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Various metals (Cu, Fe, Al and Zn) have been successfully employed in the MCR of aryl carbaldehydes, ethyl acetoacetate and urea to |

| give respective dihydropyrimidinones in good to excellent yields. The catalysts in these reactions are easily recovered and used many |
times without losing its catalytic activity. The products were duly characterized through their spectral analysis.
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INTRODUCTION

The Biginelli reaction’ is a well known, simple and straight-
forward procedure for the synthesis of dihydropyrimidinones
(DHPMs) by the three component condensation of an aliphatic
or aromatic aldehyde, active methylene compounds such as
B-ketoesters or 1,3-diketones and urea, thiourea or guanidines.
The original reaction was first reported® by Pietro Biginelli in
1893 and was catalyzed by mineral acids. These dihydro-
pyrimidinones are very interesting due to their wide spectra
of biological activities® and are used as a starting point to
prepare complex heterocyclic scaffolds with pharmacological
properties* such as calcium channel modulation®, mitotic
kinesin Eg 5 inhibition’, antiviral®, antibacterial and antifungal
activity’, anticancer®, etc.’. In order to improve the reaction
yields or the scope of reaction numerous catalysts have been
employed. Some of which could be mentioned here such as:
ethyl polyphosphate'®, TMSCI'", TMSCI/Nal'?, FeCl,/
Si(OEt)413, HzSO414, BF3'Et20/CUC115, LaC137H20 conc.
HCI'®, CeCl;.7H,0", InCl5", BiCl;"”, Cu(OTf),*, LiBr*,
InBr;*. More recently a solvent free procedure involving
water-based biphasic reaction media has been applied
using PTSA as catalyst™. Other green conditions include ZrCl,
or ZrOCl, under neat conditions®, heteropolyacids® and
Baker's yeast®. In many of the Biginelli reactions carried out
in the presence of catalysts, metal salts'"**"** have often been
used.

In our continuous studies about synthetic utility of MCRs
and more specifically Biginelli synthesis, we have been
experimenting with novel catalysts for these reactions”. In
the present communication we would like to submit a preli-
minary report of our successful application using metals as
environment friendly, low-cost, easily available and recyclable
catalysts for Biginelli reaction. To our best of knowledge
metals in their free states have not been reported as catalysts
in these reactions. It is an ongoing project where the scope of
these catalysts and using other active methylene compounds
and thiourea is under investigations. The yields reported have
not been optimized.

EXPERIMENTAL

All the chemicals and reagents used in the present study
were commercially available. These were purified by usual
methods of distillation (for liquids) and crystallization from
appropriate solvents (for solids). Melting points were obtained
on a Gallenkamp melting point apparatus and are uncorrected.
IR spectra were recorded on Perkin Elmer spectrum BX 1 and
NMR on a Brucker 400MHz spectrometer using tetramethyl-
silane as an internal reference. The instrument used for low-
resolution electron impact mass spectra was Finningan MAT
311 with MASPEC data system. All the products of the reac-
tions were compared with the authentic samples prepared by
the literature methods and were found to be identical in all
respects (e.g., m.p., mixed m.p., FTIR or other spectra).
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Ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyri-
midine-5-carboxylate (1): A mixture of benzaldehyde
(10 mmol), ethyl acetoacetate (10 mmol), urea (10 mmol),
15 mL of ethanol and weighed amount of catalyst were
refluxed until the reaction was completed. The reaction was
monitored by TLC. The catalyst was insoluble in hot ethanol
and was therefore separated by simple filtration. After cooling
the reaction mixture was diluted with 100 mL of water and
the precipitates were filtered off, washed with water and
dried. The product was recrystallized with ethanol to afford
the pure compound 1 (Table-1). IR Apax (KB, Vinax, cm™): 3234
(N-H), 1699 (C=0, amide), 1721 (C=0, ester). 'H NMR
(DMSO): 8 1.1 (3H, t), 2.3 (3H, s), 4.0 (2H, q), 5.2 (1H, s),
7.2-7.3 (5H, m), 7.8 (1H, s), 9.2 (1H, s). EIMS (m/z): 260
[M*, 28 %].

Ethyl 4-(4-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylate (2): A mixture of 4-chloro-
benzaldehyde (10 mmol), ethyl acetoacetate (10 mmol), urea
(10 mmol), 15 mL of ethanol and weighed amount of catalyst
were refluxed until the reaction was completed. The reaction
was monitored by TLC. The catalyst was insoluble in hot
ethanol and was therefore separated by simple filtration. After
cooling the reaction mixture was diluted with 100 mL of water
and the precipitates were filtered off, washed with water and
dried. The product was recrystallized with ethanol to afford
the pure compound 2 (Table-1). IR Ay (KBTI, Viay, cm'): 3238
(N-H), 1696 (C=0, amide), 1703 (C=0, ester), 685 (C-Cl).
'HNMR (DMSO): 6 1.1 (3H, t), 2.2 (3H, s), 4.0 (2H, q), 5.1
(1H, s), 7.3-7.4 (5H, m), 7.8 (1H, s), 9.2 (1H, s). EIMS (m/z):
294.5 [M*, 20 %, *Cl], 296.5 [M*2, 8 %, Y'CI].

