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Summary
Two AB-type poly(ether imide)s were prepared by -poé polyimidization in N-
methyl-2-pyrrolidone{iMP)/pyridine or N,N-dmethylacetamidejMAc)/Et,N

solution in the presence of triphenylphose{lfPP) activair. The polymers were

obtained with inherent viscosities df.166a) and 0.54%b) dL/g and were highly

thermostable up to at least 3&2 with 5% weight loss. The polymers showed
chemical resistance against a@tdform even at highertemperature but could

readily be dissolved in m-cresol and concentratedusal acid. Wide-angle X-ray

diffractograms revealed that the polymers were semi-crystalline.

Introduction

Aromatic polyimides such as Du Pont's Kapton have bé@own as high-
performance polymers due to their cekent electrical, thermal and mechanical
propeties, and synthesized by polymerization of twofudctional monomers: a
dianhydride and a idming1). Accordingly, much effort has been elited toward
the design and synthesis of new dianhydrides aramides. However, very few
amino anhydride monomers and their corresponding ipalgs are known and
well characterized. This is presumable because thosmommers can be hardly
isolated in highpurity due to the facile selfemdenation between the amine and
anhydride groups. Inliterature have been perted a few examples of AB-type
poly(ether imide)s in which4-(4-aminophenoxy)phtilic acid was used to prepare
high molecular weight poly(ether imide) via two stgpocedure by the direct
polycondenation in amide solvent with a mixture of tripheplybsplite and
pyridine as a condensing agent, giving poly(etlenic acd), followed by thermal
cyclodehydation(2). In addion, 4-aminophtlalic anhydride and its many
derivatives were usedfor polymeization(3). However, those monomers were
difficult to polymerize to high molecular weight. Direct polymerization of
dimethyl  4-[4-(4-aminophenoxy)phenyl-3,5,6-triphenylphatate in  m-cresol  or
neat only #&orded a low méecular weight polyimide with an inherent viscosity of
0.13dL/g(4).

Recently, we rported a new method for high hecular weight poly(ether imide)s
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via direct polyondenation of AB-type monomers having aminbydrochlorides
together with di(carboxic acid) groups(5). These monomers were so stable that
could be highly purified, and if thealks are dprotected to free amines by addition
of tertiary amines such as Htor pyridine theamino groups start toeact with the
acid groups. And the low eactivity of the acid toward amin@roups could be
enhanced by triphenylphosph activator which has been usddr the synthesis of
high molecular weight polyamid@s7).

The goal of this ongoing research is to modify the structure of AB-type poly(ether
imide)s to attain crystallinity, and to investigate the struepuoperty elation.
This is important where the structure-propertglation is not reliable vyet,
especially in AB-type polymers. In this article, we poet the synthesis and
polymerization of new AB-type onomers, and the propie;s of the
corresponding AB-type poly(ethenide)s.

Experimental part

Materials and Measurements Dimethyl sufoxideDMSO) was used aftedrying
over 4A molecular sievesN\MP and DMAc were dislled over CaH and pyridine
dried in KOH béore use. Anhydrousmethanol, acetic acid, aceticntgdride,
triphenylphosphie purchased all from Aldrich were used as eceived. Other
reagents and solvents were used without furtheripation.

Melting points were determined using 1R100 Digtal melting point apparatus
without corection. Elemental analyses were rfmmed on a Carlo Erba EA 1108
microanalyzer. IR spectra(KBr pellets) were aeted on a Bio-Rad FTS 375C
spectrophotmeter. ‘H- and “C-NMR spectra were obtainedrom a 300 MHz
Bruker AM 300 spctroscope at roontemperature. Thermal analyses of polymers
were carried out with a Perkin-Elmer PE PC Series TGA 7 thgmwmetric
analyzer and a Perkin-Elmer PE PC Series DSC 7 thermal analyzer at a scan rate
of 20°C/min. under N Inherent viscades were determined using an Ubbede
type viscometer at 2& for 0.2g/dL solutions in conceated HSO, Wide-angle
X-ray diffractograms were obtained in a reflection mode using Ni-filtered Gu K
radiation on a Rigaku Geiger Flex D-Max X-rayfidictometer.

