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Bebryazulene (1), a new sesquiterpene having the guaiane skeleton, was isolated from the methanol-
chloroform 1:2 extract of the Indian Ocean gorgonian coral Bebryce grandicalyx (Kuekenthal) collected
in the lagoon of Mayotte. Structure assignment was based on interpretation of spectroscopic data. This
new metabolite was very labile and reacted with 4-phenyl-3H-1,2,4-triazoline-3,5-dione to yield an
unexpected adduct.

Guaiazulene and related sesquiterpenes are recognized
metabolites of some species of gorgonian.1-11 Most of these
compounds are part of the origin of the brilliant colors of
tropical marine gorgonians, including many shades of blue.
Some of them are extremely sensitive when exposed to light
and air during normal laboratory operations. Two of the
more resistant compounds were first identified as guaia-
zulene1 and linderazulene.2 The former compound has
been isolated from a gorgonian for the first time from a
Japanese specimen of the gorgonian Euplexora erecta, while
the latter was isolated from the gorgonian Paramuricea
chamaelon, collected in the sea of Marmara near Istanbul,
both from shallow waters. They were also isolated at the
same time from a deep sea gorgonian, family Paramuri-
ceidae, collected in Hawaiian waters.3 Three other azu-
lenes, a halogenated azulene,4 a new ketolactone lindera-
zulene, ehuazulene,5 the origin of a yellow pigment, and a
nitrogenous azulene derivative,6 were also isolated. 2,3-
Dihydrolinderazulene7 was obtained from Acalycigorgia sp.
and a tetrahydrolinderazulene, echinofuran,8 from Echi-
nogorgia praelonga (Ridley), both Japanese specimens. The
two new condensed guaiazulenoid pigments gorgiabisazu-
lene and gorgiaallylazulene were also isolated from the
same genus.9 Recently, 11 new sesquiterpenes having the
guaiane skeleton were isolated from the Caribbean gorgo-
nian coral Pseudopterogorgia americana (Gmelin) collected
in Puerto Rico.10,11

In the course of our continuing study of biologically active
metabolites from marine invertebrates in the lagoon of
Mayotte,12 Comoros islands, northwest of Madagascar in
the Indian Ocean, we investigated the lipophilic extract of
the gorgonian Bebryce grandicalyx (Kuekenthal). In this
paper, we describe the isolation and structure elucidation
of a new guaiane metabolite from this gorgonian B.
grandicalyx.

A specimen of B. grandicalyx was collected at a depth of
50 m at Prevoyante Reef in the lagoon of Mayotte. The
CHCl3-MeOH (2:1) extract of the gorgonian was found to
contain a new sesquiterpene (5% yield), named bebryazu-
lene.

The new sesquiterpene 1 showed a pseudomolecular ion
at m/z 215 (M + H)+(100) in the CI mass spectra, which
indicated a formula of C15H18O with seven degrees of
unsaturation. The 13C NMR spectrum (Table 1) showed

signals for 15 atoms, including eight sp2 carbons, suggest-
ing 1 to have four double bonds in a tricyclic sesquiterpene
system. Two double bonds were exomethylene (δC 112.8,
149.4, and 105.9 t, 156.7 s), and the two others (δC 119.0,
145.2, and 120.6 s, 136.0 d) were indicated to be part of a
furan ring. The presence of a furan ring was also sup-
ported by IR absorptions at 1100, 1137, and 3070 cm-1,
the UV spectrum in MeOH at λmax 230, and an 1H NMR
signal at δH 7.10 s (H-12).

The structures of the two other rings, one five membered
and one seven membered, were determined by HMBC and
H/H COSY correlations as indicated in Table 1. The five-
membered ring unit was deduced to be a 4-methylenecy-
clopentane residue. Two methylene groups of the cyclo-
heptane unit were directly attached to the furan ring: one
to the oxygen bearing quaternary and the other to the olefin
carbon signal at δC 119.0. Finally, position of the second
exomethylene group was deduced to be in 10, which was
confirmed by HMBC correlations. This sequence estab-
lished the cycloheptane unit and confirmed that furan-
oguaina-4(15),10(14)-diene was a tricyclic sesquiterpene.
The stereochemistry of 1 was found to be cis, as indicated
by an NOE between H-1 and H-5 (4.7%). This structure
was unequivocally confirmed by additional NOE’s observed
between H-6 and H-15b (2.8%), H-6 and H-13 (2.8%), H-5
and H-6 (1.6%), H-1 and H-9b (2.5%), H-9a and H-14a
(1.5%), and H-9a and H-9b (5.5%).

