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Ring-Opening Polymerization of 
1 -9enzylazetidine 

SHIZUNOBU HASHIMOTO* and TAKAYUKI YAMASHITA 

Department of Applied Chemistry 
Doshisha University 
Karasuma-imadegawa, Kamikyo-ku, Kyoto 602, Japan 

A B S T R A C T  

The ring-opening polymerization of 1-benzylazetldine (BA) was 
investigated in bulk and in acetonitrile. The bulk polymerization 
of BA proceeded with cationic initiators, such as methyl tosylate 
and 3-hydroxy-1-propanesulfonic acid sultone (PS), a t  60"C, and 
a white, powdery polymer was obtained. The polymer structure 
was confirmed by elemental analysis and NMR spectroscopy. The 
polymerization of BA with PS w a s  assumed to proceed via a zwitter 
ion formed by the addition reaction of BA and PS. The polymeriza- 
tion rate was studied in acetonitrile as a solvent. The enthalpy of 
activation AH* and the entropy of activation AS* for the propagation 
were determined. 

Much work has been reported by different authors on the ring-open- 
ing polymerization of aziridines [l-31. The ring-opening polymeriza- 
tion of 1-substituted aziridines with methyl tosylate (MT) and 3- 
hydroxy- 1-propanesulfonic acid sultone (PS) has also been studied 

*To whom correspondence should be addressed. 
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[4-61. The effects of 1-substituted groups are very interesting in 
this polymerization. For example, in the polymerization of a mono- 
m e r  of weak basicity, e.g., 1-0-cyanoethylaziridine (pKa 5.45 [7] ), a 
high molecular weight polymer was produced, while a high molecular 
weight polymer could not be obtained from more basic monomers,  e. g., 
1-phenethylaziridine (pKa 7.36 [7] ). 

On the other hand, very little is known about the ring-opening 
polymerization of four-membered cyclic immines,  except those of 
azetidine [8], conidine [9], and 1,3,3-trimethylazetidine [lo].  The 
ring-opening polymerization of 1-P-cyanoethylazetidine with alkyl 
sulfate has been reported [11J. 

azetidine (BA) as a four-membered cyclic imine was studied. 
In the present  study the ring-opening polymerization of l-benzyl- 

E X P E R I M E N T A L  

M a t e r i a l s  

Acetonitrile (solvent) was a commercial  reagent which was dried 
over  P 0 and then purified by distillation. 3-Hydroxy-1-propane- 

sulfonic acid sultone (PS), methyl iodide (MI), and methyl tosylate 
(MT) ( ini t ia tors)  were commercial  reagents which were distilled in a 
dry nitrogen atmosphere before use. 1-Benzylazetidine (BA) was pre- 
pared as described in the l i terature [ 121 and purified by repeated dis- 
tillation in a nitrogen atmosphere, bp 83"C/9 t o r r  ( l i terature ,  87"C/10 
t o r r  [ 121 ). 1-Methyl- 1-benzylazetidinium tosylate (BA-MT) was pre- 
pared from BA and NIT as follows [13] : A solution of BA ( 8  mmol) in 
3 mL e the r  was added dropwise at 5°C to a s t i r r ed  mixture of MT (10 
mmol) and 3 mL of ether. The mixture was s t i r r ed  at 20°C for  3 h. 
The precipitate of BA-MT was isolated by filtration and washed with 
a small  portion of ether. BA-MT was dried in vacuo (yield 97%, mp 
114-115"C, N 4.3% (calculated 4.2), NMR -N'-CH 3.1 ppm, -N'-CH2- 

4.3 ppm ( in  D20)). 3- (N-Benzy1azetidino)propylsulfonate (BA-PS) 

was prepared by BA and PS in the same  manner as described above 

3 
(yield 98%, mp 210-213"C, N 5.2% (calculated 5.2), NMR, -N'-CH 

3.1 ppm, -N'-CHZ- 4.3 ppm (in D20)).  The s t ructures  of the com- 

pounds obtained were confirmed by elemental analysis and NMR 
spectra.  

2 5  
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P o l y m e r i z a t i o n  

Bulk polymerization was carried out in sealed tubes. BA was 
placed in a glass tube. Then an initiator w a s  added with a microsyringe, 
and the mixture was shaken vigorously. The reaction mixture was ther- 
mostated at 60°C for 24 h. After that, the reaction mixture was poured 
into excess ether, and the precipitated polymer was filtered and then 
washed with ether and dried in vacuo. 

