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ABSTRACT Racennc butyrolactone (BL) was’ selected to determme the feaSlblllty of usmg enzyme TR
catalysis in organic media for S-substituted ,'3 -propiolactone resolutions.: Lipases from:Candida cylindracia;
- .:Pseudomonas fluorescens (PS-30), and porcine pancreatic lipase Type IT (PPL)were investigated.” Based -
: - onreaction rate and the enantiomeric ratio-E, PPL was found to be the most effective of these lipases. ~ ... -, :
With respect to the organic media used, BL methanolysis oceurred faster to slower as follows:. n-hexane .. ...~
©. .. > diethyl ether > dioxane = ethyl acetate > benzene. PPL-catalyzed BL, methanolysis in'n-hexane and. . .
" diethyl’ ether reached: ~50% conversion'in. 22 h. Irrespective of the solvent, used, the slower reacting’
- enantiomer was.(11)-BL.. The E values for PPL-catalyzed BIL resolutlons carried’ out in diethyl gther,~:
'+ benzene; ethyl acetate, 1,4-dioxane, and hexane were 20,4 + 2.4, 14.8 + 2.3,894 + 198 8.15 + 1. 04, T
and 5.56 + 0.37;. respectwely Thns using PPL as the lipase in ether 90%-{R) BL was obtained in 3% -
yield. This mionomer was polymerized using Zn(CyHs)o/Hs0 (17/0.6) as the catalyst to form predomiriantly > 000
" (R)-poly(3-hydroxybutyrate) (PSHB) which had number-average moleciilar weight, mélting point, and . * o«

'« -enthalpy of melting valies of 41 300, 140 °C, and 64.8 d/g; respectively. - Thus, a chemoenzymatlc route ;- . e

] lngh molecular welght enantlomerlcally enrlched PBHB was demonstrated

Introductlon :

Th1s study was’ dJrected toward developmg synthetlc' :
routes to enantiomerically pure or enriched substituted )
microbial - polyester synthetic analogues that would -

provide suitable flexibility in regards to polymer repeat
unit structure. and stereochemical composition.  As &

model system; poly{3 hydroxybutyrate) (P3HB) formed "
by the: ring-opening of ﬂ-methyl -B-propiolactone (BL) -

was investigated. P3HB is a member of the microbial

polyester family referred to-as poly(3-hydroxyalkancates)

(PHA). The chiral centers of PHA repeat units have (R)

stereochemical configurationis™? so that the polymers are -

isotactic and ‘optically active.3-5 A numiber of reviews
have been published that descmbe various, aspects of
PHA research inchiding: tHe wide i range of f-substitu-
ents that hdave been incorporated into. these mierobial
products.® 11 It is' interesting to consider that the

1nvarlab111ty of. polymer stereochemietry for-natural

PHA"is problematic since the formation of polymer
stereoisomers is a” powerful tool in modulating the

properties of polymeric materials. For example; work .

. by Abe et al.»? showed how by altering the steréochem-
ical compos1t10n of P3HRB prepared by chemical methods
(see below) .polymeric’ materials. were formed having
elongation to break values ranging from 5% to 1020%.
Indeed; by controlled variation of polymer stereochem-
istry for biodegradable materials; it is. envisioned that

both polymer ‘propertiés and blodegradablhty ¢an be
carefully balanced to ach1eve supermr materlals Work-
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in our laboratory13 as well as elsewhere12 supports thIs '
idea..

polymerlzatlon of BL to high moléecular weight products
which' may ‘also’ prove useful-for other S-substituted
_B-propiolactone.. Specifically, Hori ‘et al14 has shown .
that-distannoxane catalysts can polymerize BL in'4.k

- reaction times at 100 -°C to formy: products in: yields of

>95%.. having M, vahies. of ‘approximately 150 000.

