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1. Introduction 

Aromatic-carboline moieties are present in a variety of 

biologically active alkaloidal natural products as well as 

pharmaceutically relevant compounds.
1a-c

 Diverse -carboline 

drivatives have exhibited various biological activities such as 

antitumor, antimalarial, antileishmanial, antibacterial and etc.
1a-c

 

For example Harmine (a fluorescent alkaloid with known 
telepathine properties), Harmaline (a reversible MAO-A inhibitor 

[RIMA]), Harmalol, Isoeudistomin U (DNA binding agents), 3, 

4-dihydro-5(S)-5-carboxystrictosidine, Eudistomin are few of the 

aromatic -carboline derivatives showing pronounced biological 

activity. Additionally compounds possessing these ring systems 

have also been used as building blocks in the generation of 
pharmaceutically relevant molecules.

 2-6
 

By virtue of wide range of biological applications, aromatic -

carbolines have become an important target of synthesis. In 

general,
 
these molecules are synthesized via a Pictet-Spengler 

reaction followed by oxidative decarboxylation or 

dehydrogenation.
 7-13 

 Oxidative decarboxylation strategies are 
tedious and required high temperature with reagents like 

potassium dichromate (K2Cr2O7) in acetic acid (AcOH) and 

persulphates with catalytic silver or copper salts, until recently 

when Kamal et al. reported a mild diacetoxyiodobenzene (DIB) 

mediated decarboxylative oxidation of terahydro--carbolines.
8c, 

9-12 
Additionally dehydrogenation strategies typically involved 

large quantities of oxidants such as DDQ, SeO2, and IBX/TBAB 

(Scheme 1a).
8 and 12

 Interestingly, Stahl. et al. reported a 

bioinspired aerobic oxidation of tetrahydro--carbolines with 

bifunctional quinone catalyst to generate 3,4-dihydro--

carbolines.
7a

 Few alternative strategies to access aromatic -

carbolines involved elimination of N-tosyltetrahydro--

carbolines by sodium hydroxide and ring closure of -aryl 

amides with phosphorus oxychloride (POCl3).
11 and 13

  

Drawing inspiration from these reports and in continuation to 
our endeavor to develop practical synthetic strategies for 

pharmaceutically relevant compounds, a trial reaction of 1a with 

catalytic NBS in THF resulted in the formation of 3, 4-dihydro--

carboline 2a and unreacted 1a in the ratio of 20:80 (Scheme 1b). 

This result indicated that NBS is capable to promote the 

oxidative dehydrogenation of the tetrahydro--carboline 1a. We 
optimized this protocol and here in we report a facile synthesis of 

-carbolines and 3, 4-dihydro--carbolines starting from 

tetrahydro--carbolines with NBS in appropriate solvent at 0 °C 

to rt (Scheme 1c). 

2. Results and discussion 

Initially for the optimization of the synthesis of 3, 4-dihydro-

-carbolines 1a was used as the model substrate (Table 1). The 

reactions were conducted in various solvents such as toluene, 

tetrahydrofuran (THF), acetonitrile (ACN) and methanol with the 
reaction temperature maintained between 0 °C to rt (to inhibit 

any ring bromination by NBS). The average time taken for 

complete consumption of 1a ranged from 3-6 h. The product 

conversion was monitored by LCMS. With 0.5 equivalents of 

NBS, the dihydro--carboline derivative 2a was immediately 

ART ICLE  INFO ABST RACT  

Article history: 

Received 

Received in revised form 

Accepted 

Available online 

Here in, we report a facile synthesis of 3, 4-dihydro--carbolines and aromatic -carbolines 

from tetrahydro--carbolines, mediated by N-bromosuccinimide in toluene at 0 °C to room 

temperature (rt), in good to moderate yield. 

 

2009 Elsevier Ltd. All rights reserved. 

 
Keywords: 

-carboline 

Tetrahydro--carboline 

N-bromosuccinimide 

3, 4-dihydro--carboline 

Harmine 

 



  

Tetrahedron Letters 2 
obtained in all the solvents, though in methanol the yield was lowest (entry 4, 

 
 

Scheme 1. Synthesis of aromatic -carbolines and 3, 4-dihydro--carbolines 
 
Table 1). Equimolar amount of NBS led to a considerable 

improvement of yield of 2a. The toluene and acetonitrile 

provided the best results with 84 and 82% yield respectively. 

Finally a slight increase of NBS to 1.1 equivalent in toluene  

further improved the yield to ~95%. Based on these observations 

it was concluded that 1.1 equivalent of NBS in toluene at 0 °C→ 

room temperature (rt), is the optimal condition for the synthesis 

of 3, 4-dihydro--carbolines. 

