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ABSTRACT

The ternary complexes of lanthanum (111) with 2, 3-dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5-one (HL) and L-
tryptophan, L-phenylalanine, L-isoleucine, L-proline and L-serine have been studied. The mixed ligand complexes
have been prepared and characterized on the basis of elemental analysis, conductivity data, magnetic susceptibility
measurements, UV-visible, infrared spectra, *H NMR spectra and thermal analysis data. In these complexes, the
Schiff base acts as a primary ligand and amino acids acts as secondary ligand which coordinates through the
carboxylate oxygen and the amino nitrogen. The thermal stability of the complexes was studied and the weight
losses were correlated with structure of the complexes. La (111) complexes were screened for their antimicrobial
activities and show the potent biological activities.
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INTRODUCTION

The study of rare earth complexes with organicrdgis gaining considerable importance in recears/¢l-3].

Rare earth ions possess the properties of antitedi4], antitumor [5] and antivirus [6] agents & co-ordinated
with organic ligands and participate effectivelyrimany important life processes. Many researchevs lstudied

preparation, characterization, antimicrobial, aoslidological activity of mixed ligand complexes tfnsition

metal, lanthanide metal and actinide metal ion%Q}- Lanthanide complexes have been studied &ir thteresting
and important properties like their reversibly apito bind oxygen, catalytic activity in hydrogdita of olefins,

structural probes in biological systems [11]. Lamtides (Ill) with ionic radii of 1.06-0.88 and +3 charge fulfill
the optimum conditions for higher coordination [1Ranthanide (IIl) salts have been reported to ereyderate
antiproliferative effects in vitro and in vivo. Hewer, there is a continuing interest in mixed ligjametal complexes
of Schiff bases and some nitrogen and / or oxygmmod ligands due to their unusual magnetic propgrtnovel

structural features and relevance to the biologigatem. Hence it is required to develop new s&feasixed ligand

complexes with various metals and understand tbégrin biological processes.

Antipyrine derivatives are reported to exhibit aygaic, anti-inflammatory, antiviral, antibactergffect and also
have been used as hair colour additii#&%-15]. These compounds have been widely usegéctsophotometric
determination of metal ions. Antipyrine Schiff baderivative can serve as antiparasitic agents lagid tomplexes
with platinum (II) and cobalt (Il) ions have beemos/n to act antitumor substances [16]. This enagrdaus to
synthesis the Schiff base ligand from 4-aminoamtigy

In the present paper we report the synthesis, ctaization and biological studies of the ternagmplexes of

lanthanum (lll) with 2, 3-dimethyl-1-phenyl-4-safldene-3-pyrazolin-5-one (HL) and some amino acitike
amino acids used were L-tryptophan, L-phenylalaninésoleucine, L-proline and L-serine. The comm@sxvere
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synthesized and characterized based on elemerabisas) molar conductivity, spectroscopic methodd thermal
studies. The complexes were also screened forlif@ogical activities.

EXPERIMENTAL SECTION

2.1 Materials

All the chemicals used were of analytical grade arsgd without further purification. Lanthanum niéra

hexahydrate, L-tryptophan, L-phenylalanine, L-isgi@e, L-proline, L-serine, 4-aminoantipyrine and
salicylaldehyde were obtained from S.D. Fine Chaisic Mumbai. Solvents like methanol, ethanol,
dimethylformamide and dimethylsulphoxide wheneveedi were distilled and purified according to stadda
procedures [17].

2.2 Analytical methods and physical measurements

The content of elements (C, H, N) were obtained lbermo Finnigan, Elemental Analyzer, Model No. FIEAEA
1112 at Sophisticated Analytical Instrumentationilfy (SAIF), IIT, Bombay. The metal content wastienated
gravimetrically [18, 19].The conductance measurements were carried out oBRgaiptronics Auto ranging
Conductivity Meter. Magnetic susceptibility measuemnts for all the complexes reported in the presamty were
recorded at room temperature by the Gouy’s metlsinguHg [Co (SCN)] as a calibrant. The electronic spectra of
the complexes were recorded in DMSO solution(¥) on a Shimadzu UV/VIS-160 Spectrophotometer.dred
spectra of the ligand and all metal complexes wecerded in KBr disc on a Perkin-Elmer FTIR Spegif@tometer
in the region 4000-400 ¢ The *H NMR spectra of the Schiff base ligand and thaitthanum (Ill) complexes
were recorded in DMS@gat room temperature on a VARIAN USA, Mercury pIlBONMR Spectrometer using
TMS as an internal standard at Sophisticated Aitalytnstrumentation facility (SAIF), [IT, Bombayhe thermal
analysis of the complexes were carried out in @iletl nitrogen atmosphere on a Perkin-Elmer DiambGdDTA
instrument at Sophisticated Analytical Instrumentatfacility (SAIF), 1IT, Bombay by recording thehange in
weight of the complexes on increasing temperatprs®00C at the heating rate of %D per minute.

