
404 Macromolecules 1993,26,404-406 

Syntheeis of Alternating Aromatic 
Cop01 yimidee 

Suh B- Rhee,' Ji-Woom PWk, 
Bong Semk Moon, and Ji Young Changt 
Polymer Research Division, Korea Research Institute 
of Chemical Technology, P.O. Box 9, 
Daedeog-danji, Taejon 305-606, Korea 

Received September 1, 1992 
Revised Manwrcript Received November 30, 1992 

Introduction. A great interest exista in aromatic 
polyimides owing to their excellent the& stability and 
mechanical properties. Many heat-resistant polymers 
based on aromatic polyimides have already been com- 
mercialized, and much of the more recent work has been 
devoted to enhance their physical properties and improve 
proceesability.l 

Aromatic polyimides are usually prepared by the 
condensation reaction between an aromatic tetracarboxylic 
dianhydride and an aromatic diamine. Depending on 
selection of a dianhydride-diamine pair, a wide variety of 
physical properties are conferred to a polyimide.2 Ex- 
tenaive remrch has been conducted in the area of tailoring 
the physical properties of the final polyimide by changing 
the structure of monomers and thereby preparing poly- 
imides suitable for a special application. However, this 
approach is often restricted becauee of difficulties in 
synthesizing new aromatic tetracarboxylic dianhydrides. 

Copolymerization is an alternative method for modifying 
the polymer properties to meet the specific requirement. 
Several copolyhides were prepared by random copolym- 
erization using either a diamine and two different dian- 
hydrides or a dianhydride and two different 
Block copolyimides were reported to be obtained by 
reaction of two amino group terminated polyamic acids 
with a dianhydride.1° Recently it was ale0 found that block 
copolyimides or random copolyimides were obtained when 
two different polyamic acids were blended and thermally 
imidized." 

In the present work, we developed a method for 

edge, this is the first report on alternating aromatic 
copolyimides even though alternating copolyimides con- 
taining aliphatic spacers have been reported.12 

Experimental Section. N~-Bis(4-aminophenyl)- 
2,s- (diisopropoxycarbony 1) benzene- 1,a-dicarboxa- 
mide (PDPM). A solution of pyromellitic dianhydride 
(100.0 g, 0.468 mol) in isopropyl alcohol (400 mL) was 
refluxed for 1 hand then placed in a refrigerator overnight. 
Crystals were isolated by filtration and washed with hexane 
to give 2,s-(diisopropoxycarbony1)terephthalic acid (69.8 
g, 45% yield). To a solution of the acid (10.0 g, 0.030 mol) 
in tetrahydrofuran (100 mL) was added triethylamine (8.3 
mL, 0.060 mol) and then ethyl chloroformate (5.7 mL, 
0.060 mol) at -10 OC. The solution was stirred for 0.5 h 
at the same temperature and added dropwise to a solution 
of 1,Cphenylenediamine (10.0 g, 0.092 mol) in tetrahy- 
drofuran (50 mL). The reaction mixture was stirred for 
1 day at room temperature. Diethyl ether (50 mL) was 
added to the solution. Precipitates were isolated by 
filtration and washed with hot water (70 OC, 3 X 50 mL). 
The product was further purified by recrystallization from 
1-methyl-2-pyrrolidinone to yield 7.9 g (51.5% yield). 
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Figure 1. Structure of an aromatic imidodiamine. 
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N,N'-Bie(3-aminophenyl)-t,S-(diiroproposy- 
carbonyl)benzene-l,4-dicarboxamide (MDPM). Thia 
compound was prepared following a procedure for PDPM. 
The product was purified by recrystallization from eth- 
anol-water. From 2,&(diieopropo.ycarbte~phthalic 
acid (10.0 g, 0.030 mol) and 1,3-phenylenediamine (10.0 
g, 0.092 mol) was obtained 7.5 g of the product (48.9% 
yield). 

Polymerization. All polymerizations were carried out 
in 1-methyl-2-pyrrolidinone under nitrogen using stoichi- 
ometric amounta of diaminea and dianhydridee. A typical 
procedure is as follows: To a solution of PDPM (1.0 g, 1.9 
mmol) in 1-methyl-2-pyrrolidinone (18 mL) was added 
3,3',4,4'-benzophenonetetracarboxylic dianhydride (0.62 
g, 1.9 "01) at 0 OC. After stirring for 2 h at room 
temperature, the solution was cast on a glass plate. The 
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plate was heated for 1 h each at 80,150,250, and 350 "C 
under a flow of nitrogen, and the heating rate was 10 "C/ 
min. The film was removed from the plate, washed with 
water and methanol, and dried in 1-2 mmHg at 100 "C 
for 10 h. 

