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Abstract: In this study,Jones oxidation of the diol-type saponins of Panax notoginseng afforded compound 1. lts 3-car-
bonyl group was converted into amino group by reductive amination to give compound 4 ,and then compound 4 was reac-
ted with acyl reagent to give compounds 5-8. In addition, compounds 2 and 3 were obtained by the other two reactions.
The syntheses of the 6 derivatives had not been reported. Their structures were identified by 'H NMR, " C NMR and MS.
Their in vitro anti-tumor activities against HL-60, SMMC-7721, A-549 ,MCF-7 and SW480 cancer cells were evaluated

by MTS assay. The evaluation results showed that compound 3 had some anti-tumor activity and wass worthy of further

study.
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ARSI I AL S s S AL B 3 B R e e
RS, PR IR RO, A 3 — R AR AS
BERIRTLER 7 A, Horh 6 S EE YR DL SRR E
JI'H NMR " C NMR | MS 45 % 5 1 464k 4 4 (1) 45
Hay, SR MTS SE AN 6 LA W00 A I 4
Jfutk HL-60 | JiT-J8 4 g bk SMMC-7721 | fii i 240 Jifd ik
A-549 FLIRIE A bk MCF-7 (45 17 93 40 g bk SW480
AR TG 7

1 (EEHH

AV-A400 B IRAL (3¢ [E Bruker 23w ) ; LCQ-
Advantage LC-MS ( Thermo Finnigan ) ; RE-2000A JiE
WA AL (LR AR AR ) 5 FA2004 HL 1K
(SR TR R AER A IR A R ) s DF-101S 4E
ISR RN ARE ) BEHE & (LS AR AR A BR 2
) s KQ-100 HY 88 75 35 e A% (B 1L i B 75 088 A7 PR
AT} s SHZ-D R K A A J8 (S T RAAR A
R .

GF s, WEJZ JZ AT M 5 A 2 A FH R JE (5 5% B 1 AL
T s m O R R AR (R 5e ) 5 =& T R gy
(ML TRBARA RAA]) s A )
FER PR AL, D5 oMol B SK T B A A
AR A LT AR AR B A IR A

2 TEEER

2.1 AW MHE"
PREC= B R 20 g, BEHL 250 mL Z 0

7K 200 mL P SN A Z] 1000 mL #5850, 450 P
HA s E I A A il 2 & 140 mL Birial7] (43
HOMA) 82 LR E , =R NP RN 4 h
T RN IR ER , A 100 mL K5, /R T
#HL(3 x200 mL) , 2 BURE A FF K% (3 X200 mL) ,
Jo7K Na, SO, T4, 18, e 4a , 15 iR ek (B
7 i WA Ak aif S 2L A 1.

ek A, W% 6. 7% ;'H NMR (400 MHz,
CDCL,) 5:0.76 (3H,s,H-18),1.03(3H,s,H-19),
1.05(3H,s,H-27),1.09(3H,s,H-25) ,1.24(3H,s,
H-26),1.24 (3H, s, H-21) ;" C NMR ( CDCl,, 100
MHz) §:216.4(s,C-3),209.8(s,C-12),176.7 (s,
C-24),88.4(s,C-20),56.7(d,C-13),55.8 (s, C-
14),54.8(d,C-5),53.4(d,C9) ,47.1(s,C4) ,42.
5(d,C-17),40.1(s,C-8),38.9(t,C-1),37.1(t,C-
11),33.6(s,C-10),33.3(t,C-7),32.8(t,C-2),32.
2(t,C22),31.4(t,C-15),28.7(t,C-23),26.4(t,
C-16) ,24.7(q,C21),20.8(q,C-25),20.8(t,C-
6),19.5(q,C-26),16.2(q,C-27),15.6(q,C-18),
15.2(q,C-19) ;ESI-MS(m/z) :429.3 [M+H] ",
2.2 wEw2HaK"

