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Synthesis, anti-melanoma activity and acute toxicity of aporphine alkaloids

in zebrafish

WAN Yili, ZHONG Hui, CHEN Li", SUN Jianbo™
School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing 210009, China

Abstract In this study, 10 aporphine alkaloids were synthesized with 1, 2-methylenedioxy substituent in ring A
and 9, 10, 11-position with different substituents in ring D. Their structures were determined by ESI-MS,
"C NMR and 'H NMR. The potencial antitumor activity of these compounds against B16F10 melanoma cells
were evaluated by MTT assay, and their structure-activity relationship was further analyzed. Meanwhile, zebrafish
acute toxicity test was conducted to evaluate the safety of the active compounds. The results showed that some
compounds had strong inhibitory activity on tumor cells, and could significantly inhibit the proliferation of
B16F10 melanoma cells. Compound IVa has the best anti-melanoma activity with wide safety range, and can be
used as a lead compound for further study on anti-proliferation of B16F10 melanoma cells.

Key words aporphine alkaloids; synthesis; melanoma; safety evaluation; structure activity relationship
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PR AEY . SR BERRIE A PR 1, 2-30 H AR
B A Bl 32 = BT F 28 A 4 6 1) 7 o 9
PEC, E AT BATA N E 2 A P e n) fili g 40 LR AS49
B U AR HeLa  ZLARE 40 MO bk MCF-7 i3
i Bl & HepG-2. NZE45 i Ja 40 Ak HCT-116 55 JL
s DL A I (g AT i P P R e 2o X R,
BT AR S BT IIRE 15 A L R GG

Sk T W FE BT AN A P kot B (0 298 1) I 4%
Ve, ARBFFE L A BR 1, 2-30 F 4 2 M B, 45
T—ZRFNED IR 9,10, 11457 55 A [ BA C 35 (16 ] A
FE AW, AR SR 7= 1 P i L 11 5 R A R 4
B R 3, SR H BI6F10 2 (8 2208 4 %t 10 M4

SOt

RP 1
Rl RZ R3
la -H -OCH; -OCH,
b -H -OH -OCH,
le -H -OCH; -OH
1d -H -OCH,0-
le -H -OCH; -H
1f -H -H -OCH,
1g -H -H -OH
1i -H -OH -H
1h -OH -H -H
1k -H -H -H
.
No
0 Cbz .
2 + 4 m R3 v
R? ‘ Br
R! 5
R' R? R3 R!
5a -H -OCH; -OCH; (83%) 6a -H
5b -H -OBn -OCH;  (84%) 6b -H
5c -H -OCH; -OBn  (85%) 6c -H
5d -H -OCH,0- (86%) 6d -H
5¢ -H -OCH; -H (89%) 6e -H
5f -H  -H -OCH;  (83%) 6f -H
5¢ -H -H -OBn  (80%) 6g -H
5i -OBn -H -H (82%) 6i -OBn
5h -H  -OBn -H (82%) 6h -H
5k -H  -H -H (99%) 6k -H

Scheme 1  Synthesis of aporphine alkaloids IVa-IVk

JRC BT AN S AR Py B A B AR O MR, I — 2P
OrHT HA RO R, R PR R Al W0 R B 2
AT RN L VEPEAN , LUITT O BT AN I 288 AR 4 i
I CRMPIR S %

1 &Rk

AR PR 4 B RE AT A= 1 (1) N IOk, T80 Witig
FCWAT R 96 W BERE (2) , 2 5L R 2 (4) 18
it Pictet-Spengler W 45 31 7R 5L DU &0 57 Mk (5) | T
Jaid it Heck S RIMG IR 1) (6) , i 2240
SRR AR E I (IV)

