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ABSTRACT

Dihydropyrimidinones are considered as vital biological scaffolds due
to their involvement in various medicinal activities. As a result of the
wide utilization of different Biginelli adducts in various fields the
chemistry of the Biginelli motifs has been explored in drug discovery.
The present review deals with the investigation of various synthetic
methods used for the synthesis of dihydropyrimidinones (DHPMs).
Various synthetic methods are discussed in this review to give clear
understanding of pathways leading to the formation of Biginelli
adducts.
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INTRODUCTION

The twelve Green Chemistry principles were first reported by Paul T. Anastas and John
Warner!! and since then numerous scientific disclosures and inventions have ascended
through “Green Chemistry”. The twelve green chemistry principles have given an
extraordinary stepping stool for the creation of new research in the area of green chemistry.[
Green chemistry proficiently uses sustainable (usually) raw materials, reduces waste and
stays away from the utilization of harmful and additionally risky reagents and solvents for the
synthesis and application of synthetic products. Importantly, these twelve principles
emphasize environmentally benign ideas from the planning of the desired product to its
preparation, working, investigation, and its disposal after its use. One of the most unique
fields of green chemistry is the improvement of scientific procedures. New approaches that
are equipped for lessening the utilization of hazardous substances are the prime goal of green
chemistry. Over the span of the latest couple of years, the chemistry network has been

assembled to grow new sciences that are less perilous to human wellbeing and the earth. This
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new methodology has gotten wide consideration. The 12 principles of green chemistry are

depicted in Figure 1. Many synthetic approaches have been modified in last few years.*?®!

—— Waste prevention

L Atom economy

L Less hazardous synthesis

—— Design safer chemicals

L Safer Solvents and Auxiliaries
L Design for Energy Efficiency
GREEN CHEMISTRY )
—— Use of Renewable Feed stocks
—— Reduce derivatization

L Catalysis

—— Design for Degradation

L Real-time analysis for Pollution Prevention

L Safer Chemistry for Accident Prevention

Figure 1: Twelve principles of green chemistry.

Multicomponent reactions (MCRs) are picking up significance in the field of organic
synthesis. These reactions often referred to as green as they are expeditious and consequently
give an improvement in the development of new synthetic procedures. The disclosure of
recent MCRs is consequently most vital and researchers are showing very much interest. One
such reaction is Biginelli 3,4-dihydropyrimidin-2-(1H)-one synthesis developed by Pietro
Biginelli in 1893.1%! A decade before the publication of Biginelli reaction, Hantzsch reported
the synthesis of dihydropyrimidone which has a structure similar to dihydropyrimidinone.
The classical version of Biginelli reaction involves the acid-catalyzed, three-component
reaction between benzaldehyde; ethyl acetoacetate (EAA), and urea in ethanol at reflux

condition inciting the formation of Biginelli adduct (Scheme 1).

O H O HCI 0
2
EtO NH e EtO NH
)‘l A 2 FoH | A
H,C~ SO HN™ 70 A H,CO N0
1 3 4
Scheme 1.
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The rising interest in the Biginelli reaction is basically a direct result of the therapeutic and
pharmacological properties of Biginelli adducts, specifically, DHPMs.!?" 28] Besides, various
DHPMs had been seen to flaunt a huge spectrum of biological activities including
antimalarial, antileishmanial, antitubercular, antiviral, antidiabetic, antiproliferative,
anticancer, calcium channel inhibition, antioxidant, antimicrobial, antitumour, anti-
inflammatory, antihypertensive, antineoplastic activities, etc. However, this reaction was
overlooked to a great extent in the following years and hence the synthetic capabilities of
dihydropyrimidinones stayed undiscovered till the 1970’s. In the 1970’s, interest consistently
expanded, and since late 1980, an awesome concern has taken place as a result of an
expansion in a variety of publications and patents. From that point forward numerous surveys
on the synthesis and chemical properties of Biginelli adducts are revealed. A wide variety of
reaction modifications have been developed for the synthesis of DHPMs, their thione
analogues, and their heterocyclic derivative compounds. Biginelli adducts with great

pharmacological potential have been reported.

In recent years, different varieties of building blocks have been accounted for the synthesis of
Biginelli adducts and along these lines, the general proclamation about Biginelli reaction is,
the reaction of aldehydes, 1,3-dicarbonyl compounds, and urea/thiourea to furnish 3,4-
dihydropyridine-2(1H)-ones/thiones.  The  first  review article on  Biginelli
dihydropyrimidinone synthesis was published by Oliver. C. Kappe in the year 1993 which
has produced an extraordinary exposure to this subject.’®) As a result of the wide utilization
of different Biginelli adducts in various fields and their contribution as a base in DNA and
RNA, the chemistry of the Biginelli motifs has been explored in drug discovery. Out of the
five essential bases in nucleic acids three are pyrimidine derivatives which comprise of
Cytosine which is found in DNA and RNA, Uracil in RNA and Thymine in DNA (Figure 2).

NH, 0 0
f\ N | NH | NH
N)\o N)\o N)\o
H H H
Cytosine Uracil Thymine

Figure 2.
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Synthetic pathways to Biginelli adducts

The synthesis of Biginelli adducts can be carried out under variety of reaction conditions, and
several improvements in the experimental procedures have been accounted for their synthesis
in recent years. Despite the fact that it has been generally catalyzed by Brgnsted acids,
numerous other brilliant strategies have been reported in the literature over the span of last

two decades.

Microwave irradiation methods

In the last two decades several strategies have been adopted to synthesize Biginelli adducts
under microwave conditions. Liu and co-workers have synthesized dihydropyrimidin-2-
thiones via biginelli reaction under solvent-free conditions using iodine as a catalyst.*”
Kolvari and research group reported the synthesis of 3,4-dihydropyrimidin-2-(1H)-ones via
Biginelli reaction catalyzed by nanomagnetic-supported sulfonic acid.*Y The synthesis
dihydropyrimidinones catalyzed by heteropolyanion-based ionic liquids under solvent-free
and microwave conditions was reported by Fu and the research group.?
Kuraitheerthakumaran and group have developed new synthesis method for the synthesis of
3,4-dihydropyrimidin-2(1H)-ones and their corresponding 2(1H)-thiones using lanthanum
oxide as a catalyst under solvent-free and microwave conditions.®® Pasunooti et al. have
developed microwave-assisted, copper-catalyzed three-component  synthesis  of
dihydropyrimidinones under mild conditions.** Many other microwave synthesis methods
have been accounted for the synthesis of Biginelli adducts.*>>

Ultrasound irradiation methods

Ultrasound irradiation methods not only reduce the reaction time but also improve the
reaction efficiency. Li et al. have reported the synthesis of 3,4-dihydropyrimidin-2-ones
catalyzed by sulfamic acid using ultrasound irradiation.” Yadav and research colleagues
have modified the Biginelli reaction under ultrasound irradiation for the synthesis of 3,4-
dihydropyrimidin-2(1H)-ones using ceric ammonium nitrate.”*™! An efficient synthesis of 4-
substituted pyrazolyl-3,4-dihydropyrimidin-2 (1H)-(thio) ones catalyzed by Mg(CIO,), under
ultrasound irradiation was developed by Zhang and research group.[* Mandhane et al. have
reported the synthesis of 3,4-dihydropyrimidin-2(1H)-ones catalyzed by using thiamine
hydrochloride in water under ultrasound irradiation.[**! Other ultrasound methods are also

found to be very superior in terms of yield and reaction time.!*+*!
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lonic liquid strategies

lonic liquids are found to excellent media for the synthesis of variety of Biginelli adducts.
Attri and research group have modified the synthesis of Biginelli adducts bv using
triethylammonium acetate ionic liquid.®* Polymer-supported benzimidazolium based ionic
liquid: Brgnsted acid catalyst has been reported for the synthesis of Biginelli adducts by
Khiratkar and colleagues.®™® Azimi et al. have developed solvent-free and one-pot Biginelli
synthesis of 3,4-dihydropyrimidin-2(1H)-ones and 3,4-dihydropyrimidin-2(1H)-thiones using
ionic liquid N, N-diethyl-N-sulfoethanammonium chloride {[EtsN-SOsH] Cl} as a green
catalyst.® Zhou et al. have also reported solvent-free synthesis of pyrimidinone derivatives
using Bronsted acidic ionic liquid [C3SO3sHDoim]HSO, in a three-component Biginelli-type
reaction.’” Similarly some other ionic liquid catalyzed Biginelli transformations have also
been accounted.® %

