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INTRODUCTION

The dihydropyrimidinone ring system is contained
within a number of pharmacologically active agents,l
for example, calcium channel blockers, antihyper-
tensive agents, o, antagonists, antiviral, antitumor
and anti-inflammatory drugs,z'4 they have been
subject of extensive investigations. In addition, the
2-oxodihydropyrimidine-5-carboxylate core unit
is found in nature and in potent HIVgp-120-CD4
inhibitors.”” Synthetic strategies for the dihydro-
pyrimidinone derivatives would involve one-pot to
multistep approaches.l The first one-pot synthesis
of 3,4-dihydropyrimidin-2(1H)-ones was reported
by Biginelli in 1893, often involves unsatisfactory
yields (20-50%), harsh reaction conditions and
long reaction times.* " Although high yields could
be achieved by complex multi-step synthesis pro-
cedures, these methods lack the simplicity of the
original one-pot Biginelli protocol.”’12 Therefore, in
recent years interest in this reaction has increased
rapidly and several modifications and improvements
using Lewis acids as well as protic acid under
classical reﬂux,B'19 solvent-free conditions**** and
microwave™ >’ or ultrasound irradiation’™’' have

been reported. However, in spite of their potential
utility, many of these methods involve expensive
reagents, strong acidic conditions, long reaction
times, high temperatures, stoichiometric amount of
catalysts, environmental pollution and give unsatis-
factory yields. Therefore, to avoid these limitations,
the discovery of a new and efficient catalyst with
high catalytic activity, short reaction time and
simple work-up for the preparation of 3,4-dihydro-
pyrimidin-2(1H)-ones under neutral, mild and pra-
ctical conditions is of prime interest. In view of
increasing environmental constraints, it has become
unacceptable for industrial effluents and wastes to
contain such a highly toxic transition metal. The
design of new, less polluting procedures has become
a priority for the chemical industry. Recently,
NiSO47H>0 has been used as a Lewis acid catalyst
for organic transformation.” It is an inexpensive,
available and extremely safe reagent to be used in
chemical reactions.

In continuation of our work to develop new
synthetic methodologies,”’42 we describe herein an
efficient and convenient procedure for the synthesis
of 3,4-dihydropyrimidin-2(1H)-ones or thiones in
the presence of a catalytic amount of nickel(II)
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sulfate heptahydrate in acetonitril (Scheme I).

RESULT AND DISCUSSION

According to results, we discovered a practical
and general approach for this Biginelli cyclocon-
densation reaction using a mild catalyst, nickel(II)
sulfate heptahydrate which is a novel, one-pot com-
bination of nickel(Il) sulfate heptahydrate and

proton source that not only preserved the simplicity
of Biginelli’s one-pot reaction but also consistently
produced 70-80% yields of the 3,4-dihydropyri-
midin-2(1H)-ones or thiones (Table 1).

In order to study the generality of this procedure,
a series of Biginelli compounds were synthesized
with similar operations. Under this novel conditions,
the reaction time was significantly shorted from 18h
of the classical Biginelli methode to 2h, and the yields

Table 1. NiSO47H>O catalyzed synthesis of dihydropyrimidinones and thiones

Time Mp(°C) Yield
Ent R X Product a
iy rocue (h) Observed Reported (%)
1 Ph 0 4a 1.5 202-204 201-203* 80
2 4-Me-Ph 0 4b 1.5 213-214 214-215% 75
3 4-MeO-Ph 0 4c 1.5 199-202 199-201* 75
4 4-NO,-Ph 0 4d 1.5 209-210 209-211% 70
5 4-Cl-Ph 0 de 1.5 215-216 214-215% 79
6 3-NO,-Ph 0 4f 1.5 228-229 227-229% 65
7 Ph S 4g 1.5 208-209 208-209'® 78
8 4-Cl-Ph S 4h 1.5 208-209 209-210% 77
“Isolated yields.
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increased from 20-50% to 70-80%. Most importantly,
aromatic aldehydes carrying either electron donating
or withdrawing substituents afforded good yields
of products. Furthermore, thiourea has been used
with similar success to provide the corresponding
3,4-dihydropyrimidin-2(1H)-thiones which are posses-
sing good biological activities. In order to get the
best molar ratio of reaction materials, we also the
experiment with different ratios of aldehyde(1),
ethylacetoacetate(2), urea or thiourea(3) and nickel(II)
sulfate heptahydrate. We found that the reaction gave
the best results when the molar ratio of reactions
was 1(1): 1(2): 1.5(3): 0.05(catalyst), respectively.

