Available online at www.pelagiaresearchlibrary.com

4 = ) )

o~ ' R Pelagia Research Library
I Advances in Applied Science Research, 2015, 6(12):33

Library

Library
ISSN: 0976-8610
CODEN (USA): AASRFC

Synthesis, characterization and antibacterial propsies of the ternary
complexes of cerium with Schiff base derived from-aminoantipyrine and
some amino acids

B. D. Aghav*, S. K. Patil and R. S. Lokhande

Department of Chemistry, Changu Kana Thakur Arts, Commerce and Science College, New Panvel, Dist. Raigad,
Maharashtra, India

ABSTRACT

The ternary complexes of cerium (111) with 2, 3-dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5-one and some amino
acids, viz. L-tryptophan, L-tyrosine, L-cysteine, L-leucine and L-serine have been synthesized. These complexes have
been characterized on the basis of lemental analysis, conductivity data, magnetic susceptibility measurements,
spectral methods and thermal analysis data. The Schiff base 2, 3-dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5-
one (HL) acts as a primary ligand and amino acids acts as secondary ligand which coordinates through the
carboxylate oxygen and the amino nitrogen. These complexes were screened for their antimicrobial activities and
show the potent biological activities against Saphylococcus aureus, Corynebacterium diphtheriae, Pseudomonas
aeruginosa and Escherichia coli.

Keywords: Ternary complexes, Cerium, Schiff base, AminalscAntimicrobial activity

INTRODUCTION

Metal complexes are gaining importance in receatygarticularly in the design of repository, sl@iease or long
acting drug in nutrition and in the study of meti&ba [1]. Metal ions are known to accelerate thegdaction [2].
Mixed ligand complexes are well known to play arpartant role in biological processes [3-5]. Mangea&rchers
have extensively investigated metal complexes ofogically active ligands [6, 7]. The literaturergey revealed
that mixed ligand complexes of some transition isetath amino acids have been studied for theirtlsysis,
characterization and biological importance [8, Bgrnary complexes containing an amino acid as anskcy
ligand have significance as they are potential nsofle enzyme metal ion substrate complexes [10].

Rare earth ions possess the properties of antielcf@l1], antitumor [12] and antivirus [13] agentghen co-
ordinate with organic ligands and participate affety in many important life processes. Many reshars have
studied preparation, characterization, antimicipb#&nd toxicological activity of mixed ligand coneples of
transition metal, lanthanide metal and actinideaiiens [14-17]. Lanthanide complexes have beedistufor their
interesting and important properties like theirenesibly ability to bind oxygen, catalytic activiiy hydrogenation of
olefins, structural probes in biological system8][Lanthanides (l1l) with ionic radii of 1.06-0.86 and +3 charge
fulfill the optimum conditions for higher coordinah [19]. Lanthanide (lll) salts have been reportedexert
moderate effects against proliferation in vitro andrivo. However, there is a continuing interestnixed ligand
metal complexes of Schiff bases and some nitrogeh/ar oxygen donor ligands due to their unusuagymetic
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properties, novel structural features and relevancthe biological system. Hence it is requireddevelop new
series of mixed ligand complexes with various nsetadd understand their role in biological processes

Antipyrine derivatives are reported to exhibit aedic, anti-inflammatory, antiviral, antibacteriffect and also
have been used as hair colour additif@&®22]. These compounds have been widely usegéctsophotometric
determination of metal ions. Antipyrine Schiff baterivative can serve as anti-parasitic agentstlagid complexes
with platinum (II) and cobalt (II) ions have beemos/n to act antitumor substances [23]. This enageotaus to
synthesis the Schiff base ligand from 4-aminoamiiyzy

Herein we report the synthesis, characterizatiahtaological studies of the ternary complexes afure (1) with

2, 3-dimethyl-1-phenyl-4-salicylidene-3-pyrazolimBe (HL) and amino acids. The amino acids usedewer
tryptophan, L-tyrosine, L-cysteine, L-leucine andgérine. The complexes were characterized basezlepmental
analysis, molar conductivity, spectroscopic methadd thermal studies. The complexes were screesrethéir
biological activities.

MATERIALS AND METHODS

2.1. Materials

The chemicals used were of analytical grade andl wgéhout further purification. Ce (lll) as ceriumitrate
hexahydrate salt, L-tryptophan, L-tyrosine, L-serih-cysteine, L-leucine, 4-aminoantipyrine andcséhldehyde
were obtained from S.D. Fine Chemicals, Mumbai. @tganic solvents whenever used were distilled aurified
according to standard procedures [24].