FEAT A IR B | R v B A A5 56 E Y 50 mL
ZHUE A BINAAE Y 1(65 mg,0. 15 mmol) (I
FREZ (10 g,0. 16 mol) , 2218 F1 2 135 CHgHk
M, 1 h JEFAHEE 165 °C, [ 5 h J5, TLC il st
RHR AR, R HI B ZE RS, A 20 mL 251
K3EFE 10 min, SR )5 H 48 LR HL(3 x50 mL) ,

5 R= CH3CH,CH,CO-

0
:

6 R= CH3CH,CO-

8 R=HOOCCH,CH,CO-

E1 &1 -~8 AMEBLE
Fig. 1 Synthetic routes of compounds 1-8
Reagents and conditions: (a) Jones reagent,4 h,rt; (b) HCOONH,,5 h,135 °C;(c¢) 2,4-Dinitrophenylhydrazine, ethyl alcohol absolute,24 h,50

°C;(d) NaBH,;CN,CH;COONH,,CH;0H;(e) DMAP,Pyridine,24 h,rt
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WA HLAR , AR ZE 18 7K (4 x 30 mL) H Ff g
SANE I (3 x30 mL) AT E /K (2 x30 mL) ¥
U, Jo7K Na,SO, 1, b Uk, 8 el e 2% 1 15 ™
i, ZAE RIS G 4(63 mg) . HEAHK,
e #% 85% ;'H NMR (400MHz,CD,0D) §:0.79(3H,
s,H-18),0. 88 (3H,s,H-19),0.93 (3H,s, H27),
1.06(3H,s,H-25) ,1.14(3H,s,H-26) ,1.39(3H,s,
H-21),4.41(1H,m,3-CH) ,7.47(1H,d,J = 8.48
Hz,H-3',H-5"),7.80(1H,d,J = 8.5 Hz,H-=2', H-
6');"C NMR (CD,0D, 100 MHz) §:179. 59 (s, C-
24),163.8(d,C-12),163.3(d,C-3),91.8(s, C-
20),58.0(d,C-3),56.9(d,C-12),50.8(d,C-13),
49.4(d,C-5),49.4(s,C-14),47.4(d,C9),47.3
(d,C-17),45.8(s,C-8),45.7(t,C-1),41.5(t,C-
11),37.9(s,C4),35.2(s,C-10),34.5(t,C-7),
31.8(t,C-22),29.8(t,C-15),29.0(t,C-23),26.4
(q,C21),23.3(t,C-16),19.5(q,C25),19.4(t,C-
2),18.3(1,C-6),18.2(q,C-26),16.8(q,C-27),16.7
(q,C-18),15.5(q,C-19) ; ESI-MS (m/z) :486.3 [M +
H]",
2.3 wawm3 e

WEBULE1(1eq,40 mg,0.093 mmol) ,2,4-—
HFEARE(2eq,37 mg) A 25 mL KR A, 4351
JINAVKEERR 2 mL, JE/K ZEE 6 mL,50 °C 5544 F ik
PPl RN 24 b, PR ZE T ROV AL, A 70 mL 25405
KIE, R CTRZEH(100 mL x 3) , & I 28 U,
3K GE S AR R /K Bk, Jook Na,SO, T4, i
IS UBIRAR A ek ik A b AR b A 3(16.8 mg)
P 8 0 R, U % 29. 7% ;'H NMR (400 MHz,
CDCL,) $:0.78 ~1.26(18H,s,6 x CH,),7.53 ~
8.30(3H,m,Ar-H) ;" C NMR(CDCl,,100 MHz) 3.
210.0(s,C-12),176.9 (s, C-24),165.8(s,C-3),
145.4(s,C-1"),137.5(s,C4"),130. 8 (s,C-2"),
129.9(d,C-5"),123.5(d,C-3"),116.3(d,C-6"),
88.6(s,C-20),71.7(d,C-13),65.5(d,C-5),56.8
(s,C-14),55.3(d,C9),53.4(d,C-17) ,42.8(s,C-
8),42.2(t,C-1),40.3(t,C-11),37.4(s,C4),32.3
(s,C-10),31.6(t,C-7),29.7(t,C22),29.3(t,C-
15),28.8(1,C23),28.7(q,C-21),23.7(t,C-16),
22.6(q,C-25),20.3(t,C-2),19.6(1,C-6),16.3(q,
C-26),15.5(q,C27),15.4(q,C-18),14.1(q, C-
19;ESI-MS(m/z) :608.3 [M+H] *,

