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2 2 Poly(styrene-co-maleic anhydride), SMAE DMF £vfel] ¢k 10%(w/w) L£elo 3 3 t}&
aniline, p-toluidine ¥ p-chloroaniline 5 © 2 maleic anhydride 22 @2 imide3d} 3}¢c}. ojujmdle)] ¢
ol4] &3} 2 (cyclodehydration agents)& AMHE3slg o HA uhgzAL &3} 2t} (a) HHLLE ©
80T (b) #s3} & A2 &v] : SMAY anhydride/acetic anhydride/sodium acetate/triethyl amine = 1.0/2.
0/0.2/1.1. 4% imide-modified SMA(SMI) A|R2E& olutstws} Z7igo] whe} Tob Zlsbedont 2
W3 Y=t 3A Qokth SMI) T,z olsl=siel Ab2-d ob7le) Z7e] we} aniline < p-toluidine < p-
chloroaniline®] £ 2 T,7} Z7}s14ic}.

Abstract: Poly(styrene-co-maliec anhydride) was reacted with aromatic amines such as aniline, p-tolui-
dine, and p-chloroaniline in 10% (w/w) DMF solution to convert maleic anhydride units into maleimides. Op-
timum reaction conditions for cyclodehydration step of imide ring formation were : (a) reaction temp. of 80
T (b) mole ratios of cyclodehydration agents : anhydride units in SMA/acetic anhydride/sodium acetate/
triethyl amine = 1.0/2.0/0.2/1.1. T, of SMI(imide modified SMA) was increased with increasing degree of
imidization, but T, leveled off in the early stage of imide content. And T, of SMI was increased with the fol-
lowing order of amines used for imidization reagents : aniline < p-toluidine < p-chloroaniline.
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180 Styrenic Polymer 17-(1), Poly(styrene-co-maleic anhydride) 2} ojnjEste} 2= A
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olt}[3, 4]. FHARZE styrened} acrylonitrile
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2. 1. Al <f

olwj=3} uhg-of A4 oful2 aniline, p-
chloroaniline ¥ p-toluidine . 2 4] AldrichA}
o] AlekF& S/3t] AASc) Sodium ace-
tate(NaQAc)E= AldrichA} A]ekHEE AdA
120°C ovenellA] 3}FAE ARAA AL
t}. DMF % triethylamine(TEA)%® A]ef&&
4A molecular sieve®E A& FEE AAG F
AL8-3tgdct. o]9]o] acetic anhydride(Ac,0),
THF, n-hexane, methanol & AJf&F< 1t
2 AHgstglch olvl=ste) AH4E SMA 4%
2] A P& Table 13} Zc}.

A3, A349 A1E, 1992

‘Feb[11, 12]. o] ¥kg-&Hel Ac,0, NaOAc

Table 1. SMA’s Used in the Experiments

Designation MW M?mf)‘fﬂ}:‘;n‘ Maker
H50 350,000 50 Aldrich

H 15 120,000 15 Arco Chem
L 1,900 25 Aldrich
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2. 3. 1. CHN &2 2M

Aniline, p-chloroaniline 223 p-toluidine
7} SMAS®] ¥k-g AT E oolr 7] $)sted CHN
9] 4 ¥+A4E tden, 7]7]= A Yanaco

x}e] MT-2 CHN Corder2 Ab8-3}oic}.

2. 3. 2. @x}7| 3H EM(NMR)
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ShimadzuA}2] IR-410 diffraction grating IR
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Fig. 1. Overall reaction scheme.

monosubstituted benzene ring2] out of plane
bending peak®] &% % (absorbance)& 7|& o
2 Ao} 7+ peake] FFEE HF 3 (normali-
zation) A]A wtete] FA W A A5 Fx
o Sl ¥R WHE AL e oLt
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3, A4 £33 EANA zelsr) A=Y
< <t AEE T da AT a3y B
A& Aok 259 ) 79 2dEYe
de-DMSOel =9l AbefoA] ¢dglen Fig. 3o
2 F HEAQ AS 239l Fig. 394
p-totuidine o 2 ¥-¥] &A% SMIe] NMR &4
A#E By 7.0~80ppm HEZNA 2717 £5
9] phenyl7]7} Bolidl, o] 2z} styrene
uhE o+912] phenyl”])(7.1ppm)} o]u]T 7o)
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Fig. 3. Typical NMR spectrum of SMI.
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Fig. 2. IR Spectra of imidization reactions.

