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Propargylation of a variety of substituted indoles as well as mono- and di-propargylation of carbazole are
achieved in 80–94% isolated yields by employing catalytic amounts (10 mol %) of the readily available
Bi(NO3)3�5H2O in [bmim][PF6] ionic liquid (IL), with repeated recycling and reuse of the IL.

� 2012 Elsevier Ltd. All rights reserved.
Owing to the importance of the indole moiety as a building
block of natural products, pharmaceuticals, and functional materi-
als, significant research efforts have been focused in recent years to
develop mild and selective synthetic routes to functionalized in-
doles.1,2 The carbazole moiety represents another significant het-
erocyclic building block in natural products that has also been
applied extensively in organic materials.3,4

Development of mild and selective methods for the direct
introduction of propagylic groups into indoles and carbazoles is a
desirable synthetic goal, thus allowing further elaboration of these
intermediates. To date a limited number of methods for direct in-
dole and carbazole propargylation have been reported, and no
examples for dipropargylated carbazole appear to exist.5–10

Focusing on earlier studies on indoles, in the context of their
work on ruthenium-catalyzed propargylation of aromatics, Uem-
ura and associates5 propargylated the parent indole with 1-phen-
ylpropyne-1-ol in DCE solvent in 52% yield. Since then several
other studies by other research groups have been reported that
employed CeCl3/MeNO2,6a Ce(OTf)3/MeNO2,6b FeCl3/MeNO2,7

Sc(OTf)3/DCE,8 InBr3/DCE,9 and TfOH or PTSA in MeCN or MeNO2.10

In relation to our recent studies focusing on the generation and
synthetic application of propargylic cations,11 and in continuation
of our work on electrophilic chemistry in ionic liquids as solvent
and catalysts,12 we report here on a facile, high yielding direct
ll rights reserved.

: +1 904 620 3535.
.

propargylation method using propargyl alcohols 2a, 2b, and 2c
with a host of substituted indoles, and on mono- and dipropargy-
lation of carbazole with 2a, employing the readily available bis-
muth nitrate pentahydrate as promoter in [bmim][PF6] solvent
(Figs. 1–3).13

The results are summarized in Table 1, entries 1–7 show the
scope of the reaction for substituted indoles with propargylic alco-
hol 2a, with isolated yields in 80–94% range, employing very mild
conditions, and short reaction times. It is noteworthy that runs 2–7
employed recycled/reused IL,14 and exhibit a gradual decrease in
isolated yields from 94% to 81%.

Under the present reaction conditions 4-phenyl-3-butyn-2-ol
failed to undergo condensation with indoles. Whereas stabilization
of an a-phenyl group seems necessary for the generation of an
incipient propargylic carbocation in this method, nature of the sub-
stituent at the alkynyl moiety is less critical. Thus propargylic alco-
hols 2b and 2c were successfully used in this study for the
propargylation of substituted indoles (Fig. 2) to give compounds
10–15 in respectable isolated yields. Once again, the IL was recy-
cled and reused in subsequent reactions without a notable de-
crease in the conversions.

The present method is also applicable to the propargylation of
carbazole (Fig. 3), to furnish the mono- and dipropargylated deriv-
atives by using 1.0 and 2.2 equiv of 2a, respectively, (compounds
17 and 18). Compound 18 was obtained as a single isomer (NMR).

In summary the present study has demonstrated the utility of Bi(-
NO3)3�5H2O as a mild and selective Lewis acid for the propargylation
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Figure 3. Propargylation of carbazole with 2a in [bmim][PF6]/Bi(NO3)3�5H2O system.
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Figure 2. Propargylation of indoles with 2b and 2c in [bmim][PF6]/Bi(NO3)3�5H2O system.
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Figure 1. Propargylation of indoles with 2a in [bmim][PF6]/Bi(NO3)3�5H2O system.

Table 1
Propargylation of indoles and carbazole with Bi(NO3)3 5H2O in [bmim][PF6]a,b

Entry Indoles and Carbazole Alcohols Products Temp (�C) Time (h) Isolated yield (%)

1

N
H

1a

Ph

OH

Ph

2a
Ph

Ph

NH

3

35 3 92

2
N
H

F

1b

Ph

OH

Ph

2a Ph
Ph

NH
F

4

40 4 94

3
N
H

Br

1c

Ph

OH

Ph

2a
Ph

Ph

NH
Br

5

40 4 91

4
N
H

NC

1d

Ph

OH

Ph
2a Ph

Ph

NH
NC

6

35 3 88

5
N
H

O2N

1e
Ph

OH

Ph
2a Ph

Ph

NH
O2N

7

40 5 87

(continued on next page)
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Table 1 (continued)

Entry Indoles and Carbazole Alcohols Products Temp (�C) Time (h) Isolated yield (%)

6
N
H

MeO

1f
Ph

OH

Ph

2a
Ph

Ph

NH
MeO

8

50 4 80

7

N
H

1g

Ph

OH

Ph
2a Ph

Ph

NH

9

45 4 81

8 N
H

Br

1c

Ph

OH

2b
Ph

NH
Br

10

60 8 86

9 N
H

NC

1d

Ph

OH

2b Ph

NH
NC

11

55 6 89

10 N
H

O2N

1e

Ph

OH

2b Ph

NH
O2N

12

60 8 90

11
N
H

F

1b

Ph

OH

Si

2c Ph

NH
F

Si
13

35 2 91

12
N
H

Br

1c

Ph

OH

Si

2c Ph

NH

Si

Br

14

35 2.5 89

13
N
H

O2N

1e

Ph

OH

Si

2c
Ph

NH

Si

O2N

15

45 3.5 86

14
N
H
16

Ph

OH

Ph

2a
Ph

Ph

NH

17

50 4 84

15c

N
H

16

Ph

OH

Ph

2a

H
N

Ph

Ph

Ph

Ph
18

60 6 90

a Fresh [bmim][PF6] was used in runs 1, 8, 11 and 14, whereas recycled IL was used in others.
b The [bmim][PF6] could be reused without purification for up to three runs, after which it was purified and reused (see SI file).
c 2.2 equiv of propargylic alcohol.
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of indoles and carbazole. When used in catalytic amounts, it can be
dissolved in [bmim][PF6] upon sonication to form an embedded cat-
alyst for propargylation of indole and carbazole with propargyl alco-
hols. With mild reaction conditions and respectable isolated yields,
coupled to recycling and reuse of the IL, the reported method has
the potential to be used widely.
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