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TWO NEW SESQUITERPENE ISOTHIOCYANATES FROM THE 
MARINE SPONGE ACANTHELLA KLETHRA 

GABRIELE M. KONIG, ANTHONY D. WRIGHT, k o  STICHER, 

Department of Pharmacy, Swiss Federal Institute of Technology (ETH) Zurich, CH-8092, Ziirich, Switzerland 

and FRANK R.  FRONUEK 

Department of Chemistry, huisiana State Uniwrsity, Baton Rouge, huisiana 70803-1 804 

ABsmcr.-From the lipophilic extract of the marine sponge Acantbella kktha, two new 
sesquiterpene isothiocyanares have been isolated and characterized as (lR,5R,6R,SS)- 
dec[4.4.0bne- 1,5dimethyl-8-( 1 ‘-methylethenyl)-5-isothiocyanare 111 and ( l R ,  5R ,6R,8R)- 
decf4.4.0)ane- 1,5dimethyl-8-( l’-methylethenyl)-5-isothiocyanate 121. The structures of 1 
and 2 were deduced from X-ray and spectroscopic (nmr, ir, and ms) data. 

Sponges of the genus Acantbella have previously been shown to be rich sources of 
terpenes having various nitrogen-containing functionalities ( 1,2). On our recent col- 
lecting trip to the Great Barrier Reef, Australia, we were able to collect a species from 
this genus, the bright orange sponge Acanthella kletha Pulitzer-Finali (Axinellidae). 
The lipophilic extract of our sample of this sponge yielded two new sesquiterpenes 1 
and 2 and three previously reported sesquiterpenes 3 (3), 4 (3), and 5 (4). Each of the 
compounds contained either an isonitrile or an isothiocyanate moiety. 

RESULTS AND DISCUSSION 

The CH,C12 solubles obtained from the freeze-dried sponge A.  kletha were frac- 
tionated by vlc using Si gel. The fraction that eluted with pure hexane was further pu- 
rified by hplc on normal phase silica. From this separation we obtained the previously 
reported sesquiterpenes 3 (3), 4 (3), and 5 (4) as well as very minor amounts of two new 
sesquiterpenes, 1 and 2. 

Compound 1 had the molecular formula C16H2,SN as deduced by ms. The ir spec- 
trum indicated the presence of an isothiocyanate function (2 140 cm- *); this contention 
was supported by peaks at m/z 230, 205, and 204 in the mass spectrum of 1 for 
{M - HS)+, (M - SCN)+, and {M - HSCNI+, respectively, accounting for two of the 
degrees of unsaturation implied by the molecular formula. Further, the presence of two 
resonances in the 13C-nmr spectrum of 1 for an exo-methylene group E 146.1 (s), 11 1.3 
(t) ppm) and the absence of any further sp2 resonances indicated 1 to be a bicyclic 
molecule. From the ‘H-’H COSY spectrum it was possible to elaborate two major pro- 
ton spin systems, fragments 1 and 2 (Scheme 1). Remaining after the ‘H-’H spin anal- 

11 11 

1 2 

The numbers in brackets are used for systematic naming 
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CH3 

H3C’ ‘CH3 H3C’ ‘CH3 

ysis were two tertiary methyl groups, two quaternary carbons, and an isothiocyanate 
function, which required assignment. Clearly from the 13C-nmr data the carbon with 
resonance at 65.0 (s) ppm must bear the isothiocyanate. As we had no evidence for a 
gem-dimethyl grouping it was evident that each tertiary methyl group must reside on 
separate quaternary carbons, giving rise to fragments 3 and 4 (Scheme 1). The four 
elaborated fragments (Scheme 1) can combine in a number of ways, but when the 13C- 
nmr data for 1 were compared with those for other compounds containing similar struc- 
tural elements (5,6) it was clear that 1 had a eudesmane carbon skeleton. The four c h i d  
centers within 1 were assigned from the results of nOe experiments and from 13C-nmr 
and ‘H-nmr literature comparisons. Thus, the ring junction was assigned as trans on 
the basis of the 13C-nmr chemical shifts for C-5 and C- 10 (5-7) as well as the absence of 
an observable nOe between the C- 15 methyl group protons and the proton at C-5. The 
remaining two centers, C-4 and C-7, were proposed on the basis of literature compari- 
sons of 13C-nmr and ‘H-nmr data for compounds containing comparable stereocenters. 
Thus, the stereochemistry at C-4 was deduced from comparisons made with data pre- 
sented by Nanayakkara et af. (8) for a series of hydroxylated eudesmane derivatives, 
while that for C-7 was suggested as the opposite of that proposed by Nanayakkara et af. 

