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 Abstract: New compounds 5 and 9 using DNA bases e.g. Adenine 1 and Guanine 6 
derivatives have been synthesized. The use of simple methods to synthesize compounds 5 
and 9 were done using pyrimidine as an alternative DNA base ring. Another design to 
synthesize new simple pyrimidine rings utilizing thiourea and ethylcyano acetate to afford 
6-amino-2-thiouracil was adopted. The reaction of thiouracil 10 with chloro cyano or 
chloro ester and ketone, resulted in the formation of adduct compounds 18-21, rather 
than the formation of compound 17. All the synthesized compounds were subjected to 
docking study, in order to gain insights into their binding modes against cyclin-dependent 
protein kinase 2 (CDK-2) that is involved heavily in cell cycle regulation and receptor 
protein B-cell lymphoma 2 (BCL-2) which is involved in cell apoptosis. These targets were 
selected based on their key roles in cancer progression via the regulation of the cell cycle 
and DNA replication. Molecular-docking analyses showed that compound 14e was the 
best docked ligand against both targets, as it displayed the lowest binding energy, critical 
hydrogen bonds and hydrophobic interactions with the targets. 

Keywords: DNA; guanidine; adenine; 6-aminothiouracil; hydrazonoyl halides; 
thiadiazole; phenylisocyanate; molecular docking 

 
■ INTRODUCTION 

Modification of DNA and RNA oligonucleotides 
with new synthesized heterocyclic compounds have 
drawn significant interest owing to their ability to imitate 
new gene chemical probes that play an important role in 
the drug discovery process [1-7]. Gene-therapy in recent 
research was based on DNA and its modification [8-10]. 
The thymidine ring is a DNA building block that interests 
many researchers to focused their research on the 
synthesis of new pyrimidine rings as anti-cancer agents 
such as 5–fluorouracil [1-14], and anti-HIV like AZT, 
D4T, Nikavir [15-21], Lamivudina [22] and Emtricitabina 
[16,23-24]. The Nitrogen containing heterocycles like 
pyrimidines and their derivatives have received great 

attention for their considerable exciting biological 
activities [25-28]. Several pyrimidines have been isolated 
from the nucleic acid hydrolysis. The nucleic acids are 
an essential constituent of cells. So, pyrimidines are 
found to be present in RNA and DNA [29]. In addition 
to this, the pyrimidine ring is also found in vitamin B1 
and other derivatives are used as hypnotics [30]. The 
literature survey indicated that compounds having 
pyrimidine nucleus possess a broad range of biological 
activities [31-35]. On the other hand, hydrazonoyl 
halides (pyrimidine nucleobase) are versatile synthons 
for many heterocycles that have found many 
applications in both the industrial and pharmaceutical 
fields [36-38]. As a precursor of bioactive heterocycles 
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[39-40], this report is concerned with the synthesis of new 
types of bioactive heterocycles using thiouracils. 

This work is carried out in order to further modify 
our previously prepared pyrimidine ring bases 
heterocyclic compounds in order to increase their 
bioactivity. The main strategy is the chemical synthesis is 
described technically; while the biological activity is 
accomplished by molecular docking. This technique 
provides a rapid way to evaluate the likely binders from 
large chemical libraries with minimal costs and it is being 
widely used as a vital component of the drug discovery 
process [41]. Molecular docking study has been utilized to 
determine the possible mechanism action of the tested 
compounds against two proteins cyclin-dependent 
protein kinase 2 (CDK-2) and receptor protein B-cell 
lymphoma 2 (BCL-2) that are implicated significantly in 
cancer progression. 

■ EXPERIMENTAL SECTION 

Chemistry 

All solvents were purified and dried before use. All 
melting points were uncorrected and measured using 
Electro-Thermal IA 9100 apparatus (Shimadzu, Japan). 
Infrared spectra were recorded as potassium bromide 
pellets on a Perkin-Elmer 1650 spectrophotometer, 
National Research Centre, Cairo, Egypt. 1H–NMR spectra 
were recorded on a Jeol-Ex-500 NMR spectrometer and 
chemical shifts were expressed as part per million; (δ 
values, ppm) against TMS as an internal reference, 
National Research Centre, Cairo, Egypt. Mass spectra were 
recorded on EI + Q1 MSLMR UPLR, National Research 
Centre, Cairo, Egypt. Microanalyses were operated using 
the Mario Elmentar apparatus, Organic Microanalysis 
Unit, National Research Center, Cairo, Egypt. 

Procedure 

General procedure for compounds 3 and 7 
To a solution of 8-bromo-2/-deoxyguanosine (1) or 

8-bromo-2/-deoxyadenosine (6) (0.478 mmol) in dry 
DMF (30 mL), N-(4-pentynyl)-phthalimimide (1.71 
mmol) was added under argon gas and then copper iodide 
(0.25 mmol), Pd(PPh3)4 (0.0515 mmol) and triethylamine 
(1.43 mmol) were added to the reaction mixture. The 

