T D

N 3 !
. REPLACED SHE
POLYMERI ZATI ON OF BETA- SUBSTI TUTED- BETA- PROPI OLACT( ¢ SHEETS

I NI TI ATED BY ALKYLZI NC ,ALKOXI DES

5G

ﬁ%escription : paged ..3.... to paged ..;....

TECHNI CAL FIELD 5 The present invention ri% GUB® o 4Pagly- toypaged L.
pol yneri zing [err]-Ilactones in the presence ibf HAVBEGhrsAEdat 11 to Paged .o
initiator. Mre specifically, the i nvent i on’d 1Uate) "t ¢ Pagsdet-hotp Reged -......
pol ynerizing at |east one [err]-substituted-{drr]- | DATE CHRGIRIPECt.one...0.............

t he presence of an F%k | zi nc al koxi de. _
BACKGROUND 10 L%MERIZQ‘J@NIQEJ A-SMBSHTUTER-BETAnRREBIOKALT ONES

made by a wi de variety of INITEXCTED iIBY ADKYEZINGC 21 KOXIDES e of both
energy and carbon supply. Perhaps t he best known of these
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The bacterially-produced form of poly(p-hydroxybutyrate) is a highly

crystalline, optically active and perfectly isotactic polyester. :
Ring-opening polymerization of p-substituted-B-lactones in the
presence of organometallic catalysts to produce B-substituted-p-
20 propiolactone polymers is known. The use of alkylaluminum-water based
polymerization initiators or catalysts is described by Benvenuti and Lenz in
US 5,023,316 and others (for example see Agostini, D. E.; Lando, J. B.;
Shelton, J. R. J. PoLYM. Sci. PART A-1 1971, 9[A], 2775-2587 and 2789-
2799; Gross, R. A.; Zhang, Y.; Konrad, G.; Lenz, R. W. MACROMOLECULES
25 1988, 21, 2657-2668). Polymerization of B-butyrolactone with aluminum
porphyrins is described by Aida, T.; Maekawa, S.A. and lnoue, S. in
Macromolecules 1888, 21, 1195-1202. The use of polymerization initiators
derived from organotin compounds is described by Kemnitzer, J. E.;
McCarthy, S. P.. Gross, R. A. in MACROMOLECULES 1993, 26, 1221-1228
30 and Hori, Y. Suzuki, M.; Takahashi, Y.; Yamaguchi, A.; Nishishita, T. in
MACROMOLECULES 1993, 26, 5533-5534. The use of organozinc-water
based initiators for the polymerization of P-substituted-p-lactones is
reported by Zhang, Y.; Gross, R.A.; and Lenz, RW. in MACROMOLECULES
1990, 23, 3206-32-12 and Tanahashi, N.;: Doi, Y. in MACROMOLECULES
- 35 1991, 24. 5732-5733. Le Borgne, A. and Spassky. N. in POLYMER 1989. 30.



porphyrins is described by Aida, T.; Maekawa, S.A and Inoue, S in

Macr onol ecul es 1988, 21, 1195-1202. The use of polynerization initiators
derived from organo‘tl n corrpounds i s described by Kemitzer, J. E.;
McCarthy, S. P.: Goss, R A. in MACROMOLECULES 1993, 26, 1221-1229 30
and Hori, Y.: Suzuki, M; Takahashl N A Yamaguchl , A.; Nishishita, T. in
MACROMOLECULES 1993, 26. 5533-5534. The use of2organozi nc-wat er

based initiators for t he polyrrerlzatlon of [err]-substituted-[err
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4, 5732-5733. Bor
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[err]-butyrol agjone. K“W‘@?éadvgnta?%dopgbch of iH& %bove sgsé'mg ﬁ%.oﬁ&b% the .

DEGRADN. 1993, 1, 81-87 descri of "a-
al cohol initiator P@ymwgq&enwfeﬂﬂsyastngtedﬂi-mpplngmgﬂla!estezmls that eagh

di Isadvant a?e of fea@, Psteim teru@é@\éﬁhéVSIb eﬁ&ﬂéh Q{?ﬁé%f Brodlibron of |owt ylelds of
ol yneri zation o su r i ol act on st er
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| ow yi el ds of melegular welighti dlstmbutlohsmmodunilmtdf anixiueeg) lof isotagtes tatactic,
duct b I : I Xt
products, broags gndif? %ﬁaﬁéﬁkgﬁ&%& @%@%At% of'?ﬁé%%“&éf s M Xxtures

of isotactic, atactic, , Or co |nat|ons of
these defi ci enci es. The alkylatpmingmywater EYﬁtﬁmﬁ}qﬁﬁﬁ@bOWﬂ' e gempandyyrefeced

are commonly ref er teds "alumihoxafe" cdtalysisrdnRiatera! AHESYiBIdosf palydstét prodducdde
yiel d of polyester

[err]-substituted- f@wdﬁcﬁﬁg’s}%’lﬁ%t ﬁ@?'%‘é‘ﬂn?ﬁe@e" nﬁhﬁisﬁt mltgatgr,se aﬁ%e‘dsqu is

generally in the rgegerally pottzD¥yangecd 20-60% arude yieldsaftaryZ-14 days hwith the

50 product having a molecular weight distribution or polydispersity, weight-
average molecular weight (Mw) divided by number-average molecular
weight (Mn) of around 15 (see Gross, R. A.; Zhang, Y.; Konrad, G.; Lenz, R.
W. MACROMOLECULES 1988, 271, 2657-2668). The use of aluminum
porphyrin initiators (see Aida, T., Maekawa, S.A. and Inoue, S. in

ss MACROMOLECULES 1988, 21, 1195-1202) will produce poly(f—butyrolactone)
from B-butyrolactone with essentially quantitative yields and very narrow
polydispersity (1.08-1.16), but the highest reported molecular weights of the
polyester are less than 10,000 and the reaction times required are 5 to 20
days.

60 The use of distannoxane initiators (see Hori, Y., Suzuki, M.;
Takahashi, Y.; Yamaguchi, A.; Nishishita, T. in MACROMOLECULES 1993, 26,
5533-5534) is useful for the polymerization of racemic B-butyrolactone, [S}-
B-butyrolactone, or [R]-B-butyrolactone to high molecular weight polymer
(Mw>100,000) near quantitative yield in 4 h at 100°C. The polydispersity of

65 such produced poly(f-butyrolactone) is typically 1.7-2.7. Syndiotactic
poly(B-butyrolactone) is produced when tributyltin methoxide is used to
initiate the polymerization of racemic f-butyrolactone (see Kemnitzer, J. E..
McCarthy, S. P.;. Gross, R. A. in MACROMOLECULES 1993, 26, 1221-1229).
The vields of polyester are 24-69% after 13-18 days and the molecular

70  weights below 10,000 with the polydispersities are typicaliy 1.04-1.12.

Polymerization of p-substituted-B—propiolactones with dialkylzinc-
water initiators require 5-7 days (see Zhang, Y.; Gross, RA.; and Lenz.
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[err]-substituted- [Zeeﬁpﬁcggy JBrl @Fﬂsﬁ#le‘@ng\% éﬁ%rgf%p%))nj:s_very '°wWat er
initiators requsre 5-7 dRing-qresingZzpalymerizatiocod lactorres/otheathan @rpropiolactones
3 RW in MAGRMdikfbihESaikeXide intiatdrd Giré ZkricwitNd TheNBoRferizaltbn dfOk-
' caprolactone and lactides are reported in the literature (see Barakat, |,
DuB_ois, Ph.; Jerome, R.; and Teyssie, Ph. in MACROMOLECULES 1991, 24,
6542-6545). Specifically, the use of ethylzinc isopropoxide is reported to
% copolymerize e-caprolactone and L,L-lactide (see Bero, M.; Kasperczyk, J..
" and Adamus, G. in Makromol. Chem. 1993, 194, 907-912 and 913-925).
Molecular weights of ' these copolyesters are over 100,000 with
- polydispersities of 1.4, and the yields range from 60-89%. These
polymerizations require 2.5-21 days at temperatures between 50 and

o5 100°C. Also, these investigators found that above 50°C the zinc initiators
also are effective transesterification catalysts.

The use of a chiral diol-ethylzinc initiator has been disclosed for the
polymerization of racemic B-butyrolactone as described above (Le Borgne,
A. and Spassky, N. in POLYMER 19889, 30, 2312-2319).

100 The previous -attempts to polymerize B-substituted-B-propiolactones
in the presence of various initiators have generally resulted in less than
optimum product yields and length of reaction times.