Ethyl 6-methyl-4-(3-nitrophenyl)-2-oxo0-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (3): A mixture of 3-
nitrobenzaldehyde (10 mmol), ethylacetoacetate (10 mmol),
urea (10 mmol), 15 mL of ethanol and weighed amount of
catalyst were refluxed until the reaction was completed. The
reaction was monitored by TLC. The catalyst was insoluble in
hot ethanol and was therefore separated by simple filtration.
After cooling the reaction mixture was diluted with 100 mL
of water and the precipitates were filtered off, washed with
water and dried. The product was recrystallized with ethanol

to afford the pure compound 3 (Table-1). IR Amax (KBTI, Vinax,
cm™): 3226 (N-H), 1698 (C=0, amide), 1715 (C=0, ester),
1522 and 1454 (NO2), 867 (C-N). 'H NMR (DMSO): § 1.1
(3H, 1), 2.2 (3H, s), 4.0 (2H, q), 5.2 (1H, s), 7.3-7.4 (5H, m),
7.8 (1H, s), 9.2 (1H, s). EIM S (m/z): 305[M", 4 %].

Ethyl 6-methyl-4-(4-nitrophenyl)-2-ox0-3,4-dihydro-
pyrimidine-5-carboxylate (4): Using Cu powder by following
the same procedure as for compounds 1 to 3 and using 10 mg
of Cu powder gave 4 in 51 % yield; m.p. 200 °C (lit.*°, m.p.
208 °C).

Ethyl 4-(fur-2-yl)-6-methyl-2-oxo0-3,4-dihydropyri-
midine-5-carboxylate (5): Using Al foil by following
the general procedure and employing 10 mg of Al foil
compound 5 was obtained in 42% yield; m.p. 196 °C (lit.*,
m.p. 209 °C).

RESULTS AND DISCUSSION

Originally Biginelli performed this reaction using HCI as
an acid catalyst'. Later on other catalyst were tried with varying
success. In the present work we have tried metals in free states
such as Fe (metal, powder), Cu, Zn (powder) and Al (foil)
as catalysts. Reactants were aromatic aldehydes, ethyl
acetoacetate and urea, ethanol was used as a solvent. After the
dissolution of reactants in the solvent, metal in catalytic amount
was added and the reaction mixture was refluxed on a hot
plate till the completion of reaction (TLC). This led to
formation of the expected dihydropyrimidinones in satisfactory
yields which were, at present, however not optimized. The
metal catalyst remained undissolved during the course of the
reaction, and was separated, dried under vacuum and reused
without affecting the products both physically and chemically.
The metal catalyzed the reaction by lowering the activation
energy barrier of the reactants, which is high especially in
case of substituted aromatic aldehydes, as they were somewhat
sterically crowded. 3-Nitrobenzaldehyde gave lower yield of
product, whereas for benzaldehyde and 4-chlorobenzaldehyde
the results were comparable. Since free metals are good electron
donors so the pathway might proceed by a single electron
transfer mechanism (Scheme-II).

TABLE-1
DIHYDROPYRIMIDINONE FORMATION WITH DIFFERENT ALDEHYDES
Comp. No. Catalyst Weight of catalyst (mg) Reflux time (h) Yield (%) — mp. °C ——
oun eporte
Fe metal 40 4.5 70 195
Fe powder 20 4.0 41 197
1 Cu powder 25 35 72 200 202-204%
Zn powder 10 7.0 64 202
Al foil 25 6.0 85 201
Fe powder 5 11 26 201
Cu powder 5 9.5 56 212
Cu wire 5 15 34 162 29
2 Zn powder 5 22 20 170 211-213
Al foil 5 12 56 208
Al foil 5 16 (stirring) Room temp. 51 198
Fe powder 5 12 38 192
Cu powder 5 9.0 30 198 30
3 Zn powder 5 8.0 42 208 224-228
Al foil 5 13 70 200




Vol. 27, No. 2 (2015)

