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ABSTRACT

The synthesis of new divalent Schiff base on the Lanthanide (I11) complexes like La (I11), Ce(l11), Nd(I11), Sm(l11),
Gd(111), Tb(111) and Dy(l11) were derived by the condensation of salicylaldehyde with 4-methoxyaniline in alcoholic
medium with forming 2-(E)-(4-methoxyphenylimino) methyl phenol (MPMP) The structures of the Schiff base
ligands and Lanthanide (111) complexes have been proposed by the analytical and spectral data by FTIR, *HNMR,
Molar conductance, XRD and Magnetic studies. The XRD studies indicate that orthorhombic crystal system for
Ce(l11), Nd(111), Th(l11), Dy(111) and Gd(I11) complexes and other were tetrahedral crystal system for La(lll) and
SM(lI1) complexes. The diameters inhibition zone were measured after 24 hrs of incubation
[GA(MPMP),((H>0),NO;] were found to be effective against Saphylococcus aureus in 500 ppm solution. The
MPMP ligands metal complexes have been tested for their antibacterial activity against Staphylococcus aureus,
Bacillus substilis species and antifungal activity Aspergillus Niger, Fusarium Oxysporum species at the same
concentration 250 ppm and 500 ppm.

Key words: MPMP ligands, antibacterial and antifungal activhMagnetic properties.

INTRODUCTION

The wide variety of application of Schiff base a#ed from aromatic amine and aldehyde is a fieldnofganic,
analytical and organic chemistry [1-5he synthesis of bioactive transition metal cometereported in previous
report[6]. The oxygen, nitrogen of Schiff base metal ctewps has played an important role in the developrog
coordination chemistry [7-10]. In the present waynthesis of biologically active lanthanide (llipraplexes
containing azomethine group (—CH=N-) containingooarnitrogen double bonds known as Schiff basey Hre
usually prepared by condensing primary amines witive carbonyl compounds. The synthesis of asymicabt
bidentate Schiff base formed by the condensatiosab€yaldehyde with 4-methoxyphenylamireheme-1). The
Schiff base MPMP ligand were allowed to react viigglll), Ce(l11), Nd(ll1), Sm(l1), Gd(lll) Tb(lll) and Dy(llI)
ions by using ethanol as a solvent in the molao a2 (metal : ligand ).

EXPERIMENTAL SECTION
All chemicals and solvents of A.R. grade. Lanthan(idl) nitrates obtained from Rare Earth Ltd. (bjdwere used

without further purification. Salicylaldehyde anednethoxyaniline was obtained from Alfa Acer Chengcand
solvents were obtained from Aldrich Chemical Compah-NMR spectra of ligand and metal complexes were
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recorded on a spectra were taken pDMSO and the chemical shifts were given in ppmhwiespect to
tetramethylsilane (TMS) used as internal standdrde magnetic measurements were carried out at room
temperature with a Gouys balance and Mercury teébayanato Cobalt (II) was used as a standarddiibration.

1.2 Synthesis of 2-(E)-(4-methoxyphenylimino) methyl phenol (M PM P) Schiff base ligand

The syntheses of Schiff base MPMP ligand were pegphy total amount of solution prepared by 50 thiagol
contain 0.01mol (0.122g) of salicyaldehyde, andlt0l (0.123 g) of 4-methoxyaniline were stirred #hrs at
room temperature as show(fecheme-1). Fine shining

Gray precipitate of the Schiff base ligand (2-(BE)rfethoxyphenylimino) methyl phenol) formed wasefied off,
washed with ethanol and stored in vacuum desiceategr anhydrous calcium chloridehe purity of MPMP ligand
was checked by using thin layer chromatography (Th¢Z using silica gel plates. The product was pedifand
recrystallized with hot ethanol. Yield obtained e@&0%.
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Scheme-|. Structure of Schiff baseligand 2-(E)-(4-methoxyphenylimino) methyl phenol (M PM P)

1.3 Synthesis of Lanthanide (111) complexes

Lanthanide (lll) complexes were synthesized by ngkithe mixture of (0.01mol) ligands 2-(E)-(4-
methoxyphenylimino) methyl phenol dissolve in 50sthanol solution simultaneously and other lanthar(idl)
nitrate (0.01mol) 25 ml of ethanol was added urodsstant stirring for 3 hrs at room temperaturee.phecipitated
complexes were filtered off, washed with ethanddttd/l ether and dried under vacuum over anhydicalsium
chloride (CaCJ). Decomposition points of lanthanide (Ill) compésxwere above 250.