NH
<O]©/\/ \CbZ
0] 4
Br
R! j(>/\/0cm
RZ
R ?
R R? R?
2a -H -OCH; -OCH; (84%)
2b -H -OBn -OCH;  (87%)
2¢ -H -OCH; -OBn  (92%)
2d -H -OCH,0- (88%)
2¢ -H -OCH; -H (82%)
26 -H -H -OCH;  (87%)
2¢ -H -H -OBn  (87%)
2h -OBn -H -H (88%)
2i -H -OBn -H (81%)
2k -H -H -H (93%)
.
0 ‘ NH
v
—_— Rl
O
R® IV
R'  R2 R3
-OCH;  -OCH; (87%) IVa -H -OCH; -OCH; (86%)
-OBn -OCH;  (76%) IVb -H -OH -OCH;  (77%)
-OCH;  -OBn  (97%) IVe -H -OCH; -OH (76%)
-OCH,0- (78%) Ivd -H -OCH,0- (75%)
-OCH; -H (94%) IVe -H -OCH; -H (73%)
-H -OCH;  (74%) Vi -H -H -OCH;  (76%)
-H -OBn  (87%) IVg -H -H -OH (83%)
-H -H (87%) IVh -OH -H -H (82%)
-OBn -H (92%) IVi -H -OH -H (86%)
-H -H (78%) IVkK -H -H -H (89%)

Reagents and conditions: (i) iA: BnBr, K,CO,, DMF or CH,CN, 60 °C, reflux; iB: MeOCH,PPh,Cl, NaOtBu, CH,Cl,, 0 °C; (ii) ChzCl, K,CO,, CH,Cl,,
35 °C, reflux; (iii) TFA, CH,CN, N, r. t. ; (iv) Xphos, Pd(OAc),, Cs,CO,, DMA, 130 °C, reflux; (v) Pd/C, H,, THF-MeOH (1:2-1:4), r. t.
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) (SZX-16 B A A RLEE ( H A BRI 28 ) ) |
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£ Y RE MR (S5 FE A BE Synergy 23 ) A K57
E s N RSy TR e o2 5 TR (Wi P e
LAY FE A 60 ~ 90 °Co BRARDIVLIA SN, K24k
PR R 5850 770 48 52 6 2 A TG K Ak B S
fifi e .

2.2 ALFELRK

2.2.1 BARNAYHERTEOAN e AH)

A B G Wittig IV o 1A 2 7E 250 mL 8 5 )
A 6- 15 S5 A B (45 mmol, 10. 4 g) (K,CO,
(90 mmol, 12. 4 ¢), il A ZJiE 100 mL % fi# , 60 CJin
RSN, VS W F TG (738 SR IR vt sk 4y i s /0 o
Z AR (50 mmol, 6 mL) , A K 1 (6.4 it
Brith, 60°CHITAA RN 6 hy We i S W %2 5 ~ 10 mL,
JKE g S A AR K 13.8 g, 72 % 95. 8%, iB:
1£250 mL —FUfH, InA LA A AR (40 mmol,
13.8 ), F 40 3 3L — O 35 S0 1k B (60 mmol,
20. 52 g) \NaOtBu(60 mmol, 5. 76 g) , B 49 , vk
W, S A P i A JE /K CH,CLL 50 mL, 24 3 ~
5 min ¥R R G 8708 SR B8 P R 204 4, TLC K
IR IO, B0 435 o i ~7 B R K VK, 28 1k e A
% (100 ~ 200 H &£, PR 8 A il Bk - £ £ g
(30: 1) 2lifb 5 A (b B 2¢)14. 4 g, 72K
96. 8%

BB BT, ¥ 3,40 IR LR
(50 mmol, 8.25 g) i# T CH,CL 50 mL, #& K Jin A
K,CO, (60 mmol, 8. 28 ¢) , & H iR ¥ I (50 mmol,
8.55 ¢g), [y, TLC M5l , 24 6 h s by 58 56, K ¥k,
CH,CL A ], #e 48 J5 /D i BlOACc I i, 218 %2
UHNA A EE , A7 o A FlE 15 kR (fh A
Y 4c)13.65 ¢, "% 91. 3%,

AR iii: Pictet-Spengler JZ V. . 1E 100 mL i AV
A CH,CN 25 mL, AR =5 £ 2 (4 mmol,
300 pL) L& 9 4¢(3.3 mmol, 0. 98 g) & ¥ 2¢
(3.0 mmol, 1. 04 g) , AR, B MR B HE 2d, 7] DL
K AR AR AT, g, 15279 (k&%) 5¢)
1.58 g,/ % 85. 6%.

