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ABSTRACT

The optimized molecular structure of a series of 1,4,3,5-oxathiadiazepane 4,4-dioxides derived of sarcosine have
been investigated theoretically using Gaussian09 software package. The HOMO and LUMO analysis were used to
determine the charge transfer within the molecule and some molecular properties such as ionization potential,
electron affinity, electronegativity, chemical potential, hardness, softness and electrophilicity. The linear
polarizability («) and the first hyperpolarizability (8, values of the investigated molecule have been computed
using B3LYP with 6-31G (d,p) basis set. Sability of the molecules arising from hyper conjugative interaction and
charge transfer delocalization has been analyzed using natural bond orbital (NBO) analysis. Finally, Fukui function
analyses on atomic charges, electrophilic and nucleophilic descriptors of the title molecul es have been calculated.
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INTRODUCTION

The biological activity of compounds is mainly dagent on their molecular structures [1].Hetero@ychmpounds
are acquiring more importance in recent years @setican be found in a large number of compoundshwndisplay
biological activities [2]. Heterocyclic compoundarpicularly five, six and seven member heterocybhwe attracted
the attention of pharmaceutical community overybars due to their therapeutic values [3,4]. Paolgfionalized
heterocyclic compounds containing nitrogen, sulplaxygen as heteroatom play important roles in dingg
discovery process [5]. Analysis of drugs in latevelepment stages or in the market shows that 68%herh are
heterocycles. Heterocyclic containing sulfonamideiaties have occupied an important place in drggaliery,
they have received considerable attention becaduseio wide pharmaceutical and non-pharmaceutisak such as
antimicrobial, antiviral, anti-inflammatory agentsllV protease [6,7], agonists of the 5-HTID recepi8,9],
carbonic anhydrase inhibitors [10,11], antitumof[18lycogen phosphorylase inhibitory [13], chole&tcyl
transferase inhibitory [14], pesticidal, dyes amloricants[15].

Previously, we have synthesized and characterizesheclass of heterocyclic compounds: 1,4,3,5-dadthzepane
4,4-dioxides [16] and in the aim to study theirpedies and to predict their applications, the pnéstudy gives a
complete description of the molecular geometry emeimical reactivity as HOMO-LUMO energy gap, naltiend
orbital (NBO) analysis, chemical hardness, chempdéntial and delocalization activity of the etect clouds in
the optimized molecular structure.
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All these investigations have been done on theshafsithe optimized geometry by using the densitycfional
theory method (DFT/B3LYP) with 6-31G (d,p) basitss&@ heoretical studies on bioactive compoundohiaterest
in order to gain a deeper insight on their actiod thus helping in the design of new compounds wigrapeutic
effects. The knowledge of physico-chemical propsrtind sites of reaction of investigated compouitigpvovide a
deeper insight of its probable action. Particulamyolecular electrostatic potential (MESP) is rethtto the
electronic density and is a very useful descriptounderstanding sites for electrophilic attack amatleophilic
reactions as well as hydrogen bonding interactions.

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 ugb functional of the hybrid family, was herein difer all the
calculations, with 6.31G(d,p) basis set. Gaussiatpud files were visualized by means of GAUSSIANEW 05
software.

RESULTS AND DISCUSSION

3.1.Chemistry:

In a previous work [16], we have described the Isgsis of a new class of 1,4,3,5-oxathiadiazepafalidxides
derived of sarcosind-4 indicated in Scheme 1. The synthesis of these oomgs was carried out using a
cycolodehydration reaction of substituted aminmladd and various aromatic aldehydes by treatmetit sulfuric
acid (cat.) in dichloromethane at ambient tempeeatihese new heterocycles were obtained in 50%, 83% and
41% yields, respectively.

Scheme 1.Syntheticroute for the preparation of1,4,3-oxathiadiazepane 4,4-dioxides1-4

H OH Aromatic aldehyde H Q
’ ; Y
HaC~Nso-N<_Ph H C/N\ -N
//S\\ CH2C|2,H2804 cat. 3 O//S\\ w
Ph
_ 1: R"=Bn
Amino alcohol 2: R"=Ph

3: R"=2-Chlorophenyl

4: R"=4-Chlorophenyl
3.2.Molecular Geometry:
The optimized parameters (bond lengths, bond aregldsdihedral angles) of 1,4,3,5-oxathiadiazepafalibxides
derived of sarcosirie4 have been obtained using the B3LYP/6-31G(d,p) atttNo solvent corrections were made
with these calculations. The computations were eoged upon a true energy minimum, which were suppddoy
the absence of imaginary frequencies. The chensitatture of the title molecules are shown in sahelmand
thefinal optimized molecular structures of compouimdaccordance with the atom numbering scheme sleog/n
in Fig. 1. Some selected geometrical parametecsikedbd are listed in Tablks!.

