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Ionic diamine rhodium complexes catalyze the reductive N-heterocyclization of N-(2-nitroarylid-
ene)amines under carbon monoxide to afford the corresponding 2H-indazoles in up to 75% yields.
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Indazoles, which are regarded as isoteres of indoles, are an
important class of heterocycles often occurring as constituents of
biologically active compounds. For example, it has been reported
that N-substituted indazoles exhibit high affinities for estrogen
receptor b, and exhibit analogestic and anti-angiogenic activities.1

Due to the pharmaceutical and agricultural importance of these
heterocyclic systems, it is somewhat surprising that the syntheses
of 2H-indazoles have been less explored than those of other hetero-
cycles including 1H-indazoles.2 Recent advances in organometallic
chemistry have provided several straightforward approaches to
2H-indazoles. Examples include the Pd/SnCl2 catalyzed reductive
N-heterocyclization of (2-nitroarylidene)amines,3 and the Pd
catalyzed domino reaction of 2-halophenylacetylenes with
phenylhydrazine.4

We have recently reported the synthesis of a novel, air stable
diamine rhodium complex, [Rh(CO)2(Me2NCH2CH2NMe2)]+[RhCl2

(CO)2]� (I).5 The complex is an excellent catalyst for the
regioselective hydroformylation of olefins,5 and for the inter- and
intra-molecular hydroaminomethylation of anilines containing an
olefinic unit.6 In further exploring the catalytic activity of I, we re-
cently found that I can catalyze reductive N-heterocyclization of 2-
nitroarenes under carbon monoxide affording indole derivatives.7

In this Letter, we describe the reductive N-heterocyclization of N-
(2-nitroarylidene)amines to give 2H-indazole derivatives, where
carbon monoxide is used as a reducing agent for the nitro group.
ll rights reserved.
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We initially employed N-(2-nitrobenzylidene)butylamine (1a)
to optimize the reaction conditions. When 1a was treated with
5 mol % of the complex I in THF at 100 �C for 24 h under CO
(100 psi), conditions used for the reductive N-heterocyclization of
2-nitroarenes affording indoles,7 2-butyl-2H-indazole (2a) was pro-
duced in a 56% yield (Table 1, entry 1). Performing the reaction in
toluene increased the yield to 75% (entry 2). Other solvents such
as CH2Cl2 and CH3CN were inferior to toluene. Decreasing the
temperature to 80 �C in toluene significantly reduced the conver-
sion of 1a (entry 6) and prolonged reaction time increased the yield
of 2a (entry 7). Higher (200 psi) or lower (42 psi) pressure of carbon
monoxide did not have a positive effect on the yield of 2a (entries 5
and 8). The effect of the diamine ligands was also examined. Use of
the rhodium complex with the diamines, N,N,N0,N0-tetrabenzyle-
thylenediamine(tipeda) (II)5 or trans-1,2-bis(dimethylamino)cycl-
ohexane (III)5 was evaluated, and although both complexes
catalyzed the reaction to some extent, they were not as effective
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Table 2
Results of the Rh-catalyzed reductive N-cyclization of a variety of
(2-nitroarylidene)aminea

Entry Nitro compound 2H-indazole Yield (%)

1

1b
NO2

N
But

2b
N

N But

75

2

1c
NO2

N Ph

2c
N

N
Ph 85

3

1d
NO2

N O

2d

N
N

O 65

4

1e
NO2

N
Ph

2e
N
N Ph

25

5
1f

NO2

N Ph

2f
N

N
Ph 34(36)b

6
1g

NO2

N

2g
N
N

Trace

7

1h
NO2

N
Bun

Cl

1h
N
N Bun

Cl

32

8

1i

NO2

N BunCl

2i

N
N Bun

Cl

65

9

1j
NO2

N
ButCl

2j
N

N But
Cl

58

10

1k
NO2

N OCl

2k
N

N
O

Cl

56

11

1l

NO2

N BunCH3O

2l
N
N Bun

CH3O

57

12

1m
NO2

N ButCH3O

2m
N

N But
CH3O

50

13
1n
NO2

N OCH3O

2n
N

N
O

CH3O

47

14

1o
NO2

N
Bun

0

a Conditions: 1 (1.0 mmol), I (0.05 mmol), toluene, 100 �C, CO 100 psi.
b The yield in parenthesis at 80 �C.

