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Abstract

Air and moisture stable coordination compoundsaté Ifirst row transition metal ions, viz.,
Co(l1), Ni(ll), Cu(ll) and Zn(Il) with a newly degned ligand, E)-2-aminoN'-(1-(2-hydroxy-6-
methyl-4-oxo-4H-pyran-3-yl)ethylidene)benzohydrazi(H,L) were prepared and extensively
characterized using various spectro-analyticalriegles. The ligand acts both in mono as well
as doubly deprotonated manner. The ligand to nsedathiometry was found to be 1:2 in case of
complexes using chloride salts, whereas 1:1 in ohsepper (lI) complex using its acetate salt.
The molecular structures of;H nickel and copper complexes were unambiguoustgrthined
by single-crystal X-ray diffraction studies revehht HL exists in a zwitterionic form while
copper complex has copper centre in a distortedregolanar environment. On the other hand,
cobalt, nickel and zinc complexes display distodethhedral coordination around the metal ion.
In case of [Ni(HL)].H-O, intramolecular C-H-=- stacking interaction were observed between
the centroid of five membered chelate ring and ghproton C(5)-H(5) and intermolecular C-

H- - o stacking interaction between the centroid of pheimg, dehydroacetic acid (DHA) ring



and phenyl protons. The [Cu(L)DMF] complex is sliakd by intramolecular hydrogen bonding
N(1)H---N(2) and by intermolecular hydrogen bondit(1)H---O(4). Intermolecular
interactions were investigated by Hirshfeld suréadeurther, HL and its metal complexes were
screened for thein vivo andin vitro anti-inflammatory activities. The activity of thigand has
enhanced on coordination with transition metalse Tésted compounds have shown excellent
activity, which is almost equipotent to the stamdased in the study.
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1. Introduction

The coordination chemistry of N-acyl hydrazone (NAMgands has captivated
considerable assiduity in past few decades, dtiegeio chelating capability, structural flexibility,
variable bonding modes towards transition metas imnd a wide range of biological applications
[1-4]. NAH has also been used as the bedrock faigdeng new analgesic and anti-
inflammatory compounds, because the NAH subun@ Bimal pharmacophore for binding to
and inhibiting cyclooxygenases (COXs) [5]. A numlpértransition metal complexes of NAH
have been reported to exhibit DNA interactions, vesll as antimicrobial and antitumor
properties [6,7,8a]. The biological activity assted with these compounds is attributed to the
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presence of —-CONHN=CH- moiety. On coordination, #uivity of hydrazone increases.
Moreover, coordination suppresses the polaritynefrhetal ion because of the partial sharing of
its positive charge with the donor atom inside ttleelate ring system, formed during
coordination. This process consecutively increabeslipophilic nature of the central metal
atom/ion, which in turn favours its pervasion meféciently through the lipid layers of the
microorganism [8b,c].

Further, transition metal complexes of NAH haveoadhown high catalytic activities in
various chemical reactions, to name a few, epoxidabf olefins [9-10], polymerization of
ethylene [11], and transamidation of carboxamideth vamines [12], etc. Aggoun et al.,
described the electrocatalytic behaviour of thepeogomplex of hydrazone ligand prepared by
condensation of dehydroacetic acid on 1,2-diamiojpg@ne towards electro-reduction of alkyl
and aryl halides [13].

Dehydroacetic acid (DHA), a pyranone derivativeaisherculean material which is
involved in the synthesis of many heterocyclic coomqds. It is prepared by the base-catalyzed
(tert-amines; imidazole; 1,4-diazabicyclo[2.2.2ow (DABCO); pyridine) dimerization of
diketene. These compounds have occupied a dongnadisition in coordination chemistry that
explores therapeutic and pharmacological activifile$,15]. Studies on metal chelates with
Schiff base of dehydroacetic acid have been regalte to their excellent chelating capacity in
modern coordination chemistry. Recently, Edwardlgtreported the design and synthesis of a
novel class of diaryl heterocyclic with a centridsembered lactone (pyran-2-one) ring which
exhibited goodn vitro COX-2 inhibitory potency and selectivity [16a-idobalt, nickel, copper
and zinc being bio-essential elements, it is comkithat their complexes may find more

applications in numerous biological processes [17].



Considering the above-mentioned facts and in caoation of our ongoing research on
the study of pharmacological properties of transitmetal complexes, the present work was
undertaken as an attempt to explore the structatationship of DHA derived hydrazone with
late first row transition metals. Here we repom 8ynthesis and characterization of the DHA
derived ligand, its transition metal complexes. iliminary screening fon vivo andin vitro
anti-inflammatory activity of these new compoundssvalso studied.

2. Experimental
2.1. General procedures

All the reagents used in this study were purchdseeh Sigma Aldrich and used as
rendered. The synthesis of precursor, o-aminobénygdrazide the precursor was synthesized
according to the procedure reported earlier [18, t8rared spectra of the ligand and its metal
complexes were recorded in the region 4000—40% ema Nicolet 170 SX FT-IR spectrometer
(KBr disc matrix). The'H NMR and**C NMR spectra were recorded on a Bruker AV400 |
spectrometer at 400 MHz in DMSQ/@DCI; at room temperature using TMS as an internal
reference. All the compounds were analyzed foraarbydrogen and nitrogen using a Thermo
guest elemental analyzer and metal complexes welgzed for their metal content by standard
methods [20]. The UV-Vis spectra of all the compdsim DMF were recorded on a Varian
Cary 50 Bio UV-Vis spectrophotometer. Thermograihe metal complexes were recorded in
nitrogen atmosphere on a SDT Q600 Analyzer, keefhiadinal temperature at 1000°C with a
heating rate of 10°C/min heating rate. The molardcwtivity measurements of 1 mM solutions
in DMF were carried out on equiptronics EQ-665 asitvity bridge. EPR spectra were
recorded both at room temperature (300K) and ligquiidgen temperature (77K) on a Varian E-

