
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 1
1:

02
:3

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Cu(II)-catalyzed C
School of Chemical Sciences, Mahatma Gan

Kerala, India, 686560. E-mail: anilgi1@yah

† Electronic supplementary information (
on the experimental approaches, proced
included in the ESI. The characterizatio
NMR) of the prepared compounds are al
https://doi.org/10.1039/d3ra02979d

Cite this: RSC Adv., 2023, 13, 17188

Received 5th May 2023
Accepted 31st May 2023

DOI: 10.1039/d3ra02979d

rsc.li/rsc-advances

17188 | RSC Adv., 2023, 13, 17188–171
–N coupling of 2-
aminobenzothiazoles with boronic acids at room
temperature†

Sankaran Radhika, Aravind Chandravarkar and Gopinathan Anilkumar *

A Cu(II)-catalyzed, effective C–N coupling of 2-aminobenzothiazoles with boronic acids in acetonitrile

under open vessel chemistry was achieved. This protocol demonstrates the N-arylation of 2-

aminobenzothiazoles with a broad range of differently substituted phenylboronic acids at room

temperature and accomplishes moderate to excellent yields of the desired products. Under the

optimized condition, phenylboronic acids bearing halogen at the para and meta positions were found to

be more fruitful.
1. Introduction

N-Arylated heterocyclic compounds are signicant organic
structural frameworks in various natural products1 and drugs2

and they also serve as precursors in aromatic heterocyclic
synthesis.3 2-Aminobenzothiazole derivatives have extensive
applications in pharmaceutical chemistry due to their bene-
cial medicinal properties like anticancer,4 antidiabetic,5 anti-
tubercular6 etc. and hence have generated inquisitiveness
among researchers towards their synthesis. N-Substituted 2-
aminobenzothiazoles containing molecules are employed as
drugs (Scheme 1), for instance R116010,7 Frentizole8 and
Naphthyridone HM13N,9 have been realized as a good inhibitor
of trans-retinoic acid metabolism, as an immunosuppressive
and as an efficient anti-HIV agent, respectively.

Copper catalyzed coupling strategies for carbon–heteroatom
bond formation have emerged as an alternative to palladium
chemistry, since they are less toxic, cheap, abundant and able to
make milder reaction conditions. The comprehensive elabora-
tion of copper based C–N coupling has grown from Ullmann's10

and Goldberg's11 chemistry, but which needed drastic reaction
conditions-stoichiometric amount of copper and temperature
more than 200 °C. Later, Buchwald et al. reported the copper-
catalyzed C–N coupling of amides with aryl halides using
diamine ligands12 whereas Chan and Lam disclosed copper
mediated coupling of aryl boronic acid with nitrogen nucleo-
philes at room temperature (RT) under air with promising
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functional group tolerance.13 The classical Chan–Lam coupling
has faced some drawbacks such as requirement of stoichio-
metric quantity of copper catalyst, long reaction time, use of
chlorinated solvent, narrow substrate scope, requirement of
substrates with prefunctionalization and higher possibility for
the presence of side products which make the purication of
targeted products difficult. These downsides may provide some
challenges for large-scale productions in industry. Therefore,
a large group of researchers have tried to solve these problems
and achieved substantial improvement in expanding copper
catalyzed Chan–Lam coupling14 to deliver several methodolo-
gies for the formation of C–N bond, under relatively mild
reaction conditions and with extended substrate scope.15 These
methods used different types of copper-based catalytic systems
like Cu(OAc)2/amine bases or inorganic bases, Cu(OAc)2/ligand/
base, Cu2O, [Cu(OH)$TMEDA]2Cl2, CuCl, CuCl/base, CuCl2-
$2H2O/ligand/base, CuOTf/ligand etc. to afford N-arylated
compounds. Within these, C–N bond fabrication of heterocy-
cles via Chan–Lam coupling was found effective on utilizing
Cu(OAc)2 in DCE for C–N coupling of 2-amino nitrogen con-
taining heterocycles,14 Cu(OAc)2/DMAP/KI in DME for the C–N
Scheme 1 Structure of drugs with 2-aminobenzothiazole scaffold.
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coupling of bidentate amides,16 Cu(OAc)2 in methanol and
Cu(OAc)2/CsOPiv in DMF systems for the N-arylation of ami-
noazoles,17 CuCl2$2H2O/2,2

′-bipyridine/K2CO3 in toluene or
DMF system for the three-component amination involving
boronic acids, cyanamides and amines as substrates,18 Cu2O in
DMSO for the amination of tetrazoles,19 CuOTf/1,10-
phenanthroline in DMSO for the amination of nitrogen
having heterocycles with tautomerism,20 Cu(OAc)2/CsCO3 in
DMF for the amination of 2-aminoheteroarenes,21 Cu(OAc)2-
$H2O in DCM for the amination of aminoindazoles,22 Cu(OAc)2/
decanoic acid/2,6-lutidine in toluene23 for the amination of 2-
Scheme 2 Preliminary reaction on Cu(II)-catalyzed C–N coupling of
2-aminobenzothiazole with phenylboronic acid.