2.4 AW HER™

TEAR A M BEFE | LA B 452 B Y 50 mL
U Ay m AL A P 1 (leq, 300 mg, 0. 65
mmol) FUEEMIE AL (—E =) , LRE (—E ) |
I 25 mlL, A3 FE S0, TLC BRER SN i 72 , 2 E
SEA R IR N, I8 ZE T BE, A 40 mL K5,
AR CTEZEE (200 mL x 3 ) , & IF 2 HOR, 430 H
T R T S B s TR L R R K A AN B R K Pk, ek
Na,SO, T4, i U8, JE ke s , 2okt ek ai b8k &
W4, R AR, R K 47. 3% ;'H NMR (400
MHz,CD,0D) §:0.77(3H,s,H-18),0.88(3H,s, H-
19),0.95(3H,s,H-27),1.00(3H,s,H25),1.01
(3H,s,H-26),1.04(3H,s,H21),3.81(1H, m,3-
CH);"”C NMR (CD,0D, 100 MHz) §:212.8 (s, C-
12),179.6 s,(C-24),90.8(s,C-20) ,64.3(d,C-3),
60.9(d,C-13),57.9(d,C-5),56.9(s,C-14),55.5
(d,C9),43.9(d,C-17),40.2(s,C-8),39.4(t,C-
1),39.1(t,C-11),38.1(s,C4),37.2(s,C-10),
33.9(t,C-7),32.9(t,C-22),31.4(t,C-15),28.9
(t,C23),28.1(q,C21),24.7(q,C25) ,24.7(t,C-
2),19.9(t,C6),18.9(t,C-16),16.8(q,C26),
16.2(q,C-27),16.1(q,C-18),15.9(q,C-19) ; ESI-
MS(m/z) :430.9[ M +H] ",
2.5 &EwSs-~7HERY

TEAT A I e | R v B A AR B Y 25 mL
TR A A AL A W) 4 (leq, 50 mg, 0. 12
mmol ) | T R I (—E &) .DMAP (— /¢ &) (MLIE 8
mL, (R S 24 ho P8R ZE T IERESS , A 30 mL
KGR CBEZEI (100 mL x 3) , &5 I 2 Uk,
10% R R Uk 3 WK A& #h /K3 3 I, To7K Na,SO,
THE L UE DR R AR AT BB stk B A 5. |
kAR, % 40.5% ;'H NMR (400 MHz,CDCL,) §:
0.76(3H,s,H-18) ,0.79(3H,s,H-19) ,0.87(3H,s,
H-27),0.91(3H,s,H-25),1.16(3H,s,H-26),1.20
(3H,s,H-21),1.22(3H,s,H4"'),3.64-3. 71 (1H,
m,3-CH) ;”C NMR ( CDCl,, 100 MHz) §:210.6(s,
C-12),177.0(s,C-24),171.9(s,C-1") ,88. 8 (s, C-
20),56.7(d,C-3),56.7(d,C-13),56.6(d,C-5),
55.9(s,C-14),54.0(d,C9),42.6(d,C-17) ,40.2
(s,C-8),39.7(t,C-1),39.0(t,C-11),38.6(s,C-
4),37.8(s,C-10),37.4(t,C2"),33.9(t,C-7),
33.7(t,C-22),31.4(t,C-15),29.6(t,C-23),28.3
(q,C-21),28.2(t,C-16) ,24.8(q,C-25) ,24.2(t,C-
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2),19.1(t,C3"),18.5(t,C6),16.3(q,C-26),
16.2(q,C-27),15.9(q,C-18),15.6(q,C-19) ,13.1
(q,C4");ESI-MS(m/z) :499.4 [M+H] ",

