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ABSTRACT

This study represents an integral approach towanmderstanding the electronic and structural aspeéta serie of
1,4,3,5-oxathiadiazepane 4,4-dioxides derived aflipe. The molecular geometry, highest occupiedemdér
orbital (HOMO)-lowest unoccupied molecular orbit@lUMO) energy gaps were calculated using DFT (B3LYP
method using 6-31G (d,p) basis set. From the optithgeometry of the molecule, molecular electriasfattential
(MEP) distribution, frontier molecular orbitals (F®Is) of the title compound have been calculatechenground
state theoretically. The dipole moment (u), pokdility («), anisotropy polarizability Ae) and first order
hyperpolarizability f) of oxathiadiazepane 4,4-dioxides have been déstus The stability and charge
delocalization of the molecule was studied by N#t@ond Orbital (NBO) analysis. The reactivity oblecule
using various descriptors such as Fukui functiolegal softness, electrophilicity, electronegatiyitgardness,
HOMO-LUMO gap are calculated and discussed. FindHykui function analyses on atomic charges, etgatiilic
and nucleophilic descriptors of the title molecuhese been calculated.

Keywords: Oxathiadiazepane; Density functional theory; Corapahal chemistry; Quantum chemical calculations

INTRODUCTION

Heterocyclic structures, components of a large remath molecules, have been studied since the midd4.8lue to
their wide occurrence in nature, such as in the élamd Chlorophyll A, and the discovery of their fusgess in
organic chemistry, creating an interesting new tiamvhich continues today. From the first applicasi of simple
heterocycles in main fields of research, such asédlicine, pharmaceutical, agrochemical and eneargterials,
polyheteroatomic heterocycles have achieved a kbl position in the development of new produotscfinical
use with most advantageous features that alloverdifft interactions with the biological target, atways possible
with a simple heterocyclic ring. Nitrogen, oxygamd sulphur are the most commonheteroatom [1]ptasence of
heteroatoms results in significant changes in tfodicc molecular structure due to the availabilifyumshared pairs
of electrons and the difference in electronegatibittween heteroatoms and carbon. As a result thexe unique
feature of these heterocycles which are considesegromising materials in different areas of phaemntical
research and also more recently as compounds ntighesting physical properties especially for maigne and
conductivity. In recent decades, computer simutati@s become an important tool in various fieldshsas
mechanical engineering, chemistry, physics and maddée[2-4]. In particular, computer simulationsathtake
account of electronic structures [5]. At the predane, the computer simulation is one of the ntails to identify
the regularities of behavior of the molecular systeinder various external influences[6]. Molecutardeling is the
computer simulation of molecular structures, whmincerns the distances and angles of bonds in chémi
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molecules, alsothe results of introduction and stuti®n of atoms or groups of atoms in the molecuMolecular
modeling is the sum of theoretical methods and adatinal techniques that is used to predict mdéacu
behaviours specifically interactions between mdiesfii]. Molecular modeling has been introduced amlaable
methodology for scientific research providing usdhols for the analysis and estimate of the phydiemical
parameters and/or biological activity [8]. Theoratistudies on bioactive compounds are of intérestder to gain
a deeper insight on their action and thus helpinghe design of new compounds with therapeuticceffeThe
knowledge of physico-chemical properties and siteseaction of investigated compound will providedeeper
insight of its probable action. Particularly, malksr electrostatic potential (MESP) is related le lectronic
density and is a very useful descriptor in undeditag sites for electrophilic attack and nucleoighibactions as
well as hydrogen bonding interactions.In previouwkM9], we have synthesized and characterizedvaalass of
heterocyclic compounds: 1,4,3,5-oxathiadiazepa#alibxides, in this paper and in the aim to stuwirtproperties
and to predict their applications, we give a corldescription of the molecular geometry, natui@hd orbital
(NBO) analysis, nonlinear optical (NLO) propertieend chemical reactivity as HOMO-LUMO energy gap,
chemical hardness, chemical potential of a nevesafl,4,3,5-oxathiadiazepane 4,4-dioxides derdfgatoline.

MATERIALS AND METHODS

All computational calculations have been perfornmed personal computer using the Gaussian 09W program
packages developed by Frisch and coworkers. Th&eBedthree parameter hybrid functional using thePLY
correlation functional (B3LYP), one of the most usb functional of the hybrid family, was herein dder all the
calculations, with 6.31G(d,p) basis set. Gaussiatpu files were visualized by means of GAUSSIANEW 05
software.

RESULTS AND DISCUSSION

3.1.Chemistry:

Previously[9], we have described the synthesis néw class of 1,4,3,5-oxathiadiazepane 4,4-dioxdbsssed of
proline 1-4 indicated in Scheme 1. The synthesis of these oangs was carried out using a cycolodehydration
reaction of substituted amino alcohols and variatmmatic aldehydes by treatment with sulfuric a@dt.) in
dichloromethane at ambient temperature, these ma@rdtycles were obtained in 55%, 45%, 40% and Yi2¥s,
respectively.

