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ABSTRACT

CHEMICAL INVESTIGATION OF

A RED SEA SPONGE -'f'
OF THE GENUS DYSIDEA

by

Tesfaraariam Yosief

Advisort Dr. T'arekegn Gebreyesus

A new hexachlorinated metabolite, for which the

'name dysidimide is proposed, has been isolated from a

Red Sea sponge of the genus Dysidea.
Dysidimide was the major metabolite obtained from

c
the ethanol extract o>f the dried sponge collected near

Massawa, Repeated column chromatography on silica gel

with pet-ether * chloroform and recryatallization yielded

dysidimide as white needle crystals.
The structure of dysidimide was determined by chemi-

cal and spectroscopic studies including IR, MS, and ID

and 2D NMR. The relative stereochemistry at C-4 and C-5
was deduced from nOe measurements on/ the 4-Acetate*

H HO'./ ^CH Ĥ f—3
*5

9CH3
-A

1
8CCI 6 H 1

3

i CCl«

4' 3
0
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INTRODUCTION

The isolation and characterization of natural pro-
ducts from marine organisms has been a major area of end-
eavour in the past twenty years. Many structurally and

pharmacologically interesting natural products have been
\

isolated and characterized.
The Red Sea being in the Tropics is rich in marine

plants and animals both vertebrates and invertebrates.
It is peculiar in that its salinity is high being second

only to the Dead Sea, It has a pH-range of 7.5 - 8.5,

The Red Sea is rich in coral beds that are convienient

for sponge growth. The marine sponges are considered to
\

be primitive organisms with relatively simple internal

organization. Sponges particularly those without spi-
cules frequently produce large quantities of secondary

metabolites that are thought to deter potential pre-
2 3

dators and to inhibit the growth of fouling organisms.'
Systematic chemical studies on sponges started in

the years after 1968, but not much has been done on the

Red Sea marine organisms. It is only in Egypt and Israel

that work is being done on the northern area of the sea.
Professor Kashman's group in Tel Aviv University has been

working on the natural products of soft corals, sponges

and tunicates of the northern tip of the Red Sea and has

published interesting compounds which might have future
, 4-18economic values.
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The reasons why people were prompted in the study

of natural products of the Red Sea marine organisms are

mainly three. First, the under-water observation that

soft corals and sponges appear to be remarkably free of

predators which led to the hypothesis that chemical sub-
stances toxic to fish might be responsible for the

protection of the animals. Second, the abundance and

variety of soft-corals in the Red Sea and the fascinating

spectrum of new molecular structures that appeared from

studies of soft corals else-where stimul ted the study of

soft-coraLs. Thirdly, the relatively large number of

uninvestigated sponges in the Red Sea increased the
19interest in the study of sponge metabolites.

The taxonomic classification of marine organisms is

much more difficult than those of terestrial plants.
Natural products study of marine organisms has contributed

a great deal in the systematization of the taxonomy of
these organisms. Chemotaxonomy has been applied to the

classification of soft-corals of the northern tip of the
1 PnRed Sea.'

Sponges in general have been the source of diverse
secondary metabolites such as pyrroles, indoles, sesqui-

21 22terpenes, diterpenes and their derivatives. ' ~ Many

sponge metabolites have been found to be biologically
..• 1active.

In the course of this research work, the chemical
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investigation of a Red Sea sponge of the genus Dysidea

has been carried out and has yielded several

fractions of which the major constituent is a hexachlo-
rinoted compound. This has been characterized based on

physical, spectroscopic and chemical data.

2. MARINE NATURAL PRODUCTS

2,1 Agrochemicals, Pharmaceuticals and Marine Toxins

from Marine Organisms

Several marine natural products that have been

isolated from algae and marine animals havo found

application as agrochemicals) pharmaceuticals and as
123compounds of ecological significance, ' Experi-

mental evidence from studies in animal behaviour and

natural products chemistry leads to the conclusion

that chemical communication is the paramount mode of

communication in most groups of animals in the marine

ecosystem. Consequently, chemical communication

must be regarded os a very general biological pheno-
23menon.

Okadaic acid (1) a toxic marine metabolite was

isolated from the sponge Halichondria okaclai. It

has shown antifungal activity and is under field

test to be used as a fungicide.̂
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Anglers: In Oepan had long observed that the marine,

annelid. Lumbriconereis: heteropedaV contained a contact

poison for flies and ants, Scientific: interest was

aroused in 1922,* when a certain person who had handled th @
I

worms complained about headaches, vomiting and respiratory

difficulties,, This led, in 1934,* to the iselation of

Nereistoxin ( 2) p the fcexic principle 0
' I ts molecular

structure was cerrectly deduced in 1060 and its laboratory

synthesis followed in 1965V Nereistoxin is sensitive t©

heat: and oxygen, thus a stable derivative: cartap hydro-
chlorj.de: ( 3) was prepared. This derivative appeared an •

the market, under the trade name "padan” •VyVfl 19G7 and is

effective: against larvae © f the rice: plant: b^*er, the rice
1 '25plant skipper and the: citrus leaf miner.' * There ana a

.. . ? -r

numbear of other agjricultural insecticides whose' origin is

from marine organisms;

... / 's 1 / SONH( 2) (ClfXN— ( 1 (3) (CHIN
H

M:

Cl -SONH
. < \

\
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A number e>f marine natural [produe f a ore im&d in the

ghormaceutieai'. industry* Far instance:,’ chemical invest!

gatien of the sponge Crvptotethis cryp.ta yielded three "

26! '27nucleosides: 8 (4,!J,;;6) 0 Baaed on the natural p.raduofe

0uu
WOCf-.