reaction was stirred at 55 °C under argon till the reaction 
was finished according to TLC analysis. The product was 
separated by evaporation of the solvent and the residue 
was purified by silica gel (size 230–400 mesh) column 
chromatography, and carried out starting from 
dichloromethane and increasing the polarity until the 
product was collected using TLC and the column was 
washed with MeOH. 
2-{5-[2-Amino-9-(4-hydroxy-5-hydroxymethyl-tetra 
hydro-furan-2-yl)-6-oxo-6,9-dihydro-1H-purin-8-yl]- 
pent-4-ynyl}-isoindole-1,3-dione 3. Yellow foam 
(silica column DCM/MeOH 7:3) yield 90%. IR spectrum 
(KBr, ν, cm–1): 3432 (–OH); 3098 (C–H, aromatic); 1690 
(–C=O); 1675 (–C=O). 1H NMR (CDCl3-d, δ ppm): 
10.75 (s, 1H, –OH, sugar); 7.79–7.87 (m, 4H, aromatic 
protons); 6.48 (s, 1H, –NH); 6.23–6.27 (t, J = 6.25, 2H,  
–CH2); 5.21–5.20 (d, J = 5.21, 2H, –CH2); 4.84-4.87 (t, J 
= 4.85, 2H, –CH2); 2.89 (s, 2H, NH2); 2.56–2.62 (t, J = 
5.26, 1H, sugar proton); 2.99–3.06 (m, 1H, sugar 
proton); 2.08–2.14 (m, 1H, sugar proton); 3.38–3.62 (m, 
1H, sugar proton); 3.85–3.62 (m, 1H, sugar proton); 2.73 
(s, 1H, –CH2–OH, sugar); 1.13–1.18 (m, 2H, –CH2);  
13C-NMR (CDCl3-d, δ ppm) 16.43 (–CH2–CH2–), 34.06  
(–N–CH2–CH2–), 38.81 (–N–CH2–CH2–), 40.06 (–CH–
CH2–CH–), 61.58 (–CH–O–), 63.81(–CH2–O–), 65.66 
(–CH2–OH), 81.48 (–C≡C–), 85.45 (–C≡C–), 87.51 (–
N–CH–O–), 120.14, 122.40, 125.43, 122.88, 131.62, 
134.13 (aromatic carbon), 148.08 (–N–C–C=O), 149.90 
(–N–C–N-), 153.77 (–N=C–N), 167.90 (NH2–C=N–), 
168.31(–C=O), 180.10 (–C=O), 182.22 (NH–C=O). MS, 
m/z (%): 464. Anal. Calcd. for C23H22N6O6 (464.43): C, 
57.74; H, 4.63; N, 17.56. Found: C, 57.60; H, 4.55; N, 
17.43. 
2-{5-[6-Amino-9-(4-hdroxy-5-hydroxymethyl-tetra 
hydro-furan-2-yl)-9H-purin-8-yl]-pent-4-ynyl}-isoin 
dole-1,3-dione 7. Brown foam (silica column 
DCM/MeOH, 6:4) yield 95%. IR spectrum (KBr, ν, cm–1): 
3445 (–NH2); 3432 (–OH); 3098 (C–H, aromatic); 1700 
(–C=O); 1680 (–C=O). 1H-NMR (CDCl3-d, δ ppm): 8.31 
(s, 1H, –OH); 7.84–7.90 (m, 1H, aromatic protons); 
7.70–7.73 (m, 1H, aromatic protons); 7.29 (s, 1H, 
pyrimidine proton); 6.78–6.87 (m, 2H, aromatic 
protons); 6.47 (s, 2H, –NH2); 4.30 (s, 1H, –OH); 3.90–



Indones. J. Chem., 2020, 20 (5), 1163 - 1177   
        
                                                                                                                                                                                                                                             

 

 

Manal Mohamed Talaat El-Saidi et al.   
 

1165 

3.93 (t, J = 3.91, 2H, –CH2); 4.49 (d, J = 3.21, 2H, –CH2); 
3.82–3.85 (t, J = 3.91, 2H, –CH2); 2.73 (s, 1H, –OH); 2.56–
2.62 (t, J = 5.26, 1H, sugar proton); 2.99–3.06 (m, 1H, 
sugar proton); 2.08–2.14 (m, 1H, sugar proton); 3.38–3.62 
(m, 1H, sugar proton); 3.85–3.62 (m, 1H, sugar proton); 
2.06–2.11 (m, 2H, –CH2). 13C-NMR (CDCl3-d, δ ppm): 
16.99 (–CH2), 26.51 (–CH2), 36.76 (–CH2, sugar), 40.54  
(–CH2), 50.54 (–CH2–OH), 63.66 (CH–OH), 70.31  
(–C≡C–), 70.66 (–CH–N, sugar), 87.51 (–CH, sugar), 
90.14 (–C≡C–), 97.21, 120.02, 123.50 (aromatic carbon), 
131.75 (–C–NH2), 134.78 (–N–C–N-, imidazole), 148.22 
(–N–C–N, Pyrimidine), 152.58 (C–N, pyrimidine), 
155.67 (C–N, pyrimidine), 168.83 (2–C=O). MS, m/z (%): 
462. Anal. Calcd. for C23H22N6O5 (462.46): C, 59.73; H, 
4.79; N, 18.17. Found: C, 59.62; H, 4.59; N, 18.01. 

General procedure for compounds 4 and 8 
The compounds 3 and 7 were co-evaporated with 

anhydrous pyridine (3 × 4 mL) and dissolved in dry 
pyridine (2 mL). The resulting solution was protected 
from moisture, purged with argon and placed in an ice 
bath. TMS–Cl (0.55 mL) was added dropwise via syringe. 
The mixture was stirred for 2 h at room temperature. 
After that, the solution was cooled in an ice bath and 
isobutyric anhydride (0.13 mL) was added dropwise. The 
solution was stirred for 2 h in room temperature, and the 
product was purified from the mixture by silica gel (size 
230–400 mesh) column chromatography. Columns were 
carried out starting from dichloromethane and increasing 
the polarity until the product was collected using TLC and 
the column was washed with MeOH. 
N-[8-[5-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-pent-1-
ynyl]-9-(4-hdroxy-5-hydroxymethyl-tetrahydro-furan- 
2-ayl)-6-oxo-6,9-dihydro-1H-purin-2-yl]-isobutyramide 
4. White ppt. (column DCM/MeOH, 8:2) yield 95%. IR 
spectrum (KBr, ν, cm–1): 3432 (–OH); 3145 (–NH); 3098 
(C–H, aromatic); 2895 (C–H, aliphatic), 1700 (–C=O); 
1690 (–C=O); 1680 (–C=O). 1H-NMR (CDCl3-d, δ ppm): 
12.16 (s, 1H, –OH, sugar); 7.79–7.86 (m, 4H, aromatic 
protons); 6.63 (s, 1H, –NH); 6.35-6.31 (t, J = 6.34, 2H,  
–CH2); 5.25, 5.24 (d, J = 5.25, 2H, –CH2); 4.74 (s, 1H, NH); 
4.84–4.87 (t, J = 4.85, 2H, –CH2); 4.43 (s, 1H CH(CH3)2); 
3.85–3.62 (m, 1H, sugar proton); 3.38–3.62 (m, 1H, sugar 
proton); 2.99–3.06 (m, 1H, sugar proton); 2.73 (s, 1H, 

