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ABSTRACT

The bisligand namely, 5,5-(2,2’-(p-tolylazanedill} (ethane-2,1-iyl) bis (oxy) bis (methylene))
diquinolin-8-ol (TBEQ) was synthesized by faciledafast procedure, which further
underwent for its co-ordination polymerization withi?, Zn?, Co™, Mn"and Ni? metal ions.
The bis-ligand and co-ordination polymers were cutierized by elemental analyses, IR
spectral and diffuse reflectance spectral studibgir thermal stability were evaluated by
thermogravimetric analyses. In addition, all thesmordination polymers have been
characterized by their magnetic susceptibilitiel. tAese compounds were also monitored for
antimicrobial activity.

Keywords: Coordination polymers, Elemental Analysis, Infchi®@pectra, Electronic Spectra,
Magnetic measurements, Thermo gravimetric Analysis

INTRODUCTION

The study of co-ordination polymers has made muolgness [1]. These polymers are useful in
waste water treatment for metal recovery, in ptoteccoating, as antifouling paints, and anti
fungal properties [1,2]. Such co-ordination polymare mostly used for bi-chelating ligands in
which metal ions and chelating agents are arraitedhatively. Most of bichelating ligands are
derived from well known chelating agents like 8-tgpdy quinoline and salicylic acid etc [3,6].
The joining segment of these two similar ligands mainly —N=N-, SO2, -CH2 -, -O- [3-9The
interest in the construction of coordination polymby linking transition metal ions with ligand
has been constantly growing over the past yeard §10Coordination polymers are defined as
materials in which metal ions are linked togeth@hwli or polyfunctional ligands. The design of
new coordination supramolecules and polymers basedransition metal compounds and
multidentate organic ligands has attracted muchrést in recent years [17-21]. The literature
survey reveals that the reaction of CMQ with 22t¢lylazanediyl)diethanol derivatives has not
been reported so far. Hence it was thought to utadker such study. The present paper deals with
synthesis, characterization and chelating propedfe bisligand (TBEQ) and its co-ordination
polymers is shown in Scheme-1 and Scheme-2.
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MATERIALS AND METHODS

Materials

The starting compounds, 5-chloromethyl-8-hydroxygline hydrochloridel and 2,2'-(p-
tolylazanediyl)diethanoR were synthesized by previously reported routes [23,All the
other necessary chemicals were of analytical geatte purchased from Merck, Fluka and
localize companies.

Preparation of 5-(chloromethyl)quinolin-8-ol hyatthloride 1
5-(chloromethyl)quinolin-8-ol hydrochloride was $lyasized, purified and characterized by
previously reported routes. [22]

Preparation of 2,2'-(p-tolylazanediyl)diethanol 2
2,2'-(p-tolylazanediyl)diethanol was also synthedjzpurified and characterized by previously
reported routes. [23]

Preparation of 5,5’-(2,2’-(p-tolylazanediyl)bis(ethe-2,1-diyl)bis(oxy)bis(methylene)
)diquinolin-8-ol (TBEQ) 3

TBEQ was prepared according to the method repddedCMQ-alcohol reaction [24]. To a
suspension of 5-chloromethyl-8-hydroxyquinoline toghloride (4.6 g, 0.02 mol), 2,2’-(p-
tolylazanediyl)diethanol (1.95 g, 0.01 mol) in ae®ne-water mixture was added. The resulting
mixture was refluxed for 3 hr with occasional simgki The resulting suspension, which
contained of a green precipitate was made alkakite dilute aqueous ammonia and then
filtered. The solid product was collected and driedgive TBEQ (78% yield). The product
melted with decomposition at 230-242 °C (uncormcte

CH3
CH;
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Scheme- 1. Synthetic route for 5,5'-(2,2'-(p-tolylazanediyl)bis(ethane-2,1-diyl)bis(oxy)bis(methylene))diquinolin-8-ol (TBEQ)

