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(RS)-, (R)- AND (S)-3-BENZYL-3-ETHYL 2-OXETANONE 
POLYMERIZATION WITH CHIRAL AND ACHIRAL 
INITIATORS 
III. DSC study of the thermal properties of the resulting polyesters 
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The polymerization of 3-benzyl-3-ethyl 2-oxetanones leads to three types of polymers: 
poly RS (enantiomer excess, ee = 0), poly R or poly S (Ree > See) and polyracemate. All 
these polymers are crystalline and the thermal properties (Tg, melting TM and AHM) depend 
mainly on the ee of the polymer. The propagation of the polymerization is not stereospecific. 
The use of heating-cooling cycles leads to a pure crystalline form melting at the highest 
temperature. The polyraeemate has the behaviour of a pure polymer which melts at a lower 
temperature, a prolonged heating in the melt induces a strong racemization. 
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I n t r o d u c t i o n  

(RS)- ,  (R)-  and (S)-3 ,3-disubst i tu ted  2-oxetanones  (b- lac tones)  - with 

ethyl,  phenyl  [1] and  benzyl,  ethyl [2] as subst i tuents  - have been  

po lymer i zed  with achira l  or  (RS) and  (S) chiral init iators being ei ther  

t e t raa l -  k y l a m m o n i u m  carboxyla te  or  n icke l ( I I )  carboxylate  complexed  by 
t r ibutyl  p h o s p h i n e  [3]. In  both  cases, the chirali ty was given by the car- 
boxylie  a d d  moiety .  T h e  anionic  po lymer iza t ion  of 3,3-disubst i tuted 2- 

oxe tanones  leads to crystal l ine po lymers  even when a racemic  f l- lactone 

car ry ing  two di f ferent  bulky subst i tuents  is po lymer ized  [4]. In addit ion,  it 

has  b e e n  shown that  these  polymer iza t ions  are  not s te reospec i f ic  [5] and 
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that the polymers obtained from racemic monomers have a very low 
stereoregularity [6]. A kinetic study of polymerization of 3-benzyl-3-ethyl 2- 
oxetanones (BzEO) shows that initiation alone is more or less stereospecific 
[7]. 

In this article, we shah describe a DSC study of the resulting polymers to 
try to have a better approach either on the stereoregularity of the polymers 
or on the influence of the initiator chirality on the stereoregularity during 
the BzEO polymerization. 

E x p e r i m e n t a l  

! - T h e r m a l  m e a s u r e m e n t s  

The thermal measurements were carried out with a DSC 7 Perkin-Elmer 
apparatus with 2 to 5 mg of sample in sealed aluminium pans. The apparatus 
was calibrated with standards, indium and zinc, as well for temperatures as 
for energy (AH). We shall define TM as the temperature of the maximum of 
the melting peak and AHra as the variation of the enthalpy of melting (in J/g) 
between the starting of the peak 7"1 and the end of the peak T2 (return to 
baseline). Tm is the onset defined as the intersection of the extrapolated 
baseline with the tangent drawn on the leading edge of the peak. This point 
was determined graphically. 

- 1st PAS: first melting of a sample without thermal history 
- 2nd PAS: second melting, after 1st PAS the samples were cooled slowly 

(20 deg/min) and reheated to melting (20 deg/min). 
- Heating-cooling cycles [8, 9]: They were carried out with a gap of 

temperature of about 50~ Tma~ was around the first then the second melt- 
ing maximum with a rate of 20 deg/min. 

- Polyracemate was prepared by dissolving equal quantities of poly R 
and poly S in CHCI3 and the solvent was evaporated. 

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

The technique of polymerization [1, 2] and the synthesis of BzEO [2] 
were previously described. 
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Results and discussion 

The results of melting (lst PAS and 2nd PAS) are collected in Table 1. 

