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Abstract 

In this work, spectroscopic characterization of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-

ylthio)ethyl)isoindoline-1,3-dione have been obtained with experimentally and theoretically. 

Complete assignments of fundamental vibrations were performed on the basis of the potential 

energy distribution of the vibrational modes and good agreement between the experimental and 

scaled wavenumbers has been achieved. Frontier molecular orbitals have been used as indicators 

of stability and reactivity. Intramolecular interactions have been investigated by NBO analysis. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

2 

 

The dipole moment, linear polarizability and first and second order hyperpolarizability values 

were also computed. In order to determine molecule sites prone to electrophilic attacks DFT 

calculations of average local ionization energy (ALIE) and Fukui functions have been performed 

as well. Intra-molecular non-covalent interactions have been determined and analyzed by the 

analysis of charge density. Stability of title molecule have also been investigated from the aspect 

of autoxidation, by calculations of bond dissociation energies (BDE), and hydrolysis, by 

calculations of radial distribution functions after molecular dynamics (MD) simulations. In order 

to assess the biological potential of the title compound a molecular docking study towards breast 

cancer type 2 complex has been performed.   

Keywords: DFT; ALIE; RDF; BDE; Quinazoline; molecular docking. 

1. Introduction 

Dihydroquinazoline derivatives are important classes of heterocyclic compounds and 

possess a broad spectrum of biological and pharmaceutical activities such as analgesic, 

antitumor, anticancer, diuretic and herbicide activities [1]. These compounds can be easily be 

oxidized to their quinazolin analogues [2, 3], which also include important pharmacologically 

active compounds [4-14]. Jiaang et al. [15] reported the synthesis of novel isoindoline 

compounds for potent and selective inhibition of prolyl dipeptidase DPP8. The heterocyclic 

spirooxindole ring system is widely distributed structural framework that is present in a number 

of pharmaceuticals and natural products [16] including cytostatic alkaloids like spirotryprostatins 

and strychnophylline [17]. Spriooxindole compounds are attractive synthetic targets because of 

the unique structural array property and the highly pronounced pharmacological activity 

displayed by them [18, 19]. Alanazi et al. [9, 20] reported the synthesis, biological, antitumor 

and antimicrobial activities of certain quanzoline derivatives. All of the aforementioned studies 

motivated us to synthetize new dihydroquinazoline derivative and to thoroughly investigate it 

from the aspects of spectroscopic characterization and reactivity study by DFT and MD methods. 

The density functional theory is a well known method for the calculation of molecular structures, 

vibrational wavenumbers and energies of molecules. HOMO and LUMO analyses were used to 

determine the charge transfer within the molecule and such molecular properties as ionization 

potential, electron affinity, electronegativity, chemical potential and global electrophilicity index. 

Due to the different potential biological activity of the title compound, molecular docking study 

is also reported. Due to interesting properties newly synthetized dihydroquinazoline derivative 
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presented in this study could serve as an active component of some drug. When it comes to the 

ecological aspects, degradation of pharmaceutical molecules is separate issue. Due to their high 

stability these molecules accumulate in water resources and they are often toxic to aquatic 

organisms [21, 22]. In the same time conventional methods for water purification are no longer 

efficient and economic [23, 24]. Alternative approaches for the removal of these substances from 

water include the so called forced degradation which is based on advanced oxidation processes 

[22, 23, 25, 26]. Therefore, in order to understand degradation properties of the title compound 

we have performed DFT calculations of bond dissociation energy (BDE) and calculations of 

radial distribution functions after MD simulations. Studies of degradation properties are time 

consuming and therefore DFT calculations and MD simulations are frequently employed in order 

to significantly rationalize experimental procedures [27-30]. BDE is related to the hydrogen 

abstraction and reflects the sensitivity of molecule towards autoxidation mechanism. On the 

other side RDFs indicate which atoms of the title molecule have pronounced interactions with 

water molecules, providing information on the possible influence of hydrolysis mechanisms.  

2. Experimental details 

           A mixture of 2-mercapto-3-phenethylquinazolin-4(3H)-one (2 mmol, 564 mg) and 2-(2-

chloroethyl)isoindoline-1,3-dione (2.1 mmol, 440 mg) in 15 ml acetone containing anhydrous 

potassium carbonate (3 mmol, 415 mg) was stirred at room temperature for 12 h. The reaction 

mixture was filtered, the solvent was removed under reduced pressure and the solid obtained was 

dried and re-crystallized from ethanol. Mp: 202–204 oC, yield 84 %, MS: (MS = 455, 63, 100 

%). Nuclear magnetic resonance (1H and 13C NMR) spectra were recorded on Bruker 500 MHz 

spectrometer using CDCl3 as solvent; the chemical shifts are expressed in δ ppm using TMS as 

internal standard. The FT-IR spectrum (Fig.1) was recorded using KBr pellets on a DR/Jasco FT-

IR 6300 spectrometer. The FT-Raman spectrum (Fig.2) was obtained on a Bruker RFS 100/s, 

Germany.  For excitation of the spectrum the emission of Nd:YAG laser was used, excitation 

wavelength was 1064 nm, maximal power was 150 mW and measurement was  carried out on 

solid sample. 

3. Computational details 

Calculations (wavenumbers, molecular electrostatic potential, frontier molecular orbital 

analysis, natural bond orbital analysis, nonlinear optical properties, and NMR) of the title 

compound were carried out using Gaussian09 software [31] with the B3LYP/6-
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311++G(d,p)(5D,7F) basis set [32, 33]. The theoretically obtained wavenumbers are scaled by 

using the scaling factor 0.9613 [34] and the optimized geometrical parameters (Fig.3) of the title 

compound are given in Table S1 (supporting information). The assignments of the calculated 

wave numbers are aided by using GAUSSVIEW [35] and GAR2PED software [36].  

Beside Gaussian software package further insights into the reactive properties of title 

molecule have been obtained by application of Schrödinger Materials Science Suite 2015-4. 

Concretely, Jaguar 9.0 program [37] has been applied for DFT calculations, while Desmond 

program has been applied for MD simulations [38-41]. DFT calculations performed with Jaguar 

have been done with B3LYP exchange-correlation functional [42]. For calculations of ALIE, 

Fukui functions and BDEs, 6-311++G(d,p), 6-31+G(d,p) and 6-311G(d,p) basis sets have been 

used, respectively. In the case of MD simulations OPLS 2005 force field [43] was used. 

Simulation time of 10 ns andisothermal–isobaric (NPT) ensemble class were also used. To model 

the interactions of title molecule with water one title molecule has been placed in the cubic box 

with ~3000 water molecules at temperature of 300 K and pressure of 1.0325 bar. Cut off radius 

was set to 12 Å, while solvent was modeled by simple point charge (SPC) model [44]. 

Determination of noncovalent interactions in Jaguar program is based on the methods developed 

by Johnson [45, 46]. 

4. Results and discussion 

In the following discussion, the C25-C26-C28-C30-C32-C34 (mono), C8-C9-C11-C13-C15-C17 

(ortho) and C44-C45-C47-C49-C51-C53 (ortho) phenyl rings are designated as PhI, PhII and PhIII 

respectively. The quinazoline and isoindoline rings are designated as PhV and PhIV. 

