Synthesis of Polyimides with Low Dielectric Constants from Aromatic
Diamines Containing Adamantyl Groups and Alicyclic Dianhydrides
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ZR7IAai-7aET w253 g (117 mmo)E AL, S0ml D m-F L%
Mz, BRI, ZOBREELERE, EEKHT. €87 FJ 7 A 2.72g(118 mmol)D
MR E 4 BT CTERIML, 20%, ZORET 12 BRHEE L, BB TR, 35
BRIV, BRETHHTEZ LT LI-ET7 2 2o ORFRERE, BY O LT 4K
EREL. “KEREEL, SOIRINLOEEE MU POBER LT, NE748 ¢
(47 %) : mp 288-290°C (lit., mp 288-290°C). Anal. Calcd for (C,0Hzo) : C, 88.82; H, 11.18. Found:
C, 88.23; H, 11.41.
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2-2.33-U7uE-1-ETHwLEZ L B)DERK

LU-ET7 X< 22302 g (11.2 mmo) &+ R 7T A3z AfL, ZZIZEFE 16.1 ml (313
mmol)Z Mz, 2 BB 21T o7, BHE. Soml OF vuaFRN b, KKEMZ, BREOD
BBHEHRTHECHEMBARF NI vARMAT, £0#%, KE% 70 ml O7 aaRL A

ZED 2EHMHBETV., 2RV ABERB XY AL BB S, BiER
VIRVY LR ARk, SEEBEL, BOLLEEE 14-VAX Y VIR0 EESLE,
L& 3.99 g (83 %) : mp 237-239°C (lit., mp 236-237°C). Anal. Calcd for (CpoHasBr,) : C, 56.09; H,
6.59; Br, 37.32. Found: C, 56.08; H, 6.78; Br, 37.47.
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100 ml DF 275 22|23,3°- 7 aE-1,I'-t7 F<= %> 273 g (638 mmol), 7 </
—/L 28.8 g (306 mmol), H{LT VI =17 5213 g (16.0 mmol)Z I %, 80 °C T 16 FFREIH#R
Lz, HBETH, BRO7 = /) —VERETH0ICH L IVCRARY 2 HBKCT 2
B Lz, BoncBELBELSE, BB S I LV BR&EET L, NE284 ¢
(98 %) : mp 343-344°C. Anal. Calcd for (C3,H340;) : C, 84.54; H, 8.42; O, 7.04. Found: C, 83.75;

H, 8.66; O, 7.61.
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200 ml DFRT7F 23T 33-LR@A-L RuFxi 7o) L 1-ET7 w22 407 g
(8.95 mmol), m-Y= hu ¥ 3.29 g (19.6 mmol), REEH U ¥ A 2.71 g(19.6 mmol), ¥
#DMF 120 ml Z A, BRFEHEKT. REFBHKETo7, ROGKTR, RISEREZE
BETHALEK, REAKCERC, | BEERL, SOCEREZ S5, BIERRZ
TTo7%%, DMAc LV ERFSELEMLAEHESRT, INE 518 g (NFK 83 %) : m
240-243°C. Anal. Caled for (C4sHysN,Og) : C, 75.84; H, 6.36; N, 4.02; O, 13.78. Found: C, 75.16;
H, 6.48; N, 4.37; O, 14.27.
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300 ml OF AT T AAR 33-ERA-G-= b7 =) F V)T 2 =ARLI-ET H e F
»5.15g(7.39 mmol), & K7 P> —AkF¥ 30ml, DMAc/ =4 /—/b (3/1)160ml, 10%
Pd-C 0.103 g # Ak, 16 BB AT o7c, BRKE T %, B HB TV, KRR ASEZ
REARICERT, 1 B L, BHBRETHR, 531, BEZREIToZ, Bohiik
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Fi# % DMAc I &Y Bfsds Lic,  INE 3.28 g (I 70 %) : mp 247-249°C. Anal. Calcd for
(CaHyNO) - C, 82.98; H, 7.60; N, 4.40; O, 5.02. Found: C, 82.73; H, 7.72; N, 4.54; O, 5.15.
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BHHE20m 75 Rl BREBEKT 3,3-tA[4-3-7I /7= /X)) 7 = =]-L,1-E
TH=F 2 0.645g(1.01 mmol), NMP (3.37 g)& A, U7 IVEBES %, CBDA
0.199 g (1.0l mmol)Z i %, |ET7H, 80°C T23 MM T A LiIcLVITo, B
BRETHR, BUNREZEEK | A5 7=V 1/ DOESEL 100 ml 2% U, 1 FFEE#RL
Too WEKET®R, AL, MEEREIT -7, BERRIZ IR A7 MIZEDITY, B
BREEA Table 1 IR LT,

Table 1. Synthesis of Poly(amic acid)®

Dianhydride Solvent Polymer Yield (%) Inherent Viscosity
(dL/g)
la NMP 7a 89 0.58
la DMAc Ta >899 0.53
ib NMP 7b >99 0.22
Ic NMP Tc 97 0.21
la NMP 7a 97 0.54
ib NMP 7b >99 0.10
Ic NMP Tc 91 0.17

? Polymerization was carried out with 1.0 mmol of each monomer in solvent at room temperature
for 7 h then 80 °C for 23 h under nitrogen. ® Measured at a concentration of 0.5 g / dL. in NMP at
30 °C.

Table 1 O/ HLNRY 7 I FEROBEHHFEEIL 0.10-0.58 dL/g TH D Z L BbhoTz,
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Table 2. Thermal Properties of Polyimides

Polyimide Ts CC) Ty CCP° T, (CCY
8a 470 480 g
8b 430 460 267
8¢ 430 450 -
&d 470 490 288
8e 490 500 275
8f 470 480 289

* 5 % weight loss temperature measured by TGA at heating rate of 10 "C/min. ® 10 % weight loss
temperature measured by TGA at heating rate of 10 "C/min. ¢ Glass transition temperature

measured by DSC at heating rate of 10 “C/min. ¢ Not detected.

ZOFRERMS, BONT-RY A4 I RiX 5%EEBAIEE T 430-490°C, 10%EEBIBRET
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Table 3. Refractive Indices and Birefringence of Polyimides Films

Polyimide d(um)* e A’ nay'’ Arf &
8a 2.7 1.5957 1.5815 1.5910 0.0142 2.78
8b 7.5 1.5881 1.5547 1.5770 0.0334 2.74
& 2.0 1.5671 1.5605 1.5649 0.0066 2.69
8d 3.8 1.5837 1.5815 1.5830 0.0022 2.76
8¢ 4.0 1.5933 1.5934 1.5933 -0.0001 2.79
8f 4.0 1.5837 1.5823 1.5832 0.0014 2.76

® Film thickness. ° In-plane refractive indices. © Out-of plane refractlve indices. ¢ Average
refractive index; nay = Qne + nTM) / 3. © Birefringence; An = nig — hnu. Optlcally estimated
dielectric constant; £ = 1.10 n,”.
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