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ABSTRACT

A thorough examination of weak interactions presenthe crystal structure of the title
compound was investigated. Intramolecular C—H--d &---S interactions make the
molecule as fused 6,5,5,5,6,6-membered ring system. of the closely related structures
show 1D-isostructurallity with the title compound@he crystal structure is stabilized by
different types of weak intermolecular C—H---N, G-, C-H-1t and S and 1t - Tt
interactions. The first two strongest dimers aebitized by stacking interactions. The nature
of these interactions and their role was estaldistieough quantum theory of atoms-in-
molecules approach. The Hirshfeld surface analyisiarly reveals that thpara-substituted
fluorine substantially change the contribution ofermolecular H---H and H---C contacts.
The molecular docking analysis suggests that tihee ¢dompound shows anti-inflammatory
activity and selective against cyclooxygenase-1 X<l enzyme and the 2-fluorophenyl and
triazole moieties of the title compound are invalve thert - 7t interactions with active site

aromatic residues.

Keywords: 1,2,4-Triazolo[3,48][1,3,4]thiadiazole; anti-inflammatory; PIXEL; QTM;
Molecular docking

1. Introduction

Non-covalent interactions between molecules playital role in supramolecular
chemistry, structural biology and materials sciefite A thorough investigation of both
strong and weak non-covalent interactions is aergid aspect of crystal engineering as it
assists to tailor new materials with desired plociemical properties [2-4]. The role of
conventional hydrogen bonds and Tt interactions is well recognized in crystal engnag
[5-7], structural chemistry and biology [8]. The portance of different types of weak
interactions in classical and non-classical nataréifferent organic materials was studied
using X-ray crystallography and a variety of theiced approaches [9-12]. In order to
understand the importance of different weak int@vas including halogen bonds in a
pharmaceutically active triazolothiadiazole derivat we synthesized one of the
triazolothiadiazole derivatives bearing two flu@iatoms and its crystal structure has been
explored by single crystal X-ray diffraction.

The title compound possesses two azoles namel§-tridzole and 1,3,4-thiadiazole

and each of this azole has their own importancalifferent fields such as medicinal



chemistry, agriculture and industrial applicatiofifie fused products of these two azoles
possess versatile biological activities includimgi-enflammatory [13,14], antimicrobial [13],
anticancer [15], analgesic [16], antioxidant [1Hdaantifungal [18] activities. Some of the
triazolothiadiazoles were also discovered as detathibitors of the c-Met kinase [19]. The
Cambridge Structural Database (CSD) search (vesi88 updates August 2018) disclosed
that there are 64 hits containing 3,6-disubstittit&tj4-triazolo-1,3,4-thiadiazole derivatives
of which 8 hits (Fig. 1) found with phenyl moietylstituted at the 3 and 6 positions of the
fused triazolothiadiazole (CSD reference codes: NOE [20], ILETOK [21], KOFKOG
[22], RAPSUX [23], ROGGIE [24], XERZUQ [25], VEGVAR6] and LEPQED [27]).
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Fig. 1. Chemical structures of closely related agslof the title compound.

In the present investigation, we used differentotbBcal approaches (PIXEL,
guantum theory of atoms-in-molecules (QTAIM), andlecular electrostatic potential and
Hirshfeld surface analysis) to study the weak mt@ecular interactions existing in the title
compound. The PIXEL method was used to evaluatentieemolecular interaction energies
of different molecular pairs in the crystal struetwf the title compound. Lattices energies
were also calculated using the same code for thee dompound and its closely related
structures to understand the nature of crystalipgcR he quantitative molecular electrostatic
potential surface was computed to identify the pidé sites involved in the intermolecular

interactions in the crystal structure of the titempound. Further, Hirshfeld surface analysis



was performed to quantify the contribution of diffiet intermolecular contacts in the title
compound and its closely related structures andetmeate the role of fluorine substitutions
in the title compound. The topological properties different weak interactions were
computed based on the Bader's QTAIM approach [28]order to assess the potential
bioactivities of the title compound, we performedsilico docking of the title compound
against different targets such &wvis aries cyclooxygenase-1 (COX-1)Homo sapiens
cyclooxygenase-2 (COX-2) and lanosterolbiddemthylase ofMlycobacterium tuberculosis
(MtbCYP51) andCandida albicangCaCYP51).
2. Experimental
2.1. Synthesis and crystallization

