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Synthesis of Carbazoles based on Gold-Copper Tandem Catalysis   

Subin Choi,‡ Vunnam Srinivasulu,‡
 
Sujin Ha and Cheol-Min Park* 

An efficient synthetic method for carbazoles has been developed 

employing diazo anilinoalkynes as substrates. Sequential 

activation of the orthogonal functional groups embedded in diazo 

anilinoalkyne substrates by tandem gold-copper catalysis leads to 

the formation of highly substituted carbazoles. Substrate scope 

reveals a broad tolerability toward the substitution on aryl groups. 

 

Owing to their various useful properties including their 

intriguing electrical and optical properties, there has been a 

great deal of interest in carbazoles.
1
 Furthermore, a large 

number of carbazole-containing compounds are under intense 

investigation for their pharmacological activities including 

antitumor, antibiotic, antioxidative, antiviral, and antimalarial.
2
 

For example, staurosporine is an ATP-competitive kinase 

inhibitor with anti-fungal and anti-hypertensive activity. 

Clausenawalline A possesses cytotoxic activity against human 

cancer cell lines. Claulansine A exhibits anti-inflammatory and 

antitumor properties against various human cancer cell lines 

(Figure 1).
3
 

 Therefore, the increasing demand for carbazoles 

necessitates the development of efficient synthetic methods. 

Broadly, approaches for carbazole synthesis have been 

reported by employing substituted indoles and diarylamines/ 
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Figure 1. Carbazole alkaloids 

biarylamines as substrates: i) Diels-Alder reaction,
4
 

electrocyclization,
5
 and benzannulation

6
 of substituted indoles, 

ii) dehydrogenative cyclization
7
 of diarylamines, iii) nitrene 

insertion
8
 and N-arylation

9
 of biarylamines (Scheme 1). 

Tandem catalysis offers many advantages including atom 

economy, environmental impact, issues with isolation of 

unstable intermediates. Nevertheless, tandem catalysis 

presents significant challenges including compatibility of 

catalysts and solvents involved in individual catalytic cycles.
10

 

While the reported synthetic methods for carbazoles typically 

require pre-assembled bicyclic substrates, we aimed to 

develop a method that enables bis-annulation from 

monocyclic substrates in a single operation. To this end, our 

approach has been carefully designed such that tandem gold-

copper dual catalysis sequentially activates orthogonal 

functional groups by respective catalysts to allow direct 

formation of products with higher complexity obviating the 

isolation of intermediates. Thus, two consecutive annulations 

employing diazo anilinoalkynes as substrates leads to the 

formation of a carbazole scaffold. 

The ability of gold complexes for activation of C-C multiple 

bonds has received a great deal of interest in the past 

decade.
11

 Addition of various heteroatom nucleophiles onto 

alkynes activated by gold complexes has proven to be a 

powerful method for heterocycle synthesis.
12

 Given their 

importance, many different approaches for the synthesis of 

indoles have been developed including gold-catalyzed 5-endo 

cyclization of anilinoalkynes.
13

 Meanwhile, the reactivity of 

carbenes for heterocycle synthesis has been extensively 

exploited by us
14

 and others.
15

 While there are a few reports 
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Scheme 1. Synthetic Approaches to the Synthesis of Carbazoles 
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for gold-catalyzed synthesis of carbazoles from indoles,
16

 to 

the best of our knowledge, no literature examples have been 

reported with sequential activation of multi-functional groups 

with orthogonal reactivity by tandem gold-copper catalysis 

(Scheme 1). With our continued interest in heterocycle 

synthesis, we describe herein a new synthesis of carbazoles 

that allows direct conversion of readily accessible simple 

acyclic substrates into carbazoles with obviating the necessity 

for isolation of intermediates, in contrast to the previous 

methods, which involve stepwise synthesis.  