Synthesis of 4-(Acetamilo-3-methylphenoxy)-N-phenylphthalin(ga):

0.869(5.2mmol) 1la were reacted with 0.28g(5.2mmol) NaOCH in 30mL
anhydrous methanol by stirringfor 2h at room temperatureunder nitrogen. After
methanol was completely distilled out by vacuum, the remnants were dissolved in
40mL DMSO comaining 1.39g(5.2mmol)  4-nitro-N-phenylprelimide  and
heated at 8@ for 24h. The mixture was cooled and poured into 700rmdtemw

The precipitatesformed were collected and recrystallizéddom ethanol. 3b was
synthesized by the samprocedure. Yeld; 71.5%, m.p. 27%C. '‘H-NMR(DMSO-

d): 0=9.36(s;1H), 7.97-7.95(d;1H), 7.55-7.50(m;3H), 7.46-7.39(m;4H), 7.32-7.31
(d;1H), 7.08-7.04(d;1H), 7.02-6.98 (q;1H), 2.23(s;3H) and 2.08(s;3H}-NMR
(DMSO-d): 06=168.5, 166.6, 166.5, 163.4, 151.5, 134.5, 134.4, 134.1, 132.1,
129.1, 128.3, 127.5, 127.1, 126.1, 125.3, 122.8, 122.1, 117.9, 111.4, 23.4 and 18.1.
4-[4-(4-Acetamilophenoxy)phenoxy]-N-phenylphthalim(8le):

Yield; 80.3%, m.p. 253-23€C. 'H-NMR(DMSO-d): &=9.98(s;1H), 7.97-7.94
(d;21H),  7.64-7.60(d;2H), 7.56-7-51(d,2H), 7.46-7.40(m;4H), 7.36-7.35(d;1H),
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7.23-7.19(d;2H), 7.11-7.03(t;4H) and 2.04(s;3H)’C-NMR(DMSO-d): 5=168.3,
166.6, 166.4, 163.5, 154.9, 151.6, 149.7, 135.7, 134.4, 132.1, 129.1, 128.2, 127.5,
126.0, 125.3, 122.6, 122.2, 120.9, 119.7, 119.7, 111.3 and 24.1.

Synthesis of 4-(4-Amino-3-methylphenoxy)plithecid hydrochloridé4a):

A mixture of 1.509¢(3.88mmol)3a, 40mL ethylene glycol, 10mL water an@.5g
KOH was paced in al00mL flask equipped with a Dean-stark trap and heated to
10°C under nitrogen for 24h to remove ilare azeotopically. After cooled, the
solution was filtered and acidified with dilut@ydrochloric acid to form white
precipitates. The precipitates were collected and recrystallizeoh ethanol. The
other monomerdb was prepared by the sangocedure as above.iefd; 72.3 %.
'H-NMR(DMSO-d): 6=7.76-7.73(d;1H), 7.01-6.98(q;1H), 6.96-6.95(d;1H), 6.79-
6.78 (d;1H), 6.73-6.72(d;2H) and 2.08(s;3H):°C-NMR(DMSO-d):  5=169.0,
167.6, 161.4, 145.1, 143.3, 136.9, 131.8, 124.6, 123.9, 122.5, 119.0, 117.5, 115.7,
115.3 and 17.7. Anal. (¢, ,NOCIL) (323.7)n @lc. C 55.66 H 4.36 N 4.33
Found C 55.58 H 4.29 N 4.30.
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Scheme 1. Polymer synthesis.
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4-[4-(4-Aminophenoxy)phenoxy]phii@acid hydrochloride(4by):

Yield; 72.3%. ‘H-NMR(DMSO-d): &=7.80-7.77(d;1H), 7.12-7.05(m;4H), 6.97-
6.94(d;2H), 6.86-6.83 (d;2H) and 6.70-6.67(d;2H)C-NMR(DMSO-d): 5=168.7,
167.6, 160.2, 155.8, 149.3, 147.1, 143.6, 136.9, 132.0, 125.8, 121.9, 120.9, 118.5,
118.2 and 116.3. Anal. (B N OC) (401.8) Calc. C 59.79 H 4.01 N 3.49
Found C 59.74 H 4.40 N 3.60.