Table 1 TM, AHM and Tg values of RS, R and S polymers obtained with an aehiral initiator, without 
thermal history (lst  PAS) and cooled slowly (2nd PAS) 

2a initiator (e) 

Polymer Melting Melt ing Glass transition 

TM/~ AHM/J .g  - 1  Tg~ A H / J . g - 1  deg -1  

S 1st PAS (a) 219.6 26.1 76.0 0.27 

S 2nd PAS (b) 219.2 20.0 72.4 0.47 

R 1st PAS 231.0 33.0 76.4 0.21 

g 2nd PAS 230.0 30.0 74.0 0.13 

RS 1st PAS 147.0 23.5 65.0 0.28 

RS 2nd PAS - - 70.2 0.85 

a- 1st PAS: first melting, b- 2nd PAS: second melting, heat ing and cooling rate: 

20 deg/min, e- 2a initiator: NBu4 acetate 

Table 2 TM, AHM and Tg values of R, S and RS polymers obtained with a chiral initiator, polymers 
without thermal history (Ist P/kS) and cooled slowly (2nd PAS) 

2c initiator (e) 

Polymer Melting Melting Glass transition 

TM/~ A H M / J . g - 1  Tg/~ A H / j . g - l d e g  - 1  

S 1st PAS (a) 219.6 29.5 79.0 0.31 

S 2nd PAS (b) 219.2 22.0 72.0 0.58 

R 1st PAS 230.0 37.0 78.0 0.23 

R 2nd PAS 231.0 33.7 68.0 0.55 

RS 1st PAS 147.5 24.0 76.4 0.36 

RS 2rid PAS - - 70.0 1.10 

a- 1st PAS: first melting, b- 2nd PAS: second melting, heat ing and cooling rate: 

20 deg/min e- 2c init iator:  NBu4 (S)-2-methylbutyrate 

The results of Tables 1 and 2 show that: 

i) The racemic polymer (poly RS) melts 72 to 84~ lower than poly S and 
poly R, respectively. For AHM values, the differences are a little less impor- 
tant; AHM varies from 23.5 (poly RS) to 26.1 (poly S) and 33.0 J/g (poly R). 
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ii) The values of TM as well as of AHM depend essentially on the optical 
purity (i.e. enantiomeric excess, ee) of the starting monomer.  A highest ee 
has been obtained for R monomer,  which gives TM=231.0~ and 
AHM=33.0 J/g for poly R and TM=219.6~ and AHM=26.1 J/g for poly S 
(achiral initiator). 

iii) There are no differences for TM values in the three cases, which ever 
is the initiator. 

iv) A poly RS does not crystallize on cooling and therefore has no 
second melting peak, which involves a very low stereoregularity of the 
polymer chain. 

v) For a second melting, TM values do not shift, on the contrary AHM 
reduced by 23% (poly S) and by 9% (poly R). The less important  decrease is 
the higher ee, which involves a higher stereoregularity of poly R chain. 

As far as the stereoselection of the polymerization is concerned, the 
comparison of the results of Tables 1 and 2 shows that: 

i) for a 1st melting (lst  PAS), A/-/M shifts from 23.5 to 24.0 J/g for a poly 
RS and from 26.1 and 33.0 to 29.5 and 37.0 J/g for poly S and poly R respec- 
tively, 

ii) with a chiral initiator (Table 2), AH value o f  Tg for a 2rid PAS is about 
four times higher than for a 1st PAS and only three times higher with an 
achiral initiator (Table 1), in both case for a poly RS. 

~ p o l y m e r  
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Fig. [ 3-bcnzyl-3-cthyl 2-oxctanone - Polymerization with NBu4 (S)-2-methylbutyrate curve 1: 
S-lactone,  curve 2: R- lac tone  
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The fact that the melting temperatures TM do not change indicates a poor 
stereoselection of the polymerization. Yet the fact that AHM increases by 
13% (poly S) and by 12% (poly R) involves that some stereoselection occurs 
during the polymerization, mainly during the initiation. The higher the ee is, 
the better the stereoselection should be. In our kinetic study, however, the 
highest rate of polymerization has been obtained when initiator and 
monomer had the same (S) configuration [7], which is not the case of R 
monomer and (S)-2-methylbutyrate (Fig. 1). In Fig. 1, the difference be- 
tween R and S curves until about 30 rain should be higher but the ee of S 
monomer is lower than that of the R one. In addition after 30 rain the true 
initiator, i.e. terminal COO-, is R or S configuration with mainly R or S 
monomer present, which gives the same propagation rate. (Fig. 1). 

