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Abstract: The free radical copolymerisation of itaconic anhydride and methyl me-
thacrylate in solution was studied at 60 °C. The copolymer composition was deter-
mined by TH-NMR spectroscopy and the obtained monomer reactivity ratios were
calculated, riya=1.35+0.11; rypa =0.22+0.22 (by the Fineman-Ross method)
and rjta = 1.27£0.38; ryma = 0.10+0.05 (by the Mayo-Lewis method). The syn-
thesised copolymers were modified by reaction with di-n-butyl amine. The copoly-
mer composition after amidation was determined by elemental analysis via the ni-
trogen content. Amidation of the anhydride units in the copolymers with di-n-butyl
amine resulted in complete conversion to itaconamic acid.

Keywords: copolymerisation, itaconic anhydride, methyl methacrylate, amidation,
itaconamic acid.

INTRODUCTION

Copolymers containing both hydrophilic and hydrophobic segments (amphi-
philic polymers) are drawing considerable attention because of their possible use
in biological systems. N-Substituted itaconamic acids are strongly amphiphilic
molecules. Homopolymers and copolymers obtained from such monomers may
have wide applications. Various copolymer compositions can produce a very lar-
ge number of different arrangements, producing materials of varying chemical
and physical properties. Thus, the hydrophilicity of copolymers can be modified
by changing the amount of incorporated itaconamic acid. Also, the alkyl side
chain in these polymers can be varied, resulting in polymers with different side
chain length, thus controlling the hydrophobicity.12 However, poly(N-substituted
itaconamic acid)s are difficult to obtain by direct polymerisation of their mono-
mers and the preparation of itaconamic acids, by reaction of itaconic anhydride
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with amines, can be complicated.3—> Thus, the isomerisation of itaconic anhyd-
ride to citraconic anhydride occurs in the presence of amine. The rate of isomeri-
sation depends on the amine base strength and solvent medium, with strong bases
in a polar solvent resulting in a much faster isomerisation than weak bases in a
non-polar solvent.4 Also, the isolation and purification of the produced itacon-
amic acids can be difficult, particularly if they do not crystallise.

Another convenient way of obtaining amphiphilic polymers is to functiona-
lise polymers and copolymers. The modification of poly(itaconic anhydride) or
its copolymers by different reactions (alcoholysis, hydrolysis, amidation) seems
not to have been investigated extensively.6-8 In the experiments presented in this
paper, copolymers of itaconic anhydride and methyl methacrylate were modified
by amidation with di-n-butyl amine. Hitherto, there have been no data reported
on the amidation of such copolymers.

EXPERIMENTAL
Materials

Commercially available reagent grade chemicals were used for all the experimental work. Ita-
conic acid was supplied by Aldrich and used as received. Acetyl chloride and di-n-butyl amine
(both obtained from Aldrich) were purified by distillation.

a,0”-Azobisisobutyronitrile (AIBN) was supplied by Aldrich and recrystallised from methanol.

Solvents used for the isolation, purification, reprecipitation and modification of the copoly-
mers were dried over molecular sieves in order to minimise the hydrolysis of itaconic anhydride
units in the copolymers.

Monomer and polymer preparation

Itaconic anhydride (ITA) was prepared by dehydrating itaconic acid with acetyl chloride fol-
lowing an improved previously reported procedure.? The crude itaconic anhydride was purified by
several recrystallisations from chloroform. Anhydrous conditions were observed to minimise the
hydrolysis of the anhydride to acid. White crystals with a melting point of 68—70 °C were obtained
and the structure confirmed by IH-NMR and IR spectroscopy.

Methyl methacrylate (MMA) was washed with 10 % NaOH aqueous solution to remove inhi-
bitor, washed with water to neutral, dried over calcium hydride and vacuum distilled.

