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ABSTRACT 
 

 Electron Impact  induced mass spectral fragmentation pattern of 2,2-tetrasubstituted-tetrahydro-3,3’-
bisquinazolin-4,4’-diones (2a-c), 2-amino-N-[1,2-disubstituted-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamides  
(3a-c) and 2-methylamino-N-[1,2-dimethyl2’-ethyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]-benzamide  (4)is studied 
and the results are presented.  Themass spectral studies on these compounds indicate the N,N-bond susceptibility 

in their molecules by showing  the   /2 ion peak in their  mass spectra. The retro Diels-Alder path is also noticed 
in the mass spectral  fragmentation pattern. The observations are strengthened  bytheir agreement with the 
computationally calculated  heats of formation values using parametric method PM3.   
Keywords: N,N- Linked bisazaheterocycles, 2-amino-N-quinazolinonylbenzamides, 2-methylamino-N- 
quinazolinonylbenzamides, mass spectral fragmentation pattern, PM3. 
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INTRODUCTION 
 

Quinazolin-4(3H)-ones play an important role in the fields of both synthetic and 
medicinal chemistry. Bisazaheterocycles containing the quinazolinone skeleton, are associated 
with a wide variety of biological activities such as antimicrobial [1], anti tubercular [2], 
antifungal[3], antipsychotic [4], anti-inflammatory [5], antihypertensive [6], CNS depressant [7], 
anti convulsant [8], anti HIV [9], ulcerogenic [10] and anticancer activities [11]. 3-(4-
Quinazolinyl)-3,4-dihydro-4-quinazolinones show anti-inflammatory activity [12], 2-[(4-hydroxy-
2-quinazolinyl)amino]-3,4-dihydro-4-quinazolinones [13] are useful as bactereostatic and 
bactereocidal agents. Silicone derivatives containing two units of quinazolin-4-one, are 
potential therapeutic agents against HIV and 3-acetamido-6’-chloro-3-methyl-2,2’-bisquiazolin-
4(3H)-one has antifungal activity. Particularly, 6,6’-bis-4(3H)-quinazolinones have industrial 
importance and their  polymers have excellent thermal, mechanical and dielectric properties 
[14]. 

 
Quinazolin-4(3H)-one based N,N-linked bisazaheterocycles also represent an important 

class ofazaheterocycles in view of their biological properties and chemical reactivity.  Some of 
them exhibit antimicrobial [15], anti-parkinsonian [16], anti-convulsant [17] and anti-
inflammatory activities [18].   

 
Furthermore, N,N-linked bisazaheterocycles  act as excellent precursors for nitrogen 

centered free radicals, which have a significant role in biological processes[19] and in industrial 
applications.  For example, the metal complexes of verdazylradicals act as molecular magnetic 
superconductors [20].The activity of antimicrobial drugsMetronidazole and Isoniazidis through 
the nitrogen centered free radicals [21]. Many N-centered free radicals are the source for 
synthesis of novel heterocyclic compounds [22]. Generally, thermolysis or photolysis of  N,N’-
linked bisazaheterocycles generate the  nitrogen centered free radicals which undergo various 
types of reactions such as dimerisation, rearrangements, addition reactions to form novel 
azaheterocycles [23].  

 
These observations, have thrown special interest in N.N’-linked bisazaheterocycles, 

