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ABSTRACT

2

A chemical study of the hexane extracts of the Caribbean gorgonian Pseudopterogorgia bipinnata (Verrill) collected in San Andrés Island,
Colombia, has led to the isolation of an unprecedented heptacyclic Cy bis-diterpenoid, bisgersolanolide (1). The structure of this novel secondary
metabolite, which was established by spectroscopic studies that included 2D NMR correlation methods, IR, UV, and accurate mass measurements,
was confirmed by synthesis.

Caribbean gorgonian octocorals of the gefssudopter- blended with MeOH—CHGI (1:1) (5 x 1 L), and after
ogorgia have been a prolific source of chemically and filtration, the crude extract was evaporated under vacuum
biologically important secondary metabolitesThe vast to yield a green residue (167.5 g). After partitioning the crude
majority of identified metabolites from this source are extract between hexane and® the aqueous suspension
terpenoid compounds, among which the sesquiterpenoidswas extracted with CHGI(4 x 1 L). The resulting extract
the diterpenoids, and the steroids predomidatethis Letter was concentrated in vacuo to yield 43.3 g of an oil which
we wish to describe the isolation, structure elucidation, and was chromatographed over silica gel (400 g) and separated
synthesis of an unprecedented heptacybigditerpenoid, into 30 fractions (I—XXX) on the basis of TLC analyses.
bisgersolanolide (1). Successive purification of fraction X (1.09 g) by size
Bisgersolanolide was isolated from the gorgonian octocoral €xclusion column chromatography over Bio-Beads SX-3
Pseudopterogorgia bipinnaté&Verrill) collected near San  (eluting with toluene) and normal-phase HPLC [Partisil 10
Andrés Island, Colombi&.The dry animal (2.1 kg) was

(4) For previous chemical studies Bf bipinnata, see: (a) Wright, A.
E.; Burres, N. S.; Schulte, G. R.etrahedron Lett1989,30, 3491—-3494.

(1) Fenical, W.J. Nat. Prod 1987,50, 1001-1008. (b) Culver, P.; Burch, M.; Potenza, C.; Wasserman, L.; Fenical, W.; Taylor,

(2) Faulkner, D. JNat. Prod. Rep1998, 15, 113—158 and previous P.Mol. Pharmacol.1985,28, 436—444. (c) Abramson, S. N.; Trischman,
papers in this series. J. A.; Tapiolas, D. M.; Harold, E. E.; Fenical, W.; Taylor,’Med. Chem

(3) Rodriguez, A. DTetrahedron1995,51, 4571-4618. 1991,34, 1798-1804.
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M9/50 eluting with 15% 2-propanol in hexane] afforded 5.6 bis-diterpenoids of marine origin have been reported in the
mg of bisgersolanolidel) (1.3 x 1072 % of the extract}. literature, and since our repeated attempts to obtain suitable
Compoundl was obtained as colorless crystals, mp 487  crystals for X-ray diffraction were unsuccessful, the structure
188°C; [0]?% +8.4° (c 1.30, CHCH}); UV (MeOH) Amax 210 for 1 was defined by comprehensive 2D NMR experiments
nm (¢ 51600). A molecular formula of £Hg0,0 for 1 was involving *H—'H COSY experiments and HMQC (1-bond)
determined by HRFABMS [(Mt 1)", m/z689.3315, calcd ~ and HMBC (2- and 3-bond) heterocorrelation measurements.
for CaoHagO10, 689.3325]. The IR spectrum (thin film) Detailed analyses of these spectra led to assignments of
indicated the presence efOH groups (3600—3200, 1088 proton connectivities for three distinéH spin systems,
cm 1), ester (1751, 1281 cm) and ketone (1705, 1704, and  subunitsla—c (Figure 1).

1703 cnt?) carbonyls, double bonds (1686, 1651, 1644, 853
cm™ ), isopropenyl groups (3081, 1401, 903 ¢in and a
vinyl alkyl ether group (1241 and 1065 c#).
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Figure 1. Partial structures of bisgersolanolide) deduced from
HETCOR and'H—!H COSY measurements.

The following fragments were suggested 1y and 13C
NMR: two ester §c 173.8 (s) and 173.7 (s)] and three ketone

[0c 207.8 (s), 206.1 (s), and 203.5 (s)] carbonyls, a The twoa,y-disubstituted butenolide unitsa,b and the
tetrasubstituted vinyl alkyl ethedg 147.8 (s) and 106.2 (s)],  2,3-dihydro-4H-pyran unitlcwere connected together in the
and two disubstitutedbf 143.7 (s), 143.5 (s), 114.6 (), 112.4  proper sequence by HMBC, long-range COSY, and NOESY
(t); 01 5.13 (1H, brs), 5.10 (1H, br's), 4.99 (1H, br s), 4.92 14 NMR data. Thus, fragmenta and fragmentlb were
(1H, br s)] and two trisubstitutedbg 146.4 (d), 146.1 (d),  connected to substructutie in the following manner. The
138.7 (s), 138.6 (s 6.78 (2H, br s)] double bonds. Since  gjte of attachment of carbonyl carbon C6 (resonating at 206.1
these functionalities accounted for 10 degrees of unsaturationppm) was speculated to be C5, the methine proton of which
bisgersolanolide had to be heptacyclic. Five carbons, not,as shifted downfield ta& 3.36 by virtue of it also being
count?ng the vinyl alkyl ether, were attached to oxygen, most allylic. Direct 'H—13C connectivity linking H5 with C6 was
plausibly as two secondary estedg B4.1 (d), 83.6 (d)vx clearly observed from the HMBC spectrum, thus confirming
5.12 (1H, brs), 5.05 (1H, br s)], one tertiary alkyl eth@&[  {he |atter contention. The HMBC spectrum also showed
79.4 (s)], and two secondary hydroxylsc[72.9 (d), 68.8  (learly the connection between the'Gfrbonyl and C5

