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ABSTRACT

A linear Zn(Il) complex, [Za(LM*PY,(#*-NCS)] (1) containing a MO,O% donor Schiff
base, (HL°M®P"=N, N-bis(3-methoxysalicylidene)-2, 2-dimethylprogal, 3 diamine) has
been synthesized and structurally well charactdriZCXRD study reveals that iy the
asymmetric section contains two identical discrgt# and each discrete unit contains three
zinc metal ions (Znl, Zn2 and Zn3) which are ciatmaphic independent, two
deprotonated ligands f**P% and [SCN] ions which are linked with only terminal zinc ion
in an* mode where terminal zinc atoms (Zn1/Zn3) are distbsquare pyramidal while Zn2
is square antiprismatic. All computational calcidas were performed by the DFT/MO06
functional and the 6-31G * basis set in the grostate. Complex optimized structure,
HOMO-LUMO energy gap, Hirshfeld surface, MEP and@property was nicely explained
with the help of DFT. Total dipole moment, averagmlarizability and first
hyperpolarizability were calculated wheseand 8™ values are well demonstrate the NLO
property of complexl). In addition, Bader’s “atoms-in-molecules” was lgsad to delineate
complex non-covalent interactions using the samel lef theory.Experimental electronic
spectra were explained using TD-DFT level of catiohs with an IEFPCM solvent model.
DMF solvent explore complexl) is a fluorescent material with maximum emissiort &9
nm at an excitation wavelength of 300 nm. Finathglecular docking was executed with
cytochrome P450 frorB. megateriunandM. tuberculosisResults of molecular docking and
HOMO-LUMO energy gap can provide new insights ine thdevelopment of

antimycobacterial drugs and next-generation sendigctor devices.
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1. Introduction

During (1834-1915) Prof. H. Schiff opened an unbeauultidisciplinary research window
after his successful discovery of Schiff bases atin@r imines [1] and was responsible for
research into aldehydes. Now Schiff base ligandsubrquitous in coordination chemistry of
transition metals due to its availability, easy thgtic approach, exhibit various denticities
and functional behaviours [2,3]. In recent decades)plexes derived from such privilege
ligands have become prime research area due to dtieacting molecular structures and
interesting properties [4-8)hich are utilized as fluorescent material, nomdin optics,
catalysis, magnetism, molecular recognition, bioiciad [7-12], optoelectronics [13-16],
involvement of many catalytic functions for biologl and non-biological processes [17,18],
metallomesogens [19] and so forth. Spurred by ttalgtic activity of various mono/di-
nuclear zinc complexes [20-24], usually heteronhetaln,Cu calixarene complex have
greater catalytic efficiency than usual sAgpe complexes [25-28]In this juncture,
compartmental pD,O" donor Schiff bases derived from salicylaldehydevagives ortho
vanillin) and specific diamines, readily coordinate d-block transition metal ions in a
tetradentate (pD,) fashion to afford d-block mono/di-nuclear/homoailét/tri- and
tetranuclear complexes consisting of two molecoleparent salen ligands [29-31]. Herein
Mo-phenoxo bridging plays an important role in asdemgbmetal ions and also two salen-
type ligands. The presence of alkoxy groups (-ORMR, Et) at position 3 of salicylidene
moieties, an additional fOcoordination site and phenoxo oxygen is readilgilable in
conjunction with NO, site (Scheme 3). In fact, 4Osite is particularly suitable for

heterometallic 3d-4f complex formation with intdireg magnetic and photochemical



properties [32-34]. Similarly, introduction of hyakyl groups at 3 position of salicylidene
moieties, reinforced the formations of mono/difeiteronuclear complexes [35-38]. Such
common trimetallic structural motif has already tpayed by A. Mustapha et. al. (Scheme
S1B) [39]. Therefore, novel complex formations gsivexadentate (D.O%) Schiff base and
pseudo-halide [SCINions are common synthetic strategy over manysygdrere versatile
bridging mode of [SCN ions [40-42]were nicely explored (Scheme S2) without exception.
Herein the stereochemistry and coordination numdd&inment governed not only the
pseudo-halide spacers but also the steric requives& the Schiff bases [43, 44]The
unique selection of zinc metal ions is due to &sozcrystal field stabilization energy (CFSE)
and d° configuration which permits favourable architegtinvith flexible coordination
environments [45].

Our motivated research group has already reportedimber of pseudo-halide bridged
Zn(11)/Cd(Il) discrete/polynuclear complexes withifdrent compartmental N/O-donor Schiff
bases and explore their photoluminescence, DFT/HD;Dcytotoxic effect, apoptosis,
autophagy, necrosis type classical cell deathjtro antibacterial and anti-biofilm properties
vividly [46-51]. Meanwhile, the outcome of previouwsorks is the progressive response of
photoluminescence, cytotoxicity, antibacterial amdi-biofilm properties [52-54]. Although
till date various Zg-salen type complexes [35-38Etely explore their molecular architectures
but it is worth to mention here that always smalloant of research efforts were devoted for
the synthesis of trinuclear zinc metal complex withrrent Schiff base ligand and [STN
spacers followed by novel scientific analyses of TOMB-DFT, Hirshfeld surface (HS),
Bader’'s “atoms-in-molecules” (AIM), Molecular eleastatic potential (MEP), Frontier
molecular orbital (FMO), Non-linear optics (NLO)dmolecular docking with cytochrome

P450 fromB. megateriunandM. tuberculosisas a representative model.



In this article, we report successfully synthesigectral characterizations including SEM-
EDAX analysis, single-crystal structure, DFT/TD-DFPphotophysical and molecular
docking with cytochrome P450 froB. megateriumand M. tuberculosisin favour of

complex [Zr(LMPY,(4-NCS)] (1).

2. Experimental section

2.1. Starting materials

All research chemicals were of analytical gradel arsed as received without any
purification. Zn(OAc).2H,0, KSCN,ortho vanillin, and 2, 2-dimethyl-1, 3-propanediamine
were directly purchased from Sigma Aldrich Compad$A. High grade solvents such as

CH3OH, CH,CN and DMF were purchased from Merck company.
2.2. Physical measurements

Elemental (CHN) analysis for ligand and the compleas carried out on a Perkin-Elmer
2400 elemental analyzer. FT-IR and Raman spectra veeorded as KBr pellets (4000-400
cm™®) using Perkin—Elmer spectrum RX 1 and BRUKER RFSr2the range 4000-50 ¢

'H NMR spectra was recorded on a Bruker 300MHz FTRNS&pectrometer using trimethyl
silane as internal standard in DMS@swlvent. EDAX and SEM experiments was performed
on EDAX OXFORD XMX N (model) using Tungsten filanteand JEOL Model JSM-
6390LV. UV-Visible spectra (200-1100 nm) were detigred using Hitachi model U-3501
spectrophotometer. Fluorescence spectra in DMFesblwere measured at room temperature
using Perkin-Elmer LS50B Spectrofluorometer moBdlase purity of the trinuclear complex
(1) is carried out using Powder X-ray diffraction me@snent by BRUKER AXS,

GERMANY X-ray diffractometer model using CuoKl radiation. Ligand and trinuclear



Zn(Il) complex quantum yielddf) were determined using very popular equation (hgne

guinine sulphate used as secondary standard{.57 in water) [55].