~ Based on the foregoing, there is a need to provide a method of
polymerizing B-substituted-B—propiolactones in the presence of an initiator

105 which resuits in an improved yield of the desired polymer andfor an
improved reaction time.

SUMMARY
The present invention relates to a method of preparing a polyester
comprising polymerizing at least one B-substituted-B—propiolactone in the



I n MACROMOLECULES 1991, 24, 5732-5733). Yields of polynmer are generally 75
57-84% but can reach 100% with racemc [err]-butyrol actone. The pol yester

mol ecul ar wei ghts are reported up to 50,000 with polydispersities typically
1.1-1.5. Unfortunately, the nature of the initiator is not well defined and
t he actual nmonomer-initiator ratio used is hard to quantitate.

The use of diethylzinc-[R-(-)-3,3-dinethyl-142-butanediol to initiate 80

t he pol ynerization of racemc [err]-butyrolactone in bulk |eads to
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an eyssi e, . In . ' 0 -uggi algry,
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bl ecul ar vl ght s o e e e 00, 000 ni 1

pol ydi spersities of 1. As ‘e\?‘?o‘fﬁﬁ'@@i @rﬂlgyl;am@@“sf Fﬂrﬁ]&@bi@és}g&téqw‘é@eawl (e.g.,
pol ynmeri zati oree r dgoRylp 2. 5-21 days at tenperatures between 50 and 95
100[err] C. Al's0, these AqeelhefBlrD ki ebhe bnUbgivsafiiod Win'dhe 6.5 4-

initiators also are effectivé transesteri I on catal ysts.
The use of a chiranethyiBheaylhy| zi nc initiator has been disclosed for the
pol yneri zation of racefscubéd Herbin Yakeagl anéans a0 eaonsuhtaihingeciiain which

B , A S N, ] Y 1 , 2 -2319 :
Tﬁregngevi ous att 23‘8?%%%8%\7%#@55%r R/']Eé-?'e,‘u%&?i Pﬁ&%‘& ?’éﬁf’] E%%rg?hﬁ o) a(_':?)onoers
in the presenms ofpolyurisaturated. (iieat twas ohameregdowbial bondseiputheeehaim); Istraight fn
opt i mum product y'b%ﬁ&éﬂ?%nh%naﬁ%gtugérdowﬂgé-g%@%ﬁ? unsubstituted. - Based on

e O e T syt iorain Smson Ryl Fasas il v (b SEPRERAY 15
which results in an i MEUeddyhereth,ofcdnirisheg’’ meshnsothateothendsteps and other
| mproved reaction iﬁénlgaients which do not affect the end result can be added. This term
130 encompasses the terms "consisting of"' and "consisting essentially of”".
As used herein, "initiator" means an agent used to start the
polymerization of a monomer.
As used herein, "an initiating amount”" means a sufficient amount of
an initiator to commence the chemical reaction for polymerization. In a
135 preferred embodiment, the initiating amount of initiator of the present
invention for carrying out a polymerization reaction of the present invention
is from about 0.005 mole% to about 1 mole%; more preferably from about
0.01 mole% to about 0.5 mole%.
As used herein, "in bulk" refers to polymerization without added
140  solvent. '



3a In accordance with an aspect of the present invention, there is

provi ded a nethod of preparing a polyester conprising polynerizing at | east
one [err]-substituted-[err]- propiolactone in the presence of an initiating
amount of al kyl zi nc al koxide for a reaction tinme and tenperature sufficient
to produce the polyester, wherein the al kyl zinc al koxi de has the structure
Rlerr] ZnOR[err] wherein R[err] and R[err] ar @ |ndependently a CJerr],

Cerr], dJerr], (err],Jerr], Jerr], Cerr] errj,
alkyl.  The present innpresent mvgneent%\sweﬁeinﬂ)aeeﬂ ftarr e@émpka' 'ag %fer
conpri sing pol ynergrepagngtp-séisstitutedB-pripidlastehet polyiness.[ €THd ppesemt dhveritione

1)1[] ggel nitiating e{ﬂiﬁ? t%fa QWPQ qcprflp?Bng% qorlye&&erkcgmppﬁméé&}gﬁl?ﬁ?@ﬁn&
a reaction tinme adeastenperlh-taubetltuted-ﬁepmmolactoyjeouutm pagsence| ok @neinitiating

DETAI LED DESCBJSPT'é%unt of alkylzinc ARoXEBANBUIR G in” SOt fof 22 Fsaction Airké arR(

car bon-contai ning ,c
temperature sufficient to produce said polyester.

The PB-propiolactone is substituted at the B position by any
conventional non-interfering substituent. Suitable substituents include
organic residues, halo, nitro, and the like. Suitable organic residues include

150 hydrocarbon residues, either unsubstituted or substituted, suitable
substituents for such substituted hydrocarbon residues include halo and
nitro, oxygen or sulfur-containing organic residues such as ether residue or
a carboalkoxy group (-COOR') wherein R' is alkyl. Suitable hydrocarbon
residues include alkyl, alkenyl, aryl, aralkyl, alkaryl, and cycloalkyl.

155 Substituents containing up to 19 carbon atoms, particularly hydrocarbon
substituents, are preferred. The p-substituted-B—propiolactones are
represented by the structural formula:

_(0
: —0
R/
wherein R is the non-interfering substituent. The p-substituted-p-
160  propiolactone polyester produced by the present method has a repeat unit

having the formula: T
R 0
0]

where R is the non-interfering substituent.
The polyesters formed by the method disclosed herein are useful as
165 biodegradable and general thermoplastic materials, for example, as
biocompatible materials in medical applications and in drug delivery
systems for the controlled release of pharmaceuticals in the body.
Biodegradable polyesters formed by the method disclosed herein preferably
are predominantly of [R] configuration.
170 The method of the present invention involves polymerizing at least
one B-substituted-B—propiolactone in the presence of an initiating amount of
simple alkylzinc alkoxide in bulk or a solvent for the B-substituted-p-




whi ch may be straight or branched; and substituted (nmono- or poly-) or 115

unsubsti t ut ed. . As used herein, "aryl" neans an aronati c;
substituted (nono- ‘or poly-) or unsubstituted, preferably
unsubstituted. Preferred aryls are phenyl and napthyl; nore
preferred is phenyl. As used herein, "aral kyl" neans an al kyl
substituted with aryl (e.g., 120 benzyl). 6 As used herein,

"al karyl" means an aryl substituted with al kyl (e.g., 4-

net hyl phenyl ). propiolactone(s) wansld fore the rinitiatark tary B timgaggdaat a temperature
car bon- cont ai ni ng giiffdiéntAbiprdduce the pBlediér. "onounsat ur at ed (i .e., one

doubl e bond in _the chai nsa at ed nor e .doubl e
bonds i the Maim < artHe 5Fhv}wc 4?'«»?{ el asesiyly it '%JB@tP’te&F@H YRHHED 51
pol y-) or unsubst |km:lmd The structure of thédnitiated hastiee formiuta.cl oal kyI means a

cyclic alkyl (e.g., cyclohexyl). R1 Rgsed herein, "conprising"
means that ot her steps d ot rb[er B ents which do not affect t he
end result can be Vﬂ'éﬁi'@ R @WQQB‘*“%U@)QQS@Q Q% G4 G6 Ca &risiG.i by
of" and ' COI’ISI sti rtgce‘p@gmyl ally of’ As used herein,

nitiator” mggns an aGel igel rtiaihel tthatnrﬁaga&%”ﬁéﬁozrﬁ&éﬁgmﬁafo‘?‘ s 2
suf fici ent anmpunt nenchiral alleyizmm akaxide; tmom)rprefatablyhme:hamatml is eatbylzimc
for polynerizati Orlsolﬁrﬁ‘gaxﬂf@5 méiﬁ?lfzﬁfc wor C Iilﬁl'? étﬁbilﬁé‘t | Bp QRPN

of initiator of the&e
pol yneri zation r edBeNEXiIds; "Pﬁ%PEﬁféEﬂQ‘M sﬁ"h\PéW'Z'Bﬁ 'SOPTOPOX'QEf rom about 0.005

mgl e% B 05abo:1t 1 nol e%Whﬁth@b@fyﬁéﬂﬂmg fs edndueesd in a solvedt for thelisitiaiop and
about no

pol yneri zat | Oﬁaso fﬁr the gaaglastﬂtgﬁﬁg ar{:)@hféctdne(sf tP1e sc:lvenef]c lgrpre¥erably an aryl

