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ABSTRACT

Mn(Il) complex with orthohydroxypropiophenoneisaminoylhydrazone has been synthesized. The stalctu
features and other properties were deduced fromlfheElectronic, EPR spectra and powder X-ray diftion
(XRD) techniques. The Electronic spectrum exhimtsous bands which were characteristic of Mn(H)distorted
octahedral site symmetry. The Powder X-ray difitacpatterns of the complex have indexed to momiacsystem.
The ligand and Mn(ll) complex have been testedirforitro antibacterial and antioxidant activitied/olecular
docking experiments were conducted to evaluaténthibitory activities of ligand and its Mn(ll) cortgx against
DNA. The results reveal that the Mn(ll) complexvgtanore activity than the free ligand and the higdénergy of
docked ligand and Mn(ll) complex were found to-B® and-7.4Kcal mol*, respectively. The more negative
relative binding energy of Mn(ll) complex suggegtsater interaction with DNA than the ligand.

Keywords: Mn(ll) complex, biological activities, molecular docking studidsPR spectra.

INTRODUCTION

There has been growing interest in the study ofrdg@hes because of their physiological activityprdmation
capability and applications in analytical chemiftrg2]. A number of hydrazone derivatives have iesting
bioactivity towards antibacterial, antifungal[3], nteonvulsant[4], anti-inflammatory[5], antimalalfi],
analgesic[7], antiplatelets[8], antituberculosisf@d anticancer activities[10].

Hydrazones also act as herbicides, insecticidepataeides, rodenticides and plant growth regulatiand were
used as plasticizers, stabilizers and antioxidaittators for polymerization[11]. Transition metatgve varying
utility and interesting chemistry. Coordination qooonds were important due to their role in biolagiand
chemical systems in various ways. Manganese antbihpounds find very historical importance in noagdgé and
play a significant role in enzyme activation. laswvell known that Mn plays an important role innp&iological
redox process, including disproportionation gf¥12] (catalase activity) in microorganisms, decompositié O,
radicals catalysed by superoxide dismutases (S@D&water oxidation by photosynthetic enzymes (@hatem
I1)[13,14]. Moreover, metal complexes with hydragershow antimicrobial, DNA-binding and cytotoxidiwaities.
It has also been shown that metal complexes witlrdzpnes can be potent inhibitors of cell growtd &NA
synthesis [15-28]. It has thought worthwhile thiaé tmetal complexes by the combination of transitizetal ion
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with a potent hydrazone Schiff base ligand showddmore biologically active than the metal saltshe ligand
individually.

In view of this we here in describe the synthesisaracterization and bioassay of Mn(ll) complex hwit
Orthohydroxypropiophenoneisonicotinoylhydrazone.

MATERIALS AND METHODS

Chemicals and reagents

All the chemicals used were of analytical gradegadic chemicals such astocopherol, 1,1- diphenyl-2-
picrylhydrazyl (DPPH), orthohydroxypropiophenongonicotinicacidhydrazide and dimethylformamide (DMfere
procured from Sigma Aldrich and all metal salts evprocured from E. Merck.

Instrumentation

The IR spectra of the compounds were recorded blicalet FT-IR 560 Magna spectrometer using KBrigtl
Mass spectrum was recorded in a Quattro LC, MicasdMspectrometryThe electronic spectrum of the complex
was recorded on a Perkin EImer UV/VIS Lambda 999REpectrum was recorded on an EPR spectromet®L (JE
FE-1X) operating in the X-band frequencies with admlation frequency of 100KHz. 100mg of Mn(ll) colep
sample was taken in a quartz tube for EPR measuteifige magnetic field was scanned from 2200 td0&Qvith

a scan speed of 250G rifiriThe Absorbances of the samples for DPPH studége weasured using Systronics UV-
VIS spectrometer-117. Centrifugation was done ustigMI centrifuge.A digital pH meter (Model L1-10 Elico,
India) was used for measuring pH. X-ray diffraceer (PHILIPSPW3710) using CyK1.5418A) radiation
operated at 45kV and 25mA was used in X-ray ingasions.

Experimental section

Synthesis of ligand

Approximately 15ml (0.1mol) of orthohydroxypropiogione was dissolved in 150ml of methanol and 13.7g
(0.1mol) of isonicotinicacidhydrazide was dissolvadl50 ml of water. The two solutions were takera 500ml
round bottomed flask, two pellets of sodium hyddexivas added and refluxed for two hours on a wad#r. The
resultant product Orthohydroxypropiophenoneisomogthydrazone(L) was filtered, washed with waterda
methanol. It was recrystallised using aqueous nmelhend dried. The synthesis and structure of ligaas given in
scheme 1.