4.1. Geometrical parameters 

The bond lengths of C43-N2 (1.4069 Å), C54-N2 (1.4042 Å), C40-N2 (1.4596 Å), C8-N6 

(1.3824 Å), C18-N7 (1.4181 Å), C19-N7 (1.4754 Å) and C36-N7 (1.3835 Å) are shorter than the 

normal C-N bond length (1.48 Å) [47]. In the title compound, the C-S bond lengths are 1.7928 

and 1.8296 Å while the reported values are in the range 1.7675-1.8641 Å [48] and 1.7710-1.8110 

Å [49]. The shortening of the carbonyl bond lengths (C43-O4 = 1.2083 Å, C54-O5 = 1.2098 Å, 

C18-O3 = 1.2206 Å) shows double bond character. The C-C bond lengths in the phenyl rings of 

the title compound lie in the range 1.3932-1.4001 Å for PhI, 1.3834-1.4088 Å for PhII and 

1.3939-1.3991 Å for PhIII [50]. The quinazoline moiety, PhV is planar with respect to the phenyl 

ring PhII, as is evident from the torsion angles C15-C17-C18-N7 = 179.0˚, C15-C17-C8-N6 = 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

5 

 

1798.8˚, C9-C8-N6-C36 = -178.9˚ and C9-C8-C17-C18 = 179.4˚. The CH2 groups at C19 and C22 are 

tilted from the phenyl ring PhI and the quninazoline ring PhV, as is evident from the torsion 

angles, C28-C26-C25-C22 = 178.5˚, C26-C25-C22-C19 = -83.0˚, C32-C34-C25-C22 = -178.5˚, C34-C25-

C22-C19 = 95.4˚ and C17-C18-N7-C19 = -179.9˚, C18-N7-C19-C22 = -85.3˚, N6-C36-N7-C19 = -179.6˚, 

C36-N7-C19-C22 = 93.1˚. The isoindoline fragment is also planar with respect to the phenyl ring 

PhIII, as is evident from the torsion angles, C45-C44-C43-N2 = -180.0˚, C45-C44-C53-C54 = -179.9˚, 

C51-C53-C54-N2 = 180.0˚ and C51-C53-C44-C43 = 179.9˚. At C43 and C54 positions the exocyclic 

angles, N2-C43-O4 = 125.5˚, O4-C43-C44 = 128.9˚ and N2-C54-O5 = 125.0˚, O5-C54-C53 = 129.2˚, 

respectively and this asymmetry of angles reveal the interaction between isoindoline-1,3-dione 

and adjacent moieties. Similarly at N2 position, the bond angles, C43-N2-C40 and C54-N2-C40 are 

increased by 4.5˚ and 3.4˚ from 120˚ which show the interaction between the carbonyl groups 

with the adjacent CH2 groups. Also at C36 position, the bond angle N7-C36-N6 = 125.0˚ and this 

enlargement from 120˚ shows the interaction between the adjacent groups and quinazoline 

moiety. At C18 position bond angle C17-C18-N7 = 114.7˚ and C17-C18-O3 = 125.2˚, and this 

variation gives the interaction between O3 and CH2 group at C19 position. This is supported by 

the bond angle values, C18-N7-C19 = 116.3˚ and C36-N7-C19 = 122.9˚ at N7 position. 

4.2. IR and Raman spectra 

IR and Raman spectroscopy are standard characterization techniques that allow clear 

identification of molecules and provide an insight into some specific physico-chemical 

properties. Regarding IR and Raman spectroscopy it is also important to note that DFT 

calculations can be readily applied for the prediction of these spectra and therefore allow 

prediction of some specific molecular properties. Theoretical IR and Raman calculations also 

serve as confirmation of the used level of theory. Namely, if calculated and measured spectra 

agrees well than the employed level of theory can be considered as good choice for obtaining 

reliable results. The calculated (scaled) wavenumbers, observed IR, Raman bands and 

assignments are provided in table 1.  

The bands observed at 1760, 1708, 1668 cm-1 in the IR spectrum, 1761, 1715, 1667 cm-1 

in the Raman spectrum and at 1752, 1700, 1663 cm-1 (DFT) are assigned as the stretching modes 

of C=O, which are expected in the range 1850-1550 cm-1 [51]. All the three C=O stretching 

modes are IR and Raman active with PEDs greater than 73%. The in-plane and out-of-plane 

bending modes of C=O are expected in the ranges 725 ± 95 and 595 ± 120 cm-1 [52] and in the 
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present case, C=O deformation bands are assigned at 841, 776, 766, 697, 672 and 617 cm-1 

theoretically (DFT) with PEDs 41 to 76%. 

In the title compound, the band observed at 631 cm-1 in the IR spectrum and 729, 633 cm-

1 (DFT) are assigned as the C-S stretching modes. The C-N stretching modes are assigned at 

1152, 1111 cm-1 (IR), 1323, 1206, 1106 cm-1 (Raman) and in the range 1322-955 cm-1 

theoretically which are in agreement with literature and having PED 40 to 50% [52-54]. The C-N 

stretching modes are reported at 1283 cm-1 in the IR spectrum, 1286, 1243 cm-1 in the Raman 

spectrum and at 1283, 1240, 1119 cm-1 theoretically for a quinazoline derivative [55]. For the 

title compound, the C=N stretching mode is assigned at 1526 cm-1 theoretically as expected with 

a PED of 40% [52].  

The stretching and deformation modes of CH2 group appear in the regions 3020-2875, 

1480-725 cm-1 respectively [52-54]. The CH2 stretching modes are observed at 3027, 2976, 2955 

cm-1 (IR), 2998, 2956, 2925 cm-1 (Raman) and in the range 3029-2928 cm-1 theoretically. The 

deformation modes of CH2 are assigned at 1391, 1355, 1332, 1275, 1238, 715 cm-1 (IR), 1393, 

1349, 1335, 1274, 1236, 712 cm-1 (Raman) and in the ranges 1441-1389 (scissoring), 1356-1308 

(wagging), 1271-1226 (twisting), 1071-713 (rocking) cm-1 theoretically as expected [52-54].  

For phenyl rings, the C-H stretching modes are expected above 3000 cm-1 [52] and for 

the title compound, the CH stretching modes are assigned in the range 3065-3032 cm-1 for PhI, 

3078-3045 cm-1 for PhII and 3077-3051 cm-1 for PhIII rings theoretically. Experimentally bands 

are observed at 3082, 3055 cm-1 in IR and 3080, 3060, 3043 cm-1 in Raman spectrum.  The 

phenyl ring stretching modes are assigned at 1578, 1469, 1428 cm-1 (IR), 1582, 1467 cm-1 

(Raman), in the range 1580-1290 cm-1 (DFT) for PhI, 1547, 1446 cm-1 (IR), 1582, 1551, 1307 

cm-1 (Raman), in the range 1582-1306 cm-1 (DFT) for PhII and 1332, 1166 cm-1 (IR), 1582, 

1438, 1335, 1160 cm-1 (Raman), in the range 1582-1163 cm-1 (DFT) for PhIII.  

The wavenumber intervals for the ring breathing mode of ortho substituted phenyl rings 

are: 1100-1130 cm-1 for heavy substituent, 1020-1070 cm-1, when one of the substituent is light 

and 630-780 cm-1 for light substituent [56]. In the present case the PED analysis gives ring 

breathing modes at 978 cm-1 for PhI, 1084 cm-1 for PhII and 1055 cm-1 for PhIII, as expected 

[52]. For ortho substituted phenyl ring, the ring breathing mode is reported at 1041 cm-1 [57] and 

at 1086, 1011 cm-1 (theoretically) [58] and at 1020 cm-1 (theoretically) [59].  The ring breathing 

modes of phenyl rings PhI and PhII are 63% while the ring breathing mode of PhIII is only 45% 
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and this mode is mixed with a contribution of 48% PED due to in-plane CH bending mode of the 

phenyl ring.  

The C-H deformation modes of the phenyl ring, in-plane and out-of-plane modes are 

expected above and below 1000 cm-1 respectively [52]. For the title compound, the in-plane CH 

deformation modes are assigned at 1012 cm-1 (Raman) for PhI, 1152, 1005 cm-1 (IR), 1002 cm-1 

(Raman) for PhII and 1048 (IR), 1135, 1050 cm-1 (Raman) for PhIII. The DFT calculations give 

these modes in the ranges 1310-1009 cm-1 for PhI, 1256-1007 cm-1 for PhII and 1259-1055 cm-1 

for PhIII, as expected [52]. The out-of-plane C-H modes are assigned at 963, 893 cm-1 (IR), 963, 

962, 947, 891, 825 cm-1 (DFT) for PhI, 969, 754 cm-1 (Raman), 967, 951, 861, 753 cm-1 (DFT) 

for PhII and 973, 945, 872, 773 cm-1 (DFT) for PhIII.  

