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8 ¢ ! Nitrobenzoyl chloride$} nitrophenol& ¥H2-A]# nitrophenyl nitrobenzoateS-& §43 3 % ol
=& T4 ¥H8-5t4 4 £ F 2 aminophenyl aminobenzoate S-S 9%} th. Aminophenyl aminoben-
zoateE-& 3,3, 4, 4'-benzophenonetetracarboxylic dianhydride2} ¥H-8-Al# poly(amic acid)E&

< inherent viscosity= 0.30~0. 48 dL/go] 1 th. Poly(amic acid) &2 thermal imidization®} chemi-
cal imidizationoll 2]3) ester linkageE 7}A+ polyimide® H3A|Zth. PolyimideS 2] 42 doje
TE 260~174Co)dch TGANA 9 5% B L5 AR 7oA 511~442T, F7]|F ol A 542~

438cCo]irt.

Abstract . Four different kinds of aminophenyl aminobenzoates were prepared by the hydrogenation
of nitrophenyl nitrobenzoates which were synthesized from nitrobenzoy! chlorides and nitrophenols.
The reaction of aminophenyl aminobenzoates with 3,3',4,4’-benzophenonetetracarboxylic dianhydride
gave poly(amic acid)s. Their inherent viscosities ranged from 0.30~0.48 dL/g. Poly(amic acid)s were
converted to polyimides containing ester linkage by thermal and chemical imidization. Glass transition
temperatures of the polyimides were between 260 and 174C. The 5% weight loss temperatures by
TGA thermogram were recorded in the range of 511~442C in nitrogen and 542~438% in air atmos-

phere, respectively.
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BoHM T, R T, & W31 &35 FAE +
k. YukA o g flexible linkageol = ether,® ke-
tone* So] A& E o] gt}

Esterx flexible linkage®2 Al&%o] st=d F=2
dianhydride®] imide %-$-o|
1,5 imide moietyS zH= dicarboxylic acid® T+
diol®] polyesterification ®H-3-of) o]3] #|zZEo] %o
1} ester linkageE zt&=
polyimide] Aol B& AT+ Ao fUch’

B Lo A& ester linkageE 2t 4 79 aro-
matic diamineEg A& o5 diamineE<
3,3, 4,4'-benzophenonetetracarboxylic ~ dianhyd-
ride(BTDA) ¢} ut-8-A]A ester linkageE Zt= poly-
imide® A|Z3Htt. 49 polyimideES F2
99 ester linkage2] A3 Atejol] we} chain con-
figuration % intermolecular interactionol] H3}7}
A BEA Aol gtz oAgsta FAHE
polyimideE9] &3, T,, Gt Aol thall xAls}
At

ester linkageZ zt+=

aromatic diamine-S A}8-3+

A4 ¥
Al ¢F, 4-Nitrobenzoy! chloride(Fluka), 4-ni-
trophenol(Fluka), 3-nitrobenzoyl chloride(Ald-

rich), 3-nitrophenol(Aldrich)-& ¢J3 thE A&
&ttt BTDA(Aldrich) + acetic anhydrided)| A )
2% F sl s3A1A AHE-38H T N-methyl
pyrrolidinone(NMP) (Aldrich) & CaH,& ©<-A]#
29 2538 % 3A molecular sieveod]A R#aha]
AHE-3HATE 7]EF AlFER AoFE S O R AHE-E}
At

2xv §#4

4-Nitrophenyl 4-nitrobenzoate(la) : W¥t7], ZF
Wz717t AXE 500 mL 3+ Z8k2Fo 4-nitro-
phenol(13.91g, 0,1000 mol), 4-nitrobenzoyl chl-
oride(18.56 g, 0.1000 mol), dichloromethane 220
mL 2 pyridine 12 mLE Y1 2A|17F E91 refluxd}

