
Tm&&m Vd. 40, No. 23. pp. 4991 to 4!J95,19&( oo40-4020/84 53.00+ .oo 
RintedinomlRihin. ~W84PCQWWnhdSLtd. 

CHEMICAL STUDIES OF NORTH ADRIATIC 
SEAWEEDS-I 

NEW DOLABELLANE DITERPENES FROM THE BROWN ALGA 
DILOPHUS FASCIOLA 

S. DE RosA,*t S. DE S-rnFANo,t S. MACURA,# E. Tmvnr_LoNet and N. ZAVODNIK~ 
7 lstituto per la Chimica di Molecole di Intcrarsc Biologic0 de1 C.N.R., Via Toiano ~6.80072 Arc0 Felice, 
Napoli, Italy. $ Institute of Physical Chemistry, Faculty of Science, University of Belgrade, 11000 Eleograd, 

Yugoslavia $Centcr for Marine Research, “Rudjer BoskoviC” Institute. 52210 Rovinj, Yugoslavia. 

(Receiwd in UK 27 April 1984) 

Abrtnd-From the brown alga Dibphusjiiiolo (Dictyotaceae) three new tctraoxygcnatcd ditcrpcncs (l-3) 
with a dolabcllanc skeleton were isolated. The structure of these was determined by spectral data and by means 
of ckmical transformation. Twodimemional NMR spectroscopy was proved to be a potent tool to establish 
thest~u~thest~hcmistryandtocnaMcthcaJsienmentofaUresonan~sintheNMRspectraThenew 
compounds were tested in ichthyotoxic and phytotoxic bioasssys. 

We have started to study the algae of North-Adriatic 
sea, because it is characterized by a peculiar ecological 
habitat, in the Mediterranean area,especially due to the 
less salinity and larger temperature variations. In the 
course of our studies we have isolated three new 
diterpenes with dolabellane skeleton (l-3) from 
the brown alga Dilophus fosciolu (Roth) Howe 
(Dictyotaceae) collected near Rovinj, Yugoslavia. 
The isolation of a diterpene of mixed biogenesis 
(geranylgeranyl glycerol)’ and of some sesquiterpenes 
from the same alga, collected in the Tyrrhenian sea, is 
already described in literature.‘-* 

Diterpenes with dolabellane skeleton had been 
originally isolated from the herbivorous sea hare 
Dolabella cal$omias Later, they were isolated also 
from the brown algae of family Dictyotaceae,bs from 
the sea whip Eunicea culyculata9 and recently from the 
mollusc Aplysia dactylomela.10 In this paper the 
isolation and structure determinations of three new 
dolabellane diterpenes 1-3, from D. fasciola, are 
reported. 

The alga was dried at 60” and the chloroform soluble 
part, of chloroform-methanol extract, was chromato- 
graphed on Si-gel, using increasing concentrations of 
diethyl ether in light petroleum as the eluent. Three 
compounds 1-3 were obtained. An initial examination 
of the spectral data revealed that the three compounds 
are very similar, only differing in the number of acetate 
groups. In fact, through a series of simple chemi- 
cal conversions, the relations among them were 
determined. 

Using new techniques of two-dimensional (2D) 
NMR, together with the classic spectroscopic 
techniques, we were able to establish the structure of the 
new compounds (l-3) and to assign all the chemical 
shifts for 1. In structural studies of 1, three different 2D 
NMR methods were used: proton-proton corre- 
lation” (COSY); two dimensional exchange spec- 
troscopy’ 2 (NOESY); homonuclear J-resolved 
spectroscopy’ 3 ( 1 H J-resolved). 

Diacetate 1 was converted under mild conditions 
(Acetic anhydride/Pyridine at room temp) to triacetate 
2. At same time, the acetylation under more rigorous 
conditions (Acetic anhydride/Pyridiie under reflux) 

converted both diacetate 1 and triacetate 2 to 
tetraacetate 3. The alkaline hydrolysis of l-3 yielded 
the same tetro14. 

