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Graphical Abstract

Two Schiff bases and their Zinc (ll) and cobalt) (Homplexes were synthesized and
confirmed. Their DFT optimizations, pH dependenttoimetry and biological activities were
evaluated in detail. Some of the compounds beingdgantidiabetic, antibacterial and

cytotoxic agents were found astonishing candidatelfug development.
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Abstract

A Novel Schiff base, 3-(((4-chlorophenyl)imino)meffbenzene-1,2-diol HLY) was
successfully synthesized along with a structurakymilar Schiff base 3-(((4-
bromophenyl)imino)methyl)benzene-1,2-didlL(?). Both the Schiff bases were used to
synthesize their zinc (II) and cobalt (II) complex&hese compounds were characterized by
FTIR, *H NMR, *C NMR and elemental analysis. Metal complexes wenefirmed by
TGA. Crystals of Schiff bases were also charaateriay X-ray analysis and experimental
parameters were found in line with the theoretpmbmeters. Quantum mechanical approach
was also used to fine useful structural parameaewds to ensure the geometry of metal
complexes. The photometric behaviors of all thelsssized compounds were investigated in
a wide pH range using BR buffers. The appearancésadbestic points indicated the
existence of Schiff bases in more than one isonferia. Moreover, these compounds were
screened for enzyme inhibition; antibacterial, tyxac andin vivo antidiabetic activities and
compounds were found active against one or othiévitgc Results indicate thaZnlL3 is a
good inhibitor of alkaline phosphatase enzyme argb@ss highest potential against diabetes,
blood cholesterol level and cancer cells. This réffast provides preliminary data for some



biological properties. Further investigations agquired to precisely determine mechanistic

pathways of their use towards drug development.

Keywords. Schiff Base; Metal-Schiff base complexes; Spectipyg; X-ray analysis;

antibacterial activity, antidiabetic activity, cyxicity



1. I ntroduction

Schiff bases are the organic compounds containz@mnathine/ imine (-C=N-)
functional group. They were first reported by Hu§ohiff and can be synthesized by the
condensation reaction of amines with carbonyl camps [1, 2]. Plethora of Schiff base
derivatives is also present in natural and natdealved compounds like ancistrocladidine
and chitosan derived Schiff bases [3]. NumerousfSohses have been reported to exhibit
remarkable biological activities containing antitea@l, antifungal, antimalarial, anti-
proliferative, anti-inflammatory, antiviral, and tgsyretic properties [4] and the imine group
present in such compounds is thought to be resplentr such properties [5-7]. Cleita
al. have explored antibacterial activities of seve@npounds [3]. Pandeya al. reported
strong antibacterial activities of 5-chloro-salalgehyde derived and Isatin-derived Schiff
bases [8]. N-(salicylidene)-2-hydroxyaniline hasmeeported to show inhibitory action
against Mycobacterium tuberculosis H37Rv [6]. Sami, 2,4-dichloro-5-fluorophenyl
derivatives was reported to inhibit the growthEofcoli, S aureus, Klebsiella pneumoniae,
Aspergillus fumigatus, Aspergillus flavus, Trichophyton mentagrophytes, Penicillium
marneffel and Pseudomonas aeruginosa [9]. Very small amount of N-(Salicylidene)-2-
hydroxyaniline was reported to significantly inhitihe growth of fungi [10]. Literature
survey reveals that chitosan derived Schiff basexe wefficiently used as inhabitant against
the growth of Botrytis cinerea and Colletotrichum lagenarium [7]. 1-amino-3-
hydroxyguanidine tosylate-derived Schiff bases wadicated to be very effective against
mouse hepatitis virus (MHV), inhibiting its growthl]. Vitamin B6, a Schiff base derivative
of pyridoxine is reported to abolish the enzymevaeats of proteins [12]. Beside inhibitory
action, catalytic properties of Schiff bases hagerbreported like plant hormone and plant
growth regulatory activity towards cytokine and muxX13-15]. Their photometric and
thermochemical properties make them useful in moa@gplications including solar filters,
photodetectors, photostabilizers, microelectromeicks and optical switches [16-20].

Due to the presence of lone pair off bgbridized N atom, Schiff bases are able to
produce metal complexes, polycyclic quinoline datives and numerous heterocyclic
compounds [16, 21-25]. Their reactivity increasepomentially in the presence of —OH
groups especially when the —OH group is presenbdho position [26-31]. Research in this
field has received utmost attention because indocof metals to Schiff base structures
robust their properties manifold and makes themenapplicable. They are good catalysts

and catalyst producing agents because of theiteggreadox activities [32-34]. Due to their
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structural diversity they are used in stereo ch&yn|85, 36] and medicinal applications [37].

