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ABSTRACT

A pentadentate Schiff base ligandsl(H was synthesised from 1,3-diaminopropan-2-ol @iehydroxy-5'-
methylacetophenone and a series of copper(ll) cexasl were synthesised usinglLHand copper(ll)precursor
complexes of substituted benzoic acids. The symtliesomplexes have been characterized on the ludsis
elemental analysis, molar conductance and speatfmiscstudies such as UV-Visible and FT-IR. All $gathesized
complexes and the Schiff base ligand were screémedheir in vitro antibacterial activities againgProteus
mirabilis, Enterococcus faecalis, and Escherichialicand antifungal activities against Aspergillusger,
Aspergillus flavus and Candida albicans by welfudifon method. In addition, the antioxidant actestwere also
done for all the complexes.

Keywords: Schiff base, transition metal complexes, spectpi& studies, antibacterial, antifungal and antamt
activities.

INTRODUCTION

Schiff bases derived from an amine and a carbooylppund are an important class of ligands thatdinate to
metal ions via azomethine nitrogen and have bagfiest extensively [1-3]. Because of the versatitifythe steric
and electronic properties, which can be fine-tudgd choosing the appropriate amine precursors and ri
substituents, metal complexes of Schiff-bases ddrftom aromatic carbonyl compounds like salicydhlgbe have
received a great deal of attention in connectiah wiudies on asymmetric catalysis and metalloprotedelling.
Transition metal complexes with their flexible cdmation environments, varied spectral and redomperties
provide us greater scope of designing new metadastent agents. The complexes of copper withfSohses
have wide applications in food industry, dye indysanalytical chemistry, catalysis, fungicidaly@achemical, anti-
inflammable activity, antioxidant activities anclugical activities [4-15]. Series of binuclear pep(ll) complexes
have been investigated extensively in recent ysiace such complexes mimic the aspects of bimetaid sites in
various proteins and enzymes [16-18] and they his@ plentiful applications including antibacteriahtifungal,
antiviral and antioxidant activities.

Hence an attempt was made to synthesize a pentdel&thiff base ligandH derived from 1, 3-diaminopropan-2-
ol and 2’-hydroxy-5-methylacetophenone and a sedicopper (II) complexes of this ligand. All tegnthesised

complexes and the Schiff base ligand have beeracteized on the basis of elemental analysis, ne@aductance

and spectroscopic studies such as UV-Visible, Fid were screened for théir vitro antibacterial, antifungal

and the antioxidant activities.
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EXPERIMENTAL SECTION

Materials and physical measurements
All the reagents and chemicals were procured fromroercial sources and were used without purificatih 3-

diaminopropan-2-ol and 2’-hydroxy-5’-methylacetopbae were purchased from Sigma Aldrich, and alldter
chemicals were purchased from S.D. fine Chemidaisnbai. Molar conductance of the complexes weresuesl

in DMF (10° M) solution using a Guna digital conductivity metéd NMR spectra of the Schiff base was recorded
on a Jeol WM 500 FT MHz NMR instrument using MeOPsalvent and TMS as internal reference. FT-IR spec
of the ligand and the solid complexes were recordgdg KBr pellet in the region of 4000-400 ¢mn Schimadzu
FT-IR spectrophotometer. Electronic absorption speaf the ligand and the complexes in DMF wereorded in
the region 200-800 nm using a Systronics doublenbd®-Visible spectrophotometer-2202.

Synthesis of Schiff base ligand

Schiff base ligand (kL) was synthesized by the reaction between 1, 8mitiopropan-2-ol (1 mmol) and 2'-
hydroxy-5’-methylacetophenone (2 mmol) in 20mL dhanol. The mixture was stirred for 3 hours at room
temperature. The pale yellow colour ligand was iolet@ It was filtered washed with ethanol and dried

Synthesis of precursor complexes

The precursor complexes were synthesized from GUBE0 and HOOCGH,-p-X (where X = H, CIl, OH, NH
NO,). NaOH (2 mmol) was added to 20mL of ethanoliison of appropriate substituted benzoic acid (@at)
and stirred for 30 min at room temperature. ThenL5of an aqueous solution of Cu$6H,0 (1mmol) was added
to the mixture, and stirred for another 30 minadm temperature. The resultant product was filteweshed with

ethanol and dried.

Synthesis of copper (I11) complexes
An ethanolic solution of the Schiff base ligandnfinol) was treated with aqueous NaOH (3 mmol). T® $blution
the copper (I) precursor (1 mmol) was added airdest for 3 hours at room temperature. The gregupeq(ll)
complexes obtained were dried.

RESULTSAND DISCUSSION

The Schiff base ligand (Figure 1) was stable anrdemperature and soluble in ethyl alcohol and rotdrganic
solvents. ThéH-NMR spectrum of the ligand was recorded in;OB at 500 MHz spectrometer. The values for
the protons in ppm are given in the Table 1.

