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Facile synthesis of 3-trimethylsilylindazoles by [3+2]cycloaddition
reaction of lithium trimethylsilyldiazomethane with benzynes
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Abstract—[3+2]Cycloaddition reaction of lithium trimethylsilyldiazomethane with benzynes, generated from halobenzenes, gave the

corresponding 3-trimethylsilylindazoles in good to moderate yields.

© 2003 Elsevier Ltd. All rights reserved.

Indazole is well known as an aza analogue of indole, and
a number of indazole derivatives have powerful phar-
macological activities, for example, anti-inflammatory,
anti-tumor, anti-HIV, anti-depressant, and contracep-
tive activities, etc.! Various methods for the preparation
of indazoles have been reported. The cyclization of
o-methylbenzenediazonium salts,” N-(2-nitrobenzylid-
eneamines),® o-methyl-N-nitrosoanilines,* and o-acyl-
arylhydrazines® or hydrazones of o-acylbenzenes® is
often used, though these classical methods are multistep
reactions. Recently, palladium-catalyzed intramolecular
amination of o-bromobenzylhydrazines giving N-
substituted indazoles has also been reported.” On the
other hand, the [3+2]cycloaddition reaction of diazo
compounds such as ethyl diazoacetate®? and o-diazo-
ketones® with benzynes is an attractive strategy for the
construction of the indazole nucleus, but these methods
are tedious and require the use of explosive o-benzene-
diazonium carboxylates as benzyne precursors.

We have already demonstrated that lithium trimethyl-
silyldiazomethane (TMSC(Li)N,), easily prepared from
stable and safe trimethylsilyldiazomethane (TMSCHN,)
and n-butyllithium or lithium diisopropylamide (LDA),
is quite useful as a [C-N-NJazole synthon for the
preparation of azoles.! For instance, TMSC(Li)N,
reacts smoothly with o, B-unsaturated nitriles!' and
sulfones,'” and B-amino-a,B-unsaturated ketones'> to
give the corresponding pyrazoles in high to good yields.
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Additionally, TMSCHN, acts as a [C-N-N]azole syn-
thon in the reaction with 1,4-quinones.!* As an exten-
sion of these works, we now wish to report the
[3+2]cycloaddition reaction of TMSC(Li)N, with ben-
zynes, generated from halobenzenes, giving 3-trimethyl-
silylindazoles.

First, we examined the reaction of benzyne generated
from nonsubstituted halobenzenes with TMSC(Li)N,.
Treatment of fluorobenzene (1equiv) and TMSCHN,
(2 equiv) in the presence of LDA (4 equiv) in Et,O gave
the desired 3-trimethylsilylindazole 1 in 69% yield (entry
1 in Table 1).!* Replacement of LDA by sterically

Table 1. Synthesis of 3-trimethylsilylindazole (1)*

SiMes
@/ X' MesSiCHN, + base @g
Et,0, reflux /N
N
H
1
Entry X Base Time (h) Yield (%)®
1 F LDA 3 69
2 F LTMP 3 86
3¢ F LTMP 3 67
44 F LTMP 7 54
5 Cl LTMP 24 78
6 Br LTMP 24 74
7 1 LTMP 24 41

#Me;SiCHN, (2.0equiv) and LTMP (4.0 equiv) were used.
®Isolated yield.

“Me;SiCHN; (1.2 equiv) and LTMP (2.4 equiv) were used.
4THF in place of Et,O as a solvent was used.
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Table 2. Synthesis of 3-trimethylsilylindazoles bearing substituents on a benzene ring®®

R1

R1 R1

) H SiMes
R X MesSICHN,, LTMP ~ R? N, R? {
"
Et,0, reflux / N /N
R3 R3 RS H
R4 R4 SiM83 R4
a b

Entry R! R? R3 R* Time (h) Yield (%) Ratio a:b°
1 OMe H H H F 3 61 (2a+2b) 73:274
2 OBn H H H F 8.5 50 (3a+3b) 75:25¢
3 NMe, H H H Br 48 36 (4a+4b) 67:33¢
4 Br H H H Br 4.5 49 (5a+5b) 62:38¢
5 OB H H H F 1.5 26 (6a+6b) 83:17°
6 Me H H H F 7.5 65 (7a+7b) 45:554
7 H H OMe H F 5 75 (8a+8b) 50:50¢
8 H H CF; H F 3 74 (9a+9b) 50:50¢
9 OMe H H OMe F 14.5 55 (10) —
10 H Me Me H F 2 73 (11) —

# All products gave satisfactory spectral data and elemental analysis (or HRMS).

®Me;SiCHN, (2.0 equiv) and LTMP (4.0 equiv) were used.
°The ratio of regioisomers was calculated by '"H NMR measurement.

