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Abstract—Catalytic hydrogenation of dihydroindolizidinone occurred preferentially from the endo-face giving rapid entry to
(8R,8a.5)-8-methylhexahydroindolizin-5-one, a key intermediate in the synthesis of 5,8-disubstituted indolizidines and deoxypumi-
liotoxin 251H. The selectivity could be improved further by diimide reduction though this also resulted in some oxidation of the
alkene to the diene. The basis of the unusual stereoselectivity in the diimide reduction is believed to be stereoelectronic in origin.

© 2005 Elsevier Ltd. All rights reserved.

(8R,8aS)-8-Methylhexahydroindolizin-5-one 1 (Fig. 1)
has emerged as an important intermediate in the synthe-
sis of 5,8-disubstituted indolizidine alkaloids. Nucleo-
philic addition of organometallics to the amide
followed by reduction of the intermediate iminium ion
is a versatile method for introducing the 5-substitutent.!
The first racemic synthesis of 1 assembled the d-lactam
fragment by a Beckmann rearrangement of a cyclopen-
tanone oxime. Homochiral 1 has been prepared in an
enantioselective synthesis involving a ring expansion of
a cyclopentanone utilising an intramolecular Schmidt
reaction.> Subsequent asymmetric approaches involve
Sharpless asymmetric epoxidation of a trisubstituted
allylic alcohol?* or addition of chiral allenyltitanium
reagents to imines® as the key steps.

deoxypumiliotoxin 251H

Figure 1. Indolizidine 1, showing indolizidine numbering, and the
proposed structure of deoxypumiliotoxin 251H.
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The pumiliotoxin alkaloids, isolated from the defensive
skin secretions of Dendrobates frogs have an indolizidine
ring with a Z-exocyclic alkene at C6.*° All have a
methyl group at C8 and the different classes are distin-
guished by the oxygenation pattern in the six-membered
ring. The vast majority of pumiliotoxins have a tertiary
alcohol at C8 and the allopumiliotoxins have an addi-
tional hydroxyl group at C7. Recently, a new class of
pumiliotoxin, devoid of the tertiary alcohol at C8, has
been isolated and the structure has been tentatively
assigned as deoxypumiliotoxin 251H (Fig. 1).° To date,
no synthesis of the deoxypumiliotoxin 251H has been
reported. Indolizidinone 1 is an ideal precursor for
deoxypumiliotoxin 251H as the 6-alkylidene moiety
could be introduced by Gallagher’s’ aldol methodology.

Scheme 1 outlines our new rapid approach to indolizi-

dine 1. We have previously reported the efficient prepa-
ration of the key dehydroindolizidine 2,% using an alkene
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metathesis reaction as the key step. Initially it was envis-
aged that if the y,6-double bond could be isomersised
into conjugation with the amide carbonyl group then
this would favour the isomer in which the C-8 methyl
group was equatorial. Catalytic hydrogenation of the
conjugated alkene would then give the desired indolizi-
dine 1. However, despite extensive experimentation,
alkene 2 proved to be remarkably stable with respect
to isomerisation when treated with a wide range
of acids, bases and transition metal salts. In no case
was any isomerisation to the conjugated compound
observed.

Subsequently, reduction of the trisubstituted alkene 2
was carried out under a number of conditions and the
results are annotated in Table 1. With catalytic hydroge-
nation, the best catalyst proved to be Pt/C and this gave
a 3.6:1 mixture of 3:4 in quantitative yield from which a
small amount of the major isomer 3 could be separated
by careful flash chromatography. The spectral data for
the major isomer 3 were in good agreement with the
published values.? Further confirmation that the stereo-
chemistry was correctly assigned came from proton
NMR spectral data. In particular proton H8a was a
triplet of doublets with coupling constants of 9.8 and
4.9 Hz, respectively, strongly suggesting that the
8-methyl group occupied an equatorial position. Satura-
tion of the methyl resonance gave a NOE of 5.5% to
H8a confirming this assignment.

