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A concise total synthesis of 1-epiaustraline 3 is described that utilizes a diastereoselective Birch reduction of an electron-deficient pyrrole and
a chelation-controlled vinyl Grignard addition to an aldehyde to introduce the C7 stereocenter. The C1 and C2 stereocenters were set through
an 0sOg-catalyzed dihydroxylation.

Glycosidases are involved in the degradation of carbohy- spate of research into the synthesis of these structurally
drate$ and the processing of glycoproteirand glycolipid$ interrelated polyhydroxylated pyrrolizidines and also ana-
in both eukaryotic and prokaryotic cells. These glyco-mole- logues thereot? The mode of inhibition of these pyrroliz-
cules are important for energy production, cell wall fortifica- idines is postulated to arise from their highly oxygenated
tion, cell recognition, and other key proces$a@$e need to structures and the ability of the protonated pyrrolizidine
regulate glyco-molecules is therefore indispensable to thederivative to bind as a transition state analogue.
cell. This central role of glycosidases makes them an attrac- 1-Epiaustraline3 (Figure 1) is a polyhydroxylated pyr-
tive target for drug discovery prograrhsFleet and co- rolizidine produced by the plaf@astanospermum Australae
workers have indicated that glycosidase inhibitors such as(commonly known as the Moreton Bay Chestnut). Both
(+)-swainsonine and its analogues are potential therapeuticFleet* and Harrig® independently reported its isolation and
agents for the treatment of tuberculo%idther glycosidase  structural elucidation. It has been tested for glycosidase
inhibitors such as castanosperniim@d deoxynojirimycif inhibition and found to inhibiti-glucosidase amyloglucosi-
have found use in anticancer and antiretroviral research.  dase (50% inhibition at 26M), glucosidase I3-glucosidase,
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potent inhibitors of various glycosidases) has prompted a (10) Nash, R. J.; Fellows, L. E.; Dring, J. V.; Fleet, G. W. J.; Derome,
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Figure 1. Naturally occurring polyhydroxylated pyrrolizidines.

and a-mannosidase at millimolar levels. 1-EpiaustralBie MeO,C MeO,C MeO,C
also inhibits yeast-glucosidase (50% inhibition at 270M) NB

. . o — NBoc <—— N oc
an activity not demonstrated by otherglucosidase inhibi- Boc HO™ com "N\~ O,Me
tors1415 There are only three reported syntheses of 1-epi- H COMe hs M 2ve <|\O H
australine by Fle€ Ikota!” and Denmark® Fleet's syn- 1 1

thesis involves the manipulation of a mannose derivative in
14 steps and 7.2% overall yield. lkota’s synthesis started from
a glutamine derivative and proceeded in 15 steps and 4.7%

overall yield. Denmark utilized a tandem intramolecular [4
+ 2]/intermolecular [3+ 2] nitroalkene cycloaddition as key
steps to access 1-epiaustraldie 11 steps and 7.0% overall
yield. We were interested in the synthesi8phs we believed
that a modular approach to the constructiorBafould in
principle allow later syntheses of the more hydroxylated
analogues such as hyacinthacing5Cand casuarind.

In our earlier paper, we demonstrated flexibility in the
partial reduction of 2,5-disubstituted pyrroles and the ap-
plication of this reaction to the synthesis 0R8,5RS)-bis-
(hydroxymethyl)-3RS),4(RS)-dihydroxypyrrolidine (DMDP)
(Scheme 1)'° Herein, we report a further extension of this
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novel methodology to prepare the more functionalized
polyhydroxylated pyrroliziding. Our retrosynthetic analysis
of 1-epiaustraling is shown in Scheme 2.

2004

The key retrosynthetic steps involved closure to the 5,5-
ring system by an intramoleculax&type displacement on
a derivative ofl4. The route would also involve a chelation-
controlled vinyl anion addition to aldehyd&, which would
itself be prepared from compourd by reduction. Thesis-
diol unit within 12 would be made by dihydroxylation &
(via11), and it was known that compouBdould be easily
prepared from pyrrolg .t

Therefore, our synthesis of the aldehytgbegan with
pyrrole 7, which was prepared in one step and 76% yield
from N-Boc pyrrole, lithium tetramethylpiperidine, and
methyl chloroformate in THFE Subjecting? to the reductive
Birch conditions (Li in NH/THF) and quenching the reaction
with saturated aqueous NEI gave the reduced product
(£)-8 (greater than 6:1 diastereoselectivity) in multigram
guantities (Scheme 3).

