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Summary: Three new diterpenoids related to the aglycone components of the recently described pseudopterosins and
seco-pseudopterosins have been isolated from an undescribed Pseudopterogorgia species from the Caribbean Sea. The
new compounds, described on the basis of their NMR properties and chemical interconversions, appear to be related
illustrating some interesting rearrangements of a tertiary hydroperoxide in this series.

In connection with a comprehensive chemotaxonomic investigation of gorgonian corals of the genus Pseudoptero-
gorgia, we encountered several morphologically similar but chemically unique species which appear to be unrecorded.
One such species?, collected near Highborne Cay, Bahamas Islands, in 1982, was found to contain a series of four
new diterpenoids, 1a,b, 3, and 5. Compounds 1a,b and 3 possess tricyclic ring skeletons related to the pseudop-
terosins, a new class of anti-inflammatory glycosides isolated from P. elisabethae®. Quinone 5 is related to the
aglycone portion of the seco-pseudopterosins, another group of glycosides isolated from Pseudopterogorgia®.

Chloroform extraction of the freeze-dried gorgonian yielded a crude extract which was fractionated by silica
vacuum flash chromatography with EtOAc/isooctane mixtures. Diterpenoids 1a,b, 3 and 5 were subsequently isolated
by silica HPLC from fractions eluted with 25% EtOAc/isooctane. Compounds 1a,b were obtained as an inseparable
equimolar mixture, which appeared to be composed of interconverting monoacetates. Since this mixture could not be
investigated with confidence, it was converted to the diacetate 2 with Ac,O in pyridine. The diacetate 2 showed
strong spectral similarities to the aglycone portion of pseudopterosin-C (6), a glycoside described by X-ray methods
from P. elisabethae’. The structure of diacetate 2 as proposed, was fully confirmed by synthesis from 6 by hydroly-
sis followed by reductive acetylation (Zn/HOAc). The synthetic diacetate showed [a] , -37.4° and was identical to
the natural product ([alp -41.7°). Since the signs and magnitudes of the optical rotations are nearly identical,
diterpenoid 2 possesses the 1R, 38, 4R, 78 absolute configurations.

Diterpenoid 3 (3.5% extract) analyzed for C,,H, O, by HRMS and 13C NMR methods®. This compound possessed
H and 1*C NMR features similar to 2 including one acetate ester, but was recognized as a cross-conjugated cyclo-
hexadienone by its spectral properties [IR: 1645 cm™; UV: 247 nm (e = 9300; 13C NMR: 178.0, 156.0, 143.7, 138.0 &
134.0 ppm]. These latter functional groups accounted for only three of the five oxygen atoms in 3. Since there
was only one additional oxygen-bearing carbon in the 13C NMR spectrum of this compound (86.0, s, ppm), compound
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1a Ry=H, Ry=Ac 3 R=OH 5
ib  Ry=Ac, Ry=H 4 R=H
2 Ry=R,=Ac

6 R,=H, Ry= 3'OAc-B-D-xylose

NMR Data for Diterpenoids 2, 3 and 52

C# 2 3 5
'H(cCl)  Bcepay) 'H (CDCL,) Bc(epey)  'H(cpay) BC (Bz-dy)
1 3.60, m 35.7 2.95,m 26.9 4.59, ddd (6,8,8) 66.6
2 nr 39.0 142,ddd (5,13,13) 372 1.50, m 4338
3 nr 30.0 nr 33.8 1.96, m 337
4 238,bd(5.5) 423 238, m 40.6 2.99,m 33.7
5 nr . 272 nr 252 nr 26.3
6 nr 29.6 nr 19.0 nr 25.8
7 3.01,m 21.7 295, m 42.8 2.99,m 26.2
8 - 136.5 - 134.0 - 144.0
9 - 138.9 - 178.0 - 188.0
10 - 1382 - 156.0 - 151.0
11 - 130.4 - 139.0 - 127.0
12 - 136.1 - 86.0 - 183.0
13 - 133.1 - 144.2 - 133.0
14 5.18,d (9) 129.1 4.69,d (10) 122.0 5.21,d (8) 129.0
15 - 127.3 - 144.0 - 147.0
16 1.75, bs 17.7 1.60, bs 20.3 1.74, bs 20.8
17 1.70, bs 25.6 1.57, bs 25.9 1.70, bs 17.3
18 1.05,d(6.1) 209 0.98,d (6.3) 20.1 0.83,d (7) 18.3
19 1.14,d(7.2) 224 1.11,d (6.9) 18.0 1.10,d (7) 18.1
20 1.87,s 117 1.78, s 10.7 1.92,s 8.3
Ac 221, 20.5 227,s 19.9
2.19, s 204
Ac 168.7 168.0
168.4
OOH 8.21, bs (D,0 ex.)

