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Iso-echinofuran (3) and 8,9-dihydro-linderazulene (4) are inhibitors of mitochondrial respiratory chain. 
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Abstract: Chemical analysis of the secondary metabolite pattern of the gorgonian 

Echinogorgia complexa, collected along South Indian coasts, showed the presence of two new 

tricyclic guaiane furanosesquiterpenes 3 and 4 co-occurring with the known echinofuran 5, 

which are structurally related to the pigment linderazulene 1. The unprecedented molecules 3 

and 4 were characterized by spectral methods, mainly by NMR techniques. Compounds 3-5 

displayed moderate activity in the mitochondrial respiratory chain inhibition assay. 
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Azulene sesquiterpenes are typical secondary metabolites of marine octocorals of the order 

Gorgonacea.1-11 Most of them are responsible of the brilliant colors of gorgonians and in 

addition various bioactivities including cytotoxic, antimicrobial, antifungal, 

immunostimulatory and cell division inhibitory properties have been reported for azulene 

sesquiterpenes.7,8,10 The two members of this class that have been isolated from marine 

organisms are linderazulene (1)1,3,5 and guaiazulene (2),2,3,10,12 previously reported from 

terrestrial sources.13,14 Subsequently, several related sesquiterpenes have been found in 

gorgonian species belonging to different genera (Paramuricea, Acalycigorgia, Bebryce, 

Echinogorgia, Pseudopterogorgia).3-11,15,16 Guaiane azulenes have been found to be quite 

labile and easily decomposable on exposure to air and light during the work-up. A photo 

artifact from linderazulene (1) has been also reported.17 

In this paper we describe the isolation, structure elucidation and biological activity of two new 

hydrogenated linderazulene derivatives designated as tricyclic furanosesquiterpenes 3 and 4, 

co-occurring with the known echinofuran 58 in the gorgonian Echinogorgia complexa Nutting 

collected from subtidal regions of West Indian coasts (Goa). 

Although previous studies on E. complexa showed a strong antifouling activity of the 

alcoholic extract prepared from this species,18,19 but no active compounds were reported so 

far. 

INSERT FORMULAE 1-6 

A sample of the gorgonian E. complexa (dry weight 54 g) was collected in December 2005, 

immediately frozen at -20 °C and subsequently transferred to ICB for the chemical studies. 

The frozen animal was extracted exhaustively with acetone (4x200 mL). The Et2O soluble 
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fraction of the acetone extract was concentrated under reduced pressure to furnish a residual 

orange oil (600 mg), which was analyzed by TLC chromatography (light petroleum 

ether/diethyl ether in different ratio) showing mainly the presence of sterols and lipids. The 

less polar part of the extract was found to contain three yellow spots between Rf 0.35-0.55 (n-

hexane). The extract was then purified on a silica-gel column (petroleum light ether with 

increasing amount of diethyl ether) to obtain the mixture of yellow components (18 mg). A 

preliminary NMR analysis of this mixture suggested the presence of furano-sesquiterpenes, 

and subsequent comparison with available literature data indicated that these three compounds 

were related to linderazulene type of structural framework. This fraction was further purified 

on a semi-preparative silica-gel plate, using n-hexane as eluent, to afford echinofuran (5, 1.0 

mg) and two novel compounds named as iso-echinofuran (3, 0.7 mg) and 8,9-dihydro-

linderazulene (4, 0.7 mg) in order of increasing polarity. 

(-)-Echinofuran (5) was identified by comparison of 1H-NMR , mass spectral data and []25
D 

with the literature values.8,20 The 13C-NMR values of 5, not previously assigned, were also 

assigned by performing 2D-NMR experiments.21 Due to high susceptibility of these 

molecules in chloroform, NMR analysis of 5 was carried out in deuterated benzene. 

Compounds 3 and 4, structurally related to 5, were also analyzed in the same manner.  

Compound 322 had a molecular formula C15H18O, which was determined by HR-APCIMS 

giving a pseudo-molecular ion [M+H]+ m/z 215.1431, and 13C-NMR spectrum (Table 1). The 
1H-NMR spectrum of 3 showed strong analogies with that of echinofuran (5), differing only 

from this are the presence of two additional signals, an aliphatic methine proton ( 2.35, m, 

H-7a) and an olefinic proton ( 6.33, bs, H-9), which replaced the methylene group H2-9 

resonating at  3.59 (1H, bd, J=17.8 Hz, H-9) and 3.02 (1H, d, J=17.8 Hz, H-9) in 5. The 13C-

NMR spectrum showed signals attributable to seven sp3 carbons (two vinyl methyls at  7.8 

and  22.2; three methylenes at  28.6, 29.8 and 32.0; two methine carbons at  50.9 and 45.9) 

and eight sp2 carbons attributable to four double bonds: two tri-substituted ( 136.0, 121.8, 

137.3 and 116.8), a tetra-substituted ( 149.0 and 120.0), and an exocyclic double bond ( 

105.6 and 156.1). These data indicated that compound 3 was an isomer of 5, with a double 

bond at C-8/C-9 position instead of a double bond at C-7a/C-8. The relative stereochemistry 

of A,B-ring junction of 3 was suggested to be cis, the same as the related bebryazulene (6) by 

comparing the carbon values of 5-membered ring of both compounds,11 that were similar. 

Unfortunately, 3 degraded before recording nOe difference experiments, which had been 

planned to confirm this suggestion. The proton and carbon values of 3 were assigned by 2D- 

NMR experiments (Table 1). 

 

INSERT TABLE 1 

 

The molecular formula C15H16O of compound 423 was determined by HR-APCIMS which 

gave a pseudo-molecular ion [M+H]+ m/z 213.1520 and 13C-NMR values (Table 1). The 1H-

NMR spectrum displayed olefinic signals at  6.75 (1H, s, H-4) and 6.02 (2H, bs, H-6 and H-

7), a singlet at  6.77 due an -furan proton (H-2), two double doublets at  2.82 (1H, dd, 

J=16.4, 2.9 Hz, H-9) and 2.66 (1H, dd, J=16.4, 9.4 Hz, H-9) attributed to a methylene coupled 



to a methine at  2.83 (1H, m, H-8), which was further correlated to a secondary methyl signal 

resonating at  1.08 (3H, d, J=6.8 Hz, H3-12), and finally two methyl broad singlets occurring 

at  1.73 (H3-10) and 2.06 (H3-11). The 13C-NMR spectrum contained signals due to ten sp2 

carbons according to the presence of an additional unsaturation with respect to compound 3 

(Table 1). Careful comparison of spectral data of 4 with those of linderazulene-related 

compounds1,5,7,8,11 suggested that it was a dihydro-linderazulene. A series of 2D-NMR 

experiments (1H-1H COSY, HMQC, HMBC) led to the assignment of structure 4 and fully 

satisfying with assigned values of proton and carbon signals (Table 1).  

Interesting biological activities have been reported in the literature for several guaianoid 

azulene metabolites.7,8,10 In particular, echinofuran (5) was found to inhibit cell division of 

fertilized sea urchin eggs.8 Compounds 3-5, isolated in the present study, have been tested in 

the mitochondrial respiratory chain assay. They displayed a moderate activity for the 

inhibition of the integrated electron transfer chain (NADH oxidase activity) in beef heart sub-

mitochondrial particles (SMP).24 IC50 values were 4.3 ± 0.15 M, 2.5 ± 0.04 M and 2.2 ± 

0.31 M for compounds 3, 4 and 5 respectively, whereas full inhibition of rotenone sensitive 

NADH oxidase activity was achieved at approximately 2 µM. 25 
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