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Abstract

The crystal structure of a novel compoungH&GN,).[CdClg] denoted (MXDCAG) is
discussed based on single crystal X-ray diffractiims compound crystallizes in the triclinic
system, with the space grouf Bnd the lattice parameters obtained are a = 7(8%82b =
8.495(1A, ¢ = 10.4656(12) Ag = 101.649(3)°, B=100.006(3)°,y =112.971(3)°, V=
580.92(11) Rand Z = 1.

The compound is built up from inorganic layers fermby CdG§* anions and
ammonium groups. The organic entities are locagtdden these layers, and are linked to the
anions through N-H...Cl and C-H...Cl hydrogen bondsegatmg a three-dimensional
network, which stabilizes the crystal packing.

The surface mapped over thed support the X-ray structural analysis and highigh
the hydrogen bonds as the main intermolecular ctstan infrared spectrum was registered
to reveal the vibrational modes of the various abtaristic groups of the title compound.

Optical property asserts a noteworthy band gapggnstating the stability of the
resulting structure. The non-covalent interactiomsre studied through AIM and RDG
analysis.

Subsequently, DFT and TD-DFT calculations were iedrrout to study the molecular
structure, vibrational and electronic propertieshef investigated molecule.
In silico investigation was performed via molecular dockiagalysis to explore the

anticipated antibacterial activity possessed intitteecompound.

Keywords: Bis(m-xylylenediaminium) hexachlorocadmate(ll); X-ray ffdiction; DFT
calculations; IR spectroscopy; Hirshfeld surfacalddular docking.



1. Introduction

The assembly of both organic and inorganic mdtemeas the take off way to
promote new sophisticated hybrid compounds withgeid physical and chemical
characteristics. The hybrid nature of these comgsugives them not only intermediate
properties between the mineral and the organic dsb new behaviors, astonishing
composition, and diversity of exceptional structurenore suitable materials. The properties
of interest in these materials open up a wide fafldpplication in numerous domain such as
biology [1,2], optics, electrical conductivity, photochemisfBs4], medicing[5,6], and photo

catalysig 7] to mention just a few.

Among these materials, Xylylenediamine and its \d#ives have been of great
interest due to their possessing of valuable pheoiogical propertie$8], which have been
evaluated by antimicrobial studies against varibasteria and fungi species, cytotoxicity
against cancer cells and good antioxidant acti@jy On the other hand, chlorocadmates(ll)
crystal chemistry is extremely diverse and compléx,exhibits structural flexibility,
manifested by a wide variety of geometries andchktometries such as Cdgl CdCl?,
CdCE*>, CdCk*, CdClis*", etc [10]. Furthermore, octahedral coordination of "Cib

essentially present in polymeric chlorocadm#ids1?].

Particularly, m-xylylenediamine organic moleculegere the two ammonium
groups are inmetaposition can be associated with chlorocadmatgsdduce systems with a

potentially forceful network of hydrogen bond irgetions.

In the present contribution to the above materiaés report the crystal structure study
in detail of a novel material, g814N2),[CdClg]. The compound has been characterized by X-
ray diffraction, to determine the crystallograpbi@racteristics and atomic arrangements.
Besides, Hirshfeld surfaces analyses and fingespplots calculations have been investigated
to clarify the nature of the intermolecular inteéras. Furthermore, vibrational and optical
measurements were also reported.

Theoretical studies using Time-dependent DFT arl [@alculations have been
combined with experimental results throughout thierk for structural, vibratory and
electronic characterization. Frontier orbitals (HONLUMO), topological properties and

RDG analysis were obtained computationally.

Due to the different potential biological activibf the title compound and since a

recent docking study have been conducted with dimeesorganic catiof®], we studied the
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docking characteristics with various bacteridascherichia coli (6G9P), Pseudomonas
aeruginosa (2W7Q), Pseudomonas exotoxin(1XK9), Klebsiellapneumoniae(5077),
Enterococcus faecalisAhp(bY63), Staphylococcus epidermidi@KP3), Bacillus subtilis
(40YH) and Enterococcus faecali$IC (5NV5). Results reveal that these bacteria are
classified into two parts: five Gram-negative baete6G9P, 2W7Q, 1XK9, 5077 and 5Y63;
and three Gram-positive bacteria: 3KP3, 40YH an¥5N

2. Experimental details

2.1. Synthesis and crystallization

Stoichiometric solutions om-xylylenediamine dissolved in ethanol and CdigiO
mixed in dilute HCI (10 mL, 1M) were added togethed stirred for several minutes to yield
a homogeneous assortment of solution.

Well-defined colorless and prisms single crystdldMXDCdCls were formed as the
solvent slowly evaporated within a few days at raemperature then isolated and subjected

to X-ray diffraction analysis. Schematically th@egon can be written as follow:

EtOH/H, O
2 CgH,,N, + CdCl,.H,0 + 4 HCl —— (CgH,, N, ),Cdcl, + H,0

2.2. Investigation techniques
2.2.1. X-ray data collection

The intensity data were collected at 150 K usinp& VENTURE Bruker-AXS
diffractometer equipped with Multilayer monochrowraand Mokx radiation(A = 0.71073
A). Absorption corrections were performed using thilti-scan technique using the
SADABS program[13]. The total number of measured reflections was 23rhong which
2661 were independent and 2630 had the intensit3oi(1).

The structure was solved by direct methods usinglS¢6-97, which revealed the
position of all non-hydrogen atoms, and then refiméth full-matrix least-square methods
based on F(SHELXL-97)[14] included in the WINGX prograrf15].

A final refinement on fconverged at R@F = 0.016 and wR(@# = 0.045. A summary
of the crystallographic data and the structurenegfients are given imable 1. An ORTEP
drawing of the molecular arrangement is exposdelgnl.

