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ABSTRACT

L4

This paper describes the syntheses and characterization of chelating
resins, 2-hydroxy-4-methoxyacetophenone-formaldehyde (I) and
2-hydroxy-4-methoxyacetophenone oxime-formaldehyde (II). The
number-average molecular weights have been determined by vapor
pressure osmometry and nonaqueous conductometric titration meth-
ods. Metal chelates of the resins with Co(II), Ni(II) and Cu(T)
were prepared. Elemental analysis of the chelates indicates a
metal-to-ligand ratio of 1:2. The diffuse reflectance spectra and
magnetic moments of Ni(II) and Co(II) chelates show a tetrahedral
structure whereas Cu(1I) chelate shows a square planar structure.
Infrared spectral study show that the metal ions are coordinated
through the oxygen of carbonyl group in I or nitrogen of the oximino
group in II, and through the oxygen of the phenolic hydroxyl group.
The presence of methylene bridges in the resins is also indicated
by IR spectral studies.
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INTRODUCTION

2-Hydroxy-4-methoxyacetophenone [2,4-OH(OCHs)AP] and 2-
hydroxy-4-methoxyacetophenone oxime [2,4-OH{OCHj)APO] are well-
known complexing agents. The formation of transition metal com-
plexes of 2,4-OH(OCH;)APO in aqueous organic mixtures have been
studied [1]. The oxime is also used in the determination of uranium
by spectrophotometry [2].

Condensation of 2,4-OH(OCHs)AP with formaldehyde under acidic
condition [3] resulted in the formation of 3,3', 3,5', and 5,5' -bis[2,4-
OH(OCHS; )AP] methylene derivatives, and 5,5' derivative was con-
verted to homobiflavanone. E. I. du Pont de Nemours and Co. [4, 5]
has prepared a heat and light stabilizer by condensing 2,4-OH(OCHs)AP,
phenol, and formaldehyde, and used this compound for the stabilization
of polyolefins.

In continuation of our studies on chelating resins and their metal
chelates [6, 7], we report here the synthesis and characterization of
2-hydroxy-4-methoxyacetophenone-formaldehyde (I) and 2-hydroxy-4-
methoxyacetophenone oxime-formaldehyde (II) resins, and their metal
chelates with Co(II), Ni(II) and Cu(II) ions. The characterization was
done by elemental analysis, molecular weight determination, magnetic
moments, reflectance spectra, and IR spectra.

EXPERIMENTAL
Chemicals

2-Hydroxy-4-methoxyacetophenone was prepared by monomethyla-
tion of 2,4-dihydroxyacetophenone with dimethyl sulfate as the methyl-
ating agent [8], mp 52°C [9], and its oxime by oximation with hydroxyl-
amine hydrochloride, mp 129°C [10].

A.R. grade pyridine (BDH) was purified by refluxing it over sodium
hydroxide pellets and then distilling with careful exclusion of moisture.
A.R. grade methanol and dimethylformamide (DMF) were distilled once
and used as solvent.

g-Trioxane (BDH), p-toluene sulfonic acid (p-TSA), and all other
reagents were of analytical grade and used without further purification.

Preparation of 2,4-OH(OCH;s JAP-F Resin (I)

2-Hydroxy-4-methoxyacetophenone (3.3 g, 0.02 mol), s-trioxane
(0.9 g 0.03 mol of CH:0), and p-toluene sulfonic acid (0.2 g) were added
one after another to the reaction tube. The tube was sealed and placed
in an oil bath at 100 + 1°C for 12 h. The tube was allowed to cool at
room temperature, desealed, and the resin lumps were broken into
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pieces with a glass rod, filtered, and washed with water. The resin
was powdered, placed in a round-bottom flask, and refluxed with
methanol (100 mL) for 2 h in order to remove unreacted monomer.
The resin was filtered and dried at 60°C. The safron-colored resin
was further purified by dissolving in DMF (30 mL) and adding the
filtered solution dropwise into a large excess of aqueous sodium
chloride solution (1 L, 2%) with constant stirring. The separated
resin was filtered, washed several times with distilled water until
free from chloride ions, and dried at 60°C. Yield: 3.45 g (98%).

