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Synthesis and Antitumor Activities of B-Carboline Derivatives
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Abstract In search of more effective antitumor agents, based on the previous results of computer aided drug design. The
starting material L-tryptophan reacted with formaldehyde via Pictet-Spengler condensation and followed by oxidation and
decarboxylation to afford the intermediate f-carboline. The intermediate was further reacted with halogenated hydrocarbon by
N-alkylation and N*-quaternarization to obtain new S-carboline derivatives. Fourteen novel S-carboline derivatives were syn-
thesized and characterized by '"H NMR, IR, MS and elemental analysis. Compound 5h was further studied by X-ray single
crystal diffraction analysis. The antitumor activity of the target compounds was studied by MTT method. The results demon-
strated that N’-quaternarized compounds (5a ~ 5nm) had more remarkable cytotoxic activities in vitro than
9-phenylpropyl-S-carboline (4). The tumor inhibition rates of the selected compounds Se and 5h in mice bearing Lewis lung

cancer. The compound 9 showed inhibition activity on transplanting-tumor growth of Lewis lung cancer.

Keywords f-carboline; synthesis; antitumor activity; structure-activity relationship
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5j R? = CH,CgH,(m-Cl), X = Br
5k R? = CH,CgH,(p-CHg), X = Br
51 R? = CH,CgH,(p-OCHs), X = Br
5m R? = CH,CH,CgHs, X = Br

5n R? = CH,CH,CH,CgHs, X = Br

B 1 HFLEWY 5a~5n (K4 8L

Figure 1 Synthetic route of target compounds Sa~5n
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mmol). N,N-HIEH (30 mL). &S fL85(0.48 g, 12
mmol) I 50 mL J WA, AR o N 1-1R-3- 2804
W%E2.1 mL, 15 mmol). kN 5ERFEIAKY, HLMK
SRR AR 2 5 P /K P R0 S A Al v 5%,
TR0, WM, HZENT, LR OFRABE
JBFR, SR VEW, EMOIRAE T, AR L SBEF
ARV D V=1 D)IREWEL MRS 2.64 g F AR
4, P73 92.3%. m.p. 90~91 ‘C; 'H NMR (CDCls, 400
MHz) §: 8.82 (s, 1H, H-1), 8.47 (d, J=6.4 Hz, 1H, H-3),
8.17 (d, J=8.0 Hz, 1H, H-4), 7.99 (d, J=8.0 Hz, 1H,
H-5), 7.59 (d, J=8.0 Hz, 1H, H-8), 7.38~7.40 (m, 1H,
H-7), 7.28~7.31 (m, 3H, H-6, ArH), 7.16~7.21 (m, 3H,
ArH), 4.40 (t, J=7.2 Hz, 2H, NCH,CH,CH, Ar), 2.75 (t,
J=17.2 Hz, 2H, NCH,CH,CH,Ar), 2.23~2.30 (m, 2H,
NCH,CH,CH,Ar); IR (KBr) v: 3446.6, 2941.3, 1620.9,
1556.7, 1491.8, 1447.4, 1328.6, 1256.6, 1217.4, 1149.8,
819.6, 751.7 cm™'; MS m/z (%): 286 (M "), 181 (100), 127,
91. Anal. calcd for Cy0H;sN,: C 83.88, H 6.34, N 9.78;
found C 83.84, H 6.19, N 9.63.
1.3 2-BUK-9-FHE-L-HME (5a~5n)HI & X

I 9-ZK A F5-B-H:b(0.86 g, 3 mmol), Jifis LR 4
B Hoe AR, N %E(1 mL, 10.2 mmol), Hn#k
[ 6 h, AR, S NVve H 2 5, ok
PEFTHT H A, AT b 2R LRV S, B G K 1A
W TK CGEEF, iR S, Gt uE, KO
W B Ak 1977 Sa. [Alk T 495 Sb~5n.

2- FRE-9- 2R TN - B-HRIk-2- Ttk (Sa): B (A ik, 7=
% 81.7%. m.p. 226~228 ‘C; 'H NMR (DMSO-d;, 400
MHz) §: 9.66 (s, 1H, H-1), 8.83 (d, J=6.4 Hz, 1H, H-3),
8.69 (d, J=6.4 Hz, 1H, H-4), 8.54 (d, J=7.6 Hz, 1H,
H-5), 7.95 (d, J=8.0 Hz, 1H, H-8), 7.85~7.88 (m, 1H,
H-7), 7.49~7.51 (m, 1H, H-6), 7.20~7.24 (m, 2H, ArH),
7.12~7.15 (m, 3H, ArH), 4.69 (t, J=7.2 Hz, 2H,
NCH,CH,CH,Ar), 4.50 (s, 3H, N"CH3), 2.71 (t, J=7.2
Hz, 2H, NCH,CH,CH,Ar), 2.17~2.21 (m, 2H, NCH,CH,-
CH,Ar); IR (KBr) v: 3428.7, 2945.4, 1635.2, 1529.2,
1490.7, 1336.4, 1254.8, 752.6 cm'; MS m/z (%): 286, 181
(100), 127, 91. Anal. calcd for C;H;IN,: C 58.89, H 4.94,
N 6.54; found C 58.62, H 4.82, N 6.58.

