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ABSTRACT 

Pyrimidines and their fused derivatives form the heterocyclic core of nucleic acid bases. 

These ring systems are incorporated into drugs used for AIDS, cancer and anti-viral treatment. 

The discovery of the anti-HIV activity in AZT containing the pyrimidine nucleus has stimulated a 

renewed interest in these molecules and has prompted us to focus research on the synthesis and 

study of biological properties of newer series of pyrimidine derivatives. Several reports have 

appeared in the literature on the biological activities of carbazole, azacarbazole and quinoline 

derivatives in the search of newer physiologically active materials from these classes of 

compounds. Pyrimidine and their myriad derivatives have continued to capture the attention of 

chemists since their presence in the biologically active materials have been known to produce 

additive effect on the bio-efficacy of the molecules.  
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1. INTRODUCTION 

1.1. Importance of pyrimidine 

Though hydroxy, mercapto, amino, 

methyl pyrimidines are relatively less studied 

heterocyclic systems, but these are of interest in 

the context of drug development. Pyrimidines 

bearing these substituents are important as 

significant number of compounds of this class 

have been used in synthetic, analytical and 

medicinal chemistry. 

1.2. Biological aspects 

Pyrimidines do not exist in nature but 

their different derivatives, are found to occur in 

nature as a part of more complex systems and are 

widely distributed. They have a long and 

distinguished history extending from the days of 

their discovery as important constituents of 

nucleic acids to their current use in the 

chemotherapy of AIDS. They form an integral part 

of the genetic material Viz. DNA and RNA [1]. 

Besides, their biological significance, several 

pyrimidine derivatives have been developed as 

chemotherapeutic agents and have found wide 

clinical applications like anticancer [2], 

antibacterial [3], antiprotozoal [4], antimicrobial, 

antinsecticidal [5], antiviral, antihypertensive [6], 

antihistaminic [7], anti-inflammatory, analgesic, 

CNS, active to metabolic, adjuvant [8].                              

1.3. Antineoplastics and anticancer agents 

There are a large number of pyrimidine-

based antimetabolites. They are usually 

structurally related to the endogenous substrates, 

that they antagonize. The structural modification 

may be on the pyrimidine ring or on the pendant 

sugar groups. One of the early metabolites 

prepared was 5-fluorouracil (5-FU, 1.01a), a 

pyrimidine derivative. 5-Thiouracil 4.001b also 

exhibits some useful antineoplastic activities [9,10] 

(Fig.1). 
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Figure – 1: Structure of 5-fluorouracil (1.01a, 

X=O, R=F.R1=H; 1.01b, X=O, R=SH.R1=H) 

The antineoplastic compounds [11] 

possessing the guanidine nucleus 1.02 like 

azathiopurine [12] 1.03, mercaptopurine [13] 1.04, 

thioguanine [14] 1.05 tegafur [15] 1.06, etc. (Fig.2) 

were discovered after formulation of the 

antimetabolite theory by Woods and Fildes in 

1940. These drugs prevent the utilization of 

normal cellular metabolites. 
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Figure – 2: Structures of antineoplastic 

compounds possessing the guanidine nucleus. 

 

Figure – 3: Structures of antineoplastic 

compounds possessing the guanidine nucleus. 

Many more have been included in recent 

times, like mopidamol [16] 1.07, nimustine [17] 1.08, 

reltitrexed [18] 1.09, uramustine [19] 1.10 and 

trimetrixater [20] 1.11 (Fig.3). 

 1-β-D-Arabinosylcytosine [21] (Ara-C, 1.12) 

is also an example of a pyrimidine antimetabolite 

in which the sugar is arabinose having a beta 

configuration. It is mainly used as anticancer 

agents and also exhibits significant therapeutic 

effects in patients with herpus virus infections and 

herpus encephalitics. Gemcitabine 1.13, a 

pyrimidine antimetabolite (Fig.4), shows excellent 

antitumour activity against murine solid tumours 
[22]. 
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Figure – 4: Structure of 1-β-D-

Arabinosylcytosine 

1.4. Synthetic aspects 

Functionalized heterocycles are 

interesting scaffolds for the preparation of 

diversely oriented compound libraries for 

medicinal and pharmaceutical applications [23-26]. 