Preparation of 2,4-OH(OCH;)APO-F Resin (IIa)
by Condensation of 2,4-OH(OCH; )APO with
s-Trioxane

2-Hydroxy-4-methoxyacetophenone oxime (3.6 g, 0.02 mol), s-
trioxane (0.9 g, 0.03 mol of CH:0), and p-TSA (0.2 g) were added to
the reaction tube. The tube was sealed and placed in an oil bath at
100 + 1°C for 24 h. The tube was allowed to cool at room tempera-
ture, desealed, and the dark gummy product was collected in a beaker.
The product easily dissolved in methanol. On dilution of this solution
with water a turbid aqueous solution was formed and a resin paste
settled to the bottom. Precipitates were separated from the turbid
solution on cooling in an ice bath, filtered, washed with cold water,
and dried at 60°C. The yield of precipitates was 60%, mp 121°C, and
of resin 35%, softening point 15°C.

Preparation of 2,4-OH(OCH;3; )APO-F Resin (II) by
Oximation of 2,4-OH(OCHs )AP-F Resin

2-Hydroxy-4-methoxyacetophenone-formaldehyde resin (3.56 g,
0.02 mol of repeat unit) was dissolved in ethanolic sodium hydroxide
solution (2 N, 12 mL) and placed in a round-bottom flagk. To this
solution, hydroxylamine hydrochloride (3.6 g, 0.05 mol) in water (5
mL) was added and the contentg refluxed on an isomental bath for 20 h.
The flask was allowed to cool and the contents were poured on crushed
ice, neutralized, and the separated resin filtered, washed with water,
and dried at 60°C. The resin was purified by dissolving in DMF (25
mL), and the resulting solution, after filtration, was added dropwise to
a large excess of aqueous sodium chloride solution (1 L, 2%) with con-
gtant stirring. The light brown resin that separated out was filtered,
washed several times with distilled water until free of chloride ions
and dried at 60°C., Yield: 3.7 g (98%).
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Preparation of Metal Chelates of 2,4-OH(OCHs)AP-F
Resin Ni(II) Chelate

2-Hydroxy-4-methoxyacetophenone-formaldehyde resin (3.56 g, 0.02
mol of repeat unit) was dispersed in methanol (50 mL) and methanolic
NaOH solution (l%, 5-6 mL) was added to dissolve the resin. To this
solution Ni(CHs COO).4H,0 (4.0 g, 0.016 mol), dissolved in water (25
mL), was added dropwise with constant stirring. The mixture was
digested at 50°C for about 3 h in a water bath. The separated greenish
yellow colored Ni(II) chelate was filtered, washed with distilled water,
and dried at 50°C.

Co(Il) and Cu(II) Chelate

The Co(M) and Cu(Il) chelates were prepared by the method de-
scribed above for the Ni(II) chelate. The Co(II) chelate was brown in
color and that of Cu(II) was light green.

Preparation of Metal Chelates of
2,4-OH(OCH; J)APO-F Resin Ni(II) Chelate

2-Hydroxy-4-methoxyacetophenone oxime-formaldehyde resin (1.93
g, 0.01 mol of repeat unit) was dissolved in methanol (60 mL) with
warming. Ni(CHsCOO)..4H:0 (1.5 g, 0.006 mol), dissolved in water
(10 mL), was added dropwise to this hot solution at pH 6 to 6.5 with
constant stirring. The solution was allowed to stand at room tempera-
ture for 12 h. The separated greenish yellow chelate was filtered,
washed with distilled water, and dried at 50°C.

Co(II) Chelate

2-Hydroxy-4-methoxyacetophenone oxime-formaldehyde resin (1.93
g, 0.01 mol of repeat unit) was dissolved in methanol (60 mL) on warm-
ing. Co(CHsCOO)..H:0 (1.2 g, 0.006 mol), dissolved in water {10 mL),
was added dropwise to the hot resin solution with constant stirring and
then allowed to stand at room temperature for 12 h., The separated
light brown colored Co(II) chelate was filtered, washed with distilled
water, and dried at 50°C.