Table 1
Reductive N-heterocyclization of 1a

NO2

5 mol%

100 oC1a
2a

IN
Rh

N CO
CO Cl

Rh
Cl CO

CO

+ _

N Bun

N
N Bun

Entry Cat. CO (psi) Solvent Yield (%)

2a 1a

1 I 100 THF 56 0
2 I 100 Toluene 75 0
3 I 100 CH2Cl2 43 Trace
4 I 100 CH3CN 58 0
5 I 200 Toluene 65 0
6a I 100 Toluene 42 39
7a,b I 100 Toluene 64 11
8 I 42 Toluene 29 42
9 II 100 Toluene 11 83
10 III 100 Toluene 46 Trace

a Reaction at 80 �C.
b Reaction for 48 h.
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as complex I (entries 9 and 10). When the reaction was carried out
using the catalyst system of [Rh(COD)Cl]2 and standard phosphines
such as PPh3, PCy3, dppe, dppp, dppb, and dppf, no reaction took
place at all, indicating that similar catalytic performance with I can-
not be obtained for the system with phosphine ligands.

Having found the optimal conditions using 1a, the reaction was
applied to a variety of N-(2-nitroarylidene)amines. At first, the
effect of the substituents on nitrogen was examined. The reaction
of N-(2-nitrobenzylidene)-t-butylamine (1b), N-(2-nitrobenzyli-
dene)-2-phenylethylamine (1c), and N-(2-nitrobenzylidene)-2-
methoxyethylamine (1d) proceeded smoothly to afford the
corresponding 2-substituted 2H-indazoles in 65–85% yields (Table
2, entries 1–3). On the other hand, the substrate having phenyl-,
benzyl-, and allyl- substituted N-(2-nitrobenzylidene)amine deriv-
atives gave unsatisfactory results (entries 4–6). Several N-(2-nitro-
arylidene)amines having methoxy and chloro groups on the
aromatic ring were reacted under the optimal conditions to afford
the corresponding 2H-indazole derivatives in 32–65% yields. In
contrast, the ketimine 1o was totally unreactive, with 1o being
recovered unchanged. These results were comparable to those
reported using a Pd complex as the catalyst,3 except for N-(2-nitro-
benzylidene)arylamines (i.e., 1e). In the latter case, N-(2-nitroben-
zylidene)arylamine derivatives successfully reacted to afford the
corresponding N-aryl-2H-indazoles in moderate yields whereas
the present catalyst system resulted in a poor yield of 2e described
above.

The reaction mechanism is not known; however it would be
reasonable to consider the involvement of the nitrene-rhodium
intermediate, 33b,7,8 where carbon monoxide serves as a reducing
agent (Scheme 1). Thus, the diamine rhodium complex catalyzed
deoxygenation of the nitro group can give a nitrene-rhodium inter-
mediate of an electrophilic nature, and then the latter could under-
go intramolecular ring closure onto the imino nitrogen atom,
resulting in the formation of 2H-indazole. Considering that the nit-
rene would strongly coordinate to the metal, it is conceivable that
the reaction behavior of the nitrene intermediate is affected by the
nature of its metal species, depending on its coordination environ-
ment, which could lead to no comparable outcome for the reaction
of 1e using the Pd catalyst.

In conclusion, we have demonstrated that the reductive
N-heterocyclization of N-(2-nitroarylidene)amines catalyzed by
the ionic diamine rhodium complex under carbon monoxide af-
fords 2H-indazole derivatives in up to 75% yields.
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Scheme 1. Possible reaction mechanism for indazole formation.
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