O _ A (Abg,
b, A, (Ab3 T,

The meaning of each terms according to equatignX terms denote the fluorescence area
under the curve; Abs denotes absorbance; n isefinective index of the mediun® is the
fluorescence quantum yield; and subscripts S addri®te parameters for the studied sample

and reference respectively.

2.3. X-ray crystallography

Crystals were grown by slow evaporation of O and few drops (1:1) mixture of
CH;CN+DMF at room temperature. Good quality crystadsadwas collected on a Bruker
SMARTCCD [56] diffractometer using Mo Kradiation at. = 0.71073 A. Judicious crystal
data collection purpose we have operated diffeygopular programssuch asSMART
program for collecting frames of data, indexing lagetions and determining lattice
parametersSAINT [57] for integration of the intensity of reflectisrand scalingSADAB
[58] for absorption correction and SHELXTL for spagroup, structure determination and
least-squares refinements &A. Crystal structureof complex (1) was fully solved after
refining by full-matrix least-squares methods agaFf using the progranSHELXL-2014
[59] and Olex-2 software [60]. It is worth to mention here thhetA-Level Alert in the
checkCIF () is related only to the ADP max/min Ratio ....8Mdlate since examined single
crystal was a small-sized, brittle, weakly diffiagt (despite using Mo Kradiation) and
presence of atoms disorder. Herein data reportdteibest one among the collected. Crystal
structure solving purpose all non-hydrogen atomsewefined with anisotropic displacement
parameters and all hydrogen positions were fixezhktulated positions which is refined iso-

tropically. Different crystallographic figures wedesigned using latest version of Diamond



software [61]. The crystallographic data and ftidlisture refinement parameters for complex
(2) is submitted in Tablel. Crystallographic data (excluding structure factdraye been

deposited with the Cambridge Crystallographic D@entre as supplementary publication

number CCDC 1904939.

Table 1 Crystal data and structure refinement parametecsmoplex ()

Formula Q4H43N603822n3
M/g 1049.11
Crystal system Monaoclinic
Space group P2i/c
alA 24.371(3)
b/A 19.435(2)
c/A 19.8118(19)
a (%) 90
£ (°) 93.833(3)
7 (°) 90
VIA® 9363.2(17)
z 8
pdg cmi® 1.488
plmm™ 1.671
F(000) 4320
Cryst size (mn) 0.045x 0.031 x 0.022
6 range (deg) 0.997
Limiting indices -26ch< 29
-23<k<23
23 1<24
Reflns collected 84684
Ind reflns 17391Rt = 0.1790 Rsigma= 0.1789]
Completeness té (%) 0.997
Refinement method Full-matrix-block least-squane$o
Data/restraints/ parameters 17391/0/1151
Goodness-of-fit orfF® 1.034
Final R indices Ry = 0.0990




[1 > 26()] WR, = 0.2050
R indices (all data) R; =0.2076
WR, = 0.2563
Largest diff. peak and hole (e 2} 0.964 and -2.486

2.4. Computational methodologies

Modelled complex 1) density functional theory (DFT) was implemented3AUSSIAN 16
suite of programs [62]. Ground state energy ofth# system is optimized in DMSO
(Dimethyl Sulfoxide) and the integral equation faliem Polarizable Continuum Model
(IEFPCM) was used to estimate the solvent effe@].[@he new highly parameterized
estimated exchange-correlation energy functional 6 MQMeta-generalized gradient
approximation (GGA) functional exchange) chosentfa complete calculations within the
framework of the DFT method [62, 63] where over thk atoms, a valence double-zeta
polarized basis array 6-31 G* was applied. Theatibnal analysis was performed based on
the second derivatives to confirm the existencthefminima of the potential surface which
confirms the absence of imaginary frequency. Toainbtelectronic absorption spectra,
vertical transition energies, oscillator strengtie time-dependent density functional theory
(TD-DFT) was employed at M06/6-31G* level of theanyDMSO by using same IEFPCM
model [62].The GaussView &oftware was used to visualize optimized strustumeolecular
electrostatic potential (MESP) map, frontier molacuorbital graphics and theoretically
calculated UV-Vis spectra [64]Gauss sum[65] was utilized at the finale phase of
calculations to compute the fractional contributmithe various individual components in

the crystal to each molecular orbital. The firspégpolarizability f*°) and its components



were theoretically calculated at M06/6-31G* levéklmeory by adopting the finite field (FF)
approach. The FF approach, which provides verytaohgesults in accordance with the
experimental results, was used to calculate tisé iyperpolarizability §™") of a variety of
chemical systems. [66a] The total static dipole rapimis determined by using equation (1)

as

W= pf+ puj+pg
1)
The isotropic polarizability calculated by usinguatjon (2) as:

_ Qxxtyytazg
3

(2)

The first-order hyperpolarizabilit@{*?) is:

1
2 2 212
hyp _ hyp hyp hyp hyp hyp hyp hyp hyp hyp
B = [ (BE + PR+ )+ (U + PP+ B2) + (B 4 B2+ ) | @)

The Hirshfeld surfaces and the 2D fingerprint pletsre calculated using the Crystal
Explorer [66b] software, which accepts a CIF-formstticture input file obtained as a result
of single-crystal X-ray diffractionHS is the external contour of the space consumedl in
crystalline environment by a molecule or an atofme fiormalized contact distanced is a
function of distances to the surface from nucldgorfes) inside (J and outside @ the
Hirshfeld surface, compared with their respectiaa der Waals radiirf”* andr?*¢) and

expressed as:

vwd

T e

dnorm - vwd
i

Te

(4)
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The combination ofl, andd; as a 2D fingerprint plot summarizes intermolecelamtacts in
the crystal. The 2D fingerprint plots were displye the 0.5 — 3.0 A range. The topological
analyses were performed by the Bader’s “atoms-itecutes” theory by means of Multiwfn

software [66¢].

2.5. Molecular docking

The bacterial cytochromes P450 are cytosolic hdnwtate proteins from a superfamily of
heme-containing monooxygenases and analogous #ryaiic mitochondrial P450 system.
These enzymes are involved in several importansiplogical processes like metabolism of
fatty acids and xenobiotics, catabolism of compeunged as carbon source and the
production of biologically active secondary metatiesl such as antibiotics or antifungals
[67]. Bacillus andMycobacteriamare two clinically significant bacterial generaedio their
deleterious roles in various human diseases [68-B®@Jreover, emergence of new drug
resistant strains from these genera has worsersdbeario nowadays and it needs new
alternatives of conventional treatment strategBascterial cytochrome P450 can be a novel
therapeutic target as it coordinates many metadlbliessential pathways [69-70]. In this
study, we selected cytochrome P450 frddn megateriumand M. tuberculosis as
representative model for docking analysis. Molecutibocking was performed using
cytochrome P450 dB. megateriun(PDB ID: 1FAG; resolution=2.7 A) anll. tuberculosis
(PDB ID: 3G5H; resolution=1.4 A). The crystalloghap structures of the protein with their
native ligands were downloaded from RCSB Protein taDaBank (PDB)
[https://www.rcsb.org/pdb]. The active site of #rezymes was defined using a radius of 5 A

around natural ligand which was extracted fromRb&.

