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Synthesis of diosgenin derivatives and their antithrombotic activity (II)
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Abstract: Objective To search antithrombotic substances from diosgenin derivatives by structure modification. Methods The

target compounds were synthesized by esterification reaction with diosgenin as the leading compound. Antithrombotic activity of these

compounds was examined using the thrombogenesis model of arterio-veinous bypass in rats. Results Nine compounds were prepared

and their structures were confirmed by spectral methods (NMR and MS). Two compounds (Di-8 and Di-9) containing salicyl group in

structure showed promising antithrombotic activity in screening experiment. Conclusion The group of the proper active moiety in

structure could improve the antithrombotic activity of diosgenin.
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JSUN 5 | N RN R FR RS (A, T s— R A4k
a1, HAMbEW L NMR. MS 255 A
21 3pkBEIEREHT (Di-1) BEK"
FRECEF A0 8.28 g, /KR 5.52 g, 11 200
mL K ZE R, Wi, VKA ETRIIA N, N'-
TIREFER W% (DCC) 9.28 g Fl 4- - HI (N
e (DMAP) 20 mg, TLC W[V idtfe, kW)
6 ho JRMWIREH REERAE IS5, 159 3-/Kik
BHUEFC2.5g, WK 18.4%.
22 3B-AEMEFTREHFT (Di-2) BIEK
FRECEF S0 8.28 g, HERR 5.92 g, M1 350
mL JTEK TR, iR fEUKAHITI I DCC
9.28 g fll DMAP 40 mg, =il FJW, TLC WK
NERE, RMNZ)12h, NVIEIER, JEWET, 19
HEM K 732 g, WEN 67.3%
23 3B-CEKEFEBEFREHIT (Di-3) BHEK
FREL “2.17 T4 3p-/K Bk #2110 107
mg, N1 20 mL HERE, OKAEAHTT, JaBEEEAR N 3 mL
PRI, SN RN . TLC Wil S Sidefe, ey
WATAVKKH, T AR, g, KOEERIE.
13 3B- LBK ML EH ST 710 mg, RN 60%.
2.4 3B-AHEERIRIEZCEEHREH T (Di-4) BIERK
24.1 WA G FRIARERR 3.7 ¢, BT
o, 2N 5 mL —&OFH, 1 JEINE, o
WHZZEINAE 65 C, ABES E T HP< A, NaOH
IKEBIR M= E AR, 29 45 min B, 51ROV ., 78
Hiid i SOCL, 19 RFERES 900 mg, W 22.7%.
2.4.2 3B-WAHEERIRIE LWL EHUE oA R K
BRI 2B 2 973 27 U6 270 mg, I 6 mL oK &
F b, BRI EEESE 120 mg, ZEUK/KIRVAE1 R0
PRI I S — S Be i, I\ 5 mg DMAP, TLC
WS N IR, S N RN . ROV INAK,
SRR 2 W (30 mL X2), HHZZET, 15 3p-
WFERRIKE L IE S #2110 220 mg, UF 65.4%.
2.5 3B-ZEAMIEREAEFEH T (Di-5) HISHK
251 CBERTEERR ARG FREXSTEERR 9.7 g, N
200 mL FLmEAE, N GBREF 9 mL, TLC W%
NHERE, OV 12 he BRI KT, 50
iR 3 I ANUZKIK IR EEER, MF NaHCO;
WIRVEEE, oK MgSO, T, eI, 7T, fArf
MR 102 g, WHEH 84.4%.

252 LPEFTERER A G PRI SRR ARRR 1.2 g,
SN 5 mL S0, 1 ke, s gzg i
WA 65 C, BB T EHAE, NaOH /KT
W= A R SAR, ONZY 60 min B, {551 W . X
AR ZE T, AR AR K.
253 3B-CBEBTELEEEFEAT OGN AR LB
P ZRMES 500 mg, ¥ T /K S e, MECEHIE
176 500 mg, ¥ THEEET, RV s, AR
LR BRIE ST, TLC MRl S N ERE , S 24 ho
NI EIK, 28 AR IAVKK, Bt
HEAERAR, . WA 5, 15 3p-4
T e 2 5 55 951 2 1 T 200 mg, RN 21%.
2.6 3B-ZELKFERVKIE CEtEH B2 E T (Di-6) B
B