o BESAIZ T ¥HS-o] £ § rotary evaporatorE

¢
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A&-3ted dichloromethane & A AstL HE¥ A4
8& 3% HCl #gdoz Mg tir] 3%
NaHCO, #8902 AH3F 80Cz 3y Ax o
Ak AzE YA EG olEolA A A st Yy
ARAE AA.
4-Nitrophenyl  3-nitrobenzoate(1b),  3-nitro-
phenyl 4-nitrobenzoate(1¢), 3-nitrophenyl 3-nitro-
benzoate(1d) = &2 ¥y o 2 A5
4-Aminophenyl 4-aminobenozate(2a) | 11.3}%H3-7]
o] 7.20 g2} 4-nitrophenyl 4-nitrobenzoate, 100 ml
o] olghe 2 0.40g2] Pd/C(10%)E 23 F44E
571902 2o A 4A17F vEgA R oh hE & b
SHE Ao Zujg A AL I g Wzt
ANA BAES AAst s AAEES o3, dx
3+ B o er-g oA 2} 7244 3bed 4-aminophenyl 4-ami-
nobenozate®] #A AXHE At
4-Aminophenyl 3-aminobenozate(2b), 3-amino-
phenyl 4-aminobenozate(2¢), 3-aminophenyl 3-
aminobenozate(2d) = & "o g FAsI¥

z

Poly(amic acid) : 28F7] @ AAFAF7F X H
100 mL resin kettieol] 1.1413 g(0. 0050 mol) 2]
aminophenyl aminobenzoate % 17 mL¢] NMP&
Q3 A2 9vlstel 4 we A2kskeck. Amino-
phenyl aminobenzoate?} NMPol| ¢33 w2 3%
1.6122 g(0,0050 mol) ¢] BTDAS %11 AF2-0) 4] 24
AIZE B9t mukatT)

Thermal Imidization . §-2]38<]  poly(amic
acid) 8§98 9 castingd ¥ JFE|A 70T
o A 1A17F AZAIZ ¥ 250C7HA) 1C/mine.& 7}
A3 ohg 250Co A 308 T ARAIHAY. FEH

=

S 240 g9 HES 2% T 100T A 2443
AE dZAF
Chemical Imidization : wut7] @ AAE9 77}

A ¥ 100 mL resin kettleol]l 10,00 g2] poly(amic
acid) &, 17mLe] NMP, 7mL¢] acetic anhy-
dride 2 7mLe] pyridineS ¥ AAE9 73}
g2 A 12412 wukekch, whgo] e ¥ wl

Polymer (Korea) Vol. 18, No. 1, January 1994



Ester LinkageE ¥ 33}

sk 53 ‘—1""‘7@ °ﬂr: Mettler FP e
i YPAEAM L Heraeus CHN-OS-RAPIDE A} &8}
4 tt. NMREA = Brucker AMR-3000] A}&59)
th. ¥4¥ polyimideo] ZHo|HEFEA (IR)
Analect RFX-75A FT-IRE A28t Polyimide
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Scheme 1.
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Table 1. Nitrophenyl Nitrobenzoates
Yield

Code Compound (%) mp(TC)
la 4-nitrophenyl 4-ni- 85 160(Lit* 160)
trobenzoate
1b  4-nitrophenyl 3-ni- 89 145(Lit® 143)
trobenzoate
1c 3-nitrophenyl 4-ni- 80 178(Lit*170~180)
trobenzoate
1d 3-nitrophenyl 3-ni- 90 136(Lit* 138)
trobenzoate
Table 2. Aminophenyl Aminobenzoates
Code Compound Y(";l;i mp(C)
2a 4-aminophenyl 4-amino- 90 184(Lit® 185)
benzoate
2b 4-aminophenyl 3-amino- 85 118(Lit* 118)
benzoate
2¢ 3-aminophenyl 4-amino- 87 182(Lit* 184)
benzoate
2d 3-aminophenyl 3-amino- 80 105(Lit* 88)
benzoate