Supporting data (CIF files) have been depositedhan Cambridge Crystallographic Data
centre as supplementary materials N° CCDC 1962€6pies of the data can be obtained,

free of charge via_www.ccdc.cam.ac.uk/data_reqeiéstbr from the Cambridge




Crystallographic Data Centre, 12 Union Road, CadgwiCB21EZ, UK; or by email to
deposit@ccdc.cam.ac.uk.
2.2.2. Physical measurements

IR spectrum was recorded at room temperature itfiréugiency range 4000—400 ¢m
with a Perkin-Elmer FT-IR 1000 spectrometer using technique of pellets with KBr as a
dispersant.

Solid state UV-Vis spectrum was registered with erkid-Elmer Lambda 35
spectrophotometer in the range of 200-800 nm.
2.3. Computational details

Initially, the structure of MXDCdGl compound was modeled with the GaussView
program[16] and, then this form was optimized in the gas phagk the Gaussian 09
software packaggl7] by using the Density functional theory (DFT) withet Becke-three-
parameter hybrid exchange functional combined witle Lee-Yang-Parr correlation
functional (B3LYP)[18,19] levels, the 6-311++G(d,p) basis set was usedlfatoms except
for the cadmium atom, the LANL2DZ basis set andd@fle core potentials (ECPs) have
been used in order to represent the metal. AlcHteulations have converged to an optimized
geometry that corresponds to the lowest energyitiRosibrational frequencies obtained
confirming the stability of the optimized geomettie

The vibrational assignments were performed congigehe potential energy distribution
components (PED)> 10% using the VEDA4 package. The GaussView moéecul
visualization prograni20] was used to verify the assignments of the bands.

To analyze the interactions in the crystal, Hirghfsurfaces mapped with,g, and their
associated 2D fingerprint presented in this papenewplotted using Crystal Explorer version
3.1 software[21] imported on a CIF file. The topological propertias the BCPs were
determined with the Multiwfn prograrf2] while the reduced density gradient of the title
molecule are graphed by Multiwfn and plotted by WD program[23].

The reactivity was predicted by using the frontrelecular orbitals (FMOgPR4] together
with prominent descriptors computed by means of#qns reported in the literatuf2s-27]
at DFT/LANL2DZ level. The (FMOs) was visualized tithe GaussView software. The UV-
Visible spectrum was predicted in aqueous solutpn using Time-dependent DFT
calculations TD—DFT/ LANL2DZ at the B3LYP and th&¥P levels with the Gaussian 09
program[17].



The docking calculations were carried out using MEEDCK [28] program. The
crystalline structures of bacteria are illustrafiesn the Research Collaboratory for Structural
Bioinformatics (RCSB) Protein Data Bank (PDORY]. Using ZINC databade30], we choose
the ligand associated with these bacteria. We thateDiscovery Studio Visualizer makes it
possible to obtain the visual representations ffier hest conformations of docking, whose
setting is as follows: population size 800, genenat80 and number of solutions 10.

3. Resultsand discussion
3.1. X-ray diffraction and geometry optimization

The asymmetric unit of the title material depictecan ORTEP drawing, takes in one
dication doubly protonated at the N1 and N2 nitrogégoms, and one-half of a [CQ[I

anion, located on an inversion centieig(1a).

The packing of (gH14N2)2[CdCls], viewed along thea-axis Fig. 2a), shows that the
compound is built up by a succession of cationd amonic layers which alternate along the
c-axis, the organic cations are distributed arourez = 1/2 planes. These layers are held
together by hydrogen bonds types N-H...Cl and GaHwhere all the chlorine atoms involve
as acceptors to form an infinite three-dimensiomatwork Eig. 2b). The same stacking
interactions were also observed between theylylenediaminium cations and the

corresponding halometalate anigB%].

Interatomic bond lengths and angles of the [GHf{Chnion {Table 2) are typical of six-
coordinated Cd(I)[32,33]. The calculated average values of the distortimtices [34]
corresponding to the different angles and distangethe CdC4 octahedron [DI(CdCI) =
0.01721, DI(CICdCI) = 0.0073 and DI(CICI) = 0.007&jow a large distortion of the CdClI

distances if compared to the CICI distances andiCl@ngles.

Assessment of the organic geometrical features shioat the m-xylylenediammonium cation
exhibits a normal spatial configuration with (CN) distances and (C-C-C, N-C-C) angles
quite similar to those found in other compoundslawg the same organic grouf35-37].

The aromatic ring of the cation is essentially plawith an r.m.s. deviation of 0.0015 A.

Organic cations are also connected together via..GeHhteractions forming subsequently

infinite chains spreading along the b-ax&sy 2c).



Inside this arrangement;ig. 2d) the entities are interconnected via multiple logdm bonds
generate rings forming&5), R*(8) and R?(6) motifs (Details inT able 3).

The optimized molecular structure of MXDCdCtompound is given inFig. 1b. A
comparison between selected optimized geometriagdnpeters, with experimental X-ray

crystallographic parameters, is giveriliable 2.

Examination of the organic cation reveals thatdaleulated values of binding lengths of the
aromatic ring are almost identical to those obs#msgperimentally by X-ray diffraction. The
variation of the optimized bond length of aroma&iC is from 1.40 A to 1.41 A. The linkage
lengths of the methyl groups bound to N are, N8-€21350 A and N9-C18 = 1.52 A, which
are close to the observed XRD values of about IT#8. C-C-C binding angles forming the
m-xylylenediammonium ring were calculated betwe&8.06° and 120.90°. These values do

not differ greatly from those observed by X-rayfrdi€tion.