(d); 0w 4.91 (1H, br dJ = 8.5 Hz), 4.54 (1H, br S)]. Apair  mathine proton. Evidence supporting the linking of @3

of shielded quaternary carbons were observedl 8.2 (S)  gypstructurd.cthrough C4was provided by additional long-
and 33.9 (s), suggesting the presence of two cyclopropanerange proton—carbon couplings between the & Me-
rings. Six methyl groups attached to quaternary carbons were; g/ protons with the C3carbonyl carbon. Since the H1/H2
identified [dc 22.8 (q), 22.7 (9), 20.7 (q), 15.0 (q), 14.8 (4), ¢oypling response in théH—H COSY spectrum showed
14.5(9);0n 1.90 (3H, br s), 1.88 (3H, br's), 1.67 (3H, brs), o further correlations to link to the other spin systems in
1.52 (3H, 8), 1.42 (3H, s), 1.39 (3H, br ). TRE NMR 4,0 mgjecule (see Table 1), and no significant HMBC
spectrum also showed six methine and six methylene groups.,q re|ations involving H2 were observed, substructirand
While the number of methyl groups combined with the parent the lower end of fragmerita were assembled on the basis
molecular formula suggested thatvas terpenoid in origin, of NOESY data alone. Thus, a strong NOE response between
theH NMR and™*C NMR spectra unambiguously ruled out o ",vqen.substituted methine proton H2 and the Me-18
a biscembranoid-type structufrélo examples of heptacyclic s established their spatial proximity. These measure-

(5) Spectral data for bisgersolanolidd) (have been deposited as men_ts allowed _a" protons and their resp(_actlve carbons t_O be
Supporting Information. confidently assigned (Table 1). The relative stereochemistry

(6) (@) Kusumi, T.; Igari, M.; Ishitsuka, M. O.; Ichikawa, A.; Itezono,  of 1 was determined by further interpretation of the NOESY
Y.; Nakayama, N.; Kakisawa, H. Org. Chem1990,55, 6286-6289. (b) 1 . . e —1 .
Jingyu, S.; Kanghou, L.; Tangsheng, P.; Cunheng, H.; Clardy, J. J. Am. "H NMR experiment and by analysis of thé—*H coupling

Chem. Soc1986,108, 177—178. (c) Jingyu, S.; Kanghou, L.; Tangsheng, constants as shown in Table 1. Confirmation of the structures

P.; Longmei, Z.; Qitai, Z.; Xiuyun, LSci. Sin. Ser. B988,31, 1172— . . .
1174. (d) Leone, P. A.; Bowden, B. F.; Carroll, A. R.; Call, J. C.; Meehan, of the three units as well as the sequencing was provided by

G. V. J. Nat. Prod 1993,56, 521—526. partial synthesis ol (vide infra).
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Table 1. 'H NMR (500 MHz),3C NMR (125 MHz),'H—'H COSY, NOESY, and HMBC Spectral Data of Bisgersolanolitl§ (

