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A simple and efficient copper-catalyzed method for the synthesis
of 11H-benzo|a]carbazoles has been developed. The protocol
uses readily available substituted 2-(2-bromophenyl)-1H-indoles
and ketones as starting materials and an inexpensive catalyst
system. The corresponding 11H-benzo|a|carbazoles were obtained
in moderate to excellent yields.

Over the past decades, much attention has been paid to
transition metal-catalyzed arylation reactions of substrates
containing activated sp>-hybridized C-H bonds with aryl
halides and pseudohalides, in which the alkyl-aryl bonds are
formed at the a-position of electron-withdrawing groups
including keto, formyl, alkoxycarbonyl, cyano, nitro, sulfoximino,
and sulfonyl groups.! Of the previous methods, palladium-catalyzed
o-C-arylations are very efficient and commonly used,” and this
strategy has been applied to the synthesis of cyclic compounds.®
However, palladium-catalyzed methods need expensive Pd
catalysts, and often employ expensive, patented phosphine
ligands. Although nickel-catalyzed ao-C-arylations are also
effective, the high toxicity of Ni catalysts greatly limits their
use in industrial applications.* Recently copper catalysts have
become popular and widely used due to their low cost and low
toxicity, and great achievements have been made in this area.’
Copper-catalyzed a-C-arylations have been investigated,® and
some heterocycles have been constructed using this strategy
by us’ and other groups.® Unfortunately, copper-catalyzed
a-C-arylations were only effective for substrates bearing two
electron-withdrawing moieties linked at a methylene group,
and those containing one electron-withdrawing group did not
work. To the best of our knowledge, the copper-catalyzed
a-C-arylation of simple ketones has not been reported thus far.

Benzocarbazole derivatives show various biological functions
although they are rarely found as natural products. For example,
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they exhibit antitumor (leukemia, renal, colon)’ and anti-
inflammatory activities,'® and some benzocarbazoles can bind to
estrogen receptors and inhibit the growth of mammary tumors in
rats.!! In addition, benzocarbazole derivatives have found extensive
application as photographic materials.'> Some methods for the
synthesis of benzocarbazole derivatives have been developed,'® but
these methods usually suffer from the need to synthesize complex
starting materials, harsh reaction conditions and low yields.
Therefore, it is highly desirable to develop a simple, efficient
and practical approach to benzocarbazole derivatives. Herein,
we report a novel and efficient copper-catalyzed synthesis of
benzocarbazoles via a-C-arylation of ketones.

The reaction of 2-(2-bromophenyl)-1H-indole (1a) with aceto-

phenone (2a), leading to 6-phenyl-11H-benzo[a]carbazole (3a)
was used as the model to optimize conditions including the
catalysts, ligands, bases, solvents and temperature under a
nitrogen atmosphere. As shown in Table 1, six copper catalysts
were tested using L-proline as the ligand, Cs,COj as the base and
DMSO as the solvent at 80 °C (entries 1-6). CuBr exhibited the
highest activity (entry 4). No target product was observed in the
absence of a copper catalyst (entry 7). The effect of the solvent
was investigated (compare entries 4, 8-11), and DMSO was
found to be the most suitable (entry 4). Other ligands were
screened (entries 12-14), and they were inferior to L-proline. We
investigated other bases (entries 15-18), and Cs,COj; provided
the highest yield (entry 4). The effect of reaction temperature was
also explored (compare entries 4, 19 and 20), and 80 °C was the
best choice (entry 4). The ratio of the substrates and Cs,CO3 was
investigated (entries 21-23), and the use of 2 equiv. of 2a and
2 equiv. of Cs,COj relative to 1a was optimal (entry 22). The
solvent was removed from the reaction mixture of entry 22 and
the residue was examined using inductively coupled plasma mass
spectroscopy (ICP-MS). Only trace amount of Ni (5 ppm), Pd
(<10 ppm), Rh (<10 ppm) and Ru (<10 ppm) were found,
eliminating the possibility of involvement of other transition
metals in the reaction.

As shown in Table 2, the substrate scope of the reaction was

investigated using substituted 2-(2-bromophenyl)-1H-indoles
and ketones under the optimized conditions, i.e. 10 mol%
CuBr as the catalyst, 20 mol% L-proline as the ligand, Cs,CO;
as the base and DMSO as the solvent at 80 °C under a nitrogen
atmosphere (minor changes to the conditions were made for
several substrates), and the examined substrates afforded
the products in moderate to excellent yields. For substituted
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Table 1 Copper-catalyzed synthesis of 6-phenyl-11H-benzo[a]carbazole
(3a) via coupling of 2-(2-bromophenyl)-1H-indole (1a) with acetophenone
(2a): optimization of conditions®