112 X-band spectrometer using TCNE (tetracyanoeti®)l as ‘g’ marker (g = 2.00277) at a



frequency of 9.65 GHz under the magnetic stren@tBO®0 G. The El mass spectrum of the
ligand was obtained with a Shimadzu GCMS-QP201@S8tspmeter. The ESI mass spectral data
for all the complexes were obtained from Agilentchigologies India Pvt. Ltd. The X-ray
diffraction data of nickel complex were collected28@3 K on a Bruker SMART APEX2 CCD
area-detector diffractometer using a graphite mbrwuoater Mo-kx (A = 0.71073 A) radiation
source. The frames were integrated with the Br8&IINT Software package using a narrow-
frame algorithm. In the absence of anomalous soagteFriedel pairs were merged. The H
atoms were all located in a difference map, bus¢hattached to carbon atoms were repositioned
geometrically. The H atoms were initially refinedtiwsoft restraints on the bond lengths and
angles to regularize their geometry, after whidghpbsitions were refined with riding constraints
[21]. All non-hydrogen atoms were refined anisoicafly. Structure solution and refinement
were performed using Crystals [22]. Molecular giephwere generated using Cameron [23];
structure figures were generated with ORTEP-IlIgR4 he X-ray diffraction data of ligand and
copper complex were collected on an Oxford Diffi@cti(Agilent Technologies), SuperNova X-
ray diffractometer equipped with an Oxford Cryosyss Cobra Low temperature device using
Cu-Ka radiation § = 1.54184 & 1.54178 A ) from a Super Nova Cu X-raigro source and
focusing mirror optics. The structures were solbgddirect methods and refined againétbly
fullmatrix least-squares using the program SHELXZ4b].
2.2. Synthesis of (E)-2-amino-N'-(1-(2-hydroxy-hyle4-oxo-4H-pyran-3-yl)ethylidene)benzo
hydrazide (HL)

A methanolic solution of o-aminobenzoylhydrazideg(2.01 mol) was added dropwise
to a solution of 2-acetyl-5-hydroxy-3-oxo0-4-hexemacid é-lactone (2.23 g; 0.01 mol) in

methanol (20 mL) and the mixture was stirred fd& B.at room temperature on mechanical



shaker. The progress of the reaction was monitaedg TLC. The precipitate formed was
filtered off, washed with methanol and then driedvacuo. Pale yellow crystals obtained from
slow evaporation of its methanolic solution werétadle for single crystal X-ray diffraction
(SC-XRD) analysis. Schematic representation forsgmehesis of ligand is given in (Scheme 1).
Yield: 87 %; m.p.: 193°C; Color: Pale yellow .An&alcd for GsH1sN3O,4 (%): C, 59.79; H,
5.02; N, 13.95. Found (%): C, 59.82; H, 4.98; N,923 IR (cn): v = 3323 (m, NH,sym.);
3357 (m, NHasym.); 3447 (m, N-H); 1675 (s, pyranone C=0);5L@&} amide C=0); 1619 (m,
C=N)H NMR (DMSO-d6, 400 MHz)5(ppm) :15.90 (s, 1H, O3H), 8.065 (s, 2H, N:LH5.838
(s, 1H, C11H), 6.772 (d, J=8.4Hz, 1H, C4XC NMR (DMSO-d, 100 MHz)5(ppm): 162.9
(azomethine C8=N), 170.8 (C7=0), 106.2 (C11H), X&54H), 19.2 (C15H). Amax(NM): 270
n— m*, 351 n— m*.
2.3. Synthesis of metal complexes

Methanolic solutions of NiGI6H,O (0.19 g, 0.8 mmol), CugPH,O (0.14 g, 0.8 mmol)
and Cu(CHCOOQ).H,0 (0.16 g, 1.6 mmol) were added dropwise to thehardlic solution of
H.L (0.50 g, 1.6 mmol) and stirred for 2 h on mechahshaker. Co(ll) and Zn(ll) complexes
were obtained by refluxing methanolic solution 0b6ClL.6H,O (0.19 g, 0.8 mmol) and
anhydrous ZnGl(0.11 g, 0.8 mmol) with methanolic solution oflHor 3 h on water bath. The
products obtained were filtered off, washed witht neethanol and dried in vacuo. Slow
evaporation of methanolic solution of Ni(ll) compland DMF solution of Cu (II) complex
which was obtained by using Cu(gEDO).H,0 salt yielded dark green color single crystals at
room temperature suitable for XRD study. Attemmtsgtow single crystals of the remaining

metal complexes were unsuccessful for now.



2.3.1. [Co(HL}Y]

Yield: 52.2 %, Color: purple. Anal. Calcd forgEl,sCoNsOs (%): C, 54.63; H, 4.28; N, 12.74;
Co, 8.94. Found (%): C, 54.68; H,4.25; N, 12.78; 880. IR (cr): v = 1674 (s, pyranone
C=0); 1620 (s, amide C=0); 1571 (m, C=R}ax(nm): 2731 — n*, 373 n— 7*, 610 & 674
(d—d transitions). Molar conductivity : 3.06 ofran? mol™*

2.3.2. [Ni(HL)].H,0

Yield: 53.6 %, Color: green. Anal. Calcd fog30NsNiOg (%0): C, 53.20; H, 4.46; N, 12.41; Ni,
8.67. Found (%): C, 53.16; H, 4.49; N, 12.39; N§®B IR (cm'):v = 1670 (s, pyranone C=0);
1615 (s, amide C=0); 1574 (m, C=Mnadnm): 274n — 7*, 395 n— n*, 554 & 940 (d-d
transitions). Molar conductivity: 2.54 oihen? mol™

2.3.3. [Cu(HLY]

Yield: 52.8 %, Color: dark green. Anal. Calcd fogo2sCuNsOg (%): C, 54.26; H, 4.25; N,
12.65; Cu, 9.57. Found(%): C, 54.23; H,4.21; N,622.Co, 9.53. IR (ci): v = 1677 (s,
pyranone C=0); 1637 (s, amide C=0); 1599 (m, CAN){nm): 275t — =*, 386 n— x*, 714
(d—d transitions). Molar conductivity: 1.98 oHranf mol*

2.3.4. [Zn(HLY]

Yield: 44.8 %, Color: Yellow. Anal. Calcd foragH2sZnNsOs (%): C, 51.54; H, 4.97 ; N, 13.03;
Zn, 3.38. Found (%): C, 51.59; H, 4.95 ; N, 13.4%; 3.41. IR (crif): v = 1682 (s, pyranone
C=0); 1648 (m, amide C=0); 1590 (m, C=N§l NMR (DMSO-d;, 400 MHz)&(ppm) : 6.935
(s, 2H, N1H), 5.737 (s, 1H, C11H), 6.633 (d, J=8.4Hz, 1H, C4¥} NMR (DMSO-g@, 100
MHz) §(ppm): 160.1(azomethine C8=N), 169.6 (C7=0), 10C21H), 18.9 (C14k), 19.4
(C15Hs). Amadnm): 2761 — m*, 384 n— m*. Molar conductivity: 3.19 ohm cn? mol™