Results and Discussion. Alternating copolyimides 
could be prepared by using aromatic imidodiamines 
(Figure 1) and appropriate dianhydrides. However, such 
diamines usually show poor solubility in polymerization 
solvents; e.g., 1-methyl-2-pyrrolidinone and thus high 
molecular weight polymers are not obtained.13 For this 
reason, we synthesized new diamines, which are soluble 
and easily converted into diimides with loss of alcohols 
upon heating (Scheme I). 

The reaction of pyromellitic dianhydride with isopropyl 
alcohol produced a mixture of two isomers, Le., 2,5- 
(diisopropoxycarbony1)terephthalic acid and 4,6-(diiso- 
propoxycarbony1)isophthalic acid. lH NMR spectroscopy 
showed that the mixture contained two isomers in an equal 

They were separated by fractional recrystal- 
lization. The terephthalic acid isomer was readily crys- 
tallized out from an isopropyl alcohol solution. After 
removal of the terephthalic acid isomer by concentration 
and recrystallization, the isophthalic acid isomer was also 
obtained from the filtrate. 
Direct amidation reaction of 2,5-(diisopropoxycarbonyl)- 

terephthalic acid with diamines was carried out by using 
ethyl chloroformate. A 50 9% excess of diamines was used. 
Formation of oligomers was not observed under the 
reaction conditions. This result was attributed to the fact 
that an amide group decreased the nucleophilicity of the 
second amino group. The diamines I11 and IV were 
characterized by elemental analysis and lH NMR spec- 
troscopy.lS The diamines I11 and IV did not show distinct 
melting points, probably due to reaction of the ester groups 
with the amide or amino groups. 

Polymerization was carried out in 1-methyl-2-pyrroli- 
dinone at room temperature using stoichiometric amounts 
of diamines and dianhydrides (Scheme 11). Inherent 
viscosities of the polymer solutions were in a range of 0.5- 
1.2 dL/g. Without isolation of the resulting polymer, the 
solution was cast on a glass plate and the solvent was 
evaporated at 80 "C under a nitrogen flow. In the IR 
spectra of the filme the characteristic band for imide groups 
at 1778 cm-l appeared after initial drying and its intensity 
grew as the films were heated at elevated temperatures. 
The intensity of the C-H stretching band from isopropyl 
groups decreased very slowly compared to the intensity 
increase of the imide band at 1778 cm-l until the films 
were heated above 200 OC, indicating that cyclization of 
the amide acid groups proceeded faster than that of the 
amide ester groups. 

Table I 
Glass Transition Temperatures of the Copolyimides and the 

Homopolyimides 
homopolymersa 

copolymers ( " C ) b  T* monomers ("C)b TB monomers ("C)b TB 

VI1 360 PDA/PMDAc >500 PDA/BTDAc 333 
VI11 329 MDA/PMDAc 430 MDA/BTDAc 301 

a The homopolymers were prepared from diamines and dianhy- 
drides following the procedure for preparation of the copolyimides. * Tis were determined by differential scanning calorimetric analyses. 
The heating rate was 10 OC/min. PDA 1,4-phenylenediamine, 
MDA = 1,3-phenylenediamine, PMDA = pyromellitic dianhydride, 
BTDA = 3,3',4,4'-benzophenonetetracarboxylic dianhydride. 

It is well-known that the amide acid units of poly(amic 
acids) are depolymerized to constituent anhydrides and 
diamines as shown in Scheme III.11J6J7 Depolymerization 
is believed to proceed through an acid-catalyzed reequil- 
ibration reaction. This type of reaction was suppressed 
effectively by esterification of acid groups with appropriate 
alkyl grou~s .~*J~ Scheme IV describes the possible path- 
ways for cyclization of polymers V and VI. Since depo- 
lymerization and recombination could occur at amide acid 
units but not at amide ester units, the polymers maintained 
their structures of alternating repeating unit sequences 
even after cyclization. 

The copolyimides were not soluble in common organic 
solvents. In DSC analyses, they exhibited glass transition 
temperatures lower than the average value of the corre- 
sponding homopolyimides (Table I). The onset degra- 
dation temperatures of polymers VI1 and VI11 obtained 
by thermal gravimetric analyses were 510 and 495 "C, 
reapectively. Further characterization of the copolyimides 
and preparation of other alternating aromatic copolyimides 
are underway. 
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