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Trityl chloride (TrCl or Ph;CCl) efficiently catalyzes the one-pot multi-component condensation of benzil with aldehydes, primary
amines and ammonium acetate under neutral and solvent-free conditions to give 1,2,4,5-tetrasubstituted imidazoles in high to excellent
yields and in short reaction times. Mechanistically, it is attractive that trityl chloride by in situ generation of trityl carbocation (Ph;C")
promotes the reaction.
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Multi-component reactions (MCR) play an important role in aldehydes, primary amines and ammonium acetate, for the first
combinatorial chemistry because of their capability to synthesize time (Scheme 1).

target molecules with atomic economy and high efficiency, by cl HO,
reaction of three or more reactants in one step. Furthermore, these
reactions increase synthetic efficacy and simplicity with respect
to the conventional organic transformations.'

Imidazole derivatives are one of the most important classes of

nitrogen-containing five-members heterocycles. For example,
they are an essential component of various biological and
pharmaceutical molecules, including histidine, histamine, biotin,
losartan, olmesartan, eprosartan, miconazole, ketoconazole,
clotrimazole and trifenagrel.” Some pharmaceutical compounds,

Losartan

Olmesartan

60 Cl

N
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based on imidazol moiety, are displayed in Figure 1. Moreover,
imidazole derivatives are used as green solvents in form of ionic
liquids,® and as N-heterocyclic carbenes in organometallic
chemistry.4 1,2,4,5-Tetrasubstituted imidazoles are an important
class of imidazoles which are prepared via the one-pot multi-
component condensation of benzil with aldehydes, primary
amines and ammonium acetate using acidic catalysts.> Although
several catalysts for this transformation are known, development
of newer catalysts with high novelty which can promote the
reaction attract attention for their difference with the others, and
effectiveness.

Currently, development of organocatalysts has attracted much
attention in organic synthesis, especially from green chemistry
point of view.® These catalysts have some advantages compared
with acidic catalysts or precious metal, such as commercial
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Figure 1. The structure of losartan, olmesartan, eprosartan,
miconazole, ketoconazole, clotrimazole and trifenagrel as drugs.

availability, low cost, relative non-toxicity, air stability, need to O I

. . " . . 0 o . N

simple reaction conditions, and ability to promote a chemical s Y ar TrCl (10 mol %) |
reaction via different activation modes.”® Considering the high O o H Solvent-Free, 90 °C N
importance of organocatalysts, recently, we have applied a NH4OAc 1a-s

Scheme 1. The preparation of 1,2,4,5-tetrasubstituted imidazoles.
To optimize the reaction conditions, as a model reaction, the
ss condensation of benzil (1 mmol) with benzaldehyde (1 mmol),
aniline (1 mmol) and ammonium acetate (1 mmol) was studied in
the presence of different molar ratios of trityl chloride at range of
50-100 °C under solvent-free conditions; the respective results
are summarized in Table 1. As Table 1 indicates, the best results
9 were obtained when the reaction was performed using 10 mol %
of the organocatalyst at 90 °C. To confirm that heat can not

neutral and attractive kind of these catalysts namely triarylmethyl
chlorides (Ar;CCl) to promote the preparation of 12-aryl-
8,9,10,12-tetrahydrobenzo[a]-xanthen-11 -ones,’

bis(indolyl)methanes,”  1-amidoalkyl-2-naphthols'® and N-
sulfonyl imines.!" In the mentioned investigations, we have used
Ar;CCl to catalyze the two and three-component reactions.
However, in the presented work, we employ trityl chloride (TrCl
or Ph;CCl) as a homogeneous organocatalyst to promote a one-
pot four-component reaction, i.e. the condensation of benzil with

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 0000 |1
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thermodynamically promote the reaction in the absence of
catalyst; the model reaction was examined at 90 °C under
catalyst-free conditions. In these conditions, the desired product
was obtained in trace yield after 120 min. This observation
clearly showed that heat can not promote the reaction without
catalyst; thus, presence of catalyst (e.g. TrCl) is essential for the

reaction.
Table 1. Effect of the catalyst amount and temperature on the reaction
between benzil, benzaldehyde, aniline and ammonium acetate.

Mol% of TrCl Temp. (°C) Time (min) Yield® (%)
7 90 30 61
10 50 30 37
10 80 30 64
10 90 30 79
10 100 30 79

S

@

20

“Isolated yield.

After optimization of the reaction conditions, the efficiency and
scope of the organocatalyst was evaluated by the reaction of
benzil with various arylaldehydes, different primary amines and
ammonium acetate using 10 mol% of TrCl at 90 °C; the
corresponding results are summarized in Table 2. As it can be
seen in Table 2, all reactions proceeded efficiently to afford the
desired 1,2,4,5-tetrasubstituted imidazoles in high yields and in
short reaction times. Thus, TrCl was efficient to catalyze the one-
pot four-component reaction.

Table 2. The synthesis of 1,2,4,5-tetrasubstituted imidazoles using TrCl
(10 mol %) under solvent-free conditions at 90°C.

