HH I g
EVE RN BF T IHER-NADH 4579 4k 4 W ) AS R
W SR PERE(E 3), HARSEIG PR WAL IR oy, AXTFR
R S5 R LR 1.

Q OH

wO\ NADH Models 5a ~ 5¢, 9, 11 O
o] Mg(CIO4), MeCN o]
B3 O I R R R A AN R R SR

Figure 3 The asymmetric reduction of methyl benzoylformate
by NADH models

F 1 NADH BRS04 I P R P TR 13 S 45
Table 1 The results of asymmetric reduction of methyl ben-
zoylformate by NADH models

NADH model Yield/% ee/%

Configuration of product

S5a 66° 24 R
5b 25¢ 2 R
5S¢ 14° 0 Racemate
9 51° 26 R
11 65° 26 R

OB 0 ORI HPLC Fill; © SR Tk HPLC Ay,

M1 FH, ARCA KN S FiIHER-NADH #7845
YA — AR D), RIE R 24T 14%~
66%. T It B8 77 )5 P B 22 G 480K, e v R R
%L%ﬁmﬁﬂm,&%iﬁﬁiﬁLrﬁ% P S0

45 HLHEN, NADH #2840 54 Sa 1)\ A4 32 L 250
RGN K 4a s,

JES 2R PR PR PR R TR P A BRI S IR 7 AR 12
PEFI AN EFEAL T A — 1 b, Db PSS R LY
AL EERT, AN B BE 230 R 0 1R AT
5a [, 1,4- EnE i — AN E S I
BRI Si-face [, M ZAR] R BUKIEJE)EY)
F 4% 5 [ 2 ) PR B 3 R BREAE 6 T R TR, AN AN R
BEAr WA SE AN R 1. *TAREY) 5b, 1,4- St
BEIR COMI MR A AR, e 5 e iR w4 i

2166 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

MQ"N‘C\Cm

fg

C// NH

“CHs
HSC/ O)\(\/(g

Bl 4 NADH BAME &4) S/Mg™ /A1 1 B P s Ay 7Y
Figure 4 The mainly transitional configuration of NADH
5/Mg*" /substrate ternary complex

P, B SEOUEESKIEK, W sb FHEX 2 IR
59. T Se, BT CR)YFI C)T INHRR 4> T8 AR T
K, ZANLBHR, BHAS T4 1) Atk i B8 ) 58 [ ]
4(b)]. [AIEE, SN AR R AR ME IR 4 S (R IHFREH TE T 2
5] 7 15 7K 25 s ANEL RS T I e, IF HARARF
FONEALESMIE K. #§ S TLigEnE /A ik
FETFAEX o IR,

[FIRE, BERLLAH) 9 FI 11 548 Yk P P S s o
I, BHER 7 A7A0 12 R7 AN R I 5 S 1 P A BRI A T
[T _F, ARSI At 4 ANEATHEE O
FIBLTE A W I B RIS 5 AP AN O AL T g, N
i1 L [l P R 2 N T R (B 5). (A2, B
G 9 A 1,4- SUIEHE R — 4% 4 AN BEAH
P, MAFRREE VA R RE 9 RUEY RN,
EIB A YA USRS N A RVA U e d 2o s AN e
Y.

2 it

WE IR R et NADH AL G4 S L0t oK
FH I FH R Y IR 1403 S 1 45 SRR W, X SR A e e
JRMII) a- PRI ST N FEHE, (AP R SR fiE ) 2. 5b Al
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9
H
- =H OH
/ -0 HO ,J* !
‘_f‘?' R d ’/,<’j\‘k - 5
le NUPEIS <l - AN
4 ” < r I “NH

B5 NADH BRI 9 R 11/Mg™ /IR A ) 3 B3 A by 7Y
Figure 5 The mainly transitional configuration of NADH 9 and
11/Mg2+/ substrate ternary complex

Sc¢ KW, CEYLHATMREA BRIE M NH,, 3045 T Ak
BEAT 25 5 W KRR R FE IS, e S8R EY)
BRI AT E W AR S, e TR id J5 g
J1. AL EY) 5a, 9, 10 TR FRIER W, BIE C(5)
PETCHAREE, COMNL AT 2 mi Ao SR PR L A ) i
1R, AN BESE B R S W P AR B, ROk
G 9 AT HBRFEEERT 1,4- — SUnE At A BA T HE T [ 52,
TER T SRR RIR, ARt s AL A WIS Ak ik
PEVE. A A R BE ] e ak “ kKR 2RI,
ARt — %5,

3 TBES
4.1 R

SO BT ARSI A T A e, HoRGE— P ab
R, OMHERIY H BT Rz TR A 7. NADH ATAL &6 ik
FIT FH BB R BN 7K 457 26 30 min 2123 i A8 AL B, 2 Jis A Fe
fiE 2 S A TOIF K, AL &S T IEE %,
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i FH AT 4 U MR.
4.2 I

