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Abstract

A series of new copolyimides containing pendant 1,3,4-oxadiazole moiety were
synthesized via multisteps. In the first step five N-(5-substituted-1,3,4-oxadiazole-
2-yl)maleamic acids were prepared via reaction of maleic anhydride with 2-amino-
5-substituted-1,3,4-oxadiazoles. The obtained amic acids were dehydrated in the
second step affording the corresponding N-(5-substituted-1,3,4-oxadiazole-2-yl)
maleimides. In the third step the newly synthesized maleimides were introduced
successfully in free radical copolymerization reaction with four vinylic monomers
including acrylo nitrile, methacrylonitrile, methyl acrylate and methyl meth acrylate
respectively producing twelve new copolymers having different physical properties
which may serve different applications. The new copolymers are of great
importance since it contain two important components (maleimide and 1,3,4-
oxadiazole) cycles in their repeating units which exhibit good thermal and chemical
stability beside the presence of acrylo nitriles or acrylates components which exhibit
better solubility and processing properties.
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Introduction

Polyimides are an important class of materials featuring high thermal stability, chemical resistance
and excellent mechanical properties [1-3]. Besides they maintain an excellent balance of electrical,
thermal, mechanical, physical and chemical properties over a wide range of temperatures [4, 5].
However they are usually difficult in direct processing due to their high glass transition and melting
temperatures and their limited solubility which limit their usefulness for many applications. For this
reason significant efforts have been made to improve their properties [6-8] by chemical modification
of the chain backbone through copolymerization [9-13]. Thus in the present work a series of new
copolymers were synthesized by preparation of new maleimide monomers bearing 1,3,4-oxadiazole
moiety then introducing these monomers in free radical copolymerization with selected vinylic
monomers producing new polyimides having new improved properties which may serve different
applications.

Experimental

All chemicals employed were purchased from BDH, Merck and Flucka chemical companies and
were used without further purification. Uncorrected melting points were determined on Thomas
Hoover apparatus. FTIR spectra were recorded on SHIMADZU FTIR-8400 Fourier Transform
Infrared spectrophotometer as KBr disc. *H-NMR and **C-NMR spectra were recorded on Bruker 300
MHz instrument using DMSO-dg as solvent and TMS as internal reference. Softening points were
determined on thermal microscope Riecher thermover.

1- Preparation of N-(5-susbtituted-1, 3, 4-oxadiazole-2-yl) maleamic acids (1-5)

The titled amic acids were prepared via reaction of equimolar amounts of maleic anhydride and 2-
amino-5-substituted-1,3,4-oxadiazoles according to literature procedures [14].

Purification was performed by recrystallization from ethanol or acetone. Physical properties and
FTIR spectral data of amic acids (1-5) are shown in Table-1.

2- Preparation of N-(5-susbtituted-1,3,4-oxadiazole-2-yl) maleimides (6-10)

The titled maleimides were preparaed by dehydration of maleamic acids (1-5) using fusion
technique according to literatures [15].

The obtained maleimides were purified by recrystallization from dioxane, cyclohexane, acetone
and their physical properties and FTIR spectral data are shown in Table- 2.

3- Preparation of [N-(5-susbtituted-1, 3,4-oxadiazole-2-yl) maleimide-acrylo nitrile] Copolymers
(11-14)

In a screw capped polymerization bottle equimolar amounts (0.001 mol) of N-(5-substutited-1,3,4-
oxadiazole-2-yl)maleimide and acrylonitrile were dissolved in (12 mL) of THF then (0.0002g) of
AIBN (azobisisobutyronitrile) was added (as initiator) [9]. The bottle was flushed with nitrogen for
few minutes then firmly stoppered and maintained at (75°C) for 3 hrs. The resulted solution was
poured into (25 mL) of methanol and the precipitated polymer was filtered, washed with methanol
and dried. Physical properties of copolymers (11-14) are shown in Table- 3.