Scheme 1.Generalsynthesisofoxathiadiazepane 4,4xdites1-4
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3.2.Molecular Geometry:

The geometric parameters of 1,4,3,5-Oxathiadiazephi-dioxides derived of proliiel were optimized with
B3LYP method at 6-31G (d,p) level. No solvent cofiens were made with these calculations. The cdatjouns
were converged upon a true energy minimum, whictewsepported by the absence of imaginary frequengiee
chemical structure of compounds4 are shown in scheme 1 and the final optimized mdecstructures of
compounds in accordance with the atom numberingreehwere shown in Fig. 1. The optimized energy for
compounds varies between -1930.17Arbitr Units abtir©.60Arbitr Units, which indicate that these campds
were stable. Based on these, some structural pteemmsuch as bond distances and bond angles hare be
calculated. From the optimized geometries, variousecular properties such as energy of highest medu
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molecular orbital (Fomo) and the lowest unoccupied molecular orbitaly(k), energy gapAE,., ionization
potential (1), electron affinity (A) and global r&&vity parameters were also calculated to anatheereactivity of
titte molecules. Some selected geometrical parasetdculated with 6-31G (d,p) basis set are ligtebable 1-4.

Fig.1.Optimized molecular structure of compounds1-4
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Table 1: Optimized geometric parameters of compound

Bond length(A) Bond Angles (°) Dihedral Angles (°)
NS4 1.688 9NiCse 120.600 @NiCayHse 9.741
S,0s 1461 NSINg 103.793  HLCsN:S,  77.744
N3Ss 1.664 NSO 105.658  NSiN;Csc 52.033
NiC; 1489 NSO 110.410 HeCxN;:Cse  97.060
NiCse 1504 QSOs 118.884 NCsCoH,; 149.462
O0,Csc 1424  GN3Csr 122.229  @SuN1Cye 166.644
N3sCsz 1474  GeO,Cs7 118.346  NCsCasHss 179.531
CiCie 1516 NCs«Cyxn 103.452 @SuNiCs 168.510
CgHiy  1.087 NCisC; 115709 HCxN.S,  77.744
CoCos 1533 QCxN;  114.078  NSuN3Cie 87.348

Table 2: Optimized geometric parameters of compoun@

Bond length(A) Bond Angles (°) Dihedral Angles (°)
N1Ss 1685 9NiCs:  119.228  HiCsCsHoi  61.226
S0 1.744 NSOs 100.121  HCs:N,Cy;  145.109
NiC;; 1473 NSO 105.872  N3CyaHac 114.121
N3Cie 1465 GO,Cs; 116.751 GN;Ci:Ci  25.826
NiCs:  1.481 NCsC, 103.216 GCs:CsO,  178.837
0,Csc 1427 NCisC;  111.193  @SuN:Cae 107.650
CoCos 1546 QCuNs 102.945 NCuCa:sCse  122.074
N3Cse  1.438 QCs3Cs: 110.998 H:CxN;Cs: 78.333
CuCsr 1531 QCuCs: 111.936 HCxN:Sy 74.335
CgHiy  1.087 NCy»Cos 100.842 NCsCuHp:  121.777

Table 3: Optimized geometric parameters of compoun@

Bond length(A) Bond Angles (°) Dihedral Angles (°)
N1:Sie 1.675 %N1:C;c 119.742  N,C:O,.C;; 81.688
CyoNie 1.488 NsS;eNas  99.275 HiCi(N1:Sie  25.660
S16017 1.471 NsS;¢01; 113.512  MNsSieNi:Cyc 50.296
nSeNy  1.679 NsS;cO1e 104.913  HC:N1:Cyc 92.564
N44Cas 1.482 Q:S1c01e 117.666  NsC1C1;04: 68.875
C1oCi; 74.967 SNuCpe  119.046 @S;eNaCoe 152.716
C104e 1.421 G204:Cr¢  116.416  N4CpeCicChc  109.889
C1Cy 1.547 GCioNy: 103.318 &N4CoHoe 25.930
N1:C; 1.483 QsCoeNgg  111.443  HC/N:Sie 69.932
CxnCl;;  1.756 GeCCly;;  120.703  NeS;eNasCoe  34.775

29
Scholar Research Library



Tahar Abbaz et al Der Pharmacia Lettre, 2016, 8 (11):27-37

Table 4: Optimized geometric parameters of compound

Bond length(A) Bond Angles (°) Dihedral Angles (°)
NS 1.709 SiN1Cae  115.654  N:Cy:03:Cc  61.679
S0, 1.466 NcSiiN2e  102.413  HiCueNyeS11 56.476
S0z 1.462 N¢S110:;  109.680  GN3S110:; 79.495
SNy 1.666 N¢S110:: 105.526  HC7N1Cae 75.527
NicCse 1.481 Q;:S1101: 120.157  NcCycCpOs;  72.945
CxCs  1.523 SN26Caz 123.029 HCy05:Css  141.656
CxOs; 1431 GeO3:Cq: 116.363  MNeCy:C3sCay  69.197
0;3:Cs: 1402 NgcaOsz  112.404  HCiN4Coe 86.665
CiCye 1.540 NcCscCy 119.383  HC/NySiy 67.330
CyClge  107.113  @GsCyCse  119.383  MNeSiiN3cCse  73.059

