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Abstract 13 

A new series of N- and S-alkylated products of 3-aryl-1H,3H-quinazolin-2,4-dione  14 

and 3-aryl-2-mercapto-3H-quinazolin-4-one, respectively, were prepared in good 15 

yields via efficient nucleophilic substitution reaction of  the SH and NH substrates 16 

with methyl iodide, ethyl bromoacetate, allyl bromide, propagyl bromide, 2- 17 

bromoethanol, 1,3-dibromopropane or phenacyl bromide in DMF as a solvent and 18 

anhydrous potassium carbonate. The quinazolin-2,4-dione  favored the N-alkylation 19 

while the 2-mercapto-3H-quinazolin-4-one goes via the S-alkylation. DFT reactivity 20 

studies showed that the former have the N-site with higher nucleophilicity compared 21 

to the O-site. In contrast, the S-site is the more nucleophilic centre than the N-atom of 22 

the latter. The structures of the synthesized products have been established on the 23 

basis of their melting point (m.p), IR and 1HNMR data. The molecular structures of 24 

the products were calculated using the DFT B3LYP/6-311G(d,p) method. The 25 

electronic and spectroscopic properties (Uv-Vis and NMR spectra) were calculated 26 

using the same level of theory. The chemical reactivity descriptors that could help to 27 

understand the biological activity of the products are also predicted.  28 

Keywords: Quinazoline - DFT- S and N Alkylation- Reactivity 29 
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Introduction 35 

4(3H)-Quinazolinones are a class of fused heterocycles that of considerable interest 36 

because of the diverse range biological properties, such as anticancer, diuretic, anti- 37 

inflammatory, anticonvulsant and antihypertensive activities [1-5]. Some of 38 

aminoquinazoline derivatives were found to be inhibitors of the tyrosine kinase [6, 7] 39 

or dihydrofolate reductase enzymes [8]. The chemistry of the quinazolinone alkaloids 40 

is well documented [9, 10] in a number of comprehensive reviews and monographs 41 

which is continuously updated in Natural Product Reports [11, 12]. Recently, it was 42 

reported that substituted quinazolines exhibited a good antibacterial activity [13]. 43 

Prompted by these findings and continuing our interests devising approaches for the 44 

preparations of heterocycles of potential biological activities, the aim of this work is 45 

mainly concerned with studying the activity of N and S of quinazolin-4(3H)-one 46 

derivatives towards alkylation reactions as well as the design and synthesis of an 47 

extension series of quinazolin-4(3H)-one derivatives. Also, the molecular structures, 48 

electronic and spectroscopic properties of the products were calculated using the DFT 49 

method. 50 

Experimental 51 

General Methods 52 

IR spectral data were recorded with a Tensor 37 Bruker infrared spectrophotometer 53 

(KBr, ν max: cm-1). Mass spectra were recorded at 70 ev by 5980 series II GC 54 

coupled with 5989 B mass spectrometer. 1H NMR spectra were determined with a 55 

JEOL spectrometer at 500 MHz. The 13C NMR spectra were recorded with JEOL 56 

spectrometer at 125.7 MHz. The chemical shifts are expressed in the δ scale using 57 

tetramethylsilane as a reference. Melting points were determined on a meltemp 58 

apparatus and are uncorrected. TLC was performed on Merck Kiesel gel; 60-F254 59 

plates, and the spots were detected by UV light absorption. 60 

General method for synthesis of 2-(alkylthio)-3-(aryl)quinazolin-4(3H)-one (2-5) 61 

A mixture of 3-aryl-2-mercaptoquinazolin-4(1H, 3H)-one 1a-c (0.78 mmol) and 62 

anhydrous potassium carbonate (0.8 mmol) in dry DMF (3 mL) was stirred for 1hr, 63 

alkyl halide  (0.78 mmol) was added. The reaction mixture was stirred for further time 64 

10:120 min and then diluted with cold water. The formed precipitate was filtered, 65 

washed with water and recrystallized from ethanol. 66 

 67 
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2-(Allylthio)-3-phenylquinazolin-4(3H)-one ( 2a) 68 

Stirring time 5 min, colorless crystals; yield: 67 %; mp 147-148 °C [14]. 69 

2-(Allylthio)-3-(4-chlorophenyl)quinazolin-4(3H)-one (2b) 70 

 Stirring time 30 min, colorless needles; yield: 78 %; mp 138-140 °C, Rf 0.54 (1:6 71 

EtOAc-hexane). 1H NMR (500 MHz, CDCl3): δ = 3.84 (d, 2H, J = 6.7 Hz, CH2S), 72 

5.14 (d, 1H, J = 9.5 Hz, CH-All), 5.30 (d, 1H, J = 1.9 Hz, CH-All), 5.91 (m, 1H, CH- 73 

All), 7.25 (d, 2H, J = 8.6 Hz, Ar-H), 7.40 (t, 1H, J = 7.6 Hz, Quin-H), 7.50 (d, 2H, J = 74 

8.6 Hz, Ar-H), 7.61 (d, 1H, J = 7.6 Hz, Quin-H), 7.73 (t, 1H, J = 6.7 Hz, Quin-H), 75 

8.22 (d, 1H, J = 6.7 Hz, Quin-H). 13C NMR (125.7  MHz, CDCl3): δ = 35.5 (SCH2), 76 

119.8 (CH2 ), 126.0 (C-4a), 127.2 (C-5), 127.4 (C-8), 130.0 (C-6), 132.6 (CH ), 77 

136.2 (C-7), 147.7 (C-8a), 156.4 (C-2), 161.8 (C-4). Anal. Calcd for C17H13ClN2OS: 78 

C, 62.10; H, 3.98; N, 8.52; S, 9.75. Found C, 61.98; H, 3.61; N, 8.23; S, 9.40. 79 

2-(Allylthio)-3-(4-bromophenyl)quinazolin-4(3H)-one (2c) 80 

Stirring time 60 min, colorless crystals; yield: 92%; mp 202-204 °C [15].  81 

2-(1-Oxo-1-phenylethylthio)-3-phenylquinazolin-4(3H)-one ( 3a) 82 

Stirring time 120 min, yellow needles; yield: 55%; mp 201-203°C, Rf 0.38 (1:2 83 

EtOAc- petrolum ether). IR (KBr, in cm-1): 3060 (CH-Ar), 2910 (CH alkane), 1689 84 

(CO), 1608 (CON), 1574 (C=N), 1547 (C=C).  1H NMR (500 MHz, CDCl3): δ = 4.64 85 

(s, 2H, SCH2), 7.28 (d, 1H, J = 8.4 Hz, Ar-H), 7.37 (m, 3H, Ar-H), 7.55 (m, 5H, Ar- 86 

H), 7.63 (dd, 2H, J1 = J2 = 8.4 Hz, Ar-H), 8.09 (d, 2H, J = 6.9 Hz, Ar-H), 8.20 (d, 1H, 87 

J = 7.6 Hz, Ar-H). 13C NMR (125.7 MHz, CDCl3): δ = 39.9 (SCH2), 119.8 (C-4a), 88 

126.2 (C-5), 127.4 (C-6), 147.2 (C-8a), 156.7 (C-2), 161.6 (C-4), 193.5 (CO). Anal. 89 

Calcd for C22H16N2O2S: C, 70.95; H, 4.33; N, 7.52; S, 8.61. Found C, 71.14; H, 4.52; 90 

N, 7.45; S, 8.32. 91 

2-(1-Oxo-1-phenylethylthio)-3-(4-chlorophenyl)quinazolin-4(3H)-one (3b) 92 

Stirring time 30 min, colorless needles; yield: 82.1%;  mp 213-215 °C, Rf 0.46 (1:2 93 

EtOAc-petrolum ether). IR (KBr, in cm-1): 3064 (CH-Ar), 2912 (CH alkane), 1774 94 

(CO), 1606 (CON), 1596 (C=N), 1490 (C=C).   1H NMR (500 MHz, CDCl3): δ = 4.64 95 

(s, 2H, SCH2), 7.28 (d, 1H, J = 7.6 Hz, Ar-H), 7.33 (d, 2H, J = 8.4, Ar-H), 7.37 (t, 1H, 96 

