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Abstract

Chelate polymers of & Mn", Fd", Ti", vOV, zr'V, MoG,”" and UQ"" with poly-Schiff
base ligand derived from 4,4’-bis-[(salycylaldemygazo] biphenyl and 1,3-diaminopropane
have been prepared and characterized by eleman#dyses, spectral ( IR and electronic
spectra) , magnetic and thermal data. All the atbepolymers are colored, stable under dry
condition and insoluble in common organic solveifitge chelation is through the nitrogen of the
azomethine group and oxygen of hydroxyl group di/f8chiff base. Biological studies of the
ligand and its chelate polymers have been assebgedcreening them against various
microorganisms.

Keywords Chelate polymerBis-bidentate ligangd Antimicrobial study.

INTRODUCTION

Schiff bases and related azomethines have attrabtedttention of the investigators as very
useful catenating ligands. Chelate polymers derifrech polymeric Schiff bases have been
received much attention in recent years due ta theniconducting, catalytic and biological

properties [1]. Polymeric reagents have developest the past decade from somewhat exotic
and esoteric research activity into a fast growiialyl in applied and specific separations [2-3].

Literature survey reveals that though some workldeen done on Schiff base polychelates of
bivalent metal ions, but no work seems to have lmmre on the metal polychelates derived
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from poly Schiff base involving higher valent metahs. Therefore, it was thought interest to
synthesized tetradentate poly-Schiff ligand, whiaatuld be able to form complexes with metal
ions of different oxidation states. Thus, in thisrenmunication we report polyschiff base ligand,
4,4'-bis-[( N-diaminopropane Salycylaldehyde -5plabiphenyl (BNPSAP) and its chelate
polymers with Cr(lll), Mn(lll), Fe(ll), Ti(lll), VO(IV), Zr(IV), MoO,(VI) and UQ(VI) ions.
The chelate polymers have been characterized bjousarphysicochemical methods in
conjunction with thermogravimetric analysis data.

MATERIALSAND METHODS

All the chemicals were of A.R. grade and used withéurther purification. 4, 4’-bis-
[(salycylaldehyde-5)azo] biphenyl ,Manganese (Hbetate dihydrate bis (acetylacetonato) -
dioxomolybdenum (VI and zirconium acetate were Bgsized according to the published
procedures [4-6]. Chromium chloride hexahydraterride chloride (anhydrous), titanium
trichloride (anhydrous) and uranyl nitrate hexalayer(S.D.’s fine chemicals) were used for
synthesis

BNPSAP: 4, 4'-bis-[(salycylaldehyde-5)azo] was dissolved hiot DMF (25ml) and clear
solution was obtained. Now 1,3-diaminopropane inaetl (25ml) was added and reaction
mixture was heated at reflux for 2h . To this migta drop of conc. $$0, was added as catalyst
and further refluxed for six hours. On cooling twom temperature, a leaf brown dark solid
formed was filtered, washed with ethanol and petrai ether, and dried at ambient temperature.
Yield: 72%, m.p. 268C. The reaction scheme is as follows;

DO

O—C C—O

H,N NH2

1 3 diaminopropane

- 0]

LC==N—(CH )3—N=C_

=0

Scheme 1
Preparation of Metal Polychealates:
Equimolar quantities of Schiff base and metal €&®05 mol), [CrC.6H,O, Mn(OAc) 2H,0,
FeCk, TiCl;, VOSQ,.5H,0, ZrOCh.8H,0, MoOy(acac).2H,O0 and UQ(NOs3),.6H,0O] were
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dissolved separately in hot DMF (25ml) ,filtereddamixed in hot condition. The reaction
mixture was refluxed for 6-8 h with constant stigi magnetically. On cooling to room
temperature, the coloured complexes precipitatedwas filtered, washed with hot water,
alcohol, DMF and petroleum ether and finally drigetler vacuum at room temperature. Yield
65-70 %

Elemental analysis (C-H-N) was carried out withal@ Erba 1108 analyzer in microanalytical
laboratory, CDRI, Lucknow. Metal contents of themplexes were analyzed using standard
methods [7] after decomposing the complexes wittOglind BSO,. IR spectra were recorded
on a Perkin-Elmer-RX-1 spectrophotometer using K8&itets."H NMR spectrum of ligand was
recorded in a mixed solve(@DCl;+ DMSO) on a Bruker AC-300 F spectrometer usiMS as

an internal standard. The diffuse reflectance speuf the chelate polymers were recorded on
Cary-2390 spectrophotometer as MgO discs. Magrsetsceptibility was measured at room
temperature by Gouy's method using Hg[Co(NfSs a calibrant and the diamagnetic
corrections were made using Pascal’s constantgmidggavimetric analysis of the complexes
was carried out on Perkin-Elmer TG-2 thermobalancambient air with a heating rate of°00

min™.