The antibacterial activity of the ligands and coexgls was evaluated by agar cup and tube dilutichads using
Muller-Hinton agar medium [20]. The antibacteriéfeet was studied after 24 h incubation a®@7The MIC of the
complexes was studied in liquid Muller-Hinton meadiuTest compounds were dissolved to different cotraéons
in nutrient broth. The MIC was determined afteriicubation at 37C.

2.3 Preparation of 2, 3-dimethyl-1-phenyl-4-salicytlene-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 3an, then
cooled. The Schiff base obtained was filtered, wdslith ethanol and dried under vacuum. The Sdiaffe was
purified by re-crystallization from ethanol and Wwed thoroughly with diethyl ether.

0 HO
Q\N AN
./
/N H
H3C CH3
HL

2.4 Preparation of Ternary Complexes

Mixed ligand La (Ill) complexes were prepared freanthanum (I1l) nitrate hexahydrate, 2, 3-dimethybhenyl-4-
salicylidene-3-pyrazolin-5-one (HL) as a primargaind and different amino acids (AA) such as L-togbtan, L-
phenylalanine, L-isoleucine, L-proline and L-serams secondary ligands.

All the complexes were prepared by the followingegyl procedure:

To a solution of 2, 3-dimethyl-1-phenyl-4-salicydite-3-pyrazolin-5-one (HL) (Immol) in hot metha(@5 cnt),
an aqueous solution (10 &mof metal salt (Lmmol) was added. To this solutiam aqueous/alcoholic solution (10
cm®) of amino acids (1 mmol) was added with constaintirsy. The mixture (1:1:1 molar proportion) wagain
heated till it reaches to boiling. The complexeseagbtained by raising pH of the reaction mixtuyealding dilute

381



B. D. Aghav and R. S. Lokhande J. Chem. Pharm. Res., 2016, 8(6):380-386

ammonia solution. The mixture was cooled and sobthplexes obtained were filtered, washed with water
methanol and then with diethyl ether. The compldkes prepared were dried under vacuum.

RESULTS AND DISCUSSION
The reaction of Schiff base ligand (HL) as a priynbigand and different amino acids as secondargniits with
lanthanum (IIl) nitrate hexahydrate salt yieldetfedtent ternary complexes. The following represémwaequation
illustrates the formation of ternary complexes:

La (NO)y6H,0 + HL + HAA — 3 [La (L) (AA) NG -2H,0 + 2HNG; + 4 HO

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

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

Table 1 Molecular Weight, Colour and Decompositin Temperature of Lanthanum (111) Complexes

Complex Empirical Formula | Molecular Weight Colour Decomposition Temperature {C)
[La (L) (Trp) NG .2H,0 CocHziLaNsOsg 746.49 Light Yellow 175
[La (L) (Phe) NQ] -2H,0 CoHacLaNsOg 707.46 Light Yellow 170
[La (L) (lle) NO3] -2H,O CosHz:LaNsOg 673.44 Light Yellow 180
[La (L) (Pro) NQ] -2H,0O CazHzeLaNsOg 657.4 Dark Yellow 170
[La (L) (Ser) NQ] -2H,0 Co1H26LaNsO1¢ 647.36 Light Yellow 175

Where Trp, Phe, lle, Pro, and Ser represents L-tryptophan, L-phenylalanine, L-isoleucine, L-proline and L-serine respectively

3.1 Elemental analysis and conductance measurement

Elemental analysis data shows that metal salthdum (l1l) nitrate hexahydrate reacts with a @riynligand 2,3-
dimethyl-1-phenyl-4-salicylidene-3-pyrazolin-5-orend secondary ligands L-tryptophan, L-phenylalanihe

isoleucine, L-proline and L-serine in the propantibi1:1 to form complexes of the type [La (L) (AND;]-2H,0.

The molar conductance values of these complexB$80 fall in the range of & 16 Mhos crimol™, indicating

their non-electrolytic nature. As the configuratioianthanum atom has no unpaired electrons tieis tomplexes
are expected to be diamagnetic. The magnetic moofahie lanthanum (l1l) complexes were calculatezhf the
measured magnetic susceptibilities and found diaetagin nature [21, 22].

