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Abstract—The synthesis of 4-substituted indazole derivatives by palladium-mediated cross-coupling reactions was described.
Suzuki, Heck, Sonogashira and Stille cross-coupling reactions were used to introduce aryl, vinyl and alkynyl substituents in 4-posi-
tion of indazole derivatives. The selectivity of bis-Suzuki reactions of 3,4-diiodo- and 3-bromo-4-iodoindazoles was investigated.
� 2005 Published by Elsevier Ltd.
1. Introduction

The indazole ring system is a common structural motif
found in numerous biologically active molecules. For
instance, it is found in inhibitors of platelet aggrega-
tion,1 and of HIV protease2 and in antagonists of inte-
grin avb3.

3 If several procedures have been developed
for the functionalisation of indazoles at the 3-position
using palladium catalysts,4 however, no examples
involving the arylation, alkynylation of indazoles at
the 4-position by palladium-mediated cross-coupling
reactions have been described in the literature.
2. Results and discussion

In our ongoing research programme for new polyfunc-
tionalised indazoles,5 we report herein the facile
functionalisation at the 4- and 3,4-positions of N-(7-
indazolyl)-arylsulfonamide based on a palladium-medi-
ated cross-coupling reaction. Compound 4, which serves
as the central intermediate for a variety of coupling
products, was prepared from 7-nitroindazole 16 in three
steps. Thus, compound 1 was hydrogenated in the pres-
ence of 10% palladium on carbon in methanol and then
immediately treated with 4-methoxybenzenesulfonyl
chloride in pyridine to give the desired product 2 in
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95% yield. The reaction of sulfonamide 2 with iodine
in pyridine afforded regioselectively the 4-iodoindazole
37 in excellent yield, this is due to the presence of an elec-
tron-donating N-sulfonamide at 7-position. The struc-
ture of 3 was established by 2D NMR experiments
(HMBC, HMQC). We observed, in particular, the cou-
pling between the H6 and the NH sulfonamide and the
disappearance of the coupling between H3 and H4. We
applied the known Pd(0) mediated trans-metalation
steps (Stille, Sonogashira, Suzuki) and alkene insertion
(Heck) for the synthesis of 4-alkynyl, aryl and vinyl
derivatives. Compound 3 was first converted to the
desired N-alkylated product 4 using methyl iodide in
the presence of potassium hydroxide (Scheme 1) in order
to avoid any Pd(0)-catalysed dehalogenation.

A Suzuki reaction8 on 4 with Pd(PPh3)4 in the presence
of 4-methoxyphenyl- or 3-thiopheneboronic acid in
refluxing dimethoxyethane afforded then the coupling
products 5a,b9 with 80% and 85%, respectively, the reac-
tion of the iodide 4 with methyl acrylate under typical
Heck conditions10 afforded the compound 5c11 in high
yield. In addition, application of the Stille12 reaction
of the heteroaryl iodide with 2-(tributylstannyl)furan
in the presence of Pd2(dba)3 and Ph3As gave the cou-
pling product 5d13 in 82% yield. Finally, we explored
the Sonogashira reaction with the 4-iodoindazole 4
and phenylacetylene, this reaction provided 5e14 in good
yield (Scheme 2 and Table 1).

In a further investigation, we developed a bis-Suzuki
cross-coupling reaction of 3,4-dihalogenoindazoles with
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Table 1. Results of palladium cross-coupling reactions of 4-iodoindazole

R Conditions Product Yield (%)

MeO

Pd(PPh3)4, DME, Na2CO3, reflux

5a 85

S 5b 80

–CH2@CH–CO2CH3 PdCl2(dppf), TBAI, Et3N, DMF, 50 �C 5c 79

O
Pd2(dba)3, Ph3As, dioxane, 50 �C 5d 82

Pd Cl2(PPh3)2, CuI, Et3N, DMF, rt 5e 71
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arylboronic acid as general route to 3,4-diarylindazole
derivatives. Scheme 3 outlined the synthesis of the 4-
methoxy-N-methyl-N-(3,4-diiodo-1-methyl-7-indazolyl)-
benzenesulfonamide 8.

Mono-N-alkylation at the nitrogen in 7-position of 3
with 1 equiv of methyl iodide was necessary for the regio-
selective introduction of the iodine atom at the 3-posi-
tion of the indazole derivative 6. The bis-iodinated
compound 7 was converted to 8 in 90% yield by a simple
alkylation with methyl iodide.

The selectivity of the monoalkylation of the NH group
at 7-position of indazole 6 was established based on
the 1H NMR data of the synthesised 4-methoxy-N-(-1-
methyl-7-indazolyl)-benzenesulfonamide 8a and 4-meth-
oxy-N-methyl-N-(7-indazolyl)-benzenesulfonamide 8b
from 7-nitroindazole (Scheme 4). The 1H NMR spectra
of 6, 8a and 8b, recorded in DMSO-d6, showed the sin-
glet at d 3.22 ppm (NCH3) for 6, d NCH3 signal at 3.48
for 8a and d NCH3 signal at 3.21 for 8b. These results
served to confirm the structure of 6.
The reaction of 8 with 1 equiv of 4-methoxyphenyl-
boronic acid under Suzuki conditions afforded a mixture
of 9 (42% yield) with the unsubstituted sulfonamide 10
(26% yield). In order to improve the formation of 9,
2 equiv of boronic acid were used and the bis-arylindaz-
ole 9 was isolated in 82% yield (Scheme 5).

We thus demonstrated that the Suzuki cross-coupling
reaction of 8 is not regioselective. Consequently, we
decided to apply this sequence to the N-(3-bromo-4-
iodo-7-indazolyl)arylsulfonamide 12, obtained from 6.
Compound 6 was treated with N-bromosuccinimide in
refluxing acetonitrile to afford 11 in 80% yield. It is note-
worthy that no reaction was observed when compound
11 was reacted with 4-methoxyboronic acid under Suzuki
coupling conditions. We thus protected the N-1 position
using methyl iodide. The reaction gave N-(3-bromo-4-
iodo-7-indazolyl)arylsulfonamide 12 with 89% yield.
Contrary to the results obtained for the derivative 3,4-
diiodoindazole 8, reaction of 12 with 1 equiv of 4-meth-
oxyphenylboronic acid gave only the 4-monosubstituted
product 1315 in good yield. Thus, a tandem sequence
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giving unsymmetrical 3,4-diarylindazoles seemed feasi-
ble.16 So, reaction of 13 with 1-naphthaleneboronic acid
under the same Suzuki conditions gave the desired com-
pound 1417 in 78% yield (Scheme 6).
In summary, palladium cross-coupling reactions consti-
tute a new means to functionalise 4- and 3,4-positions of
indazole. This method is especially useful for the prepa-
ration of various 4-aryl, vinyl and ethynylindazoles. The
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selectivity of sequential Suzuki–Suzuki reaction with a
3-bromo-4-iodoindazole derivative allowed us to pre-
pare 3,4-disubstituted indazole. This methodology is a
valuable and general method for the preparation of
new functionalised indazoles.
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