Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2011, 2(6):304-310

Library
ISSN: 0976-8505
CODEN (USA) CSHIAS

Studies on Oligomeric Polymers
Sachendra M Shah, F. B. Buk Varsha Parmar®and Arun Singh™
'Department of Chemistry, Govt. Geetanjali Girls College, Bhopal, M.P., India

?Department of Chemistry, Gargi I nstitute of Science and Technology, Bhopal, M.P., India
3Rajya Sksha Kendra, Pustak Bhawan Bhopal, M.P., India

ABSTRACT

Acid catalyzed p-cresol-formaldehyde resin (CF) was prepared by well-known method. It was
treated with 2-chloro ethanol. The resultant ethanolyloxy p-cresol-formaldehyde resin (ECF)
was then treated with 5-chloromethyl-8-hydroxyquinoline hydrochloride (CMQ). The so called
obtained oligomeric ligand HQ-ECF was characterized by elemental and spectral analysis. The
oligomeric metal chlaties of HQ-ECF with Cu?*, Co*" ,Ni?*, Mn?* and Zn* metal ions were
prepared and studied for their metal:ligand (M/L), stoichietry, magnetic moment, spectral
featuresand by thermogravimetry.

Keywords: p-cresol-formaldehyde (PF), 5-chloromethyl-8-hydmuinoline hydrochloride
(CMQ), Spectral studies, Thermogravimetric analy3i&A), Magnetic moment, Antibacterial
and Antifungal activities.

INTRODUCTION

Polymeric ligands derived from 8-hydroxylquinoliaee reported in literature and its derivatives
are good metal precipitant and ion-exchangers |1-IBe p-cresol-formaldehyde resins are
important material in industries [11-12], but ilslibing with 8-hydroxylquinoline(HQ) has not
been developed so far. This may afford good iorirarger material. Though the 8-
hydroxylquinoline (HQ) derivative say 5-chlorome@yhydroxy quinolinol(CMQ) precursor
for the synthesis of many coordination polymersldgical active compounds as well as ion-
exchanger[12-17].Thus the present article expressesynthesis and characterization of a novel
oligomeric ligand having p-cresolic-8-hydroxylquime clubbed system and its metal chelates
Cu*, Cd, Ni®*, Mn?" and Zii* metal ions. The synthetic route is shown in sahém
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MATERIALS AND METHODS

All the chemicals used were of AR grade and wetainbd from local dealer.
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Synthesis of Oligomeric Ligand HQ-ECF

The 5-chloromethyl-8-hydroxyquinoline hydrochlorie.p. 286C) was prepared by method
reported in literature[18]. The ethanolyloxy p-aefrmaldehyde resin (ECF) prepared by
simple reaction of sodium salt of p-cresol-formalgse resin (CF) resin with 2-chloroethanol
[19].

HQ-ECF was prepared by following a method reportédr 5-alkoxymethyl-8-
quinoliné®. According to this method, Sodium Bicarbonate (@lehwas added to a suspension
of 5-chloromethyl-8-hydroxyquinoline hydrochlorid€d.1 mole) and ethyloxy p-cresol-
formaldehyde resin (ECF)(0.1mole) in THFe reaction mixture was refluxed for 2.5hrs with
frequently stirring. The resulting solution was rihenade alkaline with dilute ammonia to
precipitate out HQ-ECF ligand, which was then fétk and air dried. The yield of was 76% and
its melting point was 214-216 (uncorrected). The predicted structure and faonabf
polymeric ligand is shown in Scheme-1.

Preparation of Polymeric Chelates

All Polymeric Chelates were synthesized by usingai&cetates in a general method described
as follows:

A warm clear solution of HQ-ECF in 20% ag.formiada¢200ml) was added to a solution of
copper acetate (0.01mole) in 50% ag.formic acidn{»@vith constant stirring. After complete
addition of metal salt solution, the pH of reactimixture was adjusted to about 5 with dilute
ammonia solution. The polymer chelate is separatgédn the form of suspension was digested
on a water bath for one hour and eventually fidlergashed with hot water followed by acetone
and dimethyl formamide (DMF) and then dried in airroom temp. The yields of all co-
ordination polymers were almost quantitative.