2.3.5. [Cu(L)(HO)]



Yield: 63.4 %, Color: green. Anal. Calcd fors81sCuNsOs (%): C, 47.31; H, 3.97; N, 11.03;
Cu, 16.69. Found(%):C, 47.28; H, 4.00; N, 11.09; O&:72. IR (crit): v = 1670 (s, pyranone
C=0); 1608 (s, amide C=0); 1575 (m, C=N); 1357 @GO). Ama{nm): 2731 — ©*, 390 n—
%, 630 & 635 (d—d transitions). Molar conductivity:98 ohrit cnf mol™*
2.4. Pharmacology

Ligand and its metal complexes were evaluatednfativo anti-inflammatory activity by
carrageenan-induced rat paw edema model [25,26}aand vitro anti-inflammatory activity by
protein denaturation method [27].
2.4.1. In vivo anti-inflammatory activity: Carragesn-induced rat paw edema model

In vivo anti-inflammatory activity was measured as desdiby Winter et al. [25]. One
hour after the administration of the test compoutiis paw edema was induced by injecting 1%
carrageenan lambda (a pro-inflammatory agent; peepe 0.9% NaCl) hypodermically in the
sub-plantar region of right hind paw. The test coomus were suspended in 0.5% sodium
carboxy methyl cellulose (Na—CMC) and administea¢ddose of 5 and 10 mg/kg per body
weight and declofenac, an anti-inflammatory drugise was administered orally at a dose of 10
mg/kg, p.o. as the standard. The control groupivede0.5% Na—CMC in distilled water. The
paw volume was measured at different intervalsimet(0.5, 1, 3 and 5 h) using a digital
plethysmometer (UGO Basile, lItaly), before and raftgection of 1% carrageenan lambda.
Results were expressed in terms of edema volunveas+ SEM and mean percent inhibition
according to the following equation,
Edema Volume = M V.
where, { — Paw volume in mL, at time t, after carrageer@gmiaistration.

V. — Paw volume in mL, before carrageenan administrat



Percent inhibition = E- B / &
where, E — Edema volume of rat of control group, at time t

E; — Edema volume of rat paw, at time t
2.4.2. In vitro anti-inflammatory activity: Egg almin denaturation method

A mixture contained 0.2 mL of egg albumin (fromdinehen's egg), 2.8 mL of phosphate
buffered saline (PBS, pH 6.4) and 2 mL of varioemaentrations of ligand and its metal
complexes so that final concentrations become 3162%, 125, 250, 500,1000 pg/mL and
similar volume of double-distilled water servedcasitrol. Later the mixtures were incubated at
(37 £ 2) °C in an incubator (Bio-technics, Indiay Bbout 15 min and then heated at 70 °C for 5
min. After cooling, their absorbance was measuie868 nm (UV-1800 Spectrophotometer,
SHIMADZU) by using vehicle as blank. Aceclofenaason was used as reference drug and
treated similarly for determination of absorbandéhe percentage inhibition of protein
denaturation was calculated by using the follonengation,
% Inhibition = 100x (Abs of control - Abs of sample) / Abs of control.
2.5. Hirshfeld surface analysis

Hirshfeld surfaces (HSs) and 2D fingerprint plot$¢) were generated using Crystal
Explorer 3.1 [28] based on results of SC-XRD stadighe functiord,om is a ratio encompassing
the distances of any surface point to the neangstior @) and exterior ¢,) atom and the van
der Waals radii of the atoms [29 a,b]. The negatalee ofd,.m, indicates the sum af andde is
shorter than the sum of the relevant van der Wesds, which is measured to be a closest
contact and is visualized as red colour in HSs. Winie colour represents intermolecular
distances close to van der Waals contacts @, equal to zero, whereas contacts longer than

the sum of van der Waals radii with positid@m values are coloured with blue. A plot df



versusd. is a 2D fingerprint plot which recognizes the éxige of different types of
intermolecular interactions.

3. Results and discussion

3.1. Single crystal X-ray diffraction and Hirshfeddrface analyses of.H, [Ni(HL),].H,O and
[Cu(L)DMF]

Summaries of the crystallographic data, selectewibengths and bond angles ofLH
[Ni(HL) 2].H2O and [Cu(L)DMF] are given in Tables S1 and 1, estpely. ORTEP
representations (asymmetric unit) of the same snp®0% displacement ellipsoids are shown in
Figures 1-3.

The single-crystal X-ray structure of,H was determined at 100 K and is shown to be
monoclinic with space group F&. Asymmetric unit of BL consists of 3 molecules namely A,
B and C with a small trace of crystal held watelenole, (O1W) refines to just under 5% per 3
molecules of HL. These three molecules A, B and C differ mardynsbm one another in their
bond distances and bond angles. Such crystallogaphindependent and chemically similar
molecules are known as bond stretch isomers [0 Allothe three conformers of the ligand is
found to exist in zwitterionic form and formallyngutral species as evident by presence of acidic
proton (H3AB,H3BB,H3CB) on N3A,N3B,N3C respectivehather than O2A,02B,02C where
there exists a single bond character for C11-O2 gouble bond character for C8-N3 [30c].
Azomethine and-C=0 (mean of O1-C7-N2-N3-C8) form a dihedral angfie 24.03° with the
phenyl ring (mean of C1-C6) and 17.09° with DHAgr(mean C10-C11-C12-C13-03-C15)
respectively. Furthermore, the azomethit@=N bond distance (1.309(16) A) agrees well with
the values for double bond character confirmingftimmation of imine bond. The torsion angles

-3.92(17) to 10.8(17)° exhibited by N3-N2-C7—-0141%17) to 11.49(17)° by N3-C8-C10-C11
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and -4.19(18) to 2.10(18)° by C8-C10-C11-02 irtdithaat N3,01 ; N3,C11 and C8,02 aie
to each other respectively, while the torsion an@k9.44(12) to 158.01(11)° exhibited by C7—
N2-N3-C8 indicates that C7 and C8 dransto each other. The structure oflHs stabilized
by intramolecular N3-H---02 (2.481(13) A); N1-H-1(®712(15) A) and intermolecular N1-

H---02 (2.909(14) A); N2-H--- 04 (2.916(13) A) hygiro bonding (Table 2).