CH2–OH); 2.56–2.62 (t, J = 5.26, 1H, sugar proton); 
2.08–2.14 (m, 1H, sugar proton); 1.13–1.18 (m, 2H,  
–CH2); 1.05 (s, 3H, CH3); 1.07 (s, 3H, CH3). 13C-NMR 
(CDCl3-d, δ ppm): 7.89 (–CH3), 10.24 (–CH3), 18.50  
(–CH2–CH2-), 35.16 (–N–CH2–CH2–), 39.91 (–N–CH2–
CH2-), 42.06 (–CH–CH2–CH–), 52.02 (–CH–CH3), 62.08 
(–CH–O–), 66.91 (–CH2–O–), 65.09 (–CH2–OH), 80.41 
(–C≡C–), 85.95 (–C≡C–), 88.21 (–N–CH–O–), 120.14, 
122.40, 122.88, 125.43, 131.62, 134.13 (aromatic carbon), 
147.08 (–N–C–C=O), 149.02 (–N–C–N–), 153.90 (–
N=C–N), 167.11 (NH2–C=N–), 168.31 (–C=O), 180.10 
(–C=O), 182.02 (NH–C=O), 183.90 (NH–C=O). MS, m/z 
(%): 549. Anal. Calcd. for C27H28N6O7 (548.55): C, 59.12; 
H, 5.14; N, 15.32. Found: C, 59.01; H, 5.03; N, 15.12. 
N-[8-[5-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-pent-
1-ynyl]-9-(4-hdroxy-5-hydroxymethyl-tetrahydro-
furan-2-yl)-9H- purin-6-yl]-isobutyramide 8. Yellow 
foam (column DCM/MeOH 6:4) yield 86%. IR spectrum 
(KBr, ν, cm–1): 3401 (–OH); 3090 (C–H, aromatic); 1690 
(–C=O); 1679 (–C=O). 1H NMR (CDCl3-d, δ ppm): 8.88 
(s, 1H, –OH); 8.70 (s, 1H, pyrimidine proton); 7.72–7.74 
(m, 2H, aromatic protons); 7.85–7.87 (m, 2H, aromatic 
protons); 7.26 (s, 1H, –NH); 6.91–6.95 (m, 1H, sugar); 
4.79, 4.80 (d, J = 4.80, 1H, sugar); 4.33 (s, 2H, CH2–OH); 
3.83–3.99 (t, J = 4.96, 2H, –CH2); 3.82–3.85 (t, J = 3.91, 
2H, –CH2); 3.38–3.62 (m, 1H, sugar proton); 3.85–3.62 
(m, 1H, sugar proton); 2.73 (s, 1H, –OH); 2.56–2.62 (t, J 
= 5.26, 1H, sugar proton); 2.06–2.11 (m, 2H, –CH2); 1.29 
(s, 1H, CH(CH3)2); 1.21 (s, 3H, CH3); 1.18 (s, 3H, CH3). 
13C-NMR (CDCl3-d, δ ppm): 17.04 (–CH2–C≡C–), 26.40 
(2–CH3), 33.76 (–CH2, sugar), 36.70 (–CH2–N), 43.63  
(–CH2–OH), 63.62 (CH–OH), 70.11(–C≡C–), 87.71  
(–CH–N, sugar), 90.29 (–CH, sugar), 98.91 (–C≡C–), 
122.36, 123.57, 131.74, 134.42, 136.57, 147.89, 149.34, 
152.57 (aromatic carbon), 168.89 (–C=O), 175.92 (–C=O), 
180.00 (–C=O). MS, m/z (%): 532. Anal. Calcd. for 
C27H28N6O6 (532.21): C, 60.89; H, 5.30; N, 15.78. Found: 
C, 60.71; H, 5.21; N, 15.65. 

General procedure for compounds 5 and 9 
The compounds 4 and 8 were co-evaporated with 

anhydrous pyridine (3 × 3 mL) and dissolved in dry 
pyridine (10 mL). The DMT–Cl (3.6 mmol) was 
dissolved in dry pyridine (3 mL) and added to the 
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nucleoside solution dropwise in an ice bath over 2.5 h and 
the reaction mixture was stirred in an ice bath until the 
TLC was finished. The product was separated and 
purified with flash column silica gel (size 230–400 mesh) 
column chromatography. The column was carried out 
starting from dichloromethane with a few drops of 
triethylamine (Et3N) and increasing the polarity until the 
product was collected using TLC and the column was 
washed with methanol. 
N-{9-{5-[Bis-(4-methoxy-phenyl)-phenl-methoxyme 
thyl]-4-hydroxy-tetrahydro-furan-2-yl}-8-[5-(1,3-dio 
xo-1,3-dihydro-isoindol-2-yl)-pent-1-ynyl]-6-oxo-6,9- 
dihydro-1H-purin-2-yl}-isobutyramide 5. White ppt. 
(column DCM/MeOH 7:3) yield 55%. IR spectrum (KBr, 
ν, cm–1): 3432 (–OH); 3140 (–NH); 3098 (C–H, aromatic); 
2895 (C–H, aliphatic), 1710 (–C=O); 1697 (–C=O); 1681 
(–C=O). 1H-NMR (CDCl3-d, δ ppm): 8.34 (s, 1H, NH); 
7.79–7.86 (m, 5H, aromatic protons); 7.13–7.17 (m, 4H, 
aromatic protons); 7.27, 7.31 (d, J = 6.68, 2H, aromatic 
protons); 7.35, 7.38 (d, J = 6.68, 2H, aromatic protons); 
6.67, 6.69 (d, J = 6.68, 2H, aromatic protons); 6.73, 6.76 (d, 
J = 6.68, 1H, aromatic protons); 6.63 (s, 1H, –NH); 6.35–
6.31 (t, J = 6.35, 2H, –CH2); 6.40–6.43 (t, J = 6.42, 1H,  
–CH, sugar); 5.39, 5.36 (d, J = 5.28, 1H, sugar); 5.34 (s, 1H, 
–OH, sugar); 4.84–4.87 (t, J = 4.85, 2H, –CH2); 4.43 (s, 1H, 
CH(CH3)2); 3.85–3.62 (m, 1H, sugar proton); 3.68 (s, 3H, 
–OCH3); 3.70 (s, 3H, –OCH3); 2.73 (s, 2H, CH2-ODMT); 
2.56–2.62 (t, J = 5.26, 1H, sugar proton); 2.08–2.14 (m, 1H, 
sugar proton); 1.13–1.18 (m, 2H, –CH2); 1.05 (s, 3H, 
CH3); 1.07 (s, 3H, CH3). 13C-NMR (CDCl3-d, δ ppm) 7.89 
(–CH3), 10.24 (–CH3), 18.50 (–CH2–CH2-), 35.16 (–N–
CH2–CH2-), 39.91 (–N–CH2–CH2–), 42.06 (–CH–CH2–
CH–), 52.02 (–CH–CH3), 58.72 (2–OCH3); 62.08 (–CH–
O–), 66.91 (–CH2–O–), 65.09 (–CH2–OH), 80.41 (–C≡C–), 
85.95 (–C≡C–), 88.21 (–N–CH–O–), 90.79 (Ph–C–O), 
120.14, 123.25, 123.01, 122.40, 122.88, 125.43, 131.62, 
134.13, 136.35, 137.60, 138.37, 139.37, 141.09, 140.17, 
142.84 (aromatic carbons), 147.08 (–N–C–C=O), 149.02 
(–N–C–N-), 153.90 (–N=C–N), 167.11 (NH2–C=N–), 
168.31 (–C=O), 180.10 (–C=O), 182.02 (NH–C=O), 
183.90 (NH–C=O). MS, m/z (%): 850. Anal. Calcd. for 
C48H46N6O9 (850.91): C, 67.75; H, 5.45; N, 9.88. Found: C, 
67.51; H, 5.22; N, 9.65. 

