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The structures of three new alkaloids isolated from the bark of the rain forest tree Galbulimima belgrave-
ana, have been determined by a combination of NMR spectroscopy and X-ray crystallography. One of the
alkaloids, himgrine (5), was shown to be an oxygenated derivative of himbacine (1), while the second,
GB16, (8) proved to be identical with a degradation product from himgaline (4). The remaining alkaloid,
GB17 (12) possesses an entirely new and unexpected skeleton.

� 2009 Elsevier Ltd. All rights reserved.
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The structures have been determined for 22 unique alkaloids iso-
lated from the bark of the rain forest tree Galbulimima belgraveana
which is found in Northern Australia, Papua New Guinea and Indo-
nesia.1,2 The alkaloids form three distinct groups: Class I represented
by himbacine (1) (four members), Class II typified by himandrine (2)
(15 members) and Class III represented by GB13 (3) and himgaline
(4) (three members).3 Himbacine (1) was found to have strong anti-
spasmodic activity4 and was later shown to be a potent cardio-selec-
tive muscarinic antagonist,5 due to its ability to bind selectively with
M2/M4 muscarinic receptors.6 Thus, it became a lead compound in
the search for new drugs for the treatment of neurodegenerative
conditions such as Alzheimer’s disease. While interest in himbacine
has waned, a synthetic analogue has been shown to be a potent or-
ally active thrombin receptor (PAR-1) antagonist and is presently
undergoing stage 3 clinical trials for the treatment of acute coronary
syndrome and for secondary-prevention in patients who have had a
prior myocardial infarct or stroke.7

The combination of novel structures with promising biological
activity has attracted the attention of several synthesis groups
and led to numerous total syntheses of himbacine (1),8–16 four of
GB13 (3),17–20 two of himgaline (4)19,20 and one of himandrine
(2).21 Our current interest in these alkaloids is concerned with their
biosynthesis. Ritchie and Taylor proposed a polyketide origin
(nona-acetate + pyruvate equivalent),2 and Baldwin et al. extended
the hypothesis to include an intramolecular Diels–Alder (IMDA)
reaction, thereby forming an advanced precursor to himbacine
ll rights reserved.
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(1) (Scheme 1); they then carried out an elegant biomimetic
synthesis.16
The pathway to the more complex alkaloids would appear to
involve a Michael reaction followed by a proton shift and an en-
amine-based aldol reaction (Scheme 2), and in their total synthe-
ses of 4, Evans20 and Movassaghi21 showed that such a sequence
was feasible.20 Conversion of 3 into 4 by intramolecular conjugate
addition of the amino group to the enone function was demon-
strated during the original structural studies,22 and more recently
. (2009), doi:10.1016/j.tetlet.2009.10.019
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Scheme 1. Baldwin’s hypothesis for the biosynthesis of Class 1 alkaloids.
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Scheme 2. Hypothesis for the biosynthesis of Class II and III alkaloids.
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with the total synthesis of 4.20,21 However, the route to the
himandrine (2) type is less obvious. Baldwin et al. have proposed
a possible route similar to that outlined in Scheme 2,16 but the
very recent biomimetic synthesis of 4 reported by Movassaghi
et al.,21 provides a more convincing hypothesis. In order to shed
more light on these processes, we have revisited the structural
studies carried out in the early sixties with the hope of identify-
ing missing links in the biosynthetic sequences. In addition to the
22 alkaloids described at that time, a further six alkaloids of un-
known constitution were reported.3 In this Letter, we describe the
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Figure 1. Structure of himgrine (5) and the ORTEP representation of himgrine
methiodide.
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Scheme 3. Oxidation of himga
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structure determination of three of these compounds, namely
himgrine, GB16 and GB17.

When NMR spectra from the alkaloid himgrine23 were com-
pared with those of himbacine (1), it was apparent that like 1, him-
grine possessed a 2,6-disubstituted piperidine ring, a secondary
methyl group, an N-methyl group, a lactone ring and a trans disub-
stituted double bond. However, the 13C NMR spectrum showed a
second double bond (tetra-substituted and probably conjugated
to a carbonyl group) and a secondary hydroxy substituent, proba-
bly allylic (dH 4.22). We were then able to arrive at a gross struc-
ture, but to make unequivocal stereochemical assignments we
resorted to X-ray crystal analysis on the derived methiodide,
enabling us to assign structure 5 (including the absolute configura-
tion) to the parent alkaloid (Fig. 1).24

NMR spectra25 showed alkaloid GB16 to possess two carbonyl
groups (dC 207.7 and dC 197.8), one of which appeared to be conju-
gated to a trisubstituted double bond. Although the frequencies for
the latter at dC 104.8 and dC 158.5 were puzzling at first, they could
be rationalised, by assuming that a nitrogen atom was attached to
the b carbon of the enone functionality. When we discovered that
the new alkaloid was identical with a degradation product derived
from himgaline (4) by oxidation with KMnO4,26 we were able to ar-
rive at structure 8, the mechanism for the formation of which is
proposed in Scheme 3.

NMR spectra of GB1727 indicated two carbonyl groups (dC 208.1
and dC 171.8), a trisubstituted double bond (dC 138.3 and dC 121.2;
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Scheme 4. Structure of GB17 (12) and its speculative biosynthesis from 10.

Figure 2. ORTEP of GB17 (12).
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Figure 3. Partial structure of GB17.
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dH 5.75), a secondary hydroxy (dC 70.0; dH 3.56), two CH’s bonded
to nitrogen (dC 59.7; dH 4.02, and dC 52.1; dH 3.72), a methyl group
as part of an acetyl group (dC 30.9, dH 2.21), a methylene group
adjacent to a carbonyl group (dC 42.8, dH 2.86, dd, J = 16.9, 7.8; dH

2.74, J = 16.9, 3.7) and a secondary methyl (dC 19.9, dH 1.33). Noting
that the CH-N resonances were significantly down field from those
recorded for himbacine (dH 3.00 and dH 2.81), we concluded that
the nitrogen was amidic, consistent with the carbonyl peak ob-
served at dC 171.8. HMBC spectra then enabled the connectivity
to be established between the amide CHs, the double bond and
the acetyl group as indicated by partial structure 9 (Fig. 3). When
this structure would not fit on to any of the templates for the three
established classes of alkaloid discovered to date, we entertained
the possibility of an alternative IMDA process applied to a polyene
structure such as 10 (similar to that invoked by Baldwin). In this
way we arrived at the intermediate 11 from which an azachrysene
framework could plausibly be formed (Scheme 4). The full struc-
ture 12 for GB17 was then established by X-ray crystal analysis
of the hydrate (Fig. 2).28 The absolute stereochemistry depicted
for 12 is based on the presumption that it would have the same
Please cite this article in press as: Mander, L. N.; et al. Tetrahedron Lett
absolute configuration for C-2 (namely S) possessed by all twenty
two of the alkaloids known to date.29

We are still searching for alkaloids that could be intermediates
in the biosynthesis of the Class II and III structures via the path-
ways outlined in Scheme 2. The discovery of alkaloid 12, however,
adds a new and exciting dimension to these explorations, espe-
cially to the early stages of biosynthesis.
Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2009.10.019.
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