FREUIR R L E 2 700 2.16 g, W TJK =
Bt ¥ WK B AT & P b, 7E
VKA HIT, S8 AILd, TLC W M ERE, %
I3 h, K R IREI K, FHUZEZET, AR
ek, R, 19 3B- AWK IRIR R L i e 1 o
1.5g, WHH 23.4%.
2.7 3pEBEFREEIT (DI HAEK

FRECHIR 2.6 g, AOAMERE 20 mL, {E 45 ‘CLA
NN 2 mL POCLs, WINssEe s, 1F 45 C N RN
1 h, B, FRECEHETIC 1 g IMAMHBEE
S NI, THEZ 70 °C, HIR SN 3 h, [0V
ARG A, A, g, DRNERGE, T
M, 13 3B-MHEEE WIS IC 1 g, WOK 80%.
2.8 3B-WKFEHMEFHREEITT (Di-8) HIEMK

FRECEHURITI0 4.14 g, RUKMIRNER 5.12 g, &
FIAKZE R, VKA F I DCC 4.64 g, DMAP
20 mg, i FHERE, TLC W s BBERE , [ W4T 4 he
i R AR RAT A 43 25, 13 R K 1.76 g, UH 26.8%.
29 3PB-CEBEKGEMREBREBRERERT T
(Di-9) By& /™
29.1 ZBIKMEA EEREIE IO BOKIR
54 g, T 30 mL AEBE, 0 °C NIMMIZEA#EHES 4 mL,
30 min JE A 2238 5 g, VKRR 4 h, KWV
WA VKACR S . A, S8, kel ik,
LBEESS i, 13 SR BT 3.5 g, W 37.2%.
29.2  LMKFRITERIR RIS BRI LKW
Tk 7 BEETE 2.0 g, 40 mL /KW, 1.4 g A
%, BN, 70 T, NV 8 h, H FREERAE
WA, 198 LK R BRIRTE 1.4 g, WK 61.7%.
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Fig.1 Molecular formula and structures of diosgenin derivatives
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F1 BRESTTITEY ESI-MS F1 'H-NMR (47
Table 1 ESI-MS and '"H-NMR data of diosgenin derivatives

waEw

ESI-MS

'H-NMR (400 MHz, CDCl5)

Di-1

Di-2

Di-3

Di-4

Di-5

Di-6

Di-7

Di-8

Di-9

535 [M+H]"

541 [M+H]

599 [M+Na]"

671 [M+H]

633 [M+H]"

703 [M+H]

520 [M+H]

655 [M+H]"

743 [M+H]

0.77 (3H, s, H-18), 1.02 (3H, s, H-19), 0.96 (3H, d, J = 7.2 Hz, H-21), 0.78 (3H, d, J = 6.0 Hz, H-27),
4.87 (1H, m, H-3), 5.41 (1H, d, H-6), 4.40 (1H, q, H-16), 3.45 (1H, dd, J = 10.4, 3.2 Hz, 26-Ha), 3.36
(1H, t, 26-HP), 7.82 (1H, dd, J = 8.4, 1.6 Hz, H-4'), 6.94 (1H, dd, J = 8.4, 1.6 Hz, H-7"), 7.42 (1H,
ddd, J = 8.4, 1.2 Hz, H-5'), 6.85 (1H, ddd, J = 8, 1.2 Hz, H-6'), 10.87 (1H, s, 3'-OH)

0.79 (3H, s, H-18), 1.05 (3H, s, H-19), 0.95 (3H, d, J = 7.2 Hz, H-21), 0.78 (3H, d, J = 6.0 Hz, H-27),
4.73 (1H, m, H-3), 5.38 (1H, d, H-6), 4.39 (1H, q, H-16), 3.44 (1H, dd, J = 10.4, 3.2 Hz, 26-Ha), 3.36
(1H, t, 26-HP), 6.40 (1H, d, J = 16 Hz, H-2'), 7.65 (1H, d, J = 16 Hz, H-3'), 7.49 (2H, t, H-5', 9"), 7.35
(3H, t, H-6', 7", 8')

0.77 (3H, s, H-18), 1.02 (3H, s, H-19), 0.96 (3H, d, J = 7.2 Hz, H-21), 0.78 (3H, d, J = 6.0 Hz, H-27),
4.87 (1H, m, H-3), 5.41 (1H, d, H-6), 4.40 (1H, q, H-16), 3.45 (1H, dd, J = 10.4, 3.2 Hz, 26-Ha), 3.36
(1H, t, 26-HB), 8.00 (1H, dd, J = 8.4, 1.6 Hz, H-4"), 7.52 (1H, ddd, J = 8.4, 1.2 Hz, H-5"), 7.30 (1H,
ddd, J = 8.4, 1.2 Hz, H-6'), 7.06 (1H, d, J = 8 Hz), 2.33 (3H, s, H-2")