J = 7.6, Ar-H), 7.53 (dd, 4H, J  = 6.9 Hz, Ar-H), 7.64 (dd, 2H, J1 = J2 = 7.6 Hz, Ar-H), 97 

8.08 (d, 2H, J = 7.6 Hz, Ar-H), 8.18 (d, 1H, J = 7.6 Hz, Ar-H). 13C NMR (125.7 MHz, 98 

CDCl3): δ = 40.1 (SCH2), 119.6 (C-4a), 126.2 (C-6), 127.3 (C-5), 147.1 (C-8a), 156.3 99 

(C-2), 161.5 (C-4).  Anal. Calcd for C22H15ClN2O2S: C, 64.94; H, 3.72; N, 6.88; S, 100 

7.88. Found C, 65.17; H, 3.58; N, 6.61; S, 7.54. 101 
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2-(1-Oxo-1-phenylethylthio)-3-(4-bromophenyl)quinazolin-4(3H)-one (3c) 102 

Stirring time 60 min, colorless needles; yield: 74 %;  mp 222-224 °C, Rf 0.42 (1:2.5 103 

EtOAc-hexane). IR (KBr, in cm-1): 3064 (CH-Ar), 2914 (CH alkane), 1772 (CO), 104 

1606 (CON), 1596 (C=N), 1488 (C=C). 1H NMR (500 MHz, CDCl3): δ = 4.66 (s, 2H, 105 

SCH2), 7.26 (d, 1H, J = 8.4 Hz, Ar-H), 7.29 (d, 2H, J = 8.4, Ar-H), 7.37 (t, 1H, J = 106 

7.6, Ar-H), 7.53 (t, 2H, J  = 7.6 Hz, Ar-H), 7.64 (dd, 2H, J1 = J2 = 7.6 Hz, Ar-H), 7.70 107 

(d, 2H, J = 8.4 Hz, Ar-H), 8.08 (d, 2H, J = 7.6 Hz, Ar-H), 8.18 (d, 1H, J = 7.6 Hz, Ar- 108 

H). 13C NMR (125.7 MHz, CDCl3): δ = 40.2 (SCH2), 119.7 (C-4a), 126.7 (C-5), 109 

127.3 (C-5), 146.9 (C-8a), 156.3 (C-2), 161.4 (C-4), 193.4 (CO).   110 

2-(2-Hydroxyethylthio)-3-phenylquinazolin-4(3H)-one (4a) 111 

Stirring time 20 min, colorless needles; yield: 68 %; mp 129-131 °C, Rf 0.37 (1:1.5 112 

EtOAc- petrolum ether). IR (KBr, in cm-1): 3270 (OH), 3058 (CH-Ar), 2936 (CH 113 

alkane), 1608 (CON), 1573 (C=N), 1479 (C=C).  1H NMR (500 MHz, DMSO-d6): δ = 114 

3.22 (t, 2H, J = 6.1 Hz, SCH2), 3.60 (q, 2H, J = 6.1 Hz, CH2OH), 4.94 (t, 1H, J = 5.3 115 

Hz, OH), 7.41 (m, 2H, Ar-H), 7.44 (d, 1H, J = 6.9 Hz, Ar-H), 7.54 (m, 3H, Ar-H), 116 

7.57 (d, 1H, J = 8.4 Hz, Ar-H), 7.80 (m, 1H, Ar-H), 8.04 (dd, 1H, J1 = 8.4 Hz, J2 = 1.5 117 

Hz, Ar-H).  Anal. Calcd for C16H14N2O2S: C, 64.41; H, 4.73; N, 9.39; S, 10.75. Found 118 

C, 64.86; H, 4.51; N, 9.04; S, 10.52. 119 

2-(2-Hydroxyethylthio)-3-(4-chlorophenyl)quinazolin-4(3H)-one (4b) 120 

Stirring time 120 min, colorless needles; yield: 86.3%; mp 165-167 °C [15].  121 

2-(2-Hydroxyethylthio)-3-(4-bromophenyl)quinazolin-4(3H)-one (4c) 122 

Stirring time 60 min, colorless needles; yield: 87%; mp 184-185 °C, Rf 0.63 (1:2 123 

EtOAc- petrolum ether). IR (KBr, in cm-1): 3566 (OH), 3062 (CH-Ar), 2938(CH 124 

alkane), 1606 (CON), 1574 (C=N), 1486 (C=C), 530 (C-Br).  1H NMR (500 MHz, 125 

DMSO-d6): δ = 3.23 (t, 2H, J = 6.1 Hz, SCH2), 3.60 (q, 2H, J = 6.1 Hz, CH2OH), 4.94 126 

(t, 1H, J = 5.3 Hz, OH), 7.42 (d, 2H, J = 8.4 Hz, Ar-H), 7.44 (d, 1H, J = 7.6 Hz, Ar- 127 

H), 7.57 (d, 1H, J = 8.4 Hz, Ar-H), 7.74 (d, 2H, J = 8.4 Hz, Ar-H), 7.80 (m, 1H, Ar- 128 

H), 8.03 (d, 1H, J = 6.9 Hz, Ar-H). Anal. Calcd for C16H13BrN2O2S: C, 50.94; H, 129 

3.47; N, 7.43; S, 8.50. Found C, 51.09; H, 3.66; N, 7.72; S, 8.61. 130 

General method for acid hydrolysis of (12a-c) 131 

A solution of (0.91 mmol) of 9a-c and conc HCl (6mL) was warmed in water path for 132 

1hr, then the reaction mixture was poured into water. The formed precipitate was 133 

filtered, washed with water and recrystalized from ethanol. 134 

3-Phenylquinazoline-2,4(1H,3H)-dione (12a) 135 
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colorless crystals; yield: 82 %; mp 281-283 °C, Rf 0.43 (1.5:1 EtOAc- petrolum ether). 136 
1H NMR (500 MHz, DMSO-d6): 7.19 (dd, 2H, J1 = 7.6, J2 = 6.9, Ar-H), 7.29 (d, 2H, J 137 

= 8.4 Hz, Ar--H), 7.39 (dd, 2H, J1 = 7.6, J2 = 6.9,  Ar-H), 7.45 (dd, 2H, J1 = 8.4, J2 = 138 

6.9, Ar-H), 7.67 (dd, 2H, J1 = 8.4, J2 = 6.9, Ar-H), 7.90 (d, 1H, J = 8.4 Hz, Ar-H), 139 

11.53 (s, 1H, NH). 140 

3-(4-Phlorophenyl)quinazoline-2,4(1H,3H)-dione (12b) 141 

 Colorless crystals; yield: 88 %; mp 299-300 °C, Rf 0.63 (1:2.5 EtOAc- petrolum 142 

ether). 1H NMR (500 MHz, DMSO-d6): 7.22 (m, 2H, Ar-H), 7.37 (d, 2H, J = 15 Hz, 143 

Ar-H), 7.54 (d, 2H, J = 15 Hz, Ar-H), 7.70 (m, 1H, Ar-H), 7.93 (d, 1H, J = 11.5 Hz, 144 

Ar-H), 11.55 (s, 1H, NH), m/z: 272. 145 

3-(4-Bromophenyl)quinazoline-2,4(1H,3H)-dione (12c) 146 

Colorless crystals; yield: 91 %; mp 326-328 °C, Rf 0.38 (1:1 EtOAc- petrolum ether). 147 

IR (KBr, in cm-1): 3455 (NH), 1669 (CON), 1581 (C=N), 1515 (C=C). 1H NMR (500 148 

MHz, DMSO-d6): 7.18 (m, 2H, Ar-H), 7.28 (d, 2H, J = 8.4 Hz, Ar-H), 7.66 (m, 3H, 149 

Ar-H), 7.90 (d, 1H, J = 8.4, Ar-H), 11.56 (s, 1H, NH).  150 

General procedure for alkylation reaction of 3-arylquinazolin-2,4(1H,3H)-dione 151 

 A mixture of  12a-c (0.6 mmol) and anhydrous potassium carbonate (0.9 mmol) in 152 

dry DMF (3 mL)  was stirred for 1hr, appropriate alkyl halide (0.6 mmol) was added. 153 

