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ABSTRACT
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N-Arylation of imidazoles with aryl halides catalyzed by a combination of copper(ll) sulfate and 1,2-bis(2-pyridyl)-ethane-N,N'-dioxide in water

afforded up to 95% yield.

N-Arylimidazoles play an important role in a wide range of
pharmaceuticals, natural products, and biologically active
compounds' and have been exploited as precursors of
versatile N-heterocyclic carbenes,” efficient ligands for
transition-metal catalysis® or ionic liquids.* Traditionally,
these moieties are prepared by nucleophilic aromatic sub-
stitution of imidazoles by activated aryl halides or the
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classical Ullmann-type coupling reactions.” In both cases,
the reactions suffered from several drawbacks such as harsh
reaction conditions (Ullmann reaction requires high temper-
ature, extended reaction time), stoichiometric amounts of
copper reagents, and low tolerance of functional groups,
which limited their applications. A breakthrough has been
made by Buchwald and co-workers who discovered that the
Cu-catalyzed N-arylation of nitrogen-containing heterocycles
with aryl halides could be achieved in good yields under
mild conditions in the presence of bidentate N,N-ligands.°
Following these pioneering works, a number of Cu-catalyzed
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coupling reactions with various ligands have been reported.’
Nevertheless, room for exploration of an efficient ligand-
assisted catalytic system, especially in the aqueous phase,
still remains.®

On the other hand, amine as well as its N-oxide derivatives
have long been recognized as ligands in coordination
chemistry (Figure 1),” and pyridine N-oxides, well-known
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Figure 1. Amine and N-oxide ligands employed in this work.

aspect, the development of less expensive and more sustain-
able catalysts in water remains an elusive goal in modern
synthetic chemistry.

In continuation of our endeavors to develop environmen-
tally friendly protocols, herein we disclose N-arylation of
imidazoles with aryl halides catalyzed by readily available
CuSO, with pyridine N-oxide ligands in water.

Iodobenzene and imidazole were initially chosen as models
for the coupling reaction in water. The standardized protocol
was carried out by using imidazole (1.1 equiv), iodobenzene
(1 equiv), base (2 equiv), Cu source (10 mol %), and ligand
(20 mol %) in water at 120 °C for 24 h. The results are
shown in Table 1.

Table 1. Screening Reaction Conditions for N-Arylation of
Imidazole with Iodobenzene”
N

I N Cul, ligand /
N [ 3 [Cu], ligan N7
N base, H,O @

for their superior solubilities in water, can be viewed as
neutral structural analogues of the widely popular anionic
phenolate systems.'® However, application of N-oxides in
metal-mediated cross-coupling reactions has not yet been
reported.

In general, many achievements of synthesis in organic
solvents inherently have the problem of pollution. Consider-
ing the requirement of green chemistry, the development of
a more environmentally benign reaction would be desirable."!
Thus, synthesis of organic molecules in water is an exten-
sively investigated topic which entails the additional chal-
lenges of water tolerance for the catalyst'? and the associated
problem of substrate solubilities and reactivities. In this
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H 1
entry Cu source ligand base yield® (%)
1 CuSO45H,0 L1 Cs2CO; 26
2 CuSO45H,0 L2 Cs3CO; 78
3 CUSO4'5H20 L3 052C03 91
4 CUSO4'5H20 L3 052003 69°¢
5 CHSO4'5H20 L4 CS2003 8
6 CuSO4+5H,0 L5 Cs2CO3 5
7 CuSO¢5H,0 L6 Cs2CO; 6
8 CuSO#5H,0 L3 KyCO4 12
9 CuSO45H,0 L3 K;PO4 34
10 CuSO45H,0 L3 KOH 66
11 L3 CS2003 0
12 CuSO4+5H,0 Cs2CO3 9
13 Cul L3 Cs2CO; 73
14 CuCly L3 Cs2CO; 77
15 Cu(OAc), L3 Cs3CO; 16
16 CUQO L3 CSgCOg 12
17 CuClOy4 L3 Cs2CO4 36
18 CuSO4+5H,0 L3 Cs2CO3 874
19 CuSO¢5H,0 L3 Cs2CO; 50¢

“ Unless otherwise noted, the reactions were carried out with imidazole
(1.10 mmol), iodobenzene (1.00 mmol), Cs,CO3 (2.00 mmol), CuSO, (10
mol %), and L3 (20 mol %) in water (3 mL) at 120 °C for 24 h.
® Determined by GC/MS. ¢ The reaction was performed with CuSO, (5 mol
%) and L3 (10 mol %) in water (3 mL) at 120 °C for 36 h. ¢ (n-Bu),NBr
(32.2 mg, 0.1 mmol) was added as PTC. ¢ The reaction temperature was
100 °C.