The crystal structure of [Ni(HL).H.O contains 0.5 molecule in the asymmetric unit and
structure dimerises across the inversion centenceéleresults in a pair of tridentate ligands
coordinated irmerfashion, through an amide carbonyl oxygen, azomethitrogen and oxygen
of -OH (pyranone ring) via deprotonation. According International Tables for
Crystallography, [Ni(HL)].H2O having space group B3the nickel ion occupies a general
position 3a. The bonds Ni-01(2.082(2) A), Ni-N30@2(2) A) and Ni-O2 (1.987(2) A)
forming one five-membered GRNi and other six-membered;M IONi chelate rings with bite
angles of 78.75° and 88.08°, respectively, sugdessortion from an ideal octahedral geometry
[31]. The bond lengths in [Ni(HL).H,O for: C7-O1 = 1.240(4), N3—C8= 1.289(4) and C11-
02=1.276(4) A, which are longer or shorter thawsthof the corresponding distances in the free
ligand HL, C7-01 = 1.231(15), N3-C8= 1.309(16) and C11-Q2264(15) A is due to the
coordination of ligand to the central Ni(ll) atoifhe crystal is stabilized by intramolecular N1-
H---Ow (3.207(8) A) and intermolecular N1-H- - - O812(5) A); N2-H---04 (2.978(4) A); Ow-
H-.-02 (2.853(4) A) hydrogen bonding (Table 2).atidition, the molecule is stabilized by
intramolecular C-H- & stacking interactions between the centroid of fivembered chelate ring
and phenyl proton C5-H5, with the contact distant8.400 A and two intermolecular C-Hr- -
stacking interactions, one between the centroighefnyl ring and proton of DHA ring C12-

H14A, another between the centroid of DHA ring gtenyl proton C4-H4, with the contact
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distances of 3.685 and 3.228 A respectively (Fit). $he C-H- -« interactions are important

noncovalent intermolecular forces similar to hydmodponding.

The single-crystal X-ray structure of [Cu(L)DMWjas determined at 100 K and is shown
to be Triclinic with space group P-1. Asymmetrigtwf [Cu(L)DMF] consists of one molecule.
The crystal structure of [Cu(L)DMF] contains a @&mdate ligand coordinated through an amide
carbonyl oxygen via deprotonation after enolisatiamomethine nitrogen and oxygen of -OH
(pyranone ring) via deprotonation and also contanmolecule of coordinated DMF. The
structure forms a dimer across the inversion ceritrtex long, (2.685A), Cu-N bond. The ONO
donor sites of the tridentate ligand coordinatethe Cu(ll) centre forming one five-membered
CN2OCu and other six-memberedNIDCu chelate rings with bite angles of 82.98° aAd 9°,
respectively, represents distortion from an idegplase planar geometry. The average bond
lengths in the complex are: C7-01 = 1.299(19), N®=-€.308(2) and C11-02= 1.281(19) A,
which are longer or shorter than those of the spwading distances in the ligand, suggesting
considerable delocalization of the charge on theaté rings [32a]. [Cu(L)DMF] is stabilized
by intramolecular hydrogen bonding N1-H---N2 (2(@9)1 A) and also by intermolecular
hydrogen bonding N1-H---04 (2.997(18) A) (Table ) addition, the molecule is stabilized by
three intermolecular C-H -stacking interactions acting between the centafidhelate ring
and phenyl proton C2-H2, the centroid of DHA rimgdgphenyl protons C2-H2 & C3-H3, with
the contact distances of 3.549, 3.758, 3.577 Peetively (Fig. S2). The - -« interactions can
play an important role in packing. In this struettier - -  interaction is an offset stacking, i.e.
the rings (DHA and phenyl) are parallel slippedeTimg normal and the vector between the ring

centroids form an angle of 20.91° up to centroidtad distance of 3.896 A (Fig. S3) [32b].
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Hirshfeld surface analysis is a technique whichradpces the results of X-ray crystal
structure analysis and helps to elucidate all titerimolecular interactions in a novel visual
manner [33]. This method uses visual recognitionpadperties of atom contacts through
mapping of a range of functiond,{:n, shape index, curvedness, etc.) onto this sufgtje The
increasing popularity of this tool comes from tletfthat it allows for recognition of less
directional contacts, for instance, H---H dispersaces. Another essential advantage is that all
(di, de) contacts created by a molecule of interest careXyjgessed in the form of a two-
dimensional (2D) plot, known as the 2D fingerphdt. Thede andd; are defined, respectively,
as the distance from the Hirshfeld surface to tharest atom in the molecule itself and the
distance from the surface to the nearest nucletwands from the surface. The shape of this
plot, which is unique for each molecule, is detemdi by dominating intermolecular contacts
[35]. The Hirshfeld surface mapped withdg,m function for the HL, [Ni(HL)2].H.O and
[Cu(L)(DMF)] (Fig. 4a-4c) clearly shows the red $spoderived from hydrogen bonding
interactions. The plots of 2D fingerprint for thelH [Ni(HL),].H,O and [Cu(L)(DMF)] (Fig.
4a-4c) shows the most significant H---H interactionth contribution of 37.9%, 41.8% and
47.0% respectively, other C---H interaction charactd by winglike peripheral spikes (21.1%,
24.2% and 15.4% respectively), N---H (4.6%, 4.7% &B% respectively) and O---H
characterized by longer and thinner spikes (26 334/% and 20.9% respectively) (Fig. 4d). The
non-directional H---H contacts are characterizedblyader spikes in [Cu(L)(DMF)] and
relatively sharper spikes inoH [Ni(HL)2].H2O. And, the percentage contribution of H---H
contact is also a measure of strength of the driatizce [36]. The measureables like volume
(VH), area (SH), globularity (G) and asphericity) (8&n also be calculated using HSs. The term,

globularity [37] is found to be < 1 forJd, [Ni(HL)2].H-O and [Cu(L)(DMF)] which indicates
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that the molecular surface is more structured,angphere. The asphericity [38a,b] is a measure
of anisotropy which decreases in the ensuing diatethe compounds: [Cu(L)(DMF)] > Hi >
[Ni(HL) 2].H2O. 2D fingerprint plots of the #i, [Ni(HL) 2].H.O and [Cu(L)(DMF)] of different
intermolecular contacts are displayed in Figureadd S22.
3.2. Spectral studies