B iv: Heck SN o 7E 50 mL S0 AR
AMEEY 5¢(2 mmol, 1. 23 g) \Pd(OAc)z (0. 2 mmol,
45 mg) Xphos (2- "I CLILRE-2",47,6'- = SF NI
25, 0. 4 mmol, 190 mg) , Cs,CO,(3 mmol,0.97 g),
R, S 28 m A — B 3k 2 BE i (DMA)
15 mL, [8137% 52 W 2 h, TLC Wil , J2 1 45 o, ¥ )

=, A CH,CL45 mL, IR %), it A 7K 90 mL,
CH,CLZEH, e 4 , 2 RERCHE (35 404k [ 100~200 H
TR , VR0 R A Sk - R R (10:1) 118 A
KALEY 6¢)1. 04 g, 773 97. 5%,
HE v AR, 7E 50 mL FUHAR K I AAL
A% 6¢(1. 0 mmol, 535 mg) . 10% Pd/C 55 mg, &<,
B, TGS THE 5 mL I fiRE Sy i a A
MeOH 10 mL, % & B HE 2 h, TLC Wil |, Jiz ) 25 o
Jo ke kR DR R 4, 28 i AT A3 [ 100 ~
200 H ik, pE A oy S P - BE(15:1) J2lifk
B (IV e)237.3 mg, 7= # 76. 3%, Bl &
58. 1%, ESI-MS:312.2[M+H]*,310. 1[M-H]", %
T+ M C,H,NO,, 'HNMR (300 MHz, DMSO-d,)
8:7.57(1H,s,H-11),6.72(1H,s,H-8),6. 59(1H,
s,H-3),6.11(each 1H,d,J = 1.0 Hz, -OCH,0-) ,
5.97(each 1H,d,J = 1.0 Hz,-OCH,0-),3.77(3H,
s, 10-OCH,) ,3.76(1H, m, H-6a) ,3.22(1H, m, H-
5a),2.90 ~ 2. 80(2H, m, H-5b, 7a) ,2. 74 (1H, dd,
J=14.4,5.0Hz,H-7b),2. 66 ~ 2. 52(2H,m, H-4a,
4b), “C NMR(75 MHz,DMSO-d,) 8:146. 4,146. 2,
146.2,140.9,128.4,126.6,126.6,121.5,115.9,
115.4, 111.6, 106.6, 100.4, 56.0, 53.1, 42. 3,
35.1,28. 3.
2.2.2 KA HNatgb i SIRAEWINciHl
2, Lh6-IRFE PR Ry R, KR A B P IR 15
41k (0, [ 1A 280.2 mg, 77 % 53.0%. ESI-MS:
326. 2[M+H ", 7+ K C ,HNO,. "H NMR (300
MHz, Chloroform-d) 8: 7.68 (1H, s, H-11) , 6. 76
(1H,s,H-8),6.53(1H,s,H-3),6.08(each 1H,d,
J=1.4Hz,-OCH,0-),5.93(each 1H,d,J=1.4
Hz,-OCH,0-),3.97(1H,dd, J = 13.7,5.5 Hz, H-
6a),3.92(3H,s,10-OCH,),3.91(3H,s,9-0CH,),
3.39(1H,dt,J =10.0,4.9 Hz,H-5a),3. 11 ~ 2. 90
(2H,m,H-5b,7a),2. 89 ~ 2. 74(2H,m,H-7b,4a) ,
2.67 (1H, t, J = 14.0 Hz, H-4b) . "C NMR (75
MHz, DMSO-d,) &: 148.2, 147.2, 145.9, 141.0,
128.7,127.9,127.1,123.0,115.5,111.9,111. 0,
107.0,100. 3,55. 8,55.5,53.3,42.8,35.9,29. 0,
2.2.3 oy INbagse R SRS c iy
2L LA 6-VR T 22 2 o ROk 1% A K 241. 6 mg,
FEER43.9%, ESI-MS:312.2[ M+H ]*,310. 1[ M-
H] -, %3 N CH,NO,, 'HNMR (300 MHz,
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DMSO-d,) 8:8.87(1H,s,10-OH) ,7.50(1H, s, H-
11),6.86(1H, s, H-8) , 6. 58 (1H, s, H-3) , 6. 09
(each 1H,s,-OCH,0-),5. 97(each 1H,s,-OCH,0-),
3.80(3H,s,9-0CH,),3.74(1H,dd, J = 14.2,5.0
Hz, H-6a) ,3.19(1H, m, H-5a) ,2.91 ~ 2. 71 (3H,
m, H-5b,7a,7b) ,2. 63 ~ 2.53(2H, m, H-4a,4b) .