WAV CAEFIRT WA AR WZZ-3 B A 3)
FEFAXAE 25 °C R (B e gs) ), IR i
K S TIR-84008 £L 4N E; 'TH NMR F1 °C
NMR %% ] 400 MHz #1 125 MHz Bruker #% %3 4=
%€; EI-TOF il %€ %M GCT Premier it {¥(Waters,
USA); ESI-TOF Jii 5%l % 5K | Bruker JFUiE A I & .
43 ZHTE
43.1 3p-BI-Ta,120- =5 3 -54-Re 88 F B 3 6% 2 (2)
o | &

FSCHR T, SRR 1 BRI, s 3
AR e R T . AR5 R B A Dk S AR, K
PP 8 R T e 2 AL BB 3, 19 59 8 RS R P .
I = 2R s B SR o R FEO )i i A R
FRAE =M SRR AL 2, MWRNARR T, R 70%.
m.p. 117~210 ‘C (dec.); [a]p +25.0 (¢ 1.0, MeOH); 'H
NMR (400 MHz, DMSO-dj) 6: 0.57 (s, 3H, 18-H), 0.86 (s,
3H, 19-H), 0.90 (d, J=6.0 Hz, 3H, 21-H), 1.10~1.50 (m,
12H), 1.55~1.86 (m, 8H), 1.95 (m, 1H), 2.05 (m, 1H),
2.20 (m, 1H), 2.31 (m, 1H), 2.65 (t, J=12.6 Hz, 1H), 3.56
(s, 3H, COOCHj3), 3.60 (s, 1H, 7-H), 3.76 (s, 1H, 12-H),
4.19 (bs, 1H, 3-H), 7.92 (s, 3H, NHJ ); IR (KBr) v: 3539,
3458, 3026, 2945, 2881, 1726, 1633, 1514, 1461, 1382,
1311, 1202, 1172, 1035 cm ™.
432 PeBR T BB B K0S 3a~3c 095 &

¥4 0.5 mmol HHERZE Ak G W) RN 2 i IH R R IR SR 1R 28
@) AR IR A, I 1.05 equiv. BOP A1 10 mL
DMF, fifE FZZ185 N 3.0 equiv. = Z 8%, =08k,
TLC & Jso v 255K, 44 S N i 50 mL 1 mol/L
NaHCO; /K¥# i, g, FfAH 200 mL Kk, T4
Ja R AEREAT 2lifk, PEIRLF: 3a, 3¢: M(LTR LER) -
V(CEE)=3 : 1;3b: (LIRETR) - (LEH)=1 : 3.

N-JHR FES SR LN (3a): Ry 0.67, 753 91%. m.p.
117~120 °C; [ald +34.9 (¢ 1.0, MeOH); '"H NMR (400
MHz, CDCl3) 8: 0.65 (s, 3H, 18-H), 0.93 (s, 6H, 19, 21-H),
1.09~1.15 (m, 2H), 2.63 (t, J=14 Hz, 1H), 3.62 (s, 3H,
COOCHs;), 3.83 (s, 1H, 7-H), 3.95 (s, 1H, 12-H), 4.07 (d,
J=6.8 Hz, 1H), 427 (s, 1H), 6.43 (d, J=4.8 Hz, 1H,
CONH), 7.35 (s, 1H, Py-H), 8.06 (d, J=6.8 Hz, 1H,
Py-H), 8.66 (s, 1H, Py-H), 8.90 (s, 1H, Py-H); “C NMR
(125 MHz, 125 MHz, CDCly) d: 12.52, 17.30, 23.19,
23.24, 2456, 26.05, 26.36, 27.49, 28.53, 30.88, 31.11,
31.43, 33.42, 34.33, 35.25, 35.30, 37.68, 39.46, 41.77,

http://sioc-journal.cn/ 2167
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46.32, 46.52, 47.16, 51.50, 68.25, 72.94, 123.58, 1130.92,
35.28, 147.70, 151.91, 165.14, 174.82; IR (KBr) v: 3435,
2973, 2868, 1724, 1645, 1527, 1439, 1375, 1251, 1195,
1027, 708 cm ™ '. Anal. caled for C3HyN,Os: C 70.69, H
8.80, N 5.32; found C 70.59, H 8.59, N 5.60. HRMS
(EI-TOF) caled for C;3HyN,Os: 526.3406,
526.3509.

