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Abstract

High molecular weight copoly (allyl amine — methyl acrylate ) was prepared for the first
time from lithium aluminum hydride reduction of copoly (acrylonitrile — methyl acrylate ) .
softening point of the purified copoly(allyl amine — methyl acrylate ) was 280 - 289°C and was
obtained in (85%) Conversion . Intrinsic Viscosity of the new copolymer was (1.0)dl/g using
DMSO as the solvent . The prepared copoly (allyl amine — methyl acrylate ) was allowed to
react with maleic anhydride , and a new Copolymer was formed having Pendant maleamic acid
groups. Five other novel Copolymers were prepared by allowing the copoly(allyl amine —
methyl acrylate ) to react with succinic , phthalic , glutaric , citraconic ,and itaconic anhydrides
. The prepared Coply [N - substituted (allylamine — methyl acrylate) ] resins were
characterized using IR ,NMR, elemental analysis and TG and DTGtechniques .
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homopolymer .The (CN) group in the
Polymerization of COMONOMers repeated units of Copolymer was converted
acrylonitrile and methyl acrylate (50:50) to amino groups (NH;) using "tg“_”g
was performed in DMF solvent under aluminum hydride as reducing agent.
nittogen gas at 70 — 80 °C using The reduction of nitriles with Complex
- - 9
AIBN(Azobis azobutyronitrile) ¢ ~*Jas an hydrides [ LiAIH4 — AICI:® , NaBH, -
. . . . . AlC|,19 AlH- B,H.(1?
initiator .The vyield did not contain 3 ’ 3 b2le
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NaAlH;(ocH,cH0Me);  , NaBH; -
CoClL™ to the corresponding amines is
well known™

This new copoly (allylamine — methyl
acrylate ) having pendant amine groups was
allowed to react with different cyclic acid
anhydrides , to obtain six other novel
copolymers having pendant amic acid
groups. The amic acid copolymers
exhibited much better properties like
dyeability “® and more stable than the
reduced copolymer which having pendant
NH; groups and fuffy Polyacrylic fibers of
good heat and moisture resistancet".

Preparation of copoly (Acrylonitrile-
methyl acrylate): -

Literature procedures were consulted
some modifications ™® ~ ?* ) comonomers
acrylonitrile ,methyl acrylate and solvent
were purified . through distillation under
vacuum prier to their using . Dissolved pure
comonomers , acrylonitrile and methyl
acrylate (50 : 50)by volume in (30ml) of
freshly distilled dry DMF in a screw capped
polymerization bottle .

An amount equal to 0.02% of the
comonomers weight of AIBN was added .
the bottle was flushed with nitrogen for few
minutes and firmly stoppered . The clear
solution was maintained at (60 — 70)°C
within a constant temperature water bath .
After 30 minutes of heating the copolymer
started to precipitate in the polymerization
bottle . It was purified by reprecipitation
using acetone and finally dried . The
copolymer obtained was 90% conversion |,
the softening point ranged (230 — 242)°C ,
and the IR spectrum revealed absorption for
CN group at 2200cm™and showed carbonyl
stretching band at 1750 cm™, 1120 cm™ du
to ester group . The intrinsic viscosity for
solution was (0.99) dl /g.

Preparation of copoly (allylamine -
methyl acrylate): -

Literature procedures were followed
with few modifications ®> 27,
In a 250 ml two neck round bottom flask
provided with a magnetic bar , was placed
(2 . 5g) (0.05mole) of lithium aluminum
hydride and 50ml dry THF , and a reflux
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condenser attached to a calcium chloride
tube copoly (acrylonitrile— methyl
acrylate) powder (6.05gm) (0.5mole)
dissolved in 150 ml of DMF and was
placed in the dropping  funnel
(acrylonitrile- methyl acrylate) solution
was added dropwise to the flask at rate of 2
— 3 drops per second with stirring . The
addition lasted 30minutes , after which the
mixture was refluxed gently for twenty
hours .Excess of ethyl acetate was added in
order to decompose the unreacted lithium
aluminum hydride The mixture was
acidified with dilute sulfuric acid to remove
lithium hydroxide , then stirred for 10
minutes . The mixture was filtered and
treated with dilute sodium hydroxide
solution where a viscous precipitate was
formed . The viscous precipitate was
purified using a dilute HCI , then adding
20% NaoH to the filterate until basic and
the white copoly (allylamine — methyl
acrylate) precipitate . The yield was 5.23
gm (85% vyield) , the softening point (280 -
298)°C , intrinsic viscosity was (1.0) dl /g
and it was soluble in DMSO, and DMF.

