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ABSTRACT: A strategy for the synthesis of iodocarbazoles through a
tandem iodocyclization with migration and aromatization is presented.
This sequential cascade process is concisely conducted at room
temperature and in a short time. Moreover, the obtained halides can
be further applied to palladium-catalyzed coupling reactions, which act as
the important intermediates for building other valuable compounds.

Rearrangement1 and migration2 reactions as features in the
chemistry field have been the focus of considerable

attention for chemists; these could build surprising and
unexpected structures. Meanwhile, many compounds that are
difficult to synthesize by conventional methods could be gained
easily by rearrangement or migration reactions.3 In recent years,
electrophilic cyclization of nucleophiles with an alkyne4 or
allene5 has proved to be one of the most interesting subjects in
organic chemistry and has been widely used to construct
carbocycles6 and heterocycles.7 Nevertheless, few examples of
sequential tandem iodocyclization to form iodocarbazole have
been reported until now. Furthermore, carbazoles are
important heteroaromatic compounds, which not only show
various pharmacological activities, such as anticancer,8 anti-
microbial,9 antipsychotic,10 and antimitotic,11 but also serve as
building blocks for potential electroluminescent materials due
to their special electrical, thermal, and optical properties.12 As a
result of the remarkable importance of functionalized
carbazoles and their derivatives across many fields, much
attention has been paid to the development of new methods for
the synthesis of carbazoles. Among many useful procedures to
construct carbazoles, synthetic pathways of forming a benzene
ring from indoles are particularly attractive.13 Although great
achievements have been made to prepare carbazoles, seeking
alternative methods for the construction of a carbazole-fused
indole via a tandem iodocyclization with migration and
aromatization is highly desirable.
In 2011, Hashmi’s group described an interesting formation

of benzo[b]furans from 3-silyloxy-1,5-enynes (Scheme 1).14

This reaction is generally believed to go through a stepwise
mechanism. The 2-position attacks the alkyne induced by the
gold catalyst to form a 5-endo-dig cyclization B, then a
Wagner−Meerwein shift delivers intermediate C with a more
stable carboxonium ion. Finally, the product D is afforded by

deprotonation and elimination of silanol. The same principles
subsequently were also applied to other heterocycles,15 and it
could be shown that spirocyclic intermediates do not always
have to be involved.16 Encouraged by this achievement and in
the context of our ongoing interest in iodocyclization,17 we
envisioned that the substrates 1 containing an indole moiety
could undergo a similar migration reaction to give intermediate
F, which could undergo aromatization to form iodocarbazole 2.
Importantly, the starting materials could be synthesized
through classic and mature reactions under the mild conditions.
Herein, we report a concise and effective method for the
synthesis of iodocarbazoles via a 1,2-shift and aromatization.
Our initial study began with 1-(1-methyl-1H-indol-3-yl)-4-

phenylbut-3-yn-1-ol (1a) with 2.0 equiv of ICl in iPrOH (4
mL) at room temperature. To our delight, the desired product
3-iodo-9-methyl-4-phenyl-9H-carbazole (2a) was isolated in
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Scheme 1. Migration Reactions and Aromatization
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41% yield after 0.5 h (Table 1, entry 1). With the addition of
K2CO3 (1.0 equiv), product 2a was gained in 66% yield (entry

2). By increasing the amount of ICl to 3.0 equiv, the yield of 2a
dramatically increased to 89%. However, further increasing the
amount of ICl to 3.5 equiv gave a slightly lower yield of 2a
(entry 4). After screening a series of solvents such as CH3CN,
CH2Cl2, CH3COCH3, THF, EtOH, and n-PrOH, we found
that iPrOH was the best (entries 3 and 5−10). Regretfully,
other electrophiles including I2 and IBr gave unsatisfactory
yields of the desired products (entries 11−12). Afterward, the
study of bases showed that Na2CO3, KOH, and K3PO4 could
not give a superior yield (entries 13−15). In addition,
prolonging the reaction afforded the same result as before
(entries 3 and 16). From the series of detailed investigations
mentioned above, the combination of 1.0 equiv of 1a, 3.0 equiv
of ICl, and 1.0 equiv of K2CO3 in iPrOH at room temperature
for 0.5 h was determined as the optimum reaction conditions.
To investigate the generality and the scope of this migration

and aromatization reaction, various 1-(1-methyl-1H-indol-3-yl)-
4-phenylbut-3-yn-1-ol derivatives were subjected to the above-
mentioned conditions, as summarized in Table 2. The reactions
of substrates 1b−1e bearing the electron-donating aromatic
groups (R1) at the alkynyl carbon resulted in the corresponding
products 2b−2e in excellent yields (entries 2−5). The structure
of the representative product 2e was determined by X-ray
crystallographic analysis (Figure 1). Subsequently, we designed
compounds 1f−1i with electron-withdrawing aromatic groups
(R1) and obtained the desired products 2f−2i in good yields
(entries 6−9). Remarkably, in contrast to product 2e, the yield
of 2i decreased with the increase of electronegativity on the
substituent R1 group (entry 5 vs 9). This might be due to the

electron-withdrawing substituents impairing the activity of the
alkyne group. In the meantime, the product 2j was obtained in
83% yield. However, substrate 1k only led to 2k in 37% yield
for the weak nucleophilicity of the aliphatic alkyne. It is
noteworthy that the yields of 2l and 2m decreased successively
with electron waning on the substituent R2. This should be
attributed to the electron-rich substituent on R2 enhancing the
nucleophilicity of the 3-position, which is the most nucleophilic
position of the indole system.18 In particular, substrate 1n with
an electron-withdrawing substituent (Ts) on R2 failed to afford
the corresponding product 2n, owing to the reduced
nucleophilicity of the 3-position (entry 14). The reactions
also worked well with substrates 1o−1r with electron-donating
or -withdrawing substituents on R3, furnishing the expected

