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Abstract: A formal synthesis of the necine base (-)-hastanecine,
subunit of the pyrrolizidine alkaloids hastacine and punctanecine, is
reported. The key intermediate 7 is synthesized in five steps from
dimesylate 11, derived from L-malic acid, in 28.3% overall yield. The
correct absolute stereochemistry at C7 in the target compound is
attained by means of a Mitsunobu reaction on dimesylate 11. The
desired stereochemistry at the remaining stereogenic centres (C1 and
C7a) derives from a highly preferential exo-anti approach in the key
cycloaddition of nitrone 9 (obtained with complete regiocontrol) to
dimethyl maleate.

A project dealing with the application of enantiomerically pure five-
membered cyclic nitrones to the synthesis of natural and potentially
biologically active compounds has been started in our group a few years

ago.!
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Nitrones of type 1, 2, and 3 were conveniently synthesized from L- and
D-tartaric acid'®92 and L-malic acid,”:”3 respectively, and have been
used in several syntheses of polyhydroxyindolizidines 4 (Scheme .14
The same nitrones might be employed for the construction of related
pyrrolizidine structures 5 (Scheme 1) by use of cycloaddition reactions
to maleic or fumaric acid derivatives, analogous to those already applied
to the parent, unsubstituted nitrone.’
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A perusal of the literature on the structures of 7-hydroxy pyrrolizidine
alkaloids found in nature showed that, apart from very few cases, the (R)
absolute stereochemistry at C7 is re:quired.6 The obvious choice of D-
malic acid as a starting material is unconvenient’ and a strategy
involving inversion at this centre has been attempted. In principle, this
could be done at any stage of the synthesis, depending on the relative

stereochemistry required at the remaining stereocentres. Indeed, it has
already been demonstrated that a high preference for an anti transition
state is usually secured in the cycloaddition step.l‘zc’4
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(-)-Hastanecine (6), the subunit necine base constituent of the alkaloids

hastacine, isolated from Cacalia hastata and Cacalia robusm,8 and
punctanecine, isolated from Liatris puncmta,9
compound. Hastanecine has been the object of several synthetic efforts
in both racemic and optically active forms. ' Recently, it has been
synthesized by Denmark and coworkers in 97.7% e.e. by the use of a
domino hetero Diels-Alder-dipolar cycloaddition process employing a

chiral auxiliary,!” via the intermediate lactam 7. The same

was chosen as a target

pyrrolizidinone 7 might be readily accessible enantiomerically pure
from 9 and 10 according to the retrosynthesis in Scheme 2.
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The relative stereochemistry of (—)-hastanecine (6) required that the
inversion at C7 is operated before the cycloaddition, on the basis of the
expected preference for an exo-anti transition state in this step.’* The
required nitrone 9 would generate the desired stereochemistry as
depicted in Scheme 2. Protection of the hydroxyl as the benzoate is
convenient, since the enantiomeric nitrone has already been prepared
from the parent hydroxylamine without contamination with its
rc-:gioisomen3 Moreover, placement of the benzoate with simultaneous
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inversion of absolute configuration at the stereogenic centre of the
starting L-malic acid might be possible according to the Mitsunobu
protocol.!! Inversion of configuration by benzoic acid in Mitsunobu
conditions was attempted at an early stage of the synthesis, directly on
the previously synthesized dimesylate 11 (Scheme 3).3 Indeed, many
functional groups are unaffected by Mitsunobu reaction conditions,!!
including tosylates,'? and a precedent in the presence of a mesylate
moiety has also been reported.'> Nucleophilic displacement of the
hydroxyl group by benzoate in standard Mitsunobu conditions worked
very well to give the benzoyloxy dimesylate 12 in high yields (Scheme
3). 1415 Complete inversion of configuration at the stereogenic centre
was proven by comparison of the specific optical rotation with that of its
enantiomer (12: [e]p?! = +31.1 (¢ 0.98, CHCl3) vs (ent)-12: [o]p2! = -
29.6 (¢ 1.00, CHC13)).3 The usual cyclization-oxidation procedure
provided exclusively the desired nitrone 9 (Scheme 3), identified by
comparison with its known enantiomer (9: [OL]D19 = +148.8 (¢ 1.10,
CHCly) vs (ent)-9: [o]p>® = —147.7 (¢ 1.04, CHCI3)), with no trace of
the regioisomer, as previously found.
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Scheme 3

The cycloaddition of nitrone 9 to dimethyl maleate (10) gave three
diastereoisomers 8, 14, and 15, out of the possible four, in a 4:1.5:1
ratio, measured by 'H NMR of the crude reaction mixture (Scheme
41416 Siryctural assignment to all the cycloadducts was based on
NOESY spectra and on comparison with the analogous cycloaddition to
the enantiomeric tert-Bu protected nitrone, which gave the related
cycloadducts in 5:1:1 ratio.)” As expected, the major cycloadduct 8
derived from an exo-anti transition state, which assembled the correct
trans-trans relative stereochemistry at C3-C3a-C4 as required for the
synthesis of (—)-hastanecine. The diastereomeric mixture was partially
resolved by flash column chromatography, affording pure 8 and
mixtures of the other adducts.
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Cycloadduct 8 was easily converted to pyrrolizidinone 7 in excellent
yield by isoxazolidine ring-opening with Mo(CO)g in CH3CN (Scheme
5).18:14, 19 Spectral data of 7 were identical with those reported by
Denmark et al. for the same intermediate in their synthesis of (-)-
hastanecine, % and its specific optical rotation (7: [oc]D26 = -69.7 (¢
1.09, CHCly)) is completely consistent with the value reported for the
compound having a 97.7% e.e. ([0llp?> = -67.8 (¢ 1.02, CH,Cl,)).!%
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In conclusion, a formal synthesis of the enantiomerically pure necine
base (—)-hastanecine starting from low cost, largely available L-malic
acid has been accomplished. The overall yield (14% from L-malic acid
to 7) is affected by incomplete control of diastereoselectivity in the
cycloaddition of 9 to 10. However, diastereoisomers 14 and 15 produced
in this step might be useful intermediates for the synthesis of other
necine bases possessing different relative stereochemistries. For
example, the cycloadduct 15 possesses the correct stereochemistry at all
stereocentres as presented by (+)-croalbinecine.6’21’22

Studies for practical obtainment of cycloadducts having different
stereochemical information are in progress in our laboratory.
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