We propose a mechanism similar to that of Kappe47
for the Bigineli reaction and stablished that the first
step in this reaction involves the acid-catalyzed forma-
tion of acyl imine intermediate 6, formed by reaction
of the aldehyde with urea and stabilized by nickel,
is the key rate-limiting step. Interceptation of the
iminium ion 6 by B-ketoester enolate produce an
open-chain ureide 7 which subsequently cyclizes to
the dihydropyrimidinones, 4 (Scheme II).

To show the merits and advantages of using
NiSO4#7H,0 as a catalyst, our method is compared
with reported Biginelli reactions (7able 2).

In conclusion, we have developed a catalytic
system for the synthesis of 3,4-dihydropyrimidin-
2(1H)-ones or thiones using available, inexpensive
and extremely safe reagent such as nickel(Il) sulfate
heptahydrate in the mild and high yielding reaction.
The catalyst can be recycled at three times without
significant lose of catalytic activity. We believe
nickel(Il) sulfate heptahydrate is the greenest catalyst
which has ever been used for the synthesis of

3,4-dihydropyrimidin-2(1H)-ones or thiones will find
many applications in organic synthesis and industry.

EXPERIMENTAL

All products are known compounds and were
characterized by mp, IR, 'H NMR and GC/MS.
Melting points were measured by using the capillary
tube method with an electrothermal 9200 apparatus.
'"H NMR spectra were recorded on a Bruker AQS
AVANCE-300 MHz spectrometer using TMS as
an internal standard (CDClI; solution). IR spectra
were recorded from KBr disk on the FT-IR Bruker
Tensor 27. GC/MS spectra were recorded on an
Agilent Technologies 6890 network GC system and
an Agilent 5973 network Mass selective detector.
Thin layer chromatography (TLC) on commercial
aluminum-backed plates of silica gel, 60 F254 was
used to monitor the progress of reactions. All products
were characterized by spectra and physical data.

General procedure for the synthesis of 4-aryl-
3,4-dihydropyrimidin-2(1H)-one or thione

A mixture of aldehyde (2 mmol), ethyl aceto
acetate (2 mmol), urea or thiourea (3 mmol) and
NiSO4+7H20 (0.1 mmol) in 5 mL CH3;CN were
refluxed for 2 h. The mixture was cooled to room
temperature. After filtration, the solution poured
into ice-water (30 mL). The resulting solid product
was then removed by filtration and recrystallized
from absolute ethanol to give pure product.

5-Ethoxycarbonyl-4-phenyl-6-methyl -3,4-dihy-
dropyrimidin-2(1H)-one (4a)

Mp 200-202°c; IR (KBr) (Vinax, cmﬁl): 3244, 1724,
1639; "HNMR (CDC13, 300 MHz) dy (ppm): 1.1 (t,

Table 2. The several of catalysts were used to one-pot three component synthesis of 3,4-dihydro-2(1H)-pyrimidinones

Entry Catalyst Time(h) Yield(%) References
1 Sulfuric acid 18 71 8
2 zeolite 12 80 48
3 BF3-OEt,/CuCl 18 71 44
4 montmorillonite KSF 48 82 22
5 InBr; 7 83 14
6 12-tungstophosphoric cid 6-7 80 49
7 HEU 4-5 75 38
8 LaCls 5 95 50
9 NiSO4+7H,0O 1.5 80 This work
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3H, CH;* CH»0), 2.24 (s, 3H, CHz3), 4.01 (q, 2H,
OCH,), 5.16 (s, 1H, CH), 7.21-7.30 (m, 5H, aromatic
CH), 7.76 (s, 1H, NH), 9.24 (s, 1H, NH); GC/Ms:
260 (M").
5-Ethoxycarbonyl-4(4-nitro-pheny)I-6-methyl-
3,4-dihydropyrimidin-2(1H)-one (4d)

Mp 209-210°c; IR (KBr) (Vmax cmfl): 3250,
1720, 1636; 'HNMR (CDC13, 300 MHz) 6y (ppm):
1.1 (t, 3H, CHs* CH»0), 2.27 (s, 3H, CHs), 3.98 (q,
2H, OCH»), 5.20 (s, 1H, CH), 7.51 (d, 2H, aromatic
CH), 7.89 (s, IH, NH), 8.01 (d, 2H, aromatic CH),
9.33 (s, 1H, NH); GC/Ms: 304 (M").

