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Abstract—Highly branched isoprenoid C30 penta- and hexaenes have been isolated from the marine diatom Rhizosolenia setigera
and characterised by NMR spectroscopy. © 2001 Elsevier Science Ltd. All rights reserved.

C20, C25 and C30 highly branched isoprenoid (HBI)
alkenes are widely occurring secondary metabolites that
are routinely found in a range of geochemical settings
ranging from recent sediments to ancient oils (see Fig. 1
for parent structures).1 In a number of recent reports,
we and others have reported on source organisms for
the C25 and C30 alkenes, though to date, a primary
producer for the C20 analogues remains elusive.2–5

Structures of various C25 HBIs have been determined
using NMR spectroscopy following large scale culture

of the source diatoms Haslea ostrearia (and related
species),6–12 Pleurosigma intermedium4,5 and Rhizosole-
nia setigera.3 These compounds exist in a number of
isomeric forms exhibiting both geometric and configu-
rational isomerism.4–6,10,11 In addition, their degrees of
unsaturation range from two to six for alkenes isolated
from diatoms, while monoenes and the saturated
hydrocarbons also exist in sediments and oils.1 How-
ever, there have been no reports on the structures of the
pseudo-homologous C30 compounds (rhizenes) other
than their unsaturation.2 Here, we describe the struc-
tural elucidation of C30 HBI penta- and hexaenes (C30:5

and C30:6) following large scale culture of the marine
diatom R. setigera (Fig. 2).

R. setigera was isolated from Le Croisic, France and
cultured in 4×60 L tanks containing underground salt-
water enriched with NaNO3 (8 mg ml−1) and Guillard’s
medium13 (f/2, 0.2 ml l−1) at 16–18°C. After centrifug-
ing, the concentrated biomass was freeze-dried and
extracted with hexane to yield a non-polar fraction.
This was then saponified with KOH/MeOH to remove
triglyceride esters and then re-extracted into hexane.
Analysis of this non-saponifiable lipid fraction by GC
and GC–MS revealed the presence of heneicosa-
3,6,9,12,15,18-hexaene (n-C21:6) together with two pairs
of compounds whose chromatographic (retention
indices14) and mass spectral properties (M+ 412, 410)
were consistent with C30 rhizenes possessing five and six
double bonds. Separation of these components was
achieved using column chromatography (SiO2/hexane)
to yield two C30:5 (21 mg) and two C30:6 (10 mg)
alkenes.

Figure 1. Parent carbon skeletons of C20, C25 and C30 highly
branched isoprenoids.
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Figure 2. Structures of C30 penta- and hexaenes isolated from R. setigera.

Examination of the 1H, 13C and DEPT NMR spectra
of the two C30:6 HBI alkenes revealed the presence of
a vinyl moiety and five tri-substituted double bonds.
Two of the tri-substituted double bonds could be
located at the terminal positions of the main alkyl
chain as resonances due to isopropyl groups were
absent. A further double bond could be located at
the C-7 branch point (see Fig. 1 for numbering
scheme) due to characteristic 13C resonances for this
quaternary carbon (� 142.6 and 142.3 ppm) and the
absence of any peak at ca. 45–50 ppm, which is diag-
nostic when HBI alkene isomers are saturated at this
position.3–12 The remaining two tri-substituted double
bonds were positioned at C9–C10 and C13–C14 since
the H-8 protons (and only H-8) were found to be
di-allylic (� 2.6 ppm). No evidence could be found
for the presence of positional isomers, a feature which
is commonly observed for C25 HBI alkenes from
Haslea sp.6–12 However, the presence of two hexaenes
could be explained in terms of geometric (and not
configurational) isomerism. Thus, unique 1H and 13C
resonances were detected for the methyl group at C-
22,14 indicating that the geometric isomerism exists at
C9–C10 in an analogous manner to that observed for
the pseudo-homologous C25 tri-, tetra- and pentaenes
isolated from P. intermedium.4,5 Pairs of resonances
with significant differences in frequency could be
assigned to C-7, C-8 and C-9,14 verifying that this
isomerism was at C9–C10 rather than at C13–C14.
Further, by comparison of the relative intensities of
the 1H and 13C resonances with those of the peaks
corresponding to the two C30:6 HBIs in the total ion
current (TIC) chromatogram, the GC elution order
could be determined (viz. Z before E), which is the
same as that observed for the related C25 alkenes.4,5

The structures of the co-occurring pentaenes (C30:5)
were also examined by 1H and 13C NMR spec-
troscopy and not surprisingly many of the spectral
features were extremely similar to those found for the
C30:6 alkenes. Thus, resonances were consistent with a

vinyl moiety and four tri-substituted double bonds
with one of these occurring at the C7–C25 branch
point.14 E/Z isomerism was also verified as being
present at C9–C10, though somewhat surprisingly the
major isomer was found to be Z (Z/E=1.5 cf. 0.9
for 2/1). The only significant spectral differences con-
sisted of resonances attributable to a single isopropyl
group confirming that one end of the main hydrocar-
bon chain was saturated. Despite the extreme struc-
tural similarities and expected spectrosopic features
for isomers possessing unsaturation at either end of
the principal carbon chain (viz. C2–C3 and C17–
C18), an unambiguous assignment could be made by
careful examination of the 13C spectrum. For exam-
ple, for the pseudo-homologous C25:3, C25:4 and C25:5

alkenes (eight isomers due to positional and geometric
isomerism) the frequency for C-6 is always signifi-
cantly higher (��=0.3–0.4 ppm) when C2–C3 is
unsaturated (ca. � 34.3 ppm).4,5 Since C-6 was found
to resonate at 34.3 ppm, with the corresponding reso-
nance for the C30 hexaenes (which is unsaturated at
C2–C3) occurring at 33.9 ppm, C2–C3 must be satu-
rated at this position. An analogous trend was
observed for C-7 with chemical shifts to higher fre-
quency when C2–C3 is saturated (irrespective of
whether C9–C10 is E or Z).

The structures of the two pairs of rhizenes (C30:5 and
C30:6) are therefore established as 1–4. The double
bond positions and stereochemistry are equivalent to
those established for some C25 alkenes found in other
strains of R. setigera15 and P. intermedium.4,5

Although the biosynthesis or function of the rhizenes
is as yet unknown, isotope ratio (� 13C) measure-
ments suggest that they may be derived from different
(and temperature dependent) pools of isopentenyl
pyrophosphate (IPP) within the cells.15 Now that the
structures of the C30 alkenes have been established,
their biosynthesis and function can be examined in
more detail.
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J.-M.; Rowland, S. J. Phytochemistry 1999, 15, 69–73.

10. Johns, L.; Wraige, E. J.; Belt, S. T.; Lewis, C. A.; Massé,
G.; Robert, J.-M.; Rowland, S. J. Org. Geochem. 1999,
30, 1471–1475.

11. Johns, L.; Belt, S. T.; Lewis, C. A.; Rowland, S. J.;
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