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Total synthesis of hyacinthacine A

Hyacinthacine A,

; and its epimer at C3 is described. The synthesis includes a stereocontrolled carboazidation of a chiral

allylsilane as a key step. C —Si bond oxidation and reduction of the azide, with ring-closure, complete the total synthesis, which establishes

the absolute configuration of 3.

Polyhydroxylated pyrrolizidine alkaloids possessing a hy-
droxymethyl substituent at C3 are relatively rare in nature.
Several members of this class of alkaloids, including

australinel and alexin€2, have been isolated from legumi-
nosae Castanospermurand Alexg and exhibit promising
biological activity (e.g.,1 displays antiviral and anti-HIV
activity).2 More recently, Asano et al. reported the isolation,
from an extract oMuscari Armeniacumof hyacinthacines
A1 (3), A2 (4), As, and B, new potent inhibitors of glycosi-
dase’ The absolute configuration of hyacinthacingrAmains
unknown. It was assigned structuBeand was shown to be
an effective inhibitor of rat intestinal lactase {§2.4 uM).

While several total syntheses of hyacinthacing4) have
been recently completddthe synthesis o8 has not been
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Scheme 1. Structures of Polyhydroxylated Pyrrolizidines
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achieved to date We report here the first total synthesis of
hyacinthacine Aand one of its stereoisomers, thus establish-
ing the absolute configuration of the natural product. Our
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strategy is based on a free-radical carboazid&tida chiral The scope of the carboazidation reaction was studied using

allylsilane as a key stefthe silicon group being used both  enantiomerically pure allylsilane$0a—c, easily obtained

to ensure a high level of 1,2-stereocortrahd as a latent  through Roush allylation of aldehyd@' We first observed

hydroxy group’ that better yields were obtained when the alcohol function
As the absolute configuration of natural hyacinthacine A to silicon (C2) was protected. A rapid survey of the reaction

was unknown, we envisioned two different routes starting conditions and variation of the protective group was thus

from diastereomeric allylsilane&and 7 that could lead to  carried out, the results of which are summarized in Table 1.

both enantiomers a8 (Scheme 2). Disconnection 8fand
_ Table 1. Free-Radical Carboazidation of Allylsilané8a—c

Scheme 2. Retrosynthetic Analysis
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8 The acetate group afforded the best results, withsyre

carboazidation produdtlaobtained as the major isomer with
reasonable diastereocontrol (Table 1, entries 1 ant 2).
ent3 thus reveals that both rings should be formed late in Interestingly, lowering the temperature led to no change in
the synthesis, with the ring closure occurring from intermedi- the diastereocontrol but gave consistently better yields,
ates4 and5, having the four contiguous stereogenic centers jndicating that some of the carboazidation product may be
correctly set up. The configuration of the C3 center would decomposed at 80C (Table 1, entry 2). The reaction is
be imposed by the use of aldehy@leeadily available from  generally best carried out using 2 equiv of allylsilane for 1
p-mannitol*® Intermediates4 and 5 would be accessible  gquiv of xanthate, the excess of allylsilane being recovered
through carboazidation of allylsilan€ésand7, followed by by chromatography. Reversal of the ratio also led to good
Tamao-Fleming oxidation of the PhM&i group with  yie|d, albeit with slightly lower diastereocontrol (Table 1,
retention of configuration. Reduction of the azido group of gnry 3).
4 or 5 with concomitant ring closure would then lead3o The use of a MOM ether (i.e109 gave modest diaste-
or ent3.°>¢While ring closure from mesylatgis expected  reqcontrol and lower yield, probably because of hydrogen
to occur with inversion of configuration at C3, leading to  gpstraction on the MOM group (vide infra). The benzoate
ent3, the synthesis o8 from 4 would require a double 10, which was difficult to isolate in pure form, also afforded
inversion (retention) at C3. This study showed that a careful 3 small amount of carboazidation product. Finally, the use
choice of the alcohol protective groups and the inversion of of 3-pyridylsulfonyl azide (PyrSeNs) instead of PhSEN;
the C3 configuration prior to ring closure were critical for mgade the purification of the products easier and provided
completion of the total synthesis 8f higher yields!3 The study was next extended to the car-
(6 (2) Olivier, C.. Renaud, FJ. Am. Chem. So@00L 123 4717 boazi(_ja_ltion of the_acetate-protecimuti/syngllylsilane 12
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S'fi)ocrﬂéggjé“f_o,oﬁa?]%aﬁz5$?7R5e%aud Brg. Lett, 2002 4, 4257- determined at the anomeric center) and no trace of the

4260.
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Scheme 3. Carboazidation of Allylsiland2; 1,5-Hydrogen
Atom Transfer
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f-azidosilanel 3 (Scheme 3). Azidé4 probably results from
a 1,5-hydrogen atom transférpccurring after addition of
the xanthate onto the allylsilane. The radica to the silicon

Scheme 4. Approach toward &piHyacinthacine A
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group, is then suitably located to abstract a hydrogen on theysed to test the azide reduction step, which was expected to

dioxolane ring to generate a more stable raditalwhich
then reacts with PyrSf; to producel4. Increasing the
amount of sulfonyl azide up to 10 equiv finally led to a 7:3
13/14ratio 8Si NMR), with -azidosilanel 3 formed in 57%
as an inseparable 8:2 mixture efnanti diastereomers.
Conformational effects are likely critical and may explain
the different behavior of allylsilan&2 as compared to its
isomerl0a (vide supra). As a comparison, treatment of the
triacetate analogue ofi2 under similar carboazidation
conditions led to the expectgétazidosilane in 80% yield
and a 73:2%&yranti ratio.