 

Table 1 
Optimization of 3, 4-dihydro--carbolines 

 

Entry N-bromosuccinimide (mmols) Solvents Time (h) 
Conversion (%)

a 

2a 1a (unreacted) 

1 0.5 Tetrahydrofuran 4 35 45 

2 ʺ Toluene   45 45 

3 ʺ Acetonitrile 6 38 43 

4 ʺ Methanol   12 43 

5 1.0 Tetrahydrofuran 4 70 5 

6 ʺ Toluene   84 - 

7 ʺ Acetonitrile 6 82 3 

8 ʺ Methanol   65 21 

9 1.1 Toluene   95 - 

a
 The reactions were monitored by LCMS, that provided  the %ge conversion
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Hence with the optimized protocol in hand, the generic nature 

of the process was explored. Accordingly tetrahydro--carbolines 

(1b-n) with a variety of functionality on the aromatic and 

aliphatic moiety were converted to the corresponding 3, 4-

dihydro--carbolines (2b-n) (Scheme 2). The reactions were 

conducted in 100mg scale and simple purification by column 
chromatography afforded the desired products 2b-2n. 

Irrespective of the nature of the substituents on the aromatic 

ring, the yields were good to moderate and ranged from 60-88% 

(Scheme 2). The aliphatic variant 2f with octanal was generated 

in 72% yield (Scheme 2). To propose a mechanistic explanation 

of this transformation we postulate that the Br
+
 from NBS 

brominates the piperidine N- (A) followed by elimination of HBr 
to afford 2 (Scheme 2). 

 
Scheme 2. NBS mediated synthesis of 3, 4-dihydro--carbolines 

 
Next, we examined the scope of our protocol towards the 

synthesis of aromatic -carboline derivatives (Scheme 3) from 

tetrahydro--carboline esters (derived from the condensation of 

L-tryptophan methyl ester and appropriate aldehydes). 

Transformation of this type has been previously conducted under 

mild condition by using IBX (2 equiv.) and tetrabutyl ammonium 
bromide (0.5 equiv.) in acetonitrile at room temperature for 2h.

8f
 

Hence we were hopeful that we would be able to repeat similar 

results with NBS, especially after obtaining the 3, 4-dihydro--

carbolines (2a-n). Accordingly 1p was chosen as the model                                                                                                  

 

substrate. To our pleasant surprise the reaction with two 

equivalent of NBS in toluene at 0 °C→rt showed ~85% 

conversion to aromatic -carboline ester 4a (Scheme 3). LCMS 
monitoring of the reaction indicated the formation of the 3, 4-

dihydro--carboline intermediate 2o which was then further 

oxidized to 4a. To further confirm the formation of 2o, it was 

isolated, purified and characterized by 
1
H and 

13
C-NMR. 

Additionally, 1o was further reacted with 1.1 equivalent of NBS 

to generate 2o. This methodology afforded a bevy of aromatic -
carboline esters (4b-4g) from their appropriate precursors in 

moderate to excellent yields (Scheme 3). 

 

 
Scheme 3. Synthesis of aromatic -carboline esters 
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3. Conclusion 

In conclusion, we have devised an efficient strategy for the 
synthesis of aromatic--carbolines and its 3, 4-dihydro analogs 

through an efficient oxidative dehydrogenation of the 

corresponding tetrahydro--carbolines under mild condition. This 

strategy used NBS for the first time in such oxidative 

dehydrogenation reactions thereby providing the desired 

compounds in decent yields. Additionally this further provides a 
practical approach to access these classes of heterocycles that can 

be applied effectively in generating combinatorial libraries and 

will expedite compound generation during projected structure 

activity relationship studies. 

4. Acknowledgements 

The authors thank Shiv Nadar University for the support. SH 

acknowledges SNU for the graduate scholarship.  

5. References and notes 

1. (a) J. Ishida; H. K. Wang; K. F. Bastow; K. H. Lee; Bioorg. Med. 

Chem. Lett. 1999, 9, 3319. (b) M. J. Thompson; J. C. Louth; S. M. 

Little; M. P. Jackson; Y. Boursereau; B. Chen; I. Coldham; 

ChemMedChem. 2012, 7, 578. (c) R. B. Pedroso; L. T. Tonin; T. 

Veda-Nakamura; B. P. Dias Filho; M. H. Sarragiotto; C. V. 

Nakamura. Am. Trop. Med. Parasitol. 2011, 105, 549. 