Nanoparticle based pathways

Nanoparticles are found to efficient catalysts for many cyclization reactions. There is
numerous green chemistry methods based nanomaterials that have been employed for the
synthesis of Biginelli scaffolds. Sapkal et al. have synthesized 3,4-dihydropyrimidine-2(1H)-
ones via Biginelli reaction by using Nickel Nanoparticles.®® The nano-titanium dioxide
catalyst has been proficiently used by Naik et al. for the synthesis of DHPMSs.[*” Alumina
Nanoparticles are also used for the same purpose.’® Nasr-Esfahani and research colleagues
have employed Fe3O4 nanoparticles as an efficient and magnetically recoverable catalyst for
the synthesis of 3,4-dihydropyrimidin-2(1H)-ones under solvent-free conditions.® The ZnO
nanoparticles embedded in SBA-15 have been efficiently used as heterogeneous catalyst for
the synthesis of dihydropyrimidinones via Biginelli condensation reaction.l’”® Other Biginelli

reactions are also carried out by using metal oxide nanoparticles.[’*""4

Grinding and solvent-free methods

Grinding and solvent-free methods not only reduces cost but also makes the process simple.
Numerous methods are found in literature for the synthesis of DHPMSs.!”>"% Sun et al. have
reported a highly efficient solvent-free synthesis of dihydropyrimidinones catalyzed by zinc
chloride.®™ Wang et al. have modified the Biginelli reaction and employed Cu(NOs),-3H,0
catalyst for the synthesis of Biginelli adducts under solvent-free conditions.®™™ The
Ce(NO3)3-6H,0-catalyzed solvent-free synthesis of 3,4-dihydropyrimidin-2(1H)-ones were
reported by the Adib research group.®? Bahram and research group have synthesized
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Biginelli products by employing zinc oxide catalyst under solvent-free reaction conditions.!
Peng et al. have reported ionic liquids catalyzed Biginelli reaction under solvent-free
conditions.® An B-Cyclodextrin-assisted synthesis of Biginelli adducts under solvent-free

conditions were reported by the Bahrami and colleagues.®®!

Miscellaneous methods

In the year 1987, Atwal et al. revealed a modified Biginelli reaction exhibiting higher
yields.!%6 87

The first enzyme catalyzed Biginelli reaction (Scheme 2) was reported by Atul Kumar and

Ram Awatar Maurya which offered Biginelli adducts in high yield.®®

Rl
1
o H)\o 0O R
EO 1 NH Bakers’ yeast, D-glucose, EtO ‘ NH
t 2
i /J\ phosphate buffer (pH 7.0) " R N/&O
R™ O H,N~ 7O ), o
room temp., 24 h.
2 3 4
Scheme 2.

Fulvia Felluga and co-workers®!, reported the synthesis of 2-aminodihydropyrimidines

under microwave irradiation (Scheme 3).

Rl
o H)\O O R
. 1 NH, Microwave irradiation R 5 ‘ NH
- A ~ RN A NH
Ry 7O H,N~ "NH," CI alcohol S &
2 3 100-140 °C 4

Scheme 3

Mohamed Ould M’hamed and co-workers.® developed catalyst-free and solvent-free

Biginelli reaction (Scheme 4) under ball milling conditions.
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0 H O O R
Catalyst free
(O 1 NH, Y BO” T NH
+ u N/KX Solvent-free B Me N/KX
Me 0 2 Ball mining
2 3 4

Scheme 4.

Hemant S. Chandak and co-workers®™ modified Biginelli reaction (Scheme 5) by using L-

proline nitrate as a recyclable catalyst.

R!
R!
0 H O O
-Proli i 2
RZJ\AL 4 /I\EIZ L-Proline nitrate(10%) - R ‘ /E
Me 0) H,N S MeOH, rt Me ﬁ S

Scheme 5.

Chérifa Rabia et al.®? have built up a productive strategy for Biginelli reaction by using

alumina supported cobalt catalyst (Scheme 6).

0 H O O Ar
10CoAl-x
EtO NH, N EtO ‘ /I\i{
+ Y
Me O H,N /gs Solvent-free Me H 0]
100°C
Scheme 6.

Kamali et al.®®!, reported the synthesis of various 3,4-dihydropyridine-2(1H)-ones derivatives
under catalyst-free and solvent-free reaction conditions. Moreover, they demonstrated the

Biginelli reaction by using various recyclable catalysts (Scheme 7).
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Y

Scheme 7.

[94]

Florence Popowycz and co-workers™™, reported the ZnCl, catalyzed Biginelli reaction

(Scheme 8) using hydroxymethylfurfural sustainable raw material.

N
HO O H
o)
Me)i + NH, ZnCl,
—_—
Me™ SO HzN/gO 80 °C

Scheme 8.

Polymer-supported catalysts (Scheme 9) have been found to be excellent for the synthesis of

Biginelli adducts.*

R20 + NH, ~olymer catalyst RZO)H:LNH
A g RN

R SO HN X R

Scheme 9.

Brenno A. D. Neto et al.l®, synthesized Biginelli adducts by using coordination polymers as

a catalyst under continuous flow conditions (Scheme 10).

0 H
. . 3
. N NH, Coordination polymer catalyst‘ R JY\/I\LH
, A . - R N7 X
R SO H,N" "X Continuous Flow H
Scheme 10
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David E. Clemmer et al.®"! have reported the microdroplets’ (produced by electrospray

ionization) catalyzed Biginelli reaction (Scheme 11).

I
O Ph
0 H O
Microdroplet catalyzed EtO NH
/g Me N O
Me O H,N O H

Scheme 11.

Brenno A. D. Neto and co-workers®®®, reported the Biginelli reaction by using various ionic

liquids under homogeneous and heterogeneous catalysis (Scheme 12).

Rl

1

. ; )\o O R
Ionic liquid R3 ‘ NH
3 NH =
R + /K 2 90 °C R2 N/KX
RZ O H,oN X H
Scheme 12.

Ziwei Gao and co-workers!®, reported the synthesis of Biginelli adducts by using activated

titanocene as a catalyst (Scheme 13).

Ar
/& O Ar
O H 0 10 mol% Cp,TiCl
molvo pz 1 3 R ‘ NH
R + NH, -
/& Ethanol, 70 °C N/KO

Scheme 13.

Nano bismuth pyromanganate catalyzed Biginelli transformation was also investigated.™*”!

Many catalytic Biginelli strategies have been modified to enhance and improve the reaction
conditions. Some examples include FeCIs™  HCOOHM™, jonic liquid*® %4
aluminatesulfonic acid™®!, SiO,-CuClL™™, cu(OTH™, LiBr™® In(OTH, SiO,-
H,S0,M HCI0,~Si0 MY, cuBr, ™, [L-AAILJAICI® MCM-41-HCIO,MY, SiO,-
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ZnCLM! PPhy!*®! Bransted acid™”, CANM® titanocene*®, TBAB!??, and many other
catalytic systems have also been reported for the synthesis of DHPM motifs presents their
importance, 121531

Concluding remarks

In summary, | conclude that there are various pathways that have been accounted for the
synthesis of Biginelli adducts. Even though many methodologies have been reported still
there is great scope to develop new methods. The most employed synthetic pathways are
based on microwave and solvent-free based. This reaction has been performed by utilizing
various sorts of catalytic systems. In current review, nearly all possible methods are discussed
and this will attract readers from various fields.