4- Preparation of [N-(5-susbtituted-1, 3,4-oxadiazole-2-yl) maleimide-methacrylo nitrile]
Copolymers (15,16)

The titled copolymers were synthesized by following the same procedure steps used in preparation
of copolymers (11-14) except using of methacrylo nitrile instead of acrylo nitrile.Physical properties
of copolymers (15, 16) are shown in Table- 3.
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5- Preparation of [N-(5-susbtituted-1,3,4-oxadiazole-2-yl)maleimide-methyl acrylate] opolymers
(17,18)

The titled copolymers (17, 18) were prepared by following the same procedure steps used in
preparation of copolymers (11-14) except using of methyl acrylate instead of acrylo nitrile. Physical
properties of copolymers (17, 18) are shown in Table- 4.

6- Preparation of [N-(5-susbtituted-1,3,4-oxadiazole-2-yl) maleimide-methyl meth acrylate]
Copolymers (19-22)

The titled copolymers (19-22) were prepared by following the same procedure steps used in
preparation of copolymers (11-14) except using of methyl meth acrylate instead of acrylo nitrile.
Physical properties of copolymers (19-22) are shown in Table- 4.

Table 1- Physical properties and FTIR spectral data of amic acids (1-5)
FTIR Absorption bands (cm™)

(C=0)j[v(C=0) _ v(C=C)
aromatic| M amide e aromatic|

108-110

130-131

134-136

140-141

124-126

. FTIR Absorption bands (cm™)
Color Yield}| Melting
% [|pointec ][ vC-H) JvC=O [ ycany [[¥C=O) [ vEN v (C-0)
aromatic imide aromaticlll imide
Off

white 85 | 163-165

Deep
yellow

178-180

Yellow 166-168

Off

white 148-150

Yellow 140-142
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Table 3- Physical properties of copolymers (11-16)
e Con][ soft. | e S ]
‘ Compound structure Color}l| A
¥

195-207

202-212

198-205

215-225

190-200

205-210
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Table 4- Physical properties of copolymers (17-22)

om Soft Solubili
N Compound structure Color (y

165-177

145-153

S=soluble, ins=insoluble, Ps=partial soluble, Sh=soluble in hot solvent

Results and Discussion

In general improvement of polymers physical and mechanical properties can be performed via
modification of polymers either by using additives or by copolymerization. Thus significant efforts
have been made to improve polymer physical properties by coplymerization which combined between
different monomers together leading to chemical modification of the back bone chain producing new
polymers having new physico-chemical properties depending on the nature of the introduced
commoners [9].

In light of these observations we planned in this work to synthesize a variety of new copolymers
based on new maleimide monomers bearing 1,3,4-oxadiazole moiety.

Performing this target was made by many steps which are summarized in Scheme-1.
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Scheme (1)

In the first step a series of five 2-amino-5-substituted-1,3,4-oxadiazoles were prepared according to
literature procedures [16] via reaction of equimolar amounts of semicabazide hydrochloride with
different aromatic aldehydes producing semicarbazones which inturn introduced in oxidative
cyclization under the influence of bromine and anhydrous sodium acetate in glacial acetic acid
producing the target oxadiazoles.

Physical properties and spectral data of the prepared oxadiazoles are fitted with those reported in
literatures. In the second step five new maleamic acids were prepared via reaction of the prepared
oxadiazoles with maleic anhydride. Physical properties and FTIR spectral data of the prepared
maleamic acids are listed in Table-1. Dehydration of the prepared maleamic acids (1-5) by fusion
technique afforded the corresponding maleimides (6-10) which their physical properties and FTIR
spectral data are listed in Table-2. FTIR spectra of maleamic acids showed clear absorption bands at
(3276-3440) cm™ and (3110-3367) cm™ due to v(O-H) carboxyl and v(N-H) amide respectively while
these bands were disappeared in FTIR spectra of the corresponding maleimides beside the appearance
of asym. and sym. v(C=0) imide absorption bands at (1780-1789) cm™ and (1706-1733) cm™
indicated the success of dehydration reaction [17].

Introducing of the newly synthesized oxadiazolyl maleimides (6-10) in chain growth free radical
copolymerization reaction with acrylonitrile and meth acrylonitrile afforded the new copolymers (11-
14) and (15, 16) respectively while free radical copolymerization of maleimides (6-10) with methyl
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acrylate and methyl meth acrylate afforded the new copolymers (17, 18) and (19-22) respectively. The
prepared copolymers showed different physical properties which are shown in Tables-3 and -4.

