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Abstraetr The organic extract of Xenia fwaunensis was found to contain besides 
xeniolide A and B three novel d&penes: xeniafaraunol A (1). -B (2) and faraunatin (3). 
The structure of corn unds l-3 was defined by spectml methods and mainly 1D and 2D NMR 
experiments. XeniaP araunol A and B (1 and 2) are of a novel bicyclov.4.0] tridecane 
carbon skeleton and faraunatin (3) is an unprecedented prenylated bicyclogermacme. 
Compounds 1-3 are cytotoxic against p388 cells. 

Soft corals of the genus Xenia have produced a range of xenicane diterpenes of which xenicin’, 

xeniolides A and B and the xcniaphyllam# arc a few examples. In the course of our continuing 

investigation of soft coral~‘~ we have investigated a specimen of Xenia faraunensis (Octocorali~, 
Alcyonacea) from the Red Sea. 

In the course of fractionating and purifying the constituents of the ethyl acetate extract 

of X.farounemis, we isolated five diterpenoids. namely, the earlier reported by us xeniolide A and 

B2” and the new xeniafamunol A (l), -B (2) and faraunatin (3): 

Xeniafaraunol (1) was isolated as a colorless, optically active g1ass.r HREIMS provided nJ.z 

300.2089 lJ@l for a molecular formula of C,sHasO,. The IR spectrum showed a OH stretch (3380 cm’), an 

exocyclic methylene (890 cm-t) and a characteristic absorption for a conjugated carbonyl moiety at 

1688 cm”. Proton resonances at 8 9.26s and 5.90s and carbon lines at 192.Od. 150.ld. and a very weak 

and broad signal at 140.0s determined an @-unsaturated aldehyde moiety (A)_ The presence of six 

additional olefm carbons in the “C NMR spectrum (Table 1) revealed that the molecule was bicyclic. 

Analysis of the ‘H NMR data (Table 1) showed three vinyl methyl groups in addition to the above 

fimctionalities suggesting that xeniafara~ol A was of diterpene biogenesis. 

Interpretation of NMR spectra (DEFT, COSY, TOCSY, NOE, HMQC and I-IMRC - Table 1) 

suggested in addition to A, moieties B & C: B -CHCH2CH2C(~3>~2)-; 

C (Me)~C=CHCI-ICH(OII)CH- which together with A account for all 20 carbon atoms of 1. Comparison of the 

13C data of fragment B with the corresponding carbon lines in Pdesacetyl xeniculins2 suggested also 

for 1 the same nine membered ring. However, it was evident that the rest of the molecule differs. 

Based on long range couplings and NOES the bicyclo~.4.O]tridecane system was suggested for 1. ‘Ilk 

structure is in full agreemean with a head-to-tail isopmne array. 

with the planar structure of 1 in hand, the relative smreochemlstry was probed by asaignment of 

almost all coupling constants and by a series of NOE enhancements as snmrnarkd in Table 1. Assuming a 

twisted chair conformation of the cyclohexene ring, the coupling constants of 9Hz between H-l and -9, 

H-9 and -10: and H-10 and -11 indicated a pseudo axial conformation of H-l, -9, -10 and 11 and 
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H# S “C S ‘H m 

TABLE 1. NMR Data of ~eaiafor~nd A (I)’ 

JWd COSY. TOCSY HMJ3C(C to I-M) nOe 

1 36.6 2.80 
$ 36.3 1.20 

3 40.6 ;:?i 

ddmf 
2’.9,lO.ll.12.16 12 5.6’ 

& ;5i 13.5 1.2’.3,3’.9.10 2’.9 
da . . 1.2.3.3’.10 2 

: , 2.72 1360 

5 12il 5.40 
6 28.5 1.88 , 

76 
2.30 

32.2 I.62 
2.06 

B1469 - 
9 6l:O 1.87 
10 73.3 3.03 
11 44.0 3.06 
12 150.1 5.90 
13 146.0 
14 18.4 1.;3 