2- £ F-9- TR P He-B- I IBR-2- T £R (Sb): S B &)
Sa 145 BT, 9- IR N FE-B-HEMRANIILAR 1E 200t Je W A3H4E
A4 5b, FOEK, 77K 84.6%. mp. 168~169 C; 'H
NMR (DMSO-d, 400 MHz) d: 9.74 (s, 1H, H-1), 8.85 (d,
J=6.4 Hz, 1H, H-3), 8.79 (d, J=6.4 Hz, 1H, H-4), 8.54
(d, J=7.6 Hz, 1H, H-5), 7.93 (d, J=8.0 Hz, 1H, H-8),
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7.85~7.89 (m, 1H, H-7), 7.48~7.52 (m, 1H, H-6), 7.18~
7.23 (m, 2H, ArH), 7.10~7.14 (m, 3H, ArH), 4.78 (q, J=
7.2 Hz, 2H, N'CH,CH3), 4.69 (t, J=7.2 Hz, 2H,
NCH,CH,CH,Ar), 2.70 (t, J=7.2 Hz, 2H, NCH,CH,-
CH,Ar), 2.17~2.25 (m, 2H, NCH,CH,CH,Ar), 1.66 (t,
J=7.2 Hz, 3H, N"CH,CH3); IR (KBr) v: 2978.7, 2906.2,
1639.2, 1509.9, 1490.7, 1348.1, 1251.5, 827.3, 773.3,
754.0 cm™'; MS m/z (%): 286 (100), 181, 119, 91. Anal.
caled for CoHpIN,: C 59.74, H 5.24, N 6.33; found C
59.67, H5.29, N 6.28.

2- T -9 TR N FE-p- R MR-2-T 2 (Se): SR E W)
Sa 6 BT, 9- AN HE-B-HEMRANBILA 1E T ¢ J NA54E,
EW 5e, FONEAE, 77K 86.2%. mp. 187~188 C; 'H
NMR (DMSO-d, 400 MHz) d: 9.73 (s, 1H, H-1), 8.86 (d,
J=6.4 Hz, 1H, H-3), 8.79 (d, J=6.4 Hz, 1H, H-4), 8.55
(d, J=7.6 Hz, 1H, H-5), 7.95 (d, J=8.0 Hz, 1H, H-8),
7.86~7.90 (m, 1H, H-7), 7.49~7.53 (m, 1H, H-6), 7.18~
7.22 (m, 2H, ArH), 7.10~7.14 (m, 3H, ArH), 4.68~4.75
(m, 4H, NCH,CH,CH,Ar, N*CH,CH,CH,CH3), 2.70 (t,
J=17.2 Hz, 2H, NCH,CH,CH,Ar), 2.18~2.22 (m, 2H,
NCH,CH,CH,Ar), 2.00~2.04 (m, 2H, N'CH,CH,CH,-
CH3), 1.33~1.38 (m, 2H, N"CH,CH,CH,CHj3), 0.97 (t,
J=7.2 Hz, 3H, N'CH,CH,CH,CH3); IR (KBr) v: 3429.6,
2946.2, 1636.3, 1527.4, 1489.2, 1337.2, 11502, 753.7
cm ' MS m/z (%): 286, 181 (100), 127, 91. Anal. calcd
for Co4H,7IN,: C 61.28, H 5.79, N 5.96; found C 61.16, H
5.71,N 5.94.

