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Summary: A strategy has been developed for the enan-
tioconvergent polymerization of symmetrical hydroxy
diesters and dihydroxy monoesters that exploits the pro-
chiral stereospecificity of enzymes in organic solvents. This
approach has significant potential for the asymmetric
synthesis of chiral polyesters from achiral monomers
possessing g-symmetry.

Sir: It is now well established that hydrolytic enzymes are
highly stable in organic solvents and can be used for certain
types of transformations that are difficult or impossible
to do in water.! The most common reactions are lipase-
catalyzed esterifications and transesterifications, which
were used extensively to prepare chiral acids and alcohols.?
Klibanov® and very recently Morrow* reported the prep-
aration of chiral polyesters by enzyme-catalyzed trans-
esterification between a racemic diester and an achiral diol,
or a racemic diol and an achiral diester. Recently, we have
investigated the behavior of w-hydroxy esters with lipases
in organic solvents and found that while substituted v- and
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5-hydroxy esters undergo lactonization to chiral vy- and
5-lactones,>8 the g-hydroxy, e-hydroxy, and longer chain
hydroxy esters react in an intermolecular fashion to give
linear polymers.” Using this approach, we have prepared
unsubstituted achiral as well as substituted chiral poly-
esters, which in some cases contained more than 100 mo-
nomer units (MW > 10000).8

All of these polymerization experiments exploit the en-
zyme’s enantioselectivity, i.e., its ability to discriminate
between enantiomers of a racemic mixture. However, since
the unfavored enantiomer usually also reacts, all be it at
a slower rate, it is practically impossible to obtain a long
chain macromolecule without any of the wrong enantiomer
being incorporated, and the further the reaction proceeds,
the greater the likelihood of incorporation of the unfavored
enantiomer. An attempt to use a 2-fold excess of the
racemic diester over the achiral dialcohol partially solved
the problem of incorporation of the wrong enantiomer, but
it severely limited the molecular weight of the polymer and
required a separation between the polyester and unreacted
monomer to be carried out.4

In the present work we demonstrate for the first time
a strategy for enzymatic asymmetric synthesis of chiral
polymers by exploiting the enzyme’s prochiral stereo-
specificity, i.e., their ability to discriminate between en-
antiotopic groups of a prochiral molecule. We have shown
earlier that 8-hydroxy esters undergo polymerization.” In
principle, the enzymatic polymerization of prochiral sym-
metrical 8-hydroxy dicarboxylates (1 and 2) or of di-
hydroxy monocarboxylates (3) will be enantioconvergent
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Table I. Asymmetric Polymerization of Dimethyl
B-Hydroxyglutarate with Enzymes in Organic Solvents

CH— CO,Me 0 CH,—CO,Me
HO—CH —enzyme ., H%O—EH—CHZ—(@ o—¢H
CHp—CO,Me (l;Hz " CHp— CO,Me
| éOZMe 4
temp, chiral [@])%p, deg %
enzyme °C oligomer 4 (c in CH,Cl;))  ee®
LAPP 40 +)4(n=1 +1.4 (¢ 1.5) 37
LAPH 40 HF)4(n=1 +2.0 (¢ 0.95) 35
SG 69 (+)-4 (n = 1)® 30
LAPP 40 (+)-4 (n = 2) +1.6 (¢ 0.5)

¢Optical purity of dimers was determined by 'H NMR in the
presence of the chiral shift reagent tris[3-((heptafluoropropyl)-
hydroxymethylene)-(+)-camphorato]europium(IIl) {{(+)-Eu(tfc)s],
as described in text. ®Because of the small quantity of isolated
material we failed to determine accurately the optical rotation of
the dimer obtained with SG. However, NMR in the presence of
chiral shift reagent indicated that also in this case the (+) enan-
tiomer was obtained. ¢For trimers enantiomeric excess values
could not be determined by the NMR method, due to considerable
line broadening.

and may convert the achiral monomer into a single enan-
tiomer of the polyester.

CHy——COR COR HO—CH,
Ho—ct HO—CH,—CH
CH,~—COR COR

| 2 3

CH—CO,R
HO—CH3

Following this train of thought, we selected the readily
available dimethyl 8-hydroxyglutarate (1, R = Me)® as the
model prochiral monomer and examined its behavior with
13 commercially available lipases, proteases, and crude
acetone powders!? in organic solvents. Most of the en-
zymes tested were catalytically active, but liver acetone
powder horse (LAPH), liver acetone powder pig (LAPP),
and the protease from Streptomyces griceus (SG) afforded
the highest activities and were employed in the subsequent,
scaled-up polymerization experiments.

Preparative enzymatic experiments were carried out in
25 mL of dry hexane, between 1 g of substrate and 1 g of
enzyme,!! by shaking the suspension!? at 40 °C and 200
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rpm with LAPH and LAPP, or under reflux (69 °C) with
SG. Reaction progress was monitored by NMR: the
monomer (1, R = Me) has a characteristic singlet at 3.69
ppm due to the two equivalent Me esters and a multiplet
at 4.45 ppm due to the CH adjacent to OH; in the oligomer
4 these signals correspond to the end units, while the
singlet at 3.67 ppm and the multiplet at 5.50 ppm are due
to the Me ester and the CH adjacent to -O- ester of the
newly formed internal units. Comparison of the relative
intensities of the appropriate signals enabled us to estimate
the degree of polymerization.

Reactions were terminated by filtering off the enzyme,
when the NMR analysis indicated the presence of a trimer
on average. The product mixture was fractionated by
solubility: unreacted monomer and low oligomers were
obtained from the decanted hexane solution and from
washing the enzyme with cold chloroform, while the higher
oligomers were recovered by extracting the enzyme powder
with boiling chloroform. Although the reactions were very
slow (10 days were required to obtain a trimer), they were
stereospecific. In all cases (Table I), the dimers and
trimers, which were carefully purified by preparative TLC
on silica gel,'® were optically active,!* due to the newly
created asymmetric center in the oligomer 4 (marked with
an asterisk). The relatively low optical rotations are not
surprising, because two of the substituents on the asym-
metric center are very similar (two ester groups). The
optical purity of the dimers was accurately determined by
!H NMR in the presence of the chiral shift reagent,
[(+)-Eu(tfc);]. Its complexation with the hydroxyl group
of 4 causes unequal downfield shifts for the CH, protons
adjacent to the chiral center.

This novel approach enabled us to carry out asymmetric
synthesis of a chiral polymer from an achiral monomer.
An important feature of chiral polymers such as 4 is that
they possess functional groups, which may be used for
cross-linking and as anchors for attaching achiral reagents.
The seemingly modest 30-37% ee values are in fact con-
siderably higher than the best values reported for chemical
polymerization of prochiral monomers with asymmetric
catalysts.!> Furthermore, we believe that polymerization
rates and ee values may be higher for monomers with the
more reactive primary hydroxyl groups and/or activated
esters (such as 2 or 3, R = CF;CH,). Studies in this di-
rection are currently underway in our laboratory.
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