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Original Research Article
Synthesis and Characterization of Some Coordination
Polymalimides

ABSTRACT

Twelve polymeric complexes were prepared from the polymerization of
Phenylazo-3-N-(4-hydroxyphenyl) maleimide and Phenylazo-3-N-(3-hydroxyphenyl)
maleimide, with salts of Cr**,Co*,N¥*,Mn**,Cu** and Fe** these complexes were
characterized by U.V., I.R. spectroscopy, elemental analysis, molar conductivity and
magnetic moment, to ensure their geometry, according to these measurements all
the complexes have tetrahedral geometry accept [CrL2Cl3.H-O ] and [NiL1Cl..2H.0]
which have octahedral one. The biological activity of these complexes showed a
moderate inhibition towards some growth bacteria.

Keywords: coordination polymalimdes, biological activity, azo complexes, azo compounds

1. INTRODUCTION

Linking transition metal ions with polymeric ligands has been constantly developed in past
years, these are called coordination polymers Because of their excellent properties in fields
such as cataIyS|s ' nonlinear optlcs molecular magnetic materials 345 electrical
conductivity 7" and molecular recognition 89, Poly-N-Substituted maleimides and their
derivatives have excellent heat- reS|stance property. They can be used in many polymeric
applications as heat-resistant additives '° and as modifying agents for protelns . Azo dyes
compounds one of the biggest and most varied groups of synthetic organic dyes in present
time'®. They were highly well-known and widely used chemicals in the paper, textile, coloring
agents for foods and cosmetics industries. Other appl|cat|ons |n electronlc technologies like
liquid crystals, organic photoconductors and non-linear optics '*'*. The pharmacological use
of azo compounds came from the d|scovery of the antibacterial action of Prontosil on
streptococcal infections by Dogmagk ' ., 220 compounds were also show a vanety of
biological actlvmes including antibacterial '°, antifungal ', pesticidal ', antiviral '® and anti-
inflammatory 2° activities. In our work we synthe3|ze azo compounds based on maleimides,
polymerize them and complexing with six transition elements.

2. MATERIAL AND METHODS

Maleic anhydride, aniline, N,N-dimethylformamide, benzoyl peroxide all from (Merck,
Germany), sulfuric acid 98% , hydrochloric acid 37%, chromium(iii) chloride hexahydrate,
cobalt(ll) chloride dehydrate, nickel(ll) chloride dehydrate, manganese(ll), sodium nitrite, 2-
propanol, sodium hydroxide also from (Carl Roth, Germany), p-aminophenol , m-
aminophenol (Carlo Erba, Italy), Copper(ll) chloride dehydrate, phosphorus pentoxide
( Sigma-Aldrich), ferrous(ll) chloride trihydrate (Fluka, Switzerland). Aniline was purified by
distillation while all the other chemicals were used without purification as received.

Analysis of the ligands and their complexes were carried out using C.H.N.S elemental
analyzer model 2400 Perkin Elmer. Metals content from Perkin EImer (A analyst 200) atomic
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absorption spectrophotometer. FT-IR spectra were measured at room temperature using a
Perkin-Elmer spectrum one B, equipped with potassium bromide (KBr) beam splitter.
Conductivity meter JENWAY 4510 , were used to measure the conductivity of the complexes
, magnetic Susceptibility measurements of all co-ordinate polymers were carried out at room
temperature by Farady's method using Bruker BM6 instrument. The electronic spectra of
coordination polymers were recorded by Unicam HEAIOSB UV-VIS 2000 spectrophotometer
using 10”° dimethyl sulphoxide (DMSO) solution at room temperature.

2.1 Synthesis of maleimide (I)

(11.98 g, 0.11 mol) of P-aminophenol and (10.78 g, 0.11 mol) of maleic anhydride
dissolved separately with dimethyl formamide (DMF) (50 mL) to get solutions A and B,
respectively. Solution C obtained by dropping Solution B gradually into solution A. After
stirring this solution for 2 hours at 25 °C in a water bath, (10 g) phosphorous pentoxide were
dissolved in (10:70) ml H,SO, and DMF mixture respectively. By dropping this mixture into
solution C it was stirred at 70 °C for 2 hours and then it was chilled in an ice bath and poured
into cold water. The pale orange precipitate was filtered then washed several times with
distilled water and recrystallized from isopropyl alcohol and dried overnight in vacuum oven
at 60 °C . The yield was 25%; m.p. 183°C.

