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Abstract
The current article focuses mainly on investigatrstructural, reactivity, topology studies,
and third order nonlinear optical properties of fyathesized 2-(benzylamino)-4-chloro-5-
sulfamoylbenzoic acid (BACSBA) with the aid of spescopic techniques and
computational methods. The structure in the solateswas obtained unambiguously by
SCXRD study that revealed that BACSBA has L-shap&dcture stabilized by N-H...O
intramolecular hydrogen bond. Further, the two disi@nal sheet like architecture formation
by linking of moleculesvia O-H...O and N-H...O hydrogen bonds, were visudlib®th
gualitatively and quantitatively by Hirshfeld suréaanalysis. Also, a topological analysis
made through Quantum Theory of Atoms In Molecul@$AIM) highlights the observations

N-H...O bonds on solid state. The quantum chengaldulation was performed at DFT/6-



311++G (d,p) level of basis set. The analysis gheabrational wave number was performed
with the help of potential energy distribution (PEBIng VEDA4 software and correlation
with experimental data shows good concurrence.r&hetive sites have been predicted and
visualized by molecular electrostatic surface poaén(MESP) and Fukui function
calculation, together with hydrogen bond dissocratenergy (H-BDE) for the BACSBA
compound. Frontier molecular orbitals (FMO), globahctivity parameters, natural bond
orbital analysis (NBO), localized orbital locatdtQL) and electron localization function
(ELF) properties have also been studied for thedticompound. The super molecule (SM)
approach with 372,680 atoms at the DFT/CAM-B3LYB18++G(d,p) level was used for
calculating the nonlinear optical properties of tmgstal. The electrical parameters such as
total dipole moment, average linear polarizabilitgnd average second IDRI
hyperpolarizability were calculated. In additiohetlinear refractive index and the nonlinear
third order macroscopic susceptibility of the caystvas estimated as a function of the
frequency of the applied electric field. The vabiehird order nonlinear susceptibility for the
BACSBA crystal at 532 nm was found to be 45.57 singeeatest than the experimentally
measured result of organic crystal (2E)-1-(3-broheyl)-3-[4(methylsulfanyl)phenyl]prop-
2-en-1-one (3BrdMSP) demonstrating that BACSBA t&alysould be a good potential
candidate for nonlinear optical applications. Irdiidn, the thermal stability was studied
showing that the crystal as potential optical desiat temperature up to 234°C. Furthermore,
preliminary studies revealed that BACSBA compoumspldyed promising antifungal and
antioxidant activities compared with the standand.

Keywords. NLO properties; reactivity analysis; SCXRD stuglibiological activity; BDE
calculations; sulfamoylbenzoic acid.

1. Introduction

The search for organic crystal that can be usedoainear optical (NLO) materials has
been immensely increased in the last decade, netiviay the ease of manipulation and
versatile synthetic route and by the presenceghf hon-linearity of these compounds [1,2].
Organic crystals have gained much importance fpliegtion in the photonic area [3,4], as
well as in spectroscopy [5, 6], frequency moduk{@} and data transmission [8].
Sulfonamides (sulfa drugs) are the versatile aneelnpharmacophores prevalent in nearly
200 drugs. Sulfonamide compounds have extensivdicappns in agricultural and
pharmaceutical [9-12], nonlinear optical [13] andlalgtical [14], owing to their unique
physicochemical and biological properties. Among laage variety of sulfonamide

compounds, chlorosulfonamide moieties have gredenpi@l applications in medicinal



chemistry. Some of the chlorosulfonamide drugs useahedicine includes furosemidsg,
fenquizon€2), metolazong), azosemid@), chlorothiazidés), hydrochlorothiazid@) (as
diuretics) and diclofenami@@ (as carbonic anhydrase inhibitor) (Figure 1).

Lamotte et al. reported the crystal structure ob$emide [15]. Jagadeesh et al. disclosed the
ploymorphic forms of furosemide through single taysX-ray diffraction studies [16].
Detailed investigation of X-ray structure and viibyaal spectral analysis of furosemide was
carried out by Bolukbasi et al. [17]. Florence,aétperformed the structure elucidation of
hydrochlorothiazide by X-ray powder diffraction rhetl [18]. Herndndez et al. studied the
conformational analysis of hydrochlorothiazide byhedretical studies [19].
Hydrochlorothiazide N,N-dimethylformamide solvate crystal structure wagporéed by
Johnston et al. [20]. Fernandes et al. reportedstteate structure of chlorothiazidéN-
dimethylformamide [21]. Boopathi et al. investigataolecular structure, vibrational analysis
and MEP studies of diuretic drug metolazone themaky [22]. Porchelvi et al. reported
spectroscopic and computational studies of 6-Chbdedihydro-H-1,2,4-benzothiazine-
7sulphonamidel,1-dioxide (6CDBSD) [23]. Kavitha el. reported the synthesis,
spectroscopic characterization and reactivity patam analysis of 4-chloro-3-
sulfamoylbenzoic acid with antibacterial activityydies [24]. Rahman et al. performed the
diuretic and anti-hypertensive studies on syntlesizuinazoline derivatives [25].
Thirumalaiselvam et al. measured the Third-orderinear optical susceptibility of 4-methyl
benzene sulfonamide single crystal by using Z-seannique [13].

Keeping in view of the above observations, we hawvestigated the spectroscopic studies
(SCXRD, FT-IR, FT-Raman), Hirshfeld surface anaysQTAIM studies, computational
characterizations (optimization, vibrational an&@y$1OMO-LUMO analysis, MESP, Fukui
calculation, ELF, LOL, BDE and H-BDE studies) ofetlsynthesized 2-(benzylamino)-4-
chloro-5-sulfamoylbenzoic acid (BACSBA). Moreovethe NLO properties of the
sulfonamide BACSBA crystal was studigi the density functional theory (DFT) with the
functional CAM-B3LYP and 6-311++G(d,p) basis seteTtotal dipole moment, the average
linear polarizability and the average second hyplanzability were calculated as a function
of the applied electric field frequency. From thalues of these electric parameters, the
dynamic linear refractive index and the dynamiadhorder nonlinear susceptibility was
determined, and its value compared with experimelatta available in the literature from Z-
scan experiments. In continuation to our earliggoreed works [24, 26, 27], we herein
disclose nonlinear optical properties and componati as biologically potent sulfonamides

and sulfonyl moieties.



2. Experimental

2.1. General

The chemicals, reagents and solvents were procinoed commercial source and used
directly without further purification. FT-Raman speim was recorded for the solid sample
in the range 50-4000 c¢hwith resolution 2 ci by using Nd:YAG 1064 nm laser source on
BRUKER RFS 27: Stand alone FT-Raman Spectromeigui@ S1). FT-IR spectrum was
recorded for the solid sample (which is disperse&Br) in the range 4000-450 chwith
resolution 1 crit on Perkin Elmer Spectruml FT-IR instrument witte&mum one: FT-IR
Spectrometer model (Figure S2). TG-DTA spectrum weasrded using EXSTAR TG/DTA
Sl 6300 instrument.