N-{9-{5-[Bis-(4-methoxy-phenyl)-phenl-methoxyme 
thyl]-4-hydroxy-tetrahydro-furan-2-yl}-8-[5-(1,3-di 
oxo-1,3-dihydro-isoindol-2-yl)-pent-1-ynyl]-9H-purin 
-2-yl}-isobutyramide 9. White foam (column DCM/ 
MeOH 4:6) yield 60%. IR spectrum (KBr, ν, cm–1): 3401 
(–OH); 3090 (C–H, aromatic); 1675 (–C=O); 1673 (–
C=O). 1H-NMR (CDCl3-d, δ ppm): 8.44 (s, 1H, –NH); 
7.84 (s, 1H, pyrimidine proton); 7.83–7.78 (m, 2H, 
aromatic protons); 7.70–7.72 (m, 2H, aromatic protons); 
7.39–7.41 (m, 2H, aromatic protons); 7.27–7.30 (m, 2H, 
aromatic protons); 7.17–7.23 (m, 4H, aromatic protons); 
6.73–6.80 (m, 5H, aromatic protons); 4.79, 4.80 (d, J = 
4.80, 1H, sugar); 4.33 (s, 2H, CH2); 4.23–4.30 (m, 1H, 
sugar); 3.83–3.99 (t, J = 4.96, 2H, –CH2); 3.82–3.85 (t, J 
= 3.91, 2H, –CH2); 3.77 (s, 3H, –OCH3); 3.76 (s, 3H, –
OCH3); 3.38–3.62 (m, 1H, sugar proton); 3.85–3.62 (m, 
1H, sugar proton); 2.73 (s, 1H, –OH); 2.56–2.62 (t, J = 
5.26, 1H, sugar proton); 2.06–2.11 (m, 2H, –CH2); 1.29 
(s, 1H, CH(CH3)2); 1.21 (s, 3H, CH3); 1.18 (s, 3H, CH3). 
13C-NMR (CDCl3-d, δ ppm): 17.04 (–CH2- C≡C–), 19.19 
(–CH3), 26.40 (–CH3), 33.76 (–CH2, sugar), 36.70 (–
CH2–N), 43.63 (–CH2–ODMT), 55.72 (2–OCH3); 63.62 
(CH–OH), 70.11 (–C≡C–), 87.71 (–CH–N, sugar), 98.11 
(–CH, sugar), 100.00 (–C≡C–), 122.36, 123.57, 126.76, 
127.72, 128.22, 129.99, 130.08, 131.84, 134.27, 136.00, 
136.07, 144.77, 147.89, 148.84, 150.37, 152.37 (aromatic 
carbon), 168.89 (–C=O), 175.92 (–C=O), 180.00 (–
C=O). MS, m/z (%): 834. Anal. Calcd. for C48H46N6O8 
(834.91): C, 69.05; H, 5.55; N, 10.07. Found: C, 68.98; H, 
5.40; N, 9.90. 

