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Abstract - Base promoted condensation of nitriles (RCH,CN) with m-nitroanilines
at room temperature results in the formation of 3-alkyl- or 3-aryl-2-amino-4-(-6-)
nitroindoles. This multistep process includes presumably nucleophilic substitution
of hydrogen (or halogen) in the nitroaromatic ring by the nitrile carbanion and
subsequent cyclization of the ortho-aminophenylacetonitriles so formed to give the

aminoindoles.

Indole ring system is present in numerous natural products, pharmaceuticals, dyes, etc.' Therefore there is
a great and continuous interest in methods of the indole ring construction. Although many reactions
serving to this purpose are known, only very few approaches are applicable for synthesis of 2-aminoindoles
hence they are not readily available. Known methods of direct cyclization into 2-aminoindoles are based
on combinations of the Reissert and Pschorr reactions and appear to be laborious procedures.” Another
methods consist in transformation of 2-indolinethiones * or the Beckmann rearrangement of 2-acylindole
oximes * which should be prepared in advance. Thus, the methods listed above require troublesome
syntheses of the starting materials and are of limited practical value.

We have recently reported that substituted nitroindoles can be readily synthesized via base induced one-pot
reaction of ketones with m-nitroaniline (1a).” This novel indole ring construction process undoubtedly
includes oxidative nucleophilic substitution of hydrogen (ONSH) in the nitroaromatic ring with an enolate
anion followed by intramolecular condensation of a Baeyer type.

Following this line of research we have found that the reaction of aliphatic nitriles (2a-¢) and particularly

arylacetonitriles (2d,e) with m-nitroanilines (la-c) gave 2-amino-4- or 6-nitro-3-alkyl or 3-arylindoles
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(Table 1). Thus, treatment of m-nitroaniline (1a) and acetonitrile (2a) with KOH in DMSO at room
temperature results in a mild exothermic reaction giving 2-amino-4-nitroindole (3a) in 50 % yield (entry 1).
Similarly, the reaction of 2a with 2-chloro-5-nitroaniline (1c) or even 2-fluoro-5-nitroaniline (1b) gives 2-
amino-7-chloro-4-nitroindole (3¢) and 2-amino-7-fluoro-4-nitroindole (3b) correspondingly (entries 3 and
2).° It should be noted that the reaction of nitrile (2a) with 1a-c gave substances (3a-¢) resulting from
ONSH in the most sterically hindered 2-position of the 3-nitroanilines whereas the products of

Table 1. Reaction of m-nitroanilines with various nitriles

NO,
N/@ix + RCH.CN KOH or tert-BuOK T B R
o or
0, NH, DMSO ” NH, O N° "NH,
X

1a-c : 2a-e 3a-c 4b-e

entry X, aniline R, nitrile Time (h) Product Yield (%) *
1 H, 1a H, 2a 6 3a 50
2 F, 1b H, 2a 0.25 . 3b 28°
3 Cl 1c H, 2a 12 3¢ 65
4 H, 1a Me, 2b 12 4b 32
5 H, 1a Et, 2¢ 12 4c 35
6 H, 1a Ph, 2d 0.5 4d 69°
7 F, 1b Ph, 2d 0.5 4d 97°
8 Cl 1c Ph, 2d 0.5 4d 95°
9 H, 1a 1-naphthyl, 2e 3 4e 65

“Isolated yields based on 1. *tert-BuOK was used as the base.

replacement of the halogens by the nitrile anion were not observed. This type of orientation was
observed earlier in other reactions of carbanions with 3-substituted nitrobenzenes. 7 On the other
hand, secondary carbanions of nitriles (2b-e) in the reaction with la-c form 2-amino-3-alkyl or 3-aryl-6-
nitroindoles (4b-e) as the result of ONSH (entries 4, 5, 6 and 9) or nucleophilic substitution of halogen
(entries 7 and 8) in para-position to the nitro group of the anilines. The preference for substitution of Cl
over ONSH in 1¢ is somewhat surprizing. Perhaps the initial addition of the carbanion occurs in 2-position
of 3-nitroanilines (1b,c), however further oxidative transformation of the o"-adduct so formed is not
sufficiently fast.

The formation of 2-aminoindoles when X = H (entries 1, 4, 5, 6 and 9) is obviously a multistep process in
which one of the steps should be ONSH by the nitrile carbanion. ¥ The reaction can proceed via two
principal pathways: (i) initial addition of the amino group of 1 to the cyano group of 2 resulting in the
formation of amidine (5), which upon deprotonation of the methyl group produces o'-adduct (8)

undergoing subsequent intramolecular ONSH to afford 2-aminoindoles; (ii) addition of the nitrile
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carbanion to the nitroaromatic ring to give o’ -anionic intermediate (6) followed by its oxidation into
ortho-aminophenylacetonitrile (7) which then enters intramolecular condensation analogous to the Pschorr
reaction (Scheme 1). Pathway (i) does not seem feasible due to rather high NH acidity of the amidine
moiety. Moreover, both nitriles (2a and 2d) did not form amidines when aniline was taken as a substrate
in place of m-nitroanilines under the same conditions. This supposition can be supported by observation
that m-nitroacetanilide does not form 4- (or 6-) nitro-2-oxindole under the similar reaction conditions,
whereas its N-methylated derivative cyclizes into 1-methyl-4-nitro-2-oxindole in good yield. So far we are

Scheme 1
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not able to make a choice in favor of one of the two intermediates (7 and 8) on the route (ii), however,

1a +2a

similar as for the reaction of 1a with ketones we suppose that the stabilization of the o"-anionic
intermediate (6)through intramolecular interaction between the amino and the cyano group can play an
important role. >

The obtained 2-aminoindoles (3, 4) ° are stable crystalline solids (except 4b and 4c are not stable in
solution) and can be dried at 60°C on the air. However, they did not show sharp mp because of
decomposition at elevated temperatures.

This new method of indole synthesis offers a very simple and efficient access to the important class of
indole derivatives which otherwice are hard available.
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4d: dark green crystals (toluene) mp 240 - 242 °C (decomp); "H NMR (DMSO-ds) 8 6.49 (s, 2H, NH)),
7.25 - 7.50 (m, SH, Ph), 7.31 (d, 1H, H-4, J = 8.9 Hz), 7.81 (dd, 1H, H-5, J=22 and 8.9 Hz), 8.09
(d, 1H, H-7, J=2.2 Hz), 10.90 (s, 1H, NH). MS m/z (rel. int) 253 (M, 100), 223 (20), 207 (42).
Anal. Caled for CyHuN:O,: C, 66.40; H, 4.35; N, 16.60. Found: C, 66.31; H, 4.20; N, 16.42.
de: dark red crystals (EtOAc - Et,0) mp 233 - 236 °C (decomp); 'H NMR (DMSO-ds) 8 6.25 (s, 1H,
NH>), 6.71 (d 1H, H-4, J = 8.9 Hz), 7.38 - 7.75 (m, 7H, I-naphthyl), 7.74 (dd, 1H, H-5, J = 2.2 and
8.9 Hz), 8.09 (d, 1H, H-7, J=22Hz), 11.00 (s, 1H, NH). MS m/z (rel. int) 303 (M", 100), 273 (31),
257 (37), 128 (18). Anal. Calcd for CisHisN3O2: C, 71.29; H, 4.29; N, 13.86. Found: C, 71.20; H,
4.13; N, 13.65.
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