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Synthesis and antitumor activity of isosteviol derivatives

LIU Yan', WANG Tingting"?, CHEN Li'*

" Department of Natural Medicinal Chemistry, China Pharmaceutical University, Nanjing 210009;
? Zhenjiang Institute for Drug Control, Zhenjiang 212000, China

Abstract To explore isosteviol derivatives with more potent antitumor activity, nine novel C-ring and/or D-ring
modified compounds (5-13) were designed and synthesized. The structures of the derivatives were identified by
IR, '"H NMR and MS. Cytotoxicity of all the target compounds was tested by MTT method in HepG2, HCT116,
Huh7 and SW620 cells, and the preliminary results showed that compound 13 exhibited a selective cytotoxicity
(IC5y =3.57 pmol/L) against HCT116 cell, and was comparable to that of sunitininb (ICs, =5. 62 pmol/L).
Compound 10 has good inhibitory effects on HCT116, Huh7, SW620 cell lines.

Key words isosteviol; derivatives; structural modification; antitumor; synthesis
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Figure 1  Structures of stevioside, steviol and isosteviol
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Figure 3  Structures of D-ring opened isoteviol derivatives
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Figure 2  Structure of isosteviol
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300 mL H, JRoaE 60 [ (AT i i S, DR
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Scheme 1  Synthesis route of isosteviol derivatives 2-13

Reagents and conditions:1) EtBr,KOH,DMSO,6 h,r. t. /BnCl,K,CO;,DMF,50 °C,6 h;ii) NH,OH. HCl, yridine,r. t. ,5 h;iii) Ac,0,p-TsOH,
CH;CN,90 °C,1 h;iv) SeO,,1,4-dixone,reflux,18 h;v)H,0, ,HCOOH,CH,Cl, ,r. t. ,24 h;vi)IBX,DMS0,80 °C,10 h

16-15 - F4r B85 LB (4) 1651 2(900 mg,
2.60 mmol ) % T ML IE (20 mL) H, Jin A £R R 72 i
(280 mg,4.06 mmol) , % 24 h f5 {5 (ke
B 38 KR R, CHL CL, AEHR (80 mL x3) , 45
JEEDAE . A HLZH 5% Wi ER BRI W, 10 Rk R &
B B R K A3 R 3 IR, TOOK BRI AN T
i, b R MR 4R, 45 U R IR [ 4 4 (776. 1 mg,
82% ) :mp 110 ~ 114 °C; ESI-MS m/z;384 [ M +
Na] ™,

16-15-F 8 H B F ALK RE(S) SRS W 4
WIS, LG Y 3 5 R SO il 45 H s
WA 5(92% ) , AR B4 mp 60 ~ 64 C;
C,,H,NO,;IR(KBr,v) :3 292,2 9481 7241 453,
1 235,1 153,930,737 ecm™';'H NMR (300 MHz,
CDCl,) §:7.35(5H, m,-CH,C, Hy),5. 18 (2H, m,
C,,-H),2.90 (1H, d, J = 14.31 Hz, C-H),2.21
(1H,d,J=8.4Hz,C-H) ,1.25(3H,s),1. 18 (3H,
s),0.75(3H,s) ; ESI-MS m/z:446[ M + Na] *

8a-( ZHRA)-1,4a,7-ZF -+ =&AL FE-1-
R TE(6) FLA1 4(350 mg,0.96 mmol ) %
T M (10 mL) , E LR, T ANEE R (270 wl) ,
(19 S N 30 min Ji5 i) B2 0 8 HE I A X HY 2 1k iR
(270 mg,0. 63 mmol) , 4k %% [F 37T S i 1 h J5, e 4a
SRV, LRI, 5 FF A DL, A HLZH 10% &