4.3. Molecular Electrostatic Potential (MEP) 

Molecular electrostatic potential serves as a relatively inexpensive quantum-molecular 

descriptor which indicates charge distribution within molecule of interest. Best visualization in 

the case of this descriptor is obtained by mapping of MEP values to the electron density surface 

and such surface is called MEP surface. Obtained results in the case of MEP surface indicate 

critical molecule sites, from the aspect of maximal and minimal MEP values, and therefore 

determine molecule sites prone to specific types of attack. The MEP surface in the case of title 

molecule is provided in Fig. 4. The electrostatic potential values at the surface are represented as 

follows; red color, regions of most electro negative electrostatic potential, blue color, regions of 

most positive electrostatic potential and green color, regions of zero potential. The electrostatic 

potential increases in the order red < orange < yellow < green < blue [60]. As can be seen from 

the Fig. 4, the negative electrostatic potential regions are mainly localized over the oxygens of 

the carbonyl groups and the phenyl rings PhI and PhII and are possible sites for electrophilic 

attack. The positive regions are localized over the nitrogen atoms as possible sites for 

nucleophilic attack.  

4.4 ALIE surface, Fukui functions and indices, and non-covalent interactions 

It was shown by Sjoberg et al. [61] that ALIE values can be valuable indicators of 

reactivity of aromatic compounds [62]. This quantum molecular descriptor is sum of orbital 

energies weighted by the orbital densities: 

( ) ( )
( )∑=

i

ii

r

r
rI r

r

ρ
ερ

, (1) 
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and it indicates the molecule locations where electrons are least tightly bound, i.e. the molecule 

sites for which the possibility to be prone to electrophilic attacks is the highest. In the equation 

(1)  ( )r
i

rρ stands for the electronic density of the i-th molecular orbital at the point r
r
, 

i
ε stands 

for the orbital energy, while ( )rrρ stands for the total electronic density function. Probably the 

best way to practically use the information on ALIE values is to map them to the electron density 

surface, which has been done in Fig. S1 (supporting information).  

According to the results presented in Fig. S1, there are two specific locations where red 

color, which designates the lowest ALIE values, is located. Namely, red color is located in the 

near vicinity of sulfur S1 atom and, to somewhat smaller extent, in the near vicinity of terminal 

benzene ring. In these cases ALIE has values around 190 kcal/mol. On the other side the highest 

ALIE values and locations where electrons are the most tightly bound can be seen in the near 

vicinity of nitrogen atoms and hydrogen atoms of aforementioned benzene ring, with the values 

of around 343 kcal/mol. 

Analysis of charge density between non-bonded atoms, according to the method by 

Johnson et al. [45, 46] yielded three distinct intra-molecular non-covalent interactions. These 

interactions are located between atoms O4–H10, N6–H42 and S1–H39, with the strongest being 

located between S1– H39 characterized by the strength value of –0.016 electron/bohr3. Intra-

molecular non-covalent interactions have been visualized in Fig. S2 (supporting information). 

The concept of Fukui functions is based on the analysis of electron density changes upon 

addition or removal of charge. This tool allows further insight into the local reactivity properties 

of investigated molecule. Two Fukui functions, f+ and f–, in Jaguar program can be calculated in 

the finite difference approximation [63].  

In this work for the purpose of visualization of molecule areas where charge density has 

been increased or decreased, values of f+ and f– functions have been mapped to the electron 

density surface, Fig. S3 (supporting information). Increase in electron density after addition of 

charge in the case of Fukui f+ function in Fig. S3a has been marked by positive (purple and blue-

to-purple) colors, while decrease in electron density after removal of charge in the case of Fukui 

f – function has been marked by the negative (red) color. Results presented in Fig. S3a indicate 

that after charge addition electron density increases in the area of molecule where six- and five-

membered rings are fuzzed, including oxygen atoms O4 and O5, therefore indicating that these 

parts of the molecule act as an electrophile after the addition of charge. On the other side red 
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color in Fig. S3b show that near vicinities of the oxygen atom O4 and hydrogen atoms H42 and 

H38 are deficient in terms of electron density, therefore indicating that this part of molecule acts 

as a nucleophile after the removal of charge. 

Beside Fukui functions is also useful to calculate Fukui indices which also indicate the 

propensity of the electron density to deform at a given position upon accepting or donating 

electrons [64, 65]. Fukui indices are also called condensed or atomic Fukui functions on the jth 

atom site are defined as: 

)1()( −−=− NqNqf jjj               (2) 

)()1( NqNqf jjj −+=+               (3) 

)]1()1([
2

10 −−+= NqNqf jjj        (4) 

For an electrophilic, )(rf j
− , nucleophilic or free radical attack )(rf j

+ , on the reference molecule, 

respectively. In these equations, qj is the atomic charge (evaluated from Mulliken population 

analysis, electrostatic derived charge, etc.) at the jth atomic site is the neutral (N), anionic (N + 1) 

or cationic (N -1) chemical species. Chattarajet al. [66] proposed the concept of generalized 

philicity which gives almost all information about the known different global and local reactivity 

and selectivity descriptor, in addition to the information regarding electrophilic/nucleophilic 

power of a given atomic site in a molecule. Morell et al. [67] have proposed a dual descriptor 

(∆f(r)), which is defined as the difference between the nucleophilic and electrophilic Fukui 

function and is given by, 

)]()([)( rfrfrf −+ −=∆               (5) 

)(rf∆ >0, then the site is favored for a nucleophilic attack, whereas if )(rf∆ < 0, then the 

site may be favored for an electrophilic attack and the reactivity descriptor ∆f(r) provides useful 

information on both stabilizing and destabilizing interactions between a nucleophile and an 

electrophile and helps in identifying the electrophilic/nucleophilic behaviour of a specific site 

within a molecule. It provides positive value which is mostly in S1, N6 (positive value i.e. f(r) 

> 0) for site prone for nucleophilic attack and a negative value lies in O4, O5, C43, H46 

(negative value i.e. f(r) < 0) prone for electrophilic attack and these values reported in Table S2 

(supporting information). 

4.5 Frontier Molecular Orbital analysis 
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Frontier molecular orbitals are mainly responsible for the reactivity in the case of organic 

molecules such as the title one investigated in the present work. The distribution of the highest 

occupied molecular orbital (HOMO) indicates molecule site available to donate electrons, while 

the distribution of the lowest unoccupied molecular orbital (LUMO) determine molecule sites 

able to receive electrons. In the same time information on energies of the frontier molecular 

orbitals can be used for the calculation of several important quantities that reflect global stability 

and reactivity properties of molecule. The pictorial representation of the HOMO and the LUMO 

is shown in Fig.5.  The HOMO lies at -7.386 eV and whereas the LUMO is located at -5.584 eV 

and HOMO is delocalized over the phenyl ring PhII, quinazoline ring PhV, sulfur atom, CH2 

groups at C37, C40 and the nitrogen atom N2 of isoindoline ring while the LUMO is located at 

phenyl ring PhIII and isoindoline ring with the exception of the nitrogen atom N2. This shows 

that an eventual charge transfer occurs within the molecule, and that the frontier orbital energy 

gap is 1.802 eV. By using the HOMO and LUMO energy values, the global chemical reactivity 

descriptors such as hardness, chemical potential, electro-negativity and electrophilicity index as 

well as local reactivity can be defined [68]. Pauling introduced the concept of electro-negativity 

as the power of an atom in a molecule to attract electrons to it. Hardness (η), chemical potential 

(µ) and electro-negativity (χ) are defined using Koopman’s theorem as η = (I-A)/2 = 0.901 eV, 

µ= -(I+A)/2 = -6.485 eV and χ = (I+A)/2 = 6.485 eV, where A and I are the ionization potential 

and electron affinity of the molecule. I= -EHOMO = 7.386 eV and A = -ELUMO = 5.584 eV. Parr et 

al. [69] have defined a descriptor to quantify the global electrophilic power of the molecule as 

the electrophilicity index, ω = µ2/2η = 23.338 eV.  