2.2. Synthesis of 2-(benzylamino)-4-chlor o-5-sulfamoylbenzoic acid

1-Phenylmethanamine (0.19 mL, 1.77mmol) was takém & 50 mL round-bottomed flask
and dissolved in tetrahydrofuran (THF) as a solyg&atmL). To this, triethylamine (0.29 mL,
2.07 mmol) was added at room temperature. Substguei-dichloro-5-sulfamoylbenzoic
acid (0.4 g, 1.48 mmol) was added drop-wise and te#uxed for 12h. The reaction mixture
was evaporated under reduced pressure and aciavfted6N HCI solution. The resulting
solid was dissolved in ethyl acetate (10 mL) andivea with brine solution (3 mL). The
organic layer was concentrated under reduced peessafford 2-(benzylamino)-4-chloro-5-
sulfamoylbenzoic acid as off-white solid (0.33gelgi 65%) (Scheme-1). Suitable crystals
were grown for SCXRD studies in methanol at ambitrhperature by using slow
evaporation crystal growth technique.

2.3. X-ray crystallography

A colourless, needle shaped single crystal of tAfC8BA compound, with dimensions of
0.25mmx0.22mmx0.18 mm was selected and mounted oBruaer APEX-II CCD
diffractometer with monochromated MaKadiation { = 0.710732'\) at 296(2) K. The data
was processed with SAINT and corrected for absomptising SADABS [28]. The structure
was solved by the direct method using the prografiElXT and refined by using the
program SHELXS-97 [29] by full-matrix least squareshnique on £using anisotropic
displacement parameters for all non-hydrogen atorhe. carbon bound hydrogen atoms
were positioned with idealized geometry using angdmodel with C-H = 0.93-0.97 A. H
atoms were refined with isotropic displacement peters (set to 1.2 times of thi, of the
parent atom). The oxygen and amino nitrogen boundtdrs were also positioned
geometrically using a riding model with O-H = 0.82and N-H= 0.86 A. The hydrogen

atoms of the —NK group were located from the difference Fourier naagd were refined



freely. The ORTEP diagram of the compound is given in Figure 2 and placking of
molecules in the crystal lattice is shown in FigBrd he crystallographic data and refinement
parameters are summarized in Table 1. Geometrianggters for hydrogen bonds (A°)
operating in the crystal structure Table 2.

2.4. Computational details

Quantum chemical calculations (optimization, vitmaal frequencies, Frontier molecular
orbitals (FMO), Natural bond orbital (NBO), moleaul electrostatic surface potential
(MESP) and bond dissociation energy (BDE) calcotet) have been performed by
employing density functional theory (DFT) at B3L¥P311++G (d,p) [30] method using the
Gaussian09 software [31]. The assignments and sisaby each vibrational wave numbers
were performed by using the potential energy diatron (PED) analysis using VEDA4
program [32]. A scaling factor of 0.9613 [33] hawl lde utilized to acquire an impressive
better concurrence with the experimental data. teelacLocalization Function (ELF) and
Localized Orbital Function (LOL) studies were usedexamining the chemical bonding
between atoms of the titled compound employing Maitt 3.4.1 program [34].

The super molecule method (SM) was used for sinmgjathe polarization effect of the
crystalline environment around the asymmetric {88]. The SM is an iterative process that
considers the atoms of the surrounding moleculéisg@symmetric unit as point charge. The
iterative process starts with the determinatiorthef electrical charge of each atom of the
asymmetric unit in vacuum, by adjusting the molacdlectrostatic potential (CHELPG) at
DFT/CAM-B3LYP/6-311++G (d,p) level. Then, in the gion of each corresponding atom
in the generated unit cells, the atoms were regdldgetheir partial atomic charge obtained
previously. Later, the total dipole momen) (vere determined and in the sequence the new
atomic charges of the atoms of the asymmetric weite calculated and the process was
repeated until the convergence of the total dipoteanent was reached [26, 36, 37] (Figure
4). Here, a bulk with 10,648 molecules totallird2.580 atoms was built.

The SM approach has been implemented in severdswor the calculation of the electric
parameters as the Hyper-Rayleigh first hyperpaddilzy and the third order nonlinear
susceptibility and the obtained theoretical resulise close to the experimental results for
some organic crystal [35, 38, 39].

The dynamic average linear polarizabilita(—w;w))) and the average second
hyperpolarizability associated corresponding to deeKerr effect (y(—w; w,0,0))) were

calculated using the expressions:



1
(@-wa) =5 ) ay(-ww), ®

i=x,y,z

1 1
(Y(_w; w,0,0)) = 5 (Vxxxx + Yyyyy + )/zzzz) + 1s [Vxxyy + Yyyxx + VYaxzz + @)
Yzzxx T Vyyzz + Vazyy T 4(Vyxyx + Vzxzx T )/zyzy)]-

The linear refractive indexa(w)) was calculated using the Clausius-Mossotti equagiven
by,
n(w)>-1
n(w)? + 2

4
Ty (o), ©

wherelj,. is the unit cell volume.

The third order nonlinear susceptibility® (—w; w, w, —w)) of the BACSBA crystal can be

written as

(Y(~w; w, w, —w)) (4)

&) (o )= n?(w) +2\" N
X w; W, W, —wW) = 3 T

In equation (4), the average second hyperpolalipabf the intensity dependent refractive
index (IDRI) were calculated using the followingpapximation,

(¥ (~w; 0, 0, —w)) = 2{(y(-w; »,0,0)) — (y(0;0,0,0)). ®)
All the numerical calculations were performed udimg Gaussian 09 package and converted
into electrostatic units (esu).
2.5. QTAIM Analysis
Topological analysis was carried out en route QTAtdthodology at the theoretical level
DFT/B3LYP/6-311++G(d,p) [30] coupled in the Gaus€§id package and by Multiwfn
software [34]. Based on the generated wave functtbe QTAIM methodology was
performed [40- 42]. In accordance with the mechanguantum concepts the observable
properties are present in the electron dengsify)][ which can be used with the gradient
vector Vp(r)] as a fundamental condition for establishingexalar topology [43, 44].
2.6. Biological activity studies
The antifungal activity of the synthesized compolBAICSBA was determined againat
Niger (MTCC-1881),F. oxysporum(MTCC-1755) andA. foetidus(NCIM-505) by using
agar disc-diffusion method [45,46]. The antioxidactivity of the synthesized compound
BACSBA was determined by 1,1'-diphenyl-2-picrylhgdyl (DPPH) [47] and Nitric oxide
(NO) methods [48].

3. Results & discussion



3.1. Crystal structure analysis

The molecule was L-shaped with the dihedral angleveen the two aromatic rings being
75.70(1Y. The carboxylic acid group and the attached armnmimtg were in the same plane
with the torsions C20-C21-C31-O4 and C20-C21-C31Haging values of 0.7(3) and -
178.89(18) respectively. The —COOH group has syn conformatvith the O-H and C=0
bonds oriented in the same direction. The molecatarformation was stabilized by an
intramolecular N19-H33...04 hydrogen bond that closesan S(6) motif.

In the crystal structure, the molecules were cotgteinto inversion related’®8) dimersvia
05-H32...04 hydrogen bonds. These dimers were linkide adjacent dimerga a pair of
N24-H35...03 hydrogen bonds forming anotheén(® motif. The result of these two
alternating R,(8) dimers was a one dimensional ribbon like aethitre. The adjacent
ribbons were further interconnecteth N24-H34...03 hydrogen bonded C4 chains that
propagates along b axis to form a two dimensionaésalong ab plane.