Polymerization in acetonitrile w a s  carried out in the same manner 
as described above after the addition of acetonitrile ( 2  mL). The rate 
of BA polymerization was measured by gas chromatography using an 
internal standard, nitrobenzene (column, Silicon OV-17 2 m X 4 mm, 
H2 gas 80 mL/min at 110°C). The amount of monomer was measured 

at appropriate time intervals. 

(BA-MT) ( BA-PS 1 

R E S U L T  AND DISCUSSION 

The bulk polymerization of BA was carried out a t  60°C. The re- 
sults a r e  shown in Table 1. BA could be polymerized under the influ- 
ence of such cationic initiators as MT, PS, and methyl iodide (MI). In 
the bulk polymerization of BA with PS, quantitative conversion was at- 
tained in about 24 h. The polymer yield of solution polymerization of 
BA in acetonitrile decreased compared to that of bulk polymerization, 
due to precipitation of polymer which was formed at the end of the 
polymerization acetonitrile. 

The polymer obtained was a white, powdery substance. It was solu- 
ble in chloroform, DMF, and DMSO, and insohble in water, methanol, 
and acetonitrile. The structure of the polymer obtained w a s  confirmed 
by NMR spectra and elemental analysis. The NMR spectrum of the 
polymer and the assignments of the NMR signals a r e  given in Fig. 1. 
Elemental analysis of this polymer showed the same composition as 
the BA monomer. 

Found: C, 82.0; H, 9.0; N,  9.1%. 

in Fig. 1. 

Analysis: Calculated for (C10H13N)n: C, 81.6; H, 8.9; N, 9.5%. 

These results confirm the structure of this polymer as that shown 
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TABLE 1. Ring-Opening Polymerization of 1-Benzylazetidine 
a 

Polymer 

Initiator? mol% Yield, % mp, 'C vs,/cc 

MT ( 2 )  83.7 48.0- 51.5 0.15 

MT ( 5 )  81.0 48.5- 52.0 0.15 

ps ( 2 )  94.9 46.0-48.0 0.11 

ps ( 5 )  97.9 36.0-45.0 0.09 

PS  ( 5Id 79.8 Viscous polymer 0.08 

Monomer 5 mmol, 24 h a t  60°C. a 
bMT = methyl tosylate, PS = 3-hydroxy- 1-propanesulfonic acid 

sul  tone. 
cC = 0.5 g/100 mL dimethylformamide a t  30 'C. 
dsolution polymerization in CH CN ( 2  mL). 

3 

FIG. 1. NMR spectrum of poly( 1-benzylazetidine) (60 MHz in 
CDC13). 

The time-conversion curves and the f i rs t -order  plots of the mono- 
m e r  consumption for  BA polymerization follow Eq. (1) up to a conver- 
sion of SO%, except for the ear ly  stage (Figs.  2 and 3). In this polym- 
erization, if there is no termination and if the concentration of the 
growing chain is equal to the concentration of the init iators,  the ra te  
of polymerization is given by 
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1 
0 100 200  

Time (min.) 

FIG. 2. The polymerization of BA with various initiators in 
acetonitrile a t  60°C. Monomer (BA): 0.5 mol/L. Initiator: 0.025 
mol/L. (0 ) Methyl tosylate, ( 0  Methyl iodide, ( @  ) 3-Hydroxy- 1- 
propanesulfonic acid sultone. 

where [MI is the monomer concentration, [MI is the initial mono- 

m e r  concentration, [P*] is the concentration of the growing chains 
(taken to be equal to the concentration of the initiator), and k is the 

0 

rate constant of the propagation reaction. P 
For  polymerization of BA with MT or  MI, f i rs t -order  plots by 

Eq. (1) show a fairly l inear fit, except in the ear ly  stage,  owing to a 
very fast initiation which was probably due to the heat produced by 
the reaction of BA and the initiator. On the other hand, in the polym- 
erization of BA with PS, an S-shaped curve was obtained for the time- 
conversion curve. The f i rs t -order  plot by Eq. (1) shows a fair l inear 
fit,  except for the slow initiation as shown in Fig. 3. 