Compound 1 m.p. 201-203” ; [a]n = + 11.1 had the 
molecularfonnulaC2,H3,0,,from thehighresolution 
mass measurement of the parent ion. The presence of 
bands at 3500,173O and 123Ocm- l in the IR spectrum 
and two acetate Me signals in the ‘H-NMR at 6 2.00 
and 2.16, strongly suggested that 1 was a diacetate of a 
tetrol. A signal in the ‘H-NMR at 6 3.48 and in the “C- 
NMR spectrum at 71.2 ppm (d), indicated the presence 
in the molecule of a secondary alcohol. The presence of 
two Me singlets in the ‘H-NMR at 6 1.23 and 1.29, 
together with a signal in the “C-NMR spectrum at 72.9 
ppm (s) indicated the presence of an isopropyl alcohol 
moiety. The ‘H-NMR spectrum showed also : three Me 
signals, a singlet at 6 1.01 (Me on quatemary C), a 
doublet at 6 1.10 (J = 7.1 Hz) and a broad singlet at 6 
1.78 (vinyl Me); two a-acetoxy proton signals at d 5.68 
(br, d, J = 10.0 Hz)and 5.17 (br, d, J = 5.8 Hz) and three 
vinyl protons absorbing at 6 5.08 (d, J = 16.4 Hz), 5.37 
(br, d, J = 10.0 Hz) and 5.48 (dd, J = 16.4 and 5.3 Hz). 
The signals at 138.2 (d), 136.5 (s), 126.5 (d) and 123.6 (d) 
ppm in the 13C-NMR spectrum also confh-med the 
presence of a disubstituted and a trisubstituted double 
bonds. The occurrence of signals at 77.6 (d) and 69.0 (d) 
ppm afforded an additional prooffor the proposed two 
secondary acetates. Moreover, the “C-NMR spec- 
trum showed three signals due to methylene groups at 
46.3.39.9 and 26.0 ppm and a quatemary C at 47.3 ppm. 
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Table 1. Carbon-13 and proton chemical shifts- for 1 

N.C Carbon Proton ‘H J-Resolvedt 

C-l 
G2 
G3 

z 
C-6 
C-7 
G8 
c-9 
c-10 
c-11 
c-12 
c-13 
c-14 
c-15 
G16 
c-17 
C-18 
c-19 
c-20 

2 C&CO 

2 CH,C_O 

47.3 s 
138.2 d 
126.5 d 
35.4 d 
77.6 d 
69.0 d 

123.6 d 
136.5 s 
46.3 t 
71.2 d 
54.3 d 
47.7 d 
26.0 t 
39.9 t 
17.1 q 
14.7 q 
21.2 q 
729 s 
23.2 q 
31.5 q 
21.06 q 
21.02 q 

170.4 s 
170.2 s 

;&3 br d (16.4) 
5.48 dd (16.4, 5.3) 
2.64 m 
5.17 br d (5.8) 
5.68 br d (10.0) 
5.37 br d (10.0) 
- 
2.16+m 245 br d (120) 
3.48 m 
1.46+m 
257 m 
1.29+m 1.93 m 
lAO+m 1.60 m 
1.01 s 
1.10 d (7.1) 
1.78 br s 
- 
1.23 s 
1.29+s 
2.00 s 
2.16+s 
- 
- 

dd (16.4, 1.8) 
dd (16.4, 5.3) 

ii (5.8.22) 
dd (10.0, 2.2) 
dt (10.0, 1.8) 
- 
m dd (12.0, 6.8) 
m 

:d (11.2, 11.2, 7.4) 

: ddd (lF8.9.0, 24) 

: (7.4) 
d (1.8) 
- 
S 

S 

S 

S 
- 

- 

-Referred to tetramethyhilane. Multipliciti~ are indicated by usual symbols. Coupling 
constants (hertz) are in panmtbcs& 

+ Overlapped with other signals. 
tThe2DJ-nsolvedspectnrmwas~~odbycordditionofl6scanrwithappropriatephpse 

cydingprogram’*ateof321,val~A 128 x 8192datamatrixisFouriertransformedinthe 
same marmer as tbe spa%um from Fig. 1. Only the valuea correspooding td the dearest cross- 
sections of tilted ‘H J-resolved spectrum are reported. 

