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Abstract

In this work, direct three component condensation of 9,10-phenanthraquinone or acenaphthenequinone with aryl aldehyde and
ammonium acetate to generate highly substituted imidazole derivatives was performed over tin oxide nanoparticles. The resulting
reactions were conducted at high efficiency in ethanol under reflux conditions.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Nano-sized particles increase the exposed surface
area of active catalyst components, thereby dramatically
enhancing the contact between reactants and the cat-
alyst. During the past decade, SnO; has been widely
used in solid-state gas sensors [1], transparent conduct-
ing electrodes [2], rechargeable Li batteries [3], optical
electronic devices [4] and solar cells [5]. SnO; nano
structures are considered one of the most important oxide
nano structures due to their unique properties and poten-
tial applications [6,7]. Imidazoles are an important class
of heterocycles and include many substances of both bio-
logical and chemical interest. Insertion of the imidazole
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nucleus is an important synthetic strategy in drug dis-
covery. In the past few years, imidazole derivatives have
occupied a unique place in the field of medicinal chem-
istry. They have wide range of biological activities and
are well known analgesics, anti-inflammatory, antipar-
asitic, anthelmintic, platelet aggregation inhibitors and
antiepileptic agents [8—13]. Numerous methods have
been reported on for the synthesis of highly substituted
imidazoles using various catalytic systems such as L-
proline [14], ZrCly [15], InCl3-3H,0 [16], HC1O4-SiO;
[17], BF3-SiO; [18], heteropolyacids [19], Yb(OTf)3
[20], molecular iodine [21], silica sulfuric acid [22],
cerium ammonium nitrate (CAN) [23], ionic liquids
[24], NiCl,-6H,O/Al,O3 [25] and a Schiff base tran-
sition metal complex [26]. However, some of these
methods suffer from at least one of the following dis-
advantages: strongly acidic waste, high reagent toxicity,
tedious work-up procedures, unsatisfactory yields, harsh
reaction conditions, moisture sensitive catalysts and non-
recyclable reagents. Therefore, the development of a
simple, efficient, and versatile approach for the prepa-
ration of highly substituted imidazoles is still an active
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SnO,-NPs/ NH,0Ac
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Scheme 1. A reaction of 9,10-phenanthraquinone or acenaphthenequinone with aryl aldehyde and ammonium acetate in the presence of nano-SnO,.

area of research requiring further improvements towards
milder reaction conditions and higher product yields.

In this investigation, the goal was to synthe-
size highly substituted imidazoles by reacting 9,10-
phenanthraquinone or acenaphthenequinone with aryl
aldehyde, and ammonium acetate in the presence of
SnO, nanoparticles to prepare a new series of highly
substituted imidazole derivatives (Scheme 1). The struc-
tures of the compounds were established on the basis of
the analytical spectral data.

2. Experimental

Tin oxide nanoparticles (SnO,-NPs) with an average
size of 20-50 nm were purchased from the Tecnan Span-
ish Company. The melting points of these materials were
recorded using an electro-thermal melting point appara-
tus. The NMR spectra were recorded in CDCI3 using
tetramethylsilane as an internal standard on a Bruker
Avance DRX 400 MHz spectrometer. The FT-IR spectra
were recorded using an SP-1100, P-UV-Com instrument.
The different products were identified using the FT-IR,
'"H NMR and EI-MS spectra.

2.1. General procedure for the preparation of
highly substituted imidazole derivatives

A  mixture of aldehyde (1mmol), 9,10-
phenanthraquinone (1 mmol) or acenaphthenequinone
(1 mmol), ammonium acetate (2 mmol) and nano-SnO,
(0.25 mmol) was dissolved in EtOH (5 mL) and heated
using reflux for a stipulated time. The reaction progress
was monitored using TLC. After the completion of
the reaction, the corresponding product was obtained

through simple filtering and was recrystallized from
ethanol to yield highly pure imidazole derivatives.
The spectral data of the newly products are:

