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Introduction 
The demand for more easily proceseable substitutes for 

poly@-phenyleneterephthalamide) (PPTA) has led some 
authors14 to investigate the effeda of N-alkylation on this 
aromatic polyamide. These studies have shown that 
N - a l L y l a t i o n , e v e n ~ l , ~ k ~ y a l ~ ~ t h e p ~ p e ~ e s  
of PPTA, cawing, in particular, the losa of the ability to 
form liquid-crystalline solutions. "his effect has been 
attributed to a plausible6*6 strong preference of the 
N-substituted amide groups for the cis (&'I mnfi ia t ion 
and to the consequent drastic reduction in polymer 
stiffneee.4*'3J We present here additional indirect evidence 
for this preference. The evidence ie based on results that 
we have obtained from polycondensation reactions carried 
out with N-(4-aminophenyl)-N-methylterephthalamic acid 
(MI), N,N'-bb(4-aminopheny1)-N,N'-dimethyltere- 
phthalamide (MU), or N-[4-[(4aminobenzoyl)~inol- 
phenyl] -N-methylterephthalamic acid (MIII) as monomer. 
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The results of this work, which we have undertaken with 
the aim to study the influence of constitutional regularit9 
on the properties of partially N-methylated PPTAe, show 
that oligo@-pheny1eneterephthatamide)s with N-meth- 
yla~groupecanhaveahighpropeneityforintramolecular 
cyclization. 

Experimental Section 
The ayntheaia and purification of the monomera MI-MI11 wil l  

be described elsewhere.g 1H NMR spectra of the purified 
monomera [MI b 12.94 (1 H, br, COOH), 8.32 (2 H, a, NHa), 7.75 
(2 H, d, Ar H), 7.32 (2 H, d, Ar H), 6.83 (2 H, d, Ar H), 6.44 (2 
H,d, Ar H), 3.28 (3 H, a, CHa); MI1 b 6.99 (4 H,a, Ar H),6.66 
(4 H, d, Ar H), 6.35 (4 H, d, Ar H), 5.11 (4 H, E, NHz), 3.22 (6 H, 
a, CHa); MIII b 13.07 (1 H, br, COOH), 9.75 (2 H, a, NH2), 7.77 
(2 H, d, Ar H), 7.66 (2 H, d, Ar H), 7.62 (2 H, d, Ar H), 7.34 (2 
H, d, Ar H), 7.11 (2 H, d, Ar H), 6.57 (2 H, d, Ar H), 5.76 (2 H, 
8, NHz), 3.36 (3 H, 8, CHa); -10 w/mL in DMSO-de; 25 OC; 
reference TMSI gave no indication of impuritiea. 
The polycondensation reactiona were carried out aa described 

in the following repreaentative examples. 
Triphenyl Phorphite u Condenring MI (0.451 

g, 1.47 mmol) end triphenyl phoephite (Fluka, 0.458 g, 1.47 "01) 
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Figure 1. 300-MHz lH NMFt apectra of three repreaentative 
produde of polycondensation reactiona carried out with MI, MII, 
or MIII aa monomera or comonomer8 [DMSO-de + LiCl(O.2 % ), 
120 "CI. A, B, and C indicate the aromatic protone in the units 

CO. The aaa' enta are baaed on results obtained with the 
monomera angth model compounL.9 The aignal denoted by 
an aateriak ia given by tracea of dimethylformamide, a aolvent 
which has been ueed for fractionating the produde. 

11 9 7 5 3 PPM 

A = OC-Cgq-CO, B HN-C&-N(CHa), and C H N - C a -  

were d h l v e d  in a mixture of 1-methyl-2-pyrrolidinone (NMP)  
(Fluka puriaa., 2.94 mL), pyridine (0.74 mL), and LiCl(0.15 g), 
and the aolution waa heated at 100 O C  for 6 h with ntirring under 
nitrogen. The solution w a ~  then poured into 16 mL of methanol, 
and the precipitated product waa iaolated by fiitration, washed 
exhauatively with methanol and with water, and dried. Yield, 
0.28 g. 

Phenylphorphonic Anhydride am Condenring Agent.'' 
MI1 (0.277 g,O.736mmol),terephthalicacid (0.122g,0.736mmol), 
and phenylphoephonic anhydride (0.611 g, 1.47 mmol; prepared 
aa deecribd in the literature'l) were b l v e d  in a mixture of 
NMP (0.74 mL) and pyridine (0.24 mL), and the aolution WM 
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Figure 2. Partial, positive-ion FAB m819 epectra of the 
polycondenaation producta, the NMRapectre of which are shown 
in Figure 1. The peaks marked with an astekk are due to the 
matrix (3-nitrobenzyl alcohol). 

heated at 80 O C  for 3 h. The product WSB isolated wing the atme 
procedure as in the above example. Yield, 0.34 g. 

