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Reaction of 2-phenylethynyl N-tosylanilide prepared by Pd-free procedure with ZnBr, (3 equiv) in reflux-
ing toluene gave N-tosyl-2-phenylindole in 93% yield. Treatment of 2-phenylethynylaniline with ZnBr,
(1 equiv) in refluxing toluene resulted in the formation of 2-phenylindole in 91% yield. Catalytic ZnBr,
(0.05 equiv) effectively reacted with 2-alkynylanilines to afford 2-substituted indoles in high yields. Thus,

complete Pd-free zinc catalyzed hydroamination of 2-alkynylanilines was achieved.

© 2009 Elsevier Ltd. All rights reserved.

Nitrogen-containing heterocycles, especially indole derivatives,
have attracted much attention because they widely occur in nature
as partial structures of alkaloids and having unique biological
activities.! Until now, many kinds of catalysts have been reported
for the synthesis of indole derivatives from 2-ethynylaniline deriv-
atives (1).2 As the synthetic procedure for the functionalized 2-eth-
ynylanilines 1 by using Pd(II) or Cu(ll) catalysts has been
established,® the methods for indoles syntheses with these com-
pounds as the starting materials are some of the most efficient
procedures.*

However, not only the palladium-mediated reactions, but also
other reagents (Et,Zn, ZnCl,-PdCl,, Zn—-Cu, etc.) are known to have
some disadvantages depending on the nature of the reagents,
namely, metal alkoxide mediated reactions cannot be applied to
the alkaline-sensitive substrates and the carbonyl or sulfonyl
groups have to be on the nitrogen atom for most procedures
(e.g., sulfonamides, amides, and carbamates are usually used).>*>

From the background described above, we decided to develop
an efficient and cost-effective procedure for the palladium-free
zinc catalyzed synthesis of indoles from 1. Herein, we now report
a mild, applicable, and versatile method for indole cyclization cat-
alyzed by zinc halides and its application to the sequential cycliza-
tion reaction.

As a starting point for the development of our transition metal-
free methodology, we chose to study the reaction of 2-phenyleth-
ynyl N-tosylanilide (2a) with Lewis acid. To show that the reaction
is indeed palladium-free, we have used new glassware, apparatus,
and reagents. Starting anilide 2a was synthesized by the following
three steps: palladium-free Sonogashira coupling reaction (micro-
wave, Cul as a catalyst) of 2-nitroiodobenzene with phenylacety-
lene,® reduction of 2-phenylethynylnitrobenzene with Sn/HCl and
NaBH,,? and protection with tosyl chloride. Optimization data are
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shown in Table 1. Reaction of anilide 2a with SnCl,, AlCls, or TiCl,
resulted in recovery of starting material (entries 1-3). Reaction of
anilide 2a with ZnBr; in refluxing EtOH for 12 h resulted in the for-
mation of 2-phenyl-N-tosylindole (3a) in 36% yield (entry 4). When
3 equiv of ZnBr; was treated with anilide 2a in refluxing toluene,
the reaction was completed within 16 h (entry 5). Similarly, the
reaction of 3 equiv of Znl, with 2a gave 3a in 92% yield (entry 9).
Catalytic amount of ZnBr, gave indole 3a in low yields (10-21%)
(entries 7 and 8). When the reaction was carried out in the absence
of Lewis acid, starting 2a was recovered unchanged (entry 10).

Under these optimum conditions (3 equiv ZnBr», refluxing tolu-
ene), we turned our attention to compare a variety of 2-alkynyl-N-
tosylanilides bearing different substituted groups at meta position
on the aromatic ring. As shown in Table 2, N-tosylindoles (3a-d)
were obtained in high yields.

Table 1
Reaction of 2a with Lewis acids
Ph
=
= Lewis Acid A\
| Ph
NH solvent N
';'s reflux ll's
2a 3a
Entry Lewis acid Equiv Solvent Time (h) 3a: yield (%)
1 SnCl, 3 Toluene 24 0
2 AlCl3 3 Toluene 24 0
3 TiCly 3 Toluene 24 0
4 ZnBr, 3 EtOH 24 36
5 ZnBr, 3 Toluene 16 93
6 ZnBr, 1 Toluene 16 52
7 ZnBr, 0.1 Toluene 16 21
8 ZnBr, 0.05 Toluene 16 10
9 Znl, 3 Toluene 16 92
10 None — Toluene 24 0
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Table 2
Reaction of 2 with ZnBr,

R

ZnBr;, (3 eq) N\
—_— | R2
Ry '\ulH toluene R, N
Ts reflux Ts
2 3

2 Ry Ry Time (h) 3 Yield (%)
2a H Ph 16 3a 93
2b OMe Ph 48 3b 88
2c H n-Pr 33 3c 90
2d H Pentyl 32 3d 91

It is well known that Ag(I) or Zn(II) salts have mild Lewis acidity
and have been used as catalysts in organic synthesis.” 2-Alkynyla-
rylmethylphosphate reacted with AgOTf leading to isoquinolines in
good yields.® Recently, Yin et al. have reported the Et,Zn catalyzed
hydroamination of alkynyl sulfonamides, which produced N-tosyl
indoles 3, whereas synthesis of unprotected indoles failed under
these conditions.” Nakamura et al. also reported the tandem cycli-
zation of N-benzyl protected alkynylanilines by using BuLi/ZnCl,/
[Pdy(dba)s] or BuLi/ZnCl,/CuCN leading to N-benzylindoles,
whereas the reaction proceeded under basic conditions.® Gold, In-
dium, or Ruthenium-catalyzed hydroamination of 2-alkynylani-
lines to give unprotected indoles was recently reported.!°
However, to our knowledge, there is no report on the synthesis
of unprotected indoles from 2-alkynylanilines and catalytic
amount of ZnX, under neutral conditions.