Much effort has also besn focused on the use of Al-.and _'

Zn-based catalyst systems for the preparation: of syn: .
thetic PHA analogues.’S In: parallel: with the above,
research-has been“carried- out fo prepare enanticén-. -
riched BL. : Agostini et al.'® resolved f-bromobutyric acid
by reaction with (R)-(+)-0-(I-naphthyl)ethylamine and -

separation of the resulting diastereomers. The.(S)3: - .

bromebutyric acid. having:an enantiomeric excéss (ee)

of >90% was ring-closed to form (R)-BL having an ee'of -

78%..-(S)-BL havmg an optical purityin excess of 97%
was: prepared in: five steps from natural origin. (R}«
P3HB.!7. (R)- and:(S)-BL: enantiomers having optical
puntles >08% were prepared.: by: the. asymmetrlc hy- .
drogenation:of methyl acetoacetate, conversion of (R}

©or (8)- methyl 3-hydroxybutyrate.to its corresponding. = "
free acid, ring-closure by transacetalization to form the " R

eyclic othocarbonate and then pyrolysm 13 All of the

above synthetic methods either are techous 1nvolv1ng. 5
mult1step reactions or'do hot provide BL of high enan- e
 tiopurity. ' Ina recent report by Takaya et al ;Y8 (R)-BL "

was prepared with ée values of 92% by the asynnne_trlc §
hydrogenation. of diketene. »
efficient. route to.. optrcaliy actlve BL 1somers but is
limited in utility since it cannot be used to prepare other .

enanticenriched [)’-substltuted B-propiolactones: A route. - -

to enantloenrrched mono- and d1 ﬁ substltuted ﬂ-prop1- 5

N AOGE A o g T

Recently, a breakthrough was reported for the rapld S
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- Staring:1? The redction required the use of aldehydes
-.and ketones which had a high polarization. of the

or ethyl:-have been prepared, and a number of these

d 20““22

< polyrerize
' used to form enantioenriched P3HB. - Specifically,
Spassky ef al.?® used a chiral initiator prepared from

' 7Zn(CaHs); and (R)-(—)-3,3-dimethyl-1,2-butanediol. which

* “aluminum complex to prépare an (R)-enriched product

- fiopurity.:

. ‘terase (PLE), horse liver

" ‘enantioselective esterification/transesterification reac-

- lipases have been reported.? - The use of enzymes in

- organic media has shown promising substrate conver-

_'sion--efﬁci_enéy,—-high"enantioselectivity-, and advantages

“recyclability; increased enzyme thermal stability; solu-

© " bility of & wide range of substrate types in the reaction. -
" mediay-aiid: _no_:requirement_.'fof pH adjustiient-as the . -

- reaction proceeds:*1 % Lipases in organic'media have

" Been used successhilly for the préparation of enantioen--

riched: y-butyrolactones; w-lactones, and: d-lactones by.

- lactonization ‘of racemic y-hydroxy esters, @-hydroxy.

. esters; and é-hydroxy esters, respectively 33785 ot
- -+This'paper desecribes a'model study to determine the
" feasibility: of using enzyme catalysis in organi¢ media
- for'the resolution of (B-substituted: S-propiolactone enan-

‘tiomers.’ The resolved-lactones could then be polymer-
i esters)-having the desired stereochemical-purity and

S confignration: - For' this’ study, wechose - the. racemic

_pairs"'tised"-on'_ the rate of BLireactivity and enantiose-
-lectivity: was: determined.- Using enantioenriched BL

(R repea _3unit'$_..:Was_""synthesized.'- A

 Experimental Section

- Pseudomonas fluorescens lipase PS-30 was from Amano En-

‘zyme USA. Al the enzymes were used as received. Measuré-
are described below. * - S

- p-Hexane, diethyl ether, 1,4-dioxane; ethyl deetate; benzene,

methanol’ (Aldrich; >99%),. and benzyl <glechol: {Eastman

Slactones which involves-fhé-reactiém'df aldehydes and
- ketones with ketene: in' the presence of the alkaloids -
‘quinine. and quinidine was reported by Wynberg and -