9The structures of the compounds were determined in comparison with the known compounds after desilylation of the corresponding silylindazoles

by treatment with 10% ethanolic KOH."

®The structures of the compounds were determined by NOESY measurements.

hindered lithium 2,2,6,6-tetramethylpyperidide (LTMP)
caused a significant increase in the yield (86%) (entry
2).' Two equivalents of TMSCHN, was required to
conduct the reaction smoothly because a benzyne
intermediate is a short-lived reactive species (entries 2
and 3). Et,0 seems to be the solvent of choice though
THF can be used (entries 2 and 4). Under the same
reaction conditions (entry 2), chloro- and bromo-benz-
ene also reacted with TMSC(Li)N, to give 1 in good
yields (entries 5 and 6) though prolonged reaction time
was required. However, the reaction with iodobenzene
was extremely slow and the starting material, iodobenz-
ene, did not disappear on TLC after 24 h; consequently,
the yield of 1 was moderate (entry 7).

Next, using the optimized reaction conditions (entry 2 in
Table 1), the reaction of TMSC(Li)N, with halobenz-
enes bearing various substituents was examined (Table
2).'"18  o-Fluoroanisole ~smoothly reacted with
TMSC(Li)N, to afford the indazoles in 61% yield, but
the indazoles obtained were a mixture of 7-methoxy-3-
trimethylsilylindazole 2a and its regioisomer 2b in good
selectivity (2a:2b=73:27), probably due to the +I effect
of the MeO group (entry 1). Similar regioselectivities
were observed in the reaction with o-substituted halo-
benzenes bearing the BnO, Me,N, and Br groups
(entries 2-4).° Replacement of the MeO group by
the bulky #-BuO one increased the regioselectivity (entry
5). The reaction with o-fluorotoluene, p-fluoroanisole,
and p-fluoro(trifluoromethyl)benzene also afforded the
desired 7a,b, 8a,b, and 9a,b in good yields, though no
or little regioselectivity was observed (entries 6-8). The
use of 2,5-dimethoxy- and 3,4-dimethyl-fluorobenzene
as substrates gave the corresponding indazole 10 and

Me3SiC(Li)Ny N>

R©|

SiMes L SiMes
H,0
R N 2 R N
N N
H L _

Scheme 1. Proposed reaction mechanism.

11 as the sole isolable product in good yields, respec-
tively.

The reaction mechanism of this new synthesis of
indazoles may be as follows: In analogy with related
studies,?! the first step is a nucleophilic attack of
TMSC(Li)N, to the benzyne. Subsequent cyclization
would then produce the indazole intermediate, which is
hydrolyzed with water to afford 3-trimethylsilylind-
azoles as shown in Scheme 1.

In conclusion, the present method using commercially
available TMSCHN, will provide a facile synthesis of
indazoles from halobenzenes in one step. Currently, we
are investigating the conversion of the trimethylsilyl
group of 3-trimethylsilylindazoles into various func-
tional groups.
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Data for 3-trimethylsilylindazole (1): Colorless crystals
(recrystallization from n-hexane). Mp 154-155°C. IR
(neat) vipac: 2986, 1374, 1242, 1048, 847 cm~'. 'H (CDCls)
6: 0.46 (9H, s), 7.16 (1H, dd, J = 8, 8 Hz), 7.37 (1H, dd,
J =38, 8Hz), 7.54 (1H, d, J=8Hz), 7.83 (1H, d,
J =8Hz). ¥C (CDCly) 6: —0.7 (x3), 110.1, 120.6, 121.6,
126.2, 128.6, 140.7, 147.5. Mass (EI): m/z 190 (M*, 41.6),
175 (M*=Me, 100). Anal. Calcd for CoH4N,Si: C, 63.11;
H, 7.41; N, 14.72. Found: C, 62.97; H, 7.43; N, 14.79.
Representative procedure: To a solution of lithium
tetramethylpiperidide, which was prepared from TMP
(0.34mL, 2.0mmol) and n-BuLi (1.58 M in n-hexane,
1.27mL, 2.0 mmol) in Et,O (1.5mL), TMSCHN, (2.40 M
in n-hexane, 0.42mL, 1.0mmol) was added dropwise
under a nitrogen atmosphere at —78 °C and stirred for
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20.

