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Abstract: A chiral 2,3,4-trisubstituted pyrrolidine glycosidase in-
hibitor has been obtained from 1-hydroxymethyl-4-sulfonylbutadi-
ene.
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As part of a program seeking to exploit the reactivity of
1-hydroxymethyl-4-sulfonylbutadienesin the synthesis of
oxygen and nitrogen heterocycles we have prepared a
chiral 2,3,4-trisubstituted pyrrolidine, 9, recently synthe-
sized by several groupsfor its glycosidase inhibitor activ-
ity.!

1,3-dieneswith asulfone or sulfoxide group have been the
object of study of many research groups in recent years.?
In our case we want to exploit the presence of an alylic
alcohol that opens the door to enantiosel ective syntheses.

The versatility of this kind of compound is illustrated in
Scheme 1.
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In previous work we have reported the synthesis of isos-
orbide analogues that exploit the chemo- and enantiose-
lective epoxidation of a sulfonylbutadiene and the
reactivity towards electrophiles of the o, position of there-
sultant vinyl sulfone.® In the work reported in this paper
we wished to investigate the possibility of performing, in
aone pot reaction, an Sy, displacement at an appropriately
activated hydroxymethyl group and a Michael addition to
the vinyl sulfone. With a nitrogen nucleophile, this meth-
odology was expected to give pyrrolidinesin chiral form,
the enantiomer being accessed depending upon the Sharp-
less conditions. The presence of these pyrrolidinesin nat-
ural and pharmaceutical products with interesting
biological activities,'* and their use as conformationally

constrained amino acid anal ogues™, makes them interest-
ing targets, and this procedure provides aversatile method
for their synthesis. The retrosynthetic analysis for 9 is
shown in Scheme 2.
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As can be appreciated, the trans stereochemistry in the A2
double bond of 1 will lead to the trans epoxide and thus
frustrate any attempt at direct cyclization of 2 or deriva-
tivessuch as 3. It isnecessary to change this configuration
in order to produce the required ring. Thiswas done by the
Wershofen-Scharf procedure® — treatment of the tosyl ep-
oxide 3 with AlCl; in acetone—which in one step gave the
required stereochemistry and protection of the two hy-
droxy groups (Scheme 3).
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Scheme3 &) Sharpless, L(+)-DET, 85%; b) TsCl, Py., 80%;
¢) AlCl,, acetone, 65%; d) BnNH,, MeOH, Et, N, 78%; €) H,, Pd/C,
MeOH, 95%
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Treatment of 1, under Sharpless conditions with L(+)-
DET gave epoxide 2 in an excellent 98% e.e. and 85%
yield. The enantiomeric excess was determined by 'H
NMR after preparation of the Mosher’s ester of 2 and the
Mosher's ester® of the racemic epoxide obtained by reac-
tion with m-CPBA. A totally chemoselective epoxidation
of the A% double bond is observed in this reaction. Once
obtained, (-)-2 wastreated with p-TsCl in pyridine giving
the tosylate 3 in an 80% yield. Reaction of 3with AICl;in
acetone led to 4 in amoderate 65% yield with retention of
the configuration at C-2 and inversion at C-3. In order to
check the above stereochemical assignment, compound 4
was submitted to adesulfonylation’ with samarium iodide
(Scheme 4) to give compound 4a, which has been ob-
tained previously from ribonolactone.>
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Scheme 4

As can be seen 4 is an excellent intermediate for cycliza-
tion to produce diversaly substituted pyrrolidines and oth-
er heterocycles. As we had expected, treatment of 4 with
benzylamine gave 5 in 78% yield in aone pot reaction, no
other diasterecisomer being detectable from the reaction.
Finally, selective deprotection with H,, Pd/C led to 6 in
95% yield® The stereochemistry was assigned by a
study of the 'H NMR spectra and n.O.e experiments
(Scheme 3).

Due to problems associated with desulfonylation of 6
which proceeded in low yield, it was decided to change
the order of events for the synthesis of 9 (Scheme 5).
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Scheme 5 &) Na(Hg), MeOH, 77%; b) H,, Pd/C, MeOH, 90%; c)
HCI 6 M, MeOH, 80%

Treatment of 5 with sodium amalgam under the usua
conditions? produced 7 in 77% yield. Debenzylation un-
der the same conditions as before led to 8, which was sub-
mitted without purification to treatment with 6 M HCI to
give pyrrolidine 9 in an excellent 80% yield as its hydro-
chloride salt. This compound showed the same physical
properties’ as described in the literature. '

Thus, we have obtained a chiral pyrrolidine, not only
opening the way for the total synthesis of avariety of nat-
ural alkaloids,* but also using 1-hydroxymethyl-4-sulfo-
nylbutadiene in an expeditious way that demonstrates the
versatility of this compound.
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