Figure 1. Structure of Schiff base ligand

The signals observed at3.33 ppm and ai 4.61 ppm corresponds to @bD and solvent water respectively. Since
spectrum was recorded in gBD the OH protons got exchanged and hence werelisetrved in the spectrum.

Table 1. NMR Spectral data of theligand

Chemical Shift & (ppm) | Multiplicity | Number of protons | Assignment

1.92 Singlet 6 12- & 12'-CH
2.26 Singlet 6 13- & 13-CH

3.84-3.88 Multiplet 4 2-&2-CH

4.30-4.32 Multiplet 1 1-CH
6.72 Doublet 2 7-&7-CH
7.13 Doublet 2 8- & 8-CH
7.45 Multiplet 2 10- & 10-CH

All the synthesized copper(ll) complexes were fouade freely soluble in DMSO, DMF and acetonitrilehe
analytical data of the synthesized metal complexeshown in Table 2.

968



Kannappan Geetha et al J. Chem. Pharm. Res,, 2016, 8(3):967-973

Table2. Analytical data of the metal complexes

Compound '\l/lglre;ﬂllzr Melting point (C) Elemeéntal AnaJys%Eound (Caqull\lated)
e Calb o, 165 G110 | qam | (9
c1 GosH3CUN,O; 104 (22322) (g:clé) (44.'424;
c2 GosHaiCN20s 180 (jg:‘s‘é) (j:gg) (gﬁ)
c3 GosHa:CUN,O,Cl >200 (gg:ii) (Z‘r:gg) (ﬂ%
ca GoeHasC N0, 199 (giigi) (g:(l)% (212(15)
® | S % crse) | sy | (430

Ci=Cu,L(CeHsCO0).2H0; C=Cu,LCeHa-p-(NOs) COO.2HO; Ci=Cu,L(CsHa-p-(Cl) CO0).2HO
Cs= CULCsH-p-(NHp) COO.2HO; Cs=CusL CeHa-p- (OH) COO.2HO

The amount of copper in the complexes was estimbyedomplexometric titration with 0.01M EDTA soloii

using ammonia solution as the buffer solution aadtFSulphone Black — F as the indicator. The pé¢agenof
copper in all the complexes agrees well with tHeudated values that confirms the presence of togper atoms in
the complexes.

The molar conductivity measurement of the completeswed a lower molar conductivity value of 11 - Q7
Yen’mol™® in DMF indicating the non-electrolytic nature dfet complexes [19, 20]. The magnetic susceptibility
values of the copper (Il) complexes were measutetb@m temperature with Guoy balance and the effect
magnetic moment values are given in the Table & Magnetic moment values lie below the spin onlyevaf
1.73 BM and were found to be in the range of 1.&85BM. This gives an indication of the magnetitemaction
between the two copper (ll) ions.

Table 3. Molar conductance and magnetic moment of the Cu(l1) complexes

Compound Molar 1Cor;duc’gance M agnetic moment
Q-‘cm"mol BM /Cu
C1 16 1.56
C2 14 143
C3 12 1.50
C4 11 148
C5 17 143

UV-Visible Spectroscopy

The band appeared in UV-Visible spectrum of thariid at 269 nm is associated with>z* transition of benzene
ring and it shifted to 279-282 nm in the coppe) @dmplexes. The band at 324 nm is due-ten* transition of
azomethine group and it shifted to 334-358 nm & dbpper (II) complexes and the band at 346 nnhefligand

due to the p>x* transition corresponds to imine moiety. The brpaék appeared at 610 -644 nm corresponds to d-
d transition of Cu (Il) ion in the complexes. Th&isible spectral data are given in the Table 4.

Table4. UV-Visible Spectral data

Compound | m—z*(nm) | n—a* (hm) | d-d (hm)
HsL 269, 324 346 -
C1l 279, 344 387 639
Cc2 282, 334 387 620
C3 279, 358 387 624
C4 282, 339 387 644
C5 282, 358 387 610

FT-IR Spectra

The FT-IR spectral data of the compounds are giwethe Table 5. The FT-IR spectra of the complexégn
compared with that of the free ligand indicates filvenation of complexes. Certain vibrational bamdghe free
ligands and their complexes, useful for determirtregmode of coordination of the ligands, are giwemable 5. In
general, they show intense bands between 1586—&603that corresponding to the imine (C=N) stretching
vibrations. Vibrational frequency of the C=N groofthe ligand at 1614 ciiis lowered by 11-28 cthin the metal
complexes, indicating coordination through the iennitrogen [21-23].
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The FTIR spectrum of free ligand shows characierisand at 3394 cih assignable to the OH group which
disappears in the metal complexes, indicating d¢éspation of the OH group upon binding with metats. The
appearance of the broad band between 3414- 344Bugygests the presence of co-ordinated water inl)Cu(l
complexes. For the complexlHthe band at 3381 cfis assigned to the OH group in the benzene ring. FAIR
spectra of the complexes show new bands in the5B6em'and 525-599 citregion, corresponding te(M—O)
and v(M-N) vibrations, respectively. The azomethine tstneng frequencies of the free ligands were foundé
decreased in the complexes indicating the participaf the azomethine nitrogen coordinating witbtat ion.

