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Abstract

Ten new zinc(ll) compounds, viz. [Zn(L®)2(4-MePy),]-H20 (1), [Zn(LM*9),(Py),]-CeHs (2a),
[Zn(LY*)2(H20)z] (2b), [Zn(L°"**9)2(H.0)2] (3), [Zn(L™*)2(3-MePY)2] (4), [Zn(L7™)o(4-
MePy),]-0.5CsH;N  (5a), [Zn(L°F"9),(H,0),] (5b), [Zn(LNM##*9),(Py),]-1.5CsHs-H.Q  (6),
[Zn(LSA9),(Py)] (7) and [Zn(LBAQ)2(Py)] (8) (primary ligands: L? = quinolin-8-olate and L**° = 4-
substituted 5-[(E)-2-(aryl)-1-diazenyl]quinolin-8-olate; secondary ligands: Py = pyridine, 3-MePy
= 3-methylpyridine, 4-MePy = 4-methylpyridine) have been synthesized and characterized by
elemental analysis, IR, NMR, UV-vis and fluorescence spectroscopy and single-crystal X-ray
diffraction analysis. The structural characterization revealed a distorted octahedral geometries for
1-6, in which trans-disposed 8-quinolate ligands occupy the equatorial and the secondary ligands
the axial positions. Compounds 7-8 comprise five-coordinate molecular structure with square-
pyramidal coordination polyhedra based on trans-oriented quinolate ligands and a Py molecule in
the apical position. In the crystal structures of 1-8, the molecules are assembled by n—stacking
interactions and for the aquo-compounds additionally by O-H---O hydrogen bonds. As
representative example, compound 2a was ‘used as starting material for the synthesis of ZnO
nanoparticles in an average size range of 70—120 nm, as illustrated by PXRD analysis and TEM
images. The antimicrobial activity of the pro-ligands and zinc(ll) compounds studied herein was
assessed by inhibition zone test in agar cultures against five indicator bacterial strains, i.e.
Escherichia coli MTCC 730, Streptococcus pyogenes MTCC 1925, Klebsiella pneumoniae MTCC
109, Bacillus cereus MTCC 430 and Salmonella enterica MTCC 735.
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1. Introduction

Quinolin-8-ol (HL®), a well-known bidentate chelating ligand, has been utilized for the
qualitative and quantitative analysis of metal ions in gravimetric analysis to selectively bind and
precipitate metal ions [1,2]. In addition, quinolin-8-olate metal compounds are extensively used
in areas such as photochemical processes [3-7] and optical sensing [8-10]. The high thermal
stability, excellent electron transport properties and the unique electroluminescent properties of
tris(quinoline-8-olato)aluminium (111) [AI(L?)s] provided a pivotal role in the development of
organic light-emitting diodes (OLEDSs) that lead to the introduction of the flat-panel display
technology [11]. This innovation has stimulated research groups’ world wide to develop further
compounds based on derivatives of HL? including derivatives with other metal ions. Of special
interest is the tuning of the emission color of metal-based OLEDSs, which is achieved via the
introduction of substituents in the 2-, 4-, 5- and 7-position of the HL® ligand [12]. A more recent
approach is based on modifications of the supramolecular interaction patterns of HL®
compounds [13].

In addition, HL® has emerged as a privileged scaffold for the development of new drug
candidates, such as fungicidal, insecticidal, anti-microbial, anti-oxidant, anti-inflammatory, anti-
neurodegenerative and antitumor/antineoplastic agents [14-25]. In bacteria, zinc performs a
beneficial role in enzymatic processes and the organization of protein structures [26].
Nevertheless, at high concentrations an inhibitory action on the growth of bacterial species such
as Escherichia coli; Staphylococcus aureus, Staphylococcus faecalis, Staphylococcus
epidermidis and Proteus aeruginosa is observed [27,28]. It is also known that the interaction of
zinc with bioactive organic compounds can increase the biological activity [29], while other
metals inhibit their activity [30]. In this context, clioquinol (5-chloro-7-iodoquinolin-8-ol), which
is an antimicrobial agent known for many years [31] has been combined with a series of 3d metal
compounds, showing that the antimicrobial activities vary depending on the microorganism and
metal used for complex formation [32].

Zinc(ll) cations can adopt various coordination geometries, giving a versatile
complexation chemistry with HL® (Chart 1). Usually 2:1 complexes are obtained, but 3:1
complexes can also be formed [33]. The preparation of bis(quinolin-8-olato)zinc(11), [Zn(L%)],
if carried out in aqueous medium, the corresponding diaguo compound is formed, i.e.

[Zn(L®)2(H20),], in which two water molecules are bound in trans-fashion to the square-planar



Zn(L®), moiety (1) [34]. With the 5-nitro-HL® analog a related structure was reported, but in this
case the compound crystallized as methanol solvate [35]. Anhydrous zinc(ll) quinolin-8-olate
consists of four 2:1 complex units linked to a linear tetramer, [Zn(L?)2]s (11), in which the zinc
atoms are connected by bridging quinolin-8-olate oxygen atoms [36]. Similar to [AI(L%)3],
[Zn(L9),] was explored for the fabrication of electroluminescent devices, showing good electron-
transport properties due to m-stacking interactions of the metal-coordinated ligands within the
crystal structure [36,37]. Both dimeric [Zn(L%),]. (111) and trimeric [Zn(L?),]s (V) compounds
are formed when the quinolin-8-olate ligands are substituted in the 7- or 2-position [38,39]. In
trimeric (1V), the cyano-substitution induces strong red-light emission [39]. On the other hand,
lipophilic quinolin-8-ol derivatives featuring substitution at the 2- as well as in the 7-position by
methyl and long alkyl groups revealed compounds of composition [Zn(L%),] (V) with a pseudo-
tetrahedral coordination geometry at the zinc(ll) center, possibly as a consequence of the steric
bulk [38a]. The supramolecular solid-state assembly can be also modified by introduction of an
amide substituent into the quinolin-8-olate ring, featuring a polymeric network, [Zn(L?)2(u-Q)]x
(V1), with penta-coordinated distorted square-pyramidal zinc centers through the formation of
C=0—2Zn bonds via the amide oxygen atoms [40]. In the presence of strong metal-coordinating
solvents, the product obtained from equimolar reactions of ZnX, (X = Cl or Br) with HL? in
methanol, e.g. dimethylformamide, dimethylacetamide and dimethysulphoxide, afforded the
respective solvate of a tetranuclear cluster of composition [Zns(L?)sX,]-2 solvent (VI1). Using
the sterically more hindered 3-methylpyridine ligand, a compound containing mononuclear zinc
ions resulted, [Zn(L?)2(3-MePy)]-[Zn(LY),(3-MePy),]-3H,0 (1X) [41]. In VI, the [Zna(L9)sX2]
core displays two different coordination environments for the zinc cations. The zinc sites holding
the halide ions are penta-coordinated, while the remaining zinc sites are hexa-coordinated giving
a distorted octahedral coordination polyhedron. On the other hand, the zinc atoms in the
molecular compounds portrayed in 1X adopt a five-coordinate distorted square-pyramidal and a
distorted octahedral geometry, in which the 3-methylpyridine molecules occupies the apical and
axial positions, respectively. Reaction of zinc chloride with HL? in an equimolar ratio followed
by crystallization from water afforded the tetrachlorozincate salt of [HQH]", i.e. (H,L?)2[ZnCl4]
(V1) (H,L? is quinolin-1-ium-8-ol) [42,43].

The luminescent properties of HL® ligands can be tailored by extending the m-electron

system with additional functional groups [44]. In line with this strategy, several zinc(ll)



compounds have been reported. [(2,6-Dichlorophenyl)ethenyl]quinolin-8-olate), here after L%,
gave a complex of composition [Zny(L3?)2]. and the structure reveals the same binuclear core
and a trigonal-bipyramidal geometries around Zn atoms as shown in Chart 1 (I11) [38b]. In
contrast to [Zn(L9),], with [(2,6-difluorophenyl)-, [(2,4-dinitrophenyl)- [44a] and [(2,4,6-
trifluorophenyl)ethenyl]quinolin-8-olates [44c] unique trimeric zinc(ll) compound of
formulation [Zn(L59),]s (X) were obtained. The SCXRD analyses indicated that the terminal zinc
atoms in the trimeric unit have distorted trigonal-bipyramidal geometries with the equatorial
plane occupied by the N,O donor atoms of three different ligands and the apical positions formed
by the phenoxy oxygen atoms of two ligand molecules. On the contrary, the coordination
environment of the central Zn(ll) atom is a distorted octahedron, where the equatorial plane is
occupied by the NO3; donors from three ligands, while the apical positions are occupied by one
phenoxy oxygen atom and a quinoline nitrogen atom. Because of the promising properties and
potential applications of luminescent coordination polymers, in a subsequent development of this
ligand type, 3- and 4-pyridyl-substituted quinolin-8-olates were explored, giving 1D coordination
polymers of the type {[Zn(L**9)(X)]2}n (X1) (L¥>? = [(3-pyridyl)ethenyl]quinolin-8-olate, X =
Cl, Br or 1) [44e] and {[Zn(L>59)2(u-L>59),]3 (XI1). In X1, the basic building unit comprises a
dinuclear Zn compound, in which two-phenolate oxygen atoms of two ligands bridge the metal
atoms. The five-coordinate Zn(l1) centers are bound to the quinoline and pyridyl nitrogen atoms
from two ligands L, two phenolate oxygen atoms and one halide anion, establishing a distorted
trigonal-bipyramidal geometry [44e]. In XII, the building blocks are mononuclear with the
Zn(11) centers adopting a slightly distorted octahedral geometry, in which the equatorial plane is
occupied by two chelating NO donor sets from two ligands and the axial positions are constituted
by two bridging 4-pyridyl nitrogen atoms of two adjacent ligands [44h]. In summary, quinolin-8-
olate-derived ligands have shown to function in a myriad of coordination modes, leading to a
large variation of the structural motifs with different coordination numbers and geometries of the
zinc(11) atoms (I-X11, Chart 1).
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Chart 1. Overview showing the coordination behavior of quinolin-8-olate ligand derivatives towards zinc(I1) atoms.