Preparation of copoly (N - allylamic
acide — methyl acrylate): -

Literature procedures were followed
with few modifications ?®~%9,
In a 250 ml two neck round bottom flask
provided with a magnetic bar , dropping
funnel and a reflux condenser , was placed
(0.02 mole )of either of the anhydrides of
maleic , succinic ,phthalic ,glutaric,itaconic
and citraconic anhydrides with 50ml of a
suitable solvent such as (DMF) or (DMSO)
with acetone .when all the anhydride was
dissolved by stirring solution of 0.02 mole
of the prepared copoly (allylamine — methyl
acrylate) in 100ml of DMF was allowed to
run through the dropping funnel dropwise
. The addition lasted half an hour , the
mixture was refluxed for a certain period
according to the type of the anhydride .The
viscous solution of copoly (N — allylamic
acide — methyl acrylate) was formed , then
evaporated and a precipitate was left ,then

purified by dissolving in  sodium
bicarbonate (10%) followed by
precipitation with dilute Hcl The
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precipitate was washed with cold water and hydride as reducing agent® ® | and by this
dried , the above technique was repeated way copoly (acrylonitrile— methyl acrylate)
until pure product was obtained . All reduced to copoly (allylamine — methyl
physical properties of the resulting copoly acrylate) . “*?"  The mechanism of the
(amic acid ) are listed in table (1 reduction includes the formation of an

intermediate imine salt followed by
Results and Discussion : - hydrolysis :

The (CN) group was converted to
amino group by using lithium aluminum

“—{"CH? —?H "CH}“‘"({‘,H“}:‘ Ll:j“ : {CH,"—?H—CHfch ;_n_u
= (!3 =0 c ?:70
O—CH) H O—CH
copoly(acrylonitrite-methyl acrylate) (Bl = )
I
1) LIAIH !
——( CH —CH --CH —CH \‘,__ e e
\ ] b en )
NHGH, ¢=0 2 Ho®
0~{:H)
absorption band in
The new reduced copolymer was the region( 2200 — 2400) cm™ which du to
obtained in high conversion and high CN group , and another absorption band for
molecular weight proved thet by solubility , N — H bending at (1570 — 1600) cm™. The
intrinsic viscosity and softening point . The weaker C-H stretching band showed at
structure of the prepared reduced (2800 - 2950) cm™ du to (CH, ,CHs)
copolymer was confirmed through IR , groups , and strong absorption band at 1745
NMR spectra and elemental analysis . The cm™ du to carbonyl of ester as shown in
IR spectrum of the prepared copoly table (2).
(allylamine — methyl acrylate) in KBr disk NMR spectrum in (DMSO- dg) showed
showed strong NH; stretch absorption band the following protons and shown in fig(1) .
in the region (3300 — 3400)cm™ , instead of
i
0.6 [S,sH Gl ] ; 1.9 [m,m, ——CH,—CH—CH }_
c| H,NH,
2 |i""" 5 TH, cu_—t;lr_f-—cn-}m : i [ LAH, CHJ-—--C”*CLCH}—
[3 e CH,
o| —BH,
4.3 { B2H, - "CH,_([JH—CH:ﬁ‘ 8.4 S,b, CH — CH— CH +—
I C_H_;—-NH__ {L“: — NH_
All physical properties are listed in table (1) analysis . six novel copolymers were
. Thermal analysis is shown in thermo derived from the prepared copoly
grams of TG and DTG ,Fig.(5) . Elemental (allylamine — methyl acrylate) namely
analysis of Carbon , hydrogen and nitrogen copoly (N - allylamic acide — methyl
revealed close agreements with calculated acrylate) , succinamic acid , phthalamic
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acid , glutaramic ,citraconamic acid , and
itaconamic acid .The new copolymers were
prepared by allowing a DMF with acetone
solution of copoly (allylamine — methyl
acrylate) to react with corresponding cyclic
gg)hydrides following literature procedures