2.2 Synthesis of maleimide (ll)

maleimide Il was prepared as the same procedure of | except that m-aminophenol was
substituted for p-aminophenol. The precipitate was yellow and melt at 186 with 35% yield.

2.3 General procedure for preparing azo compounds L1and L2

Azo compounds L1 and L2 were prepared according to previous work 2"?%. The orange
L1(Phenylazo-3-N-(4-hydroxyphenyl)maleimide) was obtained with 56% yield and the pale
yellow L2 (Phenylazo-3-N-(3-hydroxyphenyl)maleimide) L2 with 30% yield.

2.4 General procedure for the polymerization of L1 and L2

(1.76 g) of L1 or L2 compound was dissolved in (100 ml) toluene with (0.176 g) of benzoyl
peroxide (BPO) in a 500ml, three-necked flask. By stirring the reaction mixture at 70. The
temperature was raised to 90 °C for 12 hs. The polymer was precipitated by pouring it into
water containing methanol mixture 20% (200 ml). The light brown polymer washed several
times with methanol and dried under vacuum at 60 °C overnight.

2.5 Preparation of the polymeric complexes

All the complexes were prepared by 1:1 molar ratio polymer to metal respectively.

A solution of metal (0.001 mol) in ethanol was added drop wise to an ethanolic of polymer I
and II' (0.001 mol) with stirring. The mixture was reflex for 6 hrs. The resultant complex was
collected by filtration and washed with methanol, then acetone. The coordination polymer
was dried in vacuum oven for 24 hrs at 40 °C.

The synthesis, characterization and chelating properties of polymer I' and II' and its
coordination complexes are shown in Scheme 1.

Schemel: synthesis of Phenylazo-3-N-(4-hydroxyphenyl)maleimide (L1),
Phenylazo-3-N-(3-hydroxyphenyl)maleimide (L2) and their polymeric
complexes.
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95 2.6 Antibacterial activity
96 The bioactivity for all polymeric complexes was tested against five species

97  according to Standards methods with slight modifications®. The Gram-positive
98  (Staphylococcus aureus) and Gram-negative (Klebsiella pneumonia, Escherichia
99  coli, Enterococcus faecalis and Pseudomonas aeruginosa) were isolates in (Azadi
100  hospital-duhok). (10°M) of polymeric complex solution in dimethyl sulphoxide was
101 placed on Muller-Hinton agar plates with tested organisms and incubated for 24 hs
102  at 37 °C. The inhibition zone were measured in mm depending upon diameter and

103 clarity.

1.DMF/20°C/2hr

2.H,S0 4/P ,05/DMF/70°C/2hr
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3. RESULTS AND DISCUSSION

3.1 Infrared spectra
The two ligands were synthesized according to scheme 1, they characterized by FTIR,

UV-VS spectra and elemental analysis. The infrared spectra (table 2) of I‘ and I
compounds showed the v-stretching of (C=0) carbonyls at 1702-1697 cm , and the
presence of aromatic rings indicated by bands at 1585 1604 and 1,522 cm™, v-stretching
frequenmes of alkene group (HC=CH) at 3170 cm™', and, also —OH hydroxyl group at 3482-
3440 cm™ for | and Il, respectively. All the above peaks confirm the formation of | and Il .
These peaks malntalned at their positions in compounds I' and II' accompanied by the v-
stretching of (N=N) azo group band at 1605-1578 cm™ range which confirm the synthesis.
Another absorption at 763—776 cm™ ' confirm that azo groups was attached at ortho position
of benzene ring. The tow polymers showed the same peaks as the monomers except the
absence of the alkene group (HC=CH) bands which indicate the formation of the
polymers.?’

The reaction of polymer ligands with Co(ll), Ni(Il),Cu(ll), Fe(ll), Mn(ll) and Cr(lll) in (1:1)
ratio gives the [MLCI,2H,0] and [MLCI,] complexes. The elemental analysis are confirmed
with the proposed molecular formula (Table1).

Table 1. elemental analysis, magnetic moment value and physical properties of the
prepared ligands and their complexes.