The title compound was synthesized starting witfludrobenzohydrazide 1§
following the reaction sequences outlined in ScheimeA mixture of 4-amino-5-(4-
fluorophenyl)-H-1,2,4-triazole-3-thioB (2.1 g, 0.01 mol), 2-fluorobenzoyl chloride (1.40
0.01 mol) and phosphorous oxychloride (10 mL) weatéd under reflux for two hours. On
cooling, the reaction mixture was cautiously pouredo crushed ice (50 gm) and the
precipitated solid product was filtered, washedhwsaturated sodium hydrogen carbonate
solution and then with water, dried crystallizednfr ethanol to yield 2.42 g (77%) of the title
compound(A). M.p. 172-174°C (445-447 K) as colourless fine needle crystalstaBle
XRD single crystals were obtained by slow evaporatf chloroform-ethanol solution (1:1)
at room temperaturéd NMR (CDCk, 500.13 MHz)3 7.16-7.25 (m, 4H, Aromatic-H), 7.31-
7.33 (m, 2H, Aromatic-H), 7.54-7.56 (m, 2H, Aroneatl). *C NMR (CDCk, 125.76 MHz):
0 115.11, 115.92, 116.21, 120.73, 124.27, 127.5F,772 133.45, 144.57, 158.43, 161.96
(Aromatic-C), 160.05 (C-3), 160.46 (C-8), 163.964C
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Scheme 1. Synthesis of the title compound.



2.2. Single crystal X-ray diffraction (SCXRD)

The X-ray intensity data were measured from sicgystal of the title compound on a
Bruker APEK-II CCD diffractometer with monochromatilo Ka (A = 0.71073 A) radiation
at room temperature (293(2) K). Data reduction erarefinement of cell parameters were
performed using the program SAINT (Bruker AXS, 2D17fthe absorption correction was
applied using the multiscan method [29] implemeniedhe program SADABS (Bruker
AXS, 2014). The structure of the title compound wab/ed by the direct methods using the
program SHELXS-97 [30] and the structure was refinsing the SHELXL-2017/4 program
[31]. The non-hydrogen atoms were refined anisatadly and the hydrogen atoms were
placed in idealized geometry using riding modelhw@-H=0.93 A and Wo(H)=1.2Us(C).
Highly disordered solvent (possibly water) was prgsin the channels parallel to the
crystallographicc axis. Since the disordered solvent molecules cooldbe identified, the
SQUEEZE routine of PLATON [32] was used to remoke effects of approximately 12
electron equivalents from 183°Aof potential solvent area volume. Crystal datatada
collection and structure refinement parameterssarmamarized in Table 1. The molecular

dimers were drawn using the program MERCURY [33].

2.3. Computational details

Crystal structure geometry of the title compoundswaed as a starting model for
geometry optimization and followed by vibrationaéduency calculation. The optimized
structure was found to be minima with no imaginémggquency. Both calculations were
performed in the gas-phase with M06-2X/cc-pVTZ ledetheory [34] using the Gaussian09
program [35]. Grimme’s empirical dispersion (D3)reation was included in all calculation
[36].

The Hirshfeld surface and the decomposed 2D fingerplots were generated for the
title compound and its closely related structureisg CrystalExplorer package [37] in order
to analyze intermolecular interactions presenthesé structures. Further, we carried out
PIXEL calculation [38,39] to evaluate the strengtifsvarious molecular pairs held by
different types of intermolecular interactions hettitte compound and its closely related
structures. The lattice energy was also computedhiese structures using PIXEL method
which partitioned into the Coulombic, polarizatiafispersion and repulsion energy terms.
We successfully utilized the above two approacbeslifferent systems and the details were

previously published [12, 40-45]. Using the PIXE&alaulation, we identified energetically



significant molecular pairs were identified. Furtiere, XPAC2.0 program [46,47] was used
to identify the common packing features preseniveen the title compound and its closely
related structures. The quantitative moleculartedstatic potential map was constructed and
visualized on the three dimensional surface usiegorogram WFA-SAS [48].

Further, the interaction energiese:p) for these dimers were computed at their crystal
structure geometry with normalized bond lengthoimwvng hydrogen atoms with M06-2X-
D3/cc-pVTZ level of theory. ThAEcp energies were corrected for basis-set superpositio
error (BSSE) using the counterpoise correction neiroposed by Boys and Bernardi [49].
For the above molecular pairs, the topological progs were calculated using an approach of
quantum theory of atoms-in-molecules (QTAIM) fromIMMLL package [50]. The
dissociation energyDEi) for the interaction was estimated through an eicgdi formula

proposed by Espinosa-Molins-Lecomte [51].

