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A redox amination strategy was developed for the synthesis of N-aryl-1-
aminoindoles by N—N bond formation. Reaction of nitrosobenzenes with
readily available indolines using Bransted acid catalysis allows N—N bond
formation under mild conditions. This method exploits the inherent
reducing power of indoline to synthesize biologically relevant molecular
architectures via redox amination. A one-pot synthesis of 1-aminoindoles
starting from simple aniline and indolines is likewise described.

The indole core is considered a privileged scaffold on the basis
of the many applications of indoles in medicinal chemistry.*
A particularly interesting class of indoles are the 1-amino indoles.
While less developed than N-alkyl indoles, N-substituted-1-
aminoindoles are known to possess a wide range of biological
effects,” including activities against the symptoms of Alzheimer’s
disease,”™” Chagas disease,” and depression (Fig. 1).*° Despite
their promising biological activities, there are few reports detailing
the synthesis of N-substituted-1-aminoindoles.® Due to the
relative paucity of methods for formation of N-N bonds,* known
synthetic methods focus on synthesis of 1-amino indoles from
precursors such as hydrazines and diazenes that already contain
the requisite N-N bond.
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Fig. 1 Biologically active 1-amino indoles.
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Scheme 1 Intermolecular redox amination.

Recently redox amination has emerged as a powerful syn-
thetic tool for the formation of C-N bonds.>”” For example, our
group reported a redox amination reaction between pyrroline
and carbonyl compounds for the synthesis of N-alkyl pyrrole
derivatives.® N-alkyl indoles are likewise available by redox
amination of aldehydes with indolines or 2-carboxy indolines.”
On the basis of this precedent, we hypothesized that the N-N
bond in 1-amino indoles could be formed via redox amination
of nitroso compounds with indolines.®° Herein we report the
synthesis of N-aryl-1-aminoindoles by a new N-N bond forming
redox amination using mild Brgnsted acid catalysis (Scheme 1).

Table 1 Optimization of acid catalyzed redox amination?

AN
©E> Catalyst (30 mol%) _ @E}
" Solvent, 110°C HN\Q
Entry Catalyst

Solvent Indoline (equiv.) Time (min) Yield” (%)

1 PhCO,H Toluene 1.0 90 60
2°¢ PhCO,H Toluene 2.0 120 70
3¢ PhCO,H Toluene 1.0 60 80
4 — Toluene 1.0 60 —
59 Bi(OTf); Toluene 1.0 60 —
6¢ TfOH Toluene 1.0 60 —
74 TFA Toluene 1.0 60 25
8¢ CH,;CO,H Toluene 1.0 60 63
9? PhCO,H DMSO 1.0 60 19
10  PhCO,H THF 1.0 60 59
119  PhCO,H DCM 1.0 60 63

¢ Reactions were carried out at 0.5 mmol indoline in the presence of
30 mol% catalyst. ? Isolated yield.  Room temperature. ¢ Dropwise
addition of nitrosobenzene over 1 hour.
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We initiated our studies using conditions similar to those
used for redox amination of aldehydes with pyrrolines (Table 1,
entry 1). Gratifyingly, heating a solution of indoline and nitroso-
benzene at 110 °C in toluene led to a 60% yield of the desired
l-aminoindole. Importantly, analysis of the crude reaction
mixture revealed that the moderate yield resulted from competing
reductive dimerization of nitrosobenzene.'® Indeed, increasing
the equivalents of indoline led to an increased yield of 1-amino-
indole (entry 2). Ultimately, to avoid dimerization of nitroso-
benzene, while utilizing a single equivalent of indoline, a solution
of nitrosobenzene was added dropwise to a solution of benzoic
acid catalyst and indoline (entry 3). Under these conditions, an
80% yield of 1-amino indole was isolated. The reaction did not
proceed without catalyst or when using highly acidic Bi(OTf); or
TfOH catalysts (entries 4-6). Weaker Brgnsted acids are super-
ior catalysts, with TFA giving just 25% yield while acetic acid
provides the product in 63% yield (entries 7, 8). We propose that
the dependence of the reaction yield on acid strength can be
explained by the need for the conjugate base of the catalyst
to facilitate prototropic rearrangement of the putative azonium
intermediate (Scheme 1). Finally, the redox amination is solvent
dependent, with the polar solvent DMSO giving a poor yield
(19%, entry 9) and the non-polar solvent toluene giving the
highest yield (80%, entry 3).

