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Co-ordination Polymers
of 1,6 -bis(8-hydroxyquinolin-5-yl)-
2,5-dioxa-3-methyl hexane
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(Received 28 July 1999)

Co-ordination polymers of novel bis oxine bidentate ligand namely 1, 6-bis(8-hydroxy-
quinolin-5-yI)-2, 5-dioxa-3-methyl hexane (BQDMH) have been prepared with different
metal ion like Zn*2 Cu™% Ni*2 Co'? and Mn™?% The novel bis bidentate ligand
(BQDMH) is synthesized by condensation of S5-chloromethyl-8-hydroxyquinoline
hydrochloride with propylene glycol in presence of base catalyst. All these co-ordination
polymers and parent ligand are characterized by elemental analysis, IR spectra and
diffuse reflectance spectral studies for their structure determination. The thermal stabil-
ity and number-average molecular weight (M,) of all these co-ordination polymers
have estimated by thermogravimetric analysis and non-aqueous conductometric titration
method respectively. Besides this all the co-ordination polymers have also characterized
for their magnetic susceptibility and metal to ligand stoichiometry estimation.

Keywords: Bis bidentate ligand; Oxine and co-ordination polymer

INTRODUCTION

Much research is being directed toward the preparation of polymeric
chains, which are propagated, by the formation of metallic chelates.
Some success has been achieved in formation of polychelates derived
from polymeric ligand. An efficient method for synthesizing such type
of polymers by introducing an inorganic component either chemically
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bonded or as a filler. The literature survey reveals that polymers
bearing 8-hydroxyquinoline have potential application such as in
waste water treatment for metal recovery, in protective coating and
in biological activity [1-4]. Manolove et al. [5] have also reported
that polymers bearing 8-quinolinol have additional potential applica-
tions for example, as water disinfectant, as antifouling paints, for
antimicrobial surgical materials, as disinfectant in solutions, gels and
ointments for medicinal uses [6—12]. Literature survey has revealed
one of the promising methods to enhance the chelating ability of 8-
quinolinol compounds is the formation of co-ordination polymers
of a bidentate 8-quinolinol with different metal ions in which two 8-
hydroxyquinolinyl end groups are joined by a linear aliphatic bridge
usually at 5,5 -positions [13—15]. Recently we have also reported
the synthesis and characterization of co-ordination polymers based
on novel 8-hydroxyquinoline bis bidentate ligand containing an ali-
phatic bridge of dimethylene oxide (—CH,;—O—CH,) [16]. This
work has been further extended with a view to investigate the che-
lating ability of 8-quinolinol bidentate ligand with increasing the
chain length of an aliphatic bridge between two 8-hydroxyquinoline
moieties.

Accordingly, the present work deals with synthesis of bis oxine
ligand namely 1, 6-bis(8-hydroxyquinolin-5-yl)-2, 5-dioxa-3-methyl
hexane (BQDMH) and its co-ordination polymers with Zn*2, Cu™?,
Ni*?, CO*? and Mn™"? metal ions. In this novel BQDMH ligand,
the 5,5-position of two oxine units are linked with each other

through a linear aliphatic chain of 2,5-dioxa-3-methyl hexane
(——CH;—0—CH;—CH—O—CH>—) at its 1 and 6 carbon

|
CH;

atoms.

EXPERIMENTAL

Materials

All the chemicals were of AR grade.
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Procedures

Synthesis of 1,6-bis(8-hydroxyquinolin-5-yl)-
2,5-dioxa-3-methyl hexane (BQDMH)

The parent ligand (BQDMH) was prepared in two steps.

1. Preparation of 5-chloromethyl-8-hydroxyquinoline.
5-Chloromethyl-8-hydroxyquinoline was prepared by reported
method [17].

2. Synthesis of parent ligand (BQDMH).

This was prepared by method reported for 5-alkoxy methylene-8-
quinoline [17]. According to this method, the mixture of 5-chloro-
methyl-8-hydroxyquinoline hydrochloride (0.1 mole), propylene
glycol (0.05 mole) in THF and sodium bicarbonate (0.1 mole)
was refluxed for 2 hrs. with occasional shaking. The resulting solu-
tion was then made alkaline with dilute ammonia to precipitate
out BQDMH ligand. It was then filtered off and dried. The yield
of BQDMH was 65% and its melting point is 175°C.

3. Preparation of co-ordination polymers.

All co-ordination polymers were synthesized by using metal ace-
tates discussed in following.

To a warm and clear solution of BQDMH (0.01 mole) in 20%
aqueous formic acid was added a solution of metal acetate (0.01
mole) in 50% aqueous formic acid with constant stirring. After
complete addition of the metal ion solution the pH of the reaction
mixture was adjusted with dilute ammonia solution. The polymeric
chelates separated out in the form of a suspension was digested
on a water bath for one hour. Finally the solid polymers was col-
lected by filtering, washing with hot water followed by acetone
and DMF and was dried in air. The yield of all co-ordination
polymers was almost quantitative.