3.2. QTAIM studies

Figure S3 shows the presence of bond critical p¢BEP) for BACSBA compound
interactions. The observables of each BCP is showirable 3 [where p(r)] was electron
density,[V2p(r)] was the Laplacian of electron density; V(r) ig fhotential energy density;
H(r) and G(f) are the electronic energy density and Lagrangiaetic energy respectively.
For hydrogen bond¥,%p(r) is positive ang(r) is small and the character of interaction can
be measured by the indicators: fPp(r)< 0 and H(r) < 0 ; strong interactions with covalen
character, (2)7%p(r)> 0 and H() < 0 ; medium strength and (3)?p(r)> 0 and Hf) > 0 ;
weak interactions with electrostatic character{#)(r)< 0, p(r) > 0.20 a.u., H(r) < 0 and
|V (r)| > H(r) interactions with covalent character [49].

The electrostatic hydrogen bonds were confirmethbysmall values gi(r) and the positive
values H(r).

Since Laplacian of electron density is positive, i p(r) > 0, the electron density is less
than 0.10 a.u.p(r) < 0.10 a.u.) and electronic energy density isitpes (H(r) > 0).The
interactions N19-H33...04, O5-H32...04, and N24-HB8 in Table 3 were closed-shell
interactions and interaction N24—H35...03 is covale

3.3. Hirshfeld surface analysis

The Hirshfeld surface [50-52] and associated fingart analysis [53-55] were done with the
aid of a powerful graphical tool CrystalExplorer3.program [56], which take
crystallographic information file as an input filehe Hirshfeld surfaces and finger print plots



of the titled compound are depicted in Figure 5e ™urfaces have been mapped over
dnorm(1), shape indeX2), curvednesg3) andfragment path(4) in the range of -0.7398 —
1.7522 A, -1.00 — 1.00 A, -4.00 — 0.400 and 0.0D4-00 A, respectively (Figure 5). The
mappedd,om surfaces of the title compound shows three intemag. the first interaction
between the hydrogen atom of the acid group (H3{@) the oxygen atom (O4) of the acid
group, labelled as ‘a’ and ‘a”, which was envigage bright red regions. The second and
third interactions between hydrogen atoms (H2N1hN1) of sulfonamide group with the
oxygen atom (O1) of sulfonamide group labelled l@sand ‘b”, ‘c’ and ‘c”, which was
envisaged as faint red regions. The decompositiatysis of fingerprint plots reflects that
O...H/H...O (33%) interactions give the major cdmnition towards Hirshfeld surface and are
visualized as two distinct spikes with almost edealgth. The upper spike labelled as ‘1’
corresponds to the donor spike (hydrogen atomichgoup interacting with oxygen atom of
the acid group and hydrogen atoms in sulfonamideminteracting with oxygen atom of the
sulfonamide group), the lower spike labelled asb@ing an acceptor spike (oxygen atom of
the acid group interacting with hydrogen atom oifdagroup and oxygen atom of the
sulfonamide group interacting with hydrogen atonfisswifonamide groups). The second
major contribution from H...H (27%) interactionspajar in the middle of the scattered points
in the two-dimensional fingerprint maps. The rentancontributions were mostly due to
H...C (16%), H...Cl (12.1%), O...C (3.5), C...CL.9%), C...C (2.4%), H...N (2.2), O...N
(0.4%) and O...0 (0.3%).

3.4. Optimization of geometry

The geometry optimization of BACSBA compound (Figg®4) was performed by using DFT
conjugation with B3LYP/6-311++G(d,p) basis set. i@yted structure of the titled
compound has ground state energy -1810.37965193aadl possess C1 point group.
Selected geometrical parameters, viz. bond len@thsbond angles (°) and torsional angles
(°) of BACSBA compound were outlined in Table 4.

The C-C bond lengths (DFT/XRD) of phenyl rings werehe range of 1.379-1.430/1.368-
1.426 A (Phl) and 1.393-1.397/1.35-1.39 A (Phllyidor the benzene ring, the C-C bond
length was 1.3993 A [57]. The bond length of C2IBNvas 1.35620/1.346 A (DFT/XRD),
which was much shorter than the single bond C-Nitlert.49 A [58] and thereby supporting
the presence of some character of a conjugatiodoable bond [59]. For the carboxylic
group, the bond lengths were (DFT/XRD) C31-O4 =2146/1.232 A, C31-05 =
1.35789/1.307 A, O5-H32 = 0.96831/0.81 A. The titare data for the similar derivatives
were 1.20772/1.252 A, 1.35213/1.273 A, 0.96872/8684 [24], 1.201/1.208 A, 1.359/1.304



A, 0.96749/0.886 A [60], which shows close agreermeth that of the titled compound. The
C8-C11 bond length (DFT/XRD) was 1.74327/1.7295which are in accordance with
reported values 1.75083/1.720A [24]. The bond lenglf sulfonamide group were S2-O3 =
1.45602/1.4448A, S2-06 = 1.45595/1.4211A, S2-N341.66250/1.5978 A, C7-S2 =
1.81239/1.7565 A, which were close to the reportealues 1.45235/1.4374 A,
1.45598/1.4258 A, 1.66847/1.5884 A, 1.82275/ 1.7@4, 1.457/1.435 A, 1.456/1.423 A,
1.706/1.636 A, 1.794/1.756 A(DFT/XRD) [27].

The bond angles around C8 atom were (DFT/XRD) C#2B = 121.12101/121.51°, C7-
C8-Cl1 =121.33440/120.77°, C25-C8-C11 = 117.54U11K/72° and the asymmetry in angles
was due to the presence of electronegative atom B01L31 position, the bond angles
(DFT/XRD) were 04-C31-O5 = 120.33229/122.01°, CRE®4 = 125.72039/123.25°,
C21-C31-05 = 113.94732/114.74° and the asymmetityase angles confirms the existence
of interactions between acid groups. The bond angleund C7, S2 and N24 positions
(DFT/XRD) were C7-S2-N24, 03-S2-N24, C7-S2-03, S2NH34, S2-N24-H35
106.62024/107.80°, 105.76817/105.91°, 107.692320207 116.96940/115.0°,
117.02003/115.0°, respectively, which show intéoacbetween O3 atom of S@roup, H34
and H35 atoms of NHgroup.

3.5. Vibrational analysis

The C8-C7-C22-C21-C20-C25 and C15-C13-C11-C9-C29-fi2gs were labelled as Phl
and Phll, respectively. The computational (scaledye numbers, experimental FT-IR, FT-
Raman bands and assignments are presented Tralthe S1.

The carboxylic acid group was characterized byQhkestretch, C=0 stretch and OH out-of-
plane deformation, C-O stretch and OH in-plane wahe&tion. For the titled compound, the
OH stretching mode was theoretically observed &736m* with IR intensity 125.4641,
Raman activity 174.4250 and a PED of 100%. Kawhal. reported the OH stretching mode
for 4-chloro-3-sulfamoylbenzoic acid at 3623 timeoretically [24]. The carboxyl group
C=0 stretching vibrational mode displayed a banté&l cnt in the IR spectrum, 1682 ¢m
in the Raman spectrum, and theoretically at 1684 with IR intensity 457.8412, Raman
activity 103.1175 and a PED of 73 %, as expectethénregion 1600-1750 cl{f1]. The
bands were observed at 627 t(fR spectrum), 674, 643, 629 €nfRaman spectrum) and at
672, 645, 630 ci(theoretically) were assigned to C=O deformationde® which was
expected in the region 625+70 ¢f62]. Kavitha et al. reported the C=0 deformationdes

at 675cmt (Raman spectrum) and at 674, 646 ctneoretically [24]. The O-H in-plane
deformation, coupled to the C-O stretching modexjsected in the region 1390455 ¢j@1].