Fig.1.Optimized molecular structure of compounds %
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Compound 1 Compound 2
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Compound3 Compound4

Table 1:Optimized geometric parameters of compound

Bond length(A) Bond Angles (°) Dihedral Angles (°)

NicSiu 1.691  SiNicCi 114993 N,C,04Cq 94.214
CiNic 1.464  NeSuNiz  109.370  HoCaCoNi: 44.577
S1101: 1.460  N¢SuO:i:  106.826  N;SiiNicCs:  72.889
SuNiz;  1.706  N¢S1Oi4  105.600  GeN1cCiHe 59.399
CoNy; 1.479 QS04 121.774  @N1cCasHae 62.092
C.0 1426 SiINi:C,  117.224  @SuNi:Ci:  25.490
NicCsz 1.465 GO4Cs 121.772 N, C,ChCs;  165.065
N12Ci:  1.485 QC,Njp; 111.795 @SiIN1:Cie 156.769
CoCx 1539 NCi:Cie 111.259 H4CsNiSn  41.853
CiH4 1.090 GNiCs: 116.873 H:CieNi;Si 92.360

Table 2:Optimized geometric parameters of compoun@

Bond length(A) Bond Angles (°) Dihedral Angles (°)

NicSiu 1.685  SiNicCi 114.387 N,C,0.Cq 92.081
CiNic 1.465 NeSiNiz  109.358  HC,C3:Cae 71.133
S11013 1.460 N¢S1101z  106.936  N:S1iN1cCoc 76.036
SNz 1.721  N¢SuOis 105.667  HCiN1cCoe 65.051
CoNy; 1.478 Q:S;:014  121.269  NC,CsHg 80.902
C,0q 1.434  SIN.C; 119.242  @S;1N1.Cie 19.422
NicCoe 1.466  GOJC, 121.827  N,CCs:Cas 12.112
N12Ci:  1.488  QC,Ni; 112.610 @S;IN1:Cie 150.320
CCs: 1.524 N CiCie 111.503  HoCaeNicSis 44.041
CiH4 1.090 GN;Cpe 117.000  GN1;S1iN;c 43.610

Table 3:Optimized geometric parameters of compoun@

Bond length(A) Bond Angles (°) Dihedral Angles (°)

NicSis 1.679 SNy Co 120.876 HCiNiCis  154.723
CoNic 1471  N¢SieNie  107.954  GeCiN1¢Cyc 36.313
Sis046 1.462  N¢Si0s¢ 107.016  NgS;eN1cCo 43.828
SisN1ig  1.689  N¢Si=0:1;  106.938 GCoN;iCiy  171.473
CiNge 1465 QeSi:0;; 121.584 HC,C30e 48.020
C10q 1.424  GNisSi= 115554  @S;eNCin 137.242
NicCii 1463  GO4Cs 114.876  NgCi1CseCsy 71.430
NieCie 1477 QCiCye 112.956 @S;:N:iC;  166.370
C,H,4 1.099 NgCicCoe 118.479  HCNicSie 137.058
Cs:Clsiz 1.758  Cl:CsiCse  120.837 N¢Si:NieCis  84.805

Table 4:Optimized geometric parameters of compound

Bond length(A) Bond Angles (°) Dihedral Angles (°)

SeNze  1.728 NG 118.315 @O,C4C2 85.704
CoNae 1470 NcSi:Npe 108.176  &N2eCoHe 139.917
$2:02¢ 1.503 NeSi02  104.588  NgSeN1cCiy 85.732
NicSe  1.724 NS0 106.593  HCoeN2eCo 66.655
CiNgc 1453 QS0 121590  NC,C3H; 165.005
C10q 1.428  GNySpe 111.153  @:SeN2eCy 156.728
N2sCoe 1.463 GOCy 114.674  N¢Ci1C33Cay 46.118
NicCiz  1.485 QCiNgc 113.267 &S:N2¢C, 92.392
C,Hs 1.099 NcCiiCis 115.183  HiCyeN2eSe 93.048
C3eClsz: 1.758  GeCseCuz  119.445 @GNS0z 166.102

3.3.Molecular Electrostatic Potential:

The molecular electrostatic potential, V(r), atigeg point r (X, y, z) in the vicinity of a moleaylis defined in
terms of the interaction energy between the elmdtiharge generated from the molecule electrodsanlei and a
positive test charge (a proton) located at r. Tlidenular electrostatic potential (MEP) is relatedtie electronic
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density and is a very useful descriptor for detaimng sites for electrophilic attack and nucleoghikactions as well
as hydrogen-bonding interactions [17,18]. To prediactive sites for electrophilic and nucleophditack for the
titte molecule, MEP was calculated at the B3LYP1653(d,p) basis set optimized geometry.

