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ABSTRACT

Ammonium metavanadate (NH,VO,) is an inexpensive, efficient and mild
catalyst for the three-component condensation reaction of aldehydes, p-
ketoester and urealthiourea. Thismethod offers several advantages includ-
ing relatively short reaction times, solvent-free,easywork-up procedure and
© 2015 Trade Science Inc. - INDIA

good to high yields of product

INTRODUCTION

Dihydropyrimidinones (DHPMs) and related
compounds have been found to exhibit awide spec-
trum of biological activities such asantivira™, an-
titumorf? and antibacterial®. Appropriately
functionalized dihydropyrimidinones have emerged
as potent calcium channel blockerg“, antihyperten-
sive agents® and «-1a adrenergic antagonists®.
Moreover, several marine alkaloids containing the
DHPM s core unit have shown interesting biol ogical
properties. In particular, batzelladine alka oids have
been found to be potent HIV gp-120-CD4 inhibi-
tord™. Thus, the synthesis of this heterocyclic com-
poundsisof much current importance.

Inorder to improvethe efficiency of the Biginelli
reaction several Lewis catalysts such as ZrCl @,
Cu(OTf),[, Zn(OTf),, chloroacetic acid™ and
ionicliquidssuchas(EtNH,)NO,I'4, LaCl..7H,0™,
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In(l11)-halides™, (bmim)PF, or BF,™, cellulose
sulfuric acid (CSA)1¢, polymer-supported 4-
aminoformoyldiphenylammonium triflate (PS-
AFDPAT)!, boric acid™®, Fe(HSO, 9 12-
Molybdophosphoric acid?”, sulfonic acid on to
silica?!, propane phosphonic acid anhydride??,
montmorilonite K SF2¥, triphenyl phosphine® have
been reported. In most cases these reactions suffer
from the long reaction time or exotic reaction con-
ditions.

In recent years, solvent-free organic synthesis
have offered more advantages as compared to their
homogeneous counterparts due to the growing con-
cern for theinfluence of organic solvent on the envi-
ronment aswell as on human body, economical de-
mands and simplicity in the processes®.

Hence the search continues for a better catalyst
inthe synthesis of in dihydropyrimidinonesterms of
operationa simplicity and economic viability. Herein
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we report the use of ammonium metavanadate
(NH,VO,) as awater soluble, inorganic acid® that
meets the demand for an economic catalyst. It is
employed similar to vanadium pentoxide?” asacata-
lyst in oxidation reactionswith other co-catalysts?.
It isareagent used in analytical chemistry, the pho-
tographic industry, and the textile industry®?. This
isthefirst report of utilizingammonium metavanadate
as a catalyst for the synthesis of
dihydropyrimidinones

EXPERIMENTAL

Apparatusand reagents

All the reagents and aromatic aldehydes were
obtained from commercial suppliers and were not
purified. Melting points were determined in open
capillaries and are uncorrected. The completion of
reactions was monitored by TLC. IR spectra were
recorded on amatrix of KBr with Perkin-Elmer 1430
spectrometer. *H NMR spectra were recorded on
Varian NMR spectrometer, Model Mercury Plus
(400MHz), Mass spectra [ES-MS] were recorded
on a Water-Micro mass Quattro-11 spectrophotom-
eter. Products of the following procedures were
characterized by their physical constants, and com-
pared with authentic samplesby IR and NMR spec-
troscopy.

General procedure for the synthesis of
dihydropyrimidinones(1-16)

A mixture of aldehyde (4 mmoal), a-ketoester (4
mmol) urea or thiourea (6 mmol) and ammonium
metavanadate (NH,VO,) (0.2 mmol) was heated in
an oil bath (100°C) for 1-2 hrs After completion
(monitored by TLC), thereaction was cooled to room
temperature and the mixture was poured on crushed
ice, upon which a solid material was separated and
then filtered and recrystallized from ethanol to pro-
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duce the desired product in 85-94% yields.
Spectral dataof thetheprincipal products

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

'HNMR(DMSO-d)) 4: 1.08 (t, 3H, J = 7.1 Hz,
OCH.CH,), 2.22 (s, 3H, CH,), 3.67 (q, 2H,J=7.1
Hz,0CH,), 5.05 (d, 1H, -CH), 7.28-7.55 (m, 5H,
Ar-H), 7.75 (s, 1H, NH), 9.20 (s, 1H, NH); IR
(0dmax.; KBr, cm-1): 3440, 3240, 1722, 1638;m/z =
261 (M+)