Besides the complexation and structural aspects of zinc(ll) quinolin-8-olates, the zinc
analog of [AI(L®)3], i.e. [Zn(L),], has received attention because of its potential to enhance the
electron-transporting properties in OLEDs [35,45]. Consequently, the photophysical properties
of mono- and multinuclear zinc(I1) compounds derived from quinolin-8-olates (Chart 1) are
generally analyzed in terms of their molecular structures and the supramolecular solid-state
packing [38b,44a,44c,44e,44h]. However, the above-mentioned compounds exhibit divergent
photophysical properties and, hence, a conclusive analysis to achieve the tuning of the optical
properties has yet not been reached so far. In addition, octahedral [Zn(L®),(H.0),] was
investigated for photolysis reactions in non-aqueous solvents, revealing that the photo-activation
of the water ligand coordinated to zinc(I1) is based on the charge shift induced by IL excitation
of the quinolin-8-olate ligand. This phenomenon is also found in thermal hydrolysis reactions
catalyzed by zinc enzymes in nature [46]. In 1965, Takamoto et al. synthesized a series of 5-
(aryl)-1-diazenyl]quinolin-8-ols (HL**?) and studied the reactivity in homogeneous media and
biphasic systems [47]. Later, the ligands were explored as analytical reagents for the qualitative
detection of metal ions [48] and successfully employed for the synthesis of organometallic
compounds [49]. More recently, HL™* type ligands were grafted on colloidal silica nanoparticles
in order to study the kinetics of the complexation with Ni** ions [50] and to tune the optical
properties of structurally characterized rhenium(l) compounds [51]. The complexation chemistry

XAQ

of transition metal [52,53] and rare earth metal [54] complexes with HL™"* are also on the record.
Concerning Zn(1l) compounds, there is a report on compounds with ligands having peripheral 4-
(X) groups, i.e. 5-[(4-(X)-phenyl)-1-diazenyl]quinolin-8-ol (X = Et, nBu, CMes, H and F), which
showed interesting luminescent and electroluminescent properties. Particularly, bis(5-[(4-
(dimethylamino)phenyl)-1-diazenyl]quinolin-8-olato)zinc(ll) showed substantial luminescent
quantum yields at room temperature and was identified as electron transport material, which may
find applications in photonic devices [52,53], but surprisingly none of these compounds were
characterized by X-ray diffraction methods, possibly due to low solubility.

In recent past, we have been focusing on the rational design of various types of discrete
compounds and coordination polymers using (E)-N-(pyridin-2-ylmethylene)arylamine ligands
and d'® metal ions (Zn, Cd and Hg) [55]. As part of a program enabling the solid-state structural

characterization of Zn(Il) compounds derived from pro-ligands quinolin-8-ol (HL®) and 5-[(4-



(X)-phenyl)-1-diazenyl]quinolin-8-ol (HL™?) have been reported and, thus providing a series of
ten new compounds [Zn(L9)(4-MePy);]-H.O (1), [Zn(LM*9),(Py)2]-CeHs  (2a),
[Zn(L"*49)2(H20)2] (2b), [Zn(LM**)2(Hz0)2] (3), [Zn(L™"9)2(3-MePy)2] (4), [Zn(L7=9)(4-
MePy);]-0.5CsHzn (5a), [Zn(L°F#9),(H20)2] (5b), [Zn(L"M2AQ),(Py),]-1.5CsHs-H20 (6),
[Zn(LSA9),(Py)] (7) and [Zn(LBA9),(Py)] (8), Scheme 1. The zinc(ll) compounds were
structurally characterized in solution using *H and *C NMR, UV-Vis and photoluminescence
spectroscopy. Detailed structural information on the molecular and crystal structures of the
Zn(11) compounds 1-8 was obtained by single-crystal X-ray crystallographic analysis. The results
provided three variants of the Zn(ll) coordination environment, i.e. [Zn(L*?),(Py/3-MePy/4-
MePy),], [Zn(L**Y)2(H.0),] and [Zn(L**%),(Py)]. Different pyridine ligands were explored as
secondary ligands with the objective to vary the molecular and supramolecular structures,
envisioning the modification of electronic features for future solid-state applications. As
representative case, compound 2a was used as starting material for the synthesis of ZnO
nanoparticles. In addition, the in vitro antibacterial activity of 1-8 against five strains of bacteria

is reported.
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Scheme 1. Synthesis of pro-ligand HL**? and chemical structures of the zinc(l1) complexes 1-8

along with the atom-numbering protocol.

2. Experimental

2.1. General considerations

Zn(OAC),-2H,0 (S.d. fine), 8-hydroxyquinoline (Loba Chemie), p-toluidine, p-anisidine
(CDH), p-ethylaniline, p-ethoxyaniline, p-N,N-dimethylphenyldiamine (Spectrochem), p-
chloroaniline, p-bromoaniline (Himedia), pyridine (Merck), 3-methylpyridine and 4-
methylpyridine (Spectrochem) were used without further purification. The solvents used in the
reactions were of AR grade and dried using standard procedures.

Melting points were measured using a Biichi melting point apparatus (M-560) and are
uncorrected. Carbon, hydrogen and nitrogen analyses were performed with a Perkin-Elmer 2400

series 11 instrument. IR spectra in the range 4000-400 cm™ were obtained on a Perkin Elmer
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Spectrum BX series FT-IR spectrophotometer with samples investigated as KBr discs. *H and
BC{"H} NMR spectra, measured at 400.13 and 100.62 MHz, respectively, were recorded on a
Bruker AMX 400 spectrometer. The *H and **C chemical shifts were referenced to Me,Si set at &
0.00 ppm. Absorption measurements were carried out on a Perkin-Elmer Lambda25
spectrophotometer at ambient temperature in freshly prepared DMSO solutions. Emission
measurements were carried out on a Hitachi model FL4500 spectrofluorometer with appropriate
background correction at ambient temperature in freshly prepared DMSO  solutions.
Fluorescence spectra in DMSO solutions were obtained with the excitation and emission slits
fixed at 10 and 20 nm, respectively, in quartz cuvettes with 10 mm optical path length.
Fluorescence quantum yields ¢+ were determined using acridine yellow in ethanol (g = 0.47),
based on the following equation:

b =0 As ODg ng
° RAR OD4 Tlé

where “A” terms denote the integrated area under the fluorescence curve, “OD” denotes
absorbance, n the refractive index of the medium and ¢, the fluorescence quantum yield.
Subscripts “S” and “R” denote the parameters for the studied sample and reference, respectively.
Solid-state fluorescence spectra’of compound 1 and HL® were obtained using a Hitachi
fluorescence spectrophotometer F-7000 (with the excitation and emission slits fixed at 2.5 and 5
nm, respectively), and spectra were corrected for the instrument response function. For the
nanomaterial work, the calcination of 2a was carried out in a Revotek GMP muffle furnace at a
heating rate of 10 °C min™ from 25 °C to 600 °C. Ultrasound irradiations were accomplished
with a Sonics VCX 750 instrument equipped with a high intensity ultrasonic probe (13 mm tip
diameter; Ti-horn, 20 kHz, 750 Watt) that was immersed directly into the reaction mixture.
Powder X-ray diffraction (PXRD) studies were carried out on a GNR X-ray Explorer using
CuKa radiation (1.54 A). For the analysis of the ZnO nanoparticles, a Field Emission Scanning
Electron Microscope (FESEM) from Carl Zeiss SIGMA and a Transmission Electron
Microscope (TEM), from Jeol (JEM-2100) was used. For the in vitro antimicrobial assays,
Mueller-Hinton agar (HiMedia) was used as nutrient liquid medium and chloramphenicol

(Sigma-Aldrich) as reference antibiotics.
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2.2. Synthesis of pro-ligands and zinc(l1) compounds

Pro-ligands (HL**?viz., HLM®AQ, HLOMeAQ H| OFAQ | CAQ HI BAQ) [49a,49b], (HLEAC
and HLNM#?AQ) 53] were prepared starting from 8-hydroxyquinoline and the corresponding
aniline using conventional diazonium salt chemistry, in accordance with literature procedures.

The method employed for the preparations of 1-8 are very similar; therefore, only the
preparations of [Zn(L?)2(4-MePy),] (1) and [Zn(LM*?),(Py),]-CsHs (2a) are described: in detail,

as representative examples.

2.2.1. Synthesis of [Zn(L%),(4-MePy);]-H,O (1). Zn(OAc),-2H,0 (0.23 g, 1.03 mmol) in
methanol (10 mL) was added drop-wise to a stirred solution of 8-hydroxyquinoline, HL® (0.30 g,
2.07 mmol) in methanol (10 mL) at room temperature, which resulted in the immediate
formation of straw-colored precipitate. The reaction mixture was heated to reflux for 3 h and
then filtered while hot. The residue was washed with hot methanol (3 x 5 mL) to remove
undesired materials and dried in vacuo. The dried solid was dissolved in hot ethanol (5 mL)
containing 4-methylpyridine (1 mL, 10.74 mmol) and filtered while hot. Upon cooling to room
temperature, the filtrate afforded pale yellow crystals of 1. Yield: 0.33 g (57%). M.p. >300 °C.
Found: C, 64.33; H, 4.82; N, 9.90%. Calc. for CsH2sN40sZn (MW = 557.93 gmol™): C, 64.58;
H, 5.06; N, 10.04%. IR (cm): 1615w, 1599m, 1570s, 1494s, 1462s, 1420m, 1391s, 1366m,
1325s, 1105s, 827m, 796m, 744s, 486w. 'H-NMR (DMSO-ds): dy:. 8.54-6.87 [br m, 20H, ArH],
2.25 [s, 6H, Me] ppm: *C NMR (DMSO-dg): dc. 162.20, 149.53, 147.88, 145.59, 140.18,
139.13, 130.30,:129.88, 125.30, 121.84, 112.82, 110.17 [ArC], 20.87 [CH3] ppm.

