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Synthesis and Antitumor Activity of Cyclopamine Analogues

ZHENG Xiao-hong , GUAN Tong-wei, HAN Xu-ran, WANG Shi-sheng* ,ZHAO Wei-jie
Dalian University of Technology , College of pharmaceutical science and technology ,Dalian 116023 ,China

Abstract: Cyclopamine is a steroid alkaloid with Hedgehog signal pathway inhibitory activity and exhibits significant an-
titumoractivity. In this study, cyclopamine analogues were synthesized by reduction, oxidation and methylation from an a-
vailable alkaloid,jervine. The structures of the yielded compounds were determined by MS,1D and 2D NMR. Structures
of compounds 4,9 and 10 have not been reported previously. The antitumor activities of the 10 synthesized compounds a-
gainst Aspc-1 and SGC-7901 cancer cells were evaluated by MTT method.
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Fig. 1

The selective reduction of jervine

W7 2 P AR AR (S IR TE] W %) (o) — 4 — 2 %, /K3 M, 200 °C (4 h,40% ) ; (b) NaBH, , CH; OH, —47/<Ff,80 °C (48 h,67% ) ; (¢) Li-

AlH, ,THF,0 “C (12 h,35% )

1.2 N5 o, - B FAER AL B4 IE IR

WEY 2 FRI40 mg £ JF % T 25 mL = |
HOIMA S mL —45 = 2 %, 80% 7K 45 ik 600 L,
120 mg NaOH, A IR E 160 °C, B 4 h, JfJEZE
TRBR IR 43 FER A B 7K A5 . 600 W ,200 °C R, fi
PN 4 he HRKI RN Z RS, HRB R E
Mo JEALEE A S mL K A& A B =K, A HLE
TCAKBRER G T8, 2k U8, V80 25 1R [mT Ac 5 790 A5 4 ™
Mo RERCHE (LG 53 25, YR LA A5 A
ZOME=1:7:0.1, 15 [EAK 15 mg, [0 T0E B
K , Dragendorff i) B AF L1 6, ESI-MS:m/z 410[ M
+H] ", A+ K C,H, NO,,'H NMR (400 MHz,
CD,0D) §:0.96 (3H,d,J =6.8 Hz, H21),0. 97
(3H,d,J=1.7 Hz,H27),1.09(3H,s,H-19) ,1. 64
(3H,s,H-18),2.66(1H,t,/ =9.6 Hz,H-22) ,3.05
(2H,dd,J =10.1,5.5 Hz,H-26),3.41 (1H,m, H-
3),3.55(1H,td,J=24.7,5.7 Hz,H-23) ,5.38(1H,
t,/=2.6 Hz,H-6) ;" C NMR (100 MHz,CD,0D) §:
36.3(C-1),30.6(C-2),71.1(C-3),39.2 (C4),
143.1(C-5),121.2(C-6),28.4(C-7) ,41.1(C-8),
48.6(C9),31.3(C-10),30.4(C-11),125.9 (C-
12),141.7(C-13) ,42.0(C-14) ,24.1(C-15) ,27. 4
(C-16),85.9(C-17),11.8(C-18),17. 6 (C-19),
38.3 (C-20),9.5(C-21),65.5(C-22),74.5(C-
23),38.0(C-24),30.6(C-25),52.0(C26),17.5
(C27) o S3CHR™ Bt B, B A 2 9 FREUNE

WEW3 ERT K20 mg NI T 2 mL —

FUNE SEE N 2 mL R, SRk A S e sE 4
Wi o A NaBH,40 mg, 5y 48 h 2460 S )
Lk, AR I B =, 50 BE : DI KR,
B BR AR . R M R S, oK T =
Fo A AW, A HIAEF JC K B R gl T8, i
U8 Vel MDA RIS AR RS i . LR ST A
fif: =M =1:2:0.1 R I, #)2 H 5 Mo 5,
A EAR 13.5 mg, [ IJ0E R A , Dragendorff
WA AL, ESI-MS:m/z 430[ M + H] ™, /33X
H CpHiNO, o BEEE L 2.
L&Y 4 FREL15 mg A I5RE, % F 5 mL THF

H UK T 40 mg LiAIH, N, {45 F SO, 2
R s W 260k I A5 1R RO o S AR B finff AT NH, CL
PR SN, IR CTRAH =, A HLIZE I JCK i
PR 0, b U, 980 [T A (AR R i . —
AWGE: AmE: =M =9:1:0. 1 Hl &5, 15
HEEA 5.5 mg, FJEE R K, Dragendorff
FIBAFL A, ESI-MS: m/z 446[M + H] 43 F X,
1 CHNO, o A L2 2,
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Fig. 2 The oxidation and methylation of Jervine
Fe A B SR E], W) < (d) S INESEER BRCER , 110 °C (48 h,80% ) (e) CH,1,K,CO5,0 °C (24 h,92% ) (f) mCPBA, CH,Cl,,25 C (24

h,30% )

