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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,' and of HIV protease® and in antagonists of inte-
grin a,bs.® If several procedures have been developed
for the functionalisation of indazoles at the 3-position
using palladium catalysts,* 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,” 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 1° 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 Hg and the NH sulfonamide and the
disappearance of the coupling between H; and Hy. 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 reaction® on 4 with Pd(PPhs), in the presence
of 4-methoxyphenyl- or 3-thiopheneboronic acid in
refluxing dimethoxyethane afforded then the coupling
products 5a,b? with 80% and 85%, respectively, the reac-
tion of the iodide 4 with methyl acrylate under typical
Heck conditions!? afforded the compound S¢!'! in high
yield. In addition, application of the Stille'?> reaction
of the heteroaryl iodide with 2-(tributylstannyl)furan
in the presence of Pd,(dba); and Ph;As gave the cou-
pling product 5d'3 in 82% vyield. Finally, we explored
the Sonogashira reaction with the 4-iodoindazole 4
and phenylacetylene, this reaction provided 5e!* 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@ 5a 85
Pd(PPhs),, DME, Na,COs3, reflux
@/ sb 80
~CH,=CH-CO,CH; PdCly(dppf), TBAL Et;N, DMF, 50 °C 5¢ 79
(\\0/7/ Pd,(dba)s;, Ph3As, dioxane, 50 °C 5d 82
Q{ Pd Cl,(PPh;),, Cul, Et;N, DMF, rt Se 71

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 'TH 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 '"H NMR spectra
of 6, 8a and 8b, recorded in DMSO-d,, showed the sin-
glet at 6 3.22 ppm (NCH3) for 6, 6 NCHj; signal at 3.48
for 8a and 6 NCHj; signal at 3.21 for 8b. These results
served to confirm the structure of 6.

The reaction of 8 with 1equiv of 4-methoxyphenyl-
boronic acid under Suzuki conditions afforded a mixture
of 9 (42% yield) with the unsubstituted sulfonamide 10
(26% vyield). 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 13'° in good yield. Thus, a tandem sequence
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giving unsymmetrical 3,4-diarylindazoles seemed feasi- In summary, palladium cross-coupling reactions consti-
ble.'® So, reaction of 13 with 1-naphthaleneboronic acid tute a new means to functionalise 4- and 3,4-positions of
under the same Suzuki conditions gave the desired com- indazole. This method is especially useful for the prepa-

pound 14!7 in 78% yield (Scheme 6). ration of various 4-aryl, vinyl and ethynylindazoles. The



6166

S. El Kazzouli et al. | Tetrahedron Letters 46 (2005) 61636167

NBS, MeCN _ _KOH. Mel
) / acetone O°

N 4-MeOC,H,B(OH), (1 eq.)

MeO. N/ N\
\  Pd(PPh,),, DME, Na,CO, N
Me MeO N/
NS reflux, 78% \
S. Me Me
o) (0] /N\

OMe 2S¢ Me
(e}

13
B(OH), O OQ

N

\

Pd(PPh,),, DME MeO
_—
Na,CO,, 80°C \©\S/N\Me Me
78% 0“0

Scheme 6.

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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Procedure for the synthesis of 4-methoxy-N-(4-Iodo-7-

indazolyl)-benzenesulfonamide 3: To a solution of 4-

methoxy-N-(7-indazolyl)-benzenesulfonamide 2 (100 mg,

0.33mmol) in pyridine (10 mL), iodine (90 mg,

0.33 mmol) was added. The reaction mixture was stirred

at room temperature for 3 h and then poured into 10%

aqueous NaHSO; (SmL) and extracted with Et,O

N

10.

(3x5mL). The combined organic layers were washed
with water and brine, dried over MgSO, and the solvent
was evaporated to give a colorless solid 3 (139 mg, 98%).
Mp 172-173 °C. 'H NMR (DMSO-dg, 250 MHz) é 3.77
(s, 3H, OCHs;), 6.73 (d, 1H, J=7.5Hz), 7.03 (d, 2H,
J=87Hz), 736 (d, 1H, J=75Hz), 7.69 (d, 2H,
J=28.7Hz), 7.85 (s, 1H), 10.05 (s, 1H, NH), 13.07 (s,
1H, NH). *C NMR (DMSO-d;, 62.89 MHz) § 55.6, 95.7,
114.3,119.5,121.7, 128.2, 128.4, 129.1, 129.8, 130.4, 136.9,
142.6. MS (+ESI): m/z = 430 [MH"].