2.6. Synthesis of Schiff base
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Schiff base (HL°M*™) has been synthesized in our laboratory followthg common
literature method (Scheme 1) [71]. Briefly, ligawds obtained by refluxing 2, 2-dimethyl-1,
3-propanediamine (0.0511 g, 0.5 mmol) with 3-meth@xhydroxybenzaldehyde (0.152 g, 1
mmol) in (50 mL) in methanol at 70 for 3 h. Vacuum evaporation of this yellow sabuti
gave the desired ligand in semisolid form. Ligaatlison was evaporated to (15 mL) and the
concentrated solution used fmymplex preparation without further purification.

N, N-bis(3-methoxysalicylidene)-2, 2-dimethylprogah, 3diamine: Yield: (68%), elemental
analysis calcd (%) for £H26N204: C 68.09, H 7.07, N 7.56; Found: C 68.07, H 7M03,.52.

IR (KBr cml): v=1652 (vs), 1252 (s), 3378 (SH NMR (DMSO-d6, 300 MHz)3 (ppm):
3.3 (s, 3H), 6.7-7.0 (m, 1A 1+, 1HY, 8.5 (m, 1H), 13.86 (1H) (Scheme S3, Fig.

S2A),UV-Vis Anax(MeOH): 219 and 266 nm.
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Scheme 1 Synthesis of compartmental Schiff base ligand (H,LOMeP?)

2.7. Synthesis of [ZL°MPY),(,-NCS)] (1)

To the methanolic solution (15 mL) of zinc acetdileydrate (0.2195 g, 1 mmol), (15 mL)
concentrated ligand @H°®PY solution was added drop wise and the resultingtism was
stirred for 1 h. Then (10 mL) methanolic solutidnké&sCN (0.097 g, 1 mmol) was added to
it. The overall reaction mixture was refluxed f& @in at 80°C followed by addition of few
drops (1:1) mixture of (CBCN+DMF). Further, stirring was continued for abaut. Finally,
colourless filtrate was kept for crystallization Blow evaporation at room temperature.
Single colourless crystals, suitable for X-ray wiftion were obtained after 7 days on slow
evaporation of the solution in open atmospheriddmn. Crystals were isolated by filtration
and air dried. Yield: 0.290 g, Anal. Calc. fogs84gNe0sS,Zn3: C, 50.37; H, 4.61; N, 8.01.
Found: C, 50.40; H, 4.63; N, 8.04 %. IR (KBr ¢selected bands(C=N), 1622 vsy(C-
Ophenoid 1219 sy(SCN) 2086 vsy (Zn-N) 467 s, FT-Raman (¢t selected bands{C=N),

1632 vsy(SCN) 2109 vs, UV-Vidimax(DMF): 280 and 362 nm.

3. Results and discussion
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3.1. Synthesis

The present study is based upon the employmemefs0,0% donor compartmental Schiff
base which was synthesized by the condensation ®fddnethyl-1, 3-propanediamine with
ortho vanillin in MeOH at (1:2 M) ratio [71]. ComplexX) was derived from compartmental
ligand in moderate yield by taking the followingopedure where (1:1:1 M) ratio of Zn(ll)
acetate dihydrate, Schiff base and KSCN in minimetume methanolic solution under
stirred and refluxing condition followed by few @ of (1:1) mixture (CECN+DMF)
(Scheme 1). Colourless block shaped crystals ofptexn(l) appeared at the junction of the
solutions after few days. CompleX) (possess trinuclear building blocks where two teahi
zinc metal centres (Znl & Zn2) presence in crystgliphic asymmetric unit that are placed
at the inner DO, cavities. Further, [SCNions function as)* coordination mode (Scheme
S2, ESI) allowing distorted square pyramidal enwinent while terminal Zn(ll) ion (Zn2) in
the outer @0, compartment fulfilled octa coordination with sgeamtiprismatic geometry.
The above stereochemical occupancy of zinc metal &we similar with other reported salen-
type compartmental ZrSchiff base complexes [72-76]. Structural skelevbrSchiff base
(Scheme S1, ESM) completely divulges its compartaiehexadentate nature since it
comprises two pockets (Scheme 2) and such pockeéihge is identical with other reported
salen-type compartmental ligands (Scheme S1A, ESMBanwhile, Table2 further
highlighted few examples of Zitype Schiff base complexes basic structural metiere
most of the reported complexes are normal trinucl@a(ll) without exception
{Zn(DMF)[Zn(L ®*)(H-0)(SCN)]}» [73].Therefore, judicious literature survey receiveome
basic knowledge of current Schiff base compartmgiization (N;O, vs G,0,) during
homo/heterometallic complex formatioss/nthesized complestoichiometry was confirmed
from different microanalytical results and charaigtd by FT-IR, Raman, UV-VisH NMR,

SEM-EDAX, PXRD, single X-ray crystal diffraction agell as fluorescence spectroscopy.
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Znz-Schiff base complexes [SONon bridging | Pockets (M0, vs | Ref
0,0,) used
{Zn(DMPF)[Zn(L®)(H,0)(SCN)]}> | #-NCS bonded only yes 73
reported
Zn[Zn(L®)(u2-HCOO)(DMF)L.H,0 - yes 73

Zn[Zn(L3)( p-HCOO)L -
Zn[Zn(L3)( po-OAC)], -

Zn[Zn(L®)( p-NO2)(EtOH)].2H,0 -

[Zn(Saldmeny(OH)](ClO4)20.25H0 - yes 75

[Zn3(H2L1)2(OAC),] - yes 74

[Zn3(H2L2)2(OAC)4]. EtOH. DMF

[Zn3(L)2(OAC),] , yes 76
[Zn3(L°V€P)o(7'-NCS)] n'-NCS coordinated yes This
with terminal Zn work

3.2. Spectral characterizations

Common spectroscopic tools (FT-IR, Raman, UV-Viayéd been used for Schiff base and
complex () characterizations purpose (Fig.S1, Fig.S2, Fig.F&8 S4). The different FT-IR
stretching values are properly listed in Table Be Tharacteristic imines (C=N) stretching
vibration of synthesized ligand was found nearlyp&01652 cni[77]. The absence of the N-
H stretching band from trinuclear complex (at 31&®™) conclusively confirmed the
condensation of all the primary amine groups [F-IR stretching value at 3378 ¢nof
Schiff base is due to O-H stretching which is coetgly vanished froni. In 1, FT-IR and
FT-Raman (C=N) stretching vibration bands are stifio 1622 cm (for IR) (Fig. S2) and
1632 cmi* (for Raman) respectively (Fig.S3). These specttala directly reflect the
coordination mode of the imine nitrogen atom to zivec metal ion centre [781 displayed

strong bands at 2086 én{for FT-IR) and 2109 cih (for FT-Raman) [79,80] which are
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directly attributable tar(SCN) binding mode (Fig.S2). Aliphatic C-H stretafpiresonance in
1 observed at 2932-2964 €nffor FT-IR) and 2916 cih (for FT-Raman) respectively. Also,
Ar-O stretching frequency observed at 1219 and 1@#1 (for FT-IR and Raman) nearly
identical with previously reported salen-basedrdm [81]. Herein the bridging fashion of
[SCN] ions were compared thoroughly with previouslyaeed pseudo-halide linked Zn(ll)-
Schiff base complexes (Table S2 and Table S2Auppart the existence of [SCN\spacers
in complex ().