position on, mult, intrgt, (J in Hz) dc (mult)p IH-1H COSY NOESY HMBC¢
1 2.16, m, 1H 47.7 (d) H2, H1408 H2, H148 H1608, Me17
2 454, brs, 1H 68.8 (d) H1 H1, H148, Me17, Mes
3 147.8 (s) H5, Meys
4 106.2 (s) H5, Mes
5 3.36, d, 1H (12.1) 57.1 (d) H5' Meas H5', Mesg
6 206.1 (s) H5, H5'
7 1.96, dd, 1H (6.2, 8.8) 23.4 (d) H9ap3 H5', H9a, H11 H10, Mezo
8 33.9 (s) H10, Meys
9a 1.32, m, 1H 21.5 () H7, H9j3 H10, Mejo
9s 1.32, m, 1H H7, H9a H7, Me1g
10 5.05, brs, 1H 83.6 (d) H11l H11, Mejg (weak) H11, Mejg
11 6.78, brs, 1H 146.1 (d) H10 H7, H9a, H10 H10, H130p
12 138.6 (s) H10, H11, H13ap
130 2.36, m, 1H 21.4 (1) H1408 H11l
138 2.36,m, 1H H1408
140 2.21,m, 1H 28.5 (1) H1, H1308 H148
1453 1.28, m, 1H H1, H13ap H1, H2, H14a
15 143.5 (s) H1, Meys
160 5.13,brs, 1H 112.4 (t) H168, Mes7 H168, Mey7 Me;
1645 492, brs, 1H H160, Me17 H16a Mej7
Mey7 1.90, br's, 3H 22.8(q) H16as3 H2, H160 H16a83
Mesg 1.39, brs, 3H 14.5 (q) H2, H5, Mesg
Meig 1.52,s, 3H 15.0 (q) H9p3, H10 (weak), Mess H9aj3
20 173.7 (s) H10, H11, H130p
1 211, m, 1H 45.6 (d) H2', H14'op H2', H14'a, H16'a H16'aj, Me1r
2 4.91, brd, 1H (8.5) 72.9 (d) H1' H1', H14'a, Me17, Meg
3 207.8 (s) H2', H5', Meig
4 79.4 (s) H5', Mexg
5’ 2.97,d, 1H (12.1) 61.4 (d) H5 H7, Meyg Meg
6' 203.5 (s) H5', HY o
7 2.01, dd, 1H (5.7, 8.5) 26.9 (d) H9'af H9'8, H11' H10', Meyy
8’ 34.2 (s) H10', Me1y
9a 1.45, brt, 1H (5.3) 20.8 (1) H7', HY'B H9'8, Meyg H10', Me1g
9p 1.19, dd, 1H (5.0, 8.6) H7', H9'a H7', HY'a
10’ 5.12, brs, 1H 84.1 (d) H11' H11', Meyg (weak) H11', Meyg
11 6.78, br s, 1H 146.4 (d) H10' H7', H9'5, H10' H10', H13'a
12' 138.7 (s) H10', H11', H13'aj3
13'a 231, m, 1H 20.6 (t) H14'ops H11'
138 2.31, m, 1H H14'a8
14'a 1.57, m, 1H 25.6 (t) H1', H13'0f H1', H2', H14'$
14'p 1.85 m, 1H H1', H13'0f H1l4'o
15 143.7 (s) H1', Mei7
16'a. 5.10, br's, 1H 114.6 (1) H16'8, Me1r H1', H16'8 Me7
16'p 4.99, brs, 1H H16'a, Mei7 H16'a, Meyr
Mey7 1.88, brs, 3H 20.7 (q) H16'08 H2', H16'8 H16'08
Meg 1.67, brs, 3H 22.7 (q) H2', H5'
Mezg 1.42,s, 3H 14.8 (q) H9'a, H10' (weak) H9'0
20 173.8 (s) H10', H11', H13'aj3

aSpectra were recorded in CDCit room temperature. Chemical shift values are in ppm relative to PN NMR multiplicities were obtained by
attached proton test (APT) sequenceBrotons correlated to carbon resonance¥@hcolumn. Parameters were optimized fier; = 6 and 8 Hz.

Bisgersolanolide (1) is the firdbis-diterpenoid of this ~ scheme are two molecules of pinnatinZ}, @ natural product
structural type, and although its biosynthesis is not known, previously identified in this gorgonian specie3he con-
the fact that diterpenes of the gersolane class have been foundomitance ofl and2 strongly implies tha® is a biogenetical
in P. bipinnatasuggests that a plausible biogenesis would precursor of bisgersolanolide. Therefore, it was interesting
involve generation of the 2,3-dihydrd#dpyran ring by a to investigate the biogenetic Diet&lder reaction leading
Diels—Alder coupling of two gersolanes. This would gener- to the synthesis df in vitro. The Diels-Alder dimerization
ate the novel bisgersolane carbon skeletohiafan efficient reaction of pinnatin C2) was carried out in toluengs, and
manner. The most obvious precursors suggested by this the reaction was monitored By NMR spectroscopy. After
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confirmation of the appearance of new signals ascribable tosolanolide is the firsbis-diterpenoid derived from a classical

a Diels—Alder adduct, at 28C for 4 weeks, the mixture  Diels—Alder dimerization reaction involving a diterpenoid
was heated at 4080 °C for 4 h tofacilitate the reaction. It  enedione precursor. The fact that the Dieddder reaction
should be mentioned that the natural produistone of eight of pinnatin C (2) proceeded stereoselectively under nearly
possible Diels—Alder adducts from substra2€ If the physiological temperatures suggests that the natural product
proposed Diels-Alder reaction had an endo transition state, bisgersolanolide (1) could be formed nonenzymatically
the stereochemistries at C4’, 'C&nd C5 would be those within the bodies of the gorgonian.

observed in1.!° Besides a minor product, whose presence
was detected on TLC but whose structure has not yet been
determined, only one compound could be isolated, which
was indeed compountl The!H (500 MHz) and'*C NMR

(125 MHz) of the producil were consistent with the data
reported here. The specific optical-rotation values of the
samples from both origins, synthetic and natural, of com-
poundl were the same within experimental error. Since our
starting material is optically pure without ambiguity in the
absolute configuration, this derivation to compouhthas
clarified its absolute configuration as that depicted. Bisger-

Pinnatin C (2)
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