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N-arylation of imidazole was accomplished with a two-dimensional (2D) [Cu(ima),],, metal-organic frame-
work in methanol at room temperature. A variety of N-arylimidazoles were isolated in good yields after a
short reaction time. Moreover, the robust MOF may be readily recovered after the reaction and reused for
many cycles without loss of catalytic activity.
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N-arylimidazoles are important organic compounds due to their
significant pharmaceutical, biological, and chemical activities [1-5].
During the past few years, homogeneous copper-catalyzed cross-
coupling reactions of imidazole and commercially widely-available
arylboronic acids are facile methods available for the construction of
N-arylimidazoles [6-10]. However, homogeneous processes easily
suffer from the problems concerning separation and recovery, dispos-
al of spent catalysts, and therefore their uses are greatly limited. In
principle, the use of heterogeneous catalysts could overcome some
of these drawbacks mentioned above. Thus, the practical applications
have greatly driven the need for the development of recyclable and
efficient heterogeneous copper catalysts. In this regard, heteroge-
neous copper catalysts exhibit particularly promising performances
for the reaction [11,12].

In recent years, metal-organic frameworks (MOFs) have received
a great deal of attention owing to their many potential applications in
gas storage, separation, magnetism, luminescence, catalysis, sensor
technology and optoelectronics [13-17]. However, the metal ions
are integral parts of the framework in many MOF structures, and
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therefore all of the coordination sites around the metal centers are
occupied by organic ligands, leaving no free coordination positions
available for substrates in organic reaction. So far, only a few exam-
ples of MOFs containing coordinatively unsaturated metal ions for
heterogeneous catalysis have been investigated in comparison with
a large numbers of being discovered MOFs. Moreover, most works
focused on organic transformations such as Knoevenagel condensation,
cyanosilylation, oxidation, aldol condensation, Michael condensation,
Friedel-Crafts alkylation, and Biginelli reaction [18-29]. Indeed, reports
on heterogeneous N-arylation of imidazole using Cu-MOF catalysts are
very limited in the literature [12].

It is well known that the main drawbacks of MOFs as heteroge-
neous catalysts compared to traditional catalysts are their chemical
stabilities and lower reaction activities. Therefore, explore stable
and efficient heterogeneous catalysts become particularly desirable
for the improvement in catalytic performance. As a part of our ongo-
ing research on heterogeneous cross-coupling reactions [30], we re-
port the facile N-arylation of imidazole catalyzed by a robust two-
dimensional (2D) Cu-MOF catalyst (Fig. 1) at room temperature.
The catalyst exhibits high catalytic activity in a short reaction time
and may be readily recovered after the reaction and reused for
many cycles without loss of catalytic activity.
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Fig. 1. Crystal structure of the 2D Cu-MOF exhibiting four-coordinate Cu?>* centers.

2D Cu-MOF catalyst was prepared using a modified literature
procedure and structural description of the Cu-MOF was outlined
elsewhere [31]. In brief, the local coordination environment around
the Cu®>™ ion shows that each four-coordinate Cu?™ center is in a
square-planar geometry formed by two identical monodentate car-
boxylate groups and two imidazole nitrogen atoms with axial posi-
tions left uncoordinated. Each ima ligand uses both the carboxylate
oxygen and imidazole nitrogen atoms to bridge two Cu?* ions, fur-
nishing a (4, 4) 2D wavelike rhombic layer. Adjacent 2D layers are
packed according to the ABAB sequence along the b-axis by weak
intermolecular C—H-O hydrogen bonding, which caused no open
channel or cavity in the 2D Cu-MOF. It should be noted, Cu®>* center
is in a distorted square-planar geometry and the axial positions
are vacant, so the exposed Cu®™ centers are chemically accessible.
Furthermore, the robust Cu-MOF is air-stable and possesses good
thermal stability up to 285 °C [30]. These interesting structural fea-
tures promoted us to study catalytic activity of the Cu-MOF. In initial
study, imidazole and phenylboronic acid were chosen as two model
substrates using the Cu-MOF as a catalyst in methanol at room tem-
perature. As shown in Table 1 [32], the 2D Cu-MOF afforded a very
good yield (Table 1, entry 1). For comparison, we also made a survey
of the effect of different homogeneous copper salts and found Cul,
CuBr, CuSO4-5H,0 and Cu(OAc),-2H,0 gave very low yield under
identical conditions (Table 1, entries 2-5). Moreover, the controlled
N-arylation reaction conducted under identical conditions devoid of
Cu-MOF gave no coupled product despite prolonged reaction time
(Table 1, entry 6). In addition, the coupling reactions display substan-
tially reduced reaction times compared with literature reports (5 h in
contrast to 12-24 h) [3,12].

