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ABSTRACT

The effect of microwave irradiation(MWI) was investigated for Biginelli
reaction of aromatic adehyde, B-ketoester, and (thio) urea without using
organic solvent or catalyst under different microwave power level to the
corresponding dihydropyrimidinones. These studies developed an im-
proved microwave-assisted method for the synthesis of dihydropyrimi

dinones in green condition with good yields.
© 2008 Trade Sciencelnc. -INDIA

INTRODUCTION

The use of microwave irradiation in organic
synthesi %" as non-conventional energy hasgained
moreimportanceintermsof shorter reectiontime, higher
yields, and cleaner reaction. In addition, MWI increases
the sel ectivity of some organic reaction under solvent-
less condition. Sometimesmicrowaveirradiation can
lead to less by-products and/or decomposition prod-
ucts with homogeneous reaction mixture because of
uniform heating throughout the samplein compared to
traditiond heating systems. Kappe!d et d investigated
aseriesof acid catdyst Bigindlli reactionsin polar sol-
vent (ethanol) using MWI1 at atmospheric pressureand
showed neither arateincreasenor anincreaseinyields
when thetemperaturewasidentical with conventional
thermal heating. But superheating of reaction mixture
by MWI increasestherateor yield of reaction at atmo-
spheric pressurein ethanol that isdueto rapid evapo-
ration of solvent ethanol from thereaction mixturein
open system.
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3,4-Dihydropyrimidin-2(1H)-ones(DHPM), named
asBigindli compoundsareanimportant classof com-
poundsin thefields of drugsand pharmaceutical $2.
They areknownto possesswiderangeof distinct bio-
logical activities® such asantitumor, anti-inflammeatory,
antibacterid, antivird, antihypertensveseffectsandin-
tegra backbones of severa calcium channel blockers
of thenifedipine-type. Theclassica Bigindli synthesis
(SCHEME 1) isaone-pot three component cyclocon
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densation reaction using B-ketoester with aldehyde (aro-
matic and aiphatic) and ureaor thioureain ethanolic
solution containing catal ytic amountsof acid?4. The
main drawbacks of thismethod are useof minerd acid
ascatayst, morereaction time, severereaction condi-
tion, and unsatisfactory yields. Consequently, severa
improved procedures have been devel oped including
classicad conditionswith microwaveirradiation® and
by usng Lewisacidsaswell asby protic acidsas cata
lysts® suchasMg(CIO,),, KAI(SO,),.12H,0, FeCl,,
ZnCl,, CuCl, and NiCL,, Indium(lll) halide, NH,ClI,
H.BO,, Mn(OAC(),.2H,0, silica-sulfuric acid, Sr
(OTf),, In(OTf),, SiO,-NaHSO,, NH,SO_H, lan-
thanidetriflate, etc. Recently!, theuseof ionicliquids,
polymer-supported reagents hasal so been reportedin
Biginelli reaction. Therequirement of stoichiometric
amount of cata ysts, possible environmenta pollution
from organic solvents(ethanal, tolueneetc), longer re-
action time(3hto 8h), unsatisfactory yieldsand non-
recyding of catdystsarethecommondifficultiesin sev-
erd of thesemethods. However, thishas been observed
inmany proceduresthat theemployed cataystsaren’t
adwayspracticaly environmentaly benign. Consequently,
thisleadsto aheavy environmental pollutioninwaste
disposal processes. Ranu 8et al reported an efficient
solvent-lessand catayst free Bigindlli reaction by tir-
ring amixture of neat reactants at 100-105°C for an
hour and producing DHPMsin highyields. Asfar as
advent of green chemistry isconcerned, thereisaneed
still existsfor reinvestigate the effect of microwaveon
thethree-component Bigindlli reaction of 3-ketoester,
adehydeand ureaor thioureain neat condition without
any solvent and catalyst for the synthesisof DHPMs.
Therefore, synthes sof these DHPM compoundsinhigh
yieldswithimproved procedureisof much current im-
portance. Inthiscommunication, anew green synthetic
method of 3,4-Dihydropyrimidin-2(1H)-ones(DHPM)
isreported under MWI without any solvent aswell as
catays.

EXPERIMENTAL

General procedureand materials

All productswerereported and their physical and
spectroscopic datawere compared with those of au-
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thentic sample. M psweredetermined on aBuchi melt-
ing point apparatus, Mod. B-540 and are uncorrected.
IR spectra were recorded on a Nicolet Instruments
410-FTIR Spectrophotometer asKBr pdllets. 'HNMR
spectrawere obtained on a Bruker AMX- 300MHz
spectrometer. Theelementsanaysiswere performed
onaPerkin-Elmer 20 andyzer. TLC andys swasmoni-
tored on chromatographic plateusing silicagel (Merck,
60-120 mesh). All microwave reactions has been per-
formed in a domestic microwave oven(Samsung
C103FL). Acetoaceti cester, aldehydes, urea, thiourea
wereall commercia productsand were used without
purification.

