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ABSTRACT

The complexes of Ni(ll), Co(ll), Cu(ll), Cd(Il), Zn(l1) and Hg(ll) ions with Schiff base derived from reaction
between benzofuran-2-carbohydrazide and p-chloroacetophenone have been synthesized. All the complexes have
been characterized on the basis of elemental analysis, magnetic moments and spectral studies. All the complexes are
light in colour and stable to atmosphere. The elemental analysis shows that MLCI, stoichiometry for all the
complexes. The IR spectral data indicates the coordination through carbonyl oxygen and azomethine nitrogen
groups. The molar conductance values of all the complexes fall in the range 11.5-18.05 ohm*cm?mol ™, indicating
non-electrolytic behaviour of all the complexes. The electronic spectral data suggest that polymeric octahedral
structures for Cu(Il), Ni(Il) and Co(Il) complexes. The magnetic moment values for these complexes are 4.95, 2.85

and 1.92 respectively suggesting octahedral geometry. The Cd(Il), Zn(l1) and Hg(Il) complexes are monomeric
tetrahedral in nature.
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INTRODUCTION

Schiff base and their metal complexes have aroosasdiderable research interest for several dedad@$. Schiff
base ligand have been widely studied in the fidld¢amrdination chemistry mainly due to their facégnthesis,
easily availability, electronic properties and gamdubility in common solvents [3, 4]

The several compound having benzofuran moiety aveerabundantly occurring in nature, in particylgslant
kingdom after such products with benzofuran nuclaus possessing useful pharmacological propedies
biological properties [5, 6] and also act as gduelating agents[7]. The benzofuran derivatiiles 2 nitrobenzofuran
are used as microbicidal and nematicidal, 2-acetybfuran etc, are used as anti-inflammatory, tduegents [8]
and particularly the aminodarone hydrochloride fbtmbe highly effective antiarrhythemic drug [9,10he Schiff
bases and metal complexes are frequently usedtigaraer [11], antitubercular and fungicidal agg?y and act
as an intermediate[13] in many biological procesHds believed that azomethine linkage might ésponsible for
their activity [14]. The enhanced biological aites of the Schiff's bases have been seen whemlax®ed with
metal ions [15]. In the present investigation, ieport the synthesis of Schiff base derived froactien between
benzofuran-2-carbohydrazide and p-chloroacetopheeaon synthesis of metal complexes with Ni (), @p Cu
(11, Zn (11), Cd (1) and Hg (Il) metal ions. Allhe complexes were characterized on the basikofemtal analysis,
molar conductance, IR*H NMR, ESR, electronic spectral studies and magnstisceptibility measurement.
Schiff's base and its metal complexes are screfdtieir biological activity studies.
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EXPERIMENTAL SECTION

All the chemicals used were of analytical gradee Thmpound benzofuran-2-carboyhydrazide was prdgarehe
literature method [16]. The metal and chlorideteots are determined as per Vogel's procedure [17].

Physical M easurements

The CHN analysis was carried out microanalytically a perkin-Elmer 240C model at the central drigpaech
institute (CDRI), Lucknow. The IR spectra of thehBcbase and its metal complexes were recorddéBnpellets
in the region of 4000-350 chon a perkin-Elmer FT-IR Spectrophotometer. Conginoe measurements were made
on Elico CM- 180 Conductivity bridge in DMF (£®) solution using a dip-type conductivity cell &t with a
platinum electrode having cell constant 0.1 dhnfmole®. The magnetic susceptibility measurement was made
Gouybalance using Hg [Co(NC¥)as the calibrant at room temperature. The ESRtsp@f Cu (II) complex in
polycrystalline state was recorded on Varian E-4&td spectrophotometer using (TCNE) as a ‘g’ mafker
2.00277) at room temperature. THE NMR spectra were recorded in DMS@-0n Bruker 400 MHz
spectrophotometer, using TMS as internal stand@fte electronic spectra were recorded on Elico $&9 double
beam UV-Vis spectrophotometer in the range of 20061nm in DMF (16M) solution. The FAB Mass spectra
were recorded on a Jeol SX 102/Da- 600 Mass sp#uitometer at the central drug research institGeR]),
Lucknow.

