
                       

Ain Shams University 

   Faculty of Science 

Chemistry Department 

 

A Thesis Title 

Synthesis of some Heterocyclic Compounds Containing Nitrogen 

With expected biological activity 

 

Researcher Name: 

Eslam Mourad Abbass Mosbah 

 

Supervisors: 

Prof. Dr. Mohamed Mahmoud Mohamed Mohamed 

Professor of organic chemistry 

Chemistry department, Faculty of Science, Ain Shams University 

 Dr. Ali Khalil Ali Khalil 

Assistant Professor of organic chemistry 

Chemistry department, Faculty of Science, Ain Shams University 

Dr. Abeer Mohamed El-Sayed El-Naggar 

Assistant Professor of organic chemistry 

Chemistry department, Faculty of Science, Ain Shams University 

 

Head of Chemistry Department 

 

Prof. Dr. Ibrahim Hosainy Ali Badr 

http://www.google.com.eg/url?sa=i&source=images&cd=&cad=rja&docid=YmNli88GMTb42M&tbnid=p5oPUwd9DwuhvM:&ved=0CAUQjRw&url=http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:%D8%B4%D8%B9%D8%A7%D8%B1_%D8%AC%D8%A7%D9%85%D8%B9%D8%A9_%D8%B9%D9%8A%D9%86_%D8%B4%D9%85%D8%B3.png&ei=Y-4SUsnZJeyb0wXRu4GABw&psig=AFQjCNHkyQYI_8CFvWtwrPjtiLfxZg4mTQ&ust=1377058752243413


   
 كلية العلوم  

Approval Sheet 

Title of M.Sc. thesis 

 

Synthesis of some Heterocyclic Compounds Containing Nitrogen 

With expected biological activity 

Researcher name: 

Eslam Mourad Abbass Mosbah 

(B.Sc. 2013) 

 
Submitted for M.Sc. Degree of Science in Chemistry (Organic Chemistry) 

 

To Chemistry Department, Faculty of Science, Ain Shams University. 
 

 

Thesis advisor                                                                                    Approved 

 

Prof. Dr. Mohamed Mahmoud Mohamed Mohamed               ……………… 

Professor of Organic Chemistry 

Chemistry department, Faculty of Science, Ain Shams University 

 
 Dr. Ali Khalil Ali Khalil                                                              ……………… 

Assistant Professor of Organic Chemistry 

Chemistry department, Faculty of Science, Ain Shams University 

 

Prof. Dr. Ahmed Fouad El-Farargy                                            ……………… 

Professor of Organic Chemistry 

Chemistry department, Faculty of Science, Zagazig University 

 

Prof. Dr. Emtisal Ahmed Bahaa Eldin El-sawy                          ……………… 

Professor of Organic Chemistry 

Chemistry department, Faculty of Girls, Ain Shams University 

 
Head of Chemistry Department 

 

Prof. Dr. Ibrahim Hosainy Ali Badr 

http://www.google.com.eg/url?sa=i&source=images&cd=&cad=rja&docid=YmNli88GMTb42M&tbnid=p5oPUwd9DwuhvM:&ved=0CAUQjRw&url=http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:%D8%B4%D8%B9%D8%A7%D8%B1_%D8%AC%D8%A7%D9%85%D8%B9%D8%A9_%D8%B9%D9%8A%D9%86_%D8%B4%D9%85%D8%B3.png&ei=Y-4SUsnZJeyb0wXRu4GABw&psig=AFQjCNHkyQYI_8CFvWtwrPjtiLfxZg4mTQ&ust=1377058752243413


 

 

I 
 

List of Contents 

Contents                                                                        page no. 