2.2.2. Synthesis of [Zn(LM**?),(Py),]-CsHs (2a). A slightly modified method to that used for the
preparation of 1 was followed. Zn(OAc),-2H,0 (0.21 g, 0.95 mmol) in methanol (10 mL) was
added drop-wise to a stirred solution of HL*? (0.50 g, 1.90 mmol) in benzene (50 mL) at room
temperature, which resulted in the immediate formation of a red-colored precipitate. The reaction
mixture was heated to reflux for 3 h and then filtered while hot. The residue was washed with hot
methanol (3 x 5 mL) to remove undesired materials and dried in vacuo. The dried solid was
dissolved in hot chloroform (15 mL) containing pyridine (0.8 mL, 10 mmol) and filtered to

remove any suspended particles. The filtrate was diluted with benzene (1 mL) and filtered while
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hot. The filtrate, upon slow evaporation afforded dark red crystals. Yield: 0.49 g (62%). M.p.
>300 °C. Found: C, 69.92; H, 4.75; N, 13.28%. Calcd. for C4gH40NsO2Zn (MW = 826.25 gmol’
h:C, 69.77; H, 4.88; N, 13.56%. IR (cm): 1598m, 1573m, 1552m, 1497s, 1463s, 1408m,
1391m, 1329s, 1246s, 1213m, 1188m, 1169m, 1104s, 818w, 461w. ‘H NMR (DMSO-dg): 0n;
9.40 [br d, 2H, H-4], 8.69-8.57 [m, 8H, H-2, H-6, H-a(Py)], 8.13 [m, 2H, H-3], 7.90-7.70 [m,
10H, H-B(Py), H-y(Py), H-2',6"], 7.50-7.28 [m, 10H, H-3',5', CgH¢], 6.92 [d, 2H, H-7], 2.37 [s,
6H, CHs] ppm. *C NMR (DMSO-ds): dc; 169.06, 151.63, 150.03, 145.98,139.24, 138.96,
136.70, 135.12, 132.46, 130.19, 128.77, 124.42, 123.81, 122.21, 119.39, 113.52 [ArC], 21.36
[CHz] ppm.

2.2.3. Synthesis of [Zn(LM*9),(H,0),] (2b). An analogous method to that used for the
preparation of 2a was followed using Zn(OAc),-2H,0 (0.21 g, 0.95 mmol) and HLM*? (0.50 g,
1.90 mmol). The dried solid was dissolved in hot chloroform (15 mL) containing 3-
methylpyridine (1 ml, 10 mmol) and filtered. The filtrate upon slow evaporation yielded red
orange crystals. Yield: 0.49 g (82%). M.p. >300 °C. Found: C, 61.25; H, 2.63; N, 13.86%. Calcd.
for CaHosNgOsZn (MW = 625.97 gmol™): C, 61.40; H, 4.51; N, 13.43%. IR (cm™): 1600m,
1573m, 1555m, 1500s, 1468s, 1408s, 1390m, 1334s, 1258s, 1193m, 1172m, 1132m, 1103m,
814m, 789m, 462m. *H NMR (DMSO-ds+CDCls): d; 9.40 [br d, 2H, H-4], 8.74 [br d, 2H, H-2],
8.36 [d, 2H, H-6], 8.13 [m, 2H, H-3], 7.75 [m, 4H, H-2.6), 7.28 [m, 4H, H-3',5'], 6.90 [d, 2H,
H-7], 2.37 [s, 6H, CHs] ppm. 2C NMR (DMSO-ds+CDCl): dc; 151.09, 149.59, 146.45, 145.49,
136.55, 134.72, 132.19, 129.48, 123.20, 122.89, 121.66, 118.78, 112.94 [ArC], 20.92 [CHg]

ppm.

2.2.4. Synthesis of [Zn(L°*?),(H,0),] (3). An analogous method to that used for the
preparation of 2a was followed using Zn(OAc),-2H,0 (0.20 g, 0.89 mmol) and HL®M*% (0.50 g,
1.79 mmol). The dried solid was dissolved in hot chloroform (15 mL) containing pyridine (0.8
mL, 10 mmol) and filtered to remove any suspended particles. The filtrate was diluted with
hexane (1 mL) and filtered while hot. The filtrate upon slow evaporation afforded red orange
crystals of 3. Yield: 0.51 g (86%). M.p. >300 °C. Found: C, 58.65; H, 4.43; N, 12.60%. Calcd.
for CaH2sNsOsZn (MW = 657.97 gmol™): C, 58.41; H, 4.29; N, 12.77%. IR (cm™): 1598m,
1573m, 1555m, 1499s, 1469s, 1431m, 1403m, 1393m, 1335s, 1293m, 1257s, 1192m, 1171m,
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1151m, 1104m, 1024m, 837m, 789w, 464w. 'H NMR (DMSO-ds + CDCls): d; 9.37 [br d, 2H,
H-4], 8.74 [br d, 2H, H-2], 8.08 [d, 2H, H-6], 7.81 [m, 4H, H-2',6'), 7.67 [m, 2H, H-3], 6.98 [m,
4H, H-3',5'], 6.92 [d, 2H, H-7], 3.81 [s, 6H, OCHs] ppm. *C NMR (DMSO-ds+CDCls): dc;
160.07, 152.37, 147.25, 145.43, 138.47, 136.27, 134.38, 129.56, 128.63, 123.26, 122.51, 113.98,
112.81 [ArC], 55.19 [OMe] ppm.

2.2.5. Synthesis of [Zn(LF"9),(3-MePy),] (4). An analogous method to that used for the
preparation of 2a was followed using Zn(OAc),-2H,0 (0.20 g, 0.90 mmol).and HL5*? (0.50 g,
1.80 mmol). The dried solid was dissolved in hot benzene (10 mL) containing 3-methylpyridine
(2 ml, 10 mmol) and filtered while hot. The filtrate upon slow evaporation afforded red crystals.
Yield: 0.47 g (65%). M.p. >300 °C. Found: C, 68.85; H, 5.18; N, 14.23%. Calcd. for
CusHa2NgO2Zn (MW = 804.24 gmol™): C, 68.70; H, 5.26;'N, 13:93%. IR (cm): 1598s, 1568s,
1498s, 1465s, 1403s, 1328s, 1248s, 1214w, 1191m, 1172m, 1135m, 1100m, 840m, 791m, 754w,
469w. *H NMR (DMSO-dg): dy; 9.40 [br d, 2H, H-4], 8.71 [br d, 2H, H-2], 8.41-8.37 [m, 4H,
Ho (3-MePy)], 8.13 [d, 2H, H-6], 7.80 [m, 6H, H-3 and H-2",6"), 7.60 [d, 2H, Hy (3-MePy)],
7.34-7.28 [m, 6H, H-3',5", HB (3-MePy)], 6.92 [d, 2H, H-7], 2.64 (q, 4H, CH), 2.26 [s, 6H, CH3
(3-MePy)], 1.19 (t, 6H, CH3) ppm.**C NMR (DMSO-dg): dc; 168.40, 151.35, 149.66, 146.56,
145.59, 145.03, 138.45, 136.77,134.66, 133.14, 132.09, 128.82, 128.49, 123.42, 123.31, 121.79,
118.91, 113.02 [ArC], 27.95 [CHy], 17.87 [CH3 (3-MePy)], 15.47 [CH3] ppm.

2.2.6. Synthesis of [Zn(L°F"?),(4-MePy),]-0.5CsH;N (5a). An analogous method to that used for
the preparation of 2a was followed using Zn(OAc),-2H,0 (0.19 g, 0.85 mmol) and HLOFA®
(0.50 g, .70 mmol). The dried solid was dissolved in hot DMF (6 mL) containing 4-
methylpyridine (1 ml, 10 mmol) and filtered while hot. The filtrate was diluted with toluene (1
mL) and filtered, which upon slow evaporation afforded dark red crystals. Yield: 0.51 g (34%).
M.p. >300 °C. Found: C, 67.28; H, 5.26; N, 13.04%. Calcd. for CogHg3N;170sZn; (MW = 1765.61
gmol™): C, 66.66; H, 5.19; N, 13.49%. IR (cm™): 1597s, 1570s, 1496s, 1464s, 1434m, 1400s,
1325s, 1242s, 1190m, 1150m, 1101m, 1046m, 922w, 836m, 791m, 766m, 722w, 463w. 'H NMR
(DMSO-dg): ow; 9.31 [br d, 2H, H-4], 8.63 [br d, 2H, H-a(Py)], 8.50-8.60 [m, 7H, H-a.(Py), H-
2',6'], 8.00 [br d, 2H, H-2], 7.76 [d, 2H, H-6], 7.15-7.00 [m, 8H, H-B(Py), H-3',5'], 6.96 [m, 3H,
H-3, H-B(Py)], 6.80 [d, 2H, H-7], 4.00 [q, 4H, CH_], 3.27 [s, 7.5H, CH3 (4-MePy)], 1.25 [t, 6H,
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CHs] ppm. *C NMR (DMSO-ds): dc; 167.29, 159.70, 149.23, 147.55, 146.82, 138.22, 134.85,
131.47, 129.14, 128.05, 124.65, 123.77, 123.38, 118.42, 114.75, 112.85 [ArC], 63.37 [CHa],
20.39 [CH3 (4-MePy)], 14.60 [CH3] ppm.

2.2.7. Synthesis of [Zn(L°®"?),(H,0);] (5b). An analogous method to that used for the
preparation of 2a was followed using Zn(OAc),-2H,0 (0.19 g, 0.85 mmol and HL°F9(0.50 g,
1.70 mmol). The dried solid was dissolved in hot chloroform (15 mL) containing pyridine (0.8
mL, 10 mmol) and filtered to remove any suspended particles. The filtrate was diluted with
hexane (1 mL) and filtered while hot, which upon slow evaporation afforded red crystals of the
desired product. Yield: 0.51 g (87%). M.p. >300 °C. Found: C, 59.35; H, 4.60; N, 12.50%.
Calcd. for Ca4H3NsOsZn (MW = 686.02 gmol™): C, 59.53; H, 4.70; N, 12.25%. IR (cm):
1598m, 1573m, 1555w, 1499s, 1469s, 1431w, 1394m, 1335s, 1255s, 1192w, 1172m, 1150m,
1103m, 1043m, 838w, 466w. *H NMR (DMSO-ds): d1: 9.41 [br d, 2H, H-4], 8.72 [br d, 2H, H-
2], 8.09 [d, 2H, H-6], 8.00-7.60 [m, 6H, H-3 and H-2',6"), 7.06 [m, 4H, H-3',5"], 6.88 [d, 2H, H-
7], 4.10 [q, 4H, CH,], 1.35 (t, 6H, CH3) ppm. *C NMR (DMSO-ds): dc; 167.85, 159.43, 147.16,
145.59, 138.46, 134.74, 131.99, 128.62, 123.40, 123.16, 118.40, 114.75, 112.83 [ArC], 63.37
[CH,], 14.61 [CH3] ppm.

