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Abstract:
Cu-catalysis was employed to create numerous (E)-5-bromo-N-aryl oxindole nitrones with sat-
isfactory to excellent coupling efficiencies. This process involved the reaction of N-unprotected
5-bromoisatin-3-oximes with aryl-boronic acids under moderately reactive conditions. Remarkably,
the reaction exhibited tolerance towards various aryl-boronic acids containing diverse functional
sensitivity subgroups (73% to 97% yields and 2 to 6 h). Extensive research has demonstrated that
the (C=O) group present in 5-bromoisatin-3-oximes can serve as an inhibitory molecule or ligand,
playing a crucial role in the generation of (E) oxindole nitrones.
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1. Introduction

Nitrones are readily available compounds and extremely
valuable substrates for targeted organic synthesis. Nitrones,
which act as potent intermediates in organic synthesis, have
found widespread application in the development of syn-
thetic methodologies for the production of biologically ac-
tive compounds and natural products. Numerous refined
samples have been extended to prepare nitrones from several
starting compounds (Scheme 1). The obtained nitrones are
extremely valuable for synthesizing nitrogen compounds
that are biologically significant [1–7]. In addition, the syn-
thesis of nitrones are categorized into four classes: 1) Ox-
idation reaction including oxidation of N-R-alpha-amino
acids, N,N-disubstituted NH2OH, Secondary amines, Isox-
azolidines, and Imines; 2) Reaction of monosubstituted
NH2OH including reactions with aldehydes, ketones, al-
lenes, acetylene, and alkenes; 3) Reaction of oximes; and
4) Other methods including from aryloxaziridines, nitro
compounds, N-hydroxylamides, and nitroso compounds

(Fig. 1). Nitrones exhibit distinctive characteristics that
demonstrate essential transformation reactions, encompass-
ing interactions with radicals, or nucleophiles, functionaliza-
tion of carbon-hydrogen bonds, and various cyclo-addition
reactions. Selective carbon-carbon bond formations are of
utmost importance in organic syntheses because of their
remarkable capacity to take place in a diastereo- and enan-
tioselective manner. These reactions hold significant im-
portance in various organic synthesis processes. Nitrones
offer several advantages over imines due to their ease of
handling, inherent stability, wide availability, and rapid re-
activity. Several approaches have been documented for
the synthesis of N-Aryl Oxindole Nitrone Derivatives us-
ing various strategies involving nitroso compounds. These
methodologies were as follows a) a reaction with electron-
deficient alkynes catalyzed by gold [13], b) a reaction with
diazooxindoles promoted by silica gel, without the use of
solvents [8], c) a reaction catalyzed by proline involving
α ,β -unsaturated aldehydes at the γ-position [14], a reaction
facilitated by proline with benzaldehydes [15], and a reac-
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Scheme 1. The General approach for the providing of N-aryl-isatin keto-nitrones a) Silicagel, solvent-free, 10 h, 60◦C, 90%
[8]. b) Stage 1: KOH in methanol. 0.083 h, 25◦, Stage 2: methanol, 25◦, 90% [9]. c) Trifluoroacetic acid,
1,2-Dichloroethane, Molecular sieve, inert atmosphere, 99% [10], d) Acetic acid, 20◦C, methanol, 86% [11]. e) dmap in
chloromethane, 2 h, 0-20◦C, inert atmosphere, 83% [12].

tion involving the coupling of N-nosylhydrazones [16]. In
modern synthetic chemistry, the oxidative cross-coupling
reaction has emerged as a valuable technique for construct-
ing C–C or C–X (heteroatom) bonds [17–21]. In addition,
different metallic catalysts such as Li2CO3 [22]; metal-free
[9]; copper (II) bromide [11]; Yb(NTf2)3 [10]; silica-gel
[8]; and etc. [23–25] were used for the synthesis of oxindole
nitrone derivatives. Herein, we reported the synthesis of
several (E)-5-bromo-N-aryl oxindole nitrones using copper
acetate as a catalyst from the reaction of arylboronic acid
and N-unprotected-5-bromoisatin-3-oximes (Scheme 2).

