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Abetraat.- The aoria nudibranch Dotie tlemyoo8a contains in its skin 
extracts two glycerides (2-3)linked to diterwnoia acid residues. - _ 
The terpenoids show a rearranged tricyclic skileton. The structures, 
inferred from spectral and chemical evidence, were unambiguously 
determined by X-ray diffraction analysis of 3. Both 2 and 3 are 
highly ichthyotoxic. 

The chemical behaviour of naked molluscs has recently been object 

chemical investigations' . We have previously3 reported the isolation 

analog (I) bf methylthioadenosine (MTA) from the dorid nudibranch Dotie 

of many 

of an 

verruaoea 

Cuvier. Now, in our continuing search "' for potential allomones in the defen- 

sive secretions of opisthobranch molluacs , we have isolated two isomeric mono- 

acetylated diterpenoic acid glycerides, verrucosin-A (a) and -B (3), from the 

skin extracts of D. ve rruao8a. The structures have been established by a combina- 

tion of spectral analysis, chemical degradation and X-ray diffraction study. 

The carbon skeleton of the diterpenoia part is unprecedented in nature,it 

could be generated from an ent-isocopalane (4) or isocopalane' precursor by a 

concerted rearrangement, involving the methyl at C-10, followed by expulsion 

of a proton to give the A '(') double bond. Rimuene (5) is an example of diter- 

pene showing a rearranged rosane skeleton likely formed in similar way from a 

plmarane precursor'. It is noteworthy that glycerides of ent-isocopalane acid 

(6-B) have already been found in the skin extracts of the British Columbia 

dOrid A~~hid~riS tfw?hm?gSneti “‘. 

Specimens of D.verruoo8a (100 individuals) were collected in the Bay of Naples 

during June-September 1985. The animals, stored for few days at -20aC, were 

carefully dissected and then the dorsum and the hepatopancreas were separately 

extracted. The aiethyl ether soluble fraction (900 mg) from the acetone extract 

of the aorsum was chromatcgraphed on silica gel column using various combina- 

tions of aiethyl ether-petrol to give an unresolved mixture A (200 mg) of compo- 

unds slightly more polar than sterols. The mixture A was fractionated by HPLC 

on p-Porasil column giving in order of increasing polarity verrucosin-A (2, 

52 mg), a complex mixture B (48 mg) and verrucosin-B (3, 23 mg). 3 was obtained 

as white crystals from hexane-diethyl ether. 

Verrucosin-A (2) was analyzed by HREIMS to have the same formula, CZ&OOS, 
as 7. In addition, the mass spectrum of 2 revealed at higher masses a pattern of 

fragmentation very similar to that of 7, including the base peak at m/z 286. 

The 'H-NMR spectrumof 2 in CDCl , (Table l),when compared with that of 7, showed 
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2 : RI =Hi Rz=COCH3 

3: RI = COCH,; R2 = H 

11 : R1=R2=H 

6 : RI=R2zH 

7 : RI =H: R2=COCH, 

8 : R, XOCH,; R2=H 

strong analogies. In particular, it revealed that both, 2 and 7, possess a 

CH3COCCHzCH(OH)CH20- residue (complex five protons multiplets between d 4.08 

and 4.25 and three proton singlet at d 2.10) linked to a diterpenoic acid(four 

tertiary'and one secondary methyl signals at 6 1.08, 1.06, 1.01, 0.70 and at 6 

0.79, respectively). 

However, the 'H-NMR spectrum of 2 differs from that of lfran the absence 

of the signal at d 1.60, assigned to the vinyl methyl at C-13, which is replaced 

by a doublet at 6 0.79 and, in addition, for the substitution pattern of the 

trisubstituted double bond. In fact, the olefinic signal at 6 5.38 is long-range 

coupled with a methine proton signal at 6 2.37 and directly coupled with two 

geminal protons resonating at 6 1.50 and 2.00 and assigned to an adjacent methy- 

lene group which from the simple coupling pattern was further linked to a quater- 

nary carbon atom. Homoallylic couplings were also observed between the protons 

resonating at 6 2.37 and 2.00. Owing to this evidence and bearing in mind a 

tricyclic diterpenoid skeleton, the position of the double bond appears to be 

confined in the B ring between the carbons 5 and 6. However, the observed long- 

range couplings Involving the methine signal at6 2.31 require a hydrogen and 
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TADLEl- 'IS-(500 MRz) and '%-(62.9 Mtlz) NMR data for verrucosin-A (9) 

