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ABSTRACT: Two new steroids (1 and 2) and the known pregna-
1,4,20-trien-3-one (3) have been isolated from the Pacific octocoral
Carijoa multiflora. Compound 1 possesses a novel spiropregnane-
based steroidal skeleton. The photochemical transformation of 3 into
1 allowed the assignment of the absolute configuration at C-10 of 1.
The antibacterial activities of compounds 1 and 3 were evaluated
against a panel of bacterial strains.

Sterols found in marine invertebrates can arise from the food
chain, from biochemical modification of dietary sterols, or

from symbiotic relationships between organisms, making the
biosynthetic origin and biological function of the frequently com-
plex mixture of this structural class enigmatic.1 Despite the great
abundance of marine sterols, pregnane steroids are rare in the
marine environment, and octocorals appear to be theirmost prolific
source,2 with the 5R-pregnane nucleus bearing a vinyl side chain
the most common example.3

The search for marine natural products in benthic species from
both sides of the Isthmus of Panama4 prompted us to study the
eastern Pacific octocoral Carijoa multiflora. Our previous studies
on the chemical constituents of this species have led to the isolation
of two chlorinated pregnanes3 and a novel class of chlorinated
prostanoid.4a In this newwork we report the isolation and structure
elucidation of carijodienone (1). This new compound possesses a
novel carbon skeleton that we have named spiropregnane. This
skeleton contains a spiro[4,5]decane core derived from the A-B
ring rearrangement of a steroidal nucleus.

An acetone extract ofC. multiflora (=Telesto multiflora) collected
at Archipelago Las Perlas, Panama, yielded compounds 1 and 2,
after flash chromatography, gel filtration, andHPLC, alongwith the
known5 compound 3, previously found in Carijoa species.4a,6

Octocorals of the genusCarijoa (Cnidaria: Anthozoa:Octocorallia:
Alcyonacea: Clavulariidae)7 have proven to be a source of cytotoxic
amides,8 cytotoxic sterol glycosides,9 and the enzyme inhibitory
punaglandins,10,11 in addition to pregnane steroids.2b,6 C. multiflora
is a common nonzooxanthellate octocoral from the Pacific coast of
Panama usually found with polyps expanded during the day in
sheltered and shaded crevices or in shallow caverns covering
basaltic and coralline substrata. Microscopic examination con-
firmed the absence of endosymbiotic algae in tissues from the
collected specimens.

Compound 1 was isolated as a colorless oil with a molecular
formula of C21H28O, as determined by the [M]þ peak at 296.2162
in the HREIMS spectrum, indicating eight degrees of unsaturation.
Its NMR spectra acquired in C6D6 provided better dispersion than
in CDCl3, avoiding overlapped key signals. The 13C NMR
spectrum of 1 (Table 1), together with the information from a
DEPT spectrum, showed the presence of 21 carbon signals
assigned to two methyls (one olefinic), seven methylenes (one
olefinic), eight methines (four olefinic), and four nonprotonated
carbons (one carbonyl and one olefinic). The IR absorption at
1660 cm-1 is consistentwith an unsaturated carbonyl group, which
combined with the aforesaid information suggested a tetracyclic
molecule.

The 1HNMR spectrum of 1 exhibited two singlet methyl signals
atδ 0.44 and 1.46 ppm and six olefinic protons. Although theNMR
data suggested a C21-pregnane with a vinyl side chain, the presence
of an olefinic methyl group in this skeleton raised some doubts
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about whether themolecule was indeed a pregnane steroid. Thus, a
careful 2D NMR spectroscopic analysis was undertaken.

The similarity of the resonances of theC/D ring carbon atoms to
those of the pregnane congener 3,5 also isolated in this work, the
COSY spin system observed from H-17 through H-8, and the
HMBC correlations of H-17/C-18, C-20 confirmed the C/D rings
with a vinyl side chain attached at C-17. Mutual 1H NMR
J-coupling and aCOSY correlation located two vicinal sp2methines
at δC 153.0 (C-1) and 127.3 (C-2) ppm. The presence of a cross-
conjugated ketone (δ 185.2, C-3) and a quaternary carbon
characteristic of a spirocarbon at δ 51.9 (C-10) in the A-ring were
established by the following HMBC correlations: H-1/C-3, C-5,
C-6, C-10; H-2/C-4, C-10; and H-4/C-19, C-10. Finally, the
HMBC cross-peaks of H-6/C-9, C-10 allowed the connection of
ringA to theC/D ring system, and aCOSY correlation ofH2-6 and
H2-7 together with the HMBC correlation of H2-7 with C-8
established a spiro[4,5]decane moiety in a pregnane scaffold,
allowing us to disclose the planar structure as depicted in 1.