Metals as Renewable Catalysts in MCR Synthesis of Dihydropyrimidinones 457

0]
CHy
- g%
R NH NH,
H 0
)1\ +.JJ\ -H
R N NH T
= M T
c o NH HiC
-H,0
—
N
0]
M=Metal
Scheme-11
13.
é: 0 R
Ethanol 14.
% Reflux Hsc/\o | NH
Catalyﬂt 15.
O HC” N7 SO0 g6
HZN% H
H3C 1-5 17.
18.
R = Ph, 4-CIC¢Hy4, 3-NO,C¢H;, 1R =Ph, 2 R =4-CIC¢Hy, 3 R = 3-NO,CeHy, 19.
4-NO,CeH, 2-furyl 4R = 3-NO,CsHs, 5 R = 2-furyl 20.
Catalyst = Fe metal, Fe powder, Cu powder, Zn powder, Cu wire, Al foil 21.
Scheme-I 22.
REFERENCES 23.
1. C.O. Kappe, Tetrahedron, 49, 6937 (1993). 24.
2. P. Biginelli, Gazz. Chim. Ital., 23, 360 (1893).
3. K.S. Atwal, B.N. Swanson, S.E. Unger, D.M. Floyd, S. Moreland, 25.
A. Hedberg and B.C. O'Reilly, J. Med. Chem., 34, 806 (1991). 26.
4.  C.O. Kappe, Eur. J. Med. Chem., 35, 1043 (2000). 27.
5. (a) T.U. Mayer, T.M. Kapoor, S.J. Haggarty, R.W. King, S.L. Schreiber
and T.J. Mitchison, Science, 286, 971 (1999); (b) T.M. Kapoor, T.U.
Mayer, M.L. Coughlin and T.J. Mitchison, J. Cell Biol., 150, 975 (2000).
6. E.W. Hurst and R. Hull, J. Med. Pharm. Chem., 3, 215 (1961).
7. M. Ashok, B.S. Holla and N.S. Kumari, Eur. J. Med. Chem., 42, 380
(2007).
8. S.W. Fewell, C.M. Smith, M.A. Lyon, T.P. Dumitrescu, P. Wipf, B.W.
Day and J.L. Brodsky, J. Biol. Chem., 279, 51131 (2004). 28.
9.  A.M. Magerramov, M.M. Kurbanova, R.T. Abdinbekova, I.A. Rzaeva,
V.M. Farzaliev and M.A. Allakhverdiev, Russ. J. Appl. Chem., 79, 787 29.
(2006).
10. C.O. Kappe and S.F. Falsone, Synlett, 718 (1998). 30.

11. Y. Zhu, Y. Pan and S. Huang, Synth. Commun., 34, 3167 (2004).
12.  G. Sabitha, G.S. Kumar Reddy, C.S. Reddy and J.S. Yadav, Synlett,
858 (2003).

O

PN
NH, ——

Nw 0~ “CH;

O R
o NH
o /]\o
HsN
I. Cepanec, M. Litvic, A. Bartolincic and M. Lovric, Tetrahedron, 61,

4275 (2005).

(a) K. Folkers and T.B. Johnson, J. Am. Chem. Soc., 55, 2886 (1933);
(b) K. Folkers and T.B. Johnson, J. Am. Chem. Soc., 55, 3784 (1933).
E.H. Hu, D.R. Sidler and U.H. Dolling, J. Org. Chem., 63,3454 (1998).
J. Lu, Y. Bai, Z.Wang, B. Yang and H. Ma, Tetrahedron Lett., 41, 9075
(2000).

D.S. Bose, L. Fatima and H.B. Mereyala, J. Org. Chem., 68, 587 (2003).
B.C. Ranu, A. Hajra and U. Jana, J. Org. Chem., 65, 6270 (2000).

K. Ramalinga, P. Vijayalakshmi and T.N.B. Kaimal, Synlezt, 863 (2001).
A.S. Paraskar, G.K. Dewkar and A. Sudalai, Tetrahedron Lett., 44, 3305
(2003).

G. Maiti, P. Kundu and C. Guin, Tetrahedron Lett., 44, 2757 (2003).
N.Y. Fu, Y.E. Yuan, Z. Cao, S.W. Wang, J.T. Wang and C. Peppe, Tetra-
hedron, 58, 4801 (2002).

A.K. Bose, M.S. Manhas, S. Pednekar, S.N. Ganguly, H. Dang, W. He
and A. Mandadi, Tetrahedron Lett., 46, 1901 (2005).

J.C. Rodriguez-Dominguez, D. Bernardi and G. Kirsch, Tetrahedron
Lett., 48, 5777 (2007).

E. Rafiee and H. Jafari, Bioorg. Med. Chem. Lett., 16, 2463 (2006).
A. Kumar and R.M. Maurya, Tetrahedron Lett., 48, 4569 (2007).

A. Karamat, M.A. Khan and A. Sharif, J. Chinese Chem. Soc., 57
1099 (2010); S. Imtiaz, M.A. Khan, A. Sharif, E. Ahmed, W.-O. Lin
and M.A. Munawar, J. Chinese Chem. Soc., 59, 1446 (2012); A.M.
Zafar, S. Qureshi, M.N. Khan, M. Azad, M.A. Munawar and M.A. Khan,
Asian J. Chem., 25, 3244 (2013); S. Noreen, S. Perveen, M.N. Khan, A.
Nazeer, M.A. Khan, M.A. Munawar, R. Babar, F. Suhail, M. Azad,
A.MR. Bernardino and M.S. Dos Santos, Asian J. Chem., 25, 4770
(2013).

K. Folkers, H.J. Harwood and F.B. Johnson, J. Am. Chem. Soc., 54,
3751 (1932).

Y. Yu, D. Liu, C. Liu and G. Luo, Bioorg. Med. Chem. Lett., 17, 3508
(2007).

J.S. Yadav, B.V. Subba Reddy, P. Sridhar, J.S.S. Reddy, K. Nagaiah, N.
Lingaiah and P.S. Saiprasad, Eur. J. Org. Chem., 552 (2004).