C 6 ca c m d II at C"@d d II at cb*d multiplicityb(Jrilz) 

I 28.4 t 1 *OS 
1.70 

2 22.6 t 1.62 

40.8 t 

38.of 8 
144.9 s 

113.9 d 

1.20 
1.40 

5.38 

1.50 
2.00 

8 

9 

10 

35.0 

37.3f 

36.3f 

36.1 

t 

2.37 

11 29.7e 

S 

8 

d 

12 29.7e 

t 

t I 
1.40 

1.55 

13 29.0 d 

14 51.7 d 

15 29.6 ‘1 

1G 20.3 P 

17 10.7 TJ 

18 18.1 (I 

19 21.4 (I 

20 170.9 8 

21 64.3 t 

1.90 

2.35 

1.00 

l.OG 

0.70 

l.O‘t 

0.79 

22 GO.4 d 

23 G5.3 t 

CII3-co 175.2 6 

93 -co 20.7 9 

4.09 

4.05 

4.15 

2.09 

1.02 dtd(3.7;11.9;13.0) 
1.55 m 

1.48 m 
1.52 m 

1.25 
1.40 

m 
m 

d (G.4) 

dd (18.0; 6.4) 
bd (18.0) 

5.SG 

1.71 
2.06 

2.40 bd (12.11 

1.20 m 
1.3s m 

1.15 Ill 
1.30 m 

2.05 m 

2.40 d (Iz.at 

1.13 s 

1.14 S 

0.G') s 

I.16 s 

0.09 d (6.3) 

4.06 dd (11.5; 5.0) 
3.92 dd (11.5; 4.6) 

3.77 m 

4.01 m 

1.59 

aCDCII. bCcDs.%y DEPT sequence. dAssignments made by 2D homo-(COSY 45) and hetero- 
correlations (HETCOR) and by 'II-'II decoupling experiments. eOverlapping signals. 
fAssignments may be interchanged. 

not the customary methyl group at C-10. The "C-NMR spectrum of 2 (Table I)" 

confirmed the observed structural analogies with 7 in particular for the resonances 

due to the diacetylated glycerol residue while relevant chemical shift differences 

were recorded for almost all the carbons of the terpenoid part. However, all the 

data were consistent with a rearranged isocopalane skeleton containing a A'(') 

double bond and with the methyl group at C-10 shifted to C-9 as suggested in 2. 

According with this hypothesis, the high-field signal at 6 0.70 was assigned,by 

comparison with model compounds, to the axial methyl at C-9. In fact, a sfgniffca- 

tive shielding effect due to the presence of the A '(') double bond has been obser- 

ved for the axial C-9 methyl group in rimuene (5)""' and, more recently, in the 

olefin 9". 
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TABLE 2 - 'H-(500 MHz) and "C-(62.9 MHz) NMR data for compound lOa 

C 6C mb 6H at Cc multiplicity(J,Hz) A6 Hd 

1 28.46 t 1.06 m 
1.63 m 

2 23.22 t 1.50 m 
1.55 m 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

41.34 

38.01e 

145.61 

114.69 

33.65 

3t3.36e 

36.40e 

36.52 

30.3gf 

31.32f 

29.66 

46.56 

29.75 

28.59 

19.17 

18.87 

21.80 

S 

s 

d 

t 

t 

d 

d 

q 

4 

q 

q 

q 

62.35 t 

1.27 m 
1.37 m 

5.43 d (6.5) 0.04 

1.95 bd(18.2) 0.82 
2.09 dd(18.2; 6.5) 1.70 

2.50 

1.40 

1.37 

1.60 

1.25 

1.10 

1.04 

0.73 

0.87 

0.98 

3.58 
3.43 

M(12.7) 

m 

m 

m 

m 

S 

S 

S 

S 

d (6.3) 

dd(11.3; 3.6) 
dd(11.3; 2.8) 

1.05 

3.70 

3.60 

0.31 

0.65 

0.50 

1.26 

2.00 

4.70 

aCsD~. bBy DEPT sequence. =Assignments made by 2D homo-(COSY 451 and hetero- 
correlations (HETCOR) and by 'H-*H decoupling experiments. dAfter addition 
of 0.4 moles of Eu(fodj3 per mole of 10. e,fAssignments with identical 
superscripts may be interchanged. 