2- JRHE-9- 2K T S -p- Ik -2- T (5d): S AL &
Sa [R5 BT, 9-A8 N HE-B-MEMR AN 1E e e A4,
EW5d, HOEE, 75K 92.4%. mp. 159~161 C; 'H
NMR (DMSO-d, 400 MHz) d: 9.72 (s, 1H, H-1), 8.85 (d,
J=6.4 Hz, 1H, H-3), 8.78 (d, J=6.4 Hz, 1H, H-4), 8.54
(d, J=7.6 Hz, 1H, H-5), 7.94 (d, J=8.0 Hz, 1H, H-8),
7.85~7.89 (m, 1H, H-7), 7.49~7.53 (m, 1H, H-6), 7.18~
7.22 (m, 2H, ArH), 7.11~7.14 (m, 3H, ArH), 4.68~4.75
[m, 4H, NCH,CH,CH,Ar, N*CH,(CH,);CHs], 2.69 (t, J=
7.2 Hz, 2H, NCH,CH,CH,Ar), 2.16 ~2.24 (m, 2H,
NCH,CH,CH,Ar), 1.99 ~2.08 [m, 2H, N " CH,CH,-
(CH,),CHs], 1.29~1.38 [m, 4H, N'CH,CH,(CH,),CH;],
0.87 [t, J=7.2 Hz, 3H, N'(CH,);CH;]; IR (KBr) v:
2929.3, 2856.1, 1641.1, 1511.9, 1454.1, 1333.3, 1174.4,
821.5,773.3,755.9 cm™'; MS m/z (%): 286, 181 (100), 71.
Anal. caled for C,sHaoIN,: C 61.99, H 6.03, N 5.78; found
C 62.07,H6.12, N 5.84.

2- CLHE-9- TR PN JE-p- iR bk -2- T £ (Se): Z AL G W)
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Sa [R5 T, 9- AN HE-B-MEMRANBIA IE e e A,
G Se, WA, PP 84.6%. mp. 169~171 C; 'H
NMR (DMSO-dy, 400 MHz) J: 9.74 (s, 1H, H-1), 8.86 (d,
J=6.4 Hz, 1H, H-3), 8.79 (d, J=6.4 Hz, 1H, H-4), 8.55
(d, J=17.6 Hz, 1H, H-5), 7.96 (d, J=8.0 Hz, 1H, H-8),
7.86~7.90 (m, 1H, H-7), 7.49~7.53 (m, 1H, H-6), 7.18~
7.22 (m, 2H, ArH), 7.11~7.14 (m, 3H, ArH), 4.68~4.75
[m, 4H, NCH,CH,CH,Ar, N*CH,(CH,),CH;], 2.70 (t, J=
7.2 Hz, 2H, NCH,CH,CH,Ar), 2.17 ~221 (m, 2H,
NCH,CH,CH,Ar), 2.02 ~2.05 [m, 2H, N " CH,CH,-
(CH,);CH;], 1.26~1.34 [m, 6H, N"CH,CH,(CH,);CH;],
0.86 [t, J=7.2 Hz, 3H, N"(CH,)sCH;]; IR (KBr) v:
3428.4, 29452, 1637.5, 1529.6, 1490.4, 1336.3, 1148.5,
752.9, 719.2 cm”'; MS m/z (%): 286, 181 (100), 127, 91.
Anal. caled for CygH3 IN,: C 62.65, H 6.27, N 5.62; found
C 62.58, H 6.23, N 5.58.

2-PiRk-9-F A HL-p-IHE R -2 R (5): S IAL &) 5a
B T, 9-K N -B-HRIR AN 1E Bt Je AT A
) sf, SR, PP 78.3%. mp. 147~149 C; 'H
NMR (DMSO-d,, 400 MHz) d: 9.74 (s, 1H, H-1), 8.85 (d,
J=6.4 Hz, 1H, H-3), 8.78 (d, J=6.4 Hz, 1H, H-4), 8.54
(d, J=17.6 Hz, 1H, H-5), 7.92 (d, J=8.0 Hz, 1H, H-8),
7.85~7.89 (m, 1H, H-7), 7.49~7.53 (m, 1H, H-6), 7.17~
7.22 (m, 2H, ArH), 7.10~7.14 (m, 3H, ArH), 4.68~4.75
[m, 4H, NCH,CH,CH,Ar, N"CH,(CH,),CH;], 2.68 (t, J=
7.2Hz, 2H, NCH,CH,CH,Ar), 2.18 ~ 222 (m, 2H,
NCH,CH,CH,Ar), 2.02 ~2.06 [m, 2H, N " CH,CH,-
(CH,);CH;], 1.23~1.33 [m, 8H, N"CH,CH,(CH,),CH;],
0.83 [t, J=7.2 Hz, 3H, N'(CH,),CH;]; IR (KBr) v:
2923.5, 28522, 1641.1, 1511.9, 1461.8, 1334.5, 1253.5,
1145.5, 775.2, 727.1, 698.1 cm™'; MS m/z (%): 286, 181
(100), 99. Anal. calcd for C,;H33IN,: C 63.28, H 6.49, N
5.47; found C 62.93, H 6.54, N 5.62.