Table 2 Elemental Analysis Data, Molar Conductancand Magnetic Moments of Lanthanum (IIl) Complexes

Elemental Analysis Reft
Complex Found (Calculated Molar Conductance (Mhos cnd mol?) (B.M.)
% C % H % N % M

46.1 4.23 10.93 18.55 . .
[La (L) (Trp) NG;] -2H,0O @6.64)| (19| (1126] (1862 8 Diamagnetic

45.3 4.33 9.73 19.55 . .
[La (L) (Phe) NQ] -2H,O 45.82)| (4.28) (9.9) (19.64 12 Diamagnetic

42.7 4.93 10.73 20.55 . .
[La (L) (lle) NOg] -2H,0 @2.79)| @79 (04 (2064 14 Diamagnetic]

42.1 4.53 10.73 21.55 . .
[La (L) (Pro) NQ] -2H,0 @2.00)| (429)| (1066] (21.14 16 Diamagnetic

38.3 4.13 10.73 21.55 . .
[La (L) (Ser) NQ] -2H,O 38.94)| 405)| (1082] (21.47 9 Diamagnetic

3.2 Infrared spectra and mode of bonding

The IR spectra of the complexes are compared wéhdf the free ligand to determine the changessrttight have
taken place during the complexation. The band &616n" is characteristic of the carbonyl group presenthin
Schiff base ligand. This group was shifted to lovierquency (59-62 ci) in all complexes indicating the
involvement of the carbonyl oxygen in coordinat[@8]. The band assigned to azomethine group irfriéree Schiff
base ligand was observed at 1503*camd shifted to lower frequency in all metal comgle (13-58 cm). This
indicates the participation of the nitrogen atonthaf azomethine group in coordination [24]. A bredstation band
at 3284 crit in the free ligand is assigned to the phenolic@élip. The disappearance of this peak in the spettr
all the complexes indicates the deprotonation efnhproton prior to coordination. The stretchinggiuency due to
N-N in free ligand was observed at 1034 cis slightly affected in all metal complexes. Thislicates the non-
involvement of this linkage in coordination to tbentral metal ion. An important feature of infdugpectra of the
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metal complexes is the absence of band due to @dtcking vibrations of either the free —OH group2¢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 coxfilemation takes place by deprotonation of hydiaypup of
HL and carboxylic group of the amino acid moiet§][Broad band observed in the region between 38} cnt
due to asymmetric and symmetric O—H stretching r@ahel a weak band in the range 1579-1572 due to H-O—

H bending vibrations indicating presence of watetaoules, further confirmed by thermal studies.

Broad band observed at 3040 tamd 2960 ci due to N-H (asymmetric) and N-H (symmetric) witions of free
amino acid moiety are shifted to higher wave numlieithe range 3180-3110 ¢rand 3060-2965 cihrespectively
in the spectra of metal complexes, suggesting ¢oatidn of the amino group through nitrogen witk thetal ion.

The C-N symmetrical stretching frequency obsenté®&0 cni' in the spectra of amino acids is found to be etift
to lower wave numbers in the range of 917-897'dmthe spectra of the complexes, confirming camation
through the amino group of the amino acids. Thegmee of hydroxyl group in the molecule of carbaxglcid is
readily established by the observation of interesedbdue to O-H stretching vibrations in the red@@®0-3200 cim

! The absence of bands due to O-H stretching Vilmmstin the metal complexes can be used as evidfmce
replacement of proton of hydroxyl group and bondriggoxygen atom to the metal ion. Some new barfidgeak
intensity observed in the regions of 768-699'camnd at 523-470 cthmay be ascribed to the M-O and M-N
vibrations respectively. The M-O bond has much tEsslent character than the M-N bond so the dtiegcbands
of the former appear in high frequency region.

