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ABSTRACT

3,4-Dihydropyrimidinones are classified as six-membered
heterocyclic compounds with a pyrimidine ring that has two
nitrogen’s as heteroatoms and two keto groups-one on the ring
and one at the a position relative to the ring. The molecule
exhibits diverse biological activities due to the presence of keto
groups and pyrimidine rings in its structure. Biginelli three
component reactions are mostly used in the production of
dihydropyrimidinone. The yield of the traditional Biginelli
reaction is frequently low and needs a long reaction time. In
this case, the focus is on different synthetic reactions that have
been tweaked to produce 3, 4-Dihydropyrimidinones and their

uses.
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INTRODUCTION

Almost one-third of modern publications are in the field of heterocyclic chemistry, which is a
significant subfield of organic chemistry [1]. The importance of heterocyclic molecules in our
biological system is crucial. They are an essential component of numerous natural products,
nucleic acids, and pharmacologically active compounds. Heterocyclic substances like purine,
pyrimidine, etc. are also composed of the base pair of DNA and RNA, which is guanine,
cytosine, adenine, and thymine. Numerous therapeutic candidates, including those with
anticancer, antibiotic, anti-inflammatory, antidepressant, antimalarial, anti-HIV,
antimicrobial, antibacterial, antifungal, antiviral, antidiabetic, herbicidal, fungicidal, and
insecticidal properties, also contain heterocyclic compounds [2]. Certain naturally occurring
compounds with strong biological activity against certain diseases have been found. For
example, quinine is utilised as an antimalarial medication, and vinblastine and vincristine are

employed as anticancer agents.

The most significant heterocyclic moiety is the pyrimidine. In medicinal chemistry,
pyrimidine derivatives are used in many different therapeutic contexts. The presence of a
pyrimidine base in thymine, cytosine, and uracil—essential building components of nucleic
acids, DNA, and RNA—is one theory as to why they are active [3]. Many compounds with
pyrimidine as the core nucleus were created and tested for their antihypertensive, anticancer,
antimicrobial, antihyperglycemic, antiarrhythmic, anti-inflammatory, analgesic, antibacterial,
anti-HIV, and antitubercular properties [4, 5, 6, 7, 11, 12]. Owing to the numerous medicinal
benefits, scientists are drawn to creating novel dihydropyrimidine compounds.
Dihydropyrimidinones are tiny, incredibly beneficial compounds with a wide range of
therapeutic uses. They have a chemical formula of C4H6N20 and exhibit a wide range of
biological activity. The heterocyclic moiety has two N-atoms positioned at positions 1 and 3.

They are derivatives of pyrimidines with an extra ketone group.

Figure 1: Structure of 3,4-dihydropyrimidin-2(1H)-one
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SYNTHESIS OF 3, 4-DIHYROPYRIMIDINONE

Biginelli originally published the most straightforward and widely used technique for
synthesising 3, 4-Dihydropyrimidinone in 1983. [13] The condensation reaction combining
benzaldehyde, ethylacetoacetate, and urea/thiourea is a one-pot reaction consisting of three
components. The Biginelli reaction is the name given to this reaction. In addition to needing a
longer reaction time-roughly 20 hours—the traditional Biginelli reaction also produces poor
yields for some aldehydes. [14] Because it was the most straightforward approach, scientists
studied the reaction and created a number of modified procedures for the traditional Biginelli
reaction that have a faster reaction time and a higher product yield. [13, 15] The only new
adjustments are the reaction conditions, reagent derivatives, and specific catalysts; the basic
reagents stay unchanged. According to the published research, these altered procedures
outperform the traditional Biginelli reaction in terms of product yield while requiring a

shorter reaction time.