-+ to distillation under argon.. BL (Aldrich, 98%) was refluxed
over CaH, overnight prior to fractional distillation (74—75 °C/

o _carbonyl: such: that substituents such as —CCls-and : -
"ZCC),CHa were used.. In addition to chlorinated sub-
- stituents; monomers with p-(triflucromethyl)-g-methyl

o halogenated optically. active ‘monomers have been

~pNPA (1.45 mriol/L) and methanol (2.82 mmol/L) was added -

“In an alternative sf'r.'.é.i';ég."y-,"ciiiral'(.:at'aijs'.té have been | :
.\ . t6 10 mL vials containing approximately 17 mg of enzyme. The"::

\'#Hé'n ised for racemic BL polythe'riia tions resulted in ‘enzyme by filtration: The concentration of the reaction product
small enantiomeric enrichment in' the final polymer.. " " yig 916) at the A (305 nm) of pNP. Enzyme activities for
‘Takeichi éf al.>* used an optically active cobalt/triethyl- : :

. minuté {nmol of pNP/min-mg).and have values of 1.2, 1.2, and;

" where the extent of stereoselection was. not reported:. .. m
. 3.0, respectively. ..

" Thus far, this-route’has:not- proved useful: for-the
. preparation of P3HB or other PHA with-high énan-"- 2} _ _ ;
: O e e dried at about 150 °C overnight and then cooled in a desiccator
_{containing Drierite) prior.to use.: For studies to determine

" effects of selvent: and’ enzyme: on: tionomer conversion and
. enarntioselectivity, methanol. was: used-as the nucleophile. The':
. .enzymes were transferred in a dry bag containing Drierite as
.. degiccant, under an argon purge. . Liquids were transferred via:
. Byringe under an argon atmosphere.. BL (1.032 g, 12.0 mmol);
.+ anhydrous methanol (0.768 g, 24.0 mmol); and a dried solvent.
- (13.0 mL) weré added into 20 ml. vials containing 600 mgof:
- gnzyie. : Thereaction vials were ¢apped, magnetically stirred

'Co_‘mmermall'y'a‘\'iailable‘-'-'enz'y'rrie_éhavé' proven tobe
" powerful tools for the resolution of racémic mixtures to
" obtain’ 'p'fbduéﬁs_"i_n:hfgﬁ]énantiopurity.?5'_“'27'_ “Lipases '
- guch as porcine pancreatic lipase (PPL), pig liveres-: -
. esterase (HLE); Pseudomonas
- fluorescens lipase PS-30; and: Candida. eylindracea-1i- .
 pase (CCL) have been widely. iged for the resolution.of-.
“yacemic alcohols andcarboxylic -acids by catalyzing

©. tions. Successful examiples of y, 8, and ¢-lactone resolu-
_tions in aqueous media by using PLE, PPL, and HLE

* yélative to Teactions in aqueous media such as:catalyst

- above. The resolution was carried outina three-neck 500mL;

" 'ized wia chemical methods to: form ‘substituted poly(f- -
" lactone BL and evaluated various lipases including PPL, -
" CCL; and PS:30: Theeffect of the lipase-organic solvent

Jectivity : . s - : .. {0 their- eorresponding miethyl esters. Calibration curves:
: .'Pfepare_{_iﬁ"-b)("enzymatlc'-res'olutlon-,-'PSHB having 90% . : :