For the titled compound, this mode observed at k34§theoretically), and experimentally
observed at 1343 chiR spectrum) and at 1342 ¢fRaman spectrum).

The frequency of vibration modes associated with Nigup is expected in the regions 3300-
3540 cni (stretching), 1640-1580 ¢l 1300-1100 cm and 710-585 cih (deformation
modes), respectively [61-64]. The Wigroup stretching frequencies were observed at 3368
cm™ in the IR spectrum, 3367 ¢hin the Raman spectrum and assigned theoreticaB$52
cm® with 52.3853 IR intensity, 46.3442 Raman actidtyd a PED of 50% (asymmetric
stretching mode), and at 3283 ¢rim the IR spectrum, 3279 ¢hin the Raman spectrum,
3421 cn theoretically with 49.4078 IR intensity, 97.998arRan activity and a PED of 50%
(symmetric stretching mode). For a similar deriwetiNH, group asymmetric stretching
bands were observed at 3401 iR spectrum), 3403 cih(Raman spectrum), 3495¢m
(theoretically), and the symmetric stretching made3281 crit (IR spectrum), 3279 cm
Y(Raman spectrum) and 3383 tftheoretically) [24]. The observed difference betwehe
calculated and experimental N-H vibrational valaes 184 cnf and 185 cit in the IR
spectrum, 185 cthand 142 cnif in the Raman spectrum, due to N-H---O interactionsolid
phase. For the BACSBA compound, Ngtoup deformation modes were assigned at 1497,
990 cm in the IR spectrum, 1497, 991 ¢nin the Raman spectrum and at 1510, 992 cm
theoretically.

The vibrational modes associated with N-H group @ssected in the region 3500-3300tm
(stretching modes) and around 1500 ‘cifdeformation modes) [61-66]. In case of the
synthesized compound (BACSBA), the N-H stretchingsvassigned theoretically at 3389
cm* with 172.5639 IR intensity, Raman activity 108.0%hd a PED of 99%. Kuruvilla et al.
reported N-H stretching mode theoretically at 3888" [67]. The deformation modes were
assigned at 1416 ¢hin the IR spectrum, 1558, 1417 ¢nn the Raman spectrum and at
1556, 1417 cm theoretically, which was in agreement with reponalues [65].

The asymmetric and symmetric stretching vibrationatle of S@ group was expected in the
region 1330-1295 cthand 1150-1025 cih) respectively [64]. For the titled compound, the
asymmetric modes were observed at 1291 amthe IR spectrum, 1290 ¢fim the Raman
spectrum and theoretically at 1292 tmvhile the symmetric modes at 1083 tin the IR
spectrum, 1080 cthin the Raman spectrum and theoretically at 108T.chnese were in
agreement with reported values of 1284'c(tR spectrum), 1285 ci(Raman spectrum),
1286 cm' (DFT) (asymmetric) and 1090, 1072 ¢nfRaman), 1090, 1071 ¢m(DFT)
(symmetric) [24]. The deformation modes of ;S@roup were expected in the regions -
scissoring 560+40 cth) wagging 500455 crh and twisting 440450 cth[61]. In the titled



compound, these modes were observed at 460 andn38itcthe Raman spectrum and
theoretically at 461 and 384 &m

The stretching vibrational modes of SN group wessenved at 789 ctin the IR spectrum,
790 cm' in the Raman spectrum and theoretically at 794" evith high IR intensity
114.4742, low Raman activity 9.0882 and a PED 8% &vhich was in accord with literature
values of 785 ci (Raman spectrum) and 782 ¢qDFT) [24].

The vibrational mode observed at 643Gmthe Raman spectrum and calculated at 64% cm
with 44.3873 IR intensity, 12.2815 Raman activindaa PED of 19% was assigned for CS
stretching vibrational mode of BACSBA compound. B titled compound, CCI stretching
modes were observed at 497 tnflR spectrum), 499 crh (Raman spectrum) and
theoretically at 504 cthwith a PED 20% (DFT), as expected in the regiod-3a5 cm'[61].
For the CH groups, the stretching and deformation (scissorimggging, twisting and
rocking) modes appear in the range 3050-2935% ama 1500-800 cih respectively [61, 62].
The CH modes of the titled compound were assigned at,22d31 cnt (IR), 2942, 2903
cm* (Raman), 2943, 2902 ¢h(DFT) (stretching) and 1432, 1330 ¢r(iR), 1431, 1329 cin

! (Raman), 1436-1334 c¢in(DFT) (deformation modes), which were in agreemeith
reported values [65].

The CH stretching modes of the aromatic rings wewemally expected above 3000 tm
161,62]. Here, these modes were displayed at 3f05ia the IR spectrum, 3102 ¢hin the
Raman spectrum and at 3106, 3104*¢heoretically for Phl, 3065, 3040, 3030 ¢rim the

IR spectrum, 3060, 3039 ¢hin the Raman spectrum and at 3068-3029 treoretically for
Phll. For aromatic rings, the CH in-plane and ouplane deformations were expected above
and below 1000 cit{61]. In the present case, the modes were assigmnéallows: i) for Phl
a) in-plane deformations at 1416, 1222 trfiR spectrum), 1417, 1221 ém(Raman
spectrum) and 1417, 1222 énttheoretically), b) out-of-plane deformations 878825 crit
(IR spectrum), 885, 823 ¢ (Raman spectrum), 888, 827, 826 critheoretically); for Phll
a) in-plane deformations at 1301, 1153, 1137 dtR spectrum), 1428, 1381, 1300, 1151,
1136 cni (Raman spectrum), theoretically in the range 14¥®71cni, b) out-of-plane
deformations at 949, 725, 689 ¢m (IR spectrum), 951, 879, 716, 688 tm(Raman
spectrum) and theoretically at 967, 952, 881, B88,cm, respectively [61].

The phenyl ring stretching modes were attributed 589, 1343, 1287 cm(IR spectrum),
1571, 1342, 1285 ci(Raman spectrum) and in the range 1572-1289 @heoretically) for
Phl and 1584, 1565, 1301 &nflR spectrum), 1584, 1563, 1300 ¢rfRaman spectrum) and
in the range 1584-1300 ¢(theoretically) for Phil. The ring breathing moé& Phil



(mono-substituted phenyl ring) assigned at 977 emthe Raman spectrum and theoretically
at 978 cnit has low IR intensity (2.0156), medium Raman actiy#4.2603) with a PED of
27%. These values were close to the theoreticalevaf 977 crit reported by Krishna et al.
[59]. The ring breathing mode was observed at 980 ia the Raman spectrum and at 982
cm*theoretically for Phl.

3.6. Frontier molecular orbitalsanalysis

Easy way for the calculation of global reactivitgrameters is accounting the energy value
difference between the highest occupied moleculdritad (HOMO) and the lowest
unoccupied molecular orbital (LUMO) of a moleculhe combination of these orbitals
commonly called as frontier molecular orbitals (F&)Care the outmost orbitals of the
molecules. The energy parameters of HOMO and LUM®Odirectly associated to electron
donating ability and electron accepting abilityneblecule, respectively, and the energy gap
difference between these orbitals plays cruciad tol explain reactivity parameters of the
molecules. The energy values of the frontier olbitaere calculated at DFT/B3LYP/6-
311G++ (d,p) method.

