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£ 2F: Dicyanovinyl7] & X33 Z&lol@#|o] EE terephthaloyl chloride @ p-bis(1-chloro-2,
2-dicyanovinyl)benzene (2)3} alkyl, sulfide, sulfone, ether 2] 1 ester A% 713 g
HE&EH A S8 st A8 WY FEAES T H FE7 0.24-042dL/gol
slon 80 ColA FA w4 £ul)d DMF, DMSO, NMP 2 DMAc Sof & =9t}
Alkyl ether 22|11 ester”] & 7} WS TS RE §49 A= THFA T o $ & 3t
th FRAELS 350C F2oA FHE o)F& BE HolaE B F=u o Fo 7
738 ¥hgo] AAHo B4 EZol FAHHJUT. FHAE 63 7S AYstm, A9 rE F
HA7E 400~465 CAtolol A 10% F%F ZFE UehAU S, 500 ColM AL 73~84%
2A GRS R FA.

ABSTRACT: Polyarylates containing dicyanovinyl moiety were prepared by interfacial
polymerization of terephthaloyl chloride and p-bis(1-chloro-2,2-dicyanovinyl)benzene (2)
with various diphenol derivatives containing alkyl, sulfide, sulfone, ether and ester group.
The resulting polymers possessed intrinsic viscosities of 0.24-0.42 dL./g and they are easily
soluble in polar aprotic solvents such as DMF, DMSO, NMP and DMAc at 80 °C. The poly-
mers derived from diphenols with alkyl ether and ester units were even soluble in common or-
ganic solvent such as THF. These polymers showed a large exotherm in differential scanning
calorimetry and undergo a curing reaction around 350 C to form insoluble materials. Almost
all the polyarylates, except 6 and 7 exhibited a decomposition with 10% weight loss between
400-465 C in nitrogen and displayed 73~84% residual weight at 500 C.

Keywords: polyarylate, dicyanovinyl group, thermally curable polymer, thermally stable polymer.
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1-Chloro-1-phenyl-2,2-dicyanoethene (1)3} p-
bis(1-chloro-2,2-dicyanovinyl) benzene (2)-& Moore
o) whiol oJate] FAISATES WFEL & E, 4.4'-
sulfonyldiphenol, 4,4’-thiodiphenocl, phenolphthal-
ein, 4,4’ -biphenol, 4,4’ -dihydroxy benzophenone,
1,5-dihydroxy naphthalene (Aldrich Chem. Co.)
T2 ddgkEel AAAse] AMESIRTt. 1,5-Bis(4-
hydroxyphenoxy)pentane® 1,6-bis(4-hydroxybe-
zoyloxy)hexane2 THE FH ol 25t &
A5t Terephthaloyl chloride= ZgdA] %
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oz AASIY ALR3SIEom benzoyl chloride
= JF F/HHG AL A 24 f1FL
2 Al2H 1,2-dichloroethane& calcium hydride&
ARl B& AAS T FH3 ARSI

A 2" EHL Midac Model M-1200 224
23718 ARS3le] d9lew 'H NMR ~¥ER2
Varian EM-360A spectrometer2 dgith. T &
E= DMFE $8miZstd 1g/dLel 84L& Can
non-Ubbelohde HEAE A}g3lo] 25 ColA &3
sk, 94 AL Yanaco MT-3, 94 247)
AHgStTE. AR €842 Dupont 2100 €
7], € % 242 Perkin-Elmer 7 TGA-€¥
A& AHE3t 23T

O27IX| WEE ClZnt TEFAN 2 U Tereph-
thaloyl chloridee] ZEEtA| #14. Terephthaloyl
chloride (0.37 g, 1.8 mmol)&} p-bis(1-chloro-2,2-
dicyanovinyl)benzene (0.5 g, 1.8 mmol)& 20 mL
9] 1,2-dichloroethaned] £38fsled 100 mLe] 2=l
gl 28 EdE §7]6 Ytk A9 FulgA
tetra-n-butylammonium chloride (3 mol% )&}
4,4’ -biphenol 4 E & 94 (0.68g, 3.6 mmol) & 20
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oF 28 B HU £ JAHAT|HEA 9EE A
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oA 12417 RF Azt FEAE AUt

Ooe 8 FxE /R WEHE ULE, 447-
sulfonyldiphenol, 4,4"-thiodiphenol, phenolphthal-
ein, 4,4"-biphenol, 4,4"-dihydroxybenzophenone,
1,5-dihydroxy naphthalene, 1,5-bis(4-hydroxyphe-
noxy)pentane 2] 1 1,6-bis(4-hydroxybezoyloxy)
hexanes}te] FFFAEY FHE A% £& PP
2 A5k

F8A 6, 9, 10 2811 129 B4 =5E A
Bl% 728 7L 7] WEel e dgAY
FHA Y] EAATE 719)8H .