4.6 Natural Bond Orbital analysis (NBO) 

The natural bond orbitals (NBO) calculations were performed using NBO 3.1 program 

[70] as implemented in the Gaussian09 package at the DFT/B3LYP level and the results are 

given in Tables 2 and 3. The various important intra-molecular hyper-conjugative interactions 

are: N6-C36 from S1 of n1(S1)→π*(N6-C36), O5-C54 from N2 of n1(N2)→π*(O5-C54), N7-C18 from 

O3 of n2(O3)→σ*(N7-C18), N2-C36 from O4 of n2(O4)→σ*(N2-C36), N2-C54 from O5 of 

n2(O5)→σ*(N2-C54), N7-C36 from N6 of n1(N6)→σ*(N7-C36), N6-C36 from N7 of n1(N7)→σ*(N 6-

C36) with stabilization energies, 23.55, 52.13, 30.55, 30.40, 30.15, 16.28, 55.95 kJ/mol and 

electron densities, 0.36515, 0.24624, 0.09866, 0.09470, 0.09284, 0.05983, 0.36515e. 
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 The natural hybrid orbitals with low occupation numbers and higher energies are: n2(S1), 

n2(O3), n2(O4), n2(O5) with energies, -0.25353, -0.24512, -0.26711, -0.26772 a.u and 

considerable p-characters, 99.99, 99.99, 100, 100% and low occupation numbers, 1.83619, 

1.85326, 1.85149, 1.85466 while the orbitals with lower energies, high occupation numbers are: 

n1(S1), n1(O3), n1(O4), n1(O5) with energies, -0.63465, -0.6213, -0.68917, -0.69076a.u and p-

character, 32.55, 41.85, 42.99, 42.76% and high occupation numbers, 1.98057, 1.97615, 

1.97635, 1.97690. Thus, a very close to pure p-type lone pair orbital participates in the electron 

donation to the n1(S1)→π*(N6-C36), n1(N2)→π*(O5-C54), n2(O3)→σ*(N7-C18), n2(O4)→σ*(N2-

C36), n2(O5) →σ*(N2-C54), n1(N6)→σ*(N7-C36) and n1(N7)→σ*(N6-C36) interactions  in the 

compound. 

4.7 Nonlinear Optical properties 

In this work we are also reporting the results on the values of dipole moment, mean 

polarizability and first order hyperpolarizability. Dipole moment indicates the extent of charge 

separation within the molecule and can serve as an indicator of molecule’s sensitivity to take part 

in reactions based on electrostatics. The higher the dipole moment is, the easier will molecule 

take part in electrostatic interactions with other structures. In this study we have obtained the 

value of 2.023 Debye for dipole moment of title molecule, which is relatively high value 

indicating possibly important electrostatic interaction with other molecules. Indirect measure of 

the extent of distortion in the electron density is represented by the polarizability. This quantity 

actually gives information on the response of molecular system under the influence of an 

external static electric field. It is also important to note that this parameter depends on the nature 

of bonding and geometrical structure of molecules. In this work we have calculated mean 

polarizability to have the value of  5.42×10-23 e.s.u. This value is higher than in the case of other 

dihydroquinazoline derivate that we have investigated in one of our previous works [71]. 

Analysis of organic molecules having conjugated π-electron systems and large 

hyperpolarizability using infrared and Raman spectroscopy has evolved as a subject of research 

[72]. The potential application of the title compound in the field of nonlinear optics demands the 

investigation of its structural and bonding features contributing to the hyperpolarizability 

enhancement, by analyzing the vibrational modes using the IR and Raman spectrum. The phenyl 

ring stretching bands at 1578, 1547, 1469, 1332, 1166, 1048 cm-1 observed in IR spectrum have 

their counterparts in the Raman spectrum at 1582, 1551, 1467, 1335, 1160, 1050 cm-1, 
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respectively and their intensities in IR and Raman spectra are comparable. The C-N bond lengths 

in the calculated molecular structure (C40-N2 = 1.4596, C43-N2 = 1.4069, C54-N2 = 1.4042, C8-N6 

= 1.3824, C18-N7 = 1.4181, C36-N7 = 1.3835 Ǻ) are intermediate between those of a C-N single 

bond (1.48 Ǻ) and a C=N double bond (1.28 Ǻ) and therefore, the calculated data suggest an 

extended π-electron delocalization of the molecular system which is responsible for the 

nonlinearity of the title compound [57]. The first order hyperpolarizability of the title compound 

is calculated and is found to be 3.07×10-30 esu and comparable with that of similar derivatives 

[55, 58] and 23.62 times that of the standard NLO material urea (0.13×10-30esu) [73]. The 

average second hyperpolarizability is <γ> = (γxxxx + γyyyy + γzzzz + 2γxxyy +2γxxzz + 2γyyzz)/5 [74]. 

The theoretical second order hyperpolarizability was calculated using the Gaussian09 software 

and is equal to -13.25×10-37 e.s.u and the reported value of a similar derivative is -56.01×10-37 

e.s.u [75]. 

4.8 NMR spectra 

             The absolute isotropic chemical shielding (Table S3-supporting information) was 

calculated by B3LYP/GIAO model [76]. The experimental values are: 1H NMR (CDCl3): 8.10 

(d, 1H, J = 7.5 Hz), 7.71 (dd, 2H, J = 3.0 Hz), 7.62–7.56 (m, 4H), 7.30 (t, 1H, J = 7.0 Hz), 7.21–

7.21 (s, 4H), 7.15 (d, 1H, J = 3.5 Hz ), 4.17 (t, 2H, J = 8.0 Hz), 4.10 (t, 2H, J = 6.5 Hz), 3.54 (t, 

2H, J = 6.5 Hz), 2.94 (t, 2H, J = 8.0 Hz). 13C NMR (CDCl3):  30.0, 34.0, 37.0, 46.1, 119.4, 

123.3, 125.8, 126.3, 126.7, 126.8, 128.6, 128.9, 131.9, 134.0, 134.3, 137.9, 147.3, 154.8, 161.5, 

168.1. The experimental NMR spectra are given in Figs. S4 and S5 (supporting material). The 

protons of the phenyl rings resonate in the range 7.15-8.10 ppm experimentally and 7.6934-

8.7619 ppm theoretically. The chemical shifts of the hydrogen atoms of the CH2 group are 

observed in the range 2.94-4.17 ppm experimentally and 3.2758-5.0035 ppm theoretically. The 
13C NMR spectrum of the compound is also in agreement with number of carbon atoms present 

in the compound. The range of 13C NMR chemical shifts of aromatic organic molecule is usually 

greater than 100 ppm [77, 78]. The studied molecule has eighteen carbon atoms and the chemical 

shifts values of aromatic carbon atoms are in the range 119.4-137.9 ppm experimentally and 

121.5285-146.9905 ppm theoretically. The chemical shifts of C43, C54, C18 and C36 were 

observed in the range 147.3-168.1 ppm and the corresponding calculated values are in the range 

158.8455-166.7041 ppm. The chemical shifts of the CH2 carbon atoms were observed in the 

range 30.02-46.1 ppm while the calculated values are in the range 41.671-55.2868 ppm.  Same as 
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in the case of IR and Raman spectroscopy, there is a good agreement between experimental and 

theoretical chemical shift of both 13C and 1H for the title compound, confirming the fact that the 

chosen level of theory is appropriate. 

4.9 Reactive and degradation properties based on autoxidation and hydrolysis 

Forced degradation studies are usual procedures for the investigation of stability of 

molecules with biological activity in the aquatic mediums, however such activities can be time 

consuming and complex. To overcome challenges related to experimental setup of forced 

degradation studies DFT calculations and MD simulations can be utilized for the assessment of 

degradation and stability properties [79-82]. In this regard it is important to mention the 

autoxidation mechanism, which can be initially assessed by DFT calculations of BDE for the 

hydrogen abstraction. Namely, during the process of autoxidation hydrogen atoms of drug 

candidate can be abstracted only at certain places where BDE values lie in the adequate interval. 

According to the study of Wright et al. [83] this interval is between 75 and 85 kcal/mol. This 

interval is in agreement with the values reported by to Gryn'ova et al. [84], who additionally state 

that thermodynamic favorability of C-H bond dissociation is questionable for the BDE values in 

the range between 85 and 90 kcal/mol. 

