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The first example of a propellane isolated from the needles of
a yew is reported; the biogenesis from a putative taxane
precursor is proposed.

Tricyclic saturated hydrocarbons systematically named tricy-
clo[a.b.c]alkanes have been referred to as [a.b.c]propellanes.
These structures attracted the imagination of synthetic organic
chemists as early as 1972.1 On the other hand, the first
[3.3.3]-propellane natural product isolated was the sesquiterpe-
noid carbocyclic compound: modhephene obtained from the
roots of Liabum eggersii or the leaves and stems of the toxic
plant Isocoma wrightii.2

In this publication, we report the second [3.3.3]natural
product propellane 1 (Fig. 1) which was isolated from the
needles of the yew, Taxus canadensis. This 2a,9a,10b-
triacetoxy-5a-hydroxy-3,11-cyclo-12,20-cyclotaxa-13-one 1 is
here given the trivial name Canataxapropellane which is based
on plant origin and carbon skeleton. The structure was identified
by High Resolution Fast Atom Bombardment Mass Spectrome-
try (HRFABMS) and 2D NMR spectroscopy. The relative
stereochemistry of 1 (Fig. 2) was defined using nuclear
Overhauser enhancement and exchange spectroscopy
(NOESY).

The molecular composition of 1,3 C26H36O8, was established
from both HRFABMS m/z 477.2488 [M+H]+ and 13C NMR
spectroscopic data. The 1H NMR spectrum of 1 revealed four
proton signals corresponding to the four methyl groups at d
1.09, 1.12, 1.22 and 1.58; two of them were geminal methyl
groups as shown by a COSY correlation (long range W-type
coupling). Three acetyl groups were assigned (methyls at d
2.01, 2.02, 2.08 and carbonyls at d 169.7, 169.7, 170.7). These

signals, together with its Taxus origin, suggested that 1 was a
taxane derivative.4 Analysis of the 1H and 13C NMR, and
HMQC spectra revealed that 1 contains three acetyls, one
ketone, four oxymethines, two methines, four methylenes, five
quaternary carbons and four methyl groups. Interestingly, no
signal was observed in the olefinic region of the 13C NMR
spectrum, suggesting that the C-11–C-12-double bond, found in
most taxanes, was saturated in 1. This observation was
confirmed by the chemical shifts of methyl-18 (d 1.22, 3H, s)
and of H-10 (d 5.46, 1H, d) in the 1H NMR and by the chemical
shift of the C-13 ketone at d 216.9 in the 13C NMR spectrum.
These data are very different from those of taxanes with a C-
11–C-12-double bond where the H-18 chemical shift is in the
range of d 2.0–2.1 and H-10 at d 6.1–6.4 and C-13 carbonyl at
200–205.4 Additionally, the characteristic proton signals due to
an exocyclic methylene group or to the geminal protons of a C-
4(20)-epoxide or a C-4,5-oxetane ring fused to ring C were
absent in the 1H and 13C NMR spectra.4 The connectivities of
the protons on the taxane skeleton of 1 were determined by
analysis of the 1H–1H COSY spectrum. Interpretation of 1H and
13C NMR, and HMBC spectra permitted the positional
assignment of the functional groups and the quaternary carbons.
The 1H NMR spectrum of 1 showed signals for four protons
attached to oxygenated carbons (three acetate groups and one
free hydroxyl group). An AB doublet of doublets resonating at
d 5.57 and d 5.46 with a large coupling constant of J = 9.8 Hz
attributed to H-9 and H-10 suggested that two acetyl groups
were attached to C-9 and C-10,4 respectively. These assign-
ments were confirmed by the correlations of H-9 and H-10 with
the carbonyl signals at d 170.7 and 169.7 in the HMBC
spectrum. Methyl-18 correlated with C-20 and H-20 with the
ketone at C-13 in the HMBC spectrum, indicating a connection
between C-20 and C-12 to form a new five membered ring in 1.
The signals resonating at d 2.61 and 2.53 with a large geminal
coupling constant of 20.2 Hz, correlated to C-13 and C-2 in the
HMBC spectrum, were assigned to H-14a and H-14b, re-
spectively. Using H-14b as a starting point, the signals of H-1
and H-2 were confirmed by the 1H–1H COSY spectrum. The
chemical shift of H-2 at d 5.71 (1H, d, J = 5.2 Hz) suggested the
presence of an acetyl group on C-2 as verified by the HMBC
correlations. The signal observed at d 4.12 was assigned to H-5,
and this indicates the presence of a free hydroxyl on C-5. The
spin system from H-4?H-5?H-6?H-7 was easily interpreted
using H-5 as a starting point in the 1H–1H COSY spectrum. The
cross-peaks of H3-16 and H3-17 to C-1, C-11 and C-15
indicated that Me-16 and Me-17 were connected to C-15, while
the 1H–13C long-range correlations of H3-19 to C-3, C-7, C-8
and C-9 were indicative of the presence of Me-19 at C-8. The
remaining two quaternary carbons at d 63.6 and d 62.7, which
were correlated to H-1, H-10, Me-16, Me-17 and Me-19, H-2
and H-4, respectively, were attributed to C-11 and C-3. The H-3
proton, which usually resonates as a doublet at d 2.5–3.8 in most
taxanes was absent.4 Since one unsaturation equivalent was left,
no olefinic carbon signal was observed in the 13C NMR
spectrum and C-3 and C-11 are the only quaternary carbons left,
we can only suggest that C-3 and C-11 are connected to form
one new ring as shown in 1. The C-3 resonance at d 62.7