The spontaneous reaction of 1 with a reactive dienophile
such as 4-phenyl-3H-1,2,4-triazoline-3,5-dione yielded an
unexpected adduct 2 in which H-12 disappeared. The

molecular ion m/z 389 [MH+] in the FABMS, which
indicated a formula of C23H23N3O3, suggested the formation
of an adduct, but the presence of two fragments at m/z 213
(85%) and m/z 176 (52%) indicated a proton transfer from
the sesquiterpene (H-12) to the dienophile moiety. Long-
range CH correlations, observed in an HMBC experiment,
confirmed the structure of 2, showing among others the
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correlation between the amido proton and the correspond-
ing amido carbon.

Experimental Section

General Experimental Procedure. IR spectra were
recorded on a Nicolet 205 FT-IR spectrophotometer. UV
spectrum was taken on Unikom 931 spectrophotometer. CI
mass spectrum was recorded on a Fisons Autospec Q instru-
ment. 1H and 13C NMR spectra were recorded on Bruker
AMX-360 and ARX-500 spectrometers. All chemical shifts are
reported with respect to TMS (δH ) 0) and C6D6 (δC ) 128).

Biological Material. B. grandicalyx (Kuekenthal) (family
Plexauridae) was collected at Prevoyante Reef, Lagoon of
Mayotte, Comoros islands, by scuba at a depth of 50 m during
April 1995. A voucher sample is deposited at the Forschun-
ginstitut und Naturmuseum Senckenberg, Frankfurt am
Main. The freeze-dried gorgonian was homogenized and
extracted with MeOH-CHCl3 1:2 (200 mL × 5) to give a brown
gum (6.5 g) after evaporation.

This crude extract (120 mg) was subjected to partition by
the method of Kupchan et al.13 The petroleum ether fraction
(50 mg) was chromatographed several times on Si gel columns,
eluting with hexane-EtOAc mixtures to afford the labile
bebryazulene 1 (Rf value 0.8, EtOAc-hexane 1:3).

Bebryazulene 1: unstable oil; IR νmax (neat) 3080, 2925,
2850, 1640, 1440, 1420,1400, 1137, 1100, 890 cm-1; UV
(MeOH) λmax 230 (ε 5890), 279 nm (ε 1113); 1H and 13C NMR,
see Table 1; CIMS m/z (M + H)+ 215 (100), 183 (10), 169 (24),
155 (32), 103 (46). Unfortunately, compound 1 decomposed
before optical rotation and high-resolution MS could be
obtained.

Triazolinedione Adduct of Bebryazulene (1). Com-
pound 1 (2.0 mg) was dissolved in CCl4 (1.0 mL), and 4-phenyl-
3H-1,2,4-triazoline-3,5-dione (5.0 mg) was added to give a
spontaneous reaction yielding compound 2: 1H NMR δ 7.38 d
(2H), 7.25 t(2H), 7.14 t (1H), 6.15 brs (NH), 4.79 s (1H), 4.74
s (1H), 4.71 s (1H), 4.67 s (1H), 3.24 brs (2H), 2.80 m (1H),
2.76 m (1H), 1.71 s (3H); 13C NMR δ 177 (carbonyl); HMBC
HN/CO; FABMS m/z 389 (M+, 100), 286 (75), 228 (60), 213
(C15H17O, 85), 176 (C8H6N3O2, 52).
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Table 1. 1H NMR (500 MHz) and 13C NMR (125 MHz) Data Including H-H and C-H Correlations of Bebryazulenea

position δH, ppm, mult J, Hz δC, ppm HMBC (C to H) COSY (1H-1H)

1 2.90, tq 1.8, 8.5 49.5, d 2a, 6a, 6b, 9a, 9b, 14a, 14b 2a, 2b, 5
2a 1.96, m 28.1, t 1,3a, 3b, 5 3a, 3b
b 1.80, m

3a 2.45, m 32.7, t 2a, 2b, 5, 9a, 9b, 15a, 15b 2a, 2b
b 2.35, m 15a,15b
4 156.7, s 2a, 3a, 5, 6a, 6b, 15a, 15b
5 3.05, dt 6.2, 8.5 47.6, d 1, 2a, 6a, 6b, 15a, 15b 6a, 6b

6a 2.50, m 25.4, t 1, 5 5
b 2.50, m
7 119.0, s 5, 6a, 6b, 9a, 9b, 12, 13b

8 145.2, s 6a, 6b, 9a, 9b, 12
9a 3.75, d 15.2 36.4, t 14a, 14b
b 3.45, d 15.2

10 149.4, s 1, 2b, 9a, 9b, 14b
11 120.6, s 6a, 6b, 12, 13b

12 7.10, s 136.0 d 13
13 1.98, s 8.1, q 12

14a 5.10, s 112.8, t 1, 9a, 9b
b 5.00, s

15a 5.20, s 105.9, t 4, 5
b 5.15, s

a Bruker ARX 500 instrument, chemical shifts refer to TMS (δH ) 0) for 1H NMR and to C6D6 (δC ) 128) for 13C NMR. b These correlations
were confirmed by an INAPT experiment.
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