3.3.Molecular Electrostatic Potential (MEP):

The MEP is a very useful feature to study reagtigiven that an approaching electrophile will b&raatted to
negative regions (the electron distribution in veheffect is dominant). In the majority of the MERgile the
maximum negative region which preferred site fogcalophilic attack indications as red color, thexmmaum

positive region which preferred site for nucleojhdttack symptoms as blue color. The importanc®BP lies in
the fact that it simultaneously displays molecudiae, shape as well as positive, negative and aleeigctrostatic
potential (MEP) of compound is shown in Fig. 2. TMEP is a plot of electrostatic potential mappedoothe

constant electron density surface.

The different values of the electrostatic potentihlthe surface are represented by different colBrgential
increases in the order red < orange < yellow <rmyreblue. The color code of these maps is in thgedetween -
4.808e-2 a.u. (deepest red) and 3.318e-2 a.u. édedfue) in compounds-4, where blue shows the strongest
attraction and red shows the strongest repulsiegidRs of negative V(r) are usually associated Withlone pair
of electronegative atoms. As can be seen from ti& Nhap of the title molecules, while regions havihg
negative potential are over the electronegativenat@xygen atoms in the sulfoxide group), the negibaving the
positive potential are over the hydrogen atoms.

Fig.2.Molecular electrostatic potential surfaceofcmpounds1-4
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3.4.Frontier Molecular Orbitals (FMOs):

The frontier molecular orbital determine the wayhich the molecule interacts with other specie®MO (highest
occupied molecular orbital), which can be thoudtg butermost orbital containing electrons, tendgite these
electrons such as an electron donor. On the otired, LUMO (lowest unoccupied molecular orbital) &enthought
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the innermost orbital containing free places toeat@lectrons [10]. Therefore, while the energyhaf HOMO is
directly related to the ionization potential, LUMEnergy is directly related to the electron affinifgnergy
difference between HOMO and LUMO orbital is callesl energy gap that is an important stability foncttires
[11], in this case, the order of stability of tligetcompounds i4, 4, 2 and3. HOMO-LUMO helps to characterize
the chemical reactivity and kinetic stability oetmolecule [12]. A molecule with a small gap is mpblarized and

is known as soft molecule. Recently, the energy lgefween HOMO and LUMO has been used to prove the
bioactivity from intramolecular charge transfer \J13,14] because it is a measure of electron gotindty. The
frontier molecular orbitals HOMO and LUMO of 1,43xathiadiazepane 4,4-dioxidds4, with B3LYP/6-
31G(d,p) method is plotted in Fig. 3 and given able 5.

Fig.3.Frontier molecular orbitals of compounds1-4
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3.5. Global Reactivity Descriptors:

The frontier orbital (HOMO and LUMO) of the chemiicgecies are very important in defining its reatti[15,
16]. Energies of HOMO and LUMO are popular quantaechanical descriptors. It has been shown [17]ttiegte
orbital's play a major role in governing many cheatireactions, and are also responsible for chénayesfer
complexes [18]. The energy of the HOMO is direatfated to the ionization potential and characterithe
susceptibility of the molecule towards attack @otlophiles. The energy of LUMO is directly relatecdhe electron
affinity and characterizes the susceptibility of tiholecule towards attack of nucleophiles. The epnhof hard and
soft nucleophiles and electrophiles has been dfsatty related to the relative energies of the HOMNd LUMO
orbital's. Hard nucleophiles have a low energy HOMs$dft nucleophiles have a high energy HOMO, hard
electrophiles have a high energy LUMO and softtetghiles have a low energy LUMO [19]. HOMO-LUMOma
is an important stability index [20].Molecular oiddienergies are molecular properties whereasabrtd@nsities are
atomic properties, and provide useful informatidowat donor acceptor interaction [21]. According ftontier
electron reactivity theory, the chemical reactiakeis place at a position where overlap of the HOAM® LUMO
are the maximum [22]. In the case of donor molet¢hle HOMO density and in case of acceptor moletiue
LUMO density is important for any reaction. Frontabital densities can strictly be used to descth®e reactivity
of different atoms in the same molecule [22]. Thexieonegativity and hardness are of course usezhsixely to
make predictions about chemical behavior. According the Koopmans’ theorem, lonization potentidE)(l
Electron affinity (EA), Global Electronegativityf Chemical hardnessn) Global softness(S) and Global
Electrophilicity index () can be expressed as follows.