The reaction mixture was stirred for further time 10:60 min, then diluted with cold 154 

water. The formed precipitate was filtered, washed with water and recrystallized from 155 

ethanol 156 

1-Methyl-3-phenylquinazoline-2,4(1H,3H)-dione (13a) 157 

Stirring time 30 min, colorless needles; yield: 91 %;  mp 220-221°C. 1H NMR (500 158 

MHz, CDCl3): δ = 3.64 (s, 3H, CH3), 7.28 (m, 4H, Ar-H), 7.44 (dd, 1H, J1 = 7.6 Hz, 159 

J2 = 6.9 Hz, Ar-H), 7.51 (dd, 2H, J1 = 8.4 Hz, J2 = 6.9 Hz, Ar-H), 7.73 (m, 1H, Ar-H), 160 

8.62 (dd, 1H, J1 = 7.6 Hz, J2 = 1.5 Hz, Ar-H). 161 

1-Methyl-3-(4-Chlorophenyl)quinazolin-2,4(1H,3H)-dione (13b) 162 

Stirring time 20 min, colorless crystals; yield: 99 %;  mp 223-225°C. IR (KBr, in cm- 163 
1): 2982 (CH alkane), 1707 (NCON), 1661 (CON), 1482 (C=C), 761 (C-Cl). 1H NMR 164 

(500 MHz, CDCl3): δ = 3.63 (s, 3H, CH3), 7.21 (d, 2H, J = 8.4 Hz, Ar-H), 7.28 (m, 165 

2H, Ar-H), 7.47 (d, 2H, J = 8.4, Ar-H), 7.74 (m, 1H, Ar-H), 8.25 (m, 1H, Ar-H).  m/z 166 

286. 167 

1-Methyl-3-(4-bromophenyl)quinazolin-2,4(1H,3H)-dione (13c)  168 
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Stirring time 15 min, colorless crystals; yield: 90 %;  mp 214-216 °C. IR (KBr, in cm- 169 
1): 3062 (CH alkane), 1657 (CON), 1715 (NCON), 1481 (C=C), 515 (C-Br). 1H NMR 170 

(500 MHz, CDCl3): δ = 3.63 (s, 3H, CH3), 7.15 (d, 2H, J = 8.4 Hz, Ar-H), 7.28 (m, 171 

2H, Ar-H), 7.63 (d, 2H, J = 8.4, Ar-H), 7.74 (m, 1H, Ar-H), 8.25 (dd, 1H, J1 = 7.6 Hz, 172 

J2 = 1.5 Hz, Ar-H). 173 

1-Allyl-3-phenylquinazolin-2,4(1H,3H)-dione (14a) 174 

Stirring time 30 min, colorless needles; yield: 91 %;  mp 160-161 °C, Rf 0.59 (1:1 175 

EtOAc-hexane). IR (KBr, in cm-1): 2901 (CH-Ar), 2987 (CH alkene), 1706 (NCON), 176 

1655 (CON), 1478 (C=C). 1H NMR (500 MHz, CDCl3): δ = 4.80 (d, 2H, J = 4.6 Hz, 177 

NCH2), 5.29 (m, 2H, CH2 ), 5.96 (m, 1H, CH ), 7.26 (m, 4H, Ar-H), 7.44 (dd, 178 

1H, J1 = 7.6 Hz, J2 = 6.8 Hz, Ar--H), 7.51 (dd, 2H, J1 = 8.4 Hz, J2 = 6.8 Hz, Ar-H), 179 

7.69 (m, 1H, Ar-H), 8.26 (m, 1H, Ar-H). 13C NMR (125.7 MHz, CDCl3): δ = 46.2 180 

(NCH2), 114.0 (C-8), 118.1 (CH2 ), 122.8 (C-4a), 128.0 (C-6), 128.8 (C-5), 129.5 181 

(CH ), 131.2 (C-7), 140.2 (C-8a), 150.9 (C-2), 161.9 (C-4). Anal. Calcd for 182 

C17H14N2O2: C, 73.37; H, 5.07; N, 10.07. Found C, 73.18; H, 5.28; N, 10.27. 183 

1-Allyl-3-(4-chlorophenyl)quinazolin-2,4(1H,3H)-dione (14b) 184 

Stirring time 20 min, colorless needles; yield: 96 %;  mp 156-157 °C, Rf 0.62 (1:1 185 

EtOAc-hexane). IR (KBr, in cm-1): 3089 (CH-Ar), 3064 (CH alkene), 2988 (CH 186 

alkane), 1722 (NCON), 1666 (CON), 1479 (C=C), 759 (C-Cl). 1H NMR (500 MHz, 187 

DMSO-d6): δ = 4.72 (d, 2H, J = 3.4 Hz, NCH2), 5.29 (2d, J1 = 17.2 Hz, J2 = 10.3 Hz, 188 

2H, CH2 ), 5.90 (m, 1H, CH ), 7.28 (dd, 1H, J1 = 8.0 Hz, J2 = 6.9 Hz, Ar-H), 189 

7.37 (dd, 3H, , J1 = 8.5 Hz, J2 = 8.0 Hz, Ar--H), 7.52 (d, 2H, J = 8.5 Hz, Ar-H), 7.75 190 

(m, 1H, Ar-H), 8.03 (m, 1H, Ar-H). 13C NMR (125.7 MHz, DMSO-d6): δ = 45.8 191 

(NCH2), 115.8 (C-8), 116.1 (CH2 ), 122.9 (C-4a), 123.7 (C-6), 128.7 (C-5), 129.2 192 

(CH ), 131.6 (C-7), 140.5 (C-8a), 150.6 (C-2), 161.8 (C-4), m/z: 312.1. Anal. 193 

Calcd for C17H13ClN2O2: C, 65.29; H, 4.19;  N, 8.96.. Found C, 65.58; H, 4.01; N, 194 

8.72. 195 

1-Allyl-3-(4-bromophenyl)quinazolin-2,4(1H,3H)-dione (14c) 196 

Stirring time 15 min, colorless needles; yield: 92 %;  mp 177-179 °C, Rf 0.14 (1:1.5 197 

EtOAc-hexane). IR (KBr, in cm-1): 3087 (CH-Ar), 3058 (CH-Ar), 3063 (CH alkene), 198 

2936 (CH alkane), 1722 (NCON),  1662 (CON), 1479 (C=C), 514 (C-Br). 1H NMR 199 

(500 MHz, CDCl3): δ = 4.79 (d, 2H, J = 5.2 Hz, NCH2), 5.29 (m, 2H, CH2-All), 5.95 200 

(m, 1H, CH-All), 7.16 (d, 2H, J = 8.4 Hz, Ar-H), 7.26 (m, 2H, Ar--H), 7.62 (d, 2H, J 201 

= 8.4 Hz, Ar-H), 7.69 (m, 1H, Ar-H), 8.25 (m, 1H, Ar-H). 13C NMR (125.7 MHz, 202 
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CDCl3): δ = 46.3 (NCH2), 114.1 (C-8), 118.2 (CH2 ), 123.7 (C-4a), 129.4 (C-6), 203 

129.8 (C-5), 130.7 (CH ), 131.5 (C-7), 140.1 (C-8a), 150.6 (C-2), 161.7 (C-4). 204 

Computational details 205 

All the quantum chemical calculations of the studied compounds were performed by 206 

applying DFT method with the B3LYP functional and 6‒311G(d,p) basis set using 207 

Gaussian 03 software [16]. The geometries were optimized by minimizing the 208 

energies with respect to all the geometrical parameters without imposing any 209 

molecular symmetry constraints. GaussView 4.1 [17] and Chemcraft [18] programs 210 

have been used to draw the structure of the optimized geometry. The computational 211 

study of the reactant species was first carried out in gas phase, then, the Self- 212 

Consistent Reaction Field (SCRF) theory [19], with Polarized Continuum Model 213 

(PCM) was used to predict the effect of solvent (DMSO) on the stability of the 214 

tautomers studied [20]. The natural atomic charges are calculated using NBO 215 

calculations as implemented in the Gaussian 03 package [21] at the DFT/B3LYP 216 

level. The nucleophilicity index [21] is calculated referred to tetracyanoethylene 217 

