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An efficient and straightforward synthesis of 2H-indazoles is achieved from 2-bromobenzaldehydes,

primary amines and sodium azide through consecutive condensation, C-N and N-N bond
formations, catalyzed by a novel heterogeneous Cu'-HT catalyst. The recoverable heterogeneous
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CU"-HT catalyst exhibited an impressive activity for the title reaction without any additives (expensive
ligands, etc.). Heterocyclization proceeds through C-N and N-N bond formation, which is the key
step to deliver the desired 2H-indazole scaffold. A series of structurally diverse 2H-indazoles

were prepared in good to excellent yields from easily accessible starting materials by employing this

www.rsc.org/catalysis protocol.

1. Introduction

Over the past decades, there has been great interest in the
synthesis of heterocyclic compounds. Among the numerous
heterocycles, the indazole ring system has been receiving
significant attention due to its pronounced biological activity.
Captivatingly, in the field of drug discovery, the indazole
scaffolds received a lot of interest because they act as efficient
bioisosteres of indoles and benzimidazoles,"* and constitute
the key subunit in various drug substances with a broad range
of biological properties, including anti-inflammatory, anti-
depressant,® antitumor, HIV protease inhibition,” anti-
microbial® and contraceptive activities.” In heterocyclic
chemistry, the indazole unit has been recognized as a
“privileged structure”, and it is an important pharmacophore
in medicinal chemistry.>*®

Although a number of methods were known for the prepara-
tion of indazoles, most of the existing approaches are targeted
to 1H-indazoles or mixture of 1H- and 2H-indazoles."” In
addition, 2H-indazoles are less studied as compared to
1H-indazoles due to the difficulty in their preparation. Hence,
the formation of 2H-indazoles still remains a challenging
task.’® Recently, several promising synthetic routes have been
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devoted towards 2H-indazoles, such as (1) 2-halophenyl acetylenes
with hydrazines by using a Pd-catalyst and palladium-catalyzed
intramolecular amination of the corresponding N-aryl-N-
(o-bromobenzyl) hydrazines,'® (2) Fe-catalyzed intramolecular
N-N bond formation from aryl azides,* (3) reaction of highly
functionalized zinc reagents with aryldiazonium salts,** (4)
[3+2] dipolar cycloaddition of arynes and sydnones,® (5) reaction
of sodium hydride or DBU catalyzed 2-nitrobenzyl triphenyl-
phosphonium bromide with aryl isocyanates,* and (6) Baylis—
Hillman adducts of 2-cyclohexen-1-one by using DDQ oxidation,>?
and also the feasibility of further elaboration of 2H-indazoles
using Suzuki-Miyaura and Sonogashira couplings.**

However, most of the existing methods exhibit several draw-
backs, such as the formation of regioisomers, requirement of
additives (expensive phosphine ligands, etc.) and low functional
group tolerance, and also these methods require several steps
to synthesize the starting materials. Furthermore, most of these
methods are homogeneous in nature. Therefore, there is a need
for novel, proficient and selective approaches to synthesize
2H-indazoles by using readily available starting materials or
precursors. To the best of our knowledge, there is only one
instance of the multicomponent reaction (MCR) for obtaining
2H-indazoles through a different approach.® As part of our
on-going research programme, stimulated by the development
of MCRs by using heterogeneous catalysts, the present investi-
gation was undertaken. The reported novel heterogeneous
Cu-Al hydrotalcites (Cu"-HTs) offer numerous advantages,
such as being inexpensive and recoverable, and having a simple
workup procedure.
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2. Experimental section
2.1 Preparation of Cu”-hydrotalcite (Cu™-HT) catalysts

A series of Cu"-HT catalysts were synthesized by adopting a
coprecipitation method. In a typical procedure, a mixture
solution containing the requisite quantities of Cu(NO3),-6H,0O
and Al(NO3);-9H,0 (Cu/Al mole ratios = 1:1, 2:1, 3:1,
2.5 :1,and 4 : 1; all chemicals are Fluka, AR grade) precursors
were dissolved separately and mixed together. A base mixture
solution (1 : 1 volume of 2 M NaOH and 1 M Na,COj3) was also
prepared separately in distilled water. Both mixture solutions
were added slowly and simultaneously to a beaker containing
double distilled water with vigorous stirring until the pH of the
solution reached ~9. The pH was maintained constantly
throughout the addition. Later, the obtained precipitates were
filtered off, washed thoroughly with distilled water until free
from anion impurities (pH = 7) and then oven dried at 100 °C
for 12 h. The synthesized catalysts were characterized by X-ray
diffraction, FT-infrared, thermogravimetry and other techni-
ques. There results could be found in the ESLt