Beside BDE values for hydrogen abstraction in this work we have also calculated BDE values 

for the rest of the single acyclic bonds. BDEs have been presented in the Fig. S6 (supporting 

information), where red color corresponds to the BDE values for hydrogen abstraction, while 

blue color corresponds to the BDE values for the rest of the single acyclic bonds. Results 

concerning the BDE values presented in Fig. S6 indicate that title molecule is highly stable 

towards the autoxidation mechanism since the lowest BDE value for hydrogen abstraction is 

significantly higher than the upper border limit of 90 kcal/mol. Concerning the BDE values for 

the rest of the single acyclic bonds the lowest one has been calculated in the case of bond 

denoted with number 15 with the corresponding value of 85 kcal/mol. Although the whole 

molecule is significantly stable, degradation process could start with the breaking of bond 

number 15. Although great stability has been confirmed by calculations of BDE for hydrogen 

abstraction we have also investigated the stability of title molecule in water. This is done by MD 

simulations and calculations of RDFs. RDF, g(r), determines the probability of finding a particle 

in the distance r from another particle [85] and Fig. S7 (supporting information) contains RDFs 

of title molecule’s atoms with significant interactions with water molecules. Results presented in 
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Fig. S7 confirm high stability of title molecule. Namely, there are only five atoms with relatively 

significant interactions with water molecules, including atoms N2, O3, C18, C28 and C54. Of all 

mentioned atoms only oxygen atom O3 has peak distance located at below 3 Å (concretely at 

around 2.5 Å). Carbon atoms have peak distances located at around 3.5 Å. While peak distance 

of nitrogen atom N2 is located at around 4.7 Å. Weak possibilities for hydrolysis of investigated 

molecule are confirmed by absence of significant interactions between water molecules and 

hydrogen atoms of title molecule. 

4.10 Molecular docking 

Quinazolinones are a large class of active chemical compounds possessing a wide variety 

of biological activities such as anti HIV, anticancer [86], antifungal, antibacterial, anti-

mutagenic, anticonvulsant etc. [87]. High resolution crystal structure of breast cancer type 2 

complex was downloaded from the protein data bank website (PDB ID: 3EU7). All molecular 

docking calculations were performed on Auto Dock-Vina software [88] and as reported 

previously [89, 90]. Amongst the docked conformations, one which bonded well at the active site 

was analyzed for detailed interactions in Discover Studio Visualizer 4.0 software. The ligand 

binds at the active site of the substrate (Fig. 6) by weak non-covalent interactions. Amino acids 

Leu970, Pro924 and Met875 forms π-alkyl interaction with phenyl ring. Pro926 amino acid form 

π-alkyl interactions with pyrimidine ring. The docked ligand title compound forms a stable 

complex with breast cancer type 2 complex and gives a binding affinity (∆G in kcal/mol) value 

of -7.9 (table 4). These preliminary results suggest that the compound might exhibit inhibitory 

activity against breast cancer type 2 complex.   

5. Conclusion 

A complete vibrational analysis of the title compound is performed by combining the 

experimental and theoretical information using density functional theory. The calculated HOMO 

and LUMO energies show that charge transfer occurs within the molecule. The location of 

HOMO indicates that the part of the molecule containing fused benzene and five membered ring 

could act as an electron donor, while LUMO designates mainly sulfur atom as the molecule 

location that could accept electrons. The calculated molecular electrostatic potential verifies the 

solid state interactions and determines molecular positions of oxygen atoms as prone to 

electrophilic attacks, since the lowest MEP values have been obtained precisely in the case of 

these atoms. The nonlinear optical properties are also addressed theoretically and the predicted 
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NLO properties of the title compound are much greater than that of urea and hence the title 

compound and its derivatives are a good candidate as second order NLO material. Stability of the 

molecular arising from hyperconjugative interactions, charge delocalization and intramolecular 

interactions has been analyzed using NBO analysis. Beside results concerning MEP surfaces, 

DFT calculations of ALIE values point sulfur atom S1 and carbon atoms of terminal benzene 

ring as possibly prone to electrophilic attacks. Fukui functions further indicated that molecule 

location where six and five-member rings are fuzzed is characterized by increasing charge 

density after the addition of charge, indicating that this part of molecule acts as an electrophile 

with the addition of charge. On the other side Fukui f – function shows that molecule part in the 

near vicinity of oxygen atom O4 and hydrogen atoms H42 and H38 loses electron density after 

the removal of charge, designating this part of the molecule as nucleophilic, in the case when 

charge is removed. Analysis of charge density between non-bonded atoms indicated that three 

intra-molecular non-covalent interactions occur in the case of title molecule, with the strongest 

one between atoms S2 and H39. BDE values for hydrogen abstraction emphasize great stability 

of title molecule in the open air and in the presence of oxygen. This great stability is also 

confirmed in the water surrounding by RDFs after MD simulations, which have shown that only 

five atoms have relatively significant interactions with water molecules, neither one being 

hydrogen. From the molecular docking study shows that the ligand binds at the active site of the 

substrate by weak non-covalent interactions and the amino acids Leu970, Pro924 and Met875 

forms π-alkyl interaction with phenyl ring. Pro926 amino acid form π-alkyl interactions with 

pyrimidine ring. 
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Figure captions 

Fig.1 FT-IR spectrum of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-

ylthio)ethyl)isoindoline-1,3-dione 
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Fig.2 FT-Raman spectrum of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-

ylthio)ethyl)isoindoline-1,3-dione 

Fig.3 Optimized geometry of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-

ylthio)ethyl)isoindoline-1,3-dione 

Fig.4 MEP plot of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-ylthio)ethyl)isoindoline-

1,3-dione 

Fig.5 HOMO-LUMO plots of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-

ylthio)ethyl)isoindoline-1,3-dione 

Fig. 6. a) Schematic for the docked conformation of active site of title compound at breast cancer 

type 2 complex, b) The docked protocol reproduced the co-crystallized conformation with π-

alkyl (pink) and hydrophobic receptor surface shown.  
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Table 1. Calculated (scaled) wavenumbers, observed IR, Raman bands and assignments 

of 2-(2-(4-oxo-3-phenethyl-3,4-dihydroquinazolin-2-ylthio)ethyl)isoindoline-1,3-dione 

B3LYP/6-311++G(d,p)(5D,7F) IR Raman  Assignmentsa 

υ(cm-1) IRI  RA  υ(cm-1) υ(cm-1)  - 

3078 10.39  259.72  3082 3080  υCHPhII(91) 

3077 10.98  286.74  - -  υCHPhIII(99) 

3073 2.78  39.78  - -  υCHPhIII(95) 

3072 1.86  97.10  - -  υCHPhII(99) 

3065 19.32  361.52  - -  υCHPhI(93) 

3063 5.27  147.62  - -  υCHPhIII(100) 

3060 10.00  169.14  - 3060  υCHPhII(99) 

3054 25.60  50.73  3055 -  υCHPhI(98) 

3051 1.40  62.75  - -  υCHPhIII(94) 

3046 6.68  94.28  - -  υCHPhI(99) 

3045 5.42  77.25  - 3043  υCHPhII(97) 

3035 1.15  73.55  - -  υCHPhI(96) 

3032 8.32  28.43  - -  υCHPhI(95) 

3029 0.31  10.06  3027 -  υCH2(100) 

3013 6.54  14.01  - -  υCH2(93) 

3012 0.81  33.12  - 2998  υCH2(95) 

2971 8.55  35.48  2976 -  υCH2(96) 

2963 9.94  70.23  - -  υCH2(94) 

2962 9.32  21.02  - -  υCH2(94) 

2953 2.22  171.28  2955 2956  υCH2(100) 

2928 11.96  108.98  - 2925  υCH2(97) 

1752 81.78  141.38  1760 1761  υC=O(79) 

1700 644.28  11.35  1708 1715  υC=O(81) 

1663 461.67  45.21  1668 1667  υC=O(73) 

1582 46.89  82.19  - 1582  υPhII(63), δCHPhII(12) 

1582 8.04  21.34  - 1582  υPhIII(56), δCHPhIII(11) 
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1580 1.79  32.24  - 1582  υPhIII(47), υPhI(14) 

1580 9.87  46.04  1578 1582  υPhI(55), υPhIII(14) 

