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ERE O BB WFE HE57 A 5 M A B
Tilfs e ERE
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€ PR ACRE A R AR SRR AR A S PUNERE & 535000)
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FHE 1O SO E TR 2 AT AR A R4 ) 25 P 40 L Y 3R LA R O BB 5 5 2 Pl 4R R 02 WIS RS UIHRR th &, &
W lEAl - Jones WGHEA  IBJETER S, 2 ERS £ FUHRR AL 3-0EE 7-Ar 5k s AL AL, FRBEMSEAN
FIEUR I R LB RS & B, 3@5d IR, NMR K Ms ST 7 0 & AT T SR AE. RN, 251 H A
B AIA(SGC-7901) AT 41 Bt(Bel-7404) 1 51 51 fifJe8 41 Bl (PC-3) 55 B =4 2 358 4345 i TB) A4 3R 4744 A4 Fr 23 40
A KT TR 7T, 45 SRR W S e 8 I SRR IR 5 A B 0 T 2 AR 4T (PC-3) A AR AT 2 4l A (Bel 7404) KA B 4T
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Synthesis and Antiproliferative Evaluation of Chenodeoxycholic
Acid Containing-Nitrogen Derivatives
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Nanning 530219)
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Abstract Chenodeoxycholic acid nitrogen-containing derivatives display anti-tumor activities and induce apoptosis of the
cacer cells. Some chenodeoxycholic acid derivatives possessing various nitrogen-containing substituent in 3- or 7-position of
steroidal nucleus were designed and synthesized using chenodeoxycholic acid as starting materials. Their structures were
characterized by IR, NMR and MS. Antiproliferative activities of the compounds were assayed against human gastric cancer
cells (SGC-7901), human hepatic cancer (Bel-7404) and prostate cancer cell (PC-3) by MTT method. The results showed that
some nitrogen-containing derivatives of chenodeoxycholic acid had better antiproliferative activities against Bel-7404 and
PC-3 cells.
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A BT PR v D1,

FIEL R i 7 JH 200 A pA) L[] e 2 A g ) — b R 4
G, BT I IS, AT RE
HH T DR A IR AL S L R R T s o) L [ A P S A Y R
k. FONAINER R AR BRI —Fh, IR B TR TT
MRE R 25 A, R R Bl i st R B, REAHBR I & AT
A= ELAT 0 22 o 4 M (3 A AR BT, R RS IR
S B an M o0 28 i 5 VR A A SEORE BR T
W) N-[(Ba,58,7a)-3,7- - F25E-24- AR H & fe-24-FE1-4-
P %2 B IR (HS-1200) 1 A T JH-98 4 i 0 TF 5 1 40
gE R DL A HERFT A HS-1200 Xk A8 4 i
tk BEL740Z A & HAKAMEIEH, ZAKmHE A
5 HS-1200 5 HF Mg 4R 1A 2% [FR, HS-1200
XoF T FH £ PR A 1) A K 18 B BR S 1 .

TERTHABE L, FRATY G R T — LSRG 2R 1 A
WK BN AP, FEVEAS T BT AR SN R
PE, SRR EA 3--FAE N REEUR A 1 B S8 LA H
i P9 e i G 2% R AR A 1 ok b B g s TS 72 H
AT CAR R, AR SO — D AR RS 22 SN R S A% 1 3-07 B 7-
PEIEAFRP SR E R, WiEkk. FEEE. el
B T & A [ AR 1 4 S i IR 5 3 R A, I &
FATEAT AR MM e 20 B 1 R, AT ARG 25
FIE R BRE A 1) [F) — A B AN ) B e M A (R L IA)— B e
00 1 e £ L A A PR RO R, il — 2 T B R
A LU R T B B U 2 R W S

2 ZR5WE

2.1 LEIY

Scheme 1 HIH THEY) 4~9 15 K2R, 156,
Jhe L 8 i 0 ME TR A 450 ol A 18 0 SR RH R R R, SRR R
Jones RFANEASR] 3,7- ARSI E R P ER(3). H
T 3 Hh 3-BRIEFN 7-FRIEAE S 1 b T AL O A B
[, 7-O0 B3 T2 B 85 b A 3R 8 C 3RS a4 B 52
W, DRSS PR SS. FIFH o 2 I N £ R, 33
1] SN (10 3 FEE R S S R, R DA 3-$RIE A5 564k, 1 7-
PRERE. XK, A 3 5H ARG AR
(IR, AR EY 4~6. 1EALEY) 4 1 '"H NMR
W, 1E 6 3.778 A HIL— MRS 3 AN H I ERE, iX 2
OCH; 1 H L e, [, ALA4 4 1) PC NMR i
HfE § 211.5. 174.6 A1 158.3 4b4» I 7 =S
WL AL RS, ST R BT A 4 ) 7-FR3E
24-FRIEFN 3-IEEEIE I, Bk R DUERIL &) 4
3- 4 5 -7 - ARG 2 S IR R R .

FAN, BV 415 53.02 /I —A dd %, 5
KN 15.6 Hz, XXTRT C4-oH FIRM (T2

Chin. J. Org. Chem. 2015, 35, 2168~2175

© 2015 Chinese Chemical Society & SIOC, CAS

4 X = (Z)-NOCH; 7 X = (2)-NOCH;
5 X = (Z)-NOCH,Ph 8 X = (Z)-NOCH,Ph
6 X = (E)-NOCH,Ph 9 X = (E)-NOCH,Ph

Reagents and conditions: (a) MeOH/HCI; (b) Jones, 0~5 C; (c)
NH,OCH3+HCI, 95% EtOH/NaOAc+*3H,0, 55 C; (d) NH,OCH,CsHs*
HCI, 95% EtOH/NaOAc+3H,0, 55 C; (e) NaBHs/MeOH

B 1 et 4~9 a

Scheme 1 The synthesis of compounds 4~9

C2-oH IR, RiiZ&—A> ddd U§), T F 4 O JR
TSR, e . FtERATA B
ENEY) 4 NG2)-TPANGREE(E 1).

