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A short and convergent synthesis of 5,8-disubstituted indolizidine and 1,4-quinolizidine scaffolds is described. The key steps of the synthetic
pathway are the aza-Diels—Alder reaction of a 2-aminodiene with an N-allyl or N-homoallylaldimine and a ring-closing metathesis. The bicyclic
alkaloid analogues are obtained with total diastereoselectivity and through a common pathway.

The bicyclic structural motifs of indolizidine and quinolizi- However, although there are in the literature a number of
dine are found in a great number of naturally occurring syntheses of particular members of these types of alkaloids,
alkaloids, isolated from a variety of terrestrial and marine mainly of indolizidines, most of them require a large number
sources such as bacteria, fungi, higher plants, invertebratespf steps and are restricted to a very particular structure.
and vertebrates. Many of the members of these families of On the other hand, in the recent years our group has been
alkaloids display a wide range of physiological activity. The exploring several synthetic applications of 2-amino-1,3-
5,8-disubstituted indolizidinelsand 1,4-disubstituted quino-  butadienes in the aza-Diel#\lder reaction®* In a previous
lizidines 1l are among the most common structural patterns paper, we described the synthesis of the natural indolizidine
(Figure 1)!
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(—)-Nupharamine by subsequent transformations of an tionalized 2-aminodiene with ad-alkenyl-substituted imine,
enantiopure piperidone, obtained by cycloaddition with an in which the length of the alkyl chain will determine the

imine (Scheme 13.

Scheme 1. Asymmetric Synthesis of-)-Nupharamine
Obtained from a Chiral 2-Aminodiene and a Trimethylsilylimine

TMSO _OH
™S, i) ZnCly :
., |N ii) SiO, NH e
@N > 3-Furyl o] “"3-Furyl
O
CO,Et

=

g ’>

Swern-Wittig jQNH \ON
o “r3-Furyl “r3-Furyl

size of the new ring. In this manner, the relatively complex
bicyclic structures would be assembled in a stereoselective
fashion in a very reduced number of steps. We report herein
our model studies, which have led to a convenient route for
the diastereoselective synthesis of substituted indolizidines
and quinolizidines.

Indolizidinone A and quinolizidinoneB were chosen as
model synthetic targets. The ketone functionality was carried
along the process, since the presence of an additional
functional group may allow for further modifications that
will increase the structural diversity. To keep the number of
steps to a minimum, the ketone functionality was not
protected, and therefore a strategy compatible with its
presence was required.

The synthesis of the functionalizeN-allyl- and N-
homoallylpiperidones was not straightforward. Although the

_These results encouraged us to initiate a research projeCEycloaddition reaction between the aminodignand the
oriented toward the development of a new methodology for _sypstituted imine& occurred mildly in a diasteroselective

the synthesis of structurally diverse indolizidines and quino-

lizidines that will allow for the rapid assembly of both

bicyclic scaffolds through a common pathway and that may

fashion in the presence of Zn{Cthe simultaneous hydrolysis
of the enamine and the silyl ether by filtration through a
silica gel column gave rise to a mixture of two compounds.

be adapted in a future project to solid-supported parallel po )y otection of the alcohol followed by enamine hydrolysis

synthesi$.

We envisioned a very convergent route to these classesC

of bicyclic alkaloids, in which the last annelation process
should be a ring-closing-metathesis reaction (Figure2je
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Figure 2. Retrosynthetic analysis of bicyclic alkaloids.
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Alder Methodology in Organic Synthesfecademic Press: San Diego, 1987,
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gave the same result. The observation of two different
ompounds was attributed to the presence of an equilibrium
between the desired hydroxyketo8end the hemiketadl
(Scheme 2§.

Scheme 2. Cycloaddition Reactions of 2-Aminodienes with
N-Alkenylimines
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It seemed that hydroxy and ketone functionalities could  To accomplish the olefination with superior chemoselec-
not coexist in this particular structure. In a first approxima- tivity and more efficiently, we examined the use of a less
tion, the problem was overcome by hydrolysis of the enamine reactive, stabilized phosphorus ylide like methylenemethoxy-

by filtration through a very short Sipad, in an attempt to
minimize the cleavage of the TMS ether, followed by in situ
reduction of the ketone with NaBjHand final deprotection
of the silyl ether by basic hydrolysis. This strategy led to
dihydroxypiperidine?, although with very poor yields.