IE = _EHOMO
EA =-E im0
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x=(E+EA)/2
n=(E-EA)/2
S=1/n
w=p>l2n

The highest occupied molecular orbital (HOMO) eresgthe lowest unoccupied molecular orbital (LUMO)
energies, hardnesg)( ionization energy (IE), Electronegativity)( total energy and dipole moment have been
calculated and are given in Table 5.

Table 5: Energetic parameters of compounds1-4

Parameters Compoundl Compound2 Compound3 Compound4

Evowo (€V) -6.356 -6.239 -6.452 -6.499
Ewumo (eV) -0.281 -0.317 -0.606 -0.540
AEgar(€V) 6.075 5.922 5.846 5.959
IE (eV) 6.356 6.239 6.452 6.499
EA (eV) 0.281 0.317 0.606 0.540
H(ev) -3.318 -3.278 -3.529 -3.519
x(eV) 3.318 3.278 3.529 3.519
n(ev) 3.037 2.961 2.923 2.979
S(eV) 0.164 0.169 0.171 0.168
oeV) 1.812 1.814 2.130 2.078

An electronic system with a larger HOMO-LUMO gapshd be less reactive than one having smaller gap The
ionization energy (IE) can be expressed through KDMbital energies as IE and electron affinity (E28n be
expressed through LUMO orbital energies [24] as Ee hardness] corresponds to the gap between the HOMO
and LUMO orbital energies. The larger the HOMO-LUMbital energy gap, the harder the molecule. The
hardness has been associated with the stabilttyeathemical system.

As shown in table 5, the compound that has thedsgHOMO energy is the compouBdE;omo = -6.239eV). This
higher energy allows it to be the best electronodoifhe compound that has the lowest LUMO energthés
compound3 (E_ymo = -0.606€eV) which signifies that it can be thetleectron acceptor. The compound which have
the lowest energetic gap is the compo@r{dEgap = 5.846eV). This lower gap allows it to be sbéest molecule.
The compound that have the highest energy gapeisdmpoundl. (AEgap = 6.075eV). The two properties like |
(potential ionization) and A (affinity) are so impant, the determination of these two propertidevalus to
calculate the absolute electronegativigy &nd the absolute hardne&8. (These two parameters are related to the
one-electron orbital energies of the HOMO and LUKSpectively. Compound has lowest value of the potential
ionization (I = 6.239eV), so that will be the betedectron donor. Compour®®l also has the largest value of the
affinity (A = 0.606eV), so it is the better eleatracceptor. The chemical reactivity varies with steuctural of
molecules. Chemical hardness (softness) value pfpoond3 (n = 2.923eV) is lesser (greater) among all the
molecules. Thus, compourddis found to be more reactive than all the compsu@bmpound possesses higher

electronegativity valuel(= 3.529eV) than all compounds so; it is the béstteon acceptor. The value of for
compound3 (o = 2.130eV) indicates that it is the stronger etguhiles than all compounds. Compouhtias the
smaller frontier orbital gap so, it is more polabife and is associated with a high chemical reigtiow kinetic
stability and is also termed as soft molecule.

3.6.Local Reactivity Descriptors:

The Fukui function is among the most basic and contynused reactivity indicators. The Fukui functisrgiven as
the change in the density functip(r) of the molecule as a consequence of changiagqittmber of electrons N in
the molecule, under the constraint of a constatetreal potential. The Fukui function is defined as:

-]

oN

Where p(r) is the electronic density, N is the number tfctrons and r is the external potential exertedthsy
nuclease. Fukui functions are introduced, whichamheocated as reactivity descriptors in order emtily the most
reactive sites for electrophilic or nucleophilicacions within a molecule. The Fukui function iraties the
propensity of the electronic density to deform giaen position upon accepting or donating elecr@5-26]. Also,
it is possible to define the corresponding condémseatomic Fukui functions on thg atom site as,

32
Scholar Research Library



Tahar Abbaz et al Der Pharmacia Lettre, 2016, 8 (11):27-37

£ =[a,(N+1)-q,(N)|
£ =[a,(N) - q,(N-1)]
£0=[q (N +1) -q,(N-1)}/ 2

For an electrophilic;(r), nucleophilic or free radical attack(f), on the reference molecule, respectively. ksth
equations, gs the atomic charge (evaluated from Mulliken dapian analysis, electrostatic derived charge) etc.
the j, atomic site in the neutral (N), anionic (N + 1)aationic (N - 1) chemical species.