0.79 (3H, s, H-18), 1.02 (3H, s, H-19), 0.95 (3H, d, J = 7.2 Hz, H-21), 0.78 (3H, d, J = 6.0 Hz, H-27),
4.66 (1H, m, H-3), 5.36 (1H, d, H-6), 4.38 (1H, q, H-16), 3.46 (1H, dd, J = 10.4, 3.2 Hz, 26-Ha), 3.38
(1H, t, 26-HB), 3.39 (2H, s, H-2'), 3.83 (4H, br s, H-1", 4"), 2.83 (4H, br s, H-2" 3"), 6.83 (1H, d, J=15.6
Hz, H-2""), 7.66 (1H, d, J = 15.6 Hz, H-3""), 7.48 (2H, m, H-5"", 9", 7.36 (3H, m, H-6"", 7", 8'"")

0.79 (3H, s, H-18), 1.07 (3H, s, H-19), 0.95 (3H, d, J = 7.2 Hz, H-21), 0.78 (3H, d, J = 6.0 Hz, H-27),
474 (1H, m, H-3), 5.41 (1H, d, H-6), 4.40 (1H, q, H-16), 3.46 (1H, dd, J = 10.4, 3.2 Hz, 26-Ha), 3.38
(1H, t, 26-HP); ZBEFIEEmE%E: 6.36 (1H, d, J = 15.6 Hz, H-2"), 7.62 (1H, d, J = 16 Hz, H-3"), 7.10
(1H, s, H-5"), 7.11 (1H, d, J =7.6 Hz, H-8'), 7.04 (1H, d, J = 8.4 Hz, H-9"), 3.86 (3H, s, OCHj3), 2.32
(3H, s, OAc-)

0.75 (3H, s, H-18), 1.02 (3H, s, H-19), 0.96 (3H, d, J = 7.2 Hz, H-21), 0.75 (3H, d, J = 6.0 Hz, H-27),
4.70 (1H, m, H-3), 5.35 (1H, d, H-6), 4.40 (1H, q, H-16), 3.45 (1H, dd, J = 10.4, 3.2 Hz, 26-Ha), 3.34
(1H, t, 26-Hp), 3.83 (2H, s, H-2'); WEREFF: 4.72 (1H, br s), 4.14 (1H, br s), 3.82 (2H, br s), 3.50 (2H,
brs), 3.38 (2H, br s); ZB/KMBELEE: 7.45 (1H, m), 7.27 (2H, m), 7.12 (1H, d, J = 8.4 Hz), 2.29 (3H,
s, OAc-)

0.80 (3H, s, H-18), 1.02 (3H, s, H-19), 0.94 (3H, d, J = 7.2 Hz, H-21), 0.79 (3H, d, J = 6.8 Hz, H-27),
4.90 (1H, m, H-3), 5.42 (1H, d, J = 4.8 Hz, H-6), 4.40 (1H, q, H-16), 3.47 (1H, dd, J = 10.4, 3.2 Hz,
26-Ha), 3.37 (1H, t, 26-HP); MHIRIEA]: 0.98 (1H, q), 8.34 (1H, d, J = 8 Hz), 8.34 (1H, d, J = 8 Hz),
8.77 (1H, d,J = 4.4 Hz), 9.22 (1H, 5)

0.78 (3H, s, H-18), 0.99 (3H, s, H-19), 0.96 (3H, d, J = 7.2 Hz, H-21), 0.75 (3H, d, J = 6.8 Hz, H-27),
476 (1H, m, H-3), 5.29 (1H, d, J = 4.8 Hz, H-6), 4.40 (1H, q, H-16), 3.47 (1H, dd, J = 10.4, 3.2 Hz,
26-Ha), 3.37 (1H, t, 26-Hp); MUK#ERFEH]: 0.84 (1H, s, -OH), 8.13 (2H, q), 7.64 (1H, t, J= 8 Hz),
7.54 (1H, t, J = 7.2 Hz), 7.40 (1H, t, J = 7.6 Hz), 7.22 (1H, d, J = 7.6 Hz), 7.04 (1H, d, J = 8.4 Hz),
7.00 (1H, 1, J = 8 Hz)

