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The reaction between polystyrene 3-formylsalicylate and 2-aminophenol in DMF in the presence of ethyl acetate
results in the formation of polystyrene N-(2-hydroxyphenyl)-2'-hydroxybenzylideneimine-3'-carboxylate (I). Reacting
with mercaptoacetic acid, a benzene suspension of 1 undergoes cyclization and forms polystyrene N-(2-
hydroxyphenyl)-C-(3'-carboxy-2'-hydroxyphenyl) thiazolidin-4-one, PSCH,—LH, (11). A DMF suspension of Il reacts
with Zn(l1), Co(Il), Cu(ll), Zr(OH),(IV) and MoO,(VI) ions and forms the corresponding polystyrene-anchored
coordination compounds, [PSCHy-LHZn(OAc)(DMF)] (I11), [PSCH,—LHCo(OAc)(DMF)] (1V), [PSCH,-
LHCu(OAc)(DMF)] (V), [PSCH,-LHZr(OH)3(DMF),] (VI) and [PSCH,—LHMoO,(acac)] (VII), respectively. The
polystyrene-anchored coordination compounds were characterized on the basis of elemental analyses, spectral (IR,
reflectance, ESR) studies and magnetic susceptibility measurements. Il acts as a monobasic bidentate OS donor ligand
in all coordination compounds. The acetato groups behave as monodentate ligands in all compounds. A tetrahedral
structure for 111, a square-planar structure for 1V and V, a pentagonal-bipyramidal structure for VI and an octahedral
structure for VI are suggested.

Keywords: Thiazolidin-4-one, Polystyrene-anchored coordination compounds, Magnetic dilution, Strong field,
Covalent character.

INTRODUCTION

Interest in the preparation of polymers
incorporating metallic subunits is continuously
growing in light of their chemical and physical
properties, as well as their potential applications [1-

complexes [12].

These facts prompted us to explore the
coordination behavior of polystyrene-anchored
thiazolidin-4-one (I1) derived from the Schiff base
(1) (obtained from the condensation of polystyrene

2]. This mainly arises from the wide range of
coordination numbers, oxidation states and
geometries of transition elements that offer the
possibility of accessing a large diversity of metal-
containing polymeric materials with unusual
conformational, mechanical and morphological
characteristics [3-4].

Among transition metal based polymers, the
complexes of polymeric Schiff bases and their
derivatives are considered as a very important class
of coordination compounds which have been
extensively studied [5] owing to their wide
applications in many biological, clinical, analytical
and industrial activities, in addition to their
important roles in catalysis and organic synthesis,
as well as in various industrial applications [6].

Thiazolidin-4-ones show a broad spectrum of
biological activities due to their ready accessibility
and diverse chemical reactivity [7-8]. They show
antimicrobial, antibacterial, anticonvulsant,
antifungal, anti-inflammatory, antithyroid and
antitubercular [9-11] activities and possess better
pharmacological properties in the form of metal
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3-formylsalicylate and 2-aminophenol) towards
Zn(11), Co(ll), Cu(ll), Zr(OH),(1V) and MoO,(V1)
ions.

A perusal of the literature indicates that several
polymer-anchored ligands containing oxygen
atom(s) like crown ethers [13], acetylacetone [14],
etc. have been reported. However, fewer reports
are available on the coordination compounds of
polymer-anchored ligands containing thiazolidin-4-
one moiety [15].

In this manuscript, we describe the synthesis and
characterization of polystyrene-anchored
thiazolidin-4-one, PSCH-LH, (II) and its
coordination compounds with the above mentioned
ions.
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EXPERIMENTAL
Materials

Chloromethylated  polystyrene, PSCH,—CI
(containing 1.17 mmol of Cl per g of resin and 1%
crosslinked with divinylbenzene) was purchased
from Sigma Chemical Co (USA). Copper(ll)
acetate monohydrate, zinc(ll) acetate dihydrate
[SD’s Fine]; cobalt(ll) acetate tetrahydrate,
hexadecaaquaoctahydroxotetrazirconium(lV)
chloride [BDH]; ammonium molybdate(V1)
tetrahydrate,  acetylacetone  [Ranbaxy]; 2-
aminophenol [Loba-Chemie (Mumbai)] were used
for the synthesis as supplied. Polystyrene 3-
formylsalicylate, bis(acetylacetonato)dioxo
molybdenum(V1), hexadecaaquaoctahydroxotetra
zirconium(lV) acetate and 3-formylsalicylic acid
were synthesized according to reported procedures
[15].