Table 6: Valuesof the Fukui function considering MULLIKEN charges of compound land 2

Compound 1 Compound 2
Atom Cq Caq C; N; Atom Ca: [\ Os (67
fr 0.037 0.026 0.02 0.017 f* 0.056 0.042 0.013 0.007
Atom C, S Csz Cie Atom O, S C Csy
f 0.031 0.001 0.001 -0.007 f- 0.006 0.005 0.005 0.004
Atom C7 C33 Cg N1 Atom N1 QJ,E C7 Cg
f0 0.025 0.007 0.005 -0.001 f° 0.016 0.013 0.006 -0.003

Table 7: Valuesof the Fukui function considering MULLIKEN charges of compound 3 and 4

Compound 3 Compound 4
Atom Cie Ous Cs; Nis  Atom Nic Cic Naog Os;
f* 0.043 0.035 0.027 0.024 f* 0.007 0.005 0.003 -0.006
Atom Cac Ca Nis Cie  Atom Cie Cs: Cu Cac
f- 0.044 0.012 0.011 0.001 f- 0.027 0.023 0.016 -0.001
Atom Cie Nis Oss Cy  Atom Cuy Nic Csz Cae

f° 0.022 0.017 0.008 0.002 f° -0.005 -0.005 -0.008 -0.009

In this study, gross charges were calculated byguBiulliken charge analysis in order to calculdte tondensed
Fukui functions. The condensed Fukui functionstf@ compounds are given in Table 6 and flese tables show
that the most reactive site of compouid®, 3 and4 are the G Css, Cig and Ny respectively, for the nucleophilic
attack and & O,, C3p and Gg respectively, for electrophilic attack and, ®l;, C;g and G, respectively, for radical
attack

3.7.Natural Bond Orbital Analysis(NBO):
The Natural Bond Orbital (NBO) calculations wererfpemed using NBO 3.1 program as implemented in the
Gaussian09 package at the B3LYP/6-31G (d,p) lewebrder to understand various second-order interst
between the filled orbital of one subsystem andamaorbital of another subsystem, which is a measfithe inter-
molecular delocalization or hyper-conjugation. NB@alysis provides the most accurate possible ‘abligwis
structure’ picture of 'j' because all orbital distaare mathematically chosen to include the highmssible
percentage of the electron density. A useful aspeitte NBO method is that it gives information abmteractions
of both filled and virtual orbital spaces that abehhance the analysis of intra and inter-moledularactions. The
second-order Fock-matrix was carried out to evaluhe donor-acceptor interactions in the NBO bashe
interactions result in a loss of occupancy from lttwalized NBO of the idealized Lewis structureoirgn empty
non- Lewis orbital. For each donor (i) and accepfprthe stabilization energy (E2) associated wilie
delocalization+j is determined as[27]:

E(2)=42E, =q (—)(F” f

] I EJ _ Ei

where, ¢ — donor orbital occupancy,; E Ej— diagonal elements and;-b the off diagonal NBO Fock matrix
element.

In NBO analysis large E(2) value shows the intemshteraction between electron-donors and electaooeptors,
and greater the extent of conjugation of the wisgktem, the possibleintensiveinteractionaregivealids8-11.The
intra molecular interaction for the title compoundgormed by the orbital overlap betwee(C,-Cg) andn*(C o
Ci4) for compoundl, n(C;-Cg) andn*(C14-Cy4) for compound2, n(Cz-Cs1) andn*(C3s-Csy) for compound3 and
1(C17-Cyg9) and n*(C,-C,7) for compound4 respectively, which result into intermolecular e transfer (ICT)
causing stabilization of the system. The intra rmiolgr hyper conjugative interactionsmfC,-Cg) to n*(C14-Cy4) for
compoundl, n(C;-Cg) to n*(C1¢-Cy4) for compound, n(Csg-Csy) to n*(C33-Cs7) for compound3 andn(C,+-Cyg) to
7*(C2-Cy7) for compound4 lead to highest stabilization of 20.28, 20.89,680and 20.35 kJ mdlrespectively. In
case of LP(2) Qorbital to thes*(N ;-S,) for compoundL, LP(1) N, orbital toc*(S4-Ns) for compound?, LP(3) Q-
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orbital to 6*(N 15-S;6) for compound3 and LP(2) @, and LP(3) @ orbitals toc*(N15-S;1) and c*(S11-045) for
compound4 respectively, show the stabilization energy o0f533.16.09, 24.28 and (21.95, 21.04) kJ ol
respectively.

Table 8:Secondorder perturbation theory analysis ofock matrix on NBO of compoundl

Donor(i) ED/e  Acceptor()  ED/e E(2) EO-E()  F ()

