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Graphical abstract

The complex [ZnL(2-ampy)Br] was synthesized and structurally characterized. The crystal of
complex was determined by single X-ray diffraction study. Docking calculations of these
complex were performed to explore the exact binding sites. The nature of the Zn—L bondsin
the compound was analyzed with NBO, EDA analyses and molecular docking. The ZnO
nanoparticles were prepared via combustion method of the complex at 700°C for 8 h. Finally,
crystallinity, purity, and morphology of the ZnO nanoparticles were characterized by FT-IR,
XRD, FESEM, and TEM.
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Abstract:

In this study, the metal complex [ZnL(2-aminopyni€)Br] () was synthesized from a metal salt
with Schiff base ligand (HL). The synthesized coexpd ) was elucidated by using FT-IR, UV-
Vis spectroscopyH-NMR, and. Moreover, the crystal structure of duenplex was determined
by X-ray analysis and revealed the complex hasstordéed tetrahedral coordination structure.
The stimulation revealed the binding pattern of tbompound with BNA that the free energy
(AG) of interaction is-7.73 kcal/mal Also, free energyAG) of complex () with EGFR-TKD,
ABL/dasatinib complex and the ABL/imatinib complesas by -6.47, - 5.20 and - 6.60 kcal/mol.
Then, the nature of the ZsL bonds in the complexl) was analyzed with NBO and EDA
analyses. In the next step, ZnO nanopatrticles wepared via combustion synthesis method of
the complex I() at 700C for 8 h. Finally, crystallinity, purity, and morplogy of the ZnO
nanoparticles were characterized by FT-IR, XRD, EESand TEM.
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1. Introduction

The discovery of new transition metal complexeshwialicylaldehyde Schiff base played a
significant role in the growth and development obiination chemistry for their applications,
properties and interesting structures [1-3]. TiezaWery of new transition metal complexes with
Salicylaldehyde Schiff base explicate the mecharo$rtransamination reactions in biological
system [4-6]. Among these complexes, Schiff base zomplexes, especially chiral zZn(ll)
complexes have been  attracted much attention becausf their physiological and
pharmacological activities[7]. Also, the synthestf several salicylaldehydes and 2-
Aminopyridine derivatives—Schiff base from the slengondensation and their complex was
reported [8-11]. The theoretical studies of theugib state intramolecular proton transfer (IPT)
and solvation effect have also been reported froramihopyridine with 2-hydroxy-1-
naphthaldehyde and 2-hydroxy salicylaldehyde [ZYu et al. studied synthesis and crystal
structure of polynuclear tridentate with cobalt@hlfate and cobalt(ll) perchlorate [13]. In the
other article, the biological properties of binwaidru(ll) complexes with Schiff bases derived
from 5-chlorosalicyladehyde and 2-aminopyridine aitsl 5-substituted salicylideneimine
homologues were reported [14]. Giri et al. synthedia tetranuclear Cu(ll) complex
[Cusl4(H20)4)(ClO4)4 using the terdentate Schiff base 2-(pyridine-Payiomethyl)-phenol
(HL) [15]. In addition to, antimicrobial activityfacopper(ll) complex of Schiff base derived
from 2-(salicylidene) aminopyridine was tested iomparison with the activity of the
corresponding Schiff base [16]. Tyagi et. al. répdMNi(ll) and Zn(ll) metal complexes of Schiff

base and tested cytotoxic activity of against hutmaast cancer cell line (MCF-7) and human



hepatocellular liver carcinoma cell line (HepG2)s@ The DFT studies of Schiff bases and
metal complexes has been assigned for Co(ll), NgU(Il) and Zn(ll) complexes using the 6-
31+g(d,p) basis set. The theoretical results ceytaupported experimental data confirms the
suggested structure [17]. In another study, Zn{dmplex was analysed using molecular
dynamics simulation and molecular docking studMslecular docking studies shown Zn(ll)
complex located to the major groove [18]. So fhe Echiff base zinc complexes containing the
bromide ligands and salicylaldehyde have rarelynbeported. Furthermore, among transition
metal oxides, zinc oxide have attracted increaattention for its unique physical and chemical
properties such as gaseous sensors [19], photgstatgP0], and additives in many industrial
products [21]. There are several methods to prepamn®structured ZnO such as solvothermal
and hydrothermal [22-24], sol-gel [25], polymeripat [26], and mechanochemical methods
[27]. This work, FT-IR, ultraviolet-visible spect(@lV-Vis), and X-ray were used to describe the
structure of new compleX)( In addition, the nature of the ZfL bonds in the complex was
analyzed with NBO (The Natural Bond Orbital) andA&[energy and decomposition analysis)
techniques. Furthermore, ZnO nanoparticles werecessfully prepared via combustion
synthesis method of the comple) (Scheme 1). The morphology and structure of the a
prepared ZnO were investigated by FESEM, TEM, XRBd FT-IR spectra. Eventually, the
docking study of selected compound with (PDB ID:NKB, the epidermal growth factor
receptor (EGFR-TKD) (PDB ID: 1M17), the ABL/dasalircomplex (PDB ID: 2GQG) and the
ABL/imatinib complex (PDB ID: 2HYY) were accomplist in order to predict the chosen

