KBE T NVIF N TINA I FETEBSH LY
GHEEFEER) T I FOABREEE
FHZERIE R RO AR ORE M - AEE B

(B8] —FREEEDOKESPNERETHENANR=T 5 FR) 7= (S3IER) <—) i3, £
DERLFRD S, IR, EEmrE, EHEL Vo M E D, S50, KMICEHOERE
EE2FLTBY, CORBEREFAESICBMCE, T2, ZOBMBEOEEICL ) EFY D%
BIIKESENRT S, £0UR Y = — 13— %I ABBIT ) v —O—EBBERICL - THLIS
7o, EEOEHFRER) v — LRABRICESICKEAENFTHETH ), e L TRBERBERICE
PEETDETF Y FYT—IIHFFEIFMNTH L, L L, FTRTONS RS HPL R0
(2. BBRMEEE LA RE D, —H, FEERITIF (T7IF) RRYA I FEB#AM
ERREESTE L TUELHILONRT VAN NFET S I FRRY 4 3 FIZ—IISEBEE L,
T VAERNRE AT QBRI L JEE IS Lo, BIEAREAMHOT Y v 2 AMELT
AV Z EI38E LV T4, B2 1L PETI-50% TrHA-PIDE Vo 2 RKfIC 7 = = V2 F = vk e f
FTAHBAMAELRY 4 2 F25, BE{EHEIEE LTidgvy#trsELTEY, REEICERTY
B I2 OB BR FEAER GO~ M) v 7 2Ap e LTHER SN TV S, LR OEHA
BOWHBELTE, 722V F SV EORIEH EICHER KL TH ) ZKLHZEOEH & AT
WL VDl EZ LN TWE, S5 RY v — ICA{EHED 7 2 2V T F = )Lk & @8 A
THIEEY, BTRLSHEEAEL TEHUER ) v —DRETH LI REEN E TS
AR E Ve F 2Ty AR TR, S0UER) v — OB REN (SEMED L ), )
EREVTIFBIOERY A I FOERBME. 72V F 2 VOB AC L B, BEL
WHEOMELMAGHE, 35 V7 I/ RBEBOHCHEAICL VBONEHSFEET T
IVOKET I/ HE, BATIVEBIY 4722V F o VKT ¥ VER (PEPA) THEH
L. BN A 3 FMLSRTEMEHEEREY 7 I A I F2AKR L. BoN B 5T
R G B E DB EOMEICE 2 2B IOV TIRE L7,

[3BR] RUL#EH % Scheme 1 (Z/R T o £ FHHA ) 7 I FIZ35-V7 I/ KEBFREE /<
—E L, MAAELTHEY VEEN) 720 W/EY) Dy AV ERERESTICLY 100°CT 3 H
BRICSETER L 9, Bl - @REOL SR 7 I o NMP &2k 7 ¥ VER/PEPA
EMZA. ERT4BBEEL TRET I FBEOZSIEFR Y 7 I 4R/, 20O NMP &z b
I TARERRBERZL DS, NARIT5CTHBEEIMA L TA I FLEiTo 72,

K7 I/ EEFAETAEIMARI 7 IFFyFO 3, m 722y Y730 E35 Y2 b
IRV AV HHELN L = FEEERES 1 #HRXT7 Y Fo v % Pd-C 2L L 72KIR UG
WX )G L 72 Y(Scheme 2), FKinlEfib L U4 I M3 LEL & ERkIZIT o 72,

Synthesis and Properties of Hyperbranched Aromatic Polyamides with Terminal
Phenylethynylphthalimide Groups

Yuichi Ishida and Toshio Ogasawara (Institute of Space Technology and Aeronautics, Japan
Aerospace Exploration Agency (JAXA), Mitaka-shi, Tokyo, 181-0015, JAPAN)

Tel: 0422-40-3044 Fax: 0422-40-3549  e-mail: ishida.yuichi@jaxa.jp

T9z 2004



H2

NH,
HN NH,
: HN
o
0, 0 o NH

NH HN 0,
COOH P(OPh)s, Py - N
+ N/@ : NH,
H,| NH,

NMP, 100°C, 3 h NH

NH,

QC"":M
T TP T PP

pe
d p e md }*@ -
I NMP, toluene Q
‘\$ ?}*Qp :*QKQ°

NH No

=§/ o Q :

NH
NH
NH NH cooH N o 0 N0
COOH 0
coon o coou N N o
° o o

Scheme 1 Synthetic route of hyperbranched aromatic polyamides with terminal

phenylethynylphthalimide groups
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Table 1 Thermal properties of hyperbranched aromatic polyamides with terminal
phenylethynylphthalimide groups
polymer mPDA:DABAY PA:PEPA? Mn Tgd (C) Tg? (C) Tas? (C)

(calc.) (uncured) (cured)? (cured)®
1b 1:6 75:25 2150 288 N.D.#® 514
1c 1°6 50 : 50 2350 277 N.D.® 515
2a 1:12 100:0 3540 309 355 471
2b 1:12 80:20 3820 303 N.D.® 511
3a 1:48 100:0 13100 336 351 483
3b 1:48 80:20 14100 -7 N.D.® 505
3c 1:48 0:100 18100 =7 N.D.® 537
4a 0:1 100:0 - 349 354 469
4b 0:1 80:20 — =) N.D.® 503
48 0:1 BC® — 308 — 375
1)mPDA; nrphenylenediamine, DABA ; 3,5-diaminobenzoic acid 2) PA ; phthalic

anhydride, PEPA ; 4-phenylethynylphthalic anhydride 3) Determined by DSC at a
heating rate of 10C/min in argon. 4) Determined by TGA at a heating rate of 10°C/min
in argon. 5) Cured Tg determined on samples held in the DSC or TGA pan at 370C for
1 h.  6) Not detected less than 400°C by DSC. 7) Tg overlapped with an exothermic
peak of crosslinking.  8) End-capped with benzoyl chloride.
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Table 2  Solubility and thermal properties of G1 aromatic amide dendrons with terminal
phenylethynylphthalimide groups

dendron Mn PA:PEPAV Solubility? Tg? () Tg? (C)  Tas? (C)
(calc.) THF DMAc NMP (uncured)® (cured) (uncured)®
ba 1097 50 : 50 - + + 188, 258, 292 339 508
5b 1197 25:75 - + + 186 N.D.® 537

D PA; phthalic anhydride, PEPA ; 4-phenylethynylphthalic anhydride  2) +: Soluble, —:
Insoluble  3) Determined by TGA at a heating rate of 10C/min in argon.  4)Determined by
DSC at a heating rate of 10°C/min in argon. 5) Determined on samples held in the TGA or
DSC pan at 370°C for 1h.  6) Not detected less than 400°C by DSC.
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