particularly 3,3’-bisquinazolin-4,4’-dione derivatives. In continuation, the synthesis and 
characterization of 2,2-tetrasubstituted-tetrahydro-3,3’-bisquinazolin-4,4’-diones (2a-c), 2-
amino-N-[1,2-disubstituted-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamides  (3a-c) and 2-
methylamino-N-[1,2-dimethyl2’-ethyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]-benzamide  (4)are 
reported from our group[24].Here, we discuss the Electron impact (EI) Induced partial mass 
spectral fragmentation pattern studies of the  2a-c, 3a-c  and4.  The EI mass spectral 
fragmentation studies on the monomer, 2,3-dihydro-4(3H)-quinazolinones  reported earlier 
indicate the loss of CO and C-2 and N-3 substituent as main fragmentation path, besides the  
skeletal fission [25]. However, the mass spectral fragmentation pattern  oftetrahydro-N,N’-
linked-bisquinazolinones and 2-amino-N-(4-oxo-3-(4H)-quinazolinyl)-benzamidesare not 
reported in literature. Here, wediscuss some aspects of electron impact mass spectral 
fragmentation pattern characteristics of 2a-c, 3a-c and 4, which are the potential source for 
cyclic nitrogen centered free radicals.  
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Molecular orbital calculations of 2a-c, 3a-c and 4 are performed using the reasonably 
accurate semi empirical PM3 method belonging to NDDO (neglect of double differential 
overlap) [26]. Minimum energy values, binding energies, dipolemoment, logp values and heat 
of formation of optimized geometries of 2a-c, 3a-c and 4 are calculated. 

 
MATERIALS AND METHODS 

 
Melting points were recorded in capillary tubes using conc.H2SO4 bath, and are 

uncorrected. IR spectra were recorded in potassium bromide disks on a Shimadzu-435 
spectrophotometer. 1H NMR spectra were recorded in CDCl3 and DMSO-d6 on a 270 MHz JOEL, 
300 MHz  Brucker   FT-NMR spectrometer with TMS as an internal standard and chemical shifts 
are expressed in δ ppm.Mass spectra were recorded on Perkin-Elmer Hitachi RMU-62 and VG-
Micromass 7070H instrument of direct inlet probe. 
 

The compounds 2a-c, 3a-c and 4 were prepared according to the procedurereported in 
literature from our group [24]. 
 
Typical procedure for the synthesis of 2a-c, 3a-c and 4 

 
To a solution of 1,2–bis(2-amino/methylamino-benzoyl)hydrazine (1a/1b, 2mmol) in 

methanol(10 ml) containing p-toluenesulfonic acid (2mg),  appropriate ketone ( 5mmol) was 
added and the reaction mixture was refluxed for 6 – 8h. The excess methanol was distilled off, 
on cooling the concentrated solution, the corresponding products 2a-c, 3a-c and 4were 
separated out and compounds were characterized by spectral data and by analogy. 
 
2,2,2’,2’-Tetramethyl-tetrahydro-3,3’-bisquinazolin-4,4’-dione (2a)  

 
Acetone is used as a ketone; M.P. 272-275   C; yield 75%;  IR (KBr, ν cm-1):  3300, 1660, 

1640; 1H NMR (TFA, δ ppm): 2.53 (s, 12H, CH3), 7.3-8.04(m, 8H, Ar-H) EI-MS: m/z (rel. int., %) 

350( , 12), 336 (25 (24), 175 (3), 161 (21), 160 (base peak ), 120 (13), 119 (14), 77 (6), 56 (2), 
42 (10), 32 (67). 
 
2,2’-Dispirocyclopentane-tetrahydro-3,3’-bisquinazolin-4,4’-dione (2b) 
 

Cyclopentanone was used as a  ketone; M.P. 255-258  C; yield 65%;  IR (KBr, ν cm-1):  
3320, 1670, 1650; 1H NMR (CDCl3, δ ppm): 1.66 - 2.48 (m, 16H, CH2), 4.54 (b, 2H), 6.66 -8.04(m, 

8H, Ar-H) EI-MS: m/z (rel. int., %) 402  ( , 16), 373 (6),203 (27), 201(60), 200(20), 199 (10), 
186 (base peak) 185 (24), 173 (40), 160 (20), 120 (39), 119 (18), 77 (24), 65(15), 41 (23), 40 (52). 
 