binding site.
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Scheme 1. Synthetic procedure for the preparation of Sché$e ligand and complex (2:1) and
protocol of ZnO nanoparticles.

2. Experimental

2.1. Materials and methods

All the materials in the experiment were purchaBech Aldrich and Merck and used without
further purification. FT-IR spectra in KBr platesere performed on FT-IR SHIMADZU
spectrophotometer in 4000-400 ¢mUV-Vis spectra were recorded on a UV-1650 PC
SHIMADZU spectrophotometer in methanol (MeOH) simnot *H-NMR measurements were
recorded with the NMR BRUKER 300MHz spectrometesing deuterated methanol (gDD)

as the solvent. Also, the crystallographic inforimatand phase purity of the nanostructure were
acquired with the X-ray powder diffraction (XRD)ing Bruker D8000 Germany in a scanning

range of @ = 10-90 and Cuk, radiation. The morphological and structural charastics, as



well as particle size distribution of the nanostmes of ZnO, were investigated using the field
emission scanning electron microscope (FESEM, Hitawodel S-4160) and a transmission
electron microscopy (TEM, Philips-CM300).

2.2. Synthesis of the Schiff-base ligand HL

The Schiff-base ligantiL was performed according to the literature proced®8]. The ligand
was prepared by condensing salicylaldehyde witimZyapyridine in 1:1 molar ratio in 20 mL
EtOH. The reaction solution was refluxed at roommgerature for 3 h. The orange crystalline
powder separated by a Buchner funnel, washed \biblate ethanol, and dried under vacuum.
Mol. Wt.: 198.22 g/moL. mp. 70C. FT-IR: vmax cmi* (KBr): 1608 (s, C=N), 1556, 1573 (s,
C=Caron), 1278 (s, C-O). UV-ViSkmax (nM) €, M~'em ™) (MeOH): 347(25300), 295(29900),
268(29800), 221(38600JHNMR (CDCl, 400 MHz): 6.91-8.57(m, 8H), 9.52(s, 1H), 13.05(s,
1H).

2.3. Synthesis of the Complex [ZnL (2-aminopyridine)Br] (1)

An ethanol solution (5 mL) of ZnBr(0.225 g, 1 mmol) was added dropwise into theretha
solution (15 mL) of Schiff base ligand HL (0.3963mmol). The resulting yellow mixture was
refluxed for 3 h, then allowed to cool down at roéemperature. The single yellow crystals
suitable for X-ray data collection were obtaineddigw evaporation after 2 days. The crystals
were separated, washed with a small amount of madd ethanol, and dried under vacuum. Mol.
Wt.: 436.62 g/moL. mp. 22T FT-IR: vmax cm® (KBr): 1614 (s, C=N), 1496, 1529 (s, Cz5),
1263 (s, C-0). UV-Vis:Amax (M) € M cm?) (MeOH): 405(12300), 300(29200),
232(39400}H-NMR (CDs0OD, 300 MHz): 6.6(m, 12H), 4.8(s, DOH), 9.2(s, 1H).