hydrocarbon comprising from about 6 to about 15 carbons or alkyl
hydrocarbon comprising from about 5 to about 18 carbons; more preferably
toluene or xylene.
In a manner similar to that dxsclosed in several publications (see Le
190 Borgne, A. and Spassky, N. in POLYMER 1989, 30, 2312-2319; Barakat, |,
DuBois, Ph.; Jerome, R.; and Teyssie, Ph. in MACROMOLECULES 1991, 24,
6542-6545, or Herold, R.J.; Aggarwal, S.L.; and Neff, V. in CANADIAN J.
- CHEM. 1963, 47, 1368-1380) the initiator, alkylzinc alkoxide is prepared by
slow addition of the alcohol to a solution of dialkylzinc in aliphatic
195 hydrocarbon soivent such as hexane or aromatic hydrocarbons such as
toluene. The initiator solution can then be used directly or the initiator can
be isolated from solvent as a solid.
All initiator preparations disclosed herein are conducted in glassware
which had been flame dried while being flushed with argon and finally
200 maintained under a positive pressure of argon. Transfers of the initiator
solutions are carried out either by cannulation or with a syringe, under an
argon atmosphere. Transfers of the initiator powders are carried out in a
drybox under an inert atmosphere. The alcohol for the initiator preparation
is typically dried by reflux over sodium metal, followed by distillation under
205 an argon atmosphere. The diethylzinc used to prepare the initiator is
obtained as a solution in hydrocarbon solvent, hexane or toluene, and used
in this solvent.
In each of the following examples the following basic procedure,
uniess otherwise noted, is used to prepare the polymer. The ampules to be
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5 ' The present invention answers the need for an inproved

nmet hod of preparing [err]-substituted-[err]-propiolactone polyners.
The present invention relates to a nethod of preparing a pol yester
conprising polynerizing at | east one -

[err]-substituted-[err]-propiolactone in the presence of an initiating 145
amount of al kyl zi nc al koxide in bulk or in solwent for a reaction tinme and
tenperature sufficient to produce said pol yester. The

[err]-propiol abonased fotlisé ipoiyradrizdtionhard sepiunp adipbedn ahy Alame dried while

organtc resi ducs,  RepunG el rHEB s, ST 8 freceiBy ek 8 yansfidt inn
i ncl ude 150 hydr o8asyitnge upderapsargont atmosphend s Allt BressipstittedsBopropialaciane

sui tabl e SUbSdrigfiErs drar dféd oys $Bvéral WisitialivAs Grcth POdlcilfS hidkde under
I ncl ude hal o and nitro, oxygen ‘or ulfur-conﬁalnln ani c”resj dues
such as ether resi 4yagdyp pror 'zﬁyc"éﬁeooal iomesically - Bﬁﬁg'\y g]‘ Touyralagiongg 1s

al kyl . Sui t abl2es hy dymthesized by the mesthddest Seebacte (séd \Willler] kied| Sesbath, D.

ol Koyt ] 0 T, S Bt . S

arly uent's, are pr }
The [err]-substit upe@"["é'ﬂr‘]Q%)ﬁ $4, enediénZaiger.d.; Seehashr Bs HELEEHYY. 1982. 49,
Sher 1 h 1671 e ra2O,o09 and Giebeck, A Secbach  Hepw o 17D 1026 1925)
168 pr opi ol act one%'@@&’@?%’%dﬁ%’é}%fﬁgfﬂéﬁr% §ﬁ{’erﬁéiq®ﬁsrﬁ% rrgetﬁgﬁ%a@el
unit ~ havemg Pomrhier,All Rons, J-M. Synthesis 1983, (5), 441-459; Ohta, T.; MiyakesT.;
Foe e by he” e hIRAFEF L ChHSba! Uhlin, Commun, 1952, 72828 YA fomer
general ther nopl asts RuiifigcPy #astiona)rand, spipning-kand distillatignscngastvyasuem prior
materials in nmedi cel thePdistikdtion Jroa Ceaditiufly W dEgs] Vahe appropriate monomer is
transferred into the ampule. If solvent is used, it is added to the ampule and

225 then the initiator solution is added. Polymerization reactions in the ampules

" are carried out as noted between 20 and 100°C for time periods ranging
from 3 hours to 10 days, more preferably from about 3 hours to about 4
days, for homopolymerizations and copolymerizations. The crude products
are clear, coloriess viscous liquids or white solids dependind on whether

230 racemic or enantiomerically enriched monomers were used. The ampules
are opened at the end of the polymerization reaction periods and bulk
reaction products are taken up into chloroform and recovered by
precipitation into ether-hexane (3:1) mixture. The polymer is dried under
vacuum. _

235 Depending upon one's source of monomer and the desired molecular
weight of the monomer, one may wish to take steps to further purify the
monomer. For example, racemic B-butyrolactone may be further purified as
follows. Racemic B-butyrolactone is distilled several times from CaH2 under
reduced pressure with the final distillation onto neutral alumina (activity 1),

240  which is flamed under vacuum prior to the distillation, and the monomer is
stored over this alumina. Just prior to polymerization, depending on
whether the polymerization is to be a bulk or solution polymerization, either

~ the neat monomer or a solution of the monomer is passed through an
alumina column under dry argon directly into the polymerization vessel.

245 Enantiomerically enriched monomer (i.e., [R]-B-butyrolactone or [S}-B
-butyrolactone) may be further purified as follows. The monomer is distilled



systens for the controlled rel ease of pharmaceuticals in the body.

Bi odegr adabl e pol yesters fornmed by the nethod disclosed herein preferably
are predomnantly of [R] configuration. 170 The net hod of the
present invention involves polynerizing at |east one
[err]-substituted-[err]-propiolactone in the presence of an initiating
anount of si npl e al kyl zi nc al koxide in oulk or a solvent for the
[err]-substituted-[err]-

6 pr opi ol ameXaﬁz ands ftigen thomatobiaphet 6ro heatral alermimal (adtivity 1) with

;FEEF;?;E r :I koxi d& | n| éf%iue%ge n%%%&{% ?f% %‘iﬁﬁ(ﬁ]%%ﬁ chromato-HPSphy for

known. The struct muatsofandhtha middiet cutshaee chmbinadnangd: dlstllled from CaH2 onto

Rlerr] ZnOR[ ery, alummW“%fcﬁ‘eB[d?feF laiGh £am YR tH?Q@@? %%\hhﬂn@ c@ﬁﬁﬁﬁ hs
err],
g[er” aI(:L;Ir rfb esc |beqc%b%v foéf%?e ® 'E[ g][r][ he present i nvent | on,

the initiator i ﬁ a For ncsméutedil samplég i tice almoiscalar weightsr eiad abmgitinge
initiator is ethy opLo de, y r.opo

ethyl zi nc et hoxi dltéhggratltxre Tr‘ni ate BRféh m&ﬁhg eﬂrxéb(i'ahﬁggfégga %Q?m nﬁd by
et hyl zi nc i sopr op@hfferential scannlng calqmetry HBSED! N@lﬁpl!liaﬁgfl?lghbéﬁé!iﬂf@iimﬁ a

[sglr \r/]en; UL g { . {igtge Id ré infdd¥’ by el %&%eéﬂlf(n éﬂ}ematogralohy (GPICS) and molecular weights |
hydr ocar bon conpr 25% f} ?;quf%‘ﬁ?‘afﬁ og HT%"%BﬁE averagg r(%ﬂ ?'Upw%fpﬁg?vergge My

hydr ocar bon conpr imoleculér melghtsutTHTe polyalispersiti@s carr tatits of Mwetq Mt arabalgo
LEVOTRY punk et R gt AR 3 fh Bl o Ol ko
1989, 30, 2312- 2385siski} Hl&fietqrmmatlon of thessfruct um by maﬁvﬂng FSteregrggularity
Teyssi e, Ph. ds0 ManBOWdticitll 6fedt89bf e polymers produced. in the case of the
copolymers, the 1H NMR spectra is useful in determining the copolymer
compositions. Yields of the various products are also reported in the tables
which follow after the Examples. '
All molecular weight data reported in the Tables which follow are
265 obtained by GPC using either three Phenogel or Ultrastyrage! linear 5 um
columns (one 50 x 7.8 mm and two 300 x 7.8 mm) in series. A refractive
index detector is used. Samples are prepared at 0.2% in CHCI3, which is
also the mobile phase (1.00 mL/min). Calibration is performed with narrow
polystyrene standards and data analyzed using Waters Expert Ease
270 software. NMR spectra were recorded on either a General Electric QE-300
or a Bruker AC-300 (at 300 MHz for 1H spectra) in deuteriochloroform.
Chemical shifts are reported in ppm from a TMS internal standard. 13C
NMR measurements are recorded at 75.4 MHz. All spectra are recorded at
25-30°C and CDCI3 and tetramethyisilane (TMS) are used as internal
275 references for 13C and TH NMR spectra, respectively.
Melting temperatures (Tm) for polymer samples are determined with
a Mettler T3000 system and the data processed with Mettier GraphWare
TA72 software. The sample is heated at 10°C/min. The melt temperature
(Tm) is reported as the peak maximum, and the glass transition temperature
280 (Tg) is reported as the transition mid-point.
“The process of the present invention may be carried out using as
monomer(s) a single p-substituted-B-propiolactone to produce a
homopolymer or a mixture of different B-substituted-B-propiolactones to



