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A one-pot efficient procedure for the synthesis of 2,4,5-triaryl-1H-imidazole derivatives in good to excellent
yields by reaction between hexamethyldisilazane and arylaldehydes, benzyl alcohols, benzyl halides in the
presence of molecular iodine has been developed. The remarkable advantages of this method are the simple
workup procedure, high yields of products, and the availability of reagents.
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Introduction

Synthetic study of imidazole units is very important due to
their potent biological activity! and synthetic utility.?
Imidazoles are an important class of heterocycles being the
core fragment of different natural products and biological
systems. Compounds containing imidazole moiety have
many pharmacological properties and play important roles
in biochemical processes.’® The potency and wide appli-
cability of the imidazole pharmacophore can be attributed to
its hydrogen bond donor-acceptor capability as well as its
high affinity for metals, which are present in many protein
active sites®® (e.g., Zn, Fe, Mg). Various substituted imida-
zoles act as inhibitors of p38MAPkinase,** B-Raf kinase,*
glucagon receptors,’ plant growth regulators,® therapeutic
agents,” antibacterial,® antitumour,” and also pesticides.!’
Recent development of green chemistry and organometallic
chemistry expands the utility of imidazoles as ionic liquids'
and N-heterocyclic carbenes.'? Trifenagrel' is a 2,4,5-tri-
aryl-1H-imidazole that reduces platelet aggregation in several
animal species and humans.

Due to their great importance, many synthetic strategies
for synthesis of 2,4,5-triarylylimidazoles from reaction of a
1,2-dicarbonyl compound, various aldehydes, and ammonia
have been developed.'*"> Also, Grimmett ef al. proposed the
synthesis of imidazole using nitriles and esters.'®

Recently, there have been several methods reported in the
literature for the synthesis of 2.,4,5-triaryl-1H-imidazoles
from benzil/benzoin, aldehydes, and ammonium acetate using
different catalyst such as zeolite HY/silica gel,'” zirconium
tetrachloride,'® nickel(I) chloride hexahydride,' iodine,*
sodium bisulfite,”' acidic aluminum oxide,?* acetic acid,
ammonium acetate,”* heteropolyacid,>® BF;-Si0,,%" silica
gel/NaHSO, ¢ or HClO,-Si0,*¢, L-Prolin,”® SBPPSA,*
molten TBAB?® and ytterbium triflate.”>*° The application of
these methods suffer from some disadvantages such as the
use of costly or less easily available reagents, harsh reaction
conditions, long reaction times, poor yields, and the use of

toxic solvents. Therefore, despite a number of precedents, an
efficient, practical and facile method for these transfor-
mations is desired.

Herein, as part of our ongoing study on the application of
N-halo reagents in organic synthesis’*? and molecular
iodine,* we would like to report the use of molecular iodine
as an inexpensive and effective activator and oxidant for the
efficient one-pot synthesis of 2,4,5-triaryl-1H-imidazoles in
high yields (Scheme 1).

We initially performed the reaction of benzaldehyde (1
equiv.) with 1 equiv. of hexamethyldisilazane (HMDS) at
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Scheme 1. Synthesis of 2,4,5-triaryl-1 H-imidazoles.
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Scheme 2. Synthesis of 2,4,5-triphenylimidazoline.
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Table 1. Synthesis of 2,4,5-Triaryl-1H-imidazoles From Arylalde-
hydes, Aryl Alcohols and Aryl Halides

Time Yield

Entry Substrate M) (%) mp mp/[Lit.]

1 PhCHO 3 96 273-275°C 273-276 °C/28
2 2-MeO-C¢H4CHO 3.5 90 234-237°C

3 4-MeO-CsH,CHO 3.5 85 226-227°C 225-228 °C/28
4 4-Me-CsH4CHO 4 80 254-257°C 256-258 °C/28
5 4-Cl-C¢H4sCHO 2 96 272-274°C 275-276 °C/28
6 2-Cl-CsHsCHO 2 92 270-272°C 268-270 °C/28
7 4-NO»-C¢H4sCHO 25 96 271-273°C 273-274 °C/28
8 3-NO»-C¢HsCHO 25 90 d. d./28

9 2-Furylaldehyde 2 9% d. d./.28

10 PhCH.OH 4 90 273-275°C 273-276 °C/28

Ju—
—_

2-MeO-C¢H,CH2OH 4.5 85
12 4-MeO-C¢H4sCH,OH 4.5 88

234-237°C
224-225°C 225-228 °C/28

13 4-CI-C¢H4 CH,OH 4 95 272-274°C 275-276 °C/28
14 2-Furfural 4 96 d. d./28

15 4-NO,-CeHsCHOH 6 70 271-273°C 273-274°C/28
16 PhCH,Br 4 90 273-275°C 273-276 °C/28
17 PhCHxCI 4 90 273-275°C 273-276 °C/28

120 °C for 6 h under solvent free conditions (Scheme 2).
2,4,5-triphenylimidazoline in 85% yield was obtained.

