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Abstract

o-, m-, p-Bis-phenylacetic and -bis-phenoxyacetic acid esters with solketal are prepared and submitted to enzymatic
Ž . Ž .hydrolysis with penicillin V PVA and G PGA amidases. While the para-isomers are recovered unchanged, ortho- and

meta-bis-esters are completely hydrolysed. PVA shows a reversed substrate specificity, hydrolysing phenylacetates faster
than its natural substrate. The use of the bis-acids as alcohol-protecting groups is proposed. q 2001 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Bicarboxylic acids have been used as protecting
groups in the synthesis of nonracemic chiral com-
pounds. Besides the function of temporarily masking

Ž .a reactive functional group –OH , they can become
the linkers of two chiral moieties consisting of the
two enantiomeric forms of a chiral alcohol in
nonequal amounts, thus generating diastereoisomers.
In the course of the synthesis, the intermediate di-
astereoisomers can be eventually crystallised, thus
allowing to improve the enantiomeric purity of the
compound after removal of the linkerrprotecting
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w x w xgroup 1 . Terephtalates 1 , phtalates and oxalates
w x2 have been used for the purpose.

Due to the availability and specificity of certain
hydrolytic enzymes, the use of enzymatically cleav-
able protecting groups has also been proposed. In

Ž .particular, penicillin G amidase PGA has been used
for the selective cleavage of phenylacetic acid esters
in the presence of other functionality of similar

w xchemical reactivity 3 . Thus, enzymatically remov-
able protecting groups consisting in bicarboxylic
acids could be of interest in synthetic applications of
nonracemic chiral compounds. The possibility of
using such a type of protecting group has not been
reported so far.

We considered bis-phenoxyacetic acid esters and
bis-phenylacetic esters as possible enzymatically re-
movable bifunctional protecting groups for the mask-
ing of alcohol and amine functionality in esters and
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amides. Phenoxy- and phenylacetic acid esters are
Ž .the substrates of penicillin V amidase PVA and

PGA, respectively. Both bacterial enzymes have been
developed for the preparation of 6-APA from peni-

Ž . Ž .cillin V penV and G penG , respectively, and have
been in industrial use for this purpose for years.
Although they act on similar substrates, they have
apparently quite different mass and sequence. PVA
Ž .EC 3.1.5.11 has been isolated from several mi-
croorganisms, Bacillus sphaericus and Fusarium
oxysporum, among others. Comparison of the speci-
ficity of PGA from E. coli and PVA is available but
only with the PVA from B. sphaericus whose crys-
tal structure has recently been solved. PVA from B.
sphaericus hydrolyses penG and other phenylac-
etates at a rate of 1r10 of the natural substrate,
penV. However, the relatively high K values ob-m

served for PVA from a variety of bacterial sources
for the natural substrates suggests that the enzyme
has a rather loose fit hence being prone to the

w xrecognition of nonnatural substrates 4–6 . The ob-
servation that PVAs from B. sphaericus and from
Fusarium show high rates of hydrolysis only when
both the side chains of the substrate and the 6-APA

w xmoiety are present in the molecule 6 partly contra-
dicts the previous statement. Notwithstanding these
apparently strict structural requirements, this en-
zyme, like many others, can be of use in the hydroly-
sis of nonnatural substrates, although at a much
lower rate.

In this article, we describe the hydrolysis rates of
the isomeric phenylacetates and phenoxyacetates of

Ž .the same primary alcohol solketal . The data will
eventually add some information about the substrate
specificity of the two enzymes and will tell the
applicability of those acids as enzymatically remov-
able alcohol-protecting groups.

2. Materials and methods

PGA immobilised on Eupergit C w with a specific
Žactivity of 60 Urg was a gift from Recordati Milano,

.Italy .
PVA Semacylase type A, batch PPV 1856, was

from Novo. It consisted of glutaraldehyde cross-lin-
ked cells of F. oxysporum. It had about 25 Urg of

wet material. A total of 1 U of activity was assigned
prior to use for the hydrolysis of 1 mmolrmin of the
natural substrate at 308C and pH 7.6.

2.1. Bis-phenylacetyl chloride and bis-phenoxyacetyl
chloride

A total of 10 g of bicarboxylic acid was sus-
pended in 120 ml of thionyl chloride. The mixture
was refluxed until all the substrate was dissolved and
then for 1 h longer. The excess thionyl chloride was
removed by distillation and the products crystallised
from toluene–hexane mixtures.

2.2. Bis-phenylacetyl and bis-phenoxyacetyl esters of
( )isopropylidene glycerol solketal 1–3

A total of 1.5 g of solketal was dissolved in 20 ml
of methylene chloride and 3 ml of anhydrous pyri-
dine. The temperature was maintained at 0–108C
while 3.8 g of acyl chloride was added in small
portions. The mixture was then stirred at room tem-
perature for 12 h. The organic phase was partitioned
with water and a NaHCO saturated solution and3

finally evaporated to give the crude ester in nearly
quantitative yield.

2.3. Bis-phenylacetyl and bis-phenoxyacetyl amides
of phenylethylamine

To a solution of 2 g of acyl chloride in 60 ml of
methylene chloride, 2 ml of anhydrous triethylamine
and 2.3 g of phenylethylamine were added at room
temperature. The mixture was stirred overnight,
washed with water and a saturated KHSO solution.4

From the resulting organic phase, the amides were
recovered with nearly quantitative yield.