5-(Ethoxycar bonyl)-4-(4-methoxyphenyl)-6-me-
thyl-3,4-dihydropyrimidin-2(1H)-one (4€)

'HNMR (DM SO-d,) 4: 1.17(t,3H,0CH,-CH_,J
=7.2Hz) 4.12(q, 2H J=7.2Hz), 3.78(s, 3H, OCH,),
2.34(s, 3H, CH,), 5.35(s, 1H CH), 7.21(d, 2H,ArH
J=9.10Hz), 6.8(d, 2H, ArH J=9.10Hz), 5.7(s, 1H,
NH),), 8.15(s, 1H,NH). IR (max.KBr) 3240, 3114,
2956, 2821, 1701, 1647, 1419, 1367, 1220, 781cm-
1. m/z=291(M+)

5-(Ethoxycar bonyl)-4-(4-nitr ophenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one(4i)

'H-NMR (DMSO-d,) 4: 1.11 (t, 3H, J = 7.04
Hz,0CH,CH,), 2.32 (s, 3H, CH,), 4.03. (q, 2H, J=
7.04Hz, OCH,CH,), 5.58 (d, 1H, J = 2.28, -CH),
7.51(d, 2H, J=9.18, Ar-H), 7.69 (s, 1H, NH),8.16
(d, 2H, J = 9.18, Ar-H), 9.05 (s, 1H, NH); IR
(6imax.;KBr, cm-1): 3235, 1740,1631;m/z =
306(M+)

RESULT AND DISCUSSION

In continuation of our research devoted to inter-
est in the development of novel synthetic method-
ologies on Biginelli reaction(*22°30 Herein, we re-
port a simple, efficient, and rapid method for the
synthesis of dihydropyrimidinonescatalyzed by am-
monium metavanadate. Scheme 1.

o o 5 Ar O
NH,VO
Ar-CHO  + Mocsz " H NJ\NH — = HN)rLOCZHS
2 2 o J\
100°C % N
solvent free. H
1(a-r) 2 3 -
x=0,8
Scheme 1
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TABLE 1 : Screening of concentration of catalyst®

Entry NH_ VO, (mmol) Yield (%)P Time(min)
1 0.05 76 85
2 0.10 80 75
3 015 85 70
4 020 94 65
5 025 94 65
3Reaction Conditions: 1a (4 mmal), 2 (4 mmol), 3 urea (6 mmole), solvent-free at 100°C. "I solated yields
TABLE 2 : Screening of solvents®
Entry Solvent Time (min) Yield (%)°
1 T etrahydrofuran 65 15
2 Dichloromethane 65 20
3 Toluene 65 22
4 Dimethylforamide 65 25
5 Ethanol 65 30
6 Neat 65 94

“Reaction Conditions: 1a (4 mmol), 2 (4 mmol), 3urea (6. mmol) NH,VO, (0.2 mmol) and solvent freeat 100°C. I solated yields.

TABLE 3 : Comparison with reported procedure

Entry M ethod Time (hrs.)/Yidd (%)
CeHs 4-OCH3CgH4
1 Present 194 1.2/92
2 Fe(HSO,)s™ 15/86 2/90
3 12-Molybdophosphoric acid?? 5/80 4/70
4 Sulfonic acid®! 18/90 7/92
5 Propane phosphonic acid anhydride™™ 6/77 6/59
6 Montmorilonite K SF%! 48/82 48/79
7 PS-AFDPAT!! 5/90 5/94
8 CSAle! 2/96 3/93

To optimize the reaction conditions, the reac-
tion of benzadehyde, ethyl acetoacetate and urea
was selected as moddl to investigate the effects of
catalyst at different amount of ammonium
metavanadate (NH,VO,) onyield and time TABLE
1.

To evauate the effect of solvent, various sol-
vents such astetrahydrofuran dichloromethane, tolu-
ene, dimethylformamide, ethanol and solvent-free
were used for the standard model reaction. Predict-
ably, it was observed that the use of solvent retarded
thereaction rate and afforded the desired product in
much lower yields TABLE-2, entry 1-5.