Fig. 1 The structure of taxane 1.

Fig. 2 Relative stereochemistry of 1: the figure on the left shows the
NOESY correlations in dotted arrows and the one on the right the three
dimensional calculated structure MM2.
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(instead of d 38–43 in regular taxanes)4 supports this assign-
ment. The structure of 1 was, therefore, 2a,9a,10b-triacetoxy-
5a-hydroxy-3,11-cyclo-12,20-cyclotaxa-13-one (Fig. 1) which
we named Canataxapropellane.

The relative stereochemistry of 1 (Fig. 2) was defined on the
basis of the nuclear Overhauser enhancement and exchange
spectroscopy (NOESY) data, chemical shifts and their coupling
constants. The magnitudes of the vicinal coupling constant (J =
9.8 Hz) between H-9 and H-10 indicated that H-9 and H-10
were configured in a trans-orientation as in other taxanes. The
H-2 proton displayed strong NOE correlations with Me-16, Me-
19 and H-1; this NOE pattern is similar to that observed in
paclitaxel derivatives where H-2, Me-16, Me-19 and H-1 are on
the b-side of the molecule. The b-orientation of H-5 was
supported by the observations of strong NOESY correlations of
H-5/H-4, and H-5/H-14a. The a-orientation of H-10 was
confirmed by the NOESY correlations of H-10/H-18 and H-
10/H-6a. Me-18 interacts with H-10 and H-20b suggesting that
it has an a-configuration as in other C-12 substituted 3,11-cy-
clic taxanes.4

A putative biogenesis of 1 is proposed in Scheme 1 with
taxinine A, previously isolated from the needles of the Canadian

yew,5 as a starting material. The first step would be a
rearrangement of the 4(20) double bond to a more stable
3,4-tetra-substituted compound that we named 20-deoxytax-
ezopidine B, by analogy with taxezopidine B with a C-
20-hydroxyl group which has been found in the seeds of the
Japanese yew.6 Abstraction of an allylic hydrogen from C-20
would lead to a 3,11-cyclic intermediate with an enol-form on
C-12–C-13. The three dimensional structure of taxanes assures
the proximity of the C-4–C-20 and C-12–C-13 double bonds,
causing the last cyclisation to form a bond between C-20 and C-
12 in Canataxapropellane 1.
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