For the anionic group, the values of the experialesmd the calculated bond length of Cd-Cl
spread in the ranges 2.5849(4) - 2.7177(4) A amd@1Z. - 2.8012 A, respectively. As well,

the CI-Cd-Cl binding angles are calculated betwg®s537° and 91.4463°, and varying from
87.913(11)° to 92.087(11)° for the observed XRDueal We have observed that the
optimized bond lengths and binding angles are #ligdifferent from those observed

experimentally by X-ray diffraction. This differemds due to that the theoretical calculations
were performed in the gas phase where the moleandesolated while experimental results
belong to molecules in solid-state, where the atystructure is related to intermolecular

interactions, despite that the optimized parameggresent a good approximation.

3.2. Hirshfeld surface investigation

For visualization, quantification and exploratiof iatermolecular close contacts
present within a crystal structure, Hirshfeld scefg38] and their associated 2D fingerprint
plots[39] were used, measured through the CrystalExplorep@dram[20]. The Hirshfeld
dnorm Surfaces of the title compound are showfiign 3 where the bright red spots indicate the
existence of N-H ... Cl and C-H ... Cl hydrogen thog and the H... Hand C ... H/H ... C
contacts are located in the blue and white aresgentively[40]. Examining 2D graphs
shown inFig. 4 highlights atoms involved in close contact andwdlais to connect numeric
values to previously described surfaces.

For the compound, H...CI/Cl...H contacts that are latted to N-H...Cl and C-H...ClI

hydrogen-bonding interactions have the most siggifi percentage contributions to the
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surface of Hirshfeld 67.3% and appear as two symaoa¢twings with two long and narrow
points at a maximum sum ot @& d ~ 2.2 A less than the sum of van der Waals rafdii 0
involvedatoms (1.75+1.09 = 2.84); it affirms thia¢ inter-contact are considered close.

The H...H contacts comprise 21.5% of the entire serfaf Hirshfeld appear in the
middle of the scattered points in the two-dimenaidmgerprint maps by two weak peaks
around de + di ~ 2.4 A, a value greater than time siithe van der Waals radii of the atoms of
hydrogen (1.09 + 1.09 = 2.18 A). This reveals thgeace of close H...H contacts.

The contacts C...H / H...C cover 10% of the ovesaliface of Hirshfeld show on its
2D graph the presence of a symmetric pair of wangsind a sum (& d ~ 2.7 A) less than
the sum of the van der Waals radii of the carbahtamdrogen atoms (2.79 A). These contacts
are considered as being close contacts.

The C...C contacts, which represent only 0.9% ofHishfeld surface withds + d;
~3.6 A greater than the sum of the van der Waals rddie carbon atoms (3.4 A) reveals
the absence of close C...C contacts and therefore-manteractions in our crystalline
stacking[41]. Such illustration study for intermolecular congas coherent with the results
observed by crystallography investigation.

3.3. Vibrational IR spectra and assignments

Herein, we discussed the vibrational propertiethefMXDCdCE molecule by conducting a
vibratory study using experimental and calculatdtared spectroscopy. The experimental IR
spectrum measured between 400 and 4000' cand the simulated one using
B3LYP/LanL2DZ basis set are shownHing. 5 in this figure we observed good correlations
among the experimental and the predicted spectra. ekperimental infrared wavenumber
and the calculated one from DFT method assigneWHYA program[44] and GaussView
software[16] are provided iT able 4 along with a tentative assignment of the obsensedlb
essentially based on comparisons with data preljiaeported for similar compound$)].
This table shows that there is a slight differebe¢éween the experimental values and the
calculated frequencies, these small differencesdares in the experimental process we
recorded spectra in the solid phase sample whereritstalline packing was not considered
while the DFT calculations were carried out withismlated molecule and in the gas phase.

Brief discussions of the assignments for the nragirtant groups are presented below.

3.3.1. Vibrations of hexachlorocadmate(ll) anion



Based essentially on comparison with the literatarenumerous chlorocadmate compounds
[43,44], and according to the DFT calculations it is fouhdt all bands originating from
vibrations of CdGf" anions are observed below 500 tnThe asymmetric and symmetric
stretching of Cd-Cl appeared at 193 and 171,amspectively.

The band corresponding to the bending mode of i&€Chppeared in the 74 &m

3.3.2. m-xylylenediammonium vibration

Concerning the organic entity, the high-frequenegion between 3439 and 3112 “tis
assigned to the N-H asymmetric and symmetric s$tiregicvibration. The DFT computations
give the frequency of these bands between 3453@h2l cn-.

The bands between 1634 and 1476'ame attributed to the C=C stretching vibratiorthe
aromatic ring and to the characteristic Nldsymmetric and symmetric stretching vibrations.
The corresponding bands are calculated to be fata863 and 1485 ci

In m-xylylenediaminium bis(perchlorate) monohydrptB] these modes are observed nearly
in the same region. The band exhibited at 2730 &rdue to the aromatic C-H stretching
vibration and predicted at 2990 ¢mThe bands at 983 and 907 ‘trim the experimental
spectrum correspond to the C-N stretching. The sabration is calculated between 1035
and 958 cnt by DFT level. The C-H in-plane bending vibratiomdathe C-H out of plane
bending vibration are observed at 1165'cand 1095 cil respectively and predicted at 1212
cmat 1043 crit. The spectral domain between 547 and 455tsmascribed to the out of
plane vibration modes of the C-C and C=C groupss Was calculated to be found in region
645-479 crit.

3.4. AIM topological analysis

The topological properties related to Atoms-In-Muike (AIM) approacH46] are useful to
elucidate the type of interactions present withimalecule and therefore we foretell its
stability [47-49]. According to AIM theory each chemical bond possssa critical point of
binding denoted BCP defined as being a minimumledtenic density along the connecting
path and a maximum in the other two perpendiculactons.

Several energetic and topological parameters catebeed after the location of the BCP to
evaluate the properties of the bonds in the tidengound, and in particular, the hydrogen
bonds.

The graphical representation of the AIM analysisgdMultiwfn program[21] at LANL2DZ
level of (GH14N2).CdCk compound and of its corresponding cation is itatstd respectively
in Fig. 6 and Fig. 7, while the corresponding geometrical, energetid aopological
parameters are listed Trable S1 andTable S2.