The depiction associated to spatial distributiorHGIMO and LUMO, related energies and
energy gap is summarized in Figure S5. It was eksethat the HOMO (MO: 88) was
confirmed over whole molecule other than amine grochloro group and partially on
methylbenzene ring; while, the LUMO (MO: 89) wagdbzed over whole molecule other
than methyl benzene ring and sulfonamide group.s€gumently, computed absorption band
Amax = 327 nm (Figure S6) implies transition betweenNMHD—LUMO orbitals of the present
investigated compound. The transitions, wavelengsgjllator strengths and CI coefficient
calculated by DFT/B3LYP/6-311G++ (d,p) method areeg in Table S2.

The global chemical parameters of title compoured Bromo (88) = -6.4280 eV, fmo (89)

= -2.0779 eV,AE =4.3501eV, ionization potential (I) = 6.4280 eMlearon affinity (A)
=2.0779 eV, electronegativity)(= 4.2529 eV, global hardness) = 2.1750 eV, chemical
softnessy) = 0.4597 eV, chemical potential)(= -4.2529 eV and electrophilicity index) =
4.1579 eV [68]. The negative value of the chempatential indicates that the compound
was stable.

3.7. Local reactivity calculations (molecular electrostatic surface potential and Fukui
function)

The molecular electrostatic surface potential (ME&Pa most commonly used quantum
chemical descriptor for understanding the connachetween the structure and chemical

reactivity through visualisation of three-dimensabnolour coding based on electron density



[69-71]. It is a unique and valuable technique tfteg assessment of chemical and physical
parameters, particularly for pharmaceutically intapot molecules. Politzer et al. [72] used
MESP to illustrate a variety of chemical procesfike chemical reactivity, hydrogen
bonding, etc. In the three-dimensional MESP plgticted in Figure S7, electron rich regions
(negative potential areas) (for instance, vicimter un-protonated atoms like oxygen atoms
of sulfonamide group, which are good hydrogen baodeptors as well as most probable
sites for electrophilic attack) were marked witd molour. On the contrary, the electron poor
regions (positive potential areas) (such as vigioiter protonated atoms like hydrogen atoms
of amines and acid groups, which are good hydrdmerd donors as well as most probable
sites for nucleophic attack) were marked with ldakur. From these observations, it can be
concluded that the S@nd NH groups play a crucial role in the chemical anénmolecular
interactions.

Parr and Yang in 1984 proposed a technique callgliFfunction for examining and
analysis of the most reactive sites for electraptol nucleophilic reactions in a molecule,
when the number of electrons is altered (eitheitimshdor remove). Fukui calculations were
performed by altering the multiplicity and char@dis also helps to examine the molecular
polarizability, electronic structure and electrtistpotential surface [73-76].

Fukui functions can be calculated using the folloyvequations

fr =qgr (N)—qr (N-1) for electrophilic attack (8)
f" = qr (N+1) — g r (N) for nucleophilic attack 9)
f.9= 14[q r (N+1) — g r (N-1) for radical attack (20)

In these equations, gr is the atomic charge at'treomic site is the anionic (N+1), cationic
(N-1) and neutral (N) molecule [77].
The local softness is related to Fukui functiorfici®ws:

srdr- = Sfy for electrophilic attack (11)
sr+r+ = Sf' for nucleophilic attack (12)
sr0fr0 = Sfy for radical attack (13)

From the analysis of dual descriptor, the reacsites (nucleophilic and electrophilic) of the
title compound explained. From the Table 5 valtigs reactivity order for nucleophic attack
C8=C9>C31>C22>04>C20>05>CI1>N24>C27>S2. On other h&delectrophilic attack
we can observe N19>C7>C25>C21>C15>03>06>C29>C13>C11

3.8. Chemical Bonding Analysis (Electron Localization Function and Localized Orbital

Function)



The two dimensional graphical depiction of Localiz@rbital Locator (LOL) and Electron
Localization Function (ELF) are shown in Figures &8 S9. The electron localization
function can be helpful to examine the electroralization in a molecular system [78]. LOL
is also a similar study about the localized electetoud. The electron localization can be
calculated by applying Pauli repulsion on two lg@n electrons [79]. The bonding,
reactivity and chemical structure can be studiedietail using the data [80]. For ELF, 1
(denotes with red colour) and 0 (denotes with ldaur) are the maximum and minimum
limits [81].

For the examined compound, the maximum Pauli répule/as indicated with red colour
around hydrogen atoms with single electrons anbloreaatoms marked by blue region shows
minimum Pauli repulsion. Covalent regions markedrég colour show high LOL values,
while electron depletion between valence shelliandr shell marked blue coloured areas in
the Figure S8 [82].

3.9. Natural bond orbital (NBO)

Natural bond orbital (NBO) analysis was done bywgdNBO 3.1 program [83] actualized in
the Gaussian09 suite at DFT conjugation with B3L6¢¥B11++G(d,p) method, which provide
a suitable basis for analysing the hyper conjugativ charge transfer interactions and also
analysis of inter and intermolecular bonding in ewolles or systems. The analysis second
order perturbation theory revealed that, the gtiibn energy from electron delocalization
over the natural bond orbital or hyperconjugatitiea is acquired as

E@ = aF@n? (14)

gj—g;
Here,¢; ande; are the energies df andj™ NBO, named as the acceptor and donor orbitals,
respectively for a hyperconjugatiof(i,j) andq; are the elements of off-diagonal Fock-
matrix betweeri™ andj"™ NBOs and electron population ¢Aorbital, respectively [84,85].
The enormous estimations Bf’ mirror the presence of more noteworthy interackietween
electron-contributors and electron-acceptors, dred degree of conjugation of the whole
framework.

Second order interactions obtained by the natwatllorbital analysis are tabulated in Table
6and 7. Ther-electron delocalization between these bonds wetkeet from theE @ (E®)=
22.53 kcal/mol) values of electron donation froomthag n(C7-C22) orbital to anti-bonding

n (C8-C25) orbital. There was electron delocalizati@tween ther andn orbitals of these
bonds reflected by higher value of stabilizatiorergry. We find large hyper-conjugation
stabilization E®= 43.80 kcal/mol and 30.76 kcal/mol) due to domatid lone pair of O5



(LP(2)) to ther (O4-C31) orbital and 04 (LP(2)) to the(O5-C31) orbital, respectively.
This was expected due to resonance effect withie #tid group. No significant
hyperconjugation involving NBOs with atomic orbgglom CI is observed except donation
from a lone pair of Cl (LP(3)) ta’(C8-C25) withE® = 15.21 kcal/mol, and it comes from
small energy difference and a moderate Fock-matement value. There are moderate
stabilization energies due to electron delocalmatwithin the S@NH, as shown in the
Tables 6 and 7. The title compound have ‘push (gdp is capable to push electrons) - pull
(chloro group is capable to pull electrons)’ groappara-position and accordingly, making it
a potential contender for optical application.

3.10. Senditivity towar ds autoxidation

Understanding of degradation path and developmieatpootocol for the removal of organic
pollutants from aquatic media is very essentialer€fore, investigation of lowest H-BDE
values is important for the development of new plaeutical drugs. This quantity
calculation allows the assessment of the possitlita drug candidate to form degradation
products while being stored [86, 87]. Another sidas connected to the phase | drug
metabolism, during which the carbon-hydrogen bowdse broken for hydroxylation [88,
89]. This underlines the significance of the H-B@Eount to foresee the destiny of the
recently combined medications from both ecologeradl pharmaceutical angles. However,
the conduction of these types of studies was aratdious task [90, 91], but it could be
rationalized and optimized with the of help DFT atdditions. Therefore, considering the
importance of calculation of H-BDE values, we haeeformed the calculations and depicted
the results in Figure 6.

