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Abstract-Frum a variety of Dfctyu& dic~foma we have isolated, in addition to previously reported dola~llaoe 
(6-8) amI perhydroazukne diteqwnes (9, 10, four new diterpenoids (Zs). Their sbwture have been e&idated by 
spccbal analysis and chemical degradation. All the new dolabellane derivatives possess antimicrobial activity 
against gram-positive and gram-negative organisms. 

In the course of our continuing studies for constituents 
of the brown seaweeds of the family Dictyotaceae, in 
July 1978 we made collections of an alga that, although 
different in colour and general appearance from the other 
varieties of IXctyotu &A&ma, has been classified as 
the same species. Chemical investigation of this alga 
showed that it contained only minor amounts of per- 
hydroazulene diterpenes, which are the major con- 
stituents of the M~ite~ne~ Dictyotaceae Dic@oM 
dichofomn var. impkru (tksf.) J. Ag. and BfophHs 
figbtus (Kiitz.) Feldm.,‘” and that it is instead a rich 
source of diterpenes possessing the dolabellane skeleton 
1. Compounds of this type had been originally isolated 

1 

from the herbivorous sea hare &labdln cu/ifonrica” 
and successively from the brown alga Glossophorrr 
guf~~ug~is Taylor (~ctyo~~e)* upon which (or 
related species) the sea hare probably feeds. In this 
paper we report the isolation and structure determination 
of four new dolabellane diterpenes, 2-4, from D. di- 
chotomu. In addition to these compounds, extracts of the 
alga have also yielded three known dolabellane deriva- 
tives, 68, as well as two perhydroazulene diterpenes, 
namely dictyol C (9) and dictyol E (10). 

The alga was freeze-dried and the chloroform extracts 
purified by silica gel column chromatography using in- 
creasing concentrations of ether in hexane as the eluent. 

3: R=OH, R’=H 
5: R=R’=H 

11: R=H, R’=OH 
12: R=OAc. R’=H 

4 

Individual components were then obtained by rech- 
romatography and, whenever possible, Enal recrystal- 
lization. Al! the spectral data suggested that compounds 
2-S were closely related. 

0: R=H 
7: R=OAc 
8: R=OH 
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Compound 2 [m.p. 132-133”; [alot IW], which is the 
component of greatest abundance, has the molecular 
formula CmH~G from the high resolution mass 
meas~ment of the parent ion. Its IR spectrum dis- 
played bands at 1740 (S-membered ring ketone) and 1650, 
8%7 (terminal methylene). The ‘%NMR spectrum 
conhrmed the presence of an epoxide [63.08(d) and 
61.35 (s)ppm] and a CO in a S-membered ring 
(220.99 ppm), and in addition establish~ the presence of 
two double bonds [I4394 (s), 133.35 (s), 127.19 (d) and 
112.10 (0 ppml. Hence 2, having six degree of un- 
saturation, must possess a carbobicyclic skeleton. In the 
‘HNMR spectrum of 2 four Me signals appeared as 
singlets at 8 1.77 and 1.66 (vinyl methyls), 1.33 (Me on 
epoxide) and 1.24 (Me on quaternary carbon); a terminal 
methylene was observed as two one-proton broad sin- 
glets at 8 4.73 and 5.02, and a vinyl proton on a trisub- 
stituted double bond as a broad doublet at 6 5.10. 
Homonuclear decoupling experiments showed that the 
vinyl Me at 6 1.77 is allylically coupled to the terminal 
methylene thus establishing the presence of a terminal 
isopropenyl grouping in 2; as a consequence, the vinyl 
Me at S 1.66 has to be placed on the ~su~ti~t~ double 
bond. 

Sodium borohydride reduction of 2 afforded two 
isomeric alcohols, 3 and 11, &H3& which were 
separated by silica gel column chromatography. The 
epimer 3, obtained in lower relative yield ([aID t 48”) was 
also a natural product. Treatment of this alcohol with 
acetic anhydride-pyridine yielded the acetate 12, whose 
‘H NMR spectrum gave further structural isolation. 
The a-acetoxy proton was seen as a double doublet at 6 
4% (J = 7 and 3 Hz); irradiation at S 1.55 collapsed this 
signal to a doublet (J=7Hz) and at the same time 
simpliied a double double doublet at 6 2.79 
(J = 11,7 and 7 Hz) to a double doublet (J = 11 and 7 Hz), 
while i~diation at 6 2.06 likewise converted the a- 
acetoxy proton signal into a doublet (J = 3 Hz) and the 
signal at 8 2.79 into a double doublet (J = 7 and 7 Hz). 

Thus, the +XHOACZH~CH( sequence is present 

in the S-membered ring of 12. Ikcoupling revealed that 
the methine group, which on account of the multiplicity 
of the signal at 6 2.79 must be adjacent to another 

methine, is allylically coupled with the terminal 
metbylene. This and the consideration that tbe 
bridgehead Me at 6 1.24 must be linked to the lone 
quatemary carbon not bearing oxygen which in the 
‘% NMR spectrum of 2 is seen as a sit&et at 52.99 ppm 
allowed to expand the above partial structure to the 
system A. Information on the relative position of the 

\ 
n ir 

t~su~titut~ double bond and the epoxide ring was 
obtained from ~rma~nate-aviate oxidation of 2. 
Formation of levuhnic acid is only compatible with part 
structures B or C. 

