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| A green and efficient solventless method using a variety of amino acids as catalysts at 100 °C for a few minutes, were used for the

| synthesis of 2,4,5-triaryl-1H-imidazoles. Another mild method for the synthesis of triarylimidazoles using amino acid catalysts in ethanol

solvent is also described. The yields are excellent in all cases.
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INTRODUCTION

Imidazoles play an important role in life processes and
many imidazoles (including benzimidazoles) are known to
form part of vitamins, enzymes and many pharmacologically
important drugs'*. Many triarylimidazoles have been tested
as effective inhibitors of p38 MAP kinase® and B-Raf kinase®,
plant growth regulators®, glucagon receptor antagonists®,
antibacterial’, antifungal®, antitumor®, antithrombotic' and
antihelmintic agents''. In addition, triarylimidazoles are also
used in photography as photosensitive compounds'®. The
classical synthesis of triarylimidazoles involves the multicom-
ponent condensation of 1,2-diketone, a-hydroxy ketone or
a-ketooxime with an aldehyde and ammonia (or its salt) under
pressure"’. Review of literature has revealed a variety of
catalysts used in these reactions, e.g., ionic liquids", silica
supported sulfuric acid®, acetic acid'®, NiCl,.6H,O/ALO5",
iodine'®, sodium bisulphite", Yb(OTf);*, p-toluenesulfonic
acid®, InCl;.3H,0%, ceric ammonium nitrate®, efc. However,
to our best of knowledge, except for L-proline no other amino
acid has been employed in these reactions**. We have tried
to use various amino acids as catalysts for this protocol for the
synthesis of triarylimidazoles with success and here we would
like to report our findings.

EXPERIMENTAL

The chemicals used were commercially available from
Merck or Fluka and were used as such. However when needed

were purified using normal techniques. FTIR spectra were
recorded on Bruker Tensor-27. Melting points were taken on
a Gallen Kamp melting point apparatus and are uncorrected.
The 'H NMR spectra were taken on Bruker DPX instrument
at 400 MHz. High resolution mass spectra were recorded on
Finnigan MAT 312.

Synthesis of triarylimidazoles

Method 1: A mixture of benzil (0.525 g; 2.5 mmol),
benzaldehyde (0.5 mL; 2.5 mmol), ammonium acetate (0.5 g;
6 mmol) and an amino acid (0.05 g) was stirred in ethanol (10
mL) for 48 h at room temperature. After completion of the
reaction, the reaction mixture was filtered to get 2,4,5-triphenyl-
1H-imidazole (off-white precipitates).

Method 2: A mixture of benzil (0.2625 g; 1.25 mmol),
benzaldehyde (0.25 mL; 1.25 mmol), ammonium acetate
(0.231 g; 3 mmol) and an amino acid (0.025 g) was heated on
a boiling water-bath for 10-20 min. The reaction mixture was
then poured into water; precipitates of 2,4,5-triaryl-1H-
imidazole formed were filtered, washed with cold ethanol-
water mixture and dried well.

2,4,5-Triphenyl-1H-imidazole (1a): m.p. > 250 °C; Lit.**
276-277°C.FTIR (cm™): 3430, 2982, 1600, 1588, 1488, 1462,
1324; ESI MS (m/z): 296 (M*); '"H NMR (400 MHz, CDCl;):
8 12.59 (s, 1H), 7.9 (d, 2H, J = 7.6 Hz), 7.47 (d, 4H, J = 6.8
Hz), 7.38 (t, 2H, J = 7.4 Hz), 7.32-7.22 (m, 7H).

2-(Furan-2'-yl)-4,5-diphenyl-1H-imidazole (1b):
m.p.188-189 °C; Lit.”® 199-201 °C. FTIR (cm™): 3437, 2982,
1602, 1583, 1525, 1487, 1447, 1327; ESIMS (m/z): 286 (M*);
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'H NMR (400 MHz, CDCl;): 8 9.35 (s, 1H), 7.61 (bs, 1H),
7.45-7.24 (m, 10 H), 6.99 (d, 1H, J = 3.2 Hz), 6.52 (m, 1H).

2-(4'-Chlorophenyl)-4,5-diphenyl-1H-imidazole (1c):
m.p. > 250 °C; Lit.* 260-262 °C. FTIR (cm™): 3476, 3012,
1602, 1588, 1485, 1461, 1323; ESI MS (m/z): 330 (100 %)
and 332 (37 %) (M*); "HNMR (400 MHz, DMSO-ds): 6 12.74
(s, 1H), 8.09 (d, 2H, J = 8.8 Hz), 7.55-7.22 (m,12H).

2-(2'-Hydroxy)-4,5-diphenyl-1H-imidazole (1d): m.p.
191-193 °C; Lit.** 202-203 °C. FTIR (cm™): 3550, 3434, 3010,
1601, 1584, 1487, 1442, 1321; ESI MS (m/z): 312(M*); 'H
NMR (400 MHz, DMSO-dg): & 13.0 (s, 1H), 10.25 (s, 1H),
8.02(dofd, 1H, Ji=1.4 Hz, J,=7.8 Hz), 7.54-7.25 (m, 10H),
7.0-6.92 (m, 3H).