Exposure of the diest@&to standard Poli dihydroxylation
conditions (cat. Osg) Me3sNO [3 equiv] in CHCI,)? gave
the diol 11 as a single diastereoisomer in an excellent yield
of 95%. Compoundll was quite stable and could be
chromatographed on silica gel and stored at room temperature
for months without any detectable decomposition. Simple
acetonide protection of diofll, following a standard
procedure, gave acetonid® in 94% vyield (Scheme 3).

To access the correct regioisom&b, we needed to
distinguish between the two ester functionalities within
acetonidel2. Pleasingly, a methanolic solution of NaBH

(16) Choi, S.; Bruce, |.; Fairbanks, A. J.; Fleet, G. W. J.; Jones, A. H.;
Nash, R. J.; Fellows, L. ETetrahedron Lett1991,32, 5517.

(17) Ikota, N.Tetrahedron Lett1992,33, 2553.

(18) Denmark, S. E.; Cottell, J. J. Org. Chem2001,66, 4276.

(19) Donohoe, T. J.; Headley, C. E.; Cousins, R. P. C.; Cowley.
Lett. 2003,5, 999.

(20) Poli, G.Tetrahedron Lett1989,30, 7385.
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Scheme 3 Scheme 4
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crude product.

a|solated yieldsDetermined from'H NMR spectrum of the

reduced the C3 ester &P to afford15after TBS protection.
The observed regioselectivity was anticipated because the
C5 ester functionality il2 was more sterically hindered as
a result of itscis relationship to the acetonide unit. After
extensive experimentation, aldehyti® was obtained after
a DIBALH reduction of 15 at —40 °C. Performing the
reaction at lower temperatures such -ag8 °C returned
starting material quantitatively, whereas increasing the tem-
perature above-40 °C resulted in over-reduction of the ester
functionality into an alcohol.
. . . BH;.THF, then

We then proceeded to examine the addition of vinylmetals 4,0, NaOH, THF
to aldehydel 3 (Scheme 4). Many of these reactions exhibited
interesting characteristics. Vinyllithium addition a8 °C
gave the expected Felkin-Ahn produt6é as the major
adduct. Changing to vinylmagnesium bromide-at8 °C
still gave the Felkin-Ahn product as the major adduct albeit
with a lower selectivity. These observations were in ac-
cordance with the general trend observed with changing the
metal from the less chelating lithium to the more chelating
magnesium (Scheme 4). Vinyltitanium triisopropoxide (gen- a
erated by the transmetalation of vinylmagnesium bromide \ /
with CITi(O'Pr)s) gave complete chelation-controlled selec- Ho H BH
tivity for 14, but the reaction could not be pushed to
completion. However, adding vinylmagnesium bromide to

on\‘

+

61% from 14
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TBSOTT, 2,6-lutidine,
CH,Cl,, -78 °C to rt
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13 at room temperature gave a 91:8 mixture bf:16

(compare 40:54 o14:16at —78 °C). Thus, we have found

two sets of procedures that give eitieror 16 selectively.
The relative stereochemistry # was deduced from a

crystal structure of the compourid. With 14 in hand, we

off the Boc group partially deprotected the TBS and
acetonide functionalities it4.

The end-game was executed in a straightforward fashion.
Regioselective borane-mediated addition across the alkene

proceeded by deprotecting the Boc group and simultaneouslygave a 7:1 regioisomeric mixture gfilb and2lathat could

protecting the hydroxyl functionality with TBSOTf and 2,6-
lutidine in CHCI, (Scheme 5%! This nontraditional de-

not be separated by column chromatography. At least 2 equiv
of BH3;. THF was needed for complete reaction as the first

blocking agent was crucial as the use of strong acids to takeequivalent of BH.THF reacted with the secondary amine

(21) Sakaitani, M.; Ohfune, YTetrahedron Lett1985,26, 5543.
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to form an adduct. Reaction of a mixture #faand?21b
with MeSG,CI/Et;N in CH,CI, gave the cyclized product
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