Conflict of interest
The author has declared no conflict of interest.

ACKNOWLEDGEMENTS

Author would like to thank Prin. Dr. B. S. Jagdale for providing library facility to carry out
the literature survey. Author would also like to thank Dr. Aapoorva Prashant Hiray,
Coordinator, Mahatma Gandhi Vidyamandir Institute, Nashik for his constant

encouragement.

REFERENCES

1. Erythropel, H.C., Zimmerman, J.B., de Winter, T.M., Petitjean, L., Melnikov, F., Lam,
C.H., Lounsbury, A.W., Mellor, K.E., Jankovi¢, N.Z., Tu, Q. and Pincus, L.N., 2018. The
Green Chemis TREE: 20 years after taking root with the 12 principles. Green
chemistry, 20(9): 1929-1961.

2. Anastas, P.T. and Warner, J.C., 1998. Principles of green chemistry. Green chemistry:
Theory and practice, 29-56.

3. Galuszka, A., Migaszewski, Z. and Namies$nik, J., 2013. The 12 principles of green
analytical chemistry and the SIGNIFICANCE mnemonic of green analytical
practices. TrAC Trends in Analytical Chemistry, 50: 78-84.

4. Anastas, P.T. and Kirchhoff, M.M., 2002. Origins, current status, and future challenges of
green chemistry. Accounts of chemical research, 35(9): 686-694.

5. Simon, M.O. and Li, CJ., 2012. Green chemistry oriented organic synthesis in
water. Chemical Society Reviews, 41(4): 1415-1427.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1077




Adole. World Journal of Pharmaceutical Research

6. Ravichandran, S. and Karthikeyan, E., 2011. Microwave synthesis-a potential tool for
green chemistry. Int J Chem Tech Res, 3(1): 466-470.

7. Adole, V.A., Pawar, T.B. and Jagdale, B.S., 2020. Aqua-mediated rapid and benign
synthesis of 1,2,6,7-tetrahydro-8H-indeno [5,4-b] furan-8-one-appended novel
2-arylidene indanones of pharmacological interest at ambient temperature. Journal of the
Chinese Chemical Society, 67: 306-315.

8. Cioc, R.C., Ruijter, E. and Orru, R.V., 2014. Multicomponent reactions: advanced tools
for sustainable organic synthesis. Green Chemistry, 16(6): 2958-2975.

9. Adole, V.A,, Jagdale, B.S., Pawar, T.B. and Sagane, A.A., 2020. Ultrasound promoted
stereoselective synthesis of 2, 3-dihydrobenzofuran appended chalcones at ambient
temperature. South African Journal of Chemistry, 73: 35-43.

10. Li, C.J. and Trost, B.M., 2008. Green chemistry for chemical synthesis. Proceedings of
the National Academy of Sciences, 105(36): 13197-13202.

11. Chobe, S.S., Adole, V.A., Deshmukh, K.P., Pawar, T.B. and Jagdale, B.S., 2014. Poly
(ethylene glycol)(PEG-400): A green approach towards synthesis of novel pyrazolo [3,4-
d] pyrimidin-6-amines derivatives and their antimicrobial screening. Archives of Applied
Science Research, 6(2): 61-66.

12. Kaur, N. and Kishore, D., 2012. Montmorillonite: An efficient, heterogeneous and green
catalyst for organic synthesis. J. Chem. Pharm. Res, 4(2): 991-1015.

13. Adole, V.A., More, R.A., Jagdale, B.S., Pawar, T.B. and Chobe, S.S., 2020. Efficient
Synthesis, Antibacterial, Antifungal, Antioxidant and Cytotoxicity Study of
2-(2-Hydrazineyl) thiazole Derivatives. ChemistrySelect, 5(9): 2778-2786.

14. Sheldon, R.A., 2016. Green chemistry and resource efficiency: towards a green
economy. Green Chemistry, 18(11): 3180-3183.

15. Adole, V.A., Jagdale, B.S., Pawar, T.B. and Sawant, A.B., Experimental and theoretical
exploration on single crystal, structural, and quantum chemical parameters of
(E)-7-(arylidene)-1,2,6,7-tetrahydro-8H-indeno  [5,4-b] furan-8-one derivatives: A
comparative  study. Journal of the Chinese  Chemical Society. https:
//doi.org/10.1002/jccs.202000006.

16. Pawar, T.B., Jagdale, B.S., Sawant, A.B. and Adole, V.A., 2017. Synthesis,
Characterization and DFT Studies of 2-[(2-substitutedphenyl) carbamoyl] benzoic acids.

Journal of Chemical, Biological and Physical Sciences, 7: 167-175.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1078



https://doi.org/10.1002/jccs.202000006
https://doi.org/10.1002/jccs.202000006

Adole. World Journal of Pharmaceutical Research

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

Sheldon, R.A., 2012. Fundamentals of green chemistry: efficiency in reaction
design. Chemical Society Reviews, 41(4): 1437-1451.

Adole, V.A., Waghchaure, R.H., Jagdale, B.S., Pawar, T.B., Pathade, S.S., 2020.
Molecular structure, frontier molecular orbital and spectroscopic examination on
dihydropyrimidinones: a comparative computational approach Journal of Advanced
Scientific Research. 11 Suppl 2: 64-70.

Polshettiwar, V. and Varma, R.S., 2008. Aqueous microwave chemistry: a clean and
green synthetic tool for rapid drug discovery. Chemical Society Reviews, 37(8):
1546-1557.

Adole, V.A., Waghchaure, R.H., Jagdale, B.S., Pawar, T.B., 2020. Investigation of
Structural and Spectroscopic Parameters of Ethyl 4-(4-isopropylphenyl)-6-methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate: a DFT Study. Chemistry & Biology
Interface, 10: 22-30.

Loupy, A., 2004. Solvent-free microwave organic synthesis as an efficient procedure for
green chemistry. Comptes Rendus Chimie, 7(2): 103-112.

Ravichandran, S. and Karthikeyan, E., 2011. Microwave synthesis-a potential tool for
green chemistry. Int J Chem Tech Res, 3(1): 466-70.

S Panda, S., Khanna, P. and Khanna, L., 2012. Biginelli reaction: a green
perspective. Current Organic Chemistry, 16(4): 507-520.

Patil, M.P., Singh, R.D., Koli, P.B., Patil, K.T., Jagdale, B.S., Tipare, A.R. and Kim,
G.D., 2018. Antibacterial potential of silver nanoparticles synthesized using Madhuca
longifolia flower extract as a green resource. Microbial pathogenesis, 121: 184-1809.
Poliakoff, M., Fitzpatrick, J.M., Farren, T.R. and Anastas, P.T., 2002. Green chemistry:
science and politics of change. Science, 297(5582): 807-810.

Biginelli, P., 1893. Aldehyde-urea derivatives of aceto-and oxaloacetic acids. Gazz. chim.
ital, 23(1): 360-413.

Kappe, C.O., 2000. Biologically active dihydropyrimidones of the Biginelli-type—a
literature survey. European journal of medicinal chemistry, 35(12): 1043-1052.

de Fatima, A., Braga, T.C., Neto, L.D.S., Terra, B.S., Oliveira, B.G., da Silva, D.L. and
Modolo, L.V., 2015. A mini-review on Biginelli adducts with notable pharmacological
properties. Journal of advanced research, 6(3): 363-373.