354 -N- IR ISR S5 00 196 i (3b): Ry 0.78, 7= %8
88%. m.p. 155~158 C; [al; +36.1 (¢ 1.0, MeOH); 'H
NMR (400 MHz, CDCL;) d: 0.67 (s, 3H, 18-H), 0.94 (s,
3H, 19-H), 0.96 (s, 3H, 21-H), 1.05~1.20 (m, 2H), 1.23 (t,
J=17.2 Hz, 2H), 2.10~2.25 (m, 4H), 2.25~2.32 (m, 1H),
2.62 (t, J=13.2 Hz, 1H), 3.64 (s, 3H, COOCH,), 3.83 (s,
1H, 7-H), 3.97 (s, 1H, 12-H ), 4.08 (q, J=7.2 Hz, 1H),
4.25 (s, 1H), 6.33 (d, J=6.8 Hz, 1H, CONH), 7.38 (s, 1H,
Py-H), 8.13 (d, J=2.4 Hz, 1H, Py-H), 8.23 (s, 1H, Py-H);
BC NMR (125 MHz, MeOD) &: 11.61, 16.23, 22.06,
22.86, 24.00, 26.17, 27.27, 28.38, 30.49, 30.85, 32.96,
34.10, 34.90, 35.36, 37.08, 39.56, 41.61, 46.16, 46.61,
46.78, 50.61, 67.73, 72.62, 119.85, 131.91, 135.42, 137.61,
144.96, 167.38, 175.14; IR (KBr) v: 3373, 2939, 2868,
1724, 1639, 1528, 1439, 1271, 1090, 1039, 849 cm .
Anal. caled for C3HyN305°H,0: C 66.52, H 8.82, N 7.51;
found C 66.56, H 8.37, N 7.54. HRMS (EI-TOF) calcd for
C3H4N;05: 541.3516, found 541.3620.

NN JHFR F R HE-3,5-nE e — F i (3e): Ry 0.71,
P E 89%. mp. 158~162 C; [als +38.0 (¢ 1.0,
MeOH); 'H NMR (400 MHz, CD;0D) d: 0.72 (s, 6H,
18-H), 0.99 (s, 6H, 19-H), 1.01 (s, 6H, 21-H), 1.25 (t, J=
7.2 Hz, 2H), 1.98~2.05 (m, 6H), 2.20~2.40 (m, 6H), 2.69
(td, J=14.4, 4.0 Hz, 2H), 3.60 (q, J=7.2 Hz, 2H), 3.64 (s,
6H, COOCHs), 3.81 (s, 2H, 7-H), 3.96 (s, 2H, 12-H ), 4.08
(q, J=6.8 Hz 2H,), 4.20 (s, 2H), 8.45 (s, 1H, Py-H), 8.99
(d, J=2.0 Hz, 2H, Py-H); *C NMR (125 MHz, CDCl;) ¢:
12.54, 17.34, 23.12, 23.19, 24.53, 26.12, 26.37, 26.45,
28.56, 30.88, 31.10, 31.34, 33.52, 34.30, 35.25, 37.51,
39.43, 41.83, 46.32, 46.55, 47.22, 51.51, 68.25, 72.98,
130.53, 150.24, 156.26, 164.66, 174.79; IR (KBr) v: 3443,
2939, 2868, 1724, 1649, 1528, 1437, 1377, 1270, 1038
cm ! Anal. caled for Cs;HgN30;0°1.5H,0: C 68.37, H
9.06, N 4.20; found C 68.08, H 8.73, N 4.38. HRMS
(ESI-TOF) calcd for Cs;Hg;N3NaO;, [M+Na]": 996.6289,
found 996.6133.

433 PeBR-whue B4 ik Kb oA da~de 095 &

FREX 0.25 mmol JHFR F EE—NREE LKA ) 3a~3c,

found
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IO 10 mL ZJEAT0.36 mL “59%(3.0 mmol), Ji# Al 5
hCE T 3b, SN 3 d). RVIERE, B BORgE S
FJEWIA 30 mL LB, B Ak, dug, A
kpEgE, M5 RN 5 4a~4de.