Synthesisof dihydropyrimidinone

Aryl adehyde 1(2mmol), B-ketoester 2(2mmal),
(thio)urea3(3mmol) weretakeninal00ml besker and
irradiated inside the cavity of a domestic MW
oven(Samsung C103FL) in neat without any solvent or
catalyst at specified power level (900/600/450/300/
180W) and reaction period. After completion of the
reaction, asindicated by TLC, theresulting reaction
mixturewascooled withice-cold water. Thesolid prod-
uct waswashed with cold water(20ml) to removethe
excess of urea or thioureaand then filtered. There-
maining solid materia wasrecrystdlized fromethyl ac-
etate/n-hexane or ethanol to afford the pure products.

RESULTSAND DISCUSSION

Inatypical procedure, amixture of thearomatic
ddehyde1(2mmol), B-ketoester 2(2mmol), ureaor thio-
urea3(3mmol) wastakenin al00ml beaker andirra
diated inside the cavity of a domestic MW oven
(Samsung C103FL) in neat without any solvent or cata
lyst a specified power level (900/600/450/300/180W).
In caseof benza dehyde, thisnew method yielded 98%
product at 600W power within Sminutesof irradiation.
Kapped et al observed that MWI of benzaldehydein
ethanol solutionusing HCl acid ascatayst yielded only
89% product during Sminutes at power 400W. In or-
der to generdizeour findings, thisnovel method for the
synthesis of DHPM swas applied to anumber of sub-
stituted aromati c a dehyde compounds. Theexperimen-
tal results are summarized in TABLE 1. Aromatic
aldehydes(containing either e ectron withdrawing or
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TABLE 1: Microwaveassisted synthesisof dihydropyrimidinones(4)
a - - (0D Mp (°C)°
S.no Product R X Power(W) Time(min) Yield(%) Found Repor ted[ref]
1 4a  CgHs o) 300 6 42 203 202-204
2 4a  CgHs o) 600 5 98 203 202-204
3 4b  4-O,N-CgHq o) 600 6 94 209-210 208-209!%
4 4c  4-Cl-CgHq o) 600 5 93 210-213 213-215%
5 4d  4-OMe-CgH, o) 600 5 90 204-206 201-203
6 4e  2-O,N-CgH, o) 600 5 85 220 218-220""]
7 4 3,45-(OMe)s-CgH o) 600 13 86 217-218 216-218"
8 4g  3-O,N-CgH, 0 600 6 97 227-228 226-2271%
9 4h  2-OH CgHa. o) 900 6 85 202-203 201-203
10 4i  4-MeCeH, o) 600 10 98 169-171 168-1701%d
11 4j  Cinnamyl- o} 600 7 9 242-243 241-2421
12 4k Furyl- o} 600 7 80 203-204 204.5-205!%
13 4 CeHs S 450 2 98 205-207 205-206'9
14 4m  4-O,N-CgH, S 450 12 97 108-110 109-1111"
15 4n  4-Cl-CgH, S 450 10 87 193-195 192-194""
16 40 4-OMeCgH, S 180 10 - - -
17 40 4-OMe-CgH, S 450 5 85 151-153 152-154"°
18 4p  Furyl- S 180 6 - - -
19 4p  Furyl- S 300 10 90 216-217 215-216"1
20 4q  3-O,N-CgH, S 600 5 93 205-206 206-2071
21 4r 4 MeCgH, S 900 7 95 193-194 192-194 ©1
22 4s  3,4,5-(OMe)s-CsH, S 900 7 96 203-205 202-2041%

2All products were characterized by FT-IR, HNMR, CHN analyzer and also their melting points with that of previous literatures,

bIsolated yield, °Melting points are uncorrected

€l ectron donating substituents) afforded high yiel ds of
productsin high purity(entry 3-10). Acid sensitiveal-
dehyde such as cinamal dehyde and furaldehyde al so
worked well without any side product, whichisnor-
mally observedinthepresenceof proticacidsor Lewis
acid duetotheir polymerization under acidic conditions
(entry 11 and 12). In addition, thismethod efficiently
worked in presence of thioureato providethe corre-
sponding 3,4-dihydropyrimidin-2(1H)-thioneg(entry 13-
22)which areaso of interest with regard to their bio-
logicd activities. 4-Methoxy benzal dehyde(entry 16)
and fura dehyde(entry 18) did not participateinthere-
action under 180 W power of MW, instead we get the
starting compounds back.

Thedriving energy by microwaveirradiation results
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frommateria waveinteractionsleadingtotherma and
specific effects. Loupy et al.'¥ already reviewed the
effect of microwaveirradiation on polarity of reaction
systems. Effect of MWI will bemorein case of polar
mechanism. Asfar asmechanism *of thereactionis
concerned, we believe thereaction proceedswith an
increase of polarity viatheformation of dipolar trans-
tion state. A accelerated by specific microwave effect
(SCHEME 2). Consequently in solvent-free condition,
favorable outcomes are expected. Thisfurther reacts
with the ethyl acetoacetateto givethe cyclize product
withthedimination of water.
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CONCLUSION

Themain advantages of thismethodology are (a)
simplework up procedure using water asthe solvent
(b) shorter reaction time (c) higher yields (d) solvent-
lessand catd yst-free condition. In summary, the present
procedure provides an efficient and improved modifi-
cation of theBigindli reactioningreen synthesis.
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