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Synthesis of diosgenin derivatives and their antithrombotic activity

FU Xiao-li, HAN Ying-mei, ZHANG Shi-jun
Tianjin Key Laboratory of Molecular Design & Drug Discovery, Tianjin Institute of Pharmaceutical Research, Tianjin 300193,
China

Abstract: Objective To design and synthesize diosgenin derivative, and to evaluate their antithrombotic activity in vivo. Methods
Taking diosgenin as lead compound, diosgenin derivatives were obtained by esterification reactions, and the antithrombotic effect of
synthesized compounds was evaluated with the thrombogenesis model of artery-vein bypass in rats. Results Six target compounds
were prepared and their structures were confirmed by 'H-NMR, '*C-NMR, and MS. Among these compounds, 3p- diosgeninyl

monosuccinate showed promising antithrombotic activity in screening experiment. Conclusion A proper hydrophilic substitution

on C-3 of diosgenin should be possible to improve the antithrombotic activity of diosgenin.
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T 200 mL AERE, BT 500 mL —#UMH, HREEERE
N nZE RS 5.8 mL (50 mmol), BRI &2 =EE,
SV 24 ho BRI 1000 mL KA, H &
HREAI, A IFENUAHE, KKK R, R
IR SNV, TOKBRIREET4, JELE, W
AT, MR E AR, HIKCRER S,
i, T, BRI, 15 10.6 g P, WCK 81.8%.
'H-NMR. "C-NMR. MS Yili$#fs 0 F: ESI-MS
m/z: 519[M+H]"; "H-NMR (400 MHz, pyridine-ds)
5: 0.85 (3H, s, H-18), 1.02 (3H, s, H-19), 1.15
(3H, d, J=7.2Hz, H-21), 0.69 (3H, d, J=6.0
Hz, H-27), 503 (1H, m, H-3), 538 (1H, d, J=
48Hz, H-6), 454 (1H, q, H-16), 3.58 (1H, dd,
J=10.4, 3.2Hz, 26-aH), 3.50 (1H, t, 26-BH),
R EE. 8.25 (2H, dd, J=8, 1.2 Hz, H-3', 7,
7.56 (1H, t, H-5"), 7.47 (2H, t, J=8, 7.2 Hz,
H-4', 6'); “C-NMR (100 MHz, pyridine-ds) d:
37.2 (C-1), 29.3 (C-2), 74.8 (C-3), 38.5 (C-4),
139.9 (C-5), 122.8 (C-6), 32.2 (C-7), 31.8 (C-8),
50.1 (C-9), 37.0 (C-10), 21.1 (C-11), 39.8 (C-12),
40.5(C-13), 56.6 (C-14), 32.2(C-15), 81.1(C-16),
62.9(C-17), 16.4(C-18), 19.4(C-19), 42.0 (C-20),
15.0(C-21),109.3(C-22), 31.6(C-23), 28.1(C-24),
30.6 (C-25), 66.9 (C-26), 17.3 (C-27), HHTk
% 166.0 (C-17), 131.4 (C-2"), 1289 (C-3', 6'),
129.9 (C-4', 7", 133.3 (C-5"). ity XK 1.
22 P-EHREETT _BHEENABSLE
FREUE HU2T 0 4.14 g (10 mmol). | W& ff
2 g (20 mmol), ‘& 250 mL —#UHH, ¥ T 50 mL
MERE o BT HLRERE PR K R, 80 C Il
FETF N, DA E-BETR £l (3 1 1) REFFH,
TLC WA S N AR, TR RN FEA EASTF AL
1 T S VA £ S 17 G - A S 3 SN R AL TR
W LLER S, IIONIG RN, E KA h A, HCE
FH, AT AR S AT, DA hRE-RER £
B (501 UM, R A (5 2
aitk, 13079 g 774, WREN 15.4%,. 'H-NMR.
PC-NMR. MS Wil¥diin F:  ESI-MS m/z: 515
[M+H]", 537[M+Na]+; 'H-NMR (400 MHz, pyridine-
ds) 5: 0.83 (3H, s, H-18), 0.94 (3H, s, H-19),
1.13 (3H, d, J=7.2Hz, H-21), 0.69 (3H, d,
J=6.8 Hz, H-27), 4.84 (1H, m, H-3), 5.29
(1H, d, J=48Hz, H-6), 4.54 (1H, q, H-16),