Polymerization :  After 1.0g9(3.09mmol) 4a was dissolved in 15mL
NMP/pyridine(6.5/1 v/v), 0.8095mL(3.09mmol) TPP was added in one portion
with stirring. The solution was dated at 16 for 24h, cooled to room
temperature and precipitated byouring into 400mL methanol. The vyellow
precipitates were filtered, washed with hot acetone and finally vacuied at
80°C for 24h to give 5a The other polymer 5b was prepared from
1.09(2.49mmol) 4b in 30mL DMAc conaining 0.35mL EIN and 0.655mL
(2.49mmol) TPP.

Poly[4-{[(2-methyl)-1,4-pheylene}oxyphthalimid€ba):

Yield; 87%, IR(KBr); 1779 & 1721(C=Oimide | & Il), 1607(bz. ring) and 1374
cm’(C-N-C). Anal. (GH,N,O,), (251.2) Calc. C 71.72 H 3.61 N 558 Found C
71.61 H 3.69 N 5.55.

Poly[4-(1,4-phegleneoxyl,4-pherylene)oxyphthalimid€bb):

Yield; 85%, IR(KBr); 1775 & 1713(C=Oimide | & Il), 1619(bz. ring) and 1378
cm’(C-N-C). Anal. (CH,N,O,), (329.3) Calc. C72.95 H 3.37 N 4.25 Found C
73.05 H 3.46 N 4.30.

Results and discussion

Synthesis and Chacterization : Monomers{a,4h were prepared by nitro-
displacement reaction  of 4-nitro-N-phenylphtalimide  with  sodium 4-(4-
acetamilophenyloxy)pherate and 4-acetamo-3-methylphenolate followed by
basic hydrolysis of N-phetiynide and amidegroup(8), as shown in Seme 1.
The raw materiallb had been prepared by the reaction of excegdroquinone
with  4-nitrofluorobenzene followed by reciion of the nitro group and
acetylation of the amino group formed by the redtion(9). 4-Nitro-N-
phenylphthalimide was obtainedrom 4-nitrophttalic anhydride with ailine as
described previously(10). Monomers were purified to polyna¢ion grade by
recrystallizaton. The structures of the intermatd conpounds and final products
were confirmed bymeans of elemental analysis and IR and NMR speapysc
As shown in the Experimental part, the elemental analysis values oofonmers
agreed well with the calculated values of their structures. Their melting points
could not be measured due to decompositidarbenelting.

New AB-type poly(ether imide)s were synthesized by the -pote
polycondenation in a polar aprotic solvent such d&MAc and NMP, which
involved the polgmidation and subsequent cyclbgdration. For the
regeneration of free amino group, ,M{DMAc) or pyridineN\NMP) was used.
Polymers were thoroughly purified by gmipitating from large excess oimethanol
and repeated washing with hot acetone. Structures of the polymers thus obtained
were characterized by IR spectropg and elemental analysis. In IR spectra, the
polymer 5b shows only the absorption bands at 1775 & 1718Cm0O imide | &
) and 1378cni(C-N-C stetching) assoiated with imide mg, whereas monomer
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4b exhibits the C=0O stretching band df709cn? which is characteristic of a
carboxyic acid with the appearance of overlapped amimgrochloride andacid

in the 3300-2500cih region. In adiion, there were no peakattributable to NH

or COOH observable iramic acid, as wadound in our previous works(5). These
facts indicate that the activated padyclenation involved polgmidation and
subsequent effective cycldagdration. Moreover, in modelimidizations of N-
phenylphthalamic acid in the presence of TPP we obtained the cyclized imide
product N-phenylpht@limide quantitatively even at such lower temperature as
50°C, which will be regorted in detail in a separate paper. haligh the present
investigation does not describe the mechanistic aspect, we could obtain AB-type
poly(ether imide)s by onpot polymeization reaction between amino and diacid
groups.

Properties of Polymers. The inherent viscosities of the polymers wetel66a)

and 0.54%b) dL/g, as measured i0.2g/dL conc. EBO, solution at 2%C, showing

that they were high molecular weight polymershaligh they were polymed

with very low monomer concentration such as %®ay( or 3.36b)wt.%. The
solubility behavior of the polymers was determingddr the as-polymezed
powder samples in excess solvents. As listed in Table 1, they had high chemical
resistance to common organic solvents, but readily dissolved in m-cresol and
sulfuric acid. It is notable that the polym&a was soluble on heating in m-cresol,
while the polymer whout methyl pendant(Ref. 1) was soluble only in sulfuric
acid(11). The enhanced soility may be due to the fact that the methyl pendant
inhibits close packing of polymer chains, hence becomes more vulnerable to
solvents.