Among the ligands used, pyridine N-oxides were more
beneficial to the catalysis than their pyridine analogues, and
L3 exhibited much higher catalytic ability than the other two
N-oxide ligands (Table 1, entries 1—7). The excellent
solubility in water and the flexibility of ligand structure
probably contributed the high efficiency of L3. Different
copper sources have also been examined, and the catalysis
by CuSO,, Cul, or CuCl, with L3 afforded the N-arylated
product in good yields of 91%, 73%, and 77%, respectively
(Table 1, entries 3, 13, and 14). However, the employment
of Cu(OAc),, Cu,0, and CuClOy, resulted in lower yields of

3295



Table 2. N-Arylation of Imidazole with Aryl Halides Catalyzed
by CuSO4/L3 in Water”
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“ Unless otherwise noted, the reactions were carried out with imidazole
(1.10 mmol), aryl halide (1.00 mmol), Cs,CO; (2.00 mmol), CuSO;, (10 mol
%), and L3 (20 mol %) in water (3 mL) at 120 °C for 24 h. * Determined by
GC/MS and confirmed by isolated yield after column chromatography. © The
reaction time was 48 h.

Q

16%, 12%, and 36% (Table 1, entries 15, 16, and 17).
Investigation of a variety of bases revealed that Cs,CO; was
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better than the others including K,CO;, K5PO,, and KOH
(Table 1, entries 8, 9, and 10). Control experiments confirmed
that no product was detected in the absence of copper salt,
while only 9% yield was obtained by using copper sulfate
as catalyst (Table 1, entries 11 and 12). Furthermore, addition
of phase-transfer reagents such as (n-Bu),NBr into the
catalytic system seemed to have no positive effect on the
result (Table 1, entry 18). Temperatures lower than 120 °C
will dramatically decrease the reaction rate and entire
conversion (Table 1, entry 19). In summary, the optimal
conditions for the N-arylation process in water consist of
the combination of CuSO, (10 mol %), L3 (20 mol %), and
Cs,CO; (2 equiv) at 120 °C for 24 h in the air. The scope of
aryl halides was carried out by using imidazole as the
nucleophile. The results are listed in Table 2.

In general, most of the substituted aryl iodides and
electron-deficient aryl bromides afforded the N-arylimidazole
products with moderate to excellent yields ranging from 69%
to 95%. As usual, the coupling reaction between imidazole
and aryl iodides provided slightly superior yields than those
with aryl bromides, and aryl bromides bearing electron-
donating groups afforded much lower yields even with an
extended reaction time of 48 h (Table 2, entries 10 and 11).
It is noteworthy that the reaction was highly chemoselective;
for example, reaction between p-bromoiodobenzene and
imidazole gave 1-(4-bromophenyl)-1H-imidazole as the
major product (Table 2, entry 1).

Furthermore, the catalytic system exhibited tolerance with
aryl halides bearing nitrile, nitro, acetyl, ether, hydroxyl, or
amino groups without formation of diaryl ether, diarylamine,
or other coupling side products (Table 2, entries 5—7, 10,
12, and 13). Figure 2 shows the X-ray structure of the
coupling product 11 between imidazole and 4-bromoaniline.

Figure 2. X-ray structure of the coupling product 11.

In an endeavor to expand the scope of the methodology,
this new catalytic system was applied to a variety of
imidazole derivatives, and the results are shown in Table 3.

To our delight, most of the imidazole derivatives and
indoles exclusively afforded the corresponding products in
moderate to excellent yields (64—90%) under the optimized
reaction conditions. Notably, 2-methylimidazole could un-
dergo the selective N-arylation with 4-nitrobromobenzene
or 2-bromopyridine to afford corresponding coupling prod-
ucts in 85% or 72% yields (Table 3, entries 6 and 7). Another

Org. Lett, Vol. 11, No. 15, 2009



Table 3. N-Arylation of Imidazoles with Aryl Halides Catalyzed

by CuSO/L3 in Water”
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“Unless otherwise noted, the reaction was carried out with nitrogen
nucleophile (1.10 mmol), aryl halide (1.00 mmol), Cs,COs (2.00 mmol), CuSO,
(10 mol %), and L3 (20 mol %) in water (3 mL) at 120 °C for 24 h. * Isolated
yield after column chromatography.

more bulkier N-nucleophile, 2-ethyl-4-methylimidazole, was
coupled with 2-bromopyridine to give 1-(2-pyridyl)-2-
methyl-4-ethylimidazole 19 in 64% yield (Table 3, entry 8),
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and all of the coupling products were well characterized and
confirmed (see the Supporting Information).

In summary, we have developed a simple, highly efficient,
economical, and environmentally friendly protocol for the
N-arylation of imidazoles with aryl iodides and bromides
promoted by a ligand-assisted copper catalyst in water. This
method avoids the use of toxic organic solvents and stringent
inert conditions. In addition, the catalytic system can be easily
generated using a mixture of the inexpensive CuSO, and L3.
Overall, we believe that this catalytic system could provide
an avenue toward the Cu-catalyzed methods that have
scarcely been adopted in the aqueous phase. Further inves-
tigation to broaden the scope of this catalytic system to other
coupling reactions is currently ongoing in this laboratory.
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