RESULTSAND DISCUSSION

2.1 *H-NMR spectra of ligands:
The'H-NMR spectra of MPMP ligands in CDit room temperature shows the signals at 3Q®5LH, phenolic
OH), 7.5-9.3 (m, 7H, Ar-H), 7.4 (s, 1H, N=C-H), 3.98 (s, 3H, OCH).

2.2Molar conductance:

Molar conductivity data for all the complexes in BMolution at room temperature were in the rangelef29 cr
mol*reported for 1:1 electrolytgd1]. Conductance measurements of M solutions of the complexes in DMSO
were carried out on a conductivity meter by usingductivity cell Type Cd-10, cell K=1.0+10%. Thenttuctivity
values were suggests in Table &Il the lanthanides (lll) complexes showed low coaiilvity i.e. non electrolytic
behavior.

2.3 Magnetic M easur ement:

Study of unpaired electron of lanthanide (lll) cdexes by using magnetic susceptibility measuremenhtthe
powdered complexes were carried out by employingySubalance method at 2& temperature. Mercury
tetrathiocyanato Cobalt (Il) was used as a stanfiardalibration. The effective magnetic momegt of the metal
ions were calculated by using the following formula

et = 2.83 (xm T )2 BM

xm= molar susceptibility, T = absolute temperatured &V = Bohrs Megatons Thg.; of the metal ions were
calculated in the present lanthanide (lll) comptexeere summarized in Table-2. The data shows #mhénide
(1) complexes were diamagnetic in nature, as etgukfrom its closed shell electron configuration @bsence of
unpaired electrons [12]. All other triple positigéharged lanthanide complexes were paramagnetictaube

presence of 4f-electrons, which are effectivelyekted byss” and5p® electrons [13].
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Table- 1. Physical and analytical data of MPMP ligand Lanthanide (I11) complexes

Ctgz?S;eS M., Te'\r/rl{pl)j(."C) Yield (%) CElemen|t_|a| analy;isfound écalcula’\\;ezﬁzl)
T N A A
[La(MPMP(HOLNO;] | 691.46| =250 54 (121625111) (i%) (g:gg) (ggﬁ) (igigg)
[Ce(MPMP)Y(H:OENO] | 693.52) =250 58 (3323‘7‘) (j.i(z)) (g:gg) (283‘3‘2) (38;33)
[Nd(MPMP)(H,O)NOs] | 696.79| =250 56 (1215(15) (j.i‘zl) (g:gg) (382%) (gg;g)
[Sm(MPMP)(H,0LNO;] | 702.91 ] =250 57 (j;g[ll) (i:ﬁ) (g:gg) (581‘2‘2) (iigg)
[GA(MPMP)(H,OLNO;] | 709.82| 250 60 (j;:gg) (iég) (Zigi) (igﬁgg) (ggislsg)
oo e w0 | |0 | k| o | oh ] g
[DY(MPMP),(H,OpNOg] | 715.05| 250 57 (gﬁgg) (iigi) (g:gg) (382613‘31) éiég)

2.4 Electronic spectra:

The UV-Visible spectrum of the solid ligand MPMPTiable-2 showed first bands at 215-279nm assigned t*
transition within the aromatic ring (-C=C-) and sed band at 346-355nm due tomnh-transition within the
azomethine (—C= N) group. The broad band is obseirvéhe visible region in the spectra of the lamides (III)
complexes of at 28.901 — 28.169 tand this band may be assigned to the strong ligamdetal charge transfer
transition [14]. The absorption bands due to tfigr&nsitions of the lanthanide ions could not Bentified in the
visible region of all these complexes. This mayppebably attributed to the fact that the f-f trdiusis are very
weak, and the bands corresponding to these tramsitire observed by the strong charge and tratrsfesition
bands of the ligand [15].