di 12, 3 
dt 3.5.12 

z 11. 12.5. 4.5 5 
iI 5.5, 13. lo 12 

dt 4.1. 13 

t 9 
t 9 
m 
s 

15 118.0 4.80 i (2H) 
:! :Z22: 4.90 d 7.5 

18 18:5 1.60 8 
s 
S 

19 26.0 1.67 
20 192.0 9.26 

.- . 
2.2’.3’,10 
2,2’,3,10 

6.6’.7.r,14 
5.6’.7’, 14 
5.7,7’,14 
5,6,6’,7’ 
5.6’,7 

1.2,3,1 11,l6 
t.2’,3, 8 
1.2’.3.9’ 
1.10,11.16 

5,6’,7 
6.7 
1.10,11.18,19 

11,16 
Il.16 
12 

1.2.14 

2.3,3’.6.14 
3.3’.6. 7’. 14 
5.7.15 

5.6,6’.9,15 

1,9,15 
1,2,3,7’.8.15 

6.7’ 
lb 
18.19 
16.19 
16,18 
12 

r 
3 

1.6;6’.7 
z.2 .I5 

S.Y,lO 
7 

2’.ll 
16c,7 
9.16.18 
10.1 l.16.20c 

tk?r,9.14 
10,11.12.19 

11 
16 
12’ 

l C6D, (and for 2D studies CDC’Jc6D~. 3:l). 500 h4Hz for ‘H. 125 MHz for “C. Carboa resonances by 

HMQC experiment. b Overlapping. krong nOc effeC1. over 2%. 

TABLE 2. NMR Data of fanwnatia (3,’ 

H# S “C S ‘H m JU-W COSY. TOCSY HMBC(C! to HY) nCk 

: 1:z b 

3 134:o 
4 41.4 
4’ 
Z# 26.3 

6 125.1 
7 140.0 
ii* 37.4 

; 27.o 
10 27.5b 
11 28.3 
12 80.7 
13 33.2 
13 
14 121.6 
15 133.0 
16 17.7 
17 25.9 
18 8.4 
19 16.6 
20 21.0 

1.568 
4.482 

1.958 
2.271 
2.096 
2.192 
4.905 

2.547 
1.807 
1.875 
1.286 
0.713 

2.895 
2.456 
2.434 
5.372 

11652 
1.770 
1.192 
1.735 
1.588 

ddd 
dd 

brdt 
ddt 

iiid 

dd 
m 
m 

t4 

11.5. 9, 1 
11.5, 1 

4, 12.5 
12.5, 3.5 
11. 4 
4, 11 
11. 5, 1 

13. 2 
3.5, 1, 13 
13, 1, 3 
4.5, 1, 13 
12.5. 8.5, 2.5, 1 

6.5, 6 

8. 1 

1.5 

2.8.9.9’. 10.18 
1,8.8’.9.9’,10,19 

4.10.18 12.19 
4.12.19 18 

4;.5.5’6,20 
;,$$,6.20 

5’:4;4t 
4,4’.5.5’.20 

I ,2.8’.9.9’, 10 

l3.13’,14.16,17.18 
12.14.16.17.18 
12.14.16,17,18 
12.13.13’.16.l7 

12,13,13’.14 
12.13.13’.14 
1,12.13,13 

:,5.6,9 

2.l9 

20 

f&30 

d.20 

12 

:810,13.18 
li 

12.13.13’.l6.17 
13.13’.16,17 
14,17 
14,16 
1.11.12 
2 

20 

20 

18.20 

1 
18 

17 

:;.13 

4’.5’.9 

’ C6DS, 500 MHz for ‘H, 125 MHz for ‘k. Carbon resonances assigned by MQC experimznt. 

b ‘JCtIjH = 160 Hz, ‘JqIow = 156 Hz 
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thus also defining the relative stereochemistry of the four chiral centers of the molecule. The above 

suggested conformation of the cyclohexene ring, is in full agreement with a 90” angle between H-l 1 and 

-12 as concluded from their OHz mutual coupling constant. As in catyophyllene and the xenicanes the 

cyclononane ring may adopt several diierent conformations according to the conformation of Me-14 and 

methylene-15 (aa. c$, @xJ3@ relative to H-l(u) and -9(f3)_8 In case of 1 the major conformation seems 

to be the PB one as determmed from the following NOE’s between H-9 and H-2, - 11 and - 15 (8): between 

H-15 and Me-14. H-6 and -7’ (p) and between H-5 and H-l, -6’ and -7 (a). Molecular modeling, using 

Dreiding models as a guide and NOE data as constraints. provided the three-dimensional conformation 

illustrated in pisure 1. The latter conformation is in good agreemen t with the measumd coupling 

constants. Xeniafaraunol A represents an unpreceknted diterpcne skeleton. 