Table 3 FT-IR spectral data (cth of Schiff base and compleg)(

Compounds v(C=N) | v(C-Ophenaig | v(O-H)/HO v(N-H) v(Zn-N) | v(SCN)

(HoLOM&PM) | 1652 1252 3378 3150-3450 - -
absence

1 1622 1219 . - 467 2086 vs

3.3. UV-Vis spectra

The complexing behaviour of zinc metal ion on theaption property of the compartmental
Schiff base ligand was explained using UV-Vis apson spectra after measuring the same
experiment in DMF. Free Schiff base ligand in Me@khibit band near at 219 nm and 266
nm which can be attributed to»n and rRon type of transitions within the Schiff base
ligand while for Zn-nuclear metal complexn DMF exhibit ligand—based bathochromic
shifts UV-Vis spectra at 280 nm and 362 nm respelsti(Fig. S4). This is mainly attributed
to L—M charge transfet—n or n—n type transitions [78,82]. Fig.S4 confirmed the shap
and intensity of the absorption spectrum are typatabis (iminophenolato) ligands [83].
Moreover, the UV-Vis absorption spectrum of Schiéfse ligand and complex are almost
unchanged in presence of triethylamine base (THEA)dhanges broadening peak by the

presence of HCI into the solution (Fig. S4A-S4BhisT absorption behaviour is typically
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observed for salen ligands when complexed with&hg5]. Further, UV-Vis spectra divulge
the coordination mode of the ligand with zinc metals in1 which are red shifted. Herein
the metal centric broad d-d absorption band waspewed since 'd configuration zinc

metal ion is diamagnetic.

3.4.'"H NMR spectra

'H NMR spectroscopy is one of the essential togustify the Schiff base formation and its
effective binding ability with Zn(ll) metal ion. Athe same time, we have considered
standardortho vanillin *"H NMR spectral data to explain the changes of reacoccur
between the aldehyde group (-CHO) in ortho vanidind diamines during Schiff base
formation. The'H NMR proton numbering scheme of synthesized Sdbéi§e and Zn
nuclear metal complex are submitted in Scheme 83Famn S2A-Fig.S2BH NMR spectra
of ligand clarified that no broad peak was ideatfin the regiom 5.0-8.0 ppm that further
confirmed the absence of free -Ngroup function. Moreover, the formation of Scibfise
ligand was confirmed by the appearance of azomethi@BH=N-) proton signal’l) neard
8.5 ppm [86]. Schiff base Ligand exhibit proton NNMRnals specially for aromatic, OGH
(*H) and phenolic OH (O protons near at 6.7-7.0 ppmp 3.3-3.7 ppm and 13.86 ppm
respectively [87]Now after comparison of the ligand chemical shdtue with that of Zg
type metal complexit confirms that phenolic proton (OHsignals is totally vanished in the
synthesized Zn(Il) complex suggesting coordinatimde of the phenolic oxygen with Zn(ll)
metal ion after deprotonating function of the Sthdse [88]Apart from, the azomethine (-
CH=N-) proton {H) undergoes a significant chemical shift furtheonfirmed the
coordination motif of azomethine nitrogen to theczmetal ion during formation of 2n

nuclear metal complex [86].
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4. X-ray single crystal structure
4.1. Crystal structure of [Z(L°MP),(»-NCS))] (1)

The single crystal of homo-trinuclear compléy las been grown in the mixture of solvent
CHsOH and few drops of (1:1) mixture of GEN+DMF in the ratio of metal ion (Z):
ligand (HL°M®PY): co-ligand (KSCN) is 1:1:1. When the block shapdorless crystal was
subjected to the X-ray crystal diffraction, it rel® that the asymmetric unit contains two
identical discrete unit and each discrete unit @mst three zinc metal ions which are
crystallographic independent, two deprotonated fofnSchiff base [PM*P1% and two co-
ligands, [SCN ions. Thus, the formula of each discrete un[Ziss(L°™*),(7*-NCS)]. The
complex crystallizes in the monoclinic space groBf21l/cl with Z=8 and further
crystallographic studies divulge that all the metals are full occupancy and the charge of
the complex is balanced by the co-ligand [S|Obns and the Schiff base M™%. The
ORTEP and the perspective view of asymmetric uhitamplex () is shown in Fig.1 and

Fig.2. The selected some important bond lengthsand angles are given in Table S1.

Fig.1. ORTEP diagram of complex) (30 % ellipsoid probability)
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Fig.2. The perspective view of the asymmetric unil §¢Hydrogen atoms are omitted for
clarity)

From the design point of view, ligand ALEPM* ™" is having two tetradentate pockets and the
binding atoms of one pocket is O2N2 whereas intergtocket is 40 (Fig.3a). Additionally,
the ligand having two hydroxyl (-OH) groups whiclne adeprotonated during complex
formation consequent to binding with the zinc metals. Further close inspection of the
crystal structure, it is found that each ligandL(®"®™") binds with the two zinc metal ions
and in each discrete unit the middle zinc metalhawing octa coordinated which is actually
the outer zinc metal ion (green circle in Fig. 3if)each ligand (bL°MPY is symmetrically
shared by the these two ligandsI(B"*™) leading to the linear homo-trinuclear zinc metal
cluster of formula [ZgOgN4]**.The octa coordinated stereochemical environmentired
metal ions (Zn2 & Znb5) is already identical withepiously reported Zn(ll)-Schiff base
complexes [72].To avoid steric interaction betwe€ile groups at each end of (Y™ P

the position of the two ligands f*™1%in each discrete unit is almost perpendicular with
each other in order to attain maximum stabilityg(F8b). Aside from, the coordination
activity afforded by the ligand [fM*P1%, two [SCN] anions further attack on the linear

trimeric zinc metal cluster from at each end anférefl a neutral linear trimeric zinc metal
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cluster with the formula [Z©sNg] (Fig. 3c). The position of the each [STNwnion is

perpendicular with respect to the ligan®{*™1? and looks like an insect trunk (Fig.3d).

