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The steadily increasing concern of the general public
with the protection of our daily environment has largely
contributed to the advent and growth of biodegradable
polymers. Among them, poly(e-caprolactone),! PCL, has
a central position because of highly desired combination
of biocompatibility and good mechanical properties.
Nevertheless, the melting temperature (T,) of PCL is
too low for it to be usable as packaging material. With
the purpose to modify PCL properties, a series of (oc and
y)-substituted lactones have been synthesized.? This
communication aims at reporting on the synthesis and
polymerization of 2-oxepane-1,5-dione (OPD), which has
the same structure as e-caprolactone, except for the
central methylene group which is replaced by a carbo-
nyl. This new monomer paves the way to a novel class
of (co)polyesters with potential applications as packag-
ing material and constitutive component of biomedical
devices.

Synthesis of 2-oxepanedione relies on the classical
Baeyer—Villiger oxidation of 1,4-cyclohexanedione by
m-chloroperbenzoic acid in dichloromethane (Scheme 1,
route 1). Only traces of the diester formed by the
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Table 1. Bulk Copolymerization of e-CL and OPD
Mixtures of Various Molar Compositions (fopp)

T yield Tm  AHm
entry M/Sn fopp (°C) time (%) Fopp? (°C)° (JgY)P

1 600 0.08 110 4 min 99 0.07 63 55
2 600 0.30 25 48h 99 0.29 94 52
3 600 0.30 80 2min 46 055 114 67
4 600 0.65 110 10min 92 0.72 137 75

2 Fopp, the molar content of OPD in the copolymer, was
determined by *H NMR. The polydispersity index measured by
SEC is ca. 1.7. * T, and AHy, (DSC data) were reported for the
second heating run.

Baeyer—Villiger oxidation of OPD have been detected.
Substitution of a polarized ketone function (C=0) for
the central methylene group of the cyclic e-caprolactone
strengthens the intermolecular interactions and thus
increases the melting temperature from —1 °C up to
110—-112 °C.

Polymerization of 2-oxepane-1,5-dione has been initi-
ated by 1-phenyl-2-propanol added with 0.5 equiv of tin
octoate in toluene at 90 °C. The collected polyester (89%
yield) is semicrystalline with a high T, (147 °C) and a
Ty of 37 °C. Its physical properties are actually identical
to those of the polyester we recovered by deacetalization
of poly(1,4,8-trioxaspiro[4.6]-9-undecanone) a few years
ago® (Scheme 1, route 2). A crystallographic study
showed that the unit cell for this polyester is orthor-
hombic in the P2,2,2; space with two molecules ex-
tended along the c-axis just as PCL.3

Dibutyltin dimethoxide has proved efficiency to syn-
thesize random copolymers of e-caprolactone, -CL, with
2-oxepane-1,5-dione under different conditions (Table
1). The distribution of the comonomers is dictated by a
combination of two effects, i.e., the higher reactivity of
OPD with respect to e-CL and transesterification reac-
tions. These copolymers are semicrystalline over the
whole composition range investigated in this study. T,
increases regularly and monotonically from 60 to ca. 150
°C as result of cocrystallization as supported by wide-
angle X-ray scattering (WAXS) analysis. This is the first
report, at least to our knowledge, of such a phenomenon
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Scheme 1. Comparative Routes for the Synthesis of Poly(2-oxepane-1,5-dione)
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occurring in polyesters. Also consistent with a regular
increase of the intermolecular interactions with the
OPD content, T4 obeys the Fox equation* (eq 1), which
indicates that the composition of the amorphous phase
may be approximated to the overall composition deter-
mined by 'H NMR.

UTy = (Wy/Typ) + (W, Typ) (1)

where w; is the weight fraction of compound i and Tg; is

5288 19KV

Figure 1. SEM images of a poly(OPD-co-CL) containing 30
mol % of OPD before and after immersion in a phosphate
buffer (pH = 7.4) at 37 °C: (a) t = 0; (b) t = 14 weeks.
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the glass transition temperature (in kelvin) of the parent
homopolymer.

The mechanical properties of copolyesters with an
OPD content until 30 mol % are quite reminiscent of
PCL of comparable molecular weight. For instance, a
poly(2-oxepane-1,5-dione-co-e-caprolactone) of My 65 000
and 30 mol % OPD shows an elongation at break of
800% and an ultimate tensile strength of 26 MPa,
compared to 1000% and 36 MPa, respectively, for PCL
of same Mp.% The ketone increases the polyester hydro-
philicity and thus its sensitivity to hydrolysis, as
convincingly supported by Figure 1, which compares the
scanning electron micrographs (SEM) for the copolyester
before and after immersion in a phosphate buffer at 37
°C. After 14 weeks, the copolyester shows obvious signs
of hydrolytic degradation.® Indeed, 13% of water absorp-
tion and 8% of weight loss® are observed, in sharp
contrast to PCL which remains unchanged.

Quite interestingly, OPD imparts sensitivity to photo-
cross-linking to this novel class of materials. Indeed,
solubility in common organic solvents is lost, and the
melt viscosity is sustained up to high temperatures upon
UV irradiation of OPD containing copolyesters. This
characteristic feature might find application in photo-
lithography. The photo-cross-linking mechanism, which
is under current investigation, is thought to rely on the
formation of radicals by abstraction of an hydrogen in
the a-position of the ketone.

So a series of major properties of PCL (Tm, Ty,
mechanical performances, hydrophilicity, biodegrad-
ability, cross-linking) may be easily tuned by copolym-
erization of e-caprolactone with various contents of
2-oxepane-1,5-dione, as will be shown in forthcoming
papers. This novel class of (co)polyesters has potential
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in different application areas, such as packaging ma-
terials, biomedical devices, agricultural films, etc.

