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Abstract

In addition to the previously reported terpenoids 1 and 2, a chemical study of the hexane extracts of
Pseudopterogorgia elisabethae led to the isolation of two novel skeletal lactones 3 and 4. Their complete
structures were established by interpretation of spectral data. © 2000 Elsevier Science Ltd. All rights reserved.
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During our continuing studies on bioactive substances from West Indian gorgonians,! we iso-
lated two known compounds, namely elisabethin D (1)?> and sandresolide A (2),? in addition to
two new tricyclic lactones named elisabetholide (3) and amphilectolide (4), from a Colombian
specimen of Pseudopterogorgia elisabethae (Bayer) collected near San Andrés Island. Lactones 3
and 4 are structurally related to compounds 1 and 2, respectively, but each possesses a novel
carbon skeleton. This paper describes the isolation and structure elucidation of metabolites 3 and 4.
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After filtration, the 1:1 CHCIl; and MeOH extract of dry P. elisabethae (1.0 kg) was subjected
to gel filtration chromatography (Bio-Beads SX-3, toluene) followed by repetitive SiO, chromato-
graphy to afford the new lactones elisabetholide (3) (1.8 mg, 0.0006% dry wt) and amphilectolide
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(4) (7.1 mg, 0.0025% dry wt). The structures of these metabolites were determined by inter-
pretation of the 1D and 2D NMR (3C, 'H, '"H-'H COSY, HMQC, HMBC, and NOESY) and
IR, UV, and HREI-MS spectra.
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The IR spectrum of elisabetholide (3)* indicated the presence of hydroxyl (3500-3300 cm™)
and carbonyl groups (1740 and 1720 cm™'). The 'H and '3C NMR spectra of 3 showed the pre-
sence of a tertiary methyl [y 1.63 (3H, s)], two secondary methyls [y 0.96 (3H, d, J=6.8 Hz);
0.99 (3H, d, /J=5.9 Hz)], a primary methyl [6y4 1.33 (3H, t, J=7.1 Hz)], two vinyl methyls [y
1.53, 1.55 (each 3H, br s)], a trisubstituted olefin [§y 4.67 (1H, br d, J=10.1 Hz)], three carbonyl
groups [8¢ 209.8, 174.1, 171.5 (each s)], and three carbons bearing oxygen (two quaternary and
one primary) [8¢ 93.2 (s), 84.4 (s) and 63.8 (t)] as shown in Table 1. Analysis of the '"H-'"H COSY
spectrum of 3 suggested the presence of partial structures (A) and (B) as shown in Fig. 1.

Table 1
'"H NMR, '3C NMR, and HMBC spectral data for elisabetholide and amphilectolide®
Position Elisabetholide (3)* Amphilectolide (4)°
8, mult (Jin Hz) 13C HMBC 8, mult (Jin Hz) 13C HMBC
1 62.1,s | H8a, H9 1.20, m 39.5,d H2a, H8a, H15
20 93.2, s | H6, H9, H18 1.06, m 38.4,t H11, H15
2B 1.56, m
3 2.47,dq (2.5,6.8) |38.1,d |H4B, H18 223, m 441,d H1, H2af, H4, H11
400 |0.85, m 26.4,t |H3,H18 4.35,d (10.5) 83.6, d H20, H3, H11
48 |1.44,m
S5a |1.89,m 256,t |H3 128.1, s | H4, H7af, H16
58 |1.37.m
6 201, m 50.1, d | H40B, H8a, H19 242, m 27.3,d H8B, H16
7o 1192, m 41.8,d | H6, H9, H19 1.86, m 31.2,t H8pB, H16
7B 113, m
8a |1.16, m 415,t |H6, H9, H19 111, m 27.2,t H9
8B 194, m 2.16, m
9 |3.12, dt (7.4, 10.1) | 46.0, d |Hsp 2.01,m 41.0,d | H1, H2oB, H70p, H15
10 |4.67,brd (10.1) 123.1, d| H8p, H11, H12 165.0, s | H3, H4, H8pB, H9
11 134.1, s| H12, H13 5.07,brdd (1.2,9.0) | 125.2,d | H4,H13, H14
12 |1.53,brs 18.0, g | H10, H13 1345, s | H13, H14
13 |1.55,brs 26.1,q |H10, H12 1.62, brd (0.9) 183, q H11, H14
14 209.8, s| H20 1.72,brs 25.8, q H11, H13
15 844,s |H20 1.04, d (6.3) 19.1,q H1
16 1715, s| H20 1.23,d (7.2) 17.8.q | H7aB
17 1741, s 1729, s
18 |0.96, d (6.8) 15.8, q
19 [0.99,d (5.9) 18.2,q |H6, H7
20 |1.63,s 239, q