3-(N-IH PR G R e 3 )- 1 -5t me - 1 -9 85 £h (da):
PP 97%. mp. 139~143 C; [aly +213 (¢ 1.0,
EtOH); 'H NMR (400 MHz, CDCl;) §: 0.65 (s, 3H, 18-H),
0.95 (d, J=5.6 Hz, 3H, 19-H), 0.98 (s, 3H, 21-H), 1.09~
1.15 (m, 1H), 1.18 (t, J=7.2 Hz, 1H), 3.45 (q, J=7.2 Hz,
1H, 3-H), 3.63 (s, 3H, COOCHj3), 3.80 (s, 1H, 7-H), 3.95
(s, 1H, 12-H), 4.20 (s, 1H), 4.48 (s, 1H), 6.11 (s, 2H,
N'CH,Ph), 7.39 (s, 3H, benzyl-H), 7.57 (s, 2H, benzyl-H),
7.97 (s, 1H, Py-H), 8.65 (s, 1H, Py-H), 8.94 (s, H, Py-H),
8.98 (s, 1H, Py-H), 10.20 (s, 1H, CONH); *C NMR (125
MHz, CD;0D) §: 14.27, 18.88, 24.61, 25.50, 26.55, 28.81,
29.94, 31.01, 33.14, 33.38, 33.51, 35.45, 36.69, 37.57,
38.03, 39.61, 42.21, 44.28, 48.82, 49.26, 50.32, 67.20,
70.34, 7524, 130.62, 131.66, 132.01, 132.42, 135.52,
138.34, 147.10, 148.36, 164.85, 177.77; IR (KBr) v: 3420,
3063, 2937, 2868, 1734, 1663, 1539, 1497, 1456, 1375,
1198, 1177, 1028, 849, 748, 704 cm™'; ESI-TOF MS m/z:
617.36 [M—Br]". Anal. caled for C33Hs3N,0sBr+2.5H,0:
C 61.38, H 7.80, N 3.77; found C 61.86, H 7.45, N 3.76.

3-8 -5-(IN-JIH 2 P IR ok 1 o 66 )- 1- 9 B bk g - 1- 98
52 (4b): PP 92%. m.p. 160~162 C; [alh +25.4 (c
1.0, MeOH); 'H NMR (400 MHz, CD;OD) 6: 0.72 (s, 3H,
18-H), 0.99 (s, 3H, 19-H), 1.01 (s, 3H, 21-H), 1.95~2.07
(m, 2H), 2.20~2.33 (m, 2H), 2.33~2.42 (m, 1H), 2.68
(td, J=14, 4.0 Hz, 1H), 3.31 (s, 1H, 3-H), 3.64 (s, 3H,
COOCHs;), 3.81 (s, 1H, 7-H), 3.96 (s, 1H, 12-H), 4.16 (s,
1H), 5.69 (s, 2H, N"CH,Ph), 7.30~7.55 (m, 5H, benzyl-
H), 7.90 (s, 1H, Py-H), 8.16 (s, 1H, Py-H), 8.52 (s, 1H,
Py-H); ?C NMR (125 MHz, MeOD) J: 11.57 16.18, 22.01,
22.82, 23.84, 26.12, 27.26, 28.34, 30.47, 30.76, 30.83,
32.78, 34.01, 34.91, 3537, 37.08, 39.58, 41.60, 46.16,
46.60, 50.59, 64.38, 67.65, 72.57, 126.29, 127.07, 128.65,
129.27, 129.60, 133.21, 136.00, 148.94, 163.25, 175.13; IR
(KBr) v: 3412, 3063, 2937, 2868, 1718, 1653, 1636, 1539,
1497, 1456, 1377, 1271, 1175, 1040, 748, 704 cm ',
ESI-TOF MS m/z: 632.33 [M—Br]". Anal. caled for
C3sHsyBrN;Os: C 64.03, H 7.64, N 5.90; found C 64.11, H
7.74,N 5.82.

3,5-(N,N™- ZIH i PG 3 PR IR Ml 6 )- 1 - kb g - 1-
IR Eh(4e): 77 96%. m.p. 183~185 C; [alb +51.1
(c 0.3, MeOH); '"H NMR (400 MHz, CD;0D) ¢: 0.71 (s,
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6H, 18-H), 0.99 (s, 6H, 19-H), 1.01 (s, 6H, 21-H), 1.95~
2.06 (m, 4H), 2.20~2.33 (m, 4H), 2.33~2.42 (m, 2H),
2.70 (td, J=14.4, 3.0 Hz, 2H), 3.47 (q, J=7.2 Hz, 2H),
3.64 (s, 6H, COOCH3), 3.81 (s, 2H, 7-H), 3.96 (s, 2H,
12-H), 4.22 (s, 2H), 5.96 (s, 2H, N"CH,Ph), 7.49 (d, J=
3.6 Hz, 3H, benzyl-H), 7.58 (d, J=4.0 Hz, 2H, benzyl-H),
9.22 (s, 1H, Py-H), 9.48 (s, 2H, Py-H); °C NMR (125
MHz, CD;0D) ¢: 14.26, 18.87, 24.63, 25.50, 26.55, 28.83,
29.93, 31.01, 33.14, 33.40, 33.50, 35.45, 36.67, 37.60,
38.03, 39.60, 42.21, 44.27, 48.82, 49.26, 53.27, 67.41,
70.34, 75.24, 131.81, 132.04, 132.53, 135.14, 137.71,
145.30, 148.17, 164.45, 177.77; IR (KBr) v: 3431, 3055,
2979, 2868, 1734, 1670, 1533, 1456, 1377, 1271, 1198,
1173, 1095, 1038, 987, 750, 702 cm'; ESI-TOF MS m/z:
1064.92 [M—Br]". Anal. caled for CgHosN;0;(Bre5H,O:
C 62.19, H 8.42, N 3.40; found C 62.34, H 8.04, N 3.37.
4.3.4 NADH #A A4 5a~5¢ #) 4] &

