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We describe a novel and useful method to provide 1H-
indazoles via copper-catalyzed tandem reaction which is
triggered by Ullmann-type reaction and followed by N-N
bond formation. Arylamines, alkylamines and sulfonamides
could smoothly couple with 2-bromoaryl oxime acetates and
various 1H-indazoles were formed in good to excellent yields
under mild reaction conditions.

Due to a wide range of pharmaceutical activities, the 1H-indazole
subunit has caused much attention of synthetic chemists and they
have been widely used for anticancer, anti-inflammatory, anti-
HIV, antifertility, and contraceptive drugs.* Consequently, many
methods have been developed for the construction of 1H-indazole
frameworks, including classical diazotizations and nitrosation
reactions,? condensation of hydrazine with ortho-substituted
benzaldehydes,**® [3 + 2] cycloaddition of arynes with diazo
compounds or hydrazones®® and cyclization of arylamino
oximes.*¥ With the development of transition metal catalysis,
some transition metal-catalyzed routes to 1H-indazole unit also
have been realized. For examples, VVoskoboynikov et al. reported
a palladium-catalyzed cyclization of arylhydrazones to form the
1H-indazole derivatives.*® Copper-catalyzed amination reactions
were also used for 1H-indazole subunits.®> Olmo and coworkers
have developed an efficient synthesis for indazoles via N-
arylation of hydrazines, followed by intramolecular
dehydration.5a However, most of these methods have some
limitations, such as long reaction time, poor functional group
tolerance, low conversion. In addition, the biggest problem is the
use of toxic organo-hydrazines. To the best of our knowledge,
few examples of constructing 1H-indazoles via the formation of
N-N bonds have been reported.*%® Recently, Glorius et al.
described an efficient synthesis of 1H-indazoles from
arylimidates and organo azides via Rh"'/Cu"-cocatalyzed C-H
activation and C-N/N-N bond formations (Scheme 1a).% As to
such fact, we thought a method which utilized the N—N bond
formation to obtain the 1H-indazole unit only using the cheap
metal (copper) as catalyst and without use of carcinogenic
hydrazines is desired and challenging.

Copper-mediated Ullmann-type reaction was discovered a
century ago.” However, it has not been fully utilized due to high
reaction temperature, limitations of the substrates, and need of
stoichiometric copper salts. In recent years, great breakthroughs
have been achieved by some research groups,® which made
Ullmann-type reactions come up with a catalytic amount of

copper salts and low temperature. And these breakthroughs also
so0 made Ullmann-type reaction a good method to construct C-C, C-
O and C-N bonds. In the past several years, oxime esters have
been used for the nitrogen-containing heterocycles, such as
pyridines,® pyrroles,’® and imidazo[1,2-a]pyridines™ in the
presence of copper salts. Based on our previous work on oxime
ss esters™® 112 and the development of Ullmann-type reactions, we
envisioned that we could obtain nitrogen-containing heterocycles
via tandem reaction which is triggered by Ullmann-type reactions
and then undergo N-N bond formation using oxime acetates not
only as substrate but also internal oxidant. Herein, we disclose a
s novel and efficient strategy for 1H-indazoles from 2-bromoaryl
oxime acetates and amines via copper-catalyzed tandem reaction
involving a sequential Ullmann-type reaction and N-N bond

formation process (Scheme 1b).
Glorius's work
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65 Scheme 1. Glorius’s work and this work.

Initially, =~ we  took the transformation of  1-(2-
bromophenyl)ethanone oxime acetate (1a) and aniline (2a) as the
model system to screen reaction parameters (Table 1). To our
delight, product 3a could be obtained in 71% GC yield when we
70 Utilized CuBr (10 mol %) as catalyst and K,CO; as base in
DMSO at 120 °C under N, atmosphere after 6 h (Table 1, entry
1). Different copper salts such as Cul, CuCl, Cu(OAc),, and
Cu(OTf), were also examined in this process (entries 2-5) and
CuCl was proved to be the best catalyst, affording product 3a in
75 86% isolated yield. No product could be observed without copper
catalyst (entry 6). The investigation of different bases, including
Cs,C03, Na,CO3, NaHCO3, NaHSO3, and Et3N, indicated that K,
CO; was the best choice (entries 7-11). And the yield was
decreased to 18% in the absence of base (entry 12). Decreasing
g0 the temperature to 100 °C, the yield sharply decreased to 53% and
the reason was the Ullmann-type reaction could not proceed
smoothly at lower temperature (entry 13). Different solvents such
as toluene, DMF, DMA, NMP and MeCN were screened. Except
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acetonitrile could obtain 85% yield, other solvents were not good
for this reaction (entries 14-18). Thus, the optimal reaction
conditions were 1a (0.5 mmol), 2a (0.6 mmol), CuCl (10 mol %),
K,CO;3 (1.0 mmol), in 2 mL DMSO at 120 °C under N,
atmosphere for 6 h.

Table 1. Optimization of the reaction conditions.?

