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Introduction

　　The formation of cyclic oligomers has been extensively studied, both theoretically

and experimentally.Ｉ Recent reports have described the prqjaration of cyclic

oligomers derived from aromatic ca^bonates^ esters^. amides'*. ether-ketones* and

ether-imide* in fair to ｅχcellentyields. The synthesis of some of the materials

mentioned above relied on the propensity of spirobiindane containing rnonomCTSヽto

cause formation of cyclics. This paper describes theﾅsynthesis and characterization of

novel cyclic oligoimides derived ftoni mellophanic dianhydride(MPDA). In addition,

cyclic dimer derived from MPDA and 4, 4'-Methylenedianiline (MDA)and cyclic

trimer from MPDA and 4, 4'-oxydianiline (ODA)were sq)arated by solvent

extraction and characterized. Single crystal χ-ray diffraction of cyclic dimer from

MPDA/MDA reveals thatitis complexed with 2 mole chloroform.

Experimental　　　　　　　　　　　　　　　　　　　　　　　　　　　尚二

　　Materials. N,N-dimethylacetamide (DMAc)was purified by distillation over

phosphoras pentoχide and stored over 4-A molecular sieves. Acetic anhydride and

triethlylamine (TEA)were used after distillation in the presence of magnesium and

calcium hydride, respectively･I Mellophanic dianhydride (MPDA)was synthesized by ，

following a method described in the literature^. 4, 4'-Methylenedianiline(MDA)and 4,

4'-oxydiaiiline (ODA)were obtained ft･om Shanghai Institute of Synthetic Resin and

were purified by recrystallization from ethanol and vacuum sublimation prior to use*

respectively.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ　　　　　　　　＜十二

　　Instrumentation. IR spectra were determined with ａ Bio-Rad Digilab Division
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FTS-80 spectrometer. 'H NMR spectra were recorded on ａ Varian Unity-400

spectrometer at 400 MHz, with tetramethylsilane (TMS)as an internal standard.

Melting points were determined on ａ RY-1 melting point apparatus and were

uncorrected unless otherwise stated. MALDI-TOF mass spectra were recorded on a

LDI-1700 mass spectrometer with the instrument set in the positive reflection mode.

1,8,9-Anthracemetriol (dithranol)was used as the matrix and dimethyl sulfoxide

(ＤＭＳＯ)ｗａsused as the solvent. Single crystalχ-ray diffractiondata were collected

at 293(2)K on ａ Rigaku R-AXIS RAPID diffractometer λ＝0.710 73 Å). The

structure was solved by the direct method using the SHELXTL system and refined by

a fullmatrix least squares on F^ using allreflections.

　　Synthesis of Cyclic oligomers and cyclic dimer of la. The following

experimental is a rmresentative example of the/procedure: A 500ml three neck round-

bottom flask was charged with 120ml DMAc. Ａ solution ｏｆMPDA (0.8581g,

3.9340mmol)in DMAc (40 ml )and ａ solution of MDA (0.7800g, 3.9340mmol)in

DMAc (40 ml )were delivered into the mechanically stirred flask in an equimolar

fashion over an 2h period. After the addition, the mixture was stirred for another 2h to

ensure complete reaction. Then acetic*anhydride (5ml) and triethylamine (3ml)were

added. The temperature was gradually increased to 50℃.After 24h, the reaction

solution was concentrated to 20inl under reduced pressure and poured into distilled

water. The precipitate was filteredo罵washed thoroughly with water and dried. After

extraction in ａ Soχhiet ｅχtractor with 250mI chloroform, the solution was

concentrated to 10ml and added to vigorously stirredmethanol (100ml)レThe desired

cyclic oligomers precipitate as ａ yellow solid in the methanol. The precipitate was

