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ABSTRACT

Bielschowskysin is a naturally occurring diterpene isolated from the Caribbean gorgonian octocoral Pseudopterogorgia kallos. Its highly
oxygenated hexacyclic structure is based on a previously undescribed tricyclo[9.3.0.02,10]tetradecane ring system that was established through
spectroscopic analysis and X-ray crystallographic analysis. Bielschowskysin was shown to exhibit antimalarial activity against Plasmodium
falciparum as well as strong anticancer activity against two human cancer cell lines.

West Indian gorgonian octocorals (sea whips, sea feathers,
sea plumes, and sea fans) are a prolific source of new
terpenoids with diverse structures that often have interesting
biological activities.1 For instance, the gorgonian coral
Erythropodium caribaeorumis a rich source of eleutherobin
and a number of analogues that are microtubule-stabilizing
antimitotic agents.2 Another group of diterpene glycosides
from Pseudopterogorgia elisabethae, the pseudopterosins and
seco-pseudopterosins, possesses antiinflammatory and anal-
gesic properties that exceed the potencies of existing drugs
such as indomethacin.3 Because of their unique structural

features, biosynthesis, and biological activities, these families
of potential drug leads have attracted much attention, thus
spawning a large amount of effort directed toward their total
synthesis. Despite the great interest in gorgonian corals
belonging to the genusPseudopterogorgia, these animals
have not been thoroughly investigated for natural products.1

In the course of our continuing investigations into the natural
products chemistry of marine invertebrates from the West
Indian region, we have studied extracts ofPseudopterogorgia
kallos (Bielschowsky, 1918) collected near Old Providence
Island located in the Southwestern Caribbean Sea.4 Previ-
ously, we have reported on two diterpenoid lactones from
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this gorgonian specimen that have novel rearranged carbon
skeletons.5 From the same specimen, we now report the
isolation and structure characterization of the highly oxygen-
ated hexacyclic diterpene bielschowskysin (1), a novel
compound with significant antiplasmodial activity. The
structure of1, containing a tricyclo[9.3.0.02,10]tetradecane
ring system, was elucidated on the basis of spectroscopic
data and single-crystal X-ray diffraction analysis. The skeletal
carbon framework of1 is unprecedented in the field of
natural products.

The partially air-dried animal specimens (1.07 kg) were
frozen, lyophilized, cut into small pieces, and homogenized

exhaustively using a mixture of CH2Cl2-MeOH (1:1). After
concentration in vacuo, the dried extract (166 g) was
subjected to our standard partitioning procedure, resulting
in hexane, CHCl3, and EtOAc fractions.5 The EtOAc-soluble
material (1.5 g) was purified by silica gel flash chromatog-
raphy followed by normal-phase HPLC to yield pure1 (39.6
mg; 0.024% based on the crude extract dry wt) as a colorless
crystalline solid.6

The HREIMS of bielschowskysin (1) showed no molecular
ion peak. Instead, a fragment ion peak atm/z374.1368 [M
- AcOH] suggested the molecular formula for1 of C22H26O9

(calcd for [M - AcOH], 374.1366) requiring 10 sites of
unsaturation. The13C NMR spectrum (500 MHz, CD3OD)
of 1 showed 22 resolved resonances (Table 1). Four olefinic
[δ 155.1 (C), 144.3 (C), 126.3 (CH), 109.3 (CH2)] and two
carbonyl [δ 177.2 (C), 172.1 (C)] resonances in the13C NMR
spectrum accounted for four sites of unsaturation. Therefore,
the remaining six sites of unsaturation required by the
molecular formula had to be accounted for by rings. HMQC
and DEPT-135 data showed that 23 of the 26 hydrogen atoms
were attached to carbons (3 x CH3, 3 x CH2, 8 x CH);
therefore, compound1 had to have 3 OH groups.