The biological significance of the pyrimidine has 

led us to synthesise substituted pyrimidine 

derivatives.Several synthetic strategies have been 

developed in the literature for the preparation of 

different analogues of pyrimidine, of which a few 

examples are given below. 

Biginelli compounds [27,28] can be easily 

prepared by reaction of α-azido or α-tosyl 

substituted thioureas and ureas 1.14 with sodium 

enolates of β-oxoesters or 1,3-dicarbonyl 

compounds 1.15 followed by acid-catalyzed 

dehydration of the obtained 5-acyl-4-

hydroxyhexahydropyrimidine-2-thiones/ones 1.17 

[scheme - 1].  Both the stages of the synthesis 

proceed under mild conditions and usually in high 

yields. This method is very flexible and gives 

possibility to prepare a large number of 1, 2, 3, 4-

tetrahydropyrimidine-2-thiones/ones bearing 

various substituents in pyrimidine ring.  

Scheme – 1: Preparation of Biginelli 

compounds 

 The coupling of acid chlorides 1.18 with 

terminal alkynes 1.19 using one equivalent of 
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triethylamine under sonogashira conditions 

followed by subsequent addition of amines or 

amidinium salts to the intermediate alkynones 

1.20 allows a straightforward access to 

enaminones and pyrimidines 1.21 under mild 

conditions and in excellent yields [29] [scheme - 2]. 
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Scheme - 2: Preaparation of enaminones and 

pyrimidines 

 A single-step conversion of various N-

vinyl and N-aryl amides 1.22 to the corresponding 

pyrimidine 1.23 and quinazoline derivatives 

involves amide activation with 2-chloropyridine 

and trifluoromethanesulfonic anhydride followed 

by nitrile addition into the reactive intermediate 

and cycloisomerization [30] [scheme - 3]. 
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Scheme – 3: A single-step conversion of various 

N-vinyl and N-aryl amides to the 

corresponding pyrimidine and quinazoline 

derivatives. 

 1.24 on condensation with guanidine 

hydrochloride 1.25 in presence of potassium 

hydroxide in methanol yield 2-amino pyrimidine 

1.26 derivatives [31] [scheme - 4]. 
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Scheme – 4: Preparation of 2-amino 

pyrimidine 1.26 derivatives 

 Thymine, uracil and their derivatives are 

best prepared by the utilization of β–aldehyde and 

β–ketoesters. The reaction of ethyl formyl acetate 

1.28 with urea gets little success but formic acid is 

generated during the course of the reaction by the 

oxidative decarboxylation of malic acid, this in 

turn reacts with urea. By this way, a moderate 

yield [32] of uracil 1.29 may be obtained [scheme -

5]. Thymine has also been synthesized by a similar 

route [33]. 
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Scheme – 5: Preparation of uracil 

A method for the synthesis of 2-

substituted pyrimidine-5-carboxylic esters 1.32 is 

described. The sodium salt of 3, 3-dimethoxy-2-

methoxycarbonylpropen-1-ol 1.31 has been found 

to react with a variety of amidinium salts 1.30 to 

afford the corresponding 2-substituted 

pyrimidine-5-carboxylic esters [34] 1.32 [scheme - 

6]. 
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Scheme – 6: Preparation of 2-substituted 

pyrimidine-5-carboxylic esters. 

 2-Amino-4(4’-anisyl)-6-(3, 4, 5-

trimethoxy phenyl) pyrimidine 1.34 can be 

obtained by the condensation of chalcone 1.33 and 

guanidine hydrochloride 1.25 in the presence of 

sodium hydroxide in ethanol [35] [scheme - 7]. 
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Scheme – 7: preparation of 2-Amino-4(4’-

anisyl)-6-(3, 4, 5-trimethoxy phenyl) 

pyrimidine. 