2- 3 KL -9 TR N SE Bk -2- T 5 (Sg): S L&)
Sa [R5 T, 9- AN HE-B-IEMR AN 1E 200 S W A,
&) 5g, EOEK, 775 80.4%. mp. 147~149 C; 'H
NMR (DMSO-d, 400 MHz) d: 9.72 (s, 1H, H-1), 8.86 (d,
J=6.4 Hz, 1H, H-3), 8.78 (d, J=6.4 Hz, 1H, H-4), 8.55
(d, J=17.6 Hz, 1H, H-5), 7.96 (d, J=8.0 Hz, 1H, H-8),
7.86~7.90 (m, 1H, H-7), 7.50~7.53 (m, 1H, H-6), 7.18~
7.22 (m, 2H, ArH), 7.11~7.14 (m, 3H, ArH), 4.68~4.74
[m, 4H, NCH,CH,CH,Ar, N*CH,(CH,),CHs], 2.70 (t, J=
7.2 Hz, 2H, NCH,CH,CH,Ar), 2.17 ~221 (m, 2H,
NCH,CH,CH,Ar), 2.02 ~2.05 [m, 2H, N " CH,CH,-
(CH,)sCH3], 1.22~1.31 [m, 10H, N"(CH,),(CH,)sCH;],
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0.83 [t, J=7.2 Hz, 3H, N (CH,),CH;]; IR (KBr) v:
3004.5, 2964.0, 2933.2, 1636.3, 1506.1, 1484.1, 1330.3,
1141.6, 755.8, 707.7 cm™'; MS m/z (%): 286, 181 (100),
127, 91. Anal. caled for C,gH3sIN,: C 63.88, H 6.70, N
5.32; found C 63.75, H 6.72, N 5.41.

2- I 9T KL -B- bk -2-1 £ (Sh): SRS
Sa G T, 9-2K N 3E-B-HEIK AT IRAL R e VAL 54
5h, O ARAK, P7% 93.5%. m.p. 201~203 C; 'H NMR
(DMSO-ds, 400 MHz) 6: 9.90 (s, 1H, H-1), 8.82 (d, /=0.8
Hz, 2H, H-3, H-4), 8.56 (d, J=7.6 Hz, 1H, H-5), 7.94 (d,
J=8.0 Hz, 1H, H-8), 7.85~7.87 (m, 1H, H-7), 7.64~7.67
(m, 1H, H-6), 7.42~7.51 (m, 4H, ArH), 7.06~7.14 (m,
6H, ArH), 5.96 (s, 2H, N"CH,Ar); 4.73 (t, J=7.2 Hz, 2H,
NCH,CH,CH,Ar), 2.66 (t, J=7.2 Hz, 2H, NCH,CH,-
CH,Ar), 2.19~2.21 (m, 2H, NCH,CH,CH,Ar); IR (KBr)
v: 3421.0, 3007.0, 2967.1, 1637.7, 1510.4, 1456.2, 1341.2,
1143.2, 755.4, 718.1 cm™'; MS m/z (%): 286, 181 (100),
127, 91. Anal. caled for C,;H,sBrN,: C 70.90, H 5.51, N
6.12; found C 71.06, H 5.62, N 6.09.

2-(4- U )-9- 4% I Bk -B- IR bR -2- L ER (5i): = ML
G Sa G T, 9-FK N HE-B-HRIF 4- 35 S WV 1
&9 50, TEOAK, 775 91.9%. mp. 197~199 C; 'H
NMR (DMSO-dg, 400 MHz) §: 9.90 (s, 1H, H-1), 8.82 (d,
J=0.8 Hz, 2H, H-3, H-4), 8.53 (d, J=8.0 Hz, 1H, H-5),
7.96 (d, J=8.0 Hz, 1H, H-8), 7.87~7.90 (m, 1H, H-7),
7.69~7.71 (m, 2H, ArH), 7.50~7.53 (m, 1H, H-6),
7.29~731 (m, 2H, ArH), 7.11~7.16 (m, 3H, ArH),
7.04~7.10 (m, 2H, ArH), 5.95 (s, 2H, N'CH,Ar), 4.74 (t,
J=17.2 Hz, 2H, NCH,CH, CH,Ar), 2.67 (t, J=7.2 Hz, 2H,
NCH,CH,CH, Ar), 2.22~2.25 (m, 2H, NCH,CH,CH,Ar);
IR (KBr) v: 3422.1, 2982.7, 1637.8, 1511.0, 1456.8,
1340.5, 1143.3, 751.4, 700.9 cm™'; MS m/z (%): 287
(100), 225, 182, 127, 91. Anal. calcd for Cy;HpBrFN,: C
68.21, H 5.09, N 5.89; found C 68.10, H 5.13, N 5.84.