CH3 

SCHEME 1 
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(8) and Bagchi et al. (9) on the basis of the 10 ppm difference in the chemical shift for C- 
7 in the comparable compounds. 

As 1 was crystalline, we undertook a single crystal X-ray crystallographic analysis 
of it. The results of this investigation (see Figure 1 and Experimental) not only proved 
our original deductions to be correct but also allowed us to deduce the absolute 
stereochemistry for 1. Compound 1 is systematically named (lR,5R,6R,8S)- 
decE4.4.0)ane- 1,5-dimethyl-8-( l'-methylethenyl)-5-isothiocyanate. It must be noted 
at this point that the numbering system used for the naming of 1 is different from that 
used in discussing and reporting experimental details for 1. The reason for this is that 
there appears to be some precedent for the numbering of this type of skeleton in a non- 
systematic way (5,6).  

P ?  0 

C13 

FIGURE 1. The molecular structure of 1. 

Compound 2 had the molecular formula C16H,,SN by ms. Three of the five degrees 
of unsaturation implied by the molecular formula were accounted for by an isothiocya- 
nate moiety (2065 cm-', EM - HS]+, [M - SCN]+> and an em-methylene grouping 
1149.9 (s), 108.6 (t) ppm], indicating 2 to be bicyclic. Comparison ofall the spectro- 
scopic data for 2 with those for 1, and the results ofa 2D 'H-'H COSY and a proton-de- 
tected 2D long range ( /= 10 Hz) 'H-13C COSY (HMBC) experiment (Table l), re- 
vealed that the two molecules were very similar. Further, from detailed comparison of 
the two sets of 13C- and 'H-nmr data with 2D n m r  data for 2, it was possible to con- 
clude that the two molecules were virtually identical except in the region ofC-8 to C-5. 
This observation indicated that the stereochemistry at either C-5 or C-7 or at both cen- 
ters was different in 2 from that in 1. Further comparisons of the 13C-nmr data for 2 
with those for compounds containing similar structures (8-10) clearly revealed the dif- 
ference between 2 and 1 to be only at C-7; in 2 the olefinic side chain is p. Compound 2 
is thus ( lR, 5R, bR,8R)-dec{4.4.0]ane- 1,5-dimethy1-8-( 1 '-methylethenyl)-5-isothio- 
cyanate. Once again the numbering used for the naming of 2 is different from that used 
for the discussiodexperimental sections for the same reason as outlined for 1. 

Literature data (8-11) together with the current spectroscopic data for 1 and 2 
suggest that the 'H- and 13C-nmr resonances of H-7 and C-7 are diagnostic for the 
stereochemistry at  C-7 of the eudesmane skeleton. Thus OL protons at C-7, in eudes- 
manes, are considerably shielded (6 1.98 for 2) when compared to p protons at C-7 (6 
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1 . . . . . . . . . . . . . . 
2 . . . . . . . . . . . . . . 
3 . . . . . . . . . . . . . . 
4 . . . . . . . . . . . . . . 
5 . . . . . . . . . . . . . . 
6 . . . . . . . . . . . . . . 
7 . . . . . . . . . . . . . . 
8 .  . . . . . . . . . . . . . 
9 . . . . . . . . . . . . . . 
10 . . . . . . . . . . . . . 
11 . . . . . . . . . . . . . 
12 . . . . . . . . . . . . . 
13 . . . . . . . . . . . . . 
14 . . . . . . . . . . . . . 
15 . . . . . . . . . . . . . 
16 . . . . . . . . . . . . . 

40.4 (t) 
18.9 (t) 
42.0 (t) 
65.3 (s) 
53.2 (d) 
26.8 (t) 
46.0 (d) 
27.6(t) 
44.7 (t) 
34.6(s) 

149.9(s) 
21.l(q) 

108.6(t) 
19.1(q) 
22.l(q) 
Not obsd. 

1.52 (m) 
1.43(m), 1.53(m) 
1.98 (m) 
1.32(m), 1.78(m) 
1.21(m), 1.44(m) 

1.77(s) 
4.73 (s) 
0.90 (5) 

1.32(s) 

21.1, 149.9, 108.6,46.0 

19.1, 53.2,44.7,40.4,34.6 
22.1,65.3,53.2,42.0 

108.6,46.0,21.1 

2.47 for 1). For the I3C-nmr resonances a similar effect is observed; with a f3 side chain, 
C-7 resonates at 6 46.0 in 2 while with an a side chain the equivalent resonance is at 6 
39.2 in 1. 

