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ABSTRACT

An efficient multicomponent synthesisof 3,4-dihydropyrimidin-2[ 1H]-ones
promoted by a heterogeneous copper oxide nanoparticles is presented
herein. The copper oxide nanoparticles were synthesized by the electro-
chemical reduction method and their surface characterizations were exam-
ined usng UV-Visble, FT-IR, XRD, SEM EDSand TEM techniques. Thisis
the clean, efficient and green method for the synthesis of 3,4-
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dihydropyrimidin-2[1H]—ones derivatives using CuO nanoparticles. The
copper oxide nanoparticles catalysts having promising features for the re-
action response such as the shortest reaction time, simple work-up proce-
dure, excellent product yields and minimum environmental effects.
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INTRODUCTION

Bigineli reaction discoveredin 1893, for the syn-
thesisof multi-functionalized 3,4-dihydropyrimidin-
2[1H]-one (DHPM) isanimportant milestonein the
history of MCRgY. Dihydropyrimidin-2[1H]-ones
(DHPMs) and their derivatives occupied an important
placeinmedicind and synthetic organicchemistry mainly
duetotheir widerangeof biologicd activities?. More
recently DHPM s have emerged astheintegral back-
bones of severa calcium channel blockers®l. The
DHPM nucleusexhibitsseverd medicind applications
which includes neuroprotectant®, platelet
antiaggregatory activity'®, chemo sensitizer actingintu-
mour therapy!® and cerebral antischemic activity inthe
trestment of Alzheimer’s diseasel”. Most notably among

them arebatezd ladineaka oids, which havebeenfound
to be potent HIV gp-120-CD4 inhibitors®1°, These
examplescearly demongratetheremarkabl e potential
applicationsof 3,4-dihydropyrimidin-2[ 1H]-onede-
rivatives asasource of valuabledrugs.

Many procedures have been reported for the
preparation of these heterocyclic compounds®¥, but
only few methods exist for the synthesis of
dihydropyrimidin-2[ 1H]—ones'>4, Theharsh Bronsted
acid catalytic conditions originally employed by
Bigindli™® for the synthesis of 3,4-dihydropyrimidin-
2[ 1H]-ones, resulted frequently inyields. Dueto this
severd syntheticimprovementsweredevel oped, mainly
those promoted by Lewis acid catalysts such as
BF,.OEt.**, NiCl,. 6H,0/H* and FeCl /H*,
CoCl,.6H,O/H**d, BiCl [**, InCl [**, and InBr [**1],
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CdCl l*ed, Vv Cl e, ZrCl M, NbCI e,
Mn(OAC),.2H,01", CuCl_1** and lanthanide halides
such as LaCl,.7H,0**" and CeCl,.7H, 0%, Metal
triflates such as Zn(OTf),[*", Cu(OTf), "™,
Bi(OTf) [ and Sc(OTf) ' or thelanthanidestriflates
eg. Yb (OTf) " and La (OTf) '™ also have been
used successfully. Some of the above methods are
plagued by oneor more drawbacks such aslonger re-
actiontime, low yield and tediouswork-up procedure.
To overcomethese problems, thereisneed to develop
more efficient protocol at mild conditionand environ-
mentdly begin catayst. Theheterogeneouscatdysishas
beenincreasingly usedin organic synthesisandthemain
advantages of heterogeneous catalyst could beeasily
separated, smplehandling and possiblerecycling™.

