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Synthesis and Antitumor Activity Study of Carboline Derivatives

CHEN lJing, TAO Xuefeng(Department of Medicinal Chemistry, College of Pharmaceutical Science, Zhejiang Chinese
Medicinal University, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To synthesize a series of carboline derivatives and determine their antitumor activity.
METHODS 6-Substituted-a-carboline  derivatives, and 3-substituted-B-carboline
derivatives were synthesized through several steps from a-carboline, -carboline and 1,2,3,4-tetrahydro-p-carboline-3-carboxylic
acid separately. The antitumor activities of the target compounds were studied by MTT method. RESULTS Fifteen novel
carboline derivatives were synthesized and their structures were characterized by '"H NMR and ESI-MS. CONCLUSION  All
the target compounds showed antitumor activity against the tested tumor cells, some were comparable with that of taxol.
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Fig 2 Synthesis of 6-substituted-a-carboline and 6-substituted-B-carboline derivatives
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BEHE 0.5 ho KNI A K H, EtOAc(S mL X 3)
L, H1F1 NaCl ¥ W5 mL X 2)PEi%, Jo/K Na,SO4
. R, IR R, S AR . 2Rk
AT S AT 43 B FE IR 4 8 445(0.1 mmol)
A HCI-EtOH(2 mL, 1 : DIFNEAWF, =il
# 12 ho Hhuk, MBI EEEAE. H 10% NaOH #
WA, EtOAc(5 mLX3)3EHL, MIF1 NaCl %W
(5 mLX2)JE#, To/K NaxSO, T4 . g, JERIK
JEMI,  RIAS A 44 .

6-(4-TR ORI JHe 3 )- - Wbk (8a) -

FLRE AR IR 96%; #55>250 °C; 'H NMR
(8, CDCl3): 11.77 (brs, 1H, NH), 10.13 (brs, 1H,
NH), 8.45(dd, 1H, J=8.0, 1.5Hz), 8.40 (dd,
IH, J=5.0, 1.5Hz), 7.86(d, 1H, J=2.0 Hz),
7.72 (d, 2H, J=17.5 Hz), 7.60 (d, 2H, J=17.5 Hz),
7.37(d, 1H, J=9.0Hz), 7.18(dd, 1H, J=38.0,
5.0 Hz), 7.10 (dd, 1H, J=9.0, 2.0 Hz); ESI-MS:
m/z =402 [M+1]".

6-(2, 4 WA BE ISR I e 5 )-B-He Wbk (9a) :

A R 94%; M5 145~147 C;
'H NMR (8, DMSO-dy): 11.54 (s, 1H, NH), 9.68
(brs, 1H, NH), 8.88 (s, 1H), 8.33 (d, 1H, J=5.0
Hz), 8.03 (d, 1H, J=5.0 Hz), 7.90 (d, 1H, J=1.5
Hz), 7.62 (d, 1H, J=9.0 Hz), 7.47 (d, 1H, J=9.0
Hz), 7.30 (dd, 1H, J=2.5, 9.0 Hz), 6.67 (d, 1H,
J=2.5Hz), 6.52(dd, 1H, J=1.5, 9.0 Hz), 3.98
(s, 3H), 3.76 (s, 3H); ESI-MS: m/z =384 [M+1]".
1.2.2  tb&% 8b-d. 9b-c. 17a-c [ 4

LL 8b A Hil: ¥t 6-%(FE-9- LK -a-Hi Ik (72)(0.25
mmol)¥F T DMF(1 mL)¥, =i T 4-31
AR R(0.25 mmol)FIALIE(1 mmol), ZkZ:4 £
0.5 ho R MNIEEIAIKH, EtOAc(5 mLX3)FEHL,
P A NaCl V(5 mL X 2)VEHs, /K NaySO, T4
Uk, VERE RS, R AR . SRERAE S
14>, DL PE : EtOAc : EtOH AU, 7316
[ 4 o