3.58 (1H, dd, J=10.4, 3.2 Hz, 26-0H), 3.49 (1H,
t, 26-pH), 2.91 (4H, m, H-2', 3"); *C-NMR (100
MHz, pyridine-ds) d: 37.2 (C-1), 29.3 (C-2),
74.2 (C-3), 38.5 (C-4), 140.0 (C-5), 122.6 (C-6),
32.2 (C-7), 31.8 (C-8), 50.1 (C-9), 36.9 (C-10),
21.0(C-11), 39.9(C-12), 40.5(C-13), 56.6 (C-14),
32.2(C-15), 81.1(C-16), 62.9(C-17), 16.4(C-18),
19.3(C-19), 42.0(C-20), 15.1(C-21), 109.3(C-22),
31.6 (C-23), 28.1 (C-24), 30.6 (C-25), 66.9 (C-26),
17.3 (C-27), 174.9 (C-1"), 30.2 (C-2"), 29.9 (C-3"),
172.4 (C-4", ity IHE 1.
23 IB-EFEHTERIEENESHREEE

TELEH BB FEFIVA BEE 1Y) 250 mL =3k
N 1.2 g EHUEATFIC, 40 mL B Z8IEnE , K nd,
b, (TS AR, FEBiRE R, BTN 4 mL
SR, 20 min 58, RVEIZY, 7oA KR E A
%, FHBR I, ke, gksRdisE, DL AU -
FEE-ZK (10 2 0 1, 0N 1 H IR A EJTF#, TLC
PRI SN HERE, RN 30 min A4 o EUKAS A
MR, AT, BRI, uokvk, T, e
T, 43 0.3 g 7MW, UK 21%. "TH-NMR. *C-NMR.
MS Gk B yE . ESI-MS m/z: 493[M+H]";
'H-NMR (400 MHz, pyridine-ds) J: 0.81 (3H, s,
H-18), 0.94 (3H, s, H-19), 1.13 (3H, d, J=72
Hz, H-21), 0.68 (3H, d, J=6.8 Hz, H-27), 4.82
(1H, m, H-3), 530 (1H, d, J=4.8 Hz, H-6),
454 (1H, q, H-16), 3.58 (1H, dd, J=10.4, 3.2
Hz, 26-0H), 3.49 (1H, t, 26-pH); “C-NMR (100
MHz, pyridine- ds) d: 37.6 (C-1), 29.9 (C-2),
77.6 (C-3), 39.9 (C-4), 141.0 (C-5), 121.9 (C-6),
32.3 (C-7), 31.8 (C-8), 50.2 (C-9), 36.9 (C-10),
21.1(C-11), 40.4 (C-12), 40.5(C-13), 56.6 (C-14),
32.2(C-15), 81.1(C-16), 62.9(C-17), 16.4(C-18),
19.4(C-19),42.0(C-20), 15.0(C-21), 109.3(C-22),
31.7(C-23), 29.3 (C-24), 30.6 (C-25), 66.9 (C-26),
17.3 (C-27). &igXWHE 1.
24 3P-EFHEBETCBRENERSEE