Acknowledgments. The authors are thankful
from Alzahra Research Council for the partial fi-
nancial support.

REFRENCES

1. Kappe, C.O. Tetrahedron. 1993, 49, 6937.

2. Rovnyak, G.C.; Kimball, S.D.; Beyer, B.; Cucinotta,
G.; DiMarco, J. D.; Gougoutas, J.; Hedberg, A.;
Mally, M.; McCarthy, J. P.; Zhang, R.; Moreland, S.
J. Med. Chem. 1995, 38, 119.

3. Atwal, K. S.; Rovnyak, G. C.; Kimball, S. D.; Floyd,
D.M.; Moreland, S.; Swanson, B. N.; Gougoutas, J.
Z.; Schwartz, J.; Smillie, K. M.; Malley, M. F. J.
Med. Chem. 1990, 33, 2629.

4. Cho, H.; Ueda, M.; Shima, K.; Mizuno, A.; Haya-
shimatsu, M.; Ohnaka, Y.; Takeuchi, Y.; Hamaguchi,
M.; Aisaka, K.; Hidaka, T.; Kawai, M.; Takeda, M.;
Ishihara, T.; Funahashi, K.; Satah, F.; Morita, M.;
Noguchi, T. J. Med. Chem. 1989, 32, 2399.

5. Patil, A.D.; Kumar, N.V.; Kokke, W.C.; Bean, M.F;
Freyer, A.J.; De Brosse, C.; Mai, S.; Truneh, A.;
Faulkner, D. J.; Carte, B.; Breen, A. L.; Hertzberg,
R.P.; Johnson, R.K.; Westley, J.W.; Potts, B.C. J.
Org. Chem. 1995, 60, 1182.

6. Snider, B.B.; Chen, J.; Patil, A.D.; Freyer, A.Tetra-
hedron. Lett. 1996, 37, 6977.

7. Rama Rao, A.V.; Gujar, M.; Vasudevan, J. J. Chem.
Soc. Chem. Commun. 1995, 1369.

8. Biginelli,P. Gazz. Chim. Ital. 1893, 23, 360.

9. Folkers,K.; Harwood, H. J.; Johnson, T.B. J. Am.
Chem. Soc. 1932, 54, 3751.

10. Folkers, K.; Johnson, T. B. J. Am. Chem. Soc. 1934,
1180.

11. Atwal, K.S.; O’Reilly, B.C.; Gougoutas, J. Z.;
Malley, M. F. Heterocycles. 1987, 26, 1189.

2009, Vol. 53, No. 1

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Atwal, K.S.; Rovnyak, G. C.; O’Reilly, B. C.; Schwartz,
J.J. Org. Chem. 1985, 54, 5898.

Reddy, Ch. V.; Mahesh, M.; Raju, P. V.K.; Babu, T.
R.; Reddy, V. V. N. Tetrahedron. Lett. 2002, 43,2657.
Fu,N.-Y.; Yuan, Y.-F.; Cao, Z.; Wang, S.-W.; Wang,
J.-T.; Peppe, C. Tetrahedron. 2002, 58, 4801.
Paraskar, A.S.; Dewkar, G. K_; Sudalai, A. Tetrahedron.
Lett. 2003, 44, 3305.

Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Bodaghifard,
M. A. Tetrahedron. Lett. 2003, 44, 2889.

Lu, J.; Bai, Y. Synthesis. 2002, 466.

Ghosh, R.; Maiti, S.; Chakraborty, A. J. Mol. Catal.
A Chem. 2004, 217, 47.

Bose, D.S.; Fatima, L.; Mereyala, H. B. J. Org.
Chem. 2003, 68, 587.

Peng, J.; Deng, Y. Tetrahedron. Lett. 2001, 42,
5917.

Ma, Y.; Qian, C.; Wang, L.; Yang, M. J. Org. Chem.
2000, 65, 3864.