We hypothesized that gold-catalyzed cycloisomerization of 

diazo anilinoalkynes would provide indoles with a pendant 

diazo group, which serves as a latent functionality. In the 

second cycle, copper-catalyzed activation of the diazo group 

should form a copper carbene complex, and subsequent 

electrophilic substitution with indole would provide carbazole 

after oxidation of dihydrocarbazole. In this approach, the 

following few points are worthy of attention: 1) catalyst-

dependent selective activation of anilinoalkynes and diazo 

groups. 2) chemoselective electrophilic substitution of 

carbenes towards indoles over N-H insertion. We have 

established a highly efficient synthetic route for the requisite 

substrates (Scheme 2). Sonogashira coupling of iodoanilines A 

with keto alkynes B prepared by alkylation of ketones with 

propargyl bromide provided anilinoalkynes C, which was 

transformed into diazo anilinoalkynes 1 by diazo transfer. 

As an initial attempt, we began by screening various 

catalysts and reaction conditions on diazo anilinoalkyne 1a as a 

substrate (Table 1, I). A survey of various dirhodium catalysts 

on diazo anilinoalkyne 1a gave mostly disappointing results 

with complex mixtures, among which only Rh2(OAc)4 and 

Rh2(esp)2 afforded minute quantities of carbazole 3a in 19% 

and 10%, respectively (entries 1 and 4), via spontaneous 

oxidation of dihydrocarbazole.
17,18

 The use of Cu(hfacac)2 gave 

a similar result (20%, entry 6). With the array of reported 

reactions on gold carbene complexes, we also examined gold 

catalysts bearing various ligands. An initial attempt with 

Au(PPh3)OTf under reflux conditions furnished carbazole 3a in 

20%, whereas 2a was obtained in 91% when the reaction was 

performed at RT (entries 7 and 8), despite the potential 

deactivation of the cationic gold complexes by the free amine 

in 1a. While mixtures of 2a and 3a were obtained with Au[P(t-

Bu)3]OTf and Au(SIPr)OTf, the use of Au(JohnPhos)SbF6 and 

Au(JohnPhos)OTf provided 3a in 46% and 62%, respectively 

(entries 10 - 13). On the other hand, the efficiency decreased 

when PtCl2 was employed as a catalyst (entry 14). At this 

 

Scheme 2. Preparation of Substrates  

Table 1. Optimization of Carbazole Formation
a 

 
a 

Reaction conditions : DCE (0.02 M), MnO2 addition at RT, All reactions were 

performed under N2; 
b 

hfb = heptafluorobutyrate, oct = octanoate, esp = 

α,α,α′,α′-tetramethyl-1,3-benzenedipropionic acid, tpa = triphenyl acetate, hfacac 

= hexafluoroacetylacetonate, NTf2 = bis(trifluoromethanesulfonyl)imide, OTf = 

trifluoromethanesulfonate, JohnPhos = 2-(di-t-butylphosphino)-1,1'-biphenyl, 

SIPr = 1,3-bis[2,6-bis(1-methylethyl)phenyl]-4,5-dihydroimidazol-2-ylidene; 
c 
AgCl 

removed by filtration; 
d 

N-H insertion product was obtained in 15% yield. See 

supporting information. 

juncture, we turned our attention to taking advantage of 

indole 2a as an intermediate and examined the feasibility of 

cyclization into carbazole 3a by the generation of metal 

carbene complexes (Table 1, II). Whereas a mixture of 

carbazole 3a (35%) and N-H insertion product (15%) was 

obtained with the use of Rh2(OAc)4 (entry 15, see the 

supporting information), copper salts proved to display better 

conversion with Cu(hfacac)2 delivering 3a in 76% yield. 

Furthermore, we found it beneficial for yields to perform the 

oxidation with MnO2 at RT (entry 19). With these results in 

hand, we set out to investigate tandem catalysis by combining   

the two catalytic cycles, indole formation and subsequent 

cyclization of carbene (Table 1, III). Gratifyingly, the 

combination of Au(PPh3)OTf and Cu(hfacac)2 gave 3a in 72% 

yield (entry 20). Further improvement in yield was achieved
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Table 2. Substrate Scope 

 

Entry 
R

1
, R

2
,  

R
3
, R

4
, R

5 Product  
Yield 

(%) 
Entry 

R
1
, R

2
,  

R
3
, R

4
, R

5
 

Product  
Yield 

(%) 