-2006-

All physical properties of the prepared
copolymers having pendant amic acid are
shown in table (1) , schem (1) showes the
performed reactions and transformations

AlBN [t i "
nCH=CH+ nCH—CH — =% _"C?"'.‘_CH—CH;—'C,"{‘!
C COOCH CN COOCH - U | Iu!
_ - B ]
D| s, I
Dl Ho®
cydic anhydride e
-—E" —CH—CH—CHA  &———— - CH—CH—CH— 151— ~ g
’ l ‘ \C'% DIMF refiux 1 - n ‘) /6\//
HN—LH,) |' d CHNH =0 R T \/j\
/ 0—¢CH %% i “CH. Lo
O=C 0 7 _‘H:
TN M o
Scheme -1 -
The IR spectra of the prepared band was observed at lower frequency

copolymers containing amic acid showed
the following characteristic bands of the
stretching and bending vibrations of
different groups .

In general , the IR spectra showed a very
intense broad band at (3250 — 3500) cm™du
to (oH) and (NH) stretching vibrations ,
also spectra showed three strong carbonyl
absorption bands . one of them at (1700 —
1725) cm™du to stretching of carboxylic
acid carbonyl , while the second band was
observed at (1735- 1790) cm’du to
stretching of ester carbonyl , and the third

(1655 — 1685) cm™du to the stretching of
amide carbonyl .Medium intensity bands
were also observed at (1520 — 1600) cm*
which were assigned to N — H bending . All
these absorption bands and others which du
to unsaturated copolymers containing amic
acids are listed in table (2) .

NMR spectra of some prepared copolymers
were obtained DMSO - ds ,DMF- d; as
solvent with TMS as internal standard .All
NMR spectra’s of the prepared copolymers
containing amic acid showed three types of
proton signals :-

/ W
10.5 (s, 1H HO—C *ﬁ) (8.5-9.2 ){SAijHN mcjr
: =

N
0

Ry
\

(0.4-1.0) [ $,3H, 0—C— CH,

In addition of these chemical shift
revealed four types proton signals due to
(CH,CHy) . These chemical shifts and
others of the prepared copolymers having
amic acid in their repeating units are shown
in Figs(2-4).
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A structure of the prepared new copolymers
also confirmed by elemental analysis of
C,H,N which are listed in table (3) .The
new copoly (N - allylamic acide — methyl
acrylate) showed high thermal stability as
they shown in Figs( 6,7) .



-2006-

National Journal of Chemistry, 2006, VVolume 22

—200H
OSIA 104 ; i . %
JO uondaoxa JUIAJOS DIURTIO [[B Ul 2[qN[OSU] 16°0 §6C - 08¢ v8 e @/ e
OOHN—Y
‘WO 000H
"OSINA‘INA* IHL TIDPHTD S|DHoUI 2]qn[os $8°0 01€ - 00€ €8 1 /ﬂ 9
ODIHN—y
i ¢ « ‘ O, J00H
"OSINA TN ‘AH.L HOSA HOM . B
CBEES * SuBiets i UL Taiee (80 S0€ — 062 08 S T s
ODHN—Y
OSINA AHL INA 76°0 8LT— 59T oL - ﬂ/uoox .
U:EKOMD IOM_E :Oﬁm 2U0008 Cm U_n_ﬂ_Om S-S
,Ezm ‘AHL OSWA 2ueX0Iq HON SEEH
i Gior Sriotoas b S{RIEe 04T — 092 1L 81 m ¢
. OOHN—Y
‘ 200H
OSINA‘ DN 10y - ~
JO uondsoxa JUIA|OS D1URTIO [|7 Ul d|qnjosu] 60€ — 00€ 6L 4! H &
. OOHN — 3
OSINA ‘dNQ* JH.L ut 2[qn[os 01 062-08C S8 0z HN——y 1
% .
o0 1utod (say)aun 1awkjodoo ON
Auqignios L : e d
( f@x& Suiuayog [OISIOAUOD uon2eay] amianng wo)
Sl e ‘Sproe Jlue
D.. —_ .u—_ —n u_
Imn:u|.:u|xu|.:uw. =y