2.4. Preparation of ZnO nanostructure of the complex (1)



An appropriate amount of complek) powder (1g) as the precursor for ZnO was weigdued|
transferred into a crucible. The crucible contagnaomplex was heated at ?aCor 8 h. Then,
the white powder obtained from the calcination ctempvas collected for characterization.
2.5. X-ray crystallography
Diffraction data were collected by thescan technique at room temperature on Rigaku Maali
four-circle diffractometer with Eos CCD detectordagraphite-monochromated Mgkadiation
(A=0.71069 A). The data were corrected for Lorentiagiration as well as for absorption effects
[29]. Precise unit-cell parameters were determibgd least-squares fit of 4109 reflections of
the highest intensity chosen from the whole expenimThe structure was solved with SIR92
[30] and refined with the full-matrix least-squam@®cedure on Fby SHELXL-2013 [31]. All
non-hydrogen atoms were refined anisotropicallydrogen atoms from NHgroup were found
in difference Fourier maps and isotropically refinall other hydrogen atoms were placed in
idealized positions and refined as ‘riding modeithnisotropic displacement parameters set at
1.2. The crystallographic and refinement data anersarized in Table 1.

Table 1.
Crystallographic data for the structural analyses Hbeen deposited with the Cambridge
Crystallographic Data Centre, Nos. CCDC-153425&i&0of this information may be obtained
free of charge from: The Director, CCDC, 12 UnionaR, Cambridge, CB2 1EZ, UK. Fax:

+44(1223)336-033, e-mail:deposit@ccdc.cam.ac.ulyvar: www.ccdc.cam.ac.uk.

2.6. Computational methods
The geometries of the compound investigated here wgtimized without symmetry constraints
at the BP86 [32-33]/def2-SVP [34] level of theorging the Gaussian03 software [35]. It has

been shown that BP86 is a suitable level for cataauh of bonding situation M-L among these



complexes [36-40]. Vibrational frequency analysealculated at the same level of theory,
indicate that the optimized structures are at thgonary points corresponding to local minima
without any imaginary frequency. The geometry & thetal complexl§ was determined by the
X-ray crystal structure analysis (Fig. 3) and waly/foptimized at the above-mentioned level of
theory. NBO analyses were also carried out with ititernal model GAUSSIAN 03. The
bonding analysis in terms of energy-decompositionalysis was carried out at
BP86/TZ2P(ZORA)//BP86/def2-SVP with;Gymmetry. The basis sets for all elements have
triple-f quality augmented by one set of polariaatifunctions (ADF basis set TZ2P(ZORA))
with the program package ADF 2009.01. EDA calcuolai were carried out to analyze the
nature of bonds between the [ZnPy(Ryhd [L] (Schiff base ligand) fragments in the complex
M.

2.7. Docking Studies

To investigate antitumor activity, the possible ibas target sites, best orientation of the
molecule, and targeted therapeutic strategies mipooinds, we used computational approaches.
The metal complex was used from their crystal stimgcas a CIF file and converted to the PDB
format using Mercury software 1.4.2. The crystatudure of the B-DNA dodecamer
d(CGCGATATCGCG)2 (PDB ID: 1BNA) [41], crystal strture of the epidermal growth factor
receptor (EGFR-TKD) (PDB ID: 1M17), the ABL/dasalircomplex (PDB ID: 2GQG) and the
ABL/imatinib complex (PDB ID: 2HYY) were retrievedrom the protein data bank
(http://www.rcsb.org./pdb). Molecular docking study complex Zn(Il) with protein tyrosine
kinase, drugs of anticancer (Afatinib, Erlotinibef@inib) with the epidermal growth factor
receptor was implemented using AutoDock 4.2 catmra (The Scripps Research Institute, La

Jolla, CA, USA). All water molecules of receptoene removed. The Zn(ll) complex was



enclosed in a box with number of grid points in xxydirections (74x64x117 A) with a grid-
point spacing of 0.991 A for 1BNA, A grid box dfe size 126 x 126 x 126 A with a grid-point
spacing of 0.502 A for the epidermal growth fagteceptor (EGFR) and a grid box of the size
126 x 126x 126 A with a grid-point spacing of 0.991or GQG and a grid box of the size 126 x
126x 126 A with a grid-point spacing of 0.825 A 1YY were selected for docking purpose.
The best optimized model having lowest energy wekep up from the one minimum energy
(root mean square deviation, RMSD = 0.0) from t@@ funs to compare the structural similarity
[42]. Then, the interactions of protein tyrosin@mdse and non-receptor tyrosine kinases with
complex () were analyzed Discovery Studio 3.0 Accelrys a®I\lisualizer.

3. Results and discussions

3.1. Synthesis

The new complexl ] was synthesized and characterized by FTHRNMR, UV-Vis, and X-ray
analysis. It is worth mentioning that this compliexcompletely soluble in common organic
solvents such as methanol, ethanol, and chlorof@ame spectroscopic data for ligand and
metal complex in Table S1 are in good agreemeirtt thi¢ expected values.