The elemental analyses, IR, reflectance, ESR
spectral studies and magnetic susceptibility
measurements were carried out as described in our
previous report [15].

Synthesis of polystyrene N-(2-hydroxyphenyl)-2'-
hydroxybenzylideneimine-3'-carboxylate (1)

Polystyrene 3-formylsalicylate (1.0 g) was
allowed to suspend and swell in DMF (100 mL) for
45 min. To this suspension, a DMF solution (60
mL) of aminophenol (0.510 g, 4.68 mmol) and
ethyl acetate (100 mL) were added, while stirring
magnetically. The mixture was refluxed for 8 h and
then cooled to room temperature. The obtained
polystyrene-anchored Schiff base | was filtered,
washed with DMF and ethyl acetate. It was dried
in vacuo at room temperature.

Synthesis of polystyrene N-(2-hydroxyphenyl)-C-
(3'-carboxy-2'-hydroxyphenyl) thiazolidin-4-one,
PSCHy-LH, (I1)

Mercaptoacetic acid (0.32 g, 3.51 mmol) was
added to the swollen suspension of I (1.0 g) in
benzene (100 mL). The mixture was refluxed for 12
h on a water bath and then cooled to room
temperature. The solid product was filtered and
washed with 10% sodium bicarbonate solution
followed by chilled distilled water. The product was
dried as mentioned above. IR bands (KBr): 1690 cm’
! [v(C=0)(thiazolidinone ring)], 1575 cm™ [v(C—
N)(thiazolidinone ring)], 1530 cm® [w(C-
0)(phenolic)] and 830 cm™ [v(C-S)(thiazolidinone

ring)].
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Synthesis of coordination compounds of Il

1.0 g of Il was allowed to suspend and swell in
DMF (100 mL) for 1 h. A DMF solution of the
appropriate metal salt (2.34 mmol) was added to the
above suspension. The mixture was refluxed on a
water bath for 8-10 h and the products obtained
were filtered, washed several times with ethyl
acetate and DMF. The products were then dried as
mentioned above.

RESULTS AND DISCUSSION

The  reaction  between  polystyrene  3-
formylsalicylate and 2-aminophenol in DMF in the
presence of ethyl acetate results in the formation of
polystyrene N-(2-hydroxyphenyl)- 2'-
hydroxybenzylideneimine-3'-carboxylate (1). The
cyclization of | with mercaptoacetic acid in benzene
yields  polystyrene  N-(2-hydroxyphenyl)-C-(3'-
carboxy-2'-hydroxyphenyl) thiazolidin-4-one,
PSCH,—LH, (I1). A DMF suspension of Il reacts
with  Zn(ll), Co(ll), Cu(ll), Zr(OH),(IV) and
MoO,(VI) ions in a 1:2 molar ratio and forms the
corresponding polystyrene-anchored coordination
compounds of the types:

[PSCH,-LHZn(OACc)(DMF)] (111),

[PSCH,—LHCo(OACc)(DMF)] (1V),

[PSCH,-LHCu(OAC)(DMF)] (V),

[PSCH,-LHZr(OH)3(DMF),] (VI) and

[PSCH,—LHMo0O,(acac)] (VII), respectively.

The formation of 1 (by the reaction of
polystyrene 3-formylsalicylate with 2-
aminophenol, 11 (by cyclization of 1 with
mercaptoacetic acid) and the coordination
compounds of Il with Co(ll), Cu(ll), Zn(ll),
Zr(OH),(IV) and MoO,(VI) ions are depicted in
Schemes I, 11 and 111, respectively.