‘CHs 
B 

Structure B could be eliiinated since the epoximethine 
proton at S 2.91 was shown by spin decoupling to be 
coupled (J = 11.5 and 3 Hz) to the protons of a methylene 
(6 1.79 and 1.42) that interact further only with each 
other (J = 14.5 Hz), thereby demons~ti~ that C-3 of 
part structure C must be adjacent to a methylene which 
in turn is adjacent to a fully substituted C-l. The two 
remaining methylene groups that are deduced from the 
“% NMR spectrum must be linked between C-8 and C-1 1 
to form an 11-membered ring. Combination of the fore- 
going collusions led to the gross structures 2 and 3 for 
two of the novel aIgaJ metabolites. Their stereochemistry 
was deduced from the following evidences. Application 
of the Horeau method allowed to determine the chirality 
at C-14 in 3 as R, while a lanthanide shift study of both 
the natural alcohol and its epimer (11) indicated that in 
the former the bridgehead methyl and the isopropenyl 
are respectively tins and cis to the OH. Moreover, in 
the ‘H NMR spectrum of tk acetate 12 the rn~~de of 
the coupling constant for Jll.rz (7 Hz) in comparison with 
those for JIzI:, (7 Hz) and JIztr (11 Hz) (all these values 
were deduced from decoupling experiments) point.ed to a 
tmns-relationship between H-11 and H-12. Finally, the 
high field position (1592ppm. identifted by selective 
d~oup~~g) of the Meg resonance in the 13C NMR 
demonst~t~ that in 3, and consequently in 2, the C-7 
double bond is of the E configuration: as supported by 
the lack of nuclear Overhauser enhancement between 
H-7 and Me& On the whole, these data allowed to 
determine the stereochemistry of 2 and 3, apart from the 
chirality at C-3 and CA which was deduced from the 
relationship between 2 and 4 (f&e f&r@). 
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Table 2. Ant~ic~bi~ activity of the dolabeltane 2-S 
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Compound 4, isolated in yield of 0.13% based on dry 
seaweed weight, [m.p. S-54”; [aID -54.5”], had the 
molecular formula CA00 (precise mass measurement). 
In the IR region the compound showed bands for a 
S-membered ring ketone (1740 cm-‘) and a terminal 
methylene (1640 and 88!icm-‘). The ‘% NMR spec- 
trum (~~~en~) and the ‘H NMR spectrum (Table 1) 
suggested a close relatedness to 2. This was ~o~ed by 
the followi~ chemical conversions. Treatment of 2 with 
Z&u couple in boiling ethanol for 4 days resulted in the 
smooth reductive elimination of the 3&poxide to give 
4. On the other hand, epoxidation of 4 with nrchloro- 
perbenzoic acid afforded essentially two monoepoxides 
which were separated by column chromatography; the 
less polar compound was identical to the natural product 
2 (m.m.p., [Q]~ IR, NMR) while the second monoe- 
poxide was assigned structure 13 on the basis of its 
spectral properties and the conversion by further treat- 
ment with m-chloroperbenzoic acid to the same die- 
poxide 14 obtained from 2 in the same conditions. These . p . & \ 0 

13 

0 

z s 

& n 

t n 
14 

results contirmed the structure and stereochemistry of 4, 
except for the configuration of the C-3 double bond 
which was deduced from spectroscopy. The Me-4 and 
Me-g signals in the “C NMR spectrum (16.9g and 
ISBppm, identified by selective decoupling) were at 
high field which indicated that both the endocyclic dou- 

ble bonds are tmns with respect to the continuous chain 
of carbons.’ Considering now the stereochemistry of the 
epoxidation with peracids,” it can be deduced that in 2 
the proton and the Me on the oxirane ring are lmns each 
other and this requires the chirality of the relevant 
centers to be either 3S,4S or 3R,4R. The choice between 
these alternatives was made on the basis of the following 
lament. The ll-mem~red ring, which is probably 
more rigid than expected? is in 2 in a coronation that 
places the bridgehead Me and the epoximethine proton in 
spatial proximity, as revealed by measurement of nuclear 
Overhauser effect. With this restriction imposed, an 
examination of molecular models (Stuart) revealed that 
only the 3SC)Sconfiguration is possible without unduly 
steric hindrance. Thus the stereochemistry of the epox- 
ide in 2 and 3 was assumed 10 be as shown. 

Compound 5 1m.p. 63-64”; [a],,+ 76.9”], &H3*0 
(precise mass measurement), was isolated in yield of 
0.20% dry weight of the alga. Comparison of the 
‘H NMR spectral data for 5 (Table 1) with 2 and 3 clearly 
showed their similarities, while in the IR spectrum there 
was no evidence for either a CO or a OH group. Since an 
attempt to convert 2 into 5 via sodium ~rohyd~de 
reduction of the co~espondi~ ~-toluensulfonylhy- 
draxone’ was unsuccessful, we resorted to the Wolff- 
Kishner reduction, in the version proposed by Nagata 
and Itazaki” for sterically hindered ketones. In spite of 
the complications due to the opening of the epoxide ring 
by base, we could isolate a small amount of semi- 
synthetic 5 identical with the natural product (‘H NMR. 
IR, TLC), thus establishing its structure as drawn in- 
cluding absolute stereochemistry. 

Identification of compound 6-S was based on com- 
parison of their physical properties fm.p., [a],,, MS and 
NMR) with those reported in the literature? It is to be 
noted that for these com~unds only the relative stereo- 
chemistry has been determined.‘.’ In the light of the 
established structures of the co-occurring 2-5, the 
configurations shown are considered more probable than 
the enantiomeric ones. 

Dictyol C (9) and dictyol E (10) were identified by 
direct comparison with authentic samples. 

Table 2 summarizes the results of antimicrobial 
activity test against gram-positive and gram-negative 
organisms carried out on the new dolabellane derivatives 
isolated in the course of the present study. 
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