Acknowledgment 

Publication 

Summary                                                                                     a                        

Introduction 

I) Synthesis of Pyrimidinone and Pyrimidinethione                              

   1)  Biginelli’s Reaction 1 

   2)  Microwave Irradiation 3 

   3)  From Arylidene 4 

II) Reaction of pyrimidinethiones  

   1)  Reaction with oxalyl chloride 5 

   2)  Reaction with ammonium acetate 5 

   3)  Reaction with chloroacetic acid and aromatic aldehyde 6 

   4)  Reaction with diazoniumsalts                                                              6 

   5)  Mannich reaction 7 

   6)  Reaction with 2- chloro- N- substituted phenylacetamide 8 

   7)  Reaction with phosphorus pentachloride and 8 

        phosphorus oxychloride 



 

 

II 
 

   8)  Alkylation reaction 9 

    9)  Reaction with bromomalononitrile 14 

   10)  Reaction with NaOH (10%) 14 

   11)  Reaction with chlorobenzenesulfonyl chloride 14 

   12)  Reaction with ethanolamine 15 

   13)  Reaction with chloroacetylchlorid 15 

   14)  Hydrazinolysis 16 

III) Reaction of Hydrazinopyrimidine 

   1)  Benzoylation reaction   17 

   2)  Reaction with phenyl isothiocyanate   17 

   3)  Acylation reaction 18 

   4)  Schiff base reaction 19 

   5)  Reaction with chloroacetyl chloride 19 

   6)  Reaction with acetyl acetone 20 

   7)  Reaction with ethyl acetoacetate 21 

   8)  Reaction with phthalic anhydride 21 

   9)  Reaction with NaNO2/AcOH 22 

  10)  Reaction with arylidine 22 

  11)  Reaction with carbon disulfide 22 



 

 

III 
 

  12)  Reaction with ethyl chloroformate 23 

  13)  Reaction with benzil 24 

IV)  Biological Activities 24 

Result and Discussion 30 

 Part 1: preparation of thiopyrimidinon derivative                                31 

as key starting material for synthesis of some new pyrimidine 

 and thiopyrimidine derivatives 

 

 Part 2: Synthesis of hydrazinopyrimidine as key starting                    42 

material for synthesis of some new pyrimidine derivatives 

 Biological activities                                                                             60 

Figures  74 

Experiment                                                                                  148 

References 172 

Arabic Summary  

 

 

 

 

 

 



 

 

IV 
 

List of Figures 

Figure                                                                                        Page 

 Fig.(1a) IR Spectrum of Compound (5a)                                          74 

 Fig.(1b) 
1
H-NMR Spectrum of Compound (5a)                               75 

 Fig.(1c) 
13

C-NMR Spectrum of Compound (5a)                              76 

 Fig.(2a) IR Spectrum of Compound (5b)                                          77 

 Fig.(2b) 
1
H-NMR Spectrum of Compound (5b)                               78 

 Fig.(2c) 
13

C-NMR Spectrum of Compound (5b)                               79 

 Fig.(3a) IR Spectrum of Compound (7a)                                           80 

 Fig.(3b) 
1
H-NMR Spectrum of Compound (7a)                                81 

 Fig.(3c) 
13

C-NMR Spectrum of Compound (7a)                               82 

 Fig.(4a) IR Spectrum of Compound (7b)                                           83 

 Fig.(4b) 
1
H-NMR Spectrum of Compound (7b)                                84 

 Fig.(4c) 
13

C-NMR Spectrum of Compound (7b)                               85 

 Fig.(5a) IR Spectrum of Compound (7c)                                           86 

 Fig.(5b) 
1
H-NMR Spectrum of Compound (7c)                                87 

 Fig.(5c) 
13

C-NMR Spectrum of Compound (7c)                               88 

 Fig.(6a) IR Spectrum of Compound (8)                                             89 

 Fig.(6b) 
1
H-NMR Spectrum of Compound (8)                                  90 

 Fig.(7a) IR Spectrum of Compound (9)                                             91 

 Fig.(7b) 
1
H-NMR Spectrum of Compound (9)                                  92 

 Fig. (8a) IR Spectrum of Compound (10)                                          93 

 Fig.(8b) 
1
H-NMR Spectrum of Compound (10)                                94 

 Fig.(9a) IR Spectrum of Compound (11)                                           95 

 Fig. (9b) 
1
H-NMR Spectrum of Compound (11)                               96 



 

 