Synthesis of Schiff base

A solution of benzofuran-2-carbohydrazide (1.7681@nol) was added to p-chloroacetophenone (1.20:1,mol)
in methanol (25 mL). The reaction mixture wasuefld on a water bath for about 4-5 hrs. The Sdiaffe was
separated on removal of 50% of the solvent andimgpdb room temperature. The product was filteoed and
washed with ethanol and recrystallised from ethanbhe Schiff base was dried in vacuum over theydrdus
CaClb. The purity of the Schiff base was checked by TLC
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Fig. 1: Synthesis of Schiff base (BCCIACP)
Cy7H13 N;O,CI[BCCIACP]: Mol. Wt = 313, m. p = 144°C, Yield = 76%

Synthesisof Metal (11) complexes

Metal complexes were prepared by adding (0.1 nbinR) of aqueous solution of metal (1) chloridestihe Schiff
base in ethanol (0.1 mol, 50mL). The reaction nmxtwas refluxed on a water bath for about 2 halusng which
complexes started separating out. The solutionagasentrated and cooled to room temperature. pféapitated
light colored complexes were filtered out, washethwater and ethanol to remove the unreacted aalisligand.
All the complexes were dried in open air and keptacuum desiccator.
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Antibacterial and antifungal assays

The ligand and complexes were screened for theibaaterial and antifungal activity by agar cuptplaone of
inhibition technique [18, 19] against two bacteiacoli, andS. aureus and two fungal specieA. niger and C
albicans.

Antibacterial screening using agar-cup plate method
Peptone 10g, NaCl 10g, Yeast extract 5g, Agar BA®DOmL of distilled water were used as the medium

Initially, the stock cultures of bacteria were r@d by inoculating in broth media and grown at@7or 18 hrs.
The agar plates of the above media were prepartdvaltts were made in the plate. Each plate wasulabed with
18 hrs old culture (1001, 10* cfu) and spread evenly on the plates. After 20, ritie wells were filled with the
compound (20mg/ml stock solution). All the platesrgvincubated at 3T for 24 hrs and the diameter of inhibition
zone were recorded. Gentamycine was used as stndar

Antifungal screening using cup-plate method
Methodology: Potato Dextrose Agar (PDA) 2509 oflpdgotato were boiled for 20 min and squeezedfitteded.
To this filtrate, 20g of dextrose was added andvtilame was made up to 1000mL by distilled water.

Initially the stock cultures were revived by inoatihg in broth media and grown at°Z7for 48hrs. The agar plates
of the above media were prepared and wells wereenradhe plate, each plate was inoculated with A3 bid
culture (10QiL, 10* cfu) and spread evenly on the plate. After 20, ritie wells were filled with a compound
(20mg/ml stock solution). All the plates were ibated at 27C for 48 hrs and the diameter of inhibition zongeave
noted. Amphotericin was used as standard.

RESULTSAND DISCUSSION
Analytical data for the complexes indicates 1:licsiometry for all the complexes (Table-1). Allettomplexes
possess high melting point and are stable in air @e partially or insoluble in common organic soits and
soluble in DMF, DMSO and pyridine. The molar con@dunce of the complexes falls in the range of 11105
ohm'cn?mole’ in DMF (10°M) solution. These values suggest non - elecimbghavior of the complexes [20].

Table-1 Analytical, molar conductance and magnetic susceptibility data for Schiff base and their Metal (I1)

complexes
. Mol M P Elemental analysis(%)found /(calculated) | ([T, ueff.
0,
Compound Yield (%) wt C) C m N v al (BM)
BCCIACP 65.25 4.08 8.78 11.26
[CuHiN,0,Cl] 6 313 | 1441 s5ag)| a16)| Bony| T | aisn|
[Cu(CiH1:N0,CI)Cla] 66 44754 >30d 4514 | 2357 6.02 | 1403 | 7.78 | 15e5( 4 gp

(45.58) | (2.90) | (6.25) | (14.19)| (7.93)
4589 | 2.78 | 613 | 13.12 | 7.88
[Co(CiH1N20.CI)Cl], 65 442,93 2954 [ oo0 | o3| 632) | (1330)| @01 | 1145 495

4591 | 2.82 | 6.11 | 13.02 7.89

NICoHN:0CNCH, | 68 | 44270| 2904 0e | (Fom | (6:33) | (Laoe)| (m0z) | 135 | 285
4511 | 272 | 604 | 1433 | 7.78