1560 1.46  9.88  - -  υPhI(69), δCHPhI(18) 

1550 206.88  32.18  1547 1551  υCN(29), υPhII(58) 

1526 300.38  257.44  - -  υCN(40), υPhII(56) 

1467 18.32  1.72  1469 1467  δCHPhI(21), υPhI(62) 

1444 127.68  39.32  1446 -  δCHPhII(14), υCN(13),  

υPhII(52) 

1441 13.85  4.91  - -  δCH2(91) 

1438 6.43  3.95  - 1438  υPhIII(52), δCHPhIII(12) 

1435 0.55  6.50  - -  υPhIII(55), δCHPhIII(20) 

1432 1.47  3.29  - -  δCHPhII(24), υPhII(55) 

1426 12.53  12.54  1428 -  δCHPhI(17), δCH2(16),  

υPhI(58) 

1425 6.02  42.32  - -  δCH2(68) 

1423 38.41  58.67  - -  δCH2(87) 

1389 3.71  52.87  1391 1393  δCH2(85) 

1356 173.16  46.64  1355 -  δCH2(48), υCN(14) 

1352 70.33  33.74  - 1349  δCH2(66) 

1331 59.65  18.33  1332 1335  δCH2(42), υPhIII(46) 

1324 45.41  50.74  - -  δCH2(56), υCN(14) 

1322 175.54  36.54  - 1323  δCH2(23), υCN(45) 

1310 2.08  12.58  - -  δCHPhI(70), δCH2(10) 

1308 175.92  20.61  - -  δCH2(50), υCN(21) 

1306 43.27  107.54  - 1307  υPhII(80) 

1290 3.25  3.04  - -  υPhI(77) 

1271 22.92  13.18  1275 1274  δCH2(60) 

1267 19.57  21.78  - -  δCH2(54), δCHPhII(16) 

1259 0.79  0.24  - -  δCHPhIII(63), δPhIV(11) 

1256 49.75  52.17  - -  δCH2(17), δCHPhII(66) 

1236 8.57  15.59  1238 1236  δCH2(83) 
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1226 30.78  6.28  - -  δCH2(76) 

1215 12.65  73.53  - -  δCH2(24), υCN(47) 

1208 26.17  2.48  - 1206  δCHPhII(32), υCN(50) 

1176 0.15  50.56  - 1180  υCC(37), δPhI(14), υPhI(11) 

1163 14.71  95.63  1166 1160  υPhIII(46), υCC(24) 

1156 0.17  3.56  - -  δCHPhI(79), υPhI(14) 

1152 19.45  2.31  1152 -  δCHPhII(57), υCN(40),  

1143 3.97  5.84  - -  δCHPhIII(43),υCC(21),  

υPhIII(13) 

1136 0.85  4.31  - -  δCHPhI(76), υPhI(16) 

1135 6.00  11.03  - 1135  δCHPhIII(77), υPhIII(11) 

1127 47.56  7.67  - -  δCHPhII(56), υCN(10) 

1109 122.30  14.39  1111 1106  δCH2(25), υCN(43) 

1084 0.77  3.11  1087 -  δCHPhII(26), υPhII(63) 

1071 46.37  3.14  - -  δCH2(44), υCN(36) 

1061 10.03  0.90  - -  υPhI(26), δCHPhI(55) 

1055 23.95  4.41  1048 1050  υPhIII(45), δCHPhIII(48),  

1009 7.61  17.77  - 1012  υPhI(12), δPhI(13),  

δCHPhI(52) 

1007 8.19  38.47  1005 1002  υPhII(21), δCHPhII(61) 

999 3.01  3.04  - -  υCC(64) 

994 17.08  32.84  - -  δCH2(46), υPhIII(21) 

992 15.00  24.39  - -  υCC(20), υPhIII(25),  

δCH2(15) 

990 11.53  43.08  988 -  υCC(62), δCH2(14) 

978 0.03  49.99  - 980  δPhI(23), υPhI(63) 

973 0.01  0.03  - -  γCHPhIII(87), τPhIII(10) 

967 0.03  0.14  - 969  γCHPhII(87), τPhII(11) 

963 11.56  0.97  963 -  υCN(14), γCHPhI(52),  

τPhI(10) 

962 7.49  2.19  - -  γCHPhI(61) 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

4 

 

955 35.28  0.70  - -  δCH2(40), υCN(46) 

951 2.03  0.14  - -  γCHPhII(90) 

947 0.02  0.02  - -  γCHPhI(91) 

945 1.01  0.07  - -  γCHPhIII(89) 

938 15.21  3.38  - -  υCN(39), δC=O(14),  

υPhIII(19) 

891 1.05  4.46  893 -  γCHPhI(77), τPhI(11) 

872 0.00  0.00  - -  γCHPhIII(90) 

869 13.69  5.19  868 869  δPhII(32), δPhV(12),  

υCN(12) 

861 2.08  0.03  - -  γCHPhII(82) 

841 12.47  7.53  843 -  δPhIII(24), δC=O(46),  

υCC(15) 

825 1.05  0.49  - -  γCHPhI(80) 

824 8.26  2.54  822 823  δPhII(10), υCS(10),  

υPhII(10) 

799 6.92  29.05  796 796  υCC(16), υPhI(14), δPhI(15) 

776 5.22  0.64  - 775  γC=O(41), τPhV(19),  

τPhII(14), γCHPhII(11) 

773 5.37  1.91  - -  γCHPhIII(49), γC=O(23),  

τPhIV(10) 

766 0.65  0.26  768 -  τPhIII(31), γC=O(46),  

τPhIV(19) 

753 58.12  0.90  - 754  γCHPhII(58), τPhII(19),  

τPhV(13) 

741 13.43  4.23  - -  τPhI(21), δCH2(24),  

γCHPhI(11) 

730 25.06  1.09  - -  τPhI(18), δCH2(51),  

γCHPhI(17) 

729 18.03  28.02  - -  υCS(49), δCH2(20) 

713 6.80  0.61  715 712  δCH2(58), δPhIII(10) 
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697 60.01  6.94  695 696  γC=O(44), τPhIV(16),  

γCHPhIII(31) 

692 14.57  9.92  - -  δPhII(11), γCHPhI(15) 

688 3.10  9.37  - -  δPhIII(26), υCS(21) 

684 45.89  1.57  - -  τPhI(51), γCHPhI(23) 

679 9.68  4.29  - -  τPhII(35), γC=O(40),  

τPhI(10) 

672 0.83  0.32  - -  δPhIII(31), δC=O(43),  

δCH2(19) 

655 0.04  0.07  - 654  τPhIII(73), γC=O(13) 

633 1.71  1.60  631 -  υCS(45), τPhV(33) 

617 8.09  3.13  - 620  δPhII(23), δC=O(39) 

611 0.35  3.91  613 -  δPhI(84) 

592 19.12  23.72  593 -  δPhIV(49), δPhIII(10),  

δCN(11) 

583 0.80  3.71  - 585  δPhII(48), υCS(17) 

579 3.19  2.48  - -  δPhI(39), δPhV(18),  

δPhII(10) 

524 5.69  10.10  526 -  δPhV(42), δPhII(10) 

516 10.58  0.40  - -  δPhIV(24), τPhII(19),  

δPhIII(10) 

516 7.65  0.22  - -  τPhII(43), δPhIV(13) 

513 17.65  3.04  - 509  δPhIII(18), δCS(10),  

δPhIV(10), δPhV(10) 

493 10.70  0.84  - -  τPhI(41), γCC(25), δPhI(13) 

455 3.50  1.74  462 460  δPhV(26), δPhI(11), δCC(11) 

448 0.01  0.12  445 -  τPhIII(73), τPhIV(10) 

429 1.93  1.47  430 431  τPhII(58), τPhV(16) 

400 1.07  0.53  - 402  τPhIII(71), τPhIV(16) 

398 0.09  0.08  - -  τPhI(83) 

385 3.81  1.68  - -  δCN(45), δC=O(19),  
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δCC(10) 

363 12.47  7.45  - 365  δCS(46), δPhV(12) 

349 4.26  5.59  - 348  δC=O(25), δCH2(10),  

γCC(16) 