Bigi, F.; Carloni, S.; Frullanti, B.; Maggi, R.; Sartori,
G. Tetrahedron. Lett. 1999, 40, 3465.

Reddy, K.R.; Reddy, Ch.V.; Mahesh, M.; Raju, P.V.
K.; Reddy, V.V. N. Tetrahedron. Lett. 2003, 44,
8173.

Donadoni, A.; Massi, A. Tetrahedron. Lett. 2001,
42,7975.

Yadav, J.S.; Reddy, B.V. S.; Reddy, E. J.; Ramalingam,
T. J. Chem. Res. (S) 2000, 354.

Kappe, C.O.; Kumar, D.; Varma, R. S. Synthesis.
1999, 1799.

Stefani, H.A.; Gatti, P. M. Synth. Commun. 2000, 30,
2165.

Choudhary, V.R.; Tillu, V.H.; Nasrkhede, V. S.;
Borate, H.B.; Wakharkar, R.D. Catal. Commun. 2003,
4,449,

Mirza-Aghayan, M.; Bolourtchian, M.; Hosseini, M.
Synth. Commun. 2004, 34, 3335.

Yadav, J. S.; Reddy, B.V.S.; Reddy, K.B.; Raj, K.S.;
Prasad, A.R. J. Chem. Soc. Perkin Trans. 1. 2001,
1939.

Li, J.-T.; Han, J.-F.; Yang, J.-H.; Li, T.-S. Ultrason.
Sonochem. 2003, 10, 119.

Amirnasr, M.; Gorji, A. Thermochimica Acta. 2000,
354, 31.

Bamoharram, F. F.; Heravi, M. M.; Roshani, M. J.
Chin. Chem. Soc. 2007, 54, 1017.

Heravi, M. M.; Bakhtiari, K.; Oskooie, H. A. J. Chin.
Chem. Soc. 2007, 54, 579.

Heravi, M. M.; Oskooie, H. A.; Baghernejad. B. J.
Chin. Chem. Soc. 2007, 54, 767.

Bamoharram, F. F.; Heravi, M. M.; Roshani, M.;
Gharib, A.; Jahangir, M. Appl. Cata. 2006, 302, 42.



94

36.

37.

38.

39.

40.

41.

42.

R. Hekmatshoar, M. Heidari, M. M. Heravi, and B. Baghernejad

Heravi, M. M.; Hekmatshoar, R.; Pedram, L. J. Mol.
Catal. A: Chem. 2005, 89, 231.

Tajbakhsh, M.; Mohajerani, B.; Heravi, M. M.;
Ahmadi, A. N.J. Mol. Catal. A: Chem. 2005, 236,216.
Heravi, M. M.; Bakhtiari, K.; Bamoharram, F. F.
Catal. Commun. 2006, 7, 373.

Bamoharram, F. F.; Heravi, M. M.; Roshani, M.;
Tavakoli, N. J. Mol. Catal. A: Chem. 2006, 252,219.
Heravi, M. M.; Motamedi, R.; Siefi, N.; Bamoharram,
F.F.J. Mol. Catal. A: Chem. 2006, 249, 1.
Hekmatshoar, R.; Majedi, S.; Bakhtiari, K. Catal.
Commun. 2008, 9, 307.

Shaabani, A.; Bazigar, A.; Teimouri, F. Tetrahedron.

43.

44.
45.

46.
47.

48.

49.

Lett. 2003, 44, 857.

Hu, E. H.; Sidler, D.R.; Dolling, U.-H. J. Org. Chem.
1998, 63, 3454.

Zhang, T. J.; Li, T. Synth. Commun. 2002, 32, 1847.
Wang, L.; Qian, G.; Tian, H.; Ma, Y. Synth. Commun.
2003, 33, 1459.

Kappe, C.O. J. Org. Chem. 1997, 62, 7201.

Rani, R.V.; Srinivas, N.; Kishan, M.R.; Kulkarni, S.
J.; Raghavan, K.V. Green. Chem. 2001, 3, 305.
Heravi, M. M.; Derikvand, F.; Bamoharram, F. J.
Mol. Catal. A: Chem. 2005, 242, 173.

Lu, J.; Bai, Y.; Wang, Z.; Yang, B.; Ma, H. Tetra-
hedron. Lett. 2000, 41, 9075.

Journal of the Korean Chemical Society