A 2D NOESY experiment established the relative configuration
of the spirocarbon as well as the remaining stereogenic centers of
the steroidal nucleus as shown in Figure 1. The NMR chemical
shifts of C-18 (δH 0.44, δC 13.2) suggested that Me-18 was β and
that rings C/D were trans fused, which was corroborated by NOE.

A NOESY experiment of 1 acquired in C6D6 showed spatial
correlation of H-1 with both a multiplet constituted by H2-11
and H-7b and a multiplet constituted by H-6b and H-8. The
energy-minimized conformation12 of 1 indicates that only H-11β
from the first multiplet is at a suitable interatomic distance (2.238 Å)
to give a NOE with H-1. Hence, the correlation between H-1
and H-8 of the second multiplet justifies the strong NOE
observed. This rationale was reinforced by the NOE observed
between H3-19 and H-9, allowing us to assign a relative R*
configuration for C-10 as represented in Figure 1.

Spirodienones have been obtained by irradiation of various
bicyclohexadienones.13 Earlier work published in 1966 provided
the configurational assignment of the spirocarbons in the dienones
5 (10R) and 7 (10S), which are photochemically14 derived from
the epimeric dehydrotestosterone acetates 4 and 6, respectively
(Figure 2). On the basis of this work, we could confirm the
configuration of compound 1 by phototransformation of com-
pound 3, using a mercury lamp, to obtain a spiro[4,5]dienone that
was identical to compound 1 in all respects.15 Since the absolute
configuration of 3 has been determined,5 we could, therefore,
establish the absolute configuration of 1 as 8S, 9S, 10R, 13R, 14S,
17R. Compound 3 is highly stable, and spontaneous phototrans-
formation to yield 1 has never been observed under laboratory

Table 1. 1H NMR [500 MHz] and 13C NMR [125 MHz ] Data for Compounds 1 and 2

carijodienone (1)a 2b

position δC, mult. δH (J in Hz) δC, mult. δH (J in Hz)

1 153.0, CH 6.17, d (10.4) 155.9, CH 7.04, d (10.0)

2 127.3, CH 6.27, dd (1.9, 10.4) 127.5, CH 6.22, dd (1.9, 10.5)

3 185.2, C 186.4, C

4 129.5, CH 6.28, brs 123.8, CH 6.06, s

5 160.6, C 169.3, C

6 35.0, CH2 a: 1.57, m 32.9, CH2 a: 2.45, ddd (6.2, 13.8, 13.8)

b: 1.32, m b: 2.35, ddd (2.4, 3.8, 13.5)

7 30.2, CH2 a: 1.54, m 33.7, CH2 a: 1.96, m

b: 0.89, m b: 1.04, m

8 42.3, CH 1.31, m 35.4, CH 1.65, m

9 56.3, CH 1.11, ddd (4.8, 11.8, 11.8) 52.5, CH 1.06, m

10 51.9, C 43.6, C

11 21.7, CH2 R: 0.96, m 22.8, CH2 a: 1.74, m

β: 0.92, m b: 1.57, m

12 37.3, CH2 a: 1.50, ddd (3.5, 3.5, 12.6) 38.9, CH2 a: 1.85, ddd (3.3, 3.3, 12.9)

b: 0.64, ddd (5.4, 12.6, 12.6) b: 1.25, m

13 44.8,C 42.5, C

14 55.5, CH 0.71, ddd (7.6, 10.8, 12.8) 54.8, CH 1.00, m

15 25.2, CH2 a: 1.50, m 25.3, CH2 a: 1.77, m

b: 1.15, dddd (5.8, 5.9, 12.2, 18.1) b: 1.55, m

16 27.7, CH2 a: 1.78, m 24.4, CH2 a: 1.70, m

b: 1.50, m b: 1.57, m

17 54.9, CH 1.85, dd (8.8, 16.7) 54.8, CH 1.57, m

18 13.2, CH3 0.44, s 12.5, CH3 0.70, s

19 18.9, CH3 1.46, s 18.7, CH3 1.21, s

20 139.7, CH 5.75, ddd (7.3, 10.4, 17.0) 72.7, CH 4.83, dq (12.4, 6.2)

21 115.2, CH2 5.07, m 19.9, CH3 1.14, d (6.2)

COCH3 170.4, C

COCH3 21.5, CH3 2.01, s
aNMR data recorded in C6D6.

bNMR data recorded in CDCl3.
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conditions (room temperature and long exposure to sunlight).
Therefore, carijodienone (1) is suggested to be a de novo com-
pound produced by C. multiflora.