3C NMR (75 MHz, DMSO-d,) &: 147.0, 146.0,
144.8,141.0,127.6,126.8,126.6,123.0,115.7,
114.1, 112.0, 106.8, 100.2, 55.6, 53.4, 42.6,
35.7,28.8,

2.2.4 HHHNAdER SHEAGY I b
2, DL 6-1R-3,4- W U IE SR IR JERE, SBRiA &
AR T3 O K 233. 3 mg, P2 41. 4%, ESI-
MS:310. I[M+H]", 73+ ¥ K CH,;NO,. 'H NMR
(300 MHz, DMSO-d,) 6:7.42(1H, s, H-11) , 6. 84
(1H,s,H-8),6.54(1H,s,H-3),6.02(each 1H,s,
9,10-0CH,0-) ,5.95(each 1H,s,9, 10-OCH,0-) ,
5.93(each 1H,s, 1,2-OCH,0-),5. 88 (each 1H,s,
1,2-0CH,0-),3.67(1H,dd, J = 14.0,4.9 Hz, H-
6a),3.12(1H, m, H-5a) , 2. 79 ~ 2. 66 (3H, m, H-
5b,H-7a,H-7b) ,2.46 ~ 2. 40(2H, m, H-4a,4b) .

BC NMR (75 MHz, DMSO-d,) &: 147.1, 146.7,
146.4,141.8,127.8,125.3,123.5,122.8,115. 4,
108.8, 107. 1, 106.6, 101.2, 101.0, 52.1, 41. 1,
33.4,26. 1,

2.2.5 o Netyd o SHAGYIN ey
B, DA 2-TR-4-H AR HH I R Sk, B A B b
B, 5 21 4 45 [ 4K 215.9 mg, 7K 51. 1%, ESI-
MS:296.2[M+H]", 7+ F 3k CH;NO;. 'H NMR
(300 MHz, DMSO-d,) 6:7.57(1H,d,J = 2. 6 Hz, H-
11),7.23(1H,d,J = 8.2 Hz, H-8) ,6. 85(1H, dd,
J=28.2,2.6 Hz, H-9) ,6.69 (1H, s, H-3) , 6. 15
(each 1H,d,J = 1.0 Hz,-OCH,0-),5. 99 (each 1H,
d,J=1.0 Hz,-OCH,0-),3.83(1H,dd, J = 13.8,
4.9 Hz,H-6a),3.77(3H, s, 10-0CH,) , 3.25(1H,
m,H-5a),2. 95 ~ 2. 79(3H,m,H-5b,7a,7b) ,2. 67 ~
2.52(2H, m,H-4a,4b) . "“C NMR(75 MHz, DMSO-
dy) 6:158.1,146.3,142.0,131.3,128.8,127. 2,
126.9,126.6,115.2,112.7,112.5,107.9,100. 7,
55.1,53.1,42.2,34.7,28. 1,