2.1.1. 8-Phenyl-7H-acenaphtho[1,2-d]imidazole
(entry 7)

m.p.=306-308 °C;FT-IR (KBr): 3433 (N—H),
3051(C-H), 1612 (C=N), 1585(N—H bending),
1533;1467 (C=C), 1276 (C—N), 821(C—H out of plane
bending)em~!; '"H NMR(400 MHz, CDCl3): d: 8.88
(dd, 1H, J=7.6, J=12Hz), 8.77 (dd, 1H, J=7.6,
J=1.2Hz), 843 (d, 1H, J=6.8 Hz), 8.33 (dd, 1H, J=3§,
J=0.8Hz), 8.04-8.10 (m, 2H),7.83-7.89 (m, 3H),7.79
(s, 1H),7.63-7.70 (m, 2H) ppm; EI-MS (m/z): 268 (M™*).

2.1.2.
3-(7H-acenaphtho[ 1,2-dJimidazol-8-yl)phenol
(entry 8)

m.p.=333-335°C;FT-IR (KBr): 3433 (N—H and
0O—H), 3050 (C—H), 1618 (C=N), 1550 (N—H bend-
ing), 1500,1470 (C=C), 1276 (C—N stretch(, 1250
(C-0), 770 (C—H out of plane bending) em™'; 'H
NMR(400MHz, CDCl3): &: 8.88 (dd, 1H, J=7.6,
J=12Hz),8.77(dd, 1H,J=7.6,/=1.2Hz),8.43 (d, 1H
J=6.8Hz), 8.31-8.33(m, 1H), 8.07-8.10 (m, 2H), 7.87
(s, 1H),7.78-7.86 (m, 3H), 7.67-7.70 (m, 1H), 7.63-7.66
(m, 1H) ppm; EI-MS (m/z): 284 (M™).

2.1.3.
2-(7H-acenaphtho[ 1,2-dJimidazol-8-yl)phenol
(entry 9)

m.p.=294-296 °C;FT-IR (KBr): 3440 (N—-H and
0O—H), 3053 (C—H), 1600 (C=N), 1537 (N—H bend-
ing), 1467,1433 (C=C), 1282 (C—N(,1224 (C-0), 773
(C—H out of plane bending)cm_l; 'H NMR(400 MHz,
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CDCl3):5: 8.88 (dd, 1H, J=7.2, J=1.2Hz), 8.77
(dd, 1H, J=7.2, J=1.2Hz), 8.43 (d, 1H, J=6.8Hz),
8.31-8.33(m, 1H), 8.07-8.11 (m, 2H),7.84-7.89 (m,
2H),7.78 (s, 1H),7.63-7.70 (m, 2H) ppm; EI-MS (m/z):
284 (M™).

2.1.4. 8-(2-Chlorophenyl)-7H-acenaphtho[1,2-
dJimidazole (entry
10)

m.p.=326-328 °C;FT-IR (KBr): 3400 (N—H), 3100
(C—H), 1600 (C=N), 1575 (N—H bending), 1535;1460
(C=C), 1277(C—N), 1094(C—Cl), 821 (C—H out of
plane bending)cm_l; Iy NMR (400 MHz,CDCl3): 8:
8.88 (dd, 1H, J=7.2, J=1.2Hz), 8.77 (dd, 1H, J=7.2,
J=1.2Hz), 8.43 (d, 1H, J=6.4Hz), 8.33 (dd, 1H, J=8,
J=1.2Hz), 8.08-8.10 (m, 2H),7.81-7.89 (m, 2H),7.79
(s, 1H),7.63-7.70 (m, 2H) ppm; EI-MS (m/z): 302(M*).