2.4. Molecular docking analysis

The anti-inflammatory, antimicrobial and antifungadtivities of the title compound
was investigated bin silico molecular docking against different targets sugltygochrome
P450 lanosterol-lotdemethylases (CYP51) dflycobacterium tuberculosi@pdbid: 1EAL)
and Candida albicangpdbid: 5V5Z) and two cyclooxygenasedvis ariesCOX-1, pdbid:
1EQG andHomo sapiensCOX-2, pdbid: 5IKR). The preparation of proteindatime ligand
molecules for the docking study was carried outnastioned in our earlier report [12] using
the Schrodinger suite (Schrodinger Release 2016-G, New York, NY, 2016). The binding
energies of the docked pose of the compounds vedcalated using the glide extra precision
(Glide XP) scoring scheme implemented in the Ghaadule [52]. To compare the binding
affinity of the title compound, we used differertarsdard inhibitors: ibuprofen (COX-1),
mefenamic acid (COX-2) and Flucanazole (CYP51).

3. Resultsand discussion
3.1. Structural description

The title compound crystallizes in the tetragonatem with the space group lgh/a
and one molecule present in the asymmetric uni. ddmpound comprises four ring systems,
two six-membered (4-fluorophenyl and 2-fluorophgramd two fused five-membered rings
(thiadiazole and 1,2,4-triazole). In the solid stahe overall conformation of the molecule is

completely planar and rings are coplanar with eaztbler as evident from the dihedral angles



(2.5-7.3) formed by the mean planes of these rings antbtiseon angles T1 and T2 (Fig. 2).
It should be noted that the two intramolecular aotd (H15---N4 and F1---S1) provide
support to maintain the planarity and rigidity bétmolecule in the crystalline state and make
the molecule as fused pseudo 6,5,5,5,6,6-membergdystem (Fig. 2).

F2

Fig. 2. ORTEP diagram showing intramolecular C-N-and F- - - S interactions in the title

compound along with atom-numbering scheme.

3.2. Conformational analysis and quantitative analysis of intramolecular interactions

In order to assess the role of above mentionednmdtecular contacts, we performed
rigid potential energy surface (PES) scan for the torsion angles (T1 and T2) which
involve the rotation of terminal phenyl rings. Thigid PES scan was performed using
B3LYP/6-31+G(d) level of theory for these torsiomgies separately from -180 to T8@ith
the increment of © The result suggests that the minimum energy cordois found to be at
5° for T1 and 0O for T2 torsion angles (Fig. S1). These anglexhrge to the X-ray geometry
of title compound which favor the formation of atnolecular H15---N4 and F1.---S1
contacts. Further, the molecule of title compoundswiully optimized without any
geometrical constraints as mentioned in the exparial section. The optimized structure was
found to be very close to the X-ray structure. Thet mean squared deviation (RMSD)
between X-ray and the optimized structures wasutatied to be 0.12 A. This result is also
suggesting the importance of intramolecular inteoas in the stabilization of planar
molecular conformation of title compound.

To retrieve closely related structures of the titbenpound, we performed CSD search

using the chemical structure of the title compournith the exclusion of fluorine substituents



as a template. This search yielded 8 hits and tteimical structures are depicted in Fig. 1.
To compare the conformation of title compound vitishclosely related known structures, two
important torsion angles (T1 and T2) which desctit®conformation of these molecules are
used (Table S1) and the dihedral angles are forbsddeen phenyl rings attached to the
central rings with respect to the mean plane otraétriazolothiadiazole ring summarized

(Table S2).

Further, atoms of central two five-membered ringe aised for structural
superimposition of the title compound with its @bsrelated structures to see the effect of
substituents on phenyl rings (Fig. S2). These aealyollectively indicate that the 2-ethoxy
moiety in RAPSUX [53] affect the planarity of theotacule. The 2-ethoxy substituted phenyl
is oriented at an angle of 4@ith respect to the mean plane of the centratdt@hiadiazole
ring. This deviation is likely due to the absendeimramolecular contact between 2-
ethoxyphenyl and the N atom of thiadiazole ring.sitould be noted that the effect of
substituents on phenyl ring attached to the thiaaéring on the conformation is marginal.