They are used to produce dyes and pigments [3]. DMNé&acting modes of these metal
complexes make them useful as new therapeutic 2if@BL Transition metal complexes of
bipyridine and phenanthroline are used in petroleodostry [39]. Hamada and Kawamoto
reported the use of metal complexes as an effeativitting layer and luminescent

compounds [40-42]. Schiff bases and their metal pderes have been well explored and
reviewed. Although a number of reviews are avadabl disclose the effect of metal on the
properties of Schiff bases. Silvat al. proposed that Schiff bases derived from
salicylaldehyde may provide a platform to producgeful compounds with desirable

biological and industrial properties [11, 43], thfare in this research work, salicylaldehyde
derivative is used to synthesize Schiff bases aethlit complex. An effort is made to

explore its physicochemical properties.

2. Experimental

21 Materialsand Reagents

2,3-Dihydroxybenzaldehyde, 4-chloroaniline and drboaniline were received from Sigma
Aldrich, USA. Zinc acetate and cobalt acetate wasined from Fluka, Switzerland. The
analytical grade solvents like, chloroform, n-hexaathanol and dimethyl sulfoxide were
obtained from Merck, Germany. All BRB solutions weprepared according to reported
protocol [44, 45] using analytical-grade reagentsd adoubly distilled water with
(conductivity<0.1 uScmi®). All experiments were carried out at room tempee(25+1 °C).

2.2 | nstrumentation and measur ement

Thermo Nicolet 6700 FTIR spectrophotometer was useabtain IR spectra in the range of
4000-100 cnt. 'H and **C NMR were recorded on Bruker AC Spectrometers with
tetramethylsilane (TMS) as internal reference. Apson spectra were recorded on
Shimadzu 1601 spectrophotometer and the pH measuaterwere carried out with a Crison
micro pH 2001 pH-meter with an Ingold combined glatectrode. GAUSSIAN 09 software
was used to find geometry of Schiff bases and timeital complexes using 6-31++G** and
6-31G™ basis sets, respectively. Summary of the diffecahtulated parameters is given in
Table 6.

2.3  Synthesisof Schiff baseligands

3-(((4-chlorophenyl)imino)methyl)benzene-1,2-diol (HLY)



Schiff bases were prepared by mixing equimolar arteoaf 2,3-dihydroxybenzaldehyde and
respective 4-haloaniline in freshly dried ethadter refluxing for 2 hours, red crystalline
solid product was appeared which was cooled, dtterand further processed for
crystallization in a mixture of chloroform and nxaae (3:1).

Ci13H10CINO,: Mol. Wt. 247.68 gmot, Yield 87 %, M.P. 127.5C; FT-IR (KBr, v/cm™):
3445 (OH phenolic), 3032 (CH Aromatic), 1617 (HCSKhiff base), 1463 (C=C Aromatic),
Anal. Calc.: C, 62.73; H, 4.06; N, 5.63. Found: 61,52; H, 3.91; N, 5.49 %H NMR
(DMSO-ds, ppm, 400 MHz)3: 8.58 (s, 1H, CH=N), 12.52 (s, 1H, OH), 9.32 (|, DH),
6.84 (t, 1H), 7.05 (dd, 1H), 6.95 (dd, 1H), 7.52 Zé), 7.02 (d, 2H)**C NMR (DMSO-@,
ppm, 101 MHz)s: 163.42 (CH=N), 149.5 (C-OH), 149.1 (C-OH), 1483N), 119.6-132.8

(Aromatic Carbons).
3-((4-bromophenyl)imino)methyl)benzene-1,2-diol (HL?)

Ci13H10BrNO2: Mol. Wt. 292.13 gmet, Yield 83 %, M.P. 150.2C; FT-IR (KBr, v/cm?):
1620 (HC=N Schiff base), 3448 (OH phenolic), 308®1(Aromatic), 1462 (C=C Aromatic),
Anal. Calc.: C, 53.40; H, 3.46; N, 4.79. Found: 53,28; H, 3.30; N, 4.65 %H NMR
(DMSO-d;, ppm, 400 MHz)S: 8.56 (s, 1H, CH=N), 11.08 (s, 1H, OH), 9.87 (5|, DH),
6.83 (t, 1H), 7.07 (dd, 1H), 6.92 (dd, 1H), 7.75 2#), 7.15 (d, 2H)}*C NMR (DMSO-d,
ppm, 101 MHz)5: 162.52 (CH=N), 149.4 (C-OH), 149.0 (C-OH), 150C3N), 119.6-132.9
(Aromatic Carbons).