Pocket 2

Pocket 1

Fig. 3. () The tetradentate pocket in the ligandsLd¥*™Y, [ZnsOsNg] in complex @), (b)
the position of the two ligands $*™1% unit (almost perpendicular to each other, greeh an
blue circle represent the presence of zinc meta.)a(c) trimeric zinc metal cluster and (d)

the perpendicular position of the [SG&nion with respect to ligand gHMeP")

Moreover, further analysis of the crystal structaliscloses the number of non-covalent
interaction (C-H- -, © - © and hydrogen bonding interactions) (Fig. S7A) eketween the

two discrete part in the asymmetric unit (Fig. 4).
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Fig.4. The non-covalent interaction in compléy (

The binding fashion of each ligandJ\**1* to the zinc metal ions in each discrete unit are
same and Fig.S6A represents the binding platfornthef coordinating atoms and their
patterns argl-oxygenn2-oxygen andy1-nitrogen of the ligand [tM**1%. The two [SCN
anions in each discrete unit acts as a monodefasitgon (j1-nitrogen) and binds to the at
each end on the metal center in the trimeric neted. This bridging modes of [SONon as
well as bond lengths (Zn-NCS) (~1.981-2.091 A) sirailar to the previously reported
Zn(I)-Schiff base complexes (Table S3). Meanwhitgng compartmental N/O-donor Schiff
base, we have successfully synthesized only homeetzllic complex {) while major
preferential encapsulation of metals by the refegdigand leads to heterometallic complex
formations (Table S6). To the best of our knowletlge is the first homo trimetallic system
where two compartments are solely occupied by mietal ions withh’-NCS coordination

mode of terminal zinc only.
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The structural environment for five coordinationnther zinc metal centres (Znl and Zn3)
were calculated from Addison parameter Tgu (f =IB-al1/60° wherep, a are the two largest
angles around zinc metal atom;=0 for a perfect square pyramidal and 1 for a querf
trigonal bipyramidal geometry [89Thus, coordination number of metals Znl, Zn2 and Zn
are five, eight and five respectively and theserdimation numbers are fulfilled by 20, 3N
for Znl1, 80 for Zn2 and 20, 3N for Zn3, affordedstdrted square pyramidal, square
antiprismatic and distorted square pyramidal retppelg (Fig. S7C). The Addison tau)(
parameters are 0.611, 0.150 for Znl and Zn3 respéct(ideal value of tau for square
pyramidal geometry is 0). Similar geometry arouhd imetal centers are shown by metals
(Zn4, Zn5 and Zn6) in the other discrete unit (BFB). As a result, it's generated a homo
trimetallic system. The average distances between Zn atoms is 3.531A {Zn1-zZn2 =
3.525, Zn2-Zn3 = 3.530, Zn4-Zn5 = 3.552, Zn5-ZnB.520} and the average angle between
them is 106.33 ° {Zn1-O11-Zn21 = 105.4(3) °, Zn1éaAn2 = 105.1(2)°, Zn3-014-Zn2 =
106.7(3)°, Zn3-015-Zn2 = 107.1(3)°, Zn6-02-Zn = 1@B)°, Zn6-03-Zn5 = 105.9(3)°,
Zn4-06-Zn5 = 107(3)°, Zn4-07-Zn5 = 107.5(3)°}. fact, the Zn-Zn bond distances (A) are

comparable to other trinuclear zinc metal compléXeble S4).

4.2. SEM-EDAX

The chemical composition of the trinuclear compl&xwas analysed with the help of SEM-
EDAX profile analysis. Further, the chemical compoa of the complexwas confirmed
from EDAX profile. The weight percentage (%) cobtiion of the elements is shown in
Table S5 and their EDAX profile in Fig.S5A. The mahted and EDAX values of essential
elements in Zy complex are nearly good agreement. Preferably EOpkdfile contained
only predictable elements and no impurity of oteé&ments are present. Therefore, the
empirical formula ofl is formulated as £H4sNsOsS,Zns. Interestingly, the EDAX profile of

trinuclear complex reflects the highest peak obllbived by O, N, Zn which further agreed
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the empirical formula. Besides, the important strced morphological features are supported
by SEM (scanning electron microscope) analysis. SEMges characterized the size and
morphological structure of the trinuclear zinc nhet@amplex. Herein, micrograph of SEM
(Fig.S5B) clearly explores that the morphologyhed tomplex ) is plate shape up to 2 um.
4.3. X-ray powder diffraction
Powder X-ray diffraction patterns for complé€X were recorded at room temperature. The
PXRD patterns were recorded experimentally by sicantihe compound in the ranged€2°-
50°). According to Fig.S6 the well-defined sharp PXR&aks is due to crystalline nature of
the complex. The experimental PXRD patterns (Fig@&he bulk materials of the complex
are similar with the patterns simulated from singleay crystal diffraction data (CIF fak)
which is obtained from CCDC Mercury software cotisg that single crystals and bulk
material are the same. The results of PXRD anabasisprovide the additional confirmation

of the phase purity of each bulk samples of thepierm

5. DFT analyses
5.1. Hirshfeld Surface

The non-covalent supramolecular interactions in@em (1) were explained on the basis of
HS and 2D fingerprint analysis where Fig.5 provitles details ofl,m Shape index, curved
index, fragment patch and 2D finger print plots domplex (). In 1, the total volume of the
surface was 2323.70%Aglobularity is 0.635 and asphericity 0.285. 2Bgér plots provide
information on various forms of interactions betweeese complexes and other atoms of the
surround moleculeg.he close inspection of Table 4 reveals that fonglex (1), the major
contribution to the crystal packing isteractions H---H (56.8%) followed by 10% of
interaction is between the C-H and H-C (8.8%), 6l@8tween the nearby hydrogen atom and
sulfur atoms, and 0.5% between oxygen and hydrag@ms.Remaining contacts which are

less than 0.5% are negligible.
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Table 4 Different type of interactions on HS in complej (

SL. No. Type of interactions Contribution (%)
1 C---C (i.en--n) 0.6
2 C.---H(i.e. C-H- x) 10
3. S---H(i.e. C-S--- H) 6.6
4. N---H 1.9
5 C-H--- O 0.5
6 H---C 8.8
7 H---H 56.8

Qo Shape Index

Curvedness Fragment Patch
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Fig. 5. Hirshfeld surfaces analysis for compléX: (drorm, Shape index, curvedness

and different 2D fingerprint plots

5.2. Energy and HOMO-LUMO analysis

Complex @) was optimized in DMSO using a PCM model for inchglisolvent effect at
MO06/6-31G* level of theory. Fig. 6 portrays the gnal state geometry of discrete unit of
complex Q). Theoretically calculated structureisin accoman with the crystal
structures where it depicts it is a trinuclear hamtallic Zn(ll) complex. In this structure
peripherals Zn atoms are pentacoordinate while rakentZn-atoms is eight-

coordinated. Also, both the [SQNo-ligands and nitrogen atoms of f*P1% ligands are
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attached with the peripheral Zn-atoms where centmhc atom is attached
with nearby oxygen atoms. The distance between thmatoms are 3.23 A which is
almost similar to crystal structure data (3.51 Ajteresting outcome has been drawn on the
basis of mapping of the frontier molecular orbit@810s) for complexX). HOMO (highest
occupied molecular orbital) value dictates the tetec donating ability of 1) and LUMO
(lowest unoccupied molecular orbital) indicates ¢hextron accepting nature of the molecule.
It is also well known that information of the dedtization of thexlelectron cloud is
necessary to derive the non-linear optical propertifz[conjugated complexes [90]. From
the close inspection of the HOMO-LUMO density pldOMO of 1 is largely contributed by
the Schiff basdigand (HL°M*P") and its deprotonated hydroxyl group which cocattal
with the central Zn-atom of the one discrete uritlo Whereas in LUMO, the electron
density is mainly distributed over both the ligatL°"*™) and on one co-ligand [SCN
Bridging is found to be strong and stable as itsdo@t contribute much to HOMO or LUMO

in the bridging process and affects the stabilitthe complex.