[ZN(CaHisN0,CN)Cl] 68 | as03s| 272 320 | SO 1 200N S| deg | 18| -

[CA(CHiN0.CI)Cl] 64 | 496.40| >pof 4098 | 248 | 544 | 2242 [ 704 | 4,50

(41.10) | (2.61) | (5.64) | (22.63)| (7.15)
3466 | 211 | 466 | 3418 | 508

[Hg(C1H1N,0,CI)Cly] 65 584.60| >290 g0y | 522)| 78y | @asn)| @on | 1805| -

* Molar conductance values in ohm™cmfmol *

Magnetic properties

The observed magnetic moment for Co (II) comple®34BM) has been used as criteria to determindyghe of
geometry around the Co (II). The values suggesbaahedral geometry for this complex [21]. Thegnetic
moment values for Ni (II) complex (2.85 BM) sligihthigher than the spin only value (1.83 BM) indingtan
octahedral environment around Ni (II) complex [2Z[he observed magnetic moment for the Cu (Il) demjs
(1.92 BM) suggesting a distorted octahedral geoyaetvund the Cu (I1) complex.

Electronic spectral studies

The electronic spectra of the Co(ll), Ni(ll) and (@u complexes were taken in DMF solution #\) at room
temperature and spectral data are given in Tabl&h& electronic spectra of the Co(ll) complex shdvwbands at
16133 and 20623 ctn These two bands are assignedTig, (F) > Ay (F) (o) and *Tyg (F) > *Toy (F) (v3)
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transitions, respectively, in an octahedral enviment [23]. The band, has been calculated using band-fitting
procedure [24].The octahedral geometry is furthgapsrted by the values of ligand filed parametives Dq, B, (3,

% and LFSE. All these values are given in Tabl&#& reduction in Rachah parameter values fromifreealue
(971) suggests measure of covalent character oMtiebond. The six coordinated Ni(ll) complex elghitwo
bands at 15231and 25520 ‘¢nare assignable th,, (F) > *T1g (F) (V2) and®A,, (F)> °Tiq (P) (v5) transitions,
respectively, in an octahedral environment. Theelstvband); (10Dq) could not be observed due to limited raoije
the instrument used. However, it was calculateddigg an equation suggested by Underhill andrigjl[25]. The

B value for Ni(ll) complex is less than the Co(lpraplex indicating more covalency of M-L bond. T&e(ll)
complex show broad asymmetric band in the regid¥0316820 cm. The broadness of the band may be due to
dynamic Jahn-Teller distortion [26].These obseoraisuggest the distorted octahedral structurendr@ui(ll) ion.

Table -2 Electronic spectral data and ligand field parameters of the Co(I1), Ni(l1) and Cu(ll) complexes

Complexes v'!'ransn:)ns L Cr:' Dg cm* | B'em? B B% vV, | LFSE kcal/mole
1 2 3
[Co(Ci7H1:N,O,CI)Cl;], | 7503 | 16133 20627 863 950 0.9Y8 2.163 2.150 14.794
[Ni(C17H1:N,O,CI)Cl,], | 9360 | 15231 2552( 936 844 0.8]11 18.450 1.621 32.091
[Cu(CH1:N-0.C\Cl], 13840-16820 1533 - — — — 26.280

* Calculated values

'H- NMR spectral studies

The *H- NMR spectra of Schiff base and its Zn (I1) and @) complexes are taken in DMSQ-@he signal atd
10.94 (s, 1H) is assigned to amide proton (-CONHige signal due to (-CONH) shifted downfield in tgectra of
the Zn () (Fig-2) and Cd (II) complexes in thegien of d (11.12, 11.10 s, 1H), indicating the coordinatidrthe
oxygen of —CONH- with metal ions. The aromatic pr& atd (8.10 - 7.36) (m, ArH) shift down field in the
complexes. The signal &t3.67 (s, 3H) is assigned to methyl group of p-aideetophenone. Thus thd-NMR
spectral observations supported the assigned gepomet
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Fig-2 "H-NM R-spectra of the Zn(l1) complex

M ass spectra studies
The FAB-mass spectra of the Schiff base shows mtde@n peak at m/z 313, indicating the molecuwiaight of
the ligand. (Fig-3)
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2B 319 330

Fig-3 FAB-M ass spectra of the Schiff base

IR spectral studies
The main stretching frequencies of the ligand dsdrietal complexes are presented in Table-3. Rhepkctra of

the ligand gives a broad band at 3219'@ssignable to(NH) of the CONH group. The shifting of these baad
higher wave number side in the complexes by 3-724 dmdicates non-involvement of ‘N’ of the amide gpoin the
coordination.