The percent reaction conversion of I11-VII lies
between 48.8-74.0 and the metal binding capacity of
Il lies between 0.34-0.55 mmol of corresponding
metal per g of the resin (Table 1).

Infrared spectral studies

The infrared spectra of I-VII were recorded in
KBr and the prominent peaks are shown in Table 2.
The v(C=N)(azomethine) stretch of | occurs at 1625
cm™. This band disappears and a new band appears
in 11 at 1575 cm™ due to the v(C—N)(thiazolidinone
ring) stretch [16], indicating the formation of the
corresponding thiazolidin-4-one. The formation of
11 is further supported by the appearance of a new
band at 830 cm™ due to the v(C-S) (thiazolidinone
ring) stretch [17] The v(C-O) stretch [18] of Il
occurs at 1530 cm™. This band shifts to higher
energy by 5-10 cm™ in the coordination
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compounds, indicating the involvement of a
phenolic O atom of either 3-aldehydo-2-
hydroxybenzoic acid or 2-aminopohenol moieties
in the coordination. On the basis of steric grounds,
we suggest the non-involvement of phenolic (2-
aminophenol moiety) O atom in the coordination.

The v(C=0)(thiazolidinone) stretch [19] of Il
occurs at 1690 cm™. This band remains unchanged
in the coordination compounds showing its non-
involvement in  coordination. The [v(C—
N)(thiazolidinone ring)] stretch [16] of Il occurs at
1575 cm™ and also remains unchanged in the
coordination compounds.

The [v(C-S)(thiazolidinone ring)] stretch [17] of
I occurring at 830 cm™ shifts to lower energy by
20-35 cm™ in all coordination compounds. The
vas(COO) and v5(COO) stretches of free acetate ions
occur at 1560 and 1416 cm™, respectively [20]. The
vas(COO) and the vs(COO) stretches occur at 1575,
1350; and 1595, 1360 cm™ in all coordination
compounds. The magnitude of energy separation
(Av=225-240 cm™) between v(COO) and vi(COO)
is > 144 cm™ and indicates the monodentate nature
of acetato groups [20], since in the event of
bidentate coordination, the energy separation
between v,(COO) and v{(COO) is < 144 cm™
DMF shows a band at 1680 cm™ due to the v(C=0)
stretch [21]. This band shifts to lower energy by 20-
35 cm™in 111 to VI indicating the involvement of O

atom in the coordination [21]. The absence of a
band between 835-955 cm, characteristic of
v(Zr=0) stretch [22] in VI suggests that its
structure is [PSCH,-LHZr(OH);(DMF),] and not
[PSCH,-LHZrO(OH)(H,O)(DMF),]. The
appearance of a band at 1126 cm™ due to the 8(Zr—
OH) bending mode also supports the suggested
structure of the compound [20]. VII exhibits the
vs(O=Mo0=0) and v,5(O=Mo0=0) stretch at 942 and
920 cm™, respectively and these bands occur in the
usual range (892-964 cm™; 842-928 cm™) reported
for the majority of MoO,(VI) compounds [20]. The
presence of vy(O=Mo=0) and v,(O=Mo0=0) bands
indicates a cis-MoO, structure, as the compounds
with trans-MoO, structure exhibit only the
vas(0=Mo0=0) since the vs(O=M0=0) is IR inactive
[23].

Magnetic measurements

The room temperature magnetic moments of the
polystyrene-anchored coordination compounds of 11
are presented in Table 2. The magnetic moment of V
is 1.90 B.M. This value lies within the range (1.70-
2.20 B.M.) reported for the magnetically diluted
Cu(Il) compounds [24]. The magnetic moment of 1V
is 2.38 B.M. and the value lies in the range: 2.10—
2.90 B.M., reported for low-spin square-planar
Co(Il) compounds. 111, VI and VI are diamagnetic.
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Scheme-1: Synthesis of Polystyrene-anchored Schiff Base
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Scheme-I1: Synthesis of Polystyrene-anchored Thiazolidin-4-one

11 + M(OAC),xH,0 % [PSCH,—LHM(OAC)(DMF)] + CH;COOH + xH,0
retiux
[M = Co(ll), Cu(ll), Zn(11)]