24  Synthesisof transition metal (I1) complexes

All the metal complexes were prepared by the foilmuymethod. Corresponding metal (11)
acetate salt was added to hot ethanol solution abiiffSbase ligand in molar ratio 2:1
respectively. In few minutes, the colored complexswprecipitated out in each case. The

complexes were filtered and washed with ethanol.
bis(2-(((4-chlorophenyl)imino)methyl)-6-hydroxyphenoxy)zinc (ZnL3)

C26H18CI2N204Zn: Mol. Wit.: 558.72 gmd’r Yield: 74 %, M.P. 278.3C; FT-IR (KBr,
v /lcm?): 1574 (HC=N Schiff base), 3060 (CH Aromatic), 34€=C Aromatic), 450 (Zn-O),
428 (Zn-N); Anal. Calc.: C, 56.12; H, 3.27; N, 5.0%und: C, 55.97; H, 3.01; N, 4.88 &
NMR (DMSO-d;, ppm, 400 MHz)5: 8.43 (s, 1H, CH=N), 9.82 (s, 1H, OH), 6.82 (t,)1H
7.06 (dd, 1H), 6.91 (dd, 1H), 7.51 (d, 2H), 7.78 Z#), 1°C NMR (DMSO-@, ppm, 101



MHz) &: 158.7 (CH=N), 145.4 (C-O), 147.24 (C-OH), 151C%N), 119.6-132.8 (Aromatic

Carbons).
bis(2-(((4-bromophenyl)imino)methyl)-6-hydroxyphenoxy)zinc (ZnL3)

Co6H18BroN2O4Zn: Mol. Wt.: 647.62 gmdjr Yield: 78 %, M.P. 243.6C; FT-IR (KBr,
v /lem™®): 1576 (HC=N Schiff base), 3018 (CH Aromatic), 64€=C Aromatic), 443 (Zn-O),
418 (Zn-N). Anal. Calc.: C, 48.18; H, 2.81; N, 4.8dund: C, 48.02; H, 2.63; N, 4.09 &
NMR (DMSO-d;, ppm, 400 MHz)s: 8.39 (s, 1H, CH=N), 9.78 (s, 1H, OH), 6.81 (t,)1H
7.20 (dd, 1H), 6.86 (dd, 1H), 7.20 (d, 2H), 7.75 2#1), °C NMR (DMSO-d¢, ppm, 101
MHz) &: 158.5 (CH=N), 145.5 (C-O), 147.38 (C-OH), 152@N), 119.6-132.9 (Aromatic

Carbons).
bis(2-(((4-chlorophenyl)imino)methyl)-6-hydroxyphenoxy)cobalt (CoL?)

CusH18 CIoN,O4Co: Mol. Wt.: 552.27 gmdf Yield: 79 %, M.P. > 300C; FT-IR (KBr,
v /lcm?): 1578 (HC=N Schiff base), 3019 (CH Aromatic), 14€=C Aromatic), 541 (Co-O),
466 (Co-N); Anal. Calc.: C, 56.49; H, 3.29; N, 5.66und: C, 56.25; H, 3.06; N, 4.89 %.

bis(2-(((4-bromophenyl)imino)methyl)-6-hydroxyphenoxy)cobalt (CoL3)

Ca6H1sBroN,04Co: Mol. Wt.: 641.17 gmot Yield: 82 %, M.P. 291.5C; FT-IR (KB,
v /lcm?): 1572 (HC=N Schiff base), 3022 (CH Aromatic), 24&=C Aromatic), 538 (Co-O),
458 (Co-N). Anal. Calc.: C, 48.66; H, 2.84; N, 4.86und: C, 48.55; H, 2.60; N, 4.15 %.

TGA data of metal complexes is given in Table 1.
25  X-Ray Structure Deter mination

Single crystals ofHL' and HL? were used to investigate structural arrangemesisgu
Microstardiffractometer at 100 K. Charge Flipping programswed to solve the structure
with olex2 [46] and refined with XL [47] refinemenpackage using least squares

minimization. Data and details of crystal structare given in Tables 2-4.