Table-2. Magnetic moment and Molar conductance data of MPMP ligand Lanthanides (I11) nitrate complexes at room temperature

- . Molar conductancg Amax Band

Ligand / Metal Complexes  Magnetic moment (B\) Mho(cn? mol?) Assignment
et DMSO nm -

279 n—n*

MPMP - - 346 n—on*

, i 230,255 mn—on*

[La(MPMP)(H,0),NO;] Diamagnetic 44.01 350 h—n*

234, 275 n— ¥

[Ce(MPMP)(H,0),NO;] 2.32 47.01 352 n—om*

264 n—*

[NA(MPMP),(H,0),NO3] 3.83 54.01 351 n—n*

215, 261 n— n*

[SM(MPMP)(H,0),NO;] 1.45 47.00 350 n—n*

272,292 n— n*

[GA(MPMP)((Hz0).NO3] 7.62 77.89 351 n—n*

*

[Tb(MPMP),(H;0),NO4] 9.56 40.01 o .

215, 254 *

[DY(MPMP),(H,0),NO3] 10.35 66.20 355 ot

25FTIR Studies:

A comparative study of infrared spectra of free MPhNgand and their respective lanthanide (Ill) ctemps were
recorded in the 4000-300 €nrange using KBr pallets. IR spectra of the Schike ligands were analyzed by
comparison of the spectra of substituted benzedeatencorresponding assignments were listed withpaoing the
IR spectra of previously reported data [16]. ThetipaIR data for ligand and their correspondingngtexes are
given in Table-3. These ligands behave as neuidanbate and lanthanide (Ill) metals are coordidd@teough N
and O of two azomethine groups and two aqua ioe. sttong band observed at 1602 and 1638 remion in the
free ligands have been assigned {C=N-) vibrations of azomethine groups. After qaexation these bands were
shifted to higher wave number by 14 trindicates a stronger double bonds character ofirtfiees bonds and
coordination other azomethine nitrogen atoms tdahthanide (Ill) ion [17, 18]The phenolic —OH indicates in the
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presence of Ph-OH (o) group 1243 and 1255 chnespectively present in metal (Ill) complexes. e Schiff
base ligands complexes show an additional peakeimegion 2838-2970 chrdue to —C-H aromatic ring stretching.
The lanthanide (lll) metal nitrate complexes thewoence of two additional strong absorption baadsind at
1486 cnt, which were absent in the free ligand. The presefimon-ligand band in 804-884 ¢megion, assignable
to the rocking mode of water [19]. The IR spectiavs a strong band in the 3593-3307 tragion, suggesting that
the presence of coordinated water in these landlealil) complexes [20]. The FTIR spectra of methklets
showed new bands in 550-574 tmange assigned to (M-N) and 412-464"crange assigned to (M-O) mode [21].

Table-3. Major FTIR spectral datafor the MPMP ligand and MPMP ligand Lanthanides (111) nitrate complexes (cm™)

. d v \Y v v \Y v Vi Vo
Ligand / Metal Complexes 40 ©=N) | (ar-0) | M-0) | (M-N) | (c=0) | (c-0) | NO, | NO
MPMP - 1602 1244 - - 1490 1150 - -

[La(MPMP),(H,O),NO;] | 3426 | 1617 | 1243 435 557 1406 1149 1406 1043
[Ce(MPMP}(H,0),NO;] | 3307 | 1619 1248 423 554 1478 1146 1419 1298
[Nd(MPMP),(H,0),NOs] | 3596 | 1635 1254 453 572 1481 1174 1446 1285
[Sm(MPMP)(H,0),NO,] | 3593 | 1635| 1254 464 573 148] 1147 1486 1086
[Gd(MPMP)((H,O),NO;] | 3593 | 1635 1254 412 550 148p 1147 1459 188
[Tb(MPMP)(H,0),NO;] | 3593 | 1635 1254 436 574 148p 1174 1460 1289
[Dy(MPMP),(H,O),NO;] | 3594 | 1636 | 1255 438 574 1482 1175 1460 1p91