Kappe, C.O., 1993. 100 years of the Biginelli dihydropyrimidine
synthesis. Tetrahedron, 49(32): 6937-6963.

WWW.Wjpr.net Vol 9, Issue 6, 2020. 1079




Adole. World Journal of Pharmaceutical Research

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Liu, Q., Pan, N., Xu, J., Zhang, W. and Kong, F., 2013. Microwave-assisted and iodine-
catalyzed synthesis of dihydropyrimidin-2-thiones via biginelli reaction under solvent-
free conditions. Synthetic Communications, 43(1): 139-146.

Kolvari, E., Koukabi, N. and Armandpour, O., 2014. A simple and efficient synthesis of
3,4-dihydropyrimidin-2-(1H)-ones via Biginelli reaction catalyzed by nanomagnetic-
supported sulfonic acid. Tetrahedron, 70(6): 1383-1386.

Fu, R, Yang, Y., Lai, W., Ma, Y., Chen, Z., Zhou, J., Chai, W., Wang, Q. and Yuan, R.,
2015. Efficient and green microwave-assisted multicomponent Biginelli reaction for the
synthesis of dihydropyrimidinones catalyzed by heteropolyanion-based ionic liquids
under solvent-free conditions. Synthetic Communications, 45(4): 467-477.
Kuraitheerthakumaran, A., Pazhamalai, S. and Gopalakrishnan, M., 2016. Microwave-
assisted multicomponent reaction for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones
and their corresponding 2(1H)-thiones using lanthanum oxide as a catalyst under solvent-
free conditions. Arabian Journal of Chemistry, 9: S461-S465.

Pasunooti, K.K., Chai, H., Jensen, C.N., Gorityala, B.K., Wang, S. and Liu, X.W., 2011.
A microwave-assisted, copper-catalyzed three-component  synthesis of
dihydropyrimidinones under mild conditions. Tetrahedron Letters, 52(1): 80-84.

Banik, B.K., Reddy, A.T., Datta, A. and Mukhopadhyay, C., 2007. Microwave-induced
bismuth nitrate-catalyzed synthesis of dihydropyrimidones via Biginelli condensation
under solventless conditions. Tetrahedron Letters, 48(41): 7392-7394.

Manhas, M.S., Ganguly, S.N., Mukherjee, S., Jain, A.K. and Bose, A.K., 2006.
Microwave initiated reactions: Pechmann coumarin synthesis, Biginelli reaction, and
acylation. Tetrahedron letters, 47(14): 2423-2425.

Yadav, J.S., Reddy, B.S., Reddy, E.J. and Ramalingam, T., 2000. Microwave-assisted
efficient synthesis of dihydro pyrimidines: improved high yielding protocol for the
Biginelli reaction. Journal of Chemical Research, 2000(7): 354-355.

Safari, J. and Gandomi-Ravandi, S., 2013. MnO2-MWCNT nanocomposites as efficient
catalyst in the synthesis of Biginelli-type compounds under microwave radiation. Journal
of Molecular Catalysis A: Chemical, 373: 72-77.

Xue, S., Shen, Y.C., Li, Y.L., Shen, X.M. and Guo, Q.X., 2002. Synthesis of
4-aryl-3,4-dihydropyrimidinones  using microwave-assisted solventless Biginelli
reaction. Chinese Journal of Chemistry, 20(4): 385-389.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1080




Adole. World Journal of Pharmaceutical Research

40. Li, J.T., Han, J.F., Yang, J.H. and Li, T.S., 2003. An efficient synthesis of 3,4-
dihydropyrimidin-2-ones catalyzed by NH,SO3H under ultrasound
irradiation. Ultrasonics Sonochemistry, 10(3): 119-122.

41. Yadav, J.S., Reddy, B.V.S., Reddy, K.B., Raj, K.S. and Prasad, A.R., 2001. Ultrasound-
accelerated synthesis of 3,4-dihydropyrimidin-2(1H)-ones with ceric ammonium
nitrate. Journal of the Chemical Society, Perkin Transactions, 1(16): 1939-1941.

42. Zhang, X., Li, Y., Liu, C. and Wang, J., 2006. An efficient synthesis of 4-substituted
pyrazolyl-3,4-dihydropyrimidin-2 (1H)-(thio) ones catalyzed by Mg(ClO,4), under
ultrasound irradiation. Journal of Molecular Catalysis A: Chemical, 253(1-2): 207-211.

43. Mandhane, P.G., Joshi, R.S., Nagargoje, D.R. and Gill, C.H., 2010. An efficient synthesis
of 3,4-dihydropyrimidin-2(1H)-ones catalyzed by thiamine hydrochloride in water under
ultrasound irradiation. Tetrahedron Letters, 51(23): 3138-3140.

44. Gholap, A.R., Venkatesan, K., Daniel, T., Lahoti, R.J. and Srinivasan, K.V., 2004. lonic
liquid promoted novel and efficient one pot synthesis of 3, 4-dihydropyrimidin-2-(1H)-
ones at ambient temperature under ultrasound irradiation. Green Chemistry, 6(3):
147-150.

45.Guo, S.R. and Yuan, Y.Q., 2009. Convenient One-Pot Synthesis of 3, 4-
Dihydropyrimidin-2(1H)-ones Using TMSCI as a Catalyst with Ultrasonic Irradiation in
DMF. Synthetic Communications®, 39(12): 2205-2220.

46. Niralwad, K.S., Shingate, B.B. and Shingare, M.S., 2010. Ultrasound-Assisted One-Pot
Synthesis of Octahydroquinazolinone Derivatives Catalyzed by Acidic lonic Liquid
[Tbmim] CI2/AICI3. Journal of the Chinese Chemical Society, 57(1): 89-92.

47. Kakaei, S., Sid Kalal, H. and Hoveidi, H., 2015. Ultrasound assisted one-pot synthesis of
dihydropyrimidinones using holmium chloride as catalyst. Journal of Sciences, Islamic
Republic of Iran, 26(2): 117-123.

48. Safaei-Ghomi, J., Tavazo, M. and Mahdavinia, G.H., 2018. Ultrasound promoted one-pot
synthesis of  3,4-dihydropyrimidin-2(1H)-ones/thiones using dendrimer-attached
phosphotungstic  acid  nanoparticles  immobilized on  nanosilica. Ultrasonics
sonochemistry, 40: 230-237.

49. Ghomi, J.S. and Bakhtiari, A., 2018. Ultrasonic Accelerated Biginelli-Like Reaction by
the Covalently Anchored Copper-Isatoic Anhydride over the Modified Surface of
Mesoporous SBA-15 to the Synthesis of Pyrimidines. ChemistrySelect, 3(44):
12704-12711.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1081




Adole. World Journal of Pharmaceutical Research

50. Elhamifar, D., Ramazani, Z., Norouzi, M. and Mirbagheri, R., 2018. Magnetic iron
oxide/phenylsulfonic acid: a novel, efficient and recoverable nanocatalyst for green
synthesis of tetrahydrobenzo [b] pyrans under ultrasonic conditions. Journal of colloid
and interface science, 511: 392-401.

51.Li, Y.H.,, Wang, L.T., Wang, Z., Yuan, S., Wu, S. and Wang, S.F., 2016.
Ultrasound-Assisted Synthesis of Novel Pyrrole Dihydropyrimidinones in Lactic
Acid. ChemistrySelect, 1(21): 6855-6858.

52. Zhidovinova, M.S., Fedorova, O.V., Rusinov, G.L. and Ovchinnikova, 1.G., 2003.
Sonochemical synthesis of Biginelli compounds. Russian chemical bulletin, 52(11):
2527-2528.

