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Summary

a-Chloramethyl-a-methyl{3-propidactone (BAMPL) has been @polymeized with
1,3-timethylene cebomate (TMC) using a wide range of feed composition dng-
dichlorotetrabutyl-distanoxane as a&atalyst. Radom copolymer, P(&MPL-co-TMC),
was obtained and characterized ‘ByNMR and DSC. The pendant chloromethyl groups
of the copolymers are egpted to bdurther modified by eaction with a tertiary amine
containing corpounds to increase the hydrdptity of the copolymer or to conjugte bio-
active residues onto themolymer.

Introduction

Aliphatic polyesters have been widely used as biomedical materials and
environmentally degradable thermoplast{gs3). The homo- and copolymers laictides
and lactones such as polylactide, poly(lactidegtycolide), polyé-caprolactone-co-
lactide) and pal(1,3-timethylene cebomate-co-lactide) are ammg the well known
biodegradable synthetic polymers which haweag been studied (4). Sinca&iphatic
polyesters normally do not have many pendanttional groups (other than end groups)
to allow chemical modification altering thepropeties or to conjugate withirugs and
bio-active residues, the application of these polyesters is limited. Novel aliphatic
polyesters containindunctional pendant groupsnainly derivedfrom malic acid or
trifunctional amino acids, have been studied cardusly in the écent pas{5-10). It has
also long been known that random copolyizegion is a useful mbhbd to prepare new
materials, whoseropeties are differentfrom those of the parent homopolymers, and
sometimes are the average of them.yfgB-timethylene cebomate) (PTMC) is an
amorphous polymer and shows slow degradahtesr(11). Copolymeration of 1,3-
trimethylene ceborate (TMC) with LA, GL, CL or other cyclic esters yields
biodegradable and biocompatible polyesters with a large range of chemicphydauil
propeties (12-14). Therefore, copolymeation of functional monomers with TMC is
expected tgorovide a way to diain newfunctional biodegradable materials. We have
reported on the synthesis and ring-opening polyza&on of a new kind of modifiable
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propidactone, a-chloromethyle-methyf3-propidactone (GIMPL) (15). However, the
resulting polymer P(CMMPL) wadound to possess very high cigiinity and low
solubility in commonorganic solvents, which makes it difficult to modify the polymer. In
this article, we have tried theng-opening copolymération of QMMPL with TMC to
afford a new kind of random copolymer ¢aiming pendantfunctional groups. These
copolymers may be used to corgiig drugs or bioactive residues, they can also be
guaternized to increase thgdrophlicity of the copolymers.
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Scheme 1 Copolymerization of CMMPL with TMC

Experimental
Materials

a-Chloramethyl-a-methyl{3-propidactone (GAMPL) was prepared as perted in our
previous paper (15), it was dried over Ca&ahd freshly distillecunder reduced pressure
prior to use. TMC was synthesized aating to the published procedure (11) andiltksl
over CaH under reduced pressurditanium (V) butoxide [Ti(OBu), dibutyltin
dimethoxide [BuSn(OMe)] and stannous ochbe [Sn(Oct] were purchased from
Aldrich and distilled under reduced pressure. 1,3-dichtetmabutyl-distanoxane
(DCTBD) and 1-ethoxyl-3-chlotetrabutyl-distanoxane (ECTBD) were prepared
according toliterature (16). o-Dichlorobenzene was difed under nitrogen over 4A
molecular sieve. All other chemicals were commer@edducts of Eijing Chemical
Reagent Co. and used without further paafion.

Copolymerization

Bulk copolymeization was carried out wit@.05 mol% ofcatalyst relative to mnomer. A
mixture of a certain aount of QMMPL, TMC andcatalyst ino-dichlorobenzene was put

into a previously flamed andry argon-purged glass tube. The tube was degassed for 10
min and sealednder vacuum. After a prestermined reaction time, the tube was allowed

to cool down to roontemperature. The reaction mixture was dissolved iorofdrm,

then a mixture of diethyl ether and hexane (1/3, v/v) was added to precipitate the
copolymer as a wte solid. The opolymer was further purified by regwipitation and

dried in vacuo at 5 for 48 h.