FRECEHEH 6 10.4 g (25 mmol), ‘BT =30
JEH, I 200 mL MERE, T 70 °C K S N
LIEHF 47 mL (50 mmol), LLAT ylilk-155 1 £ I
(91 1) NJEIFH], TLC VEAGI s N BERE, [ B
205 14 he KRNI IE RUKK, Wi
Rk, g, fARAERR, HUKKGEZRICIE
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WEk . R bE- OB, R A ERDIRES
T, FERUR, 15 7.6 g 2, RN 66.3%.
'H-NMR. "“C-NMR. MS JGifi¥#itn ~:  ESI-MS
m/z: 457[M+H]"; "H-NMR (400 MHz, pyridine-ds)
5: 0.84 (3H, s, H-18), 0.97 (3H, s, H-19), 1.18
(3H, d, J=7.2Hz, H-21), 0.69 (3H, d, J=6.0
Hz, H-27), 477 (1H, m, H-3), 538 (1H, d, J=
48Hz, H-6), 454 (1H, q, H-16), 3.58 (1H, dd,
J=10.4, 3.2Hz, 26-aH), 3.49 (1H, t, 26-BH),
2% 2.05(3H, sh); PC-NMR (100 MHz, pyridine-
ds) 0: 372 (C-1), 29.3 (C-2), 74.0 (C-3), 385
(C-4), 140.0 (C-5), 122.6 (C-6), 322 (C-7),
31.8 (C-8), 50.1 (C-9), 36.9 (C-10), 21.0 (C-11),
39.9(C-12), 40.5(C-13), 56.6 (C-14), 32.2(C-15),
81.1(C-16), 62.9(C-17), 16.4(C-18), 19.3(C-19),
42.0(C-20),15.0(C-21),109.3(C-22), 31.6(C-23),
28.1(C-24), 30.6 (C-25), 66.9(C-26), 17.3(C-27),
LERHE: 1702 (C-11), 21.3 (C-2"). &L 1.
25 P-EFRBELSCHRENEHNSETE
RECE R C 6.21 g (15 mmol). — A LR
43 g (45 mmol), FH T 500 mL FEFH, A
200 mL JorK S LS, W, RV HE, A
7.0 g (30 mmol) N,N'- ¥R Lf — W% (DDC)
120 mg —HZILNEE (DMAP), Jh& =l b,
RNIERC, i, JERE. BEMH 2% S AN
FHL 2 % (60 mL), 7K¥E3 ¥k (60 mL), & HI%
ERTCKRIREE T, I8, IEBRFRT, K
O, R, FoEmE, 192 g/,
W% Ky 81.6%. 'H-NMR. “C-NMR. MS Sk %4
IR : ESI-MS m/z: 491[M+H]"; "H-NMR (400 MHz,
pyridine-ds) §: 0.767 (3H, s, H-18), 1.03 (3H,
s, H-19), 0.96 (3H, d, J=7.2Hz, H-21), 0.765
(3H, d, J=6.8 Hz, H-27), 4.68 (1H, m, H-3),
537 (1H, d, J=4.8 Hz, H-6), 4.39 (1H, q, H-16),
3.45 (1H, dd, J=10.4, 3.2 Hz, 26-0H), 3.33 (1H,
t, 26-pH), 4.00 (2H, s, H-2"); *C-NMR (100 MHz,
pyridine-ds) : 37.8 (C-1), 28.8 (C-2), 76.1 (C-3),
39.7 (C-4), 139.2 (C-5), 122.8 (C-6), 32.0 (C-7),
31.4 (C-8), 50.0 (C-9), 36.7 (C-10), 20.8 (C-11),
40.3(C-12), 41.2(C-13), 56.4(C-14), 31.8(C-15),
80.8 (C-16), 62.1(C-17), 16.3 (C-18), 19.3(C-19),
41.6(C-20),14.5(C-21),109.3(C-22), 31.4(C-23),
27.6(C-24), 30.3 (C-25), 66.8(C-26), 17.1(C-27),