NOA [Cu], base
©5L © ¢ PhNH, ——— Y
Br solvent, 120 °C N

1a 2a 3a pp
entry [Cu] base solvent yield °(%6)

1 CuBr K.CO3 DMSO 71

2 Cul K,COs DMSO 86

3 CuCl K,COs DMSO 92 (86)
4 Cu(OTf), K,COs DMSO 11

5 Cu(OAc), K.CO3 DMSO 60

6 K,COs DMSO 0

7 CuCl Cs,CO3 DMSO 63

8 CuCl Na,CO; DMSO 33

9 CuCl NaHCO, DMSO 42
10 CuCl NaHSO; DMSO 11
11 CuCl NEt; DMSO 6
12 CuCl DMSO 18
13° cucl KoCOs DMSO 53
14 CuCl K,CO3 toluene 8
15 CuCl K,COs3 DMF 41
16 CuCl K,CO3 DMA 69
17 CuCl K,COs3 NMP 37
18 CuCl K,CO3 MeCN 85

# Reaction conditions: unless otherwise noted, all reactions were
performed with 1a (0.5 mmol), 2a (0.6 mmol), catalyst (10 mol %), base
(1 mmol) and solvent (2 mL) at 120 °C under N, atmosphere for 6 h. °
Determined by GC based on 1a. ¢ Take the reaction at 100 °C.

With the optimum reaction conditions in hand, we started to
investigate the scope of amines (Table 2). Various functional
groups including methoxyl, fluoro, chloro, bromo, nitro, and
methylsulfonyl could be tolerated at the para-position of aniline
and the desired 1H-indazoles 3a-3g were formed in good to
excellent yields. 4-Heterocyclic-substituted anilines, such as 4-
(oxazol-5-yl)aniline,  4-(1H-pyrrol-1-ylaniline, and 4-(1H-
pyrazol-1-yl)aniline, were also suitable substrates to afford the
corresponding 1H-indazoles (3h-3j). When 2-methoxyaniline, 3-
methoxyaniline, 2,6-dimethylaniline and 2,4,6-trimethylaniline
were subjected to the reaction system, 3k-3n could be isolated in
76%, 71%, 90% and 84% yields, respectively. In addition, other
aromatic or heterocyclic amines even including pyridine ring,
which were not usually applicable in copper-catalyzed reactions,
could also be transformed to the target products in yields ranging
from 78% to 96% (30-3t). It was exiting that the alkyl amines
were good starting materials and the corresponding products
could be generated in moderate yields (3u). It was worth
mentioning that sulfonamide derivatives could transform into
products in good yields, which could bring in useful sulfone

functional group (3v-3w).

Table 2 Cu(l)-catalyzed synthesis of 1H-indazoles from 1-(2-
bromophenyl)ethanone oxime acetate and amine.?

Page 2 of 4

CuCl (10 mol %)
NOAC  Ring, K,COj3 (2 equiv) ©E<N
Br DMSO0, 120 °C, N, N
1a 2 3 R!
3a, R=H, 86% ©E<N N
N 3b R=0CH; 90% N
N 3¢,R=F,91%
3d, R= Cl, 83%
3e, R=Br 84%
3f, R= NO, 86%
3g, R= SO,CH3, 81% // O
3h, 73% N 3i, 77°/

b b o
@«3@@

3j, 76% N~N 3k, 76% 3, 71% 3m,90%  3n, 84%
\
N N N
N
“ @ S @ d
— — N — =
30, 78% 3p,85%  3q,88% 3r,96% N 3s,06%
\
N ’ N N
N
=0 <=0
— o= 0=
\ Ph
3t, 93% /N 3u, 65% 3v, 81% 3w, 88%
35

2 The reactions were carried out at 120 <C, using 1a (0.5 mmol), 2 (0.6
mmol), CuClI (10 mol %), K,COs (1.0 mmol), in DMSO (2 mL) under N,
atmosphere for 6 h. Yields refer to isolated yields.

Subsequently, we examined various oxime acetates in Table 3.
« 2-Bromoaryl  oxime acetates such as 1-(2-bromo-4-
fluorophenyl)ethanone  oxime acetate and 1-(2-bromo-5-
fluorophenyl)ethanone oxime acetate also reacted well with
aniline to afford the corresponding products (3x-3y) in 80% and
79% yields, respectively. However, when (2-
s bromophenyl)(phenyl)methanone oxime acetate was used as the
substrate, the corresponding product 3z was obtained in lower
yield and the 3-phenylbenzo[d]isoxazole was formed via (2-
bromophenyl)(phenyl)methanone oxime acetate turning into (2-
bromophenyl)(phenyl)methanone oxime and then intramolecular
so Ullmann-type reaction.**

Table 3 Cu(l)-catalyzed synthesis of 1H-indazoles from oxime acetate
and aniline.?

CuClI (10 mol %)
K,CO3 (2 equiv)

@NOA% PhNH,—2=9s (£ equlv) _
>~ DMSO, 120 °C, N,
f
F
N F N

3x, 80% Ph 3y, 79% Ph

Ph
N

3z, ,<10%
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