Further, we present a detailed analysis of topokigproperties of intramolecular
interactions at the BCP in the crystalline geomeitiryitle compound and its closely related
structures based on the QTAIM approach. The topocddgoroperties for intramolecular
interactions (C—H---N and S involving contact)hiase structures are summarized in Table 2
(a complete details are given in Table S3) and mhelecular graphs showing the
intramolecular interactions are illustrated in F&@. The analysis of the topological properties
for these intramolecular interactions suggests tiatintramolecular C—H---N interaction as
found in the structure of title compound is invati@xcept in RAPSUX structure [53]. This
absence is due to the presence of ethoxy groupeabrtho position of the phenyl ring
attached to the triazole ring. The dissociationrgndDE;,) for these interactions ranging
from 2.08 (LEPQED [27] to 3.22 kcal mb{HODNOE [20]). However, the ethoxy O makes
an intramolecular interaction (O1---N1) with theatdm of the thiadiazole moiety wWilDE;.;
of 1.92 kcal mof. It should be noted that these C—H---N interastisimow the trend of
exponential decay (with®> 0.99) in the magnitude of electron densjty &nd the Laplacian
of electron density[{’p) with increasing length of the bond path (Fig..S4)

Moreover, the S atom is participating in an intrégcalar contact in five structures.
The F/CI---S contact is observed in three strust@he ILETOK and LEPQED) and in
another two structures, H/C---S interactions wereeved. The strongest S involving
interaction is found to be F---S iA)(with DEj of 4.25 kcal mot. A slight rotation of



phenyl ring attached to thiadiazole ring in ROGGRAPSUX, HODNOE and VEGVAE
structure avoids the formation of S involving im@ecular contact. It is also to be noted
that the|V(r)VG(r) ratio is calculated to be less than one fbthe intramolecular contacts,

comparable to those reported for other hydrogemnl¢sd].

3.3. Molecular dimersin the crystal structure

The crystal structure of the title compouAccan bedescribed as four units of dimer
(Fig. 3) and this dimer (motifll) is formed by intermolecular C—H---N interactioibe
adjacent dimers are interconnected by 1&contacts (motifiV). Further, the energetically
significant dimeric pairs were identified from tHXEL energy calculation. The results
suggest that there are six dimeks/() which are held together by different intermolecul
interactions (Table 3 and Fig. 4). The interacti@mgrgies AEcp) for these dimers were
further evaluated by DFT method as mentioned inékperimental section. It should be
mentioned that the interaction energi€g:(and AEcp) of dimers calculated by PIXEL and

DFT methods are comparable.

Fig. 3. Crystal structure of the title compoundwed down thec axis. The voids are
indicated as blue spheres. The symbol ‘+' and strlaltk spheres denote the skrew axis
and center of inversion, respectively.



Fig. 4. Molecular dimers observed in the crystalcure of the title compound. The ring

centroid position is shown as small red sphere.

The molecular dimet is formed by stacking of adjacent triazole ringtated by
center of inversion with aBy value of -9.2 kcal mdl. The distance between the centroids of
the triazole ring is being 3.317(3) A. The eledtatiss and dispersive energy components are
contributing 34% and 66% towards the stabilizatadrthis dimer. Further, to confirm the
existence and to quantify this stacking interactiore performed QTAIM analysis. The
molecular graphs showing the presence of differet@rmolecular interactions in various
molecular pairs observed in the title compoundildustrated in Fig. S5 and the topological
properties for these intermolecular interactions summarized in Table 4. In dimkrtwo
symmetrical contacts (four BCPs in total) are pmésg between this dimer. One of the
contacts involved between N1 and C9, while the séamntact is formed between N2 and
N3. TheDE;, for these contacts are nearly equal (0.95 andktaPmol®) in strength.

The second strongest molecular daiis established by molecular stacking between
adjacent moleculesE(,; = -8.4 kcal motl with the contribution of 83% dispersive energy
towards the stabilization). There is a C5---Ci0 K) contact observed between adjacent

molecules and the centroid-to-centroid distancé6&3) A) between the triazole and 2-

10



fluorophenyl rings supports for the formationrin -t interaction. QTAIM calculation reveals
that there are four (3, -1) bond critical pointsetved (N---C and C---C atom paat®ms
and confirms the existence af - Tt stacking interactions between the molecular péirl o
The DE; for these contacts ranging from 0.50 to 0.71 koal*,

The centrosymmetric dimddl is formedvia intermolecular C—H---N interactions
(involving H11 and N2 atoms). These interactionsegate a close®%(10) loop and the
interaction energy for this dimer calculated by BH¥EL method is being -7.1 kcal mblFor
the stabilization, the electrostatic energy (59%¥antributing more when compared to the
dispersion energy (41%) component. The topologealysis confirms the presence of these
closed loop structure with tH2E;, for each H- - - N contact is found to be 2.20 kcdl'mo

The dimerlV is primarily stabilized by intermolecular Sa-interaction and there are
non-bonded contacts observed between S1 atom amdoi@s (C3 and C4) of the 2-
fluorophenyl ring. The intermolecular interactioneegy E::) for this dimer is calculated to
be -4.9 kcal mot. The electrostatic (49%) and dispersion (51%) giesrare contributing
nearly equal towards the stabilization of this roalar pair. The distance between S1 and the
centroid of the 2-fluorophenyl ring is 3.521(3) Phis dimer was further subjected to QTAIM
analysis to delineate the nature of interactioes@mnt between molecules. The result exposes
the existence of STtinteractions wittDE;; for these contacts are 0.87 and 0.91 kcal'miol
is important to note that there is an intermolec@aH- - -N (BCP between H3 and N1 atoms)
interaction which displays a significant role irethtabilization of this dimer. ThBE;,; for
this contact (1.24 kcal molis slightly stronger than the Sminteractions.