The proposed structure was confirmed by a series of mono- and two-dimensional 

NMR experiments. All the lH and 13C chemical shifts of 2 were assigned (Table 1) 

on the basis of the data observed by homo-nuclear decoupling experiments, DEPT 

sequence, 'H-'H and 'H-I'C correlations. Unambiguous 'H and 13C assignments for 

all methyls were also provided by the analysis of the below reported NMR data of 

the alcohol 10, obtained by reduction of 2 with LiAlH+. The NMR experiments have 

been recorded in CM313 for sake of comparison with model compoundsB'g"'~1'1*3 and 

in CGDK for obtaining better resolved spectra. About the stereochemistry of 2, a 

tram diaxial orientation for the C-14 and C-13 protons was immediately deduced 

from their coupling constant (514-13 = 12.0 Hz). The remaining stereochemical assi- 

gnments were ascertained by the analysis of the NMR data collected for the alcohol 

10 (Table 2). Comparison of the 'H-NMR spectrum of 10 with that of 2 obviously 

revealed the loss of the signals due to the glycerol residue and the appearcncc of 

an ABX system with resonances at 6 3.58, 3.43 and 1.25, assigned to the methylene 

protons of the hydroxymethyl group and to H-14. In addition, the analysis of the 

spectrum allowed correct assignments for all the methyl resonances. The 3H doublet 

at d 0.98 and the 3H singlet at 6 0.73 were easily assigned to the methyls at 

C-13 and C-9, respectively. A substantial upfield shift observed for the methyl at 

6 0.87 (6 1.16 in 2) allowed to localize the methyl at C-8. The signal at 6 1.10 

was assigned to the equatorial methyl at C-4 on the basis of a positive n.0.e. 

with the olefinic proton at 6 5.38. Finally, the remaining signal at 6 1.04 was 
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ascribed to the sdalmethyl group at C-4. lII-WMR data in C‘Dcin the presence of the 

shift reagent Eu(fod), (Table 2) proved the relative configurations of 10 and, in 

particular, the de junction between the rings B and C. In fact, strong downfield 

shifts were observed for the methyl protons at C-8 (A6 1.26) and at C-13 (A6 2.0); 

while within the less downshifted methyls, the C-4 axial methyl group exhibited 

a more consistent shift (A& 0.65) than the C-9 (A6 0.50) and the C-4 equatorial 

(A& 0.31) methyls. These observed shifts were consistent with the distances measu- 

red on Dreiding models only with a E-C cis ring junction, which was further confir- 

med by the consistent induced-shift of the axial H-10 (A6 1.05). 

The spectroscopic data of verrucosin-B (3) showed strong similarities with 

those of 2 suggesting that 3 is a positional isomer of 2 in which the 2-hydroxy 

group of the glycerol residue is acetylated (B-22, 6 5.01; C-22, 6 72.6). 3, analo- 

3 10 

gously to 2, yielded the alcohol 10 by treatment with Li~l111, and the glyceride 11 

by alkaline hydrolysis. We have observed that 3 slowly rearranges to 2 in CDCla 

(NMR tube) probably because of the presence of traces of acid. It is likely that 

there has been a partial interconversion within 3 and 2 during the extractive and 

chromatographic work. In fact, it is well known that acyl groups in acylglycerols 

easily migrate from the oxygen to which they are attached to an adjacent free hy- 

droxyl group by a traneeeterification process catalyzed by acid, base or heat. 

However, crystallization of 3 from n-hexane-diethyl ether gave crystals 

suitable for a conclusive X-ray crystallographic analysis which led without ambi- 

guities to determine structure and stereochemistry of verrucosin-A and -B. 

The structure of 3 (verrucoein-B) was solved using direct methods and refined 

to a crystallographic R factor of 0.042. In the absence of atoms with strong 

anomalous scattering, the absolute configuration could not be determined and the 

chosen configuratian corresponds to that of C(8)l.n theent isocopalane skeleton6. 

A view of the final crystallographic model is shown in Pig. 1 together with the 

atom labelling scheme used in the X-ray work. 

The diterpenoid moiety exhibits a oio B/C junction with the C(14) atom trano 

to the methyl C(17). The ring C presents the C(i8)methyl group in axial position, 

whereas the two methyl substituents at C(9) and C(13) are equatorial. The substi- 

tuent group at C(14) is also equatorial and C(20) is gauche to C(181 and C(19). 