0.80 (3H, s, H-18), 1.04 (3H, s, H-19), 0.98 (3H, d, J = 7.2 Hz, H-21), 0.79 (3H, d, J = 6.8 Hz, H-27),
475 (1H, m, H-3), 5.41 (1H, d, J = 4.8 Hz, H-6), 4.41 (1H, q, H-16), 3.47 (1H, dd, J = 10.4, 3.2 Hz,
26-Ha), 3.38 (1H, t, 26-HP); ZWi/KIR-FIBEIRIEH]: 8.24 (1H, dd, J=8, 1.6 Hz), 7.64 (1H, d, J =
16 Hz), 7.64 (1H, s), 7.39 (1H, t, J = 8 Hz), 7.15 (4H, q), 6.38 (1H, d, J = 16 Hz), 3.84 (3H, -OCHj3),
2.29 (3H, -OAc)
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Table 2 "“C-NMR data of diosgenin derivatives

ey

BC-NMR (100 MHz, CDCl;)

Di-1

Di-2

Di-3

Di-4

Di-5

Di-6

Di-7

Di-9

36.9 (C-1), 28.8 (C-2), 74.3 (C-3), 38.1 (C-4), 139.3 (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), 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-17), 112.9 (C-2'), 161.7 (C-3"), 117.5 (C-4"), 135.5 (C-5"), 118.9 (C-6"), 129.9 (C-7")

36.9 (C-1), 28.8 (C-2), 73.9 (C-3), 38.1 (C-4), 139.7 (C-5), 122.4 (C-6), 32.0 (C-7), 31.4 (C-8), 50.0 (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), 80.7 (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),
166.3 (C-1"), 118.7 (C-2'), 144.4 (C-3"), 134.5 (C-4'), 128.8 (C-5,9"), 128.0 (C-6/, 8'), 130.1 (C-7")

37.0 (C-1), 28.8 (C-2), 74.6 (C-3), 38.1 (C-4), 139.5 (C-5), 122.7 (C-6), 32.0 (C-7), 31.4 (C-8), 49.9 (C-9), 36.8
(C-10), 20.8 (C-11), 39.7 (C-12), 40.2 (C-13), 56.4 (C-14), 31.8 (C-15), 80.7 (C-16), 62.1 (C-17), 16.3 (C-18), 19.4
(C-19), 41.6 (C-20), 14.5 (C-21), 109.2 (C-22), 31.4 (C-23), 27.8 (C-24), 30.3 (C-25), 66.8 (C-26), 17.1 (C-27),
169.5 (C-1), 123.7 (C-2), 150.5 (C-3), 124.0 (C-4"), 133.6 (C-5', 9'), 125.9 (C-6', 8", 131.7 (C-7"), 163.9 (C-1"),
21.1 (C-2")

36.8 (C-1), 28.7 (C-2), 75.6 (C-3), 37.9 (C-4), 139.1 (C-5), 122.7 (C-6), 32.0 (C-7), 31.5 (C-8), 49.8 (C-9), 36.6
(C-10), 20.7 (C-11), 39.6 (C-12), 40.2 (C-13), 56.4 (C-14), 31.8 (C-15), 80.7 (C-16), 62.1 (C-17), 16.2 (C-18), 19.2
(C-19), 41.6 (C-20), 14.5 (C-21), 109.2 (C-22), 31.5 (C-23), 27.6 (C-24), 30.3 (C-25), 66.7 (C-26), 17.1 (C-27),
165.4 (C-1'), 57.4 (C-2); WRIEFR: 52.0, 44.4, 40.7 (C-1", 2", 3", 4"); KERZHEIE: 166.8 (C-1""), 116.2 (C-2"), 143.6
(C-3"), 134.9 (C-4""), 128.6 (C-5"",9"™), 127.7 (C-6"", 8", 130.2 (C-7")

37.0 (C-1), 28.8 (C-2), 74.1 (C-3), 38.2 (C-4), 139.7 (C-5), 122.5 (C-6), 32.1 (C-7), 31.4 (C-8), 49.9 (C-9), 36.8
(C-10), 20.8 (C-11), 39.7 (C-12), 40.3 (C-13), 56.4 (C-14), 31.8 (C-15), 80.8 (C-16), 62.1 (C-17), 16.3 (C-18), 19.4
(C-19), 41.6 (C-20), 14.5 (C-21), 109.3 (C-22), 31.4 (C-23), 27.9 (C-24), 30.3 (C-25), 66.8 (C-26), 17.1 (C-27); 4
TR B BE L 166.2 (C-17), 118.9 (C-2'), 143.7 (C-3'), 133.5 (C-4"), 121.2 (C-5'), 151.4 (C-6'), 141.3 (C-7"), 111.2
(C-8"), 111.2 (C-9"), 55.9 (C-1"), 168.7 (C-2"), 20.8 (C-3")

