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Abstract—Benzotriazole (BtH) is an efficient ligand for the Cu-catalyzed N-arylation of imidazoles with aryl and heteroaryl halides.
A combination of Cul/BtH was found to be an efficient and inexpensive catalyst system to carry out the N-arylation of imidazoles

affording the corresponding products in good to excellent yields.

© 2007 Elsevier Ltd. All rights reserved.

N-Arylimidazoles are structural motifs found in many
biologically active compounds and natural products.'
The development of mild and highly efficient methods
for their synthesis has recently gained considerable
attention in synthetic chemistry, and accordingly, many
procedures have been reported for their synthesis.?™®
Traditionally, this moiety is prepared by nucleophilic
aromatic substitution of an activated aryl halide and
by copper mediated coupling of heterocycles with aryl
halides. In both cases, the reactions were limited to those
of aryl halides bearing strong electron withdrawing
substituents and required harsh conditions (Ullmann
reaction requiring high temperature, extended periods
of time using stoichiometric copper).? Despite the recent
development of Pd catalyzed C-N bond forming
reactions,® copper catalyzed N-arylation of imidazoles
and other nitrogen heterocycles with aryl halides pro-
moted by ligands has attracted much attention due to
its economy and efficiency.>*> These highly efficient
ligands include diazabutadiene,*® 2-aminopyrimidine-
4,6-diol,** 1,10-phenanthroline derivatives,* ' diam-
ines,*¢ aminoarenethiols, amino acid derivatives,*™
8-hydroxyquinoline,*" pyrrolidine-2-phosphates,*°
oxime-phosphine oxides*? and phosphoramidite.*d A
more practical ligand promoted Cu-catalyzed chemistry
is being developed and these new methods are yet to
become general for the N-arylation of imidazoles.
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Our group has been utilizing benzotriazole as a catalyst
for various transformations due to its some interesting
properties.” As a part of our research, we noticed that
this air and moisture stable compound has excellent
coordination capability, which would be favourable
for stabilizing catalytic species and assisting catalytic
cycles. Herein we report our preliminary investigations
on the use of BtH as a ligand for the Cu-catalyzed N-
arylation of imidazoles.

Table 1. Screening the reaction conditions for the copper-catalyzed N-
arylation of imidazole 1a with 1-iodo-4-methoxybenzene 2a®

=\ ) oM
N NH +MeOOI N</N e

1a 2a 3a
Entry [Cul/mol% BtH Base solvent  Yield (%)
(mol %)

1 Cul/10 — Cs,CO; DMF Trace

2 Cul/10 20 Cs,CO; DMF 90

3 Cul/10 10 Cs,CO; DMF 80

4 Cul/10 20 Cs,CO; CH;CN 68

5 Cul/10 20 Cs,CO; DMSO 90

6 Cul/10 20 Cs,CO5;  Toluene 65

7 Cul/10 20 Et;N DMSO <30

8 Cul/10 20 KO#+-Bu DMSO 96

9 Cul/5 10 KOs-Bu DMSO 96
10 Cu,0/10 20 KO#+Bu DMSO <40
11 CuCl/10 20 KO+-Bu DMSO <30

#Reaction conditions: all reactions were performed with 1 mmol of
imidazole, 1 mmol of ArX, 1.4 mmol of base, in 1 ml of solvent at
110 °C.
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With BtH as ligand, a set of experiments was carried out
to optimize the reaction conditions. The N-arylation of
imidazole la with 1-iodo-4-methoxybenzene 2a was
studied to identify a suitable catalyst/ligand/base system
in different solvents. As shown in Table 1, without the
aid of a ligand, treatment of substrate 1a with 2a, Cul
and Cs,CO5; in DMF afforded only a trace amount of
the corresponding product 3a after 24 h (entry 1),
whereas the yield of 3a was enhanced sharply to 90%
in 12 h when 20 mol % of BtH was added (entry 2, Table
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1). Further, the study showed that almost the same yield
of product was obtained with 10 mol % of BtH. Other
solvents and bases were also investigated and we
observed a maximum yield of 96% using KOz-Bu in
DMSO (entry 8).% Other copper compounds (CuCl
and Cu,0) were also evaluated but proved inferior to
Cul (entries 10 and 11, Table 1).