filtered and dried in a vacuum oven万(120℃)for 12h. The yield of cyclic oligomers

was 0.40g (27% yield). The yellow cyclic dimer was obtained by recrystallization

from chloroform (0.08g, 4% of totalyield);IR (KBr):1776, 1724,1364, 724 cm"'.Ａ

suitable crystal for x-ray diffraction for cyclic dimer of l a was obtained from

chloroform solution by slow di伍usion ofhexane vaper｡

　　Synthesis of Cyclic oligomers and cyclic trimer of lb. The same

procedure was xised as for la, but with monomer MPDA (0.9388g, 0.43mmol)and

ODA (0.8618g, 0.43mmol) as starting/materials.The yield of cyclic oligomers was

0.30g (18% yield). The yellow cyclic trimer was obt万９万inedby recrystallization from

chloroform (0.05g, 3% of totalyield);IR(KBr):1775,1726,1369,724 cm"'.

Results and Discussions

　　When two stq) solution polymerization ofMPDA with ODA or MDA was carried

out in DMAc at room temperature. precipitations occurred during amic acid stage

indicating the formation of oligomers. So allthe polymerizations were carried out to

obtain oligoimides under pseudo high dilution conditions (Scheme 1).
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　　Cyclic oligomers la and lb were then obtained by solvent extraction with

chlorofonn in about 20% yield. MALDI-TOF-MS spectra indicated that oligomers ｌａ

and lb consist principally of macrocycles with repeating units of 2-7. Ａ typical

spectrum of MALDI of lb is shown in Figare 1. By using 1,8,9-dithranol as matriχ

and DMSO as solvent, a relatively clean positive spectrum with excellent signal to

noise ratio was obtained for the reaction product. The MALDI-TOF-MS spectrum

gives tｈｅcorrect protonated molecular ion peaks for the desired cyclic oligomers from

dimer (n=2)to pentamer (n=5). The expanded scale of the MS spectrum of lb shows

three signals for each oligomer. For example. signals for the trimer are located at 1147,

1169 and 1185 Da. Ｔｈｅsignal at 1147 Da corresponds to the protonated molecular ion

peak, that at 1 169 Da is due to万theadduct of the trimer with ａ sodium cation, while at

1 1 85 Da is due to the adduct of the trimer with a potassium cation. Fmtheraiore,

according to the relative abundance. cyclic trimer is the main product in Figure l (i)，

however. after the polyamic acid solutions were stayed at room temperature f)r two

weeks, the main product is cyclic dimer (Figure l (ii)).It is indicated that the

tendency to form cyclic amide acid of trimer is stronger than that of dimer at the

begin万nine.and the former is slowly transformed to the latterat room temperatureトIt is

obvious ａequilibriiunbetween cyclic amide acid oftrimer and that ofdimer iseχisted,

and the former is the product of kinetic control. the latteris of thermodynamic control.

Proceedings of the 5th China-Japan Seminar on Advanced Aromatic Polymers



　　Cyclic dimer derived from MPDA/MDA and cyclic trimer from MPDA/ODA

were obtained by solvent extraction and recrystallization with chloroform from

oUgomers la and lb, respectively. Their cyclic nature was unambiguously confirmed

by MALDI-TOF-MS, NMR and FT-IR. From IR spectra, the characteristicabsorption

boands of the imide ring appeared near 1780 (asym Ｃ＝Ｏstretching), 1720 (sym c＝o

stretching),1380 (C-N stretching),and 725 cm'' (imide ring deformation), while the

characteristic amide peak at about 1665 cm'' had disappeared, indicating cyclic

oligomers had been fully imidized. The 'H NMR and MALDI-TOF-MS spectra of

cyclic dimer of la are illustratedin Figure 2 and Figure 3, respectively. Figure 3

shows the correct three signals f)r cyclic dimer of la at 761, 783 and 799 Da,

corresponding to the protonated molecular ion peak, the adduct of the dimer with a

sodium cation, the adduct of the dimer with a potassium cation, respectively. The 'H

NMR and MALDI-TOF-MS spectra of cyclic trimer of lb are illustratedin Figure 4

and Figure 5, respectively. Figure 5 shows the correct signal for cyclic trimer of lb at