(TCE) is given by  218 

                    N =EHOMO(Nu)- EHOMO(TCE)                             (5) 219 

Fukui functions for electrophilic attack on an atom, k, in an N-electron system was 220 

introduced by Yang and Mortier [8] as 221 

                     1)(Nkq(N)kqkf −−=−                                      (7) 222 

where qk(N) and qk(N-1)  are the atomic charges of the system with N and N-1 223 

electrons, respectively. The condensed Fukui functions −
kf are calculated using 224 

Natural population analysis (NPA) [23]. 225 

Condensed local nucleophilicity index (Nk) [24] is defined 226 

                           NfN kk
−=                                                  (9) 227 

Also the molecular structures of the products 2a-c, 14a and 14c were calculated using 228 

the same level of theory. The electronic and spectroscopic properties of the selected 229 

products were also predicted.   230 

Results and discussion 231 

The starting materials 3-aryl-2-mercapto-3H-quinazolin-4-one 1a-c were prepared 232 

adopting the reported procedure [25]. The 2-mercapto group of 1a-c was alkylated 233 

with a variety of alkyl halides, methyl iodide, allyl bromide, phenacyl bromide and 2- 234 

bromoethanol in DMF as a solvent and anhydrous potassium carbonate to give the 235 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

thio-ether derivatives, (scheme 1). The structures of the products were confirmed by 236 

their spectral data.  237 

The treatment of the ester 5a-c with hydrazine hydrate afforded the corresponding 238 

hydrazide 9a-c [26, 27]. The reaction of 9a-c with ammonium mercaptocyanate failed 239 

to give 10 neither in aqueous HCl nor in benzene as a solvent [28] while the reaction 240 

in aqueous HCl proceeds to give 3-aryl-1H,3H-quinazolin-2,4-dione 12a-c instead. 241 

The yield of 12a-c is improved from 42 % in dilute HCl to 91% in concentrated HCl.  242 

The structure was confirmed by IR spectroscopy which showed absence of peaks at 243 

3303 cm-1 corresponding to NH2 group of 9. The mass spectrum of 12b showed the 244 

molecular ion peak at m/z 272. 245 

The NH-group of 12a-c was alkylated with a series of alkyl halides, methyl iodide and 246 

allyl bromide using potassium carbonate in DMF to give 13a-c and 14a-c, 247 

respectively. The structures of these compounds were confirmed by their spectral data. 248 

 249 

It is clear that the reactants 1a-c and 12a-c could undergo the tautomeric equilibrium 250 

reactions shown in scheme 3. The relative stability as well as chemical reactivity of 251 

these tautomers in gas phase and in solution have been predicted using DFT/B3LYP 252 

method. The alkylation reaction of the thiones (1a-c) proceeds to the formation of the 253 

S-alkylated products whatever the alkyl halide used. In these cases, the attack occurs 254 

on the S-atom rather than the ring N-atom of the heterocycle.   In contrast, the diones 255 

12a-c yielded the N-alkylated products via the attack of the alkyl halide on 256 

quinazoline ring nitrogen instead of the carbonyl O-atom, hence N-alkylated products 257 

were obtained. In this section the stability of the possible tautomers will be 258 

investigated in the framework of the DFT method followed by studying the chemical 259 

reactivity, site reactivity and selectivity towards these alkylation reactions using the 260 

well known quantum chemical descriptors described above. 261 

Stability of the studied tautomers 262 

The relative stabilities and the population of these isomers are predicted using 263 

B3LYP/6-311G(d,p) calculations. The B3LYP/6-311G(d,p) calculated energy 264 

predictions of the studied tautomers are compared in Table S1 (Supplementary 265 

Materials) which shows that T1 tautomers have lower energy values than T2 in all 266 

cases. The relative abundance of the studied tautomers was calculated from: ∆G = - 267 

RTlnK, where ∆G denotes the difference between the Gibbs free energies of a given 268 

isomer relative to the most stable one and K is the corresponding equilibrium 269 
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constant. The abundance of the most stable species, T1 tautomer equal ~100.00% at 270 

298 K in the gas phase. The T2 forms have zero total populations and are expected to 271 

be of no importance. Because the solvent effects are important in tautomer stability 272 

phenomena as the polarity differences among isomers can make significant changes in 273 

their relative energies in solution so we used PCM to model the effect of solvent on 274 

these tautomeric equilibrium reactions. Table S2 (Supplementary Information) 275 

showed the total energies and thermodynamic parameters of the studied isomers in 276 

presence of DMSO as solvent. The effect of solvent on the calculated energies and 277 

thermodynamic parameters is shown in Table S2 (Supplementary Information). In 278 

solution, the energy barrier (∆E) between the two tautomers increased compared to 279 

the gas phase. It is revealed that the stability of T1 increases in presence of solvent. 280 

Anyway the most stable isomer T1 is almost the only species that could exist in 281 

solution where the T2 has almost null population.  282 

Reactivity and site selectivity of the reactants   283 

For the studied substrates, the calculated quantum chemical descriptors such as 284 

EHOMO, ELUMO and nucleophilicity index (N) obtained at the DFT/B3LYP/6-311G(d,p) 285 

level of theory are collected in Table 1. The atomic charge densities at the N- and S- 286 

sites of the N (QN) and N-1 (QN-1) systems were calculated and presented in Table 2. 287 

The calculated local nucleophilicity trend of the studied substrates is analyzed using 288 

local nucleophilicity index Nk and Fukui function fk
¯. The values of these local 289 

reactivity descriptors on the N- and S-atoms of compounds 1a-c and 12a-c are given 290 

in Table 2. The most significant results that can be easily concluded from Table 1 is 291 

the lower nucleophilicity index values for compounds b and c due to the presence of 292 

the halogen substitution at the phenyl ring. The nucleophilicity index has maximum 293 

values for compounds a.  In a number of studies, NPA charges are usually used for fk
¯ 294 

calculations where the atomic centers with maximal fk
¯  are interpreted as the most 295 

reactive nucleophilic reaction sites [29-32]. For compounds 1a-c, the Nk and fk
¯ 296 

values are higher for the S-sites compared to the N-one. These results indicated the 297 

higher reactivity of the S-site towards nucleophilic attack compared to the N-site, 298 

hence S-alkylated products were obtained. In contrast, the compounds 12a-c have N- 299 

atom with higher nucleophilicity index Nk and Fukui function fk
¯ values than the O- 300 

atom. The N-alkylation is the best option for 12. From this point of view we could 301 

conclude that, the compounds 1a-c favor the S-alkylation while the 12a-c favor the N- 302 

alkylation reaction.  303 
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Modeling the structure of the products:  304 

The optimized structures of the products 2a-c, 14a and 14c were calculated using 6- 305 

311G(d,p) level of theory which used as models to describe the geometric structure of 306 

the obtained products. The optimized geometry of these compounds are shown in 307 

Fig.1. The optimized geometric parameters (bond distances and bond angles) were 308 

compared with the X-ray structure of the structurally related compounds [33,34] and 309 

the results were collected in Table 3. The results showed a good agreement between 310 

the calculated geometric parameters and the experimental data. It is worthnoting that, 311 

the quinazoline and phenyl rings are planar. The angle between the plane passing 312 

through the quinazoline ring and the plane passing through the phenyl ring is 88.3º, 313 

69.4º and 68.88º for compounds 2a-c, respectively. Moreover, the angle between the 314 

two ring planes in case of 14a and 14c is 85.5 and 80.1, respectively. The two rings 315 

are perpendicular to one another in compounds a where there is no substituent at the 316 

phenyl ring. The presence of large size halogen (Br) at the phenyl ring make the angle 317 

between the two ring planes becomes less compared to the unsubstituted derivatives, a 318 

i.e, more deviation from the perpendicularity of the two rings takes place. On other 319 

hand the R-groups are not coplanar with the quinazoline ring plane for all the studied 320 

compounds. 321 

The charge calculations at different atomic sites play a crucial role in different 322 

properties such as dipole moment, molecular polarizability as well as electronic 323 

structure of a compound [35]. In this regard, the natural atomic charges (NAC) were 324 

calculated using NBO method at the DFT B3LYP/6-311G(d,p) level of theory and the 325 

results are given in Table 4. The natural charge calculations indicate the 326 

electronegative nature of the O and N-atoms. The maximum natural charges occur at 327 

the O-atoms for all the studied compounds (-0.5864 to -0.6247). All the carbon atoms 328 

are negative except those attached to strong electronegative atoms (O or N atoms). 329 