On the basis of these results, the total synthesis was

pursued with thesynazidosilanella possessing the four
required contiguous stereogenic centers. Installation of the
OH group at C1 was carried out through the TamBeming
oxidation of the silicon group. While this oxidation appeared
challenging at first because of the presence gfacetox-
ysilane and ap-azidosilane, prone to elimination, the
oxidation finally occurred smoothly using a buffered medium
(AcONa) (Scheme 4% The alcohol was obtained in good
yield as a mixture of acetateba,b as a result of 1,2-acyl
migration. The acetates were saponified using a DOWEX
1-X-10 ion-exchange resin, leading to a diol that was directly
protected as an acetonide. Transesterification of the ethyl
ester into a methyl ester occurred concomitantly. The
selective deprotection of the bis-acetonide required much
effort, and the most satisfying conditions were those employ-
ing Zn(NGs), at 50°C, which provided diolL6in a corrected
75% yield (56% conversiorlf. Protection of the primary
alcohol as dert-butyldimethylsilyl (TBDMS) ether, followed

by mesylation, then provided the intermediafé This was

(14) For a review on hydrogen atom abstraction, see: Feray, L.;
Kuznetsov, N.; Renaud, P. Radicals in Organic SynthesiRenaud, P.,
Sibi, M. P., Eds; Wiley-VCH: Weinheim, 2001; Vol. 2, p 246.
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P. E. J.J. Chem. Soc., Perkin Trans.1P95 317-337. (b) Panek, J. S;
Zhang, JJ. Org. Chem1993 58, 294—296. The use of Hg(OAg)AcOOH
conditions led to a complex mixture.

(16) Vijayasaradhi, S.; Singh, J.; Aidhen, 1.Synlett200Q 110-112.
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provide the pyrrolizidine skeleton in a single step through
cyclization-lactamization. Reduction of the azide using
indiumt’ led efficiently to the monocylic amin&8, which
resisted further lactamization. As expected, the formation of
the pyrrolidine ring had occurred with inversion of config-
uration at C3. Attempts to carry out the second ring closure
unfortunately failed, whatever the conditions (vide infra).
Steric interactions between the ester function and the- CH
OTBDMS group éndg and/or the acetonide probably
prevent the attack of the amino group on the ester function
in a 5-exctrig fashion.

It was then decided to carry out cyclization using instead
a 5exotetprocess. The ester function1® was thus reduced
into an alcohol and both hydroxyl groups converted into the
bis-mesylatel9 (Scheme 5). In contrast with the cyclization

Scheme 5. Synthesis of 3piHyacinthacine A, 21
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of 17, reduction of the azido group ih9 with indium or
PPh—H,0'® led to poor results. Cyclization was finally

(17) Vidyasagar Reddy, G.; Venkat Rao, G.; lyengar, DI &rahedron
Lett. 1999 40, 3937-3938.
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successfully carried out using.#Pd—C,° leading to the indicates that the steric hindrance of the O group éxo
tricyclic system20, from which acetonide and TBDMS in 23) and the relative configuration at C3 influence the rate
groups were then removed under acidic conditions. Purifica- of lactamization. It is also noticeable that no trace afiito
tion of the chlorhydrate through a basic DOWEX column product could be detected. Reduction of the lactam using
eventually provided &pihyacinthacine A (21), thus ob- LiAIH 4, followed by deprotection as above provided hya-
tained in 13 steps and 12% overall yield from allylsiléde  cinthacine A (3), the optical rotation of which matches that
As mentioned above, the synthesis of natural hyacinthacineof the natural product, demonstrating that the structure
A; using this strategy entailed that a double inversion at C3 attributed by Asano et al. to natu&ivas correct. Compound
was performed on the carboazidation prodltaor one of 3 was thus obtained in 13 steps and 8% overall yield from
its derivatives (i.e.16 or 17). This was eventually achieved allylsilane 8.
by converting the mesylatk? into the corresponding epoxide In summary, we report here on the total synthesis of

22 (Scheme 6%° Treatment ofL 7 with a fluoride source led  hyacinthacine A(3), a potent inhibitor of glycosidase, and
one of its epimerg1, thus establishing the absolute config-

uration of the natural product. In the course of this study,
we also faced for the first time a competitive [1,5]-hydrogen

Scheme 6. Synthesis of Hyacinthacine:A3 transfer in carboazidation reactions of olefins. These results
underline the influence of conformational effects in free-
17 __TBAF, CHxCl, (& < radical transformation and more particularly in this carboazi-
then K,CO3, MeOH dation process. It may also be added that this approach is
70% MeO,C  Nj not restricted to pyrrolizidines having amti C1/C2 relative

configuration as theynisomers are also available, using an

1 Pd/C, Ha, MeOH alternative approact.Analogues of3 may be thus at hand

96% \

2 BN, MeoH by simply changing the relative configuration of the starting
H OH H \\\OjL allylsilane 6 or 7 (Scheme 2). Finally, this work further
woy| 1bAH. THE w0 demonstrates the utility of the silyl group, first in the control
N 2. HCI, MeOH, then N of the stereochemistry in radical proce§géand as a masked
3 “oH DOWEXOH o OH hydroxy group
65% (2 steps) :
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