2.6 X-ray diffraction study:

A good quality x-ray diffractogram of MPMP Ligandsdicates semi crystalline as well as amorphousreabf
lanthanide (lll) complexes. All the reflection, hbeen indexed for h, k, | values using methods ntedoin the
literature [22]. The comparative study on powdeeax diffraction of lanthanide (l1l) complexes oe(ll), La(lll),
Nd(l11), Sm(lll), Th(ll1), Gd(ll) and Dy(lll) compexes were MPMP Ligand were scanned in the rande8 and
wavelength of 1.540598A. The Zalue each peak, relative intensity and diffrachog associated data depict the
inter-planar spacing (d-values) and lattice cortstan b and c¢ for each unit cell parameter showetable-4. In
XRD pattern showed percentage of intensity W,values in systematic arrangement of metal compleXe
calculate density values of the complexes were spedific gravity method [23]. The systematic agement of
XRD studies on metal complexes are Lattice constamit cell Volume, Crystal system, d-valué 2alue [24].

The'd’ values of reflections were obtained usingdy’s equation.
nd=2dsiné

To calculate the unit cell volume of Ce(lll), THIY] Dy (Ill), Nd (lll), and Gd (lll), complexes fioorthorhombic
crystal system by the following equation was used.

V = abc

To calculate the unit cell volume of La (lll) ananSlll) complex for tetragonal crystal system by tfollowing
equation was used.

V =ad’c

2.7 Antibacterial Study:

The antibacterial activity of the newly prepared MPMP ligands and some lanthanides (lll) complenese
carried out successfully. Results of these stualiesncluded in Table-5. The synthesized Schifedagand MPMP
and their corresponding Ln (lll) complexes wereesoed for antimicrobil activity against the gramsitive
(antibacterial activity) and gram negative (antgahactivity) pathogens nameBacillus Substilis, Staphylococcus
aureus, Aspergillus Nige, Fusarium Oxysporum and their corresponding Ln (Ill) complexes by teported method
[25]. The stock solution (1 mg i) of the test chemical was prepared in DMF solutibhe stock solution was
further diluted with sterilised distilled water thifferent dilutions in 250, 500 ppm. The test cheais of different
dilutions were added to sterile blank antimicrobsalsceptibility discs. The bacteria were sub- calluin agar
medium and the discs were kept onto the same. Ehedishes were incubated for 24 h at°28 The Standard
antibacterial drug (ciprofloxacin) was also screenender similar conditions for comparison. Activityas
determined by measuring the zones of growth inbibisurrounding the discs. Growth inhibition wasngared
with the standard drug. From the results obtairtled,antibacterial activity of Ln (Ill) Schiff bassomplexes is
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found to be higher than that of a free Schiff bégand, against the same microorganism under idainti
experimental conditions. Remarkable enhancemeatiivity was found for Gd (lll) Schiff base complegainst
the specieStaphylococcus aureus 500 ppm showed higher activity than the other ILH) ¢omplexes.

Table-4. Lattice constant, Unit cell Volume, Crystal system, Inter-planar spacing of Ln(l11) complexes

Unit cell of Lattice Constant kj/giltu;eg Edge length Inter axial angle Crystal 2 v;jIIJe

compounds ad) | b(A (g) VA 9 g g system Z )
La(lln 1352 | 9.23| 7.23 49549 | a=b#c | a=f=y=90 | tetragonal | 3381 264
Ce(lll) 9.23 | 825| 7.25 55300 | a#b#c | a=f=y=90 | orthorhombic| 3097 2.88
Nd(lir) 1025 | 9.25| 8.24 78229 | a#b#c | a= =y =90 | ortthorhombic | 58.62 1.57
sm(lln 10.25| 10.25 8.32 87566 | a=b#c | a=pF=y=90| teragonal | 64.92 143
Gd(l 9.84 | 8.65| 7.25 61790 | a#b#c | @a= =y =90 | orthorhombic | 86.41 1.12
Th(IlN) 932 | 842 | 7.86 61791 | a#b#c | a= ff=y =90 | othorhombic| 70.18 1.33
Dy(Il) 9.84 | 824 | 7.89 64085 | a#b#c | a= =y =90 | orthorhombic | 61.94 1.49