The 1H NMR spectrum of1 acquired in CD3OD at 500
MHz was well dispersed, which facilitated the straightfor-
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(6) Bielschowskysin (1): colorless crystalline solid; mp 139-141 °C
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Table 1. 1H NMR (500 MHz), 13C NMR (125 Mz),1H-1H COSY, NOESY, and HMBC Spectral Data of Bielschowskysin (1)a

position δH, mult, intrgt (J in Hz) δC (mult)b 1H-1H COSY NOESY HMBCc

1 2.69, m, 1H 40.8 (CH) H2, H14â, H17Râ H14â H16, H14Râ, H17Râ
2 4.07, d, 1H (9.8) 86.2 (CH) H1 H14R H16, H17Râ
3 110.7 (C) H2, H5, H3-18
4 144.3 (C) H2, H5, H3-18
5 5.99, brd, 1H (1.5) 126.3 (CH) H3-18 H3-18, H3-19 H7, H3-18
6 89.1 (C) H5, H7, H11
7 2.81, dd, 1H (7.6, 1.7) 61.6 (CH) H9R, H11 H11, H3-19 H9R, H11, H3-19
8 81.7 (C) H7, H9R, H10, H11, H3-19

9R 2.49, ddd, 1H (15.7, 8.1, 1.7) 49.7 (CH2) H7, H10 H9â, H10, H3-19 H7, H11, H3-19
9â 2.06, ddd, 1H (15.7, 8.1, 4.6) H10 H9R, H11, H3-19
10 5.22, ddd, 1H (8.4, 8.1, 4.6) 84.8 (CH) H9Râ, H11 H7, H9R H7, H9Râ
11 3.18, dd, 1H (8.4, 7.6) 43.0 (CH) H7, H10 H10 H7, H9R, H10, H13
12 59.2 (C) H11, H13, H14R
13 5.69, dd, 1H (9.7, 7.4) 72.1 (CH) H14Râ H14R H11, H14Râ

14R 2.02, ddd, 1H (13.5, 8.2, 7.4) 34.0 (CH2) H13 H2, H14â, H13 H2, H13
14â 2.27, ddd, 1H (13.5, 9.7, 3.8) H13 H1, H14R, H17â

15 155.1 (C) H1, H17Râ
16 5.54, brs, 1H 98.6 (CH) H17Râ H17Râ

17R 5.22, dd, 1H (2.9, 1.4) 109.3 (CH2) H1, H16, H17â H17â H16
17â 5.06, dd, 1H (2.6, 1.5) H1, H16, H17R H5, H14â, H17R

18 1.82, d, 3H (1.5) 13.3 (CH3) H5 H5 H5
19 1.34, s, 3H 22.9 (CH3) H7, H9Râ H9â
20 177.2 (C) H10, H11, H13
21 172.1 (C) H13, H3-22
22 2.05, s, 3H 20.9 (CH3)

a Spectra were recorded in CD3OD at 25°C. Chemical shift values are in parts per million relative to TMS.b 13C NMR multiplicities were obtained from
a DEPT-135 experiment.c Protons correlated to carbon resonances in the13C column.
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ward identification of several features of the structure (Table
1). However, only a limited number of functional groups,
one lactone, one acetate, two isolated carbon-carbon double
bonds, and two cyclic hemiacetals, with limited connectivity
to each other were apparent in two-dimensional NMR COSY
experiments. Therefore, we elected to continue the structure
determination using single-crystal X-ray diffraction tech-
niques. Bielschowskysin (1) was recrystallized by slow
evaporation of a mixture of EtOAc/MeOH to yield cubic
colorless crystals of excellent quality.

