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Abstract—Molecular iodine is a cheap, nontoxic catalyst, which acts as an efficient catalyst for the synthesis of 1,2,4,5-tetraarylim-
idazoles using benzoin, an aromatic aldehyde and an amine in the presence of ammonium acetate. The advantage of this method is
the direct use of benzoin, which is transformed into benzil in situ and condenses further to generate the imidazole in a one-pot

sequence.
© 2006 Elsevier Ltd. All rights reserved.

The prevalence of imidazole in natural products and
pharmacologically active compounds has resulted in a
number of synthetic approaches to these heterocycles.
However, despite intensive efforts, only a handful of gen-
eral methods exist for the construction of highly substi-
tuted imidazoles. Highly substituted imidazoles could
potentially have novel therapeutic activities! and thus ef-
forts towards obtaining tetrasubstituted imidazoles have
increased. There are several methods reported in the lit-
erature for the synthesis of highly substituted imidazoles
which include a four component condensation using
Wang’s resin in refluxing acetic acid,> condensation of
diones, aldehydes, primary amines and ammonium ace-
tate in phosphoric acid,® and in acetic acid,* using an
organocatalyst in acetic acid,’ as well as in H,SO,° and
DMSO,’ N-alkylation of trisubstituted imidazoles,? con-
densation of benzoin or benzoin acetate with an alde-
hyde, a primary amine and ammonia in the presence of
copper acetate,’ cyclisations of sulfonamides with meso-
ionic 1,3-oxazolium-5-olates,'® condensation of PB-car-
bonyl-N-acyl-N-alkylamines with ammonium acetate
in refluxing acetic acid!! and conversion of N-2-oxoa-
mides with ammonium trifluoroacetate!? under neutral
conditions.

However, most of these procedures are lengthy and
require expensive and hazardous acid catalysts and
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result in poor yields. Synthetic alternatives are many
and varied, and have resorted to harsh conditions, for
example, the formamide synthesis, which requires excess
reagents, H>,SO4 as a condensing agent and high temper-
ature (150-200 °C) affording 40-90% yields of product
in 4-6 h. Additionally, reagents for these procedures
are not readily or commercially available which is a
key deficiency when developing conditions for library
synthesis. Therefore, the development of simple, effi-
cient, inexpensive, nontoxic and readily available re-
agents providing convenient procedures with improved
yields, are necessary. Owing to its unique catalytic prop-
erties, iodine has been extensively used for a plethora of
organic reactions.!3™13

In a broad programme of developing efficient, selective
and eco-friendly synthetic methods for pharmacologi-
cally important moieties,'® '8 we explored the catalytic
activity of iodine. Herein, we report a simple, rapid
and one-pot procedure for the synthesis of 1,2,4,5-tetra-
arylimidazoles using iodine as the catalyst (Scheme 1).

Initially, a catalytic evaluation of iodine using benzalde-
hyde 4a was carried out (Table 1).

The reaction was carried out by adding benzoin 1,
aniline 2 and ammonium acetate 3 to a solution of benz-
aldehyde 4a and iodine in ethanol at room temperature.
The reaction was complete in 50 min when 10 mol % of
iodine was used. Rate enhancement was observed when
higher mol ratios were used but no significant improve-
ment in the yield was observed.
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Scheme 1. Iodine catalysed four component synthesis of 1,2,4,5-tetraarylimidazoles.

Table 1. Catalytic activity evaluation for imidazole® synthesis

Table 3. Todine promoted synthesis of 1,2,4,5-tetraarylimidazoles®

Entry Iodine (mol %) Time Yield® (%)
1 0 6h 0
2 5 3h 76
3 10 50 min 96
4 15 40 min 97
5 30 30 min 97

%1 equiv of benzoin-1equiv of 4a-1equiv of NH4OAc-1 equiv of
aniline at room temperature.
®Isolated and unoptimised yields.

