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Abstract: A synthesis of pyrrolidine-trans-lactones is described
commencing from 1-(benzyloxycarbonyl)-3-oxo-2-pyrrolidineacetic
acid ethyl ester. cis-Reduction of the oxo-pyrrolidine followed by
hydroxyl inversion with benzoic acid in a Mitsunobu reaction gave the
trans-benzoate ester which was converted into its corresponding silyl
ether. After allylation α to ethyl ester, silyl deprotection, saponification
and trans-lactonisation gave pyrrolidine-trans-lactones. Stereoselective
allylation of trans-1-(benzyloxycarbonyl)- 3-hydroxy-2-pyrrolidine-
acetic acid ethyl ester is feasible to give predominantly the desired
diastereomer.

Inhibitors of serine proteases are currently being explored as therapies
for respiratory and cardiovascular diseases amongst others.1 As new
scaffolds for inhibitors of serine proteases are rare, our introduction of a
new scaffold known as pyrrolidine trans-lactones 1 (and their analogous
lactams)2 is a significant and important contribution in this area. These
compounds were developed during our research programme exploring
inhibitors of human neutrophil elastase (HNE). Efficient and
stereoselective routes to these highly unusual strained structures were
critical to our progress.

We describe here a route to racemic trans-lactones which addresses the
lack of stereoselectivity associated with our previous route2 and which
is applicable on large scale (giving > 10g of lactone 1). Due to the strain
of the trans-lactone system,2 we elected to form the lactone ring as a
final synthetic step from the precursor hydroxyacid in turn prepared
from the known keto-ester 2.3 Initially this chemistry was developed
with the pyrrolidine N protected as its ethyl carbamate, but to facilitate
the preparation of derivatives of the pyrrolidine N for our medicinal
chemistry programme, the preferred protecting group was the benzyl
carbamate (CBZ).

Scheme 1

Our initial challenge was the reduction of ketone 2a; treatment with
NaBH4 gave a 5:1 ratio of cis-lactone 3 to trans-hydroxyester 4a

(Scheme 1).4,5 After numerous attempts to reduce 2a to 4 efficiently,6

we used the stereochemical preference for the cis product to our
advantage by a reduction-Mitsunobu protocol (Scheme 2). Thus
reduction of 2 with NaBH4/CeCl3 (to prevent over-reduction), rapid
work-up (to avoid extensive cyclisation of the intermediate cis-
hydroxyalcohol to 3), and treatment with benzoic acid under Mitsunobu
conditions gave after chromatography, the trans-benzoate 5a in 62%
yield. The deprotection of the benzoate 5a and reprotection as its
TBDMS ether 6a was easily achieved.7,8

The silyl ether 6a (or 6b7) is readily alkylated (Scheme 3) and proved
invaluable for the preparation of compounds 7 with a substituent
adjacent to the ester.9 From medicinal chemical studies the allyl group
7f was adopted as the preferred substituent and so this chemistry was
carried out on >50g scale. Deprotonation and allylation of 6a gave an
inseparable 1:1 mixture of α and β allyl diastereomers 7f.10,11 Standard
deprotections gave the hydroxyacid 8. Trans-lactonisation was achieved
initially with the Mukaiyama conditions12 but the Yamaguchi
conditions13 (shown) at ca 0.01M dilution gave a higher yield (62-82%)
of 1:1 β:α allyl trans-lactones 1 and 9, separable by flash
chromatography. Their structures were confirmed by 1H-NMR
studies.2,14

Deprotection of the benzyl carbamate 1 and allyl reduction by
hydrogenation with Pearlman’s catalyst followed by salt formation with
ethereal hydrogen chloride gave the lactone 10 as a key intermediate in
our medicinal chemical programme.15 The free base of 10 is
surprisingly stable and can be stored for several months without
decomposition. However once degradation commences, it appears to be
autocatalytic leading to rapid breakdown. Mass spectral evidence
suggested the degradation products are the oligomeric dimers, trimers
and tetramers arising from acylation of the nitrogen by the trans-
lactone.16 The hydrochloride is stable indefinitely.

The β-allyl/propyl lactone analogues are preferred as they are more
potent HNE inhibitors in vitro than the α-allyl analogues.2 We therefore
attempted to epimerise the α-epimer 9.17 This was unsuccessful, leading
to recovered 9 and/or degradation products. Presumably deprotonation
of 9 gives a configurationally stable carbanion as formation of the ester
enolate is disfavoured due to increased ring strain.

We then discovered a simpler introduction of the allyl group18 which
avoids TBDMS protection/deprotection and which gives a
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stereoselective preference for the β product. Reaction of the unprotected
hydroxyester 4a with LHMDS (2eq) and allyl bromide (1eq) at –70oC
for 30min and then warmed to room temperature over 1h gave a 32%
yield (unoptimised) of a 4:1 ratio of β:α allyl isomers 1119 (Scheme 4).
In an attempt to improve this yield, the reaction was allowed to warm
much more slowly to room temperature over 18h. This did indeed
improve the yield to 45% but also led to a decrease in stereoselectivity
giving a 1.5:1 ratio of β:α allyl isomers. The stereochemical ratio of the
allyl group in 11 was determined by inspection of HPLC traces of the
crude products and by analysis of the crude 1H-NMR spectra.19

Assignment of the β and α isomers of 11 was determined by their
conversion into the trans-lactones for comparison with pure samples of
known α and β allyl lactones.2 Thus a 4:1 isomer ratio of 11 was
converted into a 3.6:1 ratio of β:α lactones 1 and 9. The origins of this
stereoselectivity and variability with reaction conditions are unclear, but
have been observed in an analogous series.2

Scheme 4

NB. All new compounds gave satisfactory 1H-NMR, IR and
microanalytical data or accurate mass measurements.
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conversion of the cis-lactone into its trans-lactone.
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H3PO4 eluting 1mL/min at 215nm; the β isomer elutes at
19.12min and the α at 17.29min. 
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