Table 1 Optimizations of Cu catalysts, ligands, bases, solvents, time and

S. no. Cu salts Ligands Bases Sol

1 CuBr L1 K3PO4 DM
2 Cu(OAc)2 L1 K3PO4 DM
3 CuBr2 L1 K3PO4 DM
4 — L1 K3PO4 DM
5 Cu(OAc)2 L2 K3PO4 DM
6 Cu(OAc)2 L3 K3PO4 DM
7 Cu(OAc)2 — K3PO4 DM
8 Cu(OAc)2 L1 Cs2CO3 DM
9 Cu(OAc)2 L1 (CH3)3N DM
10 Cu(OAc)2 L1 C6H13N DM
11 Cu(OAc)2 L1 — DM
12 Cu(OAc)2 L1 K3PO4 CH
13 Cu(OAc)2 L1 K3PO4 DC
14 Cu(OAc)2 L1 K3PO4 C6H
15 Cu(OAc)2 L1 K3PO4 Wa
16 Cu(OAc)2 L1 K3PO4 t-B
17 Cu(OAc)2 L1 K3PO4 Me
18 Cu(OAc)2 L1 K3PO4 CH
19 Cu(OAc)2 L1 K3PO4 CH
20 Cu(OAc)2 L1 K3PO4 CH
21 Cu(OAc)2 L1 K3PO4 CH

a Reaction conditions: 2-aminobenzothiazole (1 equiv.), phenylboronic ac
solvents (2 mL), reaction time: 18–30 h, temperature: RT-65 °C, air. O
d Absence of bases. e 1 equiv. of TBAB used.

© 2023 The Author(s). Published by the Royal Society of Chemistry
alkynylanilines, [Cu(OH)TMEDA]2Cl2/K2CO3 in DCM for the
amination of tetrazoles24 etc.

The detailed optimization studies and substrate scope
exploration of Chan–Lam coupling of 2-aminobenzothiazoles
under copper catalytic system was not reported. Motivated from
the above mentioned approaches, we were enthusiastic to study
the catalytic system for the C–N bond formation of 2-amino-
benzothiazoles with aryl boronic acids. As an extension to our
curiosity in transition metal catalysis,25 herein we considered
the Chan–Lam type coupling of 2-aminobenzothiazoles with
arylboronic acid substrates under copper catalysis at room
temperature.
2. Results and discussion

We have opted 2-aminobenzothiazole (1) and phenylboronic
acid (2a) as our model substrates to optimize the reaction
condition. Initially, the reaction of 1 and 2a was executed using
10 mol% of Cu(OAc)2 as catalyst, 20 mol% of 1,10-
temperature

vents Temp (°C) Time (h) Yield (%) of 3aa,b

E RT 24 28
E RT 24 62
E RT 24 51
E RT 24 nd
E RT 24 60
E RT 24 10
E RT 24 Tracesc

E RT 24 56
E RT 24 20
E RT 24 36
E RT 24 18d

3CN RT 24 76
E RT 24 70
4Cl2 RT 24 70
ter RT 24 20e

uOH RT 24 16
OH RT 24 20
3CN 45 24 35
3CN 65 24 10
3CN RT 18 61
3CN RT 30 73

id (1.2 equiv.), Cu salts (10 mol%), ligands (20 mol%), bases (2 equiv.),
pen vessel. b Isolated yield. nd = not detected. c Absence of ligands.

RSC Adv., 2023, 13, 17188–17193 | 17189
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Table 2 Optimization of catalyst and ligand loading

S. no.
Cu(OAc)2
(mol%)

1,10-Phenanthroline
(mol%) Yield (%) of 3aa,b

1 5 10 68
2 10 20 76
3 15 30 60
4 10 10 63
5 10 20 75cc
6 10 20 36dd
7 10 20 77ee
8 10 20 19ff

a Reaction conditions: 2-aminobenzothiazole (1 equiv.), phenylboronic
acid (1.2 equiv.), Cu(OAc)2 (5–15 mol%), 1,10-phenanthroline (10–
30 mol%), K3PO4 (2 equiv.), acetonitrile (2 mL), reaction time: 24 h,
temperature: RT, air. Open vessel. b Isolated yield. c 1.5 equiv. of
K3PO4.

d Excess of O2.
e 1.6 equiv. of phenylboronic acid. f In N2

atmosphere.
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phenanthroline as ligand and 2 equiv. of K3PO4 as base in DME
at RT for 24 hours under open ak method. To our delight, the
anticipated product N-phenylbenzo[d]thiazol-2-amine (3a) was
noticed in 62% yield (Scheme 2, Table 1, entry 2). Encouraged
from this result, we accomplished different optimizations for
the C–N coupling of 2-aminobenzothiazoles with various
boronic acids and are discussed in Table 1.