2,2’-Dispirocyclohexane-tetrahydro-3,3’-bisquinazolin-4,4’-dione (2c) 

 
Cyclohexanone was used as a ketone; M.P. 26 -262  C; yield 6 %;  IR (KBr, ν cm-1):  3320, 

1680, 1645; 1H NMR (DMSO-D6, δ ppm): 1.32 - 2.06 (m, 20H, CH2),, 6.69 - 7.71 (m, 10H, Ar-H 
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and NH) EI-MS: m/z (rel. int., %) 430  ( , 18), 387  (10),290 (7), 217b(35), 216 (36), 215(80),  
201(25), 200(80), 199 (30), 186 (22) 185 (21), 173 (70), 172 (49), 161 (20), 160 (38), 120 (51), 
119 (39), 77 (85), 69(base peak),55 (69), 41 (23), 40 (39). 
 
2-Amino-N-[2-ethyl-2-methyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamide  (3a) 

 
2-Butanone was used as a ketone; M.P. 190-192  C; yield 6 %;  IR (KBr, ν cm-1):  3450, 

3320, 3250, 1660, 1640; 1H NMR (DMSO-D6, δ ppm):  .88 (t, 3H, CH3), 1.46 (s, 3H, CH3), 1.8(m, 
2H, CH2), 5.5 (b, 2H, NH), 6.31 - 7.62 (m, 10H, Ar-H and NH), 9.9 (s, 1H); EI-MS: m/z (rel. int., %) 

324  ( , 7), 295 (21), 270(13), 239 (10), 174 (23), 161 (98), 160 (5), 120 (base peak), 119 (4), 92 
(22), 77 (3), 65 (14),32(26). 
 
2-Amino-N-[2-phenyl-2-methyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamide  (3b) 

 
Acetophenone was used as a ketone; M.P. 185-187  C; yield 6 %;  IR (KBr, ν cm-1):  3410, 

3320, 3250, 1665, 1635; 1H NMR (CDCl3, δ ppm): 2.1 (s, 3H, CH3), 4.8(s, 1H), 5.45 (b, 2H, NH), 

6.61 - 8.04 (m, 9H, Ar-H and NH); EI-MS: m/z (rel. int., %) 372  ( , 2), 222 (12),120 (16), 119 
(4), 92 (5),78 (base peak),77 (26), 52 (36),39(18), 32(18). 
 
2-Amino-N-*2,2’-benzyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamide  (3c) 
 

 i en yl ketone was used as a ketone; M.P. 195-197  C; yield 6 %;  IR (KBr, ν cm-1):  
3450, 3340, 3240, 1680, 1645; 1H NMR (CDCl3, δ ppm): 3.3 (AB quartet, 4H, CH2), 4.3(s, 1H), 5.5 

(b, 2H, NH), 6.51 - 7.9 (m, 19H, Ar-H and NH); EI-MS: m/z (rel. int., %) 462  ( , not recorded), 
371(2), 237(5), 235(4), 120 (9), 119 (4), 92 (5),78 (base peak), 77 (40), 52 (36),39(26), 32(100). 
 
2-Methylamino-N-[2-ethyl-1,2-dimethyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamide  (4) 

 
2-Butanone was used as a ketone; M.P. 185-187  C; yield 67%;  IR (KBr, ν cm-1):  3380, 

3200, 1670, 1630; 1H NMR (CDCl3, δ ppm):  .8 (t, 3H, CH3), 1.62 (s, 3H, CH3), 1.94 (m, 2H, CH2), 
2.81 ( s, 3H, CH3), 2.93 ( s, 3H, CH3), 6.42 - 7.67 (m, 9H, Ar-H), 8.37 (b, 1H, NH); EI-MS: m/z (rel. 

int., %) 352  ( ,6), 324(5), 323(12), 298 (18), 280 (4), 203(2), 175(13), 165(5), 149(10), 
134(base peak), 70 (10), 57 (12), 32(100). 
 