P. Bigenelli published a study in 1893 on the urea (10), benzaldehyde (9), and ethyl
acetoacetate (8) acid catalysed cyclo-condensation reaction. The three components were
dissolved in ethanol, and a catalytic quantity of hydrochloric acid was heated to reflux
temperature to initiate the reaction. 3,4-dihydropyrimidin-2(1H)-one (11) is the result of this
unique one-pot, three-component synthesis, which is also known as the "Biginelli reaction,"
"Biginelli Condensation,” or "Biginelli dihydropyrimidine synthesis.” It precipitated upon

cooling the reaction mixture. [16] (Scheme-1).
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Scheme-1

Since then, several enhanced versions have appeared, utilising new catalysts, reagents,
techniques, and methods. There have been numerous documented synthetic methods for
creating these molecules using PPE, KSF clay, [17] H2SOs, [18] Bi(OTf)s, [19] LiBr, [20]
InCls, [21] lanthanide triflate, [22] FeCls, [23] CdCl., [24] BF3s*OEty, [25] LaCls, [26] ceric
ammonium nitrate (CAN), [27] ion-exchange resin, [28] BiCls, [29] Mn(OAc)s, [30] InBrs,
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[31] NH4CIl, [32] SiO2/NaHSOa4, [33] LiClOs, [34] ZrCls, [35] 1-n-butyl-3-methyl
imidazolium tetrafluoroborate, [36] ytterbium triflates, [37] Cu(OTf)2, [38] SnCl2.2H20,
AICI3/Kl, CoClz> /MnCly, AICI3/AIBr3, [39a-d] P20s, [40] BiOCIO4.xH20, [41] CaCly, 1,3-
Dibromo-5,4-dimethylhydantoin, zinc tetrafluoroborate. [42a-c] Kappe reported the synthesis
of 2-methoxy-1,4-dihydropyrimidines (13) which was obtained by condensation of
ethylacetoacetate, O-methylisourea (12) and an appropriate aldehyde. [43] (Scheme-2).

i EH DMF / NaHCO3;

Scheme-2

Common open-chain B-dicarbonyl molecules have recently been expanded to include cyclic
B-diketones, PB-ketolactones, cyclic B-diesters or B-diamides, benzocyclic ketones, and a-
ketoacids with the purpose of creating innovative Biginelli-like scaffold syntheses. By
reacting 5,5-dimethyl-1,3 cyclohexanedione 14 and aldehydes 15 with urea (16),
Nmethylurea, or thiourea (16) using 1-butyl-3-methylimidazolium bromide [bmim]Br as an
ionic liquid (IL) in combination with a solid acid catalyst, silica sulfuric acid (SSA), Shabani
et al. created the biginelli type (17) compound. [44] (Scheme-3).

In the previous report by Perumal et al., ionic liquid in SSA was substituted with HCI in
acetonitrile, and indane-1,3-dione (18) was used to yield 4-arylindeno-[l,2-d] pyrimidine (19).
It was discovered that a solvent-free and catalyst-free reaction at 100-110 °C produced a

better yield than those catalysed by HCI. (Scheme- 4).

"""-u\.\_\_\_k"""-u\.\_\_
| =
o o _ —H IL and SSA
ﬁ ° - =
100°C
H-N NHR'

=
14 >

17

R"' = Methyl
R= Alkyl, alkoxy, halides
X=0,S

Scheme-3
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The automated microwave-assisted synthesis of dihydropyrimidines using Yb(OTf)3 was
described by Kappe et al. [45] In a 12-hour period, they created a library of 48 chemicals,
which includes a range of carbon acids, N-substituted ureas, and aldehydes. A different route
to a wide range of dihydropyrimidines was via solid-phase synthesis. High yield products
were obtained via solid-phase synthesis by using a substantial excess of reagents.
Furthermore, the easily washable by-products that were not resin bound removed the need for
additional filtration. Numerous polymer-supported building blocks have been investigated,
such as the linker's attachment to the urea and B-keto ester constituents. The first instance of a
solid-phase Biginelli reaction utilising resin-bound urea was shown by Wipf et al. (Scheme
5a). [46] The N-1 substituted products were obtained by cleaving the resin with TFA and
forming the dihydropyrimidine.