2.8 Antifungal Study:

The synthesized Schiff base ligand MPMP and theiresponding Ln (Ill) complexes were screened fovitro
antifungal activity according to the disc diffusiomethod. The assay was determined against the Ifspgaies
Aspergillus Nige and Fusarium Oxysporum by the reported method [26, 27]. The stock solufibmg mL?) of the
test chemical was prepared in DMF solution. Thelssolution was further diluted with sterilized tilled water to
different dilutions in 250, 500 ppm. The test chess of different dilutions were added to sterilan
antimicrobial susceptibility discs. The fungi weseb cultured in potato dextrose agar (PDA) anddises were
kept onto the same. The Petri dishes were incubfded24 h at 28°C. The standard antimicrobial drug
(ciprofloxacin) was also screened under similarditions for comparison. The results were recordgdnkeasuring
the zones of growth inhibition surrounding the dis€or the specieBusarium Oxysporum 500 ppm Gd (llI) and
Aspergillus Niger 500 ppmLa (IlI) Schiff base complex showed higher activityan the other Ln (I1l) complexes.

Table5. Antibacterial and Antifungal activity of MPMP ligands and MPMP ligand lanthanide (111) nitrate complexes [Diameter of
inhibition Zonein (mm)]

Antibacterial activit Antifungal activity
Ligand / Metal Complexes Sapghllr(;:;;ccus Bacillus Substilis Aspergillus Niger Fusarium Oxysporum
250 ppm| 500 ppn] 250 ppm 500 ppm 250 ppm 500 ppm pgBO| 500 ppm
MPMB 00 14 00 16 00 11 16 19
[La(MPMP),(H,0),NO;] 00 14 00 12 16 19 00 00
[Ce(MPMP)(H,0),NO] 00 17 16 16 14 17 14 17
[Nd(MPMP)(H,0),NO3] 00 00 00 00 14 18 00 14
[SM(MPMP)(H,0):NO3] 00 14 00 13 00 15 00 15
[Gd(MPMP)((H20).NO5] 00 21 00 15 13 14 00 19
[Tb(MPMP),(H,0),NO5] 00 16 00 00 13 16 00 16
[Dy(MPMP),(H,0),NO;] 00 00 13 15 00 00 00 00
ciprofloxacin 10 12 16 10 16 11 22 09
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Graph-1.Comparative Antibacterial and Antifungal activity of MPMP ligandsits metal complexes

25 1
20 - W S.Aureus 250 ppm
s W S.Aureus 500 ppm
'é5 T _ i M B. Substilis 250 ppm
£ m B. Substilis 500 ppm
%O ] m A.Niger 250 ppm
N
5 = A.Niger 500 ppm
B85
Fel F.Oxysporum 250 ppm
<
C
=0 F.Oxysporum 500 ppm
Q N N N N\ N N N
A\ N\ N\ N\ N\ N\ N\ N\

CONCLUSION

To prepare new 2-(E)-(4-methoxyphenylimino) metpiienol (MPMP) Schiff bases having N, O donor ligand
using the derivatives of 4-Methoxyaniline with sglaldehyde using rare earth metals like La(llig(iD), Nd(lll),
Sm(ll), Gd(l), Dy(lll) and Th(lll) complexes wer distorted octahedral geometry. All the lanthan{t®
complexes showed low conductivity i.e. non elegtiol behavior. To study the applicability towardset
antimicrobial activity of the rare earth metal Sthiase complexes derived from of 4-Methoxyanilingéth
salicylaldehyde. The complexes were biologicallyiveclike antibacterialtaphylococcus aureus in 500ppm are
highly active of nutrient medium.
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Figure-l11. Proposed structure of MPMP ligand metal complexes

M= La (Il1), Ce(ll1), Nd(l11), Sm(lII), Gd(ll1), Th(lll) and Dy(lll).
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