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ABSTRACT

A simple, environmentally benign and highly effitisynthesis of 3, 4-dihydropyrimidin-2(1H)- (tfeag by using
microwave promoted aluminium sulphate as a catdiysh aromatic aldehydes, 1, 3-dicarbonyl compoug&ds
(thio)urea in PEG as a reaction solvent is desalib€ompared with the classical Biginelli reactioondlitions, this
new method has the advantage of excellent yieldsaod reaction time. The procedure is simple, da@nd high

yielding. The catalyst exhibited a remarkable reatyt and is reusable up to 4 times without sigrfit loss in
yields and selectivity in PEG-400 as a solvent.

Key words: Biginelli reaction, 3, 4-dihydropyrimidin-2H)-ones, Aluminium sulphate, PEG, multicomponent
reaction.

INTRODUCTION

The multicomponent one-pot reaction for the cormditom of C-C bond has given new way to a large etgirof
important compounds[1]. mainly, the Biginelli react is a good example of such type of multicompdrznd
forming reaction§2]. The 3,4- Dihydro -H pyrimidine-2- thiones/ ones (DHPMs) are among styple of organic
compounds which belongs to an important class sighificant therapeutic and medicinal propertiesifigluding
antiviral, antibacterial, antitumor and anti-inflaratory properties [4]. Some of marine alkaloidsihgthe DHPM
core unit are showing interesting biological atts such as calcium channel blockers [5], antihgpsive,a-
adrenergic antagonist and neuropeptide-Y- antagf@jisThe structurally rather simple than DHPM, msimal
(Fig.1.9 specifically inhibits the mitotic kinesin Eg5 noot protein and considered as a new lead for the
development of anticancer drg$. The batzelladine alkaloid$ig.1.b) containing the DHPM core unit inhibit the
binding of HIV envelop protein gp-120 to human C&&lls and therefore, are potential new leads f@3\therapy
[8], therefore the synthesis of compounds with DHRMre unit has gained much importance.
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Owing to the wide range of pharmacological anddmaal activities, the synthesis of these compouradsbecome
an important target in current years. The most Erapd straightforward procedure first reportedthifan chemist
Pietro Biginelli in 1893, it is popularly named exfthim i.e. Biginelli Reactiof®]. It is a direct and simple approach
for the synthesis of 3,4-dihydropyrimidinones by ot three-component cyclocondensatiof-&étoester with an
aldehydes and urea under strongly acidic conditi@me major drawback of Biginelli reaction, whictiem suffers
from low yields that are frequently encountered mhsing substituted aromatic or aliphatic aldehydéss has led
to development of more complex multistep stratedgies produce somewhat higher overall yields buak Ithe
simplicity of the original one pot Biginelli protot Therefore, Biginelli reaction continues to atir attention of
researchers searching for a milder and more efigggocedure for the synthesis of DHPMs [10].

(CHo)s-CH3

In the recent year's development of simple, sa@afreendly and economical synthetic routes for Wydesed
organic compounds from the readily available retgane one of the major challenges in academicirashastrial
research.

The art of performing efficient chemical transfotioa through multicomponent one pot condensatiorttssis by
a catalytic method to avoiding stoichiometric tox@agents, large amount of solvents and expensivifigation
techniques represents a fundamental target of mantglanic synthesis. Thus Biginelli’s reaction fbe synthesis
of dihydropyrimidinone has received renewed inteagsl several improved procedures have recently begmorted
since last two decades. These methods have beefodes using different Lewis acids such as Yb(@THF[11],
AICI3[12], Sr(OTf,[13], InCl [14], InBrz[15], RuCk[16], ZrCl, [17], Bi(OTf); [18], NbCE[19], BR;[20] as well
as protic acids, such as Conc.HCI [21], MgB(@®R2], trifluoro acetic acid [23], trifluorometha sulfonic acid [24],
PEG-SQH [25], CISGH [26], as promoters, Many other catalysts inclgdBrgnsted acidic ionic liquid-promoted
[27], clay [28] and also neat condition [29] prouesk are also reported. Several other catalysth, as ¥/MWI
[30], TFA/THF/MWI [31] have been used to facilitatee reactions. However many of these methodssseceted
with harsh reaction conditions, expensive and toséagents, strongly acidic conditions, tedious wprk
stoichiometric amount of catalyst, long reactiamds, unsatisfactory yields, incompatibility withhet functional
groups etc. Therefore, to avoid these limitatidhe, discovery of a new and efficient catalyst wiilgh catalytic
activity, short reaction time, and simple work-up of prime-interest. In this regard aluminium suaih
(Alx(SOy)3.18H,0) is used as novel catalyst for the synthesistiPBis.