Using an immobilised B- keto ester reagent 23, Kappe et al. expanded on the solid-phase
application’s breadth (scheme 5b). [47] When the resin was broken down using this method,
S-carboxylic acid dihydropyrimidines 24 and N-1 unsubstituted compounds were produced.
Kappe also used the polymer-bound thiuronium salt 2540 (Scheme 5c) in another application.
Following the Biginelli reaction's conclusion, the resin-bound dihydropyrimidines were
broken down under various circumstances to produce 2-iminodihydropyrimidines (28),
thiopyrimidines (39), or dihydropyrimidines (27). Numerous dihydropyrimidines can be
synthesised using these solid-phase techniques with excellent yields, great purity, and even

automation potential.
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Scheme-5a
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Fluorous-phase chemistry was modified by Curran et al. [48] to synthesise
dihydropyrimidines. These tactics rely on the strong capacity of fluorinated chemicals to
combine with solvents that have undergone fluorination. Since the by-products were
insoluble in the fluorinated solvent, the reaction mixture was refined using a liquid-liquid
extraction technique. Fluorinated ureas 30, which Curran synthesised, were extracted cleanly
into fluorinated hexanes after undergoing the Biginelli reaction. The result of desilylation is
N-1 substituted dihydropyrimidines (31). The fluorous-phase reaction yields are similar to
those of reactions carried out in accordance with Biginelli reaction conditions (Scheme-6).
Nevertheless, the fluorous approach necessitated the use of costly fluorinated solvents and the

production of fluorinated ureas.

Citation: Sandhya Yadav et al. Ijppr.Human, 2024; Vol. 30 (5): 34-43.



ijppr.humanjournals.com

EtO,C Nt

O> @ i. Extraction | /g
HN SiRm) + 8 + 29 ——— HsC N O

HoN <\o g S ii. TBAF ? t\‘

°Y©

30 (0]

R = Phenyl, aryl 31

Scheme-6
APPLICATION:

1. Derivatives of dihydropyrimidinone have garnered a lot of synthetic attention due to their
known calcium antagonistic effect [50] in the cardiovascular systems. Calcium antagonists
reduce the force of cardiac muscle contraction by blocking the entry of calcium ions via
plasma membrane channels, which dilates vascular smooth muscle. Certain calcium
antagonists have been utilised as hypertension medications, including verapamil and
nifedipine. Nevertheless, there is a significant drawback to using verapamil plus nifedipine to
treat hypertension. These medications require repeated administrations to achieve sufficient
clinical efficacy due to their very short plasma half-lives, which also decreases patient
compliance. Consequently, dihydropyrimidines, which are appropriate for calcium
antagonists with strong and sustained vasodilative, hypotensive, or antihypertensive action,

took the place of the previously listed medications. [51]

2. Pyrimidines have a well-established biological relevance since they are considered
favoured molecules with a broad range of biological activity, including antiviral and
anticancer properties. AZT, DDI, and DDC are examples of therapeutically significant
antiretroviral drugs that include the pyrimidine la scaffold. According to Biginelli's first
study, another similar structure of the Ib type is likewise extremely easily accessible by MCR
using urea, active methylene compounds, and aldehydes in the presence of a catalyst. Due to
its broad pharmacological profile, which includes alpha-agonists, calcium channel blockers,
and antihypertensive agents (which can be thought of as aza analogues of clinically used
medications like niguldipine, felodipine, and nifedipine), type Ib pyrimidine scaffolds have

been the subject of extensive research in recent years. [52]

3. The natural marine alkaloids batzelladine A and B, which are the first low molecular
weight natural compounds to prevent HIV gp 120 from attaching to CD4 cells and may have

therapeutic promise for AIDS, also include the DHPM unit.
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4. By changing the substituents in almost all six places of the pyrimidine nucleus, Parlato et
al. were able to synthesise a variety of dihydropyrimidinone derivatives with intriguing action
against the Sendai virus, HIV, and Rubella virus. In addition to these, substituted pyrimidine
derivatives have been employed as calcium channel blockers, neuropeptide y-antagonists, o-I
a-antagonists, antihypertensive drugs, anticancer medications (Monastrol), antimalarial

agents, and anti-inflammatory compounds. [53]
CONCLUSION

Since its discovery in 1893, the Biginelli dihydropyrimidine MCR has advanced significantly.
The Biginelli MCR has been successfully adapted to the demands and expectations of
modern organic chemistry, starting with the preparation of simple pyrimidine heterocycles in
the late 19th century and continuing through the creation of targeted compound libraries of
biofunctional DHPMs and the enantioselective total synthesis of complex natural products.
Combinatorial synthesis and high-throughput screening approaches will surely lead to the
discovery of novel dihydropyrimidines with significant biological effects due to the
pharmacological potency of the DHPM scaffold. Thus, the Biginelli reaction has a bright

future in the twenty-first century.