The negative (red) regions of MEP were related lexteophilic reactivity and the positive (bleu) regs to
nucleophilic reactivity shown in Fig.2, the negatiregions are mainly localized on the sulfoxideugrdgSQ). A

maximum positive region is localized on the hydmggoms indicating a possible site for nucleophélitack. The
MEP map shows that the negative potential sitearelectronegative atoms as well as the positotential sites
are around the hydrogen atoms. These sites gieenmaftion about the region from where the compouam ltave
noncovalent interactions.

7 -

-4.261e-2l0 I 3.161e-2 -4.194e-2lR | Ml 3.194e-2

Compound 1 Compound 2

-4.639¢-20 W 3.229¢2 5 G770 oMM I 2.770e-2
Compound 3 Compound 4

Fig.2.Molecular electrostatic potential surface otompounds 1-4

3.4.Frontier Molecular Orbitals (FMOSs):

The frontier molecular orbital determine the wayihich the molecule interacts with other specie®MO (highest
occupied molecular orbital), which can be thoudt® butermost orbital containing electrons, tendgite these
electrons such as an electron donor. On the otredt, L UMO (lowest unoccupied molecular orbital) tenthought
the innermost orbital containing free places toept®lectrons [19]. Therefore, while the energyhaf HOMO is
directly related to the ionization potential, LUMEnergy is directly related to the electron affinignergy
difference between HOMO and LUMO orbital is callesl energy gap that is an important stability fouctures
[20], in this case, the order of stability of tlitleetcompounds i4, 2, 4 and3. HOMO-LUMO helps to characterize
the chemical reactivity and kinetic stability oktmolecule [21]. A molecule with a small gap is epolarized and
is known as soft molecule. Recently, the energy gefveen HOMO and LUMO has been used to prove the
bioactivity from intramolecular charge transfer TJ22,23] because it is a measure of electron gotindty. The
frontier orbital (HOMO, LUMO) of the starting produ(amino alcohol) and the final product (compo@)dwith
B3LYP/6-31G(d,p) method is plotted in Fig. 3. Th®@MO and LUMO energy gap of 1,4,3,5-oxathiadiazepéde
dioxided-4 calculated by B3LYP/6-31G(d,p) method are givei able 5.
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AEgap = 6.438eV <. AEgap = 5.587¢V

)
?’ g
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Amino alcohol Compound 3

Fig. 3.Highest occupied molecular orbitals and lowst unoccupied molecular orbitals of amino alcoholad compound 3

3.5. Global Reactivity Descriptors:

The global reactivity indices such as chemical hasd, chemical potential and electrophilicity asedi for
rationalizing, interpreting and predicting divemspects of chemical bonding and reaction mechanikereas the
local quantities such as Fukui functions, localtrseds and local philicity indices are employed tobe site
selectivity of different molecules. The calculaiedues of the global reactivity descriptors for tlike molecule are
collected in Table 5.

The ionization potential (I) and electron affinit%x) are defined as the difference in ground staiergies between
the cationic and the neutral system and betweendhgal and the anionic system i.e.

| =E(N-1)-E(N) and A= E(N)- E(N+1)

According to Koopman'’s theorem, the energies ofHBMO and the LUMO orbitals of the molecule areatedl to
the ionization potential (I) and the electron affi(A), respectively, by the following equations

I ==Ejomo @and A=-E 0

Chemical potential (1) can be defined as the firster partial derivative of total energy (E) withspect to the
number of electrons (N) at constant external paeNi(r).

u=[0E/N],
The most important application of the chemical ptig p is that it enables us to predict whether a change
substance happens voluntarily or not. Chemical rfessl demonstrates the resistance to alteratiorieiren
distribution under small perturbation, usually deped during the event of chemical reaction ande#l correlated

with the stability and reactivity of the chemicgktem. The global hardness is given as the secendative of the
energy E, with respect to the number of electrbhgt constant external potential V(r).

n =1/40ulN], =1/492E/oN?],

According to Koopmans’ theorem, p andan be represented in terms of HOMO and LUMOp#e\ws:
1 =(~Epomo * Erumo )/ 2 @and u =(Eyouo *+ ELumo )/ 2
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If a molecule has large HOMO-LUMO gap, it is a handlecule or small HOMO-LUMO gap it is a soft malée
One can also relate the stability of molecule todhass. A small gap increases quantum mixing ancetbre
enhances chemical reactivity. The inverse of thidiess is expressed as the global softness.