The most positively charged carbon atoms are C4, C8, C10 and C13 for compounds 2 330 

and C4, C8, C10 and C12 for 14.  The maximum positive charge occurs at C10 for the 331 

former and C8 for the latter. The reason is that these C-atoms bonded to larger 332 

number of strong electronegative atoms.  All H-atoms have positive charge densities. 333 

The halogen substiuent showed very little effect on the natural charge of the different 334 

atomic sites. Only we noted significant increase in the natural charge values at C16 335 

and C15 of compounds 2b-c and 14c compared to 2a and 14a, respectively. The 336 
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electron withdrawing character of the halogen (Cl or Br) increase the natural charge 337 

value at the C-atom bonded to it compared to compounds a.   338 

The dipole moments and polarizability of the studied systems are given in Table 5. It 339 

could be seen that the dipole moment is in the order 14c˃14a˃2a˃2b˃2c. The polarity 340 

of the compounds 14 is higher due to the presence of one more O-atom while those 341 

having S-atom are less polar compounds. Significantly, the presence of the thione O- 342 

atom and the Br-atom in the same direction is a reasonable factor for the highest 343 

polarity predicted for 14c. It seems that, the presence the hydrophobic moiety bonded 344 

to the S-atom in case of compounds 2 in the same direction with the halogen tends to 345 

decrease the polarity of the mercapto products. Polarizability depends on how the 346 

tendency of electron cloud of molecular system to distort under the effect of 347 

approaching charge. In fact, this depends on the structure complexity as well as the 348 

size of the molecular system. Molecules having large size are more polarizable. We 349 

noted that combination of S- and Br-atom in the same molecule leads to show the 350 

highest polarizability (2c).    351 

Frontier molecular orbitals 352 

For chemists and physicist, the properties of the frontier molecular orbitals (FMOs) 353 

like energy and electron densities are very important quantum chemical parameters. 354 

The electron densities of these FMOs were used for predicting the most reactive 355 

position in π‒electron systems and also explained several types of reactions in 356 

conjugated system [36]. Moreover, the energies of the lowest unoccupied molecular 357 

orbital (ELUMO) and the highest occupied molecular orbital (EHOMO) and their energy 358 

gap (∆E) reflect the chemical reactivity of the molecule. A molecule having high 359 

frontier orbital gap (∆E) is less polarizable and is generally associated with a low 360 

chemical reactivity and high kinetic stability [37]. Recently, the energy gap between 361 

HOMO and LUMO has been used to prove the bioactivity from intramolecular charge 362 

transfer (ICT) [38, 39]. The EHOMO, ELUMO and ∆E values of the studied compound 363 

were calculated by B3LYP/6‒311G(d,p) method. The HOMO and LUMO pictures are 364 

shown in Fig. 2. For compounds 2, the electron densities of the HOMO and LUMO 365 

are mainly localized on the S-atom. The electron density of the HOMO level on the 366 

quinazoline ring is less significant in case of 2b and 2c. For compounds 14, the 367 

HOMO is located on the quinazoline and phenyl rings for a and c, respectively. The 368 

LUMO of all the studied systems is mainly localized on the π-system of the 369 

quinazoline ring.   370 
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In general, the presence of halogen substituent on the phenyl ring stabilizes both 371 

HOMO and LUMO levels. The LUMO is stabilized further in comparison with 372 

HOMO, hence the energy gap decreased. For compounds 2, the energy gap is in the 373 

order a˃b˃c. The molecule (2a) has highest energy gap (4.8208 eV). The presence of 374 

Br-atom attached to the phenyl ring enhances the ability of the system towards 375 

electron transfer process hence 2c is the most polarizable due to the presence of 376 

combination of S and Br-atoms. In comparison, the oxo compounds 14a and 14c has 377 

higher energy gap compared to 2a and 2c, respectively. It is the maximum for 14a 378 

which showed the maximum kinetic stability. 379 

Based on the energies of the frontier molecular orbitals, various chemical reactivity 380 

descriptors such as electronegativity (χ), chemical potential (µ), chemical hardness 381 

(η), global softness (S) and global electrophilicity index (ω) [40-44] were proposed 382 

for understanding the different pharmacological aspects of drug molecules. These 383 

descriptors are calculated using Eqs (1)-(5) given below: 384 

χ =
(���)

�
                              1 385 

µ = −χ = −
(	�
)

�
                2 386 

η =
(���)

�
                              3 387 

� =


�η	
                                 4 388 

ω	 = 	
µ�

�η
                                5 389 

The chemical hardness is a measure of the resistance to charge transference [45], 390 

while the electronegativity is a measure of the tendency to attract electrons in a 391 

chemical bond, as is defined as the negative of the chemical potential in DFT [45]. 392 

Moreover, the electrophilicity index (ω) measures the stabilization in energy when the 393 

system acquires an additional electronic charge from the environment.  It contains 394 

information about both electron transfer (chemical potential) and stability (hardness) 395 

and is a better descriptor of global chemical reactivity (Eq. 5). For the studied 396 

compounds, these chemical reactivity descriptors are given in Table 6. It is seen that 397 

all the studied systems have negative chemical potential and it means that the 398 

compounds are stable. The hardness signifies the resistance towards the deformation 399 

of electron cloud of chemical systems under small perturbation encountered during 400 

chemical process. Soft systems are large and highly polarizable, while hard systems 401 

are relatively small and much less polarizable. It is found that the compound (14a) is 402 
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the hardest while 2c is the softest. Moreover, the high value of electrophilicity index 403 

(ω) of 2c favors its electrophilic behavior to be the highest [46]. 404 

 405 

Electronic spectra and TD-DFT calculations 406 

The lowest energy electronic transition implies the electron transfer from the highest 407 

occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital 408 

(LUMO). The easiest way, but the less accurate, to calculate the energy of this 409 

transition is to calculate the energy gap between HOMO and LUMO levels. The 410 

calculated transition energy of the studied molecules are shown in Fig. 2. To get the 411 

accurate electronic transitions, we performed the time‒dependant density functional 412 

theory (TD‒DFT) calculations. The TD-DFT results of the spin allowed singlet- 413 

singlet electronic transitions collected in Table S3 (Supplementary Information). The 414 

most important electronic transition bands are shown in Table 7 while the theoretical 415 

spectra are shown in Fig. 3. Compound 2a showed two electronic transition bands at 416 

295.4 nm (f=0.0559) and 273.0 (f=0.1968) due to the H→L (87%) and H→L+1 417 

(75%) transitions, respectively. These bands showed significant bathochromic shift in 418 

case of 2b and 2c. On other hand the longest wavelength band for 14c at 289.1nm 419 

(f=0.0701) which is mainly due to H→L (85%) excitation showed slight 420 

bathochromic shift in presence of halogen substitution at the ring. 421 

Molecular electrostatic potential 422 

Electrostatic potential maps are very useful three dimensional diagrams used to 423 

visualize the charge distributions and charge related properties of molecules. The 424 

MEP is typically visualized through mapping its values onto the surface reflecting the 425 

molecules boundaries so it allows us to visualize the size and shape of molecules. This 426 

can be generated by overlapping the vdW radii of all atoms in the molecule. MEP 427 

diagram has been also used to predict the reactive sites for electrophilic and 428 

nucleophilic attack, and in studies of biological recognition and hydrogen bonding 429 

interactions [47, 48].The MEP of the studied compounds calculated using B3LYP 430 

method with 6‒311G(d,p) basis set is shown in Fig. 4. This figure provides a visual 431 

representation of the chemically active sites and comparative reactivity of atoms. 432 