2.1.5. 8-(4-Fluorophenyl)-7H-acenaphthol1,2-
dJimidazole (entry
11)

m.p.=302-304 °C;FT-IR (KBr): 3430 (N—H), 3100
(C—H), 1600 (C=N), 1575 (N—H bending), 1535,1460
(C=0), 1263 (C-F), 1277 (C—N), 780 (C—H out of
plane bending)em~!; '"H NMR(400 MHz, CDCj3): &:
8.88 (dd, 1H, J=7.2, J=1.2Hz), 8.77(dd, 1H, J=7.2,
J=12Hz), 843 (d, 1H, J=6.4Hz), 8.33 (dd, 1H, J=8§,
J=1.2Hz), 8.08-8.10 (m, 2H),7.81-7.89 (m, 2H),7.79
(s, 1H),7.63-7.70 (m, 2H) ppm; EI-MS (m/z): 286(M*).

2.1.6. 7-(4-Bromophenyl)-8-phenyl-7H-
acenaphtho[ 1,2-dJimidazole (entry
12)

m.p.=264-266 °C;FT-IR (KBr): 3410 (N—H), 3100
(C—H), 1612 (C=N), 1585 (N—H bending), 1533;1467
(C=C), 1276 (C—N), 1068(C—Br), 775 (C—H out of
plane bending)cm’l; Iy NMR (400 MHz, CDCl3): a:
8.88 (d, 1H, J=7.6 Hz), 8.77 (d, 1H, J=8 Hz), 8.43 (d,
1H, J=6.8 Hz), 8.35 (s, 1H), 8.31 (d, 1H, J=7 Hz),8.15
(d, 1H, J=7Hz), 8.08-8.10 (m, 2H),7.90-7.83 (m,
4H),7.79-7.81 (m, 1H) 7.64-7.70 (m, 2H) ppm; EI-MS
(mlz): 423(M™).

3. Results and discussion

To optimize the reaction conditions and obtain
the best catalytic activity, a reaction of benzaldehyde
(1 mmol), acenaphthenequinone (1 mmol) and ammo-
nium acetate (2 mmol) was used as a model reaction
and was conducted using different catalysts and sol-
vents. Initially, various catalysts were tested, and the
representative results are listed in Table 1. The tin oxide

Table 1
Comparison of the catalytic activity of tin oxide nanoparticles with
other catalysts.”

Entry Catalyst Time (h) Yield (%)®
1 None 24 15
2 Nano-SiO» 10 40
3 Nano-ZrO, 6 50
4 Nano-ZnO 4 65
5 Nano-Fe,03 4 60
6 Nano-SnO, 2.5 86

4 Reaction  conditions:  benzaldehyde (1 mmol), acenaph-
thenequinone (1 mmol), ammonium acetate(2 mmol) and catalyst
(0.25 mol%) in ethanol under reflux condition.

® Isolated yields.

Table 2
Investigation of affects the solvent during synthesis of the model
reaction.”

Entry Solvent Time (h) Yield (%)
1 EtOAc 3 55
2 CHyCl, 3 70
3 EtOH 25 86
4 THF 4 75
5 DMF 5 40
6 Solvent-free 3 60

2 Reaction  conditions:  benzaldehyde (1 mmol), acenaph-
thenequinone (1 mmol), ammonium acetate(2 mmol) and nano-SnO,
(0.25 mol%) at reflux temperature of solvents.

b Isolated yields.

nanoparticles returned better results than other catalysts
listed in Table 1 in terms of the yield and reaction rate.

After the selection of the catalyst, the model reaction
was carried out using several solvents, such as EtOAc,
CH,Cl,, EtOH, THF, DMF, and under solvent-free con-
ditions to investigate the efficiency of the catalyst. In this
study, it was found that ethanol under reflux conditions
is most efficient, with respect to reaction time and yield
of the desired product (Table 2).

