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Abstract: A recent study of the hexane extracts of Pseudopterogorgia americana ied to the
isolation of two new polyhydroxydinostane sterols 1-2, in addition to a known secogorgosterol
3. The structures ware established by spectroscopic and chemical derivatization studies.
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A number of unusual bioactive marine sterols have been isolated from several gorgonian
corals of the genus Pseudopterogorgia.3-7 For instance, the gorgonian Pseudopterogorgia sp.
collected near Florida was found to produce 9(11)-secosteroids which exhibit moderate inhibitory
activity against protein kinase C as well as potent anti-proliferative and anti-inflammatory activity.6 As
part of our ongoing screening program for novel compounds from marine invertebrates we have

Gmelin (phylum Cnidaria, order Gorgonaceae)® and report here the isolation and structure
determination of two new polyhydroxydinostane steroids, designated 1a,9a,11a-trihydroxydinosterol
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{1} ana 10-Nyaroxy-y(i1)-secoqainosieroi (£), ana a KNnown Secogorgosteroi 3.

A lyophilized specimen of P. americana (2.3 kg) collected at La Parguera, Puerto Rico was
extracted with 1:1 CHCI3-MeOH, and the extract was partitioned between water and hexane. The
hexane-soluble fraction was subjected to silica gel flash filtration (n-hexane/acetone/MeOH), followed
by silica gel column chromatography and normal-phase HPLC to afford two new polyhydroxylated
Cao sterols [1 (20.4 mg) and 2 (15.3 mg)] and a known secogorgosterol 3 (2.5 g).3.6
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The molecuiar formula of 1 [a white powder, [a]p2® +0.88° (¢ 1.1, CHCIg)], was established as
C3oHs204 by HREIMS (m/z 476.3850; calcd 476.3866) and showed a strong infrared absorption at
3387 cm-1 (OH). The TH NMR spectrum showed resonances ascribable to one vinylic, two tertiary,
and five secondary methyl groups. The presence of a trisubstituted double bond was revealed by a
resonance at § 4.85 (d, 1H, J= 9.5 Hz) and 13C signals at § 131.7 (d) and 135.9 (s). The 13C NMR
spectrum also displayed signals due to a quaternary carbon resonance with an oxygen substituent
attached at § 79.8 (C9) and three oxymethine carbons at § 76.2 (C1), 71.3 (C3), and 70.3 (C11), while
a HMQC experiment revealed the corresponding TH NMR resonances at § 4.63 (br s), 3.48 (t J=6.7
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80°C, 1 afforded the triacetate 4.9 Although the HREIMS did not give a molecular ion, an M-
CH3CO2H fragment ion was observed at m/z 542.4003 which indicated that 4 had the moiecular
formula C3gH5807. These results suggested that 1 was a tetrahydroxy sterol.

The presence of a dinosterane skeleton was established unambiguously from the 1H, 13C,
COSY, and HMBC data (Table 1).10.11 In the COSY spectrum connectivities to the oxymethine
protons at 6 4.63, 3.48, and 3.97 placed these protons at C1, C3, and C11 of the sterol skeleton,
respectively. The locus of the oxymethines were further established by their long-range HMBC
correlations. The C5 resonance at § 38.4 in 1 showed a strong HMBC correlation to the oxymethine
resonance at § 4.63 (H1) in the TH NMR spectrum. In tumn, H1 showed an additional correlation to the

oxymethine carbon at § 71.3, assigned to C3. The C3 resonance showed a cnrrnlagmn to a methvl
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the side chain was identical to that of dinosteroii0.11 and acerosteroi (5)4 as implied by the chemicali
shifts of C20-C29. Several HMBC correlations (Figure 1) provided additional unambiguous evidence
for the side chain substructure. The relative stereochemistry of 1 was determined by comparison of
the 13C NMR resonances with those of other dinosterols4.6 and difference NOE spectra as detailed
below. The strong NOEs between Me-19 and H1/H4/H8/H11 and those between Me-18 and H8/H11
indicated that they were cis to each other and oriented B. Likewise, the NOEs between H3 and Me-30
indicated that they were cis to each other and oriented a. The relative configurations at C9, C13, C14,

b}

T T V. Pt |

, C20, and C24 when compared to
the co-occurrence of 1 with known secogorgosteroi 33.6 support this assumption.
C22 double bond was assumed to be E by analogy with dinosterol!1 and acerosterol (5).4
1a-Hydroxy-9(11)-secodinosterol (2) was isolated as a white powder, [a]p25 +7.0° (¢ 1.42,
CHCl3), and had infrared absorptions due to hydroxy (3397 cm-1) and ketone (1691 cm-1)
functionalities. The HREIMS established the molecular formula as C3agHs5204 (m/z 476.3867; calcd
476.3866). That the structure of new secosterol 2 possessed the secodinosterone skeleton and bore
the same side chain as that of dinosterol, was apparent from the 'H, 13C NMR and HREIMS. The
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by a combination of 2D NMR experiments, which included COSY, HMQC, and HMBC. The 1H NMR