Thecopper oxidenanoparticleshaveattracted much
attention because of itsapplicationsin thefield of ca-
talyss. Thusthe possibility of performing multicompo-
nent reactionswith heterogeneous cata ystslike cop-
per oxide nanoparticlescould enhancetheir efficiency
from an economic aswell asagreen point of view. The
CuO nanoparticleshasattracted much atention because
of itsapplications such ashigh surface area, smaller
sizeand heterogeneous nature. The CuO catalyst were
usedindiversechemical processes, for example, the
water gas shift reaction*¥, the butanol dehydrogena-
tion reaction'®! and the oxidation of carbon monox-
ide?Y, copper based catalysts are used asakey inter-
mediaeintheindustriad synthesisof methanol? which
ispromising asan environmentdly friendly fud for the
power industry. Inadditiontothis, it hasapplicationsas
cataystsintraditiona aswell asnew organic synthesis
in Ullmann reaction®, therma cracking of plasticg?,
synthesis of methyl amines?! and many others. CuO
hasbeen alsoidentified asagood catalyst for the com-
bustion of methang?.,

EXPERIMENTAL

M aterialsand methods

All chemicas(upto 98.99% purity) are purchased
fromAldrich and Rankem chemica suppliersand used
asreceived.

Synthesisof copper oxidenanoparticles
Thesynthesisof CuO nanoparticlesby thee ectro-
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chemical reduction method originaly reported by Reetz
et i for narrow sizedistributed meta nanoparticles.
Clugter s zewasfound to decreasewithincreasein cur-
rent density!?®l, The solid product exhibits e ectronic,
paramagnetic, optical and better catalytic properties
sgnificantly different from thoseof bulk materia dueto
itsextremely small sizeandlarge surfacearea. Inthis
work CuO nanoparticles were prepared? by using
electrochemical reduction method®®”. The prepared
CuO nanoparticleswere characterized by the IR spec-
trarecorded on FT-IR spectrophotometer [JASCO,
FT-1IR/4100] Japan. TheX-ray powder diffractionwere
recorded on Bruker 8D advance X -ray diffractometer
using CuK a radiation of wavelength = 1.54056 A. To
study themorphology of CuO nanoparticlesthe SEM
analysiswerecarried out with JEOL ; JSM- 6330 LA
operated at 20.0kV and 1.0000 nA. The presenceand
elemental compositionin CuO nanoparticleswereex-
amined using energy dispersive spectrophotometer
(EDS). *H NMR spectrawere recorded on 400 MHz
FT-NMR spectrometer in CDCI, as a solvent and
chemica shift valuesarerecordedin unitss (ppm) rela-
tivetotetramethylsilane(Me,S) asaninterna standard.
Inthe present work, attempt ismadeto optimize
thereaction condition by using ethyl acetoacetate, aro-
matic aldehydesand ureaor thioureaasamodel reac-
tion at different solventsand catalyst amount inthe syn-
thesisof DHPMs (TABLE 1). The use of water asa
solventinthisreaction gaveonly moderateyield of prod-
uct (54%). So we studied the effect of different sol-
ventsinthe synthesis of synthesisof DHPMsderiva-
tives(5a-m) andtheresultsaresummarizedin TABLE
1. Among those examined, CH,CN wasfound to be
most efficient with respect to shorter reaction timeand
maximum yield of product. We hereby report avery
smplegreenand highly efficient method for the synthe-
sisof 3,4-dihydropyrimidin-2-[ 1H]-ones derivatives
(Scheme 1). Thereaction was carried outin CH.CN
and 200mg CuO nanoparticlescatalyst. Multicompo-
nent reactionsare special type of synthetically useful
organic reactionthat gives complex product and attract
theattention of chemists. Herewewould liketo report
theuse of copper oxide nanoparticlesfor thesynthesis
of DHPM s. through athree component reaction includ-
ing ethyl acetoacetate (1) aromatic aldehydes (2) and
ureaor thiourea(3) inthe presence of CuO nanoparticles
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asacatayst and acetonitrile as sol vent to give com-
pound (4a-p).
TABLE 1: Optimization of reaction conditionsand wt% of

CuO catalyst for the synthesis of 3,4-dihydropyrimidin-
2[1H]one.