6-(4-TR AR R W N 3L )-9- £, 3--IHE IR (8b) -

HE A KR 55%; J58i: 186~188 C;
'"HNMR (8, CDCls): 10.22 (brs, 1H, NH), 8.52
(dd, 1H, J=8.0, 1.0 Hz), 8.48 (dd, 1H, J=4.5,
1.0 Hz), 7.93(d, 1H, J=15Hz), 7.75(d, 2H,
J=8.5Hz), 7.63(d, 2H, J=8.5Hz), 7.59 (d,
1H, J=8.5Hz), 7.23 (dd, 1H, J=8.0, 4.5 Hz),

ob [E AR 2455 2013 4F 3 55 30 5565 3

7.18 (dd, 1H, J=8.5, 1.5Hz), 4.46(q, 2H, J=
7.5Hz), 1.32(t, 3H, J=7.5Hz); ESI-MS: m/z=
430 [M+1]".

6-(4- AL R I 1 I )-9- £ Fk-a- MR BB (8c) -

L A WO 2 56%: 45 1: 66~68 °C; 'H NMR
(8, CDCl3): 9.99 (brs, 1H, NH), 8.49 (m, 2H),
7.91(d, 1H, J=1.2 Hz), 7.66 (d, 2H, J = 8.5 Hz),
7.56 (d, 1H, J=8.5Hz), 7.22 (m, 2H), 7.02 (d,
2H, J=8.5Hz), 4.47 (q» 2H, J=7.5 Hz), 3.75 (s,
3H), 1.31 (t, 3H, J=7.5Hz); ESI-MS: m/z =382
[M+1]".

6-(2,4- - H1 4 A Tl I Jig ik )-9- & i -au- T Db
(8d):

FEE A IR 52%; M8 150~152 C;
"H NMR (8, CDCls): 9.94 (brs, 1H, NH), 8.51 (dd,
1H, J=8.0, 1.5Hz), 8.47(d, 1H, J=4. Hz),
7.93(d, 1H, J=1.5Hz), 7.57 (d, 1H, J=28.5 Hz),
7.27(d, 2H, J=8.5Hz), 7.23 (m, 2H), 7.01 (d,
1H, J=8.5 Hz), 4.46 (g, 2H, J=7.0 Hz), 3.75 (s,
3H), 3.69 (s, 3H), 1.31 (t, 3H, J = 7.0 Hz); ESI-MS:
m/z =412 [M+1]",

6-(4- VR ZS R i )-9- 2, F-B-HE WK (9b) -

P AR 0K - 65%; 15 55: 67~69 °C; 'H NMR
(8, DMSO-dy): 10.25 (brs, 1H, NH), 9.03 (s,
1H), 8.36(d, 1H, J=5.0Hz), 8.09(d, IH, J=
5.0 Hz), 7.58(d, 1H, J=1.5Hz), 7.74(d, 2H,
J=9.0Hz), 7.63(d, 3H, J=9.0Hz), 7.25(dd,
1H, J=1.5, 9.0Hz), 4.50(q, 2H, J=7.0 Hz),
1.32 (t, 3H,J = 7.0 Hz); ESI-MS: m/z = 430 [M+1] ",

6-(2,4- — FF A, 35 R Tk I Ji 356 )-9- & F -B- e bk
(9(:):

F L s WO = 92% 14 : 53~55 °C; 'H NMR
(8, DMSO-dy): 9.72 (brs, 1H, NH), 9.00 (s, 1H),
8.34(d, 1H, J=5.0 Hz), 8.03 (d, 1H, J=5.0 Hz),
7.90 (d, 1H, J=2.0 Hz), 7.60 (d, 1H, J=19.0 Hz),
7.57(d, 1H, J=9.0 Hz), 7.32(dd, 1H, J=1.5,
9.0 Hz), 6.64(d, 1H, J=2.0 Hz), 6.49 (dd, 1H,
J=1.5, 9.0 Hz), 4.45 (q, 2H, J=7.0 Hz), 3.94 (s,
3H), 3.73 (s, 3H), 1.30 (t, 3H, J = 7.0 Hz); ESI-MS:
m/z =412 [M+1]",

3-FRAE I i -9~ 2, FE- - b (172):