S=1y

The global electrophilicity index«) categorizes, within a unique absolute scaleptbgensity of electron acceptors
to acquire additional electronic charge from th@immment. The local extension of this index prasduseful
information about the active sites of electrophilésereby allowing the characterization of the antblecular
selectivity in these systems. For electrophiliciBarr proposed index which is directly related to the energy
difference for the change in electronic chargéhngystem containing the charge transfer.

o =u’l2y

A good electrophile is, in this sense, characterizga high value of p and a low valuenof

Table 5: Energetic parameters of compounds1-4

Compounds Compound1 Compound 2 Compound 3 Compound 4

Evowo (€V) -6.306 -6.321 -6.290 -6.373
ELumo (€V) -0.299 -0.418 -0.703 -0.686
AEga(€V) 6.007 5.903 5.587 5.687
I eV) 6.306 6.321 6.290 6.373
A(eV) 0.299 0.418 0.703 0.686
H(ev) -3.302 -3.369 -3.496 -3.529
x(eV) 3.302 3.369 3.496 3.529
n(ev) 3.003 2.951 2.793 2.843
S(eV) 0.166 0.169 0.179 0.176
o(eV) 1.815 1.923 2.187 2.190

As shown in table 5, the compound which have tlweeft energetic gap is the compouh@AEgap = 5.587eV).
This lower gap allows it to be the softest molectilee compound that have the highest energy gqeisompound
1 (AEgap = 6.007eV).The compound that has the highésti@ energy is the compourl(Esomo = -6.290eV).
This higher energy allows it to be the best electionor. The compound that has the lowest LUMO ggnés the
compound3 (E_ymo = -0.703eV) which signifies that it can be thetbaectron acceptor. 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 = 6.290eV), so that will be the betedectron donor. Compour®®l also has the largest value of the
affinity (A = 0.703eV), so it is the better eleatracceptor. The chemical reactivity varies with steactural of
molecules. Chemical hardness (softness) value pfpoond3 (n = 2.793eV) is lesser (greater) among all the
molecules. Thus, compourddis found to be more reactive than all the compsui@bmpound} possesses higher
electronegativity valuel(= 3.529eV) than all compounds so; it is the béstteon acceptor. The value of for
compound4 (o = 2.190eV) indicates that it is the stronger etgutiles than all compounds. Compouhtias the
smaller frontier orbital gap so, it is more polab#e and is associated with a high chemical reiagtibow kinetic
stability and is also termed as soft molecule.

3.6.Local Reactivity Descriptors:
Parr and Yang [24] have demonstrated that mogteofrontier-electron density theory of chemicalctedty can be

rationalized from the DFT. Parr and Yang definedrukui function {; ) to describe electrophilic attack),
nucleophilic attackf(") and neutral (radical) attack¥. Yang and Mortier proposed a finite differencemmach to
calculate Fukui function indices [25]. In a finttiEference approximation, the condensed Fukui fienctalues are

given by Yang et al. as

For nucleophilic attac,” = [qk (N +1)-q, (N)]
For electrophilic attack, = [qk(N) = (N - 1)]
For radical attackf,” = [qk(N +1)-g,(N - 1)]/2

where ¢ is the gross charge of the kth atom in the neu) anionic (N+1) and cationic (N-1) molecule,
respectively, all with the ground state geometryhef N electron molecule. Gross charges may berdieted by
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Mulliken, Hirshfeld and Natural charge analysisalmolecular system, the atomic site, which possetf® highest
condensed Fukui function, favors the higher redagtiv