337 3.07  2.22  - 337  γCN(18), δCH2(20),  

δCC(12), τPhI(12) 

326 12.53  1.01  - -  δCC(11), δC=O(17) 

319 14.78  0.80  - -  δCC(33), δCH2(10) 

299 1.33  1.92  - 302  δCH2(36), γCN(19), δCS(14) 

282 1.75  1.54  - -  τPhII(22), δCN(11) 

279 1.47  1.18  - -  τPhII(35), τPhV(22) 

263 2.27  1.42  - 264  δCN(39), δC=O(18) 

237 2.22  2.83  - 239  τPhI(39), δCH2(10) 

229 0.01  0.96  - -  δPhIII(25), δCC(20),  

δCN(10) 

192 2.43  1.31  - -  δCH2(26), τCS(41) 

176 0.93  1.13  - -  τPhIV(27), δCS(26) 

167 2.55  0.80  - 169  τPhIV(39), δCS(10) 

148 0.46  1.14  - 150  τPhV(52), τPhII(15) 

132 0.01  1.11  - -  τPhIV(58), τPhIII(30) 

130 2.54  0.43  - -  τPhIV(45), γCN(29) 

114 5.59  1.01  - 108  τPhV(32), γCN(18),  

τPhIV(10) 

87 0.55  2.37  - -  τPhV(31), τCS(11), τPhII(10) 

82 0.00  4.12  - -  γCC(25), δCH2(25),  

τPhV(22) 

61 0.04  0.82  - -  τCH2(50), τCC(25) 

56 0.64  1.54  - -  τCS(36), τCH2(24), τPhV(10) 

46 1.24  6.43  - -  γCN(40), τCS(28) 

34 0.24  1.28  - -  τCC(28), τPhV(13), γCN(18),  

τCH2(14) 
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28 0.27  4.09  - -  τCC(39), τPhV(14),  

τCH2(23) 

21 0.01  0.54  - -  τCH2(55), τCS(13) 

17 0.01  1.12  - -  τCH2(54), τCS(21) 

14 0.28  2.33  - -  τCS(37), γCN(21), τCH2(18) 

12 0.10  0.96  - -  τCH2(40), τCS(12) 
aThe C25-C26-C28-C30-C32-C34 (mono), C8-C9-C11-C13-C15-C17 (ortho) and C44-C45-C47-

C49-C51-C53 (ortho) phenyl rings are designated as PhI, PhII and PhIII respectively. he 

PhV-quinazoline ring; PhIV-isoindoline ring; υ-streching; δ-in-plane deformation; γ-out-

of-plane deformation; τ-torsion; potential energy distribution (%) is given in the brackets 

in the assignment column. 
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Table  2 

Second-order perturbation theory analysis of Fock matrix in NBO basis corresponding to the 

intramolecular bonds of the title compound. 

Donor(i) Type ED/e  Acceptor(j) Type  ED/e  E(2)a E(j)-E(i)b F(i,j)c  

S1-C37 σ 1.59300 N2-C40 σ* 0.03072 3.00     0.94      0.047 

-  - -  N7-C36 σ* 0.05983 3.25     1.03      0.052 

N2-C40 σ 1.98323 S1-C37 σ* 0.01926 2.10     0.91      0.039 

-  - -  N2-C43 σ* 0.09470 1.19     1.16      0.034 

-  - -  N2-C54 σ* 0.09284 1.23     1.16      0.034 

-  - -  C43-C44 σ* 0.07294 1.37     1.17      0.036 

-  - -  C53-C54 σ* 0.07319 1.50     1.17      0.038 

N2-C43 σ 1.98422 N2-C40 σ* 0.03072 1.26     1.14      0.034 

-  - -  O5-C54 σ* 0.01078 3.53     1.40      0.063 

-  - -  C44-C45 σ* 0.02177 2.55     1.38      0.053 

N2-C54 σ 1.98427 N2-C40 σ* 0.03072 1.22     1.14      0.033 

-  - -  O4-C43 σ* 0.01069 3.56     1.40      0.063 

-  - -  C51-C53 σ* 0.02181 2.58     1.38      0.053 

O3-C18 π 1.98351 N7-C36 σ* 0.05983 1.70     1.49      0.046 

-  - -  C8-C17 σ* 0.03865 1.03     1.63      0.037 

-  - -  C17-C18 σ* 0.05990 2.05     1.54      0.051 

-  - -  C8-C17 π* 0.43255 4.24     0.40      0.041 

O4-C43 π 1.97271 C44-C53 π* 0.41384 3.89     0.41      0.040 

N6-C36 σ 1.98660 N6-C8  σ* 0.02520 1.81     1.38      0.045 

-  - -  N7-C19 σ* 0.02981 2.16     1.22     0.046 

-  - -  N7-C36 σ* 0.05983 1.63     1.33      0.042 

-  - -  C8-C9  σ* 0.02423 2.44     1.46      0.053 

N7-C18 σ 1.98078 S1-C36 σ* 0.06017 3.19     0.96      0.050 

-  - -  N7-C19 σ* 0.02981 1.10     1.11      0.031 

-  - -  N7-C36 σ* 0.05983 2.10     1.22      0.046 

-  - -  C15-C17 σ* 0.02098 1.87     1.36      0.045 

N7-C36 σ 1.98728 O3-C18 σ* 0.00854 2.04     1.45      0.049 

-  - -  N6-C36 σ* 0.01628 1.56     1.44      0.042 

-  - -  N7-C18 σ* 0.09866 1.27     1.24      0.036 
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-  - -  N7-C19 σ* 0.02981 1.66     1.16      0.039 

C8-C9  σ 1.97550 N6-C8  σ* 0.02520 1.61     1.17      0.039 

-  - -  N6-C36 σ* 0.01628 2.60     1.28      0.052 

-  - -  C8-C17 σ* 0.03865 3.62     1.25      0.060 

-  - -  C9-C11 σ* 0.01344 2.29     1.29      0.049 

-  - -  C17-C18 σ* 0.05990 2.88     1.16      0.052 

C8-C17 σ 1.97309 O3-C18 σ* 0.00854 2.76     1.29      0.054 

-  - -  N6-C8  σ* 0.02520 1.27     1.18     0.035 

-  - -  C8-C9  σ* 0.02423 3.39     1.26      0.058 

-  - -  C15-C17 σ* 0.02098 4.02     1.27      0.064 

-  - -  C17-C18 σ* 0.05990 1.72     1.17      0.040 

C17-C18 σ 1.97522 O3-C18 σ* 0.00854 1.49     1.28      0.039 

-  - -  N7-C19 σ* 0.02981 3.07     1.00      0.049 

-  - -  C8-C9  σ* 0.02423 2.72     1.24      0.052 

-  - -  C8-C17 σ* 0.03865 2.42     1.24      0.049 

-  - -  C13-C15 σ* 0.01388 1.99     1.28      0.045 

-  - -  C15-C17 σ* 0.02098 2.26     1.25      0.048 

C19-C22 σ 1.97258 C25-C34 π* 0.34750 2.47     0.64      0.039 

C37-C40 σ 1.98621 N2-C43 σ* 0.09470 1.01     1.03      0.029 

C43-C44 σ 1.97262 N2-C40 σ* 0.03072 4.07     1.01      0.057 

-  - -  O4-C43 σ* 0.01069 1.14     1.27      0.034 

-  - -  C44-C45 σ* 0.02177 2.28     1.25      0.048 

-  - -  C44-C53 σ* 0.02696 1.74     1.23      0.041 

-  - -  C45-C47 σ* 0.01378 1.72     1.22      0.041 

-  - -  C51-C53 σ* 0.02181 4.06     1.25      0.064 

C53-C54 σ 1.97310 N2-C40 σ* 0.03072 3.96     1.01      0.056 

-  - -  O5-C54 σ* 0.01078 1.12     1.27      0.03 

-  - -  C44-C45 σ* 0.02177 4.07     1.25      0.064 

-  - -  C44-C53 σ* 0.02696 1.76     1.23      0.042 

-  - -  C49-C51 σ* 0.01377 1.71     1.22      0.041 

-  - -  C51-C53 σ* 0.02181 2.32     1.25      0.048 

LPS1  σ 1.98057 N6-C36 σ* 0.01628 3.09     1.23      0.055 

-  π 1.83619 N2-C40 σ* 0.03072 1.18     0.59      0.024 
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-  - -  N6-C36 π* 0.36515 23.55   0.25      0.072 