EXPERIMENTAL 

GENERAL EXPENMENTAL PROCEDURES.-X-IX~ data were collected on an E d - N o n i u s  CAD4 
diffractometer using graphite-monochromated CuKa radiation. The HMBC spectrum of 2 was measured 
using a Bruker AMX 500 spectrometer with associated software. The other procedures have been de- 
scribed by Konig et af. (12). 

MATERIALS.-AII sponge materials were collected by divers, using SCUBA, from the vicinities of 
Phantom and Pelom Islands, Queensland, Australia. The animals were collected from a depth of 9-12 m 
during September 1990 and deep frozen. A voucher specimen is deposited with the Museum of Tropical 
Queensland, 74-84 Flinders Street, Townsville 44810, Australia; museum number G25006. 

EXTRACTION AND ISOLATION.--D~~~ frozn sponge tissue was freeze-dried. Dry tissue (70.7 g) 
was extracted with CH,CI, (2.5 liters) and then with MeOH (3 liters). From both extracts the CHClz soh- 
bles (3.1 g) were taken, combined, and chromatographed over silica with petroleum ether containing in- 
creasing proportions of EtOAc as eluent; ten fractions each of approximately 90 ml were obtained. TIC and 
'H-nmr analysis of these fractions revealed that fractions 1 and 2, eluted with pure hexane, were most in- 
teresting. Hplc separation of these two fractions combined afforded three previously reponed compounds 
3 , 4 ,  and 5 and two new sesquiterpene metabolites. 

(1 R, SR,GR,8S)-Dac[4.4.O]ane-l,S-dintathyf-8-( 1 '-lnethylethmyl)-S-isothior)caMte Ill.-Compound 
1 (1.7 rng, 0.0024%): white crystalline solid, recrystallized from Et,O; rnp 62.3'; faIz5D + 142.9' 
(c=O.O35, CHCI,);irumax2910,2140, 1440, 1100,895cm-'; 'Hnmr(300MHz,CM7l3)60.94(s, 
3H,H-14), 1.06(m, 1H,H-9), 1.10(m, l H , H - 0 ,  1 .31(~ ,3H,H-15) ,  1.37(m, lH,I-I-l), 1.37(m, 
lH,  H-9). 1.57 (m, 2H, H-2), 1.60 (rn, lH ,  H-6). 1.6 1 (m, lH ,  H-5), 1.70 (m, lH ,  H-8), 1.7 1 (m, 
lH ,  H-3), 1.79(s, 3H,H-12), 1.83(m, 1H,H-8), 2.02(m, lH,H-3),2.02(m, lH,H-6),2.47(brs,  
lH,  H-7), 4.88 (br s, lH,  H-13). 4.97 (bt s, lH ,  H-13); 13C n m r  (75.5 MHz, CDCI,) 18.8 (9, C-14), 
18.8 (t, C-2). 21.9 (q, C-15), 22.8 (q, C-12), 23.4 (t, C-8), 24.3 (t, C-6), 35.2 (5, C-10). 39.2 (d, C-7), 
40.4 (t, C- I), 40.6 (t, C-9), 4 1.8 (t, C-3), 47.5 (d, C-5), 65.0 (s, C-4), 11 1.3 (t, C- 13), 146.1 (5, C-11) 
ppm; hreims m/z 263.1677 (CI6H,,SN requires 263.1709); e i m s d z  (% rel. int.) IMJ+ 263 (4), 248 (3), 
230 (7), 206 (24), 205 (96). 204 (58), 189 (25), 161 (20), 149 (89), 135 (56), 123 (78), 109 (8 I), 95 (79), 
8 1 (100). 

(1  R, SR,GR,8R)-D&4.4.0]ane-lI S-dimetbyl-8-(1 '-methylerhenyl)-5-zsothio~ya~te [ 2 ] . 4 m p o u n d  
2 (1.5 mg, 0.0022%): clearoil; [u]'~D+ 180.0" (c=0.025, CHCI,); ir v max.2910, 2065, 1445, 855 
cm-I; 'H nmr see Table 1; I3C nmr see Table 1; hreims d z  263.1751 (C,6HZ5SN requires 263.1709); 
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eims m/z (% rel. int.) [MI+ 263 (2), 230 (2). 205 (90), 189 (1 I), 149 (33), 135 (30). 123 (38), 109 (53), 
95 (63), 81  (65). 

Compounds 3(15 mg, 0.02%), 4(85 mg, O.l%), and5(5 mg, 0.007%)wereidentified bycompari- 
son of their spectroscopic and physical data with those previously published (3,4). 