The AIM analysis reveals that our material is diabd by eight hydrogen bonds that meets
Koch and Popelier criterig50] and that H17...CI3, N8...CI2, H27...CI3, H28...CI7
interactions present symmetrical topological prapsrto H52...Cl4, N32...CI5, H51...CI6,
H41...Cl6 interactions. The @tatio is also used to characterize the type otraat®n. This
ratio must be greater than 1.0 to confirm the exris¢ of hydrogen bondd6]. This is the
case in the present work.

According to the BCP analysis ®fble S1 and Based on the Rozas et[8l] criterion all of
the eight hydrogen bonds are considered weak shed aplacian and the energy density
values are positive.

Positive Laplacian values indicate as well the eligmh of electronic charge along the
liaison path, the density observed is in the rasfg@ 00601 and 0.01300 a.u the highest value
is for the H27...CI3 or H51...CI6 interactions (0.0138@1) probably because the distance
between those two atoms is the lowest.

In Fig. 8, the C-H..x interactions between the two cations are verythyuiasible from the
position of the three BCPs that link this two lgtt&IM analysis allows us to detect the
presence of the cage character with the presencagef critical points (CCPs) and the cyclic
character in a molecular system with the presefecm@ critical points (RCPs), as shown as
well in Fig. 9.

The ellipticity value provides an idea about theusoulation of charges in a given plane here
the very low value = -1.4260, -1.3921) at the RCP points confirmst ttiere is
delocalization of electron in aromatic nucleus.

3.5. Reduced density gradient (RDG) analysis

The existing non-covalent interactions (NCIs) in DIBdCk compound have been also
validated and evaluated by an NCI descriptor inioed by Johnson et §b2] and Contreras-
Garcia et al]53] based on the electronic density and its first dgive named RDG. The
reduced electron density gradient (RDG) providesucfingerprints of various kinds of NCls

and it is defined by the following equation.

RDG(r)= 1 : |Fﬁ”:i':!|
Z[E'HZZI ‘3p(r) 3
When the quantitp(r)sign(.,) is mapped onto the RDG isosurface, it enables@héhlight
the attractive or repulsive nature of the inteadi and to rank their relative strength on a

gualitative, visual basis.



According to the sign of the second largest eigaluerd, (A\<A\,<A3) of the ED Hessian

matrix at each isosurface point:

- If <0 : Attractive and binding interactions (hydrodeimds).

- If A,>0 : repulsive and non-binding interactions (steffect in ring and cage).

- If (A\=0) : van der Waals interactions.

The results were performed and plotted respectivgiythe use of Multiwfn and VMD
Programg21,22]. These results were collectedkrgs. 8a and 8b for the entire compound
and inFigs. 9a and9b for the corresponding cation.

According to Fig. 8a, the attractive, van der Waals and repulsive augons in the
MXDCdClg structure appear respectively as blue, greeneshdpikes.

The RDG peaks toward -0.031of sigip)p correspond to a strong attractive interaction
confirmed as well by the low density values.

Turning toFig. 8b, clear blue spots are checked between the hydragédrchlorine atoms,
which signify the strong attractive interaction N-El and C-H...Cl. The interactions appear
in the form of green plates are attributed to van\Waals interactions. The elliptic red plate
located at the center of the aromatic nucleusla&eae to repulsive interactions which show a
strong steric effect.

NClIs encompass a wide range of bonding types, aschydrogen and halogen bonds, C-
H...n interactions, and several binding (or anti-bindlifgyces, like those due to dispersion,
or to electrostaticgrig. 9b shows a C-H.x type intermolecular interaction similar to those
found in benzengs4] since a large RDG surface appears that encomptssegole region
between the two facing aromatic rings.

In Fig. 9a three out of five spikes maintained confirming asllwhe repulsive interactions
between the aromatic nucleus and the CsHntermolecular interaction.

The results of the NCI descriptor provide a compimary picture to that offered by AIM

calculation.

3.6. UV absorption of (§H14N2),[CdClg

The predicted UV-Visible spectra of MXDCdlly using TD-DFT/ LANL2DZ method at
the B3LYP and the BLYP level of theory with the Gaian 09 prograrfil7] are compared in
Fig.10 the differences are attributed to the calculat@mg to the basis set. The corresponding
experimental UV-Visible spectrum in solid-stategsen in Fig.11a, the title compound
exhibits only one band centered at 355 nm thatesponds tat — n* transitions, which is
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relative to the aromatic conjugation in the catiaesording to the literatur®] and to the
ligand to metal charge transfer LMCT confirmed byeak absorption of the spectrum. This
feature is typical of similar chlorocadmate materi@3] and varies with the coordination
number.

This band is observed in the BLYP level calculagpdctrum at 373 nm due to the electronic
transition from HOMO-2— LUMO+1 (100%) molecular orbitals, and for the B3R Yevel

at 260 nm due to the electronic transition from HOIE— LUMO (90%) molecular orbitals.
The calculated absorption wavelengttexcitation energies E along with oscillator sgtsf

for the (GH14N2).CdCk using TD-DFT/ BLYP/LANL2DZ method and TD-DFT/
B3LYP/LANL2DZ method in Water solvent are presehtespectively inTable S3 and
Table $4.

The evaluated band gap of our compound was fouihé @.98 eV according to the Tauc plot
model [55], (seeFig. 11.b) suggesting that the crystal may possess diateb&ghavior to
induce polarization when powerful radiation is demt on the materi§b6].