FTIR spectra of copolymers (11-16) showed a clear absorption band at (2235-2244) cm™ due to
v(C=N) and this proved the presence of acrylonitrile or meth acrylonitrile units these copolymers [17].
Other absorption bands appeared at (1701-1731) cm™, (1639-1685) cm™, (1583-1612) cm™ and (1305-
1398) cm™ which are attributed to v(C=0) imide, v(C=N) oxadiazole, v(C=C) aromatic and v(C-N)
imide respectively.

'H-NMR spectrum of copolymer (12) showed signal at (6=1.2) ppm belong to (CH,) protons and
signals at (6=2.7) ppm belong to aliphatic protons in imide ring and (-CHCN) proton. Signals belong
to aromatic protons appeared at (6=6.7-7.8) ppm and signal for OH proton appeared at (6=9.7) ppm.
BC-NMR spectrum of copolymer (12) showed signal at (6=23.35) ppm belong to CH, carbon and
signal at (6=24.42) ppm belong to aliphatic carbons in imide ring and (-CHCN) carbon.

Signals for aromatic carbons appeared at (6=123.42-131.57) ppm while signals for (C=N), (C=N) and
(C=0) imide carbons appeared at (6=157.41, 160.49 and 168.04) ppm respectively [18].

On the other hand FTIR spectra of copolymers (17-22) revealed clear absorption bands at (1728-
1735) cm™ due to v(C=0) ester and other absoption bands at (1703-1724) cm™, (1639-1687) cm™,
(1587-1612) cm™ and (1367-1398) cm™ which are attributed to v(C=0) imide, v(C=N) oxadiazole,
v(C=C) aromatic and v(C-N) imide respectively. Other details for FTIR spectral data of copolymers
(11-16) and (17-22) are listed in Tables -5 and -6.

Table 5- FTIR spectral data (cm'l) of copolymers (11-16)

Comp v(C H) v(C H) _ V(C 0) v(C N) v(C C) V(C N)
EM aliphatic V(C lmlde oxadlazole aromatlc |m|de V(C 9 Others

v(O-H)
3496, 3382
v(p-sub.) 823

v(p-sub.) 844

v(O-H)
3440, 3396

v(O-H)
3490, 3386
v(p-sub.) 821

v(p-sub.) 831
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Table 6- FTIR spectral data (cm™) of copolymers (17-22)

Comp v(C H) v(C H) v(C 0) v(C 0) v(C N) v(C C) v(C N)
EM aliphatic ester |m|de oxadlazole aromatlc |m|de V(C ) Others
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Figure 1- FTIR spectrum of compound (11)

2611



Al-Azzawi and Yaseen

Iragi Journal of Science, 2016, Vol. 57, No.4B, pp

1 2604-2616

80 cmmede et P T | !
Al i i i
%T | ) | 1
I i) { VA
LA : ! \ | :
70 -4 e 8-k , HEHE- AR L
| g g ! f SRER L
| ! g : Lgg | 1]
] & ! { | cvqj 8@ | &
\ \ ! : L (HVEEY g
| \ | i '3 a7 e Y
60 o s % : H-xe-T---3 ¢
\ 4 ‘ w | boJs g g 5
2 fb ' ' 78 8
A o ' ! § % 3
2 | 1 i )
| |y ALY s !
] n VoL I A | |
50 S BT T s 6 e I i ‘
b (8 | 1y boa by ‘
- I 5 RN LW ol & A '
1 L) \ 5 0 f 7
d P 3lie 5 B Iz 3|8 VAN
| Bata A N ‘ €ol = |
| 338Ba : | zé 8 |
40— S i -’(”Et‘i_ g0
| i SR
! (e <
! i 1 8
— 1 ! L
! | o) | 8
| [ i £ 3
: | : g <
30 1 : e s e |xd X s e e e
i i =3
i 2y
2
i 2
) e R S S — LR RTINSt |
R | p 2 SR B T SR 1 | T T 1 T L G L A =31 L T I - =
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
FTIR Measurement 1fem
Comments. No. of Scans Date & Time; 02/28/2002 10:09:10 PM
FTIR Measurcment Resolution: User Name:  ashraf
Apodization;
Figure 2- FTIR spectrum of compound (18)
=== — |
|
70—~ qem=rmd-momsme ==t oes
' (l
%T : 21
' 21y
: o
: | 338 8
% Wi e 5 LR %
oy : 5 S 8 :
‘ Vld o &S i e = g5 ¢
‘ e B8 L : gE SR
50 gt r e e
Le 8 |& | ' i
qg o : H
8 o8 & | | o | |
g8 " gl R S P
- = & | 13 3 1
40 &3 88l - bt
| ng 908 A
; N A g| |
‘ ‘ 2 SRR
il o TS n
<+ S
x 8|
30 = Fe
.
20 : ] i
: ° i |
{ < i
8
L
e —— T T — — R ™
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
FTIR Measurement 1lem
Comment: No. of Scans: Date/Time; 11/10/2015 06:17:39 PM
FTIR Mcasurement Resolution User FT-IR
Apodization