Intermolecular C-H-1t (involving H5 and C13 atoms) interaction stab#izthe
molecular pairV with the Ey; value of -4.3 kcal mdl. The stabilization of this dimer is
essentially dispersive (73%) in nature. The topckiganalysis suggests that there are four
BCPs observed in the molecular pair which confithesexistence of C—Htinteraction in
addition to the weak intermolecular C-H- - -F intBoas (Table 4 and Fig. S5). The C—Hi - -
interactions are slightly weaker than one of theHC-F interactions as evident from the
dissociation energies for these interactions.

The dimerVI is held by intermolecular three-center C—H---Feraxtions which
generate a loop. TH&.; value of this dimer is calculated to be -1.9 koal™ and this motif is
stabilized by predominantly dispersive in natur8%j. According to QTAIM analysis, the
presence of these interactions are confirmed tlrdlg (3, -1) bond critical points between H

and F atoms. The dissociation energy for thesedatiens were found to be 1.38 (H3:--F1)

11



and 1.28 (H2---F1) kcal mblOverall, the results suggest that C—H- - - F intienss observed
in motif VI is the second strongest interactions in the crytalkture of the title molecule
(first strongest one is the C—H---N interactioneolsd in molecular pairll). It is worth
mentioning that the magnitude of electron densélu&s for all the interactions observed in
different molecular pairs falls in the range [0.04% (e A®) < 0.236] proposed by Koch and
Popelier for H-bonds [55,56]. On the other hand,tiagnitude of the Laplacian for C—H---N
and C—H- - -F interactions falls within the suggetitait [0.580 < %0 (e A®) < 3.355]. The
intermolecular C—H---N and C—H- - -F (involvorgho fluorine F1) interactions are displayed
important roles as compared to other weak intevast{they are in non-classical nature) in

the crystalline state as evident from the topolalgizoperties.

3.4. Hirshfeld surface (HS) analysis and 2D fingerprint plots (FP)

HS analysis was performed to gather decomposedirgierprint plots for the title
compound and its closely related structures to fifiyarthe contribution of various
intermolecular interactions in the respective alyptcking (Table S4). In the title compound,
there are three short contacts namely C5-.-C10if(igotand H11l---N2 (motifll) and
S1---C3 (motitV) are clearly visible on the HS and the H11.--N2taxts are appeared as
bright red spots among them as shown in Fig. 5(a).

In order to understand the role of second fluoat@m para substituted F) in the
crystal packing, we compared the relative contrdng of different intermolecular contacts in
the title compound and its closely related strustut ETOK (4H, fluorine absent at this
position). From Fig. 5(b), one can clearly visualthe distinct fingerprint plots obtained for
these two structures. Most importantly, the contidn of intermolecular H---F contacts are
increased and there is a reduction of H---H (bYb.2nd H---C/C---H (7.7%) A&, due to
the presence gfara-substituted fluorine. Another distinct feature ehv®d between these two
structures is the contribution of S---C/C---S abnidoich indicates the presence of &:--
interaction. In case of compouAd S---C/C---S contacts contribute 6.2% to the litBahrea
and the corresponding contacts are contributing l&n 2% in other closely related
structures. This is clearly indicating that the-§interaction is unique in the title compound.
The intermolecular H---N/N---H, C---N/N---C andCcontacts are comparable in these
two structures and H---S/S---H contacts are alnisies greater in the case of ILETOK. As
discussed in the previous section, paa-substituted fluorine (F2) stabilizes the motif

along with two H-.-C contacts as observed from tdpological analysis. Overall, this

12



analysis indicates thaara-substituted fluorine plays an important role ie tirystal packing
in addition toortho-substituted fluorine. Intermolecular C---C cordae contributing 5.2%
to the total HS area and they are concentratechdrdu= d; = 1.8 A as green dots which
demonstrate the existence mfstacking interactions in the title compourdl).( Further, to
confirm the presence of stacking interactions, the HS was mapped withstiepe index. In

this diagram, the pattern of convex blue and coaaad triangles reveal the existence of

these interactions (Fig. S6).
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Fig. 5. (a) Two different views of Hirshfeld sur&scof the title compoundl and short
contacts are broken-circled and (b) the relativéridoutions of different intermolecular
contacts to the total Hirshfeld surface area iand its closely related structure ILETOK