We have used a technique consisting of heating-cooling cycles [9, 10] for 
poly R and poly S to give them a well defined thermal history. 

These results show that: 

i) onset values Tm vary from 192 to 216~ for poly S and from 207 to 
225~ for poly R, whereas the higher melting peak TM does not shift, 

~3 
~v1= 219.30 

endo 

,~E t , 5 -  - 
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< 
t.r.1 0,75 - 
U: 

,~ : f -  .r" " 
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Fig. 2 Melting of S polymer with various thermal history (heating-cooling cycles) curve 1: first 
melting, curve 2 :6  cycles, 2 cycles 150~176 2 cycles 160~176 2 cycles 
165~176 curve 3:10 cycles 160~176 
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Fig. 3 Melting of R polymer with various thermal history (heating-cooling cycles) curve 1: first 

melting (no thermal history), curve 2:6 cycles 150-190~ curve 3:7 cycles, 4 cycles 
150-200~ 3 cycles 175-2130C, curve 4:6 cycles 170-223~ 

ii) there are two melting peaks except when the temperature maximum 
of the cycles is higher than that of the 1st peak, in that ease only one melting 
peak is observed (Figs 2 and 3), 

iii) the lower the ee is, the higher the decrease of AHM of melting (about 
10% then 50% for poly S and 4% then 26% for poly R). In addition, the 
values of AHra of the high melting form are lower than the values of two 
forms together (50 and 26%). The decrease of AHM values may be due to 
two reasons: a) the AHM of the high melting form may be lower than AHM of 
the 'raw' sample (lst melting), b) a racemizatiou may occur when the sample 
is melted above 210~ poly S twice and poly R three times are melted above 
this temperature, before the high melting form is obtained. Above 210~ the 
transesterification begins to be effective. Then a rather low cooling rate of 
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the melted polymer from about 270~ (end of melting peak) let the sample 
stay a rather long time in a liquid state at temperature above 210~ Since in 
the poly S the proportion of R is higher than the proportion of S in a poly R, 
a higher shift of AHM values, 50% instead of 26%, is obtained. 

Table 4 Glass transition (Tg), crystallization and melting (TM and AHM of a polyracemate (50-50 
mixture ofpolyR and ofpolyS) 

Tg / Crystallization / Melting / 
~ J/g" deg ~ J/g ~ J/g 

1st PAS 68.0 0.56 117.0/127.0 -11.8 192,0/212.0 19.2 
2nd PAS 65.6 0,30 141.3/153.0 -18.2 194.2/213.6 18.2 
3h at 250~ 68.5 0.20 146.0/168.0 -14.8 195.0/215.0 13.9 
5h at 250~ 70.8 0.23 153.0/168.9 -13.4 194.5/215.0 14.1 
20h at 250~ 71.5 0.14 - - - 200.0/215.0 0.79 

1st PAS: first melting, 2nd PAS: second melting after slow cooling (rate 20 deg/min), 
heating rate: 20 deg/min, the polymer was kept melted 3, 5 and 20h at 250~ 

We have also prepared a polyracemate (separate from poly RS), a mix- 
ture 50-50 wt. of poly R and poly S. 