5: Yield 94%. IR (KBr) : 3040 (C-H), 2960
(C-H), 2210 (C=N), 1730 (C=0), 1590 (C=C)
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and 1270-1100 (C-0) cml. 'H NMR (DMSO-dg)

18 80 (s, 2H, 1/2 -CO-Ph-CO-), 7.7 (s, 2H,
1/2 aromatic H’s in fragment of 2), 6.4-7.0
(m, 8 H, aromatic H’s in bisphenol A), 1.4 (s,
6H, 2 CHs). Anal: Calcd. for (CpsHisNzOs)n ;
C:87.15%, H:5.02%, N:7.82%. Found ; C:
84.76%, H : 4.94%, N : 7.52%.

7: Yield 89%. IR (KBr) : 3050 (aromatic C-H),
2870 (aliphatic C-H), 2212 (C=N), 1735 (C=0),
1590 (C=C) and 1250-1120 (C-O) cm. 'H
NMR (DMSO-dg) : 6 8.0 (s, 2H, 1/2 -CO-Ph-
CO-), 7.7 (s, 2H, 1/2 aromatic H's in frag-
ment of 2), 6.8-7.2 (d, 8H, 2 -O-Ph-0-), 3.6
(t, 4H, -0-CH;CH,CH,CH;CH,-0-), 1.6 (m,
6 H, -O-CH,CH,CH,CH;CH,-O-). Anal . Calcd.
for (CgsH22N205),; C @ 72.00%, H : 4.72%, N :
6.00%. Found ; C : 70.52%, H : 4.68%, N : 550%.

8: Yield 78%. IR (KBr) : 3060 (C-H), 2232
(C=N), 1742 (C=0), 1575 (C=C), 1330,
1190, 1012 (C-O) em’’. 'TH NMR (DMSO-ds) :
& 79 (s, 2H, 1/2 -CO-Ph-CO-), 7.7 (s,
2H, 1/2 aromatic H’s in fragment of 2), 7.2-6.9
(m, 8H, -0-Ph-5-Ph-O-). Anal : Caled. for
(Cg3H12N2058:), ; C: 69.70%, H:3.03%, N:
7.07%, S : 8.08%. Found ; C : 66.76%, H : 3.00%,
N:7.01%, S: 8.08%.

11: Yield 86%. IR (KBr) : 3087 (C-H), 2234
(C=N), 1742 (C=0), 1579 (C=C), 1326,
1155 (SO;) and 1310-1014 (C-O) cm’l. 'H
NMR (DMSO-ds) : 8 8.0 (s, 2H, 1/2 -CO-Ph-
CO-), 7.7 (s, 2H, 1/2 aromatic H’s in fragment
of 2), 7.6-7.0 (m, 8H, -0-Ph-S0,-Ph-0-). Anal
s Caled. for (CgsHpzN20sS1)n; C: 64.49%, H:
2.80%, N :6.54%, S : 7.48%. Found ; C : 63.29%,
H:276%, N:7.32%, S . 7.61%.