Kcal/mol a.u a.u
6(Ca-Ha1) 1.97554 o*(N;-Cs)  0.04255 5.72 0.81 0.061
c*(0Cs)  0.05438 3.36 0.81 0.047
o(CarHis) 1.96648 o*(0rCs)  0.02304 4.10 0.82 0.052
c*(Ns-Sy) 0.24647 5.67 0.68 0.059
o(N1-Ss) 1.96883 6*(S4-Os) 0.17570 3.23 1.04 0.054
6*(S4-Os) 0.14430 3.14 1.05 0.053
o(Ns-Sy) 1.97088 6*(S4-Os) 0.17570 3.47 1.08 0.057
6(Ss-Os) 1.97987 o*(N+-Sy) 0.26357 2.89 111 0.054
o(CrCs)  1.97589 o*(C+-Co) 0.02371 3.40 1.27  0.059
n(Cr-Cs)  1.66444 o*(N3-Cis)  0.03470 5.37 0.56 0.053
1*(C10-Cis)  0.01563 20.28 0.28 0.068
LP(2) O 191338 o*(Cs-Cs) 0.03588 8.16 0.67 0.067
c*(NsCs)  0.06404 10.66 0.62 0.073
LP(1)Ns  1.83439 o*(N1-Sy) 0.26357 11.73 0.42 0.064
6*(02Cs;)  0.05438 11.90 0.57 0.076
6*(S4-Os) 0.17570 3.26 0.55 0.038
LP2) O  1.81360 o*(N3-Sy) 0.24647 8.67 0.45 0.056
c*(N1-Sy) 0.26357 23.53 0.43 0.092
LP(3) QO  1.79134 6*(S4Op) 0.14430 18.88 0.57 0.094
c*(N3-Sy) 0.24647 15.14 0.45 0.074

Table 9:Secondorder perturbation theory analysis ofFock matrix on NBO of compound2

Donor(i) ED/e Acceptor(j) ED/e E(2) EU;E(D F i)

Kcal/mol a.u
o(Car-Ha1)  1.98037 o*(N;-Cs:)  0.03715 4.50 0.84 0.055
c*(02Cs)  0.07711 2.34 0.80 0.039
o(CarHsz)  1.98706 o*(CarHag)  0.02095 2.31 0.99 0.043
o(N1-Sy) 1.97731 6*(S+-Os) 0.03377 1.76 1.02 0.038
o(Ns-Cs)  1.98226 o*(0Cs)  0.02208 2.40 1.04 0.045
6(Ss-Os) 1.97712 o*(N+-Sy) 0.17234 1.80 0.81 0.036
6*(S4-Os) 0.03377 1.87 0.94 0.038
o(N3-Ci)  1.98097 o*(0Cs)  0.07711 2.04 0.98 0.040
o(C+Cs)  1.97600 o*(C+-Co) 0.02372 3.45 1.27  0.059
1(C-Cs)  1.65908 o*(Ns-Cig)  0.01650 2.56 0.60 0.038
m*(C1-Cig)  0.33250 20.89 0.28 0.068
LP(1) s  1.95632 o*(N3-Cs)  0.05554 2.50 0.94 0.043
LP(2) Oy  1.90236 o*(Cs-Css) 0.04075 6.32 0.67 0.059
LP(1) N,  1.83430 o*(Cs-Css) 0.04075 6.55 0.66  0.060
6*(S4-Os) 0.30284 16.09 0.34 0.068
LP(1)N;  1.88500 o*(Css-Cs) 0.05793 1.78 0.67 0.031
6*(Cig-Hag)  0.02690 7.47 0.74 0.068
LP(1) O  1.96694 o*(N3-Cs)  0.05554 1.70 1.02 0.037
LP(2) QO  1.89905 o*(N3-Cs)  0.05554 8.44 0.69 0.069
6*(N1-Sy) 0.17234 5.92 0.47 0.048
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Table 10:Second order perturbation theory analysi®f Fock matrix on NBO of compound3

Donor(i) ED/e  Acceptor()  EDle E@) EO-E()  F ()

Kcal/mol a.u a.u
o(CizHiz) 1.98699 o*(Ci-Hi) 0.02466 2.58 0.99 0.045
6(CizHi) 1.97801 o*(Ci-Nig) 0.03853 4.10 0.82 0.052
0*(Coe-Os5)  0.05817 3.65 0.81 0.049
o(N1=-Sie)  1.97058 o*(Si-O19)  0.15830 3.32 1.07 0.055
6(Ca-Ca1)  1.97623 o*(Cs-Cz;)  0.02325 3.35 1.27 0.058
M(Ca-Ca)  1.65834 o*(Ca-Ngg)  0.03494 5.34 0.56  0.053
*(Ca3-Cqs7)  0.32993 20.65 0.28 0.068
LP(2) Oz 1.90747 o*(C1-Ciz) 0.03992 6.62 0.66  0.060
6*(Cae-Nag)  0.06725 12.73 0.63 0.080
LP(1) N 1.87161 o*(C1-Ciz)  0.03992 4.14 0.66 0.048
6*(C7-Hg) 0.02285 5.42 0.75 0.059
6*(S101)  0.16791 11.49 0.59 0.074
LP(1) Nyy  1.82856 o*(Coe-Oss) 0.05817 14.03 0.55 0.081
0*(N1=-Si¢)  0.25739 5.06 0.42 0.042
LP(2) O; 1.81762 o*(S1cO1)  0.15830 19.49 0.57 0.095
6*(S1eNag)  0.26111 13.72 0.43 0.070
LP(3) Oy 1.78588 o*(Ni=Si)  0.25739 24.28 0.43  0.093
6*(S1eNag)  0.26111 10.07 0.43 0.060
LP(2) Clk; 1.96806 o*(C1-Cx) 0.03360 4.35 0.87 0.055
LP(3) Clyy 1*(C10-Co1) ~ 0.03360 12.98 0.32 0.064