On the other hand, the development of green armhdgnthetic methods, those involving solvent-fre¢he use of
alternative solvents such as water, ionic liquidd polyethylene glycol (PEG), has increased innegears [32].
Solvents play an important role in mixing the irdjemts to tolerate molecular interaction. Thus,uke of PEG and
other alternative non-volatile solvents has beeowshas an attractive approach to cleaner organithsgis.
Recently, PEG is found to be an eco-friendly arxyekable solvent for various organic transformagiovith unique
properties such as thermal stability, commerciallability and immiscibility with a number of orgemsolvents. In
general, PEG is an inexpensive, non-toxic and cetalyl non-halogenated. Green synthetic routes &raep
concern of the present century and current symthefforts are directed to achieve this goal. Celyaithere is
increasing pressure on chemist to replace toxialgsttand volatile solvents, Currently, PEG is firglextensive
use in organic synthesis as it is a well-known greavent and more suited to microwave irradiatidiso, the use
of PEG under MW irradiation is reported in sevenajanic reactions claiming green protocols [33].nylahemists
have made a great deal of effort to design enviental benign and clean synthetic procedures tcacepthe
classical synthetic methods. Microwave heating riseao-friendly approach and a valuable tool fortisgtic
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chemists because it is possible to increase tletioeaate and product yields as well as exploisidety of factors
such as milder and more efficient conditions, sfroreaction times, energy conservation, formatiérpuarer
products and waste minimization. There is an enasygyowth of interest in this promising techniqaegromoting
reactions.

4 N

CHO
10 mol % o
HoN o O
+  F (Al; (SO.)5)-18H0 o
NH; O PEG-400
Ot Me” N7 0

K Scheme 1 /

Most of the reported methods are associated withrtabmings like use of costly, harmful and non-ghis
reagents, drastic reaction condition, long readiime, tedious work up and use of toxic organiwents.

Due to the low cost and easy handling of aluminguiphate and the green nature of recyclable PEGueaged us
to combine them together and used their utilitytfar synthesis of DHPMs¢heme L

In continuation of our work on the development aleful synthetic methodologies for the biologicadlgtive
compound synthesis [34-39] and Multicomponent [4Dréactions, we have developed an environmenkadhign
and highly efficient synthesis of 3,4- DihydroHIpyrimidine-2- thiones/ones by using aluminium $afe as a
catalyst in PEG as a reaction solvent under micvewaadiation. However, to the best of our knovgedno such
recyclable Aluminium sulphate in PEG as a homogeseatalytic system has been explored for the Bidydro -
1H pyrimidine-2- thione/ones synthesis.

MATERIALS AND METHODS

All chemicals and reagents required for the reastizvere obtained from commercial sources and ustubut
further purification. The products were characedizising'H NMR, on 300MHz spectrometer with DMSQ-as a
solvent and recorded in ppm relative to the tetthAgigilane as internal standard. IR spectra wecerded on a
Perkin- EImer spectrum on FTIR spectrophotometargukBr pellets. TLC was performed on 0.25 mm E.rbke
precoated silica gel plates (60 F254). All compauace already well known in the literature. Meltipgints were
determined in open capillary tubes and are unctadecor the microwave irradiation experiment diésct below a
conventional domestic microwave oven (Kenstar, bliave output 800W £10%; microwave frequency 2450\MHz
Videocon Industries Pvt. Ltd. India) was used.