We then investigated the reaction of unprotected 2-alkynylan-
ilines with zinc halides whether unprotected indoles would be
formed in the presence of catalytic amount of zinc halides. When
a solution of 2-phenylethynylaniline (1a) in toluene was treated
with ZnBr, (1 equiv) in refluxing toluene for 2 h, 2-phenylindole
(4a) was obtained in 91% yield (Table 3, entry 1). When Znl, was
used as a Lewis acid, a similar result was obtained (entry 5).

Interestingly, by using catalytic amount of ZnBr;, (0.05 equiv),
4a was formed in 90% yield (entry 3). When 0.01 equiv of ZnBr,
was used, the yield decreased to 21% (entry 4), whereas 0.01 equiv
of Znl, gave 4a in 90% yield (entry 8). Thus, Zn catalyzed intramo-
lecular hydroamination of 2-alkynylanilines was achieved.

Under these optimum conditions (ZnBr, 0.05 equiv or Znl,
0.01 equiv, toluene reflux, 24 h), and other substituted indoles
were obtained in high yields (Table 4).

How do we account for the reaction mechanism? We have per-
formed theoretical calculations on the reaction mechanism for the
intramolecular hydroamination reaction of 2-(1-propynyl)aniline

Table 3
Reaction of 2-Phenylethynylaniline 1a with ZnX,'*
Ph
=Z ZnX,
EE—— N Ph
toluene N
NH; reflux H
la 4a

Entry ZnX, Equiv Time (h) Yield (%)
1 ZnBr, 1 3 91
2 ZnBr, 0.5 3 91
3 ZnBr, 0.05 6 90
4 ZnBr, 0.01 24 21
5 Znl, 1 0.5 91
6 Znl, 0.05 24 90
7 Znl, 0.01 24 90
8 ZnCl, 3 24 72
9 None — 24 0
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Table 4
Reaction of 1 with cat. ZnBr, and Znl,
R
=
= ZnX, N
tol Rz
oluene
R{ NHz  reflux, 24h Ry N
1 4
1 Ry Ry ZnX; Equiv 4 Yield (%)
1b OMe Ph ZnBr; 0.05 4b 92
1c H Pr ZnBr, 0.05 4c 90
1c H Pr Znl, 0.01 4c 90
1d H Pentyl ZnBr, 0.05 4d 91
1d H Pentyl Znl, 0.01 4d 91
1e Br Ph ZnBr, 0.05 4e 92
1f Cl Ph ZnBr; 0.05 af 92

with ZnCl, giving 2-methylindole as a model system.!! The struc-
tural optimization for the reaction gave four stable intermediates,
that is, N-coordinated complex A, m-coordinated complex B, N-
and m-coordinated complex C, and c-complex D. The calculation
suggested that the most stable structure was complex C.'? Since
the difference in potential energy between B and C is within
16.8 kcal/mol, the reaction might proceed as follows: catalytic
ZnX, reacted with 2-alkynylaniline 1 to give the most stable com-
plex C, which equilibrates to afford complex B. Structure B finally
cyclized to give sigma complex D, protodemetallation of which
afforded indole 4 and ZnX; (Scheme 1).

The reaction mechanism was also supported by the following
results. The reactivity of 2a bearing a tosyl group (Table 1, entries
6-8) is lower than that of unprotected alkynylanilines (Table 3),
the nucleophilicity of N-Ts group is lower than that of unprotected
amino group. When ethanol was used as a solvent, catalytic reac-
tion did not proceed, suggesting that zinc halide was solvated with
polar solvent.

Since zinc dust reduction of nitrobenzenes to anilines is well
known,'> we then tried the one-pot synthesis of indoles from 2-
phenylethynylnitrobenzene (5a) prepared by palladium-free Sono-
gashira coupling reaction of 2-iodonitrobenzene with phenylacety-

Scheme 1.
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R
=

Zn/ BrCH,CH,Br

N R
NO, EtOH N
reflux H
5a: R = Ph 8h 4a:R=Ph 84%
5b: R = butyl 49: R = butyl 76%

Scheme 2.

lene.® When 5a was treated with zinc (8 equiv) and dibromoethane
in refluxing ethanol for 12 h, 2-phenylindole 4a was obtained in 86%
yield. Similarly, 2-heptynylnitrobenzene (5b) reacted with zinc/
dibromoethane to give 2-butylindole 4g in 76% yield (Scheme 2).

In conclusion, we have demonstrated that zinc halides serve as
effective catalysts for the intramolecular hydroamination of 2-alk-
ynylanilines. Thus a practical and cost effective method for the
preparation of unprotected indoles has been demonstrated by
using these catalysts.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2009.03.210.
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giving 2-methylindole are shown in the Supplementary data.
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Typical reaction is as follows: To a refluxing solution of 2-phenylethynylaniline
1a (1.0 mmol) in toluene was added zinc bromide (0.05 mmol) in one portion.
After refluxing for 6 h, the reaction mixture was washed with water and
extracted with dichloromethane. The combined extracts were dried over
sodium sulfate, filtered, and evaporated to give a pale brown solid, which was
chromatographed over silica gel by elution with hexane/ethyl acetate (5:1) to
afford 2-phenylindole 4a (0.90 mmol).