. Materials: Porcine pancreatic lipase Type IL (PPL), Can-
dida cylindracia lipase: Type. VII (CCLY, and p-nitrophenyl.
" acetate were purchased: from. Sigma Chemical Co. and -

ments of esterase activity for these enzymes in organic medig

'Macroméleculés, Vol. 29, No. 1 1, 1996

Kodak, 98%) were. dried by reflux ‘over CaHz overnight prior

25 mmHg). Values for water contents of the dried solvents
were deterniined using 4 Karl-Fischer automatic titrator as
was described elsewhere® and were found to be 39 £ 5, 55 +
4,160,411, 84 +£'4, 57 & 5 and 98 £ 9 ppm for n-hexane,
diethyl ether, 1,4-dioxane, ethyl acetate, benzene, and metha-
nol, respectively,. - T :
Assay of PPL, P8-30 and CCL Activity.?” The enzymes
were assayed using p-nitrophenyl acetate (pNPA) and metha-
nol in 1,4-dioxane. A 1,4-dioxane solution (5 mL) containing

assay reactions were carried out for 2 h.in an orbital shaker
(2000 rpm, 35 °C) and ‘were terminated by .removal of the -

p-nitrophenol (pNP) was determined by UV-VIS (GBC UV=

PPL, CCL, and PS-30 are defined herein as the nanomoles o
pNPA hydrolyzed in dioxane per unit weight of enzyme per".

- Enzymatic Resolutidn of BL :Al.l.'gléééware-was oven:

and maintained at 35 °C for reaction times as spetified below. .
The reactions were terminated by removing the enzymes by
filtration using a 0.45 gm Teflon syringe filter, and BL:
conversions were determined by FTIR as described below::
After concentration of solutions by rotoevaporation, the enar
tioenriched BL was separated.from the Teaction mixtures by
colurnn chromatography (column dimensions of 2.5 em 32
¢m) using silica gel (purchased from Aldrich, grade 60, Merck,
230—-400 ‘mesh, 60 A) as the stationary phase, methylen
chloride as the eluent, a flow rate of ~2 ml/min, and a rati
of ~200:1 silica gel to mixture. The mdjor fractitins containing::
B eluted at volumes between 80 and 120 mL. Larger'scalé:
resolution of BL(20.0 g, 0.233 mol) was carried out using PPL.
dry: diethyl ethier as-solvent,: and dry benzyl alcohol in pla
of methanol with the same relative ‘molar ratios of reagents’
and similar precautions to avoid water, that were described:
round-bottom flask at 35. °C for 4 days (~55% menome
conversion). The workup involved removal of enzyme b
filtration, solvent rotoevaporation at 25 °C, and distillation’i
both the absence and présence of CaHy as described above fi
rocemic. BL. This gave a colorless liquid (yield '35%) which®
had [o]Pp = +23.8° (5.0 g/dL, CHCla) (lit:*! +30.3° et £3;
CHCl] for (2)-BLrand 1it:22 ~30.2° (¢ 3.98, CHCly) for (8)-BL):
The *H. NMR spectrum of this product was. identical to th:
published previously'".. .. o e R
. Instrumentation Methods. FTIR {(Mattson Instruments;
Galaxy Series 2020) was used to determiné lactone conversions

(correlation coefficients of higher than 0.992) were ‘obtained,
by dilute solution measurements iri CCl using a series of B
methyl 3-hydroxy-3-methylpropionate mixtures of knowiy co
position and:measuring the ratio of lactone (1835 cm™) to ester
_carbonyl group (1735 cm™!)-absorptions in a, solution cell (8
mm path length). For reactions in hexane, 1,4-dioxane, and
diethy] ether, sufficient quantities of the reaction mixtuf
were added to CCly g0 that the transmittance of the lactone
absorption band was ~30%. When using ethyl acetate and
benzene, solvent removal by rotoevaporation was carried out
prior to addition of the reaction mixture to CCLIT.... _
The resolved BL was purified by either. column chromatog:
raphy or distillation.. The enantiomeric excess (es) of BL was
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Flgure 1. Concentratlon of BL as a function of reactmn tune
and orgamc medla for PPL- catalyzed BL methanolyms .

determined by IHN MR (Bruker WP- 270 SY or Varian Unlty'

300 spectrometers) using the chiral shift reagent Lris[3:
((heptaﬂuoropropyl}hydroxymethyiene) -{-F)-camphoratojeuro-

pitm(TITy (Eu—(+} {hfc}3)13 and polarlmetry (Perkm E!mer 241'

polarimeter).

