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Natural cis-solamin is a mixture of two tetra-epimeric diastereoisomers:
biosynthetic implications for Annonaceous acetogenins†
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The anti-tumour natural product cis-solamin has been shown
to occur as a mixture two of tetra-epimeric diastereoisomers
1A and 1B, whereas solamin (6) was isolated as a single
diastereoisomer; the biosyntheses of 1A/B and 6 are likely to
involve enzyme-mediated cyclohydrations of the bis-epoxide
acetogenins anti-diepomuricanin A2 and syn-diepomuricanin
A1 respectively, where addition of water occurs regioselec-
tively at either C15 or C20.

Acetogenins isolated from the plant family Annonaceae are the
subject of intense interest due to their potent cytotoxic anti-
tumour activity.1 Many acetogenins posses common structural fea-
tures which include: one or more 2,5-disubstituted tetrahydrofuran
(THF) rings; methylene chains attached to the 2- and 5-positions
of each THF; and a butenolide moiety attached to the end of one of
the methylene chains (Fig. 1). Structural elucidation of acetogenins
is typically achieved using mass spectrometry fragmentation data
in combination with careful analysis of their 1H and 13C NMR
spectra.1 The latter techniques now permit reliable assignment of
the relative stereochemistry around the THF regions of the natural
products. Absolute stereochemistry of hydroxyalkyl THF subunits
and remote hydroxyl groups have been established via synthetic
derivatives such as Mosher’s esters and 2-naphthylmethoxy acetic
esters.2,3

The unambiguous determination of stereochemistry in aceto-
genins is a prerequisite to structure–activity relationship studies,
and it also provides important evidence to support biosynthetic
hypotheses. Despite advances in characterisation methods, the
stereochemical assignment of certain members of this important
family of natural products is still incomplete. For example, whilst
the stereochemistry within the butenolide ring is known to be S,
the absolute stereochemistry of the THF regions of certain mono-
and bis-THF acetogenins remains undetermined (e.g. cis-solamin,
cis-uvariamycin I and carolins A–C, Fig. 1).4,5 Here we present
results from synthetic and analytical studies that establish the true
structure of natural cis-solamin, and discuss the implications of
our findings in relation to the biosynthetic origin of mono-THF
acetogenins.
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Fig. 1 Structures of selected Annonaceous acetogenins.

The structure of the mono-THF acetogenin cis-solamin, iso-
lated from Annona muricata, was determined using mass spec-
troscopy and NMR data.4 At the time of isolation, the absolute
stereochemistry of the THF core was not established, and it
was concluded that the likely structure of cis-solamin was either
1A or 1B (Fig. 2).4,6 Total syntheses of the diastereoisomers
1A and 1B in our laboratory showed that the two compounds
displayed practically identical NMR and optical rotation data,7

although it was discovered that the diastereoisomers were readily
differentiated by chiral HPLC.7

Fig. 2 Possible structures for cis-solamin: cis-solamin A (1A) and
cis-solamin B (1B).

Use of the chiral HPLC conditions described above would
permit for the first time the unambiguous assignment of the
structure of cis-solamin by analysis of a sample of the authentic
natural product. Surprisingly, it was discovered that the chro-
matogram obtained from natural cis-solamin displayed two peaks
of approximately equal intensity (1A : 1B = 9 : 8) and with
similar retention times to the tetra-epimeric diastereoismers 1A
and 1B.8 Subsequent doping experiments using the synthetic
samples clearly demonstrated that the natural product is in fact
a mixture of two tetra-epimeric diastereoisomers, cis-solamin A
(1A) and B (1B).

This curious discovery has interesting implications for the
biosynthesis of cis-solamin.9 At first inspection one might be
tempted to suggest that cis-solamin A and B isomers could arise
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from a non-enzymatic cyclisation of the bis-epoxide acetogenins
syn-diepomuricanin A1 (5) and anti-diepomuricanin A2 (4).10,11

Indeed, SN2 attack by water at C15, C16, C19, or C20 could give
rise to a mixture of cis-solamins A and B (Scheme 1).9a However,
the lack of regioselectivity expected from such a process would
also lead to the formation of 15,16,19,20-tetra-epi-solamin (7)
along with solamin (6). In view of the fact that solamin (6) has
been isolated and characterised as a single stereoisomer,12–14 it
seems unlikely that cis-solamins A and B and solamin arise from
a non-enzymatic hydrolytic cyclisation of 4 and 5.

Scheme 1 Possible pathways for non-enzymatic hydrolytic THF forma-
tion from syn- and anti-diepomuricanins (the absolute stereochemistry of
C15, C16, C19 and C20 in 4 and 5 has not been established).

Our observations would be more accurately accounted for
by enzyme-catalysed cyclohydration of the pseudo-C2-symmetric
and pseudo-meso bis-epoxides 4 and 5, where attack of water
is directed to C15 or C20 (Scheme 2). Accordingly, activation
of either epoxide in the pseudo-C2-symmetrical core of anti-
diepomuricanin A2 (4) would lead to the formation of cis-solamins
A and B respectively. We suggest that syn-diepomuricanin A1
(5) would undergo a related cyclisation, except that in this case
the two epoxides present in its pseudo-meso bis-epoxide core are
differentiated by the enzyme, resulting in the formation of solamin
(6) as a single diastereoisomer. The absolute stereochemistry of
the bis-epoxide cores of 4 and 5 have not been unambiguously
established,9a and it is important to note that similar enzyme-
catalysed processes could lead to the same end results com-
mencing from any of four possible diastereoisomeric bis-epoxides
(Scheme 2).

In conclusion, we have shown that natural cis-solamin isolated
from the seeds of Annona muricata is a mixture of tetra-epimeric
diastereoisomers 1A and 1B, whereas natural solamin (6) has been

Scheme 2 Possible pathways for the biosynthesis of solamin and
cis-solamins A and B from diepomuricanins.

isolated as a single diastereoisomer. The bis-epoxide acetogenins
anti-diepomuricanin A2 (4) and syn-diepomuricanin A1 (5) have
also been isolated from the same plant source, and are the
likely biosynthetic precursors to cis-solamin and solamin. The
formation of the three stereoisomers from 4 and 5 may be catalysed
by enzymes capable of differentiating the two epoxides present
in the pseudo-meso bis-epoxide motif, but not in the pseudo-
C2 bis-epoxide. On the basis of our results, we predict that
natural anti-diepomuricanin A2 (4) is a single diastereoisomer,
whereas syn-diepomuricanin A1 (5) could be a mixture of tetra-
epimeric diastereoisomers. These remaining questions are under
investigation in our laboratories.
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J. Org. Chem., 1998, 63, 4717.

4 Isolation of cis-solamin and cis-uvariamicin: C. Gleye, P. Duret, A.
Laurens, R. Hocquemiller and A. Cavé, J. Nat. Prod., 1998, 61, 576.
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Das, T. Laugel, F. Roblot, M. Leboeuf and A. Cavé, Rapid Commun.
Mass Spectrom., 1992, 6, 352.

11 For the asymmetric synthesis of (15S,16R,19S,20R,34S)-
diepomuricanin: H. Konno, H. Makabe, A. Tanaka and T. Oritani,
Tetrahedron Lett., 1996, 37, 5393.

12 Isolation of solamin from Annona muricata: S. H. Myint, D. Cortes, A.
Laurens, R. Hocquemiller, M. Leboeuf, A. Cavé, J. Cotte and A.-M.
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