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Abstract—A mild and efficient allylation/propargylation of indoles has been developed with high regioselectivity and excellent
yields. In the presence of catalytic molecular iodine, various indoles could react with allylic/propargylic acetates smoothly at room

temperature to exclusively provide C-3 alkylated products.
© 2007 Elsevier Ltd. All rights reserved.

Indole moieties wildly occur in natural products, phar-
maceuticals, functional materials, agrochemicals, and
so on.! Recently, the allylation? and propargylation®
of indoles have attracted much attention in the synthesis
of indolic alkaloids since facile transformations of the
double or triple bonds in the products to other func-
tional groups can provide pharmaceutical intermediates
and various important heterocycles. The allylation
(Tsuji-Trost reaction)* and propargylation of aromatic
and hetero-aromatic compounds with allylic and prop-
argylic alcohols or acetates usually employed precious
transition metals® as catalysts. However, besides C-3
allylation, N-allylation or diallylation®® took place in
most cases, which highly decreased regioselectivity of
the reactions. On the other hand, this type of reactions
can also be promoted by Lewis acids;® however, stoichio-
metric amount of the promoters, harsh conditions (usu-
ally heating), as well as tedious operational procedures
are often required, which confined to their applications.
More recently, FeCl;” and Bi(OTf);® were reported to
catalyze the mild reaction of propargylic alcohols with
some C- and hetero-nucleophiles. However, simple, effi-
cient, and general protocols for both allylation and
propargylation of indoles with high regioselectivity still
need to be developed.
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In recent years, molecular iodine has emerged as a ver-
satile catalyst for various organic transformations such
as Michael addition,’®° coupling reaction,’ cycloaddi-
tion,”® silylation,’’ protection/deprotection,’® and even
multi-component synthesis,”* ™ in which it can efficiently
activate C=C, C=0, C=N, and other functional
groups. lodine is a cheap and commercially available
catalyst with high tolerance to air and moisture. To
our knowledge, no examples of iodine-catalyzed allyl-
ation and propargylation of aromatic compounds with
allylic and propargylic acetates have been reported.
Herein, we would like to report for the first time an allyl-
ation and propargylation of indoles with allylic and
propargylic acetates catalyzed by molecule iodine under
very mild conditions.

Initially, the reaction of indole 1a (R; =R, =R3;=H)
with 1,3-diphenyl-allyl acetate 2a in the presence of
iodine (5 mol %) was carried out at room temperature
to give allylation product, 3-[(E)-1,3-diphenyl-allyl]-
1H-indole 3a (Scheme 1). In contrast to other solvents
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Table 1. Todine-catalyzed allylation of indoles®
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#The ratio of reactants is equimolar.
®Isolated yield.
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such as ethanol and THF, the reaction in distilled or
even commercial dichloromethane finished within only
20 min to give the product 3a in excellent yield (95%).
Under solvent-free conditions, the yield was also high
(94%), however, the substrate scope was limited because
of the poor compatibility of some indole substrates in
the reaction system. Thus it was found that I,/CH,Cl,
at room temperature was optimum and it was used to
explore the reaction generality (Table 1).

Various indoles bearing electron-withdrawing or
electron-donating groups could afford C-3 allylated

products exclusively in excellent yields (Table 1). When
N-SO,Ph indole (1e) was used, the reaction could also
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H

Scheme 3.

Table 2. Iodine-catalyzed propargylation of indoles®

afford the corresponding products in good yield, but
required longer reaction times (overnight), which
indicated that N-substituted indole with a strong
electron-withdrawing group has a negative effect on its
reactivity (entry 5). In contrast to N-substituted indoles,
substituents on the phenyl ring had little effect. 5-Meth-
oxycarbonyl (1f) and 5-nitro (1g) indoles gave the corre-
sponding products (3f-g) in high yields, 94% and 99%,
respectively (entries 6 and 7).

To explore the regioselectivity of this type of allylation,
two regio-isomers 2b and 2¢ were employed in the reac-
tion with 5-bromoindole 1k in the presence of catalyst
iodine (5mol %) to give a mixture of C-3-allylated
products, 3m-a and 3m-b, in 82% and 80% yields,
respectively (Scheme 2, Egs. 1 and 2). The same regio-
selectivities were obtained under the same conditions
(room temperature for 1 h): for 2b, the ratio of 3m-a
to 3m-b was 25:1, and in the case of 2¢, only trace
amount of 3m-b was detected. A comparable regioselec-
tivity (3n—a/3n-b = 13:1) was obtained (Scheme 2, Eq. 3)
when indole substrate was 1f. These results were differ-
ent from those allylation catalyzed by transition metals
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Table 2 (continued)

Entry Indole Propargylic acetate Time (h) Product Yield® (%)
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such as Mo complex.'? On the basis of these experimen-
tal data, although we could not put forward an accurate
mechanism, it was postulated that a possible and identi-
cal allylic cyclic iodonium intermediate was formed dur-
ing the course of the reaction, leading to the a-attack
product (3m-a) predominately for both regioisomeric
allylic acetates 2b and 2c¢ (Scheme 2).

Furthermore, the propargylation reactions of indoles
with propargylic acetates 4a-d were also studied
(Scheme 3). It was found in Table 2 that the reaction
of indole 1a with 4a under the conditions similar to that
of iodine-catalyzed allylation could afford the desired
product 5a in an acceptable yield (69%) within 3 h by
increasing the catalyst loading from 5 to 20 mol %
(Table 2, entry 1). Under the optimized conditions,
various indoles with electron-donating or electron-with-
drawing groups could afford the corresponding propar-
gylated products in excellent or quantitative yields.!!
Although it was noteworthy that the propargylation
could occur smoothly at the benzyl position, no reaction
took place when Rs(aryl) was replaced with methyl
group, which was in accordance with Zhan’s work.”
When electron-donating or weak electron- withdrawing
groups (R,) were substituted in phenyl ring of indoles,
good to excellent yields could be obtained (entries 9—
12). In particular, naphthyl propargylic acetate showed
better reactivity to give the product in an excellent yield
after 15 h (entry 13). 2-Methyl furan 1o could also toler-
ate this reaction conditions to give the corresponding
product 5n in 81% yield (entry 14).

In summary, an expedient, mild and effective iodine-pro-
moted allylation and propargylation of indoles has been

described for the first time. Operational simplicity,
highly efficient catalyst employment, excellent yields,
and high chemoselectivity are major advantages of this
protocol compared to those reported in the literature.
Further studies on the reaction mechanism and applica-
tions of this transformation are underway in our
laboratories.
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