F 2k C,,H,,NOJH NMR (400 MHz,CDCl;) §:5.75
(1H,s,H-5),3.33(1H,td,J =10.6,3.9 Hz,H-23),
3.10(1H,dd,J=12.5,3.8 Hz,H-26a) ,2.73(1H,t,
J=9.3 Hz,H-22) ,2.15(3H,s,H-18),1. 17(3H,s,
H-19),0.98(3H,d,J=7.6 Hz,H21),0.96(3H,d,
J=7.6 Hz,H-27)

WA 6 PRI A0 mg 4-45-3-FR A5 i (5) T
5 mL Z B, A K,CO, 70 mg, K& R, LA CH,1
0.25 mL, TLC ¥l o i 2 1k, 455 1k ) i o S Ab 32 .
IR ZEARZE BRI ), oK RN G452 B, 405 2 TE /K i
FRAEN T4, 3 08, DR RN 0 . il 28 A o0 5 ( & TR
G e =2 =1:1:0. 1), 75 [5 {4 38 mg [
L [E K, Dragendorff i i 4% 41 {1, ESI-MS.m/z
438[M + H] ¥, 4 F 5K CHyyNO, ,'H NMR (400
MHz,CDCL,) §:5.75(1H,s,H-5),3.33(1H,td,J =
10.6,3.9 Hz,H-23),1.05(3H,d,J =7.2 Hz, H-
21),0.97(3H,d,J =7.2 Hz,H27),1.16(3H,s, H-
19),2.22(3H,s,H-18),2.26(3H,s,N-CH, ) ,

&M T f& Ik FEEY 6., HEARIK, Dra-
gendorff i 7| 4% 21 €@, ESI-MS: m/z 440 [ M +

H]*, 4+ K CyxH, NO,,"H NMR (400 MHz,
CD,0D) §:5.42(1H,s,H-5),3.41 (1H, m,H-3),
3.52(1H,td,J =10.6,3.9 Hz,H-23) ,2.87(1H,J =
12.5,3.8 Hz,H-26a),2.28 (3H,s, N-CH, ) ,2. 18
(3H,s,H-18),0.99(3H,d,J =7.2 Hz,H-27),1.05
(3H,d,J=7.2 Hz,H21),1.02(3H,s,H-19) ,

L&Y 8 FREL 40 mg /25 Ml T 4 mL — 5
BEr , FREX 32. 4 mg mCPBA 3% T G H e, i hn
2,28 CF S 24 he TLC A& B b 26 1k
Ja AE RN o JEARER iR AN NaHCO, %3 5 mL,
JEZUAEE 15 min, 5 BEAR B =R, AT HLZ FJEK
BB e TG, 1 U8, D80 DSOS 700 o il 8 B o0 B8 ( —
AW B Mk =2 =2:1:0.5) ,43 12 mg ({8
[ 44 , Dragendorff 857 4% £ {6, ESI-MS.m/z 442
(M +H]", 473k C,, Hy NO,,'"H NMR (400
MHz,CD,0D) §:5.41(1H,s,H-5),3.48(1H,m, H-
23),3.38(1H,m,H-3),3.28(1H,dd,J=12.5,3. 8
Hz,H-26a),2.17(3H,s,H-18) ,1.02(3H,s,H-19) ,
1.12(3H,d,H-21),1.02(3H,d,H-27) ,

LEW fl&skFEY 8. HEMAK, Dra-
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gendorff i 7 I 4% 41 8, ESI-MS: m/z 454 [ M +
H]*, 4y F X CyxHy NO,,"H NMR (400 MHz,
CDCL,)6:5.76(1H,s,H-5) ,4.32(1H,td,J =10.6,
3.9Hz,H-23),3.44(1H,J =12.5,3.8 Hz,H-26a),
2.95(1H,t,J =9.3 Hz, H22),3.35(3H, s, N-
CH,),2.13(3H,s,H-18),1.40(3H,d,H-21),1.16
(3H,s,H-19),1.04 (3H, d, H-27) ;" C NMR ( 100
MHz,CDCl,) §:204.3(C-11),199.4(C-3),168. 1
(C-5),144.9(C-13),137.4(C-12),125.7(C4),
85.2(C-17),77.5(C26),77.2(C-23),70. 7 (C-
22),64.3(C9),57.2(N-CH,) ,43.7(C-14) ,41. 4
(C-8),39.1(C-24),38.4(C-1),37.6(C-10),35.2
(C-2),33.6(C-6),32.7(C-20),30.9(C-16),29. 8
(C-7),25.3(C-15),23.8(C-25),17.9(C=27),16.9
(C-19),12.7(C-18),12.2(C-=21) .