3.2. Spectroscopic char acterization of the complex (1)

3.2.1. FT-IR spectra

The FT-IR spectra of HL and the compleyrovide useful information about the metal-ligand
bonding, with results summarized in Table S1. @&hsorption peaks in the area around 3334
and 3415 cnt indicate the existence of NHjroup in the complex [43], emphasizing that the
amino N-atom is not participating in bonding [44herefore, this observation is appropriate
with the X-ray crystal structure of the complexttshows coordination of the 2-aminopyridine

ligand only through the pyridine N-atom. The FTdpRectra of the free ligand reveal that a band



at 3051 crit may be assigned tgOH), which is absent in the spectrum of complexjdating
coordination through the deprotonated phenolic @bup [45, 46]. The absorption band in the
ligand attributed to the phenolic oxygen (C-O) graat was shifted to a lower frequency in the
complex. The infrared spectra of the ligand shoveetband at 1608 cmassigned to the
azomethine group(C=N) while this band in the spectrum of the compleas shifted to the
higher frequency 1614 ch due to participation the nitrogen of azomethineug in
coordination [46-48].

3.2.2. Electronic spectra

The electronic spectra of the free Schiff basenliband its complex in methanol solution are
shown in Fig S1The electronic spectrum of free ligand shows foamds in the regions 221,
268, 295, and 347 nm, with the three first bandeiadl to ther—s" transition of the aromatic
ring and the azomethine chromophore and the last barresponding to-rx . In complex [),
the band at 405 nm can be assigned to the chamgsfér (CT) transition by metal-to-ligand
(MLCT) =n-back bonding, which is absent for the HL ligand.

3.2.3. 'H-NMR spectra of Schiff base ligand and complex (1)

The 'H-NMR spectra of the Schiff base ligand and its ptex () were recorded in C{DD
solution (Fig.s S2 and S3). The position of thenenproton (CH=N) signal and O-H signal of
Schiff base ligand observed at 9.52 and 13.05 ppapectively [49, 50]. While, the multiplets
of aromatic protons are in the region between &.8Y- ppm [51, 52]. The signal of the imine
proton and the phenolic OH disappeared in the spaobf the complex. Disappearing Phenolic-
OH signal (hydroxyl protons) corresponded to depration of phenolic proton and confirmed
coordination through phenolic oxygen to the metaisi Also, due to the a peak at 4.84 ppm

region, corresponded to DOH proton



3.3.3. Description of the crystal structures
The perspective view of the compldy {s shown in Fig. 1, some geometrical data aredish
Table 2. Zn cation is 4-coordinated, by two atois(id O) of ligand molecule, a nitrogen from
coordinated 2-aminopyridine molecule and a broratam, in a distorted tetrahedral fashion
(bond angles are in the range 93.48(10)°-123.1%(1The ligand molecule is only slightly
folded and the dihedral angle between the terminglplanes is 11.76(17) °. The intramolecular
N-H---N hydrogen bond, with the ring nitrogen o thmolecule (not involved in coordination)
is possible because the coordinated pyridine ringnvsted byca. 60° with respect to the L
molecule.
In the crystal structure (Fig. 2) the N-H---Br logkn bonds connect molecules into infinite
chains along x-direction. Both intra- and internocoll@r interactions are enforced by secondary
C-H---O, weak hydrogen bonds. Table 3 lists thedggh bond data.

Fig.s1-2

Tables2-3
3.3.4. Theoretical studies
The molecular structure of the compldy (hich determined by the X-ray crystal structure
(see Fig. 1), and fully optimized at BP86/def2-Se¥Rel of theory. Data show that in above
complex similar to that obtained by X-ray crystustures, one nitrogen and one oxygen atoms
from the Schiff base ligand, one nitrogen from giyre group and also one bromine atom are
arranged around the Zn(ll) within a distorted te¢dral geometry (Fig. 3). Selected calculated
bond lengths and bond angles of complExdre given in Table 4. As it can be seen, the
calculated bond length of ZAN, and Zr—N3 which obtained front-donation of N atom of