Table 2. Magnetization exchange by cross relaxation (NOE) 
for 1 in CD&. as obtained from NOISY’ 2*1* 

Cross peak co-ordinates 
below the diagonal 

‘(x)-“(y) Protons correlated 

1.01-5.48 Me-l ; H-3 
1.10-5.08 Me-4: H-2 
1.10-5.68 Me-4iH-6 
1.78-5.08 Me-8 ; H-2 
1.78-5.68 Ma8 : H-6 
1.46-1.78 H-l 1 f Me-8 
1.46-5.08 H-11 ; H-2 
lkS5.08 H-14; H-2 
1.23-1.46 Mbl9; H-11 

‘H NOESY spectrum is recorded a1 500 MHz on the same 
sample as on Fig. 1, with the mixing time T_ = 1 s f 100 ms 
(randomly modulatedlti*‘q Only the cross-peaks not 
sensitive to strong filtering were reported (Random 
modulation of the mixing time and the independence of the 
cross-peak’s integral intensity on the strength of liking 
function ensures cross-relaxation origin of reported cross- 
peaks lZC.14). 

(6 1.23) of the isopropyl alcohol moiety suggested an a 
orientation for this group, moreover, it indicated a 
padally hindered rotation along the C-12, C-18 bond, 
probsMyduetoanintramo~arH-bondbetwaen the 
OH groups at C-10 and C-18. If this interpretation is 
correct the OH group at C-10 must be 01 orientated. 

From the NOESY experiment we could conclude the 
1 l-membered ring of 1 to be more rigid than expected, 
in accordance with the previous .studied5b concerning 
dolabellane skeleton. The E configuration of C-2 
double bond was based on the magnitude of the vicinal 
coupling constant (16.4 Hz) between the vinyl 
hydrogens. The same configuration for the C-7 double 
bond is supported by the lack of NOE between H-7 and 
Me-8 and also by chemical shift of Me-8 (21.2 ppm) and 
C-9 (46.3 ppm) in the ‘%-NMR spectrum. The 
coupling constant Js,6 of 2.2 Hz indicated H-5 and H-6 
to be cis. This was also confirmed by fast lead 
tetraacetate cleavage on the tetrol 4. Finally, the 
application of the Horeau method allowed to 
determine the chirality at C-10 in 1 as S. On the whole, 
we determine the structure of 1 as : (lR, 2E, 4S, 5R, 6S, 
7E, 10s. 1 lS, 12R) - 5,6 - diacetoxy - 10.18 - dihydroxy - 
2,7 - dolabelladiene. 

Compound 2, isolated as an oil, [aID = - 25.4, had 
the molecular formula C2,Hbo0, (precise mass 
measurement). The ’ H-NMR spectrum of 2 was similar 
to that of diacetate 1, except for the presence of an 
additional acetate Me signal (S 2.09) and of another a- 
acetoxy proton at 6 4.84, rising from the acetylation 
shift of the a-OH proton at 6 3.48 in the ‘H-NMR 
spectrum of 1. Thus, together with the remaining 
spectroscopic evidence (particularly that concerning 
’ %-NMR data, see Experimental) as well as the quoted 
chemical evidence (i.e. l-2), enabled establish- 
ment of 2 as lO-monoacethyl derivative of 1. 

Compound 3, isolated as an oil, in minor amount 
than the above compounds, [aID = + 1.6, had the 
molecular formula C2sH,,0s (precise mass measure- 
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ment). The ‘H- and 13C-NMR data of 3 (listed in the 
Experimental) together with the chemical evidence 

are in accordance with the structure of 10,lSdiacetyl 
derivative of 1 for this compound. 

