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ABSTRACT

New complexes of N-isonicotinamido-2-hydroxy naglatdimine with Co(ll), Zn(ll), and Cu(ll), havinfprmula
of the type [M(L).nH,O (M= Zn*?, n=2, Cd?, n=1, Cu? n=3), and with Ni(ll), having formula of the &p
[M(L)H »0](ac).nHO (M= Ni*?, n=0.5 ac = CHCOO) have been synthesized. The nature of bondingjaahetry
of the transition metal complexes as well as ttlafSbase ligand have been deduced from NMR, IR/AB/ AAS,
XRF, El mass spectrometry, elemental analysis aechto gravimetric studies. Co(ll), Zn(ll), and Qumetal
ions formed 1:2 (M:L) complexes; whereas, Ni(llivgaa 1:1 (M:L) complex. Based on elemental and tsplec
studies, octahedral geometries were assigned tB)Z@0(Il) and Cu(ll) complexes and a tetrahedggometry was
assigned to Ni(ll) complex. The ligand acts as anoamionic tridentate and coordinates through thebcay!
oxygen, azomethine nitrogen and phenolic oxygea. biblogical activity of the ligand and of the cesponding
complexes was tested on Gram positive bacteriah@sehia coli) and Gram negative bacteria (Stapleglocus
aurous) and two fungi (Aspergillusflavus and Caiadidbicans). The biological activity data show tisaime metal
complexes are more potent than of the free ligand
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INTRODUCTION

Schiff bases play an important role in inorganieristry as they easily form stable complexes witsttransition
metal ions in the periodic table[1]. Schiff basesrived from the condensation of isonicotinic acigbtazide
(isoniazid, INH) with aldehydes represent an imaottclass of chelating ligands and their metal dergs are of
great interest due to their importance in biolofigdarmacological and clinical applications[2].€lhydrazone
derivatives are used as fungicides and in the nreat of some diseases such as tuberculosis, le@mndy
mentaldisorders[3]. The remarkable biological attiof acid hydrazides R-CO-NH-Nfia class of Schiff bases
and their corresponding aroylhydrazones, R-CO-NHEN=R’and the dependence of their mode of chelatvih
transition metal ions present in the living systbave been of significant interest in the past. Therdination
compounds of aroylhydrazones have been reportedctoas enzyme inhibitors and are useful due tor thei
pharmacological applications[4]. Isonicotinic abigrazide (INH) is a drug of proven therapeutic aripnce and is
used against a wide spectrum of bacterial ailmesutsh as tuberculosis. Hydrazones derived from eosation of
isonicotinic acid hydrazide with aldehydes haverbieeind to show better antitubercular activity thisiR[1].

Microwave assisted organic synthesis (MAOS) hasitmeca new and quickly growing area in the synthati@nic
chemistry. This synthetic technique is based onottgervation that some chemical reactions proceachrfaster
and with higher yields under microwave irradiates compared to conventional heating. In many casastions
that normally require many hours at reflux tempa®tunder classical conditions can be completetinvéeveral
minutes or even seconds in a microwave oven. Resenplifications of microwave reaction enhancement
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techniques have increased safaty practical utility of the microwave oven for theise in chemical laboratories
without any modification[5].

EXPERIMENTAL SECTION

Materials

Isonicotinic acid hydrazidélsoniazid was obtained from BDH chemicals Ltd.h2droxy naphtha aldehyde, and
zinc(ll) chloride were obtaineffom Sigma Aldrich. Ethanol, chloroform and nickel(dgetat were obtained from

Breckland Scientific Supplieopper(ll' chloride and ethylacetate were obtairfezin T-Baker Lab chemicals.

Cobalt(ll) chloride was obtaineidom BDH limited Poole England.

Techniques

Microwave syntheses weperformecin a microwave extraction system (start E) fristilestone Company. Melting

points were determined on koffler melting points apparatus and were uncorrecléte electronic absorption
spectra were recorded in a DMS30lution in the wavelength range 200-800nm usirn@ary 5000 UV-VIS-NIR

spectrophotometer. The IR specware recorded on a Varian FT-pectrophotomete *H &'*C NMR spectra

were recorded in DMSOgbn aBrukers 400MHz. The mass spectra were recorbgdhe EI technique at 70eV
using Shimadzu QP- 2010 pluBhe thermogravimetric analyses (TGA and DrT®gre carried out in dynamic
nitrogen atmosphere (30mL/mimjth a heating rate of 10/minusing Shimadzu TGA@&H thermal analyzers. TLC
analyses were performed on m@ate( aluminum plates (silica gel 60778, flulanalytical) TLC spots were

visualized with UV light.