6542- 6545, or Herold, R J.; Aggarwal, S.L.; and Neff, V. in CANAD AN J.
CHEM 1963, 41, 1368-1380) the initiator, alkylzinc al koxide is prepared by
sl ow addition of the alcohol to a solution of dialkylzinc in aliphatic 195
hydr ocar bon sol vent such as hexane or aromatic hydrocarbons such as
toluene. The initiator solution can then be used directly or the initiator
can be isolated fromsolvent as a solid Al initiator
preparations di scl osed herein are conducted i % gl asswar e whi ch had

been flane dried while being flush with argon and finally 200 . i ntaj.ned
ondor Bopesi tive iteades & Bebalyin The'malal g o (it i inpdeders in ikl
sol utions ar e2ssar reactiarutsokitioh ewillb yargen froha t0.@0005 teviQ.05,amoye | prgterablydiroman

: b e angen!| ! .
r Sbox under an' | 9090516 01.0 vi6lof BrdguE} HenBR rErdsts WA Hichdt fovel &t
i s typically driednifigtardn|the reastior seixiure ndihgl initiah| meprmen goRsentiatio: inothe

under 205 an ar g@phainteal vanewidene 'Ufhé?bbd!o?prrdd@rﬁdte‘l)De@ﬂﬁwmnéélaf solvent
T e used a8 HAABRL A3 iRl hd ot ARERP el JhiERbcad SAA"e"

tol uene, and used ™™ "
fol | owi ng exapl ednitiatorfifdnyoginegessaryc procedure. unl ess ot herwi se

noted, is used to prep yatal .
7550 Used or e por et PR LRI BRI S e g e b

whi | e f1 ushi e preferabinfrom akrutAQX°G toRRaut 80°¢ nmorsplafe |
transferred with about 45°Cy 1o ngsoutnEETC.an ifaxg fdstet meackisy @ime\ ik desired, the

Ler ] punst 1t e el R GBS abolEEGEaRo 5o, Rieraal
Enant i omer i ca?9sy pabout 7§fC[ ethg readtipndiroe with dypicallyl sangeyinemeti tae 48thours for
met hod of Seebach Hapgehdhbpdiymerlzatldn arB8eEs5dlymbization reactions. However, the
time may be as short as 3 hours and as long as 10 days or more.
In each of Examples 1-6 and 10, the monomer used is racemic [R,S}-
B-butyrolactone (BL) and the initiator is ethylzinc isopropoxide used in an
300 amount as indicated. in Examples 7 and ‘8 [S]-B-butyrolactone is used.
Example 9 is a copolymerization of [S}-f—-butyrolactone and [S]-p~pentyl-p-
propiolactone. In Example 11 [R]-B-butyrolactone is used. Example 12 is a
copolymerization of ' [R}-B-butyrolactone and  [R]-B-pentadecyl-B-
- propiolactone. The reaction is carried out in bulk with no solvent except for
305 the small amount added with the initiator, or carried out in solution.
Example 1
An oven-dried and then flamed, dry argon flushed, pyrex tube (16 x
150 mm) capped with a septum was charged via syringe with 8.77 g (114
mmol) racemic p-butyrolactone. Ethylzinc isopropoxide in toluene (205 uL
310 of 1.1 M solution, 0.225 mmol) was added via syringe. The reaction was
allowed to proceed at 50°C for 40 h. The product, a gum, was cooled and
dissolved in CHCI3 and recovered by precipitation into a rapidly stirred
ether-hexane mixture (3:1 v/v). The resulting gum was isolated by filtration
or simple decantation of the liquid after clarification, and dried under
315 vacuum at room temperature.
Example 2
The basic procedure described in Example 1 was followed with 5.72
g (66:5 mmol) racemic B-butyrolactone and ethylzinc isopropoxide in
toluene (180 uL of 1.1 M solution, 0.198 mmol). Polymerization was carried
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ANGEW CHEM [INT. ED. ENG.. 1993, 32, 477-502 ;Breitschuh, R ; Seebach,

D. CHMA 1990, 44, 216-218 Zuger, M ; Seebach, D. HELV.CH M 1982, 49,
495-503 ;and Giesbeck, A ; Seebach, D. HELV.CHIM 1982, 70, 1320-1325).
[R]-[err]-butyrol actone can be obtai ned by several published net hods (see
220 Ponmmer, A ; Pons, J-M Synthesis 1993, (5), 441-459; Chta, T.

M yake, T.; Takaya H J. Chem Soc., Chem Commun. 1992, 1725 26) .
The nononer is purified by fracti onal arl@ spi nni ng- band distillations
under vacuum pri or to the distillation fromcal cium hydride. The
appropri ate nononmer is transferred i X@mo@3anpule. If solvent is

used, it is added to tMmphedsgsid o@adué&éesdrib@a :hfﬁe(amplé H a4y follewet ivith 13:67

sdced. ol y7er 25 g S o micoBr B0 &Rtpre  ana "SRy BRI, 1P didS g o

days, nore prefersuené (335 abmﬂﬂ B8 Msolution,0.269 mmal). Polymerigationfwas carried

honmopol yrer i zgki ogyt apgo rizations. The crude products are
cl ear, colorless viscous |qu s or white solids depending on whether 230
racem c or enantionerically enriched nono used. The anpul es

are opened at the end Thetbasipptocatiuie désaribeddan Example drnvaxifoliowed withk7. 769

ot aci pi tati Sﬁ”?hfﬁg {RETakEc il it il hSicatis  tolven

vacuum 235 ahoefnh 1 M eeldien, 9.447 mmol) fﬂabmerﬂatlandvasﬁ@amlegumécat

mol ecul ar 330 WE08DoPei7 hhe nononer, one may w sh to take steps to
further purify the nononmer. For exanple, .rgcemc [err]-butyrol actone
may be further purified as fol |l ows. [err]-butyrolactone is

distilled several timeJherbasicptdeedartedescribed in@kanple frwassiollowedwitht 1225

final distillatio 4 d
under vacuum pri o%@ ?Hﬁlsﬁté?érpﬁ:laéj Lﬂﬁo‘?cg&*%éﬁ%{rgylzngc gop%ﬂo‘iﬂ:lé '? tH"%HE
over this al um na(536 ubtofgt.i M solution, PE9G mmolhn Podwwmaﬂng was carried out at
whet her the pgkynepregdbt 86hi S to be a bul k or solution polynerization

ei t her t he neat nononer or a sol uti of .t he nmononer is passed

t hrough an al umi na col um under dry(ﬁ%—& rectly into the

pol yneri zation vessel . ThéDasic prodedare deseniberhin Examplechadsrfollowed with. 484

L e ae i ol (55, o St oyl bl O GG tdfosdidd
toluene (501 uL of 1.1 M solution, 0.551 mmol). Polymerization was carried
340 out at 50°C for 17 h.
Example 7
An oven-dried and then flamed, dry argon flushed, pyrex tube (16 x 150
mm) capped with a septum was charged via syringe with 2.39 g (27.8 mmol)
[S]-B-butyrolactone. Ethylzinc isopropoxide in toluene (51 uL of 1.1 M
345  solution, 0.056 mmol) was added via syringe. The reaction was allowed to
proceed at 50°C for 21 h. During this time the liquid in the tube had
solidified to a white mass. This solid was dissolved in CHCI3 and recovered
by precipitation into a rapidly stirred ether-hexane mixture (3:1 viv). The
resulting solid was isolated by filtration and dried under vacuum at room
350 temperature (2.02 g).
Example 8
The basic procedure described in Example 7 was followed with 2.08 '
g (24.3 mmol) [S]—B-butyrolaétone and ethylzinc isopropoxide in toluene
(109 ubL of 1.1 M solution, 0.12 mmol). Polymerization was carried out at
355 20°C for 48 h.