Compound 2was isolated as a colorless oil with am/z 356.2328
corresponding to a molecular formula of C23H32O3, indicative of
eight degrees of unsaturation. The NMR data of 2 (Table 1)
resemble those of the known compound 3 (Table S1, Supporting
Information), with the primary difference being a saturated side
chain bearing a secondary acetate group at C-20 (δH 4.83 dq, J =
12.4, 6.2 Hz; δC 72.7 ppm) instead of the vinylic side chain of
compound 3. The planar structure of compound 2 was confirmed
by COSY, HSQC, and HMBC experiments.

The relative configuration of 2was assigned on the basis of a 2D
NOESY experiment. The C-5/C-10, C-8/C-9, and C-13/C-14
trans-fused ring junctions were established by NOE correlations of
H-8 with H3-18 and H3-19. The NOEs observed between H3-18
andH-20 indicated a β-disposition for the side chain, and the NOE
observed between H3-21 and H-16β indicated a 20R* relative
configuration (Figure 1).

Carijodienone 1 was revealed to be a unique 6(5-10)-abeo-
pregnane having a spiro[4,5]decane core and a vinylic unit as side
chain. Structurally related compounds 5 and 7-10 are all derived
from steroidal substrates. However, while compounds 5 and 7 are
examples of the known photochemical conversion of a cross-
conjugated cyclohexadienone into a spiro[4,5]decane system, in
compounds 9 and 10 this motif is originated by biotransformation
of an exogenous steroidal substrate using microalgae.16,17 There-
fore, although the well-known photochemical mechanisms18 that
involve the cyclohexadienone f spiro[4,5]decane rearrangement
could explain the genesis of 1 from the naturally occurring 3 in C.
multiflora, enzymatically induced mechanisms should not be dis-
counted. The formation of the conjugated 6(5-10)-abeodienone
system of 1 from a parent sterol skeleton may occur prior to
steroidogenesis because 8, a compound isolated from the soft coral
Nephthea chabrolii,19 possesses a steroidal network with a full side
chain and embodies the same spiro[4,5]decane subunit as 1.
Compound 1 is a unique spiropregnane that has been found in a
living organism.

Compound 3 was found to be practically inactive (MIC values
over 40 μg/mL) against all bacterial strains under study. However,
1 caused a significant growth rate decrease in the ranges 6-8 and
5-10 μg/mL against B. cereus and K. pneumoniae, respectively, but
this effect seems to diminish as the concentration of the compound
increases.

’EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
measured on a Perkin-Elmer model 343 Plus polarimeter using a Na lamp
at 25 �C. IR spectra were recorded on a Perkin-Elmer 1650/FTIR
spectrometer. UV spectra were recorded on a Varian Cary E1 UV-visible
spectrophotometer. 1H NMR and 13C NMR, HSQC, HMBC, and COSY
spectra were measured employing a Bruker AMX 500 instrument operat-
ing at 500 MHz for 1H NMR and at 125 MHz for 13C NMR. All 13C and
1H NMR spectra were internally referenced to the residual solvent signal
(CDCl3: δC 77.0 ppm, δH 7.25 ppm; C6D6: δC 128.0 ppm, δH 7.16 ppm).
Two-dimensional NMR spectra were obtained using the standard Bruker
software. EIMS and HRMS data were obtained on a Micromass Autospec
spectrometer. HPLC separations were performed on an Agilent 1200
Series Quaternary LC system using a Jaigel-Sil-043-10 semipreparative
column (10 μm, 20� 250 mm) eluted with hexane-EtOAcmixtures and
a Jaigel GS-300 column (10 μm, 20� 500 mm) eluted with MeOH. The
gel filtration column (Sephadex LH-20) used hexane-MeOH-CH2Cl2
(3:1:1) as solvent. The spray reagent for TLC was H2SO4-H2O-AcOH
(1:4:20).

Figure 1. Selected NOEs for compounds 1 and 2.