2.2 Synthesis of 2H-indazoles

All chemicals employed in this study were commercially available
and used without further purification. A mixture of 2-bromo-
benzaldehyde (1.5 mmol), primary amine (1.8 mmol), sodium
azide (2 mmol) and catalytic amounts of Cu"-HT (20 mg) in
dimethylsulfoxide (DMSO) (1.5 mL) were stirred at 120 °C
temperature for an appropriate time. After completion of the
reaction, as indicated by thin layer chromatography (TLC), the
reaction mixture was centrifuged to separate the catalyst. The
reaction mixture was poured into EtOAc (30 mL) and washed
with distilled water (3 x 20 mL), and the combined layers were
dried over anhydrous Na,SO,, concentrated in vacuum and
purified by column chromatography on 60-120 mesh silica gel,
using ethyl acetate and hexane as the eluent (1 : 9) to afford the
pure 2H-indazoles.

3. Results and discussion

From an ecological perspective, the MCRs arose as powerful
strategies that allow multiple bond formation events taking
place in a single vessel, and exhibit economy of steps and often
atom economy, selectivity and low levels of by-product genera-
tion.”® Heterocyclic frameworks were well constructed by using
these MCRs from readily available starting materials. Interest-
ingly, the Cu”~HTs exhibited good catalytic activity for various
organic transformation reactions.?” Very recently, we have also
reported the one-pot MCR for the synthesis of B-hydroxy
1,4-disubstituted 1,2,3-triazoles by using the Cu"-HT hetero-
geneous catalyst.>® Herein, we report an MCR of 2-bromo-
benzaldehydes, primary amines and sodium azide with catalytic
amounts of Cu"™-HT to produce 2H-indazoles through con-
secutive condensation, C-N and N-N bond formations
(Scheme 1). In this the C-N and N-N bond formation is the
crucial step for heterocyclization to deliver the 2H-indazole
scaffold.
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Scheme 1 Synthesis of 2H-indazoles using the Cu"-HT catalyst.

In the initial experiments, the reaction of 2-bromobenzalde-
hyde (1.5 mmol), aniline (1.8 mmol) and sodium azide (2 mmol)
was investigated as the model reaction for optimization of
reaction parameters such as, mole ratio of Cu™-HTs, solvent
and the temperature to synthesize 2H-indazoles; and the
obtained results are summarized in Table 1. A preliminary
reaction was also carried out to identify the best catalyst system
using DMSO as the reaction medium at 120 °C temperature
with catalytic amounts of Cu”™-HTs containing various Cu : Al
mole ratios. As can be seen from Table 1, the 3 : 1 mole ratio
Cu"-HT catalyst exhibited an impressive activity and enriched
regioselectivity towards the desired 2H-indazole (Table 1, entry 5).
Gratifyingly, the Cu™-HTs with 4 : 1 and 2.5 : 1 (Cu : Al) mole
ratios also showed better yields of 82% and 76%, respectively
(Table 1, entries 2 and 4). However, the yields were lower than
that of the 3 : 1 mole ratio Cu"-HT catalyst. Trace amounts of
products including some by-products and longer reaction times
were noticed in the absence of the Cu"-HT catalyst (Table 1,
entry 6), and also we observed different spots in the TLC in the
presence of catalyst under solvent-free conditions (Table 1,
entry13).

Table 1 Optimization of reaction conditions for synthesis of 2H-indazoles®

H

HaN
© Conditions =
+ + NaNg —————— = N-
\O 6h =,/ @
Br .

Catalyst mole

Entry ratio (Cu : Al) Solvent Temp. (°C) Yield” (%)
1 Cu"™-HT (1:1) DMSO 120 45
2 Cu"-HT (4:1) DMSO 120 82
3 Cu'-HT (2:1) DMSO 120 62
4 Cu"-HT (2.5:1) DMSO 120 76
5 Cu"-HT (3:1) DMSO 120 91
6 — DMSO 120 —
7 Cu"-HT (3:1) DMF 120 78
8 Cu"™-HT (3:1)  Methanol 65 72
9 Cu"-HT (3:1)  Dichloromethane 40 15
10 Cu"™-HT (3:1)  Acetonitrile 80 68
11 Cu"-HT (3:1)  o-Xylene 120 42
12 Cu"-HT (3:1)  Tetrahydrofuran 65 64
13 Cu-HT (3:1) — 120 —
14 Cu"-HT (3:1)  Toluene 110 58
15 Cu"™-HT (3:1)  Benzene 80 28
16 Cu"-HT (3:1)  Water 100 71