The optimized conditions for the condensation
of 4 mmol benzaldehyde, 4 mmol ethyl acetoacetate
and 6 mmol urea or thioureain the presence of 0.2
mmol ammonium metavanadate, solvent free condi-

tionsheat at 100°C on oil bath for 1-2 hr In a similar
fashion, a variety of aromatic and heterocyclic al-
dehydes underwent three-component condensation
smoothly to afford a wide range of substituted
DHPMSsTABLE 4. Thereactionismost computable
with various electrons donating or electron-with-
drawing

Substituents such as -OH, -OCH, -F, -Cl, -NO,
and heterocyclic aldehydes like furan under go the
reaction. Thiourea has been used with similar suc-
cess to produce the corresponding thio-derivatives
of DHPMs.

In order to show the merit of thismethod, TABLE
3 compares some of our results with some of the
before mentioned methods for the synthesis of 3,4-
dihydropyrimidine-2(1H)-ones as show in TABLE
3.
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TABLE 4 : Synthesis of 3,4-dihydropyrimidin-2(1h)-ones in the presence of ammonium metavanadate at 100°C

Entry Ar R X Time (min)° Yidd(%)° M.p°C

Found Reported
4a CsHs EE O 65 94 200-202 202-204"8!
4b 2-OCH.C¢H, EE O ) 88 260-261 261-26218
4c 4-HOC4H. Et O 100 93 210-212 210-2111%1
4d 4-CICsH, Et o} 75 87 212-213 213-2151"
de 4-OCH,CH, EE O 80 92 199-201 201-2038!
4f 3-CICsH, Et o} 85 89 192-194 193-195™
4g 4-FCH, EE O 70 87 183-185 185-186/%]
4h 2-Furyl EE O 70 89 209-210 206-20811
4 4-NO,CsHs4 Et o} 95 92 206-208 208-210™
4 2-CICH, EE O 80 93 218-220 218-2201%
4Kk 2-NO,CsHs Et o} 85 90 207-208 206-208™
4 3-NO,CsH, EE O 80 91 226-228. 227-229"8!
4m 3-NO,G,H, Et S 85 90 204-206 206-207181
4n CsHs Et S 75 92 208-210 209-211™
40 4-CIGH, Et S 85 89 192-194 192-195!%!
4p CsHs Me O 70 90 230-232 231-233%]
4q 4-CICsH, Me O 75 85 206-208 205-206"!
4 CsHs Me S 85 89 228-230 228-2291%9]

“Reaction Conditions: 1 (4mmol), 2 (4 mmol), 3 (6mmol), NH, VO, (0.2mol), solvent-free at 100°C. "Time in min.

‘lsolated yields

CONCLUSION

Ammonium metavanadate (NH,VO,) isareadily
available, inexpensive, and efficient catalyst for the
synthesisof variety of dihydropyrimidinonesderiva-
tives. The remarkable advantages offered by this
method are solvent-free reaction conditions, reac-
tions, short reaction times, ease of product isola
tions, and high yields. We believe that this method
isauseful addition to the present methodology for
the synthesisof dihydropyrimidinones.

ACKNOWLEDGEMENTS

The authors are thankful to the Head, Depart-
ment of Chemistry, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad, for providing
laboratory facilities.

REFRENCES

[1] C.O.Kappe; Acc.Chem.Res., 33, 879 (2000).

[2]
[3]
[4]

C.O.Kappe; Tetrahedron, 49, 6937 (1993).

C.0.Kappe; Eur.J.Med.Chem., 35, 1043 (2000).

K.SAtwal, GC.Rovnyak, S.D.Kimball, D.M.Foyd,

S.Moreland, B.N.Swanson, J.Z.Gougoutas,

J.Schwartz, K.M.Smillie, M.F.Malley;

J.Med.Chem., 33, 2629 (1990).

K.S.Atwal, B.N.Swanson, S.E.Unger, D.M.Floyd,

S.Moreland, A.Hedberg, B.C.O.Reilly;

J.Med.Chem., 34 806 (1991).

C.0.Kappe, W.M.F.Fabian, M.A.Semons; Tetrahe-

dron, 53, 2803(1997).

A.V.Rama Rao, M.K.Gujar, J.J.Vasudevan;

Chem.Soc.Commun., 1369 (1995).