Measurements

Elemental analysis for C, H and N analysis were carried out on Carlo
Erba elemental analyzer (Italy). IR spectra of BQDMH and all the
co-ordination polymers were scanned on a NICOLET-400 D FTIR
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TABLE 1 Analytical data for the co-ordination polymer of BQDMH

BQDMH and its Elemental analysis

co-ordination C% H% N% M% Hef
polymers Calc. Found Calc. Found Calc. Found Cale. Found B.M M,
BQDMH 70.76 70.17 S5.64 504 7.17 17.07

BQDMH-Cu*?  56.6 5605 4.92 4.15 574 517 13.03 1288 21 2206
BQDMH-Co*?  57.15 56.93 496 455 579 537 1220 1133 45 2130
BQDMH-Ni "2 57.17 5690 497 4.67 580 566 12.16 10.56 3.5 2173
BQDMH-Mn*? 57.62 57.13 501 487 584 517 11.47 10.13 55 2000
BQDMH-Zn**? 56.39 56.19 490 4.19 S5.71 521 13.35 1307 D 2086

D = Dimagnelic.

spectrophotometer in KBr. The metal content analysis of co-ordina-
tion polymers were performed by decomposing a weighed amount of
each co-ordination polymer followed by EDTA titration as reported
in literature [18]. Although the number average molecular weight (M)
of polymer is considered as one of prerequisite property for its end
use applications, no literature report hitherto has been made regard-
ing estimation of M, of co-ordination polymers. The reason may be
due to either insolubility or unstability of co-ordination polymers in
acid or base media. However, we have made an attempt for charac-
terizing M, of co-ordination polymers under controlled experimental
conditions by using the method non-aqueous conductometric titration
of end group analysis of phenolic —OH groups of polymer as re-
ported in literature {19]. These data of M, are reported in Table I.
Magnetic susceptibility measurements of all the co-ordination poly-
mers were carried out at room temperature by the Gouy method.
Mercury tetrathiocynato cobaltate(Il) Hg[Co(NCS),] was used as a
calibrant. The diffuse reflectance spectra of all the solid co-ordination
polymers were recorded on a Backman DK-2A spectrophotometer
with a solid reflectance attachment. MgO was employed as the re-
ference compound. Thermal stability of these co-ordination polymers
was carried out by TGA on Du Pont 950 thermogravimetric analyzer.

RESULTS AND DISCUSSION

The synthesis of the bis(8-hydroxy-5-quinolyl)-2,5-dioxa-3-methyl
hexane has not been reported previously. It was prepared by
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chloromethylation of oxine followed by the reaction of the product
with propylene glycol. The ligand BQDMH was isolated in the form
of light green powder. It is soluble in dioxane, DMF and DMSO.
Results of elemental analysis of BQDMH for C, H and N are re-
ported in Table | are found to be consistent with the predicted
structure as shown in Scheme 1.

IR spectrum of BQDMH is shown in Figure 1. In the IR spectra
of BQDMH a band of phenolic hydroxyl stretching is observed at
3342cm”! as well as the absorption bands at 1427, 1428, 1508 and
1589 ecm™! characteristics for 8-hydroxyquinoline moiety. The weak
band at 2939cm™' attributes to aliphatic stretching vibration of
methylene group (—CH;—) and at 1118cm™' is due to C—O
stretching of ether group of 2,5-dioxa hexane bridge. In addition to
this evidences of structure of BQDMH has many characteristics
absorption bands common to those occurred in 5,5-methyline
bis(8-hydroxyquinoline) further confirming the predicted structure as
shown in Scheme 1.

The co-ordination polymers of BQDMH with different metal ions
Zn*2 Cu*? Ni*?, Co"? and Mn*? are varying in color from light
green to brown. IR spectra of all the co-ordination polymers of
BQDMH are shown in Figure 1. They are resemble each other in
general shape. But the comparison of the IR spectrum of the parent
ligand BQDMH with its co-ordination polymers has revealed certain
characteristics differences.

One of the significant difference to be expected between IR spec-
trum of parent ligand and its metal co-ordinated polymers is the
presence of much broaden band in the region of 3300-3500cm™'
due to O—H stretching vibration frequencies in IR spectrum of
co-ordination polymer, as oxygen of this O—H of a parent ligand
has formed co-ordination bond with metal ions.