Figure 2. Photochemical transformation of 3, 4, and 6 into the 1, 5, and
7 6(5-10)-abeosteroids, respectively.
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Biological Material. Carijoa multiflora was collected by scuba
diving off Archipelago Las Perlas, Panama, at-15 m. A voucher specimen
has been deposited at the Smithsonian Research Institute (Panama) under
code CJm09.
Extraction and Isolation. A fresh sample of C. multiflora (932 g)

was extracted in acetone (3 � 500 mL). The acetone extracts were
combined and concentrated in vacuo to afford 61.5 g of a dark brown
gum.The extractwas partitioned betweenH2O(400mL) andEtOAc (3�
200 mL). The EtOAc fraction was evaporated under reduced pressure
(18.3 g) and chromatographed on a silica gel column using a gradient from
100% hexane to 100% EtOAc. The fraction eluted with hexane-EtOAc
(8:2) contained a mixture of steroidal compounds (1.2 g). Gel filtration
chromatography afforded two fractions, which were further purified by
HPLC. Pure compound 1 (2.6 mg) along with the known 35 (95.0 mg)
were obtained after HPLC of fraction A4 (125.5 mg, Jaigel-Sil-043-10
column, hexane-EtOAc (85:15), 5.0 mL/min), whereas compound 2
(2.6 mg) was purified after HPLC of fraction A9 (50.4 mg, Jaigel GS-300
column, 100% MeOH, 5.0 mL/min).
Carijodienone (1):. colorless oil; [R]20D-11.5 (c 0.26, CH2Cl2); IR

(film) νmax 1660, 1620 cm
-1; UV (MeOH) λmax (log ε) 285 nm (2.77);

1H and 13C NMR recorded in C6D6, see Table 1;
1H and 13C NMR in

CDCl3, see Table S1; EIMS m/z 296 [M]þ (91), 227 (73), 121 (100),
91 (48); HREIMS [M]þm/z 296.2162 (calcd for C21H28O, 296.2140).
Compound 2:. colorless oil; [R]20D þ39.3 (c 0.28, CH2Cl2); IR

(film) νmax 1727, 1654 cm
-1; 1H and 13C NMR in CDCl3, see Table 1;

EIMS m/z 356 [M]þ (2), 296 [M - C2H4O2]
þ (14), 175 (21), 122

(100), 91 (28), 55 (22); HREIMS [M]þ m/z 356.2328 (calcd for
C23H32O3, 356.2351).
Pregna-1,4,20-trien-3-one (3):. amorphous solid; [R]20D þ35.5 (c

2.0, CH2Cl2) (lit.
5 [R]20D þ36.9 (c 1.0, CHCl3), lit.

6 [R]20D þ36.0 (c
0.23, CHCl3));

13C NMR in CDCl3, see Table S1.
Photochemical Interconversion of Compound 3 into

Carijodienone (1) (ref 13). A solution of dienone 3 (80.0 mg,
0.27 mmol) in 3.0 mL of dioxane was irradiated with a Hanovia medium-
pressuremercury lamp for 2.5 h. The solvent was removed in vacuo, and the
residue chromatographed by HPLC (Jaigel-Sil-043-10 column, gradient
from 100% hexane to hexane-EtOAc (85:15) for 40 min, then isocrati-
cally in hexane-EtOAc (85:15), 5.0 mL/min) to give 8.0 mg (10% yield)
of carijodienone (1). Synthetic 1: [R]20D -31.3 (c 0.80, CH2Cl2). See
Supporting Information for comparison of 1H NMR spectra.
Antibacterial Activity. Antibacterial activity was determined by

the broth macrodilution method against the following strains: Staphylo-
coccus aureus, Salmonella sp., Escherichia coli, Bacillus cereus, Enterococcus
faecalis, Klebsiella pneumoniae, and Proteus mirabilis.

Briefly, bacterial strains were grown aerobically at 28 �C in tryptic soy
broth (TSB) for 16-20 h in an orbital shaker. A set of tubes with different
concentrations of compounds 1 and 3 prepared in TSB were next
inoculated with the microorganisms ((1-5)� 105 colony forming
units/mL) and incubated overnight. Broth tubes that appeared turbid
were indicative of bacterial growth, while tubes that remained clear
indicated no growth. The MIC, defined as the lowest concentration of
inhibitory compound at which no growth was observed, was evaluated in
triplicate for each compound (within the range 1-40 μg/mL). Cultures
prepared under the same conditions but without compounds and
cultures with the same proportions of DMSO (<1%) were used as
controls. The growth of broth tubes without turbidity was further
examined by counting the viable cells on tryptic soy agar (TSA) plates.
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