Figure 3- FTIR spectrum of compound (22)

2612




Al-Azzawi and Yaseen Iragi Journal of Science, 2016, Vol. 57, No.4B, pp: 2604-2616

'H-NMR spectrum of copolymer (17) showed signals at (8=1.25-1.4) ppm belong to (CH,) protons,
signal at (6=2) ppm belong to CH; protons and signal at (6=2.8) ppm belong to aliphatic protons in
imide ring and (-CHCOOCHs5) proton. Signals belong to (OCHj5) protons appeared at (6=3.8) ppm and
signals for aromatic protons appeared at (6=7-7.85) ppm.

B3C-NMR spectrum of copolymer (17) showed signals at (§=22.22) ppm and (8=27.06) ppm belong
to CH; carbon and CH, carbon respectively while signal for aliphatic carbons in imide ring and (-
CHCOOCHs,) carbon appeared at (6=32.73) ppm.

The spectrum revealed other clear signals at (6=55.44) ppm and (6=113.78-126.76) ppm which
belong to (OCHS,) carbon and aromatic carbons, while signals belong to (C=N) and (C=0) carbons
appeared at (6=129.59) and (185.73) ppm respectively [18].

'"H-NMR spectrum of copolymer (19) showed signals at (§=1.1-1.7) ppm belong to (CH, and CHs)
protons and signal at (6=3.0) ppm belong to OCHj3 protons and aliphatic protons in imide ring. Signals
for aromatic protons appeared at (6=6.2-7.1) ppm.

BC-NMR spectrum of copolymer (19) showed signals at (5=21) ppm and (8=22) ppm belong to CH;
carbon and CH, carbon respectively. Signals belong to aliphatic carbons in imide ring appeared at
(6=23) ppm while signals belong to (-C-CO,CHj3) carbon and (OCHy) carbon appeared at (6=25) ppm
and (6=54.57) ppm respectively.

The spectrum showed also signals at (6=112.84-131.29) ppm belong to aromatic carbons, signals at
(6=147.94-148.95) ppm belong to (C=N) carbons and signals at (6=161.61-162.23) ppm and
(6=162.52-162.69) ppm belong to (C=0) imide and (C=0) ester carbons.

R B

i S i 5 7
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 i) 0 ppm

idadided i I i ] b ot Ak o

Figure 4- 'H-NMR spectrum of compound (17)
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Figure 7- C-NMR spectrum of compound (19)

The prepared copolymers in this work showed different physical properties depending on the
nature of vinylic monomers used in building their repeating units. Thus the presence of polar cyano
group in the repeating units of acrylonitrile and meth acrylonitrile copolymers (11-16) increased
intermolecular interaction over all polymeric chains leading to increase crystallinity and this exhibit
the polymer high softening points and resistance to solubility in many organic solvents.

On the other hand introducing of methyl acrylate and methyl meth acrylate monomers in
copolymerization with oxadiazolyl maleimides exhibit the resulted copolymers softness, flexibility
and good solubility in many organic solvents. These physical properties are fitted with the expected
ones since incorporation of flexible moieties like ester decrease crystallinity and the total
intermolecular interactions and this increase flexibility and solubility [9].

Conclusion

A series of new maleimides bearing oxadiazole moiety were synthesized and introduced in free
radical copolymerization with different vinylic monomers producing new copolyimides having
different physical properties which may serve different applications.
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