a) before the reaction,
b) incomplete imidization
c¢) after reaction

T4, A 39 A1%, 1992

St : Integration of p-tolyl group

£% oju|=lout No| 17] EAstez, &
& BAA 78 AR NgEe ohee 4
(2)— (@)l diste] olu|=r]e FFe 73
T Sk

(9806 + 6.08 X @) X N

Pl="T10067 - BIIxN @

(9806 + 6.08 X @) X N (3)
1400.67 — 89.14 x N

(9806 + 6.08 X @) X N (4)
1400.67 — 110.56 X N

TI =

Cl=

PI : mol% of phenyl maleimide in SMI
TI : mol% of p-tolyl maleimide in SMI
CI : mol% of p-chlorophenyl maleimide in
SMI
@ : mol% of styrene in SMA
N : mol% of nitrogen in elemental ana-
lyzed sample
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)4, cyclodehydration &4 & step 27} F
2 FAZ "ok B Aol e step 29 ¥HE
< ZAA17]7] $38} acetic anhydride(Ac,0),
sodium acetate(NaOAc) % triethylamine
(TEA)S AHg-3tglEdl, ©)& & olf+& Fig. 4
of vleld wlebzte] NaOAco] 2]3] maleamic
acid 5+2]2X-¥] carboxylater} A=, o]A
2 Ac,0%} ®F-2-3}o] maleamic acid anhydride
Z7HAE A8k cyclization ¥Hg-& X185
7] W Eoltt(14). HA oluj=3}o] AU &
T wgol dig 71z AYozVH, step 19)

$ e exe AL, W AE oF 3~4
A7 Azolw FE3HE dgteh Step 1 HHS-9
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o] uhgof 9leiA] step 19f W=7 2379}
7ro] :Ast k. thg step 2¢ lojA] wHEE
57} 60T ©l3t9] 79 ukg A|7HE 10A)7E o)
Ao g dlox Abgeke] w|ghst 727t EAF
< [RZ%E #galstgrl. 22t} 100T o)At
229 AgE ubs Az BEEY oj|T o]
2}9] isoimide ©]A A A|2] A 2 anhydride
TFz9 &3l 7bsA el Agstget. 7124
& A}, step 29] AS gL 80T F
1zl A Zkdjell AHggE Wb =S Ealskel
o, o] L& A& 1AsY g Hol =9
3l 7 ubg 849 %S 2AMEA

0=¢ ¢=0 + CHCO- ____ 0=C C=
7 -— N7
on NH 0~ fn
Cty CHs
0
[

7\ 0o CHCO- 7\
0=C_ =0 + CHCOCHS —— 0=C  C=0
N 4 /
0- KH o=t fH

CH, CHs
C
i
0=(; c; o — 2 S +  CHCOH
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Fig. 4. Reaction scheme for the cyclode-
hydration step of imide ring forma-
tion.

3. 2. 2. Cyclodehydration Agents2| H&F

olmiesle] FuiA Al olnt 3 P&
98l Fig. 42] reaction schemeo] v}lebd
cyclodehydration agent5-2] 38 7 &3} ¢}
WA Z acetic anhydride®] <& maleamic
acid anhydride $7FA|S8 3 Adlo] acetate o]
2olgl= £& leaving group2 AT o ZH
9lAgt o]ul=7])e] nucleophilicityd Z314]7)
ti= Ao}, SMA2] maleic anhydride %HE
39 1 mole 3, o}wloe 224 p-toluidine2 3
mole, NaOAcE 0.2, TEAE 1.1 mole®] v]&
Z A%t Ac,O/maleic anhydride mole®]Z-
W3lAZg g olul= AskEoe o]
Table 2 4 Fig. 59 v}e}lr} gle}. ¢ data=z ¥
B] SMAUY anhydridec}ol] w2l acetic anhy-
dride A8 <F 2v] Axr} AHPs &
AUk