Determmatlon of PBHB thermal ‘transitions by dlfferentlai _—

scanning calorimetry (DSC) and molecular weight hy. gel

permeation chromatography (GPC) was carried out as prevx-

ously descrlbed 13,

Results and Dlscussmn

PPLCatalyzed Resolution of BL The effect of the -
organic solvent used: on the" PPL-catalyzed conversion -

- of BL to its corresponding methyl ester was studied. The |
concentration of BL: as a function of time for reactions -

carried out in hexane, dlethyl ether, 1 4-dioxane; ben-

zene, and ethyl: acetate is plotted .in Figure 1. It is -

shown that BL methanolysis occurs most. rapidly in
n-hexane followed closely by diethyl ether. ‘For both.of
these solvents, apprommately 50% . conversions. are
Teached by 22 h reaction times. Reaction rates in ethyl
acetate and 1,4-dioxane are 31m1lar (50% conversions
in 48 h), Whlle reactions in benzene: occur-at the

relatively slowest rate (29% conversions.in 48 h). . Thaig, -
the foliowmg order of solvents corresponds to- medla'

where BL conversions occurred at faster to slower
rates: n-hexane > diéthyl éther > 1,4-dioxane = “ethyl
acetate > benzene.. When these: reactmns were: con-

ducted without enzyme addition; no methyl ester forma- '

tion was observed (by FTIR) within a 48 h time period;

thus the above conversions result from enzyme cataly- .

gis.

The enant:omerlc ratlo E is a measure of the enan- -

tmselectlvﬁ,y of an enzyratic transformation.” Based ofi
work by Chen et al 3839 P E can be cietermmed by eq 1

VmaxA/KA 111[(1 — C)(l o ee)] (1) -
A 1n[(1 —eXl+e] LT

In &g 1 “(A) and (B) are the fast— and slow-reaetmg
enantiomers, respectlvely, ¢ is the conversion {[Cinitial

Cf‘na] }/C,mt,ai, Cis BL concentratmn) of the reaction;: -
ec is the enantjomeric excess ((Cx — Cg V[Ca + CB]) of :
the unreacted substrate; and V... and ‘K are the.

maximal reaction rate and Michaelis constant, respec-
tively. - The ce values were measured’ experimentally
from: 'TH. NMR spectra recorded.in the presence of a

chlral shift reagent (see ExpenmentaI Section). Mono- B

' Chemeehzyinatie Rc’a_ﬁfe 1o P3HB St_'ere’o_i‘sdrri

s dmxane
{ B d:ethyl ether: '

o
w o

0.4

. " ..
L0002 o4 o y
;) SR Conversion C
'\b: 1.0 . = ﬁ - l.
e Sk .t”.h.exane .

@ ethyl geetate
; v_rhen_z_er_x_e

L

(ee)

Enantiometic excess.
-
L
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T
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Fi lgure 2. Reiatwnshlps of enantiomeric excess (ee)of BL and' L

coriversion of PPL—catalyzed BL methanolysis: {a)in dioxatie

- and-diethyl ether: {(b) in hexane, ethyl acetate; and ‘benzene. - CUE

Dots are experimental data and sohd lmes are generated by :
curve ﬁttmg usmg eq, 1 D P :

mer conversion as a functlon of tlme ‘was. convemently"_' :

monitored by FTIR, taking advantage of the decrease

. in the lactoné: carbonyl absorbance at 1835 cm~land "
" © ihcrease -in: the absorbance- at- 1735 ‘¢cm=L with the - s
formation of the' correspondmg nng opened methyl ester & o

(see Experimental Section): - :
- The absoliite configuration of the enantloenrlched BL__ '

steremsomer {slower reacting enantiomer) in‘all-of the . **. -

solvents investigated was (B) based on the positive
optical rotation’® and the relatively higher intensity of.

