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ABSTRACT

Racemic qg-methyl-a-n-propyl—-p~propiolactone is readily
polymerized with zinc and cadmium chiral glycolates leading to op-
tically active polyesters. The sterecelectivities observed are
lower than for oxiranes and thiiranes with the same initiator sys-
tem. A value of rotatory power for pure enantiomer a, is deduced
from NMR measurements in the presence of chiral solvent. The struc-
ture of polymers is discussed on the basis of NMR results,

INTRODUCTION

"Stereoelective" polymerizations are convenient for the
preparation of optically active polymers, mainly when enantiomers
are not easily available by usual synthetic methods. Racemic mono-
mer mixtures are polymerized using a chiral initiator with a pre-
ferential incorporation of one of the enantiomers into the polymer
chain and this method was successfully applied in the case of three-
membered ring monomers such as oxiranes and thiiranes as reviewed
by SEPULCHRE (1976) and SPASSKY (1977).

Preliminary reports (SPASSKY (1978)) indicate that such
a stereoelective procedure could also be applied in the case of a
four-membered ring monomer, namely o-methyl-a-n-propyl-g-~propio-
lactone (MPPL).

Racemic o,o disubstituted B-propiolactones were polyme-
rized using anionic initiators (THIEBAULT (1962), HALL (1969),
LENZ (1974)) leading to partially crystalline polymers. Only two
preparations of optically active polyesters starting from resol-
ved monomers have been described : JARM and FLES polymerized
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a-(p-substituted benzene sulfonamide)-g-lactones, while D'HONDT
and LENZ prepared poly(o-ethyl-a~phenyl-g-propiclactone from
the corresponding monomer using tetraalkylammonium carboxylates
as anionic initiator.

In this paper, various features of the stereoelective
polymerization of racemic MPPL using zinc and cadmium glycolates
are reported. A determination of optical activity of pure enan-
tiomer @, 1s described. Preliminary results on polymer tac-
ticity are given.

EXPERIMENTAL

MPPL was synthetized according to the method described
by FISCHER (1959). Chiral initiators were obtained by reacting
diethylzinc or dimethylcadmium with R(~) 3,3 dimethyl 1,2 bu~
tanediol (DMBD) or S(+) phenyl 1,2 ethanediol (PED). All polyme-
rizations were run in apparatus sealed under high vacuum accor-
ding to usual techniques described previously for thiirane poly-
merizations (DEFFIEUX).

POLYMERIZATION OF MPPL WITH CHIRAL INITIATORS

1 - ZnEt.,-R(-) DMBD system

As sfown in table I the polymerization im bulk at
room temperature of racemic MPPL with ZnEtz-R(-) DMBD system
leads to optically active polymers, levorotatory in chloroform
solution, the optical activity of which decreases with conver-
sion. All polymers are crystalline with a melting point close
to 110°C, At the same time, the unreacted monomer is continuous-
ly enriched in levorotatory enantiomer.

According to general rules found for three-membered
ring monomers (SEPULCHRE (1976)) one can expect an "homosteric"
type process i.e. a polymerization proceeding with a preferential
choice of the R enantiomer.

Thus, the residual levorotatory MPPL should be of S-
configuration. A negative Cotton effect located at 207 nm which
is typical of ester n—>I* transition was found in the CD spec—
trum of the monomer. .

The magnitude of the choice depends on the polymeriza-
tion temperature. As shown in Fig. 1, the rotatory powers a_ of
residual monomers increase when polymerizations were carried out
at a lower temperature (-10°C). Such an effect may be explained
by a stronger coordination of the chosen enantiomer at low tem~
perature,

The rates of polymerization observed for MPPL, based
on conversion at a given time, are lower as compared with mono-
substituted thiirames, but much higher than those of oxiranes
polymerized with the same initiator.

It should be also pointed out that the usual stereo-
specific initiator ZnEt,-H, 0 shows a very low efficiency for MPPL
polymerization (19 Z conversion in two weeks at room temperature)
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TABLE 1

POLYMERIZATION OF RACEMIC MPPL WITH ZnEt,/R(-) DMBD
INITIATOR SYSTEM IN BULK AT ROOM TEMPERATURE

Initiator prepared by reacting components 2 hr
at room temperature.