The two cyclohexane rings (A and C) display a chair conformation as evidenced by 

the intracycle torsional angles all close to f 60' and the Cremer and Pople'+ 

puckering parameters which are Q = 0.541, qs = 0.534, q2 ~0.084 1, 8= 8.96'. (0 = 

-20.8' and Q = 0.578, q, = 0.567, q2 =0.112 A.0 = 11.21", 0 = -6.2" for the two 

rings respectively. The distorsion from an ideal chair conformation in the ring 

A is toward a small flattening at C(4), which optimizes the intramolecular contacts 

between the equatorial methyl C(15) and the C(6)-H group. The ciclohexene ring 8, 



2306 G. CIMINO et 01 

TADLE 3 - Crystal data 

Formula 

Formula weight 

Space group 
0 

a, A 

b, K 

c, A 

v, ii3 

2 

Dx, g/cm' 

A CuKa, i 

8 max ("I 
No indep. refl. 

No refl. above 30(I) 

R 

‘IW 

C2s~~lloOs 
420.6 

P212121 
11.175(l) 

11.863(Z) 

18.200(2) 

2412.7(9) 

4 

1.158 

1.54178 

75 

2802 

2632 

0.0416 

0.0633 

Fig.1 -Perspective drawing of verrucosin-B 
(compound 3) together with the atom 
labelling scheme used in the X-ray 
work. 

Fig.2 - Stereoview of the molecular packing of 3, H-atoms and hydrogen 
bond have been omitted. 

which presents the double bond between C(5) and C(6), adopts the expected half- 

chair conformation slightly distorted in the direction of an half-boat, with C(8) 

0.543 8, below and C(910.217 A above the best plane defined by C(S), C(6), C(7) 

and C(10) atoms. All bond lengths and bond angles are in good agreement with the 

expected values. In the CzO diterpenoid moiety the C(sp')-C(sp') bond lengths 

range from l.SOZ(Z)A to 1_569(2)A with a mean value of 1.534A, the longest values 

are associated to the four-substituted carbon atoms. The corresponding valency 

angles of the tetrahedral carbon atom range from 107.4(Z) o to 115.4(l)" with a 

mean value of 110'. The double bond in ring B is 1.330(2)i. 

The molecular arrangement in the crystal is shown in Fig. 2. The molecules, 

related by the screw axis along x, are held together in an infinite chain by 

hydrogen bonds between the hydroxylic O(3) and the carbonylic O(5) oxygens 

[0(3)-H----- 0(5)=2.784(2)i]. 
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The carbon skeleton of verrucosine should derive from isocopalane diterpenes 

ahich formally are also considered the biogenetic precursors of the tetracyclic 

spongiane diterpenes. However, it is noteworthy that after the earlier isolation" 

of isoagatholactone (22) a growing number of spongfane diterpenes has been ieola- 

ted from sponges, while ieocopalane diterpenes have raxely been reported. Until 

now tetracyclic diterpenee deriving from precursors with the carbon skeleton of 

verrucosins have hotbeenencountered in nature. Likely, the A"(") double bond is 

essential for the additional cyclization. 

Diterpenoid and farnesic acid glycerides (13-16) are also present in the 

British Columbia dorid nudibranch Aruk7&ris odIznariA6. One of these farnesic acid 

glycerides (14) has been also found in D. Itsmucosa as minor component of the 

fraction B. The widespread presence and the localization on the skin strongly 

suggest an ecological role for these glycerides. The glycerides 2 and 3 are 

bigly toxic to the mosquito fish Gun&&a aj'j%ie at the 1.0 and 0.1 Pg/ml levels, 

respectively, while the farnesic acid glyceride 14 is non toxic at 10 pg/inl 

level. The production of toxic substances by D.vemuaoea would appear to contrf- 

bute greatly to the survival of this nudibranch in the predator-rich areas in 

which it lives. 