Copolymers of itaconic anhydride and methyl methacrylate were prepared by the solution
copolymerisation technique using AIBN as the initiator. A 100 ml three-necked flask equipped with
a magnetic stirrer and condenser protected from moisture was used for the copolymerisations. The
solution copolymerisations were performed under a nitrogen atmosphere using 2-butanone as the
solvent. The desired amounts of itaconic anhydride and methyl methacrylate were dissolved in 2-bu-
tanone together with AIBN (0.25 mol %) in a three-necked flask. Nitrogen was bubbled for 15
minutes at room temperature through the solution before starting the polymerisation, while during
the polymerisation the nitrogen stream was directed over the top of the condenser. A preheated wa-
ter bath was employed to commence the polymerisations. The copolymerisations were performed at
60 °C for different times, depending on the composition of the monomer feed (Table I). The co-
polymers were precipitated in a ten-fold amount of methanol, redissolved in 2-butanone and repre-
cipitated twice in anhydrous diethyl ether. The copolymers were dried under vacuum at room tem-
perature to remove the residual volatiles.
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Amidation of the copolymers

A 50 ml three-necked flask, equipped with a magnetic stirrer, dropping funnel and condenser,
protected from moisture, was used for the amidation reaction. A solution of freshly distilled di-n-bu-
tyl amine (1 g) in chloroform (10 ml) was added dropwise over 90 minutes to a well-stirred solu-
tion of a copolymer (0.2 g) in chloroform (15 ml) at 0 °C. The di-n-butyl amine was always in large
excess to insure that the amidation went to completion. The reaction mixture was vigorously stirred
for one day at room temperature. Only the copolymer from the feed composition of 2 mol % itaco-
nic anhydride dissolved immediately in chloroform. The solubility of the copolymers in chloroform
decreased with increasing amount of itaconic anhydride in the monomer feed. As the amidation re-
action progressed, the copolymers dissolved, finally resulting in a colourless solution. The modified
copolymers were precipitated in diethyl ether, dissolved in chloroform, reprecipitated into petro-
leum ether, and dried under vacuum to constant mass. White powdery polymers were obtained.

TABLE I. Preparation of ITA-MMA copolymers

Monomer feed, mol % ITA Polymerisation time, min Yield, wt %
2 45 3.14
6 50 2.48
11 60 1.85
20 105 1.62
30 240 2.27
40 360 6.41

Copolymer characterisation

The copolymers were characterised by TH-NMR spectrometry on a Varian GEMINI 200 in-
strument (200 MHz) using TMS as the internal standard and deuterochloroform and deuteroacetone
as solvents for the modified and unmodified copolymers, respectively. Infrared spectra were obtain-
ed using a BOMEM, MB-Series FTIR spectrometer. The samples were recorded in KBr pellets.
Elemental analysis measurements were performed using a Vario 11l CHNOS Elemental Analyzer,
Elemental Analysen Systeme GmbH, to determine the nitrogen content in the copolymers.

The molar masses of the amidated copolymer samples were measured by gel permeation chro-
matography, GPC, at 30 °C using a Waters 1500 Series instrument fitted with four analytical co-
lumns and an RI detector. Chloroform was used as the mobile phase at a flow rate of 1 ml min,
The columns were calibrated with narrow molar mass poly(methyl methacrylate) standards and the
chromatograms were processed with Waters Breeze software. The molar masses of the unamidated
copolymers and homopoly(itaconic anhydride) could not be measured by GPC due to lack of so-
lubility in chloroform.

RESULTS AND DISCUSSION

Copolymers of itaconic anhydride and methyl methacrylate were obtained by
free radical copolymerisation in 2-butanone using AIBN as initiator. The copoly-
mer composition was determined by 1H-NMR spectroscopy. The ratio of the sig-
nals at 3.65 ppm (associated with the hydrogen from the methylene group in the
anhydride ring) and 3.57 ppm (associated with the hydrogen from the methyl es-
ter group from methyl methacrylate) gave the copolymer composition. As these
two peaks overlapped, they were deconvoluted using the PeakFit V.4 computer
program. The determined copolymer compositions are given in Table I, from
which it can be seen that the content if anhydride moieties was enriched in the
copolymers with regard to the feed composition.
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The monomer reactivity ratios for the copolymerisation of itaconic anhydri-
de and methyl methacrylate determined by the Fineman and Ross method!0 are
Nta = 1.35£0.11 and rpyma = 0.22+0.22 and those calculated by the Mayo-Le-
wis method?® are ria = 1.27+0.38 and ryma = 0.10+0.05.