General procedure for 14a-f 
Sodium hydride (2 mmol) and carbon disulphide 

(1 mmol) was added to uracil (1 mmol) in 15 mL DMF; 
the reaction mixture was stirred overnight to have 
compound 11 (not isolated from the reaction mixture). 
The hydrazonyl halides (1 mmol) was added to the non-
isolated compound 11. The reaction mixture was stirred 
overnight then added with 15 mL of 1 M HCl to obtain 
crude solid of 14a-f. 
5-(6-Oxo-2-thioxo-1,2,3,6-tetrahydro-pyrimidin-4-
ylimino)-4-tolyl-4,5-dihydro[1,3,4]thiad-iazole-2-car 
boxylic acid phenylamide 14a. Yellow crystal 
(crystallization from benzene/petroleum ether), yield 
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72%; m.p. 250–252 °C. IR spectrum (KBr, ν, cm–1): 3332 
(–NH); 3098 (C–H, aromatic); 1672 (C=O), 1664 (C=O). 
1H-NMR (DMSO-d6, δ ppm): 2.63 (s, 3H, –CH3); 5.34 (s, 
1H, pyrimidine proton); 7.15–7.62 (m, 5H, aromatic-H); 
7.82 (d, 2H, Ar-H); 7.96 (d, 1H, Ar-H); 11.74 (s, 1H, NH); 
12.08 (s, 14, NH); 14.02 (s, 1H, NH). 13C-NMR (DMSO-
d6, δ ppm): 26.56 (–CH3); 103.56 (O=C–C–C, pyrimidine 
ring); 129.75, 130.25, 131.71, 137.21, 139.40, 141.50, 
144.22, 149.2 (aromatic carbons); 161.22 (S–C–N); 173.98 
(N=C–S); 178.83 (HN–C–N); 180.21 (C=O), 185.11 
(C=S), 198.23 (C=O). MS, m/z (%): 436, 331, 316. Anal. 
Calcd. for C20H16N6O2S2 (436.51): C, 55.03; H, 3.69; N, 
19.25, S, 14.69. Found: C, 54.98; H, 3.59; N, 19.01, S 14.58. 
6-(5-Acetyl-3-phenyl-3H-[1,3,4]thiadiazol-2-ylidene 
amino)-2-thioxo-2,3-dihydro-1H-pyrimidin-4-one 14b. 
Yellow crystal (crystallization from ethanol), yield 77%; 
m.p. 220–222 °C. IR spectrum (KBr, ν, cm–1): 3298 (–NH); 
3118 (C–H, aromatic); 2980 (C–H, aliphatic); 1680 
(C=O); 1670 (C=O). 1H-NMR (DMSO-d6, δ ppm): 2.58 
(s, 3H, –CH3); 5.60 (s, 1H, pyrimidine proton); 7.11–7.66 
(m, 5H, aromatic-H); 11.84 (s, 1H, NH); 12.04 (s, 1H, 
NH). 13C-NMR (DMSO-d6, δ ppm): 25.91 (–CH3); 106.56 
(O=C–C–C, pyrimidine ring); 120.75, 122.25, 149.2 
(aromatic carbons); 160.22 (S–C–N); 170.98 (N= C–S); 
178.83 (HN–C–N); 182.21 (C=O), 188.11 (C=S), 198.23 
(C=O). MS, m/z (%): 345 (77%); 268 (100%). Anal. Calcd. 
for C14H11N5O2S2 (345.40): C, 48.68; H, 3.21; N, 20.28; S, 
18.57. Found: C, 48.42; H, 3.02; N, 20.07, S, 18.38. 
6-(5-Benzoyl-3-p-tolyl-3H-[1,3,4]thiadiazol-2-ylidene 
amino)-2-thioxo-2,3-dihydro-1H-pyrimidin-4-one 14c. 
Brown crystal (crystallization from toluene), yield 68%; 
m.p. 210–212 °C. IR spectrum (KBr, ν, cm–1): 3350 (–NH); 
3009 (C–H, aromatic); 2920 (C–H, aliphatic); 1700 
(C=O); 1668 (C=O). 1H-NMR (DMSO-d6, δ ppm): 1.59 
(s, 3H, –CH3); 5.57 (s, 1H, pyrimidine proton); 7.14–7.66 
(m, 5H, aromatic-H); 7.92–7.95 (d, 2H, aromatic CH); 
8.29–8.32 (d, 2H, aromatic CH); 11.44 (s, 1H, NH); 12.15 
(s, 1H, NH). 13C-NMR (DMSO-d6, δ ppm): 29.50 (–CH3); 
101.75 (O=C–C–C, pyrimidine ring); 132.72, 135.21, 
138.81, 139.21, 140.49, 146.56, 147.88, 151.21 (aromatic 
carbons); 165.26 (S–C–N); 170.78(N= C–S); 177.89 (HN–
C–N); 181.98 (C=O), 187.36 (C=S), 205.40 (C=O). MS, m/z 
(%): 424 (23%); 423 (3.6%); 422 (26%); 421 (50%). Anal. 

Calcd. for C20H15N5O2S2 (421.49): C, 56.99; H, 3.59; N, 
16.62; S, 15.22. Found: C, 56.74; H, 3.44; N, 16.51; S, 15.01. 
6-[3-Phenyl-5-(thiophene-2-carbonyl)-3H-[1,3,4]thi 
adiazol-2-ylideneamino]-2-thioxo-2,3-dihydro-1H-
pyrimidin-4-one 14d. Ball yellow crystal (benzene), 
yield 72%; m.p. 155–157 °C. IR spectrum (KBr, ν, cm–1): 
3384 (–NH); 3097 (C–H, aromatic); 2921 (C–H, 
aliphatic); 1680 (C=O); 1672 (C=O). 1H-NMR (DMSO-
d6, δ ppm): 5.64 (s, 1H, pyrimidine proton); 6.90–7.26 
(m, 3H, thiophene-H); 7.42–7.80 (m, 5H, aromatic-H); 
11.35 (s, 1H, NH); 12.13 (s, 1H, NH). 13C-NMR (DMSO-
d6, δ ppm): 105.96 (O=C–C–C, pyrimidine ring); 120.65, 
125.32, 129.71, 137.40 (aromatic carbons); 138.60, 139.89, 
147.51, 149.56 (Thiophene ring); 167.20 (HN–C–N); 
175.98 (N=C–S); 183.21 (C=O), 187.11 (C=S), 198.23 
(C=O). MS, m/z (%): 413 (23%); 412 (3.6%). Anal. Calcd. 
for C17H11N5O2S3 (413.50): C, 49.38; H, 2.68; N, 16.94; S 
23.26. Found: C, 49.18; H, 2.45; N, 16.75; S, 23.07. 
6-[5-(Naphthalene-2-carbonyl)-3-phenyl-3H-[1,3,4] 
thiadiazol-2-ylideneamino]-2-thioxo-2,3-dihydro-
1H-pyrimidin-4-one 14e. Ball yellow (crystallization 
from benzene) yield 67%; m.p. 230–232 °C. IR spectrum 
(KBr, ν, cm–1): 3390 (–NH); 3085 (C–H, aromatic); 2940 
(C–H, aliphatic); 1690 (C=O); 1667 (C=O). 1H-NMR 
(DMSO-d6, δ ppm): 5.72 (s, 1H, pyrimidine-H); 7.36–
7.68 (m, 5H, aromatic -H); 7.79–8.98 (m, 7H, 
naphthalene-H); 11.04 (s, 1H, NH); 12.20 (s, 1H, NH). 
13C-NMR (DMSO-d6, δ ppm): 102.85 (O=C–C–C, 
pyrimidine ring); 127.32, 128.29, 129.70, 130.11, 131.71, 
133.28, 134.91, 137.79, 139.59, 142.76, 146.81, 150.63 
(aromatic carbons); 163.15 (S–C–N); 173.08 (N=C–S); 
175.19 (HN–C–N); 182.18 (C=O), 189.86 (C=S), 203.58 
(C=O). MS, m/z (%): 457 (23%). Anal. Calcd. for 
C23H15N5O2S2 (457.53): C, 60.38; H, 3.30; N, 16.31. 
Found: C, 60.14; H, 3.18; N, 16.21. 
6-(5-Benzoyl-3-phenyl-3H-[1,3,4]thiadiazol-2-ylidene 
amino)-2-thioxo-2,3-dihydro-1H-pyrimidin-4-one 
14f. Brown ppt. (crystallization from methanol) yield 
66%; m.p. 209–212 °C. IR spectrum (KBr, ν, cm–1): 3310 
(–NH); 3090 (C–H, aromatic); 2950 (C–H, aliphatic); 
1685 (C=O); 1661 (C=O). 1H-NMR (DMSO-d6, δ ppm): 
5.67 (s, 1H, pyrimidine proton); 7.04–8.12 (m, 10H, 
aromatic-H); 11.34 (s, 1H, NH); 12.01 (s, 1H, NH). 13C-
NMR (DMSO-d6, δ ppm): 105.65 (O=C–C–C, pyrimidine 
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ring); 129.70, 131.71, 134.91, 137.79, 139.59, 142.76, 146.81, 
150.63 (aromatic carbons); 165.26 (S–C–N); 170.78 (N=C–
S); 177.89 (HN–C–N); 181.98 (C=O), 187.36 (C=S), 
205.40 (C=O). MS, m/z (%): 410 (10.2%); 408 (24.6%); 407 
(23%). Anal. Calcd. for C19H13N5O2S2 (407.47): C, 56.01; 
H, 3.22; N, 17.19. Found: C, 55.94; H, 3.02; N, 17.03. 