Schiff base and pyridine ligands to metal ion dreut 0.05 and 0.06 A larger than experimental
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data (See Table 4). Also the Znd@nd length in the complex which obtained frerdonation

of O atom of phenoxide group to metal ion is ab@@6 larger than experimental data. Some
selected optimized and X-ray experimental valuebafd lengths and bond angles around the
metal ion are respectively shown in Table 2 for ptax (). The optimized values are similar to
that obtained with experimental data. In contimuatitwo interacting fragments, [ZnPy(Rjnd
[L]" (Schiff base ligand) in the complex) (are considered and nature of bonds between
mentioned fragments are studied with the help cONBalysis. The values of natural charges on
Zn metal ion and N, O and Br atoms as well as wtarge of [L] ligand(Schiff base ligand) in
the complex are also studied (Table S2).

The observed data confirms that the Zn(ll) metal i® carried the positive and N, O Br and
Schiff base ligand are carried negative naturatgdsrespectively. Also the values of charge
transfer from L ligand (Schiff base ligand) to [AifR)]" fragment in the complex is about -
0.42e. The Wiberg bond indices (WBIs) for-2h bonds are calculate and corresponding
values are included in Table 4. The values of WhiIsZn—N, and Zr-0; bonds in the
complex are about 0.30 and 0.32 respectively. Alsthe complex the value of MN bonds
obtained from Schiff base ligand is similar to tbhtained from pyridine group (Table 4).

In recent years, Morokuma [53] and Ziegler et a][presented the "energy decomposition
analysis" (EDA) method. With the help of this teiue, we could explain the strength o&M

o donation and M»L back bonding in the complexes [53-57].

To better relalized the nature of the bond betweeninteracting fragments, [ZnPy(R)nd [L]
ligand(Schiff base ligand) in complek),(the energy-decomposition analysis (EDA) is carried
out at BP86/TZ2P(ZORA)//BP86/def2-SVP with €ymmetry. The results indicated that the

AEin for complex () is about 197.3 kcal mol(Table S3). The dissociation of tid;,, values
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into the Pauli repulsiol\Ep,,; and the three attractive components shows thaghtgu64.5%
comes from the electrostatic attractiaxEfists) While ~32.4% from the orbital termE,, and
3.1% fromAEgisp in complex [). In addition, the values @&Eqsiacshow that the nature ofkZn
bonds in the complex is more electrostatic. Theatmt bonding between two interacting
fragments [ZnPy(R)]and [L] (Schiff base ligand) in the complex becomes damirby the
calculated deformation densitiag, which are associated with the important orbitéliactions
between the corresponding fragments. The EDA-NOEne gy decomposition analysis- the
natural orbital for chemical valence) method makegpossible to calculate the individual
contributions of pairwise interactions. Usuallyetd are only a small number of pairwise
interactions that make a significant contributiom\Eg, (Table S3). Fig. 4 shows the important
deformation densitiesAp) and the associated energy values which providetaM4.6% of the
overall orbital interactions for [LZnPy(R)] comple¥isual inspection of Fig. 4 indicates that
Apl, Ap2, Ap3, andAp5 comes from the ZAL ¢ donation from lone pair of N and O atoms of
L ligand (Schiff base ligand) to Zn metal ion imggalex (). Also in last figure, it seems that the
deformation densitiedp3, represent the ZaL tedonation (Fig. 4). Note that the colour in Fig.
4 denotes the charge flow, which is from the reth&blue region.

Fig.s 3-4.

Table 4.
5. Molecular docking of DNA, receptor tyrosine kinases (RTKs), nonreceptor tyrosine
kinases (ABL and ARG) and EGFR-TKD
Deoxyribonucleic acid (DNA) is a nucleic acid thest one of the main biological targets for the
cancer therapy, and many compounds as DNA remicathibitors exert their anticancer effects