Table 6:Order of the reactive sites on compoundsina 2

Compound 1 Compound 2
Atom Cie Cy Cs; Caq Atom Nic N1z Ou4 O
f* 0.059 0.026 0.018 -0.001 f* 0 -0.006 -0.007 -0.008
Atom Csz Cs: Cie Cas Atom Gy Cs: Cas G
f 0.006 -0.002 -0.013 -0.015 f° 0.013 0.0 -0.015 -0.017
Atom Cie Cs; Csz Cxc Atom Gaz Cay Ni¢ G

f0 0.023 0.012 -0.005 -0.005 f° -0.002  -0.011 -0.016 -0.022

Table 7:Order of the reactive sites on compounds &nd 4

Compound 3 Compound 4
Atom Cse Oy Nac Cy Atom Nic Cs: Cie Cas
fr 0.089 0.047 0.047 0.028 *f 0.231 0.115 0.027 0.005
Atom Coe Cse Csy Coe Atom Cu Oy S: Caq
f 0.02 0.015 0.005 -0.012 ~°f 0.203 0.172 0.036 0.017
Atom Cae (0 N1¢ Coe Atom Gaz Cis Cae Cae
f0 0.052 0.006 0.003 -0.002 °f 0.045 0.009 0.003 -0.001

In this study, gross charges were calculated bygustulliken 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 compouhds 3 and4are the C18, N10, C38 and N1Orespectively,for theaophilic
attack and C32, C34, C26 and Cl1respectively,lémtm®philic attack and C18, C33, C38 and C33 rethpaly, for
radical attack

3.7.Natural Bond Orbital Analysis (NBO):

NBO analysis has been performed on the title médscat B3LYP/6-31G (d,p) level of theory. Naturahid or bital

(NBO) analysis is a useful tool for understandinglodalization of electron density from occupied ligw
type(donor)NBO to properly unoccupied non-Lewisefgrceptor) NBOs within the molecule. The stabiiiora of

orbital interaction is proportional to the diffesenenergy between the interacting orbitals. Theeefthe interaction
having strongest stabilization takes place betvedtattive donors and effective acceptors. The auon between
bonding and anti-bonding molecular orbitals cangbentitatively described in terms of NBO approabht tis

expressed by means of second-order perturbatierattion energy E(2). This energy represents ttimate of the
off-diagonal NBO Fock matrix element. The stabiliaa energy E(2) associated with(donor) — j (acceptor)
delocalization is estimated from the second-ordgtupbation approach as given below [26]:

)

E(2)= AEij =0 =——=

E -E

where qis the donor orbital occupancy; &d E are diagonal elements (orbital energies) and Ff,jhe off-
diagonal Fock matrix element.

In NBO analysis large E(2) value shows the intemsnteraction between electron-donors and electacoeptors,
and greater the extent of conjugation of the wisgltem, the possibleintensiveinteractionaregivealndds8-11.

The intra molecular interaction for the title compds is formed by the orbital overlap betwes{€18-C19) and
7*(C20-C23) for compound, n(C18-C19) andt*(C20-C23) for compoun®, n(C26-C27) andt*(C22-C23) for
compound3 and n(C37-C38),n*(C33-C35) andn*(C34-C36) for compound!t respectively, which result into
intermolecular charge transfer (ICT) causing siaéiion of the system. The intra molecular hypenjagative
interactions oft(C18-C19) ton*(C20-C23) for compound, n(C18-C19) tor*(C20-C23) for compoun@, n(C26-
C27) ton*(C22-C23) for compoun® andn (C37-C38) ton*(C33-C35) andrt*(C34-C36) for compound lead to
highest stabilization of 19.20, 19.18, 20.36, 1% 19.00 kJ mdlrespectively. In case of LP(2) 013 and LP(3)
013 orbitals to the*(S11-N12) and* (S11-0O14) for compound,LP(2) O13 and LP(3) O13 orbitals ¢3(S11-
N12) ands*(S11-014) for compoun@,LP(2) 016 and LP(3) 016 orbitals ¢3(N10-S15) ands*(S15-017) for
compound3 and LP(3) 026 orbitals t6*(N10-S25) for compound respectively, show the stabilization energy of
(18.64, 21.24) , (20.63, 20.81), (19.15, 21.22) &nd6 kJ mot respectively.
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Table 8: Second order perturbation theory analysi®f Fock matrix on NBO of compound 1

