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SYNTHESIS AND FREE RADICAL POLYMERIZATION OF 
N-( P-PH ENY LENE) ACRY LATE-Y L-MALEIMIDE 

THANUN H. PYRIADI 

Departmmt of Chemistry, College of Science, 
University of Baghdad, hghbd,Iraq. 

ABSTRACT 

P-hydroxyaniline YBS allowed to  react with mleic anhydride 
producing N-(p-hydroxyphcnyl )mldc  a c i d J  i n  hi@ yields .  lrhen 
1 w)9 allowed to  react with excess acryloyl chlor ide i n  presence 
of t r i e t h y l a d n e  N-(p-phenylene) acrylate-yl-aleimide 3 WIS 
forred i n  fair yields .  Free radical  polymerization o f 2  using AIBN 
as the initiater resul ted i n  the f o r a t i o n  of a p l y  acry la te  
having residual mleimide vinyls  3. The resu l t ing  polymer 9 WBS 
further s o l i d i f i e d  on curing by heat. 

c 

INTRODUCTION 

Polyimides are e l l  defined comercial ized polymers C11. They are 
characterized by their therml and rechanical s t a b i l i t i e s  t2,31. 
In  f a c t  t h e  term *’ Polyimide” mans two types of polymers having 
s imilar  structural repeating units. The first  type is prepared by 
s t ep  growth polycondensation of a dianhydride with a diruine 143, 
while the second type is produced from chain grovth p o l y r r i z a t i o n  
of unsaturated imides such as N-substituted aleimides C51 or 
N-substituted itaconimides t21 or even citraaconilides t61. 
km!ver, m l e c u l a r  wights of the second type of p l y i r i d e s  have 
been low i n  ast cases. 
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In tire present paper a novel N-substituted maleimide containing 
acryl'ite functional group ,2 lrlt19 synthesized and polymzrized. The 
acry1,rte group WBS expected t o  produce high molecular weight 
chain!:, while t h e  imide v i n y l s  may p a r t i a l l y  remain since they are 
of 1 0 9  react ivi ty  compaired t o  acryl ic  vinyls. The remaining un- 
saturiition in t he  polyiride may be cured by heat later to  yield 
t h e r m l l y  stable polynrers. 

EXPER I MENTAL 

Nkft siectra were recorded wing FT-EX--90 Joel type Spectrolaeter , IR 
spect1.a were recorded as KBr discs  on Pye Unicam SP-3-300 
Specti.ophotometer. Elemental analysis Were p e r f o r d  by the 
Petro iur Discoveries Office, Ebghdad, Iraq. Viscosities were 
measul ed using Tafesa-Ubbelohde automatic Viscoaetere. 

r3su.aationof N - -  (D I. 
Literiiture procedure 171 WBS followed i n  the preparation of the 
titledl colppound. k product WBS purified hy dissolving in sodiiu 
bicarlmnate solution fol10weRd by reprecipitation with d i lu t e  
hydroc:hloric acid. 
IR ( 1 1 1  KBr): 3388 cm-a (OH, phenolic); 3310 car1 "H); 2900 cm-* 
(C=O, amide); 1580 cm-' (C=C). 
NHi DHSO-dG): d 9 . M  (s,lH,m); d 6.46 ( t w u  d , P H , H = q ) ;  a 4.21 
( t , l H  -C&-w) ; 3,5@ (t,2H,N-CHz-(&--O) i d 2.50 (q,2H,NCUzCHz 
kral. fo r  CloH9NC4 : C,57.97; H,4.34; N,6.76 Fond: C,57.88; 

H 

H, 4.4; ! ; N,6.82. 

React.on of : W l t h y l o v l  Chloride. 

In a round bottom f l a sk  (250 m l )  f as  placed 2.0g (8.8Q9 mole) of 
3, : I @  lal of acetoni t r i le  and 1.95 ml (0.019 mole) of 
trietliylamine. 0.97 ml (0.009 mole) of acryloyl chloride was 
placecl i n  a pressure-equalized separatory funnel placed on the 
m u t h  of the  flask.  The acryloyl chloride WBS added drop wise 
while s t i r r i n g  and cooling the  f l a sk  contents. A white precepitate 
of trlethylanumniwa chloride was far&, and s t i r r i n g  was con- 
tinuec fo r  6 hours before f i l t e r i n g  the precipitate.  The f i l t ra te  
1r145 e\aporated under reduced pressure. The residue was added t o  a 
1:l H:O : C H C L  mixture, s t i r r ed ,  and the layers were separated in 
a se[aratory funnel. 'Ihe C H C L  layer w a s  dried with anhydrous 
C a C L  and cooled i n  l iquid nitrogen. hhite crystals, H.P. 145°C 
WIS ottained i n  78X yield. 
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IR (KBr): 1740 cm-a (C-0, ester); 1710 c c l  (C=O, amide); 1635 
cr' (C=C); 1308 cm-' (C-0-C, ester). 
"t (DtlSO-&) : d 7.35 ( VD d,IH,aromtic); d 7.18 (s,2H,K=a); h 

