
Copper-Catalyzed Synthesis of 9-Aryl-β-Carbolines through Tandem Oxidative Aromatization 
and Ullmann-Type C–N Cross-Coupling Reactions

                               Ahmad Saifuddin Mohamad Arshad1*, Nur Aziah Hanapi1, Mohd Nizam Mordi1

                                            1Centre for Drug Research, Universiti Sains Malaysia, 11800 Minden, Penang, Malaysia
                         *Corresponding Author: saifudin_pudin@yahoo.com

1. privileged natural 
products frameworks1,2

2. backbone for the design of myriad 
synthetic drug candidates across 
three therapeutic domains: cancers, 
infections, and the central nervous 
system (CNS) diseases 

3. engage a broad 
spectrum of biological 

targets

Entry Catalyst (mol %) Base Solvent Yield (%) 
1 CuI (10) None DMF NR 
2 CuI (10) K2CO3 DMF 54 
3 CuBr (10) K2CO3 DMF 50 
4 CuCl (10) K2CO3 DMF 49 
5 Cu2O (10) K2CO3 DMF 42 
6 CuBr2 (10) K2CO3 DMF 47 
7 CuCl2 (10) K2CO3 DMF 45 
8 CuSO4 (10) K2CO3 DMF 44 
9 Cu(OAc)2 (10) K2CO3 DMF 39 

10 Cu(OTf)2 (10) K2CO3 DMF 30 
11 None K2CO3 DMF NR 
12 CuI (10) Cs2CO3 DMF 52 
13 CuI (10) Na2CO3 DMF 10 
14 CuI (10) NaHCO3 DMF 25 
15 CuI (10) KHCO3 DMF 34 
16 CuI (10) K2CO3 DMSO 46 
17 CuI (10) K2CO3 DMA 50 
18 CuI (10) K2CO3 1,4-dioxane NR 
19 CuI (10) K2CO3 toluene NR 
20 CuI (20) K2CO3 DMF 64 
21 CuI (30) K2CO3 DMF 65 

1a (1 mmol), 2a (1 mmol), catalyst (indicated mol%), and base (1 equiv) 

were stirred in designated solvent (5 mL) at 130 °C for 6 h. 

Our synthetic timeline

2. Reaction Optimization

4. Mechanistic Insights

3. Substrate Scope1. Introduction

2014

2016

2021

2013
❖ decarboxylative aromatization4

❖ tandem decarboxylative aromatization 
and C–N coupling reactions5

❖ confirmed by crystallographic data
❖ limited scope tested

❖ decarboxylative & dehydrogenative 
aromatization6

❖ peroxide as external oxidant

Oxidative aromatization

lack of wasteful 
byproduct generation

non-metal & abundant 
metal catalysis

less hazardous 
chemical synthesis

low costgreen & safe 
oxidants

stoichiometric
toxic oxidants

high cost

harmful 
byproducts

environmental 
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2014

2016

2021

2025

2014

❖ decarboxylative & dehydrogenative 
aromatization7

❖ air as sole oxidant

❖ tandem oxidative aromatization 
and C–N coupling reactions
❖ broad substrate scope

5. Anticancer Evaluation 

6. Conclusion
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A copper-catalyzed tandem oxidative aromatization and Ullmann-type C–
N cross-coupling reactions has been developed for the straightforward 
synthesis of 9-aryl-β-carbolines from tetrahydro-β-carbolines.
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Notes
1. Reference 4 offers insights into the decarboxylative aromatization, 

whereas reference 8 provides coverage of Ullmann-type C-N coupling.
2. For information on β-carbolines as ligands, see references 9 and 10.

1. The remaining compounds not displayed in the 
bar chart have IC50 values exceeding 100 uM.

2. Doxorubicin HCl (Doxo), a widely used clinical 
drug, was used as a positive control.
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