General procedure for 18-21 
Phenylisocynate (1 mmol) was added to a solution 

of uracil (1 mmol) and potassium hydroxide (1 mmol) in 
15 mL DMF; stirred overnight to afford non-isolated 16. 
The non-isolated compound 16 was reacted with halo-
compounds. After being stirred for 24 h, adducts 18-21 
were precipitated as crude after treatment of the solution 
with 15 mL of iced 2 M HCl. 
1-(6-Oxo-2-thioxo-1,2,3,6-tetrahydro-pyrimidin-4-yl]- 
3-phenyl-isothiourea 18. Dark brown (crystallization 
from benzene), Yield 55%; m.p. 210–211 °C. IR spectrum 
(KBr, ν, cm–1): 3335 (–NH); 3031 (C–H, aromatic); 2976 
(C–H, aliphatic); 1675 (C=O). 1H-NMR (DMSO-d6, δ 
ppm): 2.01 (s, 1H, SH); 5.42 (s, 1H, pyrimidine-H); 7.15–
7.29 (m, 5H, aromatic-H); 7.89 (s, 1H, –NH); 10.79 (s, 1H, 
NH); 12.01 (s, 1H, NH). 13C-NMR (DMSO-d6, δ ppm): 
105.32 (O=C–C–C); 119.21, 125.21, 135.25, 142.21 
(aromatic carbons); 171.64 (N=C–SH); 175.23 (C=O); 
196.63 (C=S). MS, m/z (%): 280 (6.5%); 279 (22.4%); 278 
(100%). Anal. Calcd. for C11H10N4OS2 (278.35): C, 47.46; 
H, 3.62; N, 20.13. Found: C, 47.25; H, 3.21; N, 20.07. 
1-[6-Oxo-5-(2-oxo-2-phenyl-ethyl)-2-thioxo-1,2,3,6-tetrahy 
dro-pyrimidin-4-yl]-3-phenyl-isothiourea 19. White crystals 
(crystallization from benzene/n-hexane), yield 75%; m.p. 
239–241 °C. IR spectrum (KBr, ν, cm–1): 3330 (–NH); 
3029 (C–H, aromatic); 2986 (C–H, aliphatic); 1669 
(C=O). 1H-NMR (DMSO-d6, δ ppm): 1.90 (s, 1H, –SH); 
3.02 (s, 1H, –NH, pyrimidine, D2O exchangeable); 3.55 (s, 
2H, CH2); 4.59 (s, 1H, –NH, D2O exchangeable); 6.98–7.80 
(m, 5H, aromatic-H); 7.82–8.52 (m, 5H, aromatic-H); 
10.19 (s, 1H, –NH, pyrimidine). 13C-NMR (DMSO-d6, δ 
ppm): 35.21 (–CH2); 109.72 (O=C–C=C); 119.21, 125.21, 
130.21, 142.75, 147.29, 149.33, 151.28, 159.98 (aromatic 
carbons); 168.22 (HN–C=C); 175.69 (HN–C–SH); 177.93 
(C=O); 194.69 (C=S). MS, m/z (%): 398 (2.4%); 397 
(22.4%); 396 (60.5%). Anal. Calcd. for C19H16N4O2S2 