Potential increases in the order red < orange < yellow < green < blue. For all the 433 

studied compounds, the negative regions (red) are mainly localized over the carbonyl 434 

oxygen atoms (‒0.0271 to ‒0.0409 au).  The maximum positive regions (blue) are 435 

localized on the phenyl ring attached to the N-atom of the quinazoline ring in case of 436 
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2 and at the carbonyl carbon for 14. We noted that, the presence of halogen group 437 

attached to the phenyl ring shifts its electrostatic potential to more positive value for 438 

compounds 2. Also, the negative MEP values at the fused phenyl ring of the 439 

quinazoline moiety are decreased, hence the ring become deactivated towards 440 

electrophilic attack.  441 

NLO properties 442 

The development of materials with large nonlinear optical (NLO) properties has been 443 

of great interest in past few decades. These materials find numerous device 444 

applications, from lasers to optical switches and electronics [49]. So far, the organic 445 

π-conjugated molecules have been considered mostly for this purpose because of their 446 

easy functionalization to fine tune the desired properties and the ease of fabrication 447 

and integration into devices [50-52]. NLO is very important in areas such as 448 

telecommunications, optical interconnections and signal processing [53, 54].  449 

The components of the static polarizability components (α0) and the average 450 

polarizability (α0) of the studied compound are given in Table 5. The α0 values are 451 

calculated to be in the order 2c˃2b˃2a˃14c ˃14a. The ranking of the HOMO-LUMO 452 

energy gap is in the opposite order. It is well known that compounds having good 453 

NLO activity are characterized by high value of polarizability and low energy gap. It 454 

could be seen from the presence investigation that 2c has the highest polarizability 455 

and lowest energy gap; hence 2c could be the best candidates for NLO applications. 456 

NMR spectra 457 

The isotropic magnetic shielding (IMS) values calculated using the GIAO approach at 458 

the 6-311G(d,p) level are used to predict the 13C and 1H chemical shifts (δcalc) for the 459 

studied compounds and the results are correlated to the experimental NMR data (δexp) 460 

in CDCl3 solvent. The experimental and theoretical 1H- and 13C-NMR chemical shift 461 

values of the studied compounds are given in Table S4 (Supplementary Information). 462 

According to these results, the calculated chemical shifts are in compliance with the 463 

experimental findings. A representative example for the correlation between the 464 

experimental and theoretical chemical shifts of the studied is shown in Fig. 5. It can 465 

be seen that, there is good agreement between the experimental and the calculated 466 

chemical shifts. The correlation coefficients for the carbon‒13 (R2 = 0.970) and 467 

proton (R2 = 0.976) are high for 2a. 468 

 469 

  470 
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Conclusion 471 

The molecular structure, electronic and spectroscopic properties of newly synthesized 472 

S-alkylated products of the 3-aryl-2-mercapto-3H-quinazolin-4-one; 1 and N- 473 

alkylated products of 3-aryl-1H,3H-quinazolin-2,4-dione; 12 were investigated using 474 

B3LYP/6-311G(d,p) method. The structures of the products were experimentally 475 

identified using m.p., IR and 1HNMR data. The synthesized compounds were 476 

prepared in good yields via efficient nucleophilic substitution reaction of SH and NH 477 

substrates. The chemical reactivity descriptors that could help to understand the 478 

biological activity of the products are also predicted. The reactivity of these substrates 479 

toward the nucleophilic attack at either the N or S/O sites was predicted using the 480 

reactivity descriptors obtained from the DFT calculations. DFT reactivity studies 481 

showed that 12 have the N-site with the highest nucleophilicity while the S-site is the 482 

most nucleophilic in 1.  483 

 484 
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Table 1 The calculated quantum chemical parameters of the studied reactants. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound EHOMO ELUMO ∆E N 

 Gas  
1a -6.0584 -1.8825 4.1759 3.310 
1b -6.1993 -2.0074 4.1919 3.169 
1c -6.1906 -2.0039 4.1868 3.177 
12a -6.6407 -1.6615 4.9792 2.727 
12b -6.7781 -1.8126 4.9656 2.590 
12c -6.7683 -1.8139 4.9544 2.600 

 Solution 
1a -6.2946 -1.8014 4.4932 2.623 
1b -6.3419 -1.8300 4.5120 2.576 
1c -6.3384 -1.8289 4.5095 2.579 
12a -6.5019 -1.5853 4.9166 2.416 
12b -6.5275 -1.6218 4.9057 2.390 
12c -6.5286 -1.6164 4.9122 2.389 
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Table 2 The reactivity descriptors of the studied reactants. 

  
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Compound QN QN-1 fk
¯ Nk QN QN-1 fk

¯ Nk 

 Gas (N-site) Gas (S-site) 
1a -0.5645 -0.5276 0.0369 0.1221 -0.1861 0.2886 0.4746 1.5709 
1b -0.5638 -0.5297 0.0341 0.1080 -0.1823 0.2448 0.4272 1.3536 
1c -0.5638 -0.5289 0.0349 0.1108 -0.1821 0.2131 0.3952 1.2559 

 Solution  (N-site) Solution  (S-site) 
1a -0.5554 -0.5227 0.0328 0.0860 -0.3219 0.3594 0.6813 1.7869 
1b -0.5544 -0.5217 0.0327 0.0841 -0.3166 0.3508 0.6674 1.7188 
1c -0.5544 -0.5210 0.0334 0.0861 -0.3170 0.3363 0.6534 1.6851 

 Gas (N-site) Gas (O-site) 
12a -0.6028 -0.4954 0.1074 0.2930 -0.6107 -0.5160 0.0947 0.2583 
12b -0.6018 -0.5122 0.0896 0.2320 -0.6107 -0.5469 0.0639 0.1654 
12c -0.6017 -0.5210 0.0807 0.2098 -0.6108 -0.5546 0.0562 0.1460 

 Solution  (N-site) Solution  (O-site) 
12a -0.6002 -0.4507 0.1495 0.3611 -0.6700 -0.5528 0.1172 0.2831 
12b -0.5996 -0.4503 0.1492 0.3567 -0.6679 -0.5512 0.1166 0.2788 
12c -0.5996 -0.4488 0.1508 0.3602 -0.6682 -0.5530 0.1152 0.2753 
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Table 3 The calculated geometric parameters of the studied compounds (2a-c, 14a 
and 14c) using the B3LYP/6-311G(d,p) method. 
Parameter  Calc. Exp.33 Parameter Calc. Exp.34 