3.7. HOMO-LUMO analysis
In order to study the stability and chemical reatti of the molecule, the frontier

molecular orbitals (FMOs) analyses have been pmddr Conceptual molecular orbital
calculations were applied to evaluate the spatiapagtion of FMOs in m-
Xylylenediammonium. The energy difference betwede HOMO (Highest Occupied
Molecular Orbital) and LUMO (Lowest Unoccupied Molgar Orbital) frontier orbitals
called «gap» is an excellent indicators of electransfer in molecular system23]. In our
case, the evaluation of the gap energy value isoitapt regarding the antioxidant,
antibacterial and antifungal activities associatéth m-Xylylenediammonium compourjd].

The HOMO and LUMO graphics that can be easily olesbrby using Gauss View
program[16] are given inFig. 12. Orbital analysis revealed that HOMO components ar
localized on the anionic part, while the LUMO compats are mainly located on the organic
cation. These findings manifest that the electrans delocalized in the inorganic part
[CdClg]*, the space of energy between HOMO-LUMO molecutéitals calculates 3.17 eV
is an index of high kinetic stability and low cheali reactivity, because it is energetically
unfavorable to add electron to a high-lying LUMOtorextract electrons from a low-lying
HOMO [57].
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3.8. Global reactivity descriptors

Through the results of the HOMO and LUMO calculadée@rgies and adequate equations,
we can set the global chemical reactivity descrgptbat are necessary to predict the behavior
of the title moleculg¢25-26].

The reactivity parameters settings are as folldinshardness: n = (I- A) / 2, where A is
the ionization potential and | is the electron raffi [ A= -E umo, 1= -E4omo ], the word
“hardness” means resistance to deformation or ahapgcifically resistance of the chemical
potential to change in the number of electr&59]. Softness is the opposite of hardness: a
low value ofn means high softness defined by S: SglfBe chemical potentigl: p =- (I +
A) / 2, the electronegativity: x = (I + A) /2[60] and the electrophilicity index: o = p? /2n
[61].

The values obtained of §8:4N,),CdCk compound by using DFT method are summarized
in Table S5. Since the DFTLANL2DZ level gave an energy value 3.17 eV very close @b th
found with the Tauc model unlike the DFT methodu3hthese results clearly evidence that
the basis set has remarkable influence on theiveéest and behaviors of the specigz].
Table S5 shows that all determined energies are negativeelisas the chemical potential, so
we can conclude that the crystal structure is stalpd does not decompose spontaneously
into its element$63-64].

The conclusion can be drawn of this part, is thatgap value indicates that this compound
is definitely stable but can be quite reactive viighern and low S.

3.9. Molecular docking

The main objective of ligand-protein docking ispmvide the binding mode of a ligand
with a protein containing a three-dimensional gtrcee]65-66]. Using iIGEMDOCK program,
the best-docked poses of gtz4N2).CdCk compound with eight bacteria: 6G9P, 2W7Q,
1XK9, 5077, 5Y63, 3KP3, 40YH and 5NV5 have beeredained and represented Fing.

13. To study the interactions between ligand andgamah more details, we have summarized
in Table 5 the energetic results of docking calculations.eNibiat these best poses and these
interaction energies have physical, biological phdrmaceutical interests. 10 poses are found
during the docking calculations. We only presemt fiest pose that is referring to minimal
energy. This minimal energy is the sum of threerattion energies (VDW, H-bond and
electronic binding energies). As it is shownTiable 5, 1XK9 was found to be the strongest
binding bacteria with an energy equal to -92.70al/keol. Likewise, she owns the strongest
van der Waals (VDW) interaction (E= -92.534 kcallm&Vhile, the 5077 is the weakest
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binding bacteria and also it forms the weakest VDMéraction (E=-72.670 kcal/mol). We
notice that the binding energies of 5Y63 and 1XKtbria are very close with average
energy equal to -92.554 kcal/mol. Same thing fo¥5Mnd 3KP3 whose total energies scores
equal to -89.613 kcal/mol and -89.093 kcal/molpessively.

We represent inFig. 14, several forms of intermolecular interactions hesw
(CgH14N2).CdCk ligand and the strongest binding bacteria 1XK9. are detailsFig. S1
shows all the interactions betweenkig/N,),CdClk and other bacteria. We notice, from these
results, the existence afrn stacking interactions. This type of interactioregants many
applications in the biomedical and biotechnologitelds [67]. They have been applied as a
driving force for drug loading. There are also [ky& interactions. Typically in these
interactions, there is a crystal cloud interactbonan aromatic group and a group of electrons
of any alkyl group. According to these results, wan conclude that @l14N2).CdCk
compound have antibacterial activity. It plays amportant role in drug discovery against
these diseases. As we have seeffable 5, (CsH14N2),CdCk present revealing inhibition
activity against 1XK9, 5Y63, 5NV5 and 3KP3 bactekte also has an interesting inhibition
activity against 40YH, 6G9P, 2W7Q and 5077. Socase conclude that this compound can
be considered as a potent inhibitor against thastehba.

4. Conclusion

A Single crystal of (gH14N2)2[CdCls] was grown at room temperature by the slow solvent
evaporation method. The structural arrangemenbeastescribed as an alternation of organic-
inorganic layers supported by means electrosthtibpnds type N-H...Cl and C-H...Cl, C-
H...m and van der Waals interactions. The Hirshfeldasigrfanalysis reveals the percentage of
intermolecular contacts of the title compound ahadvss that the major part of the Hirshfeld
surface is occupied by the contacts H...CI/CI...H.

The vibrational properties of this structure wetedged by infrared spectroscopy and the
assignment of the vibrational bands was performeddmparison with the vibration modes
frequencies of homologous compounds.

The studies of optical activities in solid-statenfoion the semiconductor behavior of this
material with a significant band gap at 2.39 eV.

Structural and spectroscopic properties (IR and\&j-were presented as well via TD-DFT
and DFT calculations. The comparison between botloretical and experimental methods
shows a good agreement. The non-covalent interectvere studied through AIM and RDG

analysis. The Orbital analysis revealed that HOM@gonents are localized on the anionic

13



part, while the LUMO components are mainly locabedhe organic cation. Furthermore, the

docking study shows that the compound might exlaibitbacterial activity.
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Table 1. Crystal data and experimental parameters usedhirirttensity data collection

strategy and final results of the structure deteation.