1 
H, H, 

H, CO2Me, H 

3a 

82 9 
4-Cl, H, 

H, CO2Me, H 

3i 

72 

2 
4-MeO, H, 

H, CO2Me, H 

3b 

83 10 
H, Me, 

H, CO2Me, H 

3j 

65 

3 
4-NO2, H, 

H, CO2Me, H 

3c 

61 11 
H, H, 

Me, CO2Me, H 

3k 

70 

4 
5-NO2, H, 

H, CO2Me, H 

3d 

66 12 
4-NO2, H, 

Me, CO2Me, H 

3l 

49 

5 
4-CO2Me, H, 

H, CO2Me, H 

3e 

68 13 
H, H, 

H, COMe, H 

3m 

78 

6 
4-CN, H, 

H, CO2Me, H 

3f 

72 14 
H, H, 

H, C(O)NMe2, H 

3n 

79 

7 
4-F, H, 

H, CO2Me, H 

3g 

80 15 
H, H, 

H, P(O)(OMe)2, H 

3o 

72 

8 
4-Me, H, 

H, CO2Me, H 

3h 

83 16 
H, H, 

H, CO2Me, 4-BrPh 

3p  

50 

when AgCl salt was removed from the cationic gold catalyst by 

filtration (entry 21). A control experiment in the absence of the 

gold catalyst failed to produce 3a (entry 22). 

With the optimized reaction conditions in hand, we set out 

to establish the substrate scope of the tandem catalytic 

carbazole synthesis (Table 2). With the anticipation that 

electronic effect may be among dominant factors that 

influence the efficiency of the cyclization, we examined several 

aryl groups bearing substituents with electron-donating and 

withdrawing capability. From the study, pronounced electronic 

effect was observed that substrates with electron-rich aryl 

groups provided the corresponding carbazoles in higher yields 

compared to those with electron-deficient aryl groups. 4- 

methoxyaniline gave carbazole 3b in 83%, while a substantially 

lower yield of 3c (61%) was obtained from an electron-

deficient substrate, 4-nitroaniline. Likewise, other electron- 

deficient aryl substrates bearing ester and nitrile groups 

displayed the similar trend (3e and 3f).  Although fluorine is 

considered as an electron-withdrawing group, its electronic 

influence was negligible in this reaction, providing a 

comparable yield with methyl substitution (3g and 3h, 

respectively, 80% vs. 83%). Next, we turned our attention to 

examine the influence of substitution on the tether. When 

compared to that with unsubstituted substrate 3a, tether 
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Scheme 3. Proposed Mechanism 

 

substitution showed an adverse effect on the cyclization (3j 

and 3k, respectively, 65% and 70%). When two negative 

factors, electron-withdrawing group and tether substitution 

were combined, the efficiency of the tandem reaction further 

decreased (3l, 49%). In addition, we investigated the impact of 

the functional groups adjacent to the diazo group. Ketone and 

amide groups were well tolerated to afford the corresponding 

carbazoles with high yields (3m and 3n, 78% and 79%). 

Phosphonate gave 3o with slightly diminished but synthetically 

useful yield (72%). Lastly, biaryl aniline 1p smoothly reacted to 

give N-aryl substituted carbazole 3p (50%). 

Mechanistically, the formation of carbazoles from diazo 

anilinoalkyne is proposed to begin with gold-mediated 

hydroamination of anilinoalkyne 1 to form indole 2 (Scheme 

3). Subsequent activation of the diazo group of 2 results in the 

formation of copper carbene, which undergoes electrophilic 

cyclization with the indole moiety to afford carbazole 3 after 

oxidation. 

In sum, we have successfully developed efficient synthesis 

of carbazoles employing diazo anilinoalkynes as substrates 

based on gold copper tandem catalysis. Each of the two 

catalysts promotes sequential activation of the orthogonal 

functionalities, alkynyl and diazo groups, resulting in the 

formation of carbazoles via indoles as the intermediates. This 

method has proven to offer a valuable synthetic tool for 

carbazoles featuring a broad substrate scope. 

 This work was supported by the National Research 

Foundation of Korea (NRF) grants (2014-011165, Center for 

New Directions in Organic Synthesis (CNOS), NRF-

2014R1A2A2A01006060) funded by the Korean government 

and UNIST (Ulsan National Institute of Science & Engineering) 

Research Fund (1.170014.01). 
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