8 fromcCaH2. It is then chromatographed on neutral alumna (activity
) with pentane as eluent. The fractions are anal yzed by gas

chr omat ogr aphy for* purity and the mddle cuts are conbi ned and
distilled fromCaH err] onto 250 alum na, stored over alum na. and passed
t hrough an al um na colum as descri bed above for the racem c nononer.
For sel ected sanples the nol ecular weights, and nelting t enperat ure
(Tm) are given. Melting tenperatures are detebnined by differenti al
scanning calorinetry (DSC). Mol ecul ar wei ght determ nations 255 are nade
by gel perneation chromatography (GPC) ané’@ﬂ@&ﬂ ar wei ghts are

reloort?ad in _teL {ns ofT ht Hﬂwéllugpaymévgtém@d frivn [SiFBib&?}rﬁlﬁc%cmeean@%SI-Mbentyl-B—
nol ecul ar wel S. e Ispersities or_rall o 0 [

feported. [orr] ti RIRAGERPNC WRRPrapaiarar Hreetnsf e boyPoplRiel Btz 7 o
products to al24iG;t mimol} ha-hisyreladtone | amd 0. 187e gt (132 ummolhyp-rrentyling
stereoregul ar E&e&’ Zﬁ%plco?élﬂ hE GkittF ity S E%{)ﬂdﬁﬁﬁf&éﬁ% 1 £ 1PV dukfiEn, bM3

the case of t ooaégers the |[err spectra 1s useful in
det erni ni ng the cdpBIOa2 foreél‘?‘positions. Yi el ds of the various products

are also reported in the tables whi clgxbaipi@woaft er t he Exanpl es.

Al'l nol ecul ar wei ght da r Ik L. 5! i 2
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[err]m col unmas fallowssRacemie rabuityralactane 12 9)g disiliedfromCelpiang stared

refractive I nelef 4 i i : hai
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is performed with REEbLID 2 Wp?ﬁ%“é'F‘yF@PEé Skar & 'saHE“H%ﬁ 2ndPOYEP UMy
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from a TMS i nt er nagliseardingathe fitstseveral millilitaesa ofi sohdtionselytiag rfeem rthe dcglumn.

75.4 MHz. Al sgppecthae mdrom&C861868n 479.5 g salbtic®] 2N § rAbRorkEX 0.88hoR Was
tetramethylsitane (AN Qith SHSIIRS isopropoade in toluene (24 uL of 1.1 M solution,
’ 0.026 mmol). The reaction was allowed to proceed at 75°C for 64 h. The
solution was then diluted with CHCI3, and the product recovered and dried
as described in Example 1.

375 Example 11
A homopolymer derived from [R]-B-butyrolactone was prepared as
follows. An oven-dried and then flamed, dry argon flushed, pyrex tube (16 x
150 mm) capped with a septum was charged by passage through an
alumina column (neutral, Activity 1) with 521 g (60.5 mmol) [R]-B-
380 butyrolactone. Ethylzinc isopropoxide in toluene (33 uL of 1.1 M solution,
0.036 mmol) was added via syringe. The reaction was allowed to proceed
at 75°C for 24 h. The product was purified and isolated as described in

Example 7.
Exampile 12
385 A copolymer derived from [R]-B-butyrolactone and [R]-B-pentadecyl-f

-propiolactone was prepared as described for the atactic homopolymer in
Example 10 using a monomer mixture which was charged as a toluene
solution through an alumina column so that 8.72 g (0.101' mol) [R]-B-
butyrolactone, 1.47 g (0.0052 mol) [R]-B-pentadecyl-B-propiolactone, and
390 65.5 g toluene was added. The polymerization was initiated with ethylzinc
isopropoxide (48 uL, 1.1 M solution, 0.053 mmol) and the reaction was

P Y am



275 references for [err]C and [err]H NVR spectra, respectively.
Melting tenperatures (Tm for polyner sanples are determned with a
Mettl er T3000 system and the data processed with Mettler G aphWare
TA72 software. The sanple is heated at 10[err]C/ mn. The nelt tenperature
(Tm is reported as the peak nmaxinum and the glass transition tenperature
280 (Tg) is reported as the transition md- p0| nt . The process
of the.present invention nay be carried out us‘rng as rmnorrer(s) a
single [err]-substitute err oplL ol actone to pr

Fher R mes

or a mixture of differe ORI EaraRSreArR el F £xaseles gb and 16"

9 produce aawrmbwmem Tabie hahdrfor &Examplés Z7-8carid 1ol ireTablenlit h€he

initial 285 r ct f t

preferably fr o Weéﬂéy%aﬁté’“(l@b 5‘”@%’8 f&ﬁﬂ]é& gr?})qgé_‘aéér)lgggﬁ% a.:gg.% ortg‘ejsln
wi th hi gher |evel s Tgble Hli, and fort Exarpplesb-Shand éaaz d&m Trable WYe K‘ﬁ@ reppeted|in
mononer concentr at mamésn th hand v ar§0 éﬁl@tm%&ﬁ\gVQérY\péféi@Hey Tﬂqegur@@ @.Btacnc

tel I
0 Sol vent excent PRMMATR, FiadacHAN ShP-sHEsioed prpropTartones vt (RF-

necessary. substittites-p-qaropictactomeper ature will preferably be in the
range of 20[err]Cto 80[err]C, nore p':r% ly fromabout 40[err]C to
about 80[err]C, nore pEDeferany from ou 450 to about 60[err]C If

a faster reaction tinePolymerization Conditions for Homgnpg gisacemielly from

about 70C to about 80C, nore preferably 28%pt ,—gﬁ@tgneYS[err]C The reaction
time will typlcallwwwm_ﬁm*ﬂ?' 2
horopol yneri zati on” anB*8@PRIA yner iT8ARSSRMY R act i| ondiM@owever ZMmpnomer  Yiejd,

may be as short as_3 hours and as |ofQ as 10 dayshor nore.  mol% %%
each of Exanples 1-6 ancq 10, the mongger used IS Eéxcemc [ R 3.2' 94
2 50 17 0.3 S0
3 20 46 0.3 87
4 50 17 0.5 100
5 20 46 0.5 94
6 50 17 10 90
10 75 64 0.02 - 95
TABLE Ii

Polymerization Conditions for Homopolymerization

and Cogolzmerizations of [S]—g-ButxroIactone or [R]-Q—Butxrolactone

Example Temperature Time Zn/monomer  Yield
°C h mol% %
7 50 21 0.2 85
8 20 48 0.5 54
9 20 93 0.5 75
11 75 24 0.06 84

12 , 75 42 0.05 97




[err]-butyrolactone (BL) and the initiator is ethylzinc isopropoxide used
in an 300 anount as indicated. In Exanples 7 and -8

[S]-[err]-butyrol actone is used. Exanple 9 is a copol yneri zation of
[S]-[err]-butyrolactone and [S]-[err]-pentyl-[err]- propi ol actone. In
Exanple 11 [R]-[err]-butyrolactone is used. Exanple 12 is a

copol yneri zati on of [Rl-[err]-butyrol act one and
[Rl-[err]-pentadecyl-[err]- pr opi ol act die. The reaction is carried
out in bulk with no solvent except for 305 éhg ﬁmall anount added with the
initiator, or carried out in solution. TABLE |

Exarrplf % (16 An ov @roduttaCharadterizatior F mpley iraTaiie If | ushed,
pyrex tube X T50 ) capped W tn a s {' m E ged via syringe
with 9.77 g (114 EXA0R!® racenic [err]-but WB@&H%%& E{ ’

\ _ : hyl zi nc

i sopropoxide in toluene (205 [err]L 310 Mof 1.1 M sol ut iMw,_ 0.225 MwiMN was
added via syringe. The relactlon was 45 90'3 lowed to pr at S0C4 g 40
h. The product, a gum was cool ed and ' di ssolved in"CHCl[err] and

recovered by precipitati@ into a rapi @88 irred 32890 r - hexand-06

mxture (3:1 v/v). The resulting gum wag 4gp! ated by fidqgan i on 1.19r
sinple decantation of the liquid after %I%dfi cation, %dde' ed undelr 15
vacuum at room t enper at ufe. 23, ' Exanpl e 2

The basic procedure descid bed i n Exanpl22,20@vas fol | one@34dh 5.72 1.06 ¢

(66:5 Mol ) racem c [err]xbutyrol acton et hyl zi nc iqgodgpoxi de i
toluene (180 [err]L of 1ﬁ M sol ution,e'?fltg% nmol ) . PoI1 r'rerq)zation v;}aé:

(lzgr ried out__at 5t@err1C for 17248000 345,000
_ _ Xarelg 3 The basic
procedure described in Exan%rgdt}ctméaﬁarfagtgricz)\gﬁgn %rté]xa%?g'lgg in Table li
Example Molecular Weight Tm
Mn Mw Mw/Mn °C
7 36,600 49,9800 1.36 179-
8 3470 5,240 1.51 160
9 5,150 5,150 1.62 . 140
1 116,000 226,000 1.94 -
12 146,000 210,000 1.43 145
400 The copolymer composition of the product of Example 9 is the same

as that of the monomer feed (95:5, B-butyrolactone:p-pentyi-p-

propiolactone) by 1H NMR. Inspection of the carbonyl carbon region of the

13C NMR spectra show that when racemic monomer is used atactic polymer

is obtained, whereas when monomer of high enantiomeric purity is used,
405 polymer of very high to complete isotacticity is produced.