through binding to DNA and damage in cancer ceffso, overexpression or mutational
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activation of some members of receptor tyrosinas@s (RTKs) such as epidermal growth factor
receptor participate in the development and pragpasof numerous human malignancies such
as gastric cancer, acute myelocytic leukemia amgphoblastic leukemia (ALL) [58]. Also, the
nonreceptor tyrosine kinases (ABL and ARG) expr&sd regulate diverse cellular functions
including cell proliferation, growth and survivainvasion, morphogenesis, apoptosis and
migration which can lead to cancer. ABL kinasendraportant drug target in the treatment and
management of various cancers [59]. Computationekidg is extremely potential tool design
of such metal- based compounds and the developofedtugs as new therapeutic targets.
Binding affinity between DNA and on co-protein-tatgd new drugs is very important in
predicting the binding and in-depth knowledge aficea molecular mechanisms [59, 60]. The
lowest-energy values of the binding suggest thay tieasonably binds to macromolecules. The
docking results are shown as binding free energ¥ign5a, listed in Table 5, the calculated
minimum relative binding energ\() for complex () was -7.73 kcal/mol, which determine the
stable binding as between DNA receptor and compeeover, Zn (Il) complex could bind to
the minor groove of DNA by intercalating (Fig Sbvhich would affect the stability of DNA,
thus exhibiting the anticancer activities [61-6&]so, the compound can interact with DNA
through H-binding bonds of the NHwith the backbone phosphate (2.18 and 2M9 The
calculated binding free energies complé) @Afatinib, Erlotinib and Gefitinib with receptor
EGFR-TKD are dominated by the vdW_hb_desolv: -6.4752, -6.58 and -7.18 kcal/mol,
respectively (Table 5). The crystal structure & domplex k) with the EGFR-targeted reveals
that complex () binds to EGFR in the activation P-loop (Fig 684][ Also, drugs of anticancer
such as Afatinib, Gefitinib and Erlotinib are dodkie the activation P-loop (Fig 6b). In addition

to, compound(l) exhibite hydrogen interactions with SYS A773 an@CP A770 the key
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residues, while Afatinib and Erlotinib interact MET A769 and SYS A773 the amino acid
residues by hydrogen bonds. Results suggest tmpand () can be a therapeutic role in
treatment and management of cancer like Afatinid &gefitinib. The binding free energy
(AGpinding) Of the compoundl) to ABL/dasatinib complex and the ABL/imatinib coraplwas
obtained as -5.20 and -6.60 kcal/mol, respectivdiile the binding free energy of Nilotinib
(anticancer drug) for ABL/dasatinib complex and &®L/imatinib complex is -6.83 and -8.41
kcal/mol and the binding free energy of Imatinilmt{eancer drug) for ABL/dasatinib complex
and the ABL/imatinib complex is -8.42 and -10.0&lkaol, respectively. The hydrogen binding
of compound|() interact the amino acid residues of ABL/dasattomplex (TYR A435) and the
ABL/imatinib complex (ALA A395). Our computationatudies represented that compléx (
will use as tyrosine kinase inhibitor in treatmeancer by inhibition of the epidermal growth
factor receptor (EGFR).

Fig.s5a-b and 6a-b.

Table5

6. Spectroscopic char acterization of the nanoparticle complex (1)

6. 1. FT-IR ZnO nanoparticles

The FT-IR spectrum was used to characterize armul @sfirm the formation of zinc oxide
nanoparticles of the complek) @s a precursor (Fig. S4). The absorption bambaiit 430 cit
corresponds to the vibrational Zn-O band [65, &3jaracteristic bands of the complex are not
detected, suggesting that they decomposed completelzinc oxide phase without impurities.
6.2. X-ray diffraction studies

Fig. S5 shows the XRD pattern of the ZnO nanodadiobtained via combustion method from

the complex ). Eight characteristic diffraction peaks & 2 31.72°, 34.39°, 36.22°, 47.50°,

14



56.55°, 62.84°, 67.91°, and 69.03° corresponding1®0), (002), (101), (102), (110), (103),
(112), and (201) crystal planes can be indexedewagonal ZnO phase with lattice parameters
of a=b=3.250 A° andcc = 5.206 A° according to the standard JCPDS card38e1451[67].
The crystallite size of ZnO was calculated using Stherrer’'s equatiol{z, = 0.9 4 /5 (co¥))
[68], where DA, 6, andp are the average crystalline size, the X-ray wangtle of Cu Ki, the
Bragg's diffraction angle, and the full width atlfhaaximum (FWHM) of the diffraction peak,
respectively. In this pattern, average particle siz main reflection @= 36.22°) was obtained
as 36.73 nm. As presented in Table S4, a lar@és @aused by the larger crystal size. Also, high

purity hexagonal ZnO nanostructure could be obthine this synthesis method.

6.3. TEM images

The morphology of the ZnO nanoparticles investiddig TEM is presented in Fig S6. Typical
TEM image clearly shows that the particles of zoxdde have a homogeneous and uniform
distribution in the rode shape with 5-20 nm widtid 20-50 nm length.