LEW 10 §il kG 8, AR,
Dragendorff i257] {4 21 {6, ESI-MS:m/z 472 [ M +
H]*, 4y k CyxH, NO,,"H NMR (400 MHz,
CD,OD) §:4.11(1H,td,J =10.6,3.9 Hz,H-23) ,3.
73(1H,m,H-3) ,2.10(3H,s,H-18),1.34(3H,d, H-
21),1.01 (3H,d,H27),1.05(3H,s,H-19);"C

NMR (100 MHz, CDCl, ) §:207.2(C-11),144.7(C-
13),137.2(C-12),85.2(C-17),76.7(C26) ,76.3
(C23),70.5(C22),67.8(C-3),67.1(C-5),59.5
(C-6),56.2(N-CH,),48.3(C-9),44.5(C-14),
38.6(C4),37.9(C24) ,36.8(C-10),36.0(C-1),
35.4(C-20),31.6(C-8),30.4(C-16),29.9(C-2),
27.1(C-7),25.0(C-15) ,23.6(C-25),16.3(C-27),
14.6(C-19),11.6(C-18),10.8 (C-21),
1.4 IFERRRECIT ABRIRE Aspe-1 F0 A B &
SGC-7901 £ A 14 58 ) 52 i

IR Aspe-1 FLNH 9 SGC-7901 Syl iak
HffIRE, UL DMEM 53 5L 745 5% o BOW B K
IARHEL, DL 0. 25% JREEH AL 1 % 3 min, 15 10% fii
A= L35 1) DMEM 15 5% 9 e o 51> A i, LA £L
3000 N4 EEFPE] 96 fLAR I, BREFLIAFR 100 wlL, 15
7% 24 h, H DMSO ¥ RpilAe &L, UL DMEM 3535
P e A [R) e B8 (43 %1k 1,10,30,50, 80, 100
pmol/L) o 435|355 48 h.72 h J5, L MTT 3L &
FEEL R I 2, 715 1C,, (umol/L) | 25 R N5 1 fi
No

F1 IFERERREMXT Aspe-1 F1 SGC-7901 5 20 B i S #0414 R

Table 1  The effect of synthesized compounds on Aspe-1 and SGC-7901 cancer cells by MTT assay
SGC-7901 ASPC-1
i i v
No. Inhibitory ICs, 1Cy, Ijﬂjifijtj;v r;te ICs, ICs,
rate (48 h) (72 h) (100 roml/L) (48 ) (72 h)
(100 pmol/L) "
1 30.5 >100 >100 39.0 >100 >100
2 92.9 52.47 £0.69 50.39 £0.92 95.7 53.55 +0.55 58.55+0.23
3 21.0 >100 >100 26.7 >100 >100
4 24.3 >100 >100 24.4 >100 >100
5 82.7 83.86 +1.71 66.68 +1.87 85.6 86.68 £0.55 61.33 +£1.89
6 45.4 >100 >100 78.4 >100 98.22 +2.01
7 15.1 >100 >100 19.5 >100 >100
8 59.6 78.20 £0.62 82.09 +0.49 52.5 >100 >100
9 15.8 >100 >100 17.1 >100 >100
10 10.2 >100 >100 5.6 >100 >100
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WU H o, B- AN FNER A 7] R IE 5L . A< Sz
B B A E AL R B X A S5 R AT R I, e iy 11
PEBRHEAN 12 13 I B B A 5L, T 5.6 A7 I 9IRS XL
FEANZZ L0, 43 A 3 T T ol I 7 4 s 11-38 K-
12, 13- SR (59 3) A 1L, 12- 3 012,
B-ZE5HEE(EEY4) .

