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A one-pot selective synthesis of 2-substituted C5-, C6-, and C7-nitro- or amino-indoles has been devel-
oped from 2-halonitroanilines. These two types of nitrogen-substituted indoles have been selectively
obtained by only varying the solvent used in the tandem Sonogashira coupling/heteroannulation reac-
tion. Moreover, from commercially available 2-bromo-4,6-dinitroaniline an unprecedented in situ selec-
tive reduction of one of the nitro groups has allowed the synthesis of new 7-amino-5-nitro-2-substituted

© 2009 Elsevier Ltd. All rights reserved.

Indoles bearing nitrogen substituents on the benzenoid moiety
are often found to exhibit biological activity,! and so the develop-
ment of synthetic methodologies that allow the easy access to
this type of compounds is of current interest. Among them,
nitroindoles? are useful starting materials to a wide range of nitro-
gen-substituted indole derivatives such as aminoindoles and
azidoindoles.> Considering the many methods available for the
indole-ring synthesis, the cyclization under basic conditions of
o-alkynylanilines, usually prepared from o-haloanilines via the
Sonogashira reaction, is a valuable methodology.# In this context,
the synthesis of different 2-substituted-nitroindoles derivatives
has been reported from commercially available 2-haloanilines,*>-¢
or 2-amino-nitrophenols by this cross-coupling—heteroannulation
approach.” Following our interest in the development of new meth-
ods for the synthesis of regioselectively functionalized indoles,® we
have recently developed an efficient route to 2-substituted indoles
from 2-iodoanilines and terminal alkynes, using a NaOH-mediated
5-endo-dig cyclization as the key step.” Herein, we wish to report a
novel one-pot procedure for the synthesis of 2-substituted indoles
possessing selectively a nitro or an amino substituent at the C5,
C6, or C7 positions.

When we attempted the synthesis of 2-phenylindole from
2-iodoaniline 1a and phenylacetylene 2a under our previously re-
ported conditions,” we observed the formation of 2-(2-phenyl-
ethyl)aniline 4 (48% yield) along with the expected 2-phenylindole
3 (25% yield) (Scheme 1).
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We thought that the formation of 4 could be due to competitive
hydrogenation of intermediate 2-alkynylaniline 5 under the reac-
tion conditions. Surprisingly, we observed that a simple solvent
change from DMF to N,N-dimethylacetamide (DMA) completely
avoided the formation of the side product 4 allowing the isolation
of 2-phenylindole 3 in 76% yield (Scheme 1).

This result suggests that when the reaction is performed in DMF
an ammonium formate derivative, which is known to act as a
source of hydrogen,?® is generated under the basic reaction
conditions.

Having in mind that a simultaneous reduction of nitro- to ami-
no-group has been observed in a Pd-catalyzed Suzuki cross-cou-
pling reaction® and taking advantage from the finding that a
hydrogen source must be generated under our reaction conditions
in DMF as solvent, we reasoned that nitroindoles or aminoindoles

Scheme 1. One-pot Sonogashira coupling/NaOH-mediated reactions of 2-iodoan-
iline 1a with phenylacetylene 2a.
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Table 1
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Synthesis of nitroindoles 6 and aminoindoles 7 from 2-halonitroanilines 1 and terminal alkynes 2

Entry Starting aniline Alkyne R Solvent Product Yield?® (%)
1 2a Ph DMA 6ba: R =Ph 84
2 2b c-CgHg DMA 6bb: R = c-CsHg 76
3 2¢ n-Bu DMA 6bc: R=n-Bu 89¢
4 2d n-CsHyq DMA 6bd: R = n-CsHy, 81
5 2a Ph DMF 7ba: R =Ph 55
6 2b c-CgHg” DMF 7bb: R = c-CsHg 48
7 2c n-Bu DMF 7bc: R=n-Bu 65
8 2d n-CsHqq DMF 7bd: R = n-CsHy4 66
9 2e 4-F-3-MeCgH3 DMF 7be: R = 4-F-3-MeCgH3 44°¢

10 2c n-Bu DMA 6¢cc: R=n-Bu 55¢

11 2f 3-CICgH4 DMA 6¢cf: R =3-ClCsHy 76°¢

12 2b c-CgHg" DMF 7cb: R=c-CgHg 40

13 2c n-Bu DMF 7cc: R=n-Bu 46

14 2d n-CsHy; DMF 7cd: R = n-CsHy, 45¢

15 2a Ph DMA 6da: R =Ph 69

16 2d n-CsHy; DMA 6dd: R =n-CsHy, 52¢

17 2b c-CgHg" DMF 7db: R = c-CgHg 30

18 2a Ph DMA 6ea: R=Ph 60

19 2d n-CsHy, DMA 6ed: R =n-CsHyy 47

20 2a Ph DMF 7ea: R=Ph 45

21 2d n-CsHy; DMF 7ed: R=n-CsHyy 32

22 2g 4-MeCgHy4 DMF 7eg: R=4-MeCgHy 43

@ Isolated yield after column chromatography.
b 1-Cyclohexenyl.

