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Synthesis and Antitumor Activity Study of Carboline Derivatives 

 

CHEN Jing, 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-α-carboline derivatives, 6-substituted-β-carboline derivatives and 3-substituted-β-carboline 

derivatives were synthesized through several steps from α-carboline, β-carboline and 1,2,3,4-tetrahydro-β-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 
1
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 1  Structure of γ-carboline derivatives (1) 
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Fig 2  Synthesis of 6-substituted-α-carboline and 6-substituted-β-carboline derivatives 
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NMRÅ ESI-MSêë��1 

1.2.1  ��� 8a�9a�-ì 

$ 8a Líîï 6-×|-9-ðñ�â|-α-��
(5a)(0.25 mmol)º
 DMF(1 mL)&�òóôõö÷{ 4-ø���ù(0.25 mmol)Åúû(1 mmol)�üý
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ôõ 0.5 h1ï¼½²þ{�&�EtOAc(5 mL�3)¥���Å NaClº²(5 mL�2)���Ä� Na2SO4��1s���²	
����
���1)��������4-��w��Ñ(0.1 mmol)&÷{� HCl-EtOH(2 mL�1�1)���²&�òóôõ 12 h1����>w��Ñ1k 10% NaOHº²���EtOAc(5 mL�3)¥���Å NaCl º²
(5 mL�2)���Ä� Na2SO4��1s���²	
�����w��Ñ1 

6-(4-ø����|)-α-��(8a)î w��Ñ���î96%�µ:>250 ��1
H NMR 

(δ, CDCl3)î11.77 (brs�1H�NH)�10.13 (brs�1H�
NH)�8.45 (dd�1H�J = 8.0�1.5 Hz)�8.40 (dd�
1H�J = 5.0�1.5 Hz)�7.86 (d�1H�J = 2.0 Hz)�
7.72 (d�2H�J = 7.5 Hz)�7.60 (d�2H�J = 7.5 Hz)�
7.37 (d�1H�J = 9.0 Hz)�7.18 (dd�1H�J = 8.0�
5.0 Hz)�7.10 (dd�1H�J = 9.0�2.0 Hz)�ESI-MSî
m/z = 402 [M+1]

+1 

6-(2�4-���|����|)-β-��(9a)î w��Ñ���î94%�µ:î145~147 ��
1
H NMR (δ, DMSO-d6)î11.54 (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 = 2.5 Hz)�6.52 (dd�1H�J = 1.5�9.0 Hz)�3.98 

(s�3H)�3.76 (s�3H)�ESI-MSîm/z = 384 [M+1]
+1 

1.2.2  ��� 8b-d�9b-c�17a-c�-ì $ 8bLíîï 6-×|-9-Ì|-α-��(7a)(0.25 

mmol)º
 DMF(1 mL)&�òóôõö÷{ 4-ø���ù(0.25 mmol)Åúû(1 mmol)�üýôõ
0.5 h1ï¼½²þ{�&�EtOAc(5 mL�3)¥���Å NaClº²(5 mL�2)���Ä� Na2SO4��1s���²	
����
���1)��������$ PE�EtOAc�EtOHL�Ëª��w��Ñ1 

6-(4-ø����|)-9-Ì|-α-��(8b)î w��Ñ���î55%�µ:î186~188 ��
1
H NMR (δ�CDCl3)î10.22 (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 = 1.5 Hz)�7.75 (d�2H�
J = 8.5 Hz)�7.63 (d�2H�J = 8.5 Hz)�7.59 (d�
1H�J = 8.5 Hz)�7.23 (dd�1H�J = 8.0�4.5 Hz)�

7.18 (dd�1H�J = 8.5�1.5 Hz)�4.46 (q�2H�J = 

7.5 Hz)�1.32 (t�3H�J = 7.5 Hz)�ESI-MSîm/z = 

430 [M+1]
+1 

6-(4-��|����|)-9-Ì|-α-��(8c)î w��Ñ���î56%�µ:î66~68 ��1H NMR 

(δ�CDCl3)î9.99 (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 = 8.5 Hz)�7.22 (m�2H)�7.02 (d�
2H�J = 8.5 Hz)�4.47 (q�2H�J = 7.5 Hz)�3.75 (s�
3H)�1.31 (t�3H�J = 7.5 Hz)�ESI-MSîm/z = 382 