53. Adole, V.A., Pawar, T.B., Koli, P.B. and Jagdale, B.S., 2019. Exploration of catalytic
performance of nano-La,O; as an efficient catalyst for dihydropyrimidinone/thione
synthesis and gas sensing. Journal of Nanostructure in Chemistry, 9(1): 61-76.

54. Attri, P., Bhatia, R., Gaur, J., Arora, B., Gupta, A., Kumar, N. and Choi, E.H., 2017.
Triethylammonium  acetate  ionic  liquid assisted one-pot  synthesis  of
dihydropyrimidinones and evaluation of their antioxidant and antibacterial
activities. Arabian Journal of chemistry, 10(2): 206-214.

55. Khiratkar, A.G., Muskawar, P.N. and Bhagat, P.R., 2016. Polymer-supported
benzimidazolium based ionic liquid: an efficient and reusable Brensted acid catalyst for
Biginelli reaction. RSC advances, 6(107): 105087-105093.

56. Azimi, S. and Hariri, M., 2016. Solvent-free and one-pot Biginelli synthesis of 3,4-
dihydropyrimidin-2 (1H)-ones and 3,4-dihydropyrimidin-2(1H)-thiones using ionic liquid
N, N-diethyl-N-sulfoethanammonium chloride {[EtsN-SO3H]CI} as a green
catalyst. Iranian Chemical Communication, 4: 13-20.

57. Zhou, Z.L., Wang, P.C. and Lu, M., 2016. Bronsted acidic ionic liquid [C3SOsHDoim]
HSO, catalyzed one-pot three-component Biginelli-type reaction: An efficient and
solvent-free synthesis of pyrimidinone derivatives and its mechanistic study. Chinese
Chemical Letters, 27(2): 226-230.

58. Alvim, H.G., Pinheiro, D.L., Carvalho-Silva, V.H., Fioramonte, M., Gozzo, F.C., da
Silva, W.A., Amarante, G.W. and Neto, B.A., 2018. Combined Role of the Asymmetric
Counteranion-Directed Catalysis (ACDC) and lonic Liquid Effect for the
Enantioselective Biginelli Multicomponent Reaction. The Journal of organic
chemistry, 83(19): 12143-12153.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1082




Adole. World Journal of Pharmaceutical Research

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Zhang, Y., Wang, B., Zhang, X., Huang, J. and Liu, C., 2015. An efficient synthesis of 3,
4-dihydropyrimidin-2(1H)-ones and thiones catalyzed by a novel Brgnsted acidic ionic
liquid under solvent-free conditions. Molecules, 20(3): 3811-3820.

Nagarajan, S., Shaikh, T.M. and Kandasamy, E., 2015. Synthesis of 1-alkyl triazolium
triflate room temperature ionic liquids and their catalytic studies in multi-component
Biginelli reaction. Journal of Chemical Sciences, 127(9): 1539-1545.

Wang, Z.T., Wang, S.C. and Xu, L.W., 2005. Polymer-supported ionic-liquid-catalyzed
synthesis of 1, 2, 3, A4-tetrahydro-2-oxopyrimidine-5-carboxylates via Biginelli
reaction. Helvetica chimica acta, 88(5): 986-989.

Shaabani, A., Rahmati, A. and Naderi, S., 2005. A novel one-pot three-component
reaction: Synthesis of triheterocyclic 4H-pyrimido [2,1-b] benzazoles ring
systems. Bioorganic & medicinal chemistry letters, 15(24): 5553-5557.

Shaabani, A. and Rahmati, A., 2005. lonic liquid promoted efficient synthesis of 3,4-
dihydropyrimidin-2-(1H)-ones. Catalysis letters, 100(3-4): 177-179.

Sharma, N., Sharma, U.K., Kumar, R. and Sinha, A.K., 2012. Green and recyclable
glycine nitrate (GlyNQO3) ionic liquid triggered multicomponent Biginelli reaction for the
efficient synthesis of dihydropyrimidinones. RSC advances, 2(28): 10648-10651.
Hajipour, A.R., Ghayeb, Y., Sheikhan, N. and Ruoho, A.E., 2011. Brgnsted acidic ionic
liquid as an efficient and reusable catalyst for one-pot, three-component synthesis of
pyrimidinone  derivatives via  Biginelli-type  reaction  under  solvent-free
conditions. Synthetic Communications, 41(15): 2226-2233.

Sapkal, S.B., Shelke, K.F., Shingate, B.B. and Shingare, M.S., 2010. Nickel
Nanoparticles: An ecofriendly and reusable catalyst for the synthesis of 3,4-
dihydropyrimidine-2(1H)-ones via Biginelli reaction. Bulletin of the Korean Chemical
Society, 31(2): 351-354.

Naik, H.P., Naik, H.B. and Aravinda, T., 2009. Nano-Titanium dioxide (TiO,) mediated
simple and efficient modification to Biginelli reaction. African J. of Pure and App.
Chem, 3(9): 202-207.

Tanna, J.A., Chaudhary, R.G., Gandhare, N.V. and Juneja, H.D., 2016. Alumina
Nanoparticle: A new and reusable catalyst for synthesis of dihydropyrimidinone
derivatives. Adv. Mater. Lett, 7(8): 100-150.

Nasr-Esfahani, M., Hoseini, S.J. and Mohammadi, F., 2011. Fe3O, nanoparticles as an
efficient and magnetically recoverable catalyst for the synthesis of 3,4-dihydropyrimidin-
2(1H)-ones under solvent-free conditions. Chin J Catal, 32(9-10): 1484-1489.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1083




Adole. World Journal of Pharmaceutical Research

70.

71.

72,

73.

74,

75.

76.

77.

78.

79.

80.

Bhuyan, D., Saikia, M. and Saikia, L., 2018. ZnO nanoparticles embedded in SBA-15 as
an efficient heterogeneous catalyst for the synthesis of dihydropyrimidinones via Biginelli
condensation reaction. Microporous and Mesoporous Materials, 256: 39-48.

Mondal, J., Sen, T. and Bhaumik, A., 2012. Fe;0,@ mesoporous SBA-15: a robust and
magnetically recoverable catalyst for one-pot synthesis of 3,4-dihydropyrimidin-2 (1H)-
ones via the Biginelli reaction. Dalton Transactions, 41(20): 6173-6181.

Girija, D., Naik, H.B., Kumar, B.V., Sudhamani, C.N. and Harish, K.N., 2019. Fe;0,
nanoparticle supported Ni (II) complexes: A magnetically recoverable catalyst for
Biginelli reaction. Arabian journal of chemistry, 12(3): 420-428.

Tanna, J.A., Chaudhary, R.G., Gandhare, N.V. and Juneja, H.D., 2016. Alumina
Nanoparticle: A new and reusable catalyst for synthesis of dihydropyrimidinone
derivatives. Adv. Mater. Lett, 7(8): 100-150.

Moradi, L. and Tadayon, M., 2018. Green synthesis of 3, 4-dihydropyrimidinones using
nano Fe3;0,@ meglumine sulfonic acid as a new efficient solid acid catalyst under
microwave irradiation. Journal of Saudi Chemical Society, 22(1): 66-75.

Fekri, L.Z., Nikpassand, M. and Movaghari, M., 2017. Fe**-montmorillonite K10: As an
effective and reusable catalyst for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones and—
thiones. Bulletin of the Chemical Society of Ethiopia, 31(2): 313-321.

Han, X., Xu, F., Luo, Y. and Shen, Q., 2005. An Efficient One-Pot Synthesis of
Dihydropyrimidinones by a Samarium Diiodide Catalyzed Biginelli Reaction Under
Solvent-Free Conditions. European journal of organic chemistry, 2005(8): 1500-1503.
Phukan, M., Kalita, M.K. and Borah, R., 2010. A new protocol for Biginelli (or like)
reaction under solvent-free grinding method using Fe(NO3)3.9H,0 as catalyst. Green
Chemistry Letters and Reviews, 3(4): 329-334.