P IR 40%; M50 228~230 C;
'H NMR (8, DMSO-dy): 10.70 (brs, 1H, NH),
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8.69 (s, 1H), 8.24(d, 1H, J=8.0 Hz), 7.90 (s,
1H), 7.88(d, 2H, J=8.4Hz), 7.68(d, 1H, J=
8.0 Hz), 7.62 (m, 4H), 7.26 (t, 1H, J=8.0 Hz),
4.47(q, 2H, J=17.2Hz), 1.36 (t, 3H, J=7.2 Hz);
ESI-MS: m/z =352 [M+1]",

3-(2,4- PP AR R A il 1t 1 K )-9- & R -B- IR Bk
(17b):

HE A R 45%; K58 194~196 C;
'H NMR (8, DMSO-dy): 10.45 (brs, 1H, NH),
8.66 (s, 1H), 8.23(d, 1H, J=8.0 Hz), 7.89 (s,
1H), 7.64 (d, 1H, J=8.0 Hz), 7.59 (t, 1H, J=8.0
Hz), 7.42(d, 1H, J=72Hz), 7.40 (s, 1H), 7.23
(t, 1H, J=8.0 Hz), 7.01 (d, 1H, J=172 Hz),
446 (q» 2H, J=172Hz), 3.73 (s, 3H), 3.72 (s,
3H), 1.29 (t, 3H, J=7.2 Hz); ESI-MS: m/z =412
[M+17]",

3- (4T N1 3 )-9- £, 55 -B-H b (17 ) -

I A R 42%; M58: 246~248 C;
'H NMR (5, DMSO-ds): 10.81 (brs, 1H, NH),
8.66 (s, 1H), 8.26 (d, 1H, J=8.4 Hz), 7.89 (s,
1H), 7.80(d, 2H, J=8.8Hz), 7.69 (d, 2H, J=
8.8 Hz), 7.67 (d, 1H, J=8.4Hz), 7.63(t, 1H, J
=8.4Hz), 7.26 (t, 1H, J=8.4Hz), 447 (q, 2H,
J=72Hz), 131 (t, 3H, J=7.2Hz); ESI-MS:
m/z =430 [M+1]".

1.2.3 L& 9d. 17d 1%

LLod M. Btk &Y 9¢(1 mmol)i T IE/K
THF-DMF(2 mL, 1 : 1), JiA NaH(1.5 mmol),
VKERW S R HEEE 0.5h, FAE RN WP A
C,HsBr(1.2 mmol), k445 HE 0.5 ho HIZK K SN,
H EtOAc(20 mL X 3) . &HAHLE, AHZEH
oK Na SOy T4, 978 2% EtOAc. FRAW) FH A
AR EMT4li4k, LA PE © EtOAc © EtOH A yG/iis,
(GAS RN

6-[N- £ H-(2,4- — AL X)L i 2L )- 9-&
HE-B-FEMR(9d):

I A, . 63%; M. 44~46 C;
'HNMR (8, DMSO-dy): 9.07 (s, 1H), 8.40 (d,
1H, J=5.0 Hz), 8.14 (d, 1H, J=5.0 Hz), 8.07 (d,
1H, J=2.0 Hz), 7.65 (d, 1H, J=9.0 Hz), 7.42 (d,
1H, J=9.0Hz), 7.26 (dd, 1H, J=2.0, 9.0 Hz),
6.78 (d, 1H, J=2.0Hz), 6.50(dd, 1H, J=2.0,
9.0 Hz), 4.54(q» 2H, J=7.0Hz), 4.45(q, 2H,

-232. Chin JMAP, 2013 March, Vol.30 No.3

J=7.0Hz), 3.94 (s, 3H), 3.82(s, 3H), 1.36(t,
3H, J=7.0 Hz), 1.06 (t, 3H, J= 7.0 Hz); ESI-MS:
m/z =441 [M+1]".