=W A2 sodium acetate?] & maleamic
acid 928 carboxylate ¢]2& 3Alslo
acetic anhydride®}¢] Hl-&& Zx2)7|= Ao
24, Table 30| 2= 713} z+e] SMASC] anhy-
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184 Styrenic Polymer e37(1), Poly(styrene-co-maleic anhydride) 2] ojw]=3}e} g3 44

dride/p-toluidine/Ac,0/TEA = 1/3/2/1.19)
Z710] 4 NaOAcE AH&38hd A831A &2 7
$-ol| wjs] ojml=slr} A3 Frist AHAE
o]z ew, SMAW anhydridesll ®]3] < 0.23]
Az HREE olu|Edlerl dAT FAE
cheh ik

AW H 2 triethylamines] ZA-$-= 1z 2zt
ofulel] wja] A 7} nucleophile® 4], 127
© 2= godium acetateol] 4] 7] acetic acid <]
84 44 (acidic proton)Z w|Sko} acetate ©]
22 Qs b ubgal FHA 9k S
anhydride $7tA4 4 Fo 2 olFAl7l&= =
Zv] 9L s, 232 AAH sodium
acetate?] J¥w AR FYPdh. ZF2A
triethylamine2] =8 ZA#E Table 40 el
9o o]2XE triethylamineo A}ggke
SMAW anhydride ¢}l ®}3] molev] = 2F 1.0
—1.19) Axrt g8 o 5 ok

Table 2. The Effect of Acetic Anhydride on
the Cyclodehydration

Ac;0/anhydride | 0.0/1] 0.5/1| 1.0/1| 1.6/1] 2.0/1| 3.0/1
1715¢m~"/700¢em~| 0.000{ 0.301{ 0.376 0.539 0.593 0.619
820cn™'/700en™!| NR*|0.277] 0.192 0.052| 0.0161{ 0.0216

* reaction condition :

anhydride/p-toluidine/NaOAc/TEA = 1/3/
0.2/1.1

reaction time of step 1 = 3 hrs.

reaction temperature of step 1 = RT

reaction time of step 2 = 4 hrs.

reaction temperature of step 2 = 80C

# NR : no reaction

o]At o 2 cyclodehydration agentS-2] <332
2A3 gl g2 olultdle A&
ojule] FFoll ulE <dgfe]| g Zigld] SMA
9] anhydride/Ac,0/NaOAc/TEA = 1/2/0.2/
1.19] ¥]% 3 Table 45} 22 W &5 3 A
7re] ZAs o)A ofnle # A p-toluidines} ani-
lineo] wj3t ojv|=3} HIES wjwsle] B
Fig. 63} 7}, od7]e) 4] p-toluidine?] 73-¢ an-

Td8s, A3E Al13s, 1992

ilineol] ®]8 ¥ 1.58] ©] A&l o|AL
methyl7)oll )& A7 FAFH7} Hed A3}
2 iAot

1-WO00.
1-WO0Z8

(x10)

1715cm™!
700cm ™!
w
(0T %)

Acetic Anhydride/Anhydride
{mole ratio)

Fig. 5. The effect of acetic anhydride on the
cyclodehydration.

Table. 3. The Effect of Sodium Acetate on
the Cyclodehydration

NaOAc/Anhydreide ] 0.05/1| 0.1/1 | 0.2/1 | 0.4/1
1715cm~!/700cm ™ 0.352 | 0.450 | 0.593 [ 0.583

* reaction condition :

anhydride/p-toluidine/ A C,O/TEA = 1/3/2
/1.1

reaction time of step 1 = 3 hrs.

reaction temperature of step 1 = RT

reaction time of step 2 = 4 hrs.

reaction temperature of step 2 = 80°C



ek - ol -

Tabie. 4. The Effect of Triethylamine on the

Cyclodehydration
TEA/Anhydride 0.0/1 | 05/1 | 1.1/1 | 25/1
1715cm™!/700cm ™! 0.244 | 0.483 | 0.593 | 0.618
820cm™'/700cm ™" 0.451 |0.0381]0.0161 | 0.0501

% reaction condition :

anhydride/p-toluidine/Ac,0/TEA = 1/3/2/
0.2

reaction time of step 1 = 3 hrs.

reaction temperature of step 1 = RT

reaction time of step 2 = 4 hrs.

reaction temperature of step 2 = 80C

7 ° P-Toluidine
6
[ ]
5 s :
X
o °
T 4 4 Aniline
Ele
Bis
SR 3
A
2 A
1
0 1 2 3 4 5
Primary amine/Anhydride
'(mole ratio)

Fig. 6. The effect of primary amine on the
imidization.