Temperature

Empirical formula
Formula weight (g mal)
Crystal system

Space group

< N=™®LR O0T®

F(000)

H(Mo Ka)

Index ranges
Reflections collected
Independent reflections
Reflections with | > &¢(1)
I:Qint

(SINB/\)max (A7)

Absorption correction: multi-scan

Refined parameters
R[F*> 20(F)]
WR(F)

Goodness of fit
APmax=0.41 e B

150 K
2(6H14N2)CdCl
601.52

Triclinic

IP
7.5482 (8) A
8.495 (1) A
10.4656 (12) A
101.649 (3)
100.006 (3)
112.971 (3)
1
580.92 (11) A
302
1.64 mrit

9 h<9,-11<k<11,-13< I<13

13112
2661
2630
0.025
0.649
mh= 0.562, Thax= 0.653
149
0.016
0.045
1.22
APmin = —0.45 e K




Table 2. Principal intermolecular distances (A) and bondleng®) in(CgH14N,),CdCk by
X-ray data (with estimated standard deviation ineptheses) and by theoretical
calculations.

Bond length(A) Bond angles(°)
Calculated X-Ray Calculated  X-Ray
B3LYP B3LYP
6-311++G(d,p) 6-311++G(d,p)
Inorganic
Cdi1-Cl2  2.7717 2.6449(4) Cl2- Cdu3 88.8229 91.324 (10)
Cd1-CI3  2.8012 2.5849(4) Cl2- Cdu4 91.4463 90.183 (14)
Cdi-Cl4  2.7881 2.7177(4) Cl2- Cdlle 91.1771 88.676 (10)
Cd1-CI5 2.7717 2.6449(4) Cl2- Caul7 88.5537 89.817 (14)
Cdi1-Cl6  2.8012 2.5849(4) CI3- Cd14 90.6138 92.087 (11)
Cdi-Cl7  2.7881 2.7177(4) CI3- Cdl5 91.1771 88.676 (10)
CI3- Cd1cl7 89.3862 87.913 (11)
Cl4- Cdicis 88.5537 89.817 (14)
Cl4- Cdicle 89.3862 87.913 (11)
Cl5- Cdicle 88.8229 91.324 (10)
CI5- Cdicl7 91.4463 90.183 (14)
Cl6- Cd1cl7 90.6138 92.087 (11)
Organic
N8-C23 1.509 1.4907 (19) Cl2-CTx6  119.4547 119.49 (13)
N9-C18 1.5295 1.4943 (18) Cl2-COd8  120.6014 120.11 (14)
C10-C12  1.4143 1.396 (2) C16-COd8  119.9431 120.39 (14)
C10-C16 1.4074 1.393 (2) Cl4-CCn6  119.0631 119.41 (14)
C10-C18 1.514 1.505 (2) C14-CCR3  120.2001 120.79 (13)
C11-C14 1.4094 1.392 (2) C16-CCP3  120.7226 119.78 (13)
C11-C16 1.4134 1.396 (2) Cl10-CC21  120.0256 119.76 (14)
C11-C23 1.5179 1.5089 (19) Ci1i1-Cc21  120.3842 119.96 (14)
C12-C21 1.4048 1.386 (2) Cl10-Cmd1  120.9009 120.73 (14)
Cl14-C21 1.41 1.394 (2) N9-C18-C10 111.6645 11118} (
C12-C21-C14 120.163 120.62 (14)

N8-C23-C11 112.2668 112.22 (12)




Table 3.Hydrogen-bonds geometry (A, °) of MXDCdCI

D—H---A D—H @A) H---AR) D---A(A) D—H---A (°)
N1—HIN1.--CI3 0.92 (3) 2.34 (3) 3.2427 (14) 167 (2)
N1—H2N1---CIi 0.83 (2) 2.55 (2) 3.1658 (14) 131.7 (19)
N1—H2N1---CI3 0.83 (2) 2.80 (2) 3.4410 (13) 135.0 (19)
N1—H3N1---CI2 0.91 (2) 2.38 (2) 3.2147 (14) 152.5 (19)
N1—H3N1.--Cl1 0.91 (2) 2.86 (2) 3.3018 (13) 111.1 (17)
N2—H1N2..-CI¥ 0.81 (3) 2.49 (3) 3.2229 (14) 152 (2)
N2—H1IN2---CI¥ 0.81 (3) 2.82 (3) 3.2936 (14) 119 (2)
N2—H1IN2---CI¥ 0.81 (3) 3.05 (3) 3.4049 (14) 109 (2)
N2—H2N2..-CI¥' 0.89 (2) 2.40 (2) 3.2176 (14) 153 (2)
N2—H3N2---CI¥" 0.91 (2) 2.49 (2) 3.2431 (14) 140.8 (19)
C3—H3---CI2 0.93 2.80 3.5631 (15) 140
C5—H5.-.CIt 0.93 2.78 3.6421 (15) 155

Symmetry codex-1, y, z; (ii) —x+1, -y, —z; (iii) —x+2, =y, =z; (iv) —x+2, =y, =z+1; (V) X, ¥, Z+1;
(Vi) =x+2, =y+1, —z+1; (vii) —x+3, —y+1, —z+1.



Table 4. Observed and calculated wavenumbers cmnd assignments for MXDCdgI

molecule.