alH spectra were recorded at 360 MHz and '3C spectra were recorded at 50 MHz in the solvents indicated. Proton
assignments were made on the basis of comparisons with gsimilar compounds and by coupling analyses determined
by single frequency decoupling and COSY experiments. "°C assignments were made by comparison with similar
compounds. These assignments are insecure and may be interchanged. nr = not resolved.
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3 was concluded to be a tertiary hydroperoxide. This conclusion was supported by a proton NMR broad singlet

resonance at § 8.21 (D,0O-exc.) assigned to the hydroperoxy proton. Sodium borohydride reduction 1.3H eq/0°/1 hr.)
“yielded the alcohol 4. Alcohol 4 was almost indistinguishable from 3 by 'H NMR, with the exception of a sig-
nificant downfield shift of the C-2 axial proton from 3 1.42 in 3 to & 1.98 in 4. This result suggested that the
hydroperoxide functionality bore a 1,3-diaxial relationship with the newly formed hydroxyl. Consideration of two
conceivable structures for 3 resulted in the assignment as shown. An alternative to 3 was carefully considered in
which the -OOH is placed at C-13, the acetoxyl is placed at C-9, and the cyclohexadienone is placed at C-8 to C-12
(CO at C-10). Structure 3 was strongly favored since the olefinic proton at C-14 is forced into the  -cloud of the
cyclohexadienone system only in this isomer. The C-14 proton in 3 is unusually  shielded to 3§ 4.69.

CH3 1
H OOH

Fortuitously, hydroperoxide 3 was found to spontaneously decompose (T 172 = 3 weeks at RT) to the monoacetate
mixture 1a,b. Acetylation of the mixture yielded diacetate 2, which showed [ot]D -41.9°. Thus, hydroperoxide 3 is
fully defined as the C-12 hydroperoxide with the absolute stereochemistry as shown including C-12 =R.

Diterpenoid 5, isolated as an orange oil (0.5% of the extract), analyzed for C,H,,,0, by HRMS and *C NMR
methods. Analysis of mass spectral and 1>*C NMR data indicated that 5 was a bicyclic p-benzoquinone. The UV
spectrum of 5, which showed a large base-induced shift from 279 to 326 nm, indicated the presence of an ortho
hydroxyl functionality on the benzoquinone ring (a diosphenol). Further, spin-decoupling 'H NMR experiments
positioned an allylic alcohol at C-1 and defined protons along the 8-carbon side chain between C-4 and C-15.
Comparison of these data with several derivatives of the seco-pseudopterosins showed that § possessed the same
aglycone skeleton®. NMR analysis of coupling constants for 5 showed that the protons at C-3, C-4 and C-7 had
identical relative stereochemistries as in the seco-pseudopterosins, and as in pseudopterosin-C, 6. No information
could be interpreted, however, to assign the absolute configurations at these centers.”.

Over the past decade careful isolation procedures have resulted in the isolation of numerous hydroperoxides from
marine sources®. Although not immediately obvious, compounds 1,b, 3, and 5 appear to be related through oxidation
and acid catalyzed rearrangement. Matsumoto ez al. have recently shown that chromanol 7 is converted to the
hydroperoxide 8 with singlet oxygen. They further showed that acid catalyzed decomposition of 8 yielded starting
material, and that silica gel transformed the hydroperoxide to the p-benzoquinone 9°. These observations are highly
analogous to the reactivities and to the structural relationships between diterpenoids 1a,b, 3 and 5, suggesting that
similar chemistry is involved in their formation and interconversions.
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