RESULTSAND DISCUSSION

The reaction of 4, 4’-bis-[(Salycylaldehyde-5)azmphenyl and 1,3-diaminopropane yields a
Schiff base (BNPSAP), the formation of which is gogpied by analytical and spectral data
(Table I). All the chelate polymers are dark cothrair stable and insoluble in water and most of
the common organic solvents but sparingly solublBMSO and DMF. Elemental analysis data
suggested 1:1 (metal: ligand) stiochiometry. TRENMR spectrum of Ligand irdg-DMSO
shows signals ab 10.65, 8.99, 3.25 and 6.80-7.75 ppm due to phenatiomethine, methylene
and aromatic protons respectively. The 1IHNMR speactclearly indicates the presence of OH
and azomethine groups.

IR spectrum of ligand shows a broad band in théore§200-3395 cim which may be due to
intramolecular hydrogen bonding between phenolidrbgen and azomethine nitrogen atoms
[8]. Absence of this band in the spectra of polyates indicates the breaking of hydrogen
bonding and coordination of oxygen to the metalafter replacement of proton of phenolic OH
group. This is further confirmed by positive sH#0-80 cn) of the ligand band observed at
1200 cnt due to phenolic C-O stretch [9]. The strong band&26 cm (C=N) in the ligand
spectrum shifted to lower frequency by 10-20"cnin the spectra of polychelates indicating
participation of azomethine nitrogen in chelaterfation. The ligand band observed at 1598 cm
due tou(N=N) remain unchanged in the spectra of polyclslandicating non involvement of
azo group in the coordination [10-11]. The IR spectf C', Ti" and F&€ polychelates show
bands around 3350-3580, 1530-1540 and 790-846 could be assigned to OH stretching,
rocking and wagging vibrations, respectively, shaypresence of coordinated water molecules
in these polychelates. In the"Zpolychelate, the absence of a band at 850-950 ¢#&r = O)
favours the formation of Zr(OH) and not Zr = O. The appearance of a new band4@ tn"
has been assigned to #h&r-OH [12-13].The spectra of VO(IV) polychelate show new band at
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around 973 cm due tov(V=0) vibration [14]. The dioxo-metal complexes &ihan IR
spectral bands at 939 and 902 “crdue to Vas(O=M0=0) and v,5(O=U=0) vibrations
respectively, indicating the existence of linearM3=O moiety in these polychelates [15]. In
addition to the above bands all the complexes aysghle bands in the far-infrared region at 567-
504 and 458-422 chtentatively assigned to(M-0) andv(M-N) vibrations [16-17]. In Mr"
polychelate,sy (COO) andusy (COO) occurs in the range of 1610-1614 and 141%™
respectively. The band energy separation (210-24¢) betweenusy (COO) andusy (COO) is
greater than 190 this and this indicate monodemiatiere of acetate ion [18].

A study of diffuse reflectance spectra and magnetament provides important information
about stereochemistry [19]. The diffuse reflectaspectrum of Ct polychelate exhibits three
bands at 16880, 22830 and 24890 amhich may be assigned g “Tog(F), “Azg— “T1g(F)
and *Ay,— A1(P) transitions, respectively for an octahedrabrgetry around chromium ion
[20]. Cr" polychelate has magnetic moment 3.88 B.M. in atmoce with its spin only value.
The Mr" chelate has magnetic moment 4.95 B.M. and itdreleic spectrum shows three bands
at 13500, 16550 and 1850 ¢mdue to °B;—°B, °B;—°A, and °B;-°E; transitions,
respectively, suggesting square pyramidal geonfetriin'' polychelate [21]. P& polychelate
shows magnetic moment 5.78 B.M. corresponds to fimpaired electrons. The electronic
spectrum of F& polychelate displays three bands at 16667, 2352 24411 crit due to
®A1g—Tig(D), °A1g—"T1y and °Aiq—“T,, transitions, respectively towards octahedral
geometry [22]. The magnetic moment of' Tpolychelate is found to be 1.78 B.M. corresponds
to one unpaired electron. Its electronic spectrinows broad band and double hump type of
nature at 18450 cattributed toZng_»ZEg transition suggesting an octahedral structureratou
Ti " ion [23]. The observed magnetic moment for oxodiura polychelate is 1.68 B.M. and its
electronic spectrum shows bands at 11737, 1724®58@6 cri due to gy~ 7, Chy— Choyo
and dy— 0, transitions, respectively corresponds to squamamiglal geometry [23]. The
polychelates of 2¥, MoO," and UQ"' are found to be diamagnetic in nature as expedtee.
electronic spectra of Zr(1V), MoflV) and UG(VI) complexes do not furnish any characteristic
d-d transition except charge transfer bands.

