PAPER

81

Indium M ediated Reduction of Nitroand Azide Groupsin the Presenceof HCI
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Abstract: Indium mediated reduction of azide and nitro groupsin
the presence of HCI (1.5 equiv based on indium) at room tempera-
ture in aqueous THF successfully provided the corresponding
aminein high to quantitative yields. Under the same reaction condi-
tions, selective reduction of azide and nitro group in the presence of
vinyl group could be accomplished.
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A number of reduction reactions of nitro groups and
azides have been studied since they provide ways to the
useful amino functional group.! Reduction of nitro groups
generally depends on the nature of the carbon atom to
which it is bonded. Especially aliphatic nitro groups are
easily reduced to various groups, e.g. adoximes, ke-
toximes, hydroxyamines, ketones, and aldehydes accord-
ing to the reaction conditions.? Besides, nitro compounds
bearing carbon-carbon double bond lead to saturated nitro
compounds, saturated amines or oximes by numerous
methods.® Recently, Moody et al.* and Reddy et al.® inde-
pendently reported reduction of nitro and azide groups us-
ing indium in the presence of NH,Cl in aqueous EtOH and
EtOH reflux conditions, respectively.

In this paper we report more efficient, simple, practical,
and milder reduction of nitro and azide groups using indi-
um at room temperature in acidic aqueous media. As
shown in Scheme 1, we found that aliphatic or aromatic
nitro and azide groups were easily reduced to the corre-
sponding amine in the presence of HCI at room tempera-
ture in agueous THF (H,O/THF, 3:1 v/v) in high to
quantitative yields.

Table 1 summarizes the results of reduction of azide
groups. Aromatic as well as aliphatic azides reacted with
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indium (2.0 equiv) in the presence of HCI (1.5 equiv based
on indium) to provide the corresponding amine at room
temperature in aqueous THF in 68—98% yield. Especially
the alylamine (Table 1, Entry 4) and a-amino ester (Ta-
ble 1, Entry 10) could be obtained from the corresponding
azides leaving the vinyl and ester group intact, respective-
ly. Next, we turned our attention to the reduction of nitro
groups. Aromatic and aiphatic nitro groups were treated
with indium (4.0 equiv) in the presence of HCI (1.5 equiv
based on indium) in agueous THF at r.t. to give the corre-
sponding amine in excellent yields as shown in Table 2.
Reaction times were mostly short compared to azide
groups. It is noteworthy that (4-nitrobut-1-enyl)benzene
(1) and ethyl 4-(2-nitrophenyl)but-2-enoate (2) were con-
verted to the corresponding amine without reduction of
double bond in 78% and 77% yield, respectively (Scheme
2). Finally, we investigated the reduction of compounds
bearing two nitro groups, two azides, and mixed azide-ni-
tro groups, respectively. As shown in Table 3, those
groups reacted with indium (6.0 equiv in nitro-azide,
8.0 equiv in nitro-nitro, and 4.0 equiv in azide-azide) in
the presence of HCI at r.t. to yield the corresponding di-
amine in 60-99% yield.

In summary, we have demonstrated an efficient, mild and
novel reduction methodology of azide and nitro groups
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Tablel Indium Mediated Reduction of Azide Groups?
@/Ns In (2.0 eg.), HCI NH,
ag. THF ®/
Entry Starting Materials Time(h) Yield Entry Starting Materials Time(h) Yield
(%)° (%)°
1 2 85 8 25 91
O/\Ng N3
2 /©/\N3 3 95 9 N3 85 96
3 N3 15 85 10 o 3 85
OAOJ\/ N3
4 N 3 92 11 Ns 3 95
O/\/\Ng \/\/Q/
5 3 98 12 N 25 80
©/O\/\ N3 \6/)/5\/ 3
6 Ns 4 68 13 Ns 2 88
') A
cl
7 8 90 14 \ﬁ/\/'\b 2 92
7

a All reactions were carried out in 0.2-0.4 mmol scale at r.t.

b |solated yields. All compounds displayed satisfactory spectroscopic data (NMR, IR, Mass).

using indium in the presence of HCI at room temperature
in agueous media. Our method is distinguished from other
analogous reactions*® by shorter reaction time, mild reac-
tion condition and good yields for both aromatic and ali-
phatic compounds. In particular, it provides an excellent
synthetic pathway to the selective reduction of azide and
nitro groups in the presence of unsaturated carbon-carbon
bonds.

'H NMR spectrawere obtained on aVarian Gemini 300 and Bruker
Avance 300 spectrometers. Chemica shifts were reported in ppm.
Infrared spectra were obtained on a Perkin Elmer 16FPC FT-IR
spectromter. M S spectrawere obtained on a HP G1034C spectrom-
eter. Analytical TLC were carried out on precoated silicagel plates
(Merk Kieselgel 60F254, layer thickness 0.25 mm).

Ethyl 4-(2-Aminophenyl)but-2-enoate; Typical Procedure
Toasolution of (4-nitrobut-1-enyl)benzene (1; 100 mg, 0.56 mmol)
inag THF (3 mL) was added indium powder (260 mg, 2.26 mmol)
and concd HCI (300 pL). After stirring for 3 h at r.t., the pH of the
reaction mixture was adjusted to 7 with solid NaHCO,_diluted with
H,O and extracted with EtOAc, and the organic layer was dried
(MgS0,) and concentrated in vacuo. The crude product was puri-
fied by ashort column chromatography on neutral alumina(Scheme
2).
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IH NMR (CDCly): §=7.17 (n, 1 H), 6.99 (m, 1 H), 6.59 (m, 1 H),
6.45 (d, 1 H, J = 15.7 Hz), 6.13-6.04 (m, 1 H), 4.10 (m, 2 H), 4.70
(br s, 2 H), 3.17 (m, 2 H), 1.45 (m, 3 H).

13C NMR (CDCl,): 8=172.0,143.9,129.6,128.9,128.0,124.2,
119.3,116.4,61.2,39.2,14.6.

IR (KBr): v = 3450, 1720, 1632, 1461, 1267, 1156, 1033, 748 cm.
MS(70eV): Mz (%) = 205 (M*), 132, 117 (100), 103, 77, 65, 51.
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Table2 Indium Mediated Reduction of Nitro Groups®
NO, In(4.0eq.), HCI NH,
®/ ag. THF @

Entry Starting Materials Time(h)  Yied (%)  Entry Starting Materials Time (h) Yield (%)°
1 NO, 05 84 7 NO, 1 %4

O/ HO\/©/
2 NO, 05 9 8 NO, 15 98

Me” : HO/\/O/
3 NO, 05 98 9 NO, 0.5 89

Br/©/ Meo/©/
4 1 84 10 0.5 78

Me
5 oH 1 73 1 NO, 05 90
\6/);\/

Me NO,

6 0.5 75
F
ab See the corresponding footnotesin Table 1.
Table3 Indium Mediated Reduction of Azide and Nitro Groups®
NO2(N3) In, HCI NH;
ag. THF @I
N3(NO) NH
Entry Starting Materials Time(h) Yield(%)° Entry  Starting Materials Time(h)  Yield (%)°
1 NO, 7 63 6 ON Ns 8 76
N3/\/©/ \©/
2 Me 12 83 7 ON Ny 6 84
- )
cl
O,N
3 cl Na 8 85 8 s 5 84
X O
F NO, O,NT

4 O:N 5 73 9 cl 2 %

e
5 Ns 6 99 10 24 60

MeO : NO,

b See the corresponding footnotesin Table 1.
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