The IR spectrum of the ligand §8) showed two highest frequency bands of medium
intensity at 3357 and 3323 Enascribed to asymmetric and symmetric modes ofy{HgH,)
group, respectively. These frequencies have appesightly at lower wave number compared
to reported compound (2-aminobenzyolhydrazone Gtdigne) [39], probably due to the
involvement of free amino group in intramoleculgdiogen bonding with the oxygen of C=0 of
hydrazide moiety as confirmed by crystallographiedees. The presence of symmetric and
asymmetric bands in all the metal complexes dué\td, group indicate the non-involvement of
this group in coordination to the metal centrean@dium intense band at 3447 ‘tim the free
ligand is ascribed to(—OH) (pyranone ring). A strong band at 1645"im H.L is assigned to
amide v(C=0). This band shows a negative shift in all twanmplexes except [Cu(L)@D)]
indicating its coordination to the metal ion. THsance of —OH (pyranone ring) stretching band
in all the complexes, clearly indicates the invahemt of pyranone oxygen in coordination with
the metal ion via deprotonation [40]. The strongdat 1619 ciiduev(C=N) in the ligand has
shifted to lower wave number i.e. ~1599tin the spectra of all the complexes indicating its
coordination to the metal ion. The presence ofnsfrband at 1675 cfhassigned ta(C=0) of
pyranone ring in ligand and all the complexes iatis its non-involvement in coordination. The
above assignments suggest that the ligand has inated through amide carbonyl oxygen,

azomethine nitrogen and oxygen of —OH group (pymanong) via deprotonation in all the
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complexes except [Cu(L)@D)]. In case of [Cu(L)(HO)], amide carbonyl stretchingC=0) is
absent while new bands have been observed at 1808357 crit. These are ascribed to newly
formed v(C=N) and v(C-O) groups respectively. This indicates the imeahent of amide
carbonyl oxygen in coordination via enolisation ateprotonation [41a]. Thus, the IR spectral
data clearly reveals that the ligand acts as maiolar all complexes except [Cu(L){8)]
where it behaves as doubly deprotonated, tridetigaed The IR spectra of H., [Cu(HL),]
and [Cu(L)(HO)] (Fig. S4, S5 and S6) are provided as the sopgitary material.

A broad singlet at 15.76 ppm in the free ligandyided to OH proton has disappeared in
the '"H NMR spectrum of [Zn(HLy, indicating the coordination of oxygen of —OH gpo
(pyranone ring) via deprotonation to the metal iAnbroad singlet at 8.06 ppm is assigned to
two protons of N1. This signal has shifted upfiélgd 1.13 ppm, revealing the breakdown of
intramolecular hydrogen bonding upon complexatidhe signals due to OH proton and two
protons of N1 are BD exchangeable (Fig. S8). A singlet appeared a p@n in free ligand
ascribed to C12-H corresponds to one proton. A Bbw@nd triplet at 6.77 and 6.57 ppm in free
ligand are assigned to C2-H and C4-H, respectivélye aromatic protons resonated as
multiplets in the region 7.57-7.24 ppm in the speut of the free ligand have shifted slightly
downfield in the spectrum of [Zn(HE]) The C9-H and C14-H protons observed as singlets at
2.11 and 2.61 ppm in uncoordinated ligand haveeshifo 2.06 and 2.49 ppm, respectively on
complexation. ThéH NMR spectra of bL (Fig. S7) and [Zn(HLy (Fig. S9) are provided as
the supplementary material. In tH€ NMR spectrum of the ligand, the signals at 166\d 94.7
ppm correspond to C11 and C9, respectively, ane khifted to 164.4 and 98.0 ppm in tfie
NMR spectrum of [Zn(HL)] indicating the coordination of oxygen of —OH gro{gyranone

ring) via deprotonation. The peaks at 162.9, 106625 and 19.2 ppm are assigned to C8, C12,
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C14 and C9, respectively. The azomethine carbofersué downfield shift in the spectrum of
[Zn(HL),] indicating the involvement of azomethine nitrogencoordination to the metal ion.
Methyl carbon C14 also showed a downfield shiffAan(HL),], indicating the coordination of
oxygen of —OH group (pyranone ring) via deprotmrato the metal ion. ThHEC NMR spectra
of H,L (Fig. S10) and [Zn(HLy) are provided as the supplementary material (Fig).81 NMR
and**C NMR spectra of [Zn(HL) suggests coordination of the ligand through oxygerOH
group (pyranone ring) via deprotonation, azomethitr@gen and amide carbonyl oxygen.

The mass spectrum of the ligand (Fig. S12) has shibw molecular ion peak [M]at
m/z 301. The ESI mass spectra of [Co(RL)Ni(HL) 2].H2O and [Zn(HL)] complexes are given
as supplementary material (Fig. S13, S14 and 3S).mass spectral studies of [Co(kll.)
[Ni(HL) 2).H20, [Cu(HL)], [Zn(HL);] and [Cu(L)(HO)] show their molecular ion peaks
[M+H]" at 659, 659, [M+K] at 700, [M+Na] at 689 and [M+H] at 380 respectively. Apart
from this, spectra also show some additional peaksch are due to molecular cations of
various fragments of the complexes. By comparirgy dhalytical and spectral data of all the
complexes relevant structures were assigned.

The X-band EPR spectra of paramagnetic [CugHtdmplex was measured in the solid
state at room temperature and in solution state KpM liquid nitrogen temperature i.e. 77 K.
EPR spectra is recorded only for copper completas to the magnetic interactions between the
paramagnetic copper centers [41b]. EPR spectr&€wufHL),] are shown in (Fig. S16 and S17).
The EPR spectrum at 300 K show a broad absorp&oi,bwhich is isotropic due to tumbling
motion of molecule. The ig value at 300 K is 2.06. Thg, andg, values observed for the
complex at 77K are 2.27 and 2.04, respectively. fbed observedg, > g, > 2.02, for the

present copper complex is typical of a copper (@) ion in axial symmetry with the unpaired
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electron residing in,d., orbital [42 a,b]. The gvalue (2.27 < 2.3) indicates a larger percentage
of covalency of metal-ligand bonding [43a]. In d&dgmmetry the g-values are related by the

expression [43 b,c].

