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Introduction. Preparation methods for polyamides
have been well established and various polyamides are
commercially produced mainly either by polycondensa-
tion reaction of diacids and diamines, or by ring-opening
polymerization of lactames. Further, several efforts
focusing on developing new preparation methods for
polyamides have been made for applying reaction injec-
tion molding by employing isocyanates and enamines.!~*

We have been studing ketene cyclic acetal chemistry
and have designed ketene cyclic N,O-acetals by taking
into consideration the fact that the g-carbon atoms of
carbon—carbon double bond in ketene N,O-acetals are
more polarized and have far higher neucleophilicity
than those of ketene O,0O-acetals due to the stronger
electron-donating property of the nitrogen atom com-
pared to the oxygen atom. It has already been reported
that ketene cyclic N,O-acetals spontaneously copolymer-
ize with carbon disulfide® and with phenylisothiocyan-
ate® to give 1:1 alternating copolymers through a
macrozwitterionic mechanism. Further, we have found
that cyclotrimerization and/or homopolymerization of
phenylisocyanate takes place by using ketene cyclic
N,O-acetals as a catalyst.”

In the course of our investigation on the chemistry of
ketene cyclic N,O-acetals, we considered that 2-methyl-
2-oxazoline (1) might have 2-methylene-1,3-oxazolidine
(2), which is the simplest ketene cyclic N,O-acetal and
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a kind of enamine, as a tautomer. If this assumption is
correct, 2 should react with phenylisocyanate (PhNCO)
to afford amide compounds similar to the reaction of
2-methylene-3-methyl-1,3-oxazolidine with PhNCO.”
Taking into account this concept, we studied the reac-
tion of 1 with PhNCO in detail to find that 1 behaves
as a bifunctinal monomer toward PhNCO.
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In this paper, we describe the novel polymerization
method for polyamide, preparation of polyamide by the
reactions of 2-methyl-2-oxazoline with polyisocyanate
on the basis of the model reaction.

Results and Discussion. It is reasonable to antici-
pate that the reaction of 2-methyl-2-oxazoline (1) with
phenylisocyanate (PhNCO) may afford a mixture con-
sisting of five products such as, 2-methylene-3-phenyl-
carbamoyl-1,3-oxazolidine (3), 2-(phenylcarbamoyl)-
methylene-1,3-oxazolidine (4), 3-phenylcarbamoyl-2-
(phenylcarbamoyl)methylene-1,3-oxazolidine (5), 2-(bis-
phenylcarbamoyl)methylene-1,3-oxazolidine (6), and
2-(bisphenylcarbamoyl)methylene-3-phenylcarbamoyl-
1,3-oxazolidine (7), because 1 is assumed to be a
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trifunctional monomer. About 30 years ago, two groups
reported the reaction of 1 and PhNCO. However, their
results were somewhat different from each other; R.
Nehring and W. Seeliger® reported the isolation of 4, 5,
and 6, whereas R. Richer and H. Ulrich® obtained 4 and
5. Their isolation yields were not always satisfactorily.
Then we decided to investigate the same reaction
carefully in order to clarify the reaction products.

The reaction of 1 and PhNCO with a feed molar ratio
of 1:3 was carried out in THF, since 1 could be regarded
as a trifunctional monomer, as described above. When
both components were mixed, a mild exothermic reac-
tion immediately took place. After the mixture was
allowed to react at the ambient temperature for 5 h, a
small amount of white precipitate separated out, and
yellow crystals were isolated from the filtrate by remov-
ing the solvent. The IR spectrum of the precipitates
clearly shows two characteristic amide carbonyl bands
at 1645 and 1690 cm~1! together with that for carbon—
carbon double bond at 1600 cm~! while that of yellow
crystals shows only one amide band at 1650 cm~! and
another for the carbon—carbon double bond at 1600
cm~1. The *H NMR spectrum of the precipitates shows
signals at 4.05 ppm (t, 2H, NCH,CH,0), 4.45 ppm (t,
2H, NCH,CH;0), and 5.92 ppm (s, 1H, C=CH), which
are assignable to the methylene-1,3-oxazolidine struc-

© 2000 American Chemical Society

Published on Web 08/04/2000



6212 Communications to the Editor

Table 1. Reaction of 2-Methyl-2-oxazoline(1) with
Phenylisocyanate?

reaction conditions

products; yield (%)

no. [PhNCO]/[1] temp (°C)

1 3 25 5,4 6; 95
2 2 25 5,5 6; 92
3 2 80 6; 98
4 2 0 5;18

5 1 25 5;2 6; 47
a2 Reaction was carried out in THF for 5 h

Table 2. Reaction of 2-Methyl-2-oxazoline(1) with
2,4-Tolylenediisocyanate?

polymers
no. solvent yield (%)>  M.* Mw/My® remarksd
1 benzene 81 700 1.3 P
2 chloroform 72 930 1.3 P
3 THF 92 1300 1.3 P
4 acetonitrile 96 1100 1.4 P
5 DMF 99 6200 4.8 S
6 DMAc 96 5000 4.4 S
7 HMPA 99 3900 4.2 S
8 NMP 88 5200 4.7 S

a Polymerization was carried out with 3.0 mmol of each mono-
mer in 2 mL of solvent at room temperature for 48 h. ® Insoluble
in methanol. ¢ Determined by GPC (eluent DMF, 50 °C, polyeth-
ylene glycol standards). ¢ Appearance of the polymerization mix-
ture: S, homogeneous solution throughout the reaction; P, pre-
cipitation during the reaction.