El Mejdoubi, K., Sallek, B., Cherkaoui, H., Chaair, H. and Oudadesse, H., 2018. One-pot
synthesis of dihydropyrimidinones/thiones catalyzed by white marble a metamorphic
rock: an efficient and reusable catalyst for the biginelli reaction. Kinetics and
Catalysis, 59(3): 290-295.

Bigi, F., Carloni, S., Frullanti, B., Maggi, R. and Sartori, G., 1999. A revision of the
Biginelli reaction under solid acid catalysis. Solvent-free synthesis of dihydropyrimidines
over montmorillonite KSF. Tetrahedron Letters, 40(17): 3465-3468.

Sun, Q., Wang, Y.Q., Ge, Z.M., Cheng, T.M. and Li, R.T., 2004. A highly efficient
solvent-free synthesis of dihydropyrimidinones catalyzed by zinc
chloride. Synthesis, 2004(07): 1047-1051.

WWW.Wjpr.net Vol 9, Issue 6, 2020. 1084




Adole. World Journal of Pharmaceutical Research

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Wang, D.C., Guo, H.M. and Qu, G.R., 2010. Efficient, green, solvent-free synthesis of 3,
4-dihydropyrimidin-2 (1H)-ones via Biginelli reaction catalyzed by Cu(NOj3),:
3H20. Synthetic Communications®, 40(8): 1115-1122.

Adib, M., Ghanbary, K., Mostofi, M. and Ganjali, M.R., 2006. Efficient Ce(NO3)3-
6H,0O-catalyzed solvent-free synthesis of 3,4-dihydropyrimidin-2(1H)-
ones. Molecules, 11(8): 649-654.

Bahrami, K., Mehdi Khodaei, M. and Farrokhi, A., 2009. Highly efficient solvent-free
synthesis  of  dihydropyrimidinones  catalyzed by zinc  oxide. Synthetic
Communications®, 39(10): 1801-1808.

Peng, J. and Deng, Y., 2001. lonic liquids catalyzed Biginelli reaction under solvent-free
conditions. Tetrahedron Letters, 42(34): 5917-5919.

Liberto, N.A., de Paiva Silva, S., de Fatima, A. and Fernandes, S.A., 2013. B-
Cyclodextrin-assisted ~ synthesis ~ of  Biginelli adducts under  solvent-free
conditions. Tetrahedron, 69(38): 8245-8249.

O'REILLY, B.C. and Atwal, K.S., 1987. Synthesis of substituted 1,2,3,4-tetrahydro-6-
methyl-2-oxo-5-pyrimidinecarboxylic acid esters: The Biginelli condensation
revisited. Heterocycles (Sendai), 26(5): 1185-1188.

Atwal, K.S., O'reilly, B.C., Gougoutas, J.Z. and Malley, M.F., 1987. Synthesis of
substituted 1,2,3,4-tetrahydro-6-methyl-2-thioxo-5-pyrimidinecarboxylic acid
esters. Heterocycles (Sendai), 26(5): 1189-1192.

Kumar, A. and Maurya, R.A., 2007. An efficient bakers’ yeast catalyzed synthesis of 3, 4-
dihydropyrimidin-2-(1H)-ones. Tetrahedron Letters, 48(26): 4569-4571.

Felluga, F., Benedetti, F., Berti, F., Drioli, S. and Regini, G., 2018. Efficient Biginelli
synthesis of 2-aminodihydropyrimidines under microwave irradiation. Synlett, 29(08):
1047-1054.

Ould M’hamed, M., Alshammari, A.G. and Lemine, O.M., 2016. Green high-yielding
one-pot approach to Biginelli reaction under catalyst-free and solvent-free ball milling
conditions. Applied Sciences, 6(12): 431.

Bahekar, S.P., Sarode, P.B., Wadekar, M.P. and Chandak, H.S., 2017. Simple and
efficient synthesis of 3, 4-dihydropyrimidin-2 (1H)-thiones utilizing L-proline nitrate as a
proficient, recyclable and eco-friendly catalyst. Journal of Saudi Chemical Society, 21(4):
415-419.

Khiar, C., Tassadit, M., Bennini, L., Halouane, M., Gonzélez, M.J.B., Menad, S.,

Tezkratt, S. and Rabia, C., 2017. Cobalt supported on alumina as green catalyst for

WWW.wjpr.net Vol 9, Issue 6, 2020. 1085




Adole. World Journal of Pharmaceutical Research

Biginelli reaction in mild conditions: effect of catalyst preparation method. Green
Processing and Synthesis, 6(6): 533-541.

93. Kamali, M., Shockravi, A., Doost, M.S. and Hooshmand, S.E., 2015. One-pot, solvent-
free synthesis via Biginelli reaction: Catalyst-free and new recyclable catalysts. Cogent
Chemistry, 1(1): 1081667.

94. Fan, W., Queneau, Y. and Popowycz, F., 2018. HMF in multicomponent reactions:
utilization of 5-hydroxymethylfurfural (HMF) in the Biginelli reaction. Green
chemistry, 20(2): 485-492.

95. Patil, R.V., Chavan, J.U., Dalal, D.S., Shinde, V.S. and Beldar, A.G., 2019. Biginelli
Reaction: Polymer Supported Catalytic Approaches. ACS combinatorial science, 21(3):
105-148.

96. Silva, G.C., Correa, J.R., Rodrigues, M.O., Alvim, H.G., Guido, B.C., Gatto, C.C,,
Wanderley, K.A., Fioramonte, M., Gozzo, F.C., de Souza, R.O. and Neto, B.A., 2015.
The Biginelli reaction under batch and continuous flow conditions: catalysis, mechanism
and antitumoral activity. RSC Advances, 5(60): 48506-48515.

97. Sahota, N., AbuSalim, D.l., Wang, M.L., Brown, C.J., Zhang, Z., EI-Baba, T.J., Cook,
S.P. and Clemmer, D.E., 2019. A microdroplet-accelerated Biginelli reaction:
mechanisms and separation of isomers using IMS-MS. Chemical science, 10(18):
4822-48217.

98. Alvim, H.G., de Lima, T.B., de Oliveira, H.C., Gozzo, F.C., de Macedo, J.L., Abdelnur,
P.V., Silva, W.A. and Neto, B.A., 2013. lonic liquid effect over the biginelli reaction
under homogeneous and heterogeneous catalysis. Acs Catalysis, 3(7): 1420-1430.

99. Zheng, S., Jian, Y., Xu, S., Wu, Y., Sun, H., Zhang, G., Zhang, W. and Gao, Z., 2018. N-
Donor ligand activation of titanocene for the Biginelli reaction via the imine
mechanism. RSC advances, 8(16): 8657-8661.

100. Khademinia, S., Behzad, M., Alemi, A., Dolatyari, M. and Sajjadi, S.M., 2015. Catalytic
performance of bismuth pyromanganate nanocatalyst for Biginelli reactions. RSC
Advances, 5(87): 71109-71114.

101.Lu, J. and Ma, H., 2000. Iron (lll)-catalyzed synthesis of dihydropyrimidinones.
Improved conditions for the Biginelli reaction. Synlett, 2000(01): 63-64.

102.Jiang, C. and You, Q.D., 2007. An efficient and solvent-free one-pot synthesis of
dihydropyrimidinones under microwave irradiation. Chinese Chemical Letters, 18(6):
647-650.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1086




Adole. World Journal of Pharmaceutical Research

103.Braga, T.C., Silva, T.F., Maciel, T.M.S., da Silva, E.C.D., da Silva-Junior, E.F., Modolo,
L.V., Figueiredo, 1.M., Santos, J.C.C., de Aquino, T.M. and de Féatima, A., 2019. lonic
liquid-assisted synthesis of dihydropyrimidin (thi) one Biginelli adducts and investigation
of their mechanism of urease inhibition. New Journal of Chemistry, 43(38): 15187-15200.