2.4. Hydrolysis of bis-phenylacetyl and bis-pheno-
xyacetyl esters 1–3 with PVA

Ž .A total of 150 mg of PVA 3.75 U in 25 ml of
water was adjusted at pH 7.5 with 0.1 M NaOH and
50 mg of substrate in 2.5 ml of acetonitrile was
added. The reaction was monitored by titration with
0.02 M NaOH.
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Fig. 1. Substrates for PVA and PGA catalysed hydrolysis.

2.5. Hydrolysis of bis-phenylacetyl and bis-pheno-
xyacetyl esters 1–3 with PGA

Ž .A total of 50 mg of PGA 3 U in 10 ml of water
was adjusted at pH 7.6 with 0.1 M NaOH and 50 mg
of substrate in 2.5 ml of acetonitrile was added. The
reaction was monitored by titration with 0.02 M
NaOH.

2.6. Hydrolysis of bis-phenylacetyl and bis-pheno-
xyacetyl amides with PGA and PVA

The hydrolysis was carried out as described in
Sections 2.4 and 2.5 for the corresponding esters
Ž .Fig. 1 .

3. Results and discussion

From the six isomeric bicarboxylic acids, pre-
pared though conventional methods, the correspond-
ing esters 1–3 with enantiomerically enriched solke-
tal were obtained. The esters can be used in a
multi-step bidirectional-synthesis not requiring ter-
minus differentiation, as already shown for the corre-

w xsponding phtalates 1 . In the present study, removal

of the protecting group was directly checked on
substrates 1–3. It is known that the substrate speci-
ficity for the two enzymes resides on the acid part, at
least when esterified with alcohols relatively small if

w xcompared to the natural substrates 7 . On the other
hand, it has been reported that PGA will not accept
p-substituted phenylacetic acid derivatives as sub-
strates, due to restrict binding possibility for this type
of compounds. The same kind of information are not
available for PVA.

This tendency is confirmed by the data concern-
ing the enzyme catalysed hydrolysis of the two

Ž .p-substituted esters 1a and 1b Table 1 . They are
recovered unchanged with PGA. PVA hydrolysis of
the two compounds had a significant initial rate of
0.8 and 0.6 mmolrmin, respectively, but the reaction
came at an end around 20% conversion. This is
presumably an effect of product inhibition. Since the
enzyme catalysed reaction employed about 3.7 U of
PVA, the observed rate is only five times slower
than the reaction on the natural substrate. The two
substrates a and b are transformed at a comparable
rate. PGA hydrolysis proved useful only on the
o-disubstituted phenylacetate 3a which was trans-
formed almost completely in 48 h at an initial rate of
1.1 mmolrmin. PVA hydrolysed all the substrates at
different rates: compound 2a was completely reacted
within 48 h, whereas the best substrate among the
phenoxyacetate esters was the compound with the
ortho substitution pattern 3b. It is surprising that
PVA hydrolyses at similar rates substrates of the two
different types and this observation has not been
reported before. At the contrary, PGA was used in

Table 1
Ž .Conversion to solketal of diesters of type a phenylacetates and b

Ž .phenoxyacetates with PVA and PGA at 48 h

Substrate Substitution PVA PGA
type pattern

Ž . Ž .a o 33 0.98 92 1.1
Ž . Ž .m 98 1.3 5 0.01
Ž .p 18 0.8 –
Ž . Ž .b o 98 2 15 0.3
Ž .m 40 1 –
Ž .p 22 0.6 –

Ž .Conditions described in Sections 2.4 and 2.5. Initial rates 20 min
in mmolrmin are enclosed in parenthesis.
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the enantioselective hydrolysis of the phenoxyacetate
w xof an intermediate in the synthesis of loracarbef 8 .

In our context, the reÕersed substrate specificity
with PGA was not observed. In order to consider the
biotransformation as synthetically useful, we care-
fully analysed the composition of the reaction mix-
ture, in particular for the presence of the compound
hydrolysed at only one of the two ester functionali-
ties. No such compound was detected in any of the
reaction mixtures. We consider therefore that the two
bicarboxylic acids present in compounds of types 2a
and 3b are candidates as potentially useful enzymati-
cally removable alcohol-protecting groups.

The corresponding amides obtained from the lat-
ter and phenylethyl amine were prepared, but they
resulted not to be good substrates of the two en-
zymes being hydrolysed at an exceedingly slow rate.
In particular, due to the low water solubility of the
amides, a biphasic system formed of waterrmethyl-
ene chloride was employed. In those conditions, the
substrates hydrolysed from PVA had the same sub-
stitution pattern as those of the corresponding esters,
but the maximum conversion observed was around
20%. Moreover, mixtures of compounds completely
hydrolysed and partially hydrolysed were present.
All together, the reaction could not be considered of
any interest for the protection of primary amines.

4. Conclusions

meta-Bis-phenylacetic acid and ortho-bis-pheno-
xyacetic acid can be used as enzymatically remov-
able alcohol-protecting groups in that the model
esters of the two acids with solketal are readily and

completely hydrolysed in mild conditions with the
Žindustrial enzyme PVA in an insoluble form cross-

.linked cells . The bis-functional acids acting in the
corresponding esters as linkers of two molecules of
alcohol substrate, present advantages in the control
of the enantiomeric excess of the intermediates in a
multi-step synthesis, improving the enantiomeric pu-
rity of the final product.
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