TABLE 1ANALYTICAL AND SPECTRAL DATA OF THE CO-ORDINATION POLYMERS OF H Q-ECF (H,L)

Ligand/ Analyses

[ZN(HQ-ECF )(HO)ln  (ZN.CooH1gNO3.2H,0) 421.38

CoF;glrSri::rt.ison Empirical Formula Ii/(\)/:eringur:? — %F((J)/l:gd(Cal(;)u:'ated)%N (BH?\;'.) (2/'6%) Dp
HQ-ECF (GoH1gNOg)s 321 (:77.é22) (55.'332) (33.592)
[CUHQ-ECF JHO)ln  (Cu.GoHisNOs.2H,0),  419.54 (1155.i14) (5577 '210) (55_'224) (33_';’3) 2.03 2584 6
[CO(HQ-ECF JHO)ln  (C0.GoHisNOs.2H,0),  414.94 (11:'210) (5577 '883) (55_'320) (33_';’7) 2.92 2140 5
[N(HQ-ECF )(HO)ln  (Ni.CyHiNOs2H,0),  414.71 (11:'115) (5577 '887) (;'320) (3?’_'337) 4.01 2146 5
[Mn(HQ-ECF )(HO)l,  (Mn.CoHiNOs2H,0),  410.94 233~ 583 = 53 = 3.3 4.85 2535 6

(13.36) (58.40) (5.35) (3.40)
155 569 52

3. . .
(1551) (56.95) (5.22) (3.32) Dlamagnetic 2177 5

Measurements

Elemental analysis of HQ-ECF and its polymeric ated were carried out on a C,H,N elemental
analyzer (Italy). IR spectra of;H and the polymeric chelates were scanned on al&#@&0D
FTIR spectrophotometer in KBr. The metal contentlgses of the polymeric chelates were
performed by decomposing a weighed amount of eatymeric chelates followed by EDTA
(disodium ethylene diamine tetra acetate) titratasnreported in the literature[20]. Magnetic
susceptibility measurements of all the polymerielates were carried out at room temperature
by the Gouy method. Mercury tetrathiocynatocobaltéit), Hg[Co(NCS)], was used as a
calibrant. Molar Susceptibilities were corrected &hamagnetism of component atoms using
Pascal’s constant. The diffuse reflectance spexdtthe solid polymeric chelates were recorded
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on a Beckman DK-2A spectrophotometer with a sokdlectance attachment. MgO was
employed as the reference compound.

Thermogravimetric analysis of co-ordination polymewxere carried on DuPont 950 TGA
analyzer in air at a heating rate of 20C/min.

TABLE 2 THERMO GRAVIMETRIC ANALYSIS OF HQ-ECF

Ligand/ % weight loss at temperature T{C)
Co-ordination polymers 100 200 400 500 600 700
H,L - 5.8 10.6 40.7 458 48.J
[CUL(H,0),], 28 55 135 429 483 53)9
[CoL(H,0),], 49 90 169 226 438 597
[NIL(H 20),], 52 88 153 269 456 599
[MnL(H,0),], 53 7.2 99 157 255 366
[ZnL(H,0),], 26 38 54 156 239 359

Antibacterial activities

Antibacterial activity of HQ-ECF ligand and its codination polymers were studied against
gram-positive bacteriaBécillus subtilis and staphyl ococcus aureus) and gram-negative bacteria
(E.coli and salmonella typhi) at a concentration of 5@/ml by agar cup plate method. Methanol
system was used as control in this method. Thedrnedibition of zone measured in mm.

TABLE 3 ANTIBACTERIAL ACTIVITIES OF HQ-ECF

Zone of Inhibition(mm)

Compounds Gram +Ve Gram —Ve

Bacillus subtilis  Staphylococcusaureus Salmonellatyphi  E.coli
[CUuL(H0),], 60 68 65 67
[CoL(H0),], 66 69 60 65
[NiL(H ,0)], 67 67 64 62
[MnL(H,0),], 64 64 63 67
[ZnL(H,0)l, 66 63 67 65

Antifungal activities

The fungicidal activity of all the compounds wasdied at 1000 ppm concentration in vitro.
Plant pathogenic organisms used waacillium expansum, Nigrospora Sp., Trichothesium Sp.,

and Rhizopus nigricum. The antifungal activity of ligand and its co-ardiion polymers was
measured on each of these plant pathogenic stoaires potato dextrose agar (PDA) medium.
Such a PDA medium contained potato 200gm,dextrdgenzagar20gm and water one liter. Five
days old cultures were employed. The compoundsttested were suspended (1000ppm) in a
PDA medium and autoclaved at £aD for 15 min. at 15atm. pressure. These medium were
poured into sterile Petri plates and the organiser® inoculated after cooling the petri plates.