13 : R1 = RZ=H 

14 : RI =H; RL=COCHJ 
12 

25 : Rt =Ac;R2=H 

TABLE4- Positional parameters and equivalent isotropic temperature 

factors (A*) with esd in parentheses for compound 3 

B 
eg 

- 4/3 Xi Cj bij zi zj 

X I/ a Bes x Ii 8 
% 

o(1) (X4734(2) 0.6568(2) o.27978(10) 5.66(4) ~(11) 0.8726(3) 0.7942(3) 0.2Ol7(2) 5.50(6) 
o(2) 0.5677(l) 0.6040(l) 0.38215( 8) 3.74(3) ~(12) 0.7884(3) 0.8715(2) 0.2441(2) 5.27(6) 
o(3) 0.2051(2) 0.3749(2) 0.44898(11) 5.67(4) ~(13) O-6666(3) 0.8215(2) 0.2622(l) 4.46(S) 
o(4) 0.550&(2) 0.3679(l) 0.402631 81 3.95(3) ~(14) O-6833(2) O-702612) 0.2952(l) 3.48(4) 
O(5) 0.6704(2) 0.2993(2) 0.49049(1Of 5.97(4) C(15) 0.9820(4) O-4792(3) 0.4797(2) 6.41(7) 
c(l) 1.0&34(3) 0.7050(3) 0.304822) 5.67(6) C(16) 0.9186(4) 0.6804(3) 0.4847(2) 6.89(8) 
c(2) 1.1389(3) 0.7265(3) 0.3797(2) 6.79 (8) ~(17) o.9599(3) 0.60l3(3) 0.1819(2) 6.15(7) 
C(3) 1.1185(3) 0.6251(3) 0.4x0(2) 6.29t7) ~(18) 0.6901(3) 0.6072(3) 0.1700(l) 5.Ol(6) 
c(4) 0.9858(3) 0.5915(2) 0.4381(l) 4.88(S) C(w) o.5988(4) 0.8987(2) 0.31%X2) 6.84(8) 
c(5) 0.9250(2) 0.585312) 0.36301lf 3.88(4) ~(20) 0.5632(2) 0.6536(2) O-3159(1) 3.60(4) 
C(6) 0.8466(2) O.!iO49(2) 0.3463(l) 4.06(S) ~(21) 0.4607(2) 0.547012) 0.4073(f) 3.9314) 
c(7) 0.7695(2) 0.5054(2) 0.2787(l) 4.03(S) ~(22) OAOlS(2) 0.4496(Z) 0.4542(l) 3.62(4) 
C(8) 0.7562(2) 0.6227(2) 0.2438(l) 3.78(4) C(w) 0.4m4(3) o.3979(2) 0.4971(l) 4.46(S) 
C(9) O&843(2) 0.6750(2) 0.2348(l) 4.26(S) C(24) 0.6338(2) 0.2970(2) 0.4276(l) 4.05(5) 
c(lo) 0.9482(2) 0.6829f2) 0.3112Ul 4.06w ~(25) 0.6748(3) 0.2170(3) O-3698(2) 5.50(6) 
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NMR spectra were recorded on Bruker NM 500, WM 270 and N?l 250 spectrometers 

(6 ppm/TMS) . The 2D NMR spectra were obtained using Bruker's microprograms. Mass 

G. CIMINO et a/. 

EXPERIMENTAL 

spectra Were taken on AEI MS-30 and Kratos MS-50 instruments. IR Spectra Were 

recorded on a Perkin-Elmer 257 spectrophotcmeter. Optical rotations were measured 

with a Perkin-Elmer 141 polarimeter. Melting points were determined on a Kofler 

hot-stage microscope and are uncorrected. Silica gel chromatography was performed 

using pre-coated Merck Fz5& plates and Merck Kieselgel 60 powder. Preparative 

HPLC purifications were carried out on a Waters apparatus equipped with u-Porasil 

column and with an R. I. detector. 

Isolation procedure. 

loo specimens (average length 3 cm) of D. verruao~a, collected in the Bay of 

Naples during June-September 1985, were dissected and then the digestive glands 

and the mantles were separately extracted with acetone at room temperature for 

one day. Both extracts were evaporated at reduced pressure and the residual Water 

was extracted sequentially with diethyl ether and n-butanol. The ethereal extract 

of the mantles was concentrated to give 900 mg of crude material, that was chroma- 

tographed on a Si02 column(light petrol-diethyl ether, 8:2). The fraction (200 mg) 

slightly more polar than sterols (Rf 0.3 on TIC, n-hexane-ether, 8:2) was subjected 

to HPLC [u-Porasil, 7,8 mm (ID) x 30 cm; n-hexane-ethyl acetate, 85:15; flow rate 

4 mI/min] yielding 2 (52 mg, Rt 0.471, 3 (23 mg, Rt 0.67), and an unresolved mixture 

(48 mg, Rt 0.53) which, after a further priEication by analitical HPLC [u-Porasil, 

3.2 mm (ID) x 30 cm ; n-hexane-ethyl acetate, 85:15; flow rate 2 ml/min], gave 14 

(10 mg, Rt 0.62) . 