FALENIA R AN S ARV R A i R 3 Ik, oK
TREREN T8, 1 U8, e 46 15 11 €6 5 {4 6 (312 mg,
89% ) :mp 104 ~ 109 °C ; C,, H,; NO, ; IR (KBr, ») .
2948,2 849,2 2431 721,1 449, 1 145 cm ™'y
'"H NMR (300 MHz,CDCL,) §:5.37(1H,d,J =1.8
Hz,C,,-H),4.09 (2H, m, C,,-H), 2.58 (2H, m,
C,s-H),1.65(3H,s,Cp,-H) ,1.28(3H,m, C,,-H) ,
1.19(3H,s),0.69 (3H,s) ; ESI-MS m/z:366[ M +
Na]™,

8a-( ZEHL) -1, 40, 7-= H -+ — A AL FE-1-
RIRMRER(7)  SHALEY 6 Ml i, ik
G5 W5 B 7(85% ) , A [E 4 :mp 99 ~
101 °C; Cy, H,,NO,; IR (KBr, v):3 432,2 948,
2847,2 240, 1 723, 1 445, 1 149,740 cm™';
"H NMR(300 MHz, CDClL, ) &: 7.32 (5H, m,
CH,C, H,),5.37(1H,d,J=1.8 Hz,C,-H),5. 10
(2H,m,C,,-H) ,2.45(2H,m, C,.-H) ,1.63(3H,s,
C,,-H),1.19(3H,s),0.55(3H,s) ; ESI-MS m/z:
428[M +Na] *

8a-( LHE A& )-1,4a,7-= F H-5-A K-+ =AMk
FE-1-ZBR TE5(8) KA 6(50 mg,0. 14 mmol )
W 1,4-5 5 (5 mL) ,fillA Se0, (15 mg) ,fill
Pl O 18 h 55 1B FE, fif(ﬁﬂi’f@%ﬂﬁﬁ
BRER TSR, AR BE(15 mL x3) ZEHL, &
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Chp-H),1.19(3H,s),0.69 (3H,s) ; ESL-MS m/z.
442[M +Na] ¥,
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FE (15 mL) R, 10 R0 BK IR =AM T H A& 8
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2238,1 720, 1 451,1 150 ecm™';'H NMR (300
MHz,CDCl,) 8:4.09(2H,m,C,,-H) ,2. 58 (2H,m,
C,-H),1.62(3H,s,C,;-H) ,1.28 (3H, m, C,,-H) ,
1.17(3H,s) ,0.63(3H,s) ; ESI-MS m/z:382[ M +
Na] ™,

Ba-( LML) -1,4a,7-= F 2-6- 2K + w9 8% &
IE-1-F R AR A (11)  ZHULEY 10 16l 07
P 7 W EAME G 11(72% ) , 3 ALE A mp
94 ~97 °C; C,, Hy,NO, ; IR (KBr, ) :3 350,2 945,
2 851,2245,1720,1 451,1 145,798cm ™' ;'H NMR
(300 MHz, CDCL,) §:7.32(5H, m,-CH,C, H; ),
5.11(2H, m, C,,-H),2.55 (2H, m, C,S-H),ZSO
(2H,m,C,,-H) ,1.60(3H,s,C,,-H) ,1.19(3H,s) ,
0.69(3H,s) ; ESI-MS m/z:444[ M +Na] *

8a-( THF ) -1,40,7- = F 2h-6-AK-+ =&AL
JE-1-%0 OB (12) B AbaH 10 (50 mg, 0. 14
mmol ) 7FF DMSO(2 mL) / $i53, A IBX(70 mg,
0.5 mmol) ,85 CHEHE S )i, TLC £ ,12 h J5{& 1k
PERE, T BN IO 10 3 R, ) P A 2
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1451,1 027 em™';'H NMR (300 MHz, CDCl,) &:
6.01(1H, s, C,-H),4.12 (2H, m, C,,-H), 2. 79
(2H,m,C,s-H),1.66(3H,s,C,,-H) ,1.27 (3H,m,
Cy,-H),1.17(3H,s),0.65(3H, s) ; ESI-MS m/z:
380[ M +Nal*,