Wt. of catalyst. Time Yied
Solvent (mg) (min) (%)’
H,0 200 50 54
CH3;CN 200 25 98
CH3CN : H,O 200 40 79
EtOH 200 45 86
EtOH : H,O 200 50 67
CH:CN 150 30 93
CH:CN 250 25 96
3All yields refer to isolated products
0O O g
+ RCHO + JL
OEt H,N  NH,
X=0o0rS
1) 2 3)
O R
CuO nanoparticle EtO | NH
CH3CN N X
H
(4)

Schemel: Copper oxidenanoparticlecatalyzed synthesisof
3,4-dihydropyrimidin-2-[ 1H]-onesderivativesin acetonitrile
Typical experimental procedurefor theprepara-
tion of 3,4-dihydropyrimidin-2[1H]-one

A mixture of aldehyde (1 mmol), ethyl acetoac-
etate (1 mmol), ureaor thiourea (1.5 mmol) and CuO
nanoparticles (0.02g) wasrefluxed at 70°C in aceto-
nitrile (10ml). The completion of the reaction was
monitored by TLC. After cooling thereaction mixture
was poured onto crushed ice (50g) and stirred for 5
min. The separated solid wasfiltered under suction,
washed with cold water (50ml) and then recrystal-
lized from ethanol to offer the pure product. There-
sultsaresummarized in TABLE 2. All productswere
obtained in excellent yields (89-98%) The agqueous
layer containing the catal yst was recovered by centri-
fuging and reutilized threetimesfor the samereaction
(TABLE 3)* asshownin scheme 1.

Itisevident that aromatic a dehydescarrying either
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electronrel easing or e ectron withdrawing substituents
intheortho, metaand parapositionsaffored highyields
of DHPMs. Animportant feature of thisprocedureis
thesurvivd of variety of functional groupssuch asnitro,
bromo, chloro and ether under thereaction conditions.
Thioureaal so reactsunder similar reaction conditions
to form the corresponding 3,4-dihydropyrimidin-
2(1H)-thionesin good to excellent yields. The struc-
turesof al the productswere confirmed by comparing
melting point and spectral datawith thoseinthelitera-
turedata(TABLE 2).

TABLE 2: Synthesisof 3,4-dihydropyrimidin-2[1H]oneus
ing copper oxidenanoparticlesin CH,CN solvent

Products’ R X Eria:e Yield’ M.p. CO)
(min) (®)  Found Lit.
4a  CeHs O 25 98 204206 200-2021*4
4 4-MeCeH, O 35 97 210214 2134
4c  4-CIC6H4 O 40 95 212-214 212-213*"
4d 345(Me0);-CH, O 45 94 178-180 180-18201
4e 3-NO,CsHs O 30 94 224-227 225-2268")
4f 4-NO,CsH, O 25 94 206-208 207-209°
49 4-MeOCgH, O 25 98 202-204 200-201F™!
4h 4-NMe,CeH,4 O 30 89 232-234 230-2320
4i 2,4-Cl,CeH3 O 30 94 250-252 248-250°4
4 (CHs),CH O 35 98 153-155 152-155/°%
4k CH4CH,CH, O 40 93 170-174 171-173*
4 3-NO,CeH4 S 30 97 205207 205-207%
4m  345-(MeO);CH, S 30 94 190-193 193-1950°%
4n 4MeOCH, S 40 92 152-154 154-155°4
40 4CICeH, S 30 97 182-185 1844
4p CeHs S 35 93 209-210 208-210°4

aAll products were characterized from their spectroscopic (IR,
H NMR and M S) data and compared with authentic samples.
blsolated yields

Herein, the seriesof DHPM s derivativeswaspre-
sented by applying the method mentioned above.

Thecatalystswererecovered by asmpleworkup
using the centrifugation method. Therecovered cata
lyst waswashed several timeswith THF and driedin
vacuum. The separated catalyst was again reused for
during three consecutive runswithout significant lossof
activity for the samereaction. It isnoteworthy, that the
yieldsof theproduct inthe second and third useswere
almost same as that in thefirst run (TABLE 3). We
have compared our result with resultsobtained by some
other reported proceduresfor the synthesisof DHPMs
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derivatives(5a). Thedatapresented (TABLE 4) shows
the promising featuresof thismethod intermsof reac-
tionrateand theyield of product.