To explain the fast initiation for  the MT initiator and the slow initi- 
ation for  the PS initiator, the polymerizations of BA with l-methyl-l- 
benzylazetidinium tosylate (BA-MT) and with 3- (N-benzy1azetidino)- 
propyl sulfonate (BA-PS) were examined. The resul ts  are plotted in 
Fig. 4 in t e r m s  of Eq. (1) .  The polymerization of BA could be ex- 
pressed completely by Eq. ( 1). The ear ly  stage for  the MT initiator 
may be negligible. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3 00 HASHIMOTO AND YAMASHITA 

1.0 

212 0.5 
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0 100 2 00  
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FIG. 3. Plot of the experimental data (Fig. 2 )  according to Eq. (1). 
(0) Methyl tosylate, k = 7.29 X 

k = 7.10 X l om3  L/(  mol -s ) ;  ( o  ) 3-hydroxy- 1-propanesulfonic acid 

sultone, k = 6.76 X L/(mol.s) .  

L / (mol . s ) ;  ( e )  methyl iodide, 
P 

P 

P 

These results a r e  compatible with a polymerization scneme in- 
volving initiation with a cyclic immonium cation formed from BA and 
MT (Eq. 2). Then the propagation continues by the consecutive reac- 
tion between BA and the cyclic immonium cation of the polymer end- 
group as shown in Eqs. ( 3 )  and (4).  

(BA-MT) 
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0 0 100 2 
Time (mi n.) 

FIG. 4. The polymerization of BA with 1-methyl- l-benzylazeti- 
dinium tosylate and 3- (N-benzy1azetidino)propyl sulfonate in aceto- 
nitr i le a t  60°C and the application of Eq. (1) to the data. Monomer: 
0.5 mol/L. Initiator: 0.02 5 mol/L. (0 ) 1-Methyl- l-benzylazetidin- 
ium tosylate, k = 6.3 X L / (  mol *s); ( 0  ) 3- (N-benzy1azetidino)- 

propyl sulfonate, k = 6.2 X L/ (mol ' s ) .  
P 

P 
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However, the rate  constant k fo r  polymerization with BA-MT is 
P 

sma l l e r  than that with MT. This deactivation was assumed to be due 
to a decrease in the concentration of initiator BA-MT which is polym- 
er ized spontaneously by heating because i t  would be unstable, as 
shown in Scheme 1 [13]. 

initiation appeared along with polymerization with PS initiator. This 
slow initiation can be explained in the following manner: The low re- 
activity of the quaternary ammonium cation of the zwitterion can be 
expected from the effect of the neighboring anion s i te ,  and the coulom- 
bic energy of the charge separation would be higher than that in the 
propagation step. It has been reported that the ea r ly  step of polym- 
erization was affected by the low reactivity of the zwitterion formed 
from the monomer and the initiator for  the ring-opening polymeriza- 
tion of PS with quinoline (Scheme 2 )  [14]. 

On the other hand, in the polymerization of BA with BA-PS, slow 
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0- s o 2  CH2CH2CH2 ki 
R3N+ \ CH2 + I I A R J N ' C H ~ C H ~ C H ~ S O ~ O C H ~ C H ~ C H ~ S O ~ O -  ' CH 2CH; so* - 0 

SCHEME 2. 

TABLE 2. Propagation Rate Constant for the Ring-Opening Polym- 
erization of 1-Benzylazetidine with Methyl Tosylate at Different 
Temperatures" 

Temperature,  "C: 65 60 54 42 

L/ (mol . s )  8.42 7.29 4.23 1. 50 
kD 

Monomer, 0.5 mol/L in CH3CN; initiator, 0.025 mol/L. a 

The polymerization mechanism for BA with M T  can be expressed 
by Eqs. (2) ,  (3),  and (4). The f i rs t -order  plot by Eq. (1) shows a 
fairly l inear fit except for  the ear ly  stage. Values of k a t  different 

P 
temperatures obtained by Eq. (1) a r e  shown in Table 2. According to 
Eq. (5),  given by Eyring [15], the enthalpy of activation AH* and the 
entropy of activation AS* for the propagation were determined as 
follows : 

k AS* AH* 1 
In ( k  /T) = - + -- + - - 7 

P h R  R T  

where k is Boltzmann's constant, and h is Planck's constant. Appli- 
cation of Eq. ( 5 )  leads to AH* = 17.8 kcal.mol-l  and AS* = -35 c a l -  
deg-' mo1-l. 
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