Entry Ar R T;rlrgd(n(l;/r@.?/ Foumigcoimd
1a CoHs CoHs 30/79 22 1188—-2222 ? "
1b CeHs CsHsCH, 32/80 115566—_115555/3
1c 4-CH;-CsH,4 CeHsCH, 35/76 116655 -_116687 S/a
1d  4-ClCH,  4-Cl-C¢H, 20/81 11885_-11310“/"
If  3-NO»CeH,  4-CHi-CeHy 60/78 11156-_11177“/"
1g  4-NOy»CH, 4-CH;-CoH, 30/81 22 11:-_22 1177“/h
th  4-Cl-CéH, CeHsCH, 3079 116518 —-1166304/"
i 4CkCH,  4-F-CH, 20/78 11;)87-22(()) 10 g
1j  4-CH;-CH, 4-CHs-CH, 60/75 1199:-_119965“/"
1k 3&}1};? C¢HsCH, 40775 11 33011133235/
1 4-CI-C4H,4 CeHs 3079 11 :&? -_1155 {)5/“
1m 4-OH-C¢H,4 C¢HsCH, 35/78 11 33;1133875/
In 4'8{};40' CeHsCH, 45175 11555—-1166 ? .
lo  4-OH-CeH, CeHs 35/81 22883228835/
1Ip 4-CN-CH, 4-CHyCH,  30/82 119987-_22(;) 10“/b
1qg  4-OH-CéHy  4-CH;-CeHs 35/82 2233322233;5/
1r 2-Thienyl ~ 4-CH3-C¢H, 20/78 1199522(?20“/b
1s 2-Thienyl 4-OH-CeH,4 3/92 11995-_22(()) 10“/h

“Isolated yield.

In a plaucible mechanism which is supported by the literature
(Scheme 2),>°?? at first, aldehyde is activated by Ph;C" generated
25 from Ph;CCl; consequently, two resonance forms of the activated
aldehyde (I and II) can produce.'®'!’ The activated aldehyde
react with amine to give iminium intermediate III. Afterward, I1I
reacts with ammonia (resulted from ammonium acetate) to afford
1V, and this intermediate reacts with trityl alcohol (Ph;COH) to
30 provide V and Ph;CCl. In the next step, intermediate VI produces
by nucleophilic attack of the nitrogens of V to the carbonyl
groups of benzil. Finally, 1,2.4,5-tetrasubstituted imidazole is
synthesized by removing two molecules of H,O from VI.

40

45

60

65

Scheme 2.The proposed mechanism for the synthesis of 1,2,4,5-
tetrasubstitutedimidazoles using trityl chloride.

70 To confirm the generation of I and II as resonance structures of
the activated aldehyde, benzaldehyde was treated with trityl
chloride at room temperature, and IR, '"H NMR, and UV spectra
of the mixture was run;>° the obtained results include:

IR (nujol): Ve (cm™') of the carbonyl group of benzaldehyde

75 (1705) was decreased to 1697 in the mixture of benzaldehyde and

trityl chloride (Fig. S1).
'H NMR (300 MHz, CDCly): chemical shift (ppm) of the HC=0
of benzaldehyde (9.78) was increased to 10.04 in the mixture of
PhCHO and TrCl (Fig. S2).

so UV: maximum absorption of benzaldehyde and trityl chloride
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were 240 and 222 nm, respectively. However, A, of the mixture
of PhCHO and TrCl was observed in 245 nm (Fig. S3).

These observations showed that aldehyde in the presence of trityl
chloride give resonance forms I and II.

Although TrOH produced during the reaction; but it can not
catalyze the reaction like TrCl. To confirm this point, we tested
the model reaction in the presence of TrOH as catalyst in which
the product yield was only 23% after 50 min. This result verified
that TrOH is changed to TrCl during the reaction.

[

10 Thus, the mecanism is confirmed by the above observations
besides the literature.>*?

Catalytic application of other trityl sources such as
monomethoxytrityl chloride (Phy(p-MeOC¢H,)CCl, MMTCI),
dimethoxytrityl chloride (Ph(p-MeOC4H,),CCl) and
triphenylmethanol (TrOH) on the model reaction, was also
investigated under solvent-free conditions at 90 °C. The results
are shown in Figure 2. As Figure 2 indicates, higher yield and
shorter reaction time were obtained using trityl chloride.
Furthermore, turn over numbers (TON) and turn over frequencies
(TOF) on the effectiveness of these catalysts for the synthesis of
the imidazoles were calculated (Fig. 2). The TON and TOF
values showed that TrCl is more efficient than MMTCI], DMTCI1
and TrOH.
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25 Figure 2. Catalytic activity of different triarylmethyl sources (10 mol%)
on the reaction between benzil (1 mmol), benzaldehyde (1 mmol), aniline
(1 mmol) and ammonium acetate (I mmol) at 90 °C.

Conclusions

In summary, we have applied TrCl as a neutral and homogenous
30 organocatalyst for the one-pot four-component reaction of
aldehydes with amines (aliphatic or aromatic), benzil and

ammonium acetate at 90 °C in solvent-free conditions to furnish
1,2,4,5-tetrasubstituted imidazoles. The promising points for the
presented catalytic process include generality, efficacy, high
35 yield, simplicity, cleaner reaction profile, relatively short reaction
times and good agreement with the green chemistry protocols.'
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