2.5.1 feé4h 6 #hE%

GG BRI R B T RIS, AR5k
WrkFeEY S,

ok R, % 52. 4% ;'H NMR (400 MHz,
CDCL,) $:0.76(3H,s,H-18),0.78 (3H,s,H-19),
0.92(3H,s,H27),0.98(3H,s,H-3"),1.16(3H,s,
H-25),1. 18 (3H, s, H26),1. 24 (3H, s, H-21),
3.653.71 (1H, m, 3-CH) ;" C NMR ( CDCl,, 100
MHz) $:210.6(s,C-12),177.0(s,C-24),173.1(s,
C-1"),88.7(s,C20),56.7(d,C3),56.3(d,C-
13),56.2(d,C-5),55.8(s,C-14),54.1(d,C9),
42.6(d,C-17),39.7(s,C-8),39.4(t,C-1),39.0(t,
C-11),38.6(s,C4),37.8(s,C-10) ,37.4(1,C2"),
33.9(t,C-7),32.3(t,C-22),31.4(t,C-15),30. 1
(t,C23),28.9(q,C-21),28.3(t,C-16) ,24.8(q,C-
25),24.2(1,C-2),18.5(t,C6),16.3(q,C-26),
16.3(q,C-27),15.9(q,C-18) ,15.6(q,C-19) ,10.0
(q,C-3") ;ESI-MS(m/z) :485.3 [M+H] ",

2.5.2 e T ihE R

B G R T I X T A PP g S A TR I
Ab ARSI ARG S .

WO, W 51. 1% ;'H NMR (400 MHz,
CDCLy) $:0.75(3H,s,H-18),0.86(3H,s,H-19),
0.92(3H,s,H-27),0.93(3H,s,H-3"),1.16(3H,s,
H-25),1. 18 (3H, s, H26),1. 24 (3H, s, H-21),
3.83-3.86(1H,m,3-CH) ,8.24(1H,d,J = 8.5 Hz,
H-3',H-5'),7.87(1H,d,J = 8.5 Hz, H-2', H-
6');"”C NMR(CDCI,,100 MHz) §:210.8(s,C-12),
177.3(s,C24) ,165. 4 (s, Ar-C = 0),149. 4 (s, C-
4'),140.6(s,C-1"),128.0(d,C-3"),128.0(d, C-
5'),123.7(d,C-2"),123.7(d,C6"),89.0 (s, C-
20),57.1(d,C-3),56.8(d,C-13),56.3(d,C-5),
56.0(s,C-14),54.1(d,C9),42.6(d,C-17),39. 4
(s,C-8),38.9(t,C-1),38.2(t,C-11),38.1(s,C-
4),37.5(s,C-10),34.0(t,C-7),32.3(t,C-22),
31.4(t,C-15),30.1(t,C-23),28.9(q,C-21),28.5
(t,C-16),24.8(q,C-25),24.2(1,C2),18.5(t,C-
6),16.4(q,C26),16.3(q,C27),15.9(q,C-18),
15.6(q,C-19) ;ESI-MS(m/z) :578.4 [M+H] ",

2.6 &EwSHER"