4 Anal. Caled for Ci3HoN2O, @ C 6841, H 530, N 12.27.
Found : C 6857, H 530, N 12.14

4=3} nitrophenyl nitrobenzoate &9 =32 &
3P 2 dxstget. FHA DA A nitrophenyl
nitrobenzoate-2- 47} W30 9}3] aminopheyl
aminobenozate2 YA Yl ZHujEE Pd/CE
AEER T S HES T Al HFHo R oy
o olggelA ARSI g
aminobenozateE-& AUth. & ¥ KWL Ta-
ble 29} Zv}, ¥A4E YFEE 9 aminophenyl ami-
mede 239 2 dxsigoy 3-
aminophenyl 3-aminobenozate(2d) 2] A4+ &
# thax zpol7t ISich weEbA HR1S Y3 Ak
Mg 3tE s dolRl e Alakx| 9 2 U]k .
T3 'H-NMR spectrumol] 2l3) -1 722 &olgt
% 9l9dch. Fig, 1& 2d9) 'H-NMR spectrum$1d]
5.5~7.8 ppm<] aromatic proton peak % 5ppm 5-
<*9] amine proton peakE BWA3IF 4 it}

% ¥. Z3S Scheme 29} o] 2vtAlz2 A3

3l aminophenyl

nobenozate 2]
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Fig. 1. 'H-NMR spectrum of 3-aminophenyl 3-aminobenzoate(2d) in DMSO-d®.

AlZA . WA diamine 2a~2dE NMPd| %9 ¥
BTDAE #H7}stm A&olM iwuksted poly(amic
acid) 3a~3dg 4ch. old WEE FEE 15
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Scheme 2.

% (w/w)get. A9 poly(amic acid)E9 inhe-
rent viscosityx= Table 33 Zt}, dwrdoz Az}
e 71 o- EE p-of A amine”] o] WS
ZaAzivk geld Aok M webr diamine 2
a~2d 7tzte] BTDAC| o whg-4d-e th2 et
A= ATk Po]A poly(amic acid)E9] inherent
viscosity= 2 =o)7t gl th

AGA oA HdojZl poly(amic acid)+ thermal
imidization 2 chemical imidization®] 3} poly-
imide2 A3 A|Zt}, Thermal imidization®] 33+
f2) 9ol poly(amic acid) &2 S castingdt ¥
A% 9BoA 71938l polyimide YE S TE
t}. Fig. 2+ polymide 4a~4d BEE9 IR spec-
trag BoFEd 1780 cm’® 720 cm™e) imide I
2]9] E4 &4 peakol? <&} imideshrt HULE

Table 3. Inherent Viscosity of Poly(amic acid)s

Code Diamine ‘ Ink}erent
isomer viscosity(dL/g)
3a 44 0.39
3b 4,3 0.40
3c 34 0.30
3d 33 048
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Fig. 2. IR spectra of polyimide 4a~4d.
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Fig. 3. DSC thermogram of polyimide 4a~4d.

& 4= qlt}, Polyimide YEE £ 4ayx s 24
HALL 4c, 4b, 4d9] Fo 2 Mzo] AsjFuh.
4a= HEo| brittle ot 4b, 4¢, 4dx toughdt
dgo] dojArt. Polyimide 4a~4de) NMPol| oj
& s 2ABIY =Y 4a~4c NMPoj 53
oyt 4de= NMP9| s9kth, Polyimide 4d9)
NMPel| A 9] inherent viscosityt= 0.64 dL/gt}.
Chemical imidization& poly(amic acid) & 7%
(w/w)E 3 A7) & acetic anhydride®} pyridine
S H7bsha Ao A wukslieh, Polyimide 4a~
4c9] AL kg BHSEFEO A A= AL ¥
AR o 4de WS EG R A% o} qiinh
4% A3, I4E polyimidese) T, & DSCoj
ola} APl Ed 1 Ax= Fig. 33 2t} Poly-
imide 4a+= TS 27171 ooy 4b 2 4e=
260~250CH-Zol A, 4dE 174T BZ1oj A Tg.7]- b
Z= ok, webA] m-catenation®] $7F Z7hglol| w
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Fig. 4. TGA thermogram of polyimide 4a~4d in
nitrogen.
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Fig. 5. TGA thermogram of polyimide 4a~4d in
air.
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Table 4. Thermal Stability of Polyimides

ToC) % of residue

Code l?iamine at 900C
1somer Nitrogen Air Nitrogen Air
4a 44 511 542 42 0
4b 4,3 479 476 50 0
4c 34 461 450 34 0
4d 33 442 438 46 0

“5% weight loss temp.
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