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ABSTRACT

AuCl3-catalyzed reaction of 1-(indol-2-yl)-3-alkyn-1-ols occurred smoothly in toluene at room temperature to form a benzene ring leading to a
series of carbazole derivatives efficiently. A possible mechanism has been proposed for the formation of carbazoles.

Carbazoles are important heteroaromatic compounds in
many biologically active products.1 They also serve as
building blocks for potential electroluminescentmaterials2

due to their electrical3 and thermal4 properties and host

materials for triplet emitters in organic light-emitting
diodes.5 Therefore, they are attractive targets for organic
synthesis. Although there are a number of useful synthetic
procedures to prepare carbazoles,6�9 there remain some
limitations such as low yields, poor atom economy, and
harsh reaction conditions in thesemethods.Thus, a simple,
mild, efficient, regiocontrolled, and diversified preparation
of carbazole alkaloids with specific substitution patterns is
still highly desirable.
On the other hand, the intramolecular hydroarylation

reaction of alkyne is of particular interest, since valuable
carbo- and heterocycles can be readily formed under rela-
tivelymild conditions.10�12For example, gold- or platinum-
catalyzed cyclization reactions of indoles with alkynes are
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Hagelin, H.; Oslob, J. D.; Åkermark, B. Chem.;Eur. J. 1999, 5, 2413.
(h) Krahl, M. P.; J€ager, A.; Krause, T.; Kn€olker, H.-J. Org. Biomol.
Chem. 2006, 4, 3215. (i) Tsang, W. C. P.; Zheng, N.; Buchwald, S. L.
J. Am. Chem. Soc. 2005, 127, 14560. (j) Tsang,W. C. P.;Munday, R. H.;
Brasche, G.; Zheng, N.; Buchwald, S. L. J. Org. Chem. 2008, 73, 7603.
(k) Jean, D. S. J., Jr; Poon, S. F.; Schwarzbach, J. L. Org. Lett. 2007, 9,
4893. (l) Nozaki, K.; Takahashi, K.; Nakano, K.; Hiyama, T.; Tang,
H.-Z.; Fujiki, M.; Yamaguchi, S.; Tamao, K. Angew. Chem., Int. Ed.
2003, 42, 2051. (m) Kitawaki, T.; Hayashi, Y.; Ueno, A.; Chida, N.
Tetrahedron 2006, 62, 6792. (n) Kuwahara, A.; Nakano, K.; Nozaki, K.
J. Org. Chem. 2005, 70, 413.



Org. Lett., Vol. 14, No. 24, 2012 6199

important because significantmolecular complexity can be
obtained in one step starting from an easily accessible
system.13,14

Recently, we developed a route to construct carbazole

alkaloids via the Pt-catalyzed cyclization of terminal 1-

(indol-2-yl)-2,3-allenols 1 (Scheme 1),15 which may be

easily prepared from the In-mediated reaction of indole-

2-carbaldehydes and primary 1-alkynyl bromides in an

aqueous phase.15,16 Interestingly, 1-(indol-2-yl)-3-alkyn-1-

ols 2were formedwhen non-terminal secondary 1-alky-

nyl bromides were used.17 Considering our interests in

synthesis of heterocyclic compounds, we reasoned that

cyclization of homoproparylic alcohols 2 may also

afford carbazole alkaloids following a similar elimina-

tion of water to form the aromatic ring15 (Scheme 1).

In this paper, we report our observation of such a

reaction.

Our initial investigation focused on the reaction of 1-(1-

ethyl-1H-indol-2-yl)-2-methyl-4-phenyl-3-butyn-1-ol (2a)

in toluene under the catalysis of PtCl2 (5 mol %). Inter-

estingly, 9-ethyl-2-methyl-4-phenyl-9H-carbazole (3a) was

indeed formed in 62% NMR yield (entry 1, Table 1).

When AgOTf was used instead of PtCl2, the yield of this

reaction was only 35% (entry 2, Table 1), and Zn(OTf)2
was totally inactive (entry 3, Table 1). However, the

combined use of AuCl(PPh3) and AgOTf as catalyst

could improve the yield to 87% (entry 4, Table 1). AuCl-

(t-Bu3P)/AgOT catalyzed this transformation afford-

ing 3a in 88% yield (entry 5, Table 1). Further study

showed that AuCl3
18 is the best catalyst for this reac-

tion, affording 3a in 93% yield (entry 6, Table 1)!