Calculated frequencies

Experimental

IR Unscaled Scaled I Vibrational assignments (% PED)
3439 3606 3455 59.98 uNH (99)
3439 3593 3442 65.72 vNH (99)
3263 3126 23.46 vCH (95)
3234 3098 20.51 vCH (99)
3225 3090 4.26  vCH (95)
3214 3079 25.28 vCH (99)
3196 3062 7.23  vCH (99)
3193 3059 11.69 vCH (96)
3112 3144 3012 413.63 vuNH (88)
2730 3127 2995 7.02  vCH (98)
2730 3121 2990 76.67 oCH (91)
2559 3038 2910 758.87 vNH (88)
2559 2943 2819 1075.71 uNH (91)
2559 2800 2683 1050.56 vNH (95)
1634 1735 1663 112.15 BHNH (65)
1634 1731 1658 145.64 PBHNH (58)
1593 1711 1639 5.45 vCC (37)
1593 1698 1669 52.04 PBHNH (57) dHNHCI (25)
1593 1685 1656 1.39 ©oCC (51) BCCC (12)
BHNH (41) 8HNHCI (17) 3CNHCI
1593 1674 1645 199.95 (13)
1593 1666 1638 40.97 GSHNHCI (13) BHNH (42)
1593 1640 1612 75.13 GSHNHCI (85)
1476 1561 1535 7.33 BHCC (42) BCCC (10)
1476 1546 1520 18.16 PBHCH (76)
1476 1541 1515 13.68 BHCH (75) SHCCC (14)
1476 1511 1485 11.82 vCC (45) BHCC (27)
1451 1426 8.29 JSHCCC (36)
1438 1414 9.89 BSHCCC (59)
1367 1405 1381 4.60 BHCC (76)
1367 1393 1369 2.20 vCC (42) BHCC (15)
1358 1335 5.48 SHCCC (32)
1345 1322 6.32 ©CC (10) 6HCCC (28)
1300 1313 1290 11.59 vCC (45) BHCC (11) pCCC (10)
1300 1257 1235 7.78  BHCC (43) vCC (18)
1300 1233 1212 21.40 BHCC (55)
1165 1205 1185 36.33 SHNHCI (22) BHNC (18)
1165 1189 1169 19.41 SHNHCI (29) BHCC (12)
1165 1176 1156 1.27  BHNC (23) BHCC (19)
1165 1162 1142 10.54 PBHCC (34) BHNC (15)

1125 1106 16.93 vCC (24) BHCC (21)



1095 1061 1043 4.87 SHCCC (78)

1095 1049 1031 4.38 SHCCC (55) 5CCCC (11)
1035 1018 0.83  uNC (44)
1032 1015 0.36 vCC (10) uNC (12) BCCC (44)
1010 993 35.38 uNC (72)
986 969 2.74  SHCCC (65)
907 958 942 11.21 SHCCC (22) uNC (11)
878 943 927 16.61 SHCCC (30)
853 909 893 4.47 BHCC (14) vCC (12) SHCCC (23)
807 849 835 36.08 SHCCC (66)
701 758 745 42.47 SHCCC (23) yCCCC (14)
739 726 6.18 uCC (27) BCCC (30)
547 657 645 0.67 yCCCC (22) BCCN (23) BCCC (12)
547 586 576 2.33 BCCC (53)
547 531 522 1.19 BCCC (49)
456 487 479 1156 SHCCC (13) yCCCC (29)
423 416 2.77 BCCC (54)
405 398 6.18 BNHCI (32) SHNCC (11)
388 381 257 BCCC (47)
378 371 36.31 BCCC (43) vCIH (20)
338 333 51.38 SCCCC (16) vCIHH (21)
303 208 52.92 uCIH (56) BCCC (11)
290 285 30.32 uCIH (38)
254 249 5.63 BCCC (33)
SCCCC (17) vCIH (21) SHNHCI
232 228 51.23 (14)
vCIH (21) SHNHCI (11) SHNCC
217 213 5263 (11)
193 190 27.28 vCdCl (65)
171 168 46.13 vCdCl (18) SCNHCI (15)
151 148 3.96 BCCN (22) SCCCN (15)
138 136 4.19 yCCCC (16) vCIH (18) SHNHCI (21)
BNHCI (14) SCCCN (14) 3HNCC
116 114 1859 (13)
109 107 12.27 BNHCI (26)
SCCCN (11) SHNCC(12) SHNCC
95 93 231 (13)
74 73 1.64 PHCICd (50) SHNCC (11)

I": infraredintensity (km.mdj). v, B, & andydenote stretching, in-planebending, torsion and
out-of-plane bending modes, respectively.

PED: potential energy distribution data are takemVEDA4

Scaling factor: from 4000 to 1700 &nare scaled with 0.983 and lower than 1700 @re
scaled with 0.958.



Table 5. Molecular Docking Results of binding energies iralkenol* via iGEMDOCK
program.

Ligand Bacteria | Total energy| VDW | H-bond | Electronic | AverConPair
1XK9 -92.702 -92.534 0 -0.168 26.130

5Y63 -92.407 -91.626 0 -0.781 25.000

5NV5 -89.613 -89.957 0 0.344 26.478

3KP3 -89.093 -88.873 0 -0.220 22.391

(CeHaN2)CaCl 40YH -84.719 -84.263 0 -0.455 23.391
6GoP -84.630 -85.658 0 1.027 25.521

2W7Q -80.698 -80.692 0 -0.006 26.826

5077 -72.670 -72.670 0 0 20.087




Figure captions

Fig. 1. ORTEP drawing of (gH14N2)[CdClg] with atom-labeling scheme. Displacement
ellipsoids are drawn at the 30% probability le@l.(-x, -y, -z). H atoms are represented as
small spheres of arbitrary radii. Hydrogen bonds denoted as dashed lines (a) and the
optimized molecular structure (b).

Fig. 2. The packing of (gH14N2)2[CdCls] viewed down thea-axis (a), and along thé-axis

(b), CdCk is given in polyhedral representation. Hydrogends are denoted as dashed lines.
View highlighting intermolecular interactions bewveorganic cations C-Hr.stacking(c).
Projection of a layer in the plane (a,b) showing platterns of hydrogen bonding in the title
compound. H atoms not involved in hydrogen bondawege omitted while carbon atoms were
omitted for clarity of the projection along the xisa(d).