Experimental Section. A. Synthesis of 2-Ox-
epane-1,5-dione (OPD). 1,4-Cyclohexanedione (12 g,
0.107 mol) and purified m-CPBA7 (22 g, 0.127 mol) were
weighed in a 500 mL reactor. 130 mL of dichlo-
romethane was then added to the reactor, and the
solution was refluxed for 3 h at 40 °C. After solvent
evaporation under reduced pressure, the crude reaction
product was washed (3 times) with 200 mL of diethyl
ether, filtered, and dried under vacuum. It was redis-
solved in toluene (0.5% w/w) under N, and the solution
was added with CaH; (5 g) and stirred for 16 h at room
temperature. After filtration, the solvent was partially
evaporated under reduced pressure (OPD concentration
of ca. 2% wi/w), and the solution was cooled to 4 °C for
one night. The crystallized OPD was recovered and
dried at ambient temperature under reduced pressure
for 24 h. Yield: 45%. Melting point: 110—112 °C. 'H
NMR (CDCls, 6 ppm): 4.4 (t, 2H, CH;0), 2.8 (t, 2H, CH,-
C00), 2.6 (m, 4H, CH,CO). 13C NMR (CDCl3, 6 ppm):
204.9 (CO), 173.3 (COO0), 63.3 (CH20), 44.6 (CH»,CO),
38.4 (CH,CO), and 27.8 (CH,COO). GC-MS: M* =128,
M/Z = 55 (base peak). No impurity was detected by GC,
and the purity of OPD proved to be high enough for the
polymerization to be successful.

B. OPD Polymerization. OPD (5 mmol) was weighed
in a glovebox and dissolved in dry toluene (2 mL) at 90
°C, before being added to the reactor, followed by
1-phenyl-2-propanol (0.01 mmol) and Sn(Oct), (0.005
mmol) (dissolved in 0.5 mL of dry toluene). The reaction
mixture was maintained under stirring in an oil bath
at 90 °C. PolyOPD precipitated as a white powder in
the polymerization medium. It was recovered by filtra-
tion and washed abundantly with cold methanol before
being dried under vacuum up to a constant weight.

C. e-CL/OPD Copolymerization. In a typical ex-
periment, OPD (2.27 mmol) was weighed in a glovebox
and added to a flame-dried flask, followed by ¢-CL (4.56
mmol). Bu,Sn(OMe); (0.011 mmol) was added to the
comonomer mixture, which was maintained under stir-
ring in an oil bath at 110 °C for 5 min. HCI excess was
added, followed by chloroform (15 mL). The final solu-
tion was poured into heptane (150 mL), and the copoly-
mer was precipitated, filtered, washed with cold metha-
nol, and dried.
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Mechanical properties were recorded with an Instrom
universal tensile tester (model DY 24) at a tensile rate
of 20 mm min~1. SEM pictures of transversal cross
sections of cylindrical samples were collected with a
JEOL JSM-840 A microscope after coating with plati-
num for 120 s under an argon atmosphere. DSC was
carried out with a Dupont 910 DSC thermal analyzer
calibrated with indium, at a scanning rate of 10 °C/min
under No.

Acknowledgment. The authors are grateful to
Solvay S.A. (Brussels) for support, including a fellowship
to J.P.L., and fruitful discussions. R.J. and J.P.L. are
indebted to the “Services Féderaux des Affaires Scien-
tifiques, Techniques et Culturelles” for general support
to CERM in the frame of the “PAI 4-11: Supramolecular
Chemistry and Supramolecular catalysis”.

References and Notes

(1) Pitt, C. G.; Marks, T. A.; Schindler, A. In Biodegradable
Drug Delivery Systems based on Aliphatic Polyesters: Ap-
plication of Release of Contraceptives and Narcotic Antago-
nists in Controlled Release of Bioactive Materials; Baker,
R., Ed.; Academic Press: New York, 1980.

(2) (a) Tian, D.; Dubois, Ph.; Grandfils, C.; Jéréme, R. Macro-
molecules 1997, 30, 406—409. (b) Mecerreyes, D.; Miller, R.
D.; Hedrick, J. L.; Detrembleur, C.; Jérome, R. J. Polym.
Sci., Part A: Polym. Chem. Ed. 2000, 38, 870. (c) Detrem-
bleur, C.; Mazza, M.; Halleux, O.; Lecomte, P.; Mecerreyes,
D.; Hedrick, J. L.; Jérdme, R. Macromolecules 2000, 33, 14—
18. (d) Vion, J. M.; Jérdome, R.; Teyssié, Ph.; Aubin, M
Prud’homme, R. E. Macromolecules 1986, 19, 1828—1838.
(e) Seefried, C. G.; Koleske, J. V.; Critchfield, F. E. J. Polym.
Sci., Part B: Polym. Phys. Ed. 1976, 7, 795.

(3) Tian, D.; Halleux, O.; Dubois, Ph.; Jérome, R. Macromol-
ecules 1998, 31, 924-927.

(4) (a) Fox, T. G. Bull. Am. Phys. Soc. 1956, 1, 123. (b) Pochan,
J. M.; Beaty, C. L.; Pochan, D. F. Polymer 1979, 20, 879.

(5) Phillips, P. J.; Rensch, G. J.; Taylor, K. D. J. Polym. Sci.,
Part B: Polym. Phys. Ed. 1987, 25, 1725—-1740.

(6) Pitt, C. G. In Biodegradable Polymers and Plastics; Vert,
M., Feijen, J., Albertsson, A., Scott, G., Chiellini, E., Eds.;
The Royal Society of Chemistry: London, 1992.

(7) Schwartz, N. N.; Blumberg, J. H. J. Org. Chem. 1964, 29,
1976—1979.

MAO020441Y