104.Freitas, E.F., Souza, R.Y., Passos, S.T., Dias, J.A., Dias, S.C. and Neto, B.A., 2019.
Tuning the Biginelli reaction mechanism by the ionic liquid effect: the combined role of
supported heteropolyacid derivatives and acidic strength. RSC advances, 9(46):
27125-27135.

105. Nasr-Esfahani, M. and Taei, M., 2015. Aluminatesulfonic acid nanoparticles: synthesis,
characterization and application as a new and recyclable nanocatalyst for the Biginelli and
Biginelli-like condensations. RSC Advances, 5(56): 44978-449809.

106.Kour, G., Gupta, M., Paul, S. and Gupta, V.K., 2014. SiO,—CuCl,: An efficient and
recyclable heterogeneous catalyst for one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-
ones. Journal of Molecular Catalysis A: Chemical, 392: 260-269.

107.Paraskar, A.S. and Sudalai, A., 2006. Cu (OTf) 2 or EtsN-catalyzed three-component
condensation of aldehydes, amines and cyanides: a high yielding synthesis of a-
aminonitriles. Tetrahedron letters, 47(32): 5759-5762.

108. Maiti, G., Kundu, P. and Guin, C., 2003. One-pot synthesis of dihydropyrimidinones
catalysed by lithium bromide: an improved procedure for the Biginelli
reaction. Tetrahedron Letters, 44(13): 2757-2758.

109.Ghosh, R., Maiti, S. and Chakraborty, A., 2004. In(OTf)s-catalysed one-pot synthesis of
3, 4-dihydropyrimidin-2 (IH)-ones. Journal of Molecular Catalysis A: Chemical, 217(1-
2): 47-50.

110.Salehi, P., Dabiri, M., Zolfigol, M.A. and Fard, M.A.B., 2003. Silica sulfuric acid: an
efficient and reusable catalyst for the one-pot synthesis of 3, 4-dihydropyrimidin-2(1H)-
ones. Tetrahedron Letters, 44(14): 2889-2891.

111.Chanu, L.V., Singh, T.P., Devi, L.R. and Singh, O.M., 2018. Synthesis of bioactive
heterocycles using reusable heterogeneous catalyst HCIO,—SiO, under solvent-free
conditions. Green Chemistry Letters and Reviews, 11(3): 352-360.

112.Zhou, H., He, M., Liu, C., Jiang, H. and Luo, G., 2006. One-Pot Synthesis of
3,4-Dihydropyrimidin-2(1H)-ones using CuBr; as Catalyst. Preparative Biochemistry and
Biotechnology, 36(4): 375-381.

113.Karthikeyan, P., Kumar, S.S., Arunrao, A.S., Narayan, M.P. and Bhagat, P.R., 2013. A

novel amino acid functionalized ionic liquid promoted one-pot solvent-free synthesis of

WWW.Wjpr.net Vol 9, Issue 6, 2020. 1087




Adole. World Journal of Pharmaceutical Research

3,4-dihydropyrimidin-2-(1H)-thiones. Research on  Chemical Intermediates, 39(3):
1335-1342.

114.Khan, K. and Siddiqui, Z.N., 2015. MCM-41 supported perchloric acid for efficient
synthesis of 3, 4-dihydropyrimidin-2-(1H)-ones via Biginelli reaction. Monatshefte fur
Chemie-Chemical Monthly, 146(12): 2097-2105.

115.Gupta, R., Gupta, M., Paul, S. and Gupta, R., 2007. Silica-supported ZnCl,—A highly
active and reusable heterogeneous catalyst for the one-pot synthesis of
dihydropyrimidinones—thiones. Canadian journal of chemistry, 85(3): 197-201.

116.Debache, A., Amimour, M., Belfaitah, A., Rhouati, S. and Carboni, B., 2008. A one-pot
Biginelli  synthesis of  3,4-dihydropyrimidin-2-(1H)-ones/thiones  catalyzed by
triphenylphosphine as Lewis base. Tetrahedron Letters, 49(42): 6119-6121.

117.Barbero, M., Cadamuro, S. and Dughera, S., 2017. A Brgnsted acid catalysed
enantioselective Biginelli reaction. Green Chemistry, 19(6): 1529-1535.

118.Sadek, K.U., Al-Qalaf, F., Abdelkhalik, M.M. and Elnagdi, M.H., 2010. Cerium (I1V)
ammonium nitrate as an efficient Lewis acid for the one-pot synthesis of 3,4-
dihydropyrimidin-2(1H)-ones and their corresponding 2-(1H) thiones. Journal of
Heterocyclic Chemistry, 47(2): 284.

119.Zheng, S., Jian, Y., Xu, S., Wu, Y., Sun, H., Zhang, G., Zhang, W. and Gao, Z., 2018. N-
Donor ligand activation of titanocene for the Biginelli reaction via the imine
mechanism. RSC advances, 8(16): 8657-8661.

120.Ahmed, B., Khan, R.A. and Keshari, M., 2009. An improved synthesis of Biginelli-type
compounds via phase-transfer catalysis. Tetrahedron Letters, 50(24): 2889-2892.

121.Sandhu, J.S., 2012. Past, present and future of the Biginelli reaction: a critical
perspective. ARKIVOC: Online Journal of Organic Chemistry, 66-133.

122.Boukis, A.C., Monney, B. and Meier, M.A., 2017. Synthesis of structurally diverse 3,4-
dihydropyrimidin-2(1H)-ones via sequential Biginelli and Passerini reactions. Beilstein
journal of organic chemistry, 13(1): 54-62.

123.Guo, Y., Tang, H., Gao, Z., Meng, X., Yu, H., Zhong, H., Huang, G. and Zou, C., 2017.
Solvent-Free and Catalyst-Free Biginelli Reaction to Synthesize
4-Alkyl-3,4-dihydropyrimidin-2-(1H)-ones. ChemistrySelect, 2(27): 8253-8255.

124.El Mejdoubi, K., Sallek, B., Cherkaoui, H., Chaair, H. and Oudadesse, H., 2018. One-pot
synthesis of dihydropyrimidinones/thiones catalyzed by white marble a metamorphic
rock: an efficient and reusable catalyst for the biginelli reaction. Kinetics and
Catalysis, 59(3): 290-295.

WWW.Wjpr.net Vol 9, Issue 6, 2020. 1088




Adole. World Journal of Pharmaceutical Research

125.Kolvari, E., Koukabi, N. and Armandpour, O., 2014. A simple and efficient synthesis of
3,4-dihydropyrimidin-2-(1H)-ones via Biginelli reaction catalyzed by nanomagnetic-
supported sulfonic acid. Tetrahedron, 70(6): 1383-1386.

126.Kiasat, A.R. and Davarpanah, J., 2015. Fe;0,@ Silica sulfuric acid core—shell composite
as a novel nanomagnetic solid acid: synthesis, characterization and application as an
efficient and reusable catalyst for one-pot synthesis of 3,4-dihydropyrimidinones/thiones
under solvent-free conditions. Research on Chemical Intermediates, 41(5): 2991-3001.

127.Yuan, H., Zhang, K., Xia, J., Hu, X. and Yuan, S., 2017. Gallium (111) chloride-catalyzed
synthesis of 3,4-dihydropyrimidinones for Biginelli reaction under solvent-free
conditions. Cogent Chemistry, 3(1): 1318692.

128.Hatamjafari, F. and NEzHAD, F.G., 2014. An Efficient One-Pot Synthesis of
Dihydropyrimidinones  Under  Solvent-Free  Conditions. Oriental  journal  of
chemistry, 30(1): 355-357.

