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Abstract—1-Aryl-1H-indazoles were synthesized by the palladium-catalyzed intramolecular amination [Pd(OAc)2/dppf/tBuONa
(150 mol%)/toluene/90°C] of the corresponding N-aryl-N %-(o-bromobenzyl)hydrazines. It was further demonstrated that cycliza-
tion of [N-aryl-N %-(o-bromobenzyl)-hydrazinato-N %]-triphenylphosphonium bromides under the conditions of [Pd(OAc)2/dppf/
tBuONa (250 mol%)/dioxane/90°C] also led to the formation of the corresponding 1-aryl-1H-indazoles. These methods were
applied to a group of representative substrates to give indazole products in moderate to very good yields. © 2001 Elsevier Science
Ltd. All rights reserved.

The indazole subunit (Fig. 1) is a frequently found
motif in drug substances with important biological
activities such as anti-inflammatory,1 anti-tumor2 and
anti-HIV activities.3 Despite the importance of inda-
zoles in pharmaceutical development, the invention of
efficient and general methodologies for the synthesis of
N-substituted indazoles has met with limited success.
The existing methods often require the use of harsh
reaction conditions or special equipment, which signifi-
cantly limited their applications.4 We recently reported
a novel synthesis of 2-aryl-2H-indazoles from the corre-
sponding N-aryl-N-(o-bromobenzyl)hydrazines via the
palladium-catalyzed intramolecular C�N bond forma-
tion followed by spontaneous aromatization.5 It repre-

sents the first general method by which
2-aryl-2H-indazoles are constructed through the crea-
tion of the N(1)�C(7a) bond. In this letter, we wish to
describe a complementary method for the synthesis of
1-aryl-1H-indazoles which involves the palladium-cata-
lyzed cyclization of N-aryl-N %-(o-bromobenzyl)-
hydrazines as well as [N-aryl-N %-(o-bromobenzyl)-
hydrazinato-N %]-triphenylphosphonium bromides.

Based on our experience with 2-aryl-2H-indazoles, the
initial efforts to synthesize 1-aryl-1H-indazoles focused
on the preparation of N-aryl-N %-(o-bromoben-
zyl)hydrazines (e.g. 3, Scheme 1) and their subsequent
cyclizations. Compound 3 was synthesized in two steps

Figure 1.
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Scheme 1.

Table 1. Optimization of solvent, ligand, and base in palladium-catalyzed intramolecular amination

Yield (%)SubstrateEntry Solvent Ligand Base (mol%)

81b1 3a Toluene dppf tBuONa (150)
8atBuONa (250)dppf2 Toluene2a

53b2a3 Dioxane dppf tBuONa (250)
Cs2CO3 (250)4 2a 0aDioxane dppf

2a Dioxane (R)-BINAP tBuONa (250) 38a5
0aDioxane No ligand6 tBuONa (250)2a

a Yields were determined by 1H NMR of the crude products using 2-methoxynaphthalene as an internal standard.
b Isolated yield by chromatography.

(one pot) analogously to a literature procedure,6 as
shown in Scheme 1. Intermediate 2 can also be isolated
and deprotected in a separate step to give 3.

When N-phenyl-N %-(o-bromobenzyl)hydrazine (3a,
Table 1) was subjected to the conditions of [Pd(OAc)2/
dppf/tBuONa (150 mol%)/toluene/90°C, method A],
the cyclization and the spontaneous aromatization
occurred smoothly to furnish 1-phenyl-1H-indazole (4)
in 81% isolated yield (Table 1, entry 1). Unlike the
synthesis of 2-aryl-2H-indazoles, very little
debromonated by-product was observed. During the
course of this study, we also noticed that in some cases
the N-aryl-N %-(o-bromobenzyl)hydrazines are unstable
upon long-term storage. Therefore we investigated the
use of 2 as the reaction substrate, since this compound
proved to be stable under ambient conditions.

Results from the investigation of different cyclization
conditions for 2a are summarized in Table 1 (entries
2–6). The 1-phenyl-1H-indazole was obtained in mod-
erate yield from compound 2a using the conditions of
[Pd(OAc)2/dppf/tBuONa (250 mol%)/dioxane/90°C,
method B]. The use of toluene as the solvent afforded
the product in only 8% yield due to the insolubility of
the starting material in toluene. It is also worth noting
that 250 mol% of the base was necessary for the desired

product to be formed. Presumably the extra equivalent
of the base is consumed to deprotect the triphenylphos-
phine. Cesium carbonate was found to be ineffective in
promoting the reaction. As was the case for the synthe-
sis of 2-aryl-2H-indazoles, the use of (R)-BINAP as the
supporting ligand7 resulted in a decrease in the yield.
Finally, it was shown that the cyclization did not
proceed without the presence of the ligand. Using the
above-described methods (A or B),8 a group of repre-
sentative substrates were cyclized to furnish indazole
products in moderate to very good yields, and the
results are presented in Table 2.9

In summary, we have developed a new method for the
facile synthesis of 1-aryl-1H-indazoles from N-aryl-N %-
(o-bromobenzyl)hydrazines via the palladium-catalyzed
C�N bond formation followed by the spontaneous
aromatization. It was further demonstrated that [N-
aryl - N % - (o - bromobenzyl) - hydrazinato - N %] - triphenyl-
phosphonium bromides also underwent cyclizations
under suitable conditions to afford 1-aryl-1H-indazoles.
The present approach offers several advantages, includ-
ing mild reaction conditions and ease of operation.
Applications of this methodology to the synthesis of
novel biologically active compounds are under investi-
gation in these laboratories and will be reported in due
course.
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Table 2. Indazole synthesis via a palladium-catalyzed intramolecular C�N bond formation
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