7. Conclusion

In this study, the synthesis and characterizatioa new complex of Zn(ll) was derived from
Schiff base ligand and a metal with molar ratio. I'Be structure of the synthesized complex
was determined through their FT-IBJ-NMR and UV-Vis data. Moreover, the crystal sturet

of complex () was characterized by X-ray. Based on all thes@, ddistorted tetrahedral
molecular geometries are suggested for the metaplex. The bonding situation between two
interacting fragments, [ZnPy(R)land [L] ligand (Schiff base ligand) in zinc complex, was
characterized by NBO and energy-decomposition aalfEDA), as well as its natural orbitals

for chemical valence variation (EDA-NOCV). The EN®CV schemes demonstrated that the
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AEorb term mainly arises from ZnaL o donation, while a smaller contribution comes from
Zn—L o-donation. Then, it can be claimed that ZnO nanapes were successfully fabricated
via combustion synthesis method from complex The morphology and crystalline structure of
the synthesized zinc oxide nanoparticles were study FESEM, TEM, FT-IR, and XRD. As a
result, the multifaceted and homogeneous ZnO naticlea with appropriate size distribution
and hexagonal crystal phase structures were obltaiyethis approach. Besides, molecular
docking techniques were exhibited remarkably thatZn(ll) complex bind to the minor groove
of the DNA helix. Also, complexI ] will use as tyrosine kinase inhibitor in treatrheancer by
inhibition of the epidermal growth factor recep(BGFR).
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Table 1. Crystal data, data collection and structure refieenfor complexl().

Parameter Value
Formula weight 436.61
Color and habit Colorless, prism
Crystal system Monoclinic
Crystal size, mm 0.10 x 0.15 x 0.25
Space group P2,/c
a, 7.9510(3)
b, A 21.2732(9)
c, A 10.2429(4)
a, deg 90
B, deg 101.557(4)
vy, deg 90
Vv, A 1697.39(12)
z 4
P calce, @ CMI° 1.709
F(000) 872
i, mm?) 3.812
Number of unique 3287
data
Number of

: 0
restraints
Number of 295
parameters
Goodness of fit on 1054

F2
R, wR, (l > 2(5(|))
R1, WR; (all data)

0.0495, 0.0834
0.0364, 0.0777




Table 2. Selected bond lengths (A) and bond angles (Fh@complex (). Symmetry code:3/2-x,1/2-y,z.

Complex Bond lengths (A) Bond angles (°)

Selected bond X-ray Optimized Selected angle X-ray Optimized
Zn1-010AZN-0) 1.959(2) 2.08 (2.02) N7A-Zn1-O10A0:-Zn-Ny) 93.48(10) 89.57 (93.49)
Zn1-N7AEZn-Ny) 2.003(3) 2.01 (1.96) N7A-Zn1-Bri(N>-Zn-Bry) 115.85(7) 118.30 (115.86)
Zn1-N1BEn-Ng3) 2.022(3) 2.06 (2.00) O10A-Zn1-Br1(0;-Zn-Bry) 108.83(8) 117.03 (108.84)
Zn1-Brl 2.3824(5) 2.39 (2.38) O10A-Zn1-N1B{@n-N3) 102.58(10) 98.09 (102.54)

N7A-Zn1-N1B(N-Zn-Ns3) 123.16(11) 118.31 (123.14)
N1B-Zn1-Brl(N-Zn-Br) 109.61(8) 111.80 (109.62)

Table 3. Hydrogen bond data (A, °) for complédy. (

D H A D-H H---A D---A D-H---A
N2B H2B1 N1A 0.92 (6) 2.23(6) 3.015(5) 142(4)
N2B H2B2 Bri 0.86(5) 2.87(5) 3.649(4) 151(4)
C3B H3B O10A 0.95 2.43 3.356(5) 164

C6B H6B O10A 0.95 2.52 3.137(4) 123




Table 4. Wiberg bond indices (WBI) of complek)(at BP86/def2-SVP level of theory.

