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Synthesis and Antitumor Activities of Harmine Derivatives
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ABSTRACT: OBJECTIVE To synthesize a series of harmine derivatives and determine their antitumor activity. METHODS
The target compounds were synthesized from the starting material harmine by reaction with halogenated hydrocarbon in the
presence of sodium hydride in DMF, and then quaternarized with benzyl bromide in ethyl acetate. The antitumor activity of the
target compounds was studied by MTT method. RESULTS Six novel harmine derivatives were synthesized, and their
structures were characterized by '"H-NMR, MS and IR spectra. All compounds had more potent cytotoxic activities in vitro than
harmine. CONCLUSION  The preliminary results showed that the phenylpropyl substituent at position-9 increased antitumor
activity.
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Fig 1l The structure of harmine
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Fig2 The synthesis route of harmine derivatives
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X-4 45 mOIE AR R DL T AR ), R
Es AT M (M BT T AR )
UV757CRT 2400 W43 5606 RETH( Rk 3R 74X
28 BR /A F])s bruker equinox 55 B LT ARG AN (1
[57); Varian Saturan 2000 ZYJii#i{%; inova-400
RRREIEARA, TMS W bR. #H TAES (M55
22N w)): BEFRU(BIO-RAD); {31'E W iMEi(E
PROGHACAS A BRA T s I UHE (RS < U R A 4
ARRAF]); AR WE S EHEER B A AE A R A
Al BEONLLARA IR TR AR ) Hk K
WAL T ACOGI BT AR ) KRB (R AE
JHE S50 ¥ 2% AT BR A A S %) )

2 pE (o Hrat, o e 254 BB A
Al)s MURIE T he(rpral, bilgd 2 g2k 51
]y AL (o #T4l, 35 E ACROS 3 MLk F A A]);
4-FRIR T al, EE ACROS H AR A A);
FLARARANIE Ay [ 7= 43 B 2l B b 22 4k

g M bk . SEICILFH 6 R R AN e Rk
Bel-7402(iHi , W H i RHE F 41 B ) ;s MCF7(3L
g, A RS RN ) 786-0( N ' i%E 1]
g e, 0 B TR RE AT ) s Blu-87(F
P, W 1 QD [ SR B SR WA L) s 769-P(E
i, 8 B B [ A R IR AR R D)
BGC-823('H i, Hramle Bl K7 MEI%),

2 EHAZE
2.1 a4k 2a~7a HIE %

HY 2 S0 0% BE & 0%(2.12 g, 10 mmol), N,N-
L BERZ(30 mL), ZA685(0.30 g, 12 mmol) A
I, R R S I ON A R 1 B AR A (12~
20 mmol). M. 58 2 BIAIK Y, H L8 SPRAHL
HHLAHKYE, WRAEALIYE, TR T,
TR, AEENT, LR LEE VR, WogE
Ve, R4 E T, B 2a~Ta.

1-FJ-9- £ 0 -7- FARUJE-B- IR IbR (22) . 13 1 (5
ik, R 76.5%, mp 98~100 C(SCHA[6]: 99~
101 °C).

1-FH -9 T -7 FH AU L -B- bR (3a) . 130
o A4, R 85.3%, mp 103~105 “C(CCHR[6]: 104~
105 °C).

1-FH 3 -9- 0 -7 FH AU L -B- b (4a): IR
s, W 81.7%, mp 131~133 C(CCHR[6]: 131~
132 °C).