REFERENCES:

1. M.M. Karelson, A.R. Katritzky, M. Szafran, M.C. Zerner, Quantitative predictions of tautomeric equilibria
for 2-, 3-, and 4-substituted pyridines in both the gas phase and aqueous solution: combination of AM1 with
reaction field theory, J. Org. Chem. 54(1989), 6030-6034.

2. R. Soni, G. Singh, R. Kaur, G. Kaur, R.K. Gill, J. Bariwal, chemistry & biology interface, Chem. Biol.
4(2014), 163-175.

3. S.M. Sondhi, R.N. Goyal, A.M. Lahoti, N. Singh, R. Shukla, R. Raghubir, Synthesis and biological
evaluation of 2-thiopyrimidine derivatives, Bioorg. Med. Chem. 13(2005), 3185-3195.

4. G.C. Rovnyak, K.S. Atwal, A. Hedberg, S.D. Kimball, S. Moreland, J.Z. Gougoutas, B.C. O'Reilly, J.
Schwartz, M.F. Malley, Dihydropyrimidine calcium channel blockers. Basic 3-substituted-4-aryl-1, 4-
dihydropyrimidine-5-carboxylic acid esters. Potent antihypertensive agents, J. Med. Chem. 35(1992), 3254-
3263.

5. P.S. Dragovich, B.P. Fauber, L.B. Corson, C.Z. Ding, C. Eigenbrot, H. Ge, A.M. Giannetti, T. Hunsaker, S.
Labadie, Y. Liu, Identification of substituted 2-thio-6-oxo-1, 6-dihydropyrimidines as inhibitors of human
lactate dehydrogenase, Bioorg. Med. Chem. Lett. 23(2013), 3186-3194.

6. N. Agarwal, P. Srivastava, S.K. Raghuwanshi, D. Upadhyay, S. Sinha, P. Shukla, V.J. Ram,
Chloropyrimidines as a new class of antimicrobial agents, Bioorg. Med. Chem. 10(2002), 869-874.

7. M. R. Bhosle, A. R. Deshmukh, S. Pal, A. K. Srivastava, R. A. Mane, Synthesis of new
thiazolylmethoxyphenyl pyrimidines and antihyperglycemic evaluation of the pyrimidines, analogues
isoxazolines and pyrazolines, Bioorg. Med. Chem. Lett. 25 (2015), 2442-2446.

8. G. Lauro, M. Strocchia, S. Terracciano, I. Bruno, K. Fischer, C. Pergola, O. Werz, R. Riccio, G. Bifulco,
Exploration of the dihydropyrimidine scaffold for the development of new potential anti-inflammatory agents
blocking prostaglandin E2 synthase-1 enzyme (MPGES-1), Eur. J. Med. Chem. 80 (2014), 407-415.

Citation: Sandhya Yadav et al. Ijppr.Human, 2024; Vol. 30 (5): 34-43.



ijppr.humanjournals.com

9. S.A. Said, A.E.-G.E. Amr, N.M. Sabry, M.M. Abdalla, Analgesic, anticonvulsant and anti-inflammatory
activities of some synthesized benzodiazipine, triazolopyrimidine and bis-imide derivatives, Eur. J. Med. Chem.
44 (2009), 4787-4792.

10.R.H. Tale, A.H. Rodge, G.D. Hatnapure, A.P. Keche, The novel 3, 4-dihydropyrimidin-2 (1H)-one urea
derivatives of N-aryl urea: synthesis, anti-inflammatory, antibacterial and antifungal activity evaluation, Bioorg.
Med. Chem. Lett. 21(2011), 4648-4651.

