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8 o} : 235 A dicyanoviny! 3-8 22 p-bis(a-chloro-B, f-dicyanovinyl) benzene& T4t o1& 1,
2-diaminoethane, 1,4-diaminobutane, 1, 6-diaminohexane, 1,8-diaminooctane, piperazine®} #-& al-
kylene-diamine® A %3 whd ol 18ko] poly(enaminonitrile) & 3ttt &4 € Z&AE N-
methyl pyrrolidinone, N, N-dimethylformamide, N, N-dimethylacetamide. dimethylsulfoxide 5ol
W @ =qton 1 9o AW 7] fufelE A gtk A R HoZRE HIE FTEA
B o 320~400CAFol o] A ol A3t 2 stwstE UElle & @WE 938 BoFn ok BF €
Zak B Ao o)alo] 5%9] Za 7hA7E 380C B2l M #EAEon, 500CH M A7 THFL 72%
o] o] At

Abstract : Poly(enaminonitriles) were synthesized by reacting p-bis(a-chloro-g, f-dicyanovinyl) ben-
zene as an difunctional dicyanovinyl compound with alkylene diamine such as 1,2-diaminocethane,
1, 4-diaminobutane, 1, 6-diaminohexane, 1,8-diamincoctane, piperazine by interfacial polymerization
techniques. Poly(enaminonitriles) were soluble in N-methyl pyrrolidinone, N, N-dimethylformamide,
N.N-dimethylacetamide. dimethylsulfoxide. but not soluble in common organic solvents. A large
exothermic peak due to isomerization and cross-linking is ohserved in differential scanning calorime-
try(DSC) thermogram around 320~400C region. And thermal gravimetric analysis(TGA) curves of
these polymers show 5% of weight loss around 380C. Residual weight at 500C was above 72% in

most of the polymers.
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zene(CDVB) & §418} 12 o] 2 aromatic diamine®
WHgate] dojR FHAE A o)A} kgl 2aiA
g AEAE 4T vt ok 3 o] A9
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Terephthaloyl chloride(Aldrich Chem Co.),
benzoyl chloride, malononitrile(TCI), phosphorus
oxychloride(POCly) 5& Alok& AEL Fa ¢lo)
AHREATE F& 2 Al AFE-gE o " ol Ml EH 0l E
2 &t Fatd Ahgs}
Aot =3 Aol ¥k 09 benzyl triethyl am-
monium chloride(Aldrich Chem. Co.) = A #}3}7]
o1 ARR3lit),  p-bis-(a-chloro-B, B-dicyanovi-
nyl) benzene(CDVB) &] A Ao 1438 Ao 23
A Merck#| A2]7}72(Type 60A) & AHE-31 )

"H-NMR 2# E3-& Varian EM-360A A}231y
ooy [REAL Perkin-Elmer Model 13108 A}23}
At DSC 2 TGA+ Dupont 2000 & X478 A}
|39 $& £ 5 10C/mine & kgl

1-Chloro-1-phenyl-2, 2-dicyanoethylene

(CPDE)¢] ¥4

37 Fa3d) wir)E AR5k 20g9] benzoyl
chloride(0, 14mole), 13.2g2] malononitrile(0, 20
mole) 3} 100mle] s} HEAE Y1 0T A 3.2¢
(0.013mole) 2] benzyl triethyl ammonium chlo-
rideE <] 40mle] 6N-NaOH &8-S ZA&H3}A
HHatH A 2 7hgc,

208 Ax AAZFE A
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AW Z3o) 2§ Poly(enaminonitrile)®] &4 7 159 d=Aa

50)2) EgNoA A LojZ sodium eno-
late 9} 50mle] POCL,E 120C oA 3l 1247
uhS-A1 713 kel POCLE SH3F 18 SH3ko
CPDEE «9ith

48 :65%, bp:8T/0.1torr, 'H—NMR
(CDCl, ppm) : 7.8(m, 5H, phenyD), IR(KBr,
cm?) @ 2950(aromatic C—H), 2250(—C=N), 15
80(C=0C).

p-Bis-(a-chloro-p, p-dicyanovinyl)benzene

(CDVB)®] @4

500mle] 37 ZEelX3o] 10g9] terephthaloyl
chloride$} 8g2] malononitrileE 40ml2} 3} og
Aol =20},

o] &g 0C2 AASAAN AYsA muksiy
1. 14g2] benzyl triethyl ammonium chlorideE 9]
20ml¢] 6N—NaOH £8& 10%e] ZH Z713lo
W3A713 AAE nAE A F olAZEd 4R
&2 3213 A Al 23S I o] & & /E(80
/20) &AM AHAYY YEFIS F3HA.
10g2] sodium enolateE 100mle] Ze}AFol] Y1
30ml9] POCI;¢}t 1843t o] BF-3tef WA FE
o] POCLE #Agstol A F7/3te A Ag.