The advantages of this invention are the good control of molecular
weight and high yields with relatively short reaction times compared to the
existing art cited previously. Also, the tacticity of the polyester produced
with alkylzinc isopropoxide initiators can be controlled by the optical purity

410 of the monomers used.

All publications mentioned hereinabove are hereby incorporated in
their entirety by reference. _ _

it is understood that the examples and embodiments described
herein are for illustrative purposes only and that various modifications or

415 changes in light thereof will be suggested to one skilled in the art and are to



g (124.1 mmol) racemc [err]-butyrol actone and ethyl zi nc i sopropoxide in
toluene (335 [err]L of 1.1 Msolution, 0.369 mmol). Polynerization was
carried 325 out at*20[err]C for 46 h.

Exanpl e 4 The basi c procedure described in Exanple 1 was
followed Wwth 7.76g (90.2 Mol ) racemc [err]-butyrol actone and

et hyl zi nc i sopropoxi de in tol uene (406 [err]L of 1.1 M solution,
0.447 mmol ). Pol ymerization was carried out at!830 50[err]C for 17 h.
Exampl e 5 b .TQe b si%yfropedure described in Exanple 1 was
followed with 10.25%€ mc“'dif? I ¢ SAGI @ndapeiview of this. applicatipa @nshsceped of the
et hyl zi nc i sopr opoxapperidedtaidimsne (536 [err]L of 1.1 M solution,
0.590 mml ). Polynerization was carried out at 335 20[err]C for 46 h.
Exanpl e 6 The basi c procedure described in Exanple 1 was
followed Wwith 4.84 g (56.3 Mol ) racemc [err]-butyrol actone and

et hyl zi nc i sopropoxide in toluene (501 [err]L of 1.1 M solution,
0.551 mmol ). Polynerization was carried 340 out at 50[err]C for 17 h.
Exanpl e 7 An oven-dried and then flaned, dry argon flushed, pyrex
tube (16 x 150 mm) capped with a septumwas charged via syringe with
2.39 g (27.8 mmmol) [S]-[err]-butyrol actone. Ethylzinc isopropoxide in
toluene (51 [err]L of 1.1 M 345 solution, 0.056 mmol) was added via
syringe. The reaction was allowed to proceed at 50[err]C for 21 h.
During this tinme the liquid in the tube had solidified to a white
mass. This solid was dissolved in CHCl[err] and recovered by
precipitation into a rapidly stirred ether-hexane m xture (3:1 v/v). The
resulting solid was isolated by filtration and dried under vacuum at room
350 tenperature (2.02 g). Exanpl e 8
The basi c procedure described in Exanple 7 was followed with 2.09 g
(24.3 mmol) [S]-[err]-butyrol actone and et hyl zi nc i sopropoxide in toluene
(109 [err]L of 1.1 Msolution, 0.12 mmol). Polymerization was carried out
at 355 20[err]C for 48 h.



Exanpl e 9 The copol yner derived from[S]-[err]-butyrol actone

and [S]-[err]-pentyl-[err]- pr opi ol act one was prepared as descri bed
for the honopol ymer using 2.07 g (24.0 Mol ) [err]-butyrol actone and
0.187 g (1.32 nmmml) [err]-pentyl-[err]- 360 propietactone Wwih ethylzinc

igcs),oEropoxi de (114 [err]L, 1.1 Msolution, OEigrrpl eﬂmﬁiﬂ“‘l‘m‘“m“m JC for

honopol ynmer deri ved fromracemc [err]-butyrol3acto repar ed *
foll ows. Racem c | Igt ne (12.9 g distilled from CaH2 and stored
365 over neutral d with toluene (79.0 g distilled from

tscr)ging]rner i v get al?. i n Ansbthiod s:erp‘remm@ﬁaﬁbli'ésiékcofﬁggsle JE eriging at least
b Chen i v bt 1y one SEUBlReRE oRoBHER iR i Bresetite 5f AR Pt prBLH

the colum after alkylzingiatayids for a rmqtnonmme @ndriempeirature sutficiend to mduqeon
eluting from the qné poiyester? prJféﬁaHI?@ka?ﬂhé‘tdltfﬁde % Aofciifd Ubtehdtaniitne 9

nononer, 0.13 nol) i t] ZIl nc |sopr oX|
tol uene (24 [err] o ~SHBstituteg-Bprapiclacione compgs EAGRRGF)B-D WHEIRERER; on vas

allowed to proceed at 75[err]C for 64 h.. The sol utron was then

diluted with CHCl [£rr] e r d. di.d S
described in Exand e 1Tr%9&1ettﬁ'§d R OCHfh 1 CERYRLRSi238%n Eﬂa‘?dtheEgodlmﬁgrzTg is
A horopol yner der icpaguetednin] &jsojvant fomthey nenchiral ralkyizisc Blkpxide @ndsfor the p-
follows. An oven- %ubeﬁueéuiai-ﬁ%ﬁléaaﬁé éﬁérasr Othd | d6hadl- |sDBHne)ér§'IUB? aikft x
150m"r) capped vmg]xasetumwas cFaaf °B’P age .t hrough, an
al unmi na col um ( ndlYAFesa W TR RFErSranhhes r@% ene -[err]- 380
butyrol act one. Ethyl zi nc i sopropoxide in toluene (33 [err] Lof 1.1 M
sotution.y O30 TR heltisy BF€Rm"} FortirbbidhiGed THina e ot Boribrid
_ copolymerizing two different B-substituted-B-propiolactones to produce a
copolyester, preferably the dissimilar p-substituted-B—propiolactones
comprise [S]-B-butyrolactone and [S}-B-alkyl-B-propiolactone wherein the
[S]-B-alkyl-B-propiolactone comprises an alkyl group having two or more -
carbons.

4. The method of Claim 1, characterized in that the method comprises
copolymerizing two different B-substituted-B—propiolactones to produce a
copolyester, preferably the dissimilar p-substituted-B—propiolactones
comprise [R]-B-butyrolactone and [R]-B-alkyl-B—propiolactone wherein the
[R]-B-alkyl-B-propiolactone comprises an alkyl group having two or more
carbons.

S. The method of Claim 1, characterized in that the method comprises
copolymerizing two different p—substituted-p—propiolactones to produce a
copolyester, preferably the dissimilar p-substituted-B—propiolactones
comprise [R]—B-butyroiactone and [S]-B—alkyl-B—propiolactone wherein the
[S]}-B-alkyl-B-propiolactone comprises an alkyl group having two or more
carbons.