Table 2 Redox amination of indolines with nitrosobenzene®?

R2
R3
. N Rt
i PRCO,H @0 mol%) N

Toluene (0 5 M), RS N
110°C, 15 h H

- ;
O

65% (1b)

80% (1a)

80% (1j)

50% (1k)° 50% (11)°9

“ Reactions were carried out in a mixture of indoline (0.5 mmol) and
PhCO,H (0.15 mmol) in 0.2 mL toluene with dropw1se addition
of nitrosobenzene (0.5 mmol, 0.625 M). ? Isolated yields. ¢ 1.0 mmol
indoline. 9 19 h reaction time,
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With the optimized reaction conditions for the redox amination
of indoline with nitrosobenzene in hand, we decided to investigate
the substrate scope of redox amination reaction with respect to
functionalized indolines (Table 2). Thus, a series of indolines
containing different functional groups were treated with nitroso-
benzene and 30 mol% of benzoic acid catalyst at 110 °C in toluene to
furnish N-aryl-1-aminoindoles. Aminoindole products were formed
in good to excellent yields as shown in Table 2. 2-Me, 3-Me and 5-Me
substituted indolines gave good yields of the redox aminated
products (1a—-c). The reaction is compatible with indolines that bear
electron withdrawing or donating substituents, however an electron-
rich indoline (1h) gave the highest yield.

Importantly, an acetyl substituted indoline gave the expected
redox aminated product 1f with no evidence of competing redox
amination of the ketone.® Lastly, an indoline with an unprotected
aniline was compatible with our redox amination, although the
product 1i was formed in moderate yield. In addition, a benzo-fused
indoline gave product 1g in good yield; benzoindoles are a basic
skeleton found in several biologically active compounds.**

After successful demonstration of the different indoline
substrates in the redox amination we further studied the
scope of the reaction with several different nitrosobenzenes
(Table 3). While the sterically demanding and electron rich,
ortho-nitrosotoluene gave moderate yields of product (2a,b),
nitrosoarenes with electron withdrawing substituents gave
better yields of the redox aminated products 2d-e. While some
yields are modest, the ability to access 1-aminoindoles in such a
rapid and simple manner is noteworthy.

Lastly, since nitrosoarenes are not commercially available, the
development of a one-pot synthesis of N-aryl-1-aminoindoles starting
from simple anilines is attractive. With this in mind, aniline was
utilized in a selenium-catalyzed oxidation with hydrogen peroxide
followed by treatment with 1 equiv. of indoline and catalytic benzoic
acid."> This onepot process furnished the expected N-aryl-1-
aminoindoles (1a,h) in good yields (Scheme 2).

Table 3 Redox amination of indolines with different nitrosobenzenes®?

NO
R! @
PhCO,H (30 mol%) N
* — N
N Toluene (0.5 M), W \Q\RZ
R2

110°C, th -
T oo
N N
o Oy
55% (2a) 59% (2b) 36% (2¢)
CD
N

N . O
H CN H NO,

71% (2d)°

Tz

8

z-

65% (2e)°

“ Reactions were carried out in a mixture of indoline (0.5 mmol) and
PhCO,H (0.15 mmol) in 0.2 mL toluene with dropwise addition of
nitrosobenzene (O 5 mmol, 0.625 M) in 0.8 mL toluene for 1 hour.
b Isolated yields. Nltrosobenzene added in one portion.
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Ph,Se, (5 mol%) X
NH, PhzSe.
2 " 35% aq. H,0, NO | phcooH (30 mol%) m
(1.5 equiv.) Indoline N
Toluene, rt, 2 h 110°C,1h H‘N@

X=H 67% (1a)
X = OMe 66% (1h)

Scheme 2 Redox amination in one-pot from aniline.

In conclusion, redox amination is a straightforward method

for the formation of N-N bonds from indolines and nitroso-
arenes. This process is driven by the inherent reducing power of
indolines and is facilitated by a mild Brensted acid catalyst.
Ultimately the redox amination described herein provides rapid
access to biologically relevant N-aryl-1-aminoindoles. Moreover,
the one-pot synthesis of N-aryl-1-aminoindoles was demon-
strated starting from simple anilines and indolines.
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