AAE 1A= 60mle) H3) g 531
A YL SHAA 9 2 BEES AAs
Ao g ol M| o] E(50/50) SHoljA] T}A] A AHY
3la} CDVBE 4t

4§ 150%, mp: 181.4T, 'H—NMR(CDLCN,
ppm) : 7.8(s, 4H, aromatic), IR : (KBr, cm™) :
3000(aromatic C—H), 2250(—C=N), 1550(C=
0.

1-Chloro-1-phenyl-2, 2-dicyanoethylene 3}

n-Butylamine# 2] ¥ @uh-3-

0. 5g(0. 0027 mole) ¢] CPDEE 20mle] ¥3} oy
do g =9 £48 0,197 g(0.0027 mole) ¢} n-pro-
pylamine®} 0, 162g¢] NaOHE 20mle] Eo] =9I
fdof) FQI3}HA 30 Tt AH3}A wwlab vk
SAZItk, 2 ¥ d3) g & Fed F SuE
F38ld FELS AU

Z2/H A153 Al1Z 1991 2€

48 175%, mp:69.5C, ‘H—NMR(CDCl,
ppm') : 7.6(m, 5H, phenyl), 3.8(broad, 1H,
H-N-), 3.3(m, 2H, —=N—-CH,~-), 1.8(m, 4H,
—Cﬂzcgz—‘ ), 1.0(m, 3H, —CH,), IR(KKBr, cm™)
3500 (—N—H), 3000 (aromatic C—H), 2830
(alkyl C—H), 2300(—C=N), 1600(C=C). —

p-Bis-(a-chloro-, f-dicyanovinyl) benzene =}

Alkylene diamine®] ) X<l AW 3§ 4t

-]
o

Stainless steel & 7] blenderd)] 40mle] £F+ 2
0.133g(3. 340mmole) 9] sodium hydroxide, 0.177g
(1.670mmole) 2] 1, 6-diaminohexane-& ¥ 1 rpmo]
50000]% fAHEZE wyhE sHHA 40mle] d3}
wlgldlol) 0.50g(1.670mmole) 2] CDVBE =<2] o
£ 202 ZHA FYsHEAM wkSA G, Lo F
FAE dejan Azt B L oekez2 43 ¢
AZ3 T A 5ml¢] N,N-dimethylformamide
(DMPB) o] edd S22 ¥ 80 MAA A1AH =4
o 1Al B4g IAth

481 90%, 'H-NMR(DMSO—d,, ppm) : 7.6
(s, 4H, aromatic), 3.8(m, 4H, 4—N—-H - ),
1.3(m. 16H, 2 (CH,),). 2.8(m, 8H, 4— N~ CH,
), IR(Nuzol, cm’") : 3500(—N—H), 3000(aro-
matic C—H), 2900(aliphatic C—H), 2300(—C=
N). 1550(C=C).

A3 9 33

Poly(enaminonitrile) o] £z 9 T2H4S
91§ wdwrg o 24 1354 1-chloro-1-phenyl-2,
2-dicyanoethylene(CPDE) & t}-&-7 #o) #4131
t}, J.A.Moore 5& (hydrophenylmethylene)pro-
panedinitrileS PCl.2 {4313t g3t ont,
B A1 A= A o] &) (phase transfer catalyst)
& AH8-3l sodium enolateE §443t1 o] & POCl,
2 gastate] Ak’ ole] Rdug(CPDE) <]
4L Scheme 291 3},

CPDE9] &4 & Fig. 1-(a)9] NMRAHE ) 7-
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Fig. 1. NMR spectra of 1-chloro-1-phenyl-2, 2-dicya-
noethylene (a) and p-bis-(a-chloro-B, B-dicyanovi-
nyl)benzene(b).
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Fig. 2. IR spectrum of p-bis-(a-chloro-8, B-dicyano-
vinyl) benzene.
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Ao TUHo 2 ¥hgo] MR en HCIY +
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o] 2] ®eluk8-Ql 1-(N-butylamino)-1-phenyl-2,
2-dicyanoethylene®] 34& Scheme 4%} 7t}

cl_ cN n- BuNH
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i CN + n- BuNH —_— j CN + NacCl
Scheme 4
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ppmei| A ph,enylﬂ. 3.8ppmolA] ~N—H, 3.2
ppmol A} —N—CH,—.1.6 ppmol| 4~ CH, — CH,~
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Fig. 3. NMR spectra of the polymer (a) obtained from
1-(N-butylamino) - 1-phe-
nyl-2, 2-dicyanoethylene (b).