411 + [Zry(OH)g(H,0) 1] (OAC)g % 4[PSCH,—LHZr(OH)3(DMF),] +
retflux
8CH,COOH + 12H,0

I1 + [MoO,(acac),] % [PSCH,—LHM00,(acac)] + acacH
reriux

Scheme-111: Syntheses of Polystyrene-anchored Coordination Compounds
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Table 1. Analytical, MBC and PRC values of polystyrene-anchored coordination compounds of 112

Observed(Calculated)% MBCP

Compound M DME (m?;g:r/]g)] of PRC®
,_HCO[(FC))SACC';(EMF)] 2.6 (4.40) 3.2 (5.45) 0.44 59.1
LHCu[(PoSACg(ZBMF)] 35(4.73) 4.1(5.43) 0.55 74.0
LHZn[(POS XC';(ZBMF)] 3.2 (4.86) 3.5 (5.42) 0.49 65.8
LHZrE(P)?—f)::('IZI)_MF)Z] 3.1(6.35) 4.9 (10.16) 0.34 48.8
[PSCH,-LHMO00O,(acac)] 3.7 (6.97) _ 0.39 53.08

dAbbreviations: PSCH,—LH, = 11

®MBC = [M% (observed) x 10] /(atomic weight of metal)

PRC = [M% (observed) x 100] / M% (calculated) on the basis of 100% reaction conversion of polystyrene-anchored

ligand to polystyrene-anchored coordination compounds.

Table 2. IR, reflectance spectral data (cm™) and magnetic moments of polystyrene-anchored

coordination compounds

v(C=0) Vas Vs N Magnetic
Compound v(C-S) (DMF) (CO0) (CO0) (C-0) Vmax moment?
(acetate)  (acetate)  (phenolic) (B.M.)
PSCH,—LH, (I1) 830 - - - 1530 - Diamagnetic
[PSCH,— 8450,
LHCo(OAC)(DMF)] 810 1645 1575 1350 1535 29800 2.38
[PSCH,—
LHCU(OAC)(DMF)] 805 1660 1585 1355 1540 17250 1.90
[PSCH,— . .
LHZn(OAC)(DMF)] 800 1650 1590 1350 1538 - Diamagnetic
[PSCH,— . .
LHZr(OH)(DMF),] 795 1645 1595 1360 1535 - Diamagnetic
[PSCH- 805 - - - 1540 - Diamagnetic
LHMoO,(acac)]
s, = 2.83 (3o x T)Y2 B. M.
Reflectance spectral studies ESR studies

[PSCH,-LHCo(OACc)(DMF)] exhibits two bands,
one at 8450 and another at 22800 cm™ due to *Ayg —
"By and 'A;; — 'By, transitions (Table 2).. These
bands occur in the usual ranges (8400-8550 and
21000-24500 cm™) reported for the majority of
square-planar compounds [25]. [PSCH,—
LHCu(OACc)(DMF)] exhibits a band at 17250 cm™
due to By, — Ay, °Byy and °E, transitions for
square-planar arrangement of ligands around Cu(ll)
ions [25]. The absence of a band in the range: 8000—
10000 cm™ precludes the presence of a tetrahedral
structure.

The ESR spectrum of V exhibits g;= 2.25 and g,
= 2.10 indicating the presence of a tetragonal type
symmetry about the Cu(ll) ion [26]. The spectral
parameters are: A; = 1.683 x 10? cm™, A, = 3.74 x
10° cm™, G = 2.53, g, = 2.15, a, = 0.80, (o)’ =
0.26, k = 0.52 and P4 = 1.68 x 10 cm™. The trend
that g,> g, and A;> A, is indicative of the presence
of an unpaired electron in the dxz_yz orbital [27].