cat., ligand, base

o W,
+ )1\© solvent, temp., Ny, 24 h OO
2a 3a O

Entry Cat. Ligand (mol%) Base Solvent  Yield® (%)
1 Cu L-Proline Cs,CO; DMSO 45
2 Cu,O  L-Proline Cs,CO; DMSO 60
3 CuCl  1-Proline Cs,CO; DMSO 61
4 CuBr  L-Proline Cs,CO; DMSO 63
5 Cul L-Proline Cs,CO; DMSO 62
6 CuCl, 1-Proline Cs,CO; DMSO 60
7 — L-Proline Cs,CO; DMSO 0
8 CuBr  L-Proline Cs,CO; DMF 46
9 CuBr  r-Proline Cs,CO; NMP 2
10 CuBr  L-Proline Cs>,CO3;  Toluene 16
11 CuBr  L-Proline Cs,CO3;  Dioxane 38
12 CuBr DMEDA Cs,CO; DMSO 44
13 CuBr  1,10-phen Cs,CO;  DMSO 53
14 CuBr PCA Cs,CO; DMSO 57
15 CuBr  L-Proline Na,CO; DMSO 12
16 CuBr  L-Proline K,CO;3 DMSO 45
17 CuBr  1-Proline K;POy, DMSO 45
18 CuBr  L-Proline KOAc DMSO  Trace
19 CuBr  L-Proline Cs,CO; DMSO 10¢
20 CuBr  L-Proline Cs,CO;  DMSO 614
21 CuBr  L-Proline Cs,CO; DMSO  71°
22 CuBr  L-Proline Cs,CO; DMSO 77
23 CuBr  L-Proline Cs,CO; DMSO  73°

“ Reaction conditions: nitrogen atmosphere, 2-(2-bromophenyl)-
1 H-indole (1a) (0.5 mmol), acetophenone (2a) (0.75 mmol), catalyst
(0.05 mmol), ligand (0.1 mmol), base (1.5 mmol), solvent (2.0 mL),
reaction temperature 80 °C. ? Isolated yield. ¢ Reaction temperature
60 °C. ¢ Reaction temperature 100 °C.°€2a (1.0 mmol), base
(1.5 mmol).  2a (1.0 mmol), base (1.0 mmol). ¢ 2a (1.0 mmol), base
(0.75 mmol). NMP = N-methylmorpholine. DMEDA = N,N-
dimethylethylenediamine. 1,10-phen = 1,10-phenanthroline. PCA =
piperidine-2-carboxylic acid.

2-(2-bromophenyl)-1H-indoles, in general, no significant
difference in reactivity was observed for the examined substrates
with varied electronic properties, including electron-rich, electron-
poor and neutral groups. For aromatic ketones, substrates
containing electron-withdrawing groups displayed higher reactivity
than those containing electron-donating and neutral groups.
For aliphatic ketones, cyclohexanone afforded higher yields than
propan-2-one, cyclopentanone and cycloheptanone. Substrates
with various functional groups were tolerated under the reaction
conditions, including ethers (3¢, 3q and 3r), C—Cl bonds (3d-{, 3s,
3t, 3x—z), nitro (3g and 3h), CF3 (3i), nitrogen heterocycles (3a-z),
oxygen heterocycles (3j) and sulfur heterocycles (3k). Interestingly,
the indole NH group of 1 was retained in the reactions above.
We explored the mechanism of the copper-catalyzed synthesis
of 11H-benzo[a]carbazoles. Treatment of 2-(2-bromophenyl)-1-
methyl-1H-indole (1f) with acetophenone (2a) was investigated
under the standard conditions, and no reaction was observed
(Scheme 1la). Treatment of 2-phenyl-1H-indole (1g) with
acetophenone (2a) did not lead to 4 (Scheme 1b). In order to
compare the reactivity of aryl bromide (la) and aryl iodide
(1h), the reaction temperature was decreased from 80 °C to
60 °C, and 1b provided higher yield than 1a (Scheme lc).

Table 2 Copper-catalyzed synthesis of 11H-benzo[a]carbazoles”

_/R2 = R?
CuBr or Cul, L-proline HN-
AN/ O Cs,CO; or K,COs \ /
N )LRS DMSO or DMF, N, LN
R + O F 3 =~ R

- 800r90°C, 24 h =z

n RS

T
3 -t

A g )
1 2
ol wld  wiD
G L )
Br MeO' Br cl O Br
1a 1b 1c
HN O Me HN O cl
! S ~
Br O Br
1d 1e

3 (Yield®)

3j (64%) W

0 H
504 O

3m (71%) 3n (59%

e

=)
\®

Me

3v (68%)

3y (50%)

Me

“ Reaction conditions: nitrogen atmosphere, 1 (0.5 mmol), 2
(1.0 mmol), Cul (0.05 mmol) for 3n; CuBr (0.05 mmol) for other
compounds, L-proline (0.1 mmol), K,CO; (1.0 mmol) for 3g and 3h;
Cs,CO; (1.0 mmol) for other compounds, DMF (2.0 mL) for 3s;
DMSO (2.0 mL) for other compounds, temperature (90 °C for 3s;
80 °C for other compounds), reaction time 24 h. b Isolated yield.