2. Experimental

2.1 General
The collection of proton NMR spectroscopic data was car-
ried out in CDCl3 at a frequency of 300 MHz, with (CH3)4Si

(tetramethylsilane) TMS serving as the internal standard.
All reactions were conducted under atmospheric conditions.
The proton NMR data is reported in terms of chemical shift
(ppm), and multiplicity (d: doublet, s: singlet, t: triplet,
m: multiplet, q: quartet,). For the aryl-boronic acids, we
sourced them from Sigma-Aldrich, and a well-documented
technique was followed to synthesize the unique compound.

2.2 The General approach for the synthesis of (E)-5-
bromo-3-(hydroxyimino)indolin-2-one (2)

The reaction mixture containing 5-bromo-1H-indole-2,3-
dione (8.3 mmol) (1), NH2OH (8.4 mmol), K2CO3 (9.1
mmol), and 40 mL of methanol was heated under reflux at
a low temperature during 3 h. Afterward, it was allowed to
decrease temperature to room temperature overnight. Once
the (E)-5-bromo-3-(hydroxyimino)indolin-2-one reached

Scheme 2. Production of (E)-5-bromo-N-aryl oxindole nitrone derivatives using copper acetate.
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Figure 1. Different aspects of the synthesis of nitrones.

25◦C, it was extracted using 30× 5 mL of dichloromethane.
The organic phase was then isolated and dehydrated using
anhydrous MgSO4. The solvent was evaporated at a lower
temperature below 20◦C, and the resulting crucial product
was transferred to column chromatography using a mixture
of ethyl acetate and n-hexane in a ratio of 1:3 (v/v) to sepa-
rate the isomers. 1H NMR (300 MHz, CDCl3) = 13.57 (s,
1H), 10.77 (s, 1H), 8.04 (s, 1H), 7.44 (d, J = 8.1 Hz, 1H),
6.77 (d, J = 8.1 Hz, 1H), 97% yield, yellow solid powder.

2.3 The General approach for the synthesis of (E)-5-
bromo-2-oxo-N-phenylindolin-3-imine oxide deriva-
tives (4)

Following the addition of 0.3 mmol of (E)-5-bromo-3-
(hydroxyimino)indolin-2-one (2) and 0.45 mmol of aryl-
boronic acid (3) to a 25 mL flask, 3.0 mL of dichloroethane
and 0.9 mmol of pyridine were injected into the flask in
the presence of air. Subsequently, 0.03 mmol of Cu(OAc)2
(10 mol%) was introduced. The oxime 2 was completely
consumed by heating the reaction mixture at 25◦C with
vigorous stirring for an appropriate time, following the

puncturing of the septum with a ventilation needle. The
reaction was turned off by adding 10 mL of water, and
the resulting liquid was subjected to 3 extractions to re-
move dichloroethane. Na2SO4 was employed to dehydrate
the filtered organic mixture. Upon evaporation of the sol-
vent under vacuum, (E)-5-bromo-2-oxo-N-phenylindolin-
3-imine oxide derivatives (4) were obtained, which were
subsequently purified using flash chromatography with an
eluent mixture of petroleum ether and ethyl acetate, ranging
from a ratio of 1:10 to 1:6.

2.4 Spectroscopic information of synthesized com-
pounds

(E)-5-bromo-N-(3,4-dichlorophenyl)-2-oxo-indolin-3-
imine-Oxide (4a): Solid orange (95%); m.p. 205–206◦C.
1H - NMR (300 MHz, CDCl3): δ = 10.76 (s, 1 H), 8.10
(m, 2 H), 8.16 (d, 1 H), 7.55 (d, 1 H), 7.64 (dd, 1 H),
7.55 (d 1 H) 7.50 (dd, 1 H) ppm. 13C - NMR (125 MHz,
CDCl3): δ =165.07, 146.55, 141.95, 137.67, 135.60,
132.47, 132.24,131.32,126.58, 124.02, 123.56, 121.92,
118.86, 114.3 ppm.

Scheme 3. Synthesis of (E)-5-bromo-2-oxo-N-phenylindolin-3-imine oxide derivatives using Cu(OAc)2.
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Scheme 4. Synthesis of (E)-5-bromo-2-oxo-N-phenylindolin-3-imine oxide derivatives.