 3,5-Dibromo-4-hydroxy substituted 

chalcones 1.37 react with SBT in presence of 

piperidine/pyrrolidine in DMF to give pyrimidines 

1.39 [scheme - 8]. 
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Scheme – 8: Preparation of pyrimidines. 
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 The reaction of chalcones 1.40 with 

guanidine hydrochloride 1.25 in the presence of 

potassium tertiary butoxide gives the 

corresponding pyrimidine derivatives [36] 1.41 

[scheme - 9]. 
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Scheme – 9: Preparation of pyrimidine 

derivatives. 

 R. Behrend et. Al [37] reported  the 

synthesis of pyrimidine derivatives by 

condensation of β–cyano or β–acetyl enamine (N-

C-C-C fragment which is readily available by direct 

amination of ethoxymethylene malonic ester 

derivatives)  1.42 with suitable C-N containing 

fragments ( like β–aminocrotonate) that have 

been found to undergo extremely facile reaction 

with phenylisocyanate or methylisocyanate to 

form intermediate ureido derivatives 1.43, which 

undergo cyclization on treatment with base to 

give 1.44 [scheme - 10]. 
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Scheme – 10: Preparation of pyrimidine 

derivatives by condensation. 

 A methylene group activated by a phenyl 

substitution as simple ketones 1.45 or nitriles are 

not active enough to initiate the reaction. Such a 

reaction is carried by reacting β-diketones 1.45 

with excess of formamide. The reaction proceeds 

by the formation of an insoluble β–acylenamidine 

1.46 [scheme - 11]. 

A novel and efficient synthesis of 

pyrimidine 1.051 from β-formyl enamide 1.049 

involves samarium chloride catalysed cyclisation 

of β-formyl enamides using urea as source of 

ammonia under microwave irradiation [38] 

[scheme - 12]. 
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Scheme – 11: Preparation of β–acylenamidine. 
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Scheme – 12: Preparation of pyrimidine. 

2. CONCLUSION 

In this short review we prepared the 

different types of derivatives through many types 

of reactions. And these derivatives are useful in 

many activities like anti-microbial, anti-fungal and 

analgesic etc. 

Acknowledgment  

Authors are thankful to Head, 

Department of Chemistry of Punjab Technical 

University, Punjab for providing the 

microanalysis and spectral data. Authors are 

grateful to Department of Science and 

Technology (DST) New-Delhi (India) for 

providing financial assistance to (Banasthali 

Centre for Education and Research in Basic 

Sciences) under their CURIE (Consolidation of 

University Research for innovation and 

Excellence in Women University) programme. 

3. REFRENCES 

1. Deshmukh MB, Anbhule PV and Jadhav SD. A 

novel and environmental friendly, one-step 

synthesis of 2,6-diamino-4-phenyl 

pyrimidine-5- carbonitrile using potassium 

carbonate in water. Indian J. Chem., 2008; 

47B: 792-795. 

2. Atwal KS and Swanson BN. 

Dihydropyrimidine calcium channel blockers. 

3,3-Carbamoyl-4-aryl-1,2,3,4-tetrahydro-6-

methyl-5-pyrimidine carboxylic acid esters as 

orally effective antihypertensive agents. J. 

Med. Chem., 1991; 34(2): 806-811. 

3. Westwood NB and Walker RT. Synthesis and 

biological properties of a new series of 5- 

substituted-Pyrimidine-L-nucleoside 

analogues. Tetrahedron, 1998; 54: 44. 



Review Article                                                                                                           www.ijcps.com 

 

11 

 

4. Ghorab MM and Abdel-Hamide SG. Synthesis 

of some new biologically active 2-phenyl-6-

iodo-3-substituted-4(3H) quinazolinones. 

Indian J. Hetero. Chem., 1995; 5, 115-120. 

5. Michael B,  Arnold DL, Jan B and Roger H. 

Insecticidal activity of the pyrimidine 

nucleoside analogue (E)-5-(2-bromovinyl)-2’-

deoxyuridine (BVDU). Pest Management 

Science, 2005; 61(8): 737-741. 