. o

C/M : Time : Yield : Unreacted : Polymer :

: polym.: ¢  monomer @

: moles Z ¢ (hr.) : (2) : a : [ap]

: : : ¢ (neat,dm) : (CHCl3) :
4.8 24 : 17 : ~ 0.41 - 2.4 ¢
7.5 : 24 22,4 : - 0.69 - 1.6 :
8.6 : 14 s 42 : -0.94 : -1.2:
5.6 : 32 : 49 : - 0.47 : - 1.7 :
8.4 24+ 61 ¢ -1,29 : -0,6:
7'81 50 : 79 : - 4,35 : - 0,5 :
7.3 : 29 87 - 4.80 L :

%) initiator prepared by reacting components 2 h

at 80°C,

2 - §E§t2-8(+) PED system

As eXxpected in this case the S type enantiomer
is preferentially incorporated into the polymer chain, the re-
sidual monomer being enriched in dextrorotatory enantiomer,
For example_at 5 % conversion one obtains «_ = + 0.66 (neat,
dm) and Ta ] =+ 3,4 (C = 0.4, CHC13). The Pesidual monomer
(a. = + 0.B6) was polymerized again using the ZnEt,-R{-)DMBD
sygtem of opposite chirality and after 23,6 7 conversion the
unreacted monomer showed an optical activity of o_ = ~ 0,19
(neat,dm) which clearly indicates that again in the latter
case dextrorotatory enantiomer is preferentially consumed.

3 -~ CdMe,-R(~)DMBD system

MPPL"is very easily polymerized with this ini-
tiator system as shown in Table 2. The residual monomer is
dextrorotatory, which corresponds to the preferential choice
of levorotatory enantiomer during the polymerization process.
Such a behaviour, i.e. inversion in enantiomeric choice as
compared to zinc initiator, was previously observed in the case
of thiiranes and has been explained by the predominance in the
cadmium initiator of alkylalkoxide type species over the dial-
koxide one (SEPULCHRE (1976)). This corresponds to the so-
called "antisteric" process, i.e, the enantiomer of configu-
ration opposite to that of the chiral initiator is preferen—
tially chosen.
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Fig. 1 Dependence of the rotatory power and the
optical purity of unreacted monomer on the conversion.
Experimental data of polymerizations carried out at :

O - 10°C @® room temp. A 80°C

Theoretical curves :— — r = 1,35 r=1.25

TABLE 2

POLYMERIZATION OF RACEMIC MPPL IN BULK
WITH MeZCd/R(-)DMBD INITIATOR SYSTEM.

C/M : Time :Temperature:Yield: Residual :

: : : : smonomer o :
:(mole %):(hours): (°C) s () :
: : : : t(neat, dm):

8.5 24 : -4 : 24,4 + 0,06 ¢

. . . . . .
- . . . .

: )42 : -5 : : :
7.5 [ 24 : =30 : 73.5: + 0.71

It must be recalled that cadmium initiators were unable
to polymerize oxiranes, while they readily initiate the polymeri-
zation of MPPL.

The optical activities of residual monomers are lower at
corresponding conversions than with the zinc alkoxide initiator.
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In order to evaluate the magnitude of the choice one
must know the optical activity a. of a pure enantiomer. The
latter has not yet been synthetized and therefore indirect me-
thods should be used, such as NMR studies in the presence of chi-
ral agents.

OPTICAL PURITIES (oa/ao.) OF MPPL ENANTIOMER MIXTURES

The optical purities of enantiomerically enriched MPPL
monomers were determined by high resolution 1y NMR at 250 MHz in
the presence of optically active chiral alcohol namely (-)2,2,2
trifluoro 1 naphtyl ethanol. This reagent was already used by
PIRKLE for enantiomeric purity determinations, although the same
author choosed the anthryl derivative in the case of y-lactone
determinations. Spectra of racemic and enantiomerically enriched
MPPL monomers were run in CCl, solution in the absence and in the
presence of the chiral alcohoi. The protons H, and HB of methy-
lene cyclic group and those of methyl substiéuent were found
to show non-equivalence. The singlet signal of methyl protons be~
comes a doublet with a shift of 3,25 Huz (A§ = 0,013 ppm) the
upfield signal being higher in the case of levorotatory monomer.

Enantiomerie purity is easily obtained from integration
of signals and according to our findings a, of a pure
(S)(MPPL should be equal to - 22° % 2° (neat, dm).

Configurational correlations related to field position
of peaks are presently under study.

NMR STUDIES ON POLYMERS

In our previous paper (SPASSKY (1978)) we reported that
we have not observed any stereosemsitivity in 13C NMR spectra at
25,12 MHz in CDC13 solution. All carbons gave only one single
peak.