Preparation of Coordination Polymers 4

A solution of metal ion (0.01 mol) in aqueous focnaicid was added dropwise to a solution of
TBEQ (0.005 mol) in aqueous formic acid with stigi The reaction mixture was heated on a
water bath for 0.5 hr. The reaction mixture was enalkkaline by the addition of dilute aqueous
ammonia until the precipitation was completed. Podymer separated out in the form of a
suspension and was digested on boiling water battatiout 1 hr. Finally, the resultant solid
green was collected by filtration and washed with Water, dimethylformamide (DMF) and
then acetone. The polymer [TBEQ was air-dried. The TBEQ-Cu (ll), TBEQ-Co (lI),
TBEQ-Ni (II), TBEQ-Mn (II), and TBEQ-Zn (ll) polymes were almost yield quantitatively.
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Scheme- 2. Synthetic route for preparation of coordination polymers
Where M = Mn(II), Co(II), Ni(II), Cu(Il) and Zn(II).
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Antibacterial Activities

Antibacterial activity and Antifungal activities aGfBEQ ligand and its coordination polymers
were studied against gram-positive bacteBacfllus subtilisand Staphylococcus aureuand
gram-negative bacterid&(coli, Samonella typhandKlebsiella promiog and Plant pathogenic
organisms used wer@enicillium expansumBotrydepladia thiobromine Nigrospara Sp.
Trichothesium Sp.and Rhizopus nigricumat a concentration of h@/ml by agar cup plate
method. Methanol system was used as control inrttéthod. The area of zone of inhibition
measured in mm.

Measurements

The elemental contents of C, H, N were determingd B-Flash-1101 EA. Infrared spectra of
the synthesized compounds were recorded on Nict8ét FT-IR spectrometersH-NMR
spectrum of ligand was recorded on a Brucker sppbtitometer at 400MHz. Magnetic
susceptibility measurement of the synthesized cexgd was carried out on Gouy Balance at
room temperature. The electronic spectra of congsex solid were recorded on at room
temperature, MgO was used as reference. The nuatalents of metal chelates were determined
volumetrically by Vogel’s method [25TTo a 100 mg chelate sample, each 1 ml of HGE®]
and HCIQ were added and then 1 gm of NagMias added. The mixture was evaporated to
dryness and the resulting salt was dissolved irbldodistilled water and diluted to the mark.
From this solution the metal content was determimyeditration with standard EDTA solution.
Antimicrobial activity of all the samples was maniéd against various grampositive(+) and
gramnegativef) organism, following the method reported in litera [26,27].

RESULTS AND DISCUSSION

The synthesis of the bis bidentate ligand, 5,2*(fp-tolylazanediyl) bis (ethane-2,1-diyl) bis
(oxy) bis (methylene)) diquinolin-8-ol (TBEQ) hastrbeen reported in the literature. The ligand
TBEQ was isolated in the form of a green powdemds soluble organic solvents such as in
dioxane, dimethyl- sulfoxide (DMSO) and DMF ets. heT bis-ligand is characterized by
Elemental analysis as well #8 NMR and IR spectroscopic techniques as givenvielo

Elemental Analysis

The metal and C, H, N contents of bis ligand anembnation polymers are shown in Table 1
and also consistent with the predicted structure fesults show that the metal: ligand (M: L)
ratio for all divalent metal chelate is 1:2.
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Table 1: Analysis of TBEQ ligand ands Co-ordination polymers

Elemental Analysis

Empirical Formula Mg(;)/lr.ri)alll. Y:led %C %H %N %M
Calc./Found  Calc./Found Calc./Found Calc./Found
CaiHaiNzO4 509 86 73.10/73.08  8.29/8.25 6.13/6.09 _
CaiH2oN:OaNi.2H,0 663 73 56.15/56.10  6.35/6.33 4.40/4.37 18.11418.0
CziH2cN:O,Mn,.2H,0 653 69 56.98/56.96  6.46/6.43 4.4714.44 16.88416.8
CaHodN:0,C0,2H,0 661 76 56.30/56.27  6.36/6.35 4.40/4.38 17.878.7.8
CaiH20N30,Z,.2H,0 673 71 55.28/55.27  6.24/6.27 4.33/4.30 19.3519.3
CaH20N3:0,C.2H,0 671 75 55.45/55.43  6.29/6.25 4.35/4.32 19.10M9.0
IR Analysis

The important infrared spectral bands and theitatere assignments for the synthesized Bis-
ligand and its coordination polymers were recordedBr disks and are shown in Table 2.