6. Walker  HA, Wilson S and Atkins EC. The effect 

of 1-hydrazinophthalazine (C-5968) and 

related compounds on the cardiovascular 

system of dogs. J. Pharmacol Exp. Ther., 

1951; 101(4): 368-78. 

7. Leea HW, Kima BY and Ahna JB. Molecular 

design, synthesis, and hypoglycemic and 

hypolipidemic activities of novel pyrimidine 

derivatives having thiazolidinedione, Eur. J. 

Med. Chem., 2005; 40(9): 862-874. 

8. Fhid O, Pawlowski M and Filipek B. Central 

nervous system activity of new pyrimidine-8-

on [2, 1-f] theophylline-9-alkylcarboxylic 

acids derivatives. Pol. J. Pharmacol., 2002; 

54(3), 245-54. 

9. Callery P and Gannett P. Cancer and cancer 

chemotherapy. In Foye’s Principles of 

Medicinal Chemistry (eds Williams, D. A. and 

Lemke, T. L.), Lippincott Williams and Wilkins, 

Philadelphia, 2002; 934–935. 

10. Diasiao RB and Harris BE. Clinical 

Pharmacology of 5-fluorouracil Clinical 

Pharmacokinetics, 1989; 16: 215-237. 

11. Remers WA. Antineoplastic agents. In 

Wilson and Gisvold’s Textbook of Organic 

Medicinal and Pharmaceutical Chemistry 

(eds Delgado, J. N. and Remers, W. A.), 

Lippincott Williams and Wilkins, Philadelphia, 

1998; 366–368. 

12. Hausheer F H and Thomas D. Formulation 

and methods of reducing toxicity of 

antineoplasteic agents. US Patent No.-

5307162, 2000. 

13. Ordentlich P, Yan Y, Zhou S and  Heyman RA. 

Identification of the antineoplastic agent 6-

mercaptopurine as an activator of the orphan 

nuclear hormone receptor nurri. J. Biol. 

Chem., 2003; 278: 24791-24799. 

14. Georget S, vigneron J, May I, Perrin A, Hoffman 

MA and Hoffman M. Determination by 

capillary zone electrophoresis of 

mercaptopurine and thioguanine 

concentration in capsules for paediatric 

patients, J. Clinical Therapeutics, 1999; 24: 

273-277. 

15. Nakajima T, Nashimoto A, Kitamura M and 

Iwaringa T. Adjuvantmitomycin and 

fluorouracil followed by oral uracil plus 

tegafur in serosanegative gastric cancer a 

randomized trial. Lancet, 1999; 35: 273-277. 

16. Bender VS, Chitre TS, Miniyar PB, Bendre VS 

and Veer S. Biological and medicinal 

significance of pyrimidine, A (Review). Curr. 

Sci., 2006; 90, 793-802. 

17. Noda Y, Hayastee H and Kawazoe Y. Effects of 

treatment with nimustine , a bifunctionl 

alkylating anticancer agent on cultured testing 

L1210 cells, Biol. Pharma. Bull., 1998; 21: 

414-417.  

18. Blair EYL, Rivory LP, Clarke SJ and Mdaclan A. 

J.  Population Pharmacokinetics of reltitrxed 

in patient with advanced solid tumours , Br. J. 

Clin. Pharmacol, 2004; 57: 416-46. 

19. Baraldi PG, Romagnoli R, Guadix AE, Gallo AM, 

Espinso A, Martinez A and  Hartley JA. Design, 

Synthesis and biological activity of hybrid 

compounds between uramustine and DNA 

minor groove binder distamycin A. J. Med. 

Chem., 2002; 45: 3630-3638. 

20. Rosowaskya MCE, Wright JE, Freisein JH. 

Heusner JJ and Mccormack JJ. 2, 4-

diaminothieno [2,3-d] pyridine analogues of 

trimetrexate and piritexim as potential 

inhibitors of phemucystis carinii, J. Med. 

Chem., 1993; 36 : 3103-3112. 