[M+1]
+1 

6-(2,4-���|����|)-9-Ì|-α-��
(8d)î w��Ñ���î52%�µ:î150~152 ��
1
H NMR (δ�CDCl3)î9.94 (brs�1H�NH)�8.51 (dd�

1H�J = 8.0�1.5 Hz)�8.47 (d�1H�J = 4.5 Hz)�
7.93 (d�1H�J = 1.5 Hz)�7.57 (d�1H�J = 8.5 Hz)�
7.27 (d�2H�J = 8.5 Hz)�7.23 (m�2H)�7.01 (d�
1H�J = 8.5 Hz)�4.46 (q�2H�J = 7.0 Hz)�3.75 (s�
3H)�3.69 (s�3H)�1.31 (t�3H�J = 7.0 Hz)�ESI-MSî
m/z = 412 [M+1]

+1 

6-(4-ø����|)-9-Ì|-β-��(9b)î w��Ñ���î65%�µ:î67~69 ��1H NMR 

(δ�DMSO-d6)î10.25 (brs�1H�NH)�9.03 (s�
1H)�8.36 (d�1H�J = 5.0 Hz)�8.09 (d�1H�J = 

5.0 Hz)�7.58 (d�1H�J = 1.5 Hz)�7.74 (d�2H�
J = 9.0 Hz)�7.63 (d�3H�J = 9.0 Hz)�7.25 (dd�
1H�J = 1.5�9.0 Hz)�4.50 (q�2H�J = 7.0 Hz)�
1.32 (t�3H�J = 7.0 Hz)�ESI-MSîm/z = 430 [M+1]

+1 
6-(2,4-���|����|)-9-Ì|-β-��

(9c)î w��Ñ���î92%�µ:î53~55 ��1H NMR 

(δ�DMSO-d6)î9.72 (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 = 9.0 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-MSî
m/z = 412 [M+1]

+1 

3-����|-9-Ì|-β-��(17a)î w��Ñ���î40%�µ:î228~230 ��
1
H NMR (δ�DMSO-d6)î10.70 (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 = 8.4 Hz)�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 = 7.2 Hz)�1.36 (t�3H�J = 7.2 Hz)�
ESI-MSîm/z = 352 [M+1]

+1 

3-(2,4-���|����|)-9-Ì|-β-��
(17b)î w��Ñ���î45%�µ:î194~196 ��
1
H NMR (δ�DMSO-d6)î10.45 (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 = 7.2 Hz)�7.40 (s�1H)�7.23 

(t�1H�J = 8.0 Hz)�7.01 (d�1H�J = 7.2 Hz)�
4.46 (q�2H�J = 7.2 Hz)�3.73 (s�3H)�3.72 (s�
3H)�1.29 (t�3H�J = 7.2 Hz)�ESI-MSîm/z = 412 

[M+1]
+1 

3-(4-ø����|)-9-Ì|-β-��(17c)î w��Ñ���î42%�µ:î246~248 ��
1
H NMR (δ�DMSO-d6)î10.81 (brs�1H�NH)�

8.66 (s�1H)�8.26 (d�1H�J = 8.4 Hz)�7.89 (s�
1H)�7.80 (d�2H�J = 8.8 Hz)�7.69 (d�2H�J = 

8.8 Hz)�7.67 (d�1H�J = 8.4 Hz)�7.63 (t�1H�J 

= 8.4 Hz)�7.26 (t�1H�J = 8.4 Hz)�4.47 (q�2H�
J = 7.2 Hz)�1.31 (t�3H�J = 7.2 Hz)�ESI-MSî
m/z = 430 [M+1]