V 
 

 Fig.(10a) IR Spectrum of Compound (12)                                       97 

 Fig. (10b) 
1
H-NMR Spectrum of Compound (12)                           98 

 Fig.(11a) IR Spectrum of Compound (13)                                       99 

 Fig. (11b) 
1
H-NMR Spectrum of Compound (13)                           100 

 Fig.(12a) IR Spectrum of Compound (14)                                       101 

 Fig. (12b) 
1
H-NMR Spectrum of Compound (14)                           102 

 Fig. (12c) 
13

C-NMR Spectrum of Compound (14)                          103 

 Fig. (13a) IR Spectrum of Compound (15)                                      104 

 Fig. (13b) 
1
H-NMR Spectrum of Compound (15)                           105 

 Fig. (13c) 
13

C-NMR Spectrum of  Compound (15)                         106 

 Fig. (14a) IR Spectrum of Compound (16)                                      107 

 Fig. (14b) 
1
H-NMR Spectrum of Compound (16)                           108 

 Fig. (14c) 
13

C-NMR Spectrum of  Compound (16)                         109 

 Fig. (15a) IR Spectrum of Compound (17)                                      110 

 Fig. (15b) 
1
H-NMR Spectrum of Compound (17)                           111 

 Fig. (15c) 
13

C-NMR Spectrum of  Compound (17)                         112 

 Fig. (16a) IR Spectrum of Compound (18)                                      113 

 Fig. (16b) 
1
H-NMR Spectrum of Compound (18)                           114 

 Fig. (16c) 
13

C-NMR Spectrum of  Compound (18)                         115 

 Fig. (17a) IR Spectrum of Compound (19)                                      116 

 Fig. (17b) 
1
H-NMR Spectrum of Compound (19)                           117 

 Fig. (17c) 
13

C-NMR Spectrum of  Compound (19)                         118 

 Fig. (18a) IR Spectrum of Compound (20)                                      119 

 Fig. (18b) 
1
H-NMR Spectrum of Compound (20)                           120 

 Fig. (18c) 
13

C-NMR Spectrum of  Compound (20)                         121 

 Fig. (19a) IR Spectrum of Compound (21)                                      122 



 

 

VI 
 

 Fig. (19b) 
1
H-NMR Spectrum of Compound (21)                        123 

 Fig. (19c) 
13

C-NMR Spectrum of  Compound (21)                       124 

 Fig. (20a) IR Spectrum of Compound (22)                                    125 

 Fig. (20b) 
1
H-NMR Spectrum of Compound (22)                         126 

 Fig. (20c) 
13

C-NMR Spectrum of  Compound (22)                       127 

 Fig. (21a) IR Spectrum of Compound (23a)                                  128 

 Fig. (21b) 
1
H-NMR Spectrum of Compound (23a)                       129 

 Fig. (22a) IR Spectrum of Compound (24)                                    130 

 Fig. (22b) 
1
H-NMR Spectrum of Compound (24)                         131 

 Fig. (23a) IR Spectrum of Compound (25)                                    132 

 Fig. (23b) 
1
H-NMR Spectrum of Compound (25)                         133 

 Fig. (24a) IR Spectrum of Compound (26)                                    134 

 Fig. (24b) 
1
H-NMR Spectrum of Compound (26)                         135 

 Fig. (25a) IR Spectrum of Compound (27)                                    136 

 Fig. (25b) 
1
H-NMR Spectrum of Compound (27)                         137 

 Fig. (26a) IR Spectrum of Compound (28)                                    138 

 Fig. (26b) 
1
H-NMR Spectrum of Compound (28)                         139 

 Fig. (27a) IR Spectrum of Compound (29)                                    140 

 Fig. (27b) 
1
H-NMR Spectrum of Compound (29)                         141 

 Fig. (28a) IR Spectrum of Compound (30)                                    142 

 Fig. (28b) 
1
H-NMR Spectrum of Compound (30)                         143 

 Fig. (29a) IR Spectrum of Compound (31a)                                  144 

 Fig. (29b) 
1
H-NMR Spectrum of Compound (31a)                       145 

 Fig. (30a) IR Spectrum of Compound (32a)                                  146 

 Fig. (30b) 
1
H-NMR Spectrum of Compound (32a)                       147 

 



ACKNOWLEDGEMENT 

First of all thanks to ALLAH 

      I would like to express my deep thanks and sincere appreciation to 

Prof. Dr. Mohamed Mahmoud Mohamed, Professor of organic 

Chemistry, Faculty of Science, Ain Shams University, who provided me 

with very valuable advice, constructive criticism, continuous support, 

supervision throughout the whole work and meticulous revision of all 

the details of this thesis that substantially improved the presentation of 

the results. 