The X-ray crystal structure, which defines only the relative
configuration, is shown in Figure 1.7 To verify the crystal
structure and assign the NMR signals, HMBC experiments
were conducted in CD3OD. Important HMBC correlations
were detected from H-2 to C-3 (hemiacetal quaternary
carbon); from H-5 and H-7 to C-6 (spirocyclic carbon); from
H-11 to C-7, 8, 9, 12, and 20 (lactone carbonyl carbon); and
from H-13 to C-11, 12, 14, 20, and 21 (acetoxyl carbonyl
carbon). These observations provided key connectivities
among the partial structures within the complex tricyclo-
[9.3.0.02,10]tetradecane nucleus of1. The relative configura-
tions of the stereocenters of the highly strained ring system

in bielschowskysin were confirmed on the basis of correla-
tions observed in the NOESY NMR spectrum as well as
through interpretation of NMR coupling constant data (Table
1). Thus, the overall relative stereochemistry for1 with 10
chiral centers was assigned as 1S*,2S*,3S*,6S*,7S*,8S*,-
10S*,11S*,12R*,13R*.

A careful substructure search of the Cambridge Structural
Data Centre revealed no natural products composed of this
specific tricyclic [5-4-9] ring architecture. The strained 4
+ 9 fusion of1, long C6-C12 and C56-C62 distances of
1.602(2) and 1.604(2) Å, respectively, is also noteworthy
(see ORTEP drawings of the two symmetry-independent
molecules of1 in Supporting Information). The tricyclic
fused motifA (Figure 2) has been found in two synthetic
compounds,8 while motifsB andC have been identified only
in natural products isolated fromCystoseira balearicaand
Delisea elegans, respectively.9,10 Thus, bielschowskysin
represents a new class of regular diterpene. We propose that
the name bielschowskyane be used for this family of
diterpenes. The co-occurrence of1 with various furanocem-
branoid lactones within the same organism raises the
possibility that bielschowskysin represents a further modi-
fication of an existing metabolite, thus suggesting the
biogenetic pathway outlined in Scheme 1.11 Although still
unproven, the bielschowskyane ring system might be syn-
thesized in vivo by subsequent cyclization of a suitable
cembranoid precursor via successive [C7fC11] and
[C6fC12] bond formation.12

(7) Crystal data for bielschowskysin1‚0.6 H2O at 298(2) K: C22H27.2O9.6,
Mr ) 445.24, monoclinic, space groupP21 (No. 4), a ) 11.243(2),b )
15.640(3),c ) 12.376(2) Å,â ) 94.421(2)°,V ) 2169.6(6) Å3, Z ) 4,
Fcalc ) 1.363 Mg m-3, F000 ) 944, λ(Mo KR) ) 0.71073 Å,µ ) 0.107
mm-1. Data collection and reduction: crystal size, 0.50× 0.39 × 0.34
mm3, θ range, 1.82-27.99°, 19 350 reflections collected, 9362 independent
reflections (Rint ) 0.0291), finalR indices (I> 2σ(I)): R1 ) 0.0372, wR2
) 0.0951 for 589 variable parameters, GOF) 1.043. CCDC 230559 (1)
contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB21EZ, UK; fax: (+44)1223-336-033; e-mail: deposit@
ccdc.cam.ac.uk).

Figure 1. Computer-generated ORTEP drawing with atom labeling
scheme and chemical drawing of one of the two crystallographically
independent molecules of bielschowskysin (1). The absolute
configuration shown is arbitrary. The carbon and oxygen atoms
are drawn as 50% thermal ellipsoids.

Figure 2. Tricyclic fused motifsA-C.

Scheme 1. Proposed Biogenesis for the Bielschowskyane
Skeleton
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Bielschowskysin (1) exhibited antiplasmodial activity (IC50

) 10µg/mL) when tested againstPlasmodium falciparum.13

Considering the ability of1 to inhibit P. falciparum,
bielschowskysin was also evaluated for cytotoxicity using
the NCI’s in vitro antitumor screen. Thus, compound1 was
found to display strong and specific in vitro cytotoxicity

against the EKVX nonsmall cell lung cancer (GI50 < 0.01
µM) and CAKI-1 renal cancer (GI50 ) 0.51 µM).
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