This result shows that the domino reaction could start from
C-arylation of ketones in the synthesis of 11H-benzo[a]-
carbazoles. Therefore, a possible mechanism for the copper-
catalyzed synthesis of 11H-benzo[a]carbazoles is proposed in
Scheme 2. Treatment of 1 with CuBr (or Cul) and a ligand in
the presence of Cs,CO; (or K,CO3) provides I, and oxidative
addition of I leads to II. In the presence of base, coordination
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10% yield (for 1a)

52% yield (for 1h)

Scheme 1 (a) Treatment of 2-(2-bromophenyl)-1-methyl-1H-indole
(1f) with 2a. (b) Treatment of 2-phenyl-1H-indole (1g) with 2a. (c)
Reaction of 2-(2-bromophenyl)-1H-indole (1a) or 2-(2-iodophenyl)-
1 H-indole (1h) with 2a at 60 °C.
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Scheme 2 Possible mechanism for the synthesis of 11H-benzo[a]-
carbazoles.

of II to the ketone affords III, and reductive elimination
of III (C-arylation) gives IV, regenerating the copper catalyst.
Isomerization of IV provides V, and intramolecular nucleophilic
attack leads to VI. Finally, dehydration and isomerization of the
C=N bond to a C—=C bond gives the target product (3) in the
presence of CsHCO;.

In conclusion, we have developed a simple and efficient
copper-catalyzed method for the synthesis of 11H-benzo|a]-
carbazoles. The protocol uses readily available substituted
2-(2-bromophenyl)-1 H-indoles and ketones as starting materials,
CuBr or Cul as the catalyst, L-proline as the ligand, Cs,CO; or
K,CO;5; as the base, and DMSO or DMF as the solvent,
and 11H-benzo[a]carbazoles were obtained in moderate to
excellent yields. The method could tolerate various functional
groups in the substrates. This is the first example of copper-
catalyzed C-arylation of ketones and construction of cyclic
compounds using this strategy thus far. Therefore, this
method will find many applications in organic chemistry and
medicinal chemistry.

The authors wish to thank the National Natural Science
Foundation of China (Grant Nos. 20972083 and 21172128),
the Ministry of Science and Technology of China (Grant Nos.
2012CB722605, 2010CB126104 and 2011BAE06B0S5) and the
Chinese Universities Scientific Fund (2012YJ132) for financial
support.

Notes and references

1 F. Bellina and R. Rossi, Chem. Rev., 2010, 110, 1082.

2 Selected papers for palladium-catalyzed couplings, see:
(a) M. Palucki and S. L. Buchwald, J. Am. Chem. Soc., 1997,
119, 11108; (b) B. Hamann and C. J. F. Hartwig, J. Am. Chem.
Soc., 1997, 119, 12382; (¢) M. Kawatsura and J. F. Hartwig, J. Am.
Chem. Soc., 1999, 121, 1473; (d) G. A. Grasa and T. J. Colacot,
Org. Lett., 2007, 9, 5489; (¢) J. M. Fox, X. Huang, A. Chieffi and
S. L. Buchwald, J. Am. Chem. Soc., 2000, 122, 1360.

3 Selected papers for palladium-catalyzed synthesis of cyclic compounds,
see: (@) H. Muratake, A. Hayakawa and M. Natsume, Tetrahedron
Lett., 1997, 38, 7577; (b) M. Carril, R. SanMartin, F. Churruca,
I. Tellitu and E. Dominguez, Org. Lett., 2005, 7, 4787.

4 Selected papers for nickel-catalyzed couplings, see: (¢) G. Adjabeng,
T. Brenstrum, C. S. Frampton, A. J. Robertson, J. Hillhouse,
J. McNulty and A. Capretta, J. Org. Chem., 2004, 69, 5082;
(b) X. Liao, Z. Weng and J. F. Hartwig, J. Am. Chem. Soc., 2008,
130, 195; (¢) J. Wu and A. S. C. Chan, Acc. Chem. Res., 2006, 39, 711.

5 For recent reviews on copper-catalyzed cross couplings, see:
(@) K. Kunz, U. Scholz and D. Ganzer, Synlett, 2003, 2428;
(h) S. V. Ley and A. W. Thomas, Angew. Chem., Int. Ed., 2003,
42, 5400; (¢) L. P. Beletskaya and A. V. Cheprakov, Coord. Chem. Rev.,
2004, 248, 2337; (d) G. Evano, N. Blanchard and M. Toumi, Chem.
Rev., 2008, 108, 3054; (¢) D. Ma and Q. Cai, Acc. Chem. Res., 2008,
41, 1450; (f) F. Monnier and M. Taillefer, Angew. Chem., Int. Ed., 2009,
48, 6954; (2) D. S. Surry and S. L. Buchwald, Chem. Sci., 2010, 1, 13;
(h) H. Rao and H. Fu, Synlett, 2011, 745 and references cited therein.