CH,

CH3 R
H
HZH H e}
N7 H
oA
/
H,C
B 1 (32)-FANE-7-F8E 2 E MR F e e i 5l

Figure 1 The stable configuration of methyl (3Z)-O-methyl-
hydroximino-7-oxo-chenodeoxycholicate

LAY S B, 75 'H NMR & {008 6 3.14 4b
FE—DHER dd ¥U=156, 3.9 Hz), EXNT
C4-aH, BT F4ENEHEF O JETIE S, Eshs
&35, FEY 5 hERZ)-MB. MENEY 6 1) 'H
NMR B, fEAR2EN RS 6 3.12 A BL— AN TR A d I,
BXT T 6 ] C2-aH ML FA1 2, 1 C2-oH ML F A1 FS
AR E—A ddd W, {HIE B TR A 2 300 Hz A% 3t
PRAGHATIR, FrUAERX B C2-0H RAEWS7E /025y,
NRIUA— ML d W INFIE 3 Bk E,
G5 IR 3R 31%, B 6 HIr=2N 42%, HT(E)-
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AR 6 LI (2)- Rk S B hnAzse, Bl 2=
Y, TFR(E)-RA M 6 h(2)- Atk 5 th R Bm i)
I .

&Y 4~6 K] NaBH, 34738 773 1) 45 31 AH S (1)
FERT~9. LAY T~9 IS5 R e A1 IR NMR
AT MS BESRFEIRIE. MEEY 7 KE, LRk
Y14 1) PC NMR ¢ 211.5 FIMb AR 2%, B
FRTEAEY) T L —A 6 68.3 BRI, [HI 7E
'H NMR " 7 7€ § 3.87 &bt BB 7 — /> 56 B, e 5t i
T C7-H b6k, FIIEtL &Y 4 (1) 7-E 04
Wk )5 7-52 0. T AER A PR R, C7-H HE
B — A9 B, DR ST AR S M TE IR E

RN TR R A% A R B JE A B X e 4
RER & BT AE VDD R G MR A . 7RI L, MRS 4R
AEER o, BT R 3,7- - HR(3), SRIFTEES 3 T1F
TEMIZ6AT KA NaBH, B MEIR R 30 R 2k &
Y10, HTIELAEY 3 700 BRI Ll 3437 5 56 3o 1 22
559, 1% BLIEEN B TAEEIZ AT, il B (], nlf
SALERIEIR R A 3-ALFRIE, T TR REANAE. 10
[ °C NMR i ] AW 3B 2, R &Y 3 751837 0
200 AFEERIPASI O, BLAEAL S 10 R 6
212.3 ) 7-FRIEM g, [FIRF 2176 6 70.7 Ab B T 53
FERR AL AR, 454 "H NMR 1 10 7£ 5 3.59 4b 91
) dddd WEAL2E0T RS, iH 3-Hkdk A gR JFoR 3-5 84
[FEF, A C3-H A 2200 # s K AR & #0153 Hz 7] b
EH|, C3-H 24T A 1 a1 E, N a-tBEA, B
C3-FRREA T -4 E, H p-H 2% (Scheme 2 LG
)10 [4554).

SRIG, BE— BRI T-RLRIE AT B At A5 e,
FINEAE AR G FREE ) & ZiE B R, 225 g 2
6 HTH 3B-FRdk-7- R A A IS LA MR S, &
(R GER) A EBE RS AT IR NMR M MS RAE, &
BTN E-A T4, X2 R N2 3] S5 i C 311
D IR, QAR i Z-R R e s e A BHEROR, [
WL FEES R E-HTEY). DLEY 11 451, HAE 5291
A EL—A dd Vg, BXF BT C6-BH FIfL =i ks, T H
Ak b R TR, e AR AR
22 E£HEey

T BRZ AT BRAL S A A 0 e A i AR
WA TG, Ao Bk T N ET 1 i 4 fL(PC-3)
MK B HI(SGC 7901)F0 A A4 BT 41 g (Bel 7404) =
Fham BARAE A S S, A8 & B &%) Hak s
YHRBRIEAT 7 A A1 iR 40 B A R S (B TS PR TR . 45
RANFE 1 Fion:

MR R EE T LA B, XN E 4 AR SGC7901

2170 http://sioc-journal.cn/

3 10

11 X = NOCHj
13 X = NNHCSNH,
15 X = NNHCSNHPh 16 X = NNHCSNHPhCH,

12 X = NOCH,Ph
14 X = NNHCSNHCH;

Reagents and conditions: (a) NaBH4/CoCl,*6H,0, 0~5°C; (b)
CH30ONH_*HCI, EtOH/AcOH, 75 C; (c) PhCH,ONHy*HCI, EtOH/
AcOH, 75 C; (d) NH,NHCSNH,, EtOH/AcOH, 75 C; (e) NH;NH-
CSNHCHs;, EtOH/AcOH, 75 C; (f) NH,NHCSNHPh, EtOH/AcOH,
75 °C; (g) NH,NHCSNHPhCH,;, EtOH/ACOH, 75 C

B2 fba? 11~16 M5
Scheme 2 The synthesis of compounds 11~16
R 1 HFRMN AR E SR E RS R MTT 77
¥E)[ICso/(umoleL )]
Table 1 In vitro antiproliferative activities [ICso/(umoleL )] of
target compounds