(396.49): C, 57.56; H, 4.07; N, 14.13. Found: C, 57.35; H, 
3.91; N, 14.09. 
[4-Oxo-6-(3-phenyl-isothioureido)-2-thioxo-1,2,3,4- 
tetrahydro-pyrimidin-5-yl]-acetic acid ethyl ester 
20. Dark red (crystallization from benzene), yield %; m.p. 
203–205 °C. IR spectrum (KBr, ν, cm–1): 3320 (–NH); 
3055 (C–H, aromatic); 2985 (C–H, aliphatic); 1710 
(C=O); 1670 (C=O). 1H-NMR (DMSO-d6, δ ppm): 1.18–
1.25 (t, 3H, –CH3); 2.08 (s, 1H, SH); 3.01 (s, 2H, CH2); 
4.10–4.20 (q, 2H, CH2); 7.20–7.52 (m, 5H, aromatic-H); 
8.28 (s, 1H, –NH); 11.34 (s, 1H, NH); 12.01 (s, 1H, NH). 
13C-NMR (DMSO-d6, δ ppm): 20.62 (–CH3); 29.35  
(–CH2); 66.35 (–CH2); 108.75 (O=C–C=C); 122.23, 
128.21, 135.90, 150.89 (aromatic carbons); 163.72 (HN–
C=C); 179.32 (C=O); 195.59 (S=C). MS, m/z (%): 366 
(10.2%); 365 (24.6%); 364 (23%). Anal. Calcd. for 
C15H16N4O3S2 (364.44): C, 49.43; H, 4.43; N, 15.37. 
Found: C, 49.12; H, 4.15; N, 15.10. 
1-[6-Oxo-5-(2-oxo-2-propyl)-2-thioxo-1,2,3,6-tetrahy 
dro-pyrimidin-4-yl]-3-phenyl-isothiourea 21. Dark 
brown ppt. (crystallization from benzene-n-hexane), yield 
52%; m.p. 275–277 °C. IR spectrum (KBr, ν, cm–1): 3285 
(–NH); 3025 (C–H, aromatic); 2980 (C–H, aliphatic); 
1702 (C=O); 1663 (C=O). 1H-NMR (DMSO-d6, δ ppm): 
2.01 (s, 1H, SH); 2.61 (s, 3H, –CH3); 2.98 (s, 2H, CH2); 
7.31–7.48 (m, 5H, aromatic-H); 7.95 (s, 1H, –NH); 9.86 
(s, 1H, NH); 11.74 (s, 1H, NH). 13C-NMR (DMSO-d6, δ 
ppm): 30.67 (–CH3); 39.96 (–CH2); 110.95 (O=C–C=C); 
123.29, 130.98, 146.92, 152.99 (aromatic carbons); 178.77 
(HN–C–N); 180.39 (C=O); 187.63 (HS–C–NH); 197.29 
(S=C). MS, m/z (%): 336 (10.2%); 335 (24.6%); 334 
(23%). Anal. Calcd. for C14H14N4O2S2 (334.42): C, 50.28; 
H, 4.22; N, 16.75. Found: C, 50.02; H, 4.10; N, 16.35. 

Molecular docking study 
The structures of all tested compounds were 

modeled using the Chemsketch software 
(http://www.acdlabs.com/resources/freeware/) (Fig 1). 
The structures were optimized and energy minimized 
using the VEGAZZ software [43]. The optimized 
compounds were used to perform molecular docking. The 
three-dimensional structures of the two molecular 
targets (receptors) were obtained from the Protein Data 
Bank (PDB) (www.rcsb.org): CDK-2 (PDB: 1DI8, 
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https://www.rcsb.org/pdb/explore/explore.do?structureId
=1di8), and BCL-2 (PDB:2O2F, https://www.rcsb.org/pdb/ 
explore/explore.do?structureId=2o2f). The steps for 
receptor preparation included the removal of 
heteroatoms (solvent and ions), the addition of polar 
hydrogen and the assignment of Kollman charges. The 
active sites were defined using grid boxes of appropriate 
sizes around the bound cocrystal ligands as is shown in 
Table 4. These compounds were docked into the active 
site of the CDK-2, and BCL-2 to study their interaction in 
silica and to correlate their anti-cancer activity. The 
docking study was performed using Auto dock vina, [44] 
and Chimera for visualization [45]. 

■ RESULTS AND DISCUSSION 

From the modern therapeutic organic synthesis 
point of view and our previous work to modify DNA, [4-
6] synthesis of modified DNA bases guanosine 1 and 
adenosine 6 derivatives was carried out. The Sonogashira 
reaction was carried out on the 2-pent-4-ynyl-isoindole-
1,3-dione 2 with bromoguanosine 1 and bromoadenosine 
6 using copper iodide and tetrakis(triphenylphosphine) 
palladium(0) Pd(PPh3)4 in the presence of triethyl amine 
to synthesize compound 3 and 7 (Scheme 1). The IR 
spectrum of compound 3 shows the amide carbonyl 
group at 1675 cm–1, and the 1H-NMR spectrum shows two 
triplets and one multiplet for the aliphatic –CH2 groups at 
δ, ppm. 4.84–4.87 (t, J = 4.85, 2H, –CH2); 1.13–1.18 (m, 
2H, –CH2); 6.23–6.27 (t, J = 6.25, 2H, –CH2) and the  
 

elemental analysis confirms the disappearance of 
bromine. The IR spectrum of compound 7 shows the 
amino group and the hydroxyl groups at 3445; 3432 cm–1; 
and amide carbonyl group at 1680, and the 1H-NMR 
shows singlet for the new –NH2 at δ, ppm. 6.47 (s, 2H,  
–NH2) and two triplets and one multiplet for the 
aliphatic –CH2 groups at δ, ppm. 2.56–2.62 (t, J = 5.26, 1H, 
sugar proton); 2.99–3.06 (m, 1H, sugar proton); and the 
elemental analysis confirms the disappearance of bromine. 

After that, the protection of –NH2 groups of 
adenine and guanine with isobutyric anhydride in the 
presence of trimethylsilyl chloride (TMS–Cl) was 
carried out to have compounds 4 and 8. On the other 
hand, the protection of the free hydroxyl sugar group  
(–CH2OH) was carried out using 4,4′-dimethoxytrityl 
chloride (DMT–Cl) in the presence of triethyl amine to 
obtain the final corresponding modified DNA bases 5 
and 9 (Scheme 2). The IR spectrum for compound 4 
confirms the disappearance of –NH2 peak and a carbonyl 
group at 1700 cm–1. The 1H-NMR spectrum shows two 
singlets at 1.05 ppm (s, 3H, –CH3) and 1.07 ppm (s, 3H, 
–CH3) for the new two methyl groups. The IR spectrum 
of compound 5 confirms the disappearance of –OH. The 
1H–NMR also confirms the disappearance of OH proton 
and it shows two singlets at δ ppm, 3.68 ppm (s, 3H,  
–OCH3) and 3.70 ppm (s, 3H, –OCH3) for the two 
methoxy groups of DMT. 

6-Amino-thiouracile 10 synthesized with a known 
procedure [28] was allowed to react with carbon disulphide 
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in the presence of sodium hydride to yield the non-
isolable disodium salt 11. The addition of hydrazonyl halide 
[29] 12a to the formed salt 11 furnished the final isolated 
product 14a (Scheme 1). The 1H-NMR spectrum of 14a 
revealed the presence of a singlet signal at δ = 5.34 ppm 
corresponding to the pyrimidine hydrogen besides the 
characteristic signals of the aromatic protons at δ = 7.15–
7.62, 7.82, 7.96 ppm and three signals attributed to the –NH 
protons at δ = 11.74, 12.08 and 14.02 ppm (c.f. exp. Section). 
All the  other  spectroscopic  and  analytical  data  were  in  

accordance with the suggested structure 14a (Scheme 3). 
It is believed that the addition of hydrazonoyl 

halide 12a to the dithioimidacarbonate salt 11 led to the 
intermediate adduct 13. The latter intermediate was 
cyclized via loss of NaSH to form the final cyclized 
product 14a. 