C,Hg M
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Orthohydroxypropiophenone Isonicotinicacid-hydrazide Orthohydroxypropiophenone-isonicotinoylhydrazone(L)

Scheme.l. Synthesis and structure of ligand

Synthesis of manganese(ll) complex

An aqueous methanolic solution of manganese(lipradd (0.001mol ) was added to hot methanolic temtuof
free ligand(0.002mol). The reaction mixture wasusefd on water bath for 2-3h at°@ On cooling the contents to
room temperature, the resulting dark black colareahplex precipitate was filtered, washed with 50¥aaol and
dried.

Biological studies

Antibacterial activity

In vitro antibacterial screening was performed by the dgar diffusion method[29-30].he bacterial species used
in the screening were gram-negative bacteria sa&iebsiella pneumoniaandEscherichia coliand gram-positive
bacteria such aStaphylococcus aureuasnd Bacillus subtilis Stock cultures of the test bacterial species were
maintained on nutrient agar media (Hi-media lalmwtas, Mumbai) by sub culturing in Petri dishes.eTmedia
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were prepared by adding the components as per metntér’s instructions and sterilized in the ateelat 129C

and 15Ib pressure for 15min. Each medium was caolé - 66C and 20 ml of it was poured into a Petri dish alfmived

to solidify. After solidification, the Petri plategith media were spread with 1.0 ml of bacteriapnsion prepared in
sterile distilled water. The wells were bored withrk borer and the agar plugs were removed. To agah well,
100u of the compound reconstituted in DMF of concetidra 1.0mg/ml was added. DMF was used as a negative
control and in similar way, antibiotics such as aitin and tetracycline were used as positive coinstandards.

All the plates were incubated at’87for 24 h and they were observed for the growtfibition zones. The presence
of clear zones around the wells indicate that blo¢hligand and Mn(llcomplex were active. The diameter of zone
of inhibition was calculated in millimeters. The lha@iameter was deducted from the zone diametgetdhe actual
zone of inhibition diameter and the values wereilizied.

DPPH scavenging activity

The principle for the reduction in DPPH free rallicaas that the antioxidant reacts with stable feetical DPPH and
converts it to 1,1- diphenyl-2-picrylhydrazine. Tiglity to scavenge the stable free radical DPRH measured by decrease
in the absorbance at 517nm. Solutions of the ligand Mn(Il) complexat 100puM concentration were added to
100uM DPPH and kept in ethanol tubes. The tubes Wept at ambient temperature for 20min and alasmds
were measured at 517nm. For positive contselpcopherol was used [31]. These measurements vueran
triplicate. The percentage of scavenging activigswalculated as follows:

Scavenging activity (%) = [(AeprrATesT) / Apppd X100

Where, AppnWas the absorbance of DPPH without test sampleti@( and Aestwas the absorbance of DPPH in
the presence of test sample.

Molecular docking studies

The 3D coeordinates of the crystal structure of the DNA dupleceptor structure (PDB ID: 423D) was downloaded
from the Protein Data Bank _(http://www.rcsb.org/ffidime.dyp with 12 base pairs sequence was
d(ACCGACGTCGGT). Before docking, all water molecules were remofrech DNA file 423D. After removing
the water molecules, -dtoms were added to DNA for correct ionization. ®teictures of the free ligand and
Mn(ll) complex were constructed using ChemSketchisTcan be used for generating chemical structdre o
bioactive compounds, 2D structure cleaning and pinozation[32]. MGL tools 1.5.4 with Autodock vinaere
used to setup and perform blind docking calculatioetween the bioactive compounds and DNA sequ@Bte[he
DNA was enclosed in a box with number of grid psiint xxyxz directions, 80x60x64 and grid spacing &75A.
The default settings were used for all other patarse

RESULTS AND DISCUSSION

Characterization of ligand

The ligand, Orthohydroxypropiophenoneisonicotinggltazone(L), was obtained by condensation reactidh
equimolar solutions of orthohydroxypropiophenonel asonicotinicacidhydrazide. The free ligand wagpae
yellow crystalline. The yield was about 86%. Thgahd was analyzed by elemental analysis, IR ands mas
spectroscopy. The mass spectrum of ligand (Figyrehbws a molecular ion (M peak at m/z value of 269,
corresponding to the speciess1sN:;0,. These spectral data confirms the proposed fornofilahe ligand
Ci15H15N30,.
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Figure 1 Mass spectrum of the ligand

1301
Scholar Research Library



G.N.Rameshet al Der Pharmacia Lettre, 2012, 4 (4):1299-1307

Characterization of Mn(Il) complex
The newly formed Mn(ll) complex was characterized BT-IR, electronic, EPR spectra and powder X-ray

diffraction (XRD) techniques.

