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Abstract: A new polystyrene supported mixed Schiff bases(PSCH ,-LH ,) and
their coordination compounds with nickel(ll), dioxomolybdenum(VI) and
dioxouranium(VIl) have been synthesized. PSCH ,-LH , has been synthesized by
the reaction of chloromethylated polystyrene crosslinked with
divinylbenzene(PSCH , -Cl) and the Schiff bases(LH , ) derived from 3-
formylsalicylic acid, ethylenediamine or propylenediamine and acetylacetone.
The polystyrene supported coordination compounds are of the types: PSCH , -
LM(wh ere M = Ni, MoO ,, UO ;,). They have been synthesized by the reaction of
PSCH , -LH , and the metal salt/metal coordination compounds in DMF. The
coordination compounds have been char acterized on the basis of elemental
analyses, IR, reflectance and magnetic susceptibility measurements. The shifts of
the v (C=N)(azomethine), v (C-O)(phenolic) and v (C-O)(enolic) stretches
indicate the ONNO donor behaviour of PSCH ,-LH ,. The polystyrene supported
Ni(Il) compound is square planar; MoO, (VI) and UO; (VI) compounds are
octahedral and Zr(IV) compounds are pentagonal bipyramidal. The compounds,

PSCH ,-LM(wh ere M = Ni, MoO ,and UO ,) are diamagnetic.

Keywords: Chloromethylated Polystyrene, coordination complex, mixed Schiff

base, paramagnetic diamagnetic

1. INTRODUCTION

Immobilization of transition metal ions on the polymer support provides an easy
route for the syntheses of immobilized coordination compounds. The chelating
resins have numerous applications in various fields like catalysts[1-4][e.q.
Fe(lll) anchored to polystyrene supported Schiff base is effective in the
epoxidation of cis-cyclooctene and styrene in presence of tert-
butylhydroperoxide], separation of metal ions[5-8][e.g. chelating polystyrene

divinylbenzene based resin containing quinaldinic acid amide group has been
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used for the quantitative separation of Pd(Il) and Pt(IV)]; chromatography[9-
11][e.g. immobilized Pd(Il) on a phosphine sulphide derivated polystyrene as
chromatographic material for the selective adsorption of amino acids] etc. Since
the stability of coordination compounds increases with the increase in the number
of chelate rings, it is of interest to immobilize multidentate ligands into the
polymer matrix. The syntheses of crosslinked polystyrene bound tetradentate
ligands such as iminobis (propylenesalicylideneimine)[12,13], tetrathiol[14],
2,2'-[diimino-1,2-ethane-diylbis(1,2-ethanediylnitrilomethylidyne)]di-phenol[15],

phthalocyanine[16]. Tetraazomacrocyclics[17,18], N,N’-ethylenemono(3-
carboxysalicylidene- imine)mono(salicylideneimine)[19] etc. have been reported. In
this chapter, anchoring of mixed Schiff bases, PSCH,-LH,(l) derived from 3-
formylsalicylic acid, propylenediamine and acetylacetone to polystyrene matrix is
described. The polystyrenes supported mixed Schiff bases have been used to
synthesize polystyrene supported coordination compounds of nickel(ll),

dioxomolybdenum(V1) and dioxouranium(V1).

i
C— O— CHyPS
OH HOC/CH3
N
CH
C—N N—C~

2. EXPERIMENTAL

2.1 Materials

Chloromethylated polystyrene cross-linked with 1% divinylbenzene beads(PS-ClI)
(having 1.17 mmol of CI per gram) [Sigma Chemical Co. (USA)], nickel acetate
tetrahydrate, dioxouranium(VI) acetate tetrahydrate [BDH], Acetylacetone,
propylenediamine [Sarabhai M. Chemicals], were wused for the syntheses.
Bis(acetylacetonato)dioxomolybdenum(VI) was synthesised by the procedure reported
by G. J. Chen, J. W. McDonald and W. E. Newton,3-formyl salicylic acid was
synthesised by the procedure reported by J.C. Duff. All solvents used were dried over
molecular sieves.

2.2 Analyses and Physical Meausrements

The metal contents, IR, reflectance spectral studies of the polystyrene-
anchored coordination compounds were carried out as repoted earlier in our

publications[5].
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2.3 Syntheses of Schiff bases, LH,(I)

An ethanolic solution(30 ml) of 3-formylsalicylic acid(1.66 g, 10 mmol)
was mixed with an ethanolic solution(15 ml) of acetylacetone (1.0 g, 10 mmol).
The mixture was kept in an ice bath for % h. An ethanolic solution of
propylenediamine(0.74 g, 10 mmol) was added slowly to the above mixture with
constant stirring. The mixture was heated under reflux for 45 min and was cooled
in an ice bath. The yellow precipitates separated were suction filtered, washed
several times with ethanol and finally dried in vacuo at room temperature. Yield
= 80%.