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

Kcal/mol a.u a.u
6 (N1i-S11)  1.96577 o*(S1-Niz)  0.28039 2.63 0.89 0.046
0*(S11-O1z)  0.14336 3.13 1.05 0.052
6*(S11-O14) 0.14783 3.60 1.05 0.056
6 (N1-Csz) 1.98798 o*(S1-O14)  0.14783 1.08 1.03 0.031
6 (Si-Npz)  1.96452 o* (Nic-S;))  0.27060 2.79 0.88 0.047
6*(S11-O19) 0.14336 3.42 1.03 0.055
0*(S11-O1)  0.14783 3.54 1.04 0.056
0*(C1=-Cig)  0.02822 1.28 1.16 0.034
6 (N122Cis)  1.98039 o6*(C-Cy) 0.03593 1.77 1.08 0.039
0*(C1-Cig)  0.02168 1.15 1.31 0.035
1 (CieCi) 1.66833 o* (N1-Cis) 0.02922 3.74 0.56 0.044
m*(Ca-Cs)  0.31047 19.20 0.29 0.066
LP(1) N 1.85840 o*(C1-Cy) 0.04452 8.64 0.64 0.068
0*(S1-N1z)  0.28039 11.94 0.42 0.066
6*(S11-O19) 0.14336 1.64 0.58 0.028
LP(1) O 197924 o*(S11-Ow)  0.14783 2.06 1.07 0.043
LP(2) O 1.80423 o*(S1i-Niz)  0.28039 18.64 0.42 0.080
6* (N1c-Si1)  0.27060 15.95 0.42 0.075
LP(3) O 1.79142 o* (N1-Siy)  0.27060 8.19 0.42 0.053
0*(S11-O14)  0.14783 21.24 0.58 0.100

Table 9:Second order perturbation theory analysis bFock matrix on NBO of compound 2

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

Kcal/mol a.u
6 (C-Nyg)  1.98518 o*(S11-O:15)  0.14347 1.27 1.03 0.033
6 (CrOg)  1.99028 o*(C3:-Ca)  0.02264 1.16 141 0.036
6 (Ni-S11)  1.96552 6*(C1-He) 0.01797 1.36 1.20 0.036
6*(Su-Niz)  0.29080 2.61 0.88 0.046
6*(S1rO1)  0.14347 3.06 1.05 0.052
6*(S1-O19)  0.14805 3.54 1.05 0.056
6 (Nig-Cs) 1.98810 o*(S11-O19)  0.14805 1.09 1.03 0.031
6 (Su-Niz)  1.96353 o* (Nic-Siy)  0.26494 2.91 0.88 0.048
0*(S1rO1z)  0.14347 3.54 1.03 0.055
6*(S1-O19  0.14805 3.72 1.03 0.057
6 (N;Ci) 1.98049 o*(C»Cs)  0.04213 1.90 1.12  0.041
7 (CieCig) 1.66900 o* (N1-Cis) 0.02895 3.93 0.55 0.045
n*(C20-Css)  0.30951 19.18 0.29 0.067
LP(1) N 1.85718 o*(C1-Cy) 0.04065 7.97 0.66 0.066
6*(S1rNiz)  0.29080 12.36 0.41 0.066
LP(1) O: 1.97889 o*(S1-O.1)  0.14805 1.98 1.07 0.042
LP(2) O: 1.80089 o*(Si-Nij)  0.29080 20.63 0.40 0.083
6* (N1c-Si)  0.26494 14.11 0.43 0.071
LP(3) O: 1.79563 o* (Nic-Si1) 0.26494 9.89 0.43  0.059
0*(S1-O19)  0.14805 20.81 0.58 0.099

Table 10:Secondorder perturbation theoryanalysis ofFock matrix on NBO of compound 3

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

Kcal/mol a.u a.u
6 (CCy) 1.98886 o*(Ny-Ci) 0.01354 2.03 0.97 0.040
6 (N1-Siz)  1.97064 o*(Si1-O1¢)  0.15855 3.46 1.07 0.056
6*(S1=-017) 0.14462 3.27 1.07 0.054
6 (Ni-C11)) 1.98696 o*(C2-Cs) 0.02752 2.08 1.10 0.043
6 (Si==Nzg) 1.96653 o* (N1-Si5) 0.26816 2.45 0.92 0.045
6*(S1e-O1¢) 0.15855 3.70 1.06 0.058
1 (Ce-Cy7)  1.65702 o* (N1e-Ciq) 0.03543 494 0.57 0.052
1 *(C2-Cps)  0.32753 20.36 0.28 0.068
LP(1) Nic 1.84920 o*(Cx-Hy) 0.02508 5.35 0.71 0.057
0*(S1=-Nig)  0.27210 9.37 0.42 0.057
0*(S1=-O1¢)  0.15855 7.18 0.57 0.057
6*(S15-O1¢) 0.15855 2.09 0.56 0.031
LP(1) O 197834 o*(S1=-0O17)  0.14462 2.07 1.07 0.043
LP(2) O 1.81941 o*(Si=-Nig) 0.27210 13.98 0.42 0.070
6* (N1-S;s)  0.26816 19.15 0.43 0.083
LP(3) O 177324 o* (N1-Si5) 0.26816 4.49 0.43 0.040
0*(S1=-0O17)  0.14462 21.22 0.57 0.100
LP(1) Ck; 1.99322 o*(Cs-Css)  0.03377 1.36 1.46  0.040
LP(2)Cl; 1.96862 o*(C3-Csg) 0.03377 441 0.86 0.055
LP(3) Cl;  1.92525 o*(C3-Cs;)  0.02459 12.24 0.33 0.061
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Table 11:Secondorder perturbation theoryanalysis ofFock matrix on NBO of compound 4