       I would like to express my grateful thanks to Dr. Ali Khalil Ali 

Khalil, Assistance Professor of organic Chemistry, Faculty of Science, 

Ain Shams University, for his generous help, tremendous support and 

continuous encouragement during the course of this work and for 

revising the text. 

       I am particularly grateful for the assistance given by Dr. Abeer 

Mohamed Elsayed El-Naggar, Assistance Professor of organic 

chemistry, Faculty of science, Ain Shams University, as I could not have 

completed this thesis without her support, kind guidance and valuable 

instructions throughout the practical work. 

       Finally, my great and deep gratitude for my family, my friends and 

for all people who helped me to finish this work. 

 



 

 

 

Publication 

 

 

 



Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20

Download by: [elsayedam@sci.asu.edu.eg] Date: 30 June 2017, At: 12:59

Synthetic Communications
An International Journal for Rapid Communication of Synthetic Organic
Chemistry

ISSN: 0039-7911 (Print) 1532-2432 (Online) Journal homepage: http://www.tandfonline.com/loi/lsyc20

Design, synthesis of new pyrimidine derivatives as
anticancer and antimicrobial agents

Mohamed M. Mohamed, Ali K. Khalil, Eslam M. Abbass & Abeer M. El-Naggar

To cite this article: Mohamed M. Mohamed, Ali K. Khalil, Eslam M. Abbass & Abeer M. El-Naggar
(2017): Design, synthesis of new pyrimidine derivatives as anticancer and antimicrobial agents,
Synthetic Communications, DOI: 10.1080/00397911.2017.1332223

To link to this article:  http://dx.doi.org/10.1080/00397911.2017.1332223

View supplementary material 

Accepted author version posted online: 26
May 2017.
Published online: 26 May 2017.

Submit your article to this journal 

Article views: 45

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20
http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397911.2017.1332223
http://dx.doi.org/10.1080/00397911.2017.1332223
http://www.tandfonline.com/doi/suppl/10.1080/00397911.2017.1332223
http://www.tandfonline.com/doi/suppl/10.1080/00397911.2017.1332223
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00397911.2017.1332223
http://www.tandfonline.com/doi/mlt/10.1080/00397911.2017.1332223
http://crossmark.crossref.org/dialog/?doi=10.1080/00397911.2017.1332223&domain=pdf&date_stamp=2017-05-26
http://crossmark.crossref.org/dialog/?doi=10.1080/00397911.2017.1332223&domain=pdf&date_stamp=2017-05-26


SYNTHETIC COMMUNICATIONS® 

https://doi.org/10.1080/00397911.2017.1332223 

Design, synthesis of new pyrimidine derivatives as anticancer 
and antimicrobial agents 
Mohamed M. Mohamed, Ali K. Khalil, Eslam M. Abbass, and Abeer M. El-Naggar 

Department of Chemistry, Faculty of Science, Ain Shams University, Abbassia, Cairo, Egypt  

ABSTRACT 
A new series of 6-aryl-5-cyano thiouracil derivatives were synthesized. 
Cyanouracil 1 was condensed with monochloroacetic acid and 
different aldehydes to give thiazolopyrimidine 2. On the other hand, 
treatment of cyanouracil 1 with 2-chloro-N-substituted-phenylac 
etamide afforded 4. Hydrazinolysis of 6 afforded the hydrazino 
derivatives 7 which upon reaction with different electrophilic reagents 
such as acetic anhydride, benzoyl chloride, and carbon disulfide 
yielded pyrimidine derivatives 8–15. Some of the new derivatives 
were explored for their antimicrobial activities. Compounds 7 and 9 
have a promising activity, relatively equipotent to the reference drug. 
All of the new synthesized compounds were tested in vitro for their 
antiproliferative activities against HePG-2 and MCF-7 cell lines. 
Compounds 7, 9, and 2d displayed potent growth inhibitory effect 
toward the two cell lines more than the standard drug 5-FU. 
Furthermore, a docking study of the most active compounds was 
performed with thymidylate synthase enzyme.  