6 Selected papers for copper-catalyzed couplings, see: (@) K. Okuro,

M. Furuune, M. Miura and M. Nomura, J. Org. Chem., 1993,

58, 7606; (b) H. C. Hang, E. Drotleff, G. I. Elliott, T. A. Ritsema

and J. P. Konopelski, Synthesis, 1999, 398; (c¢) E. J. Hennessy and

S. L. Buchwald, Org. Lett., 2002, 4, 269; (d) H.-J. Cristeau,

P. P. Cellier, J.-F. Spindler and M. Taillefer, Chem.—Eur. J.,

2004, 10, 5607; (e) Y. Jiang, N. Wu, H. Wu and H. He, Synlert,

2005, 2731; (f) X. Xie, G. Cai and D. Ma, Org. Lett., 2005, 7, 4693;

(g) X. Xie, Y. Chen and D. Ma, J. Am. Chem. Soc., 2006,

128, 16050; (k) S. F. Yip, H. Y. Cheung, Z. Zhou and

F. Y. Kwong, Org. Lett., 2007, 9, 3469.

Copper-catalyzed synthesis of N-heterocycles, see: (¢) F. Wang,

H. Liu, H. Fu, Y. Jiang and Y. Zhao, Org. Lett., 2009, 11, 2469,

(h) J. Lu, X. Gong, H. Yang and H. Fu, Chem. Commun., 2010,

46, 4172; (¢) X. Yang, H. Fu, R. Qiao, Y. Jiang and Y. Zhao, Adv.

Synth. Catal., 2010, 352, 1033; (d) T. Liu, R. Wang, H. Yang and

H. Fu, Chem.—Eur. J., 2011, 17, 6765; (¢) T. Liu, C. Zhu, H. Yang

and H. Fu, Adv. Synth. Catal., 2012, 354, 1579.

Selected papers for copper-catalyzed synthesis of cyclic com-

pounds, see: (¢) Y. Wang, Z. Sun and D. Ma, Org. Lett., 2008,

10, 625; (b) Y. Chen, X. Xie and D. Ma, J. Org. Chem., 2007,

72, 9329; (¢) Y. Fang and C. Li, J. Org. Chem., 2006, 71, 6427,

(d) B. Lu and D. Ma, Org. Lett., 2006, 8, 6115.

9 U. Pindur and T. Lemster, Recent Res. Dev. Org. Bioorg. Chem.,
1997, 33.

10 D. W. Beight, M. D. Kinnick, H. Lin, J. M. Morin, M. E. Richett,

D. J. Sall and J. S. Sayer, US patent, WO 2002050034, 2002;

D. W. Beight, M. D. Kinnick, H. Lin, J. M. Morin, M. E. Richett,

D. J. Sall and J. S. Sayer, Chem. Abstr., 2002, 137, 47114.

E. Lescot, G. Muzard, J. Markovits, J. Belleney, B. P. Roques and

J. Le Pecq, J. Med. Chem., 1986, 29, 1731.

12 S. Tomoyuki, S. Masaomi and T. Chiaki, Japanese patent,
JP 09048757, 1997; S. Tomoyuki, S. Masaomi and T. Chiaki,

Chem. Abstr., 1997, 126, 244806d.

13 (@9 D. B. Grotjahn and K. L. Dotz, Synletr, 1991, 381;
(h) H.-J. Knoker, H. Goesmann and C. Hofmann, Synlett, 1996,
737; (¢) W. Harris, C. H. Hill, E. Keech and P. Malsher, Tetrahedron
Lett., 1993, 34, 8361; (d) C. B. de Koning, J. P. Michael and
A. L. Rousseau, J. Chem. Soc., Perkin Trans. 1, 2000, 1705;
(¢) X. Cai and V. Snieckus, Org. Lert., 2004, 6, 2293;
() L. Martarello, D. Joseph and G. Kirsch, Heterocycles, 1996,
43, 367; (g) T. Okubo, R. Yoshikawa, S. Chaki, S. Okuyamac and
A. Nakazato, Bioorg. Med. Chem., 2004, 12, 3569; (h) F. Jafarpoura
and H. Hazratia, Adv. Synth. Catal., 2010, 352, 363.

~

oo

—_—
—_

12212 | Chem. Commun., 2012, 48, 12210-12212

This journal is © The Royal Society of Chemistry 2012


http://dx.doi.org/10.1039/c2cc36403d