2.2. Measurement Techniques

The content of elements (C, H, N, S) were obtaimed hermo Finnigan, Elemental Analyzer, Model NbABH

EA 1112 at Sophisticated Analytical Instrumentatibacility (SAIF), 1IT, Bombay. The metal content sva
estimated gravimetrically [25, 26]. The conductamieasurements were carried out on an Equiptronigt® A
ranging Conductivity Meter. Magnetic susceptibilityeasurements for all the complexes reported inptiesent
study were recorded at room temperature by the Gongthod using Hg [Co (SCN)as a calibrant. The electronic
spectra of the complexes were recorded in DMSCtisol{10° M) on a Shimadzu UV/VIS-160 Spectrophotometer.
Infrared spectra of the ligand and all metal comgdewere recorded in KBr disc on a Perkin-Elmer RETI
Spectrophotometer in the region 4000-400"cmThe thermal analysis of the complexes were earout in
controlled nitrogen atmosphere on a Perkin-Elmeanizind TG-DTA instrument at Sophisticated Analytical
Instrumentation Facility (SAIF), IIT, Bombay by mding the change in weight of the complexes omeasing
temperature up to 960 at the heating rate of %D per minute.

The antibacterial activity of the ligands and coexgls was evaluated by agar cup and tube diluticdhade using
Muller-Hinton agar medium [27]. The antibacteriffeet was studied after 24 h incubation a®@7The MIC of the
complexes was studied in liquid Muller-Hinton mediuTest compounds were dissolved to different cotradons
in nutrient broth. The MIC was determined aftett@iicubation at 37C.

2.3. Synthesis of 2, 3-dimethyl-1-phenyl-4-salicdene-3-pyrazolin-5-one (HL)
The organic Schiff base ligand (HL) was preparedmfr condensation between salicylaldehyde and 4-
aminoantipyrine.

Equimolecular amounts of salicylaldehyde and 4-aamipyrine were mixed in ethanol and refluxed 3dn, then
cooled. The Schiff base obtained was filtered, wdshith ethanol and dried under vacuum. The Sdiaffe was
purified by re-crystallization from ethanol and Wwead thoroughly with diethyl ether.

2.4. Synthesis of Ternary Complexes

The 1:1:1 [M:HL:AA] complexes were prepared fronriaen (Ill) nitrate hexahydrate, 2,3-dimethyl-1eptyl-4-
salicylidene-3-pyrazolin-5-one (HL) as a primargaind and some amino acids (AA) such as L-tryptophan
tyrosine, L-cysteine, L-leucine and L-serine asoselary ligands.

The cerium (111) complexes were prepared by théofeing general procedure:
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To a solution of 2, 3-dimethyl-1-phenyl-4-salicygite-3-pyrazolin-5-one (HL) (1mmol) in hot methaf2b cn?),
an aqueous solution (10 &mof cerium (1) nitrate hexahydrate (1mmol) waddad. To this solution, an
aqueous/alcoholic solution (10 &of amino acids (Immol) was added with constaintirsg. The mixture (1:1:1
molar proportion) was again heated for about 10uteis till it reaches to boiling. The complexes wel¢ained by
raising pH of the reaction mixture by adding dilafemonia solution. The mixture was cooled and subichplexes
obtained were filtered, washed with water, methamal then with diethyl ether. The complexes thepared were
dried under vacuum.

RESULTS AND DISCUSSION
The reactions of Schiff base ligand (HL) as a primiéggand and some amino acids as secondary ligaviths
cerium (lll) nitrate hexahydrate salt yielded diffet ternary complexes. The following represengatdguation
illustrates the formation of ternary complexes:

Ce (NQ)y6H,0 + HL+ AA ___, [Ce (L) (AA) N -2H,0 + 2HNQ; + 4 KO

Where, L is deprotonated 2, 3-dimethyl-1-phenylaieylidene-3-pyrazolin-5-one as ONO donor primégand,
and AA is different amino acids as deprotonatechl /aor O donor secondary ligands.

All the complexes are non-hygroscopic, stable solidsoluble in water and in common organic solyesuch as
ethyl alcohol, acetone, chloroform, etc., but matigdy soluble in DMF and DMSO.