2.1 The choice of Cu-formed catalytic system

A blank test revealed that copper as a catalyst was indispensable
to attain a reasonable result (Table 1, entry 4). So, we have
studied the effect of different copper salts in the reaction as
a catalyst. Cu(II) salts provided higher yields compared to Cu(I)
salts, Cu(OAc)2 showed the best catalytic activity with 62% yield
of the expected product (Table 1, entry 2).

Subsequently, the inuence of an array of different ligands,
including N,N-type, N,O-type, O,O-type and phosphine ligands,
were evaluated. N,N-planar ligands were found to be appro-
priate for the reaction (Table 1, entries 2 & 5) whereas trans-
ligands disfavoured (Table 1, entry 6). 1,10-Phenanthroline was
the ligand which offered the maximum outcome, and thus
selected as the optimized ligand (Table 1, entry 2). Only traces of
the required product 3a was found for the experiment in the
absence of ligand (Table 1, entry 7).

Later, the optimization of bases indicated that inorganic
bases like potassium phosphate (Table 1, entry 2) displayed
good results compared to the organic bases like triethyl amine
and cyclohexylamine (Table 1, entries 9 & 10 respectively). A
base-free condition was also carried out, but the yield was poor
(Table 1, entry 11).

2.2 Catalytic properties of Cu(OAc)2/1,10-phenanthroline/
K3PO4 system

The impact of various solvents in the reaction was examined
then. The replacement of DME with acetonitrile as solvent,
improved the yield to 76% (Table 1, entry 12). Good yields were
obtained with chlorinated solvents like DCE and dichloroben-
zene also (Table 1, entries 13 & 14 respectively). But polar
greener solvents like water, higher and lower alcohols were not
applicable for the reaction because of their deprived yields
(Table 1, entries 15–17). Since acetonitrile is well known for
making coordination bonds with copper complexes, the
increased rate of the reaction with the same may be due to its
capability for coordination with Cu(OAc)2/1,10-phenanthroline/
K3PO4 catalytic system.

An appreciable depreciation in the yields of 3a to 35% and
10% were noted, when the temperatures were elevated from RT
to 45 °C and 65 °C respectively (Table 1, entries 18 & 19). The
evaporation of solvents at these temperatures perhaps led to the
non-availability of oxygen in the reaction. The duration of the
reaction was then shortened to 18 hours and prolonged to 30
hours, which acquired the targeted products in 61% and 73%
respectively (Table 1, entries 20 & 21). The signicant decrease
of yield in the previous situation could be ascribed to the
reduced reaction rate for the lowered duration supported by the
appearance of unreacted substrates in the reaction mixture. The
17190 | RSC Adv., 2023, 13, 17188–17193
unaltered yield for the extended duration proved that 24 hours
of the reaction is sufficient to form 3a with maximum optimized
yield.

The amount of copper catalyst was then reduced to 5 mol%,
which offered 68% of 3a (Table 2, entry 1). No enhancement in
the yield of 3a was observed when the amount of copper was
raised to 15 mol% (Table 2, entry 3). Decreasing the quantity of
1,10-phenanthroline to 10 mol% (1 : 1 ratio of catalyst and
ligand) did alter the yield appreciably to 63% (Table 2, entry 4).
An additional trial using 1.5 equiv. of base gave similar yield of
the reaction in comparison to that using 2 equiv. of base (Table
2, entry 5). Considerable increase in the yield was not detected,
when the quantity of boronic acid was increased to 1.6 equiv.
(Table 2, entry 7). Reactions carried out under excess of oxygen
and in the presence of inert atmosphere (nitrogen) did not show
drastic difference in the yield of the product (Table 2, entries 6 &
8). Thus, we have optimized the reaction condition, which
utilized 10 mol% of Cu(OAc)2, 20 mol% of 1,10-phenanthroline
and 1.5 equiv. of K3PO4 in acetonitrile at RT for 24 hours for the
coupling between 2-aminobenzothiazole and phenylboronic
acid.
2.3 Efficiency of Cu(OAc)2/1,10-phenanthroline/K3PO4

system

With the inspiring results in the optimized condition, wemoved
to the substrate scope studies by changing different phenyl-
boronic acid substituents with 2- aminobenzothiazole deriva-
tives and the observations are assembled in Scheme 3 and 4. A
broad range of substituted phenylboronic acids underwent C–N
coupling with 2-aminobenzothiazole (1) and afforded the cor-
responding N-arylated products in moderate to excellent yields
(Scheme 3). Para and meta substituted halogen derivatives of
phenylboronic acids provided the desired products in excellent
yields with 1 (Scheme 3, 3e–g). Electron-withdrawing group
(EWG) containing substrates of phenylboronic acids having 3-
nitro and 4-CF3 substitution (Scheme 3, 3b and 3c) also reacted
successfully and delivered products in good yields. The
coupling of 3-CF3 substituted phenylboronic acid with 1
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 Substrate scope of the reaction between substituted
phenylboronic acids and 2-aminobenzothiazole.