1-FJE-9-(3- 50 3% )-7- AU L -B- bk (Sa) . 1
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F {0 A, W 82.4%, mp 99~101°C ; MS m/e=337
(M+1); IR(cm )2 952.2, 1 620.8, 1 567.8, 1 499.0,
1450.6, 1 407.0, 1 256.2, 1 227.0, 1 192.8, 1 171.5,
1046.8, 820.5, 778.3. 'H-NMR(CDCls, 400 MHz)
8: 8.33~8.35(1H, d, J=5.2 Hz, H-3); 8.04~8.06(1H,
d, J=8.8 Hz, H-4); 7.81~7.83(1H, d, J=5.2 Hz,
H-5); 7.20~7.26(2H, m, Ar-H); 7.06(1H, s, Ar-H);
6.94~6.96(1H, dd, J=8.8 Hz, 2.0 Hz, H-6); 6.85~6.87
(1H, d, J=7.2Hz, Ar-H); 6.744~6.749(1H, d,
J=2.0 Hz, H-8); 5.72(2H, s, NCH,Ar); 3.88(3H,
s, OCH;); 2.87(3H, s, CHj).

1- F 3L -9-(4- 3 3L )-7- T 4 2k - B-THE bR (62) - 753
05 AE, WK 77.3%, mp 130~132°C; MS m/e=
321(M+1); IR(cm )2 966.8, 1619.6, 1563.7,
1510.8,1499.4,1451.9,1406.1, 12559, 1222.9,
1194.9,1171.3, 820.4. '"H-NMR (CDCls, 400 MHz)
§: 8.31~8.32(1H, d, J=5.2 Hz, H-3); 8.01~8.03(1H,
d, J=8.8 Hz, H-4); 7.79~7.80(1H, d, J=5.2 Hz,
H-5); 6.96~6.98(4H, d, J=7.2 Hz, Ar-H); 6.91~6.93
(1H, dd, J=8.8 Hz, 2.0 Hz, H-6); 6.741~6.746(1H,
d, J=2.0 Hz, H-8); 5.69(2H, s, NCH,Ar); 3.86(3H,
s, OCHj); 2.85(3H, s, CHj).

1-FH 5L -9-OR P 2 -7- H A B -B- IR bk (7a) . 3
0 AR, IR 80.2%, mp 117~118 “COCCER®: 117~
119 C).

2.2 WEW 2~ A K

9-H AR 2 AL B4 B 3 Bl (2a~72)(10 mmol), JIidE
LR O IL TG A AR, IR N I R AR
(15~30 mmol), Ji#AIGE 1~8 h, AEE =, i
JEAT IR A4 o [ A4 D B TR SBRVERR G T
TR, AR B, ERatE, R
PEINT G, HhIEA B AR T

7-H A HE-9- £ -1- L 27 2 - B- IR R 31
(2): fHEm Sk, R 89.2%, mp 232~234C;
MS m/e=331.18(M+1); IR(cm™)3 050, 1 650, 1 621.8,
1579.5, 1516.9, 1495.1, 1452.7, 1332.7, 1258.0,
1225.3,1135.9, 1038.8, 830.3. '"H-NMR(DMSO-ds,
400 MHz) 8: 8.77~8.79(1H, d, J=6.4 Hz, H-3),
8.62~8.64(1H, d, J=6.4 Hz, H-4), 8.39~8.41(1H,
d, J=8.8 Hz, H-5), 7.36~7.45(5H, m, Ar-H), 7.19~
721(1H, d, J=8.0 Hz, H-6), 7.10~7.13(1H, dd,
J=2.4Hz, J=8.8 Hz, H-8), 6.05(2H, s, N'CH,Ar),
473(2H, q, J=7.2 Hz, N-CH,CHs); 4.003H, s,
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OCH3); 3.11(3H, s, CH;); 1.40(3H, t, J=7.2 Hz,
N-CH,CHj3).