1146 Da, corresponding to the molecular ion peak of the trimer. The 'H NMR spectra

in Figure 2 and Figure 4 are also consistent with theircyclic structures. To obtain the

decisive evidence of the cyclic structure,the single crystal x-ray structure of dimer

from MPDA/MDA was determined, as is shown in Figure 6. x-ray analysis indicates

that the macrocyclic dimer is complexed with 2 mole chloroform.
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　　The imidization of cyclic oligoamic acid was run in DMAc using standard

chemical techniques. Interestingly, the tendency to form cyclic compounds was so

great that even in very concentrated solutions (solid content 20% by weight), some

cyclic formation was stillobserved. The high propensity of the monomer dianhydride

to form cyclic oligomers is presumablyﾌdue to the rigidity of the万dianhydride

monomer coupled with the orientation angle of the ortho dianhydride functionalities.

This structural rigidity and orientation increases the probability of an end-to-end

encounter and thereby facilitatescyclic fonnation.

Conclusions

　　Macrocyclic aromatic oligoimides were synthesized by polymerization of

mellophanic dianhydride (MPDA)with 4, 4'-Methylenediaiiilme (MDA)or 4, 4'-

oxydianiline (ODA) using standard two-step process under a pseudo-high-dilation

condition. Cyclic dimer derived fix)m MPDA and MDA and cyclic trimer from

MPDA and ODA were isolated by solvent ｅχtractionand characterized. In addition,ａ

equilibrium between cyclic amide acid of trimer from MPDA/ODA and that of dimer

is existed, and the former is the◇product of kinetic control, the　latter　is　of

thermodynamic control.Ｔｈｅtendency to formation cyclic oligomers for MPDA was

also discussed.　　　　　　ニ

Acknowledgements。

　The authors express their thanks to the National Natural Science Foi皿dation of

China for financial support. (No. 50033010)

References

(1)(a)Cyclic polymers; Semlyen， J.A., Ed.; Ekevier Applied Science, 1986. (b)

　Bostick,E.E. Kinetics and Mechanisms of Polymerization; Marcel Dekker, New

　York, 1969; Vol 2, Ch^ter 8. (c)Wiimik，M.A. Chem. Rev., 1981, 81，419･ (d)

　Jacobsson, H.; Stockmayer, W.H. J. Chem. Pゐys･,1950,1∂，1600. (e)Fastrez, J.

　　Tetrahedron Lett･,1989, 28,419. (f) Mandolini, L. Advances in Physical Organic

　　Chemistry,Academic Press, 1986, Vol 22, 1.

(2)(a) Bnmelle, DJ.; Shannon, T.G. U.S. Patent 4,644,053, 1987.　(b) Brunelle，

丿DJ. Polym.　Prepr.，1989, 30(2), 569. (c)Boden, E.P. Po/ym．Prepr.， 1989,

　　30(2), 571.

(3)Guggenheim, T.L.Po/ym. Prepr.，1989,30(2), 138.

(4)Guggenheim, T.L. Polym. Prepr., 1989,30(2), 579.

(5)(a) Hongyan, J.;Yinghua, Q.; Tianlu, C; Jiping, X. J. Polym. Sci.:Part A: Polym.

　　Chem. 1997, 35, 1753. (b)Tinghua。Q･; Naiheng， S.; Tianlu, C; Jiping, X.

　　Macromol. Chem. Phys. 2000, 201，840. (c)Kwok, P.C; rifeng, W.: Allan, S.H.

　　Macromolecules 1995, 28,6705.

(6) Cella, J.A.; Talley, J.T･;Fukuyama, J.M･. Polym. Prepr., 1989, 30(2), 581. (b)

　　Takekoshi,T.; Terry, J,M. J. Polym･ Sci.:PartA.Po印m. Chem. 1997,55, 759.

(7)Masaaki,T.5,//.(::hem.Soc. Jap. 1％8,41、265.

Proceedings of the 5th China-Japan Seminar on Advanced Aromatic Polymers