Scheme 5 C–N coupling 2-aminothiazole with 4-chlorophenylbor-
onic acid.
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furnished the targeted product in moderate yield (Scheme 3,
3d). This may be explained on the basis of the reasonable
nucleophilicity of the aromatic ring with EWG to follow trans-
metallation and reductive elimination in the mechanism. The
EWG enhancing the yield of the reaction can be attributed
mainly to the optimal formation of the complex C via trans-
metallation as well as the fast transformation of complex D to
the targeted product. Fascinatingly, substrates containing
electron-releasing substituents such as 2-methyl and 4-methoxy
phenylboronic acids also coupled well affording 49% and 45%
yield of the product respectively (Scheme 3, 3j and 3k). This
methodology was also extended to ortho substituted halogen
derivatives of phenylboronic acids, which afforded moderate
yields, presumably due of steric reasons (Scheme 3, 3h and 3i).

To investigate the generality of the present coupling strategy,
6-methyl 2-aminobenzothiazole (4) was reacted with several
phenylboronic acids (Scheme 4). 67% yield was obtained when
phenylboronic acid was used as the coupling partner with 4
(Scheme 4, 6a). 4-Cl, 4-F and 3-F substituted boronic acids
tolerated well and yielded the corresponding products with
89%, 86% and 80% respectively (Scheme 4, 6d, 6e and 6f).
Electron decient phenylboronic acids also afforded the
coupling products in good yields (Scheme 4, 6b and 6c). The
Scheme 4 Scope of N-arylation with 6-methyl 2-
aminobenzothiazole.

© 2023 The Author(s). Published by the Royal Society of Chemistry
anticipated N-arylation of para-methoxy phenylboronic acid was
detected in 41% of the yield (Scheme 4, 6g).

The reactivity of 2-aminothiazole with para-chlor-
ophenylboronic acid was also tried, which offered only 28% of
the respective coupled product (Scheme 5, 8a).

Based on the experimental studies and reported literature
works,26 we have suggested a possible mechanism for the C–N
coupling approach (Scheme 6). The formation of an octahedral
copper complex A from copper acetate and 1,10-phenanthroline
could be considered as the rst step. Acetate replacement of
complex A with 2-aminobenzothiazole generates complex B.
Transmetallation of boronic acid with complex B produces
complex C, which undergoes oxidative addition to form a cop-
per(III) complex D. D on reductive elimination furnishes the N-
arylated product. Copper(I) complex E formed during this step
experiences oxidation by O2 and thus regenerates complex A.
There is also a possibility for the solvent (acetonitrile) to coor-
dinate with the copper27 complexes mostly by the replacement
of acetate ions, but this will be in equilibrium. Supposedly,
K3PO4 base is found to be strong thermodynamically in aprotic
solvents;28 hence the rate of deprotonation from NH2 group in 1
(or 4) may be feasible by K3PO4 in acetonitrile.
Scheme 6 The possible mechanistic route.
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3. Conclusions

In summary, Cu(II)/1,10-phenanthroline based catalytic system
was established for the N-arylation of 2-aminobenzothiazoles
with substituted phenylboronic acids at room temperature
using acetonitrile as the solvent. This protocol is useful to
synthesize a variety of N-arylated 2-aminobenzothiazole deriv-
atives in moderate to excellent yields under simple and mild
reaction conditions. Also, this method exhibited good func-
tional group tolerance and particularly, proved to be highly
efficient for the coupling with meta and para substituted
halogen derivatives of phenylboronic acids. One of the chief
benets of our strategy include the use of less harmful aceto-
nitrile as the reaction solvent at room temperature, though
several Chan-Lam type C–N coupling reactions were reported in
noxious organic solvents like DMF, THF etc. and chlorinated
solvents like DCE at higher temperatures. Usually, addition of
oxidants are required for Chan-Lam conditions at higher
temperatures. Open ask chemistry made easier to monitor the
development of the reaction, arrange the experiments, control
the procedures and facilitates the substrates to react without
adding oxidants. The optimized condition at room temperature
with low copper loading, absence of additives like oxidant,
favourable functional group compatibility are the other key
advantages of our protocol. However, there are reports available
in which researchers have performed their reactions under
ligand- and base-free conditions.14 Since N-arylated heterocycles
are unavoidable structural scaffolds in several drugs and
natural products, novel discoveries in their synthetic routes
might rise condence among researchers in the scientic
community.
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