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

Kcal/mol a.u a.u
6 (CrCs)  1.98943 o*(NxCyx) 0.01735 1.94 0.98 0.039
6 (C-Og)  1.98909 o*(Cs:-Cs)  0.02123 1.77 1.39 0.044
0 (NirSps) 1.97461 o*(Cy-Css)  0.03769 2.64 1.10 0.048
6*(Sas-Nzg)  0.20902 1.45 0.82 0.032
0*(S2s0%)  0.03255 1.60 0.95 0.035
0 (S-Nzg)  1.97527 o*(Sp=0z)  0.03255 1.80 0.95 0.037
6 (N2g-Cs) 1.99009 o*(C2-Cy) 0.02861 2.18 1.09 0.044
m(Cs-Csg) 1.68011 n*(Cs-Ca)  0.34946 19.01 0.30 0.068
n*(C3Cq)  0.31073 19.00 0.30 0.067
LP(1) Noe  1.84996 o*(Ca-Ha)  0.02082 6.53 0.74 0.064
o*(N1-Se)  0.21299 11.47 0.40 0.061
LP(1) O  1.98324 o*(H1-Ox) 0.02987 3.60 1.26  0.060
LP(2) O  1.85450 o*(Sa=-Nz)  0.20902 10.99 0.41 0.061
o* (N1c-Sg)  0.21299 9.26 0.40 0.055
LP(3) O  1.80251 o* (Sy=Nag)  0.20902 13.70 0.41 0.067
o*(N1-Se)  0.21299 17.06 0.40 0.074
LP(1) Ch;  1.99341 o*(C3z-Css)  0.02680 1.25 1.47 0.038
LP(2) Clk; 1.97325 o*(C3s-Css) 0.02680 3.86 0.87 0.052
6*(C3Csg)  0.02675 3.83 0.88 0.052
LP(3) Clks  1.93064 o*(C3-Css)  0.02675 12.15 0.33  0.061

3.8.Nonlinear Optical Properties (NLO):

Density functional theory has been used as anteféemethod to investigate the organic NLO materifdecent
research works have illustrated that the organit-lm®ar optical materials are having high optinah-linearity
than inorganic materials [27]. Recently Lornoxicaas identified as new organic material for NLO &gilons
[28]. The first order hyperpolarizabilitg (total) of the title compound Lornoxicam along witHated properties (\,
(o) andAa) are calculated by using the DFT-B3LYP method vitB1G (d,p) basis set. Based on the finite-field
approach, the energy of a system is a functiorhefdlectric field. First order hyperpolarizability a third rank
tensor that can be described by a 3 x 3 x 3 affAg. 27 components of the 3D matrix can be reduoetiOt
components due to the Kleinman symmetry [29]. it lba given in the lower tetrahedral format. The ponents of
B total are defined as the coefficients in the Tagkries expansion of the energy in the exterraitet field. When
the external electric field is weak and homogengthis expansion becomes:

F,F

— 0
E=E°-uF,-1/20,F,F, -1/68,, F,F,F +..

where B is the energy of unperturbed molecule, the field at the origin, 4 a.p, andp,s, are the components of
dipole moment, polarizability and the first ordgpbrpolarizabilities, respectively.

The total static dipole moment (u), the mean digmmtarizability @), the anisotropy of the polarizabilitpng¢) and
the total first order hyperpolarizabilifytotal , using X, y, z components they are defiagd

e = (02 + 2 + 2] ?
a= (crXx +a,, +azz)/ 3

AG = 2_1/2[(a><x - ayy )2 + (ayy - Crzz )2 + (azz - axx)z + 6032 + 603)/ + 6052 v