36.7 (C-1), 28.7 (C-2), 76.7 (C-3), 37.8 (C-4), 138.8 (C-5), 123.1 (C-6), 32.1 (C-7), 31.3 (C-8), 49.8 (C-9), 36.6
(C-10), 20.7 (C-11), 39.6 (C-12), 40.2 (C-13), 56.3 (C-14), 31.7 (C-15), 80.7 (C-16), 62.0 (C-17), 16.2 (C-18), 19.2
(C-19), 41.5 (C-20), 14.4 (C-21), 109.2 (C-22), 31.3 (C-23), 27.5 (C-24), 30.2 (C-25), 66.8 (C-26), 17.1 (C-27),
163.5 (C-1"), 55.2 (C-2); WRMEIL: 51.0, 44.0, 38.4; ZW/KMEEE: 169.5, 123.0, 147.5, 126.1, 131.3, 127.4, 127.7,
21.0, 166.8

36.9 (C-1), 28.8 (C-2), 75.2 (C-3), 38.0 (C-4), 139.4 (C-5), 122.7 (C-6), 32.0 (C-7), 31.3 (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), 80.7 (C-16), 62.0 (C-17), 16.2 (C-18), 19.3
(C-19), 41.6 (C-20), 14.4 (C-21), 109.2 (C-22), 31.8 (C-23), 27.7 (C-24), 30.2 (C-25), 66.8 (C-26), 17.0 (C-27);
FRIEM: 123.4, 126, 137.1, 150.7, 153.0, 164.5

37.0 (C-1), 28.8 (C-2), 75.2 (C-3), 38.0 (C-4), 139.7 (C-5), 122.4 (C-6), 32.0 (C-7), 31.8 (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), 31.9 (C-15), 80.8 (C-16), 62.0 (C-17), 16.3 (C-18), 19.3
(C-19), 41.6 (C-20), 14.5 (C-21), 109.2 (C-22), 31.4 (C-23), 27.8 (C-24), 30.3 (C-25), 66.8 (C-26), 17.1 (C-27); &
Btk A 2P BRI 1: 55.9 (-OCH;), 20.9 (-OAc), 169.6, 166.2, 162.2, 151.5, 151.2, 143.7, 141.2, 134.6, 133.7,
132.4,126.1, 124.0,123.4,122.3,121.2, 118.9, 111.3
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R3 EWMEEITEYN KR NERIKSS I M2 AT
(xts ,n=6)
Table 3 Effect of diosgenin derivatives on arterio-venous
bypass thrombosis (x +s,n =6)

gl F/ (mgkg ") 1A% 5 E/mg
ki) — 20.6+7.2
R =] G AR 100 10.5+7.1"
FHE T 100 16.1+52
Di-1 100 21.5+8.6
Di-2 100 234435
Di-3 100 20.5+3.7
Di-4 100 22.8+76
Di-5 100 23.7£38
Di-6 100 24.1+6.4
Di-7 100 293+12.1
Di-8 100 8.9+4.1"
Di-9 100 7.6+327

SRR TP<0.01
P<0.01 vs model group

4 itig

AHIFFEIE T 15 PR IR LA B ks> 1 i AS R v
AN B G T RAMED . TERSIHt
AR T s PR VEAN 3 A RUK M RS A A5 )
Di-8 ]I 51 A BT8R LA e K BEE AL &4
Di-9 Won T RR AN YE, i LA A T R
WAV ER R0, SR AT, 54
WK B K B Ik DL A PR B BRI AR R A 5 )
RERTEE . X2 3 S i M A 5 LN AT
DAY i 2 2 A o B AR T e v, FLTE PR SE

RIEH B TR e B O C . E VBT e R AR
T 5 NRTE S AR SR AT AL, SAE R a]
REE L 2 Fhig AR A 1 /MR DI RE . K BL. B3k
BEAE LN SIS S HE T, 2 B I ik ey
Fr BEZ B RVE A fr D050 T AT s
PEAL S0 T T A I 1) 5% i LEAE PP v
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