# 0.62 mmol MEBEZ4E Eh 4a~de HET 15 mL
ARBYFEED V=1 Db, BB A; K 1.08 giE
B ER (6.2 mmol) AR Tt AU 15 mL 0.5 mol/L
TREAN KA, 152 B, BEG BARY, BE
A TN B, EEMEBFE 12 h, i EA A
g, KA &P EAREL(1S mLX3). B IFA LA,
TC/KBRIER AN T4, 108, V7R 28 50 5 1 21 B [l 44, 4
PRI T

13 -1,4- e -3-(V-IH 1% F S L ) FF BE A% (Sa):
% 77%. '"H NMR (400 MHz, CDCL3) J: 0.65 (s, 3H,
18-H), 0.90 (s, 3H, 19-H), 0.94 (d, J=6.4 Hz, 3H, 21-H),
2.12~2.25 (m, 3H), 2.25~2.38 (m, 2H), 2.48~2.53 (m,
2H), 3.14 (s, 2H, 4'-H of 1,4-dihydropyridin ring), 3.62~
3.69 (s, 3H, COOCH3), 3.62~3.69 (m, 1H), 3.81 (s, 1H),
3.92 (s, 1H), 4.17 (s, 1H), 4.25 (s, 2H, NCH,Ph), 4.67~
4.70 (m, 1H, 5'-H of 1,4-dihydropyridin ring), 5.40 (d, J=
7.6 Hz, 1H, CONH), 5.71 (dd, J/=28.0, 1.6 Hz, 1H, 6'-H of
1,4-dihydropyridin ring), 7.11 (s, 1H, 2'-H of 1,4-dihydro-
pyridin ring), 7.16~7.32 (m, 5H, benzyl-H); C NMR
(125 MHz, CDCly) o: 12.49, 17.28, 22.68, 23.26, 25.80,
27.52, 28.51, 30.88, 31.18, 31.49, 33.78, 34.55, 35.31,
37.72, 39.44, 41.65, 44.95, 46.49, 47.17, 51.45, 57.34,
68.17, 72.95, 99.49, 102.12, 127.14, 127.67, 128.76,
137.49, 138.93, 167.23, 174.79; IR (KBr) v: 3404, 2937,
2864, 1715, 1686, 1575, 1521, 1452, 1169, 700, 606, 509
cm '; ESI-TOF MS m/z: 641.33 [M+Na]".

-3 1,4- SN BE -3- 0 BE-5-(V-IH R P R 45k ) P 1k
J(5b): 773 71%. '"H NMR (400 MHz, CDCl;) d: 0.65 (s,
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3H, 18-H), 0.91 (s, 3H, 19-H), 0.94 (d, J=4 Hz, 3H,
21-H), 2.17~2.33 (m, 5H), 2.51~2.57 (m, 1H), 3.06 (s,
2H), 3.48 (s, 2H, 4'-H of 1, 4-dihydropyridin ring), 3.62 (s,
3H, COOCHj), 3.82 (s, 1H, 7-H), 3.93 (s, 1H, 12-H), 4.17
(s, 1H), 4.30 (s, 2H, NCH,Ph), 5.43 (d, J=8 Hz, 1H, 6-H
of 1,4-dihydropyridin ring ), 7.20~7.32 (m, 5H, benzyl-
H), 7.62 (s, 1H, 2'-H of 1,4-dihydropyridin ring); *C NMR
(125 MHz, CDCl5) J: 12.48, 18.35, 23.19, 23.31, 27.52,
28.48, 30.87, 31.17, 34.52, 35.32, 35.62, 37.70, 39.42,
41.58, 45.16, 46.48, 47.14, 51.45, 54.86, 58.04, 59.06,
68.18, 72.96, 93.92, 127.85, 128.21, 128.93, 135.45,
142.78, 166.81, 174.80, 203.15; IR (KBr) v: 3416, 2935,
2866, 1726, 1647, 1518, 1439, 1375, 1200, 1038, 700
cm .