Compounds 1-3 when subjected to the &h toxicity 
bioassay (at room temp) were proved to be active at a 
concentration of SO ppm, causing the death within 8 hr. 
Being known that some herviborous molluscs feed on 
brown algae of the genus Dictyota6 the above 
ichthyotoxicity provides for molluscs a significant 
advantage against predators. 

Further the compounds 1-3 were proved to be 
phytotoxic, at a concentration of 100 ppm, showing a 
decreasing of root grown of W”/, in the Van Onckelen’ s 
et al. bioassay. 

ExPERIMF,NTAL 

General procedures. ‘H- and “C-NMR spectra were 
recorded at 500 and 125 MHz, respectively, with TMS as 
internal standard on a Brukcr WM XQ under ASPECT 2000 
control. IR spectra were recorded on a Park&Elmer Model 
257 Infracord. Optical rotations were measured on a Perkin- 
Elmer Model 141 polarimeter, using a 10 cm-microcell. Low- 
resolution and high-resolution mass spectra were recorded on 
an AEI MS-30 and on an AEI MS5 spectrometers, 
respectively. M.ps wtte measured on a Kotkr apparatus and 
are reported uncorrected. TU: were carried out using pra 
coated silica gel Fz,, plates (Merck). Kieaelgel60 (Merck) was 
used for chromatography. Gmnbusio patruelis (Baird Grd) 
(lengthurlcm)andco mmercial Hordeuln ln&mis seed were 
used for bioassays. 

Extraction and isolation of compounds. The alga Dilophus 
f&la (Roth) Howe collected in June 1983 at Lone Ray near 
Rovinj (YU), was dried at 60”. The dried alga (130 g after 
extraction) was extracted in soxhlct with CHCls :MeOH 
(1: 1). The extract was evaporated in wcw to obtain a brown 
gum (11.6 g) that was dissolved in CHCl,. The CHCl, soluble 
part (8.2 g) after evaporation of solvent was applied on a 
column (5 x 100 cm) of Si-gel. The colwnn was eluted with a 
solvent gradient system from light petroleum4&70” todie-thyl 
ether. Fractions of 40 ml were collected. The fractions 73-77 
werecombined to give an oil, that was rechromatographed on 
silica gel, using CHCl, as eluenf to obtain 3(% mg, 0.0% dry 
wt), as an oil, single spot on TLC. The fractions 90-97 
contained 2 as pure oil (500 mg, 0.38% dry wt), while from the 
fractions 103-119, after crystallization from CHCl, was 
recovered l(210 mg, 0.16% dry wt). 

(1R,2E,4!$5R,6S,7E,10S,11S,12R)-5,6,10,18- Terraocefoxy 
- 97 - dohbehdiem (3): [CC]~+ 1.6 (c = 2.5 CHCl,); JR 
(CHCl,) 1730.1230 cm-’ ; mass spectrum m/z 506.2881(4%) 
(M* talc for C H 0 ZI .2 I, 506.2879), 446 (3x), 404 (YA), 386 
(35%),244(15%),326(520~),283(610/,),266(1~~~251(550/,), 
225 (WA), 223 (46%). 173 (93%); ‘H-NMR (CDCl,) 6 0.84 (s, 
3H), 1.09(d.3H, J = 7.1 Hz), l.Za(m, IH), 1.38(s, 3H,overlap 
m, lH), 1.50-1.60 (m, 3H), 1.61 (s, 3H), 1.79 (br, s, 3H), 1.92 (s, 
3H),1.94(m,1H),2.02(s,3H),2.06(s,3H),215(m,1H),2.17(s, 
3H), 237 (m, 1H). 2.68 (m, IH), 3.14 (m, IH), 4.80 (br, d, lH, J 
= 10.2 Hz), 5.07 (dd, lH, J = 16.4, 5.3 Hz), 5.14 (br, d, lH, J 
= 5.8Hz),5.54(dd,lH,J = 16.4,5.3Hz),S.S8(d, 1H.J = 10.0 
Hz) and 5.71 (br, d, 1H. J = 10.0 Hz); 13C-NMR (CDCl,) (off 
resonance mult.) ppm 170.6 (s), 170.3 (s), 170.2 (s), 170.1 (s), 
137.4(d), 134.6 (s), 128.2 (d), 125.3 (d), 84.7 (s), 77.7 (d), 72.9 (d), 
69.1 (d),524(d),48.2(sA44.5(d),41.6(1A39.9(1),35.4(d),26.7(1). 
26.4 (q), 23.4 (q), 23.0 (q), 21.2 (q), 16.8 (4) and 15.2 (q). 