The IR spectrum of comprises the important bandstdB-quinolinol. The bands were observed
at 1623, 1575, 1461, and 754 tnThe broad band in ligands at 3800-2700d¢sndue to the
presence of —OH group. In this band the inflectiares observed at 2940, 2930 and 2860".cm
While the latter two might be attributed to asymmeeand symmetric vibration of - GHyroup

of CMQ [28].

In the investigated coordination polymers, the Isaodserved in the region 3430-3480, 1280
1320, 870-890 and 722—724cnare attributed to OH stretching, bending, rockamg wagging
vibrations, respectively due to the presence okwaitolecules [29]. The presence of rocking
band indicates the coordination nature of the watelecule [30]. Another noticeable difference
is that the band due to the=RE stretching vibration of 8-HQ at around 1620 ¢im the IR
spectrum of TBEQ was shifted to lower frequencyerelas the band at 1410 ¢nin the IR
spectrum of TBEQ assigned to in plane -OH deforomatias disappeared in the spectra of the
coordination polymer due to the formation of the@bond[28]. This was further confirmed by

a weak band at 1120 ¢hmcorresponding to C—O—-M stretching, while bandsiado~710 and
~560 cm® correspond to the M> N vibration[31].

'H NMR Analysis

The structure of the ligand (TBEQ) was characteriby *H NMR spectrum in DMSOd6
system. The ligand shows a signab at 4.54 ppm (s, 4H, f#and H protons) is assigned to two
—CH,- protons. Two triplet, one at= 3.72 ppm (t, 4H, kb and Hy protons) and secound at
4.16 ppm (t, 4H, kh and H1 protons) is assigned to two ethyl (&8H,) groups. The signal at
& = 2.40 ppm (s, 3H, -C¥protons) is assigned to aromatic methyl protonsharp signal ai =
9.5 ppm (s, 2H, -OH protons) is assigned to twaratic hydroxyl protons [32], which are
confirmed by DO exchange experiment. Aromatic protons observedQf (d, 2H, Hs, Hie),
6.66 (d, 2H, Hs, Hi7), 7.24 (d, 2H, B, Hg), 7.12 (d, 2H, H H7), 8.52 (d, 2H, H, Hy), 7.40
(dd, 2H, K ,Hz), 8.23(d, 2H, H, Hy).

Magnetic Measurements

Magnetic moments of metal complexes are given ile'd. The diffuse electronic spectrum of
CU?* complex shows two broad bands at 15850 and 23820 The first band may be due to a
’B1g—°Alg transition, while the second band may be dueharge transfer. The first band

Scholar Research Library 359



Hasmukh S. Patekt al Der Pharmacia Lettre, 2011, 3(1):356-363

shows structures suggesting a distorted octahettaiture for the Cii metal complex [33,34].
The C3* metal complex gives rise to two absorption barid2832 and 15165 cfhwhich can

be assignedT1g(F)~"T2g(F), “T1g(F)}~"T2g transitions, respectively. These absorptiordban
and theper value indicate octahedral configuration of the*Cmetal complex [35,36]. The
spectrum of Mf* polymeric complex comprised two bands at 1824¢ emd 23600cim. These
bands may be assigned®®ilg — “T2g (4G) andAlg — ®°A2g (4Eg) transitions, respectively.
The high intensity of the bands also suggeststliggt may have some charge transfer character.
The magnetic moment is found to be lower than nbrarege. In the absence of low temperature
measurement of magnetic moment it is difficult taeh any significance to this. As the
spectrum of the metal complex of’Nishow two distinct bands at 22500 and 15287 @re
assigned as’Alg —°T1g(P) and>Alg® — T1g(F) transition, respectively suggested the
octahedral environment for Niion. The observeder values in the range 2.12-5.49 B.M are
consistent with the above moiety [37,38].