20 CHO 

14 

1 
2 ( 4S-cpoxy) 

OH 

Xeniafaraunol B (2) which was isolated in smaller amounts6 proved to be the 4,Sepoxy derivative 

of 1, possessing very similar spectral data to 1 except for the A” olefm9; NMR analysis indicated 

replacement of the double bond by an epoxide (8 2.85 dd, H-S, 8 59.0s and 63&l). Similar epoxidations 

have earlier been observed for the xenicanes.23 

Compound 3. faraunatin had the molecular formula C,,H,,O (M’ at m/z 2882460) indicating five 

degrees of unsaturation. The IR, ‘H NMR and t3C NMR spectra (Table 2) indicated the presence of a 

secondary hydroxyl group (3500 cm“, 6 80.76). One tertiary methyl group (S 1.19s), two oleftic 

methyl groups (6 1.588s. 1.735s) coupled with two oleftic protons (6 4.48dd and 4.91ddd, 

respectively) on two trisubstituted double bonds (6 125.3d, 134.0s and 125.ld, 140.0s ppm). And an 

isopropenyl group (81.652s. 1.770s, each 3H, and 5.372tq, 1H; 8 17.7q. 25.99; 121.6d and 133.0s). 

These spectral data suggested 3 was also a bicyclic diterpene. 

Careful studies of the 2D NMR spectra of 3 (CQSY, TQC8Y. HMQC and HMBC!) (Table 2) established, 

unequivocally, a substituted bicyclo[S.l.O]undeca structure for faraunatin (3) - a prenylated 

bit yclogermacren e. Bicyclogermacrene8’“‘2 and iso-bicyclogermacmnes’3‘15 have earlier been reported 

from marine organisms, compound 3 however is the fmt bicyclog ermacmne diterpene. 

The suggested cyclopropane, of 3, was confkmcd from the characteristic cyclopropane one-bond 

CT-I-coupling of 156Hz and 16OHz for C-10 and C-l respectively.‘6 Furthermore, a coupling constant of 

8.7Hz between H-l and H-10 (against a 5.5Hz for the tranr isomer) determined a cis substitution13”4. 

The E geometries of both trisubstitutcd ring double bonds were determkd from the diagnostic 

sbiits of the olefinic methyl carbons (16.6 and 21.0 ppm)““‘, and the relative high-field resonances 

of the corresponding vinyl protons (8 4.48 and 4.98 p~m)““~ due to the mutual trsnsannular diamagne- 

tic effects of the double bonds (in cw of a E,Z stereochemistry values of ca. 16 and 26 ppm arc 

expected). The relative low-field resonance of cH,-20 (8 21 ppm in comparison to 16.6 for CH3-19). due 
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to tlttnisotropic effect of the C(2)=C(3) bond, is also chamcteristic for the bicyclogemmcmm~‘~. 
~ at C-11 as well as the ~~~ of the ten-membered ring were determiued 

on the basis of NGESY and d-NOE measurements. An NOE between H- 12 and H- 1 deter-m&d the j3 
con@uration of the side chain, the sama direction as H-l and -10. 

Ruthermore, an NOE between H-l(p) and CH,-19, which thus, has to be p too, and between CHs-18 

(a) and H-Z and H-Y and between CHa-20 and H-4’, -5’ and -Y all a (as also H-8‘) and in a pseudo 

axial conformation suggested that 3 adopts a eonformation in which CHs-19, the prenyl side chain, H-l, 

and H-10 am on one side of the ring and CHs-20, H-4’, 5’ and 9’ on the opposite side. The 

configuration of C-12 could not be determined due to insufficient material. 
The measumd coupling constants of the entire bicychc system (Table 2 am in fu 

l& 
ment with 

the suggested stereo&en&try (i.e. (&J) H-l# = Xi”, 11.5; H-l/l , 8.5; H- 17@. 13; 
H-9/10 = 5Cf’. 2.5; H-9/10 = 176. 13) ss seen in the computer generated model (Figure 1). 

All three compounds am cytotoxic to P388 murine leukemia c&s <R& = 1.2 &@nL). 

1. 

2. 

2 
5: 
6. 

7. 

8. 

9. 

.F$ure 1. Models of 1 and 3 
(mumnimd using MM2 force field) 

__ 
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