With these promising results, we subjected other substrates to the
reaction system in order to study the scope of the reaction (Table 2).
Similar results were obtained when different substituted phenylboronic
acids were used as arylating agent. It should be noted that electron-poor
to electron-rich arylboronic acids were tolerated, with the more

Table 1
Different copper catalysts catalyzed N-arylation of imidazole and phenylboronic acid.*

B(OH), S—
[\ Methanol / \
+ JlN\/N T" N\/N

electron-rich substrates demonstrating higher isolated yields (Table 2,
entries 2 and 3). Slightly lower but acceptable yields were achieved
with ortho-substituted and electron-poor arylboronic acids (Table 2,
entries 4-6).

For practical application in the reaction, the lifetime of the MOF-
Cu catalyst and its reusability are very important factors. This catalyst
is not soluble in the reaction mixture and the reaction system is
heterogeneous unlike other homogeneous processes. After the reac-
tion, the Cu-MOF catalyst was easily recovered quantitatively from
the catalytic solution by simple filtration and reused several times
with consistent activity even after the fourth cycle (Table 2). The lig-
uid phase of the reaction mixture was collected by hot-filtration and
analyzed by ICP-AES. The absence of copper in the filtrate was con-
firmed (0.05 ppm), indicating no leaching of copper during the reac-
tion. Moreover, a filtration experiment was also run to investigate
whether the reaction proceeded in a heterogeneous or homogeneous
fashion. After 30 min of the N-arylation between imidazole and
phenylboronic acid, the solid catalyst was separated by filtration
and the filtrate was further performed for another 5 h and no further
conversion of the reactants into products was thus observed. These
results suggested that the reaction may take place on the catalyst
surface in a heterogeneous fashion.

To better verify the stability of the Cu-MOF catalyst, the powder
X-ray diffraction (PXRD) pattern of the recovered Cu-MOF catalyst
after the fifth recycling experiment was obtained. The pattern indicat-
ed that the framework was very robust and exhibited a very similar
diffraction pattern of the fresh catalyst (Fig. 2). In addition, we
employed the as-prepared Cu-MOF as a catalyst without any prior
treatment and the catalyst is quite stable in the solid state in air for
a prolonged period of time.

In summary, we have developed a simple and efficient heteroge-
neous 2D Cu-MOF catalyst system for the N-arylation of imidazole
under mild conditions, in which unsaturatedly coordinated Cu ions

Table 2
Recyclable N-arylation of imidazole with arylboronic acids.”

B(OH), —
| = 7\ cumor  ® /\/ AN ! \
+ —
= \/ i Methanol, RT \/

R HN

Entry Catalyst Time (h) Yield (%)° Entry R (Cycle) Yield (%)°

1 2D Cu-MOF 5 86 1 H (1) 90 (5) 89
2 cul 5 25 2 4-CH, (1) 92 (2) 89
3 CuBr 5 27 3 4-0CHs (1) 90 (2) 91
4 CuSO4-5H,0 5 14 4 4F (1) 76 2)71
5 Cu(OAC)>-2H,0 5 17 5 4-CF, (1) 88 2)85
6 None 12 0 6 2-CHs (1)78 (2) 67

2 Reaction conditions: phenylboronic acid (1.0 mmol), imidazole (1.2 mmol), methanol
(3 mL), and catalyst (5 mol%), under air.
b Isolated yields.

@ Reaction conditions: arylboronic acids (1.0 mmol), imidazole (1.2 mmol), and methanol
(3 mL), 5 h, under air.
b Isolated yields.
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Fig. 2. PXRD patterns for the simulation from X-ray crystallography (a), as-prepared
Cu-MOF catalyst (b), and the retrieved Cu-MOF after fifth recycling experiment of
N-arylation between imidazole and phenylboronic acid (c).

serve as catalytic centers. The readily available catalyst has high stability
and may be easily reused without loss of reactivity.
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The mixture was added to a 23 mL Teflon-lined autoclave and kept under
autogenous pressure at 443 K for five days and then cooling to room temper-
ature at a rate of 5 Kh™. Purple block-like crystals could be isolated in ca.
82% yield (based on Cu). Anal. calcd for CioH;oCuN4O4: C, 38.3; H, 3.2; N,
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Commercially arylboronic acids were provided by Adamas. Other reagents and

solvents were purchased and used without further purification or drying. A typ-

ical procedure for the arylation is as follows: to a solution of phenylboronic acid

(1 mmol) and imidazole (1.2 mmol) in methanol (3 mL) were added Cu-MOF

catalyst (15.7 mg, 5 mol%). The reaction mixture was stirred for 5 h at room tem-

perature under air. After the reaction was completed, the solid catalyst was sep-
arated by centrifuge, washed with methanol prior to being reused and the filtrate
was concentrated under reduced pressure to give the crude product. The crude
product was purified by column chromatography on silica gel to afford the

N-phenylimidazole. 1-Phenyl-1H-imidazole: 'H NMR (CDCls, 400 MHz, ppm):

§=7.23 (s, 1H), 7.29 (s, 1H), 7.35-7.43 (m, 3H), 7.45 (t, ]=7.6 Hz, 2H), 7.88 (s,

1H).
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