yuepuad Suiaevy saowdjodod pue sdwdjodod poonpoa pasedaad a1y jo sonaadoad pearsfyd ayy:(]) 2[1qeL

236



-2006-

National Journal of Chemistry, 2006, VVolume 22

(08#1°0191°00S 1) Q\oooz
AEWOIE 9=0 stst | oocel | oLl sgo1 | sour | 9% 0Ebe 0s€C | NN L
(001€) SuEWOrE H-oA 005¢ oy
0
(0191) O=D4 . c367 HO. _ 200H
loEiTio e 0ZS1 SLEl 06L1 8991 00L1 hras 153 092€ /_Mw/izl ) 9
0
(0191) =04 0962 .:u.f,\ 300H |
- 1] .
Pl S SLSI Sog1 SLLI 0891 0zLI Sice 00b€ 0Lze L ey ¢
J00H
Spsl S9€I 08L1 5891 gigr; | (9B6E osHe 09¢< ﬂ”l;! 4 b
068 Il
0 ~
J00H %
5 0467 _ = .
| 0991 0Ll SELL 5991 STL b 00b€ 062€ 3 — s ¢
0]
(0191) 9= 0662 i .
(G EaEI 9551 09€1 0SL1 $591 OILL | . geer 0LE€ 0sze o —un s Z |
¢]
ARAENE 056
€ -00€€) THNA S ] :
(00¥€ -00€€) "HN 0LS1 SPLI 0087 ) HN—y ﬁ
—— "puaq ‘puaq 19189 oplwe oIp1oe | dnjeyorje onue oIpIoe m.a_._w_,o_oao“u Sriliiea _
_ - - =0 A =D A = - - - M _
H-N | H-0 | © 0=0 0=0A | H-0A | H-NA | H-o0a SIS |
b i m * J-wd spe diwe juepudd
0= ”_v ‘HoD

ke

xui:u|~:uw.. =y

suiaey sxrowdjodod pue xswdjodod pasnpay paaedaxd ay) Jo sarouanbaay ¥ ansuvjdeILy) () 21qeL

t



National Journal of Chemistry, 2006, VVolume 22 -2006-
Table(3) : - C.H.N.Analysis of the prepared copolymers
R = (CH—CII—cH —_— OH =
| | .
CH, C=0
L d—eci,
Structure
No. of C% H % N %
copolymers
Cal. 58.74 9.09 9.79
L R B Fou, 58.92 8.9] 9.56
Q
5 . Cal. 54.77 6.22 5.81
' | Fou. 54.42 6.31 5.62
HOOC
[+]
3 . Cal. 54.32 6.99 5.76
5 Fou. 54.01 6.49 5.51
HOOC
s]
4 & il Cal. 60.70 7.39 5.45
' s Fou. 60.95 7.42 5.62
[¢]
o R—NH—G Cal. 58.87 6.42 5.28
e i Fou. | 5901 | 619 | 513
0\
. R_NH_\;\ Cal. 65.53 6.48 4.78
- Fou. 65.27 6.25 4.60
HOOC—
Cal. = Calculated ; Fou. = Found
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Fig.(2) NMR Spectrum for Contsunid (3).
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Fig.(3) NMR Spectrum for Compound (5).

Fig.(4) NMR Spectrum for Compound ().
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