G=g —2/g, —2

where, G is a measure of the exchange interadiietveen copper centers in the
polycrystalline solid. According to Hathway, if th@alues of the G are greater than the 4, the
exchange interaction is negligible, whereas whenwhlue of G is less than 4 considerable
interaction is indicated in the solid complex [423d]. In present investigation the axial
symmetry parameter G being more than 4, rulestmiexchange interaction between the copper
centers.
3.3. Electronic Spectral Studies

The electronic spectra of the ligand, as well amplexes, were recorded in DMF
solvent. The ligand exhibit two absorption bandshie UV-visible region around 270 and 351
nm. The first intense band around 270 nm is asdigoe ligandt — =* transition. This band
remains almost unchanged in the spectra of alcttimplexes. The second broad band around
351 nm assigned to-mn* transition, has suffered bathochromic shift upon complexajiztal.
This is an indication of coordination of azomethm&ogen to the metal ions. For [Co(H],)
two spin-allowed transitions observed at 915 an@l % were assigned @ 14F) — *Tag(v1)
and“Tlg(F) — 4A29 (v,) transitions indicating an octahedral geometryuactbCo(ll) ion [44a,b].
The electronic spectrum of [Ni(H&)H.O displays d—d transitions around 554 and 940 nm,
assignable t0°A(F) — *TigF) (v;) and *Ax(F) — °To(F) (v;) transitions, respectively,

indicating an octahedral geometry [45]. A broaddah714 nm appearing as an envelope in the
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[Cu(HL)], assigned to théEg — “To4 transition reveals an octahedral geometry [46&hjad
band in the electronic spectrum of [Cu(L)(®)] with peak maxima at 620 nm was assigned to
the combination ofBy4 - ?A14 and®Byy — °E, transitions suggest a square-planar configuration
around the Cu(ll) ion [47,48]. The — n*, n—»n* and d—d transition bands exhibited by the
ligand and its metal complexes are shown in Fig8fEsand S19.

3.4. Thermal Studies

Thermal studies (TG and DT analaysis) of all thenplexes have been undertaken to
know the presence/absence of coordinated/lattitce dwvent/water molecules, to confirm their
composition and to understand the thermal stabilibe thermogram of [Ni(HL}.H,O showed
a weight loss of 2.70% (Calc. 2.66%) between thegptrature range 50 and 100°C indicating the
presence of one lattice held water molecule. Thidearly evidenced in DTA curve in the form
of an exothermic peak at 75°C. Weight loss of 8&8alc. 88.75%) around 200-527°C
corresponds to the loss of two ligand moleculess Tgrocess is further supported by two
exothermic peaks in DTA curve at 299 and 440°C. plaeau obtained after heating above
450°C corresponds to the formation of stable niakelde and the metal content (8.60%)
calculated from this residue tallies with the metialysis (8.57%).

[Co(HL),] has remained thermally stable up to a temperattird00°C, showing the
absence of any lattice held molecules. The weigés bf about 91.70% (Calc. 91.06%) in the
range of 200—-620°C is due to the loss of a twonligenolecules. This is clearly evidenced in
DTA curve in the form of two exothermic peaks a62hd 590°C. The plateau obtained after
heating above 600°C corresponds to the formatistadfie cobalt oxide.

The thermogram of [Cu(L)(#D)] showing a weight loss of 4.80 % (Calc. 4.73 %)

between the temperature range 180-200°C correspmritie loss of one coordinated water
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molecule. Weight loss of 78.76% (Calc. 78.68%) atb@50-540°C correspond to the loss of a
ligand molecule. The plateau obtained after heatlmyve 470°C corresponds to the formation of
stable copper oxide. In case of [Cu(kHLand [Zn(HL)] complexes, no weight loss was
observed up to the temperature 260°C and indicheegabsence of any lattice held/coordinated
solvent molecule. The weight loss of 85.27 and 3 @Calc. 85.22% and 90.22%) around 265—
650°C correspond to the loss of two ligand moleciieight of the residue obtained after
heating the complex above 650°C corresponds téotheation of stable metal oxides.

Thus, thermal studies support the suggested cotiposior the complexes. As
representatives, thermograms of [Ni(HLH.O and [Co(HL)] are given in Figures S20 and S21
respectively.

3.5. Anti-inflammatory activity

In the present investigation, the control groupvet a significant increase of edema in the right
hind paw of the animals in the plantar region. Tisisdue to the release of inflammatory
mediators such as histamine, serotonin, kinins, a@mdstaglandins (PGs). The edema
development after carrageenan injection has bestrided as a biphasic event in which various
mediators operate in sequence to produce thisnnflatory response. The initial phase of edema
(0-1 h), which is not inhibited by non-steroidaltiginflammatory drugs, has been attributed to
the release of histamine, 5-hydroxytryptamine (5-Hhd bradykinin. In contrast, the second
accelerating phase of swelling (1-6 h), has beemelated with the elevated production of
prostaglandins [49], and more recently has beeibatitd to the induction of inducible cyclo-
oxygenase (COX-2) in the hind paw. Local neutropffiltration and activation also contribute
to this inflammatory response by producing, amortigelo mediators, oxygen-derived free

radicals such as superoxide aniorfJ@nd hydroxyl radicals. Among them, edema is dniae®

19



most fundamental actions of acute inflammation &nan essential parameter to be considered

when evaluating compounds with potential anti-imftaatory activities [50a].

The coordination of bioactive molecules to metaisias a promising approach to improve the
therapeutic potency and/or to decrease the toxa€itdrug molecules. The resulting metal complexes
possess greater lipophilicity profiles comparethtfree ligands, allowing them to more easily pass

through cell membranes to exert their biologictda$ [8b,c].