Synthesisof Schiff base(ligand)
The Synthesis of Schiff basesshemtically presented in (scheme 1).

The Schiff base has beepnthesize by the reaction of isoniazid (0.5g, 3.64mmole) ardydroxy naphthaldehyde
(0.62g, 3.60mmole) with thedditior of 3-4 drops of ethanol. The reaction was cardedn a microwave for 2min
at 60C and 350W. Theondensatic product was washed with ethanol and waterfdteded. The final product was
recrystallized form ethanol tgive yellow crystals (0.8g, 75.4%), mp. 2€1 The purity of the product was
monitored by the use of TLC, usiefloroform and ethylacetate (3.5:1.5).

O NH\ o
NH, X, M N
HO
= + Ethanol NN NH\Nf
/ ‘ -
N MW.2min,350W o)
HO

Scheme 1: Synthesis of Schiff base

Synthesisof metal complexes

The complexes were synthesizgdmixing the appropriate metal chloride or acetsith the required amount of the
ligand in a 1:1 or 1:2 metal {@anc ratios. The mixture was milled and few drqpdmL) of ethanol were added.
The reaction mixture was thestirrec and irradiated in a microwave oven at 35 4min at 66C. The final
products were washed with hethanol filtered and dried at room temperature. Theta salts used were Zngl
CoCb.6H,0, CuC}.2H,0 and N{CH;COO),.4H,0.

RESULTS AND DISCUSSION
The complexes have besgnthesize by microwave methods from reaction of Ca6H,O, CuCh.2H,O, ZnCl
and Ni(CHCOO).4H,0O with Schiff base (ligand) in presence of ethanol as a sol@mimatior of the complexes
may have proceeded accordinghe following equations.
MCIl,.xH,0 + 2 L—[M (L) 2].nH,O+2HCI+(x-n)H,O
M = Co (ll), n=1; Zn (ll), n=2 ancu (Il), n=5

M (ac),.4H,0+L—[M (L)H ,0](ac).nt,0+CH,COOH + 3.5HO
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M=Ni (II), n=0.5

The ligand behaves asy@noanioni tridentate (O, N and O) through the carbamyygen azomethine nitrogen and
phenolic oxygen. Compositiomas deduced from elemental analyses, FT-IR, UV-\XRF, AAS, MS and TGA.
The analytical data of theomplexe indicated that the ligand forms a 1:2 (Mdgmplexe with Zn(ll), Co(ll) and
Cu(ll) and a 1:1 (M:L) withNi(ll) ions. The mass spectral and atomic absorpdi@ta confirm the monomeric
structure of the metal complexaile TGA studies confirm the presence of wateslecule in some complexes
and XRF data show that rloride anions are present outside the coordination sgheta(ll), Co(ll) and Cu(ll)
complexes.

Physical properties
The details of physical propertiethe ligand and its complexes are tabulated indthb
Table 1: Some physical properties of the ligand and itscenplexes.

Yield | M.p. Physical

Compounds Color %) | (C) | Appearancs Solubility
Ci7H13N30, . Soluble in DMF, DMSO, THFyot EtOH MeOH
(HL) Darkyellow | 75.4 | 271 crystalline and hot (CH),CC
[Zn(L),].2H.0 Orange 78 >300| Powder Solublein DMF, DMSC
[Co (L)2]. HO Brown 69 >300| Powder Solublein DMF, DMSC
INILH=01(3C) | parkrec | 73 | >300| Powder Solublein DMF, DMSC
0.5H,0
[Cu(L)2].5H,0 | DarkBrown | 75 >300| Powder Solublein DMF, DMSC

'H and **CNMR of the Ligand

The *H-NMR spectrum for ligandhowe( a peak at 12.47ppm (s, 1H, —OH), a paaR.5ppm (s, 1H, N=CH), a
peak at 8.85ppm for H1 (d 1ho= 5Hz), a peak at 7.9ppm for H2 (¢p.3:= 5HZz), apeal at 7.26ppm for H6 (d,
JHe-H7= 9HZ), a peak at 8.33 ppﬁmr H7 (d, di7-H6= 9HZ), a peak at 763ppm for Hlo‘:ﬂlo_Hllygz 9Hz, d, J10-H8=
2Hz), a peak at 7.43ppm for H9 Jtw-H108= 9HZ, d, do-v11= 2HZ), and a peak at 7.9 for H8=H11 (d, Js.ns=
9Hz). The proton of —NH groupas not observed. This may be due to the formatibintra molecular hydrogen
bonding or exchangeable wiiolven. The *C NMR spectrum of ligand (figure Bhowe( a peak at 158.23 ppm
which was assigned to tliarbony group carbon (C4); a peak at 147.97ppm thatagagne to the carbon of the
azomethine group (C5), and peak461.04, 150.44, 139.82, 133.09, 131.61, 128.93,85,127.8 123.57, 121.40,
120.88, 118.83, 108.49 ppnvhich were assigned to C7, C1, C3, C11, C9, C10, €13 C14, C2, C8,C12 and
C6, respectively.