Table 1. Optimization Studies on the Rearrangement of 1aa

entry solvent
electrophile
(equiv)

base
(1.0 equiv)

time
(h)

yieldb

(%)

1 iPrOH ICl (2.0) none 0.5 41
2 iPrOH ICl (2.0) K2CO3 0.5 66
3 iPrOH ICl (3.0) K2CO3 0.5 89
4 iPrOH ICl (3.5) K2CO3 0.5 87
5 CH3CN ICl (3.0) K2CO3 0.5 17
6 CH2Cl2 ICl (3.0) K2CO3 0.5 22
7 CH3COCH3 ICl (3.0) K2CO3 0.5 24
8 THF ICl (3.0) K2CO3 0.5 23
9 EtOH ICl (3.0) K2CO3 0.5 72
10 n-PrOH ICl (3.0) K2CO3 0.5 83
11 iPrOH I2 (3.0) K2CO3 0.5 41
12 iPrOH IBr (3.0) K2CO3 0.5 45
13 iPrOH ICl (3.0) Na2CO3 0.5 88
14 iPrOH ICl (3.0) KOH 0.5 50
15 iPrOH ICl (3.0) K3PO4 0.5 87
16 iPrOH ICl (3.0) K2CO3 1.0 89

aAll reactions were run under the following conditions, unless
otherwise indicated: 0.20 mmol of 1a, 3.0 equiv of ICl, and 1.0 equiv
of base in 4 mL of solvent were stirred at room temperature. bYields of
isolated products.

Table 2. Synthesis of Iodocarbazoles of 2a
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products 2o−2r in good yields. Meanwhile, the substrate 1s
with thienyl and 1t with naphthyl afforded the corresponding
products 2s and 2t in 82% and 88% yields, respectively. In
addition, the products 2u and 2v were obtained with migration
and aromatization with the alkynyl chains attached to the α-
position of indoles. The structure of the representative product
2v was determined by X-ray crystallographic analysis (see the
Supporting Information).
On the basis of the above observations, the following

mechanism was proposed and outlined in Scheme 2. The

alkyne moiety was first activated by an iodide cation, and the
reactive species A was attacked by the highly nucleophilic 3-
position of the indole ring to give spirocyclic cationic
intermediate B. Subsequently, the 1,2-shift from the 3- to 2-
position occurred to form the intermediate C with a more
stable carboxonium ion. Afterward, rearomatization of the
indole by deprotonation delivered D and an aromatization by
elimination of water attained the desired product 2. Such
aromatization in related reactions has been reported.19

As shown in Scheme 3, the iodocarbazole compound 2a can
be further elaborated by using various palladium-catalyzed
processes. The Heck coupling20 and Suzuki coupling21 of 2a
afforded the corresponding products 3aa and 3ab in 77% and
90% yields, respectively.
In conclusion, a new and mild protocol for the synthesis of

iodocarbazoles has been established. This method integrates
the tandem iodocyclization, 1,2-shift on the indoles, and
aromatization and opens new perspectives for future research.
Foremost, the resulting iodocarbazole is readily elaborated to
more products by using known organopalladium chemistry
which may be essential intermediates for the synthesis of
delicate and sophisticated natural products. Further studies on
expanding this strategy are currently underway.
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Loza, M. I. Eur. J. Med. Chem. 2000, 35, 83.
(11) (a) Hu, L.; Li, Z.-r.; Li, Y.; Qu, J.; Ling, Y.-H.; Jiang, J.-d.;
Boykin, D. W. J. Med. Chem. 2006, 49, 6273. (b) Barta, T. E.; Barabasz,
A. F.; Foley, B. E.; Geng, L.; Hall, S. E.; Hanson, G. J.; Jenks, M.; Ma,
W.; Rice, J. W.; Veal, J. Bioorg. Med. Chem. Lett. 2009, 19, 3078.
(12) (a) Adhikari, R. M.; Neckers, D. C.; Shah, B. K. J. Org. Chem.
2009, 74, 3341. (b) Tsvelikhovsky, D.; Buchwald, S. L. J. Am. Chem.
Soc. 2011, 133, 14228. (c) Anxionnat, B.; Pardo, D. G.; Ricci, G.;
Cossy, J. Org. Lett. 2014, 16, 2296.
(13) (a) Qiu, Y.; Kong, W.; Fu, C.; Ma, S. Org. Lett. 2012, 14, 6198.
(b) Samala, S.; Mandadapu, A. K.; Saifuddin, M.; Kundu, B. J. Org.
Chem. 2013, 78, 6769. (c) Guney, T.; Lee, J. J.; Kraus, G. A. Org. Lett.
2014, 16, 1124. (d) Qiu, Y.; Zhou, J.; Fu, C.; Ma, S. Chem.Eur. J.
2014, 20, 14589. (e) Zheng, X.; Lv, L.; Lu, S.; Wang, W.; Li, Z. Org.
Lett. 2014, 16, 5156. (f) Zhu, C.; Ma, S. Org. Lett. 2014, 16, 1542.
(14) Hashmi, A. S. K.; Yang, W.; Rominger, F. Angew. Chem., Int. Ed.
2011, 50, 5762.
(15) Hashmi, A. S. K.; Yang, W.; Rominger, F. Chem.Eur. J. 2012,
18, 6576.
(16) Hashmi, A. S. K.; Haf̈fner, T.; Yang, W.; Pankajakshan, S.;
Schaf̈er, S.; Schultes, L.; Rominger, F.; Frey, W. Chem.Eur. J. 2012,
18, 10480.
(17) (a) Barluenga, J.; Palomas, D.; Rubio, E.; Gonzaĺez, J. M. Org.
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