In continuation of our work, we were interested to syn-
thesis of triarylimidazole compounds in one-pot. For this
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purpose the above reaction condition was repeated by add-
ing molecular iodine (1 equiv), EtsN (1 equiv) and CH;CN
for 3 hours under reflux conditions. 2,4,5-Triphenyl-1H-
imidazoles was formed in 96% yield. Encouraged by our
initial studies, we then investigated the generality and
versatility of this procedure using a series of structurally
different aldehydes (commercially available) under this
optimized condition. A wide range of aromatic aldehydes
were employed and all imidazoles were obtained in high to
excellent yields (Table 1), which demonstrated that this is a
general method that tolerates both electron-withdrawing and
electron-donating constituents.

In continuation of this work, we were interested in ex-
panding this method by using benzylic alcohols and benzylic
halides. These substrates were separately treated with mole-
cular iodine (2 equiv), trimethylamine (2 equiv) and hexa-
methyldisilazane (1.1 equiv) in acetonitrile at reflux; 2,4,5-
triaryl-1H-imidazole derivatives were formed in high yields
(Table 1).

The proposed mechanism?*3* for this reaction is given in
Scheme 3. 1 believe that in this procedure, molecular iodine
would act in dual role both as a catalyst to activate the
HMDS and as oxidant to oxidation of imidazoline to imidazole.

Conclusion
In conclusion, we have demonstrated a new, straight-
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forward, and efficient method for the one-pot synthesis of
2,4, 5-triaryl-1H-imidazole derivatives using molecular iodine
as a commercially available catalyst. The significant features
of this method include: (a) operational simplicity, (b) the use
of available and inexpensive catalyst, (c) high yields of
products, (d) easy and clean workup.

Experimental Section

(i) Synthesis of 2,4,5-Triaryl-1H-imidazoles from Aryl-
aldehyde Derivatives. To a mixture of aldehyde (1 mmol)
and HMDS (1.1 mmol) in 3 mL CH3;CN was added I, (1
mmol) at room temperature under empty balloon. The
reaction mixture was stirred at reflux temperature and the
progress of the reaction was monitored by TLC. After com-
plete conversion, the system was cooled to room temper-
ature, and the solvent was evaporated. Then, the mixture was
washed with 10% NaS,0; solution. The separated preci-
pitate was filtered and then washed with H O-EtOH (2:1).
The solid was recrystallized (EtOH) to give the pure product
in good yield.

(i) Synthesis of 2,4,5-Triaryl-1H-imidazoles 1 from
Benzyl Alcohols or Benzyl Halides. To a mixture of benzyl
alcohol or benzyl halide (1 mmol) and HMDS (1.1 mmol) in
3 mL CH3;CN was added I, (2 mmol) and Et;N (2 mmol) at
room temperature under empty balloon. The mixture was
stirred at reflux for the appropriate time (Table 1). After
completion of the reaction as indicated by TLC, the system
was cooled to room temperature, and the solvent was evapo-
rated. Then, the mixture was washed with 10% Na,S,0;
solution. The separated precipitate was filtered and then
washed with HO-EtOH (2:1). The solid was recrystallized
(EtOH) to give the pure product in good yield.

Analytical Data for Selected Compounds (Table 1).

2,4,5-Triphenyl-1H-imidazole: mp 273-275 °C; IR (KBr):
Vinax 3430, 2995, 2471, 1638, 1216 cm™'; 'H NMR (DMSO,
CDCls): 8 7.40-8.12 (m, 15H, Ar), 12.62 (br s, 1H, NH).

2,4,5-Tris(4-methoxyphenyl)-1H-imidazole: mp 234-
237 °C; IR (KBr): vinax 3420, 2857, 2435, 1625, 1214 cm™;
'H NMR (DMSO, CDCl;): & 3.80 (s, 9H, CH3), 6.93-6.96
(d, J = 8.8 Hz, 6H, Ar), 8.02-8.05 (d, J = 8.8 Hz, 6H, Ar),
12.52 (br s, 1H, NH); Mass: 386.
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