-  - -  C37-C40 σ* 0.02858 1.77     0.71      0.033 

LPN2  σ 1.62446 S1-C37 σ* 0.01926 1.23     0.42      0.022 

-  - -  O4-C43 π* 0.24449 51.37   0.27      0.109 

-  - -  O5-C54 π* 0.24624 52.13    0.27     0.109 

-  - -  C37-C40 σ* 0.02858 6.37     0.62      0.062 

LPO3  σ 1.97615 N7-C18 σ* 0.09866 1.51     1.07      0.037 

-  - -  C17-C18 σ* 0.05990 2.79     1.15      0.051 

-  π 1.85326 N7-C18 σ* 0.09866 30.55    0.64     0.127 

-  - -  C17-C18 σ* 0.05990 17.87    0.72     0.104 

LPO4  σ 1.97635 N2-C43 σ* 0.09470 2.16     1.09      0.044 

-  - -  C43-C44 σ* 0.07294 2.86     1.10      0.051 

-  π 1.85149 N2-C43 σ* 0.09470 30.40    0.67     0.129 

-  - -  C43-C44 σ* 0.07294 21.17    0.68     0.109 

LPO5  σ 1.97690 N2-C54 σ* 0.09284 2.06     1.10      0.043 

-  - -  C53-C54 σ* 0.07319 2.95     1.11      0.052 

-  π 1.85466 N2-C54 σ* 0.09284 30.15    0.67     0.129 

-  - -  C53-C54 σ* 0.07319 21.14    0.68     0.109 

LPN6  σ 1.88674 S1-C36 σ* 0.06017 3.80     0.50      0.039 

-  - -  N7-C36 σ* 0.05983 16.28    0.77     0.101  

-  - -  C8-C9  σ* 0.02423 1.52     0.90      0.034 

-  - -  C8-C17 σ* 0.03865 9.00     0.90      0.082 

LPN7  σ 1.59300 O3-C18 π* 0.32182 49.15    0.28     0.107 

-  - -  N6-C36 π* 0.36515 55.95    0.26     0.109  

-  - -  C19-C22 σ* 0.02349 5.91     0.63      0.061 
aE(2) means energy of hyper-conjugative interactions (stabilization energy in kJ/mol) 
bEnergy difference (a.u) between donor and acceptor i and j NBO orbitals 
cF(i,j) is the Fock matrix elements (a.u) between i and j NBO orbitals 
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Table 3 

NBO results showing the formation of Lewis and non-Lewis orbitals. 

Bond(A-B) ED/ea  EDA%  EDB%  NBO   s% p% 

σS1-C37 1.97658 48.62  51.38  0.6973(sp4.97)S+ 16.65 83.35 

-  -0.60345 -  -  0.7168(sp4.00)C 19.99 80.01 

σN2-C40 1.98323 63.72  36.28  0.7983(sp1.89)N+ 34.55 65.45 

-  -0.75510 -  -  0.6023(sp3.63)C 21.59 78.41 

σN2-C43 1.98422 63.74  36.26  0.7984(sp2.04)N+ 32.84 67.16 

-  -0.80105 -  -  0.6022(sp2.35)C 32.84 67.16 

σN2-C54 1.98427 63.65  36.35  0.7978(sp2.07)N+ 332.56 67.44 

-  -0.80223 -  -  0.6029(sp2.34)C 29.87 70.13 

πO3-C18 1.98351 69.78  30.22  0.8354(sp1.00)O+ 0.00 100.0 

-  -0.36420 -  -  0.5497(sp1.00)C 0.00 100.0 

πO4-C43 1.97271 67.93  32.07  0.8242(sp1.00)O+ 0.00 100.0 

-  -0.38931 -  -  0.5663(sp1.00)C 0.00 100.0 

σN6-C36 1.98660 59.04  40.96  0.7684(sp1.58)N+ 38.64 61.36 

-  -0.90106 -  -  0.6400(sp1.67)C 37.48 62.52 

σN7-C18 1.98078 64.51  35.49  0.8032(sp2.02)N+ 33.09 66.91 

-  -0.79031 -  -  0.5958(sp2.48)C 28.67 71.33 

σN7-C36 1.98728 62.55  37.45  0.7909(sp1.88)N+ 34.74 65.26 

-  -0.84633 -  -  0.6119(sp1.95)C 33.88 66.12 

σC8-C9 1.97550 51.34  48.66  0.7165(sp1.80)C+ 35.71 64.29 

-  -0.68483 -  -  0.6976(sp1.95)C 33.86 66.14 

σC8-C17 1.97309 49.28  50.72  0.7020(sp1.82)C+ 35.48 64.52 

-  -0.69507 -  -  0.7122(sp1.95)C 33.84 66.16 

σC17-C18 1.97522 51.60  48.40  0.7183(sp2.26)C+ 30.68 69.32 

-  -0.67659 -  -  0.6957(sp1.59)C 38.54 61.46 

σC19-C22 1.97258 50.43  49.57  0.7102(sp2.51)C+ 28.48 71.52 

-  -0.59699 -  -  0.7040(sp2.94)C 25.40 74.60 

σC37-C40 1.98621 50.63  49.37  0.7115(sp2.45)C+ 28.98 71.02 

-  -0.62755 -  -  0.7026(sp2.62)C 27.64 72.36 

σC43-C44 1.97262 47.78  52.22  0.6912(sp1.75)C+ 36.30 63.70 

-  -0.66985 -  -  0.7226(sp2.38)C 29.54 70.46 

σC53-C54 1.97310 52.19  47.81  0.7224(sp2.38)C+ 29.56 70.44 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

2 

 

-  -0.67080 -  -  0.6915(sp1.75)C 36.34 63.66 

n1S1  1.98057 -  -  sp0.48   67.45 32.55 

-  -0.63465 -  -  -   - - 

n2S1  1.83619 -  -  sp1.00   0.01 99.99 

-  -0.25353 -  -  -   - - 

n1N2  1.62446 -  -  sp1.00   0.01 99.99 

-  -0.26777 -  -  -   - - 

n1O3  1.97615 -  -  sp0.71   58.15 41.85 

-  -0.6213 -  -  -   - - 

n2O3  1.85326 -  -  sp99.99   0.01 99.99 

-  -0.24512 -  -  -   - - 

n1O4  1.97635 -  -  sp0.75   57.01 42.99 

-  -0.68917 -  -  -   - - 

n2O4  1.85149 -  -  sp1.00   0.00 100.0 

-  -0.26711 -  -  -   - - 

n1O5  1.97690 -  -  sp0.75   57.24 42.76 

-  -0.69076 -  -  -   - - 

n2O5  1.85466 -  -  sp1.00   0.00 100.0 

-  -0.26772 -  -  -   - - 

n1N6  1.88674 -  -  sp2.70   27.01 72.99 

-  -0.33709 -  -  -   - - 

n1N7  1.59300 -  -  sp99.99   0.01 99.99 

-  -0.26584 -  -  -   - - 

a ED/e is expressed in a.u.        
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Table 4 

The binding affinity values of different poses of the title compound 

predicted by AutodockVina.  

 

Mode  Affinity (kcal/mol) Distance from best mode (Å) 

- -   RMSD l.b. RMSD u.b. 

1 -7.9   0.000       0.000 

2 -7.9        2.496       4.010 

3 -7.8        2.088       4.206  

4 -7.7        3.098       6.980 

5 -7.7        1.702       2.673   

6 -7.4        3.151       6.876    

7 -7.4        4.040       7.289    

8 -7.4        2.197       5.842    

9 -7.4        3.305       7.869  
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Highlights 

* IR, Raman, docking studies were reported 

* Most reactive sites are predicted by using MEP plot 

* BDEs are calculated to investigate autoxidation and degradation properties 

* The compound exhibits inhibitory activity against breast cancer type 2 complex 
 
 

 