Compounds Color c %:alculated( fm::d) m gli;f &32:11 geometry
Polymer L1 orange 65.53(65.51) 3.78(372) 14.33(14.30)
Polymer L2 Pale yellow 65.53(65.50) 3.78(3.76) 14.33(14.30)
[CrL1Cl3.Hz0] beige 46.18(46.14) | 2.66(2.63) | 10.10(10.98) | 12.49(12.45) 3.9 19.5 Tetragonal
[CrL2Cl5.H:0] Pale yellow | 40.92(40.89) | 2.79(2.75) 8.95(8.92) 11.07(11.03) 4 17.5 Octahedral
[NIL1Cl2.2H,0] pink 43.39(43.35) | 3.41(3.40) 9.49(9.47) 13.25(13.21) 3.1 18.7 Octahedral
[NiL2Cl,] Dark yellow | 45.44(45.41) | 2.62(2.60) 9.94(9.91) 13.88(13.85) 3.9 15 Tetrahedral
[CUL1Cl.2H,0] brown 44.93(44.90) | 2.59(2.57) 9.82(9.80) 14.86(14.84) 2.9 18 tetrahedral
[CuL2Cl,.2H,0] Pale yellow | 44.93(44.89) | 2.59(2.58) 9.82(9.80) 14.86(14.81) 2.8 19 tetrahedral
[MnL1Cl,] beige 45.85(45.83) | 2.65(2.63) | 10.03(10.01) | 13.11(13.09) 6 21.4 Tetrahedral
[MnL2Cly] yellow 45.85(45.82) 2.65(2.63) 10.03(10.00) 13.11(13.08) 5.9 23 Tetrahedral
[CoL1Cly Pale pink 45.42(45.40) | 2.62(2.61) 9.93(9.91) 13.93(13.90) 3.9 18.7 Tetrahedral
[CoL2Cl; ] green 43.37(43.33) 3.41(3.39) 9.48(9.46) 13.30(13.00) 4.25 14.8 tetrahedral
[FeL1Cly] Pale brown | 45.75(45.73) | 2.64(2.61) 10.00(9.98) 13.30(13.37) 5.4 13.9 Tetrahedral
[FeL2Cl,] yellow 45.75(45.72) | 2.64(2.62) 10.00(9.99) 13.30(13.10) 5.3 18.1 Tetrahedral

The molar conductivity of the complexes illustrate that all are non-electrolyte23 except for

Cr(Illy which 1:1 as in (table1). The IR spectra for the metal complexes in (table 2) showed
that there are many shifts for the absorptlon bands, v (-N=N-) vibrational stretching bands in
the ligands appears at (1522-1511cm’™) are shifted in their complexes to lower frequencres to
(1511-1402cm™) which indicate the coordination through the -N=N- group®. The ligand
spectrum shows an absorption band at (1217-1223cm’ ) due to u(C- O) it is remarks with a
change in shape and shifted to higher frequencies at (1221 -1242cm™) in metal chelates.
These shifts suggest the linkage of metal ion with oxygene *. The most important conclusion
from the above suggest that the polymeric azo malimides ligands is coordinated to the
central metal ion as N,O bidentate ligand. The free bonding positions are the central azo
nitrogen atom and the oxygen of the hydroxyl group.
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3.2 Electronic spectra and magnetic susceptibility

According to molar conductivity measurements all the complexes are non-electrolyte in
their nature (table 1)** ?®.The electronic spectra of ligands and their complexes tabulated in
table (table2), the free azo ligand shows high intensity peaks at 420 nm and 371 nm
respectively these peaks belongs to the chromospheres of -N=N- and —OH groups. The
magnetic moment value of Cr (lll) complexes were (3.9, 4) B.M, this suggest an octahedral
ZIqeometr with terms of triplet 4F that means there are three d-d bands spectrum
Ag—Tog, “Asg —'Tig, *“Agry —'T1gir) , With very low intensity because the transitions
are forbidden and we found a very high band of LMCT at 304 nm in L1 cover some bands of
(d-d) transitions, while in L2 the following bands (421,367,325,304) nm?® Ni (Il) complex in
L1 show an octahedral geometry as it gave 3.1 B.M value of magnetic moment this means
there is no orbital contribution with three transitions *A,g+»°Tog ,>Axg>°Tig , *Axgr > *T19r) ,
these transition are forbidden (d-d) or (gerade — grade) 402,368,288 transitioned with low
intensity, the band observed with high intensity attributed to LMCT and MLCT at
(371,282,401) nm respectfully27, while the Ni(ll) complex with L2 ligand gave 3.9 B.M value
of magnetic moment this means the complex is tetrahedral with orbital contribution and gave
electronic transitions *T;g—°T,g , °Tig — A9, °Tigr —T1gp with MLCT And LMCT,
the color of tetrahedral is more dark than octahedral with peaks at (414,364,293) nm®. The
magnetic moments values of Cu(ll) complexes are (2.8, 2.9)B.M. this means that both of
them are tetrahedral with orbital contribution and gave one band low intensity of (d-d)
transition °T, —*E, the other bands contribute to LMCT and MLCT with high intensity at
(381,360,313,281) nm and (377,342,300,246) nm respectly***. The complexes of Mn(ll)
with (6, 5.9) B.M. value have strong field ligand with tetrahedral geometry and the transition
is °S —®A,g only MLCT and LMCT at (344,300,296) nm and (405,363,293) nm®'. Co(ll) both
have tetrahedral geometry with (3.9, 4.2) B.M. resPectiver and this geometry observed with
three (d-d) bands *A,g—> *Tog ,*A,g —>*Tig , “Asgr —>T1g) With LMCT and MLCT at
(353,306,293) nm and (402,368,288) nm, the different between these complexes are there
colors repeatedlysz. Fe(ll) have (5.4, 5.3) B.M. in both complexes and tetrahedral is the
predominant geometry with orbital contribution and the observed (d-d) spectra is one (d-d)
band °E— °T, with high intensity bands of charge transfere®.