Verrucosin-A (2). 

+ 37.3 (C 1.1, cycle); IR (liquid film): 1725 cm-'; EIMS, m/z (8): 420 

CM+, 

[ “3, 
5.11, 377 (1.7), 347 (3.4), 286 (1001, 271 (20.3), 258 (28.8), 243 (40.7). 

HRMS 286.2293;for CnoH,oO (M+-acylglycerol, calculated 28662297). 

'H-NMR: Table 1. 

13C-NMR (CDCII): Table 1; "C-NMR (C6D6, 125.8 MHz) 6 174.8 (C-20). 170.2 

(CHICO), 144.8 (C-51, 114.7 (C-61, 68.4 (C-221, 65.4 (C-231, 64.4 (C-21), 51.9 

(C-141, 41.1 (C-31, 38.2 (C-4ja, 37.5 (c-81a, 36.5 K-9ja, 36.4 (C-10), 35.4 

(C-7), 30.0 (C-11 and C-12), 29.9 (C-15), 29.4 (C-13), 28.8 (C-l), 28.4 (C-16), 

23.3 (c-2), 21.7 (C-19), 20.2 (CH,-CO), 18.9 (C-171, 18.4 (C-18). a Assignments 

may be interchanged. 

Verrucosin-B (3). 

WD + 19.2 (c 0.5, CHC~~); mp 118-120" (n-hexane-diethyl ether); IR (liquid 

film): 1710 cm-'; EIMS, m/z ($1: 420 (M+, 2.61, 347 (7.9), 286 (15.81, 271 (9.21, 

259 (13.1), 243 (26.3), 119 (100). 'H-NMR (CGDS, 500 MHz) 6 5.51 (H-6, lH, bd 

J = 6.4 Hz), 5.01 (H-22, IH, quintet J = 5.1 Hz), 4.17 (H-21, 2H, m), 3.44 (H-23, 

ZH, d J = 5.3 Hz), 2.47 (H-lH, lH, d J = 11.9 Hz), 2.40 (H-10, IH, bd J = 12.5 Hz), 

2.05 (H-13, ?H, m), 2.04 (H-7, lH, bd J = 18.1 Hz), 1.72 (H-7, IH, dd J = 18.1 

and 6.4 Hz), 1.70 (cH3-CO, 3H, s), 1.19 (H-15, 3H, s), 1.15 (H-18, 3H, 81, 1.14 

(H-16, 3H, s), 0.89 (H-19, 3H, d J = 6.3 Hz), 0.70 (H-17, 3H, 6). 

"C-NMR (CDClr, 125.8 MHZ) 6 175.1 (C-20), 170.5 (CH3CO), 144.6 (C-51, 

113.9 (C-6), 72.6 (C-22), 61.8 (C-21ja, 61.3 (C-23ja, 51.6 (C-14), 40.7 (C-31, 
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37.8 (C-4)b, 37.2 (C-8)b, 36.3 (C-9)b, 36.0 (C-IO), 34.9 (C-7), 29.7 (C-11 and 
C-l 2), 29.6 (C-IS), 29.0 (C-13), 28.4 (C-l), 28.1 (C-16), 22.9 (C-2). 21.4 (C-19), 

20.9 (CO-CU,), 18.7 (C-17), 18.1 (c-18). a,b Assignments may bs interchanged. 

Compound 10 

2 (9 mg)in dry TIiP (3 ml) was stirred with an excess of LiAlBb at reflux for 

2 hours. Usual work up gave, after purification on silica-gel TLC (light petroleum- 

diethyl ether, 8:2),the alcohol 10 (5 mg). 

EIMB, m/z (%I: 290 (k, 6.6), 275 (18.41, 257 (5.31, 154 (55.3), 123 (100). 

'H- and "C-NW%: Table 2. 

Compound 11 

2 (9 mg) was dissolved in MeOH (I ml) and stirred with 10% KOH methanolic 

solution (4 ml) at room temperature overnigth. Usual work up gave 11 (5 mg) which 

was not further purified. 