Cu(Il) Chelate

The Cu(II) chelate of 2,4-OH(OCH;s)APO-F resin was prepared by
the method described above for the Co(II) chelate, and a light green
colored chelate was obtained.
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Analysis and Physical Measurements

Elemental analysis, diffuse reflectance spectra, infrared spectra,
and magnetic moments of the polymeric chelates and determination of
the molecular weight of the resins were carried out following the pro-
cedures described in an earlier communication [6].

RESULTS AND DISCUSSION

The resins prepared from 2,4-OH(OCH;)AP and 2,4-OH(OCH;)APO
with formaldehyde under the conditions described earlier [6, 7] were
of very low molecular weight and contained large amounts of unreacted
monomer. Therefore, 2,4-OH(OCH;)AP-F resin has been prepared by
using a nonaqueous system in which s-trioxane is used as a source of
formaldehyde and p-TSA as a catalyst [11] (Fig. 1).

2,4-OH(OCH; )APO-F, Resin Tla was found to be dark and gummy as
Well as of very low molecular weight, and so Resin II was prepared by
direct oximation of the parent resin (Fig. 2). Resin I had a softening
point of 150°C and Resin II of 152°C.

Resins I and IT are soluble in dimethylformamide, tetrahydrofuran,
pyridine, and aqueous alkali. Resin II is soluble in hot methanol and
ethanol.

Figure 3 represents the conductometric titration curves of Resins
I'and II. From the formula weight of the repeat unit (I, 178; II, 193),
100 g of the resin should contain 562 meq in I and 517 meq in II of
phenolic OH groups. The smallest interval between successive breaks

OH 0
N g _100°C _
0 pTSA
OCHy OCH3 n
FIGURE 1.
H3C\C¢O HC~ oNOH

OH
_NH0H-HCt
C2H50H/ NaOH CHy
CH3 n

FIGURE 2.
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0 1

0 90 180 270 360 450 540 630
meq. of NaOMe/100g. of resin

FIG. 3. Conductometric titration curves of 2,4-OH(OCH; )AP-F(I)
and 2,4-OH(OCH; )APO-F(II) resins in pyridine solvent with sodium
methoxide in pyridine.

in Curve I is 60 and in Curve II, 54. The average degree of polymer-
ization (DP) of the resins will thus be 562/60 = 9,35 for I and 517/54
= 9.57 for IT [12, 13]. The number-average molecular mass (Mn)

could thus be obtained by multiplying DP by the respective formula

weights., Thus Mn for Iis 1664 g/mol and 1I is 1852 g/mol. M of

these two resins was also determined in DMF solvent at 70°C by vapor
pressure osmometry. The values are for I, 1503 + 10% g/mol, and for
I, 1596 + 10% g/mol. The values from both methods are in good agree-
ment. The increase in molecular weight of Resin II is found to be as
expected and thus suggests that oximation of >C=0 group is almost
complete. This was also confirmed by a nitrogen estimation of Resin
II (Table 1). The values of DP for both resins are almost equal, which
indicates that no breaking of resin chains occurs during oximation.
Table 2 and Figs. 4 and 5 represent the important infrared absorp-
tion bands and spectra of Resins I and II. The bands appearing at 3330
+ 30 cm™! are due to —OH stretching vibrations [14]. The strong bands
of vC=0 and ¥C=N at lower frequency, 1620 + 10 cm™*, and the weak
band of vOH at 2750 cm™ " indicate intramolecular hydrogen bonding
[15]. The vibration absorption bands at 2880 + 10, 1425, and 715 cm™*
are observed in the spectra of the resins and not in the spectra of the
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FIG. 4. IR spectra of 2,4-OH(OCHs)AP (1), Resin I (2), (Resin
I)Ni (3), (Resin I;Co (4), and (Resin I);Cu (5).
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FIG. 5. IR spectra of 2,4-OH(OCH);s)APO (1), Resin IT (2), (Resin
I).Ni (3), (Resin II)2Co (4), and (Resin M):Cu (5).
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respective monomers, which suggest that phenolic moieties are linked
through methylene bridges in the resins [15, 16]. The strong band at
980 cm™' in Resin II is attributed to N-O stretching [15].