Therefore, we moved to the more robust TBDMS ether
as protecting group for the hydroxy functionality in the
starting 2-aminodiene. The best results in the cycloaddition
reaction were achieved with dietdeby the use of Yb(OTH
(20 mol %) as a Lewis acid. Then, hydrolysis of the enamine
moiety by SiQ filtration, stereoselective reduction of the
ketone with NaBH, and deprotection of the TBDMS ether
by treatment with tetrabutylammonium fluoride led to
dihydroxypiperidines’, which were isolated in fair overall
yields based on the starting imine, as single diastereo-
isomersto

The next step was the conversion of didlsito the dienes
required for the ring-closing metathesis. Our first efforts were
conducted toward the simple construction of terminal olefins
which are known to react smoothly with Grubbs catalyst.
Therefore, diolfawas oxidized under the Swern conditions
yielding the dicarbonyl compour&) which was subsequently
exposed to the simplest phosphorus ylide at a low temper-
ature. However, the extremely mild conditions applied (1
equiv of ylide,—100 °C) were not sufficient to distinguish
between the two carbonyl groups, and a mixture of mono-
and dimethylenated compoun@and10were formed. After
some experimentation, we found that the formationl6f

(less interesting because of the loss of the ketone functional-

ity) could not be avoided but induced with total selectivity,
although with low yields (Scheme 3).

Scheme 3. Synthesis of Dienes by a SwerlVittig Sequence
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carbonyltriphenylphosphorane. Thus, when dihydroxy-
piperidine7 was subjected to Swern oxidation followed by
Wittig reaction in a one-pot procedure, thgs-unsaturated
esterll was obtained with total chemoselectivity and fair
yields, leaving the ketone functionality untouched (Scheme
3).

It should be noted that estefisl underwent complete
epimerization of the stereogenic center bearing the methyl
group after silica gel chromatography, as we observed after
comparison of the proton NMR spectra of the crude and
isolated compounds. Interestingly, in the case of the cy-
cloadduct 11b, derived fromN-homoallylimine, it was
possible to obtain also the nonepimerized piperidone (kinetic
isomer) 11b' via rapid filtration. The subsequent reaction
sequence was carried out with both isomers independently.

The ring-closing metathesis was successfully performed
with 11ausing Grubbs cataly$s.'> However, the unsatur-
ated bicyclic derivative could not be purified as it underwent
aromatization to pyrroll3. Therefore, the crude reaction
mixture was hydrogenated in situ to afford indolizidinone
14. On the other hand,1band11b’ underwent RCM under
the same reaction conditions to generate the unsaturated
bicyclic products12’ and 12, respectively, which were
properly isolated independently. Final catalytic hydrogenation
furnished both epimeric quinolizidinonelb’ and 15, re-
spectively (Scheme 4).

Scheme 4. Cyclization to Yield the Bicyclic Scaffolds by
Ring-Closing Metathesis Reaction

NG (3.5 mol %) 1\)[\1
ii) 8i0, Column fo) "ph
13 ¢l PCys
Ma _| - ‘
G= /Ru:\
"> cl” | 'pn
)G (3.5mol %) N PCys
ii) Hp, PA/C jQ
o] “Ph

82%

ii) Si0O, Column X .,
’ o “Ph 76% © Ph
75 % 12 15
1y )G (35mol %) N H, N
ii) Si0, Column ) Pd/C ,
0 “Ph 91% O ‘Ph

77 %
15

In conclusion, we have presented a diastereoselective
synthetic route to functionalized and substituted indolizidine

(8) This process had not been observed for the analogousi-N
substituted piperidones but was known for carbocycles with the same
arrangement of ketone and hydroxy functionalities. Barluenga, J.; Aznar,
F.; Ribas, C.; Valdg, C.J. Org. Chem1998,63, 10052.
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and quinolizidine structures. The construction of the bicyclic supported synthesis by the proper introduction of diverse

scaffolds is carried out in a convergent manner, in a reduceddienes and imines. On the other hand, the asymmetric version

number of steps, and with a common pathway for both may be carried out starting with an adequate chiral 2-ami-

structures. Moreover, the simplicity of the synthetic route nodiene as previously described. We are currently working

should make possible an application in parallel solid- toward these aims, and our progress will be reported in due
course.
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