166.7 (C-1"), 36.8 (C-2"). ZikyzUILK 1.
2.6 3P-MRIEZEREHREHTEMNERSLEED
FREX 0.49 g (1 mmol) 3B-FH FHi 2 F T Al LIRIE
NZKURIEE 1.95 g (10 mmol), &1 250 mL & JE LK
o, NP 25 mL, BT H bR R
KA B, RS R, DL SR - C10 - D
JRETFFA], TLC EARGI S NEFE, W 25 min, {5
1BV, D, HRUER, TR, SR 50
mL /K, R, HCE, BT EERARRTTE,
g, FEERR, BETE, ERE, 03g
P, WE N 45%. '"H-NMR. “C-NMR. MS Ji
B R : ESI-MS m/z: 541[M+H]"; "H-NMR (400
MHz, pyridine-ds) §: 0.767 (3H, s, H-18), 1.02
(3H, s, H-19), 0.94 (3H, d, J=7.2Hz, H-21),
0.765 (3H, d, J=6.8 Hz, H-27), 4.63 (1H, m,
H-3), 5.34 (1H, d, J=4.8 Hz, H-6), 4.38 (1H,
q, H-16), 3.44 (1H, dd, J=10.4, 3.2 Hz, 26-0H),
335 (1H, t, 26-pH), 3.15 (2H, s, H-2"), 2.94
(4H, m, H-1", 4"), 2.56 (4H, m, H-=2", 3");
BC-NMR (100 MHz, pyridine-ds) 8: 36.9 (C-1),
28.8 (C-2), 74.3 (C-3), 38.1 (C-4), 139.5 (C-5),
122.5 (C-6), 32.0 (C-7), 31.4 (C-8), 49.9 (C-9),
36.7(C-10), 20.8 (C-11), 39.8 (C-12), 40.2 (C-13),
56.4(C-14), 31.8(C-15), 80.8 (C-16), 62.1 (C-17),
16.3(C-18), 19.3(C-19), 41.6 (C-20), 14.5(C-21),
109.2(C-22),31.6(C-23), 27.8(C-24), 30.3(C-25),
66.8 (C-26), 17.2(C-27), 169.6 (C-1"), 60.1 (C-2"),
53.6 (C-1"4"), 45.6 (C-2"3"). ity 1.
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Fig. 1 Synthesis of six compounds
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PL 1% CMC-Na V&% 10 mg/mL, A4EE 810 3 it

mL/kg, M4T 100 mgkg, IARZ 2551 & 100
mg/(kgd), ELLL3d, TARIREGZIG 1 h BRIFE)
Y OREZ48, 54 mg/kg, ip), MEMIFEE, 2
BATSUR B ZESANE K . ER IR OHE (A
% 1.2 mm. ZM2 1.5 mm) BN —HEK 6 cm
fees . DU ZRAPLER KW (50 U/mL) 78l 2R
VSR LI o SR DU G L 1) — S 4l N 22 S0 M
JikG, SR DU O EHER b 50 Ulkg I3
Pikt, SRJEFPRE IR I G S B g — S 4l A A S
Biik. FTITEIKCR, ML AT U Sl bk it 42 58 DU i
LGN, R AEBANER K . TFBUALA 15 min J5
Wiy, RIEHH 2 e PRE i, SR 2 2 2
o A AR . AR LR 1. B E R
PLER,  BHAE 24 B0 ] DL ARAE Pt T 2o 1 W i
PUILRIE G (P<0.05). A RIIFEM T, 3p-
FERUETHIC T RN BRI, A
LA S DA v 1

* 1 EREHETTEYX KR 3N ERIKSE B MR K00

(xts,n=6)
Table 1 Effect of diosgenin derivatives on thrombogenesis

model of artery-vein bypass in rats (x+s,n=6)

i | A/ AR 5
(mgkgh /mg

ki) — 30.6+7.2
Fi =] JC Ak 100 154+8.1
HHR T 100 259+6.1
3B I i 1 e e 100 26.9+3.3
3B-FHIBIC ] RN 100 18.7+9.3"
3B- R O TR R 100 299+64
3B-H IR H T LR 100 293 +11.2
3P-HBRH LA LR 100 23.3+8.4
3B-WRIE LR 1 2 1 JC 100 254+ 823

LR L "P<<0.05

"P<<0.05 vs model group
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