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ABSTRACT

Metal Complexes of (E)-N'-(pyridine-2-yImethylenejtinohydrazide (PCNH) were prepared by treatimgvith

various transition metal salts. The structure of tlgand was characterized by elemental, IR,NMR, *C NMR
and Mass spectral studies and the metal compleges eharacterized by elemental, molar conductatiReyUV,*H

NMR and ESR studies. Magnetic studies and condcetareasurements were also been carried out to lediahe
structure of the complexes. All the complexes Inameonuclear structure and possess octahedral gegnfeédox
behavior of the complexes has been investigatétlyblic Voltametry at the glass carbon electrod®.ih M DMSO.
Further, ligand and its metal complexes have bemrened for in vitro to evaluate their activity agst certain
micro organisms.
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INTRODUCTION

Finding of new compounds having pharmaceuticalviigs is an active field of research in recentrge#t has been
reported in the literature that antimicrobial arttles biological properties of the metal complexes faund to be
more than their parent ligand [1-3]. It is well ko that metal ion present in complexes acceletaedtug action
and the efficacy of the organic therapeutic agpfitsThe pharmacological efficiency of metal comq@e depends
on the nature of metal ions and the ligand [5]. Muawre attention has been given on the synthesgchbiff bases
due to their wide spectra of biological and phareagical activities such as antibacterial, antivigaitifungal, anti-
inflammatory, anti tubercular etc., So the synthefinew ligand and their complexes would be anoirgmt step in
the development of coordination chemistry. [6-8]pfdbe into the literature on some transition metahplexes of
the Schiff bases clearly reveals that they are aactneutral bidentate ligand and found to exhibdldgjical

properties. In general the heterocyclic compouralgny hetero atoms like N, O and S are found ts@®snore
pharmaceutical activities [9]. Owing to the aboa@groperties it is planned to synthesize a nelifSloy reacting

compounds containing N, O and S atoms. (E)-N'-(pye-2-yImethylene)nicotinohydrazide (PCNH) waspaned

by treating pyridine-2-carboldehyde and nicotinitidahydrazide.Using the synthesized compound as ligand,

Manganese (ll), cobalt (1), copper (Il) and zint) complexes were prepared both the ligand andpleres were
characterized by elemental analyses, molar condoetalV, IR, NMR, ESR, Cyclic Voltametry and Magicet
susceptibility. Further both the ligand and its ahebmplexes were screened for antimicrobial atiivi
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MATERIALS AND METHODS

The ligand and complexes were prepared using coniaflgr available chemicals of Merck and Sigma Afric
products. The purchased chemicals were used witlwoytfurther purification. The synthesized compaimcre
identified by TLC using Silica-G coated glass ptaded visualized by iodine vapor. Melting pointsevdetermined
by open capillary and are uncorrected. The elerhemtalysis was performed using CHNO analyZet.NMR
spectra were recorded on 300 MHz Brucker Spectremesing DMSO-¢l as the standard, chemical shifts are
expressed in ppm. IR spectra were recorded on $imBET-IR spectrometer in the 400-4000 tnegion. UV
spectra were recorded usibky visible Perkin Elemer model Arithmetic rangearfr 200-1100 nm. Biological
studies of the synthesized compounds were scrdgndidc diffusion method at EUMIC Laboratory, Tihi@apalli.

Synthesis of PCNH

To the ethanolic solution of nicotinic acid hyddei(3.4 g, 0.025 mol) is taken in a round bottomsK| pyridine-2-
carboldehyde (2.6 mL, 0.025 mol) was added (SchEm€he reaction mixture was kept over a magneitices and
stirred well in an ice cold condition for 3 hr. Thelorless solid formed was filtered and washedsdimes with
petroleum ether (40-60%). The crude solid obtaimes dried and recrystallized using absolute alcofibke
recrystallized product was dried over vacuum.
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Scheme 1. Synthesis of Nicotinic acid pyridine-24ylethylene-hydrazide

Synthesis of Metal complexes of PCNH

To the methanolic solution of PCNH (1.18 g, 0.00%, ach of the metal (Cu(ll), Mn(ll), Co(ll) and @)
chloride (0.0025 M) was added. The reaction mixwes taken in a around bottom flask and kept owaagnetic
stirrer cum hot plate and stirred well by maintagna temperature at 60°C. After 2 h the producasspd as a solid
was washed, filtered and dried over vacuum.