These results show that: 

i) for the 1st PAS, there is a 'cold' crystallization after the glass transi- 
tion at about 120~ (maximum of the peak), this maximum shifts to about 
150~ (for 2nd PAS and higher) and disappears when the polymer has been 
kept 20 h at 250~ 

ii) the maximum of the melting peak is situated at 215~ that is 68~ 
above the poly R S  value (poly R: 84~ poly S: 72~ The shifts of AHM 
values are higher: A/-/M polyracemate: 19.2 J/g, poly S: 26.1 and poly R." 
33.0 J/g, 

iii) some racemization occurs from 1st PAS (AHM = 19.2 J/g) to 2nd PAS 
(Zk/-/M = 18.2 J/g) and mainly after 3 and 5 h of melting at about 250~ 
(A/-/M=14 J/g). The polymer is melted some minutes between 215 ~ and 
270~ (2nd PAS) and in addition is kept 3 or 5 h at 250~ temperature at 
which the transesterification is very effective, which may explain the 
racemization. The shift of the energy liberated during the crystallization 
from -18 J/g to -14.8 and -13.4 J/g is in favour for the above explanation, 

iv) then the polyracemate, heated 20 h at 250~ is converted into a poly 
R S  type polymer. The peak remaining at 215~ is very weak, but the conver- 
sion polyracemate-poly R S  is not complete even after 20 h. Anyway, Z3d-/M 
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d e c r e a s e s  f r o m  19.2 to  0.79 J/g,  i.e. 96% of  r acemiza t ion .  No  mel t ing  at 

147~ can  be  obse rved ,  s ince  a m e l t e d  poly  RS does  no t  crysta l l ize  on  cool-  

ing. T h e  va lues  o b s e r v e d  for  T~ (71~ and  0.14 J /gdeg)  does  not  c o r r e s p o n d  

to  tha t  o f  Table  1 (65 ~ and  70~ 0.28 a nd  0.85 J / g d e g  for  po ly  RS) b e c a u s e  

the  s ta t i s t ica l  r a c e m i z a t i o n  of  a p o l y r a c e m a t e  does  no t  l ead  to  a s a m e  po ly  

RS type  as a po ly  RS o b t a i n e d  by  d i rec t  po lymer i za t i on  of  a RS m o n o m e r .  

T h e  resu l t s  o f  1st PAS are  very  d i f fe ren t  f r o m  those  o b t a i n e d  by 

P r u d ' h o m m e  et al. [10]. A c c o r d i n g  to t h e s e  authors ,  the r a c e m a t e  of  3-ethyl-  

3 - p r o p y l  2 - o x e t a n o n e  mel ts  abou t  40~ is h igher  than  pu re  po ly  R/polyS .  
T h e y  have  also s h o w n  by  X - r a y  d i f f r ac t ion  tha t  the p o l y r a c e m a t e  has its own 

s t ruc tu r e .  I n  the  case  of  3 -e thy l -3 -pheny l  2 -aze t id inone ,  the re  is a little dif- 

f e r e n c e  for  TM values  ( abou t  4~ b e t w e e n  poly  R / p o l y  S and  p o l y r a c e m a t e  

[11], fo r  the  la t te r  the  X - r a y  d i f f rac t ion  has shown its own s t ruc ture .  
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Zusammenfassung -- Die Polymerisation yon 3-benzyl-3-ethyl 2-oxetanon ffthrt zu drei 
Polymer Typen: Poly RS (Llbersehuss des Enantiomers, EE = 0), Poly R oder Poly S (REE > 
SEE) und Polyracemate. Alle Polymere sind kristallin und die thermischen Eigenschaften 
(Tg, Schmelze TM und AHM) h~ingen wesentlich yon EE des Polymers ab. Die Fortpflanzung 
der Polymerisation ist nieht stereospeeifisch. Die Verwendung yon Aufheitzen Abk~hl Zyk- 
len fiihrt zu einer reinen kristallinen Form, die bei der h/~ehsten Temperatur schmilzt. Das 
Polyraeemat verh~ilt sieh wie ein reines Polymer, das bei niedrigeren Temperatur schmilzt; es 
racemisiert im Laufe einer verl/ingerten Erhitzung im Sehemlzfluss. 
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