(1R,2E,4S,5R,6S,7E,10Ss,11S,12R)-5,6,10- Triacetoxy- 18 - 
hydroxy-2.7~dohbehfiene(2):[a]~-25.4(c = 1.6,CHCl,); 

IR (CHCl,) 3500, 1730, 1230 cm-‘; mass spectrum m/z 
464.2772 (1%) (M+ talc for C,,I&eO,, 464.2774), 418 (zo/,), 
404 (4%X 386 (4%A 

25i 
344 @%A 326 

(ii%), 2i6 
(IWJ. 

(looS/& 
302 (WA 284 (WA 

266 (44y& 21 i(soD/.), 173 (60/j; ‘ti- 
NMR (CDCl,) d 0.87 (s. 3H1.1.10 (d. 3H. J = 7.1 Hz). 1.17 (s. 
3H),l.&s,3@, 1.41(m,lHj;l.S6(;n;2Hj, 1.79(br,s,iH),l.Gj 
(m,lH),201(s,3H),2.O9(s,3H),217(s,3H),234(m,2H),241 
(m, lH),267(m, lH),4.84(br.d, lH, J = 10.2Hz),S.O8@r,d, 
lH,J=16.4Hz),5.16(br,d,lH,J=5.8Hz),5.54(br,d,lH,J 
= lO.OHz),5.56(dd,lH.J= 16.4,5.3Hz)and5.7l@r,d.lH,J 
= 10.0 Hz); 13C-NMR(CDCl,) ppm 170.3 (s), 169.9 (s), 169.1 
(s), 137.5 (d), 134.6(s), 127.9(d), 125.1 (d), 77.6 (d), 73.5 (d), 72.7 
(~),69.1(d),52.4(d).48.8(d~47.8(s),41.5(~~40.0(~~35.3(d~31.6 
(q), 26.8 (Q, 228 (q), 21.2 (q), 20.9 (q), 16.8 (q) and 15.1 (9). 

(lR,2E,4S,5R,6S.7E,10Ss,llS,12R)- 5,6- Diacefoxy- 1418 - 
dihydroxy- 2.7 - dok&e~a&ne(l):mp. 201-203”; [ale+ 11.1 
(c = 2.1 CHCl,); IR (CHCI,) 3500, 1730, 1230 cm-‘; mass 
spectrum m/z 4222670 (1%) (M+ talc for C,,H,sO,, 
4222668), 404 (loo/,), 387 (12oA), 362 (160/,X 345 (lo%), 344 
(15%X 327 (5%). 302 W%A 2.87 (13%X 285 (I4%A 284 (Is%), 
269 (220/,) and 251(90/,); ‘H-NMR and “C-NMR (Table 1). 

Partial acetyhtion of 1.1(50 mg) was dissolved in Ac,O (5 
ml) and pyridine (0.5 ml) and the mixture was kept at room 
temp for 24 hr. The exoess reagents were removed in uacuo and 
the residue was partitioned between water and diethyl ether. 
The ether extracts were dried over Na,SO, and the solvent 
was evaporated, lo yield an oil which was purified on a Si-gel 
column, using light petroleum : diethyl ether (7 : 3) as eluent. 
The purified triacctate (45 mg), was identical in all respects 
with the natural product 2. 

