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Bicyclic oxalactam, 8-oxa-6-azabicyclo[3.2.1]
octan-7-one (abbreviated as BOL, 1) is so highly 
polymerizable that at room temperature, its po
lymerization yields the high-molecular-weight 
polyamide.1- 5 Simultaneous film casting on a 
plate is also be readily possible.2·3·6 •7 The resulting 
hygroscopic polyamide membrane has excellent 
permeability forward water and allows for the 
permselectivity of solutes of various sizes in an 
aqueous solution. 3·6 -w 

(1) 

BOL, 1 PolyBOL, 2 

Since the registered trademark of macromer ( oli
gomer having polymerizable functional end
group(s)) was presented by Milkovich (1974), 11 

several macromers have been prepared using the 
ring-opening polymerization method.12 -l? Earlier 
telechelic prepolymers having various functional 
groups, by which condensation polymers can be 
formed, are also regarded as macromers. We wish 
to describe the synthesis of a new type of polyamide 
macromers having telechelic amino groups through 
the anionic polymerization of BOL. 

EXPERIMENTAL 

Reagents 
BOL was prepared by the same procedure re-

ported earlier,2·3·6 and stored over phosphorus pent
oxide in vacuo until use. Potassium pyrrolidonate 
and N-acetyl-8-oxa-6-azabicyclo[3.2.1]octan-7-one 
(abbreviated as K-Pyrdn and N-acetyl BOL, re
spectively) were prepared as described in the litera
ture.2·18·19 Dimethyl sulfoxide (Me2SO) was dried 
over calcium hydride and distilled under reduced 
pressure. Tolylene-2,4-diisocyanate (TDI) was dis
tilled in high vacuum and stored in a closed vessel 
until use. Ethylenediamine (EDA) was dried over 
calcium hydride, distilled and stored in the same 
way as TDI. 

Polymerization of BOL Followed by Amination of 
the Resulting Polyamide Chain Ends 
Under a dry nitrogen atmosphere BOL, K-Pyrdn, 

and Me2SO were placed in a flask and a Me2SO 
solution of N-acetyl BOL was added to the mixture 
with stirring and kept at 25°C. After the polymeri
zation an excess of EDA was directly added to the 
polymerization solution an<;i the flask was allowed 
to stand in a constant-temperature bath. Volatile 
components were evacuated under reduced pressure 
and the residue was poured into a large amount of 
acetone. The resulting colorless polymer was col
lected on a glass filter, washed again with acetone, 
and dried in vacuo. 

Characterization 
1 H and 13C NMR spectra were recorded, re

spectively, on a JEOL JNM-MH-100 high
resolution spectrometer operating at 100 MHz at 
room temperature and a JNM-FX-100 Fourier 
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transform spectrometer operating at 25 MHz at 
60°C. The UV spectrum was taken with a JASCO 
UVIDEC-1 spectrophotometer. 

Determination of Terminal Groups 
The amino group in the polyBOL was titrated 

with 0.02 N periodic acid in acetic acid under a 
nitrogen atmosphere using crystal violet as an in
dicator.20 The carbonyl group in the polyBOL in 
the Me2SO-dimethylformamide mixed solvent was 
also determined by titration with 0.02 N sodium 
methoxide in the benzene-methanol (1: 1, v/v) 
mixed solvent using thymol blue as an indicator.20 
The activator residue was determined by UV spec
troscopy. The molecular extinction coefficient was 
assumed to be the same as that of the model 
compound, 2,4-bis(N '-propylureido )toluene pre
pared from TDI and n-propylamine. 

RESULTS AND DISCUSSION 

The anionic polymerization of BOL 1 using TDI 
as an activator, takes place by means of both 
growing ends of N-acyllactam as shown in equa
tions 2 and 3 unless side reactions take place. 

0 0 oCH3 0 0 
CH3n - 11 II 11 .... II .. + 2 N-C 

O=C=N N=C=O --+ 

+ BOL 

-SOL-

\{ ?. 
+ 2 BOL 

-2 BOL- H H 

(2) 

0 0 0 
0 II 0 II II 

H v v 

0 ?. 0 
N-(-rC-N-(-')-C-N-C 

v t!t v 

(3) 

After polymerization, an excess of EDA was added 
directly to the polymerization mixture in order to 
introduce amino groups at the polymer ends (eq 4). 
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(4) 

Growing Chain Ends of PolyBOL 
First, the terminal groups and activator residue in 

the higher-molecular-weight polyBOL chain, which 
was terminated with water following polymeri
zation, were characterized in order to determine 
whether N-acetyllactams were attached to the 
growing chain ends during polymerization (Table 
1). 

The observed content of the amino groups sug
gests that the water-terminated polyBOL contained 
the polymer chain of structure 3. 

3 

Polymerization can probably be initiated by attack 
of the BOL anion not only on the activator but also 
on the BOL monomer, since a slight amount of 
activator was used in these runs in order to obtain 
higher-molecular-weight polyBOL. 

The number of carboxyl groups in polyBOL 
obtained by the TDI-initiated polymerization was 
almost equal to the sum of the amino groups and 
twice amount of activator residue. This means that 
the resulting polyBOL is a mixture of polymer 
chains having structures 3 and 4. 

0 f(? 0 0 Ho-c...O-N c-N..JoJI.-N-c NVC 
VA Hn H R H mH 

4 

On the other hand, the polyBOL obtained by theN
acetyl BOL-initiated polymerization can be regard
ed as a mixture of those shown in 3 and 5, because 
in the run, the number of carboxyl group was equal 
to the sum of the amino groups and activator 
residue. 