+1 

1.2.3  ��� 9d����17d�-ì $ 9d Líîï��� 9c(1 mmol)º
Ä�
THF-DMF(2 mL�1�1)&�÷{ NaH(1.5 mmol)�� !äåöôõ 0.5 h�"#¼½²&÷{
C2H5Br(1.2 mmol)�üýôõ 0.5 h1÷�$%¼½�k EtOAc(20 mL�3)&�1�'�l���l�kÄ� Na2SO4���	
() EtOAc1*+�k�����,��$ PE�EtOAc�EtOHL�Ëª��w��Ñ1 

6-[N-Ì|-(2,4-���|�)���|]- 9-Ì|-β-��(9d)î w��Ñ���î63%�µ:î44~46 ��
1
H NMR (δ�DMSO-d6)î9.07 (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 = 9.0 Hz)�7.26 (dd�1H�J = 2.0�9.0 Hz)�
6.78 (d�1H�J = 2.0 Hz)�6.50 (dd�1H�J = 2.0�
9.0 Hz)�4.54 (q�2H�J = 7.0 Hz)�4.45 (q�2H�

J = 7.0 Hz)�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-MSî
m/z = 441 [M+1]

+1 

3-[N-Ì|-(4-ø�)���|]-9-Ì|-β-��
(17d)î w��Ñ���î35%�µ:î248~250 ��
1
H NMR (δ�DMSO-d6)î8.80 (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 (q�2H�J = 7.2 Hz)�4.34 (q�2H�J = 7.2 

Hz)�1.37 (t�3H�J = 7.2 Hz)�1.28 (t�3H�J = 7.2 

Hz)�ESI-MSîm/z = 458 [M+1]
+1 

1.2.4  ��� 8e�9e�17e�-ì $ 8eLíîï 6-×|-9-Ì|-α-��(7a) (0.2 

mmol)º
-.h&(1 mL)&�ôõö÷{ 3�4�
5-���|���ù(0.3 mmol)�/ó0�1¼½2 h1¼½�2Þ���ºª�#*+�&÷{��k
10%NaOHº²&Å�EtOAc(5 mL�3)¥���Å
NaClº²(5 mL�2)���Ä� Na2SO4��1s���²	
����
���1)��������$ PE�EtOAc�EtOHL�Ëª��w��Ñ1 

6-(3,4,5-���|����|)-9-Ì|-α-��
(8e)î w��Ñ���î76%�µ:î189~191 ��
1
H NMR (δ�CDCl3)î10.25 (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�4.5 Hz)�7.81 (dd�1H�J = 

2.0�9.0 Hz)�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 = 6.5 Hz)�3.89 (s�6H)�3.75 (s�3H)�1.37 (t�
3H�J = 6.5 Hz)�ESI-MSîm/z = 406 [M+1]

+1 

6-(3,4,5-���|����|)-9-Ì|-β-��
(9e)î w��Ñ���î89%�µ:î115~117 ��
1
H NMR (δ�DMSO-d6)î10.29 (brs�1H�NH)�

9.06 (s�1H)�8.61 (d�1H�J = 2.0 Hz)�8.38 (d�
1H�J = 5.0 Hz)�8.10 (d�1H�J = 5.0 Hz)�7.90 (dd�
1H�J = 2.0�9.0 Hz)�7.76 (d�1H�J = 9.0 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-MSî
m/z = 406 [M+1]

+1 

3-(3,4,5-���|����|)-9-Ì|-β-��
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(17e)î w��Ñ���î54%�µ:î205~206 ��
1
H NMR (δ�DMSO-d6)î10.80 (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 = 7.2 Hz)�3.90 (s�6H)�3.74 (s�3H)�1.38 

(t�3H�J = 7.2 Hz)�ESI-MSîm/z = 406 [M+1]
+1 

2  ��������	 

2.1 mn3Û 456î@78]9:45(KB)�@w"�45(K562)1 ;<|îRPMI 1640 ;<|�= 10%>?"@yA?"@1 B�C-5ÃîïB�º
 DMSO &�'»