Table 1 Molecular Weight, Colour and DecompositiorTemperature of Cerium (lll) Complexes

Complex Empirical Formula | Molecular Weight Colour Decomposition Temperature °C)
[Ce (L) (Trp) NG] -2H,O | CpeHz1:CeNsOy 7475 Light Brown 24C
[Ce (L) (Tyr) NG -2H,0 | GyH3CeNsOy¢ 724.67 Brown 230
[Ce (L) (Cys) NQ] -2H,0 | GH»cCeNOsS 664.64 Light Brown 245
[Ce (L) (Leu) NG] -2H,0 | CpaH3,CeNsOy 674.6¢ Light Brown 23:
[Ce (L) (Ser) NQ«;] -2H,O Cy1H26CeNsOy¢ 648.57 Brown 178
Where Trp, Tyr, Cys, Leu and Ser represents L-tryptophan, L-tyrosine, L-cysteine, L-leucine and L-serine respectively

3.1 Elemental analysis and conductance measurement

The results of elemental analysis data shows teasitym (I1l) nitrate hexahydrate reacts with a @mnligand 2,3-
dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5-oaed secondary ligands L-tryptophan, L-tyrosine ykteine, L-
leucine and L-serine in the proportion 1:1:1 tonfocomplexes of the type [Ce (L) (AA) N[22H,O. The molar
conductance values of these complexes in DMSQrfatie range of 9 to 16 Mhos émmol™, indicating their non-
electrolytic nature. According to the configuratiohcerium atom, the compounds are expected toabenpagnetic
as it has unpaired electron. The magnetic momdrtteeacerium (Ill) complexes were calculated frdme measured
magnetic susceptibilities after employing diamagnebrrections which revealed their paramagnetitunea The
observed values for effective magnetic momeggg)(are found to be in the range of 1.81 to 1.87 B.M.

Table 2 Elemental Analysis Data, Molar Conductancand Magnetic Moments of Cerium (Ill) Complexes

Elemental Analysis Meft
Complex Found (Calculated) Molar Conductaﬂce (B.M.)
(Mhos cnt mol)
%C | %H | %N | %S | %M
46.8¢ | 42¢ | 11.97 18.4¢
[Ce L) (TPR)NQI2HO | o 'or | (418 | 1124 | — | (1875 9 1.85
4429 | 435| 918 19.25
[Ce (L) (Tyr) NOJ -2H,0 wir3)| @is| ©on| | (o4 13 1.84
37.9; | 3.8¢ | 101t | 42¢ | 215t
[Ce (L) (Cys)NQI2H:0 | 27 04 | (.04 | (10.54 | (a.81 | (21.09 16 1.87
41.75 | 420| 1019 20.65
[Ce (1) (Lew)NQT 2HO | ol (4 7e)| (1038] | (2076 13 1.81
38.8. | 415 | 10.6: 21.4¢
[Ce () (Sen NI 2H0 | a5 | wom| (10.80] | (o162 10 1.86
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3.2 Infrared spectra and mode of bonding

The IR spectra of the complexes are compared Wwéhdf the free ligand to determine the changesrttight have
taken place during the complexation. The band &61@n" is characteristic of the carbonyl group preserthia
Schiff base ligand. This group was shifted to lovieguency (50-59 ci) in all complexes indicating the
involvement of the carbonyl oxygen in coordinat[@8]. The band assigned to azomethine group irfre Schiff
base ligand was observed at 1503'camd shifted to lower frequency in all metal comxete (43-58 cm). This
indicates the participation of the nitrogen atonthaf azomethine group in coordination [29]. A bred#utation band
at 3284 crit in the free ligand is assigned to the phenolicgdéup. The disappearance of this peak in the speétr
all the complexes indicates the deprotonation e proton prior to coordination. The stretchingguency due to
N-N in free ligand was observed at 1034 cim slightly affected in all metal complexes. Thislicates the non-
involvement of this linkage in coordination to tbentral metal ion. An important feature of infrduspectra of the
metal complexes is the absence of band due to @dicking vibrations of either the free —OH group2p 3-
dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5onéiL) or of the —COOH group of the amino acid. This
observation leads to the conclusion that the comfdemation takes place by deprotonation of hydtaxpup of
HL and carboxylic group of the amino acid moiety. [Broad band observed in the region between 32Z8D3m'
due to asymmetric and symmetric O—H stretching maeatel a weak band in the range 1579-1574 due to H-O—
H bending vibrations indicating presence of watetauoules, further confirmed by thermal studies.