6. The method of Claim 1, characterized in that the method comprises
copolymerizing two different p—substituted-B—propiolactones to produce a
copolyester. preferably the dissimilar p-substituted-B—propiolactones

~ememmrmemiamm POYT A L b iealmmla s LT A L [N
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at 755[ err]C for 24 h. The product was purified and isolated as described in

Exanple 7. ExarrpW

copol ymer derived - 4 rom [R]-[err]-butyrol actone and

[R]-[err]-pentadecyl-[err] - propi ol act one was pr i, wm,m ed
for the atactic honmopol yner in Exanpl e 10 usi ng ’Nm
whi ch was charged as a tol uene sol ution through an al um nd cél um £Yo)
that 8.72 g (0.101 m)l) [R] [err]- but ykol act one, 1.47 g (0.0052 nol)
[R]-[err]-pentadecyl-[err]-propiolactone, and 390 65.5 gp ol uene was
added. The pol yrrer[ﬁi'ﬁra“sw -fvRroniolacione-eoMPHSES aRyalkyh group havingotwa, O Jinere
(48 [err]L, 1.1 M&pboms on. 0.053 mml ) and the reaction was

12 The polynerization conditions and yields for Exanples 1-6
and 10 are shown in Table | and for Exanples 7-9 and 11-12 in Table
1. The 395 nol eclil ar Ve miethod Uhamndf Qigimisr b6 ERanacterized-ip thatdtheganceiral

reported in TQQ,[EWJE aik&f}% iQr gﬁwgée%ogr%)&ﬂ?e 1Jmé'tﬁ hﬁchgépﬁ'omede)

Al'so reported in eraturﬁ)g
for isotactic. eb gyyq;eqtamﬁgge oq\pgnylzmc methoxnde pre era eth zinc met oXi

[S]-[err]-substituted-[err]-propiolactones and with [R]- [err]

Polyrer 2t ' Comi1 s gy i 1y ety g AE

But yr ol act one time i 4008 hours. Tenperature - Ti e Zn/ nonomner
Yield [err]C h mol % %
éo 50179. The metﬁgg of any of Clgi@1s0'1-28, charactgr?z%d in that the alky?zinc

alkoxide is present in an amount to give a mole percent range of Zn to B-
substituted-B—propiolactone monomers from 0.005 to 1.

10. A polyester characterized in that it is made by the method of any of
Claims 1-9. '

\
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3 : 20 46 0.3 - 87 4

50 17 - 0.5 w100 - A _ 20

46 0.5 94 6 . 50 _ -17

1.0 90 10 75 64 0.02 "

95 _ TABLE 11 ’

Pol ynmeri zation Conditions for Honopol ynerization - and

CoDol vrreri zations of [S]-[err]-Butyrolactone or [R]-[err]-But yroI act one

Exanpl e Tenper at ure Ti me ZpTrmononer Yield

[err]C h _ mol % % 7 50

(2)15 " &4 (PGLYMERIZA39$ON OF BETA-SUBSTITUTED- BETA%PROPIOLACTONEBS c

2 11 IN%ATED BY ALKYLZ}yC ALKOXIDES | o

12 ' 75 _ ' 0. 05 97 , :

13 ' TABLE |11 Pr oduct

Characterization for Exanples in Table | Exanpl e

Mol ecul ar Vi ght ABSTRACT wn Mn

2""’/ M 9Tlille present invention réi@ge%oﬁ a method of Bre"p%rﬁ'@oa polyesteﬂ-307

31, 400 compnglmgg@@ymenzmg at JI_ej_ast one B-substituted-p— proplolactone in they 700
_ gg 288 preséné@ of an initiating amount of alkylzinc alkoxide3a be@i®or in solvent for

"a réaa?on time and temperature sufficient to produce said polyester.
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6 12, 700 : ; 14, 300

10
218, 000 345, 000 1.58 REPLACEMENT SHEET
TABLE |V ) Product Characterizalipn for Exanplds |in Table Il
Exanpl e Mol ecul ar Wi ght 20 AUGT1999 ||
Mh | Mv Mv/ Vh 7} 36}, 6000
49, 900 1.36 179 8 | 37470 | -
5, 240 1.51 160 s o 5,150 . ... ~
5, 150 ' 1.62 140 11 ' 116, 000 - -
226, 000 R.W1 imMACROMOLECULES 1990, 23, 3208-32-12 and’ Tanbt&sz(N Doi. Y.
210, 000 f
Che raduct of in Mkcéémmecu'_és‘lfesqlo% 5732- ass‘fé't?.ﬁ.at?‘?eg?é tﬁﬂgélxoﬁ@no?m%?éb%lég%l@

(95:5, [err]? bu%%&c@‘&r@"{@q"f‘ MW'“{ Eqgemic B-butyselgpiapeaction eplyester

[ er r][ H NNE | ?ﬁmcm weighte ararésoredd qprtboso 06givdth pélyaispersmes iypicdiyR
spectra show

_oEt ai ned, vvheregts" m% Mﬁ@ﬁgﬁgfelgqﬂﬁ%ur@n%ﬁﬁpdﬂﬁ FCE '?JGPFW?M%ﬂUE‘é@ndeSS
pol yner of ver yagtughmopomeninitator iraiio asedcﬁ Ingrdite quantitated. " The

advant ages of this |1|1Mgr\_§§é) [ ] ght
and hi gh yields rel ati \%q{l@t kort ’I:‘QI3 &lﬂ‘le I 1@ bﬁféﬁegﬂol t0 hmﬁﬁé

th
exi sting ar$0 ci W@dpmy@ﬁr@@é'w AT%’"'F%‘WPP@QQE dﬂ bﬂJH‘elﬁﬁﬂsyE%P@Wes"er
produced wwith eadHayﬂced risotastigityofsexsi I Borgrid, . Qdirkd spssi? oDk FALYRERDY

the optical puriéyg 23qf2 é%;%%l Q?EQ?S 3re short 12h rbrﬁ?'\dqbl cat | ons

menti oned herei na dve ar e he

ref er ence. can be as|high gsufid%: stHewevearathe molesulap weight nof thebpmdwnt S
descri bed ally fF ehd Rlghet Hﬁéfé’édﬂbﬁ REIGRRH S v8 nd that various
nodi fi cation oré%S Wchangesgl n P g ere(o q bewsbt?g’aested t o one
skilled in f‘ie art anig;prenigg polym nzatlon of lactones other tha %—proplolactones

with alkylzinc alkoxide initiators are known. The polymerization of e-
caprolactone and lactides are reported in the literature (see Barakat, |.:
DuB_ois, Ph.; Jerome, R.; and Teyssie, Ph. in MACROMOLECULES 1991, 24,
6542-6545). Specifically, the use of ethylzinc isopropoxide is reported to

%0 copolymerize e-caprolactone and L L-lactide (see Bero, M.; Kasperczyk, J..
and Adamus, G. in Makromol. Chem. 1993, 194, 907-912 and 913-925).
Molecular weights of * these copolyesters are over 100,000 with
polydispersities of 1.4, and the yields range from 60-89%. These
polymerizations require 2.5-21 days at temperatures between 50 and

95 100°C. Also, these investigators found that above 50°C the zinc initiators
also are effective transesterification catalysts.

The use of a chiral diol-ethylzinc initiator has been disclosed for the
polymerization of racemic B-butyrolactone as described above (Le Borgne,
A. and Spassky, N. in POLYMER 1989, 30, 2312-2319).

100 The previous attempts to polymerize B-substituted-B-propiolactones
in the presence of various initiators have generally resulted in less than
optimum product yields and length of reaction times. -

Based on the foregoing, there is a need to provide a method of
polymerizing B-substituted-p—propiciactones in the presence of an initiator

105 which results in an improved yield of the desired polymer and/or an
improved reaction time.
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15 °. o CLAIMS 1. A nethod of preparing
a pol yester conprising polynerizing at |east one [err]-
substituted-[err]-propiolactone in the presence of an initiating anmount of
al kyl zi nc al koxide for a reaction tine and tenperature sufficient to
produce the pol yester, wherein the al kyl zinc al koxi de has the structure
Rlerr] ZnOR[err] wherein R err] and R err] are independently a CJerr],
Cerr], Cerr], (err], derr], Cerr], (err], Cerr], Cerr], or (Jerr]
al kyl . 2. The nethod of claim1, wagrein the al kylzinc al koxide is
nonchiral . 3. The method of claim2, wherein the polynerizing is

conduct ed | aFcoiiangs Withan drperbat fe e atigvenths. fidleis AeRed R hétpd ' °
[err]-substif %Eﬁrigggﬂﬂgé%* SOABESIAG polyrReriZhg afiade 8ne B-sulstiatdd-paher ei n

the solvent 1I's drocarbon conprising fromabout 6 to about 15

carbons or pidpjdlatipuede thenpreseoapof eninjtiatingramosnt obalkyzinsalkoxide &fradons.