8a-( LR )-1,4a,7-= F -6-A K-+ =&
WIE-1-F A BB A (13) SIS 12 &
Fik, A E Y 11§48 HErE &9 13(35% ) ,
[ 14 :mp <50 °C ;C,,HyyNO, ;IR (KBr,v) ;3 434,
2947,2850,2 245,1 730,1 451,1 135 em ™'
'"H NMR(300 MHz, CDCl,) &: 7.32 (5H, m,
-CH,C, H,),5.95 (1H, s, C,-H), 5. 18 (2H, m,
C,-H),2.72(2H, m, C,;-H) , 1. 60 (3H,s,C,-H)
1.22(3H,s),0.50 (3H,s) ; ESI-MS m/z:442[ M +
Na]®,
2.3 BB BN

AT ILHIT 9 AFL S, IR MTT 3%
Xt BARAL G 9 BEA T A S e i 4 i (3%
1) o B F 48 804 K 0K 28 14 59 o 4 i
(HCT116,Huh7, SW620 Jz HepG2 ZH L2 ) , il A
0. 25% P25 PR PL IR, 3P0 (8 0 B 200 e Bt 7% , ol
WAEZTE2 x10° ~4 x 10" U AR . B i
BT 96 FLAR I, B AL 180 wL, J& [ H PBS
W, B CO, FiFRMi 5% 24 hy A ZIK
254, 4L 20 wL, 8537 48 h, ¥ MTT 3550 A £
96 fLARH, BEFL 20 pL, FiREIEIFE 4 he TR
5 A AR P IBAA, BEFL I DMSO 150 L, SFAR
PERYRAE 5 min, W45 o TG H0 128 46 043 AE
WK 570 nm kb AL IR . DLET R B R
(sunitininb ) 27 B X AR
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Table 1  Inhibition activity of compounds 4-13 against HCT116,
Huh7,SW620 and HepG2 cells

IC5y/ ( mol/L)

Compd.

HepG2 HCT116 Huh7 SW620
4 >25 22.4 >25 >25
5 >25 18.7 19.2 16.2
6 >25 16.9 14.9 15.2
7 >25 23.5 >25 22.5
8 >25 18.3 21.2 20.3
9 >25 >25 23.7 >25
10 >25 9.1 9.5 8.9
11 >25 15.6 17.1 16.8
12 >25 15.5 16. 1 14.9
13 >25 3.57 15.2 13.4
Isoteviol >25 >25 >25 >25
Sunitinib 7.78 5.62 3.03 6.25

3 AR5

3.1 BARALA- Mo FT S BT TR ik

PRSI 15 PE R T T 25 SR s, Ak &
Y% JUA 2 200 ek 2 B0 10 AS T) A 4 e 5 k5
o A B ARG W KRR AL G ) T A R
HepG2 fE FH &: 59, A LT B A H ¥5 1k & 9 X
HCT116, Huh7, SW620 41 Jitd it fifr 9 7% M 24588 F 5
FHAEEE fb A 6 ~ 13 TR LAY 4.5 5, Horp
A5 13 X A5 T4 HCT116 R3S W] 5 1Y)
VERRIE , LA BE A FH 9 T FH X B AT e B e, 1k
44710 %t HCT116, Huh7, SW620 545 45 o 311 4
YEM .
3.2 e F MK AT

VIR R A HT AT A1 15 58, Co-COOH. AN
[vi) X g 3% M AT AS [l sz ), DR B D SR AT AR
Y, Coo RBRITAEY 5 TS AR T S BRfT A= 45 1
D I, K248 C oo SHERTAED G
PERIET Co RERITAEY) , k59 6 .8 .10 5 PEEy
SR FAHR AR ER AT AE Y 7.9 11, Hak, A R
P, C-I LA A W B¢ C-30 U AT A 1 pi I g
TEPESR, N4k 44 10 X HCT116, Huh7, SW620 3
Tl P T 4 L B L 1 245 AR A 6.8 12,
& I, D-SRIF IR AT AR P48 D-3R A TT 307 A= 76
U, Wk A4 6 .8 .10 12 X HCT16 i 1C5, 5351
416.9,18.3,9.1,15.5 umol/L, Wifb &4 4 1
1Cy, 4 22.5 pmol/L,
3.3 %