Compound SGC-7901 Bel-7404 PC-3
8 >100 15.7 13.8
9 >100 472 ND’
11 34.6 323 55.4
12 >100 13.8 15.7
13 54.5 58.7 46.1
14 48.8 >100 30.5
15 >100 >100 >100
16 >100 >100 >100
Cisplatin 6.7 10.1 56.4

© 2015 Chinese Chemical Society & SIOC, CAS

“ Data represent the mean values of three independent determinations; ® Not
determined.

vt B TALEY 11, 13 A1 14 F T L P AR5 1 4
BIEAL, HEW AV A MR AR B A G FE D
TR, T R SRR Bel 7404 A NAK R 51 B 40 i
PR PC-3 3K UL, th&9) 8~9 Fl 11~13 # T H B 2 40
Mgk, Hd B R ARSI &) 8 fl 12
R i I mslE . P4 AE Y 8 Fl 12 M Lh e m]
CUE B, 1P 3 58 5 b SR E 56 1 b i B R AL B 6k &
VI EE VA B B R B B RE G R A
VI FEME SR, 7EIX BN 5 b & — AN i
MIHUAR RS, AU Bk S Sk U LU 4 R IR B 47, 4
TG R HNR B EE i 4-f BB NBUREE S, (&M
HIPT IR TG PERR A, L SR HAR b B R A M PR
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R K, 6T SGC7901 Al Bel 7404 4 ff ki3,
T AR A 00 ) A K 18 B B R T P X A
N, AERE T 18 I 40 L (PC-3) R 5, & 8
12 (6 3 1 A8 K M .

5 B AN A b, IX e A skt B R R A R
S AR R I 5 A AR 1, 32 R IR AT R p
T2 2 5 0 —FhE YR, Nk, ®EM
AIHER & BT A E B T 24, Freledxd
JFF62 930 240 B 3 B0 L AR P P 1 3

3 &g

MBS EE R R, il EEil . Jones 574 AL 1&
JREE N, SRIGHE— DX AT B R e, ST
RYVEA A F RS B RS LR & & AT AR, ol
I IR\ NMR K MS AR BT 77725560 & BT T 45
FIZRAE. 43 RN B 41 i(SGC-7901) A4 g
(Bel-7404) A1 i 41 i g8 40 fd (PC-3) %F & 1 r= 4 S 58 o3 &
R TR AR EAT T R A0 5001 e I8 200 L A < 3 B v PR AT A
&t T 3R W JE e 8 i S RH R B Ak A Rt I e % AT 4 i
R U I (S I T DO = B U /S
SGC7901 JEA KA iE k. & ] A5 /Y i SH R 1) 1T i
TEIER A G, BA T E BRI A Y A &
PAmE Y, AN M R AR RIS TR ) 4-07 &= 2 5
ANBUREE G, &R PnsNE G, BF g RS e
BT A BCE A BE AF o oR i P ) S AR S IR TR
Htz%.

4 S

41 EERES
4.1.1 RKHALE

B BT AR A JoRs 1 B35 D o i, T A%
712307 A48, IR W32 K F Nicolet 1S-10 {37
LLAMETEG 6 5500 52 SR X A A 4, AT
RAKIE; 'H NMR, *C NMR Jlj5E K % [E Bruker
AV-300 AU TR AL IR e P T R A 35
Agilent 6210 TOFMS JF i {5 .
412 (32)-F A M7Ex-7- 8 R4 K A N2 PR F B5(4)809 &
X

136 mg (0.34 mmol)f{b. 54 3 ¥ T 8 mL 95% L g,
FHEE] 55 C. I 138 mg (1.014 mmol) NaOAce3H,0,
SR E — N 133 mg (1.84 mmol) ]
NH,OCH;eHCl, fR¥FRPREE 55 C, TLC KMV v -
Vowwe=1 1 20) MRS, &M 0.5 h J5J6EE . i
LRI CBE, MNEREAK, A PR, /I
AHUH. KRR ARG R A, ToKERER N

Chin. J. Org. Chem. 2015, 35, 2168~2175

© 2015 Chinese Chemical Society & SIOC, CAS

FHe, R ZER, MR B0 ceew
Voiene=2 . DS B AGEEENEY 4 58 mg, =2 40%.
m.p. 83~85 ‘C; 'H NMR (CDCls;, 300 MHz) J: 0.66 (s,
3H, 18-CHj), 0.91 (d, J=6.3 Hz, 3H, 21-CHs), 1.23 (s,
3H, 19-CHj), 2.43 (t, J=11.4 Hz, 1H, C8-H), 2.84 (dd,
J=12.6 Hz, 6.0,1H, C6-BH), 3.02 (dd, J=15.6 Hz,
4.5,1H, C4-BH), 3.65 (s, 1H, COOCH;), 3.78 (s, 3H,
NOCH;); “C NMR (CDCl;, 75 MHz) §: 211.5 (7-C),
174.6 (24-C), 158.3 (3-C), 61.1 (NOCH3), 54.7 (17-C),
51.5 (9-C), 49.5 (OCH3), 48.8 (8-C), 46.3 (14-C), 45.1
(13-C), 42.6 (6-C), 42.5 (10-C), 38.8 (5-C), 35.9 (12-C),
35.8 (20-C), 352 (23-C), 31.0 (22-C), 30.9(4-C), 28.3
(16-C), 26.5(1-C), 26.4(2-C), 24.8 (15-C), 22.9 (11-C),
21.9 (21-C), 18.4 (19-C), 12.1 (18-C); IR (KBr) v: 3452,
3399, 2949, 2868, 2810, 1740, 1711, 1642, 1466, 1450,
1380, 1348, 1315, 1217, 1053, 867, 890, 820, 677 cm ';
ESI-MS m/z: 4542 (M +23)"; HREIMS calcd for
CaHyNNaO, [M+Na]" 454.2933; found 454.2928.