15 E-1,4- AU IE-3,5- VN JJH 1% P 56 32 X0 7
Ji(5¢): 773 57%. "H NMR (400 MHz, DMSO-d;) d: 0.59
(s, 6H, 18-H), 0.86 (s, 6H, 19-H), 0.92 (s, 6H, 21-H), 1.99
(s, 2H), 2.18~2.22 (m, 4H), 2.30~2.32 (m, 2H), 3.58 (s,
6H, COOCH3), 3.62 (s, 2H), 3.78 (s, 2H, 7-H), 4.08 (s, 2H,
12-H), 4.14 (s, 2H, NCH,Ph), 6.97 (s, 2H, 2-H of
1,4-dihydropyridin ring), 7.29~7.46 (m, 5H, benzyl-H);
BC NMR (125 MHz, DMSO-d;) d: 12.76, 17.38, 23.25,
23.41, 26.22, 27.71, 29.16, 30.93, 31.20, 34.90, 35.18,
35.48, 41.85, 46.27, 46.50, 49.06, 51.64, 66.68, 71.52,
106.13, 127.73, 129.18, 129.54, 129.71, 134.71, 138.63,
166.32, 174.28; IR (KBr) v: 3427, 2937, 2868, 1734, 1686,
1518, 1456, 1194, 1038, 732, 700 cm .

4.3.5 N-ReBg 3B (6)49 ) &

% 0.263 g LA 4 3a (0.500 mmol)Fl 5 mL MeOH-5
mL H,O BT 5 G, I 0.40 g NaOH (10 mmol).
FWBHE 2 h, K FEEZE L, 0 'C N 3 mol/L Fh Y
pH=5, iLi§, KU, BTEIKBLEY, 7% 82%;
[a]5 +32.6 (¢ 1.0, MeOH); 'H NMR (400 MHz, MeOD)
8:0.72 (s, 3H, 18-H), 0.99 (s, 3H, 19-H), 1.02 (d, /=8 Hz,
3H, 21-H), 1.19~1.12 (m, 2H), 2.0~2.1 (m, 2H), 2.35~
2.17 (m, 3H), 2.72~2.66 (m, 1H), 3.82 (s,1H, 3-H), 3.97
(s, 1H, 7-H), 4.19 (s, 1H, 12-H), 7.54 (t, J=8 Hz, 1H,
Py-H), 8.22 (d, J=8 Hz, 1H, Py-H), 8.67 (d, /=4 Hz, 1H,
Py-H), 8.91(s, 1H, Py-H); *C NMR (125 MHz, MeOD) §:
11.59, 16.22, 22.01, 22.84, 23.99, 26.17, 27.26, 28.37,
30.61, 30.78, 30.93, 32.95, 34.07, 34.90, 35.37, 37.04,
39.57, 41.61, 46.16, 46.67, 67.72, 72.63, 123.69, 131.66,
136.16, 147.59, 150.61, 166.56, 176.81; IR (KBr) v: 3502,
3446, 2937, 2872, 1699, 1645, 1521, 1377, 1271, 1093,
1028, 737, 700 cm '; ESI-TOF MS m/z: 513.30 [M+H]".

http://sioc-journal.cn/ 2169



BHLLE

R E R

43.6 NN-—=(ABLIEARBLIL)-(1R2R)-I T —fix
(7)89 % &

¥ 0.179 g 451 6 (0.349 mmol), 0.020 g (/R,2R)-
IR J%(0.174 mmol) A1 0.154 g BOP (0.349 mmol )% fi#
T 3 mL DMF #, I 0.048 mL TEA (1.0 mmol), il
BEPE 3 h BRAGE  20 mL 1 mol/L NaHCO; /K.
18, 100 mL 7K R R R A, 45515 30 0 e A,
FERAE LA B A 7, Vel (SR LER) © (&
f¥)=3: 2, R 0.56, 1% 76%. m.p. 202~204 C; [a]p
+38.3 (¢ 0.2, MeOH); 'H NMR (400 MHz, CD;0D) ¢:
0.72 (s, 6H, 18-H), 0.99 (s, 6H, 19-H), 1.02 (d, J=6.4 Hz,
6H, 21-H), 2.00~2.05 (m, 6H), 2.15~2.45 (m, 4H), 2.70
(t, J=13.6 Hz, 2H), 3.59 (s, 2H, 3-H), 3.82 (s, 2H, 7-H),
3.96 (s, 2H, 12-H), 4.19 (s, 2H), 7.52 (dd, J=8.0, 5.2 Hz,
2H, Py-H), 8.17 (dt, J=8.0, 2.0 Hz, 2H, Py-H), 8.64 (d,
J=4.0 Hz, 2H, Py-H), 8.88 (s, 2H, Py-H); *C NMR (125
MHz, MeOD) 6: 11.69, 16.45, 22.01, 22.91, 24.04, 24.51,
25.92, 26.25, 27.47, 28.42, 30.87, 31.94, 32.19, 33.01,
33.30, 34.24, 34.92, 35.84, 37.04, 39.58, 41.60, 46.20,
46.75, 52.59, 67.76, 72.64, 123.56, 131.55, 135.85, 147.83,
150.85, 166.65, 175.28; IR (KBr) v: 3423, 3078, 2935,
2866, 1645, 1539, 1474, 1377, 1028, 707 cm '. Anal.
caled for CgeHogNgOge2.5H,0: C 69.02, H 9.04, N 7.32;
found C 69.09, H 8.79, N 7.39. HRMS (ESI-TOF) calcd
for CeHosNeNa,Og [M + 2Na]* * : 574.3620, found
574.3556.
437 N,N-=[3-(1"-T A-3"-Brie i —vtbog -1"- 72§55 22
HORe B H -(1R,2R)-3R T —Piz(8) 49 4 &