ATIFGE I A ) 5l 4 . C-3F  D-BRE 17 25 44

B o K Co-COOH Fgfk, FLBt5 i 9 A~k
DL SCHRARGE A B4 o PRSI T P i ik 2 B
KIS HA — o B PU IR o , o, D-3F
T H C-HEA a,B- AN FHH 28 S R HAR 1)
fir= 9 13 L3 6k A48 i Je HCT116 21 i Y ik £
PEMAE ] (1G5, =3. 53 wmol/L) , 55 FHPEXT B &F
JER e (1Cs, =5. 62 pmol/L) iEPEAH 24 ; [Rl A H A
D-FRFFIME C-FA AT 20 O B 22 S s S AR )
fiHE 4 10 %t HCT116 , Huh7 , SW620 445 4555 3 i
ER . WA 25 0 5 A A —2, RS
A, B- AN FI R 28 I A A F i e 2R AT AR
PIR P 5 1, LR A AR R A ik — 25
5% -
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FELE UL SE , TAF 7E 1M 3¢ FA 2 i Ae e P Lk TDF 4T, 33 A HBV J@UL i 4t i J5 T e (R i KR BE I S8 1 o AR Y
e PR 16 34 2 30 Ay « 7 JHF 240 L R e 28 2 20 e R 8 D RB AR A L 9 97 2, E U s 80 R o &, 7 5 77 B A TDF 1y
1/12 ~1/30, T 40 I BE 155 4 3% , M5 VR BEAIG 90% , HL % & MEALF TDF , £ SLRINAER B DI REAI-E- 2 B 1 i AR 40
Tt 3 2020 4FZ% 259 10 8 S BN A 2 37 {036 TT,

2. T # 2k 3% 37 ( Atezolizumab )

BT SR BT — b TR BRSBTS , B8 5 T T e 200 R e F ) ) S E A A PD — L1 2 38, X T 4ii A
OB AR o PR Bk BAPTXT 2 Fh S AR R B R AP AT R I RIS TR S , BT B BT P (0 155 2 Jo 1) Jmy e I S0 e
ROV DR B b R A0 B JB5 e 88 28 & ) e R R AR A /0N o GO , BT SR BT IR B s v A 5 S80S R JR Sl /N A P it 98 A 8. T
T3 2020 4% 259 1 BB ALKA B 26 123600,

3. Ocrelizumab

Ocrelizumab & —F 584 NIEALST B 4l CD20 15U il 57 B se B BT A, 3220 TRYT 2 A MERE A R XU 56 1y
#o Ocrelizumab (11l PRAOGFFRIULE X B (145 1 B8 77 S5 , LA A6 20 M 2 P o P T, e B M AR, 7 8 T ] &
AT — 322, A I TAYT MS Y259 55 H 2525 1 802 IR, M Ocrelizumab {XUF 6 J3 V56—, HMURR ) 45 24 & 91 T
BEUCEBEMKMNE . — B Ocrelizumab RAE F 17, TCRER B IZ SR AALHE o Tt 3] 2020 £E3% 259 19 55 15 Bk
k%) 21 {2378,

4. #4%E-F /4R B 8] F (Grazoprevir/Elbasvir)

WAt T3/ R E R TR RN L IR/ R PN 12 A, 5024 J8 o A% 5 /4K B R 35 A im PRAOC AL T30 AR 1A
B WA R UER & 1 SVR IG5 90% o I Ah, #6138 35 /4K 2 W) 5 X HCV/HIV JE[R] g i 58 4, SVR 7] ik
87% ~97% o A A RN FEAEZ S O RN ALT/AST 22 Tt o S5 2020 4532245 ) 04 B9 B B0k
k#) 21 {23678,

(A R, AT A M %)