Table 11:Second order perturbation theory analysi®f Fock matrix on NBO of compound4

Donor(i) ED/e Acceptor(j) ED/e E@) EUZJ_E(D F ()

Kcal/mol a.u
6(CasHa) 1.97989 o*(Nic-Cse) 0.03656 4.58 0.83 0.055
o(Nyi-S11)  1.96393 o%(S1-0y)  0.17461 3.42 1.02  0.055
6*(S1-O15)  0.14111 3.14 1.02  0.052
o(SirO1)  1.97972 o*(Ni-Si)  0.26910 3.28 1.10 0.057
o(Ci7Cig) 1.97562 o*(C17Cis) 0.02362 3.44 1.27  0.059
n(Ci7Cig) 1.66598 o*(C1-Nyg)  0.02853 3.71 0.57 0.045
n*(Co-Cos)  0.32454 20.35 0.28 0.068
LP(2) Os; 1.90496 o*(Co-Cs) 0.03058 6.44 0.68 0.060
6*(N2e-Cs3)  0.07567 12.79 0.60 0.079
LP(1) N  1.89482 o*(C-Hg) 0.02419 5.42 0.78 0.059
6*(S1-01)  0.17461 7.69 0.62 0.063
LP(1) Ne  1.83888 o*(Ni-Si;)  0.26910 10.61 0.39 0.059
c*(CiHig)  0.01889 4.15 0.71  0.050
LP(2) O; 1.80485 o*(S1-Ny)  0.25163 13.67 0.44 0.070
6*(N1c-Si)  0.26910 21.95 0.41 0.087
LP(3) O; 1.78014 o*(Ni-Siy)  0.26910 3.85 0.41 0.036
6*(S1-O5)  0.14111 21.04 0.57 0.099
6*(S1-N2g)  0.25163 11.81 0.44 0.065
LP(2) Clhs 1.97354 o*(Cs-Cs) 0.02686 3.81 0.87 0.052
LP(3) Clks 1.93135 n*(CseCs)  0.38205 12.12 0.33  0.061

3.8.Nonlinear Optical Properties (NLO):

The nonlinear optical effects arise due to therattions of electromagnetic fields in various medigroduce new
fields which are altered in frequency, phase anglit&ume or other propagation characteristics frdra incident
fields [28]. Computational approach is an inexpessyet an effective way to design molecules bylyairag their
potential which helps to determine the molecular ONLproperties. In this direction, The first static
hyperpolarizability ) and its related properties, (3 andAa) of 1,4,3,5-oxathiadiazepane 4,4-dioxided have
been calculated using B3LYP/6-31G (d,p) method thasefinite-field approach and are presented inlddR. To
calculate all the electric dipole moment and thst fnyperpolarizability tensor components for aegisystem will
depend on the choice of the Cartesian co-ordingtem (X, y, z)=(0, 0, 0) was chosen at own ceofrmass of
molecule. The polarizability of this novel moleaukystem for whichu = ay, = 0, iS said to be isotropic. The
polarizability is isotropic or is the same in aitettions for a molecular system whose electrorsitigtis spherically
symmetrical. If the molecule is perfectly isotrogl) and (E) will have the same direction and intla simple
scalar quantity. The polarizability of this noveblecular system for whichyy # a,y # 0, (P) will no longer have
the same direction as (E).

In the presence of an applied electric field, thergy of a system is a function of the electritdfiend the first order
hyperpolarizability is a third rank tensor that dendescribed by a 3x3x3 matrices. The 27 compsrafrthe 3D
matrix can be reduced to 10 components becauskeoKleinman symmetry [29]. It can be given in tlogvér
tetrahedral format. It is obvious that the lowertpd the 3x3x3 matrices is tetrahedral. The conembs ofp are
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defined as the coefficients in the Taylor seriggagsion of energy in an external electric fielde Hxternal electric
field is weak and homogeneous, this expansion besom

E=E’-uF -1/20 FF; -1/66, FFF +...

where E is the energy of the unperturbed moleculgss fhe field at the origin and; |t oj , B andyjq are the

components of dipole moment, polarizability and thgerpolarizability, respectively. The total statiipole

moment (i), the mean polarizability)( the anisotropy of the polarizabilityA¢) and the mean first
hyperpolarizability 1), using the x, y, z components can be calculasatgithe following equations:

b = [ #.15; + 2]
a= (axx +a,, +azz)/3

Aa = 2_:le[(('lxx _ayy)z +(ayy _azz)z +(azz _axx) ’ +6afz +60§y +6052

B = (B2 +B2+82)"
B, = Bus + By +Bas
B, =B,y *+Boy + By
B, = Buss + Buu + By

Since the values of the polarizabilitiesaf and the hyperpolarizabilitie{ ) of the GAUSSIAN 09 output are
obtained in atomic units (a.u.), the calculatedigalhave been converted into electrostatic unissu(@ (fora; 1 a.u