The free radical copolymerisation of itaconic anhydride—methyl methacryla-
te was previously reported by Cowie and co-workers,12 who prepared copoly-
mers by bulk copolymerisation at 70 °C. The values of the monomer reactivity
ratios reported in this investigation, calculated by the Mayo-Lewis method, were
NTa = 0.99£0.40 and rypma = 0.18£0.07. The monomer reactivity ratios for this
system suggested that the copolymers were essentially statistical with little ten-
dency towards alternation or the formation of long sequences of either type of monomer.

TABLE Il. Composition of the prepared copolymers of methyl methacrylate and itaconic anhydride

mol % ITA in the monomer feed mol % ITA in the copoymer
2 12.86
6 23.59
11 42.47
20 47.29
30 59.86
40 66.47

A comparison of the results of Cowie and co-workers with the data obtained
in this study is shown in Fig. 1, from which it can be seen that the agreement bet-
ween the two sets of results is good considering the present copolymers were pre-
pared in solution at 60 °C, whereas those of Cowie et al. were prepared in bulk at
70 °C. Obviously, the polymerisation conditions did not play a great role in de-
termining the polymer compositions.
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The copolymers of itaconic anhydride and methyl methacrylate were modi-
fied by amidation with di-n-butyl amine. The reaction between an amine and the
itaconic anhydride units would be expected to yield two possible isomers (Scheme 1).
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Scheme 1. The reaction between di-n-butyl amine and an
itaconic anhydride moiety in ITA-MMA copolymers.

It has been reported?3 that ring opening in the reaction of itaconic anhydride
monomer and amines gives only the product with structure 1, although Galanti
and co-workers presented evidence that trace quantities of isomer 2 are also pro-
duced.14 The presence of small amounts of conjugated amide isomers was also
reported by Hartford and co-workers.15 Accordingly, a similar yield ratio of the
two isomers obtained as the result of the amidation of itaconic anhydride units in
the copolymers of ITA-MMA could be expected.

The IR spectra of the unmodified copolymers show carbonyl absorptions of
the anhydride group at 1856 (vsym) and 1785 cm1 (vasym)- These peaks are cha-
racteristic of cyclic anhydride indicating that the polymerisation did not disrupt
the itaconic anhydride moieties. The peak of the ester at 1733 cm™1 originates from
methyl methacrylate. A comparison of the IR spectra of the modified with the un-
modified copolymers (Fig. 2), shows the absence of the peaks characteristic of
the anhydride group, and the appearance of absorption of the carbonyl amide
group at 1634 cm1, which suggests that the amidation reaction went to completion.16

1H-NMR Spectroscopy confirmed the results of the IR analysis. The 1H-NMR
spectra of the ITA-MMA copolymer with 30 mol % of ITA in the monomer feed
before and after amidation are shown in Fig. 3. Differences can be seen in the
presence of peaks at 3.65 ppm (the hydrogen from the methylene group in the an-
hydride ring) and 3.59 ppm (the hydrogens from the methyl ester group from me-
thyl methacrylate). The peak at 3.65 ppm disappeared after reaction with di-n-bu-
tyl amine, indicating that the amidation went to completion.
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Fig. 2. IR Spectra of copolymer ITA-MMA with  Fig. 3. IH-NMR Spectra of copolymer ITA-MMA
6 mol % of ITA in the monomer feed before with 30 mol % of ITA in the monomer feed be-
and after modification with di-n-butyl amine. fore and after the reaction with di-n-butyl amine.

The compositions of the copolymers after modification by amidation with
di-n-butyl amine were determined by elemental analysis via the nitrogen content
in the copolymer. The molar percent of itaconamic acid in the obtained copoly-
mers are given in Table Il. It can be seen again that the amidation went to com-
pletion, which is in agreement with the results of 1H-NMR and IR spectroscopy,
and that the percent of amidation does not depend on the copolymer composition.
A comparison of the copolymer compositions before and after modification is
shown in Fig. 4.

The molar masses of the prepared copolymers after amidation were measu-
red by GPC. The number average molar masses are plotted against the mol % of
itaconic anhydride in Fig. 5, together with the polydispersity index.