The efficacy of the Cul/BtH/KO¢-Bu system for general
N-arylation of imidazoles with aryl halides and hetero-

Table 2. Cul catalyzed N-arylation of imidazole and benzimidazole with various aryl halides®

Entry Imidazole Arx Product Yield® (%)
1 NONH 18 Meo—«_ )1 2a GO )—ome 3a 95 (97)
2 mMe—_ )1 2b NCN—@—Me 3b 96 (98)
Me F\N
3 :/( 2¢ N~/ 3c 92 (96)
I Me
'4\
4 Q—' 2d N 3d 98 (100)
Me Me
OMe =
5 ) NN 3e 93 (95)
I € MeO
6 Br—_)—1 f GONC )-8 st 96 (98)
’ O 29 o) 3 97 (100)
=N _— N=
8 ()-er 2n N4 ) 3h 98 (98)
NO» lé\N i
9 2i N~ 3i 100
F OuN
CN = _
10 . NN 3 100
F 2j NG
N N?\l
1 @[N> 1b Meo—<_ ) 2a < } DI 94 (97)
H
OMe
Ny
12 Me—@—l 2b ONQ 95 (96)
ve 3l
Ny
13 ©—| 2g @N 98 (98)
D 3m
1 »Br 2h @N 98 (98
Me N
95 (98)

- G =

5 Me
@Né 30

#Reaction conditions: all reactions were performed with 1 mmol of imidazole, 1 mmol of ArX, 1.4 mmol of KO#-Bu, 5 mol % of Cul and 10 mol % of

BtH in 1 ml of DMSO at 110 °C.

®Isolated yields, values in parentheses are the yields determined by the GC analysis.
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aryl bromide 2h was evaluated and the results are sum-
marized in Table 2. In the presence of Cul (5 mol %),
BtH (10 mol %) and KO¢-Bu (1.4 equiv), the N-aryl-
ation of 1a with 2a and 2h occurred smoothly to afford
the corresponding products in 95% and 98% yields,
respectively. Encouraged by these results, a variety of
aryl halides 2b—j were treated with 1a or 1b under the
standard reaction conditions. The results obtained indi-
cated that all the aryl iodides with electron releasing
substituents underwent N-arylation smoothly in 3-8 h.
These N-arylations of deactivated haloarenes using
KO#-Bu as base were quite impressive over unreactive
systems using other bases (Table 1). The catalyst system
developed was also successfully amenable to the N-aryl-
ation of imidazoles with fluoroarenes (Table 2, entries 9
and 10). As illustrated in Table 2, 1-fluoro-2-nitro-
benzene 2i and 2-fluorobenzonitrile 2j gave the desired
products in short reaction times (30 min), in 100%
yields.

As described in Scheme 1 we have formulated a possible
mechanism for the copper catalyzed N-arylation of
imidazoles based on the previously reported mecha-
nism.>*° Chelation of Cu(I) with BtH occurs to form
the Cu(I) species L1, which is more reactive towards oxi-
dative addition than stabilized intermediate L2° gener-
ated by the oxidative addition of L1 to the aryl halide.
In the presence of base, imidazole reacted with interme-
diate L2 readily to afford intermediate L3, which under-
goes reductive elimination to provide the desired
product and regenerate the active Cu(I) species. Further
study on the mechanism is in progress.

In conclusion, we have reported that BtH is an excellent,
inexpensive and simple ligand for the N-arylation of imi-
dazoles with a diverse range of aryl halides providing
excellent yields of products. Efforts are being made to
extend the application of the Cul/BtH/base system to
the formation of other C-N bonds.

ArX

ArNu

3 L1 2
reductive oxidative
elimination addition

E:[ N,
N, N
Ly FAN
H\\‘\Cu _Ar H —Cu S .
L3 Nu L2

NuH + base

Nu = imidazole or benzimidazole

Scheme 1.
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