413 3-FRAFER-T7- AR F AN2BL F BG5S = 6)89
AR

TETEA BRE & B8 1) ) N # 250 mg (0.62
mmol)fb &4 3 7T 20 mL 95%ZFE, JHEZE 55 C,
B 253 mg (1.87 mmol) NaOAce3H,0, 54w f# )G —
YHEIN 364 mg (1.26 mmol)i) NH,OCeHseHCI, f#%f
JNIRFE 55 C, TLC ATV e © V=1 20), KM
3 h JETEERE AL B2 KER > O, InNEEIK, H
LR TR, AIFANUH. RIRAK BAE K
ik, JoKBREREN TR, VR 28 50, M A2
M BV cwew -V suw=2  DIFE] 98 mg [0 A&
(32)-"F %15 Hk -7- S ARG 25 IR FH BB (5) A1 132 mg
(BE)-"F 4 U5 - 7- ARG 2 U R FH T (6).

&Y 50 2% 31%. mp. 75~77 ‘C; 'H NMR
(CDCls, 300 MHz) d: 0.68 (s, 3H, 18-CH3), 0.93 (d, J=6.0
Hz, 3H, 21-CH3), 1.24 (s, 3H, 19-CHj), 2.48~2.31 (m,
2H, C6-aH and C5-H), 2.86 (dd, J=12.6, 5.7 Hz, 1H,
C6-pH), 3.14 (dd, J=15.6, 3.9 Hz, 1H, C4-BH), 3.67 (s,
3H, OCHj3), 5.04 (s, 2H, OCH,), 7.33 (br s, 5H, Ph-H); "*C
NMR (CDCls, 75 MHz) 6: 211.6 (7-C), 174.7 (24-C),
158.9 (3-C), 138.0 (1'-C), 128.3 (3'-C, 5'-C), 127.9 (2'-C,
6'-C), 127.7 (4-C), 75.3 (NOC), 54.7 (17-C), 51.5 (9-C),
51.4 (OCHs), 49.5 (8-C), 48.8 (14-C), 46.3 (13-C), 45.1
(10-C), 42.6 (6-C), 42.5 (5-C), 38.9 (12-C), 35.8 (20-C),
35.2 (22-C), 31.0 (23-C), 30.9 (4-C), 28.3 (16-C), 26.7
(1-C), 26.4 (2-C), 24.8 (15-C), 22.9 (11-C), 21.9 (21-C),
18.3 (19-C), 12.0 (18-C); IR (KBr) v: 3432, 3395, 2945,
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2880, 1732, 1699, 1638, 1466, 1433, 1409, 1372, 1274,
1229, 1172, 1045, 1012, 931, 902, 694, 624, 465 cm ';
ESI-MS m/z: 530.3 (M +23)"; HREIMS caled for
C3,H4sNNaO, [M+Na]* 530.3246, found 530.3231.
&Y 6: F7F 42%. mp. 80~82 C; 'H NMR
(CDCls, 300 MHz) d: 0.68 (s, 3H, 18-CH3), 0.94 (d, J=6.0
Hz, 3H, 21-CH;), 1.23 (s, 3H, 19-CH3), 2.47~2.32 (m,
2H, C6-0H and C5-H), 2.86 (d, J=9.3 Hz, 1H, C6-BH),
3.12 (d, J=13.8 Hz, 1H, C2-pH), 3.68 (s, 3H, OCHj3), 5.05
(s, 2H, OCH,), 7.34 (br s, 5H, Ph-H); >*C NMR (CDCl;, 75
MHz) 6: 211.7 (7-C), 174.7 (24-C), 159.3 (3-C), 138.1
(1'-C), 128.3 (3-C, 5-C), 127.9 (2'-C, 6-C), 127.7 (4'-C),
75.3 (NOC), 54.7 (17-C), 51.5 (OCHj3), 49.5 (9-C), 48.9
(8-C), 47.5 (14-C), 45.0 (13-C), 42.7 (10-C), 42.4 (6-C),
38.9 (5-C), 35.9 (12-C), 35.2 (20-C), 34.8 (22-C), 33.2
(23-C), 31.0 (4-C), 30.9 (16-C), 28.3 (1-C), 24.8 (2-C),
22.8 (15-C), 21.9 (11-C), 20.4 (21-C), 18.4 (19-C), 12.1
(18-C); IR (KBr) v: 3436, 3395, 2945, 2880, 1732, 1703,
1454, 1446, 1384, 1360, 1307, 1200, 1049, 996, 902, 886,
829, 726, 698, 616, 567 cm”'; HREIMS caled for CiHys-
NNaO, [M+Na]" 530.3246, found 530.3231.
4.1.4 3-W AN5EE-7-55 540 £ AN BR T B5(7)0 S
7] [ S IN 250 mg (0.58 mmol)tb &4 4,
50 mL Jo7K CH;0H %545, 10 min WHEIIA
NaBH, 66 mg (1.740 mmol), TLC MHll(V wp © V —swp=
1:10), 468 15 min 20 E S, T 1 mol/L HCL
ORI S REYRATE S B2 2 1. 9k e 28 HH R0 40 H R, nid =
K, R CBEREI. GHANE, GKEk. mAaa ik
Peg b, TOOKBREREN T8, Y728 VA7), 19 (1t ]
W, HENAEV v 0 Vonen=1 . 4003257 100
mg, & 40%. m.p. 96~98 C; 'H NMR (CDCl;, 300
MHz) d: 0.67 (s, 3H, 18-CH3), 0.92 (d, J=6.0 Hz, 6H,
21-CHj3), 0.93 (s, 3H, 19-CHj), 2.40~2.30 (m, 1H, C5-H),
291 (dd, J=12.9, 4.5 Hz, 1H, C4-0H), 3.10 (t, J=14.4
Hz, 1H, C4-pH), 3.66 (s, 3H, OCHj), 3.79 (s, 3H,
NOCHs3), 3.87 (br s,1H, C7-H); C NMR (CDCl;, 75
MHz) 6: 174.7 (24-C), 161.6 (3-C), 68.3 (7-C), 60.9
(NOCHj3), 55.7 (17-C), 51.5 (14-C), 50.3 (OCHs), 43.5
(13-C), 42.7 (9-C), 39.5 (8-C), 39.3 (10-C), 36.1 (12-C),
35.8 (5-C), 35.3 (20-C), 352 (6-C), 342 (4-C), 33.0
(22-C), 31.0 (23-C), 30.9 (16-C), 28.1 (1-C), 23.7 (2-C),
22.3 (15-C), 20.8 (11-C), 20.6 (21-C), 18.3 (19-C), 11.8
(18-C); IR (KBr) v: 3374, 2937, 2855, 1744, 1634, 1540,
1462, 1372, 1258, 1168, 1057, 1012, 914, 878, 829, 730,
694, 616 cm™'; HREIMS caled for C,qHyNO, [M—}—H]+