N-Biblation Freshly sublimated terephthaloyl 
chloride (0.702 g, 3.48 m o l )  WM added to a cold solution (-78 
"C) of di-N-trimethybdil-MXI (1.80 g, 3.46 mnoh prepad 
following the literatur%14) in NMP (6.9 mL). The mixture wnr 
stirred at -10 "C for 3 h. The product was ioolsted in the usual 
way (see above). Yield, 0.86 g. 

The FAB "a B p e c t r a  were obtained on a Vacuum Generators 
(VG) ZAB2-SEQ instrument, by using a Ca gun as primnry ion 
source. The matrix for the "plea to be bombsrded was a 
3-nitrobenzyl alcohoUtriRuoroncetic acid (1/1 vlv) mixture. 

Inherent viecoeities, 7)hh = In q/r),C, where r) ie the solution 
viscosity, 7). that of the solvent, and C the mats concentration, 
were approximated by measuring flow times in an Ostwald 

. 
F w  3. Skew of the cyclic ttimer of MI (top) and of the 
mued cy&c dmer of MII and acid (bottom) in 
conformntiona with coplanar m d e  nde The p-phenylene 
rings are omitted for clarity. 

viscometer at C = 0.6 g/dL and 25 O C  in HBO, (96%) and 
substituting measured times for viscosities. 

Results and Discussion 
Most of the polycondensation reactbit were carried 

out according to the procedure of Y"aki,1* by using 
triphenyl phosphite as andemsing agent. A few reactions, 
in which MI or MII and terephthalic acid were use$ as 
monomers, were performed following the method of Ueda 
and Honmall by using phenylphoephonic anhydride as 
condensing agent. F e ,  some polycondensation reac- 
tions were carried out according to the procedure of Oishi 
et al.,l3 the monomers b e i i  in this cases the di-trima 
thylailylatd derivative of MII and terephthalic acid 
dichloride. The producta (MI-Ps) obtained from MI and 
those (MII-Pa) obtained from MII and terephthalic acid 
or terephthalic acid didoride erhibitd very low values 
(between 0.1 and 0.2 Wg) of the inherent viscosity, v u ;  
the products (MIII-Pa) obtained from MIII were char- 
acterized by values between O R  and 0.6 dLtg.  Theae v~ 
values didndchanseaubetantiallybyhvtherfractionation 
of the producte. Surprisingly, the lH NMR spectra of the 
products display the featurea ( F i i  1) one would expect 
for polycondensation p m i d  obtained at relatively high 
extente of reaction [appuemt a k c e  or very low intmaity 
of signals which might be contrihbd by protone at the 
ends of the polymer chaine and approximate ratio of 1 to 
3 (MI-Pa and MII-Pa) or 2 to 3 (MIII-Pe) for the intensities 
of the NH and CHa signals]. Thus, it wouM appear that 
the low inherent vismitiea exhibited by theae products, 
rather than being the consequence of very low molecular 
weighta, simply reflect a Vircoeimetric behavior which 
appears to be t y p M 4  for N-alkylated PPTAS. For MI-Pe 
and MII-Pa, however, the low inherent viaamities derive, 
in large part at least, from another reason. 

Asshown in Figure 2, the partial mam spectraof M-Pe 
pnesentaberieeofprodpe&sat m/awlueeof767.1, 
1009.2,1261.2, and 1614.2, and thaw of MII-Pr preaent a 
conspicuous peak at m/z 1009.1. These are the m/z values 
expected for the p r o m  molecula ions [(Ad + H)+ 
ions] of the cyclic tri-, m-, penk-, and hmmmer of MI 
and of the mixed cy* dber of MII and tarephthalic 
aCid,mspectively. OnthetbnsboftheNMRfsatun#,theae 
cyclicoligomersappsartobepreeantinfairiy~amounta 
both in MI-Pa and in MII-Ps. It is, therefore, the presence 
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of them cyclic oligomers that is mainly responsible for the 
low inherent viecoeities of theae products. 

That theee oligomers can 80 readily form implies that 
their linear precuteors tend to bend at  each N-methylated 
amide group. In this case, the probability for ring closure 
must be relatively high. Molecular modela show that rings 
of the cyclic trimer of MI and of the mixed cyclic dimer 
of MII and terephthalic acid, such as those schematically 
shown in Figure 3, can be built with standard bond lengths 
and coplanar amide groups with virtually no or very little 
strain in the bond angles. 

Interestingly, cyclic oligomers do not appear to occur in 
MIII-Ps. Apparently, the N(CH)s groups of the linear 
oligomers of MIII are already too far apart for an encounter 
of the chain ends to be very likely. 

The synthesis by polycondensation of a few N-meth- 
ylated, aromatic polyamides, such as wholly N-methylated 
PPTAl6 and some N-methylated poly(p-benzamide)s,16 
has been reported, but the possibility of concomitant 
cyclization reactions does not seem to have been consid- 
ered. In light of the results presented here, these polya- 
mides may have been contaminated by sizable amounts 
of cyclic oligomers. 
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