2.2.6 KAEHINEWE R SBIALEY Ve
2, Dh2-TR-5- LR I 6-R A2 2 i Ry Ik, &

R iA & WL B 45 20 4% 6 18 1K 225. 0 mg, 77 %
37. 7%, ESI-MS:296. 2[M+H]*, 53Tk C,H,,NO,.
'H NMR (300 MHz, DMSO-d,) 6:7.91(1H,dd, J =
9.4 Hz, H-11) ,6.89(1H,d, J = 9.4, 2.3 Hz, H-
10),6.87(1H,d,J =2.3 Hz,H-8),6.60(1H,s, H-
3),6.10(each 1H,d, J = 1.0 Hz,-OCH,0-) , 5. 96
(each 1H,d,J= 1.0 Hz,-OCH,0-),3.79(3H, s, 9-
OCH,),3.74(1H,dd,J = 14.0,4. 8 Hz,H-6a),3. 19
(1H,d,J=8.0Hz,H-5a),2. 93 ~ 2. 74(3H,m,H-5b,
7a,7b),2. 66 ~ 2. 53(2H,m,H-4a,4b)., "“C NMR(75
MHz, DMSO-d,) &: 158.5, 146.0, 141.1, 137.2,
127.8,127.6,126.9,123.3,115.3,113.5,112. 2,
106.9,100. 3,55.0,53. 0,42. 6,36.5,28. 8,

2.2.7 oM Ngihd i SHILEGWIV il
e, DL 2-1R-5- 58 B OR RO SRR A5 A Ak R
233.5 mg, JZ#F 51. 1%, ESI-MS:282.2[M+H]",
280. 1[M-H]", 4 F = m C,,H,,NO,, 'H NMR (300
MHz,DMSO0-d,) 8:9. 54(1H,s,9-0H),7. 80(1H,d,
J=8.2Hz,H-11),6.71(1H,dd, ] =8.2,2. 6 Hz, H-
10),6.68(1H,d,J=2.6 Hz,H-8),6.55(1H, s, H-
3),6.07(each 1H,d,J = 1.0 Hz,-OCH,0-),5.93
(each 1H,d, J = 1.0 Hz,-OCH,0-),3. 68 (1H, dd,
J=13.9,4.9 Hz,H-6a),3. 16(1H,m,H-5a) ,2. 84 ~
2.64(3H,m,H-5b,7a,7b),2.61 ~2.51(2H, m, H-
4a,4b) , “C NMR (75 MHz, DMSO-d,) §: 156. 8,
145.9,140.8,137.3,127.9,127.9,127.0,121. 8,
115.7, 114.9, 113.5, 106. 5, 100.2, 53.2, 42.8,
36.7,29.0,