GENERAL PROCEDURE

A mixture of aldehyde (2 mmol), 1, 3-dicarbonyl qooond (2 mmol), urea/thiourea (2.4 mmol) and Aluiomim

sulphate (10 mol %) in 3mL PEG-400 was taken ifmll sealed tube and fitted in domestic microwavadiation

for a 3 min. On completion of reaction (checkedTC), the solid product is formed in sealed tubkered the

product from PEG-Aluminium sulphate and recryssalli by using aqueous ethanol. The PEG and catabst
recovered and recycled without affecting the yielfithe products.

The spectral data of some of the DHPMs are sumetabzlow.
1) 5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyimidin-2(1 H)-one, (4a), m.p.200-202C; IR. (KBr):

3245, 1725, 1705, 1647¢m*H NMR (DMSO-d) &: 9.12 (s, 1H). 7.66 (s, 1H). 7.28-7.16 (m, 5H)0B(s, 1H),
3.94 (q,J=7.1 Hz, 2H), 2.18 (s, 3H), 1.04 (7.1 Hz, 3H).
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2) 5-Ethoxycarbonyl-4-(2-chlorophenyl)-6-methyl- 3 4-dihydropyrimidin-2(1 H)-one, (4d)m.p. 216-21&C; IR
(KBr): 3225, 1710, 1643, 1560 ¢cin'H NMR (DMSO-d;) &: 9.28(s,1H), 7.73 (s, 1H), 7.21-7.47 (m, 4H), 5(65
1H), 3.91 (qJ=7.1 Hz, 2H),2.29 (s, 1H), 1.08 (7.1 Hz, 3H).

3) 5-Ethoxycarbonyl-4-(4-chlorophenyl)-6-methyl-3,4dihydropyrimidin-2(1 H)-one, (4e)m.p. 212- 214C; IR
(KBr): 3244, 1712, 1647, 1489 ¢m'™H NMR (DMSO-d) &: 9.20 (s, 1H), 7.76 (s, 1H), 7.40 8.4 Hz, 2H), 7.27
(d, J=8.4 Hz, 2H), 5.11 (s, 1H), 3.96 (@;7.1 Hz, 2H), 2.23 (s, 3H), 1.06 §&7.2Hz, 3H).

4) 5-Ethoxycarbonyl-4-(4-nitrophenyl)-6-methyl-3, 4dihydropyrimidin-2(1 H)-one, (4f) m.p. 206-20&C; IR
(KBr): 3232, 1728, 1643, 1593 ¢m'H NMR (DMSO-d) &: 9.31 (s, 1H), 8.20 (d1=8.7 Hz, 2H), 7.87 (s, 1H), 7.50
(d, J=8.7 Hz, 2H), 5.24 (s, 1H), 3.95 (@ 7.1 Hz, 2H), 2.21 (s, 3H), 1.04 §57.1 Hz, 3H).

RESULTS AND DISCUSSION

Initially we made efforts to develop a catalyticsem that would address the limitations of the riegab acid
catalyzed DHPM synthesis reactions. During theimiehry studies a model reaction employing benzalde,
ethyl acetoacetate and urea in the presence ofrdlumsulphate as catalyst in PEG under microwanasliation. A
series of experiments were performed to optimizéoua reaction parameters, such as the catalysecdration and
time (Tables 1). We studied that the catalyst logsliranging from 0 to 10 mol%; increasing the gatal
concentration from 5 to 10 mol% increased the yi#ldlesired produdio 96% (Table 1, entries 1-4). In contrast,
the classical Biginelli condition (cat. HCI in EtQkeflux, 18 h) gave 80% vyield; while the yield this reaction
does not exceed more than 90% under reflux comditin acetic acid as solvent for 3.5h reactionesifl! The
reaction was not successful in the absence ofysatat MW irradiation.(Table 1, entries 1,5,9).

Table 1. Optimization of reaction parameter§

Entry Mol % of Catalyst Time (min.) Yield(%) "

1 4 28
2 5 4 56
3 5 5 78
4 10 4 96
5 10 150 66
6 10 5 96
7 10 3 96
8 10 2 82
g 10 3 35

*Reaction conditions: Benzaldehyde (2 mmol), Ethgt@acetate (2 mmol), Urea (2.4mmol) and PEG-40@1(3 Microwave Irradiation.
®|solated yield By thermal methodneat condition.