Table 5. FTIR absorption bands of the Schiff base metal complexesin cm™

Compound | v(O-H) | C=N | N-H | C-O | Cu-O | Cu-N was) (DDS()CO(zz) “Tvas s
HsL 3394 1614 - 1303 - - - - -
C1 3426 1602 - 1225 472 561 1553 1398 155
C2 3446 1586 - 1225 511 594 1537 1390 147
C3 3441 1602 - 1221 469 525 1543 1400 143
C4 3414 1603] 3327 1228 434 53p 1518 1391 127
C5 3381 1603 - 1257 499 548 1537 1389 148

The bands observed at 1518-1553'@nd 1389-1400 cih corresponds toas(COO-) anas(COO-), respectively.
The value ofAv (Av = AvasAvs) ranging from 127-155 chwhich is lower than that of the free carboxylatéan
(190 cm?) confirmed a bidentate coordination nature ofdhgboxylate group present in the complexes [24,25].

Based on the physico-chemical and spectral stidéproposed structure of the complexes is givan &igure 2.

SN N CH3

O- Cu/ \Cu o)
Hzo O

XI
Figure 2. Proposed structure of Schiff base Cu(l1) complexes
X =H, NG, Cl, NH,, OH
Antibacterial Assay

Metal ion plays a vital role in a number of diffatéviological processes [26,27]. The interactiorthafse ions with
binuclear Schiff base complexes is of great interBise Schiff base ligand and the five metal com@éeproduced

different inhibition zones against the tested b@aitespeciedProteus mirabilis, Escherichia coind Enterococcus
faecalis (Table 6).

Table 6. Antibacterial Activity

MICROORGANISMS | Control | HsL | G | G | C3 | C4 | Cs | Ciprofloxacin (5mcg)
Proteus mirabilis - - 6 5 5 8 5 29
Escherichia coli - 8 5 5 7 6 5 30
Enterococcus faecalis - 10 6 6 8 7 5 30

For the bacteri@roteus mirabilisthe complexation increases the antibacterial égtiVhe antibacterial activity of
Schiff base metal complexes in DMF against badtsgacies is shown in Figure 4.
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Antibacterial
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Figure 4. Antibacterial activity

Antifungal Activity
The Schiff base and their binuclear copper comlexere used for their antimicrobial studies by nseahfungi,
such asAspergillus flavus, Aspergillus nigandCandida albicangTable 7).

Table 7. Antifungal Activity

Microorganisms | Control | HsL | G | G | G | Cs | Cs | Amphotericin-B (50 mcg)
Candida albicans - - 5| 6| 13| 6| 6 13
Aspergillus niger - - 10| 7| 12| - - 10
Aspergillus flavus| - 5 7 5| 10| - 8 13

For the funguCandida albicansand Aspergillus nigerthe complexes showed a good activity against timgifu
whereas for the ligand there is no activity. Thenptex with chlorine atom substituted in the benzaded moiety

showed very good activity against all the threggfuAntifungal activity of ligand and its metal dates were shown
in Fig.5.

Antifungal
14
12
10
8
6
4
z I
0
ORGANISMS Candida Aspergillus Aspergillus
albicans niger flavus

EMH3L mCl mC2 mC3 mC4 mC5 mAmphotericin-B (50 mcg)

Figure5. Antifungal activity

Antioxidant Studies

The scavenging of DPPH radicals is simple and coileve method which is extensively used to evaluht
antioxidant properties of the Schiff and its metamplexes [28-30]. The DPPH radicals are stableibuhe
presence of synthesized compounds capable the momgihe stable free radical the radical propestdeéstroyed
resulting in a colour change from purple to yelldivwas observed that the Schiff base and theirpiexes can
indeed reduce the concentration of the initial DPRIdical in solution and this is taken as eviden€dheir
antioxidant capabilities. The inhibitory effect B*PH radical is shown in table 8.
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% inhibition = |1 -

£ contro

Asa_m]gle ] x100

The antioxidant activity of the amino and hydrosylbstituted complexes are comparatively good anadnthe
other complexes.

Table8
Compound | Percentage of inhibition
HsL 46.70
C 36.76
C, 44.85
Cs 41.54
Cy 61.76
Cs 53.31
CONCLUSION

In the present study a pentadentate Schiff basedigvas synthesised and was characterised by NNWRVikible

and FT-IR Spectroscopic techniques. The formatioazomethine linkage was confirmed by FT-IR Spestopy.
A series of binuclear copper(ll) complexes havenbggthesized and characterized by various physienical
and spectral analyses. The molar conductance dhallcomplexes suggested their nonelectrolytic reatihe
coordinating mode of the donor atoms of the ligaad confirmed by FT-IR spectral details. In vitrtimicrobial

and antioxidant studies revealed that the hydraxy amino substituted complexes were found to ekigjbod
antioxidant property and the chlorine atom subiidicomplex showed a very good antifungal actisigjainst the
fungi under study.
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