13: Yield 85%. IR (KBr) : 3068 (C-H), 2229
(C=N), 1771, 1759 (C=0), 1577 (C=0),
1257, 1168, 1078 (C-0) cm. 'H NMR
(DMSO-dg) : 6 8.0 (s, 2H, 1/2 -CO-Ph-CO-),
7.8 (s, 2H, 1/2 aromatic H’s in fragment of 2),
7.6-7.1 (m, 12H, aromatic H’s in phenolphthal-
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ein). Anal : Caled. for (C3HieNgOs)s ; C : 75.00%,
H:3.23%, N:5.65%. Found ; C:73.72%, H:
3.21%, N : 5.35%.
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AFHN2A o3 FFY HE FEANEY phenox-
ide &°0]2%=9] dicyanovinyl chlorideol] th3lk W&
Aol tig A7 2 JPEHA 2 dlE A2
AR para-$X19) X EA|) wEba] W sgich
Z phenoxide 0] &9 A2 YEL para-
Aol AR} /KUA717F EAE W 243t Az 3o
717F &8 o 2A F7Hch o)L viE HE &
=H 9 pK. BT d@ste] A = U=t 1WA
ZAMY AL HE FEAY At ARTE Fo}
Atk 2 AdolA FEEA A4 o ¥ phenox-
ide &°]&9] dicyanovinyl chioride®} terephth-
aloyl chlorided] Ti3t wrgAjog ZAAHCL}. oF
B 28}7] 915le] Scheme 10419} o] v 33t
&, 2,2-bis[4-(2,2-dicyano-1-phenylvinyloxy)ph-
enyl]propane (3)3} 2,2-bis(4-benzoyloxyphenyl)
propane (4)5& £& Z|A} bisphenol A2 W}
EE93 2 28] terephthaloyl chloride®} ¥HE-A|
A 4 & FEE I 22 A dicyano-
vinyl chloride= 3= acid chloride W2 X130
o Wiz ukgAe] Attes A ¢ F YA 2
ZHA] poly(enaryloxynitriles)2] EAJoll aryloxide
dianion®} ©&FA 29 AW 8] o] &5 Ut
E APdAE Y3 H]&9 enaryloxynitrile 2
oldHo|E T E FUA backboned] THHEE
3l7] 98t & 249 29} terephthaloyl chlo-
rideg AME3IQITE ZE]olFHCEE AW F3
oale] FAT wl BAHE S &7 ExEF
HX = AREA f71%F 8919 T/, 439 S99
7 2 ¥ 28l vkg dekH|e] By o] ojf- 3
S3ee7 gy B AgeAe ol#d kA
e 1183ty 8ol 1,2-dichloroethane, 4719
Z1ul| A tetra-z-butylammonium chlorideE A}&-
g o 2oy EE 3mol% A APt
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Scheme 204 FTEFAEL PIFE ULEA
bisphenol A, 4,4’-sulfonyldiphenol, 4,4 -thiodip-
henol, phenolphthalein, 4,4”-biphenol, 1,5-dihydr-
oxynaphthalene, 4,4"-dihydroxybenzophenone, 1,5-

AHgEE A7}
DL T

bis(4-hydroxyphenoxy)pentane 12]1 1,6-bis(4-
hydroxybezoyloxy)hexaneS A}£3l9ow 1 A
€2 Table 10 AEsgtt. $&L WA Az
2% blender §7]¢ WFE & UEFE 4 AH
2 B3l ¥ §715 2024 1,2-dichloroethane
of A 29 AolF FmlZ A tetra- n-butyl-
ammonium chlorides¢l 22 Hr}s}y 2135}
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g SEE A E F95
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Fig. laclA $&A 119 38 P2 L »
HEH A A4 Wi=Eo] 2220, 1735, 1580, 18]
i 1250-1020 em™ EZo|A Yeht=d ole 42
C=N, C=0, C=C &1 C-09 &l 3 A
olt}. ol RE U2 A& WAz F8H2
2 Yehta ok 'H NMR A" EZ0)A Gid 2
Q) BFE F47) 7.6 ppmoll A B o2 YehtE
Bl o) terephthalated] LI 4= 7.8 ppmolA]
etttz gk, 2E FRA6)A o] T WFgE £4
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F BL HE 7K e tE UEE ged
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dtx o2 FEjold ol Ex fulo] e &Y
o] £x] g}, E3] THF, dichloromethane, chloro-
form, ethyl acetate & & DMAc 18] DMF
T 53] o ALE viled, oY, ¢Fd s
AMe 52 AFYE BAETh a2y 8RS 2
o <97} FFEH S vk £l DMF,
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& 2xdMe ¢A gt IFPAHEY ==

443



£ A

Table 1. The Results and Conditions of Poly-
merization of Terephthaloyl Chloride and p-Bis
(1-chloro-2,2-dicyanovinyl) benzene with the Di-
sodium Salt of Diphenols at 20 C

Polymer Diol*  TCY/2 (TI::le) Tf;’l;i ok
5 BPA 1/1 94 -
6 1.6-HOH 1/1 85 0.29
7 1.5-PP 1/1 89 -
8 44°-TP 1/1 2 78 -
9 1,5-DHN 1/1 83 0.18
10 44’-BP 1/1 90 0.14
11 44-SDP  1/1 86 0.25
12 4,4'-DBP 1/1 89 0.35
13 PP 1/1 85 0.31
% BPA : bisphenol A; 1,6-HBH : 1,6-bis(4-hydroxybezoyloxy)
hexane; 1,5-PP ! 1,5-bis(4-hydroxyphenoxy)pentane; 4,4-TP

. 4,4"-thiodiphenol; 1,5-DHN : 1,5-dihydroxynaphthalene; 4,4 -
BP : 4,4"-biphenol; 4,4"-SDP : 4,4"-sulfonyldi-phenol, 4,4-DBP
: 4,4 -dihydroxybenzophenone, PP :
® TC : Terephthaloyl chloride.