The selectivity could be improved further using diimide
as the reducing agent. Corey’s hydrazine hydrate/hydro-
gen peroxide method® gave the reduced products 3, 4
along with the oxidised product 5 in a ratio of 15:1:1,
respectively, demonstrating that workable selectivities
could be achieved. Unfortunately this reaction was
tedious to perform, as a large excess of the reducing
agents was required and the procedure had to be
repeated four additional times to get the reaction to go
to 70% completion. A separate work-up was required
for each run lowering the overall yield to 48%. This
probably reflects the reluctance of trisubstituted alkenes
to undergo reduction with diimide.

The origin of the observed selectivities is intriguing. A
review of the literature indicated that in reduction of
the corresponding pyrrolizidines'® and 6-substituted-
1,2,3,3a,4,6a-hexahydropentalenes!! the stereoselectivity
was opposite to that observed with indolizidine 2. The
former substrates have a cis-ring junction giving rise to
very distinct convex and concave, exo- and endo-faces,
respectively. Not surprisingly, these substrates show
exclusive reactivity on the exo-face. In the correspond-

Table 1. Reducing agent and conditions

Reducing agent Conditions Ratio 3:4

PtOZ 5 mol %
10% Pd/C, 5 mol %

1 atm H,, MeOH, rt, 48 h 1.8:1
1 atm H,, MeOH, rt, 65h 1.9:1
5% Pt/C, 5 mol % 1 atm H,, MeOH, rt, 65h 3.6:1
5% Rh/alumina 1 atm H,, MeOH, rt, 16 h No reaction
RhCI(PPh3)3, 5mol % 1 atm H,, C¢Hg, rt, 17 h No reaction
Diimide HgOg/Nsz 15:1

ing indolizidines and 7-substituted-2,3,3a,4,5,7a-hexa-
hydro-1H-indenes the situation becomes more complex
as the ring junction can now be cis or trans. In
7-substituted-2,3,3a,4,5,7a-hexahydro-1 H-indenes with
a cis-ring junction, catalytic reduction occurs from the
expected convex exo-face.'> However, when the ring
junction is trans, this together with the extra atom in
the tether means that there are no longer any very dis-
tinct convex or concave faces and mixtures of diastereo-
isomeric products occur in the carbocyclic series.'?
However, with indolizidines there are examples where
hydrogenation occurs preferentially from the unex-
pected endo-face.'4

Global energy minimisation (MM2 CS Chem3D Pro)
indicates that dehydroindolizidinone 2 is fairly flat
(Fig. 2). On steric grounds alone there should be little
discrimination between the exo- and endo-faces. One
possible explanation for the selectivity on the diimide
reduction, which is an electrophilic process, is that there
is a stereoelectronic Cieplak effect'> which is directing
the hydrogenation to the face opposite the ‘donating’
axial H8a and H6 protons. The Cieplak stereoelectronic
effect has previously been invoked to explain the stereo-
chemical outcome of hydrogenations using diimide,'®
and is commonly employed to explain curious selec-
tivities in both nucleophilic and electrophilic additions
to dehydroindolizidines.!” It should be noted that
although Cieplak’s rationalisation is very popular
amongst organic chemists it has gained less favour with
theoretical chemists.'®

It is not clear at present why diimide reduction gives the
best selectivity. It is generally accepted that there is a
lack of correlation between the stereochemistries of cat-
alytic and diimide reduction of alkenes.!® The problem
with metal catalysts is that these can isomerise alkenes
prior to reduction which complicates matters. It cannot
be ruled out that compound 3 is the product of a double
bond isomerisation prior to reduction and that it is the
relative rates of isomerisation, reduction of a disubsti-
tuted, verses trisubstituted double bond, which dictates
the stereochemical outcome. This goes some way to
rationalising why the stereoselectivity of the catalytic
reduction shows variation with catalyst.

In conclusion, we have demonstrated that alkene 1 is a
versatile precursor to the heterocyclic core of deoxy-
pumiliotoxin 251H.

Figure 2. Energy minimised structure of dehydroindolizidinone 2
depicting how flat the structure is. The axial hydrogens on C8a and C6
are perfectly aligned to interact with the o* orbital of the newly
forming carbon hydrogen bond.
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