Fig. 6. Ground state geometry of a discrete unit @black colour balls represent carbon

atomsg
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Investigation of FMOs reveals that HOMO has enerf)yb.63 eV and LUMO has -1.56 eV
and HOMQOJLUMO density plot (Fig.7) was used for the probimigFMOs of the complex
(1). HOMO-LUMO energy gap AE = E ymo — Enomo) 1S 4.07 eV which makes the
complex stable and can be associated with the gapdf the compound. Theoretical UV-
Vis spectra were also calculated to further contine semiconducting properties bivithin
200-600 nm region of the wavelength (Fig.SB)e theoretical band gap here is within the
range of 3-6 ev described for the wide bandgap s@mductors [91, 92]. From this point of
view complex 1) possess the semiconducting property also sind®@itdgap is around ~4.07
eV (wide-bandgap semiconductor), its use in diffeidevices will allow devices to work at
much higher voltages, frequencies and temperatiln@s traditional semiconductor-based
products.Recently Zn(ll)-based 1-D CP observed similar tegécal bandgap so that CP can behave
as semiconducting property [92]. Complel) (can be well used next-generation devices for

general semiconductor based on these wide-bandgap.
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Fig.7. Frontier molecular orbitals of compled)((A: Energy gap between HOMO and

LUMO)
5.3. MEP

To understand the relationship between moleculauctsire and behaviour, molecular
electrostatic potential (MESP) was calculatéithe MEP is defined as the potential
experienced by a unit positive charge near the catdedue to the distribution of electron
density. MEP indicates the relative polarity of the molecale the positive potential of

electrophilic attack sites can be predicted while adverse potential indicates nucleophilic
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attack sitesThe expression for the MEP is given at any pointha space close to the

molecule

% (T) — Z Zg fp(rl)drl

|Ra=T| |r'=7]

(5)

Where,z, is the charge on nucleudsthat was studied &y, p(r') is the electron density.
V (r) defines the net electrostatic effect of the totadrge distribution (electrons + nuclei) of
the molecule at point r. MEP mapping has recernlygd a significant role in analysing the
geometric structure and polarity of different melec systems also in charge density
analysis [93]. To visualize electrophilic and nughilic regions in complexlj, MEP was
generated on DFT optimized structures at M06/6-31€vel of theory(Fig.S7D). In1,
nitrogen, oxygen and sulphur are the electronegatitoms and two [SCNco-ligands,
hence, these regions indicate the most negative MEiRe rest of the area has blue colour
which indicate the positive MEP (electrophilic).hé potential on MEP surface of complex
(2) is following the order as: red < yellow < orang@reen < blue. In the discrete unitIf
highest negative potential can be seen as mosieafed colour is located here. This distinct
but opposite potential between [SThn and metal centre (Zn) leads to the formatidn
asymmetric unit of complexl) via hydrogen bonding which consist two symmetiscete

units and provides the stability to their strongisture (Fig.4, single-crystal X-ray structure).

5.4. TD-DFT

In DMSO, additional TD-DFT computations were penfied to quantify the contributions to
absorption spectra from different frontier orbitélsable S9)lIt is evident from the results

that HOMO-LUMO is the main molecular orbital cobuior in the area responsible for
transfer (CT) in complexl) (Table S9)Figure S10 displays the TD-DFT predicted UV —

Vis spectra of complexlj. The analyses indicated two major electronic tréorsst with
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oscillator strength of 0.071, 0.018, and 0.03968 Bm, 365 nm and 347 nm (Experimental
~362 nm forl). Herein, the oscillator strength is higher for thegtical transition at 368 nm
which can be correlated to experimentally.,x 362 nm. The first electronic transition is
mainly due to the transition of electron from th@®MO to LUMO (72%) and HOMG->L+2
(16%). The second transition is from HOM& +1 (68%) and HOMG->L+3 (17%). The
third transition is mainly from HOMG:L+2 (52%) and HOMG»L+1 (14%). HOMO of

complex () consists primarily of-orbitals, while LUMO consists of*-orbitals.

5.5. NLO property

AE is correlated with the transfer of electron dgngom the HOMO to the LUMO and its
value is important for determining NLO propertidglee molecular systemblonlinear optics
deals with the interactions between various mdge@ad applied electromagnetic (EMT)
fields applied which generates a new EMT field wetimange in frequency, phase or other
physical properties. For a device to be useful ideaice must exhibit a high degree of
nonlinearity at a reasonable power level. In comlg, the values for different parameters
such as electric dipole momem),(polarizability ¢) and first hyperpolarizability®”?) were
calculated at the MO6/631G* level of theory (Table 5)he first hyperpolarizability 4
value for complex) was calculated to be 39.55 xf@su. The activity shown by complex
(1) is may be due to the increased distributiom-electronic charge at the ground state by
donor and acceptor moieties under the impact aflectrical field. Furthermore™" is often
associated with charge transfer bands arising ftben movement of the electron cloud
through the donor to the acceptor moieties throtighr-electronic framework, and such
electronic clouds interact with external fieldssukting in an increase j**. The @ andg™?

values are well demonstrate the NLO behaviour afmex @) [93d].

Table5 DFT calculated dipole moment)( average polarizabilityu) and first

hyperpolarizability ™) obtained at M06/6-31G* level of theory
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Complex u (Debye) o (10 *esu) B (10 esu)

1 11.53 0.37 39.55

5.6. AIM analysis

For determining the existence of long-range intiéoas in1, the Bader's theory of “atoms in
molecules” (AIM) have been used, which provides laarc description of chemical
bonding by the topological analysis of it. For i@dwerizing and understanding a variety of
interactions in molecules the AIM theory has beemcsssfully used. From Fig.S11,
the AIM analysis shows the distribution of bondngri critical points (RCPs) and bond
paths in discrete unit df According to Fig.S11, the presence of severadb@nange small
spheres) and ring (small yellow sphere) criticahand bond paths (dark yellow lines) can
be confirmed which is interconnecting several atdms confirming the existence of long-
range interactions. Here, the presence of bondcalritpoints (BCPs) and bond paths
connecting two atoms are a clear and unambiguoiderse for the existence of an
interaction. For all predicted chemical bonds, @is (3, —1) are located. During the analysis
‘Poincare-Hopf’ relationship was satisfied whichniams that all the CPs may have been
found. It can be noticed that each C-i; C-H---S and C-H interactions are characterized by
the bond critical points and bond paths that cotsnde hydrogen atoms with the C, O, S
atoms. The AIM analysis also confirms the inte@ttbetween the central Zn-atom and
oxygen of methoxy group of ligands. Here, it isoatenfirmed that both the [SC\o-ligand

is also interacting with methoxy group of Schifskbdigand by analysing the BCPs and bond
paths. Consequently, ring CPs (yellow sphere) @ generated upon complexation due to
the formation of the supramolecular ring in botle tlgands. The yellow colour lines show
the bond paths between ring critical point. The m@Ps (3, -1) were located for both
the [SCN] co-ligand with Zn-atoms and between methoxy hgeérs and oxygen atoms