upfield doublets.corresponding to the (R)-antipode in'tH -
NMR- experlments mth chlral sh1ft reagent Eu (-i-)- )

fhfels.1”

~ Figure 2 shows the relatlonshlp between: ‘conversion : R
and enantiotheric excess for PPL-catalyzed methanoly- 0

&is reactions carried-out in different solvents.: VUsingeq:

I and a curve-fitting computer: program; " theoretical - .. y
curves were generated that fit-well with the experimen- " -
-tal ee'versus conversion results. Since’the theoretical

curves are in ‘close agreement with ‘the experimental .
data points; it is reasonable to'assume that BL resolus’

tion: by PPL occurs by-a mechanism that agrees with. -

 the assumptions used for the derivationof eq 1.38-3% The PO
E values and corresponding standard deviation from the
curve fit of the experimental results for reactions: carried ©.
out in diethyl ether, benzene, ethyl acetate, 1,4-dioxétie,

andhexaneare204:l:24 14.8 +2:3.8.94-+1.28; 815;-'”

+ L4, and 5:56 +0.37; respectlvely Recalhng from ._
above that the hlghest rates of BL conversmn were'r o
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obtained.in 'di'é'th'yi_".ét'her'. 'a'n'd_"ﬁexéﬁe';. it can be con-

cluded that diethyt ether is the preferred organic media -

" to achieve high BL enantioselectivity as well ag conver-
sion rates. - It-is interesting to noté that the £ values
for resolutions of o-methyl-f-propiolactone (MPL) using
PPL wére much smaller; regardless of the organic media
uged ¥ For example, the largest E value measured for
. PPLicatalyzed MPL resolutions was 3.93. £ 0.26 in.

+#Tn addition to methanol, Béﬁz’jl':élléohoi':'vgré.s':'éxpl'of'éd .

. ' ag'a nucleophile for the resolution of BL in diethyl ether.
" The rationale was to form the corresponding benzyl as
- opposed to methyl f-hydroxybutyrate ester, which would

o “facilitate separation of unteacted lactdne and ester by - -

" distillation (boiling points of BL and benzy! 3-hydroxy-

‘putyrate are 70 °C/30 minHg and 90 °C/10-% mmHg; -

- réspectively!"). The curve of BL consumption in' diethyl
" ether as a function of reaction time using benzyl alcohol -

- was almost identical to that obtained when methanol

' ias used (not shown).: - However; the E value was
* relatively lower (8.0-% 1.0 as compared to 20:4 -+ 2.4).

" Nevertheless; resolutions of BL on a 20 g scale were .
' readily carried out (see Experimental Section) and BL
(66 80%, 90% (R)) was obtained.” . .~ A

" Investigations carried out with ot er lipases toresolve

.. BLgave. relatively poorer results. In summary, the -

o “lipase CCL showed: no apparent catalytic. activity (by

. FTIR, see Experimental Section)in- diethyl ether at 35
_°C for 48 h. It is'noteworthy that the catalytic activity .

" of PPL and CCL in nmol pNP/mini‘ing were identical

7 {12).. Although mvestigations of CCL-catalyzed Tesolu- -

tions in: other organic media might have:shown. im=

' proved results, the results.in -diethyl ether were not -

_: promising. In coritrast, PS-30-catalyzed BL methanoly

sis, regardless of the organic media used, proceeds .

- glower relative to PPL despite the fact that PPL has an
“activity for pNPA methanolysisin dioxane which is:2.5.