EIMB, m/z (%): 378 (k, 2.2), 363 (4-O), 286 (IOO), 271 (42.8), 259 (48.6), 

258 (31.4), 243 (85.7). 

'H-NMR (CcDc, 270 MRz) 6 5.54 (H-6, IH, d J - 6.4 Ilz), 4.08 (H-21, 111, dd 

J = 11.4 and 6.2 Mz), 3.94 (B-21, 111, dd J - 11.4 and 4.6 Hz), 3.59 (H-22, III, m), 

3.35 (U-23, 211, m), 2.48 (H-14, 111, d J - 11.9 lIzI, 2.40 (II-IO, III, bd J = 12.0 

112) , 2.06 (II-7 and B-13, overlapping signals), 1.72 (H-7, III, dd J - 19.8 and 6.4 

Hz), 1.18 (n-15, 3i1, s), 1.16 (n-18, 311, s), 1.14 (H-16, 321, 81, 0.89 (U-19, 311, d 

J = 6.3 HE), 0.70 (N-17, 3H, 8). 

'"C-NMR (C6Dc, 62.9 MHz) 6 144.8 (C-51, 114.8 (C-61, 70.8 (C-221, 65.0 

(C-2l)a, 63.8 (c-23)a, 52.1 (C-14), 41.1 (c-31, 38.3 (C-41b, 37.6 (c-81b, 36.5 

(C-9)b, 36.4 (C-IO), 35.3 (C-71, 30.0 (C-II and C-121, 29.8 (C-15), 29.4 (C-131, 

28.7 (c-l), 28.3 (C-161, 23.2 (C-21, 21.6 (C-191, 18.8. (C-171, 18.4 (C-18). The 

signal due to the carbonyl carbon was not detected.al~ignments may be interchanged. 

Crystal Structure Determination 

Compound 3 crystallizes in the form of colourless prisms by slow concentration 

of a n-hexane and diethyl ether solution. A single crystal (0.6x0.5x0.4 mm) was selcc- 

ted for the crystallographic study. 

Accurate cell parameters (see Table 3) were obtained by least-squares refinement 

of the setting angles of 24 reflections at medium 8 (2Pd 8 $32O), using Ni-filtered 

CuKa radiation and Enraf-Nonius CAD-4P diffractometer on line with a PDPl1/34 DigiCol 

computer 2802 independent reflections Wmax - 75') were collected at room tempera- 

ture, using w scan mode. During the data collection the intensities of three standard 

reflections were monitored every 4 h (4% variation) in order to check the crystal 

and equipment stability. The intensities were corrected for Lorentz and polarization 

factors, but not for the absorption effect (u = 5.96 cm-'). The structure was solved 

by direct methods using MULTAN". The refinement of the positional and anisotropic 

temperature parameters for non-hydrogen atoms was carried out by full-matrix (on F) 

least-squares cycles. The H atoms were generated at the expected positions taking 

into account the indications of the difference fourier map for the hydroxyl and methyl 

hydrogens. All the hydrogen8 were included in the last refinement as fixed atoms with 

the isotropic thermal parameters set equal to Beq of the parent atoms. At convergence 

the discrepancy index R=C IIFol-IP,I)/ CIFol was 0.0416 for the 2632 observed reflections 

(1,30(I), 101 and 012 exclud& from final refinement for asymmetric background) - Rw= 
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0.0633 with w-'=cZ(Fo). 

G. ClbUNO et al. 

For the crystallographic work, the equipment 

Chimico-fisiche dell'Universita di Napoli" and SDP 

factors were taken from Cromer and Waber". 

of the "Centro di Metodologie 

package was used. Scattering 

In Table 3 are summarized some crystal data and the final atomic parameters 

with esd in parentheses are given in Table 4. Structure factors, hydrogen atoms 

parameters and anisotropic thermal parameters have been deposited together with 

a list of the geometrical internal parameters. 

Ichthyotoxicity tests 

Ichthyotoxicity assays were conducted using a mosquito fish, Gambusia affinis 

(Baird and Girard), according to ref. 19 and 20. In each test six fishes were 

placed in distilled water (70 ml) and acetone solutions (0.5 ml) of the test com- 

pound were added. 100% mortality of the test organisms was observed within 90 

min using 3 at 0.1 us/ml and within 45 min using 2 at 1.0 us/ml concentration. 

Compound 14 was non toxic at 10.0 us/ml concentration. 
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