21.
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15min. A solution of fluorobenzene (47 uL, 0.5 mmol) in
Et,0 (0.5mL) was added dropwise to a refluxing reaction
mixture, and then the whole was heated under reflux for
3h. After the reaction was quenched by addition of H,O
at 0°C, a common work-up was carried out. The pure
3-trimethylsilylindazole 1 (81 mg, 86%) as a solid was
obtained by flash silica gel column chromatography
(n-hexane/ethyl acetate = 6:1).

Each regioisomer could be separated by flash silica gel
column chromatography.

Selected data for 2-11. 2a, 'H (CDCl;) 6: 0.45 (9H, s), 3.97
(3H,s), 6.72 (1H, d, J = 8 Hz), 7.07 (1H, dd, J = 8, 8§ Hz),
7.39 (1H, d, J = 8 Hz); 2b, 'H (CDCl;) 6: 0.42 (9H, s), 3.98
(3H, s), 6.47 (1H, d, J =8Hz), 7.12 (1H, d, J = 8 Hz),
7.26-7.31 (1H, m); 3a, 'H (CDCl;) 6: 0.46 (9H, s), 5.24
(2H, s), 6.81 (1H, dd, J =8, 8Hz), 7.06 (1H, dd, J =8,
8 Hz), 7.36-7.48 (6H, m); 3b, 'H (CDCl;) 6: 0.43 (9H, s),
522 (2H, s), 6.52 (1H, d, J=8Hz), 7.12 (IH, d,
J =8Hz), 7.37-7.49 (6H, m); 4a, 'H (CDCl;) &: 0.46
(9H, s), 2.95 (6H, s), 6.77 (1H, d, J = 8 Hz), 7.07 (1H, dd,
J =38, 8Hz), 7.42 (1H, d, J = 8 Hz); 4b, 'H (CDCl;) 6:
0.45 (9H, s), 2.78 (6H, s), 6.85 (1H, dd, J = 2, 7Hz), 7.23—
7.32 (2H, m); 5a, 'H (CDCl;) 6: 0.48 (9H, s), 7.05 (1H, dd,
J=38, 8Hz), 7.52 (1H, d, J=8Hz), 7.77 (1H, d,
J =8Hz); 5b, 'H (CDCl;) é: 0.57 (9H, s), 7.20 (1H,
dd, J =38, 8Hz), 7.36 (1H, d, J =8Hz), 7.52 (IH, d,
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6.95 (1H, d, J = 8Hz), 7.05 (1H, dd, J =8, 8Hz), 7.49
(1H, d, J = 8Hz); 6b, 'H (CDCls) §: 0.46 (9H, s), 1.68
(%9H, s), 6.68 (1H, d, J =8Hz), 7.05 (1H, d, J = 8Hz),
7.21 (1H, dd, J = 8, 8 Hz); 7a, 'H (CDCls) §: 0.46 (9H, s),
2.57 (3H, s), 7.08-7.16 (2H, m), 7.67 (1H, d, J = 8 Hz); 7b,
'H (CDCl;) 6: 0.49 (9H, s), 2.73 (3H, s), 6.94 (1H, d,
J =8Hz), 7.23-7.29 (1H, m), 7.39 (1H, d, J = 8 Hz); 8a,
'H (CDCls) 6: 0.47 (9H, s), 3.88 (3H, s), 7.07 (1H, dd,
J=2, 9Hz), 7.15 (1H, d, J=2Hz), 747 (1H, d,
J =9Hz); 8b, 'H (CDCly) §: 0.46 (9H, s), 3.86 (3H, s),
6.82 (1H, dd, J =2, 9Hz), 6.91 (1H, d, J = 2Hz), 7.67
(1H, d, J = 9Hz); 9a, 'H (CDCl;) §: 0.47 (9H, s), 7.59—
7.63 (2H, m), 8.10 (1H, s); 9b, 'H (CDCl;) §: 0.48 (9H, s),
7.37 (1H, d, J=8Hz), 7.82 (1H, s), 7.92 (1H, d,
J =8Hz); 10, 'H (CDCl;) é: 0.40 (9H, s), 3.92 (3H, s),
393 (3H, s), 6.31 (1H, d, J=8Hz), 6.59 (IH, d,
J =8Hz); 11, 'H (CDCl;) é: 0.45 (9H, s), 2.37 (3H, s),
2.37 (3H, s), 7.29 (1H, s), 7.55 (1H, s).
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