3.5.1. In vivo anti-inflammatory activity

The anti-inflammatory activity of the newly syntie=d compounds were evaluated by applying
the carrageenan-induced paw edema bioassay ingiatg diclofenac as reference drug [50b-d].
In the present investigation, the ligand and itdaneomplexes exhibited a dose-dependent
response (Table 3). The ligand;LlHshowed a consistent and significant decreasexm gdema

at 0.5, 1, 3 and 5 h after drug administration, levliomplexes at higher dose gave a good
response up to the fifth hour but at a lower ddBe, significant response decreased as time
advanced. Further, the copper complexes ([CufHahd [Cu(L)(HO)]) showed significant
inhibition of paw edema at a lower concentrationsomg/kg. The percentage inhibition (22-
82%) shown by [Cu(HL) over the time period of 0.5-1 h was significantd @omparable with
the standard compound, viz. Diclofenac (90-98%y.(Ba-5b).In comparison with,H, all the
complexes showed excellent effect at 0.5 and 1Cob(HL),], [Zn(HL);] and [Cu(L)(HO)]
retained their activity up to fifth hour, while [§iL);].H,O and [Cu(HL)] showed a gradual
decrease in activity. The enhanced anti-inflamnyaséativity of the complexes compared to the
free ligand may be explained on the basis of erddpervasion through cellular membrane on
complexation by Tweedy's Chelation theory and QOwegts concept [51a]. According to

Overtone’s concept of cell permeability, the liprembrane that surrounds the cell favors the
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passage of only the lipid-soluble materials in lahliposolubility as an important factor, which
controls the biological activity. On chelation, thelarity of the metal ion will be reduced due to
the overlap of the ligand orbital and partial shgrof the positive charge of the metal ion with
donor groups [51b]. It is also expected that theenextensive heteroaromatic ring like DHA and
the presence of lipophilic group C=N would bestokeager lipophilicity on complexes and
enable it to penetrate the cell wall and promotecesk intracellular interactions [51c]. Hence,
the enhanced activity of the complexes can beaglt reduced overall polarity of the molecule,
which increases the lipophilic nature of the compRvoring the efficient permeation through

lipid layer.

3.5.2. In vitro anti-inflammatory activity

In vitro pharmacological evaluation of the title compoumdss carried out to evaluate
their anti-inflammatory activity. All the synthesid@ compounds were subjected to anti-
inflammatory effect against denaturation of henfgg ealbumin method [52a,b] at the
concentration (31.25-1000 pg/mL) with standard kdenac drug. The outcome of anti-
inflammatory screening of the title compounds amenmarized in Table 4. The percentage
inhibition of all the synthesized compounds showegher activity against the denaturation of
protein. Among the compounds, [Ni(HLLH-O, [Cu(HL)] and [Zn(HL)] exhibited an
excellent inhibition of heat induced protein demation 80.6%, 55.3% and 45.3% respectively
and these compounds are more active comparedrtdasthaceclofenac drug (43.2%). All the
metal complexes showed good inhibitory anti-inflaatony activity than the free ligand against
the denaturation of the protein.

4. Conclusion
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In the present work, Co(ll), Ni(ll), Cu(ll) and 4 complexes of a new ligandE)-2-
aminoN'-(1-(2-hydroxy-6-methyl-4-oxo-4H-pyran-3-yl)ethyéde)  benzohydrazide  were
designed and synthesized in good yield. Analytiaatl spectroscopic data for the metal
complexes indicate a 1:1 (M: L) stoichiometry faZufL)(H.O)] adopting a square planar
geometry and 1:2 for the [Co(Hil) [Ni(HL)2].H2O, [Cu(HL),] and [Zn(HL)] adopting an
octahedral geometry around the metal ion. The acgawotif, H,L coordinated in monoanionic
i.e. coordinating through oxygen of —OH group (pyranang) via deprotonation in [Co(Hk),
[Ni(HL) 2].H20, [Cu(HL)], [Zn(HL),] and in dianionic form i.edeprotonation after enolisation
of amide carbonyl & deprotonation of —OH group @nywne ring) iNCu(L)(H20)]. Thus, the
ligand acts in mono as well as doubly deprotonat@tiner. The tentative structures for metal
complexes are depicted in figure 6. All interaction crystal structures of.H, [Ni(HL) 2].H,O
and [Cu(L)DMF] have also been studied by Hirshfsladface analysis. i and its metal
complexes have also been screened for theiivo andin vitro anti-inflammatory activities. The
results showed that activity of ligand has enharmedomplexation. The increase in activity of
the metal complexes is probably due to the grdgtephilic nature of the complexes. Among
the complexes tested, [Cu(HlLhas shown highest activity. The difference inatst among the

tested compounds may be attributed to the eleatiostature of ligand and central metal ion.

5. Significance and justification

The present research repomsvivo andin vitro anti-inflammatory activity of late first row
transition metal complexes of novel ligand. Theulssshowed that activity of ligand has
enhanced on complexation. The results of the ptesidy are quite inspiring and warrant

further, extensive testing toward transfer intoc¢heical arena.
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Appendix A. Supplementary data

Crystallographic data for the structural analysaveh been deposited with the Cambridge
Crystallographic Data Centre, CCDC reference numb&b34307 (HL), 1534306
(INi(HL) 2].H20) and 1534309 ([Cu(L)DMF]). Copies of this infortieen may be obtained free
of the charge from the Director, CCDC, 12 Union &o0@ambridge, CB2 1EZ, UK (Fax: +44-

1223-336033; E-mail: deposit@ ccdc.cam.ac.uk grMitww.ccd.cam.ac.uk).
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Fig. 3. ORTEP projection of [Cu(L)(DMF)] showing 50% prdiity ellipsoids.
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Fig. 4a. Hirshfeld surfaces mapped witthnorm and 2D fingerprint plot of bl depicting all
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Fig. 4b. Hirshfeld surfaces mapped witthorm and 2D fingerprint plot of [Ni(HL).H.O

depicting all intermolecular contributions.
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Fig. 5a. Anti-inflammatory activity of HL and its metal complexes at different time intésva
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(0.5 to 5 h) with 10 mg/kg dose.
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Fig. 6. Tentatively proposed structures of [Co(Kll.JCu(HL),], [Zn(HL)2] and [Cu(L)(HO)].

Table 1. Selected bond lengths and angles of. HNi(HL) ;].H,O and [Cu(L)DMF].

[ Hal [ [Ni(HL) 5].H,0 | [Cu(L)DMF]
Bond angles (°)
C7-N2-N3 113.9(10) 115.9(3) 110.4(12)
01-C7-N2 121.5(11) 121.2(3) 124.5(14)
C8-N3-N2 124.1(10) 119.9(2) 116.7(13)
02-C11-C10 123.2(11) 125.5(3) 126.1(14)
Bond lengths (A)
N1-C1 1.359(17) 1.361(7) 1.382(2)
01-C7 1.231(15) 1.240(4) 1.299(19)
N2-C7 1.378(15) 1.344(4) 1.318(2)
N2-N3 1.388(14) 1.396(3) 1.396(17)
02-C11 1.260(15) 1.276(4) 1.281(19)
04-C15 1.227(15) 1.229(4) 1.217(2)
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Table 2. Hydrogen bonding (A, °) in 4L, [Ni(HL) 2].H.O and [Cu(L)DMF].