Computational work 
 
 Semi-empirical  PM3 method belonging to NDDO approximation is used to study   the 
stabilities of  bisazaheterocycles, 2,2-tetrasubstituted-tetrahydro-3,3’-bisquinazolin-4,4’-
diones(2a-c),2-amino-N-[1,2-disubstituted-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]benzamides  
(3a-c) and 2-methylamino-N-[1,2-dimethyl2’-ethyl-1,2-dihydro-4-oxo-3-(4H)-quinazolinyl]-
benzamide(4). All molecules were geometrically optimized and the molecular orbital 
calculations were performed using PM3 method.  
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RESULTS AND DISCUSSION 
 

 The compounds 2a-c, 3a-c and 4 were synthesized according to the procedure reported 
earlier from our laboratory, from 1a/1b with appropriate ketones in methanol in the presence 
of p-TsOH under reflux for 6 – 8h (Scheme 1). 
 

Scheme 1: The reaction of 1a/1b with ketones 

 

           i) H3CCOCH3, p-TsOH, MeOH, ∆, 6h;  ii) , p-TsOH, MeOH, ∆, 6h;  iii) ketone, p-TsOH, MeOH, ∆, 6 – 8h 

 
Mass spectral fragmentation of2,2,2’,2’-Tetrasubstituted-tetrahydro-3,3’-bisquinazolin-4,4’-
dione (2a-c)  

 
The partial Electron Impact induced mass spectral fragmentation of 2a(Fig. 1, Scheme 2) 

and 2b-c (Scheme 3)  indicate that the molecular ion  is  recorded with low intensity.  These 

compounds have shown distinct and intense /2 ion peaks corresponding to the 2,2’-

disubstituted-dihydro-4(3H)-qunazolinonylcations arising by N-N bond cleavage in ion.  

These ions further give fragments via retro Diels-Alder path. The ion in 2a gives the ion at 
m/z 335 due to the loss of methyl radical.  The molecular ion of2a seems to undergo 1,2-
elimination reaction to form the ion at m/z 160 as the base peak. In 2b and 2c loss of H, 

methylene and ethylene radicals in /2 ionis noticed from 2-cycloalkane moiety. The detailed 
mass spectral fragmentation pattern for 2a-c is shown in Schemes 2 and 3. 
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Scheme 2: Partial Mass spectral fragmentation pattern of 2a 
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Scheme 3:  Partial Mass spectral fragmentation pattern of 2b and  2c 
 

 
 
 

compoud 
Ion (m/z rel. Int., %) 

a b c d e f g h 

2b 402 
(16) 

373 
(6) 

201 
(60) 

200 
(200 

199 
(10) 

186 
(100) 

185 
(24) 

173 
(40) 

2c 430 
(18) 

387 
(10) 

215 
(80) 

200 
(80) 

199 
(30) 

186 
(22) 

185 
(24) 

173 
(70) 

 
Mass spectral fragmentation pattern of 2-amino-N-[1,2-disubstituted-1,2-dihydro-4-oxo-3-
(4H)-quinazolinyl]benzamides  (3a-c)  

 
The partial Electron impact induced mass spectral fragmentation of 3a-c (Fig.2, Scheme 

4)   indicates that the molecular ion ais recorded with low intensity. The peaks arising from 

N-N bondcleavage in  are prominent. The ion b underwent retro Diels-Alder path to give d 
ion. In 3a 2-aminobenzoyl cationcat m/z 120 is the base peak.  In 3b and3c benzene radical ion 
e at m/z 78 is the base peak. 
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Scheme 4:  Partial Mass spectral fragmentation pattern of 3a-c                  
                   

 
 

 
compound 

Ion (m/z rel. Int., %) 

a b c d e 

3a 324 (7) 174 (23) 120 (100) 119 (7) 78 (7) 

3b 372 (2) 222 (12) 120 (16) 119 (7) 78 (100) 

3c - 234 (2) 120 (9) 119 (2) 78 (100) 
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Mass spectral fragmentation pattern of 2-methylamino-N-[1,2-dimethyl-2’-ethyl-1,2-dihydro-
4-oxo-3-(4H)-quinazolinyl]benzamide  (4) 

 
Scheme 5:  Partial Mass spectral fragmentation pattern of  4 

 
 

compound 
Ion (m/z rel. Int., %) 

a b c d e f g h 

4 352 
(6) 

324 
(5) 

323 
(12) 

203 
(1) 

173 
(13) 

149 
(10) 

134 
(100) 

70 
(10) 
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Electron impact induced mass spectral fragmentation studies of 4 (Fig.3, Scheme 5)   has 

shown the molecular ion a at m/z 352 with low intensity.  The cleavage of N-N bond in the 
molecular ion results in  cations d and f.The loss of ethylene and ethyl radicals in the molecular 
ion  is noticed  to give the ions b and c.The formation of catione from cationbby N-N bond 
cleavage is also noticed. 
 