PeracetylationPeraatylationofl(SOmg)and2(50mg)was 
carriedoutwithAc,0(5ml)andpyridine(0.5mI)atrelluxfor2 
hr. The mixtures were evaporated in o and purified on a Si- 
gel column. using light petroleum: diethyl ether (7: 3) as 
elucnt, to obtain in both cases a tetraacetate (38 mg and 41 mg 
rpectively), identical in all respects with the natural product 

Hydrolysis. Hydrolysis of l(50 mg), 2 (50 mg) and 3(25 mg) 
was carried out with KOH 5X in MeOH/H,O (1: 1) (5 ml) at 
50” for 4 hr. The mixtures w& neutralized &ti HCI‘lN Ad 
extractedwithdiethylether(3 x lOml).Theetherextracts were 
dried over Na$O,, the solvent was evaporated in uacuo. The 
crystallizationfromCHCl,,affordedinallcasesthetetrol4(36 
m& 32 mg and 18 mg resp&ively) : m.p. 173-175” ; [alo- 5.1 
(c = 1.2 CHCL): IR (nuiol) 3500 cm-’ : mass suectrum m/z 

206 (lO@J and 151 (90”/,)-‘H-NMR (CDCl,<CD,OD) 6 
1.01 (s.3H11.041d.3H. J = 7.1 Hzl, 1.21 Is. 3H.overlaooinam. 
lH),i:27(&3H,dv&la~pingm, ltij, 1.40&4im,2Hj, i.s@& 
lH),1.70@r,s,3H),1.93(m,1H),2.14(m,lH),2.43(br,d,1H,J 
= 12.0Hz),2.55(m,lH),2.68(m,lH),3.53(m,lH),3.92(br,d, 
lH,J = 5.8Hz),4.43@r,d,lH.J = lO.OHz),4.98(br,d,lH,J 
= 16.4Hz),5.41(br,d,lH,J = lO.OHz),5.61(dd,lH,J = 16.4, 
5.3 Hz); “C-NMR (CDCl,+CD,OD) ppm 137.2 (d), 133.2 
(s), 128.4(d), 127.4(d), 78.2(d), 73.8(s), 721 (d), 70.5(d), 54.2(d), 
47.2(d~47.O(s),45.8(~),39.7(1),37.1(d),31.O(q),25.9(1~22.5(q), 
20.5 (q), 17.0 (q), 14.9 (q). 

Lwf tetraacetate chuage of tetrol4. Compound 4 (30 mg) 
was dissolved in MeOH (4 ml) and AcOH (0.5 ml). After 
addition of lead tetraaatate (50 mp) the mixture was kept at 
room temp for 3 hr. Upon addition of water (2 ml) the products 
were extracted with diethyl ether (3 x 5 ml). The ether extracts 
were dried over NazSO, and the solvent was evaporated in 
~acuo to yield an oil. Examination of the oil using TLC, 
indicatedthepresenceofamajorcomponent,givingrisetoUV 
visible (at 254 nm) spot, giving the positive test with 
dinitrophenylhydrazine reagen1.16 All attempts to separate 
themixtureonsilicagel resultedincomplctedestruction ofthc 
compound. UV (MeOH) of oil d_ 240 nm ; IR (film liquid) of 
oil 3500,1730,1700 cm-‘. 

Application of the Horeuu method. 1(18 mg) was treated with 
an excess of racemic a-phenylbutyric anhydride (40 rng) in 
pyridine (2 ml). Conventional workup’ ’ led lo the isolation of 
(-)a-phcnylbutyric acid (optical yield 5.1%). 
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Fish toxicity biouwy. Compounds l-3 were dissolved in 
fresh water wing Tween 80 (1 drop) at the concentration of 50 
ppm. Two fushca Gamb&a pa&u& (Baird Grd) were placed 
ineachtank,attheroomtemp,whikatankcontainingonly 
fresh water and the same concentration of Twam 80 was used 
as control. 

Phytotoxicity bioassay. I’ In the root growth bioassay 
technique the sampka l-3 were dissobed in 0.5 ml EtOH and 
diluted with H,O to 100 ppm. The soln was poured into 10 
PetridishegwithWhatmangrade113prperassupportandlO 
Hordeton MJsuris seeds placed on each plate. After 4 days at 
20” in the dark, the length of the main root was measured and 
compared with that of control plants. 
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