Presently working at 50,29 MHz in the same solvent, we
have found that the methylene chain carbon C(3) and the methyl
carbon C(4) appear as doublets, the former being substantially
resolved (A6 = 0,10 ppm). Chemical shifts observed (in ppm
from Me4Si) : C(1) = 174.21 ; C(2) = 46.26 ; C(3) = 68.84 and
68.74 3°C(4) = 19.76 and 19.71 ; C(5) = 38.04 ; C(6) = 17.43 ;
c(7) = 14.30

Bt
-0 _(§)£2)? _(3)|C _
0 (5)?32 Hy

(6)CH, - CH
2 (73

In the case of the optically inactive polymer prepared
by anionic initiator both peaks of the (k3)doublet are equiva-
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lent, while a substantial difference in magnitude is observed in
the optically active polymer (Fig. 2). The downfield peak in-
creases with the rotatory power of the polymer and therefore can
be assigned to an isotactic enchainment, the upfield peak corres-
ponding to a syndio-dyad. These findings support the presence of
both types of enantiomeric units in the polymer chain and in the
case of optically inactive polymers a statistical distribution of
both types of dyads, iso and syndio, is found. This is in dis-
agreement with a pure syndiotactic structure recently proposed for
the crystalline part of the polymer on the basis of crystallogra-
phic determinations (MARCHESSAULT (1978)). No predominance of syn-
diotactic dyads were found in anionically initiated optically
inactive polymers. Presently we are studying the correlation bet-
ween optical activity and tacticity in various polymers prepared
by stereoelective procedures. 1

The same polymers were also examined by "H NMR at 250 MHz
in orthodichlorobenzene solution at 110°C. Protons H, and H
of the methylene chain group appear as the most stereosensitive
giving a well resolved pattern of 6 to 8 peaks (Fig. 3). As may be
seen, when going from the optically inactive polymer to an optical-
ly active one ( |a_| = + 3,4 (CHC1,)). Again, a dyad effect (a qua-
druplet_for each pfoton) is observéd, which confirms the conclusions
of the 13¢ MR analysis.
DISCUSSION

From the experimental data reported above it appears that
zince and cadmium chiral glycolates are convenient initiators for
the stereoelective polymerization of MPPL,

The determination of the rotatory power g, of optically
pure MPPL ( &, = 22° (neat, dm)) by g NMR chiral solvent me-
thod allowed us to obtain informations on the magnitude of the ste-
reoelection, during the polymerization.

According to the shape of the stereocelective curve (Fig. 1
a/%, versus conversion) the resolution kinetics follow the so-called
"first-order law" (SEPULCHRE (1977)) which corresponds to the theo-
retical equation
1+ G/Go

(1 - alao)®

where o/a, is the optical purity of unreacted monomer at a given
conversion x and r the stereoelectivity ratio corresponding to
the preference of the initiator for one enantiomer.

The experimental data obtained at - 10°C and at room tem—
perature with zinc initiator seem to fit well with theoretical cur-
ves corresponding to values of r equal respectively to 1.35 and
1.25 (Fig. 1). These values are lower than those usually observed
for oxiranes and thiiranes with the same initiator (SEPULCHRE (1976)
SPASSKY (1977)). Although stereoelectivity seems to depend on the
temperature, the experimental data are not consistent with a

a - x)r—l -
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Fig. 2. Enlarged signals of methylene chain carbon C(3)
in 13¢ 50,29 MHz NMR spectra of poly MPPL prepared by
anionic ([a_] = 0) and stereoelective ( [a_] = - 1,9)
initiation.® (taken in CDC1, at 25°C, in pph from TMS).

c J\Aj\/\}\}\ E"rﬂ=+3.4
b J\/\}W\A
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Fig. 3. 1H 250 MHz NMR spectra of poly MPPL taken in
O-dichlorobenzene solution at 110°C.
a. full spectrum of anionically initiated poly MPPL.
b. enlarged area of methylene protons of the chain
in the previous spectrum
c. enlarged area of methylene protons of a stereo-
elective type poly MPPL ([ap] =+ 3,4).
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"second-order" kinetics (SEPULCHRE (1976)).

Other features of the stereocelective polymerization in
dicate that MPPL has an original behaviour intermediate between
the different classes established for the three-membered ring mo-
nomers.

Similarly to methyl thiirane, but contrarily to methyl-
oxirane, MPPL is easily polymerized with cadmium glycolate accor-
ding to the so-called "antisteric" process. On the other hand, the
dependence of stereocelectivity on temperature is comparable with
the behaviour of thiiranes with bulky substituents. Thus, more in-
formations are necessary in order to propose a mechanism coherent
with all the stereochemical features observed.

All the polymers we have prepared showed some degree of
cristallinity, but the origin of the latter is still subject of
discussion. According to NMR results no particular stereoregular
structure was identified, in thenon optically active polymers, for
which a statistical distribution of enantiomeric units in the po-
lymer chain seems probable.

Studies are now in progress in order to prepare polymers
of high optical purities for structural determinations and further
studies of physical properties.

Recent investigations indicate that the sterecelective
procedure can be also applied to the case of other & and B8
substituted B-propiolactones which are presently under study.
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