Result and Discussion

The synthesized compound and complexes were chdawmat by elemental analysis and FT-IR. The resofts
elemental analysis of the ligand and its complegedn Table 1, are in good agreement with thogeired by the
proposed formulae. The complexes are freely solubhBMF and DMSO. The molar conductance of the sigu
complexes is lying in the range= 99-154 16 Q * molcn?, in 10° DMSO, indicating their electrolytic nature.
The metal content in the complexes were estimayedomplexometry, while the geometry of the comptexeas
confirmed from elemental analysis, molar conductatiR, electronic spectra, ESR, Cyclic Voltamefrie ligand
and its complexes have been screened for thermatittimicrobial analysis.

Table 1. Elemental analysis and molar conductance the ligand and its complexes

L Elemental Analysis
Compounds| Mol. Formula Mol. Weigtt  Melt. Poipt % Found [% Calc.] Molar conductande
C H N [¢) Q *mol*cn?

63.61 4.46 24.7 7

PCNH GO 226 146 [63.71] | [4.46]| [24.76]] [7.07]
46.6 3.92 18.46 10.2

PCNHMn | GuH24CLMnNgO4 613 264 6.97] | 3o4| 8ol [1042] 126
46.6 3.88 18.12 10.15
46.22 3.87 17.8 10.22
46.26 3.84 17.9 10.22

PCNHZn GaH24ClLZNNsO, 622 246 ueas] | 387)| [17.03] [10.24] 118
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IR Spectra
The selected vibrational frequencies for the Sdbéf§e ligand and its complexes are presented ite PabilThe IR

spectrum of ligand showed characteristic band 8188 can be attributed to thé-NH-) group. A band appeared
at 2854 crit can be attributed to thgC-H) group. A sharp band appeared at 1658 cem be attributed to the
v(C=0) group of the ligand has been shifted to 16824 cnt in the spectra of the complexes indicate the
involvement of oxygen atom of carbonyl group inddimg with metal ions [10-12]. This is further camfied by the
appearance of band at 420-441 cassignable to[M-O] [13]. The band appeared at 1153 tuiue tov(C=N) of
azomethine group of ligand has been shifted to tdnegiuency by 21-50 cthin the complexes suggest that the
coordination is through N-atom of nicotinic acidgi This is further supported by the appearandeaofi at 518-
528 cm' assignable ta(M-N) [14 & 15]. The above discussion indicates thaure of the free Schiff base is
bidentate and shows the coordination through N@rmdoms to the metal ion.

Table 2. Characteristic IR bands of the PCNH and & metal complexes (cf)

Compounds| v (NH) | »(CH) | »(C=0) | »(C=N) | »(M-N) | »(M-O)
PCNH 3381 2854 1658 1153 - -
PCNHMr 3377 285¢ 1642 1132 52¢ 42€
PCNHCc 3371 285¢€ 162« 113(C 52(C 441
PCNHCu 3370 2776 1629 1103 520 414
PCNHZn 3215 2852 1640 1112 518 42(

UV Spectral Studies
The electronic absorption spectra are often vetpftlein the evaluation of results furnished by ethmethods of

structural investigation. The electronic spectralasurements were used for assigning the stereostngof metal
ions in the complexes based on the position andoeurof d-d transitions. The electronic absorptipactra of the
PCNH and its Mn(ll), Co(ll), Cu(ll) and zn(ll) congxes are recorded in DMSO solution in the wavetlemgnge
200-1100 nm and their corresponding data are giverable 3 and Fig 1. The UV-Vis spectra of theefiigand
(PCNH) shows two absorption bands in the Ultra ®ialegionim. = 39370, 33225 cihthe first high intensity
bands appeared Bf., = 39370 crit. It follows from the literaturéhat the band at 39370 &nis related to the—n*
transitions of the benzene rings [16]. The secdrsbgption band af,. = 33225 crit may correspond to the—s*
transition of the azomethine group [17].