As can be seen from Fig. 5, both the molar mass and the polydispersity of
the resulting polymer decreased with increasing amount of itaconic acid in the
monomer feed. Both facts could be consistent with the occurrence of chain trans-
fer to monomer or additive in the monomer mixture. As the concentration of sol-
vent was approximately constant in all polymerisations, one plausible explana-
tion is that as well as being a comonomer, the itaconic anhydride could be a
transfer agent (the chain transfer to methyl meythacrylate being very lowl?). It is
well known that the chain transfer to monomer constant in the radical polymeri-
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sation of di-n-alkyl itaconates is relatively high and two orders of magnitude hi-
gher than that of methyl methacrylate because of the presence of allylic hydro-
gens in the basic structure of itaconic acid-based monomers.18
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Fig. 4. Comparison of the compositions of ITA-  polydispersity (o) of the prepared copolymers
MMA copolymers before and as a function of the mol % itaconic acid
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CONCLUSIONS

Copolymers of itaconic anhydride and methyl methacrylate were synthesised
in solution at 60 °C. The determined monomer reactivity ratios are rita =
=1.35+0.11; ryma = 0.2240.22 (by the Fineman—Ross method) and rjta = 1.27+
10.38; riyma = 0.10£0.05 (by the Mayo—Lewis method). The reactivity ratios are
in agreement with literature values!2 for the copolymerisation of these monomers
in bulk at 70 °C.

Chain transfer to itaconic anhydride occurred during the radical copolymeri-
sations, limiting the molar masses of the polymers obtained from monomer feeds
containing larger amounts of itaconic anhydride.

Amidation of the anhydride units in the copolymer with di-n-butyl amine
gave itaconamic acid with complete conversion (confirmed by H-NMR and IR
spectroscopy and nitrogen analysis). The percent of amidation did not depend on
the copolymer composition.

This method of modification of itaconic anhydride moieties in copolymers
offers a convenient method of obtaining itaconamic acid-containing polymers
without the difficulties generally experienced in the preparation of itaconamic
acid monomers and in their direct polymerisation.

Acknowledgement. This investigation was financed by the Ministry of Science of Serbia
through project No.142023.



1514 MILOVANOVIC et al.

N3BOJ

CHUHTE3A 1 MOJANDOUKAIINIA KOIIOJIMMEPA AHXUAPUJIA HTAKOHCKE
KHUCEJIMHE U METUJI-METAKPUJIATA

MWJIOLI B. MUJIOBAHOBURY, CHEXAHA C. TPUGYHOBURZ, LYNNE KATSIKAS® u IBAHKA T. IOTIOBUR®
lI/Ich_Amﬁym 30 Xemujy, exHoA0Zujy u meitarypujy, Yuusepauitein y beozpaoy, hezowesa 12, Beozpao,
2 Xemujcru (paxyaitieins, Yuusepauitieini y Beozpady, Ciiydeniticku iipz 12—16, beozpad u
3Texl-tmom}co—memuﬂypumu paryaitiei, Ynusepsuitiein y beozpady, Kapnezujesa 4, Beozpao

HcnutuBana je pagnKaiHa KOMoJIuMepr3alyja aHXHAPHIa HTAKOHCKE KHCEIMHE U METHII-Me-
TakpunaTa y pacteopy Ha 60 °C. Cacras konomumepa oapehen je TH-NMR criexrpockonujom u u3-
padyHaTH Cy OJHOCH PEakTHBHOCTH MOHOMepa, Mira = 1.35+0.11; rypwma = 0.22+0.22 (metomom
®ajuman—Poc) u r7p = 1.27%0.38; ryma = 0.10£0.05 (Metomom Mejo—JIyuc). CHHTETH30BaHH KO-
MONIMMEPH ¢y MOIM(UKOBAHU PEAKIHjOM ca IUOYTHI-aMHHOM. HakoH amMupaaryje cacTaB KOIOJH-
Mepa ofpeljeH je eneMeHTaIHOM aHaJIM30M Ha OCHOBY Cajpikaja a30Ta. AMHIALN]OM aHXHIPHIHUX
jeAuHMIA Y KOMoJMMeprMa AUOyTUII-aMHHOM HAcTajle Cy KOMOHOMEpHE je[IMHHIC UTAaKOHAMHYHE
KHCEJIMHE.

(TMTpumsbero 2. asrycra 2007)
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