2-(3- TR H)-9- R P He-p- IRk -2- 1R #h(55): = fifk
W) Sa 6 775, 9-2R TN JE-B-RIBR RN 3-SR R Wi A4
& 55, FO AR, 7% 91.7%. m.p. 194~195 °C; 'H
NMR (DMSO-d,, 400 MHz) 8: 9.99 (s, 1H, H-1), 8.84 (d,
J=0.8 Hz, 2H, H-3, H-4), 8.53 (d, J=8.0 Hz, 1H, H-5),
7.96 (d, J=8.0 Hz, 1H, H-8), 7.87~7.91 (m, 1H, H-7),
7.78~7.79 (m, 1H, H-6), 7.47~7.62 (m, 4H, ArH),
7.04~7.15 (m, 5H, ArH), 5.99 (s, 2H, N"CH,Ar), 4.75 (t,
J=17.2 Hz, 2H, NCH,CH,CH,Ar), 2.68 (t, J=7.2 Hz, 2H,
NCH,CH,CH,AT), 2.20~2.24 (m, 2H, NCH,CH,CH,Ar);
IR (KBr) v: 3421.6, 2986.6, 1904.5, 1849.2, 1639.4,
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1511.7, 1470.7, 1336.7, 1143.6, 745.9, 701.7 cm'; MS
mlz (%): 286, 181 (100), 127, 91. Anal. caled for
C,7H,,BrCIN,: C 65.93, H 4.92, N 5.70; found C 65.89, H
491,N5.72.

2-(4- F L) "R HE-9- TR P B bk -2- 1R #5.(5k): 21
1B Sa (16 BT 15, 9-IK T4 H-B-HRIR R 4- FF R VRR
NAHEEY) Sk, BEALE, 7% 88.7%. m.p. 201~203
‘C; "H NMR (DMSO-d;, 400 MHz) 0: 9.99 (s, 1H, H-1),
8.83 (d, J=0.8 Hz, 2H, H-3, H-4), 8.53 (d, J/=8.0 Hz, 1H,
H-5), 7.94 (d, J=8.0 Hz, 1H, H-8), 7.85~7.89 (m, 1H,
H-7), 7.48~7.53 (m, 3H, ArH, H-6), 7.24~7.26 (m, 2H,
ArH), 7.05~7.17 (m, 5H, ArH), 5.93 (s, 2H, N"CH,Ar),
4.72 (t, J=7.2 Hz, 2H, NCH,CH,CH,Ar), 2.68 (t, J=7.2
Hz, 2H, NCH,CH,CH,Ar), 2.30 (s, 3H, CH3), 2.17~2.25
(m, 2H, NCH,CH,CH,Ar); IR (KBr) v: 2964.1, 2933.2,
1637.2, 1511.9, 1454.1, 1332.6, 1141.6, 757.9, 700.1
em ' MS m/z (%): 286 (100), 181, 105, 91. Anal. calcd
for C,gH,7BrN,: C 71.34, H 5.77, N 5.94, found C 71.10, H
5.73,N 5.96.

2-(4- A ) R AL -9- DR P - B- R bk -2- 1R 2R (S1): &
WAL Sa (1A BT, 9-2K A JE-B-FRIBR AT 4- B A S5 IR
NN ED) 51, g, F72 82.9%. mp. 232~
234 °C; '"H NMR (DMSO-d,, 400 MHz) d: 9.90 (s, 1H,
H-1), 8.81 (d, J=0.8 Hz, 2H, H-3, H-4), 8.54 (d, J=8.0
Hz, 1H, H-5), 7.94 (d, J=8.0 Hz, 1H, H-8), 7.85~7.89
(m, 1H, H-7), 7.58~7.61 (m, 2H, ArH), 7.47~7.51 (m,
1H, H-6), 7.05~7.17 (m, 5H, ArH), 6.97~7.01 (m, 2H,
ArH), 5.88 (s, 2H, N"CHAr), 4.71 (t, J=7.2 Hz, 2H,
NCH,CH,CH,Ar), 3.74 (s, 3H, OCH3), 2.67 (t, J=7.2 Hz,
2H, NCH,CH,CH,Ar), 2.17~2.25 (m, 2H, NCH,CH,-
CH,Ar); IR (KBr) v: 3002.6, 1639.2, 1610.2, 1513.8,
1455.9, 1334.5, 1255.4, 1174.4, 1135.8, 1029.8, 761.7,
700.1 cm™'; MS m/z (%): 286 (100), 181, 121, 91. Anal.
calcd for CygH,7BrN,O: C 68.99, H 5.58, N 5.75; found C
68.72, H 5.54, N 5.68.