Computational studies of 2a-c, 3a-c and 4 

 
The ball and stick model,  distribution of electron density mapped with electrostatic 

potential for the ground state and the structures of HOMO and LUMO of  N,N-linked 
bisquinazolinones2a-c (2a, Fig 4,5,6) and 2-methylamino-N-quinazolinonlybenzamide 4(Fig. 
7,8,9) are displayed.The reactive sites on the molecules along with the potential donor atoms 
are revealed by the  electron density mapped with electrostatic potential.  Total energy values, 
binding energies, dipole moments (µ),  logp and heat of formation values were calculated  for  
bisazaheterocycles2a-c, 2-aminobenzamidederivatives 3a-c and 2-methylaminobenzamide 
derivative 4 (Table 1).  The calculated total energies suggest that in2a-c, the compound 2c is 
quite stable than the other two. The compound 3a and 4 are stable than 3b and 3c. The log p 
values state that the 2c is more biologically active, 3c is moderately active and the remaining 
compounds are biologically inactive. 

 
Table 1: Details of PM3 calculations - Total energy (TE), Binding Energy(E),  Heat of formation,   Dipole moment 

(µ) and log p values. 

 

S.No Compound TE(kcal/mol) BE(kcal/mol) 

Heat of 
formation     
(kcal/mol) 

Dipole 
moment 

(µ) log p 

1 2a -90961.85 -5143.89 -8.727 2.96 0.41 

2 2b -97103.73 -4643.18 55.31 1.65 1.09 

3 2c -110209.28 -6589.06 -11.74 4.10 2.47 

4 3a -84782.13 -4697.27 -8.04 3.33 -0.5 

5 3b -95687.29 -5342.13 30.60 3.32 -0.1 

6 3c -116931.55 -6822.01 59.57 2.11 0.97 

7 4 -91662.89 -5241.98 -2.62 2.83 0.27 

 
 

 
 
 
 
 
 

 
 

Fig. 4: (2a) Ball &stick diagram                  Fig. 5: (2a) Electrostatic Potential map    
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Fig. 6: (2a) Homo ↔ Lumo 

 
 

 
 
 
 
 
 
 
 
 

Fig. 7: (4) Ball & Stick diagram         Fig. 8: (4) Electrostatic Potential map 

   
 
 
 
 
 
 
 
 
 

Fig. 9: (4) Homo ↔ Lumo 
 

CONCLUSION 
 

EI induced partial mass spectral fragmentation pattern  of 2,2-tetrasubstituted-
tetrahydro-3,3’-bisquinazolin-4,4’-diones (2a-c), 2-amino-N-[1,2-disubstituted-1,2-dihydro-4-
oxo-3-(4H)-quinazolinyl]benzamides  (3a-c) and 2-methylamino-N-[1,2-dimethyl2’-ethyl-1,2-
dihydro-4-oxo-3-(4H)-quinazolinyl]-benzamide  (4) is studied and the results are presented. The 
fragmentation pattern pathways, indicate that the molecular ion is recorded with low intensity 
and the N,N-bond is more susceptible for cleavage and is a potent source for nitrogen centered 
free radicals.  
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The retro Diels-Alder fragmentation path is also noticed in the mass spectral fragmentation of 
the compounds. The semiemperical pm3 method is used to study the stability, electron density 
and molecular geometry of the compounds. Further, less stability of the compounds is also 
indicated by the computational studies using semi empirical parametric method PM3.  
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