(weak hydrogen bonds). Topological parameters s (3, -1) for Zn-N and C-H...O bonds
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(labelled in the Fig.S11)are listed in Table &theharacterizes the noncovalent
interactions. The critical points (3, -1) analogteZn-N and C-H...O bonds are depicted by
positive values oV2p (Laplacian ofp (r)) and negative value of total energy densities
(H(r)). It is an indication that bonds formed by Zn ma are of intermediate types
(interatomic interactions) and it shows these boaws highly polar with significant ionic
contribution. In addition, all intermolecular in&etions lead to closed-shell interactions
with V2p(r) > 0 and Hr)< 0 at CPs (3, -1For assuring the presence of the intermolecular
contacts, topological characteristics suchp@¥at CPs (3, -1) for Zn-N and C-H...O
bonds are very crucial. This case is in accordamte the fact tha¥V2p(r) values must be
higher for Zn-N bonds. The value pfr) at CPs (3, -1) is very useful for deciding the
strength of the interactions. Here, the largesteafp(r) found forZn-N type interactions
for complex(1) isvarying from 0.0883 to 0.006 a.u. The analysip(@j at CPs (3, -1)
indicates that Zn-N type interactions are strorthan hydrogen bonds which will be further
cleared by the analysis of bond energies. As ¢tear the crystal structure that the two outer
zinc metal ions are shared by the two ligandd #4°P" which leads to the linear homo-
trinuclear zinc metal cluster of formula [ZDsN,]%*. From the topological parameters, the
bond energies of these Zn-N bonds including [§@N-ligands are of the range of ~15-18
kcal/mol which is comparatively higher in companswith the bond energies of C-H...O

bonds which are due to the interaction between oxgthydrogen and oxygen atoms.
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Table 6. Topological Parameters for complely (wherep, V2p, G(r), V(r) and H(r) are the
electron density (a.u.), Laplacian density valugl.jaLangangian kinetic energy (Hartree),
potential energy (Hartree) and total energy denattyritical points and bond energy |-E

bond| respectively (in kcal/mol)

Bonds p(r) | V2p(r) G(r) V(r) H(r) | -G(r)/V(r) | |-E bond|

(Zn-N) 10.0883|0.30544 | 0.1150 |-0.1537|-0.0387| 0.7482 18.9557
(Zn-N) 0.0733 | 0.2385 | 0.0855 |-0.1114|-0.0258 | 0.7675 15.6095
(Zn-N) [0.0811 | 0.2577 | 0.0971 |-0.1299(-0.0327| 0.7474 17.3495
(C-Hee«O) | 0.0060 | 0.0268 | 0.0054 |-0.0042| 0.0012 1.2857 0.59618
(C-HeeeO) | 0.0110 | 0.0413 | 0.0093 |(-0.0083| 0.0009 1.1204 1.71158
(Zn-N) 0.0879 | 0.3033 | 0.1142 |-0.1525|-0.0383 | 0.7488 18.8664
(Zn-N) 0.0742 | 0.2410 | 0.0869 |-0.1136|-0.0266 | 0.7649 15.8102
(Zn-N) 0.0811| 0.2578 | 0.0971 [-0.1298| -0.0326| 0.748 17.3494

6. Fluorescence

Schiff base ligand is sufficiently soluble in matbawhereas complex) is soluble in DMF
solvent. Therefore, to keep constancy about coabksbrption and emission spectral studies
we were undertaken reference spectra in MeOH and- Bllvent at room temperature
(Table 7). Fluorescence spectra (Fig.8) reveakad the free Schiff base is practically shows
fluorescence peak &g 353 nm upon excitation aa 300 nm which could be attributed to
intra-ligand f—n) type transition while for complexl) photo excitation at the same
wavelength shows bathochromic red shifted fluoreseemaxima with the major emission
peak atca 479 nm. Moreover, the emission intensitylas stronger than free ligand which
also observed in similar complexes [94]. We haverdbghly checked the changes of
fluorescence emission intensity (if any) after &ddi of triethylamine base (TEA) and HCI
[Fig.S8-Fig.S9]. Interestingly, while the additiaf TEA has almost no impact on the

fluorescence emission @fbut bathochromic red shift observed in case @frdy In contrast,
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after addition of HCI on both ligand and Zn(ll) cplex fluorescence emission
bathochromically shifted. This is common feature @her salen-type Zn(ll) complexes.
Apart from, it is notice for acidic solution flu@eence emission peak is maximum
broadening [94]. Herein, emission arising from atpnated species of the ligand which is a
common feature for salicylaldehyde [95] and saldgmeaniline [96] derivatives.
Surprisingly, here emission arising from keto-etanltomerism in the excited state common
for ortho substituted several phenolic compoundsviiich a H-bond is formed between -OH
and the ortho position substituent [97]. Compléx &lso demonstrated very large stokes
shifts up to 179 nm which were calculated by coesid) the difference between absorption
and emission wavelengths [98]. Synthesized Zn@plex observed stokes shifts 125 nm,
126, and 179 nm only in DMF, DMF+TEA (triethylam)rend DMF+ HCI. The large stokes
shifts of Schiff base ligand over complex is duestivent polarity [98]. The large stokes
shifts are mainly attributed to the presence okpuslubstituents reducing the intermolecular
n-n stacking [99].The incremental enhancement of #goence emission intensity biover
free ligand may due to effective coordination via @-donor with Zn(ll) metal ion,
consequently increased the conformational rigictypn chelation effect [CHEF] and
subsequently loss of energy by radiation less thermbration. In fact, the active
fluorescence emission compared to free ligand neagiue to & configuration Zn metal ion
is really difficult or hard to oxidize or reducehi$ type fluorescence behaviour may be
attributed due to the intra-ligand-6n') type transition or &M charge transfer referred as
CHEF (Chelation enhanced fluorescence) [100-10&] ol quantum vyield of ligand is due
to fast Photoinduced electron transfer (PET) froitmogen lone pair to the conjugated
phenolic moiety in the reference Schiff base. Laydhetal effective complexation mode

prevents PET process, thereby enhances the quamdlon(p) of trinuclear Zn(ll) complex
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[109-111]. Fluorescence enhancement throughtyjre Schiff base complex formation opens

up the opportunity for next generation photocheapglications.
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Fig.8. Ligand-centred emission spectra for complex (1)

Table 7 Summary of steady-state fluorescence of Schiff basecomplexX)