2.2.8. Synthesis of [Zn(L"*A9),(Py),]-1.5CsHs-H.O (6). An analogous method to that used for
the preparation of 2a was followed using Zn(OAc),-2H,0 (0.19 g, 0.85 mmol) and HL"MeAQ
(0.50 g, 1.71 mmol). The dried solid was dissolved in hot benzene (10 mL) containing pyridine
(0.8 mL, 10 mmol) and filtered to remove any suspended particles. The filtrate was diluted with
chloroform (2 mL) and filtered while hot, which upon slow evaporation afforded dark red
crystals-of 6. Yield: 0.47 g (58%). M.p. >300 °C. Found: C, 67.81; H, 5.10; N, 15.06%. Calcd.
for CssHsi:N1003Zn (MW = 941.41 gmol™): C, 67.62; H, 5.46; N, 14.88%. IR (cm™): 1595s,
1572m, 1565m, 1493s, 1459s, 1443m, 1406m, 1385w, 1364m, 1321s, 1257m, 1227m, 1155m,
1095m, 945w, 820m, 792, 700w, 484w. *H NMR (DMSO-ds): d1; 9.31 [br d, 2H, H-4], 8.68 [br
d, 2H, H-2], 8.50 [d, 4H, H-a(Py)], 7.96 [d, 2H, H-6], 7.80-7.60 [m, 10H, H-B(Py), H-y(Py), H-
2',6'], 7.40-7.20 [m, 11H, H-3',5', CgHg], 6.83 [d, 2H, H-B(Py)], 6.73 [m, 4H, H-3,H-7], 2.93 [s,
12H, N(CHa)2] ppm. *C NMR (DMSO-ds): c; 166.01, 150.52, 148.99, 145.09, 143.28, 138.03,
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135.77, 134.31, 127.75, 127.64, 123.43, 122.96, 122.20, 117.01, 112.16, 111.25 [ArC], 54.55
[N(CH3)2] ppm.

2.2.9. Synthesis of [Zn(L“?),(Py)] (7). An analogous method to that used for the preparation of
2a was followed using Zn(OAc)2-2H,0 (0.19 g, 0.88 mmol) and HL*"? (0.50 g, 1.76 mmol). The
dried solid was dissolved in hot chloroform (10 mL) containing pyridine (0.4 ml, 5 mmol). The
filtrate was diluted with benzene (2 mL) and filtered while hot, which upon slow evaporation
afforded dark red crystals of 7. Yield: 0.51 g (81%). M.p. >300 °C. Found: C, 58.92; H, 3.20; N,
13.99%. Calcd. for CasH23ClLN;0.Zn (MW = 709.87 gmol™): C, 59.22; H, 3.27; N, 13.81%. IR
(cm™): 1598m, 1573m, 1557m, 1498m, 1465s, 1423w, 1408m, 1388m, 1328s, 1298w, 1246m,
1221w, 1188w, 1170w, 837w, 739w, 470w. *H NMR (DMSO-dg+CDCls): 61; 9.38 [br d, 2H, H-
4], 8.75 [br d, 2H, H-2], 8.65-8.40 [m, 5H, H-a(Py), H-2,6'], 8.15[d, 1H, H-a(Py)], 7.82 [d, 2H,
H-6], 7.69 [m, 3H, H-3, H-y(Py)], 7.44 [m, 1H, H-B(Py)], 7.40-7.20 [m, 5H, H-B(Py), H-3',5],
6.94 [d, 2H, H-7] ppm. *C NMR (DMSO-dg+CDCl): dc; 151.84, 149.36, 146.72, 145.52,
139.63, 135.90, 134.11, 132.25, 130.26, 128.94, 128.12, 123.66, 123.10, 121.18, 118.81, 112.40
[ArC] ppm.

2.2.10. Synthesis of [Zn(L®*?),(Py)] (8). An analogous method to that used for the preparation of
2a was followed using Zn(OAc)»-2H,0 (0.17 g, 0.76 mmol) and HL®”? (0.50 g, 1.52 mmol). The
dried solid was dissolved in hot chloroform (10 mL) containing pyridine (0.4 ml, 5 mmol). The
filtrate was diluted with benzene (2 mL) and filtered while hot, which upon slow evaporation
afforded dark red crystals of 8. Yield: 0.47 g (78%). M.p. >300 °C. Found: C, 52.76; H, 3.12; N,
12.28%. Calcd. for CssH23BroN;O2Zn (MW = 798.79 gmol-1): C, 52.63; H, 2.90; N, 12.27%. IR
(cm):-1598m, 1572m, 1557m, 1499s, 1465s, 1422w, 1407m, 1327s, 1250s, 1219w, 1188m,
1170w, 1134w, 1103w, 1064w, 836w, 738w, 699w, 470w. 'H NMR (DMSO-ds+CDCls): dy;
9.38 [br d, 2H, H-4], 8.74 [br d, 2H, H-2], 8.65-8.40 [m, 5H, H-a(Py), H-2',6'], 8.15 [d, 1H, H-
ao(Py)], 7.80-7.50 [m, 5H, H-6, H-3, H-y(Py)], 7.44 [m, 1H, H-B(Py)], 7.50-7.20 [m, 5H, H-
B(Py), H-3', 5], 6.94 [d, 2H, H-7] ppm. °C NMR (DMSO-ds+CDCl3): 6y; 151.37, 149.34,
146.52, 145.25, 139.78, 135.87, 134.34, 131.84, 130.40, 128.55, 128.12, 123.63, 123.37, 121.58,
118.71, 112.38 [ArC] ppm.
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2.3. X-ray crystallography

Intensity data for compounds 1-8 were collected at ambient temperature with Mo-K,
radiation (A = 0.71073 A, monochromator: graphite) on an Agilent Technologies Xcalibur
diffractometer equipped with an EOS CCD area detector. The measured intensities were reduced
to FZ and corrected for absorption using spherical harmonics (CryAlisPro) [56]. Intensities were
corrected for Lorentz and polarization effects. Structure solution, refinement and data output
were performed with the OLEX2 program package [57] using SHELXTL [58a] and SHELXL-
2014 [58b]. Non-hydrogen atoms were refined anisotropically. C-H hydrogen atoms were placed
in geometrically calculated positions using the riding model. The hydrogen atoms of water
molecules were treated with AFIX 6 (compound 1) or a distance restraint (0.850+0.001 A for
compounds 2b, 3, 5b and 6). Ui, factors for O,-H hydrogen atoms were restrained to 1.5Ujs(O).
DIAMOND was used for the creation of figures [59].

With exception of 6, the molecular structures of the remaining compounds exhibited
crystallographic symmetry (2-axis for 1, 7 and 8; inversion symmetry for 2a, 2b, 3, 4, 5a, and
5b). In addition, the asymmetric unit of compound 5a comprises two crystallographically
independent molecule halves. The crystal structures of compounds 1 (H,0), 2a (benzene), 5a (4-
methylpyridine) and 6 (benzene and H,O) contain solvate molecules. In 2a, benzene molecules
were disordered over crystallographic inversion centers and were refined using the AFIX66,
SIMU and ISOR instructions implemented in the SHELXL program. In the crystal structure of 6
with one and a half benzene molecules in the asymmetric unit, AFIX66, SIMU, DELU and ISOR
commands were used during the refinement. Finally, the disorder of the N-CgH4-R fragments in
4, 7 and 8 and, additionally, the 3-methylpyridine ligands in 4 were refined using AFIX66,
SIMU and EADP. Compound 1 crystallized in a chiral space group and refinement of the
absolute structure parameter yielded a value, which confidently confirms that the refined model
corresponds to the true enantiomorph (Table 1). Crystallographic data for compounds 1-8
reported in this paper have been deposited with the Cambridge Crystallographic Data Centre
(CCDC) as supplementary publication nos. CCDC-1811363-CCDC-1811372. These data can be

obtained free of charge via www.ccdc.cam.ac.uk/getstructures.

17



2.4. Synthesis of ZnO nanoparticles (NPs)

The dried zinc precursor compound 2a (0.054 g) was transferred to a platinum crucible
and gradually heated in a muffle furnace at a rate of 10 °C/min until the temperature reached 600
°C. The crucible was heated for 4 h at 600 °C and then cooled gradually to room temperature.
The calcinated ZnO (0.005 g) was suspended in double-distilled water (20 mL) and the mixture
was exposed to high-intensity ultrasound irradiation under ambient air for 30-min., giving a
uniform white suspension. After cooling to room temperature, the particles were separated by
centrifugation at 6000 rpm. The procedure was repeated three times by re-dispersing the sample
in acetone. Acetone was separated by decantation, the ZnO residue was dried in hot air oven for
an hour at 120 °C and stored in vacuum. Dried sample was used directly for the measurement of
PXRD pattern. For imaging studies, the dried ZnO NPs were re-dispersed in ethanol.