Table 3. Electronic spectral bands, transition asghments and magnetic moment values of PCNH and iteetal complexes (cril)

Magnetic Moment Absorption Maxima

Compounds B.M P Transition Assignmen
nm cm? Geometry
254 39370 n—*

PCNH 301 33225 A*
314 31847 °Ag —*T1g

PCNHMn 589 375 26666 57,0 —Tog Octahedral
272 36765

PCNHCo 3.94 366 27322 [ Octahedral

n—m*

283 35335 n —*

PCNHCu 2.78 370 27027 T* Octahedral
40€ 2463( n—om*
314 31841 n —*(M-L,CT)

PCNHZn 1.9 374 | 26738 ot (LM, CT) | Octahedral

The electronic spectrum of manganese(ll) complesdhm bands one a;nax_ 31847 and other at 26aa666 tm
these can be attributed to charge transfer transmA 9 - T 9 and A 9 - T 9 these transition are the

characteristic for a manganese(ll) ion in an om!mdeenwronment. In the spectra of the cobalt plexes two
bands appeared at 36764 and 27322 cane assigned to charge transfer transitiorsthand n—z*, indicate
octahedral geometry of the cobalt complex. Thiither supported by the magnetic moment measuréda and
3.94 BM [18, 19].
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Copper(ll) complex shows magnetic moments corredipgnto one unpaired electrons, i.e. 1.82BM, etettr
spectrum displays bands at 35460, 27027 and 24360Enese bands may be assigned charge transfeitivass
—7*, n—n* and n-n* respectively. It is suggest that octahedral geloynef copper(ll) comple)20]. The Zn(ll)
complex exhibits absorptions at 31847 and 26737, amhich are assigned to-pn*(M-L,CT) and n—n* (L-M,

CT) respectively. This is further supported by theasured magnetic moment at 0 BM diamagnetic [21].
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Figure 1. UV-Vis spectrum of the PCNH and its metatomplexes

NMR and Mass Spectra

'H NMR spectrum of the PCNH was recorded in DMS@300 MHz). The PCNH shows a singletsat2.2 is due
to may be enolic OH proton. The signals appearatiamregion o6 9.0 (s,1H) 8.8 (d, 1H) 8.6 (d, 1H) 7.4 (g, 1H)
due to nicotinic acid ring protons. A sharp absorppeak around 8.4 azomethine proton (HC=N-). The pyridine
ring proton signals appeared in the region of 8,2LH) 8.0 (d, 1H) 7.9 (t, 1H) 7.5 (g, 1H). The 1BMR spectrum
of the PCNH was recorded in DMSQ{A00 MHz). The signals appeared in the region df b 124 is due to
pyridine and nicotinic acid ring carbons. The candccarbon and the azomethine (-CH=N-) carbon apgukatd
168 and 154 respectively. The mass spectrum oP@MKH exhibits a molecular ion peak (M+1) at m/z 2&Tich

is equivalent to its molecular weight. This ligasdows a fragment ion peak with loss of pyridinegrat 137
(Scheme 2). This fragment on further losing hydraziroup given fragment ion peak at m/z 106. TheNMR and
Mass spectra are shown in Fig 2 &3.