Schiff base Abs | Aex(nmM) | Aem(NmM) Stokes| Quantum Yield
Amax shifts ()
(nm) (nm)
(HoLOMEPY) in 219,266/ 300 353 87 0.0346
MeOH
(HoLOMEP) in 225,276/ 300 443 167
MeOH + TEA
(HoLOVEPY in 219,274/ 300 500 226
MeOH + HCI
Complex Abs Aex Aem | Stokes| Quantum Yield
Amax (nm) (nm) | shifts ()
(nm) (nm)
[Zna(LOMPN,(»-NCS)] (1) | 280,354| 300 479 125 0.0363
in DMF
[Zn3(L°MPY)o(n-NCS)] (1) | 280,359] 300 485 126
in DMF+TEA
[Zn3(L°MPYo(n-NCS)] (1) | 300,347| 300 526 179
in DMF+TEA

7.Molecular docking
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The crystal structure of compleX)(was found to bind witlBacillus cytochrome P450
through stable hydrogen bonds with Ala264, Thr288330. Other amino acids like Ala74,
Leu75, Thr88, Ala264, Ala328, Pro329 and Cys400imvelved in the formation of various
types of hydrophobic interactions, whereas Lys6@ic@enerate a weak electrostatic bond
with the trinuclear Zn(Il) complex (Fig.9 and Tal8). The de-solvation energy for this
docking complex was -862.26 kcal midhaving a geometric score of 6534. Other docking
study withMycobacteriacytochrome P450 also resulted to a favorable dbckenplex with

a de-solvation energy and geometric score of -86&&l mol* and 7770, respectively
(Table S7). Docking showed that the test crystajhtnbe anchored into active site of the
protein through H-bonds with His343, GIn385 and 28§. Residues like Leu76, Val78,
Val83, 11le102, Phel68, Phe230, Ala233 and Pro34@ we other amino acids found in this
complex formingt —n andn — alkyl interactions (Fig.9 and Table S8). Baetiecytochrome
P450 was found to be very essential for their Vitgband thus inhibition of this enzyme
could exhibit a potent antibacterial activity agdia broad range of bacteria. The primary
interactions found in the native substrate bindiitg of theB. megateriuntytochrome P450
were Pro329, Ala330 and Met354 which were alsocedtin cytochrome P450-Zieomplex
[68]. Additional regions of the native protein cigisstructure involved in substrate contacts
were Leu29, Leu75, Val78, 11e263, Ala264, Leu43d arhr438. In this study, Zrype
complex can form interactions with most of thesgdees as observed in our docking study.
So, it can be predicted that compley bas the potentiality to inhibit the lipid metalsoh
activity of this cytochrome P450 by blocking thendiing site for its actual substrate. The
catalytic site oM. tuberculosiscytochrome P450 consisted of five vital residuiesSer237,
Cys345, Pro346, GIn385 and Arg386, and &rystal established strong H-bonding networks
with His343, GIn385, Arg386 [70, 112] (Fig.9). Bind of Zns-type complex to this

cytochrome P450 involved numerous van der Waalsactsaiwith hydrophobic side chains of
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Val78, Val83, Phel68, Ala233 and Phe280. Interghktithe same amino acids were found
with the native ligand YTT ((3S,6S)-3,6-bis(4-hyrybenzyl) piperazine-2,5-dione) which
suggested us about the potentiality ofs-Brpe complex as a lead to the development of

antimycobacterial drugs (Table S8).

THR268
D

A z cvsa00 Y
7 a\ o
v .
P aY

N [ ¢
I

S 4
D

ALA264

.

ALA328 «=*@

- /8
pros2o S A
— -

"
Lvses -/ Y THRESB

PHE230

ALA233 {
B — [

| ‘/X THR229
™
.

Fig.9. Molecular docking analysis d. megateriuncytochrome P450 (Al & A2) anill.
tuberculosiscytochrome P450 (B1 & B2) with compled)( In A1 and B1, complex is
represented in green color and binding site isligbted by purple colored solid surface. A2
and B2 show the illustration of crystal-amino agiteractions found within the respective

docked complexes

8. Concluding remarks
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The synthesis and characterization of one newdtian Zn(ll) complex, [Zg(LMe P, (-
NCS)] (1) with compartmental N/O-donor Schiff base are dbsd in this paper. Complex
structure has been characterized by various specpe protocols, PXRD, SEM-EDAX,
fluorescence as well as single-crystal X-ray ddfien study. SCXRD study revealed that the
stereochemical environment of zinc centres (Znl)Zn@ distorted square pyramidal while
for central Zn2 attained octacoordinated squargasin. Such stereochemical environment
has been facilitated due to combine occupancy&J,Nind QO, compartments by unique
zinc metal ions. Complex structure is optimized yT/M0O6 functional method using 6-
31G* basis set. The non-covalent supramolecul@aractions were nicely explained in terms
of HS and 2D fingerprint plots analyses. Herein tésult reported primarily stress on the
importance of HOMO-LUMO energy gap, MEP, TD-DFT, @land topological analyses
using Bader’s “atoms-in-molecules” concept. ComplExexhibit fluorescence emission in
DMF solvent due to CHEF effect. Meanwhile, liganadacomplex fluorescence spectral
emission changes have been checked thoroughly @sepce of DMF, DMF+TEA
(triethylamine) and DMF+ HCI using stokes shiftedfy, molecular docking was executed
with cytochrome P450 fromB. megateriumand M. tuberculosisas a representative model.
Thus, the prospective study in the present mamisdeials a new insight in the development
of antimycobacterial drugs as well as next-genenasemiconductor devices.
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Details supplementary data related to this artiele be associated in ESM_J MOL STRUC.
CCDC number 1904939 contain the supplementaryaltggtaphic data (excluding structure
factors) in CIF format for the structure reportddcomplexes.Copies of the data can be
obtained, free of charge, on application to CCDEZ,Union Road, Cambridge CB2 1EZ,

U.K.: http://www.ccdc.cam.ac.uk/cgi-bin/catreqa.cgi, €-mail: data_request@ccdc.cam.ac.uk, or

fax: +44 1223 336033.
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RESEARCH HIGHLIGHTS

A linear Zns-type complex was synthesized from N/O-donor Schiff base (H,LM&P™
Characterized by various spectroscopic protocols, PXRD, SEM-EDAX and SCXRD
DFT based anaysis of HS, FMO, MEP, NLO and AIM

DMF solvent explore fluorescent behavior based on stokes shifts

Molecular docking was executed with cytochrome P450 from B. megaterium and M.

tuberculosis



Decleration of Interest of Statement

DFT investigations of linear Zns-type complex with compartmental N/O-donor Schiff
base: Synthesis, characterizations, crystal structure, fluorescence and molecular
docking

Author contributions of the above article will bemioned as follows----

1. Dhrubajyoti Majumdar—Main author, contributechesis, total manuscript preparation
and main research work carried out.

2. Tapan Pal contributed X-ray crystallographidisec

3. Dheeraj kumar Singh and Deepak K. Pandey canti&ibonly DFT section
4. Debaprasad Parai contributed Molecular dockaagicn

5. Dipankar Mishra Research guide and Supervisor

6. Kalipada Bankura contributed different Molecugsaphics preparation