IR studies
The IR spectra of ligand and Mn(ll) complex were@wh in figures 2 & 3, respectively. The IR spectromthe

ligand shows broad bands at 3448, 3280, 1680, ct60which can be attributed to the phenal{©H), v(NH)
v(C=0) andv(C=N) group stretching frequencies respectivelye phenolic OH band was absent in the complex,
indicating the coordination through the phenolic @kbup and also a considerable negative shift(it=0),
v(C=N) was observed indicating a consequence ofdboation through the carbonyl-oxygen atom and azbme
nitrogen atom of the free ligand. The —NH stretghabsorption in free ligand occurs at 328Gcwhich remains
unaffected after complexation. This precludes tlossibility of coordination through phenolic OH, banyl—
oxygen atom and imine nitrogen atom. However, some bands with medium to weak intensities appeahén
regions 425-513cthin the complex under study, which were tentatiadgigned to(M-0)A(M-N) modes[23].
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Figure 2 IR spectrum of Ligand
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Figure 3 IR spectrum of Mn(Il) complex
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Electron paramagnetic spectrum of the Mn(ll) comple

The X-band EPR spectrum of the Mn(ll) complex ofbedrat room temperature was shown in figure 4, dias
hyperfine lines centered around g = 2.015, whick elearacteristic of octahedral site symmetry of IMromplex.
These EPR parameters indicate that this Mn(ll) isgebas octahedral coordination, consistent withegina-
framework position[34]. In general, the g-value tbe hyperfine splitting was indicative of the natwf the
bonding. If the g-value shows a negative shift wahpect to the free electron value (2.0023) thenbbnding was
ionic and conversely, if the shift was positivegriithe bonding was more covalent. In the preses#,dhe g-value
shows positive shift, indicative of covalent borgliretween Mn(ll) and ligand.

. T .

2000 3000 4000
Magnetic field(G)

Figure 4 Powder X-band EPR spectrum of Mn(l1) at oom temperature¢ = 9.205GHz)

Electronic spectrum of the Mn(ll) complex

Mn?* ions belong to Hconfiguration and will have a ground state®8f,. These ions occur in Mn(ll) complex in
either octahedral or tetrahedral environments. mhature and position of the bands in figure 5 shdigl)
complex has an octahedral symmetry. In the presehcetahedral symmetry, one can predict a few igiigm
bands for Mn(ll) complex in the visible region cesponding to the transition®4(S) — *T14(G), °A14(S) — Tz

(G), ®A14(S) — “A14(G), *E1q(G), °A14(S) — “Exq(D), etc., In the present work, the observed fqectral bands
located at 24,753, 22,124, 20,121 and 17,79%were assigned to spin forbidden transiti&%g (S) — 4Eg (D),
CA14(S) — Tog(D), *A14(S) — “A1(G), “E4(G) and®A,4(S) — “T.4(G), respectively. The charge transfer band was
obtained at 37,737ct The observed band positions were given in Table 1

Table. 1 Electronic band transitions of Mn(Il) complex

Transition Wave length(nm) | Wave numbers(crit)
®A1((S)— “T2(G) 562 17,793
®A1((S) — “A1G),'E((G) 497 20,121
GAlg(S) - 4TZQ(D) 452 22,124
°A1((S) — “E¢(D) 404 24,753
Charge transfer 265 37,737
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Figure 5 Electronic spectrum of Mn(ll) complex

X-ray diffraction studies

The powder X-ray diffractogram of Mn(Igomplex was shown in figure 6. The average partide of the sample
was calculated using Scherrer's formula, with fillth at half maximum intensity of the plane (-628ttern. The
size of the crystal was found to be 85nm. Thisgpatican be indexed to a monoclinic unit cell. Tt @ell
parameters for the prepared crystalline Mn(ll) cterpvere a = 21.4738Ry = 9.6151A, ¢ = 10.2617AB =
136.340° and unit cell volume ¥ 1462.76& . The calculated and observed X-ray diffractiotadaas given in

Table 2.
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Figure 6 Powder X-ray diffraction spectrum of Mn(ll) complex
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Table.2 Powder X-ray diffraction data of Mn(Il) complex

d-spacing (A) D values

Observed | Calculated| Observed Calculated A 29 (k)
9.6683 9.6683 9.14 9.14 0.000 (-101)
7.4126 7.4126 11.93 11.93 0.0q0 (200)
4.807¢ 4.807¢ 18.4¢ 18.4¢ 0.00(¢ (020}
4.1998 4.1998 21.14 21.14 0.000  (-10R)
3.4197 3.4189 26.03 21.04 -0.006  (-42R)
3.0341 3.0297 29.14 29.46 -0.043  (221)
2.5781 2.5779 34.77 34.77 -0.003  (-80R)
2.2647 2.2633 39.77 39.79 -0.027  (-624)
2.092( 2.090¢ 43.2] 43.2: -0.028 | (-542
1.930¢ 1.930¢ 47.02 47.0: -0.001 | (-104
1.7480 1.7483 52.29 52.28 0.010 (-1102)
1.5295 1.5296 60.47 60.47 0.0401 -554)
1.4227 1.4237 65.56 65.51 0.052 (750)
1.3696 1.3696 68.44 68.44 -0.002  (452)
1.306¢ 1.306" 72.22 72.2¢ -0.01¢ | (-572
1.142: 1.142¢ 84.81 84.71 0.041 (752

Based on all spectral studies, the proposed steicfithe Mn(Il) complex was shown in figure 7.