In these reactions no corrosive substances weré aisé no waste formation was observed. The expatahe
procedure for these reactions was remarkably sipierequired no toxic organic solvent or inert@phere. We
found that the transformations could be accomptishg exposing a mixture of benzaldehyde (2 mmdiyjet
acetoacetate (2 mmol), urea (2.4 mmol) and aluminsulphate (10 mmol) in 3mL PEG-400 to MW irradiati
(170 W, 100-120 °C) for 2.0-4.0 min. The reactiometwas optimized at 3 min. (Table 1, entries 4,6-8

Table 2. Substrate study for DHPM'S synthesis reaain.?

CHO
o 10 mol %
HoN__X
| I (Al (SO,)3).18H,0
X NH; o PEG-400
R R MW, 3min.
1 2 3
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Entry R- R'-
4a H- OEt
4b 4-HO-  OEt
4c 4-MeO- OEt
ad 2-Cl- OEt
4e 4-Cl- OEt

X Yield (%) °
6]
o)
o)
o
o]
4f 4-NO, OEt O 90
0
o)
S
S
S
S
S
S

96

49  3-NO»- OFEt
4h  2NO, OFi

4 H- OEt 92
4 4-Me-  OEt 88
4k 4-Cl- OEl 93
4] 2-Cl- OEt 83
4m H- Me 92
4n 4-NO,- Me 86
40 4-MeO- Me S 82

#Reaction conditions: Aldehyde (2 mmol), 1,3-DicafddCompound (2 mmol), Urea/Thiourea (2.4mmol) jdihium sulphate (10 mol%) and
PEG-400 (3 mL), Microwave Irradiation for 3 mitisolated yield.

Having optimized reaction conditions in hand, welexed the substrate scope of the aluminium sugphmaPEG-
400 catalyzed various aryl aldehydes containindgedéhit functional groups were investigateSclieme L
According to the above experimental section, wealisred a practical and general approach for Bigsnelli
cyclocondensation reaction using a mild catalydrated aluminium sulphate, which is not only presdrthe
simplicity of Biginelli's one pot reaction but also consistently 82-96% gielfithe 3,4-dihydropyrimidin-ones or
thions. In order to study the generality of thi®qadure a series d@iginelli compounds were synthesized with
similar operations. Most importantly, aromatic digdes carrying either electron donating or withdregv
substituent’s afforded good yields of products,aaiety of common functional group, such as alkyhee, halo,
nitro, amino and cyano were tolerated regardlesshefmeta or para-position, howevernrtho substituted aryl
aldehyde gave lower yields, possibly due to steimcirance. The result of these reactions is sunamérn Table
2.Additionally, We also investigated the reusapibif the catalytic system and the results are dwsdrin table 3.
The catalyst was separated from the reaction nexbyr simple filtration technique. Then the filtratas washed
with ethyl acetate which was directly used in rdilgs studies.

Table: 3. Recycle Study of DHPM synthesis reactioria PEG*

Entry Recycle No. Yield(%)

1 fresh 96
2 1% recycle 91
3 2" recycle 84
4 3 recycle 78

®Reaction conditions: Benzaldehyde (2 mmol), Etlettzacetate (2 mmol), Urea (2.4mmol), Aluminiumisatp (10 mol%) and PEG-400 (3
mL), Microwave Irradiation for 3mirf.Isolated yield

CONCLUSION

We have developed an efficient aluminium sulphaésliated, green method for the synthesis of DHPMsadigg
PEG-400 as the solvent medium under microwave iatiath. The mild reaction conditions, operationahglicity,
and volatile-solvent free conversion, applicatiémmontoxic and recyclable catalytic system, higds and rapid
formation of the products are the notable advamstad¢his method. These remarkable characteristade this new
protocol economically and eco-friendly attractiireexpensive and offering the possibility of perfotime reaction in
the absence of toxic organic solvents.
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