Broad band observed at 3040 tand 2960 cril due to N-H (asymmetric) and N-H (symmetric) wifions of free
amino acid moiety are shifted to higher wave numliethe range 3150-3135 ¢rand 3055-2967 cthrespectively
in the spectra of metal complexes, suggesting @oatidn of the amino group through nitrogen witke thetal ion.
Thevasymmetric (COQ band of free amino acids i.e. 1610-1590"ds shifted in the range 1605-1596 trand
the vsymmetric (COQ mode observed df1400 cnt in the spectra of free amino acids is found tasbidted to
lower wave number in the range of 1385-1303'cin the spectra of complexes indicating the camation of
carboxylic acid group via oxygen with the metal.ion

The C-N symmetrical stretching frequency obserte®80 cni in the spectra of amino acids is found to be etift

to lower wave numbers in the range of 917-899"dmthe spectra of the complexes, confirming camation
through the amino group of the amino acids. Thesgmee of hydroxyl group in the molecule of carbaxgcid is
readily established by the observation of intenssdb due to QH stretching vibrations in the region
3650-3200 cm. The absence of bands due to O-H stretching vitmstin the metal complexes can be used as
evidence for replacement of proton of hydroxyl grand bonding via oxygen atom to the metal ion. Sorew
bands of weak intensity observed in the regions6&-748 crit and 535-470 cthmay be ascribed to the M-O and
M-N vibrations respectively. The M-O bond has mies$s covalent character than the M-N bond so ttetciing
bands of the former appear in high frequency region

Table 3 Characteristic Infrared Spectral Bands (crit) of Cerium () Complexes

\") A\ A\ v A\ A\ A\ v v A\ A\ v
S oo |co e feo| § 1TSS | & | tol
Complex H0 | Asym | sym. | (HL) | (HL) (;‘)' Hy | (L)
(6’:)' E,f)' (A a)
[Ce () (Trp) NQJ 3280 | 3150 | 3055| 1605| 144%  138p 1141 1043 o2 748 5$35231(m)
2H,0 | w|lw| o] o] w| o] w| w|[ m| @] sow
[Ce () (Tyr) NOJ 3320 | 3135| 3055| 1506| 1444 1385 1142 1060  9p5 7460 480240(w)
2H,0 | w|lw| o] o w| o | w| m| m| sow
[Ce (L) (Cys) NQJ 3286 | 3140 | 3050| 1509] 145{ 1308 1141 1088  8P9 755  470290(m)
2H,0 | w|lw| o] o ol o[ m| w| m| w| swew
[Ce (L) (Leu) NQJ 3329 | 3140| 2967| 1603 146 138k 1147 10B4 9p3 755 480201(m)
2H,0 | w|lw| o] of o] o | w| m| w| oosw
Ce (L) (S NG| -2H.0 3295 3135 3055 1598 14445 130B 1141 1062 on7 768 470257 (w)
[Ce)EeINA2HO | )y | w) | w) | o | m | m | m| m| w| @] w| sw5m
Where, s strong, m: medium, b: broad, w: weak
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3.3 Thermal analysis

The thermal behavior of the cerium (lll) complexess investigated by TG and DTA techniques. Thentlogram
indicates that the complexes are pretty stableatging temperature. All the complexes show the gahdbss in
weight due to decomposition with increasing tempugea The decomposition products have been idedtifin the
basis of percentage weight loss observed. The tignams of cerium (I1l) complexes shows the firstalaposition
at initial stage in the temperature range of 25-Z7%orresponding to loss of two molecules of latticater and
decomposition of the ligand. This loss in weighlideed by decomposition of organic ligand and amammd
moiety in the range of 250-90C. The final stage of decomposition observed cooesimg to the weight loss of

NO;, CO, etc. The weight loss of these prepared complexdsbited a good agreement with proposed
stiochiometry of metal and ligands.

Table 4 Thermal Data of Cerium (lll) Complexes

Temperature Range { % Weight Loss .
Complex ) Found | Calculated Assignment of the expelled group
Two molecules of lattice water & Two molecules dfi{from
[Ce (L) (Trp) NQJ 25-250 9.32 8.83 ligand
2H,0 25C-90& 37.3¢ 36.91 CioH10N30; from liganc
905-1040 3.53 3.74 CO molecule from amino acid
40-270 16.50 17.25 Two molecules of lattice wateCA&s from ligand
[Ce (1) (Tyn) NQ 270-905 27.27]  27.74 | @N;O from ligand
i 905-1040 3.04 3.86 CO molecule from amino acid
25-27C 14.7¢ 16.8¢ Two molecules of lattice water &sH, from liganc
[Ce (L-)z(HC)(/)S) NG] 270:90C 33.41 3220 | CiHN;O from liganc
i 900-1040 15.40 15.95 G®om amino acid & one molecule of NO
25-275 14.32 16.60 Two molecules of lattice wateCq&, from ligand
[Ce () (Lew) N 275-902 28.83]  29.35 | @, from ligand
i 902-1040 7.45 6.52 GQOrom amino acid
[Ce (L) (Ser) N@Q] 25-16& 6.0% 5.5¢8 Two molecules of lattice wal
2H,0 16E-90C 42.01 42.2¢ CigH16N;3 from liganc