Several solvents were also tested for the AuCl3-catalyzed

reaction of 2a at room temperature with toluene still

being the best (entries 7�9, Table 1). When 1 mol % of

AuCl3 was used, the yield of 3awas slightly lower (entry

10, Table 1). Thus, we defined the standard conditions

as follows: 5 mol % of AuCl3 in toluene at room tem-

perature (entry 6, Table 1). The structure of 3a was

further confirmed by the X-ray crystal diffraction study

(Figure 1).19

Scheme 1

Table 1. Optimization of the Reaction Conditionsa

entry catalyst (5 mol %) solvent time (h) yieldb of 3a (%)

1 PtCl2 toluene 36 62

2 AgOTf toluene 23 35

3 Zn(OTf)2 toluene 12 0

4 AuCl(PPh3)/AgOTf toluene 12 87

5 AuCl(t-Bu3P)/AgOTf toluene 12 88

6 AuCl3 toluene 3 93

7 AuCl3 CH2Cl2 5 36

8 AuCl3 CH3CN 5 51

9 AuCl3 acetone 5 85

10c AuCl3 toluene 12 82

aThe reaction was conducted with 0.2 mmol of 2a and 0.01 mmol of
catalyst in 1 mL of solvent. bDetermined by 1H NMR of crude product
using dibromomethane as internal standard. cAuCl3(1mol%)was used.
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This new transformation is quite general, and some
typical results are listed in Table 2. The 1-position of
indoles may be substituted with alkyl (entries 1�7, 9 and
10,Table 2) orbenzyl groups (entries 8, 11and12,Table 2).
Substituents on the 5-position could be methyl (entries
4�6, Table 2),methoxy,which is the vital functional group
for the synthesis of many natural tricyclic carbazole alka-
loids21 (entry 7, Table 2), or bromine,20 which could easily
transform tomany useful functional groups in the synthesis
ofbiologicallyactivecarbazolealkaloids21 (entry8,Table2).
Substituents may also be introduced to the 4- or 7-position
(entries 9�10, Table 2). R3 could be an alkyl (entries 1�5
and 7�12, Table 2) or an aryl group (entry 6, Table 2).
Moreover, R4 could be an alkyl (entries 2�4, 6, 7, 9, and 11,
Table 2) or an aryl group (entries 1, 5, 8, 10, and 12,
Table 2).

Amechanismisproposed for the reaction (Scheme2).10,15,22

The reaction of Au3þwith 2would form intermediateM1

via the coordination of the alkyne with the Au3þ species

followed by nucleophilic attack of indolyl C3 to the
metal-activated electrophilic C�C triple bonds. The six-
membered intermediate M2 may be afforded via deme-
talation of M1 regenerating the catalytically active Au3þ

species. Subsequent elimination of H2O would afford the
target carbazole 3.15,12l,23

In conclusion, we have developed a simple and mild
AuCl3-catalyzed reaction of 1-(indol-2-yl)-3-alkyn-1-ols to
provide an efficient route to differently substituted carba-
zoles in moderate to good yields under very mild condi-
tions.A rationale has also been proposed for the formation
of carbazoles. Because of the easy availability of the
starting materials and potential of the products, this
methodwould be useful in organic synthesis andmedicinal
chemistry. Further studies on the synthetic applications of
this reaction are being carried out in our laboratory.
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Figure 1. ORTEP representation of 3a.

Table 2. AuCl3-Catalyzed Cyclization Reaction of
1-(Indol-2-yl)-3-alkyn-1-ols 2a

entry 2 R1, R2, R3, R4 time (h) yieldb of 3 (%)

1 2a Et, H, Me, Ph 3 3a, 90

2 2b Et, H, Me, Et 12 3b, 81

3 2c Et, H, Me, n-C4H9 19.5 3c, 74

4 2d Et, 5-Me, Me, n-C4H9 11.5 3d, 72

5 2e Et, 5-Me, Et, Ph 14 3e, 79

6 2f Et, 5-Me, Ph, n-C4H9 11 3f, 64

7 2g Et, 5-OMe, Me, n-C4H9 11.5 3g, 60

8 2h Bn, 5-Br, Et, Ph 13 3h, 72

9 2i Et, 4-Me, Me, n-C4H9 3 3i, 65

10 2j Et, 7-Me, Me, Ph 12 3j, 90

11 2k PMB, H, Me, n-C4H9 12 3k, 58

12 2l Bn, H, Et, Ph 12 3l, 62

aReaction conditions: 0.2 mmol of 1-(indol-2-yl)-3-alkyn-1-ols 2,
0.01 mmol of AuCl3 in 1 mL of toluene. b Isolated yield.

Scheme 2
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