2.5. In vitro antimicrobial assay

XAQ

The antimicrobial activity of pro-ligands HLYHL** and the corresponding zinc(ll)
compounds 1-8 was tested against five indicator bacterial strains i.e. Escherichia coli MTCC
730, Streptococcus pyogenes MTCC 1925, Klebsiella pneumoniae MTCC 109, Bacillus cereus
MTCC 430 and Salmonella enterica MTCC 735, according to the agar-well diffusion method
[60]°

The stock solutions for pro-ligands HL/HL

XAQ

and the corresponding zinc(ll)
compounds 1-8 were prepared freshly in DMSO prior to use. The stock concentration of the
tested sample was ~10,000 ug/mL. Muller-Hilton agar plates were swabbed with bacterial cell
suspension of the indicator bacterial strains adjusted to 1.5 x 10° colony forming units (CFU)/ml.
Then, the agar surface was bored by using a sterilized cork borer to generate wells of 5 mm
diameter, which were filled with a 100 pL aliquot of the corresponding test compound solution.
The broad-spectrum antibiotic chloramphenicol (30 mcg) disc was used as positive control and a
DMSO solution as negative control. Plates were incubated at 37 °C for 24 h and the inhibition
zones (mm) formed around the wells were measured using a Vernier caliper. For each organism,
the experiments were conducted in triplicate and the results were recorded as the mean diameter

of the zones of inhibition.
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3. Results and discussion

3.1. Synthesis and spectroscopic characterization

The pro-ligands 5-[(4-(X)-phenyl)-1-diazenyl]quinolin-8-ol (HL**?) with X = Me, OMe,
Et, OEt, NMe,, Cl and Br were synthesized following literature procedures [49a,49b,53] and
characterized by microanalytical methods, IR and NMR spectroscopy. The respective Zn(ll)
compounds were prepared by reacting in 1:2 molar ratio of a solution of Zn(OAc),-2H,0 in
methanol either with HL? dissolved in methanol or HL**® dissolved in benzene. In all cases, the
immediate formation of a precipitate was noticed. Characterization of the isolated precipitates
revealed compounds of compositions [Zn(L),] and [Zn(L**%),]; respectively. The solids were
amorphous and insoluble in most of the common organic solvents even after prolonged heating.
Solubility was detected in DMSO, pyridine and pyridine derivatives such as methylpyridines.
Crystallization experiments with [Zn(L%),] and [Zn(L**),] using pure DMSO or a combination
with other common solvents invariably afforded amorphous materials. However, when a large
excess of pyridine (Py), 3-methylpyridine (3-MePy) or 4-methylpyridine (4-MePy) was added to
a solution of the zinc(Il) compounds in-benzene, chloroform, ethanol, DMF or a solvent mixture
with either of these solvents, the isolation of crystalline zinc(lI1) compounds, in which either Py
(2a, 6, 7, 8), 3-MePy (4), 4-MePy (1, 5a) or H,O (2b, 3, 5b) was coordinated to the zinc atoms,
became feasible. Of these, compounds 1, 2a, 5a and 6 crystallized as solvates with H,O (1),
benzene (2a), 4-MePy (5a) and benzene/H,O (6), see Table 1. The presence of water in
compounds 2b, 3, 5b and 6 is attributed to traces of water in the solvents and reagents used for
the crystallization experiments. It should be mentioned that complexation experiments were
carried out under identical conditions with pyridine and all three monomethyl pyridine
derivatives (picolines), i.e. 2-/3-/4-methylpyridine, but for each ligand only a specific N-base or
water provided a crystalline product, as detailed in Scheme 1.

In compounds 1-6, the adduct formation of [Zn(L®),] and [Zn(L**%),] generated six-
coordinate structures with the participation of two mole equivalents of pyridine, 3-MePy, 4-
MePy or water. On the contrary, compounds 7 and 8 assume a five-coordinate geometry, even if
the concentration of pyridine employed for the reaction was increased from 5 to 10 mmol,

indicating that the molecular structure variation is influenced by crystal packing effects.
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The formulations of the compounds were ascertained from the microanalytical data, the
'H/*C NMR and are further supported by the results of single-crystal X-ray diffraction analyses.
The infrared spectra of compounds 1-8 are very similar and the most pertinent IR frequencies are
included in the experimental section. The *H and *C NMR signals for the pro-ligands HL**
were assigned by using 2D H-'H-correlation spectroscopy (COSY) as well as heteronuclear
single-quantum correlation (HSQC) and heteronuclear multiple-bond connectivity (HMBC)
experiments [49a]. Compounds 1-8 were characterized in solution by 'H-and *C NMR
spectroscopy, either in DMSO-ds or a solvent mixture of DMSO-ds and CDCls (1:1, v/v). The

XAQ

ligand signal assignments of HL? and HL**? were subsequently extrapolated to the zinc(ll)
compounds, owing to the data similarity. It is worth mentioning that the Zn(Il1) compounds 1-8
displayed broad *H NMR signals and did not show much difference in the chemical shifts when
compared within the series studied herein, indicating <that the changes in the magnetic
environment of the metal ions are insignificant. The *H and *C NMR spectra of 1-8 displayed
the expected signals for the metal- coordinated LYL*° ligand skeletons and coordinated
pyridine/3-methylpyridine/4-methylpyridine in 1, 2a, 4, 5a and 6-8.

The photophysical properties of the tetrahedral zinc compounds [Zn(L®), and [Zn(L**9),]
were thoroughly studied in previous reports [46,52,53]. As expected, the zinc compound with
HL? i.e. [Zn(L?),(4-MePy),]-H,O (1) exhibited different experimental absorption and emission
features in comparison to compounds 2-8 that contain 5-substituted diazenyl ligands. The UV-
Vis absorption spectra of HL®, HL**° and the corresponding zinc(ll) compounds 1-8 in DMSO
are depicted in Fig. S1, ESIt. Table S1 summarizes the most relevant characteristics of the UV-
Vis data. The absorption spectra of 2-8 are comparable with those measured for the tetrahedral
bis(5-(aryl)-1-diazenyl]quinolin-8-olato)zinc(I) compounds, [Zn(L**%),], exhibiting only
compound with slight changes in the absorption maximum. This is because the electronic
excitation does not involve transitions with the participation of metal-based molecular orbitals,
since the 3d™ shell is too low and the empty 4s and 4p orbitals are too high in energy [52,53].
Pro-ligands, HL** showed very similar absorption spectra and were non-emissive except for
HLNMe2AQ " Emission experiments with Aec = 425 nm for the five and six-coordinate zinc(I1)
compounds 2-8 revealed the same result (non-emissive) except for compound 6 (Aem = 525 nm),
which contain a strong n—electron donor group -NMe; and the emission spectrum resembles that

of the pro-ligand HLNM®*? (Fig. S2 (a), ESIT). On the contrary, in DMSO solution, octahedral
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[Zn(L9),(4-MePy),]-H.O (1) gave a significantly improved fluorescence quantum vyield (¢ =
0.25), when compared to the tetrahedral analog [Zn(L9),], signaling enhanced electron-
transporting properties (Fig. S2 (b), ESIT). The highly fluorescent performance of compound 1 is
also detected in the solid-state fluorescence spectrum with Aem 500 nm (Fig. S2 (b), ESIt).

3.2. Description of the X-ray crystal structures

Crystals of the zinc(ll) compounds, [Zn(L%)(4-MePy),]-H,O 1 (ethanol/4-
methylpyridine), [Zn(L"**?),(Py).]-CsHs 2a (chloroform/pyridine/benzene), [Zn(LM*?),(H,0),]
2b  (chloroform/3-methylpyridine), [Zn(L°™**9),(H,0);] 3 (chloroform/pyridine/hexane),
[Zn(LE“9),(3-MePy),] 4 (benzene/3-methylpyridine), [Zn(L°A9),(4-MePy),]-0.5CsH;N 5a
(DMF/4-methylpyridine), [Zn(LOFAR),(H,0),] 5b (chloroform/pyridine/hexane),
[Zn(LNMe2AR),(Py),]-1.5CsHe-H.O 6  (benzene/pyridine/chloroform),  [Zn(L°A9),(Py)] 7
(chloroform/pyridine/benzene) and [Zn(L®*9),(Py)] 8 (chloroform /pyridine/benzene) suitable
for single-crystal X-ray structure determination were obtained by slow evaporation of solutions
of the respective compounds. Crystal data, data collection parameters and convergence results
are listed in Table 1, while a comparison of selected bond distances and angles is shown in
Tables 2 and 3. Perspective views of the molecular structures are shown in Figs. 1-7, while views
of the asymmetric units of the crystal structures including displacement ellipsoids are shown in
Fig. S3, ESIf.
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Fig. 1. Perspective view of the molecular structure of compound 1 with partial atom labeling

scheme. Symmetry operator: (i) 1-y, 1-x, 0.75-z.
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b)

Fig. 2. Perspective views of the molecular structures of compounds (a) 2a and (b) 2b with partial

atom labeling schemes. Symmetry operators: (i) 1-X, -y, 2-z; (ii) 1.5-x, 1.5-y, 0.5-z.

Fig. 3. Perspective view of the molecular structure of compound 3 with partial atom labeling

scheme. Symmetry operator: (i) 1-X, 2-y, 1-z.
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Fig. 4. Perspective view of the molecular structure of compound 4 with partial atom labeling

scheme. Symmetry operator: (i) 1-X, 1-y, 2-z. For clarity, disorder is not shown.

a)

b)

Fig. 5. Perspective views of the molecular structures of compounds (a) 5a and (b) 5b with partial

atom labeling schemes. Symmetry operators: (i) -x, 1-y, 1-z; (ii) 2-X, -y, 1-z.
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Fig. 6. Perspective view of the molecular structure of compound 6 with partial atom labeling

scheme.

a)

Fig. 7. Perspective views of the molecular structures of compounds (a) 7 and (b) 8 with partial
atom labeling schemes. Symmetry operators: (i) 0.5-X%, y, 1-z; (ii) 1-x, 1-y, 2-z; (iii) X, 1-y, 0.5+z.
For clarity, disorder is not shown.
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The molecular structure analysis of the SCXRD data reveals closely related coordination
geometries for compounds 1-6, in which the zinc atoms are embedded either in a ZnO,N4 (1, 2a,
4, 5a, 6) or a ZnO4N, (2b, 3, 5b) polyhedron, depending whether the base coordinated to
[ZnL9),] or [Zn(L**9)], is a pyridine derivative or water. In all seven compounds, the quinolin-8-
olate ligands occupy the equatorial positions with mutual trans-orientation of the phenoxide
oxygen and quinoline nitrogen atoms. As a consequence, the Py and H,O ligands are in the axial
position, exhibiting significantly longer Zn—N and Zn-O distances with differences in the range
of 0.15-0.22 A for Ad(Npy—Naquin) and 0.11-0.12 A for Ad(Ow—Oguin)- Except for 6, the
molecular structures of 1-5 exhibit crystallographic symmetry (2-axis for 1; inversion symmetry
for 2a, 2b, 3, 4, 5a, and 5b). The presence of symmetry in 1, 2a, 2b, 3,4, 5a and 5b restraints the
Npy—Zn—Npy and Ow-Zn—-Ow bond angles to 180.0° and for compounds 2a, 2b, 3, 4, 5a and 5b,
additional bond angles Ngin—Zn—Ngin and Ogquin—ZN—Oguin attain the same value. The
coordination environments are significantly distorted from an ideal octahedral polyhedron owing
to the involvement of LYL**° ligands in the formation of chelate ring (Table 3). The
Oquin—Zn—Nguin bond angles within the chelate rings are significantly smaller than 90.0° and
range from 80.27(10) to 81.19(7)° in close relationship to previously reported and related zinc(Il)
compounds [61]. As a consequence; the interligand Ogqin—Zn—Ngqin bond angles are significantly
increased with values of 98.81(7)—99.63(8)° for 1, 2a, 2b, 3, 4, 5a and 5b and
93.33(11)°/105.93(11)° for the asymmetric complex 6. The bond angles with the axial
substituents are close to 90.0° for 1-6 and the deviations from this value do no exceed 5° (Table
3).