Table 2. infrared spectra (cm™)for the ligands and their polymeric complexes.

Compounds | v(oH) | S(CH | 0CC=C) |, Ny | b0y | o UV-VIS abs. A(nm)
Polymer L1 3421 | 3109 1604 1522 1217 831 327,302,230
Polymer L2 3328 | 3090 1599 1511 1223 825 325,302,230
[CrL1CEIC 3413 - 1513 1420 1221 832 304,246

[CrL2Cl,H:0] | 3412 - 1561 1446 1225 830 421,367,325,304

INIL1C,2H,0] | _ 3411 - 1533 1512 1232 827 371,282,401
INIL2CI] 3398 - 1537 1456 1239 823 414,364,293
[CuL1Cl] 3416 - 1512 1404 1225 835 381,360,313281
[CuL2Cl] 3414 - 1544 1449 1232 767 377,342,300,246
[MnL1CE] 3435 - 1512 1402 1233 837 344,300,296
[MnL2CE] 3400 - 1544 1454 1242 865 405,363,293
[CoL1Cl] 3411 - 1512 1402 1233 835 353,306,293

[CoL2CI;2H;0] | _ 3409 - 1537 1407 1239 816 402,368,288
[FeL1Ck] 3412 - 1526 1407 1236 854 401,362,297
[FeL2Ck] 3399 - 1547 1411 1230 833 395,367,293

3.3 Biological activity study

The antimicrobial activity examination of the polymeric complexes was carried out by disk
diffusion method®>*®. The test solutions prepared in dimethyl sulfoxide. The zone of inhibition
was measured in mm and the values was summarized in (table 3). These values indicate
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that all the complexes have moderate activity towards the tested organisms on the basis of
overtone's concept and chelating theory® %,

Table 3.Antibacterial activity (inhibition zone/mm) of chemicals complex (10'3M)

Against Gram positive and Gram negative pathogen isolates.
. . K. .
Complex E. coli P. aeruginosa S. aureus pneumonia E. faecalis

[MnL1Cly] 18 mm 18 mm 15 mm 14 mm 19 mm
[MnL2Cl] | - 14 mm 18mm | - 14 mm
[FeL2Cl,] | = | e | e 14mm 17 mm
[FeL1Cl,) | - 14mm | e 17 mm 14 mm
[NiL2Cl,] | - 15 mm 12 mm 18 mm 18 mm

[NIL1Cl.2H,QO] | - 14 mm 17 mm 18mm | -
[CoL2Cl,.2HO] | -----m------ 18mm | e | e 18 mm
[CrLiC)Cl | -=mmmmmmeee- 11Tmm | e 13 mm 15 mm
[CrL2CI3.H0] 18 mm 13 mm 13 mm 20 mm 17 mm
[CuL1Cly] | === 18 mm 14mm | - 18 mm
[CuL2Cly) 12 mm 12 mm 13 mm 12mm 17 mm

4. CONCLUSION

The ligands Phenylazo-3-N-(4-hydroxyphenyl)maleimide I' and Phenylazo-3-N-(3-
hydroxyphenyl)maleimide (II') were polymerized free radically, these polymers were
coordinated successfully with some transition elements through azo (-N=N-) and hydroxyl
(—OH) with tetrahedral metal (Il) complexes except [CrL2Cl;.H,O ] and [NiL1Cl,.2H,0] which
were octahedral in (1:1 metal to ligand ratio) were synthesized and characterized. . All the
complexes have a well considerable activity against different organisms.
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