The percentage inhibition for fungi was calculaadigr five days using the formula given below:
Percentage of inhibition = 100(X-Y) / X

Where, X = Area of colony in controas
Y = Area of colony in tedate
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TABLE 4 ANTIFUNGAL ACTIVITIES OF HQ-ECF

Zone of Inhibition at 1000 ppm (%)
Compounds  Penicillium Expansum  Nigrospora Sp.  Trichothesium Sp.  Rhizopus Nigricum
[CuL(H,0),], 65 66 64 62
[CoL(H,0),],, 63 68 65 66
[NIL(H 20),], 67 69 69 62
[MNnL(H,0),], 66 65 66 68
[ZnL(H,0),], 63 63 67 65

RESULTS AND DISCUSSION

The synthesis of the oligomeric ligand HQ-ECF has Imeen reported in the literature. The
ligand HQ-ECF was isolated in the form of a reddisbwn powder. It was soluble organic
solvents such as in DMSO (dimethyl sulfoxide), DMIRe results of elemental analyses of the
HQ-ECF ligand (Table-1) are agreed with those mtedion the basis of formula.

The IR spectrum of HQ-ECF features are a broad lesteinding from 3450-3160 ¢hwith
maximum at 3320 cth attributed to the OH group. The weak bands ar@8a8 and 2950 cth
may be due to asymmetric and symmetric stretchibgattons of methylene groups(-GHiThe
bands around 1634, 1575, 1500 and 1440 ene attributed to the 8-hydroxyquinoline nucleus
[21]. The others bands are at their respectivetiposi

The *H NMR( ppm) spectrum of HQ-ECF also show the signal§(2H,s,CH); 3.84-4.45
(4HtCH) ; 5.04 (2H,s, CH ; 4.22 (1H,5,0H) ; 7.30-6.76(2H,m,Ar-H,); 6.548.
(5H,m,Quinoline). These features confirm the prapostructure of ligand HQ-ECF. The NMR
Data of HQ-ECF shown in experimental part are atsdfirming the structure of HQ-ECF.

The polymeric chelates derived from HQ-ECF are lutdle in common organic solvents like
acetone, methanol, ethanol etc. Hence it is nosiples to characterized the co-ordination
polymers by molecular mass using conventional nothide osmometry, viscometry etc. These
co-ordination polymers do not melt up to 360

On the basis of the proposed structure shown irer8ehl, the molecular formula of the HQ-
ECF ligand is GoH19NOg3, which, upon chelation coordinates with two cenmatal atom at four
co-ordination sites and two water molecules. Tloeeefthe general molecular formula of the
resulting co-ordination polymer is given by [M (HEEF).2H,O] as shown in scheme-1. This
has been confirmed by the results of elementalyaaalof all of the five co-ordination polymers
and their parent ligand. The data of elementalyeseal reported in Table | are in agreement with
the calculated values of C,H and N based on thereabeentioned molecular formula of the
parent ligand as well as co-ordination polymersariation of data of the metal content in each
polymer (Table-1) revealed a 1:1 metal: ligand (Métoichiometry in all of the co-ordination
polymers. Comparison of the IR spectrum of thendy&®Q-ECF and those of the co-ordination
polymers reveals certain characteristic differendé® broad band at 3400-3100 thior HQ-
ECF has almost disappeared for the spectra of molyniHowever, the weak bands around 3200
cm? in the spectra of HQ-ECF -9 HQ-ECF -Nf*, HQ-ECF -Mrf" indicate the presence of
water molecules which may have been strongly alesbbly the polymer sample. The weak band
around 1115ci s attributed to the C-O-M stretching frequencg][2The band at 1435 ¢hin

the IR spectrum of HQ-ECF is attributed to thepiane OH deformation [21]. The band is
shifted towards higher frequency in the spectrahef polymers indicating formation of metal-
oxygen bond. These feature suggest that the steucfuhe co-ordination polymer.
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The value of the degree of polymerization of al &to-ordination polymers listed in Table-1
suggest that the average Dp for all the polymes iange of 5 to 6.Magnetic momentg:{jLof
polymeric chelate are given in Table-1.