1, 6-diaminochexane and
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PatAedl, W E = 5000 rpm o423
ot AW F%<] A= Table 19 vpeh} Qlom,
Zkzt gt E EjA 9] F2 & Scheme 59 Z),

Cl CN « oN

~ v -
c=c{ c=c{
CN 4 N4CHA-NH /\ cN
l N E 2n_ 2 o j‘
~ 2 or piperazine v
ne C/ pip NC\Cwé
ne” e ne” \NH+C”2+nNH-)RJ

n=2(PEAN=-2),
8 (PEAN-8),

Scheme 5
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piperazine (PEAN=P)
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Table 1. Results of Polymerizations

Temp, Time, Yield

Polymer  Medium P min . (%) T
PEAN-2 CH,CL,/H,.O 25 2 95 0.8
PEAN-4 CH,CL/H,O 25 2 95 0.6
PEAN-6 CH,Cl,/H,0 25 2 94 0.8
PEAN-8 CH.CL/H,O 25 2 92 0.8

PEAN-P CH.Cl,/H,O 25 2 95 -

" Performed in N-methyl pyrrolidinone at 30C at a

concentration of 1g of polymer in 100ml of solution.
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Fig. 4. IR spectra of 1-(N-butylamino)-1-phenyl-2,
2-dicyanoethylene : (a) the polymer. (b) obtained

from 1. 6-diaminohexane.

Table 2. Therma! Properties of Polymers

Exotherm’ 5% wt 10% wt wt loss at

Polymer () loss’ () loss (C) 500C (%)
PEAN-2 334,361 3{75 410 80
PEAN-4 348 380 420 72
PEAN-6 343 380 420 76
PEAN-8 320, 387 400 410 74
PEAN-P 406 410 460 85

*"DSC and TGA were performed in an air at a hea-
ting rate of 10C/min up to 500C.

3-(a) ¢} Fig. 4-(b)o] vyeblet. phenyl7]€] pro-
tonol] 2]8 a7} 7,2~8.0 ppm, —NH2] proton
of o8 3]z} 3.5~3.8ppm, —CH,— 2| proton
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Fig. 5. DSC thermograms of the polymers obtained
from 1, 2-diaminoethane(PEAN-2), 1, 6-diaminohe-
xane{PEAN-6), 1, 8-diaminooctane(PEAN-8) and
piperazine( PEAN-P).
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Fig. 6. TGA thermograms of the polymers . (----- )
PEAN-2, (—+—:— ) PEAN-6, (--ee ) PEAN-8,
(—) PEAN-P

o} zlct, 3§t piperazine& E3Hehe EEA Y A$
N—MP, DMF, DMSO & #3 %3] eske)
piperazined Tlo}yl JE 02 AHE§ S 2 B¢
piperazine®] 472 E Q13 EA&Fl Hots T
=g 1 9lele) Q= Aoz Mzrgd, g 7t 2
Ao N—-MP L)ooz &gt 9o F4% I
o 9 g art yehte 25 B2oX 7
Folx Sofol e E&4S BoEoh
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Fedl ol FHA e A3} 71U Foltt

TGA9 23+

6] B ZE A7} 410~460T Alojoll A

10% 9 3% A g vEhlo 500Col M 72% ol

o] FHVELE HolT UFL Ho} uf ¢ HEA
52 Z¢Aelz BZE). £3) piperazines tio}
7 ARog 3o dojX FEA Afs b F
ol vls) FEAEEE Jebd I AN &

IS ¢ F AU

Zaigf M15d A1E 1991 29

Z34)e] WS Table 29} Fig.

>..
i

o] =R 19899y BaE X9 g2 NE RYcre)
2SR oA 8te A7 ZAH| o Jdle A7 Y
o

2 A7) 2o 298 F4IBM d729 B4
shabd A e Al Fich

#F

= 4

K

1. Rapport, Z. Adv. Phys. Org. Chem. 7, 1823 (1969).

2. A. D. Josey and C. L. Dickinson, /. Org. Chem., 32,
1941 (1969).

3. ]. Stamatoff, et al., Proc. SPIE 682, 85 (1986).

4. H. K. Hall, Jr., J. Macromol. Sci. Chem., A 25(5-7),
792 (1988). .

5. J. A. Moore and ]. E. Kochénowéki. Macromolecu-
les, 8, 121 (1975). ‘ )

6. P. G. Mehta and J. A. Moore, Polym. Mat. Science
and Engineering. 63, (1990).

7. J. A. Moore and T. D. Mitchell, J. Polym. Sci., Po-
lym. Chem., 18, 3029 (1980).

8. Z. Rappoport, Adv. Phy. Org. Chem., 7, 1823 (1969).

9. H. H. Katz and K. D. Singer, Mat. Res. Soc. Symp.
Proc, 109, 127 (1988). _

10. J. A. Moore and D. R. Robello., Macromolecules., -

© .22, 1084 (1989).

11. H. K. Hall, Jr., A. B. Padias. A. Deutschman, Jr.,
and 1. J. Westerman, /. Org. Chem., 44, 2038 (19
79).

12. T. Nakamura, M. Soma, T. Onishi, and K. Tamaru,
Macromol. Chem., 135, 241 (1970).

13. G. Modena, Acc. Chem, Res., 4, 73 (1971).

101