2- R L H-9- R P BRI -2- Y (Sm): S L&
W) Sa 16 T, 9-R A HE-B-HRIBRF 1-7R-2 R 20 )
NAHEEY) Sm, HE K, 7% 84.4%. m.p. 184~186
‘C; '"H NMR (DMSO-ds, 400 MHz) §: 9.63 (s, 1H, H-1),
8.82 (d, J=6.4 Hz, 1H, H-3), 8.71 (d, J/=6.4 Hz, 1H,
H-4), 8.53 (d, J=8.0 Hz, 1H, H-5), 7.92 (d, J=8.0 Hz,
1H, H-8), 7.84~7.88 (m, 1H, H-7), 7.48~7.52 (m, 1H,
H-6), 7.19~7.24 (m, 6H, ArH), 7.09~7.16 (m, 4H, ArH),
5.01 (t, J=7.2 Hz, 2H, NCH,CH,CH,Ar), 4.63 (t, J=7.2
Hz, 2H, N'CH,CH,Ar), 3.39 (t, J=7.2 Hz, 2H, N 'CH,CH,Ar),
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2.63 (t, J=7.2 Hz, 2H, NCH,CH,CH,Ar), 2.05~2.13 (m,
2H, NCH,CH,CH,Ar); IR (KBr) v: 2931.2, 2854.1,
1643.1, 1602.6, 1509.9, 1459.8, 1333.3, 1249.6, 1151.3,
1062.6, 757.9, 705.8 cm™'; MS m/z (%): 286 (100), 181,
105. Anal. caled for CosHp7BrN,: C 71.34, H 5.77, N 5.94;
found C 71.16, H 5.63, N 5.82.

2,9- R A BE-B-HEIH-2- 1R £ (Sm): SIS Sa 1)
B RTT 5, 9-2K A FE- BRI 1-38-3- 6 I o S W A3 4k
& sn, FOGE, PP 76.5%. mp. 120~121 C; 'H
NMR (DMSO-d,, 400 MHz) 8: 9.73 (s, 1H, H-1), 8.82 (d,
J=6.4 Hz, 1H, H-3), 8.76 (d, J=6.4 Hz, 1H, H-4), 8.54
(d, J=8.0 Hz, 1H, H-5), 7.93 (d, J=8.0 Hz, 1H, H-8),
7.85~7.89 (m, 1H, H-7), 7.50~7.53 (m, 1H, H-6), 7.09~
7.26 (m, 10H, ArH), 4.82 (t, J=7.2 Hz, 2H, N"CH,CH,-
CH,Ar), 4.70 (t, J=7.2 Hz, 2H, NCH,CH,CH,Ar), 2.66~
271 (m, 4H, N ' CH,CH,CH,Ar, NCH,CH,CH,Ar),
2.34~238 (m, 2H, N'CH,CH,CH,Ar), 2.17~2.22 (m,
2H, NCH,CH,CH,Ar); IR (KBr) v: 2976.1, 2939.1,
1641.3, 1510.4, 1455.7, 1337.6, 1147.4, 752.7, 700.3 cm~
' MS m/z (%): 286, 181 (100), 127, 91. Anal. calcd for
CaoHpBrN,: C 71.75, H 6.02, N 5.77; found C 71.69, H
6.04, N 5.74.
1.4 &% 5h B8 X T894

AR BUDEIIAY Sh, T K CEERTA
B AR, EIRAMICE 9 d 1SR RERE A, 1k
HUK /N 0.48 mm X 0.21 mmX0.11 mm (K80 S HEAT AT
IS K ¢=19.0393(6) A, b=11.2249(3) A,
c=21.3705(7) A; FHUM a=90°, f=90°, y=90°; /il
W T8 Z=8, AT 1=4567.2(2) A®, F(000)=
1888. JH Il F(SHELXSO7)AAT 45 d 4544, 15 41086 4%
AL RS (1> 20(D)], S5H4 ts/h IR IE, HA3 R
KPP T Ry =0.0426, wR,=0.0703, 45 A%s
D=1.330 mg/m’. 4r T&EnEE 2 fios.
1.5 HEYEMRE
1.5.1  MTT iEARIN AT g 55 36

WO B KA I DAL 1 X 10° ASemL ! 135 BE 4 fh
T 96 FLHR, FFFLEEF 100 puL (96 FLHCA £ 3 ML=
FIXR), B CO, 57240 Th E5 9% 24 h. I 60 pL K5 7RI,
SR AL TS (P PERA BE AN FF AL 40 uL, BB
6 MNEE. XTHAIMASEAFAN 4% DMSO #iK. kst
B3¢ 48 h ), BELINA 20 pL /) MTT (5 mgemL "), 4%
JGET 37 CH#iF 4 h. M0 E BiEE, S 100
pL ) DMSO, #R% 4 10 min WARTTIE, B S T EERR X
Kl OD {8, K 490 nm. FI F AR A —FERIRE T
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B2 &%) Shksr 14t