2.6  Assay of alkaline phosphatase activity

Synthesized Schiff bases and their metal complexee investigated for inhibition of
alkaline phosphatase (ALP) enzyme as the repor@cedure [47]p-Nitrophenyl phosphate
was hydrolyzed in the presence of ALP, ¥ipns and phosphate buffer of pH 9.8 to produce

yellow coloredp-nitrophenol (Scheme 1) and the progress was nrewitby measuring its
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absorbance values at 405 nm. Finally different arnteof the synthesized compounds were
added periodically from stock DMSO solution and abance was measured again after
incubation. Each experiment was repeated thriceaaretlage values were used to calculate
percentage inhibition.

_ . ALP _
p-Nitrophenyl phosphate + Mﬁ+ H,O ——— > p-Nitrophenol + P

Scheme 1. Hydrolysis of alkaline phosphatase
where Ris inorganic phosphate.

2.7  Quantitative antibacterial activity assay by minimum inhibitory concentration

In vitro Serial dilution microplate method was used fored®ination of MIC on
Saphylococcus aureus and Escherichia coli bacteria according to previously described
methods with some modifications [48, 49]. The tesimples were dissolved in
DMSO/Mueller Hinton Broth (MHB). The final conceatron of DMSO was kept lower than
2.5% so it may not affect the bacterial growth. Pphepared test samples (L00were added
to the first well of a 96-well microtiter plate arsérially diluted two fold. Overnight grown
bacterial cultures were adjusted to 0.5 McFarlaaddards and 10 were added to each
well. The plates were incubated at 37°C for 18 fifee assay was performed in triplicate.
Wells containing MHB with 100 of inoculum and DMSO to a final concentration25%
served as negative control. The MIC of samples mvaasured by the addition of 40 of

1 mg/5 mL of p-iodonitrotetrazolium violet (INT) dnincubated at 37°C for 30 min. The
lowest sample concentration that prevent the odbange of the medium by the addition of
INT, demonstrated the complete inhibition of midedbgrowth [48]. Microplates with

experimental results can be seen in Fig. S1-S4vd@idvalues are given in Table 7.

2.8  Invitro anti-cancer activity
28.1 Cdl culture

Human hepatocellular carcinoma HepG2 (ATCC HB-808§5¢¥Il line was cultured in
DMEM supplemented with FBS (10%), Na-pyruvate (1 )nMglutamine (2 mM), penicillin
(200 U/ml) and streptomycin (100 pg/ml). The cudgiwere maintained at 37°C and 5%,CO

under humidified conditions.

2.8.2 Cytotoxicity analysis



In vitro cytotoxicity analysis of the compounds was donestbijorhodamine B (SRB) assay
as described earlier [50]. In short, actively gnogviHepG2 cells (10000 cells/well) were
exposed to the compounds at 200 concentration for 24 hrs under standard culture
conditions. Untreated and DMSO (solvent) treateluoes were included as experimental
control. Cultures were fixed using pre-chilled iimroacetic acid (50%) for 1 h at 4°C,
washed thoroghly with deionized water and air drilge cells were then stained with SRB
solution (0.05%) for 30 minutes, washed with acedmid (1%), dried overnight and
photographed with a Olympus IMT-2 inverted micrgge@quipped with digital camera. The
incorporated dye was solubilized in 10 mM Tris aataborbance (OD) was measured on
microplate reader (AMP PLATOS R-496) at the wavgtarof 565 nm. Percent (%) viability
was calculated relative to the untreated samplegukie following formula

Percent (%) viability = [AbS(56%}t samprADS(565)0mpound control/ ADS(565)ntreated sampte
Abs(565)and * 100

Where, Abs(56%)st sample@Nd AbS(56%reated sampitS OD for cultures treated and untreated
samples, respectively. Abs (56B)ound conroi@Nd Abs (568)ank is the OD measured in
compounds only and media only samples.

2.8.3 Statistical analysis

The results presented as mean + SD were analyseSNIOVA and two tailed t-test.
Differences between untreated and treated sample® wvestigated. Further, metal
complexes were compared with their respective $dbdises. Results were considered
significant when p<0.05.