$#0.139 g &4 7 (0.126 mmol)F1 14.9 pL 1,4- 3R
T4(0.126 mmol)i#fi# T- 5 mL DMF 1, 60 C RHitFE S
h. B RNIETHEA 20 mL LR LHlgH, o3 Ay,
H 418 CEarPoE, B, 192K nE 42 £h 8, /7%
90%. m.p. 195~196 C; [a]y +28.3 (¢ 0.5, MeOH); 'H
NMR (400 MHz, CD;0D) : 0.72 (s, 6H, 18-H), 1.01 (s,
6H, 19-H), 1.03 (s, 6H, 21-H), 2.20~2.40 (m, 8H), 2.69
(s, 3H), 3.59 (s, 2H), 3.82 (s, 2H, 7-H), 3.97 (s, 2H, 12-H),
423 (s, 3H), 8.19 (s, 2H, Py-H), 8.87~8.91 (m, 2H,
Py-H), 9.14 (d, J=24 Hz, 2H, Py-H), 9.38~9.49 (m, 2H,
Py-H); *C NMR (125 MHz, CD;OD) §: 14.35, 19.11,
24.58, 25.57, 26.64, 27.16, 28.86, 30.17, 30.62, 31.13,
31.62, 32.38, 33.43, 34.37, 34.54, 34.86, 35.56, 36.00,
36.69, 36.80, 37.62, 38.59, 39.59, 42.23, 44.28, 48.887,
49.47, 55.27, 63.19, 70.38, 75.27, 130.45, 138.18, 146.71,
147.07, 148.48, 164.99, 177.93; IR (KBr) v: 3423, 3064,
2934, 2864, 1654, 1541, 1498, 1448, 1375, 1197, 1029,
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987, 680 cm™'. Anal. caled for CqoH;osNgOsBr*5H,0: C
59.61, H 8.23, N 5.96; found C 59.17, H 8.14, N 6.02.
HRMS (ESI-TOF) caled for CyH;0eNgOs [M—2Br]*":
579.4036, found 579.4029.

438 NN-=[3-(1"-T &-1,4- =S -3"-F BL L)
Rt 3K -(1R,2R)- 2R T —Fiz(9) 44 | %

L REEY) 3a AR, 2% 85%; 'H
NMR (400 MHz, DMSO-dj) 5: 0.60 (s, 4H), 0.90~1.0 (m,
18H, 18,19,21-H), 1.6~1.7 (m, 8H), 1.9~2.0 (m, 6H),
3.01 (s, 10H), 3.16~3.19 (m, 6H), 3.58 (s, 2H), 3.79 (s,
1H), 4.1~4.2 (m, 4H), 42~4.3 (m, 2H), 5.30~5.33 (m,
1H), 7.6~7.7 (m, 2H, 2'-H of 1,4-dihydropyridin ring);
BC NMR (101 MHz, MeOD) &: 11.68, 16.44, 21.97,
22.90, 23.99, 24.51, 26.21, 27.48, 27.99, 28.42, 30.26,
30.81, 31.93, 32.88, 33.34, 34.17, 34.94, 35.56, 35.82,
37.03, 39.59, 41.59, 46.19, 52.60, 60.51, 67.65, 72.53,
78.07, 127.78, 135.64, 144.44, 145.84, 163.46, 175.28; IR
(KBr) v: 3423, 2934, 2862, 1647, 1541, 1448, 1198, 1036,
752 ¢cm”'; ESI-TOF MS m/z: 1175.68 [M+NH,]".