6. Th t hod af clai wh in t .sQl o 7.
She ot hod Hachpn i Shd e BEitR St S kol e oEHer whBlifine,
diff erent [ giyiziriediRbxitletRe thestrliclre B! noRbuherdin Rirardi Reare copol yest er .
8. The nmethod of claim 7, wherein the dissimlar

[ err] - subst indepeadeatiy 2 Gur Gpi ©3. det SseSecombra S PP1qAKYY - but yr ol act one and
[S]-[err]-al kyl-[err]-propiolactone wherein the [S]-[err]-

al kyl -[err]-propiol actone conprises an al kyl group having two or nore

car bons. The present invention relates to a method of preparing a polyester comprising

. _polymerizing at least one B-substituted-B-propiolactone in the




9. The nethod of claim7, wherein the dissimlar
[‘err]-substj 1urcug¢hiﬁﬂ_‘,] ol actones conprise [R]-[err]-butyrol actone and
s N

[R]-[err]- ‘ollact one wherein the [R

al kyI-[err] propl ol act one onbrlses an al kyl group having two or nore:

car bons. 0 AUE %99 df |claim 7, V\,herel n the dllmmﬁ IQIIWIHJM“L
[err]-substjtuted-[err]-pr =plolactones casprise [ 9 ne and

[R]-[err]-a}kH=ferr}= propi-ol jact one wherein the [R]- [err]
16 al kyl -[ rr] pr opi ol act one} conpri se§ CLATMG kyl group having two or nore

b
[02; r ]On:ubst i fut egﬁl[oer r] rbq%r%ﬁ)rll%%g)lopg%}g\@gﬁ@%sdeamﬁ{eﬁgﬁrﬁ 5‘35???”? agt one and
gIS]k I[ e{ re ]r : ?bkbﬂftgmd;%-tpg?gpfgtmtret lnrthe\gir']aaelﬂlfa dftam Ol['lﬁbtlgg ra:']rjount of alkylzmc '
|1 S U Vi
S bons. ) alkoSRleJoR Biragaics TRk temhanaiits suEient & protics fhe PolyERter,
[err]-subst {JHer&H the 'éiﬂylzf?ﬁc?QLBkﬂ%trﬁiégh %‘i:hﬁé%‘rﬁmﬂp Whereln R! and

[err]-butyrol actone. claim?2 erein the nonchira

al kyl zi nc aindepeddently atGwy Czi Gs.. C4,:Gspﬁe,p6x,|@g Caner Gyd alkylc i sopr opoxi de,
et hyl zi nc et hoxi de, or ethyl zi nc net hoxi de. 14. The met hod of claim 13,
wherein the nonchiral alkylzinc al koxide is ethyl zinc

2. The method of claim 1, wherein the alkylzinc alkoxide is nonchiral.

3. The method of claim 2, wherein the polymerizing is conducted in bulk.

4. The method of claim 2, wherein the polymerizing is conducted in a solvent for
the nonchiral alkylzinc alkoxide and for the B-substituted-B-propiolactone.

5. The method of claim 4, wherein the solvent is an aryl hydrocarbon comprising
from about 6 to about 15 carbons or alkyl hydrocarbon comprising from about 5 to
about 18 carbons. '

6. The method of claim 5, wherein the solvent is toluene or xylene.

7. The method of claim 2, wherein the method comprises copolymerizing two
different B-substituted-B-propiolactones to produce a copolyester.

8. The method of claim 7, wherein the dissimilar B-substituted-B-propiolactones
comprise [S]-B-butyrolactone and [S]-B-alkyl-B-propiolactone wherein the [S]-§-
alkyl-B-propiolactone comprises an alkyl group having two or more carbons.

9. The method of claim 7, wherein the dissimilar f-substituted-p-propiolactones
comprise [R]-B-butyrolactone and [R]-B-alkyl-B3-propiolactone wherein the [R}-B-
alkyl-B-propiolactone comprises an alkyl group having two or more carbons.

10. The method of claim 7, wherein the dissimilar -substituted-B-propiolactones
comprise [S]-B-butyrolactone and [R]-B-alkyl-B-propiolactone wherein the [R]-B-



Tm%‘f'EﬁTd of claim1l1l, wherein the reaction tine is
met hod of cl aiwﬁﬁeﬁﬁ‘ﬁ‘t’hﬁct ion tinme
is about 3t

Oéjﬂoﬁlm  17. [ The nethod of cl
tenperature |s om__gbout 20[efr] C. to about BOGEﬂ‘ m‘ m nm nmet hod of

claim 17, whgrein the tenperatjure is frpgn about G about

60[err]C 9. The-nethod of fclaim 7, wherein the terrperature Is from
about 40[ er rEikyl- ﬁ-propluﬂacto rises an%]kyl'gﬂeuprhatmg too arirapre aaBbonsier ei n
the tenperature is fromabout 45[err]C to about 60[err]C. 21. The net hod
of claim1, wherein the tenperature is fromabout 70[err]C. to about

80[err] C. 11, The method of claim 7, wherein the dissimilar B-substituted-B-propiolactones

REPLAC
|sopropOX|de
about 3 to 1Q0 }ho

comprise [R]-B-butyrolactone and [S]-B-alkyl-B-propiolactone wherein the [S]-B-
alkyl-B-propiolactone comprises an alkyl group having two or more carbons.

12. The method of claim 2, wherein said B-substituted--propiolactone comprises
racemic B-butyrolactone.

13. The method of claim 2, wherein the nonchiral alkylzinc alkoxide is ethylzinc
isopropoxide, methylzinc isopropoxide, ethylzinc ethoxide, or ethylzinc methoxide.

14. The method of claim 13, wherein the nonchiral alkylzinc alkoxide is ethylzinc
isopropoxide.

15. The method of claim 1, wherein the reaction time is about 3 to 100 hours.
16. The method of claim 7 wherein the reaction time is abodt 3 to 100 hours.

17. The method of claim 1, wherein the temperature is from about 20°C. to about
80°C.

18. The method of claim 17, wherein the temperature is from about 45°C. to about
60°C.

19. The method of claim 7, wherein the temperature is from about 40°C. to about
80°C.

20. The method of claim 18, wherein the temperature is from about 45°C. to about
60°C.

21. The method of claim 1, wherein the temperature is from about 70°C. to about
80°C.



17.22. The.nethod of claim 7, ‘wherein the terrpe;ﬂgi_s,f_rp_m_M
70[err]C. to about 80[err]C 23. The nethod of claim 1, wherein the

al kyl zinc al koxide is present in an amount to giv mllr?ange of
Zn to [err]-substituted-[err]-propiolactone rmnorrmﬂmrmuﬂ“mm 005 to
about 1. 24. The method of claim 7, wherein the monehi¥al® al*kyl*zi nc

al koxide is present in an anount to give a nole percent range of Zn to

[err]-substituted-[err]-propiol actone ggnomars from about 0.005 to about 1.
25. A polyester nade by the nethod of claim 1, wherein the

[err] -substijaitipd hefHod oﬂlﬂﬂﬁié?,' \ﬁﬁét‘é‘ﬂ’?ﬁﬁﬁ?ﬂéﬁiﬁgﬁ' isPoM dbut709C Kt about

conprising fromabout 1 to about 19 car enyl conprising from about
2 to about 28D°Carbons, aryl conprising fromabout 6 to about 19 carbons,
aral kyl conprising fromabout 7 to about 19 carbons, alkaryl conprising
fromabout 7 to about 19 carbons, or cycloal kyl conprising fromabout 3 to

about 19 card®IThe metfdd 4F G&IRPH YWRERIN fROSIKPFINCkEdS Rbrebest il dh dmount

wherein the two different [err]- substi tuted-{err] - propi ol actones are
i ndependent |¢ givéhatmelgpsicentrange ohZRyo Peaupstituled@-propialagiene monamersout 19

car bons, al I g fr about 2 to about 19 carbons, aryl
conpri si ng ﬁ%aﬁggﬁd@t@g&fggg? 19 carbons, aral kyl conprising from about
7 to about 19 carbons, al karyl conprising fromabout 7 to about 19 carbons,
or cycloal kyl . conprising from about to about 19 carbons. . )
- Y y24. Thrépmetho of claim 7, wHere?n the nonchirailalkyginc alﬁoxide is present in

an amount to give a mole percent range of Zn to B-substituted-B-propiolactone

monomers from about 0.005 to about 1.

25. A polyester made by the method of claim 1, wherein the B-substituted-§3-
propiolactone is substituted with an alkyl comprising from about 1 to about 19
carbons, alkenyl comprising from about 2 to about 19 carbons, aryl comprising
from about 6 to about 19 carbons, aralkyl comprising from about 7 to about 19
carbons, alkaryl comprising from about 7 to about 19 carbons, or cycloalky!
comprising from about 3 to about 19 carbons.

26. A copolyester made by the method of claim 7, wherein the two different -
substituted-B-propiolactones are independently substituted with an alkyl
comprising from about 1 to about 19 carbons, alkenyl comprising from about 2 to
about 19 carbons, aryl comprising from about 6 to about 19 carbons, aralkyl
comprising from about 7 to about 19 carbons, alkaryl comprising from about 7 to
about 19 carbons, or cycloalkyl comprising from about 3 to about 19 carbons.
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