2.4 Syntheses of Polystyrene-anchored Schiff bases, PSCH,-LH,(l)

Chloromethylated polystyrene(1.0 g) was suspended in DMF(20 ml) for 45
min. A DMF solution(40 ml) of LH,(0.86 g, 2.82 mmol) was added to the above
suspension. The mixture was heated under reflux for 8 h, while stirring
magnetically in presence of ethyl acetate(100 ml) and triethylamine(2 ml). The
mixture was cooled to room temperature and the yellow coloured products
obtained were suction filtered, washed thoroughly with DMF, ethyl acetate,
ethanol, methanol and petroleum ether and then were dried in vacuo at room

temperature.

2.5 Method of the syntheses of polystyrene-anchored Ni(ll), and UO,(VI)

coordination compounds

Polystyrene-anchored Schiff base(l )(0.5 g) was suspended in DMF(25 ml)
for 1 h. To this suspension, a DMF solution(30-50 ml) of the appropriate metal
acetate(0.94 mmol) was added. The mixture was heated under reflux for 8 h,
while stirring magnetically. The products were cooled to room temperature and
then suction filtered, washed several times with DMF, ethanol, methanol and

acetone. The compounds were dried as mentioned above.
2.6 Syntheses of PSCH,-LMo00O,

Polystyrene-anchored Schiff base, I (0.5 g, 0.47 mmol) was suspended in
DMF(25 ml) for 1 h. A DMF solution (30 ml) of
bis(acetylacetonato)dioxomolybdenum(0.31 g, 0.94 mmol) was added to the above
suspension. The mixture was heated under refluxed for 5 h, while stirring
magnetically and then cooled to room temperature. The compounds obtained were
suction filtered, washed with DMF, ethanol, methanol and acetone and dried as

mentioned above.
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3. RESULTS AND DISCUSSION

The polystyrene-anchored Schiff bases(l) were synthesized by reacting
chloromethylated polystyrene(PSCH,-Cl) and the mixed Schiff base(LH;) in 1:3
ratio respectively in DMF. The reaction was carried out for 8 h and the ratio of
PSCH,—ClI: Schiff bases being 1:3. If the time was less than 8 h and also the ratio
being 1:<3, the polystyrene-anchored Schiff bases always contained some
unreacted CH,CI group. The polystyrene-anchored Schiff bases are insoluble in
aqueous and non-aqueous solvents. However, they undergo considerable swelling
in DMF. In the present study, DMF was chosen as the solvent due to its high
dielectric constant and its ability to dissolve large number of metal salt/metal
complexes. The chloromethylated polystyrene crosslinked with only 1%
divinylbenzene was selected because a higher crosslinking affects the metal
binding power of I. The colour of PSCH,-ClI is white and that of I is pale yellow.
As the reaction progresses, the white colour of PSCH,-CIl changes to pale yellow.
The colour of polystyrene-anchored Schiff bases remain unchanged even after

thorough washings with DMF, ethyl acetate, ethanol and methanol.

The syntheses of polystyrene anchored Schiff bases(PSCH,-LH;) (I) and

their coordination compounds are shown as per Scheme 1.

HO 0
oS
CHs
OH /
HO—C
PSCH-CI + Sen DMF;_'ECAI\, TEA
C—N N—cC~

Scheme 1. EA = ethyl acetate and TEA = triethylamine

PSCH,~LH, + M(CH5COO), % PSCH,—LM + 2CHsCOOH
retiux

[M = Ni(l1) and UO,(VI1)]

PSCH,—LH, + M0O,(acac), % PSCH,—LM00, + acacH
retiux

The syntheses of polystyrene-anchored coordination compounds were
carried out in 1:2 molar ratio of polystyrene-anchored Schiff base to metal
salt/metal complex. The colour of the polystyrene-anchored coordination
compounds are yellow green, yellow or orange depending on the metal salts used.

The colour of the polystyrene-anchored coordination compounds remains
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unchanged even after prolonged washings with DMF, ethanol, methanol and
acetone. The polystyrene-anchored coordination compounds have 1:1 metal:ligand
stoichiometry(Table 1). The percent reaction conversion of the polystyrene-
anchored coordination compound varies from 38.0-92.4(Table 1). There is no
apparent correlation between percent reaction conversion and the size of the
metal ion. The metal binding capacity of the resins is 0.26-0.66 mmol of metal
per g of resin(Table 1). The metal ions can be easily stripped from the

polystyrene-anchored coordination compounds by dilute acids.