D-H.--Alinteractions | d(D---A)JA | D-H---AP°
HaL

N1A-H1AA..-02C' 2.870(14) 170.0(17)
N1A-H1AB---O1A 2.712(15) 132.6(15)
N2A-H2A.--04C 2.764(13) 166.1(15)
N3A-H3AB: --02A 2.481(13) 143.6(17)
N1B-H1BA.--O1A? 3.349(16) 152.2(17)
N1B-H1BA.--O2A® 2.922(14) 123.3(16)
N1B-H1BB:--O1B 2.743(16) 131.9(14)
N2B-H2B: - - O4A° 2.916(13) 175.3(16)
N3B-H3BB---02B 2.540(13) 136.6(16)
N1C-H1CA. .- 028" 2.935(15) 171.6(18)
N1C-H1CB---01C 2.733(17) 130.3(17)
N1C-H1CB---O1W/ 3.127(10) 147.1(18)
N2C-H2C---04B 2.804(14) 171.6(16)
N3C-H3CB---02C 2.515(14) 141.8(16)
[Ni(HL) 5].H-O

N1-H1A. . -O# 3.312(5) 149(6)
N1-H1B:--Ow 3.207(8) 167(5)
N2-H2A. . O4° 2.978(4) 162(4)
Ow-H5A. .- 02’ 2.853(4) 142(11)
[Cu(L)DMF]

N1-H1A. - N2 2.691(19) 136.0(2)
N1-H1B- - Of° 2.997(18) 173.0(2)

D: donor; A: acceptor
®Symmetry codes: #1: +X,+Y,-1+Z ; #2: 1/2-X,-1/24¥2-Z; #3: 1/2-X,-1/2+Y,3/2-Z; #4:

+X,+Y,1+Z ; #5: -X,-X+Y,1/3-Z ; #6:Y,1+X,-Z ; #7¥,X-Y,1/3+Z; #8:-X,-Y,1-Z



Table 3. In vivo anti-inflammatory activity of kL and its metal complexes.

Treatment 0.5h 0.5h 3h 5h

Paw volume (ml) % EI | Paw volume (ml % E Paw voluml) | % EI | Paw volume (ml)| % El
Control 1.097+0.04356 — 1.197+0.01411 —] 1.170+0.06208 - 4318.02789 | —
Diclofenac 0.0300+0.0267 | 97.2 | 0.0300+0.0267 | 97.26 | 0.1083x0.0401 | 90.74 | 0.0250+0.0125 | 98.13
(10mg kg')
H,L(5mg kg") 0.2839+0.0264 | 90.02 | 0.1686x0.0184 | 65.26 | 0.7464+0.0173 | 41.28 | 0.2975+0.0154 | 88.26
H,L(10mg kg') 0.2481+0.0326 | 87.20| 0.1745x0.0326 | 69.25| 0.8453x0.0275 | 40.08 | 0.42450.0163 | 93.54
[Co(HL)] (5mg kg") 0.2965+0.0256° | 92.01 | 0.1384+0.0102 | 69.32| 0.7675+0.0162 | 76.25| 0.5964+0.0147 | 83.25
[Co(HL)] (10mgkg") 0.2665+0.0146 | 89.84 | 0.1013+0.0115 | 84.71| 0.5543+0.0156 | 71.92 | 0.3520+0.0147 | 94.65
[Ni(HL) ;].H,O (5mg kg") | 0.3954+0.0164 | 85.58 | 0.1895x0.0164 | 71.92| 0.9732+0.0334 | 63.25 | 0.6784+0.0353 | 84.12
ENi(HL) J.H,O (10mgkg | 0.2265+0.0167 | 82.98 | 0.1035+0.0154 | 78.63| 0.6924+0.0143 | 53.69 | 0.3521+0.0321 | 88.97
)
[Cu(HL)] (5mg kg") 0.2937+0.0264 | 87.23 | 0.1546+0.0153 | 76.02| 0.7455+0.0245 | 22.22 | 0.6342+0.0245 | 82.25
[Cu(HL),] (10mgkg") 0.2367+0.0232° | 89.55| 0.1014+0.0176 | 79.02| 0.5234+0.0257 | 36.52| 0.5321+0.0165 | 89.25
[Zn(HL),] (5mg kg") 0.4673+0.0265" | 85.03| 0.2675+0.0164 | 76.25| 0.5743x0.0143 | 64.59| 0.5143+0.0164 | 96.52
[Zn(HL)] (10mgkg") 0.3856+0.0156 | 86.66| 0.1675+0.0168 | 80.25| 0.5325+0.0156 | 62.82 | 0.2532+0.0153 | 92.52
[Cu(L)(H,0)] 5Gmgkg) | 0.2464+0.0267 | 95.21| 0.2015+0.0273 | 81.25| 0.7833+0.0174 | 39.25| 0.3125+0.0162 | 79.52
[Cu(L)(H,0)] (10mg kg) | 0.2318+0.0356° | 93.21| 0.1945+0.0183 | 85.26 | 0.7845+0.0126 | 42.35| 0.2967+0.0144 | 85.53

All values are expressed as mean SEM, ANOVA folldwg Dunnett’s test

** P <0.01 and *** P < 0.001 as comparison of tggtups to control group
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Table 4. In-vitro anti-inflammatory activity of b and its metal complexes.

Entry Metal % Inhibition of egg albumin in 25@g/mL
Aceclofenac — 43.2

H,L — 33.9

[Co(HL),] Co 34.8

[Ni(HL) 2].H20 Ni 80.6

[Cu(HL),] Cu 55.3

[Zn(HL),] Zn 45.3

[Cu(L)(H20)] Cu 38.4
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Highlights

* Ligand exhibited monobasic as well as dibasic nature during complexation.
» Meta complexes adopt square planar and octahedral geometry.

« Hirshfeld surface analysis has been carried out.

« Anti-inflammatory activity of ligand enhanced on complexation.

« Copper complex has shown highest activity among the tested compounds.



