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ABSTRACT

Hydrogenation of δ-hydroxy-â-ketoester-derived enamines 8 produces syn-δ-hydroxy-â-amino esters 9 diastereoselectively, which may be
directed by the formation of an intramolecular hydrogen bond between the δ-hydroxyl and â-amino groups. By using this method and a
Dieckmann reaction as the key steps, (3S,4aS,6R,8S)-hyperaspine, a new type of ladybird alkaloid, is synthesized.

Theδ-hydroxy-â-amino ester moiety exists in many biologi-
cally important molecules such as scytonemin A,1 the potent
gastroprotective agent AI-77B1;3 and the antibacterial natural
products negamycin4 and sperabillin A-D.5 To synthesize
these molecules, several concise protocols for preparing the
δ-hydroxy-â-aminoester units have been developed.2,6 How-
ever, most of them are long or use not so readily available
starting materials.

In the course of our investigations into the total synthesis
of hyperaspine, we became interested in developing a good

method for preparingsyn-δ-hydroxy-â-amino esters because
our proposed strategy would make use of such a compound
as a starting material.

Hyperaspine is a new type of ladybird alkaloid that was
isolated by Braekman and co-workers fromHyperaspis
campestris.7 We envisioned accessing the natural product
from the bicyclic ketone1, which would be prepared from
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theδ-hydroxy-â-amino ester2 via a Dieckmann reaction and
subsequent transformations (Figure 1).8

In 1986, Prasad and co-workers reported that the hydro-
genation ofδ-hydroxyl-â-ketoesters3 preferentially gave
syn-1,3-diols4 with high diastereoselectivity (Figure 2).9

Formation of an intramolecular hydrogen bond as indicated
in conformerA was proposed to explain this stereochemical
outcome. Stimulated by this result, we envisaged that if the
enamine5 was hydrogenated, then thesyn-hydroxylamine
6 would be obtained selectively as a result of similar
intramolecular hydrogen bonding between theδ-hydroxyl
group and the nitrogen atom as illustrated in conformerB.

To explore this possibility, we prepared a series of
enamines8, as inseparable mixtures ofcisandtrans isomers,
by the condensation of benzylamine with theδ-hydroxy-â-
ketoesters7, which were readily available from the aldol

reaction of aldehydes with ethyl acetoacetate.10 Hydrogena-
tion of 8d was initially attempted by exposing it to Pd/C
and H2 in ethanol. It was found that hydrogenation and
debenzylation occurred under these conditions to give the
free δ-hydroxy-â-amino ester as a diastereomeric mixture.
Because of the difficulty in separating these two diastereo-
mers, we decided to protect them in situ. Accordingly, the
hydrogenation of8 was carried out in the presence of di-
tert-butyl dicarbonate, which provided thesyn-hydroxylamine
9d and theanti-hydroxylamine10d in a ratio of 5.3:1 and
61% combined yield. The stereochemistry of the major
diastereomer9d was established by analyzing the NOE
correlations of lactone11, which was obtained from9d by
treatment with PPTS. Of the other enamines that were tested,
the δ-methyl-substituted compound8a gave poorersyn-
selectivity (entry 1, Table 1). The best selectivity was

observed when theδ-tert-butyl-substituted enamine8ewas
used as a substrate (entry 5). For8b and8c, two substrates
possessing similar bulky groups at theδ-position, almost the
same ratio ofsynandanti products was obtained (compare
entries 2-4). This selectivity pattern gave strong support to
the hydrogenation mechanism proposed in Figure 2, where
H2 is delivered to the less hindered face of the alkene in this
internally hydrogen-bonded arrangement.

As theN-benzyl group of8 could have been undergoing
hydrogenolytic cleavage before the olefin moiety was being
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Figure 1. Retrosynthetic analysis of hyperaspine.

Figure 2. Possible stereochemical courses in the hydrogenation
of ketoester3 and enamine5.

Scheme 1

Table 1. Hydrogenation of8 to 9 and10

entry substrate yield (%)a 9/10 ratio

1 8a 79 3.4
2 8b 78 5.2
3 8c 65 5.7
4 8d 61 5.3
5 8e 71 7.4

a Isolated yield.
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reduced, this prompted us to examine the hydrogenation of
enamine 12. Enamine12 gave syn-product13 and its
3-epimer in a ratio of 6.7:1. This result indicated that there
was about a 2-fold increase insyn-selectivity compared with
the hydrogenation reaction of8a, which provided further
evidence for our mechanistic hypothesis. Interestingly, when
12 was hydrogenated in the absence of di-tert-butyl dicar-
bonate, 3-oxopiperidine14 was isolated as a single isomer,
after the hydrogenated product was treated with 37%
formaldehyde. This result implied that only thesyn-δ-
hydroxy-â-amino ester was being formed during the hydro-
genation and that the presence of di-tert-butyl dicarbonate
was altering the diastereoselectivity. On the basis of the
above investigations, a protocol for the first total synthesis
of (3S,4aS,6R,8S)-hyperaspine was developed.11 As illustrated
in Scheme 3, the synthesis started with the preparation of
the two intermediates15 and16.