Tablel. Colour and Analytical Data of Polystyrene-Anchored Coordination

Compounds

Polystyrene-anchored | Colour Found(Cal | Metal-binding capacity | percent
(x107%) (mmol/g of _
Complexes cd.) (%) resin) conversion
PSCH,-L NI Yellowish 3.9 66.4 92.4
green (4.22)
PSCH,-LMoO, Yellow 2.5 26.0 38.0
(6.58)
PSCH,-LUO, Orange 11.6 48.7 78.1
(14.86)

The infrared spectral bands of polystyrene-anchored Schiff base, PSCH,-
LH,(l) and their coordination compounds are given in Table 2. 3-
Formylsalicylic acid exhibits v(C=0)(COOH) stretch[20] at 1660 cm ™. LH,
exhibit this band at 1670 cm™! respectively. However, PSCH,-LH, show two new
bands at 1730 and 1640cm™ respectively. The former band is assigned to
v(C=0)(ester) and the latter band to v(C=N)(azomethine) and/or v(C=0)(ketone)
of acetylacetone moiety. The positive shift of band from 1670 to 1730 cm™
indicates the formation of covalent bond between PSCH,-Cl and LH,[21]. The
polystyrene-anchored coordination compounds also show the band at ~1730 cm™
which indicates the non-involvement of v(C=0)(ester) of I. However, the band at

1

1630 cm™" in I shift to lower energy by 20-35 cm™ in coordination compounds.
The negative shift[22] of this band indicates the involvement of azomethine N
atom towards coordination. PSCH,-LH, occur in keto form as evident by the
disappearance of v(C=0) stretch of | upon coordination, also the coordination

due to v(C-0O)(enolic)

compounds show a new band at 1220-1230 cm™

stretch[23]. The presence of this band clearly indicates that I has undergone
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tautomerization upon complexation. The v(C-0) (phenolic) stretch of I occurring
1

at 1530 cm™* shifts to higher energy by <10 cm™ in coordination compounds. The
above positive shift indicates the involvement of phenolic oxygen atom towards
coordination[24]. The IR data precludes the presence of a dimetallic structure, as
in case of dimetallic structure the v(C-0O) (phenolic) stretch is expected to
shift[25] to higher energy by >10 cm™. The absence of v(O-H) in the
coordination compounds indicates the deprotonation of the phenolic hydroxyl
group. The above observation suggests the ONNO donor behaviour of the

polystyrene supported Schiff bases.

Table 2. IR Spectral Data and Reflectance Spectral Data for Polystyrene-anchored

Ligand and the Complexes

Polystyrene- v(C=N) | v(C-0) v(C-0) |vsy Vasy Vmax
anchored (phenolic) (enolic) | (O=M=0) | (O=M=0) (cm™)

ligand/complexes

PSCH,-LH, 1630 1530

PSCH,-LNi 1610 1535 1230 12550
20100
24800

PSCH,-LMo0O, 1595 1540 1230 910 945

PSCH,-LUO, 1605 1535 1220 905

The polystyrene-anchored dioxo- uranium(VI) compounds exhibit a strong
band at 905 cm™! due to Vasy(O=U=0) stretch, characteristic of the presence of
the trans-UO, structure. The force constant(fy-o) values[26] are 6.66-6.81
mdyn/A which are within the reported range(6.58-7.03 mdyn/A) reported for the
majority of the dioxouranium(VI) compounds[27]. The U-O bond distance(Ry-
0)[28] is 1.74 A and lies within the usual range(1.60-1.92 A) reported for the
majority of dioxouranium(VI) compounds[29]. The dioxo- molybdenum(VI)
compounds exhibit v, (0=M0=0) and v, (0=Mo0=0) stretches at 910 cm ' and
945 cm~! respectively. These bands are in the usual ranges 892-964 and 840-
925 cm™!, respectively for the majority of MoO,(VI) coordination
compounds[30]. The IR data indicate the presence of cis-MoO, structure as the
compounds precludes the presence of an oligomeric structure[31] with

---Mo0=0---M0=0--- interaction. As the space between the adjacent metal centers
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in the polystyrene-anchored coordination compounds is occupied by the polymer
backbone, the presence of such an oligomeric structure is precluded in our

compounds.

The reflectance spectral data of the polystyrene-anchored coordination
compounds are presented in Table 2. The polystyrene-anchored nickel(Il)
compounds exhibit two bands at 20100 cm™(v;) and 24800 cm '(v3) due to the ‘A,
— 'A,, and 'A;; » 'By, transitions in a square planar geometry[32]. It also
exhibit a weak band at 12550 cm™'(v;) which is assigned to a spin-forbidden 'A,,

— %Ay, transitions[32].
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