¢ Measured in N, N-dimethylformamide at 1 g/dL at 25°C.

phenolphthalein.
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2] 7128 ¥ A Y238 o2 23 scanningdt 3 &
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Figure 1. Superimposed IR spectra of polymer 11
with 1 to 1 molar ratio of 2 and terephthaloyl chloride
with the disodium salt of 4,4 -sulfonyl diphenol after
a) 0 hand b) 0.5 h at 320 C under vacuum.
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Figure 2. DSC thermograms of polymers a) 6, b) 10,
and c¢) 13 obtained with a heating rate of 10 °C/min
under nitrogen.
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o] ¥ Fola FFHAE 350 TR 1IF &
THA] 23} scanning& AAIE u] A1 YeRYR]
Yeths Zeolt. o]AL 350 TR 7FIA] A
dicyanovinyl7]7} % 73}5o] W3l3ld7] wj&ol
2% scanningA] WeRA] k=t EFF 320 CollA]
AF FEAA AR FHAE U Fe 2y
o2 W XA 2 &si=Edd Sl A =
2 @AY &3Ert Faste AFE By Fo.

2o A7 G287 AFEHE 2= U
380 Col™ 400 ColA] mi¢- HE Z3F APE B
Tt ZE FFUAELS BAFe] 18] IR 4R
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dzg B4 A} Fig. 49 Table 20) YehY ¢}
th. EFelolddEo|Ex UEE vl nuiEy Tz
Qele F2 AHFAHE BAZET. FRA 63 79
79 500 ColAY e e BFgH 1S A}
|3 A visted FL g RAFT YA &
od 4A BlE ¢ Je ¢ TS /KT Y
g A9 vl dAAe] A FE A
o2 2oz, &3 FEA 8, 11 231 139 B¢
400 ‘Colatoll A AHF Ralrl =R g NS
RdFu glow 7 3] ohg FPAET 0% 4
9 g MIFE BFET. a3y 400 CE Y
FA% £507F AlztE o] 500 ToAA JAFLS 80%

~1ookd
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Figure 3. a) TGA trace and b) DSC thermogram of
polymer 8 obtained from an equimolar ratio of 2 and
terephthaloy! chloride with 4,4 -thiodiphenol.
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Figure 4. TGA traces of polymers a) 5, b) 10, and ¢)

13.

Table 2. Thermal Properties of Polyarylates Ob-
tained from Terephthaloyl Chloride and p-Bis(1-
chloro-2,2-dicyanovinyl) benzene (2) with the Di-
sodium Salt of Diphenols

Exo Endo 10Wt.%. Residual Weight(%)
(C) () Loss(T) 400C  500C
5 BPA 342 - 428 93 84

6 16-HBH 350 186215 375 79 54

7 1.5-PP 329 190205 382 87 61

Polymer  Diol

§ 44-TP 314 - 465 97 74
9 15-DHN 357 - 400 90 78
10 44-BP 370 - 405 91 83
11 44-SDP 343 - 460 97 70
12 44’-DBP 363 - 410 92 73
13 PP 395 - 450 98 78
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3} amino-cyano quinoline 313tE2] AJA4Jo] Els]
Aovt 2 ¥ge a7 gx gon WEE S40
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1. Dicyanovinyl7]& ¥gsl= o] 259 &
ol ol ES tlgt 38 2 E U WEE O &
7} terephthaloyl chloride 221 28 AW F%3
sled AR

2. RE =N ESL polar aprotic 27Q] DMF,
DMSO, DMAc 2]l NMPel 80 C7HAl 71838
W 7 &g oy oldE € THFol= A3 %A
%3t

3. 24 g3 Fzx EM0A olHHH ES
enaryloxynitrile &2 FAv)l= AL 1:1 olgle
o, 1§ FEE 0.24-042dL/gE& DMF gHo=z
HE| et ¥ o] 4=l

4. FRHEY YAl RE 2 4L BEEHA
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