Alo, B. I.; Kandil, A.; Patil, P. A.; Sharp, M. J.; Siddiqui,
M. A.; Snieckus, V. J. Org. Chem. 1991, 56, 3763.
General procedure for Suzuki-type cross coupling reaction:
Under argon atmosphere, to a mixture of 4-iodoindazole
derivatives (0.43 mmol) and boronic acid (0.48 mmol) in
DME (8 mL), sodium carbonate (1.29 mmol) in H,O
(4mL) and Pd(PPhs); (0.043 mmol) was added. The
reaction mixture was refluxed with vigorous stirring for
2h and then the solvent was evaporated. Ethyl acetate
(5§ mL) was added and the organic phase was washed with a
saturated solution of sodium chloride (10 mL), dried over
MgSO, and the solvent was removed in vacuo. The residue
was purified by column chromatography over silica gel
(eluted with a EtOAC/EP).
4-Methoxy-N-methyl-N-[4-(4-methoxyphenyl)- 1-methyl-7-
indazolyl]-benzenesulfonamide (5a): Colorless solid Sa
(162 mg, 85%). Mp 109-110°C. '"H NMR (acetone-ds,
250 MHz) 6 3.26 (s, 3H, NCHs;), 3.84 (s, 3H, OCH3), 3.86
(s, 3H, OCH;), 4.45 (s, 3H, NCHj), 6.51 (d, 1H,
J=17.5Hz), 692 (d, 1H, J=7.5Hz), 698 (d, 2H,
J=8.7Hz), 701 (d, 2H, J=8.1Hz), 7.57 (d, 2H,
J=8.7Hz), 7.64 (d, 2H, J=8.1 Hz), 8.09 (s, 1H). B
NMR (acetone-ds, 62.89 MHz) 6 38.8, 40.0, 55.3, 55.6,
97.3,114.1, 114.3,119.2, 124.6, 124.7, 125.1, 128.0, —129.6,
130.5, 132.4, 131.4, 135.7, 137.4, 159.6. MS (+ESI): m/z =
438 [MH"].

Ruhland, B.; Bombrun, A.; Gallop, M. A. J. Org. Chem.
1997, 62, 7820.
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Procedure for the synthesis of (E)-(7-[(4-methoxy-
benzenesulfonyl)-methyl-)-methylamino]-1 H-4-indazolyl]-
acrylic acid methyl ester (Sc¢): To a mixture of compound 4
(200 mg, 0.43 mmol), methyl acrylate (50 pL, 0.86 mmol)
and tetrabutylammonium iodide (324 mg, 0.86 mmol) in a
mixture of DMF/TEA (8 mL, 5/5, v/v) under argon was
added PdCly(dppf) (30 mg, 0.043 mmol). The reaction
mixture was stirred overnight at 45°C and then the
solution was evaporated. Ethyl acetate (5 mL) was added
and the organic phase, washed with water and brine, was
dried over MgSQO,. The solvent was removed in vacuo and
the residue was purified by column chromatography over
silica gel (eluted with a EtOACc/EP) to give 5¢ (143 mg,
79%). Mp 155-156 °C. 'H NMR (acetone-ds, 250 MHz) 6
3.23 (s, 3H, NCHy), 3.76 (s, 3H, OCH3), 3.88 (s, 3H,
OCHs), 4.32 (s, 3H, NCH3), 6.59 (d, 1H, J = 7.8 Hz), 6.80
(d, 1H, J=16.0 Hz), 7.18 (d, 2H, J = 9.1 Hz), 7.44 (d, 1H,
J=17.8Hz), 7.59 (d, 2H, J=9.1Hz), 796 (d, 1H, J=
16.0 Hz), 8.50 (s, 1H). '*C NMR (acetone-ds, 62.89 MHz)
0 38.4, 39.4, 51.6, 55.7, 96.7, 114.5, 120.5, 121.5, 1244,
125.4,127.2,127.6, 130.2, 131.2, 140.7, 136.8, 143.1, 166.4.
MS (+ESI): m/z =416 [MH"].

Farina, V.; Kapadia, S.; Krishnan, B.; Wang, C.; Liebes-
kind, L. S. J. Org. Chem. 1994, 59, 5905.

Procedure for the synthesis of 4-methoxy-N-methyl-N-[4-
(furan-2-yl)-1-methyl-7-indazolyl]-benzenesulfonamide (5d):
To a solution of 4 (100 mg, 0.21 mmol), 2-(tributylstan-
nyDfuran (77 mg, 0.25 mmol) and triphenylarsin (153 mg,
0.5 mmol) in 1,4-dioxan (5 mL) under argon was added
Pd,(dba);-CHCI; (21 mg, 0.021 mmol). The reaction
mixture was heated at 80 °C overnight and then the
solvent was evaporated. Ethyl acetate (5 mL) was added
and the organic phase, washed with water and brine, was
dried over MgSQO,. The solvent was removed in vacuo
and the residue was purified by column chromatography
over silica gel (eluted with a EtOAc/EP) to give 5d
(70 mg, 82%). Mp 126-127°C. 'H NMR (acetone-ds,
250 MHz) 6 3.32 (s, 3H, NCH3), 3.95 (s, 3H, OCH3),
4.40 (s, 3H, NCH;), 6.61 (d, 1H, J=7.8 Hz), 6.66 (dd,
IH, J=1.5, 34 Hz), 7.11 (d, 1H, J=3.4Hz), 7.18 (d,
2H, J=9.1Hz), 7.33 (d, 1H, J=7.8 Hz), 7.65 (d, 2H,
J=9.1Hz), 7.78 (d, 1H, J=1.5Hz), 8.44 (s, 1H). 13C
NMR (acetone-ds, 62.89 MHz) ¢ 39.0, 40.2, 56.2, 109.2,
112.0, 115.1, 116.9, 122.8, 124.6, 125.5, 126.4, 129.1,
131.4, 133.0, 144.2, 138.6, 143.3, 153.3. MS (+ESI): m/z =
397 [MH"].