2a 2b 2c  14a 14c  
R(1-2)          1.404 1.405 1.405 1.388 R(1-2)          1.397 1.397 1.415 
R(1-6)          1.383 1.383 1.383 1.366 R(1-6)          1.384 1.384 1.386 
R(1-19)         1.084 1.084 1.084  R(1-18)         1.083 1.083  
R(2-3)          1.383 1.383 1.383 1.382 R(2-3)          1.388 1.388 1.378 
R(2-20)         1.084 1.084 1.084  R(2-19)         1.084 1.084  
R(3-4)          1.407 1.406 1.406 1.404 R(3-4)          1.405 1.405 1.402 
R(3-21)         1.083 1.083 1.083  R(3-20)         1.079 1.079  
R(4-5)          1.409 1.406 1.406 1.397 R(4-5)          1.406 1.406 1.392 
R(4-7)          1.384 1.384 1.384 1.389 R(4-7)          1.398 1.398 1.379 
R(5-6)          1.402 1.402 1.402 1.398 R(5-6)          1.399 1.399 1.391 
R(5-10)         1.465 1.463 1.463 1.456 R(5-10)         1.472 1.471 1.478 
R(6-22)         1.083 1.083 1.083  R(6-21)         1.083 1.083  
R(7-8)          1.287 1.286 1.286 1.285 R(7-8)          1.395 1.393 1.372 
R(8-9)          1.389 1.398 1.398 1.400 R(7-28)         1.476 1.476   
R(8-12)         1.788 1.799 1.799 1.761 R(8-9)          1.403 1.405 1.414 
R(9-10)         1.425 1.431 1.431 1.402 R(8-27)         1.214 1.214 1.201 
R(9-13)         1.446 1.444 1.444 1.440 R(9-10)         1.409 1.410 1.383 
R(10-11)        1.214 1.214 1.214 1.219 R(9-12)         1.449 1.446 1.455 
R(12-28)        1.849 1.856 1.856  R(10-11)        1.213 1.213 1.213 
R(13-14)        1.392 1.393 1.393 1.382 R(12-13)        1.390 1.390 1.396 
R(13-18)        1.392 1.393 1.393 1.378 R(12-17)        1.390 1.390 1.391 
R(14-15)        1.392 1.391 1.392 1.384 R(13-14)        1.392 1.391 1.423 
R(14-23)        1.083 1.082 1.082  R(13-22)        1.083 1.083  
R(15-16)        1.393 1.391 1.391 1.355 R(14-15)        1.393 1.391 1.384 
R(15-24)        1.084 1.082 1.082  R(14-23)        1.084 1.082  
R(16-17)        1.394 1.391 1.391 1.373 R(15-16)        1.393 1.391 1.384 
R(16-25)        1.084 1.758 1.916   R(15-24)        1.084 1.917   
R(17-18)        1.391 1.391 1.391 1.393 R(16-17)        1.392 1.391 1.399 
R(17-26)        1.084 1.082 1.082  R(16-25)        1.084 1.082  
R(18-27)        1.083 1.082 1.083  R(17-26)        1.083 1.083  
R(28-29)        1.093 1.094 1.094  R(28-29)        1.092 1.092  
R(28-30)        1.088 1.090 1.090  R(28-30)        1.090 1.090  
R(28-31)        1.497 1.494 1.495  R(28-31)        1.505 1.505  
R(31-32)        1.087 1.087 1.087  R(31-32)        1.087 1.087  
R(31-33)        1.329 1.330 1.330  R(31-33)        1.329 1.329  
R(33-34)        1.084 1.084 1.084  R(33-34)        1.087 1.086  
R(33-35)        1.084 1.085 1.086  R(33-35)        1.084 1.084  
A(2-1-6)        119.8 120.0 120.0 119.9 A(2-1-6)        119.0 119.0 119.4 
A(2-1-19)       120.0 119.9 119.9  A(2-1-18)       120.5 120.5  
A(1-2-3)        120.8 120.7 120.7 120.9 A(1-2-3)        121.3 121.3 120.7 
A(1-2-20)       119.6 119.6 119.6  A(1-2-19)       119.9 119.9  
A(6-1-19)       120.2 120.1 120.1  A(6-1-18)       120.6 120.5  
A(1-6-5)        120.0 119.8 119.8 120.4 A(1-6-5)        120.6 120.6 120.1 
A(1-6-22)       121.8 121.8 121.8  A(1-6-21)       121.9 121.9  
A(3-2-20)       119.6 119.7 119.7  A(3-2-19)       118.8 118.8  
A(2-3-4)        120.2 119.9 120.0 119.8 A(2-3-4)        120.1 120.1 119.2 
A(2-3-21)       121.5 121.9 121.9  A(2-3-20)       119.3 119.3  
A(4-3-21)       118.3 118.1 118.1  A(4-3-20)       120.6 120.6  
A(3-4-5)        118.8 119.2 119.2 118.9 A(3-4-5)        118.6 118.6 120.3 
A(3-4-7)        119.2 118.8 118.8 118.6 A(3-4-7)        122.0 121.9 119.8 
A(5-4-7)        122.0 122.0 122.0 122.5 A(5-4-7)        119.4 119.5 119.9 
A(4-5-6)        120.5 120.4 120.4 120.2 A(4-5-6)        120.5 120.5 120.2 
A(4-5-10)       119.6 119.6 119.6  A(4-5-10)       120.8 120.9 119.4 
A(4-7-8)        118.5 119.0 119.0 117.3 A(4-7-8)        123.0 123.0 124.6 
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A(6-5-10)       119.9 120.0 120.0 119.9 A(4-7-28)       121.3 121.3  
A(5-6-22)       118.3 118.4 118.4  A(6-5-10)       118.7 118.7 120.4 
A(5-10-9)       113.8 114.0 114.0 114.0 A(5-6-21)       117.4 117.5  
A(5-10-11)     125.7 125.2 125.2 126.0 A(5-10-9)       114.7 114.6 115.4 
A(7-8-9)        124.6 124.2 124.1 124.8 A(5-10-11)     124.2 124.3 123.6 
A(7-8-12)       120.7 115.9 115.9 122.0 A(8-7-28)       115.7 115.7  
A(9-8-12)       114.8 119.9 119.9 113.2 A(7-8-9)        116.4 116.4 115.2 
A(8-9-10)       121.5 121.1 121.1 121.5 A(7-8-27)       122.1 122.3 121.6 
A(8-9-13)       121.5 123.0 122.9 120.2 A(7-28-29)     108.8 108.8  
A(8-12-28)     100.4 102.9 103.0  A(7-28-30)     105.5 105.5  
A(10-9-13)     117.0 115.8 115.9 118.3 A(7-28-31)     113.5 113.4  
A(9-10-11)     120.6 120.8 120.8 120.0 A(9-8-27)       121.5 121.3 122.9 
A(9-13-14)     119.5 119.9 119.9 95.7 A(8-9-10)       125.7 125.7 125.4 
A(9-13-18)     119.7 120.0 120.0 119.6 A(8-9-12)       116.7 116.6 116.5 
A(12-28-29)    103.0 101.3 101.3  A(10-9-12)     117.7 117.7 118.1 
A(12-28-30)    107.4 110.3 110.3  A(9-10-11)     121.2 121.0 121.0 
A(12-28-31)    112.7 113.2 113.2  A(9-12-13)     119.7 119.9 117.9 
A(14-13-18)    120.8 120.0 120.0 121.5 A(9-12-17)     119.6 119.7 119.0 
A(13-14-15)    119.5 120.2 120.2 118.6 A(13-12-17)    120.7 120.4 123.1 
A(13-14-23)    119.6 119.7 119.8  A(12-13-14)    119.6 120.1 116.8 
A(13-18-17)    119.5 120.2 120.2 118.6 A(12-13-22)    119.6 119.9  
A(13-18-27)    119.6 119.9 119.9  A(12-17-16)    119.5 120.1 118.4 
A(15-14-23)    120.9 120.1 120.0  A(12-17-26)    119.7 119.9  
A(14-15-16)    120.1 119.2 119.2 120.5 A(14-13-22)    120.8 120.1  
A(14-15-24)    119.7 120.6 120.4  A(13-14-15)    120.1 119.1 121.2 
A(16-15-24)    120.2 120.2 120.5  A(13-14-23)    119.7 120.5  
A(15-16-17)    120.1 121.2 121.2 121.2 A(15-14-23)    120.2 120.5  
A(15-16-25)    120.0 119.4 119.4  A(14-15-16)    120.0 121.3 120.0 
A(17-16-25)    120.0 119.4 119.4  A(14-15-24)    120.0 119.4  
A(16-17-18)    120.1 119.2 119.2 119.7 A(16-15-24)    120.0 119.3  
A(16-17-26)    120.2 120.2 120.5  A(15-16-17)    120.1 119.1 120.4 
A(18-17-26)    119.7 120.6 120.3  A(15-16-25)    120.2 120.5  
A(17-18-27)    120.9 119.9 119.9  A(17-16-25)    119.7 120.5  
A(29-28-30)    109.5 108.1 108.2  A(16-17-26)    120.8 120.1  
A(29-28-31)    111.5 111.1 111.1  A(29-28-30)    108.2 108.1  
A(30-28-31)    112.2 112.2 112.2  A(29-28-31)    111.4 111.5  
A(28-31-32)    116.0 116.0 116.0  A(30-28-31)    109.2 109.2  
A(28-31-33)    124.2 124.0 124.0  A(28-31-32)    115.2 115.2  
A(32-31-33)    119.8 120.1 120.1  A(28-31-33)    124.5 124.5  
A(31-33-34)    121.4 121.5 121.5  A(32-31-33)    120.2 120.2  
A(31-33-35)    121.5 121.7 121.7  A(31-33-34)    121.8 121.8  
A(34-33-35)    117.2 116.8 116.8  A(31-33-35)    121.6 121.6  
     A(34-33-35)    116.6 116.6  
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Table 4 The calculated natural atomic charges of the studied compounds (2a-c, 14a 
and 14c) using the B3LYP/6-311G(d,p) method. 
 