The five-coordinate zinc compounds 7 and 8 comprise distorted square-pyramidal
geometries with the pyridine ligands in apical position. The L**° ligands are trans-oriented, but in
this case the Zn—N distances with the Ny, atoms are significantly shorter, 2.013(5) and 2.035(4)
A when compared with Zn—Ngin nitrogen atoms, 2.092(3) and 2.102(3) A. As expected, the
Zn—Ngin and Zn—Og,in distances in 7-8 are significantly shorter than for the six-coordinate
analogs (Table 2).

A search of the Cambridge Structural Database (CSD) revealed 17 entries for compounds
of composition [M(LY/L**%),] (M are first row transition metals) [61]. Interestingly, all have

square-planar molecular structures with trans-coordination of the quinolin-8-olate ligands.
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Among five six-coordinate compounds of composition [M(L*?)2(H20)-], cis-coordination of the
two water molecules was observed only in the structure of [Co(L%),(H20),]. The remaining
compounds comprise two trans-coordinated ligand molecules in the equatorial plane, while the

two water molecules occupy axial positions, as for 2b, 3 and 5b.

3.3. Supramolecular structure analysis

As mentioned in the introduction, m—stacking interaction are relevant for the electron-
transport and optical properties of metal compounds derived from quinolin-8-olate ligands
including [Zn(L®),] [36,37]. In view of this, it was thought worthwhile to analyze the influence
of the substituents at the periphery of the LYL**? ligands and the base coordinated to the
zinc(I1) metal center and hence the supramolecular interactions in the crystal structures of 1-8

were examined in this section.

Pyridine adduct of tetrahedral [Zn(L®)] viz., [Zn(L9)z(Py).]-H20 (1), did not exhibit n—stacking
interactions in the solid state structure while the crystal structures of the remaining members of
the series (2-8) are significantly influenced by n—n contacts, giving mostly 1D or 2D n—stacked
assemblies. This difference is originated mainly by the significantly enhanced n—electron system
of L**? compared to unsubstituted quinolin-8-olate L?. From the molecular structure perspective,
compounds 2-8 can be divided into three groups. Group | comprises of four compounds with
approximate octahedral geometry and two pyridine-bases coordinated to the metal center: 2a (X
= Me, base = Py); 4 (X = Me, base = 3-MePy); 5a (X = OEt, base = 4-MePy); 6 (X = NMe;, base
= Py). Group Il is-composed of three compounds with similar coordination geometry, but
coordination of H,O instead of the pyridine base: 2b (X = Me, base = H,0); 3 (X = OMe, base =
H,0); 5b (X = OEt, base = H,0). Finally, group Il is constituted by two compounds with
distorted square-pyramidal geometries and pyridine as base: 7 (X = Cl, base = Py); 8 (X = Br,

base = Py). Therefore, the crystal structures are analyzed according to this classification.

Group | (2a, 4, 5a and 6)

Compounds 2a, 4 and 6 have similar supramolecular characteristics, particularly concerning the

n—stacking interactions. In this context, the crystal structures of 2a and 4 are structurally closely
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related, albeit compound 2a crystallized as benzene solvate while 4 is solvent-free. The central
motif in 2a and 4 consists of staircase-shaped 1D strands, which are stabilized by n—=n
interactions occurring mainly between the terminal —C¢H4X moieties of the metal-coordinated
ligands and the diazo functional groups. As representative example, Fig. 8 shows the assembly
found in 2a with an interplanar distance of 3.56 A. Neighboring n—stacked 1D strands are
connected into 2D layers parallel to (-1 1 1) by intermolecular C—H---wt contacts involving the
zinc complex molecules and benzene solvate (Table 4). On the other hand, the crystal structure
of 4 consists of the mutual parallel shift of neighboring n—stacked 1D strands arranged towards
each other (in direction of the arrows given in Fig. 8), owing to the absence of the solvent. This
allows the generation of infinite n—stacked pillars perpendicular to the direction of the strand
and, in addition, the formation of close n—n contacts between the 3-MePy rings, giving a more
compact 2D arrangement. This arrangement is also reflected in the crystal structure of compound
6 (Fig. 9a) but in this case the infinite n—stacking is interrupted due to the significant torsion of
the aryldiazenyl-fragment from planarity. The deviation from planarity can be attributed to
Ow—H--N and O,—H---O hydrogen bonding- interactions shown in Fig. 9b (see also Table 4) that
interconnect the 2D layers in the third dimension. On the contrary, in 2a and 4 there are no

further contacts in the third dimension, but only C—H---O, C-H---N or van der Waals contacts.

In contrast to 2a, 4 and 6, in the crystal structure of compound 5a the L™ ligands are
not involved in n—interactions and n—n contacts are only found between the 4-MePy ligands and
uncoordinated 4-MePy molecules, giving a finite n—stacked assembly formed between four

zinc(11) complex molecules and one guest solvate.
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Fig. 8. Fragment of the crystal structure of [Zn(L™**?),(Py),]-CsHs (2a), showing the 2D layers
formed through n—r and C—H---xt interactions. Cgl = centroid (C4—C9); Cg2 = centroid
(C10-C15); Cg3 = centroid (N4, C17-C21). Symmetry operators: (i) 1-x, -y, 2-z; (ii) -1+x, -1+y,
z; (i) 1-x, 1-y, 1-z. For clarity, hydrogen atoms not involved in hydrogen bonding interactions,

and the disorder of the benzene solvate molecule are not shown.
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Fig. 9. Fragments of the crystal structure of [Zn(L""®*9),(Py),]-1.5CsHs-H20 (6) showing (a)
the 2D layers formed through n—r interactions, and (b) the interconnectivity in the third
dimension generated by O,—H---N and O,~H:--O hydrogen bonds. Cgl = centroid (C10-C15);
Cg2 = centroid (C27-C32); Cg3 = centroid (N9, C35-C39); Cg4 = centroid (N10, C40—C44).
Symmetry operators: (i) 1+X, y, z; (ii) x, 1.5-y, -0.5+z; (iii) 1-x, 0.5+y, 1.5-z. For clarity,
hydrogen atoms not involved in hydrogen bonding interactions, and benzene solvate molecules

are not shown.

Group I (2b, 3, and 5b)

Metal-coordinated water molecules are excellent hydrogen bond donors and it is, therefore, not

surprising that the supramolecular interaction patterns for the members of this group are
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dominated by hydrogen bonds resulting from the Zn—OH, substituents. Although the —CgHs—X
moieties for 2b, 3, and 5b are different (2b, X = Me; 3, X = OMe; 5b, X = OEt), the dominant
supramolecular aggregation pattern is practically identical. As illustrated in Fig. 10 for
compound 2b, in first instance Ow—H---Ogqin hydrogen bonding interactions give rise to a
staircase-type 1D strand, which is strengthened by m—n contacts involving the 8-quinolinyl
groups. The centroid---centroid distances of 3.76 A shown in Fig. 10a are formed between the
different types of aromatic rings in the quinolin-8-olate group, giving relatively short interplanar
distances of 3.43 A. Neighboring 1D strands are linked by additional hydrogen bonds of the
Ow—H---Oquin type, generating overall 2D hydrogen bonded layers parallel to the ab plane (Fig.
10b, Table 4). In the third dimension, the structure is organized essentially by van der Waals
contacts. As already mentioned, compounds 3 and 5b form closely related aggregates with
similar hydrogen bonding geometries (Table 4) and identical centroid---centroid and interplanar

distances. The main difference is that the 2D layers are parallel to the bc plane in these

structures.
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Fig. 10. Fragments of the crystal structure of [Zn(LM®?),(H,0),] (2b) showing (a) the staircase-
type n—stacked 1D strands, and (b) their interconnection by Ow—H---Oquin hydrogen bonds. Cgl =
centroid (N1, C1-C4, C9); Cg2 = centroid (C4-C9). Symmetry operators: (i) 1.5-%, 2.5-y, 0.5-z;
(ii) -0.5+x, 2-y, z. For clarity, hydrogen atoms not involved in hydrogen bonding interactions are

omitted.
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Group 111 (7 and 8)

The halogen-substituted derivatives 7 and 8 are isostructural and comprise V-shaped molecular
structures where in first instance the molecules are arranged into 1D strands along b through
bifurcated Cp—H---Ngqin contacts (Table 4). Neighboring strands are running in opposite
directions enabling t—= bonding and the assembly of 2D layers (Fig. 11). In contrast to 2a, 4 and
6, the stacking interactions involve now almost the complete n—system of the ligand with
interplanar distances of 3.86 and 3.84 A for 7 and 8, respectively. Interestingly, in the bromo-
derivative 8, the bromine atoms are involved in Br—r contacts of 3.90 A (Br---centroid) with the
nearby pyridine rings, while the corresponding Cl---centroid distance in compound 7 is 3.99 A. In

the third dimension, the layers are interconnected further only by C—H---x and van der Waals

contacts.
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Fig. 11. Fragment of the crystal structure of [Zn(L“*9)2(Py),] (7) showing the 2D layers
resulting from n—stacking interactions between 1D strands of the V-shaped complex molecules
formed through bifurcated C—H---N hydrogen bonds. Cgl = centroid (C10A—-C15A). Symmetry
operators: (i) X, -1+y, z; (ii) 0.5-x, -1+y, 1-z; (iii) 0.5-x, 0.5-y, 0.5-z. For clarity, hydrogen atoms
not involved in hydrogen bonding interactions and disorder of the aryldiazenyl fragments are

omitted.
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3.4. Synthesis and characterization of ZnO nanoparticles (NPs)

As described in the introduction section, Zn(ll) compounds bearing monotopic quinolin-
8-olate derived ligands (Chart 1, I-XI11) are actively being researched, owing to their interesting
structural aspects and applications. With the availability of a well-characterized series of
distorted octahedral (1-6) and square-pyramidal (7 and 8) zinc(ll) compounds, it is possible to
make use of these compounds as the zinc source for nano-structured materials. As a
representative case, [Zn(LM*"9),(Py),]-CsHs (2a, Fig. 2a) was selected as potential zinc
precursor. In 2a, two bidentate LMeAQ and two Py ligands stabilize the coordination polyhedron
around the zinc atoms, and this structural basis might influence the characteristics of the
resulting nanostructures. Using 2a as precursor, ZnO NPs could be synthesized by an effective
and simple method. A two-step procedure was applied; the first step involved the calcination of
2a to zinc oxide, which in the second step was dispersed in double-distilled water and treated by
ultrasonication, affording ZnO NPs. The product was characterized by Powder XRD (PXRD)
analysis and imaging techniques such as SEM and TEM.