3.5. Common packing features and lattice energies
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Lattice energies were computed using the PIXEL oetfor the title compound
and its 8 closely related structures (Table S5js hoted that the lattice energies for these
molecules ranging from -32.2 (for title compound)-#7.1 kcal mot (for HODNOE). The
higher lattice energy can be attributed to the gmes of voids in the crystals of the title
compound. Moreover, the dispersion energy compoisgmtedominant (> 63%) towards the
stabilization and the remaining comes from the tedstatic energy component in all cases.
Further, the common packing features present betwiee titte compound and its closely
related structures were analyzed. As shown in&rg.the compound (motif 11) shares one-
dimensional isostructurality [46] only with ILETOKissimilarity index x =6.1 and stretch
parameter D = 0.23 A) and XERZUQ (dissimilarity éxdx =10.7 and stretch parameter D =
0.34 A).

3.6. Quantitative molecular e ectrostatic potential

The quantitative molecular electrostatic potent{dSP) for the title compound at
its crystal structure geometry was analyzed to @epthe electrostatic potential distribution
and to understand the nature of interactions tket & the crystal packing. The 0.001 au
electron density isosurface of the title molecul€¢A) is depicted in Fig. 6. The very strongly
positive electrostatic potential of the 2-fluoropkiehydrogen atoms (nax= 29.75 to 27.06
kcal mol') and the negative potential {\ = -4.88 and -4.50 kcal midJ around F1 indicates
their propensities for hydrogen bonding. The puositelectrostatic potential of the 4-
fluorophenyl hydrogen atoms is relatively weakercampared to 2-fluorophenyl hydrogen
atoms and there is r@@hole existing for the atom F1 as observed in aallorelated structure
ILETEK. In contrast, there is a-hole along the C13—F2 bond with the Mxof -15.26 kcal
mol™* and the Vi values of -16.86 and -16.79 kcal mathich correspond to lone pairs of
F2 atom. The nitrogen atoms (N1 and N2) of thetlaring have strong negative potentials
with Vsmin values of -41.92 and -40.18 kcal mplrespectively, and these two atoms are
involved in the intermolecular interactions as ewvidfrom PIXEL and QTAIM analysis. The
negative potential is observed for the lone pairS atom with \{ n,values of 0.30 and 0.99
kcal mol'. It is of interest to note that there is a positpotential ¢-hole) with Vs mavalue of
16.01 kcal mot which is approximately perpendicular to the positbf lone pairs. This is
clearly supports for the existence of motifin the title compound.
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Fig. 6. Molecular electrostatic surface potentalthe title compound mapped over the
electron density isosurface at 0.001 au. The pasifls nay and negative\s min) potentials
are shown as small black and blue spheres, regphcti
3.7. Molecular docking analysis
The flexible ligand docking analysis revealed it titte compound may exhibit anti-

inflammatory, antimicrobial and antifungal actiei as compared to control drugs. The
binding energies of the title compound)(and control inhibitors for different targets are
summarized in Table 5. The binding pose of compdi@)dand control drugs along with their
protein targets are depicted in Figs. 7 and S89bdth COX-1 and COX-2, the title
compound A) makes two important--1t stacking interactions with residues Tyr 385 angl Tr
387 through its 2F-phenyl ring. The residue Tyr 3&%lso forming a stacking interaction
with the triazole ring of the compound) in the case of COX-1. It should be noted that
compound (A) is slightly more selective towards COXCompoundA) binds with higher
affinity with both MtbCYP51 andCaCYP51 targets as compared to the control inhibitor
antifungal drug fluconazole. IMtbCYP51, again the 2F-phenyl ring of the title compadu
involved in stacking interaction with Tyr 76 resedurhe same residue is also participating in

stacking interaction with the triazole ring of tthéconazole inhibitor.
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4. Conclusion

