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Introduction

　　Cyclobutane derivative is known to be cleaved rather readily into olefin-derivatives

thermally or by photoirradiation. Therefore, the polymer with cyclobutane ring in the

main chain is expected to be rather susceptible to a high temperature and to prolonged

photoirradiation.　However, we　have　reported　in　previous　P?ｅrs　that several

cyclobutane polyamides and polyimides were remarkably heat stable. n The result had

pointed out an important possibility that these cyclobutane polyimides could be

promising moiety of thermally stable ”positive type" photoresist. liquid cr>'stal or

engineering　plastic.　　After　our　reports　of　the　polyimide　derived　from

cy clobutanetetracarboxy lic dianhydride (CBDA)with diamines， several papers　and

patents have appeared in above application fields>^ However, no paper has described

of preparative method in detail to obtain high molecular weight of cyclobutane

polyimide so far,especially for the polyimide having aliphatic diamine component.

　　In present study, we like to report on further work of the polyimide derived from

CBDA with diamines, focusing on the preparation and properties of linear high

molecular weight of polyimide containing aliphatic diamine component through two

types of poly ami c ester as shown below.

Results and Discussion

　　Bis(methoxycarbonyl)cyclobutanedicarboxylic acid(l)was conveniently prepared

from CBDA by refluxingin methanol solution.ｌ consistsof two regio isomers; one is

2,4-bis(methoxycarbonyr)-1,3-cyclobutanedicarboxylic　acid (la), with　a
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centrosymmetry, the other is 3,4-bis(melhoxycarbonyl)-l,2-cyclobutanedicarboxylic

acid(lb), with a plane symmetry. Separation of the mixture into each of pure l a and

l b was successfully performed by fractionalcrystallization.The structure of first

fractionis l a，which was determined by x-ray crystalanalysis. The second fraction

was necessarily assigned to lb.　Pure la was readily converted to 2,4-

bis(methoxycarbonyi)-l,3-cyclobutanedlcarbon)'I dichloride(2a)by the reaction with

thionyl　chloride.　　　０ｎ　the　other　hand,　3,4-bis(methoxycarbonyl)-1,2-

cyclobutanedicarbonyl dichloride(2b)was not obtained by the same procedure from

l b although described in previous paper^^. Then, 2b was readilyobtained from l b by

the reaction with an excess amount of oxalyl chloridein ethyl acetate. Consequently,

the mixture of isomers of l was successfullyconverted to the mixture of corresponding

dichloride2a and 2b in a high yield by thereaction with oxalyl chloride.

　Interfacial polycondensation ofdichloride with dianiineafforded corresponding high

molecular weight poly ami c ester(3). Typically, benzene solution containing the

dichloride　was　　vigorously　stirred　with　aqueous　solution　containing

hexametliylenediamine or4,4'-oxydianilineand acid acceptor(KOH)at 0一20°C.

　Polymerization conditions of 2a and.2b with diamine aresummarized in Table Ｌ It

is　obvious　that　compared　with　solution　polycondensation, the　interfacial

polycondensation from2a with diamine gave higher molecular weight of polyamic ester

(3a)having film-forming property [lり]> 0.6). And the interfacialpolycondensation

from 2 b afforded corresponding high-molec山r-vveight polyamic ester(3b)with film-

forming property(17/]一0.5).

　The thermal propertiesof thepolymers were studiedby DSC/TG. The samples were

measured up to 500 °c under nitrogen atａheating rate of 10 °C/min. DSC/TG curves
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of polyamic esters 3a and 3b are shown in Figure l (A)and Figure 2 (A), respectively.

Each polymers showed two-step weight losses corresponding to the imidization process

and thermal degradation. In the range of 200-280 °c the polymers 3a and 3b showed

ａ weight loss of 16.3 and 15.7 % corresponding to the loss of methanol into the imide

with endothermic broad peak at around 246 and 234 X. From the comparison of the

observed and calculated (18.8 ％) weight losses, itis concluded that the methanol is

eliminated to give the polyimide in a high conversion only by only heating. The

following step of rigorous weight loss on the TG curves startsat temperature above 430

°C,with rigorous exo- and endo- therms, which correspond to the thermal deterioration

of the polyimide. DSC/TG curves of the polyimide derived from. are illustrated in

Figure l (B)and Figure 2(B). Of these polyimides the endothermic peak around 246

and 234 °ccompletely disappeared and the thermal behavior 3a and 3b at higher than

350 °cis nearly identical with those of 3a and 3b, respectively (Figure l and Figure 2).

The difference ofimidization temperatures of 3a and 3b can be explained by higher 乃

of 3a caused by higher symmetry of chemical structurein 3a than in 3b.

　　The IR spectrum of the polyamic ester shows characteristic amide absorptions at

approximately 1734,1646 and 1551 cm‘^ due to ester carbonyl and carbonyls of amide

l and II. After the heat treatment, characteristic imide absorptions newly appeared.

these are theimides l and II carbonyl stretch at about 1768゛and 1698 cm'^' whereas the

peaks of the ester carbonyl and carbonyls of amide l and II at 1734, 1646 and 1551 cm"

　,completely disappeared.　The IR spectrum before and after the heat treatment of

polyamic acid also indicates thatit was nearly quantitatively converted to the polyimide

during the hea八reatment. Thus, frｏｍ the DSC/TG and IR spectral results it is
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concluded thatimide ring formation occurred at around 200-280 T and that the

polyiniidestartsthermal degradation at430°Ｃ｡

　In the resinous substance after the degradation, ａ considerable amount of 1,6-

bismaleimidehexane (Crude yield60 %)was identifiedby JH NMR and crystalmelting

point (141 °C)in comparison with the authentic sample, as shown in Scheme 2. The

observed high yield of l ,6-bismaleimidehexane strongly suggests thatthermal cleavage

of cyclobutane ring in 5 proceeds exclusively prior to other thermal degradation

reactions.　Thatis, thermal degradation temperature of the cyclobutane polyimide is

primarily determined by thecycloreversion temperature of thecyclobutane ring.

　　Inorder to compare hydrolytic stabilityof resulting aliphatic polycyclobiitane inijde

with that of aromatic polypyromellitic imide， hydrolytic stability of two model

compounds pyromellitic diphenylimide and cyclobutanetetracarboxylic diphenylimide

was compared in aqueous sodium hydroxide at 50 °c.　From the results, the

cyclobutane polyimide is expected to be less stable under the hydrolytic condition.

compared to polypyromellitic imide.
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