11.B.N. Naidu, M.E. Sorenson, M. Patel, Y. Ueda, J. Banville, F. Beaulieu, S. Bollini, 1.B. Dicker, H. Higley, Z.
Lin, Synthesis and evaluation of C2-carbon-linked heterocyclic-5-hydroxy-6-oxodihydropyrimidine- 4-
carboxamides as HIV-1 integrase inhibitors, Bioorg. Med. Chem. Lett. 25 (2015), 717-720.

12. AR. Trivedi, V.R. Bhuva, B.H. Dholariya, D.K. Dodiya, V.B. Kataria, V.H. Shah, Novel dihydropyrimidines
as a potential new class of antitubercular agents, Bioorg. Med. Chem. Lett. 20(2010), 6100-6102.
13.Ramandeep Kaur, Sandeep Chaudhary, Kapil Kumar, Manish K. Gupta, Ravindra K. Rawal: Recent
synthetic and Medicinal perspectives of Dihydropyrimidinones: A Review. European Journal of Medicinal
Chemistry, 132, 2017, 103-134.

14. Tawassl T. H. Hajelsiddig and A. E.M. Saeed: Green Chemistry Approach in Synthesis of 3, 4-
Dihydropyimidinone Derivatives Under Solvent Free Conditions: International Journal of Pharmaceutical
Sciences and Research, 6(5), 2015, 2191-2196.

15. Honnappa Nagarajaiah, Arindam Mukhopadhyay, Jarugu Narasimha Moorthy: Biginelli Reaction: An
Overview: Tetrahedron Letters, 57, 2016, 5135-5149. Synthetic methodologies for dihydropyrimidinones

16. (a) P. Biginelli, Chem Ber, 24, 1317 (1891). (b) P. Biginelli, Chem Ber., 24, 2962 (1891) (c) P. Biginelli,
Gazz. Chim. Ita.,l 19, 212 (1889). (d) P. Biginelli, Gazz. Chim. Ital., 23, 360 (1893).

17.(a) C. O. Kappe & S. F. Falsone, Synlett., 718(1998). (b) C. O. Kappe, D. Kumar & R. S. Varma, Synthesis,
1799 (1999).

18.Y. Ma, C. Qian. L. Wang and M. Yang, J. Org. Chem., 65, 3864 (2000).

19. A. S. Prabhakar, Dewkar and A. Sudalai, Tetrahedron Lett., 44, 3305 (2003).

20.R. A. Srisnivas, R. Varala, M. M. Alam and, Syn. lett., 1, (2003).

21.F. Bigi, S. Carloni, B. Frulanti, R. Maggi and G. Sartori, Tetrahedron Lett., 40, 3465 (1999).

22.J. Lu, Y. Bai, Z. Wang, B. Yang and H. Ma, Tetrahedron Lett., 41, 9075 (2000).

23.N. Y. Fu, Y. F. Yuan, Z. Cao, J. T. Wang and C. Peppe, Tetrahedron, 58, 4801 (2002).

24.C. M. Adharvana and Syamasundar K, J. Mol. Catalysis — A, 221, 137 (2004).

25.E. H. Hu, D. R. Sidler and U. H. Dolling, J. Org. Chem., 63, 3454 (1998).

26.B. C. Ranu, A. Hajra and U. Jana J. Org. Chem., 65, 6270 (2000).

27.J. C. Bussolari & P. A. McDonnell, J. Org. Chem., 65, 6777 (2000).

28.J. Peng & Y. Deng, Tetrahedron Lett., 42, 917 (2001).

29. K. A. Kumar, M. Kasthuraiah, C. S. Reddy and C. D. Reddy, Tetrahedron Lett., 42, 7873 (2001).

30.J. S. Yadav, K. B. Reddy, K. S. Raj and A. R .Prasad, J. Chem. Soc, Perkin Trans 1, 1939 (2001).

31.J. S. Yadav, B. V. Subba Reddy, C. Venugopal and T. Ramalingam, Synthesis, 9,1341 (2001).

32.L. Wang, C. Qian, H. Tian and M. A. Yun, Syn. Comm., 33, 1459 (2003).

33. H. Salehi and X. G. Qing, Synn Comm, 34, 171 (2004).

34. K. Ramalinga, P. Vijayalakshmi & T. N. B. Kaimal, Synlett, 6, 863 (2001).

35.J. Lu & Y. Bai, Synthesis, 4, 466 (2002).