= 0.1482 x1G* e.s.u., forf; 1 a.u = 8.6393 xI& e.s.u.). The calculated values of dipole momeptfdp the title
compounds were found to be 3.8140, 4.0319, 5.19815a7787 D respectively, which are approximatelyngs
than to the value for urea (1 = 1.3732 D). Urearis of the prototypical molecules used in the stofithe NLO
properties of molecular systems. Therefore, it hasn used frequently as a threshold value for coatipe
purposes. The calculated values of polarizabiliey-22.7496 x 18, -21.5868 x 18%-23.5011 x 13* and -24.1871
x 10%* esu respectively; the values of anisotropy of gbtarizability are 3.9655, 3.1655, 4.9960 and 3@66u,
respectively. The magnitude of the molecular hypkngzability @) is one of important key factors in a NLO
system. The DFT/6-31G (d,p) calculated first hyptapzability value ) of oxathiadiazepane 4,4-dioxides are
equal to 717.0213 x 16, 710.7318 x 18, 587.8715 x 18 and 1457.2175 x 18 esu. The first hyperpolarizability
of title molecules is approximately 2.08, 2.07,11ahd 4.25 times than those of urpa{ urea is 343.272 x18 esu
obtained by HF/6-311G(d,p) method).

12

Table 12: The dipole moments p (D) polarizabilityn, the average polarizabilitya, the anisotropy of the polarizability Aa, and the first
hyperpolarizability g of 1,4,3,5-oxathiadiazepane 4,4-dioxides 1-4 calated by B3LYP/6-31G(d,p) method

Parameters Compound 1 Compound 2 Compound 3 Compound 4

Prox 51.8944 -76.5672 5.4749 -146.9438

By -3.6220 -41.8921 -20.6390 -24.8812

By, 28.8176 3.9420 -16.7907 -11.3872

Pon 9.9718 38.6422 14.6392 7.7472

Box -16.7567 21.3909 30.8597 -13.5634

By -9.2137 25.3379 18.6806 -6.0976

By, 18.7223 7.4866 24.3654 -18.6269

By 0.2080 -8.6755 -2.3938 -2.2114

Byx; -14.4639 11.4897 -4.1325 -6.4065

Pz 14.5975 7.0525 12.0625 -13.8816
Buu(esu) x10% 717.0213 710.7318 587.8715 1457.2175

Hx 2.7723 -2.6088 -0.0806 -4.1811

Hy 1.3891 2.0663 1.9115 2.1201

U, 2.2206 2.2761 4.8300 -3.3788
Hiol(D) 3.8140 4.0319 5.1951 5.7787
O -142.2037 -134.0736 -139.7545 -163.4994
oy -154.7431 -151.1193 -165.9448 -155.3450
oz -163.5723 -151.7880 -170.0329 -170.7746

Oy -10.2599 -3.6164 2.8195 9.0906

o, 3.4763 -3.4815 -9.3954 8.7697

ay; -2.4525 -5.1074 -3.5631 2.7888
ap(esu) x10% -22.7496 -21.5868 -23.5011 -24.1871
Aa (esu) x10 3.9655 3.1655 4.9960 3.8666
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CONCLUSION

In the present work, All theoretical calculatiorss performed with DFT/B3LYP/6-31G(d,p). The thearaliy
calculated values of both bond lengths and bondearaf the structure of the minimum energy wereesiigated.
The MEP map contour shows that the negative patlesites are on electronegative atoms as well apdisitive
potential sites are around the hydrogen atoms. mbeement ofrz-electron cloud from donor to acceptor i.e.
intramolecular charge transfer can make the modscolore polarized and the HOMO-LUMO energy gap rbast
responsible for the NLO properties of moleculese Tiled compounds exhibited good NLO property avete
much greater than that of urea. We can concludetleatitted molecule is an attractive object foture studies of
non-linear optical properties. The values of elmudgativity, chemical hardness, softness, andrefgilicity index
have been calculated. Fukui function helps to ifigng the electrophilic and nucleophilic nature aspecific site
within a molecule. According to stability of the haoule to softness, this means that the molecuté \east
HOMO-LUMO gap and means that it is more reactivdemale. NBO analysis reveals that the some importan
intramolecular charge transfer can induce largdimearity to the title molecule and the intramolkeeconjugative
interaction around the sulfonamide group can indheelarge bioactivity in the compound. We concltidat the
titte compound and its derivatives are an attractilsject for future studies of nonlinear opticalgerties.
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