H 0\ U X H
N f

HOC^ljl
(4)

Li
f JiX.

3

NJ
#
*

(S) »
5.

.. . f r\
M/ 1

\* ^ ' r
16) CMp" ^ pON '

A
OH

*

KCW W
me.thexy adeninê (6) t Stanford Research Inotritut® chr"* ' ..

synthesized 9^>VD-~ara&in»:furan&syi acicmine? (V) which is

an antitumor and an antiviral drug fchtsfc cam© ©ut under

the n&srn videhsrine in l&Eft * A

>1, i i **
(?) u i, . /

i

d'-tf >—
H0 CH

<•»

*>

v 0V
d mMaillus a, fci’lgaay apongee, s-af t«ceralo, aea«.urebind

and ©therr marine organisms &ra known for thair toxic

secondary metabolitdt.eso '" Evenihuugh l .t is not well knewn

why these: organisms produce those texic metsealitfesv they

seem t© have a defensive functions The: secondary metabs

lites may aall: os antif sedanfy cap-arilent fdeterrent) ©r

r ts*

toxic to predators In the marine environment. This gives

a clue to the understanding tsf ecological distribution ef

erganiamsv 8 *
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2.2 Secondary Metabolites from The Genus Dysidea

The genus Dysidea has been the subject of

chemical investigation for the last eighteen years.
As a result of these chemical investigations

many compounds have been isolated, characterized and
29tested for their biological activities.' 1 ' Some of

the compounds isolated have shown antiviral,

antibacterial, antifungal, antifeedant, insect

repellent and plant growth regulation activities.
The studies sofar carried out hove included three

zi x/i
unidentified Dysidea sp,, * * D, amblia;

P. aronaria35, D, avara,30136'37 D, etheria38'39'40

D, f.r a g i l l i s f D, herbacea-44°7 s> nd D, tupha>

Extensive studies have been carried out on Q, avara,

D, etheria and D, herbacea.

30,31,32

Terpenes are among the most widely spread

groups of natural products. They are mainly of
fungal and plant origin, but they have also been

isolated from insects and marine organisms. They

have been reported todate from algae, coelentrates,
molluscs and sponges. Sponges have provided

terpenes in large amounts, most of them possessing

unique structural features without parallel in
59terrostrial sources.

The number and variety of marine terpenoids

that have been isolate from sponges are large, but
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th6rH has been no report on the biosynthetic pathways,

leading to terpenes. It is not yet known whether bio-
synthetic mechanism in marine organisms differ from those

known in terrestrial organisms or whether microsymbionts

participate. Sponges have yielded an astonishing wealth

of secondary metabolites many ef which exhibit in vitr©

59activity against o number of terrestrial organisms.

t

r ‘

\

Furan rings occur frequently although hitherto most

@>fT the known furanoterpenes were plant piroducta, But

sponges have' yielded the linear furan© terpenes containing

/ C~21 atoms which are; the most intriguing compounds from

the biogenetic point of view# Spongia nitons for example,
has yielded nitenin ( 8) and dihydronitanin (9) f°

(8)
•»

(9)

Sesquiterpenes are relatively abundant in sponges in
- •* • r t *

contrast to diterpenes and men© terpenes, Furaneid and non

furanoid sesquiterpenes are very common in the genus

Dysidaa, Except for D, amblia that: has yielded furane

diterpenes, almost all the species of the genus investi-
gated up> to the present contain furano sesquiterpenes, in

addition to other secondary metabolites. For - instance,
D, herbacea contains spirdysin ( 30 ), a sesquiterpene with

VOJ CH3/
t

9 I I
O — “0 H 3/

/p s!
0
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in11«resting structural features,, Many of the sesquitrer-
pares isolated frora the genus Dysidea are indicated in

in IT m xn - nrrm

Table; XV Q

ChL U ^ /0

(10)
3 /

CHCH 33

CH

Many &f' the nitrogenous metabolites of sponges; are

thought: to be products of amino acid, biosynthesis^
' This

seems to. be the case with cyclic peptides such as (11) and
(12) isolailod fr.t>m Tedania ignis -61

CH
:

H
02) t-

I N'— \— N j— yH y
DV* horbac&fThas also yielded & chlorinated meiabolitay

diketopd^oerazin (IS); derived from tirichlor© leucin*
'

CH
03)

4

3

3
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