First, treatment of ethyl propiolate withn-BuLi followed
by trapping of the anion with commercially available (S)-
propylene oxide in the presence of boron trifluoride diethyl
etherate afforded alkynoic ester15.12 In a parallel procedure,
the enantiopureâ-amino ester16was obtained in 89% yield
by the diastereoselective Michael addition of lithium (S)-N-
benzyl-R-methylbenzylamide13 to (E)-2-nonenoic acid ethyl
ester and subsequent hydrogenolysis. Next, Michael addition
of theâ-amino ester16 to the alkynoic ester15 was carried
out in DMF at 60-70°C to provide the enamine17 in 83%
yield.14 According to1H NMR analysis and Back’s report15

it was found that this enamine was a mixture oftrans and
cis isomers in a ratio of 1:1.6; both isomers were inseparable
by column chromatography.

Hydrogenation of17 followed by treatment with 37%
formaldehyde provided the cyclic products18and19 in 77%
combined yield. These two isomers were inseparable by
column chromatography and existed in a ratio of 6.3:1 as
determined by1H NMR spectroscopy. Dieckmann reaction
of this mixture was carried out in benzene at room temper-

ature under the action of a catalytic amount of ethanol and
1 equiv of sodium to provide the correspondingâ-keto esters,
which were subjected to decarboxylation with sodium
chloride in DMSO.16 A separable mixture of1 (60% yield)
and20 (9% yield) was obtained. NOESY studies confirmed
the stereochemistry of1 by the marked NOE correlation
between H-3 and H-4a that was observed. The difference in
hydrogenation selectivity between12 and 17 might result
from the influence of the additional ester group in17.

Reduction of the bicyclic ketone1 with LS-selectride17 in
THF at-78 °C produced alcohol21 in 83% yield as a single
isomer. Finally, esterification of21with pyrrole 2-carboxylic
acid mediated with triphenylphosphine and diethyl azodi-
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Scheme 2 Scheme 3
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carboxylate provided (3S,4aS,6R,8S)-hyperaspine18 in 65%
yield. Its analytical data were identical with those reported.7

In conclusion, we have described a simple and useful
method for preparingsyn-δ-hydroxy-â-amino esters. The key
element was an intramolecular hydrogen bond directed
diastereoselective hydrogenation of theδ-hydroxyl-â-ke-
toester-derived enamines. Using this method we have
achieved the first total synthesis of (3S,4aS,6R,8S)-hy-
peraspine in 18% overall yield over nine linear steps. Because
the absolute stereochemistry of natural hyperaspine, as well
as its biological activities, has not yet been determined owing

to the very limited amount from the natural source, our
synthetic protocol should be helpful in addressing these
issues. Further application for the present strategy to the
synthesis of AI-77-B, negamycin, and sperabillin A-D is
in progress and will be reported in due course.
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(18) Selected data: [R]20
D +85.0 (c0.30, CH3OH); 1H NMR (CD2Cl2,

300 MHz) δ 9.64 (br s, 1H), 6.96 (m, 1H), 6.87 (m, 1H), 6.25 (m, 1H),
5.10 (m, 1H), 4.77 (d,J ) 10.8 Hz, 1H), 4.22 (d,J ) 10.8 Hz, 1H), 3.61
(m, 1H), 3.38 (m, 1H), 3.16 (m, 1H), 1.86 (m, 1H), 1.67-1.15 (m, 16H),
0.86 (m, 3H);13C NMR (CD2Cl2, 75 MHz) δ 161.1, 124.0, 123.5, 115.6,
111.0, 81.4, 74.6, 69.5, 56.2, 49.9, 37.3, 37.0, 33.9, 33.1, 33.0, 24.9, 23.4,
22.5, 14.6; IR (KBr) 3313, 1699 cm-1; MS m/z334 (M+); HRMS calcd
for C19H30N2O3 334.22564 (M+), found 334.22207.
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