Scheme 5. Plausible mechanism of the reaction.
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Table 1. Optimization reaction conditions for 4aa.

Entry Catalyst Amount of catalyst (mol%) Solvent T (◦C) Molar ration (2):(3) Base Yield (%)b

1 Cu(OAc)2 10 H2O 25 1:1 Pyridine 35
2 Cu(OAc)2 10 CHCl3 25 1:1 Pyridine 40
3 Cu(OAc)2 10 CH2Cl2 25 1:1 Pyridine 50
4 Cu(OAc)2 10 DCEc 25 1:1 Pyridine 65
5 Cu(OAc)2 10 EtOH 25 1:1 Pyridine 40
6 Cu(OAc)2 10 CH3CN 25 1:1 Pyridine 50
7 Cu(OAc)2 10 DCE 45 1:1 Pyridine 65
8 Cu(OAc)2 10 DCE 25 1:1.25 Pyridine 80
9 Cu(OAc)2 10 DCE 25 1:1.5 Pyridine 95

10 Cu(OAc)2 10 DCE 25 1:1.75 Pyridine 93
11 Co(OAc)2 10 DCE 25 1:1.5 Pyridine 60
12 Fe(OAc)2 10 DCE 25 1:1.5 Pyridine 60
13 Cu(OAc)2 5 DCE 25 1:1.5 Pyridine 80
14 Cu(OAc)2 15 DCE 25 1:1.5 Pyridine 90
15 Cu(OAc)2 10 DCE 25 1:1.5 Et3N 68
16 No catalyst - DCE 25 1:1.5 Pyridine –

a) General reaction conditions: compound (2): 0.3 mmol, compound (3a): 0.45 mmol, Solvent: 3 mL, 4 h.
b) Isolated yield.

c) 1,2-dichloroethane (DCE).

(E)-5-bromo-N-(4-chlorophenyl)-2-oxo-indolin-3-imine-
Oxide (4b): Solid yellow (95%); m.p. 182–183◦C. 1H -
NMR (300 MHz, CDCl3): δ = 10.72 (s, 1 H), 8.9 (m, J =
8.1 Hz, 3 H), 7.51 (m, J =7.5 Hz, 3 H), 7.64 (dd,1 H) ppm.
13C - NMR (125 MHz, CDCl3): δ = 164.79, 145.9, 141.92,
138.11, 135.19, 132.25, 130.01(d), 125.77(d), 124.08,
121.91, 118.87,114.27 ppm.
(E)-5-bromo-N-(2-chlorophenyl)-2-oxo-indolin-3-imine
Oxide (4c): Solid yellow (95%); m.p. 195–196◦C. 1H -
NMR (300 MHz, CDCl3): δ = 10.76 (s, 1 H), 8.10 (dd,
1H), 8.0 (m,1H), 7.99 (d, 1H),7.49-7.51 (m, 3H), 7.64 (d,
1 H) ppm. 13C- NMR (125 MHz, CDCl3): δ = 164.86,
147.16, 141.9, 135.00, 132.33, 132.21, 130.95, 127.99,
127.78,126.29,124.1,121.53,114.29,118.87 ppm.
(E)-5-bromo-N-(4-bromophenyl)-2-oxoindolin-3-imine
Oxide (4d): Solid yellow (77%); m.p. 182–183◦C. 1H
NMR (300 MHz, CDCl3): δ = 10.67 (s, 1 H), 8.08 (m,3H)
7.61-7.65 (m, J = 7.63 Hz, 3 H), 7.5 (dd, 1 H), ppm. 13C
NMR (125 MHz, CDCl3): δ= 164.79, 146.63, 141.92,
138.11, 132.81(d), 132.25, 125.41, 125.41, 125.06, 124.08,
121.91, 118.87, 114.27 ppm.
(E)-5-bromo-N-(4-Methoxyphenyl)-2-oxo-indolin-3-imine
Oxide (4e): Solid yellow ( 94%); m.p. 177–179◦C. 1H-
NMR (300 MHz, CDCl−3): δ = 10.72 (s, 1 H), 8.09 (m, 3
H), 7.64(dd, 1 H), 7.50 (dd, 1 H), 7.05 m, 2 H), 3.78 (s, 3 H)
ppm. 13C- NMR (125 MHz, CDCl3): δ = 164.79, 163.58,
141.10, 141.92, 138.11, 132.25, 132.25, 125.92, 124.08,
121.94, 118.87, 114.27, 113.67, 55.35 ppm.
(E)-5-bromo-N-(4-nitro phenyl)-2-oxo-indolin-3-imine
Oxide (4f): Brown solid (73%); m.p. 144 –143◦C. 1H-