Characterization

'H-NMR spectra were recded on a Bruker ARX-400 sptrometer operated 400 MHz.
Composition of copolymers wereettrmined either by elemental analysis of the chlorine
content of the copolymers or Bi-NMR analysis based on the relative intensity of the
methylene signal of P(CMMPL) &t7 ppm and thenethylene signal of PTMC at 2.0 ppm.
CDCI, was used as a solvent and tetramethylsilane was used as an internat sttimela
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number and weight average molecular weights agotymers were etermined by gel
permeation bromatography (GPC). The GR@easurements were carried out with THF
as an eluent (1.81L/min) using a Water§10 pump, thre&VatersuStyragel columns (£0
10%, 500 A) in series, and Waters401 differenial refractometer. The columns were
calibrated with polystyrene standards having arava mdecular weight distribution.
Differential scanning calorimetry (DSC) measurements weréomeed on a Simadzu
DSC-50 at a @ating rate of 1W/min. The melting temperature (Twas taken as the
peak temperature of the meltingddtherm. The glass tratien temperature (J was
taken as the inflection point of the specific heat increment at the glass transition.

Results and Discussion

In general, it is difficult to get random copolymers of 4-numberedlaatpnes such &3
butyrolactone and larger numbered ring esters such as CL, TMC, LA and GL due to the
large difference in monomer reactivi(¥7,18). It is vell-known that in the case of ring-
opening polymerizatin, different catalysts may result in differenfpropagtion
mechanisms, and inutn alter the nonomer reactivity. Thefere, the slection of a
suitable catalyst is crucial to obtaimibm copolymers of IMPL and TMC. Hori et al.

has reported that distannoxane compounds cacttafély catalyze the apolymeization

of B-butyrdactone with TMC and CL tofford random copolymers (13, 19, and 20). In
this article, five catalysts, namely Bm(OMe), DCTBD, ECTBD as well as
Ti(OBu), were evaluatedfor the copolymearation of TMC and ®IMPL. Since
P(CMMPL) itself is a high cryalline polyester with low solubility in commoarganic
solvents, the low comonomer feed ra{i@MMPL]=20 mol%) was used irorder to
obtain soluble apolymers for compaon determinain. The results are sumarized in

Tab. 1. The composition of the copolymer watedmined by'H NMR spectra. Fig. 1
shows a representativil-NMR spectrum of P(CMMPL-co-TKg), together with the
assignments of peaks from both TMC anbIMPL units. The peaks &.7 ppm (-CHCI

of CMMPL) and2.0 ppm (-C-CHC- of TMC) were used for thealculaton. It can be

seen from Tab. 1 that among the figatalysts used, the compositions ajpolymers
obtained by using ECTBD and DCTBD as catalysts are close to the feed ratios, indicating
that random copolymeration of TMC and ®IMPL might have taken lpce by using
these two catalysts. It seems that ECTBD may be much more preferable than DCTBD due
to the shorter polymerization time and the higher polymer yield.

Tab.1 Copolymerization of CMMPL and TMC using different catalysts*

a
No. Cat. Yield () CVIMPL(mol%)™ . o)
in copolymer
A-1° ECTBD 67 212 179
A-2° DCTBD 39 19.7 -18.6
A-3 Sn(Oct), 47 14.8 17.7
A-4 Bu,Sn(OMe), 24 23.6 _15.3
A-S Ti(OBu), 36 7.8 -18.2

* [CMMPL] = 20.0 mol%, [M]/[cat.] =2000 (molar ratio), 130 C, 4h.
* Calculated from '"H NMR spectra. ® The polymerization time was 10min.

‘The polymerization time was 30min.
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Fig. 1 "H-NMR spectrum of P(CMMPL-co-TMC) (No. A-1 in Tab. 1)

Subsequently, the copolymeation of QMMPL and TMC was carried out at different
temperatures by using ECTBD and DCTBD as catalysts. The results are listed in Tab. 2,
from which it can be seen that the polymation temperature does not influence the
compositions of copolymers obviously. The composs are all similar and close to the
feed ratiosfor the two catalysts. However, higher temperature tends to increase the
copolymeization rates and theopolymer yelds.

Based on the above results, the bulk copolyration of QAMMPL and TMC was
condwtedunder the following conitlons: [M]/[cat.] = 2000 (in molaratio), 130C, 18 h.