Figure 2 Molecular structure of compound Sh

14D &0 A3 26

AENT 2% = (FE i 41°F- 1 OD A — 25 L)/ O R4 °F

¥J OD {2 — 7% F14L) X 100%

DL AT 05 256 2k FE R BUVE I, Fe Rk Y
BFAFE S 1) 1Cso {H.
1.52 4B 5e F= Sh xF s R, Lok At 236

I fe e A/ INERL 50 B, KR 18~22 g, MERESS
e BENLY A 5 4, BE4L 10 L RIE TR LS E, Se B
FIEBEN 65 mgekg ™', 5Sh ¥k 25 mgekg ™', & kLM
FR I, FIEEE 0.8 £, WRIR A # K. W mT
AR (A2 h, &AL FakR T — R K
2525 0.2 mL/20 g /M. 4R 25 WLEEBh W e i ON J At
TGO, XBET S AT i, W52 3 B 45 1R AR
th; EEEUE 14 d, WRSIDIRE . AREARL LA
0L, PO R G AL PR R BRI, R 32 BN AT M 52
BRI EAS. BEdi Bliss 05 H L BEUE ) &
LDs, .
1.5.3 4t&-4h Se A= Sh AR A I~ R Lewis At & 37 4 4F
J

h T b s HARI PR v 1, B A
ANPUITIR ORI 40 Se R Sh 3EAT T A Py F9R7 51
55, SEEG T NaCl ¥y s O R PRI (CTX)BH 1
XL &9 Se Al Sh ¥ i (H). (M), iR(L) 3 A
FEFIEMAIT4L, R4 8 JUMRL EFEHEIRES RiFm
C57BL/6 /NR(AE 18~22 g), TLHAME T I KA %
(IRIIR, BFEEIA L), 4 L 1X 107 A~emL " fI4H B
W, TARRE AR R MR 0.2 mL/ R, Ik H ER Tk
SHAZ, WA 1 Ik, L 14 d, A Tk, TE 15 d
gt — FHSIHE I VR PE /N . S B RRR L, T4
B S50 HT e AR R EPIME GRS 3 ), SRR
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RN AT 25300
FIIRT 2 /% = [ 2 oF FR 2 T~ 347 98 -4 25 20 - 34 9%
)/ [T B P 3 9R ] X 100%

2 #R54He
21 EVMHEK

DL - RN IR L, B e4id Pictet-Spengler [V
LR, AR A 2] -k, R ILAE DMF
W R A, LA NaH PERR, FIAS I 0 1-1-3-2R L
Fe SN, 1% N S AR, 1-R-3- 2R3 A e il oK
%, WS RE =Y, SRR, 0575 2
NIESE, B DMF 38 oI S5 A U S0 ) 4
N-Be LAk SN R B g, T Sa~5Sn AR, TH
ARSI AR J B AR 5 SR AT S N A3 30 H b
W&, BIF=PhEA NSS4, 8id E 8P
RO TR 25,
22 WEYIRIEHRA

XF AL A4 5a~5n FIAL &4 4 1) TH NMR &3 4
W, Y B-REMRIR 2 A AT HUARIEJS, AHNIRIHRIRER b 1) %
Pl T (A2 E A B 38 K37 R A T AN RIFE I IER, T
H IR AT LA i 8. XL "H NMR &% %
I, 2 A7 5 AR, BT 2RER I L BRGNS gk
WKER 3 A7 T A7, tb&a) "H NMR i, §
4.70, 2.70 ZEAT IS = FEIE S Sl I T 2R TR A e
FRIRFIAR AR IR L 1 AN SV R 1) 1R AU, i o )
V. FF R () T O N BILAE 6 2.17~2.25 BN, 6
7.04~7.65 JuE P2 EE, DU JE T IR DT BT 1)
WS O, L 2 A7 kg i 7 T AT R e 20 PRl PN A P 40
Z W, 5 A IR I I A W 43 DL b 2 E
B-HRIRIR _E 18 51 IRAE 6 7.50~9.99 I .

LG Sa~5n (W GEFEFCTH R, EATRAE
IR, ULHTZ R YIS P g R e
75, AR R R I AR N HE C—C 2 1Al
0T, WA Sa~5n [1SEIESE S [286/181], i FRFHIE
W P PEE A, P IR T R R 0 S mT LA B
R, AL AL S R AE 2870~2950 cm ' FIJE,
R b SR P A IR BRSO, fE 1638 em ! Ze A7 sl
WL C—N 925 i PRshg, 75 1600~1510 cm '
YO P IR )i QR i, AT UE W R IE B e
AFAE. TCER TSN 738, WEW THEmas
Fa) 55 THUHA () 45 6 AR A
2.3 {KSMRBEE T