On the basis of the reactivity of the positions in the monomers, the
resins should have a general structure of the type shown in Structure I

H3C\C¢X\1ﬁ H3C\ ;X._}i{ HCN o 2%y
0
CHy CH2 o
OCHgz CHz OCH3
Where X=0 or NOH

Structure [

According to Structure I, each of the phenyl rings (except the end-
groups) of the chain would be penta-substituted and contain only one
isolated aromatic hydrogen atom. The endgroup could be either Struc-
ture II or Structure IIL

lii,.>(§C,CH3
H3CO 0\H 0]
JOL
CHy OCH4
Structure II Structure III

Where X2 0 or NOH

Thus in a single polymer chain the inner pheny! rings as well as
the endgroup phenyl ring (Structure II) contain an isolated H atom.
The strong out-of-plane C—-H bending band around 900 ¢cm™! is due to
penta-substituted and 1,2,4,5-tetrasubstituted pheny! rings [17]. The
other possible type of endgroup (Structure III) contains two adjacent
H atoms which are observed around 830 and 800 cm~! in the spectra
17].
[ %‘rom the infrared spectral study and the analytical results (Table
1), the structure of these two resins could be as shown in Structure IV.

On treatment with aqueous solutions of Co(II), Ni(II) and Cu(II)
acetates, methanolic solutions of the resins containing a small amount
of alkali precipitated the polymeric chelates. These chelates are al-
most insoluble in any solvent.

Elemental analyses data of the polymeric chelates (Table 1) sug-
gest a metal-to-ligand ratio of 1:2. The important IR absorption bands
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H3C\ c%\-};‘ H3C\C ;X\.H H3C\ c;x‘-.

|
0 0
CHy CH; @
OCH, CHy N OCH,

Where X=0 or NOH
Structure IV

H
|
0

of polymeric chelates are shown in Table 2 and the IR gpectra in Figs.
4 and 5. The strong bands at 3350-3380 cm™! are due to —OH stretching
vibrations. The band at 2750 cm™' is absent in chelates, suggesting
replacement of the hydrogen of the phenolic group by metal ions. The
bands appearing at 1570-1600 cm™' are attributed to ¥C=0 or vC=N
stretching vibrations. These bands are observed at lower frequencies
compared to the usual position, indicating coordination of metal ions
through the oxygen of the carbonyl group or the nitrogen of the oximino
group. The band at 980 cm™! in the resin of ¥N-O is found to be at a
higher frequency, 1010 cm™*, in the chelates. This also indicates the
coordination with nitrogen of the oximino group in Resin IT [18]. The
other bands due to -OCHs and substitution patterns were found to be
similar in polymeric chelates and resins.

The infrared spectral studies, elemental analysis, and solubility
data of polymeric chelates suggest that chelation might have occurred
between two chelating groups from different polymeric chains and not
from the adjacent groups in the same chain, as shown in Structures V
and VL

ok, OCHy
— H2C CHZ—“"‘ éH

2 0
0 HACO o

1, Xx /CH3 3 \M\X’C\CH

e X 3
H ) —HC %

L,
.__HZC CHZ__.
0CH,
Structure V Structure VI
Where X=0 or NOH
M= Co,Ni or Cu

The diffuse reflectance spectra of the polymeric chelates were
studied in the range 11,110-25,000 cm™! and the spectra are shown in
Fig. 6. Cu(Il) chelate exhibits one broad band centered at 15,870 em™*,
This band could be assigned to d—d transition corresponding to the

"Eg-—2 ng transition. The position of this band is in the range gener-
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FIG. 6. Diffuse reflectance spectra of (Resin I);Co (1), (Resin
I).Ni (2), and (Resin I)2Cu (3).

ally observed for planar Cu(II) complexes [19]. Ni(II) chelate also
exhibits a broad band around 16,390 cm™' which is in the range of
tetrahedral Ni(II) complexes and is assigned to the *T.(F)—"T1(P)
transition [20]. The Co(II) chelate shows a broad band centered at
17,540 cm™' which is assigned to the *A,—*T, (P) transition, indi-
cating a tetrahedral geometry [20].