TEHA A B | R A A A 24 B 25 mL —
HUR 2 BIINAALE ) 4(1eq,50 mg,0. 12 mmol ) |
TR (— & &) \DMAP(—3E &) ML 10 mL,
IR SN, TLC R AR 2 5, D8 26 T Nk b
J& , A 30 mL K5 FH 2R A ERAHL (100 mL x3) ,
BIFAEBOR , 1 10% Eh R e 3 W A& kK ¥k 3
K, oK Na,SO, T4, 1 v, uE Wk 40 , A ik 4lifb
B G 8, FEMA, I3 20. 1% ;'H NMR (400
MHz,CDCl,) §:1.17(3H,s,H-18),1.20(3H,s, H-
19),1.22(3H,s,H27),1.29(3H,s,H25),2. 00
(3H,s,H-26),2.12(3H,s,H-21),2.56-2. 60 (4H,
m,2 x COCH,),4.054. 11 (1H, m,3-CH);"C
NMR( CDCL,, 100 MHz) §:210.5 (s, C-12),176.9
(s,C24) ,172.4(s,C4"),171.0(s,C-1") ,88.7 (s,
€-20),60.3(d,C-3),56.7(d,C-13),56.3(d,C-5),
55.8(s,C-14),54.0(d,C9),42.6(d,C-17),39. 4
(s,C-8),39.0(t,C-1),38.9(t,C-11),37.8(s,C-
4),37.4(s,C-10),34.0(t,C-7),32.3(t,C22),
30.4(t,C-3'),29.6(t,C-15),29.4(t,C-2"),28.8
(1,C23),28.3(q,C-21) ,24.8(t,C-16),22.6(q, C-
25),20.9(t,C2),19.3(t,C-6),16.2(q,C-26),
15.8(q,C-27),15.6(q,C-18) ,14.1(q, C-19) ; ESI-
MS(m/z):529.3 [M+H] ",

2.7  MTS &N & 4 i 5

K MTS vEx Hrp 6 b & W b1 AR St i
PR 240 LR N P I A0 R Rk (HIL-60 ) | T 963 40 it i
(SMMC-7721) Jififa 4 ik ( A-549 ) 2L IR I8 20 i pk
(MCF-7) % s 40 B bk ( SW4A80 ) 1y A= Wi M i ot
DGR AR AZ BEAE Ry B X R (SR 25 SR LR 1) .

ST T R A 10% G 4 I 8 3R W
(DMEM 5§ # RMPI1640 ) fig 5%, 5> 40 ff 5, LA 4
£L 5000 ~ 10000 /> 2 ffg 42 Fh 21 96 fL AR, % L IAFH
100 pL, WEEZN A B2 AT 12 h B2 Fp 8 3% in AR 1k
G T MR EE 40 WM ) 0, 75 1%V B2 %) g
2t A KA A B 50% LA ik 5 ANk B EA
B ) |, BALLARTR 200 pL, BADALH R 3 4
ZAL;37 CHEFR 48 h i, /AN FRFLIN BE 37 LI,
BRFLIN MTS ¥ 20 wL DL 35 35 100 WL, 46252087
B 4 h (RN 8 AT ERE 490 nm 1 K I
YRS ( Bio-Rad 680 ) 345 FLIGIR L AE , 1 S 45
T, VAR BE AR AR A, 0 IR 305 2R R N Ak B 22 il 41 P
AR M, W FH P 5% (Reed and Muench 3%) 1153
LAY 1Cs, 18
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Table 1 The ICy, values of compounds 1-7 on human cancer cell lines( M)
EY Y IRk Strain
Compound HL-60 SMMC-7721 A-549 MCF-7 SW480
1 >40 >40 >40 >40 >40
2 >40 >40 >40 >40 >40
3 >40 21.88 17.03 22.44 18.33
4 >40 >40 >40 >40 >40
6 >40 >40 >40 >40 >40
7 >40 >40 >40 >40 >40
Cisplatin 3.08 10.2 9.08 17.48 11.99
Taxol <0.008 <0.008 <0.008 <0.008 <0.008
" 4 Zhang CH (3RAR2L)  Li XG(Z [ ) , Zhang LX (K i
3 -l'T'I- -l'/k\' 2%) ,et al. Preliminary results of anti-cancer activity compari-
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X SMMC-7721 (A-549 MCF-7 .SW480 45 JifJes 4 Jity 144
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A SRR E e e B2 1) — S AL 2 (NO ) RERSAIN 1 i I
AN A TR B — 2 NO BRI e
Y 1 SRR MG 2 Bon i, ol
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PG e B AT B G S A 8 ARMER T DM-
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