This is explicable by the fact that water molecule might have
strongly absorbed to the polymer sample during their formation. The
another noticeable difference is that the band due to C=N stretch-
ing vibration of 8-hydroxyquinoline at 1589cm™' in IR spectrum of
BQDMH is shifted to a lower frequency. The band at 1427cm ' in
the IR spectra of BQDMH assigned to inplane — OH deformation
[20] is shifted towards higher frequency in the spectra of the co-ordi-
nation polymers indicating due to the formation of metal—oxygen
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Where: M™2= Cyt2 Nit2, o™, Mn*2, zn*2
SCHEME 1

bond. This has been further confirmed by a weak band at 1118 cm ™!

corresponding to C—O—M stretching frequency. Thus all these
characteristics features of IR studies suggesting the structure of co-
ordination polymer as shown in Scheme 1.
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FIGURE 1 IR Spectra of BQDMH and its co-ordination polymer.
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Examination of data about metal content in each polymer (Tab. 1)
revealed a 1:1 metal:ligand (M/L) stoichiometry in all the polymers.

The number-average molecular weight (M,) estimated by non-
aqueous conductometric titration is reported in Table I. The dis-
cernible single break corresponding to free — OH group of end 8-
hydroxyquinoline moiety was observed in titration curve. Result
of non-aqueous conductometric titration reveals that there is not
much variation in the number—average molecular weight of each
co-ordination polymer as expected from their suggested scheme.

Magnetic moment ( p) of all co-ordination polymers is given in
Table II. Examination of these data reveals all co-ordination poly-
mers other than that of Zn"? are paramagnetic while that of Zn*? is
diamagnetic in nature.

The diffuse electronic spectrum of BQDMH-Cu*? co-ordination
polymer shows that two broad band at 15873 cm ™" and 23255 cm™
due to 2T2g~—>2Eg transition and charge transfer spectra respectively
suggesting a distorted octahedral structure for BQDMH-Cu*?
polymer which is further confirmed by higher value of p.g of
BQDMH-Cu*? polymer. The BQDMH-Ni*? and BQDMH-Co *?
polymer give two absorption bands respectively at 15364cm ',
19230cm ™" and 15625cm™', 22727cm ™" corresponding to 4T1g—+
2T,g, 4Tlg—a“Tlg(P) transition [15]. Thus absorption bands of diffuse
reflactance spectra and the value of magnetic moment (u.s) have
indicated an octahedral configuration for the BQDMH-Ni*? and
BQDMH-Co 2 polymers. The spectra of BQDMH-Mn *2 shows the
weak bands at 15625cm™', 11494cm™' assigned to the °4;,—
4T ,(4G) and 6Alg(F)—f‘Tlg (4G) respectively and assigned an
octahedral structure for BQDMH-Mn*? polymer. As the spectrum

TABLE II Thermogravimetric analysis (TGA) of the co-ordination polymer of
BQDMH

Co-ordination % Weight loss at different temperature (°C)

polymer 100 150 200 250 300 350 400
BQDMH-Cu *? 12.5 13 13.5 29.5 84 84.5
BQDMH-Co "2 8.6 12.7 14.6 18.1 3.1 83.04 85.0
BQDMH-Ni "2 9.55 11.12 13.75 20.07 57.93 82.65 83.18
BQDMH-Mn '2 8.0 11.0 12.2 18.0 35.0 64.0 70.5

BQDMH-Zn*? 7.9 10.5 12.0 17.8 32.0 61.0 65.5
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of BQDMH-Zn*? polymer is not well resolved it is not interpreted
but its peq value reveals it diamagnetic as expected.

The thermal behaviour of co-ordination polymers is investigated
by performing thermogravimetric analysis (TGA). The TGA data of
all the samples are presented in Table II and their thermogram are
shown in Figure 2. Examination of percentage weight loss as a func-
tion of temperature reveals that all co-ordination polymers decom-
posed in a single step and almost have similar mode of decomposition
indicating that decomposition reaction in co-ordination polymer
are independent of nature of the metal ion present in co-ordination
polymer. The rate of decomposition of all the co-ordination polymer
is initially low upto 200°C temperature and gradually increases to
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FIGURE 2 TG Thermogram of BQDMH-Cu*?{------ ], BQDMH-Co* ? [———,

BQDMH-Ni ' [~ - ~].
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maximum in the range 300°—-350°C at which almost 85% loss in
weight occurred.

Comparison of thermal stability of the present co-ordi-
nation polymers BQDMH with reported thermal stability of co-
ordination polymers having bis(8-hydroxy-quinolinyl)methane
(MBQ) reveals that the polymers containing
(—CH;—0O-—CH; —CH—0O—CH,;—) bridge are thermally less

|
CH;
stable than those containing methylene (—CH;-—) and
dimethylene oxide (—CH;—QO—CH;—) bridge. It may be
because of higher aliphatic character of bridge
(~—CH;—O—CH;—CH—0O—CH;—) containing two ether
cu,
oxygen atom making it more labile to undergo decomposition.

On the basis of relative decomposition and the nature of thermo-
gram of the co-ordination polymers order of thermal stability ob-
served is as

Cu < Co < Ni < Mn.
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