Table 3 Characteristic Infrared Spectral Bands (crit) of Lanthanum (11l) Complexes

v v v v v v " " v v v v
(O-H) | (N-H) | (N-H) | (C=0) | (C=N) | (C-O) | (C-O) | (N-N) | (CN) [ (M-O) [ (M-N) | (NOj)
H,0 Asym | Sym. (HL) (HL) | (A.a) | (HL) | (HL)
(A.a) | (A.a)| (A .a)

Complex

3330 3150 3060 1594 1441 132f 11%1 1086 96 %8 %$28198(m)

(La@@TPINCGI2HO |y | ) | w) | & | | m | ™| ™| @w|[ m]| m]| swom

La (L) (Phe) NGl ot0 | 3390 | 3180] 3060[ 15e4f 1499 1308 11f9  10p4 9p5 99 480196(m)
[La (L) (Phe) NQ] -2H (b) (W) (W) () (s) m | m] m| W (m) w) | 755(m

3365 3110 2965 1593, 1441 130B 11%0 1082 8p7 765 470195(m)

(La L WINOI 2HO | ) | w) | wy | @ | & m| o m| w| ™| w| ssam

3341 3130 3050 1596 148] 139D 1140  10p3 9p5 768 478269(m)

La@EPONQI2HO |y | ) | W) | & | ©@ | m| m| m| w| ®m]| w| osswm

La (L) (Sen NGl 2ho | 3284 | 3135 | 3055[ 1506 145 138p 1196 1061 97 767 470305(w)
[La (L) (Ser) NQ] -2H; (b) (w) (w) (s) (m) (m) (m) (m) (w)|1 (m) (w) | 893(m

Where, s. strong, m: medium, b: broad, w: weak

3.3 Nuclear magnetic resonance spectral studies

TheH NMR spectra of the free Schiff base ligand in D& exhibit a signal aé 12.94 ppm (1H), which is due
to the proton of the phenolic hydroxyl group. Thegk shift of this peak to downfield is due to Hwnding of the
hydrogen of this group with the nitrogen of the methine group. The disappearance of this signtienspectrum
of the complexes confirms the deprotonation oftthdroxyl group of the Schiff base ligand (HL) arakficipation
of its oxygen in the formation of the metal com@sxThe free ligand (HL) also shows signalg at7 ppm (1H)p
6.9- 7.51 ppm (9H) and 2.40-3.33 ppm (6H) assigned to azomethine groopopr aromatic protons and methyl
group protons respectively. These signals weréjighifted downfield or upfield in the complexd&he'H NMR

of La (lll) metal complexes shows additional signaikere assigned to amino acid protons.

The assignments of the main signals in'tHeNMR spectra of the free Schiff base ligand (Hhylats diamagnetic
lanthanum complexes are listed in the table 4.

3.4 Thermal analysis

The thermal behavior of the La (Ill) complexes vimgestigated by TG and DTA techniques. The thermogof
the complexes indicates that they are thermallytygable to varying temperature. All the compkexshow the
gradual loss in weight due to decomposition witbré@sing temperature. The decomposition producte haen
identified on the basis of percentage weight ldsseoved. The assignment of the different decomipositeps were
given in Table 5. The complexes shows decomposiibinitial stage in the temperature range of 26-18
corresponding to loss of two molecules of latticatav. TG shows the loss in weight due to decomiposibf
organic ligand and amino acid moiety in the rang&7®-900°C. The DTA of the La (Ill) complexes shows a small
endothermic peak in the range of 170-2G0ndicates the presence of water molecules. Ades@thermic peak at
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increased temperature attributed to the decompasiti Schiff's base ligand (HL) moiety, nitrate gpand amino
acid moiety present in the complexes. The pattdribroad exothermic peak is probably due to simatars
decomposition of the ligand moieties and their sgoent oxidation to gaseous products like CO;,GGO, NGO,

etc. The weight loss of these complexes and as&gteno the expelled groups exhibited a good ageaemith

proposed ratio of metal and ligands.

Table 4*H NMR Spectral data of 2, 3-dimethyl-1-phenyl-4-satylidene-3-pyrazolin-5-one (HL)and their La (Ill) Complexes

NMR Signals @, in ppm)
Compound 3 (OH) | 8 (HC=N) | & (CH) aromatic | & (CH) of CHs A?iﬂ?::ﬁ%g?'s
m 12.94 9.7 6.90-7 51 240333 |
(1H) (1H) (9H) (6H)
T I I vl I il e
oo | | omis | msm] tiamyoire
e N I Il Bl
e e A Il Sl I
[La (L) (Ser) NQ] 2H,0 | - (El":') 6'?5:)'56 2'(&')3'33 §3.92 (2H)- CH of Ser

