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Abstract: The isolation from Casuarina equisetifolia L. (Casuarinaceae) bark of casuarine 1,
(1R,2R,3R,68,7S,7aR)-3-(hydroxymethyl)-1,2,6,7-tetrahydroxypyrrolizidine is reported.

Both naturall and synthetic mono- and bi-cyclic nitrogen analogues of carbohydrates have potential as
chemotherapeutic agents,2 both as free bases3 and as alkaloidal glycosides.%3 Alexine 26 and australine
37 were the first pyrrolizidine alkaloids to be isolated with a carbon substituent at C-3, rather than the more
usual C-1 substituents.8 Further stereoisomers of alexine and the related amino acid 7a-epialexaflorine 4,
found in Alexa grandiflora.,? have also been isolated The alexines and castanospermine 5 occur in all
species of the genus Alexa and also in the related species Castanospermum australe; 5 is a potent
glucosidase inhibitor!0 some of its derivatives may have potential for the treatment of patients with HIV.11
Because of the reported antiviral properties of some of the alexines!213 and other potential applications, 14

there has been considerable interest in the synthesis of the natural products and of synthetic analogues.15
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As part of a programme for the extraction of bioactive compounds from plants, this paper reports
the isolation and characterisation of casuarine 1, a more highly oxygenated analogue of 2 and 3 and at the
highest oxidation level of any aminosugar analogue yet found as a natural product from any source.

Casuarina equisetifolia L. (Casuarinaceae) wood, bark and leaves have been claimed to be useful
against diarrhoea, dysentery and colic.!6 A sample of bark has recently been prescribed in Western Samoa
for the treatment of breast cancer; analysis by GC-MS of the pertrimethylsilylated extract of the bark
revealed the presence of a pentahydroxylated pyrrolizidine alkaloid and a glycoside thereof as the major
nitrogen-containing compounds present. The alkaloids were readily isolated from 75% aqueous ethanol
extracts of the bark by ion-exchange chromatography using Amberlite CG120 (NH4* form) by elution
with 0.1 M ammonium hydroxide to give first a glycoside of casuarine and subsequently the free casuarine
1, m.p. 181-1820C (from 95% aqueous alcohol), [a]p?4 +16.9 (c 0.8 in Hp0),17 in 0.013% yield; the

casuarine glycoside!® was present at approximately the same concentration as the free base.
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The 1H NMR spectrum of casuarine 1 [Figure 1] identified!9 ten
inequivalent, non-exchanging protons and eight carbons. The proton
chemical shifts, multiplicities and three-bond coupling constants (3JHH)

[from the 1D and 2D 14-14 cosy spectra] and carbon chemical shifts,

Casuarine 1 showing multiplicities and one-bond coupling constants (IJCH) [from the 1D and

beri { NMR
"igure and table 2D !H-13C HMQC spectra) are given in the table.
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Figure 1. 500 MHz LH NMR spectrum of casuarine 1in DO

The 2D COSY and RELAY spectra show a linear sequence of 3Jgy correlations as follows:
H50/p -- H6 -- H7 -- H7a -- H1 -- H2 -- H3 -- H8/8’ which define the carbon backbone structure. This
sequence is confirmed by the 2Joy and 3Jcy correlations observed in the HMBC spectrum. In addition,
extra 3]0y correlations are observed in the HMBC spectrum as follows: C3 to H5a, H5B and H7a, C5 to

T ™

H7a and possibly H3, and C7a to H5x and H5f. These define the ring structure as shown above and this
is again confirmed by a 1H-1H NOE between H3 and H50.. Information about the relative configurations
of the 6 chiral carbons may be obtained from the values of the 3JHH coupling constants (related to torsion
angles) and 1H-1H NOEs (related to distances), if the ring conformations (puckering) can also be
determined. The coupling constants of 8.0 Hz for H3/H2, H2/H1 and H1/H7a are only consistent with
these four protons being approximately anti periplanar, thus defining both the relative configurations at,
and ring conformation for, the ring containing these four carbons. Further confirmation of this geometry
was obtained by the observation of a stronger NOE between H1 and H3 than between HI and H2,
indicating that H1 and H3 are on the same side of the ring, whilst H2 is on the opposite side. The
observation of a strong NOE (corresponding to a distance of 2.5 A or less) between H3 and H50. and no
NOE between H3 and H5P indicates that H3 and H50. must be on the same side of the molecule.



Label TH Tabal T3C
8 (ppm) | mult | 3Igy (He) 8 (ppm) | mult | licy (Ha)
HI | 4162 | 1 8.0 cl | 7197 | 4 146
H2 | 379 | 1 8.0 C2 | 7663 | _d 139
H3 | 303 | m | 80.38.66 | C3 | 6997 | d 139
Hsa | 2911 | dd 12.2, 40 Cs | 5796 | i 139
HSB | 3270 | dd 122, 47
H6 | 421 | m | 40 47.x | C6 | 7740 | 4 151
H7 | 419 | m x. 3.5 c1 | 7879 | d 143
Hia | 3.070 | dd 3.5, 8.0 Cla | 7209 | d 146
H8 | 3771 | dd 119, 3.8 C8 | 6224 1 ¢ 142
Hg' | 3611 | dd 119, 6.6

Table 1H and 13C assignments and coupling constants for casuarine in D70, pH=8.25 and 30°C.

A stronger NOE is observed between H6 and H5 than between H6 and H5q, indicating that H6
and H50, are on the same side of the ring. This tentatively assigns the configuration at C6 relative to C3.
The coupling constant of 3.5 Hz for H7a/H7 is consistent with either a cis or trans relationship, depending
on the conformation of the second ring. The H7/H6 coupling constant cannot be determined because of
considerable overlap in the spectra. Thus NMR studies gave firm indications of the relative configurations
at 5 of the chiral centres of casuarine 1 but could not unambiguously assign the relative configuration of
the sixth stereogenic centre; an X-ray crystallographic study20 resolved the ambiguity of the remaining

centre and determined the absolute configuration of the new alkaloid (Figure 2).

Figure 2. X-ray Molecular Structure of casuarine 1, showing crystallographic numbering scheme
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In summary this paper reports the isolation of casuarine, the first example of a pentahydroxylated
pyrrolizidine alkaloid with 6 adjacent stereogenic centres and functional groups on all of the 8 carbon
atoms, and a structure that provides a considerable challenge for its synthesis.2!
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