21. Sun, D., Urrabz, R., Buzello, C. and Nguyen, M.; 

Induction of DNA ligase1 by 1-β-D-

arabinosylcytosine and aphidicolin in human 

pancreatic cancer cells, Exper. Cell Res., 2002, 

280, 90-96. 

22. Hertel LW, Border GB, Kroin JS, Rinzel SM, 

Poore GA, Todd GC and Grindey GB. 

Evaluation of the antitumour activity of 

gemcitabine(2’2’-difluoro-2’-deoxycytidine), 

Cancer Res., 1990; 50: 4417–4422. 

23. Cebasek P, Bevk D, Pirc S and Stanovnik B. 

Parallel synthesis of 3-amino-4H-quinolizin-4-

ones, fused 3-amino-4H-pyrimidin-4-ones, 

and fused 3-amino-2H-pyran-2-ones. J. Comb. 

Chem.,  2006; 8: 95-102. 

24. Dolle RE and Nelson KH. Comprehensive 

survey of combinatorial library synthesis. J. 

Comb. Chem., 1999; 1: 235-282. 

25. Franzen RG. Recent advances in the 

preparation of heterocycles on solid support. 

J. Comb. Chem., 2002; 2: 195-214. 

26. Hanessian S, Me Naughton-Smith G, Lombart 

HG and Lubell WD. Design and synthesis of 

conformationory constrained amino acid as 



Review Article                                                                                                           www.ijcps.com 

 

12 

 

versatile scaffolds and peptide mimetics. 

Tetrahedron, 1997; 53: 12789-12854. 

27. Shutalev AD and Kuksa VA. Chemistry of 

Heterocyclic compounds, Synthesis of 

Biginelli compounds, 1995; 31, 86-91. 

28. Shutalev AD and Kuksa VA. Synthesis of 

spirocyclic and fused bicyclic 4-

hydroxyhexahydropyrimidine-2-thiones, 

Khim. Geterotsicl. Soedin., 1997; 105-109. 

29. Karpov AS and Muller TJJ. Straightforward 

novel one-pot enaminone and pyrimidine 

synthesis by coupling-addition-

cyclocondensation sequences. Synthesis, 

2003; 59: 2815-2826. 

30. Movassaghi M and Hill MD. Synthesis of 

substituted pyridine derivatives via the 

ruthenium-catalyzed cycloisomerisation of 3-

azadienynes. J. Am. Chem. Soc., 2006; 128: 

14254-14255. 

31. Aitmambetov A and Menlimuratova Z. 

Interaction of synthetic analogues of natural 

chalcones and flavones with guanidine. 

Russian J. Bioorg. Med. Chem., 2003; 29: 

175-176. 

32. Robin RO, Williams JH and English JP. A new 

synthesis of isocytosine. J. Am. Chem. Soc., 

1940; 60: 2365. 

33. Fox JJ, Yung N, Davoll J and Brown GB. A new 

route for the synthesis of thymine 

nucleosides, J. Am. Chem. Soc., 1956; 78: 

2117-2122. 

34. Zhichkin P and Fairfax DJ. A general 

procedure for the synthesis of 2-substituted 

pyrimidine-5-carboxylic esters. Synthesis, 

2002; 720-722. 

35. Mahmoud MR and Radwan AM. Fused 

heterocyclic ring system from 

aminopyrimidine derivatives, Indian. J. 

Chem., 1996; 35(B): 915. 

36. Anjaneyulu SR and Murthy YLN. Synthesis of 

fused pyrimidine derivatives from chalcones. 

Indian. J. Chem., 1995; 34(B): 933. 

37. Shaw G and Warrener RN. Purine, pyrimidine, 

and glyoxalines.  Part VII. New synthesis of 2-

thiouracils and 2- thiothymines. J. Chem. Soc., 

1958; 153-156. 

38. Barthakur MG, Borthakur M, Devi P, Saikia CJ, 

Saikia A, Bora U, Chetia A and Boruah R C. A 

novel and efficient Lewis acid catalysed 

preparation of pyrimidines: microwave-

promoted reaction of urea and β-formyl 

enamides, Synlett., 2007; 223-226. 

 

 