Table 5 Thermal Data of Lanthanum (lIl) Complexes

% Weight Loss .
Complex Temperature Range {C) Found | Calculated Assignment of the expelled group
25-175 5.88 4.82 Two molecules of lattice water
[La (L) (Trp) NOj] -2H,O 175-900 49.72 493 CigH16N30; from ligand &
One molecule of N©
25-170 4.88 5.09 Two molecules of lattice water
[La (L) (Phe) NQ] -2H,O 170-900 51.62 49.47 CigH16N30; frgm Ilggnd &
CQ;, from amino acid
30-180 5.96 5.35 Two molecules of lattice water
[La (L) (lle) NOg] -2H.0 180-900 4550 4544 | 1@4eNO, from ligand
35-170 3.27 2.74 One molecules of lattice water
[La (L) (Pro) NQJ -2H,0 170-900 46.66 46.85 One molecule of lattice watéZ;&::N; from ligand
25-150 8.5 8.34 Two molecules of lattice water gHrom amino acid
[La (L) (Sen) NQ] -2H,0 150-900 40.4 2217 | &HwN, from ligand

On the basis of elemental analysis data and vapbysico-chemical studies, coordination numberisigroposed
for lanthanum (lll) complexes. The bonding and cinee for the lanthanum (llII) complexes may be espnted as
shown in figure

La CHs R= -CH,-CgHeN (Trp), -CeHs (Phe), - CH-
———NHZ/']\ /Z—:< 2H,0 CsHs (1l€) and -CH,OH (Ser)
o —_—
R /O N/N\

Figure 1 General proposed structure for the La-L-AAcomplexes
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/
N

/Z—_( 2 H,0
/N\C

Figure 2 Proposed Structure of [La (L) (Pro) NQ] -2H,0

SN Cl)
|_
HN ,

3.5 Antibacterial study

The antibacterial activities of the complexes wevaluated by the agar cup method using tetracyelne standard
against the bacterid&aphylococcus aureus, Corynebacterium diphtheriae, Pseudomonas aeruginosa and
Escherichia coli. The results, expressed as the diameter of grokibition area in millimeters, are given in Table
6. The minimum inhibitory concentration (MIC) ofethest sample which is expressed in pg*/faas determined by
using Mueller-Hinton culture medium, are given iable 7.

The antimicrobial activity results indicate thattlhanum (l11) complexes exhibit good antimicrobéativity against
S aureus, C. diphtheriae, P. aeruginosa and E. coli, especially againsk. 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 pEsisg an
additional azomethine (C=N) linkage which is sigraht in determining the mechanism of transamimatod
resamination reaction in biological system [26,. Ztje ligand with nitrogen and oxygen donor sysiight inhibit
enzyme production, since the enzymes which requivese groups for their activity appear to be maele to
deactivation by metal ions upon chelation.

Table 6 Antibacterial Activity of Lanthanum (l1l) C omplexes by agar cup method

Complex Antibacterial Activity (mm)

S. aureus | C.diphtheriae | P. aeruginosa | E. coli
[La (L) (Trp) NOj] -2H,0 13 13 12 16
[La (L) (Phe) NQ] -2H,0 14 12 13 15
[La (L) (lle) NOj] -2H,0 14 11 13 15
[La (L) (Pro) NQ] - 2H,0 13 12 11 15
[La (L) (Ser) NQ] - 2H,0 14 12 12 15
Tetracycline 30 25 26 18

Table 7 Antibacterial Activity of Lanthanum (lIl) C omplexes by tube dilution method

MIC (ug/cm®)

Complex S. aureus | C.diphtheriae | P. aeruginosa | E. coli
[La (L) (Trp) NOj] -2H,0 300 500 450 250
[La (L) (Phe) NQ] - 2H,0 350 400 400 300
[La (L) (lle) NOj] -2H,0 350 400 500 250
[La (L) (Pro) NQ] -2H,0 300 500 450 250
[La (L) (Ser) NQ] - 2H,0 350 450 400 300
HL 450 500 450 400

CONCLUSION

In conclusion, we have reported the synthesisrobity complexes of La (lll) metal with 2, 3-dimeliyphenyl-4-
salicylidene-3-pyrazolin-5-onand some amino acids. The complexes were charaatednd it is found that the
Schiff base participated in the bonding to lantmamas monobasic tridentate ONO ligand and the amdids as
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monobasic bidentate ligand by deprotonation of $lehiff base phenolic OH and the amino acid COOHe Th
correlation of the elemental analysis data andwarphysico-chemical studies, coordination numbeisgroposed
for lanthanum (lll) complexes. These complexes leixhexcellent antibacterial activityThus the series of
lanthanum complexes can hopefully become a nowel &f drugs.
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