439 NN-=[3-(1"-FA-3"-Bblz A -rbrg-1"-2 §5 31
FOREBE R ]-(1R,2R)-3R & = F(10) 44 4] &

FREL 0.28 g 4644 7 (0.25 mmol), A 10 mL DMF
A10.36 mL (3.0 mmol) S, 60 CHEFE 2 h. 5 [ WV
A 30 mL PR ST, i uEdT i A aEE, LR OB
UEER, METAR RN e 25 ER 10, 774 95%. mup.
204~205 C; [a]5 +29.4 (c 1.0, MeOH); '"H NMR (400
MHz, DMSO-d;) d: 0.58 (s, 6H, 18-H), 0.89 (s, 6H, 19-H),
0.90 (d, J=6.4 Hz, 6H, 21-H), 2.15~2.19 (m, 2H), 2.65
(t, J=12.8 Hz, 2H), 3.45 (s, 2H), 3.63 (s, 2H), 3.78 (s, 2H,
7-H), 4.08 (s, 6H), 5.92 (s, 4H, N"-CH,-Ph), 7.44~7.47
(m, 8H, benzyl-H and CONH), 7.55~7.57 (m, 4H,
benzyl-H), 8.21 (t, J=6.8 Hz, 2H, Py-H), 8.55 (d, J=6.4
Hz, 2H, Py-H), 8.93 (d, J=8.0 Hz, 2H, Py-H), 9.21 (d, J=
6.0 Hz, 2H, Py-H), 9.56 (s, 2H, CONH). *C NMR (125
MHz, CD;0D) §: 14.33, 19.09, 24.60, 25.54, 26.59, 27.16,
28.85, 30.16, 31.06, 33.43, 34.56, 34.86, 35.53, 36.02,
36.66, 36.78, 37.61, 38.23, 38.59, 39.63, 42.24, 44.27,
48.86, 49.47, 55.23, 67.19, 70.36, 75.26, 130.60, 131.61,
131.99, 132.41, 135.53, 138.33, 147.02, 147.09, 148.30,
164.87, 177.89; IR (KBr) v: 3419, 3063, 2934, 2866, 1654,
1541, 1497, 1456, 1377, 1199, 1037, 748, 704, 679 cm .
Anal. calcd for CgoH,,N¢OgBr,¢7.5H,0: C 60.72, H 8.03,
N 5.31; found C 60.69, H 7.76, N 5.52.
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43.10 NN-=[3-(1"-FH-14-—Frrg-3"-F BLAL)
A3 ]-(1R,2R)-3F & = fie(11) 49 4 &-

Hl# SR EEY) 3a HIEAHE, 2% 65%; 'H
NMR (400 MHz, DMSO-dj) 6: 0.58 (s, 6H, 18-H), 0.86 (s,
6H, 19-H), 0.92 (d, J=8 Hz, 6H, 21-H), 3.05 (s, 4H), 3.48
(s, 4H, 4'-H of 1,4-dihydropyridin ring), 3.63 (s, 4H), 3.78
(s, 4H, 7-H), 3.89 (s, 2H), 4.06 (s, 2H), 4.12 (s, 4H), 4.34
(s, 4H, N-CH,-Ph), 4.61 (d, J=8 Hz 2H, 5-H of
1,4-dihydropyridin ring), 5.93 (d, J=8 Hz, 2H, 6'-H of
1,4-dihydropyridin ring), 6.20 (s, 2H, CONH), 7.00 (s, 2H,
2'-H of 1, 4-dihydropyridin ring), 7.27~7.35 (m, 10H,
benzyl-H); *C NMR (125 MHz, DMSO-d;) d: 12.79,
17.63, 22.65, 23.32, 24.94, 26.27, 27.71, 29.21, 31.23,
32.35, 33.23, 34.95, 35.17, 35.59, 36.24, 37.14, 41.82,
4524, 46.25, 46.55, 49.08, 52.48, 54.53, 56.29, 57.25,
66.82, 71.58, 85.09, 101.11, 101.85, 127.68, 127.99,
128.95, 137.75, 139.11, 162.76, 166.99, 173.03; IR (KBr)
v: 3421, 2934, 2862, 1637, 1508, 1452, 1207, 1028, 752
cm”'; ESI-TOF MS m/z: 1285.75 [M+H]".

43.11 NADH A& Azt K F BT 82 F 65 &4 49
FHEER

¥ 0.10 g (0.61 mmol)Zk F [k FH R FHE AT 0.14 g
(0.63 mmol) JL/K im AR EEA A T 5 mL JL/AK LA LI,
B 0.6 mmol NADH #5284k 54 Sa~5c¢, 9 Fl 11 [#] 44
RAMRY, B, FBEHE RN 24 h. RNV SEESSE, W
RPN 0.5 mL /KK SRIGIEBEE T 30
mL ZBE & 10 mL /K. ¥R RILIE, BRI, K
I QB0 mLX3), &IFAHUAH, KB ERM T
. LU, WORZE BRI BRI R R Sl A VR
VA HEER) @ V(LR LR =9 & 218k LLw kR F S A
by, BRI T HPLC 2t !,

#5844 Bl (Supporting Information) &AL& Y IR, 'H
NMR, "C NMR, MS HUE J5UE ) R3O i el X dept
RS LU G B WA T 99 355 (http://sioc-journal.cn/) b R 2.
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