ture, and a multiple signal at around 6.95—7.72 ppm,
which can be ascribed to the 10 aromatic protons,
respectively. These spectra strongly suggests that the
structure of the isolated precipitates is 5.19 The 13C
NMR spectrum also supports this structure. On the
other hand, 'TH NMR spectrum of the yellow crystals
from the filtrate shows two signals due to methylene
protons of the oxazolidine stucture at 3.85 ppm (t, 2H,
NCH,CH,0) and 4.60 ppm (t, 2H, NCH,CH,0), and a
multiple signal at the range of 6.86—7.74 ppm attribut-
able to the 10 aromatic protons. Further 13C NMR
spectrum shows two signals asignable to amide carbonyl
carbon at 166.5 and 167.9 ppm, and two signals due to
unsaturated carbon—carbon double bond of methylene-
1,3-oxazolidine at 169.1 ppm (C=C(NH)(O)) and 78.8
ppm (C=C(NH)(O)). These spectral data demonstrate
that this compound is a diamide 6.1 The isolation yields
were 4% for 5 and 95% for 6 on the basis of the amount
of 1 employed. Unexpectedly, trisubstituted methylene-
1,3-oxazolidine, 7, was not detected but 6 was quanti-
tatively obtained after the reaction was carried out at
80 °C for 5 h. Interestingly, it was found that isolation
yields of the products in the feed ratio of 1:2 are almost
same as those obtained in the feed ratio of 1:3. On the
other hand, monosubstiuted methylene-1,3-oxazolidines,
3 and/or 4, were not detected but 5 and 6 were obtained
in 2% and 47% yield, respectively, when the reaction
was performed with a feed ratio of 1:1 for 1/PhNCO.
Moreover, it was revealed that the reaction 1 and
PhNCO at 0 °C preferentially produced 5 (Table 1, run
No. 4).

On the basis of the model reactions we propose the
most plausible reaction mechanism as follows; (a) the
reaction of 1 and PhNCO forms a betaine (8) b
nucleophilic attack of nitrogen atom of 1 on heterocum-
mulen carbon atom of PhNCO, (b) subsequently a
proton extraction reaction of carbamic anion from meth-
yl group takes place to give 3, (c) 3 instantaneously
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Figure 1. 'H NMR spectra of the reaction mixture of 1 and
TDI: (A) after 24 h at 25 °C; (B) after 24 h at 25 °C followed
by thermal treatment at 80 °C for 10 min.

reacts with PhNCO to give a betain (9) followed by a
proton transfer from the methylene adjacent to the
carbamoyl anion to produce 5 because S-carbon atom
of ketene-N,O-acetal has a strong anionic character
mentioned before, and (d) a thermal rearrangement
reaction occurs to give rise to 6.

Consequently, it can be demonstrated that 2-methyl-
2-oxazoline is a bifunctional monomer when the reaction
is carried out with a stoichiometric feed ratio contrary
to our asumption.
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It can be anticipated that polyamide should be
obtained by the reaction of 2-methyl-2-oxazoline with
aromatic diisocyanate on the basis of the model reaction.
Therefore, the polyaddition reaction of 1 with 2,4-
tolylenediisocyanate (TDI) was investigated by using
various solvents at room temperature.’? The results
were summarized in Table 2. As can be seen from Table
2, polymers with molecular weights of 4000—6000 were
obtained in fairly good yield when the dipolar aprotic
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solvents such as DMF, DMAc, HMPA, and NMP were
employed. On the other hand, only polymers with low
molecular weights were isolated in cases when poor
solvents for polyamide, such as chloroform, THF, ben-
zene, and acetonitrile, were used, because precipitation
of polymers took place during the polymerization.

IR, IH NMR, and 13C NMR spectroscopic studies were
carried out in order to determine the polymer structure.
The IR spectrum of the polymer showed strong charac-
teristic absorptions at 1650 and 1600 cm~1, which were
assignable to amide carbonyl and carbon—carbon double
bond, respectively. 'H NMR spectum showed signals at
2.27 (3H, CHj3), 3.76 (2H, NCH,CH-0), 4.68 (2H,
NCH,CH-0), 6.58—8.40 (3H, aromatic H), 9.0 (1H, NH),
10.5 (1H, NH), and 12.0 ppm (1H, NH). The 13C NMR
spectrum showed the characteristic signals due to the
amide carbonyl at 166.3 ppm and the unsaturated
carbons at 168.2 (C=C(NH)(O)) and 78.0 (C=C(NH)-
(O)) ppm. These spectral data clearly suggest that the
obtained polymer is not the copolymer 10 but consists
of only one unit structure 11, whose result is not in
accordance with that of the model reaction.

Then, the reaction of 1 with TDI was carried out at
25 °C by monitoring *H NMR spectrum in order to
confirm whether the polymerization process was actu-
ally different from the model reaction. Consequently, it
was found that an olefinic methylene proton (CH=C)
at 6.0 ppm was clearly observed by admixing both the
components. This signal gradually increased with the
reaction time until about 24 h. When the reaction
temperature was raised to 80 °C, the signal immediately
disappeared, as shown in Figure 1. This fact means that
polymerization of 1 with TDI produced copolymer 10,
similar to the model reaction, and then the units of the
ketene-N,O-acetal monoamide structure thermally rear-
ranged to those of the ketene-N,O-acetal diamide struc-
ture (11). This rearrengement, in fact, was acertained
by the 'H NMR spectroscopic study of the thermal
treatment of 5.

In conclusion, novel preparation method for polyamide
has been demonstrated on the basis of the detailed
model reactions. The reaction of 2-methyl-2-oxazoline
with diisocyanate gave polyamide having the ketene-
N,O-acetal monoamide structure, which completely
rearranged to the ketene-N,O-acetal diamide structure
with thermal treatment, as shown in 11. Further study
aimed at an industrial application of this convienient
method for the preparation of polyamide is now in
progress.
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