CoHsg H | XN
@N/N | =
(e}
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|

5
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C,Hg A\
Figure 7 The proposed structure of Mn(ll) complex
Antibacterial activity
Thein vitro Antibacterial activity of the ligand and its Mn{dkomplex was tested against different micro-orgeusi.

The activities of the ligand and its Mn(Il) complexere compared to the standard antibiotics sucmgscillin and
tetracycline was given in Table 3. The Mn(ll) coepkhows higher antibacterial activity than thidree ligand.

Table 3. Antibacterial screening data of the ligandaind Mn(ll) complex (Zone of inhibition in mm)

Compound K. Pnuemoniae | E. Coli | B. Subtilis | S.aureus
Ligand(L) 06 14 08 -
Mn(ll) complex 12 22 14 09
Ampicillin 43 40 43 42
Tetracyclin 32 33 30 32

Antioxidant activity

The synthesized ligand and its Mn(ll) complex haeen screened for reduction in DPPH free radild00uM
concentration. The Mn(ll) complex shows good afstiin DPPH scavenging (40%) than the free ligé22Po) but
has less activity than standard antioxidanta-tocopherol (53%).

Molecular docking studies

The binding energy was obtained from the Schiffebligand and its Mn(ll) complex with DNA as receptdhe

output binding energy values (Kcal/mol) of the tigaand Mn(Il) complex were shown in Table 4. Acdogdto this

docking experiment, complex reasonably bind with ADEequence d(ACCGACGTCGGI)The less binding
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energy was obtained for Mn(ll) complex (-7.4Kcallinwhen compared to the free ligand(-6.9Kcal/maiyl dheir
binding models in major groove of DNA were depiciadfigure 8. It was observed that two kinds of fogkn
bonds were present in the binding model of Mn(tinplex. One kind of bond was formed by the phenoiggen
atom of complex and the amino hydrogen atom of (d&gth of hydrogen bond: C18 N-H...Qpex= 2.3A) and
other was composed of amino hydrogen of G7 anaitnegen atom of Mn (II) complex (length of hydregkond:
G7 N-H...Neomplex= 2.3A). In contrast, there were two kinds of hygkn bonds in the binding model of free ligand.
One kind of bond was formed by the phenolic oxygtam of ligand and the amino hydrogen atom of Abdth of
hydrogen bond: A5 N-H...Qua= 2.6A) and other was composed of amino hydrogeBsand the oxygen atom of
ligand (length of hydrogen bond: G4 N-H.;@q¢ = 2.3A). From the results of molecular docking stude
concluded that Mn(ll) complex shows the betterriattion with DNA than free ligand via its major gre. These
studies suggested that Mn(ll) complex cleaves Dfghowing the oxidative pathway[35].

Table 4. Docking results and consensus scores ofh#hyesized free ligand and Mn(ll) complex

Compound Biregi:nag?/ﬁqr;el)rgy No. of hydrogen bonds Acceptor group (Y-H) Donor goup Z | Distance (A)
. ) H(N3)(A5)(DNA-chain A) O8(ligand) 2.6
Ligand 6.9 2 H(N3)(G4)(DNA-chain A) |  020(ligand) 23
H(N4)(C18)(DNA-chain A)| 0O20(complex) 2.3
Mn(ll)complex 74 2 H(N7)(G7)(DNA-chain A) | N1(complex) 23

() (b)
Figure 8 Interaction of (a) ligand and (b) Mn(ll) complex with d(CGCGAATTCGCG), strands of DNA by minor groove binding
approach.
CONCLUSION

In the light of above discussions we have proposetdhedral geometry for Mn(ll) complex. The XRD du
suggested monoclinic crystal system for Mn(ll) céemp The Mn(ll) complex was biologically active aths
enhanced antibacterial and antioxidant activitiempared to its ligand. The Mn(ll) complex showeddarate
activity against four types of bacteri&téphylococcus aureuBacillus subtilis, Klebsiella pneumoniaand
Escherichia col. The docking results revealed that binding en@fgyocked ligand and Mn(ll) complex was found
to be-6.9 and-7.4Kcal mol*, respectively. The more negative relative bindéngrgy of Mn(Il) complex suggested
greater interaction with DNA than the ligand.
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