NS ¢ T ?
NS
(o = — O
N H P N N
N
m/z = 227 m/A87 m/z =106

Scheme 2. Mass fragmentation pattern of PCNH
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Figure 2.*H NMR spectrum of PCNH

Figure 3. Mass spectrum of PCNH

ESR Studies

The X-band EPR spectra of copper(ll) complex hbgen recorded in the solid state at room tempexaiithie
measure of symmetry of these complexes is in tefig values, that is g>2.04 indicates that indisdteat the
ground state copper(ll) ion is predominantly thé-yorbital [22, 23]. The g values of these compleaesfound
to the less than 2.3 indicating the covalent natfrthe complexes. This has been further suppdsedpin-orbit
coupling constant value of -460&mThe in-planes-bonding covalency parametet is found to be 0.80 indicates
that the complex has covalent character. The E®Rtspgives g=2.23 and g= 2.03. The trendjg> g.>2.0023,
observed for the complex, under study, indicates the unpaired electron is localized ir? orbital of the
Cu(ll) ion and the axial symmetry. The elongatethbedral geometry of the complexes have been establfrom
the relation g> g.>2.04 [24].

120
Pelagia Research Library



T. Chandrasekaran and M. Syed Ali Padusha Der Chemica Sinica, 2014, 5(3):116-123

Cyclic Voltametry

The electro chemical behavior of the cobalt(ll) aagper(ll) complexes are studied by cyclic voltagrof cobalt
complexes of 0.01M in DMSO solution using ammonicimoride as supporting electrode ammonium chlohds
been measured in the potential range +500mV to FBUCat scan rate of -mVs It has been observed that during
the forward scan, cobalt(ll) complex shows one adith reduction peak at 25mV, which can be attridute the
reduction of cobalt(Il~cobalt(0). In the reverse scan, one anodic pe@Rm@lV/, which may be due to oxidation of

cobalt (0)—cobalt(ll) [25].
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Figure 4. Cyclic Voltamogram of Co(ll) and Cu(ll) complexes
The above spectral analysis confirm the followirgexted structure (Fig 5)
z
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M = Mn(ll), Co(ll), Cu(ll) and Zn(ll)
Figure 5. Structure of metal complex

Biological Activity

The main aim if the production and synthesis of amtymicrobial compound is to inhibit the causatrbe without
any side effects on the patients. In addition,sitworthy to stress here on the basis idea of applgny
chemotherapeutic agent which depends essentialth@specific control of only one biological furai and not
multiple one the antimicrobial activity of the pateSchiff base (PCNH) and its metal complexes again
staphylococcus Aurous (G+) alscherichia Coli (G-bacteria andAspergillus Nigerfungi was tested in order to
assess their potential antimicrobial agents. Tlobical activity of the PCNH and its metal commexwere also
compared withGentamycin(antibacterial agents) armdmphotericin B(antifungal agents). The data are listed on
Table 4 and Figure 5. According to the data it lbarseen that the ligand show less biological agtiwhile all the
complexes showed good activity against standaré ddbalt complex (PCNH-Co) shows greater activitgnt
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standard. This means that the activity of the nepdgpared Schiff base against different microorgasi is
enhanced with chelation with different biologicatiae metals. The antimicrobial activities are shaw Table 4.

Table 4. Antimicrobial activity of PCNH and its metal complexes

. Antibacterial Antifungal
S-No [ Organism S. Aureus| E. Col A. Niger

1 PCNH 20 15 15

2 PCNH-Mn 28 22 24

3 PCNH-Co 36 43 40

4 PCNH-Cu 22 31 15

5 PCNH-Zn 30 30 30

6 DMSO 0 0 0

7 Standard 31 36 15
50 -~
45 -
40 -~
35
30 A

| S. Aureus
25 A
20 - mE. Coli
15 - A. Niger
10 A
5 |
0 = T T T T T T
PCNH Mn Co Cu Zn DMSO STD

Figure 5. Antimicrobial activity of PCNH and its metal complexes
CONCLUSION

Synthesis and characterization of complexes can@iNO donor bidentate Schiff base ligand have k#estribed
in this paper. The spectroscopic data of the coxagleare in good agreement with proposed struciure.PCNH
coordinates through azomethine nitrogen atom ardtazide carbonyl oxygen (NO) to the metal ion atsa
neutral bidentate ligand. All the complexes exhibitahedral geometry. Further, the cobalt complax more
biological active than the standard. Hence the lt@omplex is used in medicinal field.
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