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Abstract A new route for asymmetric sza-sugar anslogs starting with 1 -serine and utilizing #n intramolecular oxime
olefin cycloaddition s been successfully developed. A member of this family of branched chain sugar amino
di(hydroxymethyl) pyrrolidines (1 and 2) exhibits selective inhibition of a-glucosidase, while no inhibition of

B-glucosidase was detoctod.

Hydroxy substituted pyrrolidines and piperidines have recently attracted much attention because of their
antidiabetic properties? and the significance of such inhibition to both viral expression® and tumor growth?,
Consequently, the development of general and selective methods for the synthesis of substituted pyrrolidines is
an active field of research’. Most of the enantioselective methods described are based on manipulations of
natural sugars as starting materials, and heterocyclic nitrogen-carbon bond formation involving sophisticated
protective group strategiesS. Recently new approaches to five and six-membered aza-sugars from
halocyclohexadiene-cis-diols” and from divinylcarbinol® have been reported. Dipolar [3+2] cycloadditions have
been carried out mainly on azomethine ylides and few of these involve an asymmetric approach®. In many recent
examples, aza sugars and their analogs were used as glycosidase inhibitorsS. It was pointed out!® that
pyrrolidine sugar analogs are very good mimics of the transition state for glycosides hydrolysis, both in respect
to the flattened half chair conformation and the charge distribution. Thus, they are expected 1o bind tightly to the
enzyme and make good inhibitors.

Compound 1 and its epimer 2 which contain hydroxymethylene substituents, where the change of amino
for hydroxy is isosteric and is expected to maintain hydrogen bonding, can be considered as "branched chain
aza-sugar analogs”. It was suggested!0.1! that the flattened conformation and the charge distribution of some
inhibitors provides the major contribution to binding, while the position of the hydroxyl group is less important.
Hence, we hoped that absence of one hydroxy substituent would not affect binding significantly.
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We considered using readily available optically active amino acids in a stereocontrolled route to such
functionalized pyrrolidines via an intramolecular oxime olefin cycloaddition (IOOC)!2. Such reactions usually
proceed in a highly stereoselective manner12.
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Initial attempts to convert protected L-serine 3 into the IOOC precursor 4 was very inefficient because of
formation of elimination products such as 5. Similar eliminations have been encountered by Cheung and

Benoiton 13.
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The cyclic L-serine derivative 6 also proved unsuitable because of the facile equilibration between 6 and
7, i.e. DIBAL (1.8 equivalents) reduction of ester 6 (R : allyl) led to product 8.
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Allylation of the chiral oxazolidone 9, which we obtained in a one-pot reaction of L-serine with
bis(trichloromethyl) carbonate (triphosgene)!4, followed by DIBAL reduction produced an unstable aldehyde.
The latter was difficult to purify and was directly converted to the unsaturated oxime 11, a required precursor
for the IOOC reaction. Thermolysis of 11 in a sealed tube at 170°C without the aid of additional reagents or
catalysts provided 12 in 80% yield in a highly stereoselective cyclization. Structural assignment was based on
'H- and 13C- NMR spectra!2b and was consistent with the presence of a single isomer 1215,

Raney-nickel reduction of 12 afforded amino alcohol 13 where the NH; and CH,OH groups were found
in a cis orientation. The stereochemistry of 13 was confirmed by full analysis of 'H-1H NOE enhancement.
Deprotection with KOH or dilute HCI did not proceed smoothly but was successfully carried out using catalytic
amounts of aqueous CsyCO519 at 1000C. The product was obtained as a 1:3 mixture of diastereomers 1 and 2
respectively (non separable by TLC) as indicated by NMR data. Specifically, vicinal NOE's between H-2, H-3,
H-4 and one of the H-5's (4-8%) in 2 indicate that all of these are on the same face of the molecule; this is
confirmed by a mutual 3% NOE between H-3 and the same H-5. Isomer 1 has a very similar 13C spectrum to 2
(a8's < 1.5 ppm). In the H spectrum, the main difference is J2 3 = 1.5 Hz (vs. 6 Hz for 2), which is consistent
only with a trans relationship between these two H's. The reason for epimerization at C-2 during step (g) is
currently being investigated.
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The amino dithydroxymethyl)pyrrolidine product, as a mixture of isomers 1 and 2, was tested for
inhibition of both a- and B-glucosidase. It did not inhibit p-glucosidase to any extent (with inhibitor
concentrations of up to 4 mM). On the other hand, it exhibited reversible mixed inhibition of a-glucosidase with
an apparent Ki=0.67 mM (see Scheme 1). Based on the structure of the two isomers, we believe that the (2-S-
hydroxymethyl) isomer 2 is the active inhibitor, since its configuration is identical to that of D-sugars, while the
other isomer, 1, resembles L-sugars (see Scheme 2). Thus, the true Ki value of the pure inhibitor is expected to
be even lower than the measured value.
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Scheme 1

Further synthetic and inhibition studies on these and related systems are in progress.
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