From the environmental angle [92], as per the ealiierature reports, it can be concluded
that the sensitivity towards the autoxidation medctra was expressed by the H-BDE values
that take esteems in a scope of 70-85 kcal/momkhe analysis of H-BDE values it can be
concluded that the title compound could not be isgastowards autoxidation mechanism
due to absence of H-BDE values below 85 kcal/mbe BDE values have been calculated
for all other single acyclic bonds. The title comrapd has lowest BDE for S-N bond, with
BDE value of 54.08 kcal/mol reflecting that degramia could start precisely by breaking of
S-N bond.

3.11. Nonlinear Optical (NLO) properties

Figure 7 shows the DFT/CAM-B3LYP/6-311++G(d,p) duays for the dynamic average
linear polarizability and for the linear refractiiedex as a function of the applied electric

field frequency. As it can be seen ttvea(—w; w)) values increases monotonically with the



frequency from the static values 031.1 x 10™%*esu to 34.4< 10~ 2*esu (w=0.10 a.u.),
presenting a percentage increase of 11%. In the §@quency set the linear refractive index
goes from 1.62 to 1.70.

The obtained value for the static average secormkrpylarizability was(y(0;0,0,0)) =
23.11 x 10 3%esu. The dynamic values of the second hyperpolariEshitorresponding to
the dc-Kerr effect and the IDRI process, increasesotonically with the increase of the
electric field frequency (Figure 8), reaching tldues(y (—w; w, 0,0)) = 39.42 x 107 3%esu
and(y (—w; w, w, —w)) = 55.73 X 107 3%esu at w = 0.10 a.u., respectively. Particularly, the
values of the second hyperpolarizabilities at ttegjdency ofw = 0.086a.u. (A=532nm)
were(y (—w; w, 0,0)) = 33.1x 107 3%esu and(y (—w; w, w, —w)) = 43.1 x 10 3%esu.

Figure 9 shows the DFT/CAM-B3LYP/6-311++G (d, p3uks for the third order nonlinear
susceptibility as function of the applied elecfredd frequencies for the BACSBA crystal. In
this frequency range, thg values goes from the static valyé = 48.66 x 10722m?/V?2 to
x3=117.2x10722m?/V?%. Table 8 presents some experimental results faaric
materials at 532 nm. It can be observed thatythealue for BACSBA was more than five
times greater than the experimental results predeint the Table 8 [93]. However, the
calculatedy® value for BACSBA 90.68 x 107%22m?/V?) was nearly 46 times higher than
the experimental value obtained for (3Br4MSP) [6699 x 107%2m?/V?). Based on these
results, it can be concluded that BACSBA couldrbestigated for potential use as nonlinear
material.

3.12. Thermal analysis

Thermo gravimetric-differential thermal analysis GFDTA) spectrum (Figure 10) of
BACSBA crystal was recorded on EXSTAR TG/DTA SII08Binstrument up to 65C with
heating rate ®/min in a nitrogen environment. The primary weigigs of 1.1% over the
temperature range of 29 to 234C was due to elimination of moisture and other tilgla
materials. The BACSBA crystal faces decompositiothree stages, the first from 235°C to
400°C with major mass loss of 48%. Later, a mass & 7 % was observed from 400°C to
500°C, and finally, 44% of mass was lost in thedlstage above 650°C. In the TGA graph a
sharp endothermic peak was seen at 238°C whichctethe melting of single crystal or
phase transition temperature. The shape of the ipdadates the good level of crystallinity of
the title compound. From the above thermal anglysesconclude that the BACSBA crystal
is stable up to 234°C without any measurable decoaitipn. Hence, it may be stated that the

title compound is stable and could be used as a Ma@rial up to 234°C.



3.13. Biological activity studies

(a) Antifungal analysis

The synthesized compound BACSBA was screened & ithvitro antifungal activity. The
antifungal strainsA.niger (MTCC-1881), F.oxysporum (MTCC-1755) and A.Foetidus
(NCIM-505) were used and Ketoconazole was used staralard drug. Zone of inhibition
(Z) was expressed in mm (Table S3). The titled poumd BACSBA exhibited promising
antifungal activity against all the fungal stram$ien compared with the standard drug
Ketoconazole. This could be due to the presenceutibnamide moiety present on the
benzene ring and other functional groups enharteeddtivity.

(b) Antioxidant analysis

Compound BACSBA was evaluated at various conceotrai(25, 50, 75, 100g/mL) using
Butylatedhydroxytoluene (BHT) and Ascorbic acidséandards in DPPH and NO methods
(Tables S4 and S5). Compound BACSBA displayed sagmt activity at all the
concentrations in evaluation with the standard slrdghe reason could be the presence of
sulfonamide group and other functional groups wimeproved the antioxidant activity.

4. Conclusion

The SCXRD and optimization of geometry results tjeeevealed that the titled compound
has an L-shaped structure. Theoretically predigemmetrical parameters and wave numbers
were in accordance with the experimental resulBM@ was confined over whole molecule
other than amine group, chloro group; while, LUM@snconfined over whole molecule
other than methyl benzene ring and sulfonamidegrdbhe MESP illustration revealed that
the negative potential was affirmed over deprotediatoms, possible sites for electrophilic
attack; the positive potential was affirmed oveotpnated atoms, possible sites for
nucleophilic attack. H-BDE values show that BACSBWlecule was not sensitive towards
the autoxidation. However, the titled compound V&y low BDE valud.e., 54.08 kcal/mol
for the S-N bond, which indicates that degradationld start by breaking of the S2-N24
bond. From the thermal analysis, it might be codetuthat the titled compound was stable
and can be utilized as NLO material up to Z34In the current study, we have used the SM
method at DFT/CAM-B3LYP/6-311++G (d,p) level to callate the electrical parameters
such as total dipole moment)( the average linear polarizatidéa(—w, w)) and the second
average hyperpolarizability IDR({(y(—w; w, w,—w))) for the BACSBA crystal. Optical
parameters such as the linear refractive indexand the third order nonlinear macroscopic

susceptibility f3(—w; w, w,w)) of crystal structure BACSBA were calculated. The



examined compound presented better values in ting ¢nder macroscopic susceptibility

than measured experimental results presented iitéreture. Ther® (—w; w, w, —w)-value

of the compound was 5.59 to 45.57 times greatesi tire results measured experimentally in

the literature. Therefore, the BACSBA crystal hagoad suitability for use as a material in

applications involving NLO properties. Also, thensiyesized molecule displayed most
promising antifungal and antioxidant activities. eT BACSBA compound exhibited
significant antifungal and antioxidant activitiesongpared with the standard drugs.

Furthermore, there could be a scope of exploring ¢lass of scaffolds as new and potent

antifungal and antioxidant agents which will be @minent application for medicinal

chemists.
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Table 1.
Crystal data and structure refinement for BACSBA.

CCDC No. 1920200

Empirical formula G4H13N20O4SCI
Formula weight 340.77
Temperature/K 296.15

Crystal system monoclinic

Space group C2/c

alA 18.8442(12)

b/A 5.2862(3)

c/A 30.4756(19)

al® 90

pB/° 101.800(6)

v/° 90

Volume/A® 2971.6(3)

z 8

peaig/ent 1.523

w/mm? 0.417

F(000) 1408.0

Crystal size/mm 0.25 x 0.22 x 0.18
Radiation Mok (A = 0.71073)
20 range for data collection/°4.416 to 60.384
Index ranges 286 h<26, -7<k<7,-42<1<42
Reflections collected 30020
Independent reflections 4356{R= 0.0399, Bgm: = 0.0255]
Data/restraints/parameters 4356/2/215
Goodness-of-fit on ¥ 1.140

Final R indexes [I>=2 (I)] R1 =0.0480, wRR=0.1273
Final R indexes [all data] 1R= 0.0605, wRR = 0.1357
Largest diff. peak/hole / e A 0.32/-0.55




Table 2.