2172 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

434.3270, found 434.3287.
415 3-F A JFEE-7-72 2 A8 £ AR ER T ES(8) 49 Ak
7] [ N INN 238 mg (0.47 mmol)fb &4 5, H
50 mL Ji7K CH;0H #f#5e4 )5, 10 min WHEIIA
NaBH, 54 mg (1.41 mmol), TLC MV wp © V —swp=
1:10), 488 15 min Z0EE A, T 1 mol/L HCI
RIS SRS S R 2% 1k 3R 25 H ORER A FR I, Ind &
K, HZR CBRZI. &IFANZE, 2Kk, waaih
KB Y, JoKBREREA TR, ok 28 i 7115 B [
1, HEEN DB an i V —ae=1 . 40345 8 107
mg, =F 45%. mp. 96~98 C; 'H NMR (CDCl;, 300
MHz) 6: 0.68 (s, 3H, 18-CH3), 0.94 (d, J=6.0 Hz, 3H,
21-CH3), 0.94 (s, 3H, 19-CH;), 2.41~2.23 (m, 2H,
C23-H), 2.81 (t, J=13.2 Hz, 1H, C4-0H), 3.08 (dd, J=
15.9, 4.8 Hz, 1H, C4-BH), 3.66 (s, 3H, OCHj3), 3.87 (br s,
1H, C7-H), 5.05 (s, 2H, OCH5,), 7.35~7.27 (m, 1H, Ph-H);
C NMR (CDCls, 75 MHz) §: 174.8 (24-C), 161.8 (3-C),
138.4 (1'-Ph-C), 128.3 (3'-Ph-C, 5'-Ph-C), 127.9 (2'-Ph-C,
6'-Ph-C), 127.5 (4'-Ph-C), 75.1 (Ph-C-0), 68.4 (7-C), 55.8
(17-C), 51.5 (14-C), 50.3 (OCH3), 42.8 (13-C ), 41.7 (9-C),
39.5 (8-C), 39.3 (10-C), 37.2(12-C), 35.7 (5-C), 35.4
(20-C), 34.1 (6-C), 33.1 (4-C ), 31.0 (22-C), 30.9 (23-C),
29.1(16-C), 28.1 (1-C), 26.9 (2-C), 23.7 (15-C), 22.4
(11-C), 20.9 (21-C), 18.3 (19-C), 11.8 (18-C); IR (KBr) v:
3534, 2945, 2859, 1723, 1654, 1425, 1368, 1217, 1155,
1045 cmfl; HREIMS calcd for C;,H4;NNaO, [M—l—Na]+
532.3403, found 532.3401.
4.1.6 3-F A NFER-7-F7 A8 K A N2 B F BR(9) 49 A A%
] SN RO 200 mg (0.39 mmol)fb &4 6,
50 mL Jo/K CH;OH ¥#f#5E4)5, 10 min WA kIIA
NaBH, 45 mg (1.18 mmol), TLC Y5 (V e - V s =1 :
10), 4% M 15 min 2R A, A 1 mol/L HCI H
s A Js 2 4 1. sk 28 R 20 FR R, Inid& oK,
MR CBRZER. GHANZ, SRk, WAEHKEE
APk, TEKBREREN T, YR 2 A S A B E A,
HEN DB ow iV —wne=1 : 40)13 259 9 90 mg,
FEE 45%. m.p. 96~98 ‘C; 'H NMR (CDCl;, 300 MHz)
5: 0.68 (s, 3H, 18-CHj), 0.94 (d, J=6.3 Hz, 3H, 21-CH,),
0.94 (s, 3H, 19-CH3), 2.42~2.20 (m, 2H, C23-H), 3.16~
3.00 (m, 2H, C2-H), 3.67 (s, 3H, OCH3), 3.87 (br s, 1H,
C;-H), 5.05 (s, 2H, OCH,Ph); 7.35~7.26 (m, 5H, Ph-H);
C NMR (CDCls, 75 MHz) §: 174.8 (24-C), 162.2 (3-C),
138.4 (1'-Ph-C), 128.3 (3'-Ph-C, 5'-Ph-C), 127.8 (2'-Ph-C,
6'-Ph-C), 127.5 (4'-Ph-C), 75.0 (Ph-C-0), 68.3 (7-C), 55.8
(17-C), 51.5 (14-C), 50.3 (OCHs3), 43.4 (13-C), 42.7 (9-C),
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39.6 (8-C), 39.3 (10-C), 36.1 (12-C), 35.8 (5-C), 35.7
(20-C), 35.4 (6-C), 35.2 (4-C), 34.2 (22-C), 33.0 (23-C),
31.0 (16-C), 28.1 (1-C), 23.7 (2-C), 22.3 (15-C), 20.9
(11-C), 20.8 (21-C), 18.3 (19-C), 11.8 (18-C); IR (KBr) v:
3443, 2925, 2864, 1740, 1634, 1429, 1372, 1298, 1160
cm '; HREIMS caled for C3,HygNO, [M+1]" 510.3583,
found 510.3575.
4.1.7 3B-FH-7- B AR K BNLER F B5(10)89 & A%