A P

M0 IO 190 VB0 1T0 160 180 140 130 120 110 100 GO0 B0 TO S0 S0 40 I0 PO A0 o PR

Figure 1:*C NMR spectrum of the ligand
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Elemental analyses of the ligand and its metal congxes along withX-ray fluorescence analysisand atomic
absorption spectroscopy

The results of elemental analysis, XRF and AAShef ligand and its complexes are given in (tableTRey are
consistent with the calculated results from the ieiggd formula of each compound.

Table 2: The results of elemental analysis, XRF andAS of the ligand and its complexes

CHN elemental analysig AAS
XRF (%)
Formula Found (Calcd.)% (%)
Compounds weight
C H N Cl M
[HL] 70.31 | 4.77 | 15.07
CiHisN2Os 29100 | 700y | (a50)| (14.a2)| | e
59.46 | 4.43 | 12.47 8.16
[Zn(L)2] .2H,0 CaqH26NeOsZn | 682.03 (59.87)| (3.74)| (12.32) <LLD (9.59)
61.98| 3.36 | 12.58 7.92
[Co (L) 2]. H2O CsH2NeOsCo | 657.54 (62.10)| (3.78)| (12.78) <LLD (8.96)
[Ni(L)H 2O](ac)0.5H0 435.06 5466 | 3.56 | 9.41 12.55
CieH1eN30s NI ' (52.45)| (4.02)| (9.66) | (13.49)
5490 | 3.05 | 11.13 7.11
LLD; Lower Limit of Detection= 0.01ppm

IR spectra

The IR spectra of the complexes were compared tvithe of the free ligand in order to determinedberdination
sites that may be involved in chelation. There wesme guide peaks in the spectra of the ligand&hmvere
helpful in achieving this goal. The position andtbe intensities of these peaks are expected tagehapon
chelation[6]. The main bands in the IR spectraigaid and its complexes are presented in (tableTi3. IR
spectrum of the ligand exhibits a strong band &B1&n" due tov(c-0) Of the amide group. This has shifted and was
strongly displaced in all complexes indicating aipation through the carbonyl oxygen. A band at3L6ii* due
to vic-ny@azomethine group has shifted to lower frequenaieallicomplexes. This suggests the involvementef t
azomethine nitrogen in coordination. Another impottligand band, which occurs at about 3214 cim due to the
phenolie:OH group and has been found absent in the compl&kes indicates the deprotonation of phendléd
on coordination with metal. The band due to phen@HO stretching vibration is observed at 1273cim the free
ligand. In all complexes, this band appears at tofsequencies, in the range 1193-1198croonfirming the
involvement of the phenolic oxygen in the coordimatwith the metal ions[7,8]. In the case of theddmplex, the
IR spectrum displays two bands assigned to thexcgtoup , the frequency o, (COO) appears at 1583 ¢m
'and frequency of,, (COO) appears 1404cfregions[9,10].

Table 3: Selected infrared frequencies (ci) of ligand and its complexes

Ligandcomplexes Amide Azomethine| Phenolic| Phenolic
CurHiaNOs(HL) 1763s 1573s | 3211s| 173s
[Zn(L)2].2 H:0 igggz 1537s 1194s
[Co(L)2]. H0 1616m  1580s|  1533s 1193s
[Ni(L) H:0](ac)0.5HO | 16165 1600s|  1536s 1D6s
[Cu(L)].5H:0 1600s  1583s| 1525s 1108s

s: strong, m: medium

Electronic spectra

The UV-visible spectra of the complexes were reedrid DMSO solutions in the wavelength range 2008 at
room temperature. The spectral data of the ligamtiss C6% Ni*? Zn"?and Cu? complexes are given in (table 4).
The ligand spectrum shows three bands, assignéek to—~n* and n—xn*transitions. In the electronic spectra of the
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complexes, the ligand bands are shifted to highdower values of the frequencies, reflecting tberdination at
the metallic ions.