Table 2: Spectral features and magnetic moment of etal chelates

Metal Chelates Meir BM Electronic Transition IR spectral features
Spectraldata cn common for all cm*
TBEQ-Cu* 212 23320 Charge transfer 1659 Quinoline
15850 ‘Blg—?Alg 1563 Moiety
1515
1439
TBEQ-Ni** 3.32 22500 *Alg —°T1g(P) 2920 CH
15287 *A1g° — T1g(F) 2854
1456
TBEQ-Cd* 4.58 22632 “T1g(F)~"T29(F) 1110 C-O-M &
15165 “T1g(F)~"T2g 510 O-M
8893 “T1g(F)- T2g(P) Bands
TBEQ-Mr?* 5.49 23600 ®Alg — °A2g (4EQ) 720  Ar-Cl
18240 °Alg — “T2g (4G) 750
16726 ®Alg —*T1g(PG)
TBEQ-Zrf* Dimg. - -

Thermal studies

The TGA data for the Co-ordination polymers sampledifferent temperatures indicate that the
degradation of the co-ordination polymers is natide beyond 30C. The rate of degradation
becomes a maximum at a temperature between 4080€fid. This may be due to acceleration
by metal oxides which form in situ. Each polymestlabout 57% of its weight when heated up
to 700°C. Figure 1 is typical. Inspection of the thermagsaof all coordinated polymer samples
revealed that all samples suffered appreciable héags in the range 152 to 28Z. This may
be due to the presence of a coordinated water melec
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Figure 1: TG thermogram of (Cu TBEQ(H20)n)

Antibacterial Activities

The antibacterial and antifungal data obtained faomalysis are shown in Table 3 and Table 4
respectively. The increase in antimicrobial acyivihay be considered in light of Overtone’s
concept [39] and Tweedy’s chelation theory [40].caaling to Overtone’s concept of cell
permeability, the lipid membrane that surroundsabkéfavors the passage only of lipid-soluble
materials due to which liposolubility is an impartdactor controlling the antimicrobial activity.
On complexation, the polarity of the metal ion vk reduced to a greater extent due to the
overlap of the ligand orbital and partial sharirfighe positive charge of the metal ion with donor
groups. Further, it increases the delocalizatiom-efectrons over the whole chelate ring and
enhances the lipophilicity of the complexes. Thiréased lipophilicity enhances the penetration
of the Coordination polymer into lipid membraned drocks the metal binding sites in the
enzymes of microorganisms. These complexes alsariithe respiration process of the cell and
thus block the synthesis of proteins, which retriarther growth of the organisms.

Coordination polymer exhibit higher biocidal actvas compared with the free ligands, from
the comparative analysis shown in Table 3 and Tdhblespectively it is observed that all the
metal complexes are more potent biocidals thanfrédee ligands. From the data obtained it is
clear that Cu (Il) is highly active among the coexas of the respective metal.
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Table 3: Antibacterial activity of coordination polymers

Zone of inhibition at 1000 ppm (%)

Compounds
Gram +ve Gram —ve
Bacillus Staphylococcus Klebsiella Samonella E Coil
Subtilis Aureus Promioe Typhi '
TBEQ 09 12 09 08 07
(Cu TBEQ(HO),), 27 26 25 28 24
(Co TBEQ(HO),), 23 20 18 19 19
(Ni TBEQ(H,0),)n 20 25 21 23 22
(Mn TBEQ(H:0),), 21 24 23 26 21
(Zn TBEQ(H0),)x 19 21 16 18 18
Table 4: Antifungal Activity of Coordination polymers
Zone of Inhibition at 1000 ppm (%)
Penicillium Botrydepladia Nigrospara Tichothesium Rhizopus
Compounds Expansum thibromine Sp. Sp. nigricum
TBEQ 12 09 11 07 10
(Cu TBEQ(HO),), 27 28 25 24 25
(Co TBEQ(HO),), 23 19 19 19 23
(Ni TBEQ(H,0),), 22 22 20 22 21
(Mn TBEQ(H:0),), 17 21 23 21 20
(Zn TBEQ(H0),), 13 23 21 17 19

CONCLUSIONS

The results obtained in this study allow the folilegvconclusions. The design and synthesis of
new bis-ligand have been successfully demonstr&®dR, *H-NMR spectral studies. We have
synthesized a series of some novel coordinatiorynpeds with bis-ligand derivative with
transition metals and characterized their propertigll the synthesized compounds were
screened for their bioassay. The complexes exHilsteong activities against Gram-negative
bacteria and Gram-positive bacteria and plant gghic microorganisms. In comparison with
the ligand complexes were more active against ermmaave bacterial strains, thus introducing a
novel class of metal-based bactericidal agents. infmation regarding geometry of the
complexes was obtained from their electronic andymeic moment values. The magnetic
moment values indicate an octahedral geometry.
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