14.

15.

17.
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Procedure for the synthesis of 4-methoxy-N-methyl-/N-(4-
phenylethynyl-1-methyl-7-indazolyl)-benzenesulfonamide
(Se). To a solution of 4 (200 mg, 0.43 mmol), phenylacet-
ylene (70 pL, 0.63 mmol) and Cul (17 mg, 0.09 mmol) in a
mixture of DMF/TEA (8 mL, 5/5, v/v) under argon was
added Pd(PPh;),Cl, (30 mg, 0.043 mmol). The reaction
mixture was stirred at room temperature overnight and
then the solvent was evaporated. Ethyl acetate (5 mL) was
added and the organic phase, washed with water and
brine, was dried over MgSQO,. The solvent removed in
vacuo and the residue was purified by column chroma-
tography over silica gel (eluted with a EtOAC/EP) to give
5e (132 mg, 71%). Mp 84-85°C. '"H NMR (acetone-dq,
250 MHz) 6 3.32 (s, 3H, NCH3), 3.95 (s, 3H, OCH3), 4.39
(s, 3H, NCH;), 6.61 (d, 1H, J=7.5Hz), 7.15-7.19 (m,
3H), 7.44-7.47 (m, 3H), 7.62-7.67 (m, 4H), 8.09 (s, 1H).
13C NMR (acetone-d, 62.89 MHz) 8 39.0, 40.1, 56.2, 94.4,
86.9, 115.1, 116.5, 124.9, 125.3, 128.0, 128.3, 128.7, 129.5,
129.8, 131.4, 132.5, 132.6, 137.9, 142.5. MS (+ESI):
mlz =432 [MH™].

4-Methoxy-N-methyl-N-(3-bromo-4-(4-methoxyphenyl)-1-
methyl-7-indazolyl)-benzenesulfonamide (13): Colorless
solid, yield 78%. Mp 178-179 °C. '"H NMR (acetone-ds,
250 MHz) ¢ 3.33 (s, 3H, NCH3), 3.87 (s, 3H, OCHs;),
3.94 (s, 3H, OCHj), 4.39 (s, 3H, NCH3), 6.69 (d,
IH, J=7.5Hz), 6.86 (d, 1H, J=7.5Hz), 7.02 (d, 2H,
J=8.7Hz), 7.17 (d, 2H, J=89Hz), 7.36 (d, 2H,
J=8.7Hz), 7.67 (d, 2H, J=8.9Hz). '*C NMR (ace-
tone-ds, 62.89 MHz) ¢ 39.4, 40.2, 55.6, 56.2, 113.9, 115.1,
117.4,118.9, 123.6, 126.3, 126.4, 128.9, 129.1, 130.3, 131.4,
132.2, 137.3, 140.7, 164.5. MS (+ESI): m/z = 517.5 [MH"].

. During the submission of this article, similar results were

published. Witulski, B.; Azcon, J. R.; Alayrac, C;
Arnautu, A.; Collot, V.; Rault, S. Synthesis 2005, 771.
4-Methoxy-N-[4-(4-methoxyphenyl)-1-methyl-3-naphtalen-
yl-7-indazolyl]- N-methylbenzenesulfonamide (14): Yellow
solid, yield 78%. Mp 109-110°C. 'H NMR (CDCl;,
250 MHz) ¢ 3.35 (s, 3H, NCH3), 3.55 (s, 3H, OCH3), 3.89
(s, 3H, OCH;), 4.58 (s, 3H, NCH3), 6.14 (d, 2H, J=
7.8 Hz), 6.57 (d, 1H, J=7.5Hz), 6.71 (d, 2H, J = 8.8 Hz),
6.82 (d, 1H, J=7.5Hz), 7.02 (d, 1H, J=8.8 Hz), 7.22—
7.32 (m, 4H), 7.67-7.75 (m, 5H). *C NMR (CDCl;,
62.89 MHz) ¢ 39.1, 40.3, 55.2, 55.8, 112.2, 114.2, 121.1,
124.3,124.7, 125.4, 125.8, 126.1, 127.6, 128.4, 128.7, 129.8,
130.5, 131.5, 132.7, 133.3, 137.8, 138.4, 143.5, 158.5, 163.5.
MS (+ESI): m/z = 564.0 [MH"].
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