�DEíFG�> 5¡ST�H1 

2.2  mn5Ã ïÁ
dI�JI��K !45�$ 2�
10

4¡·mL
−1�L
 96M;<N&�OM÷45P² 200 µL�4;< 24 hÞ��Æ÷{ 5L�H����W��(0.08~50 µg·mL

−1
)2 µL�O¡�HO

3 ¡QM1454 37 ��5% CO2 ;<R&ST
48 hÞ�÷{�HL 5 mg·mL

−1�MTTº² 10 µL�üý;< 4 h�U)�@²�÷{ 100 µL� DMSO�VW�kXè¨
 570 nmYJö[DZM�U[H(OD\)1 45,-��P]°^Lî45,-�%= 

(deG OD\−kBG OD\)/de45 OD\�
100%�k Bliss Ã¿_`I,-�H(IC50)��aÔ] 11� 1  ������������������ ! 

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

N

N

R1

X
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N

N
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N
N
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X
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Structure IC50 /µmol·L
−1

 
Compd. 

X R1 R2 KB K562 

8a NHSO2 H 4-Br 89.54 95.34 

8b NHSO2 C2H5 4-Br 87.67 85.45 

8c NHSO2 C2H5 4-OCH3 94.26 33.15 

8d NHSO2 C2H5 2, 4-OCH3 84.36 93.96 

8e NHCO C2H5 3, 4, 5-OCH3 60.46  2.81 

9a NHSO2 H 2, 4-OCH3 27.82 79.35 

9b NHSO2 C2H5 4-Br 9.83 20.36 

9c NHSO2 C2H5 2, 4-OCH3 24.81 94.53 

9d N(C2H5)SO2 C2H5 2, 4-OCH3 69.37  1.25 

9e NHCO C2H5 3, 4, 5-OCH3 83.42 94.67 

17a NHSO2 C2H5 H 87.47 80.36 

17b NHSO2 C2H5 2, 4-OCH3 84.35 74.03 

17c NHSO2 C2H5 4-Br 79.93 93.57 

17d N(C2H5)SO2 C2H5 4-Br 93.44 83.37 

17e NHCO C2H5 3, 4, 5-OCH3 93.63   0.096 

taxol      0.75  1.16 

 

3  ����� $ α-���β-��$% 1,2,3,4-ØÉ-β-��-3-ÙÚL�Û�)s8Z¼½�Æ�> 6-�� α-���W��(8)5¡�6-�� β-���W��(9)5¡�
3-�� β-���W��(17)5 ¡�qL¢������)s 1

H NMRÅ ESI-MSêë1YZ�BÂbc�a]^�¹�Q�çè���q���D�Ñd� !/0�ef$HIg�Q� γ-���W��(1)/0ãh12&�6-�� α-���W�

�Å 3-�� β-���W��&i��VL��j���� 8e Å 17e d K562 45���k�,-/0�IC50�ÆL 2.81�0.096 µmol·L
−1�bc0defgh(IC50=1.16 µmol·L

−1
)ijylk1m^no����& 3�4�5-���|����UV�p{�q
2d K56245�,-/01rnLst4 6-�� β-���W��(9)&uv�_s�a 6-�� β-���W��d KB 45�wx0yz_
 K562 4514��� 9c ����|��
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V� N���p{�¡Ì|{��>���� 9dd K56245�,-/0__¥��IC50\L 1.25 

µmol·L
−1�bc0defghij1nbHI�Q� γ-���W���ai�|[6]1E���� 8b�

9bÅ 17c���� 9bdoL=\456�/0�k�E���� 8d�9c Å 17b��}d K562 45�/0ij�r��� 9cd KB45�/0ãk�7~ÎÔ�jUVL���|{�6-�� β-���W���/0ãk1 

4  �� �Ñd� !/0�aÎ$�_�¹�Q�
15 ¡çè���d 2 L=\456q���D�,-���`����op_bc0defghijylh� !45,-/0���d2rs£�Z�����>Â��� !�����1iB�bcJK�4£�&1 
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