The g, value (2.26) indicates that the metal-ligand
bond in the compound is covalent. The G value
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(2.53) indicates the strong field nature of the
polystyrene-anchored ligand [28]. The values of

aZ,(0.80) and (o)’ (0.26) indicate the covalent

nature of the compound. The positive value of «
(0.52) suggests that A; should be greater than A, [26]
and this trend in Ay and A, values was also observed
by us. The lower value (1.68 x 10 cm™) of Py in
comparison to that of the free ion value (3.5 x 107
cm™) indicates the covalent character of the metal-
ligand bonding. The spectrum shows no band ~1500
G due to the AMs = 2 transition and this precludes
the presence of M—M interaction.

CONCLUSIONS

The elemental analyses, IR, reflectance, ESR
spectral and magnetic susceptibility measurements
suggest a tetrahedral structure (I11) for [PSCH,—
LHZn(OAc)(DMF)], a square-planar structure for
[PSCH,-LHCo(OACc)(DMF)]  (IV), [PSCH,-
LHCu(OACc)(DMP)] (V), a pentagonal-bipyramidal
structure (V1) for [PSCHy-LHZr(OH)3(DMF),] and
an octahedral structure for [PSCH,—LHMo0O,(acac)]
(VII).
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CHUHTE3A N XAPAKTEPU3NPAHE HA KOMIIVIEKCH HA ITPEXOHU METAJIN,
OUKCHUPAHU BBHPXY ITOJIMMEPU

JI. Kymap', A. Kymap®

1
Jlenapmamenm no xumusi, Hayuonanen mexnonoeuuen uncmumym, Kypykuwempa, 13611, Xapusna, Hnous
2 .
Jlenapmamenm no xumus, Konesw no mexunonozusa u ynpasnenue, Katiman, 136027 Xapusna, Unous

IMocrenmna Ha 12 okToMBpH, 2014 r.; KOopurupana Ha 4 centemBpH, 2015 T.

(Pesrome)

B pesynrar Ha peakuusita MEXIy HNOJIHUCTHPEH-3-(GopMaMuicamTuIWIaT U 2-aMUHO(PEHON B JUMETHI-(hOpMaMHL
BOPHCHCTBHE HA eTWianeraTr ce mnonydaBa nomuctupeH N-(2-xuapokcudennn)-2'-XuapoKCHOSH3WIHICHUMUH-3'-
kap6okcmnar (). IIpu peakuusita ¢ MEpKanTO-OlETHA KACENNHA CycrieH3usATa Ha | B GeH3eH MpOTHYa IUKIIN3AINS U Ce
obpasysa nonmctuper N-(2-xumpoxcudenmn)-C-(3'-kapbokcu-2'-xunapokcupennn) tuazomuana-4-on, PSCH,—LH; (11).
Cycnensusta va |l B mumermn-popmamun pearupa ¢ womute Zn(ll), Co(ll), Cu(ll), Zr(OH),(1IV) u MoO,(VI) u
o0pa3yBa CBOBBETHHUTE KOOPAHHAIIMOHHW ChEIAWHCHUSA, (HUKCHPAHH BBPXY IOJIHUCTHPEH, ChOTBETHO [PSCH,—
LHZn(OAc)(DMF)] (IlI), [PSCH,-LHCo(OAc)(DMF)] (1V), [PSCH-LHCu(OAc)(DMF)] (V), [PSCH,—
LHZr(OH)3(DMF),] (V1) u [PSCH,-LHMo00,(acac)] (VII). Te3n koopAHHAIIMOHHK ChEMHCHUS Ca OXapaKTepU3UPaHH
Ha 0a3ata Ha eJeMeHTeH aHamu3, crmektpanan meroau (IR, orpaxarenna, ESR) u u3MepBaHe Ha MAarHUTHSI
CyCI_[eHTI/I6I/IJ'II/ITeT. AI_IeTaTHI/ITe Tpynu €€ OTHACAT KaTO MOHOJACHTATHU JIMTaHAU BBHB BCUYKH CHCIAWHCHUA. HpeuﬂaraT
ce TetpaeapuuHa ctpykrypa 3a lll, kBampatHo-miaHapHa cTpyktypa 3a IV m V, neHTaroHamHo OWMUpaMuaaIHa
cTpykTypa 3a VI u okTaenpuuna crpykrypa 3a VII.
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