In the PXRD pattern, the noticeable reflection (lattice) planes are 100, 002, 101, 102,
110, 103, 200, 112, 201, and 202 corresponding to diffraction angles of 31.88°, 34.16°, 36.12°,
47.34°, 56.62°, 62.99°, 66.34°, 68.01°, 69.08° and 76.89°. The XRD pattern reveals that the
nanostructures prepared under the above-stated conditions are pure phases and crystalline in
nature (Fig. 12) [62]. The observed peaks are in excellent agreement with hexagonal wurtzite
structure (JCPDS card No. 36-1451) [63].
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Fig. 12. PXRD pattern of ZnO NPs synthesized from 2a.
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To examine the microstructures of the ZnO NPs, SEM images were recorded (Fig. 13a),
revealing a uniform distribution of the ZnO nanostructural morphology. The presence of
protrusions and pits between nanoparticles are also distinguishable. The particles are nearly
spherical and variable in sizes. Agglomeration of the deposited particles is also evident. The
crystalline characteristics and size of the synthesized NPs were determined by TEM. From Fig.
13b, it is observed that the average particle size ranges from 70—120 nm with a slight variation in

thickness (for higher magnifications, see Fig. S4, ESIT).

Fig. 13. (a) FE-SEM image and (b) TEM image (magnification 20,000) of ZnO NPs synthesized
from 2a.

3.5. Antibacterial activity results

The solution stability of a drug under physiological conditions is an important pre-
requisite for its in vitro/ in vivo applications and usually, the test compounds are dissolved in
dimethylsulfoxide (DMSO) and diluted with test medium prior to in vitro testing. Stabilities of
the selected zinc(ll) compounds 1-8 were assessed in DMSO prior to the antibacterial
experiments. The absorbance spectra obtained from UV/Vis were monitored for 2 days (Fig. S5;
ESI¥); the unchanged basic pattern of the spectra of the test compounds indicated that they are
stable in DMSO solution.

The antibacterial potential of the pro-ligands HL?/ HL** and the corresponding zinc(11)
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compounds 1-8 along with Zn(OAc),-2H,O was evaluated according to the inhibition zone
formation against five indicator bacterial strains, i.e. Escherichia coli MTCC 730, Streptococcus
pyogenes MTCC 1925, Klebsiella pneumoniae MTCC 109, Bacillus cereus MTCC 430 and
Salmonella enterica MTCC 735. The results were compared with the activity of chloramphenicol
and the solvent used for the experiments (10% DMSOQO), see Table 5 (Figs. S6 and S7 (Panels A-
E); ESIT). As expected, the solvent did not inhibit the growth of the tested microorganisms.
Among the eighteen compounds (HL/HL**? and 1-8) examined, eleven of them(61%) inhibited
at least one of the five indicator organisms, showing different degrees of antimicrobial activity.
The results show that the antimicrobial action varies depending on the microorganism and the
type of pro-ligand and zinc compound. In general, the Zn compounds exhibited the same or
lower activity than the respective pro-ligand and positive control. HL®? gave better antimicrobial
activity than the 5-[(4-(X)-phenyl)-1-diazenyl]quinolin-8-ol ligands (HL**°) against the bacterial
strains used, giving the largest zone of inhibition (25 mm) against K. pneumoniae. For the
remaining organisms, the inhibitory effect was comparable to the effect of chloramphenicol
(Table 4). A comparable activity to that of the standard was observed only for HLM**? when
tested against E. coli MTCC 730, S. pyogenes MTCC 1925, K. pneumoniae MTCC 109 and B.
cereus MTCC 430. HLOM*A? (except for S. enterica MTCC 735), LF4? and HL°®? with p-
OMe, p-Et and p-OEt substituents were inactive. The most sensitive species was B. cereus
MTCC 430, on which most of the pro-ligands and their respective zinc(ll) compounds acted. On
the other hand, the least sensitive species was S. enterica MTCC 735, which responded only to
pro-ligands HL? and HL°™*?. Seven compounds did not have inhibitory activity against any of
the pathogens investigated. The microbial activities of the investigated compounds can be related
to several factors such as the type and number of donor atoms and their relative positions within
the ligand [30]. Recently, first-row transition metal compounds of 5-chloro-quinolin-8-olate were
tested against various species of pathogenic bacteria, clinical isolates and probiotic bacteria. The
results indicated that the most sensitive species was E. faecalis ATCC 29212 and that the zinc,
cobalt and nickel compounds performed better activity than the positive control and the pro-
ligand [32].
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4. Conclusion

A series new Zn(I) compounds (1-8) based on HL® and HL**? have been synthesized.
Compounds were characterized by spectroscopies while structural information on the molecular
and crystal structures was obtained by single-crystal X-ray crystallographic analysis. The results
provided three variants of the Zn(ll) coordination environment, i.e. [Zn(L*/?),(Py/3-MePy/4-
MePy),], [Zn(L**9)2(H20),] and [Zn(L™**?),(Py)]. The crystal structure analysis evidenced that
quinolin-8-olate ligands extended by 4-substituted aryldiazenyl fragments are susceptible to the
formation of 1D and 2D n—stacking interactions that are influenced by the ‘metal coordination
geometry, the base coordinated to the metal center and the terminal substituent at the ligand. In
other words, modification of either of these parameters enables changes in the wn—bonding
system, which is fundamental for applications in electron conduction and optics. Coordination
steered zinc compound 2a was successfully utilized as precursor for producing nanoparticles.
The microbial activities depend on the nature, type and number of donor atoms and their relative

positions within the ligand/complex.
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pro-ligands HL? and HL™? in DMSO (b) Absorption spectra of zinc(ll) compounds 1-8 in
DMSO. For the purpose of clarity, the absorption spectra of structurally related compounds are
grouped together, viz., (c) compounds 2a and 2b, (d) compounds 1, 2a, 4, 5a and 6, (e)
compounds 5a and 5b, (f) compounds 2b, 3 and 5b, (g) compounds 7 and 8. Fig. S2. Emission
spectra of (a) HL"M®2AQ (o, = 470 nm) and [Zn(L"M®2AQ),(Py),]-1.5CsHs-H20 (6) (hex = 433
nm) in DMSO (b) pro-ligands HL? (Aex = 317 nm) and [Zn(L®)2(4-MePy),]-H20 (1) (hex = 402
nm) in DMSO solution (solid line) and in solid-state (broken lines). Fig. S3.  Perspective views
of the asymmetric unit of the crystal structures of compounds 1-8. Ellipsoids are drawn at the
30% probability level. For clarity, uncoordinated solvents in_compounds 1, 2a and 5a, and the
disorder in compounds 4, 7 and 8 are not shown. Fig. S4. TEM images of ZnO NPs synthesized
from 2a with (a) 40-, (b) 80-, (c¢) 120- and (d) 500,000-fold magnifications. Fig. S5. Uv-Vis
absorption spectra over time for Zn(11) compounds 1-8 in DMSO. Fig. S6. Graphics showing the
zones of inhibition around the wells containing the compounds tested in the present study. For
the abbreviations of pro-ligands (HLY/HL**?) and the zinc(I1) compounds (1-8), refer to Scheme
1. Fig. S7. Petri dishes showing the antimicrobial activity of the pro-ligands HL% HL*4? and the
corresponding zinc(I1) compounds (1-8) (Scheme 1) against five bacterial strains, as determined
by the inhibition zone method. Compounds excluded from present studies have been marked
with red cross sign. Table S1. Visible absorption maxima from the electronic spectra of pro-
ligands HL®? and HL*A% and the Zn(11) compounds 1-8 in DMSO solution.)
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Table 1

Crystal data, data collection parameters and convergence results for compounds 1-8