7- H AR BE-9- 7T k-1 H O -2 - - R R L 21
(3): kTR, K 93.1%, mp 239~241 C;
MS m/e=359.21(M+1); IR(cm™)3 028, 1651,
1621.8,1513.9,1451.1, 1 343.0, 1 248.0, 1 163.7,
11372, 1071.8, 831.9; 'H-NMR (DMSO-ds,
400 MHz) &: 8.87~8.89(1H, d, J=6.4 Hz, H-3),
8.26~8.28(1H, d, J=6.4 Hz, H-4), 8.12~8.14(1H,
d, J=6.4 Hz, H-5), 7.31~7.42(3H, m, Ar-H),
7.02~7.22(2H, m, Ar-H), 7.00~7.02(1H, d, J=
8.0 Hz, H-6), 6.871~6.877(1H, d, J=2.4 Hz, H-8),
6.35(2H, s, N'CH,Ar), 4.45~4.49(2H, t, J=8.0 Hz,
N-CH,CH,CH,CHs), 3.95(3H, s, OCH3), 3.27(3H,
s, CH3), 1.81~1.87(2H, m, N- CH,CH,CH,CHj3),
1.41~1.47(2H, m, N-CH,CH, CH,CHj3), 0.96~1.00
(3H, t, J=7.2 Hz, N-CH,CH,CH,CHj3).

7-H A IE-2,9- AR I 1-F LB bR VR £R (4)
R mE 1.9 g HE 80.9%, mp>270 C;
MS m/e=393.22(M+1); IR(cm )3 400, 3 006, 2 839,
1621, 1576, 1492, 1461, 1369, 1255, 1208,
1138, 1034, 830, 734; 'H-NMR(DMSO-ds,
400 MHz) &: 8.84~8.85(1H, d, J=6.4 Hz, H-3),
8.70~8.72(1H, d, J=6.4 Hz, H-4), 8.47~8.49(1H,
d, J=8.8 Hz, H-5), 6.98~7.42(12H, m, H-6, H-8,
ArH), 6.39 (2H, s, N'CH,Ar), 5.98(2H, s, NCH,Ar),
3.91(3H, s, OCHj;), 2.85(3H, s, CHj).

7-H A JE-9-(3-FU 3L - 1- 1 B2 Bk - B-THE Ibk
WERG): HEBEOASAE, BWE 86.7%, mp
259~260 ‘C; MS m/e=411.19(M+1); IR(cm )3 050,
1651, 1621.2, 1576.6, 1 518.0, 1461.3, 1349.8,
1255.6, 1160.1, 1 139.6, 1 077.3, 832.6; 'H-NMR
(DMSO-dg, 400 MHz) &: 8.85~8.87(1H, d, J=
6.4 Hz, H-3), 8.72~8.74(1H, d, J=6.4 Hz, H-4),
8.47~8.49(1H, d, J=8.8 Hz, H-5), 7.31~7.41(6H,
m, Ar-H), 7.11~7.18(4H, m, Ar-H, H-6), 6.87~6.88
(1H, d, J=2.4 Hz, H-8), 6.03(2H, s, N'CH,Ar),
5.99(2H, s, NCH»Ar), 3.91(3H, s, OCH3), 2.82
(3H, s, CHj).

7- HA -9~ (4- 980 ) -1- Y AL -2 k- B- IR bk
IRER(6): 15 M A, R 92.1%, mp 248~250 C;
MS m/e=427.16(M+1); IR(cm )3 050, 1655,
1625.5,1579.9,1511.4,1461.8,1324.9,1256.1,
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1158.9,1138.3,1 077.4,825.3; 'H-NMR(DMSO-ds,
400 MHz) &: 8.85~8.87(1H, d, J=6.4 Hz, H-3);
8.71~8.73(1H, d, J=6.4 Hz, H-4); 8.47~8.49(1H,
d, J=8.8 Hz, H-5); 7.34~7.41(4H, m, Ar-H);
7.10~7.17(5H, m, H-6, Ar-H); 7.01~7.04(2H, m,
Ar-H, H-8); 6.14(2H, s, N'CH,Ar); 5.84(2H, s,
NCH,Ar), 3.91(3H, s, OCHs); 2.83(3H, s, CHj).