The strong band observed at 1657 amrfree ligand is assigned to v(C=0) stretch of GDffoup. This band shift to
lower wave number side in all of the complexes bgua 8-71 crit, indicating participation of the carboxyl oxygen
atom in coordination. Medium to strong intensignt at 1602 crhin the free ligand is assignedu(C=N) stretch
of the azomethine group. ThigC=N) stretch shift to lower wave number side inthé complexes by about 8-48
cm* indicating involvement of the azomethine nitrogeonding with all the metal ions [27].

Metal ligand vibrations are generally observedhia tar-IR region and usually give valuable inforimatregarding
the bonding of ligand to the metal-ions. The weatensity non-ligand bands observed in the congder the
region 560-535 cihand 446-436 cthare assigned to(M-O) andv(M-N) stretching vibration respectively in all
the complexes[28].

Table-3 Important IR spectral bands (cm™) for ligand and its metal complexes)

Complexes V(NH) | v(C=0) | v(C=N) | v(M-O) | v(M-N)
BCCIACP
[C1H1eN0, Cl] 3219 1657 1602 -

[Cu(Cy7H1:NLO,CIClo], | 3290 1620 1594 535 438
[Co(C7H1:N-O,CIClo], | 3293 1590 1561 560 442
[Ni(C17H1:N,O,CI)Cl,], | 3283 1645 1564 543 441
[Zn(C17H1:N,O.CI)Cl;] 3278 1643 1569 553 438
[Cd(Ci7H1:N20,CI)Cl] 3222 1649 1562 559 436
[Hg(C1:H1:N,O.CI)Cl;] | 3210 1586 1554 558 446

ESR Spectra of Cu(ll) Complex
The ESR spectra of the Cu(ll) complex in a polytalime state was recorded at room temperature. The spectra

having asymmetric bands with two g values, gnd ¢, The g; and g values were found to be 2.121 and 2.035
respectively. The trend,;g> g5 > (2.00277) observed for this complex indicatingttthe unpaired electron lie
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predominately in the dxy? orbital with possibly mixing of dzbecause of the low symmetry [29]. The axial
symmetry parameter ‘G’ is defined as Gz,(2.00277)/(g- 2.00277) as shown to be a measure of the exchange
interaction between copper center in polycrystalbolid state[30].

Biological Activity

Antibacterial and antifungal activity

The Antimicrobial activity of the synthesized SéHifse and its metal complexes on selected ba&e@ali andS.
aureus and twofungi A. niger andC. albicans was carried out. On comparing the biological attiwith Schiff base
ligand, Cu(ll) and Co(ll) complexes show moderat#ivity, while Hg(ll) complex show high activity agnst
bacteriaE. coli. The Ni(ll), Cu(ll) and Cd(Il) complexes show modtr activity while Hg(ll) show very high
activity against bacteri& aureus. In the case of fungicidal activity all complexd®w high activity compared to
ligand except Zn(ll) complex against fun@i albicans where as against fung\. niger, all complexes show
moderate activity. However, the activities are I the standards used. The activity of the cergsd may be due
to the presence of metal ions in the complexesg(tal).

Table -4 Antibacterial and antifungal activity results of ligand and its metal complexes
(20mg/ml concentration)

Zone of inhibition in mm
Ligand/salts complexeg Antibacterial activity Antifungal activity
E. coli S aureus | A niger | Calbicans
BCCIACP
[C1H:eN0, Cl] 9 16 10 8
[Cu(Cy7H1:N-0,CICln 12 17 8 13
[Co(C17H1:N,0,CI)Cly]n 11 12 9 16
[Ni(C17H13N20,CI)Cl]x 7 15 8 19
[Zn(CﬂngNzOzCl)Clz] 9 16 7 7
[Cd(Ci7H1:N20,CI)Cl] 9 17 7 9
[Hg(C17H1:N0,CI)Cl,] 19 29 13 17
Gentamycine 26 25 --
Amphotericin - - 20 22
CONCLUSION

Based on the analytical data and spectral studiesassigned the possible structures for all the texep.
Co(ll),Cu(ll) and Ni(ll) complexes are chloride dged polymeric in nature while zn(ll), Cd(ll) aridg(ll)
complexes are monomeric tetrahedral in nature. Stkff base and its complexes have been screenethdo
antimicrobial activities. The results show that soof the complexes exhibit good activity as comgai@ the

ligand.
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Fig-4: Structureof Co(ll), Cu(ll) and Ni(ll) complexes
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Cl

7N\

Cl Cl
Fig. 5: Structureof Zn(I1), Cd(l1) and Hg(ll) complexes
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