[8] Ch.V.Reddy, M.Mahesh, P V.K.Raju, R.Babu,
V.V.N.Reddy; Tetrahedron Lett., 43, 2657(2002).

[9] A.SParaskar, GK.Dewkar, A.Sudalai; Tetrahedron
Lett., 44, 3305(2003).

[10] H.Xu, Y.GWang; Chin.J.Chem., 21 327(2003)

[11] Y.Yu, D.Liu, GLuo; Bioor.Med.Chem.Lett., 17,
3508 (2007).

[12] B.R.Madje, S.S.Shindalkar, M.S.Shingare,
Ind.J.Hetero.Chem., 14, 87 (2004).

[13] JLu, Y.Bay, Z.Wang, B.Yang, H.Ma; Tetrahedron

Lett., 41, 75 (2000).

[3]

[6]
[7]

ey, Onganic CHEMISTRY
Au Tudian Yournal



144 Ammonium metavanadate: an effective catalyst for synthesis

OCAIJ, 11(4) 2015

FPull Paper ==

[14] (a) B.C.Ranu, A.Hajra, U.J.Jana; Org.Chem., 65,
627 (2000); (b) N.Y.Fu, Y.F.Yuan, Z.Cao,
SW.Wang, J.T.Wang, C.Peppe; Tetrahedron, 58,
4801 (2002); (¢) N.Y.Fu, Y.F.Yuan, M.L.Pang,
J.T.Wang, C.Peppe; J.Oragnomet Chem., 52, 672
(2003).

[15] J.Peng, Y.Deng; Tetrahedron Lett., 42, 5917(2001).

[16] S.PNarsmhaReddy, Y.Thirupathi Reddy, M.Nikhil
Reddy, B.Rgjitha, Peter A.Crooks; Syn.Commun.,
39, 1257 (2009).

[17] M.Lei, D.D.Wu, H.GWei, Y.GWang; Syn.Comm.,
39, 475 (2009).

[18] S.Tu, F.Fang, C.Miao, H.Jiang, Y.Feng, D.Shi,
X.Wang; Tetrahedron Lett., 44, 6153 (2003).

[19] F.Shirinia, M.A.Zolfigolb, A.R.Abri;
J.Iran.Chem.Soc., 5, 96 (2008).

[20] M.M .Heravi, K.Bakhtiari, F.F.Bamoharram;
Cat.Commun., 7, 373 (2006).

[21] R.Gupta, S.Paul, R.Gupta; J.Mol.Cat.A: Chem.,
266, 50 (2006).

[22] FL.Zumpe, M.Flif3, K.Schmitz, A.Lender; Tetra-
hedron Lett., 48, 1421 (2007).

[23] F.Bigi, S.Garloni, B.Frullanti, R.Maggai, GSartori;
Tetrahedron Lett., 40, 3465 (1999).

[24] A.Debachea, M.Amimoura, A.Belfaitaha,
S.Rhouatia, B Carboni; Tetrahedron 49, (2008) 6119.

[25] R.Chen, E.Breuer; J.Org., Chem., 63, 5107 (1998).

[26] V.Synecek., FHanic, Czechodovak; J.Phys., 4,120
(1954).

[27] IM.Stellman; In Encyclopaedia of Occupational
Healthand Safety, 4" Edition, 63, 43 (1998).

[28] (a) T.Garcia, B.Solsona, D.M.Murphy, K.L.Antcliff,
S.H.Taylor; J.of Cata., 229, 1 (2005); (b)
B.MReddy, K.J.Ratnam, PSaikia; JMol.Catal., A:
252, 238 (2006); (c¢) B.M.Reddy, K.N.Rao,
GK.Reddy, P, Bharali; JMol.Catal .A:, 253, 44
(2006); (d) T.Radhika, S.Sugunan; Catal.Commun,
8, 150 (2007).

[29] B.R.Madje, S.S.Shindalkar, M.S.Shingare;
Ind.J.Hetero.Chem., 14, 87 (2004).

[30] M.S.Shingare, K.F.Shelke, B.R.Madje,
S.A.Sadaphal, N.V.Shitole, Org.Chem.Anlnd.J., 4,
2771 (2008).

Onganic CHEMISTRY o
Au Tudian Yournal