129.Qu, H., Li, X., Mo, F. and Lin, X., 2013. Efficient synthesis of dihydropyrimidinones via
a three-component  Biginelli-type reaction of urea, alkylaldehyde and
arylaldehyde. Beilstein journal of organic chemistry, 9(1): 2846-2851.

130.Slimi, H., 2013. Phase transfer catalysis improved synthesis of 3,4-
dihydropyrimidinones. International Journal of Organic Chemistry, 2013. 96-100.

131.Kangan, M., Hazeri, N., Yazdani-Elah-Abadi, A. and Maghsoodlou, M.T., 2017.
Efficient Synthesis of 5-Carboxanilide-Dihydropyrimidinones Using Cobalt (Il) Nitrate
Hexahydrate. Journal of the Chinese Chemical Society, 64(5): 481-485.

132.Shumaila, A.M. and Al-Thulaia, A.A., 2019. Mini-review on the synthesis of Biginelli
analogs using greener heterogeneous catalysis: Recent strategies with the support or
direct catalyzing of inorganic catalysts. Synthetic Communications, 49(13): 1613-1632.

133.Mohamadpour, F., 2019. TiO2 Nanoparticles: A Potent Heterogenous Nanocatalyst
Mediated One-Pot Tandem Approach for the Environmentally Friendly Synthesis of 3,4-
Dihydropyrimidin-2-(1H)-One/Thione Derivatives Under Solvent-Free
Conditions. International Journal of Nanoscience and Nanotechnology, 15(2): 137-144.

134.Kbhatri, C.K., Rekunge, D.S. and Chaturbhuj, G.U., 2016. Sulfated polyborate: a new and
eco-friendly catalyst for one-pot multi-component synthesis of 3, 4-dihydropyrimidin-
2(1H)-ones/thiones via Biginelli reaction. New Journal of Chemistry, 40(12):
10412-10417.

135.Kong, R., Han, S.B., Wei, J.Y., Peng, X.C., Xie, Z.B., Gong, S.S. and Sun, Q., 2019.
Highly Efficient Synthesis of Substituted 3,4-Dihydropyrimidin-2-(1H)-ones (DHPMs)

WWW.wjpr.net Vol 9, Issue 6, 2020. 1089




Adole. World Journal of Pharmaceutical Research

Catalyzed by Hf(OTf),: Mechanistic Insights into Reaction Pathways under Metal Lewis
Acid Catalysis and Solvent-Free Conditions. Molecules, 24(2): 364.

136.Yadav, J.S., Kumar, S.P., Kondaji, G., Rao, R.S. and Nagaiah, K., 2004. A novel I-
proline catalyzed Biginelli reaction: one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-
ones under solvent-free conditions. Chemistry letters, 33(9): 1168-1169.

137.Wang, P., Wang, J., Au, C.T., Qiu, R., Xu, X. and Yin, S.F.,, 2016. Air-stable
Organobismuth (V) Bisperfluorooctanesulfonate as an Efficient Catalyst for the Synthesis
of N-Containing Compounds. Advanced Synthesis & Catalysis, 358(8): 1302-1308.

138. Medyouni, R., Elgabsi, W., Naouali, O., Romerosa, A., Al-Ayed, A.S., Baklouti, L. and
Hamdi, N., 2016. One-pot three-component Biginelli-type reaction to synthesize 3,4-
dihydropyrimidine-2-(1H)-ones catalyzed by Co phthalocyanines:  Synthesis,
characterization, aggregation behavior and antibacterial activity. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, 167: 165-174.

139.Barbero, M., Cadamuro, S. and Dughera, S., 2017. A Brgnsted acid catalysed
enantioselective Biginelli reaction. Green Chemistry, 19(6): 1529-1535.

140.Xia, J. and Zhang, K., 2015. Ga(OTf)3 catalyzed synthesis of 1, 4-dihydropyrimidin-2
(1h)-ones. heterocycles: an international journal for reviews and communications in
heterocyclic chemistry, 91(1): 105-112.

141.Kappe, C.O., 2000. Biologically active dihydropyrimidones of the Biginelli-type—a
literature survey. European journal of medicinal chemistry, 35(12): 1043-1052.

142.Ma, Y., Qian, C., Wang, L. and Yang, M., 2000. Lanthanide triflate catalyzed Biginelli
reaction. One-pot synthesis of dihydropyrimidinones under solvent-free conditions. The
Journal of organic chemistry, 65(12): 3864-3868.

143.Lu, J. and Ma, H., 2000. Iron (lll)-catalyzed synthesis of dihydropyrimidinones.
Improved conditions for the Biginelli reaction. Synlett, 2000(01): 63-64.

144.Ramalinga, K., Vijayalakshmi, P. and Kaimal, T.N.B., 2001. Bismuth (Ill)-catalyzed
synthesis of dihydropyrimidinones: improved protocol conditions for the Biginelli
reaction. Synlett, 2001(06): 0863-0865.

145. Maleki, A., Hajizadeh, Z. and Firouzi-Haji, R., 2018. Eco-friendly functionalization of
magnetic halloysite nanotube with SO3H for synthesis of

dihydropyrimidinones. Microporous and Mesoporous Materials, 259: 46-53.

WWW.wjpr.net Vol 9, Issue 6, 2020. 1090




Adole. World Journal of Pharmaceutical Research

146. Allam, M., Bhavani, A.K.D. and Vodnala, S., 2017. The new green procedure for
pyrazolopyrimidinone  based  dihydropyrimidinones and their  antibacterial
screening. Russian Journal of General Chemistry, 87(11): 2712-2718.

147.Naeimi, H. and Nazifi, Z.S., 2018. Facile synthesis of dihydropyrimidinone derivatives
via Biginelli reaction using Brensted acidic ionic liquid [H-NMP]+[CH3SO3]-as an
efficient homogeneous catalyst. Iranian Journal of Catalysis, 8(4): 249-255.

148. Mohammadian, N. and Akhlaghinia, B., 2017. Punica granatum peel: an organocatalyst
for green and rapid synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones under solvent-
free condition. Research on Chemical Intermediates, 43(5): 3325-3347.

149. Moradi, L. and Tadayon, M., 2018. Green synthesis of 3,4-dihydropyrimidinones using
nano Fe;0,@ meglumine sulfonic acid as a new efficient solid acid catalyst under
microwave irradiation. Journal of Saudi Chemical Society, 22(1): 66-75.

150. Elhamifar, D., Mofatehnia, P. and Faal, M., 2017. Magnetic nanoparticles supported
Schiff-base/copper complex: An efficient nanocatalyst for preparation of biologically
active 3,4-dihydropyrimidinones. Journal of colloid and interface science, 504: 268-275.

151.Vessally, E., Hassanpour, A., Hosseinzadeh-Khanmiri, R., Babazadeh, M. and
Abolhasani, J., 2017. Green and recyclable sulfonated graphene and graphene oxide
nanosheet catalysts for the syntheses of 3, 4-dihydropyrimidinones. Monatshefte flr
Chemie-Chemical Monthly, 148(2): 321-326.

152.Fu, L.H., Xie, Z.B., Lan, J., Li, H.X,, Liu, L.S. and Le, Z.G., 2018. Biginelli Reaction of
Aliphatic Aldehydes Catalyzed by a-Chymotrypsin: One-Pot Biocatalytic Synthesis of
Dihydropyrimidinones. Heterocycles, 96(10): 1808-1820.

153.Reddy, C.V., Mahesh, M., Raju, P.V.K., Babu, T.R. and Reddy, V.N., 2002. Zirconium
(IV) chloride catalyzed one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-
ones. Tetrahedron Letters, 43(14): 2657-2659.

WWW.Wjpr.net Vol 9, Issue 6, 2020. 1091