3-[N- & - (4- YR 0 Bl It e i 1-9- £ K& - B- R bk
(17d):

A A BCR: 35%; KA 248~250 C;
'"H NMR (8, DMSO-dy): 8.80 (s, 1H), 8.19 (d,
1H, J=8.0 Hz), 7.98 (s, 1H), 7.82 (d, 2H, J=8.4
Hz), 7.67 (d, 1H, J=8.0 Hz), 7.64 (d, 2H, J=8.4
Hz), 7.62 (t, 1H, J=8.0 Hz), 7.23 (t, 1H, J=8.0
Hz), 4.47 (g, 2H, J=7.2 Hz), 434 (q, 2H, J=722
Hz), 1.37 (t, 3H, J=7.2Hz), 1.28 (t, 3H, J=7.2
Hz); ESI-MS: m/z =458 [M+1]".

124 LAY 8e. 9e. 17e 1%

UL 8e Ky fil: ¥t 6-24E5-9- £ FE-a-IEIk(7a) (0.2
mmol)% T FAEE (1 mL)H, HiHE FmA 3, 4,
5-— FHAR RS A BE42(0.3 mmol), THIR 2[RI M 2 he
KNEEHJE, BIOER, kR mAK, H
10%NaOH % A1, EtOAc(5 mL X 3)HEHL, Al
NaCl % (5 mL X 2)¥E¥¢, Jo7K NaySO, T4 i g,
PEVRIRI I, R . SRR RN
PLPE © EtOAc : EtOH SAYEBLF, 159 il 4.

6-(3,4,5- = MR L 2K TR JHg i )-9- £ Jk - - I bk
(8e):

FEfE g IR 76%; %58 189~191 C;
'"HNMR (8, CDCls): 10.25 (brs, 1H, NH), 8.55
(d, 1H, J=2.0 Hz), 8.51 (dd, 1H, J=1.5, 7.5 Hz),
8.48 (dd, 1H, J=1.5, 4.5Hz), 7.81(dd, IH, J=
2.0, 9.0Hz), 7.71(d, 1H, J=9.0 Hz), 7.36 (s,
2H), 7.24 (dd, 1H, J=4.5, 7.5 Hz), 4.54 (q, 2H,
J=6.5Hz), 3.89 (s, 6H), 3.75(s, 3H), 1.37(t,
3H, J=6.5Hz); ESI-MS: m/z =406 [M+1]".

6-(3,4,5- = W AU BE 2R H % Ik )-9- £ B -B- IR Wbk
(98):

H bR, . 89%; Mas: 115~117 C;
'"H NMR (5, DMSO-dy): 10.29 (brs, 1H, NH),
9.06 (s, 1H), 8.61(d, 1H, J=2.0Hz), 8.38(d,
1H, J=5.0 Hz), 8.10 (d, 1H, J= 5.0 Hz), 7.90 (dd,
1H, J=2.0, 9.0Hz), 7.76 (d, 1H, J=19.0 Hz),
7.40 (s, 2H), 4.58(q, 2H, J=7.0 Hz), 3.88 (s,
6H), 3.81 (s, 3H), 1.38 (t, 3H, J = 7.0 Hz); ESI-MS:
m/z =406 [M+1]",

3-(3,4,5- = WA BE 0K H G J)-9- £ BE-B- IR bk

R IR T 252 2013 4 3 H 55 30 4555 3 141




(17e):

IR R 54%; K8: 205~206 C;
'H NMR (8, DMSO-d,): 10.80 (brs, 1H, NH),
8.88 (s, 1H), 8.86 (s, 1H), 8.25 (d, 1H, J = 8.0 Hz),
7.72 (d, 1H, J=8.0 Hz), 7.64 (t, 1H, J=8.0 Hz),
7.48 (s, 2H), 7.29(t, 1H, J=8.0 Hz), 4.57(q,
2H, J=7.2Hz), 3.90 (s, 6H), 3.74 (s, 3H), 1.38
(t, 3H, J=7.2Hz), ESI-MS: m/z =406 [M+1]",
2 {ROMRBRE TR SR I
2.1 SEEA R

MHPE: N FIER B A H(KB), A I
41 L (K562).

Bi#edk: RPMI 1640 B985, & 10%/M i
T IR 2 I .