5 
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Table I. Estimation of the terminal structures of higher-molecular-weight 
polyBOL from the number of functional groups• 

Polymer Functional group x 104, molg- 1 

yield 
Activator 

Activator 

mol%/BOL % residueb 

TDI 0.04 68 0.047 
N-Acetyl BOL 0.02 50 0.031 

Amino Carboxyl 
group< group< 

0.12, 0.235 

0.197 0.22, 

M/ 

56,000 
44,000 

Polymer 
structure 

3+4 
3+5 

• Polymerization conditions: K-Pyrdn, I mol% to BOL; mole ratio of Me2SO to BOL, 5.6; temperature, 25°C; time, 
24 h; terminated with water. 

b Estimated from the initial amount of the activator and the polymer yield assuming that all the activator was 
consumed in initiating the polymerization. 

c Determined by volumetric titration. 
d Estimated from terminal group content. 

Table II. Reaction of N-acetyl-BOL with ethylenediamine 

[N-Acetyl BOLJ [EDA] Temp Time 
Conversion Probability of 

ofEDA attack of EDA 
Solvent 

on lactam carbonyl 
moll- 1 moll- 1 oc mm 

% in N-acetyl BOL 

Me2SO 0.60 0.26 27 10 45 
Me2SO 0.60 0.26 27 170 81 0.72 
Me2SO 0.60 0.26 27 1440 100 0.74 
Me2SO 0.67 0.21" 27 < 10 100 0.66 

• Sodium hydride was added to ethylenediamine by 4mol%. 

These results suggest that the growing chain ends 
were comprised of acyllactams during polymeri
zation, as shown in eq 3. 

The resulting polyBOL was so hygroscopic that 
its molecular weight could not be determined by 
vapor pressure osmometry, but was evaluated on 
the number of observed terminal end groups as 
shown in Table I. 

Model Reaction of the Growing Chain End with EDA 
The reaction of N-acetyl BOL, which can be 

regarded as a model compound of the growing 
chain end, with EDA in Me2 SO was followed by 1H 
NMR spectroscopy. The spectra showed that the 
amino group of EDA attacked either carbonyl 
group in N-acetyl BOL. 

As for the reaction with the growing ends of the 
higher-molecular-weight polyBOL (eq 4), however, 
both attacks should give rise essentially to the same 
polyamide molecules telechelated with amino 
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groups. More noteworthy are the facts that this 
reaction proceeds quantitatively and is accelerated 
by the addition of a small amount of base on EDA 
as shown in Table II. 

Preparation of Telechelic PolyBOL with Amino 
Groups 
After BOL was anionically polymerized in 

Me2SO at 25oC using TDI as an activator, excess 
EDA was directly added to the solution under 
various conditions as shown in Table III. 

In the 13C NMR spectrum of the resulting 
polyBOL were found the peaks assigned to the 
activator residue and terminal amino groups as 
shown in Figure 1. In addition peaks h1 and i2 show 
that their groups are linked to the internal and 
terminal repeating units in the polyBOL chain (6) 
respectively. 
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Table III. Anionic polymerization of BOL followed by reaction with ethylenediamine• 

Polymerization 
Reaction with EDA b 

Acetone insoluble 
TDI 

time polymer 
Temp Time 

mol% 
h g (%) oc day 

4 I 25 5 1.97 (77) 
1.8 3 40 1.87 (74) 
0.04 24 60 0.25 2.14 (84) 
0.04 24 1.73" (68) 

• BOL, 2.54 g; K-Pyrdn, I mol% to BOL; Me2 SO, 16.9 g; polymerization temperature, 25oC. 
b Mole ratio of EDA to BOL, 3---4. 

Functional group x 104, molg- 1 

Activator Amino Carboxyl 
residue< groupd groupd 

3.48 (3.64) 8.43 <0.02 
1.85 (1.93) 12.4 <0.02 

(0.037) 31.9 <0.02 
(0.047) 0.123 0.235 

2,370 
1,610 

630 
56,000 

Aminolysisf 

0.21 
2.3 

109 

c Determined by UV spectroscopy. The molecular extinction coefficient of 2,4-bis(N'-propylureido)toluene was used for that of the activator residue. The figure in 
parenthesis was estimated from the amount of activator used. 

d Determined by volumetric titration. 
' Estimated from the content of terminal groups. 
c Frequency of aminolysis during the reaction with ED A. 
• Water insoluble polymer. 
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Figure 1. 13C NMR spectrum of polyamide obtained by the anionic polymerization of BOL using 
tolylene-2,4-diisocyanate as an activator followed by a reaction with ethylenediamine (M., 1380; 10% 
Me2SO-d6 solution; 60°C; 25 MHz). 

The activator residue was determined by UV spec
troscopy which showed that most of the TDI react
ed :with BOL anions and were introduced into the 
polyBOL chains. From the results of volumetric 
titration, the carboxyl groups at the polymer ends 
should have been replaced by amino groups. But the 
observed number of amino groups exceeded twice 
the amount of activator residue, especially in the 
reaction with EDA at higher temperature. Excess 
EDA readily attacks the amide carbonyl groups in 
the repeating units, as well as the carbonyl groups in 
the acyllactam-type polymer ends, at higher tem
perature as shown in eq 5. 
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The aminolysis should be also accompanied by the 
introduction of amino groups to the newly resulting 
polymer ends. 

In any event, the anionic polymerization of lac
tams is usually prevented by a trace amount of 
moisture, which should decrease the concentration 
of the monomer anion while probably not destroy
ing the acyllactam-type growing species. Therefore, 
the reaction of the polymer ends with EDA should 
not be affected by the existence of a trace amount of 
water. Any side reactions can be easily suppressed 
in the anionic polymerization of BOL, because they 
polymerize under relatively mild conditions. 

(5) 
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Consequently amino groups may be introduced 
directly and quantitatively onto the ends of the 
polyBOL molecules by reacting with EDA follow
ing polymerization. 
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