¢ Carried out under microwave irradiation (140 °C, maximum wattage supplied 80 W): 20 min for the cyclization step and 30 min for the reduction.

could be selectively synthesized from the same starting 2-haloni-
troanilines 1 by a simple selection of the reaction solvent. To our
delight, we found that whereas the use of DMA as solvent allowed
the preparation of expected nitroindoles 6 in good yields, when
DMF was employed a simultaneous reduction of the nitro- to the
corresponding amino-group took place allowing the preparation
of aminoindoles 7 in moderate yields'® (Table 1). In some cases,
when DMF was used, the reduction of the intermediate nitroin-
doles 6 takes place slowly. However, we found that the addition
of Pd/C (5 mol %) to the reaction mixture allowed the complete
reduction in reasonable times. Aryl-, alkyl-, and alkenyl-groups
could be placed at the C-2 of the final indoles 6 and 7 starting from
different alkynes 2a-g (Table 1). Regarding the starting 2-halonit-

roaniline, the use of commercially available 1b allows the synthe-
sis of 4-nitroindoles 6ba-d in high yields (entries 1-4) and 4-
aminoindoles 7ba-e in moderate to good yields (entries 5—9). On
the other hand, C7-nitroindoles 6¢c, f and 6da, d (entries 10—-11,
15-16) as well as C7-aminoindoles 7cb-d and 7db (entries
12—14, 17) were obtained from 2-iodoanilines 1¢ and 1d'" in mod-
erate yields. Finally, C6-nitrogen-substituted indoles 6ea, d and
7ea-g (entries 18—22) were also synthesized from commercially
available 2-bromoaniline 1e in moderate yields. We have also
found that the reaction times for the NaOH-mediated cyclization
and the simultaneous reduction of the nitro groups could be dra-
matically reduced by carrying out the process under microwave
irradiation.!?
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Table 2
Synthesis of 7-amino-5-nitro-2-substituted indoles 9 from 2-bromo-4,6-dinitroani-
line 1f and terminal alkynes 2'#

Entry Alkyne R Product Yield?® (%)
1 2a Ph 9a 46
2 2b c-CeHo® 9b 36
3 2c n-Bu 9c 40
4 2d n-CsHiq 9d 50
5 2f 3-ClCe¢H,4 9e 44
6 2g 4-MeCgH4 of 43

2 Isolated yield after column chromatography.
b 1-Cyclohexenyl.

In order to further evaluate the scope of the process, we decided
to use commercially available 2-bromo-4,6-dinitroaniline 1f as
starting 2-halonitroaniline. Due to the strong electron-withdraw-
ing effect of the two nitro groups, the cyclization of intermediate
o-alkynylanilines to the corresponding 2-substituted 5,7-dinitroin-
doles 8 took place without the addition of base (Scheme 2). This
process could also be carried out under microwave irradiation
affording compounds 8 in good yields and in short reaction times
(Scheme 2).

Surprisingly, when we carried out the same reaction between 1f
and terminal alkynes 2 under the reaction conditions described
above for the synthesis of aminoindoles 7, (i.e., by using DMF as
solvent instead of DMA and with the addition of NaOH after the
Sonogashira coupling), we obtained the indole derivatives 9 where
only one of the two nitro groups had been reduced to the corre-
sponding amino group. In this case the reaction does not require
the additional treatment with Pd/C catalyst.!® Although at the mo-
ment we have no explanation for this selective reduction and the
yields of the isolated compounds 9 are moderate, this result is very
interesting because to the best of our knowledge there is no meth-
od described in the literature for the synthesis of 7-amino-5-
nitroindoles.

We have also prepared some derivatives of these interesting in-
doles 9. A complete methylation reaction was observed upon treat-
ment of aminonitroindole 9b with excess of methyl iodide that
allowed the isolation of trimethyl derivative 10 (Scheme 3). Grati-
fyingly, the indole derivative 11, obtained from 9f by sulfonamide
formation, could be crystallized and its structure confirmed by sin-
gle-crystal X-ray diffraction analysis (Scheme 3 and Fig. 1).°

The relevance of this new synthesis of 7-amino-5-nitroindoles 9
is supported by the fact that reduction of 5,7-dinitroindole 8a un-
der conventional conditions (H, with Pd/C in EtOH) gave rise to the
corresponding 5,7-diaminoindole derivative in 80% yield.'®

To sum up, we have described a useful new approach to the syn-
thesis of 2-substituted indoles bearing an amino or a nitro group at
the benzenoid moiety based on a simultaneous reduction of nitro-

Scheme 2. Synthesis of 5,7-dinitroindoles 8.

Scheme 3. Preparation of 7-amino-5-nitroindole derivatives 10 and 11.

Figure 1. Crystal structure of compound 11 (a molecule of Et,NH has been omitted
for clarity).

to amino-group when DMF was used as solvent. Although in some
cases the yields are moderate, this methodology easily allows the
synthesis of regioselectively nitrogen-functionalized indoles in a
one-pot procedure from commercially or easily available starting
materials. An unprecedented selective synthesis of new 7-amino-
5-nitroindoles from 2-bromo-4,6-dinitroaniline has also been
developed.
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