AR B 2EE T DMSO . 4%

R RORRATE Yo A O 28 M B AR SR LA R

—E LB R AR E S ANAS R
2.2 SEETE

W hbF et AR R IR R R Al i, BL 2 X
10* AN -mL™ 00T 96 FLESFRMOT, A5 4L N4 &
M 200 uL, {E85FE 24 h 5, Al 5 MR EEI
IHRWREAT A2 40(0.08~50 pgrmL™")2 pl, FEANHRE X
3 ANEAL. HRAE 37 °C, 5% CO, Biefirhin s
48 hJ5, IR 5 mgmL ™ (¥ MTT %3 10 pL,
kL5 5% 4 h, W WG M 100 pL ¥ DMSO,
AT, HREFRCT 570 nm WK @ &AL G
JZ(OD ff).

S0 B A 2 R B A O A A ] 2R %=
(4 ZH OD - 254 OD {i)/%F 41 i OD {8 X
100%, H Bliss 323K P EAMHIR B (1Cso), 4553
W& 1.

Tab 1 In vitro cytotoxic activities of carboline derivatives against two cancer cell lines

< X N X X
N N S NS
Ry Ry R4
8 9 17

Compd. Structure ICso /umol-L™"
X Ry Ry KB K562
8a NHSO, H 4-Br 89.54 95.34
8b NHSO, C,Hs 4-Br 87.67 85.45
8c NHSO, CyHs 4-OCHj; 94.26 33.15
8d NHSO, C,Hs 2, 4-OCH; 84.36 93.96
8e NHCO C,Hs 3,4,5-OCH; 60.46 2.81
9a NHSO, H 2, 4-OCH; 27.82 79.35
9b NHSO, C,Hs 4-Br 9.83 20.36
9¢ NHSO, C,Hs 2, 4-OCH; 24.81 94.53
9d N(C,Hs)SO, C,Hs 2, 4-OCH; 69.37 1.25
9e NHCO C,Hs 3,4, 5-OCH; 83.42 94.67
17a NHSO, C,Hs H 87.47 80.36
17b NHSO, C,H;s 2, 4-OCH; 84.35 74.03
17¢ NHSO, C,Hs 4-Br 79.93 93.57
17d N(C2H5)SO, C,Hs 4-Br 93.44 83.37
17e NHCO C,Hs 3,4, 5-OCH; 93.63 0.096
taxol 0.75 1.16

3 Z#R5IHE

DL a-IEIRR L B-IHEIBR LA K2 1,2.3,4-PU & -B-IHEbk-3-
BNk, 2 20 RN AR 6-HUAR a-if
WREAT A 40(8)5 A, 6-HUAR B-HMR AT A= 40(9)5 4
3-BUAR B-MEIRSERTAE QTS A, WA,
ZERg 2t "H NMR F1 ESI-MS #3iF . 4135 1) 24 BER
AL, Bt B AR 38 B AT —
AR, EATS DLAT I LA B y-PR bR
TR E. o, 6-HUR o-FRIREATAE

ob [E AR 2455 2013 4F 3 55 30 5565 3

PR 3-HRAR B-PHR BRI A A4 40 AN B e A W e e
Itk S 8e FI 17e Xf K562 41 i FL A7 %5 5 A 4161
W, 1Cso 2%k 2.81, 0.096 pmol'L™", 5FHPE
Xof S AZ I (ICs0=1.16 pumol-L™ YA 4B 5 8 . 5% B
KPS 3, 4, 5-= FVARC L T Ik e e
5 NA R T 6t K562 40 B i Fmiis v o iy i
MGAE 6-HUAR B-HEIRS AT £ (9)h H1 e  HH IRL

H 6-HUAR B-IEMRRAT A%t KB 40 i 1) AUk v 3
T K562 g, etk &4 9c IRVRR I 1% k3% 1%
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!Eff E{] N JE %J: 5 I )\~/|\ Z% Hﬂ‘ s ff:ﬂf @J E(J ,pcé% 9d methyl-SH-pyrido[4,3-b]benzo[e]- and-benzo[g]) indoles. A

new class of antineoplastic agents [J]. ] Med Chem, 1990,

X K562 %H@E‘Jﬂ‘fﬂr&ﬁﬂ{ﬁ‘@j{jﬁ%%, ICsg {Ej‘] 1.25 33(5): 1519-1528.
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