SINGLE CRYSTAI X-RAY ANALYSIS OF l . ' -Crystal  data: C16H,,NS, MW = 263.1709, y- 
thorhombic, space group P2,2,2,, a =  7.254 ( l ) ,  b =  13.059 (2), E =  16.485 (2) A, V =  1583.2 (6) A3, 
Z = 4 ,  Dc= 1 . 1 0 5 g ~ m - ~ ,  A =  1.54184A, p(CuKa)= 16.3cm- ' ,T=300K. Intensitydataweremea- 
sured using w = 20 scans of variable rate from a colorless crystal of dimensions 0.25 X 0.50 X 0.5 5 mm 
having a maximum transmission coefficient of 99.82%. Ofthe 1855 unique data (e< 759, 1821 had in- 
tensities greater than zero and were used in the refinement. Data reduction included corrections for back- 
ground, Lorentz, polarization, and absorption by 'IJ scans (min. trans. coeff. 7 1.2%). Refinement was car- 
ried out by full-matrix least squares based on F, with weights w = u*2 (FJ. The function minimized was 
s w  (IF,I - lF,I)2. The error of fit was 2.781. Non-hydrogen atoms were refined anisotropically, while hy- 
drogen atoms were located by difference maps and refined isotropically. Final R = 0.036, & = 0.048 for 
264 variables. Maximum and minimum residual densities were 0.12 and -0.16 eA-3. The mirror-image 
structure was refined under identical conditions to R =  0.047; R,= 0.064; thus the absolute configura- 
tion is confirmed to be that shown by the ORTEP representation (Figure 1). All calculations were carried 
out using the MoIEN programs (123). Final atomic coordinates are listed in Table 2. 

TABLE 2. Final Atomic Co 

Atom 

s . . . . . . . . . . . . . . . .  
N _ . . . . . . . . . . . . . .  
c- 1 . . . . . . . . . . . . . . 
c -2  . . . . . . . . . . . . . . 
c-3  . . . . . . . . . . . . . . 
c-4 . . . . . . . . . . . . . .  
c-5 . . . . . . . . . . . . . . 
C-6 . . . . . . . . . . . . . . 
c-7 . . . . . . . . . . . . . . 
C-8 . . . . . . . . . . . . . . 
c-9 . . . . . . . . . . . . . . 
c-10 . . . . . . . . . . . . . . 
c-11 . . . . . . . . . . . . . . 
c-12 . . . . . . . . . . . . . . 
C-13 . . . . . . . . . . . . . . 
C-14 . . . . . . . . . . . . . . 
C-15 . . . . . . . . . . . . . . 
C-16 . . . . . . . . . . . . . . 

'B, = (8.rr2/3)8,8,Uiia~p;aj. 

dinates and Eauivalent Isotrooic Thermal Parameters for 1. 

X 

-0.02 160 (9) 
0.2274(3) 
0.7 195 (3) 
0.6882(3) 
0.5304 (4) 
0.3554(3) 
0.3883 (2) 
0.2184(3) 
0.2479(3) 
0.4149(4) 
0.5820(3) 
0.5521(2) 
0.2437 (3) 
0.0828 (4) 
0.3658(4) 
0.5230(4) 
0.2677 (3) 
0.1227 (3) 

Y 

0.43266 (4) 
0.2800(2) 
0.1576(2) 
0.1588(2) 
0.2280(2) 
0.1966 (1) 
0.1909(1) 
0.1657 (1) 
0.1822 (2) 
0.1229 (2) 
0.1442 (2) 
0.123 l (1)  
0.2944 (2) 
0.3543 (2) 
0.3372 (2) 
0.0068 (2) 
0.1023 (2) 
0.3443(1) 

z 

0.38284(4) 
0.37 152 (9) 
0.290 1 (2) 
0.3807(1) 
0.4025(1) 
0.3586 (1) 
0.26591(9) 
0.2175 (1) 
0.1257 (1) 
0.099 1 ( 1) 
0.1505 (1) 
0.2416 (1) 
0.1016( 1) 
0.1296 (1) 
0.0535 (1) 
0.2534(2) 
0.3968(1) 
0.3757(1) 

B, (A2)" 

7.63 (1) 
6.64 (4) 
6.93 (6) 
6.88 (5) 
6.12 (5) 
4.48 (3) 
3.79(3) 
4.57 (3) 
5.40 (4) 
6.83 (5) 
6.67 (5) 
4.96(4) 
5.70(4) 
7.42(6) 
7.66(6) 
6.39 (5) 
5.97 (4) 
4.70(3) 
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