In the present study, pharmaceutically promisingnag 3-(4-fluorophenyl)-6-(2-
fluorophenyl)-1,2,4-triazolo[3,4][1,3,4]thiadiazole was synthesized and its sinyleay
crystal diffraction analysis was performed. Twaamolecular (C—H---N and F---S) bonding
are important for maintaining the planarity of t@lecule at some extent and the C-H---N
interaction was found to be invariant in a closediated structures. The crystal structure is
stabilized by different types (molecular stackir®y, 1, C—H---N, C-H-1t and C-H---F
interactions. Both intra and intermolecular intéi@ats were quantified using QTAIM
approach. The results suggested that the intermlale€—H---N and C-H---F (involving F
substituted at thertho position) interactions play vital role in the stedation of the crystal
structure of the title compound. Other weak nonatent interactions (Sm-and Tt - T and
N-- 17 also help to stabilize the crystal structure inoa-classical manner. Hirshfeld surface
analysis indicated that thgara-substituted fluorine substantially alters the cdttion of
intermolecular H---H and H- - - C contacts. The pialenibactivity of the title compound was
studied by molecular docking analysis and the tesyealed that the title compound may

possess anti-inflammatory, antimicrobial, antifureaivities.
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Table 1.Crystal data and refinement parameters for the comg @).

Crystal data A
Chemical formula GHsFH N4 S
Mr 314.31

Crystal system, space grouj

)]

Tetragondl/a

Temperature (K)

293(2)

a b, c(A) 29.6253(14)
29.6253(14)
6.2433 (4)

a, B, y(®) 90, 90, 90

V (A% 5479.5(5)

Z 16

Radiation type Mo Ka

4 (mmh 0.26

Crystal size 0.24 x 0.12 x 0.08

Data collection

Diffractometer BrukeAPEX-II CCD
diffractometer

Absorption correction Muli-scan

Tmin, Tmas 0.795, 0.931

No. of measured,
independent and observedd |
> 20 (1)] reflections

48849, 3142, 1946

Rint 0.131
(SIN O/A) max (A‘l) 0.649
Refinement

R[F? > 20(F?)], wR(F%, S

0.048, 0.111, 1.08

No. of reflections

2513

No. of parameters

200

H-atom treatment

H-atom parameters
constrained

A,Oma), A,Omin (e A3)

0.20, -0.19

CCDC No.

1887657




Table 2

Topological parameters for intramolecular interaaesi in the title compounddj and its closely related
structures f: electron density (e, 0?0 Laplacian of electron density (€)A Vi,: potential energy
density (a.u.)Gy: kinetic energy density (a.ul;: bond path (A) and Dfg= -0.5%V}, in kcal mol'].

Interacting Ri 0 0’0 | Vb Gy [Vy| | DEin
atoms G,

A

F1.-S1 2.71¢ [0.11F [1.83¢ [-0.01354 [0.01630: | 0.82 4.2t
H15---N: [ 2.43C [0.087 [1.13¢ |-0.00732 | 0.00957: | 0.77 2.3(
ILETOK

F1.-S1 2.75¢ [0.10¢ [1.69¢ [-0.01231i [0.01494' | 0.82 3.8¢
H5- -- N2 2.39¢ [0.08¢ [1.22¢ |-0.00802: | 0.01038: | 0.77 2.5z
ROGGIE

H1-~-N4  [230C [0.10¢ [1.48: |-0.01005. |0.01272: [0.7¢ | 3.1f
HODNOE

H1---N. [229t [0.10¢ |1.507 [-0.01025 |0.01294i | 0.7¢ | 3.2¢
KOFKOG

H12---S 2.55¢ [0.11¢ [1.53¢ [-0.01236 [0.01414 | 0.87 3.8¢
H1---N: 2.40: [0.08 [1.20¢ |-0.00782: |0.01018 | 0.77 2.4F
LEPQED

Cl1.--S1] 3.00z 0.12¢ 1.53] -0.01333' | 0.01460( | 0.91 4.1¢

H5---N1 2.49¢ | 0.07¢ 1.03¢ | -0.00663' | 0.00870. | 0.7¢ 2.0¢

VEGVAE

H4--N4 | 2.30¢ [0.10f | 1.45]

-0.00994! [ 0.01250. [ 0.8C | 3.1Z

XERZUG

Cli7---S] 3.03¢ | 0.09¢ 1.09¢ | -0.00900: | 0.01019¢ | 0.8¢ 2.8¢

H4---N2 2.44% 0.08% 1.11¢ -0.00718. | 0.00938( | 0.7 2.28




Table 3.Interaction energy (in kcal mid) for various molecular pair along with centroichtieid distance in (1)Cgl andCg3 are the

centroids of the 2-fluorophenyl and 4-fluorophengbs, respectively.