#4200 mg (0.50 mmol)tb &4 3 ¥ 15 mL HEE, ¥
fitse 45, I 118 mg (0.50 mmol) CoCl*6H,0, iAW
FH G B AR IR R4, 755 R HEEE 20 min 512800
56 mg (1.49 mmol) NaBH,, ¥ rRIAS N R, [FRA
KESIEHH, TLC BREFR BV 2sem & Viens=1 1 1), 40
min JGESRRA, B 1 mol/L £k R v R s i A 2 o
b PR ZE R KER 0 I, & EK, SLHTEKEA
BVEMAE R, AR CERAER, AIFAIE, 7R A
FIBRBREANVEW . K AT HK &8 — Ik, &Ja AL
IKBRER AN T4, ok B 220877015 B LA, AR 0 3
V zwem - V sue=1 > 2)FABLE5 10 130 mg, /=&
64.3%. m.p. 67~68 ‘C; 'H NMR (CDCl;, 300 MHz) o:
0.64 (s, 3H, 18-CH;), 0.91 (d, J=6.3 Hz, 3H, 21-CH,),
1.19 (s, 3H, 19-CH3), 2.42~2.30 (m, 2H, C¢-H), 2.85 (dd,
J=12.6, 6.0, 1H, Cs-H), 3.59 (dddd, J=15.3, 10.5, 6.0,
4.5 Hz, 1H, C5-H), 3.66 (s, 3H, OCH3); *C NMR (CDCl;,
75MHz) d: 212.3 (7-C), 174.7 (24-C), 70.7 (3-C), 54.7
(17-C), 51.5 (9-C), 49.5 (O-CHjy), 48.9 (8-C), 46.1 (14-C),
454 (6-C), 42.7 (5-C), 42.6 (13-C), 38.9 (4-C), 37.3
(12-C), 35.2 (20-C), 35.1 (10-C), 34.1 (1-C), 31.0 (22-C),
30.9 (23-C), 29.8 (2-C), 28.3 (16-C), 24.8 (15-C), 23.0
(11-C), 21.7 (21-C), 18.3 (19-C), 12.0 (18-C); IR (KBr) v:
3517, 2921, 2868, 1707, 1638, 1425, 1376, 1294, 1254,
1200, 1155, 1070, 1004, 980, 898 cm'; ESI-MS m/z:
4273 (M'+Na); HREIMS caled for CysHyNaO, [M+
Na]" 427.2824, found 427.2812 .
4.1.8 A4 11~16 & s b9 — AL F

0.34 mmol (b ¥ 10 15T 10 mL 95% LB, Tk
%75 ClEhIA 1.00 mmol NaAce3H,0, &4 A )G —
P 1.00 mmol F& %0, PRIFR SR E 75 °C,
TLC AV wwe * V s =1 1 20) R M ETCJERL . A
KL LR, R R R CRE, SR &
PR A AN, WK, WA ks 2,
ToKBR RN T4, JBUE 28 55, M= A ET &
(V@&Avxbﬁ Voram=2 . 1)@?@”*@&%5*5‘#%

3p- 2k -7- F AR KRG 2 A R PR (11): BA
NH,OCH3eHCl fE N &R F, 433 A @k 4~=y, 7
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# 82%. m.p. 83~85 ‘C; 'H NMR (CDCls, 300 MHz) ¢:
0.61 (s, 3H, 18-CH;), 0.88 (d, J=6.3 Hz, 3H, 21-CH,),
1.00 (s, 3H, 19-CHj), 2.91 (dd, J=12.6, 1.5 Hz, 1H,
C6-H), 3.53 (dddd, J=15.6, 10.8, 6.0, 4.8 Hz, 1H, C3-aH),
3.61 (s, 3H, COOCHa), 3.72 (s, 3H, NOCH;); *C NMR
(CDClLs, 75 MHz) d: 174.7 (24-C), 159.6 (7-C), 70.8 (3-C),
60.9 (NOCH;), 54.8 (17-C), 51.5 (OCH3), 49.4 (14-C),
44.5 (13-C), 42.9 (9-C), 42.7 (8-C), 42.2 (10-C), 39.1
(12-C), 36.6 (4-C), 35.3 (5-C), 35.1 (20-C), 34.5 (1-C),
30.9 (22-C), 30.0 (23-C), 28.2 (2-C), 28.1 (16-C), 25.2
(6-C), 23.2 (15-C), 21.0 (21-C), 18.4 (19-C), 12.0 (18-C);
IR (KBr) v: 3382, 2933, 2864, 1736, 1629, 1446, 1376,
1258, 1155, 1057 cm'; HREIMS caled for CogHusNNaOy
[M+Na]" 456.3090, found 456.3077.