TABLE 3: Reutilization of CuO nanoparticlesin thesynthe-
sisof DHPMs.

Run Fresh 1 2 3
Yield% 98 98 95 95

TABLE 4: Comparisonsof someother reported procedures
with the present method for the synthesis of 3,4-
dihydropyrimidin-2[1H]one.

Entry Catalyst -I;LT)G \(fo'/f')‘;' Literature
1 CuONP 25min 98 Present
2 InBrg 7 98 (8]
3 TAFF 4 55 (6]
4  KSFMontmorillonite 810 92 7]

Char acterization of copper oxidenanoparticles

The prepared copper oxidenanopartic eswerechar-
acterized by UV-Visblespectrophotometer, FT-IR spec-
trophotometer, XRD, SEM and EDStechniques. The
UV-Visblegpectrophotometer [ Jasco 503] usngaguartz
cuvettewith acetonitrile/ tetrahydrofuran asreference.
The IR spectrawere recorded on FT-IR spectropho-
tometer [Jasco, FT-1IR/4100] Japan. Usingdry KBr as
standard reference in the range of 400-4000cm* The
X-ray powder diffraction patternsof the copper oxide
nanoparticleswererecorded on Bruker 8D advance X -
ray diffractometer usng CuK aradiation of wavelength =
1.54056 A. To study the morphology of CuO
nanoparticlesthe SEM analysiswerecarried out with
JEOL; JSM- 6330 LA operated at 20.0kV and 1.0000
nA. Thepresence and el emental compositionin CuO
nanoparticleswere examined using energy dispersive
spectrophotometer (EDS). TEM imageswererecorded
on Tecnai 20G?operated at 200kV.
Ethyl-1,2,3,4-tetrahydr o-4-(4 methoxyphenyl)-6-
methyl-2-oxopyrimidine-5-car boxylate (49)

'H NMR (CDCl,, éppm): 1.19 (t, J = 9.6 Hz,
3H,CH,),2.31(s, 3H, CH,), 3.81(s, 3H, OCH,),4.14
(9,J=9.2Hz, 2H, OCH,), 5.37 (s, 1H, ArCH), 5.50
(s, 1H,H),6.85(d, J=8.8 Hz, 2H, ArH), 7.24 (d, J =
8.8 Hz,2H, ArH), 7.54 (s, 1H, NH). IR (KBr, cm):
3239, 3111, 2967, 2929, 2278, 1721,1784, 1647,
1514, 1459, 1272, 1219, 1166, 1087, 1030, 779.
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Ethyl-1,2,3,4-tetr ahydr o-4-(4-methoxyphenyl)-6-
methyl-2-thioxopyrimidine-5-carboxylate (4n)

'HNMR(CDCl,, 6 ppm): 1.17 (t,J =9.2 Hz, 3H,
CH,), 2.38 (s, 3H, CH,), 3.77 (s, 3H, OCH,), 4.14
(0, J=9.6 Hz,2H, OCH,), 5.34 (s, 1H, ArCH), 6.90
(d, J= 11.6 Hz, 2H,ArH), 7.20 (d, J= 9.2 Hz, 2H,
ArH), 7.28 (s, 1H, NH), 7.90 (s, 1H, NH).
Ethyl-1,2,3,4-tetrahydr 0-4-(4-Chlor ophenyl)-6-
methyl-2-thioxopyrimidine-5-car boxylate (40)

'HNMR (CDCl,, 6 ppm): 1.21 (t,J =9.6 Hz, 3H,
CH,), 2.37 (s, 3H, CH,), 4.10 (g, J = 9.6 Hz, 2H,
OCH,), 5.35 (s, 1H,ArCH), 7.13 (s, 1H, NH), 7.25
(d, J= 8.4 Hz, 2H, ArH), 7.27 (d, J = 8.4 Hz, 2H,
ArH), 7.67 (s, 1H, NH). IR (KBr, cm™): 3327, 3164,
3101, 2893, 2933, 2357, 1720, 1563, 1452, 1369,
1272, 1203, 1091, 806, 756.