2. (a) X. Y. Zheng; Z. J. Zhang; G. X. Chou; T. Wu; M. X. Cheng; 

C. H. Wang; Z. T. Wang. Archives of Pharmacological Research, 

2009, 32, 1245. (b) S. Sarkar; K. Bhadra. Photochem. Photobiol.B, 

2014, 130, 272. (c) M. A. El, Gendy; A. A. Soshilov; M. S. 

Denisons; A. O. El-Kadi. Food Chem. Toxicol.2012, 50, 353. (d) 

G. Massiot; S. Nazabadioko; C. J. Bliard. Nat. Prod. 1995, 58, 

1636. (e) H. Kang; W. Fenical. Natural Product Letters, 1996, 9, 

7. 

3. (a) M. Kitajima; K. Hashimoto; M. Yokoya; H. Takayama; N. 

Aimi; S. Sakai Chem. Pharm. Bull. 2000, 48, 1410 and references 

cited therein. (b) R. J. Lake; J. W. Blunt; M. H. G. Munro. Aust. J. 

Chem. 1989, 42, 1201. (c) A. Badre; A. Boulanger; E. Abou-

Mansour; B. Banaigs; G. Combaut; C. J. Francisco J. Nat. Prod. 

1994, 57, 528. (d) R. A. David; A. R. Carroll; R. J. Quinn. J. Nat. 

Prod. 1998, 61, 959. (e) A. G. Shilabin; N. Kasanah; B. L. 

Tekwani; M. T. Hamann. J. Nat. Prod. 2008, 71, 1218. (f) J. D. 

Winkler; A. T. Londregan; M. T. Hamann. Org. Lett. 2006, 8, 

2591.  

4. (a) H. Guan; H. Chen; W. Peng; Y. Ma; R. Cao; X. Liu; A. Xu 

Eur. J. Med. Chem. 2006, 41, 1167. (b) M. A. Rashid; K. R.  

Gustafson; M. R. Boyd J. Nat. Prod. 2001, 64, 1454. 

5. (a) J. G. Tang; H. Y. Wang; R. R. Wang; Z. J. Dong; L. M. Yang; 

Y. T. Zheng; J. K. Liu. Chem. Biodiversity 2008, 5, 447. (b) Y. H. 

Wang; J. G. Tang; R. R. Wang; L. M. Yang; Z. J. Dong; L. Du; X. 

Shen; J. K. Liu; Y. T. Zheng. Biochem. Biophys. Res. Commun. 

2007, 355, 1091. 

6. (a) C. V. Galliford, K. A. Scheidt. Angew. Chem. Int. Ed. 2007, 

46, 8748. (b) C. Marti, E. M. Carreira, Eur. J. Org. Chem. 2003, 

2209.  

7. (a) A. E. Wendlandt, S. S. Stahl, J. Am. Chem. Soc. 2014, 136, 

506. (b) Y-C. Shen; C-Y. Chen; P-W. Hsieh; C-Y. Duh; Y-M. 

Lin; C-L. Ko. Chem. Pharm. Bull. 2005, 53, 32. (c) G. Zhang, R. 

Cao, L. Guo, Q. Ma, W. Fan, X. Chen, J. Li, G. Shao, L. Qiu and 

Z. Ren, Eur. J. Med. Chem., 2013, 65, 21.  

8. (a) M. Cain; O. Campos; F. Guzman; J. M. Cook. J. Am. Chem. 

Soc. 1983, 105, 907. (b) O. Campos; M. DiPierro; M. Cain; R. 

Mantei; A. Gawish; J. M. Cook, Heterocycles 1980, 14, 975. (c) 

A. Kamal, Y. Tangella, K. M. Manasa, M. Sathish, V. Srinivasulu, 

J. Chetna, A. Alarifi Org. Biomol. Chem. 2015, 13, 8652. d) C. 

Yeun-Mun, M. C. Hamman, Heterocyclics, 2007, 71, 245. e) J. 

Kobayashi, J. Cheng, T. Ohta, S. Nozoe, Y. Ohizumi, T. Sasaki, J. 

Org. Chem., 1990, 55, 3666. f) J. Panarese, S. P. Waters, Org. 

Lett. 2010, 12, 4086. 

9. W. Huang, J. Li and L. Ou, Synth. Comm., 2007, 37, 2137. 

10. R. Meesala, M. N. Mordi and S. M. Mansor, Synlett, 2014, 120. 

11. J. Dong; X-X. Shi; J. Xing; J-J. Yan. Synth. Comm. 2012, 42, 

2806. 

12. F. Gatta; D. Misiti. Heterocyclic Chem. 1987, 24, 1183. 

13. M. Kitajima; M. Yokoya; H. Takayama; N. Aimi. Chem. Pharm. 

Bull. 2002, 50, 1376. 

 

 

 

 

 