3-F Hk -7- R M R RS 2 AU R R (12): DA
NH,OCH,C¢HseHC1 A7 A0, 152 3 & 4= 4,
FEE 82%. m.p. 83~85 C; '"H NMR (CDCls, 300 MHz)
8: 0.65 (s, 3H, 18-CH3), 0.93 (d, J=6.3 Hz, 3H, 21-CH,),
1.03 (s,3H, 19-CH3), 3.05 (dd, J=12.6, 1.8 Hz, 1H, C6-H),
3.54 (dddd, J=15.3, 10.5, 6.0, 4.5 Hz, 1H, C3-aH), 3.66
(s, 3H, COOCH3), 5.03 (d, J=3.9 Hz, 2H, OCH,Ph),
7.34~7.24 (m, 5H, Ph-H); °*C NMR (CDCl;, 75 MHz) ¢:
174.8 (24-C), 160.2 (7-C), 138.8 (1'-Ph-C), 1282
(2',3,5',6'-Ph-C), 127.4 (4-C), 75.2 (Ph-C-0), 70.8 (3-C),
54.8 (17-C), 51.5 (OCHj), 49.5 (14-C), 44.7 (13-C), 43.1
(9-C), 42.8 (8-C), 42.3 (10-C), 39.2 (12-C), 36.8 (4-C),
354 (5-C), 35.2 (20-C), 34.5 (1-C), 31.0 (22-C), 30.9
(23-C), 30.1 (2-C), 28.5 (16-C), 28.2 (6-C), 25.2 (15-C),
23.2 (11-C), 21.1 (21-C), 18.4 (19-C), 12.0 (18-C); IR
(KBr) v: 3534, 2945, 2859, 1723, 1654, 1425, 1368, 1217,
1156, 1045 cm™'; ESI-MS m/z: 510.3 (M+Na)". HREIMS
caled for CyH4;NNaO, [M + Na]© 532.3403, found
532.3403.

3B-FRFE-T-GR T MR RG2S IH R R (13): DA
FEBRARAE & BN, 13 203 A= 13, F= %
76%. m.p. 145~147 “C; 'H NMR (DMSO, 300 MHz) &:
0.63 (s, 3H, 18-CH3), 0.89 (d, J=5.4 Hz, 3H, 21-CH;),
1.03 (s, 3H, 19-CH,), 2.88 (d, J=12.9 Hz, 1H, C6-H), 3.58
(s, 3H, OCHs,), 4.54 (br s, 1H, C3-aH), 7.26 (s, 1H, NH,),
8.05 (s, 1H, NH,), 10.06 (s, 1H, NH); *C NMR (DMSO,
75 MHz) 6: 179.1 (C=S), 174.2 (24-C), 157.4 (7-C), 69.5
(3-C), 54.6 (17-C), 51.7 (OCHj), 49.1 (14-C), 45.4 (9-C),
44.0 (13-C), 43.5 (8-C), 42.8 (5-C), 39.0 (10-C), 36.7
(12-C), 35.5 (4-C), 35.0 (20-C), 34.5 (1-C), 31.0 (22-C),
30.8 (23-C), 30.7 (2-C), 30.5 (6-C), 28.3 (16-C), 25.5
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(15-C), 23.5 (11-C), 21.3 (21-C), 18.8 (19-C), 12.4 (18-C);
IR (KBr) v: 3525, 3423, 3252, 3203, 3137, 2945, 2859,
1711, 1585, 1503, 1454, 1376, 1307, 1258, 1082, 1012
cm'; ESI-MS m/z: 4783 (M+1)"; HREIMS calcd for
C6HuuN305S [M+H]™ 478.3103, found 478.3123.

3B-F5 Kk -7-(4'- F ik G O I e ) 3G 2 AU M R PR IR
(14): LA NH,NHCSNHCH; 1E & &k, 15 2%
A=, P2 73%. mp. 145~147 ‘C; 'H NMR
(CDCls, 300 MHz) 6: 0.66 (s, 3H, 18-CH3), 0.92 (d, J=6.0
Hz, 3H, 21-CH3), 1.07 (s, 3H, 19-CH3), 3.20 (d, J=4.8 Hz,
3H, NCH;), 3.66~3.56 (m, 1H, C3-aH), 3.66 (s, 3H,
OCH,), 7.37 (q, J=4.8 Hz, 1H, CS-NH-CHj), 8.81 (s, 1H,
N-NH-CS); *C NMR (CDCls;, 75 MHz) 6: 178.9 (C=S),
174.7 (24-C), 156.1 (7-C), 70.4 (3-C), 54.7 (17-C), 51.5
(14-C), 49.3 (OCH;), 45.3 (9-C), 44.1(13-C), 43.6 (8-C),
42.8 (5-C), 38.8 (10-C), 36.5 (12-C), 35.6 (4-C), 35.1
(20-C), 34.2 (1-C), 31.2 (N-C), 30.9 (22-C), 30.8(23-C),
30.4 (2-C), 29.8 (6-C), 28.2 (16-C), 25.5 (15-C), 23.2
(11-C), 21.2 (21-C), 18.4 (19-C), 12.1 (18-C); IR (KBr) v:
3374, 2941, 1868, 1736, 1634, 1564, 1503, 1442, 1376,
1307, 1241, 1172, 1061, 1017, 914, 804, 730, 600, 563
cm'; ESI-MS m/z: 514.3 (M+23)"; HREIMS calcd for
C,7H,sN3NaOS [M+Na]"514.3079, found 514.3080.

