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Abstract

2-Nitro- 1-(phenylsulfonyl)indole (1) undergoes nucleophilic addition reactions with the enolates of diethyl
malonate and cyclohexanone, lithium dimethylcuprate, and indole anion to afford the corresponding 3-substituted-
2-nitroindoles (4-6, 8, 9) in low to high yields. Reaction of 1-(phenylsulfonyl)-2-(trialkylstannyl)indoles 13 and 14
with tetranitromethane affords the novel isoxazolo[5,4-b]indole 15 via a 1,3-dipolar cycloaddition reaction with in
situ generated nitro formonitrile oxide (19). © 1999 Elsevier Science Ltd. All rights reserved.
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In continuation of our recent studies on the synthesis and reactions of 2- and 3-nitroindoles,! we
now report that 2-nitro-1-(phenylsulfonyl)indole (1) undergoes a formal Sn2” nucleophilic displacement
of phenylsulfinate to give the corresponding 3-substituted-2-nitroindole (3) in good to excellent yield.
Presumably this reaction, which represents one of a growing number of such nucleophilic addition
reactions to indoles,? involves an incipient C-2 anion that is strongly stabilized by the nitro group,
leading subsequently to indolenine 2 which tautomerizes to the product 3. Our results are summarized in
Scheme 1.

H

Nuc:™ Nuc Nuc
I . _— O\_/l[ + PhSOz”
N” NO, N ~NO2 N~ NO;
! H
SO,Ph
1 2 3
Scheme 1.

The reaction of 1 with the enolates of diethyl malonate and cyclohexanone afforded the correspond-
ing indoles 4° and 5* in 88% and 72% yield, respectively (Scheme 2). Reaction of 1 with lithium
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dimethylcuprate gave the known 3-methyl-2-nitroindole (6)° in fair yield (31%). The structures of these
compounds are supported by spectral and analytical data.> These reactions represent the first report

of the nucleophilic addition of cuprates and only the second example of the addition of enolates to the
indole C-3 position.?
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The reaction of 1 with the anion of indole (7) yielded a mixture of the bis-indoles 8% and 9,7 separable
by column chromatography (Scheme 3). It is interesting to note that several polybrominated examples of
both ring systems are marine natural products, isolated from the blue-green alga Rivularia firma.®
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We have also found 1,2-bis(phenylsulfonyl)indole (10)° with lithium dimethylcuprate gave 3-methyl-
2-(phenylsulfonyl)indole (11)!° in 68% yield (Scheme 4). The structure of 11 was established by
conversion to 3-methylindole (skatole) (12). We have been unsuccessful in our preliminary attempts
to effect similar C-3 nucleophilic additions with lithium dimethylcuprate to 2-acetyl-, 2-cyano-, and 2-
carbomethoxy-1-(phenylsulfonyl)indole, although small amounts of product seem to form.
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Despite the attractiveness of 1 as a potential entry to 3-substituted indoles, our current prepa-
ration of 1 involves the intermediacy of o-azido-B-nitrostyrene, which has toxic effects not unlike
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those of the tear gas ‘CS’ (‘pepper spray’) (o-chlorobenzalmalononitrile).!! Therefore, we are search-
ing for a safer synthesis of 2-nitroindoles, and, to this end, we have examined the reaction of 1-
(phenylsulfonyl)-2-(tri-n-butylstannyl)indole (13)!? and 1-(phenylsulfonyl)-2-(trimethylstannyl)indole
(14)13 with tetranitromethane.!42 However, rather than the anticipated'4® 1, these reactions produced
the novel isoxazolo[5,4-blindole (15),!> which, upon treatment with base, afforded oxindole 16!6
(Scheme 5). We are in the process of confirming the structures of 15 and 16.
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One can envision the formation of 15 via the intermediacy of the known nitro formonitrile oxide
(19),'7 following a close literature precedent for the degradation of dinitromethyl anion to a nitrile
oxide,!® as shown in Scheme 6. Thus, a 1,3-dipolar cycloaddition between a presumed nitroindole (1,
17, or 18) and 19 would afford an intermediate 20, which loses nitrous acid or SnR3NO; to yield the
product 15. The low yields of 15 might be due to the propensity of 19 to dimerize.!” In one experiment,
3-nitro-1-(phenylsulfonyl)indole (17) was isolated in low yield (<5%),!° thus supporting the notion
that a nitroindole is initially formed. Base-induced fragmentation of 15, similar to the deprotonation-
fragmentation of isoxazoles,?® would then yield nitrile 21 (or tautomer) and finally 16 upon methanolysis.
We regard the structures of 15 and 16 as tentative until confirmed by independent means. For example,
15 and 16 could be the isomeric isoxazolo[4,5-b]indole and carbomethoxyindoxyl, respectively.
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In summary, 2-nitro-1-(phenylsulfonyl)indole (1) offers a potentially general, new route to 3-
substituted indoles by nucleophilic addition reactions. Furthermore, subsequent manipulation of the nitro
group should yield additional indole derivatives, and we are continuing our work along these lines.
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