Bo = (B2 +B2+p2)"
By =By + Boys + Bras
B, =By *Boy + By
B, = Bosy +Bu + By

In the present work, the calculated dipole momeolarizability and first order hyperpolarizabilityalues are
obtained from B3LYP/6-31G(d,p) method and listedrable 12. It is well known that the higher valugdipole
moment, molecular polarizability, and hyperpolabifity are important for more active NLO propertieEhe
polarizabilities and hyperpolarizability are remattin atomic units (a.u), the calculated valuesshasen converted
into electrostatic units (esu) (far 1 a.u = 0.1482 xI% esu, forB; 1 a.u = 8.6393 xI& esu). The calculated values
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of dipole moment (u) for the title compounds wevearfd to be 4.4664, 4.1735, 5.5508 and 4.4799D ctisply,
which are approximately 3 times than to the vatreufea (U = 1.3732 D). Urea is one of the protieglpmolecules
used in the study of the NLO properties of molecsistems. Therefore, it has been used frequestly threshold
value for comparative purposes. The calculatedesalof polarizability are -21.4164 x 1) -20.2045 x 18-
21.9732x 1G* and -22.7084x I8 esu respectively, the values of anisotropy of plédarizability are 4.2943,
3.7741, 3.7365and 2.5866esu, respectively. The ialgn of the molecular hyperpolarizabilify, is one of
important key factors in a NLO system. The DFT/&3(d,p) calculated first hyperpolarizability valug) ©f
oxathiadiazepane 4,4-dioxides are equal to 712x.002° 534.0003x 18° 407.3274x 1% and 1087.7630 x 18
esu. The first hyperpolarizability of title molecsiles approximately 2.07, 1.58, 1.18 and 3.17 tithes those of
urea B of urea is 343.272 x18 esu obtained by HF/6-311G(d,p) method).

Table 12: The dipole moments p (D) polarizability, the average polarizabilityao(esu), the anisotropy of the polarizabilityAa(esu), and
the first hyperpolarizability p (esu)of oxathiadiazepane 4,4-dioxides 1-4 calcudat by B3LYP/6-31 G(d,p) method

Parameters Compound 1 Compound 2 Compound 3 Compound 4

B 63.1631 9.8972 45507 -106.7930
By -2.8331 -2.0393 30.9821 10.3068
By, 11.5566 34.6647 -8.0345 -23.6398
B -6.9110 5.6437 14.5585 -29.1412
B 13.8951 28.9496 -12.1792 -12.7039
): 24.1704 -3.1684 -8.0778 -11.4669
By 38.8241 16.1145 25.1092 -9.9716
By, -21.9757 -8.9893 14.0839 12.7681
): 0.7662 11.7632 -9.1092 -3.8787
Po 9.9824 3.0917 15.0584 -15.9515
Bio(esu) x10% 712.1012 534.0003 407.3274 1087.7630
Hx 2.4769 0.2076 0.9327 -2.0862
Hy 1.0674 1.2020 47184 -1.8386
Uz 3.5602 3.9913 2.7709 -3.5124
Hio(D) 4.4664 4.1735 5.5508 4.4799
W -147.5728 -129.4828 -136.0673 -157.9528
oy -135.6668 -137.1845 -160.9386 -150.9550
a; -150.2919 -142.3311 -147.7973 -150.7774
Oy -9.2207 -1.5001 -4.4177 -5.2799
ax -5.1576 8.6180 4.2866 6.9153
ay; -10.3803 -9.8917 -4.3807 3.0170
ag(esu) x10% -21.4164 -20.2045 -21.9732 -22.7084
Aa(esu) X1 4.2943 3.7741 3.7365 2.5866
CONCLUSION

In this present investigation molecular structtl MO, LUMO, and polarizability analysis of a seoé 1,4,3,5-
oxathiadiazepane 4,4-dioxides derived of sarcosae been studied using DFT (B3LYP/6-31G (d,p)¢walion.
The MEP analysis presents a visual representafimmamically active sites and comparative reagctiaf atoms.
The global reactivity descriptors reveal differendasetween the investigated compounds with respedheir
chemical stability. The calculated fukui functiosisow the reactivity order for electrophilic attaakd predict that
the preferred sites for nucleophilic attack. NLChawgor of the title molecule has been investigabtgddipole
moment, polarizability and first hyperpolarizalylitThe calculated first hyper polarizability of thide compound
are 0.712 x 18 esu, 0.534 x I® esu, 0.407 x I# esu, 1.087 x I8 esu, respectively implies that the title
molecule may be useful as a nonlinear optical ri@terhe lowest singlet excited state of the moleda mainly
derived from the HOMG>LUMO (= — =*) electron transition, NBO analysis reveals tha¢ some important
intramolecular charge transfer can induce largdimearity to the title molecule and the intramolkeeiwconjugative
interaction around the sulfonamide group can indheelarge bioactivity in the compound. We concltidat the
titte compound and its derivatives are an attractiject for future studies of nonlinear opticaerties.
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