2.9 Invivo Antidiabetic Activity

29.1 AnimalsMaintenance and Treatment

A total of fifty healthy adult male Sprague—Dawlets (average body wt = 255 + 19Q)
obtained from the National Institute of Health lelbad and were maintained at the Animal
House Facility of the Animal Sciences Departmentai@-i-Azam University Islamabad.
Five rats were housed per single cage and hadéwsss to standard rodent diet and drinking
water maintained, while photoperiod conditions wk2aL:12hD. A total of eight groups (n
= 5) were made diabetic through a single dose (h§tkg b.w) of alloxan monohydrate
(Sigma Aldrich, USA) administered intraperitonatydvernight fasted rats. Six groups were
treated with six different compoundH.L!, HL?, ZnL}, ZnlL%, CoL} andCoL3 with acute

dose of 35.0 mg/kg b.w while the control groupssitiee and negative were treated with



antidaibetic compound glibenclamide (10mg/kg b.wgsdlved in distilled KO, (Euglucon,

Roche Pharma) and normal saline respectively [51].
2.9.2 Glucose, Triglyceridesand Cholesterol Deter mination

Glucose level was determined from blood sampleec®ld from the caudal vein at different
times. Two samples were drawn before treatments eampounds (dissolved in DMSO) (-1
pre alloxan sample and O post alloxan sample) amdrssamples were drawn at one hour
interval (1, 2, 3, 4, 5, 6 and 7hr) post treatmeith compounds. The plasma level of glucose
was determined with a glucometer (Accu-Check AcReehe) and dextrostix strips.
Triglycerides and cholesterol level were determinlecbugh commercially available kits
obtained from the Globe Diagnostic (Italy), followgi the standard procedure given in along

with each Kkit.
293 Statistical Analysis

Data were analyzed through one-way analysis ofimag (ANOVA) to compare the means
between groups, followed by Post hoc Bonferrontstder multiple comparisons among
different groups. Data are presented by line orgnaphs as mean + S.D, while P < 0.05 was
considered statistically significant difference.

3. Results and Discussion

31 Structural Characterization

FTIR spectra oL andHL? showed a strong absorption band in the range 1620-cnm
due to azomethine group indicating the formatiorsohiff bases. Moreover, appearance of
resonance signals related to azomethine protoncanbn in*H and **C NMR spectra
respectively confirmed the formation of Schiff basébsence of primary amine peak
revealed their purity. Zn metal complexes were icordd by the shifting of azomethine
signal to longer wavelength (1574-1576 9nin FTIR spectra and by downfield shifting of
azomethine resonance signals in the NMR spectsappearance of proton resonance signal
related to ortho-hydroxyl group also ensured therdimation of ligand molecules with zinc
ions. Thermogravimetric analysis of metal complexeas carried out from ambient
temperature to 1000 °C in nitrogen atmosphere. Juramary of decomposed fragments
against various temperature ranges is summarizéiteiiable 1. These observations are in

line with elemental analyses. No weight loss arod@f’C ensured absence of water
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molecules in coordinated structures. In all casggnfientation took place in one step with the
loss of ligands and metal oxides left in the forimesidue.

3.2  Crystal structuresdescription

Crystal structure oHL' is depicted in Fig. 1 along with crystal packingdanumbering
scheme. Summary of structural refinements and argsita can be seen in Table 2. Selected
bond distances and bond angles ir' are presented in Table 3 and compared with DFT
calculated parameters. Critical review of the dateeals that the novel Schiff basg.’
belongs to triclinic crystal system and have ncampl geometry as reported fidi? [52].
Smaller N-C7 bond length as compared to N-C8 esstoeible bond character in the N-C7
bond and existence of molecule in enolic form appsued by computational results.
Distorted hexagonal rings can be justified by thespnce of attached groups. There is a
possibility of intermolecular as well as intramal&r hydrogen bonding as shown in Table 4
and Fig. 1. Experimental parameters were found dodgagreement with the calculated

values. In case diL? results were found similar as reported by Sleti. [52].

3.3  Electronic absor ption spectroscopy

Fig. 2 depicts absorption spectra of 13.8 uM sohdiof ligands and their metal complexes
in 9:1 mixture of ethanol and DMS®IL" exhibits an intense band at 222 nm and a less
intense doublet with maxima at 250 and 266 nm. ifitense band is thought to be duerto