2-(4'-Nitrophenyl)-4,5-diphenyl-1H-imidazole (1le):
m.p.222-224 °C; Lit.* m.p. 232-233 °C FTIR (cm™): 3390,
2994, 1599, 1581, 1484, 1441, 1509, 1332; ESI MS (m/z):
341 (M*); '"H NMR (400 MHz, DMSO-ds): 8 13.12 (s, 1H),
8.36-8.31 (m, 4H), 7.53-7.25 (m, 10H).

RESULTS AND DISCUSSION

Initially, condensation of 1:1 mixture of benzil and benzal-
dehyde with an excess of ammonium acetate in ethanol under
reflux using catalytic amounts of glycine, resulted in excellent
yield (96 %). Condensation at room temperature using glycine
catalyst with stirring for 48 h (method 1) also gave 2,4,5-
triphenyl-1H-imidazole (1a) in comparable excellent yields.

Keeping in view the successful results obtained from
glycine, various other amino acids were used in the synthesis of
2,4,5-triphenyl-1H-imidazole (1a). The products were obtained
in excellent (89 %) to almost quantitative yields (Table -1).

TABLE-1
AMINO ACID-CATALYZED SYNTHESIS OF 2,4,5-TRIPHENYL-
1H-IMIDAZOLE (1a) FROM CONDENSATION OF BENZIL,
BENZALDEHYDE AND AMMONIUM ACETATE IN
ETHANOL AT ROOM TEMPERATURE

Amino acid used Yield (%)
Glycine 99
Lysine 91
Methionine 89
Cysteine 98
Leucine 95
Phenyl alanine 99
Hippuric acid 98

The efficacy of amino acid catalysts was further tested in
the synthesis of diverse 2,4,5-triaryl-1H-imidazoles with
encouraging results. Once again, excellent yields were obtained
(Scheme-I, Table-2). It was found that this condensation can
be carried out in a solventless condition (green procedure) by
just heating a mixture of benzil/benzoin, aromatic aldehyde
and ammonium acetate with the amino acid catalyst for a few
minutes on a water bath to give the respective triarylimidazoles
in excellent yields (method 2%, Table-2).

One of the major advantages of using amino acids as cata-
lysts is in the isolation and purification of the desired product.
The amino acids are usually soluble in water and are eliminated
during work-up and purification.

A plausible mechanistic explanation for the amino acid-
catalyzed synthesis of 2,4,5-triaryl-1H-imidazoles has been

depicted in Scheme-II, which is somewhat similar to the one
proposed for the L-proline catalyzed reaction. An intermedi-
ate 'A' is probably formed by the condensation of an aromatic
aldehyde with two molecules of ammonia facilitated by amino
acid catalyst. This diamine intermediate 'A' then condenses
with benzil/ benzoin followed by dehydration to give imino
intermediate 'B'. A rearrangement would occur to afford the
formation of the desired 2,4,5-triaryl-1H-imidazole.
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Scheme-I: Synthesis of 2,4,5-triaryl-1H-imidazoles (1 a-e) from benzil/
benzoin, ammonium acetate, and an aryl aldehyde using various
amino acids catalyst under solventless conditions

TABLE-2
AMINO ACID CATALYZED SYNTHESIS OF 2,4,5-TRIARYL
-1H-IMIDAZOLES (1 a-e) FROM BENZIL OR BENZOIN,
RESPECTIVE AROMATIC ALDEHYDE AND AMMONIUM
ACETATE UNDER SOLVENTLESS CONDITIONS

Product  Aldehyde Amino acid Tirpe Y%elds (%) :
used (min) Benzil Benzoin
Glycine 93 )
CHO Lysine 86 84
Methionine 81 78
1a Cysteine 20 94 9
Leucine 86 84
Phenyl alanine 92 89
Hippuric acid 92 85
Glycine 97 20
Lysine 89 83
Methionine 87 82
1b @\CHO Cysteine 10 94 9
(@) .
Leucine 91 89
Phenyl alanine 95 90
Hippuric acid 95 91
CHO Glycine 926 20
Lysine 89 L)
Methionine 82 81
1c Cysteine 20 9 89
Leucine 36 78
Phenyl alanine 89 81
< Hippuric acid 89 79
Glycine 92 91
CHO Lysine 84 )
oH Methionine 85 79
1d Cysteine 20 92 89
Leucine 92 89
Phenyl alanine 93 91
Hippuric acid 95 90
CHO Glycine 94 90
Lysine 85 30
Methionine 85 82
le Cysteine 20 91 38
Leucine 90 85
NO, Phenyl alanine 89 84
Hippuric acid 90 84
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For the present work, only a few representative aromatic 9.
aldehydes were used to check the feasibility of amino acid 10
catalysis in these reactions. The yields in all five cases were '
comparable and these catalysts can be extended using other
diketones and aldehydes.
In conclusion, an efficient and another green method for 11.
the synthesis of triarylimidazoles from benzil/benzoin, medi- 2.
ated by amino acids is presented. Seven representative amino
acids have been used but the list is not exhaustive.
13.
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