“ Reagents and reaction conditions: 2-bromobenzaldehyde (1.5 mmol),
aniline (1.8 mmol), sodium azide (2 mmol), catalyst (20 mg) and solvent
(1.5 mL); unless otherwise mentioned, stirred at 120 °C temperature for
6 h. ? Yields of isolated products. ¢ Catalyst-free condition, stirred at
120 °C temperature for more than 24 h. ¢ Solvent-free condition, stirred
at 120 °C temperature for more than 24 h.
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After identifying the most efficient catalyst (Table 1), we
further screened different solvents in order to enhance the
reaction rates. Among the various solvents we examined,
the reaction performed well in DMSO, which was found to be
the most appropriate solvent for synthesis of desired 2H-indazoles
with excellent yields (Table 1, entry 5). We have also observed
better results with various solvents namely, dimethylform-
amide (DMF), methanol (MeOH), acetonitrile, tetrahydrofuran
(THF) and water (Table 1, entries 7, 8, 10, 12 and 16).
Unexpectedly, much lower yields were observed with dichloro-
methane (Table 1, entry 9). Among different solvents that are
screened, nonpolar solvents (Table 1, entries 11, 12 and 15) are
found to be not suitable for the title reaction compared to polar
solvents, and the polar solvents resulted in good to excellent
yields of the desired products.

Having the optimized reaction conditions (catalyst, solvent,
temperature and additive-free) in hand, we extended the scope
of the reaction by using various 2-bromobenzaldehydes, struc-
turally diverse amines (aliphatic, aromatic and heteroaromatic)
and sodium azide as illustrated in Table 2. Furthermore,
reactions of most of the substrates with several aromatic
amines bearing electron neutral and -donating as well as
electron-withdrawing groups were performed smoothly and
the corresponding 2H-indazoles are attained in good to excellent
yields. Interestingly, good yields were observed with hetero-
aromatic amines such as 2-aminopyridine (Table 2, entry 2).
Fascinatingly, the reaction of 2-bromobenzaldehydes with steri-
cally hindered aliphatic amines such as 1-adamantyl amine
produced good yields (Table 2, entries 11 and 12). Remarkably,
the substituted 2-bromobenzaldehydes reacted with amines
(aliphatic and aromatic) resulting the corresponding 2H-indazoles
in moderate to good yields. However, these yields were slightly
lower than those attained from 2-bromobenzaldehyde.

We studied a wide range of amines having both electron-
donating and electron-withdrawing groups. In the case of
aromatic amines having a methoxy group at the para position,
there is insignificant effect and produced excellent yields, when
compared to the methoxy group at the ortho position (Table 2,
entries 6 and 10). This determines the ability of steric hindrance
of ortho substituents. Conversely, 3,4-dimethylaniline provided
better yields than p-toluidine (Table 2, entries 3 and 4). How-
ever, sterically hindered aromatic amines such as 4-bromo-2,6-
dimethylaniline produced corresponding 2H-indazole yields of
only 38% and 32% with 2-bromobenzaldehyde and 5-fluoro2-
bromobenzaldehyde, respectively (Table 2, entries 14 and 15).
Additionally, we carried out catalyst recycling experiments by
using 2-bromobenzaldehyde, aniline and sodium azide as the
model reaction. Interestingly, the used Cu™-HT catalyst exhibited
the same activity and selectivity in terms of the desired product up
to three cycles since there is no metal leach.

On the basis of our investigation and earlier studies,
the plausible mechanism is shown in Scheme 2. The one-pot
multicomponent coupling reaction involves first the formation
of the N-(2-bromobenzylidene)amine intermediate. In the next
stage, the bromide is replaced with azide in the presence of
the Cu"-HT catalyst and results N-(2-azidobenzylidene)amine.

20,25,28
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Table 2 Synthesis of 2H-indazoles from diverse 2-bromobenzaldehydes, various
primary amines and sodium azide®

Time Yield®
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“ Reagents and reaction conditions: 2-bromobenzaldehyde (1.5 mmol),
aniline (1.8 mmol), sodium azide (2 mmol), catalyst (20 mg) and solvent

(1.5 mL); unless otherwise mentioned, stirred at 120 °C temperature
for 6 h. ” Yields of isolated products.
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N=N=N—Cu-HT
® ]

Scheme 2 A plausible reaction mechanism for 2H-indazoles formation with the
CU'"-HT catalyst.

In the resulting intermediate, the azide is activated by the
Cu"-HT catalyst and the desired 2H-indazole product is formed
through intramolecular cyclization with N-N bond formation
by simultaneous attack of the activated azide by the N-atom of
benzylideneamine.

4. Conclusions

In conclusion, we report for the first time, to the best of our
knowledge, that Cu"-HT is an efficient heterogeneous catalyst
for the synthesis of 2H-indazoles. We have developed a novel,
simple and proficient protocol for three component (2-bromo-
benzaldehydes, primary amines and sodium azide) consecutive
condensation, C-N and N-N bond formations as a one-pot
MCR. Additionally, the Cu™-HT catalyst can be readily recovered
and reused for at least three runs without any significant loss of
activity. It has the potential for large scale applications also.
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