36. Dondoni & A. Massi, Tetrahedron Lett., 42, 7975 (200).

37.G. Maiti, P. Kundu and C. Guin, Tetrahedron Lett., 44, 2757 (2003).

38.Ch. V. Reddy, M. Mahesh, T. R. Babu and V. N. Reddy, Tetrahedron Lett., 43, 2657 (2002).

39.(a) S. Kumar, A. Saini & J. S. Sandhu, Indian J. Chem., 43B, 1485 (2004). (b) ibid, 44B, 762 (2005). (c)
ibid, 45B, 684 (2006). (d) ibid, 46B, 1690 (2007). (¢) Z. T. Wang, L. W. Xu, C. G. Xia & H. Q. Wang,
Tetrahedron Lett, 45, 7951(2004). (f) P. Shanmugan, C. Sabastein, & P. T. Perumal, Indian J Chem, 45B, 135-
140(2004); (g) A. Shaabani, A. Sarvary, Rahmati and A. H. Rezayan , Letters in Organic Chemistry, 4, 68
(2007).

40. M. B. Deshmukh, V. Anbhule, Prashant, S. D. Jadhev , A. R. Mali, S. S. Jagtap and A. Deshmukh, Indian J.
Chem., 46B, 1545 (2007).

41.Y.T. Reddy and P. N. Reddy, Indian J. Chem., 44B, 1304 (2005). Vol.2, No.3 (2009), 662-676

Citation: Sandhya Yadav et al. Ijppr.Human, 2024; Vol. 30 (5): 34-43.



ijppr.humanjournals.com

42.(a) A. K. Misra, A. Geetanjali & Madhusudan, Indian J. Chem., 43B, 2018 (2004). (b) M. A. Alibek, Z.
Zaghaghi, Chemical papers 63(1), 97 (2009). (c) S. K. Kundu, A. Majee & A. Hajra Indian J. Chem., 48B, 408
(2009).

43.J. J. Vanden Eynde, N. Audiart, V. Canonne, S. Michel, Y. van Haverbeke and C. O. Kappe, Heterocycles,
45, 1967 (1997).

44, Ahmad Shaabani, Afshin Sarvary, Abbas Rahmati and Ali Hossein Rezayan Letters in Organic Chemistry, 4,
68 (2007)

45, A. Stadler and C. O. Kappe, J. Comb. Chem., 3, 624 (2001).

46. P. Wipf and A. Cunningham., Tet. Lett., 36, 7819 (1995).

47.M. G. Valverde, D. Dallinger, and C. O. Kappe, Synlett, 6, 741(2001).

48.C. O. Kappe,. Bioorg. Med. Chem. Lett., 10, 49 (2000).

49. A. Studer, P. Jeger, P. Wipf, and D. P. Curran, J. Org. Chem., 62, 2917 (1997).

50. K. S. Atwal, B. N. Swanson, S. E. Unger, D. M. Floyd, S. Moreland, A. Hedberg and B. C. O'Reilly J. Med.
Chem., 34 (2), 806 (1991).

51.(a) R. Neumann and R. Morten, Drugs of Todays, 21, 133 (1998). (b) R. K. Robin, Chem Eng News,
28(1986).

52.(a) F. Focher, D. Ubiali, M. Pregnolato, C. Zhi, J. Bambio, G. E. Wright and S. Spadri, J. Med. Chem., 42,
2601 (2000). (b) A. Matsuda, H. Hattori, M. Tanaka and T. Sasaki, Bioorg MedChem Lett, 6, 1887 (1996).

53. (a) H. Sherman & A. M. Kaplan, Toxicol Appl Phermacol, 34, 189 (1975). (b) S. J. Stewart, AU Patent 2001,
720032; Chem. Abstr., 134, 67474 (2001). (c) G. D. Daves Jr, R. K. Robins and C. C. Cheng, J. Org. Chem., 26,
5256 (1961).

Citation: Sandhya Yadav et al. Ijppr.Human, 2024; Vol. 30 (5): 34-43.