GRAPHICAL ABSTRACT 

ARTICLE HISTORY 
Received 7 March 2017   

KEYWORDS 
Antimicrobial; docking; 
pyrimidines; 
thiazolopyrimidines; 
triazolopyrimidine  

Introduction 

Dihydropyrimidines occupy a unique place in medicinal chemistry due to their wide 
application as drug and drug-intermediates possessing diverse pharmacological activities 
including antitumor, analgesic, antineoplastic, cardiovascular, and antiallergic 
activities.[1–5] Similarly, the related thiouracil therapeutic derivatives have been known as 
potential antiviral, antioxidant, anticancer, and antimicrobial agents.[6–9] Moreover, 
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literature survey revealed that the thiouracil carbonitrile ring system has occupied a 
marked position in the design and synthesis of novel chemotherapeutic agents with 
remarkable antitumor and antimicrobial and HCV-inhibiting activities (Fig. 1).[10–14] It 
is well established that uracil derivatives exert their anticancer activity through inhibition 
of folate metabolism, which is considered as an important target for the development of 
new anticancer agents due to its role in the biosynthesis of nucleic acid precursors.[15] 

The inhibition of folate-dependent enzymes such as thymidylate (dTMP) synthase, which 
catalyzes the reductive methylation of deoxyuridylate (dUMP) to dTMP has also been 
recognized as an interesting target for drug discovery.[16] In the light of the aforementioned 
facts, this work aims to design and synthesize a new series of thiouracil carbonitrile 
derivatives hoping that they could have some chemical and biological interest. 

Results and discussion 

Chemistry 

In connection with our program aiming to the synthesize and evaluate the biological 
activity of fused heterocycles,[17–19] we have tried to design and synthesiz a novel series 
of biologically active pyrimidine derivatives and evaluated their anticancer activity. Thus, 
thioxopyrimidine 1 was condensed with chloroacetic acid and different aromatic aldehydes 
in a mixture of acetic acid and acetic anhydride in the presence of fused sodium acetate to 
yield thiazolopyrimidine derivatives 2a–h (Scheme 1). 

The structures of compounds 2a–h were confirmed by their analytical and spectral 
data. Thus the IR spectrum of 2 showed the disappearance of NH band and presence of 
characteristic absorption band corresponding to the vibrational coupling of carbonyl 
groups around 1769–1671 cm� 1 which elucidate the rout of cyclization, this direction of 
cyclization may be due to the steric hindrance of anisyl group moiety.[20,21] 1H NMR spec-
tra for this group exhibited a singlet signal corresponding to the ethylinic protons at the 
range 7.07–8.46 ppm. Further evidence was gained from their mass spectra that showed 
the correct molecular ion peaks beside some of abundant peaks (cf. experimental). The 
mechanistic pathway for the transformation of 1 to 2 is represented in Scheme 2. 

Compound 1 was allowed to react with the appropriate 2-chloro-N-substituted- 
phenylacetamide (3a–c) in the presence of potassium carbonate, in dimethylformamide 
(DMF) to yield the target compounds 2-((5-cyano-4-(4-methoxyphenyl)-6-oxo-1,6- 
dihydropyrimidin-2-yl)thio)-N-(4-aryl) acetamide and 3-((4-chloro-2-methylphenyl) 
amino)-7-(4-methoxyphenyl)-5-oxo-5H-thiazolo[3, 2-a]pyrimidine-6-carbonitrile (4a-c) 
in good yield. Synthesis of the intermediate and target compounds was accomplished 

Figure 1. Structure of some potent 5-cyano-2-thiouracils.  
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Scheme 1. Synthetic pathway of compounds 2–7.  