2.2.8 A&HIVhess s SIRAGYIV el
2, DL 2-R-3- 52 FEOR HIE O JRoRE 15 B ol R
231.0 mg, 2% 52. 3%, ESI-MS:282.2[ M+H]*, %}
F5 4 C,H,NO,. 'H NMR (300 MHz, DMSO-d6)
8:9.54(s,1H,11-OH) ,7. 15(1H,t,J = 7.7 Hz, H-
9),6.86(1H,d,J=8.1Hz,H-10),6.81(1H,d,J =
7.3 Hz,H-8),6.79(1H,s,H-3),6. 10(each 1H,d,
J = 1.1 Hz,-OCH,0-),5.96 (each 1H,d, J = 1.0
Hz,-OCH,0-),4.14(1H, dd,J = 13.6,3.9 Hz, H-
6a),3.55(1H,d,J=7.5 Hz,H-5a) ,3.23 ~ 3. 10
(2H,m,H-5b,7a),3.03(1H,dd,J = 14.0,4. 0 Hz,
H-7b) ,2.92 ~ 2.71(2H, m, H-4a, 4b) , “C NMR
(75 MHz, DMSO-d,) &6: 154. 40, 147.50, 142.75,
135.25,128.95,123.59,122.94,118. 30, 116. 89,
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115.78, 113.34, 106.48, 100.39, 51.91, 42.3,
33.88,24.79,
2.2.9 KeHINitss R SBILEGYIVe Ryl
B, DL 2-R-4- 52 FEOR HUIE O JRORE 19 I A o R
242.2 mg, = # 53.7%. ESI-MS:282.2[M+H]",
280. 1[M-H ], 4>k C,,H,,NO,. "H NMR (300
MHz, DMSO-d,) §:9.31(1H,s,10-OH) ,7. 48(1H,
d,J=2.5Hz,H-11),7.08(1H,d, J = 8.1 Hz, H-
8),6.66(1H,dd,J=8.1,2.5Hz,H-9),6.65(1H,
s, H-3),6.13 (each 1H, s, -OCH,0- ) , 5. 99 (each
1H,s,-OCH,0-),3.78(1H,dd,J = 13.9,4. 8 Hz,
H-6a),3.21(1H,m, H-5a) ,2.98 ~ 2. 71 (3H, m,
H-5b, 7a, 7b) ,2.67 ~ 2.51 (2H, m, H-4a, 4b) .,
BC NMR (75 MHz, DMSO-d,) &: 156.0, 146.2,
141.9,131.2,128.7,127.5,126.6,125.2,115. 5,
114.5, 113.5, 107.7, 100.5, 53.3, 42.3,
34.9,28.3,
2.2.10 b IVkeyb i SBAGYIN il
2 AARIRR R Ry JokE , L BRiA A D B8 A5 21
45, & {K 236. 1 mg, 7= 58. 6%, ESI-MS:266.2
[M+H]*, 2> 7= M C,H,;,NO,. 'H NMR (300 MHz,
DMSO-d,) 6:7.98(1H,m,H-11),7.38 ~ 7. 10(3H,
m,H-8,9,10),6.65(1H,s,H-3),6. 12(each 1H,d,
J=1.0 Hz,-OCH,0-),5.97 (each 1H,d,J=1.0
Hz,-OCH,0-),3.72(1H,dd, J = 13.9,4.7 Hz, H-
6a),3.16(1H,m, H-5a) ,2. 89 ~ 2. 75(3H, m, H-5b,
7a,7b),2. 67 ~2.53(2H,m,H-4a,4b) ., "“C NMR(75
MHz, DMSO-d,) §: 146.1, 141.8, 135.5, 130.7,
128.5,128.0,127.4,127.1,126.7,126.4,115. 2,
107. 8,100. 4,53.0,42.7,36.3,28.9,
2.3 RIMRZ & F B E DR

K MTT V0 B iRk &9 IVa ~IVK X
B16F10 2 {0 2 9 i Hu 35 5 5 P . H DMSO Bt A%
1. 0 x 107 mol/L FYEEI , I DMEM 15 5% 90 B 2 i
U (0,2.5,5,10,20,40 wmol/L) B g R .
BB B30 1 1A 240 Jip 42 0 21 96 FL AR Y, 2 ik BN
HE£L 3 000 ™21 il , 422 BB B£L 100 L, H &
ARG ECH 10% B a4 75 B9 JE W5 5% 24 h,
IRIG TR E TR IE R 25 rh . ME 48 hig, &
LI MTT % % (5 mg/mL, JH K B 4 iR 5 2% b i
W) 10 pL, W25 4 h, W B3 W, B AL A
DMSO 150 wL, VM 38 R AZFE 10 min DAF i H 5L

PR 75570 nm T AR S0 e A AL WSOE () ¢
5 By A ) AR O R R (%) =(1 -

Alrcal(‘d/Acomml ) X IOO ’ l)/{ ICSO iym{k%% E/‘J jﬁ ‘IZ:E ’ gljil:

w21 iR,
Table 1 IC,; of taget compounds against BI6F10 (¥ + s,n = 3)
Compd. 1C,"/(pmol/L)

IVa 4.89 +0.18
IVb 10.22 +0.28
IVe 18.51 £ 0.48
Ivd 5.92 +0.21
IVe 541 +0.12
vt 6.74 + 0.34
Ivg 21.09 + 1.30
IVh > 40
1Ivi 10.86 + 0.26
IVk 16.56 + 0.52

“MTT assay,cells were incubated with corresponding compounds for 48 h

2.4 mLERALSHENREE
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Figure 1 Morphological effects of different concentrations of compounds on zebrafish at different developmental stages

A: Compound IVa; B: Compound IVb; C: Compound IVe; D: Compound IVd; E: Compound IVe; F: Compound IVf; G: Compound 1Vg; H: Compound

IVh; I: Compound IVi; K: Compound IVk
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