©* transitions of aromatic rings while less intergriblet can be assignedsrtern* transitions

of —C=N group and —C=0 group which arises due utotaerism [47]. In case ¢1L? these
bands shifted to 225, 284 and 318 nm, respectividlis red shift can be attributed to the
increase in electron density due to less electratnegynature of —Br group hence decreasing
the required energies for transitions [47]. Furtbbservation of Fig. 2 reveals that all the
metal complexes have different photometric behaagcompared to ligands due to change
in their orbital energies and band gap values shbythe computational results (Table 6).
Moreover, appearance of new peaks in the rangd®235 nm and 370-500 nm offers the
strong evidence of complexation. Shifting of signatlated to azomethine and carbonyl
groups towards larger wavelength suggests a stgnificharge transfer from metal orbitals to
ligand orbitals (LMCT) [51]. Appearance of (lesgeinse) new peaks after 450 nm can be
assigned to d-d transitions which were used to timel geometry of the complexes by
calculating their extinction coefficients. 554 a8#l1 nf mol* ¢ values suggesZnlL? and
CoL3 to have tetrahedral geometries [53, 54]. GeomewfegnL) and CoL} can't be

predicted due to absence of charge transfer band.
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The absorption spectra of 20M HL* andHL? in different pH media are shown in Fig.3.
Observation of the spectra reveals that pH of tleeliom strongly affects the photometric
behavior of both the ligands. Increase in the aliktglof the medium results in bathochromic
shift. This shift can be explained by the removighmton from —OH group leaving negative
charge on oxygen atom which makes the transitiomenieasible [55]. Appearance of
isosbestic points in the range of 253-351 nm indcdhe existence of equilibrium between
different mesomeric forms of the molecules. In casemetal complexes no significant
change was observed with increase in pH probabdytdiM-O bondskmax € andpK, values
for ligands and their complexes are summarizechinld 5.

34  Computational Studies

Structures of Schiff bases and their metal com@eaxere optimized using 6-31++G** and
6-31G™ basis sets, respectively due to complexity of inetaplexes. Results reveal that
both the ligands possess non planar structuregpmsted for such molecules [47]. Bond
lengths obtained from DFT studies were comparetl experimental results obtained from
X-ray analysis and found in good agreement (TableMgtal complexes were found to
possess tetrahedral geometries as shown in Fighe&.most stable confirmation was also
used to calculate different useful parameterstikal energy, dipole momentygvo, E umo,
band gap energy AE = Biomo - Elumo), Iionization energy, electron affinity,
Electronegativity (Table 6). These calculations ueasabout the geometries of metal

complexes and offer better explanation to the erpanrtal findings.

35 Inhibition of ALP

Alkaline phosphatases (ALPs) are dimeric metalizyenes having zinc metal ions in each
active site [47] . In bacteria they are presenpeniplasmic space while in humans they are
present in all body tissues but mainly in kidndgcpnta and intestinal mucosa [56]. They are
one of the clinical important enzymes as they aataalysts in dephosphorylation and their
abnormal amount causes several diseases includingmia, hypophosphatasia,

hypothyroidism, osteoporosis, leukemia, lymphonraabt cancer and sarcoidosis [57, 58].
Metal complexes of Schiff bases are found to be ipésbitors of phosphatase enzymes [59]
as they can block their active cites, thereforett®gized compounds were screened for
inhibitory action. All the compounds were found teduce the activity of enzyme in

concentration dependent manner (Fig. 5); howevesgnce of metal ions enhanced this
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inhibitory action as expecte@nL3 has shown best results with 80% inhibition at H0®

concentration.
3.6  Antibacterial activity

CompoundsHL!, ZnL} and HL?> have shown moderate antibacterial activity (i)
againstE. coli while HL! andCoL} have moderate antibacterial activity agaiisaureus.
Rest of all the compounds have low antibacteridiviag (>100ug/ml) against both the
bacteria [60]. Microplates with experimental resutian be seen in Fig. S1-S4 and MIC
values are summarized in Table 7.

3.7 Invitro Cytotoxicity analysis

The Schiff bases and their metal complexes weresinyated for cytotoxic potential against
HepG2 cell line (Fig. 6 & 7). Cultures were exposedhe compounds (200g/ml) for 24
hours, and then analyzed by SRB assay. Data shtvatdothZnL3 (relative viability =
26.67 + 3.97) and’oL3 (relative viability = 32.53 + 2.54) were biologlaactive against
HepG2 cells, whereaH L? exhibited slight toxicity against the cultures. @® other hand
HL?! (relative viability = 36.78 + 2.85) was more toxihien compared t@nL} andColL3.
Furthermore,ZnL% and CoL3 also induced morphological changes in the cellssicg

cellular clumping and blebbing thus leading to apsjs [61, 62].

3.8 Invivo Antidiabetic Activity

CompoundH L! showed high level of diabetic activity. The ratsated with compounH L1
had higher blood glucose level as compared to igestontrol group (< 0.001), while no
significant difference was observed in comparisdth veompoundsZnL}, CoL} and the
negative control group. CompounZinL} andColL! aslo drastically increased glucose level
as compared to positive control group<{(P.001), (Fig. 8A).