21 |4.34,dq(7.1,17.6)|63.8,t |H22

21" |4.10,dq (7.1, 17.6)

22 [1.33,t(7.1) 14.0, q | H21, H21’
2Assignments were aided by 'H-'H COSY, spin splitting patterns, HMBC, HMQC and NOESY experiments, DEPT, and
chemical shift values. The § values are in ppm and are referenced to either the residual CHCI, (7.26 ppm) or CDCl, (77.0
ppm) signals. ®Data recorded in CDCl, at 500 and 125 MHz. °Data recorded in CDCl, at 300 and 75 MHz.
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Figure 1. The partial structures of elisabetholide (3)

The new carbon skeleton was deduced by HMQC, DEPT, and NOESY along with the HMBC
spectra as shown in Table 1. Segments of the '"H and '3C NMR spectra of 3 were quite similar to
those of elisabethin D (1) except for the observation of a C-2 carbon signal [§¢ 93.2 (s)] in low
field compared with a C-2 carbon signal [§c 78.3 (s)] of 1, and a C-6 carbon signal [d¢ 50.1 (d)] in
low field compared with a C-6 carbon signal [8c 43.7 (d)] of 1.2 Furthermore, the 'H-'H COSY,
HMBC and NOESY spectra, which were reminiscent of those of 1, indicated the presence of an
ethoxycarbonyl group in 3. To account for its chemical shift C-2 must bear both the ethox-
ycarbonyl and the oxygen of a lactone moiety. The stereocenters at C-2 and C-15 were deduced
from observed NOE cross-peaks and J values for the "TH NMR spectrum. A large coupling con-
stant (10.1 Hz) between H-9 and H-10 indicated that these protons are nearly trans in a preferred
conformation. A molecular modeling study revealed that in this conformation, when the ethox-
ycarbonyl group is B-oriented, it is possible to bring H-3 and Me-12 within observable NOE
distance, in accord with the observed NOE. That the methylene protons of the ethoxycarbonyl
group are diastereotopic implies restricted rotation thus indicating that there exists hydrogen
bonding between this group and a nearby hydroxyl. On the basis of these combined observations
we placed the hydroxyl at C-15 and the ethoxycarbonyl in the B-face of the molecule.® Thus, the
relative structure of elisabetholide was determined as depicted in formula 3. There is no doubt
that compound 3 is not an artifact of the isolation procedure; a mixture of MeOH and CHCl;
was used for extraction of the animal, and no ethanol was used in the isolation procedure.