*Ligand- 2, 3-dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5-one (HL)

On the basis of elemental analysis data and vapbysico-chemical studies, coordination numberisigroposed

for cerium (lll) complexes. The bonding and struetior the cerium complexes may be represented@srsin
figure 1.

R= ‘CH'CgHGN (Trp),
-CH,-CgH,OH (Tyr),
-CHSH (Cys),

— -CH-CH (CH) (Leu),

-CHOH (Ser)

Ce _ 2H,0
RN N
o O

Figure 1 Proposed General Structure of Ce-L-AA comlexes

3.4 Antibacterial study

The antibacterial activities of the complexes wevaluated by the agar cup method using tetracyeline standard
against the bacterig&aphylococcus aureus, Corynebacterium diphtheriae, Pseudomonas aeruginosa and
Escherichia coli. The results, expressed as the diameter of growiibition area in millimeters, are given in Table
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5. The minimum inhibitory concentration (MIC) ofethest sample which is expressed in ug*/aas determined by
using Mueller-Hinton culture medium, are given iable 6.

Table 5 Antibacterial Activity of Cerium (lll) Comp lexes by agar cup method

Complex Antibacterial Activity (mm)

S. aureus | C.diphtheriae | P. aeruginosa | E. coli
[Ce (L) (Trp) NG] - 2H,0 14 13 12 16
[Ce (L) (Tyr) NGy - 2H,O 13 13 12 15
[Ce (L) (Cys) NQ] - 2H,0 13 11 12 15
[Ce (L) (Leu) NQ] - 2H,0 14 12 13 16
[Ce (L) (Ser) NQ] - 2H,0 13 12 13 16
Tetracycline 30 25 26 18

Table 6 Antibacterial Activity of Cerium (Ill) Comp lexes by tube dilution method

Complex MIC (ug/cm?)

S. aureus | C.diphtheriae | P. aeruginosa | E. coli
[Ce (L) (Trp) NG -2H,0 35C 50C 40C 25C
[Ce (L) (Tyr) NCg] - 2H,0 30C 40C 45(C 30C
[Ce (L) (Cys) NQ] - 2H,0 350 500 500 250
[Ce (L) (Leu) NQ] - 2H,0 350 400 450 250
[Ce (L) (Ser) NG] -2H,0 30C 45(C 40C 30C
Tetracyclin 1.t 2.0 1.t 2.5

The antimicrobial activity results indicate thatioen (l1l) complexes exhibit good antimicrobial a4ty againstS.
aureus, C. diphtheriae, P. aeruginosa andE. coli, especially againdf. coli. The complexes have better antibacterial
activity than that of each ligand.

The enhancement in the activity is rationalizedtbe basis of the structures of the ligands by =g an
additional azomethine (C=N) linkage which is siggaht in determining the mechanism of transamimagod
resamination reaction in biological system [30,. 34je ligand with nitrogen and oxygen donor systeight inhibit
enzyme production, since the enzymes which requirese groups for their activity appear to be nl@le to
deactivation by metal ions upon chelation.

CONCLUSION

In conclusion, we have reported the synthesis ofaty complexes of cerium (lll) metal with 2, 3-dithyl-1-
phenyl-4-salicylidene-3-pyrazolin-5-one (HL) andieas amino acids. All the complexes were charadrand it
is found that the Schiff base participated in tlomding to cerium as monobasic tridentate ONO ligand the
amino acids as monobasic bidentate ligand by depation of the Schiff base phenolic OH and the ananid
COOH. The correlation of the elemental analysisdatd various physico-chemical studies, coordinatiomber
six is proposed for cerium (Ill) complexes. Theseplexes exhibit excellent antibacterial abilityaartstS aureus,
C. diphtheriae, P. aeruginosa andE. coli. Thus the series of cerium complexes can hopefbome a novel kind
of drugs.
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