NMR (300 MHz, CDCl−3): δ = 10.67 (s, 1H), 8.38 (m,
2H), 8.31 (m, 2 H) ,7.64 (dd,1H), 7.50 (dd, 1 H) ppm. 13C
- NMR (125 MHz, CDCl3): δ = 164.82, 153.34, 150.48,
141.92, 138.11, 132.25, 125.37, 125.37, 125.29, 125.29,
124.08, 121.95, 118.78 , 114.27 ppm.
(E)-5-bromo-2-oxo-N-((4-triflouromethyl) phenyl) indolin-
3-imine oxide (4g): Yellow Solid (97%); m.p. 236–237◦C.
1H- NMR (300 MHz, CDCl−3): δ = 10.75 (s, 1 H), 8.10
(m, 3 H), 7.61 (m,3 H), 7.50 (dd, 1 H), 6.80 (d, 1 H) ppm.
13C- NMR (125 MHz, CDCl3): δ = 164.78, 145.21, 141.91,
138.98, 136.78, 126.92, 126.92, 125.07, 125.07, 125.07,
125.07, 125.07, 125.07, 125.07, 124.66 123.24, 114.60,
113.96 ppm.
(E)-5-bromo-N-[4-(Methylthio)phenyl]-2-oxo-indolin-3-
imine oxide (4h): Yellow Solid (78 %); m.p. 188 –190◦C.
1H- NMR (300 MHz, CDCl3): δ = 10.75 (s, 1 H), 8.10 (dd,
1 H), 8.04 (m, 2 H), 7.64 (dd, 1 H), 7.50 (m, 1 H), 7.39 (m,
2 H), 2.5(s, 3 H) ppm. 13C- NMR (125 - MHz, CDCl−3): δ

= 164.79, 145.20, 141.92, 140.28, 138.11, 132.25, 127.15,
124.08, 124.24, 121.91, 118.87, 114.27, 15.52 ppm.
(E)-5-bromo-2-oxo-N- (thiophen-2-yl) indolin-3-imine
oxide (4i): Yellow Solid (95% ); m.p. 215–216◦C. 1H
-NMR (300 MHz, CDCl3): δ = 10.76 (s, 1 H), 8.10 (dd, 1
H), 7.80 (dd, 1 H), 7.64 (dd, 1 H), 7.53 (m, 1 H), 7.49 (m,
1 H), 7.23 (dd, 1H) ppm.13C-NMR (125MHz, CDCl3): δ

=165.06, 149.88, 141.91, 136.38, 135.20, 132.25, 127.66,
125.77, 124.14, 121.74, 118.81, 114.27 ppm.
(E)-5-bromo-2-oxo-N-(thiophen-3-yl) indolin-3-imine oxide
(4j): Solid yellow (85%); m.p. 165–166◦C. 1H- NMR (300
MHz, CDCl3): δ = 10.76 (s, 1 H), 8.36 (t, 1 H), 8.10 (dd,
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1 H), 7.73 (dd, 1 H), 7.64 (m, 2 H), 7.5 (dd, 1 H), ppm.
13C- NMR (125 MHz, CDCl3): δ = 165.3, 143.39, 141.93,
137.94, 133.10, 132.3, 130.29, 124.16, 123.28, 122.84,
118.9, 114.27 ppm.