3. 3. SMIe| €& MZE

Bagke] & SMA A5E5E 2 79
amineg AMg-3te] o|w|=st sholow, A}-8-gh
olelEo] M2 o]u|tsl HF-EE Table 5
veblgicl. = Fig. 7ele 9d EAFEC]
1900, MA §eke] 25 mole% Q! SMI A]8.E2]
DSC A¥AM=st vetldedl, olvl=3stxs}
7kl wet T, &% 37MEe 4 2 de
o ojwle] FHol Ao JdIE A UHE E

oA - 771 H 185

2= olr}h. wkwo| Bxjzko] & SMA A8E o]
2% Fig. 89] 245 3 Table 59 A&

B, ojm|estzd wE T,o A5e 7 W}
At Zx) grort okrlel Ffele AT
F& wol, 542 7|7} phenyl < p-tolyl <
p-chlorophenyl®} o2 T} F718tet. ¢
4 olulmstee] kel sleid elml=shes}
ol ol whet T,8) A5Eo] A eptA
olo 71° anhydridet} imide w¢|7} =% &
FEE AR dernz, dd A F49 3

Aol ©]3F 7 &2} conformatione] HH3}ol|
= e e gFE Foa #iM¥ 4 o
o, Fo olmEsins} {ejdd], A A
o] wHoll4] 2 uf 334Hoe & oju|=r]7} anhy-

dride”]|®2ct 84 o QrAsty] wjFo|c). %
Rk} SMIo|| glelA] obrle] Fipell wheh
Tob Add &g 45 EAA 9 confor-
mation®] JFE ofuzt REA-—EA} AT
g 5 o E 247 A43) dEelztn 44

ek,

N

K\

Endothermic

100 150 200
Temperature( C)

Fig. 7. DSC thermogram of L series samples

of Table 5.
a)L, b)LA1, c¢)LA4, d)LT1,
e) LT 2, f)LT 3, g)LT 4.
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Styrenic Polymer <13-(1), Poly(styrene-co-maleic anhydride) 2] o]w|=3}e} g A=

a)
b)
T C)
9
.E \
2
_‘é d)
=
<3
T
f)
/
1 " i i
150 200 250

Temperature(C)

Fig. 8. DSC thermogram of H series samples

of Table 5.
a) H50, b) HA, c¢) HC, d) HT1,
e) HT, f) HT5

Table. 5. Characterization of Various SMI’s

. Conve-

Dt | SMA | 0 melos) T | O
HT 1 | H50 | 25.94 | 24.06° | 48.12 | 205.0
HT 3 | H50 | 13.68 | 36.32* | 72.64 | 207.0
HT 5 | H50 2.48 | 47.52° | 95.04 | 211.5

HC H50 8.45 | 41.55* | 83.10 | 219.7
HA H50 4.49 | 45.51° | 91.02 | 186.5
LT1 L 16.80 8.20* | 32.80 | 159.5
LT 4 L 7.94 | 17.06* | 68.24 | 164.0
LA 1 L 16.97 8.03 | 32.12 | 158.3
LA 4 L 10.28 | 14.72¢ | 58.88 | 163.0

a ! N-tolyl maleimide unit
b : N-chlorophenyl maleimide unit
¢ . N-phenyl maleimide unit

3%, A 39 A13E, 1992

(1) olvj=gt Hbg2 53

4. 4 B

Poly(styrene-co-maleic anhydride)& ¥ £
Fo) W% olwe Algsio] oulEs sale
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o dn YAg 2skgon] AR thed 2

9 dtA
e pelste] 2udAR o] zA}3}
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- olo
e

X
oo & 1

(2) 29A WRgoHe HA zAL e

it

(a) ¥hg &= :80C

(b) %3} gA 2] Ewj:
SMAWY anhydride/acetic anhydride/
sodium acetate/triethyl amine
= 1.0/2.0/0.2/1.1

(3) A" SMI X85 ovtslry} =

Aol g} Tob Fobstdont 7wt
Ax = 32 okgkr}.

(4) SM1®] T,= oluj=s}e] A}&% ofnle)

FTFol od3S wgkom aniline < p-to-
luidine < p-chloroaniline®] o2 T,

7} E7Vskgc).

A2l 2

£ A7 SRS AT R As YEA)
o) QAFu] Ko o3 o] Foigorz ol
A= e}
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