S0 SR DU P AR UM SRV (MTT LR a2 & ik
IAEDIREAT T W0 ARSMUI R i R, O T4
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AWK ERYE, AW 4 Hl% i EhRes, kB
Sa~5n HEALSCEH, CUBEI(DDP)YE h BH I 254 fit 5k
. R 1Al LU B &) 5e~5h, 5§~5n $) HAT
IRUF G, 2L 1Cso (D6 BT 40 Hu k35 /T 50 pmol/L,
FEAEWAD) Se Al Sn HATR PR v 1, X i
TP I8 40 BAR L 1Cso (E34/N T 10 pmol/L. 7EJT & ik
HItE &R, T RIARAL S 5% 769-P 4il i bL AU,
T 75 T R IUARAL B 15t 786-0 41 LA HURE, 3L 1Cso
BI/NF 10 pmol/L. S-MEWRIR 2 A7 AR B AL &4,
Kk AR SE VG M AR T B AR & 4, XLk &4
5d~5g, PUREE N CUEERP VRS Ur. O BRI IS, A
WARIR L HURIE S W i Il 4 T3, by
REMAANK, X FET IS a0 A3 B g5 e i 225, e
A HAAINE T EAE 0 AT, p-MRIRER 2 4751 AR DT % L 55
T I e % 39 5 LA S ML IR v 12k

F 1 EFRICAY 4 1 Sa~Sn R0 b 056

Table 1 Cell growth inhibitory activity of compounds 4 and
5a~5n against six human cancer cell lines

1Cso/(umolsL ")
Bel-7402 BGC-823 786-0 A375 769-P CT26.WT

Compd.

DDP 32.7 21.6 13.1 146 18.3 26.5
4 35.6 31.2 44 54.8 253 39.7

5a 15.3 6.5 39 6.8 1.3 56.0
5b 214 38.0 12.7 451 72 27.9
Sc¢ 6.8 8.4 27.6 134 6.7 6.0
5d 7.6 11.4 17.3 8.3 7.4 4.9
Se 8.3 4.5 32 4.9 32 2.7
5f 32 9.8 4.8 11.2 4.4 5.6
5¢g 9.1 8.2 13.9 4.7 9.1 23
5h 14.5 8.5 8.5 4.9 4.9 12.9

Si 76.9 37.8 9.9 12.1 16.0 32.6
5j 13.7 40.7 3.5 8.7 9.3 12.8
5k 12.4 222 6.9 4.7 8.9 54

| 9.6 18.3 8.2 73 4.3 8.7
S5m 7.2 10.4 9.1 12.2 14.0 59
5n 9.6 9.6 8.6 6.8 9.9 4.7

© 2013 Chinese Chemical Society & SIOC, CAS

24 (KAZ2MEMHSHMEEYE

W WSS H N, S EESED, EHE BEE
B T4 ] DA G B AN AR, iR SR %. ANRUSET 2
RAT 48 h N, AR 72 h J5iE8h. YOUKIEA IR,
5 1 Bliss 1£15 Hi Se F1 5h 1) LDso (B4 34 31.4 Fi1 12.5
mg/kg. N2 R (R 2), SFpkiERE
Y) Se 1 Sh J5, n B R2INH] Lewis Mg A&,
LG Sh 1R LR 2K > 60%, 7 AL
R >50%; MALEH Se HI#EMELE Sh /N, 45 2555 &R
K, (B EANWAG S Sh, (L&Y Se A2
SN 51.65%, THAIEFEAE AR 40%L 4.
PN B i R A R 2 e BR AR L, 9 3
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MR

PE2252(P<<0.01). 120 (KPR P itk ) 2-IUAC Y p-Fritk
T EYREE] T 2 IR, X8 BUS IR 1
JiTa). A Y A N g RS AR R R R S 36 AN 24405
D2 S EAEREAT .

£ 2 ALEW) Se Al Shoxt Lewis filidis (144 oy # ki 4E F
Table 2 Antitumor efects of compounds Se and Sh against mice
bearing Lewis lung carcinom

R T LT
A g ) bk PR Ty

Control - 8/8 20.7/+2.1 1.51£0.39 —

CTX 50 8/7 20.3/—0.4 0.31+£0.10 79.47°
Se-H 3.14 8/6 21.1/—0.9 0.73+0.19 51.65°
S5e-M 1.57 8/8 20.5/—0.6 0.86+0.27 43.05"
Se-L 0.78 8/8 20.9/—0.5 0.92+0.34 39.07°
Sh-H 1.25 8/7 20.3/—0.9 0.56+0.17 62.91°
5h-M 0.62 8/8 20.7/—0.7 0.74+0.21 50.99
Sh-L 0.32 8/8 20.2/—0.4 0.96+0.33 36.42°

“P<0.01 vs. control group; ® P<0.05 vs. control group.

B AT BT R T R RS BRI
DANTICEIIAR . $240E, AR R0 R Y
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