3. Result and discussion
In order to produce (E)-5-bromo-2-oxo-N-phenylindolin-
3-imine oxide derivatives (4) by Cu(OAc)2, the reaction
of arylboronic acid (3) and N-unprotected-5-bromoisatin-
3-oximes (2) was performed (Scheme 3). For optimiza-
tion of the reaction conditions, we conducted the synthe-
sis of (E)-5-bromo-N-(3,4-dichlorophenyl)-2-oxo-indolin-
3-imine-Oxide (4a) as a representative example by reacting
arylboronic acid (3) with N-unprotected-5-bromoisatin-3-
oximes (2). The obtained results were shown in Table 1.
Initially, (E)-5-bromo-3-(hydroxyimino)indolin-2-one (2),
and 3,4-dichlorophenylboronic acid (3a) were selected as
a model reaction for the investigation of some important
parameters including type of the catalyst, amount of the cat-
alyst, type of the solvent, the temperature of the reaction, the
molar ratio of the substrates, and type of base or acid scav-
enger. First, the model reaction was checked using several
solvents including water, chloroform, 1,2-dichloroethane
(DCE), dichloromethane, ethanol, and acetonitrile (Table 1,
entries 1-6). These experiments displayed that the DCE was
the best solvent for this reaction. Also, the reaction tem-
perature was investigated and the obtained results showed
that the room temperature was the best temperature for the
performance of the model reaction (Table 1, entry 7). In
addition, the molar ratio of the starting materials was inves-
tigated and our experiments show that the optimum molar
ratio was 1:1.5 for compound (2), and compound (3a) (Ta-
ble 1, entries 8-10). Furthermore, another factor was type of
the catalyst such as cobalt acetate, and iron acetate (Table 1,
entries 11, and 12). These tests revealed that copper acetate
was the best catalyst for this reaction. In continuation of the
optimization of the reaction conditions, the quantity of the
catalyst was checked (Table 1, entries 13, and 14). The best
amount of the catalyst was 10 mol% based on the compound
(2). In addition, the type of the base was also checked and
pyridine was the best base for the model reaction (Table 1,
entry 15). Finally, to show the efficiency of the presence
of the copper acetate, the model reaction was conducted
under catalyst-free conditions. But after a long time of the
reaction, no desired product was obtained (Table 1, entry
16).
After optimized reaction conditions, the generality
and scope of the preparation of (E)-5-bromo-2-oxo-N-
phenylindolin-3-imine oxide derivatives were checked us-
ing the reaction of arylboronic acid (3) and N-unprotected-
5-bromoisatin-3-oximes (2) by copper acetate in DCE as
solvent (Scheme 4). Furthermore, the impact of electron-
withdrawing and electron-donating groups on the phenyl-
boronic acid derivatives was assessed. However, it was
observed that these groups had no significant influence, ei-
ther positive or negative, on the reaction yield and duration.
A proposed mechanism for the Cu-catalyzed coupling of
substrates 2 and 3 (Scheme 5) has been put forward [26–
30]. In this mechanism, the nitrogen atom in an n-oxide link

within compound 2 undergoes nucleophilic addition to the
pyridine molecule, resulting in the formation of a nitrone.
This nitrone shares a similar property with the (Z) and (E)
chalcone oxime isomers. The carbonyl group within the
nitrone acts as a ligand, interacting with the Cu species to
stabilize intermediate 4. Through trans-metalation with aryl-
boronic acid 3, intermediate 4 is converted into intermediate
5. Subsequently, oxidation of intermediate 5 using oxygen
leads to the formation of copper III species 6. The reduc-
tive elimination of intermediate 6 releases the CuI species,
resulting in the formation of N-aryl-isatin keto-nitrone 7.
Finally, in the presence of oxygen, CuI is oxidized to Cu II,
thereby completing the catalytic cycle [31].

4. Conclusion
We have developed a method to produce (E)-N-aryl-isatin
keto-nitrones by combining isatin oximes with aryl-boronic
acids using copper catalysts under mild conditions. The
carbonyl functional group in oximes can act as a ligand to
control the relative nucleophilicity of O and N, facilitating
the synthesis of the required (E)-nitrones. This approach
allows for the utilization of a wide range of substrates,
exhibits good tolerance towards functional groups, and
enables the use of readily available materials. Consequently,
this technique is highly suitable for the large-scale synthesis
of N-unprotected N-aryl-isatin keto-nitrones.
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