Table 2. Effect of temperature on iodine catalysed imidazole® synthesis

Entry Aldehyde Product Temperature Time  Yield®
(°C) (min) (%)

1 4a Sa Room 50 96
temperature

2 4a 5a 45 40 98

3 4a 5a 60 30 97

4 4a 5a 75 20 98

#Product 5a from 1 equiv benzoin-1 equiv of 4a—1 equiv of NH;OAc—
1 equiv of aniline using 10 mol % of I,.
®Isolated and unoptimised yield.

To determine the most appropriate solvent, the reaction
was examined using ethanol, dichloromethane, aceto-
nitrile, toluene and xylene. Ethanol and dichloromethane
were the best solvents in terms of yields. Ethanol being a
‘cleaner’ reaction medium was favoured as water could
be used for the work-up. Faster reactions occurred on
increasing the temperature (Table 2).

Various aldehydes 4a—h (electron withdrawing, electron
donating) exemplify the versatility of this simple proto-
col (Table 3).

Although there are several papers reporting the synthe-
sis of 1,2,4,5-tetraarylimidazoles using 1,2-diketones,
there are very few reports in the literature using o-
hydroxyl ketones as the starting material. It is worth
noting here that 1,2-diketones such as benzil are usually
prepared from benzoin 1 catalysed by various toxic oxi-
dants.!®22 We found that our methodology works very
well for a-hydroxyl ketones such as benzoin 1. Conse-
quently, the direct use of benzoin in our methodology
constitutes a significant improvement in the synthesis
of 1,2.4,5-tetrasubstituted imidazoles 5a-h in terms of
green chemistry.

It is possible that the Lewis acidity of iodine may pro-
mote the formation of an o-amino ketone and aryl
aldimine, which then condense to form an imidazoline

Entry Aldehyde Product Time Yield® Refer-
(min) (%) ence

1 @CHO 5a 20 96 8
2 MeO—@CHO 5b 20 94 20

OH
3 5c 3097 20
CHO

4 m—@cm 5d 25 98 2l
02N

5 Se 30 98 25

CHO

6 Ho—@cm st 20 97 2

;7 U 5 25 95 25
s~ CHO ’

]

8 ( 5h 25 95 25
O CHO

%1 equiv of benzoin-1 equiv of 4a-h-1 equiv of NH;OAc-1 equiv of
aniline with 10 mol % of I,.
®Isolated and unoptimised yield.

which is oxidised by iodine to the imidazole. Such oxida-
tion requires a stoichiometric amount of iodine whereas
we observed an excellent yield with only 10 mol % of
iodine. Hence, this possibility was ruled out and the alter-
native possibility of benzoin undergoing aerial oxidation
to benzil under these conditions was investigated. Thus
two sets of control reactions were carried out (Fig. 1).

In the case of refluxing with 10 mol % of iodine, benzoin
was oxidised to benzil surprisingly after 1 h whereas
only a trace amount was detected after 24 h without
iodine. Another set of control reactions under a nitrogen

Benzoin EtOH, reflux Benzil
10 mol% I,
Benzoin EtOH, reflux Trace Benzil
Benzoin EtOH, reflux No product formation
Inert atm., 10 mol% Iy
EtOH, reflux N :
: : o product formation
Benzoin Inert atm.

Figure 1.
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atmosphere with or without 10 mol % iodine did not
give any product. The reactions in Figure 1 highlight
the role of molecular iodine in promoting the aerial oxi-
dation to benzil. There are earlier examples of iodine
based oxidation of benzoin to benzil under basic condi-
tions,?® therefore this is not a conceptually unprece-
dented process.

The Lewis acidity of iodine makes it capable of binding
with the aldehyde carbonyl oxygen increasing the reac-
tivity of the parent carbonyl compounds. Iodine reacts
initially with aldehyde 4 to produce a diamine inter-
mediate, which condenses with the activated benzil and
subsequent elimination of water affords 1,2,4,5-tetraaryl-
imidazoles Sa-h.

In summary, we have developed a simple, convenient
and efficient synthetic protocol for 1,2,4,5-tetraarylimid-
azoles using cheap, readily available and nontoxic iodine
in a catalytic amount.?*
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