.. times lower (see Experimental Section): For example,
- the conversion of BL in both hexane and diethyl ether
" by:PS:30 catalysis-was only 38% after 72 'k comiparéd . -

. resolutions. - Specifically,. E:values. in: diethyl ether,
. Benzene, ethyl acetate; 1,4-dioxane; and:hexane were
5.2, 3.8;-3.8, 2.7, and.7.0, respectively.: Thus; when one-

.- enantioselectivity for the three lipases studied; PPL is
" .the preferred enzyme for BL resolution. In contrast, for
- MPL resolution, PS-30 is preferred relative.to. PPL. due

; hehlgher enantioselectivity aéhieved.?f7 Sk

' (R)-BL) ‘wa§ 1sed to prepare: enantioenriched: P3HB

.- Tollowing 4 literature method.'": The: Zn(CoHs)osH:0.(1/ -

-0:8) aﬁa__iyst_.-sys_t_:ém_used_gi's beliéved to result in ideal
. “‘randor stereocopolymers,®. Furthermore, ring-opening

. oceurs: b 201 1
. “carbonyl carbon: and ring oxygen). with retention -of

- product formed presumably has a stereochemical com-

(90%-(R)-P3HB, M, = 41 300 and M,/M, = 157 by
GPC) had ‘a Th ‘and’ AHy of140.°C.and . 64.6 J/g;
‘respectively: Theése values are closely consistent with

that PSHB having 92% (S) repeat units (92%-(S)-P3HB,

P3HB sterecisomers: with respect to microstructure

~melting. behavior,1%1% crystallization kinetics, 2 and

" when considering both réaction rates and enantioselec

- prepared iri 35% yield.  Thus, using the strategy showh
© herein, it should be possible to extend this work to othe

 search Center at the University of Massachusetts Low
- Réfer.en.cé:s;axtld Notes

i t0 50% it 991 when PP.L__'Wa_s"juéé d-'-_:FﬁftheifIﬂQI‘é', with . ._.(3)_ Gross, R A.; Konrad; G;; Zhang, Y;; Lenz, R.W. Polym. Prep
- the ‘exception of hexane, the caleulated E-values based
" - on experimental conversion and ee nigasurements-were -
" considerably higher for PPL: than PS-30-catalyzed BL

. considers bothi rates of monomer conversion and enzyme

“;Chemieal’ Polymerization: of -Enzyme-Resoﬁréd -.
onomers. The (R)-eniriched BL having 90% (R} {90%- -

" (i3) Kemnitzer, J. Ex; McCarthy, S. P.i Gross, K. A. Macrom
-+ randomn stereocopolyn ! (14 Tor. ¥.c Susuki, M.: Yamaguchi, A.; Nishishita, T. Mao
 polymerization of BL catalyzed by Zn(CzHs)y/Hz0 (1/0.6) : -
acyl. cleavage (bond: breaking: between: the -

' configuration and no:apparent racemization.'’ Thus the

 positient equivalent. to the monomer feed, -The P3HB

that -expected based. on previcus work. which:showed |

Macromolecules, Voi. 29, No. 11,199

M, = 34 000 g/mol, Mw/M,, = 1.5, obtained from polym-
erization using Zn(CaHs)e/H20 (1/0.6) as catalyst) had
a T, and AH¢ of 136 °C and 64.3 J/g, respectively*
Work by us and others has already studied {(R}-enriched

analysis by 13C NMR,!” physico-mechanical properties,’

biodegradability.1®!23 Therefore, similar investigation:
on 90%-(R)-P3HB and other P3HB stereoisomers were
not undertaken herein.: - ..o Lo

Summary eI
. A chemoenzymatic route to enantioenriched, PSHB
which involved resolution: of racemic Bl using lipass
catalysis.-and: subseguent, polymerization of predomi
‘nantly (R)-BL was demonstrated. Of the lipases inves
tigated, PPL was found to be preferred for BL resolutio

tivity. “Using diethyl ether as the organic medium fo
PPL-catalyzed resolution, 90%-(R)-BL was convenientl;

JB-substituted f-propiolactone monomers so that s
theti¢ analogs of microbial polyesters that.have: co
trolled repeat unit structure and stereochiemistry:ca
beobtained. P G iy 5 s
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