Table 1. Viscosity and solubility of polymers.

Polymer n,,? Solubility ®
code  (dL/g) CHCI, DMSO NMP MC H,SO,
Sa 1.16 - - - + ++
5b 0.54 - - - ++ ++

a) determined at 25°C in conc. H,S0O,(0.2g/dL),
b) ++: soluble at room temperature, +: soluble on heating, -: insoluble,
MC: m-cresol.

Thermal propeties of the polymers were evaluated by thegnavimetric
analysis(TGA) and differential scanning caloringDSC), as shown in Table 2.
The polymers showed a similar TGA pattern with no significant weight loss
below 500C in nitrogen, but with more than 51% residuemaining when heated

to 800C, meaning that they were highly thermostable. The 5% weight loss
temperatures were 5%2(5a) and 578C(5b), and maximum degradation
temperatures 57€(5a) and 601C(Sh). The Ts of these polymers were recorded
at 307C(5a) and 220C(5b). The polymer5a exhibited higher T due to the rigid
structure, but this Tvalue seemed to be lowered when compared to the polymer
without methyl pendant(Ref. II) that showed no tiéines before degradion.
This is very interesting because theradiction of short methyl pendant adjacent



162

to imide cabonyl groups on the polymemain chain generally leads the increase
of T, due to the blocking of the rotatiorroand C-N bond. However, the length of
repeat unit of5a is relatively &ort therefore the volume eift of methyl pendant
could be a dominant factor leading to an increase in chain mobility. And much
lower T value of the polymeiSb could be ascribable in terms of incorabon of
flexible ether linkage.

These polymers also exhibited the crystalline transitioldotherms chacteristic

- ofartot
- Lato}

of semi-crystalline polymers. The melting temperatures were detected at
464°C(5a) and 380C(5b), respectively. The melting temperature 5& might be
significantly lowered when compared to the polymer R&f. Because Ref. Il is
believed to have much higher Tvalues from the dct that the apolymer Ref. |
showed melting transition at 480(11). The loweredmelting temperature may be
due to a less packing of its polymer backbone. This igegteasonable because
the presence of noncoplanar confi@ation due to the methyl pendant decreases
the intermolecular forces between the polymer chains, subsequently causing a
decrease in crystallinity. In fact, the crystallinity & was somewhat low ca. 60%.
Their endothenic peaks which were appeared on first heating scan were not
shown upon cooling and seconeating scans even after annealingoze their Ts

for several hoursneaning that the crystallization rate is much slow.

Table 2. Thermal properties of polymers?.

Th 1 stabili
Polycllner Tg(oc) Tm(OC) b) ermal stabi 1ty
code T,(°C)?  MDT(C)?  Ryyy(%) ?
Sa 307 464 559 594 57
5b 220 380 612 634 51

a) obtained at a heating rate of 20°C/min. under N,, b) obtained from 1 heating

scan, ¢) temperature at 5% weight loss, d) maximum degradation temperature,
e) residue at 800°C.

The crystallinity of the polymers was examined by wide-angle X-rafyradtion
experiments. The gmlymeized powders were employed as the samplesoam
temperature. As shown in dtre 1, both polymers exhibd several sbng
reflections aound B = 12, 17, 2Z%a), and 6, 17, 19, 26, 27, 28 degrs(
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indicating of higher crystallinity which has already been detected in DSC studies.
It is worth while to consider the
effect of ether links or Iert
pendant groups on cidlizability
of the AB-type poly(ether imide)s
main chain. It is generallyknown
that ether links or pendant groups
provide such strongly bent chain
5b structure that the chain can hardly
pack tight, consequently result to
flexible main  chain  structures.

Intensity(a.u.)

Sa

A

s 10 15 0 25 30 35 40 However, these  polymets,b
. 26(degree) were found to overcome the
Figure 1. X-ray diffractograms of polymers. packing disturbance arising from

ether links or short pendant groups
together with another bent structure of 4-oxyphthide moiety, indicating the
existence of strong interchaiattractions and to some degree, chain linearity, both
facilitating chain packing.
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