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Various amino acids were found to be excellent catalysts for the Biginelli dihydropyimidone synthesis. The method is simple and provides |

an alternate and efficient catalyst for the multiple component reactions.
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INTRODUCTION

The three component Biginelli reaction (Scheme-I) is
gaining much attention due to its versatility and its inherent
scope for providing scaffolds for further synthetic work. The
ready availability of potential biologically active molecules
also adds to its popularity and the attention it is getting from
chemists'. The synthesis involving diverse catalysts e.g., metal
salts®, Bronsted and Lewis acids’ to the application of micro-
wave irradiation* and other solvent-free synthetic processes’
have been reported. Due to our continuous interest in the
synthesis of heterocyclic compounds, the Biginelli reaction is
of interest for the synthesis of pyrimidine based systems and
an effort is now directed towards developing new catalysts for
these and related syntheses.

Although some trans-4-hydroxyproline-derived secondary
amines together with Bronsted acids have been reported for
an enantioselective Biginelli reaction®, to our best of know-
ledge, there is a scant literature reference employing amino
acids as catalysts for this multicomponent important reaction.

Another study using L-proline methyl ester for the synthesis
of dihydropyrimidone has also been published’. Recently the
catalytic use of L-proline was described for the synthesis of
pyrano[2,3-d]pyrimidines® which has prompted us to commu-
nicate the results of our work of amino acids as catalysts in
this reaction. Here we will be reporting the synthesis of
5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-
2-one (I) and 2-thione (II) in the presence of various amino
acids. However work utilizing other 1,3-dicarbonyl compounds
and aldehydes is being continued.

EXPERIMENTAL

The IR spectra were taken on Perkin Elmer spectrum BX
1. The 'H NMR spectra were obtained on a Bruker 300 MHz
spectrometer using DMSO-ds as the solvent and TMS as an
internal standard. Melting points were determined on a
Galenkamp apparatus and are uncorrected. All the chemicals
and amino acids used in the present work were commercial
products of Fluka, Aldrich or Merck and were used without
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further purification. The progress of the reaction was monitored
by TLC.

General procedure

Synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2-one (I) and 2-thione (IT): A mixture of
benzaldehyde (4.2 g, 40 mmol), ethyl acetoacetate (5.2 g, 40
mmol), urea (or thiourea) 45 mmol, an amino acid (0.01 mmol)
and 10 mL of ethanol was heated under reflux (or stirred at
room temperature). After cooling, the reaction mixture was
diluted with water and the precipitated product was filtered,
washed with water, dried and recrystallized from ethanol.

I: m.p. 196 °C, Lit. 202 °C"%, IR (KBr, Ny, cm’™): 3239,
3110, 1725, 1702, 1646. '"H NMR (DMSO): 6: 1.06 (3H, t,J =
7.2 Hz), 2.23 (3H, s), 3.98 (2H, q, J = 7.2 Hz), 5.12 (1H, s),
7.21-7.32 (5H, m), 7.60 (1H, s), 9.14 (1H, s).

II: m.p. 196 °C, Lit."* 205-206 °C, IR (KBTI, Vi, cm™):
3234, 3104, 1729, 1639, 1225.

RESULTS AND DISCUSSION

The classical Biginelli reaction is usually conducted in
ethanol with an acid catalyst such as hydrochloric acid. In the
present work, the reactions were conducted in ethanol solvent
in the presence of catalytic amounts of different amino acids.
The effect of amino acid, its quantity, time and temperature of
the reactions were also studied to compare these parameters'
influence on the yields of the product I. Equivalent amounts
of the three components were used with a little excess of urea/
thiourea. Glycine was used for all the experiments.

Amount of catalyst: Initially 10 mmol of glycine was
used for the 40 mmol quantities of the reactants and I was
obtained in 74 % yield. Diminishing the quantities of glycine
showed that a very small amount 0.01 mmol was sufficient for
a comparable yield without compromising the purity of the
product. The results are given in Table-3.

Reaction time and temperature: The trial reactions were
conducted both at room temperature (30 °C) and at reflux in
ethanol (80 °C) (Table-4). It was observed that 4 h refluxing
gave better yield (90 %) while without heating (mere stirring
at the room temperature for 12 h) presented the product in
74 % yield. In both the cases (reflux or room temperature)
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prolonged periods of reaction were detrimental to the yields
and the purity of the product. The products obtained were
darker in colour perhaps due to some decomposition.

The results of Tables 1-4 are evidently indicative of the
usefulness of amino acids as alternatives in Biginelli reaction.
The yields and the purity of the compounds from these reactions,
the small quantity of the catalyst required for the reaction and
the non-toxicity of the amino acids make it the catalyst of
choice. Although a few amino acids are being reported but the
scope can be extended to include other amino acids.

The role of the amino acid in these condensations appears
to be two fold and fits in well with the mechanism proposed
earlier by Folkers and Johnson® and Kappe'® (Scheme-II). In
the initial condensation step of urea with the aldehyde to give
the adduct, the amino acid aids in this acid catalyzed reaction
while in the following step, the amino acid functioning as a
base effects the nucleophilic addition of the CH compound
finally effecting the ring closure.

TABLE-1
AMINO ACID CATALYZED SYNTHESIS OF
5-ETHOXYCARBONYL-6-METHYL-4-PHENYL-
3,4-DIHYDROPYRIMIDIN-2-ONE (I, X = O)

Amino acid Yield (%) m.p. (°C)°
Glycine 87 196
Hippuric acid 68 196
Glutamic acid 74 195
L. leucine 68 194
Tryptophan 83 196
Histidine 83 196
*Lit. m.p. 202 °C".

TABLE-2

AMINO ACID CATALYZED SYNTHESIS OF
5-ETHOXYCARBONYL-6-METHYL-4-PHENYL-
3,4-DIHYDROPYRIMIDIN-2-THIONE (II, X = S)

Amino acid Yield (%) m.p. °C)’
Glycine 74 196
Hippuric acid 71 196
Glutamic acid 81 195
L. leucine 77 195
Tryptophan 72 196
Histidine 69 196

*Lit. m.p. 205-206 °C".
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TABLE-3
YIELD OF DHPM (I) VERSUS THE AMOUNT
OF CATALYST (GLYCINE) USED

Amount of glycine (mmol) Yield (%) m.p. (°C)*
10 74 196
1 79 194
0.1 87 198
0.01 71 194
“Lit. m.p. 205-206 °C".
TABLE-4

EFFECT OF TEMPERATURE AND TIME ON THE
YIELD OF DHPM (I) (GLYCINE CATALYST)

*

Entry Temp. (°C) Time (h) Yield (%) m.p. (°C)
1 RT 3 55 192
2 - 6 60 196
3 - 9 69 195
4 - 12 74 196
5 - 24 66 196
6 80 2 84 194
7 - 4 90 196
8 - 6 81 195
9 — 8 70 196

*Lit. m.p. 205-206 °C'*.

The role of the amino acid in the modified Knoevenagel
reaction has been described in the literature'' which could
possibly also be supportive for its likewise action in the
Biginelli synthesis. An alternate mechanistic way via an
enamine’ can also not be ruled out.

Conclusion

Based on the results of the present investigations it seems
that amino acids can be used as effective catalyst for the
multiple component reactions. The method is safe, simple and
the yields are comparable to the other catalysts.
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