2.2 SEJFEFH3 M4 SR

WEW3.ESI-MS:m/z 430 [M +H] ", /3 F=X
4 C,,H,;NO, . C NMR (100 MHz, CD,0D) %5 H4 27

MRAES, Hodh A 2 AUk (5 5 6144. 1 (C-5) Al
8120.7(C-6) , oA ISR 1) 12 i B FE A5 5 A C-12
C-13 SRS, B o, B-ANTRL TR 4 XSk 1 ik 44
PR R, 886.8.75.1.76.2 . 71. 1 F 4 /& E ik 11
Z89.4 11,4 17.8 F120. 4 R PUAS A SLmfs 2.
454 HSQC ,COSY \HMBC % ( WK 3) , L &4
3 S5 R R 11580812 13- A R e, R 25l I
F22, 1F NOESY % ( WK 3) v, H-22 5 18-CH, £
NOE %05, #EI 18-CH,, iy g A #Y, Bl H-13 2y o-H,,
H H-11 5 19-CH, 4 NOE %) , #eill H-11 % B-H,
ifii H-11 5 H-12 45 NOE %% ), il H-12 3 g-H,
WAL Y 3 19 S AR K TR E S 11-6H  12-8H 13-

&Y 3 (1 EZ HMBC 56 (C(H) L& 3 () EZE NOESY ¢

& 3

&% 3 #y HMBC #1 NOESY

Fig. 3 Key HMBC and NOESY correlations of compound 3

&4 4. ESI-MS:m/z 456 [M+H] ",/ 7=t
H Cy Hiy NO, . ° C NMR A7 HE 2 A XU R {5 5
8143.7(C-5) 1 8121.7(C-6) , LA SRz i) 11 {1 8%
FAF SR C-12 ,C-13 BRI 5 , 328 11 BRI

12 13 {7 BB R SR, S5 SR AH b, 38 17—
A Er SR {5 5 885. 46 (C-12), %5 4'H NMR,
HSQC .COSY , #fEil fb. &4 4 (M 4sty Ry 11,12-— %%
F-12 13- AR AL REEE DL 3R 2

F2 E&w3 4" C R H BREEHE (in CD,0D)

Table 2 'H NMR and ”C NMR data of compound 3 and 4 (in CD,0D)
f£44) 3 Compound 3 1b&# 4 Compound 4
Position

dc 8y (J in Hz) Sc 5y (J in Hz)
1 30.5 2.14,2H,m 37.5 1.29,2H,m
2 36.6 1,19 ,1H,m;2.17,1H,m 40.5 2.24 2H,m
3 71.1 3.38,1H,m 71.3 3.40,1H,m
4 39.0 1.60,2H,d 49.7 1.88,2H,m
5 143.6 143.7
6 120.7 5.24 1H,1 (3.6 ) 121.7 5.31,1H,d (5.0 )
7 40.6 2.22,2H,m 33.7 1.91,1H,m;2.32,1H,m
8 30.4 1.76,1H,m 38.0 1.91,1H,m
9 57.5 1.24,1H,m 55.5 1.91,1H,m
10 38.0 30.5
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1 76.2 4.05,1H,dd (8.5,7.4) 76.6 3.92,1H,s
12 56.8 1.41,1H,m 85.5

13 45.8 1.40,1H,m 39.7 2.49 1H,m

14 43.8 0.75,1H,m 49.3 1.49 1H,m

15 25.4 1.37,1H,m;1.70,1H,m 30.4 1.86,1H,m;1.41,1H,m

16 32.2 1.21,1H,m;1.86,1H,m 28.9 1.30,2H,n

17 86.8 86.8

18 17.8 1.02,3H,d (5.8) 17.1 1.05,3H,d (7.2)

19 20.4 1.23,3H,s 19.8 1.20,3H,s

20 39.6 2.27,1H,m 41.5 1.91,1H,m

21 9.4 0.91,3H,d (6.5) 7.7 1.18,3H,d (7.1)

2 64.5 2.43 1H,t (9.6) 63.0 2.88,1H,t (9.5)

23 75.1 3.28,1H,m 63.1 3.65,1H,m

24 38.6 1.08,1H,m;2.12,1H,m 37.0 2.26,2H,m

25 30.4 1.60,1H,m 28.7 1.87,1H,m

26 53.8 2.95,1H,dd (12.8,4.0)2.18,1H,m 52.0 3.20,1H,dd (12.6,3.7)2.61,1H,m
27 11.4 0.92,3H,d (6.6) 9.1 1.05,3H,d (6.6)

2.3 HEEEEMUDIT ABIRE Aspe-1 F1ABE
SGC-7901 £ B3 58 i =4 M

SERAE AT L B, A S5 i () =k i ) h
A PR E R R T R4 0 40 i 16 2 1 L 4 ik
TP IR 6 P 5 A S5 T2 0L, BB 11 67 i A
B 5 AW BT TR DA OG22 1T A
SEETHUIIR TS PR R, S SR I S AR .
S TESEART Y AP AL =, R A S XF
Aspe-1 Fil SGC-7901 WF 41 ity 341 EL AT B g ) 410 1 0
M, H 1C,, (72 h) 43313k %] 66. 68 Fl166.31 pmol/L,
W] 3 (LR AL AL T e s R AL G W B BRI
P
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