WBI
Zn-N; (Zn1-N7A) 0.30
Zn-N3 (Zn1-N1B) 0.30
Zn—0; (Zn1-O10A) 0.32
Zn—-Bn 0.60

Table5. The epidermal growth factor receptor (1M17), tHeelson leukemia virus protein kinase (2GQG) andY(ZHdocking results with the
complex Zn (Unit:kcal/mol)

DNA EGFR-TKD 2GQG 2HYY
Estimated Free Energy of Bindingkcal/mol ) -7.73 -6.47 -5.20 -6.60
Final Intermolecular Energy (kcal/mol) -8.55 -7.36 -6.09 -7.50
vdW + Hbond + desolv Energy (kcal/mol ) -8.44 -7.19 -6.05 -7.51
Electrostatic Energy (kcal/mol ) -0.12 -0.17 -0.04 -0.01
Final Total Internal Energy (kcal/mol ) -1.51 -1.7 -1.68 -1.68
Torsional Free Energy (kcal/mol) 0.82 -0.89 -0.89 -0.89

Unbound System's Energy (kcal/mol ) -1.51 -1.7 -1.68 -1.68




Fig. 1. A perspective view of the complex (I); ellipsoids are drawn at the 50% probability
level, hydrogen atoms are shown as spheres of arbitrary radii. Intramolecular hydrogen bond

is shown as dashed blueline.

Fig. 2. Crystal structure of complex (1), as seen along z-direction; hydrogen bonds are shown

asthin lines.



Apl: AE= -43.65 (kcal/mol) Ap2: AE=-12.76 (kcal/mol) Ap3: AE=-11.09 (kcal/mol)
v=0.61 v=0.32 v=0.28
Counter =0.001 Counter =0.0005 Counter =0.0005

[

<

Ap4: AE=-5.80 (kcal/mol)
v=0.20
Counter =0.0001

Ap35: AE= -5.40 (kcal/mol)
v=0.16
Counter =0.0001

Fig. 4. Deformation densities Ap associated with the most important orbital interactionsin

complex (1).
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Fig. 5. Docking model and hydrogen bonds of DNA with complex (1) (a), Docking

conformation and intercalation of the compound (1) (b).
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Afatinib

Erlotinib

complex (PDB ID: 2HYY).

ASP
ATTE ARG
AB1T
o
T L LR
PHE ¥ ﬁ LEU
gk ATT5
GLY
A AT72
FRO
‘( H ATT0
. Cl
.
- . LY5
: A704
GLY VAL "
ABIS ATF02 g
LEU -
AB20 B-7,
JLEY LEU
ALA ,ﬁﬁgq ATEB
AT19 PHE
ATTL
Interactions
I:l van der Waals - Pi-Sigma
|-] Conventional Hydrogen Bond I I Alkeyl
l Carbon Hydrogen Bond D Pi-Alkcyl
AL
. LEU
T A702 ey
ATTE
»JD_
" THR
> -\:\.. . 4766  LEW
faz73! o— .
2 N s
= ; a2
/ = ) GLU
-] - ) e A738
W " 1850
@, .0
4534 LEY 48520 25 MEH
G ATER A ag31  AT42
A772 « A719
&, GLN
MET" :
azes L7867
Interactions

|:| van der Waals

m Conventional Hydrogen Bond
D Carbon Hydrogen Bond

|:| Pi-Cation

:I Pi-Donor Hydrogen Bond
- Fi-Sigma

|:| Alkyl

|:| Pi-Alkyl



Gefitinib

LEU

ATES
GLU
MET AT38 i ASN
ATz THR AB18
AS30
THR Lvs
AFsE  ATIL
MET A
AT [ )
| ASP
s A T A “ AE3L
AFSL Y T ¥
v
GLN ALA
&35p A1
VAL =
AF02 3
ATT3
d Gy
LEY k ) !
L . ATT2
LEU
AT6E
LEU
AB04
PRO
ATTO

Interactions

I:I van der Waals I:I Fi-Sulfur
D Carbon Hydrogen Bond D Alkey!
D Pi-Donor Hydrogen Bond D Pi-Alkyl

Fig 6b. Docking coni‘ormati on and bonding interactions of anticancer drugs with Growth
Factor (EGF) Receptor.



Highlights

>

>

The crystal structure of Zn(I1) was determined by X-ray diffraction.

Analysis of the bonding in transition metal (TM) complex was studied using NBO
and EDA.

The resulting nanoparticle and their morphology ZnO via combustion method was
studied by FT-IR, XRD, FESEM, and TEM.

The molecular docking of the Zn(Il1) complex with the epiderma growth factor
receptor, the ABL/dasatinib complex and the ABL/imatinib complex was

investigated.
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