In contrast compoun@nL3 had better antidiabetic potential thHik?and CoL3 compounds.
The blood glucose level of the rats treated witmpoundZnL3 was lower as compared to
HL? treated groupCoL3 treated group and negative control group<(P.001 in all cases).
The antidiabetic potential @&nL3 was almost similar to the reference antidiabetimgound
(Fig. 8B).

A high level of similarity was found in the level diabetic potential betweelL! and ZnL1}

compounds and betwe@&wL} andCoL% compounds. The blood glucose level of the treated
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rats with these four compounds was significantiyhler than the positive control group <P
0.001), while comparable with the negative congrolup (P> 0.5; Fig. 8 A&B).

Compound HL! treatment significantly increased the serum tdghides concentration
compared tdiL? treatment (P< 0.01) and both negative and positive control gso(p<
0.001) but the concentration was found decreasedrapared toL} treated animals (R
0.001). Likewise, compounHL? led to significant increase concentration of grigrides as
compared t&nlL3, CoL3 (P < 0.001), and positive control group €P0.01). In contrast the
concentration of serum triglycerides was drastjcalecreased withiZnL3 treatment in
comparison withZnL} treated animals and negative control group<(®.001), while
treatment with compoundoL? caused a decrease in serum triglycerides condiemtri
comparison withtCoL2}, negative (< 0.001) and positive control groups<m.5), (Fig. 8C).
A highly significant decrease was observed in th@esterol level of the animals treated with
compoundsHL! (P< 0.01),ZnL! (P<0.05),CoL} (P<0.05),HL? (P< 0.001), andCoL3

(P < 0.01) in comparison with the negative control granimals. The concentration of
cholesterol did not decrease witlnL3 treatment in comparison with negative control grou
rats (P> 0.5), however highly significant increase as coregaoHL? (P < 0.01) andCoL3
(P<0.5) compounds (Fig. 8D).

4 Conclusion

Two Schiff bases and their four metal complexesewsynthesized and characterized by
various techniques. FTIR, NMR, elemental analysid &GA ensured the formation of

compounds. XRD results indicated the existence-bbHding in Schiff base molecules and
DFT results also supported these findings. Comjmurital results were also used to explain
ensure the geometry of metal complexes and findseful energy parameters. Photometric
signature of Schiff bases was found to be strongty dependent. Furthermore, metal
complexes were found good inhibitors of alkalineogphatase enzyme than Schiff bases.
Results of antibacterial, anticancer and antidiabattivities reveal that some of these
compounds have good potential to be used in drugldementZnL3 was found to be most

active against cancer cell as well as diabdtd<. have shown markable decrease in blood
cholesterol levelFurther efforts should be made to precisely explloegpossible mechanistic

pathways of their activityn vivo as well agn vitro.
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Table 1. Thermogravimetric Analysis data of metal (11) coewgs

Complexes Temp.0 Evolved % Weight loss % Residue

range’C components Observed Calculated Observed Calculated
Znl} 320-358 GgH1sCloN,O,  82.78 88.57 f;%z 17.43
Zni2 375420 GaHuBrNO, 8420 8496 0%
Col} 540-580 GgHis CI,N,Os 86.92 86.43 53(3.(38 1356
CoL3 380-431 GeHisCLN,O; 88.92 8831 -9

11.08 11.68



Table 2. Crystal data and structure refinementHr*

Identification code HL?

Empirical formula GaH1oNOLCl
Formula weight 247.67
Temperature/K 100

Crystal system triclinic

Space group P-1

alA 6.0176(6)

b/A 8.7051(8)

c/A 11.6778(11)

al° 85.304(4)

Br° 80.991(4)

v/° 70.664(4)
Volume/A? 569.81(10)

z 2

peacmg/mn? 1.444

m/mmi* 2.877

F(000) 256.0

Crystal size/mrh 0.25 x 0.2 x 0.04
20 range for data collection7.668 to 140.152°
Index ranges -£h<7,-10<k<10, -14<1<14
Reflections collected 19056
Independent reflections 2134[R(int) = 0.0471]
Data/restraints/parameters ~ 2134/0/163
Goodness-of-fit on ¥ 1.058

Final R indexes [I>=2 (I)] R;=0.0367, wRR=0.1008
Final R indexes [all data] 1R 0.0370, wRR=0.1012
Largest diff. peak/hole / e A0.24/-0.31