Geometric parameters for hydrogen bonds (A, °) atpgy in the crystal structure of
BACSBA.

D-H...A D-H H...A D...A D-H...A
N19-H33...04 0.83 2.03 2.7120 139
0O5-H32...04 0.81 1.83 2.6391 176
N24-H34...08 0.85 2.14 2.9216 153
N24-H35...08 0.80 2.36 3.1234 161

FIntra;i: 1-x,3-y,-z; ii: x,1+y,z; iii: 1/2-x,3/2-y,-z



Table 3.

Topological analysis performeda QTAIM, all data are in a.u..

BCP P(Tpep) 72 P (Toep) V(Tpep) Grpep) H(rpep) Interactions
1 0.02931 0.1104 -0.02330 0.02546 0.00215 N19-KBB
2 0.05165 0.1431 -0.05052 0.04315 0.00736 O5=KBP
3 0.02119 0.0877 -0.01588 0.01891 0.00302 N24--K831
4 119.576 -544471 -136133 7.86953 -136125 N24-HED




Table4.

Geometrical parameters of the title compound.
Bond length (A) DFT/XRD

C31-04
C20-N19
C31-C21
C22-C7
C8-C25
C20-C21
C15-C13
C1l1-C9
C27-C29
S2-03
S2-06

1.22146/1.232
1.35620/1.346

1.46570/1.465

1.38215/1.383
1.37954/1.368

1.43036/1.426
1.39773/1.390

1.39365/1.356

1.39373/1.393

1.45602/1.4448
1.45595/1.4211

Bond angle (°) DFT/XRD

03-52-06
03-S2-N24
C7-S2-03
04-C31-05
C21-C31-04
C21-C20-N19
C7-C8-Cl1
C25-C8-Cl1
C7-C22-C21
C21-C20-C25
C29-C15-C13
C9-C27-C29
C27-C29-C15

122.25743/118.53
105.76817/105.91
107.69232/107.00
120.33229/122.01
125.72039/123.25
121.58549/122.40

121.33440/120.77
117.54416/117.72

122.65573/122.57
117.50866/117.15
118.92514/118.1
120.26841/120.3
120.48045/120.6

Torsion angle (°) DFT/XRD

03-52-C7-C22
06-S2-C7-C22
24N-S2-C7-C22
04-C31-C21-C20
05-C31-C21-C20
C21-C20-N19-C16
C29-C15-C16-N19

113.31709/105.43
-112.97318/-125.21
0.18254/-8.10
0.05405/0.7
-179.95423/-178.86
-175.82528/-179.43
-30.51518/-11.6

C31-05
C16-N19
C21-C22
C7-C8
C25-C20
C8-Cl1
C13-C11
C27-C9
C29-C15
C7-S2
S2-N34

C7-S2-N24
06-S2-N24
C7-52-06
C20-N19-C16
C21-C31-05
C25-C20-N19
C7-C8-C25
C8-C7-C22
C22-C21-C20
C20-C25-C8
C15-C16-N19
C13-C11-C9

03-S2-C7-C8
06-S2-C7-C8
N24-S2-C7-C8
04-C31-C21-C22

1.35789/1.307
1.45343/1.445
1.40125/1.389
1.41065/1.409
1.41468/1.417
1.74327/1.7295
1.39356/1.389
1.39383/1.360
1.39655/1.377
1.81239/1.7565
1.66250/1.5978

106.62024/007.8
105.734790808.
107.82117/109.08
125.2433B12
113.94732741
120.9020045
121.121018P1.
117.8658780L7
119.3112830
121.5323944
115.6925116
120.041833120

-66.706019
67.005717
-179.840B628
-179.80719.37

05-C31-C21-C22 36889/-0.2
C25-C20-N19-C164.06980/0.9

C13-C15-C16-N19

.83349/169.8




Tableb5.
Fukui Condensed Functions are evaluated by Frokmdecular Orbital Method for BACSBA.

Atoms Atomic  HOMO electrophilic ~ LUMO Nucleophilic ~ Radical Dual-_ Hardness Local 5 Local Nucleophilic
No. attack attack attack Descriptor electrophilic
N Z fr- fit fx0 Af (au) W-(eV) W+(eV)
Cl1 17 0.0004 0.0304 0.0154 0.0300 -0.0022 0.0009 0.0636
S2 16 0.0011 0.0013 0.0012 0.0002 0.0002 0.0024 0.0028
03 8 0.0327 0.0005 0.0166 -0.0322 0.0077  0.0685 0.0011
04 8 0.0236 0.1280 0.0758 0.1043 -0.0042 0.0495 0.2678
05 8 0.0087 0.0438 0.0263 0.0351 -0.0013 0.0182 0.0917
06 8 0.0326 0.0005 0.0166 -0.0321 0.0077 0.0682 0.0011
C7 6 0.1574 0.0000 0.0787 -0.1573 0.0374 0.3294 0.0001
C8 6 0.0013 0.2040 0.1027 0.2028 -0.0154 0.0027 0.4271
C9 6 0.0013 0.0005 0.0009 0.2028 0.0003 0.0026 0.0010
Cl1 6 0.0012 0.0002 0.0007 -0.0010 0.0003 0.0025 0.0004
C13 6 0.0042 0.0010 0.0026 -0.0033 0.0009 0.0089 0.0020
C15 6 0.0521 0.0071 0.0296 -0.0450 0.0118 0.1091 0.0149
C16 6 0.0035 0.0035 0.0035 0.0000 0.0006  0.0073 0.0072
N19 7 0.3633 0.0311 0.1972 -0.3322 0.0840 0.7603 0.0650
C20 6 0.0270 0.0670 0.0470 0.0400 0.0013  0.0565 0.1402
c21 6 0.1296 0.0949 0.1122 -0.0347 0.0235 0.2712 0.1987
C22 6 0.0150 0.1451 0.0801 0.1301 -0.0076 0.0315 0.3037
N24 7 0.0002 0.0009 0.0005 0.0007 0.0000 0.0004 0.0018
C25 6 0.1069 0.0696 0.0883 -0.0373 0.0201  0.2238 0.1457
c27 6 0.0005 0.0008 0.0007 0.0004 0.0001 0.0010 0.0018
C29 6 0.0051 0.0012 0.0031 -0.0039 0.0011 0.0107 0.0025
C31 6 0.0056 0.1595 0.0826 0.1539 -0.0109 0.0118 0.3339




Table6.
Second-order perturbation theory analysis of Foakrinin NBO basis corresponding to the
intramolecular bonds of the title compound.