Table 4: Electronic spectral data and geometries fahe ligand and its complexes

: Frequencies| -
Ligand/complexes e Assigning Geometry
277/36101 T ->T*
Cl7H13N302(H L) 329/30395 n->n* | .
369/27100 n->w *
27536363 T ->n*
328B0487 > *
[Zn(L),].2H,0 36827173 n->x * Octahedral
34323041 chargetransfer
45821834 chargetransfer
28235460 -
34429069 N> *
[Co(L),] .HO 42723419 & 4 Octahedral
T1>"T19(P)
45122172 o) > Pog Tag>"T
49020408 ol 29 10 2
27636231 >
[Ni(L) H:O](ac).0.5H,0 46321598 3A->*Ty(P) Tetrahedral
50020000 3A->Ty(F)
28035714 > *
32930395 T ->n*
[Cu(L),].5H,0 36827173 s * Octahedral
44222624 T,->?E4(D)

The electronic spectrum of the zinc(Il) complexwhdwo absorption bands at 434 and 458nm, Thassitions

may be attributed to the charge transfer bands;tiwiioves the coordination of the ligand to theahein[11]. The
electronic spectrum of the cobalt(ll) complex shdlwrge d-d absorption bands at 427, 451 and 498tirihuted to

the d-d transition$T ,(F)—"T1(P), T14(F)—"A,g and*T:14—T,,, respectively, These transitions are consistei w
the characteristic octahedral geometry. The elaitrgpectrum of the nickel(ll) complex shows twa dbsorption
bands (weak) at 463 and 500nm, while the third Hashd is not observed. These bands are assigned to
3AL(F)—°T4(P) and3A,(F)—°Ty(F) transitions, respectively. In fact, the banaigised to the®A,(F)—>T,(F)
electronic transition is missing, which are chagastic of a tetrahedral geometry. The electropiectrum of the
copper(ll) complex shows one d-d absorption bandd@nm.This band is assigned to ﬁTQg—>2Eg(D) transition,
which is in conformity with octahedral geometry[12]

Massspectra

The most important peaks in the El mass specttal afaall complexes are listed in (table 5). Thessnspectrum of
the ligand showed the molecular ion peak at m/8% ®hich corresponds to its molecular formulafGNsO,] .
The base peak at m/z = 169 is due to thgH@NO]" ion. The different competitive fragmentation patlysaf
ligand give the peaks at different mass numberslat78, 106, 115 and 170. The molecular ion pe&kéndl),
Cu(ll), Ni(ll) and Co(ll) complexes were observexpectively at 647, 640, 367and 644, respectielg,they were
in good agreement with the molecular weight of greposed structures. In addition to the peaks duéhé¢
molecular ion, the spectra exhibit peaks assignabharious fragments arising from the thermal eéege of the
complexes. The peak intensity gives an idea oftakility of the fragments.
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Table 5: Mass fragmentation of the ligand and its ratal complexes

Compounds nmz Fragments R.l (%)
291 M]* 32.21

[CrrHiaN:0] 169 | [CuH/NOJ 100
648 [M+2]* 30.93
[2n(CaHiN=O:)e] 647 [M+1]" 33.05
641 [M+2]* 21.16
[CoCuHNO:)] 640 [M+1]* 12.03
. . 367 M) 70.00
[N (CiH1No02)H-0] 366 M-1]* 73.33
645 M+1]* 88.24
[Cu(Ci7H12N302)] 644 M]* 55.88
643 M-1]* 64.71

Thermal analyses (TGA and DTA)

Thermal analyses (TGA and DTA) of the Schiff baigmdd and its complexes were used to obtain inféoma
about the thermal stability of these new compleaes, decide whether the water molecules (if pr@seetinside or
outside the inner coordination sphere of the céntital ion [10]. The results of thermal analysigte ligand and
its metal complexes, which are given in (tablesBwed good agreement with the theoretical forraslauggested
from elemental analysis. TGA curve of ligand does show any weight loss below 130°C suggestingatheence
of lattice water molecules. The decomposition si@pthe ligand, which occur within the temperatuaage 139-
743°C, involve mass losses of 98.979%[13]. The Tves of the complexes indicated the presence of
latticecoordinated water molecules. The thermogramsof Zh@él), Co(ll) and Cu(ll) complexes shows two
decomposition steps within the temperature rang@89C, 29-262C and 33-278C, respectively, and each
exhibits a mass loss of 4.75% (calcd. 5.27%),%.26alcd. 2.73%) and 12.67 (calcd. 12.25%), whictrespond
to the loss of hydration water molecules, for Zn{ICo(Il) and Cu(ll) complexes, respectively.eThGA curve of
the Ni (II) complex shows two decomposition stepthim the temperature range 144-387 The first step at 144-
275C, and exhibits a mass loss 1.73% (Calcd. 2.06&6jespond to the loss of water molecules of hydraéind
the second step at 276-387 and exhibits a mass loss 4.63% (Calcd. 4.13%)yespond to the loss of water
molecules of coordination. The other decomposisitaps within the temperature range 290°80@ all complexes
involve the loss of the ligand[6,10,14,15].