Fig. 3. Hirshfeld surfaces mapped with,og. The surfaces are shown as transparent to
highlight the visualization of the orientation acohformation of the functional groups in the
crystal, hydrogen bonds are represented by dattesd. |

Fig. 4. 2D fingerprint plots of the main intercontacts wihmy percentage of various
intermolecular contacts contributed to the Hirsthfglirface in the title compound. Surfaces to
the side highlight the relevant surface patchesaated with the specific contacts.

Fig. 5. Theoretical and experimental IR spectrum of MXDGHCI

Fig. 6. AIM molecular graph screening the different bondtical points (BCPs) of
(CgH14N2).CdClhkcalculated at DFT/LANL2DZ level. The BCPs are dexbas orange smaller
balls.

Fig. 7. Graphical representation for the correspondingooatibond critical points (small red
spheres), ring critical points (small yellow splgreage critical points (small green spheres),

bond paths (pink lines).

Fig. 8. Plots of the RDG versus the electron dengityultiplied by the sign of, (a) and
color scaling of weak interactions (b) for theglfzsN,).CdCk compound. The surfaces are
colored on a blue—green-red scale according toesabf signi,. Blue indicates strong

attractive interactions and red indicates strong-iponded overlap



Fig. 9. Plots of the RDG versus the electron dengityultiplied by the sign of, (a) and
color scaling of weak interactions (b) for the esponding cation of MXDCdgl The
surfaces are colored on a blue—green—red scaledangdo values of sigh,. Blue indicates
strong attractive interactions and red indicatesngt non-bonded overlap.

Fig. 10. Theoretical TD-DFT UV-Visible spectrum of the titeompound at BLYP and
B3LYP level.

Fig. 11. Solid-state UV-Vis spectrum (a) of §814N.).CdCk and the energy gap (b)
according to the Tauc model.

Fig. 12. The frontier molecular orbitals of £H14N2),CdCk molecule at DFT/LANL2DZ
level.

Fig. 13. The best docked poses ofgz4N2).CdCk compound with eight bacteria: 1XK9(a),
5Y63(b), 5NV5(c), 3KP3(d), 40YH(e), 6G9IP(f), 2W7Q§O77(h).

Fig. 14. Different types of interactions betweensk{zsN2).CdCkand 1XK9 bacteria.
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Fig. 1. ORTEP drawing of (gH14N2),[CdClg] with atom-labeling scheme. Displacement
ellipsoids are drawn at the 30% probability le@l.(-x, -y, -z). H atoms are represented as
small spheres of arbitrary radii. Hydrogen bonds denoted as dashed lines (a) and the

optimized molecular structure (b).
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Fig. 2. The packing of (gH14N2)2[CdClg] viewed down thea-axis (a), and along thé-axis
(b), CdCk is given in polyhedral representation. Hydrogends are denoted as dashed lines.
View highlighting intermolecular interactions be®veorganic cationsC-Hur. stackingc).
Projection of a layer in the plane (a,b) showing piatterns of hydrogen bonding in the title
compound. H atoms not involved in hydrogen bonduege omitted while carbon atoms were

omitted for clarity of the projection along the xisa(d).



Fig. 3. Hirshfeld surfaces mapped with,.g,. The surfaces are shown as transparent to
highlight the visualization of the orientation acohformation of the functional groups in the

crystal, hydrogen bonds are represented by datted |
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Fig. 4. 2D fingerprint plots of the main intercontacts slvgv percentage of various
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Fig.5. Theoretical and experimental IR spectrum of MXDCHCI



Fig. 6. AIM molecular graph screening the different bondtical points (BCPs) of
(CgH14N2),CdCk calculated with B3LYP/6-311++G(d,p) level. The BCRe denoted as

orange smaller balls.

Fig. 7. Graphical representation for the correspondingonatbond critical points (small red
spheres), ring critical points (small yellow spigreage critical points (small green spheres),
bond paths (pink lines).
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Fig. 8. Plots of the RDG versus the electron dengityultiplied by the sign of, (a) and
color scaling of weak interactions (b) for thegltzsN2),CdCk compound. The surfaces are
colored on a blue—green-red scale according toesabf signi,. Blue indicates strong
attractive interactions and red indicates strongribonded overlap.
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Fig. 9. Plots of the RDG versus the electron dengityultiplied by the sign ok, (a) and
color scaling of weak interactions (b) for the esponding cation of MXDCdgl The
surfaces are colored on a blue—green—red scaledawgdo values of sigh,. Blue indicates

strong attractive interactions and red indicatesngt non-bonded overlap.
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Fig. 10. Theoretical TD-DFT UV-Visible spectrum of the ditcompound at BLYP and
B3LYP.
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Fig. 11. Solid-state UV-Vis spectrunfa) of (CgH14N2),CdCk and the energy gagb)
according to the Tauc model.
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Fig.12. The frontier molecular orbitals of §8,4N,),CdCkmolecule at DFT/LANL2DZ level.
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Fig. 13. The best docked poses ofsiz4N2),CdCk compound with eight bacteria: 1XK9(a),
5Y63(b), 5NV5(c), 3KP3(d), 40YH(e), 6G9P(f), 2W7QHO77(h).
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Fig. 14. Different types of interactions betweensk{zsN,),CdCk and 1XK9 bacteria.
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Novel Cd(l1) complex compound, MXDCdClg, was synthesized.

Optimized geometry and vibrationa spectra were computed using DFT method.
MXDCdClg was characterized by single crystal DRX and IR analyses.

Charge transfer interactions were analyzed by AIM, RDG and HS analysis.

Molecular docking studies confirmed the inhibitory activity of MXDCdCle.
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