spectrum of 2 had signais due to eight methyis of which five were secondary, &



one was olefinic. The 9(11)-seco skeleton was evident from the diagnostic resonances of an
oxymethylene (8 3.73/3.67, m; 59.1, t, C11) and a saturated ketone (8 220.1, s, C9). The ketone
functionality at C9 was further established by its long-range HMBC correlations to H5 (5 1.84, m), H8
(& 2.80, dt), and H14 (5 2.47, m). Thus, the structure of 2 resembled that of known secosterol 6,6
except for the hydroxylation at C1 as implied by the chemical shifts of C1 (5 4.09, t; 71.6). The relative

stereochemistry of 2 was assigned using difference NOE spectral2 and by comparison of the 13C
resonances with thase of other 9(11)-secosterols. 5.6 The co-occurrence of 1a- hydroxy- 9{11)-
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Inasmuch as cnidarians (coelenterates) appear incapable of sterol synthesis, the complex
mixtures of sterols found in many gorgonian species probably reflect both a dietary accumuiation and
a contribution from their endosymbiotic dinoflagellates (zooxanthellae).13 Thus, P. americana, which
harbors zooxanthellae, produces an abundance of cyclopropylsterols and 4-methysterols, indicating
dinoflagellate-derived sterols.3-7 Critically, the isolation of steroids 1 and 2 represents the first
example of polyhydroxydinostanes possessing, respectively, a Sa-hydroxydinostane and a 1a-
hydroxy-9(11)-secodinostane nucleus.

Table 1. 1H (500 MHz) and 13C (125 MHz) NMR Data for 1 and 2 in CDCi3.14

Position 1a,9a,11a-trihydroxydinosterol (1) 1a-hydroxy-9(11)-secodinosterol (2)
o, mult (J) 13C S, mult (J) 13C
1 463, brs 76.2, d 4.09, t (2.7) 71.6, d
2 1.88, m;1.77, m 39.1,t 2.03,m; 1 66 36.4, t
3 3.48,1 (6.7) 71.3, d 3.53, ddd (5.2, 9.9, 11.7) 71.4,d
4 135 m 403, d 151, m 38.6, d
5 1.87, m 384,d 1.84, m 441, d
6 1.40, m; 1.33, m* 25.3, 12 1.71, m; 1.33, m2 24.6, 12
7 1.77, m; 1.06, m@ 24.7, 8 2.06,m; 1.31, m 3i1.7, 1
8 156, m 375,d 2.80, dt (5.1, 13.3) 445, d
9 - 798, s - 220.1, s
10 43.7, s - 53.5, s
11 3.97, dd (5.0, 11 0) 703, d 3.73, m; 3.67, m 59.1, 1
12 205 dd (4.9, 11.9): 1.45. m 47.1, 1 1.91, m; 1.68, m 40.8, 1
13 - 42.8, s - 45.3, s
14 147, m 48,2, d 247, m 41.7, d
15 1.44, m; 0.82 m 24.2, % 146, m; 1.33, m 233, ¢
16 1.71, m; 1.34, m 28.3, t 1.90, m; 1.55, m@ 24.0, 18
17 1.22, m 56.8, d 1.67, m 504, d
18 0.70, s 12.9, q 0.65, s 17.5, q
19 1.00, s 16.4, q 1.18, s 17.2, 9
20 231, m 348, d 242, m 327, d
21 0.93, d (6.1) 20.9, q 0.94,d (6.7) 21.3, q
22 4.85, d (3.5) 131.7, d 5.00,d (9.7) 130.0, d
23 - 1359 s - 135.7, s
24 1.62, m 50.5, d 1.66, m 50.5,d
25 1.52, m 311, d 1.48, m 308, d
26 0.76, d (6.6)* 220, ¢® 0.76, d (6.6)? 217, ¢°
27 0.83, d (6.5)° 20.4, of 0.84. d (6.5)F 202, g¥
28 0.92, d (5.3) 17.3, 9 0.91,d (6.9) 16.8, q
29 1.48, d (0.8) 135, q 1.48,d (0.8) 12.8, q
30 1.01, d (6.3) 15.7, g 1.02, d (6.3) 15.1, g
Signals labeled with identical superscripts within a column may be interchanged.
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TH NMR (500 MHz, CDClg3)

4: a coloriess oil; IR (neat) 3571, 2955, 2869, 1738, 1456, 1373, 1238, 1028, 986 cm"
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1705, 169.0, 135.6, 131.2, 79.7, 78.0, 73.4, 73.0, 56.3, 50.2, 47.9, 43.6, 42.2, 42.0, 39.1, 37.9, 36.8, 34.4,
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