1 2a 2b 3 4 5a 5b 6 7 8
CCDC No. 1811363 1811364 1811365 1811368 1811366 1811372 1811367 1811371 1811369 1811370
Empirical formula C30H26N4022n, C42H34N8022n, C32H28N604Zn C32H23N606Zn C46H42N802Zn 2(C46H42N804Zn), C34H32N5052n C44H40N10022n, C35H23C|2N7OQZH C35H23Br2N7022n
Hzo C6H6 C6H7N 15(CSH5), Hzo
Formula weight 557.93 826.25 625.97 657.97 804.24 1765.61 686.02 941.41 709.87 798.79
Temperature (K) 295.2(8) 290.74(10) 292.5(4) 293.6(6) 291.08(12) 296.0(10) 292.46(10) 293(2) 291.6(3) 291.72(10)
Crystal system tetragonal triclinic monoclinic monoclinic triclinic triclinic monoclinic monoclinic monoclinic monoclinic
Space group P4322 P-1 12/a P2,/c P-1 P-1 P2,/c P2;/c 12/a C2/c
a(A) 13.6993(5) 8.3838(5) 18.6752(11) 16.0255(6) 9.5838(10) 11.7094(10) 17.6548(11) 17.2611(11) 12.2341(16) 32.1654(11)
b (A) 13.6993(5) 10.9391(8) 5.1678(3) 5.22408(18) 10.4815(11) 14.6298(12) 5.2005(3) 15.9628(9) 8.3020(9) 8.2676(4)
c(A) 14.3499(7) 11.4089(6) 31.2749(14) 18.4660(8) 11.9203(15) 14.8110(11) 18.5132(11) 18.1535(11) 31.802(4) 12.4211(5)
a(°) 90 98.682(5) 90 90 65.794(11) 65.469(8) 90 90 90 90
L) 90 90.709(4) 106.487(5) 108.907(4) 70.625(10) 72.127(7) 110.052(7) 108.144(6) 100.898(10) 101.133(3)
y () 90 95.627(5) 90 90 76.097(9) 88.046(7) 90 90 90 90
Volume (A% 2693.1(2) 1028.95(11) 2894.2(3) 1462.54(10) 1022.7(2) 2184.0(3) 1596.75(18) 4753.2(5) 3171.8(7) 3241.0(2)
z 4 1 4 2 1 1 2 4 4 4
Ppeac (g/cm®) 1.376 1.333 1.437 1.494 1.306 1.342 1.427 1.316 1.487 1.637
wu(mm?) 0.950 0.647 0.897 0.897 0.649 0.618 0.825 0.572 0.988 3.268
F(000) 1160.0 430.0 1296.0 680.0 420.0 922.0 712.0 1972.0 1448.0 1592.0
Crystal size 0.24 x 0.21 x 0.28 x 0.23 x 0.15 % 0.13 x 0.30 x 0.15 x 0.56 x 0:23 x 0.25 x 0.25 x 0.30 x 0.20 x 0.21 x 0.17 x 0.07 x 0.05 x 0.56 x 0.09 x
(mm?) 021 0.11 0.13 0.05 0.23 0.21 0.15 0.11 0.05 0.03
20 range for data 6.41-52.74 6.00-57.54 8.00-57.37 5.86-57.52 6.62-57.70 6.16-57.32 7.25-57.26 6.44-50.00 6.25-57.70 5.95-57.48
collection (°)
Index ranges -17<h<17 -11<h<10 -22<h<23 -19<h<21 -10<h<12 -15<h<14 -23<h<23 -18<h<20 -15<h<15 -42<h<42
-15<k<15 -11<k<14 -6<k<6 -6<k<6 -13<k<13 -19<k<19 -6<k<4 -18<k <16 -8<k<l1l1 -11<k<11
-17<1<10 -14<1<14 41 <1<41 -24<1<24 -le<i<l6 -18<1<19 -23<1<24 21<1<21 -41<1<40 -l6<1<16
Reflections collected 6424 8038 6331 6506 7792 17184 6575 20008 13650 15226
Independent reflections 2762 4646 3303 3359 4653 9853 3619 8342 3790 3875
[Rind] [0.026] [0.022] [0.037] [0.033] [0.017] [0.037] [0.026] [0.050] [0.096] [0.055]
Data/restraints/parameters ~ 2762/0/177 4646/72/284 3303/2/203 3359/2/212 4653/444/355  9853/0/588 3619/2/221 8342/86/617 3790/210/254 3875/180/254
Goodness-of-fit on F? 1.060 1.049 1.027 1.048 1.052 1.045 1.046 1.060 0.975 1.029
Ri[1=26 (1)] 0.0314 0.0455 0.0500 0.0423 0.0501 0.0602 0.0400 0.0613 0.0638 0.0518
WR; [all data] 0.0718 0.1220 0.1187 0.0897 0.1420 0.1316 0.0896 0.1480 0.1548 0.1059
La'r&g\;gst diff. peak/hole 0.15/-0.17 0.48/-0.37 0.42/-0.39 0.28/-0.30 0.68/-0.62 0.35/-0.33 0.28/-0.39 0.60/-0.40 0.32/-0.47 0.52/-0.36
(e A”)
Flack parameter 0.016(9) - - - - - - - - -
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Table 2

Selected bond lengths (A) and intramolecular distances (A) for compounds 1-8.%

1 2a 2b 3 4° 5a (A)° 5a (B)° 5b 6 7 8
Zn—Ogin 2.0684(19) 2.0635(15) 2.0604(19) 2.0620(15) 2.0478(16) 2.0535(19) 2.063(2) 2.0669(14) 2.058(2) 2.043(3) 2.039(2)
2.070(2)
Zn—Ngin 2.134(2) 2.0985(18) 2.152(2) 2.1159(8)  2.1052(19) 2.104(2) 2.114(3) 2.1196(17) 2.141(3) 2.092(3) 2.102(3)
2.109(3)
Zn-N,, 2.273(4) 2.2785(19) - - 2.200(5) 2.248(3) 2.244(2) - 2.258(3) 2.013(5) 2.035(4)
2.217(4) 2.263(3)
Zn-0,, - - 2.175(2) 2.1781(17) - - - 2.1794(17) - - -

®Except for 6, the molecular structures of all compounds exhibit crystallographic symmetry (2-axis for 1, 7 and 8; inversion symmetry for 2a, 2b, 3,

4, 5a, and 5b).

® The molecular structure exhibits disorder of the 3-methylpyridine ligand. Distances are only given for the most abundant constitution.

¢ The asymmetric unit contains two crystallographically independent molecule halves and are labeled A and B.

44



Table 3

Selected bond angles (°) for compounds 1-8.%

1 2a 2b 3 4° 5a (A)° 5a (B)° 5b 6 7 8
Oquin—ZN—Ngin 80.32(9)  81.11(6)  80.37(8)  80.45(6)  81.19(7)  80.91(8)  80.85(9)  80.48(6) 80.27(10)  79.41(12)  79.99(10)
(chelate) 80.52(11)
Oquin—ZN—Nguin 99.62(9)  98.89(6)  99.63(8)  99.55(6)  98.81(7)  99.09(8)  99.15(9)  99.52(6) ~ 93.33(11)  92.53(13)  92.37(10)
(interligand) 105.93(11)
Oquin—ZN—Oqin 172.81(14) 180.0 180.0 180.0 180.0 180.0 180.0 180.0 172.93(9)  156.33(17) 156.86(16)
Nguin—2ZN—Naguin 179.11(16)  180.0 180.0 180.0 180.0 180.0 180.0 180.0 173.49(12) 140.21(18) 141.42(17)
Np,—~Zn—N,, 180.0 180.0 - - 180.0 180.0 180.0 - 175.95(12) - -
Npy—Zn—Oguin 86.41(7)  89.12(6) - - 91.9(2) 92.40(9) 914509 - 88.62(11)  101.84(9)  101.57(8)
93.59(7)  90.88(6) 88.1(2) 87.60(9) .  88.55(9) 88.52(11)

94.87(11)

88.28(11)
Np,—~ZNn—Nquin 89.55(8)  89.08(7) - - 88.8(2) 90.84(9)  90.64(9) - 89.75(11)  109.89(9)  109.29(8)

90.45(8)  90.92(7) 91.2(2) 89.16(9)  89.36(9) 88.28(11)

89.60(11)

92.76(11)
Ou~Zn-0,, - - 180.0 180.0 - - - 180.0 - - -
Ow~Zn—Oguin - - 90.79(8)  90.08(7) - - - 90.216) - - -

89.21(8)  89.92(7) 89.79(6)
Ouw~Zn—Nguin - - 89.72(9)  89.80(7) - - - 90.07(6) - - -
90.27(9)  90.20(7) 89.93(6)

®Except for 6, the molecular structures of all compounds exhibit crystallographic symmetry (2-axis for 1, 7 and 8; inversion symmetry for 2a, 2b, 3,

4, 5a, and 5b).

® The molecular structure exhibits disorder of the 3-methylpyridine ligand. Distances are only given for the most abundant constitution.

¢ The asymmetric unit contains two crystallographically independent molecule halves and are labeled A and B.
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Table 4

Geometric parameters for the hydrogen bonding interactions in the crystal structures of 2-8.

Compound  Intermolecular D-H/[A] D--A/I[A] H-A/[A] ZDHA/[?] Symmetry code
interaction
Group |
2a C19-H19.--Cg2 0.93 3.681 2.75 176 -1+x, -1+y, z
6 O3-H3A:--N3 0.85 3.035(5) 2.19 170 X, Y, Z
O3-H3B-:--02 0.85 2.800(4) 1.99 160 1-x, -0.5+y, 1.5-z
Group Il
2b 02-H2A.--N3 0.85 2.948(3) 2.12 165 0.5+x, 2-y, z
02-H2B---01 0.85 2.666(3) 1.83 171 1.5-x, 2.5-y, 0.5-z
3 02-H2A.--N3 0.85 2.933(2) 2.13 158 1-x, 0.5+y, 1.5-z
02-H2B---01 0.85 2.680(2) 1.83 173 X, 1+y, z
5b O3-H3A---N3 0.85 2.934(2) 211 163 2-x, -0.5+y, 1.5-z
03-H3B---01 0.85 2.675(2) 1.84 168 X, -1+y, z
Group 111
7 C18-H18---N1 0.93 3.462(9) 2.75 134 X, -1+y, -z
C18-H18---N1 0.93 3.462(9) 2.75 134 0.5-x, -1+y, 1-z
8 O1-H1"---06 0.93 3.446(7) 2.74 134 X, 1+y, z
C5-H5---01 0.93 3.446(7) 2.74 134 1-x, 1+y, 1.5-z
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Table 5
Antimicrobial activity of ligands HLYHL

XAQ

and the corresponding zinc(I1) compounds (1-8) against five
bacterial strains.

Pro-ligand/ Inhibition zones (in mm) observed for the tested bacterial species

Compound - -
E. coli S. pyogenes K. pneumoniae B. cereus S. enterica
MTCC 730 MTCC 1925 MTCC 109 MTCC 430 MTCC 735

HL® 17 22 25 20 16

1 - 10 - 10 -

HLMAQ 13 12 13 13 -

2a 10 - 10 - -

2b 10 - 10 10 -

H[ OMeAQ _ . - - 10

3 - - - - -

HL®AQ - - - - -

4 - 10 10 10 -

H LOEtAQ _ _ - _ _

5a - - - - -

5b - - s - -

HLMe2AQ - - 10 10 -

6 - - - - -

HLA? - - 10 13 -

7 - - - - -

HLBA? - - - 10 -

8 - ; - 10 -

Zn(OAC)z'ZHzo - py - - -

Solvent (10% - - - - -

DMSO)

Chloramphenicol 25 25 25 25 25
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Highlights

Ten new Pyridine assisted bis(quinolin-8-olato)zinc(ll) compounds with distorted
octahedral and square-pyramidal geometries have been synthesized.

Structural characterizations of the compounds were accomplished from IR, *H, **C, Uv-
Vis and fluoroscence spectroscopy.

All the compounds have been characterized by single crystal X-ray crystallography.
Applications of the compounds toward the formation of nanomaterials and antibacterial
activity are reported.
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