7- P AR R 9 TN 5 - 1- L 2 R B IRR IR
R (7): AR T EAA, UF 86.2%, mp: 226~227 C;
MS m/e=421.23(M+1); IR(cm™)3 050, 1655,
1622.4,1578.8,1515.3,1453.4,1348.0, 1 249.6,
1154.2,1134.3,1031.5,823.1; '"H-NMR (DMSO-ds,
400 MHz) &: 8.83~8.85(1H, d, J=6.4 Hz, H-3);
8.25~8.27(1H, d, J=6.4 Hz, H-4); 8.07~8.09(1H,
d, J=8.8 Hz, H-5); 7.28~7.33(5H, m, Ar-H);
7.17~7.24(5H, m, Ar-H); 6.96~6.98(1H, dd,
J=2.4 Hz, J=8.8 Hz, H-6), 6.523~6.529(1H, d,
J=2.4 Hz, H-8); 6.28(2H, s, N'CH,Ar); 4.44(2H,
t, J=8.4 Hz, N-CH,CH,CH,Ar); 3.82(3H, s,
OCH3); 3.143H, s, CHj;); 2.75~2.79(2H, t,
J=6.8 Hz, N-CH,CH,CH,Ar); 2.17~2.20(2H, m,
N-CH,CH,CH; Ar).
2.3 EEIELEERIAT A AR SR SE G
231 FEMEBIGECH  DUESZ) 5 mg, FEEK
&, H 200 uL DMSO ¥%fi#, 5 HZEMKE RS
SmL o T I DA i 75 94 B Hofs 52 PRI W v B e K 2 AT
e BT FIRE ST 4% DMSO WIRHEAT Rkt
W REfEE L A 2, BRI 1000, 500, 250, 125, 62.5,
31.25, 15.625 pgrmL™',
2.3.2 MTTIEMGE 1Cso B UM A= 3 40 i LA
29 1X10°A>mL™" % R T 96 FUH, FESLEE
Bl 100 uL(96 fLtA N 3 LA XTI, B
CO, B FRFI RS F% 24 ho M 60 uL B399, )G
FRATBE AU FE R BE N IUAE i 40 pL, 5 —HR S
6 MEE . AN AR 4%DMSO -
AkELRE IR 48 h o, BESLIMA 20 uL ) MTT
(5mgmL™"), REET 37 ClE 4h. MOKE
¥ A, BFLI 100 uL /) DMSO, $E %% 10 min
AR UTVE , B S F B AR AR I OD A, %K 490 nm.
PR 2K AR — A SR BT I 40 A7 S R

1715 %= (Ff i 4173 OD -2 [14%)/ (i 1R
21734 OD -7 L) X 100%

LA A Ji0 A7 355 26500 25 Pk B 0P B T, 44
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SR EEANFE S IR ICso {H
3 #ER5iHR

DAL IS De S JERE, S DA it &
SIS ERAT Y, G20 TH-NMR, T R4
AN B IIE « 4125 1 25 BT 97 45 S RZ A5 2~7
B HAT R ARSM UM I, JCELXS Bel-7402
F1786-0 P9 AN 4H B AR AR ¥ M A U o

R1 AT EWAT £ XA B bR E 48 AR B 1Cso 18

Tab 1 Cytotoxicity of harmine derivatives in vitro(ICsg)

wam Icsq/umol-L’l
Bel-7402 MCF7  786-0 Blu-87 769-P BGC-823

Harmine 102.0 >201.2 >201.2 76.3 43.1 142.1

2 12.8 102.0 597 487 11.4 13.7

3 6.2 6.1 8.9 18.3 102.2 4.8

4 4.51 13.1 10.9 2.6 5.9 101.8

5 4.31 6.2 6.7 61.8 9.7 14.3

6 7.14 10.11 7.1 20.6 6.9 14.1

7 3.47 4.1 3.8 10 2.5 6.8

4 iR

MARSNLI R 25 R T LU . P a i) 6 A
HESEEPIXS 6 BRI 0 AR PR SRR 5 T8 3
WA LSRN, 2 2 AL R, W
PEREENE « 9-28 A > 0- R IR R IE)>9- g i ke
Kotk o LA BRUEEEDL 9 A7 AN 2 A7 HU R BRI
MR 2, PRI RO RAEE— DI
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