Motifs | centroid- Possible Geometry
centroid Interactions (A,°)?
d’gstance Symmetry code Ecou | Epol | Edisp Erep | Etot | AEcp
(A)

I 5.943 —X, -y, —z+1 -3.9| -19| -11.1} 7.7| -9.2|-10.3 Molecular stacking

C9--N1 3.246(3)
(Cg3:--Cg3) 3.317(3)
Il 6.243 X, Yy, -1 -1.5 -1.1| -13.0) 7.2| -8.4|-10.3 Molecular stacking
C5---C10 3.353(4)
(Cgl- - Cg3) 3.664(4)
1] 9.714 =X, =y, —Z+2 -5.0| -29| -54| 6.2| -71/-64 C11-H11.--N2 2.39, 165
v 8.718 -y+1/4,x+1/4, —-z+1/4| -3.7| -1.2| -5.1| 5.1| -4.9/-6.0 S1---C3 3.457(3)
S1.--C4 3.486(3)
Y 9.364 -y-1/4,x+1/4,z-3/4| -1.2| -0.5| -4.7| 2.2| -43|-4.1 C5-H5---C13 2.86, 130
VI 12.385 -y+1/4,x+1/4,-z-3/4 -0.5| -0.3| -2.2| 11| -19|-16 C2-H2---F1 2.63, 116
C3-H3---F1 2.63, 116

®Neutron values are given for all D-H- - - A interatsio




Table 4. Topological parameters for selected molecular gaits VI) in the compoundA) [o: electron
density (e/R), 00 Laplacian of electron density (€)AVy: potential energy density (a.uGp: kinetic
energy density (a.u.R;: bond path (A) and Dfg= -0.5%V, in kcal mol‘].

Interacting Ri 0 0’0 | Vb Gy [Vy| | DEin
atoms G
b

|

N1..-C! 3.64: 0.04: 0.49: -0.00304; | 0.00407. | 0.7% 0.9t
C9---N: 3.64: 0.04z 0.49: -0.00304. | 0.00407. | O0.7¢ 0.9t
N2---N: 3.33¢ 0.03¢ 0.48( -0.00294. | 0.00396! | 0.74 0.92
N3---N: 3.33¢ 0.03¢ 0.48( -0.00294. | 0.00396! | 0.74 0.92
I

C3:-- 3.691 0.03i 0.41( -0.002263 | 0.003261 | 0.6¢ 0.71

N-
C5---C1 3.65¢ 0.041 0.43¢ -0.002267 | 0.003404 | 0.67 0.71
C6---N: 4.11¢ 0.03: 0.40¢ -0.002001 | 0.003094 | 0.6¢ 0.6:

C11---N. 3.60z 0.02¢ 0.297 -0.001581 | 0.002332 | 0.6¢ 0.5(C

H11---N. 2.41% | 0.06¢ 1.02¢ | -0.00700! | 0.00883! | 0.7¢ 2.2(

N2---HL. 2.41¢ 0.06¢ 1.02¢ -0.00700: | 0.00883! | 0.7¢ 2.2
\%

H3---N: 2915 0.04¢ 0.64+ -0.00395: | 0.00531! | 0.7¢4 1.2¢
S1---C 3.68¢ 0.04( 0.50z -0.00290: | 0.00405: | 0.72 0.91
S1---C 3.54: 0.03¢ 0.481 -0.00276! | 0.00388. | 0.71 0.87
V

H15---F 2.811] 0.02: 0.38¢ -0.00253- | 0.00326:. | 0.7¢ 0.8(
H5---C1 2.94¢ 0.02¢ 0.39i -0.00225! | 0.00318! | 0.71 0.71

H4---Cl 3.02¢ | 0.02¢ 0.37: -0.00218(| 0.00304' | 0.7 0.6¢

H14---F 2.94: |0.015 0.32¢ -0.00190! | 0.00264! | 0.7 0.6(

Vi

H3---F 2.701 | 0.03¢ 0.63¢ | -0.00438 | 0.00549. | 0.8C 1.3¢

H2---F 2.72i 0.03¢ 0.59:¢ -0.00407. | 0.00511( | 0.8C 1.2¢




Table 5.The binding energies (in kcal mlfor the compoundA) and control inhibitors calculated by
Glide XP scoring scheme

Compound Target
O.aries H. sapiens | M.tuberculosis | C.albicans
COX-1 COX-2 CYP51 CYP51
A -8.953 -7.906 -7.138 -7.612
Mefanamic acid -3.813
Ibuprofen -8.525
Fluconazole -1.964 -2.727




HIGHLIGHTS

* Molecule forms as pseudo 6, 5, 5, 5, 6, 6-membengdsystem.
* The invariant intramolecular C—H- - - N interactiores guantified.
» Topological properties of intermolecular interangsaare given

» Different bioactivities are explored using molecudacking.

* Role of fluorine in the crystal is investigated.