Anal. for C I J H I a  : Calcld. C,64.19; H,3.78; N,5.76. Found: 

6.58 (t , lH,CHre=C&C=O ) ; s 6 a 86 (d, 2 1 i , ~ = C H C Q  1. 

Ct63.87; Hp3.65; NP5.32. 

- -  rvlate v\ - RaQjcal Polvller-n of N - -  (P uhenvleae) Ac 

-* 

In a polymrization bottle WIS placed 3.8g (0.81 mle) of the 
titled mno.er vith 7 m l  of dry THF and @.@54g (3.83 X lW4 mle )  
of A I M  as the fnitiater. 'The solution wis purged with d r y  
nitrogen before closing the bottle. The mlxture was heated at 65°C 
on vater bath for 1.5 hours and the solution became cloudy. The 
mlxture yg5 poured onto 50 m l  of cold methanol and a vhite 
precipitate w f o r d  hich WIS filtered, uashed, dried and 
characterized. The product did not .elt at 388"C, and dissolved 
only in W and W O .  
IR(KBt-1: 1155 cm-l (C=O, idde shoulder); 1724 CR-' (C -0 ,  ester); 
1710 cm-' ( G O ,  iaide); 129Q cm-' (C-0-C, ester); 1658 cn-* (C-C); 
very u?ak. 
M(--dG): 6 7.30 (1,4H,arorrtic)id 3 . B  (s,W,Y-C-C-H)i d 2.58 
(t,2H,-(X)-~-Ck); 4 2.8 (t,2H,-CO-W42). 

Bv &&. 

The resulting polyaer 9 wis cured by heating a thin film of the 
polyrer T h e  material gamed toughness and 
becar! less soluble in organic solvents. 

at  2 9 W C  for one hour. 

RESULTS AND DISCUSS I ON 

The monomer 2 was prepared from the corresponding amic acid J, 
using exces~ acryloyl chloride In presence of triethylamine as 
shorn in Scheme (1) . 
It seems that reaction of the amlc acid with acryloyl chloride 
not only esterifled the phenolic hydroxyl but also caused the 
dehydration of the amic acid$ to the corresponding cyclic iuldc 5 
[91. Structure- of 2 and 5 w r e  confiraed by IR and "t spectra 
(see experimental). The IR spectrum of g 5-d no Absorptions for 
M or OH g m u p  indicstirg cycll?aticJrl NW s p c t r s  and rtlwm-ml 
~3nalysls ?Is0 confirmd the structure of 2. Free radical 
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schem? (1 

polymerization of ,Z using AIBN as t h e  in i t iaxer  resulted i n  951. 
convc*r?jion to polymer 3. 3 was sparingly soluble i n  chloroform, 
acettme and benzene, but wari soluble in Dhf and M O .  Softening 
p i n ,  of 3 WLS above 30+"C, and its f R  spectrum showed crreak 
residual vinyl absorption at  1650 cmr' which indicates that some 
of tlle unsaturation WBS stlll present in the polylaer 5. 
'The act that polymer 9 i n  D M  showed intrirlsic viscosity of 8.15 
dl /g  indicates f a i r l y  good wlecular weight chalns. lhe presence 
of t w  vinylic bonds in lsDnolDer 2 was also confireed by maswing 
t he  mount of  bromine-CC14 required t o  Fiaturate the  coqound. This 
was :ompairea with t h e  a a u n t  of bmPPlne/CClr required to saturatc 
m o t  ier proper amic acid such as N-(2-ethanol halearnic acid (5). 

4 c 

c0my)und &was prepared fo r  other purpose C71. 0.81 mole of 3'"- 
q u i r 4  28) drop of lX Brn-CC14 solution, *ile 0.91 mole of COD- 
pomi $ conn-d only 9 drops of the bromine solution. 
Thermal curing of p"ly.er 2 resulted in e tough Insoluble and i n -  
fusi >le h i c h  WBS hard t o  charnc.terizc. 
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