Table 3 Selected experimental and calculated geometriampetiers foHL*

HL* (exp) HL'(calc) A
Bond Distance (A®)

Cl1 Cil1 1.743(15) 1.757 0.014
o1 c2 1.359(17) 1.351 -0.008
02 C3 1.369(18) 1.361 -0.008
N1 c7 1.287(19) 1.289 0.002
N1 o:} 1.416(19) 1.407 -0.009
C1l C7 1.448(2) 1.449 0.001
Bond Angles (°)

C7 N1 C8 119.69(12)121.25 1.56

C2 C1 C7 120.54(13)120.56 0.02

C6 Ci C2 119.05(14)119.02 -0.03

o1 c2 c1 121.87(13)123.39  1.52

02 C3 C4 118.74(13)120.32  1.58

N1 c7 c1 121.58(13)122.26  0.68

C9 C8 C13 119.46(1401.18.84 -0.62

C13 C8 N1 118.49(13)118.04 -0.45

C10 Cl1 Cl1 119.10(120119.52 0.42

Table 4.Hydrogen-bonding geometry (A) for HL*

D HA dD-HYA  dH-AYA  d(D-AYA  D-H-AP
O1H1N10.92(2) 1.73(2) 2.5761(16)  152(2)
02H2 010.80(3) 2.08(3) 2.7789(15)  146(2)



Table 5.Selected photometric parameters of ligands andlroetaplexes

Compounds Amax (NM) e M1em?) x10* PKa
HIY 222 3.42 7.0
HL? 226 2.03 6.0
ZnL} 219 5.61 .
Zni2 232 4.32 .
Col} 241 5.58 -
CoL2 245 6.07 .

Table 6. Selected computational parameters of ligands anthlnoemplexes calculated by
RB3LYP set using DFT method in GAUSSIAN 09 software

HL! HL? ZnlL} Znl? ColL} ColL3

Charge 0 0 0 0 0 0
Spin Singlet Singlet Singlet Singlet Doublet Doublet
Dipole Moment (D) 4.400 4.815 6.140 6.543 6.233 6.660
Total Energy (kev) -31.581 -88.829 -111.319 -225.815 -100.579 -215.075
Enomo (eV) -0.207 -0.205 -0.217 -0.214 -0.216 -0.212
ELumo (ev) -0.089 -0.086 -0.088 -0.085 -0.094 -0.086
AE gap (ev) 0.118 0.119 0.129 0.129 0.122 0.126

lonization Energy (kJmd) 19972 19.779 20937 20.648 20.841 20.455
Electron Affinity (kJmol") 8.587  8.298 8.491 8.201 9.070 8.298

Electronegativity (kJmol)  .0.148 -0.146 -0.152 -0.150 -0.155  -0.149
Point Group C1 C1 C1 C1 C1 C1



Table 7.MIC of Schiff bases and metal complexes agdinsbli andS. aureus bacteria

Compounds E. coli (ng/ml) S. aureus (ug/ml)
HIL! 16 32

ZnlL} 64 >128

ColL} 128 128

HL? 64 64

ZnlL3 >128 >128

ColL3 >128 >128

Standard Control (Ceftriaxone) 0.5 0.25

DMSO concentration was less than 2.5%. The actofityompounds is significant when MIC<10 mg/mL, recate
when 10<MIC<100 mg/mL and low when MIC>100 mg/mI0]6



Fig. 1. Crystal packing oHL" along with numbering scheme and unit cell dimemsio
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Fig. 2. UV-Visible spectra of 13.8M HL?, HI? ZnL}, CoL}, ZnL3 andCoL}
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Fig. 6. Morphological effects ofhe synthesized Schiff bases and their metal corepl¢/L!,
HL?, ZnlL}, ZnL%, CoL} andCoL%) on HepG2 cells. Unexposed, DMSO (negative contamdl
Doxorubicin (positive control) were included as exmental controls.
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Relative (%) Viability

ZnlL3, CoL} and CoL3) on the viability of HepG2 cells. Exponentiallyogring cultures were
treated with the compounds (200 pug/ml) for 24 h petcentage viabilities (mean + std.dev)
were calculated relative to the unexposed samgieg) BRB assay. *P < 0.01 when compared to
untreated control sample, **P < 0.01 in comparisath respective Schiff base (two tailed t-
test).
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Highlights
» Two Schiff bases and their four complexes were successfully synthesized and characterized
* Detailed photometric response was evaluated in awide pH range
» Experimenta results were found in good agreement with the computational results

* The synthesized compounds were screened for various biological activities