Atom  2a 2b 2c Atom  14a 14c 

    C1  -0.2091 -0.1988 -0.1989      C1  -0.2213 -0.2201 
      C2 -0.1703 -0.1712 -0.1712      C2  -0.1536 -0.1522 
      C3  -0.1995 -0.1871 -0.1871       C3  -0.2455 -0.2447 
      C4  0.1876 0.1750 0.1751       C4 0.2092 0.2093 
      C5  -0.1797 -0.1710 -0.1711       C5  -0.1799 -0.1811 
      C6 -0.1441 -0.1465 -0.1464       C6 -0.1308 -0.1300 
      N7 -0.5683 -0.5069 -0.5070       N7 -0.4598 -0.4590 
      C8 0.3672 0.3529 0.3526       C8 0.8486 0.8483 
      N9 -0.5017 -0.5031 -0.5032       N9 -0.5190 -0.5199 
      C10 0.6919 0.6914 0.6916       C10  0.6958 0.6960 
      O11 -0.5943 -0.5960 -0.5960       O11 -0.5869 -0.5864 
      S12  0.2530 0.2230 0.2239       C12  0.1667 0.1649 
      C13 0.1386 0.1486 0.1499       C13  -0.1846 -0.1667 
      C14 -0.1856 -0.1779 -0.1784       C14 -0.1880 -0.2179 
      C15  -0.1885 -0.2227 -0.2226       C15  -0.1922 -0.0752 
      C16  -0.1861 -0.0106 -0.0758       C16  -0.1879 -0.2178 
      C17 -0.1880 -0.2207 -0.2207       C17  -0.1852 -0.1675 
      C18 -0.1804 -0.1717 -0.1730       H18 0.2074 0.2082 
      H19 0.2046 0.2059 0.2059       H19 0.2044 0.2052 
      H20 0.2031 0.2052 0.2052       H20 0.2147 0.2154 
      H21  0.2114 0.2181 0.2181       H21 0.2281 0.2285 
      H22 0.2238 0.2249 0.2249       H22 0.2098 0.2157 
      H23 0.2151 0.2230 0.2233       H23 0.2032 0.2209 
      H24 0.2055 0.2223 0.2226       H24 0.2020 0.0552b 

      H25 0.2037     -0.0030a 0.0612b       H25 0.2032 0.2209 
      H26  0.2054 0.2226 0.2229       H26  0.2098 0.2159 
      H27  0.2151 0.2210 0.2210       O27 -0.6247 -0.6247 
      C28 -0.5038 -0.5008 -0.5011       C28 -0.2108 -0.2107 
      H29 0.2185 0.2253 0.2253       H29 0.1969 0.1976 
      H30 0.2375 0.2120 0.2124       H30  0.2449 0.2452 
      C31 -0.1994 -0.1969 -0.1969       C31 -0.1807 -0.1820 
      H32 0.1897 0.1997 0.1996       H32 0.1988 0.1988 
      C33 -0.3462 -0.3571 -0.3571       C33  -0.3641 -0.3626 
      H34 0.1868 0.1928 0.1927       H34 0.1781 0.1784 
      H35  0.1866 0.1782 0.1783       H35  0.1933 0.1939 

aCl    bBr 
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Table 5 The dipole moments components µ (D), polarizability components (a.u.) and 

the average polarizability α0 of the studied compounds. 

Parameter  2a 2b 2c 14a 14c 
µx 0.048 1.353 1.285 3.180 -5.267 
µy 2.132 1.380 1.252 -0.666 0.703 
µz -0.215 0.594 0.578 -0.200 -0.177 
µ 2.1438 2.0218 1.8848 3.2555 5.3171 
αxx 309.146 341.321 354.458 280.111 333.474 
αxy 7.374 -10.354 -19.983 8.181 6.630 
αyy 218.591 192.251 197.730 188.959 194.517 
αxz -5.240 -2.272 -4.388 -0.499 -1.001 
αyz -2.834 -18.986 -19.079 2.072 -5.168 
αzz 146.218 180.215 183.689 136.071 142.406 
α0 224.652 237.929 245.292 201.714 223.466 
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Table 6 The calculated chemical potential (µ), electronegativity (χ), global hardness 

(η), softness (S) and global electrophilicity index (ω) (in eV) for the studied 

compound. 

Descriptor 2a 2b 2c 14a 14c 

I 6.1602 6.4652 6.4554 6.5017 6.6260 
A 1.3394 1.7271 1.7285 1.5723 1.7037 
χ 3.7498 4.0962 4.0919 4.0370 4.1649 
µ -3.7498 -4.0962 -4.0919 -4.0370 -4.1649 
η 2.4104 2.3690 2.3635 2.4647 2.4612 
s 0.2074 0.2111 0.2116 0.2029 0.2032 
ω 2.9167 3.5412 3.5423 3.3061 3.5240 
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Table 7 The most important electronic transition bands calculated using the TD-DFT 

method for the studied compounds. 

  2a 

295.4 0.0559 H→L (87%) 
273.0 0.1968 H→L+1 (75%) 
217.9 0.1669 H-5→L+1 (25%), H-4→L+1 (37%) 
216.0 0.1903 H-5→L+2 (18%), H-3→L (23%), H-2→L+2 (10%) 

  2b 
311.6 0.0609 H-1→L (17%), H→L (69%) 
280.4 0.2085 H-1→L (51%), H→L+1 (25%) 
222.2 0.2648 H-7→L (11%), H-3→L+1 (26%), H-1→L+4 (24%) 
218.8 0.2171 H-3→L+1 (15%), H-1→L+4 (46%) 
  2c 
311.8 0.0629 H-1→L (15%), H→L (70%) 
281.2 0.2217 H-1→L (51%), H→L+1 (28%) 

222.7 0.1765 
H-7→L (18%), H-6→L (10%), H-4→L+2 (12%), H-3→L+1 (11%), H-2→L+3 
(13%) 

219.4 0.2112 H-3→L+1 (11%), H-2→L+2 (13%), H-1→L+5 (46%) 
  14a 

289.1 0.0701 H→L (85%) 
214.2 0.4694 H-7→L (21%), H-4→L (21%), H→L+1 (16%) 
210.6 0.2037 H-7→L (19%), H-2→L+1 (45%) 
192.1 0.0875 H-8→L (12%), H-7→L+1 (16%), H-6→L+1 (26%), H→L+5 (13%) 
180.4 0.1632 H-2→L+5 (55%) 

  14c 
289.6 0.0736 H→L (85%) 
221.3 0.4203 H-6→L (10%), H-1→L+2 (57%) 
212.9 0.1044 H-8→L (48%), H-3→L+1 (12%) 
211.1 0.2767 H-8→L (31%), H-5→L (10%) 
204.8 0.1063 H-10→L (16%), H-4→L+1 (32%), H-2→L+1 (10%), H→L+6 (14%) 
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2a 
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14a 14c 

Fig. 1 The optimized molecular structures of the studied compounds (2a-c, 14a and 
14c) calculated using B3LYP/6-311G(d,p) method. 
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Fig. 2The ground state isodensity surface plots for the frontier molecular orbitals. 
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Fig. 3The calculated electronic spectra of the studied compounds. 
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Fig. 4 Molecular Electrostatic potentials (MEP) mapped on the electron density 
surface calculated by the DFT/B3LYP method. 
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Fig. 5 Correlations between the experimental and calculated chemical shifts using the 

GIAO method for compound 2a. 
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Highlights 

- A new series of N- and S-alkylated quinazolines derivatives were synthesized. 

- The 2-mercapto-3H-quinazolin-4-one, 1 goes via the S-alkylation. 

- The quinazolin-2,4-dione, 12  favored the N-alkylation. 

- Chemical reactivity and site selectivity of the reactants 1 and 12 were 

presented. 

- The molecular structures, electronic and spectroscopic properties of the 

products were predicted.  