Magnetic moments of the polymeric chelates have been studied to
examine the type of metal-polymer bond and valence state of the metal
in the polymeric chelates. The values of the magnetic moments show
that the chelates are paramagnetic. All square planar complexes of
Ni(1) are diamagnetic, and octahedral complexes of Ni(Il) have mag-
netic moments in the range 3.1 to 3.16 BM [21]. The observed values,
2.10-2.91 BM, therefore suggest that Ni(II) polymeric chelate may
have a tetrahedral configuration [22]. Complexes of Co(II) with a
square planar geometry are reported to have magnetic moments in
the range 2.1-2.9 BM [23] and with tetrahedral geometry in the range
4.1-4.9 BM [24]. Thus, from the values in the range 3.14-3.96 BM
obgerved for Co(1II) chelates, a tetrahedral configuration may be con-
cluded. In the case of Cu(II) polymeric chelates, the observed mag-
netic moments, 1.62-1.64 BM, are slightly less than expected for a
square planar configuration [25].

All the polymeric chelates can be partially decomposed with dilute
hydrochloric acid (pH = 1.0) and completely with concentrated hydro-
chloric acid. The original resin and the metal salts were recovered
in quantitative yield.



20: 05 24 January 2011

Downl oaded At:

92

—
[y

PARMAR, PATEL, AND PATEL

REFERENCES

V. S. Babu, D. U. Raju, and R. R. Naidu, Indian J. Chem., Sect.
A, 18A(1), 87 (1979).
P. Rathnam, A. Ramesh, and R. R. Naidu, Ibid., 19A(4), 385
(1980).

V. R. Kumar, J. Parthsarthi, and V. Murti, Curr. Sci., 48(9),
393 (1979). T

E. I. du Pont de Nemours and Co., Netherlands Patent 6,410,524
(1965).

S. Tocker, U.S. Patent 3,288,880 ( 1967).

J. 8. Parmar, M. R, Patel, and M. M. Patel, Angew. Macromol.
Chem,, 93, 1 (1981).
J. 8. Parmar, M. R. Patel, and M. M. Patel, J. Polym. Sci.,
Polym. Chem. Ed., 20, 205 (1982).

B. B. Dey, J. Indian Chem. Soc., 12, 685 (1935).

H. Qelschlager, Arch. Pharm., 288, 102 (1955).

H. Lindemann, H. Konitzey, and S. Romanoff, Ann. 456, 284 (1927).
W. J. Burke, W. E. Craven, A. Rosenthal, S. H. Reutman, and C.
W. Stephens, J. Polym. Sci., 20, 75 (1956).

R. P. Mitra and S. K. Chatterjee, Indian J. Chem., 1, 62 {1963).

S. K. Chatterjee, J. Polym. Sci., Part A-1, 8(5), 1299 (1970).

P. Singh, V. Singh, R. Pal, and R. L. Goel, J. Indian Chem. Soc.,
55, 33 (1978).
K. Makanishi, Infrared Absorption Spectroscopy, 2nd ed., Nan-
kodo, Japan, 1964, p. 20.

B. D. Gupta and W. U. Malik, J. Less Common Metals, 17(3),
277 (1969). _
H. H. McMurry and V. Thorton, Anal. Chem., 24, 318 (1952).

D. Hadzi, J. Chem, Soc., p. 2725 (1956). o

L. Sacconi and M. Ciampolini, Ibid., p. 276 (1964).

R. C. Paul, R. P. Sharma, and R, D. Verma, Indian J. Chem.,
14A, 48 (1976).

R. S. Nyholm, Rec. Chem. Prog., 19, 45 (1958).

H. S. French, M. Z. Magee, and E. Scheffield, J. Am. Chem. Soc.,
64, 1924 (1942).
E. K. Barefield, D. H. Busch, and S. M. Nelson, Q. Rev. (Chemi-
cal Society London), 22, 457 (1968),

F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry,
Wiley-Interscience, New York, 1962, p. 726,

N. H. Agnew, J. Polym. Sci., Polym. Chem. Ed., 14, 2819 (1978).

Accepted by editor January 5, 1983
Received for publication January 12, 1983



