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2-Nitroindole undergoes addition reactions with the radicals generated from active CH compounds upon
treatment with Mn(OAc)3�2H2O to afford the corresponding 3-substituted-2-nitroindoles in 27–66%
yields. Products of the methylene addition reactions undergo a subsequent in situ Nef reaction to afford
2-oxoindolin-3-ylidenes.

� 2008 Elsevier Ltd. All rights reserved.
N
H

NO2
N
H

NO2
H R3

R1
R2

Mn(OAc)3
.2H2O,

AcOH, reflux

R1
R3

R2

N
N

R1
R2

OH

ON
O

R1
R2

H2O, H+
+

-

R3=H

1 2
Over the past 40 years manganese(III)-promoted oxidative free-
radical reactions have emerged as a powerful and versatile method
for organic synthesis.1 Recent applications include the tandem
malonyl radical alkene addition and cyclization onto indole,2 a
catalytic-based addition of carboxyalkyl radicals to alkenes,3 and
the key step in the first total synthesis of mersicarpine,4 to name
but a few.

In continuation with our interest in the chemistry of 2- and 3-
nitroindoles,5 we now report that 2-nitroindole (1)6 undergoes
manganese(III) acetate-promoted radical addition reactions with
activated methylene and methine compounds in refluxing acetic
acid (Scheme 1). Our results are summarized in Table 1. Whereas
the reactions of 1 with 3-methylpentane-2,4-dione and 5-oxo-4-
propionylheptane-nitrile with Mn(OAc)3�2H2O (HOAc, reflux) af-
ford the anticipated 3-substituted 2-nitroindoles 2a and 2b,
respectively, the same reaction conditions with pentane-2,4-dione,
malonitrile, dimethyl malonate, 1,3-diphenylpropane-1,3-dione,
1-phenylbutane-1,3-dione, and methyl 3-oxobutanoate unexpect-
edly give the corresponding 2-oxoindolin-3-ylidenes (4a–f), the
products of an in situ Nef reaction7 of intermediate 2. Presumably,
2-nitroindole 2 undergoes tautomerization to a 2-aci-nitro species
3 followed by hydrolysis to 4.

Our synthesis of 4 provides an alternative route to these 2-oxo-
indolin-3-ylidenes that typically involves condensation of isatin
with activated methylene compounds.8 It might be noted that
some 2-oxoindolin-3-ylidenes demonstrate selective inhibition of
tyrosine kinases,9 and 3-methyleneindolin-2-one, which is a
metabolite of indole-3-acetic acid, exhibits cytotoxicity and has
potential for use in cancer therapy.10 We had previously found that
2-nitro-1-(phenylsulfonyl)indole reacts with enolates of diethyl
ll rights reserved.

: +1 603 646 3946.
ribble).
malonate and cyclohexanone (anionic addition) to give 3-alkyl-2-
nitroindoles. However, those adducts are stable under the reaction
conditions (NaH, THF, low temperature), and do not undergo a Nef
reaction.11

Interestingly, 3-nitroindole is unreactive under these conditions
(Mn(OAc)3�2H2O, AcOH, reflux) with the same active CH com-
pounds, which is perhaps due to the absence of a captodative
stabilizing effect that the radical intermediate A generated from
2-nitroindole enjoys, whereas radical intermediate B does not
(Fig. 1).

The structures of 2a–b and 4a–f are supported by spectral data
(MS, NMR),12 and the 1H- and 13C-NMR data are consistent with lit-
erature values for similar compounds.13,14 Alkylidenes 4e,f, which
bear different substituents (R1 – R2), are obtained as mixtures of E-
and Z-isomers. The stereochemistry at the C3–C8 double bond
of isomeric 4e could be deduced by comparison of the 1D-NOE
HH
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Scheme 1.
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Table 1
3-Alkyl-2-nitroindoles 2a–b and 2-oxoindolin-3-ylidenes 4a–f produced using
Mn(OAc)3 via Scheme 1a

Entry Compound R1 R2 R3 Time
(min)

Yield
(%)

1 2a CO(O)Me CO(O)Me Me 30 53
2 2b C(O)Et C(O)Et (CH2)2CN 60 48
3 4a C(O)Me C(O)Me H 15 52
4b 4b CN CN H 60 66
5 4c CO(O)Me CO(O)Me H 10 55
6 4d C(O)Ph C(O)Ph H 30 49
7 4e1 (E-isomer) C(O)Ph C(O)Me H 15 27
8 4e2 (Z-isomer) C(O)Me C(O)Ph 40
9c 4f1 (E+Z) 1.7:1 CO(O)Me C(O)Me H 20 61

4f2 (E+Z) 1.7:1 C(O)Me CO(O)Me

a For procedures see Ref. 12a.
b Literature data—Refs. 8d,13.
c The mixture of E- and Z-isomers.
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Figure 1. Relative stability of radicals A and B.
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spectra of both isomers. Thus, irradiation of the methyl protons of
4e2 (Z-isomer) at dH = 2.64 results in a significant NOE of H4 at
dH = 8.15; whereas irradiation of the methyl protons of 4e1 (E-iso-
mer) at dH = 2.50 results in no NOE of H4 at dH = 7.65. In this iso-
mer, the phenyl group is shielding H4 (Fig. 2). Similar NOE
experiments were carried out on the mixture of 4f: irradiation of
the H-4 proton at dH = 8.21 causes NOE on the protons of CO(O)CH3

at dH = 3.90, while irradiation of the H-4 proton at dH = 7.93 results
in an NOE of the protons of C(O)CH3 dH = 2.48. The latter result re-
veals that carbomethoxy deshields H4 more than acetyl does
(Fig. 2).

As additional structural proof, we synthesized 4c independently
from isatin and dimethyl malonate using the Knoevenagel method
reported by Jones.8a

Unfortunately, attempts to increase the yields by employing the
co-oxidant Cu(OAc)2 were unsuccessful and the yields of 4 were
virtually unchanged.12b Copper acetate in conjunction with
Mn(OAc)3 is known to increase the rate of oxidation of the inter-
mediate secondary radical (i.e., A).1a,15
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Figure 2. Structures of E- and Z-isomers of 4e and 4f.
In summary, we have described the Mn(III)-promoted free
radical addition of active methylene compounds to 2-nitroindole
followed by a spontaneous in situ Nef reaction to provide a novel
synthesis of 2-oxoindolin-3-ylidenes, which have found recent
utility in the synthesis of the maremycins,16 spirocyclic 2-oxin-
doles,17 new Cdc25 phosphatase inhibitors,18 and b-carbolines.19

In the case of active methine compounds the radical addition reac-
tion affords the 2-nitro-3-substituted indole.
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