Amphilectolide (4),° a rare trisnorditerpene, showed IR absorption bands for olefin (1678 cm™")
and o,B-unsaturated lactone carbonyl (1745 cm™) functions. The UV (MeOH) spectrum showed
absorption at A, 217 nm (log & 3.48) indicative of conjugation. The molecular formula
C17H»40,, determined by the HREI-MS and '*C NMR (Table 1), indicated six degrees of unsa-
turation. Resonances due to four olefinic carbons [§c 125.2 (d), 128.1 (s), 134.5 (s), 165.0 (s)] and
a carbonyl carbon [§ 172.9 (s)] in the '3C NMR spectrum accounted for three double-bond
equivalents, indicating that 4 was tricyclic. The '"H NMR spectrum (Table 1) indicated resonances
corresponding to four methyls: two secondary [6y 1.04 (3H, d, /J=6.3 Hz); 1.23 3H, d, J=7.2
Hz)] and two vinyl methyl groups [§y 1.62 (3H, br d, J=0.9 Hz); 1.72 (3H, br s)], a trisubstituted
olefin [§y 5.07 (1H, br dd, J=1.2, 9.0 Hz)], and an oxymethine group [§y 4.35 (1H, d, /J=10.5
Hz)]. Analysis of the "TH-"H COSY spectrum suggested the presence in 4 of essentially the same
partial structure (A) present in elisabetholide (3) (Fig. 1). In 4, however, the signal ascribable to
the allylic proton in substructure (A) (H-3) showed further coupling to an oxymethine signal at §
4.35. Unlike those in elisabetholide, no additional spin systems were present in the '"H-'"H COSY
spectrum of 4. The gross skeleton was completed by the HMQC and HMBC spectra (Table 1).
The connectivity from C-4 to C-10 resulted from cross-peaks from H-4 to C-5 [§ 128.1, (s)] and
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C-10 [8 165.0, (s)]. The linkage from C-9 to C-10 and from C-5 to C-6 were inferred from long-
range couplings from C-10 to H-8B [§ 2.16 (m)] and H-9 [§ 2.01 (m)] and from C-5 to H-7ap [§
1.13, 1.86 (each m)] and Me-16 [§ 1.23 (d)], respectively. The carbonyl group was clearly in conjuga-
tion with a tetrasubstituted olefin on the basis of its UV absorption and the low chemical shift of
C-10. Thus, compound 4 possessed two carbocyclic rings and one butenolide ring, as in the case
of 2.3 The relative stereochemistry of 4 was deduced from NOESY correlations and J values. A
large coupling constant (/=10.5 Hz) indicated that H-3 and H-4 are trans to each other. NOEs
from H-4 to H-2a and H-11, and from H-11 to H2a showed that these protons occur on the same
face of the molecule (o). Likewise, NOEs from Me-15 to H-8a and H-9 indicated that these protons
are all g-oriented opposite H-1, which in turn gave NOE correlations to both H-3 and H-8B. As
in the case of 2, the stereocenter at C-6, isolated from the rest of the molecule by two methylenes
and the butenolide ring, was difficult to define by NOESY methods. The methyl group at C-6,
however, was confidently assigned to the a-face of the molecule (i.e. cis to H-9) based on the
NMR chemical shifts (in CDClj solution) ascribed to Me-16 [y 1.23 (d); 8¢ 17.8 (q)], which were
highly comparable to the known 2 [y 1.25 (d); 8¢ 19.3 (q)].> Further comparisons between these
data and relevant NMR data in the pseudopterosin series (including those whose structures have
been defined by X-ray methods) also suggested the C-65* relative configuration shown in struc-
ture 4. Thus, the overall relative stereochemistry for 4 was assigned as 15*,35* 45* 65* 9 R*.

Elisabetholide and amphilectolide, each possessing a new carbon skeleton from the gorgonian
coral P. elisabethae, are the first examples in nature of such structural classes. Metabolite 3 might
be biosynthesized from 1 through sequential oxidation at C-15, oxidative cleavage of the C;s—C
bond, and intramolecular esterification. Amphilectolide can be considered as deriving from an
amphilectane-based precursor by a series of oxidations and cleavages leading ultimately to the loss of
carbons C-10, C-11, and C-20 (i.e. amphilectane numbering system). Compounds 2 and 4 induced 0
and 42%, respectively, growth inhibition for Mycobacterium tuberculosis H3;Rv at a concentration
of 6.25 ug/mL.
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