The synthesis of thermally stable polychelatesoi a promising area in the chemistry of heat
resistant polymers. Some of the polymers containiegal ion linked by chelate rings derived
from organic groups show exceptional thermal sitgbihromatic backbone units are much more
stable than aliphatic ones and they have significaigher melting temperatures. The
thermogravimetric analysis studies of polychelatpsto the decomposition point indicate that
they are thermally stable. All polychelates shogligible weight loss up to 90-10G indicating
the absence of any lattice water molecules in thesehelates. In the case of CiFd" and TI"
polychelates elimination of one coordinated wateraoule takes place between temperature
range 150-22TC. The ZF polychelate show first loss starting just abov&°C7is possibly due
to the loss of coordinated DMF [24]. The polychetabf VG3', MoO,” and UQ"' shows
negligible loss up to temperature 2Q0indicating absence of any water molecule. After
elimination of coordinated water molecules chelatemain stable for a short while and
thereafter there is a gradual weight loss obsemvetde temperature range 440-7G0and TG.
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Table: | Analytical and magnetic data of polychelates

Sr. No. Compound Colour Mol. wt*. Found Half decomp. M eff.
(Calcd %) Temp. (°C) (B.M))
(Calcd) M C H N
1 BNPSAP Leaf 410 - 71.45 5.12 17.85 140 --
Brown (71.31) | (4.91)| (17.21)
2 {[Cr BNPSAP.CI(HO)], Dark 531 8.60 57.50 4.55 20.17 220 3.88
brown (8.53) | (57.14) | (4.26)| (19.79)
3 [Mn BNPSAP. OA]n Brown 521 9.98 62.35 4.27 14.70 230 4.95
(9.16) | (62.00) | (4.16) | (14.00)
4 {[Fe BNPSAPCI.(HO)], Brown red 534 9.38| 57.12 4.80 14.15 265 5.78
(9.13) | (56.76) | (4.24)| (13.70)
5 [VO BNPSAP ]n Brown red 474 9.80 63.50 4.12 15.80 225 168
(9.22) | (62.99) | (3.97)| (13.19)
6 [Zr(OH), BNPSAP DMF]n | Dark 605 14.83| 52.88 431 13.17 270 Dimag
brown (15.06)| (53.53) | (4.33)| (13.87)
7 {[Ti BNPSAP.CI(HO)], Brown red 526 8.12| 55.23 4.68 13.14 210 1.73
(7.50) | (54.37) | (4.06) | (13.12)
8 [MoO, BNPSAP ]n Brown red 519 17.08 60.24 4.02 14.93 205 Dimag
(15.63)| (56.37) | (3.78) | (14.21)
9 [UO, BNPSAP ]n Brown red 677 33.84 48.72 3.12 12.23 220 Dimag
(32.87)| (48.06) | (3.03)| (11.60)

* From analytical data &considering one unit.
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Table: |1 Antimicrobial Activitiesof ligand and Complexes

S.N Compound Antimicrobial activity Antifungal Activity
E-Coli S Abony S Aureus | P- Aeruginosa | B- Subtilis A-Niger C-Albicians
1 | BNPSAP 9 10 8 12 11 10 8
2 | {[Cr BNPSAP.CI(HO)], 12 11 13 13 13 14 9
3 | [Mn BNPSAP. OAl]n 15 12 10 14 13 11 10
4 | {[Fe BNPSAP.CI(HO)], 11 12 9 13 12 15 9
5 | [VOBNPSAP ]n 10 13 13 15 10 12 12
6 | [Zr(OH),BNPSAP DMF]n 10 12 11 14 12 11 10
7 | {[Ti BNPSAP..CI(HO)], 14 13 10 14 12 10 11
8 | [MoO, BNPSAP ]n 11 11 12 15 13 13 11
9 [UO, BNPSAP ]n 10 13 11 14 12 11 13
306

www.scholarsresearchlibrary.com




A. S Aswar et al Der Pharma Chemica, 2010, 2 (3):301-308

curve attain a constant level corresponds to tepesive metal oxides. Thermal stability of
polychelates follows the order'Zr>Fé" >Mn">vo" >c/" ~uo,"'> Ti" > MoO,”".

Antibacterial activity was evaluated by the papmskglate method. The nutrient agar medium
and 5mm diameter paper disks (Whatman no.1) wesd.uBhe compounds were dissolved in
DMSO. The filter paper disks were soaked with differsalutions of the compounds dried and
then placed in the Petri plates previously seedéul test organisnk. Coli, S abony, S aureus,
P.aeruginosa and B. subtilis .The plates were incubated for 24 h atGand the inhibition zone
around each disc was measured. The antifungaliteesiwf the ligand and its polychelates were
studied against thdungi A. Niger and C. albicians using agar plate technique [25}
concentration of Img/ml in DMSO. Ligand and its @dllychelates show antimicrobial activity
against all test organisms used in the study. Tdree 2of inhibition was observed after the
incubation period of 24 h at 3Z for bacteria and 2& for 48h for fungi. All the polychelates
were shows inhibition zone diameter ranges betvi®aio 15 mm as shown in Table II.

The experimental data suggest that the metal pelsttds are more potent in inhibiting the
growth of microorganisms than the ligand. The ewgkdnantimicrobial activity of the metal
polychelates as compared to its ligand can be coentdy be explained by the chelation
theory [26]. The pathogens secreting various engymhich are involved in the breakdown of
activities, appear to be especially susceptiblentxtivation by the ion of complexes. The
polychelates facilitate their diffusion through theid layer of spore membrane to the site of
action and ultimately killing them by combining tvithe OH & C=N groups of certain cell
enzymes. The polychelates of Mmnd TI' shows greater antibacterial activity towaEioli,
cr' and F& shows greater antifungal activity f&rNiger while all other polychelate showed
moderate activity against all the bacterial andyalrcultures.
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