A variety of highly substituted imidazole derivatives
were prepared from 9,10-phenanthraquinone or ace-
naphthenequinone, aldehydes and ammonium acetate in
the presence of tin oxide nanoparticles in ethanol under
reflux conditions, which resulted in excellent yields
(Table 3, entries 1-11). The substituted aldehydes bear-
ing electron-withdrawing or electron-donating groups
were treated with ammonium acetate in combination
with 9,10-phenanthraquinone or acenaphthenequinone
under the same experimental conditions and correspond-
ing to the desired products to isolate the effects that
resulted in good to excellent yields. Additionally, the
reaction of acenaphthenequinone, benzaldehyde, ammo-
nium acetate and 4-bromoaniline in the presence of SnO;
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Table 3
Synthesis of highly substituted imidazole derivatives using nano-SnO,."
Entry Aldehyde Product Time (h) Yield (%)®
L,
1 QCHO P 25 86
r
H
L,
) Br—®—CHO N Br 2 90
N
S8
LU,
3 CIO—CHO 3 Cl > %
N
H
L
Cl N\
4 2 94
@CH" O N
H
LI
5 MeO-@-CHO \ OMe 25 84
S8
H
L,
6 OzN—Q—CHO ) NO, 2 9
S
H
Wat
; @—cm | \>—® 25 86
Y
H
o O
8 | ) 2.5 85
CHO N
H
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Table 3 (Continued)

Entry Aldehyde Product Time (h) Yield (%)°
HO
O
9 . 2.5 84
T N
H
Cl
Oy
10 ’ 2 90
Troo 5
H
Was
" F—@—CHO | \>—®—F ) 9
Y
H
War
(T~
N
12 CHO 3 84¢

Br

4 Reaction and conditions: aldehyde (1 mmol), 9, 10-phenanthraquinone (1 mmol) or acenaphthenequinone (1 mmol), ammonium acetate (2 mmol)

and nano-SnO; (0.25 mmol) in EtOH (5 mL).

b All yields refer to the isolated products.

¢ Reaction and conditions: aldehyde (1 mmol), acenaphthenequinone (1 mmol), ammonium acetate (1 mmol), 4-Br-aniline (1 mmol) and nano-

SnO; (0.25 mmol) in EtOH (5 mL).

nanoparticles resulted in the creation of tetra substituted
imidazole and exhibited good yields under similar con-
ditions (Table 3, entryl12). It is worth mentioning that
the corresponding highly substituted imidazoles were

)OL SnO,-NPs
—_—

Ar H

O« Sn0,-NPs lA

NH,OAc

e

+ NH; H.O

AIU o ArANH
I

-H,0

C L s ()
-

) (]
i W

isolated by crystallization from a crude filtrate. As seenin
Scheme 2, we assumed that theSnO; nanoparticles active
the carbonyl group of aldehydes and facilitate the forma-
tion of a diamine intermediate. Next, the condensation

SnO,-NPs
=0
=0
SnO,-NPs

Scheme 2. A plausible mechanism for the synthesis of substituted imidazoles.
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Table 4
Recycling of nano-SnO; for the synthesis of 8-phenyl-7H-
acenaphtho[1,2-d]imidazole.

Run Yield* (%)
1 86
2 86
3 84
4 83
5 82
6 80

2 Isolated yields.

of the diamine intermediate with acenaphthenequinone,
intramolecular cyclization and subsequently [1,5] sig-
matropic proton shifts to generate the corresponding
8-aryl-7H-acenaphtho[1,2-d]imidazole derivatives. In
the case of 9,10-phenanthraquinone, the reaction pro-
ceeds in the same fashion as above [27].

It is noteworthy to highlight that the catalyst could be
recovered and reused without a significant loss of activ-
ity. The recovered catalysts were dried and weighed.
Afterwards, the required amounts of fresh benzalde-
hyde, acenaphthenequinone and ammonium acetate
were added according to the catalyst. The results showed
that the catalyst can be reused six consecutive times, with
only a slight loss in activity (Table 4).

4. Conclusions

In this work, we developed an efficient and one-pot
procedure for the synthesis of highly substituted new
imidazole derivatives by the multicomponent reaction
of 9,10-phenanthraquinone or acenaphthenequinone,
aldehyde and ammonium acetate using tin oxide
nanoparticles (SnO,-NPs) as a catalyst in ethanol under
reflux conditions.
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