The results are summarized in Tab. 3. It can be seen very cteariyTab. 3 that when

the feed CMMPL atio was higher than 60 mol%, theVl®IPL contents in the re$iing
copolymers were larger than the featias; below this feed ratio, the compositions of the
copolymers were close to their corresponding fet¢ids. Meanwhile, It seems that the

Tab. 2 Copolymerization of CMMPL and TMC at different temperatures™

Temp. Time Yield CMMPL(mol%)" T,

NooCab oy (min) (%) incopolymer  (°C)
B-1 ECTBD 80 90 32 19.8 192
B ECTBD 100 40 31 20.5 177
B3 ECTBD 130 10 67 212 179
B4 DCTBD 80 90 33 212 16.1

B-5 DCTBD 100 40 3 19.8 173

B6 DCTBD 136 30 39 19.7 18.6

* [CMMPL] = 20.0 mol%, [M]/[cat.] =2000 (molar ratio).
* Calculated from ' H NMR spectra.
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Tab. 3 Copolymerization of CMMPL and TMC using DCTBD as a catalyst*

o, CMMPL (mol%) Yield CMMPL mol%)” T, Tw AHf T. M," M,°
0.

in feed (%) in copolymer °C) (O (Jig) Oy 10 (10%H
C-0 100 87 100 -8.0b 230.2 27.1 19.6 K -
C-1 90 84 97 9.1 b 236.0 35.8 255 - -
C-2 80 83 94 -10.4 b 2354 50.1 249 - -
C-3 70 70 89 -13.8 b 233.5 51.6 24.7 - -
C-4 60 68 78 -14.0 229.0 43.0 20.8 - -
C-5 50 78 55 -14.5 2245 359 - - -
C-6 40 63 47 -13.5  203.1 165 - - -
C-7 30 76 23 -13.0 - - - - -
C-8 20 79 19 -12.9 - - - 0.68 1.32
C-9 10 71 13 -15.1 - - - 0.82 2.86
C-10 0 85 0 -19.3 - - - 0.91 2.48

* [M]/[cat.] =2000 (molar ratio), 130 C, 18 h; ® Determined by elemental analysis;
b Obtained from the second scan; ¢ Determined by GPC analysis;

d . . .
These samples were not soluble in THF, the molecular weight were not determined

feed ratio does not influence thepolymer yelds significantly, the yields of all the
copolymers are high. This wasdtributed to the relative high polymerization temperature
and long polymeeation time.

Fig. 2 shows the DSC piitéds of the opolymers listed in Tab.3, thelated results are
summarized in Tab. 3. PMMPL) is a high cry&lline polymer, which melts atbaut
230°C under the present polynization @ndition. For copolymers edinedfrom low
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Fig. 2 DSC traces of P(CMMPL-co-TMC) (the numbers correspond to
the copolymer numbers in Tab.3. The second scan was done after the melt
sample being quenched in liquid nitrogen.)
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feed ratio of TMC (sampl€-0 to C-3), TMC contents in the copolymers were obviously
lower than the TMC feed ratios. The melting temperature and melting enthalpy of these
copolymers are higher compared to those of MNIPL). This might refect that the
P(CMMPL) crygallization is inproved when mall anount of TMC unit is present. It is
worth mentioning that the Tof these copolymers could only be observed for the second
scan, when the samples were quenched in liquid nitrogen. Mdanwhystallization
peaks were also detectdédr these samples. When the molar content of TMC in the
copolymer was about 60% (i.e. for sample C-7), riiedting process became veilyoad

and the melting enthalpy could not be accuratelyned. This result indates that an
amorphous copolymer was tained when 60 mol% of TMC units were present. Single T
values were observed fail the @polymers. The GPCdces of the dissolvable samples
were unimodal. Therefore, it can be concluded that copolyateon of GMMPL and

TMC can afford random copolymer with low or no dafbnity.

In conclusion, MMPL and TMC have been soessfully copolymezed using 1,3-
dichlorotetrabutyl-distanoxane as aatalyst. The DSC results show that when 60 mol%
of TMC units is present in the copolymer, an amorphous random copolymer can be
obtained. The pendant cmbmethyl groups of the copolymers may be converted to
guaternary ammonium salts by reaction with a tertiary amine and thus to increase the
hydrophilicity of the copolymer or to conjuate bio-active residues onto thepolymer.
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