Donor(i)  Type ED/e Acceptor(j) Type ED/e E(® E(-E(Q)® F(i,)°

C7-C22 = 1.73363 C8-C25 * 0.02632 22.53 0.29 0.074
C8-C25 = 1.73601 C7-C22 c* 0.02357 13.08 0.29 0.057
C8-C25 = 1.73601 C7-C22 * 0.35856 13.08 0.29 0.057
LP Cl1 3 1.90376 C8-C25 * 0.34483 15.21 0.32 0.067
LP O3 T 1.81211 S2-C7 c* 0.21524 18.15 0.42 0.078
LP O3 3 1.77677 S2-0O6 c* 0.14452 17.90 0.59 0.093

S2-N24 c* 0.22437 15.48 0.42 0.072
LP O4 T 1.85075 O5-C31 c* 0.08862 30.76 0.62 0.125
- - C21-C31 o~ 0.05781 14.90 0.72 0.094
LP O5 T 1.83108 0O4-C31 * 0.29690 43.80 0.34 0.112
LP O6 T 1.81194 S2-C7 c* 0.21524 18.20 0.42 0.079
LP O6 3 1.77683 S2-0O3 c* 0.14471 17.93 0.59 0.093

S2-N24 c* 0.22437 15.47 0.42 0.072

#E(2) means energy of hyper-conjugative interasti@tabilization energy in kcal/mol)
® Energy difference (a.u) between donor and acceptod j NBO orbitals
°F(i,j) is the Fock matrix elements (a.u) betweand j NBO orbitals



Table?.

NBO results showing the formation of Lewis and rha@wis orbitals.

Bond(A-B) ED/€ EDA%  EDB% NBO s% p%
nl S2-03 1.98830  35.88 64.12  0.5990(SP2.55)S+  27.750.67
- -0.99195 - - 0.8007(SP3.13)0  24.16  75.70
nl S2-06 1.98832  35.89 64.11  0.5991(SP2.55)S+  27.760.67
- -0.99205 - - 0.8007(SP3.13)0  24.16  75.70
nl S2-C7 1.96753  47.20 52.80  0.6870(SP3.09)S+  24.0774.39
- -0.68730 - - 0.7267(SP3.26)0  23.47  76.47
nlS2-N24  1.98492  37.18 62.82  0.6098(SP3.75)S+ 520.6 77.42
- -0.81430 - - 0.7926(SP2.50)N 2857  71.36
n2 04-C31  1.99477  65.48 3452  0.8092(SP1.45)0+ 540.7 59.13
- -1.09505 - - 0.5875(SP2.03)C 3293  66.93
nl 05-C31  1.99464  68.50 31.50  0.8276(SP1.92)0+ 734.1 1.92
- -0.95544 - - 0.5613(SP2.76)C  26.52  73.24
n2 C7-C22 173363  58.19 41.81  0.7628(SP1.00)C+  0.0099.98
- -0.29407 - - 0.6466(SP1.00)C  0.00  99.94
n2 C8-C25  1.73601  47.70 52.30  0.6906(SP1.00)C+  0.0099.96
- -0.29610 - - 0.7232(SP1.00)C  0.00  99.95
nl C21-C31 1.97497  52.04 47.96  0.7214(SP2.29)C+ 4030. 69.55
- -0.70296 - - 0.6925(SP1.48)C  4.38  59.58
nl 04-C31  1.99477  65.48 3452  0.8092(SP1.45)0+ 540.7 59.13
- -1.09505 - ) 0.5875(SP2.03)C 3293  66.93
n2 04-C31  1.98406  71.68 28.32  0.8466(SP1.00)0+  0.0099.89
- -0.40916 - - 0.5322(SP1.00)C  0.00  99.46
n2 C8-C25  1.73601  47.70 52.30  0.6906(SP1.00)C+  0.0099.96
- -0.29610 4 - 0.7232(SP1.00)C  0.00  99.95
n3Cl 1.90376 - sp1.00 0.00 99.96
- -0.32536 - - - -
n2 03 1.81211 - sp1.00 0.00 99.92
-0.29020
n3 03 1.77677 - $p99.99 0.04 99.88
-0.28923
n2 04 1.85075 - $p99.99 0.17 99.77
-0.30029
n2 05 1.83108 - sp1.00 0.00 99.94
-0.35845
n2 06 1.81194 - sp1.00 0.00 99.92
-0.29010
n3 06 1.77683 - $p99.99 0.04 99.88
-0.28916
nlC21 1.15180 - sp1.00 0.00 100
-0.14469

®ED/e is expressed in a.u.



Table 8.

Third-order nonlinear optical susceptibility valiee BACSBA crystal compared with

experimental results of organic crystals.

Crystals

o)

BACSBA (present work)
1-(5-chlorothiophen-2-yl)-3-(2,3-dichlorophenyl)pr@-en-1-one
(CTDCP) [93]

2-(4-methylphenoxy)-NO-[(1E)-(4-
nitrophenyl)methylene]acetohydrazide (4AMNA) [94]
1-(4-aminophenyl)-3-(3,4,5-trimethoxyphenyl)prog@-1-one
(APTP) [95]
(2E)-3-[4-(methylsulfanyl)phenyl]-1-(4-nitrophenglhop-2-en-1-one
(ANAMSP)[96]
(2E)-1-(4-bromophenyl)-3-[4-methylsulfanyl)phenyigp-2-en-1-
one (4Br4aMSP)[96]

(2E)-1-(3-bromophenyl)-3-[4 (methylsulfanyl) phejpybp-2-en-1-
one (3Br4MSP)[96]

90.68
16.21

10.24

8.70

2.37

2.30

1.99
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cl O Cl O
Scheme -1: Synthetic scheme for 2-(benzylamino)-4-chloro-5-sulfamoylbenzoic acid
(BACSBA).
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Figure 1. Some potent biologically active chlorosulfonamide drug moieties.



Figure 2. ORTEP view of 2-(benzylamino)-4-chloro-5-sulfamoylbenzoic acid (BACSBA)
with thermal €ellipsoids drawn at 50% probability.
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Figure 3. Packing of moleculesin the crystal lattice of BACSBA.
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Figure 4. Dipole moment values as function of the iterative steps.



(1) @) 3 O]

(a) Hirshfeld surfaces of BACSBA: dnorm (1), shape index (2), curvedness (3), fragment
patch (4).

(b) View of O---H interactions.
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(c) Finger print plots of the BACSBA compound and major interactions visualized with
percentage (i) O---H interactions (33%) and H---H interactions (27%).

Figureb5. Anaysis of 3D-Hirshfeld surfaces and 2D-finger print plots of BACSBA

molecule.



Bond Number BDE[kcaVmol]

1. 105.07575
2 91.57676
3. 97.12646
4. 86.73929
5 108.86026
6 111.54098
7. 110.62293
8. 110.5081
9. 111.02642
10. 110.5721
11. 110.20062
12. 54.08317
13. 61.777692
14. 70.643775
15. 81.530443
16. 98.135598
17. 100.41409
18. 105.12982

Figure 6. H-BDE (violet color) and BDE (green color) values for BACSBA molecule.
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Figure 7. Linear polarizability and linear refractive index as function of the electric field
frequencies.



Figure 8. Second hyperpolarizabilities (y (—w; w, 0,0)) and (y (—w; w, w, —w))
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(in units of 10~3%esu) as function of the electric field frequencies.
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Figure 9. Third-order nonlinear susceptibility (10~22m?2/V?) as function of the frequency.
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Figure 10. DTA/TGA graph of BACSBA compound.
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Highlights

» TheL-shaped molecular structure of the BACSBA was confirmed by single crystal X-
ray diffraction technique and Quantum chemica methods.

* Most reactive sites are identified.

» Bond dissociation energies are calculated in order to predict possible degradation
properties.

 BACSBA crystal is an attractive object for further studies on nonlinear optics.

* Antifungal and antioxidant studies are reported.
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