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Abstract: Bis-spironorbornanetetracarboxylic dianhydrides containing keto group (CpODA,
ChODA) were synthesized from alkanone bis-spironorbornene compounds by Pd-catalyzed
methoxycarbonylation, followed by the ester-exchange reaction and then by the thermal
dehydration ring-closure. The dianhydrides were polycondensated with diamines in DMAc to
give poly(amic acid)s having an inherent viscosity #;, range of 1.0-0.4 dL/g. The viscous
solution was cast on a glass plate. The plate was heated in vacuum at 80°C and 250-350°C for 1
h each to be converted to the polyimide film. The films were soluble in common organic
solvents such as chloroform and possessed an averaged transmittance of 85-90% in the visible
light area. The polyimides had good thermal stability with the 5% weight-loss temperature over
470°C in N, and the Tgs’ were in the range of 278-359°C. The high Tg may be due to a
dipole-dipole interaction between the keto groups of the polymer chains as well as to a
development of rigid polyalicyclic units.
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Scheme 1. A representative synthetic route to alicyclic dianhydrides having
cyclopentanone bis-spironorbornane structure.
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Scheme 2. Two-step synthetic method of alicyclic polyimides along with the structures
and the abbreviations of monomers.
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Table 1. Properties of alicyclic polyimides derived from alkanone bis-spironorbornane
tetracarboxylic dianhydrides.

- a b o, € d e f film
polyimide n(dl/g* T5(C)" Td(C)° Tg(C)® t(%)° Acut-off (nm) property
PI(CpODA+1,3-BAB) 0.71 487 496 290 89 287 flexible
PI(CpODA+4 ,4'-DDE) 1.07 468 488 35480 85 277 flexible
PI(CpODA+4,4-DDM)  0.67 469 483 307 86 265 flexible
PI(CpODA+BAPP) 0.71 483 496 278" 89 285 flexible
PI(CpODA+3,3'-DDS) 0.08 463 482 ND ND ND brittle
PI(ChODA+1,3-BAB) 0.58 471 483 292 85 277 flexible
PI(ChODA+4,4'-DDE) 0.71 469 483 359 &b 88 269 flexible
PI(ChODA+3 4'-DDE) 0.44 467 483 330 8" 87 265 flexible
PI(BHDA+1,3-BAB) 0.4 492 499 271 86 288 flexible
PI(DNDA+1,3-BAB) ND 487 493 256 90 280 flexible
PI(BSDA+1,3-BAB) ND 490 ND 227 86 280 flexible
PI(BHDA+4,4-DDE) ND 484 495 298 ND 290 ND
PI(DNDA+4,4'-DDE) ND 521 543 404 ND ND ND

a) 0.5 g/dL in DMAc, 30°C. b) 5% weight-loss and ¢) decomposition temperatures in Nz, 10K/min. d) by DSC,
10K/min. e) averaged transmittance in the visible region (400-780 nm). f) the wavelength at 0.1 %-transmittance.
g) by TMA with a penetration probe. h) cured at 350°C. ND: not determined.
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