To generalize such methodology, the previous 
reaction was carried out by the use of different 
hydrazonoyl halide derivatives 12b-f to yield the 
corresponding  isolated products 14b-f  (Scheme 4). The 
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structures of all products were confirmed by spectroscopic 
and analytical data (c.f. experimental section). 

Treatment of 6-amino-2-thiouracil with phenyl 
isothiocyanate in DMF containing KOH with stirring 
afforded the non-isolated potassium salt 16. Interaction 
of 16 with different halogenated reagents did not produce 
the expected thiazole derivatives. The reaction yielded the 
products 18 upon using CH3COCl or chloroacetonitrile 
that revealed the fast hydrolysis of the salt before addition. 
Use of benzoylchloride produced the open addition 
product 19 (Scheme 5). 

All the spectroscopic data confirmed the suggested 
structure (c.f. experimental section). 

Molecular Docking Results 

To test our docking proposal and to ensure that the 
binding poses of the docked ligands represented favorable 
and valid potential binding modes, the docking parameters 

and methods were validated by redocking the cocrystal 
ligand in order to determine the ability of Auto Dock 
vina to reproduce the orientation and position of the 
ligand observed in the crystal structure. The redocking 
of cocrystal ligands to their respective molecular targets 
exhibited an RMSD value of < 2 Å between the original 
cocrystal ligand position and the docked poses, as the 
RMSD were 1.047 Å for 1DI8 receptor and 1.343 Å for 
2O2F receptor (Fig. 1). This confirmed that the ligands 
were closely bound to the true conformation of their 
targets indicating the reliability of the docking protocols 
and parameters [42]. 

The molecular docking studies revealed that the 
compounds 14e, 14f, 14c, 14a, 19, and 14d were the 
most promising compounds, which is explained by their 
low binding energies (-9.6, -9.5, -9.0, -8.9, -8.8, and  
-8.6 kcal/mol, respectively), hydrogen bonding and 
hydrophobic interactions with the active site residues of 
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Fig 1. Docking was validated by redocking the cocrystal ligands to their corresponding receptors. The original 
conformation of each cocrystal ligands is displayed in a green stick, while docked poses are represented in a grey stick. 
The root means square deviation (RMSD) was calculated between the original and docked poses of the cocrystal 
ligands. (a) RMSD: 1.047Å (PDB ID: 1DI8); (b) RMSD: 1.343Å (PDB ID: 2O2F) using Chimera software 
 
CDK-2 shown in Table 1 and 2, and Fig. 2. While 
compounds 14e, 14c, 19, and 14a were the most active 
compounds against BCL-2, which is depicted by the low 
binding energies (-8.2, -8.1, -8.1, and -8.1 kcal/mol, 

respectively) shown in Table 1 and 3, and Fig. 3. Our 
molecular analysis revealed that compound 14e was the 
most active compound against both proteins and that 
might be due to the incorporation of the free sulphur 
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atom (C=S) and the two nitrogens (2NH) in the pyrimidine 
ring. This lead to better binding of compound 14e with 
the pocket of CDK-2, as depicted by 7 hydrogen bonds 
formation with the amino acids residues in the pocket 
GLN131.A (bond length 3.909 Å), ASN132.A (bond length 
3.452 Å), ASN131.A (bond length 3.226 Å), GLN131.A 
(bond length 3.516 Å), THR14.A (bond length 2.922 Å), 
ASP145.A (bond length 3.461 Å), and LYS33.A (bond  
 

length 3.133 Å). 
Moreover, compound 14c was able to form 2 

hydrogen bonds with the amino acids residues in the 
pocket of BCL-2 protein ALA97.A (bond length 3.031 Å), 
and TRP141.A (bond length 2.471 Å). These results shed 
a light on compound 14e as a promising anticancer agent, 
and further wet lab experiments should be done to verify 
its activity. 

Table 1. The results of molecular docking of best conformer with CDK-2 (1di8) receptor 

Drugs 
Free energy of binding (Kcal/mol) 

CDK2 BCL2 
Reference ligand -8.3 -10.6 

14a -8.9 -8.1 
14b -8.1 -6.7 
14c -9.0 -8.1 
14d -8.6 -7.3 
14e -9.6 -8.2 
14f -9.5 -7.7 
18 -7.5 -6.4 
19 -8.8 -8.1 
20 -7.5 -6.3 
21 -8.0 -6.8 

Table 2. The Hydrophobic interactions of best conformer with CDK-2 (1di8) receptor 
Compounds  Hydrophobic interactions 

Reference ligand ILE10, VAL18, LEU148, 
VAL64, LEU134, LEU83 

 
14e ILE10, VAL18, LEU148, 

VAL64, LEU134, LEU83, 
PHE82, LEU298 
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Fig 2. 3D of hydrogen bond interaction between reference ligand (RL), and the most promising compound (14e) with 
CDK-2 protein 

 
Fig 3. 3D of hydrogen bond interaction between reference ligand (RL), and the most promising compound (14e) with 
BCL-2 protein 

Table 3. The Hydrophobic interactions of best conformer with BCL-2 (2O2F) receptor 
Compounds Hydrophobic interactions 

Reference ligand MET112, VAL130, VAL145, LEU134, 
ALA146, PHE101, PHE109, PHE150 

 
14e MET112, VAL130, VAL145, LEU134, 

PHE101, PHE109, PHE150, PHE147 
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■ CONCLUSION 

The presented work has described the chemical 
modification of the pyrimidine ring base of heterocyclic 
biologically active compounds. Docking studies for these 
compounds as anticancer agents have been carried out, in 
order to gain insights into their binding modes against 
cyclin-dependent protein kinase 2 (CDK-2) that is 
involved in cell cycle and receptor protein B-cell 
lymphoma 2 (BCL-2) that is involved in cell apoptosis. 
These targets have been selected based on their key roles 
in cancer progression via the regulation of the cell cycle 
and DNA replication. 
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