Table 6: Thermoanalytical results (TGA, DTA) of themetal complexes with ligand. (n*=number of decomsition steps; L=

C17H 12N3OZ)

Compounds TGrange(C) | DTAma(C) n* (ca:\(/;lgs):slis: d% Assignment
[Zn(L)2].2H,0 67-289 71,227 2 (5.27)4.75 Loss of 2HO (hydration)
[Co(L),]. H:0 26229 47,205 2 (2.73)3.26 Lossof H,O (hydration
[Ni(L)H 20](ac) 0.5HO 276-275144 212 1 (2.06)1.73(4.13)4.63 Loss of0.5H,0 (hydration

387 313 1 Lossof H,O (coordinated)
[Cu(L),].5H0 27833 58,214 2 (12.26)12.67 Loss of 5H,0 (hydration)

Based on the above analytical and spectral datastttucture formula and stoichiometries for metaplexes
shown in (Figure 2) were proposed.

Antimicrobial activity

The antimicrobial activity of the Schiff base (lig$ and its complexes with Zn(ll), Co(ll), Ni(lland Cu(ll), were
tested against the two bacteria, Escherichia @Itam negative bacteria) and Staphylococcus auf@usm
positive bacteria), and two fungi, Aspergillusflavand Candida albicans. Tetracycline and AmphateBcwere
used as standards. DMSO was used as solvent cofitlvalues of zone inhibition were measured iliimeter.
The data of the antifungal and antibacterial ati¢isiof ligand and complexes are given in (tablégure 3). The
data reveal that the complexes have higher aesvitian the free ligand. This enhancement of theitscof ligand
on complexation can be explained by chelation fhedhe theory states that chelation reduces tharipplof the
metal atom by the partial sharing of its positiverge with donor groups and possihleslectron delocalization
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over the whole ring. This results tine increase of the lipophilic character of twenple; and favors the permeation
of the complex through the lipidyel of cell membrane. The complex blocks the mbiatlinc sites in the enzymes
of microorganisms.Consequentl' the complex disturbs the metabolispathway in cell and as a result
microorganisms die[16]. Theesult: the antimicrobial tests indicate that cobalt caarghow: maximum inhibition
zone against selectedicroorganism:

K
@/"“ ~ = K,
|

n H0

(B)
(A)

Figure 2: Structural formula proposed for;(A)[M(L) 2]. nH20 ,(M = Cu®, n =5;M = C¢®*, n = 1; M = Zn**, n = 2) and (B) [M(L)(H,0)]
(ac).nH0 (M = Ni*, n=0.5, ac = CHCOO")

M Candida albicans
30

=

_ 25 2

M Aspergillus flavus =

20 =

15 =
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aureus 10 z

. ) s £

B Escherihia colic -_— e 3
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culll)  Ni(ly  Co(l)  Zn(lly 12

Figure 3: Zone of inhibition (mm) of the ligand and its metdcomplexes
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Table 7: Antimicrobial activity data of the ligand and its metal complexes

Inhibition zonediametefmm / mg sample)
Compounds :
E.coli | S.aureus .
§ - A. flavus | C.albicans
G) (G)
Control: DMSO 0 0 0 0
Tetracycline (standard)
Antibacterial agent 81 28
AmphotericinB(standard)
Antifungal agent 16 19
Ci7H13N30,(HL) 12 12 0 0
[Zn(L),].2H,0 12 10 0 0
[Co(L)5].1H;0 27 21 0 13
[Ni(L)H ;0] (ac).0.5HO 0 0 0 0
[Cu(L).].5H,0 10 10 0 0
CONCLUSION

In this study, a series of Co (ll), Ni (II), CuXland Zn (II) complexes with Schiff base derivednfrisoniazid and
2-hydroxynaphthaldehyde were synthesized and cteized. Schiff base behaves as a monoanionicntatie
ligand. On the basis of different techniques, tinecsural formulae of the complexes are proposegl(é 2). The
Schiff base and some of the metal complexes waradfdo be active against some of the representhtieterial
and fungal strains.
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