Scheme 2. Proposed mechanism for the synthesis of compound 2.  
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according to the steps depicted in Scheme 1. The reaction proceeded through nucleophilic 
substitution reaction followed by cyclization in case of 4c. IR spectra of 4a,b revealed the 
existence of bands in the frequency of 3293–3308 and 1654–1711 cm� 1 corresponding to 
NH2, NH, and C=O groups, respectively. 1H NMR spectra comfirmed the structure of com-
pounds 4a–c, where spectrum of 4a showed signals at 4.16, 10.41 ppm corresponding to 
CH2 and two NH group, respectively. Meanwhile, 4b spectrum showed signals at 4.19, 
10.67, and 13.78 ppm corresponding to CH2, NH and NH2 groups, respectively. However, 
1H-NMR spectrum of 4c exhibited a singlet signal at 9.63 corresponding to NH which 
supported the suggested structure. On the other hand, N-alkylation of 1 with p-toluene 
sulfonyl chloride produced 6-(4-methoxyphenyl)-4-oxo-2-thioxo-1-tosyl-1,2,3,4- 
tetrahydropyrimidine-5-carbonitrile (5) which was performed by stirring in dry DMF 
utilizing potassium carbonate as base catalyst. The IR spectra of compound 5 showed 
the disappearance of NH bands and the appearance of characteristic absorption bands 
corresponding to SO2 at 1167 cm� 1. The 1H NMR spectra of compound 5 revealed two 
singlet signals at 2.69, 13.11 ppm assignable to CH3 and NH groups, respectively. On the 
other hand, Compound 1 was alkylated with ethylchloroacetate, in the presence of 
anhydrous potassium carbonate to give the ethyl ester derivative 6. Analytical and spectral 
data were in agreement with the proposed structure. The IR spectrum showed signals at 
3301, 1735, and 1660 cm� 1 corresponding to NH, (CO ester) and (CO) amide, respectively. 
The 1H NMR spectrum of 6 revealed signals at 1.08, 4.05, and 13.7 ppm for CH3, CH2, and 
NH, respectively. The structure of compound 6 was established chemically by the reaction 
with hydrazine hydrate in boiling ethanol afforded 2-hydrazinyl-4-(4-methoxyphenyl)-6- 
oxo-1,6-dihydropyrimidine-5-carbonitrile 7 (Scheme 1). The hydrazine derivative 7 was 
also isolated by treating 1 with hydrazine hydrate under the same reaction condition. 
The structure of compound 7 was corroborated by spectroscopic data. 

The IR spectrum showed bands at 3324, 3277, and 1685 cm� 1 attributed to NH2, NH, 
and C=O groups, respectively. The 1H NMR spectrum of compound 7 showed signals at 
3.49 and 8.19 attributed to NH2, NH and at 10.15 for NH (amide) groups, respectively. 
A plausible mechanism for the formation of the hydrazine derivative 7 is outlined in 
Scheme 3. Hydrazino pyrimidines can be considered as key starting precursor for synthesis 
of new pyrimidine derivatives which might have chemotherapeutic and biological activity. 
So, the hydrazino derivative 7 was reacted with some electrophilic reagents such as arylidine 
malononitrile, formic acid, acetic anhydride, cyclopentanone, benzoyl chloride, and cabon 
disulfide. Thus, when the hydrazino derivative 7 was subjected to react with arylidene in 
pyridine, it afforded the Schiff base product 8. Synthetic pathway of compounds 8–11 
(Scheme 4). The conversion of 7 to 8 could be visualized on the basis of the nucleophilic 
attack by nitrogen of the hydrazino group at the electron deficiency β- carbon of the 
arylidene followed by elimination of malononitrile molecule. (C.f. Scheme 5). 

IR of 8 showed bands at 3223, 1658 cm� 1 corresponding to NH, C=O groups, respect-
ively. 1H NMR of 8 revealed signals at 3.79, 3.82, 8.10, 12.19, and 12.37 corresponding to 
2 OCH3, olifinic CH, and 2NH groups. A strong evidence for the structure of 8 was gained 
chemically by reacting the hydrazine derivative 7 with p-methoxybenzaldehyde under 
the same condition. Refluxing of hydrazino derivative 7 with acetic anhydride afforded 
the mono acetyl derivative 9. The spectral data of compound 9 was in agreement with the 
assigned structure. IR spectrum displayed bands at 3226, 1630–1660 cm� 1 corresponding 
to NH, 2(CO) groups, respectively. 1H NMR showed signals at 1.89, 10.19 ppm 
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