3B- 3 -7 -(4- TR L B R R ) R 2 U R R R
(15): BA NH,NHCSNHCqHs 1E A& &5, 1531%E A
A=, P53 65%. mp. 145~147 ‘C; 'H NMR
(CDCl, 300 MHz) J: 0.66 (s,3H, 18-CHj3), 0.92 (d, J=6.0
Hz, 3H, 21-CHj3), 1.04 (s, 3H, 19-CH3), 3.65~3.55 (m,1H,
C3-aH), 3.63 (s, 3H, OCH;), 7.15 (t, J=7.2 Hz, 1H,
4'-Ph-H), 7.33 (t, J=7.5 Hz, 2H, 3'-Ph-H, 5'-Ph-H), 7.60
(d, J=7.8 Hz, 2H, 2'-Ph-H, 6'-Ph-H), 9.17 (s, 1H, NNH-
CS), 9.34 (s, 1H, CS-NH-Ph); *C NMR (CDCl;, 75 MHz)
5: 1758 (C=1S), 1747 (24-C), 157.0 (7-C), 138.1
(1'-Ph-C), 128.7 (3'-Ph-C, 5'-Ph-C), 125.5 (4-Ph-C), 123.3
(2'-Ph-C, 6'-Ph-C), 70.4 (3-C), 54.9 (17-C), 51.5 (14-C),
49.5 (OCH;), 45.4 (9-C), 44.2 (13-C), 43.5 (8-C), 42.9
(5-C), 38.9 (10-C), 36.4 (12-C), 35.5 (4-C), 35.3 (20-C
15-C), 34.3 (1-C), 31.1 (22-C), 31.0 (23-C), 30.8 (2-C),
29.8 (6-C), 28.2 (16-C), 25.8 (15-C), 23.2 (11-C), 21.2
(21-C), 18.4 (19-C), 12.2 (18-C); IR (KBr) v: 3293, 2941,
2872, 1732, 1593, 1540, 1442, 1298, 1176, 1102, 996, 747,
690, 600 cm™'; HREIMS calcd for Cs,Hys- N3sNaO5S [M+
Na]" 576.3236, found 576.3220.

3B-F - T-[4'-(2"- FF Ik ) R I | B R it s G 2 AU
% H g (16): L NH,NHCSNHCH,CH; 1F A& &k,

2174 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

3R B AR, P2 65%. mp. 145~147 C; 'H
NMR (CDCls, 300 MHz) d: 0.69 (s, 3H, 18-CHj), 0.94 (d,
J=6.0 Hz, 3H, 21-CH3), 1.11 (s, 3H, 19-CH3), 2.32 (s, 3H,
Ph-CH3), 2.62 (d, J=12.9 Hz, 1H, C6-H), 3.68-3.58 (m,
1H, C3-aH), 3.66 (s, 3H, OCH3), 7.28~7.15 (m, 3H,
4'5'.6'-Ph-H), 7.91 (d, J=7.8 Hz, 1H, 3'-Ph-H), 9.07 (s,
1H, N-NH-CS), 9.13 (s, 1H, CS-NH-Ph); "C NMR
(CDCls, 75 MHz) 6: 176.8 (C=S), 174.7 (24-C), 156.9
(7-C), 136.6 (1'-Ph-C), 132.4 (3'-Ph-C), 130.5 (5'-Ph-C),
126.5 (2'-Ph-C), 126.4 (4-Ph-C), 126.2 (6'-Ph-C), 70.5
(3-C), 54.8 (17-C), 51.5 (14-C), 49.3 (OCHj3), 45.5 (9-C),
443 (13-C), 43.6 (8-C), 42.8 (5-C), 38.8 (10-C), 36.6
(12-C), 35.6 (4-C), 35.2 (20-C), 34.2 (1-C), 31.0 (22-C),
30.9 (23-C), 30.8 (2-C), 29.8 (6-C), 28.1 (16-C), 25.6
(15-C), 232 (11-C), 21.2 (21-C), 18.4 (19-C), 17.9
(PhCH3), 12.2 (18-C); IR (KBr) v: 3387, 3313, 2933, 2868,
1732, 1642, 1585, 1527, 1486, 1450, 1380, 1364, 1298,
1298, 1268, 1204, 1168, 1106, 1066, 1012 cm'; HREIMS
caled for Cs3HyN3NaOsS [M+Na]™ 590.3392, found
590.3396.

3.2 RSMuBMEIE MR

{4 W £1 (Cisplatin) 7E 4 BH P£ %5 B, R MTT
(methyl thiazolyl tetrazolium)y% il X AT & B H b &
Yokt N B R4 E(SGC-7901) A BTJE 41 i (Bel-7404) Al
N AT 51 B g8 40 B Ak (PC-3) B A b A= K 338 5 00 1) 3%
PR B 4 43 S ) RPMI-1640 732N 10%
FMER 0.1 gL HHEZR G+0.1 gL MREER)ME
37 CF 5% CO, W< mHH%.

LEBRM T HRKA IS EAE DMSO
o, BRI ER 10mg/ mL ) DMSO iERARFEAE VKRS, # Xt
B A K T R 20 B 2 531 LA (3~ 4) X 10* AN/mL )%
FEEAT 96 LA, BALERN 200 pL, BT CO, 5 3%
FAHRRE TR 24 by FR TR IR B BE (e iR AR FE 1R 80 g/
mL)INIAFFIURE §h, B —IREMEE 3 AT, R
43 R FE BRI A S B 45 FR RN 25 5211 DMISO 1R A A
XIS R AR A T 37 CREFR T2 h G, BAL
BAN 20 pL /) MTT (5 mg/mL), R J57E AL BRE: 7544
YRS E 4 hy fEFIEW, RSN 200 pL 1)
DMSO, 7EIRZEN% EE 10 min WEDTE, b5 EEbR
AXAE 490 nm P K 52 OD A, 38 R 2R AT — e ik
JEE TR X 24 P P 0 1) R

N Z(%) = (4] i OD— 75 1 OD)— (442§ OD— =

4 OD))/(%H i OD—%% 4 OD) X 100%

SR VA 50 25 R AR IR, SR AR R i 1Cs
1B, MR EYIFE i R L B AR A, — Bl e —
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K, HEMEAFEMRTATIE =R, HECFEME, Wz
KRR EBE— LI E.

45 B KL (Supporting Information)

&Y "TH NMR

A1 BC NMR B LG s kL AT LA 4 3 MR T 35
(http://sioc-journal.cn/) I N %K.
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