The diffusion electronic spectrum of HQ-ECF “Cuno-ordination polymers shows two broad
bands around 15,392 ¢hand 22,738 cihThe first bands may be due ., >°E, transition.
While the second may be due to charge transfer.fiféteband shows structure suggestion a
distorted octahedral structure for the HQ-ECF*Qmlymers. The higher value ol of the
HQ-ECF -Cd"* polymer support this view [22,23]. The HQ-ECF “Nand HQ-ECF -C%
polymers give two absorption bands respectivel§ 7263 and 24,021 ¢hand at 17,256 and
23742 cnt which can be assigned respectively*Tag>"T2g, “T14>*T1gp) transitions. These
absorption bands and the values gf jindicate an octahedral configuration for the HQ-ECF
Ni?* and HQ-ECF -C% polymers [24,25]. The spectrum of [Mn(HQ-EGEH,0),] show weak
bands at 16,475, 17,694 and 23,171 'cassigned to the transitionsi§—4r1(4G), Gug—
412 4G) and @ig— 4a1g,4eq respectively, suggesting an octahedral structorehfe [Mn(HQ-
ECF }(H.O),] polymef~. As the spectrum of the [Zn (HQ-EGE.O),] polymer is not well
resolved, it is not interpreted, but jts; value shows that it is diamagnetic as expected.

The TGA data for the polymers are presented in &ablThe weight loss of the polymer
samples at different temperatures indicates thatdgradation of the polymers is noticeable
beyond 308C. The rate of degradation becomes a maximum atpdrature lying between
400°C and 500C depending upon the nature of the polymers. Eatymer lost about 56% of
its weight when heated up to 78D. Inspection of the thermograms of HQ-ECF*GBHQ-ECF
-Mn?*and HQ-ECF -Ni* samples revealed that these samples suffered égigeeweight loss in
the range 150 to 280. This may due to the presence of water strongisodbed by the
polymers. It has also been indicated earlier thatIR spectra of these three polymer samples
have OH bands at around 3200 tdue to associated water.

On the basis of the relative decomposition (% wss) and the nature of thermograms, the co-
ordination polymers may be arranged in order imdasing stability as:

Cu<Ni<Co<Mn

This trend also coincides with the stability ordéeady reported for the metal oxinatésnd for
co-ordination polymers of HQ-ECF[3].

The antimicrobial activity of HQ-ECF and its co-ordtion polymers are presented in Table-3

and 4. The data suggest that all the samples siettobacteria or fungus. The data also suggest
that the % age of bacteria or fungus is inhibitedhie range of 58 to 80% depending upon the
biospecies and co-ordination polymers.

CONCLUSION
Polycondensation of 5-chloromethyl-8-hydroxyquinelihydrochloride and ethyloxy p-cresol-
formaldehyde resin (ECF) yielded a novel oligoméigand HQ-ECF. The applicability of the
polymeric ligand was explored by preparing polymoarhelates using different divalent metal

ion indicating that the HQ-ECF polymeric ligand hgasod chelating property and high thermal
stability.
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Further, the polymeric ligand is thermally moreb$athan its polymeric chelates. Among the
five polymeric chelates, M-HQ-ECF chelate is lesistble, whereas M-HQ-ECF polymeric

chelates is the most stable having a thermal ggabdmparable to that of chelates may be used
as heat resistant material up to 350 The polymeric ligand follows a two steps thermal
degradation whereas polymeric chelates follow glsistep thermal degradation.

A evaluation of the thermal stability of the presgolymeric chelates with those of 5-
chloromethyl-8-hydroxyquinoline hydrochloride antiyoxy p-cresol-formaldehyde (ECF) as a
parent groups of polymeric chelates revels thatHREECF polymeric chelates are thermally
more stable. Finally, the magnetic susceptibiléguits indicate that polymeric chelates of ¢u
Ni*? and C&? are paramagnetic, whereas that of4s diamagnetic in nature.

All the polymers have good microbicidal activity.
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