RESULTSAND DISCUSSION

Thereduction of copper ionswasvisibly evident
fromthe color changesassociated withit. UV-Visible
absorption spectraduring reduction of the precursor as
they transformed into the copper oxide nanoparticles
and after ageing times during its preservation under
ambient conditions. The absorption bandsfor copper
nanoparticles have been reported to bein the range of
550-600 nmi#>262bl, The copper particles showed a
high about 570 nm which gradually changed to yellow-
ish brownindicating copper being oxidized from zero
to +2 oxidation state. The sharp peak at 570 nm can
be attributed to anarrow size distribution of the par-
ticlesformedinthe solution. Asan evident theparticles
showed hardly any changein the absorption spectra
even after amonth of ageing time, consistent with the
highly stablenature of nanoparticles.

Figure 1 represents IR spectra of copper oxide
nanoparticles. In the IR spectrum the peaks appear
exactly at the 3298 cm* may or isdueto N-H stretch-
ing or hydroxyl group adsorbed on CuO nanoparticles.
1603 cmt isdueto deformation of OH group and 2870
cmtisdueto C-H stretching. Some of the peaksre-
flectsintherange of 706-912 cm that might bedueto
bending modeof vibrationsM-O-M bending (M = Cu).
In order to understand the phase symmetry of the pre-
pared copper oxide nanoparti cles asystematic study
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on the XRD was undertaken. Figure 2 shows XRD  areagglomeratedirregularly. Energy dispersive pattern
pattern for CuO nanoparticles. Thelattice parameter  of copper oxidenanoparticlesin Figure4 showsthe %
observed a=4.653, b=3.410,c=5.108. Sharp peaks of eements, presence of bromineis dueto the use of
were obtained at corresponding to the planes (111), TBAB. Figure5TEM images showsagglomeration of
(201), (211) and (312) indicatesthe FCC structureof =~ CuO nanoparticleswith particless zedistribution 4nm-
CuO nanoparticlesand whichwasfound to behighly  8nm. Thenanoparticleswerestableinair and water and
crystallineinnature, Thediffractionisingood co-ordi-  did not convert into any other associated compounds.
nation with ASTM card no. 74-1021. The average - ——
particlesizewascal culated to be 9.56 nm using Debye
Scherer formul a2,

3000 o0 1000
Warenniben [uie1]

Figurel: IR spectraof CuO nanoparticlesusng0.01LM TBAB
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To evaluate morphology of CuO nanoparticlesas ™7 :
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electrochemical reduction derived copper oxide w7,
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shapeandtheir digtributionisnot uniform. Thisisprob- %10 e 0 1

ably duetothepartia solubility of thesurfactant inthe R

solvent under thegiven experimental conditions. Figure  Figure4: Showsan ener gy disper svespectrum indicatingthe
3 (b) showsthe presence of porous nanoparticlesthat  chemical composition of freshly prepared CuO nanoparticles

ey, Onganic CHEMISTRY
Au Tudian Yournal




280

Synthesis of 3, 4-dihydropyrimidin-2 [1H] - ones

OCAIJ, 7(4) 2011

Full Paper ==

; =
Figure5: TEM imagesof copper oxidenanoparticlescapped
with 0.01M TBAB (current density 6 mA/cm?)

CONCLUSON

In conclusion, wehave demondtrated the efficiency
of CuO nanoparticlesasanew heterogeneous catayst
for themulticomponent Bigindlli reection. Therecovered
solid catalyst canbereused a least threetimeswithout a
significantlossof activity. Thiscatalyst isexpectedto
contributethe devel opment of more environment begin
methodsand formspart of nanometd chemistry. Severd
milder conditions, short reactiontimes, excellent yields
and reusability of the catalyst makesthisproceduremore
atractiveinsynthesizingavariety of thesederivatives.
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